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Introduction

Line of Balance is used to control batch production with progressive feed. It gives control over small
numbers of similar articles whose completion is required over a period of time. The production of an
article is split into intermediate stages. The time and quantity relationship between stages forms input
data to the system, together with the schedule of dates and quantities that the production programme
must meet. The computer program calculates targets for the intermediate stages, compares these
targets with any available progress data and produces printed reports highlighting over- and under
-production.

The program is designed to use three magnetic tape decks in order to minimize card handling. However,
it can be operated with only two decks.

The minimum machine configuration is:

4K 1901 Processor

2 (3) 20 kch/s Magnetic tape decks.

1 Card or paper tape reader.

1 Line printer (120 print positions)

The program is compatible with larger machine configurations.
The I.C.T. Line of Balance Package consists of:
1 The computer program X5LB, available on magnetic tape.

2 This user's guide.
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| The Application of Line of Balance

In any type of medium to large manufacturing organization the problem of keeping management
accurately informed of the progress of production programmes in a timely manner is a real challenge,
particularly as manufacturing programmes become more complex and as more programmes are
involved simultaneously.

Line of Balance can supply the answers; it is a management oriented charting technique designed to
broaden managements' view of programme progress so that it may implement corrective action when-
ever necessary.

To consider Line of Balance in relation to batch production work: in a batch with one completion date,
work usually proceeds in a series of discrete steps, the work on thebatch normally being completed on
one stage before the batch is passed on to the next. Thus, if a batch of 100 units is to be produced,
passing through a number of manufacturing stages, 100 units are completed in stage one, and then
passed on to stage two, where again they are completed and passed on to the next stage. For long cycle
jobs, this type of production results in long through-put times with its attendant high investment in Work
-in-Progress.

Work-in-Progress levels can be reduced by progressive feeding, or splitting the batch, with the result
that instead of one completion date we may have several covering a given period of time, In such
instances, it is often not known whether the work being carried out in each stage is in balance with the
work in other stages, and in order to monitor this type of work flow, Line of Balance requires two
pieces of information: firstly, knowledge of delivery dates and quantities; and secondly, a statement of
the sequence of operations or stages and their individual manufacturing times. The need to isolate and
define the stages and agree their time relationships is an essential requirement of the Line of
Balance system.

Once delivery schedules and stage/time relationship have been established the I.C.T. 1900 series Line
of Balance program will calculate the volume of work that should have passed through each stage of
manufacture at any particular point in time if the production programme is to be maintained. The
performance and achievements are quoted in the form of charts which have as their horizontal axes the

stage number, and as their vertical axes the volume of work which should have been completed in order
to achieve the delivery schedule.

2 3387 (10.66)



2 The Line of Balance Technique

TheI.C.T. Line of Balance program is a simple mathematical manipulation of sets of data which are input
on cards, paper tape or magnetic tape. The value of a computer in this type of application lies in its
ability to handle large volumes of such data with great speed and accuracy, selecting for output only those
results meeting certain criteria.In Line of Balance there are three distinct kinds of input data.In the
formats described in section 4, 3000 separate numbers might be input on afirst run and a thousand or more
on subsequent runs. Line of Balance reduces these to areadily comprehended picture. It was designed for
use in production control and has been described here in those terms. The program, however, treats its
data purely as numbers and this manual by no means exhausts all the possible applications.

Line of Balance can control the production of a small number of like articles. 'Small' means of the order
of a thousand or less;'like' refers to the main features, not necessarily every detail. For a typical
article, a production plan can be drawn in the formof a 'family tree’, illustrated below and in Appen-
dix 1.The 'patriarch’is the finished article, an office desk; younger generations represent various
intermediate stages. Each member of the family represents a definite step towards the finished product.
Such a member is called a milestone.

In this family, the youngest member appears first. There is a certain minimum time, dictated by the
amount of work involved, required to'progress' from son to father. The minimum time between any one
member and the patriarch, which is the sum of such times for the line of descent joining them, is
called the lead time of that member or milestone.

1 x Desk
(0)
OA 32

6 X Drawers 1 x Mainframe 2 x Slats
1) (1) (1)
OB 16 OB 32 OB 41

6 xFronts 6 x Backs 12 xSides 6 x Bottoms 1 x Top 4 x Sides 6 x Drawer
@) @) ) @ (M) (M) e (e 2 x Backs
oc 21 oc 27 OC A6 ocC 40 ocC 32 ocC 08 (7) )
oc 24 oC 90
Underlined numbers = Milestones 8X Legs 4 x Side panels
Bracketed figures = Lead Times 9) 9)
oD 22 oD A9

Figurel Production Family Tree
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There is one departure from this analogy: Several identical sons may be required to produce one father.
These are not shown separately on the tree. The number of a milestone required to produce one final
stage is called the multiplicity of that milestone. The words 'final stage' cover completion of the product,
delivery or any other point at which the responsibility of the department using Line of Balance ends.

Obviously, the time elapsing between a milestone and the final stage could be greater than the lead time.
When this happens, it may be that the work is progressing more slowly. More often the work will be
finished and a part-completed product will remain static, occupying space and tying up capital.

All members of a batch must be the same as far as they are defined by milestones, lead times and
multiplicities. Each milestone will have a lead time and multiplicity.

The lead time of one milestone could be zero: this is the most convenient way of referencing the final
stage. The multiplicity of a milestone can be anything from one upwards. It must be stressed that multi-
plicity and lead time define the relationship of a milestone to the final stage, not to the next stage in
production. Any logical or sequential relationship of the milestones is ignored.

Were there to be a unique delivery date for the batch, it would be easy to control the intermediate steps
from a knowledge of the lead time of suitable milestones. More often, the batch will be required over a
period of time as in Table 1.

Qty
Week No. AT
No. [Required

15
7 1

10
10 3

14 4 5
15 6
20 3

5 10 15 Week No.
Table 1 Completion Schedule Figure 2

This could also be expressed as the chart of Figure 2. Here the cumulative total, rather than the number
required, is plotted against time. This chart is called the delivery schedule. It will be specified outside
the production department.

On the one hand, there is a completion schedule of final stages, and on the other, the relationship of
milestones to any one final stage. Line of Balance combines the two and gives a completion schedule for
each milestone. This is the initial production plan. As production progresses, reports will be made on
the quantity of a milestone achieved at a given date. A straight comparison between these and the
scheduled figures for that date will reveal over- or under-production but will not show the effect on the
completion schedule. The amount of over-production of a milestone is called its criticality. Under
-production gives a negative criticality. Relative criticality measures the effect on the completion
schedule and is defined as the criticality divided by the multiplicity. It measures, quite simply, how many
finished items short the completion schedule will be when the lead time has elapsed. Since, in the
normal way, the lead time cannot be shortened, the completion schedule cannot be met unless emerg-
ency measures are taken to shorten the lead time.

We now have three kinds of data: firstly a list of milestones, each with its parameters, multiplicity and
lead time: secondly a completion schedule: thirdly a list of the number of each milestone achieved. The
first two kinds of data will be determined at the outset: the third will need continuous updating. From
this data, a Line of Balance program will produce a chart or table comparing the schedule and achieve-
ments for each milestone and highlighting significant shortages or surfeits.

Once a milestone has been selected, its lead time and multiplicity are exactly defined. The only choice in
describing production is the selection of milestones. These should be significant points in production:
their number should also be considered. Too few gives an inadequate description of the state of produc-
tion. Too many gives a vast volume of output from which the essential details are hard to select.

Line of Balance bears a superficial resemblance to PERT.In PERT there isusually one target event to be
achieved, whereas L..0.B. has alist of dates on each of which atarget must be achieved one or more times, i.e.
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PERT is one-off but L.0.B. is associated with batches. Further, the basic data for PERT is anetwork in
which the exact relationship of one event to another is given (Figure 3).In L.o.B., the basic data is alist
of events each related to a target event but not, as far as the data is concerned, to eachother (Figure 4).

Figure 3 Event Relationship ina PERT Network Figure 4 Event Relationship in a Line of Balance Network

In Figure 4,the time of 10 weeks for AZ is derived from AB + BD + DF+FZ=2+3+34+2=10.

PERT handles a more detailed network but only considers one network at a time. L..o.B. handles a much
simplified network but can duplicate it many times.
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3 The Computer Program

Thel.C.T.Line of Balance program is in eight sections. The first data input determines which sections
are to be used and in what order. Once activated, the program runs to completion without any further
operator action.

