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This manual gives practical guidance to programming staff on the reasons for and requirements of their tasks, the
factors they should be aware of in making intelligent decisions in the course of 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 of projects and who have a responsibility of involvement with planning.

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

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

THE ROLE OF THE PROGRAMMER

Programming constitutes the detailed planning and implementation of the computer aspects of 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 of programming is therefore seen as the production of 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 of the programming function and the end of the systems
functions may vary according to the particular organization.

The size and complexity of the programming task naturally varies according to the nature of the data processing
system but in every case the task involves a sequential series of special sub-tasks ranging through planning, coding
and testing. In carrying out each of these sub-tasks, certain guidelines and principles of good practice have been
evolved over the years of 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 of the resulting computer system.

THE OBJECTIVE OF THE MANUAL

The main objective of 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 of 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 of the type of 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 of the guidelines needed within a reference work of good programming
practiqe.

The organization, scheduling and control of a programming project is given special consideration in the manual.
The aim here is to provide guidelines to minimize the risk of late completion dates and of 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 of work done up to an interim point. In particular it is very
difficult to judge the quality and soundness of 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 of 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 of a programming team and, by removing some of the mystery
from plannning and control, should help in the development of potential senior staff. The procedures described
in this manual are designed to facilitate the setting up of an organized system of control for programming
projects and this second objective of the manual is aimed at the programming managers, chief programmers and
all senior programmers who have responsibility for scheduling and controlling the work of 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 of disciplined planning and control. Use of
such procedures will lead to the provision of well documented and easily maintainable systems and ensure that the
most efficient use is made of resources available.

While the main objective is to provide guidance for senior staff, it is felt that more junior staff should benefit by

acquiring an appreciation of the principles of good programming organization and control as well as the detailed
programming tasks.
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THEME OF THE MANUAL

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

2 Organization and control of 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 of these aspects would mainly occur.

As it has already been stated, the beginning of the programming task and the end of the system task varies accord-
ing to interpretation by different users. Differences are mainly concerned with the degree of expansion of the
systems design to show the organization for the computer. In order to allow for the widest interpretation of the
programming task a description of this detailed design of the computer system is included in the manual and this
precedes the section on program planning, that is, the design of individual programs which may more generally be
regarded as the beginning of the programming task. The ICL manual Systems Procedures (Edition 1, TP4196) will
give a further understanding of 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 of the system.

CONTENT OF THE MANUAL

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

Part 1 General

CHAPTER 2 PROJECT ORGANIZATION

This chapter considers the advantages of dividing project work into stages, the possible ways of allocating
responsibilities, the necessary standard documentation and the need for controlling implementation.

Part 2 Planning

CHAPTER 3 PROJECT DESIGN

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

CHAPTER 4 IMPLEMENTATION METHODS

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

CHAPTER 5 PROGRAM DESIGN

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

CHAPTER 6 RESOURCE PLANNING AND CONTROL

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

Part 3 Program writing, acceptance and maintenace

CHAPTER 7 DETAILED PROGRAMMING

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 acceptability of 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 running, can be carried out.

Appendices

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

The separation of discussion and detail make it possible for users to adapt the manual either as a guide or as a
desk handbook of installation practice, and to add material to the framework to meet local needs.

4202(4.70)






Chapter 2 Project organization

This chapter covers the basic principles on which the manual is based. It includes an outline of project stages,
allocation of 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 of standards and controls are dependent on the project stages as
well as being inter-related.

PROJECT STAGES

The implementation of 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 of man-effort, and it is essential that the time span is
controlled and the effort used effectively if the project is to be brought to a successful conclusion.

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

A project stage can be defined as a relatively self-contained 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 small installations,
where only one or two people are concerned, it is equally essential if projects are to be carried out with any
degree of order.

Stages

The stages into which projects are divided, bearing in mind the definition of a stage, are as follows:
Systems study

Systems specifying

Project design

Program design

Detailed programming

Project acceptance

Maintenance

The detailed activities and end points of most of these stages are described in the rest of this manual. The only
stages omitted are those of 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 gained by 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 of unco-ordinated detail.

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

3 The production of 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 of each stage forms a natural check point for control purposes.
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Any attempt to implement a project without this discipline of 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 will be achieved.

ALLOCATION OF RESPONSIBILITIES

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

This manual is intended for the use of any installation and the variables of number of staff, background, training
and experience, size, complexity and technical novelty of application make it impossible to use job titles (senior
programmer, assistant programmer, etc.) to clearly indicate responsibilities. This section of the manual therefore
concentrates on the responsibilities implied by different functions which are of greater or smaller 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 of supervision.

The table below illustrates four possible methods of division of responsibility (but does not claim to show all
cases) relating function to personnel category. The point marked X shows the division between business-oriented
work and computer-oriented work.

Stage Principal result Possible division of responsibility
Systems Statement of Systems Systems Systems Systems
study requirements analyst/ analyst analyst analyst
System System Fnr:rgram-
specifying specification
Project Outline
design suite
specification
Program Program
design specification Programmer Programmer
Detailed Working Coder
programming | programs
Project Validated Systems Systems Systems
acceptance suite and analyst analyst analyst
system
Maintenance Amended or
corrected
system Coder Programmer Programmer

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

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

Each member of staff should be made aware of his functions and responsibilities.
His experience should include formal advanced training to anticipate extending his responsibilities.

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

Functions

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

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

SYSTEM SPECIFYING
Production of a systems specification

Obtaining agreement on the detailed requirements of the system

PROJECT DESIGN

Design of a computer oriented system and production of a document describing the computer system
Choice of method of implementation and the program languages to be used

Obtaining agreement to the suite design

Initial estimating of resources required and time scale

PROGRAM DESIGN
Planning and structuring each program and specifying the requirements of each program
Estimating the effort required and planning the use of resources

Obtaining agreement on the contents of the program specifications

DETAILED PROGRAMMING

Control of implementation and standard of work

Supervision and training of junior staff

Checking of flowcharts and coding or delegation of these tasks

Production of working programs, and operating instructions

PROJECT ACCEPTANCE
Testing of the suite to the satisfaction of all users

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

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

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

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

MAINTENANCE
Correction of program errors
Assessment of new requirements and implementation of these when agreed

Updating of documentation

Advantages

The allocation of responsibilities enables installations to develop specific job definitions within their departmental
structure. These job definitions can then be used to develop firm lines of staff reporting and progression. In a
situation of 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 of view of orderly implementation it is essential that an individual is made responsible for each
function and that the demarcation lines between functions are clearly defined. If this is not done functions will be
omitted or skimped, or there will be continual overlap and duplication of effort.
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There are also advantages in allocating the main responsibilities to different individuals since this introduces
automatic checking of the end products of 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 of each of these documents.

Documents which must be produced, regardless of 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 of 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 installations should set up a system by which
amendments are listed, together with the date of amendment and the documents affected. This list should be
circulated to all concerned so that they can ensure that their part of the documentation is updated.

Documents

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

STATEMENT OF REQUIREMENTS

This gives details of what the user requires of the system.

SYSTEMS SPECIFICATION

This is an extension of the statement of requirements and gives all detailed information needed for designing the
suite. It forms the basis of agreement between all departments concerned with the project. The contents may be
extgnded to include a specification for the suite design and may include broad estimates of 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 of reorienting a general job description to a computer design document, and forms the
communijcations 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 of how the program is to be run on the computer. They
form the link betwcen 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 PROCEDURE GUIDE

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

Advantages

The production of standard documentation allows the establishment of control since the documents are the end
product of 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 of standard contents eases the problems of 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 of 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 will not be possible to assess the effects of changes, or to include corrections or changes in the programs.

CONTROL OF IMPLEMENTATION

There are two aspects of implementation control. One is the day to day supervision of 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 of control is the measurement of progress against a predetermined plan so that deviations from
the plan can be seen and corrective action taken. The extent of progress control is likely to vary according to the
size of installation, however all installations need a basic method in order to use man-power effectively and to set
and achieve target dates.

Progress control

In 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 of the effort and time involved. The basic structure leading to control is therefore:

Estimate of work content

l

Estimate of man-effort
Estimate of time required

Establishment of plan

= Control
Feedback of actual

The effectiveness of the control relies-on the accuracy of the originhl estimates and it is important, therefore, that
the work content estimates are based on factors which can be analyzed objectively in the case of 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 of
documents facilitate the setting of standards for estimating work content.

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

4202(4.70) 9



Advantages

The controlled implementation of a project means that target dates can be achieved without a situation of
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 of
resources.is planned and best use can therefore be made of staff. If inaccurate estimates or changes in require-
ments make alterations of plan necessary, the affect of these changes can be seen at an early enough stage to allow
for considered corrective action.

The provision of adequate supervision, although it may appear a costly overhead, avoids wastage of effort, ensures
an acceptable end product and allows for on the job 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 of 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 itself become critical.
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Chapter 3 Prbject design

It has been mentioned in Part 1, Chapter 2, that the responsibility for the computer system design of a project
varies according to installation. 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 of the
staff.

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

This chapter first describes the final documentation of the project design stage, and then gives details of 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 of the overall system.

THE OUTLINE SUITE SPECIFICATION

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 of 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 of presentation is used and regardless of installation size the description of the computer
system must be considered as essential documentation since it is the end product of 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 of the job

The job to be done

Data

Results

The job in operation

Organization for the computer
Processing

Take-on procedures

Future extensions and enhancements
Initial implementation estimates
Preparation and running times
Preparation and running costs
Appendices including file and print layouts, specimen forms, examples of printed results

Wherever apnropriate, the information should be taken direct from the systems specification to save duplication
of 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 of 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 of 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 of who is responsible for the suite design.

The program planner, to ensure that the system is feasible from the programming point of 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 of view,
may in fact cause major changes from another point of view.

Advantages of documentation

The main advantage of producing a written description of 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 of separating the systems specification from the suite specification means that different individuals
can be assigned to the two tasks and use made of specialized expertise. Additionally the non-computer personnel,
who are more interested in the requirements than how the computer system operates, will 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 of
view, or that there is insufficient computer time available to produce the results in the required time scale. At 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 of program maintenance in order to improve the system.

VETTING THE SYSTEMS DOCUMENTATION

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

The first of these occurs when the programming function includes the suite design and is therefore concerned with
the vetting of 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 of the system, or the design, should be discussed between systems and programming during production
of the documents so that the vetting stage becomes a formal acceptance of the final documentation.

Essentially this vetting stage marks the handover of responsibility for the computer system, from the systems
analyst to the programmer. The return of 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 of 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 of the whole system. It should include:
Specification in complete detail of all the initial inputs and final outputs of the system.

Specification of all logical data which will constitute the files of the system.

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

Specification of any take-on procedures.

Where the logic of the system dictates it:

Specification of the order in which processing is to take place.

Allocation of data items to files.

Specification of 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 allow 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 of those sections which are program oriented. Any
points of doubt should be resolved at this stage so that the system may be frozen before the program design

stage begins. :

An increasing number of systems analysts are adopting formal disciplines of 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 of decision tables is so closely tied to programming techniques, this subject is discussed in
some depth in Appendix 3.

Summary

As there will normally be an overall statement of requirements largely in non-computer terms, to permit study
and acceptance of 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 of the suite, this
will be their opportunity to accept the project or refer it back to the systems analyst.

SUITE DESIGN

In designing a suite the source document is the systems specification, and the result is the outline suite specifica-
tion, incorporating a chart of 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 of these two'factors. The operating
considerations of 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 of the system.

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

Principal aims

The first aim of 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 of the cost and time required to produce the programs, and these matched against the
resources available and the time requirements of the system. From this point the computer system is then
modified with the aim of minimizing implementation cost and/or timescale, and maximizing the running
efficiency of the system.
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Overall concept

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

[ Data P System P Results

This may be further expanded as follows:

System

Process > Results

—p
T—P

/ /
A

Master file(s)

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

All input, by type and times of 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 of raw data and main
files and the production of results files (eventually printed). The basic elements of any system therefore are
almost certain to consist of 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 of 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 of a suite will normally consist of':

A Data vet

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

A Datavet
+ 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 of the facts which must be considered are:

Single-unit programs Multiple-unit programs

For For

1 Small use of core store (which may » 1 Passing data internally between units will save
enhance the multi-programming peripheral time thereby cutting the running time
potential of the computer). of the system and reducing the load on the input/

output hardware. .

2 Small units may be written and tested more 2 A large program may save time in loading and setting
easily and efficiently., up.

Against Against

1 Intermediate files are generated to ‘ 1 Aseach unit will probably add an extra file to the
communicate between programs, program, this may strain or exceed peripheral
aggrevating control problems. resources or inhibit multi-programming.

2 The reading and writing of intermediate 2 A need for more core store may exceed the store
files will slow down the running of the available or inhibit multi-programming.

system, and increase the load on the input/
output hardware.

3 It may be operationally complex to run a 3 Large programs are complex to write and test
number of small programs. (although modular programming techniques will
overcome this problem).

Summary

The primary aim of the suite designer must be to meet all the requirements of the system, but he must do this
within the limitations of 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 of overall program design strategies: checks and reconciliations, use of standard programs, program
overlay techniques. An overall data security strategy must be planned at the suite level. Further details of this
strategy are given in Appendix 4.

This stage is one of the most vital in the implementation cycle. If work at this stage is not thorough no amount
of hard work will build a good system within a poor framework.

FILE DESIGN

Files reflect the hardware and software resources and the data structure of the system. They therefore determine
the programming implementation. Good file design is essential for processing information efficiently. If 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 of the system. The main files and all those files which pass from
program to program must be designed at the system level, as the specification of the individual programs will
derive from the reading and interaction of 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 of an appropriate medium

The position and relationship of each data item

Data formats

The ability to preserve the integrity of the data

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

Choice of medium

In almost all cases the media used for primary data input and for the output of results will be pre-determined by
external considerations, and it will not be the problem of 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 available this usually becomes a choice between magnetic tape an direct access media.

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

The designer should be familiar with the characteristics of the various devices and with the software which
supports them.

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 data
is then grouped into related records which correspond to the function(s) of the program(s) which handles them.
Within each record the format and layout of each data item must be determined. While there may be some
overriding consideration, such as fixed length information preceding variable length, the relative positions of items
should be related to any interactions between them. That is, the items should be grouped into sub-records which
meet the requirements of sub-divisions of the processing task. Avoiding a dichotomy between the problem and
data structure will considerably ease the structuring of a program, as will be seen in the section Program design,

on page 23. .

Once the record is designed the sequence of records must be determined. If a file 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 of the computer in
use to facilitate comparison of keys and sorting.

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 of characters
Variable number of characters, with field separators
Integral number of words

Itéms held in variable-length fields occupy the minimum number of characters that their values 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 word-oriented machine this argument applies to
all but integral word format.
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A combination of 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 of 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 of 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 of record layouts and the block size will automatically determine the physical length of the file. This
is because there is always an overhead on each block written, which is the interblock gap, plus in the case of
direct access devices, block identification fields.

The most significant effect of a large file size, whether due to a small 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 of the file, reducing the record length or increasing the block size.

Data integrity

Each file should be designed so that strict control of its use may be achieved. Data should only be accessible to
those programs which are intended to process it, and where different versions of 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 of reconstruction in the event of loss or damage in any way. The sysfem may specify
that they are reconstructed from copies or previous versions or even that they are to be reconstructed manually,
but whatever the method, the reconstruction method, its requirements, and consequences must be defined as an
integral part of 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 of the system are presented in a standard manner for checking and programming

A well-defined file documents a system both from the definition of the data items and the relationship between
them
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Chapter 4 Implementation methods

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

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

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

Recommendations on the basic method to be adopted are beyond the scope of 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 of language since this is to some extent dependent on the method of
implementation.

THE CONVENTIONAL APPROACH

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

Programming supervisor (usually Senior

| programmer)
Programmer Programmer
Junior Trainee Junior Trainee

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 of these as
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 of 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 of 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 of 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 of this approach are:
1 Adequate supervision is provided and tasks can be delegated, without excessive specialization of 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 all the programming tasks for one program.
Additionally the team concept allows juniors to become familiar with some of the project aspects.

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

Limitations
The main limitations of the conventional approach are:

1 Inasituation of 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 of the design may be a function of relatively
inexperienced staff.

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

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

Summary

The basis of the conventional approach is to consider, in general, that the program is the lowest level definition ot
a work unit. The programming tasks for a project are carried out by a team of 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 successfully and
economically, with the side benefit of good staff development.

MODULAR PROGRAMMING

The basic concept of modular. programming is that each program can be broken down into a number of small
routines. Each of these routines is a relatively self-contained 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 of staff. This method of 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 of the program (see Chapter 5, Program structure, on page 31) and produce specifica-
tions which define the requirements of 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 all 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 of
a testing package which is used to read in the trial data physically, to set it in the interface areas of 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 of this method of 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 of a suite can be shortened by allocating routines to as many staff as possible.
3 The logical design of the program is enforced and is carried out by staff with the necessary skills.

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

5 Routines can be written to perform general functions and a library of standard routines can be built up.
6 Routines can be written in the most suitable language.

7 If delays occur corrective action can be taken by using extra staff to produce some of the routines.

8 Progress on a program can be assessed more accurately.

Limitations

The main limitations of 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
small parts of it.

3 Staff development for junior staff is difficult since they do not see all the program tasks.
4 Special training may be necessary in the use of the testing package and in the linking of routines.

5 If 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 linking routines together due to the structure ot: the software. This is only likely to
affect second generation machines.

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

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

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

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

CHOICE OF LANGUAGE

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 of 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 will to some extent be influenced by the size of computer available, the
power of the compilers, and the existing skills of 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 if made of all available resources. Although in
many cases the choice of language is outside the scope of a programming supervisor’s responsibility, there is still

a need for an awareness of 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 flexibiiity there is in the choice of language, 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 of 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 of 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 of trials.

Maintenance of programs is easier since a higher degree of self documentation is inherent in the coding.
Staff are trained more quickly, since the use of language is less complex.

Object programs will use more core store.

[ N 4

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

Low level languages

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

1 Implementation times are longer because of the amount of detail to be considered.
More computer time will be used for trials because of the level of detail.
Maintenance of programs is difficult unless sufficient annotation is included.
Training of staff takes longer due to the language complexity.

Object programs are more efficient in use of core store.

Object programs are more likely to have efficient running times.

~N N s W

Greater flexibility is possible in the use of the computer.

Mixed languages

The use of mixed languages allows the language appropriate to individual problems to be selected. Thus the
advantages of the high-level languages can be achieved whilst the disadvantages can be minimized by use of low
level languages for areas where machine efficiency is important. The disadvantage of 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 of mixed language programming automatically implies a degree of modular programming as the routines
in different languages must be compiled separately and interfaced.

Summary

The choice of language 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 if there is no computer time
available to run them. Conversely a highly efficient project, in terms of use of computer time, is wasted if it is
not operational on time. Subsidiary factors which influence the choice are those of staff experience, efficiency of
compilers and the needs for compatibility between different machines.

The language should not be chosen, at any stage, on a basis of personal likes and dislikes but should be chosen on
the basis of a careful assessment of 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 of program design, is described first in order to give a frame
of reference for the other subjects. Each of the major factors is then described separately.

PROGRAM SPECIFICATIONS

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 of the program structure and all the information required to produce the program, and
provides a basis for maintenance.

Except in the case of 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 spemﬁcatlon
without a danger of overlap or omission of some processes.

2 It is essential for maintenance purposes to know precisely where each part of 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

Pracessing

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 of 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 of 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. If
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 of 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 link between the program design stage and the detailed programming. The
production of 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 of effort.

The division of program production into two stages allows the more experienced staff to concentrate on the
planning activities, and consequently programs are likely to be well 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 of the information to be included. The standardized format
also helps to impose a discipline on the program planner and enforces more orderly methods of 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 will
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.

RESTARTS AND RE-RUNS

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

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

2 A further copy of the results or part of the results is required.

3 Part of 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 of it.

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

If 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 of 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 of a satisfactorily short duration. It is suggested that something of the order of 15 minutes is
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a desirable aim though on a small machine it may be uneconomical to provide restart points in a job which runs
for less than 30 minutes.

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

Restarts

A restart point (using either a software facility, 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 of the output files to
enable the store to be subsequently set up in the same way, and to enable all 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 of a reel. This is mainly in case the original volume is
unusable from some point onwards.

Details of 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
of the data. In general the output from a re-run must be to a different magnetic tape reel or area of disc from the
original run. It may have to be because of physical destruction of the media. The initial setting up of the store and
alignment of input files is much the same as for restarts but output files must be treated as separate logical files
from the original files. If possible the marriage of the re-run output with the original run output should be
accomplished by the normal reading of each file in the subsequent programs, for example by restart groups being
separate reels of magnetic tape and the re-run output being a substitute for the original produced ones (which
may no longer exist). If this is done there must be a distinction which is clear to the operators, between the
identities of the original and re-run reel. However, the distinguishing feature must not invalidate the acceptance
of the re-run reel as part of 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 of serial files this will only be acceptable for relatively short files where the running time
of the reconstitution program will be small. This technique also overcome the problem of accumulating overall
totals.

A further requirement of 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 of the
original run and that of the re-run.

Ideally 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. Details of re-run techniques are given in
Appendix 8.

Summary

Not only do these techniques minimize the duplication of computer effort (at a real cost of £’s per hour) in the
case of failure of 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 of providing the
necessary routines being weighed against the savings or the continuing security.

DESIGNING CHECKS AND RECONCILIATIONS

It is the responsibility of both systems designer and the program designer to ensure that checks and reconciliations
are built into all programs to minimize the processing of incorrect data and the incorrect processing of 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. All checks should be included in program
specifications and not left to the discretion of the programmer.
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Incorrect results may be produced for any of the following reasons:

Hardware error

Software error

Operator error

Data error

User program error

Three types of 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 of these may be done by the software, but others will be included in the user
program.

Each type of check is considered separately.

Reconciliations

The basic purpose of 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 of 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 earliest point possible, with the aim of minimizing reprocessing.

In general, there are three types of reconciliation:

1 Validation of the contents of a file held on backing store
2 Validation of an updating process

3 Validation of a calculation process

Details of these reconciliations are given in Appendix 5.

Data vetting

No assumptions may be made about the correctness of data which is prepared outside the computer or is carried
on an unsafe medium (paper 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 of that
field, that the correct number of fields are present, that each field lies within the range of possible values, that
check digits are valid, and that the contents of different fields (in the same or different records) are consistent
with one another. Checks of this type should be made as comprehensive as is consistent with efficient use of a
computer and failures should be reported intelligibly.

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 of 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 will simplify this
problem.

For example, for cards:

Divide data into sequentially numbered boxes.
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Divide boxes into batches (sequentially numbered if this can be easily achieved).

At the start of the first box place a card stating the number of boxes submitted.

At the start of every box place a card stating the number of batches contained in that box.

At the start of every batch place a card stating the number of 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 of being made by off-line operating before or after the run, not by on-line
operating during the run. As far as possible, all operator actions must be checked; the senjor programmer must
ensure that this is being done, either by the software or by the user program. A very common example of this
procedure is the check performed on a file, after loading, to ensure that it is the correct file.

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

Summary

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

Software error
Operator error

It should always be assumed that operators and users will make every type of 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 of any system, but the knowledge of their existence will
improve confidence in the operational suite.

MULTIPROGRAMMING CONSIDERATIONS

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

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

For example consider the following programs:

A A print program, with small processor requirements, but relatively long running time, because of 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 of a
computer considerably.

If programs are to be run concurrently, it is necessary to schedule jobs in order to make good use of 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 of work might be simple and of 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 the job 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 of requirements
against resources.

The difference between an optimum solution and a good manual solution to this problem may not justify the
cost of 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 of variable factors is limited.

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

STREAMING

Divide the machine into streams and schedule each stream separately. At any one time only the limited resources
of one stream and the programs for one stream need to be considered.

PROGRAM KITS

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

BATCHING

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

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

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

Stream profiles (System 4)

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

Store

Session 1

Session 2

Session 3

Session 4

Input stream

Print stream

Print stream

Main stream

Sort stream

Main stream

B

Input stream

Print stream

Main stream

Main stream

When initially designing streams the following formula may be used.
Z (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 of the need to choose mixes of 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 of jobs which are principally reliant on a single heavily-loaded
piece of 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 of
different disc packs required at any time does not exceed the total number of the disc transports available.

Care should also be taken to see that the sharing of 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 of 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, rule 2 may be achieved by removing slow device dependence from main (for example
update) programs. _

Both these aims lead to the idea of 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 of 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
of data.

Summary

With a powerful central processor the throughput may be enhanced by making full use of the multiprogramming
potential. Proper use, however, is often only made if this technique has been considered at the design stage, and
the programs designed to be complementary.

4202(4.70) 29



Off-line

stream

Processing stream

Batch 2

Batch 3

Disc 1
[ / Batch 3 < Batch 2
data data

\/ Process \/

Batch 1 Batch 2

Qﬂn—tmg/ printing

—
/ Batch 4 Batch 3

Batch 2

4

printing

(¢

N

Batch 3
printing

30

4202(4.70)




Even on a computer too small to be able to utilize full multiprogramming the machine load may be reduced by the
use of off-lining of raw data input and printed results.

PROGRAM STRUCTURE

In planning the structure of 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 of a modular approach to programming implementation
have been listed. Here is described how a modular program structure is automatically and necessarily derived at
this stage, even if modular implementation is not used.

Outline flowchart

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

The reading of files

The correspondence of files
The processing of tasks
The writing of files

When the program has been charted at this level the program will have a start and an end, and consist essentially

of file handling. By adopting the flowcharting standard, (as described in detail in Appendix 12), each box of this
highest level flowchart is expanded as necessary. At the lower level individual flowchart boxes are further expanded,
and the process continues until the logic of the program is completely defined.

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

Outline controt
level ¢

AN

Major
tasks
r . ]
Sub-tasks,
etc. .
/ 1“ k
e /
:' ’I \\ \‘
g \

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 sub-divided into tasks whose sizes match the programmers’
ability. For future maintenance the maximum size of 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 of data between them, and to cut run-
ning time the size of these files is minimized. In dividing the program an attempt should be made to minimize the
flow of data and references between sections, to facilitate implementation.

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

Be of a size related to the comprehension of the programmer producing it
Perform a complete logical function of the program
Have a minimum of reference to other routines

When dividing a program into logical units, that is, flowcharting, it falls into a series of levels. At the highest level,
a commercial program is concerned with the reading and writing of files, and maintaining program totals. At a
lower level it is concerned with the processing of each file and at successively lower levels with the processing of
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 Jescribed 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 of sub-problems. For example, a pay calculation program may have the following
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 of these is complex enough to be larger than the maximum unit of 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 of structuring a program, but if the files have been designed properly there will 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 of parts. If any of 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 of 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 co-ordinating functions:

B1

B2 B3 B4

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. If the testing
of modules starts at the lowest level in the program and moves upwards references are limited to a single link at
each stage.

-A
B c D
BA BB 8C DA D8
BBA gs8 DAA DAB

This levelled structure of a program corresponds directly to the standard method of 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 of 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 illustrated 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 of holding the modules on direct access device where the overlay time will be measured in
milliseconds, to the holding of 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% of the program might easily deal with 90% of the records input. The overlay time
to call in routines to deal with the other 10% might well be acceptable.
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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 of overlay would be determined such that each
overlay was only called once or twice in the run of a program, if possible.

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

Summary

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

TRIALS DESIGN

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
of resources and to give identifiable aims to the stages of testing each program. There will thus be minimum delay
and uncertainty in implementing trials. Structuring the trials to the functions of the program to be tested follows
logically from the planning of the program structure.
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Trials strategy

There are two choices when deciding a trials strategy. The two choices are the conventional program testing
method or the modular testing approach. The latter consideration is of course dependent on whether a modular
programming concept was used in writing the programs.

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

If large programs or units of 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.

Example

Compilation The format of the coding only is tested at this stage. The program should be fairly

(Trials stage 1) clean before dry-running commences. This stage includes the formation of test units.

Basic ‘ The purpose of this stage is to test comprehensively all external communications

(Trials stage 2) (operator, file handling, etc.) as thig will make all further testing easier and more
straightforward. Also anything that will aid later processing should be tested (self-
checking routines, reconciliations etc.). This stage can be broken down into a number
of short independent runs, some of which may require a certain amount of temporary
alterations to the program.

Extensive The majority of the paths through the test unit are tested using correct trial data.

(Trials stage 3)

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

(Trials stage 4)

Complex The purpose of this stage is to test combinations of data and circumstances and

(Trials stage 5) generally to fully test the program using a volume of mixed data.

Cycle The main file is cycled if applicable.

(Trials stage 6)

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 of modular testing, the objective being to reduce tasks to smaller more manageable units which can
thus be performed more efficiently.

There are three methods of using trials stages:

Individual 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.

Incrementive testing The first stage is tested and when it is working correctly, all 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 results either manually or by using a standard program.

Decrementive testing In testing the first stage, the complete set of trial data is used. Thus further testing
may be gained without detracting from the purpose of 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 collectively correct. Alternatively, the stages may
be retained and re-tested at every trial.

There are two overall methods of 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 of 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 of the suite. This latter method demands tremendous foresight in the original trial data design and also
obviously prolongs the testing of the suite as testing is in series. In the first method, testing is mainly in parallel
and discrete entities of trial data are easily designed, so is thus'the more common method of 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 of trial data to test his program fully, the
basic guidelines for the trial data should be designed at this stage. Basic combinations of circumstances and
sequence of events to be tested should be defined. From this initial design, the programmer should be able to
develop the full detailed set of 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 of installation.

The final detailed set of trial data must aim to test the program fully. Within the limits of practicability, every
single instruction and path in the program should be tested, although in fact it is the variations of conditions and
combinations of 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 of 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 of testing down into a number of
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 virtually émpossible and probably unnecessary to test every possible
combination out of the full set of 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 of the file housekeeping and security system for trials will depend to a certain extent on the installa-
tion and the type and size of the project.

File housekeeping means the maintenance of 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 of it,
since unnecessary references to files and programs are eliminated. Because of the continuous updating process
during trials this will be fairly frequent.

Security means the keeping of duplicate files and programs. The use of these will 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 of 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 of circumstance to be tested, it will ensure that the program will be fully tested.
Thus the onus will not be totally on the programmer, although he will have to design additional trial data.

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

Thus the planning and designing of trials is time well spent.
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Chapter 6 Resource planning and control

ESTIMATING

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

It is necessary for estimates to have a basis which will allow for improvements in future estimating and an
objective assessment in the event of deviations of 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 of work which can be assessed originally and measured
more and more accurately as work progresses.

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

Method of estimating

A recommended method of estimating, which will fulfil the requirements stated above, is to build up the estimate
in stages as detailed below:

1 Assess the work content of the task, in standard units, and independent of staffing. The work content is based
on the number of instructions required to program the task, and the complexity of 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 man-days effort required to complete the task, assuming a
programmer of average ability. The average ability must be defined according to installation recruitment and
training standards.

3 Assess the ability of the programmer assigned to the task and adjust the man-effort accordingly.

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

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

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

Estimates have to be made at different project stages and the amount of information available will 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 will not be very reliable and it is important that all assumptions made
are recorded, and that the estimates are revised as more information becomes available. Further details of the
estimating method are given in Appendix 9.

Summary

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

A formal estimating method helps in training staff to improve the accuracy of their estimates and thus improves
the reliability of the target dates. Without such a method estimates are likely to be subjective and vary W1dely,
and planning and progress coritrol will be ineffective and unreliable.
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SCHEDULING

Scheduling is the establishment of a plan against which progress can be measured. The plan is based on the
estimates of elapsed time and the objective is to schedule in such a way as to make best use of 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 of progress control.

2 If an end date is already fixed it is necessary to establish the resources required.

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

4 If the end date and resources available are both fixed it is necessary to check the possibility of achievement.
5 It is necessary to knuw 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 of course be subject to revision if circumstances change in order to establish 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 of 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 of 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 of 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 of the suite. This will help in delegation of checking
and will ensure more than one person knows the programs and will thus make it easier to reduce the team
towards the end of the project.

Suite testing can be overlapped with final program testing provided that data vet programs are completed.
Allow time for specifying and suite testing.
Schedule known holidays and training.

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

A wn A W N

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

<

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 of resources, both people and machine time, is essential to efficient working and successful
completion of projects. Without careful scheduling there will be inefficient use of 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 of progress control depends on the feedback of actual events against a plan; the plan therefore forms
the basis of control.

WORK CONTROL

Control of programming work is necessary in order to ensure that the quality of 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 of effort can be avoided. These two aspects of control, that
is supervisory and progress, are essential activities of any programming supervisor although the amount of
supervision will vary according to the experience of the team members, and the degree of progress control will be
dependent on the size of the project or installation.

Supervisory control

There are four main objectives of supervisory control:

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

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

3 To ensure that all work produced conforms to the standards in use.
4 To ensure staff receive suitable practical training.

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

Progress control

There are several objectives which have to be considered in any system of progress control:
1 Recording of all estimates which form the basis of the plan.

2 Recording of the plan which forms the basis of control.

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

4

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

5 Revision of estimates and plan so that progress reporting is realistic.
6 Objective assessment of programmer performance.
7 Collection of 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 of 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 of forms on which
the various elements concerned in control can be recorded. This system has been designed so that different levels
of control requirements can be implemented, and the degree of control can be increased by introducing the

next control level.

