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PROGRAMMING PROCEDURES (1ST EDITION)
The following errors in this manual should be corrected:
Page 6 Line 21 X has been omitted between the

two parts of the diagram.
Page 6 Line -1» "Suite'' should read "project".
Page 106 Line 24 Insert after "This does not exist"

the following: "on 190C files or".
Page 135 Line 22 "Vs x effort" etc. should read

"4 or 5 x effort" etc.
Page 188 The heading "Use" should read

"Flowchart ZC” not "Flowchart D C ".

Page 241 1st Delete COMP, from firot line and
example replace with a full stop. On

the other four lines injert COMP 
before SYNC RIGHT, leaving one 
space characterb2f0re and after.
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RECElV

This manual gives practical guidance to programming staff on the reasons for and requirements o f their tasks, the 
factors they should be aware o f in making intelligent decisions in the course o f their work, and above all presents 
reasoned programming standards in those areas which are crucial to good programming practice and management.

It is primarily intended for those more experienced programmers who are directly concerned with day to day 
development and supervision o f  projects and who have a responsibility o f  involvement with planning.

It is essential however that management within the data processing function should fully understand the bulk o f 
the material presented and make the final decision on how they intend to implement it.

As with its companion,SystemsProcedures (Edition 1, TP4196), some parts o f this manual develop the apprecia­
tion o f the subject given in Techniques ofComputerManagement (Edition 1,TP3357). However it is designed to 
stand on its own for the benefit o f  a different readership and therefore has its own scope and arrangement o f  
material.
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Chapter 1 Introduction

T H E  R O LE  O F  T H E  P R O G R AM M ER

Programming constitutes the detailed planning and implementation o f  the computer aspects o f  a data processing 
system. As such it is preceded by the systems design functions which prescribe the requirements to be fulfilled by 
the programming function. The main objective o f programming is therefore seen as the production o f  programs 
which can be proved to meet the systems requirement. Thus the function has a clearly defined end point although 
the interface between what is regarded as the beginning o f the programming function and the end o f  the systems 
functions may vary according to the particular organization.

The size and complexity o f the programming task naturally varies according to the nature o f the data processing 
system but in every case the task involves a sequential series o f special sub-tasks ranging through planning, coding 
and testing. In carrying out each o f these sub-tasks, certain guidelines and principles o f good practice have been 
evolved over the years o f  ICL’s experience and these should help to ensure that each sub-task can be carried out 
most efficiently and effectively, particularly as regards the performance o f the resulting computer system.

T H E  O B JE C T IV E  O F T H E  M A N U A L

The main objective o f this manual is to make available to senior programmers guidance on good programming 
principles, and to provide methods for efficient programming practice. However a substantial part o f  the guidance 
is concerned with detailed programming and this will also be valuable to less senior programmers.

Since the manual is intended to be applicable irrespective o f the type o f ICL processor it is inevitably not 
comprehensive in those detailed matters such as software, which are particularly machine dependant. Nonetheless 
it is felt that the manual will provide most o f the guidelines needed within a reference work o f good programming 
practice.

The organization, scheduling and control o f  a programming project is given special consideration in the manual. 
The aim here is to provide guidelines to minimize the risk o f late completion dates and o f  unmaintainable but 
elegantly written programs. Bitter experience has taught many people that detailed scheduling and control is 
essential, particularly for larger projects, but for many managers it remains an extremely difficult task. This arises 
because it is difficult to gauge the real progress o f work done up to an interim point. In particular it is very 
difficult tojudge the quality and soundness o f work done until it is well under way. Management may not have 
complete confidence in a work schedule unless they themselves have been involved in the detailed planning. This 
is usually not practicable and in any event a more feasible solution is to institute a standard procedure o f planning 
and control which is clear to the programming management and which thus gives them confidence that their staff 
do plan and control in a systematic and thorough way. The standard approach should also bring about an 
improved efficiency in co-ordinating the efforts o f a programming team and, by removing some o f the mystery 
from plannning and control, should help in the development o f potential senior staff. The procedures described 
in this manual are designed to facilitate the setting up o f an organized system o f control for programming 
projects and this second objective o f the manual is aimed at the programming managers, chief programmers and 
all senior programmers who have responsibility for scheduling and controlling the work o f other programmers.

While users may not use the precise procedures set down in the manual, it is strongly advocated that these, or 
similar procedures, should be used to meet the underlying principles o f disciplined planning and control. Use o f 
such procedures will lead to the provision o f well documented and easily maintainable systems and ensure that the 
most efficient use is made o f resources available.

While the main objective is to provide guidance for senior staff, it is felt that morejunior staff should benefit by 
acquiring an appreciation o f the principles o f good programming organization and control as well as the detailed 
programming tasks.
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TH E M E  O F  T H E  M A N U A L

The manual therefore aims to give guidance on two main aspects:

1 Programming practice

2 Organization and control o f  resources

The manual is organized to present in chronological sequence the guidance or practice in the different sub-tasks 
within programming. The organizational aspects are introduced in the manual, interspersed between relevant 
programming sub-tasks where it is felt that consideration o f these aspects would mainly occur.

As it has already been stated, the beginning o f  the programming task and the end o f the system task varies accord­
ing to interpretation by different users. Differences are mainly concerned with the degree o f  expansion o f  the 
systems design to show the organization for the computer. In order to allow for the widest interpretation o f the 
programming task a description o f  this detailed design o f the computer system is included in the manual and this 
precedes the section on program planning, that is, the design o f individual programs which may more generally be 
regarded as the beginning o f  the programming task. The ICL manual SystemsProcedures (Edition 1, TP4196) will 
give a further understanding o f  the systems function and its relationship with the programming role. Whatever 
the formal dividing point between responsibilities, it is vital that there is close liaison so that the programmers 
viewpoint is taken into account particularly when designing the computer orientated aspects o f the system.

C O N T E N T  O F  T H E  M A N U A L

The manual is in three parts which deal in turn with the basic principles o f organizing programming projects, 
planning considerations and program writing, acceptance and maintenance. The sequence o f chapters and sections 
approximately follows the sequence o f activities. Each chapter is concerned with a different level o f  programming 
and any detaUed information is given in an appendix at the end o f the manual. It is intended that the headings 
give a framework that could be used for a user’s manual o f  programming standards.

Part 1 General

C H A P T E R  2 P R O JE C T  O R G A N IZ A T IO N

This chapter considers the advantages o f  dividing project work into stages, the possible ways o f  aUocating 
responsibilities, the necessary standard documentation and the need for controUing implementation.

Part 2 Planning

C H A P T E R  3 P R O JE C T  DESIGN

This chapter covers project design from the programming viewpoint. Techniques are given for designing suites o f  
programs and the connecting files. Guidance is provided on the checking o f the systems specification and the 
presentation o f the suite design and requirements.

C H A P T E R  4 IM P L E M E N T A T IO N  M E TH O D S

This chapter outlines the overall considerations which must be taken into account in forming the main strategies 
for the implementation o f a project.

C H A P T E R  5 P RO GR AM  DESIGN

Factors which must be considered when designing programs are described. Techniques for various aspects o f 
design are given and standards for program specifications are included.

C H A P TE R  6 RESO U R CE P L A N N IN G  A N D  C O N T R O L

Methods are given for estimating resource requirements, planning the use o f these resources and the control o f 
actual performance.

Part 3 Program writing, acceptance and maintenace

C H A P TE R  7 D E T A IL E D  P R O G R A M M IN G

This chapter sets out in detail the way in which programs can be produced effectively, and includes recommended 
standards and techniques for all detailed programming tasks.
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CHAPTER 8 PROJECT ACCEPTANCE

The tasks involved in proving the acceptabUity o f  the complete project are discussed, and guidance is given on 
the documentation required for efficient operational running.

CHAPTER 9 MAINTENANCE

Methods are described by which program amendments, necessary during operational mnning, can be carried out. 

Appendices

There are fifteen appendices which give detailed information on the subjects included in the main part o f the 
manual.

The separation o f discussion and detail make it possible for users to adapt the manual either as a guide or as a 
desk handbook o f instaUation practice, and to add material to the framework to meet local needs.
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Chapter 2 Project organization

This chapter covers the basic principles on which the manual is based. It includes an outline o f project stages, 
allocation o f responsibilities, areas where standardized documentation can be introduced and also areas where 
controls are necessary. These four subjects are closely connected since the project stages to some extent define 
the responsibilities to be allocated, and the areas o f standards and controls are dependent on the project stages as 
well as being inter-related.

P R O JE C T S TA G E S

The implementation o f a complete project, that is from the initial concept to live running, covers in most cases a 
long time span and requires a considerable amount o f man^ffort, and it is essential that the time span is 
controlled and the effort used effectively i f  the project is to be brought to a successful conclusion.

In order to introduce the concept o f control, and to provide a basis for a standard method o f implementation, it 
is necessary to break a project into stages each o f which is more easily manageable than the project as a whole.

A  project stage can be defined as a relatively selfcontained activity which has a definite end point. This point 
should be reached before the next stage is commenced. The breakdown into stages is obviously essential in large 
installations where different people are responsible for the various project activities, but even in smaU installations, 
where only one or two people are concerned, it is equally essential i f  projects are to be carried out with any 
degree o f order.

Stages

The stages into which projects are divided, bearing in mind the definition o f a stage, are as follows:

Systems study 

Systems specifying 

Project design 

Program design 

Detailed programming 

Project acceptance 

Maintenance

The detailed activities and end points o f most o f these stages are described in the rest o f  this manual. The only 
stages omitted are those o f systems study and systems specifying which are considered to be activities in which a 
programming supervisor plays no part.

Advantages

There are several benefits to be gainedby breaking a project into self-contained activities:

1 Staff are disciplined to concentrate on finding, and presenting solutions to problems, at the appropriate level 
rather than becoming immersed in a mass o f uncoordinated detail.

2 Staff can be used more efficiently since the activities can be allocated according to experience and ability.

3 The production o f documents is enforced since these act as the communications between stages. These 
documents can be checked by the recipients thus ensuring that there is agreement on the contents and also 
detecting errors before too much effort has been expended.

4 Documents can be produced according to standards, which aids understanding and maintenance.

5 The completion o f each stage forms a natural check point for control purposes.
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Any attempt to implement a project without this discipline o f activities and end points is likely to result in a sub­
standard product which neither satisfies the user’s requirements nor has sufficient documentation for maintenance 
purposes. It is also highly unlikely that any target dates wiU be achieved.

A L L O C A T IO N  O F  R E S P O N S IB ILITIE S

There are many different ways o f allocating the various activities to computer personnel. These can vary from one 
person carrying out the complete range o f activities, to a very detailed breakdown o f sub-tasks amongst staff in 
systems and programming departments.

This manual is intended for the use o f any installation and the variables o f number o f  staff, background, training 
and experience, size, complexity and technical novelty o f application make it impossible to usejob titles (senior 
programmer, assistant programmer, etc.) to clearly indicate responsibilities. This section o f the manual therefore 
concentrates on the responsibilities implied by different functions which are o f  greater or smaUer importance in 
any project. The stress is mainly on the planning and supervisory functions, but implied and included in these are 
the more detailed functions which are the subject o f supervision.

The table below illustrates four possible methods o f division o f responsibility (but does not claim to show all 
cases) relating function to personnel category. The point marked X  shows the division between business<mented 
work and computeroriented work.

Stage Principal result Possible division ofresponsibility

Systems
study

Statement o f 
requirements

System
specifying

System
specification

Project
design

Outline
suite
specification

Program
design

Program
specification

DetaUed
programming

Working
programs

Project
acceptance

Validated 
suite and 
system

Maintenance Amended or
corrected
system

X

Systems
analyst/
program­
mer

Systems
analyst

Systems
analyst

Systems
analyst

ProgrammerProgrammer

Coder

Systems / Systems / Systems /
analyst / analyst / analyst /

/  Coder /  Programmer /  Programmer

Accepting that the earliest likely programming stage is the suite design, proceeding from the systems specification, 
this manual covers aspects o f  the work from this point on.

Each section includes discussion o f appropriate aUocation o f functions to staff. A  number o f factors are essential 
in all decisions on aUocation and it should be a management standard (which is not within the scope o f  this 
manual) to ensure that they are borne in mind. These factors are that:

Each member o f staff should be made aware o f  his functions and responsibUities.

His experience should include formal advanced training to anticipate extending his responsibilities.

He should receive adequate additional supervision when faced with new responsibUities, and time scales should 
reflect the training and supervision effort required.

Functions

The following is a list o f the responsibility functions grouped under the project stage headings:
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SYSTEMS STUDY

Collection o f all facts concerning the requirements o f the user system and production and agreement o f the 
statement o f requirements

SYSTEM SPECIFYING 

Production o f a systems specification

Obtaining agreement on the detailed requirements o f the system 

PROJECT DESIGN

Design o f a computer oriented system and production o f a document describing the computer system

Choice o f method o f implementation and the program languages to be used

Obtaining agreement to the suite design

Initial estimating o f resources required and time scale

PROGRAM DESIGN

Planning and structuring each program and specifying the requirements o f each program 

Estimating the effort required and planning the use o f resources 

Obtaining agreement on the contents o f the program specifications

DETAILED PROGRAMMING

Control o f  implementation and standard o f work

Supervision and training o f junior staff

Checking o f flowcharts and coding or delegation o f these tasks

Production o f  working programs, and operating instructions

PROJECT ACCEPTANCE

Testing o f  the suite to the satisfaction o f  aU users

Production o f  a comprehensive operating procedure guide, and on the job training o f  the operating organization 
in the running o f  the project

Production o f a comprehensive guide for user departments and on the job training o f  these departments in the 
use o f the system

Assisting user departments to make best use o f  the system and ensuring that results are satisfactory 

Collection o f all project and program documentation to form a project file for future reference

MAINTENANCE 

Correction o f  program errors

Assessment o f new requirements and implementation o f these when agreed 

Updating o f documentation

Advantages

The allocation o f responsibilities enables installations to develop specific job definitions within their departmental 
structure. These job definitions can then be used to develop firm lines o f staff reporting and progression. In a 
situation o f staff shortage and high staff turnover it is most important that staff can see what their current job 
entails and that there are possibilities for progression.

From the point o f view o f orderly implementation it is essential that an individual is made responsible for each 
function and that the demarcation lines between functions are clearly defined. I f  this is not done functions will be 
omitted or skimped, or there will be continual overlap and duplication o f  effort.
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There are also advantages in allocating the main responsibilities to different individuals since this introduces 
automatic checking o f the end products o f each stage.

STANDARD DOCUMENTATION

Standard documentation covers two areas; the documents which are considered as standard documentation for 
any project, that is their existence is essential, and the standards for the production o f each o f these documents.

Documents which must be produced, regardless o f installation or project size, are those which form communica­
tions links, either for agreement purposes, or between stages, or for maintenance. The production standards vary 
according to the type o f document and range from content headings for specifications to detailed format and 
referencing standards for source coding.

It is essential that standard documents, once produced, are kept updated by any changes, and that these changes 
are made consistently to all the relevant documents. To this end all instaUations should set up a system by which 
amendments are listed, together with the date o f amendment and the documents affected. This list should be 
circulated to all concerned so that they can ensure that their part o f the documentation is updated.

Documents

The basic purpose o f the documents which must be produced are described briefly below. Further details o f the 
documents o f concern to programming are given in the rest o f the manual.

STATEMENT OF REQUIREMENTS

This gives details o f what the user requires o f the system.

SYSTEMS SPECIFICATION

This is an extension o f the statement o f requirements and gives all detailed information needed for designing the 
suite. It forms the basis o f agreement between all departments concerned with the project. The contents may be 
ext$nded to include a specification for the suite design and may include broad estimates o f  time scale.

OUTLINE SUITE SPECIFICATION

This is only produced if the systems specification does not contain the specification for the suite design. It is 
intended as a means o f reorienting a generaljob description to a computer design document, and forms the 
communications link between the suite designer and the program planner.

PROGRAM SPECIFICATIONS

These are produced for each program in the suite and contain all the information required for writing the 
program. They form the link between the program planner and the programmer as well as being vital for 
maintenance purposes.

FLOWCHARTS

Flowcharts are produced for each program in order to establish the program structure and the logic. They are used 
as a basis for coding and also for maintenance.

SOURCE CODING

Coding obviously has to be produced as a communication with the computer but it also required for maintenance. 

OPERATING INSTRUCTIONS

These are produced for each program and contain details o f how the program is to be run on the computer. They 
form the link between the programmer and the operator.

OPERATING PROCEDURE GUIDE

This is produced for a project and is the communication link between the project development team and the 
operating organization. It contains full details for data preparation,job assembly and result despatch, and 
includes the individual program operating instructions.
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USER P R O C E D U R E G U ID E

This is produced for use by the departments who supply the data and/or receive results, and contains details o f 
how forms are fiUed in, batch controls, etc.

Advantages

The production o f standard documentation aUows the establishment o f control since the documents are the end 
product o f a stage, and the stage can be considered as completed once the relevant documents for that stage have 
been checked by the recipients.

The use o f  standard contents eases the problems o f communication since a document in a known format is more 
readily comprehensible, and also ensures that important subjects and facts are not omitted. Additionally, 
standardized documents are more easily referenced and updated, and so make maintenance easier and increase 
the reliability o f  the contents.

The penalty for not producing standard documentation is twofold. Firstly there is no guarantee that the suite 
fulfils the requirements since no checking will have been possible. Secondly the suite cannot be maintained since 
it wiU not be possible to asseSs the effects o f changes, or to include corrections or changes in the programs.

C O N T R O L  O F  IM P L E M E N TA TIO N

There are two aspects o f  implementation control. One is the day to day supervision o f  staff, not only to ensure 
that they are present and working, but also to ensure that their work is accurate and produced according to the 
required standards, and to provide adequate training.

The other aspect o f  control is the measurement o f progress against a predetermined plan so that deviations from 
the plan can be seen and corrective action taken. The extent o f progress control is likely to vary according to the 
size o f installation, however all installations need a basic method in order to use man-power effectively and to set 
and achieve target dates.

Progress control

ln order to control there must be a plan against which to measure progress, and in order to establish a plan there 
must be an estimate o f the effort and time involved. The basic structure leading to control is therefore:

Estimate o f work content

1
Estimate o f man<ffort

I
o f t 

1
t..I

Estimate o f time required

I
Establishment o f plan

Feedback o f actual

Control

The effectiveness o f the control relies-on the accuracy o f the original estimates and it is important, therefore, that 
the work content estimates are based on factors which can be analyzed objectively in the case o f differences 
between actual and estimated performance, and which can also be used to improve estimates for future projects.

Each project stage provides an area to which this basic structure can be applied, and the standardized contents o f 
documents facilitate the setting o f  standards for estimating work content.

The stage which is o f particular concern to programming supervisors is that o f detailed-programming, which can be 
excessively time consuming if uncontrolled. Since this stage isvery critical it is necessary to apply stringent controls 
to both the writing and trial activities. Detailed methods o f control are described in Part 2, Chapter 6.
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Advantages

The controlled implementation o f a project means that target dates can be achieved without a situation o f  
continual crisis which inevitably leads to a sub-standard product, and that other departments concerned with the 
project can be given a chance to prepare for the changeover to the computer system. Additionally the use o f 
resources-is planned and best use can therefore be made o f staff. I f  inaccurate estimates or changes in require­
ments make alterations o f plan necessary, the affect o f these changes can be seen at an early enough stage to allow 
for considered corrective action.

The provision o f adequate supervision, although it may appear a costly overhead, avoids wastage o f effort, ensures 
an acceptable end product and allows for on thejob training.

Without supervision and control it is impossible to assess the progress that has been made on a project and it will 
not be realized until too late that the work is incorrect or that the target date will not be achieved. This o f  course 
leads to panic measures to finish the project on time which in turn means that stages are omitted thus increasing 
the maintenance required, or that staff are taken from another project which will then itselfbecome critical.
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Chapter 3 Project design

It has been mentioned in Part l,Chapter 2, that the responsibility for the computer system design o f  a project 
varies according to instaUation. In some cases it is considered as a systems function, in others a programming 
function, and a further possibility is that it is treated as a combined function according to the ability o f the 
staff.

Whichever method is used it is necessary for any experienced programmer concerned with the development o f 
projects to be aware o f  the factors which must be considered and the documentation necessary. They will then 
be capable o f  either carrying out the suite design function or o f checking that the design produced by systems 
people is complete and adequately satisfies the requirements.

This chapter first describes the fmal documentation o f  the project design stage, and then gives details o f  the factors 
which must be taken into account either when designing or when checking the design. Guidance is also given on 
the information which should be available, and which should be checked, before any suite design can be started, 
namely the requirements o f the overaU system.

T H E  O U T L IN E  S U IT E  S P E C IF IC A TIO N

The outline suite specification is the document which describes the computer oriented system at a broad level. 
In some installations such a description is considered to be part o f the system specification;however there are 
other installations where the systems specification excludes the suite design, and it is therefore necessary to 
produce a separate document for the computer designed system.

Whichever method o f presentation is used and regardless o f installation size the description o f  the computer 
system must be considered as essential documentation since it is the end product o f  the suite design stage and 
forms the basis for program planning.

Contents

The standard content headings are given below and the full details'to be included under each heading are 
described in Appendix 1:

Background o f the job

The job to be done

Data

Results

The job in operation 

Organization for the computer 

Processing 

Takeon procedures 

Future extensions and enhancements 

Initial.implementation estimates 

Preparation and running times 

Preparation and running costs

Appendices including fde and print layouts, specimen forms, examples o f  printed results

Wherever apnropriate, the information should be taken direct from the systems specification to save duplication 
o f effort and to preserve accuracy.
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Acceptance of documentation

The suite specification must be agreed with all departments concerned with the project in order to ensure that it 
is satisfactory from all points o f  view before more detailed work is started.

The people who must be consulted, and the reasons for their particular interest in the suite design are as follows:

The system specifier, in order to check that all requirements have been included and to ensure that links with other 
projects are possible.

The operating organizer, to ensure that the system is feasible from an operating point o f  view, that the required 
computer time is available and that the data preparation load is acceptable.

The user, to check that the time scales for preparation, take-on and normal running are acceptable. This will be a 
systems function regardless o f who is responsible for the suite design.

The program planner, to ensure that the system is feasible from the programming point o f view, for example, that 
it does not exceed the computer configuration capacity, and that the preparation and running times are feasible.

Once agreement has been reached, and the design accepted, no changes may be made without further consultation 
with those concerned, since what may appear to be an insignificant alteration from one person’s point o f view, 
may in fact cause major changes from another point o f  view.

Advantages of documentation

The main advantage o f producing a written description o f  the system is that it can be formally checked and 
accepted by all departments concerned. Although such agreement can be obtained by discussion, without any 
formal document there is no guarantee that everyone has agreed to the same design since the presentation could 
vary from discussion to discussion.

The standard contents not only aid understanding but also act as a check list to the information which must be 
included, and therefore considered when designing the suite.

The concept o f separating the systems specification from the suite specification means that different individuals 
can be assigned to the two tasks and use made o f specialized expertise. Additionally the nomcomputer personnel, 
who are more interested in the requirements than how the computer system operates, wiU not be confused by, 
what is to them, irrelevant technical information.

Without a standard document which has been checked and updated by agreed changes, it is possible to reach the 
suite testing stage before it is realized that the computer system is inadequate from the user or operating point o f 
view, or that there is insufficient computer time available to produce the results in the required time scale. A t this 
stage there is not time to recover the situation and the result is continual pressure on the operating organization, a 
dissatisfied user, and a large amount o f program maintenance in order to improve the system.

V E T T IN G  T H E  S Y S TEM S  D O C U M E N TA TIO N

There are two possible situations which cause the programming personnel to be involved in vetting parts o f  the 
system documentation.

The first o f these occurs when the programming function includes the suite design and is therefore concerned with 
the vetting o f the system specification.

The other occurs when the systems function includes suite design and the programming responsibility is to check 
that the design is practical. Whichever situation pertains, the vetting stage cannot be done in isolation and ideally 
the aims o f the system, or the design, should be discussed between systems and programming during production 
o f the documents so that the vetting stage becomes a formal acceptance o f the final documentation.

Essentially this vetting stage marks the handover o f responsibility for the computer system, from the systems 
analyst to the programmer. The return o f responsibility is the point at which the systems analyst conducts the 
systems trials. The vetting permits the programmer to check the accuracy, consistency, feasibility and complete­
ness o f his brief.

This independent check that the overall systems design is completed gives an opportunity to refer back any queries 
to the systems analyst. As such queries may necessitate a further systems study it is imperative that they should 
be made before programming work commences.
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Vetting the systems specification

Basically the final document should define all the requirements o f the whole system. It should include: 

Specification in complete detail o f  all the initial inputs and final outputs o f the system.

Specification o f all logical data which will constitute the files o f the system.

Specification o f all processing whereby input and data files interact to produce results.

Specification o f any takeon procedures.

Where the logic o f the system dictates it:

Specification o f the order in which processing is to take place.

Allocation o f data items to files.

Specification o f sorts or other data handling methods at appropriate points.

These are the minimum requirements. Further details are given in Appendix 2. The suite designer should ensure 
that there is sufficient information to aUow the further steps in the project design stage (suite specification, 
suite and file design) to be completed. Any mandatory constraints on the suite organization should be justified.

Vetting the outline suite specification

In those organizations where the systems specification is extended to encompass the suite specification, it will 
remain a programming function to vet the contents for consistency, completeness and feasibility. It is 
recommended that the programmer is involved in development o f those sections which are program oriented. Any 
points o f doubt should be resolved at this stage so that the system may be frozen before the program design 
stage begins.

An increasing number o f systems analysts are adopting formal disciplines o f specification (such as decision tables), 
and where such techniques are employed in an organization the programming department should be familiar 
with them. As the use o f decision tables is so closely tied to programming techniques, this subject is discussed in 
some depth in Appendix 3.

Summary

As there will normaUy be an overaU statement o f  requirements largely in non<omputer terms, to permit study 
and acceptance o f the scheme by the management, this will be a natural checkpoint even when the systems study 
and suite design are carried out by the same person.

Above all, as the programming department will bear the responsibility for the implementation o f the suite, this 
will be their opportunity to accept the project or refer it back to the systems analyst.

S U IT E  D ESIG N

In designing a suite the source document is the systems specification, and the result is the outline suite specifica­
tion, incorporating a chart o f the suite organization and initial programming estimates.

The overall task must be divided into programs which will function efficiently within the hardware and software 
environment provided. This means that the designer must have knowledge o f these two factors. The operating 
considerations o f  the suite must be covered, an overall strategy for operator requirements and communications 
being defined. The data must be streamed into files to form the basic communications o f the system.

The design o f files is a major part o f suite design,but this section is restricted to a description o f the allocation o f 
files. A  description o f the detailed layout o f files is given in the section F ile design, on page 15.

Principal aims

The first aim o f suite design is to take the tasks to be performed and break them down into computer programs. 
The relationship and communications (files) between programs must be specified. When this division has been 
made, estimates are made o f the cost and time required to produce the programs, and these matched against the 
resources available and the time requirements o f the system. From this point the computer system is then 
modified with the aim o f minimizing implementation cost and/or timescale, and maximizing the running 
efficiency o f the system.
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Overall concept

Essentially any system may be considered in the following way, with data in and results out.

Hence the first step in suite design must be to list:

All input, by type and times o f availability 

All main, or standing, file items

All tasks (interaction between input data, and main file data to produce results)

All results, by type and times required

The overall flow through the system may be charted in this way. The system can then be divided into programs, 
files can be designed and the system can be optimized.

Dividing the system into programs

Commercial data processing is principally concerned with the processing and maintenance o f raw data and main 
files and the production o f results files (eventually printed). The basic elements o f  any system therefore are 
almost certain to consist o f the following standard units.

Type Name

A Data vet

B File interrogation

C File merge

D File maintenance/update 
File set-up/takeon

E File search/extract 
File edit 
File split
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Type Name

F Media conversion, for example card to tape 

G Statistics

H Sort

Once the necessary sequence o f these units within the system has been determined it must be decided how they 
are to be grouped to form programs. For example, the first program o f a suite will normally consist o f :

A  Data vet

+ D File set-up (to  set up a file o f vetted data 
or it may be more complex and consist of:

A  Data vet

+ E File search to extract facts required by the vet 

+ D File set up

The designer must consider the advantages and disadvantages when deciding whether single-unit or multiple-unit 
programs are to be used. Some o f the facts which must be considered are:

Single-unit programs

For

1 SmaU use o f core store (which may 
enhance the multi-programming 
potential o f the computer).

2 Small units may be written and tested more 
easily and efficiently.

Against

1 Intermediate files are generated to 
communicate between programs, 
aggrevating control problems.

2 The reading and writing o f intermediate 
files will slow down the running o f the 
system, and increase the load on the input/ 
output hardware.

3 It may be operationally complex to run a 
number o f small programs.

M ultiple-unit programs

For

1 Passing data intemally between units wiU save 
peripheral time thereby cutting the running time 
o f the system and reducing the load on the input/ 
output hardware.

2 A  large program may save time in loading and setting 
up.

Against

1 As each unit will probably add an extra file to the 
program, this may strain or exceed peripheral 
resources or inhibit multi-programming.

2 A  need for more core store may exceed the store 
available or inhibit multi-programming.

3 Large programs are complex to write and test 
(although modular programming techniques will 
overcome this problem).

Summary

The primary aim o f the suite designer must be to meet all the requirements o f the system, but he must do this 
within the limitations o f the resources available, that is hardware, core and peripherals, and programming 
manpower. He must satisfy himself that the computer system will function efficiently. This may involve the 
specification o f overall program design strategies: checks and reconciliations, use o f standard programs, program 
overlay techniques. An overall data security strategy must be planned at the suite level. Further details o f this 
strategy are given in Appendix 4.

This stage is one o f the most vital in the implementation cycle. I f  work at this stage is not thorough no amount 
ofhard work will build a good system within a poor framework.

F IL E  D ESIG N

Files reflect the hardware and software resources and the data structure o f the system. They therefore determine 
the programming implementation. Good file design is essential for processing information efficiently. I f  files 
are designed by the programmer as he writes the program, it will result in poor intercommunication between
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between programs, and inefficient operation o f the system. The main files and aU those files which pass from 
program to program must be designed at the system level, as the specification o f the individual programs will 
derive from the reading and interaction o f these.

This section covers the principal decisions to be made and these are discussed in depth in Appendix 5.

Basic considerations

The principal points to be considered when designing a file are:

The selection o f  an appropriate medium 

The position and relationship o f each data item 

Data formats

The ability to preserve the integrity o f the data

The reading and maintenance o f  data files is the main process o f  commercial data processing, thus the efficiency 
o f the file design wiU be reflected in the efficiency o f the system.

Choice of medium

In almost aU cases the media used for primary data input and for the output o f  results will be predetermined by 
external considerations, and it wiU not be the problem o f the suite designer to choose these. Hence the media 
to be decided upon are those used for files which are produced in one program for input to another, and main 
files. Where both are avaUable this usuaUy becomes a choice between magnetic tape an direct access media.

The mistake is sometimes made o f  thinking o f  direct access storage as superseding more conventional media.
Every medium has uses to which it is particularly suited, and aU peripherals avaUable to the designer should be 
considered on their merits.

The designer should be famUiar with the characteristics o f  the various devices and with the software which 
supports them.

Position and relationship of data items

The first stage is to determine in detaU aU the information which wUl be required on each particular file. The data 
is then grouped into related records which correspond to the function(s) o f the program(s) which handles them. 
Within each record the format and layout o f each data item must be determined. WhUe there may be some 
overriding consideration, such as fixed length information preceding variable length, the relative positions o f items 
should be related to any interactions between them. That is, the items should be grouped into sub-records which 
meet the requirements o f sub-divisions o f the processing task. Avoiding a dichotomy between the problem and 
data structure wUl considerably ease the structuring o f a program, as wUl be seen in the section Program design, 
on page 23.

Once the record is designed the sequence o f records must be determined. I f  a fUe is to be used by several programs 
this sequence should be carefully chosen to minimize the overall processing time. Where records are to be 
sequenced according to a key the key should be chosen to conform to the collating sequence o f the computer in 
use to facUitate comparison o f keys and $orting.

Any control records (heading, total, and end) should be specified.

Data formats

Data may be held in several ways within a record, for example binary, character. The best method for each item 
should be carefully evaluated, considering both field length and how the item is to be used. Data may be held in a 
record in three basic ways:

Fixed number o f characters

Variable number o f characters, with field separators

Integral number o f words

Items held in variable-length fields occupy the minimum number o f  characters that theirvalues demand, non­
significant zeros and spaces being suppressed. Thus the read/write time is minimized but the processing time is 
increased by the need to expand or condense them in store. On a wordoriented machine this argument applies to 
all but integral word format.
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A  combination o f formats may be the best compromise, with the most frequently used items being grouped in the 
most easily processed format, and less active items condensed. Obviously fixed length items will more conveniently 
precede variable items as then their position within the record will always be fixed.

The record is the logical unit o f  data, but it is physically read and written to and from magnetic media in blocks 
whose size may be dictated by hardware or software considerations.

Obviously there are three relationships between blocks and records:

Each block contains one record

Each record is spread over more than one block

Each block contains more than one record

The last o f these is most common as the file processing speed is often proportional to the block size. Single 
record blocks are common where the program is dominated by the processor time or where the core store is 
limited.

The design o f record layouts and the block size will automatically determine the physical length o f the file. This 
is because there is always an overhead on each block written, which is the interblock gap, plus in the case o f 
direct access devices, block identification fields.

The most significant effect o f a large file size, whether due to a smaU block size or badly designed records, is that 
the file may be unnecessarily extended over a further tape reel or disc cartridge. This may be unacceptable, 
necessitating a redesign o f the file, reducing the record length or increasing the block size.

Data integrity

Each file should be designed so that strict control o f  its use may be achieved. Data should only be accessible to 
those programs which are intended to process it, and where different versions o f a file are produced care should 
be taken to see that only the correct version is accessed by each program.

All files must be capable o f reconstruction in the event ofloss or damage in any way. The system may specify 
that they are reconstructed from copies or previous versions or even that they are to be reconstructed manuaUy, 
but whatever the method, the reconstruction method, its requirements, and consequences must be defined as an 
integral part o f the system.

Advantages

The benefits to be derived from a correctly designed file are:

Running time is minimized

Core space is used to maximum effect

The file is acceptable to all programs requiring it

The communications o f the system are presented in a standard manner for checking and programming

A  welMefined file documents a system both from the definition o f the data items and the relationship between 
them
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Chapter 4 Implementation methods

This chapter deals primarily with two possible ways o f satisfactorily implementing a programming project.

The two methods are deliberately presented as contrasts in order to highlight some o f  the factors which may 
influence the program planner, in the context o f the next two chapters. In most satisfactory projects, however, a 
clear distinction would not be possible. Features o f both methods are relevant to most circumstances. In 
Chapter 2 o f Part 1 the impossibility o f giving definite job description which would fit the circumstances o f aU 
users o f this manual was pointed out. This allocation o f  responsibilities, taking into account the variable factors 
o f the team, the project, the time scale, etc. is central to the method o f implementation.

Decisions on the selection o f the best method are the concern o f  data processing management and the material 
included is therefore only a summary o f these two methods.

Recommendations on the basic method to be adopted are beyond the scope o f this manual, and it is the ICL 
view that data processing management should be guided in this by company staff who can help to assess their 
specific situation. ICL’s own programming services and specialist development groups ensure that possible 
methods are supported by reliable techniques, and are well understood before users are advised to adopt them.

Consideration is also given on the choice oflanguage since this is to some extent dependent on the method o f 
implementation.

T H E  C O N V E N T IO N A L  APPRO ACH

The conventional approach to implementing the programming tasks for a project is to set up a project team whos 
size will vary but is based on the structure shown in the diagram below.

Such a team will be responsible for producing all the programs for the project and in general each member, 
except the supervisor, will be responsible for one or more programs, and will write and test each o f these as a 
logical entity.

Method of working

After the program specifications have been agreed, the team is set up and the programs are allocated to the team 
members. It is advantageous to divide the team into sub-teams, each responsible for an area o f the suite so that 
certain supervisory tasks, such as checking, can be delegated and more than one person is familiar with each 
program.

Ideally each member o f the team then produces and tests a complete program; however in a situation where 
trial time is scarce it is possible that a second program may be started before the first program has been completely 
tested;most experienced programmers can cope with this situation but this should not be expected o f a trainee. 
Large programs can be broken down into several routines by the programmer responsible and more than one 
person can then be used to code the program; however the testing is carried out on the program as a whole,
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although it is possible to design the test data so that testing can start on the main routines before all the subsidiary 
routines are written. This technique can help cut down the elapsed time for critical programs.

Advantages

The main advantages o f this approach are:

1 Adequate supervision is provided and tasks can be delegated, without excessive specialization o f functions.

2 More than one person knows each program thus giving cover for staff turnover, and providing for future 
maintenance.

3 Staff development is provided since each person carries out aU the programming tasks for one program. 
AdditionaUy the team concept allowsjuniors to become familiar with some o f the project aspects.

4 It is reasonably flexible in that writing and testing o f programs can be overlapped and programs can be divided 
among several staff when necessary.

Limitations

The main limitations o f the conventional approach are:

1 In a situation o f trial time shortage staff may be underemployed since it is not feasible to expect a person to 
deal with more than two programs at one time.

2 The programs may not be well designed since a proportion o f the design may be a function o f  relatively 
inexperienced staff.

3 It is difficult to assess how much work has been completed. This is made easier by dividing the detailed 
programming into stages each o f which has an end-point which may be checked.

4 I f  a program is delayed it is not easy to catch up on the lost time since all tasks are sequential.

Summary

The basis o f the conventional approach is to consider, in general, that the program is the lowest level definition o f 
a work unit. The programming tasks for a project are carried out by a team o f programming staff and each team 
member is responsible for at least one program. This approach to programming implementation has been in use 
for some time and, although it does have some limitations, it can be used to implement work successfuUy and 
economicaUy, with the side benefit o f good staff development.

M O D U L A R  P R O G R AM M IN G

The basic concept o f modular programming is that each program can be broken down into a number o f small 
routines. Each o f these routines is a relatively selfcontained logical unit which can be written and tested as an 
independent entity. Each routine is therefore a more manageable unit and will be more easily understood by any 
level o f staff. This method o f implementation requires a permanent programming supervisor and one or more 
experienced people who are responsible for structuring the programs, defining the routines in detail, and finally 
linking the routines to form the program. The routines are written and tested by junior staff without design 
responsibilities who can be allocated on a more temporary basis.

Method of working

After the program specifications have been agreed the programs are allocated to the experienced programmers, 
who design the structure o f the program (see Chapter 5 ,Program structure, on page 31) and produce specifica­
tions which define the requirements o f each routine and their interfaces with other routines (see Appendix 7). 
These routine specifications are then allocated to junior programmers who are responsible for writing and testing 
the routine. When all the routines for a program have been tested independently, responsibility is returned to the 
experienced programmer who tests the program as a whole in order to ensure that the routines aU link together 
as intended.

Independent testing

In order to test each routine as an independent entity a software aid is necessary. This software takes the form o f 
a testing package which is used to read in the trial data physically, to set it in the interface areas o f the routine 
and then to enter the routine, that is, the testing package simulates the entry conditions to the routine.
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Advantages

The main advantages o f this method o f implementation are:

1 Junior programmers are given more manageable units to write and test, and therefore are likely to produce 
better results.

2 The implementation time o f  a suite can be shortened by allocating routines to as many staff as possible.

3 The logical design o f the program is enforced and is carried out by staff with the necessary skiUs.

4 Programs are more flexible in that routines can be changed without affecting other parts o f  the program, and 
maintenance is made easier.

5 Routines can be written to perform general functions and a library o f  standard routines can be built up.

6 Routines can be written in the most suitable language.

7 I f  delays occur corrective action can be taken by using extra staff to produce some o f  the routines.

8 Progress on a program can be assessed more accurately.

Limitatk>ns

The main Umitations o f modular programming are:

1 More work is placed on the experienced staff in that they have to define each routine and the interface between 
them.

2 Only one person understands the complete program, since the junior programmers are concerned only with 
smaU parts o f  it.

3 Staff development forjunior staff is difficult since they do not see all the program tasks.

4 Special training may be necessary in the use o f  the testing package and in the linking o f routines.

5 I f  a testing package is not used, each routine must have its own coding introduced to set up the entry conditions. 
This coding would have to be removed before program testing.

6 There may be difficulties in Unking routines together due to the stmcture o f  the software. This is only Ukely to 
affect second generation machines.

7 It is possible that more machine time wiU be used for testing since in most cases there is a basic overhead per 
compilation or trial whatever the size o f routine.

8 Asjunior programmers become more experienced they wiU tend to be dissatisfied with writing small routines, 
and there may be a high staff turnover.

Summary

The basis o f the modular approach is to consider that a small part o f a program is the lowest logical unit.

The design tasks are carried out by experienced staff whUst junior staff write and test units whose relationship to
each other is not obvious to them. This places great reliance on the thoroughness o f the design and may inhibit
the. design awareness o f junior staff. These factors must be balanced against the more obvious advantages.

C H O IC E  O F L A N G U A G E

The language chosen for programming work can have an effect on implementation costs, the time taken for 
programming, and the Operational running times. It is therefore important that the priorities o f these factors are 
considered when selecting the language to use.

In a commercial environment the choice normally lies between a high level language, such as COBOL, and a low 
level assembler language. This choice wiU to some extent be influenced by the size o f computer available, the 
power o f the compUers, and the existing skUls o f the programming staff.

Whatever influences and priorities exist it is important that the programming language is given careful consideration, 
and as many factors as possible taken into account, so that best use i f  made o f all avaUable resources. Although in 
many cases the choice oflanguage is outside the scope o f a programming supervisor’ s responsibUity, there is still 
a need for an awareness d f the factors which influence the choice since ultimately the supervisor has to ensure that 
the language chosen is used to best advantage.
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Areas of decision

There are basically four stages when a language may be chosen:

For an installation 

For a project 

For a program 

For a routine

Obviously the more detailed the stage, the more flexibility there is in the choice oflanguage, but unless suitable 
programming skills can be made available it is pointless to make a choice at a detailed stage.

High level languages

The selection o f a high-level language, as opposed to a low-level language tends to produce the following situation:

1 Implementation times are reduced since the programmer has less detail to consider.

2 Use o f computer time for trials is reduced since the program is less detailed and the compilers can carry out 
syntax checking; however, since compilation may take longer than assembly, the reduction in computer time is 
not in proportion to the reduction in the number o f trials.

3 Maintenance o f programs is easier since a higher degree o f self documentation is inherent in the coding.

4 Staff are trained more quickly, since the use o f language is less complex.

5 Object programs will use more core store.

6 Object programs may take longer to run since there are more instructions to process.

Low level languages

The selection o f a low-level language, as opposed to a high-level language, tends to produce the following 
situation:

1 Implementation times are longer because o f the amount o f detail to be considered.

2 More computer time will be used for trials because o f the level o f detail.

3 Maintenance o f programs is difficult unless sufficient annotation is included.

4 Training o f staff takes longer due to the language complexity.

5 Object programs are more efficient in use o f core store.

6 Object programs are more likely to have efficient running times.

7 Greater flexibility is possible in the use o f the computer.

Mixed languages

The use o f mixed languages allows the language appropriate to individual problems to be selected. Thus the 
advantages o f the high-level languages can be achieved whilst the disadvantages can be minimized by use o flow  
level languages for areas where machine efficiency is important. The disadvantage o f this selection is that staff 
either need to be trained in more than one language, or they specialize with the result that resource allocation 
becomes less flexible.

The use o f  mbced language programming automatically implies a degree o f modular programming as the routines 
in different languages must be compiled separately and interfaced.

Summary

The choice oflanguage depends on what an installation is setting out to achieve, and the situation should be 
assessed carefully. For instance, it is no use producing projects in a short time i f  there is no computer time 
available to run them. Conversely a highly efficient project, in terms o f use o f computer time, is wasted i f  it is 
not operational on time. Subsidiary factors which influence the choice are those o f  staff experience, efficiency o f 
compilers and the needs for compatibility between different machines.

The language should not be chosen, at any stage, on a basis o f personal likes and dislikes but should be chosen on 
the basis o f a careful assessment o f the situation.
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Chapter 5 Program design

This chapter covers the major factors which have to be considered when designing programs. The program 
specification, which is the end point documentation o f program design, is described fust in order to give a frame 
o f reference for the other subjects. Each o f  the major factors is then described separately.

P R O G R AM  S P E C IF IC A TIO N S

A  separate specification is produced for each program. The intention is to group together those details which 
pertain to a particular program, and to include additional detailed information so that the specification forms a 
complete description o f the program structure and aU the information required to produce the program, and 
provides a basis for maintenance.

Except in the case o f very small projects (one or two programs) where it may be possible to produce programs 
direct from the outline suite specification, the program specifications must be considered as essential documenta­
tion for two reasons:

1 It is impossible for individual programmers to extract the necessary information from the suite specification 
without a danger o f overlap or omission o f some processes.

2 It is essential for maintenance purposes to know precisely where each part o f  the processing is performed. 

Contents

The standard content headings are listed below and full details to be included under each heading are given in 
Appendix 6.

Suite introduction

Suite organization

Identification

Introduction

Characteristics

Tasks

Data

Results

Processing

Reconciliations and checks

Restart and re-run procedures

Error conditions

Outline flowchart

Trials plan

Appendices

Method of production

In order to produce the program specifications the program planner has first to study the outline specification 
and/or the system specification until a thorough understanding o f the requirements and broad computer 
organization has been gained. Each program must then be planned and specified in detail taking into account 
restart and re-run procedures, checks and reconciliations, processing requirements, design o f  work files, and if 
necessary any multiprogramming considerations.
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During this phase the program planner is likely to raise queries and may even require to make minor changes. Such 
queries and changes must be settled with the people responsible for earlier stages to ensure their feasibility and to 
update all documentation.

The program structure and overall logic must then be defined, and the broad trials requirements planned. I f  
modular programming is being used for implementation it is also necessary to provide routine specifications (see 
Appendix 7) showing the interfaces between routines and indicating which areas o f processing are applicable to 
each routine. The completed specifications must be submitted to the people responsible for the earlier stages so 
that the contents can be checked before any further programming work commences. Once the specification has 
been accepted a program file should be set up with the specification as its first content.

Advantages of documentation

The program specifications form the Unk between the program design stage and the detailed programming. The 
production o f a formal document which can be checked ensures that the time consuming programming stage is 
not started with inadequate or inaccurate information and thus avoids wastage o f effort.

The division o f program production into two stages allows the more experienced staff to concentrate on the 
planning activities, and consequently programs are likely to be weU designed and run efficiently, while the less 
experienced staff concentrate on providing solutions for the detailed problems.

The standard content headings are an aid in comprehension and therefore make the document more useful for 
maintenance purposes, as well as providing a check list o f the information to be included. The standardized format 
also helps to impose a discipline on the program planner and enforces more orderly methods o f production. This 
means that junior staff can be shown more easily how to plan and therefore aids practical training and staff 
development.

To expect junior programmers to write efficient programs without a program specification is not realistic and wiU 
result in clumsy, inefficient programs which are difficult to operate and impossible to maintain, and which may 
not even provide the required results. Whilst it is possible for an experienced programmer to do without a written 
description this should not be allowed since checking will not be possible, and there will not be any maintenance 
documentation.

R E S TA R TS  A N D  R E-R U N S

It may sometimes be necessary to reprocess all or part o f the data submitted to a program. This may be because 
o f one o f the following reasons:

1 A machine, program, or operator fault occurs during the run.

2 A  further copy o f the results or part o f the results is required.

3 Part o f the original results has been destroyed.

4 A  system, program or operator fault has caused the run to be abandoned before the end is reached.

There are two cases to consider: firstly where original processing has terminated before completion, and secondly 
where the original run was completed but it is necessary to repeat part o f it.

A  restart enables processing which has terminated to recommence from a specified restart point and to continue 
to the end o f the data.

A  re-run enables processing which was completed to recommence from a restart point and to continue to a further 
specified restart point.

The general principle o f restarting and re-running is to preserve sufficient information at certain points during the 
run, to allow all store and file locations used by the program to be set up at some later stage exactly as they were 
at these points.

I f  reprocessing is necessary it is clearly desirable that the time taken is minimized. This is achieved by dividing the 
data into groups, a group being the minimum amount o f data that can be reprocessed at one time. The boundary 
between each group is a restart point.

Data groups

It is necessary to define the restart points in such a way that the processing time for the data occurring between 
successive points is o f a satisfactorily short duration. It is suggested that something o f the order o f 15 minutes is
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a desirable aim though on a smaU machine it may be uneconomical to provide restart points in a job which runs 
for less than 30 minutes.

In somejobs there wiU be a fairly obvious natural division o f  the data which can provide a ready made restart 
structure (for example Departments, Ledgers, Sales Divisions). In other cases it wiU be possible to make use o f 
physical divisions in one o f the data files (for example, a box o f  cards, a reel o f magnetic tape). Further details 
on data groups are given in Appendix 8.

Restarts

A  restart point (using either a software faciUty, if  this exists or a user routine) should be inserted in any program 
that is expected to run for longer than 30 minutes.

At each restart point on the original run sufficient information must be output to one o f  the output files to 
enable the store to be subsequently set up in the same way, and to enable aU files to be aligned at the same point 
as on the original run.

On restarting it is necessary to be able to input the file on to which the restart information was dumped and by 
using control data fed otherwise to align at the required restart point. After establishing the store as it was 
formerly and aligning all other files, the restart control file must return to use as an output file. It must however 
be optional for any output file to immediately force the end o f a reel. This is mainly in case the original volume is 
unusable from some point onwards.

Detaib o f restart techniques are given in Appendix 8.

Re-runs

The main problems with re-runs are implied by the need to terminate the processing at a point other than the end 
o f the data. In general the output from a re-run must be to a different magnetic tape reel or area o f disc from the 
original run. It may have to be because o f physical destruction o f the media. The initial setting up o f  the store and 
alignment o f input files is much the same as for restarts but output files must be treated as separate logical files 
from the original files. I f  possible the marriage o f the re-run output with the original run output should be 
accomplished by the normal reading o f each file in the subsequent programs, for example by restart groups being 
separate reels o f magnetic tape and the re-run output being a substitute for the original produced ones (which 
may no longer exist). I f  this is done there must be a distinction which is clear to the operators, between the 
identities o f the original and re-run reel. However, the distinguishing feature must not invalidate the acceptance 
o f the re-run reel as part o f the original file when the file is subsequently read.

Alternatively one may have a special merging program which reconstitutes a complete file from the original and 
the re-run. In the case o f serial files this will only be acceptable for relatively short files where the running time 
o f the reconstitution program will be small. This technique also overcome the problem o f accumulating overall 
totals.

A  further requirement o f re-runs is to ensure that, collectively, the original and the re-run have processed all the 
data. This may seem straightforward but it implies a close inter-relation between the reconciliation system o f the 
original run and that o f the re-run.

IdeaUy it will be possible to restart during a re-run and still terminate at the right place. Also it will be possible to 
re-run several groups at a time, not necessarily consecutive groups. DetaUs o f  re-run techniques are given in 
Appendix 8.

Summary

Not only do these techniques minimize the duplication o f computer effort (at a real cost o f  £’s per hour) in the 
case o f  failure o f  some sort, but the elapsed time to complete the interrupted processing is minimized. Whatever 
the machine size this saving may be the only economic way-of coping with faults,the cost o f providing the 
necessary routines being weighed against the savings or the continuing security.

D E S IG N IN G  C H E C K S  A N D  R E C O N C IL IA T IO N S

It is the responsibility ofboth  systems designer and the program designer to ensure that checks and reconciliations 
are built into all programs to minimize the processing o f incorrect data and the incorrect processing o f correct 
data. When the systems designer has specified these checks, it is then important that the program designer should 
satisfy himself that the checks specified are adequate and useful. AU checks should be included in program 
specifications and not left to the discretion o f the programmer.

4202(4.70) 25



Incorrect results may be produced for any o f the following reasons:

Hardware error 

Software error 

Operator error 

Data error 

User program error

Three types o f check are used to supplement those which are carried out by the hardware and software.

Reconciliations : these are used to detect hardware, software and user program errors.

Data vetting : this is used to detect errors in the data, whether arising at source, data preparation or computer 
reading stage. Data is checked not only for feasibility, but also to detect missing or duplicated data. Incorrect 
prime data should never be permitted to cause an unscheduled halt to a program.

Checks on operator action : some o f these may be done by the software, but others will be included in the user 
program.

Each type o f check is considered separately.

Reconciliations

The basic purpose o f reconciliations is to ensure that data which has been accepted by the computer system is 
not lost, duplicated or corrupted. This could be done most easily where the final output should correspond 
completely to the initial input;unfortunately, most computer projects are more sophisticated than this and 
reconciliations have to be designed individually for each file or program.

Any programmer who feels that with present machines and operating systems, reconciliations are superfluous 
should reflect that by far the most frequent cause o f reconciliation failure is program error. Nevertheless the 
course adopted for reconciliations must be a compromise, based on weighing costs against usefulness. Reconcilia­
tions should be designed to detect an error at the earUest point possible, with the aim o f minimizing reprocessing.

In general, there are three types o f reconciliation:

1 Validation o f the contents o f a file held on backing store

2 Validation o f an updating process

3 Validation o f  a calculation process

Details o f these reconciliations are given in Appendix 5.

Data vetting

No assumptions may be made about the correctness o f data which is prepared outside the computer or is carried 
on an unsafe medium ^>aper tape or cards). It is customary for as many feasibility checks as possible to be 
gathered into a data vetting program to avoid the need for later programs to check the data before processing it.

Feasibility checks include checking that each character is a field is valid for the character range and radix o f that 
field, that the correct number o f fields are present, that each field lies within the range o f possible values, that 
check digits are valid, and that the contents o f  different fields (in the same or different records) are consistent 
with one another. Checks o f  this type should be made as comprehensive as is consistent with efficient use o f a 
computer and failures should be reported inteUigibly.

To guard against feasible, but incorrect data, input control totals should be prepared manually for important 
quantities and values; these control totals are then checked in the data vetting program. To minimize the 
possibility o f  errors in the manually prepared total, data should be batched into fairly small units and separate 
control totals prepared for each batch before punching. Batching also makes it easier to locate reported forms 
and to detect forms which have been omitted or duplicated at the data preparation stage.

To provide further safeguards against missing or duplicated data, information should be included in the data to 
inform the data vet program how much data it should receive. Multi-level batching systems wiU simplify this 
problem.

For example, for cards:

Divide data into sequentially numbered boxes.
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Divide boxes into batches (sequentiaUy numbered i f  this can be easily achieved).

A t the start o f the first box place a card stating the number ofboxes submitted.

At the start o f every box place a card stating the number ofbatches contained in that box.

At the start o f  every batch place a card stating the number o f  cards contained in the batch and giving control 
totals for important values and quantities.

Checks on operator action

The best way to eliminate operator errors is to design a system which is simple and straightforward to operate 
and for which clear concise operating instructions are provided. Operator decisions must be minimized and those 
which are unavoidable must be capable o f being made by off-line operating before or after the run, not by on-line 
operating during the run. As far as possible, aU operator actions must be checked; the senior programmer must 
ensure that this is being done, either by the software or by the user program. A  very common example o f this 
procedure is the check performed on a file, after loading, to ensure that it is the correct file.

To simplify the operator’sjob, the amount o f control data to be submitted by the operator at run time must be 
kept to a minimum. The computer system mustta designed in such a way that as many job control parameters 
as possible are held as part o f  the program library.

Summary

Not only must the programming power o f the machine be used to guard against the diminishing threat o f machine 
error but checks must be included to detect any o f the following errors caused by human failure:

Software error

Operator error

It should always be assumed that operators and users will make every type o f error. Provision must be made to 
detect and correct the assumed errors. No data error should ever by responsible for any unscheduled interruption 
to a program. Routines should be provided in data vets to recognize every possible error.

Not only will these measures force complete testing o f any system, but the knowledge o f their existence will 
improve confidence in the operational suite.

M U L TIP R O G R A M M IN G  C O N S ID E R A TIO N S

With any capital equipment the aim must be to make maximum use o f one’s investment, and with a computer 
this means making maximum use o f central processor, core store and available peripherals.

On a powerful computer few programs will be expected to make use o f more than a fraction o f the central 
processor time available over the extend o f its running time, or to employ 'all the peripherals available. Hence to 
increase utilization o f the computer one must multiprogram, that is, concurrently run a number o f programs 
with complementary requirements in terms o f hardware resources.

For example consider the following programs:

A  A  print program, with small processor requirements, but relatively long running time, because o f its
. peripheral usage.

B An update program which might be considered as average in all respects.

C A  statistical analysis program, with small peripheral requirements, and large processor requirements.

Considering these programs separately the running time might be:

A 35 mins.

B 20 mins.

C 15 mins.

TOTAL RUNNING TIME 60 mins.
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Running concurrently the processor requirements would interleave and the times might be:

A 40 mins.

B 35 mins.

C 30 mins.

TOTAL RUNNING TIME 40 mins.

The individual running times are increased to some extent, but as they all start at the same time, they are all 
complete after 40 minutes. Thus it is apparent that a multiprogramming capability increases the potential o f a 
computer considerably.

I f  programs are to be run concurrently, it is necessary to schedule jobs in order to make good use o f multi­
programming. This is a complex problem and may be simplified if the scheduling factors are considered at the 
systems and program design stages.

Scheduling

When a computer is first installed, the work load is small and scheduling o f work might be simple and o f minor 
importance. Later when the load increases scheduling may become vitally important, and some planning for 
this situation at the start will simplify matters enormously.

Software can schedule programs by matching program requirements against available resources, but a scheduler 
normally examines thejob queue program by program. The first program which may be loaded is not necessarily 
the program which should be loaded first. When deciding which program to load next the overall situation must be 
considered. In particular the probable running time must be considered, as well as the matching o f requirements 
against resources.

The difference between an optimum solution and a good manual solution to this problem may not justify the 
cost o f full computer scheduling and rescheduling with regard to constantly changing conditions. The scheduling 
facilities offered by those operating systems which handle this task provide an effective solution. The operations 
controller, however, can adapt rapidly to changes in conditions and requirements, and can increase efficiency, 
provided that the number o f variable factors is limited.

The variable factors may be limited by using the following scheduling methods. These methods may be used 
singly orjointly.

S TR E A M IN G

Divide the machine into streams and schedule each stream separately. A t any one time only the limited resources 
o f one stream and the programs for one stream need to be considered.

PRO GR AM  K ITS

Decide on a limited number o f program configurations and design aU programs within these restrictions; for 
example, class A  programs use two magnetic tapes and not more than a 10K store.

B A TC H IN G

Schedule work as a number o f independent batches. This means that only a limited number o f  programs need to 
be considered at one time and since the running time o f  a batch is short it is easier to schedule.

All these methods reduce the potential efficiency o f  the machine, but used intelligently will increase the actual 
efficiency by bringing the problem within the scope o f the scheduler.

The problem may also be simplified by the use o f visual aids such as bar charts, block charts, pegboards.

Stream profiles (System 4)

Common sense must be used in the application o f the various techniques. Streaming is only useful when all 
streams remain active. I f  a stream is not being used its store space could probably be used profitably to increase 
the multiprogramming potential o f another stream. Thus if the load is variable the stream profile may be varied 
from session to session. However, the design o f programs is simplified if the streams used consist o f a limited 
standard set.
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Example

Session 1 Session 2 Session 3 Session 4

Input stream Print stream Main stream Input stream

Print stream B Print stream

Main stream Sort stream Main stream Main stream

A A B

When initially designing streams the following formula may be used.

E (stream size -2K bytes) = store size -  Supervisor size

In this way when programs are written and found to exceed the permitted stream size, there is a margin for 
expanding the stream sizes.

Program mixes

Some mention has already been made o f  the need to choose mixes o f programs with complementary processor 
requirements for multiprogramming. Not only must the input/output requirements be complementary but also 
the peripherals and the device control unit and channel requirements.

It is foolish to attempt to multiprogram a number o f  jobs which are principally reliant on a single heavily-loaded 
piece o f equipment, such as a single tape or disc channel, for example.

Care must be taken in multiprogramming programs using replaceable discs to ensure that the total number o f  
different disc packs required at any time does not exceed the total number o f the disc transports available.

Care should also be taken to see that the sharing o f a disc cartridge between programs does not result in 
unacceptable delays due to extra head movement times.

Off-lining

Two basic rules are often employed in planning multiprogramming systems:

1 Make maximum use o f  the most heavily loaded equipment.

2 Run the largest programs in the shortest possible time.

As the most heavily loaded equipment is often a single overworked line printer the situation may be alleviated by 
not permitting programs which cannot drive the printer at maximum speed (programs with low volume printing) 
to print on-line. Further, mle 2 may be achieved by removing slow device dependence from main (for example 
update) programs.

Both these aims lead to the idea o f  off-lining all primary input and printing, that is, copying all cards or paper 
tape to disc or magnetic tape before processing and off-lining print files to tape or disc for subsequent printing. 
Obviously this technique may only be adopted where there are sufficient tape or disc transports.

A  system 6f  batching this off-lining using a single disc drive for primary input and printer output is illustrated. 
The head movements between the various files are tolerable as it takes some time to buildup for output a block 
o f data.

Summary

With a powerfulcentral processor the throughput may be enhanced by making full useof the multiprogramming 
potential. Proper use, however, is often only made i f  this technique has been considered at the design stage, and 
the programs designed to be complementary.
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Even on a computer too smaU to be able to utilize full multiprogramming the machine load may be reduced by the 
use o f off-lining o f raw data input and printed results.

P R O G R AM  S T R U C T U R E

In planning the structure o f a program the aims must be to plan the program so that:

It may be implemented efficiently 

It will be easily understood 

It will run efficiently

In the section on modular programming, the advantages o f  a modular approach to programming implementation 
have been Usted. Here is described how a modular program structure is automaticaUy and necessarily derived at 
this stage, even i f  modular implementation is not used.

Outline flowchart

The structure o f a program is normally determined at the program specification stage,when an outline flowchart 
is produced. The outline flowchart represents the sequence o f  tasks o f  the program at an elementary level:

The reading o f files

The correspondence o f  files

The processing o f tasks

The writing o f files

When the program has been charted at this level the program will have a start and an end, and consist essentiaUy 
o f file handling. By adopting the flowcharting standard, (as described in detail in Appendix 12), each box o f this 
highest level flowchart is expanded as necessary. A t the lower level individual flowchart boxes are further expanded, 
and the process continues until the logic o f  the program is completely defined.

In representing the program at any level as a number o f discrete boxes the program is divided into a number o f 
processing areas or tasks, that is, modules.

Thus the flowcharts automatically impart a hierarchical or levelled modular structure to the program. In order to 
achieve a modular implementation potential the division between individual boxes must be at a logical point.

Problem structure

In dividing the system into programs the system is divided into tasks whose sizes largely match the hardware 
resources. In structuring a program it must be further subdivided into tasks whose sizes match the programmers’ 
ability. For future maintenance the maximum size o f the task should be related to the average programmers’ ability.
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In dividing the system into programs the files may be defined as the flow o f data between them, and to cut run­
ning time the size o f these files is minimized. In dividing the program an attempt should be made to minimize the 
flow o f data and references between sections, to facilitate implementation.

As the program is a logical subset o f the system, each module must be a logical subset o f  the program. To 
summarize the criteria for program design, a module should:

Be o f a size related to the comprehension o f the programmer producing it

Perform a complete logical function o f the program

Have a minimum o f reference to other routines

When dividing a program into logical units, that is, flowcharting, it falls into a series o f levels. At the highest level, 
a commercial program is concerned with the reading and writing o f files, and maintaining program totals. At a 
lower level it is concerned with the processing o f each file and at successively lower levels with the processing o f 
individual records within those files, individual sub-records within those records, and individual fields within 
those sub-records. Hence at each level there occur more and more logical entities than at the higher levels. A  
structure such as that described is a data oriented program structure.