There are three types of run available: original, update and report. When a project is first analysed,
information will be collected on the milestones. If the project is already in progress, there may also be
information on the quantity of milestones achieved. The initial information is likely to remain constant
throughout the project although facilities must be available to alter it, In order that this information
does not have to be input on each run, it is held, together with quantities achieved, if any, on a master
file on magnetic tape. The first run creates this file; subsequent runs update it.

This first run is called the original run; the subsequent runs are called update runs. An original run can
contain progress information; likewise an update run can amend 'constant' information. More often it will
be the other way round. On each of these runs, details of progress can be printed out on the line prin-
ter. The formats are given in Section 5.

The third type of run is for output alone and is called a report run. The master file remains unaltered
but calculations are performed on its data, as in an original or update run, to give the required out-
puts.

On each run, the first card (data block) input is a parameter card (block). This determines the course
of the run. On a report run, no further data are read in. The medium of input (card or paper tape) is
determined by a switch which can be set before the program is activated,

In order to handle this multi-section type of program efficiently, it is held on a magnetic tape of its
own which must be on-line to the computer all the time. For an update run, two further magnetic tape
decks are required, one for the old master file, one for the new. An original or report run requires
only one deck, for the master file. If two decks are available, it is possible to run the program as a
succession of original or report runs.

Any one run will involve a considerable number of sorting operations. Sorts are performed internally to
reduce the number of decks used and the time taken. This imposes a limitation on the volume of data

. that can be handled. Each milestone requires six computer words and the permanent part of the pro-
gram requires 2600 words. The number of milestones that can be handled (N) is thus related to core
store available (C) by ‘

_ C-2600
"6

Allowance must be made in calculating C for the I.C.T. Executive program. Thus, on an 8192 word
machine, C is approximately 5800. Therefore
N - 5800-2600 _ 3200 = 530
6 6
The maximum number of points acceptable on the completion schedule is 200 and the maximum number
of report dates that may be input at any one time is 18. The report dates are used by the output program.

N

All dates and times are input and stored as numbers less than 10000. The units are undefined as is the
zero 'date’. All calculations are performed on differences. Therefore the 'dates' of a completion
schedule will be numbers in the same units as lead times, report dates and time now. Lead time will be
unaffected by the choice of a zero date since it is a difference between two dates. Report dates, ‘time
now' and completion schedules will depend on the choice of a base date. Thus, if the minimum time
interval is a week, some lead times might be 3 weeks, 5 weeks and 8 weeks. These would be input as 3,
5 and 8. If the report dates are 14th February 1966, 28th February 1966, 9th May 1966, 20th June 1966
and the 'zero date’ is 3rd January 1966, these dates would be input as 6, 8, 18, 24; there being 6 weeks
between 3rd January and 14th February, 24 weeks between 3rd January and 20th June. If the 'zero date'
were a year earlier, 4th January 1965, the lead times would still be 3, 5 and 8. The report dates would
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now be 58 (52+6), 60 (52+8), 70 (52+18) and 76 (52+24). A 'time now' of 11th April 1966 would be 10 in
the first case, 62 in the second. There are no facilities for handling more than one level of time nor
for handling interruptions in the time scale, such as holidays. All dates must be non-zero.

All I.C.T. programs are designated by a four character name: in the case of Line of Balance it ig X5LB

VORy
@?‘6 1 COMPUTING SERVICE 33&‘.} .‘

XKFORD UNIVERUITY COMPUTING Lite
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4 Input Formats

CARD INPUT 4.1

Parameter Card
One must be present on every run and must be the first card input. It determines the path of the run.

-3 3

€ . €

& 3 3 Coded

4 Print Outs Required 18 18 ke

1[2}3 4/516|7|8|19RQ1(2]|3[4{5]6]7|8(9 12 3456789'4012[3456789 112]31415]|6|7|8[9i60{1[2}3|4|5i6]7|8]9lt41|2|3]|4}S|6{7|8|9
{ b b b L L e f2ele | joiml UL | LS CLL e bbb 4 44
o SRNACNANRURERAS ,_-up'_zez__:_vlg-L_fT__ RBRNRRRBRARR) IRRNRRARARRARRAN)
1le -__-_F-%.l._s___.a,z.,_Jz_!_l_zsj 9.049__.t._$--_--. HHH R
-j-- USRS RN RSN -j- -..+Jﬂ-j_--4 4440 J AN BENEEN

COLUMN 1 - CARD TYPE Used by the program to identify the card type. For this card, it is the
number 1.

COLUMNS 2 TO 8 - PROJECT NUMBER A maximum of seven alphanumeric characters: this
appears on every card and is checked against the Project Number given in the Parameter Card. The
number appears on the printed outputs. The choice of number is up to the user.

COLUMN 9 - RUN TYPE
© for Original run.
U for Update run.

R for Report run.

COLUMNS 10 to 33 - PRINT REQUIREMENTS A maximum of nine copies of each of the 24 types of
print-out is available. The three basic types are:

Project Report, Columns 10 to 17
Progress Report, Columns 18 to 25
Progress Chart, Columns 26 to 33.

Each basic type has eight variants and the quantity of each print-out required appears in one of the eight
columns allotted to each type. The variants differ in the order in which the milestones appear. Sequence
can be by

Milestone Numbers Ascending Order Columns 10, 18, 26.
Milestone Numbers Descending Order Columns 11, 19, 27.
Lead Time Ascending Order Columns 12, 20, 28.
Lead Time Descending Order Columns 13, 21, 29.
Absolute Criticality Ascending Order Columns 14, 22, 30.
Absolute Criticality Descending Order Columns 15, 23, 31.
Relative Criticality Ascending Order Columns 16, 24, 32.
Relative Criticality Descending Order Columns 17, 25, 33.

8 3387 (10.66)



COLUMNS 34 and 35 - SCALE This determines the scale used in the progress chart prints. It can
be 1, 2, 5 or 10 units per line printer column. If no charts are required, the field is left blank.

COLUMNS 36 to 38 - THE NUMBER 120

COLUMN 39 - PROGRESS INFORMATION TYPE

dating card.

T - all quantities are input as totals and therefore replace any numbers already on record.
D - all quantities are input as differentials and are therefore added to existing numbers.

This specifies the type of data on a milestone up-

COLUMNS 40 to 43 - DATE .The date is in the same format as all project dates; namely, an integer

less than 9999, the time scale or units being undefined.

COLUMNS 44 to 80 Ignored.

Title Card

One must be present on an original run, The title is printed on all outputs.

-
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COLUMN 1 - CARD TYPE 2

COLUMNS 2 to 8 - PROJECT NUMBER

COLUMNS 9 to 80 - TITLE A maximum of 72 characters

Report Dates Card .

As on parameter card.

This card gives the dates for which targets are required in the Project Report Print. It is also used to

give the next report date in the Progress Chart Print.

3
& &

2 Further Report Dates
el I
\R[s[s[s[sT[s[sho1[e[s]¢]s[6]7]e[s P 1]z [s[«]ss]7]8]ofsola ]2 }3
simzly|2ie| | | l412l01 [v|2|s| |/12|8] i #|9] 170 1208 1213
JyF 2zal [rlals! | Aslsl |2losl |20 _u_tf.___

t
'
7T ) @[
T e[+

+
)1
ML
T
[
gy

COLUMN 1 - CARD TYPE 3

COLUMNS 2 to 8 - PROJECT NUMBER

3387 (10.66)
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COLUMNS 9 to 80 A maximum of 18 dates input, four columns per date, in ascending order.

Completion Schedule Card

This gives data on the completion schedule. A maximum of 200 points are allowed. For each, a date, in
the usual four digit format, and a quantity are input. The quantities are cumulative. The dates must be
in ascending order: hence so must the quantities. Up to 23 cards may be used to input up to 200 points.
Columns 1 to 8 are the same for all type 4 cards.

é (First Card Only)
First

T Project Schedule Subsequent Schedule Points

|Ul Number | Point | | | | | | l | |
17213 ﬂsTs ﬂmhdl]z[s 4;5]6[718[o poniz]3fe[s 6]z ]e'ssol_ru]sﬂ':lals,qol :21314]sie]7 8i9fbq1 7230 slefr [sls'so[x[z 3le[s]e|7[8]olrd1 [2]3]4[5]6[7]8]5l
asxvail Dlae |7 is r2s ;[ (8 liss  so ree e -.i-r;o_! 23 j208) | 3 'S, 1268 | l6i0) 127 | i7lo]
azyali 20 |82 300 W2y 318 101 338 1ro 350 V2a. ;;6;4_?_:4277 * I|#o] le]2o] 1/
4BZY2! L _ 440 152 460 /56 480 (59 _496 '62 $'° /LH 525 |1le# ARESRNARAE N
,4__;4157'2:%_,_ 200 | .aﬂ,:{ 2s0_ |/ ﬂ{,o 201328 1 {_ H:r ]t LLL INNAN

e R T AT th ﬂﬂ [111 11

COLUMN 1 - CARD TYPE 4
COLUMNS 2 to 8 - PROJECT NUMBER As on parameter card.

