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ABSTRACT

JRITICAL FATH PROGRAM MANUAL

Submitted to the Department of Civil Zngineering on May 17, 1953,
in partial fulfillment of the requirement for the depree cor Bacnelor
of Science.
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“"TRCDUCTION

Jyithin the nn “ur years there has been cons’ '-rable attention

paid t-- the methods of critical path scheduling and to adapting CFM to

the tools ¢” hic, sn -.] computation. This interest has been the result

&gt;f FE

olanning ¢

-
Y “ + racting and fficient technioue to facilitate the

projects in construction, manufacturing,

snd researc

Fyre Y “hniou and the IBM LISS

are timo o 3 ni computer programs for scheduling that have

evolved, How: yn, 1 ~ J
TE we reamy x oSSOTOAmMS » not furnish a complete and

detailed arrs+ YOSS 1151 DY 2 &amp;= schedules that would benefit management

in planning decisions. With tl. . goal ol attaining a program that would

avccomplish this, a considerabl amounu « © work was done in the Civil

ingineering Systems Laboratorv a . MIT. in the spring of 1962 under the

direction of Mr. J. L. Cutcliff:

Two major accomplishments in the form of Master's Theses resulted

from this work: MA Computer Approach Towards Developing Critical Path

Networks! by D. Re. Pennell, and YA Digital Computer Solution to the

oritical Path Problem and an Approach to Resource Allocation! by

Je Re Farmer. The Pennell thesis presented a program that would develop

he activity network used as a model in critical path analysis. This was

vasically done by considering the precedent restrictions of each activity

[he Farmer thesis presented a program that would do the actual network

computations and would output an array of schedules with their related

costs. Both programs were finally combined bv Mr. Cutcliffe, and the



composite program was called CFS (Critical Path scheduling) 300. However

no effort was ever madzs to describe the operation or use of CP3 300, and

“hus the program manual in Appendix A became the object of this thesis.

\s the program manual states, the basic purpose of a critical rath

analysis

being a

CE3 37

Thi.. ir"

nder

Dros re:

Sf th +

Te “1

in the net.wr

DIOSTaM --

venerat&gt; a spectrum of project schedules, each schedule

imum rroiect direct cost for the specified project duration

inaryinvestigation, appeared to accomplish this.
=e. manual for its use would be a profitable

rthe~ stu'v showed some inefficiencies and poor

“ww which could no* bz fully corrected because

™
"

Ld pod . an,
FY

are cstudv w2= spent on the £7 :w alrfsorithm used

comrit Nc which mav b:: considered the Yheart' of the

r~mear«q thav a mor: logical and efficient algorithm could

oe found, and. thus {he nrogram presented in Chapter IV was written.

lo maximize the efficiencv of CFS 300 a full reorganization and

change of format will probably b= necessary. As it exists now it is a

combination of three chains, each written separately (CHAIN(1,AL) by

“ennel, and CHAIN(2,B2) and CHAIN(.,B3) by Farmer) and connected only by

&gt;utput and input statements. Chanpi " presents a suoegestion for such a

reorganization.



The writing

ol WRITING OF THE MANUAL

©" tha OPS 300 manual was actually the final step in

this study. Before any description could be written, it was necessary tc

understand the general operation of the whole program plus the detailed

operation of its more important parts, particularly the flow algorithm.

The testing of the flow algorithm was done on an IBM 15620 computer, the

whole program being tested on the IBM 7090. With an understanding of the

operation and the technical restrictions of the program, the manual could

be wri’ ~~

The ~-n » 2 yma” "lows1 1 “he manual is that ? the technical

publications of tha Civil Engineering Systems Laboratory at M.I.T. It

was assumed that the user of CPS 300 would have some knowledge of critical

path scheduling techniques and a basic understanding of the mathematical

methods associated with them. Therefore, no detailed theory of critical

path is given, but rather stress is placed on the operation of CPS 300

and how it uses the theory. However, the introduction to each descriptive

section briefly explains how critical path techniques function, so that

CPS 300 can be understood in the context of the theory.

Since the program is divided into three chains, the description of

cach chain is given separately. The cperation of each chain is presented

in the form of a macre flow diagram, with the individual operations

iiscussed in the text. The less important orverations are just mentioned,

but the main parts of the chains are further discussed. The presentation

of the network development method is lengthy and complicated. This was

difficult to avoid because of the intricacies of the program. To illus-

trate the flow algorithm, a micro flow diagram was used. This allows the



cFS 300 user the option of further investigating the program oreration

vithout having to search through a lengthy discussion.

After Section 2.0, which describes the operation of the program, the

*emaining s=actions deal with the technicalities of using it. Section L.O

3erves ~ “rer ,r
is

“ha

ire
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” » the more detalled descriction of the input format

"on 7 CG The Orerating Instructions, Section 5.0
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The stn?
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 om CRITIQUE C® CPZ 3CJ

ni testing that was done in preparation for writing the

CPS 300 program manual revealed several inefficiencies and possible

deficiencies iv th. program. Th- inefficiencies stemmed both from

rrogramine ter’

ne

sersnt oY

{nlswam

zero valu.

nnece: ~~ 1

shat the ©

initiali

The

chain mav also bt

“nl redundant, romiines.

hr vie 3, the ry 1 yw1 Jia] i] 7 i oO_1z1ngo T large, sub-

~~twork development chal. This is done. for

© - N= nrececeding statement number 9030. which writes

~¥y a Ney nt 1 trop’ T rr 4 This ¥

»aad ont t Cro Te over anv values

"air my cam 1,2 hint mm hy .
Y further used to

k wh} =: &amp;1 ot %  amen” CF. threr-

my
“ the floc +1 vo whe network computation

cuestioned. Thi: cone- = arco=e over the large number

of transfer statements that appeared in .. program trace of the algorithm.

The large number of transfers from one IF statement to another suggested

shat it may be inefficient. Thus the new algorithm presented in the next

~hapter was written.

Since the chains of CPS °.. ) were originally written as separate

orograms, there appears to be some redundancies in their operation. The

most evident among these is the arrow renumbering routine that is included

in both CHAIN(1,A4) and CHAIN(2,B2). A network that has been developed by

SHAIN(1,A4) and whose node numbers have already been put in order for the

&gt;peration of the network computations, CHAIN(2,B2), is renumbered in the

latter chain. This second renumbering is unnecessary and could waste a



sonsiderable amount » computer time f Yn projer”, © © many activities.

[n the testing cf CPS 300 on the IBM 7090, considerable difficulty

vas encountered with some o” the example problems used. The rrogram, as

vritten, is suovposed tu check for common network logic errors and is to

stop if any of thee~ occur. In several test runs, a loop apreared in

JHAIN(1,A4). This sugrests that there was some form of network logic

(or some violation o” such) that the program could not accept. A

criticism does not

accepted. but, fro:

provided to

somputer r-

g

T

from the fact that this logic could not be

check nor a warning was

 user of the error. Bacause of this, one

facl, that neither :

-

Na ,o looped continuously for fifteen minutes and

“urniche

~~

YikY

are arranc

distinguish ¢ ATE

“mM the invul ™rial The fields

. readine the dat- &gt;) 1 difficult to

i: fiv.m another. Although thi: i only a matter of

convenience, it could be corrected.



de NET FLOW ALGORITHM

The study of CPS 300 lead to a search for a more efficient flow

algorithm. The new algorithm was originally written as a separate

orogram that included a scheduling routine. As it is listed in appendix B

it can perform all the basic functions of the network computation chain of

OPS 300 excent the check and node renumbering operations.

It orde  +

ts actual’ © mer

vould be n

and bac

Usins

par© ori an accurate check of whether this new algorithm

“ieny than the one presently used in CPS 300, it

replace the main part of CHAIN(2,B2), the forward

cons and the flow assignment, with the new algorithm.

yumma ler comparison of the computer time used

[.) could be made. This was attempted

Z.i CHAIN(1,AL) with the network logic of the

lems (referred tia the previous chapter) did not allow the

orogram to proceed a= far as the algorithm. However, the new algorithm

nas been prepared t.. directly replace what the program manual refers to as

Operations 8. 9. and 10 of CHAIN(2,B2) so that further testing can be done.

{ listing of this in substitutable form is given in Appendix GC.

The new algorithm was debugged and tested on both the IBM 1620 and

{090 and is available in Fortran language as &amp; separate program for both

computers. The listing in Appendix B is for use on the 7090.

Basically. the input format is the same as that used for CHAIN(2,B2);

&gt;f CPS 300 except that no preferred duration is included. This field is

left blank. One extra card is necessary at the beginning of the data

yiving the number of activities (KMAX) and the number of nodes (IMAX) of



the network. A blank card i &gt; not necessary at the end . * the data. The

nodes must be numbered in order i ~.. the number of the node at the

beginning ¢© an activitv must b- less than the one a’ th end.

The program gener” 11 5t of schedules which include the name,

st,- vr 5 «oa
a

fo Uy - v4 4 atlot» etm» early finish, late

Cig : Doe "Moai. 0” each activity. A! the end of

sachh soh- +

uursyon and cost for that scheduls are printed

T 10COC""0 which th: 7060 program

ae final cost on the 1

The "nv" = TN

out il

“he 4if" — IC A zero total float indicates a

~ritic i 2
-.

-
1 omoa . problem is also given in

Lppend. illustrate Lhe program operation.



SUGGESTICNS FOR THS ROVISICH o~~ Crs2 Uli
-

iven if the problems that have been mentioned with CPS 300 were to

de corrected, an efficient CPM program may still have not besn developed.

[t appears that to make the program efficient, it would be necessary to

completely reorganize i in order to remove the redundancies caused bv

combining the chains. This could be done bv dividing the orerastions

referred to in the program manual into subroutines. These subroutines

could possibly t

Jeveloped in theo

STRESS. The main subroutines would contain the operations for the actual

network development and computations. These would be surrounded with sub-

routines for readine

durations, and printings. A subroutine would only be called when reauired.

A suggestion for the division of CP5 300 into these subroutines is shown

&gt;elow with the proposed subroutine names and functions.

SUBROUTINE READ

SUBROUTINE CHECK

SUBROUTINE START

SUBRROUTINE DEVEL

SUBROUTIN® END

SUBROUTINE RENUM

SUBROUTINE PRINTL

To read input data.

To check for network logic errors
in the input data.

To find and check for starting
avents.

To develop activity network from
precedent restrictions.

Io find and check for one ending
svent.

To renumber the network nodes in
order.

To print network develorment data.



SUBROUTINE COMP

SUBRCUTING COST

SUBRROUTINT RANGHE

SUBRCUTING PRINT2

SUBROUTINE FPREF&lt;R

SUBROUTINE PRINTS

To make network computations.

To find the minimum total
project cost.

I'o check for the range of wanted
sutrut a

[o print network computation
iata (schedules).

lo consider preferred activ!’
jurations.

To print schedules considering
nreferred durations,

Such « svstem has two distincl advantages. First, only those

subroutines that are to be used are called. This would avoid redundancy

and would conserve computer time and storare space. Second, if a more

fficient subroutine were ever developed, it could easily replace the

&gt;xisting one without upsetting the structure of the whole program or of

yther subroutines.
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CPS 300
SRITICAL FATH PROGRAM

INTRODUCTION

Nith the increasing size and complexity of industrial and

sonstruction projects there has come a recognition of the need for

new management techniques to provide for efficient planning and

scheduling. One of the first approaches to this problem was the

jevelopment of critical path scheduling methods (CFM). This

manual describes an electronic computer program, CPS 300, that

atilizes the technique of the critical path method and provides an

optional algorithm that develops a representative network of the

oroject activities. The manual is written with the assumption that

the reader has some understanding of the basic mathematical tech-

niques involved in critical path methods. (See References in

\ppendix.
Although CPS “ % -

ro eh , One the most compleoe programs that

has been developed for project scheduling, it will not make the

Final decision of the optimal schedule. This is function of the

zoals and restrictions of the CPS 300 user. However, the program

joes provide a detailed array of project schedules and their

respective durations and costs.



Page 2

~ DESCRIPTION

CPS 300 was written i. . FORTRAN language primarily for use on

the IBM 709/7090 Computer. I°. is divided into three parts,

referred to in the program a: chains.

CHAIN(].

activities. CHA:

 algorithm that develops a network of project

does the actual network computations, and

CHAIN(3,B”) conegidr~-

activities. These chains may be used in combination or separately

(except CHAIN(”.P”). which is dependent on the output of CHAIN(2,B2)).

For example. the CPS 3CO user may wish to construct a network diagram

oy hand methods and would, therefore. only have to call CHAIN(2,B2).

{fe would call CHAIN(”.B2) if he wished to consider any preferred

 tie activities. The signals for calling the different

chains are included in the control card which is described under

Section 3.0.

2 ea NETWORKDEVELOPMENT - CHAIN(1,AL4)

A critical path analysis requires a network f project

activities which serves as a mathematical model for computations.

A simplified example of such a network is shown in Figure l. Each

link of the network represents an activity of the project, and each

rode represents an event which may be the start or finish of an

activity. (This is often referred to as an arrow diagram, the

arrows representing activities and the arrow heads and tails,

svents.)



Pe.ge 3

FIGURE |.

The networic is constructed according to restrictions on

activities: in other words, the start of one activity is dependent

on the completion of one or more other activities. The breakdown

of a project into separate activities is determined by several

factor: tyne cf work, predominant labor classification, work

re SPOONS
- 8

PR
avVV work location. and practical considerations

accordiin how the work is to be accomnlished

oc A
1 = breakdown of activities and their vrecedent restric-

“ions (. 2~v order) are required for the operation of CHAIN(1,4i4)

(Time ~:

For us. iu the actual critical path computations.) Each activity

cost data is also included in the input data but only

is represented by an assigned number. The program then develops a

logical network and outputs the node number at the start and finish

of each activity. Figure 2 illustrates the general operation of

JHAIN(L,A.
Jperation 1 contains the necessary dimension statements and

orders the input data to be read.

Yperation 2 checks to find if the number of input activities

sxceeds the capacity of CHAIN(1,A4). If this number is exceeded,

-he computer will stop and will print out a statement to that



" READ INPUT DATA

CHE FOR EXCEEDING
PROGRAM CAPAC\TY
 YO

CHEK FOR TWO ACTIVITIES Tha
HAVE THE SAME IDENTIFICA [ION No

_____ No
CHECK FOR ANy ACTIVITY THAT
IS PRECEEPED BY (TSELF

i. NY}O
CHECK FOR ANY ACTITYy THAT IS

PReceepED BY Two EQUAL ACTIVITIES
Nyo

CHECK FOR REDUNDANT PRECEDENT
RESTRICTIONS

CHECK FOR ANY PRECEDENT ACTIVITY
THAT DOES NOT EXIST
 ee NYO

ORDER AND CLOSE UP
PRE CEDE NCE ARRAY

Fage 4

[PRINT ) [ENDMESSAGE END
VE

wvES I PRINT
MESSAGE SEND

VF. PRINT
MESSAGE { END!

gl

VE = PRINT
MESSAGE ~SEND|

YES PRINT
MESCACE END

CHECK FOR Common
{INITIAL NoD E

&gt; NUM BER Ac TOAL
ACTIVITY NODES

NOMBER DOM My
ACT\VIT™ NODES

2 REDUCE w
DOUOMM

% "MBER OF
WwITIES

ELIMINATE POUPLICATE ARD
REDUNDANT DUMMY ACTIVITIES

4 CHECK FOR coMMON
TERMINAL NODE

Is RENUMBER NoDES
&amp; ———eXY

[cHECK FOR cLOCsSED LooP
IN NETWoRK LOGIC

N {©
ORDER ACTUAL AND
DOMMY “cCTIVITIES

17

= PRINT ACTUAL AND
DUMMY ACTIVITIES

CHECK To PROCEED
To CHAIN (2,BR)

Nyo
 END

SIGURE 2 MACRO Elow DIAGRAM FOR

YES PRINT | esMESSAGE ENP

VES cALL
CHAIN (R B2)

CHAINCI A4)
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effect. The capacitv is actually governed by the storage size of

the computer being used. For an IBM 7090 Computer the maximum

wamber of activities is 20

Operations through 7 search ti» inpu. ds’ . fer logic

2rrors. .. suc. a rro~ i found, except in Operation 6, the

computer wi’ ~1 and the error will be printed out. Operation

yrecedence restraints, will remove anv suchheck for redur

restrsint - whic! we« cause tiie creation of redundant dwnmy

acl these dummy activities would nol cause an

rac”, they should be avoided to reduce the later work

Sf tin

3: La ons La la, { crar 1 which precedent

set” Yau A"i the input data and since Operation 6 may

nave rem - 4Aundan? preced- nv nr han nossibl : discon-

cinuivl Sew Sav ¥ readers TTY
a

=~~"(This a

refer v a
* NEVE OC gy where I, equals

one to seve vp
 dg i nrrceeds 1 y correct these dis-

zontinuit: A - ed
*

Am oan +.