On the other hand it is possible to consider program structure in an entirely different way. The overall problem 
can be considered as a series o f sub-problems. For example, a pay calculation program may have the foUowing 
tasks:

A  Carry out file control checks

B Calculate pay for individual employees

C Update running totals on employee records

D Produce payslips

Then if any o f these is complex enough to be larger than the maximum unit o f comprehension it in turn may be 
divided into further logical entities.

For example, the B may be further divided into

BA PAYE

BB Standard deductions

BC Calculate free pay etc.

A  structure based on such a principle is a problem oriented program structure. Either approach may be made to 
the problem o f structuring a program, but if  the files have been designed properly there wiU normally be a close 
correspondence between problem structure and data structure and both methods may be used together.

It may be seen, then, that at each level a program will fall into a certain number o f  parts. I f  any o f  these parts is 
too large it may in turn be divided into further parts at a lower level until the individual units satisfy the first 
criterion for program design. The third factor, intermodule references, should automatically be considered when 
deciding what constitutes a logical entity.

A  logical entity on one level may be considered as several logical entities at a lower level. It would be inconsistent 
if  a module could be divided into a number o f independent parts, as shown in the illustration below.
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However a module may be divided into two or more levels, the module at the highest level retaining referencing 
and coordinating functions:

Thus, while the modules at any single level are mutually independent there is a dependence across levels. However, 
by dividing the program in this way each routine is dependent on only one routine at a higher level. I f  the testing 
o f modules starts at the lowest level in the program and moves upwards references are limited to a single link at 
each stage.

This levelled structure o f a program corresponds directly to the standard method o f flowcharting, where each box 
represents a logical unit which may be further expanded at a lower level.

Overlay techniques

When the program is divided into modules use o f overlay techniques is facilitated. Strictly speaking, as there is no 
communication between modules at a single level all the modules at one level can be overlaid. The previous 
example might give a store layout as iUustrated overleaf.

Under most circumstances however this would be uneconomical due to the time taken to call modules into core 
each time one was to be entered. The circumstances under which overlay techniques are employed will obvioUsly 
vary, from the case o f holding the modules on direct access device where the overlay time will be measured in 
milliseconds, to the holding o f overlays on magnetic tape, where the search time could run to minutes.
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In the former case overlay techniques may be used to effect useful economy by overlaying less active routines. On 
a data vet, for example, 40% o f the program might easily deal with 90% o f the records input. The overlay time 
to call in routines to deal with the other 10% might well be acceptable.

Slower overlay methods would probably be restricted to those cases where it was essential in order to accom­
modate the program with a limited core size. In this case the points o f overlay would be determined such that each 
overlay was only called once or twice in the run o f a program, i f  possible.

However the technique is used, the independence o f the modules is the same independence required o f program 
overlays, so the approach to program structure detailed above will serve to facilitate the use o f  this technique.

Summary

The obvious advantage o f  a modular approach to program design and structure is that attention can be focussed on 
the comprehension and implementation o f a logical unit o f  coding, related to the programmer’s capabilities rather 
than the computer’s. A  complete set o f processing notes may be written for a module rather than an incomplete 
set for the program as a whole. The greater degree o f  self-checking in this scheme is obvious.

Further, the problem, and hence the program,is made easier by relating the data structure to the problem and 
the program structure to the data.

Even i f  a conventional, rather than modular, approach to programming is employed the advantages listed still 
accrue from structuring the program in this way. A  logical and easily understood program layout should be 
achieved.

T R IA L S  D ESIG N

It is necessary to design the trials process at an early stage in a project. This is to enable the best use to be made 
o f resources and to give identifiable aims to the stages o f testing each program. There wiU thus be minimum delay 
and uncertainty in implementing trials. Structuring the trials to the functions o f  the program to be tested follows 
logically from the planning o f the program structure.
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There are two choices when deciding a trials strategy. The two choices are the conventional program testing 
method or the modular testing approach. The ktter consideration is o f  course dependent on whether a modular 
programming concept was used in writing the programs.

Even using conventional program testing methods, partial modular programming is stiU available. Consider a.data 
vet which has different processing routines for different types o f  record. Trial data can be selected which willjust 
test the appropriate processing routine. This means that each processing routine can be tested semi-independently. 
Each section o f the program which is to be tested as an entity is caUed a test unit.

lflarge programs or units o f  programs are to be tested, then it is advisable to plan various trial stages. Each trial 
stage should be defined to achieve a specific objective.

Trials strategy

Example

Compilation 
(Trials stage 1)

Basic
(Trials stage 2)

Extensive 
(Trials stage 3)

Error
(Trials stage 4)

Complex 
(Trials stage S)

Cycle
(Trials stage 6)

The format o f the coding only is tested at this stage. The program should be fairly 
clean before dry-running commences. This stage includes the formation o f test units.

The purpose o f this stage is to test comprehensively all external communications 
(operator, file handling, etc.) as thjg will make all further testing easier and more 
straightforward. Also anything that wiU aid later processing should be tested (self­
checking routines, reconciliations etc.). This stage can be broken down into a number 
o f short independent mns, some o f which may require a certain amount o f temporary 
alterations to the program.

The majority o f the paths through the test unit are tested using correct trial data.

The limits o f items are tested and incorrect trial data is used to test all the error paths.

The purpose o f  this stage is to test combinations o f data and circumstances and 
generally to fidly test the program using a volume o f  mixed data.

The main file is cycled i f  applicable.

In additional or alternative trials stages are to be used on a project then they must be defined for that project. 
This is a form o f modular testing, the objective being to reduce tasks to smaUer more manageable units which can 
thus be performed more efficiently.

There are three methods o f using trials stages:

Individual testing

Incrementive testing

Decrementive testing

Each stage is tested separately. The program is then tested to ensure that the program 
will work for the different stages collectively as amendments for one stage may have 
corrupted previously proven stages.

The first stage is tested and when it is working correctly, aU data, results and 
documentation are kept for future analysis. The data for the next stage is added to 
the existing data and on subsequent runs, the results from the previous stages can be 
compared with the correct resuhs either manually or by using a standard program.

In testing the first stage, the complete set o f trial data is used. Thus further testing 
may be gained without detracting from the purpose o f testing the present stage.
When a stage has been completely tested, the trial data for that stage should be 
removed from the trial data pack. The program should be finally tested with all the 
trial data to ensure that the stages are coUectively correct. Alternatively, the stages may 
be retained and re-tested at every trial.

There are two overall methods o f tackling program testing. Firstly trial data is designed to test individual programs. 
When the programs in the suite are all tested, trial data is designed to test the linking o f the programs in the suite. 
The second method is to combine those two stages. Trial data is only designed for the first program in the suite 
(for example, data vet) and the master files. The data is carried forward to test all the programs by the intended 
process o f  the suite. This latter method demands tremendous foresight in the original trial data design and also 
obviously prolongs the testing o f the suite as testing is in series. In the first method, testing is mainly in parallel 
and discrete entities o f  trial data are easily designed, so is thus 'the more common method o f  tackling trials.
The second method should only be considered for a small and uncomplicated suite.
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Trial data

In order to ensure that the programmer devises a comprehensive set o f trial data to test his program fully, the 
basic guidelines for the trial data should be designed at this stage. Basic combinations o f  circumstances and 
sequence o f events to be tested should be defined. From this initial design, the programmer should be able to 
develop the full detailed set o f trial data. However, additional guidance on this task may have to be given to the 
less experienced programmer. By thorough planning and guidance in this way, a program can be proved to 
everyone’s satisfaction. This is obviously not affected by the project or size o f installation.

The final detailed set o f trial data must aim to test the program fully. Within the limits o f practicability, every 
single instruction and path in the program should be tested, although in fact it is the variations o f  conditions and 
combinations o f paths that will fully test the program and prove that it meets its requirements. It is these factors 
which cause the most difficulty. With modular programming the problem is alleviated by the fact that a module is 
a fairly small compact piece o f coding. Thus it is easier to conceive the trial data which will meet these needs. In 
testing large programs, this simplicity can be simulated by breaking the task o f testing down into a number o f 
stages, as outlined in the section Trials strategy page 35.

It may be convenient, when designing trial data, to use a testing schedule form (see Appendix 11) to note each 
significant circumstance and combination to be tested. Judgement is involved here as it is not usually feasible 
to note every single circumstance and it is virtually4mp0ssible and probably unnecessary to test every possible 
combination out o f the full set o f all possible circumstances. This trial data should not in general be used for 
linked trials, but it is useful to use the same master files.

File housekeeping and security

The design o f the file housekeeping and security system for trials will depend to a certain extent on the installa­
tion and the type and size o f  the project.

File housekeeping means the maintenance o f files in an orderly state, that is, on a given medium, unwanted or 
corrupt files or programs are deleted. By regularly maintaining the medium, optimum use can be made o f it, 
since unnecessary references to files and programs are eUminated. Because o f  the continuous updating process 
during trials this will be fairly frequent.

Security means the keeping o f duplicate files and programs. The use o f  these wiU minimize the time taken to 
recover to the current position in case a magnetic tape, for example, is corrupted or has parity errors or scratches, 
or is lost. The machine time used is also minimized.

Both the file housekeeping and security factors have to be offset against the programming effort, the machine 
time and media usage in setting up duplicates and submitting file housekeeping runs. A  compromise is necessary 
here in evaluating the amount o f maintenance and security needed against the effort and cost involved.

Summary

By designing trials in advance, they can commence smoothly and efficiently. The testing position should be 
recognizable at any time.

By designing the combinations o f circumstance to be tested, it will ensure that the program wiU be fully tested. 
Thus the onus will not be totaUy on the programmer, although he wUl have to design additional trial data.

In designing the security o f the trials system, the number o f tapes and discs needed will have been calculated.
This will enable them to be ordered and avaUable in good time for trials.

Thus the planning and designing o f trials is time well spent.

36 4202(4.70)



Chapter 6 Resource planning and control

E S T IM A T IN G

Estimating is the first stage in the planning and control o f resources. Without an estimate o f  the implementation 
time required it is impossible to estabUsh a plan, without which there can be no control.

It is necessary for estimates to have a basis which wiU aUow for improvements in future estimating and an 
objective assessment in the event o f deviations o f  actual progress from estimated progress, for instance, it is 
essential to know whether an estimate is inaccurate or whether staff are inefficient.

The ideal basis for estimates must therefore be a unit o f  work which can be assessed originaUy and measured 
more and more accurately as work progresses.

Although estimating is an essential task, irrespective o f size o f  instaUation or project, it cannot be regarded as an 
exact science and the accuracy o f the assessment wiU be influenced by the experience o f  disciplined estimating, 
the ability to refer to records o f  previous projects and thejudgment o f  the estimator. The programming 
supervisor must therefore ensure that the estimates are checked and also ensure that aU factors taken into 
account are recorded for use in any future analysis.

Method of estimating
/

A  recommended method o f  estimating, which wUl fulfil the requirements stated above, is to buUd up the estimate 
in stages as detailed below:

1 Assess the work content o f  the task, in standard units, and independent o f  staffing. The work content is based 
on the number o f instmctions required to program the task, and the complexity o f the logic and functions to 
be performed by those instructions, in relation to a nominal average complexity.

2 Using the work content as a basis, estimate the mannteys effort required to complete the task, assuming a 
programmer o f average abUity. The average ability must be defined according to instaUation recruitment and 
training standards.

3 Assess the abUity o f  the programmer assigned to the task and adjust the man^ffort accordingly.

4 Estimate the time scale required, taking into account overhead activities, the programming environment and 
the computer time avaUabUity.

5 Using the work content as a basis, estimate the number o f  trials and computer time required.

The assessment o f the work content is o f  prime importance, since it forms the basis for the other stages, and the 
estimator must ensure that aU the information avaUable is taken into account and that the task is broken down 
into sufficient detaU to make the estimates as accurate as possible.

Estimates have to be made at different project stages and the amount o f information avaUable wUl vary. For 
example it may be necessary to make an estimate during the suite design stage in order to assess the probable 
work load and end date. Such an estimate wUl not be very reliable and it is important that aU assumptions made 
are recorded, and that the estimates are revised as more information becomes available. Further details o f the 
estimating method are given in Appendix 9.

Summary

Estimates give the basis o f  progress control and it is therefore important that they are made as accurately a$ the 
information avaUable aUows. AU factors taken into account and any assumptions made must be recorded with the 
estimates so that the effect o f changes can be assessed. Estimates must be based on a measurable unit so that an 
objective assessment o f  variations from plan can be made.

A  formal estimating method helps in training staff to improve the accuracy o f their estimates and thus improves 
the reliability o f  the target dates. Without such a method estimates are likely to be subjective and vary widely, 
and planning and progress control wiU be ineffective and unreliable.
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S C H E D U L IN G

Scheduling is the establishment o f a plan against which progress can be measured. The plan is based on the 
estimates o f elapsed time and the objective is to schedule in such a way as to make best use o f  resources in 
achieving an acceptable end date.

Establishing a plan is an essential task, on any project, for several reasons:

1 The plan forms the basis o f progress control.

2 l f  an end date is already fixed it is necessary to estabhsh the resources required.

3 I f  the resources are limited it is necessary to calculate the end date.

4 I f  the end date and resources available are both fixed it is necessary to check the possibiUty o f  achievement.

5 It is necessary to know when computer time will be needed and what turn-round is required.

6 A  balance between time, resources and cost can be achieved.

Any plan must o f course be subject to revision i f  circumstances change in order to estabhsh new end dates and 
make control realistic.

Method of scheduling

Schedules are best presented in bar chart form and in order to achieve a good balance o f  time and resources it is 
first necessary to draw rough bar charts showing the loading on programmers against time.

Known holidays and training should be entered, and the programs loaded bearing in mind the experience o f the 
staff and the need to achieve a balance work load. Once a possible loading has been made the plan should be 
checked for restrictions o f end date, resources, cost or computer loading. It is essential that any failure to meet 
these restrictions is discussed with management, so that alternative plans can be made.

The schedule should then be redrawn showing programs against time, for use in progress control, (see Appendix 
10). This schedule should include suite testing.

Scheduling considerations

These are no firm rules which can be followed in establishing a plan but factors which should be considered can 
be given for guidance:

1 Divide the team into groups, each dealing with a part o f  the suite. This wUl help in delegation o f checking 
and will ensure more than one person knows the programs and will thus make it easier to reduce the team 
towards the end o f the project.

2 Suite testing can be overlapped with final program testing provided that data vet programs are completed.

3 Allow time for specifying and suite testing.

4 Schedule known holidays and training.

5 Allow for part-time working if a programmer is concerned with maintenance or other projects.

6 Remember trial turn-round difficulties and try to overlap trials o f one program or routine with writing o f 
another program or routine.

7 When dividing time critical programs remember co-ordination and specification overheads.

8 Watch the data preparation and computer loads.

9 When allocating programs consider the need to develop staff experience.

10 Remember that parameters have to be prepared for standard programs and allow time for such tasks. 

Summary

The planned use o f resources, both people and machine time, is essential to efficient working and successful 
completion o f projects. Without careful scheduling there will be inefficient use o f man-power with some staff 
heavily overworked whilst others are idle, and the machine time requirements will be unpredictable and will tend 
to fluctuate.

No plan can guarantee success, however success is more likely to be achieved if the plan includes considered 
contingencies and can be adapted to meet changing circumstances.
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Any form o f progress control depends on the feedback o f  actual events against a plan; the plan therefore forms 
the basis o f control.

W O R K  C O N T R O L

Control o f  programming work is necessary in order to ensure that the quality o f the work produced is adequate, 
that end dates are achieved and man-power is used effectively. In order to achieve these objectives programming 
work must be continuously supervised and progress assessed so that corrective action on sub-standard work, or 
delays, can be taken as early as possible and wastage o f  effort can be avoided. These two aspects o f control, that 
is supervisory and progress, are essential activities o f any programming supervisor although the amount o f 
supervision will vary according to the experience o f the team members, and the degree o f progress control wiU be 
dependent on the size o f the project or installation.

Supervisory control

There are four main objectives o f supervisory control:

1 To ensure that the accuracy and quality o f all work is o f  an acceptable level.

2 To ensure that the team functions in an orderly manner, and that staffknow their responsibilities, so that 
effort is not wasted.

3 To ensure that aU work produced conforms to the standards in use.

4 To ensure staff receive suitable practical training.

Although formal checking o f  end products can be used to check the use o f standards,accuracy and quality, 
supervision should also be on a more frequent basis so that rewriting o f  complete stages is avoided.

Progress control

There are several objectives which have to be considered in any system o f  progress control:

1 Recording o f all estimates which form the basis o f  the plan.

2 Recording o f the plan which forms the basis o f  control.

3 Checking that all essential tasks are carried out for a project and each program.

4 Comparison o f actual progress with expected progress at any stage o f a project so that corrective action can 
be taken on delays as early as possible.

5 Revision o f estimates and plan so that progress reporting is realistic.

6 Objective assessment o f programmer performance.

7 Collection o f statistics so that estimating and control standards may be improved.

The extent to which these objectives can be achieved by a particular installation is dependent on the man-power 
available for controlling, and the number o f people involved in any project.

Method of progress control

A  detailed system for controlling progress is given in Appendix 10 and is based on a number o f  forms on which 
the various elements concerned in control can be recorded. This system has been designed so that different levels 
o f control requirements can be implemented, and the degree o f control can be increased by introducing the 
next control level.

C O N T R O L  L E V E L  1

The use o f three forms gives a very basic work control which allows recording o f program estimates and feedback 
o f actual progress against planned, and also provides check lists o f tasks. This level o f  control is suitable for 
installations where communications tend to be on a day to day basis, and only a few people are concerned with a 
project.

C O N T R O L  L E V E L  2

Two forms are added to Level 1 in order to introduce formal progress reporting. This level is suitable for 
installations where more people tend to be concerned in a project and communications need to be on a formal,
regular basis.
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CO N TR O L LEV EL 3

Two forms are added to Level 2 to allow the exact recording o f actual effort and trial time and therefore provide 
a more accurate assessment o f progress and performance. This level is suitable for installations where very tight 
control and some statistics are required.

CONTROL LEVEL 4

Two forms are added to Level 3 to allow statistical information to be summarized so that estimating standards 
can be reviewed and improved. This level is suitable for installations which have staff available for detailed 
analysis o f statistics and updating estimating standards.

Other combinations o f the forms can be used, for instance Level 1 plus the two Level 3 forms, according to the 
needs o f an installation.

Summary

Control o f work must be exercised if projects are to be implemented economically and efficiently. Supervisory 
control for product quality, and progress control for achieving the timetable, are equally important. Control is 
however more thanjust checking, recording and reporting, since in addition to the assessment o f current progress 
and the taking o f corrective action, it must include the prediction o f  future possible difficulties or delays, and 
the implementation o f procedures to avoid such occurrences. Any installation needs some form o f work control, 
however basic, in order to avoid wastage o f resources, excessive costs, and panic measures to complete a project.

TRIALS CONTROL

The trials stage o f any program is the one where most control is necessary since there are so many factors which 
can affect progress. It is therefore necessary to plan in some detail the implementation o f the trials stage, the 
functions and requirements o f which have already been designed, as described in Part 2, Chapter 5. This is in 
order that control can be exercised and the use o f resources optimized. The objective o f  trials control is to ensure 
that trials are carried out efficiently, economically and within the time limits established for the program.

The degree to which trials are controlled wiU vary according to the project and installation. Machine costs alone 
are likely to be a sufficiently large element o f the total programming cost o f  a project to be well worth controlling.

Planning

A plan for each turn-round should be established, that is, which stage o f testing is to be carried out and what is to 
be achieved in each turn-round. This should stay within the estimates o f work control (human and computer). 
Work control only records the number o f turn-rounds and computer time taken each week, and man<ffort used. 
Trials control is more on a day to day basis and gives information to work control for assessing the work content 
that is remaining. Additionally, trials control includes the control o f trials submission, release o f media, and data 
preparation, and it ensures orderly testing and avoids waste o f computer time. It also ensures that the trials plan 
is followed and programs are tested fully.

Some o f the main considerations when planning trials are:

RESOURCES

1 Staff availability

2 Staff quality

3 Machine time availability

These will generally follow from the overall work control plans.

RESTRICTIONS

1 Target dates

2 Machine time cost

3 Special priorities

4 Special restrictions

These will put constraints, to a certain extent, on planning trials and turn-rounds.
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The variations and combinations o f these considerations are infinite. Since the prime objectives are to minimize 
costs and optimize the use o f resources then the control o f trials wiU have to be planned carefully and revised 
in the light o f  any change.

Technique of control

The simplest and best way o f  controUing trials is by the use o f specially designed forms which allow the recording 
o f  events and thus aid in assessing progress. Such records are invaluable for good communication and under­
standing. The forms also serve as a check list and sometimes can ensure that certain tasks are performed. By 
monitoring the progress o f trials, the programmer and overall performances can be evaluated and action can be 
taken to avoid delays and waste o f  computer time. Documentation wiU also provide a reference and guide for 
future projects.

For medium and large prqjects/instaUations it is useful i f  the programming supervisor delegates some o f  his 
simpler or routine day to day tasks to an experienced programmer. This wiU leave him more time to carry out 
other important duties and also assist in trainingjunior staff.

For detaUs o f  the recommended control forms and their use, see Appendix 11.

Summary of forms

Barchart

Testing schedule 

Trials submission control 

Turn-round 

Tape/disc catalogue 

Data prep submission 

Trials log/analysis

This enables a pictorial record o f the estimated and actual progress o f testing to be 
made.

This aids control over full testing o f programs.

This aids control o f  the submission o f  jobs by programmers.

This aids control o f  the submission o f  jobs to the computer.

This aids control o f  the use and release o f  tapes and discs.

This aids control o f  the data preparation submissions.

This gives close control over the programmer’s individual trials.

Summary

One o f the main advantages o f positive control o f  trials is that delays, failures etc. can be recognized immediately 
so that corrective action can be taken and the consequences resolved. Thus reaUstic target dates can be met.

By careful control, the wastage o f  computer time and man<ffort can be reduced. Trials wiU be implemented 
efficiently and effectively.

An important consequence o f these control methods is that less maintenance wiU be needed.
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Chapter7 Detailed programming

P R O G R A M M IN G  S TA G E S

Detailed programming from the programming point o f view is the main stage o f  a project. Certainly it tends to 
consume a considerable amount o f  man effort, and is spread overtoo long a span o f time to be treated as a single 
stage with a single checkable end product. During this stage therefore each program is considered as a self- 
contained entity with several sub-stages each o f which have checkable end products. This concept o f  sub-stages is 
o f benefit to any size o f installation or project since documentation is produced and checked at various points 
in the main stage, thus ensuring the accuracy o f the work and the availabiUty o f  complete documentation for 
maintenance purposes.

The sub-stages

A  brief description o f  the sub-stages is given below and fuU details are given in the remainder o f this section.

LOGIC AND CHECKING 

Familiarization with the project 

Comprehension o f the program specification 

Production, or checking, o f the outline flowchart 

Production o f detailed flowcharts 

Checking and dry-running detailed flowcharts

CODING AND CHECKING 

Coding o f the program from the flowcharts 

Checking o f the coding for logic and syntax 

Correcting and re-checking o f coding

TR IAL OATA PREPARATION

Preparation o f detailed trial data

Calculation o f expected results

Conversion o f data to appropriate media for trials

Checking o f trial data

Preparation o f trial running information

Production o f draft operating instmctions

IN ITIAL COMPILATION

Production o f a program freeoflanguage errors,that is, ready for trials 

Dry-running o f coding when necessary

TRIALS

Processing o f trial data

Analyzing trial results and correcting program 

Checking corrections

4202(4.70) 43



Updating o f documentation

Completion o f program operating instructions

Advantages of sub-stages

The division o f the detailed programming stage into smaller sub-stages allows a higher degree o f control to be 
exercised and also leads to more orderly working.

Training o f programmers is made easier since staff are forced to solve problems at various levels rather than trying 
to start at the coding level; this also tends to improve the design o f programs.

The production o f the relevant documentation is enforced throughout the detailed programming stage and it is o f 
prime importance that the documentation is kept up to date. Changes due to systems alteration or programming 
errors must be incorporated in the relevant documents at the time at which they occur since out o f date docu­
mentation is not only useless but may be positively misleading to other staff concerned with the project.

It is difficult to make programmers realize the importance o f staged working and formal document production 
but these conceptsmust be enforced since otherwise there is no effective progress control, programs are likely 
to be inefficient, and maintenance will be an onerous and unnecessarily time consuming task.

PRO BLEM  C O M P R EH EN SIO N

It is essential that the programmer fully understands what is required o f the program before starting any further 
work. To facilitate this understanding it is useful to give programmers a knowledge o f  the purpose o f the suite.
This background information is included in each program specification but it is also helpful if someone who knows 
the suite organization, for example, the suite designer, gives a short talk to the programmers describing the 
project. This is particularly relevant if  there are several programmers concerned.

Once having gained an idea o f the suite the programmer must study the program specification until all the 
requirements are understood, asking questions whenever points are not clear. This activity has a dual purpose; 
firstly to comprehend the problem and secondly to check that the specification is adequate and unambiguous. 
Obviously in a small installation where one person carries out all the project tasks the problem comprehension is 
unnecessary but the specification should still be checked carefully because o f its use in maintenance.

Method of study

lt is not possible to lay down standard methods for understanding the program requirements as each person has 
their own individual approach to learning; however, it is possible to give some guidance on the study:

1 The programmer should first read the specification to get a general idea o f the problem; after that it is a matter 
o f continuously studying the specification raising queries when necessary. It is essential at this stage not to make 
assumptions but to query any points which are not clear, however trivial they may seem, since only by 
questioning can it be determined whether the specification is comprehensible and unambiguous.

2 All layouts should be checked for completeness. All records, including heading and end records, should be 
described and each field should be precisely defined as to sequence, format, radix, length and range o f values.

3 The logic o f the outline flowchart should be checked carefully.

4 The outline flowchart, list o f tasks and processing notes should be cross-checked for consistency and complete­
ness. A check should also be made that the data required to produce the results is available and any redundant 
items should be queried in case the processing has been misunderstood.

5 The reconciliation and restart requirements, and the error condition actions should be checked for completeness.

6 The trials plan should be studied and used to assess whether or not all the situations have been understood.

All agreed amendments and additions arising from the investigation o f the queries must be incorporated into the 
specification at this stage to ensure that it is a complete and up to date description o f the program.

Summary

It is important that programmers are encouraged to raise questions, preferably in written form, so that errors and 
omissions may be investigated as early as possible. It must be recognized that programmers want to get on with 
programming and therefore have a tendency to avoid problem comprehension assuming that they will clear up 
problems as they occur. This must be avoided and programmers must therefore be shown that the earlier they
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expose errors the better, since any error may affect many other programs and possibly show up a basic flaw in 
the system.

F L O W C H A R TIN G

Flowcharts form the design document from which the program is constructed. They are produced in order to 
help the programmer solve the logical problems without having to think about the detailed coding, and are 
essential to a maintenance programmer, who may be unfamiliar with the program, in establishing how the program 
is logically constructed and in isolating the required part o f the coding.

Any method o f  flowcharting must be designed to serve both o f these functions, and in addition must aUow for 
changes to be made to the charts with a reasonable degree o f ease.

AU installations require a programming flowchart standard so that charts drawn by one programmer are 
inteUigible to another, and also to ensure that all charts fulfil the basic requirements as described above. This 
may seem unnecessary in cases where the writer and maintenance programmer are expected to be the same 
person, but it must be remembered that staff leave, and even the best programmers forget their own programs 
very quickly.

Experienced programmers may be capable o f coding from a series o f scrappy charts but such charts are o f  no use 
in maintenance since they are only Ukely to be understood by their author. Charts which are drawn from the 
coding do not present a clear picture o f the logic, and it is also very rarely that, once the program has been 
completed, there is time or effort available for documentation. Consequently it is essential that flowcharts are 
produced and checked before coding begins, and also that they are updated by all changes.

Flowcharting standards

The flowcharting standard, described in Appendix 12, has been designed to include the basic flowcharting 
requirements.

The method is based onalevelled concept;the outline flowchart (see Chapter S,Program structure, on page 31) 
forms the highest level o f  chart and shows the overaU logic o f  the program. Separate charts are then drawn for any 
box on the outline chart which requires a more detailed solution. This process o f expanding boxes to a lower level 
o f charts is continued until at the lowest level the procedure can be easily coded. The number o f  levels required 
is dependent on the language to be used and also on the experience o f the programmer. Standards are also given 
for the symbols to be used, box labeUing and cross-referencing flowcharts and coding.

Development and checking of flowcharts

The higher level flowcharts, defining the overall logic and structure o f  the program, will have been produced 
during the program planning stage and the programmer receives the highest level chart appropriate to the task, 
that is the outline chart for a whole program or a lower level chart for a self<ontained routine.

The programmer takes the given flowchart and produces the detailed flowcharts, level by level, until all procedures 
can be coded. Generally this means that a box on the lowest level represents five to fifteen instructions or state­
ments, although there are cases where a box generates only one instruction, for example, a test, or a simple 
sequence o f thirty to forty straightforward instructions. Consideration should be given to producing the optimum 
solution for the main path processing.

The checking o f flowcharts is carried out in two stages. Firstly the programmer concerned checks them by using 
the technique o f  dry-running. The data prepared during the program specifying stage is suitable for this task since 
it consists o f a list o f aU the different types o f data, and combinations o f data, which must be tested. The 
programmer processes each type and combination o f  data through the flowcharts to ensure that the detailed logic 
is correct, in particular file matching and the setting and testing o f indicators. In order to do this a copy o f  the 
charts should be used, and as the data is processed the reference o f the particular piece p f data should be noted 
against each box through which it passes. This wiU show which paths have been checked and also will help in 
correcting the charts i f  errors are found. A  separate record should be kept, cross-referenced to the charts and the 
data, o f the state o f  indicators and data areas.

Secondly the flowcharts must be checked by a more senior programmer to ensure that they perform the specified 
tasks, that they conform to standards, and have been developed to a reasonable level. The charts should be 
corrected and rechecked until they are acceptable.
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This method o f flowcharting has several advantages:

1 The programmer is encouraged to solve problems in levelled stages.

2 The charts can be developed to the level required by each individual for coding purposes, without making them 
too detailed for understanding the logic during maintenance since for this purpose the higher level charts 
required can be selected. (The lowest level charts should not be on a consistent one box to one instruction 
basis since then they require continual updating.)

3 The levelled flowcharts correspond to the structure o f the program and thus the system o f flowcharting 
facilitates the division o f  a program into relatively self<ontained routines either for modular programming or 
for segmentation.

4 The cross-referencing between flowcharts and coding is ofbenefit in trials analysis and maintenance.

5 The dry-running and checking o f the flowcharts ensures that the logic o f the program has been correctly 
established before the lengthy coding activity is begun.

Summary

C O D IN G

Coding forms the basis o f the computer program and its production is therefore automaticaUy enforced. There 
are however many different varieties o f coding ranging from the completely unannotated and very compUcated 
to the well-annotated and straightforward, and it is therefore essential to impose some standards on programmers 
so that a resonably uniform presentation is achieved and maintenance is therefore made easier. It is jdso necessary 
to enforce some degree o f checking to avoid wastage o f computer time and to ensure that the coding is o f  the 
required standard.

Coding standards

The coding must relate exactly to the flowcharts and be cross-referenced as described in Appendix 12. Since the 
logic has already been established on the charts the programmer is free to concentrate on the accurate and 
efficient use o f the programming language. A ll routines should be written in as straightforward a way as is 
compatible with reasonably efficient use o f the store and time.

All low-level language coding should be annotated with comments which give explanations o f the purpose o f 
groups o f instructions; high-level language coding need only be annotated where the purpose o f a routine is not 
clear from the statements. Complicated coding must be especially well annotated.

A  record o f switches and indicators which affect the flow o f the program should be kept showing where they are 
set and used, since this is not always obvious from the flowchart or coding. These records and any other support­
ing documentation which may be produced to aid understanding should be included either as an appendix to the 
program specification (see Appendix 6) or filed with the program documentation.

Standards for data-names, program layout, coding format and programming techniques for various languages are 
given in Appendices 13 ,14 and 15.

Checking of coding

Checking o f the coding must be carried out by a person other than the author. The responsibility for checking 
lies with the programming supervisor but the task may be delegated to another experienced programmer.

Checking should ascertain:

1 That the coding is an accurate and complete interpretation o f  the flowcharts.

2 That the programming language has been used correctly and consistently.

3 That the coding conforms to the standards in use.

4 That the coding is adequately straightforward and annotated for maintenance and comprehension.

5. That the efficiency o f  the coding is reasonable from the point o f  view o f store space and running time.

To attempt to check all these aspects is difficult and errors may be missed. It is easier and more effective to 
check through the program more than once, each check covering one or two aspects only.

Corrections arising from any check must be re<hecked and it must be ensured that all documentation is updated.
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The use o f  coding standards improves the legibility o f the program and makes it easier to foUow.

Checking, although somewhat tedious, is important from the point o f  view o f accuracy and use o f  standards, and 
also enables on the job training to be given since areas o f improvement can be explained to ajunior programmer.

One very important point to be remembered is that a balance between the efficiency o f the program and the 
time taken to write it must be maintained. Although an elegant,highly efficient program may sometimes be 
necessary, it would not be practical in most cases to allow the writing o f such a program to delay an entire project. 
Moreover this type o f  program always requires more maintenance effort.

Coding is part o f  the necessary program documentation and should therefore be written for the use o f others as 
much as for the author.

Summary

T R IA L  D A T A  P R E P A R A TIO N

The programmer needs to prepare detailed trial data and parameters before trials can commence. However, trial 
data alone is not sufficient preparation for trials. The associated expected results must also be prepared and 
documented. These wiU enable quicker and more accurate analyses o f trials.

Preparation

The programming supervisor will already have designed the basis o f  the trial data. This will have been recorded 
on a testing sdiedule as outUned in the section Trials design, in Chapter 5, page 34.

The programmer may also use the testing schedule forms as an aid in preparing detailed trial data. Each trial data 
record should have a unique identification for reference purposes.

The overaU trial data plan should be checked to fulfd its purpose o f  completely testing the program. Particular 
points to note are the Umits o f items, the different settings o f  switches, and error paths.

The expected results must be prepared in association with the relevant trial data. With the expected results, trials 
analysis is simplified and efficiency is increased. This is because a straight comparison can be done rather than 
having to decide from the results alone whether they are right or not.

Control parameters must also be prepared. These are usuaUy prone to numerous types o f  error and should be 
checked thoroughly for both intended and actual content.

Summary

Preparing sufficient and comprehensive trial data and associated results is a very important aspect of'trials 
implementation and should always be considered and aUowed for as such. Without good trial data, the quality 
o f a program cannot be evaluated.

IN IT IA L  C O M P IL A TIO N S

Initial compilations warrant special consideration in their own right. The objective o f  initial compilations is to 
discover and correct aU syntactical errors, that is to obtain an error-free compilation listing before trials begin.

Procedure

The parameters for a compilation should be checked thoroughly otherwise the submission may be wasted. There 
may be certain items o f coding which have to be present and valid, otherwise they will cause the compilation to 
fail. These should be checked.

The compiler usually indicates errors by the use o f warning flags. AU the errors indicated should be corrected, and 
additionally logical errors should be looked for.

Summary

An error free compilation will enable the first trial to concentrate on discovering errors o f logic otherwise machine 
time may be wasted in running trials. A  compUation listing is probably a better aid to dry-running the program 
than the coding sheets. Thus it is worthwhile aUowing several runs for initial compilations before trials commence.

4202(4.70) 47



D R Y -R U N N IN G

Dry-running is a way o f testing a program without using the computer. It consists o f preparing test data, applying 
this to the coding, noting the result o f  each processing step, and checking the results for correctness.

Dry-running is thus a quality control stage. The quality achieved by checking and dry-running involves man^ffort 
but gives a degree o f security in predicting the amount and cost o f machine time and man^ffort for trials.

Machine costs normally form a substantial part o f  the budget for a project. Consequently, where cost has a higher 
priority than speed, dry-running should be used. Thus dry-running is essential as a method o f progressing program 
testing with increased efficiency and allowing more effective use to be made o f machine time.

Much will depend o f course, on the instaUation. In some rare cases where machine time is free and plentiful the 
need for dry-running is not so great. Thus dry-running is a cost-benefit decision.

Objectives

Coding should be dry-run to eliminate logical and programming errors which were missed when the full logical 
check was carried out and which would prove disastrous during trials. The initial aim should be to dry-run the 
common paths since mistakes in these will delay more valuable trials. A ll loops and coding containing modifica­
tions, counters, setting and resetting o f indicators and switches should be dry-run. There is usually a time limit 
rather than data limit for dry-running but this varies according to the priorities o f  the project.

Technique

When a program is dry-run ideaUy there should be a compilation listing and an edit o f the trial data which is going 
to be used for at least some o f the trials. Both should have been extensively checked.

Two people who are familiar with the program should be involved in dry-running coding. One person should read 
the instructions whilst the other person acts as the store by obeying each instruction . The person reading the 
coding should preferably not be the person who wrote it.

In order to obey instructions, one must record details of, and changes to,all types o f  store usage, for example 
work areas, bit indicators, decimal counters.

Summary

Dry-running usually uncovers several errors in a short period o f time, any one o f which would cause the trial to 
be abandoned. It also refreshes the mind o f the coder as well as giving an understanding o f the program to more 
than one person. This can be valuable i f  there is a high turnover o f programmers. As much o f the program as 
possible should be dry-run using selected records from the trial data prepared for trials. In doing this, the trial data 
itself will be validated. It is useful to dry-run i f  trials are held up due to lack o f machine time.

Thus dry-running is a valuable task and should be enforced in order to improve efficiency and minimize costs.

It should be considered as a positive part o f  the testing process which can reduce some o f the frustrations o f 
testing on the machine and o f running into trivial errors which jeopardize progress.

T R IA L S

The objective o f  running trials is to prove that the finished program is working correctly with the trial data used. In 
order to achieve this efficiently trials must be planned and controlled. Since there may be a time lag between 
planning and implementation, some revisions may be desirable in view o f  any environment changes.

To ensure smooth running o f trials, regular file housekeeping and security runs must be performed. Associated 
maintenance o f records o f media contents and back-up media cycles must be enforced.

The other particular tasks which make up the trials cycle and which need careful attention are checking 
procedures and documentation, preparation for trials, and analysis o f results.

Checking and documentation

Checking procedures cannot be overemphasised. Carried out properly they can be invaluable in saving effort and 
time and thus increasing job satisfaction. The latter benefit is one which should be considered all the time and its 
importance shouldnever be underestimated.

Documentation must b6 kept up to date to provide an accurate means o f communication. I f  it is not kept up to 
date then the reliability and usefulness o f any recorded information is doubtful. The Trials log/analysis form 
(see Appendix 11) when correctly filled in provides a good account o f  trials progress.
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Trials preparation

Each programmer is responsible for the preparation o f his program for trials, and for the production o f any para­
meters relating to the amendment,compilation and trial o f that program.

He must write down on a data form the details which he needs to submit as amendments and parameters. These 
must be checked by an experienced person before punching. Where possible a stock o f standard parameters 
should be held in order to minimize punching.

Wherever possible all cards should be punched on an interpretive punch and must be checked after punching. I f  
an interpretive punch is not available, and the cards are being hand punched by the programmer, the data should 
also be punched by a second person and the results visually compared. I f  an amendment is large and visual 
checking is not feasible trials should not be run without first checking the listing.

The programmer must prepare his operating instructions and these must be checked by an experienced 
programmer for factual correctness o f intention and detail and must be examined for possible ambiguities o f 
interpretation o f any special instructions. Particular care must be taken to ensure that all post mortems required 
are specified and that tape or disc serial numbers are correct.

Checking is an essential part o f programming work. A  rotational system o f checking is usuaUy impossible to 
implement; the job o f checking should go to whoever in the team is suitably free. Programming errors should be 
minimized by bringing errors to the attention o f the whole team. Stricter checking measures may have to be 
taken i f  there are too many o f one type o f mistake.

Trials analysis

When a trial returns from the machine, the complete results must be studied and not just the reason for the trial 
failing. It is important to analyze fully the results o f a trial so as to be able to make a worthwhile submission and 
not to rush to submit another trial which may fail for a reason which would have been discovered by more 
thorough checking.

The programming supervisor should be called upon i f  any guidance or assistance is needed. In any event, he 
should spend some time looking at the results of, and amendments resulting from, all effective and ineffective 
trials. He should ensure that the programmer has fully analyzed the results and has designed the next submission 
for maximum effectiveness.

Trials analysis should be documented in as much detail as possible by the programmer. He should record the 
results o f the trial, analysis, corrections and comments for the foUowing four reasons:

1 This wiU provide a comprehensive resume o f the progress o f the program which can be useful in the later 
stages o f testing to remind the programmer how and why he did certain things.

2 This wiU be most valuable i f  the program has to be taken over by another programmer.

3 The details will be useful in assisting the senior programmer in checking the analysis o f the trial and intended 
amendments.

4 The results and analyses will provide information for statistical purposes which will guide testing on future 
projects.

Sufficient diagnostics must be incorporated into trials so as to gain maximum benefit from them but great care 
must be taken not to misuse them. A  compromise must be made between the useMness o f  a diagnostic and its 
effect o f increasing the trial time (especially printing time) by careful consideration o f positioning and frequency. 
The position should be reviewed after each trial. The objectives are to aid analysis and reduce the number o f trials 
needed.

Summary

The programmer and his supervisor must be satisfied that all the trials wiU make effective use o f the computer. 

For each program trial the following tasks should be carried out:

All results should be checked, aU errors found and amendments properly conceived.

All amendments should be properly checked.

AU parameters to be submitted should be checked both with regard to their intended and their actual contents. 

All operating instructions should be checked.
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O P E R A TIN G  IN S T R U C T IO N S

Operating instructions are the means by which a programmer can inform the operator how to ran the program. 
They must be as fuU and informative as possible and written in such a way that any operator can foUow them 
easily and as a matter o f routine. They are needed as a reminder, even i f  the programmer is in fact the operator 
as well.

Contents

Below is listed the most important information required by the operator for running the program:

PRO GR AM  N AM E

The mnemonic name o f the program.

PR O GR AM  D ESC R IP TIO N  

The title o f the program.

E S T IM A T E D  R U N N IN G  T IM E

Total running time o f  program. The estimated running time will always be given for oneoffjobs. For productive 
jobs, running time is best shown as a function o f  input volume, for example, minutes per 1,000 cards i f  punched 
card input.

C O R E

The amount o f core storage required.

P R IO R ITY

The program priority, i f  appUcable.

S O FTW A R E  E N V IR O N M E N T  

Details o f the operating system required.

P ER IP H ER A L R E Q U IR E M E N TS

A  list o f peripherals required with associated numbers and any necessary details.

M ESSAGES

The console messages expected under normal run conditions with associated relevant narrative.

O P E R A TO R  A C TIO N

All the instructions necessary to run the program. Alternative entry points, selective switch settings, should be 
indicated. If, for example, long periods o f processor activity may be expected, this should be mentioned so that 
the operator is prepared for it.

Additional information

All exception conditions which may occur during the running o f the program should be documented. These are 
most commonly.

Unusual messages

Program failure

Restart procedures

In addition aU program originated messages and any software originated message or machine condition which 
requires special action must be documented. The type o f error or exception conditions giving rise to this message 
and also the action required o f the operator on receipt o f this message must also be recorded.

The operator must be informed o f the necessary action i f the program fails.
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I f  any provisions exist for dumping and restarting the program, the operator must be informed o f  what action to 
take:

1 AseachpointisestabUshed.

2 I f  there is a major interruption to the program.

P R O G R A M  D O C U M E N T A T IO N  F IL E S

The fQe contains the complete documentation o f the program. This documentation is produced and updated 
throughout the development o f  the program and therefore little effort is needed to gather this together. It is 
most important in any size o f instaUation to fUe all documentation for a program in a logical and standard way as 
such a file aids maintenance, ensures vital documents are not lost, and also provides useful information for future 
projects.

Contents

The program fUe must contain the foUowing documents:

Amendment record 

Contents list 

Program specification 

Supporting documentation 

Outline flowchart 

DetaUed flowcharts 

Program listing

Test data (handwritten or computer listings)

Test results (computer listings)

Operating instructions 

Control documentation

The updated source program cards or paper tape and the raw test data must also be fUed.

Method of production

During the trials stage the programmer must collect the avaUable documentation together and make out an 
amendment record sheet and the contents list. The program file must be finalized immediately the last program 
trial has been completed and before the programmer moves on to the nextjob.

Maintenance

The program file is the basis for good program maintenance, but is only useful if  aU the documentation is kept 
updated. An out o f date program file can be positively misleading and therefore hinder, rather than help, 
maintenance programmers.

Once the file has been produced aU amendments made should be noted on the amendment record in the form o f 
amendment number, date, description and documents affected.

It is helpful i f  a formal filing system is set up to house the program files. Such a system should allow all docu­
mentation for a project, that is the system and control documents plus the program files, to be filed together. 
This then forms a good reference library for maintenance purposes and also for guidance on future projects.
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Chapter 8 Project acceptance

This chapter describes the final stages o f  implementing a project, that is, suite testing and final documentation.

S U IT E  T E S T IN G

There are three main stages to suite testing:

Programmer devised linked trials 

Systems trials 

Quasi-operational trials

The objective o f  suite testing is to produce a correctly working suite o f programs. The degree o f accuracy after 
program trials is not sufficient in large projects. Large suites need to be comprehensively tested as entities in 
order to reveal any inconsistencies between the programs. There may be additional inconsistencies in the concept 
o f the system.

The amount o f suite testing envisaged for a project must be planned in advance and adequate control procedures 
must be prepared.

Programmer devised linked trials

The purpose o f programmer devised linked trials is to test all possible linkage paths between all programs in the 
suite. Linking runs can start as soon as the first program in the suite is ready. A  program is ready when the 
programmer has proved it to his own satisfaction and that o f the programming supervisor.

The volume o f trial data will be small and is specially written to suit the requirements oflinked trials. The trial 
data for individual program trials is not normally suitable for actual linked trials, but may be used to check that 
any amendments made do not affect the working o f  the individual programs. The linked trials should be designed 
to cycle the main file i f  applicable.

In order to obtain the maximum information from a linked trial it is necessary to process the data through all 
programs. Data which prevents a program producing an output file should be temporarily removed and the 
program tested in paraUel with the linked trials. Any errors resulting from a linked trial must be fully documented.

Systems devised linked trials

System linked trials commence when the programmer linked trials have been proven 100%. The data is designed 
and produced by the systems team to test the system and it is their responsibility to see that the final system is 
correct.

It is imperative that the main files and data files are fully checked after they have been set up in order not to 
confuse the results o f linked trials.

User departments often also provide data for this testing phase, particularly in small installations. In doing so, this 
will mean that this stage will be merged with the following stage o f  quasioperational testing.

The operating procedure guide should be completed and available at this stage.

Quasl-operational trials

There are two stages to quasioperational trials:

1 Pilot runs

2 Parallel runs

The former are run after linked and systems trials have been 100% successfully completed. The suite is mn on a 
larger volume o f  data, which should mainly consist o f genuine data. The purpose o f this stage is to familiarize 
clerical staff with the handling o f data and printed results, to validate any files which may have been set up prior
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to operational running, and to familiarize the operators with thejob under semhoperational conditions. Any 
remaining program or systems mistakes should be uncovered by the larger data volume and particular combina­
tions o f data.

The latter stage consists o f the operational running o f the computer system in parallel with the manual system 
which it is replacing. Results o f the two systems are compared. The purpose o f this stage is to convince the user 
that the computer system is performing the correct tasks and functioning perfectly. ParaUel running will normally 
continue for several months.

I f  the computer system has been set up to do ajob which was not done previously, it is necessary to set up a 
manual simulation o f the computerjob as a substitute for parallel running. This wiU also be necessary i f  the 
computerjob differs from the manualjob in major areas, since parallel running loses its effectiveness i f  direct 
comparison o f results is not possible. Where there is a significant time lag between production o f results by the 
manual and by the computer systems, these results may be compared retrospectively.

Summary

I f  suite testing is not carried out, then the latent errors will reveal themselves during operational runs almost 
certainly with disastrous consequences. Even when suite testing has been carried out, the initial operational runs 
should be vetted very carefully.

O P E R A TIN G  P R O C E D U R E G U ID E

An operating procedure guide is necessary in order to provide a complete picture on how to use the system to be 
implemented. Consequently, it mainly concerns the systems and operations departments. In order to coordinate 
different viewpoints and snags arising from thejob, regular meetings should be held between those senior people 
concerned in the systems, operations and programming departments. The operations department, in particular 
will have to agree and approve all aspects o f operational processing.

The document should contain every relevant piece o f information with regards to the organization and running 
o f a suite o f programs. Thus it will obviously contain the operating instructions as outlined in Part 3 Chapter 7.

Contents

There are a number o f considerations for inclusion in the document:

Miscellaneous information-names and numbers

Background information-details o f each program

Operating details

Expected occurrences during run

Detailed data information

Results and other output

Intermediate files

Controls security

Details o f any decisions that may have to be made 

Details o f all typewriter messages 

Program failures 

Related programs

Preparation

It is desirable that preparation o f the guide should begin during an early stage o f the project. I f  they are drafted 
early and gradually revised more time is allowed for staff to familiarize themselves with the instructions; and, 
the draft copy o f the operating instructions is available for systems trials.

Final production can be left until all specification revisions have been flnalized and the draft has been approved by 
all the interested departments.
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I f  the document is not produced, then the consequences are that people unfamiliar with the system have no 
immediate and direct source o f  information i f  needed. This obviously will cause both delays and errors.

USER  P R O C E D U R E  G U ID E

The user procedure guide is the document which describes to the user department the functions which have to be 
fulfilled, from their point o f  view, in order to use the system effectively. Although the production o f  this 
document is very rarely considered to be a programming function it is advisable that programmers are aware o f its 
existence and contents, since they may have to contribute some o f  the information.

The document is essential to smooth operational running since it forms the written reference for detailed user 
department procedures which must be followed in using the system.

Contents

Computerjargon must be avoided, since the guide is for non<omputer personnel, and specialized computer 
terminology wiU only cause confusion. The more important subjects to be included as as foUows:

Objectives o f  the system

Tasks to be performed, responsibOities and work-flow

Copies o f aU data forms and detailed instructions on how the entries are to be made

Submission o f  data, for example timetables,batching instructions

Collection o f  results, for example timetables, dispersal

Interpretation o f  results including error reports

Correction o f  errors and resubmission

Summary

The user guide should be contributed to by the user, system, operating and programming staff, although it is likely 
that the systems function will have overall responsibility for its production. Without a written reference document 
the user department may complete forms and submit data incorrectly thus causing many error reports to occur, 
which they will be unable to interpret or correct. The additional work load o f dealing with such a situation will 
inevitably fall on the computer personnel; it is therefore in their own interest to ensure that a comprehensive 
and accurate reference guide for the user is available.
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C h a p t e r  9  M a in t e n a n c e

Maintenance is the incorporation o f amendments into programs which are already running in an operational 
environment. These amendments can be due to changes in the system, or to program errors which were not 
discovered during testing. The amount o f maintenance which any project wiU require wiU depend to a large 
extent on how the project was orignaUy implemented. I f  formal agreement wasnot obtained at the appropriate 
times, or i f  changes were made without consultation, then there are likely to be many amendments to the system. 
I f  the programming tasks were not controlled and checking was ignored then many program errors will occur 
during operational running.

However orderly the implementation there will be a need for some maintenance, and this should be allowed for 
when scheduling any new work.

Amendments due to system changes can o f course be controlled as a sub-project, and implementation can be 
scheduled and dates for inclusion agreed. Those due to program error, however, must be made between, or even 
during operational runs and are therefore more difficult to control.

Responsibilities

Maintenance is normally ajoint responsibility o f systems and programming, particularly with regard to system 
changes. Requests for these changes are raised by the users o f  the system and it is a systems function to establish 
the requirements and priorities o f each change. The effect o f the change, the man<ffort and the time scale should 
be agreed formally between systems, programming and the user. The programming work should be carried out 
with all checking and testing stages included, as in normal programming, and all documentation must be updated.

The correction o f program errors should be carried out in the same way as system changes when there is time 
between operational runs. There are, however, some instances where a correction has to be made before the run 
can continue. In such cases, more control and checking is necessary, rather than less, since it may not be possible 
to test the amendment. No change should be made, however urgent, without the correction being thoroughly 
checked and the results being carefully scrutinized. This checking is likely to be the responsibility o f  the 
programming supervisor who must ensure that the amendment will have the desired affect, and that the docu­
mentation is updated.

Documentation

The program files contain all the documentation required for maintenance and it is o f  prime importance that 
these files are updated to reflect any amendments made. The provision o f  this documentation allows the 
maintenance tasks to be allocated more flexibly and avoids total reliance on the original auth6r.

Methods

There are several ways to organize maintenance arrangements from the programming point o f view, and these are 
dependent on the organization for normal project work.

In a situation where projects are implemented by programming teams, a programming supervisor can be made 
responsible for several operational projects, and any amendments to these projects can be made by members o f 
the current team. The programming supervisor then becomes responsible for allocating maintenance work, and 
ensuring that it is carried out correctly. This method has the advantage o f  spreading the load o f  work over several 
staff and also avoids relying on a single individual. The disadvantages are that amendments may affect new project 
work dr that implementation o f changes may be delayed.

Another approach is to have a separate maintenance team responsible for all operational projects. This method is 
only likely to be practical in a large installation which can afford the overhead o f such a support team. The 
advantages o f using a maintenance team are that amendments can be incorporated without disturbing work on 
new projects, and that staff with the appropriate skiUs can be used. The disadvantages are that the team will be 
unlikely to have an even work-load and there may be times when they cannot cope with all the urgent changes. 
Staff do not get much job-satisfaction and there may be difficulties o f  staff turn-over.
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A  third method is to have one person responsible for all maintenance control and for handing out amendments 
to whoever is available. This method is flexible in its use o f  staffbut does not ensure any continuity o f knowledge 
o f projects, since changes will tend to be given to the original author.

Summary

Maintenance is a function o f  any computer installation. The amount o f effort involved will depend on the way in 
which the project was originally implemented and the stability o f the user organization. Whatever the situation, 
aUowance must be made for some effort to be expended particularly when scheduUng new projects. Maintenance 
work must be controlled very carefully and all changes agreed, checked and tested. The penalty o f aUowing 
changes to be made without proper control is that the amendments may themselves be incorrect and the situation 
may worsen rather than be improved, and thus more man^ffort and machine time wiU be required.
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A p p e n d ix  1 O u t l in e  s u ite  s p e c if ic a t io n  c o n t e n t s

There are thirteen standard content headings for an outUne suite specification plus appendices as appropriate. 
Sufficient information for a resonable degree o f understanding should be included in each section together with 
references to appendices which contain the detailed information, which would interrupt the flow o f  comprehen­
sion i f  included in the section itself. The headings and details to be included are described below.

1 Backgroundofthejob

A  general description o f the organization or department for which the job is to be done, and in particular o f 
those areas and procedures which thejob wiU affect.

2 The job  to be done

A  statement o f the principal tasks which constitute the job and an explanation o f the need for the tasks.

3 Data

A  description o f  each type o f data to be provided by the user, or received from other suites. Intermediate data, 
produced by another program in the same suite, is not included.

4 Results

A  description o f  each type o f result to be produced by the suite for despatch to the user or other suites. 
Intermediate results produced by one program to serve as data for another in the suite, are not included.

5 The job in operation

A  chronological description o f the job in operation presented from the user’s point o f  view. The process o f 
organization, checking and despatch o f data is described, foUowed by the receipt and use o f  results.

6 Organization fo r  the computer

A  suite organization chart showing each program in the suite and the files which form the communications 
between programs, including the raw data files, intermediate processing files and the final results. A  brief 
description o f the purpose o f each program should be included i f  this cannot be made clear on the chart.

7 Processing

This contains details o f the processes and calculations required to produce the results from the data provided. 
These should include:

Reconciliations required

Restart and rerun requirements

Formulae for calcuktions

Uses o f  codes and table information

Decision tables

Special actions to be taken for particuku conditions

8 Take-on procedures

Details o f any special procedures that may be required for the creation o f  master files. This should include 
original data and results i f  these differ from those described in the sections on data and results.

9 Future extensions and enhancements

Details o f any possible extensions to the suite which may be required in the future. Comments on any enhance­
ments which could be made to the design o f the suite i f  circumstances change.
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10 Initial implementation estimates

Estimates o f man^ffort and costs for all further activities and a timetable showing project completion date and 
resources required. Alternative timetables should be included i f  the resources available are likely to vary.
Details must be given o f all factors taken into account in making these estimates.

11 Preparation and running times

A  summary o f the times when results are required and when data must be supplied, and estimates o f  the 
computer time required to run each program. The data volumes assumed in calculating the running times must 
be included, together with any variations which are likely to occur.

12 Preparation and running costs

A  summary o f the costs o f data preparation, computer time and off-line procedures, which wiU be required for 
operational running. These should be based on the volumes shown in 11 above,and should show ranges o f 
costs due to variations in data volumes.

13 Glossary o f  terms

An explanation o f any terms used which are unlikely to be self-explanatory.

14 Appendices 

These include:

File and print layouts

Specimens o f pre-printed data forms

Specimens o f pre-printed results stationery

Examples o f printed results

Details o f subjects referred to in other sections
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A p p e n d ix  2  S y s t e m s s p e c if ic a t io n  v e t t in g

In order to vet or interpret the systems specification the programmer must be able to understand any conventions 
or formal disciplines used. This appendix introduces the systems specification forms recommended for use by 
ICL.

There are three forms to describe data and results:

File description 

List o f file items 

Derivation o f  file items

There is one form to summarize documents and their contents:

Output analysis chart

There are two forms to describe interactions between data:

Processes form 

Decision table

D A T A  D ES C R IP TIO N  

File description

The purpose o f the form is to give an overall description o f a fite. This form will be supported by one or more 
sheets describing in detail the records and the items which make up the file.

File is used in its widest connotation to mean any collection o f associated records. This form is used to describe 
both existing files and the files required by the proposed system.

V ER SIO N

All fdes which contain the same information but whose records are in a different sequence are regarded as 
different versions o f the same file. For example, invoicing movements which are sorted successively to customer 
number for updating the debtors’ file, to commodity code.for updating stocks and to area code for sales 
statistics, would have the same file code with a different suffix.

The use o f  this system obviates the necessity to repeat detailed descriptions o f the file.

S E Q U E N C E  P R O D UC ED

This describes the order in which data is held on the file. This may be in the form:

IMMATERIAL where the sequence is o f no relevance.

RANDOM where the file is in true random order.

ONE O NLY where only one item is held on the file.

,.WITHIN..ORDER where the file is sequenced item within item order (for example,employee 
number within department code order).

M EDIUM

The medium on which the file is held: ledger cards, magnetic tape, etc.
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l f M  File Ref.no. ^ ^

|  ̂ ^  J ^  description

Organisation

Project name Project Code

Identity Code

Version Sequence produced Medium

Type Priority No. of copies

Sizeoffile Min Max *fAv

Ab$

Received from/sent to*

Frequency
produced

Retention

Condition

Page of
*Delete as appropriate 

FORM C14/107tf(11.69>
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T Y P E

Here the file should be specified as being an input, output or reference file. (A  reference file is one which is 
updated in the system or otherwise referred to.)

P R IO R ITY

The priority for the output files should be inserted here. For example, before job x  or 1600 Wednesday.

N UM B ER  O F  COPIES

This is used primarily for computer files output to a printer.

SIZE O F F IL E

The size o f the file is normaUy expressed as the number o f records it contains. Where this is variable the minimum, 
maximum and average sizes are stated. Where it is fixed it is stated as the absolute number o f records.

R E C E IV E D  FR O M /SEN T T O

The source o f the data by department or function name is entered here in the case o f input files. For output files 
the title or function o f the recipients o f each copy is noted.

F R E Q U E N C Y  P R O D UC ED

For an output file it is necessary to specify the required frequency o f production, for example, weekly, daily. 

R E T E N T IO N  PER IO D

This is used to specify the period for which the file is to be retained as current.

C O N D ITIO N

The condition which gives rise to the production o f results is stated. The statement generaUy takes the form 
FOR EACH... WHEN: for example, for each customer’s account when a matching order has been received.

List of file items

This form describes in detail the records which constitute the file. A  separate form is made out for each type o f 
record comprising the file.

ITE M  C O D E N O.

A  unique code number may be given to each item or group to facilitate future reference.

ID E N T IF IE R

Here is inserted the name o f  the record or item or item group.

L E V E L

A  numerical value is used to show the hierarchical retotionship o f  items within the form.

P IC TU R E

In this column the format o f  the data comprising the item is given in COBOL notation.

O C C U R R E N C E S

Where any item or item group is repeated within a record, an entry is made to define the number o f  occurrences. 
Where this is variable it is stated as a minimiun, maximum and average number. Where it is fixed the appropriate 
figure is entered as the absolute number.

Y  R E F. (IT E M  D E R IV A T IO N  FORM  R E F E R E N C E )

Where it is required to add further descriptive information, for example the calculations required to arrive at the 
value o f  the item, the reference number o f  the form on which this information appears is entered here.
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Derivation of file items,

This form is used to give any additional information that may be necessary about any item or item group.

ITEM  COD E

Here is specified the reference code o f the item or item group to be described.

O R IG IN  OR M E TH O D  O F C A L C U L A T IO N

The means o f arriving at the value o f an item is described here. For example, the selection o f a price to be charged 
for a particular commodity from a number o f prices on a master commodity may be determined by a digit o f the 
purchaser’s code number indicating whether he is a wholesaler or a retailer.

S EQ U EN C E A N D  C O N D ITIO N

I f  an item group can appear several times within a record, the order in which successive groups are arranged is 
stated. I f  an item appears only in certain circumstances this is stated.

A S S O C IA TE D  ITEM S

The code numbers o f the record or item and file containing information used in the calculation o f the time 
described may be included, together with the reference number o f the Ust o f  file items form on which that item is 
described.

O U T P U T  D ESC R IP TIO N

The output analysis chart shows aU output documents and details o f the fields to be included in each document.

The names o f the documents are listed on the left hand side o f the chart together with a note o f their frequency. 
All elements o f data that appear on any report are listed across the top o f  the chart, together with their sizes.

The codes, which are entered where the rows and columns intersect, show which information appears on which 
report, and now the field is derived:

R for information entered on the report from records.

S for information derived from source documents.

C for information that is the result o f calculation within the system. (The calculations necessary to obtain 
these fields will be specified on either a derivation o f  file items form or a processes form.)

PROCESSING D ESC R IP TIO N

It may be seen that the data and output description forms not only define the individual items o f  data but also 
they define simple interactions between items o f data to produce others. Major processing actions are however 
described separately.

Processing may be described in one o f two ways: as a conventional sequential description or as a decision table. 
The method used may depend both on the originator and on the application. There is certainly a move towards 
using decision tables as their use can offer many advantages. For this reason decision tables are described 
separately in some detail in Appendix 3.

The form used wiU depend on the method being used, (see pages 68 and 69) but whichever form is used the 
description should be quite unambiguous. The descriptions wiU utUize the unique references from the data 
description and standard mathematical and logical operators.

S U M M A R Y

The systems specification forms are designed to present in a clear and unambiguous manner those facts required 
by the suite designer:
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All input, by type and times o f availability 

All main, or standing file items

All tasks (interaction between input data and main file data to produce results) 

All results, by type and times required
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>

FORM Ct4/107/5(11.69)

68 4202(4.70)



4
2

0
2

(4
.7

0
) | ^ % |  Decision M n ° -T

l v r U  “

Prefect Reference Author Date

Table name
Rule numbers_______________ __________________ _________________________________ _______________________________

1 2 3__ 4 5 6 7 8 9 10 11 12 13 14 15 16 ElseNumber of conditions Number of actions Number of rules

Relative frequency (%):

No. Conditions _____________ ________________

No. Actions

FORM C14/107/10(11.69) Page of





A p p e n d i x 3  D e c is io n  t a b le s

Decision tables provide a concise and easily understandable method o f  documenting problems which, in many 
cases, is superior to using flowcharts or written accounts. Their main advantages are:

1 They are more readable and hence easier to comprehend because

(a) A distinction is made between conditions and actions.
(b ) Operations are specified in parallel rather than serially.