COLUMNS 9 to 16 - FIRST SCHEDULE POINT Columns 9 to 12 contain the date and 13 to 16 the
corresponding quantities required,

COLUMNS 17 to 24, 25 to 32 etc. - SUBSEQUENT SCHEDULE POINTS
NOTE Since there are no sequence numbers on the type 4 cards, they must be in the correct order.

Milestone Data Card

This is the card giving the basic information about a milestone and such cards will constitute the bulk of
the original run.

£

g 2 ] 9
& $% i =23
] . SE = €2

Project = &, Lead = a2
Id wumber | 52 ITime | 2| &2
172]3[4]s[e]7{8lo 1o]1]2[3 [4]5 [6]7]8 o Rol1]2 s 4[5 ]6]7]e]o poln[2 [s]a]5 6] [8]o jo[1[2 [a [« [5 6]z [8]o 51 [z [sa] 5]6 ] [8] o o1 [o [3]a 5 6 7 8 o]rd 1 [2[[4]5] ] 7] 8] ofe}
sgzyv2sl | las2ist [ 09 108 le b LU L L T LT A A L e R T L e T ]
S8z Y2/ | £82S | | ! 8L bbb A bR A b b L b E L b B R 0 o 0 O B
J82v2/ | 98zé | nol | glo| || 13| | 4|k O Y 4_______._____--.-_J..-_ ]

T

fl_}'!f--lzl!!.zﬁ,huzq AL A AR A L T T

COLUMN 1 - CARD TYPE 5
COLUMNS 2 to 8 - PROJECT NUMBER As on Parameter card.
COLUMNS 9 to 12 - MILESTONE NUMBER Up to four alphanumeric characters.

COLUMNS 13 to 16 - LEAD TIME Number of time units between the completion of this particular
part and the final stage.
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COLUMNS 17 to 20 - MULTIPLICITY Quantity of this particular milestone which is required to
complete one of the final article.

COLUMNS 21 to 24 - QUANTITY ACHIEVED Quantity of this particular milestone completed to date.
This will frequently be zero.

COLUMNS 25 to 80 Ignored.

Milestone Updating Card
Amends data already held on a master file. It can be accepted only on an updating run.
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COLUMN 1 - CARD TYPE 6
COLUMNS 2 to 8 - PROJECT NUMBER.  As on Parameter Card.
COLUMNS 9 to 12 - MILESTONE NUMBER Identifies the Milestone to be updated.

COLUMNS 13 to 16 - QUANTITY ACHIEVED Either the quantity achieved to date or the quantity
achieved since the last report on the milestone (see Parameter Card Column 39). The quantity must be a
positive integer.

COLUMNS 17 - 80 Ignored.

Last Card

This must be present to terminate the pack for an original or updating run. For a report run, only the
Parameter Card will be read.

23156789101234557‘9‘&!13‘56789b01334557l9 123‘507'9“123456789601231561397012345079980
/I O A O I A d-F R AR AR R AR E R P R 441
F 4-|-+4 [ I 8 N ==+ 44--++ - 8 QD[ N A A P N Py A N A N DA O 44-F+ |-+ 4+ N
O T I [ Ay I A I A N N D R N A [ O A 8 A R R R EE R R R R T D 0 (0 [ O Y A O G A N (e O Oy g %
F4--FFE34--FFFF -1--‘--- 4-FLFF R I R [P U IR N P S I B g B +4444-++ ¢+ O N I 0 O

COLUMN 1 - CARD TYPE 9

COLUMNS 2 to 80 Ignored.
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PAPER TAPE INPUT 4.2

Each field must be followed by 1, and the end of a block by a new-line character. Fields are variable
unless otherwise stated. For a report run, only the Parameter Block is required. The blocks follow the
same pattern as the cards.

Parameter Block

BLOCK TYPE -1

Project Number a maximum of seven alphanumeric characters used for distinguishing one project's
data from another. The project number in the Parameter Block is used for comparison with the Project

Number in all subsequent blocks.

Type of Run  © for original run.
U for update run.
R for report run.
Print Requirements the number of print-outs required is punched in a position dependent on the type

required. There are eight character positions for each of the three basic types of print-out. This is one
character position for each of the eight variants. In order, the three basic types are

Project Reports
Progress Reports
Progress Charts.

The eight variants, again in order, are given by the sequence in which the milestone numbers appear in
the output. They are

Milestone Numbers Ascending Order
Milestone Numbers Descending Order

Lead time Ascending Order

Lead time Descending Order

Absolute Criticality Ascending Order

Absolute Criticality Descending Order

Relative Criticality Ascending Order

Relative Criticality Descending Order

This field is fixed length. All 24 character positions must be filled, either by a space or by a digit in the

range 0 to 9.

Scale the scale required in the Progress Charts. It is the quantity per Line Printer print position. It
must be 0, 1, 2, 5 or 10. Zero covers the case when no such prints are required.

The Number 120

Progress Information Type when updating information is input it may be either the total new value or
the difference between the last value and the present value. These are indicated by T or D respectively.

Date given in the standard four digit format.

A typical type 1 block for an original run is:

&

& & &

%, Project | & 3 ; 2
k-l rojec =1 = -
ml Number | n’:‘ Output Prints Required l él ‘al §8|
ItAFI24t0t 17 toti2otpt28t%
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and for an updating run, on the same project:

2 2 L

£, Project s ) ; 2
rojec -

8| Numver | €l Output Prints Required luaa I ISIgrSI

ItAF124tu? 3 7 6 7 2 Itior/20rTr3stY

Note that all fields are terminated by 1 .

Title Block

BLOCK TYPE - 2
Project Number as in parameter block

Title a maximum of 72 characters. It is output on all documentation produced. A typical type 2 block is:

&

D=

2]

o

S Project

2| Numaber | Title |
2t 94070auTeMATION x

Report Date Block

BLOCK TYPE - 3

Report Date a maximum of 18 fields, each containing one date in the usual format. These dates are used
by the output program in producing Project Reports and Progress Charts. A typical type 3 block is:

Further Report Dates

18128¢230P400 60185t /0007101t

Block Type

Date

= Report

[
-
~
-

Completion Schedule Block

BLOCK TYPE - 4

First Schedule Point a date in the usual format of up to four digits, separated by a comma from the
quantity to be completed at that date. The quantity has a maximum value of 9999.

Subsequent Schedule Points set out as above. Each schedule point constitutes a field. A maximum of 12
dates can be input per block and a maximum of 16 blocks of type 4. The dates must be in ascending order
and the quantities must be cumulative. Hence, the quantities must also be in ascending order. A typical

type 4 block is:

ype

Subsequent Schedule Points

I | | | I | | | | I |

2 8026,6030,7¢383,9138,/2745,15¢50,/9155,23760,28165,31170,3831%

Point
0% —

- N
nk ~

“® schedule

e

*3 Block T
'

> —

~N~ First
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Milestone Data Block
Data on a milestone constitute a field: the quantities are separated by commas.

BLOCK TYPE - 5
Milestone Data

Milestone Number up to four alphanumeric characters.

Lead Time the number of time units between the completion of this particular part and the final stage.

Multiplicity the quantity of this milestone required to achieve one final stage: a maximum of four
characters.

Quantity Achieved the number achieved of this milestone at the date given in the parameter block. Up to
six milestones may appear in one block. A typical type 5 block is:

o & ®
gﬁ £E © 2
3] éh ; = &8
x B2 2 & M
g _gg ° § g Further Milestone Data
2182 % 3 3 |
190135, 1,0040013247,502798,1,2,0¢%

Updating Master Block
Date on a milestone constitutes a field: the quantities are separated by commas.

BLOCK TYPE - 6
Milestone Data

Milestone Number maximum of four alphanumeric characters.

Quantity Achieved either the total achieved or the quantity achieved since the last report was made on
this milestone. The third field of the Parameter Block determines which is to be used. Up to twelve

milestones may be updated in one block. A typical type 6 block is:

B
£ oo H
- £
$ 88 < Further Milestone Data
g 82 5l | I |
@l 8z & |
6197005419800, /0740,623,10710/1,892000,/617%
Last Block

*x* four asterisks.

14 2367 (10.66)



5 Output Formats

There are three basic types of output available.
Project Reports
Progress Reports
Progress Charts.

