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COMPUTER PROGRAMME . OF THE HEURIST~ ALGORITHM 
1 - . ·' \ ' 
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. ' . 
'l'~is •chapter pres~nt;; ~-~ c.o~put:er , programme <ialled BACS 

. .... . ""' -
( Build-up Activity Chain Schedule ) programmed with FOETRAt•r.Iv 

f I '• • ' ( 

. . .. ... '.: . . . 

IBM 370 for the ·he~tistic ·. algorithrrl developed in Section 3 ' 
': • , ~4 "' '" • ' I ' • 

' ' J Chap~er I;r. The BACS prpgramme .is dhtided into five m0:.in 
. . . .. 

· ph'ases ~~ ·~how~~ in Figure III-1. T_h;ese·. phases a.re.:.: ~~ecuted ' . 
1 . . - 1, ' . . . . . 

~s a .tsi~gl~ . joh' step .. a:r.1d. the function· .. of 7ach· ph~-~ is as 

., ··-follows: i · 
I . 

1. Initialization .Phase. reads. CPM. n~two:fk input .. data and 
. ). .. . , . . \ . 

. ~rites . the ~ informat~on o~ the .line-printer. 

2. , ;chedule~P~ase :t ·m~ke~ activ~ty . chains and ·stores . them· 

"" ' . I 
.. in 'a 'file~ . 

,_ 
' . · .. · . 

3. Scheduler Phase II schedules the activi.ty chains to . .mini~ize. 
•) . 

'Ill ,.. •' • \.... . . 

the variance of · r~sou~ce_ cha~ge. 

R.~·-lchedu~er . Phas.e, ana;lys~~ th:--··;;~·our~e-.profile ~hi.ch ·• -.( ; 
~ / • • • <' • ' / : • 

has been built up b~ Scheduler ~has~ ii· and·~e~sched~les· · . '. 
: activities ·i to "reii,lov.e peak~, other dhan ·th~ maxim~ resource 

. ' . . 

peak,. if they .are encountered. . . . - . 
... . 

s·. Fincil Phase 

·? 

writes· the opt£rnal · schedule. 
j . . ' 

. ·} . . ' . . . . ,' . . . . 

. ·. 

\ . 

·I .. ·i 
• . ' ) 

I o ' t ,. 'J 

. . . ~ ' . . 

. . ' 
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,': · ~ -. 
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~I' 

INITIALIZATION 
PHASE 

1~ 

: SCHEDULER 
\ 

PHASE-I: 
\ 

.. 

~r 

·. SCHEDULER 
I 

PH~SE-n 
. . 

~ lJ. 

. RE-SCHED~LER 

~ PHASE 

P· 
1-

FINAL PHASE 

. ;. .. &, t ,. 

II .'i?~\ 
: ~, . 

ENQ ' 

. ~ystem Fl_ow. Chart for SACS 

Figure m~ 1 
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t ' • . 

- ~ 

.. 

· 3,1 · · Ini'tialization ·:Ph~se 
. . 

, I 

- •,(.'. ' 

It in~~s the necessary data for B~CS from network 

. ~~nformation · suppli~d by <::PM analyses_ of the project • . The 

· . . flow di~gram is show~ in' Figur~ 'rrr-2. · 
. . , - . 

. I 

The following is a list oLnetwork . data wnach BACS-
. . . -

·reads for ea.ch activity (input format i~ shown in · Appendix 

B-1) • 

. ' 

1. pieceding node .. · •............. ...... ~ ..... ~ ...... . . ( I . ) 
- . ' . . . ( . .. . . . ~ . . 

,2. ~ucceedin~ ·,node ; •••• · .......................... .- ( J )' 
, I "'-.,. . 

3.\ duration- · ....... · .. ;~ ... -.• ~ ... ~ ..... ._" . .- ........ ~. ( · D) 

64 

' ' ' 

----- 4. resource ;-equiremEmt . . . . ... • ...... ' .~ . . ... ,• .... . 
. I 

0 

~ ·-.. .. -

. . 

I 
I 

\ . - ~ 

. . 

late -fini sh date for 
node •••••••• · •••• , •••••.••.•••. :(-'Esl;LFi, >. 
/ ' " ~.. . . . ' . ' . . : . =---· 

6. early start date and , late f1n1sh date for -=~~~-~~~------~ 
succeeding\ node· •. · .•• ·· ........ ~ ......... .' ••.•• , ~. ( ES2 ,LF2 ~ ) 

. . ' ' l 

~. ·. . . 

The in:P.ut ·data for -each. activitY. is stored in core . . 
. \ 

.and. assigneq ~n Activity ~Code as it .~s received •. These Activity 
.. -

· Codes ·are as follows: · :.."- , . . . . \ . 
, .. 

. . .1. 
' . 

Activity Code. =. .. . 10 (non-critical ~ctivity whic6w·require s 
t esources) · · · · · 

' ~.J 

.when ·. ESl ~ LFl ---- ·-- ---=---·-~ 

· or E~2 ~ LF2 , 
: 

I I . 
.or ESl + n ~ ~ - · ES2 · .· 

' I' ... • . 

tOr ··. LSl + ' D ~ I LS2 ··t ·, 

·.···a nd 
. , 

~ -. 0 

\ • I I • 

. R . 
' \ ' 

' . 

"' 
- \ 

. '~" ,.·., 

·. 
' ... 

-: 

. . 
' .· 
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., 
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Activi.ty Code 
' ·\ . 

= 11 : (non-critical activitY, which does ·­
not . require resources) . . . ' \ 

when 
I 
ESJ: · . ~ LFl 

.;. LF2 or ES2 
( 

or ESl + D ~ ES2 

or 0 LSl + D 

"" 
LS2 . · 

and . R 0 

' 1t • • 

3. . Act~ vi ty. pode , - 20 · (critical activity which require~ 
resources) · · · · · · · _ · . 

• 1 

4. ActiVity eode = 

• I when ESl · 

21 (critic~l a~ti,;.·i.ty whi ch 
. . r~9uire 'resources) . · 
r ' • 

= · LFl 

. I 

does not 

0 

. ~ .. 

' ' 

~--:--:-~ .. '---~--,.~-. --and ES2 . = LF 2 
·. ' --:-----__ __ ;--_.__---..:..,_ 

. ... 

.... 

' I . ,· 
. ,. 

i 

. and . . ESl + D · E-52 

· and 
... 

... R ·= 

. '··· 

• l o- • '\ .J 

, · t 

- - ·---:---....:.... __ _ 
. I 

' -: . · . Af:ter reading all' input · data BACS outputs the· t'input 
,· ' 

.· 

' ' .. 
' •. ... - '· 

' I • . · .' 

·~ . ,, . . . ' . "\::. . ' 

I ~ , .. 

. ' 

'. . 

I ' 

i. 
·. ' 

.. , '· 
•' 

.. .. ·' 

., ' 

.. 

, , I ' 

. . .... ·,· 

.. 

~- · ··· . 
- · _:_ . 

• , . I . 

' ' 

.· 

, . 

I _ 

. I 

. ' 

1~-

I . 



.-

· .- J . ' 

'. 
~tr- '' START 

~ · ,/ ~ 

\ 
I • 

... .. \ 

'l' 

. . 

' . 

. ' . 

\ \ 

. l 

. \ 

READ INPUT . 

INFORMATION~ 

END CARD 

. ? 
N· 

. . ; 
-:-t _, 
-~:.., 

ASSIGN'. ACTIVIT.Y CODE . . 

\ ' 

.. ' 

10: NON-CRITICAL , RESOURCES REQUIRED 
. . 

I i : NON-CRITICAL, RESOURCES NOT REQUIRED 
• • ~ • 1'1 . 

20: CRITICAL I RESOURCES REQUIRED 

21 :.CRITICAL, RE.SOURCES .NOT REQUIRED 

" 

I . 

.. r 
I . PRINT INPUT 

I ' 

INFO_RMATION 

·~ 
------~· 

\..• 

« ___ ,._'-+--- "' 

~---~~h~~~--~--~c.~~ - - ~ 

·I 

. •. 

- i ..... 

tJ 

.. 
~· ·r '.' 

_____ 7 

( 
--------~~,.'-------------:-- _) __ _ 

• . I ' . - ' 
' - . 

I ·-
o i • I 

'• 

I • 1 

. 
~ · 

,, . ., 

: . ~ ... . ... .. 

' ,. - - ·7 -----: -... -. ' 
I . 

\ ..... . ' 
,•. 

( 

• • 1 -.·• ' I ', - T , ' • •,-' 

~ . -

Initialization Phose Flow Chart 

. Figure _m- 2 
. \ 

\ . 

. 
\ !, ' -. -· ••: I - ·:--; • • • 

. ' 

. . '• 

.. . 

' /\ 

.. .. '~- :: . ' -- -.. . .. ;- . . . ... ,.- -. 

. "'· ' 

\ . . . 
. \ 

' ·-
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·~ 

' I 

3. 2 ·scheduler Phase I - . _ _ ., . . 

I .. 
I 

· · ·This pha~e analyses net~ork ' information ,and forms activity 
. \ 

chains in the project as showing in the flow cha~t in Figure III~6 

'The definition of an activi.ty chain is : · th'e set • of sequential · 

non-critical activities whose primary slacks are equal. The · 

method to identify ac~ivity chains is as . follows: 

. :.\·~~ 

STEP 1:' . BACS 'assigns Job Code· [ JC(j), · whi~h means Joy 
Code of activity j · ] as the, first step· towards . . . .. . 

~ . the ide~ification of activity chain. . ,. \ 

JC (j') I - ' 1 ' when ESl + 'D ·= ES2 

and '· LSl ·+ D -:F LS2~ 

i ·.e. no preceding activity has the· same1 , 
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\ 

: Pt;,imary slack. 
.. \ . . 

JC.(j) . - 2 when ES!' + o· = ES2. 
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i . 
and LSl + D = · L_S~, . · 

i.e. 
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JC (j) = 3 when ESl +. D 'F -ES2 
-~ Lji and + D :::: LS2, ., 

• 
~ 

l •. j ' .. i.e. no fQllowing activity :has the same 
• • .!"" ; •• 

-· 
pri~ary slack. o._ 

Select a nc;>rt"!"critical acti'vity, say ·A(l} .whose 
'! . 

· JC (l)=l •. ·This. A· (i~ ·is a fl:rst a·ctivity of ·the qhain·. 

I F~gure III-3 . is an example .where JC(l) _ = 1. 
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lUnd the _:t:ollowing activity A(2) of A(l) whose 
' - ' J 0/ I , j 

This A q) ·is a in.termediate activi"ty 

of the chain. Figure III.:-4 shows .. an . example 

where JC(2) = 2. 
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Repeat STEP 3~_to ·fin~ A(3)·, A(4) ,-;..;-- ~ A(j) -where 

each activity's JC = 2 and activity A(3) jfollows · .. 
< ' . I ;; : . : . 

activity. A(2>,'", activity A(4} lfoilows l act'i~ity · 

A(3),_ --~- and acti~ity A(j)' follow~ · activity 

A(j-1). -This step is .repeated ·until no followi~g , I 

- * activit~ is foun~ -, · or. until A (j), the· last activi:tY_. 
. .(' . 

of the · chain whose JC = 3 i~ met • . Figure II~-5 
· I 

sh~~~ a? .'example of a~~ivit~f:h~in _ wh~re· _A"(l) ., 

A(2) 1_ A(3) , , h(4') ' · ArtdlA·(S) fobm a chain. 
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* Th.;Ls happ~ns when -another ':\ctivity chain has 
1~lready used 

. . 
the activity A(jtl} whose Jc=·2 _and which is - a following . 

activity of A (j ) .• 
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Re·p~at a .gain from Step 1 to make other activity 

chains until . all non:..cri tical· activitie,s are 9h13cke_d ·. 
. , ) I o ,_; . , I • 

The ·activity chains are ·stored in a file • 

(-

;Pick up all ·non-critical activities which have . 
I • ~ 

~:a. 
/not · been involved in ·any activity chain. Each 

of the.se actiyi ties is . . conside,red a,s a;r · ~a:cti vity I' 

. chain in BACS' 
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alt~c;>ugh ~u~~- one. activity is involved 
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I ·" · 3.3 Scheduler·Phase-II . ' 

' ' . . . 

a , , ... t 

This phase schedules ·activity ·chains s,tep by 'step to. 

· g:r:;_a~~ally bu~ld u\re_s~_urces to a ,pea·k and gr:du~_lly · .. lay_ . 

..t~em 'off ( i.e. a parabolic resOUJ;"Ce profile ) . The procedure 
. ~ 

is flow charted in Figure.I!I-7 and is aescribed as fo~lows: 

'· 

'sTEP 1:" .. Critical activities"" are scheduled and the resource 
0 

'.1.- ,...,.. 

cpange is recorded . in ·~Resource Change ~i~e • . 
-

Priority rules are appli~d for ecich acti_vit¥. ~hain._ 
.. C) I . 

The activity chain (Cl) hav1ng the minimum - prior~ty . . 
, , , L' 

value;· ( Eqn. 2. 38 · ) is s<;:heduled first. I ' . . 

.- STEP - 3: 
. . ' 

The s~art dat'e "of act-ivity chain Cl is varied from 

tb~ earliest· start to its latest ~tart, checking . 
>) . ' . * Q for. e~ch date, if the start date is feasible, 

~ 

and computing the variance. Activity chain Cl 

.is' .. then scheduled . on the st-arting date which provides 
' ~ • tl 

" minimum variance a'nd the Resource Change Fi le 
. . ' 

is incr~m~nted by .the lr~source change ,of activity' . 
. ' 

chain ci-. .. '' · ,. 

-· .. ' 

.• 

.. · · * The fea"sibil:i..-ty check implies ~that· a f l .' t h e · preceding · activities .· 
• • . ' • 

1
. are al1ready scheduled. · · · · · · 
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· a'! ready been · built u'~ 
. . . 

by S~hedul.er -Phase ··rr :and .: if any· peak. 
,'\., 

oth~J; . thay 'it.~ maximum . resou'rce peak , . is . encounte~ed, -BACS 
.. . - ·. . . ' . . . , . .... ( ' . ' <,i . \ 

trie~· . to . remove it by re-sche~uling ~ctivi~ies not a'ctivity~ 
' • 

'-"-" . ... 
c~ains .. T~e procedure shown . in 'Figure · III-14 can p~ divid~d · 

.· ~~ .. 
in:tq two pa·rts. ·1 
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In Figure · III-8 · ·the resource' profille has ·a .peak between 

elates A and B. Two ~_cases a;:-e considered about<thi's peak • . . 
First, in Figure III•9 (a1 \ the len~th oiplus ~~~ource chang~, . . . . 

ql is large:r than -that of minds res_ou:r:q_e c::hange,_ q2 ·and ' 
. I 

second, .in Figure III~9 · (b) .the +ength o'f minus . resource 
. . . 

~hange, ,q2; -is larg~r thari that of plus ]/.'esourqe change_, ! .9t .· 
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STEP 1 · · BACS looks for _a peak in _the reso~rc:::e pr,~file. ·· 
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·S'rEP - ~t;·. If a ~eak is .found, BACS tries to find all activity 
'i. . I . ~ . ) : ~(j) 's_, which · .. start an date A·· and · whose resource . 

