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a,,  .^.^i   „,*..       ,,.r   »^-.¡f.f   t|«,   efe.-M  of   illation«   in   the  tiain«  or 

.   ,.,  ,„, ,„,-;,,.   ..r   ;ir,   *...,   „. tiv'.Me«  r#J    rVi.9  frrtu n<^uglbl<,  to „treBMtly 

P*r:*M       >•«   l«fon»ti;r   .leve loped ly   .,h€   i.pj.««r.Ut i cm  (o^rMalnc proee- 
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laMrw r»r,   ;n.¡i-«»«   tJi#»  «f f ».• »,   T,    3t,h€T artriti»«,   -«  the  projet coapl*- 

•lor   4«t«,   VKI  in   tf.#   ti-tir^r  «f   l.portant   lnURwdltt«  «vents.     i«*<»yre«  «p- 

•toMrv  -••    Indi-at«  whmttmr  thavr  r^iulroMntg  h«»e bMn  thronn «jt of 

:»i»r»  ,,>r  rave  '«w  «rxr^aalye.     Hftvln« «\tctxrmrmi Urn «rt«nt  of W» pro- 

'l".   lt:   li  th«  n«x-«aa*ry  to rwt«t«bllah a rmliatlc  UipI«Mnt«tl<ai plan. 

H«pr^raj»ini: tachniqu««  ahould previa« tJm M«na   for accoaipliahlni tàla oë- 

jactlY«.     'or«ov«r,   thry  mhmlâ all» the "oata  of th#e« eon^ctlra action« 

to s>€ d«t«rminad.      rhun   it   («COM« aau^erert • «  control  faction to  íM ^la 

tn'oraation  to nakc  «OI*M1 daclciona. 

I*'.      In nmry,   than,   laplcmantatlon ^f an Inâuatrlal ¡mpwrn or pft>J«t 

rtacda to b€  intalligwitly profraj»«á, mê U» t«pl«Mntation piar naada to 

t>m effectively eaeeirted.     rheae tm> prlacipal r«q»àl.re»enta Involy«: 
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- '•• rov.-<•»,,tg   .T,   *,,4».-.-   «it   • r»(!e-o•'} - , 
- T- pr -V.-*»#-TI   

k<y   r*fid>.r--«   »i;.v**l   r   -iet"ird*. 

, ,-,   .»^, ( '31, A. 

- .-Api»..m-»,  .f   -Miai.,   u piwaer.ut i-v.   plan   .r  , r«>*ter drta... 
- " -n» Ir-.J»!   »i • t «- p* «t  •.•   iBpr-ivc-   fj-n^f',   r«*pro«rraar,. iv. 
- *"*4i;^t   '-ortroJ   ha aar! or.   l.-plenentatior.   proírrawain¿? 

ir.for; A» . jr.. 

••    fla^A^flt-ii M,1.8  ; civr* 

l">.      It   Is th#  purpoa* or  tiu» repor*   to preset, t   .>p* ra, t loal  techr.iqicfe  for 

Identifying c«apnn«nt acttvttiee of project. uet«rùlnin,r their  ••quent.&l 

relationship* and  repreeent thee  411 * network dia«rat,  oakln« tirne-cn«t 

trade-ofT dacUlon« and  allocating resource*.     The  tiaa-coet  trade-off  pro- 

bi» art »M  fr«   the  fact   that ao*t of  th* active iee   lrtJ which  the overall 

project   i.  .utodividad   raí.  r* performed   r .• alternative approach«« r^ulrlnr 

different  tMunti of tin«,   renourcea and  bene«,   expenmm.      Tererally  it   le 

true that  thoc* methods  of par fornai ce which den-an«  »h<- tine requi recents 

land to increase direct,  or variable coste.    Thaaa direct  coat* will  rise 

aora rapidly In sena eases than  in otnaar* as work  i » expedited.     If » project 

ecnpletic* tlae is arbitrarily specified or Is sat  by «tamal control»,  the 

tlae-ceet trada-off procedure attempts to develop that combinatI an tf acti- 

vity sehadullng which uatti the «»plation deadline with th« lowest total 

direct coat.    A »ora «ancrai probier would result if the procedure were ap- 

plied to also detanain« the aoat favourable caapdation data.    Her* th* addi- 

tional fact that reduction« in project duration result  in lower Indirect, or 
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IV       "ho   r' oí uri''1 ^xloo't* .^<c  ,i-i . ifr.   .n/'i'.'fs  the Jet erstination of schedu- 

li.ic  *i <t    lah.hre   ri'.ouroc r*«traif.ts   in  as  fa'/our* tic a Ttanner a* possi- 

li.-,    h st   a---ivi'.e.»;   it.  >••   project require,  the \me of arie or «ore resource«. 

: ;   'h''£'> ^.(ju'Ta'c:-''   ur«"-   «s'A**) un«* an   ini» lai schedule  la developed,  the 

-, ir. e- ..:"   u.  : î  ,.)f  »ft.h   npajr.tr  recotircc   t.eetìed during each tl-ie period can 

,,c K't.r .ic.       If"  t.\f  r» .   >ur e   ierju.Jr. a*   any tne «xceed   the «vaiLability 

-;    it ,- [("ii>i.rcc 5(TC r.ctiVi t .<•-. cujt   be r«*»cbeúu.l«!  to reduce the concurran! 

r caí v i t-.tr,   for t'.a*   rero-jr -e.     fotactlaes  this rescheduling necessitates  ex- 

tendl.--- pr »Jert d'irati ir,.      ir   cjeh caser,  a  principal  objective la to ainl- 

:'lz"  su.-'«  f'Xttnsions.     rYt-quw* ly a tíae-cost  trade-off approach can be use- 

ful   i*, t: *'-f,e cacee  also.      .-excestsive resource requirements   can '.usually b« 

sat inf.ed   h-/ near, a  other  tt.au : ere rescheduling, but which   Involve activity 

replanar,«; a.tri higher  costs.     «1 though the  topics of time-cost trade-offs 

and  resource allocati >r;   hove  "cner&lly beer, considered separately, greater 

-itter.tior.   is .ceded  to develop procedures that allow their lnterrelationslilps 

' <•> :..-• rc-f-") n~ized.     A s re andar-/ resource al locatif«! probi a«  Is that resowrea 

i-ep.irer.er.ts should   ce «s   constant as possible,    Peaks and valleys in re- 

Bonrct schedules  invariahly   : oleate uneeononie performance.     Iaproveaent» 

can  he achieved to soné  -Jorree by rescheduling,     ftie util i »at ion of idle 

resources car. also offer  important opportunities for favourable tlae-coet 

trade-offs  aid In another   instar.ee of the  lnterrelationahipe between the«« 

two topics. 

\r>. A more complex resource allocation probi« Is created by the necessity 

to schedule several projects concurrently which draw resource« from the same 

resource por Is. This nul ti-project probier presents added difficulty be- 

cause it involves a simultaneous consideration of a largar amount of data 

than demanded by individual analysis of the projects separately. It also 

requires proper consideration of the respective priorities of the. varloua 

projects and of the mobility of resources fron project to project. 
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i' -        '«th  U"   'ine—".ist   trmde-off  vd  '.he   r»«s xu-re  al loca ti or   pr>,'. ln..&   in- 

volve a considerable amount  of data.     In both cacea  procedure« devilo^*:  te 

solve these  proti«»  have generali v  been ¡aathenatlcally cor. pi ex.     ,':.»   thest.- 

reaaor.6 it  i«  r, >t   surprise.,-   ti**   the«« technique«  have usually been ear- 

put«!' orientée,     ilovrvtr,   ir,  developing countries  tri« COBI putar capaM A1/ 

*y nat «!•* or »ay >»t be  readily available at the  level   of project »c-í- 

vit>.    Therefore, this report will present procedures that  can be applied 

without computer processing.     'While this MUJIIUM real  restrictions or, 

n-thods that are practical   to uae,   it does not ^ean  that  the result* obtained 

will  necessarily be  inferior  to results obtained by rare sophist lent«! ap- 

proach««.    It appear«  fair to state that computer  technique«  for s-olvlru- 

th« tlae-coet trade-off and resource allocation probleaa,  even where there 

1» an aaplt supply of procesa in«? equi puent available, hare att with rather 

limitad success.    îh«y have the Inherent shortfall of not being able to recog- 

nise the Interaction between activity cotta when charge« take place, for 

example, the tlae-coat trade-off relationship« for an activity «ay depend on 

the tin« duration of one or «ore activities that way apportion some resources 

together.    3ood solutions require a constlereble exercise of Jud^ssnt.    mis 

judffsent is needed not only  in preparine, *ata at the beginning of the calcu- 

lation phase and anal^ln« results at the end of it,  but Jud^uaent can also 

b« very effectively af piled durlnir, the intermediate steps of the solution 

process.    However, the exercise of such Judgment durin« the course of calcu- 

lations is very difficult to successfully prograa in nathesmtical for«.    It« 

absetic« has severely Halted the value of computer result*  in solving these 

type« of probi ess. 

C. 

17       Äs stated before, this report is concerned with Implementation of projects. 

"Project lspleaentatior," is an undertaking which haa a définit« beginning 

point ani a definite end point, as contrasted with the cyclic type of opera- 

tion» characteristic of nenufecturiru» work,    in other word«, by its very 

nature, the work Involved in project lapleaentation i« non-repetitive.   Very 

effective oethods, the networking techniques, have been developed during 

-9 - 



.-*.•,•=   -, u   p^M   ;,  ,hi.  rw .,„  ,„   ^ on   i<-iv rkiw  '^ 

As a prerequibite  for   the advance  r»^ .. ••* aavanced r.«t burning procedure»  for ti«$- 

'.ifcusses  related methods   for the develom*nt   ,•• -ne aeveiopient ol   a project  implementation 

^,1-U   pnrtray.,  of the  prec.^,, r^v.o,.s„lp.  ^  th. ^^ 

M .1« or U4. or . project rroc t„„ ^„„^  .0 ttle „, of 

Te IT' "" "eth°" ln'1Ude<, '" L^r * •"""• «» -«-«„ or ti», au^ti» of project .ctl.itie. „a provi*. ccpuUU^j   „^ f„ 

t«l   ..p»ru„« Blncc u d• th. .ttentlo„ of „„^ ^ 

«H». ..««„.. w„lch ,y thelr very „.tup. li-t oi. 

7""'     '" •""-. ««*- *» «- «—U.U.. Of ,,., ^^U•1 

- .pplie.tK* or „«. to „^ OTtrol „, u.o inciui#d u ^^ ^ 

W.      in Chap,«. , th. n«H„lc. „, ^ „^ ^^ ^ ^ 

W. th. network, .ethod. ror „a**, p„Ject ^ „,„ ^ 

« «.o . ^ r-tor ,B th. o„.lop,„t of tlB_t ^^ ^ 
«-» th. .HU«,   „ upd.te  cert.in  ^^^ ^u M -«-- 

-.m«tm**„,„,„. 1£-Mtttax> Inawtku<iU,^^: 
off prob!, „u o. wmmM to „„„,    .^ 

.i~.   ^Pt« 5 «u .Leu., tb, r.«• ^o«»^ ^ J^ ^ 
•PProch «. lt. tolutl„.    „^ 6 „n aUcuM ^ ,ultl.iroJ#et

<,,,*r « 
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allcation  troc lu. ana  th« noc.-iiaary «odiflc^,^   ,   „,   8l,...1,   .„.,   „.   . „„.^ 

or soluti«.     Firmly,  Chapter ? wlll   .on.ider  tne  ÍM,rr,laUunfihip6   ^wn 

tnr U*-co,t  trade-off «„d  the  r»:.ouirc allocation  pro.,1,,,     Methcis  ror 

f*in«  into accost  the effect,  of  these   ir...«rrelat¡Wi.hiÁ* will   ^ dlnc-assM. 

?0.       It  Is not  the intontion In  thi» report t , stres« cleverness  in -»th* - 

«•ileal initiations or to attempt to achieve aathenaticallv apt-•* ,oij. 

«am».    The stress I. rather or,  si.pH.Ity Wd  practicality of application 
at the project l«v.l by .^ «e^,    .%1,itiw that w short Qf ^^ 

tlcal faction .ill b. acceptable as i«* „  they prod.«-. l„pro.«e *E  ,„ 
project performance which are raalistie to achieve. 
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_ü¿y.iiáVí¿   -   ¡iíltJ-S: 

?} .       filter the objectives of a project have been defined  it it necessary to 

programme the canner  ir. which these objectives can be achieved.    For this pur- 

pose  it  i.i advantageous to consiier the overall job as conaieting of a nuaber 

of related but ueparatc activities.     It is ginply not practical to atteapt 

to work with the entire project as a single entity.     Subdivision  la not only 

Mcessary for  implementation  programing but also for other purpose« Buch as 

time estimating, cost accounting, and project control.    The resulting compo- 

nent activities should consist of logical  subdivisions which involve work 

that,  for some reason,  is different fron that which precede« or follows It. 

Factors (Coveming subdivision of a project  into component activities are dis- 

cussed later  .n this chapter. 

22. These component activities normally have very definite sequential 

tionships with one another which must be properly considered in 

of project Implementation.     If the project has any degree of complexity, tht 

p-ogramraer should not attempt to carry these relationships solely In his head. 

or*over, at some point his  implementation plan uust be conounicated to others. 

A strictly verbal description will result In oany different InterprétâtIons 

as well as the xoss of such of the detail that has been developed through 

careful analysis     It is practically essential for a programsr to reduce his 

ideas to a paper aodel  in order to keep track of what he Is doing and the 

restraints involved.     It is also practically essential to use a paper model 

to transmit the results of his implementation progressing efforts to others 

in a fom that can b* vsually comprehended and referred to whenever neces- 

"*ry. 

23. The    type of paper model most ccemonly used to convey project lap! 

tion plans has been the bar, or Qantt, chart.    This chart shows the 

mer's breakdown of the project Into Its OflBpaMBt activities, and it 
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th. .chadulln« Sloped by hl. for «eh of th«. •etimi»,    whil, ih« bar 
chart convey, the projet «aduline data *1U rffctl^.  lt. u^f^.. 

- . progr^-lng tool l. „at. imitad,    xt do« n* clearly .hov th. .- 

«~tUl rautlcnahip. vtüch th. jrop«r mm conatantly k«p m .ind      It 

do« not fore, the progr—r to comida all th. ra.traint. that aay b« m- 

*olv.d m .chadulin*, .me. it do« not raw^ that h. .hov all t*. stin- 

ti- that ^.t b. ««plat« bafora nnoth» e. b«ln.    It do« not convey to 

othara vt**h«- he hn. or «M not givo, con-idaration to th. varlou. pr^^ul- 
•it. Viviti«.    Whu. . bar chart any u^m^ «ti.fy . iIwclfle4 ^ 

«di«»! to fumiah a doou-atad l^l««tatlon plan, earful «umtlen 

frwtly »hov. that th. plan i. .ubdividad to an in.uffici.nt «tant   that 

it totally «it. «ny retraining activitl«, that it do« not indicati vhe- 
th«» oaraful ana^i. h« b. «4. or not, «id that it vili n«d further 
lntarpretatlan to b. fully undaratMrt     A» «-«i—_*_*, »*Ay mamxooa.    An iaplaaantation plan prwe/ited by 
»«*•«• of a bar chart My « baa« « «artful and aaatarful progra«,lng   or 

it amy b. th. r«ult of .loppy and tnconpH«* progra-Un,.    ThoM «he ra- 
vi« th. pap«. «odi find it difficult to lud«, which i. th. c«. bacau« 
inefficient detail 1. ahom. 

».      A vary iijBpit bar ^ „.^^ ^ ^ |M}tmtl„ u „^ ^ ^^ 

1.    In thl. «nople it night b. conjactura« that Activity B 1. d««dont on 

Activity A and that Activity D 1. da*«*«* « Actinty B, .Inc. in both 

<*". on. .tart, at th. tin. whan tha other i. ecaplatad.    It night al.o b. 
«*•*•« that Activity c. p*fo«anca dap«*. » «* ^^ ^^ 

of Activity B.    Activity , -«Option, nay alao próvida hint. In actual __ 

Bworar, miehart. involving ««y bai. .uch daductlon. would b. much »ore 

difficult to «J» and auch a« likaly to prom iaeorract.   Thar. i. no m- 
da8# ** oth«' «^tloMhlp. «irt bat»«* th. actlvlti« ahovn nor i. 
thara any rataon to bailor, that orary activity offartn« a pot«tial re- 

tract to thoa. ahown ha. aUo ba« Includad on th. chart.   For «ample, if 

th. ravlevar think, of another activity that aight affact th. «tartlng ti». 
of Activity 

tal. possibility 
h. haa no way to knov th. 

If ao, what va. th. bacie   for the conclu.!» 
alao conaiderad 

that he 
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,<r«lr.« .,.,  »„i,   t« pro^«»  „,: . ,    .tiw.  ^  , ^   ^_ ^ ^ ^ 

the raaulta. "       * 

'•* chart .«,.  th*«*,   u>  r-.rni.h * w# e^,». fr„  ,f ^   ^ . , 

t. *.ic*iiy , mmwlm ^ ^t„lllnr ,^ ^   g ^^ ^ ^  ^ 

**«,.«« of .c^.UnÄ ^,  WVt |t u .ut%Wi.        t     ; 

•••d to • tu», »c.i. Vj ,hn(W  th# „ch#dul#< 

;*.     -*. „«**«* «lami r^u)rtw .^ ^^ m_¥:fl#€ ^ ^,  t 

4.1 

A.U 

-rl*»- Crttl-1 B.,h M«** (cm, „ p^,  »^„^ „,„ 
nlqu« (FTRf),     In  tin« tvm ,«*# J.       , uui typ« of dia.rM.in«.  a pro^t acti^ty i. rapr^«^ 
by • am»,.     Ä actimv  l. a ^.  ,f . ^J#ct ^  1§ ^^ ^^  ^ 

U*.    ,t r^uir^ raaouree. gych M 1ÄrspMW> ^^ ^ ^ ^ ^ 

P~ta«..     It h- .urti^ M -11  -and^pni,...    *» t«IrmJ  ^^ 
of «*. arre« rwaant ln« a« ^tlvlty ^ ^ ^^ lf| th- ^^^ 

nt*«* «^ tMar r^r»a«t warn.,  ....  ^ BUrt ^ ^^ rf ^ 
Tf on« activity fallow, anothar   +hmv hav. . ~—««    ^.     * •»www,   .nav tev« « e«a»fi nod« wW« th* ha«d of the 

«TO* rir-^tir,« tta Redini «etl  ity 1.  c«»,«rtat« ta th. tall of th. 
arrw rapati*, th. folla^^ .,tlìrity.     ^ mmm^  ^ ^.^^ # 

proj^ «4aftirth.l«S ra^ür«! to klM faet«Tr buildin«. haa b«n T- 

qulr^l, tt «y r»^ cwta^n mp«tiM tata* «—tr.cti« «M e« .uxt 

In thi. «..th.^0 irtWtl« aho«, la Wêw 2 ^ u*. placa,     if «,-. y« 

«»• «etmty wmortm a fciU-n«« actinty,  th. hamâa of th. w^r. rapt^a«- 

fou«!^« ^mty.   mi. u m«tmui y» Fü^ 5.   i„ . .i«llmr W( 

If thar« I««««»« following .cti^ty f* . gUm activity,  th. arr«r, 

of th« following actmtta* have thair t*lla at a 
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*m  th. AetWitv   f   1. add*,   it  ^r.1, r.qu.r«.   i^ln,  t.h* rorr^pondl, 

naâm »ymból ami iwü« the appropriât« .«qu«r~.  lin« m in  nrir. Lj. 