Each of these outputs gives data corresponding to milestones. It is possible to arrange the output data
into eight different sequences. This is performed by a sort routine which is entered before a print is
performed. All prints in one sequence are produced consecutively to minimise sorting. The sort key is
taken from the milestone record so that the sequences that can be obtained are:

Milestone Number
Lead Time
Absolute Criticality
Relative Criticality

Each can be given in either ascending or descending order. There are therefore 24 types of print-out
available and the number of each required, up to a maximum of nine, is specifiedinthe Parameter Card
(or Block).

PROJECT REPORT (see Figure 7, page 22)

In this report, the project name and number are printed on the top line, together with the report title.
On the next line are printed the system title, (Line of Balance), and the date of the computer run. Below
the run date is the coded date; in this example it is 43. This coded date represents the run date. The
user must have some numerical calendar whereby he can express points in time on his schedule. These
may be weeks, months, days, shifts etc. The coded date shown here represents the run date in terms of
the user's calendar. '

In the main body of the print-out, project targets for the future are listed. The quantities of milestones
that will have to be produced by given coded dates are listed vertically against their appropriate mile-

stone. numbers. The coded dates at the heads of the project target columns are the report dates. These

are points on the production schedule chosen by the user.

In the column to the right of the milestone numbers, the number achieved, at the date of this computer
run, is listed. In this case, all the values for 'numbers achieved' are zero since the run date is 43 and
none of the milestones listed are required until coded date 46.

- At the bottom of the print-out, the sequence in which it has been printed is stated. Here it is 'ascending
milestone number'. In the bottom right-hand corner, the page number is printed.

Since the data can overflow a page both horizontally and vertically, a two-digit number is given in the
bottom right hand corner of each page. The first digit gives the order of pages vertically and the second
digit, the horizontal order. If six pages are produced, they will be printed in the order

1/1, 2/1, 3/1, 1/2, 2/2, 3/2.
To assemble these into a single chart, they are arranged:

1/1 1/2
2/1 2/2
3/1 3/2
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The headings are repeated on each page, as are the quantities achieved. The latter are in a single
column on the left hand side. Since only 18 report dates are permitted, overflow horizontally will only
cover two sheets,

PROGRESS REPORT (see Figure 12, page 25)

The main headings for the Progress Report print-out are the same as those described for the project
report, with the exception of the report title.

Basically, this print-out shows the progress of a given milestone by allowing comparison of the number
achieved with the current target - the number that should have been achieved. This comparison is
heightened by figures for absolute and relative criticality. The former is purely a measure of over-pro-
duction of a milestone, while the latter is a measure of the over-production of that milestone in terms of
the final stage. It should be noted here that under-production is highlighted in the print-out by means of
the minus signs; under-production being shown as negative over-production.

Again, in the left ‘hand column, there is a list of milestone numbers for the project. Against these are
shown the quantity of each milestone required for each final stage and the lead time of that milestone.

In the next two columns, the quantities achieved at the date of the computer run and the target quantities
at that date are printed; providing a report on the progress of each milestonelisted. This, as explained
above, is converted to direct reading of under- or over-production in the next two columns headed:
'Absolute and Relative Criticality’. . The former from the point of view of milestones, the latter from the
point of view of the final stage.

The sequence in which the milestones are printed is again shown in the bottom left hand corner, and the
page number on the right. The sequence, in this example, is ascending relative criticality.

PROGRESS CHART (see Figure 17, page 27)

This print-out provides progress information in an easily assimilable bar-chart form. With the exception
of the report title, the main headings for this print-out are the same as for the other two. An additional
date is included under the coded date. This, also in coded form, shows the next date for which targets
have been calculated. That is, the next report date.

Milestone numbers are listed in the left hand column and target quantities provide the horizontal scale
(in this example 0 to 200), Targets and achievements are represented by the horizontal bars; targets are
represented by the Is, and achievements by the Xs. These symbols form bars showing the respective
quantities at the date of the computer run. Target quantities for the next report date are shown by exten-
sions of the Is bars with 'equals' signs, terminating in a single 1.

Under-production is highlighted by rows of 'minus' signs that extend the achievements bars to the run
date target quantities.

Since the scale may be 1, 2, 5 or 10, each 'X' 'I' '-' or '=' may take the 'value' 1, 2, 5 or 10. These are
quantities of the milestone and take no account of the multiplicity. If the bar exceeds 100 positions, it is
terminated by a '+' to indicate overflow. Qverflow onto another sheet is not printed, only indicated as
above. Reference must be made to a progress report to obtain the values for the'milestone that has
overflowed.

This output, with a suitable sequence, can give the true 'Line of Balance'. This is in fact two histograms
superimposed: one gives quantities achieved and the other, target quantities. The correct sequence is
one in which the order is increasing lead time and increasing multiplicity. In this case, the histograms
will approximate to a line with negative gradient. In subsequent runs the line will rise vertically. This is/
a special case and is not always the most easy to interpret. With other sequences or with a different
selection of milestones, the line will not be achieved, Then, the horizontal lines of the histogram will
hinder, not help. For this reason, they are omitted, and the type of print-out described above is used.
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6 Operating Instructions: Error Conditions

For an original run, the data will be, in order,
Parameter Card (Block)
Title Card (Block)
(Optional) Report Dates
Completion Schedule
Milestone Records
Last Card (Block)
All other types of data will be rejected.
For an update run, the data will be, in order,
Parameter Card (Block)
(Optional) Title Card (Block)
(Optional) Report Dates
(Optional) Completion Schedules
(Optional) New Milestone Records
(Optional) Updating Milestone Record
Last Card (Block)

For a report run, the data will consist of one card or block, the parameter data.

OPERATOR INSTRUCTIONS

Load Program Tape without write permit ring.

Load Master File without write permit ring (Update and Report)

Load Scratch tape for new Master File with write permit ring (Update and Original)
Load data pack or tape.

FI #X5LB HALTED: LD

©N #X5LB0 (Card input only)

GO #X5LB HALTED: ENDOF X5LB

7T R D D> W N =
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ERROR MESSAGES

Message Meaning Action
HALTED:LP Needs Line Printer Allocate one as 0 and
GO #X5LB
HALTED:CR Needs Card Reader Allocate one'as 0 and
GO #X5LB
HALTED:TR Needs Tape Reader Allocate one as 0 and
GO #X5LB
HALTED:EA Columns 36 to 38 on Abandon run
Parameter Card or 6th
Field on Tape not 120
HALTED:EB Column 9 on Parameter Card Abandon run
or 3rd field on Tape not
O, UorR
HALTED:EC Tth field on Tape not Abandon run
TorD
HALTED:ED Non-numeric punching in Abandon run
numeric field in
Parameter data
HALTED:PC No title card or complet- Abandon run
ion schedules on original
run
HALTED:NN Non-numeric punching in See Special instructions
numeric field
HALTED:©B Paper tape block size See Special instructions
exceeded
HALTED:©OE No completion schedules Abandon run
on original run
HALTED:SA No milestone records Abandon run
HALTED:INSUFFICIENT STORE Too many milestones Abandon run
HALTED:CB No scale given; hence GO#X5LB
no Progress Charts
HALTED:UA Master file format is Abandon run
wrong
HALTED:UB Completion schedules are Abandon run

not in ascending order

DISPLAY:ODD TYPE Card type not acceptable Ignore
for this run-type
DISPLAY:NO REPORT DATES Unable to give Project Ignore

Reports or Progress
Charts

The action to be taken after HALTED:NN and HALTED:©B will depend on the circumstances. If the run
is continued, some data will be lost. The only indication of which block or card is in error is how much
data has been read. It is essential to mark the last data input in some way. Since double buffering is
being used, it will be the previous card or block which is in error.

HALTED UA and HALTED UB imply system failure of some sort on the previous or present run since
the master file, as read, is incorrect in layout.
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Appendix

The project chosen as an example is the production of desks. Only fourteen milestones have been selected
in order to keep the outputs small. Figure 5 is the family tree of production. At the top is the finished
article. Eachlevel down the page represents a stage in its breakdown. In this plan, a milestone represents

the completion of the part it references. Thus ©B32 is the completion of the main frame. Ten desks at
point ©B32 implies at least ten at ©C32, at least forty at-©C08, at least eighty at ©D22 and so on. The
bracketed figure beside.each milestone is its lead time. The data is set out in Table 2.