STEP 3 

. -t 

' . 

. ~ : .. 

. ' 
•· , 

. " ' . 
I·. 

requirernen~ R ~s 

. q2 ~ . : R f: ql _ when ql ~ . q2 

~ · or . f: 
.. . . 

ql ~ . · R .q2 when ql < q2 
I ... 

if . no activity was ·found,. ~ACS ·continues wi~h S.TEP 1. . 

...... 
If the:z:::e are one or more activities satisfy'ing the 

above re·striction, BACS reschedules each activity 1 . . . 

A(j) forw~rcf .~ length P'defines as, .. 

I 

the .forward pus~ ·o_f · th.e 'activity A (j) causing the . . 

un~anted .peak." The e~tent o~ movement of <;\ny activity 
~' . \ . 

is ·determined; .bY the technological sequellCe ( i.e. .. . 
~ • ' • ' ' • ',. ' ~ • • • • I ' • • • ' • 

. it is scheduled c~ntiguously with the completion .. 
~ . 

~ .· 

~ 

\ 

·, . 

·Of its· immeeii~tely preceding activity) ~. As an examr:He o, 

. . ' ' . . . • . ! ' ---.,_ • 
' . . 

.,. 

,. 

'"" *' A the ab~olute. diffe rence of•time ·be~ween 
, · .. 

- S 

·'· A arid B. ' ! 

f. 

I . 

· ... : 
.· .h . ..' 

"1 .. .. 
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'· \ 

suppose Activi~y- A(l) in Ffgure III-10 is rescheduled .-

2 day..s later, then ·the foll_owing activities A(2'), A(3) . . . : . .... 
-. . .. ' \ 

and A(4) are rescheduled · ~ days later, A(S) 1 day 
I 

I 

:later, and A(6) . is bnaffected. This is done to 
~ ~ \ . . . ' ,. . ·. minimize the effect of rerno_vin~ the peak~\ · ., 

. -~ . 

STEP
1 

4 oq B~CS calcul'ate the variance of ·resource change·· ·' 

., 
. S_TEP 5. 

STEP 6 

. ~-:.· . .- '(\ 
I 

- Q .. . 

for . the new sch~dun!'.ifor sched~les 1-£ rn~re' than . 
" ~\ 

one 'ad:.ivi ty was found which, satisfied · the cr±teria · · 
--- ~ . 

of STEP 2 and· it" ·the 'lowest variance of the new ;-~; 
• 0 • • ~ • ' - .. .'~~-'':'/ : 

. . ' . ' * 
1 schedul~s is less than ~he prev~ous variance , 

~h~ ne~ ~chedul~. is ~cce~ted. • .. ) .. . . . 
\ 

. "' . . - ' 

Repeat from STEP· 1 until the rrtaximuin res'o.B,rce 

· '· peak ~MRP) of :the pt~j ect is reached~ 

' . 
. . 

Go to PART-II of this ·phase. _, . 

,_ 

l, - . · ' 

' I 

' ' '· . 
. t . 

/ . 

'• 

... 
·- . 

---~----------------------=--~----=-------·\ .. 
*· ~upp~s·e fhe : new ·variance: .is same .as";~he ,old ope, ~ BAcs· ·: _; : 

· \ checks the level of .highest ··resou;-ce requirement · of tnif. .· 
two sched'ules . and selects the s"chedule whose 'peak.· r~source · 
·requiremen&_.is l.ower. . . .. . . · · 

. . ' 

. ~: 

.. 

. . I 

. . . . ..rr 
r ·" ... ~ . :_,_·· . , .. ,. ' . ·-

' · .. 

.. 

I . . 
' . r 

. ·' 
• ! 

~ .. 

. · 

.• 
•. ' . ' 

- ... . 

·. · • • r- , 
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.. ·· '.[ PA.RT- II' 1 A pe'ak is encountered after t:ke. maximum 'resource 
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peak . i' the ~e~bu~~~ · ·12rofi~ie .• 
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.c 

MAXIM.UM RESOURCE'. PEAK 

' . 

I 
f. 

" I 
I 
I 

' I 

. . 

I . 
I . 
I . 
I 
l . 

. ' 

. .. . . 
. \ ' \ . . .. 

/ 
' . - ' . 

., ' 

. ·'· 

.r ' •. : ; 

\ , 
I 

DATE > 

• • \ . 0 ·, A 8 ~ 

. . . 

• I 

- ·--- -

·. f ~· 

. . 

., 

Peak in Resource Profile . ' 

~ 
~ 

.: 

- . Figu.re .m.- fl 

.. , .. · 
. .. , .... . · .. ' ,. ....... . .. .. . . . . 

I ' 

:~ . 
.' . In : F·igure 'rrl-11. tlte resource pro~ile. h~s :.a peak· ?.~tween. · 

) 

· :· da~es · l} a~p B. Again . two ca~es ~.~e considered for the peaR:. 

'First, · ih Figure II~--:12 (a) the length ot' pl~s resource . 1 
J 0 • . .. • • " . . . ~ . . . ~ . ' . 
qh~t"nge,- ql is larger t!1an that· of m~nus . . r.espu~ce · chage,. <!2 . -. a_nd secqn¢1, in Fig~re III-12 (b) 

c 
the rength of' minus resource 

' . •· .. 
change,. q2 is larger . than .. ·ih~t of pl_us resour6e .change ,_qi •. 

' . . 
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·STEP 1 

STEP 2 . · 

·' -

:: ..... __ 

. .. , .. ,. 
A 

.. 

j . 

-, . 
·.' . 

I . I 
I ., 

I 
8 A 8 .· 

·teak. in ~esource Pool 

. . . Fig,ure II{- 12 

- - . , · I ,· · ' 
0 • ~ · 

. .· I • • . 
BACS .continues lo.oking, for · a peak :in the 'seco~d . 

. . 
. . 

. half of. the resource pro'f~.J..e. · ·· . 
r 

. ...... 
o1 • • • ' 

.. 
. I;fJ-'a peak is found~ BACS tries to find all ac·t;iwi.ties , 

' . . ,. 

A ( j) ·' S · which ends on da t~ B and whose ·resource · ... 
. .. '·' 

requireme~t ~ is 
,, 

when <:,ri·· : ~ :q·2 · 

or . 
. . ~~ 

: ql ·. ~ '·R ~ q2 ':· .,., 
. .f' . . ~ 

whet?-· ·ql • < q2. · I . ' .... 
If .no ·activity i~ found, ·BACS continues with .sT~P -. 1~ ... 

. I . I 
' . . .. ·.. ~ 

STEP 3 . . ·. If there- .. is .one-or more activities ' sat-isfying · the . . . . ~ . 
() . 

... 

0 • • • 

......... .. ...:... .. ' 
above r~striction·, BACS reschedules ·.each· activity 

"' 0 , •• • ? -. ·-~.r - , 
. backwards ·a ·le.ngth P· d~fined as, 

1 

• • 

·' t 
E. .::::: - . · · ·.A - B when EjF (j ).-B ~ . A B 

I 
.. . . . . . . . . .. . . .. 

I 
' .· .. ' 

· p . . = . EF(j}- B . . ' . . 

. .. 

< : 

.. . 

. ._., 
0 . . . 

( 

,. 
\- ,• S> .• ~ 

I . . ' 
. - .. : ' : 

~ · . . · ~ ~-
. . ~ ·. I .. . .. · .. 

1
' I o 

, ' ) • • ' I 

.0 • •. \ 
.. 

' ' • # .: -' 

. . ·., ' .... ' - .. 
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·· .. Then all th~ activfties pr~ceding a~tivlty · A.(j) 

are exa~ined ~ !?eiect the a~tivities w~ich . ar~­
affected by rescheduling .the sta'rt of activ~ty 

' A (j) 'earlier. The start ti·mes of such. activiti.es 

. · -m:ust be changed, the start is moved backwards ·.· 

· ~qual to or .. l .ess tlJ.an the ·backw~rd push' c/f ac~ivi ty . 
~ .... . 

!\ (j) causing' the unwanted Peak . . The · extent .of ·'f.~ :• 
~ w..:Zf. , ~ 

movement. of any: ~ct'ivit;y is. d~termined by ~he · · . 
• I 

technological - sequence. As an example. suppose 

A (7) in J?igure III-13 is resched.uled 2. days ~arlier, 

then 'the preceeding activity A(12) ·is rescheduled 
' I P 

2 . day~ ea:t;lie~~ - and A:C6), A(9), A(l9) and A(ll) ' 

1 ~ day earlier. 
. ., 

\ .. 
BACS calculates variance"of resource change for 

the· new schedule or. schedules if mor'e than one 
. . 

activity ~as· found whi ch sati~fied the criteri~ 
\ 

of ·STEP ·2 and if. the lowest variance of ·the new . . . 

schedule is l ess·; than. the previous 11ariance r the new ' . . . . . 
schedule is 'accepted. BACS then retur ns · to STEP . -r 

of PART. I. If: the v-ariance is ·not reduced, it goes . 

to next step. 

•'' 
.• ' 

· ; '. 

' · . . - . ... ~~· . . .· 
. BACS repeats• fr~rn STEP 1 of ·PART-II un·t J. l projec.t 

. . . . '. . ' ' . ·. 
. ~ 

:dura fi,on· is : r.e~ched. . . . · .. : · 

' ,-. . 
. •\ 
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' · -

~ 

·.I_. 
y ·,,, 

. . . ' 

·. ' . I 
\ ' , a 

' . , 

. .. -. : ,. 

,. 

. I 

"' ' 

.. 

I · , 

'. 

. ·~ . ~ 
•' . 

•, ' 

.. . 

,• 



. I 

0 . . ' 
., 

. i 

- - . .. , . r· . 
\I 

I -, 

-.. I 

.. 

-- 1- ; 

. ' ~ I j 

' ·~ 
c 

': 

ACTIVITY 

. 10 
~ 

A (I} 

'I ', • 
\ 

• 1 A{2) ·. .. 
' \ 

A(3) 

.· . A(4) 
·-
. . . A(5) 

' 
I A(6) 

_A(7Y · 
-. 

A(8) 

A(9}, 

. . o·, A(IO) K 

' . ' 

! ' 

A(ll) ':> 

\ ' -
A(l2) 

.. 
: .. r ; , . \ 

,• . ~ 
• I . ..... ... '! 

. . _; . . . . \ , . 

,·· ,' • <!; 

. '• . ... 

I ·· . . ·. 

.... . · .. " ':..·'.' 

.. 
. 

. ., 
84 

' ' l 
.~.t; . 

A{2) 

0=1 
. -~·- - • • I 

·. I 

a, 

. ~ 

I • 

A(l2) \ . 

' 0=4. 

.. . • : ... . 
DATE 

- . I 
~ 

.. 

12 14 16 18 20 22 24 26 28 30 32 34 
- ' . 

~ . 
.. . .. 

1---. . . . .... ~ 
-. · . 

I ~--~- ·-. 
-1\J 1-.• 1-- ' . -. t - .. 1-~ 

- . 
1-•, -· 1-- ., 

I 
~ 

-~ t- · -· -~- -• ..... -· ~ . 
_. : 1--~- - t-- · \ 

.. 
- . . } • . . : 

1 
• ~ctivity Schedule Chart 

1 
, . 

: ' .· . Figure ID- 13 . . · · ·-r .. . . . . :. t . ' ' 
' . . ' . . ,-. - . _·.. . . . \ . . ·. ~ · . 

:::-- ,'?· "<'' .. =:' .. .. :·1: ·---~ ·:.·: ·.: \. ' ., .... ~ - ..... _ ... _,· ~- -~ _.._ .. . ~ ~---· ·~ ::. ·: .. : .. _ . . _ ... 
' ' o I • 

.-$ . ~ , . 

' . -.. 

I 

.. 

. . ., 

~ -

. · : . . . ~ 

. , · . ' ... ' ' 

.-.. .. · .. 
.. · .. · ·; ' . . ~ 

' . 
' •. 

I' 

-~ ' 

t • 

r 
: I 

~ -

I 
; • 
~· I 

' ··~· 
l 
1 ' 

! . . 
' : 
~- ~ 
; 

. ;-
• 1 

. . \ 
r 

. k 

u t 
i· .. . , 
i_. . . ~ ~ .. 

; · .. ! . 
~ -

L 
t· 
!..' 

L 

. . , .. · . 



\ 

I' 

' > 

\• 

~.. ' 

' . 

'. 

• ' ' <:l_ 

I I .• '. ~. 

. . 
. ; ~ 

I . 

1 

, I ' . 85 
,. I 

• I 

< 
The criteria for achieving an _optimal soiution has 

/ · / ,· · 

.. 
.• 

/•· 
~; been the minimi~atio.n of varianc~ ·of. resc:>~rce' ch·ange •. 

. . 
First, the resource .profile· for th~ critical activities 
.f . 

· "t'J~ ·found. This part of the res.ource · profile. is .fixed • .. : 
' .. . . 

~~.en, act·ivit~ ~ains were' bu~lt-up · ~n.d p"ri~rity.rules.' . . •' 

qpplied. so that chains were ' con~id~red i:r;l orqe~ of importance: ·. 
. • . I I . . ,. 

The resourc~ . prof_ile of these chains was th~n ·added t ·o the . 

previous resource. profile on. ~tar'ting positions -whiqh. gave 
.. 

,; the minimum va~iance. Next, a l9bk ,back- over ·the repource 
. . . \ ·. ., . . -

. I 

prpfile .was made arl(i ~-f any .un~anted P.~eaks: wer~ . enchunt~red, . ' . 
. . \ . . . - . .. 

. - . · ~.ctivities . startiJ:?.g. on the date'.- of the peak· were rnov~d 
' I . . . \ I . . , 

. ·. 

• • • 1) ( . • ' • 

· ~ ·, ,back and forth in an ,attempt to ·· mi~_imize the vai:iance by 
• • • ' •• Q. ~ • • • •• · , • • • ~ • • • 

o • ' a • 

· lem_oving· the peak. All the affected . act~~j.~ies were considered. 

: .~ .· 

j , , . . , ~ I . • , 
.even i~ they were not part qf th~.cha1n. . Other activities . 

.tt . . .. \ . 
not Jnbyed . as their sh~fting back· and ·forth would' 

. & I 
. .not . mi.rii~ize~ vari.~.'nce • . Because of 'the constraints of · fixe'd · 
I 

durat,io~ and ·fixed 're~c;:>urces on the activities and the 

·· · . technolo~ical sequence ·imposed by the CPM netwo~k, it - ~il'r' , 
. . 

. pot al~~ys be pos_sible to remove the'se peaks and . thereb~r: 

fur.ther reduce ,fhe variaQCe. · 
• ' 4 ~ • i ~9 ' • 

The fieu~i~tic . procedu~e ·, has atte~pted to .. eliminate · · 
.I • • • .. • I ... ; • f ,ft. • fl. ' • ... 