. C nd closing the arr-

Operations ¢ LN » ode ad . and 1. compose the main part of

SHAIN(1,A4): find and number the initial nodes and terminal nodes,

and number the actual and dummy activity nodes. If an activity is

ot preceded, the program assumes that it 1s an activity which

sommences the project. Any number of activities may fall into this

category, and each of their respective starting nodes are labeled

235 OliC

ifter the initial node(s) has been found, the program proceeds

0 number the actual activity nodes. In order to assign a beginning



rode numbe-

3 prece

a dir

8s 1

nad 4 iA 1 wil

qe

Caga 7

 and she same time rels’ - this node to

Sy o- Tr apt Te cr separating it by

~ct Nj ‘lished. This arrav

“np “mensic "MN 8 ty » Precedence array

array, where . equals one Lu six

~olumne

\ - ah 7 1s encountered, the precedence array is

scanned to see if any other activity has exactly the same precedence

~estraints and if it does, then column six of the IPRD(N,L) array

Ls marked and all such activities are known to have the same beginning

node. If no other activities have the exact same precedence restric-

ions. then the precedence array is scanned to find those precedence

activities which also precede other activities and te which dummy

setivities must be drawn. When a preceding activity also precedes

sn activity other than the one in question, the element in the

'PRD(N,L) array corresponding to the preceding activity location is

labeled. This process 1s done for each of the five precedence

alements of the array for the activity. Thereupon, node numbers can

re generated for the activity. The beginning node takes a value twice

the activity number and the ending ncde takes a value twice the acti-

rity number plus one. These two node numbers are then stored in an

sxtended two columns of the precedence array opposite their respec-

sive activity. This then increases the IPRE(N,L) array (previously

nly precedence) to seven columns where L equals one to seven. In

che print-out of the network solution, the last two columns of the

[PRE(N,L) array namely IFRE(N,5) and IPRE(N,7) are listed as activity

reginning and ending nodes with labels of I and J respectively.
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Jeneration co ' the dummy nods is dependent on the action taken

in the IPRD array. If the preceding job element in this array is

designated, a dummy is generated. A dummy activity does not generate

its own node numbers. It assumes the preceding activity ending node

for its beginning node and takes on the beginning node of the

subject activity as its ending node. Assumed dummy activity nodes

ire then assigned to a two-dimensional array for storage and sub-

sequent reference purposes. This array is labeled 1JD(XKD,L) where

, equals one to two, and KD is a serialized number from one to the

naximum number of dummies required.

Operation 14 searches for the terminal node. Fach activity

“hat does not function in a precedence capacity at least once may

be assumed to have the terminal node of the project as its. ending

rode. All activities with this charart-—istic are scanned and each

activity is assigned an ending node equal to the largest of the

snding node

Before the terminal node uo cound however. Operations 12 and

15 check for any possible dummy reductions and for any duplicate or

redundant dummy activities that mav have been created by the program.

Jperation 12 provides for a case such as shown in Figure 3, in which

1

3 o
 TR SS.  J

&gt;

FIGURE 3.



“age "4

it is possible to reduce the number of dummy activities. The

orogram would equate activity B's ending node to activity Als

:nding node.

Operation 13 provides for a case such as shown in Figure ¢

in which there are duvlicate precedence dummv activities. Here

tummy activity © "1 not necessarv = ne gs dummy activities

=,
FIGURE «4

2-06 and 6-9 are in existance and would be eliminated.

3ecause networks have fewer nodes than activities, the program

may vroduce some large node numbers that are not necessary.

Operal.on reduc~s these node numbers and reassigns new node

numbers so th. 1° - berinning node is always less than the ending

10de. This &amp;° . in= network for use in CHAIN(2,B2).

checks for closed loops within the network logic.Operation 1

A closed loop is not allowable since it would imply that an activity

nust precede itself. If one occurs, the computer will stop, and an

&gt;xplanatory statement will be printed out.

Operations 17 and 18 order and print the actual and dummy

setivitiess If the CPS 300 user wishes to continue directly to

SHAIN(2,B2) it is possible to skip the print-out order or to punch

he output if he wishes to use it at some other time for CHAIN(2,B2)

input. Directions for doing this are included in the control card.
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3 - NETWORK COMPUTATION ~ CHAIN(2,B2)

Once an activity network has been developed, whether by using

JHAIN(1.44) or by hand methods, CHAIN(2,B2) may be used for the

ictual critical path computations. Besides the activity node

numbers, CHAIN(2,B2) requires activity time and cost data. This

includes the normal time of the activity with its associated cost

she crash time of the activity with its associated cost, and a

sreferred activity time if CHAIN(3,B3) is to be used. The normal

ime is defined as the shortest normal time of completing an activity

and the crash time as the fastest possible time of completing an

activity. The preferred time is a function of the desire of the

CPS 300 user.

The basic purvose critical path analysis is to generate

a spectrum of project schedules, each schedule being at a minimum

oroject direct cost for the specified project duration. CHAIN(2,B2,

iccomplishes this bv using a variation on the Fulkerson flow

algorithm. (See Reference (2).) From the time-cost data, a cost

curve is developed for each activity. Its slope is considered as

flow through the network, and the program searches for the longest

sath in time through which the flow can travel. This is based on

bthe theory that the minimum project direct cost will result if the

juration of each activity is maximized. The program then searches

hack through the network to determine if a longer possible path

axists. This is done several times until, in effect, all the flow

nas been Mused up." In this way, several schedules are generated,

sach having a critical path. The activities of these paths, if
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ielayed beyond their scheduled duration, would delay the wholes

oroject. These are termed "critical activities™ and are labeled

such by the program. The operation of CHAIN(2,B2) is illustrated

in Figsure 5.

Operation 1 actuall~ rerforms several functions as the data is

being read into the computer. It adds the normal project cost; it

calculates the slope of the cost curve of each activity; and it

odds the total number of links and nodes being read in. By perform-

ing several operations such as this within the same loop, less

subscripted variables are used, and computer storage space 1s

sonservede.

As in CHAIN(1.A.'. a check for exceeding the program capacity

is included in Operation 2. Such a check is provided in the event

“hat CHAIN(1,AL) is not used first. Again, the capacity is 2000

setivities.

Operations and check for two starting or ending events.

This is done by searching for an event that is at the tail of an

arrow but does not appear at the head of any other arrow. Likewise

she reverse is done in checking for two ending events. The program

cannot proceed with two starting or ending events, and the error

will be printed out. If the network logic is known to be correct,

-hen this check may be skipped by indicating such on the control

ard.

JHAIN(. ,0.) requires that the event at the head of each arrow-

be numbered greater than at the tail. To assure this

dperation 6 renumbers the nodes. Fach activity is scanned to find

che starting event. Once the starting event has been found. the
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READ INPLT DATA.
CALCULATE NUMBER of NETWRIKc
LINKS AND NOD ES.

CALCULATE NORMAL PROJECT
COST AND COST CURVE SLOPES,

CHECK Fur, EXCEEDING
PRoG RANT CAPACI"

VES PRINT END_+={END]
CHE

ROUT IN ¢

Oo

ER20K CHECKING] Ves
COTEL

on

CARTING EVENT MELAH ——

A In

TN
= Two ‘wn’ PRINT |Ne EVENTS ©esosrYEND

RENOMBC

FORW ARYL

BACKWARD ITERATION
LS—— J No —

ASSIeN FLOW To
- TIVITIES

A—

’ TComPUTEPROJECT
VARIABLE cCosT

CHECN FOR MINIMUM
TOTAL PROJECT cos.

pt. Sidi ceeremrmoe
CHECK FOR RANGE
OF WANTED oUTPUT

3 —

CALCULATE FLOATS AND
DEVELOP PROJECT SCHEDULES

3
PRINT ovTPOLT

—_—— CHECK To PROCEED
TO CHAIN (3, BX:

NJyO
END

VES  CALL
CHAIN(3,B2

FIGURE 5. MACRO FLOW DIAGRAM FOR CHAIN (2 BR)
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calls of «27 the arrows originating a: the starting event are

numbered one. At the same time, the act’+ities previously associated

vith event one have the heads and tails of the arrows chanced to the

original number of the starting event. The arrow diagram is then

scanned to find an event where the tails cof all the activities

sntering the event have been renumbered. This event is numbered

wo, and al. the numbers previously associated with this event are

cransferred 1. th= event nc" ~elv numbered two This process is

repeated unt: it

vent can bb Tour

number: 1
irr

Lu

ore num i € Po

yf Trem

L renwnbe

9
.

° Mw

nuwibe

- Lthaa

bees renumbers

~

nH
3

vm

creorractiv. If no

!

CE 5 have been re-

nd within this loor

1. * the arrows

1 1s

snicount

Th. ~ ~umlb

in the deve’ CME

numbered arbi. - om

ons upon the rlanner

Trams
ro.

ad » diagram can be

hand, and numbers can be omitted

yr activiJie= rm

Cper:.  main vart of CHAIN(2,B2).

I'hey perforin tn  hk ey daA MM» . described earlier in this section,

bracing the f7- r forward and backward through the network and

Tenera uw LN’ &amp; » :~hedules. Because of the importance of these

operations  OT micro flow diagram of the flow algorithm is included

in the Append.

Operation lu computes the project variable or direct cost for

sach schedule. This is done by adding to the total normzl cost

issociated with the longest vroject duration in the first schedule
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the extra cosi, computed - multiplving the ¢°fference in duration of

sach schedule bv the slope of the project cost curve.

Yneration 11 adds the direct and indirect project costs. The

jata for the slope and duration of the indirect cost curve is

included in the control card. The effect of adding these two costs

-hould produce a minimum total proi.ct cost. This is illustrated in

-he cost curves shown in Figure

JIRECT PLUS INDIRECT

NDIRECT

Of - rr

TIME
FIGURE 6.

It is conceivable that in a very large network many schedules

night be generated that would be unwanted or useless. Operation 12

~onsiders the relevant range as specified on the control card and

instructs the computer to print-out only schedules within a desired

-ime period. By using this option, computer time will be reduced.

Operation 13 calculates activity floats and develops project

schedules. Floats indicate to the project management the status of

311 activities in relation to the entire project and the degree of

criticalness of all activities. Total, free, and independent floats

are calculated.

Total float is defined as the amounu « * time that an activity

san be lengthened without delaying the completion cof the project.

shen the total float of an activity is zerc., the activi. od 1s

sritical. By checking for zero total floats, the program determines
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~ritical act’: ‘ties ®

"ree float is defined as the amount of time that an activity

can be lengthened without changing the earliest times of all

activities immediately following.

Independent float is defined as the amount of time that an

activity can be lengthened without changing either the latest start-

ing time cf preceding activities o™ the earliest starting time of

311 act’ "ties immediatelv fc law

The project schedule con.”  ing "he e.rliest and latest

times for each event, is prepared in the following manner: The

2arliest time than an activity can be started is the earliest time

associated with the event at the tail of the #~tivity in the arrow

diagram. The earliest that an activity can b: finished is the

sarliest start plus the scheduled duration cf the activity. The

latest finish of an activity is the latest time associated with

she event at the head of the arrow, as derived from the float

computations. Th: latest start ¢” an activity is the latest finish

ninus the scheduled duration. This information is calculated for

2ach activi+” o  ton nyo je

Th &gt; schedule. will now Gd  ua Operation 16. The

orogram will then hal. 1 tu consider preferred

activity durations by calling CHAIN(3,B3).
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-

-
Sr PREFERRED DURATIONS - CHAIN(Z,B2)

[Lt 1s conceivable that an individual activity could have a

norizontal cost curve as shown in Figure 7. Such a curve would

oo T

DIRECT cCosT CURVE

br of
FIGURE 7 TIME

211low planners more flexibility in scheduling, so CHAIN(3,B3) was

jeveloped to consider preferred durations of activities with a cost

curve of or close to this type. Figure 8 shows a macro flow diagram

»f CHAIN(2.p”-

In this algorithm tu. scheduled durav.ions and the preferred

duration are the only input information necessary. These are

obtained from the output c® CHAIN(2,B2) and are read in Operation

The remainia~ on~rations proceed with the analysis. Only

activities havine total float can be considered since an activity

having zero float, if lengthened or delayed, would delay the project

completion date also. The difference between the scheduled and

preferred duration is calculated. The scheduled duration of all

non-critical activities 1s increased by a small :&lt;rcentage of the

above calculated difference. The total float is recalculated by a

subprogram, and a comparison is made to determine which activities are

closest to becoming critical.

The duration of each non-critical activity is lengthened until

it becomes critical. If the scheduled duration is greater than the

referred duration. the scheduled duration is reduced to the
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AD OUTPUT DATA
25M CHAIN (2B 2)

(VITIES FOR
TAL FLOAT

INCREASE DURATION OF
NON-CRVTICAL ACTIVITIES
BY 4 SMALL INCREMENT

CALL SUBROUTINE TT.
RE CALCULATE TOTAL FLOA-

INCREASE DORATION OF Some
TIVITIES To REwmE CRITICAL

T
eeeeemeeeee

TALL SUBROUTINE To
ALCILATE TOTAL FLOAT

 x
GETPOT

~

SIGURE 8. MACRO FLOW DIAGRAM FOR CHAIN(3 B3)
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preferred duration and the total float recalculated. Many

activities will be scheduled to be completed in a duration between

he originally scheduled duration and the preferred duration.

[hese activities are then critical and must not be lengthened or

the projectts completion date wi’ = d. 1 vad

Jnerauioln prints the outpul I. . the same format as that of

CHAIN(Z,Z..).
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. ~

INPUT DATACARD FORMATS

The 7009/7090 composition and formal " each data card is now

oresented. Lach word of data must be right adjusted (or trailing

eros used to eliminate the blanks) within the appropriate field.

(he alphanumeric descriptive words, however, may be left adjusted

for appearance sake in the output. Since the 7000/7090 computer

sccepls a decimal punched anywhere within a field, no adherence to

card columns, other than for convenience, 1s necessary within each

"Meld.

Identification Data
card .

Fielu

1-79

Variable

Vr

Description

Project description. Alphanumeric.

JAR is the name which identifies the project that is being

studied. The name is printed on the schedule output sheets.

control Data

Sard .

Mela

1-5

1-10

Variabl.

—
Hs hnot br

-

Description

Minimum time of range of desired
sutput. Floating point.

Vaximum time of range of desired
&gt;utput. Floating point.
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13-13

LO-2/,

55"

31-13

go

ph

- Slope of initial overhead
curve. Floating pointe.

Slope of final overhead
surve. Floating point.

nem Duration of initial overhead
curve. Floating point.

pe Description of dummy activity.
Alphanumeric.

blank

TDUM Signal for printing output for
CHAIN(3,B3) if # O. Fixed point

[ERR Signal for making error network
check in CHAIN(2,B2) if # O.
fixed pointe.

TJACK 3ignal for doing CHAIN(2,B2)
and CHAIN(3,B3) if # 0. Fixed
pointe

Signal for printing output
CHAIN(1,AL) if # GC. Fixed

[PRT for
noint.

"TUN Signal for punching output
CHAIN(1.44) if £4 0. Fixed

for
nvoint,

The values for FIR TWIN. "In or
\ and DURA may be omitted

if only CHAIN(1,AL), the network development algorithm, is to be

ised. If CHAIN{(2,B2) and CHAIN(3,B3) are used and values for FIR

and FIN are omitted. a complete array of schedules will be printed

alues for the overheat curve, FIXA. FIXR and DURA, may also be

omitted if the user does not wish to cutout Indirect costs. An

initial and final slope of the overhead curve are provided to allow

for an overhead change during the project. This may be caused, for

instance, on a construction project by a change in seasons.
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i descrintion for dummy activities, VOR, must be included for

CHAIN(1.AL) but may be omitted if only CHAIN(2,B2) and CHAIN(3B,3)

are used. This allows the program to label a dummy activity. The

sord "Divan aE
rl_gd

ye Fs TTT]3a nN:IHR- “ra signals for the

iffIF ren " the program. I" the operation is not desired

~ bt» £7 blank. IPUN, the signal forhair neon 4% iy,

punch 1» 1 n a ~~ -nmen. output, mav bs used if the network

another time Tai will allowcomputa Tone oo

network comput. ~ 1 int the computer directly from

punched cards. The sien...
-

» not doing CHA.( .. ) is included in

the activity computation data.

Network Development Data

card 2 through Card 2600

Fic’ Variable

I (blank)

—=8 K{n)

I-12 IPRE(N,1)

13-10 TPRE(N,2)

[7-20 IPRE(N,3)

21-21 IPRE(N,L4)

Description

Signal for not doing CHAIN{1,AL)
if I # 0 for any activity.
Leave blank for network develop-
nent.