The first computer run created the master file. Figure 6 is a list of cards. Sample outputs are given in
Figures 7 and 8. The only difference between the last two is in sequence. Certain features are common
to all outputs. The project number, taken from columns 2 to 8 on the cards, appears in the top left hand
corner. The title, from card type 2, appears across the top. The actual date of the run and the coded
date appear in the top right hand corner. The last line of each page contains the sequence and the page
number. The first digit of the number is its vertical position; the second, its horizontal. Figure 9 gives
the paper tape layout for the same input data.

The second computer run updated the master file with progress information. The list of cards is given in
Figure 10. Figure 11 is in the same format and sequence as Figure 7. The only differences are in the
column Number Achieved and in the coded date. Figure 12 is a progress report from the same run. The
Number per Item is another term for the multiplicity. The sequence of milestones which have a criticality
of zero is indeterminate.

The third computer run was a report run. The purpose of this was to show a two-time-period pause in
operations. Figure 13 is a progress report in the same sequence as Figure 12. It shows how rapidly the
situation can change. Figure 14 shows the sole input card in this run.

The fourth run was a further updating run. Figure 15 is a list of the input cards. Note that the report dates
have been changed: also the quantities were input as Totals. Were there to be no increment in the quantity
achieved for a milestone, there would still be no need to input a type 6 card for that milestone. Figure 16 gives
the targets for the revised report dates. Figure 17 introduces anew type of output, the progress chart.

Each milestone has two horizontal lines. in the upper one, the quantity achieved is shown by a row of 'X's
The target is shown in the lower line by 'I's. The '='s represent the difference between the target now
(date 59) and at the next report date (date 65). The latter is printed in the top right hand corner. The '-'s
represent under-production; '+' denotes overflow. The progress report, Figure 18 can supply the details
for milestones which have 'overflowed'.

The final computer run was another updating run. Figure 19 gives the cards. The report dates have again
been changed. The quantities are input as differentials. Table 2 gives the cumulative quantities. Figure

20 gives the targets. Notice how the quantities level off when-end date minus lead time 91 for ODAS for
example, is achieved. Figure 21 gives the Progress Chart. The scale is now ten units per print position.
Only two milestones have overflowed. In the horizontal scale, the 'V's point to the exact columns to which
the numbers above them refer. Figure 22 is the corresponding Progress Report.

Table 3 lists the prints given with their Figure numbers.
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Mile- |[Lead | Multi- | Qty Qty Qty Qty Qty s
stone |Time | plicity | Run1| Run 2| Run 3 [ Run 4 | Run 5 Description
©A32 0 1 0 0 0 10 93 Completed Table
©B16 1 6 0 0 0 400 700 Drawer
©B32 1 1 0 0 0 13 95 Mainframe
©B41 1 2 0 0 0 33 243 Slat
.©C08 7 4 0 30 0 99 629 Side
oC21 4 6 0 0 0 451 763 Front (of Drawer)
oC24 7 6 0 50 0 168 655 Drawer Support
eC27 4 6 0 0 0 490 701 Back (of Drawer)
©C32 7 1 0 0 0 40 100 Top (of Desk)
©C40 4 6 0 0 0 601 1001 Bottom (of Drawer)
©C90 7 2 0 3 0 45 226 Back (of Desk)
©OCA6 4 12 0 0 0 800 | 1700 Side (of Drawer)
D22 9 8 0 80 0 250 | 1352 Leg
©DAY 9 4 0 31 0 100 651 Side Panel
Date 43 48 50 59 88
Table 2 Data List
Outplif} Progress Progress Project Coded} Run
Type Chart Report Report Date [Type
Run 6 Ascending
1 7 Ble Descending
Run 11 |10 48 v Ascending
2 Descending
Run 12 50 R Ascending
3 Descending
Run 15 59 | U Ascending
4 16 17 Descending
Run 19 Ascending
88 | U
5 20 21 Descending
2 E|of oEl 2| EloBloB|2|Elelles
2 E|28=3| 2| 625|838 |E|E5|E5
7 o Slw ol u 08wl 28|88
2| B|829E(2| BIEE|ISE| S| T|2E|5E
Sl 31<&|=5| 8 S1<S|&55]1=1% 25 m & ¢ Sequence

Table 3 Figure Numbers of Specimen Outputs in Appendix
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(99°01) L8€€

12

1 x Desk

(0)
©A 32

| | I
| o
I-|1L| % _— - I

6 X Drawers 1 x Mainframe 2 x Slats ]
1) ) 1)
OB 16 OB 32 OB 41

6 xFronts 6 x Backs 12 x Sides 6 x Bottoms 1 x Top 4 x Sides 6 x Drawer
@) @) @) @) (M) (7) Supports 2 x Backs
oC 21 oC 27 OC A6 oC 40 ocC 32 QC 08 (7 1)
oC 24 oC 90
Underlined numbers = Milestones 8% Legs | I 4 X Side panels
Bracketed figures = Lead Times (9) | 9)
oD 22 oD A9

Figure 5 Production Family Tree



1{2 6 1(2]3|4]5]|6(7|8|9R012{3|4{5]6(7|8(|9/30/1|2|3[{4]|5(|6|7|8{910|1!2|3|4|5!6]|7|8195011(2|3|4({5{6]|7(8]960{1]2|3
| Arrameler Card _ _ _ __ /(X 1] A 174107 O 1 A O O A O B V4 1~ R B -
| 7et/e Cordt ___ _____|2X8/141 PlRe|ouclr|rleln |olFl [olels\cis fael meloziAzicn |c
| Report Dates Caret |3 1] 4.5 | 46| | |47 | sio_| |sis| [ 60l | 80 | 90 | |
| Compr/eCion Schedute Cardid X Y ISis | | Is] ] 1€3)_|_|20] | |74 | 400 | |719; ; 6l0' | (87,
| MilesCone Cards S\x ! 32 L4 ! ° }
__________________ 151x ! k"----r’----é-”!’---—-- A E AR R A A F AR
| ] 5|x|a,/14)1 3i2 L L e el b L e b b A b PR R - E R
_________________ six a el DL L2 e L i L b b ek b 4 4-E - 1
e 5ix t/aeci2s | |4 | 16 (o | L] L L b PR LR
5|x ! 2|7 4 é (s,
| ____ |six|a[/i4}] Al ||t [ o2 5 ol | p L L L L L e L L
_________________ EJtd /] 40 | e |6 Lol L L e b L b bbb e AL
__________________ sxa/alfaecsiz |11z | by e L
___________________ sial/esl/aeciole | |17 | et UL DI LD L L L
S|x\8/i4/1]//Aecl2i4 7 6 ! | |0
__________________ 5&4[91_149‘{0{9___,7. et UL LD L L L P L L T L
___________________ sixial/|4lt faeol2i2 | P19 [ 118 | lol L] LLLLLd b g bbb dd-bed bbb d bt
_________________ Sixa /41, /ae0aq | | |9 | |14 | jda L pL L] b L b b A e L L 44
| Losé Card __ ____ __ | S Lt b b et b A d PR e e e R A A -k b 4 d 4
__________________ R L E b P e A F R R b b T - FE EE E 4
___________________ Lt L b b e b e L A e b D b b e b ek
e e L L e LA R FH A A A=A
- = 'ii..‘-.?
Figure 6 <Cards for Original Run
PROJECT NO. XxB/41/A PRODUCTION OF DESKS/AQ MODIFIED C/41. PROJECT REPORTY
LINE OF BALANCE DATE 07/07/%6
CODED DATE a3
PRUJECT TAKGETS
MILESTONE NUMBER
NUMBER ACHIEVED 45 a6 L¥) 50 55 60 80 90
0A32 0 o 0 0 0 5 14 65 117
o816 0 0 0 0 0 a2 96 420 738
0832 0 0 0 0 0 7 16 70 123
[o]:1-B% 0 0 [} ] 0 14 32 140 246
0cos8 4] (] /] o] 36 72 120 400 032
0c21 0 [ ] 1] [ 72 132 510 840
0caa 0 0 ] [} 54 108 180 600 948
0ca27 4] [ ] 0 ) 72 132 510 840
0c32 [ 0 [ 0 9 18 30 100 158
ocao [ 4] 0 o 4 72 132 510 640
0c90 [ [} 0 0 18 36 60 200 316
0CA6 4] [ [ <] 0 144 264 1020 1680
0022 0 0 a0 56 96 176 280 896 1352
0DA9 o] 7] 20 28 a8 86 140 a4s 676
SEQUENCED BY ASC. MILESTONE NUMBER PAGE 1/1

Figurel Project Report (Run 1) sequenced by ascending milestone number
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PROVECT NO., XB/41/A

