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R 'CHAPTER IIr . - - . o

‘ - S o \

i. . | . . ‘7" ,‘. ." A‘F
COMPUTER PROGRAMME OF THE HEURISTIC ALGORITHM e
‘ o ‘ ;. 4 T R

'm(t ° o . )‘;,:..' H

Thls‘chapter presents ‘a computer _pragramme galled BACS

( Bu1ld—up Act1v1ty Chaln Schedule } programmed w1th FORTRAN Iv

<«

L3

IBM 370 for the heurlstlc algorlthm developed in Sectlon 3°

N

Chapter II‘ The BACS programme is diwided into flve maln

phases as shown>1n Flgure ITI-1. These phases are: executed

]

0 ot

as a 51ng1e job' step . and the functlon of each pha e is as

-

‘follows: . . L . ;

l.

.wrltes ‘the lnformat;on on the llne—prlnter. - *
':ln a file,.

the varlance of . resource change.

- : . [
. 3

Inltlalizatlon Phase reads.CPM, network 1nput data and

u .

& ‘ g
‘Scheduler\_hase I makes act1v1ty ‘chains and stores them

N\ : S . _ N

Scheduler Phase IT schedules the activrty chains to_mlnlmlze
o v "

.
\.\

Reescheduier .Phase analyses the resource«profile %hich' -f:§

has been built up by Scheduler Phase II and re-schedules'

iact1v1t1es?to remove peaks, other than the maxrmum resource

‘peak, if they are encountered e AR
, 5o ; . -, . ' :
Findl Phase writes'the optimal'schedule. . A S
it -.j \ : L T . '\, o :
1 ’ [ .
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It inﬁg s the necessary data for BACS from network

1

' "3,1 -Initialization Phase .

TP

.flow diagram is showﬁein'Figure‘III-Z.

" 64

T,

.Enformation'supplied by CPM analyses of the project.:The

‘ a‘ . : 1-

The follow1ng is a llSt of. network data which BACS.

4

B-1).

-

¢

reads for each act1v1ty (1nput format is shown in Appendix

1. preceding node .....;.............J...;.......-( i ) : " uf_

precedlng node
/

The 1nput data for each actlvity is stored in core

’ 'Codes ‘are as foll

LN

&

. 6, early start date and, late flnlsh date for
‘ succeedlng\node .....l.‘..‘..‘lll.-I..l.-l.q.‘

Do .

ows.'_;
1. Activity Code = 10
G v o
.when - ESl
g or - ES2.
L or ESl + D.
. ‘or LSl + D
[y | . .
\ .
and R

f s 1

(non-critical
- resources)

# - LF1

# LF2 .

# ‘ES2 .
A # } :. : LSZ
#

‘e

2. succeedlng node'.............................. ( J )

Co ’ ~ .
3.‘_durat10n‘ .-uu-u.\--.’-vu‘o‘.:o-l‘-lcoll.-qlqo sCeveeseses e (‘D ) -
4. resouroe‘xequirement cssesensssrseasesssnsavess (R ) )

ate and late - flnish date for ' : g

oc'-l-ton‘--o'oooo (“E’Sl,LFll ).

( ES2,LF2') ‘
i o

.and. assigned an Activ1ty Code as 1t is recelved These Activ1ty

<. O

hY

activity which requires



3 or
\ . ' . . . {
o . or = ° LSL + D s2>-
l » and R = 0 . - f
A ‘ -
T o
3.. Activity Code, = 20 (crit1ca1 act1v1ty whlch requlres
. : \ resources) . ’
\‘ . when  ESL = LF1 S o
\ and - ES2 = .= " LF2 '
K ‘ " ' ’ v . .t
and ** ES1 + D = ES2 * ~. o
‘ : ; S A ' \
. » arid \R ’ < # v 0 . . . '
J o ‘ : . W &
- \ ) - B ‘ . \ : '
' 4. DActivity €ode = 21 (critical activity which does not
C - ' _reqguire 'resources) .- ,
| .. .\ whem ES1. . = ‘. LFl SRR g |
~““““--;&.ﬁ*‘_‘;\‘ﬂ : ) ' - L
. o T———_and ES2 = LF2 L . '
. : TTT—— : o P Ty
.and . ESl1 #+ DT‘fT;-“*“**ESETJ-*__.___~ v
- T o T — -
' - and R = 0 ' ~ T

‘2. Activity Code

~AL
* ’ '~ when

or :

I3

\
\

N

- ESL + D

=..ll (non-crltlcal act1v1ty whlch does -
not. requlre resources)

ESL F1 ‘

ES2 " LF2

b ' U S

.After readlng all‘lnput daté BACS outputs the 1nput R

+ \' : BT MY

. information on’ the ff‘é<§flnter. , u--" L : '~‘ - S

~
o " N \ /_ A
. \ .
A ! 2 -
LY LY
. .. \
S e - . . ol
4 e el
P o - o :
. i a N . . A »
N *ﬁ‘ . i \ . ’ .
\ : '\3\7, ‘ s " .
. 3 \ , .
i . ; \ .
. / [ . \
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. \ © ;L
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;
LY



Ll
aT
1 .
<t ¥
N re
P
\
\
. ) N
e !
Y
.
h
s
a 4
Y
.
X
. -
-

P g. /
\ " ‘66 :
H x
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READ INPUT 5
y INFORMATION 8| .
i
ASSIGN .ACTIVITY CODE |
T 10: NON~CRITICAL , RESOURCES REQUIRED o
t1 :NON~CRITICAL , RESOURCES NOT REQUIRED
. . 20 CRITICAL , RESOURCES REQUIRED
21:CRITICAL , RESOURCES NOT REQUIRED
e 0 ) L
' .. | PRINT INPUT - =
INFORMATION :
o \‘
7_.;‘.’ / . . \ P : . i
! Initialization Phose Flow Chort ° 7
Figure M-2 ' ?
o e P SO
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. 3.2 'Scheduler Phase I.

'The definition of an activity chain is : tHe

n

\ %
1

" "This phaée analyses network ' information

chains in the project as showing in the flow

set'of sequential

. \ .
chart in Figure III-6

67

and forms aétivity

non-critical activities whose primary slacks dre equal. The-

method to identify actiﬁity chains is as.follows:

~a
3 . . ) - -

C e,

'STEP 1:. BACS assigns Job Code [ JC(3)," which means Job/

" Code oﬁ_activity j '] as the first step towards 6 .

the iden

3

1
'

—_—

L]

Jc (i)

;: o | . | ,-_.: and” LSl'+ D

| ' i;e{ no preceéiﬁg‘activity
éqimafy slack.

L]

JC(3) = 2  when ESl'+ D

v

‘and LS}.¥ D

1

1. when ES1 +‘DA;—
£

has the same, .

lI

-

Mfication of\actiﬁity chain.

LSZ;,-'__" |

ES2

ES2

. [
+LS2,

i.e. at least one' preceding activity has

“the, same primary slack.and -at least

the same

r .

.

,

—

one following activity has
. \ i f . - —‘I. ?
——primary slack.
- [+ g . '
AY .
e ~ e
S N ;
.r l-’l’ "'.4.' -
s : § .
/- N v

o ?



1o,

( N , . ) ! ’é\ ' !
. R JC()) when -BS§1 + D # .ES2 '
) C -, and Lsg.+D Lsz
;'A “i.e. no fellowing activ1ty has the same .
. ')‘ . - ‘ )
. o primary slack. n ~ - S
i ) v N o .
s ! l
STEP 2: Select a non-cr:.tical actlvity, say A{l) whose
s e ==
JC(l) 1. Th:.s A(l) ‘ig a fJ.rst activ:.ty of 'the chaln.
H F;l.gure ITII-3 is an example where JC(l) 1.
' H
! It 4, - . .
. N
£
' ' :
4 5
Y -}i
‘\ | 1 % .
. . “3".\
P
oL b
\ : :
7 F
'l( g‘
- ‘ 'The'First Aéﬁvify of the Activity Choin o ¢
N s Figure M -3 ‘ .
“ T ) |
- i . . iy
T ' BT e S S 1 . i
' . ‘. b . - ! “.“, ”* ' B . 6 -
N . . [ B i -, 1 .
: - . L : ( ".
; \ ~/" T o
- ' '.. _‘ * ' ) v 'd'" IS | L ’ w ) .
' oo , S0 -
‘ ’:7;“ Y ) ‘. & . -
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STEP 3 Flnd the following acti'vijty A(2) of A(L) whose

y
)

JC(2f}=i. This A(2) is a Ainterinedia‘te activity .

oif the chain. Figure III-4 shows an_example '
where «Jé(é) = 2. ) T
- [} ) "f
~ v cT N X
t : -

- o 3 - !
- - . -
. R

. .-

/ - - ]
. -
‘ . / - ! .
- - LR el e K} 4 . \
s 7
. ) i

' -

- . H
€ i

=" . I Intermediate of the _AE:{iQify Chain

v . .I - .' . > " Fiqurem-4 . , - “ ; " .: .'-.

1.

-~

.69

’
=
¢
~
!
i
-
.-
'
P .
.
I
. -
. vt
T
¥
1.
N
1
H
o tugw
.
'
f
-

s

T M AR ML Wt MR e, Tt g

.
Ay
Ty,

L,
(B eyl

"

P I s ST

v sl
i ™

L et



'Repeat STEP 3. to flngi A(3), A(4),—--— :A(J) where

each actlv:Lty s JC = 2 and act1v1ty A(3) follows .
J

activity. A(2) , activity A(4) follows act1v1ty o

A(3),. ---- and act:.v:Lty A(j) follows act1v1ty

a(j-l). 'Th;.s_ step is repeated untll no follow:Lng

: : - % .
_activity is found, "or. untll A(j), the last act1v1ty

of the:chain whose JC' =

3 is met.. Figure III-S
. shows an example of act1v1ty chaln where A(l), : P’
. - |- - . B N
BT . A(2) 4. A(3), %(4), and A(S) folvn a chain. e

Lo d 'm e M)@b m)@b m)aalw @@
o b=i0 D=12

' ce ¥ " An Activity Chain . S

‘ . ' -‘,Fit,'u;refﬂI—oi S _ ’
ST ;,

s , . !

! .. - &y . -

.