Activity number of Nth activity
read in. Fixed voint.

Activity which immediately
srecedes K(N). Pixed point

Activity which immediately
orecedes K(N). Fixed point

Activity which immediately
orecedes K(N). Fixed point

Activity which immediately
orecedes K(N). Fixed point
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25-

20-73"

32-3.

35-57

3IR=-/D

Ew

8-71

TPRE(N.

po

CS

CC

AST

Activity which immediately
precedes K(M)., Fixed point

Normal duration of an activity
“loating point.

Crash time of an activity.
*loating point.

Freferred time of an activity
floating point.

Normal cost of an activity.
*loating point.

Crash cost of an activity.
Floating point.

Activity description.
Alphanumeric.

Last Card

1-80 blank 3ignifies end of data.

Network Computation Data

I&gt; CPS 300 is to be used only for CHAIN(2,B2) or CHAIN{2,B2)

and CHAIN(3.B3). network computations, and not for the development

&gt;f the network also, the input data for Cards 3 through 2600 will

he of different composition and format. The new format follows.

ard
Pio

throug’ ~

yg 5

)

Description

Event number at the start of
activity link. {Arrow tail.)
Fixed voint.

7-28

29-31

Jd

n
-

blank

ivent number at the finish of
activity link, (Arrow head.)
Tixed point.

Normal duration of an activity.
?loating point.
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32

35-3"

38-42 wet

3-47 SSTh.

8-71 ACT

Crash time of an activity.
Floating point.

Preferred time of an activity
Floating point.

Normal cost of an activity
loating point.

crash cost of an activity.
*loating point.

Activity description.
Alphanumeric.

Last Card

1-80 blank Signifies end of data

Pl nrEsSerice L101~
-

1 card columns . through 4

signals the computer to skin CHAIN(1.n. 5 and proceed directly with

the network compu suions. II both CHAIN(1,Aik) and CHAIN(2,B2) are

0 be used. the i, formaiv ¢” the network develovment data is

negessary. B-- types or input reguire that the last card in the

jata deck be blank.
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: CARD FORMAT SUMMARY

7/06/7090 Input Formats

and

Tho fc1lowing card formats describe the 709/7090 input data

» to the FORTRAN variable names explained in the previous

section.

Identification Data

marc

Fos RA

control Data

tar”

—

~—in
L

}
bo

16

”

&lt;

FI.

FIX

DURA

TOR

nlank

[DUM

[ZRR

[JACK

IPRT

[PUN

Network Development Data

Jard 3 through Card 2600

‘blank}
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(NM)
dies

13"

iy

21-2".

25="

#

2
J

~
&lt;

-

3%

L2

Lt

IPRE(N,1)

IPRE(N,2)

IFRE(N,3)
IPRE(N,4)
IFRE(N,5)
TN

I'CR

CHT

CSTN

 &gt; STCR

ACT

Last Card

| 27 ylank

Network Computation Data
care through Card 2600

J

SE

29-51

32-34

35-37

38-4.

L3=uf

3-7.

olank

'N

TCR

PRT

CSTN

ACT

ACT

ast Card

Slang
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y OPERATING INSTRUCTIONS

System

Fortran Monitor System

.onsole Switches

Sense Switches 1 not used
2 not used

&gt; not used
+ not used
5 not used
5 not used

lapes

scratch tape
- scratch tape

I. Ay = primary chain tape
Tapa B2 - secondary chain tape

order of Input

Program Deck
Identification Card
JAR
control Card
¢IR, FIN, FIXA, FIXB, ._
[JACK, IPRT, IPUN
lctivity Cards (for CHA”
I, K(N), IPRE(N,1), IPM.
[PRE(N,5), TN, TCR, PRT.

or

lctivity Cards (for CHAIN(2,B2) and CHAIN(3,B3) only)
rf, J, TN, TCR, PRT, CSTN, CSTCR, ACT
Blan Card

he oh

Special Instructions

The capacity of CPS 300 is 2600 activities for all chains
and cannot be exceeded using the IBM 7090 Fortran
Monitor System.
For CHAIN(1,AL), a maximum of five precedent activities
"IPRE(N,L)) are allowed per subject activity (K(N)).
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Jutrut List

SHAIN(1,A'©- intermediate
I wo

HAIL 1.4L) ~- finel
~ ¢. IN. TCR. FRT, CSTIN, CSTCR,

ACT, 1, J, SCDR BIGG, STLT, FINZR, FINLT, FLTO, FLFR
FLIN, COST
SHAT (3,B
sameasCH...
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,

- OUTPUT FORMATS

Sach chain of CPS 300 provides printed output. CHAIN(1,AL)

vill also output punched cards upon request on the control card

of OUTPUT OF CHAIN(1.A4)

Frinted or punched output may be deleted from CHAIN(1,AL) if the

program i  + continue directly to CHAIN(2,B2). If printed output is

requested on the control card, the activity identification number, XK:

the tail of the activity arrow, I; and the head of the activity arrow

J, will be printed out and ordered in threa different ways: by

© tivity beginning nods number (arrow tail. and

act] ¢. “*1r node number {arrow her This is done to facilitate

- actual network c¢&gt; arrow diagram.the drawiie ¢” th Duminy activities

ire printed separa. 1 3 A
 7 Wl . Vea Lae - L n Yi

3 Aa 2? and

Puniched outoul. 1: sv also available from CHAIN(.,~-) with the

Following information for each actives

~~
Lx

ICL.

PRY

 SS

SSTG

ANS

activi: rm beginning ncde number

activi - ending node number

normal time

crash time

preferred time

normal time

srash cost

activity name

[his information is in the correct format for use as

JHAIN(2,B2) input data.
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5 - OUTPUT OF CHAIN(2,B2)

Jutwut from CHAIN(2,B2) is printe.l in schedule form as each

schedr1 “+ eenerated. The schedule contains a heading with the

sched” number the project duration and the total variable cost

for thai schedule and the project ident” "ication statement. The

following information is printed f+ each activity:

activitv ne

activity beginning node nunber

s.ctivitv ending node number

CRITICAL

SCOR

3TGG

STLT

FINER

*TNLT

+1,TO

*LFR

FLL

08

indicated by v-

scheduled duration

earliest start

latest start

sarliest finish

latest finish

otal float

"ree Float

independent float

activity cost

" No

\ summary sheet is also printed for the project giving the

schedule number, duration, variable cost, overhead, and total

oroject cost for each generated schedule.

De OUTPUT OF CHAIN(3,B3)

CHAIN(3,B3) prints out schedule sheets with values for the same

rarisbles and in the same format as in the print-out of CHAIN(2,B2).
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PROGRAM LISTING



CHAIN (1.47
LIST
DIMENSION K(2CO0)sIPRE(100Cs7)sT ID(500497)s IPRD(100CS

'VAR(12)sVORI(3)
COMMON Ko KDMAX s NMAX 3 INDIUM TOK s VOR IERRSLMAN ,“TIXA3FTXRBsDURAZVAR,

 IPRDR sPVC POH IPTC s ADDS FIRSFING IUD IPRE
N=1
NDON=1
[OK = 0

REWIND 9
REWIND 10
FORMAT(12A6)
READ 1CCOs (VARI(T
FORMAT (5F6eDs3A0-
READ 100C1sFIRsFIN-

: IPRT4IPUN
02 FORMAT (T71493F3e092F5e094A6)
N5 READ 1002s IsK(N)s (IPRE(NSII)sII=195)sTNsTCRIPRT$CSTNyCSTCR

LACT (IT) IT1=1s4)
[F(IOK) 10094100741009

07 IF(1) 1008+1009+1C08
IN8 I0K = 1000
09 WRITE TAPE 9s IT sK(N)sTM “7747 2T4CSTNsCSTCR$(ACT(I

{iF (K({N)=NDON) 18+1R-
17 NDON=KI(N)
'8 IF (K(N)Y) 394473

3 N=N+1
50 TO 1005
NMAX=N=-1
D0 90CO JJ=14MNMAX
[=0
J=0
TN=040
TCR = 060
PRT = ON
CSTN = 0l0
CSTCR = 040

WRITE TAPE 9s I13Js Ny CRsPRTSCSTNsCSTCR(TT77)"1=14s%
REWIND 9
[IF(IOK) 19919510000
CALL CHAIN (24R2)
LMAX=(2%¥NDON)+1
THECK FOR TOO MANY ACTIVITIES IN INPUT DATA DEICX

50 IF (NMAX=2600) 634634561
51 PRINT 624 NMAX
52 FORMAT (21HOINPUT DATA CONTAINS I5,76H ACTIVITIES. PROGRAM DESIG

INED FOR 12u0 ACTIVITIES. PROGRAM CANNOT PROCEEDS)
GO TO 598

~3 DO 87 N=1sNMAX
NTEST=K(N)
CHECK TO FIND ANY TwO ACTIVITIES THAT HAVE BEEN GIVEN THE SAME (KX)
VALUE

57 DO 72 M=14NMAX
58 IF (NTEST=-K(M)) 72469,7°
59 IF (N=M) 7072470
70 PRINT 71s KI(N)
'l1 FORMAT (41HOTWO ACTIVITIES HAVF THE SAME ( .) NUMBER

GRAM CANNOT PROCEEDS)
G0 TO 598

LINOCOO™

-

L)

SF IXEsDURAS (VORI(IT)sII=193)9sIDUMSsIERRSIJACKY 0001 7.

 +

Y /

al

y

y

Y (
(a

10
1]
32
22

34
26
24

2

300
'Q

oQ- 3
A

/, €

‘v

{

A

"v

&gt;

AO ~~ ~~

Ny
—
.



72 CONTINUF
CHECK TO FIND ANY 'NR THAT 1S PRECEDING ITSELF

73 DO 77 11=145
74 IF (K(N)Y=TPRF(NsTI)) 77475"
75 PRINT 764 KI(N)
6 FORMAT (10HCACTIVITY 15447H T5 PRT72ZAT 7

'PROCEFDa)
GO TO 598
CONT INUF
CHECK TO FIND ANY
ACTIVITY PRECFDED
DO 86 II=1+5
LP=IPRE(NsII)

9 IF (LP) 80486480
30 DO 85 I11=1+5
31 IF (LP=IPRE{(NSIIT)) 85sR2,485
B82 IF (II-1IT11) 834854873
33 PRINT 84s K(N)s LP
34 FORMAT (10HOACTIVITY I15,31H 1S PRECEDED B TW) ACTIVITIES I5441H W

IHICH ARE EQUAL. PROGRAM CANNOT PPOCEED,)
50 TO 598

35 CONTINUE
36 CONTINUF
37 CONTINUE

CHECK FOR REDUNDANT PRECIDE
38 N=1

&gt;00 I1=1
501 IF (IPRE(NsII)) 6054607s~0"
»O7 IF (11-5) 608 eA02 4607
8 IT=I11+1

GO TO 671
502 IF (N-NMAX) TTT 7704670
503 N=N+1

GO TO 60N
505 NP=N
YN6 M=T1PRE(NSII)

IBB=0
[(P=11
DO 610 N=1sNMAX
[F (K(N)=M) 61N46171,610
CONTINUE
THECK TO FIND ANY PRECEDENCE ACTIVITIES THAT Lo «OT HAVE
CORRESPONDING ACTIVITY KI(N)

512 PRINT 612s IPRE(NPSIP)s K(NP)
513 FORMAT (10HOACTIVITY 15425H WHICH PRECEDFS ACTIVITY I5465H

“T LISTED AS AN EXISTING ACTIVITY. PROGRAM CANNOT PROCEED
GO TO 598

511 NPN=N
515 IB=1
320 IF (IPRE(NsIB)Y) 62146259621
525 IF (I1B-5) 62646554655
526 1B=IR+1

50 TO 620
521 I1=1
540 TF ((IPRE(NsTRY)=(IPRF(NPSIT))) 64546504645
550 IF (IPRE(NPSIIY) 65146454651
551 IPRE(NPLII1)=0

GO TO 625
545% IF (11-5) 64646259625
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46 1I1=11+1
GO TO €40

55 IF (1BB=5) AB6s 274627
27 N=NP
30 IF (IP=5) 63146024602
31 [I=1P+1
35 IF (IPRE(NsII)) 606+636¢606
36 [P=11

50 TO 630
56 IBB=18B+1
57 IF (IPREF(NPNsIRRBR)Y £718
68 M=IPRF(NPNGIRR)

DO 660 N=1sNMAX
IF (K(N)=M) 660s 165-77"

60 CONTINUE
ORDER AND CLOSE UP PRECEDENT
DO 699 N=1sNMAX
DO 696 LL=195
IF (IPRF(Nel1)) 673467696773
NUMS=TPRF (Ns)
[F (IPRE(Ns2)) 67546784675
[F (NUMS=TIPRE(Ns2)) 6786777
FF (IPRE(Ns2)) 677+68C+677
'UMS=IPRE(Ns2)

FF (IPRE(Ns3)) 679+682+679
FF (NUMS-TPRE(Ns3)) 682+6814+681
'F (IPRF(Ns3)) 68146844681
IUMS=IPRF (Ns3)
[F (IPRF(Ns&amp;4)) 68346869683
[F (NUMS=1PRE(Ns4)) 686968546835
'F (IPRE(Ns4)) 6859688685
NUMS=IPRE(Ne4)
IF (IPRE(NsB)) 68746924687
[FF (NUMS—=TPRF(Ns5)) 69246914691
IF (IPRE(Ns5)) 691+689,+6091
D0 690 LL=Ls5
[PRD(NsLL)Y=O0
CONTINUE
GO TO 697
NUMS=IPRE (Ns5
PRF(Ns5)=0
GO TO 695
DO 693 11=1s4
[F (IPRF(NsTIT)=NUME)

&gt;93 CZONTINUE
504 IPRE(NsII)=0
595 IPRD(NsL)=NUMS
596 CONTINUE
597 DO 698 L=1+5

[PRE(NSL)=IPRD(N,
298 CONTINUF
»Q9 CONTINUE

5 DO 7 N=1+sNMAX
5 20 7 1Il=1s6

IPRD(NsII)=0
CONTINUE
NO 16 N=1sNMAX
DO 16 11=6s7
PRE(NsIT)Y=0
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16 CONTINUE
3 KD=C

START OF MAIN PROGRAM
3 DO 350 NL=1,NMAX

10 IF (IPRD(NLs6)Y=-2) 119350,1°
11 IF (IPRE(NLs1)) 20412920

CHECKING FOR COMMON INITIAL NITF
N=NL
[PRE(Ns6)=1
[IF (IPRE(Ns7)) 15914475
[PRE(Ns7) =(2%¥K(Nj)*
[PRD(NLs6)=2
50 TO 350
NUMBER ACTUAL ACTIVITY NODM
IF (IPRF(NLs2Y) 24. ~

IPRD(NLs6)=1
50 TO 50

4 DO 48 NN=1sNMAX
°’5 IF (IPRE(NNs1)) 26948925
26 IF (NL=NN) 275487
27 DO 29 IIN=1s5
8 IF ((IPRF(NLsTITN))=(IPRE(NN,TIN))) 31929931
29 CONTINUE
30 IPRD(NNsb6)=1

GO TO 48
31 TIN=1
32 DO 37 I11=1+5
33 IF ((IPRE(NLsIIN))—(IPRE(NNsII))) 37934437
3g IF (IIN=-5) 35448448
35 TIN=TIN+1
36 IF (IPRE(NLSIIN)) 325484372
37 CONTINUE
38 NO 44 TIN=1+5
39 IF (IPRE(NLSIIN)) 40548540
40 DO 43 I1=1s5
+1 IF ((IPRE(NLsIIN))=(IPRE(NNsII}))) 47
+2 IPRD(NLSIIN)=IPRE(NLSIIN)

GO TO 44
+3 CONTINUE
v4 CONT INUF
48 CONTINUE
+9 IPRD(NLs6)Y=1
56 DO 325 NK=NLsNMAX
51 IF ((IPRD(NKs6))=1) 3259524325
52 IF (NL-NK) 3704535370

370 IF (IPRE(NKse6)) 272937753772
372 DO 376 JC=1s2
373 DO 376 JUN=14KDMAX
374 IF ((IJD(INsJCII—(IPRE(NKs6)))
375 TJD(UNsJCI=IPRE(NL6)
3176 CONTINUE

50 TO 378
377 [PRE(NKs6)=IPRE(NL6)
378 IF (IPRE(NKs7)) 32543794325
279 IPRE(NK7)=(2%&lt;C(NK))+1

30 TO 325
53 DO 320 1T7=145
S54 M=IPRE(NK,sITI)

IF (MY 554325455
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56 DO 57 N=1sNMAX
56 IF (K(N)=M) 5795857
57 CONTINUF
58 IF ((IPRE(NKsII))=(IPRDIIM!