CONTROL LEVEL 1

The use of three forms gives a very basic work control which allows recording of program estimates and feedback
of actual progress against planned, and also provides check lists of tasks. This level of 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.

CONTROL LEVEL 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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CONTROL LEVEL 3

Two forms are added to Level 2 to allow the exact recording of actual effort and trial time and therefore provide
a more accurate assessment of 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 of statistics and updating estimating standards.

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

Summary

Control of 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 than just checking, recording and reporting, since in addition to the assessment of current progress
and the taking of corrective action, it must include the prediction of future possible difficulties or delays, and
the implementation of procedures to avoid such occurrences. Any installation needs some form of work control,
however basic, in order to avoid wastage of resources, excessive costs, and panic measures to complete a project.

TRIALS CONTROL

The trials stage of 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 of the trials stage, the
functions and requirements of which have already been designed, as described in Part 2, Chapter 5. This is in
order that control can be exercised and the use of resources optimized. The objective of 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 will vary according to the project and installation. Machine costs alone
are likely to be a sufficiently large element of the total programming cost of a project to be well worth controlling.

Planning

A plan for each turn-round should be established, that is, which stage of testing is to be carried out and what is to
be achieved in each turn-round. This should stay within the estimates of work control (human and computer).
Work control only records the number of turn-rounds and computer time taken each week, and man-effort 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 of trials submission, release of media, and data
preparation, and it ensures orderly testing and avoids waste of computer time. It also ensures that the trials plan
is followed and programs are tested fully.

Some of 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 of these considerations are infinite. Since the prime objectives are to minimize
costs and optimize the use of resources then the control of trials will have to be planned carefully and revised
in the light of any change.

Technique of control

The simplest and best way of controlling trials is by the use of specially designed forms which allow the recording
of 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 of trials, the programmer and overall performances can be evaluated and action can be
taken to avoid delays and waste of computer time. Documentation will also provide a reference and guide for
future projects. '

For medium and large projects/installations it is useful if the programming supervisor delegates some of his
simpler or routine day to day tasks to an experienced programmer. This will leave him more time to carry out
other important duties and also assist in training junior staff.

For details of the recommended control forms and their use, see Appendix 11.

Summary of forms

Bar chart This enables a pictorial record of the estimated and actual progress of testing to be
made. ‘

Testing schedule This aids control over full testing of programs.

Trials submission control ~ This aids control of the submission of jobs by programmers.

Turn-round This aids control of the submission of jobs to the computer.

Tape/disc catalogue This aids control of the use and release of tapes and discs.

Data prep submission This aids control of the data preparation submissions.

Trials log/analysis This gives close control over the programmer’s individual trials.

Summary

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

By careful control, the wastage of computer time and man-effort ¢an be reduced. Trials will be implemented
efficiently and effectively.

An important consequence of these control methods is that less maintenance will be needed.
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Chapter 7 Detailed programming

PROGRAMMING STAGES

Detailed programming from the programming point of view is the main stage of a project. Certainly it tends to
consume a considerable amount of man effort, and is spread over too long a span of 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 of which have checkable end products. This concept of sub-stages is
of benefit to any size of installation or project since documentation is produced and checked at various points

in the main stage, thus ensuring the accuracy of the work and the availability of complete documentation for
maintenance purposes.

The sub-stages

A brief description of the sub-stages is given below and full details are given in the remainder of this section.

LOGIC AND CHECKING

Familiarization with the project

Comprehension of the program specification
Production, or checking, of the outline flowchart
Production of detailed flowcharts

Checking and dry-running detailed flowcharts

CODING AND CHECKING
Coding of the progiram from the flowcharts
Checking of the coding for logic and syntax

Correcting and re-checking of coding

TRIAL DATA PREPARATION

Preparation of detailed trial data

Calculation of expected results

Conversion of data to appropriate media for trials
Checking of trial data

Preparation of trial running information

Production of draft operating instructions
INITIAL COMPILATION
Production of a program free of language errors, that is, ready for trials

Dry-running of coding when necessary

TRIALS
Processing of trial data
Analyzing trial results and correcting program

Checking corrections
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Updating of documentation

Completion of program operating instructions

Advantages of sub-stages

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

Training of 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 of programs.

The production of the relevant documentation is enforced throughout the detailed programming stage and it is of
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 of 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 of staged working and formal document production
but these concepts must be enforced since otherwise there is no effective pronress control, programs are likely
to be inefficient, and maintenance will be an onerous and unnecessarily time consuming task.

PROBLEM COMPREHENSION

It is essential that the programmer fully understands what is required of the program before starting any further
work. To facilitate this understanding it is useful to give programmers a knowledge of the purpose of 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 of 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 of its use in maintenance.

Method of study

It 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 of the problem; after that it is a matter
of 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 of values.

3 The logic of the outline flowchart should be checked carefully.

4 The outline flowchart, list of 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 of the queries must be incorporated into the
specification at this stage to ensure that it is a complete and up to date description of 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.

FLOWCHARTING

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 of the coding.

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

All installations require a programming flowchart standard so that charts drawn by one programmer are
intelligible 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 of coding from a series of scrappy charts but such charts are of no use
in maintenance since they are only likely to be understood by their author. Charts which are drawn from the
coding do not present a clear picture of 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 on a levelled concept; the outline flowchart (see Chapter 5, Program structure, on page 31)
forms the highest level of chart and shows the overall logic of the program. Separate charts are then drawn for any
_box on the outline chart which requires a more detailed solution. This process of expanding boxes to a lower level
of charts is continued until at the lowest level the procedure can be easily coded. The number of levels required

is dependent on the language to be used and also on the experience of the programmer. Standards are also given
for the symbols to be used, box labelling and cross-referencing flowcharts and coding.

Development and checking of flowcharts

The higher level flowcharts, defining the overall logic and structure of 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-contained 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 of thirty to forty straightforward instructions. Consideration should be given to producing the optimum
solution for the main path processing.

The checking of flowcharts is carried out in two stages. Firstly the programmer concerned checks them by using
the technique of dry-running. The data prepared during the program specifying stage is suitable for this task since
it consists of a list of all the different types of data, and combinations of data, which must be tested. The
programmer processes each type and combination of data through the flowcharts to ensure that the detailed logic
is correct, in particular file matching and the setting and testing of indicators. In order to do this a copy of the
charts should be used, and as the data is processed the reference of the particular piece of data should be noted
against each box through which it passes. This will show which paths have been checked and also will help in
correcting the charts if errors are found. A separate record should be kept, cross-referenced to the charts and the
data, of the state of 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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Summary
This method of 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 of the program and thus the system of flowcharting
facilitates the division of a program into relatively self-contained routines either for modular programming or
for segmentation.

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

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

CODING

Coding forms the basis of the computer program and its production is therefore automatically enforced. There
are however many different varieties of coding ranging from the completely unannotated and very complicated
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 also necessary
to enforce some degree of checking to avoid wastage of computer time and to ensure that the coding is of 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 of the programming language. All routines should be written in as straightforward a way as is
compatible with reasonably efficient use of the store and time.

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

A record of switches and indicators which affect the flow of 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 of 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 of 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 of the coding is reasonable from the point of view of 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-checked and it must be ensured that all documentation is updated.
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Summary
The use of coding standards improves the legibility of the program and makes it easier to follow.

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

One very important point to be remembered is that a balance between the efficiency of 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 of such a program to delay an entire project.
Moreover this type of program always requires more maintenance effort.

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

TRIAL DATA PREPARATION

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 will enable quicker and more accurate analyses of trials.

Preparation

The programming supervisor will already have designed the basis of the trial data. This will have been recorded
on a testing schedule as outlined 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 overall trial data plan should be checked to fulfil its purpose of completely testing the program. Particular
points to note are the limits of items, the different settings of 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 usually prone to numerous types of 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 allowed for as such. Without good trial data, the quality
of a program cannot be evaluated.

INITIAL COMPILATIONS

Initial compilations warrant special consideration in their own right. The objective of initial compilations is to
discover and correct all 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 of 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 of warning flags. All 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 of logic otherwise machine
time may be wasted in running trials. A compilation listing is probably a better aid to dry-running the program
than the coding sheets. Thus it is worthwhile allowing several runs for initial compilations before trials commence.
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DRY-RUNNING

Dry-running is a way of testing a program without using the computer. It consists of preparing test data, applying
this to the coding, noting the result of 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-effort
but gives a degree of security in predicting the amount and cost of machine time and man-effort for trials.

Machine costs normally form a substantial part of 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 of progressing program
testing with increased efficiency and allowing more effective use to be made of machine time.

Much will depend of course, on the installation. 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. All loops and coding containing modifica-
tions, counters, setting and resetting of 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 of the project.

Technique

When a program is dry-run ideally there should be a compilation listing and an edit of the trial data which is going
to be used for at least some of 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 of store usage, for e){ample
work areas, bit indicators, decimal counters.

Summary

Dry-running usually uncovers several errors in a short period of time, any one of which would cause the trial to

be abandoned. It also refreshes the mind of the coder as well as giving an understanding of the program to more
than one person. This can be valuable if there is a high turnover of programmers. As much of 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 if trials are held up due to lack of 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 of the testing process which can reduce some of the frustrations of
testing on the machine and of running into trivial errors which jeopardize progress.

TRIALS

The objective of 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 of any environment changes.

To ensure smooth running of trials, regular file housekeeping and security runs must be performed. Associated
maintenance of records of 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 of 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 should never be underestimated.

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

Each programmer is responsible for the preparation of his program for trials, and for the production of any para-
meters relating to the amendment, compilation and trial of 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 of 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. If
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. If an amendment is large and V1sual
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 of intention and detail and must be examined for possible ambiguities of
interpretation of 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 of programming work. A rotational system of checking is usually impossible to
implement; the job of checking should go to whoever in the team is suitably free. Programming errors should be
minimized by bringing errors to the attention of the whole team. Stricter checking measures may have to be
taken if there are too many of one type of 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 of 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 if 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 of the trial, analysis, corrections and comments for the following four reasons:

1 This will provide a comprehensive resumé of the progress of the program which can be useful in the later
"stages of testing to remind the programmer how and why he did certain things.

2 This will be most valuable if 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 of 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 usefulness of a diagnostic and its
effect of increasing the trial time (especially printing time) by careful consideration of positioning and frequency.
The position should be reviewed after each trial. The objectives are to aid analysis and reduce the number of trials
needed.

Summary

The programmer and his supervisor must be satisfied that all the trials will make effective use of the computer.
For each program trial the following tasks should be carried out:

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

All amendments should be properly checked.

All 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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OPERATING INSTRUCTIONS

Operating instructions are the means by which a programmer can inform the operator how to run the program.
They must be as full and informative as possible and written in such a way that any operator can follow them
easily and as a matter of routine. They are needed as a reminder, even if 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:

PROGRAM NAME

The mnemonic name of the program.

PROGRAM DESCRIPTION
The title of the program.

ESTIMATED RUNNING TIME

Total running time of program. The estimated running time will always be given for one-off jobs. For productive
jobs, running time is best shown as a function of input volume, for example, minutes per 1,000 cards if punched
card input.

CORE

The amount of core storage required.

PRIORITY
The program priority, if applicable.

SOFTWARE ENVIRONMENT

Details of the operating system required.

PERIPHERAL REQUIREMENTS

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

MESSAGES

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

OPERATOR ACTION

All the instructions necessary to run the program. Alternative entry points, selective switch settings, should be
indicated. If, for example, long periods of 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 of the program should be documented. These. are
most commonly:

Unusual messages
Program failure
Restart procedures

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

The operator must be informed of the necessary action if the program fails.
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If any provisions exist for dumping and restarting the program, the operator must be informed of what action to
take:

1 As each point is established.

2 If there is a major interruption to the program.

PROGRAM DOCUMENTATION FILES

The file contains the complete documentation of the program. This documentation is produced and updated
throughout the development of the program and therefore little effort is needed to gather this together. It is
most important in any size of installation to file 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 file must contain the following documents:

Amendment record

Contents list

Program specification

Supporting documentation

Outline flowchart
Detailed 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 filed.

Method of production

During the trials stage the programmer must collect the available 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 next job.

Maintenance

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

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

It is helpful if 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 of implementing a project, that is, suite testing and final documentation.

SUITE TESTING

There are three main stages to suite testing:
Programmer devised linked trials

Systems trials

Quasi-operational trials

The objective of suite testing is to produce a correctly working suite of programs. The degree of 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
of the system.

The amount of suite testing envisaged for a project must be planned in advance and adequate control procedures
must be prepared.
Programmer devised linked trials

The purpose of 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 of the programming supervisor.

The volume of trial data will be small and is specially written to suit the requirements of linked 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 of the individual programs. The linked trials should be designed
to cycle the main file if 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 parallel 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 of 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 of quasi-operational testing.

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

Quasi-operational trials

There are two stages to quasi-operational trials:
1 Pilot runs

2 Parallel runs

The former are run after linked and systems trials have been 100% successfully completed. The suite is run on a
larger volume of data, which should mainly consist of genuine data. The purpose of this stage is to familiarize
clerical staff with the handling of data and printed results, to validate any files which may have been set up prior

4202(4.70) 53



to operational running, and to familiarize the operators with the job under semi-operational conditions. Any
remaining program or systems mistakes should be uncovered by the larger data volume and particular combina-
tions of data.

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

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

Summary

If 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.

OPERATING PROCEDURE GUIDE

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 co-ordinate
different viewpoints and snags arising from the job, 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 of operational processing.

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

Contents

There are a number of considerations for inclusion in the document:
Miscellaneous information—names and numbers
Background information—details of each program
Operating details

Expected occurrences during run

Detailed data information

Results and other output

Intermediate files

Controls security

Details of any decisions that may have to be made
Details of all typewriter messages

Program failures

Related programs

Preparation

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

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

USER PROCEDURE GUIDE

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

Computer jargon must be avoided, since the guide is for non-computer personnel, and specialized computer
terminology will only cause confusion. The more important subjects to be included as as follows:

Objectives of the system

Tasks to be performed, responsibilities and work-flow

Copies of all data forms and detailed instructions on how the entries are to be made
Submission of data, for example timetables, batching instructions

Collection of results, for example timetables, dispersal

Interpretation of results including error reports

Correction of 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 of 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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Chapter 9 Maintenance

Maintenance is the incorporation of 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 of maintenance which any project will require will depend to a large
extent on how the project was orignally implemented. If formal agreement was not obtained at the appropriate
times, or if changes were made without consultation, then there are likely to be many armendments to the system.
If 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 of 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 a joint responsibility of systems and programming, particularly with regard to system
changes. Requests for these changes are raised by the users of the system and it is a systems function to establish
the requirements and priorities of each change. The effect of the change, the man-effort 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 of 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 of 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 of prime importance that
these files are updated to reflect any amendments made. The provision of this documentation allows the
maintenance tasks to be allocated more flexibly and avoids total reliance on the original author.

Methods

There are several ways to organize maintenance arrangements from the programming point of 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 of
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 of spreading the load of work over several
staff and also avoids relying on a single individual. The disadvantages are that amendments may affect new project
work or that implementation of 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 of such a support team. The
advantages of using a maintenance team are that amendments can be incorporated without disturbing work on
new projects, and that staff with the appropriate skills 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 of 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 of staff but does not ensure any continuity of knowledge
of projects, since changes will tend to be given to the original author.

Summary

Maintenance is a function of any computer installation. The amount of effort involved will depend on the way in
which the project was originally implemented and the stability of the user organization. Whatever the situation,
allowance must be made for some effort to be expended particularly when scheduling new projects. Maintenance
work must be controlled very carefully and all changes agreed, checked and tested. The penalty of allowing
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-effort and machine time will be required.
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Appendix 1 Outline suite specification contents

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

1

Background of the job

A general description of the organization or department for which the job is to be done, and in particular of
those areas and procedures which the job will affect.

The job to be done
A statement of the principal tasks which constitute the job and an explanation of the need for the tasks.
Data

A description of each type of 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.

Results

A description of each type of 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.

The job in operation

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

Organization for 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 of the purpose of each program should be included if this cannot be made clear on the chart.

Processing

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

Reconciliations required

Restart and rerun requirements

Formulae for calculations

Uses of codes and table information

Decision tables

Special actions to be taken for particular conditions
Take-on procedures

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

Future extensions and enhancements

Details of 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 of the suite if circumstances change.

4202(4.70) 59



10

1

12

13

14

Initial implementation estimates

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

Preparation and running times

A summary of the times when results are required and when data must be supplied, and estimates of 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.

Preparation and running costs

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

Glossary of terms

An explanation of any terms used which are unlikely to be self-explanatory.
Appendices

These include:

File and print layouts

Specimens of pre-printed data forms

Specimens of pre-printed results stationery

Examples of printed results

Details of subjects referred to in other sections
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Appendix 2 Systems specification vetting

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 of file items

Derivation of 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

DATA DESCRIPTION

File description

The purpose of the form is to give an overall description of a file. 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 of associated records. This form is used to describe
both existing files and the files required by the proposed system.

VERSION

All files which contain the same information but whose records are in a different sequence are regarded as
different versions of 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 of this system obviates the necessity to repeat detailed descriptions of the file.

SEQUENCE PRODUCED

This describes the order in which data is held on the file. This may be in the form:
IMMATERIAL where the sequence is of no relevance.
RANDOM where the file is in true random order.
ONE ONLY 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).

MEDIUM
The medium on which the file is held: ledger cards, magnetic tape, etc.
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TYPE

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.)

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

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

SIZE OF FILE

The size of the file is normally expressed as the number of 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 of records.

RECEIVED FROM/SENT TO

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

FREQUENCY PRODUCED
For an output file it is necessary to specify the required frequency of production, for example, weekly, daily.

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

CONDITION

The condition which gives rise to the production of results is stated. The statement generally 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 of
record comprising the file,

ITEM CODE NO.
A unique code number may be given to each item or group to facilitate future reference.

IDENTIFIER

Here is inserted the name of the record or item or item group.

LEVEL
A numerical value is used to show the hierarchical relationship of items within the form.

PICTURE

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

OCCURRENCES

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

Y REF. (ITEM DERIVATION FORM REFERENCE)

Where it is required to add further descriptive information, for example the calculations required to arrive at the
value of the item, the reference number of 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 CODE

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

ORIGIN OR METHOD OF CALCULATION

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

SEQUENCE AND CONDITION

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

ASSOCIATED ITEMS

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

OUTPUT DESCRIPTION
The output analysis chart shows all output documents and details of the fields to be included in each document.

The names of the documents are listed on the left hand side of the chart together with a note of their frequency.
All elements of data that appear on any report are listed across the top of 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.
) for information derived from source documents.

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

PROCESSING DESCRIPTION

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

Processing may be described in one of 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 will depend on the method being used, (see pages 68 and 69) but whichever form is used the
description should be quite unambiguous. The descriptions will utilize the unique references from the data
description and standard mathematical and logical operators.

SUMMARY

The systems specification forms are designed to present in a clear and unambiguous manner those facts required
by the suite designer:

66 4202(4.70)



All input, by type and times of 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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Appendix 3 Decision tables

Decision tables provide a concise and easily understandable method of 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 of 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
conditions but are still applicable, though no more efficient than other methods, to cases where actions are
applied serially without intervening conditions. )

STRUCTURE OF DECISION TABLES

A decision table consists of 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 of 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 I 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 of 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|NININ
Article on order? Y |]Y|{N|[N]JYJ]Y [N [N
Permission to issue article obtained? Y IN|JY|NJ]JY |N]JY |N
Apply for permission to issue article X X X
Issue article X X ‘
Reserve article X X1X (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, if the following 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 following 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 exampie 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| Rule| Rule| Rule| Rule
1 2 3 4 5

Article in stock? Y |]Y|N|N|N
Article on order? - 1=-1Y Y |N
Permission to issue article obtained? Y IN|]Y |N]|-
Apply for permission to issue article X X ﬁ{
Issue article X
Reserve article X[1X |X
Reject request X

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

Rule| Rule| Rule| Rule| Rule | Rule] Rule

1 2 3 4 5 6 7
Condition A is true Y|Y|]Y|N|N/I|NI|N
Condition B is true Y[ N|INJ]Y|Y |[N|N
Condition C is true - Y| N|J]Y|N]JY|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{ Rule| Rule { ELSE
1 2 3
Condition A is true Y |NI|N
Condition B is true NJ]Y N
Condition C is true N|IN]Y
I
Perform subroutine ZA X
Perform subroutine ZB X
Perform subroutine ZC X
Perform subroutine ZERROR l X

So far the order of 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 of signifying which actions are to be performed first is needed. One method is to assume
that actions are performed in the order they are listed in the action entry. Thus in the first example permission
to issue the article would 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 of two or more rules is of no significance they are given the same number.

For example, a rule 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
Perform action B
Perform action C
Perform action D
Perform action E

W H NN - W

Perform action F

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 of 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 of decision table, known as extended decision tables contains only part of the conditions and
actions in the stub, the rest being in the entry part of the decision table:

Example
Rule [Rule|Rule |Rule { Rule | Rule { Rule { ELSE

1 2 3 4 5 6 7
Record type = A JA|A]|JA|B |B |B
Total : 100 . I |2z |2 |2
Adjustment type =10{>30|<10|=25| - |=45|=35
Perform subroutine ZA |ZB |ZC [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 of decision table, mixed entry decision tables, is a combination of limited and extended entry
tables.

Example
Rule | Rule | Rule | Rule | Rule | ELSE
1 2 3 4 5
Calculate indicator set? Y Y Y N
Number of figures = 1 2 3 4 0
SetP= A® | A+BO| ABD| ABO
SetZ = 09 | 09 | c® | c+D®
Calculate R=P2.Q? x@ x@
Calculate R=P2 +Q? x@ x@
Set R=0 x@
Set R=999 x0

Notice that because of the extended entry form it is no longer possible to signify the order of actions by the use
of 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 of each relevant box.

CONSTRUCTING AND CHECKING DECISION TABLES

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 of linking 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 following
technique.

The maximum number of rules for any decision table 2"
where '

n is the number of 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 of Y’s = 27

2 .
Male? 1y]y|Y|y|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? Y|Y|Y{Y|{N|N|N|N
Skilled? IYYNNYYNN
This continues until the condition entry is complete.
Rule|Rule |Rule| Rule| Rule | Rule| Rule} Rule
1 2 13 |41]5 6 |7 |8
Male? Y | Y|]Y]Y|NJN]J|NI|N
Skilled? Y| Y|[N|N|]Y]|]Y |N|N
Age =257 Y| N|[Y|NJY [N]JY|N
5% bonus
10% bonus
15% bonus

Considering each rule in turn the action entries can be completed. This 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 of the rules is impossible the situation might now be:
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IRule Rule |Rule [Rule [Rule | Rule jRule { Rule
1 2 |3 (4 ]5 6 |7 {8
Male? Y | Y{Y]Y |N]IN|N|N
Skilled? Y|Y|NI|INJY]Y ININ
Age > 25? Y[N|Y|N]Y|N]|]Y|N
5% bonus X X | X
10% bonus X X

15% bonus X 1 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
ong, 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 |YI|N|N]J|N]I|N
Condition 2 Y|]Y|N|NJ]J]Y]Y |N|N
Condition 3 Y| N]JYI|INJ]J]YI|INJ]JY !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 containsa 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 X X | X
Action 2 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 hasa Y and rule 3 an N. Therefore these two rules can be combined resulting in the
following table:

Rule| Rule|Rule
1 2 3
Condition 1 - - —
Condition 2 Y [N |N
Condition 3 - I N }|Y
Action [ 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 ) 6
Male? Y |Y|Y|N|N|N
Skilled? Y IN|IN}]Y Y |N
Age>257 - 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 = l A | B |

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

Record type = I Alal|B]|sB
total : 100 <l=21= #

Conditions are further applied until all condition entries have been completed.
Record type = Alalalal|s]|B|B
total : 100 <l<|=l=|=|%#]%
Adjustment type =101 >301<101 =251t — | =451=35

If at any stage a condition does not apply then a dash (-) is inserted and the number of 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 the following types of errors.

Contradictions

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

Redundancies

Redundancies in the action half of 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 of limited
entry tables are revealed on simplification of the table; any condition with all dashes in the entry quadrant is
redundant. Extended and mixed entry tables must be inspected for this type of 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 of 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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Accuracy

The stub entries should be checked for accuracy, particularly to ensure that limited entry tables conditions admit
exclusively to a yes or no answer and that the question is phrased correctly.

APPLICATION OF DECISION TABLES TO PROGRAMMING

There are two different approaches to using decision tables for program specifications. The first uses flowcharts
and a written account to specify most of the program, using decision tables only for particularly intricate
processing details. The second uses decision tables to specify the majority of 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 of linking 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

3
Action stub Action entry

The control can now be transferred to another decision table by making the last action of a table
GO TO tablename
where tablename is the name of the decision table containing the required conditions and actions.

The control does not return to the first decision table (unless of course the second table includes this action). It
is imperative, then, that the transfer action is the last action of 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 will cause another rule to be performed and will eventually lead to an exit from this table.

The second method of linking decision tables is to incorporate in the action stub of the first the action:
PERFORM tablename

where fablename is the name of the decision table containing the required conditions and actions. The last action
of this decision table will be

EXIT

and the control will return to the action immediately following ‘PERFORM tablename’, 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 of 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 of 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 of obtaining coding because of the decrease in writing and testing time.

If 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 of 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 of test instructions,
Communications of the ACM, Vol. 6,No.8, Sept. 1963, p 510-514.

Montalbano, M. Eglers procedure refuted, Letter to the Editor, Communications of the ACM, Vol. 7, No.1,
Jan 1964, p 1.

Pollack, S.L. Conversion of limited entry decision tables to computer programs, Communications of the ACM,
Vol.8,Ne.11, Nov. 1965, p 677-682.

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

Sprague, V.G. On storage space of decision tables, Letter to the Editor, Communications of the ACM, Vol. 9,
No.6, May 1966, p 319-320.

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

Further details of 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, P.J.H. Conversion of decision tables to computer programs by rule mask techniques, Communications of
the ACM, Vol. 9,No.11, Nov. 1966, p 796-801.

Kirk, H.W. Use of decision tables in computer programming, Communications of the ACM, Vol. 8, No.1,
Jan. 1965, p 41-43.

Veinott, C.G. Programming decision tables in FORTRAN, COBOL or Algol, Communications of the ACM, Vol. 9,
No.1, Jan. 1966, p 31-35.

Veinott, C.G. More on programming decision tables, Letter to the Editor, Communications of the ACM, Vol. 9,
No.7, July 1966, p 485.

SUMMARY

Decision tables provide an extremely powerful aid to program specifying because of their simplicity and wide
application. Even if 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 of their format, fewer errors occur, thus reducing
testing time in spite of the extra time needed for compilation.
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Appendix 4 Data security

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

The primary concern of data security is the recovery from errors and the detection and prevention of errors.

ERROR RECOVERY

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

1 System level recovery
2 Program level recovery

3 Device level recovery

System level recovery

This consists of the procedures required to recover from any loss of 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 of file reconstruction and back-up facilities.

Program level recovery

The primary objective at this level is to minimize the loss of processing time caused by any permanent error.
This might involve, for example, periodic dumping of intermediate results from a program to permit it to be
resumed at a point immediately prior to the occurrence of the error. Techniques exclusively concemmg 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.

TYPES OF ERROR

The principal sources of error are:
1 Hardware (including media)

2 Software

3 Operator

4 Data

5 User program

Hardware errors
There are two types of hardware error:
1 Transient hardware errors

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
of an unsuccessful input/output operation or calling for brief standard operator intervention. This type of 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 of program level and system level error recovery. Examples of 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 of such a constraint is the re-run dump cycle in a tape system. Re-run dumps are taken at predetermined
intervals (at end of reel of output, every six minutes, every 10,000 records, etc.). The length of the intervals
represents the maximum amount of 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 of system design the user
and the systems designer should collaborate to produce a set of 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 of a system. Such an interruption
will, therefore, be deemed a program error, caused either by faulty programming or inadequate systems design.
Errors can, of 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
of 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.

ERROR DETECTION

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 of special programs which perform periodic checks on the integrity of 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 of 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-exchangeable random access rhedia it may be prudent on large fixed files to accumulate details of detected
crrors. An analysis of the occurrence of these can give advance warning of failing or lower reliability than normal,
to enable re-organization or relocation of the file to be effected in advance of actual failure.
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Program level detection

This section is restricted to a summary of the more important techniques and certain adaptations specifically
applicable to files on random access media. Technical details of 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 of the advantages of 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 of strategic amounts, and on updating runs running totals of 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 re-organization
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 of 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 of an occasional
reconstruction run.

FILE PROTECTION AND RECONSTRUCTION

These are, respectively, the procedures involved in preventing data loss or corruption, and reconstituting data in
the event of a loss occurring. These constitute the important consideration of 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 of 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 of time during the processing of a master file one can consider the file as consisting
of two distinct parts: one part being completely processed and the other being completely unprocessed. If this
point of division is identified by noting the physical point of alignment of the master file(s) before abandoning the
run of a program for any reason, the program can be recommenced from this point. By periodically noting this
point of alignment throughout the processing of a file, any section of the processing can be repeated in isolation.

RANDOM ORGANIZATION

With the random updating of a file on a direct access device the problem is quite different. While the logical
classification of 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 of a single record might be spread out

in stages over the entire course of updating, the sharp distinction of updated and not updated records is not clear.
Thus it may be necessary to devise a system whereby each individual act of 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. If the sequence of 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 of 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 of the original input data.
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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 of equipment necessary for normal operation of any system becomes inoperable for any significant
period of time. The importance of considering back-up in systems design cannot be stressed too strongly. How-
ever reliable any piece of equipment may be, it is bound to fail some time, and although the average frequency of
such failure can be predicted, the individual occurrence cannot. It is the systems designer’s function to ensure
that the ensuing disruption of service is minimized.

HARDWARE 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 of 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 of failure of 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 of equipment. This may consist of the negotiation to have the system run on another
machine with a similar configuration or it may consist of no more than awaiting the repair. However simple the
procedure, it must be established before a failure occurs.

DATA BACK-UP

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

Sorted Master file
transactions (brought forward)

|

Update 7~ -
master
file £

Master file

Results
esu {carry forward)

Figure 1

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 of the master
file. By retaining the input to two or mote cycles, called the Grandfather, Father, Son system, the latest version
of the master file can be reconstructed at any time. The degree of security is in proportion to the number of
cycles retained. The value of this must be off-set against the additional cost of the storage medium and the off-
line storage room.

A particular aspect of this system is that for files held on random access media such retention is wasted unless the
different versions of the file are held on different data packs, otherwise a single accident could destroy the total
reserve of 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 of updating, but a
copy of this file can be retained. The frequency of making this copy will depend upon the size of the file, the
length of reconstruction run acceptable, and the degree of security required. For example, if a file is copied
before every six runs of the updating program, the cost of producing the copy will be about one sixth the cost of
copying it every run, but the length of 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 of 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 of the file and subsequently keep a copy of each record updated.
Periodically the updated records could be merged with the master copy.
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Copying a main file usually provides an ideal opportunity for file re-organization and restructuring. It is also a
good opportunity to carry out overall reconciliation procedures which cannot be done during random processing.

SYSTEMS BACK-UP

Figure 3 illustrates an example of systems back-up, bypass and reconstruction procedures on magnetic tape of a
random-oriented 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. If so, an alternative processing
scheme to permit the system to continue functioning must be designed. At 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 of other work.

Summary of reconstruction techniques

File reconstruction techniques should be established at the inception of the system design stage. The reconstruct-
ion techniques should include an allowance for:

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

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

3 inability to copy a back-up file to random access because a hardware failure caused faulty recording of 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 of system, software and hardware factors.

System protection will take the form of the planning of intelligent file allocation between devices and disc packs.
Special care must be taken to maintain the safety of operational files on fixed disc from corruption by operator
error or program testing failure. .

Software protection includes the comprehensive label checking which is a standard part of the executive systems.
Further checks are built into the file handling software preventing any program error from rendering a file
unreadable.

4202(4.70) 85



Back-up Vetted
file trans-
actions
- > 1 L
< » 10T
3 MT
Load file
onto disc
4
y MTorD MTorD
. Update Sort
Fixed master file transactions
disc {random access) to master
file order
MT MT
Updated Sorted
records trans-
actions|
2 MT MT | MT
Sorted updated Update
records to master file
master file (serially)
order
Sorted log of updated MT mT
records (changes file)
MT MT
y
Update
back-up
file
(serialty)
MT
1 Normal updating procedure
2 Back-up procedure
3 Disc file reconstruction procedure
4 By pass procedure
Figure 3

86

4202(4.70)




Hardware protection takes the form of copying files. An advantage of 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.

ECONOMICS OF DATA SECURITY

No generalized rules can be proposed to govern the selection of data security procedures, but this section
summarizes the factors which will influence the decision.