• . .. . .. 0 only those alternatives'· 'whidh ·will not l}e~p ~n ·.' minimizing .-· ... ~ ·· 

the v~r.i.anc·e ~·:so · ~~at. the final optim.al reso'urce .distribution 

achi~ved i~ -as : c .lcise · a~· _po~-~ible . to, the optimum res'?~rce ., 

' (> . . 

' 

., . . . •. . • 1 • • 

.. ·. bi_~t~ibution, tak~ng _ into· aq~o:un't ~qe constraint' of co~putat.ionai 
- ·.. ~. ... ·.. . . . 

• lo 

.time. '·. ,._ . ;} _ 
. .. -
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. . ': CHAPTER tv 
' . , . 

<7J '·' .• 

NU~RICAL -EXAMPLE UStNG A COMPUTER PROGRAMME 
, I 

' 1 ,• 

,T' ~I 

---The comp~ter programme BACS als described in Chapt~r III 

is listed in Appendix B(l). This - example demonstrates the ' 
' .t 

is divided into the · _.-
\ . . . ' 

use and qutput analysis of .BACS and 
. . ' . I ' 

I -.. . . 

'··phases out·1ined in-Chapter . III.· 

Figure IV-1 is .the CPM -~~twork for a gas. station ·project . ' 
- .. 

(57 -activities). The tnitializat~on Phase .accepts dat~ t'rom· 
. ,• . 

·the CPM network diagram for . ~a'ch_· activ1t9' in . . "t7he \'ormat 
i 

.. , !J ·shown in Appenqix B (2). Network. ·data required for · each activity 

. ' is i} preceding, node n~er ,~ I (j) ,. i}). s_uc.ceedirig node number I. 
I - . . ' - - . . 

. -~ ·J (j), i~~_dnr.ati o~--3-}-,~i-v-~resource--requhement_, RJj) I ·- ' . - ., ' . 
v) early start date and late finish date for preceding node, 

. ' ' ' 
. ' 

-ESl (j) -,. LF~ (j); vi) early start date and late finis~ date for 

suC?ceeding no(!e-, ES2 (j) , LF2 tj) • For examp1~ ~or the first 
. ·'t 

activity take possession I (1 r-s, J (·1} =10 I D (1) =6 I . -R (1) ; 6, 

-

. ' . 

-~ ~' ESl (1) =1 1 LFl.(l) =1 ', ES~ (1) =7 1 and LF2 (1) =19. Since :.- ES2 (1) 
, ' ( 

:I LF2 (1)_ and R(l) _-:j 0~ the computer· ass.i'gnes an Activity 

..... 

' ; 

· ·· . · Code of ~0 (non-cr:h t~ca) a~tivi ty, re~uired resources) ._ · 
, . • . I ' '- . ~ ' I' • ' 

; 
. , \ .. 

• I • • 

' . .. -

. , 
·. ' : . \• :-__ 

. . . 
.· . ' · 

· Figu~e-~,1:~--2 1ists~;· the :CPi-1 . ~e-twofk· data a~d <;:omput~r as'si~ned . 
I' 

. Activity Cod_e, ·~~ printed at the compietion. a·f· the ~''Il'litia'1ization 
n , . 

. . . 

' .· . "" . :.. 

( · ,, 
. ~ , , 

. .f .• 

' ' .. • 

. i 

. , ,, . 
.. 
' -. 

!I (' 

•,. 

' . ' • .. 

'• 
' 

•· 

\,', .. ••• ( . . 
j• 

• 0 • • 

I:' 

I -

-. . ... .. 
,r • J ' ' .'I ... 

. . . r 
~I> 

. :.r. : -, . 



--
, .. :. 

;. .... 

I 

; -

' . 

·. 
· t 

·: 

EXCAVATE 'OR SAL'U COHSTIIIJCT SAllS 
ISLAND lASE ISLAND IASf.' 0=12,R::.9 

.!~-----.:.-------~---~-------.--\----- ~-i 
t '---!. 0=60, R= 5 OI~AIN ~UIIIPS ' \ : ' UECT "UIIII'S co.llfcr ·""'" ~=c~.:'n::r::s 

r-------------------------~------,~~----------~-----------------.~~~--------~so~-~o~=~s~r~R~=~s~_-_-_--_-_~,~~-----o-.-.,-2----~~---q------o-=-,2--------o-,· 1 
1 

• R= 1 R: I 0=6 • 1 · I .--------

R:t ··': , . . - , . . , ' 11 111 ' . · · ' 
I'AINf AND nMMSif CONNECT OI'FIC£ , 

0=48,R=7 08TAIII OHIC:E f'UIUIISHIN8S :' ( O'f'l~ AND TOILET LIINTJM .. 

r-.~~-(-,-,-------~--~n.cT---~-.-BU--ILD~:~---------r---------------------------__ -.----~~~-. ~~~ ~. \~------------~~~~----~-------~-~-~-2--------------~·I~,~----O-R-:-~------~ 
UCAVATf Clf'f'1CU TmET'S .mau.J • : : 
1'01' QI'TICE IIIQ..IAlllle • ---~ I tNS\JillN(ff COIIPANY I 1 
ISLAND TO AL.&Itlll IIISII£C~SJ .~GLAII ALAMI I • ' ~: 12, R: 2 . 1 

I 
I 

I . I 

I r----------------------..J 
I, ' - . 

0=60,R•6 · IIISTALL AltU LIGHTINI -------- 1!10)-----,~-------------"'"" 

DtAVa'tf f'DII ,_. 
TANKS · 

L---~zo~~~-------~--------~----~~ 
0•6 

CONCIItTE P IT 

R=9 

OBTAIN ~IPEWORK AND TANIIS 

0=48,R=4 I 
I 
I 

0=18 
R•6 

.. SPI.L PI~ 
AIIO TANKS 

.. , 
0=12 
R=~ 

.., 
R•4 

o I 

I • • 

I I 
: ' q. . 
~--~-------r----, 

I _., 
I . • I 

I : 

/ 

'--------------- --------------------, 
~ I 

D=72,R<5 OBTAIN COIIf'IIUSOII 

0=24 
R=7 

I R= l4 . 
I 
I 
r 

, I 
I . ~ ~ 

* CON~TtNT PlRSOH 
TUn ®111"'£SSOII 

", EIIE~T &P,IIOACH IIOAD SIGNS 

L---------------~------~-----------------------------------------------~~- ----------------------~'''r-~--------------------------·~---------------------------J 
OBTAIN APPIIOACH !tOAD. SIGNS 

0•24, R=6 ' .. 

NE80T1Al£ SITfS FOil APPROACH ltOACI SIGNS 

L-------------------------------------~~'-----------------------r~------------------------~·0 

·. 
- ..... -• .. -;:,- ........... • .. " ~..· -o~ • .. -• • ., . . . .... . ·, .. -. - . -,--::. -: . j. . • 

Gas ·station 
Figure .N-1 

., I 
I 

v 

0=6 
R•4 

·. 

.'\-

J 



. . ' . 
I · N ~ · F ~ 0 R M-·A T I 0 N NE : TWO .RK · 

9l 

-·--·---~~---------·----·~--~~---·-----~ NO ·1 . :'·.·J 0 ,·- R fS1 LF1 ~£s? · -LF2 ·coDE · • 
. 1 s 1 o · · ~ 5 "·s 1 1 19 - lJl. . -

. . 2 5 4'a &o .. ,· 1 1- & 1 , as . ro · · 
· 3 · s . a 45 · 48 · 4 1 1 49 4tJ ao 

-· 4 · s . 6a ··. 6·o s . 1 1 &t . 85 · 10 . 
· s • s : 75 ·7 ~ s·- · -: 1 · 1 . 73 91 · 1 o . 

b 5 . 80 . \ 1~ 1 6 : 1 · ' 1 73 · itS 10 · · 
·· .- 1 s · 85 24 • 6 . 1 · . 1 .. ·.73_ 115 1 o· _ . 

•, . 

-, 

.. 8 10 15 &· 4 f 19 . ll .25 . 1'0 . 
9 1'0 . 1 2 0 4 8 7 7 1 9 . 55 9 7 . . 1 0 . 

10 1s 20 6 9 · t3· .as ·· o 19 31 to 
.. 

· '11 15 25 & & 13 · .25 .19 73 10 . 
Jc t5 :so &· 1 · t3 25 19 73 . 10 
13 15 35 & . 1 13 25 19 73 . t'o •, I 

14 ' 20 45 18 6 " 19~ :u 49 49. 10 
. . ~ 15 2 5 3 0 . 0 0 1 9' '7 3 -, 19 13 . 11 .. . 

. t.& · a~ . 40 o o -t q . . 73 61· as · u 
· 17 '30 50 . 6 6 ·' 19 73 25 79 10 
18 . 35 '55 . '6 6' . ·19 '73 25 - 79 10 ' -
19 · 4o -90 6 ' cf 61 ' 85 67. -91 ·to 

' 2 0 4 5 6 5 ·1 ~ - .. 5 4 'I : 4 9 & 1 . t» 1 - 2 0 ' 

\ 

. ' 
> 

21 ' '0 • .., 0 12 . . 6 .. 2'5 . . 79 3 7 . 9.1 1 0 
22 50 ll 0 . o. • . 0 25 79 79 . . 79 . . 11 
23 55 &() 0 0 . 25 79~ 61 85 . 11 . . 
il4 55 110 . 0 . 0 25 79 " 79 79 . 11 
as . ss 110 . . 12 . . :· ' · as 79 .« us 115 ·to 

- ~lt &0 100 6 5 . • ~1- &5 . . 73 ·h 10 
.:· 21: 65 95 12 4 ~1 ·&1 . · 13. 73 ao_, 

28 70· ' ~-- . 0 0 37 . 91 . .. 73 · . 91 11~__:...· ----------=--~_.;.._:....~--
29 70 . us 6 'g '3-7~91-43-·--··97 .--HJ . . '• 

____ ___: _ _,3:-no-~7rc5~19' . ·6- 9 · 73 91 7.9 97 10 · 
31 8o 85 ··o· o· ·73 us 73 11s 11 · 

·- ' 

.. 

. ' 

·. ' . ~-

32 ·es 1·Ts 6 4 73 . us 121 ti1 · to 
Jl ·qa ··. 100 - o o . &7 u 7f ·91 - 11· . 
34 · 90 12~ 0 o . 67 91 79 97 11 
35 90 130 0 0 67 ~~ 67 97 11 · 
36 90 . 150 0 ··, 0 &7 91 91 ·91 1 11 
37 90 ·160· . 0 o-- . '67 .. '91 ,., 109 11 

' ' . 
38 95 'oo o ·. o 73 73 73 91 ii .. 

~ J9 95· 110 · .6 .. 1.6 . 73 ?l 79 .. . 79 iO . 
l&'O tOO . 135 12 1 "' 73 ' 91 85 103 tO · 

. 41 t 0 5 12' 0 Q 7 9 ~.,. 7 9 9 7 . 1 ., . 
· 42 105 165 .. a ·o 79 . • 97 _. 103 to9 11 

43 110 t45 12 5 79 79 91 91 • . 20 -
- .. 44 us iao . · o o ·43 97 55 97~ · 11 

.. ' . ' 4' . 115 130 . 0 . 0 . 4'3 97 ' 67 ~7 ' ·11 
46 120 160 •' 12 7' 55 97 . 67' 109 . 10 
47 . 125' 140 . 6 5 ' 79 97 85 · 103 - 10 ~ 
4 8 -13 0 · I 55 b 1 0 & 7 9 i 7 3 I 0 3 1 0 
49 t35 11-0 ' 12 · 1 es -.103 115 tt5 - to··· 
SO 1.40 170 ~ . . 6 85 103 . 115 115 . lO .. · · 
51 145' 150 d ' ' 0 '91- 91 91 91 . 21 . . 
52 145 165 '12 . . . 5 . 91 91 1.03 .. 109 10 . 
53 150 1 TO 24 7 9.1 91 115· 115 20 . 
5'4 t,ss 110· · · ta 2 .· 73 103 . 11s 11s to. 
55 160 170 6 ' . ·· 5 67 109 .. 115 lt5 10 . 
Sb . HiS_ l70 . 6 . · 14 ' 1~ 109 115 liS 10 
'57. 110 175 ·. & :_s ... 1 5 q~ ... ·121 121 ao 

·. F~g e _rv.:.2 
•· l • , --. . 

' . ' . 

• 
. . "' . . . 

' l •• 

. \ ' 
. ,." ... 

. ~ t . 

. . .. .· 
- ' ' ,.:- I •, 

. . . . 
• .. 0 . . , 

. . 
• • ! ' ,. • I ' 

.... . 
.. 

'. . : ' 

., 



) 

IJ 

.. 

...... ,, 

,. 

~ ; 

( 

. 

' ... . 

\ , 

. ',li 

.. 
' . : 

.. 

.. 

.. -.. .. _. 
.(.: . .• 

. .. 92 .. 
1 ' , -· .-

Next, Schedu1er. Ph~s_e· :i: ass i9ns Job Codes, JC ( j ) ·, . t;o- . · ." . 
' . -

each, activity. ·For example for the· activity_ "t_a~e posse~~ion",-

since ESl(i} + D~l) = ~S2(1) . and 
• 

L$1 (1_) + D (1) ' "f. LS2 (1), 

a JC (l) · ~= 1 is assigned .(no" ~receding ·activity has the same 
·- ' 

·- ··primary .slack) •. ' ' , . 

• c 

• b 

.scheduler Phase I. schedules criti_cal act-ivities first. 
• . . 

Next,- •pri.ority Values .a;-e calculatf~d. for ·ea.ch a_qtivity ch~in . 
- - .. . .. 

from p.riority ·rules and- Equation 3 .1.3a: Activity ch~ins · a~~-. .. . '• , . -

~o~. sphed~led st~rtin~ w~th _ the chain · havi~~ ~he _ lowest . ·; . . . . . . ·.. . . . . .• • : -.r">· 
prio~ity value •. Figure IV~S · is _the regu~j'in~ r,eso~rce pro~ile_, ;. · 

. ·. i· . 1 ·. ' 

once all a~~ivi t~ ~~~irs ·ha~e ~eep scheduled •. . .. 

• I.· • .. . I 

• 
{'I 

~ 

\ 

... 

.118 

• 
.. 

' I 

·. 

. · . . ·I 

'I 

. : 

\ I · ' ' • 

t.l . • ' 
_ .. , 

.· ' 
t ' - J I "' t 

' ... . . 

· .. 
'• •. - . 

o:;' 

' . 

.. 

• 0 ' , 1 • 

.. . 

'. : . . 

. .. , , 

' ' 
J .-

. . '-

. . 
. . 

' 

.. . 

• ' . : 

. ., . . 

·' 

! \ ' 

_:' 

. ( .. · . . - . 
•, . . . . ' . . . . . 

.. 

. I .. ' . . 
' 

' . 

• • • ! , 

. \ 
. 

. . 

. '· 
. . 

~ ~ . , . . . 
• 0 : · 

'• 

~ . ; .. 



' ' ' 

. - . 

,. 

' • 

. ' 

' 

- ' 

__ ...., ' . 
. 
93 : ·' 

~ .. .... .,.. 

