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1620 PERT solves the basic critical path problem involving 
time. The program features random event numbering and 
allows for more than one event without a predecessor 
event as well as more than one event without a successor 
event. Options foreither one or three time estimates are 
available under program switch control. 

Ranking is accomplished by topoligical threading; the 
remaining computations are similar to other PERT programs. 

Activity times are given in XX.X weeks. Total project time 
cannot exceed 199.8 weeks. The 20K 1620 will handle 
695 activities; for larger memory, the maximum -number of 
activities allowed is 999. Event numbers are 4 digits XXXX. 

4000 + 23N where N is the number of activities. 

The minimum 1620 configuration is a 20K card 1620 with 
Indirect Addressing. Automatic divide hardware is required 
when it is desired to compute the probability of meeting a 
scheduled completion date. 

1620 PERT is written in SPS using fixed point arithmetic. 

o 

The program uses the TOPTHREAD routine for ranking the 
activities. This technique allows random event identification 
and multiple originating and terminating events. Throughout 
input, processing, and output, the activity records (l 
activity per card) remain in the same (collating) sequence. 
Statistical computations and conversion of times to dates 
are included. Suggestions are included in the write-up for 
modifying the input and / or output routines to handle 
different.-formats. 

Comments: 

~ 
This program and its documentation were written 
by an IBM employee. It was developed for a 
specific purpose and submitted for general distribution 
to interested parties in the hope that it might prove 
helpful to other members of the data processing community. 
The program and its documentation are essentially in the 
author's original form. Questions concerning the use 
of the program should be directed to the author's attention. 



II. Description of 1620 PERT 

A. An Overall Look at the Program 

One of the most popular management tools available today is known 
to civilian groups as Critical Path Scheduling and to persons asso­
ciated with military projects as PERT. The purpose of this manage­
ment tool is to help plan, evaluate and control large scale projects 
with many interrelated activities. 

1620 PERT is designed primarily to solve the problem of Critical 
Path Scheduling in a way conforming to most of the basic input/out­
put specifications of PERT programs currently in use in military pro­
jects. The most important difference between PERT and Critical Path 
Scheduling (CPS) is that PERT requires three time estimates for each 
activity (job) instead of a single estimate. Therefore stati stical 
computations measuring the uncertainty of estimates of future action 
are included in the PERT PROGRAM. The author is assuming the user 
has a familiarity with CPS and PERT. The terminology of PERT will 
be used in this discussion. There are many fine articles available 
to provide the user with a more thorough background to PERT including 
the IBM General Information Manual "PERT ... a Dynamic Project 
Planning and Control Method", Form No. E20-8067. Under program 
switch control (Switch 1) the user can elect to use only one time 
estimate and forego the statistical computations. Section VI di s­
cusses the requirement s for modifying the input routine and/or the 
output routine for other input/output formats. 

To use 1620 PERT the project must be described by a network (arrow 
diagram, baloon chart). Events (nodes) are the milestones of the 
project and are usually represented by circles. Events may be ran­
domly numbered. Activities (jobs) are actions which are carried on 
between events and are designated by arrows. Each activity is 
defined by its predecessor event (EP) and ~uccessor event (ES) . 
Associated with each activity are three time estimates; optimistic, 
most likely, and peSSimistic. Consideration has not been given 
to extend 1620 PERT to include cost, man-scheduling, or other 
computations. 

Inpu t to 1620 PERT require s one card to de scribe each activity. In 
addition, a header card and an END card are needed. Essential to 
the description of each activity is its predecessor event number 
(four digits), succes sor event number (four digits), three time 
estimates (xx.x weeks) and an optional 31 character alphabetic 
description of the activity. Optionally a scheduled completion 
date for any activity may be included. Activities may also be 
coded C for "complete" in which case they are not included in the 
computations, but are incorporated in the output listing. 

/~ 
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II. Description of 1620 PERT (Cont °d.) 

{) 

The output consists of one card for each activity. In addition to 
the duplication of the information which is contained in the input 
card, each activity card includes the expected time required to 
perform each activity (xx. x week s), the slack (total float) time 
(xx.x weeks), the cumulative variance (xxx.x weeks) of the time 
estimates of all activities up to the completion of that activity 
along the longest path to that successor event, the probability 
(x. xx) of meeting the scheduled completion date if one is speci­
fied, the expected completion date (month/day/year - xx/xx/xx), 
and the latest allowable completion date (xx/xx/xx) which will 
still not delay the completion of the entire project. 

1620 PERT consists of five separate programs. The activity cards 
are sorted in ascending collating sequence by successor event 
within predecessor event (eight columns). The activity cards are 
placed behind the first program (the Input Routine) and the other 
four programs are placed behind the activity cards. The Input 
Routine calls in the activity cards, edits them and stores the pertinent 
information in 23 digit records beginning at location 04000. When 
an END card is reached signifying that all activity cards have been 
read and stored, the next program (TOP THREAD) is read in over the 
Input Routine and ranks the activities. The Backward Pass program 
is read in over TOPTHREAD and determines the latest allowable 
completion dates for each activity. Next the Forward Pass program 
is called in and computes expected completion dates and variances. 
Finally the Output Routine is called in followed by the input activity 
cards which must be retrieved from their place behind the Input 
Routine. As the Output Routine reads each input activity card, the 
input data is merged with the computed data in storage to produce 
the output activity card for that activity. The activities remain in 
collating sequence throughout input, processing and output. 

(, 
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B. Phase I - Input Routine 

The function of the Input Routine is to edit t he input data, comput e t he expect­
ed time and variance for each activity, and set up a 23 digit record in core 
storage for each activity. 

Five different types of cards are recognized and handled by the Input Routine. 
These are distinguished by a status code in column 18 of each card. The 
codes are: 

H Header card - must be the first data card of each network. 

Blank - A normal activity card. Columns 18-24 and 5Ci-80 will be blank. 

S 

C 

E 

An activity card for which a scheduled completion date is speci­
fied in columns 19-24. 

A completed activity whose date of completion can be specified 
in columns 19-24. 

An END card. This card with END punched in columns 18-20 is 
the last card in the network data deck. 

The input routine edits for the following erroneous conditions. 

1. NO HEADER CARD, START AGAIN 

The first (and only the first) data card must contain an "H" in 
column 18. 

2. CARD OUT OF SEQUENCE 

The activity cards must be in ascending collating sequence, 
successor event within predecessor event 1sort on columns 1 
through 8 in reverse order, i. e., 8, 7, 6, 5, 4, 3, 2, 1.) The 
number N before the message indicates the card in error is the 
Nth activity card. 

3. DUPLICATE ACTIVITY 

Two cards define the same activity. This condition is not per­
missible. The number N before the message indicates the Nth 
card is in error. 

4. CHECK ESTIMATES 

This message indicates that the three time estimates (optimistic, 
most likely, pessimistic) do not progress from smaller to larger. 
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B. Phase I - Input Routine (Cont'd.) 

It is allowable to have all three the same. The first 17 numbers 
in the activity card precede the message for identification put­
poses. Processing continues using the given time estimates. 

5. EXTRA CARD (S) 

This message appears after the END card is read if the number of 
activity cards exceeds the number specified in columns 5-8 of 

the header card. 

All cards with status codes C, S, and "blank" will be included 
in the count of the number of data cards. 

6. CARD (S) MISSING 

This message occurs after the END card is read if the number of 
activity cards is less than the number of activities specified in 
the header card. 

7. ERROR, START NEXT NETWORK 

If program switch 4 is ON and if message 2, 3, 5 or 6 is typed 
out, message 7 will also appear. Processing ts stopped. De­
pressin9 START will read in activity cards for another network. 

8. NETWORK EXCEEDS MEMORY CAPACITY 

This message indicates that the number of activities in the project 
is more than 695 for Z-{)K or more than 999 for 40K or 60K. 

(Additional restart information is contained in Section V C, "Programmed Stops 
and Restarts iI) • 

As each activity card is read and ap'proved by the edit the expected time and 
variance are computed. The formulae, derived from the Beta distribution, are 

Expected time D = a + 4m + b 
6 

Variance = r~a~2 
where a = optimistic time 

m = most likely time 
b = pessimistic time 
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Note: These statistical computations are not made if only one time estimate is used. 



B. Phase I - Input Routine (Cont'd.) 

After these values are calculated, a 23 digit record is constructed for each 
activity. 

These records appear in the same sequence in memory as the input activity 
cards. 

The first activity record is in memory locations 04000 to 04022, the next in 
04023 to 04045, and so on. With proper care these records as well as the 
rest of the program are relocatable by reassembling the SPS program. (See 
Section VI A) 

The form of each activity record upon completion of the Input Routine is 

Positions Format 

1-4 xxxx 

5-8 xxxx 

9-11 xxx 

12-14 xxx 

15-17 000 

18-20 000 

21-23 000 

Symbol 

EP 

ES 

AP 

AS 

M 

De scription 

Predecessor event 

Successor event 

Variance, XX.X weeks. 

(000 if only one time estimate 
is used.) 

Expected time, XX.X Weeks 

Initially reserved for the number 
of the activity preceding this one 
in topological order. * 

Reserved for the number of the 
activity succeeding this one in 
topological order. * 

Initially re served for a count of 
the number of time s the activity 
is "moved" during the ranking 
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(TOP THREAD) phase of the program. 

NOTE: Activity records are set up in memory only for activities whose status 
is scheduled (S) or not scheduled (blank), not for completed (C) activities. 

* See Section II C for a brief explanation of topological ordering. 
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C. Phase I I - TOPTHREAD 

The purpose of this phase is to sequence the activities in the order which 
is necessary for the subsequent PERT computations, specifically for the 
Backward Pass and the Forward Pass to determine the earliest and latest 
completion dates. The method 'is describ'ed by Lasser in "Communications 
of the ACM", April, 1961, and by the author in the paper "TOPTHREAD" 
contained in the published papers of the First IBM' Systems Engineering 
Symposium (1961). ' 

Briefly, the TOPTHREAD phase arranges the activities in topological order 
which is the order essential to further computation. For this purpose, 
topological order is defined by these two requirements. 

1. All activities beginning at the same event will be listed 
consecutively. 

2. Each activity will be listed before all the activities which 
follow it either directly or indirectly in the network. 

Instead of actually rearranging the activity records in memory two 
"threaded lists" are used. First the activities are numbered sequen­
tially by the program from one to N, the number of activities. This 
number is conceptual only and does not appear in the activity record. 
The TOPTHREAD program then places two "tags" in each activity record. 
One tag (AS) is the number of the activity succeeding this one in topolo­
gical order. The other tag (AP) is the number of the activity preceding 
thi s one in topological order. Thus beginning with an activity in the 
network it is pos sible to thread through all the remaining activities to 
the last activity by 'chaining" from activity to activity by using the AS 
tag. Similarly one can thread backwards from any activity to the first 
activity using the AP tag. Both the Backward Pass and the Forward 
Pass make use of the threaded lists. 

This method of ranking allows the events to be numbered at random 
(theoretically the events could be alphanumerically identified). The 
method also allows more than one event without a predecessor event 
as well as more than one event without a successor event. These 
facts may facilitate l) partitioning of large networks into smaller 
ones, 2) grouping of sub-networks into larger ones and 3) the pro­
cessing of multi-project networks. The technique can actually handle 
several independent networks simultaneously. 

Upon completion of TOPTHREAD the 23 digit activity records contain 
new data in the AP, AS, and M fields. AP (positions 15-17 ) contains 
the number of the preceding activity in topological order. AP of the 

(f') 
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Phase II - TOPTHREAD (Cont'd.) 

first activity is zero. AS (positions 18-20) contains the number of 
the succeeding activity in topological order. AS of the last activity 
is N + 1. M (positions 21-23) is a count of the number of times an 
activity is "moved" in setting up the topological order. 

If an activity is moved more than N times (N is the number of activi­
ties in the network) during the TOPTHREAD phase it is in a "closed 
loop" I that is, the activity is its own direct or indirect successor. 
This may result from 1) improperly punched data, 2) an improperly 
defined network, or 3) more than one event defined by the same 
number. If this situation arises, the message IN CLOSED LOOP 
will be printed preceded by the EP and ESof the activity in the 
closed loop. Processing stops with a complete restart required 
when the situation has been corrected 0 

11 
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II D. Phase III - The Backward Pass 

The purpose of the Backward Pass is to determine the latest allowable 
finish time (AFT). It does this by starting with the last activity and 
working its way back along each path until it reaches the first activity. 

Before proceeding with the Backward Pass, the program determines the 
total number of weeks allowed for the entire network by converting the 
start and finish dates supplied on the header card to weeks and taking 
the difference. The message PROJECT EXCEEDS 199.8 WEEKS indicates 
the project is too long and must be reduced to 199.8 weeks or less. 
The latest allowable finish time of the last activity and the AFT's of 
all preceding activities are determined starting with 99.9 weeks as 
the AFT of the last activity and all activities without successor activities. 

Starting with this last activity the program threads its way backward through 
the activities in topological order. As it encounters each activity for the first 
time, it starts at that activity and threads its way forward through the activity 
list topoligically until it finds a group of one or more activities all beginning 
at the successor event of the activity which it has encountered for the first 
time. (In the Fortran program the index K refers to the activity being en­
countered the first time in the backward thread. The index I refers to the 
activities which are checked each time the list is scanned with a forward 
thread. Thus we seek the group of consecutive activities whose EPi = ESk') 
!fno such group is found, i.e., the activity has no successor, the activity 
is assigned the same AFT as the la st activity in the project. If such a group 
of activities is found (as is normally the case) the activity (K) is assigned 
an AFT which is the minimum time TMIN of the differences of each AFT in the 
group and its corresponding expected time D (duration time). 

AFTk = Min (AFT i - Di) 
all i 

where i is defined by 

EP i = ES
k 

for each activity k 

Upon completion of the Backward Pas s the last three digits of each activity 
record (previously occupied by the move count M) now contain the AFT's 
of each activity in weeks (XX.X) relative to 99.9 weeks. 

After completing the Backward Pass the total number of events without 
direct successor events is indicated by the message XXX TERMINAL 
EVENTS. 



II 

E. Phase IV - The Forward Pass 

~---~ 

The purpose of the Forward Pass is to determine the earliest start 
time EST of each activity. From this the output routine will add the 
expected time D to the EST to establish the earliest finish time; 
Le., the expected completion date. In addition, the Forward Pass 
determines the sum of the variances of all the activities along the 
longest path through and including each activity. The message 
CUMULATIVE VARIANCE EXCEEDS 999.9 WEEKS will type out if the 
variance along any path exceeds 999.9 weeks. 

After finding the first group of activities with the same predecessor 
event in the list in the topological ordering and assigning them an 
EST of -99.9, the Forward Pas s threads through the topological list 
in a forward direction (on index K). As each activity group is en­
countered for the first time, the program again returns to the first 
activity topologically and searches through the topological list 
of every activity (using index I) from the first to the group being 
encountered for the first time seeking all activities whose successor 
events ESi are equal to the predecessor event EPk of the group. 
The maximum value of the individual sums of the EST plus the D of 
each ac:tivity satisfying this condition is assigned as the EST of each 
acti vity in the group. 

Thus 

ESTk = Max (EST i + Di) 

where i is defined to satisfy the relation 

EPk = ES i 

for any activity k. 

Upon completion of the Forward Pass, the record for each activity has 
two new entries. The value of EST in weeks (XX.X) relative to the 
start of the project at time -99.9 weeks is in positions 15-17, replac­
ing the backward threaded list AS. The value of the cumulative var­
iance along the longest path to the end of that activity is in positions 
1-4 expressed in weeks XXX.X. The variance replaces the predecessor 
event number EP. 

The total number of events without predecessor events is indicated by 
the message XXX ORIGINATING EVENTS. 

o 
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F. Phase V - The Output Routine 

The purpose of the output routine is to punch or type the output in a 
form which includes for each activity the values of the 

1) Input data 

2) Expected time in weeks (XX.X) 

3) Slack time in weeks (XX.X) 

4) Cumulative variance in weeks (XXX.X) 

5) Expected completion date (Mo/day/yr) L e., the earliest 
fini sh time =~ 

6) Latest allowable completion date (mo/day/hr), i. e. , 
latest finish time. 

7) Probability (X.XX) of meeting the scheduled completion date 
if one is sp ecified. 

14 

In the case of completed activities (status C) only the input information 
is included in the output. 

Program switches 1 and 2 affect the output routine. Switch I OFF is 
normal when three time estimates are used. With Switch I ON only 
one time estimate is used and hence the probabi 1.ity calculation is 
ignored. With S'lvit;::h 2 OFF the 80 character out;Jut record will :0" 
I' ~:_~,h8d; with SVlitch 2 ON the output record will be typed. 

The initialization portion of the output routine checks for the header 
card and punche s it if Switch 2 is OFF. If a typed report is desired, 
the headings are printed. The base addres ses of the field s in the 
activity records are set up for sequential output of the activity 
information. 

Expected completion date for each activity is determined by adding 
the earliest start time EST to the expected duration time D (plus 99.9) 
to compute the earliest finish time EXPTIM. This value, relative to 
a "time now" of zero, is made relative to the project start date and 
then converted to a date by the MODAYR subroutine. 

,-; -~ 
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F. Phase V - The Output Routine (Cont'd.) 

The slack time SLACK is derived by subtracting the EXPTIM from the 
latest finish time AFT. The slack time may be negative since the 
AFT is determined from the project finish date. A negative slack 
time implies that that activity is behind schedule if we expect to 
meet the project finish date. Similarly all slacks may be greater 
than zero. This implies the entire project is ahead of schedule. 
All activities which have the minimum value of all the slacks for 
that network are on the critical path. 

The cumulative variance is the sum of all variances along the long­
est path up to and including that activity. The significance of the 
cumulative variance is, first, a measure of the uncertainty of com­
pleting the activity on the expected completion date. The larger 
the valve of the variance, the less certain one is of meeting the 
expected completion date. Second, the cumulative variance is 
needed because the completion of the activity is dependent on 
previous activities. 

The probability of meeting the scheduled completion date is calcu­
lated by PSCHED only when an activity with status S having three 
time estimates is encountered. The formula used is the familiar 
one: 

Probability 

where IJ 

~ (Ts - Te) 
<J 

ff> 
tV' Cumulative Variance 

(Z) 

The square root of the variance is taken by PSQRT. PSIG computes 
the standardized variable Z. The routine beginning at label P 12 
determines the probability using a Hastings approximation. 

o ~ 
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Miscellaneou s Subroutines 

Incorporated into the preceding programs which make up 1620 PERT 
are a number of routines which are either written in subroutine form 
suitable for use with a BT of BTM linkage or are written in a form 
separate from the rest of the program which might be adapted to 
subroutine form. 

Except for the MO/DA/YR TU DAYS sequence which may be found 
immediately following the TOpTHREAD routine, all the subroutines 
are in the Uutput Routine. 

Specifically, these include: 

1. MO/DA/YR TO DAYS 
Conversion of a calendar date from Month/day/year to the 
number of days from the base date January I, 1960 to that 
date based on a 7 day week. The entry is at MBEGIN 
p.20,1.030. 

2. DAYS TO MO/DA/YR 
Conversion of a number of days with base date January I, 
1960 to the corresponding calendar date based on a seven 
day week. Entry instruction is BT MODAYR, ~AYSFIELD. 
Routine starts at MODAYRp. 47, 1. 020. 

3. Numeric to alpha conversion 
Changes numeric field to double digit form suitable for 
alphabetic output. Entry instruction is BT NTOA, NFIELD. 
Routine starts on p. 40,1.010. 

4. Alpha to numeric conversion 
Changes a numeric field in double digit alphabetic form to 
single digit numeric form suitable for arithmetic use. Entry 
instruction is BTATON, AFIELD. Routine begins on p. 40, 
1. 250. 

5. Fixed point square root 
Routine begins at PSQRT with argument at XO in the form 
XX.XXXX. Square root is placed in XO in same form. 

