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SYlfOP::JIS 

'&io otudy catcbliohea a nethod of: mmlynina a physical 

diatributicn ayotc;l 11i th u. vien to rationa.lioinc ita otl.'Ucture Il.nd 

ninimioina overall coota of d.i~tribution. '111e tech:uC].ue iD demonotrated 

1:1 th c. real cuoe involvinG 1 oentr",l sourco, 13 c::::iatina depoto, 72 

potential depoto cnd 613 centres of: de ... :md. It iD, h01!evcr, i'lexible 

cno1l[;ll to cope ::i th cOllaideroble vnriaticll in theoe ::u)b,ro and to lm.ndla 

the deoiOl of a "~OD rooto" ayotcra. ~ho l:~aulta o:!: the mmlyoio indica.te 

the mlllber cnd locution of depots in the ide:::.l pattern, froll uhlch ~n 

be deduced the cha.:lCOO, if: DJ:J;f, tha.t !1.l'0 requirctt ill the Cy.,istinC 

nctl1or~c. 

A brief description is Givon of: c. llintributioll oyatell 

l;~ioh could bo t~,ed for tulY COT.l.'Jodi ty. '~hia coneroliac,.'_ Q.J?J?:::,oa.oh io then 

narr01lrcd doml to the potrolettJ indust!"J, l1here nuoh 01'i'ort iD beinG opcnt 

011 tho rc-olmpin~; of c~..istinb nctlrorl:a. to inprovQ overall cc~.:n0:lY und. 

produotivi ty. 'l'hc probleLl i::J a i'c=ida.blo ono c.nd it iD the irctention 

behind thio o-LUi.l;: to acciot oil COI:!J?a.ny exocutivcs in their tc:::k by 

prcoen'til1[; thC!l ,rlth all c11O.lyticc.l technique tha. t io both cirlple and 

efficicat. 

A typirol lletreloUlJ diotribution oysto:J iD <lesoribeu. 

cnd likely 0.1.'00.0 of dLvelopm~t c~e indicated. 'rhe brund copcots of 

diotribution theory are discuoood, and links Q:t'e ostabliohcd ni'th l'lanning, 

::'orec::lstiIl(;, Inveotncnt 1.PPJ;'::lir::tl, 11lvcntory Control cnd other tcchniquen 

of scientific uano.gecent. 
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this field. The· bulk of thia is oonoerned wi th the use of. fc.1r~ 

sophisticatedaleorithms adapted for oomputer application. The proposod 

technique is based on simple 10610. Relovnnt oocpc.riaons are made between 

published work and the new teohnique • 

. A oomputer proe:mm ( in FORTIIJI.U IV ) MS been speoiall;y 

'IIl'i tten for Ulle on the ICT 1905 oonfigura ti:>n installed at the LoU6hborough 

University of Technoloey. The aleorithm that MS been employed is based 

upon the reduotion of total diatribution ooat by us~ varying oombinations 

of depots in the diatribution netucrl;. The procrWll is heuristio - it 

genera.tos a.n "aooeptable" Dolution, while not B'l1,:lranteeing "optiMlity". 

It::J cost important feature ia t.'ul.t it adopts a. 'rotal Systems approach -

there are no sub-optici8;l.tions. :1Ich suooessive ntop is oelf-oontained, 

but it is the l&st iteration lThich provides the 'beat solution. 

The onoe s~ that ht,s been tD.olUed 1a the tlnnlysis of 

the distribution nystem now operated by the Ceylon Petr01eum Corporation, 

which MS 0. mono:?o~ of the refining and inte=l distribution of oil 

produota in Ceylon. It aoquired 3 entire~ sepo.rate and self-suffioient 

diatribution. netlrorkl:J from three inte=tionnl oil oompanies a.nd operates 

them as one. The need for ratior.alist.tion is olear~ seen. Aotual data 

and oosts h3ve beon used, tho few estinatos that h3ve been cnde nre :t'ul~ 

compatible with the dAta. 

The llllIll;ysis shows that a f(m small changes in the network -

the olosure of 5 exiating depots and the opening of 5 ne'll onea - oould 

reduoe overall diatributior. oests by mC!'e than 4.2',1" tI savinG' of over 

Rs. 114,000.00 (t 8000) per u'lnth. The findiZlB'B Mve been Il.nalyaed and 

pertinent oomments cade upon the implications of their implementation. 
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1. Bconomiata tend to soparato the activities that 

comprise Distribution froc the process of Production. Produotion is 

deacribed aB those steps which convert one or coro row caterials, which 

in their oriGinal state are of no direot use to man (except, of oourse, 

aJ row caterials), throueh one or more I:Innufact~ncr proceaaea, into a 

commodity that can be used and is doairod by I:Inn. Production is, therefore, 

the addition of Physical or Form utility to GOods. 

1.1. Distribution, on the othor hand, is the addition of 

Place, Tice and OWnership utilities to goods. It oonsiata of several 

funotions of .fhioh the core icportant are &-

1.1.1. thG transportation of roll r.w.teriala and goods froc the 

point of oriGinal location, throw.;h tho pOint/points of intcmediate/1'1nnl 

production to the point of sale or consu~ption. It is the movement of goods 

from places lThoro their economio valuo is 10lf to plaoos "hero it io 

higher. The prinoipal economic basis for thia funotion is tho increase in 

value of the commodity qy tho addition of Place utility. 

1.1.2. tho atoror:e of L'Oods at various staces of tho r.w.nufacturine 

procoss and, more important, after the completion of manufaoture and 

before finel sale/consumption. In its strictest aonss, Distribution 

would inclUde all intermediate storoco in the produotion line, e.g., the 

storaee of semi-finished GOods, but it lTOuld be convenient at thia staGe 

to nsaien U10 responsibility for intermediate storaso to the Produoticn 

funotion, :particularly becauae it is cnused qy the lack of smoothneos 

in the various staces of I1anufacturo itself. \lhilo rocoLl'lising that 

storage of roof r.w.teria.ls too could bo a i'u.'1ction of DiotdbuUon, it too 

will bo dolcc;a.ted to llanufacture. 

'l'he atoraee ef i'in1ahed produots ia the rosul t of 



fc..otors other than disoontinui ty in the proceos of mo.nufacture. One has 

now got to oope not only with internal probler:m, but aloo uith those 

problems created by the consuming publio. It is impossible to pick out 

an industry l-There the demand for i tG finished goods io continuouo a.nd 

aboolutely prediotable. COr.lr.lodi ties ouch as eleotrio pc:rcr, to~m' 0 GIlS 

and water are notorious for fluotuations in the short run (pe~t houm) 

and in the longer run (seasonal variations, etc.), whj.le even oooio 

goods such as brcad show small unpredictable variations. 

One has therefore to provide an effeotive brides 

between lihat m~ well be a smooth produotion proceos and a dl)nAnd which is 

intermi ttent and Vll.ryinc in intensity in both the ohort and long te=. 

This bridge is Storaee, llhich 0.100 acts as a resevoir for finished 

goods. Goods aro recoived from tho produotion lino and stored until such 

time as they are needed. The fom end period of storaee will depend upon 
(8) 

the nature of tho goodo, but it is the neoessity for some 1'0= of storaso 

that is common to all commodities. Storaso, therefore, adds a. Time ut1lity 

to a commodity that hao already obtained Form utility. 

Olmership ut1li ty io added to a oommodi ty after 0. 

series of steps which includes packaging, purchasinG and delivery. These 

are the last links in the chain of aotivities which lie between mnnufaoture 

and sale/oonoumption. The mcrohandisinc, display and aotual sale or 

trnnsfer of gopds into the hnnds of the ulti=te consumer eives 

ownership utility to goods. 

Fig. 1 illustrates 0. hypothetical oo.se khioh exhibits 

all the typical charaoteristios. This example inoludes provision for an 

intermediate otorage point or deuot in the distribution ne~fork. 

A depot can, in o.ddition to conferring Time and Plaee 

utility, serve other important funotions, sueh as oost reduotion, creation 
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of str~tec;io reserves, customer convenienco ~nd customer eooduill. Of 

these i"our, the laot thrco mo::! be difficult to q=ntif'y, it io lei"t to 

=eement to decide hov much el!JllhnoiB hao to be placed on them. HOlTever, 

coat reductions are easior to determine and can ohov more strikinc; 

results. This study i"ocuoes attention on this aspeot. 

ruWTILll' OF A DISTrtIIlUTIClT :JY3T'~)'! 

1~3~ A OOI:UJlodi ty hns value only because someone wants oi ther 

to eat it,burn it, wear it, look at it or use it in some other w~.' Its 

ultimatO value depends upon the oonsumer, it is not achieved unless the 

COI:n:Jodi ty is in a i'i t state to be used and is available where and l;hen it 

is needed. The most advanoed type of motor oar a.t the end of a produotion 

line h~3 only built up a cost, it still has no value. A soo.11 oovement of 

the oar, say into a shovroom, iJ:lllledia tely ci veo it value as it then beooees 

available to satisfy some consumer's need. llany people eay bf'ndle the car 

or its components durinc; the course of eanui"acture and sale. They are 

people who do 00 because they cnn sell it at a hicher price than which they 

p~id for it - id th the laot sale tcltine place to the COnll'tllller. During the 

short life oi" the oo.r if. has oha.ll[;Cd from a. lump or iron ore in the earth 

to the complicated piece of machineT,1 that it finally becomes. The miner 

extraoted ~e ore, the smelter converted it into metal, the manufacturer 

oha.ngcd its shape, and la.st but not the lea.st, the distributor changed its 

position. 

The essential fUnotion oi" a distribution system is to 

bridce the area be~fOen production and sale to the ultimate COnD'tlIller. It 

requires movement in space and timq, and the provision oi" storage to 

balance the i"low of demand and the flow of production, it also involves 

the conccpt of economy in distribution by the propor use of the facilitieo 

of the system. 
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A distribution system can rtl.n{;O i'roll the extreme case. 

of a manufaoturer supplying a sinale item direot to the consumer (e.g., 

an airplane) , throUGh varying staees of oOllplc:dty (e.c., 0. system 'li"bich 

handles lareo volur.:eo of liquid in bulk, suoh 0.0 our case study lf111 

tnoY~e), to the instunce oi' a number of factories, eaoh produoine a ranee 

of. coods, and linked to a lnr,,;e number of reta11 outlets throUGh va...-chouoes 

and wholesalers. 

C1IAl11T::;r.s OI~ DISTRIJ3UTION 

1.4. Fic. 2 is n diacrnnlllll.tio representation of th.e nomal 

ohannels of distribution which r.m.y be omployed in everyday eomneroe and 

induotry. Distribution here means the movement of finished coods from the 

point of manufacture to the point of consumption. 

There are four main types of distribution ohannel. 

1.4.1. Tho manufacturer can sell/suPPly GOods direct to 

oonsU:llers. This method is relatively unoo=on and l1here uoed is USUD.lly 

oonfined to very speoialisod goods. Commodities like OOllputers, ships 

cnd other oomplicated machinery Bre dealt with in this manner. It is in 

the best interests of all oonoerned that tho consumer has direct aoceso 

to the manufaoturer, and a oiddle::m.n is redundant. 

The next channel is created by the insertion of 0. 

retailer between the manufaoturer and the consu:"ero. 'the no.turo of the 

GOOds is such that 0. direot conneotion io either undesirable or 

impraoticable. COJWUl:ler goods, foodstuffs and other hiGh voluno CCI!ll:lodi ties 

are ha.lldled this way. The retailer plaYIl a vi tal part in the oyoten. lIe 

oreates a souroe of supply ol~so to the cons~~cra, ho saves tho manufaoturer 

the trouble of dealinG with larce quantities of small erdersJ ho evens out 

fluotuations in demand of individuel ooncu=era b,y placinc roGUlar lureo 

orders on the nanUIaotUl'er, and. ei vea tho conOUlJcr a choioc of oormnodi tiea 

lIhioh liould otherwise requiro oormectiono ui th several oc.nufacturcro. 
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The next channel is oreo.ted when ll. llho1eea1er inter-

venea bottleen nanufuoturor and retailcre. 'l'ho tTho1csuler maintaino the 

so.mo rclo.tionchip vlith retailers 0.0 tlw latter have lIith their cuetor~cra. 

Tho uholoaaler beconco esoential uhel1 the nu::1bcr 01' rotailcro incrcaoes. 

'i'he f[lctory finds it inconvcnient to deal ui th 00 mc:r.,y rotailcrn, p:u'ticularly 

if tl:eir individu.:.l requirencnto =e relu.tively 0=11. Thc narl,Y rotailers 

llOuld be aooiUled to a fell 1111010s3,lcro thereby havinc ;J. t.:o-fol<1 ci'i'ect 

on the factoryJ' tho nunbcr ai' Order!l io red.uccd <::.nd the oize of co.ch ono 

io inc1'c:.o.ocd. 'l'heoo tuo fo.ctoro help factory m=o.L'Cr~ent to plan thcir 

production norc c1'1'iciently. 

1.4.4. 'rilc laot inport<mt chrumcl io created uhen jobbcro are 

introduced 'bcJtucen lfholeoalerc ana rotuilel'e. '"'ha jobbcr co:::eo into 

pro!'linenco "hen rotailor:) are so,, ttered over a .lido' aroa. lIie i'irot 

function io usually onc of opecialiocd. tr=oIlort and th" ror.JoV"~ oi' this 

activity 0.11011'1 both uh-:>looaler and retailer to eoncentrato on ut::c:::' 

il~portant 0.31'OOt3 of narketinc/di::ltribution. 

'rhe reprcscntation civen in Fie. 2 io oti11 not :Cully 

cor:})r, ti ble lTi th tho oet up ol101m in Fie. 1. '1'110 dii'i'crcnoo ia the 1'.01'.­

e:detcnco of depots in th, former. Theae depot3 belonG to the no.n"Sneturer. 

Ii' not, it i3 in reality a lrholcsnlcr'3 depot. A depot operateu by 0. nnnu­

facturor oervea a different ftn'letion. The l'Iholccaler nuda 'l'ine anei Place 

utility after the coods havo loft the nanufacturer'o oontrol. 01,l1Cl'chip 

u-~ili ty i3 added later. l· ... I.1c.nuf£l.cturcr'o clOl)ot also U-t:.dD Tine c.nl ~ laco 

utili ty ::J.l1Cl, ill ndai tion, n03i3to in ZIJOOt..'1ilIG out c,enc.nd. on the fnctory. 

A depot aloo a,[J::liotc in tho crc:ation u:i: rCllC:::'VOO to cope lTi tll Gcu3;;lul 

v=iatiollo or at:t'C.tc,,'ic requirements. \ihile otor'.J.Ce nt the i'nctoI"J may 

a130 OCJ:'VC the 01lr.)C purpooe, tho depot dOCG co at 0. locn tion ullic.1. io 

rouch cloneI' to the '1:u'kot. ':.'hio brinco out tlw noot inl'o:::,umt i'unction of 

a. depot - it enableo Gooda to be movcd over the (;reatc3t po(mible J.iotance 

by -t:lo noat economical ncenu 0:: t~'ml"poJ.'t. ';.'lIe introduotion 0:;" c:lopoto into 

the netl1orl~ Cr0D.tOG the nC'ft oet Ul) delJicted in =-'i':;. ,3. 
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Fig. 3 
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(6) 
Jefferya has prepared cooprehansive data upon the 

ohannels of distribution uned for various consumer coods ranSins fron 

busic foodotuf'.t's, throuch clothin1l' and footllear, to nClTZpUllcra und petrol. 

'Ihe rasu! ts have been based upon fieures collected for 1933. ,:hile bein:; 

far eut oi' &.te as rec=ds dokil, they ::.ro still valid in the bl'oc.o.cr 

c.opects. 

(13) 
l!epner lista several other chcnnols of diatribution. 

'rhey ::.re less il1port:mt than tho four Given earlier, no .. th!'.1; quanti tics 

of conooditios in transit are increasinG, but are included in order to 

provide Go i~ull dcocription of t':lcac cl'...annola. 

'l'ho cunui'uctur"r =n oell throuJl salcsr1en. Door-to-door 

celling is the rlost conLlon nunifer;to. tion of this o;,annol. Sale<Joen =0 
u:mally retained upon promise of payocllt of oon:oisoion and. do not, cenerally, 

t::.ko ti tlo tJ GOOds. c;'hey Golioi t ordorG and accept pc,,}1lent 011 behalf of 

tho oanu.fa.oturer, und rC'lue,;t chipGlcnt tlireot to the CUl1su",,,r. "."ho channel 

~'irno llhich speci::;liGo in oail ordera cun c. ttain an 

adv:mta.:;o over other tradcra by ourr.:ring tllic typo of diotribution still 

further. They are 1Ihol·ca,~10ra uho eoploy a:l.lesr:lon to cont:..ot CWJtOf:lC!rs 

direct. :, oail order fim h1<.o to curry hiGh coats on account of cO::-":liocions, 

paC:~u.GillG and. deli vGry. In nddi tioll cortain cuotomcl'O IlUY be ci von th·~ 

privileGe of .:._c..yI:lcnt on e3.sy tcr::lo, COr.lGtiI!lC3 ui th no extra. charGe fC1" 

cxed! t. In such inoto.nceo, t!lC cont oi' cred t too hac to be ccnnidered. 

'l'ho bie udVD.ntuLe, hOlievcr, io tlmt ouch fims do not nood to r.l1<.int.J.in 

e:cpcncive o11ops, nor spend on direct advertiuinc, disl'lt.y and cuunter 

:J~ff. 

Ea.nui'aoturero nay sell to consur.lCro thr0uC'1 thoir olln 

silopo. ilc:r'o the mD.nufactu:r'cr displl~eeo an inucpcndent retailer. ;le enjoys 

"the 1l01'lJ ... l profit 0J: tho retuller in returl1 :lor tile a<ldi ticn:.l function 

cl' retailing. 
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J:tLnufaoturers may nell to ocnsuoors throujl "I-lacon 

reu,11ern". ~he simplest 111uotratLn of a WD.con retailor is a mobilo 

chop. 'Iho tradi tionsl villago marl.et or the travellinG ohop are further 

examples~ This channel accounts for 0. relatively insicnif1cant vo1uoe 

of tra.de. 

sa1e8J:len may be uoed to canwos buaineos :frco retailers 

or wholeoalors. Sa.loo aGonts or brol:ors too may be ecploYOd for this 

purpose. Such pnrt1es uoually represent the manufacturer. They handle n 

limi ted line of goods and nro consequently r.lore knolrlodGoab1e than the 

wholosaler or rotailer. Thoy do not tako t1tlo to goods. Their costn nre 

10\1 but probloJ:ls call nrine duo to lack of oontrol or oven 10:;0,1 ty. 

Just 0.13 much as tho oanufacturcr can take tho plaoe of 

the retailer, so ~.n he take the plaoe of the IIholecaler. 

The ltandling of L~duotrial goods intro~ueos a now type 

of orGanisation to the pioture. They aro Imuotrial diotributors, uho 

handlo 0. Loncral lino or induotria1 coodo c.nd sell lnrgely to indLcstrial 
. 

oonsumers. 'l'hey aot /lS niddlonen, taking ti tlo to c.nd carrying stooks. 

They allsuoe sone of th" risks of dictribution c.nd oainu,in reasonably 
(14) 

olose contaot with their OUlltomers. Alexn.nder,Cross and Cunningl= have 

otudied their perforoanoe in detail c.nd have adduced several rancons for 

thoir succoes. 

'l'he oo=ents oa.de in the next feu seotions are undor 

the C.oDumption that Distribution includon not only the uoo of warchouoea/ 

depots, but alao wholeaalora and rata.ilora in the aupply net.rork. 

COST3 0',' nISTnIBUrICU 

'I'he oosts of dintribution nro taken to be the totnl 

outlay, includine profit, in cettinz oon~oditios fror.l the nanuf~cturcr 

to the conaU'llcr at the ri;:.ht ti!!:e, in the ri;:;ht place, in the richt 
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quantity, in the rit-ht quality, and at tM riGht prico. 'l'ho total would 

include manufaoturers' cost in addition to those incurred b,y wholesalors 

and retailers. 

llanufaoturors oould theoretically build up oosts £rom 

ths otaGO that tho produotion proooeD has boen eOlllpleted. Pnckncing oould 

theraforo be considered as a. distribution cost. Cne oould differontiato 

botwecn tho costs of ~~or and outor paooUtina, the fomer beinG assiened 

to rmnufaeturine and the la.tter to distribtuion. It is ofWn an individual 

deoision as to where theso oosts should be allooated. 

The next i te::! of =nufaoturer's distribution oost liould 

be that of carria.ee. Hore toopraotioe varies from ind.=tI'j" to industI'j". 

In the motor o:u' ind'illltI'j", deliveI'j" oost is epeeifi03.1ly added to tho 

retail prioe. In other 03.seo it io hidden in oither lrholeoalor'o or 

retailer's oost. In the neWllI?a.por industrJ, =intcnanoe of l'.n olaborate 

distribution netwoI~ is an inte~l part of tho busineDe. 

Other items of cest lThich ceuld be inoluded a.ro the 

expenses of advortiaine, promotion, llIerchandiains, otc., but praotice 

variOD so !:luoh that Generalisations 1iould be valuoleos. 

The final =jor item of oanufa::turcr's eest io that 

incurred in aold stora.co/sellin& opera.tions. 7he eost of buildinG and 

admin1sterins depots, saleomen's coats, invoicine oosts, eto., are all 

releva..~t, the chief diffioul ty lyinG in isolatinc these c.sts not only 

in absolute terns but 0100 in differentia tine them between the various 

produots ~t are hDndled. 

Cortain elements of manufa.cturer's cost, ouoh as 

transportation and ~~ehousine oosts, forn the oubject of this atudy. 

Thore seOl!lO to be less diffioul ty in doternin1ng 

costs incurred by wholesalers and retailera. It becomos a very oimplo 

matter if the interests of ~lese traders aru confined to a oinglo lino 

of guods, e.c., li,)lt aerioul tural machineI'j" or hardlm.re. 'Ihe difference 
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betueen the outlay on tho GOods Md the revenue derived from their sale 

consists of cost Md proi'it (before tax). 110 CODe across a new element here, 

nUDely, proZi t. l:anui'aoturersr;;-.rely nuke a profit frou their distribution 

oyerationsJ their profit coues from production. A wholesaler or retailer, 

on the OthOl' hand, depends sOlely upon the intel'rnediate acti vi tieo 0:1: 

o tora.:..a and resale to ooke his prefi t. ';.'hio io hio only lino of :::.cti vi ty 

"nd ho tlUSt L1Uko a profit if he is to ourvive. 

The olel"onts that make up the 0:"'1'enoe3 of 0. wholoso.lor or ::'otailer 

vill iliclude:costs of ordering, storac;o, broo.l;:in(; bulk, display, 

I:lcrchundioing, ohrinkaco, obooleoconce and ovon bad debts. l'l'oblcns ariao 

uhen theoe C03t3 have to bE) o.llocat<:1o. ·bctuoen. nll.':lCrOUS linoo or producta, 

and t210 trador has to di vidc his COS;3 of ton cn M arbi trc.ry basio. 

~'he conOUf.lor r:>.ay in SOI.10 inatc.ncoa be callod upon to 

puy lJOl'O than tho retail price of a cOClllodi ty. 1:e havo alroa~ roi'orred to 

the doli vory coot of 0. motor car. Addi t1000 such all purclJ.D.oo tox are 

ccntioncd only in paosing, boco.uso wlLilo thoy. enat, they cunnot be 

chun,;ed eo.Gily. 'I'he moat co=on C03t uhich is ool"ly the rcoponsibili ty 

of the COl1:JWlor is that of hire-purchaoe or crodi t. The conourner l~s the 

ch',ico of deCidinG uhethor or not he 1m3 to boar it. lIe noe(l not purchase 

0. comraocli ty on hire-purchase terms - if he chooaeo to do so, he b.c::! to 

Day for the privileco. 

C(X1T C(;'UC1~pr:J 

(lS) (30) (31) 
1.6. Hot/ard, l'lotttmn und. ~nith set out the following concepts 

of coot un applied to carketing, that "brinG toeether the account;.;.nt's 

viCl1 of the problem and thc theory of coat, and focus both on marketing 
(lS) 

decisions". 

1.6.1. Outluy vs. Onport~~ty Coots. C?port~~ty coat is a central 

concept in coat analysia. It is oo.id to be the price tl.lut the factor of 

production liould co,;;mc.nd in the moot profitablo alternative UGe. ~he 
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actual expendituro involved io the initial outlay. It is usual to add 

opporttmity cost to the othor costs ~;hen detemininc the prof'i bbili ty 

of' a pl'ojeot. 

1.6.2. Futuro vo. llistorical Costo. Thc distinction betllcen f'uture 

and biotorical costs io often i~orcd. liiotorioal data is often fac~~l 

and correct in detail, and 0.1:::0 has the bellc':i t of hin,::::ic;ht ill i to 

cor::pilation. The co=on a::::::u::lption is that the futuro is merely nn 

cztCl1:::iO:l of' the past. This io of'tcn true, ao co:::t otructurc doeo not 

chance 'l.ui~ly, but Lere can be vuriationo in indivitlual elcr.1cnto of' 

cost. ':'hereforc future cost::: c:m sometilJcs ShOlf mar;~cd mriations frC:J 

historical cooto. 

1.6.3. Ghort-r.un vs. l"ong-:Th.nl Cooto. II01·;ard quotes three perioda 

in econo::lic a.-mlysio - "::larkct", ohort-run" o.nd"lonc-run". lIc desc:ribco 

"r:-.=ket" a3 beillG applicablo \Thcn tho roto of output is COmlta..t; "short-

nu" u:lcn sco.lo of output (plcnt capacity) io constant but ratc of :::utput 

ca.n chanCO; o.nd "lonG-run" ,.hen both ocale and rate of outI,ut can chance. 
(16) 

Constantin claborates on thio thonc c.nd ucco ::l;my cloar dia::.;rar:JO to 

ilhJOtra to bio ar[.'ll.':lcnt. 

1.6.4. Variable VG. Fixod Costa. ::'ixed cO:Jto arc thoso lThich =e 

con:Jtant in total, =d do not vo....-y '1i th output (or olso, wido I'Cl1 c ,"" of 

output). ::hen fixod ccota arc dividei by tho outr:ut, and o.."qJroooed as 

an avc:-ace, it varieo inveroely ;ti th output. Variable ccot::: arc those 

11hich arc :pro:pol'tionoJ. to output. IIOl=d succcsts on tho bu:::is of' 

cOIlirical evidence that averD.Gc vuriablc coat nay be 1'ou.::;hly 011=1 to 

::'.:l.rci:no.l ccot 111 thin =1'O'f :t'D.n[:.'Cs of output. 

1.6.5. Increr.lcntal vs. ;:~rcinal Cooto. Onc can differentiate bet .. ccn 

incrc''Jcntal a.'ld marGinal costo on the bucio of OCD.lc. ;:arcino.l cost ill 

thc addi tiozml coot of .!m2. IJOrC UlU t. (Sir.lilarly, r.m.rcizml revenue ill the 

D.dditiozml 1'evc;nue froll tile cale of onc more unit). Incrcocntal coot, on 

tho o~~cr hand, is the o.dditiono.l cost of oeve~n.l ::lore ~te. 



-20-

1.6.6. Traceab10 VG. Co~~on coats. A traceable cost is one thnt cnn 
(15) 

be isolated "ao a praotical ma ttor", fron o.ny [lOotor of the or.zo.n1so. tion' s 

aotivi tieo. COr:Jr.lon coota are these uhich cnnllot be so identified for 

teehnoloeionl ronoono alono. A olaoon.: caoe of COllIllon costs ariooo in an 

oil refinory l;horo crude potroleum is treatod to produce variouo conbinntions 

of different products. I·luOO of tho processinc is co=on to I:lC.ll3 produots, 

and the ioolation of cooto for individual produots bocomos difficult, 

if not ioposoible. 

1.6.1. Direot VG. Indirect Costs. 'l'he differenco betiroen Diroct nnd 

Indiroct oosta in an oxtcnoion of tho diatinction botween traceablo and 

comcon coato. Direct oosto cnn uounlly bo trnoed to 0. single produot, 

while indirect costa nay apply to Gevornl. 

1.6.8. 1J.l these ooncepts are relev-=t trhcn consi<lorins tho 

oaso of a diotribution syotce. >:'he aot of 'produotion' is cubsti tuted by 

the aot 01' 'diatri bution'l tho other faotors !lore still applicable. Cutla;y 

c,m reprooent the ocnstr'.letion of n nell ll'arehcuoe, or the purchnoe of 

opeei(1,liood vehioles trhiOO =:; ir.lproVO trnnopertatien prnctice, or even the 

inGtallation of a oonputer to speed up opeI~tiono at n larGe storaGe 

depot. Opportunity ooot lrould bo the incoeo that oould havo been earned 

from the noot prOfitable alto:t=tive inveotnent, lrhioh n::.y n::>t ncccooarily 

bo in thu field. of diatribUtion. Tho oase stud;r iD oonfined to the 

oonstruction of mm storac;o depotn, cnd the opportlmi ty cost is tho inooI:le 

that could haVQ been obtained by invcntlllent in gilt edGed eeouritios. 

(Opportuni ty costs .have ahro.ys becn trco. ted in thin lro.y by tho orccnieo. tion 

l1hich forms tho subject of be onoe stud;y. i1h11o havinc a oCI:;;noroial 

outlook, it is still a. GOvCrnT.cnt-owned oorporation and usco relatively 

oenservative estimateo of opportunity aeets). 

ltlotorical ooote arc partioul::.rly important in the 

m1'nllcomont of a diotribution syotem. A lliotribution J:=Cer nuot ensure 
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that aotual ooat dat~ io avuilable as soon as possiblo, so that ho can 

plen :for future usincr infornation tb:l.t io not otale. Distribution is a.n 

aroa where tho differenoe in struoture between historiool and. i'uturo costs 

is not croat, certainly in the short run. 1Urthornore prediction of cost 

even lii thout hiDtorioal data can be rolatively Co.sy. e.c., in 0. sYGtcm 

which Ul3es rail tnnk wu[;ona for trnnoportine fuel Oil, conversion to a 

pipeline ceuld be undertaken after a fairly accurate prediction of costs. 

Coots of pipe, wayleo.ves, and aotual iootallation could be foroooot 

ovon .d thout histol'1cal dnta. 

Day to day aoti vi tioD lrould tend to refloct in the future 

the cane ordor of costs as they havo in tho past, cnd onc lfould not be too 

far l/ronG to cxt'ond. hiotoriool costa into the futuro. Poresoeo.ble ohaneos 

in ooat otruoturo should be inoorporntod into thc cotlnateo, but this iD 

casy "hen tho buoio of prepo.ro.tion of tho pc.::;t data is k.llOlm. In the oose 

study, hiatorioo.l costa have been uaed 0.0 future coota. TIle proviao hao 

hOlfcvcr been nade tb:l.t the otudy lrill not produoe absolutely nccurcto 

rcoul ta. ' ... 11e study io not intenucd to give the aotual ooat of tho distribution 

notuork, but to reorcanioo i tc struoturo DO that coato lrill be mininiaed. 

The concepts of ohort end lon:.; run cooto arc leo" 

ir:tl)Ortant uhen considerinG a diotributien cyatcn, particularly a cracs 

root:! syotom. A diDtribution syoten conoioto of a notl1ork of ;pb;yoica.l 

nosets and one or coro orcnniontiono which UGe variouo conbinations of 

theoe asneto. The aoooto are either £ixed, cuch ns dopots (stornC0 t:tnks, 

loadine equipment, etc.,), and novable aoaoto ouch no vchicleo. ?ho fixed 

asceto a.re much more valuable then, Oil." a oinGle ta,nk lorry. It \lould be 

relD. ti vely easy to purchase a non vohiole, but the incrcaoo in ca. cci ty 

of a s torac;u area iD a marc difficul t un<iertal~1nG' A lfiue r,,-nce of 

variation io therufore built into the desien of fixed asseto. A de~iled 

study io o:J.de of market dovolopl'lont (outoido the diotribution dcpu.rtnJcnt) 

and :J.n ade'l.UU te r.lllrt;io io loft for incrcaoe in throuL)lput. ThiD oC:lnS 

that :Iol1ard'o lore· I'Jla1 developllcnto cru really a 10lle tino almy. 
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Tho puttern of der.:tund for 0. considerub1e lleriod. Ma boen incorporoted into 

the deaien of tho plant. 

Thia outlook Ma boon adopted for tho caso atudy, wheN 

=ket forecasts have been used ill conjunction lIi th certuin coat estina.tes 

to detorr.:tino both the capucityand the coata of now storaeo pointa. 

Oporuting coats are unlikoly to chance aienificuntly fron ~le present 

levels since no drastio chancea in operatinG pluctice has been plunned. 

1.6.11. Tho identification of Fixed and Variable costs in 0. 

diatrihution uystem iD lesD conplic",tDd than fol' a. produetien systen. The 

costa of diatribution f'ncili ties can be isolated wi thou:t difficul tya it 

is the differentiation bet1ieon fixed and val'io.ble costs lIhich can vary 

fl'or.:t cuse to cuso. Certuin activities are clear cut, for instance fUol 

cost varies ld th throu.c;hput. Other costs, such as mintennnce, inaurance 

nay be doemed to be fixQd. Unce 0. baoio fer allocation hus been decided, 

mutters bocome easy. 

In the case study, ao.luries and lm.L"OS, ar.:tortiall.tion, 

opportunity eoat and c~rtain othel' costs wore dOO!llod ns fix~d. :laintonnnce 

and operatina costs liera ta.~en as variable ui th throUGhput. 

1.6.12. The scalo of operations in distribution is such thAt the 

theorotical "ono morc uni t" io inf'eas1 ble. Ho deal \d th "severnl I:Iero 

uni ta" and there foro ui th Incrementa.! ruthor thAn narcinal costa. 

In thc caSJ study, a compromise hao boen otruck. The concept 

of incronentul coata has boen \Wod, but in quantif;:!ing theM costs, they 

havo adjusted to a per ~~it baaia. 

Tracoable and Cotu"1\on coots present probl'JIJS in 

diotri bution. l'l'oducto nay be han,..w.ed indi vidua.lly and certain costs can 

be so allocated. e.C" premitL'l L'Uooline is stored in a soparato to.nk and 

all costs 01' thio tank can bo nssitned to this product. However, it 1I0uld 

be dii'iicult to dete:t'I:Iine tho cost of u sinGle dolivory, bc~uoe the lorry 

nay bo u90d for Ot!lOl' product3 ut other times. 1'ho variublc cost 01" thAt 

journoy can be allorotod to prom1u:.1 [;uoo11no, but 1;110 fixod cost presents 



a problem. Sir:llla.r~ the coat of staff' cannot be ealli~ diVided cnd 

therefore beeomes a common cost. 

The approach adopted in the case s~ has been to 

oonvert all p:roduots into a "standard" produot. This step has been ~ taken 

because of the I'lllture of the problem. Petrole1.lr.l fuels are sitlilar enoueh. 

They aro handled oim11ar~ and are moved in the same typo of vehicle. The 

need for traoin~ costs by product doeG not arise, costs have been spread 

over a homogeneous product and a sinele actiVity. 

TIll SY:3Tm;S APPnOACH 

A diotribution systell does not oonsiot only of a 

oentral souroe - the manufaoturinG plcnt. The network radiatoG from this. 
(57) 

Stasch has described the diotrlbutlon function by usi~ tho analoey of 

a wheol. 'i'ho produoin~ pl=t iD the hub, ,rhilo the Darket iD tho ritl. 

lach spoke repreoento a fom of hich-vol1.lr.lo lonc-distanoe transport, while 

eaoh point where n opoko meeto tho ric iD a warehouse. The aotiVitios 

t~.at tocether oomprise a phyoical distribution oyotom are then easi~ 

disoernible. Transportation io repreoontod in two scales - the larGe ooale 

1011 oost movement in bulk from tho centI'al plant to each warehouse (froll 

tho hub to the rill alone tho spokoo), and tho lou volwc hich-ooot 

movement from each l1arehouse to the mar'..;;;et (alon~ the ritl). Inventory / 

storage/despatoh aotiVitieo are neoeooary at each ~=ehouse to cho.n",-e 

tho soale of' the tro.nsportation oporations. 

Tho no. turo of the so actiVities is such thll. tit is not 

ea.sy to evaluate any one of these components uithout affeotinG at.leaot 

one other aoti Vi ty. The introduction of hich-oapaoi ty vehicles af1'eots 

loading/disohar~~ng faoilitieo. This in turn affeoto otora&~/ho.ndline 

ooot:J. This point has been proved in the 011 industry when Gulf Cil 

COL1.oany had to build a maooivc nOli trcnoohipr.:tent depot a.t J3r:ntry J3ay to 

ho.ndlc 
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the mar.l:noth 300,000 ton ta.nkers that oould not be handled elBelihere. 

Also, reduotiono in lead. tir.lO oould re:::ul t in lo,rer inventories. 'i'hore aro 

nunorouo such ey..anples all 01' imich servo to onp!w.sine that 0. distribution 

nctuork nu:::t be treated a; a sin(;1o system. This al)proueh nill reoul. t in 

an overall optil~icution. Pieoe.doo optir.linatien io not acceptublo ao the 

combinution of ooveral ouch optil3imltiono 11ill not produce an optinUlll fcr 

the conpleto syotcn., Certain ocmpononto r.luy have to be oper~ted in an 
, (61) 

"inefticiont" nrumer, to prcduce a sYBten optimu.":l. I:a.Goe refers to ouch 

instaneeo as "tradc-offo", lrhure ono replaces 0. oonponont, of 0. 

diotribution synten inth 0. more expensive alternativo if the exchanGe 

io accompanied by 0. creator oavinc eloe17he1'O in the system. 

The systoms approach in diotribution a~lysio cen best 

be inpler.lented by unill[; the unii'yine ia.ctor of cost. All CO!3pOncnttr of 

the oystell either add to or reduco ovoralleosts. Thero ero ocveral 

unquantifio.ble fa.ctoro tho.t noeu consideration - cUotonors' convenienco, 

otratecic rOo.aollo, and the m4'.intenc.nco of un inotitutiol'lul reputation. 

'l'hese factors do contributo to nn overall dccision, but the overridinG 

con:::idel'ation is that of cost. 

The total coat concept has bccn oDphasise~ throuehout 

thio atuCy. It heo influonced net only tho aolution, but also tho 10Gio 

oDployod in roaching it. All possi blo factOI'D have been quantii'i cd and 

havo boon eXpresaod cs 0. aorieo oi' cost elomento trhich entcr tho 

calcula tion. 

Tho total cost/oystoms approach onouros ~~ch itera.tion 

in tho oa.lculation is self contained. ~oh iD completoly foesiblo, 

thoUi;'h the initial iterations nay not be desirable. 'i'he objeotivo, uhich 

is to roduce total cost iD achioved in steps and oach atep lli~s boon 

dosiencd so that it can be implolQ"ntcd llithout a.lteration ao tI comlllota 

netHork. All costs in the systeIJ ere taken into account. Provioioll ms 

beon made for nOIl-lineari tieD in transport cost, and the tixeu. COS"tu of 

de:,:,ots fiGure pro::;incntly in the study. 
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This approach shotm a carkod improvement over certain 

teclmiquof] cet out in earlier 'W'Ork. ':'hoae techniquea tond to break up a 

ne~~rk into sevoral conpononts and taoklo them soparato~, or tond to 

ignore tho effoot of certain oompononta on t~e entire syston. 

PllY'.;ICAL DISTTIInUTlml 

1.8. In tho past, nuch of the effort mado in inoro:minc 

produotivity nnd offioiency in nodom industry haa 'boon directod t01mrda 

the manufacturing procoss. Those offorta have becn croat~ asnistod by 

tho dovolopncnt of I:lodom tochniquoa of sciontii'io I!lanaccncnt, lIhich can 

vary frorl relatively OOoic uorl' study to hichly cophicUcatcd cOClputor 

oxoroisos. nut until recontly n~Gonont hac oithor not roalised or tendod 

to ovorlook tho econonios l1hich could be aohiovod in the fiold of 

distribution. 

The elenent of physio:1.l distribution coots in tho i'inal 

price that the conSUDcr pays for a co~~odity can be larGO. Gontry and 
(56) 

;~htnlVor have estinated it to bo botuoon 1/4 and. 1/3 oi" the final prioo, 
(1) 

a British Govornmcnt publication claim9 an oven hiGh~r i'iOJrO - 40;~; 
(64) 

nhilo Doolyolo colloction of papors tako .the fit;ure to be clooe to 50'/. 

:Jespi tt3 these hiGh costa tho ~nGo in omphasia oono only recently. 1101'0 

and more firma ha.V() bOL'UU to exerciso cel1tralised oontrol over thoir 

ptyGioz.1 distribution cyott3ma and aro lookina to those activities to 

brine about reduotions in oporating oonta. Phyaical diotribution appeared 

to MVO boen tho "noeleoted. oousin" of tho manufaoturing =d f.>oZ.l'ketinc; 

divisiens. 

1.8.1. 
(2) 

Physical distributien has been defined by Coyko.y ot 

alia 110 boina that aroa of Ouoi:t(,!l)G l'!lc.na.cor.lcnt whioh is reOl)onai blo for 

tho novcmont €Ii' mu matoriala cnd finished producto ,.cnd. for the development 

of syntoms €If nevor.lcnt. It io conoornod. with the goocraphio arrcnccment 

€If munufacturins ca:plloi tyand tro.rcheusine faoili ties in ouoh Do =01' that 
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while tho marketing requircmento of a firm aro satisfied, movument oosts 

are out to 0. minimur!h The Ilotivi ty that linko together the m:l.llufaotu:ring 

1'o.o11i ties, the network of lI'arehoueeo and the final oOllSUl!ler,o io 

transportation. Tho soope of pbysiOlll diotribution therefore elloompasseo 

the proper looation of manufaoturing plant, the determination of the 

numbor,'sizo and dispersion of YnrOhouees and the oeleotion of the'moot 

effioient meano of tra.noportation Ilvo.ilo.ble, ui th the objeot of r.lIlxioioins 

:'oth the short and lone term profi to of the firm "hile mcintaininc the 

required ote.nd:J.rds of cuntomer oervioe. 
(3) 

Taft" 0 referenoe to tho managemont of movunent, oontrol 

of inventory, proteotion and storoco or otookpilint; of row natorillls and 

processed/finished goodo to and from the line of pr'Oduotion, is Sil:lilar 

to ::lmykay's definition. Ilhile inoludin,g trcnsportation, materials 

handline, p:l.ckacinG e.nd ~=ehoueine, it 0.100 inoludes tho icportanoo 

of e.n effioient oystcm of oommunications linkine toeother all theoo 

phases of the firm's aotivi tieo. The oomounioationo netuork is cnphnoised 
(4) 

by J3eckr.:nn and D:l.vidoon; uho desoribe 0. physical diotribution net1'1or~ as 

oonsiotine of not only the oonbination of transportation accnoies, plant/ 

storage looationo and levuls of invuntory, but also the interconneotinG 

£loWD of informlltion, uhioh toeot.1J.er form tho least oombination 

oocmencurato h~th oervioe requirements. 

1.8.1.2. Tho conditional olauee in these definitions is vital. 

'I'he physical distribution effort should ba e.n intec=l part of the =ketinG 

Ii.otivitios of a firm. It should be, to a large oxtent, subservient to 

markotin,g policy llnd tho needs, preferences cnd oonvunienoo of customertl 

should be oonsiderod uhen planning a physical distribution not1'Tork. Thero 

will bo nothing cervod by having 0. syntCtl thnt oould operate perfeotly, 

but for the fact that thero are no cuetomers providinc: the demand for the 
(5) 

€,'Oods thnt it will hl:ndle. Turner emphc.sices thnt diotributicn is 0. 

(12) 
component of oustomer ocrvioe, uhilo Converso calls it "the other half of 

marketinc:". 
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The petroloull induatry iD one 1fhich ho.o ot neoeoci ty to 

opread ito operationo ovcr tho lencth and brcadth ot n oountry. The nnturc 

c.nd quantity of i to 11:rln oOmr.Iodi ties, potroleUI:I fuels, ro'luire tile U!30 ot 

hichly O1'eOio.11se<1 o'luip:rrent for otorace as \/c11 as diotrib..,ltion. 'L'he need 

to keep dOl1n th'.l invostment in expcnsive' opuipment, llhilo otill ensurins 

o.doCJ.UIl.to oovoraco of a countr,y', via a. sorios of dopoto, proocnts an 

,interestin:s problcrn of optinioation .. 'l'ho problom is corJplioa.ted by tho 

. fact tlHl.t oil cOI:r:.nmies hnvo always OlmoU. c.nd kept full oontrol of their 

diotributiva notnorks, at 10aot o.t the uholoo0.10 leval. The bur<.ien of 

expondi ture tallo O'luaroly on tho oil induotrJ, in contrc.ot l1i th, for 

inotanc(), tho otocl indWJtr,y', uheN tho diotribution otructuro tends to 

be operated by orc=isationo other than the rnc.nui'acturaro'. 

nG;U~TnIAL LOCATlclI 

The scope ot Physical Distribution inoludes loontion 

of =nui'ncturina plent as liOll a.s depota. It lIould thorcforo 170 ap:orepriata 

to roviol1 the th()orios of industrial loco. tion. :!ontion must bo nade of 
(33) 

tho 1'1ork of von 'L'hunen ,1-tho studied tho effeot of trensportn tion upon 

tho location OL produotion. lie dealt Id tll o.i.;-rieul turnl products in a hiahlY 

artifioial "iaolated state" - with a. sinele city located at the centra of 

a level plain, su=ounded by foms ~Thich 1iore of identical size and 

efi'1cienC"J and havine iccentical cl1mntio cond! tions, produotion oosts, oto. 

von Thunen asour.Jed that tho price of produoe at tho ori.:;in llould bo tho 

prico at tho eity rainWJ transportation oost. It then follo1i:J that location 

of production of individual oor:ll1lodi tios lIould depend uIlon t .• o rCl. tio of 

the ueit;ht of tho produot to its value. Tho henvier the product in relation 

to i t3 valuo, the noarer to tho oi ty ld11 it bo produoed. It also fo1101113 

tha t the vulue of produot at its ori&1n deoronoos ui th illcreasina 

d1ot:mce frOD the r-o.rket. 
(36) 

;;ebcr widened tho GCOpO of von '~hUl'len'S arCtl.'Jont by 

cOl1oiderinc DOl'O then ono oontra 01' ctmnU!1ption in an induntriully orientod 
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market. lie roaoonod that there wore three genoral factors influencing 

location. ~hoy were 

1.9.1.1. Transportation Costa (includine fuol and rau Llatorialo). 

l'roc90oing 110uld LlOVO touardo tho point ~Ihero tho tmnofor coots of 

m., catorial c.nd finiohGd product would be a Llini=. :. product lTMoh 

loot uei.:;ht he:!.vily in proceooinc 110uld be dealt ui tll elooer to tho 

oourco of tho raw =te:ria.l, lfh.ilo thooo ui th lou uoit;ht loco llOuld 

(;ravi tato tow:!.rdo tho nroa of conounption. If I.lore thc.n one mu nato:rilll 

1mo uood, proceooine nould tako placo at t.'ult point ullors tho total 
(35) 

trc.noportation cooto would bo a mini=. Loech, olaboratine on thio 

point, montions 3 nothodo or detor.cininG tho point of r.Jini= tranoport 

coat - 1:horQ tho total freiGht cooto aro tho 101100t. 

