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NOTlCE

Tile -qu alily of I h l~ ' miCrofiche il heaYity"depende nl
upon th e quality of t~ Oligina l tbesia subrnitted for
microfilming. - Ev't'ry effort he~ been made to ens ure
the hi ghest quality 01rep roductio n possible .

I f · pa~ i1re· ~ isSi ng. conta c t the Un iVersi tv ..... hiCh
grentedlhe regr~ . ,

So me pages may have indist inct prin l especiall y
il the orig inal pa ges were typed w ith a poo r typewri ter
ribbon or if tile u nivtrsity sent us a coce chctcccpv.

Previou; ly co pyrighted male rials (journal art ic les.
published tens, e re! are n OI filmed .

e rn~e~;d~hceti~:~~d:~~1 ~~~~J:~tt :~ti~.~~~ i;~~:
c. C·30 . Please read th e autho rization for ms which
accompanythis t he5is.

THI S DIS SERT ATION
HAS BEEN MICROFil MED
EXA CTLY A S ~eCE IVE~

.1.3H (.: Sl / 08 ),

AVIS

u qUl lite de eet te microfiche depend grandemenl d~

Iii QUa lite de la Ihese soum ise au rn icrolilm iI9C. Naus
avons t o ut lait pou r anu rer une qu alite ~uper ieure

de reprod uction. ,

S'i! manque des Pilge~, veuille l COmfll\Jll;quer
a vec l'u n ill1! l1ite q ui a'conle re leg1ade.

La q ualile Ii'impression de ce rtaines pages peu t
lilitser a desirer, SU!lout siles pages o riginal es ont e \l!
dacty l ographi~~s • I'aided'un ruban u!J 01,1 I i I'unive r
s ite naus a Iait pa Mn ir une photocopie de mauvaise
q ualite.

t es documen ts qui Ien t deji I' objet d' un dro it
d 'a uteur (articles de revue, elllrner'lS publies, eic.l ne
l ontpa l miClolilmes.

es t ~u~:o:ul~ti~~i :~:ie~~li:~I~)ed~r:t ~~~~O~i~~
S RC 19 70, e, C-30. Veuillu prend re wnnll issance de s
f o rmules d'auN)risalion qui accompa qnent cette t~se.

LA THESE A ETe
MICROFllMEE TELLE QU E
NQUS l 'AVQ NS RECUE
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Canada
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Reli abili t y of Pro j ect dura tion f on ea lt c!llpe ud• ."lIlll lrl l y
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-. :o n th e a ce uracy 'of t hl a ct hit ,. · dll ~. t l on e.t l.~t l!l . ~ Du,riBa

p ro j ect i ll p lnent at lo n , . In,. unc"e rtaln b~t Ptldl c t .~l~

Y . rl.b l e ~ . d ynalli caU y .ffect t he . Ic tid t y dur &t 100 .

Curr ant l y , th i . ... l . paet . 1. con ai d ere d I n tul tl".ly,thl

. f f IlCt l v llDll.. .. of whi ch de pe nd . 'o n t he .kt11 of t,he

leh8d u l1n l en linee t ," t hl . t ". e a tc h " l d en t l f1 e . "t h e na e..d "fo r

• 1I0det IIhl c ti' :' ''Cln ' : ' l ~~ la te the pro Jact. .ri ;~ t'Oo lltl n ~.~: · t o

lneor por aU the eOlllbhe d l~p . ct. o ( -the uDce rti i n ey .,. -ft_ bl:' .

in th e , a cti v i t y du rati on. lut ill_t el.

Significan t uncertainty vl riab le . ar e di l eu a ••d al01l1 '
0-

Vit i r andoll • • ~pl1 n8 pr c;ace d uua fO,r .QU8n t l .f l DI. thei r impa c t .

A eee pu e e e ao d e l · PROOUr M liaulatu Ind ineo r po rl tell t he

cO llbinll d hpact in IIctivity dil uti on ' eU l ea t e e , PRODUr

COlipu t tlll 1- d il"tr i bu t l o o o f durati o n est:ieatee fo r e.eh

ac ti " .i ty . Mo nt ll Clr lo .imu la tio n on s ue h d ll1t r i butl oftl

gi " u a pro b a bill.ty dl a tr iblltion fo r "t h e e ae e r e e r p lln

' c OIIIPl e t i o'n -t i ll e , ;,\ Thl . i l ule d at e ve ry pr Ol re li 1i r ev i e v t o

' d . " 1 10 p pr o j e e t"'lura~ l o rr. f o,r e e li llt" f ro lll t he en l tea ie pi ll ft ,

Th e PlO DUF__l p d e 1 'h.. IIl ny a p p U c a tlonl. I t ea n be u n d

to se nerl te forec lu of p ro ject d u ut i on with , a ..o c i a ted

pr o hbillty. It e a n be u led t o -det e J:'ml ne t he eri t i ea li t y

l o d ell of .n" ac t i vit y . Th e l en.l t 1vl t y of t he ae tl vi ti <l" , t o.
, ,

an u nce t't a i llt y Vlt' i a bh e an b'e a e uut'.e d . All ., n eJtc e lle loo "of

PlODur . a n i llpt'ovlae4 aa.lnl lIo d el i n p ro jeet le he 4u ltn a un ,

"01 dev e loped . Appli cac laR of " p RODUr : t o "' a hyd t'o . p r o J ect ,
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Cb a p U t 1

. P R.OI LE" DIr I R ltlOJl

1. 1 InlODUct l OR'

,I
\

\ .
A ~el hhl e l oree.at : of ~.r O j!c t " l e o .ple.t l ~n d~te a nol. .

pr e venti o n of de11 JI ar. · lIIa j or COllc ' ,.,:n . o f Ulf" pr oj ec t ,'

. , n _ g er . Tb :t. I, ~o b.e en . ", ,ne the d , t nt e re et a no!.

' et c.a la t t o n to . t a , in cur r ed -d u r in , t h e pr oj eu <:l ela,.: p ~dod o n

o f f - .cllt d~ le p·'C'O je ~t • • 1 0 1:'1 of ten tia. ~ no t , r e n le h "eoe t

•
I t I, k ll.oVQ elite uUablUt y of • pr o j e c t d gn c l o Q

fo ra c u t dl pe n lh
. . .

t he l ecu n c1 o f aetvn k b i l e , .

•• p e a o!. , bl 1 U y of J " lvl du l I c t 1" lt7 d u r atloll .It h a e t," a n d

la c lutlon o f t he Io plc c ' ·o f t h e ;. r l ~.. u n eer'ca l n t , v a t it h I a ,

h lb. pr o jec t ea"l r on .ellt l uc h •• v e a t lll r • . pr Od uc : t'l l t)"

le Ye! e tc all t he d Ul'l tl o D .e t l.aU I . Durhg pr o j e c.t

l a p l eun r a th• • 111I1 unur te ll bu t p r e dl ttab le v at ll b l . ,

• ' or e cu t ,roj e er dura t io n. t he i r "pa ct

i n t u i t1 ve l y, th e el fec t l v e ne.. 0 1 wh i ch depend , u pon t h e .

~ , .

C\ ua n tU ,.l D8 th e co mbi ne d I .pact o f t h e une. e rtll n t ,.

u r l .blt . . 'o r a ou re U. b l . t e e e e .. t o f , roj e c't . du ~. t lO ~1

,

I'·i
i

l

Purt h er , a prootl'\e lll arl u . i n
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,), ' a · C O I'l P.\l t c ~ , mode l 11 n e eded L6 ] c all s imu lat e t h e"

:. ;

expacted occ u rrence of the unc e r t a i n t y var iabl e-s base d on

h istor ical · r e cord<s. It ca n t~ en ex pl icitLy analy,s e an d

q u a,nt ify t hei r c omb i ned i.mp ac t. , and i ncor 'p o r a u - it . i n the

a c tl vi t.y du r . tion e st i m. t. e • • l .... t e a.d of II. slnsle v.' l,u" " t h e

s~mula~ion can:kive II. dis t.r ibu t.ion -o t t he du ra 'tion es t i ,!,a t e s

fo r~eaC h ·.cti Vlty . Such a ct i v i t y du r atio n dl a t ri b u ti,ona ale
u sefu l I n m. ....i ng a r eliabl e e e e re e e e of t h e ex pe c t ed .. del y

£l'T ' a d-v~ ~ c'~ lIl e nt '- o f ' the ~-~ o ·j e e:t . Th ey ' c an ~·~ s o . 'be ,u s e d ho

f or ec a st p roject c Ollpl e tion t t ee a nd to 'e v a l ua t e t he

pro babili t y of aCh in i ~ ~ th e O ,r 1. gi~.I ,' · s ~ h . d u l e . sue~ ·a .
, . ~ .

l'Io del sh ou l d be ab l e to ' gen e rate • a4d i t .1.on~ 1 m.ln a g e men t
" " "

i n f o r ~st l o'n .ueh as .a c rit i cali ty i nde x for ea c h ac t i v ~ t1 • •

po lllt out t h'" nee d f o'r ! a ' ,c heduh r e v ae t en , a nd comp,ute t he

' l e ve l o f e e .... lt i v ity o f a n , ctivity t o an unce rt a inty '

,:,a r i i b le • .A II th t.s ·is e xpe c te d t o give " anagemen t sn

in . i ght i nt o "t he p rojec t m Che d U.I~ s o it ean u lte sppr op r i U, e

t. i llely correc tive ac rion ,1 to Ite e p the prO jeft . ~ n ~~he d ll le· .

H a~ing i nt -ro duc e d the problem , this ch a p ~ ie,r ~ ~ .~l :- dabo tl t e

l.t un de r th" f ollowing headings:

» ;

\J
I
I

, .
t
!
J"

1. Need f or s r ea li s t i c fo rec ast
(co liPl e t iOn tillle

2. S ta t e o f t h e ar ~

_____.--:..., -:i___
pro j e c t '

4 . Ullcflrtai nty var iible s a o d th e i t" dJ ll&lIti e nstur e

, . Co~b1oe d lII pact of the u nelr'tain~y v~r '~t~,eB _

6 . Ob j ec. t ivu , a nd s c o p e of t he r,, 'Burc h

3. ' P r o j ect env i ro n.an t. ....:



,h P r o bl em I tl telle n t

, 1 . 2 BRim FOR A REALI STIC FORECASt OP PROJ ECt COMPLETION

"" ..,
At t he p lann i ng e e a ge , the p r oJect a ch e clul e fo re c a .ta

the pro j e ct ,c o lllple tion,.t 'im e . AI the pro jec t p r o gr "' l l e s .

pr o gr e aa i a e va lu a t ed to ma ke a r e v i s ed fo re cas t .

~ l i~a b le f or ec a ~ t" o f proj e c t c Olllpl-; t io n

f or t he f o l lo w.ing r e a ".on s :

t i llle ill ea s e n t ill l

..... !

. )

II

1. S 'enlit i vit y . a naly sill a h owa II I t h at p r oj e c t
a 1 h e d u l e 11 t h e 1I0S t ,c r i t i c a l co. t pA ra e e,t e r .

~. H a n)' s tu di e s ( 7 ) ha v e rev e a led t hlt it is
p Ol l ibl e to .. e ke a r elat i ve ly g r e a t e r p e e e e n ee ge
o f r e c o v e r y i f t h e po ten t i al d e l . y i l r ecog ni ze d

~ : ~ ; ~er} n a ; ~ ~ : a l ~ ~f: s o ; n : P ; ; ~ ~: ~d~ T~~r : ~~~ nt ~:;
pr o j e c t u n t i l a t ille 11 rea ch e d vn e n it t e n o
l oo ger p'oa e f b Le , Th e e a r l)' indication o f • d e l a y
t h r o u g h a r e l ia b l e f o r ...c al t ll iiowl de c i li on l t o
be !lade in a Ie .. hee t i c envi ro nment .

3 . A d e la y i n p roje c t comp l etio n t i me ca n e e u e e a
COl t es c a l a t io n wh i ch wi ll no t be 1.e s l than t h e
i n fl a t i o n , ov s r h ea d an d a dd it i o n a l i o t e re l t c o e t
r e r ., the p e r i od. ' A r e ali s tic r e e e ee ee g i ve. II
e re e e pic t ure a ll o wi n g a lt e r na ti v e de c ia i on a
inv o l vi n g t illi e / co a t t e e d e offl to b e lIade .

4 . Ma n y t: o ~t rac t l h ave liq u i da t e 3 d a m' ge c hu a e
r e l at i ng t o d e l a y a in ,p t o j e c t e x e c u tio n . A
t e e li l ti c f ot e c l . t of delay pr ov i d e s I n e sr l y
war n in g o f e x p o s u r e t o su c h l i qu id et ed d Slla ge "

5 . S li pp a ge i n t h e fi eld I Che du l e llIa y cause the wo r k r

: ~w:; . d ~~_~ a a ~~ ;h:r n e : o ; :bo ~~ s e~:~:;e ~~f o f e: ~ :: : ~ ' .' .: ... ,~~
.. a r ket Sli d I _ ba r eon d i t i o n u . S Ollie v ork illS)' b e
p Ulh ed fr o ll. go od to bad we l t h er 'l i th ' s t r e me ndo u s
lo s . of ef f ic i e nc y . It ," '!a n ll h i gh e r COl t to t h e ' ,
e ontre c t o r , e n un h app y 'clieot , 101. o f r eve nu e
ll nd a b e d r e pu ta ti o n . Al l rhi . c. n b e pr ev e n ted .. ' ','

by 'Ir e 1 1l b l e fo r e c e , t . ' ,

s , I ~ , p r odue t f on o"',, , .d " oJ~'" 'J



I
r

marketabil it y of the p r o d uct l ete a ffected if it
, e e e t ve e the .a rke t l a t e du e t o proje c t d e l a y l

[28 } , Any dela y in pro ject! r e la t i n g to
infraetruc tur e f ecl1it i ee u p.et a th e ec o no mi c

~ :~ ~~~~i~ ~: ~: a~:~;:~~ : " o, ~h ~~ e :!~ ~::t ::r'~"
e ta t u. ' a lon 8 , "il:h. r aU ab l e fore e a .t a h e l pe ke ep
t h e pro,ject on e e he d u Le',

7 . Hany p rob lelll th l t c a Ule p ro je c t d e la ,. 1 a r e o f ten
realh ed on l y after' t he projec t 18 complete -:: a
h l .",d l i g h t phe n o lle no n , A r e in . t ic for ec .et c a ll

- 1I'. r n a b o u t l uc h pr obl ell a e ve n b e for e th ey a r i ee
and e i t h e r prevent thell or reduc e t he ir int eneit ,.
- for e " a rn e d i' fo r ear lloed •

.:\ . 3 stAT! or THE AU

, .
.~ A pr ~ j e ct can b e ~e.cribed a l 'a n input - output 1I0de l.

T 111e , Ho n e ,. end r ll e ource ~ a re the ~npute . It r eeult e i n

ou tput aU'~h aa 'bu i l d i n s a , indua t rial plant e t c . It. pro ject

c y c l a a i dl 1 n t h il t r an af orm at i on . Th e pro J,e c t cy cl e

. cO llpr iae a o f p la o o i n s a nd ac hed u l l-~i , i epl,e lle nt at ion,

proSt ee f e va l uat ioD, a nd up ,d a t ing ' 1\.01 c o r rec t i ve ac ti on

plan lIIo d i f l c a ti o n a. e ho" n in risure 1- 1 .

. 1 . 3 . 1 ~lt.OJ!Ct PLANRUIC AND SCBltD OLI NG

The , project pla nning and achedullns i . Con 'c tlr ne d " i-rh
I

the d e v o l opll e n t of a a c h e lle ,o f actio n f o r the talk .
. . I .

~ . c O~.P,~ i a i n S th e pro ~.ect. The purpoae o f l plan ni ng .i. to

ena u re t h a t the ptoj.ct can proa r e.a ,·t o " a r d l i t. end
• . . ' I"

object ive . I n fec t , IIOl t o f the t rouble I t ha t co nfront t"'e

plann in8 ' ' \l h i le , i t ill i .po.. ible to de ta il t h e ac tiv i t i ..,

of t h e en t ire project a t th e ti . e the , p r o ject 11 i n it i a t e d , '

,

l
~ , :

j



PROJECT
IMPLEMENTATION

121

~ECTIVE

• ACTIO'" AND .
PLAN MODIFICATION
. t41

"
./' . ..

. PROGRESS
' , EVALUATION • .-. 0. 8UPPN1NG • •

' l,ute 1-1 1 ProJe c t cyc l e

proje ct . ar e g lln. r .~l y · pl . n.n e d. . t e e e l ev e ll : I tr .. tll , l o:

plan for .t h e e ntir e 4u r atio n of t he pro j ect and tac t l c s l

,
. ).,

A r ep ort in8 per iod 1. "'

no r •• l ly II e ee eb , 'b u t ca n va r y d ep endi ng ' o n th e in fo r•• c lon

. ne e d . of 't he " lIa na . e r. t he . t r a t e g i c p lan o u t l ine. , c.b e 1Il. ·j Ot .

a ct lvi t l •• o f t he pr o j ec t In the f o r e of Cr lt ieal Pi t h

Me tho d. .( e PK) · n e t ~or lr. . The ' Uc:tl c: ~ .l p la n it aha II CPH

ne tw ork. , d e v e l op ed o n a u :c.u f f l n g ball e , -b u t co nsla te of

\
d et . l ~ e d a ct lviti el o f th e proje!:r f,or the c u r r e n t a n d.

th re e 'l i o ur lIubleq uent r epor ting p eriod l . . Mor ~.. l1 y

c:on t t.l s en c y tl ee . ':i l l ov , n l:;' f or - unfurl . , en I:irl:u•• t. n l:e. il

lI.d , I ' ' . fi e:t it io ul . etlvit y It th e Ind ' o f t h ~ .ttat.,le ·

' ., ':-



plan . Thi , .llow.nce r epre,ent s the nUll.ber o f "d.,.. o f

~ . 1 1 ~~ that c.n oc c u r befo r e the pr~ject be eo •• , Le t e [ 26].

At thl , point. it 1. v or t h re viewlns , t h e current pro ced ure

of elltll1.. t ins 'cti vl ty dur.tion .

1.3 .1 ;1 Acth' lt1 Duration IIti••e e

Th e d ura tio n o f ' 1'1 activi t y 1' ~ e' tis. ted u .inS the, v o'r1l.

c ontent . nf the . c ,t i v i ty , . ver .se productiv ity . nd re l 'ource .

u. ed. It i. a 'predi ct l o ll b•• ed 011 the t u r r e n t i nfl! r •• ti on

.vail .bl e.' The 1 cc ur. cy of th e' • • tillu e .fa ' d e p e nd . ll t o n the

re U.bility o f lt he hi. t ori c.1 dat. . A. . s en er.l rule I

·d u r . t i o n e e e •• te. . ho u l d be pro vide d . on ly by t.h o.eI .. .
r eap o.ll.ible f or i.plell e ntin8 t h e .ctl vit y . At ,t h e t. c ti c,l

. p l. n l e v e l. eee e c e e e c r e e . c t i v i t 1e •• e e gen e~ . l l y . • • • lg ned

deter llini.tl c dur . ti on ' . fte r intuiti v ely i nc o r po r. t i n s t h e

cOllbined illpact ,o f th. uncect.int y ., . r i . b l.. . . In the

Prog r • • ' E.,alu.tion an d Re v iew Te chin iq ue (PERT )

dur.tion ea till. te. I Optill;1.tic, pe.s i ...i _ tic .nd ...o. t 11kely

a re provide d fo r e ac h . ctlvit )' . Thele e r e b.aed on
,xpe rienc' fr ail ,i.ilar p r o j e ct. , e i th.e..t.- dr . v n froll; the

.e.ory of the e.till;'to r or. fro. the hi .torle.l d.t • •

b oth t he c •• •• the e l t i •• tel .ce iUb ~ ~t. t i ve . The.e

e lti.~tea e e e alao b...d on the opinion l fro. • Sroup of

i nd1vid". 11 knovl ,dS'lbh 1 n the . c t lY i tt,. to be p.r f o r • • d .

rotn, .ubJ""" , <h • .'u,, ~'on .."n.". '" ."ni'. I.
.11 r . g. r i •• of hu • • n n.tur. . For in.t.nc .. one Cruld '

Ilxpllet th.t tillle e.ti• • te . .... di! by indivldu.l. vould depend



UpOD t heir b l l i e o pti.istie/pslsi.ilticnsturs. curren t

.oodl and cO~tl t o th ea fo r a a k i n g i n a c c u r at e elt i s lte ••

,1. 3 . 1 . 2 Sched a l!ft g

During th e p laftfti ng Ita~e. " r e e eu r e e aVlil.bi liey and

other lI i .i lar conlltr li !' t ll ar e no t conaider ed . It i l It the

leh'eduli ng Itlge :, ~~a t c~ n liderlt1on is given to the le '

eo nl t rl i ntl". ' " S cIH;d~ ie l forll t h e 'a e 'lII u r e .sailllt v h i-e h

p rog r a .1 11 , .' ev a l ua t e d I n d , . • ervel a . t h e b•• i . for

f or e c • • tl ng pro j ec ~ co .pletl on ti lle :

1 . 3 .2 paOJlCT I ItPLBKIKtATIOI'I

Onc e th e p r~je ct pl. n ni ng In d leheduIinS i l co.pIete"~

. - th. · p roj ect l.p I •••ntatio n It .rt l In a ccord an c e 'l i t h the

Ic hedul e . Du'ring i.ple.ent·.tl~n . t he un cert.lnt, Vlr·ilblel .

e eus e I d e v i . t i o n f r o ll the o r i g ina l plall . 111 a Olt c . , 'e .,

the 6e .iation v i i i no r .al l y be an incr. l l e in the durat ioll

p ~a nn e d ' l o r a n I c ti v i t y . Thh ha. t o be i denttr ied a. e a rl y

aa POll i bl1 to I void project de l.,. lO ll. or COl t o " .r r ",n .

1 . 3 . 3 PIOCU SS IV ALUAn OI ARD UrDA TIRC

Du ring ' projeet i llplellentatio?-_ ,p r Ol r e l . i l 1I0nitored Ind

feedbad: i. ",,,d to updlte the pla n . Pr o j ec t h edb.e1l.

beeo.ea a ".i l.ble only a l t e r t h. proju:t h I. b • • n i n

p rolr.. . . f o r .ollatl.. . Proare.. e valultion i nvol vel

pioa r ea. dlt • . c o l l e c tio ll a nd repol:'tina a n d u. e of the

feed back 101:' upd.a tina pur po". . Our inl prO lre .. e va l u at i on.



the sehedule status is tIllviewied snd unfinished acti'(ities

.re resched uled u.ing the .'eur rent pr o j ee e .stAtUS . Updsting

re qu ire. COII.pute.r procesd.ng via • t ),Pl ~'l network .n.ly.l .

c o . p u t e r proar.... the input-outp~t fro .. which is illustr.ted

in Pigure 1-2 .

l;PRGJECTPUN

2. PROGRESS'fE08ACK

S. INTUITIVELY REVISED
-ACTIVITY OURATION
ESTllIlATES

I. UPDATED SCHEDUlE
f'OftTHlI:E£
REPORTING PER.IODS

2. REVISEDPROJECT
SCHEDULE IF THE
CONTINGENCY TIME
ALLOWANCE IS
EXHAUSTED

· ' i l ll r e 1-2 1 Input -Output fro•• co.pute~: prosr••
u.ed fo r upd .t1nB

It 1. cll.r fro. the f11ute tha t the current l y a".ilable. ,
u pd s tl11s p~cedure. do not · ~n corpora~4 e.plicitly the

co.bill.ld ilspact ~ f ~he , ul!..certllnt.)' urlables .

Durins proAres. e". luatlon • • • 1ulle .. ent e"alue te. · . ct u.l

'a.inst pl.nned proare•• ~. . 1d .n ~ ~ f l e a eau • •.e of dale)' • . in

vlew ' of the experl.enee I.lned , .nd revlee. aet l vit)' dur~tion

e stillate s. Different sethod . of pr ogr.s. r .~ortins, Illd the

e o r r e . po n d l a l upd.tina procedur.. e e e ln u.e . A bri.f

ell:pl'll8t ion a f the d ifhrent . 'uilebl. - s at h o..ds::-fO"l l ov • •



•
. . . I

1.3.3 .1 foracllt:lul ,Projaet Durettoll 1.... 4 O. 01'111".1

• ;.J"

In ttl!, aeth od • . the re"ll1d project e~.p~'l!tl0D. tiae .1 1

. fore e •• t ed o n the "'.'pt loD th at the Ictl :it1.. thar••ftlt'

,,111 proceed II per the orlalnll . e~ ~ d u l fl d " durat ion.

ther.~~r. ;· the tl-:, tflqulred to co aplata the rlG;'lnillS

ICU "U1e, . i1 ealeulated ualn, the orialnal lehedule..lt I,

- -
~ ~ e n added with the e l . p e e d tile I' .hovD. in '11ure 1-3 .

.S

'i;
.~ .,

___1w111

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

'tilite 1-31 foreeau of 1'0 let durati on b•• lel ou
orhloal - .eheduh
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. .
follo,, :'~ - tbe 01'11111&1 l ehe4ule • . Th e proj~eted dt;hy -s - u )

the e n d il :equal to the delay - . - 'J: p.r~.nc.d to date.

>
'rhi . IUlch od hi. tvo 11 l1.1t.t ionl ' ." .- Firlt ~ i t d Ol " .e e.e-

e O.lieler,for futur. . pr ed ict ,lo ti . ,; t he tr en d of th e

pe r f o t • • ne e Icc o lllpU, h e d on t h ~ p~ oje ct .etl v·l~ le •• Se co n d ,

ther e 1. no proyil'lon

unc erUi nt y , var l l1 b l ~ • •

'0
I C(OIiIlOd. t l t~he eff ec t of th e

In thl i ,u"thod, t h e durati on to co mp letl t ha ; ' r ••eining

work 11 foree"red by extt"i polari ll.g fr oll . _~~. pro l r e "

I CCOllpUlhe d I n the p l .t . The e x tra polat e d dur a ti o n, wh e n

added .e e the e 1 a p.,d e t •• , givel the total pr oject duratlo n

I ' , ho wn in Figur e 1-4. The major 11.1tat l on "o f rhi,

.pprolch I , the Inticipation (rightly o r IIronl1y ) t hat t h e

r .... idns OIor~ .. ill fol-l oOl the tr e nd • • t . b U . he d. . 0 far.

In t hi ••• thod ;' neith.r the oris i nal e . t i llat e no r the. .
.}ttr.pol.te d dur.ti on i. c on.ider .d •• the _. o l e b• • i . for

for·llc •• tinS ' The c:o a p i ll t .d e c:t i .,itie e h.ve . c t u .l

.du r . t i on e. Th e • • ti.at•• of duration f or the activit i •• not

. t a r t e d and th e a c t i v i t i.. in prosre.e are r e '(i. ed · b y

intuit i vely cone iderins . the ' i .pact o f the veriou.

ll'n c il ua i n t y u ri.bl.... Thi • •• thod , .a eh own in Pilur. 1-5 ,. .
11 current 1 ,. vid.l y adoptfd for prosre•• • ., a l ua t i on and i.



I--~--:;:,.O'''.~ .",,'" ....T.'·~
~~:"MO ·1 II:ICTIIAl'Ol."TlO OUItATIO~ - --'------,---_

IIltYI1l0 'IIO.Ir:CT DUIlATKIN-,:----'--

,i'llu 1 - 4 t ' o u e l l t of Era her ki:"t h Db. ..d. ou
. palt pa r t or • • a e e

aou 'reUable co. p a re d to the ptecedinl l e t had. . The only

' \ ' '''' ''10' 1. th. " b j ""... , 10 ' o,,'p." " ' . tho 1. ... '

o f ... thl Ufu:erull:lt ,. v a ri a bl . 1 10 t h e . ~ tiYit ,. du r ~ tl oD

el t~•• t e e ,

1 .. 3 .4 COlllCTIVI .&.C1101 AID rLA. MODIrlC1rIOI

A. Ill' ••d, .t.ted ~ correctly. .ttlo~. ~ , to br illl th e

proJlct 01'1 .chedull h Ipa cUied i n order to oth e r the

i.pact o f th_ \lR cltrainc )' Vlti.bt.. . At ."a r y ptollr, ••

.(
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-'. . . " , ., . ",. -,~ .

EXP£CT£O
~· :.o E: I.AY

"

t ,

Thllt th e "r e li a b i l i t y. o f the &<:t l.1 t, d u rati on , e.U• • tea,

project c oapletio n tl • • for eea. t and th e "e f f e c t I-nne. . o f

".
, i n co r p o r l t i o n of th.e eo . bio ed i a p ac t o f t h e unc er t ai n t y

"1"" ;'" " .H~d lf1 ~.• t ~o n to ~ i,e . t r . t e lle plln occu r . when . it h

f oul:a.tad that t he conti n8 a n c y tll1e allow.nc a I , l !th a ll , t e d .

orh . proj e"ct e 1 c le 1. rep e a te d u n ti l the pr Oj~t 1. c o.~le t e .

J'r oll the preeedina eli,cu.,loo of chi pr oje c t c, e l,.e

,,1 . - . '- v l & the ~ o r ~ e•• t of pr oject c o.pierSoll . t i a e . it 1.
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','
inco rporate the co.bi ned i.pact of , the algnlt'lc:ant

uncertaint y variabl e s. 1hll ., project ;' .1l.7ement 1. un abl e

. "" .
t o reUably 811tlelp.te the potential s c he d u le d ela y • •

1 .10 nOne! !HVII.OHKEIft

A r e v l<!w,,·o f the ': ;p r o .j e e r environmen t vl~l ' b r i n g t he
,- , .

ptojac:t uoeertaintlll , int o foo:. ua . Ov ne r s. con tractora and

cODaultaoU ~n iliaD)' large. an d ~edlulD. •.1i ~ p"r o jec t a , us e. .
n etwork p llo'nlng f o r for~c:.~tlnl pr ojec_t durat ion. Ourln~

planning, ce rtain envi t o olle ntal eo nd i t l o lu auc:h • • we ather,

l.bor a"a ilabili t y. .011 condition. etc . . .re aaaulled

depending upon project loea ti on a nd date o f pe r .f otllling th e

activit y . Theu! ea t l ll llt et would hold if th e project. : -

env:lroolllcnt •••ulled 4urll1.& p l a n ni ns ' w ~ . _ to re . ain a tat i ~ '

durins tb • .entire i .. p1e .. entati on period. aut i n r eal Itf e ,

the project en viron.. e n t , co.'pt ~ aing ••n1 - ee e e e e e t e e r e e , i , '

dyn••r e _ and affect . .ctivity dur ation . Un c e r t. i n t i e. ar a

c1.aaifieel a . ptedictable anel unpre.dictable. Pr.,dictabl .,

u o c e r t a.i n t i e . aI' '' tho .e in ., hicb . p•• t infor•• ti on .,i11

per .. i t • qu.ntit.ti "., ••• e ....ent of the ri.k involved • . P• • t

beh.v10ur c . o , giv. a b•• i. for a •• i .ting in pred lc ti ng

futur o · b.haviour but ! atatiatical .xtrapolatlona

the predicable uncertainty variable. ar e .,e.ther, .p.ci

cOQs"a1;ion, cr • ., ab.,ntaei.Il , learning cur ve eftect etc :- '

The : u'n p re eli c t a b l e uncertaintlea i nc l u d e wild cat labor

.trik•• •. var. contract litis.tiona, etc .
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I
Pro ject de la yll e e e be :'ld e n!lf1el!. and aetctaflod.te d to th e

e ll te n t It h a t one 18 a b le t o d et e ct and quen tHy th e

u n c e r t a l nt i .. . T'lI e • • • •• • ment Of " t hei r l lap a c r 1•• c ompl e x
-l •

pr obh~ bec.u .e ~ the v ar ia ble8 are non i-ut uall y t!ltcl u a l v e a nd

.... ar a dot Itatle r le 8 1 1y indep endent . For, eKe mp le, an .c t i v l t y 1""'.,~ .

like pouri og e e.ee e e e e i , lIor e atl .naltlve ee " eath e r than an

ac tiv i ty

o r e c t i o.n .

U lte I nt el' l o r painti ng ' o r I ndoor e qu i p . e n t (.

As_In, t h e i mp.c t of we a ther 00 po u r in g co n c re te ,

" 1 \~ . var y de p end i ng on th e t i me o t"' year ... Due t o th e l .. pa c t

of •• ny · l uch v o c ertal o t y ,,,a r i a bl e ll , th e a ctivity dura t ion .

v i I I d e vi at e ft oll the o 1'181 n 81 ",a t l,• • e e • T ill' ...y r e a u lt I n

••king an o th er ae t o f .c t i v,t t tea c:r.1.t1c:a l . Ho a t c u rrent

p ro je.ct u : h e.,h,.ii ng a nd. up datlng a y a t e.. s glve a de e e r e i n t e e t e

. proje.ct eo,.'p l etl o n e r e e and h.v e ne pr ovl e i on t o el l1ulatl:

the project environlle n t t o eva lu a ta th e ell pect e d l mp a c t of

. u ncertalntl j!' o? a 'ct l '1l t 1 d u rat ions . If t h e p rojec t

.che dule - i . t o be lIet , the r e . lI l t be -a r e liabl e. lIe tho d. fo r

1 . 5 UNCnTAIR:TY VAU ABUS Ar rB CTl NC ACTIVIT Y DOJ:AtIO}l
;>

S Oli e o f t h e , unc: u :t a i a t y v~r i ab le . t hat 'c a u a e dev iat i aa

i n ;,c t i vit1 ~" ratlon e .t i .a te s 'a r e:

1 . t e ar n l n s cu rve 7. \
Z. Weat h e r . ; 8.
3 . Spatl c:on gl. t ion 9 .

'/j. Cr e w " b te ntee illm 10. '
5 . Re gu leto ry r e qui r e .en t a 11 .
6. Deai gn c ha n ge l I nd r e work 12 .

r ou nd .tio n ~ o nd i t i o n l

Deei sn d at a coll ec tlon
Dr awi ng ep p r ov a l I c he d" l.
I n.p ec:t i on . ch lldule
.I n e f f ec t i v e e up e r v ie i on
I ne fficien t conlu lta n t



13~ ! (.o n olil e . c t iv i t )' level
14. Labo ur u n r e e t .

IS . Cre w i n te rfac i ng
16. Pr o j e c t eOllp ll~Jtl ty

lS

11. Bu il d.i ng code
18 . Tr'1!s po rta tl o n ac hedu le
19 . Leg.l pro b l ems .
20 . Union prob lelllB , etc
21 . Cona t ruc:tion ee e e e t e re

d elive ry s ch e dule

o b se r va tiolls b e ma d e : Fl1'1lt , o nl y A f'~w · of th e

,/ p recedln s v. rlll b l~. a f fec t ' ~ l l ac ti vi ties . Second , e ve n

th 18 l o n g Ust i . rio t e x h a u s t i ve a n d e e e i v r e t e a li S )' be

af f e c t ed b:"et o t he r var i . bl e s . Thi rd, e e e e va r iables. ilia)'

ha v e ' . 111 0 1',. 8 1g~ifiean t i mpac t t h a n e che r e ,

Th ~ selec tio n of a lg n lfie8nt vllri. blea should ' b e b lu ed

on t h e f oll ow i ng eon. l d er. tiona :

1. Effect o n '10llt ac ti vi ties frolll the p ro j ec t' . c onc e p t

.t o e Olllll a ,lon! ng at a g e.

2 . Un c:e r t . i rit y variab l e. .ho wn by ~,e .earch to have

s i gni f i c a n t i apac:t . •

I "
.. It i , k n OIlQ that t h a ave rag,e p r o d j c:ti Vit y , th e ba,is f or

th ~ ' ac tivi t ,y du r ati on e 'tilll~ t e , aS Il~ lIIes a certa in l ea rn i ng

c urve ef f e ct . All th e p r oj e ct . p r ng r ee e e e , d ev ia t iona "a u c h 8S

, a ~;t i " i t 1 ' i n t ", r ru P t i o n l , ineffecti ve s upe r.Vision, ex per ie.ncn----. d . . . . :

• ere" l e aving t~~ " i te et c . co n t i nuously c:au,..e---vllflllt~in- .

. th a l e ar ni n g ' c u r va; effect [23] r e Uf1~~8 in inc r e a a ed (, J .
activit.y ·du r at i o n . .: .

Baldwi n an d - Ka nt r llll i n t h e ir pape r ~ C au l e ll of .~Oe l~ y in

Co n 'tru ct'i on I ndulltry ~ [2 4 J that the i r l urv ey

c on du cted ,a llong eng i neers, arc h i tec t. and co nt ract o rl r a nlt ed. ,

v e~.t.he ~ " . t he ' t OP1ll0l t un c ertain ty varia b l e • • Ac c o rding t o

Ne.~l , 50 pe rc~n t o f t he e e e e e e c c e re w .c t l v i t ~ e a · a re ,. ff e c t e d

by ,weather 121J. "

- ' ..- ~-_._---
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Th e . U.S ' ,De p t . " o f . Labo r 'id e n t if ie d 19 ] apsl=e eongut!Qn .

j
811 -sn i ll p o t't ~n t topic for f u r t he e r e s e a r ch , . B or Che r~lng .

s tat ea "[ 10 1 that -a bo u t five 11l8nhoura per- craftsmen 'p e r v",eG /
are lo s t du e t o a pace eo~ g e ll .t i o n an d o ve rc l' o wd e d wo r k , are~B .

Th e p r eceding Btudy a ls o r e v e a l e d th a t c r e w - absent eeism

1e B ma jo r .. en ace i n the c:olhtruetio~ i~ d\,let~Y an~: o n ~ n
, < , ' ~" ; • • ' ~ .

e v e r a g e wo rkfor ce , t b e r ange o f d a l l y ab sente e ism varies

be t wee~ ) to 10 percent . Abs e,n; e eiBII ' b a. , b e ..." observe-d. :to

be ' 88 hiBh, 8 8 SO percen t on cold a n d ral n~ daYa. I

s cb ente 1n hla pa per . ~C~ /In ll e Ot dere I lI.pa c t

uc ne e r c e e r en Sc h~d u le " B tat~,8. 18 ] t ha t , deatgn cb a nge e :, n'd '

the su bsequent rewo rk account f or 20 _ p ~ r c e n t de lay : 0 0"

project . BOr t'he~'Hng q~ot e. r u u l t ' o f a . u r v e~ (l CI) i n~. : . ~

which . 59 .p e r c e n ;· : Df :'-t he ' t r a d~ . men ' ·.u· r v~ y"e d • v lew'ed , r ewor,k. . .
a c ti v 1 ti'e . a. II h i n·d rllnc"e.' ' t o the j ob pr~ g re .s • . :r h e -ta sk

. .. " . .
force to study t h e tau'.eo of t ~o years ~eiay .i n' T r a na Canada '. . ~

~P l,.- e~ hY, , ' t'h~ btaa:e' [4 J. " pri~~~'iiy ., t he v~ r i o u'a: '

~ .-,,: " regu la to1.'y procedures ioyolv ed. , ". '"', '. . , , '-. , ' .,.

• 5il011a1.'1y the e9tl)nO m ic . '~c t i v ~ t y · p r e v a i l i n g , ~ t t he

p~oj ~ct locale . a ff e c.ta th e p roductivi ty r e su l tin~ in ~n

illlP~ct on ' d u ~a ti O Ii;; If ' t h e acti vity , leve l la "h Lgh , th e

de ll-and for , labor I ·ine r 8 " . a s resulting In ehe v Inc r e • • ing·i " . : . ., .' , .
employmen t o f llarg ~Ra 1 1y q u a l ifi e d craf tallen _ Du e ' to, th e .

i nc re a a~ i n ' the n ,Jbe; D.f , p~o·jeet:.~ 'lII a ny . j ~ ~ ' O~ ~n l n g . b e e? ",e ,

,,"va1lab !'e reaulti n~ 10. i: h ~ {nc rt;8lIed tu rn~vi!'r .

81 tu " t i~na di.;U:p tive . · inefflcl en~ ' ai t u .~ion



, ;

La ba t ·· un r ea e , lI.ny t ree e , be c o llu ,s i g nif i e a nt dur in!

..... 11)' projec t ~ h a v e cOllie "t o II stan ds till fo r lIa ys or lIlo nth.

du e robbor ttri ke • • . It I , po uth l e .. t o .n t l c l ~ . t e t he
'. . . ' .

l~P ' ~ t. ' on p rod uc t ivit y i f a n y w a g e c o n tra c t ne l o t:t:. tiO ll a Br a. . , ., .
. d u e d u :iitg 't h e t. ctlcal~ p lan p·e r i o d .

In ad d it i o n, ce rta i n a ct iviti es 118 1 , ' ~ a ve . a s p a e t H .1:

un c lIlrtainty variabl e . capa ble of cauB lng delay .

th e r e f o r e n e c e s e e r y to k.ee p pro v illoR f or a c c olllmo d a t ing on e ' .

specifi c u n c er U l n t y variab le •

. Ba. ~~~ o n the preceding d l I CIIII8 1,0"' 8, .. few un :II 'rta lli ty

,.· ·- :a r 1a.bl ~ ~· 1 wh i ch . significa ntly &t' feet IIOIt o f t he .. ~ ~tlV lt lU

" ~i-ro lll the beginning t o th e e n d of II proJ e c t . are , s elect ed a s
-,- " .
1I1gnlflc:ant .uncertaJn ty v ar iab l e ll, a s I llown i n Fl g \l r e 1 -6 .

T he l e are :

.. " -
l .L ea r ning curve '
2.Weat her

~:-"3:S pa e e Cong est~n
4 .Cr e ... I b l e n t ee i alll:-' '.
S . ll.e g u ll t o r y r e qe ee e e n t e

. 6. Du ign cllin g e l I n d ll.ev o r lt
7 .E conolli c I c t i vit y level.
8 .Llbo r unr es t ' "
9 . Speci f i c unce rta i nty, var iable

'.

The var ioul uncertai nty v a r Lab Le e t ha t affec t sct ivity

e e e t ee ee e , csn b e Cl ,' • • U~~_d i nt o t ....o, g r o u ~s:

V.riable. the infl u e nc e 'o f v ll i c h d ~p e ndll on t he

proj e c t c a Le n da r da te wh e n t he ac t iv ity ,11 perfo rmed .

Weathe r, crew absen teei sll , e c on a ,1I1c . c ondi tion's ~-tc. .. r..e ._

/.

a u eh variable • •

varlab lee .

Thele I/i ll bI c al1e d · time d epell d e.n.~

i
I

• .f<
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F11ure .1- 6 : . Significant IInc e r ta i n t y v u~· :i .bh.

2 • . V~-~ia bl ell tht a ffeo:.t pt od ....ctlvit y tflg aJ:'dlu e o f the

t he ; of • t h e y e a .. wh e n "'ork 11 p e rf o rm. e d . Learnhlg cu rve

,'; e ff e ct.., apace conge s tio o, d8 81.1D. c hauses &lId ' r ework etc ~.

an. 10lle of the e xa mples. Thu a w i ll b e c al led :,
i ndepe nden t uri. bleB.

1 .7 , DJHAKIC NATU R E or TH E IN F~UIlNCE or 'THE UNCE RTAINT Y

.~

Th,. iapact o f t ile. unc ertain t y v a r ia b l e . on t h e d u ra t i o n . :~

of a n
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th e .. inf luenc. e of wut h e r . I t " h a a . :o r e · inf luenc e 011

~ e Jt c:a 't".tl. c n ~ . t han ' o n . qll l p lDent ~ ree t lon .i n s i d e a n endos ure .

A8 ~1a, . ~he "d e b y 1n t he exen.'tion a e ttvity 41u' t o t.~ ~

d e pend e n t va r i a bl e-, w:u t her , \/11 1 ;, .. -r)' d e pendin g Oil.

c l'Ilenda r date when. e Ke a v at l o n 18 '-et ua ll ,. c a r ried

S l l1lUa rl.y th e o r 18 1..,oa 1 s c hedul e may no t have MI)' d el.I Y

' t he

to . pa c e 'co n s u t i a n , bu t 'fa . the pro j e c t pr c g r e s e e e , ~e r ta1 n

. act tv 'i t 1 el ge t ' .h i f ted I n d ' c l ua e apa c e co ngeeti on . .ruIl 1 t tng

in de lay . . Fllnher ; if t he p r ojec t lI.ta de laye d a nd III. OV"

~ nt o a p eriod o f hig h e e o n e et e ac t1 vlt y ~ l o ve r prodll c t ~~ l t )'

r' '' 8111t •• All t h i! Bh o WI th e dyn..l~ e e ru e e of t.he

.. ~.

UD c nt"a1. n ty v~r1ab leB . n.d'- indi c a t u th a t t he r e 1 ~ pon t bl,. •

1I1gll1f l cant conl la t io~ a lllORg t he : nc e rt.1 n t y u. r l e b lu ",

1.8 COM"a l ~!D :lKr#.CT o r tHE UNCERT AI NT Y VAJ.I A BLES

ilI.e . pt l!~ e D t pl. aII.n"1n g, .c: he dllli n g .lI1d u ph t l n g lI ~ t ~ o d .

c:o n t1 der t h e b pe c t o f ~ h e u llte r ta"inty .... r la b lu o nly

In.tlli t-l v el y and <10 not a l . lI1&t e the p r o .le c:."t ~nv i r o ~u ri t t o. . .
comb1 ne t heir h p. e .t I n ' r e u tl1.. ~ln g . c:t ,l v1ty dur at i o n• • ,

;
Pu r th e r • . t h e re i , no mun , .v. i l,~le .. to llIea ' lIr a th e

l .i.\t e llh o o d of" . lI' activlt y bee o1:ll1n! cr it ical due t o tha

"i n f l uen c e o.f ~ h e u nce r 'taln t )' 'U r i a b l u .