Tlili  !• a vary .lapl. «nd 41 net approach that r«quir«a rio apaclai  di 
•kill. Aetirltla. ar. rap^^tad bv . .p,^ #.^ , clrci. locmttA 

at any eomranl.t po.it!« m tí« dit^r«. Ubala*, «nd lin*. ar« dram, to 

th. wctu* and foUovln« «etimi... iter* t. „« ^^ fop ^^ Cflr_ 

e«m^ with te«, stinti.«.     It   i.  tru. that,   in «ffaet,  th« aaquanc« 

lUrn» «r« actually dM^y «etimi..,  but th« ût^rmmmm- nmá. to &*• no 
evmmclam attention to thl« fact. 

V..       Du. te th. «tun oftht«ort  involvad  in project  Upla»«w.tlcr on. 
m, rtaad te Ptpmwt on« » ÄP- mmU m thm 5#t|ropk ^^^ ^ .lfnifi- 

eant .tlMtoiw.    Tha.« k«7 a*«, t. ^ tndic.t. th« eimmncmmit or co.pl.- 

tl« of eartain i.portant aetivitla. » it««« of a projet,    IM. I. lilmm 

tratad m ripa, U.     te*«*«ntii»« ^ #VÄt ^ ^ álMggm ^ ^ ^^ 

pliated by «maldarin« « «vit tobt« «ctirtty af ,.ro tu. duration and 

•ay b. UbH*.    A cllff—t .ybol ^ba^for «^t., for «^pl. . 

•qua*«, if iMirad mm »hcw in Fifo« 11.    chly thmm «rar. t. having a pac 1*1 
•ipiifieaiie« naad b« »how. 

55.      "MrttNlaM,  tí» ineluai« of aoa« «v^tii  ^ th€ n«tvor* dj 

•ay facilitât« ma .Upllfy th. cow traction of th. 

•*•" If tnalr Uportanc« to» not «n«t th.tr rapr^aantatlo*.    ?hl. il par- 

Uemiarly tn» «h«, . miiNr of actimi.« mmol im cabane«! unUe. another 
nujater af «tifiti« ar« ca»*Uted.    F»» «p^.,  ln ngan ^ ^ ^^ 

vtty of th. hrtlrity   Trmp II  (ActlTltl«. D,  I,  F and G) cannot b« co—«nearf 

b«f«r« ail th« aciimta. t„ th. Aettmy Oraup I (Aettmt«. A, B and C) a« 

c-ptotei. «M «^»tl, th». ar. te*» »a«^. llB-t lBÉleBtlBg í¡mm 

HUI r^Uttomhip..    loi«»«.,  inapte .UpHfy and Uftw. du- 

ina natev* th« «rant .Criaillât thl. m»ta«t - th. empiati« of 

Actmty dm« i and th« emmmemmt of Actmty »oyp n . jmUttm iu 

r.pmantatl« a. ahovn ta rip», l2^>t tw if it hü no algnificanc« a. a 
mlia. tor a. 

ry 
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l.  th. r«pr...r,tatlan of «v«ti, al«, provide,  interface connectiV 

point. i„ „tvork brmkdovn or .«bn#t-or*ln« a. vili   U   li.cu.Md lß c^er 3 
b*lov. 

56. rr*ec*nc. éingrmmlrm i. «uch .laja«- to apply and to t«ach than arrow 

U««r—,ln*.    whli. thar. ar. other ad^antac tìl0(  >uch „ tho,. lnh€rtr<t 

in It. ladine .r-f.^it 1. p^arlly dtt. to lt. 8llipllclty ^ ¡r^d-||C# 

dlacraaalng ha« b« choM* for «.. ln thl« mport#    By «lnl.itin« th« r*- 

qulrad «ill in th. únanle, of ét^ conation, tho.« who po...M 

th. 0th«. n^-aary and «» fportar»! aklil.  i...   a thorough knovl.4«. of 

th. work to b. accompli.h.d, will be able ta imlop th« diagrm th-.«lv.8. 

57. It tal«, .hört«, ti- and 1«. #ffart ^ du-r>B . ^^ ^^ 

Uti« pun hy u.ing pr^nc. du«r—m, mtMr ^ ^ âlmmmim 

.inc. th. toft» at l«,t r^ulr« 0^ m ^tln, activity arrow, at th. 

«r«t nod« vhar. they Mrg. *nd depart,    M^,  in th. CM. of dli 

vt.lt» to cop. with changln« condition., tu*««. con.tr«ct»i by 

«iVMMlng lend thaMelvaa tori readily to revision than tho«. con.tr\ietad 

W vrm dlM*«*!««.    Addi*« ar, am* to « arrow dUgm i*pii« certain 

chan*« la th. poaltlon of «of.« arrow« already &rwm an ta« dlaans.    *w«rar 

with preceden*. uagraMinf, addition of an activity to th« días?« u 

•mrml? locating a nod« m a suitable position on th« diagM. and connectlnc 

It*» th. precedi^ and follow^ activity nod« by sa^e. linm «. ^ 

--ntloaad before «„d shown m Picor« 9 wd io re.pectiv.iy.    mi. 

•nt updating a. f*ondltlon. n*c«.«j tat*. 

53.     Th. dlacrw 1. th. baal. for th. application of all th. imeinin« 

net*«* teehBlqu«, and lt i. «Mentis that It be a raall.tic rtirMaitaUan 

of th. wort to be perfened.    Otherwise mm th. «o«t sophisticated proee- 

wmmtlmg «f«iP«t «re «ele« in oMaUnac worthwhile r«ult.. 

It hmmm vary Important that tho.« with th. hast fcnowl«d*. of 
th. work M th« on«, to d«v«lop th. iiacM and to r«vi.. lt M 



Keepin« di atraían ln¿ mechanics slBple makee this practical. 

simplicity becomes an extremely important characteristic. 
For this reason 

W.      <>ie point which ml(îht be of interest in cases of  coaputer utilisation 

is that computers use the dual numbering syst«« uicd by arrow diagramming. 

Although precedence diagrammili« uses the single nuabering system, as sentions 

before,  the dual numbering of sequence lines can sufficiently be used with 
coraputera. 

ko.      Am & staple illustration of netvork diagraming by the precedence 

Method,  suppose that the project previously shewn In the bar chart of Figur« 

is to be represented by this approach instead.    Activity B oust be subdivided 

further since overlapping is not permitted in network diagramming.    (Some co» 

puter programmes appear to permit overlapping through the use of "lag factors' 

but actually the subdivision is still performed internally by the coaputer.) 

Activity Bl is a portion of Activity B that can be described separately and 

that must be completed before Activity C ray comience.    Activity B0 is the re- 

maining portion of Activity B which may be perfonied concurrently with Actim 

C.    A new Activity X is also added.    This is work, perhaps, that is not done 

on the job site but that is an external activity such as the furnishing by 

others of an item of equipment to b« installed, or the checking and approval 

of plant drawings.    Since this is work that is not directly performed by the 

programmer's own organisation, he will frequently mit showing it on the 

bar chart even though he may have considered the resulting restraint.    However 

it       an activity which must be shown on the network diagram since It re- 

quires uae to accomplish and must be completed before Activity C can commence 

Its inclusion in the diagram results in a better paper «ode! because it 

clearly communicates to others who review or use the implementation plan the 

fact that this activity has been considered.    Although at the time that pro- 

ject implementation is programed this activity nay not be a controlling restr 

due to later delays it nay become so and may affect the scheduling of other 

project activities or even of project complet ion. 

»1.     The activities Into which the project is subdivided and their sequential 
relationships, then, are as follows: 
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^StSthMmBLtEmmLmmA*  Pw»tlon Time lfi pay« 

Bl Bl,  X 
B2.  C 

C 
D 

? 
1 

Â precedence âlm«rm, might be drawn  In  the fore shown  In Figure 15.    Thl8 

vould .TV« a«  the paper aod.1 of thl.  project and would  provide the basis for 

the application of other networking technique..     It convey, the project  imple- 

mentation plan »ore effectively than the bar chart of Figure 1,  but it doe. 

not convey the project schedule.     However,  for the sake of co.pari.or,,  Picure 

It show, thrw «ethod. of presenting the mmt «imple project .hovn in Figure 1 

and Figure ».     Figure i*_ reproduce, the bar chart of Figure 1 and doe. not 

need any furthr explanation.    Figure i*-b and Figure 14-c present the network 

of th. project i-pl-entation.plan „ an arrow diagre« and a precedence dia- 

gnm rwpectively.    To «ake the ccoparison «ore effective, both diagram» 

are drawn to a ti.e scale which 1. .hovn at the botto of Figure lk.    The 

tine .«l.,  howr, .how. both calendar date, and working day.,     in Figure 

IM, aach activity is represented by an arrow, it. horizontal projection on 

the tlM .cale ¿«note. tn. activity duration tit».    Evary arrow .tart, from 

and trinate, at a node or an event and a. previously mentioned, each event 

ha. a m.bar and h*ce e^n arrow 1. identified by two number..     For ex-ple 

in Figure H»-b,  Activity A i. represented by the arrow o-l. Activity Bl by 

1-2, ... «tc.    To lointain the precedence relationship, between activitlee 

Bl and C illu.tr.fd in Figure I3, a du««y activity i. needed to .how thi. 

reUtlonship.    Thl. 1. r^ented by    h. duh.1 in* arrow 2-, which indictee 

that Activity C (r^reaanted by the arrow 5-4) cannot be comanced until Acti- 

vity M (1-2) 1. co.pl.ted.   Also, m ngurm U-b the lut portion, of Acti- 

mie. A (1-3) mnä C (M) «re d^had.    Thi. nmn» that th«ie two activities 

«re «pact«* to be co»pl.t«! prior to th. occurence of th. two succeed! g 

«v«t.; **mu k «d 5 r~psetiv.lv and. th«*for., th. duM portion denote, 

th. 1«» or .l^k which sach of th«. .etimi- ha..    Thl. 1. due to th. 

fact that whil. Activity Bl (1-2) „*, m duration tu» of k day. .. .hown in 

- 25 - 



26 - 



I    Project 
1 ActlvltlM Au«uat 196? S«pt«Bb«7 1967 

_ 
  1 

2%   |   25 28 29 50 31 1 k 5 6 fi 

[ Activity A 

_.-!_ . !___ 

Activity B 
. ,— 

, ,   — 

•f 
Activity C 

•  - 

— , 

Activity D 1  4 J -       -    J-       _ •      J yijtur* l»-j    -    Bar Chart 

Activity 

£*iB»y Activity 

Hug! 1^-fc - Tl-o-Sealod Arra* Magra« 

I 

II« 

Tl««-S©»loa Pracedanct Dia«raa 

Activity 

Saquance Lin«      | Ï I 

J 1 i 
Calandar Cat* 

-I 1 I « J 1 ' \ 
i OD H 

13 

U - Coapari 

Wotting Day» 

•£—2—t—ï—f l P    ?   *   v    p| 
of PraawiUtio« Mathod« for a Projact Iaploaantation Plan 

- 2? - 



the tabi*» on page 25, Activity X (1-5) has • duration tiae of only 2 days, end 

since «vent 5 cannot occur befar« the end of the 5th working day, I.e.  the 

beginning of the 6th working day as can be «ham in Figure liM>, Activity I 

(1-3) has a leeway or .lack of 2 days.    This nean* that vitMn this «Kamt 

of time the finish time of Activity X (1-3) can be delayed without affect in« 

the occurence tin« of event ).    In the eaae fashion, it can be shown that 

Activity C (3-4) has a leeway or slack of k days and within this period of 

tine its finish tira" can exceed Its expected finish tiste without affecting the 

occurence tiae of event k.    Qr.e Jiore point  is that these activities lie on 

the path 1-3-4 and the expected tiae to accomplish the« la 9*9 - » days, but 

with reference to the tiae scale at the botto» of Figure 1%,  it can be seen 

that the tiae period between the occurence of event 1 and event » (the starting 

and terminating events of the path 1-3-4 respectively) la 10 day« which 

indicates that this path has f days of slack.    In euch a ease the path 1-3-4 

may be called "alack or non-critical path".    On the other Activities 

Bl (1-2) and B2 (2-k) have no slack.    They are representad by eoi id 

between events 1 and 2 and between eventa 2 and k reepectlvely; where the) 

expected tiae to accomplish thca is k+6 - 10 days, the aaa* a« the tiae 

period between the occurence of events 1 and ».    Therefor*, the path 1-&-6 

has no slack and m&y be called "critical path". 

42.      The precedence diagra» in Figure 14-c illustrates the saaa relationships. 

Instead of arras,, nodes are used to represent project activities and sequence 

lines are used to show precedence relationships.    The tig* M portion of the 

sequence lines between Activities X and C and Activities C and D denotes 

lag times of 2 and k days for these two sequence lines respectively.    In this 

particular case, these lag tinea equal tha aaounts of slack of the preceding 

Aetivitles X and C respectively and the path X-C D say be called "slack or 

non-critical path" since It has again 6" days of slack.   Tha other sequence 

lines Bl-82 and BT-D aie solid denoting that the path Bl-BP-D has m slack 

and hence it say be referred to as "critical path".   All thaws taras are dis- 

cussed in detail in Chapter 3. 
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-•     A  *.,<  .t.p rar  prw—ln.  t,.   1%lw.,,a    >f ,  ^ .„„   „    f   # 

cc^tr^tt^ «  .^  n#twi  ^„^    r „   ^ ,^ ^„„^  ^   ^ r 

Mil. «nd th.tr .«u.tl.1   r.Ution^.ip. ar.  e«l4rrt  w1  r,?r...,.l 

*.     To  «tart  thl. ph*..  of  LpIaMrutl.»   „r^r—i^     .„  f   •    „. t 

-11 

411 projet «.tultl^ ^ to u.t- Jth#y .^# %ft BlfvK ^^ 

thl. -*r to tolpfui   for btolnn«...   th.  H.»  M «M   , «•   to ^....^ 

.ft«. ttm memirm „„.rile.  1(l  4u-rÄlwr     ^^    f,„r   ^ 

Pi« jrt^t.  h-l^ . ^t  „„tor  or .,tl*iM...   •,   «.ti,1N 

li.t -Uhi to f  l^ort^e..     At  thl.  .ut..  ^.r<   . Wl.l(ir 

—t «ft*,  to tal«, „ f tto  1M  f »^^ of  p.,f#rt 

attriti«,    mi. d^n«, m tto feïiim^ fmetar, 
11      M&MKl-flí-Mt Jfnm¿yif 

•5««  pro.)«»  acumi-  „r ^tuity ^„.  ^fAir  4lf. 

fmrmxt wk  ecrtmti an«  M*  for their «vy^ii^Mt 

«lfftotot tjrp» ct t*^rm  ,^1«»,  .*!•».,•, ^, ,, 

Pter 'wpl», i«npt« «ctmti« .uch ••  -*tmii*»- 

ttto   of  rV.Mt  FW.   "rv^^,^   „f   fclîaiw.  ^ 

"InmtMllmtAm of ltoet.inM «4 touip«»»» *»• HffW,, 
tyf«. of labour tnd naehifiwv *#t • *    .*. «•«  «««minary te porfnr«  th«.,  «nd  tone« 
ttoy can b. con.1 d«r«»J  Nputtilj. 

11.     rimmm y^  ^|M  J*    ^ 

*rk m«art«fc« .t «iff«rant   location, or at  iirfarant 

ttaea n*jr b« totoleara M  .^«r«t« trtlvitiaa. 

TW« -V to t^ M .  fÄetör rw. 4^^  ^ 1-r-1   ftf 

^ MWM, MtMll« ^r to ^r^.%^ ^ th.t «^ 
- » - 
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f    x ir»   r il, 'nr    4p»î«t tf *,; 

>*      •*• '    í ", i«rm •*». i w 

i.W.r      .,    .,   „«„v.,«,^   t     it.Mfp,m0   th#  r#,1rmwl^:   of  „# orl<lmJ 

<.<vr*      „.••.    :.    ,„   rirrww    »,    ,,„   ^|afBrt(y^      Fr>r   tM-   pirlo-## 

"•      -   -art,  >•.   •*-.;    „    -M.    ir-€lml   1laÄ^   fo   nn(1  ^   «h^ th#  plan 

•   ..piMnt.ti ,    „«•.   ^ir—,,       ^  p»w~r,  n-d  r»o *ra  than  to 

••"  tí.«   "rnr^mrn   •»«"   ,f  ^„lr   »!S|#   sputati•, ttartln«  fra. Ih* 

'—   '.f  «  •,-,.! t„   t.   |f.   Ärly   iUpt   Ua#  plu-   fJ- ||etmty #wmUef|   tim 

"W   m   ,r«li   t.,   w„,l',  uà ,ntl^l a«ti»itla. «ni  tm** «-itimi  pa«^.) 
-:'W    r.W„,    „u*l„    l...   flnl.h   ^   Ut#   .^   .^   ^   ^^   ^^ 

- •»•« .'.r*  r• r.h,  :M.  ^ )#c+ »cti^ty ««! «o teaelr-ard ta y» unui ' 

*   »ivi ti«  »..»-     -h»  ,»m«r»   aw*, eonr^rtiiiii  UHM %#tmty aod*. «# .«mi 

-ri,   .t^rt   «f   «ri,   fin,*   Ma-,     far  «.pi.,   ln  nw  w#  ^^ 

'"  #h#   lMt   Pr°-,,rt  %rt,vl •' •"» «*»-•  h^*««^ %• th.  L-UUl MUTlty(.) 
M     ..«*|."»»«d   »nova,     |t     r.m¡    tjm    êmmri    ttmt    fIm   metiwitlm    »m^€%   mtkinmy        lgi 

H*-   T^iy  fnr   Prortu.-tt»«,   -Tn«.twt  Factory  luiMln^ Md NM!^' 

r« ertati wi",   " imatrvt  N«in «nd  kte—  nata»",   "a^ Ma  L»r«l Lnl" «ná 

"n^iti.  Project    •«i4r«. «rvl Apprw, ri racial  PI«»- Mì tritimi «nd 

^.^ M», p.«, *i.w ^i-r *h.y n.>  ^ lf tA. p^j.^ ^^ u fmmâ 

to «ft   rwiuir-Mr.t.,  „.<,   lf  th# ^tivtty .^«„tj^ rlMtimmu* Includa 

m th. Lpj—^ti« piT, («im, ito», c^c^i^ th. criticai •eti^ti«) 

*r« round wc^»bì,,  ti« ih. »tfinal project »«i»«» ditera« «y t» r«- 

ir^r,  tn .  ^tt«r   far« te HTTI »11 th« funrtiofi« p^ri«i.ly tt«tM.     Ch 

ih. other hand,   ir  th« pro.)art duration êo^ not  m~t ra^irawuti and  i. 

ite whadulirm eoaputatlowi w« ÛI 

- ìk - 
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.nmtUfmcmry,  u  .  ^j>:t   i«pl«^uti« piar» nMU to b. WMUM«.     J^. 

^-mmim of pr,^.   Upl-Mnuti« aar t»a lMU.pana.hl« «M ham« eaitaU» 

^W»  l« th. n^nrt Hterm m, te toMrputvt««.     It l. ^t», «.tHai«, 
tl*t c«tal4#rati« of tha critical .«tiriti«, nay «u^«.t ace» rtauu.i in 
•etiritjr tR-aaMt**,   i...   iar.i of ^n ^ pwjÄt ^„„^ 

th. llagraa,  so vh»t  «CM «ctlrltl«a,  if potaibla,  My ba 

Aft«- *J»e e.mmm K«VC to*an «to M« UM projaot 4w*tl«*» M **u a. tha 

Uplrmtatla, -'»,. !wv« bM wlM( .M «ecaptad,  tha radrowHig of tha n«t. 

