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FOREWORD

In conjunction with Cooperative HResearch Programme No. 28, Power
system analysis, it was found that from time to time programmes were
desired which would be of great assistance to the System Planning
Division at YiZ but which were not directly related to power system
analysis work. They either covered other phases of work at the System
Planning Division or were general programmes which were epplicable
with all the work and not enly that of power system analysis. /s e
result, this Miscellaneous Investigation was initiated with the idea

that it would contain these various computer programmes.

Report Wo. 1 deals with a programme which aseists in construction

scheduling in the System Planning Division.

Earlier work on construction scheduling at YEA was carried out by
hand calculations, and because of the length of time and accuracy
involved in these calculations the finding of the critical path had
limited use. However, when the IBM 360/40 computer system became
available to YE. it wes readily realized that, with a CPM/PERT computer
programme the scheduling of various jobs in the construction of sub-
stations, power lines, etc., eould be easily accomplished, and the

schedule kept up~to-date.

A C?M/PERT programme for use with the IBM 1130 system was obtained
from IBM (IBM 1966). Through cooperative work between YEA and ASRCT
this programme has been converted for use on the IBM 360/40 system. A
preliminery report on this programme was made at YEA in January 1968.
Work has been going on since then and the present programme YEA501 has
a great meny options and output reports not available with the earlier
programmes, This report discusses the theory and application of the

prograume ,

The author of this report is a voluntary member of the Canadian
Universities Service Overseas. He has been assigned by that organisa-
tion to work with ASRCT for a two year period. He has heen attached to
the Physics and Engineering Group of TRI where he has worked on the

Yanhee Power futhority sponsored programme on power system analysis



and on other programmes involving computer programming. Grateful
acknowledgement is made of this valuable contribution to ASEHCT's re-

search effort,



CRITICLL PATH SCHEDULING PROGHAMME FOR IBM 360 CYSTEM

*
By John W. Mayne Jr.

SUMMALRY

The progremme described ir this report is used to
process nztwork scheduling problems. It provides both
critical neth scheduling {CPM)} and probability scheduling
anaiysis. The programme is in FORTRAN IV language for a
IB¥ %52/40 or IBM 360/30 Disk system with card reader and
printer, and is designed for use with an accurate arrow
diegram of the scheduling process. The programme has a
capacity of 3000 jobs and 1500 nodes, and provides a
geries of output reports giving the scheduling of the
jobs Dboth in bar chart and calendar form. In addition,
arranging the jobs under different groups and/or subgroups
is permitted. It is designed with the idea of providing
the field construction engineer with an easily readable

and useful report on the current situation of the project.
INTRCDUCTION

The project for which the scheduling analysis is to be done will
have a nuumber of jobs to be carried out in a certain order. The first
work toward the solution involves drawing & logical arrow diagram of
the complete project such as shown in ippendix V, with the jobs repre-
sented by arrows showing the sequences and interrelations of the
individual jobs in the project. In this job network diagram if the
head and tz2il of each arrow, i.e. each node, is given a number, then
the logic of the secguence is maintained if each job is given a two
number label congisting of its tail and head node. This information,
along with the estimated time of the job, is the basic information

required beforz the computer analysis can begin.

* Physics and Engineering Group, Technological Research Institute, ASRCT,



The programme for this work incorporates both CPM (Critical Path
Method) and PERT (Project Evaluation and Review Technigue) analysis.
CPM is designed to plan, schedule, and control projects in which the
activities, duration, and interdependence are relatively easy to define
and hence is a deterministic model. PERT, on the other hand, deals
with activities that are ill defined and is a probablistic model.
Whether PAT or CPM is used is determined by how the estimated time (ET)
of a job is arrived at. For PERT, three times may be given for the ET

of each job, viz.,

A an optimistic time, the best or shortest time. There is
little chance of completing the activity in less than the

optimigtic time,

M a most likely time, the time which most probably will be

required,

B & pesgimistic time, the worst or longest time. There is
little chance the activity would require longer time than the
pessimigtic estimate, and ET is calculated. In CPM, only one

time is inputted for ET.