8 e;n . 1ti ';i t y '· of a n act l vi. t y , d if fer e n t un c ertain t y -:

._,J
var iable s t s kno wn , the ·' lIanasne tl:t ' c « n po« s ib l ,. g I n

re.q ul fed . t t e !"t l on t o t e ;

Pr 01:ll t he li teratu u . , u ~v fly,it h o burv ad that . ~ . l d " l n ,
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Ha n n es . Cat e s , St a rp~ , Pa t vl%, O'S h ea . nd S uh. nic hIVe lIld e

studie s (8 , 9 . 1 8 , : 23. 24 , 15] on t. he in f l uenc e o f

J.n d"hldu al u ncu tal nt y v~ r l' b le • . Hs lpln and \l O ~ dhud lIlY e

d ';' ve!o p e d t 18 J pro ject ma n age me nt ga me. lnc lH po r ll t l ng til e

Ln fl ue n e e o f & fe w un c et U L nt y 'Y3 rl .blel On lIub'j ec tl ve

b asil . Reee!' tiy. e e e ee e e n e ee h a ve e x t end e d [ 13 . 17 ] t he

g a ming lIlode l t o lI. ke II reliab l e fo re cut of pro j ec t

co mp1lit :Lo n t l m". Th e f o l 1 0 ll1ng de f icienc i e s are o h erv"e d :

1. Al t hou g h , Dille lIod e l. c onl1d er t h e i nd i v idua l
i .p. et of 10 1111'. o f t:h e u nce r t a i n ty var ia bl e .. over
ll c~hl t y dura t io n , o n l y II ' t H t tin b e e n .. a d e t o
cO lRbln e t h i t h pa c t: . Met'h od a a cc oun t. i ng for t h e
cO lllbt lle d i mp ac t o f 1I1 gnU lc . nt . unc e r t ain t y
v ar h ble ll fr o .. a l lDuh te d pro j e ct e n v Lro n llle nt t o
g i v e lIa nllge lie nt add i tiona l i nlligh t i nt o ac tivity .
an d p Yoj ,e t du r at i on dh t Yi llut i on e e e Rot
e v e Ll a b Le ,

1 . Not- .a n y fa r eelllt'i n g lIod e la d iatin gui llh b etween
a t Tat eg ic an d ta c t ical pl a n. . It .. ak u ' a e n ee to
t r ,e u ' th e ll a e p . ta t e l y b e c eee e cha n gu i n th e
pr oject env t e c e eae e. ClIO be predic te d v i t h g r e . t er
conftd ence f or th e a h o tt'e r uc ti cl1 p h n p e r i od
"hi lt 8illu l ', t ing pro j ec t e ndro n lllen t .

) - . Tvo t y p u o f pTogr u s re po r tl " a re requ ire d
separa tely fo r t he exe u t 1", . l e v el a n d to p l n el:'
lIanllle l'lent r u pe c t:l vel y . C ur rent l y , p rojec t
u p d . t i ng p ro ced u re s ,t o p at p ro j e ct ' c h e d ule s
s u i t , b l e to e:ucut ive le v el lI a n _. elle nt . T he t o p
lev lIl .a n, gllll e n t ne e d l pr·o j ect. Iche d u l.. wh i c h
e c n e t a e e t he COllb :l.n u l i m plc t of th e unce r t a i llt y
ve r i, ll le l . T he rcl 1111lUl ty o f " ' 1l18eIll U t r eporta
ienera ted b.lled a ll PE Il.T "eti . ate , i ll (fU. l t ion.ble
s in ce th u e e8 tisa t ell aee IlIll je e t l'",e in n e t u r e ,
Re- port a lluad .OIl s1 1l1 u la t l o n o f th e i mpllc t of the
un c ert a l ,nt y vul a b 1.e l .. 111 ee rU ln t y be ee r e
rell.llle . A lIo d e l t h at cs n g ene r a te p r o a rna
r e p e r t e ba t h f or th e e x e c ut i v e ifi ll. to p I n al
lI . n llge ment d o a l no t: ·e d s l:. S u c h I Illod el ., 1. 1 1 be
u e e fu l a in e. t he a do pt io n of U 1Y ne ll ","od e 1 in t he
c o n ' tru e t i on i ndllll t r y d a p l nda on i t a c l pa h i'li t y
to I n h anee T a li .b1.11t y of in f or mat ion f or
lI a n.g e llle n t o e e " lth l e a e t, di u ur b anc e to th e
a x in l o s pr oc e d ure • •

r-J

")
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,The a e 4.tfc:l811c lel pi,npo l o t .t lu p rD b 1ea a nd e a n be e e e t e t e d

t o del h I! c h , obJe t.t lv '!", ",nd th e seop' o f t he r e"i • • r.c h .

'1 . 9 OUECTl: VU OF t HE llE SlAa(:U

1 . to d e lln e t ke Vlt t au . 11g nHieant unc"e rUi n ty
u r1..blu. 11Id t o 4e., lse I su i t.a ble .. e t ho d o f
, 111u l a t in g the 1 r hpae t ,o n the e e t lY lt y duraJ;-lo n
u t i matu .

2 . t o d e t e r ll1ne t h r o u gh _i..ula t loll ; at ne h proare • • ·
riv: :Le ll, t.1I1! -e o a bi lle d , hpae t of all u n e e rta inc y
.,. r Otables, inco rpora t.e i t. i n t he d ura t io n
ut l • • t.. of ta et lc al p hn a c t 1Y1.t. lu a .Hl obt a in
th e eJ:plc l:ed activity d\lu tlon dl8 t. rtbu tlon .

3 . To d e t u mJ. ne fr o q . 1111 u l a t l on , t he t let l e a l pla n
coa p l e tlo n t h e. diltr l butio;."

4 . to d e t el"1I 1u frOIl "' h u l . el on t he alte rnat e
pro j ec: t 'collph t ion Si mt! d t a r. rlh t 1on IIlII ll1 th e

It t. t.ea
t e Pial" --

5. ~:'d r~::le ~ r~ 8 ~~:ba b~ ~ ~~~i ~~ t ~::tin:fa s:~:~~~:
tOlllpletlo n t l e .

6. to d.te rlllt ~e the c riticality index fo r th e
te c t 1.c d phn a e t i 'l i t i ea a nd aho evalullte t h eir
unsit l'11 t y t o the . specific- unt er ea in ty veriabl e
t ha e e&.llae s . .. jor hlay In - t heir c Ollp let1. 0 1l.

7. to lad. peadutl y ··par f o r s the pre cedtl\S .'u lya ia
uin H ' t he a va l h ble prosre.. da't 8. and also
wi th o u t dh tu r bins t he e d .t1. n s · updat1.ns
p roe e dllre~ •

8. ~:4e ~~Uatis.te th e, ot h,1f ap,1 1 e~tto na of th a

,.',

r
. ~

j

1
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1. t O S COP! OF 'IOU.

1 . Th e pr o po l ed. fOUla r el. vill eo n.idl r t he c Ollblned
i.p lc t of • . o f ni lecUd - 11 8 0 1£1C:ln t
u ncert a i n t y va ria b le. . In a dditio n , , provil lo n
viI I be ke p t to incl u.d a one lIor e uRe a rt. lnty
,!,I rtabll , c o o.l 14e red. , ig n tHe. o c t o 8 11 act i vi ty .

2. S ince i t 1. n o t , 'p o l . l b l ie to eere e e • e e e o f
uncertai nt y var i a bl. . dg n if1c a n t to a ll
p r a j a cclI , th e t1 gnif l c . nt "e r i_ h t .. aelec te d fo r
th ll r e u .rch !lUl l' b e re p l acea b le.

3 . Si ne e i t 1. i.p ra c t ic a ble t o predi t t with . ny
d e g re e of conf ide nc e t h e illpact of "t h e
u n ce r tain ty vari.hl• • f o r .I r i a ..,an 10n se r th a n
f o u r re port i l'll ' pe rio'de , t h e aO del wi ll con aide r
the imp a ct ~or t he tl c,t lc.a l Pl .if, O~l Y ,

l.ll ,aOlU" S 'rA'rE MI IIT

T hl! pr o jeer ·e nvi r o n. n lt cO ll'.lde red whi l e eatl., t i nS en

.' a c tl " i t y dura tI on at t h e p1 a n l'll nl a t'le doe. n o t \ r e a &1n

1 ~p 1 ' lfent. t :l. on • . Th e In t u 1tl"e

co n. i d e r a t io n o f t ha c o . blnad i ll pa ct of the u neert ai nt y

uti abl e a llla ny tl. .. f aU to p r od\lu te U able . proj e et,
d \l t.~ t ion r e eee•• e e , K" Ul ell.e l1t r eq uir e . • pro ba b i ll t y

d ittributio l\ .. ,otitted wit h the fo reea, t fo r the .teeti ea l

a nd th e a trat ' l ie p lan " e.o _ph elo n · tl_": ~.~~ . t he" " pu r p o , ~ •

. " t he expected variati o n ln t he a c tl vle y d\lratlon "a ti•• e e du~ . "

. t o the I n'f ~ u e 'n t e ' of t h e !p r Oj e e l e nv i-ron_en t 1. to be f Olllld,
T h e pte . ant ach e d u 11 n.1 alld updati n! proce du ra, ' do no t

I I . .

p arfor. ari y e x p1 i c lt ana11' it t o I 'ner' t a "a ue h i nf or.atl ol1 '

T hare it e naed fo r a c omp uter lIode~ which t a ll ai ell1ate t he

pr ~je"ce anv lrolla"n t ' to inc or po ra t e t h e co .. bllled 1_pac t .o f .
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21l.certalnry Y8rl~ble. in a c t i v i ty d",ratlon" e B.t l l11a t e a to
. .

sener _tll 1I.0r a rellable project duratio n f oree.ne at each

proar e l. r e view,. Such. lIIodel can senerate additiona l
. . . I

lIe n_Ie.ant tolor•• tlon luch Be c r l t i c a l l t , inde x f or eac;h

. . • c t ~V lty .n~ its u ft ll i t! v l ty to an llnce 'C't e l n ty var i ab le . !

", "

!
!
!

1.

j

....~ ':'~..,...,. ._.__.__. .l
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Ch a p t e r 2

URCIlI.TUlftYVAI..UIlLlS' - DUIRIt.tOH AND QUAIlT1rICAtl~M

Ra ving d e fi n ed t he pr o b l e ll . t"·. u nc e rtai n ty v a r iable I
: ' .

ean b e d i ee u a . ed t o d e . crib e a lI.e thodo logy · for . tlllu l.ring

thei r l "'Pjlllct ; on 8e1' lvl1'y durati o n •• t l .... e e • •, Thi l ell. p,ee r

d,u c l' lb,u i n d etail t h e . 1gni f le.o c u n c ertain ty v e r i . b l • •
~ , . ' "

. • 1l1~Ctll d i n the ·: p re ce d i ng - e ha pt e r an d delinu t e . Ilu i e . b l e

, ili.ulatio n me t ho d, ", r o ' qu . ntif y I;h e1. 1' . ...pe e r .d 1.p• .ct.
. )

Z .1 LlA1NlNG COUI

The b.,i e p r i ncip le ~f the l ea rning cur.~11 (17 , - 23 1 1t

t h lat the III k i ll a nd pr odu c t i vity in pllr f..or.l~g t a .ks i.pr o v. a. .
with e;~pe ~ le nce a nd pfec t lell . Th e , ua. ;0 1 a ..,bc on t rae t Ln g 1.,.. '

• fll cosnltl on of t h1, fact . One "a u eh l: IHve • • plot o f

profi e l e n c Y 'a.a lo lc p r s c t ice ls s ho vn In F l g u re 2-1 . ,

fa mous Wrllht f a la" atat ea lI S) t hst t h e euaul a t i ve ave ra g e

i
tille ( CAT) r aquired t .o par fo r a • eO ll p l u : t a.k. ,vl r i e .

ell:p on enti .ll,. · ". nd Inv.·r a. 1 ,. • • the nUllb er o f r·. pe t i t iJn . ·

I,

i
i ne re •• e s leOJlu~t r i e.ll " .

in,U v i du.l , . , vell ••

Th i, ph e nolle no n .ppl ie s

to, s t e.1I o.f. vorkers fO U l i Dg all.

•integrated ~ r e v.

Norllal l ,. the dee r •• e e 1n th. eu~u l s t i v e · a v er • • e t i li ll
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NVM8Eft OF REPETITION S

Fi."rll 2 -1 1 Pr ofi cilenc.y agai na t pr a ct i c e '

depends . on the de cremen't al c o n s tan t 'f o r t he c on . tr u ct i o n

. a ct iv ity eac'h of whi ch h a. it . o vn va l \le . Su ppa'-I!! an
" .
;' c.t l v l t-y ·clea r - e L t e " 10volve . c lea r ing 4 acres o f land ov er
I . .
r" d.u r . t l o n - -ot , 3 doa ,. . i .e .. CAT of 0.75 d ay /ae re : Obv i ously ,

e a c h acre ' of la nd w11 1 not be cl eat- ad In 0 .1 5 day . Th e ti .. e

re qul-1:~d fo11o vlI • ~p . t t . r n: of dec reae in g valu e , ; " t t h

l ocr e . " , i n r,e p e ~ 1t ~ on o f wo rk. e ceor cU ng to l e arnlngeu"rve

ef fect . Th e dller e ,untal c:onl! c. n t . 1 . 0 .866 I l1pl ylnS tha t t h e

ave rllg e . t ime r e q uir e d ' for the " se c ond ee e e ·...111 · b e 0 .86 6

Con ald.e rl ng

seo me t ric p r o 8re • • l on . i t vi II be o b e e r v . d e h a t CAfrequ lr,e d

for c lu~lnll 4 fie-reI will be (0 .866xO .866) · 0. 7 5 day /acre .

If .' an Bae te s iu If •• t o be e l •• -red . the CA.! wi ll b . 9.65

da y/.ere (O.866xO"~866xO.866) .



"

LeU'alnl tlU' ... .~.p .c t 1 • • l \l b J I C.t of ..... r. l ,ubU,h.d

It\ldi.. . 0, • .• I t uol, c u t f. ., d Ou t '0, t he U. S . oe" 1tleat o f

Lebo I' 12:J) b •• COI,11ad • tabl_ o f th e ( ratd.&, pe r t o d.
required f o r a ll app reo ttce Co •••e h l .... Jouta' ''''11 . ta tol fo r

d.fferee. t ca t' lorie. of wor k . thl'~ l nfor•• t l o a I, ol . f u l

" he G De " I p p tl n c tce a u 'e r ec r uit e d ' 0 1' ..10'11 I II . p ,tl" cle l. ', '
~ Join . t il th e 1 1 d d l _ of t he project .1 -, " r e p h c e • • a c.

A ~1l 1 t ' d MathaI , ,, b l l e , U o n ,h o v I 12 3) t hat th e '

CUllulAtlve •• e r. , e coutructlo n " nhou ra p e r H o l"" II ,'

ratl0 cif t he fl u t H a f e y e e e e e eee .1 t h e n UlI.b'H ot

repetitIo n . i ne rl ... .. F1 1 11UI 2 -2 1 . , rep r oduud J\rol ~ he

IC u d, _ Ca tel lit al 1191 hlY e re po rte d .I , l r .te he re_e nta l

.I l e ll . n t a r e q u l r l a l .aoy ope r a tl o ol to co a pl . t. , eOIl. t r " et i oa

.i"," r. with f ~ " o p.ution. to eo . p l e t e . ad b u ild I n •

. "
r:

. "\ .
.._._- -....-- -

.1 . Ia df." i d " a l t " e o f o p" r~tio lu " il l .ahilllt •
Ir•• t ,r r.u of r o"t f.o e . e q u i r i nl t h, ll c re" t ,pe ·
op .ratioa . . S a " .~ •• , be •• id of opeut ioll'
,e rfo r.e d _ " lt h ••all c r , ,,. co.p. red ,,1t h
o p, ra t loa. r e q~ i r.1ll1 l a r l , cre"• •

2 . Le e • • k il1,4. tr ade i.. the I r e. t e r It t h e ' ·
11Ilt i.l . f fle l anC7 o f t ll . tui n a . i n teu. of
produet l "it , .. a p'1' ce n t • •• of nor., l p1'l or t o
tr.lnlng.

3. 1I01'k1nl oy,nl., or lo cre' e in a t he nu. b.r o f

I

CI:" '" r •• u l t In an .ppa r . nt loaa of p Dunt i a l
..e e . ... ~ . e e eee e e 0' .. , • • 10 0" o u ...."." .

1
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t"--r-...-...., ..-....----_..-.-.........----~ _....._...__ __.. _/Iloo_
. _.._..._..,.. .._-......

,·-j7i'l I ..

"111. ::1:•.".. ;,".i,:, d . m' o o ,,, .. p ro,,,,,, tho

t e.nden e.I l u e • • . to ~alte aYt ug", prOdUt~l.ltY f -.:o. , .111 _ 11. 1'

aethlti.. on . u .. erd pr o j ec.te . Kaoy dIY l . i:lo na t.ke~ place

1n r e . ~ U te d tut 10111 d u r in g t'he pr oBt e. II of & project

8 u ch a . :

1 . 't h e e o epe t e e e e of the pruen ti , lI.af.hllle CU V&
••,. be different fro. ('hit end.ssed a t the.'."" ...~ '=I"·~""·· ..
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de e r ...e n e .. l eaRlIC . ll t d ue to whi c h th. 'c u mul a t i ve
IIv e r.se t~ .e incru 8es .

2 . Va rk 1. ume tille l $topped r e.p;n:.rl1y 'con ..
par ticula r ope r , tion llnd , r e 8 u IIe d l at er .

: ~ : :~~:~ : r: l nd ~'~9 ) r:~~h;~:8 rur~~~;~~ : tr~ :~
adve r u ly affected by the n Inteu\lp~l o n. . In
o t her wa r d a , .. subtt.ntl.l p ert of t herOlll: ln e
acquiring pr of :Lc iency Is 10 1t . A c o mpli c a t ed

: ~ ~:~~~~ :8 It l ~: S :he~\. ~::e ln~:~: ~:~~:~ln:r ad e~:~
pro c edu re or "r l'Il te r ~1 cOlllpodtlon of t he crew
o r n ev melll beu of the ' c re w. ~

3 . S u p enl s o ry I pe riooRd' s ' ab i lit y and - t he
l u b c ollt r a c t or' s c:oapetenc e lIla y be d 1f f ereOnt c h . o
env l us e d. . '

4 . S OIlIl! exp e r r e wc e e cr e w • • Y qu1t th e s l c e I!bru p t ly
neceultatl ng rectu1tlng II ne w e eev there by
101111n8 th e l ea r n in g curve e f fe ct .

S . If alit cha nge o~de r . are i . '\led • le a r n i ng e c e ve
g a:1.n a r a y be lost due t o di s eo lltinuit y or r ewo r k .

The." devi ation. af fec: t the deerelll e iltal eon .tant r e l ulti n g

in a chans " in CAT an d hence affect th" a c t i vity d ura t ion
.• ,

e a t i ... te . Th i .. c a n be npl.a1ne d w i t h an ex amp le .

aD. ac tivity fot er' eetioD. o f 20 0 t O ll ll U 'o f lIleellani eal ,

e re et111D. re q u J. r " . a Clot of 4 bou r a / t on n e . In p ra et iee

' l.Ip pOi e i t t ake. 7 ·houn t o e.reet tb e f i r . t one ee n e e ,

e r e e r e q c t r e e for encti n s ' , the re 1la i n i ng t onnage w111 b e

1e8. II w o r k8 r a be co me fI \Ili l 1a r wi th .aeh o t h e r .' lId g et I.Is a d

t o e eee e r en techn ique . n d . r " . o f wo r k i ns . Tile C AT o f ~ 4

hout"" wo u ld ha v e h e l d U the c.ondition . and uivirolllllent

\.

j
-.I

dur ing planll11lg ve e e ,ta t1. c .

described ear l i e r e a ...se e h a nget t o .the p at t ern of t h e ' CU r' V' A....

re sulting 1n a t u lled CAT.

,
1.
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Wh e n an .':tlvity ·18 i n t llrr u J1t ed for II. .p e r i o d.- ,?! t hie a n d .

con t i n ued a g aI n, a c e r tain. ,.ou nt of dele. rning t akes ', l a c ,!,

t nultin g I n :~l n e r e • • e d aeiu v t ty durat Io n . Cates "l l1.t e r pr.e r s
I .... :

t h e 111lpeet du e to I n t e r r u p'Cl o n Ie 8ho.wn in , FI gu r e 2-3 .

,= TOTAL WO~~· UHINHNNU'n:D

=x:lIl AOOIrlON"I. 'IlOIlK ACCOUNT
Of IltT.t RIlUPTION

P illlU, 2 - 3 1 impact du e to inter,tuptio n

T he fO ,f llu1 s for c a l cu l a t i n g t.h e in cr ea.e in CAT du e t o

in t ~r r upuo~

folloW8 1

' ~fl'e I

th e l ub"eque n t d e l ea rnln ~ effec:t( 19)

._ - - _ .._- ....•~- ----- I 1­:1



alre ady n p l a ln ~d ~

3 0 .

• • I>
t h,e activ ity. du r ll tl ~n e e e t a e e e t e

d e r i ved f rollo th e" .CAT I.or the ae t1v1c1J!I, .. variab le de p e nden t.. . '

on the de'c relllen tal c onata nt llh1.f h l t ~ e lf' t e , 6 vll r lab le . the

fac tors t h a t c aus e t his Yllt.i . tLo n a r e r a n? o lJl i n "e e t ur e. .
re s ul t i n g in .t a it a r v lIl' La t l o n) o f t h e d " Ct e llle n t ll l ec n s t e n t; ,

Depe nd i ng on th e t yp.e of a.ct ~:';-~ t! &Ild pr o j ec t e nvir on ...e ne , II

r a n i e o f fo r t h e d e cre me nt'a l ca n be

2.1 .1 I MPACT 0' LEARNI NC CU a VE

The ha r nl1\8' c u r ve hmpat t I II. tl1t:.at r a t ed 1 n F i gur e 2- 4 •
. ' - \. ..

1a . s i mu la t e d by r an dom s a mp li ng f r oll

c e e eeae ne e r co nstant . Th e t lii tla l decrementa l cons tant 1 s

c o mputed f r o ll the ini tial CU ' d et ermi n ed u s ing t he gi ven

du ration a n d the vo lume of wor k etc . Uaing hi s t o r i c al e e t e
. I

f OT t b e vll r ~:a t iol\ i n t~e d ecremental . .c c ne t e n t , r e v Lee d val u e

ae e eeee n e e i simula t ed li n d t h e

co rrellPond~~~ a c tiv i ty dU Tation is" d e t e r e Ln e.d , Thill \"evi .e d

ac tiv ity d UTa t10 n r eplac e ' th e 0 \"i 8i nll l a ct ivi ty dur at i on

e s e r ee e e a n d fo rlill th e bas i a f o r fu rther c o mp u t ll t i ona .

2. 2 . I NCLBKENt wUtBER

we a't ller hone 0-£ ,au t diffic u l t a n d u nk nDwn

v a T ~a b l e , t hat i n f l u e nc e s : .on. t r llc t i o n pro jects. B. l d w!n e t

" ,,:"" a l . ' i n t lleir p a per on · C a u 8e ~ of De lay i n no e e e ee e e r e n M

Rta t e 124 ] t ha t Rc c or d ing to con tractora, Arc h i t ec.t a lin d

li!nglnee ra ~ho _ r ea pon d ed t o th e i r I UTvey , >le a t he r a' •
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OIUGINAL CALCULATE SI MULAtE • REV ISEO'

[$lIIllATE CAT VARIATION CAT., ,. • • D

AOTIVITY DECREMENTA D£CREMENT"'L "'CTl''' lTY
DURATI ON CONSTANT CONSTANT DURATION

·of . 4e l.,. i n COnl t ruc t i o n b,. u'"e f l t l lad l c:u o f 90, HI . 66

. p e r c e n t C'e. pec.tl)1ely . ( le vl!; l t y i n d "l!! J: 1 . d e fin e d a l t h e

t ot a l perce n t a g e . of r e . p on ,he . g ivin g I p. r ticula r

r e .po n . e ) . I t h a • • t op rank i ng IlIIIo n g the v . r l o u l C. UlU~1 o f

de l.y i n eee e e eu e e t e e • A c co r d ~n g to Na.l , 50 pe r c .nt .o f t h e

. c o n . t r u c t i o n acti vi tle . are aff .eete d by lIe . th e r 121 ) .

We a t h e r f ac ed by a n a c t iv ity 1. d ep endent ap o n the r ial!

o f t h e fe u:"." Theref o re, 1 . de .l illlS v i t h .. eatb,r i . p.c r, on ll

1 . We . t her .ffeet • • 1 1 concu r re n t .c: ti ...i tie. t h at
Ir . l\:l. eeptlbh ,to lU effect .

2. Whe n a n ac t iv ity 1 . del ' J e d dil l to we .ther, t h e
at ar t t i llle a o f the i lallled l a t el y follo 111 n g
acti vit! e . ar e . ahi f ted ther e by expo a ~ n g the
ae tiv i t 1e. to c:h a n g e d e n vi ro n lllen t.

, 1)

v h e n produ,ctl .. lty 11 red u ced and 11 ) v h e n v o r k .uat b e .

. I

. .~
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1) Whe n Productivi ty t e j\edu ~ed

Weathe r conditions a f f e c t produ c t ivit y reBulting ' i n' an

!xte ,ui o n "o f ac t iv i t y duration . For eeesp f.e , du ~ to c o l d

we a t h e r [ 2 6 1 . heavy boot.s lind c l o t n ! n g ~ a r e r equired which

: ::::en:j6::0p:o::m:::~ up ::: h::: 8:6

c u :e.: : h: : ff :: ~ ee81t a tes
. Anar er : :8t~the_r Ef f e'ct o n .\ H• • on ;rOd uctlvtty

M12 0 ) r e l at ,e"B t he variation In lIIa. on p ro duct i vi t y t o

r e e p e r e e u e e lind h Ullll dl ty va riation,' a n d eBt ll:~11B he. t he

r elative productivit y lIeh.i.eved at di ffe rent t ·e lD.p e ra ~ u r e ­

hUlIliclte)' c omhi.na t i o nsa. a fr a ction of the " opt ll1.u~

consider ed at ~ 24 d e gr e l!!l1 C a n d 6 ' % bUIlid.l tyo Sill i la! "

. re l :t .l 0 na h l P: c an be derived f.n t 'e r l! ~ p roductivity va r i ation "

di~ fer ent ' we at h e r c ondi tions for /Icti vitieB l ik e.
U;C/l v/lt i }>n , for llwo r k, co nc r e t i ng e t c .

The 'g a lli n g IlIndel ~Conat ruc toM [.14] , conaid er ll the ej r e e e

o'f ' we a t h e r on c rew productivity . , Conlltr u'cto ",r e d u ces

productivi t y i n a prede 'te rmined .an ne r if t he ' a c t i v i t l e ll are

e xpoae d too r a i n or h i gh t elllp erat u r e .

li) Wh'e n Wor k lIu a t be I n t er ru p t ed

Exca vatio n in f rOt lln gro und 111 dOf\1l d if f er e n t l y lind at a
, .

. diff e r en t r.a t e than ...i1de r norlllal c on jl l t i on a. ,S p e cL flcat io n ~

, -c o!"p lete l y p rohi bit a a p hel t 9,a"in g dur,lng wi~ter and

pl u mbi ng - t e at canno t ~e c on d uc te d wh e n ba .r d r r eeee h a a e e e

In . Alao, llIasonry fr e e t e . l f .c o n t l nu e d i n aevere wl n t e r . A

r ll ln f ll i l of 1 .3 IlII11 p er hour h aufUcLe nt to

-,
tt op e llte rLo r
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2 . i .l IHFACT OF INC LEMENT wutan

Befo re u'rlving et I!. ba 8 111 f o r conald erlng th e i lllpllet of

we ath e r cond it ione , i t 1 8 n e e e e e e r y t o r e v i ew th e ea rlie r

t he ' pap er · CPH o n Cal end ar Day Algo r lthlll "( 2 5 1

SUS S e . t ll t v a .. a jar c:on~ep tll to, aceo u n t fo r w",a t h er i~pll et o n

act iV i ty durati o n. , Theall a te ~,U l l d at e co n c e p t lind we a t h e r

ad jUe r ',en t rou tine co nc e-pt : _ I n, pull datI! co n c e p t the

.Pl a n n " gll~e r ate . a pr o j e ct ca lendar v lt h e e e e e t e dAtes

~ell.oved t o .c:e ount fo r e r ee lost due to b ad v e s ene r , Th.-.
' pu l l e d date . a re chos en r a n d o ll Iy a D t h~t ene r or a i number

pul led in o ne peri od eq ua le t h e nu mbe r norll al ly loat a t t ha t

t i me of t he year " The limi t ati on s of t h t s &.pp rou:h e r e :

1 ~ No work . 1 nc l ud ln g i n d o o r ' \lo r k t ha t : do e a no e
d e p e nd o n " e a t h er , prograaaea on t h e d ay, p ul le d
ou t. .

2 . It e r e e e e e b illa .. ; ~ome a ct ivi t iea .ay f al 'l
be tw e e n p u l l e'"d d a t "a · a o d the r efore , h a v e . no l o et
ti me a l lovance "hile ot he r a . a,. tall i n .uch a
".y that too lIuch o f t he loat t hle al lo'i. ne.e ia
. e , l a ne d t o thell. .

Weat h er a djue t ll.en t rou t i n e c onc ep t ln yo lYea t h e f O.ll o"l n g

t"o ' f a ct or a :

1 ) Weat h er fac to r r e fl ecting e e • • ona l cha ngea

i l) We a t he r . e na l t i y i t y f a cto r

the " e a.t h eT f a c t or i a '" a perce n ta g e , o f t he 1 " . 11 a b le

working ' t i a e i n ; a mon t h t hat 1II0 a t " e a th e r de pen den t

Iletiv it~ ell a re expecte d t o l o e e d u e t o .i n c l e me n t v e a t h e r .

Sl"n e-e I II , c t i "l t1l11 o f t h e p r oj e ct ' a re not eq u ally



s u s c e pti b l e t o we athe r, t h e weat h er ae nai t iv l ty f a ctor

r efle c t . t h e de pen denc e o f e a c h a c t i v i t y on we s t her .

a d j u s t e ' the we at h e r f atto'r a nd gi ve . a e e pe r e e e p e rc e nt8 ~ e

fo r i nd i v i du al a ct i v iti e l ' "T tl i , pe r c en t e g e var iea from : 0

pe rc e n t '0< cOllp le te ly i nd e penden t

i
!

we st h er (ind o o r fi n h h work ) t o 100 pe rce n t for h i ghly

wea t h er dep endent a c t i v i ti e a Buc h aB ee n c e e ee po ur . I n t his

ap pro Bch, t he day to da y we.ther p. ra lllet e r • • r e no t r e l a ted

t o t he illlp Bc t ~on ' id e red. AllO, ~t h d i f f i c u lt to fi x th e

westher Il: d j u.tllle~t f a ctor for di f f er e nt ac t i v i ti e s .
_ . . i .

A pape r o n ·C Bu l e l of Delay i n Co nstr ucti o n · ( 241 . b a led

' o n a eu r v e y , co n c lu d ed we at h e-r a s th e t op r lnldng f a ctor '

c au si n g del.y in cool tr uc r-ion . It e ap hal i ze. th a t palt

we ath e r d.Bta sho u ld be ge o g rs phica l ly c Olllpile d I n d pub l iBhed

"ith I pec ia l ell pha .lI o n the n eeds of the c o ns truc t ion

indu ltry.

S pe _cifie It u d ies [ 20 l h a v e b e e n >:>') lIa d e r e lating lIla l o n

producti vit y t o t h e changes i n hUlIli dit y and t em per ature .

C a~r i h hi s psper -St ll.u l ·a tto n o f Cons t r uc t i on Proj ec t

Duration· (1 3 ) BUg gel tB a progr e .. d s y l o e . tabulati on for

d i ff er en t we stller cond i t ions sg a inst e s cb ac t i v ity a s

' r e pr o du c e d in Ts ble 2- 1. In e s b Le 2 · 1, te lllpit a t u r el e e e in

F s n d r linfsl l in inches,. Fu r t her, Hl an d 1.0 indi c ate

high e Bt an d 101le at t ellpa rature s and RN2 , iN3 ind ic at e

co ntibu ou l ra in for 2 d a y., 3 day I etc. Th e p t ogr e l 8 da y

l Oi S i s tl bu ll t e d d ependi ng o n the wea t her, f l ced by t he

po r e x s a p le, "e e e e t tower · (A ctivtt y 1 1 ) vo ~ld



"
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Table 2 -1 : ProSre •• '''-1 10 •• t abulAtion

h ave n o p ro g rel s o ~ t h.e, d a y vh~ n lIa x l .~. _r a i n for d~1 '

e xc ee d. 6 11lI1I. Wea th er lena ltl vlty froll h i 'torleal r ecord s

can b e tabulat ed on , 111.11a r linea f o r •• c h ac t ivi t y o f II

' Ev lIn ch ollah we . ch e f co nd lt 10 lll can' no t be '

c on t r o lled, knowl e4g e . bo u t t h e .n t l elp . t e d we. ther c e n

•• •· h t I n of f • • tti ng e t le • • t • p . rt o f 1'1" e ffec t.

~ HEANS Se h ed u lln g K ll null l~ , 19 61 ,uIle .t . th . t • lo od v . ,.

1. to e .t.bll. h a 4 ur.tlon e.tl .. . t e , eJlJ1l11 ne the ti ll e .of th e "

)'Il U t h e .C tiY l ty 'vl11 t.k e p1~ ce .nd .44 "t o th e du' r . t ·l o n

• • t ll1 .t e . pp r o p r l .a te n Ulllbe r of 4.y. faT b.d v e .the r.



16 <,
Ce.eu l l,. . Z 4. , ./• • • k 1." . ddd 1n ' t h e vl " t er. 1 41 ,. / " •• 11. i .

adel e d I" the .pr l ll l .• a d l/~ ch, I .." .. I ' " , dd . d J.r1 t tl ; • •••• r

l . lIt h , .

T o q u a . tlf y the ell pe c r . c1. la pac t of " e . t h er IIhl eh · dep e o,h

•• the nat ure o "f vo r 'l< .lId t h e ta le'Do llar d a t I vha . t "he vor k. 1.

a ch c"du le d , . th e, .f o l l o" h i , hi 'tor lcal v • • th.t da c.' 1.

c ol le c t e d f o r t t: e : ~.e l l 0 11 f ~ r uch 4. ,. of th e ,·e. ~ fo r 'I
QUllo e r o f 7 ~ . r .. 4 ep e 104,1111 o~ t ~e I v . tl . bi l l t y of da t . and

t h e n.tu r e o f th. pr o j e c t I

Ild nf a U , if ,", , on • • eh d.at _

.nov fa ll. if .""Y. Oil. • • c h cia ,. .

Th e e z pec tl d. .. '. th l r fo" •• c h d . ,. d u r lna t he t .ctlc~ l

Fr o l • tab u latloD of th e • • pected· vo r lul " , 1 0 . . f o r e. ch

aet l _ 1t y ull d e r cUtr er t . c . e t . o f .. . . th.r · COII.",llt t OIl. , -.h e .

. ",.spec ied 1Io r k 4 . , 10.' 1 • . c Ilcu l ata4 f o r t 'ha a ct l "l tlaa ,

~ p'l al u,e d ' a " ea t h ' a ,. . T h a . pr oc a 'u r a f o r .~ .uletl 0,:, -:'of th \

l . pa c t 'ue to l a cl e . e a t v e a t h e r la ah o v ,, ' la ' 1 lur a 2-S .

2 '.) S PACB COWCBST IOW

S pace COQI . a t l o a •• )' r' eult f r o . t h a , ph j . -I c a l f. a t u r a ,

o f t h e ' projac t ~ r . f ro . hllh de n a l t)' o f t r a d e • • a ll .v o r k l n s I II:

a'll' ar .a . 'arvl. ' r a .fa re 19) t o II a USI . e t l o n f r a il U.S ~ ·

D.pll r ta. ~t . o f La bour t h a t o ne urs a n t an d ne c .ee. r )' ~ r, . "o-f

r . e . a rch vaa t h at o f pr'a . lctlnl an d a lD.l_l , l n S t lle a ff a c t a

1



IMICWitol dOto
_ ","Ill .. ,.

to dl,,; OIIIlt
toel iCOl pio.......

ToW.I;o. of
• • pecl . ' _kC
10 '.i" I ~..
C0fl4iti_ 'O'
• oc/I lotlica l
plQIO, ti . it,
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Silllul. '.
."1110",_
lIi,lo, it ol
• ..III.. lIoIO

COkMIO' .

~--­'o, lon ,.., '
ocl"i", '.,
,ro iO'C1 ckI, .

_ r l , u ra Z- 5 1 . IlIlp act due to l ncl elll e nt we . t he r

e ro wde d th a _t e r att illl. n h n ' " d l t tle u l ty a". ll val kl11' I n that

a r ea . An ••• • pl. i . th e l a t e r eee s e ec e e ree . t • • • • o f

r-.actor e e e e e t e ee e e •••• ,,1 . In Duele. r p o t a r pl aD t a .

a.tlOl.at~DIl du r ati o n. o f ' a~ t l Y i t l e • • °n o - ~ o_ n o I 4 e r . t i o a io

11'110'11 t o the lo a . o f p r o due t i vitl . if a~, . r e ••hl n, froOl

c!ll,ea t a d ,' P!lc. . A~ t h " p r o jec t pro 'r .. .." •• a ct lylt ie, a t •

•lr.,•• " •••.••.• ,••,.« .. ... , '" ••,•••10 " ... .. .. I ..
COlla e q. e'Ot 1., . , e tl Yit l. , . • o .e t l .e. I llt. riere v i t h eaeh o t h e r

~~ e a u , ~ of th.ir e o'Ocu r r. nt re qlll r a •• n ~ . f or wo d .l n g , p' ,e e

within ,eoaf lna.t oraa . Al choll,h tho eoa,a 'tloll b"co~"aao

o b. i o u a t e e e r , i t . i, t h e r a oult of fal lu ra t o oto. ,e r

r" present a t io n a t IU XiOlUII! . eon . .. tl on f o r e . eh . o f tb e wo r k

. r " a . of • ;"pov e r pl a a t at differant ~evel·" A'Ooth e'r . tud )'

Ill ) l ~dleat e a that t he ove ~ a l l eatll1o ~a of lo.t U • • a .

r a .oult o f o.,erc r o vd l ",'. p a c ~ ', eO IlAe o t to ll v a . atourul 5

. onhou l' , /e l' a f h .an/lla. k .
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2.3.1 lKPACT or S P ACK CONCESTI ON

In orde r to ca lcula t e th e workd a y 10 8 8 d ue to a pa c e

congest ion , 8 comll.on b•• e o·f. cOlI.pa r!8on mUBt b e work.ed 'ou t • .

For chi" pur poa .. . ~h e ~ p 8 e e re qu.ire me n t fo r each p i e c e o f
. . . I . ' •

e qu l p.e n ~ Is e lltpre8s e d I n e qu i va l e n t RUlIb el' of men -, The

total a pace e e q c t e e ee n e for each a c t ivity , 8.ll ulI.e d to b e

u~ 1f orll th ro ugho u t It a li f e, I s then com pu t ed. 1he proje c t

a rea 18 ~-~y 'r'd " d int o ' a e pu'ate work I ~one . and t he IP .ace

• • " r equ l u.~ nt by zone for ea c h a c t ,y tt y 11 . pec..1f i e d". T h'e

' -, 1II0d ,,1 con a l <1lr . act iv i t l e. p l a n ne d o n e i c h . da y . "a n d

de t er . !lll!!J ' 11 1 p'0•• 1b l ., ip.ea c Oll s _, c i an i n d .~ i g D. te d

Ean e s • . -t f a n y cO Qge . t l on 1 . o b •• ev e d , a ctivitle . ' vi t h fl o at

ar e d e l .yed . · ·.: o r criti c a l act l~ l t lea. the wor kday 10 . a du. e

to r ed u.ce d p roductivity la c a lcula te d . Th1-. p r o c ed ur e 1 .

I hOWCl I n th e "f l o v ,c h a r t ;' i Cl 'igu r e 2 ~ 6 .

FIglira 2-6 1 Iapact due to a p a ce conse ltiOI\
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2 .0\ CItBV "AIlUR'UUSM

ab s e nt e e! . . c a n,. be a major ee ne e e in th e

. " .
eo nuru c t lon industr y . De p end ing. on cr e w fo r lll. ~ ion

.~8en t'ee l'. 'Of ! c r UCi 81 t~ .d e 'lI. . n .. ay : ak.e, i t nec e • •• ~y' e V':R.

t o a to p wo rk on an Il c t1 v l t y . Bor c h etdi n s 1 n ~ Pr od u ctlvlt y. . -.
o f Craf t ••an a nd For • • an - (11] in d ic a tea that t il e d a ll y r ani _

o f ' ab s e n t e . 1 11111 ... r1 . . b e tw e en ) . t o 10 parce n t o f ,t he

work fo r e e. Ab..,n t eelall. 1•• f a e t or d ep end." H u po n the rill e

o f th e ll e s .. . ",d we ek d. , uud er cons i der a tl on . I t h.. bee n
. . r •

o bser ved- to b e a a hi Sh '88 SO p ercent on ,col d an d trillY da ya

a n d at an 'rer. glll b tiitv e en \2.0 to 2 5 pe rcent dur ing ' v i n t e l:'.- .
It 1 . .18 0 hillier a t . ~e ek e n d i n g and we ek beg i nni ng day .

c o .pared. t o .. idweek da y. . Pt ea ent .cheduling t e ch nique. do

n ot c o n l i dll: · the iIDPIC ~ o f c rlw- Ib e ~nteeialD whil e . a U.l ti a s

a ctiVit ,. durltion .

2 .4 . 1 IMPACT or CUW AlSEMUIISK

lIonth leplrltel,. for lI i d" e ek Ind veekend day' iatlken froll

th e in ~houa e hiatori c il dlt . on e eee a b " n t e e i , . . Otber

. ...." .
input' e ee the t otal .anpov er ;r e q1,l1 r e d for e ach .onth a n d

lor , ac h · workd a,. .

r,ndolll,. o n th, a c t iv it i, a pl ann ed for dl ,. . n d thl



4•

.~ ''. .
;.....

. _ lIp.cte el vOl"lul . ,. 10 •• f o r ". ; 't 1.-!l "i:' le ll t . Ill_ulete d •••h owa

1 0 ' 1lUre 2 - 7 . J. . ~ . ;: • •

. 2 . S U Gtl U t Ou .. ..Out..n uTS ·

pr oject

. . .
,. t t a e a a d lion.,. 1. 10llt t ~ . O ~ U l n l l'1 ' t he .ult i tud e o f PeI'.ft • .

an d t o p rep. rin l till" e.on ll\)1I1a8 rep or t . lin d e e e e e ee e ee , Due .

t o r .'1I1 e t lo o . o f t h e Nu c l ear Re , u lato r,. ' COIl1l.1 .ll to n · t n the

United . S t. t:~·.. 1I0t ll i n.ta ll ed wo rk In II nu c l ear , projec t

. r . q ut r •• lI.di tl e _tl o n e t o IIlIlI f th e r. , u l l1t l on . . Th e T' l k
.. I

ro rc. " to e t ud y the c a ll • • • o f the t VO Jll a r . de l.,. 1 n T I:'I II'

i

1
»>
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I, ,
Can ada Pipeline: l.y. th e b 18 111 '" [4 ) f or t h e d e la y 1'1'11'&1'11 1 "

I

r ep etit ive e n v i f o n lle n t a l • • • "'l.. .. ell e e e vr.e e, Pr od u c ti v i t y

! /'
--.lIu,tfet s 1I0at by i n ept a n d unf .. i r e n f o r ce_e n t o f r e g u la t i on

by, un qu a l i fi e d. !pe r . onn e l , g i v e n 'v U e a ut h o r i t y r esulting In
- I

Intre • • e d rl ik to the p r oject due t o t he le"athe ned

? " d urat i on . An 8 )[••p1e I t th e r e quir e .. e wee

e nco v n t e red 1 ,:, an n uc l e a r pow e r pl a n t for r e vf e ll i n g e a r l y

p la n a n d' du tl", fo r licencing [ 16 l ~ . , Ka n y . ~o1{eu mu.r

p r oc e ed und er t he c on t i n ue d ,t h r e . t of . h u t do vn . , d el . ,. . ,

har r a. ame n t a Dd e n u r t ch -.1 1 e na l! lI . du e r e g u l a t o r y

Further , ' tegu la t ory 8s en ci e8 a n d the i r

r e gu l . t l o u a re i n .. c o n' tan t . t a t e o f tran,lr lon .. . -
o 'o' l!!J:' v ed (1 4 ) th.'t it t akea, an a v e r a ge of 2 .5 )'.ear a t o

I ' . . •
. eo.p l e te ·t h.. p lannlng r e v r e v a a d perllli .t proc e . s to bu ild a

coa.u nit)' o f a e '" ho . e •• T h l! proj e c t mus t a la o c o n fo r . ", i t h

a d d i t io n a l r egula tion . , a e '" aad /or e h. n g i n g rul e a, . a d

P.roc e dur e . d ur ing , its cona.tructlon perio d r a.ulting in

f ur t he r d e l a )' • •

I t ia ob aerved t h a t mor e and a or e so~~rn.ent regulat i on.a

ar e b e i n g a d de d:

1. Safety of de. i a n .nd f ie ld tonat ruction aethoch .,
Env l1'oD ml!n t al ee e e e qu e ee e e of p1'o j ect .

] " Personne l pol l cl .. . at s l l le ve i s .

