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9 T~ etdp1ierd to cn-.j~lose on aztiv~ty not yet

t 7 A~ !;Pd(ic v-1luo of Oto1 IrIco varidabl t*

to11 Z.,.'"Ctcd VAIUO. Cr ro of t*

25 An*e .jl~cwd by schi-duta for cO'vrolotiott of an
zc t ivty

12 Zlaipsd ti-o till the occurrance of din event. ot
miitil ct.tplat~Lo- of --n -?ctivLtY

TE12 Z.pert-:4 vil.e, or r-aan. of T*

T.5 26 Elti~o tiisc a't -.*.Ach an event is 8" eduled to

T*13 Li.±t.lo~p.- 'L-.e :n evant can occur And not
- 4::.;y tivi schcý,ul1:d cc.-np)lecri of 0:,-. project. or

t:14 latoic tir-.2 On ACLivity czm b~e cc.7pleted end
a-ot t!P.1-y the pr-ijet

TL13 Z::p~netd value, cr taoen, -if

Se 25 E-rnrest Qlapsed tirzo an ?Ctlvitylevent carn
!.wic~lutoa fo~r vcc-letloa

SL25 Llt-t ni~tpsad ti-:0 at whLch -in activity/evertt can
b:ý cch:ulcd iwt'ront csiusing a clitrqe in t . for

ý.o~a allbucquclit activity

13 Staieck for an c~c t'itty/avante. = T -

Ie14 - .ýpcctad value. or mean, of X*

c/ ) 10 Sta-.,C-.rd datv1.tiztt of tb,3 random variable in

,f2( 4) 12 x'erionee of ttie r-..?dcs wvideble in parentheses

r, 1 Cijrv-.iton of tiva rnatlre pt-3ject
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DS 8 Elapsed timnA to t%.-'z Dlzcc tild Crai:plett.cn Date for
the project

PC. ~ .7 Ilr'tU'bi.LLy an~rv~y~~ will be cm the

ill Prol-.:1Aflty *%i :cr~vftylc~vvot w.Ml be cc.-.3leted

'ýl J *.,! fore t~e DCD

1,D8 Wjrecrtcd Cce..'4ctic.n L~ate frr trse atit~re projcett

of t1c activity c;ii. re~scnably be expected
to ccflsurm

U10 1!%t l2 y Lati:-'rtt! fo,-r t*. 7 i eiapsc' tte, at
* t. r..ttvi.ty is t. 10,ely to occur.

oft;. LhC CLV c;-.-, bc. Ce::ctcd to c:~e

Trhe t.0ý of X*

a~oble* COP

Vi Best N



vie PEirr synt'-! dev iscd3 b7 ai sct:y grc.--p Unde' t-- -!ir'ction of

thea Speceial Projects office, Rurer~u of %%%val :±pn,:v prr~ct

in1 ortder to deveLOp a o~~eý.& for providing the rn'ntof the

;-'lc.:t n.Ili.11tic Z'IZJUC pro'is) - wit :j-.% Infrm~at.i.- r ductio

!!.aj to boa cont~ne,:uo1y a~prtccd of proarcss to d.ite for tl.e Programn asa

~ile uin be !.!1d valid rred c t ions is to cutleolk tw rd accom

Lishina pro.-rn % objecti-v4zs.' £21

The systcrn, ýis davolopeed, w~s a &I-not stride in imanasmient tech-

aolo.(y, and is cv~dited -. i.th a !-ijor contribution tow.ard zhe rather

Ssuccerzs of the F 4:n e v&.prnot prei-n ,c -:nly did the

: r; u cst.ca accon.pttsh. tha. ohloctI.ves alrca-uy Y.: rtfor~ed, ~tIt allowed

- ~ entto pi'df"et t ase;ct-.:itue in thoi* l;~~ carj'rmt whose

co-et1ontir~ :cd h a eirc--t effoct on tlhe ovoirail pro~ject dura-

tiLoa. 'Cha!O nritiCal activi~ties could Lhen receive oappropriate mana-

The r%,.RT s-Ystnm11113 since been e'j~.: xtensivaly in industry,

-d has be-in mrade a stan~dard pr-ocedure for m.nitoring res'ý.arcb and

Spcojects u-ne.-!r L-.? c-. ntznce of tl'.P Fader.-I &Overnment.

a ;!ýy 'Cc')-t'ICa of 0-42 Ssyten has been, in g.:nerai, c:thsi.lstic and

-:idesPread.

7,,!a syste~a has ~ri r-ently extcrndcd to irclude a csst control

'n-, ,,:k/ccST, u.4hich has now blzeen dcsignat-d the stn.ardized sys-

Leoi for ..*r,wktortn' fet;. rally sproxored R&D projects.

A~thci ~'~c11 th Cc; ttc.iI Path 14thd,-is pirfý'e Pe"RT in

Best-Ava~llable COPYi-



de v e 1,~ it - It is siz.1 I :r iLi r! ny respc ct s t-, .' - 1i; I Ck s. '

~~i2c r: ~ntL~~ f t! I, bt incv rpnrtirn; a cerreation be-

Stl;*!e2 'n.d Cost, *e2l~~~~ fto TOh1uJucti.a~.Ve

o f an.d NA.SA !1--.e Inopor at.td t'"z e~sr.ble features

* :Of .UT3.,j ;e-ttypc. .sy'tt'rj ý,:s stia-.nuated- tli.: Intcr-

.. t u inlsin Lha. f s.~Iso ~Jc C~1

.,.~ ~;i~~ver~'h. The -proff Linal, .jour.'als wine featured Trn!Ily

ih sts c 1 th~e ta,-s prc* fer m f Lnme:int

of~i)' "h syts ~:,ýnslidnt1io *n.1 iznLr;;rriticn of the sys-

;ýo I LVe. it i~s of this p~aptc ta cennoidA'ate rmzny

, ~ .'~, ::~e *'~i.:- :nts .ar~d '. x tens io~ns to the

I; %.i d zo 0 -1. d i.ts afalp..ess C.d lThc~ca7: tl-s, a1ccura:CY Of

L'~'OcS :ito e-~ccific r-:C.a.a~n

I tfirzt 'ýr!,,fy 6i'ýriýe t-,, Lasic ?~?.£t.,rfitically

-,,;o:i L.* In ur j f Th. yzta;:i, tunder pr,ýpcsails by which

t~-.r:~ .:~ ~In -,rticular, ve shall 41i-cuss the

~t-~ t~.'1or cnluiatiL.n of the PERT r ;r , nd sh~w how this

-:!S of t1i ci, e,'ý"clncLos inlherent in the analytic rmethod.

c'.c ~U.. stundtrd i'afIr/($OST sy--:tcm currently be ing

~::11 Ily cnd A. '.*: sloall fcl lc,', C~is w~ith cur p~rcpcs.al for

~j~t c~~rol,~ch~t!u~i~, rid -sourct! allocation' tech-

C~rt)V~in o theKPTnt:Lorl appoac

*ý .*; ni. I, *.n r f. u.u~ u re de s i.) 2

2k~,,s

.........-. ,Best



A!J rf'ýUlt -Of this sttidy. it to ecn t~u-!*.J :IýAt:

?.:A? ~ c.l-l ,t~t'ls r.y t.n'uca eInf.~trrr,.r in th'? roAuhlts.

t.'rr*i~ a '*Etc~~ity !ICiLttiv* iaviAu~e for %-ýttvity criti~calittY

c)a it~ra flON~.bI2 mar'.el (a.C ecttvity ccp,'P.'tiC-f tir~i providiftS a

r~~of ~:r~c~t* A1,% for varying iincert-kLaty 1,1 tire AltL~i~tCA, IS

(d 1h.2 **n;%taz C,:rlo týL1intqu.e 4!oe.% not a n th-A -ssur~ptiofls

*hin.*,,.e thtir,, I cur-.ey: in th --aly tacthnqua. ho-nna is capable

.(y1.ldin!;r, a.n lhtt=bte'~ in ~iruurocy 4aly h6y- tl validity of the

':tr 1-. -s ilLy ti---. tn tat ihis yr'tto-A y-..Iils the F;roba-

bility L¶->.L a afI.cn I.:Ltivuy wiiil La en tl.o CrIt~iC.11 PAth, and other

us. tul !nCor, ition -.ot r.tatnin.ed by in.i Alytic tect.'tque, .The ?x~nte

CL-O . ~ ~.% 01SLly provide Lh-I( te.Lihi .lity dtscussed in (a).

(d.) T' fl-C C.-IrIGtic dntua reqjuires increased C":,'.uter running

ti..'c. tut. th Lnc'-,:ae is :,ot prrhibitive, and is wi~il justified by the.

t; 'rovc,-ant in ~.~iyof tho results ebtained.

()Ar~so~a:;a Liocatiott techltqu'!. b-a'.e4 on 0~.0 probability that

jn..tivity in on the critical P-ath, is feiasible. and provide~s a reaACon-

.Iz-tilod of 2iun-x resource allocation.

Th.-I Mi n-V-ork (epeoc.ntation of the cc-.lIP Inter:etAtioflships

-t~a act~jitias in a ro ject is a technique which may vall be applied

tohe task of pl,*nnila -ai o~craloons.