The main purpose of the programme ia to find the critical path of
the scheduling network. The critical path (CP) through the network is
the longest path time and there will be at least one critical path.

411 the asctivities or jobs comprising the critical path are critical
in themselves, and delay of one of these will proportionately delay the
project completion, or conversely any speed-up will decrease the total

project time,

The calculation of the required critical path data is accomplished
by first nmaking a forward pass through the network carde to determine
the early start times (ES) and ecarly finish times (EF). The ES for an
activity is the first day the activity can begin. EF of the activity is
the day the activity will be completed, provided it begins at its ES,
Late start times (LS) and late finish times (LF) for an activity are
computed by maling a backward pass through the network from the final
activity 1o the initial activity., The LS for an activity is the last

day an activity can begin without delaying project completion. LF cor-



responds to ZF for the late times.

The difference between the early and late start time, or early
and late finish times for one activity, is leeway time for abcomplishing
that activity and is called "total float" (TF). TF is the amount of
time an activity may be delayed without delaying the project completion
date.

Float has to be watched very carefully. In & chain of activities
total float is identical for each of the activities in the chain. I3
cannot be assumed that each activity in fact has the stated leeway time,
because the leeway is only available for the first activity in that
chain., If any or all of the float is used up for the first activity
(or any other activity in the chain), the total float for all following
activities is reduced by the same amount of time until the chain be-
comes critical (see the sample problem at the end of this report). In
addition, other chains starting from the chain in question will be
affected. Therefore, in any diagram, the degree of criticality of
chains, not of the critical path, should be examined carefully. If some
or all of the total float of an activity is used, the expected time of
the activity should be changed and the programme rerun to see if a new

critical pati emerges.

The amount of time by which an activity may be delayed without
delaying any following activities is called "free float" (7). If some
of the time of the total float of an activity which has zero FF is used,
then the programme should be rerun to check for changes in the critical

path.

For “urther details and discussion abeout constructing arrow dia-
grams and basic CPM/PERT ideas the reader is referred to the references
at the end of the report.

A simplified flow chart of the actions taken by the computer is
shown in fLppendix I.



USES OF THE PROGRAMME

The programme may be used to find the critical path of a network

process and the associated CPM variables.

In eddition, one of the main features of the programme is that it
can be used as an up~to-date check on the actual construction. It is
readily revisable and hence can be used to establish the effects of
increasing or decreasing job timcs i.e. what effects delays or speed-
ups have on the criticality of all jobs. It should be able to be used
on the construction site to enable an easy check of what jobs should
be going crn at present, and when new jobs should be started in order

to keep the completion date unchanged.

This revised programme is able to save computer time by providing

reports on any number of projects with only one EXEC statement.
METHODS

The computer programme for this CPM/PERT analysis consists of five
separate programmes, YEA501A to YEA501E, which are self-linked together
using an overlay technique to reduce the amount of core storage re-
quired. Only YDA5014 needs be executed and each successive part calls

the next,.

YEASO1/L is the section which reads and stores all the input data
information {the titles for the various groupings being stored on a
disk or Direct Lccess Storage Device (DASD}, and calculates all the
basic CPM information. As already mentioned, the required input data
for the programme consists of the node numbers I and I for each job and

either the estimated time ET, or the probable times 4, M, and B.

If the three times are given, i.e. PERT is wanted, the estimated
time must be calculated. Consider Figure 1 where these three times
estimates are shown. The probability that the actual time will be A or
E is very small while M may be anywhere in between, depending on the

estimators judgement.
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Figure 1, ALctivity time estimates and mean activity time.

Curve {(a) shows a distribution skewed toward the most optimistic
time while curve (d) shows a distribution skewed toward the most pes-
simistic time. Curves (b) and (c) show a normal distribution of job

time, with curve (c) showing less "spread" than curve (b).