NUMBER DUMMY ACTIVITY NODF
00 KD=KD+1
30 IF (IPRE(Ne7)) 2329231232
31 ID=(2¥K(N))+1

[PRE(Ns7)=1ID
Z0 TO 2373

32 ID=IPRE(Ns7)
33 TJD(KD el) =T
34 N=NK
"40 TIF (IPRE(Ns”
41 JD=2%KI(N)

FPRE (Neb) =JT
50 TO 2473
JD=IPRE (N46)
IJD(KDs2)=JD
KDMAX=KD
IF (IPRE(Ns7)) 3204751770
IPRE(Ns7) =(2%K(N)+1
50 TO 320

{00 IF (IPRE(NKs2)) 300491054300
105 IF (IPRE(Ns7)) 11541104115
110 IPRE(Ns7)=(2%K(N))+1
115 IPRE(NK36)=IPRE(NST)

50 TO 31¢C
300 IF (IPRE(NKs6)) 305+43C1 47205
301 IPRE (NK sb) =2%K (NK)
305 IF ((IPRE(Ns7))-(IPRE(NKs6E)))
306 IPRE(N«7)=IPRE(NKs6)

DO 309 JC=1,2
DO 309  JUN=1sKDMAX

INT IF ((TJDCUNSJC))=(IPRE(Ns
308 IUD(JUNSsJCY=IPRF(NIL46)
tng CONTINUF
110 [F (IPRE(NKs7)) 3204311270
111 [PREF (NKa7)=(2%K(NK))+1
320 ZONTINUF
325 CONTINUE
330 DO 337 N=1sNMAY
12365 [F (IPRD(NsAY-")
136 [PRD(NebH)=2
337 CONTINUE
250 CONTINUE

SUMMY REDUCTION
01 D0 875 KD=1¢KDMAX
02 IF (IJD(KDs1)) 70348754703
03 DO 705 LP=1sNMAX
704 IF (1JD(KDe1)—IPRF(LP45)) TN5 4875470
705 CONTINUE
06 DO 778 LQO=1sNMAX
707 IF (1JD(KDe2)-IPRE(LQs7)) T789710+778
710 DO 918 KF=1+KDMAX
711 IF (I1JD(KFs1)-I1JD(KDs1)) 91847125918
712 IF (KF=KD) 91349184513
213 DO 916 KG=1+KDMAX
314 IF (1JD(KGe2)=1UD(KF42)016459154916

»y 200+1C0O
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INB +230G

223
224
22%
226

227
228
229
230
231
232
232
234
23°F
23
Y

YC

3D

YL
ry
D1,

DY /

244
245
246
247
248
249
250
251
252
JR3
254
JRE
DR
2
758
yr

DA

&gt; 2

% —

/ ’
~

54
265
266
D67

068
66
&gt;7¢
&gt;71
7

xem

r



5 IF (1JD(KGs1)=TJD(KDs2)) 91649185916
16 CONTINUE

MLP=0
LQ=0
MLR=0
MLS=0
MLT=0
MLP=T1JD!""
M=KD+1
NO 722 KPO=MsKDMAX

13 IF ((IJD(KDs2))=(T1JD(KPOs2))) 77257144722
14 TIF (MLQ) 716s7155716
15 MLQ=1JD(KPOs1)

GO TO 722
16 IF (MLR) 71847174718
17 MLR=TJD(KPOs1)

50 TO 722
718 IF (MLS) 7207194720
719 MLS=T1JD(KPOs1)

GO TO 722
'20 IF (MLT) 72257219722
121 MLT=TJD(KPOs1)
"22 CONTINUE

IF (MLQ) 72348754723
MLPA=0
MLPB=0
MLPC=0
MLPD=0

24 MLPE=C
MLPA=TJD(KDs2)

125 DO 737 KPP=MysKDMAX
26 IF ((IJD(KPPs1))=(IJD(KDs1))) 73757294737
129 IF (MLPB) 731473705731
730 MLPB=I1JD(KPP,s2)

30 TO 737
731 IF (MLPC) 733457325733
"32 MLPC=I1JD(KPP,2)

GO TO 737
732 IF (MLPD) 73547344735
734 MLPD=IJD(KPP,2)

GO TO 737
35 IF (MLPE) 737+736+737
736 MLPE=I1JD(KPPs2)
737 CONTINUE

IF (MLPB) 738+8754738
738 MDRP=MLPR
’39 DO 764 KPP=KDsKDMAX
740 IF (1JD(KPP4s2)=MDRP)
"41 IF (T1JD(KPPs1)=MLP)
42 MLP=0

G0 TO 765
376 IF ((KPP+1)=KDMAX) 877747747
377 IF (IJD(KPP+1s2)=MDRP) T4Ts743s747
743 IF (TJD(KPP+1s1)=-MLQ) 7478789747
378 IF {(KPP+2)=KDMAX) 8797494749
379 IF (1JD(KPP+2+2)=MDRP)  T49 4744 474°
744 IF (1JD(KPP+2s1)-MLR) 7498805749
880 IF [(KPP+3)=KDMAX) 88157515751
381 IF ‘1JD(KPP+342)-MDRP) 7519745475]

280
281
282
2873
284
285
286
287
288
289
290
291
292
2932
294
29°F
296
297
298
299
300
3101
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
212
7710
I 7
3

TY

2232
R24
325
324
127
128
126
33C
331
332
337
N34
"ac
3 3 £

3
“ae



45 IF (1JD(KPP+3,1)-MLS) 7514882477"
32 IF ((KPP+4)=KDMr'"', 887:757475"
33 IF (IJD(KPP+442)=MDRPY) TES4/4697573
46 [F (TJD(KPP+441)=MLT) 7 347555723
"7 IF (MLQ) T48s749
+8 MLQ=0
49 IF (MLR) 75047519750
50 MLR=0
31 IF (MLS) 7524753975?
32 MLS=0
53 IF (MLT) 754457554 75%
54 MLT=0
55 IF (MDRP=MLPB) 7584756757
56 IF (MLPC) 75747659757
57 MDRP=MLPC

50 TO 764
'58 IF (MDRP-MLPC) 761475947°
'59 IF (MLPD) 767476594760
"60 MDRP=MLPD

GO TO 764
61 IF (MDRP-MLPD) 7654762s7%5
"62 IF (MLPE) 76347655763
63 MDRP=MLPF
64 CONTINUE
65 IF (MLP) T766+8755766
"66 IF (MLQ) T7C7 “754767
167 MLV=MLQ
768 DO 771 KPQ=KD,y ‘DMA

[F (I1JD(KPQsl)=ML'
769 [JD(KPQs1l)=0
770 1JD(KPQs2)=0
771 ZONTINUE
300 IF (MLV-MLQ) 891s772+891
891 IF (MLV-MLR) 89247744892
Bo? IF (MLV=MLS) 85447765854
772 IF (MLR) 77397744773
73 MLV=MLR

30 TO 768
774 IF (MLS)

75 MLV=MLS
50 TO 768

76 IF (MLT)
"77 MLV=MLT

50 TO 768
354 DO 866 LPP=14NMAX
355 [IF ((IPRE(LPPs7))-MLQ) 8578564857
356 [PRE (LPP47)=MLP
357 IF (MLR) 8588665858
3568 [F ((IPRE(LPPs7))=-MLR) B860:859,860
359 [PRE (LPPs7)=MLP
360 F (MLS) 861+866+861
361 IF ((IPRE(LPPs7))=-MLS)
362 [PRE (LPPs7)=MLP
363 IF (MLT) 86438669864
364 IF ((IPRE(LPPs7))=MLT)
365 IPRE(LPPs71=MLP
366 CONTINUE

GO TO 875
218 CONTINUF
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GO TO 79173
78 CONTINUE
7¢ DO 871 KPO=14KDMAX
30 IF (KPO-KD) 781+8714+781
31 IF ((IJD(KDe2)Y)=(IJD(KPOs2))) 87147824871
32 DO 870 KPP=1sKDMAX
83 IF (KPO-KPP) T84¢8704 784
34 IF ((TIJD(KPOs1))=(TJUD(KPPs1))) 92549244925
24 MDC=1JD(KPPs2)

GO TO 785%
IF (KPP=-KDMAX) 87049264870
NDC=1
IF (1JD(KPOs1)=TPRE(NDC96))
MDC=TPRF(NDCs7)
NO 869 KPQ=1,KNDMAX

86 IF (KPP=KPQ) T87+8694787
'87 IF (MDC-T1JD(KPQs2)) 86947889879
'88 IF ((IJD(KDe1)})=(IJUD(KPQs1))) 87927394869
89 IF (KPQ-KD) 87148694871
369 CONTINUF

[F (KPP=-KDMAX) 87049284870
)28 1F (NDC-NMAX) G3N4RTN+87N
330 NDC=NDCH+1

530 TO 929
CONT INUF
30 TO 875

371 CONTINUE
793 M=KD+1
794 DO 797 KPS=MKDMAX
795 IF ((IJD(KPSs1))—=(T1JUD(KDs1))) 797 47964797
96 TUD(KPSe1)=TJD(KDe2)
"67 CONTINUE
350 DO 867 L=6s7
851 DO 867 LPP=14sNMAX
352 1F ((IPRE(LPPSLYY=(TJUD(KDe1))) BET +853 4867
353 [PRE(LPPSLI=TJID(KDs2)
367 TZONTINUF
798 [JD(KDs1)=0
9a IJD(KkDs?2)=0
175 CZONTINUE

TLIMINATE DUPLICATE AND REDUNDANT DUMMY JOBS
KNPRP=1
(DX=KDMAX
(D=1

386 IF (TJD(KDs1)) 38793984387
287 DO 296 KDA=1s4KDX
388 IF ((IJD(KDs2))Y=(1JUD(KDAs2))) 20643894396
389 IF (KD-KDA) 29043969390
390 IF ((IJD(KDs1))=(TJUD(KDAs1))) 397439] 4392
191 TUD(KDAS1)=0

TUD(KDAs2)=0
530 TO 396
DO 395 KDB=1 ¢KDX
[F ((TJD(KDAs1)Y)=(ITIDIKDRs2))) 39543934395
[F ((IJD(KDel1)Y~(TJDI(KDBs1))) 39543044395
IJD(KDs1)=0
[JUD(KDs2)=0
GO TO 398

195 CONTINUE
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396 CONTINUE
[TJD(KDRD91)=TUD(KD,s1)
CJDIKDRD 2): D(KDe2)
[F (KD=KDX) 20743994399
KDRD=KDRD+1
KD=KD+1
GO TO 386
KDMAX=KDRD
CHECKING FCO
LARGF=0
NO 425 NN=14NMAX
D0 425 1T1=145
NO 420 N=14NMAX

415 IF ((IPRE(NsII))=XNN:
+20 CONTINUF
425 CONTINUF
+27 IPRE(NNs7) =0

[FEF (K(NN)=LARGF) 435,431 4472]
431 LARGF=K (NN)
+35 CONTINUF
+37 DO 445 NN=1sNMAX

"FF (IPRE(NNs7)) 445444] $445
[PRE(NNs7) =(2% (LARGE) )+1
CONT INUF
NODE RENUMBERING USING LOWEST NUMBFR..
DO 481 NK=14NMAX
{K=NK

+52 NM=1
“55 IF (IPRE(NMs6)=KK) 48294564472
+82 IF (NM=NMAX) 48344844484
“83 NM=NM+1

50 TO 455
D0 485 KD=14KDMAX
[F (TJD(KDs1)=KK) 48544564485
CONTINUE
IF (KK-LMAX) 4874490,490
(K=KK+1
GO TO 452

456 DO 459 N=1g¢NMAX
+57 IF (IPRE(Ns7)—KK)
“58 IF (IPRE{(Ns6)=NK)
“+59 CONTINUE
160 DO 480 NN=647

DO 475 N=14NMAX
IF (IPRE(NsNN)=KK)
[PRE (NsNN)=NK
50 TO 475

+63 TF (IPRE(NsSNN)=NK) 47554644475
+64 IPRF(NsNN)Y=KK
v75 CONTINUFE
LAC CONT INUF
+65 DO 471 M=1,?
166 DO 471 KD=143KNDMAX
+67 IF (TJDIKDIM)=KK) 46944684469
+68 TJD(KDeM)=NK

GO TO 471
+69 TF (TJD(KDIMY=NK) 47144704471
L707 TJID(KD gM) =KK
71 CONTINUE
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+81 CONTINUE
CHECK TO FIND CLOSED LOOP IN ARROW DIAGRAM LOGIC

490 DO 495 N=14NMAX
491 IF ((IPRE(Ns7))=(IPRF(Ns6))) 49294929495
+92 PRINT 493, KI(N)
493 FORMAT (1CHIACTIVITY 15+85H IS PART OF A CLOSED

IS ARROW DIAGRAM LOGIC. PROGRAM CANNOT PRCCFED)
50 TO 568
CONTINUE
ORDER FINAL ACTIVITY PRINT OUT
[F (IPRT) 1201s1070 720
PRINT 1202
FORMAT (37HICRITICAL PATH ARROW DIAGRAM SOLUTION)
SORMAT(1H +12A6)
PRINT 1211(VAR(ITI)eTT=1 ~~
PRINT 1203
FORMAT (93HOK=ACTIVITY IDENTIFICATION NUMBFR
TY ARROW J=HFAD OF ACTIVITY ARROW)
L=1
-R=0

06 LRG=1
507 N=0
508 LRGR=1
NO M=)
310 IF (IPRF(Me6)-LRG) 5155204515
915 IF (M=NMAX) 5165174517
M16 M=M+1

50 TO 510
5317 LRG=LRG+1

GO TO 509
IF (N-NMAX)
LRGR=1L.RGR+]
N=0
50 TO 520

523 N=N+1
525 IF (IPRE(Ns7)-=LRGR) 5.015269
526 LR=LR+1

\LR=1
527 IF (K(NLR)Y=-LR) 52845344528
528 IF (NLR-NMAX) 52945264526
S29 NLR=NLR+1

30 TO 527
IPRD(Ls1)=NLR
[PRD(Ls2)=M
[PRD(L +3) =N
IF (L-NMAX)
L=L+1
20 TO 515
OJRDER FINAL DUMMY PRINT OUT

5565 KD=1
256 LRG=1
557 N=0
358 LRGR=1
559 M=]
260 IF (I1JD(Me1)=-LRG) 565¢570+565
265 IF (M=NMAX) 566+567+4567
266 M=M+1

G0 TO 560
"87 LRG=LRG+1
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GO TO 559
570 IF (N=-NMAX®
571 LRGR=LRGR+1
R72 N=0

SO TO A870
573 N=N+1
575 IF (I1JD(Ns2)=LRGR)
376 IPRD(KDy4)=M

[PRD (KD,45)=N
IF (KD-KDMAX)
KD=KD+1
50 TO 565

"90 PRINT 1274
4 FORMAT (104H0

K o

PRINT ACTUAL ACTIVITIES
DO 12C6 L=14NMAX
Y=TPRD (Ls?)
N=TPPD(L 43)
READ TAPE 99 AsBeCeDsFsFeGse (Ar (TT I1=144"

'5 FORMAT (15434 GAG eo  T 10114519, 19 eT6h)
6 PRINT 1205s K(L)s (ACT(II)s IT=1s4)s IPRE(Ls6)s IPRE(LsY),

tK(M)y IPRE(Ms6)s IPRE(Ms7)s K(N)s IPRE(Ns6)s IPRE(Ns7)
REWIND 9
PRINT DUMMY ACTIVITICE
PRINT 1207 592

“7 FORMAT (118HIDUMMY ACTIVITIES KN=DUMMY ACTY IDENTTFICATONNUMR 00593
FR ID=TAIL OF DUMMY Aa ARROW JD=HFAD OF DUMMY A. . ARROW) 594
PRINT 1208 595
FORMAT (58H0 KD 596

JD) 597
D0 1210 KD=1sKDMAX 598
VM=TPRD (KD 44) 599
\N=TPRD(KN 45) 500
FORMAT (I599H DUMMY  421541155s9H DUMMY 4215) 501
PRINT 120045 KDs TJD(Msl)s IJD(Ms?2)s KDs TUD(Ngl)a IJD(N, 602
[F(IPUN) 110041197+1100 503
DO 1125 N=1,NMAX 504
READ TAPE 9s XsXXsTNsTCRsPRToCSTNSsCSTCRs(ACT(IVy"=144) 605
FORMAT(214420Xe3F 340 32F540 94A6) 606
PUNCH 11249 IPRE(Ns6)sIPRF(Ns7)sTNosTCRsPRTSCSTNSCSTIR 607
(ACT(IT)g11=104) 608
DO 1135 N=14KDMAX 6509
FORMAT (214 945H 610
PUNCH 1134sIJD(NsY)y™ 'NING2) 611
RFWIND © 612
[F(IJACK) 598+598,119" 613
DO 1199 N=1sNMAX 514
WRITE TAPE 10sIPRE(Ns&amp;Ye "DPRE(Ny ~ 615
DO 1250 N=1sXKDMAX 616
WRITE TAPE 10sI1JDINs1)sIJUD(NsZ) 617
CALL CHAIN (2482) 618
CALL FXIT a
“ND