- -
Sch ed u ling ' t e ch n i qu e s t



2 . S. l IMP ACT OF lEGULAT0 1l.1' UQ UI IlEMEIiT

On ly t hc ae act ivit ie , t hlt a te - Ukely t o be af'iected by

r e g ul a t o r y re qu ire .. . n t a n ee d b e eon . ldered . Due

r e g u"l a t o r y r equit ell ent _t V? types of Ittoduct ivi ty l o e,a e s a re ·

pO I''1bl~ ; d ai l y v o r k d a y l Ol a and workdayl l o a t a t th e e n d

of a n activi ty. At this "po i n' t it 11 re levant t o e ltp l a i n

v h e t i s me sn t by th e v o r kda y loaa e xp ec te d. at the e n d of a n

act iv i ty . An ac tivity , after , i t t e c omp l e te , lIIay be aga in

v o'r k e d on fo r I fe v 1I0re d ay . due to SOll.e a peeif i c t eason:

.-'a u c h a a ' e ftf o r eelle n t o f r e gul a t or y u ' q u l r e lle nt" d e l i g ft

ch angea e tc . The dur a t i o n o ~ auch act iyi t iea get elt tend ed

fu r t h e r. ' the i t:'-e t e a a e in t h e dutation I , e e eee e a a e n d of '

a cti vi ty v o r kd a y lo,a • . Baaed on hi a t o r i c , l e e ee e e e , ' r aftg e

f o r bot h type, of v or kda y 10 ases 11 e , t a b 1 i s he d f o r the

actiYitl. ea e1tpectedtobe .ffectedbyteg~
requ~tell~nta . ,By rando ll a allp l ing, ,~he ~tle-d da i ly

vot k d a y 1 0 ' 1 is f o u n d for au e h actiy itiea -e n d a lao v o r k d &-y l

e ..p ec.t e~ ,t o b" 10lt at the e n d of · t h e a c t i v i t y , if any;- ' o

Th ll ' 11 I h o,1Ift i n Pigur e 2- 8 .

~- CHANG" AND 'U.O"

OeslKn cha nges n d "r " , o r k a~th o~sh" ine vit ~ble on ~n,.

pr o ject beco .. e una v o idabl e on pro j ect a d e ei gn,

c on lt r u e t l oD and co .... islonlng p h a a e , overlap. A ia j o r i t )' of '

r e v o t k ca n be at tr i bu ted to c han ge order e a ftd ~ .bigui t t'e l in '

de eign . A f ev oth e r re a e o n a er e :

J.
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. 1. E'rro:r& a n d o~ ! • • t e ne i ,n .thl!! o r l g i n al ' des i g n \lo rk.

~
- _ 2 e Il.P t ll t o . i n e o r p o r a t e -t'h e ' l a t e . t

111lprov e ll e nt l l doe vel o pme n t s . I n t ec h n olog y .

- . a. Cha ng e l j\1.~if ied to l .. pr·ov~ r at : of r etur-n .

De aign c ha nge e and r ework e e ue e th e s equ e nc e of \fork to b e

d i srupte d r • • u lti ng i n . r e d u o e d pr od\lc rl';l ry . Del i g n
.'. ,',

c hang es', no t on ly a ft.eet t~ e ' : t e .. 8 be ing d"' . i fpi e d , bu t a 1 ao

a ff l!c r o t h e r ' l n U ,r r e'l a tie d wor k . Th ei r - effect Is .. agnif ie d

dur i ng co nst r u c tion e ta ge when work , material s , e qu l .uleD t

e tc . "8Y ' , h ~ v e t o" b e scra p p e d Bo d ac ti vitie s a c celerated t o

e e e e the s e h e du Le ,

De8igll chaTlg e . a re c ons i d e r e d tl111e1 y lIod appr opria t e, if

lllued in lu ff1 el .at ri ll e to . l l~v, f or p~oper planning • .

Wh en they [ equire the fini sh ed vork to b e held, de lllo l iehed,

r e moved o r 1II0d ified, th ey af fect t lfe proj e ct rh yth" .

V,r oje ct. rhythlll i s e x t r eme l y iIll Por t ~~~ , s n d ee e e b e lIalrtt aloed

. ! .

_~._ .1 ~ .1



..
i f the s che d u le i ll to be e e e , Fu r the r i f th-e work tlow ie

disrupt e d by cha nge ord er, c:bndi t i one sue h

Illane uv erabi l i t y a nd fl oa t avai lability t o t h e con tra e t or a r e

'; p s e t . Al l thi s r eault s in r edu c i ng tht' avail a b le c r e w

h o ~r ll for t h e p r o je c t . ex .tendi ng I t a du,r a t lo n. Borch e rdi ng

I n h i ll p a p e r · Ma jo t Fa ctor·a Influenci ng Cr af t P r o d u e t l vlt y~

.( 10 ) s t a t e s that the ext ra-hou rs , pent on r e wo r k alllo unt s t o

6 hou r s/ i nd i vi dua l/we ek . He a l a o q u ot e s r e e u l t s o f 1I surv ey

i.n wh i c h 59 . perc e nt tr a d e . llla n l urv e ye d v l~ve d r·s wo r k.

lI e ~.lvl tle " e ll a h i ndr an c e to th e j o b pr o gr e.lI . Ac cording to

S ub lln ! .: , Ill' n )' f i rst li n e Bu pervi so r s, wh e n aa k e d tC: exp la i n

t he e e e e e e for low · p ercentag e of t h e t ot a l wo r k f o r c e

d e plo yed. . o n n e w co nst r~c f. io n , wor k , ' s t t.r i bu t e d i t t o .t h e

e n ga ge men t o f a -s u b s t a n t l a l pa rt .of the workfor c e o n" r e wo rk

,( 8 ) . Th i s r e llult s In d e e e r t c r e e i en o f " motl vat l on . He

r e po r t s th e ca s e hl st or y of a pr o je c t wh e re , o ut o f 2 60

c h a nge o r de r. , 6 2 c ha n g e o rde r s we r e f ou nd to ha ve affec t ed

M'projec t rh ytb . " . Out of t h e a e 62 , e t x e e e n c h e ng e o r d e rs

were d r op pe d b e c a":.s e th ey w 8r ~ . f ou nd to b e inaignifi c ant sn d

wer e n ot c r it i ca l. Ou t o f the bal an c e 46 ch ange o e ae e e ,

f our ch a ng e order s 'a l o n e we re _c o n c l u d e d t o ha v ~ lengthe n ed

th e pro j e ct I c bedu le b y gO worklng da Yll whi ch r e p r e e en t ed

lIbo ut 2 0 per c en t of t he p ro j e c t dur atl on •.

A e ub f e c e Lve obser v at i on l s th at cha n g e o~ d e r s ha v e a

d e t r Leen t a L e ffec t on mor ale and e f f ic le nc y . o f l a b o r

8s ps clall y if th e work h a s t o b e sc rapp e d o r r e p e a t e d .

r
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2 .6 . 1 I:KPAC't OF DES lGN CHARGES AND Il.EWOU::

, ,

The ~dea l' ,l ya te lll t~ q u a n t if.y t h e i ll pa c t .- o 'f " c h a nge

b e .....ethod of cOllp u t ln g t he v a r i ~ ti O n In~r.t l o n f or e v e r y

c h a nge . o r de r which l a ,a di ff i cult t a sk . Ho we ve r . bued ' on

, h is .tor ,i c s l -. r ece ee e and e x pe e Le nc e , t e ,l s po e 8 i b.l e . '

c a t e go r l le activlt i e a ' t h a t e r e pro n e 'to d es i gn ~h ang e8 ' a nd

r e wor k llIld'. a 18 0 a p ~ c 1f y fo r t he ... . r ang ~ o f wo r k d ay , 10~' 1

e x p",c t e d ~ u r ln g t ~"'ri r ll1p l e m",n ta tio n,' Ilo"r k d a y 10 $8 , "' i ,~ h "' ~

da i l y ' ex pe ct ed 1'01' o r t o ta l day . r e e e at til e en d ' o f t he. . . ,

8 c: t i Y lt Y"~ t he n be .i...u l at e d , a 8 illu . t r at·~ d i~ " " " . .

H. ' ~__ ' ' ,

Pil u u 2 - 9 : l lll.paet du e to dedI" e ha'lll i . a 'lld r a wor k

• ••.1



..
2 .7 ECONOMIC CONDIl'lOMS

T h e d egr ee of e c'o no llll c act i vity l1I: l at l ng " i n an H e.

d u ring c ons truct i on ' a f fec ta . produetlvlt y a t n c e th e d e . an d

fo r l abor . t ee e .. . . ",. ... i t h th e v o l ume o f c on, rr uct lo n .

Lo r e n zo n! I n h i a p.per o n · l' r o d.u c t l v i ty . • • • • • r • • •

E....l! r.y b ~ d y · 8 '8u l i n e 88 a n d i t ca n h I! Con t ro l led- [ 1 2 I " . en11o n8 "-

that t h e r e I s a t wo f o ld i mpac t on l a bour produc t:1v l t y .

F l r a .t. th e p ro j e c t ' ac quir e . a Rusber o f .. ", r ai n _Ii y qua Ufle d

c r a f t • • e n a nd b e t pe re i n t h e p r o c e ll o f 80a k l n g lip all t he

l o: e . ~ "la bo r . ' , 'T h e s e er e v a ...h e n III1lt e d '11 t h t he a Venll e "l a bo r .

r ed u c e " t h e o ve rall p r oc!.uc t ivlty fro lll t he l e v~ l l a t tai n e d

d u r in g t he - tl s "s o f no r .. . l "e o na .l e. ae cl v i c )' . S ec o n d , t he

( n t "r ea a ",a , d r • • • ti e d ly r e Bult i ng l Oll'e r

p rodu c t i vi t y . I n a d d itio n a Oll et 1.. e e , 't h e a i tu s t i o n v 'a r ra nt s

t h a t t he la bo r lIIua t be br oulht i n f rolll o u t s i de th e loc . l

a r ea .· exper ie n c e ha a a h o wn t hat i n a u ch a i t u s r i o n , t h e

. o .,e r a U p ro d u ct i v it y de c line s , i nc. 1 ud1 11. 8 th e pr o du ct iv i t y of

t he lo c s l c raf t a .. en.

2 .7 .1 I MPACT DUE TO ICO ROKIC COHDI'r I OMS

The rati o o f t he nu mber of wor k e rs requ i r ed in

to t h e nor ma l number of v o r k e r s s v ailab l e h81 a r e la.t tonah'-p

wi t h t he pro du cti vity .81 s ho wn by L o u nz o n i whi c h 1 s

r apro du c e.d in " F i Au r e 2 -10 . It ah o w. h Ov p r odu c t1 vlt. ]I g e ts

r e du c e d v i t h' t h e 1ncr e ••e 111. th e '. r a r l o o f itt n u. b a r o f

v o r k.e r s r e q,ul r e cl 1n ~ n , a r ea t o no r . a l nu . ber o f v ~r ic. l.r •

._. ...,_. _.. --'-_ J:.
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!J,--: ..
~ ..~

. f · .as : 10 1_0 .1 0 4 0

!to (J1«llltlln, ~t9 ·p .. ."-1[ .<1.

NO. Of' WOIIIIlU .1 ....... I\ Uu:

I

'todu c t l vl t Y .. v a r lt,r a
r ll9u1 reu a l: J . nil . b ill tl

.\

d ue t o n ono . i e c o n dit ione. ThO! ra t 1 0 h d e t et_ tOl d fo r ~ 1l.

ce ct i c.l , I an pl r l o d aD. • e Ollt hl J b • • It . T h e ( 0 1"1'11'0 041 0&

p ro d., c thlt,. "JuaUut faeta" r I , r ea d fr o.', t he .,"_ C1oIl .
T tl l ; .... h. 1, ne d fo r c .l c ~l ' C·hl the IIOC"-4a1 10 • • o r , l l n

.. ~p.tt ed ( o r .11 a et h l t i • • , l a nud .l u r ia , t llI e per loo! . T1Il e

proc l .4u rt ( , I llu.lund .I a Pi a un 2-11 .

2 . 8 LA. OI UR . EST I-- I'. .
L. b o r ua ru t , OfU lI , c . .. ... . th e. pro j ect p rolU"

h a lt . til • . e r ik', lI.. a c"b e a cid • • t9 t he :. ,
p r oj ect 4" t a c hll . Howe v e r , lIh en • p ro je c t 1 , no t ,l ck e t t . d

a nd the I n t. lre p ro j u: c h n o t .hu·t d o v ~ . the up. cu d

. :;:.-. . ..
\



• PIoI"l)duc 'i f~r...-­"VQir>t.lr" ho ol
1I1t 1l11l.. be , 01

_hf" requirtd
10 I~' ........bt ,
Cl¥oolobl.

"

R.adr ,om lilt

pkJl""
prod. cliuit ,
-j.. ,I ...... ,

toctot lll'aoch

- '"

AlIi".'
,. l)<lucli . i1,fOl'
I~' tactlcOl~....
ocliv ili't

I

i

La b or .. n r e.t t lI l. mllny r ""D o n ~ i "; . P ~~... e a e ••on g

c u e e en t c o .n{r a c t n p i r y , " i l d cl t U r 11u ! -. ~tl i c h ·occ u r due
. " , .

acc i dent . ... nag e llent attit u de, di " d pli nar y II cqon. ev e e e t ae

p robina .,t c . " ,n e.o v l ron ",'.. n t .rf l . bor unre,,~ b.ode .. dOl/nt.u r n

• i n pr odu c tl v i t. y "a r1 10 1 w l i b the t ype o f a c t ivi t y , un 1 0",

e t..c . All 1 .. t r u e for othe r u nc..r ~ a lnt y var l ab l e . , ~h e i mp a ct

of ~be ee e r t e e a pl an .

2 .8 . 1 IMPAct DUB t o L UO" O R U ST

-,. b 1 .. tor le e1 r an ge o f pr o du ct1 v 1t1

••• o e t e t e d" "1 1: h la bor p r o ble .. . .. ,"a r .ttly fo r t he .... r l o\1' ·

un1 o n ' . F o r e e e t vt e t e .. ll k "' l , to be af fl c t ed . th l " lou

. ..p l ed , un doaly . U g u re 2-1 2 _ho w lI th lll p r e ce d u r e ,



..

F1.aure 2 - 12.: hp a c t due ell l.bo r unr e a t

2. 9 SP.CIPIC llNCZlTURTT VAIlIAILI

add i tio n to ' t h e pt e e .. d lD& "uta bIll, ce n a 1.Il,o> · ·

acti vlt1... .'y hue yet .lIother a p e c U ! .: ' unc e r t ai n t y

~I r l& b le _ capl ble of c a u tio g -d e l,. Y . f o r n &!ip l e , f a l lu re o f

dr '11l lll , equ l plI.en t •• , CIU . .. .. .. jot h I. ,. I n a Dr i l l 1110 1. 1

. tt1. V l ~ Y . I t I s uu f u l t~ \ld e n C lf )' s u ch .peeU lc

unc e r t ain t y .V",.t t t b i e , . If an~ ., fOr ••c h ta cti c al pla n

&tt.1.vit y o · ,

2 . 9 . 1 IMPACT OJ' SnCIFIC lllC&atAlWTt VA& U .IL I S

A range o f lIorkd. ,. 10 • • ex p ected at t he end

ac:tl'!' it y . &. lIb e . l nl d fr oa the hi . t o r le e 1 re c o r d . I .. - lII p u t

fo r . pe r i- f it u ncert a 1.n ty .... flab l .. e l o DI with t he a c t l "lI::y

ranse . 81 v e ll th .. l1 aulated wo r k"" ,. 1011 dUI to tht i_pact o f

. pe c 1 f1 c uncertai nt )' ...arllble • •
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Z.10 .·CORSIDBUTIORS 1M COJlBIlIUiG T Rll IMPACT

' In-
- T h . pr ece41 n8 4 1 .c.... . loll h • • fll t' b l l ' h a d the

uncert a in t y h av e e lglli fic a n t 111pa c t o n th e

,,"

1 00tl" l t)' ac e e e t e e e , AJlI flt h Od o f e e e ee .. . ... p1 10 8 t~ e l .pac t

On activ it y durati nl h e . b ee n d e . ctlbecl fo r each.

u nc ~ f t.l!1ty v ~rl'bl~. 1 S i nc e .. . n y of t he un e ere . lnt y'

" a r la b l .. .oc c ur !li ll u l t . ne ll ...e 1, ~ h flY t ?S flth e r e r r e e e th e

.c t i v:l t y .fut. r i oll. Onl y IIh en th e l. p lc t o f a n ' un ce r tai n ty
, , 'I }

v.r l .~l . ~ 1:", lIutu a lly - . u c l u. ly. , the' e ll pe c t e d work d a y 1 0 "

o c c ur t lrr fl,p fl c~ : v fl o f th e i ll.pe c t of o th e r u n e e r t. i ll ty

'1,rtabl e l . Ho et t i ee s . it _Ie n on-.u t u a ll y flx c l u lt v e, . • • k l o g

.~ l t. nec e l l . r , to cOllb in e t he workd a y 10 •• •
~ . - .

~y. c e l c u l .u e d by , u l t~ b l Y ,c o r r e c t i ll g ,for the o veT t _ p . The re

Ire tw o I .,prolelle. t o e e e e e e e f o r til e o ve r Le p , One 1 . t h e

.e ~hodo~O &1 · - -e-~ Ii.. t ed 15 ] by Woo lery ....elnl the f ollolllrll

! qu U 1on (! qu"~lo n 2 .1).

./
,

M ••

) "'"I"" Ii IT, - ,. , ]T''':'' 'l:'::~ r.+T

T1 _ ; ; T+t.otal ...aluoicoUeclhtdelA1

Tc ";' T+ U1 "Ilm.olt.,WCaloewUeclh,dtL.,r

K~ ·· btfoldtt.,..

t K.:_ , K .HI.,

(2.1) .

...•_ .;-;------~"
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T h l . " q u l e t a n prov id u 11\ u ti,. .t l of t he n lv .... r.t l o n . f ter

• ine l u d l1l 8 · t h~ ....C:O l l'C:~ 'lv e · del. y o r ~~ v . nc:e .. e nt . T tie va l idlt'y

of Equ a tion 2 . 1 h • • bel n d e.on a tr at e d by \l o ol er y 1 51 .

I n t he s e c on d .. e t ho d, u l o g lu e " d b y Car r [ 1)1 . t he

fra c t i o ne o f wor kd ay. o bt ai ned .. a r u ul t. o f t he Ill p a e t by

. eae n u nce nai n ty va r iab le / ; t e 1Iu1 ~ l P l1 'd t~ cO 'pu t e t he

pr ogt".. fo ~ One day I nli er the co a b he d oc cur r en ce 'o f the

un ce rt a inty v.r l • .~lu . '" Ac co r d i n g to hb , , .

E ~p e et " d ' prostl" o n • -d. y - ( ~ r0 8r" a . \Illder we a t he r
. I ' ,

co od it.ion' ) *(P7 t el,' unete r . pac ; con 8 •• tlOn).~( p ro g re..

u od e r c e e v "' b.~lt:eell11) ' ( ' • •• • • ) e e e , ': h ,1 1 1.luau ·

i ndep end e ncy of o c curr e nc e o f t h e .u lIl:e r t a l n t y Vl t i . hle • •

fh e re 1 , on l y • • rg l nal d i ff e u n ce I n . the r e l ul u a tr ive d br

tll i a a ode l <:ona l dtu, . &11 u nce ttaint y

va r i a bl e l . a n on-lIu t ...&11 y . llcluai ·u , Tht e q ...a t io n 2 . 1 ha l

b e en e e n e t e e e ee I/i t h I Clin or modifi cat I on . Woo ler y

ellpr e l l e d h~ lI' a day'. ~ork 11gett i t g e~teD d l!d due - t~ th . '

i nfluen c e o f t h e unce r ta,i nt )' V1 t l a ble 8. , :8 y .... ln g •

r l <:i pro e al t e l a tl o n, i t t e e n 'f l . a ged t o c a l<: u l a t e t h l

a"a il a b le' wot kda y ou t <. a -f ull d' r . Acco t d in l l y . th e ,,~ ,

e o. bin ed ~ a1 1)' votk dolr 10" I nd t o t a l nUll ber · o f. vor kd .iYI..../ ; '

e llpe e t e d " t o . be l o tt at t he end o f . n ac t i v i t y i e , c o C\ puU d~'\

u l l ng th e e q .... tio n 2 .1 . T hl 1 'Equ ati on . nee d no t be ule d if

all u ll c eyt d nt y va y laU, oec url in dl pe n d i'rtl)' .

It lYlt i v I u nd o s a a~, l1 o.g of t h~ eOllbi nld ll.p a e t o r

li ,nif l caTl t u neut. l n ty va ti abl e ll f ot .. ap e d f l ed ' j eo j e e e

· p e~ l o d r e aul t l I n a dut . t i on e e e t .. . te dh t tibut lon fot es ell

a ct i vit:" . Y
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2 .11 Kon. CAlLe s t KULATI OI TO rCUCAST PlOneT DtlUT!ON .

Th e p r e ~ . c1hll cllle ... ,l oo , bo v , th .~ . d u e

I l1f l .. ,.e . of the u"ce rc ,tll ty ... ri .lI le . , tb . deter. tol. t i c:

p r o Je c t " -· CO . ~le tt/t,,1.,, ; · Thel' d ore. 1: . 1 , r l l . 'U li t t o .

ee e e i a e e • p to.b ,bll h t lc dura tio n ., c't • • t e for • • eh

I c t t v u 1. / te r a r u r e ",. r ,, ~,. Incl te.:';1 Progr • •

!vahut lon a nd a eview Techn i q ue ( PI RT) c:~ n ' l d " r ll

p r~b'b111It l C 0I111'.t101\ I . c l lu t l f o r lu:h -.:: 1 1 v l c1 ' I t

c:o,nVet tl t h • • I lleo In 11I:pec:ted ve rue I lui , It I •• ,aclat ed

., U ' t l aCI , b •• • d on I t . p U l l e d ..... a ptlonl. ' ", project

to.pl~tlo ll tl • • 1n the for. o f • ao r • • 1 dl~ tr l bllt1 on 11 t h e n

••n.r.~.d .. l l al th e I .. . .. I:l' ltl c:, .1 par b . ~d .. r l lnce . Til",,:

• • Jor Uatt _tlo ll I, t hl t tlte aod , l 1 '1101''' path o t he r the "

co.p Ietl oD . Th l' ,tob l •• h kaow• • • ~ I\r;a cr; r;vr.Il "[ al AS - . "

Tb t' . . , h l d • . •• o .. . to , U . I. t tc . ... lu~tl o'"n o f the ~·o. , l . tl o "

. .
.11"-1·fl e . Re e of the e rror 1a I Re r •••• el •• the au.b. t o f

-r ., ._ .~--~
eO "":I!.~,l l a_~ . _~:~~~_Jo-o • • e e e •• thl. pro b l~•• ""

S l rke .1111 •• t.d I 29 J t h . t ai.1I1at lo n lIatho.:h .ueh •• Ho n t e

C. r lo eOlild b.II••d •

• • • !!l l " , of r • .,do. w. r l able. fto . dl .tr lbu tloll t o lene r . te •

1'.0010 ••lIt.tlol1 for •• c h ae tl. lt1 . ,,[hoa•••• , l.d r.ndoll

.-~,--:---~--- 1
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•• -rl , b l •• . Ir. tbtllr Il•• d t o ' dat a r. 1"1 t h e probabi l i t y

,l.1etrl 1'1 u t10 . 'uaetlo11 (" Of) for tbe project ~ o . pl. t l oll tl•• •

n o dLe e 1 . I I 1 t ' n ,rr"0 4 b al t b. fpll Pwln r eel I, .

1. 'the re •• lttll, ' p r o j e c t e o . p l a r l ol1. h
uabLe••cI.

2 . No . "Il.pr loll " ~.,h •• r ••• r,h to t h e 'h.pe·'.~l
tb e CO. p I l ti on tile . ' ~

3 . An , f o r," of "i n p u t PDF ( bl .~c1 e l ~. k ~vI!4 e t e , ) II' )'
be etipul.te cl.

l b e " 1 1 . 1 t l t l o l1. ' I t ti. ' l a r s _ nu.be r ' o f i te rat ion .t o b tl

c.a rr i e d o ut Co r o b ee t a h l l • ut iab l , ' t • • u le .

1 . thi l t •••• re b wOflt, it I , ,rapo ,,!cI to ue. Koa t e. Carl o

1 " u l l t l 0 . 'Ithod I to Ob;.~~_~_' pro~.ct d u r a t ion. for e c.lt

f ro. __t~_ ~ . . • c t l.1 t1 · d." rat loD ; lItl: l 1'1 Ull 0• • •



Cha p ter .'3

"a .. plinR d e " c:.ribed i n the pr e c ed i ng c ha p t e r

i ll don " u a inS II c Ollp u t e r a o d e l . T h e 1I0d e i ia a ho i n t e n d e d

for d"t erll lnina th e prohbill tti c p r6 j ec t d \1r at ion fo r e ca at ~

1I0de l .

3 . 1: COKPUT U . KOOEL

Thll c h ap t er de .. c ri bea t he co.p u tero

;._---....

Th ~ e c epu t e r 1I0d e l , Pil o je ~ t OUu t i on 'Yor e c ... t ' I PROOUF J

ha a be e n d ev e l ope d wi t h t he fol lo wi ng o bj e c:. t i v e ,, :

1 . 1'0 interac tivel y rece ive th e i n pu t per ta ini n g
d ifferent. uncer ta i nty va r iabl e • •

2 . 1'0' .. i llu l a te t h e p r oj e c t e·~ v l r o n.~ nt by r a n do a
. .. a ll p l l ng f r o ll pl:'o j e ct unce r t a in ty va r i a b l ... a nd

to co_bi ne t hel l:' Il1pa c t I n . t e r .... o f 1I0r ll.d . y lo a • •

3. 1'0 c o n"i d er On a d. l 1y b a .i .. t h e e e e t v t e t ..
e x p e c t ed to b e I n pr e g r e e e , co.pu te es pe e c e e
prollr e a . un der al~u l a t e d p roju: t e ev i r e n e ee e a nd
t o o b t a in f r oll it • ,U a t rl b ut l on fo r a ll tac t lc. l
pl an . lIC:ti vl tiell •

. 4 . T o ge ner a t e f r o ,", Kont e Ca rl o a l ,",u llt l o n •
dl a t t ibuti o n f or th e tacti c al pl . n cO llp l e t lon
t l •••n d fo r t he pr o je ct co .phtion tille .

5 . 1'0 d e rive . o t h e r u lle f u l IIBna se ll e n t In for•• t l on (
u ll in g t h e ou t p u t .' de .c t i be d i n 3 "4 . .

'Igure 3-1 ill a f l ow c h a rt of P ~ODU' model IIh i eh 11 d e . cr lbe d-

I n th e fol l ov l n ll . e ct io Rl .



il'AOOUr
STEP -r

il'AOOUr
STEP 2

il'AODUf
STEP ...
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1
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3 :2 I NP U<f U QU IUKKNT S OF TBr: HODn

PROOUF r e q u i re s .I" inp u t the foll .o wing:

1. S t r ,ateg1.e nd t ':c t :l.e 81 pl &.. ae t 1.v ity d a ta

2. e r c jec e calenda r

3. ll1. n or 1.c al dati . an th e e e c u r r ec c e
srgnl!lea nt u n c er t a1.n t y· v ar iable . -

3 ~:t.l S T RATEC Y.C PLAN

Si nc e ~ lIfflele n t 1nfo rll~tion "te p l a n a p r oject 111 deta il
. , - •.. ' -.

1.a na t na 1.l.ab le a t the a t a r t , o nly. e k e l e t o .. net wo rk "

called S t u t e gi ~ p l a n, 1.111 hvelope d ual o g t h e prin el p.l

a cti vi t l ei a nd lIa j o r a i lesto ne e af the ee e r r e p roj ec t ,froa

th e be g1.nlng- t o the end . Th e a e t lvit. :,. d. -till. fr~ 1D. ~lI a

atrateg1. e plan ia req l!'tre d ta f or ecaat t he p ro~:ee t ' d·u r a t l a ll .

Th e . t r a t eg i c plan mu n b e upda ted per 1<ld l c llll y ~o r ef lec t

r e eee e aUu'a t 1.on of t ile p ro jec t :

3.2 .2 T ACtIC AL-. PLAN

The tac t t. eal .p l an, a CPK ne t wo r k l 1.ke t he an. tei·tc

pl a n, r ep re e e n t a a .. ho rtel' I pan . but h al !lo re de ta 1.1. o f the

e e e jee e , Tac tical. pl a n pr o v i du ~ lII .!ln e of . lIua u r tllg

•

Pl' Ogll ll S and e lierc ia1.nB co nt ro l OYer o pn.t l o ln , NOl' lllally

t a ctt ca l plln 11 !la de for fou r r ep ortl n g per l oh e acll o f ene

mo nt h dur at ion . AI t ile pl' o jec t pr aceed a, th e tlc t icd plan

the tlae a f elch1 .. progrul1vely ex te nded o ne pe rio d I t

proBU" . r ."ie", 10 lt d " • .,. repru ent . th 'e cu rre n t " ",e ll

- - -.--'-" - -.' ..: "'-- - - ---'- - _._.._-+-- _ .

i
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t h ree f o llo wi ng r eporting pe riodl • T h e tact~ ~ .. l p l an '

. at. ~lV J. ty .da ta h u se d by P RODUF .in a ll t e e activ i ty d ..lt~. tJ,o n

d il.tr:l butlon ca l c u la t ions . P1gure ) -2 sho we part ially a

iypic al It r a te glc and ta c ti t al pl ,n f ot • projec t .

rl."l'I 3-2 ; Strategi c an d uc:t lc al pl a na



I
3 .2 .3 PROJE CT CALE NDAR

Pro j e ct calenda r 1a the r e a rty c a l e nda r fo r ' t he e n t i t ';

.pa D. of th e pr o J ect : P R ODUP ne e d s 8 8 in p u t the . r ar t daue

o f the projec t , l i k e l y t i n t ah d U ll of th e p ro j ec t an d e s e r

specified hol i"llay it a t.

3 .2 . 4 HIS 'I Oll IC AL DATA ON UNCERT AI NT Y VAR.IAB L gS

5 1 nce t h e d eg r e e o f 81 g ll1flcan,c e of the Il11pact 01."

i nd i vid ual u nc e r tai n t y v ar iab le . va ri es f o r di.f .f ar en t

~ ct.1y·(t.1e e , t ~~ B~l gnlf l e a nt u ne e rta l,,;;~'y · Ya rla ble8' a·~O ng d e h

eh B tactical p l a n activi t i es lik e ly t o be affected by the ..-. . "/

a r e " tabu la te d . Part of Bue h "<la'ell 11 . s h o wn. i n 'I ' b i e 3-1 .

Th e · d e t a l1a of the e xpected ra ng e o f wor kda y 10 88 d ue t o t he

i mpac t of ~e a t he.r in gi v e n i n Tabl,e .) -2 . S,1mil a r d a t a , for

th e r e ma i n i n g u n c ert a i n ty

3 .3 UNCERTA INT Y VARIA BLES i NPUT AND S I MULATI ON' OF THEIR

)

Da t a baa e d o n Ta b l e 3-1 a n d )- 2 a r e lIYll telll atica il y l 11Put · e ". .
in:t eract lvely and s tored f or u s e t 6 8i !llu l a te t h e p r o Jee t

e,nvlro n llle n t . t h e d etail . o f t he r e q \l i r e d in pu t ~ I '~ e ll e e

o f 'the a Leu La r t on p erfo r ll1e d fo r e • .c h · . 1 8 fti f ic a n t un e '!=·rt al nt y.'

va.!'iable f oll o .. . .

. :....... ,, :':" '- -,._-.--_._ - _._ --
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/1O..cripliOIl '/11; lilt;ffi111hl/I~l~/
~ -' *' ... ACl . ~~ .:: ~ J .:~:

I CI.dtSil l ,/ " - ~ - - -~

a Sut•• , e. LOr O~1 - - - - - . - -
a RolIVh G;oil, - . - - - - -. - -, Drill Will . . - - - . ~

~ v.Foun40lioll Wo,.,lo nk - ~ - " " - ~ - - v -
e. [_"10" fOr St-. MoitI v ~ - ~ - v ~ '"

.--- ---

t abl" J~l l i.pact of l ignlfi cllnt unce rt aint y v ar iable'
on a e t l v l t l "l

.;',

I.



Tab le 3- 2 : Vo r kela , l oa • • J:p.ct.cI ... f • <h.
l'p.ct • f .. . . t her

Nu.". r .f . I:t lyltlel /"; 34

.ff ectlt cl
: Aff e c te d • c tlY l t)' 1 <0 J6 ' J:c . p t I' ."auab ltr l

~ -~ ~~ - -- - - -- - ~- -~-~~ ~-~ -~ -- ~ ~~~ ,,:, --- -_ . _ --~- ~-...- - ~~~- -~ - - - - - -

'. No de dlt lC rlp t lo n Te .p "li n

""
Fr o.~t o <0 (10 >10 "
-~ -- - --_ :. _- -~ ~ - -- - -~ - -~ ~ ~- ~ - ~ . ~ - ~ ~ ~ - - - - - - - -- -- - - - ~ ~ ..,- - _ .:. _ - - -

0 - ' c r e e e Iit l 0 .1 0 .' 0 .5 0.5
1- 2 S u ry , )' ...L'. 0. 1 0 .' 0 .'
2 - ' kou, h I r . d. 0.1 0 . 1
l-' Dr i ll Ve ll 0.1 0 . 1 0 . ' 0 .',-. Found . V . t 0 .' 0. 1 0 . ' 0. 5,-. tlcl.(or . e v . 0 . ) . 0 .2 0. ' 0 .'
) - 10 Ea • • • nh ol e 0 .' 0. 1 0 .' 0 .5

" ) ~ 12 Oye rh • • cl po l. 0 . 5 0 . 2 0 . '.-, t n•.Ve ll pu.p 0. 1 0 .1 0. 2 a.B,-, Uncle r ,r. V. ' 0. 1 0 . 1 0 . 5 0 .2.5,-, z e e e e ••T O. S . 0 . 1 0 .2 0 . 2
1-' T.ak pip. 0 .2 0 . 2 " 0 .2
8 -13 Coaa. e t pl,lt 0 . ' 0 . 1 0 .1
9-11 I n.t lll 0 . ' 0 . ' 0 . ' a.·s
10~11 I n • ••• nh ol . 0 . ' 0 .2 0 .' 0 .'
11-12 Inl r . El . 0uc t 0 . ' 0 . ' 0 .' 0 .'
12 -13 Pull ,o. fe, d " 0 . 2 0 . 1 0.' 0 . 5
13-2) r;J:c• . o f ft c . 0 . 1 0 . 2 0 . ' 0 . 5
H""-l~ 1'1 1' 1 0 .' 0 .2 0 . ' 0. '
lS- 16 Ellc • . W/H . 0 .' 0 . ' 0 . ' 0 . 5
16- 11 ' ou r p l . c. , · 0 . ) 0 . 2 0.' 0 . 5
11- 18 Foi." our 0 . 1 0 . 2 "O. S 0. '
1 8- 1 9 B.ck ft ll .0 . 2 0 . 3. 0.1
l 8~ 2 1 Po r e ,'I 0 . 1 0.' 0 . ' 0 . '
1 8- 2 2 For . L" 0 . ' 0 . 2 0 .' 0 . 1
19-20 U" , lulb 0 .1 0 . 2
20 -22 U" condu l . 0 . 2 0 . 1 0.1
22 -29 Forll .p• • 0 .1 0 .2 0. 5 0 . 1
23 ...2 10 S pr e . d f oo t 0.' 0 .2 0 .' 0 . 1
210 ~ 2S 'or ll "our O.J I., 0 .2
15 - 2 6 a " 'Coa p.ct 0 . 2 0. 1 0 . ' 0 .2
26- 21 U" pl ua" 0. ' 0 . 2 0 ; 2 0 .1
21-28 U" Co nclu l 0. 1 0 . 2 0 .2 ' ' . 2
28 -29 'or."our 0 . ' 1 .0 0 . 2



61

I n pu t: Ac tiv iti e s l i k e ly t o b e a f fec t 'e d, vo l u me o f " o r lt :

d ur ~·t 10 n . t { lIl! "r e q ui r e d t o CDt r y ~;u t u o l t yo lulIl! o f work.

- St. _u latel the e e e r e .. e n t e I con . ta nt and COll pu t ". the

re v hed d uration for a c t i v i t i es .

I np u t : Acti Vit ie8 I.l k e l )' to be af hc t ~d . p.,t(10 or .ore

y" a 'l's ) " " il t h er d ata suc h a. ~a xi ll ulll t ~lIper.tut e . r aln, 100 '1,

and votkd a y 1 ~ . " e lt pe c t~d o n "IIC ~ wo r k d a y I f ac t i vi t ies f e e e

d 1ffer en t " "a t h,e r c ond i t i oI'll s uc h • • t"' lIp I e .. than 0 C ,

ta1 n ) 1 ~ "II e tc .

- S ll1u1a t ". .. l e t o f a e e t he r dara fo r e a ch projec t da y

(
f r o ll th e g i ve n h i s to r i c al 1'toeord . a n d ca l cula teD th e

e x pec t e d wor kda y .' ~ l o . . lo t' u : tl vttl e s plan ned on t ha t day .

'I,he workd a y 10 ••- '; . 1 be elc h ",r fo r th e who l e day or .. pa r t

t h e re of .

S PAe t. COIIICUTlOR

I np u t : L i l t o f c o n s e e t e d co n e a " tth t o t . l a pec e

a Ye l l a b l e 1 11. e lich , .c t l yl tl e ll . I Jk e l y to be a '! ec t e d , · . ~ ; a n d

a pa c e requ l r ~ lI e nt f or e'ac h 1 11. I t II de ll18 n at ed con e .

e . e h d ay t o d ~ ter.tn e a ny po e e lb l e .p.ce c on ge atl on .

e • • e o f co tl s e ll t lon, del . yll t he ac t lvlt le. t h . t h . ...e fl o a t

due t o de c r e a. e d pr odu c t t v ~ t Y•



"

catv U SEJlTIlISK

"I n pu t : Aet h' l tl • • like l y to be a ff .cted . a o ath l ,. I" . n,l ~·

o f p e r c . a e a .. e ablentt. l ' . a. , .r &te l ,. fo r a ld ., u k 'I'" an d

v e e k e lld /", . e k- b . , t al nl d.,_ , lIe neh i ,. .. .. po v e r t . q\l i r ~.ent 'rc':.
the t act i c a l pla n per i od and fU' I ' of • • , .cr e d " o r k d . y 10 ~ ~

( o r r • • p a nelI AI to t he Ilua b. r o f v a r k ll' n. abse nt .

d l l t,.rlbu t e . ...odoo.l ,. th e: e e e e e e e e e ov er t he: ac:tl v ttt ea .

pl a nn ed o n • • c h da, a nd c:aleut,t,u th e wo r k d a y l o a . due to

n CULATo n lIQIlIlIPllnS . DI S I ell CB.UC&S AI D t i VOl I:

h apu t: Ac c l .I U ,u 11 k e ly t o ba afl e e-te4 . r l.Dl e o f

e apec te d d a l l , " 0 1'11. 4 . ,. lo a • • a d " a ll l e o f n uaber o f va r k lia , .

" spe c.te d to be l o, c a t t he 'i nc! o f all _ttl _itt .

- 5 1_uIU " f o r . ,c h _c e t . lt y , th e . a pu: t ed da t l y

I n put : f.:quatl o n fo r 11... r e l ati on bat " . ... t tl. pro d u ct iv i ty

adjuat.~nt fa ~t o r a nd t he r a t i o o f wo r k •• n raq"'ad t o e ne r r

a va ilabi llt y and t he ,cape t ted ". l u e o f thl a ratio f o r ea t h
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lIultlptl 111 it .by t h e ."al l .ble workoh y . Thi e , " i t dOll. f or

each ta ct i c a l plan lIlonth .

I np ut : proj e ct

· 10 .. .

da y . expe c: t ed~ t o h .".. l a bor unre st.

to b l! " a ffect e d , {a nd th e ell:pe c:t lld wor kd a y

- COllpu te. f or a c:t l v l t l e a th e. wor kd a y

' d aya of labor unr e s t .

SPECIFIC . UICEI'fAUlT! VAUAlLE
1

Input : Ac:tlVlt l C'1 likely t o b e . ffec·ted by • • p~lfl c:

une er t .l nt y " I rt_bl ", a n d e ll:peete d ranlle of' -delay dUll to it' ll

.'

- Sll11ul a t e , fo r eac h ac ti vity th e ' t ota l , nUlI.be r o f

workday . "' lIpeete d to be r e e e a t the en d.

PIl ODur firs t . 1111118 te l the i mpact on the a c:tlv l t lee o f,
ene e e u n c ert ainty v art . b le: , t h. t e e e l ode pende nt of the tilll e

of the y ear a nd then pr oee ,eel. to . I I1\,1la t e for each da y th e

.J i'-pact oJ t he .e ree dep enden t unc:ett .lIIt y y af1& b le l . a a vi n g

c Ollpleted th e i np ut requtr e _ e nt • • nd t h:e: . t_u l . tl o n o f th e

p r oject un c:ertaintle •• the d iacu . ll on n ow p r o e eed, with how

I,



..
~ ., Pl onur UOCESS lif e

_T h~ v o r k i n , of ' I ODu r 11001.1 cln , apl,tned I II four

ItOi'p. ~. ' ho wn tn rtlllr~. ) -) t o )-6 . Inl t1.11y . b...,d on

the Il1 pU,1' f ,or .trar c a lC ead t o c d . c . l ' .l a " , e ad pro J IHt

c a l e nda r ; PIlD DUr .enl r ltel t h e " o r k ll _, Ind c I l ",a d l r d ate d

p roject le,lIcdu lce a . ln t f or t he ex,curt ". r e ve r .. I" .. sellen t .

I t ee ee rve e .nol It ~rel , II Inp u t p e rtll n ln g to th l.'

uncerta in ty vl t l , bl . . r e q u i r e d f o r l .pll:1' COli putl tlon l .

T h t, cO ll p r lee t Ir e p 1 .II 1 1 11llt rat ,d I n P llu r e 3-3. Th e

next ItC P t e ve t ve e ran doll III.lllp 1 1nl fr oll t h e " . ' tll e r" 4 I t l

I npu t fo r th e ' t 8 c r l c a l p la n per i o d , I I , ho wn In F ig u r e ) - 4 .

R,,,ln 8 r e c el" , d , I I I np ut I n the ft rl,r t v o Itep. , 1n

I re p 1, PIOD U', pr o c ee d , .1 ,ho vn I n rll ura ' ) -~ . v t t h

co.p u r l na .ep.r~t.11 the " ork d a y 10 •• due to the l . p.c t of

the ulu :er t. l n ty ....r l ... h •• 5 t.art l nl wi t h projec t da ; I ,

PkOD ur conald er. the e ee e r e e r pl l n a ctl .. ltll l I n the ea rl y

" •• ed on ha r n l nl 'cur .. e effec t. '01lo wl01 thla, t h e l a,act

of the Ind l "ld"ll uncer t.lnty " I t l Illi e. I . c onllder ed a a d

th e e llp'e"c te d wo tkda, lo . e I, c a l c u lated f o r e. e:h . The n,

o n the . ct l vl t y d u r .t l o n l' co .lIlned l a ell pl el n ed I n t h e

pr ece d Ing c h .p te r . Tn e cO ' put l t lon a el. "I t d et er. ln l n g.. ,
wh e t h er t ha who l e o r on l y a pe r t of the wo r lt d a y ; : a 'ul1lbl e

fo r t he a ct l .. lt y . Th e f ra ~tl on e ep r e e e e e tn l the I Vlll e ble

wo r k d a y r e f le c t e t h e rl t l o bet we en the pro ductiv it y c oa p ll t ed

j
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. fo r t h e a i liu l at e d. p ra j l!!~t e nv i r o nll e n t for. the d a y a nd t he

ent.a r eo f t he ave ug e productiv ity use d In deter lllnln& t he _

o t 1 S 1 n8 1 ac t lv 1ty durati on . At t h e en d o f t he d a y , PRODUF . ·

by a u b U a c t l n , t !'lll! ave n.b l e'vorkd a y f r oll t h ... d ur a ti on o f ,

th l! a l; t i v l t y , c a l c u l a te. t h e r e ma i ni n g dur a ti on r e quir e d t o

e e e p Le r e e ne. a e t t v,lt y . TII 1 8 la ~?n e f o r a l-1 ac t iv i t i e s

",xp e d :.e d t o b e ' ~ I! ; f O rje d on p r o ject d., 1 . P~ODU P . pr oc ...e d .

t o p r o J ac t 4 e , 2 , -:l . 4 a nd 8 0 o n, unt : l th e eatll:la t e d

d ur . t l o n o ! a n a c ti vi ty I n p r o lr ea . 1 . f l n l .hed a l t h o u&" t he

ae c iv lc)' 1. i n complete . At t ll i a 8 tage ; the ea r ly a ta t t a nd

H n i s h dat e s o f all t ll ea.lI p le re .C: t i v i t iea a re upd at ed . Wh en

t he r e •• l0 1n8 du r a t f en fOf -.ny ac tiv i ty b e eoll e s U tO , It I s

c:on a l d e r e d co.p l e te an d t he t o ta l e la pae d d a y . ' o n tha t

' a c t i v i t y r e pr e a e n t it a e x"p e c t e d d u ra t io n un d e r s i mu l s t e d

proj e ct e nv iro n me n t . S i t ua t i o ns i n wh i c h - t he rem a ining

d u~a ti o n i s a fr a cti o n o f a da y , a re a l so co n s i d e r e d lln d

.d u r a t i o n a a re e a ticut ed up t o l/ 2 of a d a y . I f t h e act iv i ty

i s 'oJ;pe c t e d t ~ h a" e ae"e ra l d a y a d e la y a t t he en d , PtlODUP

, c o mb i ne s e li c h , d ele)'s , c or r ec t a f or o ve rl'p, a n d t h en
. . .' I

<d,e t e r mi n e a the f i na l < eX pe j ted dur at i o~ o f t he a c ti v i t ,..