A. C T I v. I T Y 

NO 4 At;T1V1TY NUMBER 
I . r 

-~ 8 10 14 0 0 a o -- o 

2 e 2 19 ~ ·33 . 0 -o .. . 0 0 ° • b () 

0 

0 

o ··a 

0 . . : 0 

3 

5 .. 

b) 

.~ 7 

· 8 

9 

13 

14 

15 

lb 

17 . 

co 

l 
'• ~ 

·; 

.. 

,, .. 
4 a& 0 0 0 . 0 

5 30 41 47 50 0 

0 

0 

11 

1.2 

31 

4& 

15 

32 

55· 

17 

0 o. ... . 

13 18 : '24 

35 48 . 54 

31 . 0 0 

38 40 . 49 

52 5& 0 

29 I 0 0 

' ., . -0 0 

-.iff 0 0 . 

::: ~·· : 

·o · o 

0 

21 

0 

0 

28 

0 

0 

0 

0 

0 

0· 

0 

.o 
0 

o·· 

0 

0 ' ·0 0 0 0 . 

-0 

.0 

0 · 

o' 
, .. - ....._ 

o - ·o. :o -~ . 
" . . -a 0 ,._ 0 . 

0 0 0 

0 .. 0 0 

0 0 0 . 

.o 0 0 0 

0 . 0 ~ 0 ' 

.0 ~.' ·p ,. 0 

·. 10o . 0 0. 

0 0 

_I Q 0. 

.JJ 0 

0 0 

0 0 

.· . 
00 o· o 0 

0 0 Q o . ·o 

0 

0 

0 

0 

0 

0 

0 

0 

,0 0' 

•

0 0 ° o: 
J 

. 0 ·- 0 
. 

0 · 0 Q . . 

a 0 o . o 0· 0 

0 0 0 0 

o:-· a oo 1 o 
0 -

0 o • o· .-· 
. . .~.r 

0 '0 0 / 0 .. 
• / 0 • 

' ,/ 

;---~~:~ 
o ·o 0 o · o 

0 

0 

0 

0 

\ . 

o ·o .. 

0 .. o . 

0 

0 

0 

0 

0 

0 

·o 

. 0 0 

0 tQ 

0 0 

o· .- o 

0 tt 

0 

·a 

3b 

0 · - 42 

' 44 

. I 

0' 

0 

0 

. ; 

. 0 0 0 

·o \ o 

0 0 ·- 0 . .. 
0 ' 0 

_ ·• . Klg_ure ;rv-"3 

,, 0 

• 0 

. -· 

0 

o· 

,0 - .o 

. 
a· 

0 . 

0 

' • 0 

.. . 
0 0 

0 ·. 0 

. .o 

0 

'0 ·· : 0 

:0 ° 0 0 0 

0 

0 

0 

0 ,·0 

. I 0 

• 



r 

I <. 

~ 

I 

• I 

.,. 

.. 

. ' 

,1 

'f': .·~ 3, 
4 ' 

,! 

'· b 

7 

9 

10 . ' ., 

11 

. 12 
. . 
·13 

14 

.... · - ~ ...... . 

....... ~ ' .... ' 
'· .. ' ... • . ' .... 
. , ... ' ...... ' ' . 

" ~ • • ·, '• • • • • -, • I • 

··~·· -· ··· ······ 
t t · t Itt t 't t J t t t .. ....... ~ ...... . 
.... ', ...... . 

r 
t t ·,It t t t I I It t 

···· ~ ·~~ ..... . 
••••••••••••••• 
, • it,., ......... ' • 

-.......... ' .. 

' .. 

I ' I 

J • • • 

fol·39&3 
I - ' 

1025933 

.. 
;'1019903-_ 

1.043921 

7-043'933 ' . . 

·130~5975 
I ' "' • 

130559.93 

13055987' 

b7031981 

67043999' 

. . ~ - t. 
94 . ~ •. 

... .. · , 

.. f 
\ . . \ 

- : . 

~ .. 
, .. 

; . 
". 

\ 
,• ' 

73019975 .. ·. - ~ ·.:.... 

91007961 

37.055993. 
' ' 

r 

' 

1 5 , • . • • • •.•••• ' :_' -=-·~· :_' _:_' ....:_ _ _ _ _::1:...::0~-~~1:._9:__:_7::.5~---:-:_-;-:-'--;~--;---
~--~--~--~~~--~------~~---~~llu6o---~~.~.~.~.~.~.:.-: •..... , 

, 

' . 

- ~ 

. 
6 • 

, 

11 

18 

19 

23· 

24 

'-.......... ' .. ' . 
.. ..... ,_-..... . 

·-~ 

' ••• ' ' ' ·' .ri ..... 

' . ' ' . , . . .. ' .,,, 
.... , .. , .. , .. . " ..... ' ..... ~. 

tq •. ! -••• ' •• _ .... , ' ' . I 
.. 

~igl;lr~ IV-~ .-

190~799~ 

asos5999 

250&1999 

250_7996'7 .. 
6io3i9.99 

~70259'~9 
' ' 

79031.999 

43o5S999 
.... 

43055999 

. I 

: ' 

.. . 

. -~ 

f 
I 

. ' .. 
i 
j 
• I 

1,, \ .. .. .. ' 

,, ' I 



o?lr n \• fll 
IIIII ~l' L l ~ . 0 01 I 
Ill 1\ II H <. ~ ~ \.1 
11\11 . ,,,, ~ 0 1111 '' 

.• ,. , 
·:1 

) . 
95 . ' 

IIIII IIH~ 0 •Ill 
IIIII •<'tl ~ 0 oil 

. ' 1111 ·1 llllfC. \• ~II 
IIIIIIIUI •~or OJ 0 •II 

. -
·,· 

'JI • . 

~ ; , ... 

.... ' · Ill+ 111 111 '"<~r n 1 o · r 11 
. 111111111~ ·· 41'1f Ill 0 ?II 

• 1'111111.111 ••• , "' oo, 111 
1 . llllltllrt • ·~·' nt "" 

1111111111 ••'<r 1'1 .el• ,.,,1 
tlllltlltlltllt-ltlfllllllltt · •r•r• H ·o eot 
111111111\11111 .11'\111,1111111 oo.r ~l 0 1~l 

', 1111111111111111111111111111 •(fo~r · "z o out 
11TIIIIIIIIIIIIt'IIHIIIIIIII l<.<.f ~~ 0 <.01 
lll't111HIII .IItitlllll\\llll t?~f 9l 8 >01 
llllittl\1111111111'11.1111111 · ·~•r Pl ·•, •. rot 

~tllilllllllltl1)11\l)ll fl111\11111 Hrf <.f- 0 i'Ol · 
111111,11111111111111111111111111111 rr•r <.t • a -tot . 
1111111111111111111111111111\llflt-t v ~l( c.r p f\OI 
ftllllltlllt'H i lllll\11(1\111111111' \OH ~f 0. hi> 
tt\1111\lltlllllllllllltllllllllt.ll" '~'' c.r o· •• 
1111lllllllllllllllllllllll l lllllll lb?r ~[ I' H> 

II I t'tlllllllllllllll I 1111111111111 'I<.H H 0 , . "' 
llllblltllll'lllltllllllllllilllll · ·nr H o <.& 

, tttlltlttrt. tttltt,tfttttttllj'11111 ot.tr "[ ' o ~• 
IIIIIIIIIIIIIIIIJIIIIIIIIII 111111 •qr ' .. t 0 ff> 

,..,, 

, .. ~ 

..._,: . 

lltl'ltltlllllllll'lllllllllltlltltt lltr 'J~ o a 
llllttllltlll!ttttlttlltlllllllllt nor H · o 16 
lltllllfltllllllllttl1111111ltTIII ·~or "' .s• o& 

.· rrtllll1111111ttllt11' 11111111111111111t o1nr t.[ o ~~ 
II11111111JIIIIllllllt"U111111lllllltl1 IOhll H 0 ot 
1\ll .ltttlllllllllllllltlllllllllltttllt r~~~ ,., o H 

.. 
., I • 

., 
· . \11'1111111\1111t111111\llll!flllllll1,11 tD~l I>C 0 ~· 

· 11llltllltt,llltl llttltll rn·r 11 1111111 11 ,_ • qvl" e.c q. St 
IIIIHIIII'IIJIIIIIJllllllllll 11111.1111111111 ~ZQZ ._. 0 " 
·llllltfllllll\lltlllllllltlllll\lllllllllll\t OOti!' 'i• · 0 rt 
lllllllltiii,JI{IIHII11llllllllllltl111111111 Ha S• 0 ?I 
llllilllll ·lltllitllllllllllllllllllllllllllll <bnl 'i• o It 
lllllllllllllllllt'tllllllllltllllltlllltllll't ''" ._ • . 1) .• !It 
lllllllltrtttltrtllll111111111lllllllllllllft ooqz s• • u '· ••• .. llllllttlllllllll.llllllllllllllllllllllll >~>~ t• 0 IL 

tll1111111.111111111ll11111.111'1tllllllllll· ol~l·H 0 It 
ll111111'1ttl!lllltlltlllllltllllttlltttll rr•z •• o "' 
111111\IIIIIIIUI\Ittllllllllltllllllllll lllnl 11J o ~~ 
.\tlllllllllttlllllllllttlltttttllttllllll ;c.r~ u ~ •• 

.. 11111111\llltlltlllllllliiiiiiiiiiiiJIHI ·.' at,(1 I• l• fL 
11 II 111111111111111111.111 I 1 t1 t1 11.1 I II llllllll bOll I',D '0 r& 
tlllll 'lllllllqlllttlJ\111111l111111llllll111 .. ~, tt 0 U 
\lllllilllllllltl'llllllllltllllllt'J\111111111 hi?>~· 0 ~l 
lh·t\1111111111111111111111111111111111111111 •til ..... . (1 ~· 

. · 11111tt 'llt11111111tttrlllllttlltlllllllltllll b?ll c." o n 
f 111111111 IIIII Jill t'tll "11111111 I 11111\Jilll lV07 .c;e 0 I '1, 
't .. filllllllillttllllllllll111ll t llll1111111111 UOl ~· ·- 11 " 
ll lll I 11\ 111.\ 1111111111 IIIII 1111111,11 111111111 ' •••t <;li 0 C.~ 

. ltllJitllllllll,llllllll'llllllllllllllllllllll ••• , ..... . 0 ~· 
IIIII Ill~ It II Ill till H "Ill I 1111111111111111 . tO~ I. <;• 0 . I' 

'111111JJI.(tlll1111111lltllllll1111111·11111111 6C.~1 ~· · tl l9 
tl'llilll .tllliiPIIIIIIIIIIIIIIIIIIIIUIIfllll 'tU1 'lot ' I• \'1 

.. r: '. 

... 
' ' -· 

·' . ' 

/. 

llllllltllrtnittiiii11111111111111111Jlllllll ~ 6'11 U 0 0'1 

H 111111 IIIII H 111111111111 II f IIIII! I Ill t'11111 H II ~· · 0 ·~--------<~-~---~Q)~~---------;-·----:--
11 11 I 111111 I II! II II Jill Ill H lilt II tlllllllllll _ 1 Hl U ' D~~ 
tttllllllll 1 "tt 1111 tt llltttlllll u ,, "W-11H 1!-----nn-.i- o a co ::s ·-

------''---""'-;---~-:--T;-;-;' I ~1111111 f1;t-t1 I till I II! 111111111111111111111 US I ·•• 0 ... ' •.-I (11 
r. · llttl! 1111111 c 111 i.ll 111 u 11111111111 11·1111111 r · ' ~~t~1 n ·o s~ +J ·.-t , ·. 

·-' 

, , 

't 11111111111 t 1111111 111111111111111 t 111111111 h•1 ill II Ho ~ •o"f 
: 1,HJIII11111111JIIIIlllrlllllllllllltllp11111 lUI., 0 , rs _,.. ~ 

11111111111111111111111 lltllll\11111111111111 lOll 'It 0 lS ... 
It U 1\llllllllll\ I IIIII 11 111111111 I 11111111111 . s~rt . Itt . ~·O' 1ft 1-'-1 
H 1 111111 tilt' I lllllllllltllllllt 111111 r tllllll ~011 n o · 'II~ 
lllllllllltlfll<lllllllllttttlllllltllltlllltll r•~• n c ' u 

lllllllllltl'llllll'fll'llllllltl'lllllllltll (Ill a · a· u 
llllllltlllllllltllllllllllllttllltllllll '1~11 tt 'o '. 1• 
1111111HIHJII-JIIIrllllllltlll111111llll !all It · If ' . .' n 
lllllllJitlltlllllttllll.lllllllllltlllllt 8601 ,. 0 ·. ~· 
11111111fT'1T1'llllllll.lltlllllllllllllllll HOI h 0 n. 
11111111UIIlllllllllllllllllltltllllllll l!OI h l H 

tlltti111Hllllllllllltlllllltttlllltn •u u o n . 
trll II 11111111111111111111 r11tt 11111111 lU H 0 · h · 
llllttlllllllllllllt\1111111111llllllll Uf H o Qt 
111111 'llllllllllllllltJ IIIIIIJt 1111111 •u "' o •r 
llllllllllllllllllltllllliiUillllliiiJ 'ill '' o tt 
lllttlltllllllllllllllllllllllllltlllfl Hl L( 0 · 1[ • • 
lllllllllll tllllllllllll\1111111111~ Ill l.f t ' 6t • o ·U :• 
llllliJittll'llllllltlllllllllllftlllllll lib' b{ 0 \f 
1111\tllllllllllltllltllllllllltiiJJIII e. <.• '' o t L . · _, . 
1111111 t IIIII It Ill II I 111111111 H 11111\1 . 0?'1 U () H 
1111 \1 lt l II Ill II i I i I llllllllllt I I 111111 ttl~ 4( 0 ?[ 
Hlllllllllllllfllllll, llllllfllllll'llll l~'O •t 1: · ![ ' .' 

'" \ I)J.n 1111111 111 11 t 111111111 1 t 1111111 ro~ '' o "' 
. . ft 1111111111111111111111111111111111 , •• . • , .o .~ 

IIIICIIIIIIJIIIJilltlllll .l1.l.U.llllll let U 'o ' tl 
111Jlllllllllllli14JIIIIIIIIIIIIIIII 'O!o( ., 0 tl 
Ill H IIIII II 11,11111 11111111111111111 ,<;f ., o •l 
11111Hitlltllllllllllllllllflll1111 (i!'f U II ~2 
• J llllllllllllllllllllllll till . u .. tl .. 

• Ill t 11111111111111 II l!'ll Ill 0 H 
1111111\lllll t t\lt'lt ll>il- oz 0 ll 
HIIIIIIIIIJilllllll i!'n nz 0 ll 
lllllllllllll l lll I'll 1-C'l Ol 0 Ol 
II t II l f1 Ill lilt IIIII 1'G I Ol 'I ~I 

141!1flllllllt i!''ll ll 0 · II 
111111\tllllll .•• , •• 0 . ll 
tll\1111111111 HI tl o •I 
It IIIII If IIIII - Ci' I t1 0 (,I 
llltlll ,lllllll ~01 .. , 0 •• 
111111111!(111 I i!'6 tJ , ·~ rl 

1111111,11 , II. 6 • 0 ll 
It II IIIII I> 'I • 0 II 
IIIIIIIH ooa 6, 0 01 
111111111 I<; ~ 0 ~ 

• t tllltltt 1 - r• • o • 
111111111 f~ • .. ' 

t I II •l ' D • 
1111 01!' • 0 .. 
1111 "' • 0 • 

' . 1111 21 t o · r · 
till • ' - t D l 
1111 t • • 1 

... 