The Zormula for ET, the estimated time, has been arrived at after
extensive experience with PERT on the U.S. Navy Polaris Programme. It

was found (Machol 1965) that valid expressions are:

BT = A + M + B
e e
2
VAR = B -4
(=4}

wvherc ViR gives the variance of ET and hence is a measure of

confidence in the calculated expected time.

The reguired CPM data is calculated by making network "passes"
through +the input data. This technique is adapted from the original
IBM 1130 programme and consists of setting up a vector MTI(I) of all ES
times listed by node number. Initially all MTI(I} = O, then as each
card of I, J, ET values is read, the MII(I) value is added to the AT
value and compared to the MPI(J) value of the next sequential job. If
the ES valuc of any job is greater than that of the job which follows
it, this fcllowing job takes the new ES value of the preceding job.
This process is repeated until no MTI(I) value changes upon comparing
with MTI(J) velues. In this way all the £S values are found with the
MTI(I) value of the last sequential node having the largest numerical

value and being egual to the total projeect duration, LMBD.

By initiallizing a vector MTJ(I) equal to LMBD and this time sub-
tracting UT an analogous "backward pass" through the network is made

to determine the LF values. Obviously
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EF = ES + ET
LS = LF - ET

TF = LS - &S

FF = MTI(J) ~ EF

All this information as well as sll that was on the input network

cards is storesd on the disk for later use.

Alse calculated is BMA = B-4 to sece if PERT analysis is required,
YEASQLA calls YS4501B if PERT is required and calls YSA501C if PERT is
not required.

If 2538P ig required, YEA501B first writes an output report con-
sisting of all the calculated CPM data as well as the inputted data for
each job, i.c. there ig a listing of I, J, 4, M, B, ET, ViR, COST, TS,
b, Es, L3, 3¥, LF, TF, FF

where CO3T is an eptional input cost of the Jjob,
D is the description of the Jjob,
VAR  is the variance of the A, M, B times, previously mentioned,

TS s an optional scheduled completion date which may be
assigned to any job in order to find out the probability of
finishing the job on that date.

An additional inputted option is to specify the preject completion
date (PDUE). Then in this PERT report the times L3, LF, TF are adjusted
by (PDUR - L/MBD) when printed out.

YE£L5013 then provides two probability reports which give the
probability of finishing a job on a given day. Thig pProvability is
calculated hy assuming a normal distribution for the times about the
expected Tinish time as in Figure 2 where the shaded region under the

curve gives the probability of finishing by 2 given schicduled time, TS.

TN,

i

TS ET

Figure 2, Estimate of probability of meeting scheduled date TS,
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Thig provability is calculated for a five day spread about the
assigned 70 time.
The next twe parts YE4501C and YEA5C1D consist ¢f the days of the

year written as double precision constants. These are uged, in alpha-

pumeric form, in the calendar reports of YEAS0LE.

YE4RC1E, then, writes the main output reports. These reports are
described in detail later in this report. The titles stored on the
desk in Y i£%C1i are read one by one, and the appropriate jobs for each
title are found and sorted in early starting time order. Using the
CPM data already cezlculated, both bar chart and calendar reports are

made s

4t the cnd YEA501E checks to see if another project follows. If
there is arother project YEA501: is called again, otherwise the pro-

gramme exists.
FEATURES OF THE PROGHAMME

The couplete programme YEA5C1l consists of five separate programmes
YEA501£-FE, These programmes are coupled using an overlay technique
which allows Zor a greater capacity of jobs then the gystem used for

the January 1968 programme.
Other fecatures include:
{1) 1lode numbering may be entirely random.
(2} Multiple starting and/or multiple ending nodes are allowed.
(3) . oroject pre-set completion date option is provided.

(4) Independent networks belonging to the same project may be

processed together.

(5) 1letwork data processed is left on disk ready for further

procesesing by user—writer programmes.

(6) If CPM is desired, only a single duration for each job needs

+o be specified on input.

