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Authors: John C. Patton
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1620 PERT ( Erograﬁ Evaluation and Review Technique)

A. Purpose/Description;: To allow 1620 users to utilize project
planning and scheduling concepts. The 1620 PERT program
combines least cost estimating and scheduling with the determina-
tion of the risk involved in attempting to complete a total project
{or any part thereof) within assigned completion times. The program
allows negative slack times to be produced for the determination of
other existing critical paths. Projects may be planned, scheduled,
monitored and changed with this program.

B. Method: Iteration

C. Restrictions and Range: No node may be numbered 000 or may be
above 999, For a 20K machine, the sum of the number of the
highest numbered node and the number of jobs must be 1672 or less.
To work in conjunction with Part II, the sum of twice the number
of jobs plus the highest numbered node must be 3100 or less in
addition to the previous requirement. Node numbering is completely
random. .

D. Accuracy: N/A

E. Machine Confiquration: 1622 with a memory of 20K

F. Program Requirementss 20K for the above requirements. 40K
for 3672 & 7100 respect. 60K for 5672 & 11000 respect.

G. Source Language: Written in SPS,

H. Program Execution Time: Running time depends upon node numbering

and the total number of jobs.

Al

January 14, 1963

Comm/Wash

1620 PERT 10.3;006 - Addendum to: (this Addendum supersedes
all previous addendum which should be destroyed)

‘1620 Library

Program Distribution Center
Post Office Box 790

White Plains, New York

The following changes are to be incorporated fnto the 1620 PERT
program (10.3.006) card decks and write-up.

1. Page 19, D, Error 2 - Delete: "To find the first “last"
node type out locations 3247-49". Add .. 2925-27.

2. Page 19, D, Error 3 - Delete: "To find the first "first”
node type out locations 3244-46." Add ....2922-24.

3. Some models of the 1620 will give a write check when
punching a pass II output card that is on the critical
path with zero slack. This is because a job on the
critical path has been indicated by an asterisk in cc.75
which is a special character (11-4-8) in the numeric mode.
These models will not write the asterisk in the numeric
mode without a write check although earlier models will.
A remedy to this discrepancy is as follows:

a. In the condensed deck, Part I, card #28 change
cc.59-60 from T4 to U0 or to any alpha-numeric
code which is valid suchas 0% __.

Write-up changes: Appendix C, Part I , SPS Listing,

L Check Out Status:  Run successfully ten times. This program and page 47.
its documentation were written by an IBM employee. It was
developed for a specific purpose and submitted for general distribution from 01862 16 002490004 7180 TFM Record &

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. IBM

148, 14, 103
to 01862 16 0024900080 7180 TFM Record &
148, 00, 103

serves as the distribution agency in supplying this program. Questions

concerning the use of the program should be directed to the author's
attention. ’




At
_Write-up Changes: Appendix D, Part I condensed listing, Page 53 9. In the write-up,Pa ge 20, next to 75" delete:
Line 29 (card 28) »Contains * if this is a critical job®. Add:

from J4 2 0010181401874000028 ) »Contains code desired by user.* (as outlined

to - 00Z 0010181401874000028 in this addendum #3a.)

b. This correction eliminates the asterisk altogether 10. In the write-up, Page 21 - Suggestions, Add:
and places zeros in its place (or any code desired). The specialized parametric linear programming
This however, is a minor point since tte asterisk algorithm referred to can be found in the SRARE
is merely an eye-catcher to point out critical paths abstracts under the IBM 7090 abstracts.
which have zero slack time. If desired, when :
listing the Part I or II output deck, a test can be 11. It has been shown that Type 1 cards in Part I have
made for zero slack or an 0-2-8 punch on the 407 . caused errors in the running of the program. The
and an asterisk generated in its place. The use of following changes will remedy this:
a negative zero was suggested but this may lead - .
to confusion with respect to paths containing neg- a. " All Type 1 cards will have an 0-2-8
ative slack. punch in cc.1.

It should be pointed out that in cases where Part II is not Condensed Deck Changes

used, cc.28-50 of the input cards to Part I may be used v -

job descriptions since Part I is in the alpha numeric mode. b. Change Card #45 Part I condensed deck to:

(see Page 29). This will in no way impare the operation of .

Part I. 3700101 00500 450257800101 3300101 00400 4902530 00000

: 1400104 V0000 % ..
In the write-up, Page 27, Part II input, Section II, the

statement "the proper Type 3 cards is chosen ..."

. Cha Card #46 Part I condensed deck to:
should be replaced by "... proper Type 2 cards ..." € Change Card #

460264601200420000000000410000000000410000000000

" In the write-up, Page 15, last sentence, 3rd paragraph should 410000000000 ¥ ...

be: “Zero slack will be indicated by a code chosen by the user.”

' ; ) d. Change Card #65 Part I condensed deck to:
In the write-up, Page 17, under Type 1 - Heading or Descrip- 3703375005 00450358403375390337500400430307800000
tion Cards. Delete the entire paragraph and insert: "These are 320337400000 % ...
identified by an 0-2-8 punch in cc.1 followed by any information -

desired. These cards cannot be used with Part II." e. Change Card #66 Part I condensed deck to:

140337800000460396601200490364600000390337500400

In the write-up Page 17, under Data Deck next to #3. one type 420000000000 % ...
4 card Add: (if used, if not used one blank card - Type 3 - -
1s required. . f. Make the comresponding changes to the Part I

condensed listing write-up, Page 54.




SPS Source Deck Changes Part I, Appendix C

FRoM TO
17040 RCD1lee RACD REC1 RCD1°¢«RACD REC1 (same)
17050 ‘ SF REC1-1 BNR * & 36, REC1
17060 CM REC1&3,0 WACD REC1
17070 BE LAST CD B READ1
17080 CM REC1, 0, 10 SF REC1-1
17090 BE DATAl CM REC1&3, O
17100 CM REC1, 70, 10 BE LAST CD
17110 . BNL DATA1 B DATA
17120 PCH1++WACD REC1 WACD REC1 (same)
11170 READ+*RACD RECORD READe**RACD RECORD (same)
11180 CM = RECORD, 70, 10 BNR * & 36, RECORD
11190 BNL END & 12 WACD RECORD
11200 CM RECORD & 3,0 B READ
12010 BE END CM RECORD & 3,0
12020 CM RECORD, 0,10 BE END
12030 " BE END & 12 BB
12040 BNF READ, READ-1 NOP
12050 WACD RECORD NOP
12060 B READ NOP
12070 DORG *-3 . ) DORG™ *-3 (same)
The comresponding changes should be made in the SPS Part I write-up
of Appendix C.

~XC. Patton

JCP:doh .
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INTRODUCTION

This description of the 1620 PERT program assumes familiarity
with the concepts cf PERT as given in: General Information Manual
PERT...a dynamic project planning and control method; IBM E20-8067.

The 1620 Program Evaluation and Review Technique (PERT)
program is composed of two main parts. Part I, written by Frank H.
White, is an adaptation of Ray N. Sauer's Least Cost Estimating and

- Scheduling (LESS) program for the 1620. A description of the modified
LESS program as it applies to PERT will be given in this report. PartII,

~written by John C. Patton, in conjunction with Part I can be used to
establish completion times as well as to adapt to given completion
times for many types of contractural projects in business and industry.

In particular, Part I is used to determine the best project com-
pletion time based on critical path scheduling. After a project com-
pletion time has been selected Part II is then used to determine the risk
involved in attempting to complete a given activity, in completing a
portion of a project, or in completing an entire project in a specified
amount of time.

The PERT program permits the adjustment of a schedule so as to
arrive at a level of risk acceptable to management. Once a management
policy is established as to what constitutes a desirable level of risk in
meeting scheduled times, a schedule can be developed which is based
on that policy and which uses thé basic PERT network data. For each
activity an appropriate time would be determined and assigned having:
the same level of risk.

The following report covers the concepts of arrow diagramming,
assignment of time estimates, assignment of completion times, and all
operating procedures required for the successful utilization of the 1620
PERT program - Part I. In addition, the function of PERT - Part Iis
covered in detail. The method of determining the risk involved in com-
pleting an activity or project is explained on the basis of the theory
underlying the normal distribution function. This theory will not be
discussed, but its results and impacts upon the feasible usage of
probability as a good and substantial measure of risk will be handled.
The operating features and procedures for PERT - Part II will be discussed
in addition to the specifications for format and machine characteristics
for both Parts.

PART I

ARROW DIAGRAMMING FOR 1620 PERT

Basic to the utilization of PERT is an arrow diagram which pictorially
describes the network of events or activities to be performed in com-
pleting a project. It is the simulation, on paper, of the total project,
and the order in which each activity is to be performed. Time duration
estimates are assigned to each job which is represented by an arrow.
All the job arrows are connected together in the order of their sequence
within the project to form the total project network as shown in Fig. 1.