6. Fixed point probability calculation using normal curve 
This routine begins on p. 45, 1.070 with the argument in ~ 
in the form X.XXXX. probability at exit (p. 45,1.374) is 
placed in ~ in same form X.XXXX. 

16 



III Input/Output 

A. Input Formats 

The input includes a header card (status H), one activity card (status 
C, S, or "blank") for each activity, and an END (status E) card in that 
order. The formats are: 

1. Header Card - Status H 

Cols. Description 

1 - 4 Network number - 4 digits XXXX 

5 - 8 Number of activities - 4 digits XXXX or blank 

9 - 11 Case number of network to identify the run. 

18 H - Status Code 

19 - 24 Date of computer run XX/XX/XX 

25 - 55 Network Title 

69 - 74 Network start date - "Time now" XX/XX/XX 

75 - 80 Network finish date - xx/XXIxx 

If the number of activities are specified, it must be the total count of 
all status C,S I and "Blank" cards. Any discrepancy with this count 
is detected by the Input Routine and processing is stopped. If an 
activity count check by the Input Routine is not desired, this field 
may be left blank or filled with zeros. 

2. Activity Cards - status "blank" 

Cols. Descr!.Rtjon _ 

1 - 4 Predecessor event number XXXX 

5 - 8 Successor event number XXXX 

9 - 11 Optimistic time estimate XX.X Weeks 

Q 
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A. Inpu: Formats (Cont'd.) 

.Qol~ .!2escription 

12 - 14 Most likely time estimate XX.XWeeks 

15 - 17 Pessimistic time estimate XX.X Weeks 

18 "Blank." 

19 - 24 Blank 

25 - 55 Ac:tivity Description 

55 - 80 Anything - This area ignored by the program. 

3. Scheduled activity cards - Status S 

4. 

5. 

rhese are the same as status "blank" activity cards except 
that Column 18 c:ontains an S and the scheduled date for 
completin9 the activity is punched in columns 19 - 24 in the 
form mo/day/yr XX/XX/XX. 

Completed activity cards - Status C 

These are the same as status "blank." activity cards except 
that column 18 contains a C and the date the activity was 
completed is pU:1ched in columns 19 - 24 10 the form 
mo/day/yr x.X/XX/XX. Completed activity cards are included 
only so that ~hey. may be readily incorporated in the output 
listing. 

END CAIW 

This must be the last card of the data and must have an E in 
Column 18. It is recommended that the word END be punched 
in columns 13 - 20 although an E in column 18 is sufficient. 

(~) 
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III Input/Output 

B. Output Formats 

1. Card output - Program Switch 2 OFF. 

The header card is duplicated and becomes the first output 
card. There is one output activity card punched for each 
input activity card. 

Activities will be in the same order for both input and output I 
namely ascending numeric sequence sorting on columns 1 to 8. 
Columns 1 through 55 of the output activity cards contain the in­
formation duplicated from columns 1 - 55 of the input activity 
cards. The remaining columns in the output cards include: 

Cols. 

56 - 58 

59- 61 

62 - 65 

Description 

Expected time in XX.X weeks. This is the weighted 
average -of the three time estimates. 

Slack time in XX.X weeks 

Cumulative variance along the longest path to the 
completion of that activity in XX.X weeks. 

19 

66 - 68 Probability X.XX of meeting the scheduled completion 
date for scheduled activities only (status S). Blank 
for all others. 

69 - 74 Expected completion date mo/day/yr XX/XX/XX. 

75 - 80 Latest allowable completion date mo/da/yr XX/XX/XX. 

The END card is not included in the output. 

2. Typed Output - Program Switch 2 ON 

The progress of computation is monitored by the typewriter. Header 
card data is printedtG> indicate the start of computation. Any error 
messages are printed following this and are explained elsewhere in 
this write-up.. Following this the operator has the option to punch 
or type the output data (controlled by Switch -Z). With Switch 2 ON 
two lines of heading will be printed followed by the 80 character 
activity records which have the identical form as the card output formats. 

If the slack is negative the units position of the slack field will be 
an alphabetic character since output is typed in the alphabetic 
mode. Upon satisfactory completion of the program, the message 
THE END will type. 

o 
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Input/Output 

C. I/O Formats for a Single Time Estimate 

The user has the option to use only one time estimate instead of 
three. Naturally all statistical calculations are bypassed then 
by the program. If Program Switch 1 is ON 1620 PERT uses only 
one time estimate; with Switch 1 OFF I 1620 PERT uses three esti­
mates. 

1. Input formats for one time estimate 

2. 

The input is the same as for three time estimates except: 

The single time estimate is -punched in columns 12 - 14 
(where the Most Likely estimate is usually punched. 
The other time estimate fields (Columns 9 - 11 and 
15 - 17) are ignored by the program and may contain 
anything. 

Output formats for one time estimate: 

The output is identical to that when three estimates are used 
except: 

a. The single time estimate is punched in cols. 56 - 5 B 
(which contained the Expected Time otherwise). 

b. For scheduled activities (Status S) the probability is 
always left blank since it is not computed. 
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IV ~ Operating Instructions 

A. Console Switch Settings 

'?::A! 

Set PARITY and I/O switches to STOP 

Set OFLOW to PROGRAM 

PSI 

PS2 

FB3 

PS4 

OFF 

Three time estimates used 

Output on Punched cards 

Not used 

Stops on input error 

Proceeds if no errors 

ON 

Only. one time estimate used 

Output on typewriter 

Not used 

Edits all input data 

Proceeds with computations if no 
errors occ ur . 

B. Operating Procedure 

1. Clear Memory 

2. Set console switches. 

3. Ready typewriter for 80 character line. No tabs required. 

4. Ready card punch with blank cards if punched output is desired. 

5. Place program and data cards in read hopper in the following order: 

a. Input Routine program deck 

b. Data deck in this order: 

(c. 

1) Header card - "H" in column 18 

2) All activity cards sorted in ascending sequence on columns 
through 8, succeeding event ES within preceding event EP. 

3) END Card - liE II in column 18 

The remaining program decks in this order. 

1) TOPTHREAD 

2) Backward Pass 

3) Forward Pass 

4) Output Routil).e_ 

;---.;. 

-~ 
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6. Depress RESET on the console; then press the LOAD key on the Card Reader. 

7. Anytime after all the data cards have been read remove them from their 
place behind the Input Routine and put them in the read hopper behind 
the last card in the Output Routine program deck. 

8. Press READER START on the Card Read Punch to process remaining 
data cards. THE END should print on the typewriter to signify co m­
pletion of the processing. 

() 
-- ~ 

IV. 

o 

Operating Instructions 

C. Programmed Stops and Restarts. 

In general all programmed stops should be referred to the PERT 
analyst for appropriate action as described in Section 11. 

With Switch 4 on the input data will be edited. If the data is all 
satisfactory proces sing will continue with no messages printed out. 
If the input data is not satisfactory, appropriate error messages will 
be printed out and editing will continue until all the data card shave 
been read at which time the message ERROR, START NEXT NETWORK 
will appear calling for the next network. 

With Switch 4 OFF the program halts as soon as the error is detected. 
If the situation can be corrected witholt affecting any data cards 
prior to the one in which the error was discovered (the second from 
last in the normal read stacker) the remaining data cards beginning 
with the one in error may be placed back in the read hopper after 
making the necessary correction. Follow Restart Procedure 3. 

/7 

Four restart procedures are pos sible. 

1. Complete restart at beginning after making corrections. 

2. Restart by reloading complete data deck. 

a. 

b. 

c. 

Run the remaining cards out of the read hopper I 
with the Non-Process Runout key. 

Clear the punch feed of cards. 

Place the complete data deck (either the present network 
with corrections or an entirely new network) in the read 
hopper followed as usual by the rest of the 1620 PERT 

22 

program deck (if any program cards remain in the read hopper). 

3. 

d. Press READER START and console START to continue pro­
cessing. 

Restart by loading remaining data deck after corrections are 
made. 

a. 

b. 

Run the remaining cards out of the read hopper. 

The second from last card in th;e normal read stacker is 
the card which caused the error. Starting with this card 
be sure there are no duplicate activities defined and all 
activity cards must be in sequence. 

(~) 



IV. 
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C. Programmed Stops and Restarts (Cont 'd.) 

c. Place these cards back in the reader hopper then press READER 
START AND console START 

4. No restart, processing continues. 

Some messages are for monitoring the progress of the program or indicate 
possible error conditions. Processing continues automatically after the 
message types out. 

Here is a list of programmed messages, the phase in which they can occur, the 
appropriate restart procedure to be used (describer above) and the Section 
elsewhere in the write-up where" they are more fully described. 
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PHASE MESSAGE RESTART REFERENCE SECTION 

NO HEAPER CARD, START AGAIN 2 IIB 
CARD OUT OF SEQUENCE (SWITCH 4 OFF) 3 or 1 IIB 
CARD OUT OF SEQUENCE (SWITCH 4 ON) 2 
DUPLICATE ACTIVITY (SWITCH 4 OFF) 3 or 1 IIB 
DUPLICATE ACTIVITY (SWITCH 4 ON) 2 
CHECK ESTIMATES 4 IIB 
EXTRA CARD (S) 2 IIB 
CARD (S) MISSING 2 IIB 
ERROR, START NEXT NETWORK 2 IIB 
NETWORK EXCEEDS MEMORY CAPACITY IIB 

2 IN CLOSED LOOP 1 IIO 
3 XXX TERMINAL EVENTS 4 IID 
3 PROJECT EXCEEDS 199.8 WEEKS 1 IID 
4 XXX ORIGINATING EVENTS 4 IIE 
4 CUMUIATIVE VARIANCE EXCEEDS 999.9 WEEKS 1 IIE 

~ 5 CD SEQ ERR 2 
5 THE END 4 

o ~ 

IV. Operating Instructions 

D. Off-Line Processing Procedures 

The basic procedure for processing cards is: 

1. 

2. 

3. 

Sort the input activity cards numerically in ascending order on 
the first 8 card columns. A digit sort beginning in columns 
8, 7, 6, 5, 4, 3, 2 I 1 is required. The header card should 
be placed at the beginning of the deck and the END card at 
the end of the deck after the sort. 

Process the input activity cards through the 1620 by the pro­
cedure described above, in IV.A and IV.B. 

USing a sorter and a printer (a 407 printer control panel wiring 
diagram is described in Section VIII) a variety of reports can 
be made from the output activity cards by sorting in different 
orders. The most important is usually the listing of the 
activities from the most critical activity to the least critical 
activity. Another useful report lists the output activity 
cards in order of Latest Allowable Completion Date. Still 
other reports may prove useful to the user. In each case 
the header card should be removed before the output deck 
is sorted. After sorting I replace the header card at the 
beginning of the deck. If additional heading information is 
desired I an unlimited number of heading cards may be placed 
in front of the header card. The format for these heading 
cards is 

col. 18 - the letter "H" 

cols. 25 - 55 - the heading information 

all other columns must be blank. 

The sorting procedures for the two reports mentioned are as 
follow.s: 

a. Activity Listing by Latest Allowable Completion Date. 

1) Select all the Completed Activity cards from the 
deck by sorting out those cards with a "C" in 
column 18. You may wish to eliminate these 
activities from the listing or place them behind 
the sorted deck so they appear at the bottom of 
the listing. 
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IV. 

D. Off-Line Processing Procedures (Cont'd.) 

2) The Latest Allowable Completion Date is in mo/day/yr 
order in columns 75 - 80. Sort this date in ascending 
numeric order with day as the minor field (cols 77 - 78), 
month as the intermediate field (cols 75 - 76) and year 
as the major field (cols. 79 - 80). In other words, a 
digit sort in column sequence 78-77-76-75-80-79 is 
required. 

b. Activity Listing by Most Critical Activity to Least Critical 
Activity will be listed in critical path. 

o 

This Listing is made by sorting from least slack time to 
most slack time. The 3 digit slack field is located in 
card columns 59 - 61. Remember that in 1620 PERT slack 
may be negative. This is indicated by an x-punch in 
column 61. 

It is recommended that the sort on slack time be made after 
the sort or Latest Allowable Completion Date. If this is 
done activities will be listed in path sequence on the 
Criticality Report. 

1) Separate the activity cards with an x-punch in column 
.• 61 from those with no x-punch in 61. The cards with 

an x-punch have negative slack. 

2) Sort the cards with x-punch in 61 in reverse (descending) 
numeric sequence on the field in cols. 59 - 61. 

3) Sort the remaining cards in normal (ascending) numeric 
sequence, on the field in columns 59 - 61 and place 
this sorted deck behind the sorted negative slack 
cards. 

4) List the entire deck on the printer after placing the 
desired heading cards at the front of the deck. 

25 
V. Sample Problem 
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A. 

The card deck which you have received from the Program Library includes: 

1. Deck 1 - Phase 1 - (Condensed SPS Object Program) 

2. Sample Problem Input Date 

3. DECK II - Phases 2, 3, 4, 5 (condensed SPS object programs) 

4. Source Programs - Phases 1 - 5 

A PERT Network - The Complete Project 

Figure V. 1 is an example of a small PERT network patterned after a similar 
network described in "Critical-Path Planning and Scheduling" by J. E. Kelly, 
Jr., and M R. Walker, MauchlyAssociates, Inc. Note that events have 
been numbered randomly without regard for missing numbers. Associated 
with each activity is three time estimates--optimistic, most likely, and 
pessimistic, in that order--which are expressed in weeks. Figure V. 2 
is a 1620 PERT data sheet as it might be filled in by the PERT analyst. 
In Figure V. 3 is a 407 listing of the input data in proper (ascending) 
sequence. Figure V. 4 is the output as it would be typed on the type-
writer. Figure V. 5 shows the same output arranged in order from most 
critical activity to least critical activity (output cards sorted on SlACK 
cols. 59-61). The first three lines of the output listing are created by 
three cards which have the corresponding information punched in columns 
25-55 and on H in column 18. These three cards (or any other appropriate 
ones) may be inserted ahead of the output data deck to improve the re-
port • 

In output is on punched cards other sequences may be chosen by sorting 
on the appropriate columns. Figure V. 6 is a listing of the same out-
put data listed by latest allowable completion time. 

B. The Project Partially Completed 

In figure V. 7 we see the PERT network as it may appear shortly after 
the project ha s begun. Activities 5, 13, and 17 are now complete 
and activity 16 has new time estimates because it is partially complete. 
Figure V. 8 is a listing in criticality order. The cards for the completed 
activities have been included in the listing. 

C. A Partitioned Network 

In some instances it may become necessary to process a network 
which is really a part of a larger network. An example ci such a 
partitioned network is illustrated in Figure V. 9. It is a reduced form 
of the network of Figure V.I with Activities I, 2, 3, 10, 11, 12, 14, 
and 15 omitted. Figure V. 10 shows the output of 1620 PERT using 
the same data cards as in the previous network except for the omission 
of those we have mentioned. 

(--) 
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VI 
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Maintenance 

A. Comments on Making Changes to 1620 PERT 

The objective in programming 1620 PERT was to provide the user 
with a program which would handle randomly numbered events and 
would provide a variety of PERT management reports comparable 
to those currently in use in most government projects. For this 
reason 1620 PERT was written for the card 1620 using the TOP­
THREAD technique for ranking with sole concern for handling the 
time factor only, not cost, manpower scheduling, reliability 
indexes or other resource factors. 

Both new and old uses of the PERT method may demand modifica­
tions to be made to 1620 PERT. Some changes may be readily 
incorporated; others will require a major program revision. The 
following remarks are given to provide the user who desires to 
modify the. program some insight into the scope of effort required 
for certain changes and into the considerations inherent in these 
changes. Note that these remarks are not necessarily complete. 

Most changes will probably occur in input/output requirements. 
These will involve only the Input Routine and the Output Routine 
and are described in this and the other two parts of this section. 

Most other changes, that is, those affecting Phases II, III, and 
IV (TOPTHREAD, the Backward Pass, and the Forward Pass) will 
require a major change in the program. Specifically any change 
involving the lengthening of a field (e. g. event numbers greater 
than 4 digits, time estimates greater than 3 digits, total project 
time greater than 199.9 weeks, or more than 999 activities) will 
cause a major change in these three phases and will not be 
discussed here. 

Each of the five phases is a completely separate program and can 
be assembled separately in SPS. The provisions for making a 
change in one phase without affecting the others are: 

1. The activity records as they appear at the completion of 
the previous Phase must remain in memory (location 
04000 ff.) since the Phase being changed depends on the 
output format of the previous Phase which is given in 
Section II. 

o 
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A. 

~ 

Comments on Making Changes to 1620 PERT (Cont'd.) 

2. Similarly the succeeding Phase requires the output of 
the Phase being changed (the updated activity records) 
to be in the same format ass pecified in Section II. 

3. The same remarks that apply to the activity records al so 
apply to the data area which occupies locations 03943 
to 03998 in all five Phases. That is, the fields in this 
area are common to all phases and must be included in 
each phase. 

4. Be careful not to use the symbols referring to the activity 
records and data area in the Phase being changed for 
other uses. 

5. No one Phase may exceed position 03999 exclusive of 
activity records. If a modification of any Phase requires 
that Phase to occupy more than 4000 positions, all the 
Phas es should be reas sembled separately after the 
following changes are made to the SPS source program: 

1) The operand of the last DORG card in each 
Phase should be changed from 4000 to the 
address of the beginning of the first activ­
ity record after the change. For example, 
if a change in Phase V (the Output Routine) 
requires Phase V to occupy positions 
00000 through 04499, then the card with 
page and line number 99029 in each Phase 
should have the operand changed from 4000 
4500. Similarly, the DORG card 98100 in 
each Phase should have its operand incre­
mented from 3948 by the same amount. In 
our example, where the program was expand­
ed by 500 positions, this change would be 
from 3948 to 4448. 

6. After reassembling and condensing, be sure columns 
1 and 2 of the last card in each Phase contain "41" 
not "48". Otherwise a programmed halt will occur 
at the end of each Phase. 

To modify 1620 PERT for 40K and 60K machines, change the operand 
in card number 91140 in Phase I (the Input Routine) from 20000 to 
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26077. Although the capacity of the machine is larger, the nature of the 
program prohibits a larger number from being used. This allows for a 
maximum of 999 activities. (This change can be made to the Phase I 
condensed SPS deck by changing columns 33-37 in card 00022 from 
19988 to 26054 • 



VI. 

B. Incorporating Changes into the Input Routine 

Changes should be made in accordance with the requirements listed 
above in Section VI A. Be sure the activity records are set up by the 
Input Routine in the form described in Section II B. 

If a change is made in the format of the input activity cards I remem­
ber that the Ouput Routine is based on the same format since the 
activity cards are passed through the 1620 a second time to obtain 
descripti ve information from them. Actually the event numbers 
(col s. 1-8) I the status code (col. 18) I the scheduled or completion 
date (cols. 19-24) and the activity description (col. 25-55) are the 
only card fields which the Output Routine requires. Other columns 
may be used as desired without affecting anything but the Input 
Routine. 

Columns 56 through 80 of the input activity cards are not used by 
the Input Routine and may be used for other identification purposes. 

If a major revision in card input format is required carefully consider 
writing a program to convert to the format required by 1620 PERT 
rather than modifying both the Input Routine and Output Routine. 
This would likely be the Simplest way of obtaining compatibility 
with the two-card format frequently used by programs written for 
larger computers. 

o 
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VI. 

C. 