3



it is r-LLO(:d.a-Ydcd G-W Lh-,, XMote Ca~rlo t.:itniqu. fur pýýT natwdork

c~I~tdfAS U. C~IT0CY1'C 1. LU Of Ltg',.ea'lytic techniq;.. A LvCtiod Of

.)cili?-fl this tccImiq-,; is eiscussed -Iti det:-,l in Ap~r~ndix 1.

Best AailabeICOP



'h a~ 7ZRT System is a r-':ns -I rc!I;t~iC'rC.'Ip tc-

tt~cmin t1-.: various -.ctivitics cc--2rtsi-%; a prc-It, ý.n-5 for :~tn

tlhe tfiýc required to, com~plete each astlv'cy 3!-1 tý-r 7::ýect is a W%0o16.

tji-! of rt!e systcm enables realistic sý ý:7u~tsto tu sed n the

,,y a p-rojoct -.:a shall caa cel!.-;:ticn t:f tj~t ~ccat.A c

e.'ch a nc~cessary stcp tcward the~~~~:rn of sc.- rinot etj.2ctive.

~"tcoiled p.'ths, of thse 2ct :Iv-tA,3, ;:t lr,ýnrý ,,equfrntialy,

t'o:L .', .ijy :actLvity in Ohm pnahl, ct'c V-ft-- thl.- tc ictLvity,

tiy ot be cc~zf~enced until its prce1-cessct? i'..-,s bean cc:ýplete'3. Elch

Ln Via t P-t.,* c-:~crept the '-,i~:1  .s a prad.tcesser

Int2p-)th. znc.:-l of a prcjý-ct '.a Vt's fc:.at rly b 5 spe as

rý-! *7- itrut~cio oE a h~,3use. '.'hcre the -- tlv~tt~ z~c tasks SLI%.., lay-

fr;*dr~, t~lll'~rcu-? wiring, etc. C: a pre.,*cc,: r.Ly be ý.s ccxplex-

es vcrvntof tlte Fleet Ballistic l4s~' yztei, %'4th r-sy t~ndreds

of m-tivittes involved.

iA ne twotk-of directed a'rcs is a vc-ry c .-vcna'-rL way of rc-Pre-senting

p rojp'ct. 7he ncttvities ore ropcrat,:- :j Cted te,:en'

tjt-.' rajii~rcdr tq cor~lute aa :'cti~vity !~S asi!Cilted Vt'h V~e l'ergth of

~3r:y ca.to o ne eve :f io, týc .e~ is said to occur

I.'e lst of te terint r'tg =tIvities Is cz-'Plted. At that

p':int in ~ ~-' Cttvitics * 14hC:'i C t i~~

JctAvainabe Ccjy
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tii ;n t'ho 'atrk in order to ai;V.vO tt~ f.r It .1 r ubu. :.y zctivi Ie

-;.,y er..VUe Ivy* tir~e, C.? L-ny r.*;~elcovt a ~4 .t- xu~ ~ CI4

44 ulueJ *j!4W* It it; ti? 1rav"Le£. C~ L' .. C 0

t. ~ ~ en a..,t~s ft Lft-LO (Initl Ljdctive, at Urn 4evtti't tight of 0.0 n4t- -;

A -o..y be d Uno~d :k% I-, vntA.- clý ct cve'Itz, wtht crtisi

at 0-c bm.,fnnfra .2vent afsd tter-lras ;,t Onse t.-d evej.t. hti rvitwcrk coa-

~si.zts of n..iy siuch patbs, ovctrIzp:Ln, t.lda.io clot-inS aeah

Ot?.er.

;V.tivi.tris gecrally corsu=4 ttý-;. 7ý1 (Y.Ct ;;'.ýunt eC time. to

.!Jct il b onsum'ed in trI; -y *: ActiVItY is O--t generallIY

'"n in Ifv;ce o-v I..o a t!ý. '.±itrry f4 C~ !0.tsl pt-Jectj

ccu'j Jti:,~ tte tL.,.ct t:-Li f. .~Lrd to vecplete anky

gtvcrl 'Itivity.,Ind could4 label. a -v-,t tikth '.t% .. Ctu~ *0

rcrlee. TI'o lon~~cst path. wi~th tes;.-ct to ti-i, tr:c'. tlý' iegirnIng event

toý tl-.aen .n4 ent could -..cn be ftu-l. *ZTt'n t~is c-th as C ed4 tl~e velt~cai

1 it~ O;levitieO3 C!, thf :~ie. ca CU c i~t.ic. tl slcA.Ils. Ve

10:1&0 of thei critical. P-1th. tte SU.in, 2t. ef the C.) -leticn ttt.*s fcr

.1 .Ctvittcs r.0 time p:'th. ts t!%,, utctl clý.pgd ttrIe f;;ra the iriuin

t m 012 -1d Of tbil project. anf. is caliA' the ý.Ntti(fl. D. It LS A~ardat

a~ i -. ll cbri in t for on- Uf t*:! -cCivictOs en th-t Critical Pal.th

* ~ciauzcs theo cac.e ce.ouflt of charoSe tin 1. bu~t 4 S-:L i.g IM t fc~r An

..ctL*.tty not on the Critic'-t PAth :~t etCO n ~ in D. mr-te it

is i-;ý.i~tanft th.-tt project beott at"O to P"'idtt ttA citical.

'ahill Grdor to predict Do mdin or~ar to aliontat 91,101rces, .S-1 £it~



sc *-C s mos effe-t~ively.

Ary .tocher Os~ L:;t ct .tical pat%*, is st.crtvr t~i tLn Ccritei1

pa t h. !I., difference in 1:t.sof t!! crltf~cý-1 pat'a 4id c,%: ttt.r~r path.

is cal1l'.1 &!-ý n lack, *<, for tý- nwn-crittlccl pat%.. Aa activ~ty er c.'Jnttr

. ;'~ ;Ith ny. pý4Ži 'ýMr ir:C2Ud;ý A Ptvl' l . Ctýit 41 ', s ttie

t.~'kt,~ crit ical P.3h t zer s t. eArty st1.gle rct,.vity r~ay be

* m;~'1(,:;s ":cI C~ r, iu aI tc ais s-. c~k a.!ut~fc~ccLar, t'.e

4 tb~n projct1 . ~s1tl ~f:r~ :~t~~ ~ .

~ 1cir.i~ '~tt.-, Lhe rCD. Thnslack fc.r LCct criticalI

t' (7),; - D). Slack fcr aay ot!-er p~l is (Ds Paith J

1.,sli'ck f-w ~. :..:t .vi~ty -. 7.y ;i~ eiclir pcsitt.a, rcs Alva'

S .-jil ;!rtivijf42S on L zcriric!.C. pathI '.r1J1 ¾ýve Ote 3 . .

f,. r Iny r- . be' r-ý~!t 'f~ .. curzcy

* ~~j'.-"tto cr~~- :-ri rR f!ctivw1y.

-,LLC O: . r!A t-V3-,- .~n, stzjeg, !:fea PiVOJ-

t v~ý: e re-quI.- L,ýccnleJ

Best A.,iab~~'eI



rax-. vir i s'ilts, .0rd C)"~'144 Iz.3 0i23 -1 t~ " .4c s to come-

r--.st'dn to CreJ'~t:~ j-.nit.i vitl~knW tf, 0 & 1*.*.-.1.~l~ ctttifst r4

E.),tonfr t* la a curv4 ~s~ ordin~sto .r ta t'. is %a e.%ue C1

L!* 11A~ th.it L* will fall in 0-t'~ :~ ~C.

~ *. .~crthe ct'rva fn a rpý-Ltn is tt' :7't;L%.lity 0t~i tk will

c~-rIn tý-.t r~~ tIn Fi;;vr* 3 L)'Q i~ti- .1 02 ý;dAd 4rca to tba

'A 'r n- I&e . curve is 4Om psrsubthlLty C--,t tO 51 .I1bt~c

At

~irure 3

* ~0,I actual probaibility eer-sity fur~tcttm £-: C- ds g.ttcult. It mnct

la ai ;;v tLs.a pertnd. -ece,!ticlly, it ;ý.g 4.civity 'wr zFcrrtct

aamU wit re pl-.



z- ". d, ay -v. tt tud L n. is r e-,ce SkA n::.-~ r -Ar. p s i te

ty fWC- i .ti,. . . . . .

'v . r. .1 ~ . 1 J 1 1. *: , 2 1 - A s -, : . c C ~ 'u r e -' r.ý- p c s be , w ei

f (l

L Su> u~ t <'j d te s tf~c J Sc t t :- t ,--I t.-.t

* .T.. ~ ~ to v, C r' isc'f.' t t-re c

-jLL~i~y :S r.

Bet IT"~ a~eCo'



I I.4 ld d1 v~I:~of unift4-Ial fl, tp~ncy dii~ttiulenj , ý,mwcd Wi. ~Ca'

-t, -. 6 .1-A P. r-n.i Cf V~s, p. Z:--ter rtleitAIs t1t.4

*i~c r.' ,i *r .: ctcd vihlu of 0. L y ta is. 4 tadcd-Us

-:s*, *s1;..a cc is a ui'ti of :ibN. if. Vro felluwLng c~~

t~ + ', +

p 
.p

ee~tat.d -'.1cussicn of the. 1PE1ru ~tibto s1?~~ l



~'~- of (!k~v~4 the cricic.I 4'1, th~e 0t.reo cstk .tci .
.:,j L T..., tisL of tIc V~i.1e fo*.mixta , for tt- e al.