•*   «««   (»thMtakl   tdKI.       *^Wf    for  bttOT  «•<«*»•(   of  p^Ct 
•etimi.« «,« »,„„„ lla--t tA# .^„^ ^^ m, u 

aathod. mm b* «»fid  in r«4r«vtac tha n.trort ÛU 

MhéJtrmATí 

k9.      A oultobl. «cal« of Mquane« .t*« o» fc. ehoaan and rartloU lln- 

b. dr»m at audi Mojuutc« • .«p on thi« »ci».    », Blt# ^ iangth af â ,*_ 

<*«»•• .t.p i. *rMtrarr.     It ihcMiM b. .*la<rtad tm prarld« « el« «raphlcal 

portray»! ¿f tha |.-nj%et neowirt âiagraa.    Altar miiturtm *lrt ••quauu 

•t*p. an4 honet t;»r- n-rtieel lina«, nodo« rapraaaBttag oetimtoo (ana par- 

nap« May «rait») >m    >- locatad « tha rariloal lina, according to thrlr •#- 

q««n*a .t.p m»i«i.     ftah nni« U pJaead horloontaUy to th. rt#it of «ati- 

rltia. prating n.    N«t to mm noia . briaf d^ipu« of th. oatirity 

it raprvoant« t. includa«.    4« shorn In figura l€, th* aaquanca .top of tonti 

•ctlrtty i« ««tonino J by firing Initiai ««tiriti«. « .aquanc« Map mabar nf 

t«ro, plotted m tha eorrvpondtnt rarticgl Una.    »a«, «ach othar oetlrlty 
1* gl van a ovfuon-a «top mabar which 1« an. grattar than th« 

llanca .tap nuabf- rf Mitriti«« dtroetly praaading it   ini to on. 

•»1 potiti©» of tha nod«« on th« netwrt «lograa ahould b. choaan Muto 

»cMtrt tlwlpliBa« mr logical iro^ping., .nd t« «atíO« aaqu«»« u«. to b« 

el««pU«Mi.   Ite fm&m m,• tàan «ri«««!,    •«atertag M.^. ft« a» ^ 

of tha flr«t »mmmrn rartioml lu» by firing tha noda In tha aspar lrft 

that 
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/«..t'^al   !•••>»   ;.»;   ,  ..,r   ,*• r,:  »i.. « M-A.l*i    if t.wn,   w!  ..-> on.     Then,   pro- 

cedi n:   ^ th-t   top    f     »*••   ¿..or«.  l:nf  of actlv.Uoo «rwì   foiivr ««»ir! down that 

w--   I  m  f«,t .r.uln     tru  wiV   until   trm  farth*et  note  to  Uw   rl#it of  the 

':H*V,Ü''-   ilarr.ir.   i     reached >>i»  previ ki  limi  no •••tirity »rill precede 

tn-t Mr   .ct^i-y  o-   4     cM+i-  n-ml.tr,     Th*  »elenco utep diacre«  ptmdee eft 

'ttfrtivt   lup  »owt-l   i   .irmi   „Umn..   -ir  'i;»~ •*-»»•*-. dUoiM after hBrUi« 

a  -v i  1  -si.fi uii   I*M... _>   ,   « t,.itH.i«i»  ar»! .«violan..     fto*r«ver,   the 

.-'r>p  1t.%TM  .-,y  .-ex..- < ,«,.   .*   c<*.*:a.-i<.t!  ..• in«  fumi  die^-ati «nd eetirt- 

l '   iurat.or   '4 ..;; %r, veil   %s     -ht     V.l.    reh«d>-i u* AIA  «ejf  h*   incleter* 

n>"xt   to u-  ir.a   n »J   ,, to   •   >r. MMki in-   nod«»   *.i   allottateti   in   Pip»«  16, 
T.if   a«? pend i   ,n   >'•.   .,«•.    ,i   T..„    i. VTUCBN i   v!   ih« peon*» ^o will MM  UM 

ai^rmw,  a, d   Ji«:  -i   »-><»»    ,;    ..--,,-i(*v witr wht.n activity  relatlcoMhlpe need 

t >  ru-   r*»pr*(i».nt«d 

5C.       TTw- network   Harmr   «»1,   tm plotter on k t :MHCUi• fron  the ari<fianl 

o.-  t.,e  «cv}u«ncfc-eti.p n^.%-«k   ditera«.      i"h« n««d   for «   ttoe-eeal« i 

s ter«  frmo tar  f^ft *t».  ne¡th«r  th«,   irL<clna»   ro>*n  11»*ra» iwr th* —  

•rí«MICO-K» -sp llama r«p 'e.w.t«   ^.lict activities  In  Uwir appropriât« 

tl!w  reLsaar.nl-jpo.    ~>iC  „«y|y«j»e*~itep aetvw-k ««y »hoir two or aere ertivi. 

t.»# vit,  th' .-»..•.« if,*iit mnatar (located or,  th« POMO v#w«tteeJ. 

i In») which  .n roHi-ty  «a-e   ,* rforeed  in  different   ti»e phneee.     If» 

dia^ro*.   is p.oatd  to »  tun*-«K-ni«   it e*-«m ti* reel activity 

.»nei »-e,  »t 1« \et ..    th*:  b*./ ir. a in*  of project  l»plo»artto>tlar.     UM 

•<vp   jrvi  the tli..o-or  !#» dii^j tn« car: i»e uMd to«roth»r       In 

soqu<Mv»-8t«p J« i^roBi  1*  con«t«n«c+ed for th« ont ir« Inpil ooonîot 1«   pio«. 

~yi*m,  at   -ich ti«« int« %t  ( -mm unu> <~r two "laortho) porno.po a dotallod 

t.»m..-ocal« dl«rT»Mi '-«i H... p-»par«l 4W tho portion of »ho project »ha*  1« 

(4fln« to b€ LvplaoMntod lurin« *.h« noia tino Intorbi.    Tho 

t.10« Inxenr»! ci#p«ridi or tov- n»*tia* -jf tho project, the 

«octulred,  «id th#. caepuoxity of th« work.    When cent i 1 

âlagrejBO conatruL t^d to tiae-e«elo neoi m g?«at deaJ 

bo updetod.    Th*rofo<-ß,   ,n  tho caoo of lari« and emtplwm fro.leeto, «opeetally 
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vhe-  r on-conpvjte,   ^th>;r   ,r.  -.«ed,   it   itl  recxr.ei.ded wit   to update th« entire 

-.etvcm • iVra-..      D,<  whole clarar, -^ht be revised once and as explained 

«in 1,r.   a.   „e.-h  •:-„   interval,  (which .l,-M a^aln be one or  two month») during 

P¡„,e„t   ..rp^.3„; c-i^.  ,   ..,ic-6^!e ..etvork   îi^rr^- of that   portion of the 

Ì-.   -r:   net*.•    * <m    vili  ;* • rl.rt^tr  .»   ti.e foUowt,^  tl*e  Interval could 

•   revise am  ,i^t.,i,     >vl 5l „  0^ dla/raii;3  fdott#4  t3 time-acales nay be 

resrr.cte!   to    a ,^.   v,.er..  a3r.*- artlMt « se^jntial   re.atlonohlpa  change, and 

r,: i!'   *'1   *t:a*  f ,e   ljr,)«-ct   retvo-k  Ji&grm   A«   «l.owr   in  Fluire  17,  « tinse- 

«».«> ú,   )iw..     I'itH,   «t   .c.-h activity «ri.v  (or   iciedulid)  start tlae, a 

vert,.-ai   H..* .»ir.    .. driw    ,r,  thr  t ine-sia^t- on which the nod« representing 

thli art i vir,  tan  ,,.   ! >catM_     Ir   x tequcnce line ^ h lm tiam (tm ctopfr 

V   if "ar   *€  •" *A7i    ••     '>' sequ-r.ee   line by a carre«ponding iip«ag portion. 

r;e of --.e adva* t,v«.  of constructing a network dlagran to a tlae- 

s. ale  • e  that   if « r «<b~i   of vertical   im« are drawn on the dlagraa at 

vari lu*   tl:.e int-rva,s.    M- ::sy determine at an/ point  in time, what activi- 

ties should have bee-:  ;.*rf •irr«", what   activities »re  in process mná ^ Mtl. 

vities are t-  'e perforwed ne*t.     Cince the drawing of vertical line« on the 

diteras   can -how what,  activities are concurrently beli* undertaken,  tin« 

periods with excessive Jet«rd or. one or «ore key resources can be pointed out. 

Pven before a.-rplyinr «ore effective resource allocation techniques  this 

c-rild s.West sr*« quirk  i.-rmvfaier.ta  m resource »cheduling aa for enunple 

by  shiftir    certain activities along  tre dlagrt*. so that nor« leveling of 

resource-   iti ' : nation  ran  be achieved. 

53.      It should he emphasized that this phase of networking procedures eon- 

rerninj the construct lor- of the network diagra« is of prl*e importance for 

protraminfe and tcntrol of project  Implementation and is the baais for applyinf 

the advanced networking procedures for tlae-coet trade-offs and reaource 

*.' 1 ocat< on. 

Dgvcloplm Project Sct4duJ,in« nata 

5h.      rnc9 ft realistic network diacre* has 

the next step i» to Introduce tia« data by 
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t-•-»-. oí p'.rh activity      .-,ctiv,-y  dur&tt."*.   u tlie  t<m# required  to accomplish 

an  activity      Til's«  estin-Ate*   cuv   be »de   i ri au y  a.ipropriate iT.it«, such as 

»onthñ, vM>kí,  1%\';;,   h<-u-t      etc,      \n;   tine unit   ear. b« u#ed ao long as   the 

*w» ur..     ;E  -,§ef   tor -IL.'   a.t,v:ti«-t     '.'htn .¡v"* er« ucert  thei*e nut be a 

decision Jf.t'i'a^.   UH.ì,^ <ir     ;iJ<j",da.i   ur vorVLx doyt.    The  latter,  based  on 

tre nia'Uer ~f -'i/r   ir. w'.'ch v.«'-   i _•  'ict'iii., LY p«r terne«*,     »u «or« ccaan.     It 

requue«   trie  .-o.,  'jfio;    i     du.3«,   «,_.n -    hit   urc  ^CMerailv   quoted  in  calendar 

•i./fe,   ¡,uch a* delivery •. itnea    i.'ir.cre».e f-ui m,; -wiodt,  «*tc   ,  to » ooil'—pon- 

iiri,    Mürbrr 01' vor'-i-- d.v.,.     ï.i   ,-en<va. ,   dut; U»  non-VM+lxu* rtayw, veakends, 

iio.lidv't.,  din. .¡:i-    i'aerferenet:.    «u-.r- «íJ storti»,   rai"s,   etc.   tla« could be 

los    ,1 irir     4h: „r.   'ur'   ecu 1.1 no+   '•><•> undertaken »rei h«,«-e  the elapsed calendar 

aay  an. r,->rt  *via>.   *lr  :,'."ber o.'  ne tua1  working days.    Construction work  is an 

_'x¿mpie wo ::•€•  r-ai'-  JCíHí-.XI.; and «¡tora*, could affect dpl^y« and interruption of 

work,     r'or  I lìiibuati j„,   ¿f a ccrirtractian activity Is scheduled  in a rainy 

sou e in where   .t.;  uci i':irr¿a.cu  nay  b..,»  interrupted   by I week« and it« duration 

•t.-ie r-aa orí Civilly  ;>e**>i estimated  a* J? ;:C«1P '-ithout vaather consideration, 

-'t,  3ro'ilíi '^ -üjdsted *o  1,', wks   f l^i )      tena-ve.*.   3trier aclivlties euch a« 

dfli/e-y o¡' .-tf-'l.ir.'v. ,i.i,I r.jui prurit,   .e riot  affected uy theee factors. 

cr)        Aci/ity MUTUWIS :XTí: the  -vir. is of affect i /e scheduling}   all scheduling 

calculations depend  on then      "î.ere'jre,  estimi» tine «otl/ity duration«  «hould 

'->*> '^-f-w. m  t'loruugri uiideretaiv'.ín»1  and ¿now lede-s  of the work to b«s performed 

end  th > tccrjilquci  t; it ., c bo used, leoa<>»? ir.  network dla«ra««-lni good re- 

nui'3 r; •  >,i. .I.V-..Ì  onlv    •i-r-^vi  th»   exorcise ui   compétent  jud#aent. 

'f.       rnr.'n'-   ';he -ourr t-  if  project-   í api «mentation the need nay arise to 

change activi ,y duration*.    CharujiPf, the technique or amount of resourca« 

usad to carry out an activity alvTy» change* activity durati0.1,  a« for  In- 

stan-?« when uo»-e r«bouree« are allocated to en activity or, ori undertaking 

an icttv ty vhtai the et,*, una tei diu --it i on io found to oe inaccurate due to in- 

adequate understanlinr. if  the ••'.•-ri:   involved and other influencing factor« at 

the time the estimation va« iiwtde.     All the«« refluire re-eatlaatton of activity 

durations so that they could always be kept updated. 
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ci?.        If the t>pe  of v-irk   im  <_».<• v* th which   LHer«»   is « reasonable efi.oun'    ,f 

previous «perlene«,  jír^le  t «.»e estimates   ror œcr. activity ar*»  pra--',;. f,, 

and   sloplest       However,   ti.«  appr:».-.i  foliar».*,  fc^   trie  Pro 1er»   Eviu. a«t .or.  *K. 

^i*   >chniqu»    fPtKT)  historically   peraitted three  tía«   estimate«   for  f.c.- 

activity     * most   likely durât,!«:     *-n  ortii.lstlr   forecast,   and a  pessiir.iatic 

forecast.    *u;h or  the rlseiie pr^iia t wort   wrior.   PFff   waa orisr.lr.ally de- 

signed to control   involve.',   restire-,  ..„i'   :r\ «1 >;a.jr¡t   work  a/.d  '.he »anufacture 

nf eoaponent« never btillt before.     Hie persarr.ffl  ir,vo;v«i  vere under« t anda - 

: ly  relatant   to  pr< v"ie H  iln ,1C  tine «et<.«*.« for  the performance  if tr.elr 

actlvlt.es      Th-»ref jre,  a --» : -/iln»?   famuli waa uevelcp**!  to  convert   tr.e three 

tin« estimate«,   that ^en« rally cou' !   be obUir.td,   t.. a finale,   statistically 

eqt:lvalent lif.     '.tie activity duration,   then,  va«  applie«!   ir. the  »a»« 

na/m«r a« If a «in*, e »lue ostinate had been ,„&dv      This report, will  mama« 

single Une estimates,  a nethod followed by  the Critical  Kath Met^«î  (cm), 

ihmrm aay be case«  involving üngtneerln/- design work  for exaaple,  where simi- 

lar reluctance to provide such estimates is encountered.     If so, a  standard 

text  on HHT will  provide precise definition«  f>r each  if the rultlple tin* 

estljsates and   ••111 giv« the wei^him? f omul a. 

V?.       After activity durations have  beer  furnished,  whether they result  fron 

Blrv.l* tire astlnates or have been  calcul tei  fres» wei,;ht*d nul ti pi« esti- 

mata«,  certain routine scheduling e amputât i or s can  be nade. -   •"'generally 

fumteh «ix i teas of data for each activity;     earliest or early "expected" 

• tart  tli»e,  earliect  ar early "expected"  finish time,  latest or late "allow- 

able start tla«,  latest cr late "allowable"  finish tiae,   total float, and 

free float.    The ward "expected"  is used ner« ir. connexion with earliest or 

early start and finish tlaee, a« «11  the«© activity duration times are just 

eetlaates and not the actual activity duration tlaee.    rha latter can be 

only known on performing the activities.    Por econoay in words, both the word* 

"expected" and "allowable" could be deleted 

59.      Rule« aorernlnr, the cooputatlon of the above mentioned scheduling «ata 

are based an network logic and aay be «unoarlsed a« follow«: 
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f,o 

t-'tiï.ii-£_e«ylk">t jjyyn j>->£ <œ»     -  •» «q^ial  to the Ut«t or 

i/-. ;• -vm*   of ««ari i est   f i., i « '•    tla«t  .*f   th* activities   pracadlnr   It, 

ì^Syy-.A.SN~}MlLf^IL\*LSÌS!i i:wS     -  lS «'«ï'-aa  tr» the «aril«*t 
r,*r'   tup     r  -u   »ct:vi*/  plUj   it.»   duration   •!••«; 

»MML''      .,      ....£    i.At«-S*     a*.IT* 

i. 

-   t»  equa)   te th« «urilast  or 

-.et.   a.   the Attiviti*«  follat/in«  It, 

Ò!-±Ì?Mà.SJXPL ,\ ¿Aâ"A. UPC   (l*s-     -   1» *P*1   to th»  Ut «it  finirti 

* iß«  of an   -uM-iVs    Leti   * ts   'Iurit Mr   Mina; 

l'Ai  ' *• i»   - >• fi ' ffw« «*/« t«tv«sn th« «arilast 

'.v.r   iati»»'    fini« i  tin* ji    j%  -«etlvitv (or  th« dif- 

lì^'J.Y.*.'... " YA.-» 

" , M 8:,   • :'• r«   'a , 

•Yier.r»  l •••»'»,«»«   t,«*  «ilH*   -itarc   t ;ne AB«!   th«  lateai  «tari   tía« 

->f a:    %. 'ivit, '       Art ;/!•,.,   total  float ti«,   ¿ivas th« «Munt of tla« 

'nur'.«.-   if   >• e     VA«»   sy which  th«   finish   '-1«« of an activity eat» 

cxi.-ecxi   it« »il,- finish tir.« without «f fact in.   th« a* «rail  project 

'lurati-iri.       n  <.th«i   word»,   .tu«  a. M sui*«   ->f  th« extra tua« or 

leeway av-iiULif-  rox   the performane« oí   v.  activity without  caualn§; 

**"e   ;«j-'\H><-t   »iurati.ir.   to  ie  -txtend^d. 

h'2lílLkL.IlM, UMÍ (^    -   i« fH« -Hfferene« betvaan tha aarly 

ffr.'.sh  H:IP of ai. »ctlvitv  an.í  th«  «larliest  or th« saallast oí   th« 

earíier.t  start  ti.««*,  uf the   *u-tivitla« followin- it.     Activity fr«« 

»•lernt  givei th - wnount of tits« (n-jwhar of day«,  say)  by which th« 

finish  tifie of an r.r tivity cai.  «xcaad  its aarly finish tiaa without 

affectiru; th« earl/ start tin« of any othar activity.     In othar 

words,   it is a inc*.,ui**i of tht  «xtra  tlaa or   leeway «vailabi« for 

the pe/rfoi-aanec  oí  ar   activity without causing tha dala> of any 

oth«r activity 

Bajad on the network di a*-raw ahovn in ftgur« 15, and bjr rafarrlnc to 

the activity duration* «J.r«ady «atlaatad and  includa*! «rain balav, tha 

scheduling computation« can ba 
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-%ea.n» í*tf» ; 

a. 

*.i.       Tim  first   calculât i »•  are   i'^     t>«   ^r^»«-    .f   ï«**r   .-tu»   » • ••   <m.j .   »«.' 