() 

Incorporating Changes in the Output Routine 

Many of the remarks in Sections VI A and VI B also apply here 
and should be reviewed before modifying the Output Routine. 
1620 PERT emphasises completion dates. Normal output includes 
the Earliest Expected Completion Date (Earliest Finish Time EFT 
when refering to Critical Path Scheduling or LESS programs) and 
the Latest Allowable Completion Date (Latest Finish Time LFT in 
LESS programs). LESS programs also include the Earliest Start 
Time EST and the Latest Start Time LST. Both of these times can 
be calculated in the Output Routine. The EST is immediately 
available in pOSitions 15 - 17 of each activity record. The LST 
can be calculated by subtracting the Expected Time (average of 
the three time estimates) from the Latest Allowable Completion 
time. This calculation may be made by incorporating the proper 
instructions in the SPS source program after the instruction at 
PCALC + 36. Conversion of both the EST and LST to a date in 
1620 double digit form suitable for output should be made after 
the instruction at PNOTSC + 60 following the 3-instruction 
method used for the Expected Completion Date (EXPTIM) and the 
Latest Allowable Completion Date (AFTADD) in the first six 
instructions of PNOTSC. The Output Routine works on only one 
activity record at a time. When the completed record for an 
activity is punched it begins processing the next activity. The 
addresses of the fields in question for an activity at any given 
time are located at the following symbolic locations: 

ESTADD 

DADD 

AFTADD 

EXPTIM 

MODAYR 

NTOA 

PRINT + 2 

address of EST 

address of the expected time 

(duration time D) 

address of Latest Allowable 

Completion time (AFT or LFT) 

Expected Completion Time 

entry to the MODAYR subroutine 

to convert to a date 

entry to a Numeric to Alpha 
subroutine. 

Corresponds to the first column 
of the output activity card. 

c···· ~, 

, j 
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A 407 Panel for Listing 1620 Input and Output Data. 

The 407 PERT BOARD assumes that all non-activity cards (i. e. Header 
Cards) have an "H" in Card Col. 18. 

If there are no header cards it will be necessary to place a blank card 
with an "H" in cc. 18 ahead of the other cards. 

Alter SW #1 Off: Gives the Pre List 

On: Gives the Post List 

Alter SW #2 Off: Single Space 

On: Double Space 

A Carriage tape must contain a one punch for the first printing line and 
a twelve punch for overflow. 

4.0-7.0-10.0 

Figure V. 1 A Small PERT Network - Complete Project 

;' 
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1620 PERT 

,7.7.7.7' NETWORK NO. 

NETWORK TITLE 

RUN DATE (M-D-Y) 

NO. OF ACTIVITIES , , ,2,11 
5 8 

CASE NO. lU..r.O.1J..J 
9 11 

PAGE __ 1 _OF_l_ 

! , I • " ",.," I • , ) J A NALYST __________________ __ 

2ir, 1,2,0,1,6,11 FINISH DATE (M-D-Y) (OdIOd.6.3J 
75 80 

STATUS CODES (COL. 18) 19 d~ C-C PLETED AC TIVITY S-SCHEDULED ACTIVITY BIANK-NON-~'HE I='n 'v 
, EVE \lTS TIME S (WE ;KS) Ii ~i.Pipti1.!~ r~C;ACTIVITY DESCRIPTION rrOMMENTS 

Bf.GITY4 SP~I?R ~P:l !~e~YL ~~.s~ iI' • .r::"c 
not punched) I 

l ,.' • · . · , . 
0.0 55 o 045' 25.0 3 0 0 350 , , . A .c.T. ,1 6 , • , , · , 
0.0 4 5 0,0,,,\6 0,1 0 0,1 0 010 , , I AC,T, ,6 , , I , , I , , , , · o 0 4 6 o 0 5 4 o 4 C 070 1 0 0 S 1 2 3 1 6.2 A r;, T ,8 , , . , , , . , · o 0 5 4 0.0 4 2 O~'( 0,4 5 1,4, 0 A,CT, 1 5 I , , , , , , · 
0,0 4 2 0,0,,\ 1 o 1 ( 0,2 0 o 3,0 , . ACT 3 , · . · 0,0 5,5 o 0 5 2 o 6 ( 0,9 0 1.2 0 , AC;T 1 7 I . , 1 , · 
0.0 5,2 0,0,4.4 o 1,0 o 2 0 o 3,0 .. ACT ,I 3 , I , • , , I , , · 
0.0 4,4 o 0 5 6 o 0 0 010 o 2 0 , A C:,T 5 , , , , 
0,0.5 6 o 0 4 5 bOO o 0,0 0,0 0 , , A C,T 1 9. · I . · . ' 
0.0 .s.6 o 0 4 6 010 0.2 0 o 3 ,0 I I .A C:.1' 12 .0 , . , . . . , 
o 046 o 0,4 7 000 000 o 0,0 , IA c: ,'I' ,7 , • 1 , . 
0,0 5 6 o 0,4\. 2 0. ( 360 4, C\ 0 I AC:r 1 8 , , , . , . , 

0,0 4 3 o 0, Sa L O,~ ( 080 O.s. 0 , AC;r 4 • , · , , , ' , · 
0,0 5 6 0,0,4,7 4,0, ( 4 5 ° 5 ° 0 IA CT14 , · , , , . ' , , 
o ° 4,7 o 0,4. 1 0,1, ( 0,1 0 010 , ACT, 9 , . , , , , · 0,0 4,1 o 0 5 3 Ol~ ( 0,5,0 o 6,0 I AC T. 12 i_i .• , , , , , , 
o 0 4 1 o 0 4 8 o 0 5 010 0,1,5 t A C T,l V 1 T Yo 1 , , , , , , , 
0,048 o 0,5 3 000 0,0,0 o 0,0 ACT,,11 , , I' •.• ' , . , 
0,0 4,8 o 0 4 9 010 0.1,0 0.1,0 , AC:! 1 0 · , .. ' , , , , , , 

0,0 .4 9 005 1 o 0 5 010 o ISS 0601,6,3 A C! ,I 2 , 1 I 1 , 

I 1 . , , I 

• 1 
I , I 

, I I . , I J L .1.1 , , I , , , , 
, I , , I , , , , I, , , . . , 1 " I . 

, , . , I , , , , 

I , 1 , , , . , . , • I , 
FIGURE V.2 

1620 PERT 

Network No. 
'r' I I 

, No. of Activities I , , I Case No.l...L....L.J 
9 11 

Page ________ of ________ _ 
4 5 8 

Network Title h' , , , , , , , , , . , , , 1 , , . , , 
25 " 1 Analyst ___________ _ 

Finish Date (M-D-Y) ~I..LI""""-L-I-L' "",I 
75 00 

Start Date (M-D-Y) I , 
55 

, 1 Run Date (M-D-Y) @ I , I , ' 1 
19 ~4 69 

Status o es o . - omp ete C d (C 1 18) C C 1 d Act!vity S h dId S- c e u e Activity 
74 

bi k an -Non-Schedu ed Activit 
Events Times (Weeks) 1~,nepWor Activity Description ,Comments 

l.e~i~ s¥nd. R IPP~l Mk~h~rl~ew7' 18 o~p e~~) 25 , I • , I. I , · f>.S 
(Not Punched~ 

, , I I . , , I , I , , • , I , , . · , 
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Figure V.3 
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NETWORK CASE TITLE NO. OF ACT. RUN START FINISH 
7777 001 TEST NETWORK 

~01 TERt'1INAL EVENTS ~01 ORIGINATING EVENTS 

EVENTS TIMES S OR C ACTIVITY DESCRIPTION 
PREDSUCCOPTLIKPES MODAYR 

00410048005010015 ACTIVITY 
00410053040050060 ACT 2 
00420041010020030 ACT 3 
00430054020080080 ACT 4 
00440056000010020 ACT 5 
00450046010010010 ACT 6 
00460047000000000 ACT 7 
00460054040070100S123162ACT 8 
00470041010010010 ACT 9 
00480049010010010 ACT 10 
00480053000000000 ACT 11 
00490051005010015S040163ACT 12 
005200~10020030 ACT 13 
00530049000010020 ACT 14 
005400420400451 £to ACT 15 
00550045250300350 ACT 16 
00550052060090120 ACT 17 
00560043200)60400 ACT 18 
00 56 00 4SOOO0000oo ACT 19 
00560046010020030 ACT 20 
00560047400450500 ACT 21 
THE END 

21 031562 010162 040163 

EXPSLKTOT PRBXPECTDLATEST 
TIM VAR MODAYRMODAYR 

0100100162 031163031863 
05003-0163 040863031863 
02003-0162 030463021163 
07003-0133 010763121762 
01003-0012 032662030562 
0101200028 080662102962 
0002600028 080662020463 
0701200038100092462121762 
0100000040 021163021163 
0100100162 031863032563 
0000100162 031163031863 
01003-0164023042263040163 
02003-0011 031962022662 
01003-0164 041563032563 
06003-0161 021863012863 
)001200028 073062102262 
09003-0010 030562021262 
34003-0123 111962102962 
0003000012 032662102262 
0202900013 040962102962 
4500000040 020463020463 

N[) 

w 
CI'I 
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o 
LOAJ SOU~CE DECK 
THEi~ PUSH START 
C BEGIN INPUT CONVERSION 

C 

J I HENS I ON NEP (25) , NES (25) , i'~AP (25) , i~AS (25) ,t'H 25) 
DIMENSION D(25),VAR(25),£ST(2S),AfT(25) 
DIMENSION CUM(12) 
CUtv1( 1) =31 • 
CUM(2}=59. 
CUM(3)=90. 
CUM(4)=120. 
C Ut,l( 5 ) = 1 5 1 • 
CUH(6}=181. 
CUH(])=212. 
CUM(8)=243. 
CUtvi(9)=273. 
CUtvi( 10)=304. 
CUM( 11)=334. 
CUM(12)=365. 

200 READ 1,N,STAMQ,STADA,STAYR,SCHMO,SCHDA,SCHYR 
00 210 1=1, N 
NAP ( I )=0 
NAS ( 1)=0 
M( I )=0 
READ 2,NEP(I)lNES(I),A,AB,B 
IF(AB-A)205,2u1,201 

201 IF(B-AB)205 202,202 
20.5 PRINT,NEP(I~,NES(I),A,AB,B 
202 D(I)=lA+4.'kAB+B)/6. 

VAR{J)={{B-A)/6.)**2 
IF(SENSE SWITCH 1)209 210 

209 PRINT,NEP(I),NES(I),Dll),VAR(1) 
210 CONHNUE 

BEGIN TOPTHREAD 
JSW1=1 
LAST=N+l 

20 DO 21 1=1,N 
'F(M( I» 21,25,25 

21 CONTINUE 
22 GO TO 100 
25 NFRST=I 

L=I 
JSW2=1 

30 K=I 
M(K)=M(K)+l 
IF(M(K) -N)32,32,31 

31 PRINT,N,K,NEP(K),NES(K) 
STOP CLOSED LOOP ERROR 

32 IF{K-N)34,50,50 
34 IF(NEP(K+l)-N£P{K»35,40,50 
35 PR1NT, K,NEP(K),NES(K) 

STOP OUT OF SEQUENCE 
40 1=1+1 

GO TO (41 30) JSW1 
41 : Fe NAP( 1 ) j 42 ,43 ,42 
42 NASI=NAS(I) 

NAP I=NAP( I) 
NAP{NAS I )=NAP( I) 
NAS ( NAP 1 ) =NAS ( I ) 

43 NAP( I )=K 
NAS(K)=l 
r,0 TO ~O 

FORTRAN LISTING 
PAGE 1 

43 0 50 GO TO(52,51),JSW2 
51 L=NAS(L) 

GO TO 53 
52 JSVJ2=2 
53 JS\'11 =1 

DO 55 l=l,N 
I F(lv1( I) )55,54,54 

54 IF(NEP(I)-NES(L»55,57,55 
55 CotH I NUE 
56 GO TO 60 
57 IF(I~EP(I)-NEP(K»41,58,41 
58 JS\tJl =2 

GO TO 30 
60 NASL=NAS(L) 

tF(K-L)62,61,62 
62 L=NASL 

GO TO 53 
61 NAP (NFRST) =0 

NAS(L}=LAST 
IF(LAST-(N+1»64,63,63 

64 NAP{LAST)=L 
63 LAST=l'~FRST 

DO 69 l=l,N 
I F(N( I »69 65 65 

65 IF(NAS(I»l6,l9,66 
66 ~1( I )=-M( I) 
69 CONTINUE 

GO TO 20 
100 DO 101 ~=l,N 

~ 

101 PUNCH,NEP(I),~ES(I),NAP(I),NAS(I),D(I),VAR(I) 
GO TO 200 
END 

END OF COMPILATION 
LOAU SUBROUTINE DECK 
THEN PUSH START 

FORTRAN LISTING 
PAGE 2 

44 

-I 
rrt(J 
00 
:r:~ 
Z-c 
oc 
1-1 om 
G)::O 

-< 

I 
I 



LOAD SOURCE DECK 
THEN PUSH START 

DIMENSION NEP(22),NES(22),NAP(22),NAS(22) 
DIMENSION D(22),VAR(22),EST(22),AFT(22) 
DiMENSION CUM(12) 
C U~1( 1) = 31 • 
CUM(2)=59. 
CUM (3 )=90. 
CUM(4)=120. 
CUM(5)=151. 
CUM(6)=181. 
CUM(] )=212. 
CUH(8)=243. 
CU~1(9)=273. 
CUM( 10}=304. 
CUM( 11)=334. 
CUM(12)=365. 

200 READ 1,N,STAMO,STADA,STAYR,SCHMO,SCHDA,SCHYR 
DO 201 l=l,N 

201 READ, NEP(I),NES(I),NAP(I),NAS(I),D(I),VAR(I) 
C BEGIN MO/DA/YR TO DAYS FO START, SCHEDULE 

YR=STAYR 
DA=STADA 
MO=STAMO 
JSW1=1 

301 YRS=YR-60. 
DAYS=365. ~\-YRS 
IYR=YRS/4. 
ENTYR=IYR 
DAYS=DAYS+1.+ENTYR 
IF(MO-1)305,304,305 

304 DAYS=DAYS+DA 
GO TO 306 

305 DAYS=DAYS+CUM(MO-1)+DA 
306 GO TO (302,303), J SVI1 
302 START=DAYS 

YR=SCHYR 
DA=SCHDA 
MO=SCHMO 
JSW1=2 
GO TO 301 

303 SCHED=DAYS 
C BEG I N BACK~"ARD. PASS 

DO 401 l=l,N .­
IF(NAS(I)-N-1)401,402,401 

401 CONT I NUE FORTRAN USTING 
402 KN= I PAGE 3 

K=I 
AFT(K)=SCHED-START 

410 K=NAP (K) 
I=K 
IF(K)420,501,420 

420 I=NAS( I) 
IF(I-N-1)422,421,422 

421 AFT(K)=SCHED-START 
GO TO 410 

422 IF(tIEP( I )-NES(K»420,430,420 
430 TMIN=AFT(I)-D(I) 
440 IF (l-tJ) 444, 441 444 
444 IF(tlEP( 1+1 )-tlEPt I) )441,442,441 
441 AF T ( K) = TI'1I t J 

GO TO 410 

(~ 
,../ 

45 
4L~2 1=1+1 

T If.1E=t4FT( 1 )-iJ( I) 
1 F ( Till E - T j·1 1 i 1 ) 411-3 , 440 , 440 

443 Tfv'! I N= T I fiE 
GO TO 440 

C J EC III FOR"!AF,O PASS 
501 T I (IE=O. 

VNiCE=O. 
DO 502 l=l,N 
IF(NAP{I)502,503,502 

502 CONTINUE 
503 1<1=1 

K=Kl 
510 EST(K)=TlivjE 

VAR(K)=VANCE+VAR(K) 
IF(K-N)511 515,515 

511 IF(NEP(K+1 ~-NEP(K»515,512,515 
512 K=K+l 

GO TO 510 
515 IF(NAS(K)-(N+1»520,600,600 
520 K=NAS(K) 

I=Kl 
TlME=O. 
VANCE=O. 

530 IF(NES( I )-NEP(K) )540,531,540 
531 IF«D(I)+EST(I»-TIME)540,532,534 
532 1 F ( V AR ( I ) - V AN C E) 540 ,540 ,535 
534 TIME=D(I)+EST(I) 
535 VANCE=VAR(I) 
540 IF(I-NAP(K»541,510,541 
541 I=NAS( I) 

GO TO 530 
C BEGIN OUTPUT ROUTINE 

bOO IF(SENSE sv:JTCH 1)605,606 
605 DO 601 1=1, N 

PRINT,NEP(I),NES(I),EST(I),AFT(I),VAR(I) 
601 CorH I NUE 
606 IF(SENSE SWiTCH 2)602,200 
602 DO 650 1=1," 
603 JS\l12=1 

DAYS=EST(I)+START 
604 INDEX=O 

IYR=60 
610 IF(INDEX)612 611,612 
611 IF(DAYS-366.~621,621,613 
613 DAYS=DAYS-366. 

GO TO 614 
612 IF (DAYS - 365.)626,626,615 
615 DAYS=DAYS-365. 

IF (INDEX-3)614,616,614 FORTRAN USTING 
614 INDEX=INDEX+1 PAGE 4 

GO TO 617 
616 INDEX=O 
617 IYR=IYR+1 

GO TO 610 
621 IF(DAYS-60.)626,623,624 
623 t10 =2 

I LlAY=29 
GO TO 645 

624DAYS=DAYS-l. 
6L6 IF(JAYS-31.)625,625,630 
625 tiO=l 

IJ:\Y=.JAY; 
GO TO 645 

630 00 631 J=2,12 
I F {) A \f .::;-:: i Ji'.\( J ) ) 640 " 640 n 6:; 1 

() ( 

46 



0)1 
640 

045 

64G 

0 ·· 
.~: u \ ~ I I ~ \,; _ 
j·l0=J ~ 

I J,\Y=J.~\Y,-,:v;·\ (J-l ) 
GO TO (6 Lf5,,)Lf:) ,J~':? 
I i\:'...i=~\C 
IIJAY=IJAY 
IIYR=IYf~ 
JAYS=AFT(I)+START 
JS\,/2=2 
GO TO 604 

649 
650 

P R I NT, i~ E P ( I ) , ; J E:"; ( I ) , \ti0 , I I DAY, I I Y i\ , ;·\0 , I d /3. Y , I Y>( 
CONTINUE 
PAUSE 
GO TO 200 
ENO 

END OF COMPILATION 
LOAD SUBROUT1NE JECK 
THEN PUSH START 

FORTRAN USTINC 
PAGE 5 
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Input 
Activity 
Car-ds 

Start 

Input 
Routine 

Topthread 

Backward 
Pass 

Forward 
Pass 

Output 
Routine 

End 

n 48 

Diagram 1 
General Block Diagram 



Halt 

Type 
Header 
, Data 

Set Card 
Count 

Switch OFF 
Set Activity 
CO~~}ON to 

Set Ac..tivi.ty 
Base EPEt> to 

Zero 
Initialize Bas 
Table Address 

Msg A 
"Card 0 
9f Sequence" 

49 

Diagram 2 
Input Routine I 

o 

8 
Save Activity 
Event Nos. 

Set Up Input 
Fields 

Calculate 
D = A + 4M+ 

6 

Calculate 2 

.,.2 = tB~~ 
i QVD'J\~ 

Set 
(5"2 = a 

Set AP I AS 
and M to 

Zero 

Increment 
Activity 
Record 
Address 

Store 
Activity 
Record 

Msg D 
"Card ( 
Missing" 

Restore 
Card 
Count 

Msg E 
"Extra 
Card(s) , 

Set No. of 
Act to Card 

Count 

RN 00000 
B 00000 

( 

OFF 

OFF 

IRR 

50 

Diagram 3 
Input Routine 



o 

A \T20 

Set Ap , As, 
m to Zero for 
all activities 

Set Last = n 
Tum SW 1 

Off 

No (lS this the last activity? 
~-------i i = n? 

First = i 
1 = i 

T 25 

Tum Sw 2 Off 

Diagram 4 
TOPTHREAD I 

51 ~ 

T30 

K = i 
mk= m](+ 1 

Yes ,r--

(
IS this the last activity? 