(7) Dach job mey be assigned a scheduled completion time (T8).



(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

PEET reporting is automatic if the data includes a renge of
job times for any job. If no TS values arc inputted, the

PERT report will be for the project conclusion,

For up-to-date operational use the current date is printed on

zach output report.

fn option is provided to indicate if a job is finished or not

by assigning 0 or 1 to the variable FN.

Different reader and writer unit numbers may be assigned by

changing the values of IN and IP resgpectively.,

tr option is provided for arranging the jobs in groups and/or

subgroup94 by, for example, type of work or location of work.

On a given run the user can specify which type of output it
wanted, i.e. either or both of the group arrangements. The
grouping of all jobs together and then a listing of all

critical jobs always conclude a run.

In the revised programme a description title of up to 36 char-~

acver may be used.

This programme allows any number of projects to be run under

the one execution statement.

The execution time of this revised programme is faster. For
a project consisting of 27 jobs, the running time was 3 mi-
nutes. For & project of 200 jobs, the running time was

10 minutes 17 seconds.

DATA FOR THE PROGRAMME

The first cards contains the current run date, and is punched as
22 JUL 1967

Columms 1 4 9

The second card, the date header card, is a completely free form

project description card. Any valid punching in column 1 through 80 is

acceptable. This description is printed on each page of the output oa

10



the project title.

Therec follows a group of data cards, punched with the network data

detail as follows:

Variable Column Format
I 1-5 15
6~10 15
£ 11-14 iL
M 15-18 T4
B : 19-22 I

CoS37T 23~32 Ii6
Fil 33 Il
T3 34-38 14
P 39-40 12
5G1 4142 12
5G2 L34k 12

D 45-80C Gaky

Degcription of variables

I ~ node number at the béginning of each job.
J - node number at the end of each job.
A ~ the best or shortest duration time of a job.

M ~ the most likely duration time of 2 job.
B - the worst or longest duratien time of a job.
COST = the cost of the job.

FN =~ a control variable which is 1 if the job has been finished

and blenk if the job has not been finished.

TS - 2 job completisn date. This may be assigned to any job
in order to calculate the probability of completing the job
by the desired date. This 'date' is counted in days,

starting at day zero.

GP - the group number for the job. dJobs with the same GP will
be in the same group. The group number is any two digit

runber.

11



5Gl, G2 -~ each of the mein groups can be further divided into

subgroups by assigning integer values to 561 andi/or SG2

i.e. oach job can be placed into two different subgroup

types. The group option can be omitted by leaving GP blank,

and then only S5Gl and SG2 are used.

D - the job description and

can have any valid purching.

Normally the programme computes the project duration time. An

option ig provided for this time to

. *yooL
be pre-set; an asterisk () in

column 45 identifies a project completion date assignment card, and the

TS field is picked up for this purpose. (This pre-set date is used
only in PELT REPORT NO. 1.) Columns 1-33 of the project completion date

assignment cerd must be left blank.

This card may be placed anywhere

among the TP data cards after the header card. (See the sample problem

in Appendices.)

The cnd of the network data cards is indicated by a blank card.

The next data card gives the project starting date and wust be

punched as follows:
Variable

YEAR
BEGIN
IMONTH
IYEAR
YEARL  is the project starting

BEGIIT is the project starting
The 29th of February is

Column
1-6
7-12

15-16
19-20

year.

day given on a 366 day year basis.
day 366.

IMONTY is the number of the starting date month, i.c. May is 5.

IYEADY ere the last two digits

of YEAR.

The following data card indicates the type of output report

degireds:
Variable

I0UT
IGROUP

12

Column

5
10



IOUT czan have the following values:

Blank for an output consisting only of a report of all jobs grouped

together arnd a listing c¢f the critical jobs.

to

to
of
as

as

1
2

3
1f

some

for cutput reports with SGl grouping only,
for cutput reports with SG2 grouping only,
for output reports with both SG1 and 5G2 grouping.