• •art  tuné  finish   ist«*   for mt\ »o»hU'   %wi  ar**    f»*   .•f«f-r«4   •,   *«   .   0 

"*farvai-4  pas«**.     "*h«s*    -«¿euiat ions  cat.   ••«  ,*»'** .«••'   y   «  §«piLr«f«    * »»4*%*    » 

with  rofmrmrm  te th« ntfttrsr*  <tia>-rar   fer  »r«   s«q<.* *i«!   r-»,*»    -mmn',m ,     r 

thsy «an  t» psrforisd  tUr««*tly  or   th«   tuner*   mm  nhi»«i   , ••    »"   n.r*   « 

•itartiigr «t   th#.  bsvrlnnlivt  ^f *hm  project.   »,.«•   MU-   I#«*   ••»#•••   • t»#  f- r    «r*   <•• 

A  I«  1,   th« h#rInning of   »h« ftr*t   *ty,     *a,î*ri#,:   l'»   ï^rm*t -r.     r   '    t*   ,      *« 

•ftrllMt    prlsh  UM*  1«   1*1-«,   t^t«  b*niif>"iinc,  «f   tr* ••* nn<<   te,-   f  -r   •-••<•   »il     r 

th* first imi'.     line«  tri« <tlagr«a  lndlests«  Oí«t.  Art. t»i»ì*s  il  arwi       «a- 

eammnem aft«r Activity  A   1« caspi«t«d,   ths..r  «surliest   star*    ¡ti« mrm      ,   tf# 

bsfflanln« of th«  satana   My.     "'Ms  pr*K«as   «s   c^rUr.unfl   throw«*  *h#  o«**'*-* 

unti!   th« final  activity   ls eosrpl«ts4.      «her« m.   Mt»it/   fMl«»/s   *-*.-    »inv- 

an« pr«e«41»3 activity,   its «tart   tUM  iS d«t«rwinsri hy   •''•*  nMit   te»»  • ,• 

th« pr«r«dln« activity wt»l#*h  Is  CCMB1S*«4  th«   Latast.      >u   m   •»*    **•  wi • r 

Attiviti«« C ami   ;•.     for  «»»pi«,   Actl*l»y  C   fall'««  f-rtr   *«fi»iti»   «.   arti 

I.     ìli«  «ari test   finish  tUsss or -1st««  .-»f  ih*«*  Wc. srM*". ti«s ars -   < tr¡« 

b*CÌrmlft|f ©f  ih« slith <Ugr) «r>4 k   ( th«  '•ilrnln»    .f   *N»     our*l    te/     r-*«p*x- 

tlvsljr,     Ccnaaquantly th« sarlinst  star*  .-t»t.#  *r    otwiw       . * - .     «v>t   %   i- 

vity 0,  th« |r«c«JÉini actlvltlss ars Ac-lvlti«a  f,.  uri  ."  -t'.ïi «aiHsat   flmsr, 

4atas <rf H sml  C rvapactlvaiy.     r» -m,   ths «arli«*t «tar*   tat« of  Vi»ltv 

is I?,   th« fc«§iBnln,» fit th« «»aim iaj .     tes là««  nrwidl^  ti« «rli«t   i»'-» 

st vfeieh ««eh activity eaa te« start«* and eesipà •*•«,  thm f^rvmH  ptm  ««1- 

eulatlSM al«o frwrli« ti» p«J#ct «yrat.on.     It   :• ••*   »x  »*•  ths «arli«s* 

c<as>l«tl4n ti»« of th« finai artlTity ana In tM« ^m»«  i»   l*  Ja>«,  un.-« tà« 

c«Wfl«ti«B •«*« erf Activity D li  UM fe#*lwtlng  of if»  H tu  ¡lay  (CM-  »n»  and 

of th« 1Mb aay 

Ö.      Holding this pwj«et luratiot. fi»«a, th« latsst  finish ti«« far ti» 

final activity i« s«t «q^l u its «arliact fuash tu«.     **«« th« 
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if   tre   «arpjcn«-»   lina«   "--innwctirv    »rtivi»       '   •.-   .VMv¡u«i      .   %r ; 

i   raspact ; vaW.      **' i i   la   *.n« *»r:i#«ti   flri»!,   Mr*     f   V-tiv,»/  *<] 

*haraaa  **   . •   th*  •»rl.eat   ttMah  • ;••«  of  Ar'ivitv   '/.     ^en«-*-,   •.. *• 

earV.»«»    «tart   Mae  s;'   u'Mvity       i«  » ,      '*Xrliea*   star*   ar.d   *:   lar 

tli»*»«   >t"   m,  %rtivit-  itrr  * e*ipor%r'Ì-'  ri'trwi *tov*  tjwir  r*sp*<"- 

tir« car.partiarr. t ».     f».   th*   "»»:rv%j^J   pa,«,   •.?.«   latent   a »art   t„ -s 

are trat «ferred   ».<•   tli*   Jar  «rd   is"   «lie  pï'«*-*d -'•    ..epjeiice   I i'•«-. 

and  !âjt   b#lcjw   -.h*   line«.      "\«t   ',ftt»ui   finish   t ta*  of  at.   acM'/it, 

la  «quail    *<    the   anal lest    >f   the  rucher«   o».   »te adjavrart   t*r .inala 

of »l»  followt-i«,  t«ouun<'*  line*.     A**mlr-   !..-.  r i rjr* A,   the rn*a*r« 

'   ar.'l   l!'  »r*   put   i»«iO»   the   fa I lev in,,!   »   .¡uwc«   1 ;i«-s   romactl'. 

Activity   M   to   Art ivi ti e»   V «nú  C.       U«   an«:   ten  «ir**  the   latest 

• tart  tin««  of   .stiviti««  re and  '"  raap«cti\'«lv,   thesrefore,   *'i* 

lat««t   ftrilah  »In« of  «rtivlly  IU   is   '.      latest  a tart  anJ   rir.ist 

ti*»«« ara  temporarily  «ntarwi  balov   ti*Ir rwpr'.lví coaipartnarits. 

Finally,   ual.-y. a   .-or:varSi<c   taMa  *(v*m   -jr.  the dlav.ra>i,   undated 

start and  finish  t<..a« ara -Mivertad   to *~alari'l&r  lates and 

aniarsjd   Into th« appropriate nod« tcscparUMir.té,;;>     **u§  Elf.»,*!»' 

dlacra»  than show« both the pro J act   iMplaaantatlar  piar, and the 

sch*duitn,r dat.«.     rtte tortai   float  or  fra«  float   -A any activity 

-tnuld  ha  raadtly  obtained  b#.   subtract in*  th« appropriata  undated 

antrlaa   fron  on« another.     An additlanaa   post-- s M 11 ty   Is   *r   plot 

tha dia#innn  to •   ti.ie-acale  ir  order  tha*   the »rtlvitiaa will 

hm lot-atari  «1tf.   raapact  ••> tr.alr tin«  raiat lonahlr*  aa wall  m 

thalr   lo^ic   rei,atior,ahlp»      This  ear»   t»#  effectively acrmplisftad 

by  plotting  «ach  activity rtade at a  poalMcm rorraapondin.*  *o  Its 

sarllaat  a tart  ti »a with  ras pact   to a  ho» 1 ron ta. 1  tiwe-acal« as 

previoualy  >..antlar>ad 

fJ eat«  inAlcataa tha baginnlftf of tha corra« pond i t\i undated 
tiaa data in eaaa of activity start tin.« and if» baglmini? of th« naxt 
ividatad tlaa data in eaaa of activity finían «at«.    Also,  cai andar datée 
allow for vaaJianáa.     In this «xacpl« flva working iaya par waaà have bean 
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» . #..r*»i* ir*-      >•*•)..   r «•«   ' ' »- 

* •-   ' • ! r-     '•-*•<«        î -r ,, ; 1,    •   »   T",-r«M*. »ri*.    Inf .r»«M'W   *nri   * h#> 

»'•^ «di.j Iri.    »   ''irM'i'f   «*e:»rat#i, >    »rwrtrk   %.m^rm>,   in   ita 

<'• ':•••*'   i'>f      s if    •%«   *r«iuT-   . i    ;-"i, ur*   ,    ,   •>••<*#»,   *n#»   pro^aet   i»ip|#- 

hCi  *«» i   «     '•   «L'i . '«H    'ì|,'     I«*.«      a       ',#    pr<*«>*1t«>i     In    Ih*    f-.jr*    f»f   » 

,>ri "'#»..   •«iwi»' i » ,      "hi-    ,#   »>#   ••*>ia«.p   i|cf'U'h  ***•*    » ««fattar pr»"»~ 

•#«8'.'i.-    ia    i««d ,      >«.»     !»     li    *l'*i¡,    «; f., ic«¡,l      with   fM*l>'<V»pi>t«r 

proc#a«ìn     vil    ..in« ir«. '"1,' ^rt    "    ,i 'wuii'«   »   *mtnAlmtitar   «*hlci 

i «aid     »#•   >i««r1    •;        M   itjrn      ,   it,    »Hi     !• i   't*Ttf   . "> Í'    «*-iu»d    '<•   uf)4a*.«>1 

r->ii-*t\n.    /ari»' i »it*   i      • L»I«   lat»   «#..i   • n#   u»*,,"«»  »»«miJI   -«   i|'4«t#»1 

<t •*rminJ,ih,>   l'.f^puâ'li»    ii 'Jit   a»,,M*   >»«   '*«-ir'v«>r<h1   ir   i »   * >r»     •!   *  *«r 

-hArt ,    mitt. ir.      »ht   ••qu«ri<'-in> '  > *  »t t »     i*»s      1 '  «' •«   ,»* .»KI 

ij«tN>4,      Tr.   #1 t.nor   c»*«,   !»-t4.   .   jiii-r«w    »• ,-„     .ii.iMif»'  ,»    *w   :   •»••<• 

1'iilrv'   Infirmiti.-»    .44ht   i«   «.r*/A   1   •.-•   f      ..»»»•   .«rr».^..»,   rf- , ,»   »,f 

»ht  »rri^ífiíi in,«?,   i-iformit n«  ^3^ /•     »   -»^.¡r-«.  •»«•«e    ,»-r'       * r>«r<» 

It   la  oft«r» u»«f!ij   f.o carry   th'j  %   ••«•p  ¡ui ••••»'   %n.i    < .        r%i,n»i» 

?«rt*lri  »i-tmául ir.«   infín^tlori   t»  c«rt«lii  parti««       i»*»r   n—|il », 

••ny  parti«« -«a/  participât«  in onl/ e«rt«vln f.ctî»i M«a «JMI aay 

a«r«ly  r«^âir«  arhaduliiM  lnfo**att«r  eammim§p  th«» 

-  %c 1 
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t   ,-•*...   « • i     ipplv      rnr  emœpli»,   •  auocontractor 

,i i   j-»*j^.'»*«   wt>     *rs#  ¡mater  prc^**"6»'» »V» of «  prnjact 

; »r   •       •mi-e  rf*,.-tr#r h« c-tr  utiiâ/.«  intarftrini 

r...T 'f ' *ï,  v^i* It  k«^- i* hai ¡»ful   to prow Id« 

>      • i     '.,     r*»r   ••>«•.  he v. i'   '*»•  %•  auch  ich«du- 

;.     ,        . ••' i,       f     : f 'J*    h*   *   1»*«'   *•<>   P"'^iti*    tQtttl 

.»-.-»       «*r'   .'.r «  ri-.iKh •latea,    mi»  third «ethod of 

¡    ,    -.j •   ,•   t   *   ; ••»••luì iry   l*t« pr'WtJea   the aaxl« 

• »   )-•• .«S  Sepi^MT'Ut i«« plan  «nd  schedai« for 

,-,-,<    ,«• •»   » • rnri »  effort   to malte  tMa plan 

-,   • ,  ,   ,-!-t   o-e.      .,• jt   j* afreet I y«? corrective 

*'••'-   .,  <<!"  tf.«   l.>vt«»to»v.       Itt#  netvortini 

"   *.-ti/   tl«   *n\   othei   ^telhods  developed 

•   * /;.>     -rw'T^ak in,:*- 

,    . • • |W]i,i.        !r>/'ir**- .«   In   (.hnt afferent 

,,.,.. ,     f.   -,,. i,-«i, ' i-mt.« aana««B«it   effo.-t   to i*k« the 

. ^ - .   *   wim'   "..à*» 4«#T,r«« of I»ì«MBì« of changea 

:•.. or«"*.       rh«  third Involve*  deieretfli«« 

V    j .».:•   «ff.-tt»« aftar a change tmrxm-9. 

,    » , ,    J(      tt !.!':.••.'• vt. 'i-e  to  "oneentrete eajnaftaent effort 

/r , .    • , „. M/'t.l»    vl'h »ere total   float  ar« erltloal 

, ,».     , • #»  |,ro ••<"*   "oupdettott date  it  to b« raallMd. 

, ¡,»,,  .   ,,-    ,       ..„, t,     i",   giv:i»#, v«ry  tlitlt total  float firn, aaad 

-,...,  rf,t •-f .  .        .w*  th*»v vi U   affari  prozie*  durât loti after a 

»      .,   j,,«    , .>ky,- i-..i*»Mie te*in# » coafor«able nane In of fraa 

*     i/-»« «•   '»*»«<•   ••f.«'T    »f '**!•« 'v-d  require tha leant  «Munt   «jf attenti«.     If 

•'^r-*  r»*»ru»   *•• <   '»«•«• «wul«"  * t edvitatele to echadula ectimi tiee ai ear- 
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tain date«,  regardliiaa of th« arour.t o£ float   the»   la   indicated theee activi- 

ties auat  b# watched.    Th« revourc« echedul«« ehould pr*wide atMWfaaent vi*- 

an aajtran««« of th« importance  -,f «elntalr.irvï such achauulltv*. 

72.      Th« netvarainc technique« give » clear  indication of th» Mrloutnasi of 

char««*  that do occur ur that «ay be proponed.     If coa|4«tlon of a criticai 

activity  la d«layad or  if completion oi  a non-crltlcal activity li extended 

beyond  Ita lat«at finían data,   it  la known that  projact completion will  be de- 

layad hy the atme aaxaa.t «nlaais corrective action la taken.    If completion of 

a non-critical activity  la da layad w¿thli   Ita  fr«« float  ranga,   It la known 

that  neither projact completion  nor  the aehadui irl(r of   "th#r ectlvltlee   la ad- 

versely affactad (unlaaa reaourc« probi«»« ar# created).     If completion of a 

iwn-critlcal activity  la delayed *o a point within Its  Interfering float  ren«e, 

a prohl«» aay or «ay not exlet.     Further invest lotion  la required.    Project 

coea>L«tlan la not directly changed,  >-ut other actlvitlea nuet  be poatponed. 

»nee thaw« actlvltlee ar» delayed within  their float perioda,  the effect is 

öfter, unimportant.    Howrer,   in certain eaaea euch poetpanemanta aay be Juat 

aa aerloua aa dalaya of critical actlvltlee.     Fbr eaample.  If an activity to 

he perform«! W a autocontractar  la not paraitted to ceramene« on a acheduled 

late, additional dalaya aay reamit due to prevtoue cosati tuent« of th« aubcor.- 

trejcter at  th« tia« that the activity can commence.    The total effect aay be 

a eonalderably longer delay «rtertdlmf wall beyond float rangea and eeuein« an 

In projact duration.     Since the netaPot-kirMj t«eh»iqu«e  provide the 

latevailnlnc which other actlvitlea are affected whan on« ia delayed 

within It« interfering flott ramaje, auch affecta aa that juet dmscrlbad can 

be anticipated and inveetl«at«tt  in advance by mmmtmm%t.    Aleo,  the effect* 

on recoure« echadulea «ay be farecaated If auch schedule* have bean developed. 

Tl.      Wwtily, the 

tlee to he properly 

techni 

action t® take. 

If p**J«ct 

id« a 

vltlee 

vlt.lt« will 

for drteralning the ap- 

of all actlvl- 

tlon hma boen extended ana it is 

en atte, th« current critical actl- 

, project MUag—eist know» which acti- 

project duration If «hey are expedited.    If coet data ii 
- 53 _ 



available,   th« tine-coat  trade-off technique will  indicate the «oat economical 

nmna  to accompliah this expediting.    If project aanftfOMnt viaha« to con- 

sider new implementation programing approaches, th« netwark cam be revi «ed 

and th« correspond in/? »chedule developed.    If resource data It aval Ubi», re- 

source allocation and leveling procedí»«« may be used to achieve a new 

schedule that again satisfies resource restraints. 

- 54 - 



7*. Ih« representation of • project lupi« 

catín« th« canponont activities and their • 

fund—itati concept an which ell other netw 

the«« techniques, tuen a* »chadule updating 

dyntmlc eue«. They Involve Mucin« change« 

effsets of theee chanceo on Die remainder & 

of b-sle networking Mechanic» vili furnish - 

for these dynaclc application«. This la th 

chapter. 

75. Che of the Unitati«« an Manual appi 

ble :,. - . to euceeeafully working with im 

o/?rall, or Bastar network Into ••aliar enei 

order that the Important relationships ani 

«re properly represented by the subnetwork« 

Lea will be helpful In accoppila! 

1/ John W. 

Civil 
- 15 - 



tat ion plan by a network,  1M1- 

ralatlanahlpa,  la a 

tvorkln« taetnl^uas iapaM.    Soaw of 

ng ana Uaa-oo«t trada-off«, ara 

• In tha data and datara In In« tha 

of tha ni-twork.    An untara tändln* 

h a total« for daveiopinr 

tha principal objactu« of tMi 

pi i oat lor« la natvork alsa.    A poail- 

tatverfca It to »ubrtiTida tha 

IMs ataat ba dona with car* In 

1 fvavrtlonln« of th« amatar natwerti 

k».    A«aln, an undaratandln« of nat- 

thi«. 

llnaa 

act 1 vit i a«. 

M follcwinfe actinty.   A uaaful 

•oclatlon of a tlaa qtawtlty cali ad 

i aany eaaaa tha rollarli* activity 

inty ia coiplatad.    la 

to UM Critical rath 
•*port in. 9, 



M.«.   1».   val'i* 1«  taro.      If.  t.h# r*aUnlrw   OM« tha eo^ie«»»   ->f tha  ^1- 

»,»n-   activity i» 4aLayad   far a parlad  aftar tua «»pl.t ton  3f »h« arara« lite. 

„tuit.y.     ^«  rf»m!   raaaan  for Utt«  d«la,y   1« that  ih« ?aa»aftcaaaM oí  ti« 

nlirwtrv  activity   Is   tetanlnnd by   s<v*   othar  pr«r«dln#  activity «hl eh 

•   Later  conplaMor   1at#.     "*»i«t taa«  th«  d«Uy W bt <«• that hü b«»   Ini 

iion»Uy •ohadulad  to  «M.i.fv ••»« raatrairt, ...:.  • wait   for raaewrta ava,ii- 

afctlltv.      In  *"•••  •••**-   th*^   li •  P"*i**v*  ^ miu-'      Ita l*1****  iê 

daterain«d '.y subtm-tl.v   th. tari 1 eat   fi r. lar- tl*a or echadulaft  fiala* tt»a, 

*hirh«var  i» l»tw,    >f  the ¡rat adir . act ivi •/ fr« th« aar11tat start tlM 

jr  acholad .tart   tla«,   wt.lrhavar   la   later,   <f the foll<wUif activity.     A 

lar  valu« oar.i.o»   ï* nW i»» »i""^ arcordlrv »•> the rila« of ******  *l*~ 

«rww.lriß  »  roli.wir« »,-ivity .»anno*  «»««ce jntll MI   rf  Hs  prerea Int- 

act i vit lea ar« ^oapleta«!. 