-----1 IS k= n? 
,// 

----------~~N7o------~ 

ON 

No 
T43 

Api = k 

Ask = 

n 

T31 

Print 
N,K 

Epk,E sk 

35 

T42 

Ap (ASi) = ~i 

As (Api) = Asi 

Diagram 5 
TOPTHREAD II 

52 

I 
t 



o 50 

eSW2 

SW2 - .?~ .. 
I n 

1 = ASl 

,C\ T53 
~-- ----:1 T53 

Turn 
SW 1 

Off 

<6> 

No tis this the iast activity? 
1--________ / IS i : n? 

(; 

Turn 
SWI 
On 

~ 

Turn 
SW2 
On 

T52 

Diagram 6 
TOPTHREAD I I I 

53 

() 

T60 

Save ASl 

Is this the last activity i kk---~~I 
the logical area? Is k = 1I( 

yes 
W ~6l 

I 
! ~First = 0 

j 

~ Last = 1 

Last = First 

<0> 
T64 

Is the actiVity already in)he Ye~ 
terminal area? Is mi(O ? 

al No 

mi=~ I 
J T6~ -' 

No (Have all activities beeri 
---------- checked? Is i = n? 

_.---- -_. -. _ ... _--. --_ .. ,,".------... ./~/ 

~ Yes 
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1= AS1 
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No 

BAyKWARD PA$S 
~u_ • ______ .~ 

} BBEGIN 
~ 

LAST ACT I 
LAST = I ' 
KN = I 

K = I 

tT ~(K)' =99.9 \ 
---~.:::::::--=--------------------. 

________ .lI<. __ ~ B410 i 

K = NAP (K)i I I 
I = K B501 I 

\ -------, . ~ Cb \Forwacd ", ! 

_" Is K = 0 :0 es' Pass / i 

~-~B420 I 
I = ASL . . .... . I B421 

L- ~. ----""(, 

~2~~?yes AFT (W = 99.t-1 
/" ~422 .: 

--lIs E PI = ESK_V I 
"'-----=------- I J Yes B430 i 
r I 

TMIN = 
AFT (I) 

-D (I) 

r2 

L.-.------r--~ 

B441 

AFT (K) = 

TMIN 

~ __ ITMIN ~:MEM43 
Diagram 8 

Backward Pass 
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/' . 
F<bRWARD PA~S 

/ . -~_../ 

-k FBEGIN 

; 

TIME = -99.9' 
VANCE = 0 

Find First 
Activity i 

i 
I K~:=;~l F503 

I K = K1 I 
! ORIG = 1 I 

- ________ u~---------- --- -~~-.:.-=:~____, F 51 0 

I 2 lEST (K) = TIME 
I F 1 ' 

----~ IVAR (K) = 
. IVANCE + D (K) 

,K = K+ 1 ,,/ >I" 

r~-~~~ 
K = NAS (K) 

10RIG+ 1. 
L_~ 

I = K1 
! ____ .IN?.~ I 

Yes "---' PRED SW ON?) '-j ---.----------; '... I / I TIME = -99.9 I 
p541 VANCE = 0 J 

I---~......, IPRES SW TO OtjF 

: I=NAS(I) (1SN~(I) ')F530 : ll.>--= N~+JIS:L? --
,-.- . "'I ." - - PRED SiN TO c3rF 

, F540 . , F531 

L~~_s-c Is i-= -N~\7 ~sJ1fiMk*Est))_ 
... l' <No.. '* Yes> F534 

,- TIME = I 
I D (I) I 
i + Est (I) I 

n 

F600 

F532 

Is VAR Ul~, No 
VANCE? 1----0 

, Yes 

L-_____ J .. ___ _ 
~F535 

Diagram 9 
Forward Pass 

VANCE = I 
VAR (I) 

'------r-~ 
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PBEGIN 

L~ead Fir;t! 
Data Card I 
.-----.-... ~---! 

8 

Set Flags 
In Print Area 

(~ j 

,~ 

(PRFAD) 

~RFAD 

conve~t 
Card ES 
to Numeric 

ES from A ctiv itl 
Table 

\ 
PEND l 

/ 
-_/ 
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f
fncreme~ 
Activity Tablel 

~ Field Addrej 

--.JL 
Calculate 
EXPTIM 
=EST +D+99. 9 

J 
Convert and 
M ave Expected 
Time D to Prin 

Print C. 

-~--j 

~me 
~/-~~. 

Off 

Diagram 10 
Output Routine 

o 

8 
_,--- ,--oIL---------, 

Convert I 
Scheduled i 

Date to i 
Numeric i 

--*""=----; 
Convert Sched ~ 
Date to Days I 
(Base 1-1-60) 

ays from Netwd>rk 
Start Date 

Convert 
a- (XO) 
To Days 

To Days 

Subtract 
Sched. Days 
-EXPTIM Days 

Store 
Ts - Te 

In13~_~ 

~est.lfor \--;+ 
i MlOUS /' 
I . 

~ IP9 
I Make' I Set Sign 
roSitive ISwitch to 
; • I + . L, __ --' , ____ ---l 
---~ I Set Sign . 

Switch to 1 

r-.L.' 

Calculate 
(j * (13) Using 

Hasting's i 
Approximation I 

StorEUI} __ .,-~---.J 

¥: rL\I\.JJ. \,C 

Output 

L----------,1/~. -----' 

Convert Lates~ 
Allowable Weejks 
to Date 

Store Latest I-f-___ _ 

Date for Output 

8 
k'---

Msg 1 

----~ 

Diagram 11 
Output Routine 11 

~- ~ 

" _J 
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MODAYR 
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, J 
_-->t<---.P6_10 Y ~_E~1_~_ 

{T ~ Ye~/ T'\",,,c ~ Yes 
\!ndex ~ O? /r--~~ 3~.)'r---LJ;;~--- --'.1 

J,No P612 jNO . _ )§~1 

Days~ 365? )1:es---··--t-------- ...... ""- .. ;C(. Days = 607\.=------

Jro p615 P§l~ '-----1;-p-624·. I 
II Days= I. I Days= 1 -- I 

• i Subtract I I Days-365 i Days-366 I 
~ __ I I ~ One Day _J 
L ~ P626 ~' 

( Index = 3? No (Dc;~-s~-31?~ .. No 
~--<-----.--- 1/ P614 ~-------.. -

[ '-Y~'§'" ~ P616 Index ~~I Yes I___J;_!?~~-I 
Indes = 0 =Index+l: I ; l I = 2 

L___ "..,:-_::-.::.-i----1 ------1 __ I 

l 'i-;. D~~~-c-u¥es ~ . 
! No 

~ Yrs = Yrs + 1 

J 

P625 __ ,r.!6~1!---- r-- P623 

Mo=1 I Mo=I II Mo=2 
Day=Days I Day=Days Day=29 

,! -cum~ ~ __ ~ 
--------:;=-=--+~ -. 

MODAYR ) 
Sub. 

Out Diagram 12 
---~ MODAYR Subroutine 
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21)07n R501 

~-- ---------- ----- -~----

TF 
TF 
Arv1 
Aivl 
CM 
BE 
1>1 

AI'I 
TF 
( 

BNE 
TFM 
B 
M 
TF 
TF 
Atvl 
C 
BNE 
TF 
AM 
TF 
AM 
TF 
S 
BNV 
R(TY 
WATY 
H 
B 
C 
BE 
TF 
A 
C 
BE 
TF 
B 
A 
A 
AM 
TF 
S 
C 
BNL 
TF 
B 
C 
BE 
TFM 
TFM 
C 
BE 
AM 
AM 
C 
BL 
AM 
p 

KCTY 

n 
ESK,PRODl 
I, Kl 
AFTK,AFT-SIlEl 
ESK,ES-SIZEZ 
j(,0,9l 
B501Z 
I,RECSIlZ 
PI,uD,AS-sIZEZ 
I,PKuD,lIZ 
I,NPONEZ 
R422Z 
A'=TK,99-i,69Z 
B5014Z 
I,RECSIZZ 
IADD,PRODZ 
EPI,PRUDZ 
EPI,EP-SIZFZ 
EPI,ESK,61IZ 
B420Z 
A.FT I, I ADDZ 
AFTI,AFT-SIZEl 
f)I,IADDl 
DI,D-SIZEZ 
H'iIN,AFTI,lll 
HlIN,DI, III 
R440Z 

Z 
MSGJZ 

Z 
*-36Z 
I,Nl 
R441Z 
PROD,EPIZ 
EPI,RECSIZZ 
EPI,PROD,611Z 
B442Z 
AFTK,TMIN,6Z 
B410Z 
AFTI,RECSIZZ 
DI,RECSIZZ 
I,},9l 
PROD,AFTI,llZ 
PROD,DI,IlZ 
PROD,Ti-iINZ 
B440Z 
Tlvll N ,PIWDZ 
B440Z 
ESKN ,ESK, III 
A410l 
IADD,ESl 
I,I,9Z 
IADD,ESK ,6lll 
R410Z 
IADD.SIlEZ 
I,1,9Z 
I, KZ 
R5014&48Z 
TERr'~,1 ,9l 
R41UZ 

Z 

* 
* 
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* 
* 
* 
* 
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* 
* 
* 
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70 
69 

01794 34 oooon on102 * 
018~6 34 00000 00102 25080 RCTY Z * 

'3('1010 * BEGI N FO fNAku PASSZ 

01818 38 01998 00100 25090 WNTY TERM-2Z * 
004('12 '30015 DORG 402Z 

01830 39 01965 00100 2~10a WATY f\1SGKZ * 
n04 n 2 16 n17n4 nnR9R '3n020 FBEGIN TFM T P1E ,997 ,911Z * 

01842 36 ooono on50n 25110 RNCD Z * 
00414 16 01708 0 nno 30030 TFM VANCE.,0,8Z * 

01854 49 00000 onooo 25120 B Z * 
00426 16 03976 on-no 30031 TFf"1 I ,0, 9Z * 

93010 * M U/DA /yR FIELDSZ 00438 16 00480 ~993 3n040 TFfvl *&42,AP-SIZI::Z * 

01868 3 93030 ClJM DC 3,31Z 00450 21 00480 0~998 3n05e A *&30,r<ECSIZZ * 

01871 3 93040 DC 3,59Z n0462 11 0397A nt'\-nl '3005 ] AM I,I,9l * 

01874 3 9'3050 DC 3,90l 00474 14 00000 on-no '3n06n CM ,0,9Z * 

01877 3 93060 DC 3,120Z 
00486 47 00450 01200 3n 070 I:3NE *-36Z * 

01880 3 93070 DC 3d'Jll 
004982601711 0~976 3n08Q F503 TF KONE,Il * 

01883 '3 9,080 DC 3d81Z 00510 26 03968 017)1 3n090 TF K,r«()NEZ * 
01886 3 9,090 DC 3,212Z on522 23 03968 0~998 '3n10r M K,RECSIlZ * 

01889 3 9,100 DC 3,243Z 00534 16 01648 on-ol '30115 T'::-M ORIG,l,'}l * 
01892 3 93110 DC 3,273l 00~46 26 n3973 n('1099 30110 TF KAD[),PRODl * 

01895 3 93120 DC 3,304l 00558 16 n0099 ~993 3n120 F510 TFfvl PROD,EST"":SIlEl * 
01898 3 93130 DC 3,334Z 0057n 21 00099 03973 30130 A PROD,KADDl * 
01901 3 93140 DC 3,365Z 00582 26 non99 0.1704 30140 TF P I-W D , T I ;vl E , 6 Z * 

019(J6 5 93150 SCHED DS 5Z On594 16 0()n94 ':\987 30150 TFfvi PROD-5,VAR-SIlEZ * 
94010 * HAC KWAR D PASS FI~LDSl 00606 21 ,)0094 0':\971 30160 A PROD-5,KADDl * 

01909 28 * 94015 MSGJ DAC 28,PRuJECT EXCEEDS 199.8 WEEK5@l O(J618 16 00099 ':\980 3n170 TFtvl PROD~EP-SIZEZ * 
01965 17 * 94016 fv'SGK DAC 17, TEklvili~AL EVU,TSCo!l 00630 21 00099 01973 30180 A PROD,KADDl * 
02000 3' 94017 TERM DS 3Z 00642 26 01726 on09R 30190 TF EPK,PROD,llZ * 
020-01 1 94018 DC 1,@Z 00654 26 00099 01708 31010 TF PkuD,VMlCE,6Z * 
02004 3' 94020 KN DS 3Z On666 22 OOn99 Ono~~ 3]015 S PROD,Pk0D-5,611,MAK~ CUM VAk NEGA 

02009 5 94030 FSKN DS 5l On678 47 On738 01400 31016 RNV F509Z * 
02014 5 94050 fSK DS 5Z 00690 34 00000 nn1~2 31017 ROY Z * 
02019 5 94060 FPI DS 5Z 007 n 2 39 01567 00100 31018 WATY MSGLZ * 
02022' - :;- 94070 TMIN DS ' 3Z 0()714 4B 00000 onooo 31019 H Z * 
Q2021 .. 5' 94080 AFT! DS 5Z 00726 49 00690 ooono 3]020 1:3 *-36l * 
020'32 5 - 94090- AFTK OS -5l 0073B 24 03968 O~984 31021 F509 C K,NZ if 

03943 98080 DORG 3943Z 00750 46 n0834 O13nn 31030 BNL F515l * 
()3947 --S- -- 98690' sCr,fs T DS 5r 00762 21 00099 O~998 31050 F511 A PROD,RECSIlZ * 
03948 98100 DORG 394I:J.l 00774 24 00099 01726 31060 C PROD,EPK,6Z * 
03952 --S' 9aI10 D I DS 5l 00786 47 00834 01200 31070 BNE F515Z * 
039155 3 98120 NPONE DS 3Z 00798 11 03968 on-01 3]080 F512 AM K,1,9Z * 
O~960 

.. 
5' ---- 9a130 START OS 5Z On81() 21 03973 O~998 31090 A KADD,RECSIZZ * 

03965 5 98140 DAYS DS 5Z (J0822 49 00558 onooo 31100 B F510l * 
····-·----··0 j 9 68 '.---r-·---·'9815() K DS 3Z 00834 16 00099 1996 3il10 F515 r~M PROD,AS":SIlEZ * 

03973 5 98160 KADD DS 5Z 00846 21 00099 0':\973 31120 A PROD,KADDZ * 
03976 -3 '98176 T DS 3Z 00858 24 00099 0~955 31130 C PROD,NPONE,6Z * 

03981 5 98180 IADD DS 5Z 00870 46 01470 01300 31140 BNL F550" ,FUkWAkD t-'ASS*CV!VitJUTATlvN C 

03984 --3 ....... -. '9Ri90' N DS 3l 00882 26 03968 on09R 31150 F520 TF r(,PkOD,11Z * 
00099 20 98200 PROD DS 20,99Z 00894 26 03976 01711 31160 TF I,KONEZ * 
63996 rr---- 99020 DATES DS 12Z 00906 23 63968 01998 31162 M K,RECSIll * 

03998 2 99021 RECSIZ DC 2,23Z 00918 26 03973 0('1099 31164 TF KAD[),PRODl * 
00023 99022 SIZE DS ,23l 00930 11 00099 ':\98n 3]166 AlvJ PROD,EP-SIlEZ * 
n4()OO 99029 DORG 4000l 00942 26 01726 on09R 31168 TF EPK,PfWDdll * 
04022 . 23 b61()O ~~636 ACT DSB SIZE,700l * 

on954 16 01704 onR9R 31170 Tf:'lvl TIi'1E,999,911Z * 
04003 4 99040 EP DS 4,ACT-19l 

n0966 16 01708 0 ono 31180 TFM VANCE,O,eZ * 
04007 it 99650 ES DS 4,ACT-15Z 00978 :12 01326 onnoo 31185 SF PREDSWZ * 

04010 3 99060 VAR DS 3,ACT-12l 00990 23 03976 0~998 31190 F530 M I,RECSIZl * 
04013 '3 99070 D DS 3,ACT-9Z 01002 26 03981 00099 31200 TF IADD,PRUDZ * 
04016 3 99080 AP DS 3,ACT-6Z n1014 11 00099 ~984 32010 AiVl PROD,ES-SIlEZ * 
04019 

.. 

3 '99090 AS 6s 3,ACT-3l 01026 24 n0099 01776 32030 C PROD,EPJ<.,6l * 

04022 3 ~~!qo~' . DS 3,ACTZ 010~8 47 01278 01200 32040 BNE F540Z * 

04016 '3 99110 EST DS 3,ACT-6l ()1050 33 01326 onono j204~ CF PREDSWZ * 
04022 3 99120 AFT DS 3,ACTZ 01062 16 03952 1990 32050 F~31 TFM DI,[)-SIlEZ * 
00402 99~99 DEND l'vltlEG I NZ 01074 21 03952 O~981 37060 A DI,IADDZ * 32070 TFM ESTI,EST-SIlEl 

~---~~-

------~-. -- ---- . -~ .. ----.-.-... ..-.::.---.. 
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:1]1"11'6 16 "1716 "I'N3 * 72 
"1 "0 R /I "1716 rQo<11 j2n81"'1 A ESTI,IADDl * 
~11) 0 26 tlnno':l 0,Q5K j?()91"'1 TF PRO[),DI, III * 
n11?2 21 0009':J n1710 37100 A PROD,ESTI,llZ * ,">,'17, 
01134 24 ~nn99 n17n4 3711C C PI-<uD, T J l'i!:.Z * (q'-l76 'HlI7" DC; 3Z 
1"'11146 47 n1278 n131"1n 3712C Rl F540l * n39FlJ 9R 18r; lAUD f)$ 5Z 
0115R 46 01231"'1 nl11"'11"'1 3/13(' 8H F534l * n O R4 -~ ') R I ':ie, ~' f),CO 3Z 
(' 11 7n 16 n1721 "I':J<1n 3/14C; F532 TFI-i VARl,EP -SlZEl * 1 '"I('IC 0 7" "~Q 2 ()(" PI<C)0 i)~ Z~.'J9Z 

01] P 2 ? 1 ,'17710-<9<11 32158 1\ VAfn,lADDZ * n">,Q()6 12 OJ ClC:Z ') f'A H- S i) ,f:. 12Z 
n1194 24 C1721 n1 708 32160 C VARl,VANCE,6Z * n">,qo~ 2 ()Q(\? 1 P"-CSIZ i)C 2,2?:l 
01206 41 01242 01100 3217n I:lNH F53~Z * n'l('? , QQr,?2 .<.J Z F f~ (~ .?3Z 
nl218 49 nl278 nnnnn 32180 ~ F~40Z * 1"'I/~(\'1 n '100;>'; ()LJI,G 4l()nZ 
1"'11230 26 n17n4 nnnO':l 32190 F534 TF T I "1f ,PRUDZ * n4 r ?? ?3 (\"7'10 li01')3" ACT iJ:-t:I :-IZE,70'JZ * 
1"'11242 16 n1121 -<q~n 3,01n F~35 TFM VARJ,EP -SlZt:l * ()4~1"'I, 4 ';on4·> ..-p DC. 4.ACT-HZ 
01254 21 C1721 0,981 3,02C' A, VARI,lADDZ * (\4.'1" 7 4 qf)n5~ F5- ),', 4.A(T-1':iZ 
01266 26 01708 0172J 33040 TF VANCE ,\fARl, llZ * n41')10 3 Q':)()6 r