*~ .:.,.c~dvalue~, or tn!-jj to#. Is usc~i -.s ai det~r~nnistic VAuc Of t*

id ~ ,~ .J.. Of Ow Lh i~i c! 1clpah to 1 es t'.',tw~zn X~ ý;d tloe mid-

A In It 011 e .. i~ I.; e o :f tlýn. uSU.11 tc.11acr~cy

* *. . .. t,3 . 1 .,'tiki. 2.. : i b jl'uv ;L.2 ! V 4*.' .. ' ftrx. x ' . .C

.. ~, r~; 1~:s , i:~e~dcf M as ir ~-;rnrC. 14?' - '.V.s~r ~~~

IJtn -1 O

" "a i~it h y~~t ~ s tl It L1. 12' i*s- 0.1s~ic r~ c

1).vI L1, rJ'L),tt. ;.L~i'C S tlw laa Ch c . n

122
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*. *: n-~ 54 .ftrma 1A w. .,ft 'ir cttvity U# t't detl:Ss4 ti -z wm~tll 0.0

1 C(,r 0~.0 ev.~nt *U~f5 i etlvty. T cc: th~t #.vtnt Ila

1! :s.iv~chc 1 Cc.. 0'a nlh'w ks 0~ a,' st it, a ts t ,

* ~ ~ ~ ~ ~ ~ u a- .~a tc ac k f'icis r-,A! ast I~tl t t&

L : . - -.-C~l Coll .S' *tc; -c i LIS.fp tu f h

v.:he: e -

1t (C? AYte

ti ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .. sue .5C !Cu= VCtf 1c'zf(A 1t y
* .- S j w 1c !c~ .Q: t tvlt is t- 1.3 O.Cs r. X; L:ý t" bE

* ~ ~ ~ ~ ~ ~ :- tt 'oc-tb ý£4I.WJ'

71 2TI jet~ týS p~h -j.1~j j.-Cl~e~t U gth

t-v -. "-d v c



LT* (D 1 ) ?'It(3)

h, L.! v~ vluc?, KErn 0f :--zk Ls theo dffe~ronce, TL T ST'cE

* eŽt t-is eý,ptre.ssicn fo~r KE c!k;ýcn'ds up.-n a~e stpLc r-~.~ rr-

taPS.

* ~ s.~.~ . arinliud to ua to.~ii V.: .c C ~ 4-:- C-:cr r Vs ýs bilt

* ... .W~St~,M, ~d .5£.r' .ctu ft V;u'. rL s-lck

All cvnt crc sCU ,%I

Best Available Copyj
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' . t t* ~ t~ .~ tt p r . -St tC lta1M - 1, s~ i~dy

't' cF ti ~re :4 o t ie tc .'C I 11p~ ter~ . ij 'at L 'c"*rk' ct :c1atf A
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%.J*id1y, if t1,!tt AC,) S*Vdfa1. PtIl41 !WIS Qt~tj f.t fl t~. ;%

~ ~ by cncV.:rLnS only the. 0r-e~~t t C ti!PAM~

t%,t uar'n o~ ra 1t-Lng jistreo ptllt-Lsttc !atur vsa.-alt.

.! .;;ra L~l eq-taitty likely to Lto t'.* P6016.e C-3* a Q&Ch I~~V-

~ ?,'i~yof tadrta loss ttm , C-9 -a- C.50. ".CpD 1

* :. .~Atli t~t tlh p:*zpj.ct is ccrpletel pricr to tt-e CDc:) is t". pzcb-

2:*3&UY tO..'t '-)1 of ','-I p.Ah lo:lrt.s ey'cced CA. )F ?C. loq125

--A .'1 calculate ?C 0.50. :':.r rnet-acrks '. nrApa

tha4.. 7pl. 1.1a ai1ý-. vi Lth Only crnQ pgdtniý'y ;Lth 0 .6

ý :Id ba na~littble.

Lflr-e to obtain a more gensital pcdcJ~tcn '( crtclit tt..a

0--- sfn:'.a po.t predictti'n. we n-10-1 to celvul~At tý.A- p(c~ab%.lty thaitI

(litt l CiU.ity crtea t t zne' %fettu3f P~C.ta~~ of PC 'lt

tbI:s .c-t '-pt of dv.'minnstrlQ PrCO'.a-Ibiiy t'....t 4 pirtt±cu&.;.i* will utiL

t of a set of virna~ varlh'~Ios, [p -. .%s L-t-se tih.e pl*

n I n'dendtt nijr Ler-nticially di.stx-uteJ. s*..ncc thls ~ t~i

is -'- Ivisitle anatcall. it is net, t~o-wer, -JifIf ;Ult to deter-

'%ine* t!y -'ýtt 1 Clo v'.thad. Thits ztz'Wd *ses retadly yields

CbTL.. -ýnd PC~ without v~srtinz to tb.1 -ssvott-ts %"Ic 2cr s



r jb,: %It nj'CuvS;-rY, Ii the .:rnlyric . :d . fcltZ dig-

*n~i oft t21i -- :zho, narI la for sp' cl ::.c uc . t' gc-

~~~~~~': ~ ~ ~ ~ ~ ~ "in -i:~ ~ Trbas it I r~~t.: ~ s t.!.: -'tribu*

- ~ L.c E. L~ 'ý. rbu 1, 4s. L! r cr u L on

t'..,. cý tin-t.,r rik.'cs his C-ez &Sti-';.fs, v- t!%-! r 1

ttwkn -'A t*i t t cJ"? r C'. di t .

-t "16.. cc.'-. - t .wil ccu a.~. - ,. ti:

z I d ' a t,1ý . :1xL1r t. .7~~ -1

* .- c~r cas 1-cl ~ ~ .p'~.:td~ 6. "t is

-cthe~ conditlt--:,, t'- :. : cc, P.:.

* -h n !.-. -. r * Jc iJ aLIcdc gr L, o f? c~ v.i en_ cf zcnstt
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'.' ý £U'f t Lt! c. -. tiunt tli't. tit, f.:.r ,r~y actLvlty in a

) Jcct is a r*-.dr.- v;.~rlýblc. As 0.,! preje~ct is p! rforl'ed,

'::-Vt is c~L. : ;rcot~ !~ .C.n. -ý ýcc:.~

C r attL i. CjLCU 3t.,* t.U . . r. r

~r r c.'lle the'.~.ti ren lt. ýr~.-' 1-zt~C~ jcct~f

.ýy v t fc t!^s m~~ri;. r'.Ctiv*ty z r t..l c

of t'~ C.O e CC L- ar ? f. rc.'.e In -w.- ',:n% In~pc~e

* a.. : o .~*a~ ~ pr-:.;. V1Ly c rc. 'Cn~~c

.,t vi y lri its c.., ur!-.3 in p rý' Lj -'X At-i

cal7tUlajtras Of r

20

Adoo elqcl!,AV I



.. * *..j !r .x C'- C'.Olu~cd -- :-*.'1t tf o7! cvre-t w4.5- -
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`0 *ýXt.rsic to'.:`-,0-T :

f~~V- z+. P.C. !uty o :os

t : ~~ v fe r rý tx:, n.de co..rrcl. s ystems

*ý-.r iIvt mici, :ý' cost rý:rtzrf.nt! Irc t~ures ~n tt t.r ' prce~dure

f.r 0~~'-j 'otrol Of ti-ff-z Ftrcl'-nrct. Tw~o i'~tZ!vir cptionaI

1. ~d~..tettit'ivor of plcjsnt cr-st, bre."en dw t.7 ~---rk pak

'~'* k_- tcd cs ~ ~I C cf tr'e tf :L,-, .. s fc.:

*- .. d zt,.,;r rsc'ircts ;:s a'. a~il to s:,ýu -n;aJ pteG-

.. :;.t. J~i.s .. -. , ZW. -ý,S :

* .. 5 .~ cv~..tin r.ft' -cztcc~,I w- . ts c t'-ii c t, %ch

*,s- z-.sc.,-tm ofr ca-:r.

23 pd-410Ar indo ae;qriB y s

t'- C-- cct(.~a: ~ a -Steff--:ccri us c~ tý..s ,.n re



ý!o : n,!itt of r~iUti~.ne PFt /GS is c-wtisiily as ftivi4s

.1. Fr Icct lpre-AJ(:L . The pro~ject is brc~ter. d.*.n it. tc tjj..

kr r ac1:.'Ls, sund or;,plbtcally rcpzes'~r.,Id byi a ctr~'rrk. 71..r Me.
S£cest r:-parting, estirl-i~tng ýV~d atr wSItn. 'l!,1 C . -

e.~~ clo'.-iid ritwcz1. rhot is, it r:,it tic- .

-.'- - t;A'ity due t6 0,-f tit!~

.AQ '.hia' CcneL ej bycxrr OCA if: C~ ':vr PA -y -'S.

* .. ttx~ 1-c n.t.f.c m -,,s be d 'V. nrs.n ato A3>its c(.C

* uc" u-n.3, urr tvl - Izl uvI.c .c .~ ~p.!~