2 When constructing decision tables, there is no need to specify a solution or partial solution by implying an 
order for the testing o f  conditions.

3 Inconsistencies are easy to detect and remedy.

4 Amendments are easy to make because all affected areas are readily apparent.

Decision tables are particularly suitable where a problem involves different processing according to several 
conditionsbut are still applicable, though no more efficient than other methods, to cases where actions are 
applied serially without intervening conditions.

S T R U C T U R E  O F  D EC IS IO N  T A B L E S

A  decision table consists o f four basic elements:

1 The condition stub (or condition statement)

2 The condition entry

3 The action stub (or action statement)

4 The action entry

The first two elements specify the value o f the conditions relevant to the problem. The last two elements signify 
the actions to be performed when certain conditions hold.These four elements are arranged in a table with the 
four quadrants separated by double horizontal and vertical lines.

Condition stub Condition entry

Action stub Action entry

The two halves, action and condition, are linked by rules which run vertically between the condition entry and 
action entry quadrants. This will be clearer from the following example which defines the action to be taken on 
receipt o f a request for an article from a store.

Rule Rule Rule Rule Rule Rule Rule Rule
1 2 3 4 5 6 7 8

Article in stock? Y Y Y Y N N N N

Article on order? Y Y N N Y Y N ~N

Permission to issue article obtained? Y N Y N Y N Y N

Apply for permission to issue article X X X

Issue article X X

Reserve article X X X X

Reject request X X
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The condition entry represents replies to the questions in the condition stub where Y  represents yes and N 
represents no. An X  in the action entry signifies that the corresponding action in the action stub is to be 
performed. Therefore, i f  the foUowing conditions exist:

Article in stock? Yes

Article on order? No

Permission to issue article obtained? No

the condition entry is inspected to find a corresponding rule. In this case rule 4 applies and on foUowing this rule 
to the action entry the required action can be found by referring to the action stub and entry, that is apply for 
permission to issue article and reserve it.

From the example it can be seen that rules 7 and 8 lead to the same action with only the third condition 
(Permission to issue article obtained?) differing. The third condition is irrelevant to the action and the two rules 
can be combined. A  dash (- ) is placed in the condition entry for these two rules to signify that the condition is 
not relevant to the rule. Similarly rules 1 and 3, and 2 and 4 can be combined resulting in the following table:-

Rule
1

Rule
2

Rule
3

Rule
4

Rule
5

Article in stock? Y Y N N N

Article on order? - — Y Y N

Permission to issue article obtained? Y N Y N —

Apply for permission to issue article X X

Issue article X

Reserve article X X X

Reject request X

ln the following example, a subroutine ZA, ZB or ZC is performed i f  a condition A, B or C respectively is true. 
Otherwise, a subroutine ZERROR is performed.

Rule
1

Rule
2

Rule
3

Rule
4

Rule
5

Rule
6

Rule
7

Condition A  is true Y Y Y N N N N

Condition B is true Y N N Y Y N N

Condition C is true - Y N Y N Y N

Perform subroutine ZA X

Perform subroutine ZB X

Perform subroutine ZC X

Perform subroutine ZERROR X X X X

From the example, it may be seen that four rules result in the same action, and these rules cannot be combined. 
This is not economic, especially in cases with more conditions, so a general rule, known as an ELSE rule, is 
introduced. The ELSE rule is used when no other rules apply and is normally placed after the other rules. There­
fore the above example using the ELSE rule would appear as follows:
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Rule
1

Rule
2

Rule
3

ELSE

Condition A  is tme Y N N

Condition B is true N Y N

Condition C is tme N N Y

Perform subroutine ZA X

Perform subroutine ZB X

Perform subroutine ZC X

Perform subroutine ZERROR X

So far the order o f the conditions and actions within the condition and action stubs has been immaterial. In 
practice the order in which actions are performed is often important. For example, a record must be edited 
before it is printed.

Therefore a method o f  signifying which actions are to be performed first is needed. One method is to assume 
that actions are performed in the order they are Usted in the action entry. Thus in the first example permission 
to issue the article wouM be applied for before reserving it. This method has two disadvantages.

1 An order for the actions is specified even though it might not matter in some cases.

2 It is possible that two actions are performed in one order under one rule and a different order under another. 
This means that one or more actions must be duplicated in the action stub.

Another method, which does not have these disadvantages, is to replace each X in the action entry by a number. 
Then the first action to be performed for each rule is signified by ‘ 1’ , the second by ‘2’ , the third by ‘3’ and so on. 
When the order o f two or more rules is o f no significance they are given the same number.

For example, a mle performs actions A , B, C, D, E and F, and the following constraints apply:

B must be performed before C or D

C and D must be performed before A  or F

A  and F must be performed before E

They would then be marked in the action entry as follows:

Perform action A 3

Perform action B 1
Perform action C 2
Perform action D 2
Perform action E 4

Perform action F 3

The decision tables which have been considered so far are known as limited entry decision tables and are 
characterized by specifying all the conditions and actions in the condition and action stubs. The condition entry 
contains only the answers to the conditions in the condition stub. The answers may be

Y  for yes; the condition is true

N for no; the condition is false

-the condition is not relevant

The action entry contains an indication o f whether an action is required for prevailing conditions. The action may 
be given as

X for action required

1,2,3 etc. for action required in the specified order 

No entry is made if an action is not required
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Another type o f decision table, known as extended decision tables contains only part o f the conditions and 
actions in the stub, the rest being in the entry part o f the decision table:

Example

Rule Rule Rule Rule Rule Rule Rule ELSE
1 2 3 4 5 6 7

Record type = A A A A B B B

Total : 100 < < > > < > >

Adjustment type = 10 > 3 0 < 1 0 = 25 - = 45 = 35

Perform subroutine ZA ZB z c ZA ZC ZA ZD ZERROR

Write record to File File File File File File File

1 1 2 1 2 2 2

Each condition is evaluated by combining the two portions in the stub and entry to give true or false. A  rule 
(except the ELSE rule) is performed when all conditions, excluding irrelevant conditions, are true. Each action 
is obtained by combining the action stub and action entry for the particular rule

From the above example:

1 if the record type is A, the total is 150 and the adjustment type is 25,then subroutine ZA  is performed and 
the record is written to file 1 (rule 4).

2 if the record type is A , the total is 73 and the adjustment type is 15, then subroutine ZERROR is performed 
(ELSE rule).

The third type o f decision table, mixed entry decision tables, is a combination oflim ited and extended entry 
tables.

Example

Rule Rule Rule Rule Rule ELSE
1 2 3 4 5

Calculate indicator set? Y Y Y Y N

Number o f figures = 1 2 3 4 0

SetP = A ® A+B® A-B® A-B®

Set Z = 0® 0® C® C+D®

Calculate R=P2 -Q2 x © X ©

Calculate R=P2+Q2 X ® X ©

Set R=0 X ©

Set R=999 X ©

Notice that because o f the extended entry form it is no longer possible to signify the order o f actions by the use 
o f a number for the action entry. Instead, though it is not necessary in this example, the order number is placed 
in a circle in the top right hand corner o f each relevant box.

C O N S T R U C T IN G  A N D  C H E C K IN G  D ECISIO N  T A B L E S

Decision tables are ideally suited to a systematic and logical procedure for their construction which will usually 
save considerable time and effort.in practice.
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Limited entry decision tables

The conditions and actions that are relevant to the particular decision table are selected. Operations which occur 
at different logical levels (for example, file handling and individual record processing) should not occur in the 
same decision table. Methods oflinking decision tables are discussed later.

The condition and action stubs are then completed.

Example

A bonus is paid according to sex, age and skill. The possible bonuses are 5%, 10% and 15%.

The table as constructed so far is:

Male?

Skilled?

Age>25?

5% bonus 

10%bonus 

15% bonus

The next stage is to complete the condition entry quadrant. This can be done by adopting the foUowing 
technique.

The maximum number o f rules for any decision table 2”  

where

n is the number o f conditions.

In this example n = 3 so there are 8 rules.

The first condition entry is completed by inserting Y ’s against the first condition for half the rules and N ’s for 
the other half. The number o f Y ’s = 2"

2

Male? 1 Y  | Y  |Y |v| N| N|N |N |

The next condition entry is completed by inserting Y ’ s under half the Y ’s and half the N ’s in the previous 
condition entry. N ’s are inserted in the remaining spaces.

Male? IYY Y Y N N N N

Skilled? | v Y N N Y Y N N

This continues until the condition entry is complete.

Considering each rule in turn the action entries can be completed. T!iis will reveal any impossible conditions. For 
example, if for some peculiar reason it is impossible to have an unskilled man over 25 then rule 3 above can be 
deleted. However, it is usually better to incorporate impossible conditions in an ELSE rule with error action. 
Assuming that none o f  the rules is impossible the situation might now be:
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Rule Rule Rule Rule Rule Rule Rule Rule
1 2 3 4 5 6 7 8

Male? Y Y Y Y N N N N

Skilled? Y Y N N Y Y N N

Age >  25? Y N Y N Y N Y N

5%bonus X X X

10% bonus X X

15%bonus X X X

The table is now complete and the problem is to simplify it. The following condition must be observed when 
combining two rules:

Two rules can only be combined if their actions are the same and condition entries are identical except that for 
one, and only one condition, one rule contains a Y  and the other an N.

Example

Rule Rule Rule Rule Rule Rule Rule Rule
1 2 3 4 5 6 7 8

Condition 1 Y Y Y Y N N N N

Condition 2 Y Y N N Y Y N N

Condition 3 Y N Y N Y N Y N

Action 1 X X X X X X

Action 2 X X

In this case rules 1 and 2 can be combined because they have the same action and same condition entries except 
that rule 1 contains a Y  for condition 3 and rule 2 an N.

Similarly rules 3 and 7, rules 4 and 8,and rules 5 and 6 can be combined resulting in:

Rule Rule Rule Rule
1 2 3 4

Condition 1 Y — N —

Condition 2 Y N Y N

Condition 3 - N - Y

Action 1 

Action 2

X

X

X X

The resultant rules show that rules 1 and 3 have the same action and also the same condition entries except for 
condition 1 where rule 1 has a Y  and rule 3 an N. Therefore these two rules can be combined resulting in the 
following table:

Rule
1

Rule
2

Rule
3

Condition 1 - -

Condition 2 Y N N

Condition 3 -  ■ N Y

Action 1 X X

Action 2 X
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Besides reducing the table to a simpler form this procedure also reveals redundant conditions. Condition 1 contains 
only dashes suggesting that the condition is irrelevant for each rule and can thus be omitted.

In the original example the following simplications can be made:

Rule Rule Rule Rule Rule Rule
1 2 3 4 5 6

Male? Y Y Y N lP N

Skilled? Y N N Y Y N

Age >  25? - Y N Y N -

5% bonus X X

10% bonus X X

15%bonus X X

Extended and mixed entry tables

Extended and mixed entry tables are different in that the condition entry quadrant cannot be completed in such 
a systematic way. The condition and action stubs are completed in the same way as for limited entry decision 
tables. The relevant values for the first condition are then noted.

Example

Record type = | A  | B |

The value o f the first condition is considered and the relevant value is applied to the second condition. The 
number o f rules is increased as necessary.

Record type = F A B B

total : 100 I < > = +

Conditions are further applied until all condition entries have been completed.

Record type = A A A A B B B

total : 100 < < > > = t t

Adjustment type =10 >30 < 10 =25 — . =45 =35

I f  at any stage a condition does not apply then a dash (-) is inserted and the number o f rules is not increased.

Because all possible rules are not usually included it is advisable to use the ELSE rule to signify the action for 
these unspecified rules.

Having constructed a decision table it should be checked for ttye following types o f errors.

Contradictions

Contradictions occur when two or more rules are satisfied by the same set o f conditions. This cannot occur for 
limited entry tables i f  they are constructed as suggested. For extended and mixed entry tables, this type o f error 
can only be discovered by inspection.

Redundancies

Redundancies in the action half o f a table occur when actions are specified in the stub but no rule specifies that 
this action is to be taken. This can easily be detected by inspection. Redundancies in the conditions o f limited 
entry tables are revealed on simplification o f the table; any condition with all dashes in the entry quadrant is 
redundant. Extended and mixed entry tables must be inspected for this type o f error.

Completeness

Decision tables with an ELSE rule are automically complete, but may not be correct. Limited entry tables with­
out an ELSE rule can be checked for completeness by comparing the number o f rules with the known maximum. 
Extended and mixed entry tables without an ELSE rule can only be checked for completeness by inspection.
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End
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The stub entries should be checked for accuracy, particularly to ensure that Umited entry tables conditions admit 
exclusively to a yes or no answer and that the question is phrased correctly.

Accuracy

A P P L IC A TIO N  O F  D EC IS IO N  T A B L E S T O  P R O G R A M M IN G

There are two different approaches to using decision tables for program specifications. The first uses flowcharts 
and a written account to specify most o f the program, using decision tables only for particularly intricate 
processing details. The second uses decision tables to specify the majority o f the program and a written account 
for details which do not fit into the decision table structure, such as error message layouts. Whichever method is 
adopted it is almost certain that all the information cannot be held in one decision table and therefore some 
method oflinking decision tables together is required.

The first essential is that every decision table is given a name and this is usually placed above the condition stub.

Tablename Rule numbers

Condition stub Condition entry

Action stub Action entry

The control can now be transferred to another decision table by making the last action o f a table 

GO TO tablemme

where tablemme is the name o f the decision table containing the required conditions and actions.

The control does not return to the first decision table (unless o f  course the second table includes this action). It 
is imperative, then, that the transfer action is the last action o f a table, or subsequent actions will not be 
performed.

Decision tables can be linked sequentially as shown in the diagram on page 78.

It is perfectly feasible (as in table F ) to re-enter the same table though it is presumed that the actions performed 
the first time wiU cause another rule to be performed and will eventually lead to an exit from this table.

The second method oflinking decision tables is to incorporate in the action stub o f the first the action:

PERFORM tablename

where tablename is the name o f the decision table containing the required conditions and actions. The last action 
o f this decision table will be

EXIT

and the control will return to the action immediately following ‘PERFORM tablemme', in the first decision 
table.
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These two methods can be used together, but it should be remembered that control is always transferred to the 
first action o f a decision table.

When a programmer is presented with a program specification using decision tables the tables must then be con­
verted to coding. One way is first to convert the decision tables to flowcharts and from these write the coding. 
This in part defeats the advantages o f decision tables, and is not really recommended. Undoubtedly the best 
method is to use a pre-processor which accepts information in a decision table format and converts it to coding, 
usually in a high level language ready for compilation. At the present time this is somewhat wasteful on storage 
dug to inefficiencies in the pre-processors but will certainly improve in the future. For medium size programs 
this is still probably the best method o f obtaining coding because o f the decrease in writing and testing time.

I f  a pre-processor is not available then coding can be obtained directly from the decision tables either by setting 
up the condition as a multi-way switch which branches to the action parts for each rule or by using a decision 
table analyzer routine.

Various articles have been written on methods o f obtaining efficient multi-way switches. The following articles 
may be profitably studied.

Egler, J .F .A  procedure for converting logic table conditions into an efficient sequence o f test instructions, 
CommunicationsoftheACM, V o l.6,No.8,Sept. 1963,p 510-514.

Montalbano, M. Eglers procedure refuted, Letter to the Editor, Communications oftheACM, Vol. 7, N o .l,
Jan 1964, p 1.

Pollack, S.L. Conversion o f limited entry decision tables to computer programs, Communications oftheACM, 
V o l.8,N o .l l ,N o v . 1965, p 677-682.

Press, L.I. Conversion o f decision tables to computer programs, Communications ofthe ACM, Vol. 8, No.6,
June 1965,p 385-390.

Sprague, V.G. On storage space o f decision tables, Letter to the Editor, Communications o f  the ACM, Vol. 9, 
No.6, May 1966,p319-320.

When a decision table analyzer routine, also known as a rule mask technique, is used, the parameters are set 
according to the state o f each condition, and the routine will cause the appropriate action to be taken.

Further details o f this subject may be found in the following articles.

Barnard, T.J. A  new rule mask techniques for interpreting decision tables, British Computer Soc.,Computer 
Bulletin, May 1969,p 153-154.

King, PJ.H. Conversion o f decision tables to computer programs by rule mask techniques, Communications o f  
the ACM, Vol. 9, No.l 1, Nov. 1966, p 796^01.

Kirk, H.W. Use o f decision tables in computer programming, Communications o f  theACM, Vol. 8, N o .l,
Jan. 1965,p4M 3.

Veinott,C.G.Programming decision tables in FORTRAN,COBOL or Algol,CommunicationsoftheACM, Vol. 9, 
No.l,Jan. 1966,p 31-35.

Veinott, C.G. More on programming decision tables, Letter to the Editor, CommunicationsoftheACM, Vol. 9, 
No.7,July 1966,p485.

S U M M A R Y

Decision tables provide an extremely powerful aid to program specifying because o f their simplicity and wide 
application. Even i f  they are used for no other purpose they are important and should be considered very 
seriously. As pre-processors improve in efficiency they will become even more important. Already they are 
acknowledged to reduce writing time considerably and, because o f their format, fewer errors occur, thus reducing 
testing time in spite o f the extra time needed for compilation.
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Appendix4 Datasecurity

This appendix introduces the principles and economics o f data security in the design and planning stages. Data 
security is concerned with maintaining the integrity o f all the data flowing through the system.

The primary concem o f data security is the recovery from errors and the detection and prevention o f  errors.

ER R O R  R E C O V E R Y

Error recovery is defined as the combined programming and operator action required to maintain logicaUy 
continuous input/output operations in spite o f  equipment malfunction. This section discusses error recovery at 
three levels:

1 System level recovery

2 Programlevelrecovery

3 Device level recovery

System level recovery

This consists o f the procedures required to recover from any loss o f  data which may result from any equipment 
malfunction. Such contingencies must be considered at the design stage. The procedures involved mostly fall into 
the categories o f  file reconstruction and back-up facilities.

Program level recovery

The primary objective at this level is to minimize the loss o f processing time caused by any permanent error.
This might involve, for example, periodic dumping o f intermediate results from a program to permit it to be 
resumed at a point immediately prior to the occurrence o f  the error. Techniques exclusively concerning random 
access devices at this level are discussed in the appropriate direct access manual.

Device level recovery

This is the standard hardware/software response to transient input/output errors. Device level error recovery on 
System 4 and 1900 Series machines is handled by hardware facilities and executive routines.

TY P E S  O F  ER R O R

The principal sources o f error are:

1 Hardware (including media)

2 Software

3 Operator

4 Data

5 User program 

Hardware errors

There are two types o f  hardware error:

1 Transienthardwareerrors

2 Permanent hardware errors
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Transient hardware errors on standard devices are normally handled by the standard software such as the reissuing 
o f an unsuccessful input/output operation or calling for brief standard operator intervention. This type o f error 
does not persist after recovery measures have been taken. The errors which persist after recovery measures have 
been exhausted are considered to be permanent errors.

Permanent errors fall within the scope o f program level and system level error recovery. Examples o f permanent 
errors and tape breaks, printer ribbon tears; that is, situations requiring extensive manual recovery procedures. 
Recovery from a permanent input/output error depends to some extent on hardware considerations. Recovery 
also depends upon system constraints (imposed at the system design stage) which are not hardware-dependent. An 
example o f such a constraint is the re-run dump cycle in a tape system. Re-run dumps are taken at predetermined 
intervals (at end o f reel o f output, every six minutes, every 10,000 records, etc.). The length o f the intervals 
represents the maximum amount o f reprocessing that the user is willing to accept in case the program has to be 
suspended.

Software errors

These errors are unpredictable, so preventive action cannot be taken. However, provision must be made for the 
detection and recovery from these errors. Prevailing conditions largely determine to what extent a particular 
software error is acceptable.

Operator errors

It must always be accepted that no manual procedure is entirely reliable, and for that reason systems should 
normally be designed to minimize operator intervention. To minimize errors in necessary intervention, operator 
action should be standardized as far as possible for any installation. In the early stages o f system design the user 
and the systems designer should collaborate to produce a set o f operating standards. Tried and proved techniques 
should be standardized in all installations where possible.

Data errors

Errors in primary input data should be detected by normal data vetting. Under no circumstances should errors in 
such data be permitted to cause unscheduled interruptions in the operation o f a system. Such an interruption 
will, therefore, be deemed a program error, caused either by faulty programming or inadequate systems design. 
Errors can, o f course, occur in system control data and where software checks are inadequate to detect these at 
the earliest possible time, system checks should be incorporated. For example, additional file control procedures 
might be specified to check the user’s own file labels.

User program errors

Such errors, due either to inadequately designed or tested systems, are unfortunately probably the largest source 
o f error other than transient errors which are automatically corrected by executive routines when they occur.
The most important conclusion to be drawn from this is that since these errors will occur, plans must be laid in 
advance for dealing with these contingencies.

ER R O R  D E T E C T IO N

This section discusses error detection at three levels:

1 Systems level detection

2 Program level detection

3 Device level detection

Systems level detection

This may take the form o f special programs which perform periodic checks on the integrity o f  the data. For 
example, it is not uncommon for accounting suites to accumulate totals both daily and weekly or weekly and 
monthly, these results being compared periodically for reconciliation checks. For files updated in situ, reconcilia­
tion programs can be run periodically to accumulate and check totals over the total extent o f the file. As the file 
is updated in situ it is unlikely that any other function will ever access the whole file in one run. Further, with 
non^xchangeable random access media it may be prudent on large fixed files to accumulate details o f detected 
errors. An analysis o f the occurrence o f these can give advance warning o f failing or lower reliability than normal, 
to enable re-organization or relocation o f the file to be effected in advance ofactual failure.
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Program level detection

This section is restricted to a summary o f the more important techniques and certain adaptations specifically 
applicable to files on random access media. Technical details o f input/output error detection and file protection 
are covered in Appendix 5. There are two main techniques for program level error detection:

1 Input/output record counts

2 Reconciliation totals

Both these techniques need to be adapted for random access files and other files updated in situ, as they normally 
rely on reading every record on the file. One o f the advantages o f random access media is the ability to access 
only records active on that run. For this reason total records are held on the file containing record counts and 
totals o f strategic amounts, and on updating runs running totals o f insertions, deletions and amended amounts are 
updated on the file. Periodically run reconciliation programs access the whole file, accumulating new file totals 
and reconciling them with the old totals and the running totals on the file. The new totals are included and the 
running totals cleared. It will often be convenient to include a reconciliation check in a file reorganization 
program.

Device level detection

Parity checking takes place on input and output. Various technical format checks are performed which are 
handled by executive routines. Cyclic redundancy characters are generated on output and regenerated and 
checked on input, and a READ AFTER WRITE CHECK may be performed without retransferring to store. On 
1900 Series machines this check is standard.

On System 4 computers the check is optional. The check will obviously increase processing time and channel 
usage. While this check is necessary for the earliest possible detection o f errors on large files on fixed disc, for 
small files it may be found that the expense incurred by the check is greater than the cost o f an occasional 
reconstruction run.

F IL E  P R O TE C TIO N  A N D  R E C O N S TR U C TIO N

These are, respectively, the procedures involved in preventing data loss or corruption, and reconstituting data in 
the event o f a loss occurring. These constitute the important consideration o f data security. Since file protection 
can never be entirely relied upon, file reconstruction is considered first.

File reconstruction

A  different approach is required for the two principal types o f file organization:

1 Sequential organization (including serial files)

2 Random organization (including indexed sequential files which are not processed as strict sequential files) 

SEQUENTIAL ORGANIZATION

In sequential files at any point o f time during the processing o f a master file one can consider the file as consisting 
o f  two distinct parts: one part being completely processed and the other being completely unprocessed. I f  this 
point o f  division is identified by noting the physical point o f  alignment o f  the master filers) before abandoning the 
run o f  a program for any reason, the program can be recommenced from this point. By periodicaUy noting this 
point o f  alignment throughout the processing o f a file, any section o f the processing can be repeated in isolation.

RANDOM ORGANIZATION

With the random updating o f a file on a direct access device the problem is quite different. While the logical 
classification o f  records into updated and not updated still exists, the file can no longer be divided into two 
distinct physical areas corresponding to these. Further, as the processing o f a single record might be spread out 
in stages over the entire course o f updating, the sharp distinction o f  updated and not updated records is not clear. 
Thus it may be necessary to devise a system whereby each individual act o f updating is a separate restart point, 
perhaps by recording on each record as it is updated a unique serial number identifying and corresponding to 
each updating action. A  further complication is that a file might be accessed by more than one program 
concurrently. I f  the sequence o f updating is significant it will not be possible to attain exactly the same sequence 
again by re-running the programs due to the complex hardware/software interaction. One solution to this problem 
is to write all updating records (or copies o f  updated records) to a log file in the sequence in which they are 
applied. Processing can then be repeated by a program reading this file instead o f the original input data.

0 4202(4.70) 8 3



Back-up

Back-up is the name applied to hardware, data and system support available to an installation for use when one or 
more pieces o f equipment necessary for normal operation o f any system becomes inoperable for any significant 
period o f time. The importance o f  considering back-up in systems design cannot be stressed too strongly. How­
ever reliable any piece o f equipment maybe, it is bound to fail some time, and although the average frequency o f 
such failure can be predicted, the individual occurrence cannot. It is the systems designer’s function to ensure 
that the ensuing disruption o f service is minimized.

H A R D W A R E  BACK-UP

This can be illustrated by considering a magnetic tape oriented installation. It is often advisable to have at least 
one tape deck more than is actually required for the running o f any system, either by providing one deck more 
than the maximum requirements or by designing all applications to run with one deck less than the total 
complement. Then in the event o f failure o f one tape deck, sufficient back-up facilities will exist to allow 
processing to continue.

However, the user and the systems designer must establish an alternative procedure in case a breakdown should 
occur in a critical piece o f equipment. This may consist o f the negotiation to have the system mn on another 
machine with a similar configuration or it may consist o f no more than awaiting the repair. However simple the 
procedure, it must be established before a failure occurs.

D A T A  BACK-UP

Data back-up is an insurance against actual loss o f  data due to equipment malfunction, program failure, or 
accident. The type o f data back-up feasible depends largely upon the sizes o f the master files.

Figure 1

Sorted
transactions
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Update
master
file

1  [
Results

Master file 
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^r

Master file 
(carry forward)

Figure 1 illustrates a simple brought forward/carry forward updating system with separate files. The well-tried 
reconstruction method used here is to retain the input data file and the old brought forward version o f the master 
file. By retaining the input to two or mofe cycles, called the Grandfather, Father, Son system, the latest version 
o f the master file can be reconstructed at any time. The degree o f security is in proportion to the number o f 
cycles retained. The value o f this must be off-set against the additional cost o f the storage medium and the o ff­
line storage room.

A particular aspect o f this system is that for files held on random access media such retention is wasted unless the 
different versions o f the file are held on different data packs, otherwise a single accident could destroy the total 
reserve o f data.back-up.

Figure 2 represents a system perhaps more frequently used on random access media. This is an updating system 
where the master file is updated in situ. The brought forward file is destroyed by the action o f  updating, but a 
copy o f this file can be retained. The frequency o f making this copy will depend upon the size o f the file, the 
length o f reconstruction run acceptable, and the degree o f security required. For example, if a file is copied 
before every six runs o f the updating program, the cost o f producing the copy will be about one sixth the cost o f 
copying it every run, but the length o f a reconstruction run, if necessary, will be six times as great. With really 
large files it may well be impractical to copy the whole file, and various approaches may be made. It may be 
satisfactory to copy a portion o f the file prior to each run, covering the whole file in a cycle. Alternatively, the 
best approach may be to make a back-up copy o f the file and subsequently keep a copy o f each record updated. 
Periodically the updated records could be merged with the master copy.
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Figure 2

Copying a main file usually provides an ideal opportunity for file reorganization and restructuring. It is also a 
good opportunity to carry out overall reconciliation procedures which cannot be done during random processing.

S Y S TEM S  B ACK-UP

Figure 3 illustrates an example o f systems back-up, bypass and reconstruction procedures on magnetic tape o f  a 
randomoriented file which is normally updated on fixed disc. A  system maintaining a large file on fixed disc 
may require that operating continues even when the fixed disc is inoperable. I f  so, an alternative processing 
scheme to permit the system to continue functioning must be designed. A t the worst the bypass system could 
allow the system to continue, handling only the more important processing. Alternatively it might be possible 
for the bypass system to handle the full work load at the expense o f  other work.

Summary of reconstruction techniques

File reconstruction techniques should be established at the inception o f the system design stage. The reconstruct­
ion techniques should include an aUowance for:

1 read or write errors on a random access device. This procedure should form a part o f the reconstruction 
package

2 inability to copy a random access file to a back-up device because o f hardware failure

3 inability to copy a back-up file to random access because a hardware failure caused faulty recording o f the 
back-up file

The frequency with which off-line back-up files are checked depends on the devices available to the system and 
on whether whole or part files are copied.

File protection

This can be achieved by the interaction o f system, software and hardware factors.

System protection will take the form o f the planning o f  intelligent file allocation between devices and disc packs. 
Special care must be taken to maintain the safety o f  operational files on fixed disc from corruption by operator 
error or program testing failure. m

Software protection includes the comprehensive label checking which is a standard part o f the executive systems. 
Further checks are built into the file handling software preventing any program error from rendering a file 
unreadable.
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Hardware protection takes the form o f copying files. An advantage o f direct access devices over magnetic tapes or 
cards is that since the recording surfaces are not touched, a file will not deteriorate with repeated reading. Hence 
unlike other media, standing files need not be periodically recopied.

File protection is discussed more fully in Appendix 5.

EC O N O M IC S O F  D A T A  S E C U R IT Y

No generalized rules can be proposed to govern the selection o f data security procedures, but this section 
summarizes the factors which will influence the decision.

The overriding factor that determines the selection o f a specific system is cost. The systems analyst must evaluate 
each method in terms o f money, because each method requires the use o f computer time (reducing through-put) 
and additional off-line storage media (requiring additional capital investment). The ultimate selection must be 
justified in terms o f the amount o f computer time that would be wasted if no recovery mechanism is included in 
the system, in terms o f maximizing the amount o f productive computer time available, as opposed to alternative 
methods, and finally, the selection must bejustified in terms o f the service which the computer installation 
provides the organization.

Immediate cost of error recovery

A D D IT IO N A L  P R O G R AM M IN G

Error recovery procedures require more programming, coding, testing, and documentation time. Sometimes the 
additional programming can be separated into independent programs and subroutines included in processing 
programs. The more these subroutines accomplish, the simpler and faster the independent programs will be; the 
converse is also generally true. In deciding which should bear the burden o f the work, the planner should 
investigate whether the subroutine can be packaged and used by all programs.

A D D IT IO N A L  C O R E S TO R A G E

The more work each recovery subroutine performs, the more core will be required for each program. This can 
affect the ability to multiprogram. The additional core storage requirement must be balanced against its impact 
on the size o f the independent recovery programs.

IN C R EA S E D  PROCESSING T IM E

The additional processing required per record to effect error-preventive techniques increases the total processing 
time per record. This increase must be balanced against the amount o f  processing time required for the 
independent program.

A D D IT IO N A L  O F F -L IN E  S TO R A G E

Each error recovery scheme should be evaluated in terms 6 f its requirements for off-line storage media.

Note: As magnetic tape is much cheaper per character stored than disc packs, a magnetic tape deck is often 
justified in a configuration for the sole purpose ofback-up copying.

A D D IT IO N A L  D E V IC E S

Each error recovery scheme must be evaluated in terms o f  the number and kind o f  additional devices required 
per program. For example, the use o f  a log tape requires the allocation o f  at least one additional tape deck to a 
program. Additional device requirements also affect the ability to multiprogram, and may even cause program 
restructuring because o f lack o f devices on-line.

Continuing cost of error recovery 

R E D U C TIO N  O F  T H R O U G H P U T

Any error recovery scheme requires a percentage o f the total computer resource. The planner’s function is to keep 
this percentage down to a minimum, as well as to maximize the amount o f processing per record.

O P TIM U M  L E N G T H  O F T H E  R E C O N S TR U C TIO N  C Y C L E

The length o f  the reconstruction cycle is in proportion to the process o f reconstruction. However, a short 
reconstruction cycle must be run frequently. The optimum baiance must be established in terms o f the device 
being used.

4202(4.70) 87



D ESIR ED  L E N G TH  O F R E C O N S TR U C TIO N  D A T A

The planner must evaluate the cost ofhaving to maintain several generations o f reconstruction data against the 
cost ofhaving to reconstruct data manually.

Other factors affecting error recovery

M U LTIP R O G R A M M IN G

On systems with few input/output devices and a small amount o f  core store, multiprogramming may affect the 
error recovery procedures incorporated into each program, as these increase the program sizes. Independent error 
recovery programs will not increase the general program sizes.

P R O G R AM  S TR E A M IN G

Because programs within streamsmay passfiles to their successors within the stream, the analyst should investigate 
the possibility o f using a common log tape. This is possible when a program stream consists o f programs accessing 
the same direct access file, and is usually possible even when the programs access different direct access files. Thus, 
when log tapes are merged to produce input to the reconstruction cycle, fewer tapes are involved.

S H A R E D  F IL E S

When two or more programs running concurrently may access the same disc file, the error recovery scheme must 
be designed to identify the sequence in which each program updated the same record. One technique that may 
be employed is to attach the date and time o f day to the image o f the updated record before writing it to a log 
tape.

S U M M A R Y

Incorporating error recovery into system design must be done in a manner that covers all possible error conditions, 
with a minimum encroachment on productive computer resources. This encroachment must be minimum for both 
short-term and long-term operations. The error conditions which the recovery scheme encompasses must provide 
against the loss o f data resulting from:

Acts o f God (fire, floods, earthquakes etc.)

Equipment malfunction

Program error

Operator error
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A p p e n d ix  5  F ile  d e s ig n

The term file design may cover many topics, from the basic record/block structure o f  a magnetic type file, 
through the efficient design o f  a conventional master file, to the specification o f a data base. The latter is not 
covered in this appendix since the aim is to introduce the fundamental considerations and to make the case for 
the construction o f  files on the basis o f logical design rather than historic accident. While this appendix lays out 
the fundamentals o f  direct access file design no attempt is made to duplicate the wealth o f  detail in the direct 
access manuals, to which a direct access file designer should refer. Here are discussed the decisions to be made 
by a suite designer in designing files and details some o f  the possible options. There is no attempt, however, to 
give that basic knowledge required o f  anyone working on this subject, that is, a thorough understanding o f  the 
machine and software facilities being used. To design a file to give the most efficient service possible the designer 
must know the file handling features o f the programming language to be used.

A  file should be designed with two principal objectives in mind:

1 To minimize running time, usually by minimizing peripheral transfer time and attaining maximum concurrency 
o f  peripheral transfer with processing

2 To maximize the use o f the available resources

These two aims are usuaUy mutually incompatible and the art o f  file design is to choose the most acceptable 
compromise, based on a knowledge o f  the volumes o f  data involved.

Further care must be taken to achieve consistency across the whole suite o f  programs. A  file should not effect an 
economy in one program at the cost o f great inefficiency in aU the others. The frequency with which the file is 
used in the various programs constituting the system must be considered.

T H E  C O N S ID E R A TIO N S  O F  F IL E  D ESIG N

The basic considerations o f file design are:

1 The selection o f an appropriate medium

2 The position, relationship and format o f each data item

3 The ability to exercise control over the file

4 The ability to reconstruct the file

Choice of medium

Two types o f  file are considered here: those which communicate transient facts between programs, and those 
which maintain the basic data o f the system. In either case the choice o f medium usually becomes a choice 
between magnetic tape files and disc files.

The mistake is sometimes made o f thinking o f random access storage as superseding more conventional storage 
media. Every medium has uses to which it is particularly suited, and all the peripherals available to the designer 
should be considered on their merits.

The processing o f magnetic tape, because o f its physical nature, requires sequential batch processing. The times 
involved in realigning and random searching are prohibitive in a magnetic tape file. Also it is not possible to alter 
selectively a single block in the middle o f the tape, as the tolerances on the tape transport are not sufficiently 
small to allow the consistent packing density necessary to predict accurately the physical length o f any block. To 
change anything on a magnetic tape file the whole file normally has to be rewritten, from the point o f change 
onwards.

On random access devices three facilities alter the approach to the organization o f  processing:

1 The read/write heads can traverse the whole extent o f the device in a very short time (on most devices this 
time is less than 150 milliseconds)
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2 Each block o f data can be directly addressed and accessed by the hardware.

3 The constant rotational speed is sufficiently accurate to allow the overwriting o f individual blocks

These factors allow significantly different approaches to be made. For example, inactive records on a sequentially 
organized file need not be read. Also records can be updated is situ, that is, they can be read, processed and 
written back to the same point on the disc. This way, only records which are to be updated need to be written. A 
less obvious advantage o f random access devices is the abUity to update several master files with one pass o f the 
transactions, as the number o f files per device is no longer limited to one.

The advantages o f direct access processing are not without a cost. Sequential storage with indices may require 
mutliple accesses to locate a record and incomplete packing o f the storage medium to accommodate additions 
and extensions. Back-up and restart problems are magnified by the fact that when a record is altered on a random 
access device, the old record is lost forever. There is no grandfather master file for retrieving records from a file 
o f an earlier generation as in tape processing.

Position and relationship of data items

The first stage is to determine, in detail, all the information which will be required on each particular file. The 
design o f the file then depends on the determination o f  the position o f  each item o f data in the file, relative to 
the position o f the other items o f data. The items should be formed into records, and the layout within each 
record decided upon. Where appropriate, the most suitable format (binary, decimal, character) for each field 
should be determined. Any additional control records should be specified at this stage, and the sequence o f 
records determined. These records are then grouped into blocks, to give the complete file layout.

File control

Each file should be designed to permit strict control o f its use. It should only be possible for a file to be used by 
those programs for which the file is intended, and then only on the appropriate run(s) o f the program. The control 
o f files is described in the appropriate reference manuals.

File reconstruction

All files must be capable o f being reconstructed in case ofloss, or damage in any way. For a serial file, reconstruct­
ion takes place from a previous generation. The previous generation is reprocessed against the appropriate current 
data to produce the required file. Alternatively the master file may be copied in each run, and the copy stored 
separately. However, if  the original file was corrupted before or during the copying, then the copy wUl also be 
unusable and it will still be necessary to make use o f  the previous generation. The reconstruction o f files is 
described in Appendix 4.

The following factors must also be considered for files on direct access media.

File activity

This is most often defined as the number o f  different records accessed per run divided by the total number o f 
records in a file.

The percentage o f activity is one o f the factors to be considered. I f  a low percentage o f the records are to be 
processed on a run, the file should probably be organized in such a way that any record can be quickly located 
without having to search through all the records in the file.

The distribution o f the activity is also a consideration. With some methods o f organization, some records can be 
located more quickly than others. The records processed most frequently should certainly be the ones that can 
be located most quickly.

Given conditions o f file activity and average hits per access, there exists a breakeven point where the total 
processing time in a serial system is equivalent in time to processing in a random access system. Just where this 
lies for any given application depends on many factors, but normally it occurs in a file where the activity is less 
than 5%.

Inquiry time value

A data processing system which batches transactions or inquiries produces information o f diminishing value. The 
value diminishes in direct relation to the batching period. The limit o f decreasing the batching is reached with 
real-time systems. Generally the running cost increases in inverse proportion to batching time, so the value o f  the 
results must be balanced against the cost.
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This term refers to the addition and deletion o f records to a file. A  static file is one that has a low percentage o f 
additions and deletions while a volatile file is one that has a high rate o f additions and deletions. No matter how 
the file is organized, additions and deletions are o f significant concern and can be handled more efficiently with 
some organization concepts than with others.

Size

A  file that is too large to be on-hne at one time must be organized and processed in certain ways. A  file may be 
so small that the method o f  organization makes little difference, since the time required to process it is very 
short no matter how it is organized.

The growth potential o f a file must also be considered. Usually, files are planned on the basis o f their anticipated 
growth over a period o f time. Initial planning must also consider how growth that exceeds this size will eventually 
be handled.

Summary

In order to achieve efficient file design, the designer must choose the device, by defining the system for each 
device or combination o f  devices, rather than by trying to adapt one system to cater for all possible combinations; 
and define the layout o f all items within the file, considering the provision o f  adequate file control and file 
reconstruction.

V o la tility

BASIC  S T R U C T U R E  O F  A  F IL E

The principal considerations o f  structuring a file are as follows:

The best sequence o f records

The necessity for additional information, such as control totals

The access method for direct access devices

The choice o f an identifying key for a record

The most effective record layout and size

The manner o f holding data within the record

The activity o f the file

The block size

The file length

Method of approach

The designer will normally use his experience to choose a particular file structure as a basis o f the design. He may 
make a number o f initial standard assumptions and certain overall systems aspects (particular control records, 
sequences, etc.) may need to be considered as constraints.

Depending on the accuracy o f his initial assessment (which in tum will depend on his experience) the designer 
may then have to consider each o f  the factors listed above and modify the design in the light o f  this consideration.

General structure

Most serial files have the following structure:
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Files may have records at any number oflevels, not necessarily three as in the iUustration. It is the task o f  the 
planner to determine the number o f levels which the file will require, and where the information being considered 
is to fit in a structure o f this type. A  simple example may help to explain how information may be positioned in 
a file to give a structure as iUustrated.

EX A M P LE O F  F IL E  S T R U C T U R IN G

A  company has a number o f factories in each o f which there are several paying'points, that is, places where the 
employees are paid their wages. Wages for all employees are calculated in a single job run on the central computer 
installation. The job includes a file, updated weekly,with the above structure.

The details o f the records chosen are as follows:

Level 1 heading record: the company heading record

This record contains information governing the file, and information pertinent to all items within the file. There 
are three types o f information:

1 To identify the fUe

2 To set up the store prior to processing

3 To be used in calculations applying to all employees, regardless o f factory or paying point, (income, tax rates, 
etc.)

Level 2 heading record: the factory heading record 

Each o f these records contains two types o f information:

1 To identify the factory

2 To be used in calculations applying to all employees within the factory, regardless o f the paying point 

Level 3 heading record: the paying point heading record

This record contains two types o f information, similar to the factory heading record:

1 To identify the paying point

2 To be used in calculations applying to all employees within the paying point 

Data records (within level 3)

There is one record for each employee, containing his name and key number, and running totals o f his pay, tax, 
allowances and deductions for the tax year to date.

Levels 3, 2  and 1 ending records

These are the ending records for the paying point, factory and company respectively. These are the last records 
for the relevant group and contain reconciliation totals for the groupjust processed, and running totals for the 
file to date.

I f  the sequence o f records had not already been specified, the program planner would at this stage assume that 
the records in each level are in ascending order (alphabetic or numeric) within the level above. Thus, in the 
example above, employees’ records are in ascending key number sequence within ascending paying point number 
sequence within ascending factory number sequence. One data record was chosen for each employee, although o f 
course two or more records may be used, depending on the size o f record decided upon and the volume o f 
information it is necessary to hold for each employee.

Control records

There are two types o f control record: those based on the file structure, and those which are independent o f the 
structure. The heading and ending records at each level o f the file structure can be considered as control records
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o f the first type. The heading record at the highest level should be used as a file heading record, and as such it 
should contain information relating to the file as a whole.

Each level heading record controls all records following it until a further heading record o f a higher or equivalent 
level is encountered. Similarly, the ending records contain totals which represent the state o f the file and o f the 
group just processed at the appropriate level. Thus the ending record at the highest level wiU provide overall totals 
for the whole file.

Another type o f control record, probably occurring immediately before or after a level ending record, is any 
record necessary for providing restart and re-run facilities.

Sometimes it is necessary to include in a file information which does not fit into the type o f structure already 
described. Information which it is difficult to fit in satisfactorily is, for example, a table o f data which has to be 
updated at the end o f one run from the information coUected during processing so that it can be used at the 
beginning o f the next run for processing. I f  the file is on a direct access device, no problems should arise. However 
on magnetic tape i f  the table is held at the head o f the file it is impossible to update it once this point is passed.
It would be necessary to write the new table at the end o f  the file, but this still means that at the start o f the next 
run the file has to be run forward to the table, the table read, and the file rewound before processing can begin.
A  better solution is to write the table onto another file. I f  another magnetic tape deck is not available, but results 
for printing are being written on a tape, the table could be written there instead. Cards or paper tape could also 
be used.

Direct access file organization

File organization can be defined as the relationship o f the control fields o f the file to the physical location o f  that 
record in the storage medium.

Although a file o f records can be arranged in a storage medium in many different ways, the storage techniques 
can be classified as either sequential or random.

Sequential file organization implies that adjacent records in a file are sequenced alphanumerically or numerically, 
in ascending or descending order. Particular fields, located in the same relative positions within the data records, 
are selected as sort control fields for a specific file sequence. These are the keys.

A  random file organization implies that records are stored without regard to the sequence o f their record control 
fields.

Sequential and random file organization does not necessarily imply sequential or random processing. The terms 
sequential and random, when used in conjunction with processing, usually refer to the order o f  the input 
transaction records or to the order o f  the reference to records in the master file.

One fundamental consideration when organizing information on any medium is the method by whiSh the 
information can be located when it is desired to retrieve it. The control fields by which records are usually 
identified are known as keys. There are several methods oflocating information in a file according to a given key.

On magnetic tape this problem is solved by holding records in a serial key order. Provided processing is in serial 
order it is then quite feasible to search the tape, examining each record until the required ke/ is found, since it is 
known that the required key will be held further down the tape than the last processed record.

On direct access devices each track can be individuaUy addressed, and data may be accessed in any specified 
track. Records can be addressed in the sequence o f their hardware addresses as for magnetic tape, or individual 
blocks can be accessed at random.

File access

The manner in which a file is accessed need not bear a direct relation to its organization.

The methods usually employed are:

1 Strict serial: This means that all processing must be done serially, and updating must, in general, produce a 
new copy o f the information because o f the difficulty o f handling insertions. Furthermore,because the 
address associated with a specified key is not known, inactive records must be searched.

2 Indexed random: In this method a key index is held enabling the address on the disc corresponding to each 
key to be found. The appropriate track can then be located and searched for the record. The file need not be 
held in a sequential order on the disc. However, this method has the disadvantage that large indexes are 
required and thus index search time may be high.
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3 List processing: Records in a file organized for list processing are characterized by the use o f pointers. Pointers 
may be held to indicate the address (or addresses) o f  the next record in the sequence. UsuaUy the file is 
organized as described under random organization, for random processing. When the file is processed 
sequentially, each record supplies the address o f the next record in sequence. This technique o f the file 
organization eliminates the need for an index for sequential processing. Record insertion under this technique 
is simplified. For example, i f  a fde has two records, A  and C, A  initially points to C. When record B is to be 
inserted, B is written into any available area; A  is retrieved, its pointer to C is moved to B, and the A  pointer is 
modified to point to B. Records may be deleted using this method.

List processing provides the facility o f integrating several related files on the same random access storage device, 
since each record may contain more than one pointer. For example, an inventory file may consist o f  records 
describing the quantities o f finished products on hand, one record per product type. Each record may contain 
pointers to records in other files, as for instance, a record in a biU o f materials file describing the parts require­
ments for a single product o f  that product type. Records in the bill o f  materials file, in turn, may contain 
pointers to sub-assembly and parts inventories.

While this method has the disadvantage o f often requiring access to a large number o f  non-adjacent records, 
there are certain common applications where any other organization would involve a large number o f  passes o f 
the files and a very complex suite o f programs.

4 Indexed sequential: Here the information is held sequentially, having in addition an index which specifies the 
highest key on each track or block. This enables the required track for any record to be located without the 
disadvantage o f large indexes and is suitable for serial as well as random processing since the records can be 
accessed in serial order more efficiently than with indexed random accessing.

Indexed sequential has the following advantages over strict serial accessing:

(a) Inactive records need not be handled

(b ) With a slight modification to the indexing technique, insertions can be held in an overflow area assigned 
to each cylinder. This avoids the need to copy a fUe for each update. Periodic reorganization runs can 
then be used to restore the file to strict serial sequence and for taking copies for reconstruction purposes

Note: Standard indexed sequential accessing does not obviate the need for complete planning for data security.

5 Address generation: In this case a mathematical manipulation (address algorithm) is performed on the record 
key to give the disc address o f the corresponding record. In the simplest case, there is a direct one for one 
relationship. Under normal circumstances, it often proves impossible to choose an algorithm for the given key 
which generates a unique address within the range required. In this event each addressed location (often 
called a bucket) is made capable o f holding two or more records. A  practical system usually has to compromise 
between leaving sufficient space in each bucket to accommodate the maximum possible number o f records 
assigned to it, thereby wasting space, or choosing a more economical packing density,and making provision 
for records to overflow from their assigned bucket.

Serial and random processing

Whether serial or random processing is used will depend on the type o f application.

Three types o f processing are considered here.

1 REAL-TIME RANDOM PROCESSING

Here each item o f data is input as it becomes available and may have to be dealt with immediately. This auto­
matically implies random processing. Many enquiry systems are o f this type and usuaUy external factors 
decide if this type o f processing must be used.

The other types o f processing can be called ‘batch processing’ since the data is submitted in batches for processing 
at one time.

2 BATCHED RANDOM PROCESSING

Here the data is submitted in batches, each batch containing data in random sequence, and processed by random 
processing o f the file.

3 BATCHED SERIAL PROCESSING

Here the data is submitted in batches, which is either pre-sorted or sorted after initial input to the computer 
and the main file is then processed serially. This is the type o f processing always used on magnetic tape 
systems.
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When the choice is between batched random and batched serial processing then the latter method will often be 
preferable, due to the large amount ofhead movement time involved in random processing. This factor does not 
arise in the case o f the magnetic drum which has no head movement, and its effect might be small on any system 
with several files on the same device, as there will be head movements between the files anyway. I f  the case is 
simple though, serial processing is usualty faster than random processing unless the activity o f the file is less than 
about 5%. The advantage o f serial processing may however be off-set against the need to sort input data.

I f  the input data is to be matched against more than one main file, held in different orders, the data may be sorted 
to the order o f the largest file and the other file(s) accessed randomly. However, it might be faster to dispense 
with the data sort and to access all files randomly.

On ajob which is basically serial but includes some high priority data, such as enquiries, it may be possible to 
combine both types o f processing. In particular, i f  the enquiries can be arranged to be submitted with the batched 
data, the data vet program may be able to isolate them and process them immediately using a random approach. 
Similarly, i f  data is being submitted over a transmission network (on-line) a program may read and vet data, 
processing urgent data immediately and batching the remainder ready for sorting and later serial processing.

Summary

The main points to be considered for structuring a file are:

The file should be designed in general terms, making any necessary assumptions.

This design should be adapted in the light ofknown factors which affect the file.

A  file structured in levels wiU often have at least three levels, these being an overall file level, a main group level 
within the file and a sub-group level within each main group, the data items occurring within each sub-group.

Control and reconciliation records can normally be situated at the start and end o f levels.

The sequence o f records, if not previously defined, should be decided.

K E Y  S E Q U E N C E

A  difficulty which the planner may experience when trying to design files is that o f deciding what information is 
to be used as a key. The key is required to determine the sequence o f the records, enabling them to be re-arranged 
by a sort program from their present sequence to that required by a subsequent process.

The choice o f  the fields to be used to constitute the key is usually determined by the order in which the results 
are required, normaUy, though not always, specified by the systems analyst. Where all types o f  output results are 
required in the same basic sequence the records in the master file would be held in this sequence to obviate the 
necessity for a sort program to precede the print program(s).

In the payroU example, the records in the master file would be in the sequence employee within paying-point 
within factory i f  the paysUps are to be produced in that order and they are the only output required. I f  the records 
are held in any other sequence a sort program would be necessary between the update and prjnt programs to 
produce the payslips in the required sequence. The decision is not always obvious. Further output may be required 
in a different sequence. Timings would then have to be performed to determine which sequence o f records in the 
master file would be most economical.

Example of sorting by keys

An early version o f  a stock controljob deals with spare parts stored in bins in a warehouse. Each part has a bin 
number as weU as a part number, and the two numbers bear no relationship to each other. Records in one o f the 
main results files are produced in part number sequence and records in the other main results file are required in 
bin number sequence. The program suite chart shows two possible arrangements, one for each sequence:
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Stock 
record 
file in 
part no. 
sequence

Sort

Prints

Stock 
record 
file in 
bin no. 
sequence

Suite A

Results in Results in
part no. bin no.
sequence sequence Suite B

Results in 
part no. 
sequence

Results in 
bin no. 
sequence

Thus the choice o f key is between part number and bin number, and it eventuaUy depends upon the running time 
o f the two sort programs. On this criterion suite A  is a preferable choice, the dominant factor being the length o f 
the key used for sorting.

When faced with a situation like this, in which results are required in two or more different sequences, the planner 
should tell the systems team what savings can be made by modifying the requirements to allow all printed results 
to be produced in the same sequence. In the stock control example, if  a sequence could be found which was 
satisfactory for both sets o f results, a sort program would be unnecessary, giving a considerable saving in running 
time, particularly i f  thejob is run frequently.

Contents of the key

The key in any record should consist o f items which must be present in the record for other reasons. In the stock 
control example, the part numbers must be present, even i f  they are not part o f the key, for printing on invoices. 
In a payroll job a department number and an employee number would almost certainly be present in the key and 
these would also appear on the printed output.

A  field o f the sort key may contain alphabetic or numeric characters in different records. Great care should be 
taken to ensure that the sequence required by the system (alphabetic characters taking precedence over numeric 
characters or vice-versa) is compatible with the collating sequence o f the computer.

Comparison of collating sequences (graphics)

1 2 3 4

System 4 1900 System 4 1900 System 4 1900 System 4 1900

0 Space : i # *~ t

1 £ ; * £ >

2 < ) % ?

3 < ; & : /

4 (  > 1 #  @

5 + ? ( @

6 I Space / )
t

7 & ! * =

8 I " , + "

9 %
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5 6 7 8

System 4 1900 System 4 1900 System 4 1900 System 4 1900

A A J J S S 0 [

B B K K T T 1 ♦

C C L L U U 2 ]

D D M M V V 3 t

E E N N w W 4 « -

F F O O X X 5

G G P P Y Y 6

H H Q Q Z Z 7

I I R R 8

9

These tables represent the sequence on both ranges, not code equivalents

Sununarized the sequence is:

System 4: Space; punctuation and symbols; alphabet;numbers

1900 : Numbers;punctuation,spaceandsymbols;alphabet;moresymbols

R E C O R D  D ESIG N

The planner must decide the format and sequence o f data items within each record. This decision is very import­
ant, because record layout and block size are major factors in the running time o f thejob, and small variations 
can often have a critical effect upon the running time.

Before starting this stage o f Ble design, the planner must be aware o f the possible variations and o f their 
consequences. The various formats for holding each data item must be considered and the ways in which each 
field can be held within the record. The file activity may also influence the choice for the size o f each record.

Data format

Each item o f data within a record can be held in a variety o f formats. The formats normally available are words, 
characters (1900 Series), bytes (System 4) and bits. Each item o f data should be considered individually and, by 
careful evaluation, the most suitable method o f holding this item in the record will be found. A  large amount o f 
space can be saved, for instance, by using a bit to indicate two-way conditions. A  1900 word can accommodate 
24 o f these conditions and a System 4 word can accommodate 32, one in each bit o f the word.

Once each item within the record has been considered the record should be looked at again in its entirety. It may 
well be that what is best for a particular item is not best for the record as a whole. Re-arrangement o f the order 
o f the items within the record may also produce a more beneficial result.

File activity

The team activity used in connection with a file refers to the proportion o f its records which are processed in any 
one run o f a program.

Any time spent handling inactive records is wasted, since these records do not contribute to the results. It would 
appear at first sight impossible to avoid at least reading, examining and writing forward every record, because a 
record is not found to be inactive for a particular run until it has been read and examined. However, in somejobs 
there are opportunities o f substantially reducing the amount o f wasted time.

When it is known that the inactive as well as the active records will have to be read, examined and written, it 
becomes important to assess the activity o f the file carefully, because it exerts a strong influence on the choice o f 
record and block layout. A  small error in the assessment may lead to a considerable increase in running time. As 
far as the inactive records are concerned, nearly all handling time consists o f reading and writing; examining the 
key takes a negligible time. The handling time is minimized by keeping the records as small as possible. However,
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it follows that all active records o f  the same type as the inactive records are also as small as possible and this 
arrangement almost certainly results in a higher processing time for the active records, due to expanding and 
contracting the information.

I f  enough records in the file are active, the extra processing time so incurred wiU exceed the time saved in input 
and outpyt.

The difficulty ofworking out the ideal record layout for a file o f given activity is increased if multi-record blocks 
are used. The distribution o f active records in the blocks will almost certainly not be even.

Data arrangement within a record

Data items withiri a record can be arranged in the following ways:

1 Variable field packing

2 Fixed field packing

3 Integral word packing

4 Combined packing 

V A R IA B L E  F IE L D  P ACK IN G

Each data item occupies the minimum number o f character positions which its value requires, non-significant 
zeros and spaces being suppressed. Items are separated by a specified separator character.

Records in which the items are packed in this way occupy the least possible space (both on the tape and in the 
input/output buffer). The time required to read or write the records is thus minimized. However, should it be 
necessary to process individual items in such records in any way, they must be expanded after the record has 
been read, and packed before it is written. Both the expanding and condensing routines require space in the store 
to hold tables, but a disadvantage which may be more serious is that they are both comparatively slow. Thus the 
read/write time is low, but the processing time is high.

A  group o f items which is usuaUy held in variable field form is a name and address or similar alphabetic fields. 
Individual items in a name and address are rarely handled independently. Thus expanding and packing time is 
kept to a minimum.

F IX E D  F IE L D  P ACK IN G

Each data item occupies a fixed number o f characters, which may be spread over two or more words, regardless 
o f its value. Any redundant character positions are filled with zeros or spaces.

Fixed field data items occupy more space on tape and in the input/output buffer than would the same data item 
held in variable field form. Thus the read/write time is greater than forvariable field data.

IN T E G R A L  W ORD P ACK IN G

Each word may contain one or more items, but no item may be spread over more than one word, unless it is 
more than one word in length. The greatest benefit is obtained from integral word packing i f  a complete word is 
allocated to each item which is frequently used in processing (or two complete words for each such item which 
is more than one word in length).

Integral word records occupy more space on tape and in the input/output buffer, and the read/write time is 
appreciably higher than for packing records.

C O M B IN ED  P A C K IN G

A  combination o f the above methods may be held within the same record. It is often desirable to arrange some 
data items in a record in one way, and some in another. Abnost every record contains at least one item which has 
to be handled by the program (to discover whether the record is active) and which is handled independently o f 
other items.

Sometimes there are other items occurring in each record which are frequently used and which are handled 
iridependently o f other items. Such items should not be packed without regard to the layout o f other items in 
the record. This ensures that the time taken for frequent processing is kept to a minimum.

It is usually best for integral word data to come first in a record,with fixed field data next and variable field data 
last. With this arrangement it is unnecessary for time<onsuming manipulation to be carried out in order to process 
integral word and fixed field data. In some languages (System 4 CLEO, for instance) this sequence is compulsory.
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IN TER N A L HANDLING FORMATS

To consider the effect o f the various methods o f holding data on the processing time the manner in which data is • 
handled in the computer must be considered.

Computer Internal data handlingformat

Fixed field (almost 
any length)

Integral word ( fixed) 
length)

1900 All types

System 4-30 All types

Other System 4 Alphanumeric data 
Decimal data 
Binary patterns

Binary values 
Floating point 
Data

Thus it may be seen that on all machines variable field packing necessitates unpacking and packing o f the data on 
input and output. This not only consumes processing time but also requires core space for the relevant tables. On 
1900 Series computers fixed field data also requires unpacking although on System 4 computers it is handled 
directly.

Sub-record

The record structure already described lends itself very weU to the concept o f holding the items o f data within 
the record in the form o f sub-records. It is a good idea if the data structure o f a file reflects the problem structure 
o f the program. Thus, the data in sub-records should reflect the requirements o f individual processing tasks.

An additional advantage o f this system becomes evident when amendments are required. I f  a record is structured 
into sub-records, any changes to the file can be restricted to insertion o f new sub-records or amendments o f one 
existing sub-record. In the former case no change will be necessary to existing routines and in the latter, only 
changes to routines handling the modified sub-record are necessary.

Summary

In designing records one must balance the saving o f media space o f the various methods against the processing and 
core requirements, bearing in mind the processing capabilities o f the computer.

In order to do this one must consider the manner o f holding each data item and the order o f the data items within 
the record. The activity o f a file can be a major factor in determining the size o f a record. Data records may be 
held on the file in a number o f ways. Each should be carefully evaluated as to its advantages and disadvantages. It 
is possible that for some jobs a combination o f  methods will prove to be the most successful in minimizing the 
runningtime.

Before the combination is finally decided upon, it must be verified that the proposed arrangement does not 
contravene any restrictions imposed by the programming language;conversely a programming language may be 
chosen to match the file handling method required. Structuring each record into sub-records which reflect the 
problems o f the particular program will facilitate any extensions or amendments to that file, as well as aiding the 
program structure in general.

B LO C K  F O R M A T

The next stage in the design o f a file is to determine the block layout and the block size. This in turn will deter­
mine the length o f the file and consequently the number o f reels or disc cartridges required. The block may 
contain a single record, two or more records, or a part o f a single record and the recoids maybe o f fixed or 
variable length. The size o f the block will also enable the time taken to read and write the file to be assessed, and 
it will then be possible to estimate the running time o f the program.

Record arrangement within a block

There are four possible relationships between records and blocks:

1 Each block contains a single record

2 Each record extends over two or more blocks
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3 Each block contains two or more records

4 Records are held in blocks, but without regard to the block length

S IN G LE RECO R D  BLO CK S

This arrangement is used mainly in programs which are calculation dominated. In general, reading and writing 
time is higher for single record blocks than for multi-record blocks, but this will make no difference to the 
running time o f a program which requires more time for its processing routines than is available from input and 
output for concurrent running.

Single record blocks may also be used when the input/output buffer cannot be made large enough to accom­
modate a block containing two records. However, in some cases it is likely that this problem can be solved by 
spreading the record over more than one block.

M U L TI-B L O C K  RECO RDS

Records are spread over more than one block only when some o f the records in the file cannot be wholly 
accommodated in the input/output buffer area. I f  records are held on more than one block, the planner should 
be particularly careful about the order o f information within the record. He should avoid such mistakes as holding 
opening balances in one block and closing balances in a later one, because store space wiU be wasted in the 
preservation o f the opening balances until the closing balances have been read. Information to be processed first 
should be part o f the first block and so on throughout the record. This technique assumes that the earlier block(s) 
may be updated without reference to the later block(s).

I f  some o f the information in the record is used very rarely, this should in general be held in the last block or 
blocks o f the record, while an earlier record contains information which would indicate whether, in a particular 
run, subsequent blocks contain active information or can be read and immediately written orjust read and 
ignored.

For variable field records some indication should be held within each block (other than the last) o f a particular 
record to show that the same record is continued in the foUowing block. I f  the record is entirely fixed field it is 
o f course known in advance how many blocks constitute a single record, and what information each block 
contains.

M U L TI-R E C O R D  BLO CKS

A block containg two or more complete records is the most common arrangement ofblocks and records. In 
general, blocks should be as large as space available for the input/output buffer allows. This minimizes reading 
and writing time.

O V E R S P ILL  BLO CK S

Deciding the relationship between records and blocks becomes more difficult when the records may vary in 
length, especially i f  the variation is great. For example, assume that the maximum record size is 600 words but 
80% o f the records are 360 words or less. The input/output area is chosen to be 360 words in length. Each block 
includes a character which indicates the presence or absence o f a continuation block following it. Each continua­
tion block is sufficiently large to hold the remainder o f the record. Tojudge the effectiveness o f this system 
suppose that the average size o f those records less than 361 words in length is 300 words, and the average size 
o f the larger records is 420 words. Then, for 80% o f the records the input/output buffer is filled on average to 
%  capacity, and for the remaining 20% of the records the input/output buffer is used twice, once to full capacity 
and once on average to V<s capacity.