The overriding factor that determines the selection of a specific system is cost. The systems analyst must evaluate
each method in terms of money, because each method requires the use of computer time (reducing through-put)
and additional off-line storage media (requiring additional capital investment). The ultimate selection must be
justified in terms of the amount of computer time that would be wasted if no recovery mechanism is included in
the system, in terms of maximizing the amount of productive computer time available, as opposed to alternative
methods, and finally, the selection must be justified in terms of the service which the computer installation
provides the organization.

Immediate cost of error recovery

ADDITIONAL PROGRAMMING

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 of the work, the planner should
investigate whether the subroutine can be packaged and used by all programs.

ADDITIONAL CORE STORAGE

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 of the independent recovery programs.

INCREASED PROCESSING TIME

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 of processing time required for the
independent program.

ADDITIONAL OFF-LINE STORAGE

Each error recovery scheme should be evaluated in terms of 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 of back-up copying.

ADDITIONAL DEVICES

Each error recovery scheme must be evaluated in terms of the number and kind of additional devices required
per program. For example, the use of a log tape requires the allocation of 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 of lack of devices on-ine.

Continuing cost of error recovery

REDUCTION OF THROUGHPUT

Any error recovery scheme requires a percentage of the total computer resource. The planner’s function is to keep
this percentage down to a minimum, as well as to maximize the amount of processing per record.

OPTIMUM LENGTH OF THE RECONSTRUCTION CYCLE

The length of the reconstruction cycle is in proportion to the process of reconstruction. However, a short
reconstruction cycle must be run frequently. The optimum balance must be established in terms of the device

being used.
L]
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DESIRED LENGTH OF RECONSTRUCTION DATA
The planner must evaluate the cost of having to maintain several generations of reconstruction data against the
cost of having to reconstruct data manually.

Other factors affecting error recovery

MULTIPROGRAMMING

On systems with few input/output devices and a small amount of 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.

PROGRAM STREAMING

Because programs within streams may pass files to their successors within the stream, the analyst should investigate
the possibility of using a common log tape. This is possible when a program stream consists of 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.

SHARED FILES

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 of day to the image of the updated record before writing it to a log
tape.

SUMMARY

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 of data resulting from:

Acts of God (fire, floods, earthquakes etc.)
Equipment malfunction
Program error

Operator error

88 4202(4.70)



Appendix 5 File design

The term file design may cover many topics, from the basic record/block structure of a magnetic type file,
through the efficient design of a conventional master file, to the specification of 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 of files on the basis of logical design rather than historic accident. While this appendix lays out
the fundamentals of direct access file design no attempt is made to duplicate the wealth of 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 of the possible options. There is no attempt, however, to
give that basic knowledge required of anyone working on this subject, that is, a thorough understanding of 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 of 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
of peripheral transfer with processing

2 To maximize the use of the available resources

These two aims are usually mutually incompatible and the art of file design is to choose the most acceptable
compromise, based on a knowledge of the volumes of data involved.

Further care must be taken to achieve consistency across the whole suite of programs. A file should not effect an
economy in one program at the cost of great inefficiency in all the others. The frequency with which the file is
used in the various programs constituting the system must be considered.

THE CONSIDERATIONS OF FILE DESIGN

The basic considerations of file design are:

1 The selection of an appropriate medium

2 The position, relationship and format of each data item
3 The ability to exercise control over the file

4 The ability to reconstruct the file

Choice of medium

Two types of file are considered here: those which communicate transient facts between programs, and those
which maintain the basic data of the system. In either case the choice of medium usually becomes a choice
between magnetic tape files and disc files.

The mistake is sometimes made of thinking of randoin 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 of magnetic tape, because of 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 of 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 of any block. To
change anything on a magnetic tape file the whole file normally has to be rewritten, from the point of change
onwards.

On random access devices three facilities alter the approach to the organization of processing:

1 The read/writé heads can traverse the whole extent of the device in a very short time (on most devices this
time is less than 150 milliseconds)
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2 Each block of data can be directly addressed and accessed by the hardware.
3 The constant rotational speed is sufficiently accurate to allow the overwriting of 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 of random access devices is the ability to update several master files with one pass of the
transactions, as the number of files per device is no longer limited to one.

The advantages of direct access processing are not without a cost. Sequential storage with indices may require
mutliple accesses to locate a record and incomplete packing of 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
of 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 of the file then depends on the determination of the position of each item of data in the file, relative to
the position of the other items of 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 of
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 of 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) of the program. The control
of files is described in the appropriate reference manuals.

File reconstruction

All files must be capable of being reconstructed in case of loss, 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 will also be
unusable and it will still be necessary to make use of the previous generation. The reconstruction of 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 of different records accessed per run divided by the total number of
records in a file.

The percentage of activity is one of the factors to be considered. If a low percentage of the records are to be
processed on a run, the file should probdbly 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 of the activity is also a consideration. With some methods of 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 of file activity and average hits per access, there exists a break-even 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

Adata processing system which batches transactions or inquiries produces information of diminishing value. The
value diminishes in direct relation to the batching period. The limit of decreasing the batching is reached with
real-time systems. Generally the running cost increases in inverse proportion to batching time, so the value of the
results must be balanced against the cost.
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Volatility

This term refers to the addition and deletion of records to a file. A static file is one that has a low percentage of
additions and deletions while a volatile file is one that has a high rate of additions and deletions. No matter how
the file is organized, additions and deletions are of 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-line at one time must be organized and processed in certain ways. A file may be
so small that the method of organization makes little difference, since the time required to process it is very
short no matter how it is organized.

The growth potential of a file must also be considered. Usually, files are planned on the basis of their anticipated
growth over a period of 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 of devices, rather than by trying to adapt one system to cater for all possible combinations;
and define the layout of all items within the file, considering the provision of adequate file control and file
reconstruction.

BASIC STRUCTURE OF A FILE

The principal considerations of structuring a file are as follows:
The best sequence of records

The necessity for additional information, such as control totals
The access method for direct access devices

The choice of an identifying key for a record

The most effective record layout and size

The manner of holding data within the record

The activity of 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 of the design. He may
make a number of initial standard assumptions and certain overall systems aspects (particular control records,
sequences, etc.) may need to be considered as constraints.

Depending on the accuracy of his initial assessment (which in turn will depend on his experience) the designer
may then have to consider each of the factors listed above and modify the design in the light of this consideration.
General structure

Most serial files have the following structure:
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Files may have records at any number of levels, not necessarily three as in the illustration. It is the task of the
planner to determine the number of levels which the file will require, and where the information being considered
is to fit in a structure of this type. A simple example may help to explain how information may be positioned in
a file to give a structure as illustrated.

EXAMPLE OF FILE STRUCTURING

A company has a number of factories in each of 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 of 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 of information:

1 To identify the file
2 To set up the store prior to processing

3 To be used in calculations applying to all employees, regardless of factory or paying point, (income, tax rates,
etc.)

Level 2 heading record: the factory heading record

Each of these records contains two types of information:

1 To identify the factory

2 To be used in calculations applying to all employees within the factory, regardless of the paying point
Level 3 heading record: the paying point heading record

This record contains two types of 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 of 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 group just processed, and running totals for the
file to date.

If the sequence of 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 of
course two or more records may be used, depending on the size of record decided upon and the volume of
information it is necessary to hold for each employee.

Control records

There are two types of control record: those based on the file structure, and those which are independent of the
structure. The heading and ending records at each level of the file structure can be considered as control records
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of 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 of a higher or equivalent
level is encountered. Similarly, the ending records contain totals which represent the state of the file and of the
group just processed at the appropriate level. Thus the ending record at the highest level will provide overall totals
for the whole file.

Another type of 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 of structure already
described. Information which it is difficult to fit in satisfactorily is, for example, a table of data which has to be
updated at the end of one run from the information collected during processing so that it can be used at the
beginning of the next run for processing. If the file is on a direct access device, no problems should arise. However
on magnetic tape if the table is held at the head of 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 of the file, but this still means that at the start of 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. If 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 of the control fields of the file to the physical location of that
record in the storage medium.

Although a file of 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 of 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 of the input
transaction records or to the order of the reference to records in the 'master file.

One fundamental consideration when organizing information on any medium is the method by whith 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 of locating 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 key 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 individually addressed, and data may be accessed in any specified
track. Records can be addressed in the sequence of 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 of the information because of the difficulty of 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 of pointers. Pointers
may be held to indicate the address (or addresses) of the next record in the sequence. Usually the file is
organized as described under random organization, for random processing. When the file is processed
sequentially, each record supplies the address of the next record in sequence. This technique of the file
organization eliminates the need for an index for sequential processing. Record insertion under this technique
is simplified. For example, if a file 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 of 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 of records
describing the quantities of 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 bill of materials file describing the parts require-
ments for a single product of that product type. Records in the bill of materials file, in turn, may contain
pointers to sub-assembly and parts inventories.

While this method has the disadvantage of often requiring access to a large number of non-adjacent records,
there are certain common applications where any other organization would involve a large number of passes of
the files and a very complex suite of 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 of 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 file for each update. Periodic re-organization 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 of 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 of 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 of 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 of application.
Three types of processing are considered here.

1 REAL-TIME RANDOM PROCESSING

Here each item of 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 of this type and usually external factors
decide if this type of processing must be used.

The other types of 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 of 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 of 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 of head movement time involved in random processing. This factor does not
arise in the case of 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. If the case is
simple though, serial processing is usually faster than random processing unless the activity of the file is less than
about 5%. The advantage of serial processing may however be off-set against the need to sort input data.

If 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 of 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 a job which is basically serial but includes some high priority data, such as enquiries, it may be possible to
combine both types of processing. In particular, if 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, if 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 of known factors which affect the file.

A file structured in levels will 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 of levels.

The sequence of records, if not previously defined, should be decided.

KEY SEQUENCE

A difficulty which the planner may experience when trying to design files is that of deciding what information is
to be used as a key. The key is required to determine the sequence of 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 of the fields to be used to constitute the key is usually determined by the order in which the results
are required, normally, though not always, specified by the systenis analyst. Where all types of 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 payroll example, the records in the master file would be in the sequence employee within paying-point
within factory if the payslips are to be produced in that order and they are the only output required. If 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 of records in the
master file would be most economical.

Example of sorting by keys

An early version of a stock control job deals with spare parts stored in bins in a warehouse. Each part has a bin
number as well as a part number, and the two numbers bear no relationship to each other. Records in one of 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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Thus the choice of key is between part number and bin number, and it eventually depends upon the running time
of the two sort programs. On this criterion suite A is a preferable choice, the dominant factor being the length of
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 of results, a sort program would be unnecessary, giving a considerable saving in running
time, particularly if the job is run frequently.

Contents of the key

The key in any record should consist of items which must be present in the record for other reasons. In the stock
control example, the part numbers must be present, even if they are not part of 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 of 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 of the computer.

Comparison of collating sequences (graphics)

1 2 3 4
System 4 1900 System4 1900 Systtm4 1900 System4 1900

o Space : 3 # - ,

1 £ ; * £ > -

2 < ) % ?

3 < = ; & : /

4 ( > 7 ‘ # @

5 + ? - ( @

6 | Space / ) '

7 & ] L] =

8 ! s , + g

9 %
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S 6 7 8

System4 1900 System4 1900 System4 1900 System 4 1900
A A J J S S 0 [
B B K K T T 1 8
C C L L u U 2 1
D D M M \' A\ 3 t
E E N N w w 4 «
F F 0 0) X X 5
G G P P Y Y 6
H H Q Q Y A 7
1 I R R 8

9

These tables represent the sequence on both ranges, not code equivalents
Summarized the sequence is:
System 4: Space; punctuation and symbols; alphabet ; numbers

1900 : Numbers; punctuation, space and symbols; alphabet; more symbols

RECORD DESIGN

The planner must decide the format and sequence of data items within each record. This decision is very import-
ant, because record layout and block size are major factors in the running time of the job, and small variations
can often have a critical effect upon the running time.

Before starting this stage of file design, the planner must be aware of the possible variations and of 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 of each record.

Data format

Each item of data within a record can be held in a variety of formats. The formats normally available are words,
characters (1900 Series), bytes (System 4) and bits. Each item of data should be considered individually and, by
careful evaluation, the most suitable method of holding this item in the record will be found. A large amount of
space can be saved, for instance, by using a bit to indicate two-way conditions. A 1900 word can accommodate
24 of these conditions and a System 4 word can accommodate 32, one in each bit of the word.

Once each item within the record has been considered the record should be looked at again in its entirety. [t may
well be that what is best for a particular item is not best for the record as a whole. Re-arrangement of the order
of 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 of its records which are processed in any
one run of 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 some jobs
there are opportunities of substantially reducing the amount of 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 of the file carefully, because it exerts a strong influence on the choice of
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 of 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 of 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.

If enough records in the file are active, the extra processing time so incurred will exceed the time saved in input
and output.

The difficulty of working out the ideal record layout for a file of given activity, is increased if multi-record blocks
are used. The distribution of active records in the blocks will almost certainly not be even.

Data arrangement within a record

Data items within a record can be arranged in the following ways:

1 Variable field packing

2 Fixed field packing

3 Integral word packing

4 Combined packing

VARIABLE FIELD PACKING

Each data item occupies the minimum number of 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 of items which is usually 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.

FIXED FIELD PACKING

Each data item occupies a fixed number of characters, which may be spread over two or more words, regardless
of 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 for variable field data.

INTEGRAL WORD PACKING

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 if 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.

COMBINED PACKING

A combination of 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. Almost 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 of
other items.

Sometimes there are other items occurring in each record which are frequently used and which are handled
iidependently of other items. Such items should not be packed without regard to the layout of other items in
the record. This ensures that the time taken for frequent processing is kept to a minimum.

Tt 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-consuming 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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INTERNAL HANDLING FORMATS

To consider the effect of the various methods of holding data on the processing time the manner in which data is -
handled in the computer must be considered.

Computer Internal data handling format
Fixed field (almost Integral word (fixed)
any length) length)

1900 All types

System 4-30 All types

Other System 4 Alphanumeric data Binary values
Decimal data Floating point
Binary patterns Data

Thus it may be seen that on all machines variable field packing necessitates unpacking and packing of 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 well to the concept of holding the items of data within
the record in the form of sub-records. It is a good idea if the data structure of a file reflects the problem structure
of the program. Thus, the data in sub-records should reflect the requirements of individual processing tasks.

An additional advantage of this system becomes evident when amendments are required. If a record is structured
into sub-records, any changes to the file can be restricted to insertion of new sub-records or amendments of 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 of media space of the various methods against the processing and
core requirements, bearing in mind the processing capabilities of the computer.

In order to do this one must consider the manner of holding each data item and the order of the data items within
the record. The activity of a file can be a major factor in determining the size of a record. Data records may be
held on the file in a number of ways. Each should be carefully evaluated as to its advantages and disadvantages. It
is possible that for some jobs a combination of methods will prove to be the most successful in minimizing the
running time. -

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 of the particular program will facilitate any extensions or amendments to that file, as well as aiding the
program structure in general.

BLOCK FORMAT

The next stage in the design of a file is to determine the block layout and the block size. This in turn will deter-
mine the length of the file and consequently the number of reels or disc cartridges required. The block may
contain a single record, two or more records, or a part of a single record and the records maybe of fixed or
variable length. The size of 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 of 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

SINGLE RECORD BLOCKS

This arran'gement 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 of 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.

MULTI-BLOCK RECORDS

Records are spread over more than one block only when some of the records in the file cannot be wholly
accommodated in the input/output buffer area. If records are held on more than one block, the planner should

be particularly careful about the order of 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 will be wasted in the
preservation of the opening balances until the closing balances have been read. Information to be processed first
should be part of 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).

If some of the information in the record is used very rarely, this should in general be held in the last block or
blocks of 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 or just read and
ignored.

For variable field records some indication should be held within each block (other than the last) of a particular
record to show that the same record is continued in the following block. If the record is entirely fixed field it is
of course known in advance how many blocks constitute a single record, and what information each block
contains.

MULTI-RECORD BLOCKS

A block containg two or more complete records is the most common arrangement of blocks and records. In
general, blocks should be as large as space available for the input/output buffer allows. This minimizes reading
and writing time.

OVERSPILL BLOCKS

Deciding the relationship between records and blocks becomes more difficult when the records may vary in
length, especially if the variation is great. For example, assume that the maximum record size is 600 words but
80% of 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 of a continuation block following it. Each continua-
tion block is sufficiently large to hold the remainder of the record. To judge the effectiveness of this system
suppose that the average size of those records less than 361 words in length is 300 words, and the average size

of the larger records is 420 words. Then, for 80% of the records the input/output buffer is filled on average to

%6 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 ‘s capacity.

Thus the effective usage is:
80 54 20, 2 1 . 100%
120 6 120 120 6

which gives 75% usage of the input/output buffer.

If the alternative method of making the input/output buffer 600 words in length is used, then for 80% of the
records it is filled on average to % capacity, and for 20% of the records it is filled on average to 710 capacity.

In this case the effective usage is: '

80 1, 20 7
(120 T2 0120 10) - 100%

which gives 54% usage of 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 small
differences both in layout and terminology.

1900 SERIES
There are two methods available.
1 Unbatched records

Record

S

Record

Record
3

SN

N

Each block contains a single record, and each record has a record length (RL) in the least significant 15 bits of
the first word of the record. This length includes the first word.

2 Batched records

AN

Record
1

Record
2

Record
3

%

2

R| Record

Record
5

//

ZL

Va

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 of the block.

SYSTEM 4
There are four methods available.
1 Fixed length unblocked records

N\\\N\

Record

7

N\

Vi

Record

NN

Record

Record

NN

AW

N

All the records are the same length and each block consists of a single record.
2 Fixed length blocked records

NN\

Record

Record

NN

Record

Record

NN

Record

Record

AN\

All the records are the same length but each block may contain several records.
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3 Variable length unblocked records

Record - Record -Record

T
NN
SN
AN

Each block contains a single record, but records are not all the same length. The first four bytes of each block
comprise the block length field (BL), the first four bytes of each record comprise the record length field (RL).
Each of 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 of the record length
field, and the block length value includes the four bytes of the block length field.

4 Variable length blocked records

R| Record | R Record B | R| Record R Record

AN
AN
NANN

Each block may contain one or more records, and the records are not all of the same length. Each block
commences with a block length field and each record with a record length field, as for variable length un-
blocked records.

FILE LENGTH

When deciding upon the way in which records and blocks will be related on a file, the planner will automatically
determine the length of the file. If the block size is small, the additional number of blocks and interblock gaps
increases the length of the file. The following example illustrates the effects on the physical file length of packing
80 byte records into different block sizes.

80 — byte blocks

320 — byte blocks

800 — byte blocks

1 2 3|41 585|617 819 10k//////////4H 1211314 16|16 |17 {

- - v Y ——
Block Interblock gap Record
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If a file occupies more than one reel of magnetic tape the additional overhead of time taken to rewind and change
the reel will be added to the file passing time. This overhead can be avoided providing there are sufficient tape
decks available by preloading the files, that is, loading a reel on another deck before the previous reel has been
completely read.

If the planner has the choice of two file layouts, one of 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 if two tape decks
are available and the point mentioned above will not arise. However, since tape decks rewind at twice the maxi-
mum reading speed, it may be more economical to rewind and reload, if 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 if the file contains several thousand or million 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 of 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 of any processing that may occur so that the
maximum advantage of concurrent working can be taken. Speeds of input 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 of the
nominal data transfer rate (or reading/writing speed), the length of the interblock gap, and the block size, and
may be calculated using the following formula:

Effective data transfer rate =n
— x m characters or bytes/sec
itn

where n is the number of characters or bytes in a block.
i is the length of 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 if other devices are using it. If the other devices have comparatively
few blocks, then timing of the device under consideration will not be much affected, but if they have a large
number of blocks, and write actions on the various tapes in the system are not evenly spaced, then the timing
will be considerably affected. The latter case can influence the design of the file, because in general it allows
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 available.

ACCESS TECHNIQUES
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 of results, so it becomes particularly advantageous to reduce this time wherever
possible. Some methods for achieving this are now described.

INSPECTING GROUPED RECORDS

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 of holding at the beginning of 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. If it is less than the key of the next amendment, then none of 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. If records are short and there is plenty of
store space available, it may be possible to have blocks of 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 of records in each block should be such that a
worthwhile proportion of blocks can be expected to contain only inactive records, provided that this length of
block does not result in an unsatisfactory balance between reading and processing time.

CHANGE FILE TECHN!IQUE

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.

Example of change file technique

A file contains 1,000,000 records, which is used to provide results every four weeks. The average number of
amendments that arises in each four-week period is 200,000. This represents a very large volume of data vetting,
sorting and updating which will almost certainly be spread over the whole period.

If processing is done daily, the average number of records to be processed each day is about 7,000. If 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 of processing.

1 Each of the first day’s amendments (previously vetted and Amendments Master
sorted) is read and the master file searched for the record ‘ file
to be amended. The amended version of the record is l i
written on the change file.
Set up.
change file
Change Reports
file
2 On each subsequent day, each amendment is read, and Amend- Master
applied to the appropriate record. If this record has ments  file
previously been amended, it will be on the brought ¢ l
forward version of the change file; otherwise it will be
on the master file. The newly amended record is P
written on to the carry forward change file. -~ Update
e change file
A
1 !
Change files Reports
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3 After the change file has been updated on the 28th day, Change

it is used to amend the master file. _ f"1
Update - Master file
master file ~
1
1
Results

In the example it is apparent that the change file system offers great economy of running time. In jobs where the
number of records on the master file is not so large, nor the number of amendments so comparatively small, the
planner must estimate the running time of both a change file system and a normal updating system before
deciding which to use for the job under consideration.

DIVISION OF FILES

Another solution to the problem of inactive records is to submit them for processing less frequently than the
active records. This can only be done if it is known in advance which records are and which are not likely to be
active frequently.

Example of division of files

A job is concerned with preparing invoices for a manufacturer’s customers. The number of 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% of the file on each run. However, if 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 of a serial nature. Of much
more importance is the method of 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.

FILE CONTROL

Although computer equipment is increasing in reliability, thus reducing the chances of machine errors, human
errors will always occur, and therefore file control procedures are a necessity for all 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 of control are required in all installations and are not connected with the efficiency of the equipment.

Error checks are riecessary in order to ensure that incorrect data, caused either by a malfunction of the equipment
or, as is more likely, by a fault in the recording medium, cannot be accepted without warning of 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 of programming effort, ensuring more efficient
procedures and standardizing operating procedures. Obviously the software will require standard identification
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for files and will also allow standard error checks and recoveries. More flexibility can be obtained if 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 all data has been processed correctly and consistently throughout a suite of programs.

Protection for direct access files

Two facets of 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 of a file, it will not be unusual for a single disc pack to hold several

files concurrently. Therefore while with magnetic tape accessto a file can be restricted by off-line control of the
spool(s) of tape on which it resides, for a file on disc the problems of 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 initially set up uniquely define the set of 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 of the updating run differs from the file at the start of 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
of distinguishing between a newly-created 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 totally
protected, that is, it is a read-only 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 of random access file protection falls into two areas:
File control

File protection

FILE CONTROL

The most obvious approach to implementing both a file control and a file protection system is to make use of 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 of the program which created it,

and also the program name forms part of the file identifier. The additional information needed to implement
full file control is:

I The number of times the file has been updated

2 The run-number of the last program reading or updating it
3 The name of the last program reading or updating it

4 The sequence of programs which have accessed it

The control system implemented may not need all the information but some will certainly be required. In this
way any program accessing the file may ensure that the file has been updated the correct number of times, or
that it has already been processed by the correct program.

FILE PROTECTION

There must be control to ensure that a file is written to only by certain programs and that a file is destroyed only
after a specified date,

The user labels may contain an indication of 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 of 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 of 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.

106 4202(4.70)



INDEXED SEQUENTIAL FILES ON SYSTEM 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) g --------- {00)16(01)16and(FF)y6 -~---«FF),6 (FE) 4

IMPLEMENTING FILE CONTROL AND PROTECTION

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.

RECONCILIATIONS

The purpose of 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 of reconciliation failure is a program error. Reconciliations should be designed to
detect an error at the earliest point possible, with the aim of minimizing reprocessing.

There are three main types of reconciliation:

1 Validation of the contents of a file held on backing store
2 Validation of an updating process

3 Validation of a calculation process

The first type of reconciliation consists of accumulating control totals as the file is written, recording these totals
at the end of the file, accumulating the totals again when the file is read (either by a different program or, in

the case of a brought forward/carried forward file, by the following run of the same program) and comparing the-
totals held on the file with the newly accumulated totals.

The second type of reconciliation consists of accumulating totals for applied ameri;ime_nts 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 of reconciliation is not normally required in commerical programs. It may sometimes be desirable
when statistics are being accumulated to various positions of a stored matrix to incorporate a check, which might
be the sum of columns (or rows) = control total of input data. This can be considered as an extreme case of the
second type of reconciliation.

Another use occurs when rounding off of individual items is being performed after a calculation and where a
comparison may be made with the result of rounding after the same calculation is performed on the sum of 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 of the files are consistent with the processing that has been carried
out, not that this processing was correct.

Both of the first two types of reconciliation should always be incorporated in commercial programs. However,
there is some choice as to the number of control totals for each file.

A count df the number of blocks on the file will often be maintained by software routines. In some cases it may
be required to keep a count of 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 of detecting processing errors and the cost of providing
additional reconciliations; maximum use should be made of totals which have to be accumulated for other
purposes. To avoid the possibility of compensating errors, cases where amounts are added to and subtracted from
the same total should be minimized, separate counts being kept of 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 of a reconciliation
failure should be written into the operating instructions; it is very seldom that the operator should be given the
option of 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 of 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 of data. There may be a natural grouping in the data. The checking by restart
group can then consist of 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 of a restart group. There must then be a
check that all natural groups of data have been processed. Overall totals may be in the process of being formed
for statistical or outside control purposes. By making all of these the totals which check the validity of re-runs,
the validity of already despatched totals will be ensured if it becomes necessary to perform a re-run.

The standard principle of checking file updating is by means of a reconciliation of the form:

Brought forward file control total + current file control total * amendments not arising directly from the current
file = the sum of items written to the carried forward file.

With the reel changes of the main output file as the basis of 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
Current control = current accumulated
where in each case a grouping on the input file is the basis of the points at which the check is made.
In case 3 the group may be the complete file.

This is justified on the grounds that the normal reason for restarting or re-running is not the failure of reconcilia-
tions and hence the detection of such a failure is not logically tied to the restart group.

It should nevertheless be possible to check the validity of 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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SUMMARY

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 of 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. The only 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 of the file, the planner should provide a high degree of control so that the file
cannot be corrupted, and should ensure that suitable facilities are available for reconstructing any damaged files.
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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 of the project and the information should be extracted from the systems or outline suite
specification. The remaining section gives the detailed information for each particular program. Where the
inclusion of detail in a section would interrupt the flow of 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 of the overall scope of the project. The section is
in three parts.

BACKGROUND OF THE PROJECT

A general description of the organization or department for which the job is to be done, and in particular of those
areas and procedures which the job will affect. Details of the departmental communication system for this
project may also be included.

THE JOB TO BE DONE
An explanation of the need for the principal tasks and a brief description of these tasks.

GLOSSARY OF TERMS

Definitions of all terms used in the suite which are not likely to be self-explanatory.

Suite organization

This section is intended to show the programmers the overall design. The section is in two parts.

DIVISION INTO PROGRAMS

A brief description of the purpose of each program and how the programs relate to each other.

ORGANIZATION CHART

A copy of the suite organization chart showing all 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.

IDENTIFICATION

The program name and identity which are to be used in all references to the program.

INTRODUCTION

An explanation of the purpose of the program including the following:
Main results to be provided for external use

Results to be provided for input to other programs

Data provided externally

Data provided by other programs

Times when program is run
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CHARACTERISTICS
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 of the names of each module or segment and the language to be used should be given.
TASKS
A brief statement of the procedures to be carried out by the program, given approximately in the order that they
occur.
DATA
A detailed account of all input files. For each file the following information must be given when applicable:
Medium (cards, magnetic tape, etc.)
File identity
Type of labels, (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 of 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 of data forms should also be included if available.

The record details and specimens should be relegated to an appendix.

RESULTS

A detailed account of 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
inctude details of zero suppression required and number of line feeds.

Specimens of pre-printed stationery should be included if available.

PROCESSING

A description of 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 of tables

File handling, particularly if not using standard software
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Pre-printed stationery alignment routines

Complex condition testing, or matching

Main path processing and any optimization requirements
Details of 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.

RECONCILIATION AND CHECKS

Details of check totals and methods of reconciliation, for example, if a hash total check is required and exact
details of the items to be included must be given, or if an input/output reconciliation is necessary the exact fields
to be included and the comparison to be made must be given.

RESTARTS AND RE-RUNS

A description of the restart or re-run procedures which are to be incorporated into the program. Details must be
given of the output to be made in order to be able to restart, and also of the method by which the program is to
be restarted or re-run. The data grouping for restarts and re-runs must be included.

ERROR CONDITIONS

Details of 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.

OUTLINE FLOWCHART

A copy of the outline chart, showing the basic structure and logic of the program.

TRIALS PLAN

A list of the various cases, and combinations of these, which must be tested, for example insertion, deletion,
insertion followed by amendment. Error conditions should also be included. Details of how data is to be grouped
for different stages of testing, for example normal, error conditions.

APPENDICES
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 CB/28(7.69} © internationaf Computers Limited 1966 Printed In Great Britaln by ICL Printing Services Letchworth
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ICL

Data
processing

q”ocl:’nrﬂ!nodifier

Programmer Program/segment ref.
Loc. Desxcription of use Content Set by Mod. by Amount Tested by
F.C. ref.) (F.C. ref.) (F.C. ref.)

FORM C14/14(11.68) .

© internationel Computers Limited 1866 Printed in Greet Britain
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lc Dam » witch Programmer
processing record

Program/Segment ref.
Switch Description Initial  Set by Unset by Tested by
number of use cond. (F.C.ref.) (F.C.ref.) (F.C. ref.)
FORM C14/13(9.68) © 1ntennomal Computers Lienited 1966 Ponied in Great Britain
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Data Halt
processing and
entry

Fecord

Programmer

Program/Segment ref.

Astion (Specify hait, entry point or displayed message}

FORM C14/15(9.68)

© Internations! Computers Limited 1968 Printed in Great Britain
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Appendix 7 Routine specification

The contents of 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 fit into the whole program.

The headings and content to be included are as follows:

Identification

The routine name and identity to be used in all references to the routine.

Characteristics

This includes the language to be used and, except for subroutines, the name of the higher level calling routine.

Interface definition

A detailed list of all 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 normally the extemal reference but for subroutines may be an internal reference.
Format of item

Contents on entry and exit

Processing

Details of processes to be carried out. This can be extracted from the program specification or can be references
to the appropriate sections of the program specification.

Flowchart
A copy of the higher level flowchart containing this routine, or the highest level chart for this routine.

Supporting documentation

This section is built up during the writing of the routine and should include any information which may be of
help in maintenance:

A list of called routines and subroutines

A list of data references used in calling lower level routines
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Appendix 8 Restarts and re-runs

Throughout this appendix volume is used to mean a physically discrete quantity of a particular data storage
medium, such as a magnetic tape reel.

This appendix discusses the advantages and disadvantages of using various methods of 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 of a program run. There are
two options: firstly where the original processing has been terminated before completion; secondly where the
original run has been completed but it becomes necessary to repeat part of it. A restart will enable processing
which has been terminated before completion to recommence from a specified point, other than the beginning,
and to continue until the end of data has been reached. A re-run will 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 of data. If the program is to continue to the end of data, the run should be processed as a
restart or a normal run.

RESTART GROUPS AND POINTS

To permit the use of 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 allow 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 of disc operating systems this file may be held
on the system disc.

At the beginning of 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 of a restart and at another intermediate point in the
case of a re-run.

The information between two points is known as a restart group, and the points themselves are called 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 will depend on the type of program and the amount of data. There are three main ways
available to the planner for making the division.

TIME GROUP

In programs which involve a large amount of calculation but have relatively small files the group can be made to
correspond to a period of time, for example, the length of time taken to go round the main loop a specified
number of times, or the time taken to perform a certain amount of 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 of multi-
programming should be considered.

LOGICAL FILE GROUP

In many programs the input or output data automatically falls into separate groups of 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 of group is the physical file group. In a program with punched card input data for instance, each
box of cards can be used to denote a restart group. Similarly for a multireel magnetic tape file each reel of 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 of the file can be used as the basis of restart and re-run groups, provided the time taken to
process these divisions of the file is found to fall within acceptable limits.

CHOICE OF RESTART GROUP

When considering the placing of restart/re-run groups it is the processing time which largely determines the size
of 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 will run for less than half an hour it does not need restart and re-run
facilities. The saving in cost of the extra programming and housekeeping involved outweighs the advantages of
including such facilities. There is a running time overhead as well when the restart and re-run facilities are included
in a program. This overhead will depend partly on the amount of information which is to be dumped. The most
acceptable time between restart/re-run groups would depend on the requirements of the installation, 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 if a program has a low priority when multiprogramming, then groups will probably be
processed more slowly than when single programming. In view of 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 of extra processing that will be implied in the original run at each
restart point, at the point of commencing a restart or re-run and at the point of terminating a re-run. A balance
has to be struck between the need to minimize normal running time and the need to minimize inconvenience

and cost of 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 of one of 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 of 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 of group the information required to perform a restart of a re-run

will be dumped onto one of the output files, with some form of identification so that the point can be located
when necessary.