The first io tho conotruction of the point oi' minimum 

trc.llS)?Ort coot in tho locational tri:!.ll:;le by tho propooi tion 0); oAtorior 
(38) 

nncloo, diooovercd by Lnundhart, c.nd rodiacovored by Hobor. Palunder 

ha.o dosoribod tho notllod in dotail. Loech hao cl.ccuod thio not/lod to bo 

of noi thor thoorotical nor pra.ctica.l iI:lportc.nco. It applieo only lIhen the 

n~"bor of eoureeo of oatoria.lo o.nd planoo ef conounption addo up to 3, 

and UhOll froit;ht cooto ara proporticnal to ueiJlt and diotanco. 

The oecond io the raochnnical nodel. l'eri'omtieno =0 
nade ill a etU'f OIlP of tho area at oi tea of naterialo oourcee and markets. 

'-'breads bearinG proportional uOit;htG aro paoood throUC.:h theoo holes and 

tiecl tocether in onc knot. 'l'ho position of' root for tho l;:not io the 

dcoirod location of produotion. 0,.'110 oathooatical proof 05: thi) l:lothod, 

lrhioh do~)endo on tho aouumption tha.t the problof.1 of :f1nd111ci thu loweot 

freight cost io tlla.t of findinG tho pooition of equilibrium of foreeo, 
(38) 

is Given by Palandor. This mothod is diocusoed in t,""l'cater deta.il later 

The third nethod usoo Isoda.pancs. 1,ebcr'o isodapaneo 

'.ro linos of oqual tot~l freiGht per unit oi' p~'oduetl that io, lino 0 

conneetins IJoints for lThich a. defini to combination 01' haulo is equally 

cX?cnaive. '-"ho eoobination eOlloiota of' tllG ohil)TIlent of ra.n r.mtcrio.lo and 



intermediate produots to, and finished produots from tho factory. 

IoocbllllneD =t bo diotinguiDhed from laovootures (aftor Palcndor), l:hioh 

are linos ropro[lontinc equal uni t freiGht :rotes for Dimple trunoport to 

,:md -i'roll a cortain placo. Par a hOllocenooun trcnollor't curi'aco, icovoCturOD 

are concontrio ciroloD that follol1 ono another o.t oqun.l intorvo.lo :ro:;.' 

oinilar i'rei.::;.'lt iiiftoronoou. 'l'hoy 0.1'0 proportiono.l to diotc.nco 0.0 ono 

procooo1o outw:l..'ds 1'l'om tho oontro. It' the trunollort =00. io travcrood by 

oo)ooially Chcail 1in03 of trcncporta tion, c.I!., mi1roado and O(:L'lalo, 

oo:nbinccl tranollorto result (roil und lorr,r) and tlle iaovocturoo oan bo 

diotorted. Cnco the iaoveotures ho.ve be~n do::=catod, they sorve ... ·or the 

oOlllltruction of ioocbpanoo. 'i'hey are tiro,m for tho transport o:r tho.t 

quanti ty oi coodo i;hic:h io roquirod for tho produotion and 00.10 of 1 unit 

of finioho'l product. 

Aa nn illU! t=tion oi' tho oooond mathod, if :., Il =d C 

=e rill( matcrial oitofl of lIhich 3, 2 and. 0.5 tons rospectivoly aro noeded 

to produoo 1 ton of finiohod. product,und if D, ~ nnd ~' aro n=l,:oto 

COl1ouming 80~~, 15,~ and 5;: of tho total output, thcn tho llOi:..;hts uaed uill 

be in tho I"u.tio 31210.5;0.810.1510.05 for A to ;;' roolloctivcly. 

PiG. 4 io a okotch choniue t!lQ conotruction cf un 

isodupuno frOD isovectures. 

1.9.1.2. Labour coato. 1Jobor definos a Labour co-efficiont no the 

ratio bot'iocn labour cost ;?cr ton of product und the total llCig.\t of £Ill 

trcnaportod Goods neceocary for proca:sinc it. If the labour coefficient 

io hiGh, proceosinG tcndo to novo to an o.rca uhera tra.noportation c03ts 

may be .:,'reater. 

1.9.1.3. A{'f;lot:lerution Paotor3. 1'ho oicnificanco of thio factor =y 

h, the influcnco on location of the proxini ty or otheruioo to auxiliary 

industrie3, oervicos, CO~tmicutiona facilitieo, etc. 

(41) 
Hoover makas tho i'olblina co:.-.:::cnto upon tho cllOico 

ezoroio,,;',l by producers in oolectin:; locations for their plcnt. 

i) thoy a tteopt to r.1o.xi:Jioo en.rninco l{hi ch ere bull t up 
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fron tho coubincd use of tho factoro of produotion. 

ii) "ogul~r:l,.ty :.md occlU'ity of" c~rnincn io inr>ort~nt. 

iii) ~~t,) o~1.'octed trend 01' o~rninGo in c.loo rclc~nt. 

iv) pro)cr eV:J.l=tion of tho ow.bility, GcclU'ity =d i'utlU'e proGpcoto 

of ~ ven tlU'e r.lc.y be twucr-ra ted. 

lIo divides the notivi tieG of a productivCl er~;allioation 

into 3 c~tccorie'l, 

n.) l'r~c=cr.lcnt (of rllW naterials) 

b) Procesnina 

c) Diatribution 

~'rO!"l the ot.::.ndpoint of distribution 0. producer ohould 

dotc=ine h011 10c3. tion C:l.1l affect de::lc.nd, oinco prouDi ty to a l:l,u.'ket 

(p",:"ticullU'l;;, in relo:.;ion to conpoti tors) C:l.ll sic;nificently affect level 

Hoover devoteD Qucll attention to the influence of 

facilities, 0.0 lIell ao internal fo.ctoro such ~o p:.'oc030in;; ooot differclltia.1s, 

upon in,lustrial location. 

:!is \{o:L'k extends the thil';dnC of co.:dier 111'i ters in 

thin fiold. lIio dow.iled e=r.lina tion of thoir 1wrk, und his analyoio of 

transfer costa and. their influenco Ul)on loc,,- tion io exoellent. 

(53) 
Groenhut devinted. 1':'00 pr3viowl thin"::'nc; on the oulljoot 

by otntinc that opti:1U'"1 distribution of loca.tioll uas not bo.ocd. oolely on 

coml1dera.tiollo of coot. lIe otated. t]lat der.land and olastici ty of dCr:l2 ... 'l1 also 

h .. '1.1 an effect on loe~tion. "I,ocation dccioions t;lCn appe2r t" be b~sed not 

only on the centripetal foro!) of nininu'"1 ooot attraction but aloo on t:1C 
(59) 

contrii'u...;al for co of derla:ld olnotici tics". 

(60) 
Ioc.rd '0 1lorlt in thJ field 01' rocior'..l.!.l CCil::llCC lw .. c also 

bCC~l zi ...... -nific~nt. He llou,lo '\1i tu reCioll:'] 1:hich ~ro not hOt'low'cncoun v,,"rious 

nrcc..o h:.vc V"..lryinc Cllaro.ct'.::riotico • .le atuJ.ic:J tb.:r-cc tj'Jli;3 oi' uocioivno, 
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tw.;:lCly, location, oco.lo of operntiono, and :Clol'-

~'he application' of t .. 008 theo:l.'ieo in the field of 

petrolcun diotribution io 0. cubject that ie too devic.nt fJ.·ol:J tlw cubject 

of t:lio lltUtl,y. ?hey =e eGnccrnc·" 1Ii th the lecation 0;: the !:lo'nl'f<:lcturinG 

plant, tho oil rcfincr-J in thio cuoe. ::o1'Tevcr thcru urc cc:.·t,dn aOPGcto 

t::nt co.n be included in thio Co.'];J.lyoi3 ,:hich dcala l1i th tho inte:rneuiato 

okra..;c point, "l1ich can be lil.en~d to an oriG'in"Unl,; point ~;hich is to ba 
(62) 

locateli l1i thin tho 'C:J.tchl:tont o.rca' of oo.ch depot. Acpinnll otateo tlmt 

Ceodo t;,n:l to bo d-"'Uwn t01::J.rdo thc point of 1'i11<.l conou.::Jgtion ut a rato 

ectabliGhcd by the ultirm.tc COl1::Ju·.er. ?ollo,r1nG u:)on thio, depot" 'c':lld to 

nove tot~-..!.rla tIl'J :t.reun of nuxi.-::w:l <lcr.w.nd. ·~:hcy cloo tend to be lac.:. tcd in 

on tllO llaterohod of dcliver0d 1'riooo - it cooto the o~c deli YC~'ed [rol.1 

ei th'..~' depot. 'i.'ho theorioll o.bout lc.bour, etc., arc not ci&..nfiC::lllt no the 

rO'l,uircconto ef 31:1110:1 labour =e very lou. 

1.10. !.Jince the l:la.in intercst of thin typo of study b tho 

ntructu:r-c of the net:rork of u~:rchouzc~/dc.9otn, 0. feu G'cnor::.l cor::.lclita o~ 

rclow.nc;:; to lr.:rchcu:.Jinc l:culd be O;ppropri~to :J.t thio S~&-c. 

'rho l:leanin~ of the t·..:ru "uo.rchcu:.Jin.;" h(:3 bO.Jll va~.uc and 

undcfinc:1. It io cenerally uool b ol:lbr~ce, rat'lcr loonoly, the fU:lCtiens 

at placeo othcr~;l:J.n lm.r"houooc cnd thiu nd<lo to tho =bicui ty about 

l'tU1.cti0110 of ~ .. :~rchou:~co. ,l:n nddi tion to the ccnarally c..cccpt.:;i IJ0u.ninc; 

1iCulcl bu t~ln.t the .:.bovc functionrJ co;;:pricu 1r..!.rchou~inG ';~l.c~l ~l~c~~ £,.:. .. 0 c.:.rricd 
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the tine they c.re needed". Here acain is en anbi[,"uity. The "tine they arc 

needed" cculd r:ecm ei ther the receipt ol:. the coolln by the finel eon::n.:.r:lcr 

or thdr hcndlin,:; by someone at "n earlier o·t"Ge in the dintri butioll el:D.in, 

i!e1'initioll to read "tho i:unctiono of otorcce, han::llin.:; and den:po.tch of 

coodo betue?ll tho tit;e the;; c.re llrodueed and the tine they are rcC].uircd in 

bulk or ill cnc11er 10tD nui to.ble cized for till> next link in the dietri bution 

ch\1,in". It is inplied in thin definition that nn.rchoun:il1G in Cll L';ctivi ty that 

io cc.rried out by tho mmufueturinc fu..'1ctien and that it endo Hi tll the 

trsn[;fcr of coodo to the ocllinrr function. 1:0 hn.vc non run into al1.oth~:t' 

area. of d.oubt - ia 'H'~ohotllJinG n. pc..rt of th~~ nunufc.oturin,:; i'u.,cticn? 
(17) . 

Jenl~ino io Quite dei'ini te in his l'mmer to thio queotion. He cto.teo 'kat 

t;:l.l'chouninC 10 a clear "n<1 dictinot prol:e8oion thet lli11 pLy CB e:-:;xmdine 

1 . t 1 t .. t' .... fi l' "1 . "'i .' " . ro c eo 0. VJ..:!. ccc or 0.1. J)"O econony. '.~:no __ ne. ' ..... e •. nl. '" 011 0. '";:~...:~ ..... oun~ne 

lToul(l then bo" tho oep:lrcto i:unetionn 0:' rccoi.VinC, fJtoro.:;o, ll1lndlinc; cnd 

deo::>a teh of [;oodo btltlleen th'3 tir.:e of nanufl'.eture =1 the tine they o.re 

required. in bulk or in· onaller lotn ouitably oizccl for the oolline 

lU.'letion" •. 

1.10.1. iiurehouoinc io :cm c;:pcndinc: l:iclcl. Itn ir.l;Jort2.l1CO lw.s 

been [,-I'ouinG over the po-at feu dccc.dcs c.~d io likely to L"TOY .::. t c.n C V,,, 11 fc.otcr 

ro.i.c over the next fen. Its uoca to nn or£-c.ni.Gation ar~ L1Cny. 

It pemi tn lonDer pr0d.uction runs. In GelL 1'"'-1, 1,)ll(;Cr 

ru.'l~ ner:.n lm:er tL'li t prod.uotion OOBt:;. :Jet-up coets l1hieh CUll eonctiDcO 

ba vcry hiGh o:.:.n be oprec.d. over a lur"ocr quru,lti ty of coodo. AutO:.1~ tau 

equipr:l'~l1t ca.'l aloo be juntifieu. !:lore ca::;ily if 10nt.: l'U.'lO c.re pooni1>le. A 

ITUrcho1$c e2.l1 plc.y an itlport=t 1'010 in a1>::;'Jrbinc the hie':l vOllu::le o~· product 

put out t!ftcr c lone run. 

A u<.:.rohottnc, by i t:J ability :1;.:> ~ccoivo u.n1 nt~)r0 Goods 

pl'oyidon 0. bu±',:el' bet,/0()n tho continuoun rute oi' prou.uctiol1 of (1 i'c.ctOl'Y 

c.nd thc interni ttent, oor.lctineo unprcd.ietc.ble cle!l:c.nd. of the Ll~'Lct. It is a 
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reservoir ll'hich absorbs the £lOods pro<1uced in lcn£; runs and sends out 

GnaUar ohipncnts to customers 0.0 and lThen required. 

1.10.1.3. An il:Iportant econonio re(lson:fo"J! the existence of 

lmreholllles, particularly thooe located 010130 to areas of hieh deno.nd, is 

the opportunity tor oavines in freiGht costs. The factory produces GOods 

in lari:;e quantities and ohips them in bulk to the lmrehouse. Customero' 

rcquirenents are coved in much ornaller lots either beoau~e their total 

rcquirer.lento may be m:m.ll, or they nay be nukine frequent :purche.oeo 

in order to reduce oapi tal tied up in otocks ",un.i tine consunption. nu1k 

transport to the wnrehouoe iD done by tho cheapeot available method ot 

tranoport, consi~tent vi th the volunoo involved; 'i'hile the onaUer 

ohipnents to cuotooers are carried out uoine the oore e~~enoive methods. 

'l'herei'ore the interpolation of a li:ll'Ohouse betueen a taotory and i to 

custor.lers erobleo goods to bo moved cheaply in bulk and thon broken 

dOlnl into the costlier snaIl shipments oloso to tho =tonors. If the 

lro.rehouos did not oxist, the cxponoi vc ol:lcl.l Gcnle tn>.nsport l'10uld be 

required for all movements ot b~ods, ldth rOGultent incroo.seo in cost. 

Tho presence of lm.rehousoo close to the consunoro will 

roduce load time. This erobleo the custonor to roduce his Olill invontorielJ 

because roploniohnent of stocko is much speedier. ?he converso 0.100 

applies, that the rim has to C<'.:r'rY at its warehousos mueh larcer stocks, 

but thio is deomod to be a part of tho sorvice offered to tho publio. 

1.10.1.5. CUstooero find the existenoe of u. 1000.1 l1arohouoo very 

convenient. The eleoent of oustooer service cannot be quantitied, but it 

is sOr.lething that cannot bo overlooked. 

pmwTlon::; P'.:lu"OI'llilll IN HARL1lOUSDTa 

1.10.2. l!arehOllllinz spans a broad sco:po ot activitiea, related 

to oeme extent to tho n~ture of u. coopany's business. Some firms noed 

li ttle or no warehousing. e.c., a. ouchine tool r.Janufacturcr almost 

invc.riably builds equipment to speoial order, lThich iD not otored but 



chipped direct to the customer. One the other hand, n firm dealing in 

consumer GOOds like shoes or radio cets invnrillbly requiroa llnrchousea 

in itn system. There mny be other firms whono principal bunineas may be 

warehousina. e'6" 0. diotributor enstn on the r.I!l.rein he oan make 

betoroen the runOtmt he pa;y-a for GOods and the Mount ho reoeiveo frOI:l 

their oale. Ilia main function ia to make goods avnil.D.ble canily, and 

lTnrehousing in therefore the principal acpect of his business. 

An analycio of the) activi tien involved. in ,rurehousing 

ohOlTS certain fUllCtions which are either directly involved vi th o~ 
(11) 

oloocly related to it. Jeru;ins lintn 11 funotions an £01101(0*-

Funotion Direotly involved Cloacly Related 

1. neceiving,otoring,chipping x 
2. InvcntoT,1 aocountability x 

3. InvcntoT,1 levels x 

4. I:ain tcnanoe ,safety ,housol;eepine x 

5· Cutting to order and pacl~Ging x 

6. Purchnsinc,labour relations and 

Industrial '~Gineering x 

1. Transportation x 

8. 'l'raffio x 

9. Aooounting x 

10. Production and Sales x 

11. Inspection and Quality Control x 

:!'urthor COIWents on t..1.ese functions e.re made in his 
(11) 

book. 
(18) 

i!agee lists the essential prooeosing funotions that 

a lmrehouse Ilay perforIl:-

1. neceives goods 

2. Ideutifien goods 

3. Sorts GOOds 

4. Despatches goods to otorace 

5. Holds goods 
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6) Hccalls, selects or picko &'Oods 

7) llerohals the ohipncnt 

8) Dioptltcheo tho tlhiP~Dllt 

Those funotions tirO allied to thooo ,Thich Jenkino roi'o=cd to no 

"direotly involvod". 

l10 tirO oonoerned ui th tho do termination of the beot 

cO::lbill1ltion of lmrehOUlle3 in a. diot::-ibution oyoteM in terns of their 

number and location in order ~~t tho funotiona liotod above aro 

performed in ouch a manner that the benofi to llill a.ccrue not only to 

the fire but aloo to tho Gonernl publio. 
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PL'TRCL",m,j DISTIUnUTIClT SYSTSJ,!g 

2. 'l'he cOmr.lents made in the earlier sections deal t ~d th the 

genoral problems of all diatributive induatrioa. Thio broad field will nOlr 

be narrowqd do~m to those cystomc ~~hioh handle the distribution of 

petroleum produoto, mainly fuels in bulk. The petroleum industry provides 

exoellent ex.:l.I!1pleo of complete distribution systoms lThich have been in 

continuous oper~tion for many deoadeo. The induotry had small beginningo 

and so did its methods of diotribution. However, it enjoyed IJ, very rapid 

rate of ~wth. Developments in distribution ,rere wideapread and, to a 

certain extent, disorg:mised, but lack of planning did not prove to be a 

serious disadvanto.ga beoause tha industry developed 00 rapidly that growth 

in a~ form was aooeptable. However, in this do.y and aGe, thero are 

increuoing presoures to prune costs in all phasea of the industry, moot of 

all in thooe staBOs uhere expenditUre does not enhance the intrinsic value 

of tho produot. Distribution praotiaes have been increasingly oubject to 

eoonomy driveo - a chanco in emphaoia froe the past lThere coat of the 

cffort wao conoentro.tod in cffeoting economies in production. 

2.1. The petroleum industry is one of the rare cases "There 

ene industry undertakes the whole sequence of operationo froe searching 

for raw naterial to sclling the fiMl produots of cnnufaoture. It is 

usually fully integrated from exploration to e=keting. It io dii'ficul t 

to reoall other industries "here the degree of vertical integration is 

so complete. 

The oil industry also provideD almost clasoical cxnmpleo 

of oli&Opplies and eonopolieo operating on a national scale. The history 

of the industry hao ohOlTn that its nn.tural growth favours the eotablishment 

and perpetuation of local oli6OPolieo. There are !l. few large organ1sationo 

in each oountry ( !l. few operate internationally h outsidero camlot 

readily enter the induotry; the degree of oompetition varie3 at each 



:phaso of' the induatry, but open =£=0 ia cvoidedJ cnd 'foot o.ppeo.ra to be 

a unitod front ia presentod to the public, particularly reL~dinG prico. 

A oonopoly, on tho othor h:.:.nd, il3 alool3t corta.inly the 

rozul t of eta te intorvention. Por Done reason or othor, the ota. to 000 

obtained control of the induatry. In ouch C(!DCO uo OOvo the typical cendi-

tione of a nonopoly - one intoroat; ontry barrod to o~lcra, cnd eonpleto 

control of all aspects of the buDineso. 

In our narrow field, the following COI:lf.:onts may bo 

rclovant when forr:rul.ating lfayo and noano of rationalising potrolotu:l 

distribution notuor'..l:S, ~Ihethcr thoy be oporatod undor oliGopolistio or 

nonopoliotic oonditione. 

I:ost oountries have mnny oil oonpcnic%rcanisationo 

operating in conpetition ,·,ith each ot::lOr. ~'his oeano that·cuchoOllPIlllY 

Ma to nodify its own netl"1Orl:- indepcndcnt of tho netuorka of other 

ooopanios. 110 uill therefore have sevoral sub-optinioationo, but no 

overall eff'ort to tackle the natior.nl net\{ork. Thoro =e oxoeptions to 

this, liko the UY.:OP line in :Britain, llhich nll hand10 produeta boloncing 

to oovernl oil oompanieo, but it io only finanoial expodienqy or the 
(65) 

provisiena of' national loCisle.tion uhiclJ. oa.uaoo this. '::'he UlWP line 

~lould MVO boen too much of' a eo=i to::;nt for u.ny ono conpa.ny to beo.r, 

cnd the obvioua atop of feIninG e. eonoortiuc ua.:J ta.ken. Il01fOV(;r, 

development on a onallor scale ia undertclccn by individual oOL,pcnies 

aftor having been oonsidored in separate plannine ocheduloo. 

In Bpi to of the fact the. t oach oompany uill try to 

ra.tionalise i to olm notlfork ~lero will be very li tUe done on c r.moro 

soale lIhcre a. synoptio exa.nination io made of e. national network. rl'here 

will still be duplication of fa.cilities lfhieh \dl1 bo a ~tiona.l loss. 

Such losGes can only be elimina.ted uher0 one body has the cuthority to 

mn.ko :m overall study of the entire netllork. In other 'iOrUG, con~ o°1't 

of unified control er monopoly must prevail. Suoh e. concep~ ocnnot t~ 

entertained in a. market of froe oOInpetition except in pcriodo of 
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cmorsency, such ao lfllrtice condi tions, ~rhon tho national intorost 

overrides all othcro. Evon so, any meo.S1ll'ell taken o.t such tinoo nro 

only temporary. 

llonopolioll do oxist in tho potroleu'"J indU3try, but 

thoy aro fow und fo.r bo~rocn. (The COWltr-,{ chosen for fue co.se study -

Coylon - has a monopoly of rofininG, intornal oupply and diotribution.) 

TIore nre instanoeo whero tho process of ro.tionalioo.tioncnn novo to its 

10:;ical conclusion. '.dlO otudy io on a national oooio and c .. en e1v,) an 

overall optimu.':l. Thoro io, however, ono very oien1ficcnt WcaY,.l1ons in 0. 

IJonopoly oi tuntion. Thore iD no othor or...;o.nisation on "hich tu fall buck: 

at .. ny tirn". An. oil OOTJpnny oporntine under oocpotitivo conditiono iD 

aware tha.t ethor companioo can not only attack its buoineso, but 0.1130 

cornplelJent its offorts by covering up blo.nk uroao in its notworlc. A 

IJOnOpolillt hao to cover oo.ch und every area by itoolf, kn01rina all the 

time tlmt <my ovoroieht or ommiuoion will hAVO ooriouo consequencen on the 

oo=i ty. l'hio moana tlmt hia nnfety marcin has to be much ,-TideI' and ho 

MS to po:y for added 'oeouri ty by haVina 0. rJore COMplex netllork. 

A diotribution oystem desicned to lmndle petroloum 

prou.ucts ia comparati voly siI~ple. PiGS- 5 and 6 ShOlf the otructu:::'e of 

0. potroleulll syotom and a mOl'Cl complex ono uhich lmndles co.nned fruit. 

Petroleum distribution ia the pcnul timato 1in1c in the 

lone chain of activi tics that spana the industry. Its function is to 

cnouro that all products nro aV!l.ilo.blo at plo.ces where the consu~or can 
(32) 

dra.w his requiroments at times and in qusnti ties oonvenient to him. Jonos 

MS listod tho folluwing functions 01' distribution as applictl.blo to the 

food industry.-

1. 'l'rauspertation 

2. 11atcrials llandling 

3. lio.ro!lcusing 

4. Inventory Control 

5. Production Plannine 

6. i.J.ministration 
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I 
Hi th the exoeption of IToduction l'lo.nninc, they are 0.11 

relevant to the field of petrolcu~ distribution. 

The arranGC~cnt that is acceptable to one type of 

COl'l.'l=.er l~a;y not suit others. Por inomnco, the motorist is .rillinc cnd 

able to travel some diotanco to obtain special 1'uols for his car. Dut the 

lletrol otation must not bo too far nU:lY fror~ h10 residence or 1'lneo of 

lIork. lIo does not oure to co- .fnr out of hio 1IT'.y merely to L,'Ot petrol. At 

the other extremo ,fa have the oonSU':ler (in oountries like Indin nnd ceylon) 

Who lliles kerosene (parafi'in) in rmall quanti tics for ill=.inatioll c:nd/or 

cooldns. ilio daily require!:!ent nay bo leco than -:. /.,"nllon. lIe neither 

.rioheo nor CXllects to eo out 100killC for kerocene. He denando that the 

kerocene be brouGht to hi!:!, to hio doorstep. Thio me~~s t~t theoe 

countries have verJ oo~ple= diotribution systems for kerosene. There are 

also ~Jntomerc who requiro ouch larGO quantities of product tlli~t spocial 

arranGements, cuch cs pipelines, hnve to bo made to Ctlpply them. 

He hnvo thU3, on the one hnnd, a lar[,"C nunbcr of 

cono=.cro (petrol stntiens aro treated as consu':lcrs) ocattered all over 

the country and havine vm"Jin;:; pattorns of de=nd over the full r'lll[,"C or 

produoto. Cn the other hand nre the comparatively few oourceo of petrolouo 

products from uhich theoe cuotoncra have to be oupplied. '1'11e 00=000 nay 

be rcfineries or ooenn termil1alo. In betuecn the oain oource/o and the 

cuotomcrs arc the facilities lI'hich cOr:lprioe tho dint:!:'! bution nct.rork. 

A refinery iD geared to a continuous process of 

sepuratine, treatinc and finishing products in bulk from crude oil. Just 

aa LlUch ao its input is con tinuoUll so should be the 1.'0. te of drEm-off of 

finioh~d produots. ~he supply of the intermittent needs of the CUlltooers 

cOon upset the smooth flow- of operationo 'I1i thin the refinery. There1'ore 

all lTork involved in oupplyina individual custoners is removed fron the 

re:fincry and centred around 0. oep=a.te stora1:;e depot one of uhone :f\mctiono 
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booones that of insulating the refinery from intermittent external 

demand. The depot m~, in some ouoes, bo adjaoent to the rofinery itsolf. 

In tho preoent o,mtext of inprovin& en cxistins netllork 

to IJinirniGO total oosts, liC oould oonsidor that the only fixed elenents 

of tho netvork =C) thOBO at either' end i.o., t.1.e rofinories <'.nd the 

ountomors. ~'he location of the rc;'inery io covorned only p=tly by tho 

pattern 01' internal dcn:lnd. Other fo.otoro, such 0.0 tho exiotenco of 

dcepuuter harbours, supply of freoll lroter, or even area dcvelopncnt 

a.re conditionGl in locatina refineries. Cuotonero are of neceosity 

fixed o.t locationo to thoir convenience. 

We therefore consider only tho intormediate dellots 

ao bein(; w.rio.ble. lie will conoentro.to on improvinG total ciotribution 

coote by mo.:u.pulo.tillG those depots. 

'rho cho.nnels of cor:u:JUllica. tion and. distribution link 

the rofinery \/i th its cuotoners. The refinery should be producinG (in 

the idoa.l CMC) juat ou;.'.ficiont quanti ties of products to sa tiol'y tho 

total deoand of its market. 'l'hose producte 11ill havo to novo to 0.11 

l):lrto of thc country. How Ot'.n they novo? 

Dy a) Pipelines 

b) Coa.ota.l ta.nl(ers 

0) Inland ,\;0. toruay, by b=t.'O 

d) Rail 

0) neo.d 

~'iC' 1 shew all theso nothoclo of tJ.'nnsport. 

2.4.1. l'ipelineo. '.rhe uoe of pipolineo for product tro.noporto.tion uo.o 

initiated in the U.J.A., which cluinG the lonceot produot lino in the 

world. lJovelopnent of produot lineo in othor pa.rto 01' th" uerld ho.s boon 

COllleUH(\ t slO'ller. ~'he nO;100. one iD the llri tioh U;~OP line, £l.llout 240 miles 

lone, linkine in two section::: tho rol'inorio3 on ·Lh" 'dmroc3 ";utua.ry 

and !.el'oey-oide \1i th the induotrial ;;idl;:,.llds. 

l'ipelinoo ura a unique) fcrD of tralloport in that tilcre 
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is no return journey involvod. The produot is held in Il. oontmner, the 

pipeline, but tho l~tter doeo not movo. It is the product that moves. This 

feature enablos 100 ~ utilisation of a line with no waste of time and 

offort in ru:.uline back an onpty cont:tiner. At the samo tit:lO the cost of 

opera. ting a pipoline is closely il1fluenced by its tlu'Ou,shput. Uui t cost 

incre~oe:J vory r~pidly when throuchput fallD belov optwun capaei t:r. rI-his 
(47) 

is due to the very hiGh fixed oost in pipolino operation. lIubbard ru:.s 

clea:t'ly illustr:tted this point in his boolt dealing with conparo.tive OODts 

of produot t=port. A pipeline can be qui to ooonomical in i tD uso of 

fuel and =powor, and can bo al!:iost fully automatod. It is also 

ominently suited for on-line oomputor oontrol. 

The disa.dw.nta~,cs of llillolinoo aro oonsidera.ble. They 

cost a. lot of money to build. In addition to tho ooot of ~torials, the 

securing of wv.y-leavoa, riGhts of t:ll.y, etc., can bo vory timo-Qonou:u.ng. 

Gnco installod, they cannot bo moved. In addition a pipeline can handle 

only alir.Ji ted runco of productD a. t a tino. The use of nul tip10 produot linea 

ha.a increaoed rapidly in rocent yo=, but evcn no'\/' thero io a cnall 

o.::tount of contll.llinaticn et the intorfa.cco. lligh viocosi ty products such 

a(l fuol cil aro very a.llkua.rd to handlo in a. pipelino. It has to be hea.ted 

and thinned out boforo pUllpinc and the lino i toolf haD to be insulated if 

i tD leneth iD of a.n;J' oicnificlmco. lJlat uas olait;eu. to bo the 10nGeot 

fuel oil lina in tho \(or1d is the 1;DDO lino i'rom ~'Il.lfley to London - 64 

milos or 00 of heavily ins1llated lino. 

Pipolinee arc used to cupply prOduct to hiGh volumo 

CUGtomerf or to storaga depotD. 

2.4.2. Coastal Tnnkoro. They nro generally used to Gupply dopota or 

to=ino.le and cnn bo up to Il.bout 18,000 tone deo.dlloie;ht. They are 

COr.lpnr~ ti voly cheap to opera to, oven thoUGh they !:lay bo CUM [loro 

expensivQ than their lo.rGCr oce~n-GCini! counterparts. :, sinGle veGuol 

can carrJ m~ produote on tho oano trip in conpo.rtmonted tanks and 
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there c.re no overlfhelming dif:l.'ioul ties in handlinG fuel oils. 

Coastal tankers are used to supply produots to harbours 

whioh o.ro too challoy or too oonc;ested to handle lc.rger vessels., Ow1ncr 

to the bene:l.'its of economies of soale, the biCGCat possible vesselo c.re 

(or should be) used :l.'or each run. 

2.4.3. Inland _terllllY n..rges. ' The size of the pa.rcel ia decreaSinG and 

un! t oosts keep riainG. The prinoiples of operation of river b:::recs are 

the same as those for ooa.stal tankers, exoept that one can have "t=ina" 

0:1.' barcca plying on the lc.rgcr rivers. The serious 11mi tation is, of 

oourse, the lack of suitablo inland ft":l.terlmys. Britain has very felf, but 

the Low Countries are fortunate in having complex netlforks of ccnals. Tho 

oapacity 0:1.' a. bares can var,y fron about 250 tona to about 7500 tOnD for 

the giant puaher t=ins that ply on the Ilissiaaippi and the T!hine. lIi th 

decrease in cbo oomes decrease in :rlox1blli ty. A single bc.ree cenernlly 

carries only.ono produot. They are used mainly to BUPPly pro~uota to 

inland depots fron refineries or ooeen terminals. 

The o.dvantac:;es of water carriers are many., 

1) they have relatively low coats pcr ton mile providcd 10o.d1nc/ 

unloo.dina is not too coatly. 

11) they'can haul product over lonG distancea, and 

111) they can handle coopc.ratively lares tonnaGes. 

Tho disadvantages are 

1) they c.re much slower than other forms of transport, 

11) speCial terminal facilities are requircd, and hnndlinG coats 

may becomo excessive, 

Ill) they are cenorally lioitod to handling (;Oodo of low value/weiGht 

ratio, 

IV) come lfGter carriers acouce le cs 110.bili ty for loso and/or dAmage, and 

V) they can be ocasonol in certa.in areca. 

2.4.4. lla.1l Tank \laGona. The aize of the parcel decreaseD further. The 

older tank llll(;Ona used by :Bri t1sh l1ail ca.rried between 4000 and 8000 cc.llons. 
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'J.'ho neweot 100 ton '1l'u.gono can cnrry about 20,000 £,"nllono. :.linoe there ia 

a better netlrork of railway lineo than canals, rail tank 1o"3.CO= huve a 

GI'eater sproad of doliverie::. 

The operation of t:lr.k 11acor..!l hao been &roatly influenced 

lrJ the introduotion of "blook" or "linez'" traino. ~'ormerl~, t:lnk naGona 

llere trea.ted like, othor £,"oods tm.[,"Ono - they wero loaded, chunted and 

handled oincly. In a blocl~ train several t1!l.:;ono rennin permanontly 

couplod tocother and aro loaded, noved end u.~oa.ded 0.0 a. unit. The 

oonsiderable oxpenoo of: il1!ltallinC additional f:l.cili tieo to hendle these 

eooposite unito haD been completely offset by oa.v1nCG in the form of 

(,Teater utilisa.tien ('.nd fe.ster turn-around of \/11/.:Ons. The use of block 

tra.ins io very populo.r cnd it nOli io o.."Ceeptional :ror oincle wn.cono to bo 

used. 

Hail lm.eona aro cenerally used to oupply product to 

bulk depots or high voluoe oustoocro. 

2.4.4.2. '.'ho adWllt:lCeo of rail tr..nk tm.[."Ono uro 

1) they 0.1'0 quite flexiblo in r:::n[;e of produot (fuel oilo r:m::r 

requiro heated l1:l.COllS for lone journeys) 

11) thoy aro very oconeoioo.l carriers of coo do on intcroudiato or 

lone; 141.ulo 

111) they aro not und.uly affected by the ,;'Ca.thor 

IV) they arc qui to i'aot, and 

V) I'm interconnected oyuteIl of ra:i.11ruyo provides hiGh floxibili ty 

of novcmont, eopeeially uithout unloadinc. 

2.4.4.3. l'heir diao.dv.mta,..;es aro 

1) they aro CCl1erally unecono!"Jical on ahort hauls 

11) they cun GOI~etineo tci;o longer thrul tru~s on lenG haul3 oinco 

14.ndlinc tiIlO c~n bo hiGh, and 

111) they arc Generally not foasible for le30-tr~1-full load lote. 
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2.4.5. Road Tnruc Lorries. The road tank is tho smallest and most expensive 

vehicle for produot transportation. Ho,fCvcr, it perforr.lS a vital fmlction 

in that it serves tho =jority of oonnu!llors \rho, idthout it, uould not have 

a practirol rlcans of obtaining their requirenents. Read tc.nkera r.m.ke up 

tor their exponoo by their almeot unlimited flexibility of operations. They 

can CO nllloot m~rhore and can hn.ndlo dropo of even l/Bth. of their 

ropaoi ty. 'I'hey 0= carry several producta at a time (ir, comp=tmented 

taruca), nnd eun serve several customers on tho ono trip. 

2.4.5.1. The extent ot utilioation of taruc lorries is Governed 

by factors !:luch no their (colopc.rat1ve) hiGh capi t:>.l and operation costs, 

nanponer requirementa cnd statutory linitationn on l;orkinC hours, dil3ta.nce 

of trc.vel, ctc. In addition, the avcrac~ size of drop and the nunbor of 

customers cerved on a singlo trip cnn nffeot overall COl3to. 

Hoad tankerl3 vary ill sizo from nbout 1500 [,"Ullono to 

the present p=otieal r::o.xil~um of 6300 ca11ono. (tho preoont statutor-,r 

t'.llxirltL':t io 6600 ca11ono, but desicn problel!ls oot the 10Hor limit). 'I'ho 

larger vehielos can aloo be UGed for bridGing, i.e., supplyinc a depot 

rather than a eustOf.lOr. 

The o.dvantageo of road taruccrs arc 

1) they cm hn.ndle e;ooclo of hiGh value/lleiGht ratio 

11) thoy aro noot effeotive on short hn.ulo 

111) trucks give door to door oervioe. Thero 10 no hundlinc involved 

"1.::.'i:1'::; the couroe of the journey 

lV) delivery io quick, end 

V) "difficult" producto such aD fuel oils prcsent no probleIl. 

ContinuoU!l heatinG can be o.rrcnGed easily. 

1) their oanpoller rcquircl!lEmts are hic;.lJ. 

11) they opercto in sinc;lo uni to ( an cOlop=ed lri th the I!lUl ti-uni t 

block trains ), and. 

111) costs can he quito hit;;h, cspociully on lone hLulo. 



Yet another method of moving produot is in 45-callon 

drums on pa.ckage lorries. Thio mothod is al::lOst extinot in Br! to.in but 

is still popular in oountrieo uhero either tho denand io 10'11' or tho roo.dG 

are unsuitable for to.nk lorries. Coato aro very hilJl bcccune the oonto.inero 

deteriorate vory rapidly and ho.vo to be rcplaoed of tell. In addition, lorry 

oosts can bo hic;h bocauso tho vehiole mo.y not bo co.rryinc ita rated load. 

capo.eity. Thio method of tr~~oport io 00 unimportant that it io not 

oonsidered in the prcccnt o~. Thc only note that need bo made is that 

faeili tics to fill containcr3 may bo desirable at terminals/depots if 

customers oontinue to use this method 01' tra.~sport. 

2.5. RELATIVE COST" OF IIT,THODS OF DISTHIDUTICll 

The f1eld of petroleUlJ distribution is an important 

area for potential savings. Aotivitieo in this field do not affeot the 

intrinsio value 01' the produot, exoept that spatial (or temporal) move-

mcnt may make it more desirable and attainable to tho oonourner. Severe 

oompetition in wooin~ oustoners has resulted in a hiGh leval 01' invest-

Dent in 1'aoili ties. :::very effort io made to keep dOllIl not only in! tia.l 

capital costs but also the recurrent operatinc/maintenanco costs of these 

assets. l-1hile ceneral distribution practioe secms to be sinilar in all 

oil oompanies, the onc point on whioh li tUo or no infoI'lJa ticn is 

available is that of deto.iled costs. Tho objeotive otudont ho.s no access 

to actual costs. Such costs may not only give aWJ:Y valuable seorets, 

but may also provide oritics with a potential weo.pon. 

2.5.1. The only work on average and relative costs is thnt 
(47) 

published by lIubburd. He has oellected information from soveral oouroes 

and carried out a series 01' analyseo to establish ranccn of speoifio and 

relative oosts. lIo is t..'lo first to state that his reoultG aro in no lmy 

typical either of Il. oethod of transport or of a po.rtioulur oountryJ but, 

all tho Game his nork is veluable in civinE.: a useful idea of ooopnrntive 
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costs. The numeroua graphs and tablcs which compleoent hio article arc 

uoeful for this pu.."'P0se. 'I'hey illuatmte very well the points nade 

earlier l'ocardine tho rela tionahip between parcel siz~ and coat, IlO well 

aa quantity and distanc0, and cost. 

2.5.2. 'I'he data used in the CIlae otudy is real data obtained 

from hiatorical records. 'l'hey nre 1'ully in conforr.,i ty with tho trendIJ 

described by IIubbard.. 



Till! PHCI1L::.:U 

3. "'-'he problcn iD to e.nalyso 0. distr1bution oyoter.! cnd 

u.otorL'lino how it ho.s to bo altered to o.chi(lvO oinirnisaticn ot totnl 

distribution coot, eonaietent lIi th efi'i01ent servioe. 1.1 tc=tivcly, 1 t 

may be doa:,r<)d to docicn 0. new not\lOl.'k to achieve the SD.!:lO end. 

It ie olear that Ot:O,l "n ano.l;Y:Jis has to be procod0d by 

the ,letcI11ination of a. sorioo of "looto, roquircu:nto, '-1.."ld other :pieceo of 

relevn.nt infomo.tion. If o.n existing net1rork is l)~ing otudied, hintorical 

reco:rcl.lJ 110ulil provido tho bulk of the dllm. The d'tto. have to bo checl:ed 

und ndjuClted, ,·rhoro neceocary, to nake ·;.hen conpatible for the ctuc1.y. A 

{,.'T2.CO ~'oots oi tuo.tion requireo aore extcnoive reoc::.rch, pnrticul=ly if 

sui table tl..'1.t:.\ iD not rea.dily avo.llable. 

~ii th this bc.ckcround, onc Ims to Ce-vioe c.n o.ccepkble 

baoio ai' for,'co.otin::: not only future dem:.nd, but o.bo other faotore, 1~h1ch 

r,~ay influence 1;.:le atudy. ~"o!' b.stanco, a. chlmeo in canoral policy miCht 

noca.te thc rceul tfl of a. study 1,lllch could ho.ve t:J.ken 1 t into acoount but 

did not. kuture cocte too have to be cct1r~tod. It i~ poooiblo t~t they 

11ay not ch('.nc;e oicn1fioantly fron present levelo, but hero too, any 

forerNco.bl() c' =ces ohould be tcl:en into o.COOl',llt. 

A cui to.ble analytical tccbniquo could then b,;, uoed to 

doter::1ine the deta.iled otruct1::ro of the opti;cal nct1rork, cnd hOll beet to 

o.djuo"t "Jlo cXiotin[; netuork to fO~-:1 tllO o.7".;inal po.ttorn. If 0. drnotio 

ohD.nco is neceoonrJt onc !:loot bo ocrtdn ·tll:..t tllO benefi to of the oho.nze 

juntif~ the inveotoent requiro'l to ei'feot it. An noccpmblc tcchnique of 

invcGtment c.ppraisal l10uld 1'i t i:1 here. !~ appro.ioo.l of th~ c:u..'-"ltific.1J10 

o.opocto of tho chun::;o uould be cc'.Oicr thrtn evnluo.tinC other inpl1co.tions/ 

oone0'lUClleco. ;"or inotanoo, chc.nccs 1n purcho.sill0 hD.bitc, b=inooo contaots 
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or even dceger seated socinl or political c~n~~a. 

Ii', on thc other ~nd, fue eY-ercise dO'-lonstrutcs tho.t 

no c.~.:cnce is neccca.1.!'y in the exiotin:.; not1mrl~, fuut, by ch.-cncc, the 

devole?::lent ol.' the nyater.t 1mo produced Con optin<l.l net1rorl:, thcn uhut could 

lIell hn.ve been 0. tricl:y problell MO been clinin..tcd. ~;ti'ortn c::n then 

be concentruted on other ncp<'oto of -:;:'0 businesn, ~ri th the !:no1TledCC that 

there is a. sound i'r:.>..tlC1rork ell .,hiclt to b<l.sC future [;T01;th. 

