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ABSTRACT .
Tar PERT/CU3T syszem, wiw 4n currant uss, vegonr: s seecrsdd ssnpiify-
fug wnowptions 0 ordar to permft tre uwe 2f soalwrar serhrds for deter-
sdviug vredictitng of crivical path activities 20 priiece duratinn., A3
-
tosntleer theowr cwanmptions, tha predictlc. 5 n tovrise slgmifinant
. . s
vret, wnd will alusws be opthwdstic,  ihz Muifns Zezlso taitednue of nere. .
wots watenlaticn Jods oot vequire these astorgtiony ang, Nuole, ls
apatin ol yioldfng nire asceurare predisti.as 402 ge-siding vove vieinl
alosoation. this teclafque Us discusszd na fmciiiy ok nve flesinle
sataniticy domgicw muda)l for activity ti-2y an {et1aduecd, 4l A ra-
.
curee atlecatlson tecinique based ea t:e protasiliey thoe 2 aiviviey
1Y b e ke es it i path L8 develepa . Ffozliy, tn o cpplicavicn of ’
T aetwork Licoery o0 odlitary cperetlorn, pliaairg Lo deseziled.
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1. Introduction. ' , o :

The PERT systam uas deviscd by a study group undex :ﬁ: dircction of
the Spezinl Projects Office, Burzsu of Yaval Weapzas, MNavy Dzpartment,
fo order to develop a axthsdslsgy for providing the mazej:-ont of thg
Flect Balllstic tlzsile (Polaris) propram with 2a infarzazica reduction
systan (ar prozran manitnrlug.:ni'cvnluatiOu. 2y this systenm, mansgcment
was éo be continuvsusly appriced of progress to dute {or the program as a
wiinle, and be furnfshad valld predictiens as to cutlcok toward accoms
olisching pro;rsa~objcctivcsiA(Z]

The systen, as develoécd, vas a glant stride {n managz=ent tech-
nology, and {s eradited with a r3jor cuitrituticn townr§ tha rather
yaacuenal seeeess of the F3i dnvg!opncnt p;czran. Not caly did the

JERAT systam acconplish tha obirctlives alrcady ronticred, >ut it allowed

Ananorent to madict those activitias in the develepsmint pzroject whose

M

cougletfon tice wiald have a dircet effnct on the ovarall p:bjegt dura-
tisa., ‘These eritical activities zould then receive apgpropriaste mana-
surial attentlion.

The FRRT systen has siace been cuployed extensively {n I{ndustry,
and has bean mada a standard procedure for naqi:cring reswarch and
dzvalenatnt projects undar Lha cugnlzonce of the Federal icvcrnmcnt.
Iatustry acesptance of Lre systen has been, in gonaral, esthusiastie and
widaspread,

The systen has teen recently extended to {nclude a czst control

PERT/CCST, which has now taen designatad the staniardized sys-

Toaryra, 2%

ten for ronltoring fec:rally sponsored R&D projects,

ansther system, the Ceitleal Pat Meth~d, has paralleled PERT 4n

-
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nn of the systoms, esnz

Ca MM e e

It is siziiar {a ciany respects to PERT,
spracentaifon of ti-w,

Tanage

Rave incorporated the

terns of VUET and Ferg~typs

inlds of

e valative oolts cf the iystans,

tieking PERT's
but fncorperating a cerrelation be-
amant to schedule.optimally. The

d-sirable fcatures

systowns his st:fu‘ated th: intecr-
thinatics, r:xnagesent sclence,

razearch, The grofessisnal. jourcais Save featured many

prepess=ls fer refinement

olidation 2ad intej;catien of the oys-

It is the surpuse of this paper te ceansolidate caay

aud cxtoasicas te the

" 1, .
te .., aad the 1ike.

cf thome Meas, and L prenare ful
yaten, Cesiloed to outrnd {€s o

0 o
[ I TG
U % ol
Venre Curlo
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toaler on

wtod jiejsct cuntral,

of ti-2 oad cost.

¢ 2z uany of tha ¢:ilci

Ey £90 and NNSA.

2

s ghall felles

afulness and inerozia the accurzcy of

to gonorike epccific ruecmrendatiens

In rorticular, we shall discuss the

ERT notwork, and shuew hew this
encles inharent in the analytic wcethed.
ERT/LCST system currently befug

tu{s with cur prepasal for

schaduliany, ¢nd resourca allecation tech-

the PERT network approach

4 fuvwleing mojer future decisions,
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¥, ¢oneluslann and Neeorsanditians
As 3 vesult of this study, §e 1s ccnetul:d that:
(1) Th2 Armupriens erpleyed f the curveatly stan2ird aaalyeie

POAT actrorh eslentatiaas vay tnduce elynific. ot ereor {a the results,

() Lk stiadied Wadlytile ‘t’.;‘eh-\tqﬂe oz agtuark eateulatien fakle- o

ta provide a mefc-tc(c‘n'cl;; »!Qtlntttva veasure for satlvity eriticality.
{e) Awdra flondble nodel for cetlvity ec-pterticn tire, providing a
ronge of vardanca to nllew for varyfng uncertilaty {2 tire astirates, is
uneded, ' .
(4) Th2 loata Ciclo fcchntquc docs not A-;and on tha assurpeions
uhich induce the in:ccu§a¢y fn the zaalytic technique, heace is capable
of yi~ldiag vesules lintead {n accuracy <aly hy-!be valtdity of the
eattantes for deivdly ki, T additien, t%is rothnd yiclds the greba-
hilfty that a givon acblvity will b2 en the crltical path, and other
waeful Infor.itisn cot citalnad by tha analytie tuochatique, ‘The lionte

Civla tectalyse acn eosily provide the ftexfhility discussed in (c),

ahove,
(¢) Tha iate Carle technique raguires fncreased canguter running
tiae, tut the facrrase L5 ot prohibitive, and 15 wcll juscified by ttre

t.proveceat in fuility of the vesults cbtatned. ) »
(f) A resoursa allocstion techafque, based on the probability that

~a setivity is on the cricical path, fs feasible, and provides a reaseas

avle mathad of ;;tt:un resource allocation. ' ’ .
(c) Tha nut-ork cepvazentation of the ccplex lntgr:elationshlp-
cen activitics In a project is A technique which may vell be applied

el

ts the task of planning nilitary operations,

3

Lac




1t Is recomaended tial

calevlativas-Le caployed

neilising this technique

4.
~

is

the Monte Carlo teclnique for PERT network

1 licu of the analytic technique. A wethod of

discussed -4n detall &n fppendix 1.
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3. The Dosic PERT Systen .

“he basfc PERT system Is 3 1-3zne A€ Jafial-z ths rc!}tiorstip te-
twcan tha various acéivitlcs ceprising a pr¢:sc£, «nd for e:tiza;ing
the time required to complete each a:tivfiy snd the srslect as a whele,

Us2 of the systen cnables realfstic sabz2ules o be L=pnsed cn the

Jrojret, 2:d assiats In controlling the erecuticn of. tte project.
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by a project we shall raca a czlizztien o
esch a nccessary stap toward the ceblzverzaz of scze [inal «Sjactive,
Suhrncts, ealled prths, of these activitias, cre Zdependrat sequentially,
thiet 15, any nctlvity {n the path, ctrer than the Loginalrg activity,
nazy not tea coamenced uatil fts predzcessas btis bean cenpletzd, Ezch

cenlviny In the path, creept the boglonlng astivizy, tes a preducesser

in the pathe oa example of 2 prejsct In tNis fcnze -1y te a: sivple &8

T

e crastruetion of 2 houéc, where tha istivitles 2re tacks suﬁ&-as‘layi
1z feunditfon, erecting subfleor, fnstaillag rough piunting, ercstlin
(ranine, !nxﬁ&ll!ng rcugh wiring, ete, Cz z prejcert ray e &s cexplex:
s davaleormwnt of the Fleet zallgstic Miesile :y:tea, with raay tundreds
of &:fivittes involved. )

& network-of directed arcs is a vary crnchiqrt way of reprecsenting
ty dit.cted line segments,
called ares, rcruminatiaz at nodes, called gvi=le, (S?e 7igura 1) The
tiza raquired tq cocmplete an sctivity fs ésgscdated with tle leagth of
the ave raprasenting f{t. Events represeat polats i tirs,  Several
setivinles iy teralnate at ene cvent, If so, the rvent s sald to cccur
.ien the last of these ternfnatfng zctivitlas is corplicted, AL that

nwint {n ifra, othor activities, whoza ccuso-esnas Ls contiagert vpza

5
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CupenTenee. lizhe carivitics are represcuted by ores ai-

e G o pd freaothi eveat, 1o the heuse ceastructicn axctple, the
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in the retvark In ovder to achicve this feemag. Such Jut.y cctivities
way CLAMTE LUY6 RIRG, OF BAY vodvescat & predrtoccined sssunt A0 $ehcde
wlud “dead” Lhine I8 &5 co-rita practice for thy ucteark te be 2rsvm

with Scdlvning cvent ea thr left, a=d with tha <=3 avaat, zapestenting

tha schiavernt of the flaal uhjective, st €3 exerars PIGNE of the mat= 7 T

u;rk.