- The initial information which must be supplied to the PERT program is

as follows:"

1) A complete list of all jobs to be performeél in order to complete
the project.

2) Three estimates of time duration needed to complete each job:

a) Optimistic time (A) - the least time in which it can be
expected that the job can be completed.

b) Pessimistic time (B) - the most time in which it can be
expected that the job can be completed.

¢} Most likely time (M) - that duration of time that the job
would normally require for completion had the job been
performed many times over. (By no means is M required to
be the average of A and B, although at times it may be.)

Example: ForJob 8,1 (Fig. 1) the three time estimates are
5-7-10; A=5, M=7, B=10. (Units of weeks)

The durations are three completely separate and distinct estimations
based upon the knowledge of an experienced person or persons who
have performed the jobs before or in all probability will have to
perform the job during the project time.

The three estimates determine the shape of a normal distribution
curve upon which the results of the PERT program are based.
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5
The curve has the following general form: equipment, or the receipt of another contract which leads to another
portion of a total project network.
n There can be only one first and one last node for a totél project.
o
)-:,’ The numbering of the nodes can be completely random, as long as
g} any single job has a unique set of numbers.
9 ¢
gg The highest numbered node may be 999,
[
i
— There must not be any loops in the network. (i.e., Job (8,3) could not
' L ™ B have it's arrow in the opposite direction (3,8). This would result in a

loop from (8,1) to (1,3) to (3,8 and back to (8,1) again.
It simply indicates that times A and B rarely occur and that time M
has the highest frequency of occurrence. (i.e., for Job 8,1 - 7 weeks
is the time duration most encountered in performing the job)

Some jobs may be DUMMY jobs, that is, they may be assigned
zero (0) time estimates. (Job 4,11). They are merely to complete the
arrow network between jobs which are related but in which there is no
real time associated in going from one to another.

3) Job identification (refer to Fig. 1) - Each job is identified by two
event numbers called "nodes" (Job 6,7). The tail node (I=6) of the
arrow representing the job is that event marking the beginning of that
job (6,7) & (6,4) and the completion of the preceeding job (8,6). The
head event node (J=7) of the arrow representing the job is that event
marking the completion of that job (6,7) and the beginning of the next
succeeding job (7,5). Each job must have a unique set of numbers.

The head node (6) of the preceeding job (8,6) has the same event number
as the tail node (6) of the job at hand (6,7).

The head node (7) of the job at hand (6,7) has the same event number
as the tail node (7) as the next succeeding job (7,5).

There may be more than one preceeding job and more than one succeeding
job. Each job which must be completed (2,4);8,4);(6,4) before other
jobs can begin (4,5);{4,11), are connected to the next jobs.

The first (8) node could represent zero time, or the very start of a project
such as the receipt of a contract or order. It could represent an agreement
having been reached. The last node (5) could represent the delivery of




PART I

OPERATIONS

The 1620 PERT program can be used for planning purposes and for the
actual scheduling of a project. After I,J,A, M and B have been assigned
to each job and the initial arrow diagram network has been completed,
the PERT program is then used to analyze the project network to yield
the following information:

Figure 2: te = AX4MB  MEAN TIME DURATION...The probable
mean duration time for each job based on the three time
estimates. . .

Figure 2: ES...EARLIEST START TIME...The earliest time that a job
may start and assure minimum project completion time. This
is computed by summing the tg's for all jobs along a path
leading to the tail node of the job at hand. A summation is
performed for each path and the largest of these is set equal
to ES. The summations are performed starting with the first
node. When referred to the event nodes ES is the early start
time for all the jobs whose tail node is the node referred to.
This means that all jobs leading up to that event node must
be completed before any of the connecting jobs, whose tail
nodes are the same as the given event number, may be started.
(i.e., ES for Jobs (2,11) & (2,4) is 21.83 weeks.) q.83 2700

Figure 3: EF...EARLIEST FINISH TIME... The earliest time that a job
may be completed. This is computed by adding the job's
mean time (tg), along the longest path, to the value of ES
for that job. This is the expected completion time for that
job represented by its head node event number.

IMPORTANT

There is a difference in the concept of EF between Part I and Part II of

the PERT program. In Partl EF is the early finish time of that job only.

Consequently, when several jobs join together at a node, there will be F \q. 2 - t $ ES
more than one early finish time (one for each job). These EF's are e
assigned to their. respective jobs.

In Part II EF is referred to as TE (expected completion time) and represents
the earliest finish time of all the jobs leading up to the given node. TE
for a node is equal to the largest value of EF out of all the jobs leading

© @ @
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up to that node. TE, therefore, represents the early start time for all
jobs whose tail node is the same as the given node.

At this point in the analysis there is a choice of assigning a minimum
project completion time (TEgQ) or of allowing the program to assign it,
depending upon Program Switch 1 being ON or OFF, respectively, when
the program is started.

If Switch 1 is OFF the program will assign the TE of the last node as
the project completion time. This will be the minimum completion time
for the whole project (TEg) . If Switch 1 is on the program will accept

a value of project completion time which as been assigned to it by
reading the value off of a card which has been prepared by the operator.
In either case the program continues, with its project completion time,
to yield the following further results.

Figure 4: LF...LATEST FINISH TIME...the latest time that a job may
finish and assure that the project will be completed within
A the specified project completion time (TEg). LF is computed
EF at the last node and working toward the first node. To begin
57.6¢ with,LF for each job traveling from the last node is TEg. (For
Jobs (11,5); (4,5);(7,5) ). To find LF for all the jobs (2,11)
& (4,11) leading to the tail node (11) of the previous job
{going right to left) (11,5) just subtract te (12.00 from TEo
(57.66) .

IF (2,11); (4,11 = TE, - te (11,5)
=57.66 - 12.00
LF (11) = 45.66

When several jobs come together at a node (going from right
to left) Jobs (4,11) & (4,5) join at node (4). LF is computed
‘for each path and the smallest of the values of LF is assigned
to the given node (4).

1) LF (2,4);(3,4:(6,9 =LF (11) - te (4,11)

° =45,66 -0
Fig. 3 - EF LF (49 = 45.66
) < 2) LF (2,4 (3,4: (6, = IF (5) - t (4,5

=57.66 -15.33
IF (4) =42.33 ....SMALLEST (LF (4)

‘0// y
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Q.83

Fig. o

T LF - TEo Ass1GNED BY THE 1620 (57.40)
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Fig. 5
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EFz257.60
LF=TEo =
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The process continues until LF for the first jobs are found.
Figure S shows LF values for an assigned TEg of 50.00 weeks.
(The minimum project completion time remains 57.66. The
purpose of assigning TEg is to obtain a measure of slack
which will be explained under FLOAT.)

LS LS
\&.50 . 37.83

18, .LATEST SI‘ART TIME. . .The latest time that a job may start and assure
completion time specified by TEg. Starting at the last node this is
computed by subtracting te for each job from its LF.

1S for Job {8,1) = LF (1) - te (8,1)
=19.50 - 7.17
1S(8,1) = 12,33 weeks

IS is associated with fhe tail node of the given job. When several jobs
join (4,5);(4,11) at a node (4) (going from right to left) there will be an
LS for each path. - .

The smallest of the LS values is assigned to the tail node of all the
joining jobs. LS (4) = 42.33 weeks. The LS for all jobs to the right of
a node is the same as the LF for all jobs to the left of a node.

It should be noted at this point that there are two ways to look at the
network: . .

1) Considering each job separately
2) Considering nodes

The most useful method is to consider nodes as marking either the
completion or the beginning of all jobs connected to that node in order
to complete the project in the time specified (TEo) .

ES (N) - earliest time that all jobs to the left of node (N)
may begin,
EF (N) - latest time that all jobs to the left of node (N) must
be completed by in order that all jobs to the right of )
node (N) may begin at their early start time. F\i. © LS - TEo AsSS\GMED BY THE 1620 (7.6
LF (N) - latest time that all jobs to the left of node (N} may : :
finish in order that all jobs to the right of node (N}
may begin in time to accomplish latest project
completion time.
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LS (N) - latest time that all jobs to the right of node (N)
may begin in order to be completed by their late
finish time.

TF...TOTAL FLOAT TIME. . .The difference between LS and ES for a job.

TF represents the total float or slack time allowed in beginning a job. I.
It is the length of time that the start of a job may be delayed without

changing the minimum project completion time.

Total float may be positive indicating an allowable delay in starting a
job. It may be negative if a project completion time has been assigned
which is less than the minimum project completion time. In such a
case the negative TF indicates that the job will be behind schedule.