*'Th.‘is happ'ens when ‘another 'ectivity chain has already used

¢

the activity A(j+l) whose JC=2 and which is a following.

activity 6f ().

PR



.STEP'S; Repeat agaln from Step 1 to make other actlvity

- chalns untll all non-crltlcal act1v1t1es are checked
; The act1v1ty chains are stored in’ a file. ", i .
A | ‘ . : | ‘
L - S L . : - |
i
| I i e - :
STEP 6: Plck up all ‘hon-critical act1v1t1es whlch have .
L. z P
{
. /ﬁot been 1nvolved in any activity chain. Each :
of these activities is,considered as an activity
.chain in BACS‘ although just‘onelactivixy is involved
in each case. . _ '\-;' ‘
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ECIDE A JOB CODE [Jc(j]] FOR

: E CH NON CRITICAL ACTIVITY

- ‘i A |
\

TRY TQ FIND STARTING ACTIVITY |

Kic=1) Am FOR THE CHAIN OUT
OF THE NON CRITICAL ‘ACTIVITIES
. NOT USED FOR OTHER CHAINS

FIND THE FOLLOWING ACTIVITY

. Afj) oF Ali) [uc(j)=2 oR 3

FOUND P

JCj=3

STORE THE CHAIN IN'A FILE

'1‘* -

PICK OUT ALL THE NON-~CRITICAL
ACTIVITIES WHICH ARE NOT -PART

| OF ANY CHAIN AND RECORD THEM

. AS'SINGLE ACTIVITY CHAINS

Scheduler' Phase I — Fiow Chart

Figure M~-6 . |
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© 3.3 Scheduler Phase-II - Sle¥ T

. 2
P3N

t

1

This phase schedules ‘activity chains step by 'step to

1]

*gradually build up&resources to a peak and gradually lay

vthem\off ( i.e. a parabolic résource profile ). The procedure

%3?" N ﬂmlnimum variance and the Resource Change Flle i‘

]
i

e ‘for each date, 1f the start date is feaslble,

o . <
is flow charted in Figure .III-7 and is described as follows:

. v

U ’ P
S )
. N

STEP 1: .. Critical activities“are scheduled and the resource
, .o , s

change is recorded in 3~ Resource Change Flle. T
) ‘|

i . : - . \

~

'

‘STEP 2: .Prlorlty rules are applled for each act1v1ty Chaln.

/ .
The act1v1ty chaln (Cl) hav1ng the mlnlmum prlorlty .

' * s

value ( Eqn 2. 38 ) is scheduled flrst . R

N "
t

. . , . PO
a * " : S -

sTEP-3é The start date of activity pHain Cl is yaried frou

/the earliest start to its latest start chécking_ : ;

LY

and computlng the variance. Act1V1ty chaln Cl

is then scheduled on the startlng date whlch provxdes

is 1ncremented by.the,resource change‘of actlvity.'_\u

chain Cl. .- ’ . SR S “ C

"~ * The fea51b111ty check implies that afl the precedlng act1v1t1es

-,.are already scheduled o ‘ . .

|

’
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3.4 Rerscheduler Phase: .. - Coe N

. [ { ! e

ThlS phase looks over the resource proflle Wthh has
already been built up by Scheduler Phase 'II and’ 1f any peak

other thap 1ts maxrmum resource peak is. encountered -BACS

o

- u

trJ.es to remove it by re- schedullng actJ.VJ.tJ.es not act1v1ty

\

chaJ.ns.- The procedure shown. in Flgure III-14 can be dJ.v:Lded

W

L)

1nto two parts.

! . ' vl g ' ' e

. . e : et . tot

i . . N . &

[ PART—I ] A peak lS encountered prlor to the maximum resource

1

"+ . _peak 1n the resource proflle. ' o S . ‘
. s s ‘. . 3 n - “"f a .. _,' . ..
;o T, ; SO v
o - i ‘
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¢ In Fighre'iII—h‘the resource profile haé'a.peak betweeh
dates A and B TwWwo _cases are considered about this peak.
.. Flrst, in Flgure ITII-9 (a) the 1ength of‘plus resource change,
: .. gl is larger than-that of mlnﬁs resource change, g2 ‘and v
, . second, in Flgure III- -9 (b) the length of mlnus resource
ot ’ -
' change,,qz 1s largér thari that of plus resource change,,ql.
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STEP 1 -

STEP'2.

1

- S;i'EP 3

78

4 N - '
1 LX) . * e .
i d

- BACS looks for,a'peak in the resource prefile.

If a peak 1s found, BACS tries to f£find all act1v1ty
‘~A(])'s, Wthh start on date A and whose resource

requirement R J.s

q2 'R ql. when gl 3 q2

i~
NN

i~

@“.or: _ ql "R - g2 when gl < q2w'
- ! : ~

if no activity was found, BACS continues with STEP 1..

If there are one or more activities satisfying the

) above restriction, BACS reschedules each activ:m:y J

A(j) forward .2 length P "defines as, ..

\ P é_ A - B when LS(K A '13{-_"""3 L

‘Then all & e tivitiee f01lc‘>wing'activity A(j).:,,“.'- .
are examired to\select the ac':tiv‘ities' which are
affected by delaying" the start' of'activity A(j)

. The start times of such act1v1t1es must change,

¥

= LS(J) - A when LS (3) - A < A - B

this staxﬁt is’ moved forward equal to or 1ess than B "":

the forward push of the act1v1ty A(j) causuxg the

unwanted peak The extent of movement of any activn.ty

RY

is determined by the technological sequé’hce ( i. e. .

'. 1t is scheduled centiguously with the completion

-of 1ts J.mmediately preceding ?ctivz.ty) As an example

.
-

'«
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Aam

\ o for,éhe new séhéduIﬁ?br schedules if onre'i".han"ii
one actlvity was found wh1Ch satlsfled the cgrterla.”
‘ of STEP 2 and if the ﬂowest varlance of the ne&q; '
" . 7§che4ules is ;ess ‘than the prev}ous varlance*,' ‘
| the new échedulg;is %ccegted. ' r“.-) ‘
‘,STEP'B: " Repeat f;o@ STEP 1 untii_thé nMaximum resource
: '{ﬁeék (MRP) of the project is reached.
- o | - - | .'f o S\ :
STEP 6 ° Go to PART-IT of this'ph&sg.Jg o :- -
‘;:f g b . | ;
i E o ‘f k ) < ;
G- | | : A
o _ _ _ — — g
t.Suppose the new variance'.is samé as“the ©0ld ope, BACS Lo

suppose Adtivity-A(l) in_Figure I1I-10 is rescheduled .

2 dayg later, fhehAthé foilowing activities A(2], 3(3)

“ and A(4) are rescheddleﬁgz days léﬁer, A(S) 1 d;y

later, and A(6) is unaffected. This is done to

. minimize tﬁg éffecﬁ of removing the peak;{: R
\‘ . ~

STEP 4 * BACS calculate the variance of resource change ,

checks the level of.hlghest resource requlrement of tn& . .
two schedules and selects the gchedule whose peak resource-

'requlremengils lower, _ . .. SR L S
S T
T o { L , f o ( " \‘~ \"ﬂ ' '
B ' ., r—\ , ‘ '~;‘ i
* ~V‘ L] r 4.
a R . ] { _\‘ N
1] ~ - '



%

:

‘

v

v.

K
i
1
i

‘e

PPl

X

\
Y

80"

vt

&
.

ACTIVITY

* DATE

¥

6 18

20 22 ~24 26 28

Al

30 32 3 C

A(2)

I el b Y

A(3)

Ald)

e oen of

A(5)

e e w0

A(6)

A(7) ' w ' '
- A(8) 11 " L
A | | -1} r o
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Activity” Schedule Chart ﬂ_ -
" Figure TI-10 R
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‘I PART-II' ] A peak is encountered after the. maximum resource
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‘- peak ing the resource profille. - - .
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. In Figure III-1l. tHe reeource _profile has"-a peak between.
A’

'.dates- A and B. Agaln two cases are con51dered for the peak

I

‘and second, in Figure III-12 (b) ' the length of minus resource i

.

Flrst, 1.71 Flgure III 12 (a) the length of ‘plus resource ,‘j

change, ql is larger than that of mlnus resource chage, g2.

Q-

change,_ q2 is larger than that of plus resource change ql.‘
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.STEP 1 BACS continues looklng\ for a peak in the second -

. half OF. the resource profl;Le. -

I .

- * B

STEP 2 . a paak is found, BACS trles to find all actluitles

=

R A(j) s whlch ends on date B and whose resource’
SR . ‘requirement R is ' S _
‘ . .. . - o

"R .gl- . when q:L'“ D "q'2

.."\ "

q2’’

I~

x "' or. ;'ql‘.“é ‘R4 g2 T hen gl ' < qZQ ,'
) . o . e _.

If no act1v1ty is found ‘BACS contlnues w:.th STEP

- . . » o .[’ o . L : ) o o
n STEP 3 "'If there- ‘is .one-or more activities sa't-isfyinq the
L \ » -l
oL above restr.lctlon, BACS reschedules each act1v1ty e
l ) P N ' I . ‘

backwards a length P deflned as,

R . p,. = - .. A= when E;F(]) -B=2A-B
. S -‘p,"_-_—.~' EF () - when,EF(j)-—B <A-B .- .

. ‘}.‘ \ - J;:.‘,;
s . A .

I}
\-t,.,mm

-
A '
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" STEP 4

\

]

" STEP 5

-
¢

. Then all the aCthltleS pfecedlng actlvity A(])

I
are exammed t select the act1v1t1es whlch are

affected by rEScheduling the start of actlva._ty
\ ;

A (§) 'ea'rlier. The start times of such. activities

s

must be changed, the start is moved backwards

' equal to or less than the backward push’ o‘f actlv:l.ty .

\\ Y

A(j) causing the unwanted peak. The extent of &

movement of any- act’lvity J.S determined by the-"

\

technologlcal sequence As an example suppose'
A(‘7) 1n Flgure 11T~ 13 is rescheduled 2 days earlier,
~ then the preceedmg actlva.ty A(12) ‘is rescheduled .

2 days earller, and A(6), A(9), A(lO) and A(ll) -
l day earller.