A joth may be drffoed ay 1 vatrehen etrin of cvcats, with crigin
at the bagiantngz ;vcnt and trrsinus ot the ead event.  Tha natwck coa~
385ta of vy duch paths, cverleppies, perotlelice, and crosying edch
otter. -

A-tivities gerevally corsuza tira, T2 tynet anount of tlnc.‘t.
Wwhich will be consumed in covplatiag eoy « i Activity {3 nst generilly
kn.ova ia sdvroce,  1f oae loov. ! at the Liitery of 2 ¢ 2ieisd projecty
cn:lcculd dlaciser the viect anunt of tire, €, required te ce-plete say
atwen activity, and cculd tabel a.ah cvent with ity «ctusl ti=e <f cccurs

venee.  The lonpest path, with resgsce to ti-a, frea the tegirning event

tu the end nvent could then be fuusd, Tnis path 13 called the eritfcal

path,  ha activities on this park ize called exitical acelivicics., The
leagth of the eritical path, the 2o, St, of 1xe corplatien tiuss fer
:li setivitics cn the pagh, 4s tha tctsl e!ap;ed tlea frem the tagioning
(] :h; cné of the project, and {3 cailed the fucaticw, D, It is sppareat
thit A zeall chionge in t for en2 of the acetvin;oa cn tha2 critical path
causes the sace smount of change im D, but & szill ctsngt Im C'fcr.an
Activity act ;n-the critical path wsull csuse no change in D: Rince it
{5 1-poctant that project mmmagerat te able to predict tha c:it}eal

path in crder to predict D, oad im eel:r tc allncate rascurces, sad fix

7
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e -+ eapmrme et w e e e

“schadules, most effestively,
soy path, octher thea ghc c}:cical path, is shertee thia the critical
path.  1ha difference fia leagrls of tha critfcal path and ey ther bath
is called b2 slack, ¥, for thrae ﬁfnfcritical pat®, Ar sctivity er cvent
may he locaied en several paths sfultanceusly.  Teo seallest slack
angociatod with ony path whieh {ncludas 4 glven aetlivity oc¢ avint IS the
S o slaek ssseciited with rhat sctivityfevear, The scnivities/
.eitts o the ;rttical path tove zaro slaclk,  Any single cctivity r.ay .be

Ataved an oawount less Lhaa e wjual te its siick witheut affecclng the

Lauticn ol the project,

The torm, slack, nay lave a slightly Slfferent rianing if seme aus
orivy hs bopesed a Divecoed Zooslerdien Tute, ©0D, € tre cat avent of .
L. orndoct, 31 so, wa defing tte Scheduled poeration, Dg, as the elapsed

w1iw fi tre Leginaing wwveat ts the DCD. - Than slack for t*e critical

n gittar pesitiva, ncgative,

soan oy tainton, slaek far owny setivity oAy
tor all setivities en ire critieal path wiil have the saza

S Uil be less thew tten for cay etiar zctivity fa the nat-

work,

o1 vy which prodictiras ef the eritlical

Py T svsien s oa

A ure for any cotiviig, oy bBe nide with cufflcizne cceurce

ceahYe woenanoient to 2R

in tle piziniag stage, tefeze a proj-

£, »hich will be requir:d ts cesplete

G et ocar cpeeatity, Tt ods ualikely trat this

v.ooosanl €atl sue% uncertiin quantities

1

[«5)
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i fo (D, = D). Slack for zay othar puth 1s (Dg - path lavgth).. With
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.. BB E NI v a erea amlmira amem assn e soe ame

raad - vird mles, snd eyehatize than wiek 13 aterick, o3 tel The geeves
. 4= ting unstarred syrbol will seprecent 3 sgtilfle walne £ the variabic

2t is pnosthte to cee lsits, uithin thich t* (2 115193 cgzzoi;\ rz fall, _ :
S - 1t lz.alse r::ﬁiﬁlgkgo_cytinlig the shops of 2%, orisztility densisy )

Zumation g:?crulﬂs.thé randsr vardahle, 4, 172 pr.b . bility density

furctien for tx g 3 curve «hasn ordiaite Ln 2 rriien s & ;cusura et

e 1w lihagd that tr will fall fn thag re2lii=. ¢ Lo -:1c8 praclise,

(e rad uader the curve fn a reglea fs try gactilality it b will

cenr in gtat regben.  In Flgure ) cha raotds .2 12 u~.ded arca te the

L)

tes il orna vader (he cutve {3 the protability cost €2 will £sail batueen -
Y wrd ty.

£
T
/ . R
s ™~ )
o 73 ~, . ;
T N
. 4 €, <
Figure I
A Pratability Denstty Furisien
Tte acteal prebability density functicn €.: t+ 1s 2utfteule, 1f not
Dn.zaitts ro obtala, and will to unlque foy ooy given a:};vity pecfirrad
{a a glvea tlue pariad, Trecretically, 1€ €tz sctivity Lore perfereed
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then o Crstogrem shicwing the wuntwer of

(4

< pluticns wvecurrang in a time,

t e, plotted against toin disvrote seitants, weuaid .pprovicite the

proebatiioty density fuactien, Since this rrocedure (s rot possatlie, we

Latisttod el thae List astisxt

weocrn forzelate, vsicg avatle-

Lie Peeeladine of tra nature of the cctiviiy,

Im fiewn te estlirate Lihe j.osbakilt
Fhoen clrtlity, the sast guaiified cu
LRI S

Siitste, O, an eprisdistie wstiaate, is

colwer ooty ke ressenably Capeeted €0 Cocione,

tvodms ity funcrica as assuvaed
Doois o soiah @ osingle paak oat ML

cweral wall voLnn satton e
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firy = k{t-a)  (

o cters ah, e, and ¥, was ¢l ca

Teorowieyty ting Leeasyss it ceuld Le o

Tie Whren cssimstes

Sntearil, roquicing Lhe o ueer ]
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3onts ogr2anest scaunt of tige

Losang voenentely wnfvruieon

heur Yy, geapactieely,
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2;,- o Oozesivth of the einge 58 4 frequently used eatlzatve far the
gt Dizd duvfaticn of uninadal furnuuney elseestunicny, bunee vi3 acar
sivered to ba & versenable sy pticn.  For rasTple, tha stondaed acresl

disizitutian, teuncated ot Y 2,606, Pas frs stacdapd devinatica <4udl o

128 the rense. [5] A5 & rvesule vl the atove peguimirents, one of £he

wepnarkel8, £ U, bLecores A furctlen £ f tua rlative ;ﬁ:irf;; awa
e 2tige Stteta foand P, Doterainatiuy ef this pirenster raguies tha
sifuticn of & ¢ubfe equatlen, (gee Appendiv ). [he txact dutarrimation

vf the =ooa, 3t ens.cted vilue of tY, o rs3liesd by tg, s 4 tedices
;rqé-zs,'si:ce te s 2 fuaceicn of a,b e 27, The fellewing r?ascnabli' -
¢inage licosr arprext otdan fer the viia wis cdepeed a8 staddavd:

efee)zr ey e grin+ e (2)

' ] 6 .
Deropnotaltlity dansity fuasticen tﬁugﬂi;s\atﬁ vas 4 gmaie mimalar
Ly atat stava ia Flhosre G ~is distrttuitvn ~yll te refrered Lo subse-
arratly as tha ST Brnta di;uttbuticu.
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Figure &

A Typlcal PERT Deta Cimsity -Furction .