IGRCUP is blank, the GP values are ignored., If IGROUP is equal

nositive integer, the GP grouping is used.

The pregent programme, as already mentioned, allcws for the jobs

be grouped together in two different arrangements. The last group

data

cards consists of the titles which the user wishes to be placed

a heading for these groupa. The general format for these cards is

follows:

Variable Column
MAST 2
NAST 3-4
TITLE 5«80

MAST carn have the values:

1

2

-1

for the title of a group, i.e. using GP,
for the title of a subgroup, i.e. using SGl1 or SG2,

for the title of the type of group arrangement used. (This
title should be positioned in the center of the data card for
gyametric output. It is printed as a title for the output
report. )

with the rest of the card blank. This card indicates the

secparation between SG1 titles and SG2 title.

Blank to indicate the end of a project date deck, (sece below).

NAST is aqual to either 3Gl or 5G2, i.e. NAST correlates the 5Gl,

5G2 numbers for esach job with the appropriate subgroup title,

" TITLE is the heading desired and can have any format.

13



The next card is a blank card when it is the last card in the dato
deck. If, however, another project fcllows, this card has NAST equal
to any two digit positive integer with M4iST equal tc zero. In this
case all of the above mentioned data cards except the 'Current Date!

card, are expecied to follow for this new project.

A summary of the data cards can be found in Appendix II. The data

cards for o sample problem are listed in Appendix III.

RESULTS OF THE PROGRAMME

Output degcriptions

Therc are maximum of eleven possible cutput reports available to

the user, three of which are only given if PERT reporting is required.
The remcrts can be divided into three sections.

(i) The first output report, entitled: JOB LISTING WITH ESTIMATED
TIME (ET). This report is always given. It is a listing of the data

given to the programme, In addition, the ET variable has been calcu-~
lated and printed, and inconsistancesg in the A, M, B data resolved. The
number of jobs, total project cost, the total project duration, and all

beginning and ending nodes are also recorded here.

(ii) The PERT output reports. These are only given if PERT ia

required, and congist of

(1) J0B LISTING WITH CALCULATED CPM DATA. This report is
the schedulc for the jobs within the project. The input data is re-
peated, the individual job variances, the scheduled timeg, and the

floats ars recorded. Critical jobs are indicated by the letters “CP".

(2, PEET REPORT NO. 1. SIMPLE JOB PROBABILITIES. This
report is thz job-oriented (activity-oriented) PERT analysis. Bach job
for which a T2 tinve was given, and each job ending on tho last node, is
reported upon for a five day spread, i.e. by ossigning a schedule com-
pletion time to a job the probability of finishing the job around the

assigned date is given.

14



(3} PERT REPORT NO, 2 EVENT PROBABILITIES. This report is
the job-oriented (node oriented) counterpart of the above report. The
expected completion time (TE) of 2 node is given. This is the largest
early finish time of all the jobs ending at it; more simple, it is the
ecarliest gtart time of all the jobs beginning at it. Jgain a five day

spread ig given for ecach TS number inputted.

(iii} The following reports, some of which are optionnl, consist

of bar chart and calendar reports with the jobs organized in different
ways. A maximum of three bar charts and four calendar reports may be
given. These reports can be discussed under the two headings: for bar

chart and colendar reports.

1} BAR CHART OF THIS PROJECT-JOBS LISTED IN EARLY STARTING

TIME ORDEZ. The jobs have been arranged in early starting time order
and o simple bar chart, excluding dummy jobs, given. The entire pro-
ject is scaled to fit a range of 9.8 inches. For each job & scries of
asterisks aad minus signs, F's or X's is given. L4 geries cof asterisks
indicates the duration of the job (ET) while the minus signs indicate
the total float time available. /4 series of F's means the job is
finished and & series of X's is given for jobs on the critical path.
The bar chart reports, as they must fit the scale, are not an exsct
picture o7 the gchedule, and the actual dates should be looked for on
the calendar reports. A rough idea of the month and year is given above
the secale range. TQe first month letter corresponds to the project
start date immediately above.