B. 1       rranaalMlor. ¿JLsÙÊDÊU 

•yj.        Th« laf valu«  Indicates ar.  Important  eharaetartatle of ti» 

Xinm,     Tima« iaquanoa  Linee with taro  la«  valúa« ear*« te transmit ti» 

of  chw«ei to the remainder ->f the netwoa*.    Fhoea eetpenc« Ur*i with 

tiv«   la« value* ar*  Inoperative Ir, coaaajrl catta« «ha««**. 

a i dar  th« linpla nrtvort of Figure r>.     amrliast start end fíale* % 

ba^n  calculated far »eh activity and uaeu to teteralna the lag vajuee 

»eh  eequence Un«,  aa  ahovn.    «íuapoee  «•»* Art 1*1 ty i takes a iay l 

perform  t>an lU  eat Uaated Juration.     mil eauaas  It« earliest tmim 

•,o  in«rwM b| mt 1av M ah«ai an Fl«u** 26.    Tala «hana* i« 

other activities ahaad  that ara tonnaata« to Activity • W mr^lm 

I in...     Th« aarllaat .tart an« flnlah ttaaa «f A#tmtàas D, I, «a* 0 

erlftad on« 4ay Utar.     «tota that «ha asdaaluilnf mt Activity F la 

«inca th. sa*«*«a lina coaMatlm 1% ta ft**!** • has a peeâttv* la« 

If ttoe durati« of Artmtf i wara incraass« another aar, 

trara-lttad tn tha — mmm.    U the êwUm af Activity • M 

creerei, rathar than incraaeeá, tha eaaa activities Mal arre to. 

a**d «ach would ha*« baam afclftai %m a» aarltar «ata, aa ahaaa ta 
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« •»   i a,     «   * » •     »s • •   , f• •• •'      i.< . •   •!•**;   »» 

r«K- -».{in, i «*•   a.»   »t-*»   . »rv   «'âr*     .f   i      » p»t*M*    »» / •' 1 •>   v »*    . «    IT •In»», 

mmA,*4  «a   *, ri».:* «>    ••*   f<W •#   ».-..   *  -   **      r<r   %    t*r -- i«#      .-•   •<• 

.m* i»« ta   r »r  •>.•*   r • *. **i • «/   •<•!<:»,   •«   -,>v»   •     «    **«>r   i«t*  <#•!:• »h#  pr#- 

•4.-»*   «rtirfv   rmmmim   ' \ »me **-,«#   • n*.    i»i»tlfW     »f   »   ,«T<>.4«*   ¡h«  »^..^d 

-   •«*«    lr-t,,   t n», «    fr   „  ,   r,r«rri»i •    it*to» tfv      rrl«,    it    ta   *i«#    >«r«*aau-y 

l,,«T'T*   **••    " '     »    ••   *    --«Mb«   ** *«•    ** ir*   if   ••«    «••>   tail '••••   »h«» 

«   "».»•*»  «r*i<ttt*«   %t*   a^l r»«a   »í   ia»«r    tat««  «^4   tr«t   * -*m  -r«n#«   !n<n:««i 

• •«    .«t   »ff»«-!   tri»   ^•»••,J1»-éí   ax-»)*).       ,     * n#   »^ua»..-»   .In«    «1«r   «*«»»* i t«r«~ 

• » ?%mr*f'W»,   »•*.<»•• «Mr   * » -   , t-#   <«   i*r<-;*v     >r   a»»* ' *    • •~l«/»   »»«   -.r   »f *m » 

• •»«•   »r«>a».M    •»       -^    -lav   •••     ;-     • •.•    ,;*«*    -,..     -v      •       ,.    ;».«•••« 

.»   .ipa* * < -ut    *r   »f«   0t'-mtt<..mt   pr-»1 • «S   •       -.»tw.**!^-   • •rnjri }•.«* 

•   *«r»   k.»|wr*«nt   1-   ^*mirir.m   *tm   j»i#»t.i«] mmtitt,   frm-   »h«»»   pr^«»**«« 

•«•   V  tot«   *ff«r*.a>1   «4    ih».   r«r«»tvi.t«>   tt»# «rf'.f«   »••    ->#   tot«   fir   «f.«  «ho.» 

•'***•     !*   •»•  ««•••m: If   '»••»i   «•••»«•li   »fai» *»ii   I»   *n#   al «pi«»   *ppr««<«>t 

' >r   «n«#m«j    pr«f •«« » F»».I   «i«,. ~>-,lâ   f^a   tilaaWtl !•«.•• . «ì«.J    , I-M t*'I W.«   ïW»*>.    » 

••    fr«l|.i*fWf    tC   <j#ft«* l'i#f   «r<d     »i    tu»   a ti*    >f ">•»**»»*     *r«t       «#       •   *^'té,mC    r>y 

raw   ***t«nd« 

'»#*%#»«r*     « i««      *   -   «• l«Nk   r .   <nr» 

'»ili«'     •!**•'      »       *   *    " rf»r«f *    *'• «ft 

. «    h*p*.«r   -m   h» 

*r* *    .    »n#   irt '«ut«« 

<»    «NaV   »•     a>av    '•    .»*•'»•' »   •>''  •    '  »       *!"••*•*•   ••!•*•• i»i» 

• f   la»* »r^ .>•»»*      rar   Mi » a   f .r   «a* > *• *      »•»»   ».*•*   m   IB*«*< 

«»   ««1   irt* «tf>ar««   *-! . ,    1«#«   «   ,,r«W-T    r^    •    »f   «^i t .««• .   • r 

»fi.- • f «>4uir*»'«T>*     1»   »»»1   • «.    .,«(    1««   ».«-  ^   >    «, »   »,t     „^y   i*»»f»i»« a 

«*.   i*>   i»   kt*< » «   #»««.'••«• 1 ,«#,    » ».«#       «ci    «>•.«.   jr'» «Hi«iii,      «.wir« «a 

••   *»¡i   p»»»tj«*4i)f   ra>|uir«   ••>.•««     •„ » *# 

fr>   t,h#,    . m*tav*    1««««.'«»>«     »i    -r.»   0f,, m «    ««îfMaÉ.*,,«   »•    I«   ^»t«i,,H 

<-  '<'*'•  *  f>.. .    *»•    -t    t«t«        >,,« a*t   «unti««    '»...*«•  amri 

.!«•    MM,    &•••>»•    a«»r*   «*.4 «f»i  ».#*»   «.,.'   ff-««  fi «am« «f 



/ r       «       »  : 

,,    %   .    » ,, • •   t,r », r«««      f   *   •«•   *^r> '    i •    «••«ài « « 

•»«*     %     ..•'; »i«   *      jr * * •  «   -»»pi»'«!      tptmtmâ  •»• 

,,        ., „    ••.«•,,«»•     ,{»'.*• «      «•   *«rr /   »ff* • • •'•  »V !!•»••    >»- 

a a       .    ^    ,   •   ,« -    • * -   «**f ,   -<•*   **••' '    *   -*      '*f   '••   •«•»•«*»**•>*   •*•»*   *<*«• 

.  ,r   ., mm  t •>**.*    tan*     *   ••••»• ' «   r •»*><*'<••   .«    • *• i»ual 1 e   «iiM««iA«art   *f 

• »   m,     ,«••     ,«.»».<«•-'     »•»»••   •    •,#>•  », »1    if   *»•*•    •-,lf«r*r>t   *'«*••»»    •••tust*« 

• .f   «n. -   «.*,•!•,   *» *    : *    * * »   -r . ' ì •*.   «»ftI «••,-«     •    %l«my«   '••   -orMr* i i 

,,., ,   -.».,<      t,,»      .   •   »   • *««•*•   »,    ; ••' *i"m* . •*    • »«••    ii   • »»•  *•«••   »'>«ip#'4J        ?» 

^r,   ..„    .w,|, .    *«.    «,• ,      %r»   '   •    ,«wf >»«    I»     **••    t-i*>tf   ••»«•    *f   " «•!»«••    |r 

i,,,,    .     «t „»•    **mr*    ' i •••*     <ir«i      *   «..«#•    ijr-s'«r»    !•«•••'    **>   »!*»*•   «•*" 

-, -,••••   •-.«••f   •••*»    •     •   ".•   pr- fw  •.•i»m«»       ***r   *.»»• «Wrf I «••«tar   -f 
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of  each  i*t;>   .ndoded   betveer.   tneir  c«W  t»1"1»'      ^ "°* 
°f lrrlÄ.       <or  .he example a», the beginnt/« of Cycl« 
in  ^ch such .ub-path can  •*  -irelee,.     .or   .he V 

•*** as  follow.-     (. tlvlty L 1»  «cludM  fro«  th« U.t  tl«c« 
5,   the  listín« wou d be as  toilows.     v« 

., _„ i  „A,«Av«  rannot f* shorten« }• It   is  coramon  to both path« anu «oreovei   cmnnu 

- <y- - 



A*'*   •- --•••,,      ••«. 

í» 



4 

#4 

H 

£-- r *• I H ¿x v* * 

 1 

M 

M 

1; 

H 

%. A*.*'. * J  ir 

V«' 



• <t 

•t. if .it'm i <•»• 

i       4        4 



# - 

•4 

H 

! 

4 

k 

H 

H 

H 

•4 

_à 
li . , 
,11  .ul 

4 

H 

ü 



i 
V   ft. 

V   Ni- li J  i i. 
f 

.1 

«.* 
-j*      'H' -^'-t : 





• •      .,» 





t«# 
• # 

»»«• •» • -, 

•• • .   , t 

«1.     ,t 

• *l 

»»   *      », 

*••   #»    •*•   ». 

«•     -    •   .   -1 ....     . 



•.  « :   • . t      •< . / 

âJ"^ 

• ••ri 

*•     ' *l 

ai*    *  S    « 

"il 

« i* ' 

*    ,,*.    ,f   -#«, IHM-    lu t.*   that   oorputar  f*o€«lar<*i» 

,,,.„•,•     •«-ni'.ju*-»    M  •:"'   '»•»<• ti.-ail,/ pw 1' . 

,      • .-j«  o.,f  n*  [oniMiH''   ->f  '^talnin*  a  ftii-- 

4, ,_,    ,   ,    ,H.   „   .-+r9  .•.rr.âif.AfWM   luM-wi^   m   -'•*   i*»' 

¡ , e    ..     »,     •;   Ji,:   fnfiain  *,tmmm fUl« 

„_.,, .r,   •.;-,    .„„*:  v   far   K   »M«  r«part  and  «athamticai  aoiu- 

...*r%.   ,r»    a,-'    »    •>•  %»«v»Ptl>n  th**   thaactlvttla.   ir 

... .   *,•     • ì«;I«.1.T'     »r     '.« a/,,thar  axcept   fw  ih« .guanti»1 

",<.,.,.„.*/    -.   .-*  -.»tvor.     i«»»...     Pro« a retirai  .t«ul- 

,.   , .    ,,    ,   .,„    ...„   .  ,1   ,-,»  «aaa.       >.*  '««r«   Uk« to  ««p«llt«  ori* 

,  t.v..      «    ,r<~«    *»«••  arM   i-   <-um  produca  ••condAry  coat affaci« 

..„j   „.„..   •*     .*.*M-r*1.      <<»»«Uaa«   .h„t  ro.t   affact.   n— 1   to ba 

(,lW^   t,   -„   •i..^rn.t   tra/1*-cff rycla bain.;  parfonaad «nd othar 

...,#h   • *,-   »r„..:i    *    «i4«^  I"  parforalai  fut»« cycle..     In attuar 

-..a «ì Mftly.»   -f th.  Intartapandanclaa  la nacaaaary luring th. 

lnt^.*1»«t«  «fe  •>'  iev.lopinr  th. ti«#-coat  curva.     Il» "«1, 

,rl^ /n.  ralr-uutur      hM »  vary   imi  .MUM bacu.«  It 

^  it,   .   -orMn-l   .ppllciti*   of   Jud^Mnt   «^   multili«   -Odi fi«— 

. l.jr..  „r   tat.  throughout   th« rrocMi  of d«v«lopinf a aoluttor. 

Fsr «»«p>,   •   i^tsinr,  to vor*    »erti-« or «Mit *«*  ** •**•" 

lltM particular  actmty ,my hair. «  .ff-et « concur«! «ctin- 

M..      it  ^, -*« r,««««ry rr- . praticai labour rabien. 

,   ^,,;ít   .,,  p,jt    .th«- -rw »  th«  MM .ch^ul«.     TU. r^ultlng 
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, ,.       , -#•» •    "*'  "SS 

...   .-vê   -.«en   '.«si«»     *      Hi-«    r*iuir««r.i . 

>    fie liât*  pr*»w»r'te«.   i--   • > - 

r all   -...puter   pr-.-«î^-«-     w,r.  * "* • '' 

,.   .^-.ired.      ^   r.l,   ,.«t   .lot»  -I—  r,e^  •*  •  ^^   -**    '>f 

;;„ pr;..,^ .., *.*• r- *,. «.„H, t.-t ~. ^^.. ^ 

,. .,.        ,.„«  »„..rally   vnrl^le .  a*ll   proportion •*  ih. tot*I 

1...VIM*. — .r,   «   -..»»««.t   e.Muator   ran  dually .li-ir-te 

^"-jora, of «... "rltlcal Viviti- fro. d^il- c-U«tlc« 

by a rapl,i «^nation and th« corocrat, on a .or. ^1- «*iy- 

,1§ or  ,h.   fev  r-ainlrv an...     For «-pi..   1" th. — of the *«- 
- «„iti.llv  orlv  four critical activities, work  :.f  Fluire  UO there ^r«  Initially  «ay  loir 

j  t       -\_ nt  th*«#    n and L    w#t • of such a Activities  B.   0, H,  and  L.     .Vn of  the«*,   •   »u     , 
nature  that   th. e.timator could  .lUlnat. th-  fro»  consideration a. 

a Kla,.c..      ^erefore,   1«. would only be n.c-aary to ^mAn. and 

,,velnp iau  for two acumi., at th. ginning of th. ««-coat 

^-«i.   proc-ur. for th. pr~t«u.  «M*1..    *«n Ut- in  th. pro- 

cw1ure Actlvlti.. A. C «- 0 o— oriti  al.  th... activities^ 

n#art  to „ considered.    Hov^rer. ...in.  th. ..tl-tor «oui* *"»» 

pet por« a detailed analysis of letWti-  G and A since h. could tell 

very  .lulcKly  that Activity C would off«- th. b«t po-iMllti- for 

expeditin,.     ** l.port**c. of requiring ordy a .mi— -ovnt of 

,ata for effective application of ti.-cost  tradeoff cannot b. - 

pha.i.1  too -uch.     It is a trw-ndou. advanf«. in  fpl-ntüm 

thw potentially p^rful procedures.    It i. m U*—* adonta«. 

at the manual cycle-by-cycle «thod of calculation, 

(c) It *- «ntion- «rli- i» «ii. captar that th. activity tla-co.t 

curve is often of «* «. «— -* - «- P"*«* "~^ 

curve.    Thi.  is ICi-l -me «r «tWiti- - b. «^^ 

network of tl-ir own ^ b. c-i— - -~J«U.    ** • ^ 
«.^inPl^ *b.    For «ch ^tivity with thi. typ. f «« 

,«, of aoaaibl. «paditln« at • coat alopt coMlaarmbly 

!... th*n th. cet .lop. d*«*ln«» by th. t- trinai point, of 

" curve.     If « .etimi- - not ^ ^^ th. .PPH-ti« 
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* : • ; +*r   *        .»    • . 

• m*     . -,;r-<-,"T«f • H v < 

if   '.    »-.,,*•    »m.>-,,.<•'    tr *•<*; a-«-.;     «.<*   ,- 

'*'*•'"   '<•**:   '      ^or A,    t,,*     r»«/.   \<rrr:^>rr-i 

m      r*v-Kjrn: .e   '<i/;«»r* j. ; • la«   ' ,r    r-   ^ • 

'«**"     'v«rL.*»Ä!^,     ••   u   ,,„-     i. ^.r,A .    .      H( 

r«n«ea of »he ,rittmi ^uv.ti« mu« ..(«  ,   v.„ .. ljStiT vv nontJi_. 

crash   coat   „iop*,,      .'M.   i.   „„lor  perticai   1      • »^t.er   ;>rore,lur« 

tine«  th. data  requirewer.t.  for ault i -««»^«nt  *-tivit>   MM--..a» 

curvea vonid  ^ aititi»,.     ...  ii.^-#d  jnd«. mril (fc)f  the 

requireawr-t   for only  Wo  n«^o,t   ;«,lnta   p«r  activity  l.  oft«,  « 

•erioua  optaci« to practical  implantation,     ftwv«-, with ^^ , 

cyrl^by-cyci. calculation,  there i. no probi.  ln  ^^ lnto r0f.¡.' 

•iteration  the  lov-elop«  initial  portions of activity  tinaco«t 

curve..     QnmUy a auch w favourable solution will  result  fror, 

li-lted  «jwdltin.- of • r»a»b«r of activities  Instead of expedite 

• fsv all  the My to their crash Halt«, 

(d)  3ec.ua. of th, alrnt infinit. nuBb«- of •ch«!ulin<; cabinati«, the 

project  tl«a-oo.t coordínate ,*y actually approach an alisost «»«th, 

continuous curve.    Howver,  thi.  U not u tm for activity curves. ' 

Thmy are oft« a NTíN of dlacrat« point, that repraaant . Halted 

nu-b«. of alternative..    »„ «». ^^ ^ ^ d#v.lopM!nt of tn# 

project tioa-coat curve the aaount of activity shortening vriil be 

ûmfrmlnmâ by  the netimrk infraction Unit.     If rron a practical 

standpoint th, activity „oat be ahortanad by an amount of tu.e greater 

than th« JUL In order to achieve project shortening equal to th« 

MIL, th« trua coat .lop. will be hl#«r than that baaed on the a.- 

euaption of a continua«« curve.    Thar« ray prove to be nor« attrac- 

tive solutions baaad on «pattine so», oth«- activity or baaed on 

th. parfomanc. «T ttat MM actlTlty by an alternativ« method pro- 

duci«, m a-ount of ahortanlng KM nearly matching th« MIL.    Thl. 

mv. aathod «l^ht not ordinarily b. con.idered because it 

to have a steeper coat slop«.    Tb lLlustrat«, consider the. 
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vrv. er» ìc-rifi,   *v^-y<c\~i   n.-tiv;*/   '{   e-*'oe.?   .--«rve  NT  tf  Pleure c:7. 

->;(»   -,-pt   «lope   i fi   apparently   $•••'  per  -ia\ .      "byev-r,   assurse  that   the 

"II   for   sh.ir'erlri^   t. Kl s *c* 1 '/i t •/   !i   ,.'   i«,s.     Therefore,   expedí tin» 

te  f>p    -rasi,   ;!-í»   J'iiiil  orly   pr«luc«..   twr   lays   of   project   shorter In»- 

j ¡-  t,he   new   ï?ro-iiM   s«*«juence   11',e  --reated   »  r:<*w  critical   path  that 

would   cause this   a. -t Ivi tv   to  reran*  non-critical.      However,   the   cost 

Increase voul.i   be   $Uf>".     The  effective cost   slope   1*  |200 per day. 

There  wav  De other  aotlvltiej   that  offer more econoB.ical   solution» 

for two   lays of  project  shortening,      r,   there may be other discrete 

scredvilin,* solutions  for thí • activity,   such as  that  c or res ponding 

to  Point   A.     Foir.t   Â represents a cethod  of  perf "»rr.anee which, 

though   Its  ooBt   slope  1«  twice ar,  ^reat   as  that  of   Point  C,   pro- 

vides   two -lays of  project  shortening  for $100 lews   (an effective 

cost  slope of $iSO per iay). 

If curves are not truly continuous, cost-slopes offer a rather 

poor criteria for  selection of activities to be expedited.    The 

manual,  cycle-by-cycle method permits the programmer U> calculate 

the NIL Tor a proposed change and to consider specific alternatives 

with relation ho  their respective NIL'S.    This will permit more 

Intelligent time-cost trade-off decision«. 