& fera dotailed <iscussien of the PERP Beta distribution is facluded in
Agpandin L,
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er puspsves of predictlug the erieical path, the three catfzates

coitind by revong of the waighted wverage furenla, (23, for the mean.

Lug enpected value, or mean, &y, §8 used s a deterainistie volue of t¥

ia Che gtodionfon of Lhe eritical path, ¢

K

e Vivs butwien ¥ gad the nid- )
E 8,1y, ond s separataed fraam M by /3 the d;stan:e botunen M
soaoadpoednt, In this mnaner, aceount i Lrken of tha usual tondcécy
slvreers 10 e ooptlaracie obour plociag M. Tte fundntwnéal teLien,

wey Dirowsiay by bustedd of M oss en watizator for bty lics toopreks-

DT e Centeal pimdt

oy teennd vocn ity au on lneyvaiues.

ratlee than sa effovt o eccesvet for this supposed tlas,

v

foand, PR s cusocietod with a given avent, aud is the ¢lapsed

.

oot hegloday wveat ard the cocurvamen of i oglven event
. suls ef the caudea varfiables, e, Lo tha ceravltivs ¢n U2

Giote Ll wvent,  at this paian ca e developemt o fche

.
PO mysten (R .:L:.E ':‘..’. .'~.'_‘3,"':‘.‘:& ":‘.Eh ke an
i} 15 proatest. (he moen 1ungth.:f
Vit cf e ;uLiaitic§ en the p¢t$. hen,

s s bdon, they o Spaoof Ir,ous the larpest ¢f tha pean

1 of A1l puths to the event, Cpurit.ng on tha basis ef the saze

tie.0, <ha further assuspilon s made that T is approxizately nere
St oawd. thids anso.optien is justified since we acsvne w2 kacw

. . oy o
cropath to the eveat, <od since this poth is the sun ¢f n randes

thaorea of prebibility thagry esserts its

Jue bto the assuucd indcpend-

we varisnce, CfZ(Tk), of ¥ is

~

actioities ateng chia patiy,

’

Lo wabonces, fF70ur), ol the covivitles on ete path 2o the
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to datanibse §lock, (Wo muw riadem variables, T4 and Tk, oo
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cvent. Tie distribuelen of T% {8 nev eocpletely dpocaticd by T, érd
Gty I view of the nceralizy of T4,

W Ay assn<§ata a rardin vaelabie, I, with oa ééttvztr st w311 aw
S et He daflee Tr for sa cotivity s the elipsed bisc watil the

Tlertvrty isceroeheads - Butue haR TR P an rortuiey s nn:,?céczaa?;lf

et b ¥ fue the ewent Inllcwins.th: cetivity. ¥+ fer thie cvent 2
Leoal ta thg mentoen of Ee TV's fur the uativis.es insidont za g, thae
vy, teltinating at tya cweat,
2te ramdia vartchle, ?i‘. for o2 cvens Qs dftned as the latest
Lh: 5 Lt ewent can accur anl not detay tve setoliiid cozpletica of tha
seviiet, Ot s cateulosed by suhegisting foon Ly the sua of tha té's
f.2 211 = ackivities o the langeet pach fre= (Ta cuent to the end
i, Agein ghe assurpticn dis.eade tie ihie icmgest path wi!i ta the
Giowtann maan leaglh, Zeo. 18 oegre€e Thed chets 09 valie ef T%,
CTTLEIN Ty, o= Dy ¢ Ztg), where the sia L3 the sxaren of a1 such suzs
Doptute Laberza the guaa vvent and the wnd ovent, te varievie ;t
1, a'z(Tlh). = cfz(tt), alepg the path with greatest miat lemgth,
A t.oden vscgqble. Tyt suy alse ta s3scsiaged with an ectivity.
Y for aa actlvity is dofiznad zs ele iat.at clepscd tive since the yeo
Latrbag cvent at which thu cetlvity uit te eepleted in ¢rdar act to
Sef-y tha scioduled cenpletion of the projace. sictice that T, fer any

activity is the sazp as the T;# feg the event fcilewing the sstivity.

It 18 zppavent that tha sua of the tve pathe vsed to dntcralne T
“11 £ fur a plven evenr/activity (s the lomgoat pith Lrem the beglne

{9 ‘Fe e1d which ccatiing that evecat/activity. Frea sul definition

cf sicek, ve obtoin thr following inlizioasntp for slack, K¥s .
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Dy - {}* (D, - Tl*)
Lasa the reaan value, Kz, ef 572k s the differance, TL - TE' Nztice

ez this espressien fur Rg dazends vpen the assuuptiens rads in dnter-

d 2 random varfable, Te, whose disteltotis

of sivplifying assu~gtiung, te be wu

- LRSS § -1
coen Jgoaud worlanee, OJ?(T*). The prebalility, Pe, that on ewunt will

S
: s si-ply PE;-"(I‘A. wiere

frov the Leginmaiag ovaent e the sclieduled cozple-

Jorteyin particular, the probebility, Py, th.t the prejoct

ated Lelore the divicued dite fs ﬂu;~<!)]. wiare the
]
“o8s a rangun variable cqual te T% fee the end event,

{o0 wia nermsl vionles

sLitained {eont a

- WYy
Ln Sicted Coities] Parh is that poth whese roan valve cf glack,
Coieoz- liest, ALl events or ectivitiues en tTis path will Fuve the

feh will Yo less Uno 11 etrer mvonts/

' TUin . 'etes vhe dusccintize of tha Biite FERT cysten which'is
victlice, Lhg netw rk zepeessating the

: vy Do poncral use. In
Lot s, Joosia, eveats sad-octivitles ore suntgasd {Yentificatica nus-
, oA 4 a1 wssfpacd to speeific oo o caticns for rospinsibility.
, ri Tosiensihie for cc,..,_,ylct_un. of izuh metivity then SU.!.’:.’.C
tii. L tiunnes, Gl M, and ?.  Coversl cosguter prograss have been
oea Cinotele the eettuits ol praceding éand cuzcccdlng event
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aamters, ond the three tisw ostasuied o3 fipets, - grrfess the note

wor'e caleutationg, (3.7.25.?6] TR autput Liets t oL astaviblis in-ény

s dzteeuned erdoedag, dieing Ty, 1, Rg tre yact otallty, By, ¢of apks
‘e . E

tag A LD, f 200V, e, snd Tty Ui rrpirt wiy Bt wle pradicted

e weatecd) prteg oad saveral ather pltts SR AT Lsing kv ot Ry » Hine

.

© gy B1MC appropitate setisn by gaallegatien of segrueies 1£ thi

S

o tiry of ovting thr cverrt prnjatt 1D s unascentetly seadl,

T4 epoer o “buy tima® additdenal vos.urces sie allrestd %o, ond 3dd4-

{aet reaapgeetal etrentlen Jeseted to here itavitics < the predicezd

TLoN.

crttfe:l poch, and to thone wh.in tean stz 13 reiatively sealls  Ree

sonense iy be shhfied fye patts vheh grelned Ky o putrs wilh lcsser

wo. oI me-s cuiss morginlzaiien of the itk e rejvized, nlaciag

s sativitics fa przotlel patter b a 4o svelas patts, or elirtiating .

L4 prediets ave net ntirile casratisl to tre prejec€,’
n zesvlts of eriginsl PIRY € putaticng vay be rle tisis fer

b

”
e

c2t Difoh

NS

in overall project setzdule,  Ttis setedule specifics eshed-
\ U

aied cenplation tires, tg, for cntivitics, snd szocfuled clues of ceevre
- i

Taneh, Ts,-fct ccrtain oveata,
tmiile the project is im pzogrecs, vevisad lnputs ase sutniteed .

sezandically, shewing parecat cf conplatiza, sn.d revised cytimates, 3o

iy erea of @ prredally eosplatzd sativiry, th- 8% estanstes stould be

Lwsilocably vote raliable thin thise sotnitted tefore work was carmented.