~~~ur c-f t"-* ~ v.t3~rc .- utllz

. ~ ~ ~ ~ ~ ~ t:. e.a t CC,~i~L~~ p~~ rrO 1j.' t)j- r U a 1

r k. r- f nfrr~.tL P:c *~*~~ C**-g 4

~ *,.r:IL.er~ nL~or b i~r3.L'~ .Op.r3l~i~1 ~n ~c:.
ti. L(ct - ya.pp.t~

pur 1 r n-, r ~i -znE xv, s s cz -.1 P2,4'~

ClicltLovýp.--sti s Ici-itc5 q I~ -',wvr Ad 3t qeiAL.s



(b) Ccr;,'nlt *ZJt~n resources to sclected zceI~'itijs. cr realic-

cacei rcojrc u-thin tb~e network.

c. lt~- :~a 2reat~dma by slýll of rtpEcrzeu'lei

u~s.Cn:; ra Zr--s no4 InaOzt'r:elts infrfcitica a-td

.wc'~t uiI f !r-:rt of minp,3:cr ne~eds, 7 .i a tisis for resclodu1 .-

4.2-1:: to best utilize Pva!!.t-e c~.S&.~t3u IIng

*Ist~ ~r/ ~c~' nnpc*:r t'ce. Cre tic p.rici r:.y require a

-.. :~! :CS 1Ltt!C Usa : :i. '

%%. ilJ-,;ss of ct ies aust be cr.nsidicred. V~l actl.vitIcs It-ast

ti'-'ly to 1nc~Lcl.re tlt el~vious can~fd1acs farrCc g for

Vp*.of v..LiZ npo-er rcquircr-.nts. *CI:-t;:rrp~Crcfr: ne- in

-. .adrr PERT* rou, t. L-n-a".. pec c.r 0. c.e

on.!- ty- c: r..n'Iof 1fZ avai, ..1:y~f r.'( anid with

0. :1:Ž; h n-tdul. A eUa-tL*.31. ts. is pr'ýIul-

.'~ fr r~h L'L~. F:e i~s y to !es tO~, qu~al to, or.

lo e a-. c z ,,L-A.. *4.--L ,. m

* .~rc.~ ~:~i the network is corpuscd ;.n values of SC 4nd

S'*" to T,! -and TL, .dcterminfld. SF o~~St. aIs



r

,j,-'i~h~ .*: vi ty/L:v.:nt cnn be sct'cdulcd I r c:- lpticn. %~

C' .Icti-n Athuut c. Iir-i17 a scheCdule eLp~~ fL-r tl.2 picct ce-

t i.- a. :~~~ s Ictivity tim imra CIF As a £:.n.:l. s .

*.iý n~ mi rfter I:-, tc.-rdulatc Is c fin l x.c . "

l i e_ b_____C S 
A

fI,'r O.:it t . ''.: Aclc ln ti-. e~v'C t p.zC 5

~ £p'.d cIzC:. Af~dtc dt!- cl,.&b is Afi Lt:CS f co~st.

f c. t.. i . ;A S

C -F in ~ -n~il~i S p, 1t r' L t .0~ u:pCij cf- Ltý:!;i tc f 4; r (~. ý stt-

c ..u. 3 r,,jis, tC~ l .- ad -:rr cie -WO, t ne

-KL--A c i, P.t i S s t26tn

Ldo e'qZ9 P(.p



r~nL tcltrielutt (in 4odrr to mmt 0 eeut

:irst a p14 .4 (cr.A:l;!t4 dosipOcd to nee tv.. prcJ-clt tp &s

"ev, :-t f(CC,, plonr !c fcm~ulate4. in Uhc zlý' t.es de~l

tl',ti'"L~s a~re wuid in --rt euet-ýOlclrss !dn!I

Suu., is wrt.%do of :m-I. ri Tn r'S. ratsultirz '.n 'ti'.t

. rrt..f cr the pcsiflct. T'7t~l Ccc~t is C~er:tY lc~ fcr tt.:% pan.-

~iw~y. ~ 7~~PI4.. is p:;Pcs"d. 'ýc Ptp it Ct Imec a

pl to ~ 7.: the f.-c-,bility cl lcý:Jlr t~c Project tcr aauo

d ~ t'fl C!.t pre.fc.-'d by t1-n ca-.r.:-n~ n:y t-. ':rdmc to

.I ;% e.t~ r.l.-V to .~rrive, .tl tic :'tcst ttni~ F'r. t--' st:"dule

-i: htu'l*J no'rvily C4 in getscnce, e~~~:~~ c ~

y~il ro.,cbhes. to thi" vr'.bl:r~s 0r -!.,sgo z4 c:,.5tctict..

All toy-verve to incecoze 0~.4 toc!'ic..1 r'Sk3 end!I tie s'.

ALS cost.

-2 t'!-;ic cptrian .cc p-cs intr-d to ttkri -~tracti:.s zer'A:y -~t& 4*ci-

O z~ nd ttI-c. -.Ai ost k p.rx~ctr l . cn ill. TL .A tech-

c,- P~T/cTcs-t aystc- -.s the prirmry teod fct tbtb.S Cý tt

ntrd.:d to pr':p4?e the threct sct-'dule PtCF.S311.

'M~tf ~pp.rt hS -4VP'pl!een t pZ~ rk E d J Pro.

C I.th ''idto ti~ tC:'-o~Cst trade-off.2 :'-ertp;C 64 cParatlC
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e i'jrerti'n tiri!-Cost re1;-:1anships. (Scec Fliure 70.) Fffict-t usac

* ,*.~ . * ~ and cxistinpg r,:v'-ircc.¶ tr.d micbfncry r:iý' res~ult in ~hd1

;~~ t~ce, L.n to .1 nir1?t rrvwlt in ~; r (.!ts -!u%:c t..t-

jf . ,diti~i~nl ;:r:.c'.inry or *.p~c, ti1..!-: -A~ cc*: -1:.t*'A¶ C cr

Fia.re 7

..C.....liz. A would be~ 0u t)St ici~A.lfor tjjis t~ctivit":.

K .C.. .di'~cuLESti!.j1.t12 t. ~ acr' ct.iC ctivities. no-, nt-

iA, t1n 4 C_1~d rd~p cjt clr'.ticn. D.

23

Bes AailbeOp



:f DDs.rele~eI zc SOen'-awcritical rrn*;c. L.,

.r eacll activity W~I tI.'i crictcAl path, !CorL.rline tc inrea~se ini

.t..., drii.:~d by the 4t!.cre-:c .r Cr. tr-a th~it *41zld iccc'r In =nvng to ta.ct

t.-Zc~ P.OInV. ThiS I- tl~ slope nrf t'-. ti-m. crsct curve fx-r

I! t~.: zte. as th7 .~ctivity to raschedule.

ift~J time re,&a-ctkn In tl~ critical path c~:cedc4 t~he differenec

tjs'le" the criticl p.1th and tV%0 sn: 110% lack r~ot vn the

* .crLUIl c.1 it bc~cns.-:s accessary to rieconp~iea netwo~rk an:'s dete.r-

ri'.: a critical.iVh - .1-c v:: e p erecis E-. r:pentcd as .tf 48

ý;.;z ratis aretheni t-1:,irc see ifc any activi~tics cay b~ex-

7 -;'irEt to np:cto is usually C-- the l'-!ft c.' t:ia, ntiii-

:t.t c-it t with r-ýspect oai~y to eirect cn:;-t!. After determining the.

pc~ i...n wi~ rw..**.ict :- Zirect coats, a utst !s adc. to. de-

%rtr i reý!,cticn -zli the t'D-ý would r4:su-ft 13v loucr

-I costs. VLsis ! -:ne bya on the f.*xeA costs for *tbe proJe'rt

U -V ru-v~ i~e~tn tl:-'e. if furtlher ti-*. red;;ctiorn r-

~ l~.'r w.~.ici~r't tle~n Curt~-.r timercto spfmid

U.'. il toti't cq:ts rc.mch a m~in~im.

';*,-, is ioen 4-.'ustcd as r,-:ccssary to reich. ~ar o~ci*4u! ICy-

~ ~f -c~to~d et~r ~z~r~cs wthin cjic ~xistin .'zrift

-. :.i'XrrIn5 total cost-

29
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S............................."........... '.... "... .. •

. . . . . . . . . . . . . . . . . .

I ., 1%:•h •fr .eso,.rc, ALt-caation, usirS the Criticality Index :

Se. S.ctOi 6. u.2 po!nt:td ou. the errors imn the concept of a deter-

.;-i ~ prediction of the critic.it path. We also showed the optimistic

*-t L.rnc In the n.i ..•;nption that the longest path to an event will

C. - r:Iean len~i:h is greatest. The MIonte Carlo tectnique

-: cQl;, ý n thifs assuption, hence, with this techni.Le we" can

. PC. c, and P with accuracy li;,Ated only by th6 supervisor's

*...:.: Le.;... * o.:r nppro•;.:ri-..m of the true pro..ail ity *distri',uticos c

. ;.Cttvities. Ve .hall now develop a system ror cpti-u resour-ce

,, • - uLii:'.tn?, the critic-IIty index obtained from the 11nte Cs,rlo

L . . .. i.o-t n . ;

,.rcr •,u u- this :-,.thod, we ,Ust require that a work package be

¶ • ,, A cl, vad n.it-?..k is a network with a single bcg-nnirng

.....:..nd a --Zle end event. A:ti-ities exteri'a to trho closed notwork

.. , ..':. to, jr -.inate froi.•, ev,;ts within the cicsed network

",be,;-nn!n1. or 4:, d event. (See Figure 8.) In this exc.rple.