TF may also be zero indicating that the job must be started at early
start time if the project is to be completed in minimum time. Zero
slack will be indicated by an asterisk §§ .

 The longest chain of jobé through a project network is called the

"critical path". The jobs along this path will have zero total float

time if no project completion time has been assigned. Any delay in the

starting or completion of these jobs will delay completion of the project II.
by a like amount of time.

If a project cbmpletion time has been assigned which is greater than the
minimum comp_letlon time then all total float time will be positive.

-If a project completion time has been assigned which is less than the

minimum completion time then total float may be positive, negative or
zero.,

FF...FREE FLOAT TIME, . .the length of time that the start of a job may 1.
be delayed without changing ES for another job.

16

PART I

SPECIFICATIONS

-

General

A. In order to be used in conjunction with Part II, no node may
be numbered 000.

B. The highest numbered node may be 899.

C. Each job's node numbers (I,]) must be unique.

D. I and]J may be any 3 digit numbers, however, the restrictions
on maximum project sizes are in terms of the highest numbered
node and not in terms of the total number of nodes, so it is
best to use smaller numbers. There is also a slight speed
advantage in numbering the nodes in approximately sequential

. order. :

E. The numbers are to be of the following form, no decimals are

punched in the cards:

1. T&]-XXX

2, te, A, M & B - XX. XX

3. ES, EF, LS, LF, TF, FF - XXX.XX

Program Capacity , .

A. Fora 20K 1620, the sum of the number of the highest numbered
node and the number of jobs must be 1672 or less.

For a 40K 1620, the number is 3672.
For a 60K 1620, the number is 5672.

B. To work in conjunction with Part II the sum of twice the number
of jobs plus the highest numbered node must be 3100 or less in
addition to the previous requirement.

For a 40K 1620, the number is 7100.
For a 60K 1620, the numberis 11,000,
Machine Requirements :
A. 1620 Data Processing System

B. 1622 Card Read Punch

C. 1623 Additional Core Memory is optional.

D. Indirect Addressing may or may not be added.
E. No other special features
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PART I

INPUT

The input to Part I may contain four types of data cards. Type 1

. and 2 may be arranged in any desired order.

TYPE 1 ~ Heading or description cards

These are identified by some character in-column 1, other than a
blank or numeric digit. The remainder of the card may be punched with
any information desired. The identifying character in column 1 may be
different for each type 1 card. These cards cannot be used with Part II,

TYPE 2 - Job description cards

There is one for every job in the project. Blanks in all fields are
taken as zeros.
Columns .
1 - 3 Tail of the job arrow - I -
4 - 6 Head of the job artow -]
7 =10 Blank
11 ~15 Cost of the Job (See Suggestions - Part 1)
" 1619 Optimistic time - A
20 -23 Most likely time - M
24 ~27 Pessimistic time - B
28 -80 Not used, may contain anything

TYPE 3 ~ Blank cards
Two per deck, one is between the job description cards and the
schedule card (TYPE 4), the other is the last card in the deck.

TYPE 4 = Schedule card

If a project completion time is to be assigned, this card is punched .
as follows:
Columns
1 = 5 Scheduled completion time (XXX.XX) no decimal points are
punched.
6 -8 Blank

DATA DECK - The data deck is assembled as follows (face down):
1. All Type 1 and 2 cards (can be interspersed). It makes no differ~
ence what the order of the job cards are. '
2. One Type 3 card
3. One Type 4 card
4, One Type 3 card

>
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PART I

INSTRUCTIONS °

PROGRAM DECK

The SPS listing of Part I is in Appendix C. The condensed program
deck (Appendix D) consists of 81 cards numbered 00 through 80.
Column 1 of card 56 contains a digit signifying the core memory
size of the computer being used.

2 20,000 positions

Y|

40,000 positions

ol

60,000 positions

SWITCHES

Parity Switch - STOP

O Flow Switch - STOP

1/0 Switch - STOP

Program Switch 1 - OFF if 1620 assigns project completion time,
ON if operator assigns project completion time

Program Switch 2,3,4 ~ NOT INTERROGATED

PROCEDURE

Load Program Deck - PRESS RESET, INSERT and TYPE 160001000000,
press RELEASE, START. Wait a second or two and press SEC KEY,
and RESET. Place program deck in read hopper (9 edge~face down)
and blank cards in punch hopper (12 edge -face down}, depress
LOAD. To read last card, press READER START. Computer then halts
when program is loaded (48 in OP register).

Data Pass I - Place data deck in read hopper, press PUNCH START,
READER START, and computer START. To read the last card, press
READER START. Lift the blank cards from the punch hopper and press
PUNCH NON-PROCESS RUN OUT., Remove the last two blank cards
from the new data deck. This deck has been punched in c-c 7-10,
with te, in additiont the original data. The computer does error
analysis and either halts when finished or prints an error message

"~ while reading data cards.

Data Pass II - If no errors were discovered, place the newly punched
deck in the read hopper and more blank cards in the punch hopper.
Press PUNCH START, READER START, and computer START. Press
READER START to read last card. Lift blank cards from punch hopper

O
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and press PUNCH NON-PROCESS RUN OUT. Remove all the blank
cards. This then is the output deck for PERT - PART I and the
input deck for PERT - PART II. It is described under OUTPUT -
PART I.

If it is desired to assign other time estimates or project comple-
tion dates after examining the results of previous outputs (by
listing on a 407 Accounting Machine), the program deck must be
loaded again, the scheduled completion card (TYPE 4) and job
cards (TYPE 2) must be changed to the new values, and/or Program
Switch 1 must be set accordingly.

ERROR MESSAGES AND ACTIONS .

Error 1 - Available storage has been exceeded.  The number of the
highest numbered arrow plus the number of jobs is greater than
1672 (for 20,000 positions of storage). Typewriter prints I,7.D
COST for the last job and halts. To work the next project press
START.

Error 2 - More than one "last" node {(a node which is not the tail
of some arrow) has been found. Typewriter prints the numbers of
all but the first "last" node found and halts. To find the first
"last" node type out locations 3247-49. To work the next project
INSERT 16 01095 00T6 49 00402, RELEASE, START,

Error 3 - More than one "first" node (a node which is not the head of
some arrow) has been found. Typewriter prints the numbers of all
but the first "first" node found and halts. To find the first "first"
node type out location 3244-46. To work the next project INSERT

16 01095 00016 49 00402 , RELEASE, START.

Error 4 -~ A loop has been found in the arrow diagram. For example

a series of jobs (1,2), (2,3) and (3,1) would be a loop. Typewriter
prints 1,J,D, COST for the first job where the error may be detected.
(i.e., the earliest start for this job exceeds the sum of all job
times.) This job need not be on the loop itself, but may be on a
chain of jobs which passes through one of the nodes on the loop. To
work the next project press START.

There is a very remote possibility that a type 1 error could go un-
detected as such. During data pass I a temporary table is set up in
locations 4000 - 6001 to be used to find “first” and "last" nodes.
If 1400 jobs or more are read, this table may be destroyed. This
will cause several type 2 and 3 error messages, however,
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PART I

OUTPUT

The output deck will contain all the original TYPE I cards. The
TYPE 2 cards will contain the following information:
COLUMNS (No decimal points are punched)
1- 3 I l).0.04]
4- 6 7 ()
o 7-10 te 0OX.XX)

11 - 15 . Cost (See Suggestions Part I) (¥X.XX)
16 - 19 A (X.XX)
20 - 23 M (XX.XX)
24 - 27 B (XX.XX)
28 - 32 Blank - reserved for scheduled dates for PART II
33 - 40 Blank - reserved for output data from PART II
41 ~ 45 Blank - not used
46 ~ 50 Blank - reserved for output data from PART II
51 - 55 ES (XXX.XX)
56 - 60 EF (OXX.XX) .
61 ~ 65 LS (XXX.XX)
66 - 70 LF (OX.XX)
71 - 75 TF (XX XX)
76 - 80 FF (XXX.XX)
75 Contains * if this is a critical job.

Any fields which are of negative value have an X Punch (11 punch)
in the low order digit column of that field.

The last card in the output deck is a TYPE 1 card containing Project
cost, Project Completion, and Project Slack. By letting the first column
of the output cards be a printer format control, any desired listing may be
developed.
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PART I

SUGGESTIONS

Least Cost Estimating

Repeated applications of this program will give an idea of how
project completion time varies with cost. First schedule the project
with normal job time and normal costs, then compress the schedule
along the critical path, which shortens the over-all project time at
the expense of increasing some job costs. Running the schedule again
will show the new project time and cost and new critical path. If the
assumption is made that cost of a job varies linearly with completion
time between the limits of normal job time and crash time, this
estimating may be done automatically by means of a specialized para-
metric linear programming algorithm. In either case a series of project
durations are obtained as a function of direct job costs. By combining
these with the indirect costs for overhead, penalties, etc., the least
cost may be estimated.
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PART II

CONCEPTS

Each job of a project network has associated with {t a variance
determined as follows:

2 -A_ .2

If the root of the variance is taken, the result would be a measure
of probable deviation from the mean time ‘l:e, based on the three time
estimates (A,M,B) shown below., Gg is called the standard deviation.