A specific cune in t:.clded in thin project. It is centred 

in Ceylol1, '''Xld ull date, ~n been ebt<l.inod i're:1 there. All conts =e 

eA'1!:rct~:3cd in CCyloll l~uI'cCO and cento. r':;:10 otcrlinc c<J.ui ~lcnt in r-.. 1 to 

Lo. 1~.30 centn. It is intendecl to 1)r"3cnt thi::l ,reject to the Ceylon 

Petl oleu:~ Corporu tion 0.0 0. concrete proposal :fo:' rcorc:.nicinc th,) C~:i3ting 

net1iorl: f.or '~,ho dintribution oi' 1)ctrelotL'1 1)roductn in thut count:t"J. 
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4. l3asicn.lly, lfC ero ccncorned l1i th tho problcn oi" 

reclucin:;, prcfer;.bly to en n.booluto r.linirlUt1, or eloe to oone point very 

clooo to it, the totn.l coot of d10tributiq; 0. ce!:1,':locli ty fron ene (or 0. 

fell) ccnt=l source to ::luny 1l1.mdredo or thoucn.nd3 of cuctor.,ors. It io 

conv~nient to croup then tocether to forn 0. fell hundred centres of dem=d, 

on [\ cco.:;rephical bn.ois. '"'hese centres of de!1end lIould bo loen.tetl n.t 

v~~Jinc dictaneeo and in diiferont directions frot! ~10 source/so 

4.1. To.l:o n. VC~ sinl>lo C~!JC - 1 courcc rmd 3 centren or 

der:Jcnd. Lot t..1:ton be called ~\, Cl' C2 cnd C
3 

re3peetivaly. I,et TIl , :12 und 

TI3 ba the recpoetivo requircncnto n.t theca tllreo centroo n.nd let t l , t2 and 

t3 be the cost3 of transferrin:; onc lLn~t of produots frot! the couroo to the 

3 centrcc of donc-rrl. '.fe n01"1 haw to nin1nioe the totn.l coct ';:I, uhcrc 

III ouch n. ~c the only lmy HO ca.n rcduc:.) T io by 

rc<1ueinG ti' t2 =<1 t
3

, cince tho valueo of Hi e=ot be ultcr~d. '~'~;1l1G 

th.oao coats t
i

, l~e find that tllCY axe bn.coll ul>on a coat l)cr tuli t di::Jt.::!llcO 

cnd fixcci distuncc::: d
l

, d
2 

und d
3

• ::0 arc no" dO;:ll to tb." only v..:.ric.blo in 

the oy~tOtl, i.o., coot par unit dictcnca. 1J.fo uould be o;;tren·cly c:::.oy if 

coot ronainc constant ll1th d10tunoe, c,nd t l , t2 Cll(l t3 v~J linc=ly 111th 

dis ;'''-'100, there b,i cos tine tuico us much to tr=port 0110 unit of product 

over 50 oileo £10 over 25 loileo. Ulli'ortunn. toly thio io Ilot so. :'urtllcr 

brctlcc..clm 0;': the trCJ.1Gllort cost l)or u..-u t pur lL'li t di:zt.:mco reye::.l:z tho.t 

llhi1" sevoral cont cOllnti tuentn are ill fact proportiel1:J.l to diotCJ.100, othera 

cither do not vary at all, or elso chance ill otcpo lihich are only r._.u:,hly 

relatc(t to C!l"-'lL'C in diotrulCO. ;"or c=.lplo, 1:1 t..~in the li~li to cf c.ecurc.cy 

co ',:ill cont of ty=cc. l. ocst t~:lt doos not very \11 th dioto.!:ce 1:111 bo 
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inolude oalarios/~mces, overtine, shitt allowanoes nnd meal oubaidies. 

These faotoro tOGethor result in a trunoport oost per 

uni t distanoo which, while inorec.siIl8 lfi th distanoe, does 00 at a vur,yinc 

rate of chnnGe, 
dCost 

i.o., dd. varies with di • 
J. 

Fie. 8 shows a linoar ehnnca in oost; Fie. 9 shows a 

cost that doea not chnnge with diatanoe, llhile Pig.10 ahows a oost whioh 

clul.ngos in steps. ,Pie.ll ahows the total oost, the GUlJ ot the abovs 3 

costs, l1hile ~'ic.12 shovs the relationship betneon total cost per un1 t 

distanoe and distanoe. 

4.1.1. O:;'hcre are two un.ys of sioulating the relationohip 

depioted in FiG. 11. The first is to aooume that the curve is a continuous 

SIlOOth curve nnd derivo, by the r.lethod of least squares, the expreoaion that 

tits it best. The seoond is to car.r,y out a prooess of pioool1ise linearisation, 

and to obtain a series of Dub-expressions which l1ill produoo tho 0:Cl.10 

resul t. This is possible becauso eaoh secment of the ourva ia i toelt a. 

straight line. Fie. 13 ShollS the CDOOth curve which Ims obtained by the 

least squarea oothod. The approxir.tations aro clear. 

In vieu of tho closer ropreocntation of tho relationship 

by pieoeuise linea.risation, this technique huo been oeleotcd to oake the 

mathematical model more realistic. There io honever, ono oe:dous disadwntace 

in pieoewiso linearioation. A omooth curve can oometimes be extrapolated if 

aetual data is not available, whereas pieoel1ise trea~1ent oannot cope l1ith 

extrapolation. One has therefore to ensure that the raw data is comprehensive 

enough to enablo the full r~gc of variability to be cov~red. 

A seriea of expressions ~n b~ cuilt up of thc form 

y 2 • m2%2 + O2 , eto., where III and Il2 wry lli th ransca 

of Xl nnd x2• The une of these expressions re~uireo tho oelootivo choice 

of ni' the basis beincr the wluo of x. This sort of operation is cr.linently 

suited for uca on eleotronio oomputers, e.g., the oonditional or loGioal 

H' 0 ta ter.len t in FORTRAN IV can be uoed. 
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FiC. 14 civeo the loGic di~cr~~ for the c~lcul~tion 

of tota.l cootfo:::' our oioplo cu.fJe. ':'Le oeCluenco of c:J.lcul~tiono io vcr-J 

oiople ~d str':J.ichtl"oruu.rd. 'l'he V:J.luo of r. ~dll dctcmine, for inClk.nco, 
l. 

tllo nunbel' ot trips that a. lorry Ifill hcvc to r.::J.ko to conplote dclivCT<J. 

It io clo= t:u:.t even the cir.:plo;:;t e~oo hac cc~'tu.in 

probleno. Hero it io tha.t ot oir.lUlo.tinG tl1e r.:ar;"'lcr in ,.-hich unit tr:::.noport 

coot ck.nGDo l1i th diotv.nce. ~hio Il~r.:e problotl peroioto tllreUC'lout the otudy 

"nd I have uoed the proceeo of piccmaco linoa.rication to tc.cl:le it. 

4.2. lie havo a.lrea."y Goon t.".at the only variablo in the 

eyotcn lmo the tr=nport cont per unit diatnnce. Amone the otepo tlmt 

nny bo tr.ken to reduoe thio eoct lire the followin6>l-

4.2.1.Chanr;e the Method of trammort. He l!le;y hevo roached tho 

point uhcrc tho throuv'1put uar=ntc a chan[,"O ".0 0. ehec.per 1J0thod 0:: 

tr,:m'Jport, e.g., the :10vonent of feedlltock naphthl:co ill roil ta~: .;.1£0110 

nic;ht Civo lTtty to pipeline transport. 'l'he condition io t,lCt there ie 0. 

ehecper and teaoible ne~lod of tru.naport. 

4.2.2. Develon th,) e::cintilll) nethod of trc.nDport. "he pr~()tie:cl 

lini t:.; to vehicle C:J.pa.ci ty nay pormi t lc.r..;or vohicleu to be ucod. Coot;:) 

e:.n then be spI"ec.d over 0. lar;;er volu:~e. A new desicn nii)lt recul t in 

101101' conts, givinG the oane rocult. 

4.2.3. Hcduco lon.dinr"/tL"llo::td.inr; costa. The use of specialisocl 

equipr.lont ncy allol'1 reliuctions in theoe cout:!. '.2hey nomally de not chc.nt;o 

la th diotC!..'lee, but can still a,'feot Ulli t costo oiCnific:mtly. 

4.2.4. Ueaucc multiplo deliverieo. ,\ vehicle lThich haD to c-1.ll at 

cevor:ll 10c1ltiono to conpletcly ai8chc.ri."c ito contcnto builds up coato on 

tlfO accounto, ctandinc; tinc in dioe.bm'{;inc, and operatinG uith Dart 10:1.d 

after tlw i'irot deliver-J. It ,,-ay be cometimco pocsible to porc=de 

cuotoners to tc..ke full load uclivcrieo and. th"rcbJ reduce co~to of this 

tYlle • 

4.2.5. route vchiclco nro;;orly. If nul tiplo dcliverico C::'l:llet be 

avoitled, 'mvin::.;s ec.n otill be e:rf~ted by l'l:mnin:; tit,) routes t:cLcn by 
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vehicles on their rounds. Host oil companies plnce gJ:'eat emphasis on 

vehiole routin~, aa considernble amOltnts can be aaved by correct 

routing procedureo., 

110 soe from thia simple case that onots effort muat 

be direoted tOlfards adminiotrative improvenent!] uo woll IlJl the use of 

modern equillment to achiove reduotiono in trnnsport coats. lie have used 

very little equipl:lent, only ths loadi.n[; facilities at the source and tho 

,v;,hioles, but even theoe oa.n bG potential souroe!] of oanngs.> 

IIavin.:; narrowed do'Wll our perspeetivo to thE> lletroleum 

industry, lie progJ:'ess to a more complicated oa.se. lie dea.l with man;?' more 

cuotomera, atill being served from one main oouroe, but lre now have 2 

diffarent mothodl'l 0:1: tranaporta tion. In addition to the tank lorry lfhich 

is used for ollly omall llQ.reela, W£I have the use of rail tank wacons l1hich 

can move 1arcer paroela over gJ:'eater distanoeo. 1:0 can then uso tank 'lm{;ons 

to move produot in bulk to a point olose to the centres of oonsumption, 

bro<lk bulk thore, and use the more expenoi ve tank lorries, to make the 

smaller deliverieo to the oustomers. Pig 15 depiots the new oituntion. 

The oignificant ohanCe is tho oroation of an inte:mediate storage point 

uhere produot ia otored after receipt in bulk. and prior to despatch in 

aoaller lots. 

Referenoe to Fig.15 shous that ouotomers ( or oentres 

of demand) Cl to C6 are oupplied direot from Sl booause it is the olosest 

oource~ Customera C
7 

to C
15 

ere located in ouch 0. manner that they oould 

bs supplied from the new depot Dl • Large llQ.rcela arc moved from Sl to Dl 

by rail, at a much lower ra.te than by road. lfe roaliso that the f'urther 

Dl iD a.lIay from Sl' the createI' io the sanns in transport oosts. Thin is 

duo to two reaoono, one bcine that the unit transport oost b.1 road increases 

li1 th distanco, 'While the other is that the same oost by rail ei thor stays 

stable or d~creases with distanoe. Both reaoono add to the advantage of 

uoine rail tank waeone for the first lee. 
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It pays uo thoro foro to locate Dl as oloso 1.'.0 posd'ble 

to the cuotomcl'o C
1 

to C
15

, tl:uo incroasine tho diotancc ovcr Hhich tho 
, 

cho[lpcr mothod ai' tl'[ll!Ollort io used, and reducinc th" distD.l1.CO over l1hich 

thiJ r.1orc 0xpcl1oivo tank lorrico arc used. 

4.3.1. Let ua postulo.te 2 poooiblo sitos for tho "-,,pot, Dl 

and D2• aGo 16 illuotl'o.teo tho oot-up. Let un aloo so.y that t
17

, t lO , t
19

, 

t llO ' tlll' •••• tl15 be the coot of supplyine ono unit of product fI~m Dl 

to C
7 

to C
15

; =d tho.t t 27 , t 23 , t
29

, t 210 , t211' ..... t215 a.:ro the COilto 

of supplyinG C1 to C
15 

frol.1 D2• I,et ';'1 o.rid '1'2 bo the coot of IlOvill[; D. 

ut1.i t of product from ::11 to Dl and :;)2 roupoctivoly. l"illally, let n bo the 

Sull or n1, nB' ..... 1115' 'Thich arc the individual requircncnto of C7 to 

C15• 

'.i'he costo of the c.lternativoo 0.1'0 

ii) UoinG D2 'I' .. 1('22 1- H7t 27 + Hat 28 + ...... + Il15t215 

lIo hn.vo tc choooe the 101101' of the two. The w.rlab1e 

factor hero is the looa tion of tho dopot. 1;e hn.ve to Ili to D in ouch a. plaoo 

thn.t a) product io !:lcved in bull: over the larcoot poosible distn.'1.oe from 

:}l (he.ve D 0.0 fur alm.y 0.0 po::mible frOM 3 1 ), and 

b) product iD moved in small lots over the loast poscible dintcnca 

from D (have D co close no poosible to the location or C7 .to c
l5

• ) 

lie n011 have n noli coat uhich is not roluted direotly to 

transportation. 'l'hio io the coot of eatnblinhine and opcr:::.tillg t"Q no,1 

depot. ,;e hn.ve to adjust thu loc:::. tion and size oi' D 00 thll. t ita coat is 

r:lO:l.'C them offsot lr.1 the snvincs in bulk t r~'naport. F1.lrthc:t' bcnel'i ta thn. t 

ffiU¥ be <lifi'ieul t to qu.:1l1tif'y =0 

a) convenience to custoncro. Their direct SUl)Ply point is m.ch 

clooor to thof.J - they CUll order casily and ere c..cnurca. of n. or:lul10r lead 

tinG i'or d.cli vcrieo. rIh.in wCC:.110 tl:u .. t tllOY can ol)Cro. t'J ui tll louor 0 -toc;·:. 
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01 tho several cuotomers to the dopot, and duo to the consequent 

reductions in lead time. 

c) removal of routine distribution functions from the oentral 

source. '.<:'his is particularly inportant in tho oil induotry. llefinine is 

n continuous procoes While denand is irrecular. nuffer storaco is 

required to balMce production and offtako. Par·t oi' this otoraco 10 . 

providod at the rcfinery itself, but the othor part could be at ~le 

depots. 11e then have only refininG operations at one point and 

distribution operations at the othcrs. 

d) strateGic reasons. Considerablo otocko of products are maintained 

noar tho centres of demMd to allow for etlercencios, ouch as lIhcn lone 

dist .. noe oOLuunications aro interruptcd by the ueather. 

'Iho distributicn oost now bocomos 

, 11'hore DC rcpreo"mts 

the additional cost of the dopot (includine the ccst of holdine stocks 

thore) and IfI' is the cost of bulk transport frol:l tho main courco to it. 

In tho General case, 1re can have moro than cno !:lain 

Md a P ree nu.':Iber of depots, ei thcr existine or propcsed, 1)1,D2, otc. 

In thio type of =lyoio tho only dirferonoo botlfecn an existinG depot 

and a proposed ono is that actual oosts OM be obtained for the former, 

whilo estimatos have to be made for the latter. 

In the theoretical oase, one has to assume that each 

and every centro of demand. CM be SUpplied either direct froll e .. ch 

source er from each of tho dopots, both existine and proposed. This 

increases the nutlber of poulible routes to a very large n=bor, and tho 

sl&~rithm employed has to select those routes which toG~ther add up to 

~le lowost total oost. e.g., if thero are 2 main sources, 100 depots Ilnd 

750 centrcs of dOl:land, cach such centre will hllvo 102 possiblo sources, 

/lnd there uill ba 76500 foaciblo routO!) in the system. ~'he best 102 
/ 



have to be seleoted. 

Fig. 17 illustrates the netlfork referred to above. It 

ia olear that moot of the routes are not desirable, for obvious ro~oons. 

l!ouever, the choice of which route io undesirable should 

be made, not by the operator, but by the alG~rit~~ itself. It is only then 

that the pure 10Gio of the techniquo cau bocor.:te effective. Cno rrust, 

perforoe, set up tho problem almost blindly, and let it 'Dort 1taelf out'. 

Ilhen oonsidering a. problem of this sort, what 1l:'J:led1ately 

comes to mind 1s the use of modern Operational Hosearch techniques. The 
(63) (66) 

Transportation method or the gonera11aed Linear rroeramming alCOritho 

would seem to be applicable. There are, however, oertain aspects of the 

probler.:t which are not conducive to the use of these techniques. 

Taking ~le Transportation method first, a typical 

applioation is desoribed ih the e~mple Given below. 

"A oompll.lly has 4 warehouses Ill' lf2, 113 and i14• It 1s required to 

deliver a product from these warehouse a to 3 cuotomers Cl' C2 and C3• 

The warehouse stooks and cuotomer requirements are 

Hl 12 Cl 17 

112 13 C2 - 16 

1I3 11 C
3 

20 -
\14 - ....!L ...2L 

....a. 
The oost of transporting one uni t of produot from each 

warehouse to each cuotOJ:ler is exproosed belol1. 

\11 U2 113 1{4 

Cl 5 6 9 1 

C2 3 7 4 2 

C
3 6 7 2 3 

(19) 
USinG the technique described by J.!nkol1cr and lli1l1amson 

wo arrive at tlfO optimal solutions, as shown bclol1. 



x C 
1 

Fig. 17 
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., 
Hl 112 113 lT4 111 112 113 114 

Cl 11 Cl 4 13 

0" 12 4 - - O2 12 4 ... 
C

3 - 9 11 °3 9 11 -
Tho total coot io 166 in both ccoeo." 

Tho probleo and its oolutiona aro qui to straichtfon:n.rd. The 

eustor-lOrs' requirements added up to the total uo.rohouoe stock, nnd evory 

rre.reheuoo l;'O.O emptied in oo.tiofyine 0.11 cunt<Jl!lero. 

Tho difficulty has arisen in thAt each cuntomer hao to 

dro.1f his requirGl:tenta 1'1'0::1 ttro l=ehounos (except in the firot solution, 

,;hich ia deceneroto). Thio io becc.uno the individuo.l requir"mcnto arc o.a 

lar"o 0.0 aor.lO of tho uarehoUl3o otocko. If the lflU'ohounes ucro 0.11 vOr'J 

lcr.:;e cnd. each onc could oatiof:r 0.11 the requircL1ento of 0.11 tho custOOC:'B, 

ue will cono up ~d th the follolIin[; oolution. 

20 

~otal cost 10 89. 

Ue have hore 0. better oi tuo. tion uhere eo.oh of tho 

custor.lero draws hio requircoents i'ror.l o~ one warehoune, nnd only 2 

of the 4 warcl,ow::eo arc used at all. This demonstro. tea an additional 

use of t!w tro.nsporto.tion technique. It can be set up to produce not only 

an optimal routing po.ttcrn, but also, in certain o['.seo, an optir.Al 

llarehouse looation pattcrn. This technique could euoily have been used. 

for the problem U.'1der review if it had produced 0. eoropleto oolution. 

The difficulty lieo in the. t this method conoiders o~ =[1.nal or 

incremontal eoota. It p~s no attention to fixed costs, and thio 10 vCr'J 

important in 0. warehoune solection exercise. 

Tho solutien does not tako into account the possibility 

that lfarehouse H4 which supplies 2 of tho 3 customers could lmvo n fixed 
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coot of, Gny, 50 for tho ti!:le period under oonsidoretion, while ullrehouoo 

111 'ThiGh iD not utilised cc.y hc.ve 0. fixed oont of only 20. Tho ooat· 

fieureD uced in ~~o cclculation are the oereinal variable cooto, thooe 

which are directly proportional to ~~rouchput. 1:hen CO::ll)letinc; the coot 

picture by incorpomtin(j fixed cooto, wlU'Chouoe ~r4 could bccoMe infec.oiblo 

and a i'urthcr otudy io neoeo:Ja.ry to reach an optical total CODt. 1l011Cvcr, 

the trmlsportation technique C(Ul."lOt proceed beyond the opt1= it haD 

nOlf reached, oince o:ny further chance a in the baoiD lnll only increaoe 

tro.nsportation coat. llut thio iD "hat ,re require, :na.':lely, to l:1c-ke a 

cho.nCe in the 00010, and introduce another ,=chouoe into the basia at 

the expenoCl of one I1hich hn.a already been oeleeted for the optinal baoio. 

1:0 are covin;; !l.1t:l.y froD an optir.rurn and thereby COT.!pletcly necn.tinc; ~~e 

value of "hatio othorlriae a pOl'Tcr1'ul optimioation technique. 'l'he 

tranoportation co.nnot therofore be uood to tackle the probleT.! under 

conoidemt1on. 

ThiG Dame l'Ieol-Jlcoo erilJCo in the application of the 

generalised lineer proc;r::mning approach. 'l'he abOVe problcr:! can be cxproosed 

as follOli'O:-

Let Xu be the o.rnount Gent fror:! ir.;.rehouoe Hl to cuotomer Cl 

X12 
• • • • • 

- do -

- do -

11 2 -do-

-do-

l!1nimiae z. ~l + ~2 + 9:l!J.3 + :l!J.4 + 3%21 + 7~2 + 4%23 + 2%24 + 

6x31 + 7X32 + 2%33 + 3%34 

Subject to 

cnd. x11 + :l!J.2 + :l!J.3 + ~ .. 17 

~l + ~2 + ~3 + x24 .. 16 

%31 + %32 + x33 + x44 ~ 20 
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and 

~l + :1:21 + :1:31 <- lOO 

I ~2 + x22 + x32 ,( 100 lfarehouse oapaoi ties 

~3 + x23 -I- :1:33 ~ 100 (!area warehouses) 

x14 + %24 + x34 ~ 100 

Here too ,le ltill arrive at the s=e solution .{hioh will 

select the .'o:lrehousos to bo Med o.nd hay muoh they llill supply to each 

customer. The earlier difficulty reGardinG fixed costs ario~s and this 

weakness still cannot b~ overcome eusily. This t~chnique too is deemed 

unsuitable for our problem. 

The problcm now resolves itself to ono .rhere due 

weichtaeo has to be Given to the fixed costs of each depot, and provision 

for this has to be incorporo.ted into the n1[.'Ori thrn. It co.nnot be 1c1't to 

be o.dded later as this micht defeat the purpose of the above te~~ques. 

LYen if provision is made for the incorporation of fixed costs in a 
(42) 

spocialised linear procr=ning alGorithm, the proble:n becomoo imnenso. 

e.c., the nuober or variables required for the problem set out in 

seotion 4.5.1. uould be over 76,500, anJ. the nUI:lber 01' equations i'Tould 
(45) . 

exoeed 850. Foldman, Lehror o.nd P~y state in a footnote that "theoretically 

any lm.reheuse location problem lJi th pieo'::l,ise linear warehousine cost 

curves can be eiven a fixed coat rornulation. A warehouse can be associated 

with each line~r sccment, tho fixed cost beinc determined by extendine the 

secment until it intersects the oost axis. The difficulty ui th this 

approach is oomputational. If each lmrchouoo has a cost ourve describable 

by five linear oecments, then there uould be five time3 as nany lo:lrchouses 

in the fixed eoot formulation". 

Due to ~IO above reasono, problems of this naturo have 

boen tackled by o~lOr mothods, involving the use of AnalOGUe tcchniqucs 

Il.nd by Hcuriatio notl:odo. 
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IJ1ALOCUT: Tl;C!J!I CUL'3 . 

4.7. I:eclmnical nodelo ha.ve been uced B c;rea.t deal in t.he 
(35) 

lOCAtion of cin~le pla.nto M(l ;m.rehouceo. Roforence hao already been nade 

to the looa.tion of I"=ufaoturinc plcnt. An oarly effort on t..'le location 
(20) 

of tl. contra.l ca.raco.is that of Keefer. ITe cucceated a. nethod for locatine 

tl. centrc.l ca.ruae nt uhich overh.'1uls cnd major repe.iro could be ca.rried 

out on tl. fleet of trucks. These trucks .. era lea.ced dnily to a nunber 01' 

custoL1ero on lone torn cileuCO contraots lIhioh roquired their a.vcilabil1 ty 

at ocvera.l looationo ea.oh comina a.nd their return to the baDe ca.raco eaoh 

evenina. The adv=ta.Gco of a oentral C>l:ro:gc uere reduotion of' idle milease 

to 0. cin1cun a.nd the conoolidation of pcroonnel. 

The spa.tia.l loca.tion of the several Dub-garuees (nhich 

tho compa.ny "0.0 ceckine to rephce lIi th one oentral C='-'Go) and the 

ouctoners 'lrac DtU'ked uith pin-holes on a cho~t of oorrucn.ted board lIith 

the aid of a. superimposed map of tho a.rea. The nu~bcr of vehioles required 

una noted aga.inot ouotomor looation. Soall weiGhts (bb chot) lIere preDsed 

into the board at eo.oh of the points repreccntine cuctomer loca.tionc, 

the nu~ber used b01ng in proportiona.l to the nunber reQtlired. The centro 

of Cl:'e.vi ty of the 1Ohole systom lm.C dotemined by balcncine the ohot-laden 

botU'd on tho end of a. pencil. 

The theory behind thio !:lethod of oolution uno the 

"resul tant: of forcer;" fron uhich follol1; that cny oerieD of ucichts on 

the aDJ:le plane could be rcduced to 0. sinGle eQuivalcnt force nnd bc.lanced 

by n. couxltar-forco applied to thc centre of cravity of the system. 

Consideratien uno civen in thia study to the effect of distance, direction 

ani ca:~ tude of ea.oh centro of dena.nd. A correction 1mB aleo 1::('.(10 for 

the uei~;ht and centrc of grc.vi ty of the COl'ruca. ted boa.rd i teelf ciuco only 

thc effect of tho pa.ttern of DD chot 1ms re'l.uired. 

7hio nethod seaunec thn. t there io 0. linca.r rolo. tionohip 

diota.nco eince} tho uoe of the flap will only consider etraicht lino or 

"crou-fly" distances. It l:aD 0.1::;0 usoJ. to l~co.to 0. oi!l:;lo nource, rather 
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than several depoto, which io the purpose of this exercise. It was also 

assumed that the cost of the G!l.rage itself could be icnored, 

(21) 
Druce has also described the centre of gravity method 

as commonly Ulled to locate 0. sinele distribution point. lie proceeds 

further to deconstrate certain 1na.o.;uro.cieo of the method. The theory 

is basic. Fig. 18 depict,l a oimple si tuatiOll. 4 points A, D, C and D 

each have a de~and of 100 units. Their location is plotted on 0. graph 

with the follovinG co-ordinates, A(S,S), D(lO,S), O(S,lO), and D(lO,lO), 

The dotermina ti(;n of the x - co-ordinate of the centra of c;:ro.vi ty requireo 

the following otep~l-

0.) llultiply the x - co-o::'d.1Imto of each point by the demand at that 

point, 

b) sum tho produots so ()btai::led, <:.nd 

0) divide the sum by the total demn.r.d 

i.e., _.Dixi 

Di 

,'. the x - co-ordinate .. 5.100 + 5.100 + 10.100 + 10.100 

100 + 100 + 100 + 100 

.. 3000 7S 
400 .. • 

Similarly the y - eo-ordina te of the centre of ero.vi ty will be 7.S • 

The centre of ero.vity F has eo-ordinates (7.S,7.S) and 

is at the centre ol the square fomed by the .four points. This is 

ObviOllSly correct. 

II(;,rever this method does not hold GOod for all cases. 

If point D WolS moved frOD (10,10) to (100,100), cnd A,D cnd C 1"1ere left 

unchanGed, the posi tioL of the centre of ero.vi ty moves to 0. point closer 

to D. Its co-ordinates ~~ out to be, 

5.100 + 5.100 + 10.100 + 100.100 
100 + 100 + 100 + 100 • 12000 

400 
.. 

G therefore moves to the point (.30,.30). 

.30 
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10 thio tho boot location to supply A, D, C and D fron, 00 that the 

cost of doinG 00, a funotion of tho total diotanoo travelled, io 

nininiood? 

UsinG Pythocorno' t.'J.eoren, tho dist:::.nca tIT.volled 

uorl~s out to 

~52 + ;;2. 2~\252 + 202~+\702 + 702 
a 198.4 

4.8.2. ]ruc~ Iloocrto t.'J.at tho cinilOlun dist:::.nco uill be 

t!'avellaci only uhen tho 'dopot' io si t=ted at tho point of intersootion 

of the tuo otraieht lines uhich co21.'1oot the tuo pcim of points (soleoting 

the:'l 00 toot tho tuo lineo orooo). 

lihen D lr.lO at (10,10), tho point of intersoction is 

Sh01nl in Fie. 18. It io (7.5,7.5), tho sn.mo point as the oriGinal oentra 

of Gravity. lihen D uao movod to (100,100), tho point of intaroection 

rano.ino at (7.5,7.5), lrhilo tho oentro of cravity moved. to (30,30). 

If \/e looated tho depot at (7.5,7.5), tho diotance travollod turno out to 

bo 

from tho uso of tho centr~ 01' [;ravi ty. 

Tho proof is oioplo. It io baood on the thooren that 

tho CU:"!l of tuo aides of a trianslo io c;rcator th:::.n the third oido. 

Tho tochnique recoonendod by J3ruoe forthc loc~tion of 

a oinclo dcpot uses tho prinoiple oot out above. He plots thc centreo 

of del:'.and on 11. c:=ph :::.nd then mmipulates tho pooi tion of tuo otraic;l1t 

.linea at riGht MGlea to each other 00 that tho demands on ~ach oide 01' 

cither line are appro:dnately equal. Tho ideal centre io thcn tIle point of 

intersection of the two linea. Thu method ill deooribeJ. fully in reference 

(21) • 

'1'he reoultant loeation iu not necessarily the beat nor 

is it unique. It helpa hOl(ev'2r in narr011inc t).l.o ohoice of locationo. Ita 

edv::mtnces lie in tll:1t there: are no lUl1,';tby calculations involvinc 

dista.nc(lo. 



(22) 
Ilurot.'lll , Lenvcr and suosnr-s h~vo used a teeh.~ique 

(35) 
b~ed on Loooh'o nooh~ioal oodel. Their problen ncn to loontc 0. "best 

pcrtner" faotery 1'01' a fn.otory of knolm loon.tion. They mou.'lted a. ncp on 

a bea..'"d. cnd drilled holen throuch pointn representinG oouroe::: of ::'alT 

r.t:1 tcrio.lo Md oentreo of' deoo.:1d. A threo.d ~mo pnooed t!l2'ou:.:;h enoh holo 

Md. tho end.:J above the table 1fere joined in a r..uot. '1'0 each of' the other 

ends 't~n ,c.ttachcd no '\fcicht proporticnt.'11 to the dcnnnd at that centre. For 

bct1ieen the freiGht rate for =11 materials Md finiohed GOOds. 

The l:not In>'O cJ>.nken oliGhtly to ovcrcone friction cnd 

it moved to the plaee uhcre trnnsport oosts uero locst. It uas denonotratod 

that frictienal forceo did not invnlillnte results. 

The o:lchino uas fotmd to be a.ccurate enouch for pr"ctioal 

purpoDeo but hnd the follouin.:; lioi t.."1.tiollSl-

1) D. linenr relationship ua:J inplied bet.leen distn.neen 

ii) 

Hi) 

cnd U'an:Jport coo to. 

o.etnnl diotcneoo could not be rcprenented. 

nn.tu.ra.l hnzc.rds or delayo were ic;nored. 

l!ol1over, it ,ms choap to ope= to cnd fJ,ve recul tc qui to 

quickly. T'.lC re:::ul to obtained fron the uoe of this r.mehine >Tore incorporated 

in a oonputer procrcm decicned to calculato costs, eto., for a serico of 

alternative conbinations. 

4.10. Tho mothods described a.bove deal ">11 th the probleIl of' 

looating one supply point ui thin a market area in order to ninioioo 

trnn!lportntion cost. They are sil:1plo to operato and hc.vo produced rcason-

able re::::ulta. lIo'fover, the relll life problems Ilre uuoh more coopliontod. 

A bie dif'ference io l:Jacle "hen the probler.! re quire 0 tho location of' oevernl 

supply points acain to oini~~Ge total tranoportntion coot. 

(23) 
J3riru:~ and de Cnni have deocribed an ann.lo/:;uo oolution 

to the problem of loclltine several oupply point::::. The nna.loGue computer 

that HIlS used uas desicned and built by :norna.rd, and evolvot1. fro!:! a. crude 
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(24) 

protot"'JPe diccusced in a report on an U. S. Air Force contract. This 

co~puter utilises electrical potcntials on pointo in a plane. The plane 

io moved co that ico-cost curvec are traceable throuc;h the fJeucurenent of 

electrical current. 

Drink and de Cani muke several ass1.lr.lptiono before 

o.tteoptinG a colution. 'Ihey arc -

1) Cooto, both in time cnd in chippins cooto, cc..'l be 

I:lcasured and conputed. 

2) In the fiold of aotual cost, only shippinG coat io 

considered. Other costa ere icnored. 

3) The number of diotribution centrec io ,leco than the 

number of cuotomer locations. 

4) Uhippinc coat io direotlyproportion.~l to the number 

of unito chipped. 

~hey preoede thoir an. .. loG\lo solution 'by oottin(; out the 

problem in oathernatical terms. 'l'hey uno a matrix al)proach cnd LliniLlice 

the total cost i'unCtioll by differentiation. ,The details of the calculation 

are cot out in their artiole (23). 

Tho procedure COIll.'llonoes by arbi trarily, loco. ting 

c:.ict:'ibution points 'Which oould be judioiously chosen o.ccordin.::: to the 

pattern of cuotolller domand. The location oo.n then be altered during the 

COI:l?utation in order to aohieve a minirnuo transportation cost. When 

itero.tiono produce no reduction in oost, an optimum hao been o.c'rl,evod. 

It ia stated that the optimum achieved in thia wJ.y is not necescarily 

uniquo. 

The article under reference uloo Gives details of the 

analOGUe computer cnd the principle a on uhicn it operatea. It 0.100 

deocribeo hOlf a two centre case oo.n be tucl:led, and uct)§ an e=mple 

involving the looation of 0. bar to aerve the membero of the faculty of 

tho University of Pennsylv.:nia, to delJon:Jtr1l.te both the tcc1miquo cnd the 

rc3ults obtained. 

The 1Teo.lmccscs oS: thio tcchnitJ.uo lio in that it doea not 
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tcl.o into ~onoidoration certain very important fuetero in distribution 

o.nalysia. Tho first ia ·t;hat this oethod i0101'Oa ~ll coats othor than 

actual ohippinG costa. ~'or instance, the fixed cost of tho distribution 

centre/s, and tho ocat of £Iupplyi~ the distribution ccntre aro both 

icnored. ~his is evident from tho statoocnt that ia r.;;:;.ue in thete:l:t, 

nD.r:lely, .. trc.noport costs could be reduced to zoro by puttilll; a diotribution 

contra at eOoch CUlltoller location." It io cleo.r thOot thero iD C (JonoUll 

ueo.kneco in the technique if it cannot consider rejection of cuch a 

poooi bili ty illlmedia tely ,Ilerely bec<:.UIle tho Cdv:llltacca of zero t2'Ullaport 

cost would be more than offset by the fiXed eoat of the diotribution centres 

and the fracmcnted coat of supplying each of theso centroa. 

Socondly it 1s 10plied tLat till! t trOonsport coat io 

linear With diutnnee. Thia point haa been I:!entionecl eo.rlier and 1 to 

1nportanea enphasised. In tho discuoaion on this and ether allied papera 

tlmt non-li!'lcD.!' "ffeoto cnd !lpeo1al lil.1i tatiens ceuld be allo11ed i"or, at 

least appronl:!a.tely, by appropr1Oote adjustments of the I:!eehn.nieal 

rumlo[;ue ma.chines. In hiD a=::try.Dantzis stated that while anal05ue 

machine a were uaeful for the oolution of apooial typeD of linea.r 

prosrrun!!ling problens, diC;i tal conputers lrould be required for the 

General types, in order to ensure speed and aocuracy. 

m-mcrC;TIC llL'TIIODS 
(28) 

4.12. lJa.umol and llolfe del:lonstrato the c.pplication of the 

transportation !:lethed in warehouoo location, but otato that inportant 

non-lineari tiea rl..V preclude the sucoeea of this method. llouever, they 

ouz[:.--est n method \Thich would produco n local "optim=" and a. oolution 

that probably cannot bo ir:1proved except by prohibitively oX].)enaivo 

computinG for a. la.rce soolo problen. '~'hia oothod uoea the Tranoporta.t1on 

technique nnd preaeleoted ~houoo oites. 
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'ihey describe the pI'obleos th;:;.~ could arico duo to 

non-lineari ties and the concavity 01' thu cant relc.tionchip, ani chow t:teir 

iter<l.tiva procedure ceclta to overeor:Je them. 

4.12.1. l:hile acreoing that this is a diotinot c.dvc.noe, it f.lunt 

bo noted. thllt. they lmvo otill not paid My attention to the fixed costa 

of the wc.rehouao/a. ~'he transportation method operateo on marGinal coeta, 

and uhon one has dotominod the transportation cost in tho final i toro. tion, 

ono haa to add theroto tho fixcd costa of the lro.rchouscs. Thio could 

produce a result tl:n. t r:J~ not necessarily be an overiJ.ll opticru.'J, =0. the 

tecnnique used doeo not help in detcroining what hao to be dono in order 

to rc~ch 0. "boot" oolution. In addition they tackle tho casc uhere there 

is either only one product or a. oomposite produot. lIo indication in nade 

of how a r:Jultiplo produot problem oan ha handled. 

(25) 
J,~= tackles the problem of 

points by inoorporatinG' in hin cnalycio the use 01' 

looation of supply 
(26) 

Jellman's alcori'JWo 

(,{hioh findo tho chorteot path betlfoen My t~10 pointn of 0. notl1ork) c.nd 

0. routine for the detemino.tion of the "oentre 01' croVi ty of a. oot of' 

ueic;htcd nodec". Hio technique involveo tlle arbitrary oeleotioll 0:17 0. 

oertain nu~bcr - m - of seurooo (or dopots) and the division 01' the 

nobork into L,'TOUpS of destinations which lrill. ha supplied by bene 

::ourcoo. This is done by allocating each destination to ito "nearest" 

oource. lText, the centre of craVity of eaoh oet of deotinationo is 

dcternined and tho original oources are replacod by these pointo. Thio 

prooeso is repoated until the souroes do not eh=Gc, i.e.,uhen the source 

is aleo the centre of cravity of each oet of dootinationo. Thio proceos 

of allocation and re-allooation in oonjunotion with the oourco 1'or tIle 

"nearest" source 10 olairled. to reduce patll lenGth to a minimUll. It io 

implied t.1}!:. t coot is iJ. 1'unotion ai' pa tll lenct:l. 

'i'hie =0 Deries of eteps io repeated :for di:fferent 
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~luco of rn, i.o., a different number of depoto io oelectcd for cach 

trial, und one cnn finnlly detemine that mmbcr of depots uhich brines 

about tho minir.lio::tion of l)uth leIl{;th. 

It appenro that the fir~l oolution obtained by 

l!c.r:lnzenn'o technique io not cua.runtccd to be opti:lO.l. He otllteo, 

honevor, that ui th n conputer it is fenGible to cnrry out thio excrcioo 

on a nu:.lber of different ini Ualoelectiono 00 th!:lt ono nay be c.::mured 

of arrivinG Co. t a GOod oolution, even thou:;..'l. it mn.y not be optiI:'.o.l. He 

dcr.lOnotratco non-optimo.l converccnee ui th n. omt',ll ocule problem involving 

9 deotir.o.tiono nnd 2 depota. The initial oelection of 2 depoto affceto the 

final colution. lre 0.100 ol10110 hOlf n. non-uniquo ccntre of (,"l'avi ty cnn 

produce film1 colutiono uh1.ch c.re nicnificnntly different fron onch 

other. J·;nrnllZc.nn huo diepln.ycd the reeul ta of a 3-Gourco problcn in Italy 

invol vine unetllork of 40 ci tieo. 

A critici~m of thio oothod io that it dcpendo UpOl1 the 

colcction of th0 cOl1tre of crnvity to oininiee total diotunce involved. 

';:hio point 1ro.O de:llt lrith ec.rlier (oaeUol1 4.8.2.), 1:hel1 it uno OJ:Clnl 

tb.n.t, in eert<'l.in ca::lCO, the c.ntre of c:t'o.vity 1mo not th8 beot locatien 

f01' a diotributiol1 centro. 110 o.ttention MO boel1 pai<l to the fixed coeta 

of the depoto, or of the coat of cupplyinc the dopota in the fir~t inatunco. 

A :further cri ticicm io the otronc dependonoe of thio !:lothol u:Jon repeated 

trio.lo lri th different nmbero o:f depoto, to deter:Jine the· "beot" 

solution. 

(21) 
4.14. Cooper adopta n purely r.1:ltheoo.tic:il approach in tucl~linG 

t!lC problol:l. He doo.la ui th certain reotrictel problem: tho.t mr:y ~rio::l in 

ind1.!!Jtry, uhere certc.in looationo =0 fixe0. by external cOl1Gidero.tiono, and 

"hero costs (U'e either indetemin:lble or are Gubject to 1I1de i'luetuationa. 

lIe "Oi;unOG that thero c.re no reotrictiono on eource c~p:loi ty ,,-'ld tll<1.t unit 

flhippinC oonto arc ir.depen<lont of t:r:;.'~uchput. Hio p:'::Jcr e=!1ineo the 

rroblcl1 0; oirnul tn.neouo ODurco detorrlilk":.ticn; indica teo the no.Glli tudo 
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of the oonputational probleno involved and anecesta general approaches 

that L~ay be uoed in practioe. 

lIe pootul"te3 that for n sourcco the capital, dcpreoia.tion 

and oporatine oosto, C, would bo a fUnotion of m - ( C. Gl(m) ••••••• {l», 

cnd that the miniI:!U.':l coot of oupply from these m sources, D, lfould b8 

another fUnction of 1I - (D - B2(m) •••••••••• (2», l,hen the m oourcoo are 

optically loc:l.ted. The total cost U liOuld be Givon by 

The minir.ru::J coat solution is obtcined uhen 

.£ .. del (m)/drJ + d(;2(m)/drJ .. 0, and solving for m Gives the 
dIn 

n~ber of souroos for the fin"l solution. 

Ho st"teo th.1.t rcbtionahip (1) oan be obtained. by 

fit tine exiotine data into an ompirioal equation. The problom lieD in the 

determination of relationship (2). 

4.14.2. He then prooaeds to do so. lIe first deooribes a J.'at:ler 

lenGthy method involvine differentiation of several oost expressions 

cnd the oubsequcnt solution ot severnl equations to doternine the 

Cartasian oo-ordina.te::: of the m sourccs. lIe stateo t.lmt tho P~'1lount of 

CO!Jputction involvad could be vcry considerable and even very prohibitive. 

lIo then describes no oodified itorativo procedure uhcroby 

tho amount of OOr:lputa.tion io reduoed. lIo 1mo u:::ed all 1nl! 704 conputor to 

produoe "excellent resulto". 

He de!Jonotrn tea his teohnique wi th oevernl e:cr'.r.pleo which 

oonfim that hero too t:ler" io no L"UO.rantee of: optirmli ty. He ouc;::;eoto 

tha.t onoe a oolution hAS been obtAined, the opUnw~ could be renched by 

colvinG the extrennl equationc. 

Thio net.~od too leane heavily upon the uoe of co-ordinates 

for he location of the oourcC:J and tJl0 cubocqur::nt clllculatlon of' transport 

coats. !.ct=l diotnncee ere not uoed. In faot, Coopcr nentiono ::l.lclidean 

diot::.ncOG, uhich involve 2 aocUrt!Jtionc. 'i1le firot ie that crOH fly distanoo 

is correct, cnd the oecond io that co~t io proporticn~l to distanco. Both 

ac~~pt1ona ccn int=oducc acrioun eXTern iato the rccu1to. 



A f'urthcr l/caknCI:IG 10 that onc hao to firot deterr.line 

a ~~ue for 0, the nuobor of soureoo, and then proceed to reach a ninimum, 

not only vnryin[; the lecationo of the n depeta, but nlao varyinc the value 

of 0 itnelf. 

Cne feature of th10 te~~quo io that th~ oourees could 

finally be locn.tcd. at 11 point l1hich 1n not 11 centre of demand. '.::h10 na.y 

Cl' nay not bo c1cn1f1c~t, but it nay be desirablo to locate a cource at 

at centre of don~d. 

(29) 
Griffitho haa uoed an =lyticn.l npproach to dete=ine 

t!lO beat loe(l.tion for n. depot. lIe dcnln l1ith the eece uhere the rec;.uire-

T3ent iD tor a tr~cit depot lIhich io tho ceeond link ill (\ diotr1but1cn 

chain. ;:o.nufa.cturcd coodo m'e noved 1'1'00 the fa.etory to n nd.n u.i'ltribut10n 

centro, anl then to a tl'ancit depot, before they aro f:l.nally delivered 

lIe eoneentratec his attention upon coota in=red in the 

lact lap, fro::! thc trc.n'lit depot to cU!Jtooers, and deals uith coota 

aaseciated 11i th i) llu!:Jber of vehicles and drivers 

ii) oileaceo run by tho vchicleo. 

He states that the oost inportant contribution to 

delivery coot io the nu.'Jber of vehielell reQuired, 'W1der t.he variouo 

rcotrictioao of cunto::!ero' convenience, lecn.l lrorkinc ho= or even 

'.rbi trn.ry compo.l1,)' rule,:!. JIo dcciues to nininioe the total vehicle-heuro 

requircd to ncko all deliveries. 

lIe UCGS rec;relloion analyoio to detennine eaci'i'icients 

in {'..n e:x:prc~<J1en at? the i'arn T .. ca + b:r + cV, lThero T is the total 

vehicle uerkin;:; time, II is the diot:::nco covered, !r io the nuob·3r of otops, 

und V is tlw volu.':1e hanlled. The coefficients ere c - the invcrze of 

aV'~!·o.L:e vehicle cp,"cd, b - the tine t'ls<Jaciute'l 1ri th a oin!;lo ~to:r, (!nd 

c - the tine reQuirccl to 'W11ec.d (l, ::;il:.~lo uni t. 