If the jobs arc arranged in groups and/or subgroups, the jobs

within each group are listed in early starting time order.

(2) CLLENDAR SCHEDULE OF THE PROJECT IN DARLY STARTING TIME
ORDER, On each of the variocus colendar reports the jobs, listed again
in ES order even if in groups, are given with their expected time,
total float and frce float time and early start, late start, early
finish, late finish dates. If the job is finished or on the critical
path, this is so indicated under the late start, early finigh headings.
At the end of the report the starting and finishing dates for the

project arc given,

Tke last report given ig a calendar listing, in Z5 order, of



all the jobs which are on the critical path.

Lppendixz IV ghows the resulis of the CPM study of the exaumple

data mentioned previously.
PROGRAMME OPERATION AND CAPACITY

The programme YEA501 is catalogued on a YEA disk pack at the
National Gtatistical Office in Bangkok. In order to use it the control
cards found in Appendix VI are required. If it should happen that it
is requircd to analyze a project which has more than 30060 jobs and/or
1500 nodes, there is alsc on the YEA disk pack a set of programme
YEAGQ]L G~% which may be used. These programmes operate in the sanme
manner ae YKA501 A-FE and accept the same data. For thesc programmes
the capacity is 2500 nodes and at present 4C00 jobs. This wmaximum num~-
ber of jobe capn be easily greatly inereased. The contrcl cards are
different and the executing time is over twice as long as with the
YEASD1 A=-Ii system.

DISCUSSION

Every eifort was made to try to make the programme casy to use,

and yet provide a wide range of useful results.

The semple data listed in Appendix III was run, and the results
were given in Appendix IV. Two of the reports are omitted here for
brevity: the calendar schedule of the first subgroup arrangement and
the bar chart of the second subgroup arrangement. All the information
omitted appears elsewhere and the other reports shown are very similar
to those oumittcd. The various cutput reports are discussed earlier in
this report. The following points, peculiar to the particular project,

can be noted:

(1) Tor some jobs %, M, and B are different and hence there are
PERT reports.

(2) There is an inputted project completion time of 40 days.
(See the data list, Appendix II, and the card with the asterisk.)

However, the calculated completion time is 44 days and hence the project

16



slack is -4 days, i.e. 4 days will have to be eliminated in order to

finish by day 40.

(3) I0UT is set equal to 3 indicating that both SGl and 5G2

groupings are to be used.

(&) 6P is left blank and there is no title card with MAST = 1.
Thus only subgrouping results. The seccnd, third, fourth, and fifth

cutput reports in Appendix II show how this subgrouping was arranged.

(5) Some of the jobs have FN = 1, indicating they have been
finished. They have FF...F on the bar charts and JO0B FINISHED on the

calendar reports.

(6) 4Lis an example of how the programme can be used as an up-to-
date check or the project, the job 1-20 (WAITING FOR TRECTOR) was
introduced. (It is mot found on the arrow diagram in Lppendix V. Job
1-4 was labelled 20-4.) The old job 1-4 had a total float of 8 days.
It was supposed, however, that all this time was used waiting for an
erector vhich was needed in order to begin the job. This change of
plans is noted by the insertion of the job 1-20. Previously there was
only one critical path, 1-16-17-18. However, when the updating of the
project is done, another critical path cmerges namely, 1-20-4-10-1k-15-~
17-18 (which wns expected since all the TF for that brance was used up) .
If, in addition to changes of this type, it is noted (putting FN = 1)
when jobs arc finished, and if some of the estimated job times neced
revising, thea an accuratc picture of the current construction situation

will be obtained.

The programme has proved quite successful and is presently used at
YEA to schedulc the construction of many projects including transmission

lines, substations, and steam generating plants.
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YEASO B

CWRITE "

FIRST PERT
REPORT

— [

CALCULATE
VARIANCES
AND
PROBABILITIES

WRITE ‘

SECOND PERT
REPORT

WRITE
THIRD PERTY

APPENDIX I

SIMPLIFIED FLOW CHART

READ
FIRST DATA
CARDS

YEA SO C

I CHECK FOR
NETWORK ERROR
AND

CALCULATE
ESTIMATED

.