FREQUENCY OF
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As in Part I when the te's were summed for each path to a node, and
the largest sum was called EF, so also can the variances be summed to
each node. Now instead of having tg and og for each job independent of
another, there exists an EF, now called expected time (TE), and a Gg
which relates the node at hand to the first node of the project or to zero
time.
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‘Whereas te was the mean expected duration time for completing the
job itself, TE is the mean expected time for completing the job within
the project network, referenced to the beginning of that network. In the
same light, 6g was the expected amount of standard deviation or "doubt”
that can be expected in completing the job in the expected duration time
te, whereas O¢ is that same measure of doubt that can be expected in
completing the job in the expected completion time TE within the project
network and referenced to the beginning of that network .

Probability is computed by determining the area under the normal
distribution curve up to the point in question (TS or TE). The total area
from-infinity to + infinity is 1 unit.

If it .were desirable to determine what chance or what the probability
was of completing the job of some assigned scheduled time, TS, other
than the expected completion time, TE, the procedure would be to determine
how many standard deviations TS was away from TE. For each amount of
deviation away from the mean there is a value of probability (area under the
curve) that has been previously computed and stored in a table. The amount
of standard deviatfons that TS is away from TE would then be locked up on
the table. That value of probability , P (K), is then the probability of
meeting the assigned scheduled time.

) : ‘l!s ""e

It should be pointed out that although the probability never reaches
zero (only at infinity) it is considered as such if TS were 3 or more standard
deviations away from TE as in the following figure.

—- - 36¢
1 |
Ts Ve Te T Ts
PK) = 0.000 0.000 £ PlK¢ 500 1500 SP(K) £ 1.000 PK) = 1.000

To determine how many standard deviations TS is away from TE the
following formula is computed: )
IS - TE =K
C e

If TS = TE, K is then zero, or the number of deviations TS is away from
TE would be zero. It.might be expected at first thought that this would
mean a 100% chance of completing the job in the expected time, TE.

This is true as far as the relation between TS and TE, but as far as
TE itself is concerned, we must now consider the probability of actually
completing the job in TE time, which, since TE has deviation associated

“with it, would turn out to be .50 or 50% . That is, the computed expected

time, TE, has an inherent risk or probability of being obtained of 50%.
This inherent probability associated with TE comes about due to the fact
that TE lies halfway through the area of the distribution curve.

Thus it can be seen that if a scheduled date, TS, were assigned
which was greater than TE, the chances of completing the job associated
with TE in the time, TS, would become greater until finally it would
approach 100% (the total area under the curve up to TS is 1).

If TS were less than TE the probability would lessen (the area under
the curve up to TS would lessen) until it would approach 00% where TS
would be completely to the left of the distribution curve.

The function of PERT - PART II is tocompute where, on the normal
distribution curve, an assigned value of TS lies and hence to look up the
probability associated with this position.

If the variances are so small that the deviations are negligable, then
two cases arise. Such a condition is shown below.

to Ts, - Te Tsy
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Here the probability of completing the job in time TE is 100% since the

deviation of TE itself is Zero. If an assigned time (TS;) were equal to or
greater than TE the probability of completing the job in time, TS;, would
in turn be 100%. But if TS were assigned the probability would be 00%.

Hence, it is seen how the risk involved in completing a job at a
scheduled time depends wholly on the distribution of the curve repre-
senting the expected duration time of the job itself. This, in turn,
depends upon the original values of A,M,and B assigned by management.
Therefore the results are only as reliable as the original estimates
themselves. It can be shown that with any three estimates (A, M & B)
the normal distribution curve yields reliable and dependable results, but
only as good as A, M, and B.

It should be understood by the user of any PERT program that the
results are not binding by any means, but that with proper estimates,
usage, and proper interpretation the results will yield reliable information
upon which to base future decisions. This is the intended purpose.

John C. Patton
Systems Engineer
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PART I
SPECIFICATIONS

Same as PART I except for the following additions to GENERAL (E):

Additional information will be of the following form {no
decimal points are punched).

4 TS, (TS-TE) - XXX.XX

5) P (K) - X. XXX

6) OF - XX.XX .
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PART II

INPUT

The input to this program is the PASS II output deck of PART I.

- From this deck certain cards are chosen which are to be punched

with assigned Schedule Times of completion. There is a certain
restriction to be applied at this point which stems from what was
said about EF under PART I OPERATIONS. Each card of the output
deck representing a job has a value of EF (TE) assigned to it.
Only the largest value of TE applies to all the jobs with the same
head node numbers (J). This is the TE to be used when assigning
a TS to a node for purposes of determining probability. The fol-
lowing restrictions are stated.

A. If the probability of completing a simple job is desired, values
of TS are assigned to those job cards of interest. (i.e., Node
4 represents the completing of three jobs (2,4) ,(3,4& (6,4
therefore job (2,4), (3,4 & (6,4) can each be assigned a TS
to determine its probability.

B. If the probability is desired of completing all the jobs which
branch to a node so that all the next jobs can start on time,
it is necessary to locate the job card which has the largest
value of EF (TE) for all those jobs whose J node (head of arrow)
is the same. To this card only there is assigned the TS of
interest. In the case of node 4, job card (6,4) would be
selected and TS would be punched in this card.

To facilitate the above it is best to have all jobs, whose head
node numbers(f) are the same, listed next to each other. This
allows quick spotting of the largest value of EF. This can be
accomplished by sorting the input deck or the output deck on
cc 6-5 then 4. This will in no way impare the operation of
either PERT program.

TYPE 1 - Heading & description cards

All type I cards are to be removed from the input deck of PART II.
They will impare the operation of the program. This includes the
project completion card (last card) as well,

TYPE 2 - Job description cards

The proper TYPE 3 card is chosen and is punched with the desired
value of TS
Columns (No decimal points are punched)

28-32 TS (OX.XX) i

All the rest of the card columns of TYPE 2 cards shall remain intact.

III.
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TYPE 3 - Blank cards

All type 3 cards shall be removed.

TYPE 4 ~ Schedule cards
All type 4 cards shall be removed.

There will be no error analysis performed in PART II, All errors
which would impare the operations of PART II are indicated in
PART I,




PART I

INSTRUCTIONS

‘Program Deck

The SPS listimg of this program is in Appendix E. The condensed
program deck (listing in Appendix F) consists of 76 cards numbered
00 through 75 in card columns 79 - 80. Core memory size is
dictated by the following cards:

30
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Data Pass I - Place data deck in read hopper, press READED
START and then computer START twice. To read last card press
READED START. Computer goes into a diagnostic procedure
which may take from one second to 60 seconds or more de-
pending upon the number of data cards and their node numbers.
When the computer is finished, a halt (48) will appear on the
OP register and the computer is ready for data pass II.

Data Pass II - Remove data deck from read stocker and place in
read hopper. Load blank cards in punch hopper, press PUNCH
START, READER START and Computer START, The computer will

Card Number Column Contents . punch an output card for each input card. To read last card,
_ press READER START,. Lift remaining blank cards from punch
33 8 1 hopper and press PUNCH NON-PROCESS READOUT. Remove the
40 39 1 last two (blanks) cards from the output deck. The output is
43 ii % complete and ready for listing.
44 44 1 To run another data deck through or to re-run the previous data after
56 I scheduled times have been repunched, simply begin again at Data
51 32 1 Pass I (part II)
44 T
The above columns should be changed as follows:
T for20K
3 for40K
T for60K

B. Switches
Parity Switch - STOP
O Flow Switch - Program
/0 Switch - STOP
Program Switches - NOT INTERROGATED

-C. Procedure

‘ Load:Program Deck- Press RESET, INSERT then type 160001000000,
press RELEASE and computer START; wait about two seconds then
press SEC key and RESET. Place program deck in read hopper,
press LOAD. Press READER START to read last card. Computer then
halts (48 in OP register) when program is loaded. Remove pro-
gram deck from read stocker.
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PART II
OUTPUT
A deck of cards similar to the input deck is produced but with the
following additional information:
COLUMNS (no decimal points are panched)
1-27 Same as input to PART II
28 - 32 TS - scheduled time - If no scheduled time had

been assigned these columns will contain TE
assigned by the computer.