Tho valueG cbtuined ci:'tcr en annlysio of en (l::'ea in the 



-81-

IIono Counties nro 

avernco vehicle speed 

Tine per drop ·4.2 minutes 

Unloadine time per unit 0.2 ninuteo 

IIo town looko further at the tern cll, cnd fornulatco a 

technique a.dn.pted to detcrnino a valuo ullich \lould be a route-independent 

measure or nileaco 1[uiah lTOuld be a. function only of tho rela.tivo locations 

of cle!:l::mdo and depot and not upon the routine pattern adopted. 

!le pootulates that a reo.ooll,,1Jlo function of the total 

mileo..:.:e run on a dcliverJ round uould be the ourJ of the strD.icht line 

dist=coo of eo.ch tOlm fror.l the depot. Thio io in contrccot to th~ uso of 

intor-tolm dict::mceo to ropreoont r.liloa.;:;o per rour.d, dnce inter-tolm 

diotonoos aro d.epen0.ellt upon the route t:::k.on. 

'rhe expreo:Jion Given enrlier nOli bClcor.loO 
J 

T = al ;2: Di + bl ll + 0 1 V ,1Ihcrc j io the number of' t01mo 
l.: I 

on the round o.nd Di is the otraicht line diot.:;.nce of ouch tOlm fror.l the 

depot. 

cC':l:'licr. 

a l .. 0.84 mino. p'~r ° tro.i(,h t-line oilo 

bl = 4.6 oinutoo per drop 

Cl = 0.2 r;inuteu per U11i t 

·~'hio technique ;:0.0 used to detor:ninc the location of' 

Olle depot. It soooa to bo u11ablo to cope ui th thc loco.tion of ouY'c=l 

dopotG eiou':' t:.uleously. It 0.100 rnci:oo certain 0.:;3urJ:ptiono rc:.;o.rJ.inC cooto 

=0. <iiotanceo 1;!11c11 uc.y not bo o:ltiroq juotifiod. Pino.lly, thio uotb.od 

al)Jro~che3 th~ :problc::! frorJ the o.n:.;le of yChiclo hour:.; only. It <10<::13 not 

cOl1oidor dc.ot opor:l.tinc.; coeta, c:l.ji tal co:>to, ""hich nay u:p:J~t the resulto 

o1Jto.incd. It 0.100 conc~ntro.tco 011 t."o l3i tuatiOll 1.110= 0. vchicle 1.1c..kOG 

cover.."l lirOI'O on tllo ;.;quo t~'ip. 7hio 01 tuation io ono 1IhiOO oil couulmiea 

l1i:;h tc dr::.;; 0."";/ .r01J, c..'ld it io i:alt th:l.t too ouch proIlillcl1CO c)lould not 

bQ .:.,;ivcn to it. 



(39) (29) 
4.16. lTebb looks furthor into Griffiths' straiGht line 

dismnco method. '1'ho n~in objective of hio ,,,ork was to compare tho 

results of locatinG depots at paints of minimal moment sum (tho sum of 

delivery qw::..'lti tics oul tiplicci by the distc.nca of the corl'capondinc 

delivery from tha depot) 'Iith locatine depots at the point of minir.lal 

~lanned dismnco with rcccrd to or~sations requirinG r.Jultiple-dolivery 

journeyo from thoir vehicleo. He civos some ef the facts c;overninG 

tr~port costs as -

a) Vehicle oosta/ton capucity per mile decreaso r~pidly 

~3 the vehicle capaoity and diot~nce increuse. 

b) The cost of fUel and tyres, i.o. direct coots of 

distc.nce o.ctually travelled is a soall proportion of total cooto. 

c) 7ho r.lajor component of tho cost of operating a vehicle 

. io the fixed cost. 

He azoumes that the routc-r.lileace of diotuncen io a 

botter mcuoure of variable coot thnn tho moment sums. 

lie describes the data cnd methodoloGY that he huo uned 

and claimo a. hiGh cor:ralation botween r.lom"nt oumo "nl plalUlcd diotcnoe, 

l1ith cert:l.in reoervationo. 

4.16.1. In his fiMl pc.ra,,;ra.phs ho COr.1."Ients on certain chortcomin:;;o 

of his T.lcthod. 1In impormnt ona is that the data ,l'ould ba too tlcacre to 

dran cny cancral concluoions on tho method. ITe concludeo by statinG that 

tho r:!cthodo of c:11culo. tL:n (of dc",ot location) roocd 011 oont i'u!lcticno 

l,:licll uo:) thc data of o:lch order ooparo.tcly 0:::' c.ocu::lUlc.tively, 0.::1 c.oe:J the 

nonont QUO, tend to be nialeadinc. 

(40) 
Laurenee und I'en[;illy huvo uood an itcrr,tivo houriot10 

tcehniquCl "hich acto out depot locationo aftc::' conoidcrinc the effect of 

dol<lycd dclivcl"J til:lc due to conco:Jtion, tho ]1reocnco of natural haoc.rdo 

and the j100zibility of infe:J.oiblo depot locations. 



The costa that .fore to be minimised lfero:-

a) th<l cost ot: covine thc product to the crew) of demand 

£rom the depota. 

b) the opcratine coata ot: the depots. 

c) the rental costs of the depots. 

d) the coat of movine the produot from tho factories to 

thc dCl)oto ( trunldnc costs). Concostir.m lms deL-lt ,rith by increacina the 

act1.li.l.l diatance. A similar device dealt ld. th infeasible depot si teo. 

4.17.1. The tech.~ique centred around the calculation of total 

costs ior each iteration. An approximation \fUs'usod in calculating tho 

operating cost of euoh depot, but this was found to be only a omall error 

which ~r:l.a ultimately uiped out at the final iteration. 

4.17.2. The d£.ta required for the proera.n ia extensive and the 

optimioo.t1on has been c:::.rried out on an nJ:.! 1130 conputer. The recul ts 

nre not E.,uar:lnteed to be optimal, cnd the otartinc soluticn bie.Dea the i'1no.l 

nmmer. It ie claimed, hOllevor, thut repeated rune usinG' lridely tliffcrcnt 

stal'tins points should throlT up an nnSl1er that ,;ould not be too fal' from 

tho absolute optimu~. 

This mothod rmkes U:lO oi' several bacic 1l.0cu'1ption:l lIhich 

l10uld affect the final solution. Thoy aro:-

1) the demand ia·asau'1cd to be divisible into ccveral crids 

(in thifJ cn.se oc;ucrec ~;i tit oiueG 6.215 milo:] lon,,) 

2) the diot:1noo oovol'ed Hi thin O:1ch Grid io the s=o. 

3) 0. Gonor,,1 ±'D.ctor ~ convcrto "Cl'Q" fly" niloo into 

rated miles. ThlG factor need not be eOl'rect for ell crids. 

4) it o..ncuncs n at<::.nuurrl delivery coat per ton nilc. 

The most important lleCl.kneGo ia thll.t thc nU'1ber of depots 

iCJ deterni nci 'before conmencino; the calculo. ticn. '1'ho proceeG of coot 

rco.uction cnte.ila the noed 1'01' Govcr",l runo on the eonputer b.,oed u,ocn 

uiffcrcnt nUClbero of dO}1ots. There iD no celf-ndjuotinc i'oatul'e 11hich nru.:es 

the choice of the n=b",r of "eIlotn ['.n intec::-"l lx:.rt of tho alGori t!m cnplayed. 
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This oethod is, however, all aciV<l.llco on earlier 'Werk 

becau£o it brinG~ in costs of the depots themselves end it makes provision 

for delays due to congestion ~nd fo~ infeasible journeys due to natural 

hazc.rds. 

(42) 
Kcuhn and HMbureer have also adopted a houristie 

ap)roach in their method of 10catinC warehouseo •. They claim the following 

eclvantaeeo for their method -

1) it provides ccnsiderable flexibility in the specifica­

tion (nodelline) of tho problcm. 

2) it can handlo laree scale problems - severnl hundrcd 

potential <IareholIDe si teo and several thouoand customer locution. 

3) it is economical of computer time. 

They also claim that the results obtained huve beon 

better than those obtained by the alternative methods they have conoidered. 

The problem is stated to be the detercin.~tion of the 

spatial <liotribution of lro.rehoU3es uhich ,dll bo moot proi'! table by e'luat1ne 

thc I~arcinal coot of ,r.1.reholIDe operation 'lii th savines in tranopol'taticn 

coot and incremental profits roeul tint; fron quick doli very. 

Their pro::;ral~ hao 2 par to - tho rmin p!'o;.:r<:;n :o,ncl tho 

Ilurnp-alld-Shift routine. '1'11e i'omor locates lIarohouoes one at a tine MUl 

no more mm be added uithout increasing total costo - 1,hile the lr,tter 

atte::Jpto to modify oolutiono obtained earlier by cVt'.lua,tin:.; tho ef'tccta 

of d.rop:;>inc 1mrehouooa or ohiftinc then i'ron ono lOc:1t1on to .:.nother. 

'.l1he n=:.in lJro:..;rc.o conoiotn o£ 3 .ccctiono, tllc ,i.'irct of 'WhIch 

ccroen,> llotential .. ~ch()U!lo locationo to clininato thc neccGoity of 

Gcc:rehinc over lIido arCl10 of cleerly ini'oaai blo ter:!.'i tory. ':;'hcrc io the 

:.~ick th.'1. t n. ll.er .. dr~blc. ~,:itG: nay bo ovcrloukcd in this ini tio.l l)roccoo of 

clininativn, but t!lCy call bc opccii'icclly ihcluded a:J altorllutiv()o. ';'ho 

ccconcl cccticn i'incln the lla.rch0uac that c,,~n brinG the L;rctJ..to.::;t o.:.vineo, 

uhilo the ~hil·U. .lurthcr xl.>2ucc:J the ::;c\""'l'cL ':0;;': the beat l:~chvU!:;o by 



restriotine the choice to only a few - a l:11nbor sot boi'oreL:m~l .~G 2.!l 

in tel'l::edia te uuf'i'er. 

'['ho lr.t'itors Get out their probletl in rnathcma.tico.l 

torna cnd have detlonstrctod the tochnique lli th 12 oruiJple problerrm. In 

3 of the 12 problema, subsequent inveotig~tion ohowed narginal improvemonta 

ovor tho colutiono found by this procram. The improvements "ero of the 

order of only 0.5;: and this olearly demonstratos the soundnoss 01' thia 

heuristio technique. 

As en o.ppcndix, Keuhn and lIamburccr n,lke a compc.r(l ti ve 

otu~ of the alternative methods of solving the wa.rehouso locr.tion problem. 

They acreo tI>.ll. t, in theory, a r.lOdii'ied linor.:::' procr=!:line a:n"u'cnch could 

be uccd, but state th'lt in, llctun.l practieo the sizo':::.nd ilie deL"I'CO of 

non-linoarity preclude the uze of tho L.P. alcori~~. 'Their conr,ents on 
(28) 

t..'1.c lliur.lol-Holfe approach c.re focu:wod ml.inly on the lo.ck of provinien 

for h',:ndlinc fixod costa. They aloo cor,,"cnt on the l.verac,"O Cost mothod 
(43) 

uced by llilinoki o.nd !lills. :rore too the linea.r proc,Ta-n:ninC trcmoportation 

mc.ol 10 uoed, but costs arc deocribcd by piecel1ine lineario2.Uoll rather 

t!:un b;,' the conC:lVO function uzcd. by Il:lu:ncl end ~:oli'c. ;.:'ixed cos tC1 clm 
(44) 

be incorpora. ted. The oimul:l tion ap;)roach ad.epted. by ';hycon (lnd 1.:",,1'i'oi 

io "leo r.lCntioncd. The uce oi' con:mtcd air !~ilc:J is undc:>iroblo - tmd 

one h:::'.c to decido beforch:lnd tho nU::lber of unrehouscs t}lO.t io llecired. 

er the uethodo dcocribcd c:lrlier, the lCculm-li:;.n'!Jur[;or 

L1Cthod ooem:> to be tho IlOOt cot~prchcn:live. It con:>idoro all ~'elcv:lnt 

factoro inoludins, of courac, rixed ooat!]. It 0.100 C011oidcr3 a :re'" 

G',"::'.h::"t:i,::m of the 1Jal'ch~=es ooloctcd in order to drop ccrt::..in "",roheuzoD 

which c:.re no lon.::;cr l)rofi table... i.o. the a:::.vin,:;o th::.t they could oi'fect 

by ::lUpplyinc cCl'i.::in d<ilrr.=d =(;::;'0 llC1.Ve bOOl1 1:iped out bcc.:.u~c, thooo d.enand 

In thc couroo oJ: tho C:l.lcula tioll, ::..ny ll~.r()h_ UC1C uhoso 
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o.ddi tLn doeo not reduce total dictribution co:::t::: is e11mill~,'~:~d i'ro:1 

further ::.naly:::io in the r.la.1n proLr"-!:!. This otep 10 olaimed to reduce 

the number 01' uarehouses th::t uill be considered in oubooquent i torat1ona 

by us ouch as 90i; 

4.18.6. Kcuhn and lIanburger havo not deccribed hon the 1'irct 

selection of 1mrchouaeo ia made. It nppearc that their technique in appl­

icable only to the re-evaluation of un existine net,rorI!: of u::.rehoU3c:J. 

i.:.ven so, atep 2 in the flo11 diucro.o 1ncorporated in their urticle, .... hich 

rcudc It Detemine m-:.d plnce in thc 1JUffer the IT potential u::.rehoUGc oi tea 

"hich, concidcrinG enly their lccal demand uould produce the crcateot ooct 

cltVings if' supplied by local l1arehoU3ec rather thun by the ,rarehoucec 

currently servicing thee" is not clear. It ooemo that (l. study io nudc 

of t.he arens oupplicd by euch oxiatin,j 1l'srohoUGo - in l1hich cuso the 

n~ber of' iteratiens Beeeo to be lioited beforehand. This doubt io not 

oraced by the rectriotion plnced on the alc;ori tllEI by :f'ixine at 17 the 

nunber of uurchoU3eo that uill be conoiderod in each iteration. '1'hio 

point er.Jer;;eo in one of ;ho oc.tlple problce uhere a desirnble uarohouce oite 

ho.o not been conoidered tlcrely becuuce it wa~ not included in the Ir loca. tiona 

cot in the buffer. 'rho efi'ect 01' ouldne IT • I.!, i.o., pleee 0.11 potential 

lIurehmuce oi too in the buffer 00 that they oould 0.11 be oOl1aidercd in each 

i L<:oration hua not been r.lentioned - however, it io stated that coml'utin:; 

tir.lO increa,3eo o.pproxina.tely linearly with the size of the bufi'er. 'i.'hero­

i'ore, a balance hao to be otruclc bet1feen the expense of computer time und 

the risk that 0. desira.ble locntion io not cenoidered due to rootriction in 

the size of the buffcr. 

The :su:;tp-nnd-8hii't routine ia exeroined only a.t the ond 

of the n:lin l?rocr~':l. TIus no;:nn thn. t nIl potential 1mroho=0 ui to:; ere 

uvulua tcd ::en,l tllore c!'}creeo 0. final bads Hhioh conci t:; cl11y of tllOCC si tea 

uhich could offer ca.vines over tho exictine net,;ork (or io it cu])llooed to 

be tllO tllCorotic..'1.1 lletuork (letcr~:ined up to tllu t c tace by the ;:.leori tllr.l?). 

110 ;:.ttcntion io paid to tlw f'not thet ccWill'.;O could bo duplic;:.tcd i.o., 



I"Oro then one l'otentiD.l. si to will cot cred! t for oo.vinCO o.i'~·)ct,"d ''Y the 

eUPI,ly of pro<luots to the Dcne den:md area. It ie only in "the lluI:!p cection 

of the Durnp-Q.lld-l;hit't routin3 that this ie checked. It' this chec..~ could 

bo done. concurrent l1i th or i:-Xlodio.tcly cftor each iteration in the ocin 

proCT"...m, there lfould be cdvuntaccs in dropping unllrofi table depot:) e:::.rly 

rr.t.her th= keepine thee in the br.oio until the finr.l checkn aro oo.de. 

'Ihi 0 :::.nglo is g.t von p:t'ooincnco ill the L1cthod or a.na.lyoia the. t is l)rOposod 

by thin trork. 

4.18.8. Tho m'itoro mClltiOI1 thl!. t cul tiple product e~ eteco ceuld 

be hundled by their routine - but do not describe how this io done. ~he 

ctlnple pro bleDs deal 1'Ii th cnly one product =d it is 0 to. ted that the cUt't 

routine doacribod in the article o:lnnct bo o.ppl1ed directly to multiple 

product OystcL1S. A L1odification lmo being plcnned but ita cocplete 

effectivoIlOOS lme not ellt.o.bliehed. 

l!ention is alco nr.de of tho poooibility of altoring the 

routine ot' the progran to h::ndlo a "drop" approach rather than an "add" 

ono - i. 0., 1:0 aocur.Je that nll potential \ro.rohouce3 are opera tine (1I1d drop 

theoo tlJ.:l. t are not profi t::.blo or c::.uce 10Goeo • 

. Tho curnple proc;:mms had the follo,dne parr ... ':lotcrtJ t-

1) 50 arer.o of docund. 

2) 24 potential uarehouce oi too (all '!rore at centres of 

der:J::md) 

3) 5 uurehouc()!l in the buffer. 

4) 3 conbinationa of fuotorien. 

5) 4 levels of lIarehouse fixed coete. 

'1110 time t:lken for thoca 12 pl'Obler.l3 in tho n:.dn l'l'O':'= 

ot.:tG(l tot:l.lled 72 ninuteo on an IIll! - 650 CO!~putcr lIi th n:,:::.C <iice ctoraee. 

~::C!c..'l prol;lc11 required 2 r:Jinuten oct-up tino "net 30 ceoondo per lr::rchouoe 

loc::. ted. The ':Ti ter'l clair.! thu t eo:nputa tion tine 1nerc:~oen ,~t u r:uch olouer 

rute lath increune in pl'Oble::1 oi::o th::m io the eU3C 1ri th the "I'oci:::.liood 
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linear programmillG alcari thrJn deoi£1led to h~lC.lc i'ized coot ,,10:::1-:;0. 

4.18.10. ~ho Dwap-and-Shift routine ter.uired a further one ~our 

on the Im,J - 650. lIouever, it io claimed that un efficient cooputer 

.. :culd h~vo t::Utcn only o.bout 10 - 15 ninuteo to porfom thin ope=tion -

;;.nti oinilar oavinGo \lould be cnjoyed for tho 11:1.in pro[,"Ta!:l 0.0 \loll. 

(45) 
~'oldnun, Lo:u-"r ,-cllel lhy have tie tl cri bed a conputcr co do 

which thcy have doveloped baned upon extennicno ot the lfork done by Kcubn 
(42) 

cnd IlD.mburGer. They have ooncidcrcd tho non convo."'ti tiC3 c(lUtlcd by tho 

eeononiC3 ot: ocals n0300ic.tcd .. d tu thc C03t of openinG' D.."ld Ol)Orc~inG 

cxtm facilitios (=ehoucco) in c. diotributicn netifork. They have 

conoidered oinglo-produot proble!:l3 involvinG' many faotorieo. '.'hey have 

aosu~ed that the ~rehouoinG coot functiono for each depot arc continuous 

cnd concavo. ';'hio fact and the lc.ck of conotraint on v.lrehouoe capc.city 

haa cn<iollcd. c. uoei'ul property, =cly, in tho finn.l solution no dcr1and 

centro ,rill reoeivo produot frol:! r.lore than one .. mrchou30. A further 

nodification introd.uced by theso lrorkero io the provioion for di±'fercnt 

reCio!Ull uarehoUtlinG ooots. 'I'hey have aloo developod i'urther the "drop" 

;::'cutine lJuc;:.;eGted bJ !:0u.1m and llc.mburcer. ~hia routine is t'>.c.t ua.rehouocs 

lfould bo dropped t:rom the basis rather than e.dded to it. 

The codo uas tested on c. problem nth 4 faotorieD, 49 

1ro.rehouse si tOD and 200 customer loc:::. tiono in the United states. 

"",raru:portation cost l1aa a.ssumod to be linea.r with distanoe. 

The oolutionD obta.incd wero quite oloso to the optir.Jal, 

about {~ leoD for the drop aolution, but a.bo~t 31> L-reator for the add 

colution. !_nother run usine 0. different oont curve for the narehouni!}3 

funotion produced colutions llhich nore within 0.2';-; of' e'ach other, t!lO 

optimal oolution ooinoidine emotly lfi th the a.dd solution. 

These uorkerD have developed the Keubn-lI=burccr 



approach of heuriotio enclyoio, but hcve otill not nado provision for 

u) non-linearity of trnnnportation eest 

b) ocntir..uouo checkinc for profitability of inclivi<lual.uarehousco, and 

0) conploto flexibility in alloeation of custo~crs to l~rchouses. 

The lest peint io olearly illustrcted in ono of the test 

oeses solved by thio teoh.'liquo. A uarehouoe 11:.1.0 pluoed. et Cmu..~a to sUIlPly 

;;ort11 datte, Iiebreskn, cv::n thouc;h Oncha itoolf 1mo oup",licd fro:3 

SUI'l,licro noereot to :101't11 1'latte cnd mm there foro not considered. to bo 

e ~'eusi ble ElUPIJlicr to it. Thio heo beon oauoeil by II cub-routine in tho 

code 1I11ich 1'eotricto conoidora tion of oUPlJly only to th;oo cuotOr.10:ro ,·,hioh 

;;;OI':'l tJ:o Looal Cmltor.ler net (Lcn) of oaoh lIa1'chouoc, i.eo, olooeot on II 

pure trnnoportation coot baoin. 170 jt:.otification io clained for the uso 

of Lcul cleco.r..d, but it is acid to perfor!1 ao 11ell cO!1?lutntiono.lly 1'.0 

Cl1Y ether ncn-cures ou.:;ccntcd. 

':he scnplo l':t'oblel:HJ have been tricil on c.n IK, 7094 

eonputor. '.'he ti:::o to.l:en for the i'roblcr::o fOl'Dulateil cnd oolve,i by ;:ouhn 

1C,lld H::.nburCer Uo.o un·1cr 1 oinutc "oech. Gubsequcnt lTork en n. nore :re~,liotio 

11roblc::J, involvinG 25 potential l·rarchou::Jo sitcs ~'ld 150 cuotorlcrs, uao 

CO;.l~)letcd in 2 to 3 oinutcs. 1,0 tine eotir.:o.to ha::: beon Given for the 

ooluticn of the In.r~:cr problco U!3iP..G 4 fC.ctOl'ic:J, 4~ 'tT:'.XehOtlCO: 3i ten \"nd 

200 cu:::tc!:lcr~. 

(46) 
Loi'cl'cncc I.1~lOt bo mn-tic to an articlo by ;k~nty vhich 

tloGc:ribco tho dOtCl"'!:ti.l1~tioll of Cll OIJtinc.l nct::orl: of: c:~?ot:J ror the oupply 

Ilinil:lino tot.::.l cCGtn, i.e., cu):)ly coato (to clOl)JtO) [;.:n.d dintribution C03ts 
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Ho haG sot out the total coat function ill u. oi::1plo 

i"oI"",ulu. u.nu. UDOU. an i t(u·u.tivo o.pprou.ch to l"ininico it. IIio Qubjoc1; tu.l:CG 

i11to o.ccou,.'1.t 4 producta and ):";:';UI:u.bly ono cClltru.l courco. lIo ucec 

historical data to dctoroino dictributiOl~ cocto ,:hic11 =c (i) inU.Cl)clldcnt 

of diota!lCe and (H) proportional to it. l:e \Woo 1;;10 loact coat :.:O'.:lOc.l 

of t.:cml0port in c£!.lculn.tiuG t.:.cno conto. SUP1.)ly coota \fore co v;;:.:r'iu.blo 

(becuaco oi' coo(;J:'aphical d.iccontinui tioa) that a £rid. of oooto 1:;).0 uood 

by ro[,;roflaion ennlycic, ~:md dO:Jand. uno octi:Ju.tod for 10, 15 <l.!1U. 25 yoO-ro 

c.hccc.l. 

'lho ooarch r-roccdurc stu.rtcd. ui th the dctc;:-;Jinu.tioll ol' 

the nUJbcr of depoto to be utiliucu. c.nu. to look for optinc. in cC'~ch :r.UDOor 

roC;:onod. '.hore \ic.o no cpecific nethod doscribod to ooloct 1;;,0 d(1)oto in 

each trial, r.nd. it ia ll.ssU;'.ed tha. t flys tooo. tic oeloctiono llero r.1t,,10 to 

tako in a.ll po[):;:1bl0 cor;;bi=tiono of depoto. A oiuplo coot dL·;;'orentic.l 

wcthod. ,;~o UGod to Dulcet the J:lo.rL;ir~l (h':l,)ot tlult uould incro~~co the 

net1wr:: rI'on ( n ) to ( n + 1 ) depoto. loo-coat lineo ncrc drmm up 

n;;;t"l' oach clUlllGC in depot loou.tion in order to detemino dOl)ot 

di3tribution urc~a. 

)''hen = optir.llltl hnu. been u.ctect~u. (covcr<11 nc:u,' optir..a 

'\J13ro found) the nccc:Jac.rJ n.djuotIIlcnto llcro o~do to deal ui th ot!lC~" 

pe·trolCU;;l IlX'oducto, and to dotcroinc thc facili tieo required <1 t c<1ch 

uepot. 

Tho \/holo ctuliy SCc,rlO to havc been donc ::J2,llUt,lly <111<1 haD 

i.cken about 12 to 13 nan nonths, plu::; cone clorical hell>' 

~;anty'o approach 001"00 no:o.re:Jt to the nct,l.. cl. pl'opooed 

in tllio su.':IIna.l:""J. ;ic lw.a rcco{)liGcd th.:l. t :prQ.ctic~l condi "ticl1.~ ~ cCL1ctimctJ 

preclude the uoc or rm.ther'laticul relation:::hip:J ill ::;ottin(; up c.. r.10':el of 

industry. lro hao used. an oloncntc..r,y appro:o.ch c.nu. bc.ocu. hie cpcci~ic 

arf:t1.lf.luni.o upon c.ctual costo. lIo hc.o ucod 0. r.1at2lcoatical cXP~'C~GiOll llhol.'u 

he foelo it \ri11 cluccly ):o:;enblo the reallii'o oituaticn, c • ..;., in 
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culculatin:; trunsport coots froll depot to cU3ton2r, but ho.s u3ed 0. <1.,ta. 

crid to detemine depot [lupply coot. In inc1'o[o3in::; tho nU::Jber of depota 

in the bado fron ( n ) to ( 11 + 1 ), he ho.o u:::od the OD..!:lO D.sc=ption 0.0 
(42) 

;;euhn t'.nd Ilrunbur::;cr , m'.IJoly, tho.t the best ( 11 ) depoto uill be cOllto.ined 

in the beot ( 11 + 1 ). 11anty h:'.o 0.100 ufu'.pted hio otudy 00 tlla t the 

nunbor of dopots ia a p=netel' that Ct:ll be secrecated. rulrl cllunced rI'Oll 

i tcra tion to i tero. tion in tho oen.rch for the o!)tir:lum. 1::'.llty inplieo tho.t 

ho doco reo.eh the optin1lr.l. Thio nay be due to the fo.et that hio netl:tou. 

oocr.:o to oonoider ull pool3iblc eenbilnticno o~' depot::; in o()'ch bo.o=.o ... ::nty 

llD.~ not a"t[;.tcd the (!incl1tdollU of hio r>roblcrl, but even -thou.:.;h. the otudy 

took rJn.I1Y r.:::n nontho, it soe:!)o hiChly unlLoly thut he has t::-ioll out cver"J 

::?onc:i ble eo:obil1utiol1. lIo ho.o nel1tioncd tlla t the oe=eh l1U:; in t!10 cup~,~r 

ooct crid, but he 11::10 0.100 nClltioncJ. toto.l eoot ,-,Tu-pllo, lrhieh iLplieo Ll:o.t 

he hus eo.rriell out tho reot of the caloulationo (depot ooot", cto) ao 

'troll" He ntotc:::: hOl:ovcr th=.. t tlle r:1:..:'ot ir.~portant cinGl~ i'acto:::" ljo.3 tl::.c 

4.20.6. nmty'o nctllod seer.m to bo too lCll[; d!'o.l!l1 out, :;x1rtioul=lJr 

if tho belief that he tried ull po::::oiblo eonbill~. tiOllll of: <lepoto io correot. 

It in ~ noot point Hhdhcr in doine; 00, t:1C ir.1prOVO::l::nt o1.Jt:1ino:l by the 

dctc~ination of the abooluto optinum io ciLTIific~ntlJr di~f0rcnt fron the 

nca.::--optirla obkincd by other fJGtl:OQO ( enpeoir,lly lihen a hcu::-intio 

o(;arch too rl:t;Z reac!l tho optinu.':l.) 

7110 belief nlno oho.rcd by l:cux"l and IIo.nburccl." 't}lat tho 

1.J8n·~ ( n ) depoto l1i11 be cont:'inec!. in tho beat ( 11 + 1 ) n~y not be 

nccc:::cc.rily correct. It c.pJ!cars to be n. ~;c~J:~c::;:J ol.' the tcclll~iquc i;f it 

CC.Jlr:ot co.:.}·; l:1 th D. oi t\:J.1.tion that uoca l10t bch~vo in thin !.1;:.~nllCl.". IIhio 

~~>_tricticn ~o.y be too ocvcrc. 

4.20.8. ,:::nty'n proviaiol1 fo!' diotribution coat:! ',;hich "re both 

clcpc::.clcnt on 2.:r..d i!1.~:c.:'cnd.cnt or ·:liat~ncc in [). l:i3tinct i!.:r:::'oYcncnt over 

ot~l.cr ::1cthodo dc::cl'ibou. ct:.:rlicr, r.lont vJ: ,;hich ::.or;tt::1c1 lil:CL:~:ri ty o,e 

l:i:J'~!'ib''..ltion co::t 1:i t}l dint..""!.nc;e. Ee '.locn not ot;;.to 11011 he hc.o n.:-..<lo 
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provision for oosts which were indopendent of distance, but the faot thnt 

ha has used the least cost method transport seems to indicate that he 

has used a [;rid in this case a.s well. 

(48) 
4·21. Smykay has rcoently publishod an o.ocount of an 

opero.tional oir.lulo.tion pro[;rM for the solution of thu conoral purpooe 

Physical Distribution problem. It is co.lled the Hichico.n Stato Univeroity 

Distribution procram. It ia olaimed to a.ssiot in the determination of a. 

wide variety of distribution manaccment deCisions includinG oales fcreoastinc, 

market l)lanninc and plant location. 

The l:SU oystom is baood upon a rational desoription of 

the market, o.g., as being 0. crid of blocks, the U.3.A. beinG divided into 

more than 300,000 blocks, ea.ch 3 miles qy 4 miles. Bach block is assessed 

on the basis of certo.in information inoludinG sales data by cuatomer and 

produot, and is identified qy 0. 6-diait number. The data also inoludes 

iC£ormation o.bout method, source and oost of supply, and other relevant 

statistics. 

4.21.2. An important feature of the procrM is a set of docisions 

made qy ma.na.Gcmcnt about thc basis on 11hich the problco is to be approached, 

e.a., minioum cost, maximum profit, etc. In the case of the l.'1U'Chouso 

location problem, nanagcment has to ehooso, initially, a set of feaoible 

warehouse sites. 'l'he computer simulation 1'rogrcm then cO::lr.lence3 r.lllkine 

distribution asoienmonts to aOhieve 10'icot total cost. 'l'he oomputcr starts 

lfith all feasible aites ( n ) and prints out a list of customers uho would 

be oervcd a.t 101Ie:Jt c03t from point. It then drops every distribution point 

in sequenoe, ono at atirne, and caloulates the coat of oupply from ( n - 1 ) 

sites. ';chere liill be ( n - 1 ) ouch calculations. 'l'he> process is repoated 

for combinations of ( n - 2 ), ( n - 3), etc., :lites until all1'oasible 

combinations =e exho.usted. }'inally, the computer 1'ro[.;rM ooo1'=es the 
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resulta of all combinationD and oclecta the louoot coat conficuration. 

Tho otructure of the proGram containa provioion for 

mw,ing a cener~liced study of fixed and operating coata, delivery coat,etc. 

Sr.JYkay'c lfcrk cecao to have formalised the efforts of 

lIanty (described e=lier). lie has converted lI~nty's approach into a 

oomputer program and added oevernl usefUl features such aa the determination 

of basic oost fiL~oS on a dynamio baois. 

liouever, it io still not free of oortain lTenkneoooo that 

have been deteoted o=lior. l~or instnnoe, Srnykay still talka in terms of 

the Darket being divided into grids lfi th distancea betlreen thOD being 

meaoured by trian.,"Ulationa. !le doeo cake provision for convertinG crow-

fly mileD into actual road distances - but adopta a common converoion 

f~ctor for all distances. lIe aloo dopends upon a mathonaticul recroosion 

for the calculation of ~naportation coots - uhich thon Gives nn equation 

to convert hypothetical costa to actual coats. The most serious uenkneos 

oeems to be the large number of trialo that have to be m~do bofore the 

beat solution io obtained. c c., for a probloc involving 40 likely 

( 40" 40 40) u=ehouse oi tes the number of trialo io 1+ '~39+ °38+ ••••• + °2+40 

an onourmous number indeed. In aotual pr~otice it is oertain that the 

total coat hi ta a cinirnum lone before thio number is X'Oached, but one 

uould be unable to determine beforehand exactly how many trials are 

requircd. 

4.21.6. 'l'he vaJ.ue of the HSU procraJ:l oeecs to lio in ita ability 

to handlo other problcmo of physical distribution, such aa sales foro-

caatine, market planninG', etc. 
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5. The 10£:10 ecployed in the non procedure iD rofreohinG 

in ito oicplicity. 'The only =the=tico.l tcchniqueo UDod are addition, 

cultipl1c.:.tion, subtraction and divioion. Only first order relo.tionch1po 

havo been UDad, but th" introduction of hiGher ordero is co.oy. '.rhe cedium 

which io UDcd to evo.J.uo.te the pcrf'orr.mnce of' the tech.'1ique io that of 

coot, which is univoroo.lly underotood and aooepted. Certain other techniques 

use indirect cedia ouch aD (cinimioo.tion Of) po.th lenath or vehicle 

utilisation. Their lreclacso io that the conversion of' theoe uni to into 

cost tends to be ovcrsiopl1fied, po.rticulo.rly in connection ui th the 

non-linearitieo uoocribed earlier. By cxpreaoine everJthine in torn 0 of 

coat, the Dolution of tho problec io cuch oicplif1ed, \/1 th due reGQ.l'd still 

beina paid to the dirricultieo which were overlooked earlier. 

'I'ho sequenoe of the co.lcula tions has been e:x;preooed in 

the f'0l.'l:l or a cocputer pro[,'TD.I:l, which iD in severa.l sta{,'Co. It f'irot 

oo.lculo.teo the coat of the present diatribution eystcc. Usine this aD 0. 

reference level, it oommenoes a systematio search for improved patterns. 

Initially tho model uces only the oentral souroe, uith no dopoto at all, 

and oo.loulo.tes tho oost of supply. ~hereo.fter it introduces depots, ono at 

a time, into the baois. ft~ cross so.vina realised Qy the introduotion of 

0. depot into the basis io reduced by the fixod ooot or thio depot, and if 

there is Q. positive nett savinc;, the depot recaine ui thin th" basis. The 

next ( see seotion 5.9. ) depot is then tested in tho Demo =nner and 

retained in the bacio if it too oo.n ohow a positive nott so.vinc;. Con­

currently a check ( cee ceetion 5.6. ) io oarried out on each depot 

alreo.dy in tho baois to ensure t;mt ita presenoe !Uu:l,Y'3 brinc;o in a. 
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positive s~vinS. It, at cny Gt~Ge, a depot Sh01ID a no&ntivo s~vinG (in 

other lfOrdO, 11 10:30 ) it io i!:uledintoly droppod troll the ooois. 8uch an 

event C<1n take pl:l.c~ •• hen deotin:~tiono oriGinally Ilosicned to a l",rticu+= 

depot are re-<lllooo.ted to another because the lllttcl' c;::n OUPl>ly tllCll at 

a lOlfor eOllt tll3n tllO tomeI'. '1'he total oG.vinco shoun by the fomer t'..z'O 

reduced by tlus tr~nsfcr but ito fixed ccst does not chnnse very ouch. 

(seo scctLn 6.2.5. for description of coot build-up). If a suti'1oicnt 

nwabcr of rlcra;::nd ccntroo io rc;""llocatcd a"o.y from a depot, i to fixcd coot 

11i11 exceed tho oG.Vinc,s it C:lIl show. 'U11on th.ts l~PI)CnS, the depot ill 

dropped froll tlle bads. Itll reI:lovru. seto a llpecial ~:u1J-::outine. (eection 

5.6.3.) into action to rcadjust the !lain procrac. 

5.1.2.' A protlincnt featurc of tllo prosr= i:J tlle cxtel:.oive use 

of indicators.' As llettld be exPected,' there =e r.m.ny inGt=CCll in tho 1'10'11 

of 10Cic .. here llubsec:;uent calculations depend upon uhetllor or not certain 

conditione prev~il at tllIlt ll~eC. The altcrn..tivcll have becn rcpro:Jcnted 

nuncrically by tllc use of indicators ouch ao ll, I,Jl.!, liD, etc. ';:'ho vn.luo 

cnrriod by ll, ci thcr -2, -1, 0 or 2 detoroines \fldch courlle ill follo.rcd 

by tho £lo.! of calculations. It ill felt tllIlt the use of thcme indicators 

has contributed sir;nifie!mtly botll to tlle 01::<1'1ie1 ty of tlle lOGio emd to 

tlle speed of computation. 

5.2. Thc cOI1;,uter proGl'::.I:l hall b()cn \/ritten in ",'CP.l'llLlT IV, 

:Cor ll.'lC on tho ICT 1905 confi(,'uration inotclled at tho COr.1puter Centro 

of the LouGhborough Uni-{Crsi ty of Technolacy. (l'I>pondiX "N' ci VCl:; 

detnilo at tlle computer).. Tho procro..':I conoiots ot a IjD.oter sC[;:lcnt 

(lenctll - 3220 ) call od "Diotribution Cost 1.naly01s" !md 2 library oub­

routines UTDL and ~£D2 which provido access to off-line macnetic disc 

storage. The core spnce requircmcnt of tllo UD.lltcr se[;:lcnt, g~~1-compiled 

sub-routinoo cnd raw eml intermediate da.ta ill 21312 c..'ld fUrtller otorace 

is ro~uired for 2 larce data L~idB ol cooto and suvillb-S. Gince the intcrnal 

core oto~,'u3e of the computer io in.".doqu..1.te to hold the 2 grids, an oeoy 

&CCelJll oock1ne utoro wao requirod. I:aOletio <11oco l~aro selected because 
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of their rapid random access time. 

5.2.1. InPUT The input for the proaram consiats of the pu.r=eters 

which describe the aize of the problem, and aeveral blockeD of data as 

follows a-

5.2.2. Pararnetera of problem and baaic cost data. 

The nUl:lber of centre a of demand, the likcly ai tes for 

the depots qy nUl:lber, the number of exiotine depots, the operatine coat 

of the centra.l aouroe and the baaio ooat of roacl vehicles arc first fed 

in. The first three valuee are dimenaions whioh control the reot of the 

program. 

5.2.3. Transport Cost Data Grid 

The next item of input is a arid of transport ooots. The 

dimen3ions of the crid iD determined qy the nUl:lber of oentreD of demand 

and the number of likely aourees of aupply. These pa.ra.meters have beon 

set out in seotion 5.2.2. a.bove. !~oh element in the arid io the oost of 

cupply to a. oentre of demand either direct from the oentral source or 

from the central source Via one of tho depots. Fie. 19 io a reproduction 

of a part of the grid. The oost elements have been calculated cxternal 

to this procram. Section 5.3. describcs hOlf this Has done. 

The cost Grid is passed on to the maGnetio di30 stora.co 

for easy a.ooess. 

5.2.4. Centres of Demand and their requirements 

The names of the centree of demand Hhich tocothor cover 

the whole ma.rket area, Md their tota.l reQuiremente are then fed in. 

Seotion 6.3.1. describes hOlf the information for the cane study wa.s 

prepared. 

5.2.5. Sources of oUPPly 

The nnmeo of the centra.l source a.nd the depcts oomprise 

the next input. Thene sources are "-rr,cmGed in a particular order, tho 

ocntral source comins firnt, followed by the existinG depots, and finally 

the proposed depots, arronced in sC'luentio.l ordcr away from the central 



Fig •. 19 

'llicpnBS]i;r'f'l'Nl'iON Ol~ PAnT OF 'l'RAlTSPORT COST DATA GRID 

,Bach column roprenents a source of supply, i.e., Ko10rinall11 is the firnt 

. yolumn, lbtara (a depot) in the second, Kotaga1a (a depot) is the third, 

. and so on. 

, l':ach ronrepresents a centre of d.emand, i.e., Ada1achehenai is the first, 

Agn.1auatte is' the second, and Agrapatana is the third, and so, on. 

Each element represents the total cost of supplying the .centre of demand 

i'rom the souree. 'rheae coats, together uith the fixed costs, account 'for 

all the costs of diatribution. 

0.4594 0·4493 0.3946 0.2137 0.'3045 

0.0933 0.1472 0.1767 0.2552 0.0968 

0.1934 0.0739 0.1361 0.1804 0.3289 

0.1750 0.0523 0.0331 0.2529 0.2750 

0.0986 0.2096 0.3920 0.3764 0.1021 

0·4594 0.4282 0.3764 0.3476 0.2997 

0.1582 0.1379 0.1435 0.1679 0.1345 , 

0.1545 0.1635 0.1926 0.1008 0.2087 

0.1539 0.2503 0.0968 0.1197 0.1269 

0·5140 0.1509 0.2658 0.2367 0.5478 

0.1582 0.1361 0.1029 0.1987 0.0985 

0.0792 0.1305 0.0986 0.2003 0.1486 

0.2693 0.4978 0.1786 0.1999 0.1609 

0.0810 0.1638 0.0647 0.1768 0.1279 

0.2387 0.5140 0.1983 0.2587 0·5432 

0.1675 0.0599 0.2234 0.0987 0.1275 

0.1074 0.1190 0.1166 0.1543 0.2196 

0.2067 0.1619 0.2378 0.1987 0.2118 

0.2348 0.2781 0.3654 0.1998 0.2763 

0.0739 0.1393 0.1186 0.2044 0·4041 



eource. Section 5.9. deocribeo ho" the order of depoto lfa.O decided. 

5.2.6. E'1xed Costa 

The next input uill be the fixed cost of the ccntral source 

and the existinG depots. (oee section 6.3.3.1. ). Theco ficures ere 

arrencsd in the sane orier aD ere the depoto in oeetion 5.2.5. above. 

5.2.7. Variable Operating Costs 

The next input consiots of tho variable operatinG cost 

0;: thc central SOlU'CO and the etiotinc depotc. T:leoe are folloued by 

ectirnatcl) of' tho v::.riablo coota of the l)ropoced depoto. (soe sectien 

6.2.7.4. for furth2r details.) Those coeto too ere arranced aD in oeetion 

5.2.5. a.bove. 

5.2.8. llo.1l freight coots 

Rail trc.nsport coots comrrice the next input. 'rheoe costo 

cover lmulace from the central source to the cxiotinC ~'.Ud propoocd (tepota. 

Section 6.3.5. £1vos further dct~ilo. 

5.2.9. PrCllcnt sourceo of oupply 

A oeries of code fl[.'lU'CS 10 then fed in lndien tine l.-hich 

llource preoently oupplieo each eentro of deoand. Theoe ficureo are arranged 

in the cc.r.:o order a.D are the centreD in oection 5.2.4. above. 'J'his inform­

ation iD required to calculate the coot of the preDent oyotern of 

diotribution. 

5.2.10. I,il:li tn.tiono of depot capacity 

'l'hcre iD the poooibility tha.t cooe of tho cxiotill(; or 

propoood depots nay have 0000 constraint lThich sets a r.:=i= to tho 

atlount of product that 1 t can handle durinG a. p!!.rticular time period. If 

ouch c~ces exist, tho lant ite~ of input m~oa provioion for consideration 

of this constraint. 'l'he r.lnxi= io clodified to m~o it COI:lpa ti ble 'tl'i th 

mon~~ly demand and fed in for each ouch depot. If no constraint exists, 

a value of 0 (zero) iD fed in. Soction 5.8. dcocribeo tho Dub-routine 

uhich cone," into operation to dua.l ui th tlleoe lini tctiona. 
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Sootion 5.2.3.,'Tranoport Coat Data Grid, roquireo oomo 

olarification at this point. Aa montioned earlier the elements of tho grid 

are oooto of supplying oach deoQnd oentre fron each oourco. These costs 

have been obtained after a soparato exerciso which hao taken into account 

tho following oomponentol-

the unit oporating coot of the oentral source. (ooe 

seotion 6.3.3.2. ) The centres of domand are fed either direot from the 

central aource or from a depot which io in turn oupplied from tho central 

sourco. Therofore, the central oource io co~~on to all route 0 and ia 

includo~ in tho computation of every olement in the coat grid. 

coot of trnnoporting produot (in bulk) from tho oentral 

source to the depot (ace section 6.3.5.7.). Deliverieo direot from the 

oentral oourco to tho cuotomer uill h,4ve a zero contribution on this 

account. 

the unit operating coot of each depot (ooe oeotiono 

6.3.3.2. nnd 6.2.7_4.). Hero too direot delivedes will OOVO a zoro 

oontribution. 

the coat of the final leg of transportation byroad. 