Thus the effective usage is:

/ 80 . 5 + 20 + _20 l \  ,00%
\  120 6 120 120 6 /

which gives 75% usage o f the input/output buffer.

I f  the alternative method o f making the input/output buffer 600 words in length is used, then for 80% o f the 
records it is filled on average to 'h capacity,and for 20% o f the records it is filled on average to 7io capacity.

In this case the effective usage is:

which gives 54% usage o f the input/output buffer.
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Block layout

The various methods in which magnetic tape records may be composed into blocks are best represented 
diagrammatically. The methods for 1900 Series and System 4 computers are treated separately, as there are smaU 
differences both in layout and terminology.

1900 SER IES

There are two methods available. 

1 Unbatched records

Each block contains a single record, and each record has a record length (R L ) in the least significant 15 bits o f 
the first word o f  the record. This length includes the first word.

2 Batchedrecords

Each block may contain one or more records, and each record has a record length field as for unbatched 
records. There is no block length field at the beginning o f the block.

S Y S TE M  4

There are four methods available.

1 Fixed length unblocked records

2 Fixed length blocked records
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3 Variable length unblocked records

Each block contains a single record, but records are not all the same length. The first four bytes o f each block 
comprise the block length fleld (BL), the first four bytes o f each record comprise the record length field (RL ). 
Each o f these four byte fields contains the appropriate value, in binary, in the first two bytes and space 
characters in the remaining two bytes. The record length value includes the four bytes o f  the record length 
field, and the block length value includes the four bytes o f  the block length field.

4 Variable length blocked records

Each block may contain one or more records, and the records are not all o f the same length. Each block 
commences with a block length field and each record with a record length field, as forvariable length un­
blocked records.

F IL E  L E N G TH

When deciding upon the way in which records and blocks will be related on a file, the planner will automatically 
determine the length o f the file. I f  the block size is small, the additional number ofblocks and interblock gaps 
increases the length o f the file. The following example illustrates the effects on the physical file length o f packing 
80 byte records into different block sizes.
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I f  a file occupies more than one reel o f magnetic tape the additional overhead o f time taken to rewind and change 
the reel wiU be added to the file passing time. This overhead can be avoided providing there are sufficient tape 
decks available by preloading the fUes, that is, loading a reel on another deck before the previous reel has been 
completely read.

I f  the planner has the choice o f two file layouts, one o f  which ensures that one reel will suffice to hold the 
complete file and the other will not, the former will normally be chosen, but it must be decided whether the 
time saved by avoiding a reel change is greater than that wasted by using a layout which is inconvenient in other 
respects. With larger files spread over many reels, preloading will almost certainly be specified i f  two tape decks 
are available and the point mentioned above will not arise. However, since tape dedcs rewind at twice the maxi­
mum reading speed, it may be more economical to rewind and reload, i f  the additional tape deck could profitably 
be used for another program.

The planner should remember that one or two superfluous characters in a record will add considerably to the 
file length i f  the file contains several thousand or miUion records.

The planner must also remember that the file length which he has to consider is the length when the system is 
fully implemented and that a file which is well under one reel in length during the first few months o f computer 
processing may well grow into several reels at a later date. The growth factor should be considered.

Timing

It is necessary to estimate reading and writing times and the time o f  any processing that may occur so that the 
maximum advantage o f concurrent working can be taken. Speeds ofinput and output equipment are generally 
available in the appropriate hardware peripherals manual, and the time taken by individual processing actions 
can also be found.

A  warning must be given about input and output timing. The reading and writing speeds usually quoted are the 
theoretical maximum speed and an average effective speed. They are not intended for use when accurate timings 
for a particular file are required. Instead, the planner should use a formula to give the effective transfer rate, 
relating the reading and writing speed to the block size. The effective data transfer rate is a function o f the 
nominal data transfer rate (or reading/writing speed), the length o f the interblock gap, and the block size, and 
may be calculated using the following formula:

Effective data transfer rate = n _

i+n
x m characters or bytes/sec

where n is the number o f  characters or bytes in a block.

i  is the length o f the interblock gap in characters or bytes.

m is the nominal data transfer rate in characters or bytes per second.

However, even the speed given by this formula must be modified in some cases. The device being timed may not 
always gain immediate access to the channel i f  other devices are using it. I f  the other devices have comparatively 
few blocks, then timing o f  the device under consideration wiU not be much affected, but i f  they have a large 
number ofblocks, and write actions on the various tapes in the system are not evenly spaced, then the timing 
wUl be considerably affected. The latter case can influence the design o f the file, because in general it aUows 
processing time to be higher and yet still be concurrent with input and output. Thus it may be possible to 
condense information on the file which would otherwise have been held in-fixed field or integral word format 
because there was not thought to be sufficient processing time avaUable.

AC CESS TE C H N IQ U E S

Accessing inactive records on serial files

In some files nearly all the time spent in processing is on inactive records. This is wasted time because it does 
not contribute to the production o f results, so it becomes particularly advantageous to reduce this time wherever 
possible. Some methods for achieving this are now described.

IN SP EC TIN G  G R O U P E D  R ECO R D S

For files which are not highly active the time spent searching for active records can be reduced considerably by 
using the following technique, which applies to files in which there are two or more records in each blocks. The 
method consists ofholding at the beginning o f  each block the record key with the highest value in that block.
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After the block is read, the key is examined. I f  it is less than the key o f  the next amendment, then none o f  the 
records in the block can be active, and the block is written forward.

This technique can influence the planner’s decision about block length. I f  records are short and there is plenty o f 
store space available, it may be possible to have blocks o f thirty or forty records each. However such blocks 
cannot be dealt with effectively by the technique described, since even in very low activity files there will be few 
blocks without at least one active record. The average number o f  records in each block should be such that a 
worthwhile proportion 6 f blocks can be expected to contain only inactive records, provided that this length o f 
block does not result in an unsatisfactory balance between reading and processing time.

C H A N G E  F IL E  T E C H N IQ U E

In most jobs the master file is updated only on occasions when information is required for output. However, very 
large files often have to be updated two or three times before the file is used to provide results.

Exampleofchangefiletechnique

A  file contains 1,000,000 records, which is used to provide results every four weeks. The average number o f 
amendments that arises in each four-week period is 200,000. This represents a very large volume o f data vetting, 
sorting and updating which will almost certainly be spread over the whole period.

I f  processing is done daily, the average number o f records to be processed each day is about 7,000. I f  the file were 
updated every day, the program would have to write forward 1,000,000 records in order to amend 7,000 records. 
The change file system overcomes the problem by three stages o f processing.

1 Each o f the first day’s amendments (previously vetted and 
sorted) is read and the master file searched for the record 
to be amended. The amended version o f the record is 
written on the change file.

change file

~ i— r
Change Reports
file

Amendments Master
file

J___ L

2 On each subsequent day, each amendment is read, and 
applied to the appropriate record. I f  this record has 
previously been amended, it will be on the brought 
forward version o f  the change file; otherwise it will be 
on the master file. The newly amended record is 
written on to the carry forward change file.

Amend- Master
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3 After the change file has been updated on the 28 th day, 
it is used to amend the master fQe.

Change
file.

Master file

In the example it is apparent that the change file system offers great economy o f running time. In jobs where the 
number o f records on the master file is not so large, nor the number o f  amendments so comparatively small, the 
planner must estimate the running time o f both a change file system and a normal updating system before 
deciding which to use for thejob under consideration.

D IV IS IO N  O F  F ILE S

Another solution to the problem o f inactive records is to submit them for processing less frequently than the 
active records. This can only be done i f  it is known in advance which records are and which are not likely to be 
active frequently.

Example of division o f  fiies

A job  is concerned with preparing invoices for a manufacturer’s customers. The number o f customers is very 
large, but only 10% are considered to be major customers, that is customers to whom deliveries are made, and 
hence invoices sent, frequently. Invoices are prepared by the computer, and the master file contains one record 
for each customer. The file is processed daily, but on average is only 15% active. Therefore time is wasted in 
copying the other 85% o f the file on each run. However, i f  invoices for major customers are processed daily, the 
remainder only need be processed weekly. The only preparation required on the computer is to divide the file 
into two, one containing records for major customers, the other for minor customers, and a great saving in 
running time is obtained.

Modes of access

Magnetic tape is essentially a serial medium for holding data, and access must also be o f a serial nature. O f much 
more importance is the method o f  accessing data on direct access files. On direct access media files may be 
processed serially, sequentially via indexes or pointers, or accessed directly via indexes or address generation 
techniques.

F IL E  C O N T R O L

Although computer equipment is increasing in reliability, thus reducing the chances o f machine errors, human 
errors will always occur, and therefore file control procedures are a necessity for aU installations.

The main reason for control is to ensure that correct data files are loaded. It is always possible for an operator to 
make an error in file loading, particularly in a multiprogramming environment. It is therefore necessary for each 
file to have a unique identification which can be checked by the program at run time. In addition, for input tape 
files a check on the reel number is essential so that the correct loading sequence is maintained. For output 
magnetic tape files there must be security checks to ensure that data is not overwritten before it is obsolete. These 
types o f control are required in all installations and are not connected with the efficiency o f the equipment.

Error checks are necessary in order to ensure that incorrect data, caused either by a malfunction o f the equipment 
or, as is more likely,by a fault in the recording medium, cannot be accepted without warning o f the error 
condition. Controls and error checking procedures are provided by software routines so that they do not have 
to be rethought for each program, thus avoiding wastage o f programming effort, ensuring more efficient 
procedures and standardizing operating procedures. Obviously the software will require standard identification
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for fUes and will also aUow standard error checks and recoveries. More flexibility can be obtained i f  required 
options are provided for users’ programming routines.

These software checks are for operator and machine errors and do not replace program reconciliations which are 
required to ensure that aU data has been processed correctly and consistently throughout a suite o f programs.

Protection for direct access files

Two facets o f  disc handling make the approach to file control on disc different from magnetic tape. Firstly, while 
a tape will normally hold one file or part o f  a file, it wiU not be unusual for a single disc pack to hold several 
files concurrently. Therefore while with magnetic tape access'to a file can be restricted by off-line control o f the 
spool(s) o f  tape oh which it resides, for a file on disc the problems o f off-line control are magnified.

The second point is that on tape, once a file is set up it remains unchanged until the file is released and the tape 
re-used.Standard labels written to the tape when it was initiaUy set up uniquely define the set o f  data on the 
spool. On discs, as on magnetic tape, a file is identified by its file identifier. When the file is updated in situ, the 
file at the end o f  the updating run differs from the file at the start o f the run, but the file identification remains 
the same. Thus the identification no longer defines the data set uniquely. Standard label checking has no method 
o f distinguishing between a newly<reated file and the same file after it has been updated several times.

Furthermore when the file is created an expiry date is specified. Before this date is reached the file is totaUy 
protected, that is, it is a readonly file. After this date is reached it may be updated but it is also totally un­
protected and may be overwritten at any time.

The problem o f random access file protection falls into two areas:

File control

File protection

F IL E  C O N T R O L

The most obvious approach to implementing both a file control and a file protection system is to make use o f  the 
user label or area facility. This does not exist on System 4 indexed sequential files, but this approach can be 
modified slightly. Standard file control marks each file with the run number o f the program which created it, 
and also the program name forms part o f the file identifier. The additional information needed to implement 
full file control is:

1 The number o f times the file has been updated

2 The run-number o f the last program reading or updating it

3 The name o f the last program reading or updating it

4 The sequence o f programs which have accessed it

The control system implemented may not need aU the information but some wUl 
way any program accessing the file may ensure that the file has been updated the 
that it has already been processed by the correct program.

F IL E  P R O T E C T IO N

There must be control to ensure that a file is written to only by certain programs 
after a specified date.

The user labels may contain an indication o f which programs may open a file for updating, so that the label 
checking routine may reject the file if  the program is not permitted to alter the file (or not permitted to alter 
the file at this date).

On System 4 computers a file may be deleted in one o f two ways after its expiry date has passed: by closing it in 
a program with the keyword RELSE, or by submitting a DELETE parameter to disc housekeeping (which 
achieves the deletion in the same way). A  simple extension to the method described for file control will prevent 
any program from deleting any file which it is not entitled to, but disc housekeeping may be used to delete any 
file whose data has expired. In order to avoid misuse o f  this latter facility, a file deletion program may be 
designed and used to process all file deletions. This would read parameters to find which files may be deleted, 
open them, check that they are ready for deletion and close them with the keyword RELSE.

certainly be required. In this 
correct number o f times, or

and that a file is destroyed only
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IN D E X E D  S E Q U E N T IA L  F IL E S  O N  S Y S TE M  4

The foregoing suggestions would be implemented using the user area or label facility. However, this is not available 
on indexed sequential files. The same system could effectively be implemented on these files by holding the 
corresponding data in the first and last blocks on the file, with dummy keys.

Example

(00)i6--------<00)16(01 )16and(FF)16---- < F F )16(F E )16

IM P LE M E N TIN G  F IL E  C O N T R O L  A N D  P R O TE C TIO N

Any such system must derive its strength from the fact that it is standard, and its rules apply equally to all files 
and programs. The system chosen should be implemented in all programs for an individual installation. This 
procedure which has three advantages:

1 Increased protection

2 Standard operating procedures

3 Coding need only be implemented once

This last point may be achieved either by writing the control routine entered on opening and closing files as a 
macro or by compiling a standard check routine as an independent module or segment which may be linked to 
all disc handling programs.

R E C O N C IL IA T IO N S

The purpose o f reconciliations is to ensure that data which has been accepted by the computer system is not lost, 
duplicated or corrupted. This could easily be done in a system where the final output should correspond 
completely to the initial input; unfortunately, most computer projects are more sophisticated than this and 
reconciliations have to be designed individually for each file or program.

By far the most frequent cause o f reconciliation failure is a program error. Reconciliations should be designed to 
detect an error at the earliest point possible, with the aim o f minimizing reprocessing.

There are three main types o f reconciUation:

1 Validation o f  the contents o f  a file held on backing store

2 Validation o f  an updating process

3 Validation o f  a calculation process

The first type o f  reconciliation consists o f accumulating control totals as the file is written, recording these totals 
at the end o f  the file, accumulating the totals again when the file is read (either by a different program or, in 
the case o f  a brought forward/carried forward file, by the following run o f the same program) and comparing the 
totals held on the file with the newly accumulated totals.

The second type o f  reconciliation consists o f accumulating totals for applied amendments and records written to 
the carried forward file and relating these to the totals held on the brought forward file by checking that the 
brought forward total + amendments total = carried forward total.

The third type o f reconciliation is not normally required in commerical programs. It may sometimes be desirable 
when statistics are being accumulated to various positions o f a stored matrix to incorporate a check, which might 
be the sum o f  columns (or rows) = control total o f input data. This can be considered as an extreme case o f the 
second type o f reconciliation.

Another use occurs when rounding o f f  o f individual items is being performed after a calculation and where a 
comparison may be made with the result o f  rounding after the same calculation is performed on the sum o f the 
items. This is mainly useful where the calculation is fairly involved.

It is important to understand what these reconciliations achieve. The first proves that all records which were 
thought to have been written to the file were in fact written. The second that all records which were written have 
been recognized by the reading program. The second proves in addition that all inactive brought forward records 
have been copied to the carried forward file and that changes to the main file are consistent with the accepted 
current data. The third reconciliation shows that important quantities or values have not been corrupted. In each
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case the reconciliations prove that the contents o f  the files are consistent with the processing that has been carried 
out, not that this processing was correct.

Both o f  the first two types o f reconciliation should always be incorporated in commercial programs. However, 
there is some choice as to the number o f  control totals for each file.

A  count b f the number ofblocks on the file will often be maintained by software routines. In some cases it may 
be required to keep a count o f records on the file. Beyond this totals may be accumulated for important values 
and quantities within each record.

A  balance must be struck between the increased possibility o f detecting processing errors and the cost o f providing 
additional reconciliations;maximum use should be made o f totals which have to be accumulated for other 
purposes. To avoid the possibility o f compensating errors, cases where amounts are added to and subtracted from 
the same total should be minimized, separate counts being kept o f positive and negative amounts wherever 
possible.

Reconciliation requirements should be written into the program specifications with particular care, as this is a 
field where ambiguity flourishes, with dire consequences. The action to be taken in the case o f a reconciliation 
failure should be written into the operating instructions; it is very seldom that the operator should be given the 
option o f continuing, since a program which has failed to reconcile correctly is generally suspect. The fault should 
be ascertained and cleared before the program is used again.

When preparing estimates for the running time o f a program or suite, the time taken to accumulate control totals 
should be assessed and included in the total.

Reconciliations with restarts and re-runs

With files which have been set up so that they can accommodate restarts and re-runs, reconciliations can 
also be performed for each group o f data. There may be a natural grouping in the data. The checking by restart 
group can then consist o f checking for each natural group that falls entirely within the restart group and check­
ing the totals to date for any natural group which overspills the end o f a restart group. There must then be a 
check that all natural groups o f data have been processed. Overall totals may be in the process o f being formed 
for statistical or outside control purposes. By making all o f these the totals which check the validity o f re-runs, 
the validity o f already despatched totals will be ensured i f  it becomes necessary to perform a re-run.

The standard principle o f checking file updating is by means o f a reconciliation o f the form:

Brought forward file control total + current file control total ± amendments not arising directly from the current 
file = the sum o f items written to the carried forward file.

With the reel changes o f the main output file as the basis o f restarts and re-runs there is a difficulty in that the 
input control figures are not available for the restart groups. It may be necessary to divide the check into:

1 Brought forward + current ± amendments = carry forward 

where all figures are accumulated over the restart group.

2 Brought forward control = brought forward accumulated

3 Current control = current accumulated

where in each case a grouping on the input file is the basis o f the points at which the check is made.

In case 3 the group may be the complete file.

This isjustified on the grounds that the normal reason for restarting or re-running is not the failure o f reconcilia­
tions and hence the detection o f such a failure is not logically tied to the restart group.

It should nevertheless be possible to check the validity o f reconciliations (2 ) and (3 ) on a re-run. This will mean 
holding totals for the input file groupings to date, since some totals will be checked on a re-run. It is extremely 
important that all totals are fully defined as to their contents and layout. It must, for example, be clear what is 
being added into the total for each item and over what data the total is accumulated.

The reconciliation problem is present to a lesser extent in file search programs with respect to the subsidiary input 
file(s) and may be solved in a similar way.
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S U M M A R Y

The planner’s main aim when designing files should be to allow each file to be processed as quickly as possible 
without demanding too much store space for the input/output areas or the file handling routines.

The best approach is to determine a structure which gives either the minimum reading or writing time, or the 
minimum processing time.

The minimum reading or writing time should be used as a basis, when:

1 The file is to be submitted to a sort program or some other program where read/write time must be minimized.

2 The activity o f the file is calculated to be less than about 10%. Blocks, and therefore buffer areas, should be 
made as large as possible. Records should be kept as small as possible.

The minimum possible processing time should be used as the basis for all other files. Theonly items which should 
be held in condensed form are those which are rarely handled independently. Single record blocks may be used to 
reduce overall processing time unless their length is likely to vary too much.

When the planner has designed the structure to be used as a basis, the total time needed for processing the file 
must be calculated. The planner must be prepared to modify the structure until an acceptable time is achieved. 
Having determined the structure o f the file, the pUnner should provide a high degree o f control so that the file 
cannot be corrupted, and should ensure that suitable facilities are available for reconstructing any damaged files.

4202(4.70) 109





Appendix 6 Program specification

A  program specification is in three sections. The first two sections are the same for all programs in the suite. They 
give the overall picture o f  the project and the information should be extracted from the systems or outUne suite 
specification. The remaining section gives the detailed information for each particular program. Where the 
inclusion o f detail in a section would interrupt the flow o f  the narrative the information should be included in 
an appendix which would be referred to in the section itself.

Suite introduction

This section is intended to give the programmers a general idea o f the overaU scope o f  the project. The section is 
in three parts.

B A C K G R O U N D  O F  T H E  P R O JE C T

A  general description o f the organization or department for which the job is to be done, and in particular o f those 
areas and procedures which thejob will affect. Details o f the departmental communication system for this 
project may also be included.

T H E  JO B  T O  BE D O N E

An explanation o f the need for the principal tasks and a brief description o f  these tasks.

G L O S S A R Y  O F TE R M S

Definitions o f  all terms used in the suite which are not Ukely to be selfexplanatory.

Suite organization

This section is intended to show the programmers the overaU design. The section is in two parts.

D IV IS IO N  IN T O  PRO GR AM S

A  brief description o f the purpose o f each program and how the programs relate to each other.

O R G A N IZ A T IO N  C H A R T

A  copy o f the suite organization chart showing aU input and output and when each program is run.

Program description

This section gives the programmer the detailed information which is needed in order to produce the program.
The section is in thirteen parts.

ID E N T IF IC A T IO N

The program name and identity which are to be used in all references to the program.

IN T R O D U C T IO N

An explanation o f the purpose o f the program including the following:

Main results to be provided for external use

Results to be provided for input to other programs

Data provided extemally

Data provided by other programs

Times when program is run
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C H A R A C TE R IS T IC S

This includes the programming language to be used and the estimated computer run time. When a program is 
being divided into routines which are to be treated as independent entities, or where a program is to be segmented, 
a list o f  the names o f each module or segment and the language to be used should be given.

TASKS

A  brief statement o f the procedures to be carried out by the program, given approximately in the order that they 
occur.

D A T A

A detailed account o f all input files. For each file the following information must be given when applicable: 

Medium (cards, magnetic tape, etc.)

File identity

Type oflabels, (standard, non-standard)

Block size and record format 

Constituent records and sequence on file 

Volume 

Source

For each record in the file the following information is required:

Number o f  occurences 

Constituent items-name

size (including fixed or variable or column numbers) 

units in which held

range, (maximum and minimum values) 

optional or mandatory

Specimens o f data forms should also be included i f  available.

The record details and specimens should be relegated to an appendix.

R E S U LTS

A  detailed account o f all output files. The information required is the same as in sub-section Data, with Source 
replaced by Destination. The record information for print files is best shown on a print layout chart and must 
include details o f zero suppression required and number ofline feeds.

Specimens o f  pre-printed stationery should be included i f  available.

PROCESSING

A  description o f all processing required to convert the data to the required results. Where the program is divided 
into independent routines the processing should be described for each routine.

The details which should be included are:

Special start procedures

Validity checks for input data

Consistency checks

Formulae for calculations including rounding required 

Check digit calculations 

Use o f tables

File handling, particularly i f  not using standard software

112 4202(4.70)



Pre-printed stationery alignment routines

Complex condition testing, or matching

Main path processing and any optimization requirements

Details o f irregular processing runs

Special end procedures

Notes on segmentation

This information should be presented in the most convenient form for the subject, for example notes, formulae, 
decision tables.

R E C O N C IL IA T IO N  A N D  C H ECK S

Details o f check totals and methods o f reconciliation, for example, if  a hash total check is required and exact 
details o f the items to be included must be given, or i f  an input/output reconciliation is necessary the exact fields 
to be included and the comparison to be made must be given.

R E S TA R T S  A N D  RE RUNS

A  description o f  the restart or re-run procedures which are to be incorporated into the program. Details must be 
given o f the output to be made in order to be able to restart, and also o f the method by which the program is to 
be restarted or re-run. The data grouping for restarts and re-runs must be included.

ER R O R  C O N D ITIO N S

Details o f error conditions which are the communication with the operator. The circumstances giving rise to the 
condition, the log message, and the alternative actions to be allowed must be included.

O U T L IN E  F L O W C H A R T

A  copy o f the outline chart, showing the basic stmcture and logic o f  the program.

T R IA L S  PLAN

A  list o f  the various cases, and combinations o f  these, which must be tested, for example insertion, deletion, 
insertion followed by amendment. Error conditions should also be included. Details o fhow  data is to be grouped 
for different stages o f testing, for example normal, error conditions.

APPEN DICES

File and print layouts and any other detailed information.

Supporting documentation which is produced while the program is being developed can be inserted. Forms are 
obtainable from ICL. Specimen forms are shown on the following four pages.
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Data Programming
processing stationery

Use

Title Program/segment ref.

Prepared by: Date: Checked by: Date:

Page of

FORM C6/2S{7.69) ©  lnt*rnatiohal Comput*rt Limltwl 1960 Prlntod In GrMt Britain by ICL Printing SarvlcM LPtchworth
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i ^ ^ (  Data Count|m odifier 
| ^ ^ L  processing record

P r o ^ a m n w  P r o y m / w g m > n t  ref.

L o c . Deacriptk>n o f  u »  C o n te n t S e t b y  M o d . b y  A m o u n t  T e s t e d b y  
______________________________________________ _______________________________________________________________  < F .C .r e f . )  I F .C . r e f . )  __________________ (F .C .  ref.)

F O R M  C 14 / 4 (1 1 .6 8 ) . D ln t w n i t l o M l C om putO T* L Im h w d 1 9 6 6  Pr n W d  In Q r M t  8 r lt t ln
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| f * |  Data Sw itch ^ .
| \ ^ L  processing record -----------------------------------
®  ^^^ ^  ^ ^ ™  Program/Segment ref.

Switch Description lnitiai Set by Unset by Tested by 
number________ of use______________________________  cond. (F.C. ref.) {F.C.ref.) (F.C. ref.)

F O R M  C 1 4 / 1 3 (9  6 8 ( y  iM i, n m p iiti:r 'j L i .m l. f1 1'J<><* P fm U ;<l ii f in : ; i l  B fh<tin
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1 ^ ^ 1  Data 
( ^ ^ ^  processing

F.C. A rtw  (Specify heft, entry point or dftpieyed me— ge)
ref.

FORM C14AI 8<9.M) ©  lw tern ttow l  C om pu tf* Lhwfted 1—  PrlntedlnQrM tBrftaln

Halt
and
entry
point
record

Programmer'

Program^egment ref.

4202(4.70) 117





Appendix 7 Routine specification

The contents o f a routine specification should in most cases be sufficient for a programmer to write the routine 
without referring to the program specification. However programmers writing routines should always have access 
to the program specification so that they can see where their routines flt into the whole program.

The headings and content to be included are as follows:

Identification

The routine name and identity to be used in aU references to the routine.

Characteristics

This includes the language to be used and, except for subroutines, the name o f the higher level caUing routine. 

Interface definitk>n

A  detailed list o f aU the higher level external references to be used by this routine. This list should contain the 
following for each reference:

Reference number

Name to be used. This is normaUy the external reference but for subroutines may be an internal reference. 

Format o f item 

Contents on entry and exit

Processing

Details o f  processes to be carried out. This can be extracted from the program specification or can be references 
to the appropriate sections o f  the program specification.

Flowchart

A  copy o f  the higher level flowchart containing this routine, or the highest level chart for this routine. 

Supporting docummtation

This section is built up during the writing o f  the routine and should include any information which may be o f 
help in maintenance:

A  Ust o f  caUed routines and subroutines

A  list o f data references used in caUlng lower level routines
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Appendix 8 Restarts and re-runs

Throughout this appendix volume is used to mean a physicaUy discrete quantity o f  a particular data storage 
medium, such as a magnetic tape reel.

This appendix discusses the advantages and disadvantages o f using various methods o f  restarts and re-runs, and 
suggests techniques which optimize these methods.

The need for restarts and re-runs occurs when it is necessary to repeat the processing o f a program run. There are 
two options: firstly where the original processing has been tenninated before completion; secondly where the 
original run has been completed but it becomes necessary to repeat part o f  it. A  restart wiU enable processing 
which has been terminated before completion to recommence from a specified point, other than the beginning, 
and to continue until the end o f  data has been reached. A  re-run wiU enable processing which has been completed 
to recommence from a specified point, including the beginning, and to continue to a further specified point, 
other than the end o f data. I f  the program is to continue to the end o f  data, the run should be processed as a 
restart or a normal run.

R E S T A R T  Q R O UP S A N D  P O IN TS

To permit the use o f restart and re-run procedures, information about the files, store areas and registers associated 
with the program is preserved at certain points during the run, to aUow them to be set up at some later date 
exactly as they were at this point. This information may be dumped to a file associated with the program, 
possibly but not necessarily used only for that purpose. In the case o f  disc operating systems this file may be held 
on the system disc.

At the beginning o f a restart or re-run this information is used to set up the job in the computer in the same 
state as it was at that point in the original run: files are aligned, registers restored and so on. Processing then 
continues normally, ending at the proper run end in the case o f a restart and at another intermediate point in the 
case o f  a re-run.

The information between two points is known as a restart group, and the points themselves are caUed restart 
points.

Types of restart groups

Care must be exercised in dividing the data into suitable groups for restarting and re-running purposes. The 
method which is selected wiU depend on the type o f  program and the amount o f data. There are three main ways 
available to the planner for making the division.

T IM E  G R O U P

In programs which involve a large amount o f calculation but have relatively small files the group can be made to 
correspond to a period o f  time, for example, the length o f  time taken to go round the main loop a specified 
number o f  times, or the time taken to perform a certain amount o f  calculating. Before using the clock on the 
machine as a basis for arriving at the time which has elapsed since the last restart point, the effect o f  multi­
programming should be considered.

L O G IC A L  F IL E  G R O U P

In many programs the input or output data automatically falls into separate groups o f  data within the complete 
file, such as staffing departments within a company or ledger groups. These may provide acceptable restart 
groups, where each group takes approximately the same time to process and this processing time is suitable for 
restart and re-run purposes.
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PHYSICAL FILE GROUP

A  further type o f group is the physical file group. In a program with punched card input data for instance, each 
box o f  cards can be used to denote a restart group. Similarly for a multireel magnetic tape file each reel o f  the 
tape can be used as a restart group. Thus where additional programming for a file might be expected in any case, 
the physieal divisions o f the file can be used as the basis o f  restart and re-run groups, provided the time taken to 
process these divisions o f  the file is found to fall within acceptable Umits.

C H O IC E  O F  R E S T A R T  G R O U P

When considering’the placing o f  restart/re-run groups it is the processing time which largely determines the size 
o f the group. The planner must decide what is to be the optimum time interval for each group.

It is generally accepted that if  a program wiU run for less than half an hour it does not need restart and re-run 
facilities. The saving in cost o f the extra programming and housekeeping involved outweighs the advantages o f 
including such facilities. There is a running time overhead as well when the restart and re-run facUities are included 
in a program. This overhead wiU depend partly on the amount o f  information which is to be dumped. The most 
acceptable time between restart/re-run groups would depend on the requirements o f the instaUation, but for 
most installations would be between 10 and 20 minute groups. The running time for restart/re-run groups for 
data vetting programs is likely to be appreciably less.

It is worth noting that i f  a program has a low priority when multiprogramming, then groups will probably be 
processed more slowly than when single programming. In view o f  this it is possible that restart groups occurring 
at about 5 minute intervals when single programming would give an acceptable running time per group under 
multiprogramming conditions.

This time constraint is essential not only for the initial file structure, but it must continue during alterations 
to the data in the files, including any insertions and deletions. In considering where the restart points are to occur 
it is also necessary to determine the amount o f  extra processing that will be implied in the original run at each 
restart point, at the point o f commencing a restart or re-run and at the point o f  terminating a re-run. A  balance 
has to be struck between the need to minimize normal mnning time and the need to minimize inconvenience 
and cost o f restarting and re-running.

When the restart structure is based on a file group, it must be decided which file is to be considered.

Input file

The restart group is a subdivision o f one o f the input files. Programs which are suitable for this method are for 
example, a program that searches a large input magnetic tape file, extracts a small amount o f data, and writes 
this onto an output file; a data vetting program which reads data from paper tape and writes the vetted data onto 
a magnetic tape output file. With this type o f group the information required to perform a restart o f  a re-run 
will be dumped onto one o f the output files, with some form o f identification so that the point can be located 
when necessary.

Output file

The group is a subdivision o f one o f the output files. Programs which are suitable for this method afe, for example, 
a program updating a multireel magnetic tape file where each reel o f the updated file could be regarded as a 
group and as such would be headed by restart information; a file maintenance program where the group is based 
on the main file being produced. In this type o f group the dumped information is usually held at the point where 
each group begins on the output file.

Economics of restart groups

When considering time intervals, it should be remembered that frequent restart points will increase the amount o f 
storage space required on the dumping medium, and the program will probably become peripheral-dominated.
This increase in storage space may be a crucial factor i f  the file security method used is the Grandfather, Father, 
Son technique.

Summary

Whichever method o f grouping is used, there are certain conditions which should be remembered. The groups 
should take approximately the same processing time, the physical size o f the groups should remain the same in 
spite o f alterations to the file, or if  a group size changes, all groups should change proportionately. I f  the time 
interval increases beyond the acceptable limit, then an easy method must exist for adjusting the groupings.
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In $omejobs there will be a fairly obvious naturaldivision in the data which can provide a ready-made restart 
structure. In other jobs it wiU be posable to usethe physical divisions in one o f  the data files. Otherwise the 
planner wiU have to select groups according to the amount o f  processing that can be carried out within the time 
interval allowed for one group.

D UM P IN G  R E S T A R T  IN F O R M A TIO N

There are two approaches to dumping information for restarts. The first is to dump the program so that it may 
subsequently be re-fed. The second approach is to assume that the program is fed in as for a normal mn when a 
restart run is required. In this case the initializing routines o f the restart entry procedures must set up any special 
conditions.

Dumping the program

The entire program area, registers, file information and so on are output. A  restart is initiated by reading the 
dump back into the same area o f store, setting up registers, aligning files, and entering the program at the point 
specified for restart entry. This is all achieved in PLAN by means o f  the Dump facility, and in Usercode by means 
o f the Checkpoint facility, in conjunction with the restart facilities. This method o f controUing restarts has the 
advantage that it minimizes the extra programming required in most programs. This is particularly important for 
complex programs which alter themselves in store. The Dump and Checkpoint facilities are supplied as standard 
ICL software, so require very little user programming to output the restart information and initiate the restart. 
Also, by using standard ICL software for handling restarts, operating instructions and procedures are simplified.

A  disadvantage o f this approach is that much o f the information that is dumped is not required for restart 
purposes, and this takes up a large amount o f storage space. This may mean that a separate file has to be used to 
hold the dumped information. I f  a magnetic tape file is to be used for this purpose another tape deck would be 
needed, although i f  the dump file is to be held on disc it could use a cartridge already associated with the program. 
I f  only the most recent dumps are required, as a safeguard during the run, but not to be kept once the run ends 
satisfactorily, they can, under disc operating systems, be output to the system disc. Normally only the latest 
dump would be available, because in order to save space, each dump would over-write the previous dump. The 
program dumping method has the weakness inherent in re-feeding the program from a source where it may have 
become corrupted and causes an additional overhead at every restart point rather than just at the point o f 
restarting. The Checkpoint facility has the additional disadvantage that i f  a restart becomes necessary because o f 
a program error, then a restart can only be achieved by amending the program and restarting it at the beginning 
o f the run.

Dumping specific information

The program only outputs infomiation about the registers, files and the current state o f running totals, indicators,, 
flags and so on. Thus by outputting only that information which is essential to the setting up o f a restart the 
core store required can be significantly reduced. A  restart is performed by loading the program in the normal way, 
but indicating by means o f a parameter that it is not a normal run. The program contains its own file alignment 
and setup routines, written by the user.

This method o f  restarting also has its disadvantages, the principal one being the amount o f extra programming 
involved, with consequent increases in implementation time and storage space. The increase in storage space 
could be overcome to a certain extent by using overlay techniques. Whether or not a separate file is used for 
restart information again depends upon the space available on the normal output files Compared with the 
availability o f  magnetic tape decks or disc space as alternatives. This method may also be rejected because o f  the 
non-standard aspects o f  operating procedures which would be required. However if  the advantages o f such a 
schenle outweigh the disadvantages then it could be made the standard for a particular installation.

R E -R U N  T E C H N IQ U E S

A re-run is made on multi-volume and on lengthy input processes when there is a need to reprocess parts o f a file 
after the initial file has been completed. A re-run may process either a single volume o f a multi-volume file, or 
part o f a single volume. In the first case the re-run would replace the old volume with the new. In the second case 
the re-run would be made onto a new volume.

Merging the re-run results

The ease o f merging re-run results depends largely on the nature o f the data groups and on the media holding the 
results. There should be no problems in merging the results from a print program re-run, the only possible errors 
occurring in the clerical control required to prevent the old results being distributed.
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There are two approaches to merging which should be considered:

1 The user program is written in such a way that the results from the re-run and the original results are merged 
during the re-run o f the user program

2 The re-run results are merged by a separate merge program, which is probably part o f the instaUation software 

M ER G IN G  IN T H E  USER PRO GR AM

Multi-group volumes

I f  a single volume contains more than one restart group, the original results for each group are copied to the new 
file until the start o f the group to be reprocessed is recognized. The re-run data is then processed and new results 
produced and output to the new file. The original results for this group are omitted and the results for the 
remainder o f the original groups are copied to the new file, running totals and reconciliation figures being updated. 
This method could allow any number o f non-consecutive groups to be re-run at one time, provided that they are 
submitted in numerical order.

It might be wasteful, i f  not impossible, to start this method using restart software, since output files would be 
aligned to the point o f the restart, and would have to be re-aligned and opened for input for copying to take 
place. The amount o f wastage depends to some extent on which system is being used for restarts. I f  magnetic 
tapes are used then the time wasted is considerable; with discs only head movement is involved. Against this time 
wastage should be weighed such points as the time involved in programming start routines and the expected 
frequency o f re-runs.

Another objection to this method is that every file used for output for a normal run must use a new file for a 
re-run. Although this is feasible, it may be considered operationally undesirable, expeciaUy i f  there is more than 
one output file. I f  the files were held on magnetic tape, then twice the number o f tape decks would be required.
I f  they were held on disc, it might be possible to hold the old and new files on the same disc, but the input/output 
timings would be considerably increased. I f  the old and new restart groups were the same size, updating in situ 
might be possible.

On fast processors, the time used to copy is the same as re-running the complete program unless the re-run 
procedures are designed such that only the volume containing the current restart group is copied.

Single-group volumes

I f  each volume holds one restart group and begins with the restart information for that group, the merging 
process required is basically a matter o f substituting the new volume for the old. However, in some cases, it 
would be inefficient to amend running totals in subsequent volumes at re-run time, since every volume would 
have to be loaded, copied i f  it was on magnetic tape,and amended. To avoid the need for this, the subsequent 
program(s) reading the file could account for re-runs when carrying out reconciliations, provided that the 
difference between old and new totals is obtainable. This method does have the advantage that it does not 
require any extra files during the re-run. The disadvantage o f using this method is that it might not be possible 
to ensure that the re-run is satisfactory until the next program has read the entire file and checked reconciliation 
totals. The amount o f re-running then required to correct errors might be considered unacceptable.

When dealing with single^roup volumes, it is important to ensure that a re-run does not produce a group too 
large to hold on one volume. This may be overcome by counting the number ofbytes or words used and forcing 
an end o f volume condition on the file during a normal run. This number should include a margin for expansion. 
This will work only i f  no program amendments affecting this counting are incorporated between the run and 
the re-run. This is not likely to happen during operational running, when an amendment o f  thfc nature would 
almost certainly mean re-running the complete file.

I f  this method is used for magnetic tape files, a note should be included in the operating instructions indicating 
the minimum length o f magnetic tape reel which will be acceptable to the program, since it is sometimes the 
practice to cut magnetic tapes into a number o f short reels for the sake o f  economy, or to cut o f f  damaged 
portions.

M ER G IN G  B Y  S E P A R A TE  PRO GR AM

When several programs in a suite orjob contain re-run facilities it will probably be more acceptable ifjust the 
new results from the program being re-run are written onto a new magnetic tape file at the re-run stage, instead 
o f copying all the original results onto the file as well. The original output file and the new output file are sub­
mitted to a separate merge program which locates the original version o f the re-run group, replaces it with the 
new version, and amends any subsequent totals in the file, producing a new output file. The advantages o f  this
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system are that the merge program can be comparitively small and hence multiprogrammed, that it will cut 
program writing time becuase the merge program is only written once for several programs instead o f separate 
merging routines being written into each program, and that the running time o f  the processing program is reduced 
because unaltered restart groups need not be copied.

This type o f merge program would probably be produced for the use o f more than one suite o f programs. It may 
be a speciaUy generated merge program or a combined sort and merge program incorporating the user’s own 
coding which might be used to form a part o f an installation’s own software. This means that totals records must 
be designed in standardized formats and that the program may impose restrictions on the choice o f block sizes.
It should also be designed such that it can accept output files from both high and low level languages and it may 
cater for both tapes and discs. The program should report any reconciliation discrepancies encountered during 
the merging process.

A  possible organization for this program is to code it in a modular form such that parameters submitted at the 
time the merge is required would call in the appropriate modules for sorting and merging tapes or discs, thus 
reducing the amount o f coding space required in the store during the running o f  the program.

Use o f such a program minimizes the user programming effort and standardizes merging procedures. No extra 
files are required during the re-run o f the user program. The methods described for single^roup volumes apply 
equally to this method. However, this method is preferable i f  the reconciUation in the foUowing program is 
rejected, since the operators can delay the merge program until more time is available for loading and unloading 
tapes or discs. In such a case, the merge program could be run at a high priority with another program which 
has little peripheral activity.

The use o f a separate program to perform the merging process is generally more favoured than other methods and 
is often a standard feature o f an installation, rather than simply a member o f  a suite o f programs.

R E C O N C IL IA T IO N S

A  further requirement o f  re-runs is to ensure that the original tapes and the re-run tapes have processed all the 
data input to the program. This means that there must be a close interrelationship between the reconciliation 
system o f the original run and that o f  the re-run.

In particular, i f  volume changes are to be used as restart points, the amount o f data written on a re-run must be 
that written on the original run. This may be done by setting up a count o f data characters and forcing end o f  
volume on the original run, but it must be ensured that no program amendments which can affect the length o f 
the controUing file have been incorporated between the original run and the re-run. It is not, in general, 
satisfactory to reply upon the subsequent program to check that the re-run has been successfuUy completed 
when that program reads the file, since the amount o f re-running then necessary might well exceed the satisfactory 
level.

One suggestion is that the reconciliation information from the original run may be extracted from the next 
restart dump, for comparison with the new totals.

F IL E  C O N T R O L

When performing restarts and re-runs there must be stringent control o f the files to prevent wrong volumes being 
used. Standard labeUed files are uniquely identified by the file identifier, the run number, and the re-run number. 
In addition there is a volume number, to identify the sequence o f the volumes within the particular file. These 
fields should aU be checked before using any volume to perform restarts or re-runs.

R E S TA R T S  A N D  R E -R U N S  B Y  T Y P E  O F  P R O G R AM  

Data Vetting programs

One o f  the most common types o f  data vetting program is represented by the top diagram overleaf. This consists o f 
one input file, on paper tape, punched cards, or document reader containing the raw data to be vetted. The 
program produces two output magnetic tape files, one containing accepted data, the other containing reports 
on rejected data (and, possibly, totals o f  accepted data and so on, for off-line printing).
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A  more general representation o f data vetting program is shown in the following diagram:

The input data to be vetted is denoted by file 1, normaUy on paper tape, punched cards, or document reader. The 
other input file, file 2, denotes a magnetic tape file for reprocessing o f data rejected in earlier runs. File 3, an 
output magnetic tape file, contains accepted data in a form suitable for processing by the next program in the 
suite, usuaUy with a sort program in between. File 4 is the reports file, containing reports on rejected data and 
reconciliation totals, both o f  which require printing. This file is normaUy a magnetic tape file with data in a 
form suitable for off-line printing when required. In some systems this file may be a paper tape file, or an on­
line print file. In this case, in order to perform satisfactory restarts and re-runs, some form ofheading would be 
required on these media to indicate which portion o f the data had been processed.

S U G G E S TE D  M E TH O D

The group for restarting or re-running is taken as an integral number o f boxes o f  punched cards, reels o f  paper 
tape, or batches o f documents. The exact number o f boxes, reels or batches in a group partly depends on the 
operating circumstances, and program and system designers are advised to check with the operations manager 
that the grouping decided upon is acceptable. This grouping also depends upon the amount o f  input data to be 
processed for each box o f  cards or reel o f paper tape. One possible grouping on this basis is for programs to be 
able to restart at each box o f  punched cards and at every five reels o f paper tape, where a box contains approxi­
mately 2,000 cards and a reel o f paper tape is about 300 feet in length and contains approximately 30,000 
characters.

The restart group number should be included at the start o f each reel, together with the reel number. Reel 
numbers should, however, be consecutive throughout the input file, and not numbered from the beginning o f 
each group. This will satisfactorily ensure that the omission o f a reel o f data is detected as quickly as possible.

A  log comment giving the number o f the restart group which is about to be processed, may be generated by the 
program at the start o f each restart group. This comment will enable operators to recognize which group is being 
processed at any time during the run. Therefore, if  the program is abandoned, and a restart or re-run is necessary, 
the restart point wiU be known.

During processing a program may write the restart information onto the output magnetic tape file at the start o f 
each restart group. This information may be produced by issuing the Checkpoint or Dump macro. On System 4 
computers a user program can be used to output its own restart information in the form o f an alignment block.
A totals block can also be output, preceding the alignment block, giving the total number o f items in the previous 
group and the number o f  items currently on the file.

T O  R E S T A R T  T H E  PRO GR AM

I f  the Checkpoint or Dump facility has previously been used, a restart is effected by using the appropriate 
software restart routines. These routines align all files and set up the program from the dumped information. 
Parameters must be input to specify which restart point is required.
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I f  the Checkpoint facility is not used on System 4 computers, the type o f  run must be specified at the start o f 
each run. For restarts the program should read and check any control data submitted to the run. The output 
file which contains the restart information should then be opened as an input file and aU remaining files 
associated with the program are opened as for a normal run. The consistency o f  aU these files is checked. The file 
containing the restart information is then run on to the appropriate restart block(s) and the restart information 
extracted. This is used to reset the relevant store areas, registers, etc., and to realign aU the files. The restart.file 
is then converted to its original use as an output file and processing can continue. It is essential that any failure 
during the restart procedures should be reported immediately and operation runs would normally be abandoned.

In some cases it may be preferable to start fresh output reels for the results o f each group, (either the file contain­
ing the accepted data, the reports file, or both.) I f  this is done then restarting can be greatly simpUfied because 
instead o f having to align the output files, new reels are opened.

T O  R E -R U N  T H E  PRO GR AM

I f  the Checkpoint or Dump facility has previously been used re-runs are performed in the same manner as 
restarts.

I f  the Checkpoint facUity is not used on System 4 computers, an indication must be given to the program at the 
start o f  the run to indicate that a re-run is taking place. The associated control data is read, and checked. All files 
are opened, the original magnetic tape file containing the output results being opened as an input file. The 
consistency o f these files is checked. The information from the original run held on the magnetic tape file is 
copied to a new magnetic tape output file, file A , until the first group requiring a re-run is reached. At this stage 
there are two possible methods o f continuing.

1 A  new output file, file B, is used for the re-run group(s) and processing continues as for a normal run using 
this file for output until the last group specified by the control data has been processed. The input magnetic 
tape file is now run on until it is also aligned at the end o f  the last re-run group as specified by the control 
data, and any remaining data on this file is copied onto the output file, file A, until the end o f  the input file 
is reached. Whilst the copying is being performed adjustments where necessary are made to any totals and 
alignment records as they are being written, to correct any difference in the accumulated totals. These two 
new tapes are then merged to form a single results file.

2 Alternatively the merging can be incorporated in the re-run. In this case file B is not needed, the re-run group(s) 
being processed and inserted in their correct place in file A.

In either case, it must be ensured that no data is lost or duplicated, and that reconciliation totals are correctly 
adjusted.

Updating programs

Main file (brought forward, carry forward)

7  / -------------------------------------------

Updating file
Update

Results file

This process is typified by the file updating arrangement o f a large multireel brought forward file which is 
updated to form a large multireel carried forward file; a Smaller updating file which carries details o f changes to 
be made in order to produce the carried forward file; and a smaller results file is produced which contains details 
o f amendments made. Here it is necessary to cater for a restart and a re-run o f either the main file or the 
subsidiary output file.
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SUGGESTED METHOD

The reel o f  magnetic tape is regarded as the basic file unit. The reels within a file will be both a restart group and 
a balancing unit, and every reel o f  tape should hold the balance totals o f the preceding reel at its head and its 
own balance totals at the end. It should not be assumed that a tape reel used for a re-run can hold as much data 
as was written on the original tape. I f  all reels o f tape were o f  identical length and there were no fiawed areas 
this condition would always exist and a re-run tape could simply replace the corrupted one. This is not so 
however and a method must be found oflim iting the tape capacity to a practical size which wiU always permit 
direct re-run tape substitution in the original file. The recommended method is to count the amount o f  valid 
information that is being written on the carried forward output tape and to close the reel when a predetermined 
limit of, say 95 per cent full capacity is reached. This count must be controUed and updated in a commercial 
program. Before any output to magnetic tape instruction is obeyed, control should be passed to a program 
routine which will check the running total Q>lus an allowance for the intended output instruction) against the 
predetermined limit. A  safety margin o f  5 per cent is sufficient for most variations o f  tape length, recording 
density, and for flawed areas o f  tape. A  bigger margin may be desirable in some cases, where for instance it is 
thought necessary to avoid holding specific sections o f data on two reels. I f  the section o f data is equivalent to 
5 per cent o f tape capacity and the beginning o f the section is reached immediately prior to the predetermined 
limit o f  95 per cent tape capacity, then clearly there would be a danger o f  overspiU. Individual project teams 
must therefore be responsible for deciding what limit shall be set for each multireel file.

TO RESTART THE PROGRAM

I f  the Checkpoint or Dump facility is used, a restart is effected by using the appropriate software restart routines.

I f  the Checkpoint facility is not used on System 4 computers, then on the original run alignment items and 
totals items are written at the start o f  each group, that is, at the start o f  each reel o f the carried forward file.
These items would contain an alignment item indicator, the group number, reconciliation totals from the previous 
reel and all details necessary to enable correct alignment o f  the other files in the program. Also at the end o f 
each reel totals items are written onto the carried forward file and these contain reconciUation totals for this 
reel and for the file to date. Upon requiring to restart the program the control data submitted to the run is read 
and checked. The appropriate reels o f  the brought forward file and the updating file are loaded. The reel o f 
the carried forward file at which the restart is to begin is loaded and opened as input, and the details o f  the 
alignment items are stored. The other files, including the original results file, are opened as input files and the 
details stored from the carried forward alignment items are used to check that the correct reel o f  each file has 
been loaded. The files are then aligned using this information and the function o f the carried forward file and the 
results file is returned to output. Processing now continues as for a normal run, to the end o f the program.

T O  R E-R U N  T H E  PRO GR AM

IftheCheckpoint orDump facility is used, a re-run is effected in the same manner as restarts.

I f  the Checkpoint facility is not used on System 4 computers, the control data is read and checked and the 
required reel o f the carried forward file is loaded and used to align the remaining files. This is done in the same 
way as for restarts, except that there are two methods o f treating the results file.

1 The file is copied onto a new output magnetic tape until the required restart point is reached; this method 
would be suitable i f  the results file is small

2 I f  it is decided that too many decks would be used for copying, then a new results file could be opened and a 
subsequent program could merge the original results up to the restart point with the new results produced 
during the current re-run.

Whichever method is used, once the files are aligned and the function o f the carried forward file is changed to 
output, processing continues as for a normal run until the last group specified by the control data has been 
processed.

At this point the reconciliation totals o f the carried forward file are stored and the carried forward reel is closed. 
The reel with the next restart group is thenloaded. The program checks the reconciliation totals held on the 
closed carried forward reel and those on the opened reel. I f  the totals are the same, the remainder o f  the original 
results file is copied to the results file and the program is closed. I f  the totals are not the same, then either the 
run must be abandoned, or the carried forward file is read to the end and all reconciliation totals held on this file 
from the point o f divergence are adjusted according to the new totals.
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SO M E G E N E R A L  C O M M E N TS

I f  any natural grouping o f  data on the main file occurs there are several advantages in using such groupings as 
restart groups. Even i f  such a natural grouping does not occur it may appear to be advantageous to create an 
artificial restart group. An example o f  natural grouping is to be found in a file which contains the sales records 
o f five regions o f  the U.K. Each region could be called a natural group providing that it is o f  an appropriate size 
and each group is o f  about the same size. An example o f  an artifical grouping is to be found in a fde which holds 
a range o f customers numbers from 0000049999 and which is divided so that each group contains the records o f 
2,000 consecutive customers, the first group being customer numbers 0000041999, and so on. This type o f 
grouping has the advantage ofbeing easier to handle when programming because the alignment records wiU 
always be in the same place relative to the data on the file from one run to the next. It also means that aU files 
can be run on to such an alignment block quite easily. Another advantage o f  this method o f  grouping is that 
reconciliation totals can also occur in the same position (relative to the data) on aU files. I f  the method o f 
grouping data is based on reels o f the carried forward file, then when the carried forward file is reconciled at the 
end o f each reel the totals for the brought forward file will almost certainly not coincide. Therefore a separate 
total for the brought forward file must be accumulated record by record, in order that the total is correct.

An alternative method is suggested which is o f  particular use when:

1 The main file is large and the time required to copy original results on to it is too great to be acceptable

2 The results file is a multireel file

3 There are several programs in the suite/job/installation and as a result a standard re-run/merge program is 
considered practical

When several programs in a suite orjob contain re-run faciUties it may be more acceptable ifjust the new results 
from the portion being re-run are written onto a new magnetic tape at the start o f  processing instead o f  copying 
aU the original results. The original results and the new results can then be merged in a separate program. The 
advantages o f  this are that the merge program can be made small enough for multiprogramming, that the time 
taken to write the suite o f programs is reduced because the merging routines are only written once instead o f 
being written into every program which requires them, and that the running time o f the processing program is 
reduced because there is no need to copy the original results. fThis is particularly significant on machines with 
slow tape read/write speeds).

The merge program is written so that it first checks that both files are consistent, then reads data from the 
original file, writing the results to an output file untU reaching the start o f  the first group which is the subject o f  
a re-run. A t this stage the program reads the results from the re-riin file and writes them to the output file 
untU the end o f  the re-run group is reached. FinaUy the results for any remaining groups are read from the input 
file and written to the output fUe untU the end o f  the file is reached, adjusting control totals where necessary.

M a in  file  as a d isc fHe

I f  a fresh file is written every time it is updated the problems are much the same as for magnetic tape except that 
the restart points wUl not be at the start o f  a new volume. I f  the file is updated in situ any re-run must not update 
any record on the file which has abeady been updated in the original run. I f  a restart is required because thejob 
was prematurely terminated or because any subsidiary output fUe is unreadable the foUowing procedure is 
suggested i f  restart points are inserted:

1 Restart points are placed at regular intervals on the original run

2 An indicator is placed in each block on the main file as it is updated

3 On restartingj, processing is repeated from the required restart point without updating any main file record 
which was updated on the original run

4 Any field which is altered on the main file and whose original value may be requried on restarting is stored in 
additional fields on the main file record, on a separate record on the main file, or on a subsidiary file, which­
ever best suits the requirements o f  the particularjob. Fields would be stored in their original form when 
reconcUiation totals are required ( i f  the main file is processed sequentially) or when other totals are 
accumulated by the program.

The main disadvantages o f this system are that processing on a restart will be different from processing on the 
original run, requiring a substantial amount o f  additional coding. This is especially true if an additional file has 
to be matched with the main file in order to find the original value o f any fields. I f  the main fUe is unreadable 
there is no method o f resolving this without reconstituting the main file and repeating the entire run, a process 
which is by no means straightforward i f  the file has been updated in situ. I f  program error occurs the entire run 
must be repeated.
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Search programs

Main file (multi-reel)

Control
Search

Results file

The diagram above represents a large multireel magnetic tape file, used as an input file, which is to be searched, 
and from which certain specified information is to be extracted. The small subsidiary input file gives the details 
necessary to enable the program to locate and action the required items, and the resulting information is put on 
the results file for subsequent processing.

S U G G E S TE D  M E TH O D

Because the input file is large, the restart group is chosen to be a reel o f the input file which is being searched. 
The program is likely to be dominated by the time taken to read the magnetic tape file, since only minimal 
processing wiU normally be required. The normal tape passing time o f a magnetic tape reel varies up to a 
maximum o f about ten minutes per reel and this means that restart groups will often have a run time o f con­
siderably less than the suggested 10 to 20 minutes. However, this choice o f restart group is desirable as it is the 
most convenient from an operating aspect, and is equally convenient for any additional programming required 
for processing the restart group.

T O  R E S T A R T  T H E  PRO GR AM

I f  the Checkpoint or Dump facility is used, a restart should be effected by the appropriate restart software
routines.

I f  the Checkpoint facility is not used on System 4 computers, alignment records should be written onto the 
output file at the beginning o f each restart group. These records should contain an alignment indicator, the 
restart group number, and any details necessary to enable correct realignment o f the subsidiary input file, and 
should also contain reconciliation totals as output at the end o f the previous restart group. A t the end o f each 
restart group, records should be written to the output file containing reconciliation totals for that group and for 
the file to date. The control data for the restart is read and checked and the required reel o f  the multireel search 
file, the subsidiary input file and the original output results file are all loaded and opened as input files. Checks 
for consistency should then be carried out. The results file is aligned at the end o f the group which is being 
restarted and details o f  the alignment records are stored. The function o f the results file is changed from input 
to output and the subsidiary file is aligned using the information stored from the results file. Processing then 
continues until the end o f  the run.

T O  R E-R U N  T H E  PROGRAM

l f  the Checkpoint or Dump facility is used, a re-run is effected in the same manner as restarts.

I f  the Checkpoint facility is not used on System 4 computers, alignment records should be written to the output 
file, at the start o f each restart group as for a restart. Similarly reconciliation totals should be written at the end 
o f each group. The control data for the re-run is read and checked. The first reel o f the search file to be re-run 
is loaded and checked for consistency. The original results file is opened as an input file and the information in it 
is copied onto a new output magnetic tape results file until the first group to be re-run is reached. The details o f 
the alignment records at this point are then stored. From these details the subsidiary input file is aligned. 
Processing continues as i f  it were a normal run until the last group specified by the control data has been 
processed. The original results file is now run on until it is also aligned at the end o f the last specified group. The 
data remaining on this file is copied onto the new results file until the end o f the file is reached. Whilst the 
copying is being done adjustments are made to the totals and alignment blocks as they are being written, to 
correct any differences in the accumulated totals.
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SOM E G E N E R A L  C O M M E N TS

The method o f selecting groups on a search file are those considered for an update file, the difference being that 
search programs use a multireel input file, and update programs use a multireel output file.

Edit programs

The basic function o f an edit program is to read information from an input file and to write it again in a re­
arranged order on an output flle. As a consequence o f this either the input and output files may be approximately 
equal in length, or one o f  the files may be considerably longer than the other.

In the fust case the situation is approximately analogous to the updating program, and a similar method o f 
restarting and re-running can be used. In the second case the configuration is more like that used in search 
programs and so the method used for search programs would be more suitable. In either case, however, as edit 
programs are often calculation dominated it wiU almost certainly be desirable to choose a natural grouping as the 
basis for determining the restart points. For example, the result types on the output f2e might be used i f  there 
was about the same amount o f  time spent for each type.

Print programs

A  restart technique that can be used with print programs involves submitting a special parameter at the beginning 
o f  the restart. This identifies the items to be printed. The program suppresses printing until the required item 
is found and then printing commences. There are normally four types o f printing which may be required at a 
restart:

1 To print a specified result type or types

2 To print a specifled sheet or sheets

3 To print from the start o f  a specifled result type, to the normal end or run

4 To print from a specifled sheet, to the normal end o f  run

Any print programs which are not standard should be designed to cater for these requirements upon restarting.
In some cases type 4 may have to be specifled as a combination o f 2 and 3.

Calculation programs

In all the programs which have been considered the factor determining run time has normally been dependent 
on the peripheral speed. Usually there is a natural break in the files which coincides conveniently with the 
processing interval required by the group.

With calculation dominated programs, however, there is a different problem. The quantity o f input and/or output 
data may be very small and yet because o f the length o f time required to perform calculations the program may 
still have to be divided into reprocessing groups. Calculation programs may be classified as one o f  two types:

1 Processing consists o f a series o f similar loops, e.g. a standard costing program may have to perform the same 
large calculation loop for each o f about 100 materials

2 Processing consists o f only one large calculation, which does not loop as described for type 1

In the flrst case a division o f  processing time is not difficult to establish. The average time taken for one loop can 
be found and when a number ofloops have been performed in the time allotted to a group, any information 
which would be required to begin reprocessing at that point can be dumped onto the results file after a group 
mark. It is also probably necessary to communicate with the operator at this point and to give him sufficient 
information to enable him to compile control data when it is required. To restart or re-run the program the files 
can be re-aligned and the store re-set from this information.

In the second case, however, each program must be considered according to its individual features.

Punched card or paper tape output programs

There would appear to be three main problems in programs with punched card or paper tape output only. The 
first problem is to define the groups for the operators. The group division need not necessarily be dependent on 
the quantity o f the output results produced. An alignment block on the input file may solve the problem ifa  
suitable grouping can be determined.

The second problem is to find somewhere to dump the information which is necessary to reset the store when the 
program is restarted or re-run. The best solution is to set up a disc file solely for holding restart information.
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The third problem is control o f the results o f the restarted or re-run program. A  system must be devised to 
prevent the results produced from a restart or re-mn getting mixed up with those produced during the previous 
runs.
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Appendix 9 Programming estimating

Each stage o f estimating is at a progressively more detailed level. The initial stage o f programming estimates is to 
establish the work content at project level. These estimates are then expanded at program level to give a detailed 
work content in terms o f effort and time. The estimator must be rigorous in ensuring that there is sufficient 
information available, and that the task has been broken down into sufficient detail, to estimate the foUowing 
factors:

1 The number o f instructions that will be required to program the task

2 The accuracy o f  the estimate o f  instructions. This is a useful self-assessment o f confidence and completeness 
o f  the understanding o f the problem

3 The complexity o f the logic and functions to be performed by the instructions, in relation to a nominal average 
complexity for the type o f  task. This is known as the complexity factor

It is possible that the estimate o f number o f instructions will be made for a language different to that to be used 
for implementation. It is necessary, therefore, to have factors which can be used to convert from the estimating 
lan *uage to the implementation language.

The figures given in Table 1, at the end o f  this appendix, reflect the power o f  the language to perform an average 
programming task, and can therefore be used for converting numbers o f  instructions from one language to another. 
The figures do not relate to time estimates and must not be used for time conversions, the reason being that 
certain tasks take the same time irrespective o f  language.

The estimated numbers o f instructions should be converted to the appropriate language and the resulting number 
o f  instructions should be used for estabUshing the work content.

The number o f instructions in this context are defined as follows:

P LA N  instructiorts

For estimating purposes these do not include directives, Upper or Lower variable and preset definitions, or 
parameter constants for subroutines. Macro instructions are counted as written, not as expanded, and each 
distribution line is counted as one instruction.

Usercode instructions

For estimating purposes these do not include translator instructions, file definitions, or definitions o f constants 
and work areas (DC or DS). Macro instructions are counted as one instruction and not as expanded.

C O B O L statements

For estimating purposes each verb in the Procedure division is counted as an instruction. IF or IF/ELSE are 
taken to be a verb in this context but NOTE statements are not included.

The reason for these definitions is that only the active instructions are considered when size estimates are being 
made. The time estimates allow for the overhead o f writing data definitions etc.

P R O JE C T E S T IM A TE S  

Project man-effort

It is necessary to be able to make estimates o f the total man-effort required to implement a project, that is from 
the start o f writing program specifications to the end o f  system testing. Such estimates are obviously not very 
accurate since there will not be much detailed information available, and the work content can be taken to be 
equivalent to the number o f  instructions since any complexity factors are likely to average out over the suite.
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The figures given in Table 2, at the end o f this appendix, are intended for guidance and show the percentage o f 
effort required for supervision, specifying, programming and link/system testing, and also give suggested 
average man-days effort per 1,000 work content units for each o f these tasks.