” | ; S ‘ i ) . : ST
BACS calculates variance of resource change for - .

TN
-
v

the: new schedule or. schedules if more than one = -

activity was found whi’ch satisfied the criteria

-

. : \ T
of .STEP ‘2 and if. the lowest var:Lance of “the new
schedule is 1less: ‘than the prev1ous varlancef the new

B schedule is accepted BACS then returns’ to STEP -1

-

. of PART I. If: the v‘arlance “is- not reduced, .'Lt goes

4

" to next step .

' . . . '
\ o R Lo .
‘ LY N
’ - ~ I3
Re) s . .
k%) N s - 4 1 . - s
[N : . . N ~ . - . 4
I.-\’q . : B v i - ’ " - .
. + L] * ot . - ..
. o - -

.=

»

BACS repeats from STEP 1 of PART II unt:r.l progect .

‘

duratlon :,s reached.
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The crlterJ.a for achJ.eVJ.ng an optlmal solut:.on has /j"
been the mlnlmlzatlon of varlance of resource change. N

FJ.rst the resource proflle for the crltlcal act:.vrt:r.es
u
Was found This part of the resource proflle 1s fixed.

hen, act1v1ty cha:ms were buJ.l,t -up -and prlorlty rules
“(g) ! .
applled so that chalns were consldered 1n order of 1mportance.

/ . .
The resource proflle of these chalns was then added to the

previous resource proflle on startlng p051t10ns -whrch gave :

the mlnlmum varlance. Next, a look back over the resource
proflle was made aid 1\_f any -unwanted p\eaks_ were encountered, .

T -'activities starting on the date-of the peak were moved .

! \

back and forth in an attempt to’ mlnlmlze the varlance by

A b

removmg the peak. All the affected acta.VJ.tJ.es were con51dered

] .
4even if they were not part of the/‘chaln. Other actlv:Lt:Les .
] R
,were not mbved . as ’ thelr shifting back and forth would
R /

. B
.not mlnlmJ.zea variance. Because of the constrarnts of f:Lxed
]

-

durat:.on and flxed resources on the actlva.tles and the e
-.technological sequence ‘J.mposed by the CPM network, it Wil .

. pot always be poss:.ble to remove these peaks and thereby A

further reduce the varlaa;ce. o ’ ST

s
-

. -?\, 'I'he heurlstlc procedure, has attempted to ellmlnate R

Ll

aonly those alternatlves whid h w111 not heip in’ mlnlmlzlng o

w

the var,lance .'s0 that the f1na1 optlmal resource ,dlstrlbution
achieved lS as. close as poss:.ble to the optlmum resource

dlstrlbutlon tak:l.ng :Lnto account the constra:.nt of computatlonal

H

~time. ;o x? . \
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o

‘the CPM network diagram for‘eacn activity in_theqformat

,'shown in Appendix B(2). Network -data requjired for each activity

" CHAPTER 1V : ~ o .

[ - . - v

¢ - - et B » -
. g -

NUMERICAL EXAMPLE USING A COMPUTER PROGRAMME .

- . " . “
! \ . .
LN
“*

X

- ‘ - -— s : . -
§

The computer orogramme BACS as described in Chapter III

is llsted in Appendlx B(l). ThlS example demonstrates the
X
use and output analy31s of BACS and is d1v1ded 1nto the

“phases outllned 1n-Chapter,III. . o e

’

- T - [y

N Flgure Iv—l is the CPM network for a gas statlon prOJect

* »

(57 act1v1t1es) The In1t1allzat;on Phase accepts data from-
i

)

is 1) precedlng node number, I(j), 1}) succeedlng node number, .

V4

P

'J(]). 11LL_dnratlonT—D4a)7—¢v}—resource-requrremenf“‘R}“T’

v) early start date and late finish date for precedlng node,

lESl(j), LFl(]), vi) early start date and late flnlsh date for ‘

succeedlng node, ESZ(j), LFZIJ) For example for the first

aotivity take possession I(ly=5, J(1)=10, D(1)=6,.R(1)56,
ES1(1)=1, LF1l(1)=1;, ES2(1)=7, and LF2(1)=19. Since-ES2 (1)

kN

# LF2(1) and R(1) # 0, the computer'assignes an Actiuity

- Code of 10 (non-crltlcal act1v1ty, requlred resources) .

"

'Flgureﬂiv-z llstsvthe CPM netwdgk data and computer a551gned
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\ B a3
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Ve Scheduler Phasé I,sqhédules cfiticaf activities first. .
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from griorlty rules and Equatlon 3. %8 Act1v1ty chalns are L L
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Re-scheduler Phase looks over the resource proflle -
' Lo

develope”d by, Scheduler Phase II. If any unwanted peaks» are

-

encountered, th:Ls phase attempts to *reschedule aCth.'LtlJES R

L3 . k]

> 60 remove these peaks. Flgurle IV~-6 is the final, optlmal n R
resource prof:.le in whlch row 1l (the bottom row) deplcts T
the date, ¥ow 2 (above row l) shows resource change for

each. day, row 3 represents%resource requlrement for each L e

L]

~day,‘ and row. 4 lndlcate)s cumulative resources’ used to date.‘

’
i N .
. ‘s . . ‘- "

P

In Flgure IV—S then are two unwanted peaks th.ch occur

" for.day 79 to day 84 ahd- for day'97 to day 102. The, rescheduler

Phase removes the flrst peak as shown ln Figure IV-S The

attempt to remove the second peak has not been successful.
. -8 =
. The opt:.mal schedule, therefore has an unwanted peak. The _
h_____,____'__*l-e»—.

, o
reason is thatJhl&peak—eould—not'—he-reiioﬁéﬂ's,thout :mcreasmg

the total variance of resource change \Act:.v;Lty A(6) startlng

. N : i‘

,‘on day 31 and hav:Lng resource/ requlrement of 6 unlts and

3

‘duratlo"n of 72 days was moved backwards to start on day

25, thJ_s forced a larger peak in the first half o!;' the.

resource proflle so that thJ.s new schedule was unacceptable.

Table IV- 1 is the flnal optimal schedule. o - o
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resource levelling™) problems to ‘achie_\{é an ogtignal perabolic

4 S . B . . . e .ee' ' .

- CHMPTER V .. . .

o . ! - . -

. .
PR -

.+ ;' CONCLUSION: CR

~ ) !
’

This thesis“has presented: an heuristic procedure .for*

N\

resource profile using data obtained. from. CPM_’,aria'l’ysi‘s of -
a ‘project. o : \ e : L
. ‘ N . . R J : ¢ - i Y

A mathemat:.cal based, object:we ;Eunct:.on was developed
4
for- th:.s heuristlc in Section ]. of Chépter II, from 'a theore.t:.cal'

approach t6  the resource levelllng problem, without consxder:..ng
the activity.constraints found in a Cl?M retwork. This ijective
function ie ..besed up‘o'n the mea;ure of ‘gradualne,s.s of' resource

c'ha'nger._end_iS-defin'ed as the nlinimliatdon of variance of ;< L ?‘ ,

the resource change functlon. ~'I"hen, in Section 2 of C.hapter II

theée act1v1ty constralnts are taken 'fnto account and optlmlzation

‘of the lyctivity schedule is achieved yield:.ng an optimum ,,’ ‘

resource proflle. ‘This procedure, although not- fea51b1e

N for large progect, provides a bulldlng block upon whlch

)
‘an heurlstlc procedure achieving an optlmal resource - proflle

!
for 1arge scale pro:ect can be developed The«heurlstic Iz

" outlined ~ in Section 3 of Chapter II, has’ as’ its baee the = .

)

reduction o‘fﬂ the number of combine.tions by a _‘build—uplof~

- activity chains which are then cons&ﬂered as single activities.

These chains are then scheduled to yield an®initial ,resource‘

. : . . e
. ,

-



- - . . . Lo N . C oy
profile. followed by a .look over procedure. If any uhwanted

. -

‘peaks ‘arp. present an attex;:\pt is'made to remove them, by

' @

- break:mg up the chalns xnto constituent act1v1t1es and
.. ' “~

‘
f )

reschedullng the smgle activities.. Only such readjustmentf
‘ are .accepted wh:Lch reduce the total varlance of resource -?‘ ¥ o

;'- change. The cut-off pomt in the’ search for the flnal"

i solutlon is prov:.ded by the mlm.mlzatlon function for the B

1

variance of resource: change.

PO .
- R -y

Based “on the computational- procédure for this h.eurist:}c
in Chapter III ‘a computer programme called. BACS (Bu:le-up R
Act:.v:.ty Cha:bn Schedule) has been developed us:.ng FOR’I‘RAN IV

IBM 370. The programme has been tes/ed on a-. number of pro:;ects

Chapter IV showshgan example J.llustratlng the use and output.

.«

analysi s_of——BA(Z—Sr————f | _ * S ‘ : -,
N | =‘ - ° ) J.
The heur:.st:.c algorathm and BACS as presented here

/N . ’ a - 4
.. |Thave achidved the follow:n.ng . g o - f

2

-
N -

- - l)— A perabollc ‘resource profile beeed'on a v’ma’thér'n' i'cal..‘ )
. model where' the variance of re'sou_rce change is minf:i:{nized ‘ ’
subje‘ct o CPM network coestrairllts.' S ‘ :
2) ‘ Optlmal resodrce [usage within.a flxed pro:;ect duratlon.
. N ) 3) The varlance of the d1fferent1al -0f the resource requlrement
L o function prov:xdes a meas_ure “for the gredua‘lness of .
. ;o resource change, ! e e .

/
-/

“L -4 BACS is capable. of handling large sc:aJ,e Pro:'ect5 wz.thm '
l’“ R a short computatlonal time,. the example in Chapter IV cot
! S S tie

. , wh:.ch conf:alns 57 act1v1t.1.es has a computat10na1 tJ.me

o T of 30 éeconds.
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5
G,

o

5)

. . .
, 0 ° ’ e . . a8 ~

BACS' is very eas‘yn;to use. ) With%i“nor di-fﬁicult‘ies. i.t

'3

can also be=. lm'rked to- a CPM schedullng programme from

3

, whlch it can obtaJ..n part of .‘LtS J.nput data. 'I‘he data

" ce

about resources can be fed, dlrectly, thus further

fadllitatlng 1ts use,. . S S

. . .. -
= s s a - T . N~
AN , - ' -

L ¢

Future Res&éarch- . . Lo .