... 
' • 

. ' 
·' ' 

·;,-· \· . .. . .. 
. ., 

I o ' ' 

• • . 1., : 

·' .';; 

-- J 
. -

' \ 

., . 

1·. 



\ ... 

.. 

... 

I . 

.... . 

.· ' 
J 96 . 

'· . •. ' 

·' '• 

. I . .. ; 
' . ' 

. ' l ' .• ' ·. ' ' . - . . . .. .. . - . 
· Re~soheduler Phase· looks ov~·r tl,le resource prqfi.le · •· . ~-- ~ 

. " • t • . if o!. • •• ~ 

If. atty unwanted .peak~-.' are · ·~ . 
. - ' .. 

·,, 

~evelopEfd- PY. ·sche:duler Phase II. 
• • • • 1 ' • ~ • • 

encountered·, .'t~is. phas·e a tternpts. to •res.C:hedule" ·acti vi ttes . 
" ' . . 

. . . ' . ' . . ·~ 

>to r~ove t~ese peaks·. F;1gurte IV-6 is the .. fin.al. _~ptin:al ':,, ( , 

f ' ~ • • • 

. res'ource profile in which row 1 (the bottom row) depi"cts. 
r • ' _ • ' - ' · • 

the' date, tow '2 ,(~bove row l} 'shows. resource change for 
.. '· . - - . . .' 

eac.h. ~ay_, . row 3 repr~sents~resourc~ requ,i~t;ment· foF each 
# , 

~ •' . . . 
' . . 

·day, and· ro~. 4' indi9-ates cumu'lative re·s.Qurce~ ··used t6 date~ 
• - '!: tj • 

I " 

In Figure rv~s theA are two unw~nted· peaks 'which · occur 
< I • ; j> ' • • 

. . .., 

0 . ' 

for,day 79 to day ~4 .abd- for day: 9~ to ~ay ~ lO~. The~r~schedul~r 
' . 

Phase removes the first · peak as shown in Figu~e IV-5. The 
' I 

atT~mpt to ~e~~ve the second ·peak . ~as· not. l;>een succes~;ul. _ 
. ' 

. , The .optimal schedul'e~ therefore has an unwant.ed· peak. The 
I ' ) ' 

~~::__:~~~-_:__r=-::e..::a:.::.s:.::.o.::.:n=--=i::..:s~t=h=a t_t.lliS_pe.ak~o~ld -not-~:,.m;_o=v;-.:;;~:-:::ar-'~w-::J.::tL-hc:. o::-:_u~t~""ji-=n::<?~.r~::e:-:a?· s~1.;-:. n::. g=-.--:-

the total varia;~e o-f reso~rce change.\J\,~tivity A (6) . starting 

0 • 

.,. 
\ ' . 

I, 

. 'on day 3~ ··and ha~i~g :resoui·cel ~.equir~rnent 0{:.6. u,ni ~s ~~d 
duratioh of 72 . days was moved backwards to ·.start on day· 

25,. this forced~ larger pea~ in thE3 first half o~ the . 
, I 

resource profile ·s~ that this ' n.ew'· schedul~ 
. . ' . . , .. l . . - . 

was ur{accept~ble. · ' ·. 

Table IV-1 is the final optima-1-·schedule. . . . ..... . 
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' 

i . NO . - I- J 0 R ·est .· .'l.Fl E·S2 Lfi! C'O,Of ~CHEOI:JI..E.O ·o~TE 
1 5 -1 t) b 5 1 1 1 ' 19 · 10 13 I 

' . . \\. 2 5 40 60 b ·l 1 bl . 85 . " 10 19 
3 s . 45· 48 , 4 , · .... , ' 1 49 ~ 49 20 1 - ... 
4 . 5 ·&O 60 • 

5 .·. 1 - '1 U · ,f 85 . '10 24 '. 5 5 75 72 5 1 1 '13 91 .10 '·7 

· . ~ r '6 . 5 80 · · 1a b r 1' "· 13 115 10 . .. 31. 0 

.. 7 s . as· ., 24 . b 1 1 13 115 10 49 
8 . 10 15 ' b 4 7 S9 13~5 10 19 ' . 
9 . tO 120 · 48 7 7 . 19 ss 97 10 19 

10- 15 ao '6 ·· .- .9 '13 25 19 31 . 10 as 
U · 15 25 (b ~\ ' 6 -- 13 · ~, 19 73 10 ' 55 
12 15 . 30 (6,: l. 1 . 13 25 19 . ' 73 - 10 u 43 
1.3 15 . 3S '&·~~~-' 1 l 3 25 19 . 73 10 4] 
14 20 45 18 . (6 1.9 . 31 49 . 49 10 ·31 ,r 

15 25 30 0 1 0 19 . . 73 .19 . '73 fl bl 
16 25 40 · a" · 0 u ·13 .61 85 11 m,:85 
17· 30 ;w.)) 6 6 - v~ 73 . ·as 79 10 61 . . 
18 3S .() ' -~ ' 19 .·- 73 . as 79 10 49- ~ 

a· t ~ 

19 40 ' •!,t- 6 9 ~1 85 - 67 91 10 es 
~0 45 65 , ta 5 49 49 ht · 61 20 49 
21 ·.50 ·.70- 12 6 ' 0 25 . 79 · '37 9'' 10 . - 61 ' 
22 s-o 1'~ . 0 0 ·as 1'9 79 79 11 ' 79 . 

- a:s· ss "a . 0 o. 25' 79 Ill • 61 85 D l i 84 
. 24 55 110 t 0 .: 0 25 79 79 79 . 11 S5 ~ 

a5 55 170 12 9 25 79 ·115 U5.
1 

10 .... as -.. : 

~ 
26- · _. 60• 100 . ' b 5' . 61 · 85 73 91 10 . 84 
27 65 95 12 4 61 61 73 . 73 20 61 

.)8 · . . •70 75 0 o- 37 91 73 91 11 79 
. . 29 70 us b 9 .37 91' 43 97 . 10 - 79 

30 75 105 '_:_ 6 9 . 73: 91 79 97 . 10 79 . 
]1 ao ·. as 0 r 0 · ·73 115 73 115 11 103 ( 

. ;... ; - ~ ·. 85 1·75 6 ' 4 73 11.5 121 ')at~ 10 !OJ . 
·. · , 3 . ~0 100 :o 0 67 91 73 ' 91- .11 91 

. ''!•); ' 34' ~0 sas 0 a 67 91 1\1 7. 9 - '97 u- '97 • • • f/ ,/ -

35 CJO '130 -0 ' 0 67 . 9'1 .~ 67 _· 97 ·u - ~7 . 
/ 3& 90 .,so Q 0 &7 91 . 91 91 u 91 . .. ,I 37 "CJcr 160. 0 0 6T· 91 67 109 u _q1 .II ,/ ( 

I 38 '95 100 0 0 13 73' 73 91 . U . } - ~r · 
3~ .95. - uo,: b - b ., 3 . 73 79 79- ao · 73 

'- :. 
.. . 40 . 100 . 135 u . . l . 13 91 85 103 10 91 

4.1 lOS• . l25 0 " 0' 19 ,,7 . 79 91 u · . 85 .. 42 105 165 • . 0 . . 0 19 97 ·103 109 U .> ... ' 85 
43 110 145 . ·12 5 19 '19 91 , . 91 20 't ~ 1~ 

' . .. 
44 115 ·-1'20 . 0 . ·0 43 ~7 55 91 U. IS 

t ' 45 115 . 130 0 0 ·. : 43. ·. 97 • 67 97 u · -as 
46 120 uo l2 - 1 . 55 :~· 67 . 109 10 0 

~ 67 
47,' 1as ·s4o 6: ' 5 . ., 9 ~5 . 103 . '10 . ' 8$ 

·,· ' ' 48 130 . 155 6 10 . 67 9'7 . 7;] 103 10 . 91 
' . 49 'tJ' uo 1i 1 . 8!5 103 ll5 U5 10 103 f ' I .· so 140 170 ·12 . , ,, 103 115 · us. to 91 -

51 .145 l50 0 0 91 ~~ 91 91 '21 ·91 
sa . 145- ' 165 12 ,. , 91 \ 9;1 103 109 10 91 
53 · sso . -uo 24 ·1 . 9~ 91 ·ll5 ns ~ a a 91 
54 . 155 . 170 , . 12 2 73 , 1·03 115 U5 10 &03 
55 l&O 110 e, · s· 6T 109 ·. US . U5· 10 . 79 
'56 165 .no 6 14- 103 ' 109'. US · U5 10 . ·to:S '· 

57 S TO . · 175 6 . . 5 115 · 115 121 ·. 121' . 20 -115 
' 

•. Table' ··:J:v-1 ... ~:~~ 

"' 
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CHAPTER V ;, 

,, . 
. ~·· 

. . · CONCLUSION · 

... 
.J ' . 

Tfiis thesis'nas presented · an heuris.tic proc;::edur~ .for" 
/' ' \ 

. resource levellin~prol;Jlem.s . . to -achie .. ~e a~ opt~~al par~bolic 

resource ~rof~le. us.ing -~ata o~~ain~d .. fr?Jt~ -- ~~M:.aria.lysi's 9: ··: 
a 'project. 

..f . 

' . ' 
A mathematical basedr objec-tlve !unction was developed 

. 
r 

I ., . 

.. . . . 
for 'this heurist~c in Section J. o.f_)~hapter II., from :a theoreti.cai · 

' .. 
approac::n to the resour~e levelling problem, without consider.ing 

the act.i vi ty :. co.~st_raints found .in .. a Cl?M network. 

' 
'l'his objective 

• l 

function i~ .base~ up-on .the measure of' gradualnElSS of .resoUJ:ce 

_ _ cib.ange_...a.nd-is . defined as the. minimization of variance of ,·· ·. t 
. . . , ,; 

·the resource change function. Then,. in $action 2. of C]lapte.r II _,. 
. . 

t~e!e . ac:tiyity const~aint~ are~ J:aken !nto accou~t· and optimi zation 

·of 1;-he. 'ifctivi ty schedule is achiev~d yielding an optimum ' · · 
' ' 

reso'urce prof i _le. This procedure, although not · feasible 
• ... , ' 0 

• 0 

·. for large proj-e·ct, provides a bu.ilding block .upori. whic_h 
~ . . 

·an heuristic procedure achieving an optimal resour-ce ··profile 
. I . .. 

for large scale project' can be developed. The . heuristic~ -. · 
. . 

qutlined .. in Section 3 of Chapter· II, has · as · its ba':le the 

I reduction of the numl::5er of combinations by a ,build-up of 

activity ~hain~ :which are then cons~e-red as single actiyities. . ' . 

These chains are then sche duled. to yield an· .. initial resource 

·- ~ . 

·. 

. . : 

. . . 
. . . · 

: · -: 

. .' 
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• :f 
profiJ.e · fo~lowed by a .... look over procedure. If any uhwanted 

<> • 

peilks ~a.r,tfl.: prers.en~ an ~tte~pt is 'made .to remove them, by 
·, ' 

breaking -up the cha.iris irito constituei}t actiyities and 
. . ' 

_r~sch,eduling i:he sing 1e ~c~i vities • Only such_ readj )'.~tment · 
are :accepted, which reduce the td.ta1 variance of resource i" ¥· 

. r 

1 • ch_?lnge. · The cu'!=--off point in the· search for the finatw· · 

so'lutiqn· is provided by' the minimization function f~r the .. .. . 

var~ance ,of resource '' chanljJe. <I .. 

-- . .. 
' - I ~ • 

Based, " on the comp:utati'?nar prC?cedure ~or .this heuristic 
" in Chapter ·III ·a 'computer .progranune called. BACS (Build-up ' · ·· ,,. 

. . ' . \ 

·Activity Ch~~ Schedule) ·has been d~~eloped using .FOR~RAN~tv , : 

IBM 3_70'. Th~ · programme · h~f? ~:?een ~t:e:/d on :·a~·~~~r .of p_ro?ect;~ · . . 

~hapter IV &sh~w_s (fn· example .~ll~s~r~ting . the use. ~nd output· 

--~----~----~·~·analy~is-o;_aAGS. · 
. . 

I • 

The heu·r~stic ~lgor!i.t~ and BACS as ·.pre~ente.d . her.~ 
• . I . . 

have achi'eved the f~llowing: , . 
,. 

.·- 1) A parabolic ·resource profile based ·on 
' ' .. 

model where' the var-iance of tesouri::e 

subject . fo CPM network constraints. 
' I . I 

. ' .. 

•, 

e . . .. 
2} 

3) 

Optim~l . r.e~ource ~sa7~ within ~a fixed projeqt d~ration. 
The variance ~f tne .:diffe·rential 'Of the resou~cE7· requiremen~ .. 

. ' 

'• 

function Prov~d~s a measure for the gr~a:dual.ness qf " 
I 

resource change~ .,.. 
I 

I 

4) . BACS is cap~l?le . of . h~rldling larg~ ·.scal,e ' proje~~s within . . . . . . 
· ·a short computational . time, . the exam~le ~n Ch~pt~r .~v ·. , 

• -7 - . . • . . • ' 
. which coqtai~s 5.7 ac:;tivities has a computatl.onalJ _tl.me . 

of 30 seconds. 
. . I 

.. ~. i .. 
' 

I 

' ' 
-~ ' ·. . . "' - ' . 

~ 1 ·~ ' 

. '0• 

.. 
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5) BAcs ' is, very' easy ::to use . ... Wi ~h.';nl-nor di·~~icu1t'ie~. it ,., .. ~ . . . . , . . · .. 

101 .• 

, l • " '7 • • • r ~ ~ • f ~ .. , ~ 

. can also he. l~rrked·· to· a CPM schedulinliJ pro·gr.ainme ,from , · .- A 
~t.~ • • • • • ' ./ • • ., • • • .. + ... t 't , 

.which. it ca~ . ~bta·in• _ part. of i~ts .i.np~t ·data.' · The dat~ · .. · . '. 

.. 
. . . 

. ~~~. . ' : ! . .. ' ll .. • .. • . .•• 

about. resou~ces can be f~d .. directly, . thus f'l:lrther-·· .~. ~-

· -. _faci'J:~ tating lts use .• • 0 •• 
. . 

~ I. 

.... ... .:. 

. , 
'·. 

. .• ' • ? 

.. . 

~ . · . 
'• .•.. . . •" 

Future Research · · · . 

s' ~~ ~ .. " 1 

~lthou<jh ~h.e:he\lr·i~_ti~ d~v419~~ :-a~ .o~tl_mal .1 :e,s~~~c~~ 
• . I 

prof~~, if _a ·smoo~her or mote gradual· res~urce - curve would 
. • . • J . .. • • • . • • -~ . ~ fj • • • • • ' • ' • .. • • • • • l "' 

· be, useful for partic'u)ar· proj ecf.s, ... some' furt~el: refinements 
,o , · • I -. 
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, · . . a . . , .. ~ _ 
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T~e· programme_ ·.listing : ~lon~ with input _d~t.a for· the .-

:exatnple · o~ . Figure 'II-4 follows_: 
• ' • 

I . '· . • 
. I 

\ A2 . 