569
570
571
572
5713
574
575
576
577
573
576
580
581
582
5812
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CHAIN(24B2'
LIST
DIMENSION VAR(12)4FTINLT(2000)¢FLOW(2000)4KFROM(20NN)RIGG(2200)

CT(2000) 9 J(20400) o SLOPEL 2000)Ye TN( 2000) FLUS{2000)Ye TCR{220N Yo
PPRDR (200) o« TVC (200) os DAD (2200) o-CT(4) sVOR( 3)

COMMON FLOWeFINLTsKDMAX9sKMAX9sIDIUMsTOKgVORGIERRGLMAXSFIXASFIXB,
LDURA ¢ VAR IPRDR g PVC 4 POH oP TC s ADD 3 FIRS FINSKFROMIBIGG eI 9 Joe SLOPE,
PTNsFLUSsTCRIPRDR$TVCDAD

SQUIVALENCE (FLOWSFINLT)
REWIND 9
RFWIND 10

"WADING DATA, CALC! ATTING LY
ADD = 0,L,C

TOSTO =060
JJ = 1

AH=0 6,0
Lt = OC
_MAX = 0

PTC = 10,F+12
[FIIOK) 24242005
K=1
DO 15 K=1,KMAX
READ TAPE 9eXeXXsTN(K)eTCR"
READ TAPE 10sI1(K)YeJ(¥?
ADD = ADD + PRT
7 = TN(K)=TCR(K)
SLOPE(K) = (CSTCR-CSTM
ZOSTO = COSTO + (CSs7H

CONT INUF
{=KMAX
D0 13 IK=14KDMAY
(=K+1
READ TAPE 10s I(KY *"'V
TN(K) = 0460
TCR(K) = 0.0
SLOPF(K) = 04,0
(MAX = KMAX+KDMAX

REWIND 9
REWIND 10
a0 TO 2020
K=1
NUMBFR=0
READ TAPE 9eI(K)sJ(K)YsTNl.,+CRI)sPRTsCSTNsCSTCRs(ACT(II)sII=1s4)
ADD = ADD + PRT

7=TN(KY=-TCR(K)
SLOPE(K)=(CSTCR=CSTN)Y/(Z)
ZOSTO = COSTO + CSTN
[FOJ(K)=T(K)) 2007+2C07+2008
NUMBER = 1
IF(JKY=-LMAX) 20134201342012
LMAX=J(K)
[F(JIK)Y)Y 20144701542014
&lt; = K+1
GO TO 2006

15 KMAX = K-=1
CHECKING FOR TOO MANY ACTIVITIES IN INPUT DATA DECK

RFWIND 9
REWIND 10

20 I F(KMAX=2600Y) 2020 4372N23N417

07
,08
ry
N13
N14

00

2
[3
| 4
J

 4
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6 FORMAT (22H2 THE IMPUT CONTAINS 15, 62H ACTIVITIESe THIS PROGR 00N58
1AM IS DESIGNED FOR 2600 ACTIVITIES.) 596

PRINT 169 KMAX 5C
GO TO 530

CHECKING IF ERROR CHECKING ROI'TTME
J30 IF(IERR) 550420354550
135 TF(NUMBFR) 6175469540175

CHECKING FOR TWO STARTING EVENTS
0 KK=1

NN=0
K=1
IF(I(K)=KK) 55345614553
[F(K=KMAX) 55445554555
K=K+1
GO TO 557?
[F(KK-=LMAX) 55645724572
KK=KK+1
GO TO 5581
&lt;=1
IF(J(K)=KK) B5K24555 4542
[FIK=KMAX) 563+565+565
K=K+1
20 TO 5611
[F(NN) 56645664567
KKS1 = KK

KKS?2 = KK
NN = NN +1
[FINN=1) 55545554570
~ORMAT (67H THE ARROW DIAGRA

‘WERE FOUND)
PRINT 569
FORMAT (9H EVENTS oT haAH ATH

'FNTS.)
PRINT 571 4KKS14KKS?
GO TO 530

HECKING FOR TWO ENDING EVINTT
To KK=LMAX

NN=0
K=1
[FIJ(K)=KK) 57548804575
[F(K=KMAX) 5764577577
K=K+1
GO TO 574
IF(KK=1) 61796174578
KK=KK~-1
GO TO 573
K=1
[FAT (K)=KK) 58245774582
[F(K=KMAX) 58345844584
K=K+1
G0 TO 581
[F (NN) 59445944595
KKE1=KK
NN = NN +1
(KF 2=KK
[FINN=1) 57745774586
FORMAT (65H0 THE ARROW DIAGRAM 15 ["ICORREZ7.

IRE FOUND)
R45 PRINT 585

oo —-y
-
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61
511
62
£73

65
AB
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7
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33
3G
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3
272
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6
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gole
01
02
03

80
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9 FORMAT(9H EVENTS eI he6H AND os 14432H ARE BOTH USED AS ENDING EVEN 00114
1TSe) 115

PRINT 580 ¢KKE14KKF?2 116
GO TO 530 117

ODE RFNUMBERING ROUTINMNF
IF(NUMBER) 6175469046175

75 KN = 1

KK =KN
K = 1
IF(T(K)=KK) 62146214621
[FIK=KMAXY) ADP 4n"PE 4A20
K=K+1
50 TO 620
[FIKK=LMAX—=1) 62646294629
(K=KK + 1
50 TO 616
DO A230 K=1s KMAX
[FLJ(K)=T(K)) 6303463034630
FORMAT (41HIY A LOOP FOUND,
PRINT 6302
GO TO 53C
CONTINUE
50 TO 690
=
[FIJ(K)=KK) 645¢640 49645
[FIT(KY=KN)Y 64546254625
[F(K=KMAX) 646464946409
&lt;=K+1
G0 TO 635
C=}
TF(I(K)=KK) 65546514655
I (K) =KN
50 TO 660
[FIT (K)Y=KN) 660+656466C
[ (KY) =KK
[FIK=KMAX) 661+6644664
L=K+1
GO TO 650
&lt; =1
[F{J(K)Y=KK) 670 shA64"7
J (K)=KN
G0 TO 675
[FIJIK)Y=KNY 67546714675
JK) = KK

 [IF (K=KMAX) 676+680 468"
K=K+1
50 TO 665
[F(KN=LMAX) 6816294629
KMN=KN + 1
G0 TO 618
TONTINUF
MAX = 1]
D0 695 K=1+sKMAX
IF(J(KY=LMAX) 695469546972
LMAX = JI(K)
CONTINUE
DO 28 K=14sKMAX

3 FLUS(K) = 060
TORWARD TTFRATION

16
20
1
)2

25
&gt; 4,

70

nz
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rN

L
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+0
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NCK=1
DO 30 L = lsLMV
31GG(LY = OF

SLOW(L)=0,
{FROM (L)
N = 1]

“LOW (N)=300"
=
k=}
[F(J(KY=L) 25. 7.75
M=J (XK)
N=T(K)
[F(FLUS(K)Y=SLOPF(K))Y 4°C
TTME = BIGGIN) + TCR(”
INT = 2NANNN
30 TO 50°
TIME = BIGG(N)+TN(K)
ONT = SLOPE(K) - FLUS(K)

[F(TIME=-RIGG(MY) 35435451
NCK=1
 3ITGG (MY = TIMF
(FROM (MY = |

[FI(QNT-FLOWI(N)Y) 62. 22,451
“LOW (MY) = FLOWN?
50 TO 35
SLOW (MY = QNT
[F(K-KMAX) 36437437
{=K+1
50 TO 33
[F{L=LMAX) 38465465
L=L+1
50 TO 32

5 IF(NCK=-1) 11047091°
RAACKWARND ITFRATION

‘0 NCK = 0
_ = LMAX

{=KMAX
[FJ(K)=-L) TL e807
[F(K=1) 754764
&lt;=K=1
G0 TO 72
[F(L=1) 77s 00. 7
L=L=-1
GO TO 71
M=J(K)
N=T(K)
[FAFLUSI(KY)Y T4474 485
[F(FLUS({K)Y-SLOPE(K)) 87987
TIMF = RIGG(M)Y=TCR(K)
ANT = FLUS(K) = SLOPE(K)

50 TO 89
TIME=BIGG(M)=TN(K"
ANT = FLUS(K)
[F(TIME=RIGG(NYY 7°

3TGG (NY = TIMF
(FROM (NY = K
NCK=1
[FIQNT=-FLOW(M))Y 96496494
FLOWN) =FLOW(M)

71
3

\ ey

ll “79

172
172
74
75
76
77
78
170
| 8C
181
182
182
184
RK
186
187
188
189
.90
"91
‘az
‘913
tou
195
196
1Q7
L98
1.95
200
201
202
2073
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205
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207
208
209
21°
21"
&gt;
?
3

)
21
on

&gt;18
219
&gt;2r
272°
22°
22
224
p°
22%
&gt;?
330



50 TO 7¢
FLOW(N) = ONT

GO TO 74
IF(NCK=1) 11Nn.""14110
NCK=0
GO TO 21

ASSIGNING FLOW TO ACTIVITIES
LO K=KFROM(LMAX)

M=J(K)
[FIM=J(K)) 11641176116
M=J(K)
N=T(K)
SLUSIKY=FLUS(K)Y=FLOW(LM?
50 TO 120
N=T(K)
 LUSK) =FLUS(KY+FLOW(LMAY
=N
[F(N=1) 12641284176
K=KFROM(M)
GO TO 114

3 PRDR(JJ)Y = BIGG(LMAX)
COMPUTING PROJECT VARIABLE COST

IF(JJ=1) 17741764177
TvC(JJ)y = COSTO
GO TO 190
JJ = JJ-1

IR= PRNOR (JJ)
JJ=JJ+1
TVC(JJ) = COSTO+(RR=PRDR(JJ)"HH
ZOSTO = TVvC(JDN

0 HH=HH+ FLOW(LMAX)
"HECKING FOR MINIMUM TOTAL PROJECT COST

MARTAN = 1

[F(FIXA) 20142504201
[FIPRDR(JIY=DIIRAY 20220242073
A = TVC(JJ) + (FIXA¥PRDRI(JJ))
GO TO 204
A = TVC(JY) +(FIXR*¥PRDR(JJ))
IF(PTC=A) 2059204152041

11 PTC = A

PVC = TVvC(JJ)
POH = PTC-PVC
[PRDR = BIGG(LMAY)

MARTAN = nN
IF(PRDR(JJI)=DURA)Y 20642064207
SLT=FIXA-HH
50 TO 209
SLT= FIXB=-HH
IF(SLT)Y 21042104250
IF(LLL)Y 25042114250
LLb=tLL + 1
GO TO 400

"HECKING FOR RANGE OF WANTED OUTPUT
&gt; 0) IF(FIR) 25544004255

IF(PRDR(JII=FIN) 25644004500
IF(PRDR(JUII=FIR) 50044004400
FORMAT(11H1SCHEDULE s 14 420H

IRTABLE COST = 4F8,40)
 FORMAT (124HOINPUT

y &amp;

PROJECT DURATION = 4F640523H TOTAL

CRITICAL

JA

229
230
231
237
2372
DA4

&gt;3¢
7238

2
ye
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1

y 1.

dh
D40

249
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2581
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2K

258
259
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2A"
Se.
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”
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272
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274
275
276
577

278
279
280
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282
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5 EARLIFST LATEST EARLIEST LATEST TOTAL FREE
2ITY)

20 FORMAT (124H ORDER ACTIVITY NAME ‘
10N START START FINISH FINISH FLOAT
208T)

FORMAT(1IH +14 s4A6421645H YFS.
TRF T7eNgF1NN)
FORMATI(1H +14 44A6421645H NO.

13F74NsF102,0)
FORMATI(1IH 12A6)
PRINT 1304JJsPRDR(JI)TVC"1
PRINT 2994 (VAR(I)sI=1s1"
PRINT 140
PRINT 240

CALCULATION OF FLOATS ANN SCHEDULING
’'S DO 426 I=1.LMAX
6 FINLT(I)=RIGGH(LMAX)

- = LMAX

C=KMAX
M = J(K)

N = T(K)

[F{M=L) 4504441 +450
[FI(BIGGIM)=BIGGIN)=TN(KYY 4AZ 4"

SCDR=TN (XK)
50 TO 444
SCDR = BIGGI(M)Y=-RIGG(N)
START = FINLT(M)=SCDR
[FISTART=FINLTIN)Y) 44644504450
FINLT(N)=START
[FIK=1) 4524452445]
K=K~-1
GO TO 434
[F(L=1) 460446044573
L = L-1

GO TO 4130
JUTPUT PRINTING

+0 K=1
KPAGE=1
COUNT=1

+61 RFAD TAPE 99 TRs JRe Y. Y°
+62 IF (SLOPE (K)) 464 4463 946
+63 IF (1DUM) L464 60486464
+64 M=J(K)

N=T(K)
JF (BIGGIM)=BIGG(I(N)=-TN(”
SCDR=TN(K)
TOST=CSTN
50 TO 467
SCDR=BIGG(M)=-BIGG(N)
7=TN(K)=SCDR
COST=CSTN+(Z*SLOPE(K))
FLTO = FINLT(M)Y=BIGG(N)=SCDR
FLFR = BIGG(M)Y-RIGG(MN) —- SCDR

FLIN = BIGGIM)Y~-FINLT(N)=SCDR
“INFR = BIGGIN) + SCDR
STLT = FINLT(M) —- SCDR

AQ0 IF (FLIN? 4001400344003
J01 FLIN=0.C
N33 IF (10K) 500045000 44004

INDE

J
FLC

pT

TTR, (ACTUITYe1I=144)

ACTIV 00284
285

firms 00286
00287

288
289
290
291
297
&gt;q2
294
29°F
296
oq"

298
299
300
301
307?
3107
304
30%
306
307
308
309
310
311
312
212
314
31F
316
+r

318
310
320
321]
AD
32°
X24
325
326
22
328
329
330
331
332
333
134
335
IRA
" 3 "*

330
T2".

™rf,



JO4 IF (FLTO) 40064NOH4006
05 PRINT 141sKse (AC. . 1 I=194) 0 IBeJBeSCDRSRIGG(M)Y CTLT

TFINLT(M) oFLTOSFLFk LTNsCOST
GO TO 60CO

206 PRINT 1429sKes(ACT(IT)elI=194)9IBsIBaSCPRIRIGGIN)sSTLToFINFER,
LFINLT(M) oFLTOsFLFRsFLINSCOST

GO TO 6200
JOO IF (SLOPE (K)) 50504500145C50
01 IF (FLTO) 506 ¢5NN4 45006
N33 FORMATI(IH s1443A646).7T645H YES -F®

[BF 7eNsF10,0)
Jb PRINT 5V03eKe (VOR(TITI)eII=103)el(K)s.'l"YaSCDRIBIGGIN)9sSTLTSFTNER:

"FINLTIM)Y oFLTDsFLFReFLINSCOST
530 TO 67°00

105 FORMATI(1H +14 93A636Xe216s5HNOsFT114a0aF10eNeF8eNsF1IN-NDaF8eNs
13F7e60sF10,0)

C6 PRINT H5CO5eKe (VOR(IT)eII=193)sI(K)eJ(K)sSCDRIBIGGIN)¢STLTsFINER
"FINLT(M)sFLTOWFLFRsFLINsCTOST
50 TO 6000

50 IF(FLTO) 50654505545065
25 FORMATI(1H s1434A6921635H YESsF11e0OsF10e0sF8e0Q "70 NaFB8e00

[3F 70 sF10.0)
55 PRINT 5025eKs (ACT(ITI)eIl=194)s1(K)seJ(K)sSCPRsBIGGIN)sSTLTSFINER