, 'JAR D:' 3.ACT-12Z 
01278 16 oon99 3993 ,,050 F540 TFflll PROD,AP-SlZEZ * 04013 '3 OQ()7r; r I)S 3,A(T-9l 
0129n 21 00n99 n3973 3,06n A PROD,KADDl * n4IJ16 3 9'")080 flP DS 3, ACT-6l 
n13n2 24 n3976 nn09R 33070 C I,PkODtllZ * 1')/ ... n 19 3 qqnj'l 1\ :- 1),(, 3.ACT-3Z 
r1,14 47 n1362 nlznn 33080 RNE F541Z * n4~'?? go 1 (!'-' DC. 3,A(TZ 
01,26 44 013')n n1326 ,,083 PREDSW RNF *E,24, PREDSI<IZ * ~11.~ :' 1 '-, " 9'1 J 1 F S T :Jc, 3.ACT-6Z 
01338 11 01648 on-Ol 3':1084 AM ORIG~I,9Z * n/~" 2? 3 Q012 AFT DS 3,ACTl 
n1350 49 on558 nnnnn 3':1086 B F510Z * 1')'14'17 )Q':JY DEr\D Ftll:GlNl 
01362 16 nO('l99 ,99,6 33090 F541 TFi'i PRJD,AS-SIZEl * 
0137~ 21 I"'Inl"'l99 0-<9Rl 3"11no A PRUD,IADl)Z * 
01386 26 03976 nnn9R 3"1110 TF l,PROD,11Z * 
n1398 49 on99n nnnnn 33120 R F530Z * 
n141n ,9 01651 00100 33122 F600 WA TY MSGf\1Z * 
01422 38 01646 00100 3"1124 WNTY ORlG-2Z * 
01434 39 01663 O~lnO 3"1126 WATY MSGNZ * 
01446 36 onooo nn5~n 33130 RNCD Z * 
n1458 49 nnnn~ 0~0n~ 3,140 R l * 
01470 16 01512 ~9ttO 34100 F550 TFM FCF&6,EP-SllE"ROUTtNE TU ClEARZ 
n1482 23 0,984 0,9_8 34110 ·M N,RECSIZ .. FlAGA FROM CuMZ --
01494 21 01512 000.9 34120 A FCF&6,PRUD" VARI"NCI:: WHICHZ 
01506 33 oonoo O~n~n 34130 FCF CF , , " IS SfORED WHEREr--
01518 14 01512 40~3 34140 CfIIl FCf&6,EP" EP ~J.S STut<EDl 
0153n 4~ 01410 0120n 34150 BE F600Z * 
01542 22 01512 0':1998 34160 S FCF&6,RECSIlZ * 
01554 ~9 nl~n6 nnnnn 3417~ B FCFl * 

9~010 * FOR WARD PASS FIElDSZ 
01567- 40 * 91i012 MSGl DAC 40,CUMULATIVE VARIANlE EXCElD~ 99 
01648 3 95014 QRIG OS 3Z 
0]649 1 Q~016 - DC !t@Z 
01651 6 95017 rvSGM DAC 6, @z 
01663 20 * 9501affiGN DAC--ZO, ORTGIN~-fTNG E"vENT5@l 
017('14 3 95020 TIME DS 3l 
017n8 4 95030 vANCE DS 4Z 
01711 3 9~040 KONE DS 3Z 
01'716 5 -95-0"50 E'S"n D's-- S2 
01721 5 95060 VARI OS 5l 
01 ?26-- --;- -950;0 E'Pl( -os !)Z 

0'3943 n080 DORG 3943l 
0394-1" --,- , ---9A090--SC:Msf---DS-- - 5l 

n,9~8 9A100 DORG 3948Z 
---------- . . -()31Jrr----- -- ----S----------9sTI7) -m -- ----15~---- --5 Z 

03_9?~ ____ 3 _____ 9BL2.Q_~,;_-gs- 3Z 
03960 5 98130 S.TART DC, 5Z 
rn96~ 5 9A140 DAYS OS 5Z 
nT96-S ,---- -'3'----- ---"9-A 1'5 0 -i(:---- DS 3Z 

9A161) I(ADO DC, 5Z 
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()I'lR4' ~q ~A99 (Irq "10 42(l9~ lalATY ~~(iG7 
l'4nnTJTr ..... --Vln- l"'TlT -KOTTT fT'fFT (l"RC;4 4R 4?()9f' H---'-,-,-, ...... r"yTPR..--AJrlP\IT!f1 .... , --yo--~TORfl!' HFRE7 

00402 40001 DORG 402Z (lORoA 49 782 0('1n"" 420q7 R PRF(iTNl 
i-----------------------------------------*rtttt-n--... ---ffrtM-~R-f-(:---1'B--1~1. -P+tA---(--eNv-Fft~-I-eN-l-----------------------.,Tnr;-4------------------------zr~rr------ -----no-r-rr;---*~, r ----------------- -- --- ------ ------ --- --------

4('102n * CAL l TNG ~FQ"FNCFZ (1)874 46 q06 0Mnn 4210n R(2 *f,'322 
i------------;------------------------------7frrrt~- .----- -- - ~T- '---~IO A.N-r tf'tnl - -- -------------------- -nl'nnn;~9'--__;trn·-q-nrr4nn-_tr21n-r;-- ,.' A C n I" R I NT& 2 ~ 
I 40050 * TF AFIFLD.ALPHAZ __ 0nF~Q8 40 10n? "nn"" 4?1?nR PCONT7 
I 01)4" I 6 41J1!6tl "jI)Mrr~---or-'-- .--. -.-~---- --471 ~" -nmn;--*-':I7' ------
: On4n8 44 44" n04n7 4008n NTOA ANF *&'32,NtlMl nno"6 ~4 1"? 42132 PHEAO RCTY ",F~ADD STORED ~ERF IN PJ 
f-'------- ----rrn-ti2n-'''!----rn-tr-1'tmm~-_rrn~n_-----------T1)1''t -'At P'HA .... tiS1----- ------------ nrr<n ft- ~4--------------1"7--t+·n~~--------- -R-CTY- --,-,.fJtrt)f)- - ~ ~eRFfJ-Hf RF--f-N--~-----------

; On4~2 49 45? nnnnn 4nl00 A *&207 on93n 39 '3571 nnl"n 42134 NATY HFA05A7 
:--------'-----nO-zr4rr-----------------------t+1'tt-n-~------------ W~\, -.--~,. n'1 9'4 r ~-q -- 3 fl7l- "'''17'1 rr- 47l__;~----- IJrA TY HF AI)? Al 
I n044n 15 614 non,,7 4011n TDM ALPHA-l,7Z n'1oc;4 ~4 1n, 4?1~6 RCTY ,.,AFTADO ~TORFn HFRF IN P7 

01l4"1'?~ 61'5 ""4", 40\11 Tn tt~FlA,MtJr-'~ rrnQf,Fi >;tQ-·n~-nrnrr~qzrrr---·-- 1ArlnV-WAn(;~r--' ---q---~---

n0464 16 6n3 n613 40120 TFM AAn~,ALPHA-2Z nn97R ~O 3R~~ nn!"n 4?13R NATY H~An6RZ 
i-----------MIJ"'ffl--H,-----t;-9-S----fl-41'1t5---4l'tt3--,,----------- ··lFM' - til A f)!) ,Nt tM-ll nn~1.j" 'lI4 ------- --1-rT? 4?t ~~--- -. -- RCfY .,. E-P-Af}f)-~-fORFf} HFR-F Ht -PT---
, nn488 25 6n3 nn~oQ 4n14" NTOAI TO AAnn,NA~f),6117 n1n"l? ~2 3416 nnnnn 4~14n P(ONT ~F PRINT&9",E~TADD ~TORED HERE IN Q 
------- ----nrr"l~-.,~----~-n-~-n_nt'I1'tt'I--tJn--t~--------- (F A M)fI, .67- r) Tn T 4~7 --~4Lj:r-r·l.,.,.nn-"·4_Z_t~_n----- ~f P-R I Nl& 3 5, , , EXP.l fM~fOREe- Hf-RE-- Ht 

On~1? 12 61"3 nonl 4015n ~M AAnn.17 n1n'6~? 3444 nnn"" 4216n ~F PRINT&37",~LA(K ~TORED HFRF IN Q 
110.,;4 15 6f" !Ill"'" 4,,16(1 Tf)P' AAf)f)-t~Jf7l.·---·u --------- O}rHI4 16 tjj) ~4 421911 .------ --TF1'I' F~Arm,~;:;""'~'17rZ---" 
nO~36 44 562 nn59Q 4n170 BNF *&26,NAOO.ll1 01nc;O 16 Inl~ 3qq3 42201" TF~ F~TADD,~ST-~I7F7 

-----------6n-74it---,.2-----ty~3-~~-.,.,TfH-)------------_s_F- - AAf)!}.., 6-l- ---------------- -- 010f>?---H> - --~7'4-- ~~-4_lz--trr_------ - 'f--FM- f)A-I}fT,D-~iJ_7Fl 

0"56n 42 4n19n AR 7 01n74 16 o~n ~qqQ 42220 TFM AFTADD,AFT-SI7Fl 
------·-----M~-5·6__r_-----------------------~_l_9_~ ----- -----OOR-G *-9'l - -----. -.-- ----- - -- -- --------rtlft%-Tf5----~%-· ~~f'_-4_lr;-~----------- T-FM- --FP-Aft-f)-.-FP.~H-E-l----- -.----------------------

On562 12 598 nnnl 4~2nn SM NADD,17 nlnoR ~7 ~4no ""c;nn 431"11" PRFAO RACn PRINT&27 
e~57" 12 6P13 (IIIAM "9219 S'. AAOO.ll ~t-t"t-rr-_t__tr~I'H·t'"tM~· 4~;Ht----- ~M .. ~tM-ff7~tn4-'i.lftr -----.--------
00566 49 486 nnnnn 40220 A NTOAIZ 01l?2 46 27?6 01?00 4303'1 AF PENnl 

·--------~~9Jf_----------------------,--~~'3_lT-----------I=){}R-6---*--'3-l-- -------- -------- --------- -- -iH-13--4:--t4---%4':\-- "~3- 43-fr4f'- - -- (M PR I NHT3(,.,--4-3 dOl- -
OOS,91 . S. 4f'125!) NADD D~ 57 nl146 47 1178 0",nn 4~042 RNC2 *FT32Z 

-----------AA6-o-3----------"--5----------4~64-AAOO----- -I)~--91 - ----------,------o--t-I-tt8---4f,----?-1)-9'4-----r'I-,-'n-n--43-04-4 -- . RF- P'PRI-NH- -- -- -------- ---------------------
41010 * ALP HA TO NUMERI( rONVfRSIONZ 0117-0 40 119n nonnn 4~n46 A *F.2nl 

.,..------------.,--------.. .. r"il-f'FJn2~, .or; -'1I~_t_E""'At:L:_t_H+6---~-E-OttF~-------- ') I I IA -- ---q "IJ4R n-oRTi .-.;.;:---rr----
41030 * AT ATON~AFIELDZ 01178 46 ?074 nl?"n 4~0~0 ~~ PWRTTFl 

'---------------------------------------4_tf'l'*n---w---------- fF- NF r FlO,fltttMl - --- .----------- -olt~-/1 . ---S1o--o-~;~ 4~1'tt5rr_-' !'IT :ATO~hPRfN-T& 167 

0061~ 12 41060 ALPHA ns 1?1 012n2 21 912 n300R 4307n A F~AnO,RE~S11Z 
:----------1tnolo-"-----tn'I?-M6!~--4-l-n-1-A---A-+Gn-----rf) NII-M,.ALPHA 1---------------- --- tH21tr-?4-----4-n-7--rt(Y9''tK--tv30-a-1)- --( .. N-ttM-tE~~-o-f}-.-l t l 
, On678 32 614 noono 41n8n s~ ALPHA-17 01??6 47 A3n 01?nn 4309n ANF PMSG(iZ 

A A Z Z A 'I" i i" liRA Ln ;. .1101\ C IV! A I ~"'11 & .. Ii & 1 it 7 -----,-----------n-,..-.y-'TD--...r-T--tTT'T"T-n"'2"tlrn-cr--7:-:r-,.-a-I"r"-o-r""1\"t-r-----, __ -~"'C1N'\1''I1''t 
""U~" J.£. "J.-' '.'"'''''' -""~J'-' ~-, ""7_"7~""_ Ull-1M i'l lIT!.'I" IT'I'-I'!H4-1LI'HT ~(Al.( --,r:- ~TFTID'·~-IZ::Z:: 

00652 43 676 f'ln614 41100 AD *&24,ALPHA-l1 n12~n 21 9?4 n~q9~ 43291" A ~ADD,RFCStZ7 
i------------fl-I't-(,-64--...,.1----~1--~~-...... H-H)-------------&F- ---+H-lMl------------ ------------------------------- '. -'1) 176T 7r ---~_cn;_-1)WC)rt--'4'~1----- fr; - - . 'FPArm-. ~(S Jl'Z- ---.---~-------.- - .. _- - -------

I n0676 l6 -;~8 04n6 41120 TFM NADD,NtlM-IZ 1"1274 21 96n n3Q08 4~292 A ,dFTADO,RfCSIZZ 
~----------OO~1t-_J__6_----tr6~--_efrl.,..-4_l_l3·e_-----------T_Fp.4- --It-M-'ffi-.A-l-P.HA--rl--------- - -- ---.-----.-------- en 2R6 1 f5 --l-n-~-c;-- -ft~q- 4'3-294fFM fX?lfM.99-9-1-
I n07no 25 ~98 on6nL 41140 ATON1 Tn NAnD.AAOD,611Z n120R 21 1"?~ nlnlL 4331"" A FxPTtM,F='~TADD,117 
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1_ PERI' 

Bernard J. Jeltema 
IBM Corporation 
7700 Second Blvd. 
DaUoIt 2, Mlcb1Q1LIl 

ModIftCllllou or revtalOllS to this program, as they occur, 
wU1 be unouneed in the appropriate Catalog of Programs 
for IBM Data Proee •• lDc Systems. When such an announce­
meat occurs, users should order a complete new program 
from the Program Information Department. 

o 

DECK KEY 

l. Condensed SPS Object Deck fer Ph~se 1. 

2. Sample Prcblem Input Data. 

:<. Cc ndensed SPS Object Deck for Phases 2-5. 

• 4 Phase 1 Source Program Deck 

• 5. Phase 2 Source Program Deck 

• 6. Phase 3 Source Program Deck 

• 7. Phase 4 Source Progr~ Deck 

• 8. Phase 5 Sc-urce Program Deck 

• These Decks will be forwarded only when spec'ftc3.11y 
requested. 
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1620 PERT aolves the baSic critical path problem involving 
time. The program features random event numbering and 
allows for more than one event without a predecessor 
event as well as more than one event without a successor 
event. Options foreUher one or three time esUmates are 
available under prOCJram switch control. 

Ranking is accomplished by topoligical threadlnCJ; the 
remalnlDCJ computations are similar to other PERT programs. 

Activity times are given 1n XX.X weeks. Total project time 
cannot exceed 199.8 weeks. The 20K 1620 will handle 
695 activities: for larger memory, the maximum number of 
activities allowed Is 999. Event numbers are 4 digits XXXX. 

4000 + 23N where N is the number of activities. 

The m1n1mum 1620 config .... ation Is a 20K card 1620 with 
Indirect Addressinq. Automatic divide hardware is required 
when it is desired to compute the probability of meeting a 
scheduled completion date. 

1620 PERT is written in SPS using fixed point arithmetic. 
The program uses the TOPTHREAD routlne for ranking the 
activities. This technique allows random event identification 
and multiple originating and terminatiDCJ events. Throughout 
input, Jlrocesslng, and output. the activity records (l 
activity per card) remaln in the same (collating) sequence. 
Statistical computations and conversion of Umes to dates 
are included. SugCJest10ns are included in the write-up for 
modifying the input and / or output ro~tines to handle 
different formats. 

~ ·7 

Comments: 

n 

This program and its documentation were.written 
by an IBM employee. It was developed for a 
specific purpose and submitted for general distribution 
to interested parties in the hope that it might prove 
helpful to other members of the data processing community. 
The program and its documentation are essentially in the 
author's original form. Questions concerning the use 
of the program should be directed to the author's attention. 



I I. Description of 1620 PERT 

A. An Overall Look at the Program 

One of the most popular management tools available today is known 
to civiUan groups as Critical Path Scheduling and to persons asso­
ciated with military projects as PERT. The purpose of this manage­
ment tool is to help plan, evaluate and control large scale projects 
with many interrelated activities. 

1620 PERT is designed primarily to solve the problem of Critical 
Path Scheduling in a way conforming to most of the baSic input/out­
put specifications of PERT programs currently in use in military pro­
ject s . The most important difference between PERT and Critical Path 
Scheduling (CPS) is that PERT requires three time estimates for each 
activity Oob) instead of a single estimate. Therefore statistical 
computations measuring the uncertainty of estimates of future action 
are included in the PERT PII)GRAM. The author is assuming the user 
has a familiarity with CPS and PERT. The terminology of PERT will 
be used in this discussion. There are many fine articles available 
to provide the user with a more thorough background to PERT including 
the IBM General Information Manual "PERT ..• a Dynam1c Project 
Planning and Control Method", Form No. E20-8067. Under program 
switch control (Switch 1) the user can elect to use only one time 
estimate and forego the statistical computations. Section VI di s­
cusses the requirement s for modifying the input routine and/or the 
output routine for other input/output formats. 

To use 1620 PERT the project must be described by a network (arrow 
diagram, baloon chart). Events (nodes) are the milestones of the 
project and are usually represented by Circles. Events may be ran­
domly numbered. Activities (jobs) are actions which are carried on 
between events and are designated by arrows. Each activity is 
definEKI by its predecessor event (EP) and successor event (E8). 
Associated with each activity are three time estimates; optimistic, 
most lik~lY, and pessimistic. Consideration has ~ been given 
to extend 1620 PERT to include cost, man-scheduling, or other 
computations. 

Input to 1620 PERT requires one card to describe each activity. In 
addition, a header card and an END card are needed. Essential to 
the description of each activity is its predecessor event number 
(four digits), successor event number (four digits), three time 
es~lmates (xx.x weeks) and an optional 31 character alphabetic 
description of the activity. Optionally a scheduled completion 
date fer any activity may be Included. Activities may also be 
coded C for "complete" in which case they are not included in. the 
computations, but are incorporated in the output listing. 

~ 
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II. Description of 1620 PERT «bnt'd.) 

The output consists of one card for each activity. In addition to 
the duplication of the information which is contained in the input 
card, each activity card includes the expected time required to 
perform each activity (xx.x weeks) I the slack (total float) time 
(xx.x weeks), the cumulative variance (xxx. x weeks) of the time 
estimates of all activities up to the completion of that activity 
along the longest path to that successor event, the probability 
(x.xx) of meeting the scheduled completion date if one is speci­
fied, the expected completion date (month/day/year - xx/xx/xx), 
and the latest allowable completion date (xx/xx/xx) which will 
still not delay the completion of the entire project. 

1620 PERT consists of five separate programs. The activity cards 
are sorted in ascending collating sequence by successor event 
within predecessor event (eight columns). The activity cards are 
placed behind the first program (the Input Routine) and the other 
four programs are placed behind the activity cards. The Input 
Routine calls in the activity cards, edits them and stores the pertinent 
information in 23 digit records beginning at location 04000. When 
an END card is reached signifying that all activity cards have been 
read and stored, the next program (TOP THREAD) is read in over the 
Input Routine and ranks the activities. The Backward Pass program 
1S read in over TOPTHREAD and determines the latest allowable 
completion dates for each activity. Next the Forward Pass program 
is called in and computes expected completion dates and variances. 
Finally the Output Routine is called in followed by the input activity 
cards which must be retrieved from their place behind the Input 
Routine. As the Output Routine reads each input activity card, the 
input data is merged with the computed data in storage to produce 
the output activity card for that activity. The activities remain in 
collating sequence throughout input, proceSSing and-output. 

c 
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B. Phase I - Input Routine 

r-

The function of the Input Routine IS to edit the input data, compute the expect­
ed time and variance for each activity, and set up a 23 digit record in core 
storave for each activity. 

Five different types of cards are recognized and handled by the Input Routine. 
These ate distinguished by a status code in column 18 of each card. The 
codes are: 

H Header card - must be the first data card of each netwcrk. 

Blank - A normal activity card. Columns 18-24 and 56-80 will be blank. 