- ‘ 7 i - o
- - .

Although the heur:.stic deve/lops an optimal resourcea

<

profr'\l.e, 1f a smoother or more gradual resource curve would

“ be, useful for particu]zar progects,

wlthout greatly :anreasing the computation time a}e,.'

1)
2)
3)

4 Allowing the Re—scheduler, Phase to push fqrward or backward .
. S P e

K

~ 1 [}

A new- bas:.s for ‘building acts.v:.ty ;:ha:.ns .

AlJ.ow:.ng 1ntermpuon4n—themcmW
M

3

Changmg ‘}ihe prio‘rlty rules. L N

- n‘

.’

. more than one activity at a tlme. T

*
Allowing the revscheduler to look at the height of the

steps id an attembt to decrease the’ height of any steep

4 e
bl

steps which may occﬁr. o - -3, 5'- .

.

st

some further refinements

l‘

in the heurlstlc whlch may 1mproVe the flnal resourc‘e proflle

‘-

Relax1ngothe crm&tralnt of flxed reSources and flxed . ‘

A

duration for act1v1t:|.es (i, e. an actlv:Lty taklng 4 days

"and 8 resource umts can be allowed to- t.ake 8 days and

o s a ¢ .
: : ' - < Y
.

4 resourcé :units) I o R

.- - o o 2 - -
]

s,

F- %

S@.

o

4

St
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1000 CONTINUE'
2000 CMINBTTL -

-

- . -
1 - .
» - °

example of Flgure II 4 follows"

,' f * . . N - "9

,DIMENSION CPR(2S9), uARtaSJ,cnRtaS)

 DIMENSION MM(1D)
DIMENSION PRI(4,S)

. DIMENSION PRX(5)
00 10 I=1,25
CPR(I)=0,0

10 CONTINUE
CPR(3)=4,0
CPR(9)m=1,0
CPR(15)32,0
CPR(25)%e5,0 - , 3 e
CMIN®999,0 ' : A _—
.00 1000 :a-x,s_ . . L
00 1000 34,9 . - -, . SR
00 1000 Iasi,12 S -
'D0 1000 1l1s1,7 ' : y
00 20 I=i,85 . ’
uan(:)-cpacza L c

20 CONTINUE o
JALsLaely . . a S
IBL18IALeq oL o )
1A2%10¢12 . . - g o
IB2aYA2e3 )
IA3eI3 -
IB3sTA3+6 , _— o Do
~TA4sIq - . o Co .
JBgRIAG+3 ; :
HAR(IAI)'NAR(IA!)*S.O

WAR(IB1)®BWAR(IB1)e3,0 . ) Tv‘:- ;fi : :-: x.— .

"WARTIA2)SHAR(IA2)¢1,0- L
WAR (IB2YNWAR(IB2) w140 o
WAR(IA3) ®WAR(IA3)+7,0 o
WAR(IB3)®WAR(IB3)e7,0 ~ = - - .- " -
WAR(TAQ) sNAR(IAG)+4,0 S <
uAR(xaa)-wAR(Iaa)-a 0 - - e
TTLRO | : |
DO 30 I=1,25. : C
TTL'TTL#NAR(I)*NAR(I) - : R

30 CONTINUE , C .
IFCTTL LT, CHIN) GO TO 2000 L :

60 T0 3000 L

00 40 Iw1,25
CMR(I) WAR(I) .

40 CONTINUE . | o E T . L
CUompperny o T I &

e .
I o T T R ST LY i (L T S S ) KN RS e 0, i et 8 b g g oo 7 75
MR : T : :
Ll I A ' , . T

. ot '

. . .
R et R A (7 T
h . H
R 3
-

The programme llstlng along with 1nput data for the .

.,
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MI3®13 . -
MI4m]g - ¢

" GO0 YO 1000 -

. PRI(2,2)87,0 . ~

3000

PRIC1,1)23,0
PRI(1y2)84,0
PRIC1,3)=1,0
PRIC1,4)%8,0 :
PRI(E.l)'b 0 4

PRI(2,3)s!,0
PRI(2,4)29,0

 PRI(3,1)s%,0

PRI(3,2)=8,0

‘.'PRI(3'3)'!1 0

P

PR1(3,4)w12,0
PRI(4,1)m4,0

PRI(4,2)43,0
PRIC4, 3)-15 o

PRI{4,4) 7,0
PRINT 50 - .
PRINT ‘50 :
PRINT 51

PRINT SO

~ PRINT 50
" PRINT 52

PRINT 50

PRI(L, 5):n:4.?k1(1 3;.;,0 .
 PRI{2,5)%MI3+PRI(2,3)el,0
PRI(3,5)aMI24PRI(3,3) w1 ,0
;. PRI(4,5)sMI14PRI(4;3)el,0

- DD 60 J®i,5

. 60

70

PRX(J)'PRI(! J)
CONTINUE.

PRINT 61, (PRX(J), J!l,SJ
00 70 J»g,5

'PthJ)'PRI(E.JJ .
CONTINUE c
_PRINT 62,(PﬂxtJJ,Jll 5)
" DO 80 Jm?1,5
‘PRX(J)SPRI(3,J) -~
CONTINUE

80

90

PRINY 63, (PRX(J).JII'5)

.80 90 J'I 5 ol

PRX(J)!PRI(4 -

"CONTINUE

PRINY 64, (PRX(J):J'I,BJ
PRINT 100

~ PRINY S}

i

A3

'DATE. # 74255 -

«f



6 LEVEL 21 - - C . UMAIN
y » IN

. PRINT. S0
PRINT §0%
PRINT 103
. DO 200 Jsy,24
*00 110°Ji3y,10 ™
. CMM(J1)s0 - -
110 CONTINUE - \
DATA®O,0
DO 111 Jauy,y
. DATABDATA+CMR(J2) "
111 CONTINUE
CoLey
112 IF(DATALLE,0,0) 6O T0'140
LOMM(L) =111

o

Ve keLed

DATARDATA®LG0 7 ..

GO YO $12 -
190 PRINT 104, (J,(MM(L);jL=1, 30))
_ PRINT 105, (MM(L),Ls1,10) .
200 CONTINUE. .
- PRINT 103
PRINT 101

50 FORMAT(iHD) * - L

51 FORMAY(IH ),

52 FORMAT (4H ,75H . - A

* FLOAT SCHEDULED-DATE) -
b1 FORMAT(1H ,16X,4RA(1),5F10,1)
62 FORMAT(IH ,16X,4RA(2),5F10,1)

" 63 FORMAT(1H ,16X, 4HA(3),SF10 1)

64 FORMAT (1H .1ex.anacaJ.5F10 1)

100 - FORMAT (1H1) ' ;

100 FORMAT (AW ,60H " ;o M
" 9 10) e
102 FORMAT (1HO) .

103 FORMAT(1H )

104 FORMAT (1IN .ax.:a,sx.znl.ioISJ

" 105 FORMAT (LN .ax ak-x 1018) + -

END .

\

i

DURATION RESOURCE
el w/,_‘-s.:\r‘s

‘A4

PSS
o=
1

18/18/18 °,

gc g
13 -

- -,

T e

BTV e P

S



. .- ) . . I ) -n . . . o A ‘\ _‘ .
- ‘ R . e P a5
N . 8 : i B . . . .
. . 3 L . “ .
" . ~ . . . . . . ' L T4
° . ‘v, - ¢ . ) .
'\ ‘ . » e N ‘ AN v, . R " . "“ ‘
) ' . b * A N . N . , S, .
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", '™ ( Build-up Activity Chain Schedile ). °. \ (
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Computer, programme for oREimal resource scheduling .
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RO R P S e NN

P

3
PRI TP
2 othe vz o

EaE WL N

R e ]

LTE ST SN Ll

¢ ey

on

anannocononn .

aaoon

150

160

200

230

-300
~~.80° Y0 450,
350

Fib 7 et v o, pdmp s v 2 )b

(1Y Source Listing

-0 (2)

(3) _Input Deck

' Input Format

/

! ' ' .
YINITIALIZATION

INTEGER*Z 10T C30),MHT(100,7) MVAR(EOO.!J,MRES(!OO)
INTEGERIZ IAF(IOD,OI),ICA(SO 30), ISC(SO 30)

' N =0
NEXx=0

DO 100 Jiwy, 100

00 100" Kisd,61

- IAF(J1,K$) 0 .
100 -

CONTINUE
DO 160 Jiwy,30
B0 150 Ki®1,30

1CACJL, K1) %0

ISC(J1,K1)m0
CONTINUE
IDT (K1) =0

CONTINUE

READ INPUT DATA
D0 450. Jisi, {01

READ {3,200) (IDT(J2),J2%1, 8)”“-
FORMAT(B(1X,14)) = '
1F(IDT(1) ,EQ;99) GO YO 500

Do 250 Kt'l:ﬂ

IAF(JtnKIJ'IDT(Kl)”

CONTINUE

IAF(J1; 140821,
GO TO 450
1ARCJ1,11) 920

IF(!AF(leﬁ) 'NE

A R L A VL IR

i

- Source Listin§~‘

!

¥

S 5o 10400,

e I L R R B L R 2 Rt S
.

"IFCIAF(JL,;5) NE,IAF(J1,6)) GO YO 350
' IF(IAF(JI,T) NE IAF(JI,BJJ 60 TO 350

LeIAF(JY, 6)~IAF(J1'3JDIAF(JI,6) e
IF (LyNE, 0) GO TO 350 . .-
IF(IAF(JI;“J NE,D) GO TO 300

T '

Ab

- . 4 . . oo R
. The information,on BACS is-given.in the Following. order: .

o PO
. . H

s s o e it B 4 g o o By et Vet g o .
o Rariad e s A P

- ..
L T A

RO

Ao NFRT S ot A " 4T Y A S e s v
. .