*.., v-i..L, c n.,'t ir.cluded in the work pack,-ie should be incident Mc.,

. . r t.. ....;nts C, ' r D. ,-hon the iletw.rk wo.uld not be closed.

.. ..cr •.-':a •.ntio i. ic .n tu se rce illocation supplcrent

- !. *..-indard ?'-T/COST -nste-i, although not stated in thl.a PERT/COST

. . '.iat tie closed r.i_,v.;ork r.ay be integrated ind repre-

"." i.:.. activity cor:ct-ng events A and E. Sore PERT ccm-

.'.< .:,)g-'-• n•• n xisene '.e clp.r.ble of integratina such sub-

.f(or si!,:?lific.'. n or the. network for the benefit of higher

tBes
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A,

A Cli.sied Xvt'ork

~ ;'.xt .~I chti*.t theG in chige of eacli w4rk pacitare

i-a. placsaro b:~C1t2 y jroints on the tit.-cost cutve In~

I-, t~i;n ýipc.:int. ::a points to the rig~ht of the atair-.wa cost pcir -t

r u*-.1ttc~d. ~s.tiia-tost infor-.,tLen is roprecented as a set of ii

Lt!, (t,,tzt), In t~sencdtj .a.,Ž of tit-a and carreaponding asc#aad-

'i; .rt*.r o( cost. For ex=;ile:

12 waks 60.000

10 v~clks. 90,000

'1ý, jtj~ c:)rreop-.njng to the -,tiinitm cost point is W400a 3s the

I ~t 1'.*:ty 4 ~-t . i of activitY cvr%)1ctiOn tirna. TI- addition& .

t4.~.~:fx~.tn 5 iS'nd P. are also subnitted for Cho tnLaniu Cost Plan,

31



~ die..~~ ~otd the C.ýrresp-n~elng CoSt Alre the bIsis of tj.e

p)ro L in ia:ry 4:31cut.-tion of the i:ecuirk. F7rom this caElculation, t1..i pv.-b-

~a~ijLy, ?j of mý.±ttr. the project, TC tu determitned. Recall z!iat -L

~~ is ccrtsi-!-"rably monre aal. s a result Of th.e '-*OttC Carlo

i D ISu.:L1hy sc;'aLl., t!.., retwork -.wzst lie co%'%pressed b~y rc.-

I t.yout aiwd.'r .itl-;zting m~ore resources t~ .-* t'

in o. -2- e r to 0chi.e- sLE'Prtcr co:i"lIc-tinn tiMO. If, z.frer

~ r.~~ork d--inn is c.ni~ dfteasible, the network m-.zz 1-f.

c .t.a recource ajýcj:o- phaseo of the propram is ptr-

to *.\t Lhu -c~c~nin ti, a~ ý;hevad by using the T-C plan t.eiri;

-.-.c :. !;t ud Wn :-'h2 nctt:ork catcullrti~o-. 4C is

un .;Li i:.ntratc in ccst. '-.f -. y co-sieercd as t~a nsuecred

.-f L-*" i~hlch witll be bi' ni.r unit cost by selecting- c.e T'-C

2. 5'n : sco.)-i-stir.g of e-%ch cr3, its correspondtng t

.1 t~j ~ ~*ir.tin. this list in descend'ing erdler of

3. - .-. t r.;-~ ketop of t!,e 1je.t, a suffLicint nu,:c.r o eue

:!~ t~C e.1of..n~CZt' does nat exceed a pred&icrz.L:!.

bes v.-Iu fo p may~ be !!!cht.reuiCd experliZtn-

is , rlade. ýo c f the list, bu.st only c *1

Best Available CopyJ



O.~n, ht witO the 14trest At, in ri-taIood for .ny an*4 activity.

11. 2rOt tha activities ch!,QAI fu~r th'i* redtini, the ehLa &,:cd-

* .iv to the situ T-C PitIn Is t10400 .11 tha n" iOVvltt of 14. The ritt-

,ztjsu for p and 0 are revtq45 e-mwrawrd lay nultiplyin by the :Mio.

-;I-M (This Pr~eed9Tr. ra1y -%* subjeet- to q40estiee-u. Anotbr tte-tboL.. .-

.:td ~uto raqititra P :n4 .i cs!iitcs (or oich T-C plan.)

5. Uth tha new tt:-,'a *Jcoit deinltes Lot the accnlaratad act!-vi-

nvurk is j2Zttn c-Alclatc'd, aind PO dn*rn4 l ctly...es

~ ':~nW-v VC. Th., 'urijtion. and P.are agAin evaluated. If

* '.~lnthe prorezs r-iy be continued until either an 6ces-pt-

is %lttai-ad, or Elie b:*I-etary lii.-Lt is reached. The schedule to

umtho baqis of the t~rm plans use d in the last notuark calcu-

.- 1r.. coniratioin of -v-poe mdt other resource leveling.

'~o*e t~d, r-~:~e:ire allecated whare, Probabilis~tic-

*v :.ycani be e-p;~ t,) c~ntrib.ute =1st effectively to shorteningi

` .,rntion. The rý-.uirc~-,.t- for toeveral feasible timo-cost pa5,s

tha ae'iiti~naI pur'zse of forcing line supervisory personnel

~ ~I~rthý: titc-cost rat.!.ti~anhip r-are carefully, allowing operiticn

't. -- ;t. .Ž(icicnt pa.i-It on z*.,, ti=-cast curve whe-never teastble.

A.i value for p c.-u he deternined with a few experimaental

* .. , e thi ;raa.r.1s. p should !-a chosen as targo as possible to order

tho lu:.h'er of r~etw.rk calculations required. but s-il2. enc-ugh

-%~it~ Z;co--rivo caitculaticas peottuce a *iaoth coopnrtssio11 of tie net-

* '~ ;ti~iof time proZ~ra.2 uitl tend to decrease the differences

* '.ha %Tt's for time tctj-vttes, which is equivalonkt to operating

rj* ;'.;ti..itiCS %t tihe sa-c level ef expectol! oar&inal utility. This is

33



Tt:.i Lui'LS tO the sytn throe tit-A *5tifMatN Gnd aT-C (-*..LCIi4

-it~it cnep~t of proaresd ýý.d cuo.a mmlteoring euivii.J Iaa 14 01 TýIttT

Sfllwj 4iJ~agra! of the 16ýjc used4 in .Mts nmtource allacAtIl, c.

Lfl Appendix V.
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Ura;5ISica POL AY.to t&. prcty by7 .-.. zs. of the .n..ntv , UYths ,

plex rtalattioohips, t'. blas th~z toe ('mtion with grently iocreated

c Ljrt-;c.-zss5 in their r..'a ij;*LL copacitr.

A -:ilitary oper.atiov-t' L-% imany wiays *Ir.Ll4V to a davelop--ont pro)-

tct. 'as %*ornItion may be *Iivieo4 into a nvr.~er of tasks, with Cany

* jiLtc~rrajtLv'.-Aips caistifl; L-a ndividuot. task$. Itence, the not-

tiork r-my cecva t%* sc:;-us-eful fun.-tion in this application as in Ladus-

L ;-m aS8 of Ocilit.%ry plat.dtg knotm as "T110 Developmtn~t of the

~t'~. ~i ~vhonof Onc rlýri Aetiom.' cre o st ca-dilyttere- T-

Uited ?.y tIho network P~po-h in t,7.e forz-311ed -3illtAiy Planrlfl .

Sthe ravelopý;.znt of tlia Plaa phase has beenr preceded by tV.e

ti'tcof thba Situationi." 12 uhi~ch the aftsiý-ned mision has been

~u.1 .24, ;ý.,sibla outco=2s baed on enemy capabilities and altarnativ*

Scoa~cse of nction have L,.n, aoial~yzed in a ^,a=& theoretic c~atrtx,

* ~ da e:oiston h:.s ben~a rcachied ro~arding a ~Cneral course of action Ito

t~s?~I *. >~l e-&evclcpLnsj a eo=;lcte_, duaLsled plan for

the Irr!o8 fclu4Ln.3 cr adizin3 the a~vail±ble force$ and &ssisulax to

* o.'ch ti's% u&it tl*.* opproprilts Ittsks which t~aup the general pled. At

tthtr at7--t. Oat~oled p1l&nnina is 4*ona in uwhich traintn&. acquilsiticat of

it,1tgttLZ7.nce, movcmont. ccrz.valca.Cfons, lo:;istics. and battle .ictiotiareC
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C~,~plantt LeinjLs with an Iinc±ial concept, whichl may be rvprC-j~aL.d

by a c:tvysilent:* e tasks are stated in brod /:.. .t

~C~?i~V~t.As th6 plznni- 1rcc-nes caore detailed. tbose init~nl

i.::~~:y ý. cubdivided into nvvtrKs of lower-order tnsks. %Ms ~..