S 

C 

E 

An activity card for which a scheduled completion date is speci­
fled in columns 19-24. 

A completed activity whose date of completion can be specified 
in columns 19-24. 

An END card. This card with END punched in columns 18-20 is 
the last card In the network data deck. 

The input routine edits for the following erroneous conditions. 

1. NO HEADER CARD, START AGAIN 

The fll'st (and only the first) data card must contain an "H" in 
column 18. 

2. CARD OUT OF SEQUENCE 

The activity cards must be in ascending collating sequence, 
successor event within predecessor event (sort on columns 1 
through 8 in reverse order, 1.e., 8, 7, 6, 5, 4. 3, 2. 1.) The 
numbel" N before the mess·age indicates the card in error is the 
Nth activity card. 

3. DUPUCATE ACTIVITY 

Two cards define the same activity. This condition is not per­
missible. The number N before the message indicates the Nth 
card il in emlr. 

4. CHECK ESTIMATES 

This message indicates that the three Ume estimates (optimistic, 
most 11k ely , pes simistic) do not progre S5 from smaller to larger. 

7 
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B. Phase I - Input Routine (Cont'd.) 

-

It is allowable to have all Uree the same. The first 17 numbers 
In the activity card pl"ecede the message for identification put­
poses. ProceSSing continues using the given time estimates. 

5. EXTRA CARDQ;) 

This message appears after the END card is read if the number of 
activity cards exceeds the number specified in columns 5-8 of 
the header card. 

All cards with status codes C. S, and "blank" will be included 
in the count of the number of data cards. 

6. CARD (8) MISSING 

This message occurs after the END card is read if the number of 
activity cards is less than the number of activities spec1fied in 
the header card. 

7. ERROR, START NEXT NETWORK 

If pl"ogram switch 4 is ON and if message 2, 3, 5 or 6 is typed 
out, message 7 will also appear. Processing is stopped. De­
pressing START will read in activity cards for another network. 

8. NETW~K EXCEEDS MEMORY CAPACITY 

This message indicates that the number of activities in the pl"oject 
is more than 695 for 20K or more than 999 for 40K or 60K. 

(lldditional restart information is contained in Section V C, "Programmed Stops 
and Restarts OIl • 

As each activity card is read and approved by the edit the expected time and 
variance are computed. The formulae, derived from the Beta distribution, are 

Expected time D = a + 4m + b 
6 

Variance = 
~ 

2 

where a = optimistic time 
m = most likely time 
b = peSSimistic time 

8 

Note: These statistical computations are not made if only one time estimate is used. 



B. Phase I - Input Routine (Cont'd.). 

After these values are calculated, a 23 digit record is constructed for each 
act1vity. 

These records appear in the same sequence In memory as the input activity 
cards. 

The first activity record Is In memory loeations 04000 to 04022, the next in 
04023 to 04045. and so on. With proper care these records as well as the 
rest of the program are reloeatable by reassembling the SPS program. (See 
Section VI A) 

The form 0-' each activity record upon completion of the Input Routine is 

Positions· l.2!:!!:!!!. 

1-4 lOCO( 

5-8 lOCO( 

9-11 xxx 

12-14 xxx 

15-11 000 

18-20 000 

21-23 000 

Symbol 

EP 

ES 

AP 

AS 

M· 

Description 

Predecessor event 

Succes sor event 

Variance, XX.X weeks. 

(OOO if only one time eStimate 
is used.) 

Expected time, XX.X Weeks 

Initially reserved for the. number 
of the activity preceding this one 
in topological order. * 

Reserved for the number of the 
activity succeeding this one in 
topological order. * 

Initially reserved for a count of 
the number of times the activity 
is "moved" during the ranking 
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(TOP THREAD) phase of the program. 

NOTE: Activity records are set up in memory only for activities whose status 
Is scheduled (8) or not scheduled (blank), ~ for completed (e) activities. 

* See Section II C for a brief explanation of topological ordering. 

o 

II. 

o 

e. Phase II - TOPTHREAD 

The purpose of this phase is to sequence the activities in the order which 
is necessary for the subsequent PERT computations, specifically for the 
Backward Pass and the Forward Pass to determine the earliest and latest 
completion dates. The method is described by Lasser in "Communications 
of the ACM", April, 1961, and by the author in the paper "TOPTHREAD" 
contained in the published papeu·of the First IBM Systems Engineering 
Symposium (1961). . 

Briefly, the TOPTHREAD phase arranges the activities in topological order 
which is the order essential to further- computation. For this purpose, 
topological order is defined by these two requirements. 

1. All activities beginning at the same event will be listed 
consecutively. 

2. Each activity will be listed before all the activities which 
follow it either- directly or indirectly in the network. 

Instead of actually rearranging the activity reconis in memory two 
"threaded lists" are used. First the activities are numbered sequen­
tially by the pr-ogram from one to N, the number- of activities. This 
number is conceptual only and does not appear in the activity record. 
The TOPTHREAD program then places two "tags" in each activity record. 
One tag (AS) is the number- of the activity succeeding this one in topolo­
gical order. The other tag (AP) is the number of the activity preceding 
thi s one In topological order. Thus beginning with an activity in the 
network it is possible to thread through all the remaining activities to 
the last activity by 't::haining" from activity to activity by using the AS 
tag. Similarly one can thread backwards from any activity to the first 
activity using the AP tag. Both the Backward Pass and the Forward 
Pass make use of the threaded lists. 

This method of ranking allows the events to be numbered at random 
(theoretically the events could be alphanumerically identified). The 
method also allows more than one event without a predecessor event 
as well as more than one event without a successor event. These 
facts may facilitate 1) partitioning of large networks into smaller 
ones, 2) grouping of sub-networks into larger ones· and. 3) the pro­
cessing of multi-project networks. The technique can actually handle 
several independent networks Simultaneously. 

Upon completion of TOPTHREAD the 23 digit activity records contain 
new data in the AP. AS. and M fields •. AP (positions 15-11 ) contains 
the number of the preceding activity in topological order. AP of the 

o 

10 



n 
C. 

o 

".e n - TOPTHREAD (Cont'd.) 

first activity 18 zero. AS (positions 18-20) contains the number of 
the 8Ucceeding activity in topolQ9ical order. AS of the last activity 
Is N + 1. M (positions 21-23) is a count of the number of times an 
activity is -moved- in setting up the topological OI'der. 

If an activ1ty is moved more than N tllIlea (N is the number of actiVi­
ties in the network) during the TOPTHREAD phase it is 1n a "closed 
loop·, that IS, the activity is Us own'direct or indirect successer. 
Tbiu may result from 1) improperly punched data. 2) an lmJroperly 
daf1ned network. OF 3) more than one event defined by the same 
numbar. If this mtuation mae;. the message IN CLOSED LOOP 
will be printed preceded by the EP and ESof the activity 1n the 
closed loop. Ptocesalng stops with a complete restart required 
when the 1I1tuat101l bas been corrected. 

~ 

11 

II D. 

() 

Phase III - The Backward Pass 

The purpose of the Backward Pass is to determine the latest allowable 
finish time (!\FT). It does this by starting with the last activity and 
working its way back along each path until it reaches the first activity. 

Before proceeding with the Backward Pass, the program determines the 
total number of weeks allowed fer the entire netwoek by converting the 
start and finish dates supplied on the header card to weeks and taking 
the difference. The message PROJECT EXCEEDS 199.8 WEEKS indicates 
the project is too long and must be reduced to 199.8 weeks or less. 
The latest allowable finish time of the last activity and the AFT's of 
all preceding activities are determined starting with 99.9 weeks as 
the AFT of the last activity and all activities without successoe activities. 

12 

Starting with this last activity the program threads its way backward through 
the activities in topological oeder. As it encounters each activity for the first 
time. it starts at that activity and threads its way forward through the activity 
list topoligically until it finds a group of one or moee activities all beginning 
at the successor event of the activity which it has encountered for the first 
time. (In the Fortran pr-ogram the index J{ refers to the activity being en­
countered the first time in the backward thread. The index: I refers to the 
activities which are checked each time the 11st 1s scanned with a foeward 
thread. Thus we seek the group of consecutive activities whose EPi = ESk.) 
If no such group is found, i.e., the activity has no successor, the activity 
is assigned the same AFT as the la st activity in the Jroject. If such a group 
of activities is found (as is normally the case) the activity (K) is assigned 
an AFT which is the minimum time TMIN of the differences of each AFT in the 
group and its corresponding expected time D (duration time). 

AFTk = Min (U'Ti - Di) 
all i 

where 1 Is defined by 

EP i = ES
k 

for each activity k 

Upon completion of the Backward Pass the last three digits of each activity 
record (previously occupied by the move count M) now contain the AFT's 
of each activity in weeks (XX.X) relative to 99.9 weeks. 

After completing the Backward Pass the total number of events without 
direct successor events is indicated by the message XXX TERMINAL 
EVENTS. 



II 

E. Phase IV - The Forward Pass 

The purpose of the Forward Pas s is to determine the earliest start 
time EST of each activity. From this the output routine will add the 
expected time D to the EST to establish the earliest finish time; 
i.e., the expected completion date. In addition, the Forward Pass 
determines the sum of the variances of all the activities along the 
lonvest path through and including each activity. The message 
CUMULATIVE VARIANCE EXCEEDS 999.9 WEEKS will type out if the 
variance along any path exceeds 999.9 weeks. 

After finding the first group of activities with the same predecessor 
event in the list in the topological ordering and assigning them an 
EST of -99.9, the Forward Pass threads through the topological list 
in a forward direction (on index K). As each activity group is en­
countered for the first time, the program again returns to the first 
activity topologically and searches through the topological list 
of every activity (using index I) from the first to the group being 
encountered for the first time seeking all activities whose successor 
events ESt are equal to the predecessor event EPk of the group. 
The maximum value of the individual sums of the EST plus the D of 
each activity satisfying this condition is assigned as the EST of each 
activity in the group. 

Thus 

ESTk • Max (ESTi + Di) 

where i Is defined to satisfy the relation 

EPk = ES i 

for any activity k. 

Upon completion of the Forward Pass, the record for each activity has 
two new entries. The value of EST in weeks (XX.X) relative to the 
start of the project at time -99.9 weeks is in positions 15-17, replac­
ing the backward threaded list AS. The value of the cumulative var­
iance along the longest path to the end of that activity is in positions 
1-4 expressed in weeks XXX.X. The variance replaces the predecessor 
event number EP. 

The total number of events without predecessor events is indicated by 
the message XXX ORIGINATING EVENTS. 

o 
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F. Phase V - The Output Routine 

The purpose of the output routine is to punch or type the output in a 
form which includes for each activity the values of the 

1) Input data 

2) Expected time 1n weeks (XX. X) 

3) Slack time in weeks (XX.X) 

4) Cumulative variance in weeks (XXX.X) 

5) Expected completion date (Mo/day/yr) 1. e., the earliest 
finish time 

6) Latest allowable completion date (mo/day/hr), i.e., 
latest finish time. 

14 

7) Probability (X.XX) of meeting the scheduled completion date 
if one is specified. 

In the case of completed activities (status C) only the input information 
is included in the output. 

Program switches 1 and 2 affect the output routine. Switch 1 OFr is 
normal when three time estimates are used. With Switch I ON only 
one time estimate is used and hence the probability calculation is 
ignored. With Switch 2 OFr the 80 character output record will be 
p..t[.ched; with g"/itch 2 ON the output record will be typed. 

The initialization portion of the output routine checks for the header 
card and punches it if Switch 2 is OrF. If a typed report is desired, 
the headings are printed. The base addresses of the fields in the 
activity records are set up for sequential output of the activity 
information. 

Expected completion date for each activity is determined by adding 
the earliest start time EST to the expected duration time D (plus 99.9) 
to compute the earliest finish time EXPTIM. This value, relative to 
a "time now" of zero, is made relative to the project start date and 
then converted to a date by the MODAYR subroutine. 

o 
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F. Phase V - The Output Routine (Cont'd.) 

The slack time SLICK is derived by subtracting the EXPTIM from the 
latest finish time AFT. The slack time may be negative since the 
AFT is determined from the pr-oject finish date. A negative slack 
time implies that that activity is behind schedule if we expect to 
meet the project finish date. Similarly all slack s may be greater 
than zero. This implies the entire project is ahead of schedule. 
All activities which have the minimum value of all the slacks for 
that netwcrk. are on the critical path. 

The cumulative variance is the sum of all variances along the long­
est path up to and including that activity. The significance of the 
cumulative variance is, first, a measure of the uncertainty of com­
pleting the activity on the expected completion date. The larger 
the valve of the variance, the less certain one is of meeting the 
expected completion date. Second, the cumulative variance is 
needed because the completion of the activity is dependent on 
previous activities. 

The probability of meeting the scheduled completion date is calcu­
lated by .-SCHED only when an activity with status S having three 
time estimates is encountered. The fcrmula used is the familiar 
one: 

t'rObabiUty D (Ts - Te) - ff> (ZJ 
(T 

where (T" NCumulative Variance 

The square root of the variance is taken by t'SQRT. t'SIG computes 
the standardized variable Z. The routine beginning at label t' 12 
determines the probability using a Hastings appr-oximation. 

~ 
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G. Miscellaneous Subroutines 

Incorporated into the preceding programs which make up 1620 PERT 
are a number of routines which are either written in subroutine form 
suitable for use with a 8T of 8TM linkage or are written in a form 
separate from the rest of the program which might be adapted to 
subroutine form. 

Except for the MU/DA/YR TU DAYS sequence which may be found 
immediately following the TUt'THREAD routine, all the subroutines 
are in the Uutput Routine. 

Specifically, these include: 

1 • MU/DA/YR TU DAYS 
Conversion of a calendar date from Month/day/year to the 
number of days from the base date January 1, 1960 to that 
date based on a 7 day week. The entry is at MBEGIN 
p.20, 1.030. 

2. DAYS TU MU/DA/YR 
Conversion of a number of days with base date January 1, 
1960 to the corresponding calendar date based on a seven 
day week. Entry instruction is 8T MODAYR, ~AYSFIELD. 
Routine starts at MUDAYR p. 47, 1. 020. 

3. Numeric to alpha conversion 
Changes numeric field to double digit f.orm suitable for 
alphabetic output. Entry instruction is 8T NTOA, NFIELD. 
Routine starts on p. 40,1.010. 

4. Alpha to numeric conversion 
Changes a numeric field 1n oouble digit alphabetic form to 
single digit numeric form suitable for arithmetic use. Entry 
instruction is BT ATON, AFIELD. Routine begins on p. 40, 
1. 250. 

5. Fixed point square root 
Routine begins at }'SQRT with argument at XO in the form 
XX.XXXX. Square root is placed in XO in same form. 

6. Fixed pOint probability calculation using normal curve 
This routine begins on p. 45, 1.070 with the argument in ~ 
in the form X.XXXX. Probability at exit (p.4S, 1.374) is 
placed in ~ in same form X.XXXX. 

n 
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III Input/Uutput 

A. Input Formats 

The input includes a header card (status H), one activity card (status 
C, S, a "blank ,,) fa each activity, and an END (status E) card 1n that 
order. The formats are: 

1. Header Card - Status H 

Cols. Description 

1 - 4 Network number - 4 digits XXXX 

5 - 8 Number of activities - 4 digits XXXX or blank 

9 - 11 Case number of network to identify the run. 

18 H - Status Code 

19 - 24 Date of computer run XX/Xx/XX 

25 - 55 Network Title 

69 - 74 Network. start date - "Time now" XX/XXIXX 

75 - 80 Network finish date - XX/XX/XX 

If the number of activities are specified, it must be the total count of 
all status C, S, and "Blank" cards. Any discrepancy with this count 
is detected by the Input Routine and processing is stopped. If an 
activity count check by the Input Routine is not desired, this fie Id 
may be left blank or filled with zeros. 

2. Activity Cards - status "blank" 

Cols. Description 

1 - 4 Predecessor event number XXXX 

5 - 8 Successor event number xxxx 

9 - 11 Optimistic time estimate XX.X Week.s 

o 
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A. Input Formats (Cont'd.) 

Cols. Description 

12 - 14 Most likely time estimate XX.X Weeks 

15 - 17 Pessimistic time estimate XX.X Weeks 

18 "BJank" 

19 - 24 Blank 

2S - 5S Activity Description 

56 - 80 Anything - This area ignored by the program. 

3. Scheduled activity cards - Status S 

4. 

5. 

Tnese are the same as status "blank" activity cards except 
that Column 18 contains an S and the scheduled date for 
completing the activity is punched in columns 19 - 24 in the 
form mqlday /yr XX/XX/xx. 

Completed activity cards - Status C 

These are the same as status "blank" activity cards except 
that column 18 contains a C and the date the activity was 
completed is punched in columns 19 - 24 in the form 
mo/day/yr XX/XX/XX. Completed activity cards are included 
only so that they may be readily incorporated in the output 
hsting. 

END CARD 

This must be the last card of the data and must have an E in 
Col umn 18. It is recommended that the word END be punched 
in columns 18 - 20 although an E in column 18 is sufficient. 

18 
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m Input/Output 

B. Output Formats 

1. Card output - Pr~m Switch 2 OFF. 

The bead .. card Is duplicated and becomes the first output 
card. There Is oM output activity card punched for each 
input actlvity card. 

ActiVities will be In the same OI'der for both input and output, 
namely ascending numeric sequence sorting on columns 1 to 8. 
Columns 1 through SS of the output activity cards contain the in­
formation duplicated from columns 1 - 55 of the input activity 
cards. The remaining columns In the output cards include: 

Cols. 

S6 - 58 

59 - 61 

62 - 65 

Description 

Expected time in XX.X weeks. This is the weighted 
average of the three time estimates. 

Slack time in XX.X weeks 

Cumulative variance along the longest path to the 
completion of that activity in XX.X weeks. 
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66 - 68 Probability X.XX of meeting the scheduled completion 
date for scheduled activities only (status S). Blank 
for all others. 

69 - 74 Expected completion date mo/day/yr XX/XX./XX. 

75 - 80 Latest allowable completion date mo/da/yr XX/XX./XX. 
Tbe END card Is not included 10 the output. 

2. Typed Output - Program Switch 2 ON 

The progress of computation is monitOl'ed by the typewriter. Header 
card data is printed to Indicate the start of computation. Any error 
messages are printed following this and are explained elsewhere in 
this write-up. Following tbis the operatOl' has the option to punch 
or type the output data (controlled by Switch 2). With Switch 2 ON 
two lines of heading will be printed followed by the 80 character 
actiVity records which have the identical form as the card output fOl'mats. 

If the slack is De9Btlve the units pos1Uon of the slack field will be 
an alphabetic character since output is typed In the alphabetic 
mode. Upon satisfactory completion of the pr'ogram, the message 
THE END will type. 

c 

III 

Input/Output 

c. I/O Formats for a Single Time Estimate 

The user has the option to use only one time estimate instead of 
three. Naturally all statistical calculations are bypassed then 
by the program. If Program Switch 1 is ON 1620 PERT uses only 
one time estimate; with Switch 1 OFF, 1620 PERT uses three esti­
mates. 

1 . Input formats for one time estimate 

2. 

The input is the same as for three time estimates except: 

The single time estimate is punched in columns 12 - 14 
(where the Most Likely estimate is usually' punched. 
The other time estimate fields (Columns 9 - 11 and 
15 - 17) are ignored by the program and may contain 
anything. 

Output formats for one time estimate: 

The output is identical to that when three estimates are used 
except: 

a. The single time estimate is punched in cols. 56 - 58 
(which contained the Expected Time otherwise). 

b. For scheduled activities (Status S) the probability is 
always left blank since it is not computed. 

r) 
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IV: Operating Instructions 

A. Console Switch Settings 

Set PARITY and 1/0 switches to STOP 

Set OFLOW to PROGRAM 

PSI 

PS2 

PS3 

PS4 

QIT 

Three time estimates used 

Output on Punched cards 

Not used 

Stops on input error 

Proceeds if no errors 

B. Operating Procedure 

1. Clear Memory 

2. Set consE>le switches. 

ON 

Only one time estimate used 

Output on typewriter 

Not used 

Edits all input data 

Proceeds with computations if no 
errors occur. 