Output file

The group is a subdivision of one of the eutput files. Programs which are suitable for this method are, for example,
a program updating a multireel magnetic tape file where each reel of 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 of 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 of
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 if the file security method used is the Grandfather, Father,
Son technique. '

Summary

Whichever method of grouping is used, there are certain conditions which should be remembered. The groups

should take approximately the same processing time, the physical size of the groups should remain the same in
spite of alterations to the file, or if a group size changes, all groups should change proportionately. If the time

interval increases beyond the acceptable limit, then an easy method must exist for adjusting the groupings.
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In some jobs there will be a fairly obvious natural division in the data which can provide a ready-made restart -
structure. In other jobs it will be possible to use the physical divisions in one of the data files. Otherwise the
planner will have to select groups according to the amount of processing that can be carried out within the time
interval allowed for one group.

DUMPING RESTART INFORMATION

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 run when a
restart run is required. In this case the initializing routines of 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 of 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 of the Dump facility, and in Usercode by means
of the Checkpoint facility, in conjunction with the restart facilities. This method of controlling 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 of this approach is that much of the information that is dumped is not required for restart
purposes, and this takes up a large amount of storage space. This may mean that a separate file has to be used to
hold the dumped information. If a magnetic tape file is to be used for this purpose another tape deck would be
needed, although if the dump file is to be held on disc it could use a cartridge already associated with the program.
If 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 of
restarting. The Checkpoint facility has the additional disadvantage that if a restart becomes necessary because of
a program error, then a restart can only be achieved by amending the program and restarting it at the beginning
of the run.

Dumping specific information

The program only outputs information about the registers, files and the current state of running totals, indicators,
flags and so on. Thus by outputting only that information which is essential to the setting up of 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 of 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 of restarting also has its disadvantages, the principal one being the amount of 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 of magnetic tape decks or disc space as alternatives. This method may also be rejected because of the
non-standard aspects of operating procedures which would be required. However if the advantages of such a
schente outweigh the disadvantages then it could be made the standard for a particular installation.

RE-RUN TECHNIQUES

A re-run is made on multi-volume and on lengthy input processes when there is a need to reprocess parts of a file
after the initial file has been completed. A re-run may process either a single volume of a multi-volume file, or
part of 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 of merging re-run results depends largely on the nature of 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:

I 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 of the user program

2 The re-run results are merged by a separate merge program, which is probably part of the installation software
MERGING IN THE USER PROGRAM

Multi-group volumes

If a single volume contains more than one restart group, the original results for each group are copied to the new
file until the start of 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 of the original groups are copied to the new file, running totals and reconciliation figures being updated.
This method could allow any number of non-consecutive groups to be re-run at one time, provided that they are
submitted in numerical order.

It might be wasteful, if not impossible, to start this method using restart software, since output files would be
aligned to the point of the restart, and would have to be re-aligned and opened for input for copying to take
place. The amount of wastage depends to some extent on which system is being used for restarts. If 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 of 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, expecially if there is more than
one output file. If the files were held on magnetic tape, then twice the number of tape decks would be required.
If 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. If 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

If each volume holds one restart group and begins with the restart information for that group, the merging
process required is basically a matter of 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 if 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 of 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 of re-running then required to correct errors might be considered unacceptable.

When dealing with single-group 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 of bytes or words used and forcing
an end of volume condition on the file during a normal run. This number should include a margin for expansion.
This will work only if 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 of this nature would
almost certainly mean re-running the complete file.

If this method is used for magnetic tape files, a note should be included in the operating instructions indicating
the minimum length of magnetic tape reel which will be acceptable to the program, since it is sometimes the
practice to cut magnetic tapes into a number of shortt reels for the sake of economy, or to cut off damaged
portions.

MERGING BY SEPARATE PROGRAM

When several programs in a suite or job contain re-run facilities it will probably be more acceptable if just the
new results from the program being re-run are written onto a new magnetic tape file at the re-run stage, instead
of 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 of 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 of 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 of separate
merging routines being written into each program, and that the running time of the processing program is reduced
because unaltered restart groups need not be copied.

This type of merge program would probably be produced for the use of more than one suite of programs. It may
be a specially generated merge program or a combined sort and merge program incorporating the user’s own
coding which might be used to form a part of 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 of 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 of coding space required in the store during the running of the program.

Use of such a program minimizes the user programming effort and standardizes merging procedures. No extra
files are required during the re-run of the user program. The methods described for single-group volumes apply
equally to this method. However, this method is preferable if the reconciliation in the following 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 of a separate program to perform the merging process is generally more favoured than other methods and
is often a standard feature of an installation, rather than simply a member of a suite of programs.

RECONCILIATIONS

A further requirement of re-runs is to ensure that the original tapesand the re-run tapes have processed all the
data input to the program. This means that there must be a close inter-relationship between the reconciliation
system of the original run and that of the re-run.

In particular, if volume changes are to be used as restart points, the amount of data written on a re-run must be
that written on the original run. This may be done by setting up a count of data characters and forcing end of
volume on the original run, but it must be ensured that no program amendments which can affect the length of
the controlling 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 successfully completed

when that program reads the file, since the amount of 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.

FILE CONTROL

When performing restarts and re-runs there must be stringent control of the files to prevent wrong volumes being
used. Standard labelled 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 of the volumes within the particular file. These
fields should all be checked before using any volume to perform restarts or re-runs.

RESTARTS AND RE-RUNS BY TYPE OF PROGRAM

Data vetting programs

One of the most common types of data vetting program is represented by the top diagram overteaf. This consists of
one input file, on paper tape, punched cards, or documeni 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 of accepted data and so on, for off-line printing).
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A more general representation of data vetting program is shown in the following diagram:

File 1 File 3

Data
File 2 vet File 4

The input data to be vetted is denoted by file 1, normally on paper tape, punched cards, or document reader. The
other input file, file 2, denotes a magnetic tape file for reprocessing of 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, usually with a sort program in between. File 4 is the reports file, containing reports on rejected data and
reconciliation totals, both of which require printing. This file is normally 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 ari on-

line print file. In this case, in order to perform satisfactory restarts and re-runs, some form of heading would be
required on these media to indicate which portion of the data had been processed.

* SUGGESTED METHOD

The group for restarting or re-running is taken as an integral number of boxes of punched cards, reels of paper
tape, or batches of documents. The exact number of 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 of input data to be
processed for each box of cards or reel of paper tape. One possible grouping on this basis is for programs to be
able to restart at each box of punched cards and at every five reels of paper tape, where a box contains approxi-
mately 2,000 cards and a reel of paper tape is about 300 feet in length and contains approximately 30,000
characters.

The restart group number should be included at the start of each reel, together with the reel number. Reel
numbers should, however, be consecutive throughout the input file, and not numbered from the beginning of
each group. This will satisfactorily ensure that the omission of a ree] of data is detected as quickly as possible.

A log comment giving the number of the restart group which is about to be processed, may be generated by the
‘program at the start of 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 will be known,

During processing a program may write the restart information onto the output magnetic tape file at the start of
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 of an alignment block.

A totals block can also be output, preceding the alignment block, giving the total number of items in the previous
group and the number of items currently on the file.

TO RESTART THE PROGRAM

If 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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If the Checkpoint facility is not used on System 4 computers, the type of run must be specified at the start of
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 all remaining files
associated with the program are opened as for a normal run. The consistency of all 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 all 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 of each group, (either the file contain-
ing the accepted data, the reports file, or both.) If this is done then restarting can be greatly simplified because
instead of having to align the output files, new reels are opened.

TO RE-RUN THE PROGRAM

If the Checkpoint or Dump facility has previously been used re-runs are performed in the same manner as
restarts.

If the Checkpoint facility is not used on System 4 computers, an indication must be given to the program at the
start of 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 of 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 of 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 of 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 of 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 asingle 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

/ / Maio file (brought forward, carry forward)

/7 /

Update
Updating fite Results file

This process is typified by the file updating arrangement of a large multireel brought forward file which is
updated to form a large multireel carried forward file; a smaller updating file which carries details of changes to
be made in order to produce the carried forward file; and a smaller results file is produced which contains details
of amendments made. Here it is necessary to cater for a restart and a re-run of either the main file or the
subsidiary output file.
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SUGGESTED METHOD

The reel of 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 of tape should hold the balance totals of 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. If all reels of tape were of identical length and there were no flawed 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 of limiting the tape capacity to a practical size which will always permit
direct re-run tape substitution in the original file. The recommended method is to count the amount of valid
information that is being written on the carried forward output tape and to close the reel when a pre-determined
limit of, say 95 per cent full capacity is reached. This count must be controlled 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 (plus an allowance for the intended output instruction) against the
predetermined limit. A safety margin of 5§ per cent is sufficient for most variations of tape length, recording
density, and for flawed areas of tape. A bigger margin may be desirable in some cases, where for instance it is
thought necessary to avoid holding specific sections of data on two reels. If the section of data is equivalent to

5 per cent of tape capacity and the beginning of the section is reached immediately prior to the predetermined
limit of 95 per cent tape capacity, then clearly there would be a danger of overspill. Individual project teams
must therefore be responsible for deciding what limit shall be set for each multireel file.

TO RESTART THE PROGRAM
If the Checkpoint or Dump facility is used, a restart is effected by using the appropriate software restart routines.

If 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 of each group, that is, at the start of each reel of 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 of the other files in the program. Also at the end of
each reel totals items are written onto the carried forward file and these contain reconciliation 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 of the brought forward file and the updating file are loaded. The reel of

the carried forward file at which the restart is to begin is loaded and opened as input, and the details of 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 of each file has
been loaded. The files are then aligned using this information and the function of the carried forward file and the
results file is returned to output. Processing now continues as for a normal run, to the end of the program.

TO RE-RUN THE PROGRAM
If the Checkpoint or Dump facility is used, a re-run is effected in the same manner as restarts.

If the Checkpoint facility is not used on System 4 computers, the control data is read and checked and the
required reel of 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 of 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 if the results file is small

2 Ifit 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 of 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 of the carried forward file are stored and the carried forward reel is closed.
The reel with the next restart group is then loaded. The program checks the reconciliation totals held on the
closed carried forward reel and those on the opened reel. If the totals are the same, the remainder of the original
results file is copied to the results file and the program is closed. If 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 of divergence are adjusted according to the new totals.
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SOME GENERAL COMMENTS

If any natural grouping of data on the main file occurs there are several advantages in using such groupings as
restart groups. Even if such a natural grouping does not occur it may appear to be advantageous to create an
artificial restart group. An example of natural grouping is to be found in a file which contains the sales records
of five regions of the UK. Each region could be called a natural group providing that it is of an appropriate size
and each group is of about the same size. An example of an artifical grouping is to be found in a file which holds
a range of customers numbers from 00000-09999 and which is divided so that each group contains the records of
2,000 consecutive customers, the first group being customer numbers 00000-01999, and so on. This type of
grouping has the advantage of being easier to handle when programming because the alignment records will
always be in the same place relative to the data on the file from one run to the next. It also means that all files
can be run on to such an alignment block quite easily. Another advantage of this method of grouping is that
reconciliation totals can also occur in the same position (relative to the data) on all files. If the method of
grouping data is based on reels of the carried forward file, then when the carried forward file is reconciled at the
end of 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 of 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 or job contain re-run facilities it may be more acceptable if just the new results
from the portion being re-run are written onto a new magnetic tape at the start of processing instead of copying
all the original results. The original results and the new results can then be merged in a separate program. The
advantages of this are that the merge program can be made small enough for multiprogramming, that the time
taken to write the suite of programs is reduced because the merging routines are only written once instead of
being written into every program which requires them, and that the running time of the processing program is
reduced because there is no need to copy the original results. (This 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 until reaching the start of the first group which is the subject of
a re-run. At this stage the program reads the results from the re-run file and writes them to the output file

until the end of the re-run group is reached. Finally the results for any remaining groups are read from the input
file and written to the output file until the end of the file is reached, adjusting control totals where necessary.

Main file as a disc file

If 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 will not be at the start of a new volume. If the file is updated in situ any re-run must not update
any record on the file which has already been updated in the original run. If a restart is required because the job
was prematurely terminated or because any subsidiary output file is unreadable the following procedure is
suggested if 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 restarting, 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 of the particular job. Fields would be stored in their original form when

reconciliation totals are required (if the main file is processed sequentially) or when other totals are
accumulated by the program.

The main disadvantages of this system are that processing on a restart will be different from processing on the
original run, requiring a substantial amount of 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 of any fields. If the main file is unreadable
there is no method of resolving this without reconstituting the main file and repeating the entire run, a process
which is by no means straightforward if the file has been updated in situ. If program error occurs the entire run
must be repeated.

4202(4.70) 129



Search programs

Main file (multi-reel)

Results file

Search
Control

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.

SUGGESTED METHQOD

Because the input file is large, the restart group is chosen to be a reel of 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 will normally be required. The normal tape passing time of a magnetic tape reel varies up to a
maximum of about ten minutes per reel and this means that restart groups will often have a run time of con-
siderably less than the suggested 10 to 20 minutes. However, this choice of 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.

TO RESTART THE PROGRAM

If the Checkpoint or Dump facility is used, a restart should be effected by the appropriate restart software
routines.

If the Checkpoint facility is not used on System 4 computers, alignment records should be written onto the
output file at the beginning of each restart group. These records should contain an alignment indicator, the
restart group number, and any details necessary to enable correct realignment of the subsidiary input file, and
should also contain reconciliation totals as output at the end of the previous restart group. At the end of 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 of 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 of the group which is being
restarted and details of the alignment records are stored. The function of 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 of the run.

TO RE-RUN THE PROGRAM
If the Checkpoint or Dump facility is used, a re-run is effected in the same manner as restarts.

If the Checkpoint facility is not used on System 4 computers, alignment records should be written to the output
file, at the start of each restart group as for a restart. Similarly reconciliation totals should be written at the end
of each group. The control data for the re-run is read and checked. The first reet of 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 of
the alignment records at this point are then stored. From these details the subsidiary input file is aligned.
Processing continues as if 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 of the last specified group. The
data remaining on this file is copied onto the new results file until the end of 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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SOME GENERAL COMMENTS

The method of 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 of an edit program is to read information from an input file and to write it again in a re-
arranged order on an output file. As a consequence of this either the input and output files may be approximately
equal in length, or one of the files may be considerably longer than the other. -

In the first case the situation is approximately analogous to the updating program, and a similar method of
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 will 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 file might be used if there
was about the same amount of 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
of 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 of printing which may be required at a
restart:

1 To print a specified result type or types

2 To print a specified sheet or sheets

3 To print from the start of a specified result type, to the normal end or run

4 To print from a specified sheet, to the normal end of 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 specified as a combination of 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 of input and/or output
data may be very small and yet because of the length of time required to perform calculations the program may
still have to be divided into reprocessing groups. Calculation programs may be classified as one of two types:

1 Processing consists of a series of similar loops, e.g. a standard costing program may have to perform the same
large calculation loop for each of about 100 materials

2 Processing consists of only one large calculation, which does not loop as described for type 1

In the first case a division of processing time is not difficult to establish. The average time taken for one loop can
be found and when a number of loops 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 of the output results produced. An alignment block on the input file may solve the problem if a
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 of the results of the restarted or re-run program. A system must be devised to
prevent the results produced from a restart or re-run getting mixed up with those produced during the previous
runs.
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Appendix 9 Programming estimating

Each stage of estimating is at a progressively more detailed level. The initial stage of 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 of 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 following
factors: ‘

1 The number of instructions that will be required to program the task

2 The accuracy of the estimate of instructions. This is a useful self-assessment of confidence and completeness
of the understanding of the problem

3 The complexity of the logic and functions to be performed by the instructions, in relation to a nominal average
complexity for the type of task. This is known as the complexity factor

It is possible that the estimate of number of 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 yuage to the implementation language.

The figures given in Table I, at the end of this appendix, reflect the power of the language to perform an average
programming task, and can therefore be used for converting numbers of 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 of language.

The estimated numbers of instructions should be converted to the appropriate language and the resulting number
of instructions should be used for establishing the work content.

The number of instructions in this context are defined as follows:

PLAN instructions

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 of constants
and work areas (DC or DS). Macro instructions are counted as one instruction and not as expanded.

COBOL 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 of writing data definitions etc.

PROJECT ESTIMATES

Project man-effort

It is necessary to be able to make estimates of the total man-effort required to implement a project, that is from
the start of writing program specifications to the end of 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 of 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 of this appendix, are intended for guidance and show the percentage of
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 of these tasks.

Additionally, as a quick method of obtaining man-effort estimates, factors are given for converting the work
content direct to total man-effort for project implementation. The resulting man-effort 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-effort and the table below gives some
guidance on the adjustment required for different types of project. The estimator should,however, seek the advice
of more experienced staff in establishing any necessary adjustment.

Type of project Normal project effort
multiplying factor
Normal 1.0

Increasing complexity of processing and
file structures. Variety of types of data.

Changing requirements. 1.5
Large variety of types of 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 of
staff used. However, it is possible to give guidance in some areas. A bar chart of the time structure of a project,
showing overlapping tasks, is given below:

.Program specification

F y —

l Programming

l 1 d

| }

| | Link/system testing
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i | Supervision I |

i g L I
] ] [
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The elapsed time can be roughly calculated as the total of (A +B + C) + 25%

where A 75% of program specification man-days
Average number of staff used on stage

100% of detailed programming man-days

B= Average number of staff used on stage
(excluding supervisory staff)
C= 75% of link/system testing man-days

Average number of staff used on stage
(excluding supervisory staff)
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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 of five days. After deducting non-productive days
there are about 208 effective man-days per year, that is 52 weeks of four days. Man-days effort therefore should
always be converted on the basis of 260 days. Elapsed time should also be converted on this basis since a 25%
allowance has been included. Obviously if elapsed time is converted on a basis of 208 days then the 25% allowance
is not npecessary.

Team sizes

There is an optimum team size for any project giving what may be considered as ‘normal’ elapsed time. A suggested
method of 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. If 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 = 24 of normal time

Project man-effort required = 2 x effort for normal time

Project time scale required = l/2 of normal time

Project man-effort required = ‘/s x effort for normal time

Any assessment of this increase in man-effort must rely on experience of past projects and the advice of more
experienced staff should be sought in such cases.

PROGRAM ESTIMATES

The previous sections consider methods for obtaining broad estimates of 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 of 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 of measuring the accuracy of the estimate by comparison with
actual results.

Work content is calculated as follows:
Work content (units) = number of instructions x complexity factor

It is recommended that work content estimates should be carried out by two people as a means of establishing
their reliability and that results should be compared with similar projects whenever possible.

Number of instructions

It is possible for a very experienced estimator to assess the number of 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. If an outline chart is available this should be used instead
of the rough chart.

Complexity factors

The complexity of the processing must also be taken into account since it is possible that two programs can
contain the same number of instructions but one of 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 of program
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complexities. If a program is likely to be too large for the store, and will therefore require overlaying, the
complexity factor should be raised.

Type of program Complexity factor
SIMPLE 0.75

Extracts of one type of data from one file
Prints of one format from one file
Data vets of one type of data

AVERAGE 1.0

Data vets of several types of data
Updates of simple structure files by a few types of current data
Prints with several formats

COMPLEX " 1.25

Data vets with many data types and extensive consistency checking
Updates of more complex structure files with several types of
current data

Prints on pre-printed numbered stationery including updating

VERY COMPLEX 1.5

Complex updates with high degree accuracy calculations,
or requiring critical run times, or with many types of current data

Real-time processing 2.5t03.0

Program man-effort

The work content is converted to man-effort by using the figures given in Table 3, at the end of this appendix.
The figures give the average man-effort required for 1,000 units of work content of 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 % to 1% days per module.
For post-independent trials allow % to 13 days per segment.

PROGRAMMER VARIATIONS

The man-effort required will vary according to the experience and ability of the programmer. The figures given in
Table 3 are applicable to an average programmer of about 6 to 9 months experience and will require adjustment
according to the factors shown in the table below. Assessing the ability of a programmer to carry out a particular
task is very subjective and must be the responsibility of 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 of less than average ability, and therefore be
rated as having 9 months experience. '

Experience Effort
{months) adjustment
Jactor
0-3 14
3-6 1.2
69 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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Program elapsed time

Before any planning of 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-effort required but there are many other factors which affect the
conversion of man-effort to elapsed time:

Major holidays

Formal training

Sickness, minor holidays, informal training, meetings

Unschedule maintenance, minor system changes, minor estimating errors
Lack of available trial time

Number of other activities with which the programmer is concerned
Working environment .

These factors can be grouped so that ways of making allowance for them can be given.

PREDICTABLE OVERHEADS

These include major holidays and formal training courses, that is any overhead likely to last for a period of two
to three weeks. Such overheads should be known well in advance and can therefore be included as the exact
amount of elapsed time.

UNPREDICTABLE OVERHEADS AND ACTIVITIES

It is recommended that 25% of man-effort should be included to cover those overheads which cannot be
predicted. The 25% of man-effort 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% of effective time. The following calculation is then valid.

Elapsed time (weeks ) = man-effort (days)
4
PART-TIME WORKING

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 of the programming stages. This is calculated in
the following way: ‘

Elapsed time (weeks) = man-effort (days)
x

where
man-effort is the number of days for each programming stage.

x is the proportion of effective available days.

SUMMARY
Elapsed time is calculated as follows:
Elapsed time = scheduled holiday (weeks)
+
scheduled training (weeks)
+

man-effort (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

TRIALS ESTIMATES

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 of 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 of size of program, language and experience.

Program or routine testing

In this context a program trial is defined as a compilation plus a trial of the program or routine. The number of
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 of 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 of one or more routines which are tested independently.

Up to three program trials should be allowed for each linking together of 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 allowed up to nine trials.

Summary
The number of trials is calculated as follows:
Number of productive trials = 3

+ 12 per 1,000 work content units
(or 10 if using PLAN)

+ 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 of productive trials, that is the number of trials
excluding the 25% for non-productive trials.

NUMBER OF PROGRAM TURN-ROUNDS

Computer time availability normally dictates the number of turn-rounds, that is the number of submissions of a
program or routine, which can be achieved per week. However it is still necessary to ensure that the number of
turn-rounds does not exceed the man-effort required to analyze the trials. The average man-effort can be
calculated as follows:

Man-effort per trial = man-days per trial stage
estimated number of productive trials
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The average number of turn-rounds per week can then be calculated by dividing the man-effort available per week
by the average effort per trial. This figure can then be balanced against the amount of available computer time.

COMPUTER TIME USAGE FOR PROGRAM TRIALS

There are many factors which are likely to affect the usage of computer time for program trials:
Number of instructions in programs

Operating system

Computer/configuration

Language

Options selected when compiling

Type of program

Volume of data processed

Diagnostics requested

Due to the variety of these factors it is not possible to give a detailed method of estimating computer time per
compilation and trial since the calculation would be too time consuming; moreover at the estimating stage some
of 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 of program trials (including 25% allowance) x time per program trial

+ 3% to 1 hour (trial data set-up)

LINK/SYSTEM TRIALS

Standards cannot be given for the number of trials or for computer usage for link and systems trials since these
depend mainly on the volume of data and the number of sets of data to be processed. It is, however, possible 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 of trials is more likely to depend on the number of programs and connecting files than on the number
of instructions. It is suggested that a minimum of three trials per program is allowed.

System trials

The number of trials will depend very much on the accuracy of the systems specification and the number of
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 of data processed.

Computer time usage

The computer time usage will depend on the number of times programs have to be recompiled and on the volume
of data processed. It is suggested that the time used for the combined stages of link and system trials will be of the
same order as for the program trials.

LANGUAGE EXPANSIONS

System 4

The figures given in Table 4, at the end of 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 of
coding can be very large.
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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 of the nature of 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 of macro expansions per
program, and use this as a factor for estimating the total number of instructions.

For COBOL, no such guide can be given, and programmers should use their experience to gauge the instruction
size.
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TABLE 1

POWER OF LANGUAGE CONVERSION

The factors given below should be used for converting the number of instructions from one language to another.

Writing language
PLAN Usercode COMPACT | FULL
COBOL COBOL
PLAN 1.0 0.7 0.5 0.3
Estimating Usercode 14 1.0 0.7 04
language . COMPACT COBOL 20 1.5 10 0.6
FULL COBOL 3.0 2.5 1.7 1.0

To obtain the appropriate conversion factor take the figure at the intersection of the Estimating language line

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 of the Usercode line with the FULL COBOL column gives a factor of 0.4. The number of FULL COBOL
statements will therefore be 1,500 x 0.4 = 600 statements.
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TABLE 2

PROJECT MAN-EFFORT TABLES

The table below shows the percentage of man-effort likely to be used on various tasks, and also the number of
man-days effort required per 1,000 work content units in each given language.

PLAN Usercode COMPACT COBOL | FULL COBOL
% Man | % Man | % Man % Man
Effort | days | Effort | days | Effort | days Effort | days
(1K) (1K) (1K) (IK)
Supervision 10% 6 10% 8% 10% 11 10% 14
Specification 9% | 6 10% | 8% 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 of estimating total effort is as follows:

Total man-days effort =

where x = 15 (PLAN)

12 (Usercode)

number of work content units

9 (COMPACT COBOL)
7 (FULL COBOL)

X

The table below gives a comparison of the man-effort required to implement the same job in each of the

different languages.
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PLAN Usercode COMPACT COBOL | FULL COBOL
Man-days for Man-days for Man-days for Man-days for
14,000 10,000 7,000 4,000
work units work units work units work units
Supervision 90 85 78 55
Specification 85 85 85 85
Detailed programming | 500 450 420 280
Link/system testing 225 200 192 140
Total 900 820 775 560
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TABLE 3

PROGRAM MAN-EFFORT TABLES

The table below shows the man-days effort required for a fully documented program of 1,000 work content units.

PLAN Usercode COMPACT FULL
\ COBOL COBOL

Logic plus checking 5 6 10 15
Coding plus checking 12 16 20 20

Trial data preparation 4 5 7

Initial compile plus dry-run 3 3

Trials 12 15 18 20
Total 36 45 60 70

To convert these figures to the effort for a different number of instructions it is only necessary to multiply by
the work content units divided by 1,000.
Example
500 FULL COBOL work units = 70 x 500 = 35 days
1000

The figures are not valid for less thai: about 40 PLAN, 100 Usercode, 80 COMPACT COBOL, and 70 FULL
COBOL work units, that is about 5 days man-effort.

The table below gives a comparison of the man-effort required to implement the same program in each of the
different languages.

PLAN Usercode COMPACT FULL
COBOL COBOL
Program work content units 1400 1000 700 400
Total man-days 50 45 40 28
4202(4.70)
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TABLE 4

SYSTEM 4 INSTRUCTION SIZES

Language Average instruction/statement size
4-30 Usercode 5.1 bytes *

4-40, 50,70 4.2 bytes *

Usercode

(mainly binary)

4-490, 50,70 4.5 bytes *

Usercode

(mainly decimal)

4—-30 COBOL 1520 bytes (average instruction programs)

20-25 bytes (complex instruction programs, for example, extensive
subscripting, many report items)

4-40, 50, 70 12—18 bytes (average instruction programs)

COBOL 18—24 bytes (very complex instruction programs, for example, extensive

subscripting, use of compute)

CLEO 1520 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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Appendix 10 Programming work control scheme

The recommended control scheme consists of a number of 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 of control required. Four different levels are suggested, each adding to the previous level and giving a
higher degree of control; however, other combinations of the forms are possible. For instance Level 1 plus Level

3 may also be used to advantage.

SUMMARY OF FORMS

The table below gives a summary of the forms required for each level, and also when, and by whom, the forms
should be used:

Entry of Update
Level Form estimates by Responsible
Initial Revision Actual
Level 1 Project check As Supervisor
Basic control list necessary
Program check " As Supervisor/
list v v/ necessary programmer
Programming \/ \/ Weekly Supervisor
schedule
Level 2 Project progress Weekly Supervisor
Level-1 plus report
formal report- Program progress Weekly Supervisor
ing report
Level 3 Program record Weekly Supervisor/
Level 2 plus sheet / \/ programmer
stricter control
and basic stat- Trials record Weekly Supervisor/
istics sheet ‘/ \/ programmer
Level 4 Project history End of Supervisor
Level 3 plus record \/ \/ project
full statis- Program history End of Supervisor/
tics record \/ \/ program programmer

LEVEL 1 DETAILS

Level 1 is the minimum level of control required by an installation, and gives a basic control using the minimum
of effort. It allows recording of estimates, recording of the plan, checks that tasks are performed and recording
of actual against estimated progress. The way in which the forms are used is described below, and examples are
included at the end of this appendix.
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Project check list (Example 1)

This form gives a list of major tasks which are likely to be necessary for any project. The tasks are presented
approximately in the sequence of performance, and the list is intended to act as a reminder of jobs which are
outstanding.

The fornr is updated as tasks are started and completed. Columns are provided for entering the start and complet-
ion dates of each task thus giving a record that the tasks have been performed and also of 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 of the form for recording the completion of the design tasks for individual
programs.

Program check list (Example 2)

This form allows recording of program estimates and also gives a list of the tasks which must be carried out for
any program. The tasks are in the sequence of performance, and the list is intended to act as a reminder of jobs
which are outstanding.

The initial program estimates are entered in the upper section of the form which serves as a record of 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 of
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 of 2 major systems change.

Programming schedule {(Example 3)

This form is provided as a scheduling aid and a means of recording the final implementation plan in bar chart
form. Once a satisfactory allocation of programs to programmers has been established the plan should be  °
recorded showing programs, and the programmer concerned, on the left of 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-effort,

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 of the bar chart to obtain
the progress information. In Example 3, for instance, at the end of week 1 (21/6) no work had been done on
the data vet and it was therefore one week behind schedule; at the end of week 3 (5/7) there was one day of
man-effort required to complete the logic stage and the data vet was therefore two days behind schedule; at
the end of week 7 there were two days effort remaining to complete the trial data and the data vet was there-
fore two days ahead of schedule.

2 A record of actual effort can be kept by drawing a line to show the man-effort expended each week. This
record will not be absolutely accurate but will give a rough idea of effort expended.

Lines can be drawn to link the actual effort line to the estimate to give a pictorial view of progress.

The chart must be changed, or redrawn, if the estimates are revised so that the measurement of progress is
realistic (see Print program in Example 3).

LEVEL 2 DETAILS

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 of the reports is given below and examples are included at the end of
this appendix.

Project progress report (Example 4)

This form is provided for reporting on progress on the project as a whole. A list of content headings is included
to act as a reminder of the subjects which should be considered when reporting.

A report should be written each week, with the intention of conveying an overall picture of the progress in the
programming of 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 taken, 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 of delays, use of resources and suggestions for
corrective action should be included.

LEVEL 3 DETAILS

Level 3 adds to the lower levels a more exact method of recording actual effort and computer time used, thus
giving an improved comparison of 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 of 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 of the form, and the total man-
effort in the Actual and Expected man-effort remaining columns

3 The number of man-days 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 of programmers concerned, and actual effort in days are entered in the
appropriate columns. More than one line can be used if several programmers are concerned

2 The effort required to complete the current stage is assessed and entered in the Notes column. If 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, if half 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-effort 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-effort remaining = previous week’s entry - expected days per week
Example

In Example 6, week ending 26/7
Expected man-effort remaining = 324 days
= 28 days

Days ahead/behind = expected man-effort remaining - actual man-effort remaining
Example

In Example 6, week ending 26/7
Days ahead/behind =28-27
= 1+ days (ahead of 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 of 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-estimated and the revised standard man-effort 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 of the project is to mark
off 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. If holidays are included on the bar chart then the expected man-effort remaining
is not reduced; and for unscheduled holidays the expected man-effort 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 of 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 of 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 of runs and time used, are éntered 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 of the program trials stage the weekly columns are totalled to give a breakdown of 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).

LEVEL 4 DETAILS

Level 4 adds summarized statistics to the details given by lower levels, and therefore provides for settingup a
library which can be used as a reference when estimating for new projects and also for improving the program
estimating standards. The use of the forms is described below and examples are included at the end of 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 of programming work on the project and include basic details of 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 of the form, including start and
end dates of stages, computer time usage, number of staff and effort used, and types of programs written.