WRITE

FIRST OUTPUT
RE RORT
-—-—J

READ
REST OF THE
DATA CARODS

| REPORT

CALL YEASOI C

i

CALCULATE
REMAINING
CPM VARIABLES
(LF,EF,ES,TF,
FF, B MA LAMBO)

PROJECT

NUMERICAL

VALUES FOR

DAYS OF THE
YEAR

CALL YEASOI D

YEASOI D

GONCLUDING
NUMERICAL

VALUES FOR DAYS]
Of THE
YEAR

CALL YEA SO B

DURATION

CALL YEASOI E

CALL YEASOI C

19



WRITE
BAR CHART
HEADING

CALENDER
BAR CHART
ENTRIES FOR
EACH JOB IN
GROUP

YEASO! E

CALCULATE
BAR CHART
HEADING

WRITE

BAR CHART

REPORT
"—-/

-~
WRITE
CALENDER

HEADING

CALCULATE
CALENDER
DAY FOR EACH
JOB IN
GROUP

WRITE

CALENDER

REPORT
—

Y

ANOTHER
PROJECY
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APPENDIX II

SUMMARY OF DATA CARDS

1) r]rustl (End Card)

[nNASTI [{S62 SUBGROUP TITLES Col5-80,NAST =2562)

J(snoup TITLE FOR SG2 SUBGROUPS Col 5-80)

3J T(GENERAL ARRANGEMENT TITLE Cot 5-80)
o

(ﬂ (S61, SG 2, Seporation Cord)

z'rusr‘](ssu SUBGROUP TITLES Col 5-80,NAST :SG1)
2

ﬂ T(GROUP TITLE FOR SGI SUBGROUPS Col 3-80)

4

3 l {GENERAL ARRANGEMENT TITLE Col 5-80)
2l &

nouﬂl |snou11 (Output Desired)
1 10

/YEAR| BEGIN IMONTH wsnrj { Project Stort Dote )
sl 12 2

(B!onk Cord for |usl Nefwork Ccrd]

= == =4 NETWORK
v_-'-; — = ' DATA CARDS
| 91 A M B,COST FN 'rs.T GF SGI: 562 | 408 osscmpnou

* sl o 14 16l 22t 32 53 38 e 42l as Col 45-80

s

| | //

L U

(PROJECT TITLE CARD Col 1-80) -‘
(3) /Tonaj rnvs’ml ( Current Date ) '
2 '
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Comments
(1) UiST = 0 if this is the last card in the data deck

= 1 if there is another project to follow, in which
cage all of the cards shown on the previous page are repeated, except

for the current date card.

(2) The arrangement of title cards shown is the most general one
posgible. If not all the options are used, then the appropriated cards
are left out. The numbers on the extreme left are the various values
of MAST. For example, if SGl1 grouping is not used, then the three
cards immediately preceding the "-1" SGl, SG2 separation card may be
dropped. The "-1" card is, however, always required. On the sample
data list found in Appendix III, the GP grouping option is not used
hence there are no "Group title" cards (MAST = 1).

(3) The 'Current date' card is the first card of the data deck.

It is not repeated if another project follows.
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APPENDIX I1I