Th-qe {rpuks are fod te tra cerpuler, end znezmar watwerk caiculacien is
cea, 78 tafern, cadept thar corplated wetisiztes ate roted and cre sctual

e plotion tice 1s used in the natwerk rsther ERam &3 estinsted eire,

1% resnlts of those runs nay recassiteca senrdule cranjes, endles aay

uf tre sesioas piavieuel santicaed,
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syecific sehoduled date {3 the prhbabtitt9>}?nt w.ac . f tre pasdible
puths wvesrein the schadsled date. By tha PYRT sstuepticns, w3 Sunside

esed raly cne path, ar=aly that wieh the grestese eoon Wrogihe Chs

vizasly, if ehrre avd soveral parssllel paths with eezely tha 120 vaan —— e

Lingth, 5o by conelliTing only the probebilisy theg aac ¢f the pathe

‘dens st weattun, ue ere tolng quite cpeisistie fa cuy vesult,

For v, cupposy there are thzez pagaila’ ¢4 xnfn-znzﬂnt patte.
nzgh 2gsroninscely equally lively to Le the critics) psth, ond wich hive
tng 3 ,tobility of tuing lass thra Dy ¢f atzut C.50, Ihea s [3 1Y
ptonehility that tha project 13 cerpleted pricy to the bcn. 18 the prche
auality thot note of tir path lengths ewceed Dg. ?ejfc, g (.5}3-'.125.
The TIT pircedore tmuld considar enly iz path with the largest mcan
tenoth, sad wsuld ealculate Pp =z 3,50, Por netuarks wiilh srrev;l perale
tol poiog of ecempesahla Toagth, the crccr wnuld b3 guite latge, s¢°¢
tha ¢ex mplel Ia n2trotks with .only cne ptud:.’:l—.‘.«h':li lr:.—.g salt, the
erruc 1 s1d Ba negligible. '

In ¢rder to obtafn a nore genaral peedicticn <f ericicality tnea
tha sizzla path predictlion, we n2ad to ezleculata SN protadility thae
aazh zezivity w41l be oa the critical path, Ua ghall ezll this prota-

biltey <t Crittaslity Tadex, wektten, P,. Cispotatlea of 2, tavtlves
L ’ c i c

ths ces ~pt of deternintng the probabilicy that & p:tgicuiar ﬁk* wtil be

the 0inen of a set of n raalen varta&lcs, {pr}. 43 balare, these po¥
are nat Lndc;:ﬂdcnt nor tdentieally distr:ﬁutcs. reaace this ¢x:§ufat£cu

is 2.t fassitle analytically. 1¢ i3 net, houcvcr._dzzf::ulc to detsrs
wine oo by the liante C:rlo rwthod. This =sthad slsc readily ylelds

Tgs Ty, <nd Pp without resorting to ths cssurptizns «rich were 30
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tr.ablesonn, but necussery, (n the casrlycie appranah, A gﬁéaxlcd dis-
eusii-n ot thls rmethed, azd auggust;;as'fnr spectiie une of tfc cricfi-
catfiy pmlex will fera a substanatusi porties £ tnls study,
e PRID et probabflity diseributicn wis ¢tana as tté cintritue
i fur tF for an autlvigy. Recall thak s <2:cifying t:xsyi:slrzbutlc:

e ocariasce of the sdistribution e arbitiirtly chicon o o

B
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:l
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o sevveption, v Lhave spreftlsd tha o cro2 of wncrcneinty wioh
viaat e cetixatar rohes his thres estiites,  [a vthee wnudi, Yo Are

Loegirg thr dt{€erenen betwean the €12 wisle 2Uz esticster iy petdiet,

>
o gk eagrea of confidenca, that t willocccus within a frw tixse
ezt ~E M grd che cas2 whare t b2 s Bigter fo«olihotd of wicutring

trieowonre s of tha range of e, The prannrailiiry diztritution fer

. .
wuld Litve oa shiep

e
.-
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Lo lriter case weuld be batroT ropreseatsd sy Fioues 6, It ae

21@8 to assure that, undsr cartain cenditisns SupSIVisOrs

S s LASLS Lir eStneTes wiTth.a meiTow oyt plalnty bond sliuc toa
P, e .Z.“,,H the range of ;_;-'.Sa:':'.'e waluag Lt o1 might tae quite
NI HIRERE cLhcr ccndi:(uné,‘iﬁq suparvacset :i;b; Y2 urakle éc plnce
iwili en conzecialle dogree of coniidente.  In Sl Interesf cof sere
Claomy o p:udiﬁting the syates bahiiveer, pertops a ;hui:e ct 3fnsity
ne oewald te afnilable tu tih? estwmater o éa;p'dnsc::be his con-
{i . nee co Wis vstimates. Tris weuld not iciuise & knewlodge uf preta-

itj 1riciy on the pest of the swpsrviser. e cruld sinpiy te asked

o s wacartaialy Go te the zolorpive jesziien (E W odnaa ruzcrical

e wiitt three descripbive <ioices,  ciis clriee sould lead to a

Sty rolemg probatiling Aisteliv.s snlices I, 2T, 11T and IV
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5. ke dhate Carlo Tichnique
e have seen thit the eacpletico tin-, te, for zny sctivity in a

<rvd projeet s a raadea varfadle.  As tle vrejrct is porforned,

FTeF
cagr sorzivity is cozpleted In seme actual time, € Galy wftez zauple-
eion o f the ontlre projeet ean acteal values ef t, sldai, sad elapsed

fis 1. for events ond activities be fixad, and the <

. Sente Corlo othnd coiculater avarage values of thaen porane
Cioas Ty owepeatedly sioulatiag the gerfocranne of thn antic: ronwutk,

5 orztiaticelly avecaging the rasules. The stuglutinn of e preject

czrLealaated w3 follows:

£ each aCTivity I tie setw.s¥

foroatua valua of € Lo
Lo onnidity dis cz;buiirn fur bt for tle aetivity. Troce rinden

vJ}_':gof t; gllled reatliz.tions cf tr, ara fAczwn in sush & way TMaL N

oo L. fewsiugs fros g spucifie probobillity distrilunicn, fhe wurter
cians falliny withiaa seguent of fined Yomgts tn.thc.ﬁ axss