Program history record (Example 12)

This form is provided for summarizing the implementation details of a program, and one form is used for each
program. The initial program estimates are entered in the upper part of 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 of these
figures are taken directly from the totals entered on the Program and Trials record sheets. Additional information
on the type of processing carried out by the program is entered on the reverse side of the form.
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EXAMPLES OF FORMS

The following 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 Level

Project Check List
Program Check List : 1
Programming Schedule
Project Progress Report } 5 '
Program Progress Report
Program Record Sheet
Program Record Sheet %

Programming Schedule 3

O 00 N9 N AW -

Trials Record Sheet
Trials Record Sheet
Project History Record

—
—_- O

4

—
[\ ]

Program History Record
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Intemational  pata Project -
Comlputers processing check

Limited list

Project controller T Sy TRy v XY Z SERLV/CES L rD.
Systems contact k‘ 3 2 OL) /\/

User contact N, HARRIS (€.p2) tvict SOROTECT ANALYSIS

Chief programmer < . ‘r'o N€S

Senior programmer

7. RoswnSon

Activity
A. initial negotiations Start C C. Linked/sy trials Start Complete
1. Request for project 1. Produce operating instructions
_ [§ ?
2. Produce broad estimates b - 2. Plan linked trials strategy
3. Agree main language ¢ 3. Produce linked trial data
N N N A5 O
4. Obtain authorisation 1o proceed \\ 4, Run linked trials
5. Agree charging method Q 6. Plan systems trials strategy
6. Produce preliminary time-table A 6. Ensure systems data produced
Y
7. Arrange trisl time \ o&/ 7. Run systems trials
A
8. Make preliminary staff request Ay 8. Revise run-time estimates
B. Programming preparation D. Operational preparation
1. Vet systems specification /\%4 1. Arrange data-prep facilities
2, Vet or produce outline 2. Arrange computer time
specification 2.4 6€69\/.4.69
3. Revise estimates, schedule and 3. Run take-on programs
staffing /.5.69|70.5. 69
4., Produce program specifications 4. Parallel running
2.4 69| 7.5.69
5. Produce outline flowcharts 5. Obtain user acceptance of
2. «. 69 /0.5.69 programs
6. Revise schedule and produce 6. Finalise all documentation
control forms F.5.69|7.5. ‘9
7. Revise trial arrangements 7.- Asrange retention of media
8. Produce run-time estimates 8. Release other media
9. Obtain staff and discuss project 9. Hand over project
— h Y - -
10. :::;:'o:lnmewfocuc /2.5. ‘9 /?.5: 6? 10. l':)chmm;ir:::smneo
11. Appoint trials controller ”/ A . 11. Produce project statistics
Program tasks
Program name Specify  QOutline  Trial Program name Specify  Outline  Trial
i ) chart plan chart plan
CARD 70 TAFE v’ v [vd
DRTA VET v vV Ll
UpDATE v v v
EXTRACT v v
PRINT v v v

FORM 14/109/1(12.68)
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International

Data

Program
check

ICL

C_omi{;uters processing
Limited list
Program number A 002A Program neme )A m VFr
Programmer 4 N. OT”FK
Estimates
Estimate no. Estimate no. Estimate no. Estimate no.
Number of data 4 2 o]
::r:\:g l‘;:o’:sprm:et:!um statements/ 700 77‘ O
Complexity factor / /
Work content units 70 ) 770
Experience factor / /
Total store required 2 2, mo ,? 2, o000
Man-effort {days}
A Logic and checking // // .
8  Coding and checking /5‘ /5
C  Trisidata 6 6
it ooy 5(3) 5(3)
€  Trials [number] /5 /9) /S'f??
implementation Program 7 Major system revisions
Author Checker Author Checker
Activity Date 'Signature Date 'Signalure Date Signature Date 'Signalure

A.  Logic and checking:-
1. Study specification

-27/41 Ane

2. Outline Hiowchart draw/check

Js/(: Anp

3. Detailed flowcharts draw/check

nfr. Awv

A4S

4.  Cheok estimates

&7 _Awo

Lf, 4s

{/914:%0
|

B. Coding and checking:-
1.  Code and check

sofo

Xf7 4s

Ao

\g \$

2.  Correct and check

2/

LY, AS

i

3.  Check estimates

|
|

C.  Trial data:-
1. Plan and write trial data

#/9

2. Punch and check trial data

3.  Prepere expected results

4,  Prepare control cards

Produce operating instructions

" owncmemomen |23/ ANO
2. Dry-tun program zyy'l m
3. Check estimates /K: MD
— e Aao
2

!
!
|
[
]
[
[
Il
]
1
'
[
)
|
|
!
[

|
L
|
[
L
|
|
{
i
i
|
|
Avo l
|
}
{
|
1
|
L
|
|
1
|
L
|
i

3.  Finalise documentation

|
|
{
!
1
i
[
|
1
|
:
|
!
|
|

FORM 14/109/2(12.69)
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International Data Project
CP"i‘&‘é‘efs processing progress ICL
Lim report
v XYZ SERVICES LTDoic PROTECT ANACYSSwoswara 76 .8. 69,
To Name Title Erom S T—
<. TONES . OB/ (S ON
T. SA?s72s
4, BROWN ,
Check fist of entries ST

User organisation and steffing
Contacts and meetings with user (sttach minutes) -
3 Pre-programming: progress on job plan, system spec., program spec.
4 Program estimates and time-table
5. Programming: geners! and technical problems
7.

,N.-

9

<

8. Trials service
A Staffing
8,  Operational: progress and problems
9. Other comments
. —————
E :*ry no. .

Chief programmer’s comments

AYAN

4 | (Al propram re-eslimaled (fower TAan orjpinal).
Card €o " Cafpe aecf /'rr'af/p;:-fmas‘ fe“c‘{%/ecﬁ/é
a//ocu '2"- tme t"f'd/\f cerkin Md/{o/ltfoj

Ao c/faf:je m overall encl datfe.

g Cenera // sel’sFaclore . 7Aere s « :S'f-!'fem C'/(aq e
Whrck aﬁzeoﬁ' daFa. ‘j(/e'fmdf e‘cfcxl‘e, 6"7‘;‘-‘/‘3‘\{:/4 or

(aboct % days eﬁ‘b»—t") ancl e plan % focor;poraz‘e &
o/unf;f Crrals wirfoot com‘rf)y c/e/a]s.

[A /&aj’ﬂetf‘/c_ 7;/e 2100 avarlable . Sﬁ""’/‘cefavt/.ss
S s,

7| St oSS ww‘"_&j welV and worale /r.w/bﬁovz'nf s0cy
Crials .Pfaf—feC/.

A AKo68/4 s0n

FORM 14/109/4(12,69)
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Intemational Data Program I
Compute i I
Limited rs processing ?e%rr?ss

ver Xy 2 SE'S?V/\CES' L TDroiet LPROTETT AN LYS/Swook encing /‘ 8. 69

To: Name Tive From

4<-s7-0/V£Y .
I STy

A BrowN

Po8s#/soN

Program no, Progress and position
and dexcription Programmers Programming Linked/system trisis

PATAH A Onvﬁf‘ Curentsoe /s Craq / Gm/i/e

‘/f_r % of current stage completed 40P
I3 PAYS REMAINING

Comparison with time-table

Aoo2 4 ON _ ScuePILs

Comments:

AN - ELEETRT S EXPECIED,
SYSIEMS (HANCOE To S&
INCCIDED DORING IR/BLE ~
Yo LEXPOECTED PETAY

Current stage

% of current stage completed

Comparison with time-table

Comments:

PRI N~ Current stage  / ,‘f,'a/ (a Ongp r'/e

% of current stage completed - %
DAY REMAINI/IN &
Aoo &£ Comgf;:),n withﬂtime-!ob,les Conr e
Comments: XEST/IAATED Ar oo
INETRUCTIONS LESS THAN OR/oinAy
RESCHEPULED FOR /ofoLiDAY AnDd
L TIME KIORKIVG. ENXD DArE 2
LWEERKS EARI/IER. ABovr & DAYy
LXCLSS £LAFORY 70 PATFE,

Current stage

% of current stage completed

—

Comparison with time-table

e it e —

Comments:

—_— )
FORM 14/109/5(12.6m
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g adunxy

LSt

International Data Programming
Eon:lptéters processing schedule
Limitec
Prepared by A. SEN/OR Uer  XYZ SERVICELS ATD
Date 70 . 5". é 9 Project SR OJSECT PONAL yYs/s
Program or Wekenths 2 23 & § & 7 8 9 Jlo W 12 s8 7% s L 17 7B
oo AL AV AR AAR AL AN AR AR AR I AR AR AV AV A7
CARD TO 7APE P HoAAAA
(A' CO}F'Q) ‘ REVISION ’I"' """ oL IDR Y I R R .
7 z T3 l 4 5 3 7E -7 70 7 2 ] %
DPATA Vir ’ & |v L ‘ T T T : L 4 it I Ay Ay i At Attt Sty afntiing nindhadhad adbaiiy |

(AN. o THER) !

UPPATE £ | LR IR RS PR ERURON SRORY N N S S
(x )
EXTRACT ' Y 4 :7------_--__----_-----‘
Y )
FPRINT i . - f f : ,bﬁbr Pl AAL
(4. CoPsR) 1 } 'I"?ﬂj"':‘://ouipﬁv S B N Fir A

{

FORM 14/109/3(12.69)




{69°ZT1)L/601/71 WNHOY

_ _ _ “ H H _
I : | ! | i ]
| | | | | | |
i T [ ' [ _ [
+ t T + t f t
1 ] } i I i !
| ! | ! i i |
! ! ' | I | i
] T I i [ I i
t f T t f f t
i | ! I 1 I 1
! | | | | I i
| ! | | | I |
] I | I i I T
. ! _ ” H “ ~
{ | | | | | |
| i | | | | |
[ T ] I I I I
97 € 0/ T $350'@ o0°Z ' Z [2Z0 'z |§f0 ' ¢ beer
v'E o009 /s | 5§ 4|5/ i/ _ E€0 ¢ | 4o
99°'Z 1 PO Z | 5/ 2| 0o & _ ggo0o. .S & 1/ é/€/
7Ty gz 7/ 'b| bT A pS '° T [zoTH| 0F T2 é/9
SO0 F 7o 7 5 7,7 7 ooz & = &/os
g2x2o Zler'o 7 ” | 2 p | g5
, os/°'0,,9 |070 1/ _ | o/ 1/ | | h\@.\
VEEM oo % M e’/ _ \ _ _ O£ 0 | _ N\ ww\h\ﬁ\ /
swil  ,ON T aug  CoN swyy  oN swi ‘oN sl ON swil  ON som Jad
. Apyaem Apyaem Apyeam mncu_:e wm
sApeIND Apaep oy spdwio) spdwo) 3nnenwNY Apjaam peydedxa Jagquinu
.. WRON (SPUnOJ-UIM 4O :0u,) (@I0L $1e1 wesbory en1u) ‘218 dn 186 16 §O JAQWINN aleq alewnsy
- LI YUY uwusloy ooy ‘ou wesboly
pajun
J piooau Buisseooid siseindwio)
leuy eleq Jeuoneuwsazu]

Example 9

4202(4.70)

158



(oL vizozy

651

oI aydwoxy

International Data Trial
omputers processing record
Limited
Program no. Acco&A Program name ORI/ T »
Estimate Date Number of  Data set up etc. Initisl Program trials Totsl {*no: of turn-rounds) Notes
number :*m'ed“ds Weekly Cumulative Compile Compile Trisl Weokly Cumulstive
p;;r'n v:::k weekly weekly weekly
No. Time No. Time No. Time No. Time No. Time No.* Time No.* Time
™ ™ ' y - T TN TIINT CSIMIES
/ /0/5/‘) 2{ | | /. 00 1 | 1 ] /2 | 4 .00 JMS
2 {;[3/‘1 /ﬁ | | /. 00 i | | | ¢| 2.00 INITIMC COrMMLES
/6/8 ARy AVAPNZAEIE I ! 3038 210 38
23/8 2, 0 |3 0.27l 7, 22 f [, 7 |2, 0.24]|5 /.02
6/7 | 3,027 | | | | 8. /.02
/3/9 4 39 | 7' /.06 ' S J§5 | 3 /3 | 310.48| 81/ 50
20/y s! aslsr2' s8] %' $5 |3 20 | 4% r.15|/72'3.05
27/1 /. 7\|s3. 158 | 4,6/ |5 #3 | 6 12417 449
4 /r0 3, /7 |/ .2.77 | 2| 22 |4 26 | % 0.48(2/,:5.37
_ erAr| /6! 2.12|1 % 0.55|/3 2.53/4'/.47| | 2/7'5.37
| ! ! | | |
T T v i T I T
t | t '| | ; I
! ! { i ! i ]
| I ! | | | [
T T T T T | T
| } } ' | i }
| | | | | n |
| I | | I | ]
! [ ! ] I ] I
t t 1 1 — t t
} ! ! } | -+
) ! I i ! L |
| | | 1 1 | |
t I | | [ 0 [
T T T t —+ ! T

FORM 14/109/7(12.69)




International Data ! I
Computers processing history
Limited recor
Project controller ‘T._ J‘M /, 7-” User Xyz SGWVICES' £ rp
Syemscontet ke SR O LA Proiect fRROVETCT ANALYS/S
User contact A ”Akk,s (C‘. I’.) Suieno. X Y Z A o
Chief programmer & , J"’ NES
Senior programmer m . ,eae/”‘ralv
Computer Svs P = - 5o Main run frequency A/f?k‘-y
Operating system T Main language C 080 L
Configuration “ p 7 Sub-languages SeRCODE
' 2 RDS
CARD /P «nE PRINTER
Na. instructions Specify Program Linking System trial Trigl time (hours)
i S End S End
P owdever  Highievel  Gete e ome B e dae dﬁ?} _ date  Program Link
L
/ 5o 0| 2400 P2 afcld [fes) Toled Pl ‘71/67‘%/5, 20| /o
2 /85002 v &2] i ” o L2 Ll “ £ LLJ d e
V3 / £ >3
Actual /670 (2260 {73, F5, e/ g V7 %f/gi - 1= f/f;a 26% /0%
Actusl
Peak Average no, of staff used Man-weeks effort used
Staff category ofea ua??' Specs.  Program Link system  Total Specs.  Program Link System  Total
Chief/senior programmers 2 2 / / // 27
Other programmers P A &£ 2 29| 8 I 37
Program start point
Draft Agreed
No. programs No. standard Average Systems program program
Class of program written programs run-time | e spec. spec,
Media conversion — input INE 7
Media conversion with vetting 7 8 v
Vetting without media conversiqon / 7 v
Media conversion — output
Media conversion with editing / ? v
Editing without media conversion / 6 v
Sorting/merging 3 {g e
File updating 7 /o o
Pile searching
Other
Total \5‘ 3 52
Please comment overleaf an any uausual programs and any special factors affecting implementation.
FORM 14/109/8(12.69)
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International Data Program
Computers processing histor
Limited recor
Program number A o0 2— 4 Program name A e vEe7
Estimate  Stage Date of Program No.of  No. instructions Complex Work Exp: Total Time (days) Machine attempts ___ Comments
no. of * estimate language modules factor content.  factor store Man Time
estimate Data Procedure units effort Elapsed Number (hrs : ming)
/ |~ S Ytis| (0B ¢ Joo | /| Jeol| 742000 $2 Fuki 12 | 4 00
2 |Pc|®/rfes|COB0C| ! | 420|770 | / | 770\ / 2,000 u | % | 4 | o | Mo Sewepoe OrancE
pahe! (osot| / | 45€ | 798| / |798| / R¥000( ,_ |,
Actual *>7 'rmﬁ"—lg*‘if—/é.
Actual store usage
Actual no: segments Instructions + macros File control
Actual nq: overlays Data + constants Overheads
Actual Logic and Coding and Trial initial Trials Total Actual tnitial compiles Compilstions Trials
implementation checking checking data campile trials
{man-days} 2dry-run I‘Iet:(kd(‘::’all Number Time Number Time Number Time
k| 4| 7E| # |72 | 49 | 2 |o0z2] 7 |2.00] 8 |os2

Elements present in program:-

*Abbreviation for stage of estimate:-~

Vetting [ Media conversion Pre-specification Pre—S Post-initial compile P—1
Editing v File updating Post-specification P-S Post-trials P-T
Sorting File searching Post-charting P—Ch Post-linking P-L
Merging Calculation (74 Post-coding P-C Other revisions R

FORM 14/109/9(12.69)
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Additional swutistics

Additional comments

Vetting programs (Please mention any points of special difficulty or interest, and any special factors

affecting implementation)

(oL'vizozy

(P40224 JO asada04) 7] apdwnxy

Original input medium

MT

No. of input types requiring more than
1 block /card

AONE

No. of different input types

Average no. fields to be vetted on each
input record

/0

No. of output record types / Percentage of fields needing radix o
/ conversion before O/P 3 \? %
No. of output files / Average data vojume per run ’,007 RECORDS
AV T/ cneRcreRs
Editing programs

Eventual output medium

FRINTER

is two-up printing required

NO

No. of different output formats /o |'s pre-printed stationery required MO
No, of input record types Percentage of fields needing radix

? conversion before O/P A/ OW
No. of input files Average results volume per run J ’

/ 00 LivES

File updating and file sesrching programs
Give details of all magnetic tape/direct access and card/paper-tape files

Input Axcess Average No. of
output method record record
Description of file both Medium {discs) Total file length fength types
Normal main file activity rate per run % | If updating program, is a separate Take-on
program used:- Amending




Appendix 11 Trials procedures

PLANNING AND SUPERVISION OF TRIALS

There are two forms available which aid the planning and supervision of 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
of trial data. It consists of a grid arrangement with one column for each significant circumstance and a row for
each combination of circumstances to be tested.

The basic set of trial data should be drawn up by the programming supervisor. Basic combinations of circum-
stances and sequences of events should be defined. These will form the basis of, and guide the programmer in
developing, a full detailed set of trial data. ‘

The testing schedule contains the following entries:

Program number  Identity

Test unit Identity

Prepared by Programming supervisor’s name

Date Date form filled in

Trial data records A reference to be assigned to each basic trial data record.

Conditions Each column indicates a different circumstance. Each trial data record row indicates
combinations of these circumstances.

Comments A brief description of the objectives of the basic trial data defined.

Bar chart

The purpose of the bar chart is to aid the supervision of trials to the extent of following the actual progress
compared with the estimated progress. A bar chart gives a pictorial record of 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. If there are a large number of entries, the bar chart can extend over several
forms.

The bar marked Estimated number of effective trials (EER) is equally divided and numbered according to the
estimated number of effective trials needed to complete the testing of that stage. In making this estimate,
consideration should be given to the extent that the current stage has already been tested in the process of fully
testing the previous stage.

The bar marked Estimated total number of trials (ETT) is then similarly completed. In the example on page 166,
it has been assumed that 40% of 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.

4202(4.70) 163
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International Data Testing
Computers processing schedule '
Limited

Program number Test unit Prepared by Date
Trial Conditions Comments
data,
records
T
| [ L] 1 ] ]
| i ! i | !
| ' i
| !
! | Lo | b
! ! i ! ! ! |
i : ; | | i ! :
i ! ; ; i
i ; ; \ : i
( i ) i :
i |
| i “ ‘ 1 } 1 !
! : . i : i
: | i i | ! i : ;
[ | | i k
| ! I ;
] 1 |
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, | | |
y T T
| ] | | i
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. ! : |
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: |
T t
] ] 3
i i |
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International . Data
Computers processing
Limited

chart

Program

Project

Test unit

Prepared by

Date

Trials
stages

Estimated
effective
trials

Estimated
total
trials

Estimated
dates
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International Data Bar
Computers processing chart
Limited
Program £ XAMP‘E Project Pkfpﬁf/% A gﬂR C””fr
Test unit Prepared by Date
Trials 3
stages
Estimated
s o I/ Vool
| l |

Estimated l l I | |
it o “ 2 < S ¢

| I I | l
Estimated I I I ‘ l
dates 272 #4514 75/3 2¢

FORM C14/108/2(1.70)
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International Data Bar
Computers processing chart
Limited .
Program fXA MPLE Proiect L/ 77VCE AVD WIZ‘?’E?E"’A’G A Mﬁ Wﬂl’?
Test unit A Prepared by B Date C
Trials 5 | 3 é
st 5% s0% «’Io% /oiz Airlsoz
{ |
E's'(in\gted I I I I l T
aave o / 2 ] o ’ 2 o ’ 2 2
| | | | /I\ | |
Extimoted I 1 1] I T 1 | 1 1 1
lotel p / 2 - 5 o ’ 2 3 =< g o 4 2 2 ¢+ S
EmER L1 1] L1 ]
. LV L | 1,1 | T
s | a6 mph 44 s o Y s s % oh %

FORM C14/108/2(1.70)
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International . Trials _
Computers processing submission
Limited control s
oo Submitted by Description of jobs e rred
/ /| AL | 7 1. 69| Compsle and Gufl‘ose AAZ)ZO;/—]
2 C2_ | 2. 1.69| Compose BBBIIO) Test nits 3v4] 10.1.67
2 €F |85.1. 69 77/ale of Ccc/o03 Fesrimls /+2
£ Grf |S. 1. 67| IDSU for DPDI00E Tect Unif !
2 / Vo 70./.69 740l 0 F ccC/003, Zesr wiF2,
2| A8 |/ .2.69 ryos5U for ARAIOS /.1 67
2 MY |z 7.6

Compife G»;pore' Zial Y2 1234,

- S, .S‘fa;,e 3.

FORM C14/108/3(1.70)
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UPDATING A BAR CHART

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. If 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. If the trail was effective, a line 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 of how far it has progressed the testing of the trials stage.
This is difficult to estimate and the programmer’s opinion alone should not be used as it will probably tend to be
optimistic. Instead, it should be based on the number of instructions proved or the number of trial 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.

USING AND INTERPRETING BAR CHARTS

Bar charts for each test unit must be kept up-to-date. If the estimates are accurate then at the end of each trials
stage, the lines drawn should form a single vertical line The divergence of these lines indicates the progress of
testing. If discrepancies are abnormally large, then steps will have to be taken to correct the situation. Consider
the three situations in the example on page 167.

If 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.

If the Estimated effective trials fall too far behind the Estimated total trials then the causes should be investigated.
If the programmer is at fault, then stricter checking procedures should be enforced. If the reasons are machine,
operator or software faults then the programming management should be informed.

If the progress of 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 all the estimates for
that stage or even all 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 of 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.

CONTROL OF TRIALS IMPLEMENTATION

The day by day control of trials implementation is essential for the smooth running of a project. If individuals
are left to their own devices, then chaos will result. A programmer’s natural optimism will mean that both check-
ing and co-ordination between each individual’s submission will be insufficient. There are four forms available
which will aid the programming supervisor in controlling trials, whether by his own use or by suitable delegation
to a trials controller. 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 turn-round of 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 controller should check that the programmer has created his submission in the
correct manner. This will include ensuring that the analysis has been checked to be full and complete; that the
programming supervisor has approved the resubmission; that all 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 of the total work submitted.
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The Trials submission control form contains the following entries:
Job number A unique reference number for each individual job submitted
Submitted by Programmer’s name

Date submitted Date job is submitted by the programmer

Description Brief details of the function of each job
Date returned Date job is returned to the programmer
Turn-round

The Tum-round form provides an interface between the controller and the machine. It mainly provides detailed
information on the total turn-round of 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 overall use of 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 of estimates. The frequent occurrence of errors which produce ineffective results may be
discovered and remedial action may be taken especially if they were caused by the programmer.

The form can also provide information for costing, timing, efficiency, and other required aspects of testing.

The Turn-round form contains the following entries:

Job number The job numbers in the order they are to be run within a batch of jobs
Date submitted The date the batch of jobs is submitted

Date returned The date the results of the batch are received

Machine time Amount of machine time used

Result E for effective

I for ineffective

Comments Relevant details and comments on results. Further details are held on the Trials log/analysis
(described at the end of this appendix).

Tape/disc catalogue

The Tape/disc catalogue form provides a basis for a method of controlling the use and contents of the pool of
tapes and discs. There is one form for each tape or disc and the supervisor keeps the library of forms and controls
their updating. He should control the allocation and use of 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 Name of project(s) to which the tape/disc is assigned
Serial number Reference number of tape/disc

Location Location of tape/disc

Owner Person responsible for the tape/disc or POOL if unassigned
Date Date of any relevant change

Type Description, for example short/long work or data tape
Contents Details of files, standard or user labels of any data held, including position if on disc
Run generation Relevant value

number

Condition History of tape/disc, (parity, scratches, tape chopping etc.)
Data prep submission

The Data prep submission form provides a means of controlling the flow of data preparation work. This will be
useful if there are large numbers of 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 of any queries.
Tendencies in turn-round times can be analyzed. This will enable estimates to be made of 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 of work submitted
Programmer Name of programmer who submitted work
Description Relevant details such as paper tape, verify, hard copy, parameters
Number of 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 of mispunching etc.

PROGRAMMERS TESTING PROCEDURES

The summaries below provide a check list of the programmer’s functions involved in testing. The functions are not
necessarily in the exact chronologieal order of execution. Specimen testing schedule and Trials log/analysis forms
with descriptions of their use appear at the end of this appendix.

Trial data

1 PLAN Full sets of trial data should be planned to test all conditions on the basis outlined 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 of the full sets of trial data to avoid unnecessary
errors and amendments later on

3 DETAILS The exact data record details should be prepared for all 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 of the objectives

7 DOCUMENTATION All relevant documentation must be kept up to date

Initial procedures

1 DIAGNOSTICS Suitable basic djagnostic facilities may be incorporated in the program to increase the value
of trials and to aid analysis

2 APPROVAL The supervisor must approve the proposed use of diagnostics to avoid unnecessary wastage of
machine time

3 PREPARATION The program should be submitted for punching as applicable
4 CHECK The results of the preparation should be checked to be correct

5 INITIAL 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 listing and trial data, will increase
efficiency of trials and will validate trial data. A second person is required for assistance

8 DOCUMENTATION All relevant documentation must be kept up to date.

Trials

1 DOCUMENTATION Full details of trials should be recorded on the Trials log/analysis form for checking,
change of staff and maintenance purposes, (see following instructions). All relevant documentation must be
kept up to date

2 PREPARATION Parameters and operating instructions for the trial should be prepared, the relevant submission
details should be recorded

CHECK A check of the submission details should be arranged

SUBMISSION The trial is submitted via the relevant channels

ANALYSIS Failures must be diagnosed; all errors must be analyzed and full details must be recorded
CORRECTIONS Amendments must be made for all errors, and full details must be recorded
CHECK A check of the analysis and corrections should be arranged

REPEAT The procedure should be repeated for each trial

00 9N N W A W

Testing schedule

This testing schedule form provides both an aid to devising, and a means of recording, trial data. It consists of 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 of the appropriate decision table if decision tables were
used to define the job.

A schedule of the basic trial data plan is drawn up by the programming supervisor.
A separate detailed schedule is drawn up by the programmer
The testing schedule contains the following entries:

Program number  Identity

Test unit Identity

Prepared by Name of person designing the trial data

Date Date form filled in

Trial data This enables a reference to be assigned to each trial data record

records

Conditions Each column indicates a different circumstance. Each trial data record row indicates com-

bination of these circumstances.

Comments This can be used to give a brief description of the objectives of trial data sets and/or each
individual trial data record.

Trials log/analysis

The Trials log/analysis form provides the following advantages if the entries are meticulous:
1 A comprehensive resumé of the testing progress to-date

2 A valuable record if the program is to be continued by another programmer

3 A useful aid for checking procedures

4 A source of information for statistical purposes

The trials log/analysis form contains the following entries:

Program number  Identity

Program name Identity

Test unit Unit of coding being tested
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Operating system
Programmer

SUBMISSION
Trial number
Event

Checked by
Date submitted

Date received

Identity
Identity

Each trial is given a number in ascending numeric order starting at one.
Type of run, (trial, compile, etc.)

Signature of person who checks the submission.

Date of submission to the trials controller (or to the computer).

Date received from the trials controller (or from the computer).

RESULTS/RESUBMISSION

Result

Approximate
computer time -

Details, analysis,
corrections,
comments,
diagnostics

Checked by

4202(4.70)

E for effective
I for ineffective

Amount of machine time used.

Full details of errors for all events. This is used mainly to record full details of results,
analysis, corrections and comments on trials.

Signature of programming supervisor or person who checks that analysis is correct.

177



(0L°11L/801L/P1LD WHOS

AZ | Roo7 1IFF VT Y| T WrneLI I [T 9
Az % Wik Ridd i attdid
/Ao S3]GBF JO GoiJsos $uoir wol) uﬂiﬂ%ﬂwﬂﬁﬁ

Vv\& 407975 7 VWBM VoI FOIJISUIZY J5I440) wosI7Y Jo Yng Vi

A2 %22 Zr SMmoS SO SUWBS JpILPds/5 S Q PO

LA LV D22y l&:i .V\\.\M. h-\jiw
o Mhha "N “%ﬁﬁ%ﬂﬂ“&\ JOIIS h\yQ\(\\mua u.ssh > L ArH N Y227 >~
Az NQN V&\\V \x\\h \¢s\\.h .bNt
\\\\0\\0 .% QW o/ t\D.\.\n \QUI\-VU\\.V ‘bv\:\§bcv ToUI)os \\\q\\\'.&w
&7 \i\\\@hhmyue N\\vu\sn\ .\~§\\|V~me\0 oyz PO I2 ﬂ\\\n\ .2.\\&\“. Y lelrselis'g JoH/ m.
A2 &Q SO WD oy = m\\»\c\t IS L
FO PO PIprysa jpom JoJ Ty vo prOV peed Jok gy sy 3 olr el ¥ 9 IV &
A2 %0

N T el 1Y OV /Y ©

{W\hsﬁb.\ 2309 prY Sf° SAW¥S ) wo> “\ \u\vm Ouv \W\t&t%
WQQ‘.\Q \lVb*bN\\ Séor> DQMEQUQ\Qh\\O pes O\WUU.\.\QU
&lhh. vw‘.\ vo28/8657 OSbg PUOdAS SI7V9F WO 0\«8 ~oOI4S> wub{\-\-‘:\:‘.h y A1l Y \as.\\h_ /

Aq 2wy dwod ‘pas  puugns Agq ‘ou
payoay) SIUBWIWOY 'SUONDBLI0D sisAjeuy  ‘sisoubeiq  spielaQg ‘x040dy  }nsay a1eQ a1eg PaNday)  JUaA3 ey
uossILIq RS /8 NseY vorssgng

INIIW waysAs Bunesado Mo wun 3s3j

INLO N .t Jewweiboly 7S XY sweu weiBosy &/ OFV Jaquiny wesboig

nun
JO— siskjeue/60) Buissaoaid m_muﬂw_Eow

sjeuy eleq jeuojewlau]

Example of Trials log/analysis

4202(4.70)

178



AA

Appendix 12 Flowcharting standards

This appendix describes the standards for flowcharting and for cross-referencing coding to flowcharts. The
purpose of any flowchart is to make clear what the program does without the obscurity of too much detail, and
the main objectives of the standards described in the following sections are:

1 To make the flowcharting phase more effective by introducing various levels of charts which correspond to
the level of processing to be solved

2 To enable flowcharts to be kept up to date more easily
3 To introduce a logical system of cross-referencing between coding and flowcharts

4 To make a flowchart drawn by any programmer intelligible to any other programmer, by using standard
techniques

TYPES OF FLOWCHART
In most projects there are at least three different types of flowchart, these being:

The system flowchart

This is the highest level flowchart. It shows the relationship between the user departments and the computer
system.

The suite organization flowchart X

This is developed from the system flowchart and shows the organization of related programs and the flow of 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 of a set of multi-level flowcharts each of
which is a complete flowchart. These are the subject of this document and are considered in greater detail.

THE PROGRAM FLOWCHARTS

The program flowcharts consist of two parts; an outline flowchart, which shows the overall logic of the program,
and detailed flowcharts which are expansions of the outline chart.

Outline flowcharts

The outline flowchart is the highest level of the program flowchart. The level of detail is such that the flowchart
is applicable to any computer which has similar peripheral and storage facilities.

The aim is to define the main logic of the program, in particular input and output, in such a way as to divide the
program into logical stages each of which is a self-contained entity. All attention should be concentrated on
establishing the basic logic of the program.

Each logical stage is represented by a symbol on the flowchart, and entries from other stages must be to the start
of 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 incude all the detailed requirements of the specification, maintaining the logic already 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 of program flowcharts. Further charts may be drawn to expand the detail of boxes on the second
level charts, and these charts form the third level of program flowcharts, This process of expanding boxes to a
lower level of chart is continued until at the Jowest level the procedures can readily be expressed at coding level.

Since each chart represents the expansion of one box of a higher level chart, entries to a chart from other charts
will always be to the first box. Flow lines would otherwise be implied as entering into the middle of the symbol
on the higher level chart.

FLOWCHART SYMBOLS

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.

FLOW LINES

A flow line shows the transfer of control from one |
operation to another. The standard direction of flow is
from top to bottom, left to right.

Arrows indicating the flow must be used when the +
direction of flow is not standard, or whenever increased
clarity will result. —_——

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 of processing function
or operation for which no particular symbol is provided.

I

PRE-DEFINED PROCESS

This symbol represents a named process consisting of one
or more operations or program steps that are specified
elsewhere, for example, a subroutine.
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INPUT/QUTPUT

This symbol represents an input/output function, that
is where information is made available for processing,
or processed information is recorded.

PREPARATION

This symbol represents an instruction or group of
instructions which indirectly affect the program flow,
for example set a switch, modify, initialize.

DECISION

This symbol represents a decision or switching
operation. It has one entry and a number of exits.
Each result is stated alongside its appropriate exit.

If more than three exits are necessary this symbol
is used.

CONNECTOR

This symbol represents an exit to, or an entry from,
another part of the flowchart. It is used to indicate a
transfer of control which cannot be conveniently shown
by a flow line (for example, where the destination is

on another page, to avoid crossing flow lines or to avoid
very long flow lines.) The symbol must contain a
reference to establish the path.