LFINLT(M) oFLTOSFLFRSFLINSCOST
GO TO 6CCO

164 FORMATI(IH s1494A6421645H NOsF11aNaFT0 NaFB8eNaFT0a"121F8,0
13F7eMsF10,0)

65 PRINT 50C64¢sKe (ACT(IT)eII=104)sI(K)y “"7)sSCDRBIGG(N)sSTLTSFINER,
1FINLT(M)YoFLTOsFLFRsFLINSCOST

Nn KOUNT = KOUNT + 1
[FIKOUNT=50) 60484+6N48+6002
FORMATI(T7HY1 PAGE +1691CH SCHEDULE 1°
KPAGE = KPAGE + 1

PRINT 60721 +KPAGE JJ
PRINT 140
PRINT 240
COUNT = 1

+8 [IF (MARIAN) 6050604946050
+9 WRITE TAPE 104SCDRCOST
50 IF(K=-KMAX) 605145004500

‘Al K=K +1
GO TO 461
REWIND 9
REWIND 10

HECKING FOR LAST SCHEDULF
[F(HH=3000C0s2) 50145054505
JJd=JJ+1
GO TO 29
NJJ=JJ
FORMAT (32H1 SCHEDULE OF PROJEIT VARIABLES:
PRINT 506
FORMAT (84HO SCHEDULF DURATION VARIARLF COST

LEAD TOTAL PROJFCT COST
PRINT 5n7

RINT TARLE OF FEASIBLE SCHEDULFS
JJ = 1

7] FORMAT(I842F16e0sF17e0sF2240)
IF(PRDR(JJI)I=DURA) 5094509,51N
TOH=PRDR (JJIY*FIXA

~ ITRH

Nl
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0

2

CR

f

tN)

GO TO 511
TOH=PRDR(JJ)*FIXR
TPC=TVC(JJ)+TOH
PRINT 5071sJJsPRDRIJI)sTVC(IJ)9sTOHTPC
[F(JJ=NJJ) 512451545815
JI=JJd+1
GO TO 508
CONTINUE
IF(ADD) 517.57
CALL CHAIN(Z4"
CALL EXIT
=ND

308
399
400
401
402
4072
404
408
406
“0°
40
1



CHAINI(34R3)
LIST
DIMENSION FINLTH(2000)sACT(4)sVAR(12)sFLOLD(2000)sEARST(2200)

[T(2000) J (2000) sPRT(2D "0)sSCOLD(200N)sFLTO(2000) oDIFT on)
2SCDR(20C0)YsVOR(3)

COMMON FINLToKDMAX sKMAX a IDUMe TOK ¢sVORSIFRR4LMAXSFIXASFTXRIDURASVARY
LIPRDR sPVC ¢POHSPTCsADDsF Tika" TNgFLOLDSEARST 91 9JsPRToSCOLDsFLTO,
2DIFT4SCR

&lt; = 1
READ TAPF Gs AsReCoeD 77
READ TAPE 1Cs SCDR(
[IF(SCDR(IKY) 7024701
"RT(K) = 060

[F(K=KMAX) 703,705,705
C = K + 1

30 TO 700
MM =
REWIND 9
REWIND 10
CALL CALFL(KMr
[F{MM=1) 7181,"
DO 718 K=1+KM
SLOLD(K)Y=FLTO(¥
SCOLD(K)YI=SCDR(
UM=MM +]

THECKING ACTIVITIES TO &amp;°°7
181 K=1
182 IF(PRTI(K)I=SCDR(K))Y 7701471914719
19 [F(FLTO(K)Y=0eE0) 7191471¢1,720
191 [F(K=KMAX) 719247904790
102 (=K+1

50 TO 7182
20 DO 7200 K=1ls KMAY
200 DIFT(K)=040

"NCREASING DURATION OF NON=-C"~7IC
&lt; =1

201 IF(PRT(K)Y=SCDR(K)) 72547254721
21 IF(FLTO(K)=0e50)725472547°7
22 DIFT(K) =PRT(K)=8COLD(K)

SCOR(K)=SCOLDI(K) +(0N1X¥DIFT(¥))
IF (K=KMAX) 72647304730
(=K+1
GO TO 7201

20 CALL CALFL (KMAXsLMAX)
DETERMINING ACTIVITIES THAT ARE

SFAC = 3000040

(=1
[F(PRT(K)=SCNDR(K))Y 73947394735
[FI(FLTO(K)=0ae50) 73947394737
FACTOR={0,01%FLOLND(K))Y/(FLOLD(K)=FLTO(K))
[FISFAC-FACTOR) 73947394738
SFAC=FACTOR
IF(K=KMAX)Y 70447404740
K=K+1
GO TO 734

(NCRFASING DURATION OF SOME ACTTVW TTF
hn KK o=)
401 TF(PRT(K)=SCDRI(K)Y)Y 7421742147391
291 IF(FLTO(K)Y=0De50) 742167421742
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2 SCDR(K)Y= SCOLD(K) + (SFAC*DIFT(K))
21 IF(K=KMAX) 7422471249712

122 K=K+1]
GO TO 7401
K = 1
IF(SCDR(K)=PRT(KYY7Q4-71 47"
SCDR(K)Y = PRT.Z.

IF(K=-KMAYX? 79547964796
K=K+1
GO TO 792
CONT INUF
CALL CALF ivy 1 MAY

FORMAT (IHIYIZ-
PRINT 800s (VAR(IVeI =14012)
TORMAT (80H ANALYSIS UTILIZING THE ACTIVITY PREFERRED DURATION AS A

PARAMETER IN SCHEDULING)
PRINT 8005
FORMAT (20HOPROJECT DURATION = 416923H PROJFCT DIRECT COST =

'FB8e0De 20H PROJFCT OVFRHEAD = oF84Ne22H PROJECT TOTAL COST = 4F83a0N)
PRINT 8C14IPRDRIPVCsPOHPTC

IN? FORPMAT(124HOTINPUT CRITICAL |

EARLIEST LATEST FARLIEST LATEST TOTAL FREE INDFP ACTIV NONTE
21TY) 75

303 FORMAT(124H ORDER ACTIVITY NAME J PATH DUR C008¢C
{ATION START START FINISH FINISH FLOAT FLOAT FLOAT C 00081
POST) 8?

PRINT 802
PRINT 8Nn13
FORMATI(1IH ol4+4A64216+5H YES

13F7aNeF1040)
FORMATI(1H s14+4A6921695H NO-

FORMATI(1IH s1493A696Xe216¢5H YF
13F7¢0sF1060)

FORMATI(1H +91493A646Xs21695H NO of
13F7403F1060)

YWUTPUT PRINTING
C = 1

(PAGE =1
COUNT =1
READ TAPE 104XeCOST
[F(IOK) 811+8254811
READ TAPE 9s IRs JBRsAsBsCoDsFes(ACTITIT)sII=144)
[F(COST) 81448124814
IF(IDUM) 81449004814
M=J(K)
\N = T(K)
“LFR = EARST(M)-EARST(N)=SCDR(K)
“LIN = EARST(M)Y=FINLT(N)=SCDR(K)
SINER = FARST(N) + SCDR(K)
STLT = FINLT(M)Y=SCDRI(K)
[F(FLIN) 81548164816
SFLIN=Ce0
[F(FLTO(K)) 818+8174+818
PRINT 805s Ko (ACT(II)sII1=194)sIBesJR»SCDR(J)SEARSTI(N)¢STLTFINER

TFINLT(M) oFLTO(K) sFLFRGFLINSCOST
GO TO 900
PRINT 807s Ko (ACT(II)eII=194)eIBsJBRsSCDR(IJ)SEARSTIN)oSTLToFINERS

FFINLT (IM) gFLTO(K) oFLFRGFLINSZCOST
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G0 TO 900
READ TAPE 94 AgReCoeDeFoFFy(ACT{IT)sII=144)
IF(COST) 82848264828
IF(IDUM) 82849004828
M=J(K)
N=T(K)
~LFR=EARST(M)-EARST(N)=-SCDR(K)
=LIN = FEARST(M)Yy=%F "My. CIDR
-INER = EARST (MN) +
STLT = FINLT(MY=20

[FIFLIN) 82948304277
FLIN = 060

10 IFI(FLTO(K)Y) 84048354840
335 IF (COST) 83848364838
36 PRINT 8U8eKe(VOR(ITI)9I=193)eI(K)eJIK)sSCDR(K)SEARSTI(N)oSTLTsFINER

"FINLT(M) oFLTO(K) oFLFRGFLINGCOST
GO TO 9nC
PRINT 805s Ke (ACT(II)sIIl=194)sl(K)sJ(K)sSCDR(K)SEARSTI(N)oSTLT,
TFINERSFINLTIM)oFLTO(K)sFLFRsFLINSCOST
G0 TO 900
[F(COST) 8454845,850
PRINT 8U9sKo(VOR(I)sI=193)sI(K)sJ("V-~"N"""

PFINLTIM) oFLTO(K) oFLFRSFLINSC ~T
GO TO 900
PRINT 8079s Ko (ACT(II)NeII=194)s1(K)sJ(K)sSCPRIK)eFARST(N)¢STLT,
IFINFRsFINLTIM)oFLTO(K)oFLFR&amp;FLINS."NST
IF(KOUNT=50) 1000410004504
FORMAT (7H1 PAGE +16)
KPAGE = KPAGE +1
PRINT 903 4,KPAGE
PRINT 8005
PRINT 802
PRINT 8073
COUNT = KOUINT +

[F(K=KMAX) 1001100541005
&lt; = K +1
50 TO 810
CALL EXIT
-ND
_IST
SUBROUTINE CALFL(KMAX4LMAX)
OIMENSION FINLT(2000)eCT(4)sVAR(12)sFLOLD(2000)«FAP

LIC20C6) 9 J(208) sPRT(2000)4SCOLDI2000)YoFLTO(20¢MY
2SCDR (2000) sVOR (3)

COMMON FINLTsKDMAX sKMAX 9s IDUMs ITOK oVORS IERR$LMAX SF IXASFIXBsDURASVAR,
LIPRDRsPVCsPOH IPTC oADD s+ "Re FINSFLOLDsEARST 31s JsPRT4ICOLDSFLTO,
’DIFT4SCDR

DO 801 I=14LMAX
EARSTI(I) = 060

_=2
K=1
M=J (K)
N=1(K)
{F(M=L) 84U¢8304840
TIME=EARST(N)+SCDR(K
[F(EARST(M)&lt;=TIME) 836458404840
SARST (MY) =TIME
IF(K=KMAX) 84148454845
K=K+1

38

+
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yuh

+00

YNNA

JO

26
5 7

$7]
25

14

nor

115
116
117
118
“16

 yy ~

/
LC

 CY
3
5) [

 ]
~

A

'