4R

- ——— -~



g LEVEL 21 S

¥

‘~,IAF(41011)'11

400

450
. 500

510
515

1

525

600
\”650

780

.- IF(IAF (K3, 11), se.eo: 60 10
TF (IAF (J1,1) ,NE, TAF (KL, 2))

.60 'TO 450

TAF (J1)11) %40 °

CONTINUE

NOI®Jiml

PRINT 510

FORMAT (1H ") 15X, 40HN E T W O R K

FORMAT(IH pISX QOH-—-------------------..-..........q.-..---)

PRINTY 515
PRINT 525 .

FORMAT(!H » 10X, SUH

.#0E)

D0 650 Jl'l;NOI

00 550 Ki®1,20
. IDT(K1)9IAF (J1,K1)
= S50

CONTINUE ,

PRINTY 600 Ji (IDT(K!) ‘Kimy, 51 IDTtil)
FORMAT (1H plOX.lOISJ

CONTINUE:
PRINT 9980 .
HSTGe 1

~ 7

MSGe2

.DO 1000 Jisi,NOI

IF(IAF(J), 11) GE,20) GO TO 1000

Lid4sp
Li15=0
Li6=0
L17%0
b0 950 KllleDI

“LigmL 14y

CIF (TAF (J1,.0)  NE, TARLES 1))
. LASEL15¢1
IF(IAF(J!,E) NE IAF(KI 2))

Li6®L 641" .
LiT=L 174} .

" CONTINUE

. IAF(JL,84) 14
SOIAF(JL15) LS
IAF(JL,16) L6

IAF(JL,1T) e

‘CONTINUE

NO .

o

"IFCIAF (J1,2),NE,; xarcns x))

I:

950
eo.ro

GO T0
IO‘TO
60 7O

o~
..

"I NFORMATTONY

0 R OESL. LF1 Es2

800 .

850

:900

950

]
i
LF2 CO
P
;
:
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1900
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AN 1V 6 LEVEL'

~

T T K + A8
, . ‘i
y J R A - ‘ )
- TURTI MAIN -
[ | ' . ) -

A

SCHEDULER PHASE .« ']

i
'

Jl'l . o 2 B T
1.l ' I : ' [ -
IF(!AF(J!,IQ) EQ, 1) Q70 1950 .

IFC(IAF(J1,16) ,NEy1) GO TO 1950

ICACIL M)Ay o e oo
IAF(J1,13)m o e
N2mJy e

"DATE ® 74255 .

'zrcxartax 17),NE, 1) GO.TO 950 - R ./}
‘Mint ' . ‘ v

! - . [
4“0 L.

Nisi ot
IF (IAF (N1,11) ,GE,20) GO TO :650 S s

IF(TAF(N1,1), NE IAF(NE,E)) GO T0 1650 o g

IF (M1,LE,29) 60 TO 1820 e

MERRli . ' [
GO TO 9990 T R

“ICACTL, M1YENg v R A

IF(IAF(N1,16) ;NEs1) GO TO 1900 R

MIF(IAF(N1,17).NE l) GO TO 1900 .t

IAF(N1,13)82

“NasNy - ; I T R

1850

3

1950

GO.T0-9990 .o Lo e
IAF(NL,13)83 A
ICA(IL,3009Ny  ° L N

IF(J1,LE,29) so T0 1950

*IF(J1,LE,NOI) GO TO 1100

GO TO 1750
Né!Nl‘l . ; s . L
IF (Ny,LE,NOT) GO To4s00 L
MERREE. : A

"y @

Illlltl

MERRaS o . IS I,
G0 T0 9990 - T v

JisJlel " Y . S

[

R I Ly

A g A
P
s -



" AN IV G LEVEL

R Y

.
1

onNnOoOOo

2230,

2250

2300

2350

" 2400
* 2450

e X2 Xz iz

2500
2550

2600

e Xy

. 2650

2570

KKmg - | .

o O Y
. . | L
MAKE ACTIVITY CHAINS -~ y,
MSGa3 ‘ .
Jis} '

IF(IAF(Jl,ll) 6E,20) GO TO 2450
LAmIAF (4,504 1AF (J1p3Ta1AF (J1,7) -
LEIIAF(Jl.6)+IAF[J1.SJ-IAF(leB) , L
IF(L1,EQ,0) 6O YO 2300 IR
1F(L2,€6,0) 6O TO 2400 - ' [
GO To 2450 o S
IF(L2,EQ,0) 6O TO 2350
1AF (J1,19) i .
" G0 TO 2450 - . ' -
1AF (1,19)m2 A T
G0 TO 2450 S L)
IAF(J1,19) %3 , S
JimJiey -
IF (J1,LE,NOI) GO TO aaso
STORE ACTIVITY CHAINS ‘1LW
‘Ii .l ) a . ., ‘A ‘ . . . , o .
Cyimy oo -

IF(IAF(J1,11),GE,20) GO TO 2950
IFCIAF(JS,19),NE,L) GO TO 2950
JimJyg .o -
Mimg . . ' t
I18C(11,1)nJd -
IAF(J1,§8)m} c

MisMisy . )

IF(M! LE,29) GO TD 2570’
MERRla : ‘

GO TO0 9990 . i
Jasy -

IFCIAF(J2,81), GE.EO) GO TO 2900

" IFCIAF(J2,1),NE,IAF(J3,2)) GO 70 2900 - o
IFCIAF(J2,19) (EQ,0) 60 TO 2900 . L DD

a

€ .. -

Jomg - 4
1P CIaC ), £6,0) 6010 2800

o~

. A9

S

DATE = 74255 -
‘ . Pl
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AN IV G LEVEL

T

i

2700

31 . . MAIN

IF(ISC(JJ KKJ EQ,J2) GO TO 2900 .-

IFCISC(Jd,KK) JE@e0)- GO TO 2750. .
KKSKKe 1

IF (KK,LE,29) 60 TO 2700 -
MERR®S

GO To 99%0 N

27150

" MERR®6 /. .

2800

2850

2870
. 2900

. 2920
2950

. 3000

S Igslged

JdaJJey -
IF(JJ,LE,30) GO YO 2650

‘60 TO 9990
IF(IAF(J2,19), EQ.3) 60 Yo asSo
ISC(I1,M1)mJ2 S

‘IAF(JE,IB)OZ o

J3iJ2

GO TD 2550
ISC(I1,M1)EJ2
ISC(I1,30) 92
I1sliet

TF(IL,LE,30) GO ) 2870

MERRI1 : L

"GO TO 9990 : .

1AF(J2,18)83

60 TO 2950

Jasjaey '

1F (J2,LE,NOI) 6O TO aeoo
1SC(11,30)83 - . -

IF(I1,LE,30) GO TO 2920
MERRIB

" 60 10 29590

IAF(J3,18)83 -
JisJiel . 1"
IF(J1,LE NOI) GO TD 2500

AL
IF(IAF(J$,11),GE,20) 'GO 'TO 3950

IF(IAF (J34, 19).NE 2) 60 TO 3950

CJdmd

3050°

3100

KKei"
IF(I8C(JJs1),EQ,0) GD TD 3200 -

IF(I8C(JJ, KK) EG J1) GO T 3950

IF(I8C(JJ,KK), EG.UJ 6Q TD 3450
KKsKK®{

IF (KK,LE,30) GO TO 5100 .
HERR'9 T

GO T0-9990

JJuJJ+g
IF(JJ,LE,30) GO TO 3050

MERR®10 _ ’

A0

DATE = 74255 -
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' R . *

- , : T e L © ALl
N, : S S S,
AN v G LEVEL ‘21 UL UMAIN S "~ DATE = Y4255 °

N 6O TO 9990 - y : E
3200 Ja=t A ‘ - "
3250 IF (IAF(J2,11),6E,20) 6Q TO 3450 . . ° S ' '
_ IF(IAF(J2,2), NE., IAF(J! 1Y) 60 TO 3450
. ’ -IF(IAFcJ2.19) £0,0) GO TG 3450 L
. Coddet _ . Lo . ° '

Lo .7 3300 KKel} . 3 - S
S 1F(ISC(JJ,1).EQ,0) GO TO 3950 C -
o 3350 IF(ISC(JJ,KK) . EQ,J2).60 TO 3450 : . .

to IF (ISC(JJ, KK) ,EO, 0) GO TO 3400

KKaKKeq
IF (KK, LE,30). GD 10 3350 ° -

' L . HERR®IY S B LT ‘/\ : :
. I - 60 990\ |, .. : T S
' R 3400 JJ-§5§£X:§22 | R R
, Ciol U IF(ILE 6o YO 3300 . .. Lo
- , MERR®12- . . . b, oo oM

S : . GO To 999 . . . | . SO :

* ‘ - 3450 JawJasy - — C
oL TF (J2,LE,NOD) so TO 3250 L -

N . *
. )
‘.' . .
. L
. B . . .. - P
oL . . . R %,
.-

. . - .
I LY

3500 J3uJy I e . I
. Misg o - : Lo b -
18C(I1,198J8 Co ‘ e !
7 IAF(Jy,18)my - : R : .
P 3550 MisMiet - P
L - IF(M1,LE; 29) GO T0 3570 ! : ‘ ‘

S

- GO YO 9990 , . e
3570 Jamy ] ‘ T
e 3600 IP(IAF(J2,1),6E,20) GO TO-3900 L Y
3 SR IF CIAFLJ2, 1) NE,1AF (J3, 2)) G0 .TO0 3900 - .

‘ C .+ IF(IAF(J2, 193, EG,0) 60 T0 3900J,| _ "
N Jimi . - ‘ LT
3650 KKmy' . o T
. IFcISC(JJ,1,EQ,0) GO .TO 3800 ' ' o
‘3700 IF(ISC(JJ,KK),EQ,J2) GO TO 3900 : T

. IrclschJ.Kx).Ea 0) 6O'TO 3750. Nl T L
© KReKKey o ' . -

o T IR (KK G LE 4 29) . so T0 3700 o

' l MERRIIR . : : S
s ~ G0OTOD99%0 . . e’ -
3750 JJwdJdet ' : o Y
"IF(JJ,LE,29) GO TO. 3650 O ‘-

h et e o -

Tt n N g P g gt b TN

5 . : o -
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.3800 IF(IAF(J2,19),EQ} 3),naj;o 3850 h
13850 ISC(I1,M1)wJ2

3900 Janj2ed ‘

nnnnnn

e

.IAF(J2,18) =2

]

Go to 9990
ISC(X1,M1)ml2 .