Additionally, as a quick method o f obtaining man-effort estimates, factors are given for converting the work 
content direct to total man-effort for project implementation. The resulting man<ffort figures are for a ‘normal’ 
project, that is one with straightforward processing and file structures, and not requiring any particular new 
techniques. Projects which vary from this norm will require more man<ffort and the table below gives some 
guidance on the adjustment required for different types o f project. The estimator should,however, seek the advice 
o f more experienced staff in establishing any necessary adjustment.

Type o f  project Normal project effort 
multiplying factor

Normal 1.0

Increasing complexity o f processing and 
file structures. Variety o f  types o f data. 
Changing requirements. 1.5

Large variety o f types o f data. 
Critical running time scale. 2.0

New techniques (for example, real-time) 2.5

Project elapsed time

It is not possible to lay down standards for project elapsed time since this is dependent upon the number o f 
staff used. However, it is possible to give guidance in some areas. A  bar chart o f  the time structure o f  a project, 
showing overlapping tasks, is given below:

.Program specification 

|-----------------------------------------------1 I----------1

Programming
I |_________________________________ I
■ | 1 ... i| ! Link/system testing

i _ _ _ J

■ I Supervision
, |-------------------------------------------------------------

I |

I l 
I

____________________________________ [ _______________________

I
I

I
I

_____ I
I
|

I I 
I I
I A  I B

I
I

I C

I
I
I

The elapsed time can be roughly calculated as the total o f (A  + B + C ) + 25%

where _  75% o f program specification man-days 
Average number o f  staff used on stage

100% o f detailed programming man-days 
Average number o f  staff used on stage 
(excluding supervisory staff)

75% o f link/system testing man-days 

^  Average number o f staff used on stage 
(excluding supervisory staff)

134 4202(4.70)



The additional 25% is to cover holidays, sickness and any other non-productive days. An extra 10% to 30% should 
be allowed to cover estimating errors and possible trial turn-round delays.

Years/weeks conversions

Care must be taken when converting man-days effort, or elapsed days, to weeks and years. Assuming a five-day 
week, there are 260 working days in a year, that is 52 weeks o f five days. After deducting non-productive.days 
there are about 208 effective man-days per year, that is 52 weeks o f four days. Man-days effort therefore should 
always be converted on the basis o f 260 days. Elapsed time should also be converted on this basis since a 25% 
allowance has been included. Obviously i f  elapsed time is converted on a basis o f 208 days then the 25% aUowance 
is not necessary.

Team sizes

There is an optimum team size for any project giving what may be considered as ‘normal’ elapsed time. A  suggested 
method o f  estimating the optimum size is to assume one team member per 3000 PLAN or 2500 Usercode work 
content units, or per 1700 COMPACT COBOL units or per 1000 FULL COBOL units. This will give an optimum 
team size including supervisory effort. I f  a project is required in less than normal elapsed time then more man- 
effort must be expended.

There is no direct relationship between the reduction in the time scale and the extra man-effort required to 
achieve this reduction.

Example

Project time scale required = 2/3 o f normal time 

Project man<ffort required = 2 x effort for normal time 

Project time scale required = */ o f normal time 

Project man<ffort required = 4£ x effort for normal time

Any assessment o f this increase in man^ffort must rely on experience o f past projects and the advice o f  more 
experienced staff should be sought in such cases.

P R O G R AM  E S TIM A TE S

The previous sections consider methods for obtaining broad estimates o f  effort and time for an entire project. 
For the detailed programming stage, however, it is necessary to make detailed estimates for each individual 
program.

Program work content

It is necessary to establish the work content o f a program in such a way that it can be used as a basis for calcula­
ting man-effort, and can also provide a means o f measuring the accuracy o f the estimate by comparison with 
actual resuUs.

Work content is calcukted as follows:

Work content (units) = number o f  instructions x comptexity factor

It is recommended that work content estimates should be carried out by two people as a means o f establishing 
their reliability and that results should be compared with similar projects whenever possible.

Number of instructions

lt is possible for a very experienced estimator to assess the number o f  instructions merely by studying the 
problem. Very few staff, however, have the experience to use such a method and it is recommended that a rough 
flowchart is drawn and each box is assessed separately. I f  an outline chart is available this should be used instead 
o f the rough chart.

Complexity factors

The complexity o f  the processing must also be taken into account since it is possible that two programs can 
contain the same number o f  instructions but one o f them can be more difficult than the other and thus have a 
higher work content. The factors which are listed are intended for guidance in establishing the types o f program
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complexities. I f  a program is likely to be too large for the store, and will therefore require overlaying, the 
complexity factor should be raised.

Type o f  program Complexity factor

SIMPLE

Extracts o f one type o f data from one file 
Prints o f one format from one file 
Data vets o f  one type o f data

0.75

AVERAGE

Data vets o f several types o f  data
Updates o f  simple structure files by a few types o f  current data 
Prints with several formats

1.0

COMPLEX

Data vets with many data types and extensive consistency checking 
Updates o f more complex structure files with several types o f 
current data
Prints on pre-printed numbered stationery including updating

1.25

VERY COMPLEX

Complex updates with high degree accuracy calculations, 
or requiring critical run times, or with many types o f current data

1.5

Real-time processing 2.5 to 3.0

Program man-effort

The work content is converted to man-effort by using the figures given in Table 3, at the end o f this appendix. 
The figures give the average man-effort required for 1,000 units o f work content o f a fully documented program 
or module. However, where a program is divided into modules so that several programmes can be employed, and 
the modules are grouped into segments for testing purposes, time should be allowed for defining the modules and 
linking the segments.

For pre-logic and checking allow ½ to 1½ days per module.
For post-independent trials allow H to 1½ days per segment.

P R O G R A M M ER  V A R IA T IO N S

The man-effort required will vary according to the experience and ability o f the programmer. The figures given in 
Table 3 are appUcable to an average programmer o f  about 6 to 9 months experience and will require adjustment 
according to the factors shown in the table below. Assessing the ability o f  a programmer to carry out a particular 
task is very subjective and must be the responsibility o f the programming supervisor. One method suggested for 
estimating purposes is to relate ability and experience so that the same adjustment factors can be used. For 
example, a programmer may have 12 months experience but be o f less than average ability, and therefore be 
rated as having 9 months experience.

Experience
(months)

E ffort
adjustment
factor

0 -3 1.4

3 -6 1.2

6 -9 1.0

9-12 0.9

12-15 0.8

15-18 0.7

18-21 0.6

21-24 0.5
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Proyam  elapsed time

Before any planning o f resources can be carried out it is necessary to calculate the elapsed time required for each 
program or module. This is based on the man<ffort required but there are many other factors which affect the 
conversion o f  man^ffort to elapsed time:

Major holidays

Formal training

Sickness, minor holidays, informal training, meetings

Unschedule maintenance, minor system changes, minor estimating errors

Lack o f available trial time

Number o f other activities with which the programmer is concerned 

Working environment

These factors can be grouped so that ways o f making allowance for them can be given.

P R E D IC TA B L E  O V E R H E A D S

These inchide major holidays and formal training courses, that is any overhead likely to last for a period o f  two 
to three weeks. Such overheads should be known weH in advance and can therefore be included as the exact 
amount o f  elapsed time.

U N P R E D IC TA B L E  O V E R H E A D S  A N D  A C T IV IT IE S

It is recommended that 25% o f man^ffort should be included to cover those overheads which cannot be 
predicted. The 25% o f man^ffort must be absorbed into the program implementation time to make control more 
realistic, and it is therefore suggested that a five-day week is considered as four effective days plus one 
unproductive day, that is 25% o f effective time. The following calculation is then valid.

Elapsed time (weeks )  = man^ffort (days)
4

P A R T -T IM E  W O R K IN G

Part-time working may arise when there is insufficient trial time available, and the programmer is not fully 
occupied during the trial activities, or when the programmer is engaged on other known activities. It is necessary 
to access to what degree the programmer is occupied for each o f  the programming stages. This is calculated in 
thefollowingway:

Elapsedtime(weeks) = man-effort (days)

x

where

man<ffort is the number o f days for each programming stage. 

x  is the proportion o f effective available days.

S U M M A R Y

Elapsed time is calculated as foUows:

Elapsedtime = scheduledholiday(weeks)

+
scheduled training (weeks)

+
man^ffort (days) 

x
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where

x  is 4 for full-time working
3 for threequarter-time working 
2 for half-time working 
1 for quarter-time working

T R IA L S  E S TIM A TE S

Program trials are required to produce a working program which satisfies the programmer. This can be considered 
in three stages:

Initial compilation

Program or routine testing

Linking o f  routines to form a program

Initial compilation

The initial compilation stage is allowed for obtaining a usable object program and three trials should be allowed 
regardless o f size o f  program, language and experience.

Program or routine testing

In this context a program trial is defined as a compilation plus a trial o f the program or routine. The number o f 
program trials required is based on the work content and it is recommended that 10 program trials are allowed 
per 1,000 PLAN units and 12 program trials are allowed per 1,000 units for other languages; however, the 
number o f trials should never be estimated as less than 2 .

Linking of routines

This stage is only required when a program is written as several routines and these routines are grouped into 
segments o f one or more routines which are tested independently.

Up to three program trials should be allowed for each linking together o f segments. For example, two segments 
tested independently and then linked together should be allowed up to three trials; three segments tested 
independently and then all linked together should be allowed up to six trials; four segments tested independently, 
linked into two segments, and finally into one program should be aUowed up to nine trials.

Summary

The number of trials is calculated as follows:

Number o f productive trials = 3

+ 12 per 1,000 work content units 
(or 10 if usingPLAN)

+ up to 3 per segment linkage.

It is recommended that for estimating purposes 25% is allowed for non-productive trials, that is trials which do not 
allow any progress to be made due to programmers’ errors in submission. The figure given to the individual 
programmer as a target should always be the estimated number o f productive trials, that is the number o f trials 
excluding the 25% for non-productive trials.

N U M B ER  O F  P R O G R AM  TU R N -R O U N D S

Computer time availability normally dictates the number o f turn-rounds, that is the number o f submissions o f a 
program or routine, which can be achieved per week. However it is still necessary to ensure that the number o f 
turn-rounds does not exceed the man<ffort required to analyze the trials. The average man-effort can be 
calculated as follows:

Mameffort per trial = man-days per trial stage______________
estimated number o f productive trials
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The average number o f turn-rounds per week can then be calculated by dividing the man<ffort available per week 
by the average effort per trial. This figure can then be balanced against the amount o f  available computer time.

C O M P U TER  T IM E  U S A G E  FO R  P R O G R AM  T R IA L S

There are many factors which are Ukely to affect the usage o f computer time for program trials:

Number o f instructions in programs 

Operating system 

Computer/configuration 

Language

Options selected when compiling 

Type o f program 

Volume o f data processed 

Diagnostics requested

Due to thevariety o f these factors it is not possible to give a detailed method o f estimating computer time per 
compilation and trial since the calculation would be too time consuming; moreover at the estimating stage some 
o f the factors are not known. It is suggested that users record their own timings and use these to estimate future 
timings.

It is important to remember that computer time is needed for setting up trial data files and an allowance must 
be included for this. The calculation for trial time is as follows:

Trial time = 3 x time per compilation (initial compilations)

+ number o f program trials (including 25% allowance) x time per program trial

+ ½ to 1 hour (trial data set-up)

LIN K /S Y S TEM  T R IA L S

Standards cannot be given for the number o f trials or for computer usage for link and systems trials since these 
depend mainly on the volume o f data and the number o f sets o f data to be processed. It is, however, possiMe to 
give a few rough guides which may be helpful when making estimates at an early stage before a detailed plan for 
testing has been established.

Link trials

The number o f trials is more likely to depend on the number o f  programs and connecting files than on the number 
o f instructions. It is suggested that a minimum o f three trials per program is allowed.

System trials

The number o f trials will depend very much on the accuracy o f the systems specification and the number o f 
system changes which have occurred during programming. Here again it is only possible to suggest a minimum 
figure and it is likely that this will be about two trials per program per set o f  data processed.

Computer time usage

The computer time usage will depend on the number o f times programs have to be recompiled and on the volume 
o f data processed. It is suggested that the time used for the combined stages oflink and system trials will be o f the 
same order as for the program trials.

L A N G U A G E  EXP AN SIO N S 

System 4

The figures given in Table 4, at the end o f this appendix, show the average instruction/statement sizes per 
program. These averages are not applicable to individual small modules, since the variations on small units o f 
coding can be very large.

V 4202(4.70) 1 3 9



The language expansions in the table include any overheads caused directly by the statements, but exclude the 
following:

FCP

DTFSR tables 

I/O areas 

Data areas 

Constants 

Compiler overheads

1900 Series

Because o f the nature o f the 1900 Series processing, no figures can be given for the average instruction/statement 
sizes per program. However for programs written in PLAN, a rough guide may be 1 word per instruction with an 
allowance for macro expansions. It is suggested that users establish the average number o f macro expansions per 
program, and use this as a factor for estimating the total number o f instructions.

For COBOL, no such guide can be given, and programmers should use their experience to gauge the instruction 
size.

1 4 0 4202(4.70)



T A B L E  1

POWER O F  L A N G U A G E  C O N V ER S IO N

The factors given below should be used for converting the number o f instructions from one language to another.

Writing knguage_____________________________________

PLAN Usercode COMPACT
COBOL

FULL
COBOL

Estimating
hnguage

PLAN_____________________ 1.0 0.7_________ 0.5_________ 0.3

Usercode 1.4 1.0 0.7 0.4

. COMPACT COBOL 2.0 1.5_________ 1.0_________ 0.6_________

FULL COBOL 3.0 2.5 1.7 1.0

To obtain the appropriate conversion factor take the figure at the intersection o f the Estimating language Une 
and the Writing language column.

Example

A  program has been estimated as 1,500 Usercode instructions but is to be written in FULL COBOL. The inter­
section o f  the Usercode line with the FULL COBOL column gives a factor o f 0.4. The number o f FULL COBOL 
statements wiU therefore be 1,500 x 0.4 = 600 statements.
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T A B L E  2

P R O JE C T M A N -E F F O R T  T A B L E S

The table below shows the percentage o f  man^ffort likely to be used on various tasks, and also the number o f 
mandays effort required per 1 ,000 work content units in each given language.

PLAN Usercode COMPACT COBOL FULL COBOL

%
Effort

Man
days
O K )

%
Effort

Man
days
( lK )

%
Effort

Man
days
( lK )

%
Effort

Man
days
( lK )

Supervision 10% 6 10% 8½ 10% 11 10% 14

Specification 9% 6 10% 8½ 11% 12 15% 21

Detailed programming 56% ~36 55% 45 54% 60 50% 70

Link/system testing 25% 16 25% 20____ 25% 28 25% 35

Total 100% 64 100% 82 100% 111 100% 140

A quick method o f  estimating total effort is as follows:

Total man-days effort -  number o f  work content units

x

wherex=  15(PLAN )
12 (Usercode)
9 (COMPACT COBOL)
7 (FU LL COBOL)

The table below gives a comparison o f the man-effort required to implement the samejob in each o f the 
different languages.

PLAN Usercode COMPACT COBOL FULL COBOL

Man<tays for 
14,000 
work units

Man-days for 
10,000 
work units

Man<iays for 
7,000 
work units

Mandays for 
4,000 
work units

Supervision 90 85 78__________________ 55

Specification 85 85 85 85

E>etailed programming 500 450 420 ___________ 280 __________

Link/system testing 225 200 192__________________ 140

Total 900____________ 820____________ 775__________________ 560
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T A B L E  3

P R O G R AM  M A N -E F F O R T  T A B L E S

The table below shows the man-days effort required for a fully documented program o f  1,000 work conteni units.

PLAN Usercode COMPACT
COBOL

FULL
COBOL

Logic plus checking 5 6 10 15

Coding plus checking 12 16 20 20

Trial data preparation 4 5 7 9

Initial compile plus dry-run 3 3 5 6

Trials 12_________ 15____________ 18____________ 20___________

Total 36 45 60 70

To convert these figures to the effort for a different number o f instructions it is only necessary to multiply by 
the woric content units divided by 1 ,000.

Example

500 FU LL COBOL work units = 70 x 500 = 35 days

1000
The figures are not valid for less thar. about 40 PLAN, 100 U$ercode, 80 COMPACT COBOL, and 70 FULL 
COBOL work units, that is about 5 days man^ffort.

The table below gives a comparison o f the man^ffort required to implement the same program in each o f  the 
different languages.

PLAN Usercode COMPACT
COBOL

FULL
COBOL

Program work content units 1400 1000 700 400

Total man^ays 50 45 40 28
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T A B L E  4

S Y S TE M  4 IN S T R U C T IO N  SIZES

Language Average instruction/statement size

4—30 Usercode 5.1 bytes *

4-40, 50,70 
Usercode 
(mainly binary)

4.2 bytes *

4-40, 50,70 
Usercode 
(mainly decimal)

4.5 bytes *

4-30 COBOL 15—20 bytes (average instruction programs)

20-25 bytes (complex instruction programs, for example, extensive 
subscripting, many report items)

~ 4-40, 50, 70 
COBOL

12-18 bytes (average instruction programs)

18-24 bytes (very complex instruction programs, for example, extensive 
subscripting, use o f compute)

CLEO 15—20 bytes (average instruction programs) 

25-30 bytes (very complex instruction programs)

* These figures do not include macro expansions. It is suggested that 0.5 bytes should be added per instruction 
to allow for these expansions.
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A p p e n d ix  10 P r o g r a m m in g  w o r k  c o n t r o l  s c h e m e

The recommended control scheme consists o f a number o f  forms on which the detailed information needed for 
control can be recorded. There are nine forms which have been designed so that sub-sets can be selected according 
to the level o f control required. Four different levels are suggested, each adding to the previous level and giving a 
higher degree o f  control; however, other combinations o f the forms are possible. For instance Level 1 plus Level 
3 may also be used to advantage.

S U M M A R Y  O F  FORM S

The table below gives a summary o f the forms required for each level, and also when, and by whom, the forms 
should be used:

Level Form
Entry o f  
estimates

Update
by
Actual

Responsible

Initial Revision

Level 1 

Basic control

Project check 
list

As
necessary

Supervisor

Program check 
list y y As

necessary
Supervisor/
programmer

Programming
schedule y y Weekly Supervisor

Level 2

Level-1 plus

formal report­
ing

Project progress 
report

Weekly Supervisor

Program progress 
report

Weekly Supervisor

Level 3

Level 2 plus 
stricter control 
and basic stat­
istics

Program record 
sheet y y

Weekly Supervisor/
programmer

Trials record 
sheet y y Weekly Supervisor/

programmer

Level 4

Level 3 plus 
full statis­
tics

Project history 
record y y

End o f 
project

Supervisor

Program history 
record y y

End o f 
program

Supervisor/
programmer

L E V E L  1 D E T A IL S

Level 1 is the minimum level o f control required by an installation, and gives a basic control using the minimum 
o f effort. It allows recording o f  estimates, recording o f the plan, checks that tasks are performed and recording 
o f actual against estimated progress. The way in which the forms are used is described below, and examples are 
included at the end o f this appendix.

4202(4.70) 1 4 5



Project check list (Example 1)

This form gives a list o f major tasks which are Ukely to be necessary for any project. The tasks are presented 
approximately in the sequence o f performance, and the list is intended to act as a reminder o f jobs which are 
outstanding.

The form is updated as tasks are started and completed. Columns are provided for entering the start and complet­
ion dates o f each task thus giving a record that the tasks have been performed and also o f the elapsed time taken. 
Where a task is not applicable to the project, N/A should be entered to show that it has not been overlooked.
Space is provided at the bottom o f the form for recording the completion o f  the design tasks for individual 
programs.

Program check list (Example 2)

This form allows recording o f program estimates and also gives a list o f  the tasks which must be carried out for 
any program. The tasks are in the sequence o f performance, and the list is intended to act as a reminder ofjobs 
which are outstanding.

The initial program estimates are entered in the upper section o f the form which serves as a record o f the estimates 
and also shows the programmer what effort is expected. Space is allowed for three revisions to the estimates. The 
form is updated by the programmer as each task is completed. Columns are provided for date and signature o f 
both author and checker thus giving a record that the tasks have been carried out, and the work checked where 
necessary. Space is also provided for recording the completion o f a major systems change.

Programming schedule (Example 3)

This form is provided as a scheduling aid and a means o f recording the fmal implementation plan in bar chart 
form. Once a satisfactory allocation o f programs to programmers has been established the plan should be 
recorded showing programs, and the programmer concerned, on the left o f the form and time in weeks across the 
top. The bar chart lines represent estimated elapsed time, that is each week is considered as four days man^ffort, 
and are marked to show the time for each detailed programming stage. Dotted lines are used to denote part-time 
working.

The chart is updated for each program each week so that actual progress can be compared with estimated 
progress:

1 The work remaining on the current stage is assessed and a mark is made on the bar chart estimate line to show 
this. The marked position is compared with the actual time position across the top o f  the bar chart to obtain 
the progress information. In Example 3 ,for instance, at the end o f week 1 (21/6) no work had been done on 
the data vet and it was therefore one week behind schedule; at the end o f  week 3 (5/7) there was one day o f 
man^ffort required to complete the logic stage and the data vet was therefore two days behind schedule; at 
the end o f  week 7 there were two days effort remaining to complete the trial data and the data vet was there­
fore two days ahead o f  schedule.

2 A  record o f actual effort can be kept by drawing a line to show the man<ffort expended each week. This 
record will not be absolutely accurate but will give a rough idea o f effort expended.

Lines can be drawn to link the actual effort line to the estimate to give a pictorial view o f progress.

The chart must be changed, or redrawn, if  the estimates are revised so that the measurement o f progress is 
realistic (see Print program in Example 3).

L E V E L  2 D E T A IL S

Level 2 adds formal reporting to the basic control given by Level 1. Forms are provided so that reports are made 
in a standardized format. A  description o f the reports is given below and examples are included at the end o f 
this appendix.

Project progress report (Example 4)

This form is provided for reporting on progress on the project as a whole. A  list o f content headings is included 
to'act as a reminder o f the subjects which should be considered when reporting.

A  report should be written each week, with the intention o f conveying an overall picture o f  the progress in the 
programming o f the project. Ticks should be entered in the check list boxes for all subjects included in the report, 
and the subject matter should cover the current position, special actions takeh, any future difficulties which can 
be predicted and recommended action to ease or avoid difficulties.
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Program progress report (Example 5) . .

This form is provided for reporting progress on each individual program.

A  report should be made each week showing for each program in the suite the current progress position. This 
information can be obtained from the bar chart. Explanations o f delays, use o f resources and suggestions for 
corrective action should be included.

L E V E L  3 D E T A IL S

Level 3 adds to the lower levels a more exact method o f recording actual effort and computer time used, thus 
giving an improved comparison o f actual and estimates, tighter control and some basic statistics. The way in 
which the forms are used is described below and examples are included at the end o f this appendix.

Program record sheet (Examples 6 and 7)

This form is provided for recording program estimates, actual effort expended, and the current progress position 
for each program. One form is used for each program or independent routine.

The initial entries are made as follows:

1 The start and end dates are entered from the programming schedule

2 The man-effort estimates for each detailed stage are entered in the first line o f the form, and the total man- 
effort in the Actual and Expected mameffort remaining columns

3 The number o f mamdays expected per week is entered in the Notes column, that is, the figure used for con­
verting man-effort days to elapsed weeks

Updating entries are made each week, one the scheduled start date has been reached or work has commenced:

1 The week ending date, names o f programmers concerned, and actual effort in days are entered in the 
appropriate columns. More than one line can be used i f  several programmers are concerned

2 The effort required to complete the current stage is assessed and entered in the Notes column. I f  the stage has 
been completed a tick is entered in the column for that stage. The effort remaining is not the estimate minus 
the actual effort, but is assessed according to the outstanding tasks. For example, ifh a lf the work is remaining 
and ten days have already been used then ten more days effort will be required, whatever the estimate

3 The entries for the other three columns are calculated:

Actual man^ffort remaining = assessed days remaining on current stage + estimated days for future stages 
Example

In Example 6, week ending 26/7

Actual man-effort remaining -  1 day (current coding stage)

+ 6 + 5 + 15 days 

= 27 days

Expected man^ffort remaining = previous week’s entry - expected days per week 
Example

In Example 6, week ending 26/7 

Expected man<ffort remaining = 324 days

= 28 days

Days ahead/behind = expected man-effort remaining - actual man^ffort remaining 
Example

In Example 6, week ending 26/7 

Days ahead/behind = 28-27

= 1+ days (ahead o f schedule)
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Effort used on stages already completed, due to system changes can easily be recorded, (see Example 6, week 
ending 6/9)

When the program has been completed the actual effort figures are totalled and the form provides a record o f the 
progress throughout implementation.

Revisions to estimates can also be made with very little difficulty. This is best described by reference to Example 
7, Estimate 2. The program man-effort was re<stimated and the revised standard man^ffort estimates entered on 
the next available line. Since the schedule was also revised the actual and expected effort remaining were both 
13 days, rather than the expected effort being 40 days.

The Programming schedule form is updated and revised more easily than in Level 1 since all the actual figures 
are recorded on'the Program record sheet. All that is necessary to get an overall picture o f the project is to mark 
o ff the days ahead or behind the current date. Example 8 shows how this is done; for instance in the week ending 
26/7 the data vet was 1 day ahead according to the Program record sheet. Care must be taken to keep the Program 
record in line with the schedule. Ifholidays are included on the bar chart then the expected man<ffort remaining 
is not reduced; and for unscheduled holidays the expected man^ffort remaining is reduced.

Trials record sheet (Examples 9 and 10)

This form is provided for recording the actual trial time used and comparing actual against estimated usage. One 
form is used for each program or independent routine.

The initial estimates are entered on the first line o f the form and show the time for trial data set-up separately 
from the compilation and trial time (see Example 9).

Updating entries are made each week that computer time is used. The number o f machine runs to set up data, and 
the time used, are entered for the week and added to the cumulative total for comparison with the estimate. For 
each week the number o f runs and time used, are entered separately for initial compilations and program trials 
(compile and trial). These entries are totalled for the week, and the weekly total is added to a cumulative total 
for comparison with the estimate.

At the end o f the program trials stage the weekly columns are totalled to give a breakdown o f the trial usage into 
initial compilations and program trials (compile and trial).

Revisions to estimates can be made by entering the new estimates on the next available line (see Example 10).

L E V E L  4 D E T A IL S

Level 4 adds summarized statistics to the details given by lower levels, and therefore provides for setting up a 
library which can be used as a reference when estimating for new projects and also for improving the program 
estimating standards. The use o f the forms is described below and examples are included at the end o f this 
appendix.

Project history record (Example 11)

This form is provided for summarizing the project details, including time taken and effort used.

The initial entries are made at the start o f programming work on the project and include basic details o f  the 
computer and language to be used. The initial project estimates are also recorded. During the project the only 
entries required are revisions to these estimates.

When the project is completed the actual figures are recorded on the lower part o f  the form, including start and 
end dates o f stages, computer time usage, number o f staff and effort used, and types o f programs written.

Program history record (Example 12)

This form is provided for summarizing the implementation details o f a program, and one form is used for each 
program. The initial program estimates are entered in the upper part o f the form. During the project the only 
entries required are revisions to these estimates.

When the programming work has been completed for a program the actual implementation details are entered, 
including program size and work content details, man-effort and elapsed time, and computer usage. Most o f these 
figures are taken directly from the totals entered on the Program and Trials record sheets. Additional information 
on the type o f processing carried out by the program is entered on the reverse side o f the form.
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EX A M P LES  O F  FORM S

The foUowing examples show how the entries are made on the forms. The entries made in the form examples are 
from a single project and are therefore consistent throughout.

Example Form name

1 Project Check List

2 Program Check List

3 Programming Schedule

4 Project Progress Report 1

5 Program Progress Report /

6 Program Record Sheet \

7 Program Record Sheet

8 Programming Schedule

9 Trials Record Sheet

10 Trials Record Sheet '

11 Project History Record )

12 Program History Record )
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International
Com puters
Limifed

Data
processing

Project
check
list |crL

Project oontrolter 077" J ^  ̂  77/ u*r X Y 2 L  SE/Pr/cErS" 2  7~J>-
Syaterm contact AT. &&&CO*/ ________

Uaer contect <V. A /A # A ? /^  C<. ̂ \ Project ^ f ’£^J^fT■7~ XAtA £. r s t s ____
Chief programmer <  . v 7 o ^ , f r ^

Sentor programmer ^7 *J^O&A< S o rf
AetivKy

A. initial negotiations Start Comptote C. Linked/systemstrials Start Comptete______
1. Bequest for project

s Q<
1. Produce operating instructions

2. Produce broad estimates ^ r Z  Pten linked trtete strategy

3. Agree main tenguage

.<?
3. Produce linked trtel data

4. Obtain authorisation to proceed \
________t£zz 4. Run linked trials

5. Agree charging method ^ ~5i Ptensystemstrtels strategy

& Prodocepreiiminarytime-tabte T *
j/____

6. Ensure systems data produced

7. Arrange trial time ~ K T
Ao

7. Run systems trials

8. Make preliminary staff request v* 8. Reviserun-timeestimates

B. Programming preparation 3. Operational preparation_________
1. Vet systems specification

rt/A 1. Arrange dat*prep facilities

Z Vet or produce outline 
specification 2. 9-. 4? / / 9 . 6 f

2. Arrange computer time

3. Revjseestimates.scheduteand 
staffing /• S . 49 /o. S. 69

3. Run takeon programs

4. Produce program specifications
2 . 9-. 49 /0.5.69

4. Paraltel running

5. Produce outline fk>wcharts

2.tf-. 69 /o .5 . 69
5. Obtain user acceptance of 

programs
6. Revise schedute and produce 

control forms 9. 5.  6 ? /o. 5 . 6 f
6. Finalisealldocumentation

7. Revise trial arrangements 7. Arrange retention of medte

8. Produce run-time estimates 8. Retease other medte

9. Obtain staff and discuss project 9. Hand over project

10. Ptan'trtel strategy for eech 
program ' * S l < i /9.5. 6? 10. Definemaintenence 

responsibilities

11. Appoint trab controlter A f/p 11. fVoduceproject$tatistics

hOfWRtHkl
fVogram name Specify Outline 

chart_____
Trial
ptan______

Program name Specify Outline 
chart_____

Trial
pton______

CA#Z>  7 ¾  7~A05 ~ ~ S ~ ✓ ^

2 > P T P  V £ T ✓ r ✓

U p j> A T E is U ' u '
E x r p p > c r u ' tS
P & rA f7 - tS ts' tS

FORM 14/109A<12.0S>

Example 1
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International Data Program  l ^ ^ l  
C o rrg u te rs  processing ch e ck  | ^ ^

P ro gram  n u m b e f ^|O O J?^ P ro g ra m  i w n e  JW 7 7 J  ^ f  /
P ro g ra m m er ^ .  A/.  077^^5?
EMinwM

E stim ate  n o . E s tim a te  n o .________________E s tim a te  n o ._________________ E s tim a te  n o .______________

N u m b e r o f  data statem ents 4-2o
N u m b e r o f  p ro ce d u re  statem ents/ 
instru ctio n s____________________________________ 7oo 770
C o m p le x ity  fa cto r / /
W o rk  c o n te n t u n its 7oo rro
E x p e rie n c e  fa cto r / __________________/
T o t a l  store re q u ire d 22,000 22,000
M a n ^ f f o r t  (d a ys )

A  L o g ic  a n d  ch e ck in g / / / / •

B  C o d in g  a n d  c h e ck in g /S / f
C  T r ia ld a t a 6 __________________^  r
D  In itia l co m pitotk>n a n d  d r y -r u n  
_______ (n u m b e r )________________________________ s - ( i ) * f a )
E  T r ia ls  [n u m b e r) / f W ) * m
Im p le m e n ta tio n

A c t iv it y _________________________________________

Pro g ra m  M a jo r system  revisions

A u t h o r  C h e ck e r A u t h o r  C h e ck e r
Date S ig n a tu re  O a te  S ignature________D a te  S ig n a tu re _______ O a te  S ig n a tu re

A .  L o g ic a n d c h e c k in g : -  

1. S tu d y s p e c if ic a tio n &k\ 4**> i 1
___________I__________________

I
____ I_______

2. O u t lin e  f lo w c h a rt  d raw /check i Jsfe i A**> I________ I
3 . D eta ite d  fto w ch a rts  dra w /ch e ck nj?\ A*A> /j/y\ 4s 3/q ' A W y ? :  4s
4 . C h e o k  estim ates ttf7' Arfo

-----------7— 1----------------------------------
I

r  * '
I________

/
1

B . C o d in g  a n d  c h e c k in g :- 

1. C o d e  a n d  check

^ 7 1
/y?\ M o

i
*fc/7' 4s 4/?> M/v'c * t i  Z s

2 . C o rre c t  a n d  check 2?// \ A#o *?b\ 4S / 1
___________ I___________________

/  I

___________ I________________

3 . C h e ck  estim ates 3o/? AArt>
7  1

I I I

C . T r ia l  d a ta >

1. Plan a n d  w r ite  tria l data

i ~ '
y y  Any

I

I #/q\ W o
j

I

2 . P u n c h  a n d  ch e ck  tria l data f/rl M b
j

___________ I__________________

4  T  j

___________ j__________________

j

___________ I________________

3 . fre p e re  e xp ec ted  results
f t f t '  A*/o I I I

4 . Prepare c o n tro l cards
f r \  A M

j

___________ I__________________

i

___________ I__________________

I

___________ 1---------------

D .  I n itia l co m p ite  e tc :- 

1 . O b ta in  ctaen c o m p ila tio n &ft\ A M ) I

___________ j__________________

I

___________ I__________________

I

___________ I________________

2 . D r y * u n  p ro g ra m 2y f  \ 4 r t o I I I

3 . C h e c k  estim ates &/$\ f a f o
H

}__________________

I

(

i

___________ 1________________

E .  T r M s : -

1. R u n tria te  m a in ta in ing  d o cu m e n ta tio n J > / f ', A * ft> ___________ j__________________

1
___________ j_______ ;__________ ___________ 1________________

2 . P ro d u ce  o p e ratin g  ins tru c tio n s /ifr  M o I I 1

3 . F in a lis e  d o c u m e n ta tio n 2cf<t fa/Q i I

■

i

___________ 1________________

FORM 14/109/2(12.69) '

Example 2
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Jntem ational
Computers
Limited

Data
processing

Program
progress
report ICL

User

T o :

X Y <? S s p i7 c ^ y  7 r p Proj^ f* ^ o 7 7 F T j-4 J M L y $ / $ * > * * * '*  /6 . 8 . 6 9

/  . JT3A/JFS 
^ 7  S T m / r  v f  

* r .  e # o c o A /

F r o m :

f i f .# o 6 s A / s o t f

P rogram  no . Progress and  posrtion

a n d d e a c rip tjo n  Program m ers________Progra m m in g _______________________________________________________________ Link ed /system  t r w t

3 > A T 7 )

V j F 7 -

4 * 0 2 4

4 . M 0 7 t y F *P C u rre n t stage / p / C / e t  /  C < 9 * t f > s f e

% o f  c u rre n t stage c o m p e te d  < ^ C & 9 &
. ?  J Z > A  V J  # J F + tA S * / / A / < ? ______

C o m p a ris o n  w ith  tim e -ta U e

<94/ S w f A / . ¢4?*____________
C o m m e n ts :

s e t s t A / - < G V r * o * T  * s  4 * : r < s  C S T 3 > .  

& " y s - n r * r s  r w 4 ^ < r  7¾  & &

4 * - M < / i f i  J > C S A *S A / < Z  7 7 y / ^ s  -

44» < f a r ^ r c r f *  ^ < f t ^ y

C u rre n t stage

% o f c u rre n t stage com pteted

C o m pa riso n  w ith  tim e-table

C o m m e n ts :

P P / t Y 7 -

S f o * * s i

C u rre n t stage / ^ / p r 4 r f  < T o * t t ^ r S «

L.

“  0 ^  O X --------
% o f c u rre n t stage com pteted  °  ^  ^®

✓  j > ^ x  > e ^ ^ / v / A /  g
C o m pa ris o n  w ith  time>tabte

0 4 /  ^ J F V / & * T Z >  C c * f & 3 * c / t &

C o m m e n ts : ^ F 5 7 / ^ 4 W J  ^ /  <?®0
/ A / s n r t> c r -/ o * / s  * j n r s  7 V 4 V  0 f4 W M  
S ^ s c ^ a J > u i r o  p o *  s f o L i p A y  A t v j>  

a. m /  A J O A A C / W G -. ^5>KD J > A 7 T F  £

4 / & F A C S  t T A 4 i/ * " A -  A 4 o v r  S '  & A Y s  
X r X c e S S  j F s * o * r  n  j > * r F _

C u rre n t stage

% o f  cu rre nt stage com pteted  

C o m p a ris o n  w ith  tim e-table  

C o m m e n ts :

P O R M  1 4 n o 9 ^ ( f 2 . M )

Example 5
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4
2

0
2

(4
.7

0
)

Lfi
vO

<*
O

I n t e r n a t i o n a l  D a t a  T r i a l  l ^ ^ l  

C o r r ^ u t e r e  p r o c e s s i n g  r e c o r d  | m | J » l M

Program no. ^  C > C 5  Q  ^  Programnamo ^ ^  / ^  7 ~

Estimate Date Number of Data set up etc. 
number expected Weekly Cumutotiv* 

turn rounds 
per week

No. Time No. Time ___

Initial frogram trials Total (*no: of turrvrounds) Notes 
Compile Complte Trial Weekly Cumutetive 
weekly weekly weekly
No. Time ______No. Time No. Time_______No.* Time_______ No.* Tima________ ________________ ___________

/ *> /sA f 2 j 1__________ i / .  oo
-----------,--------------------

I__________

-----------1--------------------

i___________ l___________ i___________ / 2 1 4 .o o
J  r ^ r r ^ i  c * r y m  n  
9 *# O Q *M * 7X/AlS

2 4 & t / £ i j / .o o I i___________ I i 4 1 3 .0 0 3 /*/tr/* c. c*nmttez 
2  A M < I # 4 W  r*SMS

'7 ' / — *■
/C /6 /  1 / 7 /  | O .t7 3 ' 38 i j 3  ' O. 36 J  | ¢7. 38
23/6 ^  | / o 3  | o .2 7 /  , f7

I
/  1 7 2  \ 0 . 2 4 3  , / .  02

L/1
i ■"■ •"—' —

i__________ 3 1 o. 2  r I___________ i___________ I___________ i___________ S  I / .  02
/3/9 4 ' 39 7 ; / .  o& I 3  ' 3S- 3  1 / 3 3 o . 4 -8 8  i / .  S o
2o/9 S  1 4 S /  2  ' / .  S /

j
4  1 s r 3  \ J o 4 '  / .  / S / 2 ' 3 .0 3

27/9 T  7 / 3 1 / .  S 8
-----------1--------------------
______I___________ 4  | 6 / S \  4 3 S  \ /  4 4 - /?  \4  4 ?

4 //o 3 \  / ? /C  i 2 ./7 l__________ 2  i 2 2 4  2C> 4  i a. * B 2 /  , S. 3 7
...... a

TorAL I / 6 '  2 . / 7 4  I O .S S / 3 ' 2 .S 3 / L / . 4 9 I___________ 2 / ' S - . 3  7
I -----j---------T~ I i I i

----------- !--------------------

______I__________

------- !-------------
______|

------- 1-------------
____ I

i
i

------- 1-------------
______i___________

1
|___________

----------- i

______i__________

i_____________ I___________ ______I__________
----------- I--------------------

i___________ i__________ I__________ i__________

! f I i i f___________ l
j r I i i I j

|
|__________

----------- !--------------------

j
-----------1--------------------

______)

-----------j-------------------- -----------1--------------------
i___________

i -----------1

______i__________

I__________

4- ■

I___________ I___________
—  I--------------------

I___________ i__________ J ____________ i__________

I__________ I ! I i 1___________ i

I i j i( ----------- 1--------------------- i
-----------1--------------------

i

----------- ,-------------------- -----------1--------------------

I

----------- ,-------------------- - ----------- i---------------------
______i___________

-----------1-------------------- 1

______i
-----------1
______i___________I

i__________ i___________

'—■■ 1 - ■ ■ ■■" 
I___________

— ■ ■ - | 

______1 i___________
■■■i

i___________ i___________

i I I I i I___________ i
. . j

j l i
j

i ----------- !--------------------

i

-----------1--------------------- ----------- 1-------------------- ----------- 1-------------------- ----------- 1-------------------- ----------- i
_____ i___________

FORM 14/109/7(12.69)



International Data
C prrguters processing ICL
Project controller 7̂ “  %5V^f /  7 ^ C ^

Systemscontact ^ -  &&Oi*JAt
User contact ^- W **# /s~ ̂ cr. ̂ ?)

User > rX ^  g f f^ ^ / Q F 5 T  ^  y~3>

Reject r t t o 7 E T r r  4 * J A t r s f S
Suite no. 3 T V  2  ^  O _____________

Chief programmer ^  , ^J'&AS&'S
Senior programmer ^J & 0tB/AfSOAf ________

Computer ^y5 7yAT ^  -  f  O ---------
Main run frequency J J e & e v f

Operating system 3 ~ _____________--- Main ten90age CO& OL
 ̂m — __ ^^ ¾̂ p̂̂  ^̂

Configuration ^  A7 7~_________ ___ Sub-languages & S*& CO& *
;

u2 . ^2>S ___________ ______—

c * * * j>  / / ^  jy * e  s& *frzj*
-------------------------------/ - -------------------------------- ■

Nq instructions Specify Program Linking System trial Trial time (hours)

•uitiN^n t_u w -^ v e i n ^ n -* e v e ( oa te  date  date
— ~ f ~ 7 ~

r f r 0/ t , 1 S S ^vfb1S & / 0 / 0
± __________________ J T g O 2 4 - o o

j m * r

A P J t / L

n w w z r
A f A t y / # 'J m

z __________________ / * T e > e > * c > 9 a t4

^ r  /  ^

9t / »  _ // *t i t

1

i t » tt

_ .J-r- , y / - 7 - j f  »  —"

A c tu a l / L 7 0 * z G o
2 E ^ 1& 7tf°& ^ ½ ? ^ 4 g ^ ¾ ¾ / o 4 f -

Average no. of staff used ^ ^ _ ____________ Maivweekseffortused

Staff category
Peak no. 
of staff Specs. Program Link System Total Specs. Program Link System Total

Chief/seni6r programmers 2. ~ z T / ____/ _ ~ jF _ 7 S r 27 -
Other programmers * *b 2 29 3 A Z -

Program start point

Draft Agreed
No. programs No. standard Average Systems program program

Classofprogram written programs run-time spec. spec. spec.

Media conversion — input
_ « — — — ^ ^ rAt/*ftsiTTSJ

Media conversion with vetting / 6 ✓

Vetting without media conversion / 7 ✓

Media conversion — output

Media conversion with editing / 9 ^
Editing without media conversion

/ (, ✓
Sorting/merginy 3 4 * A o t
Fite updating

/ /O ^
Pite searching

Other

Total &
_ _ _ _ _

~- $ 2 .
Please comment overleaf on any unusual programs and any fecial factors affecting implementation.

FORM 14/109n(l2.6SI
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International
Com puters
Limited_______________

Data
processing

Program
history
record ICL

Program number______ ^  O  O  ^ -  ^ Program name » ^ ^ )  f  ^ ?  ^ f  7

Estimate Stage Date of Program No. of No. instructions__________Complex Work Exp: Total Time (days)_______Machine attempts Comments
no. of * estimate tenguage 

estimate
modutes

Data Procedure
factor content', factor store 

units
Man Time 
effort Etepsed Number (hrs: mins)

/ # -s '*/*A+ Co6ot _ J_ 7oo / Ybo / f2,ooo S z rtcuk% /2 4.0o
2. P-c. */*A* COSoc / 420 77Q / 7ro / /A.Qoc if 4r A •t A/o Zcvf7Wfe- OntAfG-F

Actual
high
tevel______ C08oL r 4-S't 798 ~ T 798 / t*ooo ẐtO ^ , / A J / /
Actual
low
tevel______

r ^ 7 fY&*C% rO J ./ jb

Actual store usage

Actual no: segments Instructions + macros Fite control

Actual no.: overlays Data + constants

Actual _ogic and Coding and Trial Initial Trials Total
implementation checking 
(man^ays)

checking data compile
2dryw'un

y v T \ /4 r m 4 - /2 4 9

Actual
trials
(excluding 
link trialsT

Overheads

Initial compites Compilations Trials

Number Time Number Time Number Time

2 O. 22 7 2. oo a 0. S~4-

Elements present in program:- *Abbreviation for stage of estimate:-

Vetting u ' Media conversion Pre-specification Pre-S Post-initial compile P - l

Editing ^ File updating Post-spec if icat ion P -S Post-trials P — T

Sorting Fite searching Post<harting P - C h Post-linking P - L

M6rging Calculation t2 Post<oding P -C Other revisions R
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oro

Additional ratistfes

Additional commants

Vrtting programs (Please m e n tio n  any p o in ts  o f special d if f ic u lty  o r  interest, a nd  a n y  special factors
affecting im plem entation)

O rig ina l inp u t m edium A fT~
N o . o f inp u t types requiring  m ore  than 

1 block/card___________________________________ J/0A/&

F

N o . o f  d iffe ren t inp u t types

7
A ve ra g e n o . f ie ld s t o b e v e t t e d o n e a c h  

inp u t record /O
N o . o f o u tp u t record  types

/ /
Percentage o f fields needing radix 

conversion before O /P 3 3 %
N o . o f  o u tp u t fites

/
A verage data v o lu m e  per ru n //00 #eco*ps 

rttt 9fCMMMeret

Editing propams

Eventu al o u tp u t m edium fX/A/rz7 f
Is tw o -u p  p rin tin g  required Afo

N o . o f  d iffe ren t o u tp u t fo rm ats

/0
Is pre -p rin te d  stationery required A/0

N o . o f  in p u t record  types

9
Percentage o f fields needing radix 

conversion before O /P A/oAfiF
N o . o f in p u t files

/
A verage re s u lts v o lu m e  per ru n

6bo <w *T

FU« updating and fito saarching propams
G iv e  details o f all m agnetic tape/direct access and card/paper-tape fites

In p u t Access A verage N o .o f
o u tp u t m eth o d  record  record

D escriptio n  o f fite___________________________________ both__________ M e diu m  (discs)________ T o t a l file  length tength________________ types

N o rm a l m ain file  a ctiv ity  rate per ru n % If u pd a tin g  p ro g ra m , is a separate 

p rogram  u sed:-

Ta k e -o n ____________

A m e n din g



A p p e n d ix 1 1  T r i a ls p r o c e d u r e s

P LA N N IN G  A N D  SU P ER V ISIO N  O F  T R IA L S

There are two forms available which aid the planning and supervision o f trials: 

Testing schedule 

Bar chart

Testing schedule

The testing schedule is used to draw up the basic trial data plan from which the programmer can develop a full set 
o f trial data. It consists o f a grid arrangement with one column for each significant circumstance and a row for 
each combination o f circumstances to be tested.

The basic set o f trial data should be drawn up by the programming supervisor. Basic combinations o f  circum­
stances and sequences o f events should be defined. These will form the basis of, and guide the programmer in 
developing, a fuU detailed set o f trial data.

The testing schedule contains the following entries:

Program number Identity

Identity

Programming supervisor’s name 

Date form filled in

A  reference to be assigned to each basic trial data record.

Test unit 

Prepared by 

Date

Trial data records 

Conditions

Comments

Each column indicates a different circumstance. Each trial data record row indicates 
combinations o f these circumstances.

A  brief description o f the objectives o f the basic trial data defined.

Bar chart

The purpose o f the bar chart is to aid the supervision o f  trials to the extent o f following the actual progress 
compared with the estimated progress. A  bar chart gives a pictorial record o f  the actual progress for the trials 
stages and test units compared with the planned strategy.

When initially drawing up a bar chart for a test unit the form is tentatively divided into as many sections as there 
are trials stages for that test unit. I f  there are a large number o f entries, the bar chart can extend over several 
forms.

The bar marked Estimated number o f  effective trials (EER) is equally divided and numbered according to the 
estimated number o f effective trials needed to complete the testing o f that stage. In making this estimate, 
consideration should be given to the extent that the current stage has already been tested in the process o f  fully 
testing the previous stage.

The bar marked Estimated total number o f trials (ETT ) is then similarly completed. In the example on page 166, 
it has been assumed that 40% o f trials are likely to be ineffective. This means that for every three trials in the 
EET bar, there are five corresponding trials in the ETT bar.

The final entries are the Estimated dates. These dates (usually week ending dates) correspond to the entries in the 
ETT bar according to the expected turn-round. In the example, the expected turn-round is one trial per week. 
There will only be one trial per turn-round for test units.
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Com puters processing chart i m * | __
Lim ited ■  ^ ^  mm

Program Project

Test unit Prepared by Date

Trials
stages

Estimated
effective
trials

____________________________________________________________________________________________________________________________________________________________________________

Estimated
total
trials

Estimated
dates
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International
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processing

Bar
chart ICL

Program y 6 X ^ A f ^ ^  Pr°ieC'  ^ ^ ^ / A 4 9  A  J&A& C t /r t ^ T "

Test unit Prepared by Date

Trials
stages

2

Estimated
effective
trials

i i r
© /  Jg 3
___________ I__________I I

Estimated
total
trials

~ i  i i i r
O /  2 3  <  *r
______I I I l I

Estimated
dates

i r  r ----- n ------------ r
x /z  fa  '*/3  '* A  - ¾
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U P D A T IN G  A  BAR C H A R T

When updating a bar chart, preferably at least weekly, each trial for the test unit is considered independently. 
Firstly a line is drawn from the trial on the ETT to the actual date in the Estimated dates bar.

It has then to be decided whether the trial was effective or ineffective. I f  the trial was ineffective, a line is drawn 
from the trial in the ETT bar to the previous effective trial in the EET bar. This completes the entry for an 
ineffective trial. I f  the trail was effective, a Une is drawn from the trial in the ETT bar to the next effective trial 
in the EET bar.

For the effective trial, a percentage estimate is made o fhow  far it has progressed the testing o f  the trials stage.
This is difficult to estimate and the programmer’s opinion alone should not be used as it wiU probably tend to be 
optimistic. Instead, it should be based on the number o f instructions proved or the number o f  triaI data records 
proved. The percentage estimate is marked on the Trials stages bar and a line joining this and the effective trial 
in the EET bar is drawn. This completes the entries for an effective trial.

U SIN G  A N D  IN T E R P R E T IN G  BAR C H A R T S

Bar charts for each test unit must be kept up-to-date. I f  the estimates are accurate then at the end o f  each trials 
stage, the lines drawn should form a single vertical line The divergence o f  these lines indicates the progress o f 
testing. I f  discrepancies are abnormally large, then steps wiU have to be taken to correct the situation. Consider 
the three situations in the example on page 167.

I f  the Estimated total trials are not completed by the Estimated dates, then the programming supervisor should 
inform the programming management in order to improve the turnrounds.

I f  the Estimated effective trials fall too far behind the Estimated total trials then the causes should be investigated. 
I f  the programmer is at fault, then stricter checking procedures should be enforced. I f  the reasons are machine, 
operator or software faults then the programming management should be informed.

I f  the progress o f a trials stage is slower than estimated against the effective trials then either the program should 
be dry-run again or if  similar situations are occurring on the other test units, then perhaps aU the estimates for 
that stage or even aU the stages may have to be revised.

When a revision has to be made, a new bar chart should be drawn up for the remainder o f the testing. The date 
and reason for the revision should be noted on the bar chart. The revised bar chart may commence on a previous 
partially completed form or on a new form.

C O N T R O L  O F  T R IA L S  IM P L E M E N TA TIO N

The day by day control o f trials implementation is essential for the smooth running o f a project. I f  individuals 
are left to their own devices, then chaos wUl result. A  programmer’s natural optimism wiU mean that both check­
ing and coordination between each individual’s submission wUl be insufficient. There are four forms available 
which wUl aid the programming supervisor in controUing trials, whether by his own use or by suitable delegation 
to a trials controUer. These are:

Trials submission control

Turn-round

Tape/disc catalogue

Data prep submission

Trials submission control

The Trials submission control form provides an interface between the programmer and the machine. It mainly 
contains information on the tum-round o f the programmer’s work.

The main control here is that the programmer cannot submit directly to the machine. Before accepting a 
programmer’s submission, the controUer should check that the programmer has created his submission in the 
correct manner. This wiU include ensuring that the analysis has been checked to be full and complete; that the 
programming supervisor has approved the resubmission;that aU the submission details have been checked.

The form also provides a check on the work in hand in case any submission is misplaced or overlooked.

Once a submission is accepted it can then be considered as part o f the total work submitted.
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The Trials submission control form contains the following entries:

Job number 

Submitted by 

Date submitted 

Description 

Date returned

Turn-round

A  unique reference number for each individual job submitted 

Programmer’s name

Datejob is submitted by the programmer 

Brief details o f the function o f each job 

Date job is returned to the programmer

The Tum-round form provides an interface between the controller and the machine. It mainly provides detailed 
information on the total turn-round o f work. The controller oganizes the total work accepted for submission as 
defined for the installation, and records this on the form as appropriate.

The exact overaU use o f machine time can be readily deduced from the information recorded on the form. 
Tendencies in turn-round times can be analyzed and may result in steps being taken to improve the situation or 
possibly a revision o f estimates. The frequent occurrence o f errors which produce ineffective results may be 
discovered and remedial action may be taken especially i f  they were caused by the programmer.

The form can also provide information for costing, timing, efficiency, and other required aspects o f testing.

The Tum-round form contains the following entries:

Job number

Date submitted

Date returned

Machine time

Result

Comments

The job numbers in the order they are to be run within a batch o f jobs

The date the batch o f jobs is submitted

The date the results o f  the batch are received

Amount o f machine time used

E for effective 
I for ineffective

Relevant details and comments on results. Further details are held on the Trials log/analysis 
(described at the end o f this appendix).

Tape/disc catalogue

The Tape/disc catalogue form provides a basis for a method o f  controUing the use and contents o f  the pool o f  
tapes and discs. There is one form for each tape or disc and the supervisor keeps the library o f  fomis and controls 
their updating. He should control the allocation and use o f  the tapes or discs according to their availability and 
any special priorities there may be.

The Tape/disc catalogue form contains the following entries:

Project

Serial number

Location

Owner

Date

Type

Contents

Run generation 
number

Condition

Name o f project(s) to which the tape/disc is assigned 

Reference number o f tape/disc 

Location o f tape/disc

Person responsible for the tape/disc or POOL i f  unassigned 

Date o f  any relevant change

Description, for example short/long work or data tape

Details o f  files, standard or user labels o f  any data held, including position i f  on disc 

Relevant value

History o f  tape/disc, (parity, scratches, tape chopping etc.)

Data prep submission

The Data prep submission form provides a means o f  controlling the flow o f data preparation work. This will be 
useful i f  there are large numbers o f  submissions. Work can perhaps be distributed to different data preparation
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centres as required. The form provides the necessary information readily available in case o f  any queries. 
Tendencies in turn-round times can be analyzed. This will enable estimates to be made o f expected delays which 
will enable other work such as dry-running and checking, to be scheduled more accurately.

The Data prep submission form contains the following entries:

Job number Reference number o f work submitted

Programmer Name o f programmer who submitted work

Description Relevant details such as paper tape, verify, hard copy, parameters

Number o f  cards/characters:

Estimate Number estimated by programmer

Actual Number given by data preparation department

D P Centre Punching installation used

Date submitted Date the work is submitted

Date received Date the completed work is received

Time Time taken to process work

Remarks Details o f mispunching etc.

P R O G R AM M ER S T E S T IN G  P R O C E D U R ES

The summaries below provide a check list o f the programmer’s functions involved in testing. The functions are not
necessarily in the exact chronologieal order o f  execution. Specimen testing schedule and Trials log/analysis forms
with descriptions o f their use appear at the end o f this appendix.

Trial data

1 PLAN Full sets o f trial data should be planned to test aU conditions on the basis outUned by the supervisor 
on the testing schedule form(s). A  testing schedule form should also be completed by the programmer (see 
following instructions)

2 APPROVAL The supervisor should approve the objectives o f the fuU sets o f trial data to avoid unnecessary 
errors and amendments later on

3 DETAILS The exact data record details should be prepared for aU conditions planned. The associated expected 
results must also be prepared in detail

4 PREPARATION The trial data should be submitted for punching as applicable

5 SET-UP The trial data is set up (for example, a main file on magnetic tape) if  required

6 CHECK The trial data files set up and the associated expected result should be checked to be correct. Also a 
check should be made to ensure that the trial data meets the requirements o f the objectives

7 DOCUMENTATION All relevant documentation must be kept up to date

Initial procedures

1 DIAGNOSTICS.Suitable basic diagnostic facilities may be incorporated in the program to increase the value 
o f trials and to aid analysis

2 APPROVAL The supervisor must approve the proposed use o f diagnostics t6 avoid unnecessary wastage o f 
machine time

3 PREPARATION The program should be submitted for punching as applicable

4 CHECK The results o f the preparation should be checked to be correct

5 IN ITIAL COMPILATIONS The program should be submitted for compilation via the relevant channels. All 
errors must be fully analyzed and corrected. Full details must be recorded on the Trial log/analysis form

6 CHECK A  final standards check and a final logical check should be arranged, using the initial compilation 
listings

174 4202(4.70)



7 DRY-RUNNING A  thorough dry-running using an initial compilation Usting and trial data, wiH increase 
efficiency o f  trials and wiU validate trial data. A  second person is required for assistance

8 DOCUMENTATION AU relevant documentation must be kept up to date.

Trials

1 DOCUMENTATION Full detaUs o f trials should be recorded on the Trials log/analysis form for checking, 
change o f  staff and maintenance purposes, (see foUowing instructions). AU relevant documentation must be 
kept up to date

2 PREPARATION Parameters and operating instructions for the trial should be prepared, the relevant submission 
detaUs should be recorded

3 CHECK A  check o f  the submission detaUs should be arranged

4 SUBMISSION The trial is submitted via the relevant channels

5 ANALYSIS FaUures must be diagnosed; aU errors must be analyzed and full details must be recorded

6 CORRECTIONS Amendments must be made for all errors, and fuU detaUs must be recorded

7 CHECK A  check o f  the analysis and corrections should be arranged

8 REPEAT The procedure should be repeated for each trial

Testing schedule

This testing schedule form provides both an aid to devising, and a means o f recording, trial data. It consists o f  a 
grid arrangement with one column for each significant circumstance and a row for each combination which is to 
be tested. The testing schedule may be a modification o f the appropriate decision table i f  decision tables were 
used to define the job.

A  schedule o f  the basic trial data plan is drawn up by the programming supervisor.

A  separate detaUed schedule is drawn up by the programmer 

The testing schedule contains the following entries:

Program number Identity 

Test unit Identity

Prepared by Name o f person designing the trial data

Date Date form filled in

This enables a reference to be assigned to each trial data recordTrial data 
records

Conditions

Comments

Each column indicates a different circumstance. Each trial data record row indicates com­
bination o f these circumstances.

This can be used to give a brief description o f the objectives o f trial data sets and/or each 
individual trial data record.

Trials log/analysls

The Trials log/analysis form provides the foUowing advantages i f  the entries are meticulous:

1 A  comprehensive resum6 o f the testing progress to^late

2 A  valuable record i f  the program is to be continued by another programmer

3 A  useful aid for checking procedures

4 A  source o f information for statistical purposes

The trials log/analysis form contains the foUowing entries:

Program number Identity

Program name Identity

Test unit Unit o f coding being tested
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Operating system 

Programmer

Identity

Identity

SUBMISSION 

Trial number 

Event

Checked by 

Date submitted 

Date received

R ESU LTS/R ESU B

Result

Approximate 
computer time

Detafls, analysis, 
corrections, 
comments, 
diagnostics

Checked by

Each trial is given a number in ascending numeric order starting at one.

Type o f  run, (trial, compile, etc.)

Signature o f  person who checks the submission.

Date o f  submission to the trials controUer (or to the computer).

Date received from the trials controller (or from the computer).

MISSION

E for effective 
I for ineffective

Amount o f  machine time used.

Full details o f  errors for aU events. This is used mainly to record fuU details o f  results, 
analysis, corrections and comments on trials.

Signature o f programming supervisor or person who checks that analysis is correct.
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Appendix 12 Flowcharting standards

Thi$ appendix describes the standards for flowcharting and for cross-referencing coding to flowcharts. The 
purpose o f  any flowchart is to make ciear what the program does without the obscurity o f  too much detail, and 
the main objectives o f the standards described in the foUowing sections are:

1 To make the flowcharting phase more effective by introducing various levels o f  charts which correspond to 
the level o f  processing to be sofred

2 To enable flowcharts to be kept up to date more easily

3 To introduce a logical system o f cross-referencing between coding and flowcharts

4 To make a flowchart drawn by any programmer inteUigible to any other programmer, by using standard 
techniques

TY P E S  O F  F L O W C H A R T

In most projects there are at least three different types o f  flowchart, these being:

The system flowchart

This is the highest tevel flowchart. It shows the relationship between the user departments and the computer 
system.

Thesuiteorganizationflowchart

This is developed from the system flowchart and shows the organization o f related programs and the flow o f data 
and results to and from each program or associated manual process.

The program flowchart

Program flowcharts are drawn for each program in the suite. They consist o f a set o f multi-level flowcharts each o f 
which is a complete flowchart. These are the subject o f this document and are considered in greater detail.

T H E  P R O G R A M  F L O W C H A R TS

The program flowcharts consist o f  two parts; an outline flowchart, which shows the overall logic o f the program, 
and detailed flowcharts which are expansions o f  the outline chart.

Outline flowcharts

The outline flowchart is the highest level o f  the program flowchart. The tevel o f  detail is such that the flowchart 
is applicable to any computer which has similar peripheral and storage facilities.

The aim is to deflne the main logic o f  the program, in particular input and output, in such a way as to divide the 
program into logical stages each o f  which is a self-contained entity. All attention should be concentrated on 
establishing the basic logic o f the program.

Each logical stage is represented by a symbol on the flowchart, and entries from other stages must be to the start 
o f  a stage, so that each stage is preserved as a self-contained unit.

Detailed flowcharts

The detailed flowcharts are based on the outline flowchart.

The aim is to inc]ude all the detailed requirements o f  the specification, maintaining the logic aheady established 
in the outline flowchart. The resulting flowcharts should contain detailed computer solutions for the logical stages 
on the outline flowchart, since these charts form the basis for coding the program.
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A separate chart is drawn for each box on the outline flowchart that requires more detail, and these charts form 
the second level o f program flowcharts. Further charts may be drawn to expand the detail o f boxes on the second 
level charts, and these charts form the third level o f program flowcharts. This process o f expanding boxes to a 
lower level o f chart is continued until at the lowest level the procedures can readily be expressed at coding level.

Since eacfr chart represents the expansion o f one box o f a higher level chart, entries to a chart from other charts 
will always be to the first box. Flow Unes would otherwise be implied as entering into the middle o f the symbol 
on the higher level chart.

F L O W C H A R T SYM B O LS

The following symbols, which are in accordance with the European Computer Manufacturers Association (ECMA) 
standards for program flowcharts, are to be used when flowcharting. Symbol size may be varied but the shape 
must be easily recognizable. These symbols are all contained on the ICL template.

FLO W  LIN ES

A  flow line shows the transfer o f control from one 
operation to another. The standard direction o f flow is
from top to bottom, left to right. __________________

Arrows indicating the flow must be used when the A
direction o f flow is not standard, or whenever increased |
clarity will result. 4

Flow lines which are unrelated may cross, but must 
never cross other unrelated symbols.

Flow lines may be connected, but only one entry point 
is allowed to a symbol therefore flow lines must join 
before entry.