6
I 7

 2

| 0)
~~~



GO TO 827
+5 IF (L~-LM!
+6 L=L+1

GO TO 826
CONT INUF
L=LMAX
&lt;=KMAX
D0 863 1 » LMAX
FINLT(I)=FARST(LMAX)
M=J(K)
N=T1({K)
[F(M=L) 87898724878
START=FINLT(M)=SCNHR{K)
[FISTART=FINLT(N)Y) 87648784878
“INLT(N) =START
[F(K=1) 881s881+880
C=K-1
50 TO 864
[FIL=1) 885488548872
L=L~-]
(=KMAX
GO TO 864
CONTINUE
K=)
M=J(K)
N=T(K)
SLTO(KY=FINLTIMY=FARST(N)~=SCDR(K
[F{K=KMAX, 888+890+890
K=K+1
GO TO 887
CONTINUE
RETURN
“ND

pr:

! A

8
3M

1
32

35
36
D7

&lt;

3

} 7
1

14
nC

36
37
38
2 Q

or
y
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"ROGRAM INPUT FORMS



FS 300
"ROJECT INPUT FORM

CROJECT

INGINEER
DATS

JOB VT

PROJECT IDENTIFICATION CARD

VAR
— 72

ZOITROLCARD
TPRIRIFINTC

 Zz ? i C A. l. 4

fou

Le

FRT

l
7!

PUN

ra



CPS 300
NETWORK DEVELOPMENT DATA INPUT FORM

TE Nghed
——-tuil Pk.

INGINEAER
DATE
PROJECT

 ay LIN STC V7
t

lr

a.

r—



CPS 300
NIZTWORK COMPUTATION DATA INPUT FORM

 be Not PRT Noa
JJ had

ENGINEDR
DATE
FROJZCT

~~CSToR 7
A\J 4

cram



KAMPLE PROBLEM



. [NP]

¢ DATA

AN EXAMPLE

on

1
12
132
L4
'5
[6
L 7
[8
Re
&gt;N
21
22
232
24 1°
25 ?
26
v7

 5

O

1¢C
11

6
6

14

A

SRO ~

METHON
Neg

J
)

&gt;

3

le
2 oe

SCHEDHLING
1111°

TON
v "TION

Yeo F CVR=-aTPIP
NeFORv POUR=-STRIP

Oe PACKFULL FOUNDT
 2100 PLACE-GRADE GRAVEL

ve 15Ce RACKFILL FOUNDTN
JO e5300ERECT STEEL

ATONe4NEN RAFTERS AND RFE NDCK
5f0e 5706 SFT HVAC EQUIP
22506 240N¢RAFTERS-RCCF NECK

Te215NC22000HAVC COMPL SYSTEM
l0eb6000e630C«SHINGLES=ROUFSUR
12400064300 dUNDERSLAZ CONDUIT
LD5e4N00e420UNDERSLARPLUMRING
le 470064700 PCUR SLAR
lCe75Ce 850s CERAMIC-QUARRY TIL
Se 1000412506 INTERIOR PARTITION
"562900e415MN4INTFRIOTPLUMRING

Je 7500680NGINTERIORELECTRIC
7h0e 9006 CERAMIC QUARRY TII

NNN 3250 PAINTING
3e¢13734FINISH CARPENTRY
Ne. THFETROCK-TAPING
De’2 TERIOR PARTITICN
De 152 TERIOR FLUMBING
MNTaANTERIOREQUITRCOT
A7¢2907«FINISH CARPENTRY

260043800 (ACOUSTIC TILE
 ¢e 150061600 RESILIENT TILE

FN
Fi



(CAL PATER ARROW CIAGRAM SCLUTICN
(AMPLE TC DFMONSTRATE A METHCC FOR CCNSTR. PLANNING AND SCHECULING

TIVITY ICENTIFICATION NUMBER I=TAIL CF ACTIVITY ARRCHW J=HEALU CF ACTIVITY ARRCW

ACT Tv
BLDG EXCAVAY
PLNG EXCAVATILC
FCRM POUR-STRIP ~

FCRM PCUR-STRIP
RACKFLLL FOUNCH
PLACE-GRACF GRAVFI
SACKFILL FOUNCTN
“RFCT STFEL
RAFTERS 44ND RF [CCX
SET HVAC EQUIP
RAFTERS-RCUF CICK
4AYC COMFL SYSTEM
SHINGLE S-ROCF SUB
JNDERSLAR CCNCUIT
JNDERSLAB PLUMBING
 CUR SLAR
TERAMIC-CUARRY TT1
[NTERIDR PARTT™
INTERIOT PLUF?
INTERIOR ELECT!
CERAMIC CUARRY T
DAINTING
SINISE CARPENTOY
SHEETROCK=-TAPTNS
INTERIOR PARTIT.
INTERIOR PLUMEBID
INTERIOR EQUIP COC
SINISH CARPENTRY
ACCUSTIC TILE
RESILIENT TIL.

i



Y ACTIVITIES KC=0UNMNY ACTY ICENTIFICATICN NUMBER IC=TAIL CF CUMMY ACTY APRCW JO=KEAC CF DUMMY ACTY ARROW

In Ar n
cuUvMyYy +

CUNMY
CUNMY
CUNMMY
CUMMY

$Y



CULE 1 PROJECT CURATICN = 5C. TOTAL VARIABLE COST = 1(C1lCC.
XANMPLE TC CEMONSTRATE A METHECE FOR CONSTR. PLANNING AND SCHECLLING

2 ACTIVITY NAME
aLDGC EXCAVATION
BLCG FEXCAVATICN
FCRM POUR-STRIP F!
FCRM PQUR-STRIP F-
BACKFULL FCULNDT
CUMMY ACTIVITY
CUMMY ACTIVITY
ERECT STEFL
QAFTERS ANC RF DC
CUMMY ACTIVITY
RAFTERS-ROCF DECK
FAVC COMPL SYSTEM
SEFINGLES-RCCF Sue
UNCERSLAB CCNDUIT
UNCERSLAR PLUMBING
CUMMY ACTIVITY
CERAMIC-CUAFRRY TIL
INTERIOR PARTITICN
INTERIOT PLUNMPING
INTERIOR ELECTRIC
CERAMIC QUARRY TIL
PAINTING
FINISH CARPENTRY
sFEETROCK-TAPING
INTERIOR PARTITIC
NTERIOR PLUMBING
NTERIOR EQUIP CC

SINISE CARPENTRY
ACCUSTIC TILE
RESILIENT TILF
CUMMY ACTIVITY

‘DLMMY ACTIVIT
'CUMMY ACTIVI
DUMMY ACTIVI
CLVMY ACTI

RITICAL
CATH

YES
NO

(ES
A

y
Y”
V

Yi
YL

NG)

»

Yo
y~
Y

N
nr

37
18° a

Drear~ =n

5

‘ARLIE~t+ LATEST
STAR START

EARLIEST "LATEST TOTAL FREE ~ "INDEP ACTIVITY
FINISH FINISF FLO’T FLOAT FLCAT COST

° 5CC.

50C.
1250.
1250.
“450.
21CC.

~ 15C.

£C0¢C.
375C.

5CC.
225C.
2150C.

€0CC.
4C0C.
400C.
400C.

75C.
1COC.
290C.
7500.

75C.
3CCC.
1333,
200C.
1CCC.
3GCC.

1CC0C.
2667.
360C.

, 1500.
. ~~ =C.

» Oe

(

»

-

&gt;

-

*

' 4%,

8. 9.
2h 45,

3. 33.Aly wp :



CULE 2 PROJECT CURATICN = 46. TOTAL VARIABLE COST = 10C34C.
XAMPLE TC CEMONSTRATE A METHQC FOR CCNSTR. PLANNING AND SCHECULING

CRITIC
JATH

(C3
MO

or
y.

ACTIVITY NAMF
ALCG EXCAVATION
BLCG EXCAVATICN
FCRM POUR-STRIP
FCRM POUR-STRIP F
BACKFULL FCUNET
CUMMY ACTIVITY
CUMMY ACTIVITY
ERECT STEEL

RAFTERS ANC RF CCV
CUMMY ACTIVITY
RAFTERS-ROCF LCECK
FAVC COMPL SYSTEM
SFINGLES-RCCF sug
LNDERSLAB CCNDUIT
JNDERSLAB PLUMBING
SUMMY ACTIVITY
CERANMIC-CUARRY TIL
'NTERIOR PARTITICN
"NTERIOT PLUMBING
INTERIOR ELECTRIC
CERAMIC QUARRY TIL
JAINTING
SINISH CARPENTRY
FEETROCK-TAPING
INTERIOR PARTITIC
INTERIOR PLUMPINC
INTERIOR EQUIP C/
FINISH CARPENTRY
\COUSTIC TILE
RESILIENT TILE
CUMMY ACTIVITY
DUMMY ACTIVITY
CUMMY ACTIVITY
SUMMY ACTIVITY
SUMMY ACTIVIT

CARLTEST LATEST CARLIEST LATEST "TCTAL FREE (NETP TACT
CART STA FINISH FINISH FLCAT FLO TT

ITY
COST
500 .

50C.
125C.
125C.
45C.
21GC.

15C.
5C0C.
375C.

50C.
225C.

2150C.
€C0C.
400C.
4000.
400C.
~15C.
1C0OC.
2900.
1500.
150.

3COC.
1333,
2000.
1000.
390C.

LCCOC.
2907.
3600.
150C.

—iJe

4

ar
i

Yr

N »

*

-*

»

LG.

50.
0.
se.
LA,

36.
40.
4G,
40.
LA

N
Y &amp;

w"

5

2

-
/

»

le
Ye

~N
io

.

0.
3.
“NY,

25.
25.

Yow

bw :
Sw 4.
8. Se

2h. 41.
r Fe 30.
75. 20.

or CLO

n,
C0
4)o
4{)

YES
YES
YES

{

YA,
40,
ar

»

{

- -
v

1 E  MN
- va

6H.i



CULE 3 PROJECT CURATION = 46. TOTAL VARIABLE COST = 1CC34C.
XAMPLETCDEMONSTRATEAMETHODFORCUNSTR.PLANNINGANDSCHECULING

CRLIEST LATEST EARLIEST TLATCCT © TOTAL
STAR. START FINISH FiNI'F  FLCAT

A Co ©

ACTIVITY NAMF
BLDG EXCAVATICOW

'BLCG EXCAVATICA
'FCRM POUR-STRIP
FCRM POUR=-STRI® +
BACKFULL FCUNDT
NUNMY ACTIVITY
TUMMY ACTIVITY
FRECT STEEL
RAFTERS ANC RF D
CUMMY ACTIVITY’
RAFTCRS ROCF DFCK
AVC COMPL SYSTEM
SEFINGLES-RCCF SUR
UNCERSLAB CCNDUITY
UNCERSLAB PLUMBING
JUMMY ACTIVITY
JERAVMIC—-GUARRY TIL
NTERIOR PARTITICN
NTERIOT PLUMBING
NTERIOR ELECTRIC
FRAMIC QUARRY TI
AINTING

EINISH CARPENTRY
SHEETROCK=TAPING
INTERIOR PARTITIC?
INTERIOR PLUMBING
INTERIOR EQUIP CC.
FINISH CARPENTRY
ACOUSTIC TILE
RESILIENT TILE
CLMMY ACTIVITY
DUMMY ACTIVITY
DLMMY ACTIVIT
CUMMY ACTIVIT
DUMMY ACTIVI

N

*}

A:

&gt;

®

»

»

Vo
r

LJ

®

"i. % /
= &gt;

‘®  } »

Ce
1

9

 J.
oy

ba
1G.
1G.
ND.

1,
306.
30. -

fe

“he
409. |
4C.
46,
AT
Lok,

“1. 1
a :

YL
YE

Ati
»

0.
3] .Ca

"5

»

» *

»

i

NO
YES
YES
iE

®

~
Te

.

~
I

3 oo
Ce

»

®

E

o&gt;

-»

3

3

’

° oe
a. 47.

. _-
- *

-

}

5

N

c

»

2%.
“ny

20

 REE CCINDFPT 77
FLOAT Fi

I717Y
COST
50C.
50C.

1250.
1250.
“450,
Z210C.
15C.
500¢C.
375C.,
500.

225C.
21500.
 €00C.,

4C0C.
400C.
4000.
15C,
1000C.
2500.
1500.

75C.
3C0C.
1333,
2000.
1000.
3500.

LCCOO0.
2907.
360C,
150C.

= Ce

Je
|



ULLLE 4 PROJECT CURATICN = 45. TCTAL VARIABLE CCST = 1({C44cC.
XAMPLE TC DEMONSTRATE A ME(HOC FCR CONSTR. PLANNING AND SCHECULING

ACTIVITY NAME
SLOG EXCAVATION
BLCG EXCAVATION
ECRM POUR=STRIP
FCRM POUR-STRI®P
AACKFULL FCUNDT
JUNMY ACTIVITY
SLMMY ACTIVITY
ERECT STEEL
RAFTERS ANL RF C(CVv
TULMMY ACTIVITY
AAFTERS-ROCF DECK
4AVC COMPL SYSTEM
SEINGLES-R(QCF sub
UNCERSLAB CONDUIT
UNCERSLAB PLUMRPING
SUMMY ACTIVITY
CERAMIC-CUARRY TIL
INTERIOR PARTITICN
INTERIOT PLUMBING
INTERIOR ELECTRIC
CERAMIC QUARRY TIL
PAINTING
SINISE CARPENTRY
IHEETROCK-TAPING
'NTERICR PARTITIC!
"'NTERIOR PLUMBING
NTERIOR EQUIP CC”
INISH CARPENTRY

ACCUSTIC TiLw
RESILIENT TILE
CUMMY ACTIVITY
DUMMY ACTIVITY
JLMMY ACTIVITY
SULMNMY ACTIVITY
 JLMNMY ACTIVI

RITICAL
PATH CLRATION

1 5

A
5S

v
4

Y!
YL

NO
ris

&gt;

a

1

/

16 A
17 N

Nor FST
T

»

_

Ce
vy
ie

»

&gt;

o *

»

4( ,
r
Coe

4c

¢
. 26
or T-

cARTTELT ~LATL "1 fC.AL
FINISH FINITt FLCC FL.

-»

-

*

»

+B
18.
10,

c.
»

FQ,
29.

.

Livy oo
.

Ce
Je

Se
104
45.
te

°

¥

—

—

»

-Y
COST
600.
50C.

125C.
125C.

450%
2100.
15C.

COC.
375C.
500.

2250.
2150C.
€00C.
400C.
4000.
400C.
“75C.
1300.

~~ 3900.
7500.

15C.
300C.
1333,
2000.
100¢C.
3G6CC.

LccocC.
2907.
360C,
15CC.

-Ce



CLLE 5 PROJECT DURATICN = 43. TCTAL VARIABLE CCST = 1(C74C.
XAMPLETCDEMONSTRATEAMETHODFORCCNSTR.PLANNINGANDSCHEDULING

RITICAL EARLIEST LATTES: "EARLIEST "LATEST TOTAL FRFE ~~ INCEP “ACTIVITY
JATH CURATION START START FINISH FINISH FLCAT FLCAT FLOAT COST

ES Je " ~~ 60C.
} 50C.

~~ 14CC.

140C.
450.

210C.
~~ 15C.

5060.
375C.

50C.
225C.

21500.
~ 600C.

400C.
4C0C.
4000.
“15C.
1CCC.
390C.
150C.
75C.

300C.
1333,

1000.
350C.

1CCO0C.
2907.
3600.
150C.
-

ACTIVITY NAME
ILDG EXCAVATION
LCG EXCAVATION
ECRM POUR=-STRIP
FCRM POUR-STRIP F
BACKFULL FCUNDT
DUMMY ACTIVITY
CUMMY ACTIVITY
ERECT STEEL
RAFTERS ANC RF CCK
JUMMY ACTIVITY
RAFTERS-ROGF DECK
AVC COMPL SYSTEM
SFINGLES-RCCF SUB
UNDERSLAB CCNDUIT
UNCERSLAB PLUMBING
CUMMY ACTIVITY
TERAMIC-CUARRY TIL
(INTERIOR PARTITICN
‘NTERIOT PLUMBING
ANTERIOR ELECTRIC
CERAMIC GCUARRY TIt
SAINTING
TINISH CARPENTRY
SHEETROCK=TAPING
NTERICR PARTITION

INTERICR PLUMBING
NTERIOR EQUIP CCT
INISH CARPENTRY
ACOUSTIC TILE
'ESTLIENT TILE
'ULNMY ACTIVITY
JLMMY ACTIVITY
JLVMMY ACTIVI
JUMMY ACTIVI
CUMMY ACTIVI

61
x
14
6
17

’1.
5.

"7 3

-

e12.
I

Bh,

-



‘CULE 6 PROJECT CURATION = 42. TCTAL VARIABLE CCST = 1(C99¢C.
"XAMPLETCDEMONSTRATEAMETHOCFORCCNSTR.PLANNINGANDSCHEDULING

CRITICAT
FAITH

&gt;
5

: ACTIVITY NA®~™
183LDG EXCAVATION
')BRLCG EXCAVATIOA
 IWCRM POUR-STRIP
+FCRM POUR-STRIP
W3ACKFULL FCUNDT
ADUMNMY ACTIVITY
'CUMMY ACTIVITY
ICRECT STFEL

 RAFTERS ANC RF CC:
‘DUMMY ACTIVITY
{RAFTERS-ROCF DECK
'FAVC COMPL SYSTEM
SEINGLES-RCCF SUB
UNDERSLAB CCNDUIT
UNCERSLAB PLUMBING
JUMMY ACTIVITY

ERANIC-GQUARRY TIL
ANTERIOR PARTITICN
NTERIOT PLUMBING
NTERIOR ELECTRIC

ERAMIC GUARRY TIt
DAINTING

INISE CARPENTRY
LEETROCK-TAPING
NTERIOR PARTITIC
NTERIOR PLUMBING

INTERIOR EQUIP CC”
FINISH CARPENTRY
‘ACCUSTICTILE
RESILIENT TILE
CUMMY ACTIVITY

DUMMY ACTIVI
DUMMY ACTIV
DUMMY ACTIV

SCUMMY ACTIV.

AT Si
START

“

Y. §
NO

Y: Ss

»

1

iw
“6.
26

he

Sw
21.

2

°

“ de
 mm

n

EARLIEST "LATEST
FINISH FINISH

-»

ts

“2e
“2
5.
5e
Ae

Coe
"Ee

Te

De
2
Eo
6.
be

Je

9
5
3 o

26.
LE
‘6
Ho
be
6.
25
6.
A,

a

Je
'®

-'e

-

&gt;

®

»

»

-

il

"NCEP" ACTIVITY
FLOAT COST

Je 600.
® 50C.

, '140C.

&gt; 140C.

“450s
2100.
150.
5C0¢C.
375C.

500.
2250.

21500.
6000.
415¢C.
410C.
4000.
75C,
1C0OC.
3900.

750.
3C00C.
1323,
2000.
1000.
3G0C.

1CCOC.
2907.
360C.
150C.

-C.
Ce.
Oe
Ce



_LLE 7 PRCJECT CURATICN = 41. TCTAL VARIABLE COST = 1C1311.,
XAMPLE TC CEMCNSTRATE A METHOD FCR CCNSTR. PLANNING AND SCHEDULING

TT

ACTIVITY NAME
BLDG EXCAVATION
3LCG EXCAVATION
FCRM POUR-STRID
FCRM POUR=-STRIP
BACKFULL FCUNCT
DUMMY ACTIVITY
CUMMY ACTIVITY
ERECT STEEL
RAFTERS AND RF [CC
DUMMY ACTIVITY
RAFTERS-ROCF DECK