La :. ?'t tt~vor e csof cc ujion receipt by L:t~.rb i t*

netwirk udll aild it .r.7 is;I a f~irm schedula f-.r ~

* .thJ tILO 34..'a r -.% is ~oi~n irnJistriztl projeetti.'z -q

. it,u bt 2 v.i.Iuable i~d fcr brbaftngs for subordinates, si-,r~e

S*.nable th.!M to Lb;,!tter t~ia relationship of

L-3:.*~. L%:2~~~i operat.i~n.

rn.rt. rna... -rrv ana(LPUY :.

.:clr ss is ir.i': s rc--rCLed. Tlhe offects of OdQlave ~ *.:

i. o. r .S.:'1 .e rA v z. t %d .Id c 0 rec t ad.

t i a. I
4

* Cc c. nt c a;Incrcxccu 1r1hUU i b zh 51? 1 1

Ito to critory i-iirlot a~ -e:ierrted by One tic Lork shI-_.- ir. F 9.

-~ t.ay alno bei tý la~y-out tch. basic strntegy of a prc-

* *.. * A -cry -n : -. _ sze, ta~sks wo'uld bas represenu~d by

y.~. <rat ions, such As: "~I'Ztz Islaind B," or "Cut nu;ý;ly I . --

* ,, .,:cedur.Ž is -.iir -.-cit em.ployed in the a eraticn jusc dlis-

* ... , .. ~pt iat it tnacs ~l:~cvar an c.:tanrdcd parind of ti, .2. in

.......,proposed actftiý-s i.r. ,Ititativa, or the rclccicic ofa~:.

* .. . ~tr-.y !orpcnd on f_%:..; orens such as the cc,:ts :.r

.i .viu .:>r, -. r r-n the subsequeat enermy rencticfl. :;

*~~ý ..... hIa nccd fox i. at a1 prticula onI tc::r

36
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byst wln a 'J2c1Rif4f box" in liou of an t.*ant at th at point. Thai drict-

bchsco.re than won taik" 'A~.*tMting f' it; 00, dotision, to 13.

Fr.Id. at a'va dator'lti, 410t@Ttrainifl w~hich ttý"S) to bo PR.,formed 4  yia

* iiuv.)rk th.ýn pv,.:cdedA to AhOV One P15nilifd ACtioin to be taiken fut dult

- *-- .. ~ iva -ri~ie1.0 it. ano~ti4-'peOf 0, ;,*ttoa of such A Stat~eto

* . . ~iztL4ork. 1.A
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t*.iito Carlo '1ec1~nnquoi; vith th~Uat tot' isbtciscon

Tbhe sn.4al for 'ctisdty CO).Platon time. t', Chasse~ UY the irtffltt~s

or PtPRv, is the aIts. rrobabittty dttrtdb-jtiae 04hacteLzed Uy itsa den-~

C.*(.. K(t-4S) (1e-L) t

tý.y r.jv~ca this to the Gt~ndnrd Gmri of the 9.2te ditsuitmtLof 67 tte

l~~Ctr~ncformation3

X* t*. - 6

0! probz-Aity 8.~nSitY function Of x* is.-

varir.tble, X*, Is aquiv~t~int to t*, ulere 0 0 and V 2 1.

T',,. tc- parsm~tars. 0 an'd P-, specify ttha upper and tower limits of'

.jv~artaitioa of t*. it ise now ýestred to a;-icily the roiaai~nts two

C4 ald (*so thegt tha -. oda of tlV.o densi~ty function occ.~r* at

&P o thit the distributicn has chi qlesirIMd varianlce.

- Ut ii a "73 Od"ont the C30- of Y.*. By fIndit3 tue ro~t of f*X'

v-r~tco of x* is riven Uyt

d2x) (tt+r42)2(4.(.Ir+,3)
va daOsre that the 3t~adard deviation. e (t*). t. exprehsed

uh~jro d is an arbitrary coastant. Vtha do(X*) BY3

di

4tI



-.- urn 1ha e2t~ obtain tite folioWIng relationshl4 .) in -n-f

;4 c~n be datermatned as a functi-in of m and d by the above equation.

e-trmnd Iris s~pecif ied by solvin.- equaition (8):

ha:7-!-,~n of is si~ vert by:

OEL+ (12)

iaca rito~ deterolirvd from th-z cubaic ecuation, (10), for each value

t!. eý:'tto of EC:Ni is cuz1berscj~e. In tlee ?EiT Leta model, d

~ ~ aQLLthis~ val~ue of d, 1z s r;pro:x at.ely Liner'

.-:.y 1;a apoxl;.ýtad by the fotlo-4in-, relation:

* -.*,.. 
4

.. nto t* yields:

E ~~t) a 4..2 4,-1 + p~(.) -
E t]6 (14

1 S-ilngfromi the Bata Distributicn. T-here are several Scd

-,encrxt ing routines which yield rpund-= numbers froma the uni-

Sdistribution. '.,' shall uze the tciqaof the probability

~ ~ ftionto tr-a',.form the rano= .:-b u, drawrn from thte

,1) rjisribution, to a corresponlinZ cz~n~e froma whatever oti-,er

*~*~'i~ribtion we de~sire- 3

t r.-ý3 or-.-at ion depeends on thet follouiing theorem:

42
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*.tv. defin the randnc m .l

U m jf 0 ()dt (5

*~~ ~~ 4 '*1 . IntrA t~rit-Otod rao-ý votar'ale an the Infitvral (O.M1

.1
tl-r.y ue inverse function, v s 7P (u), to transfore the

u~.± uCo~a thle uniform (0,I) .Itsvtrbution to the cQtroopO~dinhI &A.po

v. frwi tIh3 easirad distribution.

F K*fl y K ?(1-Y) 4y (.G)
0

~rtha Z-t~t.udd x%~. o.ust be calmc.-.I-d by nun'erical t21tea3#ti(?I

In 3rdar utilize tile prcce.durit rivc*n ---Jw; tot sa.impling frefs ttis 413-

r l ' -. 2 r.'Iy st-cre, the tabled distri,ýstion functions in the :c -

0 f- c:~o and use, a table le-oit-up r..~ieto enter thle table with

c~~---L,, u, nad 4dettroi~na tie cO-rcýPOIxding value for x. A

c~~ut 'zL:tr'.i~.~hfunction r..ust be stored for each of tile increyets~t

of m. a-. fo~r a 11,Ated nur~.ter, of values of d.

The in.113t C3td for anl activity gp--ctUts theC choice Qf d vhich best

* ~ e sti...tor'a %;cat~ity. :.1l1o specifiel are the three

1. m arnd P. uith 4 and it s~acifted. thle proper table *&y to

* *q.Licted. u ts produced by tie rando.3 ~tuct; genertor. Tha corresp~fld

01";~ '1 -r is Ob-ined from th~e table. then ttansforeed4 into aree1Lt-

;Itiof t* by the following& transromation

* 43



T.-Ov~x E Orourt I aire tables of dintribuhtionft unctionsg Joe tj,

nu2kt.t disttrib'ution, with 4 t.-t1&e an valu-is of 4 t~hrough 8, t.4-

r~pI% t*;cly. A 4v"totnot funlction is eivetl f.or each of tt values of t.

.% ad~-..~ of LIIO uea of tO.a pro-cedurao~vtsc above, sup.pe 4.

ilP 1, tS, .iuO 20 veck~s,_rer~a~ctLvalyp da~d thdý select lan, 4 6.6

M. 0-1 i1.. .37S S J upp.oje we drot, ~tt rondon nuber.

* 95. fr.:.;3 th, uirorr. ra:adcni nuee sa-oaraor. En~tering Table It' !ora

M e 3, ~Lti.e. r~:fL .795. w~e obtain x .50. From tiei tfible Ur

.4., 1ii-ir O~tL~rpotatiof1 yields x s .572. Inter~polating between

9%..v t, t.:jtuc L.-f x. ivo obtain x .!54 for n s .375. The coxxcspftd-

i.~ .;iii~iznof 1.* is t~an 8x +1 12 1 6-4.

.' Ctiqt cca~d routine di...;icd to I rcf~r= the above tal.uIe

~.:.! : zi1 re.quites zp?.-o::taty 750 oicrgsecrnds.

Z-ýros 11. 12, ýnd 13 aire fzm(UeIs of curves of t-,a prbebbitity

~..lziy . ~ forSi x.; coresodina Lo 4 4. 6. r.id 8, vespc-ctiv&t-1y. r

4 4



,A.Ig. a.,,a'.-D vo.e .a&ull ur flut bIAriUAKU uarA FUNCTIC•NWITM"O W-
An .000 An .079 An .174 An .210 An'..3')3 A' .500
G. .720 G= .71,, Go .61)' Gm .•4 . 509 G- : lCo

x X I4 .000 II. .100 mu .200 V. a .300 1;= .1o00 Hot500

.05 .071 .059 .047 .03" .025 .0181 .068 .062 .051' 045 603? .C29

.20 :309 280 .2147 .211 .175 .l14

.25 .301 :35 .316 .276 .234 '195

.30 .1151 64z21 .3P,. .-S!, 2 .296 252

.35 .516 .037 e451 .w.40 ,360 31• to .5"9 551 515 •t 73 1424 . 37ý.