LINE OF BALANCE

PROJECT TAKGETS

MILESTONE NUMBER
NUMBER ACHIEVED a5 a6 a7 50 55 60 80
o022 [ [ 40 56 96 176 280 896
0DA9 0 0 20 28 a8 88 140 448
0cos 0 [ [ o 36 72 120 400
ocaa [4 [ [ [ 54 108 180 600
0c90 [ [ [ [} 18 36 60 200
oc32 [ [ [} 0 9 18 30 100
oca? 0 0 0 0 0 72 132 510
oc21 [} [ [ 0 [ 72 132 510
0ca0 [ 0 [ [ 0 72 132 s10
0CA6 [ [ 0 0 0 144 264 1020
0816 0 0 [ [ 0 a2 96 420
0832 [ 0 0 0 0 7 16 70
0841 0 [} [ 0 0 14 32 140
0A32 0 0 [ [ 0 s 14 65

SEQUENCED BY DSC. LEAD TIME

PRODUCTION OF DESKS/AO MOODIFIED C/4t,

90

1352
676
632
948
316

158
840
840
840
1680

738
123
286
117

PROJECT REPORT

DATE 07/07/66
CODED DATE 43
PAGE 171

Figure 8

Project Report (Run 1) sequenced by descending lead time

11XB/41/AT011111 10T120TTT43T
21tXB/U1/AtPRODUCTION OF DESKS /AO MODIFIED C/41.t
3t45t46147150155160180190t
4155,5163,201T1,40179,60187,1001100, 1751
5tdB32,1,1,0t0841,1,2,0t0C21,4,6,010C27,4,6,0t0CA6, 4,12,01
5t0c40,4,6,010C32,7,1,0t0C08,7,4,0t0C24,7,6,0t0C90,7,2,01
5t0D22,9,8,01CDA9, 9, 4,01

5t0A32,0,1,0103816,1,6,01

onn

Figure9 Paper Tape Input for Original Run
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1/2{3|4(5|6|7|8]/9/10[{1(2(3|4|5|6(7|8]|9R0/1|2(3]|4(5(6|7(8{930/1(2|3|4|5|6|7]8|9[40|1
Porameler Card _ |{|XIBI/\41) )/ AIULLILLLI I 0Z 0001020010 0102204717191 200] | |4
Witstone Updating |61x81/14\1}/Al0lol2l2| | 1810] | | | | | [ L1 | VL1 0 LDl
____________ ¢xiB/a1l/Aeoaql |34 || LI L 4L LD Ll L
____________ 6|x(8|/141/|Alec|los] | I3lo| | | | | | L1 ] LLEELIddddddd]
é|x8|/|4l1l/Ale|cl2la| | IS|O
] ¢|xs/ @1}/ Alelclalol | [ 3 [ | [ [[ 11111 [[[L1 (LI LLL
_Lasé Card _ __ ARSI NN NN RN L)
L — - e e - = -ttt d4d4d4d4d—-l-F++ L4 -1-1-1-++1-1-F4+ -+ + JE P S S
Figure 10 Cards for First Update
PROJECT NO, XB/41/A PRODUCTION OF DESKS/AQ MODIFIED C/43, PROJVECT REPORT
LINE OF BALANCE DATE 21/07/66

CODED DATE 48
PROJVECT TARGETS

MILESTONE NUMBER
NUMBER ACHIEVED 45 46 47 50 55 60 80 90
oa32 (4 0 [} o 0 5 14 65 117
0816 (4 0 [} Q [ a2 96 420 738
os32 0 0 [ o ] 7 16 70 123
041 4 0 (] 0 0 14 32 140 246
ocos 30 o (] Q 36 72 120 400 632
oca1 o ] 0 0 <] 72 132 510 840
0ca4 50 0 o o 54 108 180 600 948
oca7 0 o (] o 0 72 132 510 840
oc3e o Q [ o 9 18 30 100 158
oc40 0 0 [ [} 0 72 132 510 840
0cs90 3 0 0 o 18 36 60 200 316
ocaeé o 0 9 0 0 144 264 1020 1680
0D22 80 [ 40 56 96 176 280 896 1352
0049 31 o 20 28 48 88 140 448 676
SEQUENCED BY ASC, MILESTONE NUMBER PAGE 171

Figure 11 Project Report (Run 2) sequenced by ascending milestone number
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PROJECT NO, XB/41/A

PRODUCTION OF DESKS/AO MODIFIED C/49,

LINE OF BALANCE

PROGRESS REPORT

DATE 26707766

CODED DATE 48

MILESTONE NUMBER NUMBER CRITICALITY
NUMBER PER ITEM LEAD TIME ACHIEVED TARGET ABSOLUTE RELATIVE
oc32 1 7 0 5 -5 -5
0c90 2 ? 3 10 -7 -4
0DA9 4 9 31 36 -5 -1
0816 6 1 [ 3 0 0
0c40 6 4 0 0 [] 0
0841 H 1% 0 0 ] 0
0c21 6 . 0 0 0 0
0CA6 12 4 0 0 0 ]
0A32 1 0 0 0 0 0
ocz? 6 4 0 0 0 0
0B32 1 1 0 0 0 0
0p22 8 9 a0 72 8 1
0C24 6 7 50 30 20 3
ocos 4 7 30 20 10 3
SEQUENCED BY ASC.REL, CRITICALITY PAGE:
Figure 12 Progress Report (Run 2) sequenced by ascending relative criticality
PROJECT NO. XB/41/A PRODUCTION OF DESKS/AD MODIFIED C/4y. PROGRESS REPORT
LINE OF BALANCE DATE  24/07/66
CODED DATE 50
MILESTONE NUMBER NUMBER ) CRITICALITY
NUMBER PER [TEM LEAD TIME ACHIEVED TARGET ABSOLUTE RELATIVE
oc32 1 7 0 9 -9 -9
0Cc90 2 7 3 18 -15 -8
0DA9 4 9 3 52 -21 -5
0p22 8 9 80 104 -24 .3
ocoe [} ? 30 36 -6 .2
0c24 6 7 50 54 -4 -1
oca7 6 . ] 0 0 0
0C40 6 . 0 0 0 0
0841 2 1 0 0 0 0
0832 1 1 0 0 0 0
0816 6 1 0 0 0 0
0CA6 12 ) 0 0 0 0
0A32 1 0 0 0 0 0
0ca2s 6 4 ] 0 0 0
SEQUENCED BY ASC,REL, CRITICALITY PAGE:

Figure 13 Progress Report (Run 3) sequenced by ascending relative criticality
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2]3]415]6]7[8]9]10]1]2]3 2]5]6]7 |89 RO 1|2 |5 |4|5]6]7|8]9 30| 1]2 |34[5]6]7|8]9 401 /2|3 |4]5/6]7 8]9 501
(X8 Z@llZaR | L L e T T ] Jr2le 4819 bt - F 14 -
T T T T e T L U A T U T U e E A F R - R H
AR e T I e L e L L L ek R AR E PP T 10
Figure 14 Input Card for Report Run
1|23 [4|5|6(7|8|910/1]|2(3 (4[5 789201234567893012345678940123456789 ol 1
'l!A_fL_AML______M__H“_z_b__“__jﬂw_gzggz__éﬂ_pp_-_q_‘
3|xel/ali|/A | (5] [leis | 17s| | '|alo| | |al7l [7le[e| | [ || |-|-FE4-|-Ft+-F1+1
s'xi8/14| 1]/ Al8]clalq| | 7|00 IO L PR R E -
F.ﬂ_/:‘.'./é? 2l l2lslol | LT UL L L A d A A= - FE
6|x\8/14/11/Ale|clals] T8lolo] | |~ L
é\x8/4117aelcialo | lals| |1 L1 E L e b - - A
x(al/14)r| /Al delol Teo[s| 11| 1Lt bl d A F AR R
_aéészqg 2 Lol 11 1L e T L LT e F AR 44 4

x|8/14(1|/|ale|c|2|7] [alalo] | | [ [T LI 0T L L b b R T
é\x8/41/Ale 4 1768
Yy e 1 R S
|xal/4)11/nielclols | 99| [ 11 LLLT] Ll L b b F bt e
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Figure 15 Input Card for Second Update