33 - 36 P (K) - probability

37 - 40 O¢ 2 _ Variance

41 - 45 Blank

46 - 50 {rs - TE)- Scheduled completion time minus
expected completion time.

51 - 80 Same as input to PART 1I

COMPUTER
TECHNOLOGY

32

BIBLIOGRAPHY

General Information Maunal PERT ...a dynamic project planning
and control method, IBM (E20-8067) Data Processing
Division, White Plains, New York.

Thompson, Van B., "PERT...Pro and con about this technique,"”
Data Processing, October, 1961.

Proceedings of the Pert Coordination Task Group Meeting, Special
Projects Office, Bureau of Naval Weapons, Department of
the Navy, Washington, D. C., November, 1960.

PERT - Summary Report Phase 1, Special Projects Office, Bureau
of Naval Weapons, Department of the Navy, Washington,
D.C., July, 1958.

PERT - Summary Report Phase 2, Special Projects Office, Bureau of
Naval Weapons, Department of the Navy, Washington, D. C..,
September, 1958,

Sauer, Ray N., LESS - Least Cost Estimating and Scheduling, |
IBM Program Library, File Number 10.3.003,5%0 Madison
Avenue., New York 22, New York.




>3 ) ‘ | 34

ﬁ//fw(?/k A

READ ADOTHETZ
CARD
TN (LRSS T

_{START] on
PROG 1 A = TI(chST)
-~ ? ~

Jdoss ¥ reae T o
Big= T TecesT=0 MOST = O e <PROG.SW T | N\ oFF [__*__~_
. orR =0,% ~ -
\ BIG=0 K:z0 oo 4 o R

Cf.zA& I,T FLAGS TT(K)= 29991 OFF i TT(AsT) = 0
ReAD | P o
- READ A N LA < —
1 JoB CARD LtAqQ i
1 2. K=o 4 K =KLAST ‘
Punen comPure| - YES FLAG=Off ; FLAG * OFF
I3, te,AMB te
. 4
KLAST =
M -
'.trcct:‘:ﬁzcs'r ms'r-rs{‘ nesT = O 3.{ I,J,te
KEK+| store L,J t. LAST = O TEST =
FLag T¢T L3 - 11} T -t
- LOOK AT ) '

LT Big-T T=RF=K T

TI(I)-: v N
TEST K =K1
FLAG = ON

S, R
FIRST=K - [PovCnuoTeS END (READ A © HALT
CRT,TIE, ™ o] 10w caRD ‘}K\-ﬁl\ﬁ
' LsLac | ¢hRD 1 cARDS
JI S LSBLACK, ) _— ‘

ES =TI eF=ES+te

l -
!“M‘j LFs TT(I) ; Loz Lr-te fPuacn a

i ™ 0% coen
ITFz LS -E€5, FF=TIQ) -
. EF

[E—




e

- Bfpendx 6

BECMOWG OF PASS L

(AT
LOAD
CARDS

© |SYTART

PROGRAM ALWAYS BRANCHES To
THIS TOIQNT UPON LOATANG IR
COMPLETIOD OF A RuN

o

RESET LC 1ND. |

LAST=0

BliG = O =INC+30

N=0

J 1035

INITIALLZATION

DATA=DATA

DATA+Q =DATA+A

(BLE. -4 5 TABLE

READ A JOB
CARD

1,7, tC: A)
™M, B

N =N+|

P

N 3 NUMRER OF J0B CARDS RERD SO FAR

FINDING LARGESY NUMBERED NodE

-

35

2
VAR = 6 (1,3)

LAST = NUMBER
CF JOB CRRTDS

~.

INC+3S Cc+

A
INC+35-
INC+ 30

1

I,J, VAR
-= DAYA

.-"\

~—r’

? .
Kw\m Nt— ——»READ
~ \

~

wWe+30(B16)

36 .

L CONTRIN LARGEST

NUMBERED NnoDE

stoming T,7, § VAR. FoR 'EACH NODE

INCREFENTNG STORARGE LOCATION

oF gacn I,T,VAR

S




8L

AS3L -
NN - 31QvL

200N 3 T= L 3801 3TWWL
WiNA. 3 1 QvoutuaA R 3WIAYA
30 01207 = WNN- (LLbbl)aevl

t-xueT

Wﬂ
S #li-(L£2 )}z WON R .
_h ¢ M— A3 L
~No
Svna 135
w ¢ I [0

- . .
cohacZoTio ﬁ#«:w%

A
[\ ) ‘8.2 INL -
uod FYAY LT 20 Qoo
QIS ML G ()0 (bl L

“ XV NW.DN | ._ —Z—V

LNOILYANSWOD 3ny_ a0 YracenDagd.

2001 1041, IHL YNMTBAQ. BOTYA
2ovav Y WA ¥ A2 a9 ieaA a3 suw
QOLIAWOS FINYIIVA 4O DOYA TIO NV aymy
SIINGIS  Suna 1Y Lk Suna W 40 3XNNISABA

SQAON 037234UNN 1SIHBIR
3n1 204 Sika O ASOW

byid

bvis a1

o

Ls

bbbbl AY St IR_ANWL

CIOUYNIWEIL  NANSSIWS YA Al
T 2AASN) OL N3AY SOV
20 JEYL IWL 1 SHYI boang



\.J

s

TESY =
TEST 4VAR

BT
AT ~wne-\

“TABLE —- NLM
- MOST

39

AUDING THE VARIANCES FOR
LIRKING NODES

HOiING PREVIOVS SUMNATIOND To
MmosT™ .

TDETERMINING  WHICH SUMMATION
1% THE LARGEST § RETAINING SAME
1N THE SUMMATION TABLE

THIS PROCESS CONTMIVES.
VNTIL THE ABSENCE
SET FLAG OF A FLA{ BT INDICATES
" THAT “THE LARGEST
SUMMATIEN OF VARIANRE

FLA
il for EncW Jth wooe
} . WAS BEED FOLND
TEST —p

TABLE - hLWM

%\‘n A FLAG Bi
THE PROCESS MusT

Beqowg ofF PASS L

DATA+9
=DA™A+9

WAS BEER SET,AND

BE DONE AGAIN ¢«

”»
conPUTITION, WAS REEN DOOK N Tmes

“PETERMINES (F THE CONPUTATION WAS BEED
PERFORMED Fot. CACH Tih wop
IEREGARDLESS OF WHETHER. OR. NOT

A FLAG BIT HAS BEEN SET.

UTANION) HAS BETN DONE

conp
*N" TINES WITHOUT JETTIRG
AFLAg BIT.

HALY

CTARDS

READ A JO0B
cap - AlL
Q0 corLurrS

Tais DASS ComeutEs K wox P(Q)
LookyP , T3 -TE , AWD PROCESSES

THE R

OF Th& LESS QUTPUT.




Y . . 42

THIS LOGIC 1S DICTATED BY THE
I\ NO SCHEDULED DATE HAS BEEN RANGE OF"K". THE SEEK
ASSIGRED THE PROGRAN <&TS TS = TE LOUTINE 1S ONLY NECESSITATED

BY THE MANRNER \N riCH T
prOBABLITY VALUES (PLK) were Y.
STORED FOR TABLE LOOK - UP,

TS-TE

TS RECoRD ) ; ~ /L ity
= TE _ 15!6’4'\'—"[%::5::_;

? | il o
PO

TS=TE Y
L — TS -TE
K= Siamn
. AND ROLWD
GETTING VARIANCE SUMMATION FoOfL I
THE ™ oo
Y
g — —
7N
T T T T T T T
1 SIGMA 1S RNOW EQUAL To:' " B
| 4
| 2 | Look LP
TABLE - NLUM | E (o I [ P(x)
L= 2 M SEY SET
P()=0 P(x)=1.00
N\
| semnstsigna | fm— o m e — .
AND ROLND | SIGMA 1S NOW EQLAL. TO 3 1
. T TWO PLACES . !
! {
- F INT ‘

{Ze,.

r_.._.

& 6 S




T -TE
—
s -Te)REcoss

VAR (3)
-
VAR, Rexoed

{

CLEAR
[FIELD
FLRG&S

X0 KUN ANGTHER PROBLEM

43

00402
00414
0042

00439
00450

00462
00474
00486
00493
00510
00522
90534

‘00546

00558
6057¢C
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00-00
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35000
9C-00
01250
02931
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-0070 .
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Q0750
00762
00774
00786
00798
00810

00822

00834
00846

00558 .