Af t e r al l th ~ tacti c a l pl,. n p ro j e c t d·_ ,. _ have b e e n

c o n a i d er ed t he ta c'tic al p l a n ac t i v i ties a re e x-.ed t o b e

1.n on a o f the f o l l o wi n8 ca t e g o r i ea: •

- )' e t to s t ar t ,

Sin ce it i a i mpra c ti c al pred i c t qua n ti t ative



llIa n n er ,

"
a n y ~ e8 r e e of c o nf i dence , t he l>..~ aet 01\ t he

un e e r t!lnt Y va r ill b l e s for a s pan l o n g e r t h a n t hr e~ r e po r t in g

p e riod. , th e du ra ti on e e e t ... t ea o f "t h os e ac ti v l t !e . t ha t d o

n o t a t a r t ",it h in t h e t hr e e r e p ort ing p e r i o d . un d e r

co n s i d e r a t io n li r e no t r e v i s ed. Furth er , to ob t ai n th e

,
ex pee te d d urati on fo r all. ac t iv it y i n progl' ''' ' ' , t h e r e ll . ln l n ~

d u r a t i o n t e 'l.ui re d t o t Ollpl ete the a c t ivit y 1 . a d de d t o t he

e x pe,e t e d - du r a t i o n , fo r e a c h - t a c t i c a l pl a n a c t i v i t y . Ill. the

.• illlu l~te d e ev r e e nae e t • T h e r e aule r e p re.~ ll. tl on e ou t e o llle o f .

a ll. inf i n i te n UII.b e r of po s sib l e ou te o lll"'. u ad ef .t h e d e s cri be d

~n c er t.i ntY . At ~hl. po tn t i t t . e e e e ••ary t o ' \d l I C·"' . . t h e :

~e .n . of fl~ln g t he nUlllber o f a l 11.0 1a t lo na r eq ui r e d t~

adequate ly x e p r e a e n t; a l l p o a eibl e var ia ti o na of t h e pro jec: t

en v t r onee n t , T h e nu mbe r o f , i lllu la t i ona a r e d e t e r e Ln e d f r o ll

th e at a t i at ie a l a na lyaes o f th~ pr o jee t d a t a . As s u il in g t h'at

th e aetiv i t y ~urat lo n fo l l o" a a Be t a d~ a t r l bu t !o~n , th e

n umb e r of s i mu l a tio na e a n be eo a pu ted u a i nS t h e f ol lov in g

r elationa h i p :

.- N • the RUlIlb e r o f a illl ",le t i on .

Q2: Er 'r or' p era ae t e t, and

Th e va l ue o f l' d e p. nd s o n . hape o f 't h e Be t a
• . 2 '.

d llt r i.b u ti on c:u r v e . As a ulIll u l s va l u!I o f 2 fo r P and II .. O .O ~ ,



,," ..

~1 . 1I1 . tlo n . t o let &11 'atl •• e e o f - t h a p o p u l a t lo G p a r ••• t u: ••

. "ecord loll , ) 0 .t-:'!tlatl o ll.& a t e t o" . l lh rad. r e e the e .. . . pl e .

p r oje c t " n .. l ron.e n t a nd c o . pu t e: t h e e e e e • • po'1I4I ol ' •• t o f

e ll:pecr e ol. d u r a t i o n for th e t a c t l l::&l pl an u : t l. " l tl... . A

diatrlbu tlo n of expe c t e d d u r a t i o n for e a ch ' t . tt l e _l . p l a n

.c t l v lc1 I, o b ta i n e d 11'0 11 t h e n ahlulatlo n a. T he d urati on

di stributi o n I, ,1.11 a r t o PERT d u ratio n dl lu lblltl o n 1I1 th

t h e 1 01101110a &lIe. p t l o n:

1. A cU u r t b~ r t~ n f o r &Ct t 9 tt ')' d ~ r . t l 0 n •• tt••e e I,
, • • l l . bi e l a . t ••d o f J llat t hr •• t t • • • , t l • • t •• • .

2. T he ,U at r l bli tl o D I' ' a b t a t n e d fr oll , 1. " la , l on
" b U , PEa T ., t l •• t .. a a t .. o b t a in e d I n euil l ve l )' . "

b U:kll.r~ P'" ( 0 Ilp UC & ' 10 1l.1 f o r . a ch . a t o f r a n d o . d ,,;r a t l o na

a t . c ir r le d o u t t o co.put e t!' e e llpee r, d eo . p,1e t lo n e i ee ,

Tht . t. d o n e I t , r a t l " e l ,. t o Obt a i n t h , dhtr lbu t lon for

lI11pecte d t . c t l c a l phrr. c o .ph t l o n t l • • .•

e u.u la t l " e d l . trlhutl o rr. f o r t a ctlc. l p la n co mple t io n t l . e I .

, . h o wn In r igu r e ] - 7 .

Aft er e e e e e o f . a . p r ci j . c ~ . paODUr c . t r l •• o ut . l.u l. t lo n

the tl•• of • • c h p r o gr ~•• r . " I .w . Addl tlon. l In put ,h t .

r . qul r. d e e . a e h .i pda t . fol lo ... .



7.

, .. 110 re 3-5 t . P1l.oAur proc . .. ln s S t .p-3



71

PROOUF
STEP ..

r i gure 3 - ll l PRODUY workh.g -S te p 4
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••· ***TACTI CAL. ":LAN COMPLETION TIME** *

Pls ura 3- 7 : C.P .D .for t a cti ca l plan
eOllp letio n t im e
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"------- --~-.--~----"'"---- -



73

;
1 ) -Ti me no ,,- a':lll th e ha t day of t h' tac't 11:a 1 pla n

p etl o d .

1 1 ) .c:~· l .·i. tle . co. p le t e d.

1 1 1) 40: t1 .1 t le. I n ' , p r Ol r e a .

" v ) ~n y lIo clt f lc. r lo n t o t he I np ut data tela e I nl to

u nc e rtll i n ty .... r i a b l e • •

A.t nc h p roa r e • • r e v i e w, PR ODUF . dd, o r lD. o clHl e a th e

r e c o r d e d d ,lIt . , p ~- o c e • • e . it f o r cOl p" t ln g th e p r oJ lI!ct

co .ple rl on e ree a nd ev a l ua te . t he pu b_b l l ty d t . t rl hlltl on

f or, t h e t . ~ t l c . l pl a n c o ...plet l on t l •• : .t h l . f O'l'ee all t for d .

th e b •• h a nd .10ns wi t h t he a tu ter;le p lan , I.; " a ed t o

ge De r a t e p r o h. h l i le r dla t r l b" t l on f or p r oj e c t d u raUo n

f oree . at II e ll.,h l ned I n t he {oHovln s c ha p te r . ..

.__..._-- '- ''''''- .-. - _.-
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!lAHPL! PR.OJECt

4 . 1 PIlOG R AM S TRUCTURE.

Th. c o mpu te r p r o g t ... s , com pri se d " of fou r

- . , u b p r Oll r a a.. : PRODUF 1, 2 , 3, a n d 4 a s de a e r Lbe d In the

p r ece di n g c hap ter ., re e e l v!!s 811d s t o re s a ll I n p u .t <l8t8 on the
, "
'!'Rc e ft llin t y v"r l able s, g e ne r e t ee pr o j e c t e e hedu Le e ,

. s i mu lat e s t h e l mpact of the u nce r t a i nty va r i a b les a nd

der ives 8. dur at io n d i s t r ibu t i on f or eac h
."

eeee t e e t v 1' 18 0

a c t i v i t y. It t h e n c a r r i e a o ut Kont e c ar l o t l 111 Ul a : l0 n to

g e n e ra t e cOllp l e t io n e t e e , It a l a o co mp u te . th e c ri t ic al i ty
I

Ln d e x , The c r it I ca l I ty In d e x o f an a ct i vI t y e.n b e defined

88 t he r e e r e o f t he num ber of tll11 C8 , a n . c t l v l t y bec om e .

e r r e tee r t o til e to ta l nu mb e r o f tlme a t he p ro j ect d uration

is . h u la r d . The p r o gru, 1 h tl n g , f o r PRODUF. 11 given In

Ap pendix B.

The wor kins o f \ P RODUF an d t h e ..n a l )' ~'l ' of ita o u tpu t ,it

e x p La t n e d wi t h t he ~ e l p o f an e lC8 1l1 pl e p roje c t.
I

..'
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4.2 IIRI E F D~S Cl1 PT IOH or T HE PROJECT

The const ruction of a combinati o n phnt;,,"offlc::e - Ilir ehouu

~or a 8111111 I nd ll .tr ~ al flu 16 t.h e p roj e ct c c ns Ld e r ed [ 2 8 ) .

A floo r plan o f t h e e nt ire cOll p l u I s ahown tn figur e 4 - 1.

T he , s it e t ,. I n A 1011 a rea overgr own wi t h sc ru b t l aber amd

b Ullie s; t he 8011 I s a u nd .. nd g r i ve l e l x t u r e overl a id by

cla y . Ca st -In-pl ace p l lea 1It'11 be d rIven co e b o u t )0 f eet

fo r t h e pl ant a nd v e r e nec e e f ou ndatIons . ' The e r t t ee

bullding \/1 11 be on s p r e a d foo ·tl ngs. As t h er e 1 8 no w 8 ce\

supp ly av ailable , 8 lIe ll and ~O . 000 g allo ns e le v ate d wa nr

tov e r wi ll b e instal bd . s ev e r e g e and po ve r tr u n k. Hoe a a re

2000 f 'eet . ...a y . T he pl ant a nd w a r e h o u ' e st r uc t u r e s are to

be e e e c e r c r e t s t e e l wi t h high ten s il e bol ted e e n eec e a c e e ,

The plan t will have a n over hen d c ra n e 118y r unning th r o ugh

t h e length of th e bu i l d i ng . The wa r eh o use w ill ha ve 8

mo nor a i l . Thl! ro of ay . teft wll 1 be b a r j o1 8t a a n d pr ec u t

e cnc r e t e " la n k a co wer ed w i t h 1.0 year ' bullt u p r oofi ng .

When the pr o j ec t 1 8 i n i t iAt ed , 1\ Btrat egl c P la n in t he

fon of 0 CPM ne t wo r k la p r e pll.r e d dII. In " Fig ure 4- 2.

The e e e t ee e e a pr oj ec t c o .. pl e t i on the i , 1.85 day' , To

o cc '(Jun t fo r thl! cO llbi"ed I !'!p n tt of t h e u n ca rt nlnty

v e r r e c t e e , a fic t l tlouB activity . wlth I S da yo durot l on ,

e q ua l t o t he cont i ngency time ol l ol/on c e 18 p r ovi ded at

e nd. S o the pr o j e c t t . e xp ec t e d to be cOlllp l e t e d wi t hin 300



..

16

'l&ure 4 ~1 : Fl oor plan of t.h e project

, .
,, '

- . ' 1_'

"
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The f lut t .0; [1<:1 1 pl an c c ve r Lrrg f o u r

re port ! nl p eri od s of o ne lIIonth ueh. I , s holl " I n Fig u re ~-3 .

Ul l n g t he s tra te g ic: an d t a c t i ca l pl.n , II we ll a a t ke

f.ollo wln g cale n dar t n f ormat i on I . I np ut . workd a y lind

c:'le n d a r d at e Ic hedd les are geners td s ep n a t .d y fo r t he

. It .t es l e an d ts c t l e ll plana 1 04 a re Included along with t he

projec t ca le nda r i n Append! . C

Star t da ce of the pr o jec t

Llk .. l )' U nle t. dat e

Weekl y oU

Annual ho liday.

OS- Oi -I IlS 4

12- 3 1-1 98 5

S a t, S u n

08 - 15 - 19 84

04 - 20 - 19 8·5

12.- 2 5- 198 5

I
'. -

Th e t a c tic a l 8eh e d u l e fo r ... . th e bu t " for Il'oco tpout l o n

~f j . t he Le p a e t o f t he u ncer ta in ty v e r t e b Le e • T h e I n P:t dll t&

for t he f l rat t e e t Lce I p la n p er iod are s h o lln In ta b le 4- 1 .

Tho d a t a au s up po s ed t o h o b tain ed from the cO ll pe R)'

H chl vo .. To . 1 muh tl!. t ,he e'x p e c t e d projec t e nv Lr one e e r lind

i n 1. pll ct , PR ODIJF 11' 0 11 the fn ql1cn c e R....lllber o f the

. 111....1 . tlon 1'\111 a. t he IIce d n ....OIber . PROOUF co n ll id e 1'11 . 11 the i
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DI!'8e rlp tion of t he . T o t al no . of
·u nee r taln ty vari able u:ty . • f f e et ed

Lea r n ing c u rve

Ac Uvlty numb er s _

1 , 4 , 6 , 7,1 0 ,12 , 13 , 19 ,2 0
21,2 2 , 23 , 25 , 26, 30 ,3 2
and 36

\le a th er

Sp a .::e eongl!' lI tl on

Cr e w absenteel . ..

Ileg ul.to r y t eq u l rell.l!'n t.

De, l g n eba ngee . a n d r ewor k

E.eonoll.lt e c e t vt ey le ve l

La bo r u nr e e t

s j e e t r t e u n ce rta i n ty
v ariab le

Not e : .

J4

35

35

22

1 to ] 6 e xc e p t 18 a nd

"
6 , 7 , 2 5 ,2 7 ,2 8

1 t o ]6 e xce p t 2 9 {S I!'I!'
App en dl l1 ... for pe r c e n t
a bsentee18 lll}

4 ,B , U,1 6 r. 17

4, l1 , 13, 2 5 & 31

1 t o ]6 e xc ep t 2 9 ( l e e
Appendi x A for the
eq u a tio n a nd t h e va l u e
o f t h e r atIo}

4 ,5,6 ,7,1 1 ,12 ,1 ] ', 19 ,
20 ,21 , 22,2 3 ,2 4 ,26 ,27,
28 ,J O,31 ,32 , 3 4 ,n (, as

4 ,6, 8 ,14 , 15, 27 , 33 , 35

1. Det . l la of the i mpact a re g iv en tn Ap pe nd1:l: A.

2 . Fo r det ail ed ac ti v ity d l!. c:rlptl on a nd no de n\Jlllbu' .,

refe r to Tab le" ~ - ) an d P ig u r e 4 - Z.

't a b le . 4-1 1

)
./

In pu t da ta f or t he t a ctic a l p lan
-H u t r eportin8 r~ r lo d
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36 actlvltl e . of t h e t a t tl c"al pla n a nd lort", in •• te n d l ng

or d e r o f e a r l)' s e e r e ~ t h e a ctivi ti e s pl a nned . on eac h d a y .

On p r oj ec t day I , only .on e ac t iv i ty , Ch a r Site, 1a

plann ed ; l t a r e vLe e d d u ration ba eed . on l e un l l1g c ur ve i ,.p ac t

h 3. 5 d a y • • . " T h e e ll p e t t e d i lllpa c t du e t o e a ch u nc e r t a i n t y

va r iable 1 & det erm i ned in t e r ma , of v or k ,h y 10 .. find

.... tt e a. l ve l y com b i ned . Par t h e e e t 1 v l~ Y . Cl e a r S H e . th e

wor k that t a n b e d o n e un d e r

e n \l ~ r o n .. en t i s 0 .8 of t he ,p l an n e d pr o g r e .. \ o n pro j e c t da y 1. ·

The r e f o re , t h e bala nc e d u r a ti on r eq u i r ed for t hl . acti v it y

h .2 . ! dl YII( 3 .5 -0.8 )': S i nc e th e re a re no e o r e Be tl vl rl e . t o

be pe rf o r lled on tha t d a y, PiODUr pr o ce e d a t o pr ojec t da y ' 2 .

Re te agai n, t he s am e act ivit y '1 , in p ee g r e s s an d t h e i .. p a ct

1 &_ a'11l'u l &te d " befor·e . s t e r r e r co n~i de ut lon f o r pro j ect

d.y P a nd 12 a r e e n e vn I n t h e COlllpu t U p r.~ n to u t i n T a ble

G- 2 . Whe R .1 1 the 88 p r o j e c t days ha v e be e n ~ o n8 i d e r e d , t he

ta c ti c a l p l a n a ct i viti e s v iI I s how th e f o l l ov i n g -e t e t u e i n

t h e f i r a t s i mu la tio n run :

Ac t i v~it l e s e x pe e t e d t o b e c oap l et e d,

Ac tiVi t i e s e xpe c t e d to b e i n p rog r 8s '

Acti v l t le . e x pe e e e d not t o . tar t

Dumay a c tivity

T o ob t a in th e e xp e c te d dur at io n fo r

"

.a c t l\l 11;y " i n

pr o g uss , tho n u mbe r o f days elap e ed ' 1. a d de d t o tile



DATE

11 15 1 '5 / 84
11 1 ~1 5 / 8-4
I I 1~1 :5/94
It 1':5/ :5/64
II 1:5/ :5 /84

82

DESCRIPTION

DRI LL WELL
FOUND.NEU.
EXCA. FOR SEWARAGE
EXCA.I'WH)LE
D. H.POLE

P«J.OF DAYS
COt'FLETED

I '
1
I
I
I

. )

AVA I LABLE WORKDAY FOR ACTIVITY -4 IS 1. 0 3 -DAY
AVAILABt..E WORKDAY FOR ACTIVITY :5 IS 1. 0 3 DAY
AVA I LABLE WORKDAY FOR ACTI VITY 7 I S 1. 03 DAYS
AVA I LABLE WORKDAY FOR ACT!¥ITV B I S 1.01 DAY
BALANCE [)lJRATION FOR IW::TIYITY 4 16 11.98 DAYS

:~~= ::~~~: ~: :I:~~~~ ~~: ~ .:V~Y8
BALANCE DURATION FOR AC TI VITY 7 IS 6 DAYS
ACTI VITY 7 IS COHPlETED. THE ~ATlON IS I DAY.
BALANCE ~ATION F{)IJ ACTIVITY B IS e DAYS .

ACT Y ES EF L ' LF
4 10 . ' 10 . ':5 28 .:5 29. :5
5 10 . " 10 . 5 15 . :5 1:5.:5

• 10.5 13 . 5 20 .5 23 . ::5
7 10. 5 25 . S 11 .5 26 .:5

• 10 .:5 29 .5 10 .:5 3:5. :5

12 ' 16 / 5 / 84 DRILL WELL
12 16 / 5 /84 FO\.J'olO . WELL
12 16/ 5 /84 EXCA. FOR SE WARAGE
12 16 / :5/ S 4 ' O.H. POl.E
12 16 / 5 1 94 15 " INSTALL ttA...-.oLE
AVAI LABLE WORl<DAY FOR ACTIVITY 4 15 0 . B 4 DAY
AVA I LABLE WQRl(DAY ·FOR ACTI VITY:5 1 5 ' 1 , 0 3 DAY
AVAILABLE WORKDAY FOR ACTI VITY 6 IS O. SOi' DAY
AV~ILABLE WOR1<DAY F~ ACTIVITY '-8 IS · 0 . 8 40 DAYS
AVAILABL.E WORkDAY FOR ACTIVITY 1:5 IS 0 . 8:58 DAYS
BALANCE DURATION FOR ACT IVITY 4 IS 11 .18 DAYS
BALANCE DURATION FOR ACTIVITY S IS 2 DAYS
BAl. ANCE DURATION FOR ACTIVITY II IS 8. 3 4 DA YB
BALANCE "DURATION F OO AC TI VITY B I S 4 . 1 -DA~ •

. T.bh 4- 2 1 ' Co _pllte r printollt f or Iv . ilab l e ' vorkdl Y

on day 11 !lTd 12
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~1II_4 1 n ln g dUfit i o-n-req ui te d c o cc e e t e ee Ch I!! ac t: lv l t y . - I!"or-----­

t he act1v l t l ~ 1 t h8t a r e 'no t 11lr.ely to s tart In th e tactlc.1l. 1

pla n per i od, t he or I gIna l eat l lllaad dur e c Lc n ulII. lna
r :

uncha n1cd( _(o j lll! expect.ed dur a.tiOn .... t l 111.lIC.... of all tact ica l

pll n aC t1Y'l~_U fr olll t he fir s t atlll ulttion r un a re s h own in

Ta bl e 4-3. Th i ... co mple te s one s imula ti o n re s u l tin g t n o n e

ee t of' e ltp e c.tc d d u r at Lo n ee e r ee t e e for a ll t a c ti c a l pla n

a ct i v it i es. All exp l ai ne d 10 th, o:- prec e di ng ch apte"t, It 1 8

CH l 1 11U d that 30 8 1111llat lona are ex p ecte d t o give a

uIs q nabl e c r OBS se c t i on o f the occu rrenc e o f t he pro j ec t fl

env l ronunt. Accordingly, 3 0 a i ll u lations AU, cur led Gilt I n

a simila r IIlnn e r t o r e pre s e n t 1118 0y eu t c oee a of t he pro j ect

envl r o nlle n t and t he to r r upo n dlng a cti vi ty d uu ti o n

el t,I.1Q8 t es. h pec ted d uration est imates s eparate ly for each

act i v i ty r e ce a l l s illu l atio n r una a re so r t ed I n asten d ins

.e r de r t o obt~ln ! J:'an ge lind a dlu J:'ibutlon o f d uution

e l t l lll a t,~! f o r eac h tac tical p la n e c t rvt e v , FoJ:' exa mp l e, t h e

o rigina l ...st1l1a ced

I nst a l h t ion i a 10 w o r kd a y s .

actlv i ty T an k pi p e

The si mu la te d d ura t i o n

elt i mates a 'C' e the fo llo wing:

7 , 8, 8 .5; 8 _ 5, 9. 9, 9 , 9, 1 0, 10 , 1 0 . 5 . 11, I I , 11 . 5,

11.5. 12 , 12 ,1 2 , 12.,12.5,13 ,1 3 , 13.5 ,13.5 ,15 ,15, 1 5,

l ~ , 1 6, 16 , and 1 6 .~ workdays .

F r om ' t he fre quen c y of occ uuenc e of t lill du rati on

ut lla ate, t h e ex pecte d act iv ity d urati o n dlotrlbutl on i l

o bt a i n ed . It wi ll b e observe d that th e r e i l 0. 3 3 cha n c e

t hat t he a c tiVit y dura t ion will be 10 da y! , lIa ostllllo t cd
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Tlble ~·3: E, ti •• ted. u: t l .1ty Gur.t ioo, f ro ll
.1 .u l.tJon. 1

ACTV DESCRIPTI ON .....A..,. TIl IN

I 0 I CLEAR 6 1 TE ' .5
2 I 2 SUR\lE YIoL. O 3
3 2 3 ROUGH GRADE 2· 3 · DR i l L WELL I .· 3 .. FOUolD.WELL I ' .5· 3 · EllCA. FOR Se tAR o II
7 3 10 E ll'CA. I"IANHO 1• 3 12 DoH .POLE 7· · e I NS TALL W. P 3
10 • • IJ. G.W. P ,
II · ; ERECT W. T 1 3. ~

12 7 • TANK P IPE 10
13 • 13 CONNECT P I PI NG ·14 · II IN STALL SE WAR 10

'" 10 II INSTALL H/H .. ·I . II 12 INSTALL REC. DUCT

PULLI N P /FEED ·. 7 12 13 7
I . 13 14 BLDG LID I

"
13 23 EXCA . FOR OFF e

20 14 '" DRIVE " POUR P I L E 13
2 . te I . E XCA. PLA W/ H •22 .. .7 POUR P ilE CAP '.5
23 ' 7 I. FORI'I AND ~ . 10
2 . .. .. BACkFILL ,
2> •• 21 FORH .. POUR R/L ' . 5
2. .. 22 FORI1 .. POUR TIL e
2 7 " 20 U,( 9 PL..... B s
28 20 22 U /S CONDU IT ·,. 2. 22 IlUtO<V 0
ac n ,.

FO~11 .. POUR 10
31 23 2' SPREAD PLOT • • 5
32 2. 2> F ORI1IoPOUR ·.;. .
33 2> 2. B/ F&COHPACT I
34 2. 27 . U/ 9 PLUHB •3> . 27 2. . U/9 CONDUIT •3. 2. ,.

FOAt1IcP~ •
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lIoa t favo u r ab l e pr o je ct e nv i ro nme n t wil l be 7 wo r kda y s .

Und er le ast f a vour ab le projec t enviro nment . it v f l L b e

fl nl ahe d In 16 .5 wo r k d a y s "

4 . 4 HOIiTE CARLO S I MULAT I ON O F THE COMPLETION T I ME

Car lo Bh lll i a t i o n uses the e xpec t e d a c ti v it y

durat ion d istr ib utio n and ,ge ne r a tes In each ite r a tion o ne

act o f du rat l~'n ea e re a e e e fo r a i l t a c t Lc a I plan act ivities .

It th en p r o d uc e s th e t~et lca l pla n comp letion U .. e fer t he

e e t , I r e r at 1~ e II ! mu l a t I Onl ' r e e u I t in a d la tr l b u t~'on fo r t he

ee e e r ce i p la n co mple t ion the {tOIll wh i Ch the cumu Lat ive

di st ribut ion I s ob t a ined f o r t he t ae r Lc e I plan comp l et ion

t im e at IIho \o'n I n Fi gur e 4- .4. ,Ne x t. t he or ig i na l sc h e dul", I s

compa red with the s imu lation outpu t . !he orig ina l a c r a r e g Lc

li nd c ec t Lc a t pl an e e ep i e c t c n the along wit h t he app rl1pr in te

co n t i nge n c y a llo wa nce ' i s sh~w n i n Fig o r e l, - H I!.).

pr o ject is ye t t o H a rt : l ta l illlol. tl on ...ill e t e r t frOIl Ma y

I, 1984, th e ~ta r t da t e c ons i der ed for t h e p r c j e e e ,

tac t ical plan end s o n ,6 8t h projec t da y . The tot s I pro ject

cOlilp letion ti lle , 3 00 wo rkda y s , t nc t ud e a 15 ' wor k d a ys towa r d",

co n tin genc y t t ee a llo wance . ' T h e or i ginal c o mpl e t io n t i me

f o r t he t s ct l cal pl ? n , i }\cl u dl ng . propo rtionntc c) n t l nge n e y .

t l mc a l lo wan ce of 4 wor kdays. I I 9 2 wo rkd ay s .

a l mo l a t l o n r e eu Lt e e r c sho wn tn Fi g u r e 4-S( b) (l n d (e ) . T he

CUlIIU I nti ve pr obab ll it y dl 8 e e t ec e I o n fo r the t ~ c tl c "'l p l a n

porlod 18 alao s h o.. n in Fig u re 4-5 ( d ). I t . i ll b e lI,c en
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. ***TACTICAL'9LAN .cOMPLET~ON TIME*M*

Q7.08 UH'.1lI8 106. 89 rea.ee 113.00

. ...

It-7.ea

r l l vre 4-/11 C. P . 0 . f or tactiea l plan
eo ~p l et io n ti me ·
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~h. t co _ p l at lo n 'o f t. h e t a ctical phn ·., ith i n t he or1& ln.1

du"r 'a ti.on in c l ud,lnl t h e pro port ion.te con t i nlanc·;' ",:t.t . e
' . .. , . .

all a v.nce it not, fe •• tbJ.e . } no th e r eo n c h. lo n 11 that , i f

the proj e ct t a c t i ca l pla n p roce ed s wi t h out I n y e e e e Le es tL o n ,

the e xpe ct e d del. ,. I n t h e t a CUcal phn . b a .ed on 50 pe r e e e t. .
pro babi li ty will be 15 workd a y• •

Ne .. t , Ptl.ODUF r e l a t e a the .ll1.u l a t lon r e e c i ee t o t~e

H rate Bil: p18 0 . The r e ar e .t vo ' a l t e r na t i ve •• Al ter na tive 1

I, o ptlldat l c and .8aua. a tha t ch a o ac t i vi t h. i n the
. .

It r at l Ble p )"l n p e r i o d ,,111 b e c o mp ht e d .. pe r ~he o r ls l n a l

dur '.t lon' a n d , t he e lpll e c e d del . ,. I , only l 'n, the . ta ePi c.a l pl a n. . '
l, e r 1 o d . In that cue. t he p fClj e ct c o . p1f e l on t l llle

~l .tr l bu t i ori 11 ,ia U ar t o t h e ta c t i cal p lan d la tri buc ion

. --abt a i ned lurUer 'a shown i n f i g ...r e 4 - 5 ( d ). Tb e e xpe c t e d

pro j e ct cO llpl e t i 'o n ti ll l: co rre. po nd i n g SO, pe r cent

pr o babil ity 11 304 wo r kda,. . . THe o p ti 8 i . t i c fouc. a t

re fle ct e • f .vo u r. ble f u t u re . pro jec t e n v r r e ne e n e ,

Al t e rnat i ve 2 ... .... e l t ha t the ex pected d e l . y

It r a t ea l c ' p h n v l t h rupe c t to the t e c t t e e L phn ' d e l . y 1 .

pto porti o n ate t o ' the .t i ,.e . p an o f the t vo. pl.n . . F i"."_'_' ~'_-_' - -c-- ­

(c) .ho v e t h e dh trlbu tion o f co ap l e tion tia e f o r th e

ta ctlc i l and .tr. tagl c plane . Tlu; ex pe ctad proj e c t

~o,.p le t i o n ti,.e co r r e.pon d i nl to 50 p e rcent prob.bili t y t e

Th tll Hlhltabtl t h e need f o r tb e '..U.lellle nt t o e r r ee e del a y I

dl .r. r i bu.ti on pa tte rn di ffe r . fr oll tha t o f Al te rna t ive 1. '

3U workda ye. It will aha b. · . ob aa n eJ. th.t t b l

. 1
du r l na ' tb a tlctical plan 10 the y d o 'not g a t . a g n ifl ed in tha

Itrataalc pla n .
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T h e er ltieaUt.J ..lndex for e ach a ethlt y of t h e t l etlcll

plan I , c Oll p u,t e d fro. , 1111111.1'1011 f e llllt , ., ttl.own 1n table

iI- 4 . the ou t pu t dheu, .ed ber e (. n,il_hle 111l1ed l at ety

befor e the projec t I t a r t l , eo the ••nage.eut c u i. til; •

. AII .... 1ng t hlt the, project h .1 be e n In :progre ••:' ror two

r e po t t l 118 pe riodl . 'o n J U11 I, ' \9 8 4 , t heb'81 nnlni o f the

third '.portins period , pr oS t • • • dU ll 11 i nput - for upd atha

.:,

"
I

th e ' project Ic he d u le . Duti l'll t h e tw o p r e"ioull ,r e po r t l na

period _ , c er ta I n' .ctl 'lt~ . . hav. , b .n n eo.p l et ed . So • •

act l"lt lel at," e xpected to b e i n pros r ••• and need r1a. to

CODpI e t e' ,Th i , pro It . .. a tUull iI" pr; • • nre d i n table 4-5 '•

.T e n ·ne w. • e tl " l tl e,' a re .~d "' d to the preceding ~ ,. e t l c. l plan .

Th. tactic il p lan now ".xte nd . up to S.pt 30 ', 1984 , th e l2~4th '

project d.y . The tactic.l plln, d.t. i . updated .nd t he

Il t •• t info ~.lti on on the - i llplc t o f th e uncllrtai ~t y

vlr!lbl", a i a "lded.

PIlGDU' .t.rt••i.ulatioll of the project . ,n., i ro n.ent one

d lY It I t i ll e , for. the , tlctical p laD p.riod , co.pute. t h e '

cO llblned l.pact of th l uncllrtl1~ty 'II ri able . i n tI~•• of

wo r kd a y 10 1 . a nd ob ta ln. durat lon ' d lur ibutloft for - el ch

t o lillt a di.trlbuti on of c o. pl e t l on tille f ot the tactica.l

pll n . Th. cOllplllt10~ U ee ·dll trlbu tion f o r t t\' t'etielL

p l a n and ,t h e Itrltelie p lan , on aiell.t l in • .•. a. for

r eportlnl p eri od 1 ' hov o . Ln ' ilute 4-5, e r . l nd i,c .t .d 1n

P11~re "" '• .:!t_ / i IloV_) . "

!.
..

,

1
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letlvlt J
'Iluaber

Crltleal1t1
index

CriticaUty
lndell

-,

,I

1 . 0 0 1.

1 . 0 0 20 1 .00

1.00 11 1•.00

" 0 .75 21 1 .00 .

0.20 21 1 .00

O.O A 24 1 .00

"
26

O. B~ 21 1. 00

10 0 .85 28 1 .00

11 0 .08 "
12 0.0 8 , 6 1 .00

13 1 .00 n

14 0.04 ,I
13 ,!
l' _ .....__lI.....J1A.....-'-'- "
17 0 .04 Jl

1. 0.04 J6
I

--------- - - - -- - - - ~--- -- ---~- --.- .----i-- -----: - - --- - -- ---- --

t eb h 4- 1t1 Crltle~·l1t ' I D.d u .. PirH
npo'tthl per i o d
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-'tt• • n ow" all lnlDI of . th ir d report .l l1l
p e riod

Ac t i vi t y ill pro.rt~.

1 ~o 12 .

, 23

. .. . . ,ln1nl dura t i on
for aet i d l y 1 3

31

An y ch an• • I-n act i v i t ,.
clutl tlon
Cu n ent: u e t. l e d p l a n
, tar t d a,

nil

"
Cu r re nt u c.tlcd , la ft
end d.,.

'24

0 . 8

/

Ec: ollO.l c I Cl:l .. 11:1 1':, 11

".tlo fo r ee e t i ca l pin p eriod

-'-c- - - - - - JU l y.-, - - ' -,--_ . I

. AU8 "'1:

S .p t .

0.'
0.'
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o and of ••e on. pariod .
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pr?bablli,t y ot 77"., pltclnt that the t.ctl~.l plan will be

carried ou t .1 pI)T: l ell .clul e (including p ropo r t i on l t a

• con,t ins.en c y t l e, al10"an ce) . Z~tr.po l.tlnll th e .t r a n el for

t,he I t,r a t l a le p l a n , the c u.. ul.tlv~ pr o ~.bll1t y d lltrlblltl ~ n

o f C o ~pl.t1 n. the ,p r o j . :c t ~n prOj, c ~ d : y " 28 5 i a a l I a ' 7 7 • .5

percent. Whe n the conti nge nc y tlme . 1):o"'l n o:: o I , inel ud ed,

no del. , 11 Ix pec ted a n d t he p r oje c t 11 I Kp ac t lld ~to b~

c oap l a te d with in ' ~.~'du l " AI' D, th e c:rlti c . l~t,. . inde .. ....,J0r

the t actica l plan a ct ivitl •• , ta . c o.put ed I I ~ h o wn i n Ta bl,

4-6.

On coaparlloo of t h i , for e e;• • t 1.8 . 1n . t , the e e e ee • • ~ • • d.

for the ' firer : r . po r t i n l period, I t ' I e o bul lt'" a d that ' t h e

J'-' ,,,j.e< \. ''',''n!" ••11 ••d .ff.,,, " , ff ..e ' W,.loy

that e o ~ l d h ,,,, b. e n elul.d by the uncert l l nt , vl r ilbi. 1

have be en f 'fu i t f u l., It ia evident th lt th e o r i g 1'o\l l

Ichldule v ill hold I nd 'd o c i not Dee d I re vi lion.

S 1 _ 1 1 I r ' up dlt . i la d l i _1I1 a t i o na ~ I t e ach repo r ti ng pe r io d

till the p ro jec t 11 c o_ ,Pletl pro vi d ' . a na, I.," t ..1flth a

"

f orlcllt . of" . p r o j e c t 4u'fati on .

,,/,,

,~--- .,'..-...,"''--- ----
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" 1

Att,iv1.t J
nu a ber

. Critic . 1 ft ,.
tno eK .

. At 'tidt )'
n uab a r

Cri tica U t)'
1no••

----c'-,'--·----'------~-----··- r--·----·~'--------- ------c----

ZJ ' 0 . 9 5 ~ :14 · 0 . 05

" 0 . 9 5 3S 0 . 0 5

25' 36 0 .05

" " 1 . 00

" 0. 9.5 ", "" 1 . 0 0

" 0. 9 5 " 1 . ~ O

" ," 40

30 0 . 9 5 " o.as

" "
I

1 .000.• 05

" 0 . 0.5 4l

" 0 . 0 5 : ' 44 1.00

________;. ' :i _

!'.'
j

"

fable 4 - 6 1 c r lt ica l l t! h ul •• - Tbird
Tl POI tin a p.. t all
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, . ( - . 1.\ 0... A"rL ICAT IO~ AID L IIlltntO l ,

L l \ (",!p~D.Dr .tlln:: -t.~~ a d Ilpd . t . ~ . ~ roJ ll c:~.... . e he d u l u ,

incor porat e t h . i a pa c t of t h e uncu t _1M , ".rll tl'1 a. on t he
" ': ;' , I - . ...

' , ; a U ',hit ,. .du r a t 10 11. a.ut.atea , a n d p ro d uc, ,~ th e p r ob. bi l.l~ tl c:

forec.at of pr oj a ct dur at i o n . It h. . t he lo l l o v in l

, .pplicacion • •

,
.5. 1 A.P'1.1 CltlO MS

.~.1 . 1 roU CASTIIG .. a OIUIL I SYI C CO.,L&t t OJ TUll

,
! '1.0DU' c all 11, ,.. a d to r e e eeee e pra b . b U l a t ic: pro Jact

, I .

c o ~ pl eti O Il. ct.. . " o r.,c," t - ,I ot a ad e er t h~ bal h lll ;" . o f

t i tl t a a d t hi rd r a po t tl n .. "arl o d a IIa t a I h o v e 11l Pi lu r e a 4-S
I

a a d 4-6 r • • p ae t h e l , . Th •• • p l ata a h olll t h e , 'toll ,bi l l ati c
, .

t r I a d o f t c hi • • l ll' t h . o r l ,l l1e l a cb, du h .
I . ' .i A. a lr•• d , ,' t a t e d , , a DDU' . ,1' 0 "llUa t •• t ol ar • • t lo D 011

l a lll 1l'lll ua l a e ~ hl t l all wh i c h e ll a p r 01l'l d e e <lllltl o a al l aa l . tl t

In :o t ho p r o j e e t '. 11•••11 011 t h o o ll:poe t o d IIl1rat lon
I . . . .

d l i tr l but ~OD. ~f : .~ h te:t 1 ",It,., au _ a u ont e an, f oe ll a I t ~

••tra a t[lln t l OIl 0 11 Illleh a e~l.,ltl.a t h a t h av o ' Irll a to r
. I I -
1"1 1 k ll U hood .o f iSawl .at lalfroe the or il ln.t.l

-', T leo /e o at t r. e1o oft lI. e l01 0 aa t o ofta a t t he d ela ,. c an ' ' 0
. I. . I
tak..a . b ,. th e •• na • • • • e e ,,

.\
\

,
t



5 .1.' C&ITICIt.LITl IIfDBl

lIor e ul l a bh criticali t y ln de.: e a e ee It tak e. ta to

,t h e eOllb ine d i mp.ct o f t he u nce r t a lnty v'l i.blu.

5. 1 .3 S E lIS n~V I'n TO UIC.n,TAUn V AII AB LES

PIl0D l1F ld e nt i f1e . t h e . h n lflcan t Ilneel:'t alnt ,. 'U r i a b le

tha t it e xpee. te d to ,c . Il, e , . o ',t d e'1 a , in In activi t,.. T t. i '

~ e l p , lI. naa e .ent t o ·t .k~ ,tt .. el, p -r eve n t l ve ae t ion ."

. , .
~ . l • • CORTIllGI.OVAlfCB,

PRODUF e e n be u nd to . a k.e , • r ea lls t ie t,;lI ti ll'te

eO ll.t l nle ncy time al lov.n.ee -f o r t he pr o jeet • .B, a ,,,,ita bit

• . ez tr .po lat l"n. f r o. the foree.at ,of e l:,\,ee.ted de la,. f o r

tact I e . 1 pI n p erio d , t he con t lnsenc, t l .' al lnw . n c e e..n b~

5.1 . 5 GAMI RG RODIL

Conat-r\l eti oD

or - Pl lTS I M- have hee D de ve lo pe d t!> liv e th e , a tuden t ,confined

to t h. · a cad • • le. ' lI u 1na . all. o ppo r t un i ty t o dev elop th,

' . k e l e to o o f hi . own t llllpon, . b , . cO llfron tl1\8 h Ili vlth

probles a I n the 1.1IIe envirollllent ,i1l11u to t holle .e.tu.I I,.

enco un tered on job . 1ta . PRO DUr, wi th 11111.01' 1I0dlft e.atl onl ,

e.n .110 ' b e \lIe d .... I~.. tna 1I0dei ' f o r f,dllt .tina . t\ld e a t .

la.r~hg . Th; fo llo"lDl.,"ll1 , bl ltt lI.in feat llre s :, "
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1 . lI, e of 1I1 e ro c.o mpuu r . eospar e.'" v.l.th the IllL.thg
' . o d e ! . on .dofr.s. c c ep u t e e-• •

• 2 : IneorpOfatlon o f th e eo e b i n e d -l l1lpa e.t of . l a r gu
number o f Ill'\eertdnty " r La b t,. .

I
3 . ExtelllL "e 1111 of hl. t o'r.l c. l .:h t. ' on uncert 1l1 nt ,.

",r.i.,bl.s for a . pe c i fi c: proj e c t.

4 . More realhtLe pro b a b ll h t. :l.c f o t"e c:u t of pr oj e c t
d.1a,. t o eoh ance I t u de nt '. undu s tandlng of t he
La p a c to f t he unc ut.Lnty v a r h b lel .

. .
an . lt t e oa io n of _Lt ll ,! p l lcl t l o 'n II a....~llIlng . od e l , PROI>1Jr

c e n .1.0 b e lI.ed f or Pl uonne1...-"el. e ctton :" •

5 .1.6 APPLICAUOR or-n D?D' ~~~'lD10 ' P I OU CT .J
PlODUF . odel has b. lI n ~ ff e c tlfe l y lI.ed on I hy d r o

pr oject . th e pro ject ns u lld,'I' co n.truction and t tl . d ' lI at"

I
e e e t. I nd we a t v ere , .l a d ea neo ul t,. i o prollr as8 when t he . o d e l

lI~a ,,,. ,,d _ J;..!. had . d .l ve raio n tu!! ne l -to d~ .ln th e ru noff

COllected in t he te. er- yo i r . The ,a t e t o the d iv er l:1 o n

tunn e l val t o be 1':10le4 p er.u nen tl y ..,l1e n t h e r ell er- vo lr w~ 1

re ady to I to r e .1Ia t e r •

. c o .... I .. lon t he pr oject 10 No,, '.ber or Decembe r 19 .84 .. 10 011

l a the con ltructl on "'81 OYe r . To e ee r e ...:1 mUI vater I n th e

1 u e e be c l oud a l e 8 r l y •• pOl libl e 10. 't ll. t eno ug h of th e '

1984 I prl n g . r u n of f wou ld be. e t e r e d , St.n ee t h . lIo d llll~ 1 weT e'

eEpeetid 1:0 be eoutTuete.d during till Spring a nd _Guilt not b e

o v e r t o pp ..~ . a IUltab1e dati for ' g s t e clo ut e "!li d t o b e

I .. lectld .hlch 'fo uld ..,tl.af -, both COllltr 'lnts .

tbl foll oll1.ng I n p u t d'ata 11.1 ginn , .b y t h e eon.ul~.nt l
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1. '1' e.,.r .~ I,\U. pu cJ. P'1t1t l 0Il, r~noff e'e e , f or a
p er i od of l ~ y e.~ r 8 h r each day of t he yea r ".

Zo. R ehtl.oft lh lp be!:v eerit' eonatru e tl on pnd ui::ti:l'lty
a n.d veathn c onditioI' ball ecl on put p er fo-r .... )lce .

3. :i'I: :i ~ n f~; l :~{: ll 0~ ~ ~~:t d: ~.d::d: ~t ~on:~;uc;~~:~e

Fr oll ~h~ " " vlllhb l e : ve ath~ r d a ta, PR, ODUF . a h ula t ed we ather

for e a c h pro j ect da y . Dal1,. c c n s t ru c e ren p r ogu ' e u a n d t.he

:.1

f
. I .

".

r u ult.:l n ll d am h ei gh t we re co m.pu te d u a i ng a hula ted v eat he 'r

condi t i ,oll', "o b s e r v e d waa ther ' pr o duc ti vi t y r e l , t 1.o o l hlp&9' an d

the wo rkd ay -t1p e ( o f f da,., h a lf workda y, f u l l vor kday or

d ou ble '.hif t ) . On ce th e r equi r ed d _ he igh t wa. )rL c'hed,

t IM c on lUu'ctloQ " 18 a t~ppe d an d th ~. lIIod a l Pfl ntMh e clall '

b dllht f or e a c h d.. y ... h"'~l1 p a rUall y In A p pend :1x D.

a't ert1. a, po1.at, til l ' .. odd c~lllidered a liv en dat e~

dl vet " 1.,on ge e e eloa un " a a d ,e n e re tl d an o p tilll118 d a SI~th.t

t he lIaoJ;er l ev el i n t he e e aeeve a e wea main ta in ed a t 1e . a t one

aett.e below "t h e d a .. he 1.g h t re a ~.h ed · on t h lt d a , . t h1&

pre ven t ed ove r to p p in , o f th e d. II. . In th e ae e n e t ee , wh ile

eon at r u ctio n v . a 1.n pr o g re.. , the ap r:1. n g runof f wn 1::> e in &

•

st or e d . A. dl a trlbllt1. on of g ete e Lc ee r e da~a v.. p lo tt ed ,

___--~f roll~ 1. . U_1e t- :l._on-~f-rl!l e r"Vo: r- ", B t er--le v el- a n d-d .lIl--h e lgh c--aa--'--.-

.hown in F:l. gu r e 5- 1. The B. na g ellen t e e r e e e e a t h e g at e ,

cloaure date .. eo• • e n&\lra te ..it h t he r i llk i t. w. nt e d t o take .