. ' 

•' ' 
',: ... . 

' 
.DJ"!NilON - CPR~Z5),WAR(Z!),CHR(25) 
.OlfilfNSJON MM ( 1 D) . 

'' 

... 

· .. f 

., 

r 

-· 
' .. . 

. ' . 

. . ~ 

·1 
~ . . 

.. 
.. . ',. ' .... 

o · lllHENStON PRI (4,5) 
DIMENSION PRX(S) 
oo 1 o I•t·,_as· 
CPRCI)•O,O . . 

10 CONTINUE 
CPR(1)•A.o 
CPR C 9) • "! l. 1 0 
CPR(lS)•~.o 
CPR(.25)••5 1 0 
CM1N•999 1 0 

.00 !000 14•1,8. 
DO 1000 13•1 1 9 
oo sooo xau, 1-z 
'oo sooo 11•1,7 
00 20 1•1,25 
WAR (l) •CPR. (I) 

20 CONTINUE . 
,lA1•14•Il 
-l811flA1+4 
1A2•lO+t2 
I82•1A2+~ 
1A;J•l3 ' 
IB3•IA3+b 
'IA4•I4 · 

I . 

·. lB411lA4+l .. . . · , 
WAR(IA1)•WAR(lA1)+3,Q 

£ 

•' 

' . 

. , I . 
•, ' 

J 

. . . 

• I 

. ' 

' '. :· 

. 
i.' 

' ; 

. i r j ' 
• !• 

- ' ' ' 

\ ·, • 
,. ' 

; .. ·-
r 
~ f . . : 

.. 
!, . 

'I ~ ' • 

' ~ . 

' 
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., 
' . 

. • I 

. ' ' 

- ·--.. 
. I 

-· 
' . ' 

. H A R ( 181 ) • W A.R ( lBt·) • 3 t 0 
HARiiA2)•HAACIA2)+lt0 · 
WAR(l82)~WAA(J8~)•1 1 0 
WARClA3)•WAACJA~)t1,0 '~ 
WAR(l83l•W~R(l8J)R1 1 0 

' . ' 

WAR (1 A 4 ) ~ WAR ( l A 4 ) + 4 , 0 -5 ~W. . · :: . . : .: ·. . · 
. WARCI84)•WARCJ84)•4 1 0 . . . _ 
TTL~O I . . . , 

. ,..; 

< ' D 0 3 o- I •1 , 2 5 . , , · 
. ' TTI.•TTL.+WARCI)*W~R(·l) ·;: ·· 

30 CONTINUE . · . '· .. . ~ ·· 
. . · lFCTTL,LT,CMI"N) GO TO 2000 1 . ' ~ .,; ·: 

· · · ~· 1000 CONTINUE · r· ... · · 
.GO TO . 3000 . . • - . . . [ · ... · ' ' .· I 

2000 CHI N~tTTL • ~~ 
'.' 

-~oo 40 -1•1,25 . 1 • 'b· .·· . 
'CMR(l),WAR(l) > 

40 CONTINUE : • . · . i .~ ': .. . . 
H I 1 I 1 - , · r· . · · : 

:. : ( 
• .· f ~ I • 

-! Hl2~12 . . . .·. l-. 

·,! 'l ·' ·.· .. "·.· ,' -- t . . 
. 1., r · -~~ :~;.:~>~· • ,-.~-;• ~.·.-:-:: .. : ·;:~;:".':'~""'~;':;" ... ::~ 'T-"< •, '<""':'"~~~· .r~'f' --«~:,_:.,,.:. .. 7··~·: '<~ ·~ · ·: . ..,.,:1_:,.~~'""" -. .• , -~·~ •,~~.;..·-··.-~ • :-_:'"••~-..;..~: ··•";:~~;·:·'~ ' ~ ·: .·. • . • 
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.. 
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. I . 
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MI3•13 
MU•l4 : 
GO TO . l 000 · 

3QOO PRIC1,1)•3,0 
. . PR1Chc)•4,0 

PRIC1,3l•t:,o 
PRI(l,4)•e,o 
PRI(2,1)•6,.0 

. PRl(c,i!).T,O 
PRI(C!,3)11l 11 0 · · 

· ' . . ' PR1(2,4)•9,0 
PR%(3 1 1)•3 1 0 
PRl(3,c)•l,O 

. . . PRI (3, 3) •11 1 0 
PR1C3,4)•12 1 0 

,., I. > 

. -· 

. 'PR.I (4, i) ·~,o 
..pRl(4;2)~t3 1 0 

'. ' .• 

. PR1(4.1 3)•15,0 
PRI(4 1 4)•7,-0 
PRINT 50 .. 
PRINT. ·sq 
PRINT 51 
PRINT ,. ~o· 

·.PRINT 50 

·' . 

· PRINT 52 . . . 
PRINT 50 · .. ·, . 
PRI11,5)~Ml4•P"I(1,3)~1,0 

· PRlC2i5)~HI3+PRlC2 1 3)•1 1 0 -
PRI C3 1 5)iltH2•PRICl 1 3)•.11 0 

. • PRIC4 1 5)•Mll•PRI(4~3)•1 1 0 
' ' . · .DO 60 'J"t,S . 

PRX (J) •PRl (1 1 J) 
60 CONTINUE. 

PRINT 61 1 (PR~(J),J,1 1 5) · 
DO 70 J • ·1, 5 

··PRX(J),PRit2,J) 
70 CONTINUE ·. I . · ·""- . 

. . . PRINT 62,(PR)((J),J•l,S) I . 

' 00 80 J•1,5 
·PRXCJ)•PRI(3 1 J) 

, 80 CONTINUf . 
PRINJ 63 1 (PRX(J),Jil 1 5), 

______ oo 9o J•t,s ~ 

~.-

PRX(J)~PRI(4 1 J) · 
qo'CONTlNUE . ~ 

PRI~T . 64,(PRX(J),J•l,5) 
. PRINT 100 
,. '· PRINT 51 
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PRINT · 50 
PRINT ~01 
PRINT 103 

'/ 

·oo aoo J•t, a4 
. . · . 00 11 0 • J 1•l, 10 ·~ 

\ 

\ M H ( J 1 ) • 0 - p· ' ' 
11 (o CONTINUE . • OATAI!IO,O 

oo 111 J2•tiJ 
OATA•DATA+CMR (J2) . 

MAIN 

'· 

~ ~. -· . .. . ~ ~ . 

j 
I 

. ·' ' 

OATE a · 74255·· 

.. .. :· 
• ' . ' 

. ' 
'A4 

. - .~ 

I . '· 

; . . 

!, ,. 111 CONT 1 NUE 
L.•l . . 

.. 

.. , . 0 

' . 

, /. .. 
' . 

,. 

·' ... 

{) ., . 
I 
i 
c • 

.. , 

l12 IF (DATA ... t.. E 1 0 1 0) G 0 T 0 · 14 0 · " 
MM(t.)•l11ll 

. .. L. •L+ 1 ' 
OATA•DATA.,l",O 

I . G 0 T 0 112, ' ' 
i4\0 PRINT 1·04, (J, ·(MM(L) ;L.•1,~,0)) 

. P~INT 105 1.("MMCL) ,L.•1,,10). 
~ZOO CONTINUE . _ . ' . · · 

. . 

- PRINT 103 . 

.r 

. 
' . . 

· ' . . 

"' . ·, . 

. -. 

. • . .. ,', 

. . PRINT 101 . 
, 50 FORMA·T (l HO) · . . r 

1 
. 

51 FORMA'f(lH ). _. _ ·. I • ~- • _. . ' \ '· 

5·cr f'OHMAT(1H ,75H . _ · -A(J) ·. 'DUfUT'XO~ ' RESOU~tE ~ . 
* FLOAT SCHE9UlED~OA TE) . -· _ ___ . _- . ~.ri · -

&1 FORMAT (1 H. , 1 &X/4HA (1), 5F 10 1 1) - ,..---~ " -: . 
&2 FORMAT(tH 1 1&X 1 4HA(2} 1~Fl0 1 1) , 

.~ &3 FORMAT(lH ,1&)C',.4HA(3),5Fl0,1) 
· &4 FORM~T(lH ,1&X,4HA(4),5F10 , 1) 

j tOO · FORMATC1H1) . . 
1 

• · . 

· 101' FORMAT.(·lH ,&OH '. ·o ·· l · 
lit 9 10) 

102 FORMAT (1 HO) ·. . . 
103· FORMAT (1 H ) 
104 fORMATOH·,ax,1a'r~X,tH1,l015) 
105 FORMAT(lH ,8lC,2.,ki-t 1 1015) ' · 
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\ ' The infor~atiqn~ on BAC~ is·given -in th~: F_9~lo,wing_ orde~: 

II 

... i 

'· - • !-

tt<> _ • • •• ·.· ; 
• • • _! • (1)" Source Listing ' ·". 

-_'; ' ~ I , • ~ 
--:~.---. ~-:'.· .. . .. -~ 

I I • ~ • 

(2) Input Format 

I 

.. 
c 
c 
c 
c 
c 
c 
c 

- C 
-C · . 

: .. ~ . 

, 

.. . 

• 
(3) Input Deck - -... . 

. · 
· Source Listing · · 

I • ' 

\1 NIT I ALl Z AT 1 llN 

o . 
• I 

., 

,' ~ . 
. . . . ·.. . ~ 

• , , f 

f • ~--- I • 

. .. ~ ·.' ,: ·, ·, .. . .. ~ ' . 
... .. 

... . •: .. ~ 
. . . ' ·:~ ~ 

-·· 

", ':.· 
, . ' . 

~ ,•' 

::-~· . ' . . . . 
. . : · . ··: ·· . 

~: . ·-. c 
c 

INTEGER•2 IDT (30·) ,HWTClOO, 7) ,MVAR(200~3·f~ .. .:\RESC100) 
I NT E G E R * 2 1 A F (1 0 0 , 6 1 ) , I C A ( 3 0 , 3 0 ) , I S C CS 0 , lO) . ' · 

0 

C. 
c 

N~•O . ,-_ 
N x•o . 
0 100 J 1 •1 r1 00 
00 1 00" K 1•·1, ~ 1 
XAF(Jl,Ks-)!10 . 

.100 CONTINUE 
00 lbO J1•1 1 30 
oo isp K1~1_ , -3o 

- I . - _ ·lCA '(Jl,Kl)•O 
.t lSCCJ1,KO•P 

150 CONTINUE 
lDT(Kl)•O 

c 
'. c 

160. CQ~t_l-NUE ~ 

READ INPUT DATA 
~ -

~ • I. • .' 

• I 

' - . I 

.· 

• 

. _~ · . . 
.. . ' . ... ·. 

, . · .. 
.• . . ,· \ . 

. -. _ , • . . ,, . 

... ~ .. ~- . 

'' ·' 

'• I 

.) •. 
r 
· . 

.. , 00 450. Jt~l-,f01 -
: ~ AEAO t3 1 200) CII?T(J2) ,J2.~1 1 8) --: 

•• • 
1

• 200 FORMA'f(8(l'X 1 14)) a . 

. · .. -. 

; . 

1 
. \ 

. ' ~ . 
. ' 

. .. ~ . . 
• f•. 

1 . 
I ~ •' 

.. l . ~ 
. j (1 ·, 
. ~ . 
' ' I 

• t-. ' · -. 

.r-
.. 
i 
I 
I 

. i: ·: 
I 

·' I . 

.... 
i :· 

!. -·.·. ' 
t· _,. . ~ i ... 1FtlDTC1),EQi,~) GO TO .SOO 

_
1
.. ~1 DO 250 Kl•1,8 . 

·· ·; I AF CJ t-, K-1) •tOT (K l) 11
• 

.. . . ' I . , . 0' ' . . 
. . , -- 250 CONTINUE ' 

~ .• 'IF(lAFCJ1;S),NE•IAFCJ1 16)) GO T_O ~50 
•···. ~ lF(lAF(J1 1 7) 1 NE.1Af(·J1 1 8)) GO TO 350 . 

l L•1Af.(J.1 1 8)~IAFCJ1,~)•JAFCJ1,6) ·-
')" . - IF(L~NE,O) GO TO 350 . I.. - _ ' ;: • 

, 

~ / . 
,_ 

. ' . 
I . 

J-

~ . :.-. 

- ·· ·· ·' IF(lAfl'(Jl;4),NE-,O) G.O , T9300 
: .· {j lAf'CJl;\.1)•21 -

\ GO TO 450 ~ 
.' ~ ·· 300 1A,(Jl,11)120 ·. 
· ' . , · ·:_ lief TO 4!i0 , · . -: 
.-.·/· . __ ·._·· 3~Q.: l,UA,cJ1,4; __ ,,.E~> Go.r.o.•oo _.. . . ... _ ... _._ 
:' l ·. I!• • ~-~~. -:--·~-,,,.;.,." . .- ;.·• ; ,. . ..... -~-~-~·'•""'~"' : ,.,-.,,..__ •" ~" ' · ··::· r· ; •. ,.,....,..T,., .. , .• - •• ;., .. , . .,.::-::-- ·~ :~:· ··: ·~~·-· c:.·:~'' -:·~ ~.-;;-;: ~·~;,.,,_,_ 

. I 

I •, 
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G LEVEL 
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MAIN "'" \--: 

C.b-
- .... . . ·.~~-

DATE • 74255 . 21 

.· · .' lAF (,J1, l 1) •11 
. GO 'TO 450 . . 

aoo IAFCJ1',11l•to . • 
450 .CONTINUE 

,-_ 

.. 500 NOI•Jl"l 
~ .. 
c . . .. 

PRINT 510 . 
510 FORMAT(1H ',t5X,40HN E ·r W 0: R K : t fit F 0 R M· . T l 0 N) · 
_515 FORMAT(1H ,15X;40H•••••••••••••••••~•····~········~~··••••) 

PRINT 515 . . 

}:! 
' • . !, ~ 

A7 · 
I 

' • 

! 
t f ' • • • 

PRINT 52~ . . 
525 FORMAT(lH ,10X,50H NO 

-•DE) 
I J D: .. 

"I ~,.. 
R E.Sl - L.fl . Es2· · t.Fi CO 

. . ' 

; ' 

i 
I l l 

' .. . 1 ~ 
.. 

.. ., r ­
I 
{ .. 

.. DO 650 .J1•1 1 NOI 
· oa sso K1~1,20 · 

· . · · IDT(Kll•lAF(Jl,Klj r 
550 CONTINUE, .. . 

. . PRINT 600 1 Jl, ClDTCKl) ,~~1•1 1 8)fl0T(~ll . 
bOO FORMAT (lH , 10)(, 1015) · • .. 