i srpdonal to the keigiooef the probakiliny donsaty curve over Lthat

. ce Looh aetivity tore #ts con unigue prchabiliﬁy diztrihuticn, de-

ooy the three estinotag, atace, for cae siveiatita of th project

crisstien aof ta drawa for an activity 1S & ccxpinticn time =hich

of tle z2tivity,  Cne siru-

tent ©hewulted frenoaoncpnal perfes

3

La projrct consists of drawing a veite of t fe

IR oettoek.  Calauiaticas of the uwctw ark are thont gt

! R AT nf t faztend of Liw g g.ed fa the &
aed then the eritical path fex that
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: . sol activity ere »ldid te cusulative wcrile LSess csae eumula-
. .
! e el the profact. Aftar an advquiteenieber of copitestinas, Ttrese '
\ crmulity,e tozale mud tallics sve dividsd by the - Sl - ¢ replizsrieas, '
." . L] '
; vrootding rhe avarzaze values, t,, :E' end KE fer i-2% anziaimy s0d ole
poaty nitlity Fat tha tetlvity will ke osn the critiesl patt. Tur 2l
; st taled soiats, the probavilaty thaet tra event was cerpliaied Fricy to
ther Lveduled dota s aleo cosputed,  Ihe cleervid voriscoe of tlese
starisn?es 15 3%s¢ svatlatle 3f 2eslved, 52 weld e an 27z si=ien preta-
' E vy Jlsveivurien Gz preject Juraticn,
e Cod el oss Qling ehe protitilley dicerotuti t of the cotivity
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M Ty, telsg tre atove tceroigurs, 6 fe nowoduifiooin mo provide
et rice of prebthility disteziburycne foe te ot c3drr oL ogscunt fer —
wenylog 2oz.res of wncertainty ia estimates, af var dueivos:sd csriser,
a0 omutar cedos 2esigned to iwplicant tha Tasic FEIFT ¢ysicn wmady !
Ve a2, witteut grect diffselity, te perfrra tue 1t -le Corle caleus
Titfen. The futhar gasontly medified the wereh Arrzicer svicticn FERT
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i N, Trevisten r% 2 oo iidited cetlmate cf tre ;"L azints for .
carptrr wod aller rescuzees s & 513 teo setnfullng end pre- ’
curinree,
B Trretlsi '1 ef i oprofress €otl prperis, Lbuwiap suizent gest
ttwes &d revised ¢ st e5Linanes 1IN SaIparAseA wItT, tud*étcd
éxpentituras o~ contyast estimates, ’ .
vy oegrloand Tirt-Zust sugplerint ﬁ:c::!ss A metiod Lf estizating l
ceotdragitle seradules for project ccuplatazn, with thuiz cetimrred
2ot o) A evalucticn of tihe tec'nicoszl risks ssscelszed with cash <.
tnl 7 te s Thoge setaduils ste desigred te pievide cc:;lc:}cn in aczcueds
menoaltt ttren ecftoria; (1) the oo &[ficicnt use. ¢f tize anﬁ re-
' sy 13 :c-p!étiﬂn Sy thun 005 (3 eielicst feasible ersplelion,
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A, Fre 1;55 break'vwn. The preject is broken d;a.l.nro cetavitie '
and werk packages, and graphleslly represeased by a rc:ar.tk. Tur tre
puzpoens of cest raporting, estinmiting, und sezeunting, sevesal zerives '
L8 2/ b~ e fnod iato & "uora‘pcc«age", wb:ﬁ tin ;::;ygghﬁs %'ciwnd
e osmail, and detstlcd cest roporting and estic: sirz o f gxgsq Y TITR SR )
wouid tavelve unnzcesgery orpease, In grneral, 2wtk salkage des not ' : ’
c.&pr:ﬁé ] cln';d netwerk.,  that s, it e
sented by & osingle notivity due te the pr
v poskone whileh are eonnected by activiciﬁs to et a' wark p&'% £es. .
in tris eaze, the wourk puckege wust be hrehra Loun aale ats corpenent
snrivizdes and cwents for the wet%;rn Eir 2 ealendateind, e Cust eslie
e s elpenditure repovtding scetien of tho o ayriier moy ut;li:c':ha
.“-%.c 5E:k'pa£?ngc +3 the” =n~1‘e t erpenitiTiansl Aleisian, )
C-f SR LIk poackages cay fet anpear o i opredest wzlwirk., s .
Sl o, tiese tre tha fenetiens of managoounat oot f;:act(d.:\uttd LT
c.ooas thvaat ef mpeanfie wetivatics ;nd . nL§., For ezamp{w, the
“c.untiawe, purehaning, or mananeszat traval €ists fer the ptoj;(: wrueid - .
3. Mifricult to raprosent @S cetivitics {a the oetwork, htuever, thé .
2u.tof rlase wesl packiges m;bic es:;w;:tﬂ :nd czgeried, aad traaoied
L3 tte sort saslyais pirtien of tha FRRIJOOSD systea. .
2. Tirz coleulatic=s, Time estinales arc rxda fir eagh celbivity, .
pad Wre watunrk ealecul:itlens pecformad. The prauject Zurezien (s 2ez-
rooedwinh the pOD, and 4f recessary, any of the follcwing attion: tirin o

b aréer fo toduse tha wearall project duratico: - . :

s . . pa 4 . sar ‘o
{1y, fecrsinine the actunrk by incres:ing the parsllelisn of astivd
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: (b) Commit a2ddiz¢onal resources to sclected scrivities. cr reallc- . . }
; cata resouress within the network. '
e} bbmgc 2T :r!-:!-:te sctivities,
C. Minpewce lezding, {9] A breakdeun ty stails of minpewer tequired
Sz oan .mttvi..*-,v-:- % ;:c?..*.ge sy te {ncludad ~7t% tte ti-o and cost esti- '
" PECRC cn.-.~;>u.:~:: grazrons oW In existerce assem®iz tris inferustica and
. sropare @ TRPUSE an ad 2i4p1zy showing the prcjr.c.: PETE- TN 2R LEJEA rrr:.-:a:s. .
: Ly chtlls, plozeed agsiest timz, ,:'_-7, ll] This irferacticn proevide2 project
seasneneat ;ai:'x 4 £:zecest of manpower needs, =nd 3 tasiz for rcschodu‘..- - |
fos zotivitios {a order to bast utilize avail:tle ringewer. Scheduling
a2 liree project '::;. st enasidering ‘t!’c cverzll vsa of manpower skills )
T.el5 to wiry veicon:afeal minpeuer vee, fre ti=a poricd noy reguite a
crpptag leval Toooa :.;:tn!n Lvill for in cxzo3s of that Svalladle, while
Coofellouing Ti-y ;oclsd mshes little use o7 Wt st2il.  In perloxmivg
L p.cnsesry znzeteTiling, the t{-.‘r' censtrzints cf £l acweerk and
¢ wrieslunss of Activities cust b2 considered, <Thaze zetivicics laasc
tihely to b crivfczl are the cLvious candidates for teseraduling for
Ty prevpest of lzvaliag manporter fcquitcrm:s. TQerLiteT PprCgrens now in
: . .iegosme, Susplio:.ilng standard PRRT routines, pccfr.-r::_:h.‘.s rascheduls
Durounder tha cinstraings of maninen avallasitity <f zirpruer and with )
. craaid ‘ wtfon o€ slozk. '[7, 11 . T
D. §tl:ifrg tra network. A schuduled duzation, tg, precule .
wored for .;.-ch zetivizy. Thise tinis @3y ta less thin, sgual teo, or
) e ¢ th'a t,, Z2zrindiag fa the situast i s ) conigesant policy, Urirng
'ty g for c.an activity, the network is computed aad values ?f Sg 3nd
. <e, and Ty, -dcternined. Sg reprizents the carlizst
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D e Zate € Ghich ea auzivity/uvent can ke scheduled for ciopletien. S .
1 A .

pzesenis the latest date cn which an setivity/event =iy te scteduled
¢ ez pletion witheut causiapg a schedule slippage for tha prolcct coa-

sntien. Sy and & cve cemputed {n eractly the same ranndr as wite Tp

. ’ snd Do, whnen g g5 ocd as sotivity tims {nstead cf te- A o f:nzl. step
sa eotoirling, 3n elepsed time, Tg, I8 17pcsed @t each euant, ‘Tg LS
e o e Betwaen SF and SL,‘nnd Ly be translated nte a tire serelds

Vol :xvplLtion dita for ectivitins {v-:diately precedsng the evert, 3n

o fop scrivitiss imzedistely felivwing fhe cvent,

acojece,  After the ectadule 1s finalized, cost

cieerg ave peeproed for each work pockege, vad oo tudget propeicd for

” .. .

sian funds.

i :
= Lineningy pyaguens ot tha projoct. Al the project progLesses, i
DETESR RN N AR I R =4 . . |
crmre fuedtmad fros setavitlos/urrin poelages, indizating pregiess, . . 5
SR A T culinttes, feads cozaitted to date, aad new Leiinalcs for cist. f
s 1:::.':ti¢n fors faputs to the 2 T/CCST cumputyd PLCBTET, wr ich !
L. toa aethazk caleulatinns, and ;égparc; sopueris «rhewing ned
iy Toy Tue s bD' and tha new critical path, <&t w:ll as culrent
Loiealizures dia co-porkgen with estimites and hudget, are new picjected
< .o t.zve iz alss ponerated and coupcred with estimates aad tudget.