T!lio coat io obtained uoing tho diatanoe from the centl'al sourco to the 

dcmnnd eentro (in the caoo of direot deliverieo), or froo the depot to 

the dem::md eent:t'O (uhere a. depot fi£,"UI'eo in the diotributio(61rin). 

The diot::mceo uned in tho caso otu4y are aotual road milea£,~o and not 

approxlmationo made by assuming crow-fly journeyo. 

The other faotor that is conoidered io tho coot por unit 

diotc.noe of road trnnoport. Reforence uao oade earliel' to non-lineari tieo 

of transport ooat. Section 6.3.4.4. dcoeribeo hOll this problem weo tackled 

in thio otu<iy. 

Transport coot, (la expresaed b,y T would then be 

T - Cpe:ro.ting coat of ccnt=l source + trunkins coat to depot (\lhere 

::.pplioo.ble) + depot operatinc coot (,here applicable) + road hz::.ulac;o ooot 

from ccnt=l source/depot to the centra ot de~d. 
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Appendix ''D" describes the exercise which produced the 

element3 of the trnnsport cost grid. 

TIffi PRELIIlINARIES 

Onoe the input MS been :red in, the first stage of the 

oomputer program calculates tho cost of the present distribution system. 

This oonsists of three consti tuentsl-

a} the fixed costs of the oen"tr:1l souroe and the cxioting 
dopoto, 

b} the operating oosts incurred at these o~me pOints, 

including deliver,y costs, and 

c) the costs incurred uhen customers pick up their 

requirements cn their own. 

The deterTIination of the first element is simplo. The 

calculation of the some costs has been done earlier and ~vo been fed in 

earlier (see section 5.2.6.). Tho socond constituent is determined after 

putting together 3 pieoes of pritlary data. They are the quantity delivered, 

the cost of delivery and the souroe of supply. All three are items of 

input, as per seotions 5.2.4., 5.2.3., and 5.2.9. above. The cost of 

oolleotions by customers is doterminod b.r putting together the quantitios 

oolleoted (oeotion 5.2.4.), the souroe of oolleotions (seotion 5.2.9.) 

and the oosts incurred in mnking produot avnilable at those sources. o.g., 

collections from the oentral souroe involve only its operatinG cost, nhile 

oolleotions dralln from depots incur source operating costs, cost of 

transport from tho source to the dopot concerned, and the operating cost 

of the depot. All this information has been fed in earlier. 

These three constituents aro added tCGether to Give the 

total cost of the present distribution oystem. (This total oost is the 

base 1'icurc against lihich tho performanco 01' the optimim~tion pro,;rao is 

judGed. Regular comparisons are made between the costs ccnerated by 

oucoessive iterations and this base oost.) At this staCC the procr= prints 

out a ~ oeries of tables which Silt out the input data. =d costs of the 
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preocnt oyatcm of distribution. 

THl~ MAIn PRCGRPJ! 

5.5. 'I'he objective of this program iD to brine a.bout a. 

re-crca.nisation of the existinG distributive network so as to inprove on 

the base cost obtained earlier (section 5.4.). This section of the procram 

sets up procedures for a. sy~teoa.tic search for different cODbir~tions of 

depots which together with the central source will redUCe overall 

distribution costs. The study iD confined cnly to direct tra.nzport costs 

and to notional fixed and operatine costs. No attention lfill be paid to 

the study of each depot. Thio can bo done 0.0 a oeparate exercise after 

this p~oerom has produced its solution. 

5.5.1. As thc first feasible solution, I have taken uhat appears 

to be the obvious first step in such an nrk~lysis. I have assuoed thAt 

there are no depotci at all and that (\11 ouatooero nill be served direct 

froo the central source. (Thl.s conparcs with the initial feaoible baois 

in the simplex f.Iethud of Elolvine linear proerammin3 problems). The cost 

grid (described in section 5.3.) has been sot up uith t..'lJ.is approach in 

mind, and it is a simple calculation lThich produccs the total cost of 

supplyinC all deatina.tionD frolJ the centra.l source. The elemcntn in the 

fh·st column of the srld are multiplied by the corrospondin!; demand ficuren 

to cive the total variable cont. To this add on the fixed cont of the 

centra.l source and the cost of collections and the total is the hypothetical 

cost of supplying all centreD of demand from the central source. 

5.5.1.1. In the Dajor! ty of calles, this cost l:illbe hiGher than 

the base cont of the present systcm, and neG~tive values appear as both 

absoluto and peroent.:l.c;e improvcl1cnts over tho base oost. It is only a very 

remote possibility that the initial b:wis will ShOlf o:ny improvement ovor 

the baDe oost. Such an event will take plnce only in a very small marlcct 



in uhich illoGical o.nd unnecocoo.ry devolopt1ent has taken pl4l.co. It ia 

inconceivable that the oil indUJ3trJ any11here in the '1iOrld could be GUilty 

ot ouch n oin. 

The in! tilll i'e;).Gi ble solution oerve!! four inport.:l.nt 

funotiono. 'l'hey are 

It elinin:ltco the unlikoly ponniblli ty that the erlstine 

netl10rk h;).a bOCln cronoly overdeveloped. 

5.5.2.2. It seta up n b~ne fiGUro ot tL~t deliverJ coat (~ed 

'::)') to each destin~tion, in this cnoe tho per utli t coot of oupply troo 

tho oontral oource. It io thin coot that provideo n pivot for tllO intro­

duotion ot nen depotn into tho bads. 

5.5.2.3. It Given initial valuen to the indicatoro' (naoed 'LA') 

'I1hich identity the oourcc free vhich each indi vidtw.l de::Jo.nd ce:ltro io 

ouppliod. Thoro arc no onllY indicators no there are deoo.ndcentrco. Tho 

vnluo:J of LA nre ::lubocripted. All vo.lueo of LA are oet at tllio ataee o.t 

1, sinec this io tho diotinctive nur.~er ot the contral oourOO. 

It aloo ;;ivco a value to tho indic~tor called 'KD', "hi ch 

oholto the st.:l. tuo of ellch depot in the procr:.-..r.l. 'rho initial tenai ble 

colution en:lbles Kn(l) (t.'lc 18 =luo corroopondine to oource 1) to tcl;c 

the vnluc 1. Gcetion 5.5.6.3. tor dotailo of otllor valuoa of Kn(i). 

Having p!l.030d throu.::;h tho in! tinl phuoo ol the oo.in proe-

rlllJ tho algorithm io now oet to inorease tho bo.oia, i.o~, to bring in 

more depoto. lmving ooloctcd tho noxt dopot to to.ko up (soo coction 5.9.) 

tho proccdure io to coopare doli very coota £roo thio nOli depot' ,cl th tlle 

present base cost (Gener~ted in oectien 5.5.2.2. above). ~he coat crid 

hIls beon oet in such il. If(l3 0.0 to enablo quick cooparisons to be mado. 

5.5.4. Costs aro compared for uo.ch centre of demil.nd. If tllo 

new depot can supply tho first centre (i.o., the firot row in tllo grid) 

a.t 0. coot lower than the contro.l sourco, tllen therc 11ill be 0. saving in 

trnnllforrina the firot centre to the first depot. The potontial savina 

io the difference in trnnoport costo tlultipl10d lr.r tho vol=e required at 

the firct centre. Gioilar calcula.tions ara made for overy other centre. 
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h cu.~~aticn is then rrAde o£ the total gross savinc~ ~t are possible by 

the introduotion of the nel1 depot into the basis. 

The test of ,1hethor the nO~l dopot rennin3 in the basis 

or not 1s carried out by oonparine tho tota+ potential oavines l11 th 1 ts 

fued cost. If the ::m.vineo exceed the fued cost, there is a net'~ cain 1n 

retaining the depot in the basia. If, on the other hand, the fixed cost 

exceeds the potent1al saving, the depot is not kept 1n tho basis, but is 

reta1ned'for reconsideration at a later stage, if necessary. 

5.5.6. Let us assume that the first dopot did, in fact, show 

0. positive nett saving and was retained in the' basis. ~'he progI"cl.Il then 

diverts a little from the main stream of calculations and sets up certain 

indicators as follows 1-

The source indicators (lA) tcl~e now values llhere 

necessary. If the first demand centre ia diverted to the nell dopot uhile 

the seoond. oentra continues to be supplied from the source, lA(l) takes 0. 

value or 2 (l/hich is the distinctive number o£ the first depot ), "hile 

lA(2) remains at 1. 

5.5.6.2. Tho base delivery cost fic;ures (n) l1hich were set up 

'earlier are now altered to,refloot the change in the delivery pattern. 

S(l) will nOlr ~e the value of the oost of delivery to the i'1rst centre 

from the neu depot (1 t 11111 be lOITer figure than belore, because oupply 

is cheaper from the rirst depot tlmn from the central oource), uhile 

S(2) remains at its former value, oince the central source continues to 

supply this centre. 

~~e value of KO for the first depot - KD(2) also becomes 

1. 

The indicator'YJ) can take one o£ several v~lues. They are 

KDei) - o. lllien this is 00, the depot has still not 

been considered for the basia. All depots have this value at the start of 

the pro[;l'llrl. 

KnCi) .. 1. The depot has nOlf been considered, and having 

shelm D. positive nett savine, has been retained in tho OOois. 
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KD(i) .. 2. The depot haD been in the baaia but is to be 

dropped because the demand centreD aaoib~ed to it do not have any effective 

requirementa. Thia provision haa been rode to eopo lli th a oi tuation lThere 

a demand ia only expected in tho future or ia fer another product or type 

of produot. In ouch an event tho depot ia not retained in the basia becaune 

fixed costa 1;111 be incurred 1;1 th only the expectation of future der.l<ll'1d, 

and thio "ould be 1fUoteful at the present tine. The incluoion of this 

depot CM be taken up later at the appropriate time. 

5.5.6.3.4. KD(i) .. 3. The depot has been in the basis but is beincr 

dropped beoaune ita contribution to cavineo haD chanCed fro::! pooi tive to 

neco.tive. 30 many of the centrea orib~nally allocated to this depot have been 

shifted elselfhcre, that the Oo.v1nCD po si tion has bccn inverted. 

1:D Vlllues ef 2 or 3 aosiot in the eVllluation of the 

nU'l1l11ary, whiCh t:uces place at thc end of each i terution, cnd ohoua the 

structure of the current netlfork. At the cnd of the summary, the value 

is chanGed from either 2 or 3 to 4. 

5.5.6.3.5. KD(i). 4. The depot has been conoidered, but ia not 

in the basis. It has either shown a. nec;a.tive value for nett savinGS in 

the first place (in uhich case it 1fould never have entered the basia) or 

it han been dropped fro!:! thc baoia i'or cone reason or other. Depota Hi th 

KD valuec of 4 :l.re o.l\l(!Ys elicible for reeoncideration. 

5.5.6.3.6. 1:'])(i) ".5. Thia value can be acsicned to a depot if 

it io to be specific~ly exoluded from consideration at any stace in the 

procram. Criginally, the provioicn 1;ao made for completeneos, but later 

nark has shcun tha.t it can be of 1'ooi tive value to even a. routine 1'roblem. 

Thio aspeot ia discussed rurt..~er in section 5.7. 1ihieh de30ribes the 

sensitivity analycis procedure. 

5·5·1· 11. print out is aloo obtained oummarioine the status quo 

as folloHo 1-

5.5.'7.1. the volume of dcnand, source of supply, cost por unit 

and the tot:>l diotribution eost for each centre of donand. 



5.5.1.2. the throughput allocated at t~lio atnce of tho proDI'C.!:I 

to the depot in questicn. 

the fixod coat of the depot. If it io en exiotinz depot 

the fixed ooot iD knolm. If it io propoced, tll" fixed ooot io caloulo.ted 

aocordinG to tho fe~ulo. deccribed in oootion 6.2.0. 

the vo.riablo coot of oupplyinG the demand centres 

allocated to the depot. 

5.5.1.5. the crooa savine realisablo by the introduction of the 

depot into the baoio. 

tho nott o~vine of the depot, i.o., t.~e croos cavinG 

ninun tho fixed coat. 

5.5.1.1. A sunnary of all the depots (cnd tho centro.l OOttrco) in 

tho besis, DivinG thoir preocnt throuGhput, fixed ooot mld vo.riable coot 

for each depot. 

5.5.1.8. the total fixetl coot of the entiro net1fOrL up to this 

sta,..;e, 1.0., Il. eUI:=tion of tho fixed cooto lioted ill aection 5.5.1.1. 

tho vo.rill.ble coot of the entire not;wrk up to thin 

ataL~' i.o., tho ewn of variable cooto of 1l.1l tho pointe lioted in 

cection 5.5.7.7. Il.bove. 

5.5.1.10. the total ooot of collections (ooe oeotion 5.4.) 

tho tota.l overall cost, i.e., the crrul of total fixcd 

coato, total vnriablo ooots and tho conts of ce>llootiol1s. '1'11io total 

ohould be leao then the oorroopondinG ficuro in the proviouo ite~~tion. 

5.5.1.12. the tdtal ouYinG renlioed by the inolucion of the depot 

in the bcsia. It ia uoually eQual to the vnluo d03Cl'ibcd in ccction 

5.5.7.6., but thio Oml clll~ if the iteration co.used a dopot to drop 

out of the basis. It Cml even have a. noeativo value, but this is always 

corrected subsequently. 

5.5.1.13. tho improvoocnt (abooluto) in oost ovor the existing oystO!:l. 

Thio is usually no&~tivo nt firat, but will boco!:le positive if tI10 aleorithm 

is cucoesaful in iI:lprovin.; upon tho llrooent cyetem. 
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the ubove improvement OXJ.Jressed as a. peroentoeo. 

This is tho end of the first iteration. Tho same prooedure 

is i'ollowod for the next depot. Its OUPIJly oost ia COfolpa.rod \11 ih the present 

base delivery oost, which oould be for supply from eithor the oontral 

souroe or from another depot. ~'he sa.>no eooparioon as above io r:ada Md 

if the new depot showo 0. pooi tive nett SD.vine, it too enters the bado, 

c.nd tho requisite chances are mado in the! S anU. LA values. I:D(3) ~loo [,"Ots 

its appropria.te value and after oortain ohecko (000 seotion 5.6.) aro 

made, tho status quo io asuin su:marised. The ite:!."tltive prooeduro c:l.l'ries 

on until 11.11 dopoto havo been ooneidorod. 

5.6. ClICCKS 

Bach i tora.tion oontains a. chock to ensure that every 

depot in tho basis is produotive. i.e., it nakes a. positive contribution 

towards the sa.vinsn rea.lised by tho improvement prosram. The check is on 

whether the nett Ba.vin&~ of ouoh depot aro necativa, zero or pooitive. 

If the depot has a. necative nett sa.vine, it io oont~~ to tho main stream 

of the' progrllll IUld must be dropped. If the dopot has a. zero value for 

nett savines, ito presenoe in the basis, while not being unprofitable 

finanoially, doeo not make ~ definite oontribution in the desired 

dirootion. Cl1 the other hand, ito presenoe may load some unqua.~tifia.ble fa.otort 

such 11.0 pl~~ns IUld supervision time a.~d reoord-koepine. It n~, of cot~e, 

add to customers' oonvenienoe to have thio depot in oporation. All in all, 

ito presonoe in the haois m~ be debatable. Tho deoision as to Whether it 

is pemi tted to remain in tha basis onn be made in the liGht of eenorul 

circumstanoes. The computer program requires only very minor alterations. . . 
(In the oaoa study, I have deoided that ouoh a. depot ohould not remain in 

the baoio IUld ths proGram hao boon adjuoted aocordingly). A pooitive nett 

value is deoira.ble and the dopot ro~ains in the baoio. The pre~~ oan also 

be a.djuoted to handlo a oinimun value of pooitive oa.vineo, l1hich .dll ensure 
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that a renlistio pass nark ia observed. V~lues of s~vinGs ccaller tha<l this 

11ill be treated as it the;,' uere nOGativo. 

~he nctt oavinco fiGUre io obtained ~J deductinG the 

fixed coot of cach depot 1'1'01 the [,TOSl3 OZl.vinG13 realisable by i t3 intro-

duotion. Gross oavinGu arise when tho depot ean supjly demand ccn~ero at 

a oost lower then ~le previous baoe delivery oost. e.g., lot us assuco that 

the ecntral Bource 3 Duppliea dellnnd centre3 Cl' C2 , and that the firot 

depot Dl supplies C3, C4, CS' C6, C7 and Ca' Let us aosuco that tho crODS 

savinC3 of Dl were G3l and that its nett savinc,"s were G3l -1'Cl (llhere Fe1 

lIas the fixed cost ef Dl ). ll3l liOuld have been positivs, othor.d.se Dl 

uould not have entered ~o oo.ois. G3l has been built up of the snvincs 

contributions on account of C3, C4, C
5

, C6 , C
7 

and Ca' 

Let us now considcr tho introduotion of: depot D" into ... 
the basis. A cOllpariaon of delivery oosts may ohow that C3, C

5 
and C

7 
could be supplied cheapor from D2 rather than the present supplier Dl • 

If the total oavinGO on aeeount of ~eoe throe eentres exceeds 1,'C2 (the 

fixed coot. of D2), then the second depot enters tho rosio bccn.uso 1m2 is 

pooitive. At the same tim() Dl llould looe OUPl1ly to C3, C
5 

and C
7
• (It 

io also likely that oentre:} may be allocnted al;ay iron the central 

oourco, but its feaoibility io never questicned becn.use it ~ to be 

present in the basis at all times). ~hio meano that 03
1 

and ~ereforo 

1lSl would be affeoted. GSl 110uld non consist of the oavineo contributions 

of o~ C
4

, C6 ani Ca' ~he fixQ~ cost ~Cl mayor Ilay not chnnCe. If it 

ia an eAistin5 depot, the fixed cest will not chance. If it is a proposed 

depot, tho estillato of lI>Jl will cha.nso a.ccordina to the fOrJJula derived 

in section 6.2.8. '.rho eX.J:'eosion which chan~es the w.lue of lIS
1 

ia 

new 1131 .. old 1131 - oa.vinS'J contribution3 from C3, C5 and 07 + "hat­

ever adjuotncnt io neceso~ to the fixed coot, tho ~oorotical valuo 

beincr obtained from the use of the aboveccntioned tornula.. 

5.6.3. Ue nOli look at the nelf V..l.luo ot: IT31 • It it romains pooi tive 

the depot Dl is still productive and remains ill the ooois. '''~e cn.se ui th 
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zero savill[;S ha::! boen diacussed earlier (coet. 5.6.). Ii' 1131 becomes 

llo;.,c.tive, 11e helve en tU'ldesilublo oituation whore a. depot llhioh ccme 

leGitimately into the baois, continuos to supply eertain centren of 

demand, but doos so at u loss. This cannot bo allowed - cnd the depot 

is dropped forthwith froe the basis. ( It will, however, be tl.'V:1.ilable 

for reconsideration in ruturo it~rations even thouGh its performenco 

h'ls not been succeoot'ul at thio ota(,,,,. l'roviuion for reconsideration 

h:lo been incorporated in the pro.:;ram in order to cope \1i th the j.)ocaibili ty ... -

of cubcoquent re-chufflinS of demand cenU'es toot nay enable thio 3=e 

dopot to boc.oeo "proi'i table" acain) ./hen this depot ia drol)ped from the 

b;).oia, oome ..i.dju:Jtr.lont hi1-0 to bo made rei.,<U'dine those de~;md centroa 

that it 1-/0.0 ntill "cupplyin..:;". It llould cO::Jplirote prosru.nminS ir..nensely 

if a. search uere !Jade at thin staco to determine tho next best oourco of 

oupply - thore io an eqUll.l cll=ce tlmt this next boet eourco io oi ther 

already in ~le basin, or it 000 been conoidored and rejected, or it ia 

otill to bo oonnidorcd. In order to cope 1Ii th all poeoiblo eventUll.li tiea, 

the device that is adopted is to revert oupplien to all their do=d oentres . 

to the contral sourco. At tho saT-e tiee en indicator (In) in aativ~tod 

co tha.t, ;;hell Illl i tcrutiona in the ncin llrol.;Ta.tl have been comploted, i.o., 

1111 depots have been considered, the prveron loopo back and tc.kco up ill 

the dOlJoto for re-conoidera ticn. Thin loop ensures po si ti voly that the 

deL1C.nd centre uill in faot bo IlDsiened to tho next beot source uhich 11111 

then be kopt. in the baois, proVided, of oourse, tlmt!i::!. nett £lavinco 

poeition iD favourable. The revornion of supply to tho contral £lOurOO 

1.1a.y increase the total cont of distribution - since lro are taldnG a 

rotrosrade stop - but such an evont .. io only temporllry. The indicc.tor 

IR oauseD tho prouran to loop cnd the inbuilt provioion for oont 

reduotion ensuren the.t t;rotU'ld loot io OtIucht up aGain. 

The check deocribed Ilbove hlln proved its 'V:1.1uo over 

severlll =s of tho toot problel.1. A:.un ld thout thin oheck fP.VC 0. recul t 

lthere 001'13 tho.n 2 depotn rel'lll.ined in tho basin even thou;)l they llero 
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unpro;;"i t:lblc. 'l:!lio is boes-we they entel'ec'. the basis initially !lS pro::i tnbla 

QO?ots - but re-alloeation of their demand centres revcrced the pocition. 

In fact, it iD only a check like th::lt deocribed above, that '-"ill encure 

that such revor~ls arc detected and rectified. 

5.7. SLUSI'I'IVITY lJ1ALY:JIS 

A sem:i ti vi ty o.no.lycis forf.ls en integral part of the 

nctt technique. It haD been desi[,'ned la tL t110 pritl:J.ry objoctivcc:-

a) It pcrformo tho uoual ~~ction of dCf.lonotr:J.tinc the 

effect of oo.king chcn,ses in tho final baoio. 

b) It provideD:'. neehcnisn llhereby the operator may be 

uble to brine about further imprevel~ents to the fin:~l solution obt:l.ined 

by the main procro.c. Sinee tho proposed techniquo io houl'ictic, the timl 

colution cannot bo ~ro.nteed to bo optimal. Tho se~~itivity cmlycis 

could point cut areas of further soarch lIhichf.l:J.Y brill.:: t'. non-optioo.l 

soluti(Jt1 closor to the absolute optinun. 

5·7.1. Tho routine is 0.100 i toro. ti vc. It cor.mellCOS lIi th the 

f'iml solution obto.inod by the main pro.:;rac - 1fl11oh displays the nur.Jbcr 

cnd identity of the depoto cllooen und the allocation of de~nd centreD 

to theoo depoto. An aocoosoent ia nou =de of the cffoct on the f'iml 

coat of droppine ono ut a time, the aolected depota from the riml basis. 

The effect is ulao dcte~lined of' foroine non-aeleotod depots into tho basis. 

Tho ooc11o.111sl,1 of theus oporJ.tiono is siqplo. lIor the firat, the roloV:J.nt 

depot ia specifically exoluded from oonsideration by settina its leD indicator 

at 5 ( see Section 5.5.6.3.). Concurrontly, all der:l1:!lld centras allocated 

to it are revertod for ::l\.lllPly from the c~ntral source - and tho rr .. :l.in 

prob~ routino (doscribed in Section 5.5.) is repeated. 7ho oain pro~ 

does not Gt:.rt from scratoh ( i.e., with ,,11 deoand centreo being supplied 

frOIl the centI'al nource). It continue a frOll tho l'a ttcrn reached in the 

timl i tera tion ,Ii th the only cho.n60 bOins in the (lource ot supply of 

those oentren uhich uoro alloCJ.ted to the depot in quention. Thin short 

cut caves cornputine tice. ~'ho main pro.:;rall (repeatod) nOlf brinGS the 
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amer.d.ed problor.l to a new fino.l basis - and deterlline tho chance betl"recn 

this bO-sis and the former final baois. In the =jori ty 0:[' cu.seo, the 

amended final basis operates at a hie;hor coat. ':i:hc difference is the 

extr:l. coat that nould be incurred if the basio depot _s dropped. If, 

on the othor hand, the W:lended oet-up costs leoo than the orie;inal basis, 

tho scnsi t1 Vi ty analysis MS produoed n bonus. I t has deteoted an 

opportuni ty of improVina upon tho i'inal colution obtcdnod e:l.rlier. In 

such an event the earlier progro..'J MO not re:l.ched the OptimtUl ( not 

unexpoctod sinoe it io n heuriotio proeron) and 0. oluo is obt:l.ined as to 

hOlf it can be approachod. 'rhe cxclusion of this dopot nill iml1rovo the 

colution. 

If' only one such depot io detected by the anal;rsis, 110 

further vori\; io nooessary. The aoended i'inal oosis is displayod as tIle 

result. If, ho;;ovor, thc)ro are l:Iauy such depots, n re-run oi' tho proC= 

io required (after opoeifically excluding all these dopots) ao the 

analysis ca.'"]. only copo lii th one depot n t a. tir.le Md the collective effect 

of' dropping several depots is not the sUr.! of their individual depots. 

The aecond nlternative consists of forcing non-seleotod 

depots into tho basis. llioh suoh dopot io examined to doteI'mine lrhother 

thero aro o.ny oentros of domMd .. hich could be supplied ±'rom ita t a 

cost loner than that from the assiened oouroe of supply. Ii' there are no 

ouch centres tho effect of forcing this depot into the basis is to incur 

an extra expenditure equivalent to its fixed cost. If, hOlfOvor, there 

ere oontres which oould be oupplied cheaper from this depot, the total 

potential saving ill so doing is deteroined. This saVinG ia deducted :.."rOI:l 

the fixed oost ol the depot end the balance is the extra oost of iorcine 
, 

this depot into tho basis. The fixed cost will nluays be hiGher than the 

potential savinG' If it 1ll1Sn't tho depot lIould have been inoluded in the 

first instMoe. The reduotion of potentiul fltlvines from the fixed cost 

to.kes into account the effoct 011 fixed costs of other dClpots of the 

hypot;iGtioal trensfer to tllo nel( depot of cOl"tuin centros of dooMd. 
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ThQ value of this aenniti vi ty nno.lysis ia clem-. The 

effect of oakin(> chances, oi ther lilly, in tho b.:::.ai:J is expres:Jed in the 

forn of extra coat, nnd a dociaion roc;ardine possiblo ch~~es cen be made 

ui th 0. full YJlovTledc;e o:!: its conoe'luences. 

5.8. In addi Unn to the checl:n and Gensi tivi ty t'_'1.:::.lyoiG 

dcocribed abevo, tho n011 teclll'liquo incoI1)oratc(J prov:l.oion 1\'hr.·reby an 

addition.:::.l conotraint can be conoidcred. The conntrnint eoneerna e 

po:Joibili ty that certain del)ots may, for Dome reaoon or other, lmvo a 

naxim'llJ"1 throuGhPUt cet uIJon then by oxternal fr..ctora. (sec section 

5.2.10.) I~ck of apace, inadequate tI'('~crport facilities, or lecp~ 

reGtriotiono nay be oono of theDe fo.ctora. A coilin(; to throu.:.hl,ut is 

a. serious lmndicap and provision iD nr..de in the pro[;l'!'.o to Cive the best 

resul ts Id. thin thio constraint. 

5.8.1. The nnY~ntuJ is determined separately and io fed in o.s an 

ite!:! 0;[' input. Hhen the usu:1.1 test of feasibility of (\ depot io !~.:::.de 

aro tuo nett o.:::.\'in:.;o pooi tivo? - a. check io nnete to dete=ine uhethcr 

the throu:.;.'lput so allocated exceedo the mn.xirlt.1,.'j throu:::l1pnt (If ~'1Y). If 

tho DD.Y..inua has been exceeded, a op<'Jcinl sub-routine cor'cs into operation. 

This cub-reutine first m-ronCcs dC!lmnd oentrco aceiOlcd to th<" depot in 

decreacinc order ot' r.mc;ni tudo ef tho cavines tha:t; they c...,.n contributo H' 

oupplicd froll this deIJot. J"n allooation is then tle.de ,,11ich 1::,110 koeping 

tho throUchrut within i ts r.laxir.lUl~ consists of thosc centres uhich contributo 

the oavineo to the depot. lTa.vinc clOlle 00, a further checll: is !,c.do en 

tho f'c('.sibili ty of the depot - do the cmvincs rerdiscble by the nel1 

selectien cf' cantres of: der.lr~d still oxoeed the fixecl coot of tho dopot? 

Ii' 00, the depot cntcro the hr.si::!, lfi',h c. throu:.hrmt tl,.:::.t in ~;ithin tho 

conotruint. If not, the cIepet d.een not enter the b:::.:::io c.t this ot:2CO, oinco 

its conotrninod tllrou~nput deeo not prod.uco adcqtmte s:2vincc to j~>tifY 
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Ita entry. Honover it retm.ins c.vcilable foJ.' reconsiderc.tion (It a 1nter 

stcce if neoessar,y. 

5.8.2. . Adoqunte oross ohocko have boen inoorporated ill tho 

l'ro[;!'c::l to enou:ro that the moximun throUL;hput iD not exoeeded, nnd that 

evory ef'!'ort iD made to operate ouoh depots (ts olooe as poooi1.J1e to thG 

~lrouLhput ooi1in8 so thnt savinea too cen bo maximised. 

::;':I.'~cn(;1r Ol" Df:PCIl'S lOO!! CC:TSIDi;J:A'l'1ClT m :'''-313 

5.9. The proceduro described above envisnc;oc tho introduction, 

ono by one, of nll f'cnoib10 depot'"! into the basic. The :i.ni tin1 bncis 

oonsicto of' only the oentral cource. Dopota o.re brouGht in thereafter. 

The queotion nrioeo nOll about the ordor in nhich t..'ley r.re td~cn up. ':I~is 

queotion enn be beot nnc,rercd by deocribing h011 I have tacl:led the cm:lC 

study. 

The caze otudy deo.10 1d th 1 oentrnl oourco, 13 czicting 

depots, 72 propooed dopoto and 613 centres of' dor.~d. I bD.vc o.rrcneed the 

depots. (85 in all) in the follonine cequence after ~10 central oourco:-

n} the 13 existine depoto. ccho order in .. hioh the 13 ero urr:o.ncec1. 

is thc.t in .. hich they nppoer in the recorda of the Coyloll Potroleun 

Cor:,orntion. I do not believe thnt thero :io cllY siL)1ifironco ill thoir 

nrr<1.ncement nnd I extend this belief to tho or,ler in ;;hich they ere taken 

up in the proeram. The main renson for this Ilcou':lption io thut t:1ene 

depots ere fairly unifomly scattered ~u'ouGhout the COUlltry cnd erQ, to 

a certain extent, independent of each other. 

Thero are threo rea.oontl for tclcinG t.he existinc depets 

first. They nre:-

5.9,2.1. I en ho1'in6 to reduce the need for alterinG ~e exioting 

p<1.ttern of depots to a r.inir= by GivinG ~lC proGrCJ:l every ch::nco to keep 

then in the 00.:::10. ::h<:!n all dc!:!r:.lld Ce!itreo ere "expo::!ed" to the e:r.:iatint: 

depots i'irot, there io a [;rcater Oho.11CO that they 1I0uld rcz:-.ain attached 

to their present oourccs. enco ~cae depot:: ere in the Unsi::!, they can be 
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elir.ri.no.tecl only if n eufficient numbcr of der.lru1d. centreo io lIithUrmm froe 

thCD. l!,y ncthod doco not cnourc tlw. t 0.11 exiotinc depots ,:i11 reoo.in in 

tllC beois - it nerely GiveD then every opporttlrlity of doinc no. 

5.9.2.2. J3y reducin; the o.:lOtlrlt of o.lteratieno to the exintillG 

p!lttGrn, I c:n hop in:; to keep d01>'l1 tho reQuiremento of fresh c!lpi t:.l tl:at 

11111 be neoded for the conotruction of lle11 depote. Thie is in dei'orence 

to the univcro::.l ohort:l.ce of c::.pi tal in all parte of tlle indu:JtI"J' 

I Cl:! dependinc on tllo fact tllO. t tho oil c0::11'::.nieo t:ould 

hav() carried out sone cort of =lyois of distl'ibution pc:tternc cnd costa 

before cen:Jtructinc theso depoto at their preDent locc.tion::l. 

It ic the notllOd of al'mn(;ina tll(l bo.lo.nco 72 dopots tha.t 

i::l it1portnnt. !:y fir:Jt intention 1m::l to <1ovi::l:J oone Dort of llriori ty bo.:Jis 

for noleotion. I acnu.':led tllat tlle bic::;eot centre of de::1o.n::1 1Tould, by 

virtuo 01' i tc hich volu.':lo, ShOlf potential for the .::;rea-tect co.vinG ill cost. 

I t~wreforc o.rra.n,.,"Od all denand centres in decreasinc order of volur.le of 

tllrouChput. ~hen, for the bic£:;ect v,)lu.':lc centre, I 1'ow:u. the depot tllo.t 

c"uld 0'1011 it the L.Teatcot C(\vinC in trn.nsport coot, o.:ld concidered it 

i'irot ot 0.11 for the bacis. '-"he next Clepotto be taken shotTe<l. tll~ L'Teo. tect 

cavinG £or tho occond hichoot volur;lo contro, nnd so forth. It ~,j:1..3 Zctmd 

hOlfcvor, tb-at tllere U:lO no (;tW.r:ll1teo that every depot lIoul<l. bo connidcred. 

(l.G., if (\ eert(\in depot could not be tho oheapcot oupplier to ~ centra, 

it 11:20 nov,,:::, conoiderod. In o.c;,Qi·~ion there 1mo the fact the depotc 11oro 

ecnoidored. :10=-0 tllru1 ence, since ther" l:ould be 613 i teratiello inv01vinc 

only 65 depoto. en C-''l :lVJraco, eo.c11 de)ot lmo tcl:cn up about 8 ti:JCO. 'l'his 

11;::0 vo:::,y unotefuJ. in CO::l;lutint; of:f'ort. 2urthemorc tluo I:let,lOd r.:e.:l.nt toot 

there l1ere at le(\st 613 iterations, noct of then beillcl ro~)()ated. !l~ ticea 

over. 

:Before rejeetine this nethod, I rcp.:oated tho rUll lfi th 

the centres of dem:l.lld t:il:en in inc:::'o('.::l:1nc orG.er of throu,::;h!mt, a l'cversal 

of th') abuve order. Tho recul t obto.ined. sholTed eOllsidemblo v ... :dation 

froo t.'lat obtained curlier, and confirnccl cy belief tl1at I 110.0 i'ol1011inc 
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I then chanced the oycteo of depot oolection to tu:in6 

each <:-nd eyery depot in tho bD-oio. As stnted earlier tho first 1'01'1 toot 

liero com~id.orcd lTOI''' the 07..1C tinc onoo. ~ho reot of the oi teo ;.rere 0.100 

loontod on rdllmy linea rndiatinc Il.1my fror:1 the cent=l oource. ,;nch 

I'nil\;-o.y lino lTa.e taken up o opera toly, uno. tho depoto on it uere tcl'::en up 

. in the ord.cr tho.t one ~tould moet ther.'l uhen tI'ayellinc mro.y ±'l'Or.'l tho 

eentro.l oource. Cne uould th"reforc UDe t!w 00.00 rn tionnle co uno uoed 

in the no.in procrnn. ?he eo.rlicr dopot::! ::!t::u-tod ofi' uith hieh throuchputo 

o1nce they coYor"d the "hole "ca.tchnent areo." cf the line, but thio 

tllrou;)lput lme l,hi ttled mr..:.y lthon dopote furtl1.or doml the lino wore tcl::en 

Ul'. ~his nctl..'1.t that all depoto but the 1~3t onc on ~lO line ota.rtcd off 

biC o.nd loot their Yolul'l() to the dopoto cooine o.fter then. '.'c.ch depot uno 

therd.'ore ci yen the boot opportu..'11 ty to roonin in the: h:~oio, cnd if they 

dO. drop out, it ,mo due entirely to the "con~)ctitive" position, end not 

duo to bin::! on ny p::u-t. 

5.9.6. 

of imll:t'OYCOont. 

5.9.6.1, 

bo.sio. 

"By brinL.'illC about thio cho.,1'1[;0, I tietoctcd ocvc=l =00.0 

I n::.de oura tho.t every d"pot u-..:.o considered fer the 

I cut clolm tlle n=bcr of itcrc..tiono fro::! 613 to 35. (In 

noo t cxnnpleo J the ratio of der:1Md centrco to l=chou:lO oi tea lTOuld bel of 

the oa!':1,'; oruer.) 

1'hero lrJoO D. 10Gico.l oeClucnco ill uhich depot::: uere 

connidcrcd. 

The consideration/rejcction of depoto U:lS done by the 

al.::;ori th::l and m::.s not influenced bY any bias on the pe-rt of the o~,crD.tor. 

I he-ve incorporated thio syoten in the procrr:.I:J. 
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T1W Co:.:PUTlill PRCGllAII 

The computer procroo, llri~ten in FOllTRfJT IV io 110ted 

in the follolnnc paces. The otatements have been numbered for easy 

identification. 'l'his seotion io devoted to a quick run-throue;h of the 

program, with a brief explanation of the tlOl1 of logio. 

Statemento 

10 - 45 

50 

55 - 70 

75 - 85 

90 - 100 

105 

110 - 125 

130 - 180 

Thio io the progmm description segment. It e1ves, a 

number to the procmm ( GP03 ) and indicateo the input 

and output tledia. 

gives the title to the prograr.l - Distribution Cost Annlysis 

seta the dimenaiona of the subscripted variables used 

Data statement describincr alternative legends 

determines nnd print a out the Startincr timo 

sets the space requireoent on the =cnetio disc( UTDl ) 

sots paraoetcrs of problem - 10 a number of oentres of 

deoo.nd, ID - number of depots, JD .. number of existing 

souroes. Also feeds in. basio oost data - AX and AY are 

ooefficients in the expression l:J .. P x AX + AY, which 

calculates the fixed cost of proposed depotsJ OK is the 

opcra.t1ncr cost of the central oourceJ FJl is the basio 

oost per gallon mile of road tank lOrries, and la is a 

parameter ( IG - 10 :It ID ) lfhioh influencea otorace/retrievnl 

of data from the magnetio disc. 

reads in ( from magnetic tape ) the transport cost data 

grid ( D ) and transfers it to the magnetic disoJ also 

reads in names of the centres of demand ( mr ) and their 

requirement a ( S, SI, X end TD being Standard Gallons (A), 

standard Gallona (D), Kolonnawa. Gallons (A) nnd Kolonnaw. 

Gallona (D) respectively )J the nerneo of the dopots ( DP ), 



statements 

190 - 195 

240 - 525 

530 - 625 

650 - 750 

770 - 900 
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the fixed costs of the existine depots ( B ),depot 

operating costs ( T~ ); trunking costs to depots ( TX ), 

cost of supplying each centre froe the centrBl oource ( y ), 

m!l.X1lnum throughput of depots ( LX ), and the present 

source of supply to each centre of demand ( IS ). , 
calculates the fixed cost of th~ preoent network. 

calcu'l.atefl tJlo cost of the pr~se~t distribution system 

and prints out all details of the present oet up. 

prints o~t list of depots ( existing and proposed ), 

and ex depot costs. 

calculates e.nd prints out cost of oupplying all oentres 

of demand from the central source. 

sets up certain preliminar.y conditions for tho iterations 

of the main program which commencos froe statement 790. 

Statemont 775 is the one which speoifically exc1udea 

depot numbers 12, 26, 40 and 43 from tho basia. See section 

6.4.2.4- for reasons. 

965 - 1015 checks on tile possibilitioa of savines for the depot being 

considorod. lach oentro of demand is taken up separatoly. 

1040 - 1165 checks on the profi tabili ty of each depot a.lrea.dy in the 

basis. If a. depot booomes unprofitable, it is dropped 

from the basis, and the oentres allocated to it are 

reverted for supply from Kolonnawa. Statemont 1125 activutos 

a loop 'Which repeats the vrhole cycle of ollerations to 

ensure that centres of demand are aasigned to the lowest 

cost source. 

1170 - 1275 summarisea e.nd retains the throUGhputs and costs of all 

depots ( and the centra.l oource ) in the basis. 

1280 - 1335 che()!{s on the profitability of the new depot. 

1375 - 1400 inveaticates whether the ma.xir.rum throUGhput, if any, Ims 



Statements 

1410 - 1470 

been exceeded. I~ so, it sets up a special sub-routine. 

this seGment comes inte opcration only if the throuenPUt 

assigned to the depot has exceeded its naximuo throughput. 

It arranges the savinea contributions o~ the centros of 

de~d allocated to it in decreasing order of savinGs. 

1500 - 1630 allocation of demand centres to the depet in decreasing 

order of magnitudo of savines such that the nnyi= 

throughput ia approached but not exceeded. 

1635 - 1710 ~ of the balanee centres o~ demand. 

1715 - 1805 check on the profitability of the depot with its constrained 

throughput. 

1810 - 2185 summary and print Ot~t o~ present statua. All depota in 

the basia arc liated with their preaent throU[;hputs, fixed 

costa and vnriable costa. The new depot's contribution 

to savines, ita throuehput, fixed and variablo cost, the 

number of depots in the basia, the fixed and variable 

cost o~ the network to date, the oavines over tho present 

coat of supply and. tho percentage oavinc;s are also printed. 

The iterations of the main proerac end here. Tho next iteration starts 

from atatement 790. 

2195 - 2525 end of iterations o~ main program. If the loop in 

statemcnt 1125 has been activated, the main program is 

reeyoled to repeat thewhelo series of iterations. 

Cnee the main program has been oompleted, the final basis 

is su::uno.rised and printed. In add! tion to eivin,g oosts 

and throughputs of' the uhole network, each source is 

listed separa.tely with the oentres allocated to it. This 

listing permi to eaay determination of uhere 0. particular 

centre has been allocated. 

2530 - 2685 final DUr.lI:lary of depot a in basiS, w1 th throuchputa and coata. 
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Statements 

2110 - 2125 provision for identification of dopots whose exclusion 

will improve ~le solution. 

2130 - 2150 

2155 

2165 - 2180 

2185 - 3010 

3015 - 3085 

3105 

provision to alter estimates of demand ( if neoessar.r ). 

provision to exolude sensitivity analysis, if so desired. 

time chock and print out. 

sensitivity analysis. 

fi1la.l timo check. 

ond of seement. 
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5.11. '.i.'his teoJ:uuQ.ue hno been developed cnpirioally fron 

first principleo in un attenpt to oru:e it casily undorotood and undertru~en. 

It has been rleoiened lfi th ver-J ainplc 10[,10 und the muthcma1;icD uaed is 

basic. In spite of i to sil3plici ty it contain3 several feuturco whioh 

oovcr tho caps loft by previou3 ~10rll:, even thouch tho latter freQuently 

enploy llUeh !lore sophistio': ted o.leori thn:lo 'ihil3 seotion io devot-:d. to 

a dioeuooien of hOll the nell prooedure OVC~'OO:3es oertain onortooninco of 

eurlier nork in thio field. 

5.11.1. Fixed Costa 

'.rho inoorporation of fixed oonto heo not been undcrtru;:en 

by ocvcra.l nethodo listed earlier - Linear proeI~mnin0 (seotion 4.6.), the 

opcoialisod trul''loportntion method (seotion 4.5.), the oentre of [,Tuvi ty 

ncthodo of l:cefer (seotion 4.7.), Buratall, Leavcr unQ nuac~~o (seotion 

4.9.), ]ruoo'o na.n1pulution nethod (aeotion 4.8.), i3rinl, and do Cnni'o 

analoGUo oothod (seotion 4.11.), uno. the heuristio ncthodo ot ~umol 

and ~io1fe (seotion 4.12.) o.nd Griffi tho (sootion 4.15.). 'i'hese toehniques 

ei thel.' iGnore i'i."tccl costa or are unable to OOl)O l1i th them. For in(1tunoe, 

linear procr=ing is a very olec,mt method of oost Llinininution (or 

prod t r.1"vjnieation) in an establiahcd operationa.l nottlork. It operntos on 

n=o.=l coeto on tho aosu!:lption that fixocl costo are connt.u1t throU[;hout 

the etudy und. thord'orc noed not enter tho optioioation process. It io 

thio assumption that llakeo otanda.rd linear pr05IUl:llling unoui to.blo for 

problol:lo ouoh 0.0 the one bOinC und.ertru:en in this otu:ly. ,"'ho ideo. is to 

briuco.bout :fl.mda.r.:enta.l chanco'l in tiw netuork i toolf, and Lot oerely to 

rC-UZ'2'nnGe routineo 11i thin D. fixed network. lIhilo ad::!i ttinG the ponoibili ty 

that tho e:;;>tiniso.tion of I'oUtinCO niGht not chD.neo the ntruoturo of tho 

notllork, one l1u:Jt UGO U toohluque that oould cope ,d th ouoh C;l:!.llgOO uo = 

'~'ha other mcthouo too nhol( t,do nono 1ieru;ncoo in not 
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tukinc int, nccount tho i'ixod conta of tho depoto oelectcd for the not1{ork • 

.. 00t of.' them oirnply i0103.-0 fixod oooto. Tho prosu:nption seems to be that 

fixed cocto \fill not chun"e much, or, oinoo, they ara mootly denlins \ii th 

oinel,.: depot sYGtorns, t.'1O. t fixed costs are tc.l:on to be unchunc-cu. during 

The ne11 technique tekeG fixed and v-....rin.ble oosto into 
• 

consideration, and fJJ:ry dopot 'i~ioh drops out of the 1;)(::.ois, tnkco ita 
(42) 

:axed coot o.1/n.y froll the objectivo funotion. l:ouhn and lla.r.1burcer rel'er to 

tho UGO of opocinlincd liuwc.r pro&"I'=inl:> nlcori thmo desienod. to handle 

fixod coot oloDonto but dicnioo thoir UGO on tho l;roundo of non-l~e=i ty 

c.nd oxcesoive co"~puting ti:.10, oopocially whon 1000 titlo-concunino 

reutilleo arc uvuilnble. 