TERMINAL

This symbol represents a terminal point in a flowchart,
for example start, stop, halt, interrupt.

COMMENT

This symbol is used to add descriptive comments or
explanatory notes to a flowchart.
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CONVENTIONS

Paper size and direction of flow

Flowcharts are drawn on A4 or A3 size paper, subject to the limitation that no page may contain more than 25
boxes. The paper is held vertically and the general direction of 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 if possible with a verb. Where possible the
text is written within the symbol, but if this is not practical the text may be written in a ‘comment’ symbol.
Subroutines

Subroutine entry points are annotated to indicate the function of the routine and the identities of all pages from
which the routine is entered. The conditions required for entry 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 of 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.

FLOWCHART REFERENCES

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 of the first box on the chart and the chart reference are the same as that of the
box which is being expanded. The references of 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 of the box being expanded and further boxes within the chart are
referenced with the chart reference and a suffix in the range Ato 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 of 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 limitation on the letters that may be used implies a maximum of 25 boxes per chart. However, it is recom-
mended that a limit of 20 boxes per chart is imposed, as this allows 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 of the destination symbol, and entry connectors contain the logical
reference of 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 of 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 of 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 of 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

CROSS-REFERENCING CODING TO FLOWCHARTS

The system adopted in cross-referencing will 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 of
development. The structure and detail of both must correspond as closely as possible throughout. Since the flow-
chart is the explanatory detail of the task which the coding is designed to do it is desirable that the flowchart
references form some part of 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 of coding to implement a box on a flowchart has a label of the form ‘L’ followed by the flowchart
box reference. For example the coding label for the first instruction of box BC will be LBC.

Labels required for transfers of control within a flowchart box use the box label plus a numeric extension in the
range 01-99. For example, the first transfer of control within box BC will be LBCO1.

Subroutine labels

Since subroutine chart references all start with Z, labels for subroutines are a copy of the flowchart box reference,
followed by the numeric extension as for program labels.

Label extension

In COBOL a meaningful paragraph name should be added to the standard label. Since the standard label can vary
in number of characters the two parts should be separated by a hyphen.

Example
LC-MATCHDATA
ZDAB-STERLCONVERT

In languages where there are insufficient characters allowed for an extension, annotation should be included in the
coding so that all major entry points are meaningfully described.
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PROGRAM FLOWCHART EXAMPLE

Following is an example of a flowchart using the methods described in this appendix.

PROGRAM FLOWCHARTS
Name of job DEMON
Program identity : DEMO 1
| T
Chart ! Page Chart Page Chart ! Page Chart Page Chart l Page
I I I I | a8
referenceI no. reference| no. reference | no. reference| no. reference | no.
Outline | 1 : | [ :
| ] |
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prepared by: 4.V, OTHER vsve: 12/3/70
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processing stationery
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- Appendix 13 PLAN standards and techniques

This appendix covers standards for the writing of data names, labels, subroutine names, listing 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 of both layout and intention is the aim. Wherever possible, the con-
ventions for PLAN match those of other ICL languages.

WRITING STANDARDS

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 of the coding. It may be also useful to have about five blank lines at the end of each sheet.

Layout

+ It is essential to the maintenance of a program that it be laid out in a neat and standard manner.

#, #CUE and #PAGE

These directives should be used to mark logical groups of coding, and to space the listing. The programmer should
remember, however, that macro expansions will of themselves create spaces, though not necessarily at logical
breaks in the program. Thus a blank comment line (#) need only be used whenever a logical break occurs without
a nearby macro space, and to separate groups of 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 of
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 of error dumps to some extent. Subroutines, in any case, should be
CUEd.

Section order

Each section of a program should start on a new page, and be arranged as far as possible in the following order:
All COMMON areas
Variables (Lower)
Variables (Upper)

Presets (Upper)

1

2

3

4 Presets (Lower)
5

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 Data names for a description of
these) appear at the head of 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 of reducing the size of the branch-ahead table.
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Comments

The importance of 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 of comments per instruction, since this depends very much on the complexity of the coding, but
certainly the aim is to produce a reasonably self-explanatory program. It is far better to err on the side of too
much narrative than too little although the narrative must also be meaningful.

Example

Label Operation Acc. Operand

! 67 1213 15 16 20 24 k1] 32 36 40 4“4 40 2 56 (1) [} (1) N ” kL] [

AT - e G

[11] [T o

D
IR
.
.—E
r

7

A much higher proportion of comments should be used in declarations of constants, work areas, etc., to describe
the intended use of the areas. Clearly, lists of variable declarations are undesirable.

Example
Label Operation Acc.  Operand
1 67 1213 1516 20 24 k1] n 36 40 4“ 48 52 56 “t o 8 k23 10 0
ug{g_{s R{J%é su.ca{,c c}s:u,u f.uPJ) . +m{.- . o]
o
[P ISR NN JERERNERANERARERRRRRRENANS HNNEEAI [ ofs
Such lists must be written on many more lines.
Example
Label Operation Acc.  Operand ’
i 67 1213 1516 0 4 20 2 3 40 " 49 52 56 60 ’ (2] (1) n e 0
ENErGY Sl T TTTTT T ..r*-nmm ] [ :lclel lole] Io ofs
. 06
SE J1L il lels|1inle! |alnltlahic e o]y
bl AL LA _l/'\—fdl"*h_lﬂjh.j/~-.—‘—" LA N L

Comments should also be used as headings for groups of 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
of this appendix.

NAMES

This section describes a method of naming which ensures as far as possible the uniqueness of 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 of
clarity; this is necessary for PLAN 1, and helpful in PLAN 3 where compiler table sizes can be kept small without
affecting the power of the language.

Data names

The method of naming data is based on the concept of a file. Wherever possible, all 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:

190 4202(4.70)



CP Card punch

CR Card reader

CT Cassette tape

ED Exchangeable disc store
FD Fixed disc store

Line printer

Magnetic card file
Magnetic ﬁw

Twin exchangeable disc store
Paper tape punch

Paper tape reader

dRRBEEER

Typewriter

The next character is the unit number, though this may be omitted (except in the case of line printers) if no more
than one peripheral of the same type is used. A numeric character is required in the third position for printer
names to avoid clashing with the program labelling system.

The next character (third or fourth, that is) distinguishes the different areas within a peripheral group, as follows:
Peripheral buffers B
Control and file definition areas C
Headings, messages, etc. : H
T

Secondary, or Transfer, buffers
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
label Operation Act. Operand ’
1 X .7 1213 1516 20 24 2 32 3 40 44 48 2 56 60 (%] (1] ki1 R 0
Lo[w]E ] | RS REREENE oys
] TrT H‘ N >' 11 [ afe
™ ClA IPulal 3 N36E oy
1|z
Pl Bl 2'0) s
144 1 . I 1 Hel
Bl pm‘b ,r\gn,rja BuE Rl RS 1T ! 0]
codbialds i ) 4 2'e
- T Riow[Cwod] 17171 ] 2r
. ' Pl i Lo 3lo
cARD| PUNCW AIREAS| | | 1 T ol
| : 3 T 1
-+ -R -4 i s . . - 318
el /0 ,nf,:sio yo/clee | SERRRNRN 1 bb
IR A . 42
CEACGEE oile o'r]- e lop! IFiiEl LTRALER] [CARD o
EEENE RN . | +ls
PRk iR 1] lb’.!&’QUJI.PILUT%T‘Fti vel PRTE T[] [ 1] Tl eAbeR [dA”D 1 AR
| i i s|e
CAR iREfs;b.E.;&'_.rf n TR oL sl
1 ] | ! T 6|0
Reoic] 5i/1dLlo:, 3.0, o/'c|rRas, 15/0 Jo], Ig]dl, Jol/Ic|<i0.al nge
H 66
4 ’ ; n 44 69
| 1 2
i 1TIER Mesis! S 75
ANREER I,L
T‘F Ioleldl | e LI%J{;H&J&. we). | | 1.
e WE D) v ni_«m EELQIOBM N 9[l'_ 411 ;
&I&F N a L_—' )> N\ V'\vf\g/”\nf‘\,h—h,'\‘,b—-
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All other data names begin with either P for Preset or V for Variable. If the constants of 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 of FORTRAN, most ICL languages can use the labelling system of the flowcharting
standards.

The program labelling method consists quite simply of placing an L in front of 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 O to 9 if necessatry), as LACE3. PLAN
labels are restricted to five characters and this precludes the use of 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 of the routine, the conditions
required for entry, and any peculiarities.

Example
1 [ 1213 1516 20 24 28 2 3 40 4“ 43 2 % “t [ - ”n ™ o
o3
(103
|§ /IR Rigi-! ) o]
112
118
118
EQVILRES! A TNl Y(Y[DIDD; | L 2]s
2]e
2]7
3]0
CUIE ZARDIATIEVIET 313
316
319
4] 2
! E‘ElY A
\d"\h" <]
} —~ o’ -
L/ g = - N Nl — ~ S e  Ca N
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

Label Opsration Acc. ’ '
1 [ 4 1213 13 2 L] » » » “ “ 4 ‘52 % L “ [} n " »
ap
Ll oo
ICIE [{)
s
M iyl 1]s
e
L3¢}
o | A
~ N~ il N L S =
Y] suAnAnEANNEEN T
0 N)/IBILIOC e
s
C ]2
o8
ZITIY] ala
sh
e

This is particularly useful where there are a number of common areas, and it may not always be clear which area
is referred to in the compiler listing at any given point.

ACCUMULATOR CONVENTIONS

In the interests of maintenance, a standard accumulator usage should be adoptéd, both in normal arithmetic and
manipulation, and ip subroutine linkage.

Normal usage

The following table outlines the generally accepted system of accumulator usage:

Accumulator Use

} Double-
Single-length values § length values

Note: The Input/Output Generator uses accumulator 2 for its CALLs.

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 of subroutines
4 Character testing, loading

5 Spare

6

7

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 of the form

Label Operation Acc. Operand
] [ 1213 1816 ] 2 20 2 *» '] . « 2 [ [ “ ] n

TR PR
| I

I1

elefol y

-

or
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Tabet Operstim  Acc.  Opersad T

t t

yﬂ s 44 4 2 56 ©0 [ o8 12 '::’w
A}&A r%e LR T+ Hl“l - IRRERARE H“H o]
[ RN ERANERNI T 11 ol

where possible. This may not work in extended branch mode, however.

MONITOR
Bits 0 to 9 of 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 of the coding rather than the obeyed (that is the logical) order. The first monitor in a program

using bit 1 of word 30 should be numbered 101 (or 1101 if 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 of necessary information. The first
requirement is the logical structuring of monitors; for example, bit 5 of 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 of 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 of store the programmer is interested in can be given a specific entry point for this purpose.

MULTI-SEGMENT PROGRAMS

The average size of a segment (though this may depend on the complexity of the program) should be about 100
source instructjons. This will allow reasonably short compile and recompile times, and keep the number of

entries in the compiler tables small. Thus, long, meaningful data names can be used without fear of 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 will also be found useful to give each segment
a number, and use this as the penultimate digit of the monitor identifier within the corresponding segments.
For example, segment 2 may have monitor identifiers 121, 122, 123, 221, 222, 1223.

EXAMPLES OF USE OF STANDARDS

The two examples that follow do not purport to be a good PLAN coding but were chosen as being relatively
simple, and show many features of the standards in operation.
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ICL m Programmer o 04y | ont | o {
coding sheet T™e pAN Je8 2 Deie 17 JulY 1969
Segment S GPRE Identity/Page ”I:m""
Label Operstion Ace. Operaand ’
1 7 121 1516 20 24 8 2 3 40 “ 4 2 5 “' 23 [1] k23 0
Iesrulg ILlx]s}r H&Mcfr, nin|Rlale]= kI3 lo) o]s
. ofé
SlalPIR ol
Fﬂ& mzzlh}bl/ El a0
laﬁggnlalu_gur £ ulT] i[s
I AN
2|4
e,|g S| ClommoNl el 1SIEGITING ANID | e, 2|7
3|0
[#LlendEIRY C IN|A s
{ 36
I\L Tiaig (1315/0]) PRITICIEIS] IXIN IPIEINICIE] 3]y
4|2
BlRTIc (2]} [ c plEIR RATICH s
48
51
5|4
[n vn‘_u LEls] iclelMM o i 1
4|0
jelLlohd =R b
616
ElciomiE is| N[T| €
T Hin h
fand Nol o] Plelalr] WITINE(S Iw*_g_R:DER 15
Fasc winel (i i CISIAILIEIS] IclaiTia €]
SIGTIYI([1 jo) [u,aTTY
Fome e © International Computers Limited 1968 Printed in Great Britan
ICL 1P|90A0NSOI'I98 Progammer ¥ RBULL Bt 2 “« b
coding sheet T  oAN TJeB2 D 17JuLY 19869
Segment SGPRO Identity/Page nDID:’n
Label Operstion  Acc. Operaad ' f '
1 6‘; 1213 1514 20 24 20 2 36 40 4“ 4“» sz 56 0 2] 1] k23 ™ 20
m o3
ofé
F uglg_tgtaurs rlgl |siGlPiRio] lainID| IS IT ol
1|2
felLioneR) clam ClomiNc L
risiclollnlr] |va]Lule Al
Ilg;,ft ’ uln VI_L_,_L on
ke A ulnit] [Rlafr[e! 2|7
[P Nl a0
ciiRleis|s|(R)) 3 vinlLlule] [Floje] £ 3
Feeas AR e !
l! [Ty lﬂ,};TT vq_l,ui F M_ng_)}g]g ::
Luinfci lPlRlalc]e R| |elnic Thrle s
]y_gg}g ciEl(hlo u{! l ‘FL,_I_ EEEF (E e
ylcvialelulel(filo]) vialele] [Flelr] [elakc n] fowivielel TxiTle i
Sfe
L 1%4
60
(3%}
30
6|9
T2
7|8

oM 119000

cC
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ICL ol re—————

coding sheet Tite PLAN T8 2 Da 1 JULY 1969
Segment SG PRO Mdentity/Page 7 []:[ED'IT
Label Operation Ace. Operand
) L) 1213 1516 20 24 28 2" 36 40 +“ 4 52 56 60 64 [1} 72 k() 80
P o3
0]é
ComStTiaNTls! IPAIRT cuy.me_‘:ll WIS SIE] NIT] o[y
. e
kﬂﬂﬁﬁﬂ 1{s
1{8
piclonin o pixislclolulnlr] lals! PlEiRlcleIniTlale] 21
2|4
S 27
3jo0
tlo BE
!_L 36
s 319
4|2
Plc |O|NIB o LaxiskieuNT] AlS] FIRIAICITITIBIN 45
4]0
|- 0|5 5|1
5|
0;- i 0] 3K
60
0" 2is 6f3
6[6
[PicleiN o|- |s|o [ngl_ﬂm 1[NjG! FIRIRICITIZlON 6{9
7|2
715
FOM 1/101(Y.00 © Internationsl Computers Limited 1968 Printed 1n Great Brinain
L coding sheet e P AN T8 Dite 7 JuLY 969
gt CC ORO Wentity/Page 13 [ | [ ] | |7
Label Operstion  Ace. Opersad '
1 6.7 1213 1516 20 24 28 32 M 40 44 48 52 56 Wf o4 (1] T2 kL] 80
I'j_[E € { ofs
j 06
JwipiRlecIAln o]
i
el N TITIALIT|SIE 1s
1|8
L wlzH vqggjgiss ClciuelnR] [GlR/@IS]S 21
2i4
Jul vic/c|rlalsls+]1 27
30
Lleir Ll | Hlo miglx] IZTieIMIS] |PIEIR 16|RIDIEIR] 1=]1[0] 33
36
.. 219
412
W alciclumuitiplrie| iGlrieisIs| vIALIUIE L
4/8
Q LIDix Iy scm—n;u ClLlelap] INIE|X[T] [c|AlT|alt]o|6lule] Inje L3R}
_F 5|4
2IE] S LIX[F] [Z|ERG] [TIHIT|S! [G|RDIEIRI ICIoImPLIETIER 5|7
60
1 Azlaulstr] i¢elR miglp|z|F|zlcaiTiTio|N 6{3
6|6
LIDIX ih,MVHPRTﬁ (3 FlLinfp| pIPIPIROPRITIAITIE] PIRITICIE 6l9
7|2
sirlel || fol | viclplrlriclelc Cisklelrle Iplrlxice s
- 4
ey b | viBlsiQirivi( LiPRITICIEL x| QIUlAINTILIT]Y] 14
e |1 k] Vil I lsklelale] [VIR[lulg
POns 17161017 0l © Internstionst Computers Limited 1988 Printed in Great Britain
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ItL ms"‘“ Progammer v Q10 Bt g “6
coding sheet o 7 3uLY b1

™ pLAN TeB2

Segment G Keatty/rge [ [ 1]n
Label Operation Ace. Operand ’
1 67 . 1233 1516 20 24 E ] 2 3 40 “ 4 52 56 » t - [ ) n % 0
IF_{P sl 111l Micklpleisls L BJEH_MBILIMI.ELJ:LQIEHEF
I8ulx Lq lsasi el ] ncll [TlE
u .

,_
g

=3
G
-

I

()

[

w|wlo|o|w]olw]|r]|~ |elu]jv]e o |[wu]o|w]el-|@elu]wiole]|\w

S]d]e elo]e|w]w][w]a]e]sw]w ] [w]w]v] o [n]=[=]~[a]a]e

TP_ vic[pils/RfT el plxIs|clelulnlr] [RinlT]e
slo teagHg xir| [Nol mixisiclelulnir
| il 1
Lg{x ;s__l_eggHmz Lbl_n,H 1ls|clelulnir! Tals| |¢|rlalc r|=[eln
T{_ 5| | Ie| T rlomle] [xln Muliivizleliit]e
'H yic| 3
it i
V{L ] Is! [ [plx CHUNT FRH_C_I_;H_N
n: ) © imernational Computers Limited 1968 Printed in Great Britain
coding sheet ™ PLAN J08 2 D 13 JULY 969
et 0 CDREO Kentity/Prge® 13[ [ [][]m
Label’ Operation Acc. Operand f
1 6 7 1213° 1516 20 24 . 2 3% 40 4“ 49 Sl. 56 “' o (1} ” ™ 0
e A TTec n S T e LR Rk e
. o6
! C RlElSUlLIT s
Iﬂlnlﬂ.l_;_—r JRQIS*M'D 1|2
STH___F ylclplxislc cisiTielR €] [pix/slc Ty [vialLulE s
118
STIQL——Jb—hfLEDLC'”* ] 21
2i4
N| }S| 2|7
3lo
Lislo sitle Pc SiC Clcilelnrl (AoR] | TisiclouinT 3
3|6
Sir IleplcnT]ely "
4i2
List sirlelz! v]e [DlcIN[T s
R 408
LIDixX I_(a? NICIGIRIBIS ELI_QHp GIRIGIS|S sit
5|4
Igi pic [T [Gl&Hss —pix|slc lelulnlT 5|7
6|0
Tiel | | Ve INE T CisrlelRle] [ziN] In[efriv] [v]a[ilute] 6|3
66
J8.RIN clolulT CIPRITINT SIEIG IMEINT At
7|2
#EINID 1[5
W FTINT IS
FOMM /W08 © Imernationsl Computers Limited 1968 Pniaed v Great Brtain
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l‘ :I %Sﬂm Programmer ¥ o144 | oot | of 6
coding sheet ™+ PT.T0 M.T. COPY Dee |b JulY 1969
Segment Identity/Page uED:EDn
1 7 1213 1514 20 24 28 »” » 40 4+ 4 2 119 “' - (1} 7 k(] [ ]
ITIEIE|R] . TISIT], 1] H = lK]Tolt LIE
R TR e ) T T
bi o
A 0
FPER i us
1|8
z|!
2i4
F i 2|7
30
WE|R, 303
3|6
Ir ( M wl E|E] 3|9
4|2
T { (4] LIS FIF{EIR 415
48
T clplalplelal ITlalple] |RER! s
54
coniririel] lniglE 37
6|0
h f K
6|6
Tc R elc I i) e
uph
C IS . NPT vDiaTiaivivl, ol o, 13,10 PIEIN [T cle L L
ITICIQ) 1l 0], O] hs C EILIEIR] | af |+
TIRlC o/ lulo Jol/IT al ClPinlele|R] ITIAIPIE
f FHT
PORM /1801100 © Inmernstionsl Computers Limited 1988 Printed n Great Britan
Ic ROAONW Programmer T-BULL Sheet 1— of b
L coding sheet ™+ P TB ML COPY Dete 4 JuLY 1969
Segment dentity/Page uD:]:EDn
Label Operstion  Acc. Operand
1 [ 1213 15 16 20 24 28 32 36 40 “ 49 52 56 60 o4 68 - k23 e 0
o13
olé
o9
1|2
[HIEINITIRIY ) 1ls
z 118
NIET) e TIAIPIE TP 16} 1BIUTIPIUITT (WlEiAD!t S j21] |
LT e
L 2|7
3lo
L PERI | b 18 BEER 3|3
316
WM, b, R E RIP|E AIRIK, 3o
402
L b Cl12/glrja|T|Z] Ejc|o|R LIEINIGITIH] |C]ofuiNT]E A
4|8
IDIN o C{2]E T Kl ICJoiANITIE |R| AN
r sle
LIDIx 20 cls|ebr] juie] lalulalu ke lFlz]elr] islilek sl
6|0
(=) L, Ti8[0) 6|3
6|6
DN 2 [i8lLielcik NG ITIH! IMie b iMiuiM e|s
7§
S, — MiT|Blale 1ls
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Appendix 14 Usercode standards and techniques

The standards that follow are intended to assist the programmer in laying out his program so that it may be under-
stood by another programmer more easily than if no convention whatever had been followed. Clarity of both
layout and intention is the aim. It is hoped that serious thought will 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
470 as well.

STANDARDS

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
of the coding.

Layout

Free use should be made of the EJECT, SPACE, and TITLE directives, not only to separate routines or groups

of 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. All 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 of comments in low-level language 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 minimize unclear thinking. Comments should average about one for every
two lines of coding; one for one is even better. Comments must be meaningful. Declarations of constants, work
areas and so on should bear comments describing the intended use of 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. If the first two digits of 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 of the exercise, can be avoided by initially numbering the cards in units of one
hundred.

Symbolic data names

The standard method of naming is designed to enable the programmer to trace data references, and in some
cases to suggest the contents of the location. In no way does this method replace the use of comments. The
first three characters of all data names describe the type and position of the data; the remainder should be used
to provide a meaningful description.

Character Function
Ist character Type code: This will be one of the following:

W for work areas

N for instruction constants
S for S-type constants

A for address constants
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Character

2nd character

3rd character

MEANINGFUL DESCRIPTION
4th to 8th characters

For address constants
V-type constants
S-type constants
Y-type constants

For instruction constants

For other constants

For work areas

For input/output areas

Labels

Function

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. All file declarations should have a comment indicating
the file letter allocated. Work areas and dummy sections associated with
files should use the file letter rather than the type code.

Module code: This is an alphanumeric code in the range Ato Y, 1 to 9.
The letter A should be designated to the control module.

Group code: This is an alphanumeric code in the range Ato Z, 1 t0 9. A
group of constants can be subdivided (by using the SPACE directive) into
groups of ten to twenty constants, each of which is given a different code.
Constants should be in alphabetical order so all constants of the same
type will be grouped together. (SYS ...... for S-type constants should be
avoided.)

Either

(a) a three-character reference code of the location to which the constant
refers, followed by one or two digits to make the name unique.

or
(b) the last five characters of the name to which the constant refers.

The Usercode mnemonic of the instruction, followed by one or two digits
to make the name unique.

The type of data code used in the define constant instruction followed by
the constant value, or another description if the value is too long, for
example, CABP23 for a constant defined as P*23’, If the type and constant
value are used for these five characters, and the constant is changed, then
the name of the constant (both the declaration and the usage) must be
changed.

A five character description of the purpose of the area should be used.
Similar names in the same program should be avoided.

A single digit should be used to indicate the area within a file. Characters
5 to 8 are not specified.

Example
EAAI1 for IOAREALI for third file and EAA2 for IOAREA?2 for third file.

The first line of 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 range 01 to 99, as LACEO3.

Subroutines

Subroutines are named from the beginning of 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 of the routine, the conditions required

for entry, and any peculiarities.
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DD

Example

Nome Operation Operands Comments Significant spaces indicated thus: L (1space) Identification

1 s |vo u s 40 nl in 80
‘lrrre 8 |'S/p Fc - paTe vET' -
[ [}
' |sPaced . L
] |

13, $/81 vneePs| paTE APPRESS IN R, PA IN yy»DD FSRM

| i

coerorr'st 2. 'dc Ser ar o« 1r dare 3.«
[ |
M Seqcd
1 1
usrwe e, 4
1 [

Zec 1Srw 'MW, /5, 08006 657 .
l AL A 2 ! ded A bk A § b A & A b MM A 3 A A A 3 4 Py ra e
e ‘lg../s
1 :
1 [

- _/—\_/—..——_\’____\r \/—/\_—- o

Modules, CSECTs
These labels are derived as follows:
Ist character Type code: M

Module code: This is an alphanumeric code in therange Ato Y, 1t09.
The letter A should be designated to the control module.

2nd character

3rd to 7th characters
8th character

Meaningful description: This is the five character program name.

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 BtoZ,1 to 9.

Note: The SE 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. If this method is adopted, then J-level
programs need not be restricted.

Macro names

The macro name standards must be strictly followed to avoid confusion arising from possible duplication.
Macros written for or by the user should be in the form

LLLdd

where

LLL is the user’s installation code.

dd is a serial number of which at least one character is numeric.

Register usage

The following system is based on the method of calling subroutines used by the majority of 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-corrupted 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 15, the return address being in register 14.
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Example

Name Operation Operands Comments Significant spaces indicated thus: s (1space) Identification
1 8 |0 " 16 40 n 80
| s, =A(Sus) |
| I ¢ |
laasr 114,15 .
i !
i = " = -
Any parameters are passed using register 1.
Example
Name Operation Operands Comments Significant spaces indicated thus: s {1space) identification
1 10 “ |6 40 ny I 80|
: 4A ,_ lr4,24D7
|
[ '185,-4(508)
] 1
‘1Bacr 117,18 P
| [
wappPAry 'lpc | N .
I i
wapPaR2 lpc | |
| I
wAPPARS ! |bc ||
1 |
LAD( "ve !
{ !
l T ——

Register 13 may be used to hold the address of 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

Operation | Operands Comments Significant spaces indicated thus: LJ (1spece) Lu-mcmm
1 8 (0 " |% 40 n

T 'H,15 S/R _ZB _BASE ReSISETER N

I | §

lustwe |28, 4 . —

i i ,

ke 112,/ £OR._PARAMET ER_ADDRESS ING, .

I 1 A

t t

The last instruction is inserted for those subroutines which will corrupt register 1.

The recommended use of registers is shown in the table.
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General
4-30 register 4—-40 ‘
Timer register, must not be used 0 Corrupted by FCP. Use carefully for
counting, etc., or with R1 as even-odd
pair.
Corrupted by COMRG. Use as parameter 1 Corrupted by TRT, EDMK, FCP. Use as
base register, and for general short-term parameter base register, and for general
arithmetic. short-term arithmetic, etc.
General purpose. 2 Corrupted by TRT. General purpose. .
Base register for data module or control 3 Base register for data module or control
routine. ‘ routine.
Base register for subroutines. 4 Base register for subroutines.
Chiefly IOREG, VARBLD, etc. Any left over 5t09 Chiefly IOREG, VARBLD, etc. Any left over
may be used for indexing, arithmetic, etc. may be used for indexing, arithmetic, etc.
Use for STXIT routines, otherwise as for 5 to 10,11 Use for STIXT routines, otherwise as for 5 to
9. 9.
Standby register for parameters in subroutines 12 Standby register for parameters in subroutines
where R1 is corrupted. Otherwise general where R1 is corrupted. Otherwise general
purpose. purpose.
Register to address general purpose work area 13 Register to address general purpose work
for subroutines. Otherwise general purpose, area for subroutines. Otherwise general
purpose.
Corrupted by FCP. Link register for 14 Corrupted by FCP. Link register for
subroutines. subroutines.
Corrupted by FCP. Branch register for 15 Corrupted by FCP. Branch register for
subroutines subroutines.

The following table summarizes these rules by usage; the order of preference of registers is from left to right.
Registers specified are assumed to be free. The use of register 0 is not advocated for 4—30.

General register

Usage Short term usage Long term usage

IOREG, VARBLD, etc. 56,1,89,10,11, 5.6,7,89,10,11
12,132

Indexing 11,1098,7,6,5, 11,10,9,8,7,6,5
2,12,13

Arithmetic in pairs 0,1;14,15;12,13; 10,11;8,9;6,7.
10,118,9:6,7.

Arithmetic singly 0,1,14,15,2,13, 11,109.8.,7,6,5
12,11,10,9.8,7
6.5

Base register 3 3

(control routine)

Base register 15,4, 4

(subroutine)

Parameter 1,12, 12

register

Work area addressing 13 13

Branch register 15 15

Link register 14 14
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GENERAL TECHNIQUES

Module size

One of the main advantages of programming in modules is that the amount of re-compilation during trials is
reduced. This is best achieved with small modules. Small modules also provide the advantages of requiring few
people to be involved with the coding and compilation of each module, and of 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 of 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 all
the features described. The main aim is to keep the modules of the program fairly small, with standardized
linkages, thereby aiding comprehension and increasing the speed of trials.

CONTROL/DATA MODULE

The control module will normally use base register 3, which must never be altered. After BALR 3,0 are all useful
constants, storage and work areas, including a special hierarchical register store. For very large programs, this will
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 will be:

v Nuu Operation Operands Comments Significant spaces indicated thus: L (1space) identification .J
1 8 O L] 40 n
| Wérne! jeara, s
] ] .
L enee g — .
| 1
) 11802 | bi,0 —— .
! | RN —
A "ea s s
! I B N
I ISPacH s
I f X
AAASQua ' |Bc U (navSeua) APPRESS OF , ., ..
t [l 4
N\L LJ L.
N T T T e ——— e e T wl I & et S
| lerecr
] I
X | Wwre |
I ]
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For large programs, the control module will be:

Name Operation | Operands

1

» ) 0

Sigrificant spaces indicated thus: L (1apace)
ngm

L4.+2, 4

8 0 "
's1vel
3
]

4.0

laace !
i

2oy (4A2300A)

CAADATA 3

RerERRING T CONSTANTS IV

e

DATA _M3D

N LYY

i
[
|
I

ca42474 !
|
|
!
i
I

P G

P U S A S U S R G T U Y

.......

- MO

Wagssis4 lcEecr
[ ]

LA

.........

................

The data module will be:

p - \/—H—_/\_—g\———/—\’\

Wstne! UAaSeua, 3
] i
e "

C‘h"df 'g,‘a '

AASaCA Lrpc !
I I

Note: If 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
Neme I Operstion | Operands Commants Significant spaces indicated thus: L (13pace) Lu-nmm
1 s 10 LI L] 40 n 90}
A 'bs lroeor
| 1
18 s legor
b 1
c {p3 120007 N
] A I l AAAAA e e P Y A S U S U S S S S T W U W G Y Lok
| I -
These work areas may be expressed as:
Name Lowm Operunds Comments Sigrificant spaces indicated thus: Li (1space) mecmm
1 8 L L] 40 n 80!
A 1 Ip3  1l6goor
: | 100 . o
8 . | legu. ' es
i 1
c llego ' Hs8, R
) | ]

* This would give astorearea A, B, C, A, B, C, — — —
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The processing routines of the program are called using register 4 as the base register. Before this register is loaded,
all 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.

THE HIERARCHICAL REGISTER STORE

The hierarchical register store consists of a series of 64 byte areas, full-word aligned, one area for each level of
subroutine nesting. Routines at the first level store their registers in the first area, and so on.

Example

For module 1

Operation Operands Comments Significant spaces indicated thus: L (1space) identification
0 L L] 40 L B 801

Wadza .  'le . 'lv(Za) .. . . . ., . . ... . WeIN PROCESSING ROuTINE
|
oc ! lv(Zs), . oo NPATE VET ROUTINE . . . . . . ..., o | N

q-’"ﬁ—r — — T e —r d —~—T
o S VADEA
| ]
| I_au& \4,/8
I 1
-~ /\'—\IIL—Q\ . e
For module 2
Name Operation Operands Comments Significant spaces indicated thus: Ls (1spece) Identification
1 8 o u | 40 nj I3 80j
[C8APATA : »Secr! . T0_RELER TO CONETANTS, IN _MOD 4
|
—_—— L o — = d
vasia ‘s 'V oy ,
: : e
vapzs lbs e . NPATE, VET ROUTINE, . . ., . ... —
:\—-—"—'N——\)WW—\N e ———,
1 T ——— e it
wasRSTor' |BS . |26 H REGESTER SroRe,
] ]
4£ 3702 b5 |1 6F . . N
-—-\_/\l______" e N
| e —— - e e e
A e e e e e .
d—— | | P —
e — e S e iy Iy o
! NG |Za, 4
] |
Za V|srm_ ! lo, 15, 006RET0 1 e
I ]
A T T | I
Dt KR J£:.45 it O e L S it I
" — — »
. 3 ’85,vADZS
[ NN N ] .
I'|8acr 174515 e —
~__/—\—|— _'_[ e S e e = e —
et lem oy 15,4083 T01 i
- 1 ]
o 'l .  '|re e
N B 1
1 1
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The subroutine ZB starts

Neme Operstion | Operands Comments Significant spaces indicated thus: LJ (1spece) I LH-M
1 s jo L L] 40 N
Srvel |28, 4
B 2./ 8, /JAERSTO2

4,08 .