3. Ready typewriter for 80 character line. No tabs required. 

4. Ready card punch with blank cards if punched output Is desired. 

s. Place program and data cards in read hopper In :he following order: 

a. Input Routine program deck 

b. Data deck in this order: 

1) Header card - "H" In column 18 

2) All activity cards sorted in ascending sequence on columns 
through 8, succeeding event ES within preceding event EP. 

3) END Card - "E" in column 18 

c. The remaining program decks in this order. 

1) TOPTHRFAD 

2) Backward Pass 

3) Fcrward Pass 

4) Output Routine 

21 

6. Depress RESET on the console; then press the LOA.D key on the Card Reader. 

7. Anytime after all the data cards have been read remove them from their 
place behind the Input Routine and put them in the rE"ad hopper behind 
the last card in the Output Routine program deck. 

8. Press RFADER START on the Card Read Punch to process remaining 
data cards. THE END should print on the typewriter to Signify co m­
pletton of the processing. 

c 

IV. 
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Operating Instructions 

C. Programmed Stops and Restarts. 

In general aU programmed stops should be referred to the PERT 
analyst for appropriate action as described in Section I I. 

With Switch 4 on the input data will be edited. If the data is all 
satisfactory processing will continue with no messages printed out. 
If the input data is not satisfactory, appropriate error messages will 
be printed out and editing will continue until all the data cards have 
been read at which time the message ERROR, START NEXT NE'lWORK 
will appear calling for the next network. 

With Switch 4 OFF the program halts as soon as the error is detected. 
If the Situation can be corrected withott affecting any data cards 
prIor to the one in which the error was discovered (the second from 
last in the normal read stacker) the remaining data cards beginning 
WIth the one in error may be placed back in the read hopper after 
malung the necessary correction. Follow Restart Procedure 3. 

Four restart procedures are possible. 

1. 

2. 

Complete restart at beginning after making corrections. 

Restart by reloading complete data deck. 

a. 

b. 

c. 

Run the remaining cards out of the read hopper, 
with the Non-Process Runout key. 

Clear the punch feed of cards. 

Place the complete data deck (either the present network 
with corrections or an entirely new network) in the read 
hopper followed as usual by the rest of the 1620 PERT 
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program deck (if any program cards remain in the read hopper). 

3. 

d. Press READER START and console START to continue pro­
ceSSing. 

Restart by loading remaining data deck after corrections are 
made. 

a. 

b. 

Run the remaining cards out of the read hopper. 

The second from last card in the normal read stacker is 
the card which caused the error . Starting with this card 
be sure there are no duplicate activities defined and all 
activity cards must be in sequence. 

o 
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C • Programmed Stops and Restarts ~ont 'd. ) 

c. Place these cards back 1n the reader hopper then press READER 
START AND console START 

4. No restart, processing continues. 

Some messages are for monitoring the progress of the program or indicate 
possible error conditions. Processing continues automatically after the 
message types out. 

Here i8 a 118t of programmed messages, the phase in which they can occur, the 
appropr1ate restart procedure to be used (describer above) and the Section 
elsewhere in the write-up where they are mor-e fully described. 
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~ MESMGE RESTART REFERENCE SECTION 

NO HFADER CARD. START AGAlN 2 IlB 
CARD OUT OF SEQUENCE f)WITCH 40rF) 3 or 1 lIB 
CARD OUT OF SEQUENCE ~WITCH 4 ON) 2 
DUPUCATE ACTIVITY 8WITCH 4 OrF) 3 or 1 lIB 
DUPLICATE ACTIVITY ~WITCH 4 ON) 2 
CHECIC ESTIMATES 4 UoB 
EXnA CARD~) 2 lIB 
CARD~) MISSING 2 lIB 
ERROR, START NEXT NETWORK 2 IIB 

1 NETWauc EXCEEDS MEMORY CAPACITY II B 
2 IN CLOSED LOOP 1 IIC 
3 XXX TERMINAL EVENTS 4 lID 
3 PROJECT DCEEDS 199. 8 WEEICS 1 lID 
4 XXX atIGlNATlNG EVENTS 4 lIE 
4 CUMUlATIVE VARIANCE EXCEEDS 999.9 WEEKS 1 lIE 
5 CD SEQ ERR 2 
5 THE END 4 

() 

IV. Operating Instructions 

D. Off-wne Processing Procedures 

The basic procedure for processing cards is: 

1. 

2. 

Sort the input activity cards numerically in ascending order on 
the first 8 card columns. A digit sort beginning in columns 
8, 7, 6, 5, 4, 3, 2, 1 is required. The header card should 
be placed at the beginning of the deck and the END card at 
the end of the deck after the sort. 

Process the input activity cards through the 1620 by the pro­
cedure described above. in IV.A and IV. B. 

3. Usmg a sorter and a printer (a 407 printer control panel wiring 
diagram is described in Section VIll ) a variety of reports can 
be made from the output activity cards by sorting in different 
orders. The most important is usually the listing of the 
activities from the most critical activity to the least critical 
activity. Another useful report lists the output activity 
cards in order of Latest Allowable Completion Date. Still 
other reports may prove useful to the user. In each case 
the header card should be removed before the output deck 
is sorted. After sorting, replace the header card at the 
beginning of the deck. If additional heading information is 
deSired, an unlimited number of heading cards may be placed 
1n front of the header card. The format for these heading 
cards is 

col. 18 - the letter "H" 

cols. 25 - 55 - the heading information 

all other columns must be blank. 

The sorting procedures for the two reports mentioned are as 
follows: 

a. Activity Listing by Latest Allowable Completion Date. 

1) Select all the Completed Activity cards from the 
deck by sorting out those cards with a "C" in 
column 18. You may wish to eliminate these 
activities from the listing or place them behind 
the sorted deck so they appear at the bottom of 
the listing. 

() 
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D. Off-Une Processing Procedures (Cont'd.) 

2) The Latest Allowable Completion Date is in mo/day/yr 
order in columns 7S - 80. Sort this date in ascending 
numeric order with day as the minor field (cols 77 - 78). 
month as the intermediate field (cols 75 - 76) and year 
as the major field (cols. 79 - 80). In other words, a 
digit sort in column sequence 78-77-76-75-80-79 is 
required. 

b. Activity Usting by Most Critical Activity to Least Critical 
Activity will be listed in critical path. 

~ 

This Usting is made by sorting from least slack time t(; 

most slack time. The 3 digit slack field is located In 
card columns 59 - 61. Remember that in 1620 PERT slack 
may be negative. This is indicated by an x - punch in 
column 61. 

It is recommended that the sort on slack time be made after 
the sort or Latest Allowable Completion Date. If this 1 S 

done activities will be listed In path sequence tln thE' 
Criticality Report. 

1) Separate the activity cards with an x-pufich in column 
61 from those with no x-punch in 61. The cards with 
an x-punch have negative slack. 

2) Sort the cards with x-punch 1n 61 1n reverse (descE'ndlng) 
numeric sequence on the field in cols. 59 - 61. 

3) Sort the remaining cards in normal (ascending) numeric 
sequence, on the field in columns 59 - 61 and place 
this sorted deck behind the sorted negative slack 
cards. 

4) ust the entire deck on the printer after placing the 
desired heading cards at the front of the deck. 
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V. Sample Problem 

A. 

The card deck which you have received from the Program Library includes: 

1. Deck 1 - Phase 1 - (Condensed SPS Object Program) 

2. Sample Problem Input Date 

3. DECK II - Phases 2, 3, 4, 5 (condensed SPS object progra"ms) 

4. Source Programs - Phases 1 - 5 

A PERT Network - The Complete Project 

figure V. 1 is an example of a small PERT network patterned after a similar 
network described in "Critical-Path Planning and Scheduling" by J. E. Kelly, 
Ir.. and MR. Walker, Mauchly Associates, Inc. Note that events have 
been numbered randomlY without regard for missing numbers. Associated 
with each activity is three time estimates--optimistic, most likely, and 
pessimistic, in that order--which are expressed in weeks. Figure V. 2 
is a 1620 PERT data sheet as it might be filled in by the PERT analyst. 
In Figure V. 3 is a 407 listing of the input data in proper (ascending) 
sequence. Figure V. 4 is the output as it would be typed on the type-
writer. Figure V. 5 shows the same output arranged in order from most 
critical activity to least critical activity (output cards sorted on SlACK 
cols. 59-61). The first three lines of the output listing are created by 
three cards which have the corresponding information punched in columns 
25-55 and on H in column 18. These three cards (or any other appropriate 
ones) may be inserted ahead of the output data deck to improve the re-
port. 

In output is on punched cards other sequences may be chosen by sorting 
on the appropriate columns. Figure V. 6 is a listing of the same out-
put data listed by latest allowable completion time. 

B. The Project Partially Completed 

C. 

o 

In figure V. 7 we see the PERT network as it may appear shortly after 
the project has begun. Activities 5, 13, and 17 are now complete 
and activity 16 has new time estimates because it is partially complete. 
Figure V. 8 is a listing in criticality order. The cards for the completed 
activities have been included in the listing. 

A Partitioned Network 

In some instances it may become necessary to process a network 
which is really a part of a larger network. An example cI. such a 
partitioned network is illustrated in Figure V. 9. It is a reduceti form 
of the network of Figure V.I with Activities 1, 2, 3, 10, 11, 12, 14, 
and 15 omitted. Figure V.IO shows the output of 1620 pmT using 
the same data cards as in the previous network except for the omission 
of those we have mentioned. 

o 
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VI 

o 

Maintenance 

A. Comments on Making Changes to 1620 PERT 

The objective in programming 1620 PERT was to provide the user 
with a program which would handle randomly numbered events and 
would provide a variety of PERT management reports comparable 
to those currently in use in most government projects. For this 
reason 1620 PERT was written for the card 1620 using the TOP­
THREAD technique for ranking with sole concern for handling the 
time factor only, not cost, manpower scheduling, reliability 
indexes or other resource factors. • 

Both new and old uses of the PERT method may demand modifica­
tions to be made to 1620 PERT. Some changes may be readily 
incorporated; others will require a major program revision. The 
following remarks are given to provide the user who desires to 
modify the program some insight into the scope of effort required 
for certain changes and into the considerations inherent in these 
changes. Note that these remarks are not necessarily complete. 

Most changes will probably occur in input/output requirements. 
These will involve only the Input Routine and the Output Routine 
and are desC2'1bed in this and the other two parts of this section. 

Most other changes, that i8, those affecting Phases II, In, and 
IV (TOPTHREAD, the Backward Pass, and the Forward Pass) will 
require a major change 1n the program. Specifically any change 
involving the lengthening of a field (e. g. event numbers greater 
than 4 digits, time estimates greater than 3 digits, total project 
time greater than 199.9 weeks, or more than 999 activities) will 
cause a major change 1n these three phases and will not be 
discussed here. 

Each of the five phases is a completely separate program and can 
be assembled separately in SPS. The provisions for making a 
change in one phase without affecting the others are: 

1. The activity records as they appear at the completion of 
the previous Phase must remain in memory (location 
04000 ff.) Since the Phase being changed depends on the 
output format of the previous Phase Which is given in 
Section n. 

c 
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Comments on Making Changes to 1620 PERT (Cont'd.) 

2. Similarly the succeeding Phase requires the output of 
the Phase being changed (the updated activity records) 
to be in the same format as specified in Section II. 

3. The same remarks that apply to the activity records also 
apply to the data area which occupies locations 03943 
to 03998 iri all five Phases. That is, the fields in this 
area are common to all phases and must be included in 
each phase. 

4. Be careful not to use the symbols referring to the activity 
records and data area in the Phase being changed for 
other uses. 

5. No one Phase may exceed position 03999 exclusive of 
activity records. If a modification of any Phase requires 
that Phase to occupy more than 4000 pOSitions, all the 
Phases should be reassembled separately after the 
following changes are made to the SPS source program: 

1) The operand of the last DORG card in each 
Phase should be changed from 4000 to the 
address of the beginning of the first activ­
ity record after the change. For example, 
if a change in Phase V (the Output Routine) 
requires Phase V to occupy poSitions 
00000 through 04499, then the card with 
page and line number 99029 in each Phase 
should have the operand changed from 4000 
4500. Similarly, the DORG card 98100 in 
each Phase should have its operand incre­
mented from 3948 by the same amount. In 
our example, where the program was expand­
ed by 500 poSitions, this change would be 
from 3948 to 4448. 

6. After reassembling and condensing, be sure columns 
1 and 2 of the last card in each Phase contain "41" 
not "48". Otherwise a programmed halt will occur 
at the end of each Phase. 

To modify 1620 PERT for 40K and 60K machines, change the operand 
in card number 91140 in Phase I (the Input Routine) from 20000 to 
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26077. Although the capacity of the machine is larger, the nature of the 
program prohibits a larger number from being used. This allows for a 
maximum of 999 activities. (This change can be made to the Phase I 
condensed SPS deck by changing columns 33-37 in card 00022 from 
19988 to 26054 • 
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VI. 

B. Incorporating Changes into the Input Routine 

Changes should be made in accordance with the requirements listed 
above in Section VI A. Be sure the activity records are set up by the 
Input Routine in the form described in Section II B. 

If a change is made in the format of the input activity cards. remem­
ber that the Ouput Routine is based on the same format since the 
activity cards are passed through the 1620 a second time to obtam 
descriptive information from them. Actually the event numbers 
(cols. 1-8). the status code (col. 18). the scheduled or completlOn 
date (cols. 19-24) and the activity description (col. 25-55) are the 
only card fields which the Output Routine requires. Other columns 
may be used as desired without affecting anything but the Input 
Routine. 

Columns 56 through 80 of the input activity cards are not ~ by 
the Input Routine and may be used for other identification purposes. 

U a major revision 1n card input format 1s required carefully conSider 
writing a program to convert to the format required by 1620 PERT 
rather than modifying both the Input Routine and Output Routine. 
This would likely be the simplest way of obtaining compatibility 
with the two-card format frequently used by programs written for 
larger computers. 

~ 
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Incorporating Changes in the Output Routine 

Many of the remarks in Sections VI A and VI B also apply Jiere 
and should be reviewed before modifying the Output Routine. 
1620 PERT emphasises completion dates. Normal output includes 
the Earliest Expected Completion Date (Earliest Finish Time EFT 
when refering to Critical Path Scheduling or LESS programs) and 
the Latest Allowable Completion Date (Latest Finish Time LFT in 
LESS programs). LESS programs also include the Earliest. Start 
Time EST and the Latest Start Time LST. Both of these times can 
be calculated in the Output Routine. The EST is immediately 
available in poSitions 15 - 17 of each activity record. The LST 
can be calculated by subtracting the Expected Time (average of 
the three time estimates) from the Latest Allowable Completion 
time. This calculation may be made by incorporating the proper 
instructions in the SPS source program after the instruction at 
PCALC ~ 36. Conversion of both the EST and LST to a date in 
1620 double digit form Suitable for output should be made after 
the instruction at PNOTSC ~ 60 following the 3-instruction 
method used for the Expected Completion Date (EXPTIM) and the 
Latest Allowable Completion Date (AFTADDf in the first six 
instructions of PNOTSC. The Output Routine works on only one 
activity record at a time. When the completed record for an 
activity is punched it begins proceSSing the next activity. The 
addresses of the fields in question for an activity at any given 
time are located at the following symbolic locations: 

ESTADD 

DADD 

AFTADD 

EXPl'IM 

MODAYR 

NTOA 

PRINT-+ 2 

address of EST 

address of the expected time 

(duration time D) 

address of Latest Allowable 

Completion time (AFT or LFT) 

Expected Completion Time 

entry to the MODAYR subroutine 

to convert to a date 

entry to .a Numeric to Alpha 
subroutine. 

Corresponds to the first column 
of the output activity card. 
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VIIl A 407 Panel for Listing 1620 Input and Output Data. 

The 407 PERT BOARD assumes that all non-activity cards (1. e. Header 
Cards) have an "H" 1n Card Col. 18. 

If there are no header cards it will be necessary to place a blank card 
with an "H" in cc. 18 ahead of the other cards. 

Alter SW *1 Off: Glves the Pre List 

On: Glves the Post List 

Alter SW *2 Off: Single Space 

On: Double Space 

A Carrlage tape must contain a one punch for the flrst printing line and 
a -twelve punch for overflow. 

Flgur. V. 1 A Small PERT Network -Complete Project 
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NETWORK NO. 

NETWORK TITLE 

RUN DATE (M-D-y) 

1620 PERT 

NO. OF ACTIVITIES CASE NO. ~ 
, t , , , , , , , , , • , , , • ' , I 

' , , -. -2k12,01611 

PAGE __ 1 _OF_1_ 

ANALYST _________ ~ __ ----~ 

FINISH DATE (M-D-y) IOdlO. 1I6,3J I 
I 75 80 STATUS CODES ·(COL. 18)19 c-C<3~P~TED ACTIVITY S-SCHEDULED ACTHliTY BLANK-NON- ~n a,.. '","" 

~ N"l'l) .M.!:: (WE ;KSJ 
It "OriffW.~ r),c::.ACTIVITY DESCRIPTION liOMMENTS 

¥.G}~4 5P~r:B I !P.P~ !~el.r4l ~~.sfi.7 Ir!~ l L L..J.. , 
• • I .L .. ~ not punched) I 
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• I 
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• I 
'.1 • 1 
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FIGURE V.2 