5.11.2. Connideration of o~~cr ooots 

In o.d.d! tion to the fixod oooto of the del'oto, tl:ero arc 

ethor oooto l1hioh havo to 00 o.'lloidercd. Cortnin uri tor3 do not inolude 

t!lC::l et ell. Brink and do Cc."li (oection 4.11.) h::.ve not tcl:on into e.ooount 

~~o :JUp::Jly oont i'ron tho ::l:l.in oourcc to the centre/n of dictril)Ution. 

Griffi thn (noction 4.15.) oonoidor::: only delivery cont.; frc::! trc.nni t 

depoto to oustoDero, in n 4-otnC3 problem involvinG ~acterieo, uiatribution 

oent~cn, transit depoto and ouotooero. ITe doos not oonsider nll ~~e other 

O:lOt3 that =e built up in the oyotco. 

It 1s ole= th~t all oosto nuot onter into oonnidornt10n. 

';he pu."'Poce of: the exercise io to l1inimioo total co:::tc, no-'.; merely trl'.nsport 

ooots betlloon dopot and c'.lotoner. 

All costa hnvo be on tcl·~cn into nceo1l.."lt in ~'J.o non oothod. 

'l'11eoe costn arc cenerated oxtcrnally and i'ed in all input dnt."!.. '-"he oxtension 

ol' the Clain program to caloulnte cuoh coots presento no difi'ioul ty 

orhataoevcr, but it io fol t ~'mt they aro beot done outside thio pro~o. 

~"or one thine, eaoh run 11111 hnvc to on.loula te tho ca.-ne oosto over and over 

acain. ?urtheroore, the flexibilit.7 of tho optioination procedure 10 

increasel t;t'eatly if the only nltQra.tions required in it fro:n problem 



to problem are the settinc of the parameters governing the size of each 

problec. 

5.11.3. ~ple drop journeys 

Griffiths (section 4.15.) has confined his ctudy to 

multiple drop journeys. This is a vital feature of ~~o problem, the fact 

that ceveral customcrs/tolms Ifill h:lve to be visited on the sinele delivery 

round. ilis concepts of route-dependent und route-independent me~sures of 

mileaGe are based on this provision. 

5.11.3.1. It is agreed that multiple drops are a necessary provision 

in petroleum deliveries, partioularly in Britain. It is houever, almost 

extinct in Ceylon. 

The nelf technique does not mnko opecific provision for 

r"ul tiple drops. It is however possible to incorporate this provision for 

certain ccntres of demand. Ilul tiple drop jeurneys are core expensive than 

single drop trips, und it is poosi ble to estimate how much more the former 

would cost. This correctioh faotor could then be applied to the volune of 

denand at thooe particular centres involved in multiple drops. This is 

sinilar to the prOvision made by Lc:nlrence und Pengilly (secticn 4.11.) 

to deal 17i th traffio oongeotion and infeaeiblo depot si tos. The adjustment 

is only approxinato because it assumes that thece deoand. centres reQuire 

mu! tiple dropa all the tine, but here too a correction co.y lle callc by 

reducing the extra cost faotor lrhich uns used to incrence the volur:te of 

decund. 

5.11.4. Traffic congestion/road Hazards 

The adjustment made by Lawrence cnd Pengilly (section 

4.11.) to reflect the additional time (and eost) by traffic concestion 

and natural hazards ia to increase tho actual mileaGe by I? predetermined 

faetor. Sinilnr provision can be made in the ne'f technique, by adjustinc 

the roed nileace I1hcn co.lculatinc tr1:ncport ooats to dern~nd centres. 



-136-

L 'I' -en ~u c:;.r:'110 t biJ 



-131-

on thio eeCCU1'lt c.ro 01nioioeo., if not cllnin::.ted o.ltoc:cther. 

5.11.1. ~cn-1ineo.rity of tro.noport cooto 

I'on-lineo.ri ty of trcnoport costo iD en inportD..."lt :fact 

of life. tcrr;r =lyoio tl1!:.t doco not rccooUoc this iD introduc1n::: 0. very 

ocr1ouo elencnt of e=or into tho reoul ts. J:oot autlloro 0.00=0 line0.2'i ty 

a(l " natter of conycnienco, but they point out thc.t it 0.000 not cxiot. But 

very li tUn hus beon done to :incor:;>orato non-lineo.1'i tieD in actu:::.l ,"or!c. 

'l'he ne1'1 technique po.~·o attention to non-lincc.ri tieD, but 

not directly. It =eo tr:::noport cooto tlmt bYe be~n co.lculated c::tcl'n::.lly 

(ooe oecticn 5.3.) both on the bedo of unit diot:mce aD lfell CO per 

journcj'. 

Providon for roan-lineo.ri t'<J iD clei:::ed even thcu,:;h it 

10 not 0. po.rt of tho r.l::.in pro[,'l'c.n, boc:::.uoo the :::'l'pronch :.:dopted in r:;;r 

techniqu,,, iD te uor!; on totel vo.:::-io.blc ccnt 1'01' journey, cnd nor.-lino::.ri ty 

io :::-ec0D'liocd =<1 incor,ocrc.tcd in the routine .rhich cclculnten thecc 

ccnto. 

5.11.8. )'ul tiplo depot oynter.lo 

Sono of the lIor): deoerib8d o:::.rlior lllJ.:l boen eonec=n<,d ,11th 

tho plecer.lc:nt of one depot. 'rhe l)reoollt otudy reQ.uireo tho placement ef 

11:1 u.'1knolln nmber of dcpotcr. Therefore u teclmique uhich can locate only 

O:le dellet is iI'~dc'lunto to cope l1i th thin prebleL'l. 

5.11.13.1. 'l'he ne~r teolmiquo iD b::\oed upon illt~'oduotion/rcjection 

of all 1'c(1.oible depots cnd there io 110 liDi to.t1on e.o rc(.,"a:rdf3 nU:lb.:r of 

Q(1)oto tlla.t CUll be oeleeted. Convercenco on = opti:··.m iD entirely 

c.uto::;ntio =d c:umot b9 influenced by the 11mber of depota locc.ted. 

5.11.9. Pre-deternir.ntion of nmber of do;potn in b,.,nb 

~he lo.ot point 10(1.0.0 directly to t..'1.in one. ~;oJ:\e tochniqueo 

dellenu. u:,l0n un extern.:.l deeioien recurdinc the =oer 01' depota te bo 

100::.tod. '.i'he proceaa of optiI1ic.1.tion requires repea.tcd l"U."lO of' the p:=oo{;1'!lll 
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ucine; di:f J:orent nUIlber::: 0:: depoto, 11i th rl final e=i= tion beinG nude to 

uotc111ine tho bost pattern. In adUi tien to varying the nUr.lber of uopoto 

in o",eh run, r.loot p::.'Oceduroa oonsider aeveral oonbi=tiono o:r d.epotar 

5.11.9.1. It ia felt that thio "intez'ference" re1'loeto a ilecl-".neDD 

of tho technique i toelf. In u("di tion u. lot of t1J:o liJ.Y bo m!otcd i'1 

rcpcc.tcu. rune. 

.5.11.9.2. ';'ho new teelmiquo io oelf-adjuntinC' It el tern the =ber 

of depotn in tho bn.aio upon connidol"rltiono of cant alone. It ceurc.hc:J for 

better eolutiono and in doinG 00 altero the nu~bor of dopoto. In :feet, 

t:to alcoritt:J io r.loro concerned llit11 tho identity of the depotn in the 

bn.oio. 'r:10 nUIlbor i'0110101; autonatical1y i'rolJl thio. 

5.11.10. Uoo of r,rido in narkot deMarcation 

In cortaill r.:ethodo tho o=l~ot hao boe'1 <li viuod into 

criuo. ':hio den=catioll hao beon oade ill orccer to feeili t:l.to ealcula.tion 

of clioteneoo =<1 t~oroforo eooto. Laurcneo and 1'enc111;7 (ooctiell 4.17.) 

un3Uf.lC thet thc diatance travelled ui thin oech crid ( 6.215 nilea oqw.re) 

io eonlltant, lIhil0 L>oyl~ (ooction 4.21.) inpliea that the demmd iD 

UlliforLl l1i thin each crid neetion (3 oileo by 4 L'll1eo). 

5.11.10.1. The approxiIaatioll u:;ei in the nen technique io to 

concentrete the vclUIle of <.l.CtlC.lld 111 tlUll a. certain =ca (poot offico ::lOneo 

havo boon u:::ed in the cn.:::e otudJ") c.t its oc;ntre. In other "ord3, onc11 

t01111 ie ropreocntcd. by one cuoto!:!er \Thooe volu~o of de::Jand is the :::tlr~ of 

the vcl=e:.J ef each inUividual cenmmor in the ;::.rea. 

5.11.10.2. Thia epprozioa tion hao boen nndo :'or convenience end to 

reduce cooputinG tine. It io quito enay to consider ea.ch conzWJcr 

individually, but doing 00 l(vuld not C:J.uno any oicn1ficant if.lprevcnellt 

in the ro:::ult. It .. ould enly inerea:::c computation tine. 

5.11.11. l,-:;-Gvaluatien of dopotn in b·,.::!i::: 

<;:he evaltw.ticn of d.epoto in the bado iD t:.ll bportc.nt 
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part of the 1 te:ro ti vo routine used in tho nel1 techniquo. ICeuhn t'.nd . 

llamburGer (seoti0n 4.18.) have incorporatod this SaDe facili~ in thoir 

mothod. Tho need for it is cloar. t. depot ia accoptod only l1hen it can 

ohol1 ooce oavines in distribution coat. "dopot ohould roooin in tho 

baoia only ao long as it ccn OhOlf oavines. The eoment it fails to do so, 

it must be dropped. 'l'his decision requires a conotant ap1)raisal of each 

depot as often as possiblo. Keuhn and liar.lburger do this only after thoir 

r.lain progr"-Ill is ooeplcte, in othor \rorda, uhon it hLls reached its first 

"opt1J:ruc". The new technique evalu..1.teo all depots durinG each iteration. 

Unproi'i table depots (;.re ueeded out as and ,/hen they aro discovered c.nd 

the whole baois. is altered to correot this action. Bach iteration of 

the new technique iD therefore coepletely feaoible at all tices not only 

from the pl".lotical angle, but also froe the cost-effoctivcnesa anGl0. 

Keuhn und Hu.cburGer'l) i tera tiono aro not. 'rhcy can contain Ullp~'O":i table 

depots, uhioh are detected only by tho Ilump-cnd-3hift routine. 

5.11.11.3. ,\n advantago ia claiced on thil) account for tho new 

technique. ~ne proceoo of oonvergence to the beot, if not the optimal, 

basio is ver,y rapid, because all anoealies are detected and eliminated 

as soon as they =ise. The prcaenoe of an =::laly mic;ht adveraely affeot 

the final basis, particul=ly when the latter o=ot be [;Ull.I'anteed to be 

optimal. 

5.11.12. Complete flexibility of oupplY arr:mr,e::lents 

The new technique hLls cocplete flexibili~ of supply 

built into it. The flexibility iD repreoented by its abill~ to =ranee 

supply to every centre of' deI:Ulnd from ever,y depot. This has created the 

need to prepare a data Bl'id \{hioh in ita original otate rellrenented the 

aotual mileage between any tvo of the above nodes. No provision 110.S Clldo 

for supply from one lr.lrehouso to another or froe one cuotooer to another. 

In the caso ntudy the data grid has 613 rows (centres of dCI:Ulnd) and 

06 columns (possible souroes). 
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Thio i'le.xibili ty 11'0.0 required by tho locic of the nothod. 

Sinco the net.lorl\; nas developed fI'ora "c;rt!OO rooto", it u<:'.o noocoD.:zo,/ to 

dotcr!1inc in the f1::'ot inotonce tho coot of oupplyin.:; all d.o:~L!r~,l centres 

fro,~ tha .,antral cource only. ':Cheroo.fter depoto 110re intreduced olOa <:'.t a. 

tino c.nd ca-ch hall the "opporttmi t',r" of cupplyinc an,:." or cll of t1103e 

centree. ';:hio raeo.nt that the full crid 1)0.0 required. It io poooible to 

reduco purt of the uork in pI'ep<l.I'inc 'the nileq(u c;rid by PUttil!C crbi trD.r',/ 

hieh nileo.ceo for obviouoly undo01rnblo routo:J. Hanover uc·tml clietc.neeo 

'ITerO ueetl for tho e<:'.oo :Jtudy. (,'110 by-product of thio opti1::1eo. ti011 proeeeo 

1T::O th<l.t it ;:;::'0 poeeiblc to detornine tho cooto of the rout eo tclD.' • .,0:::-0 

c:::clulled ~'ron 'me bc010. In f<:'.ct, tho cucceoo of the nelloi tivi ty o.nul;rois 

io purtly duo to thio f<:'.cility. 

~ho noed fa::;, cO::lpletc i'lcy.ibility 11<:'.0 folt ecrlier 

1:11on dcnc::;,ibillC the nothed of ?eldnc.n, 1,ohrer c,nJ. H<:.y (ooc'.;iol1 4.19.). 

l:crchou::;oo \/"1'0 cOl1fined to their loco.l cuotoncr octo, <:'.nd 1Te ;:o.<i the 

cu=iou.o ni tuo. tiO:l uhcZ'-...! Co .:~ohouco "en oi tua. tcd in on.) tOl,'1l 'trh1ch. lfU.O 

Gupplie·J. fron 0. ncrehouoe loco. ted. in ,lnot!J.oI' tOlm. 

5.11.13. Con)?uto.tioll tine 

'iho no"" tochnique ret;.uirco 1i tt1c COl.l1)ut:,ticn tinc • 

..;urlic:r .,or): 110.0 oprei:.'l over rJontho (:;CJlty - ocotiOl1 4.20), 11oc1:0 (:Ju::;,otall, 

LeaveI' o .. \1cl 8uoca::lO - oectioll 4.9.) to houro on the COTJl'ute::". J:'lJ.o tir.1c 

tcl.:en i'cr :-:y octhou. io leoo tLa.n 15 z;:inutoa :to::;, the conve:l:'(;el'le'J, ,,-n:l 

a further 20 uinute.:; for tho oonoi ti vi ty =l;roio, fur 0. CG ~: 613 problem. 

rnuo titlO includes tb.r..t tn.kcn fo:, 0. i'c.i!'ly couprchcnoivo print-out or 

the O,;;,t;; cnd t1,0 recul to. A print-out coclp1cte ill evvry <1omil (i.o., 

full inl'ornntiol1 reE;n.rdinc cel1treo of Q.cr.u::.nd, thoir allocated ooureec 

of oupp1y, per UIli t ,md totcl cooto, for CVJry itero.tioll t.O uell co tho 

o end ti vi ty =lyoio ), ,Till tclw a.bout 15 oil1utoo 10),(;01'. 

~lhe chort cor:l}utL"1.C tine enableD ni.!..U;Y I"Ul1!J -to be Ul1r..lcrtakcn, 

(if the Donoi ti vi ty nna1yoio r"quirco it) =d tho 1'i1)(1.1 run CC!1 be cnoily 



.:.djUlltcd "to Ci V:J t!l.e co::pleb rc:::ul t on th,-, print-out. 

111 th the c::ceptit1n of Linc:lJ:' l'rocrc.r::;:Jinc, 110 other 

p:::-eetic<').l technique cen GU:ll:'~ltce optinali ty for a l::rco ceale problc::I. 

Onc hnn +,0 b.~l~~co the edditional COllt of obtainin~ ~~ o~tinal colution 

n.c;ainat the conveniencc of CCttinG clono to it. Tho real tOOlt in ul1cther 
, 

tho tle[;rClo of irJprovo::lent io 1:orth tho cxt= offort, p=tioul=J.:r ,::lOn 

11ouriotio oothodo nay (if ono io lucl-;y) reach tho optirJun. 

In t!lO cace ntudy the firot run produced en ir.1provcncnt 

of 4.02;: over the ccnt of tho prcccmt dintribution oyotO!:l. Tho i'irct 

ocr-ai ti v.l. ty I'Jmlyoio indicLC'ced furtlle~' i!:lprovcments, uhich by the 

c::ol=ion ol: three dc);'oto D"ve a :::,erml t 4.1G,: bettor th=..~ the pl'ocent 

coat. ;, cDcend conlli ti vi ty :l.l'clyoi:l rulo,rod potontial for i'urtllor 

inprovomont by ohuttil1G out yot .mother tlopot. The final rooul t 1"'.0 4.21~~ 

;'\ctt-=:= thc...'1 the ?rencnt oyntc::l, Clld n. third ocnoi ti vi ty o.n:!lyoio Ch01lCd 
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G. The c~oc otudy pert~ino to ~~e m~lJoio of tho diotribution 

oyotelJ prcocnt1y opornted by tho Cey10n l'etro1eUlJ Corporation, lihich io Q. 

. (9) 
c"bto o.med Corporntion croated by en Act of Pe.r1iUDent ( the Ccy10n 

l'etroleUlJ COl.'lJOration Act 170. 98 of 19(1). It hue beon undortckon lIi th 

the I,err.lioGion of the Corpo:t'lltion and lIi11 be ouboi tted to i to !loard of 

~irectoro co Q. opecifio plan for tho inprovcmcnt of ita diatribution 

nct~:ol'k. 

Ceylon. Q. brief sketch 

Ceylon io Q. cuall ioland, juot over 25,000 oquare uilec 

in extent, lyine to the south oi' India. Its population is n011 ovcr 

12,500,000 and its pooplo aro uainl;r ocoupied in aericulturo. ~ca io the 

main export commodity, 1'OllOlfOd by rubber and coconut. Its nain ir.:];lorts 

are riCE} and other eosential i'oodotui'fs, induatrial nachinery, conmmcr 

coodS and petrolc~~. 

6.1.1. Until 1964, the bulk 01' Ceylon's requiremento of 

petroleUl!l cane from the 1'eroian Gulf. Three interno.tional oil COlJ:panics, 

"hell, .c:sso (formerly S~nw.o) end Caltex '\Tere llOll ectablioilod in tho 

ceuntry end with the exception of emall quanti tics of lubricunto, had a 

fi~ erip on the petroleum market. 

Ceylon had no rei'inery nnd only refined productc l:ere 

imported. All fuela were shipped in bulk and. ell other products nore 

packod in 45-L~10n ~~s or aoaller containers. Ceylon's main oil port 

io Colombo, tho cllpi tal. Colombo lI=bour hall 2 special oil jettios, u!Uch 

are connected by a 5-oilo pipelino to the main Oil Storace Ip2tallationo 

at KoloP.!lln:a, on the eaotern boundary of Colombo City. ?he three oil 

-
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OO!lPc.nioo hed stora,;c 1'o.01li tieo on eonticuoUll cl teo u1 thin the r::c.in 

J:010rumua Inotnllntion cnd hn.d, tOGether, 0. tote1 t!'.lll~ oo.p,",-eity of over 

300,000 to!to i'or 0.11 luel produeto. l-'ron K010n:u:.l;Q. cupplieo 1rare :::::.do 

to all oorviee cto.t1on:J, l:eroocne (pu.r::d'f1n) o.cene1eo, conot1::!cr poir-to, 

etc., e1ther by roo.d tc.nlccro, r0.111ic;y' tr.l,;ono or pipelineo, c.l.ircet or 

throw:;.'l ono 01: :Jevera.l intcrr.ledia.te storu(.."O depoto 0.11 01' ullich \rcre i'ed 

by reil. 

'""here t/:1:J no nevcnent or produot frO:J I:010:1:1al~: by 

inlMd. tro.tor.;o.y, nor i3 o.ny ouch novenent likoly in th" i'oreoeeu"!Jle 

futuro. 'The only posoibili ty of t~=:J-aldpr.lont by unto!' io !rJ t!le UGe 

of eoc.stn.l t:mI:ero to :Jupp1y Coylon':J soeond oil port, ':'ri:lcom:.lee, er 

any ether future ou":l-inatallation. 

6.1.3. In 1964, the Coylo!t Petro1eUIJ Corporation aC1ui:ced 

0.11 thoca C300tO of the three oil COi.!1!n-'"lieo uhich 'tTc:t'c 'U.3cd .!.~or the 

inlc.nd diatl'ibutien of 0.11 petroletL':I products. The eO:"l","111eo nO:T renain 

lIith only C-l'l, intereot in the import cnd diotribution of' o.v.::.iation ::.no. 

l~u.rine fueL, and lubrioc.nto. 

7hio otep nCMt that onc orcaniaation hud to l~;:.inta.in 

nncl operate aD one nctwor:: throe !)Ol)n.rato u,\ld indcpenllcnt diatributicll 

oycteno which had bOClt run in notive co:~peti tion 111 th ea.ch ot!lor. ':'hio 

nea.."lt that tl:erc 1rJ.O t1'iplic:J. tiO:l of ;f'cocili tieo riGht dom'1 the line. 

It io here thnt the need in ,,-outely fo1 t tor drccctio 

ra.tionalio.ntioll. liol1evcr deoiro.b10 thio nay be ;"1'0::1 0. cant [:"'1:;10, due 

a.ttention h:13 to be pa.1d to the bro,,<lor oooi0.1 nnd eV'~ll poli tic::1 c.opectn 

of pruninG e,ro::! red.undLc.'lt rc:.eili tico cnd 1'eohnpillS t..'lc ba.lccllee 0 .. tho 

oyotc::J. It io in t..uo oontext that t;,io llrojcet huo bQCll U!llcrt:;';'"n. 
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'.rho hub ol' Ccylon '0 pctroleU::l d.iotrioutiol1 1101;;:or1; 

io t::'e ::1~in inot::.ll::ltion o.t 1:010nn:m::l, juot outoido Colo:1bo Gi ty. All 

!,~od..uct conour.:cd in the inlc....orul. h::.n to p~~:J:J t...~O~l l:ololln:.l-r..l. c..ftc!"' 'L~inti 

!lioclu:r.:.;od et Colo::lbo l!=bour. ("-'he only cxceptiono ero c::::::-t.::.in 'lu::.nti tico 

of l'U...";].:.cr iuc13 ntorcJ. cnd i::::lucd f::-o!a Illo;:)i:cnclho.l r~'crnir..::..l; cup~'}lico for 

t'.. tl:..c:"::'.D..l Dot:cr otc.tion 't:llich bY-IK'_C::J :~olol1r.;:;.:un., cnd ·t.hc cr:i:lll que,uti tios 

tl![::t c.rc diDC-i.t:::.rccd o.t Trinco~~lcc, on Ccylon':::; ITor~l-_~ot cccot). 

Ccylon'o i'irot eil rcfinoI'"'J, oited et ;L::cpu.::;eo1:ende, ebout 

9 nilua 1l0rth-C:J.ot 01' Colonbo, io duo to be cOl::nl.ooioned in July 1969. 

Ir.!porto .muld then be cnd tclled fro::! refined producto to Cl:Ud.c oil. Eo.rever, 

t"c i!ll:md diot:dbution oyotcn uoultl :::ui'fer no c1mnco cnd l:olonn;:"l:::' Hill 

conti~uo to be tile cein supply contre for ell p:::-oducto. 

0:: the Coylu:! I'ctrolcuo COlj.Jo=tion, io ~roll equiPlled 11i tll r:odern otoro.cc 

i'~cili tioo, c.nd ro~d. c.nJ. rail loc.d.inc cqui:pr.;.Cllt. I-t c.lco houco:J a lubrlcc.tinc 

oil blcn:iin.::; ~cl l'~c:.:.illC :)lo....~t C,llU C. ca...~dlc fc.ctor'lJ. It he-a 0. l~Lo 

r:;~~i~ tcn;!.r.c..; l;orl~::;hop a,nd 0. codc:-n ~l.:;O. 

iucl prod.uctll lccvo Kolo=lP. TCJ.'Oi:nn.l by read t.::.n!~cro, 

reill:-.::.:! ta."1k 1l:l.COllO, pipclinco or packed in drul::o. 'l'ho la.tter r.WCl".O io 

uccd mOlltly by retcil dco.lcro uho arc pe=i ttcd to pick up tJlcir rC<l"j "0-

r:ento ol:' fuelo ire::! tho ::w.in in::tclletion. Ilio io a. conccnnion th:J.t lro.3 

l.,-:'D.l1tc.:. n:::.r.;t ;leero eco n=.inly to cnc.blo road haulero brincinc export 

COI:'J:lo<li tiee to C010~lbo to hc.vc e return lced. on their hOr.len:l .... -d journey::!. 

'ohio otep proved bcnoficicl ell round cinco noot 1'..:::.11101'0 l.ere pro:;)o.:t'ed 

to oh:::.r,;e 1011 freiGht r:.:tee for ouch return 10:1.0.3, ('_'!d thio benefit 11::.0 

c.'·tcn p~ccod C~l to the concm:::r. 'J.lhifl conccooion o.lGO ncc...."'lt t-~n.t t1:crc 

l::.tcr tho C.p.C.) c..V'.lileble for the inl:J.lld diotribution of louel l'roducto. 
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Cuntor:!cro, otller tlu.n tllOOO l.no pic!: up tileir 

rcquircnenta direct iron ICo1onn::l.lm, cro oupp1icd eitiler by roud, roil 

or pipeline. Thore n.re only c fell 1=':;0 voltl!:le cuotenero uho full into 

the latter cutc:;ory and si:lGC tlleir supply urrencer.lCltta havo proved 

entirely satioi'c.ctery, ~dll not ba conoidercd in this anc.lyds. '.;lio leaVCD 

only theoe cuotOr.lera uho ure :::upplicd by roed or wJ ruil. 

Ao in nost otiler Coul'ltrica, rail freicht ra. too i:1 Ccylon 

urc, by cnd lo.ru""O, lO1{or tho.n road huulu.Co ratu:J, tb.c tlii"L'crencc:-.> inc:r'co.aine 

Id tll diotanco. c.'he differenoc beconc;J doubly siGl1ific::nt uhcm tl,C di::::t::mce 

by roc.d is co (;reat tlmt the driver either hua 0. reot periad(utU'inc u:hich 

tir:!e the vehicle io idlo) or io replacod by o.not~lCr (·"lmo incroesinc tho 

cost of lorry operations). In cddition tile rail.my tn.ri£f io ouch t~"t 

diii'crcntio.l freicht rutos ll..."'"O charGed nccordinG to the fIe-ch peint of 

tllC p:L'od.uct c:u-:ded. 7huo tllC rateo for &..,.oolineo, kcroscno/hiGll r:pced 

dieeel u-"ld fuel eila n.rc npprOzirl:l.tely in tile r:l.tio 13:il:7. :;inc() thc 

road ha.ula.I:;<) ratei:::: constant for 0.11 fuol::: (vchiclco ,-,re 10:;.,'e<1 ,-,ccorling 

to volu.':lC c..:.:.d not l:oic;ht - ilicrcfor·,.,: tho cu..-:lo r~to npplicn), t.:.;.cr...:: ia 

c, ... cr~t bCl1.0fi t to tr~nofor hc.ulC.L"O or .:111 product::::; ~lU pc.:rticulc.rly the 

:ti:;1l :flc.sh point r:!atcrio.l:::, to =il ""Gons. 'ihis fc.ot io rccoCl~iaod by 

o.:::·I'Cl1c;ing trcn:Jport to 0.11 intc::-rlcdio. tc stor~,~.;o pointn by :rn.il. (i'he fil1al 

lap i:::, 0.0 uoua.l, by roc.d. 

~he si tua. tion ia onc in ''1hic!l tho bull~ 01: the cu:::tOf.lero 

obtain product by ro.il .TO.;:;011 or rO:l.d to.111.or diroc·t iro'J I:olol1."lU1TO. or ':rJ 

:I:'oo.d to.rl1:cr fro:J onc 01 tho dopoto llhich in 1:ed by rail :frou l:olo:mc..::::.. 

6.1.5. '~'he depot:::, in co-ordination uith ;:01011:11:::',;::., pcrfom 0. 

vital po.rt in thc> diatribuUon ayatc:lo <;:'ho points that =e n011 o:,c>ro.te<1 by 

the C.2.C. arc t.."1.ozo tl:.~t l:cro Juilt t .. l'ld. u:-;cG. by the oil COLlPC:!.l1iC:::;. ~;inca 

C.:.cll COr:l~-:~.ny ~:.:.:::: ir.u.cpcnclcnt or the other t~;o, thero ~.;cro tlu'0C cy3~cn3 of 



\ 

thecc c..c:l.3otn. 1},"110 different m::.rkct oharco c.nd vc..ryinC 1>0110ioo o:f the 

co,"=".lico I'coul tcd in .3 dicoinilur nctl1orko. ':'he follollilll; to.ble ooto out 

tllO dct.. .... il0 of thecc net1;orl:o. 

Company Dopot 

Sli!jLL Peradeniyn 

KoUl(rollo. 

llaputal0 

Kuruno(;-::Illl 

Anurad.lul.pura 

Ulino ch chi 

Jo.fi'na 

Go.lle 

J·:at::.rn. 

BattiC:l.I01l 

lla tnapura 

CAVl'EX 

1)istancu 1'2"0::1 l:olor.llD.lrD.. 
lnil oileo 

71.1 

lll • .3 

15.3·5 

58.5 

126.6 

205·0 

245.6 

12.1 

98.6 

217 • .3 

64 • .3 

98.6 

245.6 

Per::.doniy::. Junction 10.5 

::;TANVl.C 

Bat ti C:l.loa 

S.'ho looo.t1on of' these dopoto in indicated in It.n.p ITo. 1. 

Shell h::.d a very lo.rc;e network lfhioh lmO crco.ted. for 

2 ncin rO~30nll. Thoy were 

11) Shol!'::] purticipo.t1on in the rr.!l.I'ket 'Wll about 55;:. (Stnnvnc had 

juot over 23';'. whilo Cal tox OOd about 22;:). 

b) Shell had forooeon the po::mibility t..1!nt t"0 GoveI':l.":1cnt 1rould enact 

lcciolo.tioll to linit the rodiun of operntiol1n of 1:'. tank. lorr,f to about 

, 
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Map No. 1 

LOCATION OF OIL COMPANY BULK DEPOTS 

S = Shell 

E = Esso 

C = Ca1te::;: 

( S ) 

(8) 

.Pe!t'adeniya(Nerr) 
.l~~4 ( S ) 

Peradeniya .Tunction 
( C ) 

Ko1onna1f (9) puta1e ( S ) 

Ratnapura 
( s) 

(2) 

( s ) 

Matara ( S, C ) 

Battica10a 
( s, E ) 



65 ni1eo. !lap ITo. 1 nh01TO the relative pooitiono of their depot::;. 

The cotabliohncnt of 5 3he11 depoto (Pcrndcniy..::., Kotacala, 

IInputnle, l'.c~tnap= [:nd r.:u.."I.1llcL.~la) il1 the central part 01 the icl=cl. ws 

to facilitnte the oupply of dioce1 ~il u.~d iuel oil to tho ton and rubber 

f~ctorico in L~i3 urea. 

:Jtanwc ,~nd C2.1 tax prefe=ed to operate Id th 2 ~ 3 depoto 

rcapcctively nnd rcaortcd to lone diat..'nce rand huulac;o to 'bridGe the other 

~JJ.en the C.1'.C. cClx:!cnced nonoroly diatribatiun in the 

COl'ntry, the;r o.cquired. 0.11 thc.:;c depota. (''no to.m, Juffnn., Imd 3 ccpnr!:.te 

oil depotn. They tlcre on adjnccllt oi too "Ild '\Iere couliilled to ope:r'ute 0.0 

onc. In other to.mo, 2 depota Ilere conbincd. 

The i'ollouincr tnble Civeo the 10c;etLna of the depota 

n011 opcrcctod b;r the C.P.C. The locc;.tionn =e r:'.c;.rkcd Oil l;:t..p lro.2. 

l'eradeniyo. 

Kot'::'[;D.ln. 

liD.puto.le 

Ruruneeo.1o. 

J;.nuradhapura 

l.ilinochchi 

Gulle 

futtico.loa 

peradeniyo. Junction 

Dic~nce fro::! l:olollllo.U::l. 
Hail mil ell 

71.1 

111.3 

153.5 

126.6 

205.0 

245.6 

72.1 

217.3 

In addition, several larGe cuctomero, particularly of 

keroocnc, di4ce1 unu. fuel oils, are oupplied by rail tank tr..:.cona. Theca 



Map No. 2 

LOCATION OF CEYLON Pb~ROLEUM CORPORATION BULK DEPOTS 

K 

Kolonnawa 

egala 

1 - Main ,Line 
2 - Coast Line 

3 ~ Northern Line 

4 - Puttalam Line 

5 - Batticaloa Line 

6 - Trincomalee Line 

7 - Talaimannar Line 

8 - Matale Line 

9 - Kelani Valley Line 

Peradeniya (Nelf) 
J.,~~~> Peradeniya Junction 

.. .Ratnapura 

Matara 
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cu:::tor:;crn uill "ot bc doalt uith in thin ntud,y bocaUDC reil ia tho cheapost 

:oa3iblo Dothod of trcnoport <>-nd o.n;r al toration in cupply =~·an,;.'"CL1c;nto 

l10uld inerO<:1.ll0 eOllt3. I t in oont unlikely tho. t their throw;hput .!ill :!:'illO 

to thozc lcvela lTh.ich 1;cultl -;:~rc.nt tho ir .. ntu.llc.tion of pipelines, ,::n:l 

zinc.:) iiiltC:r "Jorl1c trc.naport io ir.1poo~iblc d.ue to locution, t~:c prcncnt 

L1Cc.nD oi: tr::mcport ,!ill continue 1:ell into tho futuro. 

6.1.6. lIc.vil1ti aeon ,,;:lu:.t tllo distributive llct";Torl'': 1001' .. -:' 1iL:o, 

it in n01': c.ppro:pric..tc to study tl1~.! :p~ttc.:n 0;: CC::l::JU::lpti...;n, L!.l'!d therefore, 

d.C:J~ltl. 

OUDtO;:)C:::'D into tho iollol!inC cato..;oricn:-

1) Potrol ~to.tionD 

2) :':crocono :.Concico 

4) l)~i '\"Q. to Induntric:J 

5) GOVOrl1::1ont Dopart:lonto/Co"T-orotionn 

6) Intern:lotiol1o.1 =to::lOr3 

7) Othcro (unclenDified) 

(7) 
6.1.6.1. Thcre :lorc :lobout 650 potrol oto.tiono non boin.:; C'..lpplieJ. 

oy the C.P.C. !. :C1J ourcin:l.l outleto th:lot l1cro Mine oaint.:1.incd purcly 

for prootice rC<.l.D0113 by oil eO!:lprulico died Do n:J.turo.l dC<:1.th uhen brand 

coopotitien .~o rODovcd. 

6.1.6.1.1. l~eoo outloto uro oO~~~J-uido (;1.l1d forn :lo vC='J cffectivo 

n(;tl;orl~ which o:lotioi'ico all notoriot::J in tho country. In fOoet, thero 

:30"'10 to '.:lo 0..1 oxcooo of outlets, purticularly in ccrt[dn built-up urcOoo, 

lIilcrc prcvioUD br<:1.l1d compcti tion lJMo :t'coul tod in a.u ~'llloccc(lary dUlllico. tion 
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ot 01ltleto. HOl1e'Ver, tho C.P.C. lms foroed to tc"lll:e over all oil oonpnny 

outlets and keep then supplied ,nth produots. Cocrpulsoxy closu-~ brines 

other problems in its 11:' .. ke, and has, for the rlonent, been shelved. 

The avero.;;e petrol station has bulk storaGe i'acili tics 

for 2 c:mdco of patrol, hic;h cpeed diesel (D::RV), o.nd keroaene. ~o"a outletll 

alno store diesel fuol, partioularly in tho eat:cte arcus. About 150 l)otrol 

otationo 0.100 offer specialised lubrioation facilities. 

6.1.6.2. In n.ddition to the petrol ato.tions o1"1'e1'in:; kerooene for 
(7) 

oo.le, there o.re I1bout 225 speoialised kerosene o.:;cnoies ofl'erinc only 

this produot. 

At tho nO!:lent, kerosene is the !:lost i:nporb.nt petroloum 

fuol in Ceylon. Tho denn.nd for it is island-I·rido and tlus ::,equire 3 a 

diotri buti vc netlfork 'tfhich is equally spread out. In o.ddi tion to thio 

there io another inportc.nt fo.otor, lmnely, the OOnaUl:ler of lcerooone io 

not nobile. He requires the produot for usa in his hO:1e and dO:1c:..'1ds tl,at 

it be brouc;ht to him rather tlmn Goinc; out for it 8.<3 doeo 0. noto:riot for 

petrol. ';"his point too ne'ln3 that the notllork Im<3 to be :f'u:::>thor s:proo.d out 

to enoure thD. t there is 0. oouron of kero:Jone l1i thin easy ::,o:\oh of' al!~ost 

eYCl"J houoehold in the countl"'J. , ... 'his io olearlya difficult tank, cnd. the 

C.P.C. cnd the keroBene aGents hay() appointc(l sove:ro.1 oub-o.~onto, t.:cncrally 

C:'ln.ll ohop-kccpero in OVOl"J vill~e. S:'hcso oub-o.cento aro ::lU}JpliccL by the 

a~~ts cnd they in turn oupply the ultimate cona~ero. 

It io beyond the ooopo oZ this study to describe the 

vnriou<3 ncano of tranoperto.tion of l~oroocne, but oOl1tion r::U'3t be r:oc.c.o 

of the l;oroseno t:::.n!~ co.rt. 'l'hin io csoentially n netal d::.'1.1!J of 60 to 

150 ;:;u.llonn capnci ty meunted on a l100den or r.1etnl cho.sois. It io fi ttod 

1ri th t,TQ larce 1foodon :Wheols ni th oot:l1 tyreo, and io d;r'l11ll by C:10 or 

t110 bulls. Thoro nrc about 2000 to.nk oo.rto plyinc in Coyloll o.n:1 they 

pc:rfo::'!:'l en invnluablo to.cl: in !:l:ll:ina l:crozcnc .::~vo.iln..bl0 ut cc:.r;h conr:u-r;ter'a 

doorstop. 
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t;:hc 1'<\oili tico cvuileblc et t..1J.e nve:ro.co I~orcoeno c::;el1oy 

ere a. 2000 c::,llon tml1:, epU::1p or otl1o::;' oo::.ouril1[; device, cnd 0. :rcn t..'1.nl: 

cnrto. 

(7) 
'i'hero ere over 1000 <;:::;to.teo in Ceylon conntL'1inc •• 

conoio.er::.blc Cl1l:?ntHy 01' fuolo, l:1cin1y die:;.,l oil f.nd fuel oil. cs: the 

l:1r:.in cropo, '~e" o.nd rubber reQuire tll() 1nrcect cnounto of :Cue1 for 

:proccof~irJ.L. Duo to the topoerc..phy o:r the iclc.nlt n.nd duo to the rc-et t:-;.(!.t 

both to(~ ['.no. rubb,,::;, [,To.r boot in tha hilly erCo.ll, tllore io n coneontrc. tion 

t:1C ::.rc~.o of c.cZl8..n1, o..nu. cpcci~l f~cili ticG l1crc illoto.llcd. to COliC lri th 

tl~io • 

In o.c.di tion to "l1e 5 balk. d,<JPOt,l oontionecl o:::.rlier, 

l:hich Gu:;n)ly r::C:.llY cnta.t(;~ llircct, thero arc ccvcr~:,l r~il-fcd tlc~lcr 

tll.roUi.~hput i ,t r:~2.:.'lY of thcac outlcto iD connidcrablo, cnd c.ll 5UP1)ly io 

et the lCl;CS'~ ::':'-.to in t~ .. c :railijp',y to.riff. 'i'hc.oc out10to too nill not bc 

includ.oo. in thio otudy. 

G.1.G.4. The' fourtll co.tOGOr"J of cuotoncro covcro all typoo 0;;: 

inu.un"trJ in the priiJU.tc cGctor. ~~hcrc io 0. conc~ntro;tioll or thc:3C 

indu:::tric:; in and c...""Ound Co10::Jbo and t..1J.c OUll:':Jly of' .i.uclo io no "Tent 

llroblCl:l. Loot of then arc cl.ieJplied by rotl.d. tcn):cr, n11ilo the 0,,,,,110r 

CCll::JU-:lcro :pie!: u:> their rcquircl..:cnta i"ron I·~olom1O..u~ Ill3t.:l.ll~ tion. ~inila.r 

o.rran.::;oocnto oxiot fa:;:, the induotrico l~hich arc loc:ltod within the 

delivery ::;01100 of t!2c bull: depoto. 

~'hc no~:t C:l.tccory 01' COl1CJtrJcro in Ceylon co .... cro all 
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CoVCrn:lent depc.rtmonto cnd Govcrn:nent-oponoored Cor:por~tiono. '1'heoo include 

the l;aillmy, the oto.te paoaencer tra.nsport oompa.n;y, elcctricity cnd w.tcr 

dcpc.rtuents, cement factorieo, etc. 

The locations ol: thoce outfits is scattered throuehout 

tho country. ~'ho tlethod of cupply depends to a larce eo~tellt Oll the volume; 

the lar.;er euotOl.1CrO o.l'e llul>plied. by pipoliu::.. or by ro.il tn.nk 17a,,;on, "hila 

tIle othcro are cupplied. ill ro<l.d to.111~crs f'I'em Kolonnoua or f:rOlJ one of the 

uu1k depo ts. 

6.1.6.6. Thio is a very small &'l'OUP of custoilero. ':Cheir 

rUQuirc;;:lcnts, tlainly of marino bunkers, .. re !:lot by the use of a .. ell­

eQuipped ~crine barGe in Colombo lmrbour, or by direet alonzoido 

buxlkeri116 n.t '.(rincomlee. In both caeca iuels c.ro sent to the harbours 

uy pipeline 01 ther from Kolonnowa. Terminal or from J3leer:lOndllal, or frOIl 

the China. Day Elub-inoto.l1ation. 

OTHeRS 

6.1.6.7. The f1=1 co.teeory conoists of all those customers not 

included in a.n;y of tho ec.rlier croups. '.i'heir suppliea c.re arrant;c'l according 

to the volume of de~d o.nd the point of supply. 

For the purpocea of this stu~, no speoial attention 

need be pcid to thc different e:l.teG'Ories of' cuctotlero. All th:l.t is 

required is thll.t onc can cotimll.tc how ::meh of eceh fuel io required ui thin 

each tOiln or other selected. urea of dCIJ::md. C::hio .. ould Give ua 0. turcct to 

am et, and io=ulate the problem lihich iD, to tr=fer that <:;"'.'lOUl'lt of 
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CfO.ch .ruel to each and ovary area of dc=d from the oentml oupply point 

at a. :"ini= overall coat. The desrco of variability ia introduc\ld lrJ 

the alternativo methoda of tr=port that 0.1'0 o.vcilablc, the differencea 

in the costs of these mathvlo, rulcl tha (thcerotico.l) likelihood of 

loc~tine intcrccdio.te bulk depota anywhere in tho iolruld. 

6.1.7.1. The po~aibilitics of the laat fo.etor.~rc reduced 

dro.at1co.lly by poa);ulo.t1nc th:J.t eac'1. cnd every onc of theco int::r::!ouiate 

cupply pointa choul cl bc fod fro!:! the n:::.1n :mpply contre 01 tiler 1);; r'..!11 

or by ooact::l tunkcr. (Pipelinoe ara not boine concidercd becau.c:;o tho 

11k~1:r throuc;hputc over t.'to diato.ncc:J ocncernod arc 1n~uCicic!lt to 

jU:Jt11'y their coct). ::0 0.1'0 thu3 reduced to thc pod ticn uharo a lil:cly 

bulk dCP9t. c9u+d be citu::l.tod only c.lonc;s1de a railway 11no or no~!r a port. 

:3inoe tho raill~ notl(Ork 1n Ccyloh ia lin1 tod (aoe nap 1 or 2) (35 [Juch 

pointc =0 beinG con:J1clcrod ; ",,,Iso, :thoro are only 2 porte other tllUn 

Color.Jbo I1he1.'o facilities could be iru:Jto.lled for reception of countul 

to.nlwr3 ('l'r:cncoI:luloe and G:::.11e). ;,d.11 tioml llorto =0 beinc ucvclo:;Jcd 

but it 10 too ourly to conaidor :lUch ::>1 too. Galle i:l on the r2.il1;r'.y 

:}yotcI:) cnd l1i11 bo con:Jidarod for thio otudy uo U ruil fed pOint, but 

:':'inconulcc ccn be .fa ter fod oinco all f,,-c111 tioo c:d.ot for thio ope:':... t10n. 

p~ttc=n for the 6 no-jar i'uclo an dist::ibutcd a.ccordinc to the locc.ti{:n. 