PROJECT NO, XB/41/4 PRUDUCTION OF DESKS/AQ MUDIFIED C/4%. PROJECT REPQRT
LINE OF BALANCE DATE  24/07/68
PROJECT TARGETS C0pep DATE 59
MILESTONE NUMBER
NUMBER ACHIEVED 55 65 75 80 87 100
0A32 10 5 25 50 65 100 175
os1e 400 42 162 312 420 636 1050
0832 13 ? 27 52 70 106 175
0841 33 14 54 104 140 212 350
aces 99 72 168 300 400 560 700
oca1 451 72 210 360 510 736 1050
0c24 168 108 252 450 600 840 1050
uc27 a9y 72 210 360 510 738 1050
oc32 40 18 42 75 100 140 175
0ceo 601 72 210 360 510 738 1050
0ce0 45 36 84 150 200 280 350
UCAe 600 144 420 720 1020 1476 2100
0p22 250 176 376 680 896 1216 1400
UDA9 100 88 188 340 448 608 700
SEQUENCED BY ASC, MILESTONE NUMBER
PAGE
L ———

Figure 16 Project Report (Run 4) sequenced by ascending milestone number
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PROJECT NQ. XB/41/A

PRUDUCTION OF DESKS/AOC MODIFIED C/49, PROGRESS CMARY
DATE 26/07/66
LINE OF BALANCE
CODED DATE 59
NEXT DATE (1}

MILESTONE 0 100 20 30 40 50 60 80 100 150 200
NUMBER v v v v v v v v v v v v v v v v v v v v v
1303230823333 333308 88888390083 0382 3330333330023 38¢8333233802888333883332 8833333338383 3333333¢333¢¢34%4+%% 83
0CA6 | R R R R R R R R R R R R R R R A R R R R R R R R R R R R R AR R R R R R R R R RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN AR AR A A I
P23 2203330032300 8 830028003808 808 8838088338308 3830 8238833008038 330383338 2333333338383333¢8%383¢38393¢3%%443 83
0c40 T IIT LI r R e L e e e vt ettt rtigiilllIssssssagessssazasssazszassassstasssnssssa +
XXNXXXXXXXXXAXHXXXXXXXKXXXXXXXXXXXNKAXKOOCXXAXKXHOOCOXEXXKXHXHXXXAXHAXKKXHXXAXXXXXXXXXXXXXXXAXKXXAXNX ®
ocazy ELLLI e e e ettt it rtllllflIsssssasssszasszaszssssssssasessssasasssss ¢
XXXXXNXXXXAXKXXXXXXXXXXKXXXXAXHXXXXXKXXXXXXXLXHAXXAXXXKXXXXXXXXHXXXKK XXX KHAXX XXX XXX ®
oc2 LN I L i et e e ettt [ssssssssszzs2az22222222T223ESSTCSERTIS2S ¢
2233080933003 3380223003 3382038028933 8 8330838393380 33008 8928888308 333303333383338338338338¢33¢43383¢¢33¢%33¢%°9K)
og1é PITLOTLIU R E ittt e it ttaitinirrg!isssssssszsssssssassssasnsssszsszanssassssl
XXXXXXXXXXXXXXXXXXXXX
o0c32 TITIILLI01LI ] sssasss]
XXXXXXXXXXXXXXXXXX
0841 ITITLILITLLI] ] | sssszzsnzsssss]
P 2220893002380 0238008938¢083238009383¢833333383308 8338083838883 383528330382938239383938398994¢%4
0c24 TELER N e e e e e bt eyttt issnzszssszsassssss o
XXXXXXXX
032 1111111 ]ssssns]
XXXXXX®w
0a32 111111 1ssszs]
XXXXXXXXXXXXXXAXXXAXXXXX =0woe
oc9o TOITRTIIUU LRI ttrtlstilrlisssssszusssnes]
XXXXXXXXXXXXHXXHXXXXXXAXXXXXXXXXXXKXXXXXXXXX AN XXX o wowee
ocos FLLLL et e e e p e it ettt ertirillillsssssssssnsssssssasassssnssss]
122022330 83230390 9388033808238 28033 388330808083 883 8883838033833 23383238333330338388982833334933¢%4333%38K)
0p22 | R R R R R R S R R R R R RN R R R R R R R R A R R R AR RN R RN RN R R R R R R R R R R R R R RN R R R R R R R R R R RN R R R R R R AR
XXXXXXXXXXXXXXXXXXXXXXXAXXHXAXXX XXX XXX AKX N XA e eecocacccencne
0DAS PLODLRR Lt e i e e bttt sesszsssszzsszsszsesasssszasss]
v v v v v v v v v v v v v v v v v v v v ']
0 10 20 30 40 50 60 80 100 150 200
SEQUENCED BY DSC.ABS, CRITICALITY PAGE: ]
Figure 17 Progress Chart (Run 4) sequenced by descending absolute criticality
PROJECT NO, XB/41/A PRUDUCTION OF DESKS/AQD MODIFIED C/4%, PROGRESS REPORT
LINE OF BALANCE DATE 26707766
CODED DATE 59
MILESTONE NUMBER NUMBER CRITICALITY
NUMBER PER ITEM LEAD TIME ACHIEVED TARGET ABSOLUTE RELATIVE
0CA6 12 4 800 240 560 47
0C40 6 ) 601 120 484 80
ocaz 6 . 490 120 370 62
oca21 6 4 454 120 33¢ 55
0816 6 [ 400 84 316 53
0c32 1 ? 40 28 12 12
0841 2 1 33 28 5 3
0c24 6 7 168 168 0 0
0832 ] ] 13 14 -1 -1
JA32 1 0 10 13 -3 =3
aceo H ? 45 56 11 .6
ucos 4 7 99 112 *13 3
9022 8 9 250 264 °14 2
UDA9 4 9 100 132 *32 »8
SEQUENCED BY DSC.ABS, CRITICALITY PAGE: ]

Figure 18 Progress Report (Run 4) sequenced by descending absolute criticality

3387 (10.66)
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1121314/5(6(718/9/10/11]21314/5(6(7!8{9120011|2(314(5(6(7(8|9130{1(2!3({4|5|6{7{8|9140{1121314|5|6!7|8(9[50/1|2
x84l Ao | L L L L izjoe2lo | (88 | | | | ]| |
3 x8/41/A_| |5s| | 70 | |85 88 | |9/ | 94 | |97 co0| | || | . ||ll]
6x8/41/Aeclale 9o0 | | | DL
68 /al1[faeAas2 | 903 | | | | LI L L
6x8/41|/AeB841 (210 |
6x8/4/11/Aae832 | 182 | | | ||| ||| Ll b
6\x.8/4\t|/Ael8116 |3olo | | | ||| |||l b i
lelx\8/4\11/Aeici82 | |6lof | [ | || | Ll ]l bbb
6x8/4/1/|aecla4 \48/7 | | | ||| Ll L Ll
éx8/4\1|/Ae cl27 |21
6\x8/4/1|/Ae0A s/ | ||| | L Ll
éijiLéaeegzgceg_________"_______L____M-__N_H____H__
6x\8/14/1//A6c08 15300 | | | | ||| |4 ]
6x8/ 41 /laeicialo 84| | | || L Ll
é\x8/41/Aelcl21| 312
|€|x|8/ 141/ /Aeciai0 400 | | | | | [ Lo L b e
" + +
.4 A A A O A O I L A
ot 4 4 4= A ] A 4 4+ A4 ] ===+ ===+ + P IS (N U (DU O U DU DR [N SN
—_— 4+ + 4+ 4+ 4+ 44— A=-l---F+ 4 A A =-—-|-|-t+4-I—--F++ 44— A === - |=----|-FF++4 = - —
Figure 19 Input Cards for Third Update
PROJECT NO., XB/&1/a FRUDUCTION OF DESKS/AD MODIFIED C/4y, PROJECT REPORT
LINE OF BALANCE DATE 26707766
CODED DATE 88 .
PROJECT TARGETS
MiLESTUNE NUMBER
NUMBER ACHIEVED 55 70 85 88 91 94 97 100
0a32 103 5 37 90 106 123 140 158 175
0B16 700 42 2490 570 672 774 876 978 1050
01832 95 7 40 95 112 129 146 163 175
041 249 14 80 190 224 258 292 326 350
uCos 629 72 220 516 584 652 700 700 700
aca 768 72 282 672 774 876 978 1050 1050
Gca4 655 108 $30 774 876 978 1050 1050 1050
cca? 701 72 282 672 774 876 978 1050 1050
tc3e 100 18 55 129 146 163 175 175 175
¢4 1001 72 282 672 774 876 978 4050 1050
ocoe 226 36 110 258 292 326 350 350 350
(oY) 1700 144 564 13544 1548 1752 1956 2100 2100
upe? 1352 176 480 1120 1264 1400 1400 1400 1400
JLAS 651 88 240 560 632 700 700 700 700
SEQUENCED BY ASC. MILESTONE NUMBER PAGE 1”1

Figure 20 Project Report (Run 5) sequenced by ascending milestone number

28 3387 (1.68)