' R 20 5y rosche: sed ccte, re-
Sy als infareation, momzgesent msy yeschtedule. Lwll? ate,

tui-.p,.ur take whatever action 23S ray be cpprepriate tc the situstecan

Aeise
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. - - .13 Su ¢«ont 18-
cis-Cost Crtlon Supplesnt. The puspese of (hxs SHPF

avs L
C i taedine mesecdures by which & project pinegel ray pYIpare three
tacdive proaed

Lo yentoew prodeet zchedule proposals, ond cvaluate the tschateal Tisks
SREIMEE jwet o

can s ne he giow
saioocEl 3 auleh gnch, By techndedl zisk, we nean the o
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goafueninea, 18, ond cost (neuited by dopatting £res the beot Aovatope
g.nt teelriqua {n ofdre to miet tha setaduis,
fivat 3 plaa £2 feroulited desfprcd Lo seet the prejres £CD, a8

irprecd by the aenttolling agcnéy; '

C L meve, s dong REFletoak phon fe forulated, In ohien tha base devele

apant gr;hgaqnés arq v3rd ta erdop te reduce tcc?ﬁxcal rtsk:; ;Aa 13

effreivnt uge {8 made of =eaprure ¢ad trscuresy. tisulting 4 ‘grestar

d vt for the project,  Teusl cost ds penersily lewor fer this plam, :

o rinally, a £ ortest Tirt plan {9 propesad,  T™c purp se ¢t such o
plea 2 te uuplozé the faeatbility of schrdulirg the project fer o 2urL~
they stonster tron chae péu;n:ud hy the centrasting agrnsy {1 crder to
tow fig Sovg any stratele tenefals uﬁité =ight escrue frea sueh carly

Setostitiaae Ty erder %o arrive ftothe shovtest tint glan, tea suiadule
i3 :r“=n::’cd'Ly Allzcntisn of edbitirazl cescurens, pcrinélzqg setivie
tizs whish shauld nereally go tn sequence, elfr. n::ing'ag:;v:ties. #nd

** aling tachatedl spprozches €o the preblins et éus{gn ;:4 €retreeticn.

AW suzh sdviemyzerve to fncrease tha technical risks itwvalved, ond mest

2 thoee cptiang are prosnated €6 the cintractilg Sgaasy with estie
cimrs € et and thme, <ad with a eerperisca #+d cvrluatica of tha vech-

FEPRS SR}

% asscceiated with cach plaa.
. Y FFRT/COST systen is the primary tesl fer :béair:ﬂs e eave aad
Tt csticates nacded te penpara the thren schndgle preposals.
it 2 zenree Allsecion Suppleriat. “ihgs sepplizent proviles 3 pre-.

7" re Ly ohich projuct minagevs may schedule the preject ia the cptamal

trtee with vazivd to the timseccst tride-vff, TI-a scczept of cpavatica
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is as £i1laws,
ay activity thera iy exist several feasible. scradutes, tnvely
- -2d, v -

ing ¢ifferent tine-co ; atfe
ing Ciiiers in:-cost relazicaships.  (Sce Figure 7.) Rffictiac use

of mp-oter and existing resources and rachincry =2y result an scthedule

erthar tine extension to 3 nlght result in Figber casts fdus o the

s, Ju

e ee vf Cived costS . caf oy -

cofvot of fimed costs, By ueg of cvertima, hiring additicaal ronpenr,

seoureliise of additinnal michinery or spare, timaecoct eorbinnttoa € oor
imaes o shinntcna € ¢

a wisht be achiceved.

-9
+
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Figure 7 :

Time-Cost Pians for an Activicy

cehsdala A would be the most ceon:dcal for this activits, “ence

activity for the first nelw.Tx

DA it care estfiated foc the

)
Qs

A, o oshatlar smner, rost ceenralcal estinmates arc chIuin

Lding cust estinates, fropm the other activities.

Jlcelel iaa Ls then perfersed, and the preject duriticn, D.
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Wit Dy I D> Qg selecied activieies en'the critfeal path rase bo

yeerened By sorting to b '35t 3
rrr2ened Ty resorting to a histoer casteshorter ting work selcedule.

.
”"
[

ach activity oa tha eritteal path, feteraine ke £nc;casc {n

. ot, divided by the decresee in ¢
& .

-
<

/]

that wauld ceeur $n mnving to cack

sherter tinmz-cost paint, This fs ¢

2 slope of the Cite cest curve for
respoading time veduzzioa. The activity with the lovest value of
slope §5 thom chosen as th ;:LlQi:' %o reschedule,

if tiis time reducelcn ia the critfcal path ciceads tre differenze
in Q!drk sot=ean the eritical path 224 the smallest slack nmot va the
ceitizal poth, i€ bicnes accessary 2o recompate the netwsrk and doter-
rine & mew cricdeal Jath. The ahove ér:crss £=.rapc£:qd as cftcn as
pocwsary wazil D4 Dge

3laCK rifhs are then reentidncd © sae if any activitics =ay te ex-
L Td %0 Yiwer fest pofnts withoal nelsg critical,  If fined costs were
aat 1 opart ol the activity estizites, notlce rmay T fakes of the foer tog-
alnt to specate {s usually :5 the lafe &f tha miaf-
Tt esst polat with rasgect oaly to direct ¢nsts.  After deterzining th .

Ciract costs, a ftest Is made-te.de-

-
-

Q

torteme 1 forther ti-a reductisa t2low the D03 weuld result 22 lower

“3.11 costs, This is Zcnme By =<2ing on the fixed costs fer the projent .

nad sutamating further reducti.g ia tima. IF further time reducticn re-

i -

[h]

2:lts fa lieor owerail enst, than further time reluctfon {s perfommed

©ntil votal ensts rerch a minleum,
“he sch-otule Is hen adjusted as necessary to reach ana optizun leve

Vins 9f r--sower and othur recsurics within the cxisting constraints
: :

wlemasidiring total cost.
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. sethad fae Resource A!lacatlun. usiﬁg the Crtticaltt§ Index
In Scction &, wa pointed ouc the:crr;rs in the concept of nlde:ét-
Liatstic prediction of the crirfcal path, We also showed the optimfstic
ia3 inherent In the az umptioa tkat the longest path to an cvent will
Ce Ui path tese mean length {s greatest. The itante Carlo tectnique

Cweed

PSR

b

wat depend oa this assumption, hence, with this techninua we can

chisle Po, Tgo and PD with accuracy limited anly by the supervisor's

cites and cior approximation ef the true prohability ‘distributices of

i+ the ectivities. wWa thall now develop a system for cptinum rascurce

S0 st utilizing tpe cricicallty {ndex obtained from the chté Carlo
ciweatlon,
cuoorder to use this ~ethod, we must rvequire that a w&rk package te
2l wd netuark, A clicad natuerk is a actwork with a single boginning
....... and a siuzle end event. Asziviries eétertu; to the closcd network
,Lota inefdiar €O, OoF Ganate from, ovents within the clesed netwerk
sier thson the Segianing or and event. (See Figure 8.) In this exurple,
sotivities not dnclueded in the work package should te incident ¢,
oi.te frua ewents B, C, ar D, then the paetwork would not be clesed.
oo pectricticn is implicic in the Teseuree allocation sﬁpplcmen:
o owhe standard FERT/COST systen, although not stated in the PERT/COST

ork may be integrated and repre-

Some PERT ccme

Lue. Notize that the ciosed n2lv

veoa single actdviey conaccting events A and E.

s~s now in existence are capable of integrating such sub-

croprapre
- its for siepliffcaticn of tha network fo¥ the benefit of higher

-
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Figvre 8

A Cluscd Natwork

teonext peguire chat the sepazvisor {n chacge of each wark package
v r3 nday Srieecst plans as are feasible foar his wark peckage esme

taiia,  Thise plans’are roprescatad by psints on the tinz-cost curve ia

AT\ E ¥

iy srmy mraner A3 nreviousiy decustad fn cennaction with the Resaurce
laswtdon supplenant,  Na gofats to the right of the nialruna cost peint
sro sub-ltted, Athq tira-cost informatlen §9 roeprocented as a set of n
aulys, (tﬁno;:ns:), {n descandipg ~vder of tizo and corresponding sscend-
i1 urdae ;( cost, For exznple:
.16 waaks, $40,000
12 w;aks. 60,000
e 10 v:cks, 90,000
1te tire evrrespinding to the ninfecun eost polat {3 taken as the
“uat 1ely esti-ate, M, of activicy completion time. The add;ttnnn}

tf-3 uotlizates, @ and P, are also subaitted for the minizun cose plan,
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1uese dhiree estinetes and the corresnonding cost are the basis of the

prelinlnary caleulation of the network, From this calculatfon, tia pinb
ol » [ s 23

ability, Py of ceating the project 7Ch, {s deterafned, Reeall lat this

arctibility {s eensldarably more valid as a result of the Monte Carle

chhaique; .
1E P5 is vassceptably seall, thg retwork nust be compressed by re-
aing e motueri layout and’/or allzcating more rosources to selaczed
avkigts in erdzr to achiers shortor coﬁplution time. If, zffac
Whitever roiwork zodzsign £s considarad feasible, the network must be
foriher eonpressed, the résource zllecation phase of the progras s ger-
s Les. Tihis nhaz: conslsts of the frllouing lagical steps: .