00870
00882
QV89%
00906
00918
00930
00942
00954
00966
00978

00990

w98
00998
01010
01022

01034

01046
01054
01070
0lo078

Qlo78
01090
0l102
0l114
0lil26
Q1138
01150
01162
01174

01188
21198
01219
cle2e
0l234
01246
01258
vl27)
01282
01294
1306
01318
01330
01342
01354
01366
01378
01390
01398
01398
01410
01422
01434
01446
01454

Ul454
01466
01478
01490
01502
01514
01526
01538

01550

01562
01574
01586
01596

16
21
26
26
47
37
17
26
16

21
26
26
33
17
l6
21
26
22
16
21
26
24
46

.12

47
44
49

16
21
26
32
49

48
17
44
33
17
32
32
16
21
26
16
21
26

00000°
00756
02921
00726
02931
02942
02931
02188
00881l
00880
02941
02941
00929
00928
02897
02897
00996
02931
00822
010738
00798

029148
02130
01052
01051
00000
02942
00954

01113
0l11<
02862
02954
0l174
6olol
02252
02954
01204

01203
0¢000
0é931
054c
02184
01281
01280
02941
029414
0132y
01324
02902
02902
01398
02931
0l234
014546
01210

0lu2d
0lae2/
00000
02942
0l354

00300
02530
01894
02943
02252
02845
0dB4o
01517s
01572
0286/
016039
01600
[P

RY999
000J0
00-01
01300
0-000
00000
0~001
000~0
-2963
02844
00000
02851
-2963
04847
00000
02941
01300
02336
01200
02942
00000

02941

01300
-2963
02847
02941
00000
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355402 .
000
35792
000
36182
000
346552
000
396922
Co0
3y7262

19

~604073040760
=60407604075C
-6040730408¢0
=604082040050

-604048504083C

29



04093
04096 .

04099
04102
04105
04108
04111
04114
04117
04120
04123
04126

04129 . -
T 04132

04135

04138

0614l
04lus
04147

04150

04153
04156
04159

04162
04165

- 04168

04171
04174
04177
04180
041863

- 04186

04189
04192
04195
04198
04201
04204
04207
04210

w

00000
3 00000

00000
£00000
00000
00000

W W W v W w

00000
"3 00000
00000
00000

w e ow ow

00000

w

" 00000

w W

00000

w

00000
3 00000
3 00000

3 00000

3 00000
3 00000
3 00000
3 00000
3 00000
3 00000
3 00000
3 00000

-3 00000

3 00000
3 00000
3 00000
3 00000
3 00000 '
3 .00000
3 00000
3 00000
3 60000
3 00000
3 00000

00000

00000,

00000

336P26200 0000 00

337

337P58200 0000 00

338

338P88200 0000 00

339

339Q16200 0000 000

340

340Q41200 0000 00

341

341064200 0000 00

342

- DG 3+8852

342Q8%200 0000 00

343

343R03200 0000. 000

344

344R19200 0000 000

345

345R33200 0000 000

346

oC 399452

"346R45200 0000 000

347

o< 399552

347R55200 0000 000

348

DC 399642

348R64200 0000 00

349

DC 3+9712

349R71200 0000 000

350

DC 349772

350R77200 0000 00

351

0C 3,9822

351R82200 0000 000

352

DC 3,986¢

352R86200 0000 000

353

oC 3+9892

353R89200 0000 000

354

DC 359922

354R92200 0000 00

355

DC 399942

355R94200 0000 000

3%

356R95200
357
357R96200
398
358R97200
359
359R98200
360
360R99200
361

361N00200

362
362M60200
363
363M21200
364
364L82200
365
365L45200
366
366L08200
367
367K74200
368
368K42200
369
369K12200
370
370484200
371

1371459200

372
372436200
373
373J15200
374
374097200
375
375081200
376

DC 359952

0000 00
oC 349962
0000 000
ple 349972
0000 000
DC 349982
0000 00
pls 399992

0000 000

DC . 3s382Z
0000 00

DC  3s3452
0000 000

DC  3s3082
0000 00

DC  3s2762
0000 00

DC 392422
0000 Q00
DC 3s2122
0000 000

0C  3s1862
0000 00

DC 3s1592
0000 000
DC 3,1362
0000 000

DC 3»1132
0000 000

DC 350972
0000 00

DC  3,0812Z
0000 €O

DC 34,0672

~604088040910
" =604091040940
~6064094040970
~604097041000
-604100041030
*604103041060
~604106041090
-604109041120
~604112041150
-604115041180
~604118061210
-606121041240
-604124041270
~604127041300
-604130041330
-60413304136C
—6Q61360“l390
-604139041420

~604142041450

~60414504148¢
o
(V)

-604148041510
-6064151041540
~604154041570
-604157041609
~604160041630
«604163041660
«6064166041630
-604169041720
~604172041750
-60“17564178Q
~604178041810
=604181041840
«-604184041870
«604187041900
~604190041930
~604193041960
-6064196041950
~6041990420¢0
«604202042050

«604205042050

4.':



T Q4213

04216
04219

04222
04225
04228
04231
04236
04237
04240
04243

. 04266

04249
04252
. 04255

04259
04339
04340
064344
04343
04350
04353
04356
04360

04365
‘04370
04375
04387
04393
04396
04401
V4404
19999
04405
02154

W WOe N WU

W OWw W W W W W

v W

P wwN SR =08

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000

" 00000

00000
00000
00000
00000
00000
00000
000600
00000
06000

000C0
00000
00000
00000
Q0000
00000
00000
00000
00000
00000

376067200
377
377055200
378
378045200
379
379036200
380
380029200
381
381022200
382
382018200
383
383014200
384
386011200
385
385008200
386
386006200
387
387005209
388
388004200
389
389003200
390
390002200
391
391001200
392N
393RECORD
394

395A
396LAST
397FLAG
3981 '
399J
40QVAR

401NUM
402TEST
403087 -
“04>1GMA
405
406K
4077S
408KA
409TABLE
410DATA
411
41100L600
36001000050

70411282008
82236352035
78902345678
MB00Q0UOV0D

0000 00 o : ~604208042110
PC 340552 ’

0000 000° . =606211042140
DC  3,0452

0000 00~ ~604216042170
DC  3,0362 ©e :

0000 00 -604217042200
DC  3,0292 ]

0000 00 ) ~604220042230
pC 330232 . .

0000 00 ~606223062260
DC  3+0182

0000 00 ~604226042290
DC 390142 ]
0000 00 . -604229042320
DC 30112

0000 00 . -60423204¢350
DC  3,0082

0000 00 . ~-604235042380
DC . 350062 4

0000 00 ‘ -60423806241C
DC 350052 : } _

0000 00 ~6046241042440
DC 350042 . ;

0000 00 ~6042644042470
DC 350032

0000 00 : . ‘ ~60424704£500
DC 30022 . )

0000 00 ; -604250042530
pC 350012 -

0000 00 ~604253062563
DS &l -

DS 802

DS 12z

DS 4z

DS w2

0s 2z

DS 3z

DS 32

DS 42 )

¢
O

DS 52
DS 52
DS 52
0s 122
DS 62
0s 3z
oS 52
D3 32 *
DS 19199992
oS 12
DEND START-12Z
0000 050049000002000000000 -800096001150
0360 01720050036002440050036003160050036000000050C0000000~ -
102 03040002040608000306090¢100408021610950015102006021814200200
0614 223009084726300000000C050607080900421641618151811242720262200
3049 403632484455326946936060462402756453627180123456789143456200
Y0J3 4567890JR4267390JKLI6T870JIKLMO T8I0URLIMNTEIOIRLMNVEIIJALANZO0
0490 2154UP90JIKLIMNUPYZO000L100388U0019143000000000C19000300030000v
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Part Il Condensed i.hting

: 36000720050036002010050044000120027526000590027025000110000026000900026900000000

2600095002643100000002b026001140027“250000000011“90001200000000000 - 1

4902154000004600953000001100425000052600“6100625260052800000Z0010040200462000002'

110042500005260049700425260094800000130050900000330009600000200100466200522000003
260000000000150054600001260056900533&«006060000015005“60000010010052200582000006
26006000052833000000000015009630000215010“300001260065300953100100582006“2000005
44006900000012005440000115009430000115010430000226007250094820010064200702000006
120072500001440070200000260076100953l2007610000144007380000010010970200762000007
21007610094822007610095324007610072546008580130026008280072520010076200822000008
33000000000026008520076132000000000016009840099826010600076110010032200882000009
120106000001260117601060260105300953150131300000160093900000100100382009“200001O
2200000000004701030013001100939000J143000000093949012900000020010094201002000011
150131300001160098400942490094200000200000000000 «10099801034000012
26010480094821000000000025000000093947011020120026010960094820010102001090000013
33000000000011009480000143011700094611010600000126011560106020010109901150000014
3200000000004930930000004£00000000000 =10115001174000015
32000000000043012300054426012120106032000000000032013130000020010117001230000016
11010600000126012600106032000000000044012900054432000990000020010123001290000017
11004250000111013130000026013320042549000000000020000300000000010129001338000018
0000000000 . N6454703005559004555634559454400625859630401010135401414000019
N6654559465356660049250062585963020000000000 O 1010141401448000020
44015300150549017460000016016920148916019320144926014870150520010150601566000021
26015050137126015050148716016080148933014890000011016080000120010156601626000022