.1•5 .67 ..,61 .578 .53' .*188 .0.43
.6 1 ; .1 0638 0 .552 M.Soo
.74fI3 .722 e6914 / .5,3 .611 SO61.60 .790 . 7"12' .748 .715 e674 .627

.65 .833 0; 1:a .797 .769 .732 .688
.70 .%3i2 , :.A 0 .143 0 a *319 .707 74 B9.t 0o( .397 .804 .865 .839 .80
.80 .936 .030 .920 .- Is .Gas .858
.35 .SIM .157 0951 .9, .9?27 .907

9.0 .981 .979 .975 .970 .961 R-,.,S .099' .V2, .992 .950 .987 9a2
1.00 1.000 10000 1.000 L.oco- 1.000 1.000

.SCO It .651. A- .694 A= .71V A= .720
C..- .393 G= .2V0 Gv .174 Gm oOT9 G= .000

X ,".- .600 ;I= .700 Ma .$8GO F: .9C M .1000
.05 .013 .010 .008 .0C6 .006
.10 .023 .018 .015 .013 .012
.i5 .073 .059 .049 a .t&3 e038

.115 .094 * .080 .070 .063

.161 .135 .116 .102 .092
.213 .181 s157 .140 ,126"..i5 P1.58 .231 .203 .1181 .161-
.326 .2.f•5 .252 227 .207 -

.5 6 . 3.12 .306 :.77 .253
.50 .'0;8 .'102 .362 331 .304
.55 .i12 .16, .e422 m:.38 .358
.60 .576 .527 .ieu .44.38 . .t 15
•-S5 . 10 .593 .549 .512 m .477
•(0 .70'1 .958 .616 .578 o541
.s5 o766 .724 .601 .64;7 .610
.:10O .825 .7*9 .753 .7 1S .681
4'15 . U. 1 . W,52 .1321 .791 :7560 ,9ý2 .911 .309 .065 .8 4
.-5 .,75 .')h5 .953 .933 4916

I .00 1.000 1.000 1.000 1.003 1.000

Table I

( 1 -Y)G dy

eet AvailablS=oable Copýy
1.3 tic :epiir of tile mode c
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: :- ----. -I

OISTRIBUTIOJN! FU:TIVC? OF THE STMN:C,'-D c.TA FU;CTI'04 WITH D =

" An .000 An .217 An .509 As .aTO A=1.262 A=l 625
SG:1.P26 1 1 1.1 G:2.016 G-2.030 G=:.093 G=1.62-b

-
°"x its .300 if= .100 It= .2C0 .= 3c0 14= . 400 tin Soo0

.05O .11 I. 078 0044 .019 .007 .002

.10 . I0'• .Oc8 .0$,6 •041 .022 .010
:15 .353 .2818 .210 .132 .072 .036
.20 ."55 .389 o304 .210 .129 .072
:.25 .546 .I:0' .398 .296 .197 .120

30 .626 .570 .429 .385 .275 2 1
•697 .6sO .575 .- 7S 360 2p

, 718 .6.3 .56i .1 4, .3 9
:4 5 :.I 778 .721& Is3 .54 S1 .o413

,55 .3"3 .87h .840 .a7 S .698 NT
/.0 2:3 910 .1305 .241 .770 .671

:65 .::: .939 .921 .a ,09 •833 .749
0(0 .166 .961 .94i9 .927 •O87 .819
.75 .' .977 .970 .956 .929 .8800

8.85 9 .a7? .961 .928
.135 .095 .595 .993 ,9C0 •982 - .964.

.9)378 ,998 .9913 •3 * ,"7 .994. * 907
1 .coo 1.000 1•0CO 1. 009 .999 6998

1.CO 1I.00 1.GO0 1.0C0 .,0 1.000 1.000

A ^1.1.4 A=?.030 A=2.036 At--!• 51 A=1.826
G= 1-3 G= .*070 G= .5C9 C= .217 G= .000

A ,= .'R o :0 .700 H= .800 :.'= .'.co 11=1.000

0.0CO .OCO ."c .000
S .',O5 .002 .002 •001 ,001

.1•0 .010 .07 005 y .005
.0 •3Q9 .C75 .015 .- 12 .01i

.%#1 - .030 .023 •020

.1 .713 .073 .051 •Z39 •031
156 .111 .079 .15 1 .05'

;0 .230 .159 .115 .cG•O .075
".216 .10 ;26 105 .....

.i .283 .213 1170 .141
S6 .M57 .276 .222 .185

"" 553 .t39 .347 .262 .236
C. .64O .525 .425 .352 .296

.2'5 .015 .511 .. 30 .365
.75 ith03 .704 .602 .516 .444 .

71 .710 .6:. .6'1 .532
"",)28 ,.j58 .7g0 .7 12 .632

S,09 ,3 .? 379 a n17 .742
5 .993 .731 .956 .922 .865
.. .00 .0 1.000 * . 1.000

Tabole II A.

yA (1-1) ey.

5L6
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' ..

IV ' DISTRIBUTION FUNCTION or THF STANDARD BETA FPUCT|ON WITH 0 6
Am A100 A- 361 Am .091 An=1.57 A"v2,320 A=3.00 C

G-2.n72 G-3.252 G63.565 G=3, 673 G-3.480 G=3. 000
X : Cut] (i. * 00 M' .200 -1 .300 1- .1400 Ma" .500

.O153 0090 .035 .008 .001 co0
to0 .131 0109 .071 .032 ,010 .002

.1s .f5•,' .350 .222 .107 .0040 .012

.20 .564 .4172 .3i8 .195 .088 .033. 2 5 . b -,1 . 5 8 1 : 1 . 5 4 . 2 9 1ý .1 5 9 . 0 7 1 !

.30 .:71O .6"5 .563 .4408 .248 .126

.35 8t05 .755 .662 .519 .350 .200
0 .85sT .o20 .rT7 %622. .458 .29C

0,,72 .818 .7,8 .567 .392
92 .9 ,912 87?4 7 7c

:5s 93 .,943. .917 8 6a
60 .1? - .9964 .949 .913 .838 .710

0.9(9 .971 .949 .898 .,8000 0, '• 909 , 9 (135 .97 3 9 142 ,87 4

.75 .195 .995 •993 .987 .971 .929
",.998 :997 1.995 990 967:85 .") .999 .999 999 e996 09

.,70 14000 1.000 1.000 1:000 .999 .997
,s 1C-9 1.000 1.000 1.000 1o000 1. 000

1.00 V.000 1.000 1.000 1.000 1.000 1.000

.3 .1 A=3.672 A- .56,S A=3.252 A=2.872
G=2.3•I G=1.5Y4 G= 891 G- .361 G- 000" 1 ;. • 0 ;3 .7 0 0 MI' G , 3 0 V" 3 .9 0 0 N .1 , 0 0 0

.05 .'30 .000 .OCO .000 .000
.1r0 .00 .000" loco .000 ,000
.150 .O4 * .001 .001

.12 005 ,003 .002 .002
r 9 .013 .007 .005 ,005

.50 .0 .027 .015 .011 ,009
5 .1102 .051 ,029 9021 .017

1'12 .0 7 .051 .036 .029
, .259 .13T .033 .057 .045
0. .03 .202 .126 .088 .068

3 s - .282 .182 .128 .099
.60 .5.2 .376 .253 .180 .138

,..0 48 1 .3,28 .2'5 .189
.iO ,752 .592 .4 j7 325 ,251

".i5 23:41 o,102 .5546 :419 . 328
.90 ,012 .805 .662 .528 .421

3: 5 *, .9 . 3 .718 .4650 :53
.,,;0 .'ý3 .956 .134 .T81 .66
.95 .1 C" .192 .965 910 .820

.I100 1.000 1:000 1.000

Lible III

Sd . .

i ;lici po3itiofl of the mode.
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OIS r Z.U rc.; FUJNCTION 01F THE ST.N4DARO BETA FUNCTION NITH 0 " 7
AV 'coo Au .$1" A=1.329 AW2, 399 A=3.569 A*• G=3.•9 GO4. 655 G=5.316 G=5.598 G5S.35*J Gzh, 6ZX 1IH " Cm O I l .100 ma= .2CO P, .300 ,:= 1C 0 ma .500

.05 ,1.9 .097 .026 "003 .000 .OCOJ10 .151, .128 ?071 .022 .OC6 .000.15 .530 .1.O1 o225 •0.3 .020 .004". .2.5 6554=0 ." 361 * 175 ,058 0 =•. 3 0 6 55: 9 S , 7 -.... . 2 9 2 . 1 7 16 . 0 34• • 30 , 187516 ,622 9039.19• B
.35 .•74 3830 *729 .423 .219 SOBS
. 5 *S l! .47 5 . 9 5 . 6 7 5 . 8 14 62 5

5713 ,boo
.60 ,9S ".907 .079 ,15 ,8e8" .7*6".65 , *.99 .910 •978 •9.o 0 . 81•3.70 .97 .997 .196 .991 .972 .915T75 .T9 .,99 ,999 .997 ,99 .961CS0 1, )1O0 1.0co .999 .979 .986* .] .C3 I 1.000 1.0co 999 .996.1000 1O000 1.0,c0 1.000 ).000* .'5 1 .C; 0 ~ o 0 10000.oc~ 0 ~ o i:CO 100