PROCESS

This symbol represents any kind o f processing function 
or operation for which no particular symbol is provided.

P R E -D E F IN E D  PROCESS

This symbol represents a named process consisting o f one 
or more operations or program steps that are specified 
elsewhere, for example, a subroutine.
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IN P U T/ O U TP U T 1
This symbol represents an input/output function, that 
is where information is made available for processing, 
or processed information is recorded.

P R E P A R A TIO N

This symbol represents an instruction or group o f 
instructions which indirectly affect the program flow, 
for example set a switch, modify, initialize.

D ECISIO N

This symbol represents a decision or switching 
operation. It has one entty and a number o f exits. 
Each result is stated alongside its appropriate exit.

I f  more than three exits are necessary this symbol 
is used.

C O N N E C TO R

This symbol represents an exit to, or an entry from, 
another part o f the flowchart. It is used to indicate a 
transfer o f  control which cannot be conveniently shown 
by a flow line (for example, where the destination is 
on another page, to avoid crossing flow Unes or to avoid 
very long flow lines.) The symbol must contain a 
reference to establish the path.

T E R M IN A L

This symbol represents a terminal point in a flowchart, 
for example start, stop,halt, interrupt.

C O M M E N T

This symbol is used to add descriptive comments or 
explanatory notes to a flowchart.

c )
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C O N V E N TIO N S

Paper size and direction of flow

Flowcharts are drawn on A4 or A3 size paper, subject to the Umitation that no page may contain more than 25 
boxes. The paper is held vertically and the general direction o f flow is from top to bottom, left to right.

Titling

Flowcharts must be clearly titled, dated, labelled and referenced, including the author’s name. Page numbers must 
also be entered.

Text

All text associated with a symbol is written in block capitals, starting i f  possible with a verb. Where posable the 
text is written within the symbol, but i f  this is not practical the text may be written in a ‘comment’ symbol.

Subroutines

Subroutine entry points are annotated to indicate the function o f the routine and the identities o f aU pages from 
which the routine is entered. The conditions required for entty to the subroutine should also be stated at this 
point.

Where a symbol represents a Library subroutine, the Library subroutine name should be entered in the box as 
well as a description o f  its function.

Modules and segments

The comment symbol should be used on the outline flowchart to show which boxes are to be grouped together to 
form modules or segments.

F L O W C H A R T R E F E R E N C E S  

Referencing method

Each box on a flowchart is given a reference letter or letters. This reference may be written inside or outside the 
box at the top right. Whichever method is adopted, it must be used consistently throughout the charts. Any box 
which is expanded to a lower level chart must also contain an asterisk.

The boxes on the outline flowchart are referenced by a single letter in the range A  to Y . The letter Z  is reserved 
for subroutines, which are referenced in the range ZA  to ZY , ZZA to ZZY, etc.

At the next level the reference o f the first box on the chart and the chart reference are the same as that o f  the 
box which is being expanded. The references o f other boxes on the chart are formed by suffixing the chart 
reference with the letters A  to Y.

At subsequent levels this concept is continued as far as is required, following the rule that the first box on the 
chart and the chart reference is the reference o f the box being expanded and further boxes within the chart are 
referenced with the chart reference and a suffix in the range A  to Y .

Restrictions

The first box on any detailed flowchart must not be expanded. This avoids any two charts having the same 
identity.

Note: An alternative system is to reference the first box on a chart by adding the letter ‘A ’ to the reference o f the 
box being expanded but this system is not recommended since the inter-chart referencing system does not then 
follow the outline flowchart referencing.
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The Umitation on the letters that may be used implies a maximum o f 25 boxes per chart. However, it is recom­
mended that a limit o f  20 boxes per chart is imposed, as this ailows alterations to be made without extensive 
relabelling. In any case this is probably more than can be conveniently drawn on A4 paper.

Connectors

Exit connectors contain the logical reference o f the destination symbol, and entry connectors contain the logical 
reference o f the source symbol. Where several entries are made to a box the comment symbol may be used to 
show the incoming references. Wherever possible entries from and exits to other segments should include a 
segment reference.

There are two alternative ways o f showing the visual connections via page numbers.

1 Connectors between charts should contain the appropriate page number, and boxes which are expanded should 
contain the page number o f the chart containing the expansion. This method has the disadvantage that these 
page numbers will have to be entered after all the charts have been completed since when the charts are being 
drawn the page numbers have not necessarily been established

2 A  cross-reference list o f chart references and page numbers should preferably show the chart references in 
alphabetic sequence. This method has the disadvantage that the actual charts do not show page number 
connections but the list is easy to construct

C R O S S -R E F E R E N C IN G  C O D IN G  T O  F L O W C H A R TS

The system adopted in cross-referencing wiU vary slightly according to the language being used. Flowcharts and 
coding must provide the authoritative working and maintenance documentation for the program at all stages o f 
development. The structure and detail ofboth  must correspond as closely as possible throughout. Since the flow­
chart is the explanatory detail o f the task which the coding is designed to do it is desirable that the flowchart 
references form some part o f the program labels. However where alpha labels are not permitted by a language 
the labels used in coding must be written above the appropriate flowchart box.

Program labels

The first line o f coding to implement a box on a flowchart has a label o f the form ‘L ’ foUowed by the flowchart 
box reference. For example the coding label for the first instruction o fb ox  BC wiU be LBC.

Labels required for transfers o f control within a flowchart box use the box label plus a numeric extension in the 
range 01-99. For example, the first transfer o f  control within box BC wUl be LBCO l.

Subroutine labels

Since subroutine chart references all start with Z , labels for subroutines are a copy o f  the flowchart box reference, 
foUowed by the numeric extension as for program labels.

Label extension

ln COBOL a meaningful paragraph name should be added to the standard label. Since the standard label can vary 
in number o f  characters the two parts should be separated by a hyphen.

E x a m p le

LC-MATCHDATA

ZDAB^TERLCONVERT

In languages where there are insufficient characters aUowed for an extension, annotation should be included in the 
coding so that aU major entry points are meaningfuUy described.
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P R O G R AM  F L O W C H A R T  EX A M P LE

Following is an example o f a flowchart using the methods described in this appendix.

PROGRAM FLOWCHARTS

Name o f job DEMON

Program identity : DEMO 1

Chart
reference

Outline

B

C

D

E

ZA

ZB

ZC

ZD

Page
no.

Chart | Page 
reference, no.

Chart Page 
reference no.

Chart - Page 
reference, no.

Chart | Page 
reference. no.

1

2
3

4

I

I 5

I 10
I 11

I 12
13

DA I 6
l

I
DB I 7 I

DD
I

I
8 DDA I 9

I

1

I
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l ^ ^ l  Data 
|  % J F  t m  processing

Programming
stationery

UM ^ / w c X a , - f '  _Z>

T.«k J D E F lQ N  f W 0 7 f C T Program/segment ref. j i ) 4 ^ 0 /
Prepared by: ^  .A f*  O lf{£ f\  0ate: l2 .f  3/7O Checked by: J T  & tfLh- D*te: lZ {3 / 7 0
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ICL Data
processing

Programming
stationery

u*  ^"/oeocX<xf^ ' SDJ2

Ti,k> J 2 ^ W o A / ^ O J T 2 T C  7~ Program/segment ref. / 7 ^ 4 ^  Q

Prepared by: r f .t f  07Vf& ^0** |Z/$|7Q Checked by: J~% SC/C. L* 0ate: / 3  /3 / 70

Page 8 of 1 3
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ICL Data
processing

Programming
stationery

U *  r ^ O  C O  C  K . C t P - ^ "  J 2  C

Title U > g 'A l O A j  ^ C 5 J ' i f T 7 - Program/segment ref. 7 V S ' A ^ ^ 7

Prepared by: r f .  f l/ . &  7 7 V r f v P  Date: / £  / 3  /  ~fQ Checked by: ^ r & C / Z ,  £ . P . » :  | S>/j/ 7Q

Page 1 2 of 1 3
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A p p e n d ix  13 P L A N  s ta n d a rd s  a n d  te c h n iq u e s

This appendix covers standards for the writing o f data names, labels, subroutine names, Usting control, switches, 
monitor, subroutine linkage, and multi-segment programming. These standards are intended to assist the 
programmer in laying out his program so that it may be understood by another programmer more easily than if 
no convention had been followed. Clarity ofboth  layout and intention is the aim. Wherever possible, the con­
ventions for PLAN match those o f other ICL languages.

W R ITIN G  S TA N D A R D S  

Writing

Characters should be clearly legible. At least every other line on the coding sheet should be left blank, to enable 
amendments to be easily inserted: even if amendments are not anticipated, the blanks greatly increase the 
legibility o f the coding. It may be also useful to have about five blank lines at the end o f  each sheet.

Layout

It is essential to the maintenance o f a program that it be laid out in a neat and standard manner.

# , # C U E  and # P A G E

These directives should be used to mark logical groups o f coding, and to space the Usting. The programmer should 
remember, however, that macro expansions will o f themselves create spaces, though not necessarily at logical 
breaks in die program. Thus a blank comment Une (# ) need only be used whenever a logical break occurs without 
a nearby macro space, and to separate groups o f constants and work areas.

All routines and subroutines should begin with #PAGE, unless they are very small, when two blank comment 
lines should be used. In addition, the #PAGE directive should be used to separate the major logical sections o f 
routines.

The #CUE directive makes a very useful logical separator. Its use should not be restricted to entry points from 
other segments as it can with advantage be used thoughout the coding. The cuename will be included in the 
consolidated list, simplifying the analysis o f  error dumps to some extent. Subroutines, in any case, should be 
CUEd.

Section order

Each section o f a program should start on a new page, and be arranged as far as possible in the following order:

1 All COMMON areas

2 Variables (Lower)

3 Variables (Upper)

4 Presets (Lower)

5 Presets (Upper)

6 Subroutines

7 Program

In order to ease maintenance, within these sections, all labels and data names should as far as possible be in 
alphabetical order. However it is recommended that all file areas (see section Datammes for a description o f 
these) appear at the head o f their relevant section. Thus file buffer areas will normally head section 2, file control 
areas section 4. Variables are placed before presets so that variable addresses (for example, buffer areas) are 
defined for use in presets (for example, file control areas). Note that contrary to the practice in most languages, 
subroutines precede the main program. This has the effect o f reducing the size o f the branch-ahead table.
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Comments

The importance o f comments in low-level programs cannot be over-stressed. Not only do they greatly assist 
others to understand the program (as well as assisting the author who may forget his intentions) but also relate 
the coding to the flowchart, and constitute an aid to clear thinking. It is not possible to give strict rules for the 
number o f comments per instruction, since this depends very much on the complexity o f  the coding, but 
certainly the aim is to produce a reasonably selfexplanatory program. It is far better to err on the side o f too 
much narrative than too little although the narrative must abo be meaningful.

Example

U bc l Optr*ticn Acc. Opermnd ^

I 3 7 12 13 13 13 20 24 2 « 32 33 40 44 40 02 03 30 34 30 72 70 W

m 5 K _ 4 ? „ 4 j T T n T ~ 4 : f t j t>p s t l k l L S ■ a s w r a r : a . _ T 01- e  1• — - - — - - - - - - -4 4 1 I I I I M M I
__ 14 4 __ _ 4 i r r m r n

A  much higher proportion o f comments should be used in declarations o f  constants, work areas, etc., to describe 
the intended use o f the areas. Clearly, lists o f variable declarations are undesirable.

Example

Label Operation Acc. Operand ^

I 3 7 12 13 10 13 20 24 20 32 33 40 44 40 »2  53 30 34 30 72

* U 9 M f f . T T i ® , i , , j ¢ 4 c B 4 5 l l ( K i
f f H . N I iH E 1 0 i - 3- t

. T .
__

i t r

70 00

0 3

0 3 

0 0

Such lists must be written on many more lines.

Example

Comments should also be used as headings for groups o f constants, file areas, etc. Branch instructions, particularly 
branches to other segments, should be well explained. All these points are illustrated in the examples at the end 
o f this appendix.

N AM ES

This section describes a method o f  naming which ensures as far as possible the uniqueness o f names, enables the 
programmer to trace data references easily, and so order his data such that a good program layout is achieved.
An important consideration in the method is that as few characters as possible should provide a maximum o f 
clarity; this is necessary for PLAN 1, and helpful in PLAN 3 where compiler table sizes can be kept small without 
affecting the power o f the language.

Data names

The method o f naming data is based on the concept o f a file. Wherever possible, aU variables and presets 
associated with the same file should be grouped together into a file area. All the names in a file area begin with 
the two character peripheral code, which may be:
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CP Card punch

CR Card reader

CT Cassette tape

ED Exchangeable disc store

FD Fixed disc store

LP Line printer

MC Magnetic card file

MT Magnetic tape

TE Twin exchangeable disc store

TP Paper tape punch

TR Paper tape reader

TW Typewriter

The next character is the unit number, though this may be omitted (except in the case o f  line printers) i f  no more 
than one peripheral o f  the same type is rued. A  numeric character is required in the third position for printer 
names to avoid clashing with the program labeUing system.

The next character (third or fourth, that is) distinguishes the different areas within a peripheral group, as follows:

Peripheral buffers B

Control and ffle definition areas C

Headings, messages, etc. H

Secondary, or Transfer, buffers T
from which information will be 
moved to the peripheral buffer, 
or vice versa.

Additional characters are at the programmer’s discretion. Where possible these should be both systematic and 
meaningful. Names within groups, and the groups themselves, should be in alphabetical order.

Example

^ b * l Opmllen Ace. Opmnd ^

1 4 7 12 13 lg  14 20 24 2 « )2  44 40 44 40 42 44

K i 5 r i r ^
J - - - - F - r r r - - -

- - P - - - - ^ - [ F E p p . . . E
r nI f n ni - J u h ^ h h ^

i I cA f t E - t E a c i & 0 f F e f t i _
i_ - - L1 1 . _ j - r L r

j ■ I I M 3 S n P L t A E M L r i
j , . \

$
! f t t A

_4 _ L  i _ _

' i
|

L .
_ L _

f t - : ,
j

A 3 > f t .
■■ H

j
'

6 J F F E . f t 1¾ 1 . - . . . _ .. .
{  j .
i i

iu m
_ ..; - - J ? K o f c O T ^ T i ! 1 I I

u - n L u i '
. . . n r r ^ i

i~ t 5 * ¾

/ i J ,

T T 7 i  

a  , : i : o  
e _ ® x

c 7 7
i

> :< a
4 J

^

A
&

R ^ A
. p ] i ' e
b s '

s

©

i
i

j _

i J I i j  ] ~ m h —j_ |- - r r 1 -
%_

n
- -

-■ a l j -
J

- r L ; '  r r i
C P 7 c . . ML J H - J ~ i_ Ih h i

J J J J ] j M J
' i £

, j a n a jB B D C K a E a H I r J 7 m i L E r L t a i L L i s c A a D n ^ d
L 1 1 j 1

JS&J&i.
. u : .

. j R f A

r Liri*
I : i . 4 t4  j  - .  t a i r t

_ L _
- - - - r u a : : I

^ p 7 r t S T 5 g T r ‘ 1 - 7 V * a f D

T
tx

J _ .
s - - ( m A D L f t - c 5 f t j i ~1 I

t L i J - - - ~ i
a: Q . L c A f t D & . E R

I
. . . R , J

I
L - - - ~ r

t h T [ _ “ t -
s i £ c - - - - - - - - - - - 5 Z o * a ; , . s . o 7 o 7 ^ CS 6 x i b Q *0 ^ X Q9-£ B B B 9 3 i I 0n
iZ T

£ t j - -
_ _

j
T i p E

r
_

Ja: > f e x ! r | E A b e 5 S £ & E S

T H i
&
^

p

F
*

j J 1 “
i A £ h *

V

D

9

e 4 - -

J > y

L
I

b
b
«.

a
«

a
c

f t

O
* s

l

3 m

E £ R £

M

ft

' s
«

r t
p

s -

<k ^ «

1 1 H
-n_ j i

a
* w

A
*

gS
^

E
* k ? « * c

J
^

8 8
<•

u
N

r - -
m

- U
J " 1_ | i .

^ J fa j ^ ^ s J ^ - k « 7 r k ^ mV w r f ^ > V 9 ^ *
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All other data names begin with either P for Preset or V  for Variable. I f  the constants o f a program are skilfully 
assigned, there should only be a few not in the peripheral areas. File area data not covered by the codes B,C,H, 
or T  should take P or V  in third or fourth character position. This would be applicable to page and line counts 
on the printer, for instance. Areas in Upper should use the character U before the P or V, to make them easily 
recognizable.

Labels

With the notable exception o f FORTRAN, most ICL languages can use the labelling system o f the flowcharting 
standards.

The program labelling method consists quite simply o f placing an L  in front o f the flowchart box reference (which 
is wholly alphabetic). For example, for box ACE, the label will be LACE. Labels necessary between box starts 
will be the previous label with a numeric extension in the range 1 to 9 (or 0 to 9 i f  necessary), as LACE3. PLAN 
labels are restricted to five characters and this precludes the use o f the two digit extension recommended in the 
flowcharting standards appendix.

Subroutines

Subroutines are named in the order in which they appear in the program, the first being subroutine ZA , the next 
ZB, in the sequence ZA  to ZY , ZZA  to ZZY, etc. The subroutine entry point should be CUEd (to  put it in the 
consolidated list for easy reference) and annotated to indicate the function o f the routine, the conditions 
required for entry, and any peculiarities.

Example

OpanUcB Ace. Op*nad .

*  7 12 13 IS U  20 24 2 « U  M J

CUE names

CUEs should not normally refer to unlabelled coding. The name must have at its most significant end the label 
to which it refers, with possible extra information following a separator (the digit 8 is used in the above example).

COMMON names

These may be chosen freely but must be kept in strict alphabetical order. A  systematic approach is recommended, 
for example, naming the COMMON blocks BLOCKA, BLOCKB, BLOCKC. The character which is systematically 
altered can appear in the program data names.
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Example

M M n Tt w

This is particularly useful where there are a number o f common areas, and it may not always be clear which area 
is referred to in the compiler listing at any given point.

A C C U M U L A T O R  C O N V E N TIO N S

In the interests o f maintenance, a standard accumulator usage should be adopted, both in normal arithmetic and 
manipulation, and in subroutine linkage.

Normal usage

The following table outlines the generally accepted system o f accumulator usage:

Accum ulator Use

0 CALL without parameters, otherwise free for arithmetic

1 CALL with parameters, reserve modifiers

2 Source modifier or sole modifier

3 Destination modifier, loading parameters o f  subroutines

4 Character testing, loading

5 Spare

® \ Double-
7 Single-length values / length values

N ote: The Input/Output Generator uses accumulator 2 for its CALLs.

Subroutine linkage

Wherever possible, the linking method adopted by the COBOL and FORTRAN compilers should be used. This 
will assist mixed language programming, as well as being a good method in its own right. The parameters are 
accessed by an OBEY instruction; the instructions to be OBEYed are listed after the CALL, and are o f the form

UM Offtum **. o*mtf ^
I *  v I* I )  1» »4 M u  14 M M M «4 41 M M 44 4« 44 ?! ?t 44

r  T T i5Sn TTr r TtHrH73S3B U im TTTTT I IT̂ T̂ T^̂ TTT^T^̂ T̂ T^T
-----■--------------------r " " 7 T | "

m TT t t t i Tt

or
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Opmti<n Acc. OperaMl

1 * 7 12 13 lS 14 20 24 20 J2 34 40 44 40 S2 04 40 * 44 40 72TTj- b r3”' l 3Ti3flS3saaa:«n" --■■H H - n n H
n

T T T“T“TT TT i i
T OJ T ______1 . I I Jt tt1T T ~ L . . i tm ttt tt tr 1t lL it it 1,.iir n rn

70 00

0 3

0 0

where possible. This may not work in extended branch mode, however.

M O N ITO R

Bits 0 to 9 o f  word 30 should be reserved for monitoring purposes only.

Monitor identifiers should be in ascending sequence through the coding, and the sequence should be based on the 
physical order o f  the coding rather than the obeyed (that is the logical) order. The first monitor in a program 
using bit 1 o f  word 30 should be numbered 101 (or 1101 i f  accumulator suppression is required), the next monitor 
should be numbered 102 and so on. The first monitor using bit 2 should be numbered 201 (or 1201) the next 
202, and so on.

Monitor can prove extremely useful during trials provided it is not used excessively. Selective monitoring, using a 
monitor switch subroutine, may be used here without limiting the printing o f necessary information. The first 
requirement is the logical structuring o f  monitors; for example, bit 5 o f  the switch word may be used to monitor 
entries to and exits from segments, bit 6 to monitor subroutines, bit 7 to monitor logical breaks in the coding, 
bit 8 to print input/output areas, and so on. Then at strategic points in the program, for example, after reading a 
record, a call can be made to a monitor switch subroutine, which might switch selective monitors on every fourth 
record, or when a record o f a particular type is being processed, and so on. The program should be designed for 
such monitoring. However, the details for the monitor switch subroutine can be left until the trials requirements 
become clear.

Monitor may also be used as an alternative to a post-mortem. A  monitor subroutine which prints out only those 
areas o f store the programmer is interested in can be given a specific entry point for this purpose.

M U L TI-S E G M E N T  P R O G R AM S

The average size o f a segment (though this may depend on the complexity o f  the program) should be about 100 
source instructions. This will allow reasonably short compile and recompile times, and keep the number o f 
entries in the compiler tables smaU. Thus, long, meamngful data names can be used without fear o f overflowing 
the table space.

It will be found useful in analyzing the program core print during trials to put all variables and presets in 
COMMON, as the block name appears in the consolidated list. It wiU also be found useful to give each segment 
a number, and use this as the penultimate digit o f  the monitor identifier within the corresponding segments.
For example, segment 2 may have monitor identifiers 121,122,123,221,222,1223.

EX A M P LES  O F USE O F  S TA N D A R D S

The two examples that foUow do not purport to be a good PLAN coding but were chosen as being relatively 
simple, and show many features o f  the standards in operation.
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ICL fiS&8* -
codng sheet

U M  Opmtton Aee. Opm>d - ^

1 4 7 12 13 1» 14 20 24 24 32 34

7 * " - ™  7 . B U L L  

" “  PLflN T e B  a  

* * * ^  S G P R 6

44 44 U  »4

*»■» t ________«  b

"* n TuLY >%?
W *>ttj/Pw  7J | | | | | 177

44 72 74 40
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coding sheel ™« P t P N  T e s  1___________ °* n T u L Y i 9 6 ?
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^900Series »<«~“°” y .  R U L L _________________- «  3  *  4

coding sheet ™»_____ p t , P N  3 e 8  1________ " -  n  j^uY 1%9

ICL
M  Op>w M o i A ce . Optnmi

I  4 7 12 13 IS  14 20
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PLAN
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ICL g 3 & SerteS * * * * " -  T .B u LL
C O **d *# _____ * »  P L ftN 3 9 B l

_5______ i ±
l 7 3 u L Y  t>̂
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ICL J^O^Seriee * « «™ ^  j.S u LL

codwg sheet ™* p .T . r p  w x  c o P Y
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Appendix 14 Usercode standards and techniques

The standards that foUow are intended to assist the programmer in laying out his program so that it may be under­
stood by another programmer more easily than i f  no convention whatever had been followed. Clarity o fboth  
layout and intention is the aim. It is hoped that serious thought wiU be given to the recommendations herein, and 
that the techniques described will prove helpful. References to the 4 -40  may be taken as referring to 4—50 and 
4—70 as well.

S TA N D A R D S

Writing

Characters should be clearly legible. At least every other line on the coding sheet should be left blank, to enable 
amendments to be easily inserted; even i f  amendments are not anticipated, the blanksgreatly increase the legibility 
o f the coding.

Layout

Free use should be made o f the EJECT, SPACE, and TITLE directives, not only to separate routines or groups 
o f constants, but also to separate the many logical units which make up even a small subroutine. SPACE directives 
should average about one for every ten instructions. A ll routines and subroutines should have their own TITLEs. 
Any new logical section in a routine should start with an EJECT, and these should average two or three per 
routine.

Comments

The importance o f comments in low-level language programs cannot be over-stressed. Not only do they greatly 
assist others to understand the program (as weU as assisting the author who may forget his intentions), but also 
relate the coding to the flowchart, and minimize undear thinking. Comments should average about one for every 
two lines o f coding; one for one is even better. Comments must be meaningful. Declarations o f  constants, work 
areas and so on should bear comments describing the intended use o f the areas. Switches in particular need a 
thorough explanation.

Numbering

It is recommended that source packs be punched with sequence numbers. Apart from the protection offered 
against card-droppers, there is one further advantage. I f  the first two digits o f the eight digit sequence number 
are given the module number, so that all cards in module 5 have sequence numbers beginning 05..., then later 
amendments accidentally made to the wrong module on a trials disc will not adversely affect it. Renumbering, 
which would defeat the purpose o f  the exercise, can be avoided by initially numbering the cards in units o f  one 
hundred.

Symbolic data names

The standard method o f naming is designed to enable the programmer to trace data references, and in some 
cases to suggest the contents o f  the location. In no way does this method replace the use o f  comments. The 
first three characters o f all data names describe the type and position o f the data; the remainder should be used 
to provide a meaningful description.

Character Function

1st character Type code: This wiU be one o f the following:

W for work areas 
N for instruction constants 
S for S-type constants 
A  for address constants
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Character F unction
V  for V-type constants
Y  for Y-type constants 
C for other constants
(Areas which are given initial values, but are intended as work areas have 
type code W as the first character.) For files the type code is considered as 
a file letter, and every file is allocated a letter in the range B, D to H, J, K, 
P, Q, R, T , U , X . AU file declarations should have a comment indicating 
the file letter aUocated. Work areas and dummy sections associated with 
files should use the file letter rather than the type code.

2nd character Module code: This is an alphanumeric code in the range A  to Y , 1 to 9.
The letter A  should be designated to the control module.

3rd character Group code: This is an alphanumeric code in the range A  to Z, 1 to 9. A
group o f constants can be subdivided (by using the SPACE directive) into 
groups o f ten to twenty constants, each o f which is given a different code. 
Constants should be in alphabetical order so aU constants o f the same
type will be grouped together. (S Y S ..... for S-type constants should be
avoided.)

MEANINGFUL DESCRIPTION

Either

(a) a three<haracter reference code o f the location to which the constant 
refers, followed by one or two digits to make the name unique.

or

(b ) the last five characters o f  the name to which the constant refers.

For instruction constants The Usercode mnemonic o f the instruction, foUowed by one or two digits
to make the name unique.

For other constants The type o f data code used in the define constant instruction foUowed by
the constant value, or another description i f  the value is too long, for 
example, CABP23 for a constant defined as P ‘23’ . I f  the type and constant 
value are used for these five characters, and the constant is changed, then 
the name o f the constant (both the declaration and the usage) must be 
changed.

For work areas A  five character description o f the purpose o f the area should be used.
Similar names in the same program should be avoided.

For input/output areas A  single digit should be used to indicate the area within a file. Characters
5 to 8 are not specified.

Example

EAA1 for IOAREAl for third file and EAA2 for IOAREA2 for third file.

4th to 8th characters

For address constants 
V-type constants 
S-type constants 
Y-type constants

Labels

The first line o f coding for a box on a flowchart must have a label in the form L  followed by a flowchart box 
reference. For example, box ACE will be labelled LACE. Labels necessary within a box will be the previous label 
with a numeric extension in the range01 to 99, as LACE03.

Subroutines

Subroutines are named from the beginning o f the program, the first being subroutine ZA, the next ZB, in the 
sequence ZA to ZY, ZZA to ZZY, and so on.

The subroutine entry point should be annotated to indicate the function o f the routine, the conditions required 
for entry, and any peculiarities.
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Exam ple

Name

J___________  »

Operation 

tO tt

Operand*

%______________________________________________

Comments Significant ^ace* indicated thu*: u  (1space) 

40_____________________________________________________________ 7f

Mentification 

73___________ 80
I rjT L ^ '£/*  * c  -  J>*re K f r '

; ; ; ; ;  [ i I
i sr*cd

' ‘ ' ‘  ‘ ‘  ‘ T ... , . !

*  rnrs. J/* Mf.rjl.s J > 4 re App**is. r v  jt* . J>*i e. .rM YvxvP .F.S.KH..................................^ - ^ p
I

XCO**QpJs < / ■  'c c. .sjrr. AT ./ Tr  M r f  S.K.
I I

*  I fAAcd
i _ I

i t f l f . w ! lc.,.+...........................................................
* i _ \

7 C .............! & r * r  . ! 4,.f.S.,tlBP*f6ST .......................... ...
I i

• ■ ■ . ■ ■ ■ ■ . « . . . i . «■ . . . . . • . • . . ■ . . . .
i * «  . . 1 4.̂ . t.S. \ '. '. \ '. '. \ '. \ '. \ '. '. \ \ \ \ \ \
i i

i ‘ ‘ i

Modules, CSECTs

These labels are derived as follows:

1st character Type code: M

2nd character Module code: This is an alphanumeric code in the range A  to Y , 1 to 9.
The letter A  should be designated to the control module.

3rd to 7th characters Meaningful description: This is the five character program name.

8th character The final character is A  for the START directive: for subsequent
CSECTs, and ENTRY names which are not subroutine or data names, 
the final character is in the range B to Z , 1 to 9.

N ote: The 5E regime requires a module name to be unique in its first six characters. It is therefore suggested that 
a zero is added to E-level program names for use in the module name. I f  this method is adopted, then J-level 
programs need not be restricted.

Macro names

The macro name standards must be strictly foUowed to avoid confusion arising from possible dupUcation.

Macros written for or by the user should be in the form

LLLdd

where

L L L  is the user’s instaUation code.

dd is a serial number o f which at least one character is numeric.

Register usage

The following system is based on the method o f calling subroutines used by the majority o f  System 4 compilers.
It has several advantages over the system which was used in the past in that the same registers are used for calling 
both Usercode subroutines and subroutines in any other language; the link registers used are those which are 
corrupted by the File Control Package (FCP), so that non<orrupted registers are free for holding long-term totals, 
etc., and complete compatibility is assured with the subroutine calling and linking macros XCALL, XNTER, 
XEXIT.

Basically, subroutines are called using register lS ,the retum address being in register 14.
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Exam ple

Name
1 8

Operation 
10 M

Operand*
*________________________

Comments Significant spaces indicated thus: LJ (1 space)
<0_______ _______________________ *

Wentificetion
ra______ 80I £.. . . . ! /S.*Afsua} ..........

'' ‘ ‘ ‘ ''■  i j
i BA.i.K. l /.-*,./ s ....................................

.............r !
‘ ‘ ' ‘ ‘ ‘ ~̂ T I^^^^^

Any parameters are passed using register 1. 

Example

Name
1 8

Operation 
10 M

Operand*
t6________________________

Comments Significant spaces ndidated thus: t_i (1 space) 
40________________________________ fl

'Identification 
73______ 80

I lA , . ! tA.r.tAPJ.................................
‘ '' '' ' ' i !

i L . , . | /S.-A Csue)............................
.............i I

i BALK \ )..j.s \ \ ! \ \ \' 1 1 1 1 11 1 1 1 '.'..
’ ' ' ' '  j ~ I

VAJ>PA*t 1 J>C. . . |
I 1

bAPPA*2 1 DC . . 1
I t

HADAAKl 1 DC. 1
I I

lAPJ. , , 1 *V C ■ 1
I I
I I

Register 13 may be used to hold the address o f a work area which the called subroutine may use, and register 
12 to replace register 1 for parameter addressing in those routines (mostly FCP) which corrupt register 1. The 
subroutine base register is register 4, unless the subroutine never calls another, when register 15 may be sufficient.

Thus, among the first instructions in a subroutine which calls another, or otherwise corrupts register 15, will 
normally be

Name
1______ 8_

Operation 
K t4

Operands
tt_______________

Conwmnts SjgnHiCMl9MtMkatadthus:ui(1apM*)
«0_______________________________ 71

MvtMcation
ra______so

I i* . ! 4,tS ...................................... f/x. ra BASE 4 w m < .....................
' ' '  ‘ ‘ ‘ ' j j ""7

I aSrMt>' la,.4-....................................................i i
i LR._J_ i.UJ. '. '. '. 1 I ' .' ! I . I I ! . ' 1 ! I I ro* .PA*AAf7.eA APPKt SS JHG.............
i |
t 1

The last instruction is inserted for those subroutines which will corrupt register 1. 

The recommended use o f  registers is shown in the table.
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4 - 3 0 ___________________________________
General
register 4 -4 0 _________________________________________

Timer register, must not be used 0 Corrupted by FCP. Use carefully for 
counting, etc., or with R1 as evenodd 
pair.

Corrupted by COMRG. Use as parameter 
base register, and for general short-term 
arithmetic.

1 Corrupted by TRT, EDMK, FCP. Use as 
parameter base register, and for general 
short-term arithmetic, etc.

General purpose. 2 Corrupted by TRT. General purpose.

Base register for data module or control 
routine.

3 Base register for data module or control 
routine.

Base register for subroutines. 4 Base register for subroutines.

Chiefly IOREG, VARBLD, etc. Any left over 
may be used for indexing, arithmetic, etc.

5 to9 Chiefly IOREG,VARBLD, etc. Any left over 
may be used for indexing, arithmetic, etc.

Use for STXIT routines, otherwise as for 5 to 
9.

10,11 Use for STIXT routines, otherwise as for 5 to 
9.

Standby register for parameters in subroutines 
where R1 is corrupted. Otherwise general 
purpose.

~ Y l Standby register for parameters in subroutines 
where R1 is corrupted. Otherwise general 
purpose.

Register to address general purpose work area 
for subroutines. Otherwise general purpose.

“ Register to address general purpose work 
area for subroutines. Otherwise general 
purpose.

Corrupted by FCP. Link register for 
subroutines.

M Corrupted by FCP. Link register for 
subroutines.

Corrupted by FCP. Branch register for 
subroutines

~ Corrupted by FCP. Branch register for 
subroutines.

The foUowing table summarizes these rules by usage;the order o f preference o f  registers is from left to right. 
Registers specified are assumed to be free. The use o f register 0 is not advocated for 4—30.

General register

Usage Short term usage Long term usage

IOREG, VARBLD, etc. 5,6,7.8.9.10.11,
12,13,2

5,6,7,8,9,10,11

Indexing 11,10,9.8.7,6^,
2,12,13

11,10,9,8.7.6.5

Arithmetic in pairs 0,1;14,15;12,13;
10,llS ,9 tf,7 .

10,11;8,9;6,7.

Arithmetic singly 0,1,14,15,2,13.
12,11,10,9,8,7
6,5

11,10,9,8,7,6,5

Base register 
(control routine)

3 3

Base register 
(subroutine)

15.4, 4

Parameter
register

1, 1 2 , 12

Work area addressing 13 13

Branch register 15 15

Link register 14 14
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G E N E R A L  T E C H N IQ U E S

Module size

One o f the main advantages o f programming in modules is that the amount o f re-compilation during trials is 
reduced. This is best achieved with smaU modules. SmaU modules also provide the advantages o f  requiring few 
people to be involved with the coding and compilation o f each module, and o f  avoiding over-running a base 
register. The recommended module size is about 4K bytes. Cases could arise,however, where modules may 
advantageously be smaller than this; thus the figure o f 4K should be treated more as a current acceptable norm: 
the principles are more important than the figure itself.

Module linkage, program structure

The system described here is designed for medium to large size programs; smaller programs may not require aU 
the features described. The main aim is to keep the modules o f the program fairly smaU, with standardized 
linkages, thereby aiding comprehension and increasing the speed o f  trials.

C O N T R O L / D A T A  M O D U L E

The control module will normaUy use base register 3, which must never be altered. After BALR 3,0 are aU useful 
constants, storage and work areas, including a special hierarchical register store. For very large programs, this wiU 
probably not leave room for many instructions under register 3;in  this case, the module becomes a data module, 
and instructions are written in a separate control module, with base register 4.

Example

For medium programs, the control module wiU be:

Nwn*

J _________________8 _

Opwatton 

W U

Opmnds

# ____________________________________________________________

Cemmanta SignHiunt tpmcm *dkM *6 tfw »: L j (1 gpK*) 

4 0 _______________________________________________________________________________2

M wM fcrton

n  - oo

t / S X t f G  j L A * A , . 3 ....................................................................................
“ - ‘ ~ T . !

~"  t c y d >  1 A. e . A  . . . . . , . . . . . . . . . . . . . .
i i

M ..........................i B A L A  \ 3 . t . O . ......................................................................................... ..... .

\

i a  . . . ' l A f . ...................................................................................................
i i ■ ■ • • ■ ‘ ■ ■ ■ I I I » ■ ■ • ■ • ■ ■ • ■ ■ ‘ -« * » ■ ■ ‘ ‘
i $ A A . C , f 1
i I

^ ^ ^ ^ ^ M * ^ ^ ^ M i^ ^ ^ M ^ ^

A A A f Q # A  'L a c  . . 1 A . ( H 4 P t A U A \ ............................................................... B P P J t A . S . S  . Q F . .......................................... ..............................................................
1 i

' 1  ' i-

f  . . ”  .“  . J
----------------  _  — — _^^_^^^___^_____  i ~........ |iM m |M ,M m t ..... ....... . ii

I f 7 y c 7 *

1 ‘ » 1 ■ ■ ■ ■ • ■ » » 1 ■ • ■ » » « ■ ■ ■ ■ ■ 1 1__t—U.J. I__i I ,1 |__■ ■ ■ ‘ ■ » « » ■ ■ ■ 1 » ‘ ■ ■ ' ■ ■ ■

p ^ ^ ^ ^ d _M ^ ^ ^ ^ ^ ^ ,ta ^ ^ ^ ^ ^ ^ ^ ^ ^ U ^ i^ ^ ^ ^ ^ M ii^ ^ Bi I

t A t  1 f r K C . . 1
I

•------ ~ L ^   ̂ ^ —  —  ^  — ^ ^  --------------------  ---- -  —-------  ----
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For large programs, the control module wiU be:

N « n *

1_________________ 8___

O p f t io f )

W U

O p w a n d i

« ______________________________________________________________

Com m wtfs Significant ^ c t t in d f c a t e d t f iu s :  u  ( t * * c * )  

40__________________________________________________________________________________n

ktantification 

78 _  00

............................... I </.Si*fi} L 4 * 2 , + ................................, .............................................

i , . !

t 4  1 SA.t.*.  I 4 . i .0 . .................................................................................................... .

I I

I i .  . . . ! i  f  V / A  A 4 lO Q A ) ..................................................... ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ p ^ ^ j p ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

I !

...............................I u J i*/ e ) C A A J > A T A ., . l ....................................................................

I I

C A A A A TA  1 > 3 > c r ! f * r r * < r y G  r s  .c p  * A T A # . r l  r * ...........................

I i

» ..........................| i D A TA  # f f V . ....................................................................................................................

I l

A A A f M A  1 o3. . . ! F . ..............................................................................................................

............................... ! i

* l A * / t i f d c .f .r . c r !

i i

i A t  1 HYC  1

__________________ I I
» A. t .  U A -,

I 1
■■« * • » » « » « ■ ■ ‘ ‘ * -4 -i  » » » ‘ » ^  '  ‘  ‘ ‘  ■ ■ ■ » ■

The data module wiU be:

~ _ ^ * - - ^ • ^ * ^ v ___________________.____ . ___________ ^ ^ * * ^ - ^  _  ^  -  —  ^  ^ - ^ ^
= z = ^ z r ^

. . . . I

i u. f.iY.ef. A A A l t t U A , 3 ....................................................................

' ' '  ' ' '  ' i i

i c MSA.  ! o . * 9 . ..................... ..............................................................................

; I

A A A S * O A  1 DC  ■ 4 { # A P S 4 .V A ) .....................................................................

| |

s L  s ^ L ^ L ^ J S  ̂ ^ _  • ' j j_ j_ _ —  _ ^ - ^ .  ------------*— ^ ___ —  ^ — ^  ^

N ote: l f  several large areas are needed in the data module, addressing problems can be overcome to some extent 
by interleaving them. Though this is not possible where a work area must be a continuous whole, it is perfectly 
sound for tables, arrays, etc.

Example

Nv*w

j _________________ 8 _

OpwM >n 

W H

OpOTndi

t f ______________________________________________________________

CommwM* Signfflcwtf 9 K M  M c M d  th u : u  (1 « m )  

«0 ________________________________________________________________________ 71

■ ■ - .ii.
NM W KW 0n

ra________________M

4 ...................... ! » s  . . ! f . o . o . Q . ^ ........................................................................... ^ ^ ^ ^ ^ U ^ 4 o U M p M f ^ ^ ^ ^ ^ M m ^ ^ ^ M n h ^ ^ ^ ^ 4 _
‘  ‘ '  ‘ '  ‘ ; I !

■ ■ ■ * ■ ■ » » * * ■ * * ■ * *- - • ■ • ^ - » « * 1 * 1 1 * f ■ \ ■ 1 ■ ■ * 1 ‘  ‘  • ■ 1 t I | I I _ L _ L _ L _ L _ L J _

« . ...................... ! P . s .  . . ! 2 . o p . t . r . ........................................................................... —*—‘—»—*—1 ‘  » * 1 1 1 J- ‘  ‘  « ‘  ■ * ■ t 1 | | | , | _ L _L _L _L _L .
)

* ■ ■ ■ * ■  ̂ ->
i

■ ■ * • • i l _ *  » i .i* .A »^ .4 i4 »4 »t iJ ii* .i fc ->  I I » I I > I I * ■ 1 ■* ■ « ■ ‘  ■ ■ ■ ■ ■ ■ ■ ■ ........................................ i « ■ i ■ ■

c . ...................... ! » f  ! * 9 9 9 * ...................... : .......................... ..................... ^ ^ ^ ^ M a W a 4 a ^ ^ ^ ^ M ^ M ^ ^ ^ W * ^ ^ ^ ^ y b ^
i ! » » - ■ ■ ■ ■ « » ■ » ■ ■- *  » ■ * ■ ■ ■ • ■ »  ■ ■ * ■ ■ ‘  ■ ‘ ■ » * - i  t « i * i » i i ■ t ■ | | | , | | ^

i i
■ - ■ ■ ■ ■ ■ 1 ‘  ■ ■ 1 * ‘— • ■ ■ ■ ■ ^ *  ■—» ■ * - ^ ^ - 1 1 1 * * 1 » » » 1 ■*■ ■ ■ ■ ■ ■ ‘  ■ ■ ■ - ■ • ■ • ■ » ■ .

These work areas may be expressed as

NMW

J_______________ I

Opmtion 

W M

O pM ndi

% _______________________________________________________

C o w w t t  S g n ffica n lw K M M cM d th u t:L j(1 W K > )

5 __________________________________________________________________  71

Mwtlific*tnn

n ______________ 00

^ - ■ • » ■ » » t » J  . . ! i O p O F ........................................................................... ^ ^ ^ ^ 4 M 4 ^ a ^ b M ^ ^ 4 ^ ^ ^ ^ ^ ^ ^ ^ 4 ^ v ^ b .^ ^ ^ ^ ^ .A M ^ ^ ^ ^ ^ ^
1 !

^ v a ^ ,^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ U ^ 4 ^ h ^ a ^ ^ ^ ^ ^ ^ U 4 w A M ^ ^ X ^ ^ ^ ,

e ......................1 e a u  ! ' » . * 9 . .................................................................................... —L̂ l—*—I--1--*—I—*—t--*—i--i—a--t A. i. * i * ■ ■ | f i  ̂ | | , | .l_J_
i i * - L A A 1 A 1 i. I I * * t 1 1 t 1 I 1 ■ l l l . i l ■ . i | |

c .......................... ! e a u  i i * » .  ■ - . ■ ■ • ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ^ ^ ^ ^ ^ ^ ^ • t a M ^ ^ ^ M b ^ ^ ^ ^ M t r f a ^ ^ ^ ^ ^ ^ M a ^ ^ ^ ^ k
.................. i . .  . . ! 1 * » ‘  » * ‘  ‘  ‘  » 1 1 » ‘  ‘  » ■ « ■ ■ ■ ■ » ■ ■ ■ ■ ■ ■ ■ ■

This would give a store area A j B, C, A^ B2 C2 -------
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The processing routines o f  the program are caUed using register 4 as the base register. Before this register is loaded, 
aU registers are stored in the hierarchical register store. It may not be necessary to store all the registers, but it is 
probably better to do this, since more registers may be required than is at first anticipated.

T H E  H IE R A R C H IC A L  R E G IS TE R  S TO R E

The hierarchical register store consists o f  a series o f 64 byte areas, full-word aligned, one area for each level o f 
subroutine nesting. Routines at the first level store their registers in the first area, and so on.

Example

Formodule 1

N w »

J _________________ B

Operation

K________ M _

Operands

» ______________________________________________________________

Comments Significant spaces W ica te d  thus: u  (1 space)

« __________________________________________________________________________________ 7^

Wentttkation 

73________________80

I 6A.LR \ 3 , 0 ........................““ ‘ ‘"“~T I J_LLII^II^! I i 1.  111! I! I !.l I!I I !I^L,.
VA 32A .  , . ! p c  . . ! *.(?.*).......................................................... .................................... MA.TN. F A O . C e i i r * G  J t S u r r M F .....................................

I i

*A9*A ■ ■ ! v c  . . ! v . ( .k o Y  .' \ \ \ \ \ \ \ \ \ \ \ \ \ ^ ~ Q.A.rf. y e r .  X S o r r u f . ..........................................................................

i . I

I ' ‘ ‘ ' i

W A * R S T O i  I P S  . . 1 i i F  \ '!'!' ‘ !!!!'''' ~!!!!
^ ^  1 i

tJAFASTO Z'. P i  '  ' j i.i.F. \ '!'!! ’ ''!'''! ’ !''!!
I i

I L ^ t . s . y A B i A ...................................................................................... i....... ! BALK 1t * , t ri i.̂  ✓-----J* ---- ±> ~L ~̂L_̂ —̂ . ~  - ^ ...... Ĉ; . ■ "̂ î
For module 2
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The subroutine ZB starts

Name
\_________J_

Opfftfton 
W M

Opmn*
« _______________________________

Commante 9gnHiani*aMlMcMp4tha:u(1vac4
40__________________________________________7J B________tO

.............' y frv< i i.s *.+ ................................ . . . .
t I ^^^^^^^^A.jH^^^^^^^^^^^^^.^^^^^^^^^^^^^

i s  . ____ 1 lrM  . ' 0 ». /5,M Af*STQ2...................... ^̂ â̂ ^̂ ^̂ ^̂ p̂̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ 4p4.̂ ^̂ ^̂ ^̂ ^̂ ^̂ MÔ ^
l i -»- <̂ ■ » ■ *- -
i oe  . . ! 4 . t S '. '. '. \ '. '. '. '. '. '. '. '. '. '. '. '. '. '. '. ^^^^^^^h ,̂^_J^^^^^^^^^^^Uh^4^^^^^^^^^^4B^ ^^^^^4^ta

' ' '  ’ ’ ’ ’ i i ^^^^^^^^J,^JJ_^^^^^^^^J^^^4^^^^^^^^4*^ ■ ■ ■ » ■ » ■ ‘
; i  ̂ ■ ■ ■ ■ ■ ■ ■ ■ • ■ • • ■ • ■ ■ • • ................ .. * *-*-■'- I 1 1 » '| ‘ 1 •

On 4—40, since register 3 must never be altered, it is possible to use STM 4 ,2 instead o f  STM 0,15, saving one 
word on each storage location. Since, on 4—30, register 0 is the timing register, it is possible to use STM 1, 15. 
4 -30  must use LA  and B instead o f LR  and BR.

D Y N A M IC  W O R K IN G  S TO R E  A L L O C A T IO N

Particularly for programs where store is at a premium, a rather neater and more flexible method for storing 
registers and assigning working store may be used, at the expense o f  the full-time use o f register 13. In this 
method, none o f  the routines or subroutines have their own working store, aU this being at the end o f the data 
module. The start address o f  free working store is held in register 13, and all routines have a DSECT using base 
register 13 instead o f real working store. Thus, i f  the main routine uses 400 bytes o f working store, then before 
it caUs its first subroutine, the instruction

Name
t 8

Optnrtion 
W H

Operands
ff__________  ____________________

Comments Signtfiomt spKestodcatedthue: LJ (1̂ mce) 
<0 __________________________________________________n

UentMc*ion
n__________80I 4 4 . . . ! t.3 . 4 0 0 ( 0 . / 3S ............................~ ~

; ; ; ; ;  * ;  i I
i I■ • ■ 1 ■

is performed, to set up the free working store for the subroutine; when control is returned, 400 must be sub­
tracted from register 13 to address the work area correctly again. Simflarly, if  the subroutine itself uses 104 bytes 
o f working store, then before its first subroutine is called, the instruction

Name
1 8

Operation 
tt W

Operands
W _________________________________

Comments SQnfficant apacas h<fcaladthus: LJ (1sp>ce)
40 ______________________________________________ 71

UentWcation
n  80I tA . ■ ■ ! /.J .../.ftV .^ > .p ./.J .)................................

‘ * '  ‘ ‘ ‘ ‘ I . . . . !
t 1• ■ » ■ ■

must be performed, and 104 subtracted on return. It will be seen that the amount o f working store needed is not 
the sum o f the working stores needed by each subroutine, but the maximum o f the store requirements for each 
possible path through the program.

Care must be taken that register 13 is incremented only in units o f 8, so that the registers can be stored at 
location 0(13), and any DSECT is correctly aligned.

No.te: I f  the data module is at the highest store location, the amount o f working storage needed can be allocated 
in the /L_>STORE card or during composition. This can be useful i f  the amount o f  working store varies significantly 
from one run-type to another.

T H E  D S E C T

The chief disadvantage o f  using small,4K byte modules is that each module must possess a DSECT with which to 
refer to the constants and work areas in the data or control module. To overcome any difficulty, all constants 
(including the first branch instruction, i f  there is one) should be Submitted in a macro to the macro library. Then 
it is only necessary to write the macro name to generate the whole DSECT; amendments are made direct to the 
macro library, and incorporated into the several modules o f the program by simply re<ompiling. The macro 
should be carefully defined to give the length o f constants where necessaty.
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Name

J______________ 8__

Operation 

W U

Operands

tf__________________________________ ._______________

Comments Significant spaces indicated thus: LJ (1 spece) 

40 _________________________________________________________________ 7J

UentHication 

73_____________80
I P c .  , , ! c  '  n e * a r . t * 9 ' ............................................

• 1 !
I t

will cause the translator to move the locatioh counter only one byte in its calculation o f  DSECT displacements. 
The correct instruction should be :

Name

J______________ 8__

Operation 

K) tt

Operands

J6___________________________________________________

Comments Significant spaces indicated thus: LJ (1 spece) 

40 _________________________________________________________________ Tt

UentHication 

73_____________00
I p c  , , ! c c 7  '  H c * P T H e ' .....................................
I !
1 !

which in a DSECT is translated as

Name

J______________ 8

OperaUon 

t0 M

Operands

f8__________________________________________________

Comments $ignrttcar4 spaces indteat*d ttus: ut (1spoce) 

40___________________________________________________________________71

UentHication 

73_____________80
I pJ , . ! CA7 .................................................................

^  “ "  * i |
J * ^ * '  i i

Example

Submitted to the macro library might be:

Name

J ______________ 8

Operation 

W U

Operands

t6___________________________________________________

Comments Significant spaces indicated thus: u  (1 space)

40___________________________________________________________________ 7̂

UentHication

ra_____________ 80

■ . _________ 1 * A C K & . * » * ■ - ■ * * * ■ * i i * ■ f ■ ■ _j_ ■ * 1
I ! ■ ■ ■ ■ * 1 * ■ ■ ■ ■  ̂ i ■ ■ ■ ■ [ j_ ■ ■

* * * * *  . . 1 X Y Z / A ' »---L. » * * > *---1---‘ ‘ ■ ■ * ‘ * ■ ■■ ■ ■ • * • *
I I

-‘ 1 * • ■ 1 ‘ * 1 * ‘ ■ ■ ‘ ‘ ■ ■ ■ ■ ^---1 ‘ ■ ^ ^ i k ^ j ^ j . , i ^ j A j ^ , X J ^ J M U i _ L 4 M U < U ^ L 4 ^ ^ t a L X X j H .
l 8 .  . 1 ^ ^ ^ ^ , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ y ^ ^ ^ X ^ ^ ^ ^ , , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ U ^
I | J J * ■ 1 1 ■ ■ 1 t | | j | 1 | | | | ■ ■ | \
i S > 4 . c f 1 - * * * * • ■ ‘ J * » ■ ■ ■ ■ ■ ■ • * ■ • ■ » *

‘ ' ^~ "  ‘ '  J ~ I
■ ■ • ■ • ■ ^ * ■ ■ • • ■ * ■ ■ ■ ■ • ■ * » ■ ' > * ‘ ■ «- i. 1 * * » ■ t . A * > . I . ■ ■ I . I > ■ I A I 1

A A f i3 J L V A .  I D C  I * . ( * . *  D f . 9 M A ) ...................................................... 4 .P P .P .C .C & . $ A .  . . . . . . . . . . ..........................................

---------- ^ > v
------------------- - " i “  “ ^

■ 1 1 * ■ t *- *- - * 1 t ■ » * ‘ • * » • - • * * * " " T ^ " ^ ^ .  . , ~ V  . ^ ~ " ^ " ~ .  * ~ ^ ~ "
t f J P C 7 * ■ ‘ ■ ■ ■ - ^  ‘ - ■ ■ ■ ■ ■ -* ‘ • ■ ..................... 1 1 * ‘ ■ * * ‘ ' * * t * * -̂ ^- * i ■ i * i ■ ■ A . » A a a .

' ‘ ' ~ ~ " T I
-■- ■ 1 ■ ■ ■ ■ 1 * ■ ■ • ■ * ■ ■ • • • » * * ■ ■ ■ * * * ‘- ■ ■ * » ■ « * ■ ■ * ■ * ■ I « I * X I X . | X ■ | |

........................ I * f  e w  ! 1 1 ■ 1 1 1 ■ » ■ » ■ * ■ « ■ 1 ■ i ■ 1 « ■ 1 ■ ‘--- I * I * I < I ■ I I I I 1 I * * * ■ 1 ■ • f I I I I I I I
i i

_t__. .̂ . * - . i-_*_  ̂ . . . . _. . . . . ■ x. . . . ^ ^ , ^ ^ ^ M ^ M ^ t ^ ^ ^ r ^ ^ ^ u t ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ w _ ■* I I h.i4 I fa
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The control m odule can now be written:

Nwtt
1 t

0>wttai 
»  U

Opww*i
2_______________________________

C «nm  StonMcartwM>McaMdttu:u(1<MM)
H________________________________ ________jn

MfftiMcdtfon 
n________M

................. ! f {r * r* l <.«■»■*.«............................. .' . . . .
' ‘ ~~ ‘ ' '  j I

• c * p r .  ! 4 > A ...................................... .. . . . .
i I

44............. ! •**■* ! & * .o ...................................................
I■ * • » ■ • ■ • j

M*^^^^^^^4i^^^^^^^rinfadb^MA^ta^MiMv4taMBM

* y j  r 4
”* 1 I 1 1 1 1 1 1 * 1 1 1 1 1 1 * * * * ‘ ' *

’ ’ ’ i j
t.4 Q t. ! vvr. !

I^ ^ t a M ^ ^ ^ i
■ * e s ty M 1 1 1 * ‘ ........................ ... ..... ' 1 ■^^■^^^^^^^^^*■^^^^^^^^^^^^^^^^*■*■^^ ^^w t^^* <

The next m oduleof the program might be written:

Nm
J__________________8_

Opfrtion 
W X

OpT*od<
2___________________________ '

Conwwnts ŜnMcJntK»CMindk«tadthut:ui(1«MC*) 
40___________________________________________________________________________________ _n

MaHfiuUoa 
n________so

I 0$TH*\ C*AJ>ATA,3...........................
' ' ' ' ;  ~; i , , , . j

CSAPAT4. ! 9.tr.cri C$#$T*.*.Tl............................................
I i

............ ! *yz/4
; !

*BXI.IllH cJ>cr!
I i

__________ L ____~~l | - ÎMIII —1||, ||||l̂ *̂- ---- 1 | ~ ---  —̂ ^—_ — -̂̂  — -  —

This example shows a clear saving o f effort and errors.

The amount o f store may be minimized by organizing the constants, work areas, etc., in the order:

Double words 

Full words 

Half words 

Bytes

though it is doubtful i f  the amount o f  store saved is worth the inconvenience o f  not having the constants in 
alphabetical order.

T R IA L S

To save frequent recompilation during trials, it might be found useful to have a patch area under base register 3. 
Any large sections o f coding that have to be inserted can be put here by REP cards, and brimched to from any 
part o f  the program. REP cards should not, however, become a permanent feature o f  a program, but be used only 
to avoid recompilation temporarily.

Address calculations

All arithmetic errors that occur during the writing o f a program are dependent on the programmer’s using 
calculations on numbers. It follows that i f  the programmer avoids these, and leaves as much o f  the arithmetic as 
possible to the Translator, he will produce a correct program more quickly. Also, he will find the program easier 
to amend, and easier to understand. Whilst it is not possible to give general rules on the avoidance o f  calculations, 
a few examples o f the technique follow, to give some idea o f  the possibilities.

S E L F -D E F IN IN G  V A L U E S

Not only are decimal numbers selfdefining, but also expressions such as X ‘26’ and C‘?\ Thus, instead o f a table 
drawn up as:
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Name

J ___________ 8

Operatipn 

W  U

Operands

16

Com m ents Significant spaces indicated thu s: u  (1 space) 

40____________________________________________________________________________________n

WentWication 

73________________ 80

U A < T A B L t ' Pc. , ■ ! i 4 c ' . * ' . ................................................................................... . ■ • » ■ • » • ■ • ■ • ■ ■ ■ • • ■ • • • • ■ • j  ■ • ■ • ■ » ■

I |

.....................  1 Pc.  . . 1 c  r  '  •[ . '  . '  . '  ' '  ! ! '  ! _g__! . . ■ ■ . .  .  . . . ■ .  . . t M .  . ...........................................f .

I i
■ ■ » ■ • ■ * ■ « ■ ■ 1 * ■ * ■ ■ * » » • ■ ■ • • 1 • » ■ ■ »

I p c  i 9 c  ' * ’  ................................ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ u .

I i ■ ■ ■ • ■ ■ ■ - * - ‘  «  ^ -* -‘ «■ ■ 1 ‘ ^ J  ■- ■ « ■ J ■ «__» > 1 1 I

I I > C  . . ' c . '* ' . < c + . / d '.  ' . . ' ' ! ' ' . ' '  I _l _  • ■ ■ • ■ ■ ^  -■- ‘ - ■- 1 1 * ■ ■ « » «-■ * - ■ -■ - J -  ■ ‘  ■ ■ » ■ ■ ■

_ 1 I

................................1 P c  . . I 9 c ' * '

I
^ ^ f r M ^ ^ 4 - ^ ^ ^ ^ _

I
_ i _ h ^ a ^ ^ = ^ M ^ h i ^ ^ ^ ^ h ^ - ^ U - ^ ^ ^ ^ — f a ^ . ^ ^ - ^ ^ i  1^1 I I ^ ^ 1 ^ 1 ^ . ^ ^ ^ —

to translate unprintable characters to *, it is much easier and safer to avoid calculations with the following coding:

Name

J ________  8

Operation 

t t  U

Operands

« ________________________________________________________________

Comm ents Significant spaces indicated thus: u  (1 space) 

40____________________________________________________________________________________f l

identification 

73________________ 80

VA C T A B L J ? p c  . . ! 2 S 6 C ' t , '
I . i

i
■ • » • ■ • . ■ 044. . ! V A . C T A B C f * C  V  ' ..........................................

I I

'  ‘ '  ' ' ' ‘ i P C . . ! C . '* * ' .  '. '. '. . '. '. '. '. . '. ’. ’. '. '. '. '. I I 1

' ' * " ' i I

i 5 > t  . ! H A C T A a t f C  '.J b '
i i

i p c  ! c y . ! < v v v f c * ' ' ' ' ' ! ' ! ' ! ! ' !
i

i O M .  . I V A C . r A A c e  + c ' ! ' ..........................................
i

»i ■ 1 11— »— i— I.,*  .
L _  _ ^ T

I

I ......................... ' ^ _ '  * * * * * ‘ ' ' ^ '  .' ^ T

Also, the translation that is required is very much clearer.

Similarly, if a table has been drawn up to translate from the character A  onwards, then:

Name

J__________________8

Operation 

W U

Operands

«________________________________________________________________

Com m ents Significant spaces indicated thu s: u  0  space) 

40___________________________________________________________________________________ 7^

WemMcation 

73________________ 80

I T* . . ! b A jB L .T H C .C 9 )sU A C T A 8 c 4  -  C> A '.  . ................................................................................................................................................

; ; ' '  “  * i !
i i

is clearly superior to:

Name

J __________________8__

Operation 

10 H
Operands

« _______________________________________ ________________________

Comm ents Significant spaces indicatedthus: L J  (1space) 

40___________________________________ __________________________________________ 7!

MentHication 

73________________ 80

I r * . . . ! V A B L J t f f  ( a )  ,U A C T A B L e  ■- ■ .tA 3 . ...........................................................................................................................................................

I !
I i

Again, the load address instruction can be used to load a one byte character into a register.

ffame

1 8

Operation 

10 14

Operands

1 6 _____________________________________________________________

Comm ents Significant spaces indicated thu s: u i  0  space) 

4 0 ____________________________________________________________ ________________£

identification 

73________________ 80

I CA  . 1 i . , .C . '4 > . ........................................................................... , ,

^ ~ “  '  “  ‘ i i

i i
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A B S O L U T E  EXPR ESSION S

Absolute expressions are permitted for lengths, displacements, etc., and may be used freely to allow the translator 
to perform the arithmetic.

NMt

1______________ 8 _

Oparation 

tt t4

i. Conmanta Significant *>ac« indicated thui: u  (1 WNtf*)

40 ___________________________________________________  71

UMWcMOfl

t3_____________00

.................... ! r x c  . ! *(*#24+3^,8 .....................................
I . . . i
i i

is perfectly legal. A  maximum o f three operators is permitted. 

L E N G T H  A T T R IB U T E

The length attribute o f  a symbol is written in the form L ’ n.

f e n *

J __________________8

Oparation 

W  H
Oparanda

W_______________________________________________________________

Comm ants Significant spaetft in d ic it «J  th u »: L i  <1apact)

40 _______________________________________________________________________________ 71

Wantifteation 

73________________ 80

4............................... 1 P t  . . ! g < , 7 ......................................................................................................

................................I . !
‘  ‘ ‘ ‘ ‘ ' J ~ ‘ ~ ^ ~ ‘ !

L ’A  has the value 7.

I f  all constants have been defined with lengths, then the length attribute may be used to advantage, as in the 
following coding.

fenw

j ______________ 8__

Oparation 

W tt

Oparands

tt__________________________________________________
Comn*nU Significant spacaain<Ocatadthus: u  (1apaca) 

40___________________________________________________________  71

Mantification

7 3_____________so

g .................!■ p  i . . . ! C  L 4 - ................................................................
1 . , ,  . !

1 w c  . ! 4 ( * . ) . . . S . .......................................................
1 !

'  r  * ........................

1
^ ■ ^^^^^ r i wMa ^  1 >^<^ 1 1 » 1 i - ^^^^t  1 1 * 1 1 > ■ 1 1 1 f a * ^ -  1 1 ■ >■ *

In this way, any change to the length o f  B wiU not effect the subsequent coding.

The length attribute may also be used to advantage where it is required that one work area is two or three times 
the length o f another

Example

feme

J______________ 8__

Opwatton 

W M

Oparands

£ __________________________________________________

Conur*nti Significant spacas nc8cated ttas: u  (1 waca)

40_________________________________________________________  7t

Mantification

ra_____________80

4 .................... ; P g .  . . I / Q o o H  ........................
T . . . !