On 4-40, since register 3 must never be altered, it is possible to use STM 4, 2 instead of 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 of LR and BR.

DYNAMIC WORKING STORE ALLOCATION

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 of the full-time use of register 13. In this
method, none of the routines or subroutines have their own working store, all this being at the end of the data

 module. The start address of free working store is held in register 13, and all routines have a DSECT using base
register 13 instead of real working store. Thus, if the main routine uses 400 bytes of working store, then before
it calls its first subroutine, the instruction

Name Operation Operands Comments Significant spaces indicated thus: L1 (1spece) me
1 8 v L L] 40 n

24 (3,4¢0(0,13)

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. Similarly, if the subroutine itself uses 104 bytes
of working store, then before its first subroutine is called, the instruction

Name Openation | Operands Comments Sigrificant spaces indiceted thus: L (1space) Lmaem J
1 0 L L] 40 n
' jea 13,704(0513)

must be performed, and 104 subtracted on return. It will be seen that the amount of working store needed is not
the sum of the working stores needed by each subroutine, but the maximum of the store requirements for each
possible path through the program.

Care must be taken that register 13 is incremented only in units of 8, so that the registers can be stored at
location 0(13), and any DSECT is correctly aligned.

Note: If the data module is at the highest store location, the amount of working storage needed can be allocated
in the //LSTORE card or during composition. This can be useful if the amount of working store varies significantly
from one run-type to another.

THE DSECT

The chief disadvantage of 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, if 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 of the program by simply re-compiling. The macro
should be carefully defined to give the length of constants where necessary.
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Name Operation Operands

1 8 0 L L

Comments

Significant spaces indicated thus : LJ (13pace)
n

' 1»c C'HEADING '

will cause the translator to move the locatioh counter only one byte in its calculation of DSECT displacements.

The correct instruction should be:

Name Operation | Operands Comments Significant spaces indicated thus: L.J (1 space) Identification
1 8 0 " 6 [40 ™ In 80|
R ! |pc llee 2’ neapIne! N
| |
] ]
which in a DSECT is translated as
Name Opacation Operands Comwnents Signiticant apaces indicsted thus: L (1apacs) \denttfication
1 8 |0 L L] 40 n L
- 'S llcaz .
I |
] I
Example
Submitted to the macro library might be:
Name Operation Operands Comments Significant spaces indicated thus: L (1space) Identification
1 8 Jo " |6 40 d B L 804
| racrd
| I - . e .
anve ' lxyZra |
] I
s ‘iaos
A I P ' e Py —— A A A Ao
' [SPace
] ]
Arasava ' Ioc ' WiwapEeva) ADDRESS, OF.
M 7
e A~~~ i i —
L et S T e e i e . —
igeTECY . N
] | N -
..... Y .10 — e RN
] ]
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EE

The control module can now be written:

-_/\——-LL/ANLW\/_—\/\/———\.———'—\_MK—

Comments Significant spaces indicated thus: L (1spece) I me J
40 n
T -
]
A1 OV . .
1 i - T T
! ! e - = .
..' 4 A
i i N . e
401 lwve !
} L}
= e e e k
The next module of the program might be written: -
Neme Lownbn Operands Comments Significant spaces indicated thus: L (1apace) Lu-mm-on‘l
1 8 “ | ) 40 n 80
: I_ﬂfm" COADATAS S
CEADATY : P,{:crL lconSTanrE o
i

P ararerE BN N " i PR A —dd PP S Athdk 2,

Xy ZsA e
l A A A4 A

iL}A/ 111 A Ig.!'l'cr‘
| )

This example shows a clear saving of effort and errors.

The amount of store may be minimized by organizing the constants, work areas, etc., in the order:

Double words 7.

Full words

Half words

Bytes

though it is doubtful if the amount of store saved is worth the inconvenience of not having the constants in -
alphabetical order.

TRIALS

To save frequent re-compilation during trials, it might be found useful to have a patch area under base register 3.
Any large sections of coding that have to be inserted can be put here by REP cards, and branched to from any
part of the program. REP cards should not, however, become a permanent feature of a program, but be used only
to avoid recompilation temporarily.

Address calculations

All arithmetic errors that occur during the writing of a program are dependent on the programmer’s using
calculations on numbers. It follows that if the programmer avoids these, and leaves as much of 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 of calculations,
a few examples of the technique follow, to give some idea of the possibilities.

SELF-DEFINING VALUES

Not only are decimal numbers self-defining, but also expressions such as X*26’ and C*?’. Thus, instead of a table
drawn up as:
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Name Operation Operands Comments Significant spaces indicated thus: 1J (1space) Identification
1 8 w0 u e 40 n{ 3 80|
CTABLE WD . |l64¢'%’
I
| Pc ] c’ ¢ .
4 A, I l n i ko h Ak A&
| e Heoe 'g_'“‘ . L
' l A U S W W W W S S VI SA W WY WU W W I WY S U S 'Y
| e I C',f. ‘C’/"
| I
e |  l9c/s’
I _ﬁl‘\/— > — - Jomn
D e S e

to translate unprintable characters to *, it is much easier and safer to avoid calculations with the following coding:

C7 e < (218"

c
i
' lore AcraBLErc' !’
1 | I

N PSRN} [ e e —— e

Name Opaeration Operands Comwments Significant spaces indicated thus: LJ (1 space) Identification
1 s o W | 40 n} In 80
WacTages loc ) l2sec /a’
| |
, | |ogs. . ' Wacraeeecsca! - ]
| !
t ec‘ e 7e,t
‘ I oY A2 e
‘ore | WacTasisec 't .
t |
} {
1
|
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 Operation Operands Comments. Significant spaces indicated thus: wJ (1space) Identification
1 8 jo u s 40 n} | 80
7= A8LINE(S) s ACTHELE - €A’

b —~p—}—

is clearly superior to:

Name Operation Operands Comments Si;mum spaces indicated thus: L (1 space) Inldullnuhm l
1 8 o o116 40 n 80|
TR ABLINE (J,),Amcm:.f _

Vs e L I R P

Again, the load address instruction can be used to load a one byte character into a register.

Name Operation Operands Comments Significant spaces indicated thus : Lt (1space) Identification
1 8 {10 " 116 40 " 80}
‘A,  H,ct

DR B L © 8 ale s seaa a .
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ABSOLUTE EXPRESSIONS

Absolute expressions are permitted for lengths, dxsplacements, etc., and may be used freely to allow the translator

to perform the arithmetic.

Nome Lowm Operands Comments Significant spaces indicated thus: Ls (13pace) | | identitication
1 s w e 4o n
- : Ve | | A(2x2403),8 "
|
1 1

is perfectly leg,hl. A maximum of three operators is permitted.

LENGTH ATTRIBUTE

The length attribute of a symbol is written in the form L’ n.

Name Operation Operands Comments Significant spaces indicated thus: LJ (1space) Identification
1 8 o [ L] 40 ni s 80|
A . |' &  llcez . .
: " "
~ L’A has the value 7.

If all constants have been defined with lengths, then the length attribute may be used to advantage, as in the

following coding.

Name Operation Operands Comments Significant spaces indicated thus: L {1 space) Identification
1 8 0 " 1% 40 ny i 80}
8. ‘g |lces
! |
e ve ()8 — .
| ! '
P ._r : . — "

"In thjs' way, any change to the length of B will 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 of another
Example
Name Operation Operands Comments Significant spaces indicated thus: 1 {1space) Identification
1 8 |0 L L] 40 n]m 80
L | 1pg | |70004
NOSSSELE NSO I -
8 'leqe
A A A I e l r——. e Y
| |ors | Fﬁ*zﬁ-u .
i | )
c | e‘, !
] ] I
~ . '1gke ' ke3(a8-4)
| |
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Expressions may also be written in the following form. The second instruction may be found useful in loops, for

instance.
Name Operation | Operands Sigrificant spaces indicated thus: Ls (1 spece) me
1 8 o " “’ h 0]
: Are ' U(2ec’s),.C
1
|
!

Example

7, 4%L'8(e,7)

EQU DIRECTIVE

The EQU directive can be used to give meaningful names to mask fields which are otherwise not meaningful.

To test if switches 1 and 5 are set, the following coding may be used.

I}

Name Operation Operands Significant spaces indicated thus: L (1spece) Identification
1 o u | n 0]
§41 :w a0
|
sw2 'lcav 'z —
| 1
Sug : | X0 :g
fas X A X -
-’——J—\—LMNWM\_,—\J——\N—
i L7, S SuTe 254 -
| 1
B — \__/_ T e

Name | oweration Operands Significant spaces indicated thus: 1. (1 space) Lmlm
1 8 o u e n
ufurcn/: ac . !ves (RwzeswaeSuc)

Again there are a few condition code masks for which there is no extended mnemonic, and which may be

symbolically defined.
Nlmc‘ Operation Operands Significant speces indicated thus : 1) (1 apace) Iderification
1 3 o L L] n
N2 ; icev 12
i
! -1

Name Operation | Operands Significant spaces indicated thus: L {1spece) Luam |
1 s o u |w n 8
wé 'leev |14

e

for branch on no overflow, or not all ones (after TM).
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Neme Lw Operands Significant spaces indicated thus: L (1 9pace) Kentification
1 [} uIs oo n %)
A '|cav. 41 N

Name Lw Operands Comments Sigrificant spaces indicated thus: s (1 spece) mem
1 3 “ 1% 40 n 0]
F!’ , ' ey | |/3
1
: A ] i
for branch on not plus (includes overflow).
Example
Neme Operstion | Operands Comments Sigrificant spaces indicated thus: s (1 spece) le-\hﬁcmm
1 [ ] L L) 40 n 80]
L hasarca, Sue
1] j
_._._.,_._._._._hc_.__._: : W, LA CL & SMe NOT FET. .-
. " t t -y ‘ A4 4 " "

The EQU directive may further be used as a guard against mis-punching.

Name LOwnion Operands Comments Significant apaces indicated thus: s (1 spece) l le-lilic-ion J
1 s u I® 4o n :
Is ! Foa / s

UA

0,

These directives would cause mis-punches to be correctly translated.

Example
Name LOp.mbn Operands Comments Significant spaces indicated thus: Ls (13pece) memcmm
1 8 " 1% 40 n 80|
: ve \W(r) e .
e
R 77 (3 .
] I 4
Jud T —
The following directives should be used with care.
Name Operation " | Operands Comments Sigrificant spaces indicated thus: wi (1space) identification
1 8 L L 40 , "y |13 80}
5 lree ! ro; .
Z ! . N .
....... ! N e - e
i i — .

S— and Z— type constants would be mis-translated.

4202(4.70)
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4-40 coding techniques

CLEARING

The most efficient way of clearing a register is to subtract it from itself.

Example
Name Operation Operands Comments Significant spaces indicated thus: L (1space) Identification
\J 3 w0 " e j40 1
13ce '10.2 —
T _—y e B ——
]
To clear an area of core (maximum size 256 bytes), an exclusive OR can be performed on that area.
Example
Name Operation | Operancs Comments Significant spaces indicated thus: iJ (1space) Identification
1 [ ) W 1% 0 nj |3 80)
; Ye ! |ETore.s, STores e
il
I |

To clear a single byte of core, use the Move Immediate instruction to store a byte of zeros.

Example
Name Operation Operands Comments Significant spaces indicated thus: L (1space) Lu-mﬁcmon l
1 g v " |% 40 n 80]
; wyvr |\ lsyres,.o .
. |
] i =
- " e . ‘. o
TESTING

In order to test the state of a register the condition code can be set by loading the register into itself with the
load and test register instruction. It should be noted, however, that most load instructions do not affect the

condition code.

Example

Operands

“_ e

Comments

40

Significant spaces indicated thus: LJ (1space}

Identification

e, «

ng i

!
|
i

RSP Y

N

e

EE S T IS

To test an area of ‘core for zero or non zero, the condition code can be set by performing a logical OR on that
area.
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Name Operation Operands Comments " Significant spaces indicated thus: L (1apace) lecmm:a'iun
1 8 o % 40 n 1.
' ace STORE!, STOREL, |

B tedebed ot 2l as

To test a single byte in core for zeros, ones or a mixture, the test under mask instruction with a mask of all ones
(that is, X‘FF’) should be used.

Example

Operation

L)

Operands
%

Comments

40

Significant spaces indicated thus: LJ (1space)
n

identification

73

10
. irm . \lByrer x're’
I | i

However, CLI is faster than TM and should be used where possible.

EXCHANGING

If the contents of two registers or two areas of core are to be exchanged without the use of any further register
or area of core, then three exclusive OR instructions should be used.

Example
Name Operation Operands Comments Significant spaces indicated thus: LJ {1space) lem!iﬁcmion
1 8 o “ |16 40 n [
. "o  lje,s
] I N .
e "Ire . lis, 4
I ]
Ik 'l s
I ' b Ao a2 2 & pea b A A B oAb A d S A A& A A A A8 A A & A A A A & AA_A T -
| |
or
Name Operation Operands Comments Sigrificent spaces indicated thus: L (1 spece) Identification
1 8 o W 1% 40 nlm
lxe  'I|Srorer Srore2
! 1 )
 xe  VISrorcr, Srore: .
] ]
Ixe  1ISrores, Sronea B .
l l - R Y T P S W G U U S N N '
t }

If the two halves of a single byte are to be exchanged, it is only necessary to use the PACK (or UNPK) instruction.

Example
Name Operation Operands Comments Significant spaces indicated thus: J (1 space) Identification
1 8 0 “ % 40 nn 80j
"VPacx 'larres ayrey
| t
| i
4202(4.70)
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ALTERING BRANCH INSTRUCTIONS AND SWITCHING

If an unconditional branch is to be altered to a NOP instruction, then a logical AND with an immediate constant
to the byte following the address of the unconditional branch should be used. For example, if the location of the

unconditional branch is BRANCH, then the instruction should be

Operation
10 "

Operands
%

Significant spaces indicsted thus : LJ (1 spece)

n

A

|srANCHe 1, X OF "

If the MVl instruction were used the X, field of the branch would also be zeroized.

!
|
i

If an NOP instruction is to be altered to a branch instruction use an inclusive OR instruction with an immediate

constant.

Name

Operation
10 "

Operands
16

Comments

Significant spaces indicated thus: L (1 space)

Ll

Identification
73 80}

or

woarancHr !, X' Fo'

|

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 of 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 of the BAL instruction, which allows multiple switching.

Example
Calling module
Name Operation Operancds Comments Significant spaces indicated thus: s (1spece) Identitication
1 8 |v “ 1% 0 n 80
N 'z ‘s, =v(Za) .
| 1 "
‘aae '£,76(0,.15)
i ]
— . . . .
Subroutine
Name Qperation Ogerands Comments Sigrificant spaces indicated thus: L (15pace) dentification
1 [ L u |s 40 nl 3 80
ysrne |24, s
| |
Za 'Jla ' era . N
] [
| lz | K Fp —
I | A . s IEre e B BN 't
‘{8 "lere
| | .
| er ) .
| |
s —
e L A ——— e e e e N — —

Multi-way switches are best handled using S-type constants.
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FF

!

. A '
281 |I 477)

]

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.

Comments Significant apaces indicated thus: LJ (1space)
140 n

identification

73 80)

A(E-cONETANTS) Fdw sarreH

TRHEICE BECAUSE S-Trpe COoNETANTS,

2 BYTES, 4‘2“&:

—“—t

lll#l(&),ﬂ“.),, $-CONST, ) BRANCIH INSTRICT.

JcA IS pummy ADDRESS

_._._.__.__._‘_lc_l.t;t!s'._ Saasuras, 5
: A

1
AAS : 'F(LC’) . LOR RUN-TYIE O, . . . .
! .
'{DC ‘B (es) £0R_RUN-TYPE 1
! 1
:Ibc 5 (ze) I RUN-TYPE 2
|
...... ;b.c“.!f.[uL e JFOR RN-TYPE S . .
|
'Ipe V& fex), FOR_RUN-TYPE 4
‘[I 1R N
MA: borsr'ls . s
t
LY T . s s .

ROTATION AND SHIFTING

The contents of a register may be rotated by the use of a double shift instruction followed by inclusive OR

instruction.

Example

The contents of register 5 are to be rotated by 15 places.

Comments.

Significant spaces indicated thus: L (1space) Identification I
1 8 0 L L] 40 nln 80}
:Fn e 4 lec earsS Resriree 4
' |
'[§eoe ' |6, 18 ISwrers peazrirens 4 avo & ay
1 1
b ! ! 18 PLACES
Nl
1Pr 'Is. o PneceySIve Jr 8ack e
i | |
. — — — ]
i i N

If the contents of a small table of consecutive words in core are to be rotated, then multiple load and store
instructions (providing there are sufficient registers available) should be used.

Example
Neme Operation Operands Comments. Significant spaces indicated thus: L (1space) Identification
1 » u In 0 n 80)
Thm Tl 7 Srgea s
: -
'l 8,1 .
! o ‘ e . . .
1 1Srm | 8. Srone/ -
| |
1 ] -
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This example used an extra register (register 8), but saves two instruction bytes by using the LR instruction in
place of an L or ST instruction.

It should be emphasized that the MVC instruction can only be used to shift an area of core to the left, because of
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 of places; for even numbers moves are made by two odd number moves

in succession.

Example

The contents of WAANUMB are to be altered from 01234F to 00123F.

Name Operation Operands Comments Significant spaces indicated thus : L (1space) Identification
1 8 {10 " 1% 40 n 80|
hvi e nens (3) uranvme(a)
| [
| i

INDEXING

If an index is to be loaded with a positive constant in the range 1—-4095, use the load address instruction.

Example

Name Operation

Operands

1 8 | L L)

Comments

Signiticant spaces indicsted thus: L (1space)

| identification
73

'za

| |4,A2DR£ESS

L

To increment an index by a positive constant in the range 14095, the load address instruction should be used.

Example
Name Operation Operands Comments Significant spaces indicated thus: s (1space) Identification
1 8 |0 4 116 40 nj N 80}
. Uza 'le, rvcren(s)
| | s
| I
To place the sum of two index registers into a third register, the load address instruction is used.
Example
Name Operation Operands Comments Significant spaces indicated thus: i (1space) identification
1 8 {0 u 16 40 i B 80
tiea V16 o7, 5)
i o v
I

Note: The displacement may also be used to increase the contents of the third index register by a small positive
amount at the same time.
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Example

To increase the contents of t;he third index register by 12.

Comments

Significant spaces indicated thus: L (1space)
il

Identification

73 80

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 of the register. It is therefore advisable to use an AND instruction
after the load half-word instruction to avoid any problems that might arise.

Example
Name Operation Operands Commenis Significant spaces indicated thus: Ls (1space) Identitic atian
1 10 " |8 40 njm 804
— Ay o, AWORD. !

g, =X 00porrrr’

13

There is no real difference between a base register and an index registér. If care is taken, base register modification
can give the effect of indexing for SS instructions, or can provide double indexing for RX instructions which may
be used for processing 2-dimensional arrays etc.

BINARY ARITHMETIC

When concerned with only the least significant 24 bits (or less), any of 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 of register 4.

Name Opaeration Operands
1 8 (v e

Copments
40

Sigrificant spaces indicated thus: i1 (1space)
Kl

Identification

73 80;

lea . 'lf 409¢é-548(s)

It should be noted that a carry into the 13th bit (bit 19) will occur, so that no more than 12 bits of the results

can be used.

To subtract 1 from a register, use the branch on count in register instruction.

Example
Name Operation Operands Comments Significant spaces indicated thus : L (1space) Identitication
1 s o u_1%6 40 nl |3 80|
- Macre | g, .0
| |
| { L ]

This can be useful to adjust a length value before executing, with EX, a logical SS instruction.

4202(4.70)
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In order to conserve space, half-word constants and variables should be used in place of full-word constants
wherever possible.

The division and multiplication by any power of two should be accomplished by shift instructions.

CHARACTER MANIPULATION

Care should be taken when using the load half-word instruction on a 2-byte 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 of bits 0—28 unaltered.

Load address can also be used to load a one-byte character constant into a register.

Example

Name Operation
1 8 v "

Operands

Comments

Significant spaces indicated thus: L {1spece)
n

-

4A

£,.cC'%’

The immediate instructions MVI, CLI etc. are very useful in single character manipulation.

An area of core may be filled with a particular character by using the following sequence of instructions:

Narme Operation | Operands Comments Sigrificant 3paces indicated thus: Lo {1 apace) Lu-nm
1 s o u ] 0 n 9
. : ve_ \l§rores,c’x’
|
Wve  ‘'liriasss 'SToRE)- 1), STARE
| |
. : . - . . .
or
Name Opwrstion | Operands Comments Significant spaces indicated thus: s (1space) mecaim l
1 8 o u e 40 n 20
Y Srore 1f1), cn

[ ]
] | - N
‘Wve | |STdes se0.(2 ‘3rdRe - 1), STHE 1
] 3
. TG .

MISCELLANEOUS

Multiple-precision fixed point arithmetic may be accomplished by the use of the add logical and subtract logical
instructions on all but the most significant bit. These provide exactly the same results as the add and subtract
instructions, but avoid the possibility of an overflow interrupt.

The BAL and BALR instructions store the whole of the P-counter in the return register. This includes the
condition code, which may be stored by the following instructions, and tested later.
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Name Operation Operands Comments Significant spaces indicated thus: L (1space). identification

1 s o “ e 40 ngn 0
118442 1/ 0
T | .
: $r.  '|s mancesr
1
N

Check digit calculation and verification usually involves multiplication of the digits of 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 number small).
Example

_ A check digit is to be calculated for the number 5215, using weights 1,2, 3,4, and modulo 11.

FS F2 F1 F5 .

NC against mask, giving digit position in zone quartet.
35 22 11 05

Translate against pre-multiplied table.
09 06 02 05

These numbers are then added together and the total divided by 11. This gives the check digit.
4—30 coding techniques

CLEARING

The easiest way of clearing a register is to load it with a zero address.

Example

Name Operation Operands Comments Significant spaces indicated thus: Ls (1space) Lmiﬁcmm
1 8 o " 1% 40 n 80|

To clear an area of core (maximum 256 bytes) an exclusive OR can be performed on that area.

Example
hNamc Operation Operands Comments ~ Significant spaces indicated thus : s (1 space) Identification
1 8 0 L L] 40 . . ng n 80|
‘xe ' |Sromes Sroees
I ! ) ‘
t I ‘
TESTING

In order to test the state of a register the condition code can be set by adding to it a half-word containing zeros.
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Operation

Operands

Comments

Significant spaces indicated thus: L (1space)

n

Identification
73 80|

-
|

b

To test an area of core for zero or non-zero, the condition code can be set by performing a logical OR on that

area.
Example
Name Operation Operands. Comments Significant spaces indicated thus: Ls (13pace) Identitication
1 8 JO “ 116 40 njm 80
'10e . | |Eronss, Sro0es

To test a single byte in core for either zeros, ones or both, the test under mask of all bits should be used.

Example

Operation
10 L)

Operands
16

Comments
40

Significant spaces indicated thus: vJ (1space)
n

™™,

|8y res x'rr’

|

To test a packed decimal field (having standard sign quartet of either C, D or F) for positive or negative only, the
condition code may be set by testing the last byte of the field under a mask of bits 6 and 7.

Example

Operation
10 "

Operands
L

Comments
40

Significant spaces indicated thus: s (1space)
: n

Identitication

yrex ,x'os’

The field is negative if the selected bits are mixed.

EXCHANGING

If the contents of two areas of core (of equal length but not exceeding 256 bytes) are to be exchanged without the
use of a third area of core, then three exclusive OR instructions should be used.

Example
Name Operation | Operands Comments Significant spaces indicated thus: L (1space) | | identification
1 8 |0 “ 16 40 njm 80]
ke | ViSror&s STORE2

] |
"xe .  |Sromes Erénme:
i i .
llxe | Broees, S7dre2
I I ek A, PO DS S (T Y S W St r—y Yy
[} |
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If the two halves of a single byte are to be exchanged, it is only necessary to use the PACK (or UNPK)
instruction. ’ ' ,

Example

Name ‘ Operation Operands Comments Significant spaces indicated thus: L (1space) Lmnicmim
1 8 O LN i) 40 Ll 80

. 'prck ! |ayrer, 8yTE)
|

ALTERING BRANCH INSTRUCTIONS AND SWITCHING

If the conditional branch is to be altered to a NOP instruction, then a logical AND should be used on the second
byte of the instruction with a mask of bits 4 to 7.

Example
MASK1 contains X‘OF, then:

Operands Sigrificant spaces indicated thus: Li (1spece) Identification

Name Operation
1) B3 L L] 40 n

‘e 1

srancH+1(1) NATK S

If a NOP instruction is to be altered to an unconditional branch instruction, use a logical OR on the second byte

of the instruction with a mask of bits O to 3.

'Example

MASK?2 contains X‘FO’, then:

Operands
%

Commants

Significant spaces indicated thus: LI (1space)
n

identification

o8RANCH .1 (1) MAEKS

Subroutines may be entered at different points by use of the BAL instruction, which allows multiple switching.

Example
Calling module
Name Operation | Operands Comments Significant spaces indicated thus: s (1apace) | | Kdentification 1
1 8 [0 U e 40 ng i 80
: n /s =y/Za)
[ I - K
LA 14..16(0,15)
: y
e i =
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Subroutine

Muiti-way switches are best handled using S-type constants.

Example

Name Operation Operands Comments Significant spaces indicated thus : L (1space) identification
t s Jo L £ 0 n
' WStné Za s -
[ ]
Za, ' '1eFa - .
i NE ——
I U] I S : .
[ N e
s, 'ferc T
1
* ' le£D L
| |
o [} pL e - -
1 ] — — e .
M"\IMMM‘_/\’

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 Operation Operands Comments Significant spaces indicsted thus: L (1 space) Identification
1 8 o “ 1% 40 n 80)
e s, A (Srniuran). A(E- CoNSTANTS ) FGR TMITCH.
| LS8
. 'Un IS wanraTe TWIcE BECAUEE 3-Tyre conNdTANTE
I |
‘1S ansenre 8yres (N —
{ |
Mve ' lesre2(2) ofs) S-CONSTANT T3 BRANCH INSTRUCTIS,
I 1 o
I - —_ i . e — "
Y s ea LA_IS DumNy ADDREES
~—— ! e et e e ) e — — o —
— Mm_’_/\ /\'A p— -

R ! u'zwc: JAASwras s e .
i
S'M:‘;g,u; pe, . : §(ec). FER_RUN-TYPE O . ..
e . '|Ee), . £k RON-TrPE ] e .
| ]
(e 3’[46) FOR_Run-Tyre 2 . .
i 1
e  V]s/arx) F8%_RUN-TYPE 3
] [N
12 ! .s"ﬁi:)j Fﬁp:;wv-ryrt :4:
T TSSO —

ROTATION AND SHIFTING

It should be emphasized that the MVC instruction may be used to shift an area of core only to the left as the
bytes are moved starting with the left-most byte of 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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Examples

Name Operstion | Operands

b

*
azgasc(s) anen

This will cause the contents of the byte AREA to be repeated in the 9 consecutive bytes starting at AREA+1.

Name Operation Operands

Comments

Significant spaces indicated thus: L (1 space)
n

b

e eve

R .
AreA c2(8) AREA

This will cause the contents of 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.

INDEXING
If an index is to be loaded with a positive constant in the range 0 to 4095, the load address instruction with a self
defining value should be used.
Example

Neme Operation | Operands Comments Siniicant spaces indicated thus: 1 {19pace) l Lmn:mj

1 s o Ll L] 40 n

—a ; A 1, Sov

l PR
! |

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 Operation Operands Comments Significant spaces indicated thus: LJ (1space) mecmnl
1 s |o “ le 40 n
. : ks g Sovie)
| 5
1N ] - —

To place the sum of two registers in a third register, the load address instruction should be used. A small 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 Operation Operancs Comments Significant spaces indicated thus : L (1 space) Identification
1 [ L W 1 40 ng 80/

: Lo '1¢,0(5,6)
[
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Name Operation Qperands Comments Significant spaces indicated thus: Lu (1space) Identification
1 - L w 116 40 ny s 80

- "z 4, Sov/(s.6)
| | N 7

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 of the register.

There is no real difference between a base register and an index register. If care is exercised, base register
modification can effect the indexing of SS instructions or can provide double-indexing for RX instructions.

BINARY ARITHMETIC
When concerned with only the least significant 24 bits (or less), any of 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 of register 4.

Name Operation | Operancs Comments Significant spaces indicated thus: Lo (13pace) Lu-nmmm J
' s |o u e 40 n
: LA |18, 4096-735(4)
' ¢
) )

It should be noted that a carry into the 13th bit (bit 19) will occur, so that no more than 12 bits of 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.

CHARACTER MANIPULATION

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
] Name Operation Operands Comments Significant apaces indicated thus: 1 (1space) identification
| 1 8 {o 16 40 np s 80/

e lle,0%0’
| |
1 |

An area of core may be filled with a particular character by using the following sequence of instructions:

Example

[ Name Operaton Operancs Comments Significant spaces indicated thus: L: (tspece) Identification

1 8 v " 1% 40 ny 90}
1' wve ! |8rorer, char

; v

"Wre '|Sroressife 'sronesr-1), Srolees
[ [ N
] ]
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MISCELLANEOUS

The BAL and BALR instructions store the whole of the P-counter in the return register. This includes the
condition code, which may be stored by the following instructions, and tested later.

Name Operation | Operands Comments Significant spaces indicated thus: s (1 spece) Identification*

1 8 o L L] 40 nm 30
'i8acp L1/ 0
| [l N o
i|sr . v amacesr
K ] t
: | e

Check digit calculation and verification usually involves multiplication of the digits of 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 Fl1 F5

NC against mask, giving digit position in zone quartet.
35 22 11 05

Translate against pre-multiplied table.
09 06 02 05

These numbers are then added together and the total divided by 11. This gives the check digit.

EXAMPLE OF USE OF STANDARDS

This example does not purport to be good Usercode; it is not, in fact, a complete program, but merely sections
of one, showing the working of the standards in a complicated set-up.

Name Operation Operands Comments Significant spaces indicated thus: L (1space) Identification
1 8 0 L 40 n

- rrred |"xyER1it1:Verrsne RevrrMe’
|

WAR 1141 : Srasar] . —
[

epnca |2 . —
|

uEIne 1LA+2 , 4
i

saer ' 4,0 .
I

Y /.

LA

2. |3, vasmy . V(AT MTDILE).