Fi gure 5 ~ 2 show8 t he ~ u.II.l ati ..-e d.ia t r i butlo,n for it h eJ ga t e

. ~lo. ut'" e dates. ~ t ~lI o 1l 8 " t~at t her.a ", a ~ n q ch a nce I of t il.. I

d . .. ·· _b el n, o ·...erto'pp..d ' if t he dl verll i on g a h va a dose d on

H. ,. ~S. 1984" . l~ a dd i t i on.: the Bode l s en e r a ted ellBul _ elva

. \

~_;. Ji.
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; d i d ri bl,lt i On . e c eve fli t t h e l ikel y . i.• ta r t " hte • . of

Ala o, "d e p e ndl lt g

!!-l ffe r e nt ga te c I ueu e e d3 t e . a n d . 1I1ulare'd runal ! .

d ,l . t r lb ut. l o l\ V I.., obt'- l ned o f "t h e ' d a t e , . _wh ...n the . l ove li t

(~ u p p ly l e n .! " r equir ed t o g en er at e ' ' e i:e e ~ r l e1 t Y would be
, ~

e e'a ehe d , ' . 1. 'c u lllu h t i ve d i stribut io n f o r the da te whe n t h e._

l .awe lt: lIu p p l y l e vel would be r e aeh ed 18 . h o wn 1n F igu r e "5 - 4 •

. T h ~ " P ROPUF p rOV lded~ the ma n age lllell t V. l U: bh

inf Orll. t i o n t o p la~ i ,t . ton.tru et l o -p. a n d e o mmi ulonl.ng

p r o g~'Il' . . .

Two o bu rvatl0.ns tin be lI. d",; f iu r. t he iorec"t »t . , gate

c lO lll to d,re 1. b a ll~~ o n ' 1 5 yea r. we ath e r dIU prov ide d by

th e eon. ult .or. . It doe' , no t pr o vi de f. o r hazards surh as 1. '~ '" ' .
i n 50 ye a!- f l o od s l t ua t lont. s e e e e a , on ly on e une er ra i n ty

va riab le , we a t h e r , },I eo nl1 dered ai g ni f1 e an t f ar

p r cb I e e ,

5 . 2 SIlI!iC I AL FEAT URES .

1. Th e 1I0 de l ' don Da t i nt ei: ru p t t he ' e ".;i u i ng "
proe l!durelll f OOt e o t i ee e-Lng prGgren data',

' p r o e e &8i n g i t an d p rovi di,ns th e fh l d H a f f wi t h
u pd a ted a et ion r e p o r t e , I t. utilhea t h e

--_--_-~. ~ hi-B-tG ri-e a -l----daU - ni hting- t o __r ha ~u ne . r t. . i n t y
v a r iab l e s to a f f e c t i ve l y r c r e ce e e. e x p e c t ed
p rq'jec t de lay Gi: adv an e e me nt d u r i ng i t e ta c ti cal
p lan pe r i o d . ln eaa e of a n e xpe c tll!d d d ay , the
fo recast alto,rta t h e ma n S S'ement GR- t h l! n ee d for
t a k i ng , e e r eee e tve ac ti on be f o r e prob le lla e e t ee ,

2 . T h e lIod e1 \ . .. ~ . i d f or lneo tpo rat i l\S th e' i mpee t
of th e uncertatn ty var ia bln t h a r a b y pe r .a itt in,g
eve n th e l e l l ex perienc e d Jle r aonn e l t o f,or e e u t
pro ject duration wit h a d e gr e e of a c cur a c y a n'd
tho r oug h nea • •

' i I,

. "
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3 . [t luke . the • • na ae llent .".re of the n e e d to
r e v i le t h e .ttl.du le "h e n t h e p ro j ect ca n "no
l on l er . be ' b r o u g ht blck t o it , origi nal I che d uh .

5 .] !!:!!.!!!!:.!!!

PRODUP ha . be en wri tt e n 11'1 te e

1I1crocomp u"tera . . U ~l l ke pa ck ,g., prO s tlllll, t lu i lUI' hi.

ac:cell:' to t~e prosrl" a nd tan .uitabl)' ,"oellfy . i t -ee hie/he r

p o . , i 'b i e · l o II to ~t!nllr-:tll e onve n.t l o na l . tllp o"rr l lu lt.bie · t o

f i e l d . t ' ~ f i S l~ee it 0101'11. , .. 0 1'1 1I1c:roe o apur"e ra, PIl.ODUF can

b e , . pp li e d t o 111111 a nel. llItllliuli ,1111 p ro jec ta and c a n be "' l e d
i

I n r emo te . r e •• • ·

At ~ hl. I tlgll , it I, re l llyant t o d l~eu•• t he 11 .1t lt l o nl

of "t h e 1I.0de l .

S ." loI MlT At I OMS

1 . The I l11pact o f v arl o"' l .u nc e r t a i n t y v.~ l .b lll' a r ll'
co n l i d ll t'ed on ly ' for . fou r re p ort lnfj period . '
te pt'e •• n ted by the ·tactlc.l pl.n. uee ev e e , tile
ItaH.t t on h el p e k e e p the . od e l ...l th ln the ee. l a
of ee .lie. bee.u. e tt i l i'pr.cti e .l to predict
v lth a ny de g r e e of c onf lde nce th e 1.p .e t o f th e
u n c er t.int y "ari.ble l f oe a p ar io d lo'ng e r t h . n
f o ur r ep 0 1;tl oll perl o ~ ••

2. The IIa cfe1 h.. it l foun d. tlon i n t h e hhto r i c.l .
d .t. on u n,eertllnt y "Iri. b l e l Ind i t. illp .~ t to <,
raflne , t h e .et i vi t 1 dura t i on a l ti •• t e . nd. e
l uc h, the re ll . bi l i t y of the o utput wl11 be in
dir ec t p ropor t io n t o t h e .ce ur. ey o f t h e i npu t
d.t.. Un tll th. requ lr .d i n fo r •• tion f o r ,11 tile
.1gnif l c. n t uoc ert,inty v , ri , b l el 1, no t
''', illb l e, it h pOl l i b1l t o 11.it th e ' i .p.et
eo nl idl r .t i o nl t o thOl e vlr i . b l e l f or whl eh th e
dl t . 1 . e u tr.'ot l y • ee ••• • 'I>1I . I n t he .... n t i.e .
It lp. Cln b e t lk.n t o co l l ect d a ti f o r futu rl ' <,'
.ppHellion e ,

1 \
-.



r
f '

t
\

I
105

".
3 . llthouah the l od e 1 ulel I r l ll. e o r d.1ltribu t loll

for the oe e ln r e lle e of l lldl" l due l ull ee r te lnt1
"Ir llbtel, i t Cl n ule 101 l i" e ll d l l t r l bu t l oll .
The U.I o f I ve h rlf lllid .lIt I vi 1l fu r t her ellh,oCI
tb,1 re ltlblUt ,. of t he fo r ec ' l t a'lIluted b)' the
l od-e1 .

'"

l

'~---"_'~ ......-.~"".- ---' _.._.----:_~-
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COICLCStOIfS

It - 11 • lIell kn owll ' f . e~ th. ~ the p'r oject en viron_enr

eo n l l.d ned ",hile e a r l • • t ina 1ft I c 'tlvi r,. duration ..a t th e

plannin l I tlg" do • • atatic elu t ing- It..
ll1plelaentati on . Th , In 'tultl,,e conalderatton o f the c o .bine d

. c t~ V l t 1 dur atiolu; "•• ny t l.e. f .l1, to p rodllca I r elhbl .

f o r e~ • • t o f. pr oje c t e o .p i er'lo n t l ~ tl . The ~ . e d 10, .. a o de 1

!whic.h ca n , 11l1Jla te t he pr o je ct en vt rolllun t to in c o r por a t e

the c Olbi n ed i.p lc t of t h e , u nc e r t a i n t y · " . r l a b l ' l inth.

ac t i v ity ,d u r _ U o n I!.~t l .a·te . v~ . ld llDr Uled' , I ' the ' : ·r ~.b l ' .
fo r r hi . r ••• • r eh I rudy. " , .et of • • l ected un c er taint y "·

v lt~.b l el conlidered .1aftU·l CI .l1t " ere . tud l~d 1 1'1 d ~ .t . t1 __. nd

. u Lr e b le •• thod o l o81 .. f or rlnd.Oll ...p l i p.a, "el' l dllvl ~ ed t o

. q ll an t l ~ 7 their e ll pact ad eo a b i ne d i.pact o n tha ~tU"i t y

/ d llratio~ aa t i.a te~ .

co a pu ta r lIod ei ' ~PilODU r ~ha . .b a a n d e va lo p l d t o

aad i a cor p o ra te the i r to a bi o.ad i a pat t on a tt.ivit )' du r ati o n .

PilO~Ur. at a rt h s v ith th a date ralnlat l c I dUl' a t i o n , o f ' a n. , .

a tt l ,Vlt)' , t o.pu t .a a dlltr lbud. o n · o f du rat i on eat ll1ata for

.ach a c tl " ·it , . It than earr i.a ou t Hont. Ca r lo aiau l a t 10n
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ee . ac tiv it, dura ~lon d l, trl b utio n l '. t o givI a p ro b a b i li t,

d latri b u ti on for tlui ucti cal plan c O;;'p}l!t io n ~t1 Ill I! . Th i '

.>:

f o re c a l.t , h a , bee n u .ed t o.devilo p p r o j e ct cOll.p l lt ion t i1l.1 •

fo r ecaat fr oal tire I tra te8-Lc. . p la n at 'e v e r y p rog rel' r e vi ew .

An e :lI:IlIlple projeet ",a l co nll.dere d to e .,l,in t he wor ki na

, o f t he 1I0d e l .

Ka ny

I re t he

" p p 11cl t i o lll of 'IODUP v er e l!II:p.l l i ned. A. on g t hell

. '" ' .
lIen eration . o f man a g e a l n t i n f o r a at i on i nc l u d ina

----l

'a c ti v i t y dur at i o n d ia t ribu tio n , c r 1tiC ~l1t Y inde . f.o.r

, t a c t i c a l pl an &l:. t i Yi t iel, a e n l i t l v i t y o f a n ac tivi ty to an

u ncer tai n ty variab le .

Co n t ribu t 'ionl ' , f r a il an , r e ee e r ef v o r k Ire ~o r~1II 11,

identif ied un der tva .a jor ca tello rie'lf ir a t , a dv a nc elle nt _o f

t he ata te of th e ar t in th e re levan t f ield a n d l econd,

p r a c ti cal uae o'f t h e e e e e e r e h v or k . Thil r e e e e r e h wor k, .
j u at ifi e l t t e 10e ll11ioll u n der b o th ea tello r l e a b , c 'a u I'e o f t he

1. Th , Itlt e of ' a r t hal bi en "i 4 V1n c e d by d et l1led
atudiea ca r rie d ou t o n th e unc e r t lint y vlri abl e ,
a n d de v e loplla nt o f ae th o d o l o g; . t o ' a c c o u n t f ot"
t h,ir co.bine d i ll.pl ct on a ct iv ity du rlrion
e ar i .at ea.

Z•• PRODU' UI .. lI.i e r Oeoli putl r l k l ep i';' l1 i n v i e v the
. cu r ,r e n t cOlllpu t e r t ec.tul~l o .y I t l t UI.

3 . MIR y p o tent ial appl1 cI~i o n', of PIOD UP are
dea c r i bed. I u practicalit , h a , be e n vl lidated
b y Ulin. PI ODur ~n a hydr o p r o jec t .

4 . PRODUP C U I be uled al 'I n i .p ro ~h'. d lIall.i llll lIlode l
i n p r oj l et , IChed ~ ~inll l a I ' tl. ch i na . lid in
p r oject 'an a , I'lnt fill d . '

5. PIODUP' c a n b , I p p li ed to IIldiulIl t o · lIrae &1&1

- - - -- -,,- ,-.---,-- - - - -

,
!
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10.

"- "- ,p"l' ojecta bec• ••e' it it d•• l d· f or
_ l Cf oc oe pu t a .. 1 I lld CIII be " u•• d . 1th th e 11.ble

'- date f o r 6 11.J' ......ber o f ...lIe _ UIIDt, " .r l e b l . . at
1"' 1 e t e , . o f th e proJect . t t 1. 1'1111 I I aael . h e "

. \ , p l t l t l e qu • • t lolal o • • d to b• . a. II I. rld l Oci • •
luc h 1, I'" · 11l••p. Il.1 .... .:"'d i uh," . t op I lu e 1
. I Da " t reporta •• I d 1I0t b. 1_ . lr a te d it ca.
b. ~ d II • c o • • ,ultlollli u p cll t l a. 1,lre a fo r
( u a c t ione l .~Il.' I ~••e e ,

, aO DU' II t h ul •••.Jo r a 4lUt. loli t o t he rep e r t o l re of the
" I

••i.d.1l1 pro:j ltt ' .thedullnl tool. .... 11.bl. ill
, ""

a i crocoeputerl.

i
->

/:~. '-;. '
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". : ./ "0) ' .
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Il3 APPENDIX A

't o ta l ':"u._ b e r o f ae t i v i t l .. 1 : ~ 7 ­
". r fe Cted '~

Affe c t e d . c t l" l t 1 IlU_ b"'; t l ;1 .4 , 6 , 1 , 10 , 12 , 1 3 , 1 9 , 20 , 2 1..
22 ,23, 2 5 , 2 6 , 30, 3 2 & 36 .

Ac t ,. .
No ,

Vol . of
Work '

Un it
Q't y .

Ti .. . for . E"pe e t ll'd
Fh"lt De v . l ll D. C
' Un i t I (+)

1 0 .1 ,

I z D. H 0. 0 5

./00 00 10 0 0 • • 0 . 05

1 1.2 5 O. OS... 0 .05

11 10 0 0 .1 . . 0 . 1

B ' 0 0. 1 8 0 , 1

19 ~_ V~12 00 0 .35 ", O. OS

20 . :...- ' 20 0 • • 0 .05

1 ~ 11 { 1' 20 00 10 0 0 . 3 5 0.0 5

11 aa \ . 200. 10 0. ' O.OS

11 " v 2 00 10 0 .' O~05 .

" ., 10 0 10 0 . ' 0.05 '
:.

14 , 6;' / 1 0 0 O.O S

" 3?:
'I.

I '00 0 .' ,0. 0 5

16 -, " 11 0 10 0 '.6 0.05
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" 10 0.' . 0.05
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Nu.be r o f ~oll • • • t . 4 ao u l .' 2

"' . al h b l ", SpIt e

. • Splce .\ " , 1 1 _ 111 11 .
i o 5q. f t .

600
60 0

Xu.be r of acti vi t! ••
I1 k id )' t o b. , fhc t .a

, ,

' . !
I,

1

I
i

Ac t i v it y'.7
""ae

' ''"-

. • :tont! .
1

, 1
",
z

S p ac. re qd .
300
300
..0
' 00
'00

' ;..

J ••
r. b
K..
6p<K.,
J UIl •

J u 1

"I
S. p

' Oc t

' 0'
D• •
Nu mb u of
. ff e c t ed
Not t!

"

8..o~e of pu~ c 'Ot Ab a a lltllll l ' . 1

K~: ; :'lL Il:: :~e::: . l
f r o l to fr ol t o

6 10 7 12:

. ~ .1: ~ ~l

:I 7 " 8
2 6 .1 6
1 6 a 6
" 8 3 9
) 8 " ,
3 7 " 10
2 7 " 9

. 3 8 3 1
3 8 3 8, "

j# 1 . DU. l i h of l~ p . e t In; u n . o f Wo r k~ . y 1 0.. 11.11 bt
,l v e o f or . It h . etlv~t y.

, '

2 . Kl n.p ov. r r aqulr ",d fo~ t ac tic. l p l l n p. r l 'o d : 2 5

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

,1
...1 '
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N",a be r of a c t i vit i u : 5
affected •

NUlIbe ):'. of act iv lt,
a ffe cted

Iapact. 1 n te rlll o f v.$l'rkd. , "i o u l

Acti v ity
n Ulib er .,

14
16
17

Ra nge of e xee e e e e work d ay 10.'
Da i l )' b •• l1 At en d of acty .
FrO G ', T o Prolll T o

1 ' 4
' 0 . 2 2 4
0.2 1 a

1
l

Nu.bet of ac tlvl t lu
a ffec te d
Nll.bera of activit.y
a ff e c te d

Ac t ivi ty
NUllbe r.

11
1 3

"31

: ' 5

: 4,11,1 3 , 25 ,31 _

. aan ge" o f lIo rkd. y 10n
d a i l y ba.lI At e n d ,of .a c t y .
Pr o a To "' r o llO T o

1 ,
0 .2 1 3
0 .2 1 '"
0 .2 2 4
O.S 1 5



Eq . n1at ln a Prodllct l ..lt y adJllet ••nt · I t - 1 . 15·( 0 .15*X)
rattor with t.h . racio of NII.b e r ·. o f
Worker. re q,lIired to , .. I1.eb18

wh e n Y - Pro duc: tl'r l t y AdJ ua u ell t t ee e e e

;' nd X-Reti o

Mont h
Kay
J ••
J.1...

Labor U a rllt

N u e ber o f D, y •.upeeted t o
af fl t ted

P r o je ct da,. n uabet a th lt are
e 1l:pec te d t o hav e 1. bor u n ru t

A e t i vit y oll.b en e x pecte d to
ha 'll i mp a t t due t o lab or uo u.t

Vdlle of 1

0.'
o ••

· 0 . "'1
o ••

'. 12

•• ,45 ••6,. 7 . 4' ,6 6 . 61 ,
6 8 , 69.7 0,71 .72

. , 5,6.1,l'l.1 2,13 .19,
20 , 21.22 ,2 3.24,26.2 1 ,
2 8, 30. 31, 32,3,4,3 5 ,36

X.paet i ll U r 1ll1 of wor kday 10•• en be tab u ht ed for
eaeh one of t.he Ict.l"lt le • •
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SpaCl.f :le \IDe.e1:uht l ...dabl• • ,

Hu_ b u o f aet lvl tl • • l1 k. l ,. t o
b e affec ted

..
o\c.t !,,!ty , n Ulibe ra IIlz p llc ted to
be .ffee te d

i
i

. ~..~~---­..... .

be t _ l ll of the ezp e e t e d. 'v a r k el. ,.. ,10 "

-----~;~;:----~--;;:~~ ;;;-:~;:;;:~:i'! .
No. Vari a b le

-,

. Range of wen d of
ae tl" l t,. 10 ••

rro. 't o
2-,
2
2
1,
2 ·
1

Drl 11 e q u i p ' .lIn t r .l 1ure
Soli cond.l tl on
Po le De 11very

De li ,Se ve r.ge p ip• •
DIII I1 "e r , Ha nho le

", t ar l a l del l y e ty
Co.pac t Kif: ,r d l

Co oduit Ora'

4

••14
lS
27 .

""
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r· . I
~~~ ~~: ~• • • • • • ~ ••~ J * L *"! .. t . * t .. t •• t ••
1 20 ,II.EK ·u. , . " . ...
130 UK ·u. PRODllY C OHPUTER1ltODE L STEP 1 .u ~
140 IlEM ·u. ' , I ... ~

150 l EM ' ,;•••••••••••••• ll ~~ " • • ~

160 LOC ATI 11,20 :PR I NT · C PIt SCHEDULING PR OGRAM WITH
CALE KDAll DATE ~

1 10 PIUNT : LOC ATE .20 : P R IIIT •
E D AT -
1 8 0 PRINT l LOCATE , 2 0 : P R 1lft - FAC UUY , or EIIGI
NE ERl KG
AND APPL IE D SCIE NCE
190 Pa I NT : LOC ATE , 2 0 : P R I IIT -
RSlTY 0 ' NEW 'O U N DLAN D ~

20 0 PRINT : LOCAU , 20 : P R I IIT ~ , ST . J O,Htl ' S , IlEVP O UIlD
LAN D, C AN A 0 A - A lii 3X5 ..
2 10 DI M ' ( 1 0 0) , T(10 0 ), E( 100) , L(l DO), A( 3 0 0) ,C(l OO) .
H(4 l, G ( 1 00) , J ( 100) , II $ (l00 LE${ 1 0 0 ), L $ (100) , G $( ,100 ) , J $( 100)

i~~ ~~~~T I ~~~;N ! PROJECT O E'~CltPT10 11 - j LA,It '
,240 PlllNT
2 5 0 PRIN T ~ARE YO\!.- UP DATI NG (rES / NO) 7 ­
2 6'0 LIN E INPU'r j UD$,l Pll.INT
21 0, 1. UO$--YES " THEN GDSUB 6830 : GOTO 29 0

.aao UDS " "NO- : I NPUT ~ INO I C ATl PR OJ I:CT DAY CORRESPONDING
EN D 0. T AcnC AL PLAN PElIOD· I ON . - ' " !
2 90 CLS : LOCAT E 11 ,25 : PR I NT " DO YOU NU D A CALlINDAR DAT E

~~ ~ ~~~~:T~ug~~ 5 ~i::~~o~s 1· " , .!
31 0 1. C$ " - T ES" GOT O 31 0 ELSE Go\o.;3 70
32 0 CLS ;LOCAT E 11 ,20 : pIll N T · HAVE YOU CIl.E4TED A CAL ENDA R
OATH PROJE CT CALENDAR (YES/NO) Y · ILOCATE 15 ,20 : I N I'UT O S
330 I F 0$ ' - -YES" GOT O 350 ELSE GOSUB 35 30
3 4 0 GLS : PRI NT - THI S IS TO GUE R An TAC tICAL PLAN S CKI:OULE,
FE ED DATA tHR OUGH OP TION 2 -
3 50 .CAL P L$ -- A : " +LA$+ -. C fL~ ' .

~~ ~ ~r;M cuns AS'"l LEN' - ~ "

~~~I ;~~~T ~N;U;OD~::~:~M ~ ~ ~ ~~~~~~ £~~U~T10N t~ FEE D PR On Ct
390 n u n .
40 0 LOC ATB_ , 2 0 : PRI MT - 1. DIS KETTE ( FOR ST RAnGIC SC1:I.EOULE
PRI NtOUT ) " .
4 10 PRINT •
42 0 ,LO~ ATl ,20 : PRI NT " 2 ~ I K'UT DATA S TAU HE NTS( PO R TACT ICAL
S CHEDULE PIl.lN T OUT)- '
4 3 0 PRINT
44 0 LOCAt E ,20 : PR I NT " 3 . UYB OAl D ,-
45 0 PRIN T
46 0 LOC ATE . 2 0 :I IIP OT · OP T I DN NUMBE R "'XX
470 I F XX-l T HEN COSO I 299 0 I GOT O 62 0
480 1. XX- 2 T HEN GOSO I! 33 3 0 : COT O 62 0

' 4 9 0 PRI NT" -

. '; ,
..~
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AC T I

\ SO" . : . "'tvlTY

SOO IoPIl.l NT !
n:o CI.S : n t MT _ ,ENT E iI. tO T AL NOKBER 01" ACtIYIT U S­
510 I MP Ut M"
530 PRINT _ ~ -
54 0 roll. X- 1 to M
55 0 PUNT " I N Put ACTIVI TY " I X ; - ( FlOK , TO ) - ;
56 0 INP UT F(I: ) , ttX )
570 PRINT " OUlAtION ' I M WOlK OAYS rOil ACtIVITY ";X; "
IS - "I ' '
580 INP UT C(I:) '
59 0 I.1lf£ IIIPUT - ACTY. DESCIli PTl ON t "; B${ X)
eoc KKXT X
610 CIoS
62 0 GOS UI 1170 .
630 CI.S:LOCAT E IO,Z l : pIUMT ' PU NT IIIG PR OJECT
OE T AILS M

'

640 CLS : LPRI NT TA8(l5 ); " P II. 0 J
VI Tt DETAILS - :Io PUNT '
65 0 LPitIN T -Pit, OJE CT, " i l-A $
eec IoPitINT J

H O I F XX-l TH EN LPftl NT TA 8 ( 23 ) ; "
STRA n Gl e PUN ~ I
680 I~ U :- 2 THE N l,PitIN T TA B ( 23 ) ; -

, : TAC'Tl CAL . PI.t.HM
\ ' . • ' . , .

~~~ t~: i :~ ~~= ~~~; ;- ACTY PUO
DUIl ATIO N M

710 L PIlU~t TAB( 5) ; M NO.
rTI ON ~

720 LPIlINT :L PRlNT •
73 0 POll. :I - 1 T O M 1
7 4 0 IoPl.1NT TAB (1 6 ) IX TAB( 25 ) ; P( X ) TU(3 Z'); T(X) TU, (3 ' ) ;
U {X) TAB ( 60); C ( J:) ,
750 LPlI.I NT:L't ll l Nl

, 6 0 NltXT X:CLS
77 0 IF XX" 2 THE N 15 0 0
780 PU NT I PlI.I NT " DO tOU KE ED ANY COi RE CTI ON
PilOJECT ACTt Vl T"( IN PU T ,DAT A (I £ S} NO) s -
79 0 IIIPUT Dr$ IIr DF$ - " NO- GOTO 1 5 00
80 0 IP XX ~ 3' T HEN 840 . .
no PRI N T ' DO YOU WANT TIl.E CIl,AN G I!. TO BE EFFEC TEO I N
tHE DIS K l!.tTl ALS O (:YE S} NO) 1_
82 0 I IiP UT FCS: IF r cs - "1I0" T HEIl GOTO 84 0
83 0 OPEN M$ FOil OUTPUT AS 1 3

\

84 0 PRINT ' I ND I CAn T OTAL NO, OF ACTIV IT IES T O BE
. CH.A" GI D ~ " • •

850 INPUT GG: P R.U T '
186 0 roa Y-1 TO GGI Pk INT " I N DI CAT E ACTIv t n NUH 8! R

THA t NKE DSTO BE CHAN GED' "
870 I NPU T I IPil I NT
!l80 PlI NT "I NDIC AU. NEW PR.ED, SUCC !'l! NT NUM8 ERS
" : IN PUT F (X), T{I)
89 0 PU NT ' GIV E Nell' D£S CkI P T ION, " : U PUT I$( X)
'00 PUKT "I ltDI.CATB NEW DURATION - II NP UT G( X)
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.· 1.

I
:.:~ ~- ~:~~ r' -D O IOU IIAM~ ITODELIU ANt ACT [ VI n ,

~~ ~ S [~~r Hl,UT I OUS i ';
. 940 IF OI LS." n S· TRI M1' 5 0 I L S E 1 02 0

9 50 PU NT " I MDIC ATl HUMan OF ACnV ltllS TO a e '
D!. L!'!£D - : lJrfP UT lO lL •
9 60 ' 0 1. X- I TO OU l r un " ACTIVU Y TO I I ounEO
" llMP Ul' DACT ( I. )
9] 0 ' (D ACT(I » -O
980 Il !XT I.

... 9 9 0 rol. X- I T O II
1 0 0 0 IF r eI ) • 0 tHU c:- x : GOSUI 11 70
1 0 10 NE XT I
1010 p a Ull " DO TOll WANT TO ADD ANY ACtl VlTIE S- : LItrl I
I NPUt ; ADDS . •
1 03 0 IF ADDS--U S· TH! N 10 40 I LS! 11 00 . -
1 0 40 PRINT - NUHllEa or ACT I VIT IE S ' TO IE · ADDED " I I N PUt
I ADD
1 0 50 N-N+ADD
1060 POR. X- N- ADD+ I to N
1070 PRINT "INDI CATE PRED , S lIce EVENTS " I I NPUT P(X ), T( X )
I OU PRINT-IND ICATE OlSClll PTlON - IIH P UT IB $(X )
I 0 90 -Plll NT -[NoI CATE t UU .T I ON" I (N,U t C(X ) IN ! lT XI CL $':
LOCAtE to,H i 'UNT " PU NTI NG, ..1.0JE CT ACtIV IT Y GA.'rA lLS ·
1100 GOS UI 127C!..-- . . .
1110 LP illNT T!I ( 15 ) r " ACT i . ACTI VIT Y

tluu.Tl,014 ~

1120 L P llIJIY T AI ( 15 ); - NO. DU Cll lP
TlOIl •
11 3 0 LPll lM T • LPIl NT
11 40 FOil ' I - 1 TO 14 .
1.150 l,P U JIY U I ( 16 ) ; :l TAI (H );P ( X) TU (3 2 ); T{X ) TAIC)9);

"1r$ {X ) TAI(60 ); C( :l )tLP I.INT : NEXT J. . . .
1160 GOTO 122~ . .
1 110 FOil T -I+~ TO N . ,
~ ~ :g : ~ ~; ltF ~: ) It O - 1 ).- T ( '( ) 11$ (t - l ) - ,Ut) : CO -I i -err»
1 2 0 0 M- N- l : :l"G- l .
1210 U T VII
1220 I F FG$- · NO ~ . tH EIf 1500
12 30 VIlITE I l . lI
1 240 Fall I - 1 t o II I v a n & f3 . F ( X).T (X ) . I U:l), C(:l ) : NEXT I
1250 CLO SE 1 3
126 0 COT O 1 500 .
12 7.0 rOll % - 1 TO· N-l .
128 0 J · z
1290 FOil I-Z+l TO N
llO O IF F ( lJ )F ( J ) THIN IHO

• Il 10 I F F ( I ) O{J) THEN 1]]0
13 2 0 IF T{ X»T{ J ) THEN IHO '­
I l l 0 J -Jt"
I H O NtXT I
rase IF J -Z t RlN 1 48 0

..........------ - - _ ._---. .

. I
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1 22'

1,360 Bel)-rCZ )
137 0 B(2) -T(Z)
UBO Hel) -C(l)
1]90 B$( 4 )-B$(Z)
1400 F{Z ) .F(J)
11110 T(:O-T(J )
142 0 C(Z )-C(J')
14 30 B$(J: )- I $( J )
14 4 0 F(J ) - B(l)
1450 %(J ) -U (2 )
U6 0 C(J ) -Ii(J)
1410 B$(J) .H. $(4}
11180 NElT Z
1490 IlB'tUIl.H
1500 E (1) - 1
1510 POIt X ·l.~TO N
B20 E (l )-B( X,)+C( X)

" 1S J O IF x- u THEN 16 10
1 5 4 0 r oll. » - 1+1 TO N
1550 1P r (D) -Y(l) TUBN B(O) - 1
1560 1P T(X ) < > r ( D) TUEN 1590
1570 IF £(D»£( X) THEM' 1 5.99
iSBD £(0) - £ (1 )
159 0 NUT . 0
1600 NBXT 1
1610 e-o
1620 POI. X-I TO N
1630 IF P ) E U ) THEN .1 6 5 0
1640 ' -B(l) .
1650 NUT X
1660 roa ' X- I TO N
1670 L ( X)-P

. 1680 HEXT ' 1
1690 POR Z - 1 TO N
1700 X-li-Z+l

' Ln o 1 01 0 -1 TO N-Z
1720 IF re x) <>T( D) tHEN 17 50
1730 U -L (X)-C( X»L(D) THEN L H O
l ~ . O L(D)-L( X}-C (X)
1750 N!lT --a
1760 MEXT · Z
1770 POll ' X- I TO N
1780 .( X) -L ( l l-E ( l )
1190 NE XT X
1800 CI - L(N)-l :EN-Cl :DN-BN,-ST
18 10 POll. X- l TO N .
1820 E(X) -E (X )-C( X )
18)0 L(X ) ~L (X )-C (X)

18 40 G( X)"E(X)+C( X) -l
18S0 J ( X)"L ( X) + C( X)- l
186 0 NUT X
1810 .-IlBM
1880 -rr-es - " NO· t lllN 19S0
1890 PUN T " "

~ -- '---'" ,._ - ; ,....- -..:w'...
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1900 'CLS: LOCUE 10, 20 : Pl. I NT ~IiHAT tyPt o r
SCHEDULE ' DO YOU li A.H t t ~ iLOCATJ: 12
19 10 PRINT : t o CA.n ,20 : PIl I NT ~ l". CAL!N DA Il DATI!. •
192 0 nun : LOCAU , 2 0 : PKI H! " Z. IiOI K DAY KUMBU ~

1 !13 l:! PRIN T -ILOC" ! ! , 2 0 I I NP UT A$
I U O r U MT " • w

' 19 5 0 CL$ ILOC ATE 5 ,20 ;PlllNT " - - - - - - - - - - - - - - - P IlOJE CY
SCHEDUU. STATUS upoaT--- ~--· ---- _:"_- ,"---· ·" ,
1 9 ~ O URIH! ' " - - - - - --- - - --- - - - - PIl OJ ECT seREo'ULE STAT US
Rl!.fORT-- - - -~ -- -----_ ·

19 10 PUNT
198,0 LPIlINT
1990 LPlI NT
2000 LPlI.1N T
2010 IF XX"1 t li EN LPklNt •
STRA TEGI&-!sCIlEDULE ".
2020 IF xx..: THEM"LUt H! ­
TACTICAL sCHiDOLE "
2,030 PUNT " n OJ ECT- - - - " ; LA$
2040 LPI1 NT · PI OJ I C1---- " 1LAS
2 050 PIUNT • - ; LPl U1T

. 2 0 6 0 IF C$ ""IIO " THEil 1090
20 70 IF AS·-Z " THEM 2()90

· Z0 80 , 11 AS· - l" THEN U I 0
2 09-0 PUNT - ·

1l0 U :DU It.U Oi T "
2100 LPkIN'r " -

WOIl.\(OAY REPOU - iGOTO 214 0
2110 PRINT -

CALENDAR DATE REPORT­
2120 LPRI NT -

J CALENDAR~ OAT E UP ORT­
2130 PRINT
2UO LPRt NT : LPRI NT
2150 IF C$ · - NO- "THEN 21 60
2160 COSUB 2790
2170 " IF C$ - " NO" OR A$--2-GO't0 2410
218 0 IF A$ -" 1" COTO 2 190
2190 roll, x - 1 TO If
2200 I F G( X) ·O THEN 2250
2210 C·E( X):GOSUB' 2860 :E$( X) - nus
2 220 C.L(l) : GOSUS 2860 :L$(X) . DIES
2230 C· G(X)IGOSUB 1860 :G$(I) - OU $
224 0 c;"J(X) :GOSU8 28 60 :J$(X) · Or K$
2250 ,NEXT 'X: Ir XX- l tHEN 2330
2260 MS· -OP 1 - IOP!N It$ FOR OUTPU T " AS 21U' ST -O TilE
M" ST" l
2210 IIBITE ' 2 , ON. M. " N, ST , EN
2280 FOR X - 1 TO N "
2 290 1l1lT! 1 2 ,F ( X) ; T ( X) . 8 S( X) . C( I ) ..
2 300 N£XT I. :FOII, X-l TO MI WRI'r E I2 . E ( X) , L ( X). G(l ).
J(Xr,A (X ) :NElT 1
2310 F Da. X-1 TO NN
23 20 IIRItE 1 2 , NA( X) I N£XT XICLOSE ,12
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11/1- . :

23 30,oa I - 1 YO N
23' 0 IF G(l ) .O YUN 2UO . •

~~ ~~)~;~:~]g ~~ ;r: ; ~ ;!i~g ~ ~i;~~ ~ ~~~. ~ ~~ ; ~~~~:~~~lB(U); ­
_· ~ ~.11J~ )t;: ~ ~~]: ~ ~~~~~~~:~~;~h;tAB (-12) I 1','(1); 'UI(2; );C (~ )
r '. ' ",,1 ( 33 ) I I U I ) ;YU(4 l) ;LS(l );UB( 5) ;G $(I) . T.u(63) ;J$(I )
.. ; T AI (1 ' ) ; A( I); TAI(1 8); .

,2 3 1 0 If A{ I ') - 0 T11IN HOO
23 80 ". I Nt. I L ' . 1I T: P UIT : LPl III T
239 0 COTO 2U O
2400 IlI NT . .. ~
24 10 LPalNT ~ .. ~

2 4 20 PI.I Nt '
2 4 3 0 " - K" 1
~4,f,Q pa lHT :t.PUNt
245 0 NEXT I . '1
21*6-0 CO'T O 1590

~:~~ ~~aG ~l; -~ ~~ E: 2580 I
· 2 4 90 ' Ill NT f (X); H B(6); T (X )j TAB{ 12); B $ ( X);T AI ( 28 );'C( X);

TAB ( 35) ; E ( I )I T AI( 4.5 ) I L( I) ITU(5~) IG( X ) I TAI( 65 ); J ( X );
.T AIl (1 2 ) I-A ( I ) I T U (1 9 ) 1 •

, ~~~~ ji=~g~ ) ~ ~~~ ; :~:i tl ;~ ~ ~:g~~~ ~g ; )~i~:~ ; ~t.: ~ ~ ~:.; r"
J{I )j U B{7J); A(l)I T A B(1 9); ,
2510 iIF A ( I ) - O t llU 25.50

. 2520 'PRI NT IPil INT '
2530 LP R l. Nt I L P llli t
2540 COT O 2 S7a
2550 U r N T"• •
2.560 LP Il I MY ~ .. "
2S 70 Pl.lNT : LPIl UI
2 580 NtXT I
2 S9 0 UX NT ~ .. ~ lMDI CATE5 CllT r C A1. ACT UI T T ~

2600 LP&lIn - .. ~ I NDI CATES CllTXC.lL " CTI 'l1T ! "
2610 1.Pllllll : '& 1I 1' ' I' '

2 620 Pa XHT ~ P . OJ!CT DUl ATION I S .; C1
2630 LP & XMT

' ~ : ~~ ;= ~ ~~T :P~ OJlCT OUIlAT T0 N. ,I S "; C I ;· DAY S ~

, 2 6 6 0 CLS : LOCATI 10 ,20 : l' ItI I1Y -xNtl e ...n 'O'UIl CHotC I ~
2 6 70 PIlI NT IL OC41'1 " , 20 : p u n '" l . AIIOT HU P lI.lII ' OUT
2680 PltI HT : LO CA1'I . .-20 .: P U IIY -2 . n I T
2 690 PRI NT : LOCAYI . , ZO : I N' UT ZZ "
2700 IF Z Z ..1 GOYO 18 80
2110 CL0 5t, l
2720 IF XX-l T tl!N GOTO )40
213 0 IF UD.' - -Y U " THill 2 7 4 0 l1. SE. 6960 •

2 ~ ~~s~ ~~: ip ~ ~ ~ , ~:: R:R :~ ~D ~:~N~~ci ~c~~ C ; ~A:H~ ~~~S ~ :~~~T
, 27 :iO, LINE I IIPUT LO$

2760 IF LO ' - ~T IS · THIN 27 70 !LSE 9U O
2170 Pl IHT · CONstOt .. HIli TACTI CAL PLAN ANP PUO ALL NI W

' , '. '

-.~

. ',~ '
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STAat

J I

ST ART

EARLYT:1011

DUIA · .

DA T A ·
27 80 GOtO 6!J60 ,
2790' ilK SUnOU'liNE FOR tITL! D!SC lp'.JION
2800 PlllNT "Pl ED slice 1r.CT I VltY . DU RA

FI NIS II "
28 10 LPIltNT"PIlEB succ ACTIVITY

PUlSH M

2820 rUN T · lYE lYE D! SER.IPTION
ATE EARLY LAT E 'Ir ·

~;~~ LI'IlI~~i~~ e EVELAt~ESCR1;~~N

2840 PRINT ILPRlNT
28 50 RETURN .
2860 Z .; 1 :C - C+ 5 1
2870 PllLO %,2 "AS HD$ . 2 AS Yl $
2880 GET z , «. -". (
2890 DTS-STR$(C VI(HD$ »
2900 II - . INt ( C V I( KD S )/~OO )

291 0 ' DS- a. IG IIT$(DT $,2) I
292 0 Y1L -CVI(Yl.S)
2930 P$ - D.S ,
25140 Q$ - S Tl H YJl )

. 29 5 0 J:S- RI GRT$( Q$,2)
2"960 J$ .. STi$(H ) .
2970 DTES·" P$+·'"+J $+~ J"+K $ .
2980 RETURN " -. "
2990 IltK SU BROU-rlNE TO I&A O PROJECT ACTIVITY INPUT DAT~
PROM DISKETTE
3000 CLS: L OCATE "10 , 2 0 : PIlI NT " HAVE YOU ALlEAOY LOADE D T
a e n OJECT ACTIVIty INPIIT DATA -IN Til E DISI:ETTE ( Y/lf)1­
3010 LOCATE 12 .2 0 : I K1'111 YT$
3020 11' YY $· " Y'· tll EH 3 220
) 0 3 0 H$ · -DAFl M

' ) 0 4 0 OPEN H$ FOR OUTP UT AS 2
3050 PaINT " -
3060 PRINT .
)0 70 PaINT" ENT ER TO'U L NUMBER OF ACTI V lTH: S ­
30 8 0 INPUT N
3090 PUNT " -
31 0 0 FOR x-i TO Ii

~~~~ ~~;~i F ~~~~ Ui(~)'rI.VlTY " j XI ~ (r ROH,. TO )

3130 FUNT ," DURATION POR ACTIVITY MIXj M IS -";
3140 INP UT C(l ) •
3150 LINE IN PUT - ACTY.DESCRI PTION 1-j l$(X)
3160 NEXT X .
3170 GOSUB 1170
3180 WaITE n,N
31 90 FOR. x - 1 TO II I WR uE #2 ,F( X).T (I ),B$ (I ) ,C( X) :N~XT

X
3200 CLOSE t a
3210 RETURN
32 2 0 11$ - -1) API ­
32 3 0 N$· - A : "+l R $

, . \ "

' f
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.J

, 1 2 6

,
3 24 0 OP EN H ~ . FOR I NPUT AS 2
jnO._I NPUT -' Z, N .

~~ ~ ~ G~ ~ ~Ti . ~ 2t: 'N .
i280 INPUT # 2,r( X) , T( X) . B$(X) ,e (x)

~.J290 WRI TE 1 2, P( X ) .t(X ) . B${X).'C(X)
3300 N EXT X
)HO C LOSE 12
3320 kE'l lltl.N '
33 30 R EK , . •
3)40 R EK 1. T HE FI RST DATAL IN! I NDICA.TES ONLY .TIlE
TOTAL NO. OF ACTIVITY
33 50 R EM

~;~OG ~ ~:S PRO;if-;OH SECOND .DATALl NE O NW A R D ~ . EACH DATAL

3370 RE M
3380 R EN DETAILS PO I. 'rN REE ACTI VI TI ES I N T HE - FOL
LOllI NG SEQUENCE
3390 REN ' . ,' : "
3400 RE K .) P REC. A erY ,NUMBER b)S UCC.ACTY. NUHBER 'e
)D&SC RIPTION d ) DURA tIO N
3410 R EK 3 . DO CHANGE S BY MOD U UlG N ~AL UE AND Ac,r1\':
ITT DE TAI LS C ORREC TLY I
342 0 RE AD N i
3430 D ATA 3 6 ~

~ : ~~ ~ ~:D l ; ( i ) :~ ( ~ ), B $( X i '\c ( x ) 1
3460 H ElT X . . _ I . .

~~~~E ~~~; I ~: ~ i~~~ -:=E~i ~~ 5~3 ~6:; ~~~~~~ :~L~4:i~9: F. ~~~:~o ",
K SEWAR.,lO . 3, lO , EXCA.HANBO,l ,3 ,12 ,O .H .POLE , 6 \ .
3480 DATA 1t, 5 , lN ST ALL w . P , 2 , 5 , 8,U . C.W . P, 6 . 6 , 1 , ER ECT W.
T,1 0, 7 ,8 ,T ANK PI PE , l O, 8 , 13, CONNEC"1 PIP INC.2 ,',11 , I NSTA
LL SEWAR,5 , l O, ll,lNSTAL L 1I/ a , S ;U ,12 ,lNSTALL ELE C . DUCT ,3
)4 90 D AlA 12,D,P ULLl N P /FE ED , i5, 13 ,14 , BLDG L/O , l ,Q,23 , .

'. ~~~.~: ~~~6~g :;o~4 , ~~L~R~~~, ~: ~ ,~~ l: ~; ~ R~OA~~ ' ~~u~~~~·PLA '
3500 D ATA 1 8 , 19 , !aACKrI LL , 3, 16 , 2 1 ,rORH & POUR &/ L ,5 , 18 ,2
2,rORH "rOUR t / L,S, UI ,2 0 ,u/s PLUH8 ,5 , 20 , 22 , u/ s CONDU I T
,5, 2 1 ,22, DUH HY ,O , 22,n , FORM" P OUR, lO
3.510 D ATA 2 3 , 24 , S P READ PL OT,3 , 2 It , 2S, P ORM&POUIl., 6,2,5 ,126 ,

~~~~~g=::;~u~ : ~6, 2 7 ,U/S PLUlIa , 3 ,27 ,2 8, u/s CONDll l~ , 3 , ~8 ' .