8 ................I e g y  , !, it .. . . . . . . . . .  . . . . . . . . . . . '
I 1

I d * < 3  ! * i - x ( j B - A ) .  \ '. '. '. . ’ . I I I I ! I I ■
' ’ ' ^ ' ' T , . . I

c ...................I e p y .  . I *  . . ' . ! I I ! . . . . . -. ' . . . . . ' .
1 I

I 0*6  \ » » . a < a - . 4 ) .  ............................................
' i 1

^ ^ i ^ ^ ^ *- ‘ ‘ ■ ‘ » • • • ■ ■ » ■ • ■ ■ ■ ......................................... ■»
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Expressions may also be written in the following form. The second instruction may be found useful in loops, for 
instance.

N*m*

J______________8_

OpOTtion 

W M

Opmnd$

# ___________________________________

ConwMntt Sv*fiChntwwMindKatodthua:Lj(1wK*) 

< 0 _______________________________________________________________ TJ

M>nMcition

n _____________ao

1 t f Y  C  . ! 4 / z * i ' * ) C  .........................................
i I

‘I ~ ‘ » ~  iT y y 1 1 1 1 1 ..............................

i C A  ' 7 . 4 * L ' i ( a r 7 ) .....................................
' ‘ ‘ ' '  ~ T I

EQ U  D IR E C T IV E

The EQU directive can be used to give meaningful names to mask fields which are otherwise not meaningful.

Example

To test i f  switches 1 and 5 are set, the foUowing coding may be used.

Namt
j________ «_

Optration 
W >4

Op«rands
W ________________________

Comm<nU SigniNcvl9K«McMdtfM:u(1«n) 
40_________________________________________ n

WtnMieation
n________ao

SMI........ I fMff. . ! /................................................
I I

su t  . . . . ' eoa  . I r ..............................................
I i

iU4 1 r so  . 1 9. \ \ \ \ \ \'.'. \ '.'.'. \ '. . . . . ! ! !  I
. I !

SMf  , . ' €QO ! i i  \ ‘ ! ! '  ! I ! I ' ! !  I ! 11!!
L J/ ^ ^ L 1 ‘ ‘ ^1 ^ - L Z Z ^ "  ~"~

^  ~r — *̂^ *̂*^^ *̂^^^^ “̂ "^̂ ^̂ ^̂ «̂̂ ^̂ “ ™1 ^" **,——*“———“"™™,—̂ ^̂ *,“ ^
i TH . . ; MA.sMreM.,.iKi.*Jus.............. ^^^^^^^^^
I i ^ . . .  i .  1 1 1 " .  ■ ■ ■ ~ - • ■ ■ ■ ■ • ■ • ■ ' ■ - ,4i^^^^S^_

Switches may be set up by the following coding.

Nwnt
J_________8___

OpmliM 
W H

Opmndi
W ___________________________

CcnMnh ŜnWcant tpict to<c*>d thu>: w (1 «p«c>)
40__________________________________________n

MMMnNoA 
n________ao

UAA.fMT.cM J>.C. . . ! y l| ( lU Z + jM * + IU f ) ...............
T . !
i I

Again there are a few condition code masks for which there is no extended mnemonic, and which may be 
symbolicaUy defmed.

Nanw

J______________ 8__

Opmtoon 

W U

Opmndi

tt
Comrantt Sfrn>ftcint tpiCt hdcdld thui: u  (1 y c « )

40 _______________________ V

MnMcthon 

73_____________80

* z ............. ! € 0 0  . ! 1 . .  . .  : .......................................................
I I

i • I

for branch on non-zero (including overflow) or branch not aU zeros (after TM ).

ttam i

1 a

O pw M ton  

t t  U

O pw andc

W _________________________________________________________________________

Conw nm te S i g n H i c a n i « K « M e M 4 a u i : u ( 1 a ^  

40________________________________________________________________________________________________ n

M w M c M o n

n __________________ ao

t f # . ................... ! e t u  . ! ! 4 - ...................................................................................................

I !

* J J i i

for branch on no overflow, or not all ones (after TM).
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Nam*

1______________ 8

Opwatfon 

W W

Op<r>wN

n ___________________________________________________

Canm*nts Sign*c*nm*CMk<tattdthm:Lj<UMM)

4 o _____________________ ________________________________ n

Mantifccation

n _____________M

£ 6 0  ! / / . - . ..............................................................¥ M ..............|
. I

i , .  . . !

for branch on not minus (induding overflow) or not mixed (after TM).

Nanw

J______________ 8 _

Op*ation 

»  t4

0*vands

« ___________________________________________________

Commants SiQn*icmrt spK*S Jndfc*tod thut: LJ (1 tptcm)

40__________________________________ ________________________________ n

MsnMicotion

n _____________so

r / . ..............| f t u  . ! / /  . . : .............. ......................................
I i

i i

for branch on not plus (includes overflow). 

Example

j ______________ i _

O^mNo  

»  u

Opmnds

n ___________________________________________________

Commants Sigrvhcant apacM in*cM^ thus: u  (1 w»ca) 

40___________________________________________________________________ n

Wsrtification 

73_____________80
l r f t .  . . ! M 4 A S M r . C t f . . S M * ..................................

.................... i . . I

.................... 1 s c .  . . ! f i . . A A . C C ................................................... T.p. & M +  j f c r  i £ . r  .......................................................
i i

.................... i^^te^^p^^a^H*a
i

The EQU directive may further be used as a guard against mis-punching.

These directives would cause mis-punches to be correctly translated.

Exampk

Nama
J_________8_

Opanrtton 
W M

Opmnds
% ___________________________

Ctmm SigrHkfntapKMMiutMlOwt:Lj(1wK>) 
4o_________________________________________n

MsntMcation 
73________80

M.C. . ! * (x ) '. t .................................
^ ' 11 “ r , , , . |

i LA , . ! i.,i.(S,i) ............................... * ■ ■ ■ ■ ■ *
i I * ■ » ■ ■ * ■
ia^MpM^Ma ' ' ' ' i ^^^^^^ ^M d^O>*4^^M U^^A*^^^^^^ ■ -̂̂ ^^■̂ ^^d I I I * I I I* **I * » * 1 1 *1 *l-*^^^> »■■»'■ * I .̂4.nfcî .̂ ..

The foUowing directives should be used with care.

J______________ 8 _

OflanHon 

W N

0psrsndi

n __________________________________________________

Comnwnts SgnlKant MMCM ndicatK( lhus: uj (1 «tcO

4^____________________________________ _____________________________ Jt

ktontiticafion

n _____________80

1 .................! e * u  . ! 6 ^* j i ^i ^^^^^^^^^^^. ^^^^^^j ^^^^^Bj ^S^^4*^b^^* ta^<^* i ^^
r . . . j

i .................! e t A  , ! j ,i^^i^^^^^^^^^^^^^^^^^^^^Ji^^^^^^^^t^Jwfc^tJi^^^wi*^* . .  ̂-■ • . ■ —

! I • ‘ » ■ » ■ ■
.................T

^ ^ ^ ^ ^ M H f a
' ' '  ‘ i

^ ^ w ^ ^ ^ ^ M M M ^ W ^ ^ ^ ^ ^ ^ ^ M d ^ A M n m̂ ^ m̂ m̂ m̂ m̂ ^ m̂ ^ ^ ^ ^ ^ mJ .^ r̂  i I I .1 I * * ' I i I > * > * » I i n^i >.. i i >ii

S— and Z — type constants would be mis-translated.
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4 ^ 0  coding techniques 

C L E A R IN G

The most efficient way o f  clearing a register is to subtract it from itself. 

Example

Name

J______________8__

Operation 

«  U

Operands

* _______________________________________________ __

Comments SgnHicw lwaM M ieaM ttu:u(tW K*)

40___________________________________________________________________7J

Uentification

ra_____________80
I i . i J t .  ! < . < . .................................................................

1 ,1  “ “ r !

....................! . ,  . . !

To clear an area o f  core (maximum size 256 bytes), an exclusive OR can be performed on that area. 

Example

Name

J______________8

Op«dion 

W t4

Operands

* ______________________________________

CoBWtfltt Significant spaces indicated thus: u  (1 space) 

40__________________________________________________________________ n

Wtntrticatwn

ra_____________80
I x c  . . ! s r 6 A £ f r S T o * * f ..............................

* ; ' “ ‘  ‘ I

i i

To clear a single byte o f core, use the Move Immediate instruction to store a byte o f zeros. 

Example

Name Operation Operands Comments Significant spaces indicated thus: u  Ospece) UentWcation

J_________ ____ 8 tt 14 tt 40 71 73_____________80
I

V Y f  . ! 6 . y r £ . i r a ..................................................
; ; '  “ ; ■ i. !

i i

T E S T IN G

In order to test the state o f a register the condition code can be set by loading the register into itself with the 
load and test register instruction. lt should be noted,however, that most load instructions do not affect the 
condition code.

Example

Nam e

1 8

O p era to n  

W  M

O perands

^ ___________________________________________________________________________________

C om m ents S ignificant sp a ce s  indicated  thus: u  (1 sp a ce ) 

4 0 ______________________________________________________________________________________ 71

W entification  

73__________________ 80

I
l T *  ! * f . 4 . ...................................................................................................................................

I
!

I ' i

To test an area o f core for zero or non zero, the condition code can be set by performing a logical OR on that 
area.
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Exampte

To test a single byte in core for zeros, ones or a mixture, the test under mask instruction with a mask o f aU ones 
(that is, X ‘FF’)  should be used.

Example

However,CLIisfasterthanTMandshouldbeusedwherepossible.

E X C H A N G IN G

I f  the contents o f two registers or two areas o f  core are to be exchanged without the use o f  any further register 
or area o f core, then three exclusive OR instructions should be used.

Example

or

I f  the two halves o f  a single byte are to be exchanged, it is only necessary to use the PACK (or UNPK) instruction.

Example
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A L T E R IN G  B R A N C H  IN S T R U C T IO N S  A N D  S W ITC H IN G

I f  an unconditional branch is to be altered to a NOP instruction, then a logical AND with an inunediate constant 
to the byte following the address o f the unconditional branch should be used. For example, i f  the location o f  the 
unconditional brandi is BRANCH, then the instruction should be

Name Operation Operands Comments Significant spans indicated thus: u  (1 spaea) Ment*cation

1 8 10 M * ____________________________ _____________________ 40 ________ 71 73_____________80
I v r  . ! 8 * * M C H * !  r X ' O P '

....................i |

i i ' '  ‘ ' ' '  ‘ ' ^ ' ] ^ ' '   ̂ ^ ' ' ' ~ ‘ ' !

I f  the MVI instruction were used the X 2 field o f the branch would also be zeroized.

I f  an NOP instruction is to be altered to a branch instruction use an inclusive OR instruction with an immediate 
constant.

Name

J______________ 8 _

Operation 

10 M

Operands

J«__________________________________________________

Comments Significant spacestndicatedthus: u  (tspace) 

40__________________________________________________________________ fi

WentHication 

73_____________80
I f f r .  . . ! * 5 t * * * C f f +  < . x  ' r  o '

■ ; ; ; ;  ‘ ‘ T . *
i i

It should be noticed that these instructions can also be considered as program switches, since a test mask 
instruction can be used to test the condition code mask field o f the branch instruction. It is not necessary to 
define a separate switch simply because more than one branch point depends on the switch setting.

Subroutines may be entered at different points by use o f  the BAL instruction, which allows multiple switching.

Example 

Calling module

Name

J __________________8

Operation 

W M

Operands

« ______________________________________________________________

Comments Significant spaces indicated thus-u  (1space) 

40__________________________________________________________________tt

Mentification

73_____________80

I L. . . . ! i $ . , . - y . ( t * . ) ..........................................................................

................................r i

r 8A.t.  . | t.* .,./ .c .C 0 , ! ^ ..................................
................................r I

i ' '  ‘ i

Subroutine

Name

j ______________ 8__

Ooeration 

K) M

Operands

« __________________________________________________

Comments Signrticant spaces indicated thus: u  O space) 

40_____________________ ______________________________________  71

Mentification 

73____________ 80
! u s T *  a! Z A . , J . S . .........................................................

....................i I

2 * ............. 1 8. . . . 1 X T .4 . ................................................................
i I

i 8. \ '. \ i < 8 8  ' . ' . ' '  I ! I ! I ! ! ' ' ! ' !  1 1 ! I
' '   ̂ ' ' '  ' T I

a  ‘ . . ' * r c ............................................................ ......
i

' ^ T 8  . . ! L fX > ...................................................................
r i

*■. —  i

Multi-way switches are best handled using S-type constants.
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Example

A  switch is to be made on the run-type which is held in a half-word binary location WAARNTP. Register 5, the 
base register for S-type constants, is used here as an index register.

Name

J ____  _  8

Operation 

»  M

Oparandt

W

C * 1" " * * *  Significant apeces indicated thus: u  (1*pece)

«0 _____________________________ ___________________ _ _ ____________________________ v
WentWication 

73________________80

I
« i i i i ■ i i e________ ! f . .  .rA  ^ fA A  b j  r A B . ) . .......................................... A { r - c . o * S . T A * r S )  r d *  z u r r c n ..........................

' i i

i A.H. . . ! S . H * A t M r r ..................................................................... W f . c f .  a e c * u i f  . i . - r . r p r  < - o v f r 4 4 r f  .

i I

................................... ! 4M  . ! r . .U A A A M rA  [ [ [ \ | | ' | . ! I  | I I Z  A r.TF S . i-Q A A t ................................................................................................

i I

................................! v y c .  I A fi1 * 2 ( x ) , o ( s ) ..................................................... *-Cp.H ST.A tfT . TO  a*A <*C V  T " & T A t lc r T S *
1 i

* * / .  ■ ■ ■ ■ 1 /  . ' i<4. '. '. '. '. '. \ '. '. '. '. ‘. '. '. '.- i.A. rs . j>ttAfiy. A P 9 * r s i
I

^ ^ ^ ^ ^ ^ ^ ^
i

I
v f r V 6 1 *A A S M TA a  s ................................................................

 ̂ '  ’ '  ’  I ^ ^  i

*A A SH TA B ' g c  , ■ ! f . ( c c ) ............................................................................................... A O * AMH.-.T.Vrjt. 0 ..........................................................................................

! i

............................... i PC . 1 i.C c .e ).  \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ FO*. * V M -T .r . r e .  /  ^ ~ .  \ \ '  ' ■ ! ! ! ! ! ! !

................................! i

I PC  . 1 S  (j.<p)  '  '  .  . ' . . '  .  '  '  . '  .  . . . ' F .j* . * v t /  r t r F  2 . . . . '  ' ' ' . .  ' '

I I

I 9 c  . . ! * c ^ ............................................................................................... F .6 *. K P 0 r . W f .  .3 . .....................................................................................
I ^ ^  1

^ *  i
p . c  . . !• * ( < * ) ................................................................................................

*PA . # y M -T y .A f  4 .....................................................................................

■ ; ;  ; “ T [

i V * S .r  I
5

! I

' " *  i
H * a t o ^ ^ ^ 4 B ^ ^ H

I
* ■ ■ •— ................................* -*  * -  t t i .......................... * ‘ ‘  • .......................................... .......................................................................... • • • • -

R O T A T IO N  A N D  S H IF T IN G

The contents o f a register may be rotated by the use o f  a double shift instruction followed by inclusive OR 
instruction.

Example

The contents o f register S are to be rotated by 15 places.

N am «

1 8

O p w M o n  

W  M

0 p t f w d s

« ____________________________________________________ -

C o m m w ts  S ig n rt< c ^ a p K C $ in d ic M e < lth u s :L j(Y s p a c a )

4 0 _ ___________________________________________________________ _________________  71

Mentification 

73 80

I s *  . . ! 4..4..................................................................................................... Cf. r * A S  * f  0 T S T * *  + .....................................................................

. . . . . . . . . . . .  ‘  1 I
i t.tP .L  1 + . t s ............................................................................................... &*.T*.TS  < f * r < r f < i  A- A A P  6  M Y  .

. . . . . . . . . . . . . . . i I

* .......................... ! I / < •  p * J t . c n ...............................................................................................................

1 !

! J > e  . . 1 S> t .4». . ,  .  ................................. T H e t V % X V f  g K  B A C K
1 1

.....................  1 .4 n4 A.>i « « 1 1 »— « « « 1 1 1 I  > 1 1 » » » « » § 1 « « ...................................

I f  the contents o f a small table o f consecutive words in core are to be rotated, then multiple load and store 
instructions (providing there are sufficient registers available) should be used.

Example

Name

1 »

Operation 

W U

0pmndi

%__________________________________________________

Conwnents Significant apace$ inttcated thus: u  (1 a p ^ )

» ________________________________________________ __________________ tt

MentHication 

73_____________80
I AM . . ! i . . . r s T t S * r . i . ......................................... —*- ‘--■--■--■ * • * ■-- «--«--■--■- ■ • .-^- - - - - | J_ - |jJ_LJ_LJ_J_

............T . . I » » *--«--■ • ■ 1 *--»—* ■ ■ ‘ • ■ - » ■ ........................ - . ■ ■ .

............... . I jJ t  . . I * : ./ . . . . . . . . : . ' ' I ' ! I ' '  IT T T —*- *--‘—»--*-- * * ‘ ■--‘--«--» ‘ ■ ■ ■ -■■ ■■ * ■ ■ i_j • ■ J_L_X_!_,__A_

......... " T 1
».,», ux..*. * * * ■ ■ ■ ■ ■ ■- * ‘ ■ ■ ■ ■ ■ ■ »- » ■ ■ ■ ■ ■ ■ | | . . ■ ............^ T I n L .J . l . . . t . r 5 T S * g / ............................................ ^ ^ N S ^ ^ ^ ^ M M ^ ^ ^ ^ a ^ ^ ^ M ^ ^ ^ ^ ^ M a M B i ^ ^ ^ ^ ^ _ ^* *T . . ! — ‘ ■ • 1 • ................. ... 1 • ■ ■-»- ‘ - J_LX^LL_LJ_LJ_LJ_L-1 \

I I I * » »—‘—»—*-..» « « « 1 » » I 1 ^—■—■ ■—■—1—1—■ • . ■ . ■
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This example used an extra register (register 8), but saves two instruction bytes by using the L R  instruction in 
place o f an L  or ST instruction.

It should be emphasized that the MVC instruction can only be used to shift an area o f  core to the left, because o f 
the sequence in which bytes are moved. However, to shift decimal numbers to the right, the MVO instruction 
may be used, but only for odd numbers o f places; for even numbers moves are made by two odd number moves 
in succession.

Example

The contents ofWAANUMB are to be altered from 01234F to 00123F.

Nam e

J____________________ 8 _

O peration  

10 14

O perands

t t ______________________ __________________________________________________

Comments Significant spaces incScated thus; Lj (1space)

« _______________________________________________________________________________________________ Tt

Mentificetion 

73_____________80
I

* V O .  . ! W A * H P M 6  ( j ^  ,  * A A H U * B  f z )  ~

■ ' * “ * r ! _^_^^^_J_1_1_^^^^_^_Â_
i I

IN D E X IN G

I f  an index is to be loaded with a positive constant in the range l-4095,use the load address instruction.

Example

Nam e

J ____________________ 6 _

O peration  

10 M

O perands

« ______________________________________________

C om m en ts  S ign ifican t s p a ce s  in d icated  th u s : u  (1 s p e c e )  

<0 _________________________________________________________________________________________H

W entification  

73__________________ 80

1 L A  . . ! 4 . , A 2 L D . * . * S S ..................................................................

I . . . . I

I i

To increment an index by a positive constant in the range l-4095 ,the load address instruction should be used.

Example

Name

J ____________________ 8___

O peration  

10 14

O perands

ft___________________
C om m en ts  S igm fiean t s p a ce s  in d icated  th u s ; t J  (1  s p a ce ) 

40_______________________________________________________________________________________________ f l

M en tifica tion

ra__________________ 80

I A 4 . . . ! 4 . T H C A t * ( 4 ) .............................................................

I I

I I

To place the sum o f two index registers jnto a third register, the load address instruction is used. 

Example

Nam e

1 8

O peration  

10 14

O perands

ft___________ ____________________________ __

C om m ents S ign ificant sp a ce s  in d *a te d  thus: u i  (1 s p a c e ) 

40___________________________________________________________________________________ ____________71

W entification  

73__________________ 80

' I L A  . . I 6 . , 0 . ( * . . f ) ..................................................._ ^ . ^ _ ^ ^ _
1

I I

Note: The displacement may also be used to increase the contents o f the third index register by a small positive 
amount at the same time.
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Example

To increase the contents o f the third index register by 12.

Name

J______________ 8

Operation 

W U

Operands

* ________  ____________________________

Comments $ignficant spaces indcated thus: u  (1 space)

40___________________________________________________________________7T

Wentifkation 

73__________  80
I CA  . . ! 6'/.l.(4..sX............................

" ‘ ,J" ‘ T !
*a* 1 i|,T,* r̂ ■ 1 1 i •■ 1 1

*"* *’T i

Care should be taken when using the load half-word instruction to load an index. The most significant bit is taken 
as the sign and generated through the left half o f  the register. It is therefore advisable to use an AND instruction 
after the load haU'-word instruction to avoid any problems that might arise.

Exampte

Nam e

J ____________________ 8

O pera tion

w  u

O perands

8  _____________________________________________________________________

C om m en ts  S ign ifican t s p a ce s  ind icated  thu s: u  (1  sp a ce )

40_______________________________________________________________________________________________ n

k tentihca tnn  

73__________________ 80

I
t M .  . . ! < , M M O J t 9 . l . ........................................................................

‘ '  ‘  ‘  ‘  ‘  ‘  i i

i
H  . . . 1 * s  m X  ' o o a  o f  P P  *  ' ........................................

' ‘ ‘ 1 ‘ ‘ ‘ i I

i ‘ ' i

There is no real difference between a base register and an index register. I f  care is taken, base register modification 
can give the effect o f indexing for SS instructions, or can provide double indexing for RX instructions which may 
be used for processing 2^imensional arrays etc.

B IN A R Y  A R IT H M E T IC

When concerned with only the least significant 24 bits (or less), any o f  the indexing techniques may be used.

When concerned with only the least significant 12 bits (or less), the load address instruction may be used to 
subtract positive constants in the range 1 to 4095.

Example

The amount 548 is to be subtracted from the least significant 12 bits o f  register4.

Nam e

J ____________________ 9 _

O pera tion  

TO M

O perands

W_______________________________
Coqw nen ts S ign ificant s p a ces  M ie a t e d  thu s: L j  (1 sp a ce ) 

40_______________________________________________________________________________________________ 7^

M entification  

73__________________ B0

I
A A  . . ! 4.. 4 o < t i - S 4 - a f a ) ...................................................

fc“  * 1 ‘ ' 1 i . . . !

f> *  * 1 ...............................i * ^ V ....................................................

i i

It should be noted that a carry into the 13th bit 0 »t  19) will occur, so that no more than 12 bits o f the results 
can be used.

To subtract 1 from a register, use the branch on count in register instruction.

Exampk

Nam e

J ____________________ 8 _

O pera tion  

n  *4

O perands

J6__________________________________________________________ ______________

C om m en ts  S ign ificant s p a ce s  indicated  th u s : u  0  sp a ce ) 

40_______________________________________________________________________________________________ 7^

kJantificarion 

73__________________ 80

1 S e  r a  ! 4 . . . a .................................................................................................

I !
i i

This can be useful to adjust a length value before executing, with EX, a logical SS instruction.
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In order to conserve space, half-word constants and variables should be used in place o f fuU-word constants 
wherever possible.

The division and multiplication by any power o f  two should be accomplished by shift instructions. 

CHARACTER MANIPULATION

Care should be taken when using the load half-word instruction on a 24>yte character field in a register as 
described in Indexing, above.

Care should also be taken when using the insert character instruction (IC ) without first clearing the register, as 
the instruction will leave the contents o fb its 0—28 unaltered.

Load address can also be used to load a one4>yte character constant into a register.

Exampk

Nam#

j ____________________ « _

O p w ation

W  M

O p * a n d s

J6________________________________________________________________________

C om n w n ts  S ign ificant $ p * e n  ind fcated  thu s: L j  (1  s p a c * ) 

40_______________________________________________________________________________________________ 7t

M *n tifica tion  

n __________________ s o

i
< 4  , , ! 4  C ' X ' ....................................................................... ....  . .

‘ ; ‘  ‘  ^ t I

i i

The immediate instructions MV1, CLI etc. are very useful in single character manipulation.

An area o f core may be fiUed with a particular character by using the foUowing sequence o f  instructions:

N v n s

J ____________________ 8___

O p*rS tion  

W  M

O p w an d S

16________________________________________________________________________

C w w m w U  ^ g r t h c a n t w K M M c a M d t h u s : u ( 1 s p K * )  

40_______________________________________________________________________________________________n
k tatfH tca fion  

73__________________ 80

..............................| v r /  . ! Sr2*£tt c ' i ' .............................................................

I I

.............................. i nvc  . ! i r S * t /+  t / t  'STumt!- / )  Tri *jtj ..............................................................................................................................................

i i 1
1 ..........................V  1 * * /  •

i ' ‘ ’ ' I

or

Nam#
1 8

Op*ation 
n U

Opapands
16__________________________

Conwnmts Svsfica4«K«MuMtthi:u(1spKe)
40___________________________ _______n

htantification
ra______ 80

I * rc  . ! S T O K t l / l ) , C t t A K ...................
................ i I f> "̂  r> 't1 TT*V* .................  1

.......  1 ¥.y.c . 1 Ir8 je *  /* /  ( i  '  S r2 * jt /  -  / J . F rZ * M .r ......... ......................................................
i
i ' '"1 ‘ i

MISCELLANEOUS

Multiple-predsion fixed point arithmetic may be accomplished by the use o f  the add logical and subtract logical 
instructions on aU but the most significant bit. These provide exactly the same results as the add and subtract 
instructions, but avoid the possibiUty o f  an overflow interrupt.

The BAL and BALR  instructions store the whole o f  the P<ounter in the return register. This includes the 
condition code, which may be stored by the following instructions, and tested later.
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N m

j _____________5 _

Operation 

W H

Operands

t t _______________________________________________________________

Comm ents Significant spaces indicated thus: LJ (1 space). 

40__________________________________________________________________________________ -

Mantihcation 

73________________ 80

i B A M  ! / . , . o . .....................................................................................................

" ; ;  ■ ' ' 1 i |
i l r  1 / . < M 4 C c f r  . . . -

................... i i

................... ■ ‘ ‘ i

Check digit calculation and verification usuaUy involves multiplication o f  the digits o f  the number by their 
weights. This can be avoided by translating the numbers to their pre-multiplied equivalents (which are stored as 
dispkcements from the modulus, to keep the number smaU).

Example

AcheckdigitistobecalculatedforthenumberS21S,usingweights l,2 ,3 ,4 ,andm odu lo  1 1 .

F5 F2
I

F1 F5

35 22
I

11 05

09 06 02 05

NC against mask, giving digit position in zone quartet. 

Translate against pre-multipUed table.

These numbers are then added together and the total divided by 11. This gives the check digit. 

4— 30 coding techniques

C L E A R IN G

The easiest way o f  clearing a register is to load it with a zero address. 

Exampte

N m

J __________________ 8

Operation 

W  M

Operands

tt____________________
Com m ents Significant spaces ncfccated thus: u  (1space) 

40___________________________________________________________________________________ 7t

Mentificatmn 

73________________80

I i A  : . \ * , . a ..........................................
' ' ‘ ‘ ‘ ‘ ' i i

i i

To clear an area o f core (maximum 2S6 bytes) an exclusive OR can be performed on that area. 

Exampte

Name

J __________________8

Operation 

W  t4

Operands

W____________________________________________

Com m ents Significant spaces indicated thus: u  (ts p a c e ) 

40_____________________________ __________________________________________ ____________f l

Mentihcation 

73________________ 80

I X e  . . ! ZT.6.A.f.f.,.ST.S.*AJ ......................................................

.................................f I . . . ,̂  . . t . . . . '■ . ■ ■ ■ . . ■ . . . .
^ I i

T E S T IN G

In order to test the state o f a register the condition code can be set by adding to it a halfword containing zeros.

4202(4.70) 223



Exampte

Name

1 8

Operation 

10 M

Operands

* ___________________________________________________

Comments Significantspacesindicatedthus:bJ<1space)

< o ________________ ______________________________________________ n

Mentification

n ____________ so
I 4 H  . ! 4 .,H .lF J u S jU > .......................................................

"*■" “ ' “ ' * r !
i i

To test an area o f core for zero or non-zero, the condition code can be set by performing a logical OR on that 
area.

Example

Nam e

j ____________________ 8

O p era tion  

W  t4

O p era n ds

16________________________________________________________________________

C om m en ts  S ign ificant s o a c e s  rw fccated thu s: LJ (1 s p a c e ) 

40_______________________________________________________________________________________________ n

M entification  

73__________________ 80

I ff.e. , , ! f r S * C !  S T O * f /

' ‘ ‘ ‘ ‘ ‘ ‘ i i

I i

To test a single byte in core for either zeros, ones or both, the test under mask o f all bits should be used.

Example

Nam e

J_____________8__

O peration  

f t  M

O perands

ft____________________
C om m en ts  S ign ificant s p a c e s  *x fccated  th u s: c j  ( 1 s p a ce )

40 ___________________________________________ 71

M entification  

73__________________ 80

I r * .  . . ! e v r e i , x ' e c '
~ ^  I i

I i

To test a packed decimal field 0iaving standard sign quartet o f either C, D or F ) for positive or negative only, the 
condition code may be set by testing the last byte o f  the field under a mask o f bits 6 and 7.

Example

Nam e

\___________  8

O pera tion  

W  U

O perands

ft_______________ ____
C om m ents S ign ificant sp a ce s  ind icated  thu s: t_ i (1 s p a c e )

40____________________________________________ '__________________________________________________ 7t

M en tification  

73__________________ 80

I TM.  . . ! 6 Y . r s x . . . K ' . a 3 . ' ....................................................................................

j . . !

I i

The field is negative i f  the selected bits are mixed.

EXCHANGING

I f  the contents o f two areas o f core (o f  equal length but not exceeding 256 bytes) are to be exchanged without the 
use o f a third area o f core, then three exclusive OR instructions should be used.

Exampk

Nam e

J ____________________ 8 _

O pera tion

W  W

O perands

ft___________________
C om m en ts  S ig n i f ic a n t$ p e c e s in d ic a te d th u s :L j (1 s p a c e )  

40_______________________________________________________________________________________________ n

M entification  

73__________________ 90

I X c  . I f r r 4 C / f T a > f 2

I I

I
x e  . . I S r o K M Z . f r . S x e j

‘ ‘ ‘ ' ‘ ‘ ' i _ i

1 x c  \ '  j S r p x e t f f T f f A C Z -

~̂ ~7 ‘ ‘ ' T !

i i

224 4202(4.70)



I f  the two hahres o f  a angle byte are to be exchanged, it is only necessary to use the PACK (or UNPK) 
instruction.

Example

Nama Operrtkxi Operands Comm ents Significant spacas indfcated thus: u  (1spec*) UentHication

1 8 »  M * _____________________________________________________ _ _______ 40______________________ ____________________________________________________________7t ra________________ 80

I P A C K  ! a r T e i . M y r e /
' ; ; 1 * 1 * i . I

i , .  . . I

A L T E R IN G  B R A N C H  IN S T R U C T IO N S A N D S W IT C H IN G

I f  the conditional branch is to be altered to a NOP instruction, then a logical AND should be used on the second 
byte o f  the instruction with a mask ofb its 4 to 7.

Example

MASK1 contains X*OF', then:

Nama

1______________8__

Operation 

V> H

Operands 

%____________

Commertfs SignHicanlspacesin<8cHodthus:Lj(1spoco)

40__________________________________________________________________7J

Msnti8cation

n____________ so

..................... ! vc  ! a * A t f e t i * l ( l )  M A l K ! .....................
I I • .......................................

..................... ! i

I f  a NOP instruction is to be altered to an unconditional branch instruction, use a logical OR on the second byte 
o f  the instruction with a mask o f bits 0 to 3.

Example

MASK2 contains X ‘FO’, then:

Nama

J______________8

Operation 

K> U

Operands

%__________________________________________________

Commants Significant spaces indcated thus: u  (1 space) 

40__________________________________________________________  71

Mentification 

73 90

( 5.c. . . ! t i O B * A N C H + l ( l \ s M A i .K .2 .  . . . .
' ■ ^ ‘ “ ' T !

i i

Subroutines may be entered at different points by use o f the BAL instruction, which allows multiple switching.

Example

Calling module

Nama

J______________8 _

Operation 

W H

Operands

* _____________ _______________________________________

Comments Significant spaces indicated thus: u  0spaca) 

40____________________________________________________________ 71

MontHtcation

ra_____________80
I L. . . . ! / S ~ V ( * A \ ...........................................

' ; '  ~ ' ~ ; i I
i \fi i >i> * ** - 1 • 1 ' • ' *■

.......................... ! 8 f > l  . I t 4 .  ' . r t / . o .  j . r )  . .  . . . . . . . .  . .

! I * ^  1 V  *  ................................

' ‘ ‘ ' ‘ ' 'T ^  \ * *■ -»-■ ■ ■ • • ■ ■ ■ ■ • ■ ■ ■ ^—j—■—*—^ -  • ■ ^ ^ ^ ^ i i *  t i hutm,*m*Him^*,.d,m^+^^^m,+^mmBm+^ I I I > I I
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Subroutine

Nam e

t___________ S

O peration  

W  M

O perands 

t t __________

C om m ents S ign ificant s p a ce s in d ica te d th u s : LJ (1 s p e c e )  

40______________________________________________________________________________________________ 2

W antiNcation 

73__________________ 80

| tf ltrr4 l .A .J S  ~
i l

l A ......... ! a . . . 1 VA. . ' ! ' ^  ' ‘ ' ' ' ' ' ' ‘ ~ ^ ~ "
I I
I g . . I V *  ■ ■ - '~ ^ ................ ■' ' ' ^ ~i ' '  ‘ ' j
i 0 , . f 1 lF . C
i I
i » . . , . ! V P  '. ■ ' ........................... ~ ^ ~i i
i g  . . .  l V A  [ ' '  ̂ j .....................~ ^ ~
i i

^ > ^ L . ^  "* “■  — - ^ • • ^ • • ■ - • • • ■ ■ • ■ • • • ■ ^ • ~

Multi-way switches are best handled using S-type constants.

Example

A  switch is to be made on the run-type which is held in a half-word binary location WAARNTP. Register 5, the 
base register for S-type constants, is used here as an index register.

N a m e

J ____________________ 8 _

O p e ra tio n  

W  14

O p e ra n d s

« ______
C o m m e n ts  S ig n ifica n t s p a c e s  in d ic a t e d t h u s : u i  ( t a p « e )  

40_______________________________________ _______________________________________________________f l

M a n tificsfio n

n__________________ s o
I

^ - * . *  * . ■ » * 4
L 1 S ,."A {.& & tH rA B ) ......................................... A.(frSSnSTAMT.S.y .F.O.e. lA tirC H  .

r I
‘/

i *H. . . 1S ..M A A **rp rm rtA  B c c A u s t 3 - r v p t  c a # fT A n r r
i I

" r *ft . . ! S.M A A A *rp i  B Y r f i  L S n m ..............................................................................................

i !

i
* K C  . ! l t j *  i f i )  a fs )  \ \ \ \ \ \ \ \ \ \ f -  (6 n lT A N T  r3  AAAVCH Tf/tT*UCTTO*

J ' ' ' J J  * i 1
v * * 4 ' f 1 ‘ *— 1—  ' * * 1 ‘

iSJ. . . \ B_ . . . I LA. '. '. '. ' ...............................................  . ' ' ' '  ' LA. XS AMMffY A P P .* fS $ . ................................................................

i ^ ^ ^ ^ ^ ^ ^ w ^ _ L i 1—  L
\— i

.— ^  ■ — — — — ^ r — ----------------------- -------- — — - 1
i ^ ^ ^ “ “  i —  i ^ >

~ ,  . r . . . . ~ ~ * ~ * ^ > ~ ~ ~ ^ '  . ~  . . . ~ ~  . , ^ ^ ^ ^  ....... ~  '* " ^ * * * * * * , ~ i " " ~  . . '~~*~~
.................................. i v fx tf4 lAA J u  r#0 . 5

i i

tAA*UrA»\ p . c  . . ! i ( . v ) .  \' . . .  \ \ \ \ \ \ \ \ '  I ' ! 1' r 5 *  A u *  -  rY A t A..........................
I i

I p . c  , , ! * . ( < ■ * } . . . . . '   ̂ ^! ! !  ’ ! ! ! ! ! ! ! A.oA. APtf-TYAA  . / .............................................................................................

1 i

......... I Pc  '  * ! i ( . v i . '. ' . . .  ' . ' . ' . ' . . . ! ' !  ~ f$ A  AVH- TYAt .Z
I i

I pc  , , ! s . f v )  . ! . . ! ' . ' ! ' 1111 ^~ rS *, A M * -T Y P f .3
I i v  • 1 f 1 1 -1 1

' * T 7>c . . 1 l ( i A ). . '........ '.. '.. ! ' ! 1' A$A AM H -TVFt 4
i I

—*̂ y~> • * 1 1 '—1— ‘  * ‘ *

1 i P.*g>. 1 's. \ \ ‘ ! ' , '. T  '.! ' ' ' ' ' ! ! ' ,  1 ! 1 ‘
‘ ' '  ' ' ‘~j~ i

ROTATION AND SHIFTING

It should be emphasized that the MVC instruction may be used to shift an area ofcore only to the left as the 
bytes are moved starting with the left-most byte o f the area. An attempt to shift to the right with this instruction 
would cause the original source field to be corrupted before the instruction has been completed.

The MVC can be used to repeat a field in store.
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E xam pks

N a m t

J _________________ 8 _

O p * t f o n  

»  H

Oparands

* _______________  ______________________________________ __

Com m a n ti S f r n H » c a n t a p a e a » i n d f c « s d t t u r u ( 1 « p f )  

w ___________________________________________________________________________________«

M w rtM crton

n ________________ 80

\
v r . c .  ' 4 A F * + . f . ( l ) r A A j r A ........................... ! .  , ,

1 * ‘  * ; 1 1 1 I
i i

This wiU cause the contents o f the byte AREA to be repeated in the 9 consecutive bytes starting at AREA+1.

Nwnt

J__________0_
OpmUon 

W W

Oparands

*____________ __________

Convntnts SgN#ewlspKWto#MWdthus:u(1W*)

40__________________________________________________________________7J

tdantfficstioft 

n____________ M
I v v c  . ! AAFA. *2.(.a ). s A A f A . .......................

" “ ' ' '  I . . . . !
' ' ‘ ' ‘ ' T i

This wiU cause the contents o f the two bytes AREA, AREA+1 to be repeated in the four consecutive two byte 
locations starting at AREA+2, AREA+4 and so on.

IN D E X IN G

I f  an index is to be loaded with a positive constant in the range 0 to 409S, the load address instruction with a self 
defining value should be used.

Example

Nama

J_______ «
Operation 

W H
Oparands

*__________________________
Consnents $ignifieantepeceeindfcaradthua:t_f(1apett) 

40_____________________________________________________________  71

Menflficetion

n______ 0o
t M  . . ! 4 ...i* y .........................................

"‘ ‘ “  ‘ ‘ I . . !
I i

To increment an index with a positive constant in the range 1 to 4095 use the load address instruction together 
with a displacement equal to the increment required.

Example

Name

t 0

Op*atton 

t0 M

Oparands

*
Conwnants Signiftcwd apacat indicated thus: u  Otpaca) 

40 _______________________________________________________________ n

« -̂~«»»»— • - nwnmcnnn

73____________ 00
I

• • ■ • • • • t t A  ! 4 . . . $ * y . M ........................................ ~
T I

» r

i i

To place the sum o f two registers in a third register, the load address instruction should be used. A  smaU positive 
constant may also be added at the same time, in the range 0 to 4095 as shown in the above example. The follow­
ing options are available.

Name

J______________ 8 _

Op*ation 

K) H

0pwandi

W ____________________________________

Comments Significant spaces indicated thus: u  (1 ipeca)

W ______________________________________________________________7t

Unification 

73____________ 90

i >.,.i > i > » « 4 4  . I i . . a ( s . , 6 ) ........................................ 7 ~
‘ _ i ..........i

• t * ~

i i
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Nam e

1 8
O peration  

fO H

O perands

tt_______________________________________________________________________

C om m ents $ignilicantspacesindicatedthus:Lj(1space) 
40______________________________________________________________________________________________ f l

WentHkation 
73_____80

I
4 4  . . ! 4 . J f i y / s . ' A ) .................................................................

"“ ‘ l “ i I
r  \ *  '  —

, I I

Care should be taken when using the load half-word instruction (LH ) to load an index, as the most significant 
bit is taken as the sign and generated through the left half o f the register.

There is no real difference between a base register and an index register. I f  care is exercised, base register 
modification can effect the indexing o f SS instructions or can provide double-indexing for RX instructions.

B IN A R Y  A R I T H M E T IC

When concerned with only the least significant 24 bits (or less), any o f  the indexing techniques may be used.

When concerned with only the least significant 12 bits (or less), the load address instruction may be used to 
subtract small positive constants in the range 1 to 4095.

Example

The amount 735 is to be subtracted from the least significant 12 bits o f register 4.

Name

1 8

Operation 

K> M

Op**n&

tt__________________________________________________

Comments $̂ nHicant spaces indicated thus: t_i (1 space)

40__________________________________________________________________n

Mentification 

73____________ 80
I 4 4  , ! 4 . * Q 9 6 - 7 3 S M

' ' '  * ‘ ‘ ' i i
1 \ /  1 r r .............. 1 *

i 1

It should be noted that a carry into the 13th bit flnt 19) will occur, so that no more than 12 bits o f  the result can 
be used.

In order to conserve space and time, half-word constants and instructions should be used, taking care to 
remember that the most significant bit is taken as the sign.

C H A R A C T E R  M A N IP U L A T IO N

Care should be taken when using the load half-word instruction on a 2 byte character field in a register 
remembering that the most significant bit is taken as the sign.

The load address instruction can be used to load a 1-byte character into a register.

Example

j Name

h___ __L_ O peratw n 

10 14

O perands

J6______________________________________________________________

C om m ents S igm fkan t sp a ce s  indicated  thus: u  (1 sp a ce ) 

40__________________________________________________________________________________  71

M entifieation 

73__________________ 80

L ......................I L f t  . . ! 4 . C * >L IL .........................! I

An area o f core may be filled with a particular character by using the following sequence o f instructions: 

Example

Name

J^____________ 8__

Opera1ton 

W M

Operands

« __________________________________________________

Comments Sipnilicant spaces iwfccated thus: L  ̂(tspace)

40_________________________________________________________________ n

Wentificatwn

n ____________ 80

' 4 Y C  . ! l r S * f t r M A *
....................i I

1 f t y  e  . 1 f r o * t  /  +  t / i  ' s r o # e  / -  / )  . S r e * , * J . ..........................................................................................

1 i
........................1 — " f  ' ——

................ ^~i~ i
« * M ^
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M IS C E L L A N E O U S

The BAL and BALR instructions store the whole o f the P-counter in the return register. This includes the 
condition code, which may be stored by the foUowing instructions, and tested kter.

N t f W

j _____ e

O p w t t t o n  

t t  U
O p * w > d >

t t _______________________________________________________________________

C o m n w n t s  S iQ n rf ic «rt  « p K n i n d K a t « d t h u s :  u  (1 a p K * )  

4 0 ______________________________________________________________________________________________ n

M w rt if ic M io n '

73__________________ 0 0

• ..............................I « ■ * ■ * *  ! t . , .t .........................
‘ | ‘ ' | i . j

1 s r  . . ! / , . * * M . C C i T

i
* * ^ ^ - ^ _ ^ _ > j ^ _

i

i
^ ^ ^ M * ^ ^

' ' ' ' i _̂^̂^̂ ^ ^ — ‘ * 1 • ■ ■ ■ • ......................................... .....  ■ • ■ ^ — ■— _̂.  ̂j—̂-

Check digit calculation and verification usually involves multiplication o f  the digits o f the number by their 
weights. This can be avoided by translating the numbers to their pre-multiplied equivalents (which are stored as 
displacements from the modulus, to keep the numbers small).

Example

A  check digit is to be calculated for the number 5215, using weights 1, 2 ,3 ,4  and modulo 11.

F5 F2 iF1
I

F5

35 22 1K i
I

05

09 06 1'  02 05

NC against mask, giving digit position in zone quartet. 

Translate against pre-multipUed table.

These numbers are then added together and the total divided by 11. This gives the check digit.

EX A M P LE O F  USE O F  S TA N D A R D S

This example does not purport to be good Usercode; it is not, in fact, a complete program, but merely sections 
o f one, showing the working o f the standards in a compUcated set-up.

N*m
J__________8_

Op*ntion 
W ,M

Opmnds

W _________________________________

Comrmnta 5ignrfic*< tpK« <ndc*ted thus: u  (1apKc) 
40_______________________________________________ Tt

MnMicOion

n_________ so
I T r r c J 'k v r #  / / / / ; <t*.rrT*t*. * S v T fh **............................................................................... _ _

11 ^ ‘ 1 T , , , , I
* tM .iJ J J i ll f r 4 * r 1

I i n

.............. ..  i SP*C*] 2 ' . ' . . ! ! ! ! ! ! !  I ’ ! ! ! !
‘ ' ‘ *'* * T I . ............... ..  ■ • • ■ ■ » > • - < ■ .................................

i U f r n 4 *.**2 4  '. '. '. '. '. '. '. '. '. '. . . ' ' ! 1 !
i j

L A ........... 1 6 * L*  ! 4 . 0 .......................................................
i I
i c  . . 1 t t YAAH M ............................................. V.(*ATA M ffP P J .f l . . . . [ ' ' ' ' ' '
i I
I 0 f t * 4 C A A B * rA r 3 . ......................................
i _ i ■ • * ■ ■ « ■ « ■ ‘ • • • • 1 » - ■ * » 1 ‘ ■

C M P A r*  ! P f > c r 1 - i_r - • • • • • • ■ • - - • • ■ • - ‘ • • • P .s .rc r  r e *  M r A .  M opt>ur
i I
i * r.?A /!
i I
i I ■ ■ ■ ‘ • * .................. .. ................. * » ‘

—»—*— -̂ •--» ■ ■

‘ ‘ ‘ " ' ‘ ' i * * * ’ i
J _ U ^ ^ L 4 , J ^ ^ ^ ^ ^ L M J J > ^

■ ■ ■ s ■ 1 •

1 A * i / J t A <f<C7*
^ ^ ^ U « k a

‘ ' ‘ .1 j ■ • ■ * • ■ ■

I CA . . ! l* ,* l* jF U i* K 9.Y0AM.tC. M OX* AA.*4
............... ■

‘ ' ‘ ‘ ' ‘ ‘ j~ I
**■‘ ‘ f I_t^^L4^q » > .* J 1 fa ^ ^ ^ ‘ » ■ ■ « ■ ■ ■

* • - ■ ■ ■ ■ 
^ ^ ^ ^ ^ ^ j

~  *7
p ^ . . . .
S > 4 C > ..............  • ■ ■ ‘ * * 1 * ‘ ■ • ■ » » ■ ■ ■

i I
..............  « ■ « » » » « ‘ » ‘ • ■ ■ • * - •

* • ^ ‘ ■ ■ ■

L C ............! & . . . ! tf .V M * H & r j> .r * .i .T  j* o < e J .t m  # 5 < /rt* e S
• ■ ■ ■ ■ ■ ■

I i ^ ................. ... ............. 1 ■ ■ ■ ■ ■ •

I l
M U M ^ U M M ^ M ^ M M i

■ • • * • * - 
* ■ ' ‘ 1 1 ‘
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Note: the V-constant is defined in the data module, hence the module code H

Nvn*

J_______________ 8__

Op*ation 

»  H

Op*randt

* ________________________________________________________

Comnwntt Siontfciwt a p *c ^ k J Z ^ * *— ------ --------------
^ • " * • : u d W C

40__________________________________________________" " ' W>nW8clM)

n ______________ 80I T T T L & * M M * j j . r n  r r * J r  r * o c * £ £ r * 9  A o u  r T v e  •■ 8 A  f r e .  y f V  '  ~~ ~ ------------- — 2

; ; ; ; ;  ; T , . . . I ~ ^ ~ ^ - ~ -  . . i ^ _

* r # T 3  * 9 »

i

r ; y f  i|

i
r r l  , T M M .  < 4 . * D S t . K 5 j * M r r t *  r . c T * . l . 9 . ...........................................................  | " ^ - -

• * ■ • • ■ * ■ 

* M * / / / / 4 1 

|
i T A . * r * .

|
^ ^ M M > M ^ * M b M ^ b ^ U * U 4 ^ ^ ^ —  ~  ■ ■

■ ■ ■ ■ ■ • ■ • 
»

f r A * . < v  W  ‘ . '  ‘  ^ _ ‘  ‘  • . " . " ! "  T T ?

■ 1 • ■ » 1 » » » 1 » » A U ^ .  I » I 4 ^ 4 , ^ ^ ^ ^

I i _ ' '  7 . . . . . . . , . . . ~ . ^ 4" * ^ " 1— i_ ^

. . . ! v i i t f 4 C M M * T A . , A .................................................... * ‘ 4--■--«--k--1--■--«--1--*--*--*--« ■ » ^ ^ ^ -- *- ■ ,
I i

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ I ^ ^ J ^
^ _ ^ ^ _ ^ _

C M A * * T A  I t f « y . . . . . . ■ . . . . . . .................... ...  - ■ . P.fA X .r.  . f & f  J > A T A  M t J > V L r  ' ' * ' ^ '

I  ̂ i

& Z A * . * • - * • ‘  ■ * - f * * t I * * * * * 1 I o ^ f c ^
^  ‘ " " ' I

. . ■ ■ ■ . t ■
I

■ * » • 1 » * • • • ‘  * *- • * « 1 1 * * ■ ‘  I , .
I

^ ^ ^ ^ ^ ^ ^ b $ P * c t ' ^ f a ^ ^ ^ ^ 4 ^ ^ ^ ^ h * ^ ^ * Q ^ l ^ ^ ^ _ 4 _ t _ .  . . .
'

\ \

" ’ "  * " ^  ^ 7 I

1 I
Op*stion 

» H

O p m n d t

n ___________________
CowmwO SignifiaMWKMMuMnM:u(t̂M|) 

80____________________  n

M>ntiftttion 
W____ MI

V S l H *1v a 0M g * x , / 3  ...................1' ;;;; ‘ i I
V i 8V o * K  ! PJrcr1 9 . ( e c  r .  F e e  p y * A M r c .  n S j u t  A * . c a .  . . .i
U 8M * * i t tf. . ! i i  f  \ \ \ '. \'.'.'.. ' I ' 11111.'.' I * f a z 3 r t *  S T . o j t * .........................I i

i
t . P *  c 4'' ' ~T I

u a c r n c K  1i »1 . i p .................. r 6  P A C K  A * F . J * S . ........................i
V t C T t i T  1 r̂.' ■ j M̂̂ d̂MĴ ^̂ M̂ faAMMWŴ  ̂^ ................................. T &  T 0 3 T .  * * * * *  T Y P t  . .........I
U $ C r S T A A? » t  '. i 2f . ...... ................. F 5 *  . T O T A L  A e < 0 P W J - A T T p p t , .............I i
U t C t H D  ! a S  i i .L. i i i i i i » i .fcA.ii a i \ i» i » > > «fc »0oD . ......I I ML<ĥ â̂.. fci * * * i i i * i hÂ *̂  > i i * . , , ........
* x a  i i i  i p / , C S * < y i .........

i • m -̂*
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The first subroutine module might start:

Nm
t_______ 8_

Oprtfon 
a %

Opm<dt
«__________________________

CornnM> &gniticMw*M BdMttdtnuruOW"**
«__________________________________ n .

hton*HiCtHion

73__________________ ~

I r r r t ^ 'S v * * iU T X t f K  f1Q J > u L r  ■• 4 /m  2 4 > ............................................  ■ — -
• .................[■ • ■ • * • ■ •
t i P R l i r t A

!

3 rA J t7 *.

^^U^^**M> " t 'i l i  CCJ^^^SJ^Zfc^_

. , , | i r *
J u L u L L U ^

l■ 4 4. ̂ .4 i*i > « .
I,^tMta^^^^^^
1

;

g> A C f1
|

• ■ ‘ 1 -*■ 1 ■ ■ 1 ̂ —*—* * ■ *—1—-» * *--■ * *  ̂ ■ ■
I - 1 ■ * ■ * 1 • * -̂ ■ • ‘ ...................  •

M M M * M ^ ^ M ^ * > t a M ^ k M B
__, _̂̂ _̂ .i .  ̂ . > * • . . . ■  ̂ ■ ■ - • • .............. 1 1 * *~‘ “
-  ̂—  ■■................... ................* ............. ............. ...
■ ■ • • ‘ ■ ■ ‘ ■ • ■ ■ ■ ■ ■ • » ■ * ................. ..  1 ' '

^^ ,̂ *̂*tafc -̂
| ■ | i i i ■—

I
I.

0 * . r # 4
i

■ - - • • 1 • *- ‘ * * » * 1 ■ ‘ • ‘ « ‘ • • • 
C 9 A M T A , . l .................................... » - • - • . • ......................... ................................ * *̂

. . ■ ■ . . . « ■ » - » » • ■ ■ • - • ......................... ..  * ~
t | t , . . .

< P fiP A T fi>  ! 9 f.* .C 7 * a i > < r  * a *  7 > * r *  M S j> t/ t-t
i

m^^m^^^^^tmtm
I

1
y y jf4 / 1

_ j_ L _ L _ ................  1 ‘  ̂ ‘ ‘ *  ̂ *-̂ - ‘ ' 1 ' m Lm ^m ^^^m ^m tm ^^^^^^^^^^^^^^^^^>^m* ^ ^ ^ ^ ^ ^ ^ m , , - - ■ ■ -̂

I i . ■ ■ - • • ^
I f .* A c .d .
i i

* ’ * 1 1 « f r V ^ W P B # 5 * K . t 3 .................................^ * * " *
l

2fiB2fASi^U ^taM ^M ^^taM M ^te

V & M tfS * X  1 p f r e r 1 P $ t.C T . F O X  S Y M f * T C  * M A X  A A X A --- ---- .......................
I i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

Nvn»

j ______________ 8

Opwation 

8) H

0pw*>d3

* _____________________________________________

Conwwnts &QrtltCW* * p t c n  rtcfc^d tKrt: LJ <!*>**>

«0________________________ __________________________________________-

ktofttificarion 

r t ____________ 80

v j > a * f 4 i ^ P I . . !
i

U S ...............' ............................................ < f 6 I S T T *  f r S * f . ......................  ..................

--------------------- --

< t t > A H .  u d

U> BtJ 
^ ^ ^ ^ r

c J > . c H

- ^ .  ~ ~ . . .  ..........................~  . ^ ~ ■ ■ - ■ ■ • • • • • ■ ■ 1 1 * 1 * * .........................  1 1 * 1 *'

• • • ■ ■ ■ • f ‘ » • • • ‘ 1 1 1 1 1 • 1 *-■ 1 1 1 1 1 1 1 * * "
I

; r
I

f _ P A C i r| 2  . , . . .................. ... ■ ■ ■ ■ ■ ■

• .................................... * » ■» * ................. * 1 » 1 1 1 1 1 1 *"

■ I . ■ • ■ ■ • ■ - ■ ■ • ■ 1- » ■ • • • ■ ■ ‘  ^- * » * 1 I * *■

i i ^ ^ ^ ^ jM j^^^Jn^aJ^hw fc4^^4 f^4^^^4*"

»//>f ? A  il P T €  ¥*£ r :  f r < 5 > r f  e c  r x .  . S . V i . V .  A * A . 4 ^?^! ̂ y .  ■ ■ ■ • - • ■ • ■ ■ * ■ - ■ ■ * • ■ * * * * * * * *

1
•* ̂  • • r *  

I . . . . . . . . ■ • • • - • - ................................................... ...

* C C  / f T ,  XA r  i .  . t . * M T S .  . 8 . .  * ■  ........................................ m + * + * k r n h ^ m * m * m ^ * ^ m * f +  *i h i f c ^ ^ ^ f a ^ 4 - 4 ^ ^ ^ ^ * ^ 1 ■>■■'»■
I

......................i

I

{ 7 / f ^ | l y > f  ^ .................. ... , .....................................

• • ■ - ■ ■ • ■ • ■ • * ‘ m 1 * ■ 1 * ■ 1 ■ 1 * * » * 1 1 * ** 

^ ^ ^ ^ ^ _ J _ ^ ^ ^ ^ ^ ^ i^ i^ H k ^ J ^ k ^ ^ ^ ^ k ^ H k ^ ^ ^ ^ - ^ ^ 1̂ 1̂

i I ■ \ - - - • , ] . t • ■ • | ■ ‘  -*- " ■ * ‘ ■ -«- ■ ■ J- > I » *■ » »* '* "

?4  1 $ T M  > o  / S ,H D M *e c S r  ................................. • ‘ ‘ ■ ■ ■ ■ «- » » ‘ » 1 » 1 1 ‘ ‘ ‘ ‘ » 1 1 *» * 1 1 1 1 1 1 *
& & . 1 14 1 > I « -

I
I

T i*fT i i >
j

* , ! S .............. ........................ .........................

^ ^ h ^ M ^ M ^ ^ ^ ^ ^ ^ ^ ^ ^ M ^ ^ ^ ^ ^ 0^ 1̂ ^ ^ "

_ L ^ , ^ , a ^ ^ f a ^ ^ ^ i  l l » l l ̂ ^ ^ ^ ^ 4 ^ > . ^ ^ ^ ^ *  1 * * * '

i
L A  |

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ■ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ * ............" * T ^ T
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r - * "  ' ' *<ŝ  y *  ~~ ^ —

" ^ ' 1" * / 1 i ts*. . . ! o.f J ^  M e ^ e r s r  .....................
i i

i BA , . ! / y
i I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^p ^^^^^^^^^^^^^^^^^^^g^^ ,^^
i f> 4 .e .* l
i I

ffPCMYC. ! nyc. . ! Up.aA.ToAA. (* ) , ,  A  ( . ' ) ...................... ro. M tV£. yA*.TSuS.. rA A r.s . o r  P A T *  , .
I i

I g > > 9 C ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^
I I

& P ,lS C 8  | Pc . . ! s .(^ e c M ) ................................................... f - c o N i T * v T ^  .pop. S u x r.c H .e s ....................
_ I I

SpZ> A*<c  ! pc . . ! A f c p c p ^ ................................................... * i i * » l l l « l i t l I l i i i 1 1 I 1 l I i l i i ■ i a
I t

sppjL.*cp i ! p c . . . 1 S (c s e p ^ ...................................................
i i

SppCG C*  | p c , . , ! S (A 6 .c* .)...................................................
I i

i i
■ ‘ ■ 1 1 ■ ' ■ ' ■ ■ ■ ^ l l ■ • ■ ■ ■ » ^  J- ^.J_ J L 1 ■ ■ l

Nam*

_t_________________ S__

Operation 

W  M

Operands

K _________________________ ___ __________________________ ________

Convnents Significant spaces indicated thus: u  (1 space) 

40___________________________________________________________________________________ fl

klentification 

73 ______________ 80

i r t T . L f \ ' l u B * O V T T H e  M O D u t , e : s / p  1 a / ................................................................ . ....................................................................................

i i •

i S P A p A £

l I

* J / *  * t  y e r s  A 'i 8 H A  A r A L * S  :  A M T S  T H  A. I F r .T F . tP .  M P T  p . p . ...........................................................................................

i i « I I t 1 1 1 i I I 1 1 1 I I I I I I 1 r I ■ I 1 1 * 1 I ■ I

* F l S L *  7*6 g c  y ' t r . T f p  r «  *  ! .....................................................................

I I

v t r n d z .a . , .4 . .......................................................................... ..... . . .

I
■ * * * ^ y ^ h .

X
_^_ ._ .  ■ . ■ . . . . ■ . . . , | , , , , |t| , ^  

L  **' ■■ " *  ~
^ i ^ ^ ^ ^ U J ^ A ^ M f c 4 ^ L J ^ J y h X ^ h ^ 4 M f a 4 M i ^ J ^ _ U ^ ^ - ^ - i  ii i i i

FinaUy, the data module might be:

Name

J __________________8___

Operation 

W  U

Operands

tt_______________________________________________________________

Comm ents S ig n ifica n tsp * ce sin d ica te d th us:u j(1 sp a ce ) 

40____________________________________________________________________________________tt

kjentification 

73 ______________ 80

i T T T L f \ 'MMA.t. I / > - D A T A  f i t B p V L f '
l I

H M A U . u A ( T A * A
I I

' ' ' ' ' ' ' i U f T f i ( d C M A P A T A . S ...........................................................................

' ' ' ~ T ~ \

1CM.Sp.  ! ¢  ^

_ i i

C M A P A T A  1 x y < A  / 1

i

............................... 1 e # P  . 1

I i
. . . . ! '. ' . _ ^ ! ' .  . ^ . . .  . ^ ' . .  11'. Ĵ_̂̂ ^̂̂**̂M 1 1 I__>. I 1 . j ^ ,  ' • ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 'u^*L^.
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And the macro XYZA1 might be:

Name

J___________ 8_

Operation 

X) M

Operands

tt_______________________________________

Comments SignHicant spaces indicated thus: u  (1 space) 

40___________________________________________________ n

MentHication 

73__________80

...................! *fAC#ct i i i » » i i ■ * » t i i » * ■ ■ i ■ * » i » * * ■ ■ ■ » * i
; T . . . ! ■ • ■ ■ ■ ■ ■ ■ • ■ ■ ■ » ■ ■ » ■ j * » ■ ^—*— * > ■ ■ ■ * ■ ■ * ■ * * * ■ » ■ * * * ■ • » ■ * * * * ■ * ■ ■

&*/AMf I XYZAt[ » ■ « ■ » » ■ « ■ ■ * * * « * ■ * » * » ■ » ■ * < ■ « ■ * » *
I 1 i i i i i i t i i i ■ i ■ i * ■ i i i ■ ■ i i i i i ■ ■ » i ■

tHACAA ! pc. , , ! C .4 .* '.4 A * ....................................................
I ! ^^^_.‘ ■ ■ - ^ ^ ^ ^ j ^ ^ ^ ^ ^ ^ J  *—■—■ ■ ‘ ■ ‘ ^^ ,^^J__/ ■ ■ ‘ ■ ‘ ‘̂ _ ^ ^ ^ ^  ‘ ‘ ‘ * ‘ * _i__̂ _l__i__̂ l̂__A_ ■ ■ ' ^ _

CHA.C.KV.X I p,c , . !
■ ■ • ■ ■ ■ ■ • ■ ■ • ■ ■ ■ ■ • ■ -■ » 1 1 * ■ 

C l3 'X Y i '. .............................................
I i
I JPACC', ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ y ^ ^ y ^ ^ ^ ^ j,^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^
I \

CHMCro.Ot[ pc . . ! g 4 *  ' .t.OOJ '.............................................
________ j_ _____ _L ^ -  - _ ^  V- ~ ................................ ‘̂ - ^ L 1 . . ‘ \

^ - "  r -  ~ r i i i i * i * | i i i i i * i * i i i.-.i i x. i ■ ■ j  ■ ■ j. j i ■ i -i. ■ -*-1 -11.-  ̂_̂ —i ■ ■ ■ ■ i • ■ ■ ■ ■ ■ ■
................ I SPA<4 ^^^^^^^^^^^^^^^^^^^^^^^^^^^^Ĥ ^ M̂ H M^^,^4^^t^^^^^^^a^y^^yi^dMvUWto4^w4vb^^^^^n^a

I l

Y N c *  , , , I PC ' . 1 r . ( i i  '. I I I I ' I ' I '. ! I ' ' ' ' I r
i

—  1 .u.
I ■ • _̂t_fa • .................... • • - ■ ■ 111 I I » . 1 . ■ * * • ■ • • i.i.i iii I I | | i j I .| ..1 t i | I J . l ^,.t. i • • * •
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Appendix 15 COBOL coding standards
and techniques

The aim o f this appendix is to assist programmers in making the most efficient use o f  the COBOL language and 
to guide them in laying out a program in a neat, readable and, where possible, standard manner.