~AVC COMPL SYSTEM
SEINGLES-RCCF SUB
INDERSLAR CCNDUIT
INCERSLAB PLUMBING

SUMMY ACTIVITY
TERAMIC-CUARRY TIL
NTERIOR PARTITICN

'‘NTERIOT PLUMBING
NTERIOR ELECTRIC

_ERAMIC QUARRY TIL
SAINTING
"INISH CARPENTRY
HFEETROCK=TAPING
NTERIOR PARTITICH
NTERIOR PLUMBING
NTERIOR EQUIP CC
INISH CARPENTRY

WCOUSTIC TILE
'ESILIENT TILF
UMMY ACTIVIT
WUMMY ACTIVIT
‘UMMY ACTIVIT
JLMMY ACTIVITY
SLMMY ACTIVI

ML
{ rR =

i LAT~-
STAR .

[AS
NO

YES
YES
YES

ey
NO

Yr
vi

1+
T

-»

 Jd

a

Je

Yl

»

\

Yi
YE
vr

Co
“Bw
25
15,

ie

-

/

£-

Ca25. i:‘5. z2G. ;’C. Cd
20 .

3

’

ny

CARLIEST LATEST TCTAL
FINISH FINISH FLOAT

9

-

.

»

p-

®

a
®

a

ny

J

1.
3835.
/

’

FREE 1 NEP
-LTAT FLOAT

 4
COST
60C.
500.

1400.
1400.
450.
210C.

15C.
, 5C00C.

» 375C.
50C.

 1 225C.

21571.
6300.

4200.
4300.
75C.

1C00.
3900.
750C.
750.

3C00.
1333,
2000.
100C.
330¢C.

1CCOC.
2907.
360C.
1500.

-—{ 3

1



CULE € PROJECT DURATICN = 38. TCTAL VARIABLE CCST = 1C237¢.
XAMPLE TC DEMONSTRATE A METHOD FOR CCNSTR., PLANNING AND SCHEDULING

ACTIVITY NAW
BLDG EXCAVATIO®
JRLLCG EXCAVATION
IFCRM POUR-STRIP
FCRM POULR-STRIP

 BACKFULL FCUNDT
DUMMY ACTIVITY
 DUMMY ACTIVITY
{ERECT STEEL
RAFTERS ANC RF OCH
\CUMMY ACTIVITY
RAFTCRS-ROCF DECK
FAVC COMPL SYSTEM
'SEFINGLES-RCCF SUB
‘NDERSLABR CONDUIT
‘INCERSLAB PLUMEING
CLMMY ACTIVITY
CERAMIC~-CQUARRYTIL

“TERIOR PARTITION
TERIOT PLUMBING
FERIOR ELECTRIC
RAMIC GUARRY TII

VINTING
'NISH CARPENTRY
EETROCK=TAPING

VTERIGCR PARTITICH
NTERIOR PLUMP ING

INTERIOR EQUIP CC
FINISH CARPENTRY
ACCUSTIC TILE
RESILIENT TILF
DUMMY ACTIVITY
CUMMY ACTIVIT
ICUMMY ACTIVIT
CLMMY ACTIVI
DUMMY ACTIVIW

{

A
32TH

Y

/

 FE .,
NOC

YF~
Yo
Y!

NH)
\
YE

w

N.
YEC
YET
 vy

T

a
ppv

ARLIEST 1.ATES
“TART “TAP

R

15.
LY.

5
5.

.

Y,
'®

~
.

°

’

»

»

- 1

| ® 3:
_ Zn

.

~

’

*®

 ®

EARLIE
FINI

T° LATEST ~TC™’
3H FINISH FLOAT

Ve

318.
18.

®

®

En " &gt;.

Doe

25o

3

»

»

»

"REE
clo I

MPEP ACTIVITY
FLOAT COST

. 600.

500.
140C.
1400.
“4507,
2100.

15C.
5000.

7 3750.

50C.
2250.
21786.
“6000.

4300.
4200.
4000.
“750%
1000.
3900.
7500.
750.

3000.
1333.
2000.
1000.
4150.

1C600.
2907.
36007
1500.

-0.
Oe
Te



CULE 2 PROJECT CURATICN = 38. TCTAL VARIABLE CCST = 1C2376.
“XAMPLE TC CEMONSTRATE A METHOL FOR CONSTR. PLANNING AND SCHEDULING

R.TICAL
PATH

S
ES

ACTIVITY NANMF
BLDG EXCAVATTH
BLDG EXCAVAT
IFCRM POUR-STRIP
‘FCRM POULR-STRIP
BACKFULL FCUNDT
OLMMY ACTIVITY
CUMMY ACTIVITY
(ERECT STEEL
IRAFTERS ANC RF CCK
.CUMMY ACTIVITY
RAFTERS-ROCF DECK
'HAVC COMPL SYSTEM
SEINGLES-RCCF Sug
‘UNCERSLAB CONDUIT
WUNDERSLAB PLUMBING
CUMMY ACTIVITY
CERAMIC-GQUARRYTIL
INTERIOR PARTITICN
NTERIOT PLUMBING
"TERIOR ELECTRIC
“RAMIC QUARRY TII
AINTING
NISH CARPENTRY

EETROCK-TAPING
“TERIOR PARTITIC®

TERICR PLUMPING
NTERIOR EQUIP CC

“INI SE CARPENTRY
ACOUSTIC TILE
RESILIENT TILF

CUMMY ACTIVITY
DUMMY ACTIVIT
CUMMY ACTIVIT
CLMMY ACTIVI
CUMMY ACT1V.

“ARLIFST LAT.
BT STS

I

t:5
NO

YFS
9

i 1. o£

\

21)
YL
YE

N-
-S

»

»

p
"»
le

EY

t

iq

-

23. 32.
20. 25.

Co 2

ZARLIEST LATEST “TOTAL FREE INCEP JITY
FINISE FINISH FLOAT FLCAT FLOAT COST

 oo To ~ 500.

50C.
140C.
1400.
450.
2100.

15C.
. 5C0C.

~~375%.
50C.

2250.
21786.

600C.
430C.
420C.
4C00C.
~75C.

3500.
150C.

15G.
3n00¢C.
1333.
2000.
1000.
4150.

1C60C.
2907.
3600.
1500.

~C.
Ce
(a
{..



fOULLE 10 PROJECT CURATICN = 3¢. TCTAL VARIABLE CGST = 1C3266.
EXAMPLE TC DEMONSTRATE A METHOD FOR CCASTR. FLANNING AND SCHEDULING

Rr ACTIVITY NAME
IBLDG EXCAVATTIC
BLDG EXCAVATD
JFCRM POUR-STRI
‘FCRM POUR-STRI®
yBACKFULL FCUNDT
:DLMMY ACTIVITY
'DLMMY ACTIVITY
IERECT STFEL
RAFTERS AMC RF IC
DUMMY ACTIVITY
{RAFTERS—=ROCF DECK
2HAVC COMPL SYSTEWM
3ISHINGLES-RCCF SUB
'GUNDERSLAB CCNDUIT
JUNDERSLAB PLUMBING
SCUMMY ACTIVITY
JCERAMIC-GQUAPRY TIL
INTERIOR PARTITICN
'INTERIOT PLUMBING
'INTERINDR ELFCTRIC
CERAMIC QUARRY TI.
PAINTING
iFINISH CARPENT®
SHFEETROCK-TapIN
INTERIOR PARTITIC
INTERIOR PLUMBING
INTERIOR CQUIP (CF

‘FINISH CARPENTR™
IACOUSTIC TILF
'RESILIENT TI
‘DUMMY ACTIV!
)CUMMY ACTIVI
IPLMMY ACTIV
{DUMMY ACTIVT

 CUMMY ACTIV

Ch
ATH

so”
J

1m
 ys 2
ir

(ES
YES
YES
YES

18)
YEC

NO
YES
YES
YE©

\ 2

NN

7

Ni
Ea

CARLTEST LATEST EARLIEST LATEST TOTAL FREE©INCEP/CTIVITY
TART START FINISH FINISH FLOAT FLOAT FLOAT COST

N . “e . 600.

, . 500.

» 140C.

. 140C.

45C.
2100.
“150.
500C.
3750.

50C.
225C.

6C0C.,
430C.
420C.
4000.
75C.

100C.
4150.
CCC.

75C.
300C.
1333,
2000.
1C0GC.
41508.

1C6CC.
2907.
2600.
1500.

=e
Te
Ce.
C.
ed



HEDULE OF PRCJECT VARIABLES

REDULE DURATIMN VARIABLE CroT
cciee.
SOT

A

§

J
C

OVERHEAC
CCCaC.
32C0.
TTT.

&gt;,

FTCTAL PROJECT COS
1101CC.
10954C,
LC3E54C.
LG44GC.,
109340.
10925C,
109511.
109G7¢.,
1096G67¢.,
L1N46G.



XAMPLE TC CEMONSTRATE A METHCLC FOR CCANSTR. PLANNING AND SCHEDULING
YSIS UTILIZING THE ACTIVITY PREFFRRELC CURATICN AS A PARAMETER IN SCHEDLLING

IECT CURATICN===432PRCJECTCIRECTCCST=100740.PROJECTCVERHEAD = ~ 86C0. PROJECT TCTAL CCST - 109340.

 TF EST LATEST EARLIEST LATEST TCTAL FREE INCEP ACTIVITY
START FINISH FINISH FLOAT FLOAT FLOAT COST

Ce 0, Ce ~~ 60C.

r~. 50¢C.
140C.

1400.
- 45C.

21CC.
-15C.
5C00.
3750.

500.
 1 225C.

215CC.
€coC.
4000.
4000.
4000.
75C.

1C0C.
230¢C.
150C.
75C.
300¢C.
1333,
2000.
120C.
3900.

1C00C,
2907.
3600.
1500.

-Ce
Cs
Cu
Ce
{

Q ACTIVITY NANF
BLDG EXCAVATION
)BLCG EXCAVATICN
FCRM POUR=STRIP
.FCRM POUR-STRIP F
‘BACKFULL FUUNDT
JPLACF-GRADF GRAVE]
'BACKFILL FCUNDTN
ERECT STEEL
RAFTERS AND RF [CK
‘SET HVAC FQUIP
RAFTERS-ROCF DECK
FAVC COMPL SYSTEM
SHEINGLES-RUCF SUR
UNUCERSLAR CCNDUIT
UNCERSLAE PLUMBING
PCUR SLAB
CERAMIC-CUARRY TIL
‘INTERIOR PARTITICN
INTERIOT PLUME ING
INTERIOR ELECTRIC
CERAMIC CUARRY TII
PAINTING
FINISH CARPENTRY
SEEETROCK-TAPING
INTERIOR PARTITIC,
INTERIOR PLUMRING
INTERIOR EGUIP CC
FINISH CARPENTRY
ACCUSTIC TILE
RESILIENT TILF
LUMMY ACTIVI
'CULNMY ACTIV?

 DUMMY ACTIVI
CUMMY ACTIVI
LUMMY ACTIVI



APPENDIX B



Nelele

&gt; uO

462

| 464

52

5
&gt;
aN

251
202
2040

301
303
A
101
&gt;01

33
y 1

CRITIC, PATH PROGRAM USING NFW FLOW
SCHED LL 2 NF INCLUPITN
DIMENST Gi C0)se (1000) TNELIDOT) 9 TCRIEINNN) oSLOPF (1000)
DIMENSGICN FLUSCLIONT) oFLOW(1INT DY) gKFROMI10MN Yo BLET (1000) ¢CETN( INN
DIMENSION CITCRIINON) $BIGGIICOAN) ACT (10ND 44)
FORMAT(214)
READ 1000 ek 77

"FL=0o
JNAR=KMAX+]
20 17 K=14KMAX
SLUS{KY=CU
SORMATI(21442::X92F3
READ 2000s TK) oJ(K)
(ACT(KeII)sll=194)
[FITNIK)) 1462414624146
SLOPF(K)y=cQQ09a00
GO TO 17
SLOPF (Ky={(C
CONT TNUF
D0 12 K=1,
3IGG(K)Y=0
-LOW(K)=0(
ILFT(KYy=C
(FROM (KK!
J1=1
FLOW (1y=c"
DO 2N1 K
NT=1(K)
NJ=J (K)
[FIFLUS(K)Y=SLOPF/.(,)546406
SLUS(K)=990G899420
(F(FLUS(K)=995099,98)301+200,7
TEMP =TCR(K)
30 TO 202
TEMP =TN(K)
(FIBIGGINJI=(BIGCINII+TEVP),2004201201
SIGGINJ)=BIGGINT+TEMP
CFROM (NJ) =K
ANT=SLOPE(K)=-FLUS!
12=1
[FIFLOWINTI)})I1004301,
[FIQNT)1I01 480348773
[FIANT=-FLOW(NI))100+101
 LOW (NJ) =QNT
20 TO 201
SLOW (NJ)Y=FLOW (
CONTI NUF
D0 30 K=J?2 ¢KMA,
JNA= JNAR&lt;k
NIT=1(JQA)
NJ=J (JQA)
[FINI=-1)33+304+33
IF(FLUS(JQA)Y)3143Nn431
TEMP =RIGG(NJ)Y=TN(JQA)
[FATEMP=RIGG(INI)I)I33N430,437
BIGGINTY=TFMP
~LOW(INI)=FLUS(JQAD
TFROM(NTY==—INA



50)oF NF

~~5D

21

708 NA
1 J {

JON

rm 1

Toh
C3
7:0

304
217

7.5
TN

302

+35
YOU

WD

 7a

403
0
406

yy

20 600 K=1e4 "MAK
TFT (KYy=N Neb6N2eAND
CONTINUE
AY =

30 TO 6073
CONTINUE
SCHEDULING ROUTINE
RLET(LMAXI=T7rrr

PRINT 70010
FORMAT(8OH Ad

"LY  LATF FREF Ire
PRINT 8000
FORMAT (RCH
[SH FINISH FLOAT
YO TNZ Kz
JOA=JCAB=X
NT=T1 (JRA)
NJd=J (JQA)
SUR=RIGG(I(NJ)=-RBRIGGINT)
[E(DUR=TN(JOAYYTT16701470
MIR=TN (JIA)
[F(RLFTINTI)NT 497024704
[E(BLFTU(NI)=(PLET(NJ)Y=DURYYTS22T702471773
RLET(NI)Y=BLET(NJ)=-DUR
CONTINUE
NO 705 K=1o
NI=T1({X)
NJ=J (K)
DUR=RIGGINJIY=-RTIGG(NT)
[FINUR=TN(K))B12s8134804
OUR=TN(K)
FES=RIGG(NI)
~LS=RLET(NJ)-DU
~FF=FFS+DIIR
SLF=RLFT (NJ)
“FF=BIGGINJ)=-FFS=-DI
“TF=FLF=-FFS=DUR
PRINT 4C00 (ACT (Kel)
SCRMATU4AG2179EFTa
-LTN=FLOW (LMAX)
[FI(FLOW(LMAX)=-Q93094a,
JAA=LMAX
TFL=TFL+FLTN
DO 406 K=1sKMAX
NJ=KFROM( JNA)
TI1SW=1
CFAUINJYL4O4e4049405
TF(FLUS(INJY)Y=990290,
YSN)
FiQWm=]
TLUSINJY=FLUSIN)+FLTNH*FTCSY
(FUFTSWILNT 4024407
JOA=J (NJ)
0 TO 406
[F(T (NJ)=1)3s3+401
JOA=T (NJ)
CONTINUE
PRINT 6077
TAOARMATI221"

T —
r FAT

&gt; T START C1"

 I=1 04) oNT oNUSFESeFLSeFFEFetLFsFFFFTF

&amp;

y=2) JECT ~Nec



3INeN

4
Vahl

PRINT 3200,°
FORMAT ~&amp;

50 Tr
TFL

PRINT «

PRINT =
“ND

TGGILMAN Ys TFL
}

L

1000. oC

\ “
Lg
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OUTPUT FOR SAMPLE PROBLEM TO TEST PROGRAM WITH NEW FLOW ALGORITHM

‘RY POINTS TO SUBROUTINES REQUESTED FRCM LIBRARY,
»SETUP (CSHM) (RTN) (SPHM) (FIL)

«65 MINUTES ELAPSELC SINCE START CF JOB

EXECUT ICN
IVITY

K A

EARLY LATE
STAD: °

14

EARL® ' Bie
-%

FREE  TCTAL
*UTAT FLOAT

»

Cb
K H :

JECT LURATICN PRCJECT COLT
ele

"IVITY

on,
VV oe

-
rq

Ce

OC.

4
8.
Co

130.
EARLY LATE EARLY LATE FREE TOTAL
START START FINTSA FINISH FLCAT FLOAT

Ce. | » Te " r‘KA
‘K

{
4

&gt;

*

®

*®Sy

LL
Lh i”

JJECT DURATION PRCJECT CuUST
24.

fIVITY

Co

Pl 6
3 19.

ate

19.
Lle
24«

FE
z4o

“4
be
C.

Yat

ooh

g.
3.

150.
EARLY LATE
START STAT

O. -

C.

EARLY LATE FREE TCTAL
FINISH FINISH FLJOAT FLOAT

3. 3. Te C
Fo 10

NK A
MK!
'K

‘K

LU
Kr -

JJECT DURATION PRCJECT CCST
22.

TIVITY

Mr:

ep

~~

*

-

-»

 ;
il

6.
GC. 0}

8.
6.

17.
2

«=
x Ze

200.
EARLY LATE
START START

0.

EARLY LATE
FIN'SH FINTSH

» oS

. 0. iC.

Re 6. ile
Ce 16. 16.

~ 3a 14. 21.
11. 11. 1¢€.
1€. 21. 21.

FREE TCTAL
FLOAT FLOCAT

0. 4NK A
AK
NK
WK
TK
NK
x
ois. ’

OJEcy DURATICN PROJCL~ LT
21. Lv oun’

10 CKECK LIGHT CN FRCM LwJoT WRITE

Ce.
2,
Ze

* n.

*

a4

»

Se
Gi

5

14.

PF



"PPENDIX C



ba)

373
32
2 A

35
37

)

&gt; 2
A

Ny

41)

il

/ 4
FN

NEW FLOW ALGORITHM TO REPLACE OPERATICNS 8s 99 AND 10 OF CPS 307
DRE ) Tk DTP SURSITUTION INTO THE MAIN PROGRAM
NG
= I GEG
ELC
&lt;F'
J1-
FLOW(
D0 30
NT=1T(X
NJd=J (K)
[FIFLUS(Y
= LUSK y=3n0" 0,
PEF(FLUS(KY=30CNN0,0)137h436473
TEMP=TCR(K)
50 TC 37

TEMP=TN(K)
[FIBIGGINJ)=(BIGG(INTIV+
ITGGINJ)Y=BIGG(NITYMD
(FROM (NJ) =K
ANT=SLOPF (KYy=FLUS(
J2=1
TF(FLOWINTIIIEC461
[FIQONTIEH5 962462
[FIQNT=FLOW(NIY)IES965.
TLOW((NJY=QNT
An THN 20
FLOWINJ)Y=FLOW(NT)
CONTINUE
D0 74 K=J?2 «KMAX
JOA=JQAB-K
NI=T1 (JQA)
NJ=J (JRA)
[FINT=1)71e7447]1
[FAFLUS(JRAY)YT2eT74s72
TEMP=RBIGGINJ)Y-TN(JQA)
[FI{TEFMNP-BIGGINI))T4sT74si&gt;
SIGG(NI)Y=TEMP
FLOW (INT )=FLUS(JQA)
CFROMINIY=—-JQA
J2=K
DN 76 K=1 enw
IF(I(K)Y=NT)T6,
TONTINUF
J1=K
SO TO 31
CONT INUF
FLTN=FLOW(LMAX)

JOA= MAX
TFL=TFL+FLTN
MD O12N K=1 4KMAYX
NJ=KFROM( JOA)
~TSwW=1
[FINJ)YLS5 645047
CFUFLUSINI)=3C000e0)114s1164116
NJ==NJ
“ISW==-1
TLUS(INJY=FlLHierNd

-t



ty

L-
1°
|
!

Yom

J (NJ!
CONTINUE
DROR(JJ)Y=RT 7

SEE +