CO!l::;u~cr:3 • 

l:Up 3 chouo, in the i'om ot' a. colour oode, tho t01ill:J 

involv8d ,-,nd tllC 'lUrultity of <L~!J(ll'ld in ouch tOlm. It 10 clc= t.ha.t tho 

bulk ( 7~" ) o~ tho total iolc.nd'o den~nd io concentratod in un arc of {,o 

!lilco rrc·.'..iu:l 01 Oolonbo. HOllcvor, i'~ 10 e«u::.lly clec.r thc.t tho 1Iholo 

iolcnd ie; dotted ui th 11 ttle pockota d' deL,und, ouch ai' ;;hich tluat bo c;o.t!s-

i'icd tJ ::;c .. intu.in the ci'i'ccti -w-cncno 01' the inlc.nd' 0 (loli vc:trJ ayntcm. rLho 
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Ma.p No, 3 

DISTRIBUTION OF CENTRES OF Dill.lAND IN CEYLON 
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IJOnopOly oi tlUl.tion tha.t prow.ils in Coylon further a.coentlUl.tl)s thin 

problom berouac thero is no other oUPl'lller tlmt tho C.1'.C. ron f~ll 

back on. In ~ oitlUl.tion of competition, partiCipa.nts ~"n ztay cut of 

ocr~n unprofituble arcas ~Tith tho expcc1;:.tion tha.t :luch areao :rill be 

udc'lu...tcly CCI'VCU. by thcir co;cpeti toro \rho Iillvo tlifl'crcnt nctlTorko (md 

11ho .1.'inc. come a.dv::.nta.ce in riaint:dn1nc tl1000 oUl'lPlico. 

Closer e="ination of the ':lable in Appendix C cholm 

toot the produots ~ri th the uidcat oprend of de!:lund are kcroocnc rend 

Gr.looline. :&io iD only to be expeoted becD.use th.oso producto have nou 

becomo buaio necessities of lifo. ItlCh Speed Diesel alco cnjoya n fair 

opread of dCr.Jo.nd, ',JUt ouch del:l:l.nd i c mainly in thc lc.rccr cen trco ol' 

population. Bmnll villaces do hot u~o l:lUch HSD bec2.ttle they Iillvc no 

vehicloo roquirin~ it. Tho demn .... ld for Diecel Oil io nlr:ost entirely 

confined to the Central, lforth lTeate::n, Uw, :,ubaroc;n=ra, ~:c:Jtcrn and 

Douthern l'rovineeo, ~T!111e ~'uel Oil dCr.Jand io cUll 1'urthe!' n.:~rrmTCu. doom 

to tho 1iect(ll'Il and Contral Provineeo. These fcn.turoo sot cut eort:.l.in 

rO'luiromento of the deaired distribution net~rorlc. .~rI"~nccmcntn to 

cu:>ply keroscna l:lUat prcdocinntc l1h110 thosa to oupply Puel Cil nooc1 bo 

comlidcx'ed only for El. feu bulk ,:cpoto. He'llevor, the futU!'e cc.nnot be 

i,:;nored. :VUe attention TJUot be paid to hO'f demc.nu. .till be chrmccd or 

creo.tcd afresh in the future. The reoul ts of ouch o.n exercine (ncfercnco 

(8) imlicate that the O:l.!:le cort of demand pClttern .Till continue "nd no 

dl';:.otio ~'1:tncel3 ere likely. ~ouch eh:lnce un c::.n be i'orcocen io G~::.ll :::.r.cl 

.:i11 not affect eny prellent planninG. 
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6.2. I e.'ll indobted to nUJ:lorous colleaGues in the Co:nr:1Crcial 

and ~'i=co Divisions of the Coylon PetrolcUll Corpo:.'ation uho ro:::.l:ily 

supplied ~e with actual data and costs. 

Tho inro=tion cell!liotcd o~ tho fo11o\1in<;:-
(71) 

A description of the cnoting distributive nct1mrk in 

Ceylon, tho locations of tho 14 depots, ~~d details of the fucilitico 

installed therein. One depot, Dloenondhal, confinos it!l activiticn to 

the oupply of I~arine 'bunkers to ohipo in Colonbo ITn.rbour. ~3ince pipelines 

supply and draw off product frou it, it does not enter thio analy~iD. 

A 11(f2)i' the inportant custoc()ra of tho C.P.C., by 

nune ~~d custoner nUJ:lber. 

'.110 addreoeea of each of ~~ese oustOUCr3. 613 arcue of 

deI:land ~Tere dewa.rca. ted to covor tho whole iolund. The boundarioe used were 

poot office areas. 'j.'he list of severnl thouound cuoto::krn lr.~O t!leroi'ore 

reduced to 613, the 1foighta.eo Given to each contre of deI:land bein:: the 

SUI:) of the requiroments of ~lJ.o individ47~tel:lers allocated to it. 

6.2.1.4. A serios of oaleo i'iL,'ureo uhich ootabliohed tho de!:'.c.nd 

for each of the custonern. Data for oevcral nonths in 1967 ~rcro avcraccd 

out to eive a ronliotio ostinate of nonU~ domxnd. 

,;'u:rther information reGardinG tho nethod nnd seurce of 

su:'ply ot: cuatonera' d.')~rmd. Snlcs fiGures were broken d01m us follo\1:11-

Product Custoner Source of 
l:=bor 

"Deliverien" covcr 

Quantity Suppliod 
Colloctiono ;:c.ilfpipeliz 
(CUnto!'lc=:'n') 

:>olivcric3 
(CPC lOlT'J) 

vehicle;:! ) 
tl.!ose 'lWl..~ti ticn lfhich arc r:oved in 

C.P.C. tan!: lorries fron Kolonnawa. or !l. depot to !l. cuctoner. In other 

1fords, the customer obta.inn supplic:J a.t hia a.m doorstep ::md the 

responsibility for tr~~sporta.tion rests solely on tho Corporation. 

"Collections" reprencnt th030 quanti tien lihich (",.rc dralm 



1r.' t.,'lc cuotoocr in his o,m contCloinero/vchlclos £rom the lO::l<linc; L"rultries 

nt ::olo=,1U. or one 01' tho depots. Tho rcoponoibili ty oi' the Corpor::ltion 

CO::300 uhcn i t ~-.:l.kcu product nv",il::l ble at the G'llltry and it io the 

cuoto;:lcr'o rcoponoibility :fron tholl om=-dz. 

11::1il ::Ind pipelino delivorieo ::\re co:;.nidcrcd to ba 

oubicle tho noope of this stud;{. 

(71) 
coat f'i[,'UI'ea in reopeot of Kolonnml:l. nnd the 'balk depots. 

Theoe costs lfere broken dOlm into several hendinG's, uhich hnd to be put 

to{;(lther og.:dn to alvo fixod nl'ld varia:"le coOt!:lo 

Costs of operatinG the Corpcration'a fleet cl' t~jc 

(73) 
Costs of transportins various fuel producto by rail 

from Kolonnall:l. to n number of existine rail fed points. Theoo points 

inoluded all the existinG bulk depoto and come of' the proposed loc::Itiona. 

6.2.1.9· The froiGht tariff' publishod 'b'J the Ceylon CoVCrn!:lCllt 
(74) 

TIaihny. 
(73) 

6.2.1.10. Datn for converoion of 0.11 fuel product3 into "otun<lllrU 

callono" or ''koroocno cquim1onto". 

There ore 14 depots in the preoont net'·Tork. They =u 
;1atnra, Kota::;::.ln, IIllput:J.lo, 1'8radoniya JUllction, TIatticnlo::l, l:u.."'U..'1e<-:,.ln, 

i:.nur:lC!.hn.pura, Jnf':t'na, Hatn::lpurn., Gnlle, !:ilinoe!J.c!d., HOlf l'era.doniyn, 

China fuy and Dloenondhal. (oeo r:n.p 110. 2). '1-'he laot hac beon CJ:cludo<l. 

iron our study for tho reaoon Given in ocction 6.2.1.1. 

I·loot of tho abovo location3 oonoi3t of co:oplo":c:.1 of 

i'or::lCr oil corapo.ny depoto. c.c., Jeti'r.:lo consiotod of' 3 bull: dopot:.1; i:o.t::.ro. 

1ro.S 2 bulk dopots and 0. dealer pOints and Jlnttica1oo. 1:0.0 2 bull: depoto. 

Chizm Ilo.y depot io 0. part of the enormOll:l oil oto:.'c.(;O 

inotallv.tion (102 taru:o of 12,000 tons each - a total of over 1.2 nillion 

tone cc.po.city) built 'b'J the Hoyal l1o.vJ to OOrv'J tho Britich ,~act India 



-159-

l:ar I. 7110 clltiJ.'O imltc.lln. tion IIt'.D puxchaood ±'roL1 the Ldnir .. l ty by the 

Gc;:.rlO!l rctrolcu:"J Co:rJ.Jo:. .. ~tion L"l 1964 cnd a. c:-:cll pu.rt of it io bcin.:; 

Ol)Crn;tcd "'0 tlte Chim lkl.y depot. Supplieo to thio derot =e ocde lrJ 

occ~n/coc.:J~l tcl'l1:cr ana the l'lodii"icd CUlJ:>ly C03t~ l:c..vo been inco:L"J!ora.tcd 

in <1.1, to.. 

':.~hc li:.Jt 0-: cunto:'10ro 1:::'0 nO:3t conprchCl'lnivc. It L"'O.VO 

11 (' rt 
v L,"ivcn dct~il!l 0:;;" 11011 thic o:LJCro.tioll 1:i.:.2 c~;o.'icd out. r~'llo list o£ 

It r:mt bo c~I>h.:!.niccd tllO.t the dc~nd i'iQ)~cn utlcd in 

11oyond 1977 in moro lil<oly to be ui':fccted by the oron.<l p~tt'.)=D of 

OOO:1o:::io G.'1cl iniLuDtric.l dovolo:r:mant ill Coylon ancJ. it l1GY not be prudcnt 

!J~~cc1ict clC;1c...vtd co fu.::- coo co.y 1931, bit oincc their ::-clinbility 1l0cld. be in 

tlcullt, t,lCY 110ul<1 not Derva c..ny 
(68) 

uncful purpooo 110lT. I h.'1.ve b'cccd ::y f~::C~3tc 

Ulooa .. DI'co1ul rcport on ,1cn:!l1d for petroleu'1 produotD in Ce;rlon ?I'Cl'c.rcd 

in 1963. 7h1D cmtea that t.'le total dC::lo.::d wOul<1 rioo ut o.n o.11l1ll.'11 =to 

clcr.~C!1<1 oo.n ohou conoitlcrcblo cho.l1Gco 111 thout Oi{;llificc:.ntly c:.:CootinG tho 

ill either t!lO pc:.ttern or diat:::'ibution of dC:J:md, i t l1~a <1cc:~cd r'~<1cqUt .. to 

to 1101:1: 011 t!lC bc~10 oct out above). 

c::ioti~::; dcpotn, I cncQu.ntc:'cd the COr.1!Jon problo:-.:n of' r:n.!:in.; aa ~ccurn.to 
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Cnly .:!. very unull proportion (Icon thu.l1 5 ~~) of' the prCDcnt J.,'i::)d ~::;~ot:3 

of the Cor:poration ~:crc crected. i'ron r::cra.tch. '.;'ho bc.l~'"lCO 1,"'~ ve'Jtod in 

tllO oil 

conps:.l"'..ica. Cneo Q.cC).uici tion 'tnlO conplc,tcd, the oil cor::pc.nio3 Here 
(11) 

invited 

to cl~i::l eompcnr::a. tion i'or the oi te,) they hed loat. Cl"dIllr:: ~iCre reeoi ved, 

ctudied c.lld lenGt~!y nc,:,;vtiD.tiona "Ucre entered into to =cD.ch PO' conpronioo 

th;o, t .:oulu, ,bo aeecpt;o,blo to ,_11 p;o,rtioa concerned. ';::10 Q.[,Tecr.Jcnt 1b;o, t 1ra.o 

i'ill<1l1y l'c(lched UQ.O on thc b<,,:i.c th,~ t no incli vid.t1.C:.l aC:Jeto "could be Y.1lued. 

I.ut]p CUl7l0 l1ere fixed fer eQ.ch 01' the threo eonpmtier::, c.no. ,PQ.yncnt n~,J.e 

thereafter. 

J: 1. lr:l:J then left to tl,C G('I'J.lora.ti('I1 to d.cciJ.o upon 'Lho 

booka. :.;ince GUch a atop uvulo. hc.vc involved l:m;:-dre1m out ~'nd c::""1,cnoivo 

r.i':lC to~l cODJ?cnoc.. ticn i"i~uro ll0.0 di vided ~rbi trc,::-ily 

to cover ntoJ;'..lL-c/n.:mrl11uG facili tic3 (includinc l~olc.!.l:~.'t:'~ S.'cr~lillc.l t~ntl 

tow bulk dOI)otc;, vehicle3 (11coinly 1.0.111: lorrioo), G.!1d '::0 ot2lCr l'hYGic:::.l 

o.ooeto (no.inly l:lnd o.nd O(iuiP::lCut 0. t l)otrol cto. tiunc, etc.). 

~;r..ciL"ble et thee: point::;. 'l'hu.'J, in 0. toto.l ai' 100 tom) ,cc,:,u:.rcd, Q. depot 

eontaininC 10 ton:.: ;;0.0 y"luc:J. o.t 1..:1':0 the ::o.::lountoet fa:!,' onr, continin;:: 

5 tonG, the former being v::tlucd. at 101~ of tho v::o.lue of c.ll r;tor::o.ccj;l:.ndlinG 

fo.eilities. 

,"'he o.:noun to () bto.ined in thi3 mo.nnf':'" ,:Ol'e td;;cn to be tho 

coat oi' each of the:no (cpot!J, ~nd ~·;D.n c~pi t:-,lincd n.cccrc:.inc1y. ~hcGC v(:.lucs 

1;"uld bc:or little relo.tiouGuil_ to ".::i[;ill::>.l coots of cenotru.cticn l1J:'i tten 

do::n to tJlC date of a.equisi tien. III the i'il'nt inn;,;cnco it \;"ultl not bo 

8o.::y to dotcrninc the clement of depl'eoio.1.ion ~cnd ;'ccul= 
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maintenanoe would have oomplicuted matters further. They oould also not be 

oonsidered to be replacement oosts as present-day construotion irould be 

more expensive. 

6.2.5.6. These capital oosts have been amortised in a straight 

line over periods of up to 20 years, in a manner deemed by the Corporation 

to be reaaonsble. General D.dministration oosts, maintenance and the 

salaries of basio staff have also been inoluded in fixed oosts. 

6.2.5.7. In the case of opera.tine costs too, we have the difficulty 

of preparing aocurate estimates of operating expenditure for the different 

aotiVi ties/loca.tiono. llhile aocepting there would be oome desree of 

arbitrarineso in the cost allocations made by the Corporation's 

acoountants (which would cnly be natural), I believe ".;hat their fie=es 

are adequate for my purpose and have acoepted them in toto. HOliOvcr, 

I take fUll responsibility for the manner in which I have sesrecnted 

them to obtain fixed and operating ooats. 

6.2.5.8. There is one point that must be emphasised here 

recard1ng both fixed and operating oosts, that is, that I have used cost 

fie=es oollected in 1961 tOGether vith demand fi6=00 projected for 

1911. 'l'here is no doubt at all that oosts will ohanc;e between 1961 and 

1911, but the change will be common to all aotiVities/looationo. I am 

assuming, thor~i'ore, that it vill not be necessary to forecast ohn.nges 

in oosts over the deoade, and am using 1961 coats throUghout the analysis. 

~his does not represent 0. weakness in the optimisation technique, it is 

merely a oonvenient short out. The approximation menna that the absolute 

solution (in terms of oosts) will not be oorreot, but the other aspeot 

of the solution, namely, the ideal pattern of distribution, would nost 

oertainly be so. 

6.2.6. I have seleoted the propooed depot locations on the 

following oonaiderationGl-

:llioh of them ia on an exis tine rail,ray line • Some 
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of the locations, e.g., Hatton, Hattecrn.ma, Lunuwila. and J3a.dulla, already 

cont:;.in dca.ler-operated pointa, fed by rail i'roll! KolonnalJn. If such a 

subjeot is located by this otudy, ito converoionjexpanoion into a fully 

fledcred Corporation-operated bulk depot will not be difficult. 

I have been restricted to railside locations because 

neither pipelineo nor inland uaterwnys are at preoent feaoible for the 

movement of petroleum fUels in Ceylon. 

Each of the siteD oeleoted ie, ,also a demand centre, and 

will have a "home" throUl!hput which uill serve as a stabiliser for the 

potential depot. 

The aites are situated at an average about evuX"J 8 to 10 

oileD on the railvuy lineD. Tho l!.:J.in Line (linkincr lJ:ldulla n.."ld tho 

central highlando with Colombo) io just over 180 oileo long and has the 

follolfincr depoto, cxioting and potential 1-

Ibe~a Junotion (petential) 

Campaha. (potential) 

* VeyanSoda (potential) 

* lliriCC:;m. (potential) 

AlaWlm (potential) 

* Polgahauela Junction (potential.) 

Rambukkena (potential) 

* KadUl;3lualia. (potential.) 

Peradeniya Junction U~sting) 

'. Campola (potential) 

11(1\r.llapi tiya (potential) 

* lIa tn:wo.la (poten tia.l) 

* Ha tton (r)otent1a.l) 

Kotacro,la (Gldctina) 

* Ta.1a.wnkelle (potential) 

* Hato.coda. (potential) 

* I1a.nu-oya (potential) 

Aobo.uola (potontial) 

9.3 =il o1leo fron Kolonnawa. 

16.45 - do -

22.59 - do -

30.59 - do-

40.29 - do -

45·39 - do-

52.16 - do -

65·5 - do -

70.51 - do -

78.3 - do -

87.34 - do -

100.18 - do -

108.21 - do -

111.3 - do -

115·74 - do -

120.14 - do-

128.11 - do -

137.13 - do -



Haputale (~st1ne) 

" IlIlndAreuola (potential) 

Demod.o.m (potential) 

"Haliela (potential) 

* Badulla (potential) 

153.48 rail ciles from Kolonnawa 

160.63 

172.73 

177·69 

181.38 

- do-

- do-

- do-

- do-

Tho Coast Lino, just under 100 milea 10n.1, has the 

follo.fin£,; lo~a tiona 1-

l,orat= (potential) 

l'a.nad'Jra (potential) 

1!a.ddmra. (potential) 

* Y~u~ South (potential) 

JLlutCCmo. (potential) 

* Ju:iba.lo.n..,"Oda (potential) 

Hikkaduwa (potential) 

Galla (~ating) 

Hab~a.duwa (potentia.l) 

Welicalla (potentio.1) 

llata.ra (;~ating) 

13.34 rail ciloa from Kolonna.wa 

17·10 - do-

21.64 - do-

27.55 - do-

38.55 - do-

53.9 - do-

60.41 - do-

72.15 - do-

78·5 - do -

90.5 - do-

98.63 - do-

The ITorthern Lino oom.~enees at Polt;a.hnifela. Junotion (on 

the l·~in Lino) nnd. extenda to over 250 mlea fro:l Kolonna.w.. It has the 

i'ollo>f1ng pointal-

Kurunegala (iZd.sting) 

!~o Junction (Potential) 

Ga.leammm. (potential) 

Anuradhapum (Dxisting) 

58.54 rail miles from Kolonnnw. 

85.42 

98.79 

126.6 

!.Ia.dauo.chchiya Junction (potentia.l) 142.7 

Vavuniyn (potentia.l) 

I !o.nkulo.m (potential)· 

Kllinochchi (:.!xisting) 

2lophunt Po.ss (potential) 

157.36 

105.6 

205.0 

214.3 

- do-

- do-

- do-

- do-

- do-

- do-

- do-

- do -



Pallai (potential) 

Chavukachcheri (potential) 

Ja.£:fnc. (:cxiating) 

Chunnaknm (potential) 

Kankesanturai (potential) 

--. 
221.78 rail oilea from Kolonnawa 

236.0 

245.63 

251·53 

256.57 

- do-

- do-

- do-

- do-

It rill be oeen that tho d13tcnces betlfeen udjacent ci tea c.re higher 

than the averago on th" 11a.in and. Coaot Lincs. Thio io b"co.uoo the northern 

Lino paDceD throueU relatively undovclopcu countr.y and the population, and 

tho dCLla.'ld for peu·cleu.':I, io cprcad relo.tively thin. 

'i'ho f'uttlllc..':l Lino conncnceo at Rag.!mz:. Junction (en the 1:oJ.n 

Lino)and cxtendD to over 85 cileD froe Kolomlo.lill. It haD 

Ja-ela (potential) 

.~ r;c.:.;ombo (potential) 

* Lunuwila (potentio.l) 

.• 1.1::,Wl.upo (potential) 

Chilo.w (potential) 

Dattuluoya (potential) 

fUttalo.c (potential) 

13.5 ro.il oileo from l:olomU:l.lill 

23.46 - do 

33.2 - do 

44.15 - do 

50.58 - do-

62·4 - do-

85.1 - do -

6.2.6.8. ~he j3o. tticaloD. Lino oto.rto free l:aho Junction (on the 

northern Line) and extendo to over 215 mleo froo Kolcrlllzma. It hn.D 

Kcldraw (potentio.l) 116.28 rail nile3 fro!:! ;:olonno.wa. 

l!a.baro.na (potentio.l) 129.62 - do-

Caloya Junction (potential) 140.2 - do-

ilingurakgoda (potential) 150·7 - do-

* Polonno.ruw (potential) 161.3 - do-

Helil:o.nda (potential) 171.4 - do-

Vo.laichchenai (potentio.l) 198.21 - do-

~vur (potentio.l) 209.39 - do -

Ilattico.loo. (Gxisting) 217.27 - d.o -

6.2.6.9. 'l'ho "'rinoor.m.leo lino COllC:lonceo o.t Galoyu. Junotion (on the 

J3atticalou. Line) and extends to over 160 milea iron Kolonna.wa. It haD 

the following looo.tionol-



Kanta.ll!.i. (potcntia.l) 

ChinD. Th!3 (3xiotin[;) 
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158.39 rl!.i.1 cilcs fro~ Kolonna~ 

179·44 -do-

( but aU?plios aro rode by ooean/cot!.at:U tanker, not by rail) 

* Trincocaleo (potential) 183.54 rail :~iles from KolloMlm 

'rhe Ta.lai= line starto !'rOIl r:a.dawchchiya. Junction 

(on tho lTorthern line) and oxtends to over 200 ciles froll !ColonMlm. It 

MS the follouing ai too:-

l!adhu Rot!.d (potential) 

l:urunkan (potential) 

11= (potential) 

T:uai:!= (potential) 

169.38 rail miles !'ran KolonM~ 

177.42 

191.71 

207.18 

- do -

- do -

- do -

6.2.6.11. The l!atalo line (oupply1na tho northern part of the 

• central highlands) starts a.t Peradoniya Junotion (on the lIain line) and 

extends to over 90 miles fro~ KolonMwa. It haa the followine sitesl-

Hew Pomdcn1ya (l::x1Dtine) 

* Kandy (potential) 

Y~tueaotota. (potential) 

* lIattognma (potential) 

* J.:a.tal.e (potential) 

7l.11 rail miles from Kolol'lntl.ll!!. 

74.41 

77.46 

82.4 

91.6 

- do -

- do -

- do-

- do-

6.2.6.12. FiMl~, the Kolami Va.lloy line (a. =ew 6UIlSO line, 

CIa oppooed to the othorll uhich aro of IItnndard brot!.d gunge), uhich oxtendo 

from Kolc:=.w. to n distanoo of ovor 85 r.1ilea. It Ma the follolfine oi tOil 1-

Ponnipitiyo (potentla.l) 

HOClD.e~ (potontial) 

PadukY~ (potentlal.) 

Avistl.lfel1a (potontia.l) 

J..lluliya[;<>da (potential) 

Kuruui ta. (potential) 

Eatno.pura (£xisting) 

11.16 rail oilus from Kolonnllll!!. 

15.7 - do -

22.41 - do -

37.33 - do -

46.36 - do-

56.68 - do -

64.29 - do -
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* Kabawatta (potential) 

* Opnnnike (potential) 

81.41 reil ~ilea from KoloDnava 

85.79 -<10-

The facilities available by u""y of rolline otock, etc., on this ' 

lino arc nomeuhat lini ted. Thia ~,,"y set a constraint on the f'e~oibili ty of 

the siteo listcd above. The special loop described in oeotion 5.8. haa'proved 

i to value in handlinG this type of si tun. tion. Appendix "D" contains the 

reoult of a run lrhioh haa becn oet up c.'ColudinG all 9 depots (uoini; seotion 

5.5.6.3.6.) on the Kelani Valley lino. The differenco ia olear. Further 

co=ento are ~ade on thia aubjeot when disouaoinc the reoul to of thio otudy. 

6.2.6.13.11.11 the depots mentioned above have been oarked on Imp Uo.4. 

Asterisko (*) have been used'to denoto thooe locations which already oontain 

dealer operated railoido depoto. 

6.2.7. In dotoroinihe operatinG oosts of the proposed depots, 

it llas assumed that they nould all ba more offieient than tho e:r1stina ones. 

They would therefore be assiened lower operatinG oosts. 

6.2.7.1. The ncm depots liould bo deaiOled lTith the new ciraumotances 

in nind, namely, they would have to serve a nonopoly supplier, who nould 

have to tackle the entire diatribution effort unaided by competitora. 

6.2.7.2. They uould be desiened fron gross roots. :Nery modern 

development both in equipnent and layout would be inoorporated in the plena. 

6.2.7.3. Likely inoreases in throU{;hput may brine lri th then the 

benefits of ooononieo of scale. 

6.2.7.4. ,\ocordin"ly, a reviell 'ITaO made of the preoent operatinG 

eooto of all the depots. It 'ITaO noted that reradeniya Junotion, -:ri th the 

higheat throughput of all depota hao the loue-st Opp.rD.t!n:.; ceot - Ra. 0.0083 

per ioperial callon. It 'IfaS decided thereupon that the ne'll depoto lIould 

be arbitr~rily assicned an operatinG coat of Ra. 0.0080 per i::Iperial 

gallon. Thia figuro nould hold even if the throU[;h:;mt fell belol1 that of 

Pcra.dcniya Junotion, eonfiminc thereby that the nen depoto 'Iwuld be core 
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Map No. 4 

1.s\\~~r..:~ 

49. Galoya 
50. Kantalai 
51. Trincomalee 
52. Hingurakgoda 
53. Polonnaruwa 
54. Welikanda 
55. Valachchenai 
56. Eravur 
57· J.ladhu Road 

16 * 
17 * 

18 
19 

20 

2 

58. Nurunkan 
59. Nannar 
60. Talaimannar 
61. Kandy 
62. Katugastota 
63. Wattegama 
64. Hatale 
65. Rambukkana 
66. Kadugannawa. 

67. 
68. 
69. 
70. 
71. 
72. 
73. 
74· 
75. 

KEY 

1. Kolonnalm 
2. Matara 
3. Kotagala 
4. Haputale 
5. Peradeniya Junotion 
6. "Batticaloa 
7. Kurunegala 
8. Anuradhapura 
9. Jaffna 

10. Ratnapura 
11. Galle 
12. Kilinochchi 
13. Peradeniya (New) 
14. China Bay 
15. Moratmra. 

16. Panadura 
17. Waddmm 
18. Kalutara 

19. Alutgama 
20. Ambalangoda 
21. Hikkadmm 

4 22. llabaradmm 
*55 23. Weligama 
*56 24. Ja-ela 

25. Negombo 
26. Lunuwila 

27. ~!adampe 
28. Chilaw 

2~. Battuluoya 
30. Puttalam 
31. Ragama 
32. Gampaha 
33. Veyangoda 
34. Nirigama 
35. Alaulm 
36. Polgahawe: 

37. l~aho 
38. Galgamuwa. 
39. ),jadawachch: 

40. Vavuniya 
41. Hankulam 

42. Elephant Pass 
43. Pallai 
44. Chavakachcheri 
45. Chunnakam 
46. Kankesanturai 
47. Kekira~ra. 
48. Ha barana 

Gampola 76. Demodara 
Nawalapitiya 77· Hali-ela 
Uatalrala 78. Badulla 
Ratton 79. Pannipi tiya 
Talalrakelle 80. Homagama 
Watagoda 81. Padukka 
Nanu Dya 82. AvisalTella 
Ambaliela 83. Eheliyagoda 
Bandarawela 84. Kuruwita 

85. KahalTa t ta 86. Opanaike 



efficient than the oxiotinc onos. 

6.2.8. In the case of fixed costa, however, n more coop lex 

mothod hll.d to bo used. 11hilo it seomed reasonablo onoueh to aSS1lI:lO thnt 

the opera tine oost:) of new depota l10uld not be too far devinnt from those 

of the existins oneo, 0. similar aac1lI:lption oould not be =de rec;ard1na 

fixed costa. In the firot inoto.nce, the costs of existine depoto wore 

fixed empirically. Seotion 6.2.5. deocribed holt thio UD.O done. 

6.2.8.1. !lew depots had to ba treated afrosh. The ba.aie aon1lI:lptions 

wore i) fixed cost ,(ould bo 0. i'u.'lctien of expeoted throUGhput (this io 

reasonable), and 

ii) the location of 0. depot ,rould not o.ffeot ita fixed cost. (I 

hnve icnored the faot thnt trnnnport coats of materialo, eto., would 

inoreasa ui th diotMoa from Y.olo=lro. vi th the expeota tion that thio 

inorease 'iould be offset by the reduotion in oost of land). 

6.2.8.2. 70r convenienoe, I have aoc~~ed a first order rolation-

ship between throUGhput Md fixed coat. It !:lUSt be n.dr.litted thnt this =y 

not be eooplotely recliotic, but the cOl:lputer procrnn h:l.s b'Jon lfri tten 

in ouch 0. uay that ~ other relationohip can be easily oubstituted. 

The expreocion t.'mt has been used haa b'3en 

E .. P x .001 + 7000, uhera E io the monthly fixed coat in 

rupees, ani P io the mont.~ throUGhput in at~rd ~lle~. 

The justification for the use ef ns.7000/- ns the 

fixed elc;Jent of fixed cost is ba.oed upon the fact that thia acount 

will inolude a) tha recurring fixed oosta, such as salaries 

b) the amortisation elemont of the initial oapital cost 

and c) 0. reaoon~ble intereot on this anount (opportunity coat). 

l~ eSOUl:lptions ara 

i) the accountins prooedurea aro based cn a ~onthly 

evaluo.t1on/!l.djuotlncnt of the capi tal a~~ outotr:ndinC, 

ii) nn oqual monthly lli thdraual of caah to reduoe the 

eepi t-'1.1 b:ll.mco outotnndinc cnd to the cC~'lulation of tho "opportunity 



interest", 

iii) on opportunity cost of 51. 'l'hill my seen 10~'1 in 

comparison 'Id t1l rates prcVllilill6 in Eri "!;ain. IIoirever, cenoiclorill6 the 

situation in Ceylon and tho present policy of tho Cerpor~ticn, it io 

quite re~soDAble. 

The theorotical ~S1ll of the calculation io the 0 tClli!nrd 
(69) 

procoduro used in Diocounted eaoh Flow ~lysio. 

i:orking llackw=do from :J. hypothetical c~se, uhero tho capi ~ coat 

is £300 and the int~rest ratG is r/o per !l.'1Ilum, let 3 equal 0JUlU!'.1 pnynents 

of £115 offset the total liability. The a~ outston~inJ at ~~e beGinnine 

of the first year 11i11 be £300. At the end of the first year, ~fter the 

L'irst payment of Q15, tho s~ outlltanding io t300(1 + r} - 115. At thG 

end of ~le second year the sun outo~,dill6 is £300(1 + r)2 - 115(1 + r) - 115. 

At tho c:'ld of the third ycar, the SUll outsta.ndill6 mll be equal to 

£300(1 + r)3 - 115(1 + r)2 - 115(1 + r) - 115. Sinoe the total liability 

has boon Yipod out by this time, this sun is· cqual to oero. 

1.0., 300(1 + r)3 - 115(1 + r)2 - 115(1 + r) - 115 = o. 

DividinG throUGhout by (1 + r)3 cnd reerro.nGinc, m~ cot 

,300 • 115/(1 + r) + 115/(1 + r)2 + 115/(1 + r)3 

• 115{1/(1 + r) + 1/(1 + r)2 + 1/(1 + r)3) 
~ i 

.. 115 ~ (1/(1 • r) } 
~~ f 

Usine nen general terns, "hero C io the ini tinl capital coot, 

P ill the oqun1 on.'1=l pa.)'tlOnt, 

n ill the number of such pnynento, 

and r io the :t"Ilto of interest per OJUlum, 
I, 

C • P ~ (1/(1 .. r)i) 
~I (N) 

This formula was applied to n speoific project in 

Ceylon where a. series of ostioa.tes was =do for tho oonstruction of new 

depots. It 11llS estimated that the costo 1Tould wry lri th tho projocted 

throu,shput of tho depot. The findinC'o are Iltlmr'.e.riaod in the ta.ble eivcn 

belol" 



I!onthly throuGhput 
(qallona) 

500,000 

750,000 

1,000,000 
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Initial ccpitn1 oost 
(R1roees) 

825,000 

875,000 

925,000 

Using an interest rato of 5/12,: por tlonth (this is 

:J.aauoed to be equivalent to 5~~ per ==) and ll.J:lortisation over IJ, poriod 

of 240 tlonths ( 20 yenra - a. roasonable cstbate of the life opan of the 

faoilities involved) ve aet, for a throuchput of 1,000,000 gallons pcr nenth, 
'" . 

. 925,000 .. P(~ (1/(1 + 5/12)i) 
[,:, 

.. P(~ (1/(1.00417)1) 

It io reoognioed that C>' (1/(1.00417)1) io the cur.unation of Cl. 

eeometrio progression. UsinG tho fOI'I:Iula. .. a(rn_l)/(r-l), lfe bot 

~ (1/1.00417)i • 1(1/1.0041724~ 1)/1/1.00417 - 1 
\,.., 

.. 185 

:. c .. ?:x: 185 

925,000 .. P :x: 185 

.~ P .. 5000 

l::Utinc; oinilnr oa1culations for thrOUChPUtil of 500,000 a.nd 750,000 

callons per [.louth, we c;ot the fo11oUnl! vnlues of P. 

I:onthly throuGhput 
(gallons) 

1,000,000 

750,000 

500,000 

l:onthly nmortioatiou 
(Rupces) 

5000 

4730 

4459 

UBine theoe neureo and assUl:ling that the effect of th='ou.::;hput 10 

l1nell.r (this is merely for convenienoe. !.:n;:r rem tiom:h111 c:m be llilcd in 

the nou technique of an::.lys10.) I have d.eri vcd the follclrinc relationnhip 1-

P .. T:x: .001 + 4000, 1,hero T iD the mO::lthly 

throu.:;hput and P 10 the monthly nmount en COCOU1'lt of r>.uortico.tion and 

interest. Tucrefore, for values of T oquallins 500,OCO , 150,000 and 
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1,000,000 ~1C Cet va1ueo of P of 5000, 4150 and 4500 roiOpoctivcly, uhich a.re 

oloso enouch to the aotua1 values for us to v.ccept and use the cnpirical 

relationship set out abovo. 

This establishes tho nonthly contributions tC1~0 

fixed coat on aooount of seotions b) and c) of rcracrnph 6.2.8.2. ubovo 

I1s P • T x .001 + 4000. 

How oonoidering part 0.) of seotion 6.2.8.2. above, l10 

oalouluto the averoco J:lonthly outcoincs on o.ocount of' ea1o.rieo of' rooio 

staff. Thcyare 

Depot Superintendent 

Clcrk/Typist 

Lo.bouror 

!In. tchI:!en/chook~ 

Total 

:.!l. 800/-

400/-

200/-

1000/-

2400/-

7:110 contribution does not tn.ke into o.ccount tho various 

beneflto tll<lt <:Ire CJl:tondod to o.ll en:p1oyeos 01' the Corrora.tion. S.'hiB will 

considered on an oruaniao.tionul rosio, and io not included in theoe coets. 

Thio altere tho rolationship derived in Gection 6.2.8.6. 

to road. P • T x .001 + 6400. 

/ 
:Te non r..n.ke provioion for the monthly expenoeo on annual 

r.m.intcIUlllce, nnd I have arbitrarily oelected a nenthly ficure of ne. 600 

on tl110 acoount. This brings our expreosion to rea.d 

P • T x .001 + 7000, lfhich io uned in u.l1 subsequent 

calculations in the ca.oo B~. 

The total fixed cost for Bome hypothetic~l throuchputs is 

l!onthly throU£:hput 
(gallons) 

300,000 

500,000 

800,000 

1,000'000 

Total fL~ed cost 
(Rupees) 

7300 

7500 

7800 

8000 



-172-

These fie;uro~ are all f'ully compatible td th the 

otudiea mudo oarlier by the C.P.C. 

It =t bo not'Jd that the salarioa of lor:tj" drivers =d 

other Il.ddi tional atai'f will be covered by the opem tine conto of tho depots 

whiOO were oat at ns. 0.0080 per coJ.lon in sootion 6.2.7.4. 1ll1on'l/e brina 

theoe costn in, 110 Get tho i'ollo'ITint; 

l:ont.'lly throuGhput I:onthly Pixol Coat l!ontltly Opemtina Cost 
(gnl10na) (nupoos) (Runeea) 

300,000 7300 2400 

500,000 7500 4000 

800,000 71300 6400 

1,000,000 [l000 8000 

~hese tota1a are quito adeq~tc to cover all coats of tho 

proposed dcpotn. 

comr4RSlOU O~ DATA 

The follew1n~ seotions describe how I have manipulatod 

=d converted the data I obtained from the Cey10n Potroleuc Corporation. 

6.3.1. Preparation of estima.tes or future demand i'x'orn 1967 figures. 

As stated earlier, the mlf data conaistod of salos 

:1'i(;Ures categorised by produot, by cuatomer, by point of supply and by 

method of cupply (section 6.2.1.5.). The fie;ures had to be consolidated 

into the 613 aroas of domand. Thio h~S dono by a cpecial computer 

proer= (described in Appendix HCII) 11l1iOO prcducod rcsulto in the followina 

layout 

DOl!l:llld centro 

Standard Gallona (A) 
St:mdard Gallons (n) 
Kolonna~ Gallona (A) 
I:olenlllllfa Callonn (n) 

TIo. of customera 



Por o=ple, the ficures for dOIl::md. centro G..'\LLD for Pebr..w.:ry 1961 

'Wcre 

Galle 54 

Gta.."1d.a.rd Gallono (A) .. .341291.39 

flt=d.~rd Gallono (n) '" 1605.42 

Kolonnr"1m. Gallono (11.) .. 16400.00 

Kolonnulm. Gallons (n) .. 0.00 

The detailed ficurc:J on lThich the above lTore ~Ded are 

flource Produet llcthod of ;Jupply 0.ua."1 ti t"J 

ICo10nnam\ Biah Speed Diesel Ro.il/pipel:;'u:l l3980 

Kolonnam\ J?umlloe Oil Corp. Vehicle 16400 

Galle Pre~i~~ Gasoline -do- 32800 

-do- ReGUlar Gasoline -do- 21200 

-do- llich Speed DieDel -do- 93600 

-do- Induotrial Dicsel -do- 16050 

-do- -do- Cw3t. Vehicle 1620 

-io- Corp. Vehiclo 43050 

-do- KcrosenG -do- 94800 

The oonver:lion to Standard Gallono and Kolonna~-a Ga.llons 

is described in Beotion 6.3.5.1. Ca.tcaol"J A donoteo quantities ~oved in 

Corporation t:c::e: lorrieD, uhile oateaor:r n ooverD qmnti tico moved in 

ousteIloro' containera and vehioles. 

Sinilar studicB lTore made for oeveral nontho end their 

resulto uoed to form aneDtimato of a.verage monthly de~~d for tho 613 

centres of demand. 

Onoe average monthly demand had been obtained in 

"standArd" end "Kolonnam\" callono, they wore adjuoted to 1911 by a. oimple 

coml?oundinc prooesD (oo.oed on the annm1 g,t'Ol1th of 5.6% derived. fron the 

report referred to in seetien 6.2.4.) 

Appendix "C" contains a list of the 613 ocntrcD 01' 

dell'.a.nd and thcir cstma tcd th.I'ou.shputs in 1977. Thc:JO ficu:rC3 't.ore uocd 

as a. direot input for the computer prog,t'nn (ocetion 5.2.4.). 



6.3.2. Dcto:rminn.tioll of 1!<11n ::Jourcoa of cuppJ.:r. Tho consolidiltion 
, 

llub-routinoa deaoribed in oeotion 5.4. and Appendix .. c .. c;a.va 0. bn.sio for 

tho deteminution of tho main sourco of CUPIJly to oach demand contro. Por 

e=mplo, Gn.lle had oupplies froIl Kolo=1[o. n.nd Gallo dopot. :.Jimilar 

information '\lao cxtr.l.cted for all centrea of cle=d. 3=11 approxiI:'oationo 

Yore lleceaoary in the isolated ca-saa uhero supplies uora made frOIl Ilore 

than one depot in Ildd.i tioll to Kolonmmo.. (Thio iD not due to cupply of 

produot to one CUlltO:1Cr from more than one Dourca, bUt due to tho fo.ot thnt 

en.ch oontre of demand hn.s ocvorn.l customers, 54 in the easo of Galle, and 

each oullte:lor noed not follow thc geneml pattorn). 

Thio information was used to calculato tho coat of the 

prooont o~steo of diatribution (seo seotion 5.4.). 

6.3.3. Fixod and oosts of Kolo=W3 and the exioti. ~ de ota. 
71 

cost figures wore oxtrn.ctcd from 0. opeoio.l roport 

prapnred by the Cost Aooountant of the Corporation, and ~:cre aoooptod 

.'i thout ~ tlodii'ioa tion. ~he rosponai bili ty for grouping the fieuroo 

io mina. Appendix "1.>" givca details of the oost data. 

6.3.3.1. Thooe fiCures repreaent tranllaotion%oota for a 01:-

oon14 period in 1966. llhcre requi:red they have been divided by 6 to give 

tho monthly fiGUre. 

"'he ocnthly fued coat for eo.oh depot WU obtained by adding toeether 

Adminilltrn.tion oosta, "storase n.nd filling" deprooia.tion, and dividing 

by 6. 

Location 

Kolo=w (1.562+.904)/6 

Lo.tura. (.037+.066)/6 

l:ob.:;o.la (.066+.011)/6 

!mputlllo (.035+.004)/6 

l'orn.clcl1iy~ In. ( .035+-006) /6 

3o.tticulou (.029+.012)/6 

J.\onthly Fixod Cost 

Ra. 411,000 

7,200 

13,000 

15,200 

7,000 
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Location J.!onthly Fixed Cos t 

Kuruno(l'l.lA ( .047+.012)/6 Ro. 9850 

.l'~nuracL1.aIJu:ra (.032+.004)/6 6000 

.Taffna (.049+.007)/6 9350 

}~1. tno.pu:ro. ( .017+.001)/6 3000 

Callo (.049+.004)/6 8850 

Kilinochchl. ( .017+.008)/6 ·4200 

IT elf Pcro.d.eniya. (.021+.004)/6 4200 

China· nay (.059+.012)/6 11500 

Tho per ca110n operating cost wail obt::.ined by dividin8 

the Storaeo a.nd Fillinc coots (leoil depreciation) by the throughput 

(iccueo). 

Location Operatin:; cost 

Kolor~c.uo. (2.260-.904)/95.85 na. 0.0141 

l:a.tara. (.048-.006)/2.248 0.0186 

Kotaca.1a (.054-.011)/3.997 0.0101 

IIr.pu talo (.038-.004)/2.065 0.0164 

I'eradcniya. .Tn. (.049-.006)/5.131 0.0083 

futtica.loa. (.051-.012)/1.174 0.0163 

r:urwlc[."t1.1a. (.048-.012)/2.876 0.0125 

l~ur.::..d1l:lP11lU (.024-.004)/1.819 0.0106 

.Teffna (.044-.001)/2.981 0.0124 

P.:::tn:cpura. (.025-.001)/1.035 0.0231 

Galle (.034-.004)/2.960 0.0101 

Kilinochchi (.027-.008)/0.800 0.0247 

IT el1 P orad.eniya (.028-.004)/1.216 0.0188 

China fuy 

Cor..L1ento oMe in soction 6.2.5. l'QUU'din[; derivation 

0;;: theoo costs arc very XQ1cV'olnt and chould bo oon:::idc:::'ei lrllen :::'ca.dinc theoo 

fic;ureiJ. Thcy could be cO::Jpo.red ITi th the ficureo fox the proposed depots 

doccribcd ill sectionc 6.2.1.4. and 6.2.8. 
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(71) 
A detailed breakdown of coste was pI'ovided in reiJpeot 

of tenl;: lorry operationo. It has been tho praOtioe of the C.P.C. to use 

tenk lorric~ ot 2 otund:::.rd capacities, c riGid chassis typo carryine 1200 

ca110no cnd the articulated vchiole carryin~ 2000 callons. The biccer 

lorrieo are used lIithin a radius of about 50 oileo from C010r~bo. The 

s~a11cr onca aro used throuGhout the oountrJ. 

Spcoial mention munt bo n:::.de of truck oporatinG oonditions 

in the centro.l hiGhlands of Coylon. The road.'l nre uin<linc nnd in oertain 

pluces vcrJ otocp. 'l'raffio is rather heavy end driv:!.ncr conditions :::.re 

CUc'l that vehioles =0 subjeot to !!lore thr.m no:rna.l near cnd tear. Thcse 

oondi tione arc rei'lectcd in the ~pecinl provisicn oedo in coatinG ~ 

truck operationo in theoo arcao •. Tho dopoto that ere affeoted by t.'J.eae 

edverco oondi tiono ere Kota(,'ula., lliputa10, lTell Peradeniya, Peradeniyu 

Junotion, and, to 0. certain extent, !~tnnpura. 