P-    Lim^-Coet Trmde-Offs for Subnetworks 

129.    Time-cost trade-off analysis la ideally perforoed using the entire pro- 

ject network.    Although it  is  possible to take advantage of the fact that only 

limited data for selected  critical activities  is required for application of 

the manual procedure, there are practical limitations on the si«e of network 

that can be analyzed.    The use of the dateline cutoff subnetwork, discussed 

in Chapter 5, offers an Imperfect but helpful approach to larger networks. 

1Y .    This subnetwork approach is imperfect because all of the opportunities 

for project expediting do not occur within the subnetwork and therefore are 

not considered in making decisions.     It is both possible and probable that a 

•er« eecnonieal method of expediting is offered by act ivi tie« outside the 

subnetwork since the subnetwork represents a small portion of the overall 
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t        y:  ... r..  Vp  -u.Urle  cri tieni   pH*    i,   ths opt Li*,  expedi t In«  sol J« ion 

.._     .... Tl;v»   tv,   .-ú'.t   .x^iitln.-   -f ar  ,v»r/ity  withlr.   the  subnetwork  and 

a:,^htr   ,.,,   -i   ..,,,..   ¡«rtior  ..»f   the  rroj-*..     However,   by  confining  consideration 

or.lv  te  the work  within   U.e  periti  of  the subnetwork,   these  opti«»  solution. 

.r     '. »•'.-.'r.    Ì. 

,,, %    _.     .     . -p^rre.:*   solution  wh*oh result   in  ir.provtd,   aore economical 

.  . u    ;,,  •    .-,   .. -.er   than no   «olutionr,  «it  all.     »y establishing a vali.e  per 

t.c-   ,n*   (e.g.   J per .lay,   ?er wee*   >r  per north) for aarlier  project  .cupie- 

tion,  K  tarp't   is  available  for Jud^ln.? whether any proposed   change will   : esuU 

i:i ar;  ir-nrovei  schedule.     If   the -han«« shortens the  project at a lower cojt 

t ^ the ojncuiit  saved  by the  «*rll«r completion, even  though  It «ay not b* 

.*- cptluun  leproverent  possible,  It  i. advantageous      The cimnce. of achieving 

... .r-opt.1r.uir. solutions are «really Increased by the ability to consider the 

lo.- -cE--b.  F'îB  ^ th«*  initial  seleni« of each critical activity time-cost 

curv.,.     Thiß  increases  the number of apport -ani tits for expediting within 

Wh tubnetwork and ta-.ls to reduce the differences between expediting oppor- 

tunities within and without the subnetwork.     It sema certain that an analysis 

io,* or.      considérât ion of  these low-slope stents but Hal tad to activities 

witnM ih- current subnetwork  will produce better results than an analysis 

v   .d.i.  .-i  consideration of  the entire network at one tla« but utilising the 

aj.oU- ?+ior. of  two-point,  single-slope activity time-cost curves. 
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- .r. f 11 • t «   »hat   ,«i«t.     A   r-äO,.r-       acr**.«*'-    '»•'   * > • - * •*    •' 

f    ,. + .     M,.,r-   -*'    -s   r,;nr,1    l.rv,    *      •;**    *m *    f>r   •!.*   W   -f  >^- 

„r,.^.    â,f%M,r.       .-     -«••    r«,   .r--   -    • — i"«     '    »*   — ***^   for   t r.. aft 1- 

.h,6,   r^r.^.t,   .h,.H   -,   •*.-:    -   *   •     -^'-    ''   ^rr.r,*.-.   that    >orr*a- 

pond.   ,.,  «he  dorata,   that   -a-   >**    ..M-«*f.i  f,r   C.  a   M.i».-.      It   U .*.« 

neci-rv  to have  popart .  • •• ^.  f »r   «.. ti-ln.  of  • * parf«nc. of 

mrh  vuv1tv.     A   .cedale   ,Asel   ^   .«arM^ «ach   »cM.it,  at   it.   -uMaat 

start   lat.e  offer-   -»   Lvl-'«.   -'^«l   »—!^  f ,r   f-r^M.  of proti*,  itflnt- 

M,»n        .»vin*  ren«u-  r*<.»r—r-   of  .*-:>.  «M^.t,  a».l   a .chlulir^  for 

.c», .ctultv.   th*   lev^^.t    ,r  r«oun-«  a,-r.«iu.a.   1..*«!».. a  M«-«nlt to, 

tl—unit   e—in.Uo.. ,f   'ho.« activLM^   ir   ,rW...   tí.« i«tl«  '* '»• 

nunbar of   units  of  each  raaourca   r«quimi    iurlr«  aacn   ti.« «It.   an«  th. «try 

of thi.  total   fWrur« in  the propar   .cour-« .chadul«.      K* purpo.«« of a 

•a, pi«  probi»,   cor.aldar   the  pro.^t   network  .hn^n   In   Flrnrt V*.      A-r»t tl.t 

t^.er. .r*.  thr*  rt^e,  require   for  »>•  !«rfo^^   -f »M.  pro !•<* -hirfc 

are .vai Ubi. ir.   very  11-1 tad supply mA   U.^'cr. *•/   ra.ul»   to   ..hlulir^ 

reatrlrtl-w. or.   pr^.tct  ^tUUlaa.     ^^««  rwourc«  ar« âmlgmtmâ a. P*- 

•ources  X,  Y and   Z,  an<l   the r*iuir«ant.   for aach  r**»rc. by «ch artl.lty 

are .hour   In th* 4ia«ri»  und.r th. nod«  .y»t»l..     Schtlulln« 4at*  for thl. 

„rt^orx ha. b^r, calculate, «I th« r-ult. « *« 1» * tabulati« U. 

Fiffur. 59.    Activity duratior» without rmfcld«ratlon of  ram«« ra«trl«ril«a 

1.  >k w^k..    A achaduia  .laaad on .tart In* «arh activity at ita  aar liait 

.tart ti.« i. tìu^ in Fl«ur. 6o a^d tna  raaultlng r^n^rc, sch^ul«. for th« 
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«*»r«i ' 

>   •% t •»   H      ,i   •r-r    •!    ---r     »• ;r»**s •*••*;   r*»s «urf* ai l.irat !<'».   pro- 

, .   .'•-   .ir*!*-      ri-i'fri   and    ••nal 1er«:..«   r-.if x in»!   M -.»    >r¡   tuli 

n< ,*»".   ...   .>t    -.1«-   -.«ar-ipt mur   »..»...• i irti,     K. ny   of   these 

r .|>r   *'*r      * fi* * e   ,:r>f i»"    i»   •»   "<».pi lotted   m»   turane• Pf  ta» 

.•••,   "ìr   t r< t«ar ; i l» ,    ' tm'   •     jt.sidereMe »nount   of   this 

«•     ,«",«•<*     : <>•   *      * ' e   r '»>r»rt ;^» i   that  o«-cur whar   ectivi- 

•   , * -     ». ;   • f.*..,,., ,«•    ,-•"•:•   «s*  number    »î   res'-hedul ln>-   cambín*- 

.,».     •   .        -K#r<.'  ,r#.     . i    ; *    'W,IT»I i í   ri*t»i«<i  that   ^ o» putar 

<     ,        «»   %r»  » ... ¿ ». » : n ,    • ,f  »,j   t r #•  »la^rr it urte  ->f  th#  data 

., .   ¡. r   %•»       •   e   > «» »   ,.t •«•   •»'-* e<i .i,»-   lev» loped   Ir.   Flirure 6ti fot   the 

., , »     «»•»xfirH l «•   '»»v»,   n. f». »    -,f    , ,« *    « - ned ul »a   1»   »••ot   » naw  concept  »or  ti 

i   ^i.»!,!))! •    »     »t k/, .rk i » .   »«-ru , joes.       he.    -a/   t-e   t*^*»iop#«d fror,  bar  chart 

„  >,*ii ,. o».  «4   ; »v   «t-   r«*><ii-"»  r<Nj dnB.«i'..!i  are  provided   ì>v th« estimator.     Care- 

f* i     ,« .»-.r «n/uner--.    mi*    w.-<yt\      . .   • ~ ned ules for   Important project, »   for «any 

,«ar«        4nw»v»r     *•   «    **   •<>'   -«»ai.   •    -oer-or  ;,rartl'-#   for   f ne *,ajorlty   of  pro- 

»  » » »# r***.«.,  «  lar^'l;  »r-   'ha»   »   lot    >f   lata  »u*t  :« furnished  end a 

„ -, *#r%t ¡« %ll«>.^fl,    >f   ' ,:i# v .1  #ffnr*   '  i* t   ** ex paru! ad.     T"hea« are not   partl- 

,,*r.,.   ,"<*1   r<«,jn «   '   r   -,•••    i«»i 'f'-'-    r"source   schedules,  «Ine«  tha   t. laie and 

• !••..,• » ^hfmiii ;ir -fi *a .jy «fer.t , -«jt *rm fact reata lrts that project eeji- 

^mmm » .f»#» ,»,«••. •. pw».«••.< 4.,í t • -.lindi/ wìfj raapect to raaourc« prob- 

, m. m   i-»e  »'.  *r#  >r<<u< . -   ïrvr.i/ad   ir.  dava lopin«  rv«n a   «lrvla «at  of  reeouira. 

«  ^„M       ;f  ".*•   i- . »i»i   r»aour*-a  a^heduia» wer«   ievalopad and than   If 

• •••xiiiiirw    riaii.-»«   rfT*-  pr'ipDaad.   aarK  a»jch  f-hari«« al «cht raqulra «irtenaiva 

.*i   •-. -a» i »i«       , f   -t    rt'i.-i,  ai*»wi*.y  w«r« ras e ned u'ad  or  if s non-cr 111 cai 

*.••»<••»/   o*r*  f»s. i«i.,iw:   .-   H«   \rtarferln? float   rmr^a, other activities wmld 

«,«<    '»ave  ».   • #•  r»»«-r.«i1 iiPil,     **h««# artivltlas >ney   Involves nurber of différent 

re«. «4T-» ••      "»•-#    .rl,,/!n*i   --rmr^a wt-,l^h vas sisad  at  s  spar If ir  Improvement in 

ir,»   |».r* , >r     f   *ie   r»a«>'irfe aehedule iaa/  produra «any  ehanfas  In othaw  portions 

.r   •••••   r#»*»âr«-<»  •<-ha«i'i¡e «s «eil   ss  "härme* In  several  ^ther resource schedules 

Wune   -»f  *»•>•••  --revues  'a/   •* -jrfavourabla and aay  avan   nulilfy iaprov seien ta that. 

'-**•    «ar   pirev« mn/ sr M avert  NY   -onslderabie effort.      In rie* of titee« probleM 

¡*   «aasis   miisaiy   »hat  * «anual  procedura can be a practical and suceeeaful 

»*t.iv*l   fir level opt rut  project  schedulea  that proelda  «ood solutions   for aeetlni 

rtmuj^t  iiaitati.iris      rat  this  is  the  purpoa* of this   chapter. 
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/f -<-or ;«.,* »t 

.   e    >••!*   '"i«'«   ",H-    -.),;.   r.,L.  ulv#>  ;,r-». r'i,..i , .     :•      . .•        ....... 

ri*ir't,!-    s'     - ' "     **"*   ;*XT1.,   > .*    ir    )»h«    . ... .   .      t' .,;,»,.. p...-, 

»'th. .'.i?   pr.rvi>H--   tv    1..,-„•,.    t.h«t    suoi    .lt..n(,:r.   vt    ;:r*.-M'n. "v.;.. 

Ptr*   v*   V ^»   '••"''•'»-•»•.«•   -.je.u'er   ,r.w«¡   resar -,.•  .,.;    •*: j )r   ,,r , m, x „   _   . .„,. 

«!•.   -unt   10;.   «,»      nfx   is„1BAj   ,er er.*a*e     f   -«. ...r-,f.   ,. ro -rwai-..-  .rf.r... 

•n,;.    !ther  »*tr^€  ,ht.„   ,.    %  ..,i?^   .;icr   • f   .4.2,«.-  ^     ,  ,,r^¡.(>  „,.   .   ,      ,.   .. 

.•••-     »r*   «ol-.f!   u    '   ,*n    irl,,€ ! !.•  a^n-a-.-        »    •    • *•      .,...••.,...• . fl_ 

•1..    j,   ai>  .rd:..,      •1,.,rrJct.J   ,(r^> •   .r.ere    .    ,,;•,,    , jrN   ,a     ;,,,rr   i;.., 

<-;rt.i,    iiti    .1   ,.„.;„„,.   .,n   v..»,   v,l   .-ertai:    :,m    f;por*   for , -r,    ,r.   •     • 

•"nilr*        If  th#r* *"   1» «.x.r-lct«',t :.«.   .-r.   ejui^ent   tr,   t*rf,,n. a¡ ,   the  ,,r- 

•-Ut   li   ready   to  í*. flnr.e,   Me vork  ^;uat   •»   postponed.       To.,«, a   w'.:or.   : • o, .,    ,f 

«tk   t,> poatpnr,.  u   3ft«,   i.ft  to the -raft   for«*   a.*.   .1(f, iB1)ra ar(r   :^,.;  l)r 

j-*l*»ent  and   intutlor   rather  tU,   iyiy  praise luvA/leàVe   of cri'icali-   and   fl~»' 

ti«-  for »eu,m«.      ff  there are »ore :•«, or equipen*   .i4L, ,ecdrd _   t.   , K   t;)B 

f'oraaan *ho d«,ide. hov  to  kmV tl.aa nudMfaly >>u.v    »r,   .,.  the   -as.  . f  t,.e   •„., 

^h«r   »o   U,   ti«  off.      No  rat-       hov  crude   this   pr^es,;   •*     Se.-     x^U- 

tutea  »   r##oui~e «11*-attori   te<        jne. 

:<<       3oth   e**r«.e«    •!   iTt.-tl^ u.e ,«-t»l, *1varta,-P8   vu   iisa.1v*-.t,ves.      ¡he 

•**itar  CT   har,lle  the   lar,,  «M-   of  lau  and   , ,,yutat i „ral   5ff«   that   are 

roj'.:.ely  required %,„!  car   apply «t^.ij.1  procedures   v.»»  are ..a -detely 

prohibitiva   ir  «ruai   proc.W|.,..     x.   the  ot.,er  !.*,!,      •   ^   ,nl,    -or eider  '^ple- 

pr x - cue 1 u.i.tatlor.   program ii«  «vi   acheduAin.-. rovMfa-at 1 * s   that    .•   -vi: 

t,   pwfor. and   for vr 1 -h   t-   ha.    <».  «appi!«!   L.p.,   -ata.      !t   í     .^„si^e,   ir. 

a   f'VIcíU   ser.»*,   t(.   protrmr a rot.puter   t..  c.»r.si.>r   ail   alternative,   that  r.;-ht. 

b-   po«.lbl«  »1..1  JeslmU«   i,    .^ufl,   «ltjaMor.f    ,r   t,   f^.,sr,   :•   ..f.   »11   «he 

Hf,  that   i*. «iKht  ;)o,aibI? Make use  ,f.     /,r;0th.r .llaJm-.u ,   ;r-. .,.,«   loc-atics 

1,   tn-t  reaourc« al loca ti or.   prcKra,r»e, r^uire very   lar -e  capan- computers 

which ara not alwa/*  readily   amuable.      Hie diaadvant^ea  af the other extrae 

of practte« ^ou.id  be apparart   fron the  illj.tratuvi   ir   tv.e precedir¡(..   para^r.^.. 

Dacl.lons are «ada at  the  iaat «önerit vh«r.  the opportunity  for favourable solu- 

tion «ay alraady Uva hear,   ioat,   they are -mâe without  '-enefit of data  that 

could ba halpful, and thay ara oft«- nade ty a level  of r^na^ent that  r*y not 

be the beat qualified  to «ake tha*.    An aditane my be  that, they -o not  require 

- 115  - 



. ÍV,^,;..  ,.,;-••, er.«   • '*'    ir  -o-   avalla, le.     ¡lovever.   regardless   o/   'he avali- 

...../!>•.. of'.nr.p.it.cr   facilities,  ai» ever.  neater advantage  1»  that  they permit 

,,(,  exercise   ni    W^«'t       :i«re are «nv  I—H-  -V«   *-    <-«^   r«,„urce  e*- 

filets,      »e  I,   to  reschedule activités       .Tus  i«   'he  principal,  and oft-a the 

:.ly    basis   Dr  ros*    for~.il   procedure*.     However,   -ere are   ,ther -.«ure,   that 

_, !e   ,Ub.  aR effective.     ,,-t;»lMe8 ca.-  be replana  to change their renource 

r:Tilreneita.    When  ax.  estimator  is require  ^o furr.l.h re.ource data,  h« •«•*. 

.rovirte a Ustlrv  or resource requirements  In specific number,.     However, given 

\r, opport.ur.ltv.  he car; generally alter these requirent,, or even ell.lnat. U*t 

,, .dopti.,,  a différer t.  , ethort  of perforce.     Ir.  .ooe can« artivltl- car,  r* 

interrupted  temperarli..     Tr.  ace caaes  resource -«it.  can be borrowed  fr.   >trT 

x-tivltie. without  completely  irterruptia^ the»,     ^«tlae.   resource unit, can 

ce  shared  by concurrent act ivi t lee.     I"he clever  forian   .n  the construction  pro- 

ject   illustration   previous 1-  used who  is  faced with a shortage of resource unit. 

will often consider all of these alternatives and a few .ore.     te hai an ability 

which cannot be program  into a computer and which has allowed hi« to furnish 

results that have beer, widely accepted even though,  on analysis,  the method 

-.•ppears crude. 

•UP      It is the purpose of this chapter to propose a aiddle course.     It is as- 

suned that computer  facilities are not available and  that,   therefore, a inu»l 

procedure is required,     "his «.nuil  procure trust be within the liait, of 

Practical application.     It should take advantage to as rreat an extent a. «,«.- 

ihle of knowledge of basic network scheduling data and the applicatici of net- 

work mechanics.     Such an approach cannot be a.  simple as puahinf. a button and 

mallín« a printout  of a solution.     It «uat requie a considerable a«ount of 

.xpcrl»«.Uttoii.  calculation, and analysis, which   nil  be hard work.     However, 

<r   cases where a prolong effort 1. to be expended  In the  impleMmtatlon and 

-nara^ent of an  important project that require a considerable period of ti-e 

for its performance,  this effort is Justified      Perhaps If it were necean to 

programme a Uif number of very short duration projacta, only conpufr processing 

could provide practical solution« to resource allocation probi—.     But the f*rt 

that this report concerns single projects, or progreses involving a liait«* 
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••>{'  project«    the.'   «xt.cr, "jr   lOTitKs  or   y ««re    .car. 

j'i 

afford  to takf  u.e   tire required  b /  the  pr ~<-edur«s   »v he 1p,i,,i». 

•o,   the\  vili  b#*  reworded  v-- « ;iur|. ¡s*>r«ï  i'.telì u-er.t   j-idt-r. 'a- A>., 

1er. *l?h *if'   they are .:«%; Ir.«    • na\ tu-  prowr-ju ~.er  ¿h ,     „¡.¡':   - . 

'LIacK   '.AJX"  and   m:re,)t-¡  whatever  to.Ut.or    'g   rut-jn« 1'   --u    '•<    --xp.    t ,t.   •• ,• 

• »or«  intelligent  under»taadlry  of »i pro M ce shoui<!  produce ...ore   .nto.h -« • 

solutions.     Procedure«  for  three caser»,   «»tí. ur   ¡-icmsìr,' royplrxi';, ,   wi..   ;>• 
discussed ì»«low. 