1. ror cach tlza-cost plin of each activity having Eositiva e, .

iza <€ werit $s conputed,

. . e o AL .
TS = 2¢ /\-E (&,

{3 the reduetfon ia tii 2 zzhifeved by using the T-C plan teing

-
e

Pad

-

v,

Lh:t used in th: previous nctusrk caleviatisa. AC 1

Slernid, e
. sndima fnsraase in cest. 03 may be ceasidercd as the expected

eh will te "bouphtt par unit cost by selecting tie T-C

L oaf rive thi

tlen being ponsidared, .
2. sorm Yezunles consisting of each Z53, 1ts corresgonding A,
4ots, antivity d2outifieacion.  Seder this list do descending créer of

I

3. ~ " ..t frs+ the top of the list, a sufficient nuuber of reduced

¢ /y\ t's does not exzced a predetezaized

Cho ploaps o il g 5w of .thes

A, The bast value for p may b2 determined experizens

paeearee, o, of 2.
rep cof the list, but only cue

Gl
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plan, that with the latgest Ar, te vetatned for 4any ane actlivity,

h, For the aetivities ahuses fur tive teduction, the tlos enrre-
1z oedlng to the new T=C plan (8 twken as ths new vslus of 4. The csti-
ustes fur Pind 8 are revized eomward by hulg'tpl,,],ng by the ratis, -
Mf:_;;} (This procedure.eay e subject to questien; another pathod . . . .
crald Pu tO ‘raqn'urc P oaad 3 esetaates for each 1-C plan.)

s, uith the now tira 323 cost eztimites for the iccnlorated actiwi-
tie4, the netvork s agiin cilealated, and 7 dntumtn;d. All.uuvtzui
will bovg A nnv Pc. Tha =33 Juracion, and Pp are again evaluated. If
a1l - emzenpraule, the precess may be continucd untfl aither an sceapt-
e ¥y 13 attatued, or the budzetery Lintc 1s reached. The schodule l;
;';-w‘.{:-f." on the basfs of the tira plans use.d in the last notwork calce~
ta o, tfrez-censidaratinn of =i~power and other resource levelfang.

1 the sYove mathed, vassirces Jre allecated vhare, probabilistse-

.

-.'.";.-, thoy ean te expactad ta esntribute :nt‘effecr.ively to shorteaing
sratase dvratdsn.,  The r.guireriat: for several feasivle time-cost plans
mog saTva tha additisnal purpcse of forcing tine supervisory persomnel
*9 ¢osidze the tire-cost r.:l-s.:!cashl;’ rore carafully, allowing operatica ,
ae ety ot efffchont paint ca zThe time-cost curve whanever fcasible,

2 -:p:lfr;uu value fac p ¢=n L& doternined with a fow expetlmntjllr
r.ns o tha grogran. P should be choscn as large as possible ia ovder
Sy spaee the aurter of retwsrk calculations required, but small excugh
<3 %1t suceaniiva ealeulatioas preduce a s ooth tot-u‘:;feﬂi'-“‘ of the net-

urk,  dasvaticn of the prograa vill tend to decrease the di ffezences

's for tha accivittes, vhich is equivaleat to operating
This §s .

briaen tha T3

Pt activities at tha same level of expected pargloal ueility.
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a waltl kanwn principle of opthutuition,
Tha Luputs to the systan, throe tius estimates and & T-€ functlna H
i
esbfied by several 2equprau, are nst cupllcuted, and ara coupitinte {
wivh the evncept of progress sud cusl nanitering cavisieaad {a ehe Tiny/ . §
ST T e o e L LT 1
tuaT vysten, ' T R
A ficw dlagean of the lezlc used (v Lthis rezource allocatien wut*od
1 suaun o dppeadix v,
i
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8, A uilfeay Appliecation of tha PERT tlatwark Approach

one of the cost vutstandlng features of the PERT approach 44 e
graghical porizayal of the projeet by reans of the netysrk, By this dae
vice, vatlationships hatvren ths vaclous tasks u\y be cloatly visuilized,
Tha fmatghe ttws--gamd_"by tha minagara. ﬁf,,—thg project, into thase cua-
plex tet.\t;lonshlpn, ctthles this to (unctien with preantly increated N
eflectiveniss in thatr rtnsgerial cnpo@tty. .

A —ilf{taey operation-is i vany ways sirilar to a davelopzent proje
cet.  The speration may be divided into a nucber of taaks, with cany
futieralstivaships ciisting Lat-en Individual tasks, ltence, the nete
uyerk may cecve tha soua-useful funstion in this application as {n fadus~
trial A:uwleyzgnt- o

a phascs of wilitary bl:a:iaz knoun &s "The Developrent of tte

2120, 234 "Supnvvision of the Plomnad Actfen,” cte most. rasdily beces

flted Ly the nctwork approach, In the forzalized ailitary planning i

ingicnte, the Paveloprant of thz Plaa phose has been preceded by the '
"Ketfirate of the Situatfen,” fa uh(ch-tho assizned nisslon has been
stuldfad, passidle outcé::s bazzd on encny capadilities and alternative
oun coucsas of action have Lezn analyzed in a gams theoretle matrix,
_aad a ¢iclsfon his bana reachc{ regarding a general course of actioa to
Le pursucd, v 7 ) 7 - 7
. Thr preblea = savelves ¢zveloping a cozplcte, daiailed pl:-n for
the cgeratlon, tnc.ludin;:, erzentzing the avaflzdle forces and assigniag to
acch task% uait tha oppropriate tisks which 1ke up the general plea, Ai:

thils atrge, dotailed plunning is <one 1n vhich training, acquisitica of

{atellijcnee, movenent, eerzueakcatfons, losistics, and battle action are

© 38
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all ¢restdered. '
the plan Leplns with aa {nfcial concept, which may he represcatcd .
1

Sy a

ace

tunks n:y Ve

vrinre's directive,

atsu So o2 owal

zslish=one,

.
-
wis

The o

relatively simple netwerk, «lLisse tasks ore stated in broad throe ot
As the plzaning “ccemes wore detailed, these init;al
ahis phaen

csubdividad into et troorks of lovac-order tn ks.

cas of ce ;xul, uron recelpt by tien af tiesr

. e

sne ob lover eche

.ty 3
FXT TN

vk will add in wreadlishing a flrm schedula for ' .

negee

is dune In industrial projects.

in such the sade msnser

afd fer briefings for subordiaites, 'since

-

uable

2% Wil enable them to Letter srariciate thie relationship of tholr .un
Thnia o tha wimle oﬁcratian. \ \\\

Zuving tha cpvruricn, tha :i;v:rk ~ay, serve as a display, on whieh .
RN ;:cgré 8 {3 indlc. t2? us rinorted, The affects of Aula amed Lo e —
Jilieles may te Lore readlly aviluatad and corrected. . s ;:;_

cxecuke an arphibious landing':a

T fnitfal coencept of 1 piin co
=l territory might t2 resresented by the network shown in Fagare Q.