1.00 . 1,uO 1,00 1 001.0 I coo 1.000 1.000

, -'.. 3�5 1=5. 59'r A-=5.216 ,•=t.6S6 4=3.899'.$59 G=2.399 Gul.329 Ga .517 c *oCO~ ;:= .0•00 =T0O ti .r;CO i, .'co H= .O= O.0) .0 ft. 000
S -C0 .000 .0C0 .o .000.15 ,C'i .00O .OCo C.00 COCO,.2) -c3 .C01 .GCO •000 O .0.0.25 C, ii . 003 .01 001 C001 I, !O-023 •0009 • C4 *001°0 3 -

.oog .c'-.CC .003AS • O~�0. .022 .010 .007 C006 -•.A712 .016 .02 1 .13 .011,OS*o .025 .020ia 7 .1t43 .072 .9t4 .031*. 5 .223 .119 .073 .053"."535 . 325 .155 11l* .0824 . . •4. 6 .271 .170 .121, .577 .378 2 .1721
.. 6 ,08 .5.32 3222 .,25 . 6.3 9 .4/60 .335. .T1? .7?5 .5199 .451

.97 o974 894 752 5971.: 0 r,'97 .97T4 •903 .778., o .o00 1.00O 1.000 1.c00

.bl e IV
•~VC et4i/b/6"jyA .. .. )G dy

---- ;'5 ',"~~ is .... p9,:•i~it or, o t~he •;,,. •

'i,=*1



U3it i& .p viL i- .I i Ur Ifnl L 4 $lIt hUIt U UC I A I'U;L, I I Ul "I U <U

.A= .CO0 : .bC6 A.'-.25 A-=.3h3 A=5.OlO ,n6.050
0;11.916 C-6.115,b G;7.300 G=n .812 G='.515 G-=6.050

X ;- ,COO 1' . )GO 8= .200 1'= .300 fin .1100 M- .500

.05 .2P3 .101 .018 .001 .000 .000
10 .1f 2 1i5 .(169 .013 .001 .000

Y1 -3 .11,5 .223 .063 .009 .001
..1i9 59Th .3(8 1519 .036 .007

.k25 ') 721 .5314 .2P3 .095 .024
17 2 .315 .'472 3. .192 .062

.35 .'918 .S13] .e'014 .585 .321 .129
,0 .";9 .9o') .0c7 . '18 0111 .228

5 9110 .92 4 .P,2 .20 e 356
0 , .3, .to0 •)01 .lbl 0G

.991 •.9 .9;11 . o9 9 .851 .61|4
, , .P5 .9'5 .,792 .977 .9214 7 172

,.,3 .';)IJ .91) r .991 .906 .871
1) .'; .. 9 *.991 .9Uo 8 e 938

.17) 1. -' .0(;90 1.0100 .999 .997 .976
1 C 000 1. .1 00 .0999 .993

1 ( .0 0 1.000 1.000 1.000 '1.000 .999
I ,COO 1.000 1.000 1.000 1.0c0 1.000

1.-5 o 1 0 1.000 1. 000 1.000 1.0000
1 * , 1 .600 1.000 1.000 1.000 1.000 1.000

,'",11 A 7 .1311 A=7.0 -0 A2!6. 175 A=14.916
c.3.,07 0s:3.. 1: ,3- 1.753 G .616 Gn .000

"C ; .•, = .','00 '= .. CO = .900 ;Ial.000

'05 . G00 .000 .0co .000 .000
.1 ) .COO .$Co0 .0"0 .000 .000"

.15 . !00 .000 .CO .000 .000
,003 •0.' .000 .000

0 .091 0 Il0 ,OCO .000
. 1? .003 .Oi .001 .0010 .009 .) c.002 .002

* :.:6 .023 .0 ,,9 ,005 .004
'015 "02 f .011 .009

-A .'i .09 .0143 .021 .017
.. 50 .175 .0031 .0140 029
.1110 .5 0 .2r2 .19 .071 .049

,, .6'19 .1-15 .,222 . 117 . 078
.1 ... ,0 .566 .33'1 .185 .121

f .17 .8110 .2.9 .182
, r4 o •;,,i .Y';4 .424 .6402 .261

.137 .1 i7 1555 .302
3: . 9 ,9;'5 .'C23 .*2a .536 "

1 6 1.00 .li9 .931 .899 .138
1C.a .. 1.'.JO 1.060 1.0.00 1.000
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*.,.i.. ~ .and api~,j in r."'r a PD, we :nt .71' nfflitdO dis-

S't Lha- 0qt~jtitt.1t L11* Vtr.i-nce of t* We ton't~nt evert L1A

trqi''n i- Aot oýv;sitly &Atrlote

... -i -i~uin fo ex..-q*hdejd naturally toy if,

22

fo thi ditrbito .-iQ (rm19)xiumo

22

Vo. -.i rltncr pofiiv '.c Sit-C3f-llti (Apedi 'IV), antt ~

2*t (20)

c' n -hre, .5. c. jo." () (9), anid (20) yield tho
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-r~,for --t~Y v.'iuO Of fin its r1t ,ým Ic c4~. atdri oet~id as

(23)

it L'i'j'.' ur .y b-3 dteitnd by equation (8). T'.e v-1rrtice

~ i!~1.Vt. J by equa~tion (T-), L0:'vf va~t-3 it~h oa -% Shown In

FL.-.. 14

Chzrin~ of variran'ce with I~odo 7o3ttion

... *r--y rzct±1culat.d directly L-, 04qmmtiLcn (12). Tht

~ c~cii~-~' i~i~~for E[,, for sevaral values of d,

54



1'-L L ~ d I-A .I .. ý'.Iht S gvCtl to. d, ne, -Uit ow. L~ t%:r: L~tia t tl i

~ v~L~w. hice J'ivc nnf -int~tive f or the rr1liU3;Wlhip I;,!-

~ ci .itd L -v-..uuat of unc'erttinty w~ith whic:h tn is loca~ted.

2. 11 -4 2

88

~' .~jr~:.J.ivoU.V'Yst p 'ýccl!ure, the p~arxicters 31: the Beta

r.! V .l (oircd Valu_-n of d qny lu, OL~termnne, for tha pjrpcse of

SC-trlu calclittions. Thnv. P oba'biltty distrib-ittoai t1ictioais

Sfo~r 0,, ;Ct~1iL Cr-,a ur to :c*, nay be ex ,tre1t- frc-.i a table
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-C~ Of Lb aCraru'lac 7reb.V~itty !ranmity Ln ?PZRT

-zi ..1g*'Lar prob-t~t~ty dýnrity fun~c~tion.is d.rt1y~efined by

~~~~~~M nn.di i'ts ~ F P. Since th.a ULtri'bution fui -cttca of

L ! nivtLty r~ytv-7 . raix-1A-t- by a simpile for u13, te trnforrmai,:n

Su, 4r3w.i rrcri a *.t--!.forni (0, 1) distributi-cm, to -A

rc. i!- -sir'd trJ. -i!.i..r c~nty -.;'Iy bZ c ts.d a sin-Ie,

~:1.C .~u_..%. t~lii4 prccaZire C::n bj- UL:ed, a considerable s~v-

;: i~s iltuisteaed '%&low for the ra-Oý v'.rirble, y*, I.rw-

-y,.Y ;5tý Y -

s~~r 15.b r

Tr11: iY ''cton es A aiabe op
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d) + 0' 4  (27)

!.1~!~¶1V f~r trio utrive r .. (n~d',l ls~tri (u ). j

d.~± yb~ .~-~sof tj, rtcictidn. (27), th.ýrk y* has tha ecsired

i' rt t.fri y0 ~i'l~ is g£'Lz ,xacly by:~r.

2 (is It the mdie'Ot.



.J evnUr I Ai7LjIjty ru-jee',3n !',uitnI~jOo rr TPIR?

,rv'~jiLty unction %jtcht~ s Qoripletely -.pcitlud biy hit

:-:dit3 m~~do is 014 fo~llnwinC, *-hid'h IjO shall c411. Via $("Cos

;..:' ILLy dcnrvLty funictioni~ s-

L I I I

-In --- x-.-- --t



O~j.('btl~mt-j.Afurm~of,*(L)dt. IS:

-~ -> t ( )

f cLLOtII% s& F;z, and sotving for x, ve obtata:

z U

% (32)

;w~ Coacti~oA a mmpl~z~e, u, from tho uniform (OIj) ~
to .tl.- fr.1irig 4 .:e z, Cr-= the SinCos 4istributtoti. -

*~ C~+4Tr--r-) 33)

rrI

:a.~ s,( TL)(-A) L4. %trtmch(4Q.~ (ndPre

21 0,;364(5
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~.J ,~3 :.~c~ (A La .~ -1-t,K tirmto& tlia P;-RT Ifcit4 vart~ncee P-12

RIC t e- l, cdLn4 On the rc1.ltl~e Poslttio of )I.

.it a L* ncmipliL:!ýA by a &in,-,t trpnqarLatLon equation. eomputer run-
ft y ThbLas- g7rej4C, or groitar. thoer c1,.a t.blo look.u- -routincý

z:) tmialae c! roquirad to cz-tlculato the *10~ U~ t
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