J3isJ2 y K S e, "
GO TO 3550 - L : - i

1sc(11,30)802 A ..
II!II"I " ,. . S ) . .
"IAF(J2,18)m3 . A
‘60 T 3950 . . ..o o7

1F (J2,LE,NOTY "GO TO 3500 . '
YSC(I1430)mJ3" - , ,
IisIter . ST .
IAF(JS,18)w3 - - .
IF(11,LE,30) GODKO 3950 Cy
MERR®16 - " Je
GO TO 9990 v

3950 JiaJieg ' ' e

s

hooo oo 4010 Jisy, 30 ' ' ’ o P }‘ i

IF (JLaLELNOI) | GO TQ 3000 - SRR
R a

- T o
¢ “-- ’ B . X ."‘\‘ )

s o

AF(ISCCJT,1),EQ, o: 6o TO ao:s B S SRR
~4040 GONTINUE S SRS
/4015 DO 4020 Kimi,NOI - S o

IF(IAP(K1,11) GE,20) GO TO. aozo oo e
IF (JAF(K}1,18),NE, 0) GO TB aoeo ‘
LAF(K1,18)28
18CCEJ1, 1) BKY

JisJiey - v-,° | LT I

4020 CONTINUE . R T Co g

“
'

4025 CONTINUE .- - - N

po 4025 1Y®1,;30 . ° 1 ;. N /7’

- TF(ISC(I1,1),EQ o: 60 TO 4028° v

"4028 I18llel S g o

' 4029 FORMAT (1HO,20X, 30HA c 1/1 v 1 T ?
4030 FORMAT(1HO,10X,29H~ NO ’

> FRINT 9980 ‘ L, o, NN
PRINT 4029  ..° ‘ o
t H A x-~°s;
PRINT 4030

ACTIVITY NUHBER)°

e g e S ne

DO. 4100 J1%1,;11 ; = o
DO 4080 Kl'l,BO R ‘ 1 ook

]

-
, -

!
°
L)
. . . ‘ .
.
RO Y S T My o e 5 et = e

P
R R

. _‘,1'0



Al
Jo 4E
. W -
'
Y
.
4 R
. < B
N\
.
e -
]
a o
5. -
{
o
:D
2
-
w
¢
\
L
o
L
r.J
R .
" °
. s
-
L]
P
o
€
o
k)

3 -,
vt
o
-
i
.
o
%
£
L
L en
°
R
Al
1

,.,
oot
2 T B9

v .
&

1
$ Y
L]
1 -
.
. .
§
ute ;‘_
] N
7 . R
. . @
'9
- e’
v
’ N
E)
L
&
e -
; ' !».4.
1 L
3 ;
- .
ot a
AN
Ly . 9
i -
Y
i .
1
Voo
o .. it
o}
g
:
L4 |’
oL
1 *
E T

L MPE13 ; . < ’ Y ." e

5300 MPE13. !

K TN ~ A13

Lo . . P .
, . . .o /-.
Lad . - T s .

v
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. IDTCK1)SISC M, KL) N c
4050 CONTINUE . : ' L

$ -
. . © PRINT 4040,J%,(10T(K1), Kl'l iq: R ,
. - 4040 FORMAT(1HO, 10X, 15 5X, 1915) T e
. 4300 CONTINUE co - o ¢
y PRINT 9980 . . . e, T * IR
‘;n’ c o _ - . - 'f. - ” u - . ; * . C v ‘.:
' C > _\-.' ' ’
. . $00G DO 5100 Jlll NOI: .
L . Iys200 P
e © “12w40 > : . ," . :
, v 0O 5100 J2=i, NDI - ’ .
T IFCIAFCJIL,41), "NE, :AF(Ja,a)) 60’ TO 5050' o
‘o . IAFQI, 11)-Ja :
2 S te L Tiwleg . ’ R T e ,
‘ e o IFCIN,LE.39) GO TO saso L e
v " MERRm{7 - X 3 ‘ T .
Syt _ . GO T0 9990 ‘ T '
v . -5050 IF(IAF(J1,2)(NE IAFCJZﬁ!J) ca Y0 ‘5100 S
L * fe :AF(J:,IE)-Ja , . o
s RS ¥ 1 £ L3 B ' ‘o - ' '
S IF(12, LE 597 60 TO 5100 o ) PR
o HERRllﬂ . o ; ] o .-
. +,..60 T0 .9990 o - . . ,
- ° 5400 CONTINUE e S e !
o '\"'v c “ ‘ . " ) : :
:.l ‘\’ C ? . . . ¥
: ‘ , B C A ° . ' ' . . ) R r t
o -y ’ B ' . E R
515000 saoo xx-:,xoo : . s L

. DO 5200 Mipt,?. - . _ Y
CMWTCI3,M1IB0 T A A
5200 convaue L EE

Iyay- » : ", :
" IF (MSG,EG,1) so 10 S500 . . . .
1F (M8G,EQ,3) .GO TO 5350. S -
‘D0 5280 1Ifs1,30" "
| IF{ICACII1,1),EG,0) GO TO 5300
MUY, 1) RICALITL, 1) -
' dKlICA(IIl,lJ RS - .
MWTL11,2) STAF (JK,8) mIAF CIK, 3)-:4?(,
Ci I‘.Iﬂl’L '
IF (X1 ,LE.100) GO TO saso S
MERR®1{9. - , LT T
.. "GO -TO 9990 - o o e
15250 CONTINUE e e T
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o

5350

5400 .
. 5450
5500

5600

'5650

- 5680+
5690

;

~

~ 7

oOO0ODONOO0O0OONA0 -

B TCR

v

~t.

MAIN

.60 70 5500 R

00 5400 111'1.30 -
IF(ISC(1I1,1),EQ,0)-GO YO 5450
HNT(II:!)'ISC(Iliol)
JKuICA(CIII,1) ’

Itnliey ‘
IF(11,LE,100) GO TO 5400 -
MERRlZO : )
60 TO 9990

CONTINUE . o .. o

MPul8 . - .
DO 5600 Jiwy,NoL’

IFCIAF (J1,MP),NE,0) GO. TO 5600
IF(IAF(J1,11),GE,20) GO TO 5600
MWT(I3,1)0d1 ;

MWT(13,2)8LAF(J L, 8}*IAF(J1 3)"IAF(J105)01

I1eliey *
IF(11,LE,100) GO TO saoo -
MERRs=2}

GO T0, 9990

CONTINUE .. o oo

1111wl
PRINT 5650, (MHT (MM, 1).nna1,50\/
PRINT 9980

FDRHATtlH«.SOIZ [3HweeaHWT(I1,1))
. IP(M86,NE,3) GO TD 5690

Do 5680 ITiwgs30 .

DO S680- Il2wy,30 =~ ° o
ICA(IT1, IT2)8I8CCITS, 102)

. CONTINUE . .
IF(11,LE.30) 6O 1O 5100 o
MERR®22 ‘ | LTy
60 TO 9990 | '
4 y
F I
7 # r ;/

~4

-~

DATE = 74258

ertzl,ZJ-IAF(JK.A)-IAF(JK 1) TAF (JK, s;f}

By

'l:‘ll‘
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" SCHEDULER PHASE » I . .

-
§7ou (]3] 5150 1181,100
Co T 005750 I283,6.
o j MWT(I1,I2)m0
o ;7. ST50 CONTINUE
- . Do 5800 I1st,200 A
. -+ . DO 5800 Iast,2 ' 1
s . MVAR(I1,I2)80 .
5800 CONTINUE
C . . DD 5850 11s1,NDI
N Lo " IAF(13,50)%0 :

_ MYSIAF(I1,5)
M2eIAF (11,7)
. - MVAR (M1, 2) BHVAR (M1, 2) $TAF (11
L E o MVAR(M2,2)sMVAR (M2, 2) oIAF (11
R xascxx,sa:-tnrcrtﬂsa |
S, seso CONTINUE

N\

nnbnnnn

- PRIORITY RULE IS APPLIED

} .\oP.", , - . 2 .‘H"v.o .
. o "'DO $870 Iis1,100 .

T HMeMMeY

7wt - 8870 CONTINUE

. 7Y, 5880 DO 5950 I1s1,MM

L © MNTCI1y4) RIAF CMWT(I3,1),5)
"t . IPCIGA(I1,1),NE,O) GO TO 5885,
R ~ MTDWIAF CMWT(I1,1),3)
S . - G0 TD'3%00

; L' 5885 MTDWD N

S ‘ -« DO 5890 MYe1,30

xrcch(xz.an £3,0) 60 70 svno

- -

e P S 3 oo v

- ’ - TN o
. > - o
P R st Ltk PP SR

-

>
oty
Tadilam s ®
.
.
-

-
it

LT o IF(MWT(IS,1),EQ,0). Gp 70 5880

e ' ; i1F(IAFtIt.11).LE.19) GO TO 5850

4)
4)
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-
R
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DATE = 74255 .
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5830
5900

5950

OoONOOG

6000
6001
6002

6003

6008

6040

500#

6006
i 6007

21 . MAIN " DATE = 74255.
MTDRMTD+IAF CICALIY, MY),3) ‘ '

CONTINUE |
MWT(I1,5)8999=MTD : -
MYSEMWT (I8,1) '

MWT(I1, 6)'IAF(MY3 é)-xurcnys 3)~IAF(MYS,5J+1 .

e

CONTINUE , | ;

MIN® 999999999 . o
N ‘ e »

- PRINT 9980
MAX®O - -
DO 6001 MSTe1,NOI

‘TF(IAF (M8Ty8) (LT, MAX) 60 YO 6001

MAXEIAF (MST,8) .
CONTINUE - -

MTYsD: ;

MMTY®0 o SR
DO 6005 I1st,MAX . s .
MTYSMTY+MVAR(T4,2) o

T MMTYRMMTYSMTY

IF.(MTY,GE,100) GO TO ' 6005
DQ 002 KKa-; 100 : ’
MRES (KK2)s0 Rk
CONTINUE R

00 6003 KKl'loMTY

MRES (KK1) 81 | o
CONTINUE . -

PRINT 6004, (11;MYARCIN,2), MTY HHTY (HRES(KK!J KKI'I;MTY)J

FORMAT(415,5X%,100101)
CONTINUE-

FORMAT (1 HO 0X¢28HPRIORITY VALUE OF. EACH- CHAIN)

FORMAT (1H0,20X, 40H CHAIN NO,

DO 6050 I1s1,MNM

NDSMWT (I}, 0)*1000000¢MNT(Ilrb)*lOOOOMNT(Il 5)
PRINT. 6010'!1 NO

FORMAT(!HO.Z!!,:’ Sx 13".;.....,'....'5! IIO)
IF (MINo,LE,ND) GO TO 6050

MIN®ND

MINNSIL

6050 CONTINUE " - [
' PRINT 9980

MFLOABMWT (MINN,6)"

"~ MWT(MINN,4)%999 ;

it

i SN 1S e e W

Lo

MWT (MINN,5) 2999 T
MWT(HINN,6)8999 -~~~ K
. a ) . ’ .‘ v
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AN IV G LEVEL 21 . ' MAIN. .