There are three sections. The first is a general section on standards and techniques which apply to both 1900 
Series and System 4 machines. The second and third sections are concerned with specific techniques reUted to 
the 1900 Series and System 4 machines respectively.

Although being primarily concerned with the full COBOL language these standards and techniques apply equally 
to COMPACT COBOL wherever the relevant facUities exist.

P R O G R A M M IN G  S TA N D A R D S  A N D  TE C H N IQ U E S

Layout

The file definitions and known working storage areas o f  a program should always be written before starting the 
Procedure Division. A  weU-defined Data Division simplifies the actual coding and is essential to the object 
efficiency o f the program. The Identification and Environment Divisions may be written after the other Divisions 
have been completed.

Standard coding sheets should be used and blank lines should be left between statements so that amendments 
may be inserted without rewriting existing coding.

The following should start on a new coding sheet:

Each o f  the four divisions

Each file description

Each section in the Data or Procedure Division

Individual record descriptions and paragraphs should only continue from one coding sheet to another i f  this 
cannot be avoided, that is, when they are too large for one sheet.

Data names and level numbers should be indented a number o f characters, according to their level, so that groups 
o f items are readily identifiable. The PICTURE and USAGE entries should be aligned to the same column for 
each elementary item.

A  paragraph name should be written on a line without other coding. This makes each paragraph more easy to 
recognize, and helps in foUowing and amending the logic o f  a program.

Each verb should form a new Une o f coding, that is, there should be only one instruction to a line.

Paragraph names should always start on column 8. Most statements in a paragraph should commence on column 
12 ; however, it is helpful i f  continuation lines are indented.

IF/ELSE statements can be made easier to follow i f  the foUowing system o f indentation is used:

J__________ 6 7 < I I  12 15_________ ZO i i  30 i$  40 45 50 5 i__________ 60 65 70 72 73 7S 90

. . I L F .  i t k A i *  3 ^ £ ^ i r f T i  L*l i > A A i^ i j P )E iP t f i ^  ■ ■ > ■  1 i _ i _ i  j  I i i i i I i i i i 1 i t ■__u_]__< ■ i i I i. i _ L j_  I i _1_1 1 i I I__L.

. . 1 ■ i i I i i i i I i i i i- I i ■ ■ i I i ■ i i 1 i i i i  I i i i i I__i__i  i i I _i _i i i I i i i t I i i i i I i i L i  I ■

■ . 1 . .I .p |  £ A ,A . - f c . .U .6 .T L k  . W . M k C 'J , & T l  ^ _ ^  I ■ ■ ■ ■ I . , _ ,  . I , , ■ ■ | ■ ■ ■ , L  ■ ■ ■ 1 . , . _ J  . _■ « 1 i ■ • •

* I I l I I I 1 l I I I 1 l » I I I l I » » I l I J I ■ l I I ■ I l I I ■ I t 1 I ■ L_l I I I 1 l » I I ■ l 1^1 J - l-  l I • » I i ' • ■

> i ■ lfr.<t . T . d  i U B f - . - ^ L l ^ * d u A T i  i I ■ ■ i 1 1 i i  i i 1 > i ■ ■ -I i i ■ . I . i i i 1 i i i—■—1 ■ ± » i -  I i _ ^ J _ ^ ^ J . ^ ^ ^

. . I ■ i . I ■ i i i I i i i i 1 i i i i l x  i i ■ I ■ ■ i__i 1 i ■ ■ i I ■ ■ i ■ I ■ ■ ■ i | i ■ i ■ 1 i * ■ ■ I ■ i ■ i I I

. . I . . E , U s . e  x y d I . T , 4  . J a j > ^ j < . f c L - ^ . a & k  . , . I . . . . I . . . . I . . . . I . , . . I . . , . I . . . . I .

. . I • ■ « l ■ ■ « ■ l 1 I I I l L I I I l ■ I I « l • I I 1 l 1 1 1 . ■ I » ■ « » l ■ . 1 1 l . . 1 I l I ■ » ■ I ■ ■ ■ ■ l ■

. . 1 E , L ^ . d  A . 4  . T ^ .  . L A E l - j * . g . w * . l t t . E P . d . T L  , , , I ■ ■ , ■ I ■ , ■ ■ I ■ , . . I . , . . I ■ ■ . ■ I , ■ ■ , I ■
|

^ J _ ^ ^ ^ d ^ ^ ^ ^ X ^ i ^ i ^ ^ ^ ^ M U ^ ^ ^ ^ ^ ^ ^ ^ ^ 4 ^ t j L u i ^ ^ i ^ X ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ , 4 ^ _ L u M ^ ^ L ^ ^ ^ ^ ^ ^

_ j__t 1111 t— ■ ■ ■ I » ■  ■ ■ 1 ■ ■__1 1 1 ■ ■ ■ ■ 1 ■ ■- - j __L i j —i—•—L __i—i__i__L_i__i__■ ■ 1 ■ 1 1 . 1 . 1 . i__1 1 1 1 < L i J _  i_ i__i,_i .l._ j_
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The ELSE option is not available to COMPACT COBOL but the concept o f indentation is still valid.

Full-stops and quotation marks are the only essential punctuation characters, and all others should be avoided 
since they are likely to cause data preparation errors.

Full-stops are important in COBOL and any omission can cause program errors. AU statements, with the excep­
tion o f those included in conditional sentences, should therefore end with a full-stop. Although this is not strictly 
necessary it is a safer practice. I f  full-stops are present less errors are likely to occur i f  statements are moved 
from one part o f a program to another, particularly when they are moved to the end o f a paragraph. In addition 
there are some cases when the compiler moves on to the next full-stop, rather than the next verb, i f  a confusing 
error occurs in the sentence.

Referencing standards

D A T A  N AM ES

These standards attempt to fulfil the following requirements o f good data names:

1 They should be intelligible to any programmer

2 They should be systematically locatable within the module and program

3 A  meaningful data name should be possible

4 The previous aims should be achieved with a minimum overhead o f  non-readable coding

The data name is constructed o f a three character code, a hyphen and a free form data description. These are 
used as follows:

1st character File code: This is the letter assigned to the file throughout the program,
and may be in the range B, D to H, J, K , P, Q, R, T , U, X.

Working storage: The letter assigned is W for intemal storage and work 
areas and C for constants.

The other letters have special significance in other languages and are 
omitted for compatibility.

2nd character This is an alphanumeric code for the module or independently compiled
routine, and is in the range A to Z, 1 to 9. The letter A  should be for the 
control module, or for the program if  it is a single module program.

Data described in the Linkage Section should take the code o f the module 
in which it is originally defined.

This is an alphanumeric code for the record within the file or the group 
within the working storage, and is in the range A  to Z, 1 to 9.

A  hyphen is used to separate the prefix from the meaningful data 
description.

This is a free form description o f the data. As an inbuilt uniqueness is 
inherent in the reference system it should be possible to use the same 
name for equivalent data in different files.

3rd character 

4th character 

Meaningful data name

Example

MOVE EAA-QUANTITY TO HAB-QUANTITY. This could be used to 
move a quantity from the input record to the output record.

SO UR C E L IB R A R Y  E X TE N S IO N S

A degree o f prcdcfinition o f the Data Division may at limes be useful. Two areas may be predefined.

1 Files in a suite o f programs should be given unique alpha codes (non-standard letters may be used i f  there are 
more than 14, or files required by one program only may be given common codes according to their use) and 
defined in COBOL terms. They may then, where the compiler allows it, be put on a library for the use o f 
several programs

2 Date required for module linkage should be predefined and where possible put on the library

One advantage o f this method is that if several modules need to be merged into one, the module calls can be
replaced by PERFORMS and the Linkage Section statements removed.
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This predefmition will save time as the information need only be coded in full once, and can be incorporated 
into each program or module by use o f the COPY statement. It wiU also ensure that no misunderstanding can 
occur and that standard descriptions are used throughout.

P A R A G R A P H  N AM ES

Paragraph names should conform to the labels o f the program flowdiart, that is, the flowchart box referende 
prefixed by L  followed by a hyphen and a meaningful paragraph name. For ease o f  reference paragraphs should 
be ordered alphabeticaUy within a program.

Although on some machines there is a small storage penalty for using paragraphs they should be used freely to 
show the logic o f  a program. Very long paragraphs tend to make the program more difficult to foUow.

File definition

All references to files should, as far as possible, be in the same order. Files should be assigned in order o f  their 
alpha code and they should be defined in the same sequence. Records should be defined in the order they are 
mentioned in the D ATA RECORDS ARE clause.

The File Definition should show as much useful information as possible and each clause should start on a new 
line.

The most frequently referenced files should be defined first. On 1900 Series machines they are less likely to be 
forced into Upper Variable areas and on System 4 computers they will be assigned prime use o f the available 
base registers.

Data definition

Where possible 77-levels should be avoided as these do not normally help in following the program. Working 
storage items should be arranged in groups according to their data usage as only the group item need be defined 
as that usage, or they may be grouped logically. This also serves to order items according to their use and with 
regard to data name conventions, rather than to have them lost in a large section o f 77-items.

88-level items should be used cautiously. Unless they are very thoroughly named they usuaUy do not aid 
readability. 88-levels are not available in COMPACT COBOL.

PICTURE and USAGE entries should be aligned to the same column for each elementary item so they can easily 
be seen.

It is often useful to use only odd data levels so that new groupings may be made without altering the levels o f 
subsidiary items.

No assumption should be made on the contents o f working storage area at the start o f a program since store is 
not necessarily cleared when a program is loaded. Particular care is needed when a program is being transferred 
from one version o f  COBOL which assumes clear store. It may be advantageous to initialize working storage 
entries using the VALUE clause to avoid any problems.

Arithmetic

The structure o f the Data Division is very important with regard to the efficiency o f processing numeric fields. 

The foUowing general rules should help to reduce unnecessary object coding to a minimum.

1 The Data Division should always be written before the Procedure Division. This wiU help to produce a 
logically more consistent and better planned Data Division

2 As far as possible usages o f the data items involved in a statement should be the same

3 Decimal alignment should be the same. It is preferable to use some unnecessary storage in the Data Division as 
this will save storage in the Procedure Division

4 Numeric fields should always be signed, with the exception o f  1900 Series Display decimal fields, whether or 
not the sign is required. Unsigned fields are considered as positive and may be adjusted to their absolute value 
every time they are used

5 Fields should be defined as alphanumeric (X ) whenever there is a choice and are not required for arithmetic, 
even though they are specified as numeric. This will avoid unnecessary conversions
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Subscripting

When data names are subscripted by variable subscripts the object code program calculates the address every 
timetheitemisaccessed.

Double and treble subscripts are proportionately more expensive and the foUowing technique should be used to 
reduce the number o f variable subscripts required to a minimum.

1 Move the major subscript area to a work area

2 Perform aU calculations on the work area using the minor subscript

3 Move the work area back to the major subscript area i f  necessary

Example

ln this example REGION is the major subscript and AREA the minor subscript.

TABLE 1

REGION 1 AREA 1

AREA 2

i
I

AREA 10

REGION 2 AREA 1

l

AREA 10

etc.

The statements would then be:

WORKAREA AREA 1

AREA 2

I
I
I
I
I
I
I
I

AREA 10

5oqucnce No. ^ ^ ^ U *ntU lcattoa

|__________6 7 > U  U  15 20 »  *  »  40 4S__________ M  55__________M  6S 70 7¾ T> 7S_________ M

, . 1 +  d J . d  ,M A& -hr.AAlcLl. .t .c U A ^ & d 6 j^ O l  .T.d ,wkc,-.WdLu^*bRgU, ■ ■ , I . . ■ ■ I ■ ■ ■ ■ I . ■ ■ I . . ■ .
. . I i i i I ■ ■ ■ i I_1 ■ i_i I ■_i_i_i_1 i i_i—i 1 i i—i_i_I_i_i_i_i_1_i i i_i 1 i *_i i 1 i i i i I ■ ■ « » 1_i i ■ ■ 1 ■
, , I p.rjLptoaR 2ifc./.AL^.uLArks>(&i I ._i—i_i_|_■_i_i_i_I_■ . <_. I » ■ ■ ■ I ■ ■ ■ . I ■ . > ■ I ■ » ■ ■ 1 .
. . I ■ 1 1 1 11 ■ 1 1 11 ■ ■ I ■ ■ ■ ■_1_i_i_i—■ I ■_i—i_i_I—i_i_i_i—L _i_i_1 1 11_■ ■ 1 ■ ■ ■ » I ■ ■ i ■ I—t * ■ i I . I■ » 1 1 » I i
. . I <iflT.sl .  iUSrl ^I^CgW aSAskiEA_idEAA-iSlR£A)i.l . . t . I . . . . I . . . . I . . . . 1 . . . . I ^ ^ ^ ^ ^ ^ ^ ^
. . I ■ i' ■ I ■ ■ ■ ‘ I_i_■ ■ ■' I_■—l_l—■—I—i—i—i—i—1. q J—i—i—1—i—i—i_i—L _i_i—i_1 i ■ i ■ I_■ ■ i i 1 ■ ■ ■ ■ I_■ . ■ ■ I i
, . I 44.U.Fl .\dXr-Lm.tt.«Lftko. x ld  j4>iftUfrAtdJE.-.l. ,dE.XA-.*fcft.I.<uh. . . . 1 . ■ . . 1 . ■ . . 1 .
. . I . . . I ■ . . . I ____ I . ■ . . I ______I ■ ■ ■ . I ■ . ■ ■ I . . ■ ■ I . . . . \  . . ■ . I ■ . . ■ I ■ ■ . . I .

. ^ J _ i ■ i I i ■ i_J —i—i—i—J —i—i—i—i—i—i—i—i—J —i—i—i—i—I—i—i—i—i—I—i—i—i i I—i—i—i—i_I—i—i_i—i_1_i_i—i—i_1—i—i_i_■ I ■ 1 1 • ■ ‘ » 1

ln some cases it is possible to access the work area without subscripting since each field o f the work area could 
be defined separately.
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Exampk

WORKAREA

SALES 1 COST

TUdE

CHARGE

BONUS

SALES 2 COST

TIME

CHARGE

BONUS

etc.

COST-

TIME

CHARGE

BONUS

Similar techniques can be used to reduce the overheads on treble subscripting.

A L T E R

A  GO TO statement should only be changed by the ALTER verb when it is absolutely essential, that is where the 
path o f the logic changes irreversibly or when it is the only efficient solution. Such changes make the program 
more difficult to foUow. When a GO TO statement is changed the ALTER statement should be coded as near to 
the GO TO as possible and a NOTE should be included.

Care should be taken when using ALTER statements on a segmented program. An ALTERed GO TO may be 
reset when the segment is next entered.

P ERFO RM S

In-line coding should not be subjected to a PERFORM statement. I f  a section o f coding is required in more than 
one place it should be made a subroutine and handled as such. This may require an extra PERFORM statement 
but saves considerably in documentation and readability.

An exception to the rule for in-line PERFORMs is the PERFORM V ARYING  option where the foUowing 
technique o f  looping is used:

Sequenc* No. ^ ^ ^ Uentificatim

1__________ 6 7 6 n  12 15_________ 20__________ 24_________ JO__________ 35__________40__________45__________50__________55__________60_________ 65__________70 72 73 75_________ 80

L A f l j - P .A A .A i-iA i.t  i I i i i i I i i i i [ i . i i I i i i' i 1 i i i t 1 i i ■ i 1 i i i i I i i i i I i i i i I i i i i I i I I l 1 I I 1

. . I > ■ < I i i i i I i i i i I i i i i I i i i i 1 i i . i I i i i ■ 1 i i i i I i i i . I i . i i I i i i i I i i . i I i I I I I I I I

. . 1 P.fcJlpk& fcH .L U .< K -P A h > . - . f t .  L .A f t V . lL .& .  , , I , , , . 1 , , . , [ , , , , I . , . , i . , , , I . . . . I . ^ j _ L j _ j _ j _ L

i i i i i _ . . 1 I I I I I I I I I I I I I 1 I I I I I I I I I I 1 I I ■ I I * I I 1 I t I I I I I I I I I I I I i I 1 I I I I .1. 1 I 1 I 1 l I L I I 1 .

_ j_ j_L * ^^^  ■._^_J_ V A A i -b c  iP ^ i^ H i  . I .  ^ V i  111 i i j f i T . l ^ i  L ,A .A .- .v l  i*i 3 iO l . i  i i i I i . i . I i i i i I i . i i I i . . i i i _ ^ _ L _ L j^ ^ ^ *

, ^ J _ . I I I . ■ I I 1 I I I I I I I I I i I I I I I I I ■ ■ i ■ . . I I ■ > I ■ I I I I I I 1 I I I 1 I I I I \ ■ . 1 I I I

k A .t J - f> ft,ftA l-.R ... . I , . , , 1 , , , , I , . , . I , , , , I , , , , I . , . . I . . , . I , . ■ , I . . . , [ , . , , 1 ,

. . I ■ ■ i I ■ . . . I i i i i i i i i i 1 i i i ■ I ■ i i ■ I . i ■ ■ I i i i i I i i i i 1 i i i i I i i i . I i . i i 1 ■

. . I 4 A v x l  .a x a .d l  ,r .4 , j A A - . r i . o U . a g n .  l f . W A A . - k , V . .  . I . . . . I . . . . 1 . . . . I . , . . I . , . . 1 .

. . I j ^ ^ . ^ ^ ^ ^ ^ ^ ^ ^ j j ^ ^ ^ ^ ^ ^ ^ j ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ j , , ^ ^ . ^ ^ , ^ ^ J ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

» ' ‘ ‘ 1 ., ^ _ L _l---1 t I I I I---1 . 1 I---1---- t I > ■ » t I > t < > 1 ■ ■ » ■ 1 ■*■ t---1---I---L --1. 1 i, I--1_I_■ > 1 ■_I_I_I_I_I_I_I ■ I ■ ._I L 1 I ■ * i * ■ ■ >

The final area WAB-NUMBER (30) will be cleared after the*PERFORM is completed.

The PERFORM VARYING  facUity is not available in COMPACT COBOL.

When a subroutine contains more than one paragraph it is quite useful to give it a section name. The PERFORM 
statement can then use this section name rather than theTHRU option and paragraphs may be added to the 
subroutine without altering the PERFORM statement.

Conditionals

The use o f  extensively nested IF ’s should be avoided wherever possible since these are likely to cause confusion 
in checking and program maintenance.
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When a number o f tests have to be performed they should be ordered so that the most likely to be fulfilled occur 
first. This will reduce the number o f tests to be made at run time before the correct action can be applied.

Nested IF statements are not available in COMPACT COBOL.

GO TO ... DEPENDING ON is a useful statement which is economical in both store usage and execution time.

Providing more than three tests are required to decide which action needs to be taken and there is not a great 
range o f valid exits GO TO ... DEPENDING ON will require less store than the equivalent IF ... GO TO. Execution 
time will also be shorter as it involves address modification rather than a series o f tests.

The statement GO TO ... DEPENDING ON has a built-in range test;items out o f range cause control to be passed 
to the next statement, which could be used to check the range on input items.

The GO TO ... DEPENDING ON option is not available in COMPACT COBOL.

Annotation

Even though COBOL should be, to a great extent, self-documenting, certain annotation is essential. The following 
standards o f annotation should help program documentation and maintenance.

1 The Identification Division should be fuUy coded. In particular the following details should be inserted. 

AUTHOR All programmers or organization concerned.

REMARKS A  brief description o f the program.

2 The Data Division has no free form facilities for annotation but there are a number o f  optional comments and 
default options which may be used to aid readability.

One non-standard method o f  annotation is to use the eight character program identity column (73-80). This 
is not recommended for, i f  programs are held on cards, the program name should be included in these columns 
to avoid confusion.

3 The Procedure Division should be adequately annotated using the NOTE statement. The following areas should 
always be annotated:

Any ALTER statements

Entries to and exits from other routines.

NOTES may be emphasized by coding them on the right-hand side o f the page. A  NOTE statement is normally 
terminated by a full-stop, but i f  a NOTE is the first statement in a paragraph, the whole paragraph is considered 
as annotation.

1900 SER IES  C O B O L  TE C H N IQ U E S

The techniques included here have been written primarily to aid documentation and to reduce programming effort. 
Whenever possible economy o f store and execution time have been considered and i f  further economy is required 
a re-appraisal o f the use o f COBOL rather than PLAN may be in order. On smaU machines data and procedure 
names may need to be shortened to get them into the compiler library.

Data definition and manipulation

All data should be defined using the PICTURE clause. CLASS, SIZE and SIGNED clauses should be avoided.

The CONSTANTS SECTION should not be used as it offers no advantages and is not compatible with other 
variations o f COBOL.

The 77-levels should always be coded at the head ofWORKING-STORAGE, for compatibility.

G R O U P IN G  ITEM S A N D  W ORD A L IG N M E N T

All items should be held on word boundaries wherever possible, that is all fields not required for external fdes 
and as many file entries as possible.

To ensure word alignment and to reduce the number o f 77-level items, fields with the same usage should be 
grouped under 01-level entries. In this case it is only necessary to assign the usage to the group item. As 01-leveIs 
are automatically word-aligned elementary items are then described either as multiples o f whole words or as 
SYNC RIGHT for numeric fields or SYNC LEFT for alphanumeric fields.
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Thus COMPUTATIONAL fields are best described as S9(6) SYNC RIGHT or S9(12) SYNC RIGHT (this also 
avoids possible truncation problems), that is as single or double words.

Example

\__________ b 1 8 I I  12 15_________ 20__________ 25_________ 30__________ 35__________40__________45__________50_________ 55__________60_________ 6S__________70 72 73 75_________ M

0.1, I biAi^,*^^,art,(k.Ri&. i k ^ i t f i ,  I i ■ i i I i i i i I i i i i I i i . i I i . i i I i i i i I i i i i I i i i i I i . i 1 i i » i

■ i i I , , ■ . I i ■ i ■ I i i ■ i I ■ ■ . ■ I ■ ■ ■ . I . ■ ■ ■ I ■ ■ . ■ I ■ i i i I i ■ ■ i i ■ i ■ ■ I ■ i i i I i i i I i i i i

n.A , k4^Af-.ftk .c^.04iLT. . . Ip .i^ T a k .E . .& sU .kV  ■ ls.y.Nc., I f a ^ u i l ........... I . . . . I . . . . I .. j_ j_J_ j_ j_ j_L

■ i i I i i i i I i ■ i . I i i i , I i i ■ i I ■ ■ ■ ■ I . ■ . ■ I ■ ■ i i I i ■ ■ ■ I ■ ■ ■ ■ I . ■ ■ . I ■ i ■ ■ I ■ . j _i L j  t -i i--

0.5. . U;fr.A,-,flkj.A.fciT.lh-.V. . . lp.lfJT,itltt.E. ,5>«»I(.I.2.T lsV.H,C k l Q j u l ........... I . . . . I ■ . . ■ I , ■ i I i i i i

. i ■ 1 i i i i I . i ■ i I i i ■ ■ 1 ■ ■ ■ ■ I i , ■ ■ I . , ■ ■ I ■ ■ . . I i i ■ i I ■ . . i I i ■ ■ . 1 i i i i I i

. . I a.5. . ^^ .-,d r,rt,E ^4 (lo rt.T . . |p.t^.T.ilR.e. .& * k  . . . kv.H.c. I r a . ^ a f l ........... I . . . . I . . . . I ,

.^ A . . i . I . ■ ■ i I i . . ■ I ■ ■ . ■ I ■ . ■ . I ■ i ■ ■ I ■ ■ ■ ■ I ._i_i_i_I_■ . ■ ■ I ■ . ■ ■ I ■ ■ * ■ I . ■ i . I i

o.5. . lw ,A A - ,p k t^ c ^ lu A T . ■ b .L r ..T .o k e  ,v d (. fa V  ■ ls.N^.c. k t.tq .rtr l........... I . . . . I . . . . I .

. . I . . I . . .  . I . . . .1  . . . . I . . .  . I . .  . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . .  I . . . .

_ _j_i 1 ■ ■ . 1 . . . . I . , , . I . . . . I ■ ■ ■ . I ■ ■ ■ ■ 1 ■ ■ . ■ I ■ . ■ ■ I . ■ ■ ■ I . ■ ■ ■ I ■ . . ■ I ■ ■ ■ . I ■ ■ i I i i ■ »

I f  counters are held in this way it is possible to initiaUze them with one statement:

Sequence No.

1 6 ‘
t
8 11

♦
12 15 20 25 30 35__________40 45 50 55 80 55

^ Identification 

_____70 72 73 75__________90

i i i i _ i , , I r td V iE i  A 6 R . d k  , T , 4  l u A A - j k u . * r . d f t S . . .  , I . . .  I . . .  I . . .  I . . ■ I . ■ .  I . ■ ■ I . I
i i i i i _ 1 L. l . . . I . , . . I__I__I__. ■ I . ■ ■__. I . ■ . . I ■ ■__■ ■ I ■ . .  I . ■ .  I . . .  I ■ . . .  ■ I . . . . I . . ■ I . . . l . . . .

_j __i__> ■ > « O l ■ . . I . . . . I , . .__■ I ■ ■ .__■ I ■ ‘  ■ . 1 ■ ■__■ ■ I ■ . .  I . . .  I . , .  I . 8 4 . 1 . ■ ■ 1 . . . I . ■ ■ I ■ » * ■

It should be noted that the group item WAA<XHJNTERS is itself an alphanumeric item and cannot be used in 
arithmetic operations.

M O V IN G  D A T A  IN S TO R E

Word moves should be used whenever possible as these are more efficient than character moves.

Fields which have the usage COMP SYNC RIGHT will always be moved as words. Similarly fields where the 
relevant sending and receiving fields start and end on word boundaries and are the same length wiU be moved as 
words.

Word moves are generated where possible for both group and elementary fields; any odd characters are moved 
character by character.

Moves o f smaU to large fields (requiring space filling) are always accomplished by character moves.

For compilation purposes the 1902A and 1903A source and object computers should be specified as 1904, in 
order to generate the most efficient moves.

The foUowing is an example o fhow  store layout may save space and time.

Part o f  a Print file is defined as follows:

Sequence No.• ♦

8 J I -i I . . .ob_i__£Â -Ĵ TidM i i i I i i i ■ b.V.rtiC i lftJA,ttiTi* ■ i ■ ■ 1 i i i i 1 i i . i I t i i i I , , , , I , , , , I ,
1 _L.X » I _ ■ » I 1 1 1--1--1--1--1--1-1--1--1--1--1--1-1_■ ■ I I ‘ ‘ * ‘ I_I I I t i I I I I I . . 8 5 I 8 8 I I l 1 I I I l I l l I l I I l I l 1
1 1 1 ■ I 1 ._ i » i 0 5 ^ .  f r l J J L E k .  . ■ , 1 . . ■ . IP££.T.ulfcE. .X .d fc A > . ■ I ■ ■ . ■ I . ■ , ■ I . ■ , , I . . ■ ■ I . , ■ . I ,

 ̂ ■ I » ■ ._ , i..i.,.l, , I . I--1--1--1--1--1--1--1_I--1_I--1_l--1_■ 1 ■_j_I_1_I__‘ l ■_I ■ ■ l I 1 5 5 l I . I 1 l I 5 1 I l I I I I l I I 8 I l I I I I l 1

.................... . . I D,S. . k A A ^ x b , T A . L .  I . . ^>XC.T,ukE. .X(k\>. . I . . . . I . . , . 1 . . . , I , . . . I . , . . I .

■ ■ ‘ ‘ ■ . -̂1. I l I I I I l I-1-' ■ l ■ * ‘ ■ l ‘ ■ ■__ l̂ . . L ■ l ■ 4 , , j , , , , | , , . , j , , , . | , , , , | , , , , | ,
■ * » ■ ■ . ■ . I * &  ■ ^ J : . L . L f k  . ■ . I ■ ■ ■ . kljC.TAj|ft,E. X . d s . V . .  ■ I . . ■ ■ I . . , ■ 1 . . . . I ■ . ■ . I ■ . . ■ I .

■ ■ ■ ' ■ .. _ _ L j ^ —1—I—>—»~*—*J—*—>—1—>—I—i—i—i—i—I—i—<—<—i—1—i—*—i—i—L_i__i_i_I_i_i_i_i—I—i—i—»—i—I—i—■—i_i_I. j . 1 4-. . I . ■ i . I . I I_1_I_I_I_l_
— — ------------- -------------------------- j - -------------------------- L -  ■ ^ — ^ o - -----------■> — ^ - - ^ -  * ~ » > i

m Um J**4*^^m  ■'T T T ~. , . r T 7 7 r r r 07 T r r r T r r f 0~. 7"*.̂ "T̂ T̂**̂ T̂ ^̂ ^̂ "T*̂ ^̂ 7̂TT"T̂ *n̂ r̂̂ T̂'T**"*T"T"̂ 7̂ *̂ ^̂ ^̂ "r*T*1
7.1, I CÂ -hr.dTAtl . . . . I . . . . Ifq.CT.ulfcE . s . ( k Y  ,V .A llU .E . .«lT.4TAd»...........I . . . . I . . . . I .

_ ^ _ L _1—,—I—I—I—I—,—I—I—I—I—I—I—I . . ■ ■ I . ._I__I_I_,_. . . 1 I I . I 1 ■ ■ ■ I I . I I . I . 1 I . I I I , . I ■ I ■ . I .

. . ,_4_1 1 I L ^ . L ^ L ^ ,  I . , , .  I , , . .  I . ^ .  I . . . .  I . . . . 1. ■ . .  I . . . .  I . . . . I . . . . 1.1_L_1_1_1_I_< ■
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The statement MOVE CAA-TOTAL TO EAA-TOTAL requires 11 machine instructions. I f  the foUowing coding 
is used no extra Data Division storage is required and only 4 instructions are needed. A  considerable saving in 
execution time is achieved.

S*quence No.
. ♦ ♦

. .ob ■ iE.Al^-XTidK < i i I i i . i IS.Y,rt.C, kli^iSiTl.! i i i I i i i i 1 i i i i 1 i i i i I i i i i I t i i t I t ■ 1 1 1 1 1 1
. i . I i i ■ ■ I l i_I_l 1 ■ ' ■ > '_i ■ l i I i l_L_i_l_I_I_1_I—1—I—I_I_i I ■ I—I—i_I_I_l_i_i_1 i ■ * ■_1_i i ■ ■ I i ■ 11 ■ 11 ■

0.¾. . lv.T.LlElft. . . , I . . . , fc>.t.CT.uk6. , * t k Y . ,  . I . ■ . , I . . . . I . ■ ■ . I . . ■ . I ■ . , . I . 1111. 11
■ i ■ I I i I i I I I I I I < I I I 1 . I i I I ■ i ■ I 1 I I I I_I I I I I I ■ I 1 I 1 I I 1 I I I I I ■ 1 1 I I I I I ■ 1 1 1 1 1 1

: _ j _ 6.5. . lEAA-,TU.TA.l, I . . ■ . lf,IiC.T.ukE. .X.(ls.Y., , I ■ . . . I . . , . 1 , ■ ■ . I . . ■ . 1 ■ . . . 1 . ^^j^^^^^

. ■ . 1 ■ ■ ■ ■ 1 ■ ■ . . 1 ■ ■ . ■ 1 ■ . . ■ I ■ ■ . .  I ■ ■ ■ ■ 1 ■ ■ ■ ■ 1 ■ . . ■ I . . . ■ 1 . ■ . ■ I ■ . ■ ■ I ■
0.5. . lF.I.ULgk . , . I . . . . fr.I^T.ulftE. .y.CkL.. . I ■ , ■ . 1 , ■ , ■ I , , ■ , I ■ ■ , ■ 1 . ■ , ■ I ■ ‘ ' | ‘ ' '  ~

■ I ■ I I ■ . I 1 . . . . I ■ ■ . ■ 1 . ■ .1 I I . . . . I I ' I I ■ 1 I I I ■ 1 . . . t I . . . . 1 . I 1 . 1 I . I . I ■ I
1 ^ ^ __L ----i - ------- ' ' ' -  | ----- L 1  I ■ -  ' ■ ----  ■ '

f * r " T T ~. .'T P .'. . 7 P . . . . r .  . T i . . . .  i . .  , : i . .  . 7 i , . m  . . 7 .  r r r r .  i . . . .  i 7 r r T T 7
7.T 1 :A.A.-tr.dxA.U . . . , I . . . . Ip jxx.ukjL  .xCk.L ,v.*Lu.E .*I . .T.e.tkL. ,*,.l . . . . \ . . . . 1 . i

. _ J _ ■ . i I i . . . I_i_i_i_i_I_■_■ ■ ■ I ._i i i I . i i_■ 1 * . * ■ I i ■ ■ i I . i i ■ I ■ . . . I ■ . i i I i i i ■ 1 i ^  i ' ' '^-

TTTT1I . . .  i . . . .  i . . . . .  I . . . .  I . . . .  i . . l A  . . . . i . . . .  i . . . . i . . . .  i . . . . i . . . .  i . . .  i , .

A R IT H M E T IC  F IE LD S

All fields in working storage used for arithmetic or subscripting should be defined as COMPUTATIONAL and be 
word-aligned. This is important as arithmetic performed on these fields (COMP SYNC RIGHT) usuaUy requires 
no conversion and therefore generates fewer instructions than COMP-1 fields.

COMP-1 should only be used for compatibility with PLAN where mixed or decimal numbers are required. Fields 
in this format should always be SYNC RIGHT to ensure that they are held on a word boundary. Displays o f 
COMP-1 fields will always be as bit patterns.

Any DISPLAY field on which arithmetic is performed more than once should previously be moved to a working 
location defined as COMP SYNC RIGHT (or word aligned). This results in only one binary conversion for a 
particular item in the object program.

S IG N ED  FIE LD S

The conversion o f display decimal fields to or from COMP or COMP-1 is more efficient if  the fields are unsigned 
or at least the sending field is unsigned. Display decimal fields used for conversion or arithmetic should therefore 
only be signed where necessary.

Binary (COMP or COMP-1) fields however should be signed wherever possible as this sometimes saves instructions 
and reduces truncation problems.

Fields described as 1(24) or S l(23 ) will lead to double length arithmetic working while S l(22 ) fields will normaUy 
not.

E D ITIN G

Editing generates a lot o f coding as a generalized editing subroutine is not used in the object program. To 
economize on this the number o f print line formats should be reduced as far as possible by aligning total-line 
fields with their detail-line equivalents.

I f  several fields are to be edited in the same way it is best to do this by subroutine. The field should be moved to 
a work area, from where it is edited in a subroutine, and the result then transferred as an alphanumeric string to 
the print area.

I f  a significant number o f zero items are present, a branch around the editing may be in order.

V E T T IN G

All numeric fields should be vetted on input from a slow device. It a non-numeric character is met during 
conversion it is ignored.

IF NUMERIC will accept leading spaces in an elementary numeric field as numeric but not in an alphanumeric 
field or a group item.
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S U B S C R IP TIN G

Numeric items used for subscripting should be held in binary (COMPUTATIONAL) format. This also applies to 
counters used in PERFORM V ARYING  and GO TO ... DEPENDING ON statements.

When data names are subscripted by avariable subscript the object code recalculates the address every time it 
accesses the subscripted field, that is, it does not keep the calculated address even for use in the same statement.

Exampk

Saquencs No.
* +

. identification

1___________ 6 7 5 11 n  15 to  15 50 35 40 45 50 55 60 65 70 72 73 75_________ 50

. . I * j y >  k d A A - f l i ) A ^ , T . r h - , v ,  x A  . w ^ A . - t r . A T A L J ( . y , ) .  ■ I . , ■ i 1 i i i i I i . . . I . t i i 1 i i i i I i . , l . . . i

, ^ J _ ■ ■ ■ I ■ . . ■ I ■ ■ . ■ I ■ . ■ I ■ ■ . ■• I ■ ■ ■ ■ I ■ . ■ ■ I . __I__1__1__L_J__i i « ■ 1 s I - _ _ L 4 - a J . ■ ■ I . . ■ ■

. _ ^ L » > ■ 1 ■ ■ ■ ■ i • ■ » ■ 1 ■ » ■ ‘ 1 » * ■ ‘  1 ■ 1 ■ ' _̂_l__l__1 1 1 I 1 ■ I, A . 1.1 j  .l_L  1. J J I I— i ‘  * ■ > 1 • ‘ » » i » . . l ^ J

The object code wiU calculate the required address o fW AA-TO TAL, add the contents o f  this address and 
W AAO U AN TITY  inaw ork area, recalculate the address o fW AA-TO TAL and store the result.

N O N -N U M E R IC  L IT E R A L S

A  new non-numeric literal is created in the object program every time one is mentioned; therefore commonly 
used non-numeric literals should be set up as constants in working storage, and referenced by data-name. This 
does not apply to compilers XE lB  or XEA3 which use common literal pools.

File handling

R E A D  A N D  W R ITE  S T A T E M E N T S

READ and WRITE statements generate up to 24 and 19 instructions respectively. Their number may be 
restricted by using PERFORM statements (4 instructions). It should be possible to limit the number o f  READ 
statements by the logical structure o f  the program, rather than by using PERFORMS. This wiU also serve to 
tighten control on the structure by giving the program fewer possible start points for each record processed.

At least one record defined in a print file must be the maximum length o f  the print line, that is 96,120 or 160 
characters depending on the printer.

V A R IA B L E  L E N G T H  R ECO R D S

Where input and output consist o f  a range o f variable length records, care should be taken to avoid unnecessary 
moves. I f  a record is much shorter than the maximum record defined, it would be inefficient to let the compiler 
insert instructions to move the extra length from the input to the output area. Either the SAME RECORD AREA 
clause should be used to avoid the move, or separate records should be defined on the input and output fUes for 
each record length.

The SAME ... AREA option is not available in COMPACT COBOL.

Example

I f  an update fUe has two types o f record, one 100 characters and one 50 characters long, the following techniques 
should be used for carrying across the shorter records.

J J 4202(4.70) 243



Thiswillbothmoveandoutput50charactersonly. ’ ' * l-^ -Y A !- . :A ;;': / .>

I f  only one output record hadbeen defined, FAA-EONG,and WRITE FAA-LQNG F,ROM;EAA^HORT were ;; 
used thewholelO0characters woui4 ^e^tw ed inst0re^althpugh only 50:would;be.putptrtsincethe outputis
controlledbythe.word,count^eld'attHe^taftof thepecprd., ^ i . : A i ' > . ; . u ; ; ; : h i ; ^  ■■<. /' - '

S Y S TEM  4 C O B O L T E C H N IQ U E S

The following techniques are based on coding in COBOL for the 4—50. They are o f course also applicable to the 
4-40and4-70,andtothe4-30wheretheoptionconcernedisavailable. A - 'T . r ^ r .  ;,. ; T : '

Data definition and manipulation ■'■' ■' 1 ;- ' •■•■••’ "••' •' " ■ ' ;^ • ■

Great care should be taken, in defining the p ^ a  piyisiQn, particularly with respect to data usages so that , <y,.y 
unnecessaryconyersionsare ^voidqd.. :. ; , 1 ..... , .,.,.."... . , , . ...,,.,.„ -  ;,„.,.,.• ; ,,n..!j .1 ; ,

ARITHMETIC STATEMENTS

Calculations are likely to be carried out more efficiently i f  all fields concerned are defined with the same usage.

Numeric items should as far as possible be held in packed decimal format (COMPUTATIONAL-3) except fbr ' 
fields used for sub$cripting.The reductipn in cpnyetMon.time wiU.copjpensate for an^ extrepme requiredfpr v, 
calculations, especially as any division instruction or double vyordjtepa,will be prqcessedj.n gackeddecimal.
This may not be as significant in 4 -70  as conversion and binary arithmetic are proportionately faster than packed 
decimal.

Care should also be taken with field sizes and decimal alignment o f data used in arithmetic. Un-aligned fields will 
require extra instructions. Extra instructions are also sometimes required to truncate fields defined with an even 
number o f digits.
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Example . , ,. , ,
• i ' , i .  ■ ' : ; ; , .  . iu  ii> ,yyi. : ' 'T" b U ,O i!g  L iO ’ - a.UJ . i.- j< ,,y -'! :. Si ;> ';• ' i i u  .'.';. --. .s> ),. i i  ,-y-Ki ,;p

An ADD instruction is requiMdfin fcta9 fc$MdrifkttMfcfteMtts: s yd f«;»»(ir:>-.y* b y  ui >!>

ADD _________ A __________TO___________ B___________________

1^%Mff%Ato:l ;,-, ,i ^ ;j3 ;>! r, << $ff*$UJ$MlAJsiG w i!A W n. ... Bytas,; o; (_,,

(COMPUTATIONAL-3) (COMPUTATIONAL-3)

S9(9) S9(9) 6

S 9 (9 )-_ : ...- - : _____ -:;-.... _ .S 9 (l0>— . .... - •------- ---- -  TO.......,-'... -

... s 9 ( ib  ; _ ; ] ; j  "■; ' S9(9) 18

S9(1( ) ;- ■ ; : ; 7 ; ; ; ; S9(11) . ^ v , ’ 2 i  v  ;'-' ^

.S9 (9 ) - ^ . ...............J .....— - S 9( 9.)y99. . _ _________./.^,/ .,.u4Clr^i'-i ... .ea

''AS •!>>•

; 'hurJJ

A N D  CO M P AR IN G

OareshotddbeTaken that the data descriptions o f items which are tob e  moved or compared are cbmpatifrle . The j 
COBOL reference manual containstablesgiving all allowable moves and compares, anddoubtful cases should be ‘ 
checked.

It should ^ ^ j $ t h # . Q p ^ ^ ^ r t ^ t f t $ ^ . ^ ^ ^ ^ , f f ^ ^ f e , Q ^ ^ J f ^ ^ ^ p # ^ ^ ^ ^ 4̂ ^ . r .  
the length o f  the iongest fiel<i and the shorter fieldwifl be extendedtb the rigHt by spaces. External decimal 
fteMsareipaokedbbforebeingconiparM'^huSittoldiStinctlon temade betwttenleading spacCsand hadingzerOs.

i o 7 J i i r / ; ‘i  l"t{*>U ^^OV:"si;i O f [ j  »•'i  0 '  i i  - j f ( i  A  - j ) l  4A  A  H ( '>'A* ->;5/ • : W  j | * i V /  j'> > c i; x>'.l .• L .'}■ 2 ''; '> i, !» ; ‘ -:*-: i .'. 
When moving an external decimaifield t6 aTarger external decimal field, the compiler packs and unpacks the
original number. This could be made use of, when dealing with punched cards, to rem g$ pyerppnchings.. gare ,--j 
should be taken in data vet programs that overpunchings which should cause data to be rejected are not lost 
before ahyetaoritestifog.ti'-r'in ast yd 'lo s:<H-; 1. •.<•:; :y * '> :n,v;i; i"..h;-;q ;jt>'.;-;ilah rn;! ,v s>W;.) .>d i-a:tt "■*, >

.yaj* c d>l.< -iiu :L'k  ...,s L jo a i.^ .;-.rv io !i;;ji:S i--.! '!vb ;;j n.aic>,<-! ?; -J:U-v..-j.. 
Group fields are always treated as alphanumeric and the usage is DISPLAY regardless o f  the definition o f the
elementary item. .-.,<, , •

" ! :

1 b 1
_j_ » ■ - ■ ■ 1 .

9 . 11
Oit. I

iz ia
4^A-

10 Zi 30 3¾ 40 4» 50 5S 60 fe> ,70 72

^>R<^^pl * ■ ■ -■ ^-^.KP,ok.^T,lfdlr4iAiL,7,^j ̂ . . .»  ̂J 1 j  j  :i I 1  ̂.1 )^|  ̂ % j^  f  Jr i ^  ̂>1 ■ 17 ^ |  I ■
7  f». ■ .. %

S t .» _y;» ■ j  ,i  ̂ I ■ ■ > .i J j  . f ) j f • [ j l .i 1  1 » I . .  ̂ * I • i, . i. I. . i . i : I,. 1 ĵ _i_ I . 1 , 1 1 , ti ,  ̂ j . I I I . 1 . 1 i
[ ^ L 0&fc*â ^ A i ^ b ^ H ^ k ^ r  n;ffL‘k r4Vy*l^-?‘ ^qU!&V.., vl . . . , , J  T ^  .  t \ v  ^  s  , i  . ^  v  » 1  . sA I  . i ; 1 . . . . )
! S t

S#wws
«/7*

WSWSgfagtgBgjCT̂ Wŷ ryaS8r̂ L'.̂ gnWMBCJê .JK.<..J5BJ.-'Jay.wtll*w.'3. .,v.Ĵ  'Ji ;y.wr.Jlit7̂  I.'>AiA>>tX-̂ *-1 'j ibi*wMU>*wl>i ̂ L<fct *1 A"* ■« »
1 1 • * I ■ ■ ■ j‘ j ■ ■ » f j ■ ■_1_I 1 * t I ■■ [ 4 1 1 ■; j  » *. 1 ^ l r * 1 J, 1 I 1 ■ ■ >̂ j 1 ■ t 1 y J  1 1 1  ̂ I f ! i ^ ! ! !

« m * m ^ ^ U  ,L J J 1̂̂ '1L ^fcA -idL£ iH E .K lT .E i 1 . |p iIC T o lR £ i.v A ^ l4 i3 .^ i> i.j  ̂w ■ i I i<i -. i*i ; ^ , k Li^ L .' J  ■ »' ■ >» I ■ t t k t ^~ * K ^ & ~ ^ ^ ^ p

L j ~ V : ^^Mag^^r*p*'^T-**"^^ ". 1 ^x3z&s*^**"^^^-*^^^^^> "^  •, v̂* 4 jf i =̂=rt ■
, 1 ‘ _ 1 » « .E ^d.V.^1 . ^ E J F t ^ ^ ^ 4 ^ A ^ * A ^ 4 ^ ^ : ^ - ^ ^  ■ '■ - ’*I f - v=i ^ j  ' V • 1 ; .  ■ r  1 j . > . ; . T  ^ J  I .

^ }  I 1 .  . .. .
■*: i 1 . . . .

, * i i , . , : . l . . . l L . . J . . . : l . . . . l ...........I . . . . 1 . . . . 1 . . . . 1 . . . . 1 . . . . 1 . .  . : I  . S f c r ^ :
.I.>,.A .1 :.1...!,̂ !.O k . . l .......... I . . . . l . . , . l . . . ; l . . . . l ................ I ............ I . . . . I . . . . I .............. i . . . ; i .

Aftpffhjsjnjpy^ ^ i g f M - ^ M ^ % 3 y ^ f f ¥ ^ ^ ^ S ^ # ^ ^ ^ * » ; ^ ^ ^ W ^ ^ i w l i Z » W *  ; i
:uoihnil.':!.- s;;iweiioi arb Ltsu bim>w *■ /i . t  •»'' n ..:> ;i<;:;arj;"jb ‘n v  ••• >iilTo.';r. ni hjdnyuh ■■;■■ •, !s^ j 10 

D A T A V E t t l N G

. Ye^tfflgof numeric fields is extremely important as a System 4 program will fail to carry out an arithmetic 
„ operatidn ona fieldwhichis not numeric.A5E program will abort anda 5J program wiU ignore ihe instruction t 

[ and reppft the error. A il ^ U .t o p u t/ ^ 'a .d q w .^ c e ^ p ^ d J ^ $ t .p d  b u t^ y  datapasspd%om bjne ptam m  to ] 
j another 6n a magnetic storage device should be assumed to be correct. | ! j

iWhehvetAingnumeric fiehis it isusualtyihsufficient to use the IF NUMERIC test on its bwh: Therbare tWo 5
reasons for this. Firstly it will reject an item with leading spaces and secondly it will accept an item with an 
o v ^ 8 H H M ^ l ^ s i p f i f c t o d h ^ f ^ ™ * liim ■-"■ .,'.'bba H^AsM n: - ' - 3 - ; ! ^ r  ui- >. . - >. Ji

to isdmun bhc m> 0) qu sbcrn sia d)bit UnuTjfc f>. '̂j:>q ii lm m unhn .•■ v.> >.:ma m  I * v . • '« . ,.t
I f ^ 4 i f lg ^ w p fp ^ ^ ,^ 4 a ^ w fe h X ^ IW ^ ^ d f lm e d ^ P L A G IN G :L f iA D IN G jS P A C E S jB Y :Z E R 0 S !> ;  
should be used to change the spaces to zeros. ; ;j I, >: . u;a 4 i;<i3i ! i -!,n  ̂& : ,



I f  overpunches are not expected, that is, when the field is unsigned, the field should be moved to another field 
which is one character longer and terminated by a zero. This field may then be tested.

Example

The field PICTURE XXX is moved to a work area WAB-WORKAREA which is part o f the test field defined as 
follows:

Sequ<nc* No. Identification

Ql. I 6iAX.i“ l^iE^J)iEJft.»t ] i I i i i i I i i i i I i i i i I i i i i 1 i _L_i_i_I_i_i_i_i_I_i_i_i_i__i_i_i_i_1_i_i i » 1 *
. . I , , , | , , t , | , , , , | , , t | , , , , | , t , , | , , l i I 1 I l 1 I j I l- i  1_1_I_1_I_1 1XJ_|_1_|_|_|_|_I_ 1 ■ 1 ‘ ' 1 I
, .ola ■ .E>lA.-&twl .C,d,rtiplu,r,AjT,rltAW,A.U-L^., ■ ■ I ■ , I i I I I I i L 1- 1 I i -L 1 1 J. -I ± I I I 1 1 I I -I i  I-

. , I t i i I i i i i I i i i i I i i i I i i i i I i i i ] I i i i I I I I 1 I I I I I I I I 1 I i_I_I I I I I I ‘ 1 ' I ' : : ! : : : :
oa, , leA A i-i^E yA  . lpxfvr,nlftE, ,q .dav ., . I . , , I I I I 1 1 1 1 1 I ■ I I 1 J. 1 1 -1 ± 1 I I I I I I I I . . ! . . , .

. . 1 ■ i i 1 i i i i I i i i i I i i i i i i i i I i t . i 1 i i i I i ■ I 1 1 1 1 1 I l..l L 1_|_|_i 1 I I I I I 1 ■ I i I ■ ■ I . ■. ■
_j_i_L &S. , l& A A -K ky.R  ■ lp,X^T.ukEL , f r ( L y . .  ■ I . ■ , . ,  I . . . .
. . I . . .  I . ■. ■ 1 ■.  ■,  1 . ■ ■ I . ■ ■.  I ■.  ■ ■ 1 . , , . . l . . . .
, , 1 0.¾, . lEAA,-.*ky,C , lfXCT.olftE. a , t k Y . ,  , I , , , I I I I I 1 I < ■ I I I ■ I I ‘ I I I I I I > I ‘— •— 1 -1 , .  I . ,  ■.

_ ^ J _ ^ . ^ L j ™ J p ^ ~ U » J ^ w J « J » J * i ^ » ^ ^ ^ J ^ i ^ ^ ^ J ^ ~ L ^ ^ —̂ J —^ . .  I . . . .

^ J _ ■ ■ ■ 1 ■ ■ ■ 1 1 i ■ ■ ' I_i__i_i_I_i_i_i_i_Lj...x..a,..i..L^-i. i : , , I . , . , 1

Then ifWAB-TEST-3-REDEF is tested and found to be numeric, the correct result is in WAB-NUMERIC.

Either a test field may be set up for each size o f item to be tested, or, i f  leading spaces need to be catered for, a 
general area may be used with WAB-WORKAREA the size o f  the largest field required.

PACK ED  D E C IM A L  ITEM S

Care must be taken when defining packed decimal items so that the number o f bytes required is calculated 
correctly. It is safest to define such items as an odd number o f digits with a sign.

Example

6 7 8 11 12 lS_________ 20___________25__________30___________35__________ 40__________ 45__________ 50__________55__________ 60__________65__________ 70 72 73 75__________00

0.1. I 4 K.ft -lfiEj&T i -L\. i i i I i . . . I i i i i I i i i i I i i . . I . i i i 1 . i i . I . i i . I i i i i 1 i . . . 1 . t • I i i t i
__,_J_ . I I I I . I . I I I I I 1 . 1 . I I I I I I I I I . I I I I I I I I I . I I I . I I I . ■ . . I ■ ■ . I I I . . . I I i i I i > i t
._^J_ 0.3, . Lu.R-.ufo.&^.A.skA , , lp,l,r̂ T,olfcC. ,X,xlx... . , I . , . , I , , , , I . . . . I . . . , I . . , , I . . . I . . . .

. .  I . . .  I . . . .  I . . . .  I . . . .  I . . . .  1 . . . .  I . . . .  I . . . .  I . . . .  I . . . .  I . . , .  I . . , .  I . ■ . I ____
. _ ^ 1 0.3. . L*.K-.Hlu,ttE îlc..-.&fc,sJu.uT. ,ftk,n&F.ikE.s, ,wUA-.ri,ftb*.AAdA. .p.r.rJr.nex kq.<a.. I . ■ . I . . , .

. .  I . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . .1 . . . . I . . . I , , . .

. . I a.x . fc.T.mte. .p.i.rJr.o.ftt. Ix. .v,*LvJu.e. .y.dgrf... . I . . . . I , , . . I . , , . I , , , . I . . . . I , . . I . . . .

. .  I . . . I . . . . 1 . . . . 1 . . . . I . . . . 1 . . . . I . ■ . . I . . . . I . . . . I . . . . I . . . . 1 . . . . 1 .
0.1. I uvft.-h'.E..ST.-k-,g.O>le.r. .ftekfcc.T.rik^ WAlft-T.^«Jr.-A .pkr.T.n.ok .x.(.ah... . . I . . . . 1 . . . 1 . . . .

: _ i . . . 1 . . . . I . . . . 1 . . . . I . . . . I . ■ . . I . . . . 1 ■ . . . I . . , . I . . . . 1 . . . . I . . . . 1 , . . I , . , .
T X L I. ■ ■ I ■ ■ ■ ■ I ■ ■ . , I , . . , I . .  ■ , I ■ ■ ■ . I . . , ■ 1 . ■ ■ ■ 1 ■ . ■ . I . . ■ . I . . . . I , . ■ . 1 .

The three level 03 items require 2 ,3 and 4 bytes respectively, and therefore the level 02 requires 9 bytes. I f  this 
02 level were described in another record description as a FILLER, it would need the foUowing definition

S«quenc« No. ^ ^ Identification

I 6 7 8 11 12 15 20 25 jQ 35__________ 40__________ 45 50 55__________ 60__________65 70 72 73 75__________M

, .0l2 ■ . n L l 6 f t .  IP.T,C.,T.llfe& .X .( lQ . .TSll&P.LA>ri............I , . . . I . . , . I I . . . I . . . . I , . . . I . . .  I . . . .

. . I , . . I . , , , I , . , , 1 , ■ , ’. I . ,_,_I_I_>_I_I_I_I_I_I_I_I_1_. . . . 1 . , , , I . I . I I I ■ ■ I I . I I . 1 1

‘ ■ 1 1 ■ .J X n _l_I_t i I_U _L_l_1_I_I_^J_. . ._I_1_I—I—I— .—I—.—.—.—.— I— L_.— .—.—L—.—I—I_I_t__l_._. 1 ■ . i . I ■ ■ l ■ I . . . ■ I i ^ - L . , , ■

However it would be easy to make the mistake o f  adding the numeric digits 2 ,4 and 6 and only aUowing 6 bytes 
td cover the 12 digits. This error can be minimized if packed decimal fields are made up to an odd number o f 
digits and signed. In the above example the fields would be S9(3), S9(5) and S9(7) which will give 9 bytes which­
ever way the calculation is carried out.
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SUB SCR IP TS

Numeric items used for subscripting should be held in binary (COMPUTATIONAL) format. This also applies to 
counters used in PERFORM VARYING  sentences. Store requirements do not increase greatly i f  other formats 
are used but execution time does.

When data names are subscripted by a variable subscript, the object code recalculates the address every time it 
accesses the subscripted field; that is, it does not keep the calculated address even for use in the same statement.

Example

For the statement ADD W AA<)U ANTITY TO W AA-TOTAL (X ) the object code wiU calculate the required 
address ofW AA-TO TAL, add the contents o f this address and W AA<)U ANTITY in a work area, recalculate the 
address o fW AA-TO TAL and store the result.

C O R R ESP O N D IN G

The CORRESPONDING option should be avoided as it is difficult to establish which fields were intended to be 
affected when checking or maintaining the program.

Output files

COBOL builds up output records direct in the output area. Unless the program uses a work area, care must be 
taken that aU fields are set up for each record. I f  constant fields are moved into the first record only, and the file 
is blocked and alternate areas are used, these fields will only appear on the first record o f  every other block.

When writing files in variable block format the APPLY WRITE O NLY option together with the WRITE FORM 
option gives a more economical use o f  magnetic tape. When the WRITE option is used the block is output when 
there is insufficient room for the hugest specified record. When the WRITE FROM option is used the record is 
first moved to a compiler-reserved work area and the block is output only i f  there is insufficient space for this 
record in the output area.

4— 30 C O B O L restrictions

Some o f the standards or techniques suggested are not suitable for 4 -30  COBOL. The following is a list o f  these 
areas:

Data names and level numbers In 4 -3 0  COBOL the level numbers (01 -1 0 ,7 7 ) must start in margin A
and the rest o f the entry must not begin before margin B.

Subscripting Only single variable subscripts are available in 4—30 COBOL. However i f
a twonfimensional table is required, double subscripting can be avoided by 
using the methods described.

No binary usage is available in 4—30 COBOL. External decimal subscripts 
are shorter (requiring 26 bytes) than internal decimal (32 bytes).

Addresses o f variable-subscripted items are not recalculated in the same 
statement but stored and revised.

External decimal moves When moving one field defined as external decimal to another, the
compiler does not pack and unpack the original field as in 4—50 COBOL. 
Instead, it inserts the source field into the right o f the receiving field and 
pads the left o f the receiving field with zeros.

4202(4.70) 247





Index • ''i'i';i,i'ii<y:;
I(i :, ! .<■ 'i!V;.-. <• '.."̂  f.',T:,l •■ !ii;r.!i;!
■'■.. ! i- :r. . j:- /< > ,:-..I! i<. v; TSv -■■-: 
'.! ;f‘.;!-r;b 'i:>>.'b ■•> •. -_■ i., )

— r "
:. I ii'vi'.(.’ ..!,'ii!:!;.-r;:.

:''.■'■ -)VV? 
:■>:;■;::■. ;■/ -■^W"~>

b> ’: - ,.' :!'ji!i;ji'ii;.v;.' .<ar'' vb - *0'-'.;> ;!-;::'
' c . : , ' ̂ 1 ->..■ ;

.-■' )-;:.;ti:,i;;o i',>:.i' v,q; ■'
s • •_• 3; '• -• • • (

Y'. M;.:
‘Access' 1 '^u' '■'■-'• 9 3 *103 project ; -n -.-q :" ; MJ^.^^3j3
Allocation o f responsibilities :b "'^%  

■■'.;:= b:/':T
ri trails '' ‘ ! ‘ *‘ * * '*'* *'■- '138

Back-up 5 -  84 File access '-'■ " " - " - 9 3
Bar chart 163 File activity ‘ :1:::- 'K'"''i 90,97
Block format i sj c 99 File control 90, 105, 125
Block layout :‘ lOi Filedescription 61

"•'.; r-:i:il Pile design !'■■■■̂ ■■'-■' 15,89
Change file f ^ 104 'Filehousekeeping and security' Mi;‘,TM-ruj i'>,!:.V ',;^

Check Ust ;v '"';- ! '
' 146

File length ! ' ;.. > 102
program i! ;' ■ '!:' '■• File organization 1'"<J -'"'0 ' ,!; iy:':U%

’ project 146 File protection ■:'■“ “ ■'-■'■■>'■' 8 5 ;l6 6
Checks 25 File reconstruction 83, 90
COBOL coding standards and techniques ' ,fl 235 ‘File size '"M,!J|r- ■ • 1 ‘ 9*1
C6ding ^'jrpi;i,;..-'* <.:»,■; <■-'•''-:>'■!. ' ' 9 ,46 File structure 1 91
CompiUng 47 Flowchart references '■“ ' " ,: l 82
Control Flowcharts 8,45
. file 90, 105, 125 7 detailed ? '179

progress !i:'<o '9 39 outline 31, 17*9
trials 40 Fiqwchartsymbols i 8b
trials submission 169 Formats 1 1 y':: < > ,.' '. i ■ ■. ■ ,i. ; ;
work 39,145 \ block 11.1,...; .,- ,;. ■; , 99

Control records 92 ' data 16, 97

Data formats 16, 97
Forms
* data prep submission 171

Data groups 24 1 derivation o f file items ■ 66
Data integrity 17 / file description -yy-y- ;c '. '- 'v :g j
Data items 16, 90 list o f file items 63
Data prep submission 171 outline suite specification ' 59
Data security 81 h output analysis chart '• 66
Data vetting 26 :* *processes form ' 66
Decision tables 71 program check list '■■:!| '1̂ - ' -  * 146

constructing and checking 74 * *program history record ; . ; ; ,hyy 148
extended entry 77 programming schedule 146
limited entry 75 f ‘program progress report 147
mixed entry 77 program record sheet 147
structure 71 * program specification 111

Derivation o f  file items 66 project check list '-•:■ :" 146
Design

file 15, 89
project history record 
project progress report

148
146

program 5, 23 routine specification ‘":.■:o r i 9
project 5, 11 statement o f requirements :v*>,v b g
record 97 systems specification ! 8, 61
systems 13 tape/disc catalogue 171
trials 34 -_ testing Schedules 163, 175

Documentation 8 ; trials log/analysis ,,,,-.. -■■ ir5
Dry-running 48 1 trials record sheet 148

Error detection 82
;  , trials submission control 

turn-round
:-'.;'w :-'!; i69

): ■-'■;•! iijS'./ -jiL: “ q^ij
Error recovery 
Estimating

81
37, 133 History records ;::::ii.:i:v.!v

Estimates
program 135

program
project

148
148

249



Implementation methods 19
Inquiry time 90

Keys 95

Language' 21
high level 22
low level 22
mixed 22

Language expansions 139
List o f file items 63

Maintenance 7, 57
Modular programming 20
Multiprogramming 27

Operating instructions 8, 50
Operating procedure guide 8, 54
Outline suite specification 8, 11, 13, 59
Output analysis chart 66
Overlay techniques 33

PLAN standards and techniques 189
Problem comprehension 44
Problem structure 31
Processing description 66
Program check list 146
Program design 5, 23
Program documentation files 51
Program history record 148
Programming schedule 146
Program mixes 29
Program progress report 147
Program record sheet 147
Program specification 8, 23, 111
Program structure 31
Progress control 9
Progress report

program 147
project 146

Project acceptance 53
Project check list 146
Project design 5, 11
Project history record 148
Project organization 5
Project progress report 146
Project stages 5

Reconciliation 25, 107, 125
Record design 97
Record sheet

program 147
trials 148

Re-runs 25, 108, 123, 125
Restart groups 121
Restarts 25, 108, 123, 125
Role o f the programmer 1
Routine specification 119

Scheduling 28, 38
Specifications

program 8, 23, 111

routine 119
system 8, 13, 61

Stream profiles (System 4) 28
Suite design 13
Suite testing 53
Systems documentation 12
Systems specification 8, 13, 61

Tape/disc catalogue 171
Testing schedule 163, 175
Timing 103
Trial data 36, 47, 174
Trials 48, 138, 163

linked 53
quasi-operational 53

Trials control 40
Trials design 34
Trials log/analysis 175
Trials record sheet 148
Trials submission control 169
Turn-round 171

Users procedure guide 9, 55
Usercode standards and techniques 201

Volatility 91

Work control 39, 145

250



A m e n d m e n t
re c o rd

Should any additions or amendments to this Manual be necessary, they will be 
issued in the form of Amendment Lists.
When such changes have been incorporated, an appropriate entry should be made 
in the table below and the pink instruction sheet(s) should be filed behind this page.
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