MMHiLA»oiiC£l. AiiPSaUqc Procedure«. SÎ1ES 

IUI.     A«  li it tal   step  for  the prc*-edur*a  t<> be   H «u-usre^   ;r  *h» devphpner.*     , 

resource schedule«   for one  specific  pr^Je«. •   schedule wM-h,  except   for  resour -e 

retirement«, would  be a  feasible s^-hedul in« solution.     7\is step  is  not   es ser.- 

tisi  In the "ass IÎ   procedure,  beles*,  but   Is helpful  ther*» also       .Tie simplest 

schedule to uae  is  that bused on the earliest start tine« of each activit-,  as 

shown  In Figure fio.     In the procedures to be described activities are resche- 

duled, or other changes are nade that «ay require activities to be resch-dulej, 

In attempts to el intatte resource represents  that are •inacceptable ar.d   »o 

inpmv« resource  schedule«.     \a a  result   total   reo/iiret ert n  for «ac>   *i:;r  an l'- 

are frequently chanired. 

Ik?.     If the mechanic s of  physically maJtirv "hanses   in  the -lata tabulations 

are simplified,  the  possibilities  for lnprov in,-   schedule« will be fxpanced      A 

method  for accomplishing  this  1s  to use a worksheet consisting if a larRC  piece 

of cross-section  paper mounted or. a sheet .letal   back inc.    A Use scale "an be 

shown horizontally across t)v  sheet with each col urn of the içrid representing 

one time period  In  the tlae units chosen.     Vfrtm  each activity car. be represented 

by a bar cut fro», a atrip of tagnetlc plastic.     Tuch plastic  is  inexpensive and 

can be obtained In rolls of stripping In widths as narrow a« 1, U  inch.     It  Iiav 

be painted with an  enamel  paint.     rhen a wax pencil or a pen usina water soluble 

Ink, either of which are easily ootairmble, can be used to ¡nark resource require- 

ments on each activity bar.    The«« entries should be positioned to tatch the 

horisontal scale of the grid sheet In order that a single entry will appear In 

each time-unit column over the tine span of the activity.    It is not essential to 
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"''    '    <     "IM"'-'   : a--.   -,,     i * < '    • :;<    «aia.     >:.     '•    '   <    'i. •*!'.'. ••'.        ,     „\;uif>,   sur!-,   »IB 

* • '•    'rut:-,    "ir.  (e  raose-     ird  nil    .ir ;   •••.     *.,<   '.t%. .    un  <h   fro«.  »he  nlli;  af 

;* r i p;>if '     n'iT'-f.      "he   '.,ar   f ir   arv    C' ¡v'* .•   ,'v    : .-  ..«.io  ar   ' v   "ia.-iri/'  thes<- 

'<-'•'..       .<••'< al  ••      '.¡   • •  .• i,;    (- '   '  •,."i:i'    !   ••   r   .   i-n   , • H« •'»  or   the   :"'. ani   1 ».ti,'t.h  blank. 

't   : ;•;    »iar   '-.•-.•• h. ,      .    •'>.    nuj»|.e:-    ,j'   ;   frr';:;   t/pei.   >f  rin.ourcef.   'a  he rjìalyxed 

ìs  not   toc  .-rw» ,   ' •> ase a  .li iTerer»      ilc:r   ,<ar  fur each resource      The magnetic 

otri;   .ia>.er!nl   >ar   le   ;>eiru»«d   i .   i  r mr,l <•)•  < f   past. !   -¡.ruai.*,;  a;    to a*   l*ar.t h  to 

afferent   . Oi.ia. •.       : .-fa- '.ai;   ¡cr'i '    » i —, i ì *   r,üi>ira   with  ¡^ncil  ar per« and will 

aahc   :*   vea-   oar,;,   t.    - lB.*r:v.f   •,:•.<• ar.-'i-.e    -f  *he various resource requirement«. 

"f  a;    actlvir.   r<«¡>¡.r"r     ar'    U.r    .at    r/*«•• >ar.-<- .      i'"*"^ren*   ^HO;í|'   iierr,   for «ach 

res. xir'-o  i ei    >><•   .u'i'f.M     ->:..    a.«...   another   *      :' u      .   a*;m;,it»    ; ar  :'or  the span 

a'  t.iic Äctivl*,-.     ;Mí,   iTO'ii      i'  bar.:   /fui   :-c  : « >ved  ar  a  'jn.t  when   reschedulin. 

of   the   acUvi'y   a;   ,)«::rfin «'.      ..trips    .,i     .^y.ot.c   pluDtie  can  also  be  nount eri 

across   the  hot tai- ><•;  y;,e w< >r*s.hret.   u.  r«a'a í \ <   enta iej of the  totals for each 

time period.     Il"   -oiourr« are ui,ed  to represent  different resources,  one btrip 

if each   eel oui   uparían,'   the  entire  project    larario.,   is  user!   for  the  totals. 

"Yitries   ear.  be ¡.«ule  it,  a  BíI... lar lu&nner   to  t hose for  hat art.vity   '-an;,   i.e.   with 

;reanf  pen«-!;   or wate.-   aoluhle  i ri..      .s urtivi tien n.rc  rescheduled  these entries 

ran   :>r   easily  r-nanre--;   hy   rarefai i " wiplr-     oat   the  previous   figure and  entering 

the  new   total.     Thir,  Hrrnnrer era   pe:- i t t-  makii. *  char.yes   in H  nor« practical 

¡¡anner   tija    n:!rii'i.   lire',t!      ":.   ; he  < /Oí;S-:,CC' .O:    t ja per vth   sui sequent,  exten- 

sive  eras.n,,;. 

!'• '.      \r.   add.;' tiona...   refinement   to  tha   aaove   procedure   to alicv  expérimentât ion 

with        in/yes   that   a;v«dve  nni.tin,- a  ruiiaer  -a' a'*ivities   is   ¡ossi oie.     jot.e- 

t i oes a  der i "ion ooncemin»'  tue   lesirabii it Y  o.*   a proposed ch»u"ife cannot, he 

reached  until   rai.a-r extensive rhar.,-<»;;  iiav-    eei   .and e      An  extx-a blank strip 

for each  resource car.   . •    ¡TTOV wir •  an ).»e   me  aott«..i:.   ->:   the worksheet adjacent 

to  the   strip or.  .vhLcfi   butais   ¡>er  tli..e  una t   care  entered.      Tie  Ij&rs  for Mich 

activity  involved  in  the  proposed change can   r>e  'eft   la their original poaitlori 

and merely De  turned over  to temporarily e Urinate thee frotu  considérât i on.     New 

bars can   be made up and  placed  In the new proposed positions   (pieces of magnetic 

strip can be laid or. top of portions of the turnad-over strips,  so extra 

vertical  space need not be provided).    The new totals can be entered on the 
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«etra binale «trip« at  th. botto, of the vor**heet after -h, 
completely procesad and ali afectad ^,   « ?rOP°8Ä:   °^e   :s 

a* po.niona      Th.   th. ^ "Ctlmi" ^ *« .cheduled   ln lh9lr ^"lvlun»'     in«,  these  flirurtta r<*r.  K^, _ 

"r* C"  b° r<"°v«1.   th. «tri., on th. ordinal  to«,, •trip, on the botto« or th. ..„.*  >.    . ""Sinai totaling 
•P- -trip.    JZ Bhmt W be Cha^ "> -toh  the., on  the ^ -trip., «, ^ apare >tplp(| car;  ^ bianked ^ ^ ^^ 

fiBM-i-n-UaiUd fft9.veüfc fautrici¡ or,.. 
CI 

144      In in» 
•o»e CA.«. the resource restriction. *r* not s-v«• « „ .,.      , 

•etimi«, ^.tly .ithin ^ float 
by * ^tlV^ ^*< *¿"l* of 

* —in« th. ^.rtie ljlu, ^^""T' '^^ Can * —P^ed 
».      , r*P»«««ntliv> the activitie«  to a n* „„.u« 

et*** th. total. affected at thc ^ Qf ^ « n~ *•"*» « 

•hlffd vithln it. free net •*e    there ar/lT " •" -cttv.ty i. 
no ottar «etimi., ne«, h.    K n0 ^ eff-cU-    *«•*w. —M W.VXUUM need be .hit  ed.    Thlm 1« *»,-. .«    ^ 

«-*- «0 .uch eh*«.. „, ^ „ _u^ «£" " "•« «. 

*•"• occiar near the end of th« n.»u•i,    < 
to be mny «ctmti«, »fr^^   ^ Qi>mrm' thcre « "«»ly 

•«    ««<• ita- eoxving re*ource probieaa bv r^m» T , . 
•re lUited |rU«rll» to oh.r„^ ,      , P^«U«M by Gut I procedure. 

i«-M-vriijr to ehMCM Inrolvln« the uee of free n^t •« 
other etat*«, ttat do not r*«»<~ ^. ttae ^ ,uch 

1*5.   Figure ^ .hov. » reechedulln« of th. arti^** 

«ri* n«^ ti^, ^ r^etaduiw K^ ZI ^h^«» fr« their . «« r^ctadulin« ha. b«^ u.lt- to the fr## noat 

- U9 - 



•SI 

rt .. 

.-i _' 



•:c  vertical   i inr •n   ' >p:*)i; s t«   i-ai li  -it • .f    '"*'-,«. s , 

'¡«dui •mrM rem 

fre«.   float   M,-e.     !•    thin   r-e« ^.-oul y- •,   ,r   w.   .i..,r%«;r,   .„     .    . 

<>f  cours*»,     'orrivfr,   %     •»•••! vl • i-•.-.   ••«••"    «•      : --"?rru; • ••:   ^-r     nv    v      ..   • 

U*n,  v*.«r.   replann-d   h  r»h#wf   rr-«.r-*-   :•«*-; .1.. m^r-. 8.      !„,v«.v«r.   -J,»    i. r,ro> - . ... 

16   impressive,      -he naxl.,-*    re^ir-î.^t   f->r  ^r.o^  \  hM  r.,.«~    : ^^r.„-   , r,y 

Il  «mit«  to ' unltn.     rr.oi.t   for   :<esources '.   aM    '  have  :.ee, rrt/,M,   res- 

tively,   fro*   i to •' ar.i   fr-*,   .   . ,  -..      -,„. .   ,if,:,   ^jUj^_f/   ,  r   .efir..r,.r   , 

could quite eaaily b* mlu,^   farther «o *  ^.,.s     y !:,..pl,   ^t.-ndi.,    ;„-.*••. 

duration   by  ine we« m   l6  Hpp#u-r.«   'Y,.,   *   r, k   k   ^xur.nat i-v      ;    •>.   •.  ,r     •.,.-. 

."he continuity   if reiCurr-   . m,-c  ' ar  a; -    w    ,   .,rove,,        fict,   • ,.f , .r .,        ,, 

required,   it   in  used  ïorttn jously.   in  vai/irN:  a-.«-^tß.    ir,ti.   -    ;R   ri>    i  r. .0¡. 

needed,     resource :: build.   iP to  lr, IAxLrjB  that   .,hen mAtnr> (0ri3t^.   ,:XCt.pt 

for a single Uetk break,  as  e carpare.'  to two Vreaks and a lesr   uni."or    retire- 

ment  In  the  initial ocheduie.      .-he schedule or  ridurr •',.•  is definitely m    i:.- 

proveaent over the schedule of  n^re '     fror, a  resource ^.dpoi.-.t ,  ai.d   ^ 

the schedule sodifications wer©  very §ir..ple to cake. 

1U*.     It  does  not  «jeer. n«MRarv  or leslrablc   to develop * set  -f  Ftrlet  rule- 

or a definite procedure  for i esrhedulin* of m«   -yp€.     R  involves  «  trial 

and error ju^Hn« that can  >•*  ac-onplished  -a«n-   with  the phy*i-a!  ar rai- 

nant of data or: r.agrettc  »tripe   that  has already  been  su-yeitfti.     ./h-ther  the 

beet poasible ansv«- is obtained  deper.ds o.  »he  skill  an*  i.-na-lnatior  arri   Wk 

of the person   in  -harre.     "ut  »r   initial  schedule -nr  N» oor.s Hern! ly   i-prwed 

in DMMt InstanceB.     If this   person also considers   such ueasurei   as   replannig- 

activity performance, borrovtnr   resourc-s terporaril>   fr-r. concurrert   acti- 

vities,  varylni:  resource uaaire duriny the performance of an activit..-,   inter- 

rupting activities,  sharin." resources 'etween activities, and a host of -tner 

poesibilitie«,  he car probaMy  ir.prove his original schedule to a auch oreater 

extant.     For exaaple,  in the sch#1ule shown In  Pirare fi? it    i-ht  be possible 

to reolan Activity I for performance in } weeks usiny 4 unite of Resource \ 

per vNk.    Tñis would Increase the resource-weeks of effort from 10 (bx2) to 

12 (I»x5) to allow for some Inefficiency in the alternative nethod.     Rut   i* 
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, !,   f.   í" f       liSC;. ,      ,». t t Si 

i:   •• »i i      • •  , * . 

-   i   -    •»--.-••   *i  Mf.^lf   ,1 **e*»í    »:   »    -*—. -. -,    •.   hm*. .¿.it 

n :»•    '!»".»•''.      • '    * " •»     »••»>'    r   r    In*».    • '>   . »    "'r'lwrh*    *<.   "í".# 

r"i-- »••'   ••        i'     ,.>     -   •'.      ....-/.•      '  -i      •••* ,<V     •'   per   »rie/v-e 

•*>/'. • r     • » . 

Oí r.     -r    Mf 

r#»ficr.r' <-    •*>/•'r     •' .  «•*   i '¡   --»re   Î * f f t • il*. 

'#»«Cí.«'«tal ; '      »itiv.'iM   »í'».:í>   • ne l r   fri»**   ri»» 

i     •»,»,'        i,>    rfv .e- i >i 5   ••!<»'     u <•     «vt|iA.r".       tii«r   r#«»-h<id i- 

,     . •   . • t,..*-! ,     'i     •,.»"*»(•.,     *,     ».ir «Ai! Î I •«   'IH »»I,     v«1 

!'.;„• <• Jir      *     . <*,'•: :. .ai* »ti ,   'i I I. -A/I«!   #»r»   >r   pr »- 

'•;•     . >r»i ' * .    •; 1. ,*   -r     ew .   .•      !.«j»,'*»f    ' •*'      ''¥•../*•   «   •i#-"i#»r    <f 

!,rfi.   ," *    ¿lM.   »  E*i," Al    ; r « K! J-*   •.».•!    . ...p« •«•.*"«   prat*1/ai    iiiM,a- 

-'•#»»-    >í   3i"»,«l'ii'<,;   ,. r. pr TV «* •" * /   *bat   *"iay    *•  v t »»n p* uri ,   »   rea i 

s   ;«>rpr:   »      . » pr- y»'   pr"  <•<• *   c '.ed-i.e*   t>jit   are   ínaeoeptatl«  a: id   »h«* 

art    •?...: ,•<•! *   '      ::fvt?:-f   i*-8 »•..*"**»   rfb'r:''', •>* « •;•   fren»   "•*•*,>  «r!  of   ipçr"m<~b 

•re      'a >e   .'   -/!i'l     *•  '«'l;4'j.    a    • •***•+ ir<,    '¡ni   pr» ' le ,      Inateai     i   *tar*i-.|-  wttr. 

-ir    .-.•.*•    >.:<•»<'»:**   ai,.*   »t'^t ;'i!„     • c   r« s- ce<! *i «--   »• ' :»1MM   rfltrir,   It,    t.h«   T>ro- 

- ran:, et-     e;     '•i.ix*   dt   r h<~   ce   if" ;..,     «.    * \e   ,<i" -   *•*« '      •   wnrK  n/.i  ,,r%i¡Aii)   !|JIC! 

•<:     i   (.•'»ptt»' !<•    ,»r*   ««-   '    «^hed'ji*-   *   '!»!','-'/   '*.< »i»1t( '*•"»   f.«îi. .4'i ri*r     >f    icMvi- 

•   .^p   will   ce    '».;"h<-»<:     at   ai./   '•<<» **n* ,   »     • ; <**  »<*t ;vi*^   il* et    -.elr. .   »ch»lul«d »n«i 

;.. '-.s., ly  (%   /er;    P;„i'e<*   rc oer    >f   %/* . «» i    U-s   tfiat   <%r<*   *i      .»flirt   with   It   foi 

•t"ii,ii.  If»   ree<>ur*e    il I*'.,       i*    *. I *s   î»" »redcr**   a;     »-"C 1 <*\f.,    1*   *;ot    i / hexi u I «Kl   for 

;• ri jMuiTtf   J.,'^1   rfst/.r P   rf-j'/m »• t.s    -a;    ' •«   sat ! «fimi,      If   »ni«   requires 

!»>st fK^r. *....   :>er I or .«m- e   :»«y<;m'î   tb#ir   f Í. J« t.   ;<«i ! '»;rf   prniwft   î,âr»M jr.   la   «nrt«nt!«d . 

T r.   ,ó  r.ot.   uj.tc-Minor,  • •  /•(•sor*   to   v,hl« u««sure  t»e<'«iua* ^h«;t  r»sou/'-«  r««trl("ticma 

.re jeverf ^ro.iev», ;.impleti,j, js'javily "*u«t :,« l«Ja¿««Í, Th* .) ,,)#ct i»#• of ih« 

procedure écornes tha» of . :ir¡linix ir.(< *he ax*.«i«lüri of project lumtio« vhl 1« 

natí3fv¡..(.   »il     «source  requíreta«its withii,   th#   S Lait*  of  recoure«  restriction«. 

U*   ,     There are  t,.,rec*   principe,!   fucati on a   to  answer   tn   this  p^cediir«.       'ti«  ln- 

*/r.l*/ec   the  limita  tnat   ihoul'ì  hr  -s^bllahed   ."or  retaur» «v«i labllltl««.     A 
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••*r rm»,.»r.   i >r  .'.»-< -r-    nh^jt   ~a<->r   .«"f^-ts 
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., »    '           •        T*'-i"-"*r    val.-s is 
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nn,.  .unn,tw*rt   prorro.in«   I.   ,or««^,   v; , ,      ,.      , r,^   .  ,  y^..   .^.^ 

pre* tramuta   for  «   IU.it»¡  peri.**   ah«uj.      IT í «   »,••„.    .;•  ; i.,,,r,l ^,  . 

and   profili.  W1M.   tU.  .w.n^ort   arprfmc,f   M,.l>   v!l'wV/'..'V.Vr^l!'!lÌ 

It   h.,1   .„    * »cca.pl i.h«l   Jtllw.   the  ^.^   pr<_rr.t   ri,wopK 

:- -    ^ precis ^im«, ln thli ^pter shoula ^ eff^tive ^^ 

at   ui#  protect   iHu«x«PMH.t   lev».}. 
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« th. r^vrc. mn. rro„ •"   •""    ~" " -H." «,,1; 

—. *-,„.. _ : :"i;r:;,;;::tir "iiow"' - -•« or ^ „ 1Urtto lo _ ., _J    «    «"- -• «.- o, 
tr«M eliht aria« in • *. eve- ' the ot^«r ex- *«n* «riM in th« construction n^. , 

«.**•» <*i cn« various ra-o!«ctii vfci«». w-n 
^J      8 ¥lllch Vl11 *^i»lr« ta«.e aove«. 