S1x6 |CAADATA 3 —

..................

et Ml PO b PRRPE S S PR SR S Y N i e e b ey

i
MAR (/)14 lcSecT

|
: eA 173 anFuGRK AMIC NORK AR EA
| AT L -

‘ | [Srace \ — s

' : s e
e 11 (8, vHDIME Y(EteST PeschSirna Ryrrue)

: A

|
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Note: the V-constant is defined in the data module, hence the module code H

Name Operation Operands. Comments Significant spacey ;
\ slo  wiw % fa V= | prom——
Vlgacr | 12 15 . n »

\1\___/—\_,?\\
9 R — ’_/—'\:“/A_L\\’-
P f’ﬁt" _— '1 1. L Ly \“{*——-ﬁ

V)

:_——\—ﬁ- _’—-,A_L u\-—_’—"‘ ~—— — — \__\ Lv\
) ;;1 " — A - N - J_A_A\u_A e gy
VABMH, :pc . : V(:ﬂﬂxuuA) v.(oaTA MIpyLE) s
e e T —
| 1 M . N
\

The first processing routine might be:

Name Operation Operands Comments WMM
. e lo w b o ths: L (1apace) | | Mentiicarion
V\Trre€ |'nBR11.04: FTREr PREcEESTME RoyrTNE: gAETXC YET' n ®
] [
= y P —— A_A- M_A
Xrur3 RINATINE MerE 7 TA7ALS e -~
] ] L
- - - At e a— - - + =t IR S S
104 /4 |3TARr
| | e T SN -
i e e e R . ———
! 13race
| | . e
= ~— At i -t R T SV
' Wirwe caaoaTa 3 e
canparA | BSFcy DELCT. FoR DATA MIDULE
1 ]
vt . PRI
! ‘xuu‘ - e ——
| |
s e s Aeebend B A4 4 4 4 A 3 A o & A A S8 A A4 . e D o ‘_“‘L.w Aok
! Bracse .
v 0
! ]
Neme J Operstion Operands Comments Significant 3paces indicated thus: L1 (1 space) me.m
1 3 o L L] 40 n 0]
‘ ! Ia{ug} Wesnirx, 13 —
I .
28 WORK : cr E£CT FOR DYNAMIC NDRK AREA,
]
88R£43T DT  'l1ér Reox3Tam $70
' l AA Al A . A P Sy
LYY R ] "
! )
scrack ' I ! 16 _LACK REL.ND.
] 1
wecreir ' (83 . ilr 78 _TEST RANGE TYPE
t ]
wecTITac 1ad . ! Ig.r FOR_TOTAL ACCUNILATIBN, . ..
| 1 I NPT B PP
- | e
_L 1
wep t 1A leSeer —
J A_L' p—— L e
™ — L \/f\-‘
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—, e P ey
| [fPacs u_.___._--ﬂ——-—'-"“""
] ] M"M
<8A e . tlis, vunie 3 /8 75 var Apem CHS.. o oisirt T
N ! 2 ! NPT l_' M»—M
fea /s D, Erapar B-r X et
. | t N L N M—'M
‘a1, 2(0.5) S7ART 35 FIELD TS A& _VETTED vt """
! ! ) PSS B ey
Lisace (e 18 . . DTN § ey
' | e
Tlsw_ |73 yHcCe . |kelrires 213 IIUES - e
! | M—M
! |Spacs! PN § SN,
[} [} | srta it
AAAAAA PV S ST 1 A i re R T S N S S U S N U U U U U U U Y PP EE WY SOV ST U T ST ST S W S T T S SN S S S W ‘A—M—
“)V-Lv_ﬁw P, Mﬁ,/ -~ ™/
The first subroutine module might start:
- L°""“°" o Comments Sgrificant spaces indicated thus: L (15pece) Manditication
\ s L L) 40 n n L
\lrrred |/ sveedorene mopves:s/m ia’ e ]
i | Y ]
WOR 1111 m‘ﬂ . o JTE N
I |
' [EPace m———— K
N | F | L . L L PSS B SRSy
| lod1né [c2ADATA 3 . s o
AN ) s
coaPATA 'lg!g,c# Ioiecr £5a_para_mépyee
1 1 .
’}XVI‘JI [P
] 1 .
| [Eraced .
Addh | . JEPUR U TR WO T T S PURPEN Y UIT Y T S YT S ST IR N Y U U S U U T U WU W YA W W SO U S T S W S g e S A
‘ ! Ig?:&c' Woewiax, 3
1 1
x| pIecr Seer £é i A —
] ) - R -
Name | Operation Operands Comments Significant spaces indicated thus: L1 (1apace) Identification
1 s |o u e 0 nj 80
\_Efgi’ia'_’r [ {rer RECISTLER STORE.
T ‘HN_N\—/-\ S _’-vg e
wpesrs 1A leSecr R
[ 1

| Zpacel2 ... .
] 1

*Z/r %4 %fo Ver: ErSest cc 1N _SNLY. mARAMETER
] I .

Rec f:r: p) 1:: DAYE 3. x. -
: i‘r/vc: ZA, 4 . . .
24, : Bre  'lo JJT(D SRECET . . . . ... . — N e —
]
‘e  lls,48 e
.....\_/--I. : S, R — —Nl
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b I e i Y e
\_’—r
) | km o, 15, wpseEe IsT
I ]
llse . . 'l/s . A
I | ]
| [Fencs . - R
1 !
pemyve. | lmve | WosSroes (<) of+) 76, MEVE VARIBUS PARTS GF PATE
[ | % i
| [§PacH N .
] |
§opi6ca ! |pe . ! §f46c,c) $-CONBTANTS FOR StwITCHES
[ T
Eppssce ' Ipc | 'IE(zecc) .. . ..... N s A §
| t]
§2peeco ! e ' |& (e cp)
I I
soprece ' lpec . ' ISrcecE) )
] T i
s PP . i e .
Name Operation Operands Comunents Significant spaces indicated thus: Ls (1space) Identification
1 8 Ju " |16 40 nf |3 80
rrriel |"SusrsorIne Mépvee:5/R ED ‘
| | 4
'lspace e
A4 A I l
/R Z8 'V'gi Alpra fFrecds: rUrS IN % IF lFrecDd NGT 5.4
| |
RETELD Tl 8 VE|TTED v R/ .
| I
'Wwirwe! |Z8, 4
I 1
W —
Finally, the data module might be:
Name Operation Operands Comments Significant spaces indicated thus: L (1space) Identification
1 8 |0 LI 40 ny s 80!
VNrrreE |'MAR 1 11 1: DaTA MBEDVLE'
| |
NR 11114 |START
i
: g!nva: CHADATA,S
'ende ' lo,8
. ) ]
caDarh ! |xyZay
. | I
" lewd !
) ]
- ~——" T ————
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And the macro XYZA1 might be:

Name Operation Operands Comments Significant spaces indicated thus: L (1space) identification
1 8 0 L L] 40 njm 80|
| lwac#d
I |
BNAME, '|xyZa/
| ]
chAcAA_ llpc  ller2’an’
1 B N N R
T — = =
cfmcxv'z"lpc llees ' xyZ’ .
] ]
! kpnce‘
| i
cvscroo/ Ipe llces’r00s '
- ! e e e R P ]
T —— T T o e S r—
! |§ppce
| |
ynce e . !lx(e)
I ]
-l A B SR e SRE———
Name Operation Operands Comments Significam spaces indicated thus: L (1space) identification
1 8 o L L] 40 nl m BO]
: SPACE! '
|
vuoms_ ' Ioe .  'lv(wexisi1a)
1 T
vione  lpe ly(wcersi14)
I I
—_— —_— —————
:’_' R R — — :ﬁ_"\’
I I
' ISPAcd
I ! N
F(rmmrr . e 'FP
] 1
J\/ L — T T —————T N —— e N L~
| ; -
| KPAce
1 |
wurwerr ' los ' lap
| |
....... ‘Wenvp | R e,
] ]
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Appendix 15 COBOL coding standards
and techniques

The aim of this appendix is to assist programmers in making the most efficient use of 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 related 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 facilities exist.

PROGRAMMING STANDARDS AND TECHNIQUES

Layout

The file definitions and known working storage areas of a program should always be written before starting the
Procedure Division. A well-defined Data Division simplifies the actual coding and is essential to the object
efficiency of 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 of 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 if this
cannot be avoided, that is, when they are too large for one sheet.

Data names and level numbers should be indented a number of characters, according to their level, so that groups
of 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 following and amending the logic of a program.

Each verb should form a new line of 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 if continuation lines are indented.

IF/ELSE statements can be made easier to follow if the following system of indentation is used:

Sequence No. 4 Identiicotion
] 67 8 1112 iS5 20 45 55 63 0 7223 75 ‘0_0
. : £ bg{ga%m&{gmw_%_#{....l..g%%;%+;Lll_uA
..... B R I T N B s - o
e 1], IFIEAA-hum&_AI;&U&Tl N P S PP T I | .
R l,..l....l....l....l. I.“Ll ..!....I.L.LI....1....IuL.l. |
I.,_MWT.J | N P R S T e I
. [ IR N RS I DU e N P S N N .
| ..E.L&MLLLQQMM#._MI....LJ#J....l...LlL...I...,l. .
| N P IR T UV U DAV I N
: ;l_.g,L.Jh._.g&:L.u.g.u_ln.e.&wL_._._‘Lu_u_LMI _I.M.U_LL‘_.JJ_LJ_.__I_M_._*JI_J_ b
Ao
I AI IIIIILJJII LJ[—I—L—I_L L_A_LA_A_gA_LA_A_A_.l_LJ..L_L_LJ_A_.LI_LJ l
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The ELSE option is not available to COMPACT COBOL but the concept of 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. All statements, with the excep-
tion of those included in conditional sentences, should therefore end with a full-stop. Although this is not strictly
necessary it is a safer practice. If full-stops are present less errors are likely to occur if statements are moved

from one part of a program to another, particularly when they are moved to the end of a paragraph. In addition
there are some cases when the compiler moves on to the next full-stop, rather than the next verb, if a confusing
error occurs in the sentence.

Referencing standards

DATA NAMES

These standards attempt to fulfil the following requirements of 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 of non-readable coding

The data name is constructed of a three character code, a hyphen and a free form data description. These are
used as follows:

Ist character File code: This is the letter assigned to the file throughout the program,
and may be in the range B, Dto H,J,K,P,Q,R, T, U, X.

Working storage: The letter assigned is W for internal 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 of the module
in which it is originally defined.

3rd character This is an alphanumeric code for the record within the file or the group
within the working storage, and is in the range Ato Z, 1 to 9.

41h character A hyphen is used to separate the prefix from the meaningful data
description.

Meaningful data name This is a free form description of 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.

Example

MOVE EAA-QUANTITY TO HAB-QUANTITY. This could be used to
move a quantity from the input record to the output record.

SOURCE LIBRARY EXTENSIONS
A degree of predefinition of the Data Division may at limes be useful. Two areas may be predefined.

1 Filesin a suite of programs should be given unique alpha codes (non-standard letters may be used if 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 of
several programs

2 Date required for module linkage should be predefined and where possible put on the library
One advantage of 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 predefinition will save time as the information need only be coded in full once, and can be incorporated
into each program or module by use of the COPY statement. It will also ensure that no misunderstanding can
occur and that standard descriptions are used throughout.

PARAGRAPH NAMES

Paragraph names should conform to the labels of the program flowchart, that is, the flowchart box reference
prefixed by L followed by a hyphen and a meaningful paragraph name. For ease of reference paragraphs should
be ordered alphabetically 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 of a program. Very long paragraphs tend to make the program more difficult to follow.
File definition

All references to files should, as far as possible, be in the same order. Files should be assigned in order of their
alpha code and they should be defined in the same sequence. Records should be defined in the order they are
mentioned in the DATA 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 of 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 of 77-items.

88-level items should be used cautiously. Unless they are very thoroughly named they usually 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 of
subsidiary items.

No assumption should be made on the contents of working storage area at the start of 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 of 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 of the Data Division is very important with regard to the efficiency of processing numeric fields.
The following 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 will help to produce a
logically more consistent and better planned Data Division

2 As far as possible usages of 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 of 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

time the item is accessed.

Double and treble subscripts are proportionately more expensive and the following technique should be used to

reduce the number of variable subscripts required to a minimum.
1 Move the major subscript area to a work area
2 Perform all calculations on the work area using the minor subscript

3 Move the work area back to the major subscript area if necessary

Example
In this example REGION is the major subscript and AREA the minor subscript.
TABLE 1
REGION 1 AREA 1 WORKAREA AREA 1
AREA 2 AREA 2
] ) '
i I 1 '
] [} ] :
| ' v
i 1 ' H
1 ] 1 [}
[} | : '
AREA 10 AREA 10
REGION 2 AREA 1
]
! !
(
! !
1 ]
! |
| |
AREA 10
ete.
The statements would then be:

Sequence No. ' Mentification
3 578 1112 15 20 4 30 35 40 45 50 55 60 . 65 70 72713 75 80
o | - - P Y= W I e I

1 PR P P P D P P B e | R R I I
L epsidam 2ln-calevarcens !, L, oo b b e b L L
1 PP P IR P I IOV TP NS PPV UM I A N O T
T & wusel sne bugrealeen (lean-aread.l 1o Lo b b L L
T | T R O It A O PO I B e B e e o R
o I wgael e -hssvdless, xid sintl-yasle-s, lean-fegzedh, 1. 4o VYL YL
1 P P IR T P P | Y S DR P I N
R | T N e I S D P P | | D DD PUTS P T O

In some cases it is possible to access the work area without subscripting since each field of the work area could

be defined separately.
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Example
WORKAREA

SALES1 | cosT - COST-
‘TIME TIME
CHARGE ' CHARGE
BONUS BONUS
SALES2 | cosT
TIME
CHARGE
BONUS -
etc.

Similar techniques can be used to reduce the overheads on treble subscripting.

ALTER

A GO TO statement should only be changed by the ALTER verb when it is absolutely essential, that is where the
path of the logic changes irreversibly or when it is the only efficient solution. Such changes make the program
more difficult to follow. 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.

PERFORMS

In-line coding should not be subjected to a PERFORM statement. If a section of 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 VARYING option where the following
technique of looping is used:

Sequence No. 4 » Wdentification

1 678 1112 15 20 25 30 35 40 45 50 55 60 65 70 72713 15 80
o | eAs-AgA- A L e e e ] [P I B T O
..... A PP I P I (U NN IRV I I SR D DU T AN
..... ..If:krln&&n.da&.ﬂ&.a..&.lx.i\mh S P I TN P BN U I B

..... L .l..l.l....l AP PR T S Y | I
..... ..wm;.d.A..,l“..lnulu..l.y.l. |
..... P I P PO U T P IR IV IS SRS I P B I

LA - A.RAI_.LAI R ..I....L#A.IA...-I....I....l.,..l N P B B

L T T N IR TRV TN I IR SRR B I C
S Auxwuuhumum I I P I I P I
.... |1 A L..I...I NPT N P |
. | ..l..l.l...LI..,,I.“.L,L.I N N P PP T O L

The final area WAB-NUMBER (30) will bé cleared after the PERFORM is completed.
The PERFORM VARYING facility 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 the THRU option and paragraphs may be added to the
subroutine without altering the PERFORM statement.

Conditionals

The use of 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 of tests have to be performed they should be ordered so that the most likely to be fulfilled occur
first. This will reduce the number of 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 of 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 of tests.

The statement GO TO ... DEPENDING ON has a built-in range test; items out of 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 of annotation should help program documentation and maintenance.

1 The Identification Division should be fully coded. In particular the following details should be inserted.
AUTHOR All programmers or organization concerned.
REMARKS A brief description of the program.

2 The Data Division has no free form facilities for annotation but there are a number of optional comments and
default options which may be used to aid readability.

One non-standard method of annotation is to use the eight character program identity column (73—80). This
is not recommended for, if 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 of the page. A NOTE statement is normally
terminated by a full-stop, but if a NOTE is the first statement in a paragraph, the whole paragraph is considered
as annotation,

1900 SERIES COBOL TECHNIQUES

The techniques included here have been written primarily to aid documentation and to reduce programming effort.
Whenever possible economy of store and execution time have been considered and if further economy is required

a re-appraisal of the use of COBOL rather than PLAN may be in order. On small 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 of COBOL.

The 77-levels should always be coded at the head of WORKING-STORAGE, for compatibility.

GROUPING ITEMS AND WORD ALIGNMENT

All items should be held on word boundaries wherever possible, that is all fields not required for external files
and as many file entries as possible.

To ensure word alignment and to reduce the number of 77-level items, fields with the same usage should be
grouped under O1-level entries. In this case it is only necessary to assign the usage to the group item. As Ol-evels
are automatically word-aligned elementary items are then described either as multiples of 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
Sequence No. 4 s Identification
1 6 7 8 11 12 15 20 28 30 35 40 LS 50 55 60 65 70 7273 15 80
o | hiaakaunters, deomenl oo Lo loe il bl e b L 1]
. A I P R P T IR P IR D B I I O
..... ol les - TuRe. solte),  lsyne Rxgwd., o 1 o Lt
. N P PN T P PO I P B P | PR I P O
..... los  haa-gloanralry, . lpicralRe selGr2), lsyne lRxangle. o] P P I
.... N R PO PP IOV SRV I BTN DU PO | | I S
..... o 3, bwaa-alrnecdlonT | lererare S0l lsyne Rxemgl., | | PP P P
R B P S BRI IV P I TP PR I | N N N
..... oz, Iaa-dagecduar, | prerolre solte).  Isyme Rrgud., Lo L ]
..... N R IR S P U PP U IPENPI IS PSP IS R B O I
N I I PO PV N TP P I A PRI PR SR B O
If counters are held in this way it is possible to initialize them with one statement:
Sequence No, ' ' 4 Identificstion
1 67 8 1112 15 35 40 45 50 58 60 65 0 7273 15 8
..|nm&mm_.ﬂnﬂ%..|....I....l....I.J..Il...l....l. A
. i A .I...l...I....l....l....l.L.I....
..... ..l...I....l.,L.I....I.. I N | N U P BT T N

It should be noted that the group item WAA-COUNTERS is itself an alphanumeric item and cannot be used in
arithmetic operations.

MOVING DATA IN STORE

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 will 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 of small 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 following is an example of how store layout may save space and time.
Part of a Print file is defined as follows:

Sequence No. 4 Hdentification
1 678 1112 15 20 25 30 35 40 45 50 55 60 6_5 70 7273 75 0_0
v ol EAld-TvEM L L sy RIGaTL, L N I I R e [
s NN P DU I PP D P B | N IR U I P |
..... N T oot b e b b Lo b
..l NP T PP I BN I I ETEN DPE B J,...I...l...
Iog,,E.M.-TbTALI lexexolee el o L b L
. a .|....|....|..A.IL...I N R N P e |
..... a { ..Jl.,l...,l.. N I T
L] l!l N P T I
- e ! ——‘W—"’\_- = §
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The statement MOVE CAA-TOTAL TO EAA-TOTAL requires 11 machine instructions. If the following coding
is used no extra Data Division storage is required and only 4 instructions are needed. A considerable saving in
execution time is achieved.

Sequence No. . 1 4 Identification
3 678 11 12 15 20 25 30 35 40 45 50 55 60 65 70 72 73 75 4&)
N y A N (X 7 7 XY 0. A T P T DU D e I
NN 1 s A IR I VU U N AP I P
. | : RN Y I SR I B S I O
e 1 AT U D P P SO T P e B I
. | - L 3 Tue.x(ln N T S P I e I Y
. | .I....I.LL,J....l....l...,l....l..ul....l. N DU U IS A
. | N2 TRT A N ¥ 71 LK A (1 WOUR I NI U IR PO B P O
e |} IR N N T S O P P I O N D I e
g T I ol [ ! L 1 _—L
et | R T T el e /s vl DU e . . B
17.1:A.m~rr.¢.md.4.l. IP.lr,T.ulg.g. .gglg.)..gL,g.g..I .mlu '..I....L. e |
| ...I....I.ull....l NP VI N PP N I IR D T I
| ...L...I....|...,l...,l..4A|....I....I ...I...JL...IJ ol ean]

ARITHMETIC FIELDS

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) usually requires
no conversion and therefore generates fewer instructions than COMP-] fields.

COMP-1 should only be used for compatibility with PLAN where mixed or decimal numbers are reqhired. Fields
in this format should always be SYNC RIGHT to ensure that they are held on a word boundary. Displays of
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.

SIGNED FIELDS

The conversion of 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 S1(23) will lead to double length arithmetic working while $1(22) fields will normally
not.

EDITING

Editing generates a lot of coding as a generalized editing subroutine is not used in the object program. To
economize on this the number of print line formats should be reduced as far as possible by aligning total-line
fields with their detail-line equivalents.

If severa] 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.

If a significant number of zero items are present, a branch around the editing may be in order.

VETTING

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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SUBSCRIPTING

Numeric items used for subscripting should be held in binary (COMPUTATIONAL) format. This also applies to
counters used in PERFORM VARYING and GO TO ... DEPENDING ON statements.

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

Sequence No. - ’ identification
1 678 1112 18 40 45 50 55 60 65 70 1273 75 80
..... IMWIIMMAJ(M\.I NN e
A AP IR IR IR AP P B B O
..1 lllll N I A IS P I e I O T

The object code will calculate the required address of WAA-TOTAL, add the contents of this address and
WAA-QUANTITY in a work area, recalculate the address of WAA-TOTAL and store the result.

NON-NUMERIC LITERALS

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 XE1B or XEA3 which use common literal pools.

File handling

READ AND WRITE STATEMENTS

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 of READ
statements by the logical structure of the program, rather than by using PERFORMS. This will 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 of the print line, that is 96, 120 or 160
characters depending on the printer.
VARIABLE LENGTH RECORDS

Where input and output consist of a range of variable length records, care should be taken to avoid unnecessary
moves. If 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 files for
each record length.

The SAME ... AREA option is not available in COMPACT COBOL.

Example

If an update file has two types of record, one 100 characters and one 50 characters long, the following techniques
should be used for carrying across the shorter records.
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R ldt’nﬁilchitun
Sequence No. + 4 ‘

1 678 11 12 15 ZS 30.ﬁ ?5 40 45 :50 55 bo\ _ 65'“ 70 12 73 15 — 80
R T pmlla NG [N IROE U BN I T KN D
,,,,, Ll .ll...l'..‘.'.I‘.*‘.E‘*.»‘l I AT R A
AR 1 U T D T R I P N D 1 I D A O I I
o Y R N T T T T R R R
- — L e S e | Loy i1 ) L A i pog SEAN o A ) T 11 o« S i ™ |'|~l.~'l’.."¥"'n
I Y T A T T N T T T e T T e
- Ww“\
Ny " S . .
.‘ ’l A“ .0, hﬁJ‘Plu‘T"'F'ﬂL‘E' L L = oL e 441 . l,‘.‘..;!.."._.' !}.‘.;l : T\ﬁ
o N T S .ll L o N N AP P TN
. M&L@l&&aa.ﬂlk ELALL mlsl_ug&l saaeh-ll. N o e

LG Q ELQTU ALQLQL_LA_;‘L-LJ a._;*i
|'|vl‘l l'}xll. "‘If.-i".l‘.'.‘-l’ .

|

N .
[N & AU N N U U SR U IO DO

Tk

{

l

|

i llL

I

|

l

I

o
Bod. b I

J

|

T T T L .T_Lll —
. ! ndvE AR lsmnl Ta F!A& ;%ben— . I
L IR A N 1 L
j[["PEZ&_hﬁ.M MRTT e parsut., L
R I R N R N
[ S I R IV RN [ . .
This will both move and output 50 characters only. N s R N

If only one output r¢cord had:been defined, FAA-LONG,and WRITE FAA-LONG FROM: EAA-SHORT wére -
used the.whole 100, characters would be. moved in store, although only 50; would be outpm slnce the output is-
controlled by the word, count hcld at the start of the pecmd B R ST ;

Vo ..,u g

SYSTEM 4 COBOL TECHNIQUES®

The following techniques are based on coding in COBOL for the 4-50. They are of course also appllcable to the
4-40 and 4-70, and to the 4—30 where the option concerned is available. 1

Datadefmmonand mampulatlon ;;:: S e TRLY D L T L T L T e, e

G;eat care should be taken .ip deflmng tl}e Data Dmsxon partlcularly wnh respect to data usages sq that
‘ urmeccssary convcrsxons are avoided. | ST i e

ARITHMETIC STATEMENTS

£

S A U TR S IS S P ST SVITER T SR P T O B MO DRSS AR
Calculations are likely to be carried out more efficiently if 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 for -
fields used for subseripting. The reduction in conversion time will, compensate for, .any extra time required-for :;
“calculations, especially as any division instruction or double word item.will be processed in packed decimal.

This may not be as significant in 4—70 as conversion and binary arithmetic are proportlonately faster than packed
decimal.

Care should also be taken with field sizes and decimal alignment of 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 of digits.
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Exqr?ple

35 uiingk of Lo e Blnode Gintd s, b 2 B IR i B [P
An ADD instruction is requir&.dm tﬁo;pacl@sddmmlrﬂeldsﬁ: 5 T
ADD A TO B
BKGWKE»AM‘= Jasi witi o sk »PICTUBE#A Fs 0w 0w [ BYEES, o0 Lodors 20 0 s T B it Y
(COMPUTATIONAL 3) (COMPUTATIONAL 3) ekt
s9(9) S L S9(9) 6
; 39(9%_..-«7,,.“74,, SRS 4 ) MR SN SEE T, NE A .1; o
"'S9(11) L ‘s9(9)““j§, SRR N T DR % ;
.,s9(9) ] ,.hssz(91ve9_,_.m_w- SRNRTET Y EXCESGPY SR S SRS § S
‘Z‘ . i [ AP e R . Lo -:S:‘f? B T s 2 P e %
L MOVIN?AND COMPARING . © L BAw i Spaaosnd St @
~-Care’ sho’aldtbtrtaken that the data descri;ptrorrs of rtemswhrch are to-be-moved or- compared are cbmpatible “The~ ‘

* COBOL reference manual containstables giving all allowable moves and compares, and doubtful cases should be
checked.

It should be noted, that.ap group. or.alphanumeric compares of different length fields, the comparison.wilktake.
the lengthqof the fongest field and the shorter field will be extended to the right by spaces. External decimal
fields:areipacked Beforé being' oomparéd thw nolmbtmction islmade betwécn leading spaeés and leading Zeros

1M OW-a A

When moving an external decrmai‘ ﬁeld to a larger external dec1mal ﬁelcf the comprler packs and unpacks the
original number. This could be made use of, when dealing with punched cards, to remewg oyerpunghings. Gare -
should be taken in data vet programs that overpunchmgs whrch should cause data to be re]ected are not lost
before ahy elworitesting.iii o 2ty T vnhons 2 u

s
(R YRE1 IR

iad

Group fields are always treated as alpilrfar"vlﬁ‘r‘ﬁerrc and the usage is DISPLAY rgéardless of the deﬁmtron of the Y
elementary item.

cheirsigg b

I ' g e . . L EEAS J;{; umurrmm.;
B ST S S L e e N S PN R N 4 ae;
D filot, | MAA-kRAuRl L dne, mﬁl’—‘t&w“ *].-.J.ﬂ.l it el "'l
5 O T T DS DO TN RV R RS R TN HITTN
R P -.-..l.,..L ,nan‘l ol TI. E
i Lo LIII I, .4|. ‘
! ) IO ET «.‘,,4“‘( o] T ”_';
; FET _,j. i ! w”“' ry . ii__: 4.4 .-"-afl '.&_1}1.1;} JJ_-I»?, .J.I-énll ;él.. ,
é_w..’..':r‘. P B .,,hl..,‘rl._L.rl..r.l....]....;L....l ...I.-J.l,..xl .l ..La.f
5| IRPVERIN 1| IS B DU PUUE VI I T IR A RN IO IV AP DO o I E R DO ¢
After this moYR Q.‘oar:hL of the: fopt bytes l,q‘w,éﬁgzﬁRQUP w;;l gqn;a;n (EQ)“ rather xlpar} packed. dacrmal,zcros‘ vy

107 aris boos Bisow S s s dicsre ek brines vadton i bodie s otew Taant L0

DATA VEFFiING ¥

 Vetting of numeric fields is extremely important as a System 4 program will fail to carry out an arrthmetrc
" opegamtlrgi_n on.a field.which is not numeric. A SE program will abort and-a 5J program will ignore the mstructron -

: and repott the error. All data iinput from'a slqw device should, bg,vegted bu; any.data pasmi from Q,ne program to! i
‘i” another dn 2 magnenc storage device shopld be assumed to be correct. . , L ? \ i

|, When vettmg numeric fields it is usually insufficient to use the IF NUMERIC test on its own: Therb are tWo .
reasons for this. Firstly it will reject an item W1th 1eadmg spaces and secondly 1t wrll accept an 1tem wrth an

overinCH O Ahe-18dst sigififioant charddft: “0otii o b JC S A R ]

Tovstdmun bl e of qu shem e anpled) sadook Builnag o Dnsinunin s r‘f‘
If Jeading spaces gre, aktomctmmmmﬁxmmﬂdum mrme REPLACING LﬁADlNGeS ACES BY ZERO
should be used to change the spaces to zeros. Sty BAED il s ve




If 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 of the test field defined as
follows:

Sequence No, 4 : Identification
1 678 11 12 15 20 25 30 35 40 45 50 L 60 65 70 7273 1S 8_0.
..... W N N N T T T T N T

e AN R I N I D N NP DR IO PO O P B
..... 2], enla-xed caneluraroldna-la,, ] N IR I ST U S |
P B DA N P T B P ISP IR BT PSPPI AUV PN I B B B
..... llos  leaa-deva lorerdae ooy Lo by b b b b Ll |

AN 1 P T P DTS RS P D I PR IR IR SO B P

..... llos . leaa-keve lexerore oy Lot L oo b L L

R I T B P D BN P P R S I N VI R PR S P IR
e | L -xeve presdee o) b Lo e b L |
..... o ..l....l.‘..l,..I....IA..I A R A Y R S |
|1 SN I I P IS SN I SV RIS SN I D |

Then if WAB-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 of item to be tested, or, if leading spaces need to be catered for, a
general area may be used with WAB-WORKAREA the size of the largest field required.

PACKED DECIMAL ITEMS

Care must be taken when defining packed decimal items so that the number of bytes required is calculated
correctly. It is safest to define such items as an odd number of digits with a sign.

Example
Sequence No. . ‘ Identification
1 67 8 11 12 15 20 25 30 35 40 45 50 55 60 65 70 1273 715 '_‘.’
A OIII!LL.BIT‘L&T.-L'S e bt b b b e b b Lo b L e
..... .l..A.l....I....I.lul“..l..t.l....l....I. I.. N N
. e I P .l.. N IR B N
s | A I I N B ,[. i
..... | - -RE E - p_lsa.ql ol
..... [ AP I SIS ST PR DA I ST (PN IS I SRR B IO
..... llox . Exsark prchore Ix vaLke 2eea.. 1.0 1o 1] .I*“.i. A
N 1 I TR NUUENS VIS PR BRI PRV ISP BT IADUE I IUPOR BV S
..... - -z - : - - R W ol
. [l l | | A Ll [ I I T
Lo ! | [ | N N T P N | | A

The three level 03 items require 2, 3 and 4 bytes respectively, and therefore the level 02 requires 9 bytes. If this
02 level were described in another record description as a FILLER, it would need the following definition:

Sequence No. ' Identification
1 678 11 l? 15 2_0 25 30 35 40 45 50 55 60 65 70 7273 75 80
..... L0 L.r.1|uuag.lp.1.cn'.ulg.aml(le.)..mlao.Lmd.....l. A PR PP IR I I N
AP 1 R S I N P N U IR S I U DU O S I
RPN 1 U 1 I VU N IS N NP NS PN S DU U P T PO

However it would be easy to make the mistake of adding the numeric digits 2, 4 and 6 and only allowing 6 bytes
ta cover the 12 digits. This error can be minimized if packed decimal fields are made up to an odd number of
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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SUBSCRIPTS

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 if 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 WAA-QUANTITY TO WAA-TOTAL (X) the object code will calculate the required
address of WAA-TOTAL, add the contents of this address and WAA-QUANTITY in a work area, recalculate the
address of WAA-TOTAL and store the result.

CORRESPONDING

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 all fields are set up for each record. If 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 of every other block.

When writing files in variable block format the APPLY WRITE ONLY option together with the WRITE FORM
option gives a more economical use of magnetic tape. When the WRITE option is used the block is output when
there is insufficient room for the largest 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 if there is insufficient space for this
record in the output area. ’

4—30 COBOL restrictions

Some of the standards or techniques suggested are not suitable for 4-30 COBOL. The following is a list of these
areas:

Data names and level numbers In 4-30 COBOL the level numbers (01 -10, 77) must start in margin A
and the rest of the entry must not begin before margin B.

Subscripting Only single variable subscripts are available in 4—30 COBOL. However if
a two-dimensional 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 of variable-subscripted items are not recalculated in the same
statement but stored and re-used.

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 of the receiving field and
pads the left of the receiving field with zeros.
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Decision tables 71
constructing and checking 74
extended entry 77
limited entry 75
mixed entry 77
structure 71
Derivation of file items 66
Design
file 15, 89
program 5,23
project 5,11
record 97
systems 13
trials 34
Documentation 8
Dry-running 48
Error detection 82
Error recovery 81
Estimating 37,133
Estimates
program 135

°- " tésting Schedules

”Hisf&ry records

SRR A H S S

SRR

' ‘project
“7 trails

Fnle access
Flle activity
File control
File description
"Filé’ design T
‘File housekeeping and securit" :
“Filé length
'File organization
File protection
File reconstruction
‘File size
‘PFile structure
Flowchart references
Flowcharts
i ‘detaxled
*‘Gutline
Flowchart symbols
Formats
" "block
- data
Fdrms
data prep submission
{ _fdenvatlon of file items
- file description
list of file items
-outline suite specification
- output analysis chart
“‘processes form
" program check list
~‘program history record
-programming schedule
“¥ iprogram progress report (i
- program record sheet
**program specification TEOL I Sy
project check list
.. project history record
- projéct progress report
" routine specification
. statement of requirements
'systems specification .
‘ :tape/dlsc catalogue

~s

<

i

i b o

~

i

‘tnals ]og/analysxs

‘trials récord sheet

, ,trials submission control "
"turn-round

, program
prOJect




Implementation methods
Inquiry time

Keys

Language’

high level

low level

mixed
Language expansions
List of file items

Maintenance
Modular programming
Multiprogramming

Operating instructions
Operating procedure guide
Outline suite specification
Output analysis chart
Overlay techniques

PLAN standards and techniques
Problem comprehension
Problem structure
Processing description
Program check list
Program design
Program documentation files
Program history record
Programming schedule
Program mixes
Program progress report
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Program specification
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Progress control
Progress report

program

project
Project acceptance
Project check list
Project design
Project history record
Project organization
Project progress report
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Reconciliation
Record design
Record sheet
program
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Re-runs
Restart groups
Restarts
Role of the programmer
Routine specification

Scheduling

Specifications
program
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Should any additions or amendments to this Manual be necessary, they will be
Amendment issued in the form of Amendment Lists.

record 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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