. ··650 CONTINUE· ~ . 

c 
c 

PRINT '9980 . 
l'isn;•t · 

I 

780 MSG•2 
. 00 1000 J1•1 1 NOI f ; 
lF(lAF(J1,1l),GE,20) GO TO ~00~~ ; 

• · L 14 •a 
L15•o 
Ll&•O 
L17•0 . . . 
00 950 Kl•l,NDt· . ' I • 

IF(IAFCI<1 1 .11),GEit20) GO· TO 9!50 
lF(IAF(Jt,ll~.N,E,lAfCKl,2)) GO .TO 800 

. ··L.t4•L.14+1 . - , . 

\ ' 
. ' 
' . :. 

. 
' .. 

800 · lf(lAF~J1, .1),NE 1 1MH,1 1 1))' GO TO 85_0 · I 

. _. L.15 •L 15+ 1 - . I • . 

8S·O 1F(IAF(.Jl,2)·,NE 1 IAF(Kt,-l)l GO TO ,CJOO 
Ll&•L.l6+1. - ' · ·. · 

900 . lf'(.IAF(J1,~) 1 Nfi1Af(Klr1).)1 GO TO 950 
. · Ll7•Ll7~1 

·9so· CONTJ'ri~UE 
· • 1AF(J1,l4)•L14' 
: · IAF.CJ1 ;15) •L15 

_IAF CJl, 16) •L.l6 
l~f'(J1,l7)•L17 

.. 
.. 

I • 

.. . ! 

.. 

'( .. 
I ' 

' ' t . 

;­
i 

' ' 
• I 

< 
. . 

> 

i 

. \ 
l 
! 

~ 

. . . f . ~ 10'00 · CONT I NUE . 
' . . . -' i . 

. t 
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I .' 

J 
• • • 1 _ 
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I ' • . . ~ .. " , 
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·21 .- J . .. OA.TE • 74255 .· 
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, 

.. 

i 

·\ ' c ' 
1 t 

c 
c 
c 
G 
c 
C . 
c . 
c 

.j c 

. .. .. 
SCHEDULER PHAS~· .• 'I 

.-· - , . 

J1•1' .. ~. . ' ~ 

) 

' ll.lli l - ,, . - .. 
' . s1oo . IFCIAFCJ1,.14) .~a.o ·- GQ: ro. t9so 
i . · : 1

• IF .(IAF(J1 1 1b)~NE·,l) GO ' TO 195() 
I lF(lAF'(J1,17) ,NE,1) GO. T0.1195~l 
,. 'Mt•• . . 

lCACll,M1)•J1 
I· IAFCJ1,13)•1 

' · I . N.2•J1 
• I 

I a . 

I 
' I . 

;-- ·• 

: ' 

"·.:. 

- -.·. ·.. I 
.. 

... : i • ~ . I . 

? ·· , 

. , . .. 

' · .. 

' ~ ·. 

. . 
t 

-. 
' • 
~ · 

' . . 
I 
'1 

' . 
. · 

' : 

·-' 

. 
·' 

tiSO Nl•l 
.. I i 8 0 0 I F ( IA _F ( N 1,,11 ) • G E • 2 0) G 0 T 0 . 1 , .50 

. ! 
1~(1AF(Nl 1 1l . aNE,lA~(N2,2)) GO TO 1850 . 
M11.Ml+1 . 
JF(M1 1 LE,29) GO TO .1820 
MERR•l . 

0 

. . 
GO TO 9990 . ' 

1820 : lCACil,M1)•N1 
IF(lA'-CN1,16)iNEell GO TO 1900 

·,;,I F ( I A F ( N 1 ,1 r ) , N E , 1) G 0 T 0 1 9 0 0 · 
IAf'(Nl 1 13)•2 

· N2 .. N1 · . ... 
GO TO 1750 

· 1850 ,;u,Nt+t . ·. · ·\ .. 
· .. IF(N~,LE,NOl) Go· lO ;-faoo 

MERR"2 - · '- . . 
. GO . fO ·9990 ·-

·1900 ' IAFCN1,i3)J3 . 
.. ICA(llr30)"Nl 

ll1!1Il+l . . . 
•. IFCI1 1 LE 1 29) GO TO 1~50 

MERR•3. 
GO . TO 9990 

'1950 J liiJ 1+1 . 
I 
t . 

· .IF(Jl,LE,NOI) GO .TO 1700 

'· 

.. . . . 
'. . C· ., ~ . . -· ~ 

c 
. . c. 
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. ~N IV G LEVEL : 21 MAIN-

r J 
' . 

' I 
. · ! 

' ; 

i; . 
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I ' 

c 
c 
c ; c MAKE ACTIVITV C~~INS 
c 
c · 

2230 . MSG•3 
. Jt-.1 

,. 

2250 IFCIAF'(Jl,ll). ,GE,20) Go· TO 2450 . ·' 
Ll•~AF(J1 1 5)•l~FCJ1,3}•lAF(J(,7) 
L2•IAFCJ1 1 6)+IAF(Jt,))•IAF(Jlt6) 
IFCL1,EQ,O) GO TO 2300 . 
IF CL.ciEQ,O) .GO - TO 2400 
GO- TO 2450 

~300 IFtL~,EQ,O) , GO TO i350 
IAFCJ1 1 19)~tl 

. GO TO 2450. · 
23So >1Af Cllt, t 9) .. 2 j 

' ·• 
-A9 

DATE • 7 ~i55 : J' 
~ 

J • 
·i I, 

1 . 

/ I --
·- l 
. j . 

1 

I • . t . 

~ . - ·I 
i 

" . 
~- . 

I .. . . 
l 

I . .. .. i 
.~ 1. , . 

l 

f· 

. ·j 
·' . GO TO· 2450 . " I • I \ 

' I • 
j 

[ 

·I . 

'( 

: . 
I i . 

' 
'· 

• I 

I • 

.. •' ' 
j 

I 
- l ·' ) 

} 
l 

~ 
1 

.• 
i 
I 

I 
' · 

. ·r: 
. • 1: 

' \ II? 
" . 

~400 IAFCJ1 1 19)J3 
'
1 2 4 50 J 1 • J 1 u : 

c 
c· 
c 
c 

lF(Jt,LE,NOI) GO TO 2250 . 
' 

STORE ACT~VIT~ CHA~N~ 
' . .. 

ll .. l . . 
Jt•l . :. 

' ./.,,. 

2500 IF(IAF(J1,11),GE,20) GO 10 a950 
l,(IAF(Jl,19) 1 NE 1 1) GO TO 2950 
JJ•Jl 
M 1 I!! 1 • 

. . 
l8CCU,1)•Jt 
IAF(Jt,~8)•1 

2550 Ml-.Ml•t . 
. ·, 

lf(M~,LE 1 i9) GO T0 . 2S70 : 
MERR .. 4 · -

· . GO TO 9990 . ' 
257o ··Ja•t · . · · . 

'·. 

2600 XF(IAF(J2, ll)',GE,20-) GO TO 2900 · . 
1 , 1FC%AF(J2,1),NE .. IAFCJ3,2)) GO TO '2900 

IFClAFCJ2il9),EQ,O) GO TO 2900 .. 
c 

· c 
c 

JJ•l 
... . I 

A 

~ .• ,.... 

' 2650 -I<K .. l ' · - ·. . , 
1F(lSC(JJ 1 1),EQ,o·) · G~ · ·to ·2800 

' l 

. # 
: 

. ' 

· . . 
.- :· 

I , • 

' . 

. I 

-' , : .. 

. . 

., 

'. I 

.· ·.· 

·,' 

· ·• \ ' 

', I ' 

0 ' • 1 

.. · . ... . ·. 

' . I.' 
.• . 
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.. 
-, . 
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·. . 
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' 
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·' . ! 

. . ~ 
• .. . . t 

· ~ . . ; 

,. 
I ' 

27.00 IF(lSC(JJ 1 Kt<)~EQ~J2) GO TO 2900 . · 
IFCISCCJJ,KK),EQ,O)- GO TO 2750 . .­
KK•KK+l 
lf(KK,LE.~~) GO TO 2700 
MER~•5 . 

·Go TO 9990 
··2'750 JJ•"'J+ 1 -

. lf(JJ,_L.E,30) GO TO 2650 .. 
. HERR•b I -1 

·Go TO 9990 
2eo'o- l_F'(IAFCJ2,19) ,E·Q,3) GO TO 285'0 ·. 

ISCCll,Ml)•J2 . 
. 1AF(JC! 1 18)•2 · , 
J3iJ2 
GO TO 2550 

2850 lSCCil,Mi)cJa· 
xsc n 1, lo) •J'2 
Itall+l \ 
·If (hI LEI 30) Go-' TO 2610-. 
MERR•T · . ·' . '· 

·GO TO 9990 
2870 lAF(J2 1 18]•3 . 

GO TO 2950 . 
29oo J2a~2+1 _ I.., . 

· 1F(J2,~E,NOJ) ·Go · TO 2b00 
ISCCI1,30),J3 · .. 

. 11• I 1·+-1 
1F(Il,LE,30) GO TO ~920 
MERR'-6 
GO ' TO '2990 

2~20 lAf(J3,(8)•3 
' 2~50 Jt~J1+1 . - ' •/ 

lFCJl,LE,NOt) ·GO TO 2500 r 
'-~ 1 '-1 

t, 

300tl' lF(IAf"(J1,11) 1 GE 1 20) 'GO ' TO 3950 -
lF(IAFCJ1 1 19),NEt2) GO TO 3950 

.· JJ~l - . 
:SOSO ' KK•l'·. , . . 

IF(l8C(JJ,i) 1 EQ,O) GO TO 3200 
31 0 0 l F ( 18 C ( J J , K K) 1 E Q, J 1 ) . G 0 .TA.. 3 9 5 Q 

• 1 ~· 

IFC.l8CCJJ 1 KK)' 1 EQ 10) ·t;Q_,-TOV3150 - .. 
KKiil<K•. ·~ _ _ · . . , 
1F(K~,LE,30) GO T0 , 3100 

.. . 

M£RR~9 . 
~ \ .GO TO · 9990 . . 

,. 3150 JJ•JJ+t . 
11 . IFCJJ,LE 1 30) GO ro · 30SO 

• MERR•10 . 

. ' 

. t . . 

'I 
' ., 

# • 

I · 

' • : 

• I 

'- ' ; 4 

. J. 

.· 
AlO 

DATE • 74Z55 -
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f' 

I' 

' .•. .. 

~ 

' 
\ .. • 

.. ... 
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• t · · MAIN • t>ATE • 74255 I 

. . 
' '- GO TO .9990· 

3200 : ~2•1 . . 
' I '\'j 

·3250 1F(IAF(Jc,11),G£',20) GQ TO. ~450 ' . 
IF (I A F,. ( J c , 2 , I N E • 1 • F ( J l ', 1 )') G 0 T 0 . 3 4 50 

• . · IF.(l-AF'·cJ2, 19) ,EQ,O) GO· .TG 3q5o 
,JJ•l . 

3300 KK•l ~ . 
. lF(ISC('JJ,O,EQ,.Q) GO TO 3950 

3350 IFCISC(J~,Kt<),EQeJ2) .. G1J TO 3450 
' ' ' IF (I 5 C ( J J\, K K) , E Q, 0) , G 0 T 0 3 4 0 0 

,. 

. Kt<•K~+l . . 
If(~~ 1 L.E ·,30) o G.O TO 3350 ' '' 
MERR-.ll 
GO • 990 

.3400 JJ.JJ 
IFC,JJ,I..E, 
MERRit12· 

• .GO TO . 9990 
. 3450 · J2~J2+l '• 

· IF(J2,L.~ 1 NOI) 
C' ... 
c . l _ 

II\' 01' 

C c 
c 

3500 J3~Jl 
Mtlil I . 

l8C[lf,l'i•J1 
lAF (J1, ta) •1 · 

GO . TO 3250 

3550 Ml•Ml+l 1 
IF(M1 1 L.E;29) GO TO 3570 
MERR'•l3 . . 

~ 

,. 

.. 
'. 

• .. . . 
"'\ ·\. 

' . 
• I .' 

. . GO TO 9990 - • 
3570 J2•1 ' • 
3&00 lF(lAF.(·Ja, l -) 1 GE,20) GO TO ·3900 · ·., 

IFCIAF.{J2,1),NE 1 ·1AF(J31 2)) G_O .TO 3900 
IFClAF(J2,19,,EQ 1 0) GO f0"390~J . 

" JJ~1 ' . , t I '· , , 

.. ~&50 KK•l l · ;' 
IF(ISCCJJ,lJ,EQ,O) GO -JO 3800 ' 

,._3700 IF(ISCEJJ,KK) ,EQ,J2) QO· T'O 3900 
lFCISCCJJ,KK)tEQ,O) GO ' T~ 37go. 
K~ltKK+l. ,, · . . · . ·. . 

~- ·· lF(KK 1 Lf 11 2CJ) . GO TO 3.700 
.MER R • 14 . . · J • 

~ ' . ,GO TO 9990 . . 
3.750 JJfiJJ+l I' • 

'lf(JJ~LE_.29) &;0 TO lb50 .. 
MERR"l5 1 • . , . · 
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GO ~0 9990 . 
· 3800 1F(1AF(J2~19),~Q:3) . JO 3850 

lSCCU,Ml)•J2 · ·· " 
_IAFCJ2 1 18)•2 . · . 
Jl•Ja - . . . 

·~ G.O l-CJ 3550 • . - .; 
3850 lSC(Il,Ml)•Ja 

ISCCU,30J•J~ 
l11!I1+1 . ' " 

.. IAF(J2 1 18)•3 

- ~ - -

· . GO TO 3950. · . 
' 3900 J2~J2~1 

IF(J2 1 kf 1 N0f) 'GO TO 3600,; 
ISCClh30) •J3' 

' 11 .. 11+1 . ' 
. • I 

. -l'AFCJ3,18)•3 . , 

.... 

IFCll,L.&,'lol, Go· ro 3950 . 
MERR~Jb · \ . - ·. · , 

. GO TO .9990 . :.-
3950 JS.I!J1•1 . 

0 

• 

- .. . . ' ·1F(Jl,1 L.E,NOI) ' GO JQ 3000 
.· . I I ~ c 

c 
c 

. '). '. -
9 

.. 

• .. ~ 

•• ., c. 

;' 
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j •• 

'< '. ', • • 

, .. 

"' .. 

I I 

• , I 

' . . 
l) 

1,." 

c •' 
: f)\. ... ' ·; .,. ':.~ • 

C eo o ) .,5 •• 

c .~ ' . . 0 

.400'0 DO 401 0 J 1• f, 30 ' 
. IFCISCCJ),1),EQ~O) GO tO 4015 

~4010 CONTINUE . 
. 1 4015 DO 4020 .. K11!11 1 NOf ·· 
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·' lFUSCCIIl,l),E~,O) - GO TO 5450 

. ·· { 
MWT(Il,t)•ISC(lll,t) .· 
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MWT ( 1 l-, 2) •l A F. ( J K·,.S) • I AF ( J K, l)"' I A f CJK, 5) f'r .. 
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. 1FCIAF(J1,MP'),NE 1 0) GO. TO SbOO 

1F(IAF1Jl 1 11)~GE,20) GO TO 5bPO 
MWT(ll, 1)"Jl 1 '. . . . · 
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. MWT(l1,I2)•0 
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CONTINUE I . . . 

t 
c 
c 

. c . . 
&ooo MtN•999999999 

· PRINT 9980 
MA)(!IO . . 
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DO 6001 MST•l,NOl 
' IF(lAF(MST-,8)aLT,MAX) GO TO 6001 1. 