PROJECT NO. XB/41/A PRUDUCTION OF DESKS/AO MODIFIED C/49, PROGRESS CHARY

DATE 26/07/66
LINE OF BALANCE
CODED DATE 88
NEXT DATE 94
MILESTONE 0 50 100 150 200 300 400 500 1000
'NUMBER v v v v v v v v v v v v v v v v v v v v v

XAXXXXXXXXKXXXAXKXXXXXXXXXXXXXXXXXXKH KKK XXXXAXXXXXHXXXXXXXXXXXKHXXAXKXXXXXX XXX XXX AXKXKNKKX &
0p22 IR R R R R R R R R R R R R R R R R R R R A R R A R R R R R R R A S R R R R R R R R R R RN R R R R R RN SRR RN AR RN S

XXXOOEXXXXXXXXXXXXXXXXXXXHXCXKXXOOOOOOCKNX XXX XXX XXX XXX XXX XX
0DA9 IR R R R R R R R R R R R R R R R R R R R R R AR R RN R AR RN R RN RN R R R RO LT LT L

XXXXXXXXXXKXXXXXXXXXXXXXEXXXXXKXXXXXXXHKXXXXHXXXX XXX XXX XX XXX XX
ocos8 [ RN R R R R R A R R R R R R R R R R R R R R R RN RO R RN R R R L L )

XXXXXXXXXXXXKXXXXXXXXXXXXXXXEXXXXXAX XXX XXX XXX XXX AKX XXX KRN @ evoovomncen eeccamcica
0c24 SRR A R S R R R R N R R R R R R R R RN R R S R R R R R R N R R R R RN R R R RS RN R R R RN R R R DR RRRETIT TEL T T

XXXXXXXXXXAXXXX XXX XX XXX == w= oo
0c90 1R R R R RN R R R RN R RN AR AL L1}

XXXXXXXXXXXmwoue
oc32 1S0RRRRERERRER AR

OXXXXNXXXXXXXKXXXXKXXXXXXXXXXXXXKXXXXK AKX XXXXAKXXXXXXAX XXX XXX XXX XXX 0w me e
oc2? | RS R R R R R R R R R R R R R R R R R R R R R R R A R R R R R R R RN R RN R R R R R R R R R R R RN LI LS L

XXXXXXXXAXXXXXXXAXKXXXXXXXXXAXXXXXXKHKXXX XXX XXX KXXAXHAX KKK XXX XXX XX
oc21 IR R R R R R R RN R R S R R R R R R R R R R R R R R R R R RN RN R R R R R SRR R R R R RN R RN RS R T L L

XXXXXXAXXAXXAXXXXXXAXXXXXOXXXXXXXXXXKXKXXXXXXXKX XXX XXX HXXHXXKXKXXXXXXXX XXX KAXKXAXKX XXX XXX X
oc4o R R R R R R R R R S R R R R R R R R R R R S R R R R R R R R R R R R RO R R R R RN R R E L LI LD

XXX XXXXXXXXKXXXXXXXXXXKXXXXXXXXXKXKXXXXXXXHXXXXX XXX X XXX XXX AKX KKK XXX
0CAé IR R R R R R R R R R R R R R R R R R R R R R R R R R R R RN N R R R R R R R R R R R R S R R R R RN R R R R RO R S R R R R A

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXH XXX XXXXXXX XXX XXXX XXX XXX XXX XX XX
o816 | R R R S R R RN R RN R R R R R R R R R R R R R R R A R R R R R R RN R R R R R R R R RN AR R R AR R L LI L2 D)

XXXXXXXXXXX®
0832 IIrrrrrrerrist

XXXXXAXXXXXXXXXKXXXXXXXX XXX
0B41 Trrrrrrrriprrnrrtrityss=g

XXXXXXXXXXX®
0A32 |SRRERERARER !
v v v v v v v v v v v v v v v v v v v v v
0 50 100 150 200 300 400 500 1000
SEQUENCE BY.DSC.LEAD TIME PAGE: 1

Figure 21 Progress Chart (Run 5) sequenced by descending lead time

PROJECT NO, XB/4{/a PRODUCTIDN OF DESKS/AO MODIFIED C/41, PROGRESS REPORY

LINE OF BALANCE DATE 27707/66
CODED DATE 88

MILESTONE NUMBER NUMBER CRITICALITY
NUMBER PER [TEM LEAD TIME ACWIEVED TARGET ABSOLUTE RELATIVE
obD22 8 [} 1352 1264 (1} 11
nDA9 e 9 651 632 19 s
ocos [ 7 629 . 584 as 11
o0c24 [ 7 655 87e8 -221 37
oceo 2 7 226 292 88 33
0c32 1 7 100 148 -48 =46
oc27 6 4 701 774 .73 -12
oc21 6 L] 763 774 .11 -2
oc4o 6 [3 1001 774 227 38
ocas 12 a 1700 1548 152 13
0816 [ 1 Y00 672 28 5
0832 1 1 95 112 -17 -17
LI} 2 1 243 224 19 10
0432 1 0 93> 108 -13 -13

- SEQUENCED BY DSC.LEAD TIME PAGE! )

Figure 22 Progress Report (Run 5) séquenced by descending lead time
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Glossary

-y

ABSOLUTE CRITICALITY:

the quantity of any part produced minus the quan-
tity required to meet delivery requirements. It
is a measure of over-production.

BLOCK:

one or more fields on paper tape, terminated by
an end of block marker such as a new-line sym-
bol. Usually there is some logical connection be-
tween the fields: usually each field is terminated
by a 'field terminator', such as+4.

COMPLETION SCHEDULE:
the targets that the production department is try-
ing to achieve.

CRITICALITY:
see Absolute Criticality.

FIELD:

one or more items of information which are
closely related. When information is input on
paper tape, the paper tape reader usually reads
a block at a time. For ease of internal process-
ing, it is usually subdivided into fields. Each
field is usually terminated by a 'field termin-
ator’', such as4.. When milestone data is input,
there are four items in a field and possibly nine
fields in a block. When the title is input, there
are only three fields, each of which has but one
item of information.

FILE:
see Magnetic Tape File.

FINAL STAGE:
The point at which the responsibility of the
department using Line of Balance ends.

LEAD TIME:
the minimum time required to progress from the
point in question to the Final Stage.

MAGNETIC TAPE FILE:

a number of records recorded on magnetic tape.
There are conventions governing the exact lay-
out.

MASTER FILE:

the magnetic tape file in which all the permanent
information relating to a Line of Balance project
is held.

3387 (10.66)

MILESTONE:
a definite point of part-completion in the pro-
duction plan.

MULTIPLICITY
the number of a milestone required to achieve
one Final Stage.

ORIGINAL RUN:
the computer run which creates the first master
file.

PERT:

Programme Evaluation and Review Technique
(Critical Path Method). A control technique
suitable for complicated one-off jobs.

PROGRAM TAPE:

a magnetic tape on which the actual computer
program is recorded. Itis read into core storage
by the I.C.T. Executive routine.

PROGRESS CHART:

a Line of Balance output which shows the state
of production relative to the initial plan in a
graphical form.

PROGRESS REPORT:

a Line of Balance output which shows the state
of production relative to the initial plan in a
tabular form.

PROJECT NUMBER:

a group of up to seven characters used by the
program to check that all its data refers to the
same project. It is printed on all outputs.

PROJECT REPORT:

a Line of Balance output which shows the target
quantities for each milestone. These are calcu-
lated from the completion schedule.

RECORD:

one or more items of information which are
handled as one unit whendata is being readfrom,
or written to, magnetic tape.

RELATIVE CRITICALITY:

The absolute criticality divided by the multi-
plicity. It is a measure of over-production in terms
of final stages, as opposed to components.
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REPORT DATES:
a list of dates, up to 18 in number, used by the
output sections of the program.

REPORT RUN:
a computer run on which no data is input but from

which outputs can be obtained.

SCHEDULE POINT:

a point on the completion schedule. It comprises
a date and the number of final stages required
on that date.

UPDATE RUN:

a computer run which reads in a master file, up-
dates the information on it with data read in on
punched cards or paper tape and creates a new
master file. The old master file will now be out
of date. For safety reasons, the old master file
is usually preserved for a period of time.

Should the new master file be destroyed acci-
dentally, it will then be possible to recreate it.

Originated by
Management Systems Department
Applications Development Division
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AMENDMENT RECORD Should any additions or amendments to this Manual be necessary,
they will be issued in the form of Amendment Lists.
When such changes have been incorporated, an appropriate entry
List Number Item Numbers should be made in the table on the left and the pink instruction
sheet(s) should be filed behind this page.
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