ctuork way also be viazd lay.out the basic Stfntcﬂy of a pra-

Pullfeary campadgn, Lo th rasks weuld te representaed by

fury wperations, such as; “Zeize Tsland B," or "Cut zuprly tine

T wrecedere {s sieilar to that caployed in the operatizn jusc dis-

© iecte thls need for dzeisicn at a particular point dn the neiverk

36
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cay <iCopE that Lt takes glzea over an cutendad perind of time in
.z, proposed actions are roatative, or the seleccticn of alforna-
~.tivns nay depend sa foture davolopnents, such as the suecess or .
)i privleus endee e, wr eon the sybsequeat enemy reactlen,  We
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by showing a “Jecialon box" in ileu of an evane at that point, The daei-
sion Bex has rure than one tank‘ ansnating foon {t'; the decision, Lo La
rada at g9om3 lator data, detevulning which 225%(3) to ba performad, The
natwark thas precceds to ghow the planucd zction to be taken for eath

altarsative, . Figure 10 s an example of a ;srtion of such a strategy

.
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' [ ' ' APPENDIX T
tunte Curla Techatques ulth ehs Beta Platetbucion
The 2xdel for activiey co-pleclon tics, t%, chossn by the orlginatees

of PiRT, (s the Beta probabiitey divtelbutlon, chavacterized by Lis dene

sity fonctlons [2}

¢ 0, elgevhera. 0 T - o
‘ ' s uay voduea this to the standird furn of tha Bata distributfon by the

calloving tranzformations

X% o %‘.:_% 59
The proveblility 6ensl£y function of x* is: :
£ux) = %, x."‘(lvn)(, ERE T B¢
! wha warladle, %%, is aquivalant to t%, whace 9 o O a;\d Pel.
‘ the tus parsnsters, ¢ and &, specify tha upper and lower linmics of’ s
Wy varlatfeon of te, 1t is now Ceslred to gp2e¢ify the rewaining two L

prerzavave, o and ' , 30 that the =oda of tha density functlion occurs at
i, and co thit the distridbuticn has ths Lasired variance.

L2t s 278, denote the moca of wh. sy flading the oot of f"‘.(x)-,

?-g’ : . _
2 sbtafng ' R
of .
8
XA Y , )

S vartaace of wv s given bys | - S

R Ay T+ . e
g™ oy F+ (et +3) 9

a tau suspose o doslre that the standard deviation, o (t*), ba expressed

'..;,—(‘T?-). whara 4 fs an arbitrary coastant. Thaem o (x*) « %—. 12/

ot

: . S g —~ - .
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ceres e

1
resulriag that Crz(x*) = 32 » we obtaia the following relationship in oL

acd n.

fd m -—d n® p?(c\)'x + (} -'J )m"oca‘ — (’I —IZ) m

- ’
P

(10)
fiow 2 can b~ deterained as a function of o and d by the above equaticn,

with X Zatermined, ¥ is shecified by solving equation (8):

A
7«4 (11)
Tha za2n of xt {s given by:
ot (12)

1
+ (42

¢ mest te deternined froa the cudle equatisn, (10), for cach value

Ciace

In the PEiT Beta ncdel, d

¢ ~th: ceoputation of E(x] {3 cunbersoce,

~
=

fov this valve of 4, S0 4s approximately linear in

wa3 wholo as o six.

~, and w1y te approxinited Ly the follewins relation:

£fx] = “:‘-‘-;:-3 . 13y
~hs srouslosiition to btk yiclds: 1
E {t] - _'d_"" &+ g (1,‘) e -

[

Dendss Sa-aling from the Bata Dist

.

tbusien,

distribution, ¥e

Lnifsrs {5,1) distribution, to a corcespondin

canerating routines which

Lruieitity distribution we desire; [3]

yield randeoa nunmbars from the uni-

-

LT e

‘There are several geed

shall use the tzchnique of the Probabiiity

s‘or**Liow to trr"°fora the raadon nuuber, u, drnwn frem the

ing scmple froo whatever other

it

traasformation dencnds on the following theorenm:

42
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che s

B o T

o canden varfable, wo, haviag the probablitey diatrtbutlun

T

eiinn, Fyus N4 the dunsity funetion, £,5, define the randon varisble,

-9

ue 2 P e that ta:

“’

e E ) j MG s

uniforaly distributed rand.= vatlabln on thn lntetval go, !.

L

A
thame % 4

- o 2]

}

e, U9 Ry uae the lnvorse functlon, v s ¥ (u). to transfora ths

nriple, u, frea the ualfora (0,1) dls:rLSJ.Lon Lo the corroapondxng su-ple.

v, Erom tha dosired diztriducion.
Ihs dtstridution function:
. x
FaalX) v %y f v oy ay _ {16)
(]

Jar tha 22ta vaciable, x%, cust be cglcu!a:ad by nucerlcal tntegratich.

1a stder o utflize tha precedura piven adove for sanpling frem ehis dise
: -
way store the tabled distritution functions in the aencey - :;

[N

rettution, w2

ot t&e cirzuter and use a table lcok-up gsutine to enter the table with

tha vasdes ooople, u, and deternins the cozresponding value for x. A

enuplera discriution functisn nust be stored for e¢ach of the increuents
ot a, .a1d far a linited nurler of values of d.

The fnout card for an activity ap~ci‘£cs tuc cholce ol d uliZch test

tha vstizator's u-cart\Ant/. Alzo spcctfied are the three

Tyevaaaaild Tae
yith 4 and i specified, the *ro;er table xay te

entates, 9, 4, acd P,
The correspends

snlacted, u i3 produced by the randoa nuzier generatof.
tng valus of u i cbeainaed from the tabdle, then transforcad into a reali-

by the following tronsforz=ation:

. 43

zatlon of o*
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s ()¢ (2
Tahles L through 7 are tables of dinetribution functions fue the
srandard Bett distrilution, with & tsking on values of & thr;ush 8, tc-
spectivety. A eronplete funcelen {s glven for cach of 1t vatues of =,

Mo emasple of the uce 6f the prnecdura glven above, suppsue ¢, H,

_and P oweee 12, 15, aud 20 vegks, vaspeetively, aud tha selectien, 4 o 6,

L, tady, Ghen e lﬁg&! 2 .37%. Suppose we draw th: rondea nurber,

L 795, froa the vndfors raaden nunhier ganerator. Eateving Table Ity fup
o e 3, with the arguiane, 795, ve obtain x = ,50.  Froca the table fer
a2 L4, tiarir {oterpolation yields x « .572, Interpolating tetueen
thc;c tws values of %, L obtaln x = 554 forn & .575. The corzctp-ade
i ranllzation of o 43 then 8x 4 12 ; 16.4, . )

A eificiearly codad routine desL;Scd to pezfora tha above takle
cogzehr ad ealeulations, requives apgsroxizataly 759 microsecends.

-?sg;res it, 12, sad 13 are femflles of curves of the prebability

Consity fuseticas for x* corrnspunding to d = 4, 6, and 8, respectively. s
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«891
G=3.565
M+ 200

A=

« 361

6=3.252 -
= + 100

A=

A= _,000

G=2.872

" DISTRISUTION FUNCTION OF THE STANDARD BETA FUNC
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ADPEUDIX YIX

Uee of the Triangulac Prebahility Bensfty in 93T
Mante Caclo Calculations ‘
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CAUPERRIX 1V
The §Iu€os Puactior,

Sothier Pesbability Funetinn Sultable Zor PENT
tiunte Carle Cateulations

Sasthor prebability function vhich 13 worpletely spucifivd by {es

Stroues and (83 made 1s tha follsuwing, shieh we shall call the $tnCos

At b

s !
Fanctley, £9r sLvlous rveassons.’
T peatoilily density functlon is: .
z PR L T"(.Z."‘Z . .;. £
f..(2) = 35y sin 300y * Bz H (30)
_..Tf,.- . "'.".(“i':). WG 4 2
 ae-dy iy ¢ M d
« 0, claewhaore
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the distviantlon funcedon, ¥oel2) = )(fzﬁtl)dt, 1s;
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. DY) E ) Gisoy ! 4 6"_‘&“ ) T T e
s Y RS g L2t oy
p-0 7 P8 (o » tErer
el 23 P
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