L

~

Oooo0onn

T

PRINY bOBO,MINN '
6080 FORHAT(!H oIS,7H...HINN)

i
N 9
. A
X -
? N . e
B . .

MINVE999999 .
DO 6350 I1mg,MFLOA
DO 6100 1I5%3,200
HVAR(IS,i)lMVAR(IS,E)
6100- CONTINUE .

1

1

DATE = 74255

Al7

'POLLONING 18 A CHECK ROUTINE WHETHER FEASIBLE ‘OR NOT

Are Fio .2 - W&

R s SV

A L SC LRt LS

K orenfates pscadvan ¢ L
.

onoonooo

’.
A b
- nonnoo -

- DO 6110 N1#1,30
IF (ICACMINN,N1) ,EQ,0) GD TO 6120 .

KKIIIAF(ICA(MINN'NI)pS)*Il ' 'I*IAF(ICA(MINN Nl)pS)

KK3RIAF (ICA(MINN,NL) ,5)#11  wi
KK2®ICA(MINN,N1) o X
DO 6105 Li#y,NOI - ° | o /
IF CIAF(L1,2) (NE,JAF CKK2,1)) 6O TO 6105
IF(IAF(L!.SO) EQ (0) 6070 6105 ,
IFD'IAF(LI;SO)*I‘F(L!;”
6102 FORMAT(1H - ,4110,20HKK2,qsl10seKK3¢,,IFD)
' 1F (IFD.GT,KK3) 6O TO-63850 -
6105 CONTINUE ' .
. DO 6110 L.1%1,NOT -
IFCIAF(LL41) (NE IAF.CKK2,2)) eo TO 6110
IF (IAF(L1,50) ¢ EQ,0) GO TO 6110
6108 FORMAT(IH ,40X, 4110, 24HKK2,K$,KK1, IAF(Lx,sn))
© - IF(KK1,6T,IAF(L1;50)) 6O TO 6350°
6110 CONTINUE ;
/6120 DD 6200 M1i%{,30 ‘
IF(ICA(MINN Hl) EQ,OJ 60 TD 6250

[ . e .
R

o /,,“‘. i-."1j 

MA-IAF(ICA(MINN,Ml)05)¢11-1 SR IR
HBIMA#IAF(ICA(HINN.H!! 3: | S

’ . * l‘ .
~ ( VoL '
. .

BT

R T SR R

=
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“ay MAIN,

'MVAR (MA, L) SMVAR CMA, 1) +1AF (C1CA (MINN, M1),4) -

" MYAR(MB, 1) sMVAR(MB,1)=IAF(ICA(MINN, Ml),ﬂ)

. = . 6200
J 6250

. . 16300

6320

- - 6330
S 6340

: o S 6341
—__—"___________———:-—/.-—.-_

6342 -
6345

R
F
nnoaoon

b 6350

- 6370
6372

6375
6380

6400
e “easo

<
e R e s S IR

Pragigs

CONTINUE r*_ _ ,
MVKSD . _ o
00 6300 I3wy,200 . ¢t

_alg

" DATE % 74258

HVKIMVK¢MVAR(!3 1yex2 A C

CONTINUE' | S
PRINT 6320, MVK,MINV;HF '
FORMAT (1H 3110, 86K, |4 MVK AND M:NV)
NOOI®MAX/2+5 | ,
MSTTRIAF (ICA (MINN,1),5)

DO 6330 MNAm{,3D !

IF (ICA (MINN, HNA) ,EG.0) GO 70 6340
CONTINUE | ‘
MNASMNA®] : '
MENORIAF (ICA (MINN,MNA) 28) '
MCHE = (STT4MEND) /2

PRINT 6341,NO0I, MSTTtﬂﬂﬁ;ﬁﬁﬁ2~ﬁ£ﬂ§_~.____,._
F ORM rseavsiifﬁr
IF (WCHE,LE,NOOI), GO -TO 6342

IF (MINV,LE,MVK) so T0 6350 , - S

GO 70 6345 ; ; Co
IF (MINV,LT,MVK) GO TO o3so ~
MFsIy

. MINVEMVK < ' 4

DO 6350 MMi=g,200 ba
MVAR(HMI.B)!MVAR(MM!;I) S

CONTINUE

MWT CMINN, 7)!1AF(MHTCHINN;1):5)¢MF~1

D0 6370 I3ef,30. .

IF (LCACMINN, 13) ,EQ,0)- 60 ro 6372
IAF(ICA(HINN,11),50)!IAF(ICA(HINN 13).5)¢nr-1
CONTINUE

DD 6375 1im1,200

MVAR(I!.EJ-HVARttt'SJ _
CONTINUE , : _

D0 6400 Ifwyi,MM C
IF (MWT(11,4),L7.999) GO 7O aouo S
CONTINUE

PRINT 6450, (MNT (11, 7),xtin.nn) o
FORMAT(IH ,3013)° > LT
PRINT bsoo.mrm,s‘m Iisg,NoD) .

R

'.[ '
) \
E

-

g

PR KT v s 5 O S STRE S G DI [ R S B g o

- »
e ST 0 S T R i

4

L
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6500

6530

6535
6540

- 6542

6545

6547
6548

"PRINT 6547, J!o(IDT(KS) Klll;B),IDT(ll) IAF(JI 50) ~ ‘. .

e e ot e Wt A D N e

R i

%
g ot -
e s ot amran 2 s

N Al © o et BT
S

. 6550

alo. !

g

FORMAT (4 H ,BIHSTART DATE or EACH ACT:VITY.....aoxs) - R

MCuy .

MMeQ ] .

PRINT 9980 o . . . ; S _
PRINT 6535 ' } o ‘f\\ .

FORMAT(iHO,lax QOHUPTIMAL SCHEDULED DATE FOR EACH ACTIVITY) T L

PRINT :6540 . ( , ot

FORMAT (1HO,10%,67H NO° ‘I = J D- R ES1 LFy ES2 LF2 CO ./

21 0 mAIN DATE « 74255 . 18/10/13"

-t i

«DE- , SCHEDULED DATE) - Lo e T

D0 6545 Jiwg,NOI . S _— o
DO 6542 Ki®y',20 SR _ , \ IR
IDT(K:)-IAF(Jt,K:I .ok . ’ . o PR
CONTINUE . ‘ ‘ e

S e

‘CONTINUE . e b
FORMAT (1H ,10X,1015,110) o S . S S
FORMAT (1HO, 18X, :s,aox 16) . - _ ~ IR ;
PRINT 9980 - v ST e
MTY=O - o ' R e T
: 00 7000 Iis1,MAX - )
MTYSMTY&MVAR(IY,2) 4 ’ = o ) 5
MSSEMSSeNTY Y & ' S . o / X
00 6550 Kxant.aoo SR D o L S
MRES (KK2) =0 : " oo Lo - , a7
CONTINUE . o . o~ e 3.
DD 6700 KKiwi,MTY ' L e ;

6700
7000

' T004

OO OOaACONONNN

MRES(KK§)®m§ . - , L L
CONTINUE N\
PRINY 7004, (II,MVAR(II,BJ,MTY Mss,cnnescxxxa KKI!l,HTY)) L
CONTINUE , o S _ _ e
FORMAT (415,5%,300108) . < S . o
IF(MC,EQ, 1) GO TO 7050 L K . ‘ g
60 T0 9999 ‘ SR SRERE T N

‘ IR i

——

-
PUmpT— e . £
ST T i e Dy e an iy e
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CANTIVCG LEVEL @1 - T MAIN..C © . DATE w 74255

>

hnnnﬂ‘bnnn'n'dn

" REwSCHEDULER PHASE . - - ... o
. - N . . .- - : T
; I IR

" - g} *7050 MDATES} R . S N

S A . MCE2 _ oL f
. : NOX®MAX /2 S - S
: S 7100 "MDATESMDATE4) .