163.    Of cour»« thw« »•>.. __ 

J«t on*,    or.  „,„ c„ „       " fr" P°°" "•'I*W« « « ."«1. Pro- 
J«« «thl. . «•TJ1 "" """— «--"-«-. —. pro- 

•oop. of thl. mor. .„ A      , '""•    U   '• "ot »ItMn the 

^5.   »• project« in • vrtmrvmm thmt A^, — 

»• «^naioM-M Jointly to ««t«TBln« th« aoct f»Vm«*r,i-   
for th. «tin       -    ^ f^oumble source allocation. 
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L-,<1   lates*   star-«   'L'-*   I" í -. I •>    ' i. er ì   nm  ••<•  co, putr-*   .lepnratelv.      1¡   all   the 

projects art* no*   ' ••>  :e     u.eiCfM at   ;hc   sa..ie tl-.e,   the e tartina*   iioes of their 

initial v'.ivit!«  sh<""ild  ee-h >>e  related   to »ne  overall   programa* tlae sche- 

dule.     Fir example,   if Project A   In  to start   ,.   -lays after the beginning of 

the  Tirst   pro )ert   ir-  the  pro.-raiane,   the  earliest   »tart  lime of Its  Initial 

a-tlvitv should  l>e  set   eq-ial   'o -'1   hefore  the rorwarl paas  calculation« are 

•-onrtenced. 

1"''.      If  the  prolert3 have   different   priori t les   ir,   'he opinion  of 

:.wtHr,emer,t ,   thene   t>rl ^r! t.let,  need  to be expresse«!   in a quantitative «anner. 

This  is not always  siripis,   nor perhaps diplonatic,  to do.     Howw, there will 

he conflirts  for available  resources which -rust   he resolved.     Otherwise a 

resource allocation   analysis would   cot  be needed.     Renolvinf the«« conflicts 

will   öfter,  require  extend ii.,-  the duration«  of at   least  «owe of  the projects 

in vary in»' amounts.     The higher the priority of a  project,  the  less desirable 

it  IR to extend  its duration.    One  logical  basis  for expressing priorities Is 

to develop the costs  incurred per  ti-e unit or added project duration.     This 

iß the saine fleure used   ir.  the time-cost  trade-off procedure of Chapter k to 

determine when the most  favourable schedule had  been achieved.     It is equal 

to the indirect costs for  project  performance during the tine rang« follow- 

ing its earliest  possible  completion and  also includes those coats represent- 

mr  lost   income or  extra expense as a result of not placing the oonpleted 

project  in operation.     If  sue:, figures car. H# developed,   they  Mve an Ideal 

qiantitative basis  for project priorities and can be used directly.    A less 

precise alternative Is to arbitrarily assign priorities  on the basis of the 

judgment of pro^ranae :nanai?em«nt. 

1»'"7.    The basic  procedures  of Chapter rj  car; now be applied.    Assuming that 

the resource restrictions are sufficiently severe to require "the Case II  pro- 

cedure, modifications of  this procedure will be discussed  in further detail. 

Resource availability limits must be initially set and can be determined by 

one of the Methods suggested in Chapter 5.    Then activities should be ordered 

in late start sequence.    Rather than list the activity labels on the worksheet, 

as proposed in Chapter 5,   there are advantages in listing the activity data on 

cards and using one card for each activity,    die reason for this result« fro» 
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oZT„ ".Il " °"" "^    """ •"**••>•* " -«'•'•'.. co-«... »1Ul *, „tlv,ty m tht firjt _ar      _ 

z: ::x:: r *"""h— --—* -—-^r„. •ource conflict«,  the •Mr.it,KJe of the change   is  11,t^  ,r  . 
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to •cheduling it. activitv    ts ' •      / eXair'lned pre^^^' 
th.vork.hJ!   I ' Äl delV °f  Ita ^'-^ *" not«, rrc, xne worksheet.    The late itart i.» -. ,,, «•"« »v»rT: .ine on  the card   !•? urv!*t«,< « *• 
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•l>tl. n«^*.    «»,,„„„« toe<rth„ at we beKiminÄ by m ^t 
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er*   rf'ti»1 ,r '•''   i, 1  •• '>* I. i ,    il ».• .•..„•»    * 

x -«»pt  ;    ,r      • ha*      «sr<   <•    ft >»•"*.   if      •« <• 

*• ,.;hi !*»!•.»? rr-*our'"'»' .' i * * . •<»%/*• */«>r 

•-f" 'if : nd 1 v j J ta. L ; r ' > »'" ' s •• 1 * • t ' ' * 

•• '. lereri.      Aà   mr'    %.-*', v; -,    ;%%••• f* . 

r i Î   ahre* ,      If    Is   * '   , "' • '•   '     <"' ' *'"?' 

' • <-   ; r' >t . er    ! »   '««1 i« «1   * "     »• 

,•,.„•»    • >e   -ftv  r-    -H,      »•    «   '. * ' 

,.v-r •   • . «1»   r«|>r«- 

-    .,,.      «,«•»._   ,r:   n*i#s   f »r     ** |>i •* l .*•• 

rí,-rvrt'    1      ' i.»'    v  t   n«»»1   H.    ••#>    -or . 

: ,    ; * -     «L.Ttf* *.       -, *r'. p»   ar«   ; i a "•"4   ar   tfw» 

»   -i   •:/'.*/    .*•••.     »r   *^**    4|f*'*   • **f*    "•»•- 

r Pr   ~f   t.Ms   :«r   «íes»*"'.,   H- 1   '. * *      H»<'R'   f'.ri»>    •.•*•*"   i'    ' * <•   ,,T*r   rUht      irrer. 

.«•est   finish   •.-.*•   :•=   ;rfì»T»   .*    *        >»**-«*   «'ar*    »;»e   f ir   »Ma   pwpow»   'Ir.'i 

* e.e  activity -my   ,,r   .rtprr^'wí   l'.r-,        * h»   a¡-he>l .. ! 'V   írr»«s.        vü   fl/ure 

•-'ill   «ei-vf»  the   purf^s«"   ">î   -ï*«^!'.»    S* *"    *>*•  prr '«et   ;»   ••e.ni»  e it «ruled   t *-   -fura- 

* ; ,>r   nati,   -lurirv   * t «*  ''C.*«i..;'if   ~-r    » t *T   r'.'i'iM,  ^ili   per-; t »   a reptd  4et«r~ 

-ir.attor   6f  the   f 1 a»   'i"f   ~-f  v,   frevio'jl,   '^«du«!   »cMVt'y.      t'he   irt final 

»»te  finish  time   '/»li»«   «nouA1   '*•   med.      It   "•/>   t,«*   .¡>ii'«l,<   ipd»*«rt   »>y   <lan<rl»v 

%t   »ne  '"OIJCX.   Ir    Jï:\<:',   pr^-e*-»    lela/a   %r#»   »at'iiated  ar,<1   »ddtrv   the amount   of 

s/w   ielay  alreaul,   i:.~,d-r<»d   '.   l *-;   pr .c * .     "w    fio«»   * la«*   '•?'   %n  »'"i'l'y   "«f> 

v - 4et«rolr.^1   m«,',,/   ••/   s^'rafiv   fhe   .%tt   *    *> i •*   the  a.'tlvtty   !•   •"h#4ul««î 

¡•ir (VTcipletior.   (the  tir»-   J-. ;»   if   t ?• <•     ••! *v.   !r   ^»-î-t-   • r.e  »<•* ! vit y  »*r   ••rwl- 

O«TPS)   frorn   its   iprtH'i^   ¡«'e:;*   f*. r". i .-* *-   * i,-*-.      \a   ».-«Ivlti*«  »r«   •<~h«dyl«<1   •••• 

!• ,»lal   ittet.pt    .-î   "HAP   t.)  »tArt    th«    lamini lit e L y   %ft«r   th#   lit««»   of   ttmir 

preces in,-  artivlMe»  '.ave  '***r    "rpl»»*€HÎ,     ^^   1 lenti» y   of  »^e   pr«-#«11nÄ »rtl- 

v. »le«  cai   h€  nn»#»d   :,,   i-pferer'-e   »c  »h#«  ipproprlite retw-jrt   1la<r».     r   «* 

is  helpful   tr>   lis»   #*.-!   i(-tivity's   prerodm,' i.-tivit¡*«   on   ! t»   raurl.       >w 

•mra  of   th**  prerwllv  %.-tivl»lep   ire  •.l-.e.erve-i   'xi   »n« worksheet   to ltt«r«ine 

*fp fíarlíest   pose It,'e  Ptart   l«t^   fer  the  ir»)vity   •teln#   •«•hedulwl. 

\(:).     Due to resmurre   llnltatlon«   it n«y  not »>*   possible to *rhexlvii« «n »rtl- 

vity at   th« earliest late  following ca pi et 1er.  of  It«  pr«c«d)n»* actlvltlM. 

In  thi»  caae either poatpon«. ent   of  thla  activity,   rea^hadulln^  of «ttW 

actlvltiea,  or  »c»e other meaaure  la  required.     The entire «roup of co©c«*rent 

activities requirln« the llnltlr^ resource,  lncladlnf actlvltlee prevlowely 

schedulexl and  the activity currently being scheduled, are canelâered together. 

The flret objective  1«   to try  to ronfine any reachedullnf to  float ranges  if 

posatole.    The sercmd objective  Is to obe-rvt prlorltlee  If there are alter- 
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*t**».    It«   pr«c«nr\f   *ot tvl tía«   wu,    .ÄV(.   r.   -f    », 
f-    rlticml.      -h.   tA<Br# ^tu   ,,# ,1() 

r>r|  ••   P*'^   •i-r-)»«   t^,# «r,t.ir# 

«»i»»   r«^u-«#  •a1*-«.ll».   ,rh«lui!M  th<lr# 

'•"" r~ "r " -•""" •"••-. - •- ..... ... «„ .riM.,. 

-,. .^„..^ „ „.,._, ,„,_„ ^^_ _t;_;    ^ ltr _ 

"•' •->- W1c.,„   ,r u^o., ,.,„,^,fr.  ,„ ,  . ,„,    .   ,rl.   t-[ti_ "-' 
»'.ti»». <lc»#«V«r(     if»    -ritlcM      mr-tlwit 

^o.. ^~, r*.  .   ,,^.t   tffw.t    r,  ^„^   ..,wpi#tl^   w wi- 

mm^^n. ^.iaM erltlmi.   ^ -#thodg f>r >rwi/w th#if ^ 



;wfp*>*   1-trm'i * .       «*rir#,   -mi<,   ".m  *im*--nm*   trmá»-^ff  pnmmíldl " • la« 

* r-du.-arf r.   a*   |,«i'*«l   -xi»    lr   «ari tar   1ie*»vj«al »i.   the *»1«   **aaUan  nf 

r«vniv  n»w#   ae.'i   ~a/    •<•  treat**  a*   %   ' ie*-ro*t  t.rede-eff  probi««. 

A Pr•ifä»+rf *<"• "qfcfcto^ .MiMÀ.ikfAiflpa 

,'l,      A    ),,in*   appdl'•*• I «-:   AT   reamir»'«  e.^ac*»!.^   and   tuawnat   trade-offe  h*a 

lean ihw.  t0  .«  JtiaiUt.      "M.   I..1-.»   apv;i-*M>r. vrt»i   require «aoUrioatlaM 

.f   the  procatíuraa  i,r«%íy   i#-«r»l .pw'   t«.r   ,nri«penden«  apel t mliimm.     THarefare, 

.•   .* appropria*«   *•»  "»c.j!»  •   i»   r«-¡,*,i*   wi ^   %   p<r*»f»«*l   pr«r-*d\are  for «oa- 

!        '»v#ir.r %   proi«*-«   lapiiBwUt,'«    piar  and   rad*'«   It   t* a 

••«tvnrfc   liajirae.     At t «mat  to elaialae  th« amaH  *f actt»tt/  brill lair  aas 

1***il  *Hli *rrt*u* a»   •   reaaonaM»  ramlleMr   représentât ton  af  «*• prwjeet 

laplaMntetion  plant.     i**«  -»tart   rei*t tonar, i pa   prtaart ig  JB   aJoralemi  •** 

luanrinit  r*.iulr***r.ta  er-«  iwid   «aquan/- t m   >«Md  «  raaoi^ea  r***rteiia»« 

jrùaea  tue  pr^j^rae*«-  ha«  no aoutrt   '•nnremlf»*:   ta* ir aeree*Ity. 

?,       art* in  «uae  eatlae***  fw earn  erttrt«»  1B  *<n* 

i«  1«a trabt e  »hat   «>#•« a*t.ia*t*e  ha  re**»*   *n   rntm« a**nae*  af 

that   involga   th*   laaa*   Href«   fiata        "Me  »Hi   aliav m  anierljr 

if •. ha ttaa-roe«   '-»ir»»  fr«i« a  «tartine   pain«   a«   th« ***t«raeJ"  eel »it te».     (It 

li  r»*   eaeentlal   «hat  trie  «tarun«  point   «•   *»**.     A "cuprantlewai  *atta»%* 

«tar» In* point   h*a  alen  hee*  pp^oftaa*^'    -»»aw   artuaj  pa-fara»«*«   la Ma«* •*» 

•* required   In   ^*>ei4*realy   laaa  «la« ».Han   "mwwml"   part«*•»• ». 

Pnfvi  »h#   ma'.-   •rhertultn*    emulation*   ••« prwié* «arilast 

•nd   la« «a«   «*Ar*   **"»   ftrlah   tetan  and   a   «marlan*}»  *f  erttiaaJ   activities 

ln>*  -i.   ».ndahl.   •»  Iten^íWter  Ae»*««cft  t.« tto   Tttiael   Pa» »_ 
for the  :.«ria*.rurtian   Induetry", Tact* I-ml   iranr* Ite.   9, 
'l»ti   !%m'r.,   'itanfaeH    »it»   ,   l^'l 

:<*<• 

J 



"«Ml »t.   ,     «,.   Titru-m   Via* 
*n/   rmánetí 

r*m*m> t • 
an«   in pro)«ct   lurmtlon.     m 

' h*     ' V.  j#> ;*r 

i«  *\ll   *mrv  m  i  itandar-l 
'""""" !r «"'"— •'—'-' —.-or.. „..,,. .. ..„     ..,, 

•nr« <Ut*iU«.   pia»»!«*,  ,»   lc  > 
«w»!-^ i"^J»r  *o clin* ad^ion«. 

r<—     _ *«^».     iMy  will   m^*mt.lf   .tin   b«   )i*ti- 
ww %m l*iitl«Mj  «nm«mw  r\**iaha4  by « «110*1«*».   -r 

.**•#«!•. ar. mmm      *   _.,    tl_ »«»l«!«.  of  r-«^. 

"• ^«   "•«»•il   ir,   ê,M   ,   ,|wtHr   t 
*••• i»   te   ««ir sunlit,   i^,l#   %tmf   t|Ni¥  ^#   ,.      l     # 

^•      *-»-  •»  r~*lUm r^^r^  T««i.  «M   ^  p.^^  4||r%_ 

Ml  rtManMiiaMM,     it  |, %m  ^ ««Mrt«n  tt»* 
  «•!»•«•"».•«  tuât   r«M«y*  «?h«Éui^ 

__ ^1 "Ä*^**  ** "• ^** •—.   lf '^««-•« rtMrtdi«« »r, ^ 

t^m      fcL_ »•••»••• «mtMl  ky animami  «spanii. 

:,.t!ü.'i" *""*'• - -^"- ««•—^—— 

•.la*   Pw 

lèi 



"v,-,   ;,r.„-f>«i .rf   fr*   Tis   ;wiir«   vili   Vp*r.<1   •"»"   t h«  •fv»rity    if 

r*-« .»iTt <•   r>n*rK'ti'T.ii   vy*.   » 1*     -rplenlty   *.-  !   *ur»Uor   or   *h#   project.      Aa«v»e 

%    ' ,:'•'' --JI*   «'.'»avi  -r    ,"/r,»iv   1 Tw   r*,««ur''^ t,v»ll»M!ttir   Halt«  «nd  a   er»- 

•_4fi   pr •••*«••   «*IT 1 ! -i»*    ->v*r *  -one lder%r. I *•  p*r ; V   "»f tiae. 

,'.,(^1;^   *î*r   *(=**  «,Mrf   •i*,j')p,   »Mawpt   to  dr¥#lop »olut lora 

f">r   ^l'.rl'â'lv   r»»«'»ur   «»•   :*#M   r«^ ; r^rer. t*   »rat   are well   a:>ov*  «val iaöi li ty 

:.:r.l»f».      "iip   •      •.• e   «*,'.'ii»    •>'•   W*   1: v   >, v»»1   «, i. r   no! jt Ion« ,   of   necesattj ,   will 

•e   largely   llml»«M   • •• •   r *»«^»"^lu. l>\,;   wi»M      'rw   fi *i   raspee    v   in   interfering 

fi-*»    t«y,irei  wr,er*     rmi-i»     f  M'f»«-'*<i   *• '¡»l'i«  w<»  »i.nrt,    ir   to  .>th*r  »•*- 

,   r».   M,«»   MIV*»   IIM •«•*•'     >#'.;    ••"!•"•••        r\rth«r  «;o»#-r,.•»•• t    •rade-off eriaiyat« 

,:.   ,/w#.r».iy   ii'^r*. * i   «'1    l .»-   *     * • ••   %a«>ur'.'    jf   lata  tha*   *<>.,    •   •<«  required 

••e    „pia* «I. 

rji»*.^i«r:  • • * r»n«mr«-#   iml»fat 1.sty   Umita   for  further de- 

Uli««   level Un*. 

¡   _      •*•-/.» ¡-,r   »  * ,i*,ptwnrk   r >r  the  lrltlal   portion   of  the  pmjwt 

^ 1 ryr   the ia!#»iîr*   'u*.iff »«••ror<.       t»#   %  time period   for   the tubnetvork   that 

pro*lu<-ee  • trini;   mr.o.^jt   fiftwrk   (af^en-   noe«  fjrther eitpmnaiar   If a »or«  de~ 

•a'lwl   hreaxd'*rr.   11   » ivar.ia***»©««    irvi   %ft.#r  the addition   of any other NMWTM 

• •»at    *t>nmn*   nil^niti*  »If I   to   »1 If»*  prertlcel  appi Irat lor  of  tlae—eoet 

*ra.1e-off arvi   re*'»ur-e   »11 .«-«*'."»-   t #<• f j~1 fi»«,     r*"> not   u*e   •   longer tlae 

per*,  *1   ahe*'   *h*r    ,k*»    v»,l ••   «rrwrt.«   detailed   pro*ÇT"««iBin*   In view of  the 

«ynoun*     >f     "¡an*'««a   «y> *   iM,.Ur.,    1prtatir,*i>   trat   !•   ilktly   to   b«   Incurred, 

:;        *t>i . y   tf'   '*•*   *I   rw^wdur««   lla^iaaed   in    twpt«r 5  to develop 

m   »c*,mtì\il*  ».h««   i#«t«   r*>»o,ir<-t  *v»i i»h.t 1 1 t /   M.ul»«.     »rfh«n«v«r  PTnfllct« 

ii*v«»l<.p,  ••,ï•»*,   rffBi2_r!   r#í|Mlr#  prn ¡dirt   «xt«ri»ii*,   c>»uili«r   th« »ppl Ica tinti  of 

t tw-.-^t   tr%i <•-*•> ff  -.mma-tn»  •<*•*  mm   re pi «mi in« tx-tivltl««   to reduce resource 

re- jy. re».er.t« ,  •« pert l • t r „•  %e 11 y s t i ##   »o  «v., 11 forcvjrref» t   par f anMttre that 

pr'vl-*« ••   rtioiirr't    -urni^ti,    »r   "handln«;   rM<«¿rce  liait«. 

i.1.      Hiavir.*-   iev#lf>ped  •   eí-hadvillfui r^r the  »yto»e*»w*%  activltlea 

^t. t'+.   eeet.s r««*n,âr«~«  reetrl "t i,r«,   att.awpt   »o levtlop  furt-har  »lae-coat   trada-ofT» 

timi   «ppa&r  •«•  ihor*^   project   iíir«   I or.     Whether thay  artuaily  do ee «rill 

4%' 
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