. 14016080150547016020120026014570136316014690000115014690000120010162601686000023

22014890146947017820140034000000010239014150010048000000000020010168601746000024
34000000010239013730010048000000000026018000169214014890000020010174601806000025
47018300120049019260000046019260110026018600169221014890146920010180601866000026
260188401692330148900000140169201505460211801200649020100000020010186601926000027
11014490000111014690000226019680169224016890146946016860130020010192601986000028
14016920150346021180120041016920000226020400193213014490000220010198602046000029
14016920149147020820120032000980000026014680009911019320000120010204802106000030
49016740000032014490000026015050143742000000000048000300000029010210602166000031
46021780090016043480000016031080000016026160440516039030441420010216602226000032
1602688J999516027490441416042590000036042600050011042590000120010222602286000033
250427000403320426000000320427500000320642830000032042660000020010228602346000034
3204263000002404626204265460240601100260311306265490241800000200102364602406200038
260311304462330426300000240310803113460266601300260310803113200102640602466000036
1406269000004602566012002204286042781304286J6667260434600094200102466602526000037
€3043440434432000940000011000980000526042690009749025930000020010252602586000038

16042690000033042660UC00310460506¢60140¢61600040670226¢0090020010258602646000033
260434804¢5916042590000011042590000134J9995000001202685800035£0010266604796000040
249425903408460274€0124004902670000001626425%000003304350000004001027060¢766000041
110425900u01¢606436004414110274900040320435400000323435700000400102766026526000062
470307804323220206104365¢60637049999160¢861J999921043700636020010482602886000043
270307804356440293304365¢602948029332606375J99991602933J9999200102866029646000064
24043700437347030060110032043500000026199990437041000000800020010294603006000045
240434806¢25947027660120044031380435016027890641449027620000020010300633066000046
41000000060312730770060113030770000561000000000026043650009920010306603126000047
420000000000480000000000160425900000360426000300110642590000140010312603186000044
2504 3400000032062870000032043150000028544010429116044010000020010318603246600004%
47032820100¢606291043192604401063193¢044630000027030780626520010324603306000050
330426300000¢20334104365¢604347J99991603361J9999330438300000£0010330603366000051
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¢ Appendix G . o . ‘fq
Sample Problem Input

-

C
("" I J A M B ,
; 8 1 5400 7.00 10,00
. 8 3 1000 12,00 15.00 *
{ 8 6 " 8400 9,00 15.00
1 2 11400 15,00 17.00
2 & 3¢00 4400 7 5.00
( & 11 {(Dummy Jab))
3 ™ 15400 20,00 25400
[ &4 21400 24400 30,00
< 7 5 2500 30,00 35,00
b 5 12,00 15400 20,00
’ i1 9 10408 12400 14,00
{ ! 3 1] 3,00 3450
. B b iSa0D 13400 20.00
é il 5400 8000 10,00
( 50 (First assigned project completion time)
C 60 (Second assigned project completion time)
¢
(
(
(
{
Appendix H 70
Sample Problem Output (No assigned project completion time)
I J te A M B TS KK) . VAR TS -TE ES EF(TE) LS LF TF FF
8 1 Tel? 5400 700 10,00 : Tel? 12433 19450 12433
8 3 12417 10400 12,00 1500 12,00 12.17 10.16 22433 10616
8 6 9.83 8400 9.00 15,00 9483 9.83 e
1 2 14467 11,00 1500 17.00 Tel7 21484 23016 37.83 15.99
2 4 - 4400 3400 4400 5,00 . 21,84 25484 38.33 42433 16649 8¢49
4 11 34433 34433 45466 45066 1133
3 4 20400 15400 20,00 25.00 . . 12,17 32.17 22433 42433 10.16 2016
6 4 24450 2100 24400 30,00 30,00 9.83 34,33 17.83 42.33 8.00
7 5 30400 2500 30,00 35,00 55,00 27466 5766 27466 57666 e
[ 5 1533 12400 15400 20400 34433 49466 42433 5766 8.00 8,00
1 5 12400 10400 12400 14400 34433 46433 45,66 57466 11.33 11,33
1 3 2083 - 1450 3.00 3450 Tel? 10,00 19.50 22433 12.33 2417
6 7 17483 15,00 1800 20.00 25,00 9483 27466 9483 2766 e
2 11 Te83 5:00 8,00 10,00 21.84 29467 37.83 65466 15.99 4eb6
PROJECT COMPLETION 5766 PROJECT SLACK
Part II Output (No scheduled times assigned)
8 1 Tel7 5000 700 10600 Tel? «500 069 Tel? 12433 19450 12,33
8 3 12017 10600 12400 15400 12617 500 69 1217 10416 22433 10416
8 [} 9483 Be00 9400 15,00 983 «500 1435 9483 983 e
1 2 14467 11400 15,00 17.00 21,84 »500 1,00 Tel? 21484 23416 37.83 15499
2 & 4400 3,00 4000 5400 25.84 500 ol 21484 25484 38433 42433 16649 Be 49
b 11 34,33 «500 34433 34433 45466 45466 11.33 .
3 4 20,00 1500 20,00 25400 32,17 +500 2076 - 12.17 32617 22433 42433 10016 2616
] 4 24450 21400 24400 30,00 34433 +500 2425 9.83 34033 17.83 42433 8,00
7 5 30400 25,00 30,00 35,00 57.66 500 276 27466 57¢66 27466 57466 [
4 5 15633 12000 15,00 20,00 49,66 500 1677 34433 49466 42433 57666 8400 8400
1 5 1200 10400 1200 14000 46.33 500 o bb 34433 46433 45,66 57466 11433 1133
1 3 2483 1¢50 3400 3.50 106,00 500 oll Te17 10,00 19450 22433 12433 2017
] 7 1783 15.00 1800 20,00 27.66 «500 069 9483 27466 983 27466 e
2 11 Te83 5¢00 8400 10.00 29467 +500 69 21484 29467 37483 45066 15499 4066
Part II Output (Scheduled times assigned)
8 1 7617 5.00 7.00 10,00 Te17 500 069 Tel? 12033 19650 12433
8 3 12417 10600 12,00 15,00 12,00 0460 69 - 17 12,17 10416 22433 10016
8 [ 9.83 8400 9.00 15,00 . 9483 +»500 1,35 . 983 9.83 [ ]
1 2 14467 11400 15400 17400 2184 500 1.00 : Tel? 21484 23416 37.83 1599
2 L3 4+00 3400 4400 5400 25484 «500 o1l 21484 25.84 38.33 42433 16449 Beh9
[ 11 ’ 34433 «500 34433 34433 45066 45466 11.33
3 4 20400 15400 20,00 25,00 32,17 «500 2476 "12617 32617  22.33 42433 10016 2016
[} & 24450 2100 24400 30.00 30,00 «014 2425 - 4433 9483 34433 17.83 42433 8.00
7 5 30,00 25,00 30,00 35,00 55,00 «159 276 - 266 2766 57466 27466 57466 [ ]
& 5 15633 1200 15600 20,00 49466 «500 1677 34,33 49466 42433 57666 800 8400
11 5 12400 10,00 12,00 14,00 46433 «500 obts 34,33 46¢33 45466 57466 11633 11.33
1 3 2483 1650 3,00 . 3450 10,00 «500 oll Tel7 10400 19450 22433 12433 2017
[ T 17.83. 15,00 18,00 20,00 25,00 «036 069 = 2466 9.83 2766 9483 27466 (]
2 1