SAMPLE DATA LIST

—ITSEPI96F
YEA®MAF-2~1 SYNCHRONOUS CONDENSER AT BK SUBS SYSTEM PLANNING DIVISION
7 I6 7 ¥ IO 15 % IEXCITER POWERFCUONTRUL CABLE INSTALL
1 3 5 1 6 1COOLING TOWER INSTALLATION
I T 8 1 & JEXCITER
1 5 10 1 3 113«8KV INDDOR BUS SUPPORT STR ERECT
70 [ 7 T 1TRANGFORMER ACCESSORTES INSTALLATION
1 20 8 1 1 1wWAITING FOR ERECTOR
[ IO 310 12 15 T 30IL FILING PURIFICATION + TEST
4 14 2 1 2CONNECT TRANSF TO 69KV LINE+13.KvBUS
TO & Z T 2ZTRANSFORMER CONTROL WIRING
14 15 2 1 3ATRANSFORMER TEST
T & I% 7 169KV BREAKER ¥ CONYROL BOARD INDTALL
[ i5 1 2 369KV BREAKER TEST
15 I7 T T 3TRANSFORMER ENERGIZING TEST
5 8 5 7 8 17 3 1COPPER BUS BAR+INSULATOR INSTALL
&' 11 3 3 IBREAXKER INSTALLCATION
8 12 3 3 1CT + PT INSTALLATION
(1Y) *
11 16 3 5 [ 3 1BREAKER POWER+CONTROL CABLE INSTALL
12 1% 3 3 2CT ¥ PT CORTROL WIRING
1 16 25 & 1EXCITER SET INSTALLATION
I r4 2 5 I I6VOLTS DISTRIBUTION BUARD INSTACL
2 16 2 5 1416VOLTS CABLE INSTALLATION
I3 17 3 5 -] 22 & 3COULTING SYSTEM TEST
9 13 2 6 2COO0OLING WATER MGOGTER PUMP WIRING
I g Z & ICOOLTNG
3 9 10 & 1PIPES INSTALLATION
TS T 5 & IEXCITER TEST
1 17 20 7 1S5YNC CON ACCESSORIES INSTALLATION
17 I8 10 12 1% 45 7 35Y
T958 2 T BE
3
3 ARRANGED TN GROUPS ACCURDING TU EQUTPMENTS + MATERTALS
21 TRANSFORMER ACCESSORILES
2 Z 59KV DREAKER + CONTROL BOARD
2 3 13.8KV INDOOR BUS SUPPORT STRUCTURE

Z % EXTCTTER SETEXCITER BOARD + EGUTPMENT
416VOLTS DISTRIBUTION BOARD + CABLE

25

27 SYNCHRONOUS CONDENSER
1

3

ARRANGED IN GROUPS ACCORDING TO TYPE OF WORK
2 2 WIRING
23 TESTING + COMMISSTONING

23
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APPENDIX V

ARROW DIAGRAM OF SAMPLE PROBLEM

A 416 Volts_Distribution_Board _Installation T
3 Z —{2)

Trensformer  Accessories installation

/ 7
Connect Transformer to 69 KV Line 8 138 KV Bus
2

i
,f 69 KV. Breaker & Control Boord Installation m 69 KV, Breoker Test

/ 15

13.8KY Indoar Bus Suppert Structure Erection G\ Copper Bus Bar & Insulator instailatio
o 5

Exciter Hoard & Equipment Instalition

Exciter Set Instalation

Exciter Tast

25

5

Cabie

g Moo =

Vo Cooling Tower Installation G\P‘rpes Installciion _mCooling Woter Motor Pump Wiring

\\l \ 5 O/ 10 P 2

YANHEE ELECTRIGFY AUTHORITY

\ \Couling Water Motor Pump Board installation

\ :

CRITICAL PATH DIAGRAM

FoR
SYNCHRONOUS

CONDENSER

AT BANSKAM SUBSTATION

Synchronous  Condenser Accessories  Installation
20




APPENDIX VI

CONTROL CARDS FOR YEA501

/¥

4 DATA DECK AS IN APPENDIX B

(// EXEC YEASOMA

7/ XTENT 1,000 ,000140000,000156009, " 000004", SYSO05

( -~ 000+ ,68060, 68350,

"

K/ DLAB " JOB INFORMATION FILE FOR CPM 1000004 , c

(/f VOL SYS005,1JSYS0S

(// ASSGN SYS005,X 191"

/77 JOB YEASO! CRITICAL PATH SCHEOULING
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