3520 RETURN
3}30 C LS
3540 R EAD N
3550 FOR X- I TO H : REAO F( Xh T (X) , B${ X) ,C ( X)
3560 F ( X) ..t ( X) -C( X ) -O: B$(X) " -OM:NEXT X :N "O
3$10 R Elt SU B ROUTINE TO CENERATE PROJ ECT C AUNDAR
3580 L OCATE 8,26 .., '
35 90 B lrU T " ENTI R START DATE OF fR OJ E CT ' ;SYIl $
3600 sn"vAL (lllG HT$(SY R$,4»

. :;3610 ' SM-VAL (LEFT $ ( SU $ . 2»
3620 S O-VAL(HIO${ S YR$ , 4 , 2 »
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363 0 ·S - - 5 : r OI 1' · 1 TO SH:S -S+6 :N EXT - l
3 6 40 IF Sn. (198 1 THE N CLS -: PJ. Un - 1NU L lO STAlT OAT E• • • .
• ' . - i Sl R$ : GOTO 3640 .
3 6 50 LOCAT! 1 0 . 26 ' I . ' . ,

3 66 0 IM P UT ~ENT! B. U NUM OAT! Of PROJ!CT ~; rt R $ '

361 0 rK - VAL( L EF T$ ( n l $, Z»
3680. f O-V AL( KID $(nRS, 4,2 » .
3 69 0 FYR -VAL(J. IG MT$(1US . 4 »
31 0 0 r ·- 5~ 101 1' · 1 TO rH : F -Y +6 : NEXT I , .
31lp IF FYI.( S YR THEN CLS : 'PKl Ht -IN VAL I D FINI SH DATE•••
• .• • ·; FYR$ I GOTp 3640 I • ',

~~ ~ ~ ~ ;F~~~S~~+~ )4 THEN P RI NT ··tNVAL~HBP:It OF TEAllS'
• . Til .ACAIN · I GOTO' 3 660 .
)1 40 CLS : L'o CATE 10 ', 21 . .
3 1 50 LOS - · EXECUTl NG • • • • • • PL! "S! WAIT r oll. NU T PROIl.I'T

431 60 PRINT LOS ._ . . ' . , .'
3110 DIM DDT%( 7 ,'12,N),HNL %(12) ,HNMI EH 6 1 ), DNANES(7) , HS(200 ) ;
37 80 R!::M ' .
3 1 90 REM _ . ..

~:~~ ~:~ I::~~~ ':~ ~~ ~ ~ O~ l WHA! , DAY YEAR BEGI NS

382 0 IF Sn- YR GOTO 3 u b
3 83 0 YR-YR+l :L -L+1. , ' . , . "
3 8 40 _IF L-4 THE N L-O I X- X+l
3 ' 50 'GOS UI 3910

• 3 8 60 'GOT O 38 20
3810 RU t
388 0 IEK'
389 0 IE K
3900 R! M SUJlO UTlNE TO . I ~ C l!KE NT X.I ,AN~ I
391 0 X-X+1
3 9 20 I F ' 1 )1 TB!.N 1 · 1 I Y-Y + l: I - l+l
3 93 0 RET VI.Il ,
3 9 4.0 KNAHE$(1) , - • J AJ UAR,Y _ : lt NAHE${ 7 ) - - n"'UAU '
3950Il NAHES( 13) - - HUCB .: KHAK£$ (1 9 ) - • Al'I. IL , -
396 0 IlNAKE${n) . _ . KAY . : HNAK£$ ( 3 1 ) _ . J UNe" -

~:~~ :::~~ : ~ ~ ; ~ : :SEr~~~~ER: ~ ~=:=~ :g~ ~ : : O~~~~ ~ ~ · : .
3 990 KNAHE S(61 ) - - NOVEH. n· : HNAll! S ( 6 1 ) - _. DECE Il.B!I­
4 000 DNAHE ${ l) - .- ' SUH • , .••.
4 0 10 DNAHES( 2 ) - • HOII •
4 020 DHAHES(3 ) .- • TU E •
4 03 0 DNAHES(4) , _ _ WED ·

40-40 DNAMES(5) - " THU •

: ~~~ ~~:::: ~g _ : ;A~ R ~ . _: //~,/
401 0 REM '
4080 REH . '
4 090 Ri H PROGRAH TO ClEAT£. CALENDAR
4 100 r Oil I - I TO N
4 11 0 I - I
4 120 roR. A- 1 TO 12
4130 1.. 0

- ---+1..

;
I .

., :



128

41 4 0 READ HNL %( A)
41S0 DATA J l, 2 8. 3 1 . 3 0, H . 30.31. ~ 1. 3,O . )1 . ) O ,3 1.

4 1 6 0 1F L - ) T HEN MNLl (2 )- ZIl
4170 FOR 0- 1 TO HNL% (A)
4180 DOT%(X ,Y,l )·O
41110 REM ES TABLI SH S TAR T AND FINISH OF CAL ENDAR
42 0 0 IF I - I AND V( S T HEN DDTl (X.'t ,l) - O
421 0 IF" I - I AND Y( - S+S AND 0 0 T%(X , Y, I)<5 0 TH EN DDTt( X,

r:i:it~ F I -N A~ D s .; AND DDT%(X, 'i,I)>FD tllEN DDTI(X ,Y,
I) -O
42)0 IF 1-1' AND y ) ;'F+S THEN OOT%(X I Y. I ) · 0
4 2 4 0 COS Ull 3 91 0
42S0 REM
4260 tIEXT 0
4 270 S - 6 - 1l:Y " Y+ B
4280 NEXT It.
4290 RES TORE
4)00 REA O,M :FOR 0 - 1 TO HlRUD F(O),T(O),B ${O) , C(O) fNE X
T O:O " O:H -O
4310 L-L+l
4320 NEXT . I
4 3 30 REM
4340 REM
4)50 CLS
4j60 REK PROGRAK TO DELETE WEEKDAYS
4 37 0 LOCATE 8
4380 PRINt ~ SUN HOH TUE

THU FR.I SAT~

4 ) 110 PRINT
4 4 0 0 PRINT · • 1 2

S 6 7 -
4 410 LOCAtE 12
4420 PRI NT " ENTER NUMBERS CORRESPON DIN C-TO' DAYS OF WEEK

MORtlALLY NOT CONSIDERED AS WORKD AYS "
44 30 PIlI NT " .S EPARATE B
Y COHHAS . "
4440 LOCATE 15 ..3 5
4450 1.1$ .. " YOU IlAVE CHOSEN A "
4460 L2 $ .. " DAY WEEK . "
4470 L3$ .. " THE. ABOVE DAYS ARE CONSID ERED AS NONWORKI NG

DAYS ; "
4480 L4 $ .. " I S THIS CORRECT (y I N) 1­
4 490 LINE 1NP UT ; DA'Y$
4500 CLS : B · 0 : F OR L - 1 TO ·U ' ST£P 2 : B · B + 1
4510 D • VAL ( HI O$ (D AY$ , L. l» : IF L - I AND 0 • 0 THE
N LOCATE 10 ,27 : PIlINT LI$ + " 7 R + L2 $ 1 COTO 45 50 ELSE

IF D .. 0 COTO 453 0
4520 LOCATE 2 + L,J9 : PRI NT DNAHE$ (0) : NEXT L
4530 LOCAn 1 0 ,26 1 PRINT L l $;8 -B ;L2 $

:;~~ ~~~ Z~: ~; :;~ : ::~:i ~; ~
4560 A$~INKEY$ : 1F A$ " "Y "O R A, " " y "COT O 4570 ELSE IF A$" -

• N" OR Ar-"n " COTO 4350 J L S E 456 0

\

\-



;~ - .

.' :'"



13 '

HOLID AY PATlS Y
50 1 0 LOCATE , 2 0 : PRI NT ~ Z. ADO SOKEMOR£ HOLl O
Ats r -
50 2 0 LOCATE , 20 ' : PRI NT -a, DELETE SOME OF r ae
HOL IDAYS 1 K

"' 5030 LOCAT E . 20 ' : PRI NT · 11. EXI T T-
504 0 AS-i NKEY$ :l F AS"- l - G01 05060 ELSE IF A $ "~ 2 ­

COTO 46 90 ELSE IF A$ .. · 3 " COTO 50 50 ELS E , I F A$ -·
W4" GOTD 4 77 0 EL S E 504 0

50 50 CLS : Gas u l!. 4 9 20 : LOCAT .£ It + 2,= INPUT - ENT
£1 T HE NUMBER OF THE DAT E YOU WIS H TO DEL ET E - If. :

H$(K ) .. " . : GOTO 4770 .
506 0 CLS : GQSUB 492 0 : LOCATE X + 2 : IN Put - E tl
TER THE NUMBER OF THE DATE YOU WI SH TO CHANGI:: A tl D

THE NEW o A'I:£ - ; X , lI${K ):C OTO 4 770
50 70' REM SUBROUTI NE TO DELE T E DAY OF MONTH
5080 FOR £ - 11 TO H+ 5
5090 FOR X-I TO 1
5100 I F OOT %( X, £ ,I ) .. HD THEN OOT%( X, £, I ) .. 0 : I E
TURN . ' .
5 11 0 ' NEXt X
SU O NEXt E
51 30 RETURN
514 0 REM
.5150 C " .0
516 0 FOil. r"l TO N
5170 FOil Y"l to 71
5 180 If Y- l THEN DDT%(O, Y,I) - e
n9 0 IF DOT %(O,T, I) -D DT %(0 , 7 2, I - l ) THEN ODT%( O,7 2
, I-I ) -a
SlOO B-e
Sl1 0 roa X" 1 TO 7 .
Sl ZO IF I -I AND Y( S + 2 AND DDT %(X ,Y , I ) -S D THEN DDT
%( O, Y.I )-I , '
~2 30 IF OOT%( I , Y,I ) <> O THEN c-c- r

. 52 4 0 NEXT 1

5 25 0 DDT %{O,'t" +1., I ) -C + l T\ _ O~
52 &0 IF B-e THEN DDT%{O , y,~ .' . :

. ~ : ~ ~ ~:~; 1Y . \
~~~~ =:~T 1 \
:;] 1 0 lEH
5320 CLS
:;]30 LOCATE 6 ,26 P&INT~WIlAT WOULD 't"OU LIKE l- :L
OCATE 8
5340 LOCATE , 2 0 : PU NT -t • SCal!.! N PU NTOU! Of

CALENDAR 7 ~

' 53 50 LOCATE , ~ o : PRI NT ~ 2 . HARDCOPY PRINTOUT
o r CA LEN DA ll. l~ .
5 360 LOCATE , 2 0 : PaINT ~3 . . ClEAn ON OF A WORK
DAY CAL!Il DAl PI LE 1 -
5 37 0 A$ - INu 't"$ IIr " $- - 1 · COTO 5390 -ELSE I' 1.$ - - 2 ~

COTO 5810 "EL SE IF A$ " ~3 · COTO 6260 ELSE COTO 5310



'l80 ST OP
) 390 lEH Pl0Gl1.t1 rO I CALEliDA. PIlIIiTOUT ON seU EN
) 1\00 ro. 1 ·1 TO N .
)410 I - l : ! - I;l!. -41l :r· -6
)4 20 e LS
)430 PaUT ~

- i s n ,- l H
)44 0 'PaIllT
)450 POI. I - I TO 67 STEP 1Z
H 60 PUII T' - ~KIAKl!.${1C.) i
)470 PU Mt • - HNAK E S(
11:+6)
)480 PRIli T
)4 90 PRINT - ' S UN KON r UE. liED THU PRI S
AT J SUN KON TUE WtD :tII .U PRI SAT-
HOO PRIIi T
) 5l0 £ - £+l 2 :P - P+\2
H20 POll 'f - E TO r
) 530 roa X-I TO 7
) HO B-Y " . , .
5HO I F X- l t HlN COSUB 5 71 0'
55 60 IF DDTZ(X , 'f , O " O- THEM PUNt · - II GOTO 5 58 0 '
5570 PlI NT USI NG -" " - iDDTZ (I, Y,1J j
558 0 MElT X
5590 rOI I - I TO 7
5600 B- Y+6 ' _ . .
5610 IF t " l U tlf GOSUI 5710
5620 · tr DDT Z( I ,Y+ 6 ,I) ':0 TaE N raUT - - i IGOTO )6 40
5630 PU IlT USINC - " " " i DDU ( I. Y+6, l):
5640 IIExt X .
565 0 PU llT - - :
5660 NExt 'f \.
56 10 Z .. CSlLl ll : Ir Z >- 18 tUII LOCATE 23 ,2 0 :

rUNT &PU SS UTU ICEt TO CONTINUE 01 e TO EIIT~

: COTO 576 0
5680 lEX! It
)690 IIExt I '
5700 GOTD 5110
5n o I r ODTZ(O, I,I ) - O THEN PU NT - -: : GO
TO 5150
)11 0 PIll NT - ( ~ ;

51)0 ra INT USI NG - " " &iOOt1(O ,B , I ):
)140 PUNT &) &i
5 75 0 RETURN

5~ :~c::;~~~~ T~~;~ ~ :;l;~:tA~;~ ~"GOTO 5780 ELSt If

5710 eLS I COTO 568 0
5'180 COTO 532 0
5190 REH
5100 UK
ser e I£K Pk OCRA" a OI RUDeon CAUN DAl punout
) 810 T$ .. ~ p . R 0 J It e T
CAL It N D I. 1
Si lO rOI I - I t o Ii
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584 0 X- l :Y-l :I --11 :, - - 6
58501.PUNT T$ -.
58 60 LPKl tn : LUllft
5810 LPU NT •
· ;S I1-1+I
588 0 Faa X-I TO 6 1 STE P 12
58 90 LPl.Urll • - " ""liEH I: ):
590 0 LPUMt - -HMAKU '
(U6 ) .
5 9 10 Lu t HY
592 0 LPIllln • ' SUN KOti tv ! li to T HO FU
SAt ' SUN KON TUE WED r uu Fat SAt-
593 0 L PIl.INT
5940 £ - £+11 :1 ·'+12.
5950 FOR. y -~ TO ,
59 60 FOR X·l t o "7
5970 B OoT
5980 I F X- I THI N cO SUI 6170
59 90 IF . DDTZ (X , Y. l ) -O rutH L,RINT - : - ;: e OTO 60 1 0
6000 L PR! NT USI NG - ' ' ' ' - ; OOU { X, Y, l );"
60 10 NEXt X . .
6 0 1 0 FOR X"1 TO 7
6 030 Jl-H6 .
6040 IF X-I THEN GOSUB 61.70
: g~~ IF DDU(X,Y+6 : I) . O TKEN ~P kI MT _7 . ,- i I OOI O.

6060 LPHlIt US IN G · " " - : DOU (X ..Y+6)'I) ;
60 70 NElT I - .
608 0 LPI.I NT ..
60 90 NE XT~ 'I

6100 MElt X
6 1 10 LPUNT
6120 L PRlNT
·6 1-30 LPU NT
6140. LP ll llT
6lS0 NEXT 1
6160 COto 6220
6110 IF DDU(O.' ~·l ) -O THEN ,LPU NT • .o n
GOl D 6 210 .
618 0 LU lMT .. (- :
619 0 LP!UN T USIN G · ""- . DDll(O, I.J ) ;
6 200 LP IlUlt -)- ;
6210 IlET UaN
622.0 GOTO 53 20
62 30 U K
6 240 REK
62 50 REK PIlOGIlAH TO 'C IlU tE lAUOK PILi:
62 60 CLS
621 0 Z - I : W· 2
628 0 ' LOCATE 1 0

:~~~ ~; ~N ; ~~~;ii I;g '; :LE 'O K DISC-
631 0 CAUL$• -AI- + LA$ + --.CPL­
632 0 OPEN CA.LFL$ A.S U LEN • ~ .



633 0 ,aLD 13 , 2 AS " OS , 2 ....5 TI S
6 340 C • 0
6 H O '01. i • 1 TO M

. 63 60 a' · 1 : J - 0 '
6 ]1 0 ' 0 1. 'l • 1 TO n
6 3 80 1F t · I THEN a - I + 6 ' : J - J + 10 0
6390 ' 0 1. X . · 1 TO 7
6400 IF DDTI ( X. 'l ,l) <> 0 THEIl GOSUI 64B0 : GOI O 6430
641 Q IF ' C- O THU I 64 30
642 0 U C) O t U ll: Gos u a 66 7 0

. 64 30 NU T 1
644 0 NUT 'l
6450 I £S TORE
64 60 lIE:1T I '
64 7 0 COTO , 6 55 0
64 a o C • C + 1 ,
64 90 IF X- II .TIIEN COS U 671 0
650 0 IF 1 - 6 tHUl Gosu a 614 0
6 51 0 U IT n s - " I.1 $( OO1%(X, l , I ) + J ) I OTS· Stl. $(C '
l{ MOU ) ,- ~ ' •

; 65Z0 lS n liS - KU $( S Il .... I - l ) : Il - CVl ( 'll S )
6 5)0 PUT # 3 , C .
65 4 0 U t DU
6 5 50 C~S: cAT E l O. J4
6 56 0 Pat · rI LE Cn ....n D·
6510 SE 13
65 ao POI. X· l TO Z
6 59 0 ' NEXT 1
66 00 8$ -·0" ·
66 1 0 OPE N as '01. ouip UT AS ' 9
662 0 WIITE n ,z
6630 r ol. 5 "1 TO Z
66 4 0 WIITE n ,A (5 ) IMEU 5

, 66 5 0 CLOSE 19
66 60 U Ttll.lf
6670 IF X- 2 tUN II·WH ; cosua 6800
eeeo lP l • 6 tHEN GOSUB 6760 EL SE 669 0
66 90 Ir W • 3 AMO 1- 7 THEN W- 2
.7 0 0 U TU I.If
6710 If 1 ·3 ,\KD ,, -) THEM 673 0
6 7Z0 A( Z)·C I Z.. Z....l :Il · Z
6 7 3 0 IITUI.If

g~~ :i ~~;~ : 2 -Z~ 1 I \
6760 If VAL( DT$) "'6]O Oil 731 tH EN 6790 I
6 77 0 A( Z) -C -l
6780 Z.. %..-l
6190 U TUI.N · '. , , '
6800 If VAL( OTS) - 6 30 OR 7]1 t REN 6 820 ELSE 6810
6810 UTUU

, 6 82 0 utuu
68)0 PIIRT · KA.vt to u COUECT ED DAT A ST ATEKEMTS S UlT
AIL ! t ( NOU : I ' LOGI C CHAHGUN D/Ol. ~H ""'Ct CHANCE I
S BIlVISAC r:O, Tll! NEil t ....CTI CAL PL....H HUst BE HADE) ·



n.

68 4 0 LIN E lIlPUT . ,D A$'
61S0 . IF OA$· "YES · THEN 68 70 .

. 68 60 PU I'lI - Tilt ,IOG U H IS TE Ul lltA nO . PLust CALL '
0 1. DATA ST AUM ENTS 185 0 - 19 S0 U D COU Ee r t IlE" . " lEN D

· 687 0 ' lI NT - lli OI CATt ,aDJE CT DU COliES POHDIN G TO T
HE STAlT DAl OF T il! CUII.!NT TACTI CAL ' LAN PElI OD"
68 80. lVPUT 1st

• 6190 rU NT - U DIeAl! t OTAL NO. o r Ht W ACTl VlT US ·
69 00 lI , Ut iNN .
6 910 PlINT - IN DI CAn NE'oI ACTIV ITY NO.O NE It ON! "
69 20 roa X-I TO NN
6 93 0 ' U HT - ACn YU! NUlt U a w-:Ill PUT , No\{ l)
6940 NUT X
695 0 IE TUIl.N

\

69 6 0 SCU t EN 2
6910 ere....1l

• ,6980 ct.s
' 1699 0 N$· ·O , l -
'1 0 0 0 DIM V(S O) . U( 50 ) . TS (S O ) , DV(SD ). , ( SO) . T U D) ,1 $( 50);
C( 50 ) . ,\ (50 ) . ...C1(50)
7010 OPEHH $ roa IN PUT AS '2
1020 IHPUT #Z, DN, N, NN, ST , EN
70 3 0 '01. X- I TO NilHPUT 12 , ' ( I), t ( X),8 $( I ), C(X )
10 40 N!X T X:CLO SE fl le LS
705 0 I - I : '. .

' 70 6 0 ,IlI NT : 1'I1 " T -IlO W HAU ACTl VIT l r.5 AI! EXP ECtED TO
HAVE'L .e. I MPACT ' " .'

· 1 0 1 0 PU NT : INPU T ; LC·
1 0 80 POI. X-l TO LC : PIU NT .,
70 9 0 PU NT " IN DI CATE ACTI VITY HUMIU "
71 0 0 PUNt : I I1PUY ; ACT ( X) ,
711 0 HUT X:CLS
11 20 1 "1 '
71 3 0 PU Nt ".lC T Y Ac n . !ST . VOL
.er UNIt · T I MI: POI. ElP ECT .
7 14 0 PU NT " .,0 . DI SCIll Pfl OM WOI
X QT Y s r a s r UN . D. C VAl. .

• 7 BO LIME ( 4!1, l )- (4 !1,1'J9) .
71 6 0 LIMI ( 19 0 , 1 ) -(19 0 , 19 9 ): LI NI( 240 , l ) - (14 0 , (99) : LIN I
( 30 0 ,1 ) - (30 0, 199)
1170 LIM I:{370 , 1 ) -( HO , 19 9) : L I llI ( 44 0 .1 ) - ( UO ,l99) : LI Nl (
52 .0, 1 ) - (5 20 , 1 99 ) : LIll I ( 590 , 1 ) - ( 5 9 0 . 199 )
71 80 POI. L- 20 T O' 199 S TE P. 16
1190 LIM I (1 , L) ;';'(S9 0 . L)
720 0 NUT L
7210 POll Q-4 TO 22 ST EP 2 ,
122 0 LOCAT E Q,2 : PU IlT ACT(X) :LO CATE Q, 8 : Pll IlT B$ ( ACT ( X)
) :LOCATI: Q, 2!1: PUNT C{A CT(X »
12 30 LOCAT E Q, 41I I NPUT ; V( ACT{X»: LOCAT E Q,49 : IN PUT ; U( A
CT{ X» : LOCAT! Q.57 : 1IlPU T , TS ( ACT (X» :LOC ATE Q, 6 1 : I IlPUT D
V(ACT ( X» . t,
714 0 X" X+ l :Ir X • LC+l t HIN GOTO 7 27 0
1250 NUT QI CLS

· 7Z 60 1r U LC+l T HEN COTO 72 70 ELS E GOTO 713 0

{ '



'"
.:.

"12 10 CLS .

7 U O- " , · - OU " IOU N It ' pall OUT PUT AS ' ] ; waI TI. ' l . LC : FOll.
X- I TO LCllolUn I l . ACT CX) : NEXt X '
7 290 1'01. 1 .. 1 TO R
7) 00 \lun # l , V( X) , U( I ) , t5 ( I ) . DV( I )
731 0 HUT X . .
732 0 CLOSE , ]

~ ~ : ~ ~i~A~ ( 50) ,r cSO) , C( 50) ,f' $ (I OO) , RN(' I OO) . T1( 50 ):. T2 ( 5 0
) . tl ( 50 ) . T4 (SO) , -' CT ( l OO) . 1 $ (5 0 ) .
7350 s eatEN 2
7 3 60 PIll Hf " HOW KANt TACTIC AL PLAN ACTIVIT IE S AR.E Ar FEC
TE D BY'WUTH £l CONDItI ONS·
1 3 70 rseur WI
738 0 P U Nl "E lltE l ACtlVlTY NOS .TH AT ARE L IK U t to IE A'
fl CTED ' n \lE AtK ER"
7390 POR X.. l TO WI
H OD I NPUT " ACtI VI TY NUMIlER " ; ACT(X) : PII.1NT
74 10 NEXT X
H2 0 X- I . '
74 30 CLS . ,
71140 REIt m CALCULATE THIllf I HPACT or t HE W!Al Kn
145 0 PUN T '"AeTY AeTY T , I'.: K P IN UEG.r

• SNOW RA .
146 0 Pit U T " HO. DIS CkIPTt ON

HO >5"
74 10 PlINT • . ; (0 <5 <15

>2 5 C Ii Ii It •
148 0 LIN E ( 45, l ) - ( ·65,l '9 ) ;L IN E (l H .l):"OH ,199 )
74 ' 0 LIH E {l ' 5 , 1 ) -(its , 1 " ) : L lJrlE ( 24 0 . 10 )- ( Z40, l 99 ) : LINE

( 290 , 1 0 ) - ( Z9 0 ,1 99 ) : LIN E ( H O, 1 0 ) - ( 3400 , 1 99 )
1 5 0 0 L IM£ ( l 90 , l )- (l'.l O, l 99 ) :L 1N&( 4H , l ).'( 4H,U9 ) :LI NE ( 4

. 82, l )-( UZ, l99 ) :L INI (H O, I ) - O'O. I 99)I LlNl ( 5 9 0 , 1 ) - ( 59
0 , 19 9 )
151 0 F OI ' L ~ 16 TO 199 STE F 16
1520 LUI E ( l , L) ·090. L)

. 1 5 3 0 NU t L
1'54 0 · F OI Q- 6 t o 21 SfEP Z
1550 LOCAtE Q. l : PkI Mt X: LOCAT E Q. 7 : P UHt I$( X) -
15 60 LOCATE Q, 2611 NPUT i Tl ( .lCT ( I » : LOCAU Q, 32. : IN PUT sr
2( ACT ( X» :LOCATE Q, 38: 1 NPUT iT3(ACT( X» : LOCATE Q ,": I NP
UT It 4 (A CT ( X »): LOCAn , Q, 56.,.INPUT T ( ACl U » Il.O CATE Q, 6 3f I .
NPUT -; C( ACT ( X»
157 Q X"'X+l: IF X ) WI t HEM 1 6 1 0
15 80 NEXT Q
75 90 IF X ) WI THEN ·1 61 0 8L SE 1 6 00
1600 CL S ICOT O 7UO
761 0 CL S
76Z0 H$" ~O P 5 -

7630 OPEN H$ POR OUTf UT AS 17
" ' 76' 0 WRIt E 1 7 . wl l r OR X"1 to - Wl :'WIITE I7 .A Ct ( X) : NEXT 1

76 50 F OR X- 1 TO ,\l l : WU U I7 , Tl (A CT ( X» ,T1 ( ACT(X » .T3 (A
CT (1). T'(ACT ( X» , T (A Cr ( X» . C ( ACT ( X)

• 1 660 NE~ X



76 70 CLO SE 11
7680 CLE,\R :DUI 51'( 20),S5P(20) ,A CT(50 ) ,ZN(50) , 5 1'R( 5 0 )
7690 Pk iNT - I NDIC ATE TOTAL NUMBER OF ZONES OF t HE PROJ!
C1 THAT ARE LIKELY TO HAVE SPACE CONSTRA.lNr .
7100 IN P UT ;Z : CLS
7 71 0 PRINT -
A'!LA BLE -
772 0 Q"S :PRINT
7·7]0 FOR X-I TO Z " i
7740 LOCATE Q , 20: PU NT X:LOCATE 'Q,40 : tN PUT .!SP(X)

g~~~~~~~~;~P~~~3 THEN 'CL5 : GOS U8 1 95 0 ' 1
7 7 7 0 NE XT X '
7 78 0 PRINT - I NDICATE TOTAL NUMBER OF T ACTlCAL PLAN ACTl
VITIESTHU Ail E, LIKELY TO BE I.FFECtE O BY SPACE

CONGESTION- ' .
7790 IN P UT SC :CLS
H IOO PR I NT -E NTER ACTIVITY NUHBE RS THAT ARE 1.1
KELY TO BE ,AFF ECTED BY SP ACE CONGEStlON -
781 0 PR IN T - S,. NO ACTIV I1Y NO.

ZONE NUHBE R SPACE IlEQD. -
7820 Q"S :PaIN T
78 30 t Oil I - I TO SC
784 0 LOC AI! Q, 10 lPil INT X: LOCATE Q,2 0 :I NPUT -ACT
( X):LD CAn Q,42 :IHPUT ZN{ACT ( l»:LOCUE Q,:is :I
NPUT S PR( ACT(X » ,
7 8 50 Q-Q+2: IF . Q-23 THEN" CLS : Q- S : GOSUB 798 0
786 0 NEXT X:C LS
78 70 HS "-OP12 - : _ '
7880 OP EN li $ , Oll. OUnUT 'AS 112
7890 WIlITE '12,Z, se
7900 FOR X..1 1'0 Z
7910 WRITE 11 2, S1'( X): NI':IT X
79 20 rO il X..1 TO SC
79 30 WRITE ' 12 , ACT( I ) , ZN( ACT( X» , S pII.( Ae T( l » : N
E XT 1
7 9110 CLOSE ' 1 2 : GOTO -' DI D
7950 IF X-Z THEN CLS:IlETURN
7 9 60 Pil I NT - ZONE NUHIE R

SPACE AVAILA BL E -
7 97 0 IlE T URM •
7980 I' I-SC THEN eLS :Il ET U&.N
799 0 PU HT ·S .N O ACtlV ItY NO. ZONE HUH
BER . - SP ACE REQO.-
8 0 0 0 RETURN
80 10 CLS :CL EAR.
802 0 OUt ABO O , 4 ) , A.BI ( :'O, 4) , ' ( 0 0 ) , T ( 1( IO) , BS (

, . 1 0 0 ) , C( 1 0 0 ) , !lO$(12) , A( 200 ) .!l o tl OO) , !H O OO) , ' $
(100) ,ACT (:. O) ,H fl (5 0 )

, 8 030 SCRnM 2
8 0 40 !I $" ~ OP 1-: 0 PllN K$ FOk I NPUT AS I2 : INP UT ,
2.0 N,M,NH , st .EN : r OB. 1 - 1 TO f1: 1N' UT n, .(X},T(
l),I$(X), C(X) :N!lT Xl CLOSE 12
805 0 GOSUI 8 78 0



...I.'t"
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ll1

-80 60 CLS c
80 70 REM CREW ABSENTEEIS M AND TIiElR , I MPACT
8080 PRINT ~ MONTH MID WEEK

DAYS WEEK .BEGI NNI NG/ END DAYS· .
80 90 PRI NT
8 1 00 PRINT · FIlOH

TO FROH TO·
81 10 LIN E ( l O, l) -( l O, 19 9) :L I HE( 15 0 , l)-:-( 150, 19
9): LINE ( H O, 1 )- (250, 19 9)
8 1 2 0 LI NE (31 5 , 1)-(32 5,'199) :L I HE(HO, l O) -(450
,1 99) :L I HE(5 50 , l )- ( 55 0 . 19~ )

8130 PRINT
81 4 0 LOCATB' 5 . 1 0:PR I NT " J AHM: LOCATE 5 ,2 5 :1HI'U
T A8 ( 1.1) :L OCATE 5 . 35 :1N P UT AB( 1 . ,2) : LOCATE 5 ,
4 8 : 1 HI'UT ABO.3): LOCATE 5 .60 :IMPUT 108 <'1 , 4 )
8 1 50 LOCATE 7 , l O:PRI NT " PE B M:LOCAT! 7 ,2 5 : 11'11'
UT .AB( 2 , l ) : LOCATE 7 ,"35 :1NI' U1 AII ( 2 . 2) : LOC AT! 7
, 4 8 : 1NI' UT AB(2 , J ):LOCATE 7 , 60 : 1 NI' UT AB{2 ,4)
IH60 LOCAT! 9 . 10; P1HNT " HAil ": LOCATE 9 ,2 5: 1 1'11'
ur. U "O. r) ILOCATE.9 ,35 :IHP tlT ABO , 2 ):L OCATE 9
,48:1 NI'U1 U ( 3 , 3 ) :L OCATE 9 ,60 :1NPU T A8(3 ,4 )
81 7 0 LOCATE 1 1, l O:P RIH T ~ A P R . ~: LOCATE 11 ,2S :1 "
NPUT. U(Io,I) :L OCAtJ!, U ,J5 : IN P UT AB( Io, 2) :L OCAt
K l1 ,48 :INPUT A8 ( 4.,3) I LOCATE l1 ,60 : I ,NPUT "U( 4
, 4) . . . "

81 8 0 LOCATE 13 , l O:PRlNT ~HAY ~ : LOCAn: 1 3 , 2S :1
NPUTAB(5,l) :LO CAtK 13 , 35: I NPUT A8(5,2) : LOCAT
It 13 ,4 8 :INPUT A8(5 ,3):LOCATE H.60 :IN PUT ABO

". 4 )
"" 8 190 LOCATE 1 5 , 10 l PRINT ~ J UN "I LOCATE 15 ,2S :1

tlPU T AB( 6,l ) : LOCATE: 15 , 35 :IN PUT AB( 6 , 2 ): LOCAT
E 15 ,4 8 :INPUT AB( 6 ,3 ) :LOCATE 1 5 .60:INPUT U ( 6
, 4 ) "
82 00 LOCATE 17,1 0 : P RlN T ~J U L " : L OCATE 17 ,2 5 :1
MP UT AB(7 ,l ) : LOCATE 17 ,35 :INP UT AB( 7,2) : LOCAT
E 1 7 , 4 8 :INPUT AB(7 . 3): LOCAT E 17 , 6 0 : 1NPUT AB( 7

~~ . , 4 ) . ' "

..... 8210 L O CA~E 19 ,10 :PkI NT ~ A U" G ~ :LOCATE 1 9, 25 :1
"NP UT A1I(8,l) :LOCATE l'l , 3 5 : I NPUT AB(8,2 ) : LOCAT

E l'l , 48 :INPUT AB( 8,3 ) :LOC ATE 19, 6 0: IN PUT U(8
, 4 ) " "
8 2 2 0 LOCATE 2l,1 0 :PkINT ~S E P ~ : LOCATE 21,2 5 :1 NPUT

' AB( 9 , 1 ) : LOCAtK 2l .35 IINPUT AB(9 ,2):LO CATE 2l , 48 : IN PUT
n(9 ,3 ) : L OCATE ll ,60 :H1PUT .\8(9 .4) '
62 3 0 LOCAtE 2 3 , lO :PIt:INT ~OCT ~ : LOCAT E 23 ,2 5 :1NPU1 'AB ( 1
O.l ) : LOCATE 23,35 ,: INP U1 AB(1 0 ,2.l :LOCATE 23 ,4B:INE'UT A.I
( 10. J) :LO CA.tK 2J,60 :INPUT AB(10 , 4) •
8240 PRI NT :PRINT : PRl tlT : P Rl NT
8250 LI NE (10 .150 ) -( 10 , 19 9) : LItlE (150 ,1.5 0 ) -( 1 50, 199) : L I
tlE(2.5 0 . 1 S 0 ) ~ (2S0 ,199 )" -
8260 LI NE (l2 5, 15 0)- ( J 2S , 1 9 9) :L I NE (4 50,150 )-(450 ,199 ):
LINE (550 ,150)-( S5 0 ,l'l9) .
82 70 LOCATE 2l" ,lO:PkIN I ~NOV ~ : LOC ATE 2 1, 2S :UlPU1 A8 ( 1
l ,l) I LOCA1E 2l ,3 51 INPUI AB( ll, 2 ) : LOCATE 21.411 11 NE'UT n
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(ll, J):LOCATE H .60:INPUT Allo(ll. " )
8280 LOCATE 2 3 . 1'O: PU MT -DEC - :L OCATE U.2.S : 1NPtlT AI ( l
2.1 ): LOCATE 2) , 3) : I"'UT AI (12 , 2 ) : LOCU! 23 ;48 : lH ' Ut A8

· ( 12 -, l ) : LOCAt! 2 J , 60 : 1 H'U T AB( 12 . 4 )
829 0 CLS .
83 00 PII NT -H OII MANY tAC T IC AL PLAN ACllV1tl ES Al E AFPE

~~i~ ~ ~ p~ ~S~:TEEIS H · \.

83 2 0 PlI NT - Ul TE I. ACn VU ! NUHU IlS THAT AlE LU ELI TO IE
t AF FECTE D lIT ClEW ABSENTEEIS M-

. 811 0 FOJ. X-I TO CA
8HO INPU T -ACtI VIT y HUHBEIl. -; ACT( X):P ll NT
8BO NEI T I
83 60 CLS
8310 Il.EK-"1HPA CT OF AIS ENTEE ISH

. 8380 PRINt - ACtI VI TY DESCRl PT I ON IMPACT
IN TER MS OF 1l0R.KOAY, LOSS ·

6 39 0 PRINT -NO i DESCRIPTI ON
A BSE NT TWO CRE W AB SENT •
8400 PKINT • PROM

TO FROH TO •
8410 LI NE (1 ,25 ) -(600, 25 )
8 420 LIME ( 7 0 , l) -(70. 19 0 ) : LI NE( 27 S, l) - (2 B , 1 9 0 )

: ~ ~~o ~~~ ;i ~ ~~ 9 ; ~ ~~'~~ ~ ~6 ~~'~ l )_:~ :~~~ ~;O~O ) - (4 3 5 , 190 ) : LI NE( S

su o Q-S :CO tO 8450 ' .
8450 r Oil x - I ' TO CA
84 60 LOCAn. Q .~ : rlINT ACT( X) :LOCAT! Q,1 01 PklNT B$(ACT(X »
l LOCATI: Q.l1 :1H PUT Al l( ACT(:I.) , I)
8410 LOCAT E Q.H 1 INP UT ABl (A CT (X )i2 ) :L OCAT E Q, 56 : UlPUT AI
l( ACT(X ),l ) : LOCAT! Q,6 7 : l!l PUT U l(ACT U ) , 4 )

· 8 4 80 Q-Q +2 '
8490 iF Q - 1 3 TRItJrl CLS : Q-S : GOSU8 8 52 0
8 50 0 NUT X: CLS
85 10 GOTO 86 00
8 520 IF X - CA THItJrl UTUlJrI
8 530 PlI NT "ACn VI T1 ACTiViTl I HPACT

I N tE US or VOU DAl LOSS "
85 40 PIlNT "NO. DtSC Ill PT I0N

ABS ENT TWO c a t v ABSENT -
8 5 50 PRiNT · _

TO Fil OK TO"
8 56 0 LIN!: ( 1 ,25) - (600, 25 )
85 7 0 LINt (7 0 , 1) -( TO . 190 ) :LlH£( 27~ . I)-(1 7S , 1 90 ) '; ' ..
8580 ,L I Nt (3 50,20 )-(3 50 ,19,0 ): LIN! (435 , 10 ) - ( 4 35 , 190) I LUt( 5
25 ,10 ) -(515 ,19 0 ) : L I N£ (600 , 1 )-(60 0 ,19 0 )
85 90 .. ETUkN '
8600 HO$ ( Ii ) -" JUNE " : HO$( 7 ) -" JULY " :KO$( 8 ) - "AUGUST " : HO$ ( 9 ) - "
SEpt- 1HO$ ( lO) "" OCT".1HO$ (11) - " NOV" 1KO$ (11 ) ·"D!C"
8610 PRi NT ' " l NDI CAtE HANPOWEll. POS I T I ON POI TH! TACTICAL P
LAM PEUOO '" '
8 6 20 U-HO( I)
86 30 POI Hp -n TO n+4 . I
8 640 pllRT " Il.ANPOWU. U QUlIl EHEHt POI tHE KON'n or " I HO$

~ " ~

. . ._---- _ ..:--_-
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(HP ) : lHPUT EK(H')
8650 MElT MP
8660 11$ · · 0 '11 - ,
8610 ' OP EN US POI OUTP'llT AS HI
868 0 PO I X-I ' TO 12 :101 I -I TO ...

• 86'0 WllITE ' Il , AB( x , T) : n; Xt l lN EXY I
8 700 VRITE # Il , CA. DM, N, YE
8110 Fot a - r e t o U +4;WllTE ' ll , "EH ( X) : NEXT x
8~20 FOil X- I TO DH I WllItI ' ll ,H q ( I ) : NEXT I
8 730 POl X-\ TO CAo ~

814 0 WRIT E II I , ACT ( X),AJI {ACTe l } ,1) , All (ACI{I) , 2) , ABI( ACT
-(X ) , 3 ) • All ( A,CI (l J . 4)
8 750 NEXT I •
8160 C LOSE I II

"87'"1 0 GOTO 8990
87 80 , LINE IN PUT 'PIlOJECY ":LA$
8 7'0 CAL I'LS · -" : • ...LAS...• . CFL·
8800 OPEN CALF LS AS C LEN -4
881 0 FOR X - I t o DN
882 0 C .. 1+5T -[
S a lO ,GOSUS 8 8 5 0 : NE XT t :CL OSE 11
88 4Q RETURN
8 850 Z -1
8 860 FI EL D Z ,2 AS Ho S , 2 AS YIl$
8 8 70 GET Z ,C
8880 DU - st ll ${ CVl( HD$ »
889 0 H - INT (CV1( "0 5 )/100)
8900 DS -IllGRT${Dt S.2)
8 910 n -C VI (lI.,)
BUD ' $ .. DS
89] 0 Q $ - STI. $( n )
89 40 1:$ - UGHY$ (Q$ .2 )
89 5 0 .1$ • Sn,S (H ) : HO( X) -VA L (JS)
8960 DYE$ • ps...·r...J$ +- '·+ K$
8910 F $(X) :-Ot£ $
8980 " tlE TUlH

. 8 9 9 0 Di tt ACTI.(l00), I.E(SO,4) . 't

1)00 0 PRINT - tli DI CATE TOUL NUttBn OF ACn VtTU S T HAt AI.E
" LI KELT TO HAVE THE " tHUCT OF Il.EG .lEQu IUHEln ·

901 0 INP UT UR .
9 0 20 P k i NT · l. ENTE R ACTI VIT Y NU'HBU S THAT AU L I KELY T O H

" :~~ oT:i I ~~ r~~: I~~ 1~ ~~~I~~ ~I;~;~r o r EXPE cn;o WOhDU LOSS
ON EACH DAY ON SUCH ACTI VItIES·

9 0 40 P k i NT - 3. ALSO INqICAT E RANGE or TOUL WORKDAY LOS S !
XP ECT ED AT THE "END o r SUCH "ACT I vt t U S ·
90 5 0 FOR X" I , tO 40 0 0 I J - 0 ; NE XT X:C LS •
906 0 PRIll T ·S .NO ACT NO. " EXPE CTED
WOitKDAY LOSS· "
9 0 70 PRINT · DAlLY BAS IS

AT END o r ACTY ·
90 8 0 P UNT - n OK t o

noll. t o ·
90 90 Qo05



140

9100 r Ok 1... 1 TO lEI. ".
9110 LOCATE Q,l:PRl NT I.:LOCATE Q . IO : IN fU T ACTl ( X) :LOCA:r

"r. Q . 30 :1HP U~ U (A CT I. ( X), l ) :LOCATE Q. 4 0 : 1 NPUT I.E {ACtil(X)
, 2) : LOCAf!, Q . 55 :1 NPUT U ( ACT Il( X), J ) : LOCAU Q.65 : UlPU T Il
&( ACIl{X ) .4)
91 20 Q-Q+2 :tr Q- 2 3 T HElI CLS : Q- 5: COS UB 911 0

'" 9130 HExt xrcrs
91 4 0 HS··OUl -
9150 OPEM HS 'O k OUTPUT AS 11 3
91 6 0 walTE ' U, aEl
91 70 roll. X- I TO au
9180 walTE 113 , ACTk (X ) . Rt (AC!R. Cl ),1) ; lE (ACTIl ( X). 2) . RE.( A
C1R. {X),J ),l\!( ACTI.{ X),4 ) ' .
9190 KE Xt x
920 0 CLOSE ' D I COI O 92 6 0 .
9210 IF X- REI. tHE N CLS: Il.E'rU RH · .

~:i~A~ R ~~;S: S . N O ACT NO. EXPEnD W.

923 0 PRINT " DAIL Y BASIS
AT END OP ACTY "

9240 PIINT .. FIlOH
riOK TO .­

9250 Il ETUR N.
92 6 0 DIM DCOO. 4) ,ACTU(50 } :CLS ,
9170 PRINT "INDICATE t OTAL KUHIlEIl or ACTI VItIES 'I liA! AI.
E LIliL Y TO HAVE TH E I KP ACT OF D.ES . C HANGE S AND REWORK"

:~ :~ ~:i~~ ~ ~ .ENUR ~CTIV ITY NUHaEll$ THA~ ARK LI .KEt: Y TO
HAVE T HE I " PACT or DU .CH ANGES AND ullo n ."

93 00 PU NT " 2 . I NDI CAT',1 THE U NCE o r EXPECT ED WOUDAl 1.0
SS ON EACH OAT OK S UCH ACTIV I T I.E S"

. 931 0 PU NT " 3. A1.S0 IN DI CAT E JAKGE o r TOt AL WOU.DAY LOSS
EXPECT ED AT THE END o r SUCH ACtI VITIE S"

932 0 ' ro l. X-I t o 4 0 0 0 ;J - 0 : NI!.It X: CLS
933 0 PRINT " 5 . 1'1 0 lC T RD . EXPE CTED
WORKDAY LOSS "
93 4 0 r U Nt ..

AT END or ACTt"
9 350 PUNT ." FlOK TO

. no" 't o ..
9 360 Q"S
9]70 POI. X- I TO DC
9380 LOCAtE Q, l : PIlI NT X: LOCATE Q. 10 :INPUt ACTU( I ) : LOCAt
E Q , 30:1NP Ut DC( ACT U( X) , l ) : LOCATE Q, 3S l I HPUt DC( ACTU(X)
, 2 ): LOCATE Q,45 :INP UT DC(ACTU (X ) ,3 ) :L OCATE Q, H :INPUI D
C(ACl ll(X),4) .
9390 Q- Q+2 : 1P Q-23 tH EN CLS :Q-5:COS UB 9480
9li OO NEXT X:CLS
94 10IU.. .. OP13 ..
9420 OPE N H$ FOk AP PEND AS '11
9430 \lllItE 1l 3 , DC
9440 POI. X- I TO DC
90\50 WkITE ' 13 , AC1 U( X) , DC( ACTU( X) ,1 ) , DC(ACTU( X) ,2 ) ,DC(A
cru (X).3 ) .DC(ACTU(X ) , 4)
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9.460 ,NE XT X ' rl

/.:.~;/: : ~g i;O~~D~l~~i~T~L: ~;~TURtl
9490 'P RI NT .~ S . NO ACT NO. t:.'l EXP ECTED '
WORKDA Y LOSS"
9500 PRI NT H DAILY BASt S

AT END OF ACT Y"
9Sl0 PRINT? FROH1 TO

9520 RET~:~H TO · .1

95 30 REM IM PAC T DUE TO LA BOR UNREST
9540 OIH LU( 50);ACTL(SO),PROD( 50)
9550 IN PUT HHOW MANY mAL DAYS OF L ABOR UNREST IS EXfE
eTEa 1 ";1.11 '

, 9 5 6 0 FOR X-I TO LU,
' "9 570 PRI NT " I NDI CAt E PROJECT WORKDAY NUKBER OF EXPECTED
,.., LA80 R UNREST DAY" ; X ;
: 9 580 J:NPUT, ' LU(X):LU (X )"LU.(lO-S T+1

95 ,9-Q NE XT X •
.. 96 00 REM PRODUCTIV ITY LOSS EXPEC TED DURING LABO R UNRES T

DAY
9 '610 PRINT " I NDI CATE T6TA L NUMBER OF ACTI VI T I ES THAT All.
E " IK ELY TO BE AFFEC TED Sf LABOR UNRES T"
96 20 . INPUT AL U , .
9 6 30 PRINT " I NDI CAT E ACTIV I TY NUMBERS AND EXPEC TED ?ROD
UCTIVITY LOSS·
96 40 CLS
9650 PR I NT " S . NO EXPECTE D P
ROD. LOSS M

.• 9660' ,Q-5
96 70 FOR X- I TO ALIl •
9680 LOCATE Q, 10 :PRI NT X: LOCATE Q,2 5:IHPUT ACTL(X): LOCA
1£ Q.40 :IN PUT PROD(KCT L(X)}
969 0 .,.Q-Q +2 :1 F .'Q - 23 THE N CLS:Q -5 :COS UB 9950
9 10 0 HEX1 1 :C LS
9 11 0 M$_MOPl~"

9720 OPE N 101 $ F OR ' OUTP UT AS 114
9 7 30 WRn E #14,LU,A LU .

• 9 74 0 FOR X- I 1 0 'L U: WRITE 1l4 .LU(X) : NEX1 lo\ •
• 9'750 FOR X- I TO ALU : WUTE 11 4 , ACTL ( X), P ROD( ACTL ( X» : NE X

T x
97 6 0 CLOS E # 1 4 , .
!H70 01 101 SFE(40.2) ,S PE $(40),S PEC(40 ): PRI NT "IN DICA TE HO
W MANY ACTIVITIES ARE LIKEL Y TO HAVE SPECIF IC SIGNIFlC "
N1 UNCERTAINTiE S IN ADDI T I ON TO TIlOSE LI S'lE D EARLIER"
9780 INPU T SP£:
9 19 0 PlUN T " I NDI CATE ACTIVITY NUHaERS ONE BY ONE"
98 '00 FOR x-r TO S PE: PRl NT " ACTl Vl tl NUHBER" : IN PUTIS-PEC(
X) . •
98 10 NEXT X , • • •
9 8 2.0 P Rl NY·"CIVE RANCE OF EJliPECTED DELAY AND DESCRIPTIO
N OF EACH UNCERTAINTY" .
9 83 0 F OR X-I TO S PE
9840 PRINT "DESCR IP TIO N OF UNCERTAI NT Y VARIA BLE FOR ACT

.;---- "...•._---,---- -- _ ._- - - .- ---- --
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Y~ . S PEctX )
98S 0 L INE IN PUT : SPt${Sr EC( X )) ' v..
9860 PlIN T MCIV E lA NCE o r E XPECtE D DELU (FlOM , TO) M

\

98 7 0 . INP UT S PE(S PtC( X ) , l ),S P £(S PEC ( X), :O
"80 KElT X
9890 MS_ MOU M

•

99 00 OPEN MS FOR ObTP UT AS II.
9910 illi TE H , SPE
99 20 FOI X- I TO SrE. ; WRlU t4, S,{C( X), SP E $ ( SPEC ( X)) ,S P E (
S P E C (X ) , I ) ,SPE( snC( X) ,2) . . ..)
9930 ICEXT XI CLOS E 14
9940 ' lINT - LO" O rUE tT t .BAS M:END
99S0 tr X-.UU T HEN CLS : I£TU RIi
9960 PRINT - S. li O ACT NO. eX P ECT£ D PlOD LO
sa -

, 99 7 0 I ETURN
9 98 0 PlI NT MI S T HERE ANY ADDIf I ONU . ACTI VITIE S CONSI DE1,<

: ~ 9 ~Y~~~~0 ~~;ui ADDS
10000 IF AOD$ - " n:S " TH U 10020
10010 GOTO 1] 1 9 0

, 10 0 20 PRI NT MI S TMtU: ANY I MPACT OF L . C . OM THE DUIlAT IO
Ii OF NEil A.CTIVITIE S (Y't S/ NO) r-
10 0] 0 LI NE IN PUT : U$
1 0 0 4 0 IF ARS _MYES - t HEN 100S0 El.SE 1011 0
!0050 P.~M ACT( 50 ) , Y( 1 OO! . u o( 1 0 0 ) . TS (100), DVOOa) : " S· " 0 , 2

10060 OPEN K$ FO R l liP UT " S ' 3
1001 0 lMPut I), LC IFO," X- I TO LCliNP UT I). ACT(X ) : IIUT x
10 0 8 0 FOR X- l TO N- KN
10 0 9 0 IN PUT I) , V ( X) , U ( X) . TS ( X) . DV( X )
10 1 0 0 IiUT X
10110 CLOS E 13 •
10120 PlINT -nev MANY OUT OF NUl ACT lY lT I E S ARE Ll l: &L T.
TO N....VE I MPACT OF L,C " ' " .
1 0 130 INPU T :LC C
1 0 1 4 0 PU NT MU1DI CAtE 01lE IIY ONE ACTIVI TY NO.WH I CK ARE

~~~~ ~t r~~ ~~V~c~if;~K~~:~C~ •
10 1 6 0 ' U F UT MACT lY n y NOM: ACT(X)
10 170 NEXT X •
1 018 0 Pkl NT MI NDI CAt E SEQUENTIALLY (SEPARATl D II Y COMMAS
) T HE' FOLLOWI NG DtT AILS 1VOL o r WORK.UNI T QUANTITY , TI H E
rO il FU ST UNlt , eXPE CTED VAR I ATION tN O .C~

10 1 90 FOR X-l.C+ I TO LC +LCC ,
1 0 2 0 0 INPU T ~ AC Tl VIT Y liDjAC T (X) " i v( ACT! 1» ,U( AC T(X » • rs
( ACT(X») . DV( ACT(X)
102 1 0 NEXT X
10 2 2 0 LC- LC+ l.CC
10 2) 0 M S - ~ O ' 2 -

1 0 2/00 OPE N HS rOR OUt PUT .. S n
10 2 5 0 WllT E ' l , LC
10 260 FOR X- I TO LC

• 1 0 2 ~0 WRItE 1 3, ACt ( 1 ) 1 Io1£ XT 1 .