MAX•1AF(MSTi8) ~------~~------------------~----~--. . ~. ~:· 
bOOt CONTINUE 

' HTY•O· 
MHTY•O 
DO &005 It •1 ·1 MAX 
M~Y•MTY+MVAR(%1 1 2) 

. MMTYi'RMTV+MTV 
IF,(MTV,GE,10.0) GO TO"". ~00.5 · 
DO ~002 KK2•1,l00 

. HRES(KK~)•O . 
&002 CONTINUE 

.DO f)OQ3. KK1-.lrMTY 
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&003 CONTlNUE . . . 

'- · 'i 

',• 
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&005 CONTINUE- . · 
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MFLOA-.MWT c.MI NN, 6) I ' 

MWT CHINN 1 4) •999 
MWT(MINN 1 5)•999 
HWT(MINN,6)•999 . 

_;. . """' .. 
,_ 

I . 

I • 
' . .. .. 

.. 
-~ 

·. • I ' . ... 

. ' 

' ' . 
' . ·. I . 

. I 
, _ • • t •• 

-.··: 

'0 I 

' ' . 
• I •, 

:. - . .. _·_ , __ .-:· . ~ - .. . · .~- ~-- '- -· ...... . . - . - .. - . . . . .. . . 

• · .' ' I 

1· : 

I .. 

. , 

. I 

t~· . 

' ' ... 

~ ! 
1:. 
I 

. ' ' 
--,. {. , 

s· . . .. 
~ r 

' 

. . 
~ 

. ' 

~: . 
t 
t ­
a. 

. t ' 

~ . h 
• .t 

' '· 
'0 }~ 

(.\. 

-t; . 
' . ~f . 

, I ,. . 

J· 
(\ 

·.· r-
li. . . ··r . 
r: . 

.. l. < 

'. ' . f 

·v 
J.. : 
( 

· i~· :_ . 
.·. ·, . . • . 



.-. A17 , 
""'r . . . 

. , .~N IV G LEVEL 21 MAIN. 
( 

DATE • 74255 ·J ·. t 

~ . ' 

6080 
C' 
c 
c 
c 
c 
C · 
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MINV•999999 . . 
DO 63SO ll~S,MFLOA 
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IF(lCACMINN,N1) 1 EQ10) GO TO ·b120 . 
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DO 6105 Lllll,NOI · . . j 
1F(1AF(L1,c!),NE 1 1AFCKK2,1)) _GO TO U05 , 
lFClAf'CL.l,SO)',EQ,O) GO .TO &105 e 

·IFD!IlAf' 'CL-1,50)+XAF(Lt,l) I . • 

610~ FOIH1ATOH -1 4110 1 c0HKK2,.1L1e,.KK3""IFO) 
IFCIFD.GT:,KK3) GO T0-6350 

&105 CONTINU~ ' 
DO 6110 ·L.ltil,NOI ' . I 

J F ( 1 A F C L 1 ; l ) , N E , l A F- ( K K c r a ) l G 0 T 0 ·611 0 
If'(IAFCL1,50) 1 EQ,O) GO TO &.110 1 

6108 FORMAT(IH 1 40X,4110,21HKK2,Kl,KK1,%Af{L1~50)) 
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· MVAR(MB,1)•MVA~(~B,l)•IA~(ICA(MINN,M1) 1 4) 
&200 CONTINUE 
~250 MVK•O , 

:- · oo&300I3•1:,aoo . 
MVK•MVK+MVAR(%3,1)•*2 

·blOO .CONTINUE· 
. PRINT, &~C!On, .MVK,MINViMF . 

. b~20 · FORMAT(lH 1 3tSO,l6~~,,,MVK ~NO Ml~V) 
NOOI~MAX/2+5 . 
MSTT•IAF(ICA(MINN 1 1) 1 5) 
00 ~330 MN~•t,30 
lF(ICA(M1NN 1 MNA),fQ,O) GO TO &340 

6_330 CONTI~ . I . . .. 

&340 MNA•MNA .. 1 

a .. 

MENO•lAF(tCA(MINN 1 MNA),.8) , J · ;-
_ MCHE~ (MST'T+MEND) /2 - • I 
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. MVAR(MM1,3)•MYAR(MM1,1) · 
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· · · < MC~ l . . · 

.. .. ' -· 
6530 MMI!!O 

._ 

Al9 .... 

. i&/10/ll '. 

' ' ' 

.. .. 
! I, 

. . ' 

PRINT 9980 
. I' PRINT 6535 
&535 FORMAT Cl HQ, fex, 40HOPl.IMAl. &CHEDUL.EO ·DATE FOR EACH ACT IV ITV) 

PRINT;&540 . I 

~ ', 

&540 FORMAT(1HO,l0~ 1 &7H No· 
.-oE· I scHEOUL.EO DATE> 

/ . DO .&545 J.l•l,NOI 
00 6542 K1•1'1 20 

II . J R E.51 
. I 

.. , 1DTCK1)•IAF(Jl 1 1<11 ··· 
· 6542 CONTINUE . . . . ,-. . 

·PRINT 6547 1 J1rCIOT(K1) 1 K1•1,8) 1 1DTC11).,IAFCJ1 1 50) 
· &545 ·coNTINUE" ·. . . , . : . ·, .· 
bS47 fORMAT(lH 1 10X 1 10I5 1 I10) _ 
6548 fOHHAT(lH0,18~,I5 1 20X 1 1&) 

PRINT 9980 . · . 
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oo rooo It~t,MAX 

-------.. . 
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. l' 
-~. -. ~· ·. ·--·--·r· ... 
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' t I ' '!1. 

: MTY•MTV•MVAR·(ll-,2) ... ., 
MSS•MSS+MTY . 

.. 
. ' 

00 6550 1<1<2•. 1~100 . ' . . 
\~ . ' MR~S (KK2) •O 

. 6550 CON~NU~ . ·' 
Q • 

DO 6700 ~Kl•l,~TY . 
MRES(KKl)•l . 

6700 CONTINUE · . • . 
P R 1 NT. ·1 0 0 4 1 Cll 1 M V A R C 11 1 ~) , M TV , M ~ 8 , ( M RES ( K K 1 ) . ~ ~ K l il1 , M TV) ) 

7000 CONTINUE . · · ' . " , ' ·~ · . 
·' . 7004 FORMAT(4I5~SX,100I01) . .. \ : . . . • . 

" ·· ; ., lfCMC,Ecl,l) GO TO. 7050 .. 
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RE•SCHEDUL..ER PHASE . · · c . 
:. c 

C. 
c 

~ .C70SO MDATflll · / 
· jl MC112 · : 

NOX•MAX12 
• I 

7100~MDATE•MDATE•1 . 

I I • 

' . 

. ~ ,. ~F(MDATE,GE 1 MAX) GO TO b530· . 
lF(MVAR(MDA,TE 1 2).1 EQ,O) GO · TO. 7100 . 
lFtMVAR(MDATE,2) 1 LTt0) · GO TO 7150. 
IF(MOATE,LT,CNOX+S_)) GO TO 7100 

' · 

;;. 

'· 
.. ' 

.. ",. . "' 

\ 

7150 
c 
·c· 
c 

GO TO 8000 . · 
IF(~OATE,Gi,c~ox~s~) GO · T~ 7100 
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··c 
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. ' c - ; .. c 

PE~K IS SEEN : BEFORE HALF OF THE P~OJ~CT 

c 
KK•O · 
MCT•l 

7200 -KK•KK+l· 

~ ' ' ' . ·, '. 

I 
~ , · .. .. : ~ -

' . . .· i 
. MS~MDATE"'K~ 
lFCM8 1 LE,O) ·GO TO 7250 
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lF(~VAR(MS,i) ,EQ,O) GO TO 7200 
lFCMVA~(MS,i).,LT,O) GO TO 7100 · 

7250 DO 1350 ll•l 1 NOI 
1FC1A~ttl,50) ,NE,MSl GO TO 73,0 . . . 

• 

. IF(MVAR(~S,2),LT 1 (•M~ARCM0AtE,2))~ GO TO 7300 
·· lF(IAF(11.r4)eGT,MV.AR(M'S,i!]) GO ·To, ·7~50 _ 
1F(IAF·(t1·,4)~LT•(•MV~.R(HDATE,2))) GO -.TO 7350 · 
GO ·To · .7380 
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7300 IFC1AF(l1 1 4) 1 GT,C•MVAR .(MOATE 1 c!l)) GO TO 7350 

. IF' ( I ·A F C I4 , 4 ) ,1. T • M VA R C M S , 2 ))I -G 0 T 0 7 3 50 
GO T.O 7380 ·. 

'7350 CONTINUE 
1 GO TO 7100 . I ' 

713 8 0 - L L • I A F C I 1 , 8 l • I A F C 11 .1 , 3 ) • I A F ~ I 1 , 50 ) 
c . c 

. • • • •• 'l ' .... 

-C'·. 
C· 
c 
c :. c 
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\ 

1FCL.l.,LE,KK) GO, t.0 - 1'~00 
MH•KI< 

. GO TO. 7450 
7400 MH•L.l. 
7450

1
00 7500 I•l 1 N01 
1AF(·I .151)•0 · 

.. 

. t . 

. . 
7500. CONTINUE · 

1 UFCI1,51)•IAf.(I1,50)+MM 
7550 00 7600 X2•1 1 NOI . 

JF(tAFU~,51),EQ 1 0) GO T0 ' 7600 

• I 

DO 7600 ll•1 1N01 . · . 
I'F(fAF(I3,1),Nf,lAFCii!;"i!)). Go TO 7600 
MM•IAF(I2 1 51)+1AFCI2,l)'. · 
P R I NT 7 58 01 I A f' ( I 3 1 51) 1 M M 1 I3 ~' -

7580 FORMAT (lH , 3110) ' 
lf(1AF(l3 1 SO),Gf 1 MH) · GO TO 7600 
Jf(IAF(I3,5l),GE,MH) GO TO 7600 . 

' . , · ,IAF(l3 1 5l)•MH 
· )600 CONTlNUE · . . 

! DO '7650 I2•i,NOI · . ·. · 
' JF(lAFCli,·5i) 1 NE,O) GO TO 7650 

UF C 12, !51)-1!1-l AP' (12, 50) . . 
7650 CONTl~UE . . . . 

.7660 DO 7700 12~1,200 
HVAR Cl2r3) •O 

7700 CONTINUE 
DO 7750 Ii!•l,NOI _ · 
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KVAR•KVAR•MVAR(I2 1 3)tt2 ~ 
7800 CONTINUE 

..PRINT 7'8 50 , K V A R , M I NY • . . 
PRINT 7qoo,tiAF(l1 1 50),11•1,N01) 

· . PRINT 7900, (I AF Cll, 51), I 1•1 rNOl) 
7 8 S 0 F 0 R MAT Cl H , 2 l ·l 0., . 
7900 FORHATC1H., 1 40I3) . ·. 
. .. ·iF(I<VAR,L.l,MI-NV) GO TO 7q2,0 

lF(MCT,EQ,l) GO · TP 7350 
GO TO 8200 

-t- 19ao. DO 7950 I .. l,cOO 

c 
c 
c 
c 
c 
~ 
c 

.. MVAR(I 1 2)•MVARti,3) 
7950 CONTINUE"' 

MlNV•KVAR 
'DO 7980 · I•~,N01,· 
l ·AFU,SO)~lAF (1 1 51) 

'7980 CONTINUE-
G'O TO 7050 

', 
,• 

. ' 
PEAK IS SEEN AFTER THE HALF OF THE PROJECT . .· 

8000 I(K•O 
. .MCTII2. 

8050 KK,.KI<•l 
MS,HOATE+KK . 

·' .. . : I'U1S,GE·,HAX)· ·Go TO 8100 . 
' IF(MVARH.8 1 2) .~.Q-0) . GO TO· 8050 

, 1 f ( H VA R C M ~, i!) jG T, 0) G 0 T 0 7 1 0 0 
8100 . 00 8200 ll!lllto.~Ol · . 

ME0111lAFC11t50)+IAF(I1,.3) .· 
,, 

IFCMED,NE~MS) GO TO 8200 . 
IF((MP'lVA.R(H8,~)).L.t· 1 MVAR(HOATE,2)) Go · TO 8150 
J F ( U F · C I 1 , 4) , G t•' ( • M VA R ( H $ , 2) )) G 0 · T 0 &.a 0 0 

· IF(Ur(I1,4) 1 ~T1 HVAR(HOAT,E,·2)) GO TO 8200 
'GO TO 8250 . . . . 

·81.50 lF.(IAF.CX1·,4) ,GT 1MVAR(MDATEj2),) . GO . TO 8200 
.IF(UF(I1,4),LT,(•MVA.R(HS,2))) GO TO 8aDO 

8~00 ~gN~~N~~50 . . . . . ·. . ' ·. ( '·,. 
GO T0 .7100 '.· . . \ . 

8250 MFU•lAF ( Il, 50) •t·AF.(J 1\ 5) . · · · 
IF(HFU,GT•I<K) GO .TO 8300 
f'tH~!Hf'U· · 
GO TO· 8350' ·; . 
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MAIN 
1' 

. 8300 MMIIJKK 

. .• 

8350 00 8400 I l!ll 'r NO I 
IAF(l,Sl}•O 

8'400 CONTINUE . 
. '1 A F ( t l , 5 1 ) I u' c u , 50 ) "t1 ~ 
8450 DO 8500 12•1 ·, NO I 

, lF(lAF(l2,Sl).EQ~O) GO TO 85d0 
. . DO 8500 ll•l, NOI : · 

lf'(Uf'CI:S,2),NE,Uf'CI2,1)) GO TO 8500 
M M !' I A F ( 13 r 50) + t A F. ( l3 1 3) 

· IF(1AFC12 1 5l),GE,MM) GO TO 8500 
. I A F. ( 13 ,, ~ l) • I A F C l a 1 51 ) •l AF (I 3, 3) 
. P ~ l NT 8 5 ~ 5 , !A f ( t7 , 5 l ). ' 

8555 FOR HAT (1 H , 10)( 1 %'5) 
8500 CONTINUE . 

. D0 - 8550 . !2~l,NOI . 
. IF(IAFCI2 1 51) 1 NE,O) GO TO 8550 

. • IAF CI2t51) •UF ( %2,.50) 
855Q CONTINUE . 

855& FORMAT 0 H f 20)( 1 I 5) . . 
GO ~0 7b&O · . 

PRINT 855&,UFC17,51) \ 

99&0 FORMAT (1H1) ·. · ·. 
9990 PRINT 9i9l, MERR . . . . .' 
9993 ~ FORMAT (1 W 1 t8HERR MElSSAGE No,.-. .. i I 5) · 
9999 NOP•1 ° I • • • • • 

• I • 
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