T.83 5400 8400 10400 29067 +«500 «69 21+84 29467 37.83 45466 15.99 bob6



Appendix H S 1
Sample Problem Output (Assigned projoct completion time is 50, 00 weeks)
1 te A M B TS XK VAR __TS-TE ES EF(TE) LS LF TF FF
] 1 Tel7 5.00 7.00 10,00 .17 4067 11484 4467
[ 3 12417 10400 12.00 1%.00 15400 12.17 2050 14467 2.50
8 6 9.83 8,00 9.00 15.00 s 9483 <« 7466 2417 = 7466
1 2 14467 11,00 19,00 17,00 C TelT 21486 15,50  30.)VY 8433
2 [ 400 3.00 4e00 5400 21406 25,04 30.67 3467 8.83 Bes9
« 1 34,33 34433 38,00 38,00 3467
3 4 20400 15400 20,00 25400 1217 32417 14667 34,67 2450 2016
) & 24,50 21400 24.00 30,00 9,83 34433 10617 34067 o34
7 S 30,00 25,00 3000 335,00 50400 27466 57.66 20400 $0.00 - T7.66
3 S 15433 12,00 15,00 20.00 C 36,33 49,66 D467 50400 34 8400
1 5 12,00 10,00 12,00 14,00 34,33 4633 38,00 50,00 3467 11423
1 3 2483 1450 3,00 3.50 . Tel? 10400 1le84 14467 467 2017
6 7 17483 15,00 18.00 20,00 30,00 9.83 27.66 2417 2000 =~ 7466
2 11 Te83 5,00 8,00 10,00 : 214804 29467 30017 38,00 8433 hob6
PROJECT COMPLETION 5766 PROJECT SLACK - Teb6
Part II Output (No scheduled times assigned)
8 1 Tel? 5400 7400 10,00 Tel? +500 69 Tel? 4e67 11.04 be67
8 3 1217 10,00 12.00 15.00 12,17 500 69 12.17 2450  1l4e67 2450
] 6. 9483 8400 9,00 15.00 9.83 500 1435 9e83 = Te66 2417 = T.66
1 2 14667 11400 15,00 17.00 21,84 +500 1400 TelT - 21e84 1550 ° 30617 8433
2 4 400 3400 4000 5,00 ~ 25,84 4500 o1l 21484  25.84 30467 34467 8.83 8449
4 11 34433 4500 . 3433 34433 38,00 38,00 3467
3 4 20400 15,00 20,00 25,00 32417 500 2,76 12017 32417 14467 34e67 2450 2416
6 4 24450 21400 24400 30,00 34,33 «500 2425 9.83 34033 1017 34,87 034
7 8§ 30,00 25.00 30,00 35.00 57066 500 ° 2476 27466 57466 20400 50,00 = 7466
o 5 15633 12400 15000 20,00 49466 «500 177 34433 490066 34467 5000 36 8.C0
1 5 12,00 10,00 1200 14,00 4633 «500 obhb 34,33 46033 38.00 50400 3.67 1123
1 3 2483 130 3,00 3,50 10,00 500 o1l Te17 10600 1184 16467 6e67 2,17
6 7 17483 15,00 18,00 20.00 27466 +500 <69 9,03 27466 2.17 20.00 - Teb6
2 11 Te83 5400 8,00 10.00 294067 500 69 2104 29467 30417 38,00 8.33 4066
Part II Output (Scheduled times assigned)
) 1 Tel? 5.00 7400 10.00 ~ 7.17 +500 .69 Tel? 467 11484 4e67
8 3 1217 1000 1200 1%.00 15.00 14000 *69 2483 12417 2450 lée67 250
[ 6 9.83 8400 9,00 15.00 9483 +500 1.35% 9¢83 « 7466 217 - T7:66
1 2 14467 1100 15,00 17400 21484 +«500 1.00 Te17 2184 15450 30617 8433
2 4 4400 3400 4400 5,00 25484 «500 o1l 2184 25,04 30467 34067 8,82 8e49
L 11 34,33 «500 36,32 34433 3800 - 38,00 .67
3 & 20,00 1%,00 20,00 25,00 32.17 500 2476 12617 32417 14e67 34,67 2450 2416
6 & 264%0 21400 24000 30,00 34423 «500 2425 9483 34433 10417 34467 34
7 S 30400 25.00 30.00 35.00 50,00 276 - Teb66 27.66 57486 20.00 $0.00 = Teb6
- 5 1533 1200 15,00 20,00 49466 +500 177 34433 4966 34067 5000 034 8.00
11 5 12,00 10400 12400 14400 46433 «500 ohb 34,33 46433 38,00 %0400 3487 1123
1 3 2493 1450 3400 3.50 10,00 «500 11 Tel? 10.00 1184 16067 hob7 2417
] T 17463 19500 18400 20,00 30,00 «945 069 2% 9.03 27466 2.17 204,00 ~ Te66
2 11 Te83 5000 8400 10.00 29467 «500 .69 2104 29467 30.17 38.00 8+23 be€b
Appendix H 72
Sample Problem Output (Assigned project completion time is 60. 00 weeks)
te A M B TS P{K) VAR TS-TE ES EF(TE) s LF TF FF
8 1 Tel? 5400 7400 10,00 7417 16467 21484 14467
8 3 12417 10400 12400 15,00 14417 12450 24,67 12450
] ] 9.83 8,00 9400 15,00 9.83 2% 12417 2436
1 2 14467 11400 15,00 17.00 Tel? 21486 25450 40417 18032
2 4 4,00 3,00 400 5,00 2184 25484 40067  b&eb7 16483 8eb9
L3 11 34,433 34433 48400 48400 13467
3 & 20400 15,00 20,00 25,00 44,00 ’ 12417 32617 24467 64e87 12450 2416
) 4 24450 21400 24400 30,00 9483 34433 20417 hdot? 10436
7 $ 30,00 2%.00 30,00 35,00 60400 27466 57,66 30000 60.00 2036
[ S 1%¢33 12400 15,00 20.00 34,.3) 49466 Gheb? 60400 10434 8400
1 S 12,00 10400 1200 14400 34,33 46433 48.00 60000 13467 11e23
1 3 2.33 1e50 3.00 3450 Tel? 10400 2140864 26467 1667 2,17
6 T 1783 1500 18,00 20400 30,00 9,83 27466 1217 30600 2434
2 1 7483  5.00 8,00 10,00 21086 29467 40017 48,00 18432 deb6
PROJECT COMPLETION 57466 PROJECT SLACK 2036
Part II Output (No scheduled times assigned)
8 1 7617 5400 7.00 10,00 Tel7 +500 69 Tel?  14e67 21 484" 14467
8 3 12417 10400 12400 15,00 12.17 +500 69 12617 124%0 26467 12450
] 6 9483 8400 9400 15,00 9.83 #3500 1435 9483 2434 12.17 2436
1 2 14467 11400 15.00 17.00 21.84 500  1.00 TelT 21486  25.50 40417 18433
2 o 4000 3400 4400 5,00 25,04 500 oll 21484 25,04 40067 shob? 18.82 8e49
- 11 34,33 +500 . 34033 34433 48400 48.00 13467
3 .6 20,00 1%.00 .20.00 25.00 32.17 +500 2476 1217 32.17 24467 44067 12450 2016
6 & 24450 21400 24400 30,00 34,23 500 2425 9.83 34433 20417 “4e87 10434
7 5 30,00 25,00 30,00 35.,0C 57466 500 2476 27466 57466 30400 60400 2626
L3 S 15633 12,00 1%.00 20,00 49,66 «500 1e77 34433 49466 44067 60400 10436 8400
11 5 12400 10400 12400 14400 46433 «500 ohé 34,33 46033 48,00 60400 13467 11.33
1 3 2483 le50 3.00 3450 10,00 «500 o1l Tel7 10.00 214084 24467 14467 2417
6 T 17483 1500 18000 20400 27466 «500 69 9483 27466 . 1217 30,00 24346
2 1 7¢83 5400 8000 10400 29467 «500 .69 21e846 29467 40417 48,00 18433 4eb6
Part II Output (Scheduled times assigned)
8 1 Tel7 5400 7400 10,00 Tel? +500 69 Tel7 16467 21e84 14467
8 3 12417 10400 12400 15,00 12417 <500 69 12617 12450 24,67 12450
[] 6  9.83 8400 9400 15.00 9483 500 1.35 983 2434 12417 2434
1 2 14467 11400 1500 17400 21484 +500 1400 Tel? 21484 25450 40617 18433
2 4 5,00 3400 4e00 5,00 25.84 500 ell 21586 25,84 40467  4be67 18483 8049
L3 11 34433 +500 - 34,33 34433 48400 48400 13467
3 4 76,00 1500 20400 2500 44,00 14000 2476 11683 12017 3217 24467 4467 12450 2416
6 & 26,50 21400 24400 30400 34,33 500 2425 983 34433 20417 44067 10e34
7 S 306000 25000 30400 35000 60400 B4l 2476 2636 27466 57466 30400 60400 2036
& 5 15633 12400 1500 20400 4966 500 1477 34033 49466 44467 6000 10634 8.00
11 5 12400 10400 12400 14400 46433 500 obé 34433 46433 48400 60400 13467 11033
1 3 2483 1450 3,00 ®,50 10,00 o500 o1l . Tel? 10400 21484 24,67 1467 2417
6 T 17483 1%00 18,00 20400 30,00 945 69 2434 9,83  27.66 12417 30,00 2036
2 11 7403 5000 8,00 10600 29+07 +500 69 21e04 29467 40017 48400 1833 4ebb