. 1028 0 rOI X.-l to N
10 29 0 " li tE Il , V( X.) , O(X ). TS( X ). DV( X )
10 ) 0 0 llEXT X
1011 0 CLOSE Il •
10)2 0 CL!.AIl : DIK 1' 1 (1 00 ) . 12 ( 1 0 0 ) , n (1 0 0 ) , 1' 4 ( 00 ) . r ( 10 0 ) ,

' i ~ ~~~ ) ;~ ~ ~ ~O ~ i~C ~~ ~:~ ) ANY I I1PA Ct o r W!.ATNEIl ON THE a UIlA
TION o r lIEW ACTl VIt1ES ( ItS /NO) I P

10) 4 0 LUl l!: IN PUt . Al $
10)5 0 If AII.S - PYES · THEN 103 6 0 ELSE l o n o
t 01 6 0 H$- POPS P
10)7 0 OPEN U$ r OR lKPUT u · n
1038 0 INPUT I7,W 1:FOl X- I TO WI : I NPUT I7 . ACT( X) :N El T x
10)9 0 POI x- 1 t o WI l lN PllT 1 7 . TI( ACT ( X» . T Z( l CT ( I » . T 3 (
ACT( X} ) , T4 (A CT(I ) ) , r (ACT ( X» • T ( l Ct ( X», C ( ACT( X»
1040 0 NEXT X
1041 0 CLOSE 17
104 2 0 FUN T PHOW HAHY O UT OF NEW ACTIV IT I ES ' ARE -Arr ECT E
o at WE....TNER CONDIt I ONS P

10430 I NPUT I WlI
104 4 0 PUNT PtH T!. 1l ACTI VIT Y NUNBEl S T HAT AU L I KELY T O
IE AF FECTED BY WEAT K!lt CO'lDI T I ONS·
104 5 0 r Ok X-w l+ 1 TO WI+ W11
104 6 0 I NPUT PACTl V IT Y NUIIJERP ' ,A CT( I )
1047 0 NU T X
104 8 0 X- WI +l
104 90 UII T O CALC,ULATE THE II1"'CT OF rae "' !.At IlE R.
105 0 0 FU NT PACTY ACTY 'r E' II P 11 DEC .
C S1fOW U l
10H O nun -eo, OEs c u n l O N

>10 >, .
I OS2 .0 PI1RT - ( 0 <10 ( 1 5

>2 0 C 11 K H • •
10 S3 0 LJIIE ( 4 S , l )- ( 4S,19 9}:L IKE (I 7S, I }- (l H , 199 )
10S 4 0 Ll IIE _(l U , 1 ) - ( 19 5 , 19 9 ) : LIN!( Z'O , 10 }- ( Z40 . U9 ) : L IN
E ( 2 90, 10) -(UO , 1 99) I UNE (340, 10)- (34 0 , 199 )
10SS0 Ll IIE(390,l } - ( n o . 199): L IN E( 43 5 , I )-( 4 3 S, 1 9 9 } ; Ll KE (
ioU . 1 ) - ( 4U ,1 99 ) : LI NE ( S 40, 1 ) - ( 54 0 , 199 )1 LI NE ( 5 90 , 1)-0
90, 1 99)
10S6 0 r o ll. L - )6 TO 199 S TU .1 6
IOH O LIII E ( I ,L) - (S9 0 , L )
10S8 0 NU t L
10S9 0 POll. Q- 6 TO 2 4 ST E P 2
106 0 0 LOCATE Q, 2: P II.1N T XILOCAT E Q, 7 l PI1 NT I $( X)
10610 LOCATE Q, 2 6 : I IIPUT ;Tl(ACt ( X» : LOCAT!. Q,l2 :IMPUT ;
t2 ( AC T(X » : LOCAT! Q, l 8 : IN ' UT : Tl( ACT'( X) : LOCAT E Q,U :IN

~~~i~: ( ~~;~ ~? ~ ~~~C~~~A~T ~~ ; ~OCAT£ Q , 56.z IN PU T T (AC T(X»: <_

10 62 0 X- I+l : IF X > 011+111 I TIIEN l O!t6 0
10630 NU T Q
106 40 CLS I COTO 10 4 90
1065 0 CLS

: ~ :~~ ~ : :~~ ;~ ~ I .•

" ..
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10680 OP E N I S FO,, ' OUTP UT. AS 11
10 6 ' 0 waIn n , WI :'OR X-I TO III:WRItE ' 7 . ACT { X ) : ME l t x
10 7 00 FOk 1 - 1 T O Wl : wa.1tE #1 ,Tl"{ACT(X»),T2 ( ACt{l»,Tl(
ACT(l » • T 4 ( ACt ( X » ,P ' ACT(X» . t (A CT ( ! » . C( ACT( X »
lo n o ME xt 1
107 20 CLOSE n .

• 107 30, palMt - IS TlUE An I MPACT or SP ACE CONGEST I ON ON

: " I ~ ~t oD~~ :~ I ~: p~~ ~;~/fT1VITIES (Y ES /NO) , -

. l 07~' AI.$· - YE S · THE~ 10HlO EL SE 11 1 8 0
1016 0 l LEAl : DI M S'{25 )"'.CT S (In . ZN ( I OO) ,SU( 100) . S ~ ' (l O

O) ; K$· - OP IZ "
1071 0 OP E N 11$ '01 UlP UT AS ' 12

. 10 1 80 INP UT ' Il z , z , s e

1 9 ~~~· ~~: U; ·~lf:S: ( l): IIt1 T X ,
tce ie 'Olt X- I T O SC
10 820 IN PUt , f1 Z . ACTS ( I ) , ZN(A CTS ( X » , S PR ( ACTS { X }) : NE lt x
10830 CLOSt ·11 2
10 8 40 ralNT - lKDICAT£: 4Il!---A DDITI ONAL ZONES EXPE CTED TO'
BAV! SPACt CONS T U Ilf T - ; . '
10 850 IN PUt eo
10811 0 nun · ZON E HU K all ' SPACt A
' A l LAIL E •
10 8 1 0 Q-:5 :rUMT
10 880 rO k I -HI t o 1 + Z 0
1089 0 LOCAn Q , :l O:U I NT I : L OCAt £ Q ,4 0 : I lI PUt .5 ' (1)
l 0900 $5 ' ( I) - SP(I ) "
109 10 Q· Qi'Z : lr Q-U T Il U c t.s rc o s ue 1112 0
lQ9Z 0 MI XT I
10 91 0 l "lHO
10 9 40 .alln' -l MOI CA.t£ TOtAL OOT OF ADDI T I O.A L AU I Vlt l r.
S WIl ICR Aa t LU E U TO IIAVt aesc e CONSIaA IMT-
10 9:5 0 INP UT ; SCC
10960 ' U NT - U T EI ACT lY lt y II'UPlU:U THAT AlE L UE LY TO
U. ArltCTtO n s esce C O N t: E S T I ON~ "

l ~ ~ ~ ~l: Ilt MT ;,.C! .!~D~~ ACTI VI TY, MO ;

10980 Q") : r U NT
10 9 9 0 r o R. 1 -5C H t o SC i'SCC
11000 LOCATl Q,10 :ntNT X: L OCATE Q ,20 : t NPUT ACT ( I ) : LOCA
t'f. Q,U ltN 'ut I N( ACT( X )) ILOCAtE Q.)5II MPUt S PR(ACt(l))
110 10 Q ~Q+2 Itr Q- U TH EN CL S : Q- :5: COSUI H lS O
11020 MElt X:C LS
11010 S ~.. SO-+SCC
1 1 0 40 1l. $';' ~ 0' 12 "

\10 ) 0 OPEN HS r o. OUT PU T "AS Il Z
110 60 WalT! 1 12,2. , SC
11070 ro ll. X-I TO 2
11 0 80 \lu n 1l 2 , Sr ( 1 ) : NUT x
110 90 ro a X-I to " s e
t I loo vun 11 2 , ACT(X ) , Ut A-CT U » . SPl ( ACT ( I » I JrlUT
11L1 0 CLOS E 11 2 : COTO 11 180
11 1 2 0 I F X- 2+10 tKEN CLS l ll.E TUlM

..--'-- - -
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I MP

FMoOM

ONE CR

SPAC E A.

• ZONE NUHBEl

TO "

ZONE NUMBn ;111 3 0 PRINT ~

VA.ILA BLE •
111 4 0 Il !TURH
1 1 1 5 0 I F x-sc THEN CLS:RBTU kN
111 6 0 PRUIT ~ S . NO ACTI VITY NO.

SPAC E REQD ,"
111 70 RETUlltI •
111 8 0 PRIN T "IS T HERE AN Y IMPACT OF ABSENTE EI SM ON THE
IlUkATION OF HEW ACTIVITIES (YES/ NO) 1"

"1 11 9 0 LINE I NPUT ; ARS
11200 IF ARS" -yt; S · THE N tl2l0 ELS E 11 910
11210 CLEAR:SCllEEN 2 :D IH U ( 12.~). E H( 12) . HO{l OO).ACT( l O

0). Aat( 10 0 , 4 ) I HP Il ( 100) • F ( 50) • l ( SO) • B$( SO ) , C( 50) ,fH 1 00)
, HO$ ( 12 )
u aae O$- " OPIl "
11230 OPEN 8 $ FOR IMPU T AS I II

.112 4 0 FOll. X-I to U llOa r - r to II
11250 I NPUT I ll . ....B(X . Y ) : Nt XT TI MEX! X
11 260 I NPUT IlI , CA, ON , N , TE .
\1 2 1 0 FOR x-yt TO TE+4: lIf PUT I ll, E H( X) : NE XT x
11 2 8 0 FOR X.. l rp DN:INPUT 1l 1 , MO(X ) : NEXT X
112 9 0 FOR X- ITO CA
11300 INPU T I ll, ACt ( X) .AJ1 (ACT(X} , I ) , A81 ( ACI CX) .2 ), A BI(
ACT (X ) , 3 ) • ABI(ACT (X ). 4 )
11 31 0 NEXT X
11 32 0 CLOSE II I
't\3 3 0 MS·- oP l - : 0 PEN HS FOR INPUT AS IZ
11340 INPUT I2 . DN,N . NN . ST, EN : FOR X"I TO N :IN PUT IZ ,F(X )
, T ( X ) , B$(xL C( X ) : MEXT X: CLOSE IZ
11 3 5 0 GOS UB 8780 '
-113 6 0 P!lIN T - IND I CATE TOTAL OUT OF NEil ACTI VITIE S' TH AT
ARE LIK ELY TO BE AFFECTEDBY ABSENTEEI SM-
11370 INPUT ;CAA
1 1 3 8 0 fUNT " ENT ER ACTIV ITY NOHBER S TIlAT ARE L IK ELY TO
BE AFFECTED BY CREII A8 SENTEEI SM-
11390 POR I"CA+I TOC A+ &1I.1I.
11 4 0 0 INPUT - ACTIVITY NUMBER -I ACT ( X): PR I Nt--
11410 NEXT X •
11 4 2 0 CLS
1"1430 IEK I HPACT OP 'ABSENT E E I SM
114.4.0 PR INT - ACT I VIT Y DESCRIPTION
ACT IN TERKS OF 1I0 RKDA Y LOSS·.
11450 PUNT - NO" DESCRIPT ION

.111 ABSE Nt TIiO CR EII ABSEIfT ..
11 4 6 0 'P!lINT - .
' : TO FRO H

11 4 7 0 LIN E 0, 2 5)-( 60 0 , 25)
114 80 LINE P O. l ) - (7 0 , 1 9 D) : L I NI ( 2 7 5 , l ) - ( 2 75 , l 9 0)
11 4 9 0 LINE(3 50 ,2 0)-(350 , 190) : LIN E(435 ,lO ) -(U5 .190) : LIN
t( 5 25, 20 )- (5 2 5 . 1 90): L I NE{6 0 0 , 1) - ( 6 0 0. 1 9 0 )

t~ ~ ~ ~ ~~~ X"CHI TO 'CA+ CAA '
115 20 LOCATE Q,5: PRINT ACT(X) l LOCAT E Q, 10: PRl NT U ( A CT{
X» :LOC AT~ Q,37 : IN PUT ABl("C~(X ) . l) •



'4'

uno LOCATE Q•• S: I NPUT ABI(ACt ( l l. 2}; LOCA'IE Q. 5 6 : 1NPUT
All(ACT{X). 3):\-OC AU Q . 6J:INPUT ASl (ACT (X) ,' )
1l~40 Q-1I;'2' .
1-1550 IF Q-23 THEN CLS: Q - SIGOSUB 11 5 80
l U60 NtXT X:CLS
11 570 GOTO 11 660 .
US80 IF X-CA+<:Io.A T HEil R ETURN
11 ' 90 PatNT 6ACTIVITY ACTIVITY
ACT I N I I:RHS OF YORK DAY LOSS·
11600 PIINT wHO. DESCRIPTION ON! C
REII ABSEH! TW O CR E W AlSENT •
u no PRIIlT • FROH

TO • FUll
11620 L1ME ( 1,25)-(600 ,.25 )
11630 LI NE (7 0, 1) -(70,190 ) ILINE (27S.1.)- (275 ,190)
11640 LII1E(350,20 ) - (Bo . H O) : LINE(435 , lO)-(4B , 1 9 0 ) lL U '
£ (S25 . 20 )·( 5H, 190 ):LIN E ( 6011, l ) · (600 ,1 90 )
11 650 RETURN
11660 KO$(6 ) · "JU NE " :KO$ ( 1 ) . "J U LY " IK O $ ( 8, - - AUGUST" :110$( 9
) ' "SEPT " :KO S (lDl -wOCY " : t10 $( 1l ) ·" NOV" : HO$( 12 l' "DEC '
11 610 tHI$(l ) ·"JAN - : M $( 2 ) ' "'£B -:110$ (J) ·"HA R CN": H.O $(4 ) . "
APl w £110 $( 5 ) _ MII Al M

11 680 PUM T MI IIDI CA n MA NPOWE R POSI T ION F OR r ae TACTlC" .
L PLAN PElI O O-
11 690 NIIP-I1P
11 100 re-ec (l I
11 110 FOil HP -n TO Y! + 4 :NP " HP
1 \1 2 0 1P liP > 12 T H EN NP -IIP- 1 2 J
11130 PUNT MIIANPOWt:R REQ UIRE HE IITFOR THE O P - .
HO$( N P ) :I KPU T t ll (N P ) .
1114 0 NEXT HP
~ 1150 PUNT" M [ 1l 0 IC A:~E A.CTlYI T'l\lISE I1A.NPOWE R REQU I REIIE NT

1116 0 rOil 'l -N - KN T O II
11 770 PRINT -HANPOWIlR REQ UIRED FOR A CTl VI T'l NO-.'lI" IS"
11180 lMPUT KPl ( Y ) : NU T Y •
11790 CA·C A+CM
11800 HS·MOPU"
11 810 OPEN U$ POll. OUTPUT AS I II
11 8Z0 POl X-I TO 1 2 : POR Y· l T O ~

11830 \lRIT!. 'lI,A.B~( X, Y) : N !XT Y : NUT X
11840 \lRITE I ll , CA ,tlN ,N .YE
1185 0 POR' X - YE TO Y E+4; WR.It E I II , EK ( X ) : NE XT 1
\ 18&0 FOil X- I TO D N : WRITE Hl. HO(l ): N!XT X
lt 810 POR X -I TO C A
11880 WUTE Ill , AC ,T( l) , ABI(AC T(l ) ,I) ,ABI( A,CT(K) . 2), AB1 (
ACt( X ) , 3I ,AB t(ACT ( X) , Q ' .

. 11890 NUT x
11900 CLOSE I II "
11910 PU NT -15 THE il! ANY IIIPA Ct OF i.1l ON TilE D UlATI OII

OF NE \l ACTIV lTIES (YES/ NO) 1 M

rua c LINE "I. NPUT ;A Il$
11930 I F It.ll.S" "YES M THEN 11940 ELSE 1 2 2J O
1194 0 CLU Il.: D111 ACTIl. ( t OO ) , IlC( 1 00, 4 ) . U(IOO , 4), A.CTU(1 0 0)



1\,

: "$ · · 0' 1 3 "
119 50 OPEIl 11$ ' 01 INP UT AS I II
11 96 0 I NPUt Il l , l U )

. 11970 r O R I -I TO I U •
11. 9 8 0 IN P Ut 1l 3 ,ACTI. (X ) .lE (ACTl (X ) , l ), ll E (ACTIl ( X) , 2) .IU
ACT I U }. 3 ) , U C" eTl CI.) • 4 )
119'0 IEX1 I
12 0 00 I NP Ut 113 , DC .
12010 ,oa I -I TO DC
110 10 I N P UT 1l 3 , ACt U( X ) , DC ( ACTU( lt ) , l ) , DC (A Cf U ( :l 1 . 2 ) , DC(
ACTUII ) . 3 } , DC(ACTU( 1 ) . 'l
12 03 0 liEU 1
12 0 '.0 CLOS E 11 3 .
12 0 50 PRINT " [MDl e ATE TOtAL ea r or IIt W "ACtl Yl T US T HAT
ARE El PECtlD T O HAVE TH! ' IMPA CT 0' UG . l.l llUlR I!.H!MTR

12060 INP UT URI
1201 0 CL S
12080 P Ro U T ·S . NO ACt NO.

WORlDAY LOSS·
120'10 Pll.lHl • D.....lL T BA SIS

A T tHD ' or ACn "
U I GD ' R U T ' . ' 11. 011

n Oli t o ·
12 11 0-Q-S
1212 0 'OR l - U R. l TO R.l l+l!Rl
1Z1 30 LOCAtfi Q , I : 'Il NT I ; LOC ATE Q. I Olllf , Ul ACT Il{l ) ;LOCA
TE. Q, 30 rn,oT l!. {ACTIl.( X) , l ) : LOCAT l Q. 4 0 : u r UT kt (ACTIl {l
) . 2 ) : LOC4 U Q, S S; IIl PUT U: ~ ACn{ I. ) ~3 ) I LO CUl Q . 6~ I I H PUI

I!(ACIl(X ),~) ,

. ~ ~ ~ ;: ~;~;2~ : ~Lrl] THU CL S : Q" S ,: COSUI 12180.
12.16 0 .. E a ....tl + .. ~.. ..
12 11 0 COTO 12 2:3 '1
121 80 I. l "IU+U Il TH EI CLS : U TU U
12190 ,aUT · S . NO ACT NO . U ' ECIID

WOU DAT LOSS·
12 2 0 (1 , .. U T • DA I LY 8AS 1$

AT Uf D 0 ' ACTY '
12210 ,allfT • r ICK' TO

112Z0 U:T::~K TO · .. . _

1223!1 P"INt · I S n ur.: Alit l.KU.CT 0' DEs.Chller.: OK tHE 0
va ATIOIl 0' NEW ACH Vl T U S (nS/NO) r-
12240 LINE INPUT ; Al $ ' . .
12250 I F AI '· · YES· ttlEN' 12260 tLSE "12 38 0
12 26 0 PR IN T - I NDIC AtE TOTAL OUT. 0' 1I1W ACH Yl tllS tHAT
,\It E Lu-r.:L Y t o HAY! IKPACT 01' 1l1S1.GIl CKANCU -
12270 IN PUT i DCC .
12280 CL S
12290 PJ. I NT · S .N O ACT NO .
WOUOAY LOSS·

12300 '''lilt - DAIL I BASi S
" ATUD or ACTY-
12310 nINT • raOK TO

._.- - - · r . -.--::~· ·
1
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;. FROIl to
12320 Q- S
UHO FOil X-DC+l TO DC+DCC
12340 LOCATE Q,l :PRINf I ILOtA-TE Q, l O: I NPUT ACTU(X ) :LO CA
r e Q . 30:I NPUT OC( ACTU( X) , l ): LQCATE Q.4 0 :'lNPUT DC(ACTU (~

>, 2 ) : LOCAT £ Q, 55 :INPUt DC(ACtU{ 1).3) : LOCATE Q. 65 : 1NPUT
DC( ACT U(X ) . 4) __ / "
12350 Q-Q +2 : IF Q-2 3 fllE N CLS : Q- 5 : GOSUB " 1 2 4 9 0
12 360 liEU K: tLS
1 23 7 0 DC-9C+DCC
123 80 ItS· · OP U ",
UJ9 0 OPEN H$ FOR OUT PUT AS #13
124 00 IIUTE U3 ,IlEil.
1 241 0 FO~ ' X- I TO RER
12420 WRlTE 113 , ACTR( X ) • RE (A CTR (X ) . 1) , RE( ACTR ( X) . 2 ) , RE(

~~~~~X~E~f · ~E(ACTR(X).4) ~ , .

12440 WRITE '13,oe
12 450 FOR X-I TO DC .
12460 WIlITE 113 ,ACTO ( X.) • DC( AC.TU ( X) , 1 ) , DC(,\Cf U(X). 2') ,DC (
ACTU(X ) ,) ,O C(ACTU(X ) ,4) .-
124 10 NEXT X .
12 480 CLOSE 113:GOfO 12 540
12490 IF X-DC+OCC THEM CLS :RETUI.N
125 0 0 PRINT " S.NO ACT NO. EXft;CTE D

1I011,ltDAY LO SS·
12510 Pll.IHT •

ATEND OF , Acn·
12 520 n iNT • fIlOH '

FR Oll to •
12530 I !TURN . '
12.540 CLEAR : DI H 1'( 1 00), T ( 100), B${l 0 0) ,C ( 10 0) , LU(1 00 ) ,A C
Tl.{l OO ),pROD{l OO) .
12 SSO ll $ - ~OI' I" ; OPE N H$ FOR. INI'OT AS 12 . .
125 6 0 INPUT '2 ,DN.N ,NN , ST,EN :F OR. X-l TO N: INPUT ~2,F(X)

i~g~ ,::~~~;~~~) ;NEXT X:CLOSE c~.. _ '
12580 OpEN- as POR. IMPUT AS · It"
12 59 0 INPUT II " ,LU,ALU
12600 r OR X-I TO LU :INPUT 114, (lI:): LU ( X) - O: NU T X: LU- O
1261 0 pOR X-1 t o ALU I INPUT 114 , CTL ( X) , p iO D( ACT L( I» : NE
XIX
12620 CLOSE 114
126 3 0 PU NT " I S TH&RE ANY I KPA or LABOR UNR&ST ON TH&

I ~~:~T~~:E °iN:~~ ~~~~VITlE S (Y ~ S ~ 1-

126 50 IF AR.S- "YES· tHEN .1 26 6 0 ELSE 12910
12 660 INPU T " HOW· KANY TOTAL DAYS 0 1' LABOR. UNRE ST IS !Xl'
ECt ED 7" ; L U ..

:~ :~g ~~~tf~·~l~~[~~n I'ROJE Ct WORlDAY NUKBER OF E XP!~'h
D LABOk UNR EST D,n · 'X l
12690 INPUT LU(I) :LU (l()-LU {X)-st+I
127 00 Ifur x

1-
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12710 PUNT ~INDICAtE TOtA L OUT OF NEll ACtIVItIES THAT
HAVE IMPACT OF LABOR lSNREST~

g;;~ ~:i~~ '~i~~ICATE ACtIV ITY NUMBERS AND EXPECHD ,PRO ,
DUCT IV IT Y LOSS~

12740 CLS
12 1,50 PRINt · S . NO ACT NO. EXPECTED
PIl..OO.LOSS~

12160 Q·5
11 110 FOR X-o\LU+1 TO ALU+AL UU .
12180 LOCATE Q.I0 :PUNT X: LOC...n: Q,25 : 1NPUT ACTL (X ) :LO C
ATE Q.~O :INPUT PROO{ACTL(X»
12 19 0 Q·Q+2:1F Q·23 THEN 'CLS :Q" S:COSUB 12880
128 00 NEXT X;CLS
128 10 ALU· ...LU+ALUU

, 12 8 2 0 M$" ~OP14-

12830 OPEN K$ POR OUTPUT ' AS 1 14
12840 WRITE 1l 4 . LU. ALU
128'50 POll... x -i TO LU:WRIT E 1 1 4 . LU( X): NI!.X.T X
12860 FOR X- I , TO ,ALU :WRITE 11 4 . AC~ L ( X ).PRO D (ACTL { X » : N E
XT X ' •
12870 CLOSE 1 14 ; GOT O 1 2 91 0
12880 IF X·A LU+ALUU Tlt EN CLS : k£ TUIt N

' 1 28 9 0 PRINT ~ S .NO ACT NO. E XPECT ED PROD L
OSS ·
12900 Il.ETUIlN.
129 10 PUMT -rs TitER!! ANY I MPACT OF S PEC I FI C UNCERTAltlT
IES POR NEW ACtI VI tI ES ( YE S /NO )t~ • '
12920 LI NE IN PUT, SPU$ ,
129 30 IF S PU $- ~nS ~ THE N 12940 ELSE 131 80
1 2 9 4 0 OI K S PE$ OO) , S PL (l00. 2) ,
129 50 K$ · -OP 6 ~

12960 OPEN K$ FOR INPUT AS U
1 2 910 INP UT 1 4 , SPE . "
12 9 8 0 FOR X·1 TO S PE: I HPUT U " SP E$( SP EC(I» .SP E( SPEC{X;
,1) .SPE(SPEC'tl) .2 )
12990 NUT I :CLOSE 14
130qO PRINT - I NOIC AU TOTAL OUT OF NEil ACtICI T lE S TItAT
...IlE LIK ELY TO BE AFP ECTEDIY S PEC l FI C UNCERT...I NT I ES·
13010 U PUT JS PEE
1)0 2 0 ,FOIl X·SPE+l TO SFE +SPEE
1)0lO -INPU T ~ "' CT I V I TY NU K BEIl~ iSPE C (X)

1)040 NEXT X .
13 0 50 PRI NT ~GIY E RANGE OP EXPECtED -DELAY AND DESC RIPT I
ON or UCH UHCERTAINTY ~

13060 POll. X·S PE+1 TO S PE+ S PEE ,
1)010 PRI NT ~ D E S C RI P tI O N or UNCERTAI NTY VAP. IAB U POR. AC
U-;SPEC(x)
1)080 LI NE INP UT JSPE${SPEC(X»
1)090 PRI NT ~G IVE lAN GE OF EXPEC'TED DELAY (FIlOH . TO) ­
1 31 0 0 IN PUT SP£ ( SP EC( X),l ) , S PE ( S PEC ( X), 2.)
13 110 NEXT X
1 3120 ·SPE ·SPE+SPEE

. 13130 K$· ~OP6 ·
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' >0

13 L40 OPE N H$ FOI OUTP UT AS ' 4
13150 WI lt! U ,SPI!:
13 16 0 POk X-I TO 5 PE : WllTE I4 , S PEC(ll ) , SPE $ (S PEC( X» , S P£
{SPE C { X).l } , S rE(S PE C( I). 2} . • .
13170 NUT I I CLOSE f4
i nee PUHT ~ LOAD Fl LE !oI EA . IA.S· : END
l H 90 CLEAIl :SC REEN 2 : 0 1" AJ ( 12.4 ', £ H(12 ) ,HO(lOO),ACT{l O
0.) .Al I ' 10 0 . 4 ) . KPl (lDa ). F ( 50 ) • T (5 0 ) , I ${ SC ) ,C(50 ) , ' 5 ( 100)
, M H H )
1)200 11$ · - 0' 11 -
1)21 0 OPEN 11.$ rot l NPUT AS II I
11220 f OI X- I to 11 : 1 01 y-t "TO "
1)23 0 urUl 11l . AI (l, Y) : Ml XT 'f: NEI Y·X
l)2 4 0 IMPUl ' ll . CA. ON. M. n : .

. 13 25 0 rOl x - n t o U H :INPUT ' ll , EH( X) : HEXt I
• ~ 13260 ' 0 1 I - I TO OH:IN PUT I ll . HO( I ) .: NtlT I

13 21 0 '01 X-I TO CA . _
U ZIlO IN PUt I ll, ACT{ l ) , Al I(A Ct ( X) , 1 ) . ,\l l ( ,\CI ( I ) . :2) , All t
"Cl U J .l ) , AIl (ACt( X) , 4 ) - .
UU O NElT I .

-' 11 30 0 CLOSE I II _
1 3]1 0 ~t$ · · O Pl·: O P !Jl " $ r ol. IMP UT AS 12
1312 0 urUT I2 , DN. N. IlN, S T , EH:'OI I -~ TO 1'I: 1I'I'U 1 1Z, 1(I. )
, t { I ) ,I HX ).C(X) :NEXT X:CLOS E IZ
13330 COSUI "8 71 0

~ ! ~ : ~P~ ~ ~~~ ~ ; ;~ ~ ~ ~~~~~~~~ ~ ;; t~ :! ~~ =~ ~~~ ~ ( ; :~~~ ~i ~ ~M$(9
13HO raUT - I NDI CAn HAH'O WEIl POS IT IO N r Oil THE TACTIC A
L PLAN PU I OD- "
1))6 0 NHP -H P
13)1 0 n - HOO)
13JllO r OI HP - U TO U ... 4: " P - H'
1339 0 U 1'1 ' ) 12 THEN NP - H,-12
IHOO 'Ri NT - ""N'OIlU II.£ QUlIlE HENT r Ol THE HONTlI OF - ;
HO$( NP } : INPU T EH( NP}
lH l O~ NUT HP
13 42 0Il $·-O" u -
IH 30 OPEN 1I$ ' rOR OUTPUT AS " ' 11

" 13440 '01 1 "1 TO 12 :rOIl t - l TO ~

13 45 01l11 T!. ' U , AI ( I , l ) : "N£ XT l :NUT X
13 46 0 il lIT E ' U , CA, DN , N, n
I H 7 0 rOR X-U TO n ....: IIIl IT E ' U , ! H( X) : Nr.:XT x
13480 '0 11. I - I TO DN: IIR1TE ' ll , HO( X) : NU T x
13UO rOR X- I TO CA
I H OO 1I11 T!. 1l1 ,A CT ( X ) ,A Il (A CT (Jt ) , I } , AIl (A CT ( X) . :l) , AII (
ACT ( X) , J ) , U I (A CT ( X) , ~ } "
1 351 0 NUT X
1352 0 CLOSE ' 11
I J:i 3 0 CLU Il: DI H ' (1 0 0 ) , T (1 0 0 ), 8$(100 ) , C(1 00 ) , LU( 1 00 ) , AC

. fLO OO) , Ploo (1 0 0 )
135 4 0 HS- - OPl - I On N es POR IN P UT AS IZ
13550 I NPUT ' 2 , DN, N,NN , ST , EN : P OI X- I TO N:IN PUT ' 2,"( 1 )
.T(X) . I$( X) .COt) INlXT XI CLo n 12
1 356 0 H $ - - OP\ ~ -



131 " . -. '\

~
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15 1

1 ]570 OPU " $ ' OR u r UT AS 11 4
l H eo IN PUT I H . 1.U. " 1.U · .
1'359 0 F OI X- I TO L UI Ill PUT ' 14 . LU( I ) : LU{l )-O: tlE XT 1 : 1.U-O
1] 60 0 rO l -l. - l TO ALU: lIPut ' 14 . ACTL(l ) , PlOD( ACT1.(l » I NE
XT ,
1 361 0 CLon 1 14
13 620 INP Ut -B Oil HANY TOTAL OAts or LAl OR URU S T 15 l IP
ECTED 1 - ; 1.U -
13'30 rOI X- I TO 1.tl
1 3 ~4 0 'RI NT - INDI CATE PROJE CT WORltDAl NUHBEI 0 ' UPEC TE
D LAIIOR tlNREST D,n - i l i
1 3650 I NPUt LU( I ) : LU( X)-L U( X } - ST+l
1 ]660 MUT I.

. 13 6 70 " $ · ·OPH-
1 3 68 0 DU N "$ rO I OUTPUT. AS 114

.. 13 690 wu n. 1l 4 ~ LU . ALV

13700 rO I 1 .. 1 TO LU l lillT I I 14 .LU (I) :N UT I
1)71 0 rO l I - I TO ALU:\I 11 Tl 1l 4 , ACtL ( I ) , n OD( ACt L ( I » , NE
XT ,
1]7 2:0 CLOSE ' 104o ICOTO

- '--~-. .- .--- -'.- -

.,
I,
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100 I E" .
110 I £ H .
12 0 I E" P I DDUF COMPUTU KODlL ST t P 2
1 ) 0 IE " ..,.. ..•••
1401EM. 11••••••••••••••••••••••