- e LF (HDATE ,GE,MAX) GO 10 6530- . oL

S S IF (MVAR (MDATE , 2) ,EQ,0) 60 T0 7100 = , - :
o IF(MVAR(MDAVE.a).LT.oJ 60 7O 73S0 ° - . -
] A © IF(MDATE,LT,(NOX+5)) G0 TO 7100 o -
wo b -« .. GO TO 8000 < .
: * - 7150 IF(MDATE,GT, (NOX»5)) G0 TO 7100 . -

)

) ._~\‘;/ ' : _ : o A
PEAK 1S SEEN BEFORE HALF DF THE PROJECT g .
- : - ' . ‘ !

nnoeOO0on

3. | : L. - o {
e ‘ " KK®0: " . ’ %
Co ' MCTR{ . o ol o ;
o 7200 .KKSKKe 1. . T / g

e’ - " MSEMDATEeKK ' 2 o

ST Y IF(MS,LE,D) ‘GO TO 7250 A Ly
A o Co IF(HVAR(MS 2) ,EQ,0) GO TO 7aoo Lo -k

L : " IF(MYAR(M8,2) -'LT 0) GO YO 7100 - ; - - ol
S+ .-l . 7250 DO 7350 Ifel,NOI TP
woy e xrchfcxx.soa.Nz M8) G0 TO 7350 ,
, Coae . IF(MVYAR(MS,2) ,LT, (»MVAR(MDATE,2))) GO T0 7300 B
Lo . IF(IAF(I1,4),GT,HVAR(NS,2)) 6O ‘7D, 7350 o
S © . IFQIAPCIL,4) LT, (-HVAR(HDATE a::: 60 - To 7350 . - -
' ’ ' e o GU Ta 7380 i -, | . ) '...., N ih :
- z c C S .
' ._ L C B ‘.' o ' u /
H c e e * . ', g '
.. : o e N A
- 1 N . . ,
A : RN .
")L,_' ® e o - I
< - ° . -9 . ) ) o N
, ‘ oz . : AU T




A IF(LAF(12,51),EQ,0) GO T0'7600

e
Bt
At

) K o C L L ..\\,' A2l

. AN IV 6 LEVEL/-23 -5 ;- - o s MARN T T T T T b}TE,- 74255 ¢ |
L c ' - ‘
L 7300 IF(IAF(I1,4),67, (uMVAR(MDATE,E))J GO TD 7350
SR ©IF(TAF(I4,4),LT, HVAR(MS 2)) .60 TO 7350 '
GO YO 7380 -
‘7350 CONTINUE . ! y -
G0 TO 7400 ' - ;-
1580  LLeIAF (I, a)-IAF(41,31-1Ar(I1.503 ' ‘

’ oo . ! ’ ,’

OO0OO0DOOO0D

/

Yo JF(LL GLEKK) so tD 7aoo : L
HMeKK : . CL T
g . GO TO. 7450 P L Ce s
7400 MMsLL .
7450 00 7500 Im§,NO]
. IAF(1,51)80 - L
. . 1500 CONTINUE - - ‘ SR
o [TAFCT1,S8)mIAF(IL,50)eMM = . o o
7550 00 7b00 I2s§,NOL : ~ . S

D0 7600 13m3,NOI ' N
o IF(IAF (I3, 1), MNE, TAF(12°2)). 6o ro Te00 ¢
N nn-xar<12,51)¢1AF(xa.3) S _
PRINT 7580, IAF(I3,51) MM, I3 S
7580 FORMAT(IN ,3110)° o : S
1F(IAF(13,50),GE,MM) GO T0 7600 e
JF(IAFCI3)53)4GE o MM) 6O T0 7600 o
‘ - JAF (13,51) =MN g
o 7600 CONTINUE - . )
- 00 7650 12®3,NOT
s IF (1AF (12,51),NE,0) GO 70 7650
IAF(IE,SI)'IAF(IE.SO) o L
i 7650 CONTINUE . _ S s
' - .T7660 DO 7700 xasx.aoo ‘ - '
. MVAR(12,3) %0 . -
" 7700 CONTINUE : ‘
Lo " 00 7750 12%1,NOI . - : Lo
P . MMRIAF(12,S1)¢IAF (12,3) .
P . MVARCIAF(I12,51),3) sHVAR (IAF (12, 51) SJtIAF(IE,QJ
o , . nvna(nn,snnnvantnn 3)=14F(12, ag
. i, .7 . 7150 .CONTINUE _ , o
h - KVAR=O - o I
- D0 7800'I2%=4,200 ° S

Dy s ety 8 )
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Qs

‘1225
“« . A Y . 4 v K
LEVEL 3%t T e LI L eATE » 14289 ;
KVARIKVAROMVAR(IZ 3):12 o
7800 CONYTINUE . SR
PRINT 7:850,KVAR;MINV o
PRINY 7900.(1AF(11 50),311%4,NOI)
. PRINT 7900, CIAF(I1,S1), IllloNOI)
7650 FORMAT(1H ,2110) .
7900 FORMAT (1 .4013) .
. -$F(KVAR,LY,MINV) GO 10 7920 ,
. IF(MCT, Ea.xl GO-TO 7350 —
GO TO 8200 _ -
1920 DO 7950 I1,200 _ o -
. "MVAR(X,2)sMVARTI,S) | . . '
7950 CONTINUE * :
MINVRKYAR :
‘DO 7980 Is§,NOJ
TAF(I, 50)-1AF(1.51)
7980 CONTINUE . oo : L.
. .- GO TO 7050 I -y C R
c o ' o - a
c . N
¢ ' > A '
c PEAK I3 SEEN AFTER THE HALF OF THE_PROJECY
c “ , . . DR
c -
c
. 8000 KK®D ;
o MCT®2 .. , . : 3
8050 KKsKK#1 o . o Y
. MS®MDATE4KK E -
1 IF(MS,GE,MAX) GO TO 8100 . .
IF(MVAR(MS 2) ,E0,0) . GO TO 8050
Ir(nvnntns,a) 6T.0) G0 TO 7100
8100.00 8200 I{vi, Not' . S
_ MED!IAF(Il;SO)tIAF(Il.S) -
IF (MED,NE,MS) GO TO 8200 :
Irc(-MVAn(ns 2)), LT +MVAR(MDATE,2)) 6O TO s:so
IF(IAF(I1,4),6Y (-MVAR(MS 2))) GO.TO 8200
. TFCIAFCIL,4), u& MVAR (MDATE,2)) GO TO 8200 .
" '60 1O aaso T
‘8450 IF(IAFCI1,4),GT,MVAR(MDATE,;2)) 6O.TD 8200 -
‘ IF CIAFCI1,8),LT, ("MVAR(NS,2))) Go T0 8200 )
. G0 T0 8250 L .
8200 CONTINUE = L S
. 60O Y0.7100 T \ A
© 8250 MFUSIAF (11,500 IAF.(11%5)
© IF (MFU,GT WKK) GO TO 8300
- MMsMFy"
GO Y0 8350, f
’ / . c, - y
- . .
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Y MAIN T DAME = 7ap5% ¢

1%

: ~— . 8300 MMuKK E S , ‘
S 8350 DO 8400 I-t.Nox o N ‘ \‘ '
' IAF(1,51)20 - ST «

.- 8400 CONTINUE .
. : TAF(11,51)8IAF C11,50) whH

P - 8450 DO 8500 1l2s1,NOT ' .

R . ' xF(IAF(Ia.sx) EQ,0) GO 10 8500 - N

. .DO 8500 I3sy, NOT - : ik

Sl ' IF(IAP(13,2),NE,IAF(I2,1)) GO TO 8300

oL T MMBIAF (13, 50) ¢ I AF (13, 3)
ST CIF (IAF (12,51) . GE M) GO TO 8500
T '1AF(I!.51)-!AF(I&.St)-IAF(IB 3)
: PRINT 8555,1aF (17,51) .
¢ . 8555 FORMAT(i1H ,10X, I5) - '

" et~ m

: 8500 CONTINUE o o
v . 00-8550 12®1,NOI - -
Lo " IF (IAF(I2,51),NE,0) GO 10 8550 . o
' . IAF(12/51)e1AF (12,50) , ; -
8550 CONTINUE : _ e
X "7 PRINT B556,I0F (17,91) - : :
: 8556 FORMAT (1H (20X, I5) ' oo

- GO TD 7660 =
-~ . 9980 FORMAT(1HY) . .
T 9990 PRINT 9993 ,MERR ' '
oy 0 9993 FORMAT(IH .16HERR HESSAGE NO-"'IS)
. 9999 NOP=y° ,
: - CEND - e
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' Inbut Format
. Y

PrecedingNode .....:“.....'—--—\.".t.‘.

M

Succeeding Node ...... Ces Cesae o .

b

Du:ation ll"'.‘..l..'_ll.l....I'...I’l.."

- ' . )

»
t

Resource Regquirdment ......iceeeseoee

i
1
N

- - 1
P

Early Start Date and La,te Finish
Da% for ‘PreCEdil”lg NOde » & o9 @ o_'.o [ 3 .'.' *te

-

i:.‘arly Start Date  and Late Finish
Date for Succeeding Ndde .....ceovsee

4

6i~.10
'11‘; -, 15

16 - 20

[

-



~3

- ' a . . .’ “
. 1 ' v ¥ . .
u" - + . R . . . .
‘ . v° t.
T - N . ° : .
- o n . \ (’p
* LI . - ' .
R o ! e - o
\ ‘n . rh . . . : . . Q:
o ' : " INPUT DECK - o
, e e o
- ) . o e s 3
s ° r
' 0 . T s ' ' . ’ ¢ \/‘ . R
’ ! ‘ v s .' -
) // oo-v-cc ( Job Card,) ¢ savs e e ' a0 i
o ‘ » . . - N
] EER S , e ) . ’ .
(/81 E¥EC FORTGCLG, REGION=120K- - - B
. //FORT.SYSIN DD * . -~ « . - .,
L S - Lo \ . - Lo
» . e . J"' . X
o ! . , 3 oL . I
\ '., . , . . -‘l? . R .'
» . ! N " T - ' . .oy
b B L . ' ‘ .
Y “ ..(FORTRAN IV SOURCE PROGRAMME), = % -,
‘ - I - ’ .o ‘ . oo
i o ' \;)_, - . . :,’
» ;";’ = ~l ' ° . 4
s ./r e ""\. N Y ] ' (\ ‘
e oL e ' ’ 1 5o
&,‘f‘ ’ ’ » ; ] U . ' s ,f
» 1, s B v
v °//GO.SYSIN DD DUMMY -~ i . C o
. 3 ‘- ) R * "o - \ 3
‘//GO.FP03F00] .DD * S _ ' A
| ' Lo e ~,'F, o R )
f ! » N v, i a ba N
@ . . , [ s ° 4 ;
-. ) ‘} i ‘ |
» -“ ) ‘ - . a
/ P ' : : Lo
! I . ° . on
J . * . “ - ’ d "‘ - N 1
' (INPUT DATA) " S A
7 s i : . . . A N
A . ' o S . o . ‘
' ) , ‘ a:-‘ ‘ v
- ey { , ©
' AN /. - . o
5 ¥ . ’ . - R -
« ; r ) R , ” , I
T . o
99 - : ' . ‘ "(' : L
. 7 -
/o . , ,
O - ¥ ’.‘ .
L ' _ R
7/ " ‘ e b A .
- I " ' .
H . ' L S -
! . t . A, v l
\ g , | 4 L
o . o . _ . .
' .s : 3 -
) " x ’ o REREEE
\ N . . A -
L 1 { o X R i O , . '