1620 PERT 

Network No. 
~ 

No. of Actlv1t1es Case No.l...&...&....J 
9 11 

Page ________ of ________ _ 

~~~I~I ..... I~'~.-.~I~'~'~I~I~I~I~.~I~I~I~I~I~I~I~~~ __ ~ ... ~$~I Analyst ____________________ ___ 

t\ , • I I • I Start Date (M-D-Y) ~I Jf! ....... _"'""!:I;:r1 Finish Date (M-D-Y) ""I,.A ............. -.-.... J 
19 2f fA 14 75 00 

Network Title 

Run Date (M-D-Y) 

Status Codes (Col. 18) C-Completed Activity S-Scheduled Activity blank-Non-ScheduledAc.t1vit' 
. kvents Time (Weeks) 

Mm~ 
IActivlty Description .5-iomments 
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(Not Punchedl 
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NETWORK CASE TITLE NO. OF ACT. RUN START FINISH 
7777 001 TEST NETWORK 21 031562 010162 040163 ... - .--.............. 

04, 

~01 TERMINAL EVENTS ~01 ORIGINATING EVENTS 

EVENTS TIMES S OR C ACTIVITY DESCRIPTION 
PREDSUCCOPTLIKPES MODAYR 

00410048005010015 ACTIVITY 
00410053040050060 ACT 2 

. 00420041010020030 ACT 3 
00430054020080080 ACT 4 
00440056000010020 ACT 5 
00450046010010010 ACT 6 
00460047000000000 ACT 7 
004600540400701ooS123162ACT 8 
00470041010010010 ACT 9 
00480049010010010 ACT 10 
00480053000000000 ACT 11 
00490051005010015S040163ACT 12 
00520044010020030 ACT 13 
00530049000010020 ACT 14 
00540042040045140 ACT 15 
00550045250300350 ACT 16 
00550052060090120 ACT 17 
00560043200360400 ACT 18 
00560045000000000 ACT 19 
00560046010020030 ACT 20 
00560047400450500 ACT 21 
THE END 

EXPSLKTOT PRBXPECTDLATEST 
TIM VAR MODAYRMOOAYR 

0100100162 031163031863 
05003-0163 040863031863 
02003-0162 030463021163 
07003-0133 010763121762 
01003-0012 032662030562 
0101200028 080662102962 
0002600028 080662020463 
0701200038100092462121762 
0100000040 021163021163 
0100100162 031863032563 
0000100162 031163031863 
01003-0164023042263040163 
02003-0011 031962022662 
01003-0164 041563032563 
06003-0161 021863012863 
3001200028 073062102262 
09003-0010 030562021262 
34003-0123 111962102962 
0003000012 032662102262 
0202900013 040962102962 
4500000040 020463020463 
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LOAD SOWlCI DICK 'HEI'USH S'.' C ",.1 IIIPUt' CONVERS I ON 
D.MIIIION NE'(2Sl1N£S(2S)fNAP(2S)tNAS(2S),M(25) 
I.NlISION 0(ISJ1VaK(2S),IS (25),AF (25) 
1 •••• 01· CUM(lz) 
all 1 -JI. 
CUM I -59. 
all J -90. 
all , .'10. 
NI S -151. 
CUM , -181. 
aM 7 -112. 
aM • -Zlt3. 
CUt , -Il!l 
aM 101-.,.... 
aM 11 -JJIt. 
CUM II -)65. 

20D I£AD I ••• ST~,$TADA,STAYR,SCHMO,SCHDA,SCHYR 
DO lID '-I,M 
"11).0 MS ').0 
M(I .. 
IIAD 2,1l'(ll.N£SCI),A,AB,B 
.,(AI- )IOS.~1.201 

101 .,( ..... )105 202 202 
20S PRINT

1
NlPCI1&::ICI),A,AB,B 

101 OCI)- ~.* )/6. 
VAR(I -CCI-A)/6.)**2 
tF(SIISI SWITCH .)209 210 

219 "INTL~(I),M£S(I),Dfl),YAR(I) 
110 CONTI..-

C I'S'I TOPTHRIAD 
JSW1-1 
LAST ... ' 

10 10 I' ,-, M 
1"M(I»21.25.25 

21 ClllTI .. 
U &0 TO 100 
2S ... ST-1 

L-I 
JSW2-1 

JO ltel 
M(It) ... (It)+1 
IF(M(It) .... )32.'2.31 FOIl1RAN USTING 

31 .. lIlT LI.~lMIPCK) .MIS(K) PAGE 1 
ST. &;L1ft&0 LOOP ERROR 

P l'I ..... »)It 50 50 
" IF .'(It+h:AE'(I) »5.1"'.50 
3S PIt lIT. ItI!!EP(K)J.MES(~) 

STOP T Of SEQU&NCE 
110 '-1+1 

GO TO 'lt1 30) JSWl 
It, 1'(..,(11'42,43,42 
1t2 MAS I-MAS I) 

NAP'''''' I) 
NAP I lIAS IJ-UP ( I) MAS MPI)-NAS(I) 

"3 NAP .)-K 
MAS K)-I 
r.n Tn 1n 

43 

n 

50 GO TO(S2,51),JSW2 
51 L-NAS(L) 

GO TO 53 
52 JSW2-2 
53 JSW1-1 

DO 55 I-I N 
IF(M(I»5~,54 54 

54 IF(NEP(I)-NESlL»55,57,55 
SS CONTINUE 
S6 GO TO 60 
57 IF(NEP(I)-NEP(K»41,58,41 
58 JSWl-2 

GO TO 30 
60 NASL-NAS(L) 

IF(K-L)62,61,62 
62 L-NASL 

GO TO 53 
61 NAP(NFRST)-O 

NAS(L)-LAST 
IF(LAST-(N+l»64,63,63 

64 NAP(LAST)-L 
63 LAST-NFRST 

00 69 l-l,N 
IF(M(I»69 65 65 

65 IF(NAS(I»&6,&9,66 
66 M( I)--M( I ) 
69 CONTINUE 

GO TO 20 
100 DO 101 1-1 N 
101 PUNCH,NEP(r),NES(I),NAP(I),NAS(I),D(I),VAR(I) 

GO TO 200 
END 

END OF COMPILATION 
LOAD SUBROUTINE DECK 
THEN PUSH START 

FOR'l'RAN US'1'lNG 
PAGE 2 

~ 

44 



LOAD SOURCE DECK 
THEN PUSH START 

DIMENSION NEP(22),NES(22),NAP(22),NAS(22) 
DIMENSION D(22)tVAR(22),EST(22),AFT(22) 
DIMIISIOM CUM(lz) 
ClM 1 -31. 
ClJt 2 -59'. 
ClIt ) -90. 
CUM .. -120. 
CUM 5 -151. 
CUM 6 -181. 
CUM 7 -212. 
CUM 8 -2"3. 
CUM 9 -273. 
CUM 10)-304. 
CUM 11)-334. 
CUM 12)-365. 

200 READ 1,N,STAMO,STADA,STAYR,SCHHO,SCHOA,SCHYR 
DO 201 1-1 N 

201 READ, NEP(t),NES(I),NAP(I),NAS(I),D(I),VAR(I) 
C BEGIN MO/DA/YR TO DAYS FO START, SCHEDULE 

YR-STAYR 
DA-STADA 
MO-STAMO 
JSW1-1 

)01 YItS-nt-60. 
DAYS-J65.*YRS 
IYI-'.S,". 
EIITYI-IYR 
DAYs-DAYS+l.+ENTYR 
IF(MD-1»)05,301t,305 

3O.tt DAYs-GAYS+DA 
GO TO 3G6 

305 DAYS-DAYS+CUM(MO-1)+DA 
)06 GO TO ()02,)03),JSWI 
302 START-DAYS 

YR-SCHYR 
DA-SCfI)A 
MO-SCtItO 
JSWI-2 
GO TO )01 

303 SCHED-OAYS 
C BEG I N BACKWARD PASS 

DO ltD1 l-l,N 
IF(NAS(I)-N-l)401 ,402,401 

ItO 1 CONT I NUE 
!ta2 KH-I 

K-I 
AFT(l)-SCHED-START 

'10 K..,(K) 
I-It 
IF(K)420,SOI,420 

420 I-MAS (I ) 
IF(I-N-l)422,421,422 

421 AFT(K)-SCHED-START 
GO TO 410 

422 IF(NEP(I)-NES(K»420,430,420 
430 nMlN-AFT(I)-D(I) 
4ItO IF (I-N)444,441 444 
4IJ4 IF(NEP(I+1)-NEPfl»441,442,441 
441 AFT(K)-nMl N 

GO TO 410 

o 

FORTRAN USTING 
PAGE 3 

4S 442 1=1+1 
T IME=AFT( I )-D{ I ) 
IF(TIME-TMIN)443,440,440 

443 TMIN=TlME 
GO TO 440 

C BEGIN FORWARD PASS 
501 TlMEq). 

VANCEq). 
DO 502 1-=I,N 
IF(NAP(I»S02,503,502 

502 CONTINUE 
503 Klo:::l 

K-Kl 
510 EST{K)-=TlME 

VAR(K)cVANCE+VAR(K) 
IF(K-N)Sll 515.515 

511 IF(NEP(K+1J-NEP(K»515,512,515 
512 K=K+l 

GO TO 510 
515 IF(NAS{K)-(N+l»520.600,600 
520 K=NAS(K) 

IcKl 
TlMEq). 
VANCE=O. 

530 IF(NES(I)-NEP(K»54O.531,540 
531 IF«O(I)+EST(I»-TIME)540,532,534 
532 IF{VAR{I)-VANCE)540,540,535 
534 TIME=D(I)+EST(I) 
535 VANCE=VAR(I) 
540 IF(I-NAP(K»S41.510,541 
541 IcNAS( I) 

GO TO 530 
C BEGIN OUTPUT ROUTINE 

600 IF(SENSE SWITCH 1)605.606 
605 00 601 l=l.N 

PRINT,NEP(I),NES(I),EST(I),AFT(I),VAR(I) 
601 CONTINUE 
606 IF(SENSE SWITCH 2)602.200 
602 00 650 1=I,N 
603 JSW2-=1 

DAYS-EST(I)+START 
604 INOEXcO 

IYR-=60 
610 IF(INOEX)612 611,612 
611 IF(aAYS-366.J621,621,613 
613 DAYS-DAYS-366. 

GO TO 614 
612 IF (DAYS - 365.)626.626,615 
615 OAYSo:::OAYS-365. 

IF (INDEX-3)614,616,614 FOR'l'RAN USTING 
614 INDEX-INDEX+l . PAGE 4 

GO TO 617 
616 INDEX~ 
617 I YR-=I YR+l 

GO TO 610 
621 IF(DAYS-60.)626,623,624 
623 HO =2 

IOAY=29 
GO TO 645 

624 OAYS=OAYS-l. 
626 IF(aAYS-31.)625,625,630 
625 HO=1 

lOAY=JAYS 
GO TO 645 

630 JO 631 J=2,12 
IF(nAy~-cl.1(J))640.640.6~1 

() 

46 
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o 

631 CONTINUE 
61tO HO-J 

IDAY-DAYS-CUH(J-l) 
GO TO ('~5.649).JSW2 

6115 I MO-f«) 
I I DAY-I DAY 
IIYR-IYR 

~ DAYs-AfT(I)+START 
JSW2-2 
GO TO 60It 

'" PRINTI.~EP(I).NES(,),IHO,IIOAY.I IYR,MO,IOAY,IYR 
650 CO NT I NUE 

PAUSE 
GO TO 200 
ENO 

[NO Of COMPILATION 
LOM SUBROUT I WE DECK 
THEN PUSH START 

FORTRAN USTING 
PAGE 5 

~ 
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Input 
Routine 

Topthread 

Backward 
Pass 

Forward 
Pass 

Output 
~outine 

r) 

48 

Diagram 1 
General Block Diagram 



Set Card 

SSR~~OFF 
Set Activity 
COH~Jl to 

B:~ffl~N~o 
Zero 

Initialize Bas 
Table Address 

Set Card Cou~ 
to Zero 

c 

49 

Diagram 2 
Input Routine I 

~) 
,-~ 

e 
Save Activity 
Event Nos. 

Set Up Input 
Fields 

Calculate 
D = A + 4M + 

6 

Calculate 2 

~=M 

Set 
cr2 = 0 

Set AP. AS 
and M to 

Zero 

Increment 
Activity 
Record 
Address 

Restore 
Card 
Count 

Set No. of 
Act to Card 

Count 

RN 00000 
B 00000 

o 

50 

Diagram 3 
Input Routine 11 



o 

A \.!lQ 

Set Ap, As, 
m to Zero for 
all activities 

Set Last = n 
.Tum SW 1 

Off 

J...-______ N_0--t{ls this the last activity? 
i = n? 

Yes 
First: 1 

l : I 

T 25 

Turn Sw 2 Off 

Diagram 4 
TOPTHREAD I 

n 
51 

Yes 

T30 

K = 1 
mk= mJ(+ 1 

Is this the last activity? 
IS k= n? 

ON 

No 

Api = k 

Ask = i 

T43 -, 

T31 

T42 
Ap (AsU = '\1 
As (Api) = AS1 

~ 

Diagram 5 
TOPTHREAD II 

52 



153 
F 

s the activity In the 
log1cal or numeriC area? 
~~~~o~?~ ______ ~ I Y 

T55 

No As this the last activity? 
'--________ ---4( IS 1 = n? 

c 

Turn 
SWI 
On 

~ 

Turn 
SW2 
On 

-J 

TS2 

Diagram 6 
TOPTHREAD I I I 

S3 

() 

T60 

Save AsI 

T62 

(f,s this the ~st acU~ity ~~= ASl 
~he logical area? Is k = jtr 

, ~es 

I Asl = Las~ ::1
61 

I ".l;rst = 0 dJ 

Last = First 

<6> 

Put the activit 
in the terminal 
area. Set 

mi=-mi 

No (' Have all activities been 
'--________ --1 checked? Is i = n? 

/ ----- ------_._--_._- ~ 

~ Yes 

o 

54 

I 
I 
i 

I 
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o 

No 

No 

l<l 

(' .... 

BBE_ •. 

LAST ACT 
LAST = I 
KN = I 

K= 

AFT 00 = 99.9 

B410 

K = NAP (K) 
1= K BSOI 

Diagram 8 
Backward Pass 

S5 

n 

Yes 

Diagram 9 
Forward Pass 

Fl2 

.K = K-+-l 

Yes 

s 

J( ,FBEGIN 

TIME = -99.9 
VANCE = 0 

Find First 
Activity 

* ~ F503 
leI = I 

K = K1 
ORIG = I 

K = NAS (I{) 

I = Kl 

VANCE = 
VAR (I) 

F535 

n 

56 



Set Flags 
In Print Area 

Set Up Base 
Addresses of 

Activity Table 
Fields 

c 

Convert 
Card ES 

to Numeric 

Select Next 
ES from AcHvi 

Table 

PCALC 
Increment 
Activity Table 
Field Addresse 

Calcu1ate -~ 
EXPTIM 
=EST +0+99.9 

Convert and ~ 
Move Expecte 
Time 0 to ?rin 

Print C. 

Diagram 10 
Output Routine 

57 

K 

c 

Convert 
Scheduled 

Date to 

" Num:;ic 

'Convert ~ched 
Date to Days 
(Base 1-1-60) 

ays from Net ~k 
Start Date , 

Convert 
0- (XO) 
To Days 

Convert 
EXPTIM 

To Days 

Subtract 
Sched. Days 
-EXPTIM Days 

Divide By 
Sigma Days 

(XO) 

Store 
T - T s e 

In~ 

s 

B 

Diagram 11 
Output Routine 11 

c 
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o 

NODlYR 

WOmB 
u.ouUne 

IN 

1P604 

YR Index" 0 
YR" 60 

Days = 
Days-365 

-r 

Days= 
Days-366 

.. Index E 3Q NO:==) 
XII t P6 P614 

Indes = 0 

'-----~ 

~ Yrs =Yrs + 1 

, 

Index 
=Index+l 

P626 

P621 

P624 

Subtract 

One Day 

59 

(oays4 31? ~ 
Yes 

P625 
No=1 
Day=Days 

~ 

J 

P630 

I = 2 

lit Days ~ c¥es 

I No 

I = I + 1 

j.----,ow-

No=I 
Day=Days 

~um 

NODrlYR 
Sub. 
Out 

P623 
Mo=2 
Day=29 

Diagram 12 
" "MODAYR Subroutine 

n 

1 * 
004n~ 10 

n 

A~r.I N INPUT rONVFR5JONl 
"ORr. 402Z 

60 

00401 " 0?11~ on~~o ~o JAfr.TN RACD INPtrr&2l 
on414 '? 0"46 n~nno 21 
004'6 14 0'141 nnOM8 22 
004~8 46 00498 nI2nn 2~ 
004~0 '4 nnnnn nnln2 24 
On462 ,~ n'7~~ onlno 2~ 
n0474 4~ nnnnn nnnnn 26 
On4~6 4~ 00402 nnnnn 21 
n04~8 '4 nnnnn nnln2 ,n 
tm15"Tft,-q ~ Tml-rm 40 
00522 '9 n~n4I nnlnn 50 
on~~4 '1 "'117 ""non 60 
on~.6 '6 n,,~, n",Q '0 
oo~~~ ~, 0"1~ nonnn 80 
oo~'n '6 n"9~ n?l~' 90 
~~~ ~, ft?~ f'tm't1m Ion 
005Q4 '6 0"6~ 0"'1 110 
00606 " "~1?" nonno 120 
"n61~ '6 n"~l 0"" l~O 
n"6~n ~, n"4~ nnnnn 140 
0064' '6 n'4n1 n,,~q l~n 
on6~. ~, O~'_8 ~ leo 
00666 '6 0241' n,~~q 110 
n0678 '2 0"6" nnnnn leo 
nn6qn '6 n'4~' n"" 19n 
nn1n? '4 nnnnn nnln? lq, 
n011. ~q ""7~ nnl00 1~~ 

un~6 ,~ "'464 ~'71 110 
007'8 '6 n,Qq6 "'441 ,~o 
nn7~n " n2464 n,,~q 2~0 
nn16' '6 n,QQn n'441 240 
n07'4 " "'464 """ 2~n 
nn7A6 '6 n,All 0'441 260 
~- ~ n'lIt~ ~ 0' '?4t 
onel0 l~ n1119 nnnnq 01 1~ 

nnllt" 16 n~Q~4 nn-nn 01 80 
O"~~. '6 0'6" n'661 01 81 
~0~46 16 n16~~ ~4t77 01 8' 
nn~~8 '6 n'~l~ n nnn 0' A7 
~87n ,. n'~lt 0 non 0' 8ft 
OOAA? 46 on~'n n"nn 01 e9 
nOeq4 ,~ n171~ nnnnl 01 90 
on9n6 4Q ~n9'n nnnnn 01 91 
0091ft " n~l~ 0 nnl ot 94 
009'0 '6 n2112 nn~nn 01 9~ TP~An 

-~~ t-l ~ft1~- 0 ft1"tl 01 ~4t 
009~4 ?~ 0266~ n',?9 ~1100 
0~q~6 14 n'~6~ nnn-~ "'110 
OOq7~ 46 n1'n~ nllnn 01110 
noqqn 4~ ~nQ~n ~l'~n 01t," 
010n? " n~OA4 ~n-nl Ot14n 
01014 ~? 0"12 nonon 011~O 
01076 '4 0?119 0'611 01160 
nln~~ 46 n1,~n nlton 01170 
nl0~n ~, nl.~n n~nnn 0117~ 

n,o~' ~4 nnnon nnln, 01t80 

~-=- T "PUTf'.'II)Z 
rM INPIIT&'6,4~, 101 
AF *t.6nz 
Rrn Z 
WATY M~GC:Z 
H 1: 
" ,,,-=-r,y HZ 
RrTv 7 
WATT RFmu-Z 
WATY HFAtllRZ 
~F I~UTr.lZ 
TF HFA"?&ln,JNPUT&8Z 
~F TIIfl)IJT&17Z 
TF H~A"2&26. TNPlIT&2'l 
~F T~rr&41t? 
TF HFA"2&92.'HPUT&110Z 
~F 1 flfPltT&91 
TF H~An2&108. INPtJH.161 
~F T-I1Tr.~TZ 
TF HFAn2&,'e,JHPtJTr.4"Z 
~~ TffPtfT& t.,tt ---- ----- ---- ----
TF HFA"2&144,rNPUT&14~Z 
5F TNPtJT&149Z 
TF 
prTY 

HFA"U.160, JNPIITr.16nl 
Z 

WATY HFA"n,7Z 
RT nmJiT~5nT-

TF nAT~S,NUMZ 

"T ATON,JNPIIT&14e1 
TF nAT~S-6.NUMZ 
RT ATnIII",",'JT&tfiZ 
T-=- HI"." ,NIIMZ 
~ ~---------

T"M IOlJT&I~,9Z 
T~'" N,O,"l 
TF FPFS,Z~RO~SZ 

T~ TPttTr.6 •• rT-'.~T7-=- r.tr 
TFM TOTAL.o.eZ 
~ 1fUIIIIIIt ttt. tt--
R-=- TR~Anl 
Tn... T(')t1T&t~h II 
R IP~Anz 
~.. TM't,l,8l 
PNrn T HPUTM Z 
.... - TnHt.1t8Z -----------­
Tn r(')"~,TNOllT&18Z 
rM rmF,',lo7. 
RH TnUTl 
R-=- TR-=-An? 
AM N, t.97 
5-=- T~nlZ 
t TNPUTr.e.FPFSZ 
RH YC;TORFl 
~F TDOHEZ 
RCT" Z 



61 

V llJ74 .w-'ltTlq- 'ff1?1m - n 11 "n .... Tnt1l'1 
01n~6 ~I n~~,~ nn1no 0119Q WHTY TOTAL-'Z -- - _ .. -- ~ -' t)1098- ~-1'1?6," ttnltm-OlZOO WATY M~(;AZ 

nl11ft 46 nn.~n nn4nn ft~ 5 "(,4 TRFAnz 
nl'~~~ nl~~n-~nnn "' ~ ~ ft~mrFZ 
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