l ~O DI M U (lO, 1Z, Jl}, l" (l O, 12. 3 1 ) , SN ( 10 ,7.31 ), T EH (BO) .
RA1( 1 5 0 J . UO ( 100) , U ( I OO )
1 60 B$ -'" , :VE Atll tll -
110 OP EN I S P OI I NPUT AS Il
18 0 toa 1..1 TO 10 .
HO rca t ool YO 12
200 ro R. l.-l TO It
21 0 INPU T , ) . t etx , 'I', U
2 20 NEXT :it
2 30 NE XT T
240 POR. Y-l T O 11
HO f OR Z·I T O II
2 6 0 I NP UT IJ .RA (X .Y, 2 )
27 0 NEXT :it
2 80 NEX T Y
290 NEXT X
300 FOR r-r T O 10

~~~ ~~~ ~:~ ~~ ~ 1 . _ _---"
.:no IN P UT 13. 511(1 . '1', :0
34 0 NE X T Z
H O NEXT Y
3 60 se x'r 1
3 10 r Oll X- \ T O to
3 110 r oR. ,,,5 T O J
)9 0 FOR Z-\ · T O J1
4 0 0 UP UT IJ . SIlU , Y , 1)
4\ 0 N!X T :it .-
42 0 II!XT 1
4)0 NEX T I
440 CLOSI 13
450 Pl I NY '"T HIS PROCU " IS TO -S l MVL'AT I lil ATBEl C aNOIno
NS '01. TIlE TACtlCA.L n A.H pu too -

· 4 60 IlS" - OPl w : OPlJI " $ rol. u por · AS 12
4 10 t1f P UT ' 2 . DIl, Il . NIl , s r , E Il : CLOS E 12
480 PR u n ~ I N DICArE SI NUL AJlO N Nlln EI. ~

4 90 I NP UT I
sao lANDOlllZ E (I -S 't )
S10 ro B. . -1 'to DII
H O IN (X ) ~lND ( X t l* S T )

BO IN(X ) -U( X)t9
54 0 lR -INT(lOCO• • S)

~ ~ ~ :~ ~~~~~~~;::~; ~;i:f X,iN(X )
S 10 NEXT X
SIlO LA$ - - U " HP Lt PR OJ r. cr ~

59 0 CAL FL S-t,.A$.- . CP L-
6 0 0 OPE N CU P LS AS 1 L!M • •
610 r Oil 1 - ' T O. Il~

- -- _._ .,

\' -



62 0 C-I+S T - l
630 COSlJB no
64 0 IIUT X : CLOS E Ii
6 5 0 H $- ~ OP 4 ·

660 OPEN H $ FOR OUTPUT AS #6 :\111.1'1'£ #6 ,1:
670 FOIt x... \ TO UN
6 80 \IlI TE 16 , 'l'EH ( l),ltAI(X).SNO( X) :PllNT ,TEH( X ) , IlU ( X ) , S
ro( X) ~ .
6 90 NEXT X
100 CLOSE 16
11 0 FlINT · LOAD PIL E 11 2 ,BAS ·
120 !ND
130 e-r
7 40 PI ELD Z:·2 A S IID$. 2 AS U $
1 ,50 en z , C
160 DU - STR${C V I (1I0$»
H O II- IN)' ( CV1(HD $) / I0 0 )
180 DS- R.I.GIlT$"{DT $,2 )
190 n. - CV I. ( YP.$)
8 0 0 PS- O$
8 1 0 Q$-S T R${YR )
820 1$ ~R.I GHt$(Q $ ,' 2 )

8 3 0 J$ -S T R$(M ) .. \
8 4 0 D-VAL( P$}
8 5 0 TEK(X)-T2 (R N( I ),H , D)
8 6 6 lA t(X) -U(RN {I ) ,H , O)
8 7 0 IF K>4 THEN 880 E LSE 900

' 8 6 0 lP K>'9 TR&N': i1- H- 50:COTO 90 0
890 cora 91 0
900 SNO(X )-SN(RN ( I ) .K , 0 )
910 RETURN

';' ., .
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:00 IEM : ;.: : : : .\.... : .. ; :.. ~ ~ .,:
\10 ~£H .. ... .
HO R EM ••• •• P I ODU·,. COIlPUT EJ. 1I0DE L ST E P 3
130 RE M . ..
140 REM 111I .11 • • • • 1 .

H O CL EAl I • -

160 REM t o C ALCULAT! t HE U NCE OF ACTIV I T Y DOlA T IO I S
170·K$ -~O "' - : OPEH US FOR rsrur AS '6
110 INP UT ' 6. I : CLo n 16
190 HS · - OPl- > •

200 DIH V(5 0 ) ,ll ( SO l ,TS( SO l ,DV ( 5 0) , 8 ( 5 0 ) ,D C (S O) . Re ( SO) • lUi
( 50 ) . DU(5 0 ) • RI(SO) ,UD( SO) , IiR{ 5 0 ) ,F ( S O) . T ( 50 ),1 $ (5 0) I C ( 5
O) ,A(S O) ,ACT( 50 )
210 OP EN 11$ FOl IN PUT AS n
n o IN Put ' 2. 0I , N . NIl, ST . E11
23 0 F OR I - I t o 11' : U PUY 12 , r ( X). T ( l ) • 8 $( 1 } • C(~ )

. 24 0 NE XT l : e Lon 12 :CLS .. .
U O H $ - ~ O P2: · : 0PEN 11$ POR Ill PUT U 'IJ :UPUT n , Ll: : ' Ol X- I

TO LC : I UU T U,AC t ( l ) : HUt x . '
H O , PO." I - 1 TO N : I1 PUT Il ,V(X ), U(X) , TS( X ) , OV( X ): J UT x
210 cuc se 13 I •
110 FOK . - 1 TO II :tr; Y ( X ) ~ O T HE il lE D(l) " C (X) ICOTO 3&0
n o, IF C(1) - O THEN no
300 1.( X ) ~V ( X) f o(x) : .(X ) - C(1 )/1.( 1) : DC ( X ) " LO C ( l ( X ) )/LOC ( 2) .
: l c ( X ) - ( ' ( X) f t S( X » C(1 / 0 C( 1 »

,310 RA NDOIlIZ.!: (I)
3 20 RN ( l ) " I. ND (l *X ) : n ( l ) " « 2 ftR N( I ) )-1 )
3 30 RC( X) .... C ( I} + ( N.. (I ) ftDV(J: » •
34 0 DU (l ) "( R C ( l» C1DC( X)
3S0 1I.8 ( 1 ) "O U( I ) *T 5 (1 )
3 60 IlE O(I ) -R B(1 ) "'A ( l j. ,

, 3 70 k E D(l ) - 1 NT« 1 Nt O OCl2 +. S)) "atO( I ) + . S) I-INT( I OCl2+. S}
310 NE XT I
390 H S - ~OP7-

400 O P EN 11$ F OI OU TPUT AS I8 :W IU t! #S , l
410 FOR I - 1 TO N
4 20 WRl n 18 , U O( X)
430 NEXT X
4 40 CL OSE 18
HO CL EAR
46 0 0 1 " tI( 1 00 , 10 ) ,t(1 0 0, 19 ) , W( 100, 10) , S ( 1, 0 0 , 10 ) , 2 ( 20 ) • T
(0 ) , P ( SO) , s $( 50) , e (SO ) . U II( SO ) ,tE"( 1 0 0 ) ,RA (1 00) ,WI(10 0 )
, SN( 1 0 0 ) , RN( 100 )

, 4 ;~ " S - "OPI -, :O PEN K$ FOR l NPUT AS ~2 : I<Illt,£: ' n , DN , H: e L0 5 E

480 " $- ~O P 7-

~:~ ~ ~ :\1i ~ i O~O I ~P U,T A5 , '81 1 NPU: # 8 , 1 •

H O I N P UT 18 , II.tD( X )

~ ~~ ~~ ~\~ ( ~ ~ ~~~ ~ H~ ~12 ) , WE( 1 2 ) . 1l(200) , ,1, 5 (1 0 0 ) , EH ( 12 ) : " 0 (
100 ) ,M OCO O) , KTC( S O) , ACT ( 100 ), AU ( SO . 4 ) , Il P k ( 50 )
"540 HS" - OPll - IOPE N 1$ FO R I NPUt. AS III
5S0 FOR X ~ I T O 1 2 ; FOI Y- l TO 4 :np UT Ill , A-BI X, Y )

.~ . ' .



.....
....

.1'

'"
!l6 0 'NEXT ~ t iME XT x ' · .

.· 5 70 INPU T Il"l.CA , DM.N ·, YE
·.· 5 8 0- rO R x '~n l' O - Y£+41INPUT 111 ,EM( X):NEXT X

S'9 0 POR x - i T'O -O N: I NPUT Ill ,H O( X) lN EXT X .
60 0 'rOR x -rrc CA:IN PUT 11 1 ,ACT{X),UI(ACT(X),l ),ABl'( ACT
( X ) , 2 ) , ABI ,( ACT (X) , 3 ) , All ( ACT(X ) . 10): NEXT X

. 6 10 CI.OSE ' U - '
. . 62 0 rO R X- I TO 12 ,

: 6 30 'tn l ( X ) - U .( X. 2 ) - ABU , l )
640 \I t:(X )"AI(X . ·~ )-ABU ..3)
6 .50 IlEXT X .
660 M$--O P1 -

. 6 70 OPEN K$ FOR , I IlP UT AS ' 2
- 680 .1IIPUT n .O N,M, NN,Sl . E H

6 9 Q CLOS E fZ .
. : .' 70 0 H$- -O U · '. . ' .

1.10 OPEN R$ rO R ',I IlP UT AS 19
H O 1IIPUT 19 .z.: wun; f9 ~z..... .~ .:;,.' . : ' ..

... ~ : ~ ~~~S~ ; 9 ~ : :0 ~,2 .: IIl PUT ' ,, ; K{ X) : IUiXT'..,.x ,.1 . '~'.: ~ .
. . ]SO '01 X- I TO ON: RAKDOKlZ E(I *I * 10 ) :R N(X) - I ND(I * I * 1 0 )

7 6 0 t - KO ( X ):AS (X ) - ( HW{T) ~kM (I ) +AB (t ,1 » *!.K( Y ) /1 00

~ ~ ~ ~~'\ ~= ~I~ ~si TIIEI'l GOSUB 820 :GOTO 800
7 90 IlIIT·J .
8 0 0 NEXT X ' .. . '
810 r oll. X-I TO DH:l.a - INT(l OCO+.S ) 11l2-lNT ( U*AS ( X)+.5) :AS o
(X) -H2/11. 1NUT X: GOTO 840 -'--..". . .
810 AS(X) - ( VE ( Y ) *J.N (l )"AB( T , 3 ) ) *EH ( t) 11 00
83 0 U TUI.H .
840 FOR 't _ 1 TO CA'
8 S0 lA NDOHU E ( Y*I *S )
86 0 IN( Y ) - l ND( Y* I otS)
8 70 HOC(A CT(t) ) -U ( 'I' ).(ABI (ACT(Y ) , 2 );- A8 I (ACT( Y) ,I » ..U

. I (ACf( Y) , 1 ) . .
8 80 HTC(ACT (Y» - U ('I' ) * ( 1...81 (ACT(Y ) , 4 ) -ABI(AC T( Y) , 3 ))-+U "
I(ACT(Y) , 3 ) .'
890 NEXT t
9 0 0 1I$- ·OPiO ·
9 10 OPE N . H$ FOR OUT PUT AS , 10 : W1l.lT! 1I0,n ,C A.
920 FOil. X- I f O ON
9 30 VkITE 11 0 , AS ( X)
9100 NEXT X ,
9 50 FOI. r -i T O N: WR!!!: 'L O, MOC( Y ), H,I C ( Y ) I NE XT Y ,
9 60 rOR y _n: TO YE-+Io:WRITE 1l0 , E H( Y) : NEXr y
970 FOil. r-i T O ONI WRIT E 1l0 , HO( Y):NE XT Y •
9 80 CLOst 110 .
990 DI H ACTlI.(SO),R E (50,4 ) ,ACTU(50) ,DC(50,4)
,R M(50) ,Il.KE(5 0 ) , DK( .50) , OHE O O)
1 00 0 H$ _ 80 P1) - lOPE K H$ FOR IN PUT AS 11 3
1010 IN PUT 1 1 3,RER
10 20 FOR x-i TO RER: IMPUT " 13 ,AC f R(X). R
E(A CTR ( X ) , I ) , I. E ( ACTR (X) , 2 ), RE(A CTR (X) , 3
) . 'RE(ACT R(X) .4) INEXT X

."..

, . . '. ·. ··1

, .



".
1 0)0 IN''UT ' 1), DC : ' OIl. X- I YO DC : IN 'U T Il l ,A CTU( X).
OC(A CT U(X), 1 ) . DC( ACTU(l) . 2 ) . DC( ACt U(X) .] } . DC(ACT U(
X) . ") :N ElT XI CLOS t II I
1040 FOil. X-I to II.EII.:IlANOOKtzt ( X*PZ O) : IlH(l) - UD (X ·
1 "'1 "'2 0 )
10 ) 0 Il.H( ACn( I» -C U( ACTR ( I ) , 1) - l E t A-CU e l ) , I » * ftN (
X)'t (lE (A CTl{ X) , 1 »
1060 ItKE( ACTII.(l » " ClE ( ACU e X) . ' )·U ( ACTl{X) .J» "' IlN
(1 ) +(R£ ( ACU ( X),)) , •
1010 KElT I
1080 rO l X-I TO DC
10 90 IlAN DDKlZt ( X · P JO)
liDO RN(I) -IND (X "' t "'I "')O )
1 1 10 DK(AC TU ( X» -(O C(AC T U(I) . 2 )·DC( ACl U( X) . 1 » *J.N(
X)+(DC( ACTU(X ) , I })
1120 OK!: (ACT U(X»· (DC ( ACT U( X) . 4 ) - DC( ACfU ( I ) . ) ) "'lt N
( 1)+ ( DC( ACTU( X) . J »
1 13 0 NE XT l
1 14 0 DI H SP E{l OO. 2 ), SPE $ (jO) , S Pt CO D), UN( SO )
I U D H$ _"OP6 M

lUG OPE N " $ '01( I NPUT AS 14
' 11 70 INP UT ' 4 , 5 ' E

lUG FOl ~·1 TO S P!:
1 190 I NPUT 14 , S n e ( l ) , SP E $( SPE C( X» , SP £ (SP I!.C(X } ,1 ) .
, S PE ( S P EC( X} , 2 }
1200 NE Xt X
1210 CLOSE 14
1220 RANOOKIZ £ U'" 1'" 100 )
12)0 F Oil. X- I TO S PE
12100 RN(l ) - ItND(l'" l'"l'" l}
1 2 50 UN(SUC( X) } -IlH( I ) '" ( S P£(SPE C( I ) ,2 ) - S'E(S 'EC(I)
. 1 }) +S P E ( S PE C ( I) , I )
1260 NExt X
1270 NS - - 0P1 - : 0 ,EN HS FOR APP£N D AS "
U SO 'l U TE ' e , u: a : r o a X-I TO RE a.: WUTE ", A~Ta. ( X ) :

:~;~)~~~~~ : - 1 TO UR :Wll.lT£ ,., , "K (ACn { ~ » . U E S ACT

1290 VRlT £ ' e : o c : , o ll X-I TO OC:Vll.lT£ "',ACT U( I ) ;N£
XT I : FOIl x- r TO DC :VltlT E "' , 0I1 {ACtU ( X », D~ £'(ACt U ( 1

» :NEXT 1
13 0Q 'l U TE Ia , sp!:
I H O FOR 1 -1 tQ StE
\]2 0 Wll.lT E I8 , S ' £C( X),UN ( S Pt C( X) }
1 ]]0 NEXT X
1 3100 CLOSE,'"
IHO CLEAR
13 6 0 DIK T ( 50 ),' ( 5 0 ), I $ ( 50 ), C( SO),E O O).. L( 50) ,C ( S O
) ,l{50 ) , ilA( 50 ) , II£ DO O) , '\ '1 ( 10 0) , AC(1 0 0 ) ,CA( SO) ,IW( 5
0) ,' $(100) , 11.11. ( 50) , CoOO)
1310 DIH NTC{ 50) , KPR(5 0 ) . t K{ 12 ) , S P (2 0 )' , A~ TS OO ) , ZN
( 0 ) ,SP It( 5 0 ) , I.U( 50) , ACT I. (50) , PIIOO{ 50) .A8 (50) , WDT ( 5
0 ) , SC(20 ) , CIll ( 20) , 110 5 (5 0 ) , WDIt(5 0 ) , 1100 ( 50 )
13 8 0 Dl H TEK( 10 0 ) , It{ 100) , WI (lUO ) ,SN ( 100) . ACT (50 ) . T
1 (5 0 ),T2 ( SO) ,T 3 ( 5 0 ) ,T Io( 5 0 ) ,TT{ 50) , " {50 ) ,C C ( 50) . A(

-,
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SO) , I.CTIl( SO) , ACYU(SO ) . DK( SO) . OM! (SO ) . il H( 50 ) , IUII:( SO
) , A5 {l OO) , KOC( SO) , AT ( 1 0 .10) , KO( 1 DO} , RT ( 50)
1390 DI K U t ( 5 0 ) , D0 (10 ) ,X (12 ) , UN (5 0) , S Pt C( SO ) , l OO (
S O) , £ 0 0 U(50) , WOp O O ) ,A WU( 1 0 0 ) , WD"( 1 00) , s pe Nt 1 0 0 )
140 0 SC lllE" 2
141 0 CLS
1420 LOCATE 10 .Zl : PIl I Hl ~ <II J:e C: ll tlng pl" •
•• ... I t ~

\4 30 COS UI 4300
IU D LA$ · · U"K P I.t P ROJ ECT '
1 4 50 CALFL S· - A ; '+LA $ + - . CFl, -

. ~ : ~~ ~~ :M I C~L~ L~OA~N 1 LE N-' ..

148 0 C .. I +ST - l
14'0 COSU B 1)4 0
15 00 FUI l -o ns
1 51 0 M£XT I
IHO CLOSE ' 1
1 53 0 COTO 1610
1540 1 .. 1
1 55 0 P IE LD 1. 2 AS KO$ , 2: AS U.s
1560 ce'r a. c
157 0 DTS -STl ${ CVl ( KDt)
1 5 1 0 It .. UlT (C Vl ( MD$)/l OO)
U,O O$ - UCHU( DU .2)
1600 n -cY1 (Us )
1 610 ' $ .. Os
1 6 2 0 Q$ - STl $( Yl )
1630 1 $ · IIGHT $(Q $ , 2 )
1' 40 0 J$ .. StlS{K )
1 65 0 DT!. $ .. P $ +"'+J $ + " r + K$
1660 RET URN
1 6 70 LPli NT - I T E ll A T 1 0 II If U II • t .. w:h L
P U NT
16 1 0 LP IUNT - OAT DAtE
In t o N NO . OF OAT S"
16 90 LP RINT -

COltP Lll.TED -
1 7 00 POI. Q- l TO ON: LUI Nt : LPU HT 111- 0
1 7 10 COS UI I n O l c o s u a ]]1 0 : COSUI 20 )0
1 120 If Q- ON THt N GOSUlI 3 2 6 0
1130 NUT Q
1 74 0 fO R X- I TO N
17)0 IF C(X ) - 0 TIU!.N 171 0
17 60 C{ X ) - C( X)HOD ( I )
1 770 NExt X .
1 78 0 ' OR X-I TO N: LP RIN T ltI TAI( 6) : P(X) ; TAI (l 2 ) ; T (X
) I TAI(]O ): 1 $( 1 ) : TAB( 46 ) I C{X)
1790 NUT X
1800 H$ _ " OlS t W : CLS : LOCAT! 10 . 2.1 : PRI NT wDO YOU WANT

T O STo n (YE S / NOn " : LIN E IN PUT STY $l I F s ns · "YE s "
T NtN 1810 USE 188 0

18 10 I r 1" 1 THEN 112 0 U S E 18)0
182 0 OP E N H$ r oll. OUTP UT AS li S
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18)0 WlllT t ' l). l. N: FOIl X-I TO N: ll ll.lT t 1l 5 , C ( X ) : N£ X
T ,
1!I4 0 C1.05 [ , 1 5 : COTO UIl O
lI SS0 OPU; K$ r oll. AP' l IlD AS " ' : WIlH ' B , I . !t
1 116 0 r OI X- t TO N:w Rn £ ' 1 5 . C( X) : NEl(T x
11110 CLOSE 1t 5

. 1Il 1l0 . END
1 89 0 rO I T oO l TO 1I:;'C O' ) - 0 :Nll1 ' : ' 0 11. ., -\ TO N: C0 5 U
I 19 00 ;lIE lT T ; U TU IlIl
1 9 0 0 IF l( T) < .. Q TR tII cos ve 1 92 0
1 910 ll[ l UU
1 92:0 IF c(t > ) Q THE N COSU I 1940 :eOTO 19] 0
19 )0 !tEtun
1 94 0 IF I II( Y» O TRtN 10 10
19 50 IF l OD ( Y ) () 0 T HEN 1910
1960 GOt O 20 10
1 9 70 RA (Y ) - U ( T ) + ! :l. PP.l NT Q: TAI ( 6 ) ; '$( Q); T AI ( 20 ) ; Y
; TA I{H ) ;IS(Y) ; T U (51l): lI.A( Y) .
1.80 tr RA CY) ) .. CA( Y) + EOD ( Y) THE N LP Rl NT - " Cl I VI
T T NO· ; T : · COMPLETE O . DURATI ON I S "· ; ,CA( T ) +[OO( Y) ; - DAYS - :
RET URN
1 9 90 L'llNT - ACT IVlTy " :y : " t$ DELAYED DUE T O END OF

ACTI VI TY Ol l.AT -
20 00 RET URN
20 10 RA( Y) '"U (T) + I :LP RlNT Q ; TAI (6 ) ;F $( Q) ;T AB( 20) IY
; T AI {l 4 ) ; I S (Y ) : T AI ( 5 8 ): U ( 'l'J
2 0 2 0 K-tt-t I ;A C(K) - T
20) 0 lttT UU
2 0 4 0 'I.1 KT : 1F lA cY ) > CA( Y) THtH InUlN •
20 50 FOI 1 - 1 TO H
20 6 0 If I W( AC ( I » - < 0 TItE N 22 6 0
2 01 0 tr AW(A C U » - I W(A C( R} } < . H TKt N 22 10
2 0 8 0 1f AWI AC ( I» - BW(A C(Il » <. 5 TKIP;!( 21 7 0
20 9 0 C{AC(l)} - I.A (AC ( R )) - ( . 5 l :CA ( AC( R} ) - C( AC( I ) }
2 1 0 0 l ' EOD( AC( I» -O Tlt Et! L PU MT - ACT IVlTY - ; AC(R )
; "15 COHPL EtED .D UlA TIO N I S- ; C( AC( I » ;"DATS "
2 11 0 1f EOD( ACU } ) <> 0 T HEN 2 1]0 r l.1 HT
212 0 FOI I -I t o N: I!' T( AC( R)l - F(l) THEN cos u e 2 14 0
: NEltT I
2 1] 0 . " ( Ac( a» - o :cOT O 23 2 0
214 0 F R l NT " AVAI LAI LE 101.0 r OI ACT Y- , a ; - I5 - ; . 5 :A" ( lt
} -. 5 :1" (X ) - 1" ( 1 ) - . 5
2 1 50 lED (lt ) - ." (lt }
216 0 IlT URN
2170 C( AC(I » - RA( AC( I»
218 0 ." ( AC( R )) - O .. ~
2190 tr EOD ( AC( I»-O THEN L'UNT " ACTY", AC( R) ;"IS
COHPLET ED.Du a AUO H IS " ; RA{A C ( l » ; "DA YS "
22 0 0 CA( AC(Il.» ) -C ( AC( a»:COTO 232 0
221 0 '''(,\ C(R ) ) - RE D( AC ( R ) ) - A"( AC( l ))
2 2 2 0 REO ( AC( R) - .W ( AC ( R» : PIl.I HT " BALAMC! DURATI ON
FOR ACT 1Y1fT" ,AC (R) ; "1 S " ; ''' (AC ~ I ) ) , " DAYS "
2 2) 0 I F ''' (A CU » > - . 25 THt N 22 80
224 0 t e ." (A C(I )) < 0 THEN 2260



lS9

. • 22 50 IF AII( AC(I» < . 15 THEN 2280
' 2 2 6 0 IF !O D(AC(R » -O TN!N 2 31 0
2 2 70 C( AC(R» -RA( AC(Il» : C"(AC(Il) ) - C (AC(R» : SW{ AC ( R
» .O :LPRINT : LP RI NT ~ACT IVlTY·:AC (R ) ; ·IS COMPLETE D",
tHE DURATIO N lS · :RA(AC(a » ; ·OAYS~:GOTO 2320
2280 IF RA(A C(R) ) -t(AC (R» T HEN 2)00

'. 22 90 IF RA(AC(R» < C(AC(R » TilER 2)ZO
23 0 0 e(AC( R) ) - IA(AC (R»+BW(AC(R» :eOTO 2)2 0
2310 SW(AC(R» - 0 : C(AC( Il) )-RA(AC( R» : IF EOD(AC (a» ..
o THEN 2 210 ·
2320 N!XT R

. ~ ~ 3 0 FOR a -I TO .'1: IF Il.A(AC(ll.» < CA( AC(R » tHEN 2.~

234 0 COTO 24 10 \
2350 NEXT R
2 360 POR It - l TO "K •
23 70 1F e(AC(lt» < Q+l TilER COSUS 2400
2 38 0 NEXt X
2390 RET URN
2400 IP BII( AC(X 'J) .. 0 l \IlEN RETURN
2 1010 IF BW(A C(X » < 0 TH EN RET URN
24 20 IF BII( AC(X» > 0 THEN G(AC(X» ';'C( AC(X»+ .1S
24 )0 POR 0 -1 TO If .
2440 II' T ( AC( X» - P ( O) THEN E(O)-E (O)+ .~

24~0 NU T 0 0

2 460 RETUR N
24 70 GOSUI 254 0
2 48 0 FOR a -I TO It
2 49 0 IF BII( AC( R» < - 0 THEN zsoo ELSE 2Sl0
2~00 R!N.
25 10 CA(AC( R»-C( AC(R»
2~ 20 NEXT OR
2530 RETUR N
2 54 0 rOR x- r TO N:E(X) -O:G(X) -O : A(X) -O: NEXt X

· 2 55 0 FOR Z -I T O N-l
1560 0J -Z
2 51 0 ro ll. X -Z +! TO N
25 80 I F F (lt ) >Y( J ) THEM 26 20
25 90 I F F(X)(f (J) TIll!:N 26 10
260 0 U T (lt » T ( J ) THEN 2620
2 610 J - X
2 620 NEXT X
2630 IF J ..z TUN 27 60
2640 H ( l ) -'(l.)
2650 R( 2 ) - T(Z)
26 60 K() ) -C(Z)
2 6 70 H$(4) - B$(Z)
268 0 r ( z ) - r( J )
269 0 T (Z ) - T( J )
27 00 C( Z) -C ( J)
271 0 BS(Z ) - B$( J)
27 20 '( J) -f1(l)
2 7JO T ( J ) - M(2 )
214 0 C(J ) -ll O)



160

2750 BS( J ) - 1l$( 4 )
2760 NEXT z
2170 £(1) - 1
2 780 rOil X-I TO If
2790 C{ X )-C( X } +E OD( X )
2800 NEXT X
2810 fOil I -I TO If
28 20 E { X )-E,( X ) +C( X )
2830 IF X-N THEN 29 10
28 40 F Oit O-X +l TO If
28)0 IF F { D}·PCI ) THEN £(0) -1
2 860 IF T( I) O P(D) T HEN 28 90
28 70 I F £(0»£(1) THtH 2890
2880 £(0) -£(X)
2890 NEXT 0
2900 NEXT X
2910 e-o
2920 FOil X-I TO If
2930 I F ' ) £ ( 1 ) THEN 2950
29 40 P-E ( X)
2,950 HEXT x
2960 FOil X-I TO If
2970 L{X) -P
2980 NEXT It .
2 9 90 rOil Z- 1 TO N
)000 1 -1'1-2. +1
)01 0 roB. 0 -1 TO N-I
)020 IF P(I) <>T{D) TKE N 3 050
30 30 lP I.(I)-C(X»L(D) T HEN 3050
30 110 LC D ) ·L(X) -C(X)
3050 NEXT 0
3060 ' NEXT Z
30 10 FOil X-I TO If
3 08 0 A(X) -L(X)-E{X)
3090 NEXT X
HOD CI - L(N) - l
)110 FDa X-I TO II
31 20 E(X) - r;( X)-c(X)
31 30 L (It ) - I. {X ).- C{X )
3140 G(X) -E( X)-tC(X)
3150 Jel) -L( X) .C(X)
3160 NElT X
3110 POil X- I TO If
31 80 lP £00(1)-0 t HEN 3 20 0
)1 90 C( X)-C(X ) ·E OD( X)
aaoo NUT X
]210 'O R. X-I TO Hl l , C(AC(l» ( Q+ I T UN COSU' 3 3 G
o
)Z 20 NEXT X
)Z 30 FOR. X-I TO K
)Z 40 LPlINT AC( 1 ) ,E ( AC(X» I L( AC(X » , O(A C( I » ) ,J (A C(
I »: NEXT X

• 3 25 0 RETURN
• 326 0 'Ol a.- I TO H



3Z 7 0 C( AC( I. » - U ( AC( I) ) . I W( AC(I.» : ... .. I Nf (1 0 0(li" .) :
'12 -1 Nf ( ....C(A C(I ) ) • • ) : C( AC( Il » " NlI Rl
nao NUT I
3UO kE TUl "
n oo If IW( AC( X» .. 0 THEN IlET UaN
3)1 0 IF I W(AC( X» < 0 THr:IiI RUUaN
3UO If IW(AC (X)) )' ° THI!.N C( AC( X » -C( AC( X » ~. 7)

)))0 fOJ. 0 -1 TO "
]HO Ir T( AC( X» - f(O) THE N £(0) -E,t O )+ .5
3))0 NEXT 0
]]60 UT UIlN
]]7 0 fOl Y-l to H
3]80 IF tEH(Q) ( 0 t HEM WDT (A C( Y» - O - tl (A C( Y) )) : G
OTO ]4] 0
]]90 If TE H(Q) ( 5 t HEN WDt(AC( Y» -(1 - T2(AC( Y» ) I GOT O
H) O
HOD IF tEH ( Q) ( 1) t HEN WDt (A C(l» " O -tl(AC( Y » ) :
COTO "H 3 0 . '
) 11010 IF TEK ( Q) ) 2) TUN WDT (A C( ll ) " O -T 4 (A C(Y » ) :
COTO H 30 .
)11020 WDT( AC(l » -l .
H]O If I(Q ) > ) TH[M WDT ( AC( y) -WDT ( AC(y' ))·O -C C(
AC( ll »
) iloiio0 IF StI(Q ) ) 10 TltEM WDT( AC(y) - WQT(A C( y) *O ·T
T ( AC( J) )
)4)0 WDT( AC(l» " I -WOT ( AC(Y»
J U G NEXT Y:Ir K-O TltEM H 40
l UO IF AS ( Q )-O tIl tN J64 0
3110 80 fOI. AIl- 1 t o AS ( Q ) IRA NDOHIz. E{ AR· I·Q) :IN(AR )" (
RND( AR. I·Q) )*H •
1490 U - IHT( 10 00+- .5 '-
])00 N2 - IHT(U ·U{All. ) + . )
H IO U { AJ. ) "N'2Ill
H 20 IF aN( AR) ( 1 TIIEN AI -A l- l : COT O ) HO
H 1 0 U ( Al ) " U { AJ.) •
] HO NEXT AJ.
]5)0 ' 0 1 I - I t o H: f OI. AI -l T O U(Q )
n6 0 IF I - Al (AI) TII EN n T(I. ) - Al T ( I ) + 1
JH O "NU T AI : II! I.T J.
Ha o ' OJ. I - L TO )I

n,o If AIT ( I. ) - O THEN 361 0
HO O IF AIT ( I ) .. 1 THEN WDA(A CU »-HOC(A C ( I »
)61 0 IF AIT ( I. ) ) - 2 TUN IIDA( AC( l» -KTC(AC(I »
]61 0 UT(I) " O

. ]6]0 MElT Il
. 3 6 110 0 F OR X-I TO t1ISP CN(X)-SP(X) I " EXT X
]650 rOI X-I to U : 'Ol 11. - 1 T O N:1f U(AC{Il » -O T HE
Ii 1 6 7 0
]66 0 Ir ZN(AC( Io» -X t HE N S P CN(X) " ~PCH(X)-S PR( AC(R)

)
36 70 "MU :T ..
]680 NEXT X
] UO rO I I - I TO U IIr 5PCM(X)<0 THEN COSUI 3710
]100 MEl T I : COTO 377 0
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3710 SC(X) -O :lOR. a -I TOK;lF ZM(A C ( R» - X THEN 5C(X) -5 C
(X ) + l :AT(X,SC(X» -AC( Il.)
31 20 NEXT R
3 1)0 eos-o
3140 rOll. I. - I TO SC(l):IF '\(AT(I ,R»)O t HE N WDS(AT(
X,R) ) -1 : S PCH (X) - S PCN{ X ) + SPk ( AT ( X,Il » ; If S FtN (X) > •
o THE N RET URN ELSE 37 6 0 .

" 3150 HOS-NOS+ l :CRI(HOS) - AT(X .R)
3160 NEXT R I RET UIUl . .
3170 rO R ca - r TO HOS : WDS ( CR l( CR » - l- (l / NOS )
3180 NEXT CR :"05 -0
319 0 FOR It .. t TO H: FOR t oot TO REa: !F AC{ k ) -A CTR ( Y )
THEN cas ua 3820 : COTO )8 10

~:: ~ :::i ~ ' ''TO "'0 J ~362 0 WDIl(AC(Il» -R K(AC Tk(l'»
3830 RETUR N .
3840 FOR I. - I TO H : FOR r oo t T DC
385 0 IF AC{ R.) - ACTU(Y) T HEN casus 38 .co rc 3870

·' 3 86 0 NEXT Y .
3810 NEXT R : COTO 3890
38 8 0 WOO("C (Il.) ) -D K( ACTU ( Y»: RETU RN
3 890 U K
]900 l ( n ) - . 8
3910 X(YE+l) - .8
3920 X(Y!+2 ) · .9 0 0 0 0 0 1
3930 X(lE+3) -. 900 000 1
3940 x(YE+ 4) -.9000 001
3950 IF HO{Q') -YE THEN X-X(YE)
3960 IF HO {Q) -Y .E+1 THE N X- X{ YE+l)
3970 I F KO(Q) -TE +2 THE N X-X(YE +2)
39 8 0 IF HO ( Q) - YE+ 3 THEN X-X(YE+3)
399 0 Y - 1. rs - t . 1S 1lX)

. 40 0 0 FOil ll oo1 TO H: FOll X- 1 TO ALU
4010 IF M: ( Il ) ·ACTL ( X) T HEN COSUS 42]0 :COTO '- 0 30
40 2 0 NEXT X
'- 0 3 0 NEXT R
'-0 4 0 FOil R- l 10 H .
40 5 0 . I F WOT ( AC(R » - ,l THEN IlW(A C(B. » - O: COTO H 90
40 60 IF WOA(A C( k» - l THE N AW(AC (I » · O ; ~OTO 4190
4 0 ]0 I F WOS( AC(k»-l THE N AW( AC( I » - 0 :1; 0 1 0 4 190
4u8 0 I F WOR( AC( R» - l THE N AW(A C(k »-O; COTO H 90
4090 IF WDO( AC( I»-1 THEN AW(A C( Il » · O; COTO 4 190
H OO I F WOP (A C( k » .. 1 T HEN AW(A C( I »-O: COTO H90
4 11 0 IF Y-O THEN AI/ (A C( I »·O ; COTO. 4 1':10
4 12 0 AI/( AC(I ) ) - 1 +WOT(AC (R» +WDA( A'c (I) ) +WDS( AC( R) +
WOR( AC( R) ) +WDD( AC{Il) ) +WDF ( AC ( I»
4 13 0 AWU( AC (I) ) -( 1-( « AW( AC ( R ) ) - WOT( AC( I» l *( AW( AC
( ll ) ) -WOA( AC( R» ) * ( AW( AC( R) ) - WOS( AC ( R) l ) *( AI/( AC( Il) l
- I/ DIl ( AC( k» ) *( AW(AC(Il) ) - WDO{ AC( Il » ) * (AW(A C( Il ) )-WDF
( AC( k » ) }/ ( AW(AC( R) ) G6» ) *AW( AC(Il»+1
4140 IF AW (AC( Il » ~AWU(AC ( R » < .1 THEN 4160
U 5 0 AW( AC ( Il»-AWU(A C( Il » : COTO 4 1,30
4 1 6 0 AW(A C (II) .) - l /AWU( AC (R »
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411 0 AW'(It.C(i. » "''' W(A C( I »·Y
41 80 PUIlT ~AV.uLAI Lt WD r ol. ACn W;AC (I); W lS ~ I AW ( A

C(l » .
419 0 MElt t.
4 200 FOR .. - I TO KIV DT (A C( I » - O: WDS ( AC( I. )) - O:WDI. (A C
( I.) ) - 0 : WDD{AC(l ) ) -o :vor ( ACel » - O:A WU{ AC( a ) ) - 0 : NEXT.
loUD YOI. .. - I TO "
422 0 1 1"1111 (1 0 0 1+ . 5)
423 0 HZ·UT e... ·"y (A C ( .. » •• )
4 240 Aw {A C( R » - MZ / U .
425 0 MElt I
426 0 Il £tUI.N .
427 0 P OI I. - I t o I.U .
428 0 IF Q- LU (L) TtlZll' I/D P( AC(R»-PlOD{ A~L(X » US't '

NU t L .
4290 RET URN
4 300 " s ·" OPL·
,lt~ O P EN xs POl IN PUT AS 12
4)20 -I NP UT ' 2 , OK, N, NN•.S T , EN
4330 CLOS E '2
4 340 HS"·OU" I OPEN H$ POll INP Ut AS ' Ill IN PUT ' 6 , 1
435 0 poa X- I to DNI IN r Ut ' 6 , T EH(l ) . Il ( X) , Sll ( X)
4) 60 NElt H: CLOSE 16
4)70 Hs · · or ) ·
4]80 OPE N HS r OR IN ' UT AS 17 :111'U1 11,l lllwa n r. 11 ,
WI ' •

4 )9 0 r OI X .. 1 TO IIl :I N, ut f7.ACT ( X) : wa IT r. 11 . "CT (
1 ) :NE I1 X: .

~~~~f~~; { ;); .;4 ~~c~ ~; ~ ~ : ~~ (~~i ~: ~~~~~:~~i ~: ~~C T(X )
41110 HE IT X: CL05 E 11
4420 " f --OU -
U JO OP U " 5 ' 01 I M' UT AS ' 2
4 11110 U l r UT ' 2 , OM, M, MM, ST . 1 11
41150 ' 0 1 X-I TO M:urUT 12 , ' ( l ),T ( l ) , I $(I ) , C( l ) : CA
( l) -C ( X ): U U l :,OI. . l - l TO J1:I NPUT 12 , 1(1 ), L(l ) . C (
X) , J( X ) , A(X) : C ( X) - C (1)+1 : .J ( l ) • .1( X) +I : NUT l
U 6 0 -C LOSE 12 -
41170 HS - -OP 1 - : 0PE N H$ rO I tN ' .UT AS U
41180 u r n 18 .1 : ' 0 1 I - I T O N:IlfP Ul U , n O( X) : IW( 1 )
- U: D( x' ) : MU T x . " .
4 49 0 IN PUT 18, I U : ' OI X.. l TO REI IIN PUT Ill .ACtl ( X) :
NE lT X: f OI X-I TO lUI (NPU T 18 . 1 " ( A-CT I (l » , I K!( ACT
a( 1 » IN Ext I
4 500 INP UT ' 8 , De l r OR I - I TO OCII NPUT ' 8 , A,CTU( X) : Nt
IT I I FOR X-I TO nt l INP UT 18,DH(ACTU(I ») ,DH £ (A CIU ( 1
II

· 4 51 0 NEXT XIINPUT I8 , S' £ : FOIl. X- I TO S PEII MP UT 18 ,5
"C(l) , UN( S n C( I ) ) lNUT I :CL OS£ ' 8
11520 PO ll. X-1 TO N
4 5)0 , £0 0(1) - 1 /'l£ U ) +DHII:( J: ) +UN( X)
II HO NExt X
1155 0 ' rOI X-I TO N: Ir II:O D(I) -D THEN 45 80

~.
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4560 Ra -INT ( 1000+ . 5): HZ- I tlT ( RR."'I!OD( X) + . 5 )
"570 EOD( X )-N2 /aa '
458 0 NE XT X
4 590 H $·~OPlO~ : OP!N 11$ POi. , IN PUT AS' #l O: !N PUT -1l 0 . YE. C. ,
46 0 0 FOil X- I TO DH:I NPUT 1l0. AS {I ) : HE XT X
461 0 FOl y - t TO N: INPU 'I 1l0 , HO C( Y) ,HTC ( Y):NEXT Y
462 0 pal l oon TO 1£": [NrUT 1l 0 , I!.K( Y) : NEXT r
46 3 0 r o ll. Y-l TO ON: IN PUT;' #l O. MO( y) : NIH T y •
4640 CLOSE 11 0
4 65 0 H$ · ~OPlZ · :O P ! N 11$ POll. I NPU T AS Il Z
46 60 lH PUT ' 1l 2 , z z ,S C I POR X-I T O ZZ : IH PUT #12 , $ ' ( 1 )
: Nt I T X .
4 6 70 P Ol ': X- I TO SC:I NPUT I q , ACTS ( X) , ZM( ACTS ( X» , S

.< :: ~~C~ i~ ~ i ) ~ ~ ~ XT X; \
4 6 90 MS· · o p 14 - : 0 P EN H$ FOR INPUT A~ ' u
4 100 IN PUT 1l ' , LU. ALU
4 H a FOR X-I TO LU: I NPUT 114 ,L U( X}:NE XT X ·
4 ~ 2 0 F OR X-I to A LU : I N P UT -1 1 4 . ACTL ( X ) . PlO ~ {ACT L ( X )
) , '

413 0 HEXT X
47110 CLOS E ' U
4 150 FOI X- I TO Ml Ir EOD(I) - O THEON 48 3 0
0\760 EOD(X )-£OD(X ) +c ( X) . •
4710 EODlJ( X) -( 1-( «(I0 D( X)-Il.HE ( X». ( EOD( X) - DKE ( ll » . uoo
(I) - UM( X» ) I ( EOD( X)Cll») .EO D( X) +C(I )
478 0 IF EOD( X) -EODU ( X) < .1 TH EN 4 800
479 0 EOD(X) -EO DU(X):CO TO 4710
48 00 EOO( X)" EODU( X)

, 4 81 0 E OD( X) -e OD( X) - C( X) : LPU NT " END 0
P ACTY DELAY F OR. ACU " i X i 8 lS8 i EOD( X)
482 0 RR-INT(l OClO+. 5): NZ- I N1(RR. EOD(X ) + . S ): EOD{ X) - NZ/ it R
483 0 NEXT X .
4 8 40 RBT UIN

••
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l OO" t EK •• • •••• • •••• •••• • •• • •• • • • • • • • • • •• • • • •• • •• • •• • • • •
11 0 l t K • • •• • • •• • •
1 2 0 l EM ..... , JI,ODU' COMPUT E R MODEL STE P 4 .... .
1 3 0 lE M • ••••
14 0 a t K • • •••• •• • • •• • • • • • • • • • • ••• • • •• • • • •• • • • • •• • • • •• • • .•

1 50 DIM es( SO, 40) .C A{SO , 40 ) • kA (lOO) , e C(50 , SO) ,I (SO ) , e ll
T O O, 1 5 ) , CO O) .P{S D) , T (5 0 ) ,£(50) . L U G) . C (5 0 } . J ( 50 } , C 1 U
0) , H ( 50) ,1$ ( SO) , ACSO)
16 0 B$ · ~DIS T -

17 0 OPE N H$ rOil IN PUt AS 11
180'0. X- I to ] O:IN' UT 11 , 1 ( 1 ) , 1'1
190 rO l y - t TO H < -;

200 lII' UT Il , CAU , Yl
210 NEXT Y
220 NUT X
2 30 CLOSE 11
140 '01 X-I TO N
250 r Ol Y- l TO ] 0
16 0 CS(l.o -eA(l .l)
2 70 lIUT T

I ,,~ :~ :~:T X ~l to N . l. -,

~ ~~ . ~~: ~ :~ i~ ~: . "\
3 2.0 ,,-cs (I , J )
]]0 ' - CS ( I, J + I )

340 l ' A < • I ~TH E " 310 .~. / . '
HO LET CS(l,J) -'
3 60 U t CS(l ,J +l) - "
]7 0 HUt J ', . ,"
180 MEXT 1
J9 0 rOil 11. - 1 t o 3D
400 CA( 1. 1.) -e 5 ( X.l )
41 0 NEXT R
UO MEXT 1
4 3 0 COTO 8 70 '
44 0 LPtlI lfT TU(5) ; -S I " U L A T E D A CT I V I T Y
o U 1 A T I 0 If S - : LPll NT
,B O LPUtl T : LPlIN T : Ln I NT
4 6 0 LU I NT tAB (5 ) ; - ACTn JT Y SI NULATED Duu:n. ·
ONS ( ASCEN DI NG ORDEIl) -
470 U IliNT : LPtlI NT tA B(7 ) ; - tlO J '

6 7 8 9 10 ~

480 LPUNT IL PIl.I HT
490 r Oil X-I ,TO 36
50 0 If X- >10 THEN 520
51 0 LPIlINT TU(7 )jXi; IGOTO 53 0
HO LPIlJ NT TAB(6)jX i ;
H O POll Y- 1 ,TO LO
540 LU I NT USIN C · U ' . '- j CA(X, Y) ;
)5 0 NEXT Y
5 6 0 LP RJNT : LPIliN T
HO Jr 1 -2 4 THEN LIN E I NPUT CC,
580 NEXT X

-.
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) 90 L Ull .1I~·PU\ CC S
6000 LPlIN! TU( S ) i -J,C fl VI TY SI "U LAltD OL11lATI
O!fS( ASCEHOl MC OI OU) · .
610 LPUNt : " ' I.1 " T TAI(7) ; - NO II 12 1)

tS 16 11 18 19 20 ·
610 UIUft : LPllMT
6 30 r OR X" 1 to )6
640 IF X- >1 0 THEN &60
6 50 UUIlt UI (1 ); X,,: COf O 87 0
6 60 LP I.l NT TAI ( 6 }"; l i i
610 rO R Y- Il TO 2 0
68 0 LPRINT US lICC · " " . I · .C AtI,l).
690 MEll T
100 LPRlNT : " PRINT

• 710 IF x· z.r, THE N LI NE U FUT cc s
7 20 NEXT I
730 L I I'lE I NPUT CG$
740 LPRIN T TAB(S ) ,-ACTI VIT Y SI MULATED DURATl
ON5(AS CEHD I NC OlD !k) ·
750 L PUNT I LPRl NT TAB(1) ; - NO 21 22 2J 24

25 26 27 Z8 29 ) 0 ·
160 LPRIN T :LPilNT
710 Foil X- I TO 36
780 IF x- >10 T HEN 80 0
19 0 LPUNT TAl (7 ); I; ; ; e OTO 8 1 0
800 L PRINT TAlC l. ) , ! ; ;
810 Petl. Y· 21 TO 3D
8 20 LPUNT USING - ' ' ' ' . I" .eA.(I ,!) ;
83 0 NEXt 'f
1'0 L PI.1 MT:L'llNT
850 IF 1 -24 TU N L Ul l lII ' UT cc s
860 NU T I
870 PRI NT · CIV E ANY NUNIU · IETIoIEEN 1 AND 100 r ot RANDOM
t u no H PUP OS!"
aBO INPUT A-
IIl O FOI. X- l TO 50
900 FOI. 1 - 1 TO N
91 0 RANDOlt IZE (A. O
920 I.A·(t ) -RN DU-l -n
9] 0 FOI. 1 - 1 TO ] 0
94 0 IF kA(T ) ( • (.Oll ) -1 THr:H CC(l,n -C A(Y,Z } :COTO 9 60
!i5 0 NEXT 1

.I :~ g :~i~ ~
980 H $ - ~ SJ lt D U ~

99 0 OPEN H$ FOR OUTP UT AS 16
1000 FOR x- r TO 50
10 10 FOR 1'- 1 TO N
10 2 0 WklU ' 6 , CC( X, Y)
1030 NEXT Y
10 ",0 NEXT X
10 50 CLOSE ' 6
10 6 0 CLUI.
1 0 70 OJ H c sOO,"'O) ,CA O O, "'O ) , U ( 1 00 ) , CCO O; 50 ) , J ( 5 0 ) , CI.

1
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1 T( SO , 10 ) . COO ). P C!I0 ) . T() O) I E ( 50 ) • L( 50 ) , C { 5 0 ) . J (50) , Cl (
50) . J A( SO) ,1$( SO) .A ( 50)
t08 0 H$··SlKOU·
1090 OPEN It, POI INP UT AS '"
11 0 0 FOI X- I t o 50
1110 rol. ' ''1 TO 36
1120 rs eur #6 , CC( X, T )
1 13 0 NUt T :NUl X:CLOSE 16
1140 1l.$ · · OPl-
11 50 OPEN !'I $ 1'0 1 upu.t AS 12
116 0 IN PUT ' 1 . 0 M, N, S1 , £ II, ON: H· ] 6
111 0 FOk X-I TO N
1180 INPUT lZ, r ( l ), t ( I ), B$ ( l ), C{ X)
1190 NE XT X
1 2 0 0 CLOS t n
121 0 r Oil 1 - 1 TO so
12 1 0 FOR X.. l TO N
1 2]0 C(X) ·'cC(I ,l)
12.4 0 . NEXT x
1250 E( l) - 1
12 60 FOil X-I TO N
12 1 0 E ( X) - E( l )+ C( X )
1280 IF X- M TIl EN 13 60
1290 FOil. 0 -1+1 TO N .
rrce IF r(D) ·'( I) THEN E ( D ) · 1
1310 IF T(l) O P( D) t HEN 1)40
13 20 11' E{D» E( X) THEN 1)4 0
1 ] 30 E { D) " Z(I )
1)40 NUt 0
1350 NUt X
1)60 r ooD
1310 r OI X- I TO"N
13-3 0 IF P ) £ (I ) tli EN 1400
1 ) 90 ' - £ ( 1) .
140 0 NEXT 1
1 410 FOI X- I TO N
1420 L (X) ·'
14 30 NElT X

- 1440 f OR Z- 1 t o N
1HO X-li -z.t-I
1460· r Oil D- l to N· Z

-1 47 0 IF r (x) <> t ( D ) t HU 1 500
USO IF L(X ) -C( I »L( D) t HEM 1500
1490 L ( D) - L ( X) · C( X)
1500 NEXt D
1510 NEXT Z
15 2 0 r OR X- I TO M
15 30 A(X) -L (X)-E(X)
1540 NEXT X
15 50 Cl(1) - L( N) - 1
LS60 rO R I -I TO N
1510 £ ( I ) - r, ( I ) - C( X )

_ 15 80 L ( X)-L ( I )·C( X)
LS 90 C(I) "E(X) +C (X)· I
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1600 J ( X)'': 1.(I )+C (I)- 1
1610 NEXT X .
1 6 20 LPR I NT M y H! COMPLETION Tun: FOR l TE RATI ONM :l ;:MI S M:
C l(1) . . : '

1 6 30 LPRINT · CRITICAL ACTI VItIES FOR ITERA TIO N-:I : -A RE
GI VEN BEL OW:- • \ .

1 6 4 0J(1)-0
1 650 FOR X- I TO N
16 60 IF A( X) · O THEN ca SUB 18 10
167 0 NEXT K: L PRl NT -rOTAL CRIT IC AL ACTIV ITI ES IN U ERA!
I ON- : I: - IS -: JI\ (I )
16 80 r OR X-I TO N
16 90 C(X )-0 : E( X) -0 : L(X ) -0: G (X ) - 0 : J (X ) ·0 : A( X ) ·0: NEXT X
1 70 0 NEXT I
1110 END
172 0 HS·-OURA - ..
1 730 OPEN U$ POR OUT PUt AS 13
1HO rOR I - I TO N
1 75 0 WRI TE '3 , Cl( 1) ; J ( I )
176 0 FOR X-I TO J(I )
177 0 WRITE I l , CRIT ( I , X)
17ao NEXT x
1790 NEXT I
18 0 0 CLOSE , )
1810 JA ( I ) - J A(l ) + 1 : e Rn (l ,JA( 1 )-) - XI L PIlI NT I , C&I T O ;'J A(I
)} .
18 20 RETUR N

. \

I ' '
I

'l '
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