':i'ho cooto are reproduoed 0010"1-

1200 (';allon tarJ;: lorries 

Variable coots. Coot per oile - cents 

i) ~'ucl 12 c.p.a. ot lli-opocd dicsel 

ii) Tyres 6 tyree per 15,000 oiloo 

ii1) Ilopair3 and l:aintena.nco 

PiXed Cooto 

0.) Depreciation i) Chassis 

11) Tank 

b) I,ioences, in::lUrc.nco, etc. 

c) Salaries, overtime, Gubcistence 

d) Overheads c.nd c.duiniotration 

nny TIn. 1500.00 

:'onthly r.lilc~cc I'or vehiole 3500 

12.75 

20.00 

30.00 

62.75 

433.00 

5°.00 

29.00 



:. Fixed Cost pe~ oilo D ~ggg a no. 0.4286 ~ 42.86 cento 

Total cost per r.~lo ~ 42.86 + 62.75 ~ 105.61 cents, say 106 cents. 

:. Ceot per ~llon Dilo Q 106/1200 = 0.08S'cents. 

The tfeigh:tago Given for "lmo.rtlO.l \lond.! tiono io 4/3. 

:. tho corrected cost per ton oilo for the 1200 ~llon vehicles io 

O.llS oento. 

6.3.4.2. 2000 callon articulated trucko 

6.3.4.2.1. Variable costo 

oaoo no for 1200 callon vehicles": 62.75 cento per mile 

a) Depreciation i) Traotor 

ii) Traller/ta:lk 

b) LicenceD, insurance 

0) Salaries, overtime, suboiotenoe 

d) overhe~ds and ~inistration 

cost ner nonth - rupeeD 

433.00 

29.00 

850.00 

135.00 
1636.00 

Co;{ P.a. 1/540.00 per oonth 

6.3.4.2.3. l:onthly r.rl.leaco par vohiola - 3500 

:. i,i'ixed Coat per milo a ~~;;g .. Rth 0.4686 a 46.86 centG 

Total cost pcI' milo a 46.86 + 62.75 .. 109.61 cento, say 110 oents • 

• ~ Coot por ~~llon 0110 a 110/2000 .. 0.055 cento 

1:0 n011 havo 3 oots o~ coots for t"-nk lorry operations, 

all in cents per ca.llon f:lile. They aro 

1200 ~llon vehioleo - normal ~~ine 0.038 cents 

-<10- - abno=mll.l conditiono O.llG cents 

2000 ca110n vehicles - noma! ~~ng 0.055 ccnto 

,:e h..'\vo nOli to eot a conpooi to ficuro tfhich 11i11 

rel'rcocnt an aver~GG of nIl condi tio= enco1!.'1tcrcod in Ceylo21. 



I'lmvc tmed the i'olleuill/.) lleichta,;;col-

1200 gnllon vehicles - noma1 conditions ~ 

-<1.0- a bno;rr',al co,ldi tions-

2000 cnl1en vehicles - nornal conditions 

tho coopoeite figure lIould then be 

" 

. '. 

-h- x .0130 + -1- x .110 + .,:. x .055 .. o.ooa ccnte per gallon milo. 

Since ,this is the coot por running mile, the fiGUre uced in this 

otudy is 0.176 cents per return b':l.llon mile. 

6.3.4.4. Provicion for non-linearity of Road 1'rc.nsport coeto. 

It iD accepted that road tranoport coot is non-linear 

ui th dietMoe. T'hio ie ill Dpi te of the fact that t110 CO::lto incurred in 

respect of: the vehicle alone ere a.l!Joat perfeotly linear. I-~ ie the effect 

of the idle tine at both ends of tho ,journey =d tho ovcrtiuc/suboiotcnce 

paid to the driver/o that oause non-linearity_ ~he former cauceo a pleasant 

(convex to origin) non-linearity because the caste of loading and 

dioc!mr...;inc Get spread out over a creater diatc.noe and 'IJives an inveroely 

proportional rate pcr mile. IIo\iever, thio effect is more tlmn o::.'1'cot by 

the ~my overtime/subsistence increaceo uith diotanco. 

'the dAta oat out above indicatco that the oo.laric%ver-

ti:nc/ouboiot~nce ele:nent co:nprioeo over blt of tho fi:ced coat cnd about 

a qu:.rter of the tot;;:,l cost. ,Thio elenent inereaeea bya.bout lh- times for 

over 8 hour::: liork (overtine is reckoned at time-cnd-a.-lUl.li'). o:herc liould 

nlso be additional p~cnt for sUbsistenoe. 

It ho.o been found ,tlUl.t tha v,vel'aGe speed. of a 10rl:J" 

(includine loc::llnc and disehurgine tine) iD botuccn 18 '.md 20 n.p.h. This 

neuns t.'1at :l. journey of up to (l,bout GO miloo uaulcc be comploted in rocular 

time. An c::ddi ticnnl 40 nilco wculd entail p"-yr.tcnt 0':: overtitlO and mCZll 

(lllo ... =coo, ":lilo (7c(lto1' diot:U1COU \iill incur 6ub:::i:::tenc:;0 cn ,,011. The 

follolrin.:; table is u:::ed to <l ?t.omino the corr~ction £(lcto1' :for cent pcr 

co.llon nilo l1ith inc1'ou:::inJ diotc.noOJ-
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Dintencc l:id-point !;o. of Iro. of ovcr- Correotion 
laml)o hours tine hours Faotor 

10zo than 60 1 

61 to 99 80 8 1.05 

100 to 134 117 u} 3', 
" 

1.15 

135 to 174 155 lS} 7~· 1.3 

175 to 209 193 19 11 1.45 

210 to 249 230 23 15 1.65 

250 to 284 268 27 19 1.75 

285 to 319 303 30 22 1.85 

over 320 330 33 25 2 

I r.mst point out tll-:l.t dilltanccs ovcr nbout 125 miles 

ere cenera.11y not und.ertaken by tanl~ lor:ry. EOHcVCrt it is noceclJ(u-,r to 

calculete the effect of lancer distanoca for thia study. 

The rclationship bct1recn COllt per /pllon nilo cnd. diatance 

Vl!rieo a.coordinG to y m rnx + c, whero m ia ~~e correcticn fector. ~ince 

it ch .. "Ul[;cS Vlllue 'rl th dif':f'ercnt rances of Vllluoo cf x, IfCl lk'we n011 

produced. the required non-linear cXl'reaoion, but have oUll· m::.int.."Iincd 

its Vlllidity, beceuse the nctual Vlllues at In era baocd on realiotio cost 

':'he consta..."t c cen denoto the operatinG cost of Kolonnmm 

and/or the depot, and the i"reicht cost botucen Y.:olonna.l'T.l and the depot. 

The senc npproach cnn bo uoed L." tho ceneral problem. 

The next aot of dnta tlmt Imd to be converted l'Tore the 

coats of tmnaporting products from I:olonr.m1:l to the depoto in t~ m~cons. 

~Iorkinc from historic:!l reccr:l.s, the oil cO::l!,cnie::l ::.ni ~~e C.P.C. hnd 
(73) 

ncrecd n set of r:::.il froicht co ab .:1th the l~eill:tl.y. r;:'hcsc CO::lto lrere bIlaed 
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(74) 
on tho publinhed tc.riff of the P.nll'Wl'.y, in lThich different rates arc 

chnr.::;ed for different clescee of coodo. Unfortuno.tely, all petroleU::l fuels 

ere not crouped ·:.QCother. The ro.oio of cleccifico.t1on io the Plaoh Point. 

'1'he rclevn.nt croupo ero 

Croup 1 - Preniun and noBUlar cnoolino - Fleoh point below 73°F. 
o 0 

Croup 4 - Kcrooeno and lIich Gpoed Diellel - ::i'.P. botileen 13 and 150 F. 

Group 3 - Industrial Diellel ~~d 11xrnaeo Oil - F.P. above lSOoF. 

In order to enablo the oonvorsion to "standard" callons 

to bo nado (soe seotion 6.3.6.) it lmo neeesnary to cot up an initinl 

rolationship between (a) the produots themselves on tho basis of speoifio 

cravity and (b) tho different eroups of OOI:U:loditios oa=iod by rail on 

the basis of relative oosts. 

TIll"..inc tho speoifio cravi tics first (it 1ms dooided to 

uoo t.YPieal preduct specifications), I obtnined the followine rat1osl-

Pre~~~ Gasoline .9205 

neGUlnr Gasoline .9038 

Kerosene 1.0000 

HiGh Speed Diesel 1.0516 

Industrial Diesel Oil 1.0653 

l?UI'IlAOO Oil 1.1859 

These figures aro not spocific cravitieB. They l'.re the -
ratios 01' !lp'~cifio gravities usine kerosene as 0. base. Sinee the {;:l30lines 

are li;).d.er t::m keroseno they have valueD less than 1, and, equal vo1unes 

of premi= £'ll.I.;olino and furnaoe 011 nll have wciGhto in the proportions 

of 9205111859. 

I have used kerosene as the baso, it ,;111 be the 

"stc.ndnrd" product that will ba used to reprooent 0.11 fuels in this st~. 

The railway 'briff 17:l.S nlso studiou to cet an idea of the 

varia.tion in cost for tho 3 c;rou:,c of produot in the 9 separn.te rail1~y 

linos described in section 6.2.6. 

The ratios of f:,:'Oieht oosts in the threo croups arc aB 
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I,ine Group 3 Group 4 Group 1 

lAin (1) ·9301 1 1.6616 

* r:ain (2) .9265 1 1.8446 

COZlot .9339 1 1.6243 

northern .9272 1 1.6898 

Putto.lam .9391 1 1.5154 

:Do. tti ca.l.oa. ·9271 1 1.6853 

Trinoomnlco .9213 1 1.6892 

l:a. tale .9265 1 1.8446 

Ke1ani Valley .9392 1 1.5786 

,* The I·:ain line haG been divided into two for the oz:lcu1ation of i'J:'oieht 

rotea. All ato.tions bcyond P.runbulrJm.n.."l. =e ohcreed at a. hicher r::.te. 'rhe 

0.1 ti tude of the line increaoc3 oharply, beyond. R=bukl= and ooats follow 

cult. 

lfuvinG derived Il. bo.aiG l1horcby nll produotG oould bo 

converted into "keroGeno equivalents", it iG nOlI neoeocary to o::.lculato 

the i'roi:...ht roto for thc transportation of kcro:Jene i'roc Kolou,"W.= to tho 

looo.tions involved. 
(73) 

Actual costa of covin.; keroseno to 50 roilaido locations 

uero used to eati:;)nto trana;?ort ooats to the othcr 35 locations. '.rho 

ICloun coata lloro ao:;rogated accordinG to tho I!o.ilway1a dena.rcation of 

1'reiUl'. :::~::c:.~ (Low Count:ry ])road Guage, Hill Country J3ro:::.d Guaee and the 

l~olun1 Valley lIarrolf GUD.60) and. the cethod of leaat oquarca ~m.a used to 

extroot a relntionahip botween ooot nnd diatanoe. 

Croer Ho. Coeffioient 

0 0.2126.:: 1 
1 0.1136:~ 2 
2 0·4233'} 2 
3 -0.9436: 2 l:er..n Square l;rror 
4 0.1139": 3 
5 -0.1303'; 2 o "572'" .. - .-~ -2 
6 0.1131;; 2 
1 O. 722~j'; 1 
G -0 '-')~'l' .0'-"-1" 11 1 
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Coefficient 

-0.10323 4 
0.60928 4 

-0.1499'.; 5 
0.2095, 5 

-o.194B 5 
0.137~ 5 

-o'7812:~ 4 
0.3060::.; 4 

-0.5366,; 3 

Ccefficient 

0.7639ci 2 
-0.6399:; 3 

0.1689::: 4 
-o.4863G 3 
-0.1625::: 4 
-o.2499~; 4-
0.3256;~ 4 
0.68643 4 

-0.3139::: 4 

0.5196..:: -1 

0.9002J -5 

6.3.5.7.4. :lince tho fit in n11 th..""Ce Co.ooo llUO qui to cood, theoe 

O'I.lrVeo .rere used to eotir.~te tro.noport cento for the other 35 depot oi ten. 

Tho coots have been inoor,oratod in the trnnnport coat ~t~ .:;rid referred 

to in section 5.3.2. 

I have introduoed t!le concept of "oto.n~rd" O:l.llono into 

thio otudy. I h:l.ve "converted" 0.11 produeto into ''kcrcoono cqui=lento" 

and co.J.lod ·sueh equiw1ento"ot:mcln,rd" producto. By eloine; 00 I ho.ve 

narro'iled d01m thia otudy to one produot rothcr tho.n dc::.linG 1d th 6 different 

i;'uc10 in use todAy. Thio io not because the :l.lgori th'l u::cd. ;"or the 

co:::put::.tion crumot 1=d.l.e nul tiplo products. !. very si::1p1e l.1othod of 

doine 00 io to 0.<30U.':1O tho.t thoro ia 0. OC1=a.to oot of de::::mdll for e:l.ch of 

tho producto t!mt iD boinG otudied. If thero o.ro 4 producto, thcro ld11 be 

4 tilJCS :l.0 lJruJY "contres" of dcrmnd. The oize of th:.l coot .:;rid \/i11 bo 

incrouocd four-fold. 

Lot 11:3 0.0C\.1":10 thut contro of '.:c:::::!,d X ::oQuirco 1000 

[;a.l1o;;'m of prcniU:.1 ca.nolino, 1500 ca.llono or :t'octuo.r Ca.colinc, 3000 eo.llona 
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of kerosene, 2500 co.llonn of hiGh opeed diecel nnd 1000 cnllenc o~ i'u.."'naoa 

-
oil. Let UI3 nloo a0C1.l1le thn t they add up to 10,000 "otanc'!zrd" cnllonn. The 

c:z.ce stud;r lrorlm on the ~::Jio tlmt X reCJ.uirec 10,000 cnllc:m of the 

conposito product. If products arc trented ceparntely there uould be 4 

centrell of demand ~, X2 , X3 o.nd X
4 

uith rC'luirenento of' 2500 cnllons 

cnlloline, 3000 cnllcno of kerosene, 2500 callono of lliGh speed dieDel 

and 1000 cnllonn of :furnneo oil reopectively. The latter appronch 1I0uld 

re'luire ccrtcin llodii:ictltionn to tho ctllcultltion. ?hesc o.ro CJ.ui to basio 

cnd cc.~ be easily nttended to. 

Onc point of note io t~t the effeot of' incrco.oing the 

oise of the problen, ,,"nd of the oOllt !:,tltrix by a faotoZ' of n, rellulto in 

a li1w increaoe in eonputin(; tine - n -, and not n2 no "i tl1 cort.:l.in othor 

n.1cori thno. 

I 1mve decided to restriot n:r otud;r to tho treo.tnent of 

"l3t:::..m:!E.rd" productll. The re:z.sons for doin(; 00 aro :-

The treo.tnent of products oeparo.tely could re cult in one 

centre of demnd beinG cUJ?pliod m. th different produots fro::! different 

depots. t1lilo tllio r~o.y not be opocifioally objectionable in certain 

indu:::tries, it ill undellirnbla in the oil induotry. Tho avern.gG C1ll3toner 

prefero to detll lfi tll only onc source, particularly lrhen ho places orders 

cuch th.:lt ooro than ono pro<luct io required to r.mke UJ? n full lorry load. 

l.i.' a lo:z.d 1ms to be oade up of drOIlB to oevernl dealers, there is 

eonsitl'-'~'~.blc 1003 of efficiency of utilisation of the vehicle. Thio 1000 

ll111 bo duplica.ted if oioilar rounds o.re tw.de m. th other productll co uell. 

l:1nimu:l t:.':::.noport coat 11ill be incurred if ea.ch lorry callo nt only ona 

outlet to drop ita full locd, and if' a. dealer cc..nnot a.ccept Q full load of' 

onc product, he could order several products to rn~e UJ? the load. Thio io 
, 

poooiblo if all producto ara avuilablo at all depoto, and thio ill tlto 

natural aequel to trcatina all products together aD onc "oto.ncl.:J.rd" produot. 

It io intereotinG to note that dealcro in Ccylon haVQ 

been persuaded to order full 10 .. 0 in oinGle !h'op::: - contrary to the 
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llI'll.ct1cll that prevails even to th1a day in l'"ri ta.in. 

~entnent of producto oeperato1y would increaoe 

co!:!putation time P::'Ol)o:rtionately. In view of' the comr10nto !:!ade above it 

io doubti'ul uhether thio extra. timo 11ill be lro11 opent. 

It 1{Quld nlao require = opt1nit::ation 111 thin all 

optinioation - i.o., tho allocation of the individ=l produot requircr-.ents 

of a dcoonu centro "1'11110 at tho Oo.[·H~ tine nllocatinc: the centre i tcclf. 

IT..n.vincr decidod to 000 a compooi to product, I Ci vc bol011 

tho basis of convercion of tho veriouo produot3 into "otandtlrd" callona. 

I hnve baoed the cCilveroion on the s})eci;'io c;:ro.vi ty 

cnd freiGht c03t rati03 dorived in oection!3 6.3.5.2. und 6.3.5.7. 

reapeotively. 

i.o., to muko other product:) "equivalent" to kcrooene 

(in 00 fer 0.0 our problcn reCJ.uirc3) I have u3ed the rati03 uhiell mako them 

compatiblo uith kerooeno 0.0 rCL:c:rdo specific c;ravity (converc1on !'ron 

callons to tonD, ai!:ce rail freiGht io cOl1puted by weiGht) and rail frcic;ht 

(to rcrlove tho dii'forentinl freiGht rtltes). '£he conver::lions =01-

6.3.6.3.1. Lain Line (oeotion 1) 

Premi~ GUsolino 
lloeul.nr Gasoline 
HiGh fJI)eed Dieael 
Industrial Diellel 
Furno.ceCil 

.9205 x 1.6616 ~ 1.5295 

.9038 x 1.6616 ~ 1.5017 
1.0576 x 1 ~ 1.0576 

Oil 1.0653 x .9301 - .9908 
1.1059 x .9301 a 1.1030 

6.3.6.3.2. 1:o.in Line (section 2, including l:o.tc1e Line) 

Premiun Casoline 
nesula:r Casolino 
lli{:;h Speed Dieoe1 
Induotria1 Dieoel 
Pu~1.CC Oil 

l're!:litm C<lsol.ino 
neeuJ.ar Gaooline 
HiGh Speed Diece1 
Indoo-tria1 Dieilol 
i:'url1:;.CO Oil 

.9205 x 1.8446 = 1.6974 

.90)8 x 1.8446 ... 1.6671 
1.0576 :le 1 .. 1.0576 

Oil 1.0653 :le .9265 .. .9870 
1.1859 x .9265 ... 1.0987 

• 9205 x 1.6243 = 1.4951 
.9038 x 1.6243 • 1.46bO 

1.0576 x 1 = 1.0576 
Oil 1.0653 x .9339" .~948 

1.1859 x .9339 = 1.1075 
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Preoiu~ Gasoline 
l:egular Gasoline 
Hich :3peed Diesel 
Induotrial Diesol 
1'urn..'1. ca Oil 

Preoiu~ Gasoline 
lleeuJ.ar Gasoline 
lIich Speed Diosel 
Induatrial Diosel 
J?urn,.'l.ce Oil 

.9205 x 1.6893 a 1.5554 

.9038 X 1.6898 • 1.5272 
1.0516:: 1 .. 1.0516 

Ci1 1.0653 X .9212.. .9811 
1.1359 X .9212 .. 1.0995 

.9205 X 1.5154 .. 1.4501 

.9038 X 1.5154 • 1.4233 
1.0576 xl .. 1.0576 

Oil 1.0653 X .9391 .. 1.0004 
1.1859 X .9391 .. 1.1136 

6.3.6.3.6. futticaloa Lin(l (includill<:,; Trincomalee Line) 

Preoiu~ Gasoline 
ReGUlar Gasoline 
lIich Speod Diosel 
Induotriul Diosel 
:·'urn:l.ce Cil 

Promiu~ Gacolino 
Regular Gasoline 
lIich ::pocd Diocel 
Induotrinl Diesel 
j,:'urn:J.ce Oil 

6.3.6.3.8. Kelc.ni Valley Line 

Premiu~ Gacoline 
llegular Gacoline 
IIich Speed Dieco1 
Industrial Diesel 
~'l.!rlmce Cil 

.9205 x 1.6892 .. 1.5549 

.9038 x 1.6892 .. 1.5296 
1.0516 xl .. 1.0576 

cn 1.0653 x .9273. .9878 
1.1859 x .9273 .. 1.0996. 

.9205 x 1.6913 .. 1.5568 

.903d x 1.6913 .. 1.5284 
1.0576 xl .. 1.0576 

Oil 1.0653 x .9210. .9875 
1.1859 x .9270 .. 1.0993 

.9205 x 1.5786 .. 1.4531 

.9038 x 1.5786 .. 1.4267 
1.0576 xl .. 1.0576 

Oil 1.0653 x .9392 .. 1.0005 
1.1859 x .9392 .. 1.1137 

6.3.6.3.9. In order to ooncolidatc.thesc fiL~es into a composite 

function fol' oach product, I have used the f'ol10,dn" ucil;htine factors:-

l:nin Line (section 2) 3 

All other lines ( 7 in all) ..L 
.!Q... 

Givinc; 0. final serion of l1eic.'ltinGS 

ProniU'll Gasoline 
negular Ganoline 
!Iigil :3peed Diesel 
Induotrial Diece1 
Furnace Oil 

1.5687 
1.5403 
1.0576 

oil ~9910 
1.1032 

indicatin~ ~lat each cnllon of premiwn ca.solino is 1.5637 

callons of "standnrd" product or "l:croscno cCluivalent". 
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The onles fii:'.ll'!HJ mentioned. in section 6.2.1.5. hQva 

been =1 tiplied by theoe lTcie.'ltincato convert them into "st:md.:lXd." 

callons. 11hon fii.'U:t'et] for several nontho ~rero averaccd a i'ttrther cor:rcetion 

~Tao made to cover the increaoe in demand ovor the ncxt decade 1]. t th·] ra to 
(68) 

of 5.6;'. per year. The deMnd fi[,"Uros in Appendix "CIf arc the i'il".:ll d:::ta 

lThieh have been uoed at] input for thio otudy. 

A fi001 co=cnt upon thio eonveroion ",ould be relevallt. 

'I'ho converoion to "otandard" callono ohould be mado only to the qvanti tieo 

that hn.v£ been moved at one time or nnothcr by rail; i.e., produotc t:1ll.t 

arc el thor delivered or oolleoted from 1]. dCl1ot. In t,lC e::cc otudy, the 

SZl.r.le convcrted f'icures oon.tinue to be used for e:::lcula-'::inc road 11ll.ulaco 

charcee no lIell. 'I'hio introduceo an approximation into thc final. eeot 

ficure that ie derived from this c.nalyois. Thio further cu~perto r:~ 

earlier contention th:::t this otudy (usinG the dn.ta t!'at I have prep:::red) 

~rill not Give the total transport ooot ,·rith nbooluto aocur::.ey; it lrill, 

hOlTover, determine tho ideal struoture of the diotribution nC~10rk, 1-.hieh 

io the r.:aill purpose of tho work. 
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6.4. The nC'.~ technique ir<.lO applied. to a real l1fe problem 

in order to (a) denonotrate i to capabiliti(;:J end (b) prad.ucc a meanincful 

e.nsuer to nn eY..iotinG problem, which concerns the re-orcnnication of the 

distribution netlfOrk operated by the Ceylon Petrolew1 Corporatien - El. 

menopolist in Ceylon. 

The precedinG oectiono deocribe tho exiotine pattern of 

diotribution and Give detnilo of the data that naD uoed, hCll they 'TCl.'O 

ada.pted, mld the aseumptiono that l1e:::,e mnde. The ccnputer procr= that 

l:tl.O ueed iD described in Election 5.10.1. ;~pl)cndix "a" [:iveD c conprchoIllJive 

record of the itcrntions and the final reoulto. 

'i'he min pointo oi' the resul to twre no foIl 0<10 :-

a) ~, reduction ef 4.21~: fron the proocnt cost of distribution. The 

oenthly oc.villG iD Ho. 114,612.51 - equiva.lent to over 1:8000. 

b) l'ivc enotinc depots c,re to be cloced dOlm. 

c) .: i VC) nCll dcpo to nro to be opened. 

The ocnoitivity cnalyois plcycd nn inportc.nt pnrt ill this 

otudy. nlO =lyoio did produco a bonuo. It oholiod hOlT the roell1 t::; ai' the 

1'il'"t run could be broucht cl03Clr to the optinu."l ( conp=e ui th l:eulm and 

llm:lburccr' 0 :!3u::ll)~nd..,'3hift J.'outino). 

'l'ho first run produced un inp:::'ovcment of' only 4.02;:, and 

requi='~C. -:::,:.; cloouro of 4 oxiotinG depoto nnd the openinG of 4 no", OllOS. ':i:ho 

firet conui tivi ty nnalycio ohm,od potential for fm'ther it:l:provcncnt \li th 

the excluoion of 3 of the rooio depots (ono exiotinc; =d t110 propocod 

sitoo) • 

6.4.2.2. '1'11e next run, u1 th the <;.bovc modifico.tiono produced Con 

inllrovOLlont 0;£ 4.18;:, uith the cloctu'e of 5 exiotil1; depota <;'11.1 the ol)eninc 

of 5 new oneo. ','ho second oensiti vi ty nr.alysis cholred fUrthor l)otolltic.l for 

1uprove:::ont ui th the excluoion of one oi' the nell depots. 

'.i:hc i'iml run L~ve ruJ. improvo;,,(mt 01' 4.21;; u1th the 
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oloa=e of the oo.me 5 exioting depotil and the Openil13 of 5 nell oneo. 

The rooulto 0.1.'0 cuncnrioed be10wI-

6.4.2.4.1. Rooul t of Run 110. 1. 

Improvement ovor preoent eoct a 4.0Z,j 

C100=0 of 4 exioting outlets Ko taG"lla 
l!ll.putnle 
llIl. tna.p=a 
I'eradeni~a. (Hell) 

Opening of 4 new depotB .Aobo.J.o.ngeda. 
Lunuwilo. 
Pallni 
Opanaike 

~enBitivity ~sio showed that the exolusion of these 

depots l10uld mo.ke furthor cavings ss follows -

Y-ilinochehi Ra. 1,018.15 por month 
pluo ontr,y of Vo.vuniya into baa1c 

Lunuuilo. nl3. 3,515.81 por month 
plUG entry of l.:n.d:::.opo into baois 

Palmi Rs. 26.32 per month 
plus entry of Chn~Qachoheri into bno10 

Tho next run wo undertaken w1 th the exelUGion of theoe three depots. 

Improvement over present ooat .. 4.18)~ 

Clocure of 5 existing outletl3 - Kotsgn.lo. 
l!ll.putale . 
F.a. tna. pur::!. 
Peradeniya (Neli) 
Ki11no choh1 

Opening of 5 ne11 depotB }..mbaln.ncodn 
Opo.naiko 
Indo.mpo 
V 0. VI.lniya 
Ch::;v::kaohcheri 

l:aJ:>gbn.1 ioprovcoent (ever Run Ho. 1) .. 0.l6j~ 
pluo closure of l:ilinochehi depot 
pluo openinG of l!ll.dru:Ipe vioe LunUl;llo. 

Chnvnkcchcheri vioe Pallai 
Vsvuniya 

JC!lll1tivity .Ann.l.yo10 showed that the cxeluoion of ono 

further depot, Vavuniyu, uhich l{ould oholl nn additional oo.ving of Ro. 191.33 
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per month, llluo the entry 0:1: 1'mlkul= into the basis. 

The next run was therefore underta.ken with the exoluoion of 4 depots, 

Kilinochohi, Lunuwila, Pallni Md Vcvuniya from the bae1a. 

for improvement. 

Improvement over present cost = 4.2l~ 

Closure of 5 ex1stine depots - Kotcgala 
llal'utcle 
Ra. 'tnapura. 
Pcradc!liz;-a (IT ell') 
Kllinochohi 

Opcnine of 4 nOli depots - !.J:lrolM[;Oda. 
Opo.na.ike 
l:a.dampe 
Cha.'V'D.ka.choheri 
1·1ankulo.m 

l:a.rginA1 improvement (over Run Uo. 2) .. 0.03~ 
pluo openinG of llankulnm vice VaV\lllij':l. 

The last scnaitivity analyGis shoved no further potential 

Tho detailed results arc summarised belowl-

Depot Throw;hput Fixed CO:lt 

Kolonna:wa. 12,255,938.78 411,000.00 
ratara (:~) 632,715.96 7,200.00 
Pero.deniyo. In (E)2281,653.8l 15,200.00 
llatt1caloa (b) 382,731.37 7,000.00 
Kurunegala (ll) 884,463.48 9,850•00 
Anuro.dhapura. (3) 394,215.03 6,000.00 
Jafi'no. (c) 485,626.90 9,350.00 
Galle (lJ) 969,285.31 8,850.00 
China lla.y (B) 333,047.50 11,500.00 

}.J;jrolancoda. (n) 341,810.64 7,341.81 
I!o.do.mpo (n) 538,937.87 7,538·94 
iankulo.m (H) 150,684.03 7,150.68 
Chav-Jroohcheri (IT) 535,437~35 7,535.44 
Cpano.ike (11) 996,221.93 7,996.22 

(B) denotes an existins depot 

(n) denotes a neu depot. 

Variable Cost 

576,103.83 

98,773.16 
307,110.90 

105,984.40 
115,065.82 

72,167.44 
129,063.56 

113,858.85 

42,463.45 

32,125.27 

53,503.20 

34,514.11 
144,881.19 

117,595.09 

Hap No. 5 depiotB tho new aet up. 
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Fized eoat of opti=l network 

Variable eoat of optimal network a 

Total Coat of Colleotions 

Total Coat of Opti=l lTework -
SAVINGS -

Improvement over proQcnt system a 

r~. 2,003,210.27 

no. 80,134.38 

RD. 2,606.857.75 

no. 114,612.51 per month 

4.21,~ 

The deta.iled results are presented in Appendix "G". 
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AlTALYSIS OF RE~ULTS 

The application of the new technique has produced 3 sets 

of results, each progrcsoivcly better than the last. There have becn 

sic;nif'icant differcnceo in the baseo ui th ocall improvements in coat. It 

is cucceoted that all three ceto of reculto should be conoidered, since 

each rep;t'eoento the consequencea, ouitably quantified, of threCl diffcrent 

courcea 01' cction. Thia r.ml tiplici ty of reoul ts could very .fell be a.'l 

added advantace of thio type 'of nnalyaia', since cana.ccment uill have 0. 

fair oprecd of informo. tion on .rhich to cake i to deoioion. 

Ily analyoio ;rill looole ct tho depoto that aro affected 

b'oJ this 'exerc1ae. 

I shall take the eziotinc depoto nrst, t:WlJO that ~r111 

ho.ve to be closcd dOlm. 

6.5.1.1. KotaCjllla 

At tho moment thin depot plays a. very icportant part in 

the distribution of Industrial Dieael Oil nnd 11urnD.ce Oil to the tea eotatcs 

in the Central I~oVince. It ia an eX-Ghell inotallation and is well 

equipped for its taSk. Ita prODcnt throUGhput (in absolute terms - actual 

1967' ficurea) is around 40,000 sallono per month of ~emiU!!l Gaooline 

65,000 - do- Regular Gasoline 

82,000 - do- llieh Speed Diesel 

225,000 - do- Industrial Dieoel 

100,000 - do- Furna.ce Oil 

75,000 - do- Kcrooene 

It has a.chieved its importance by virtue of its 

Geo~phical location. 

6.5.l.l.1. This study Ma revealed that Kotago.la. depot does not 

pay ita vay. It does not brine about adequate euvinco in transportation 

coat to offeet its fixed coat. This aepect of financial ana.lyois has not 

Oil 
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been carried out, at leaot by its present ouners; it hao been allowed to 

operate merely because it belonged to an oil company. 

6.5.1.1.2. Tho reason for its unprofitabili~ lies not in the 

inadequate reduotion of road t=port charccs to its ouotooero, but 

becauso trunking coot to it is hiGh. Kotacala iD Bupplied by rail - along 

the I,lain Lino - over a diatance of 111.3 mileo fron Kolor.nllull. The road 

distance from Kolonnawa is only 11 nileo. In addition to being about 

45~ further, the journey by rail ia alone the hich-rllte seotion of the 

llain Line. Thin ef'feotively addB to tho distc.nce. 

6.5.1.1.3. The nett result is that the fixed cost of Kotaccla 

ia not caved by sendinG product to it by rail, a.nd this haa been hiGh­

liGhted by the current stu~. Kotaga1a was dropped froll the roGia in the 

third iteration. All supplieD to the present "Kotaeala area" ~lill be 

direct from Kolo!Uunm. 

6.5.1.1.4. lihilo thio ohanc;e can be justified in toma of hard 

cash, it is doubtful whether the new arrangement would be uholly accepta.ble 

to the cuatomero. ~hey have becomo used to a very chort lead time - an 

advnntac;e tThich haa been almoat solf-echieved. The roo.da in this part of 

the country, particularly on the estateo, are narrow and ldnding and not 

conducive to the use of heaV'J lorrieo. Smaller lorriea c~~nc leoo 

product havo been uoed and, aD a consequence, the tankaCO installcd at 

custcmers' premises ia omall. This has required a ohort lead time. 

6.5.1.1.5. A further complication is t~t tho transit tine be~feen 

Kolonna_ and Kotaeala is hiGh. A lorry ,rl.1l be able to do only one trip 

per do.y and the nUlnber of vehioles required to supply this area fron 

Kolommwa 1rl.ll e;reat1y exceed the number nOli stationed at ICotacn1a. mule 

operating cost haD been incorporated in the calculationa, no conBideration 

has been paid to the i=edia.to requirencnt of a. larGe !lU:~l for the purchase 

of the extra. vehicles. 

6.5.1.1.6. ~ho laBt sicnifioant point that has to be oonsidered 

about Kotacala io th:l.t it iD a re1a.t1ve1y larce and 1fell-equiPl'ed depot. 

It uao built to the present speoifications by ::Jhell 'Whoso delibera.tione 
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reearding choice of oi te '\(ould have been influenced by their mm pattern 

of deonnd , rrhich is quite different frol:1 the prcsent pattern. 

6.5.1.1.7. If, o.fter con:JiderinG all Ho inpliC:ltiono, it is decided 

to clooe the Kotncnla depot, the troUlc of its fncilitioo can be trunnforred 

to one of the ne'\( cites. Tho cnVinG on this account (uhich MO not been 

estimated for thio study) ~Tould help in eeoiua the burden 01" p'.U'ch:!l3ing 

the additional vehioles rcquired to nake cu~plieo to this area 1'ron 

K olonlln:un.. 

6.5.1.2. Haputnle 

':-'hio tco is an ex-8hell depot, nloo mainly concolnod 

lrith the cupply 01" henvy fuels to ten estntes. It is a relatively s;'1:111 

depot cnd doe3 not have facilities for J?urnaco Oil. C2he tanlmca for 

kerooene al'ld induotrinl diesel 011 uno Guppleoented by the c.r.c. o£ter 

ae'luioltion 1'rom Ghell by incorporatint; an adjacent den1er-o::;>eratcd 

roilcide depot into thc troUlc depot. 

6.5.1.2.1. IIaputnlo depot did not ficure in the o::.-lcinal net'\10rk 

of depoto plc .. 11Iled by the C.l'.C. It 1TaS taken over beccuse of the necesoity 

to acquire all oil CO::lPnny asseto and lmo then put into operation beccuoo 

1 t ,\lo.S availnble. l1cithcr 1 ts tcnY.o.co CCPo.city 1101" its ley-out io conduoive 

to efficient ope::.-ntion ~~d therc io no rOOI:l for expansien. 

In vie'\( of the o.bove feetoro it 110uld appec.r that the 

C.P.C. '\TOuld L~in in wayo other thc.n financial 11" Enputale lIere to clooe. 

Supplieo to thla nrea will be =de fron the non depot propocod 1'or Opnnaiko, 

llhich uill 'bo taken up la.ter. 

6.5.1.2.3. The unprofitability of Imputa.le arices bcco.uco lt too 

ia on the hiGh-rate oection of thc lIain Line, at n dia'k.noc of 153.48 ra.il 

nileo frol~ Y.olol'lna.m. Tho re::'..d diot::mco io only 109 nile3. Supply throUGh 

Opanlliko involvcs a ra.ll diatance (1:010n11::'17a to Opo.naike) of 72 dIes nnd 

a roa.d distance (Op=ike to l!a.putale) of 38 oiles, na::inc a total rllil-cuo­

road journcy 01' only 110 oileo. ':,.'his explains '\Thy lIn.putlllc <lepot =ot 

juoUi'y itsclf, 11hen comll=~d "ith Opanc.ike. 
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6.5.1.3. Ho.tnllpura. 

'l'hio too iD M e::.:-Ghel1 depot, uhich ha.s facilities for 

only 2 fuelD, HiGh Gpeod Diecel and Induatrio.l Diecel Oil. :3hell hnd core 

fuels o.vailo.blo hero, but Dervcd only 0. 01:10.11 market. 1:hen the C.1'.C. 

started monopoly supplies, it did not uso 1'.atnnpura depot at all. 'i'he 

deciaion to OpClro.te ll.o.tnnpuro. under the C.P.C. 1mD olearly M afterthought. 

The tankaGo b"o.3 DO OCl(l.[;Te tho. t only two produots eould bCl hMdled here. 

6.5.1.3.1. Its OlODurC will be very insi[)lifioe.nt to the C.P.C. 

Its ttu'l'lover OM be easily' d1 vcrted to the new Opo.no.ike depot, of which 

core la.ter. SinCG it has no rooe for e:rpansion, its cOlltinued exiotenoe 

1l'll.S in doubt all o.lone. 

6.5.1.3.2. It io 3upplied by ro.il, via the nnrrOll' GUUCC Kelani 

Vo.lley Line, which is the reo.l Cinderello. of the Ceylon Gove~Qnt 

Railw~. r'urther comments will be made on this when discuzoing Opanaiko 

which is the terminus of the Kelani Valley Line. 

6·5·1.3.4. 

to the C.P.C. 

All in all, the oloaure of llo.tno.puro. will be no real 1000 

6.5.1.4. Pero.deniya (nelf) 

This too iD M ex-Shell depot. It hns 1300.11 tanlmcc and 

is on a. con..,rtlClted aito a.bout 1 mlo IWCY from the larG'G ex-Caltex depot 

o.t Pero.deniya Junction. It usod to hnndle all fuelo under Shell but hes 

been converted into 0. bleck 011 depot by the c.p.C. It 113 used to mnke 

supplie3 to the tea Md rubber eoto.too in the area.. 

6.5.1.4.1. It 10 being operated by thCl C.p.C. for the Dene reo.Dons 

0.0 Ho.tnnpura. Md Ilo.putnlc. It oupplemcntlJ the fo.o1l1ties at Pero.deni:fn 

Junotion. ~he latter hno =ple roor.! for expansion and CM be enlarGed to 

oope 11i th the volume tho.t 10 beine handlCld nou by the depot o.t Peradeniya. 

(!Tew). 

6.5.1.4.2. Here too ia a. depot that can be eo.oily closed dol.'Il 1ihen 

the o.djoininG depot iD enl[U'ced. 



6.5.1.5. I:ilinoehehi 

7hio io 0. l=CC oodern depot ecquired i'ron c,hell. It did 

not fic;ure cctively in thc C.P.C. '0 distribution net1iorl:: for a lone' tino 

eSter c.cquin1 tion. It ~fC.O beine uoed ca buffer ctornco :for tho Jnf:f:m dopot 

until e=ly 1961, uhcn it bcct::.ne fully ope=tional. l!ol1Cve:::-, it otill 

h:mdleo only the nc.:::-Gino.l vol=en li~eh Jo.fi':w. =ot cope id th conveniently 

cnd 1to thrOU~lput :f:ello fnr ohort of ita deniened cnpccity. 

Thin depot l'IUO cor~pleted by :Jhcll ohortly before 

ncquici tion, cnd even they did not opere te it t'.n,yuhere nenl.' full cCImc1 ty 

no they too hnd their depot nt Jn1'fnn. and their d!!!'lc.nd in thio ~.rea did 

not lIarrc.nt the need for 2 depotn. It lr:::'C built no n lcnc-te= nemlure 

cnd 1 t hao bcen cdn1 tted even ;:r Shell tho. tit m:::.y hn .... e boen 0. tc.ct1ct::.l 

crro:::- on ~~eir pert. 

6.5.1.5.2. 7cl:en even in the u1tler context of tho C.P.C. '0 operet1ono, 

it otill ror.:a1no 0. ilhi te elep!u:nt. Ita location at the centre of 0. 

eon:'=atlvcly bnrren (i.e., of" dennnd for petroleu"1 productn) aren cnd its 

diot:::.noc 1'ron the Jo.ffna eonurretion =0 both f:::.ctoro uhich crl})hnn1oc ita 

llc:::kneoo 0.0 e fenoible depot location. 

The cloourc of Kilinochch1 ,dll plecc no erent otrnin on 

the C.P.C. Itn prcocnt cnn.l1 throuchrut can -be cncily reverted to \Tn.f:fno. 

cr to eny other deput \T1 thin the Jl2fi'nn l'cninollln, end the bull: of the 

equipncnt inotnlled there cen be 110ed for nOIT dopots. 

6.5.2. The cOr.l:~ento that follol1 concern tho nel; depoto thut are 

rcquir~~ to replaco thona that aro beinG oloned, or to supplement the 

other de:>ota in the netl-Tork. 

6.5.2.1. 2'-nbal!'...."l{'joc:"':'''1. 

Thin n'~ll 01 to iD 011 tho Coc.ot Lino located bctlTeen 

I:oloIl::n1T;). n.'1.d Cnlle. It io 53.9 r[1.i1 niloCl froll the for:.ler n.'1.d H3.3 reil 

::dlcn f:::O!:l the In.ttcr. There iG Do c~:l11 do[!.lcr-op~r~tcd. rc..ilcid.o depot Dot 
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Ambalnncoda and can be developed 1f 1t 1s decided to cpen a bUll~ depot 

there. 

6.5.2.1.1. The areas aG01ened to AcOOlCl1u""Odn. ora n011 supplied fro!'!l 

Kolonnnwn and m=ci=lly from Galle. The question to be conoidered noli' io 

11hethcr 1 t 10 lrorthl1hile to opea 0. new depot 0. t Acb::Ur'JlCOdn. Tho oi to lfill 

have 0. reaoonnble throUGhput, but oen01t1vity =lyoio has OhOI:11 tho.t tho 

cost ot cxcludina J.moo.lancodn frolJ the bac10 11111 be only llo. 300/- per 

r.lonth (r.o. 299.62). Thio would be only a very or.l::Ul 1000 (o.bout -;.;;), =d 

1t io felt, even lnthout further otudy, that the o.dditionnl capital 

eXpend! turo of opening 0. nau depot is not juotified by thio return. 

6.5.2.1.2. This bel1d~' is otren&~hened by the fe-ct thnt the oxoluoion 

of Amb::\lnnl;oda, rri th the 1000 ot Ho. 300/- per month, u111 not afi'oct 

the 00.01s in o.n:J other l:ay. The nUIJber of depots 10 reduced by 1, and 

t~e o.reo.s assigned to illnoo.lancodn. rovert to Kolonno.lIo =d Gallo. i.e., the 

sto.tuo·quo io nnintnined. 

It seel:lS therefore that this io = inst=co l1here the 

pure cost approach producea a .reoult uhich is rejected on other crOUl1.d.O by 

r.l=ccment. 

6.5.2.2. CJ?ane-ilea 

Thia iD the tOrr.t111U13 of the llo.rrO~1 eUacc Kol=1 Vo.lley 

!.ine. This lino haa nluo.y:; been a atep-child of the l1Ililuny and little or 

no effort has boen made to inprove ita operatine cond!tiono. ~here are 

Devere-l unohur1to.ble interpretations Given for the reason why Ceylon uo.o 

burdened In th 0. soa11 lenGth of no.rr011 (;lUl.{;e railmlir uhen the reot of 1 ts 

netlrorl;: lrao the uni veroo.l broed ClIDGe. The fact re:r:nino thn t thi 0 line io 

opera tin,;; under severe conlltrointll, and the openin.:; of 0. nel1 C.l'.C. depot 

l!:icht 1'1e11 be the icpetuo thnt ini tinte3 its develop:::ent. 

Opu.nniko hao boen Ilooigned 0. thrcUGhput of nearly 1 

r.l11110n co.11ono per conth. It ~;i11 be the second biccest de",ot in the 

COU1'ltry. It nill drll\r ofi: cupply to the preGent J:olOr..lmlrJ., Lo.tnllpurn =d 
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Lbpu~lo arcaa. It is si tua.ted 72 r1lil milea from Kolonrunm o.nd is idcnlly 

plnced to cervo thia pa.rt of the oountry. It 11n3 n er.w.ll dealer-operntcd 

railnido depot th1lt co.n be improved. 

TIle econo::103 of the nelT depot =e oound. The nonoi ti vi ty 

an1l1ycin indicatec that if it io ez:cluded, 3 additioml dcpoto =e 

rcquired to oininioe total cootll, 16ioh =e ,:till about ns. 12,000/- per 

nonth hiGher. 'rhe 3 depot3 are r.ntno.purn, Kalu:matta. o.nd lfnputD.le. en these 

croundrl alone, i t3 entry is very denirable. The, only fo.ctorn ~.hich oould 

affect thic decia10n are outc1de tho control of the O.p.C., no.!:1ely, the 

fUture proapect3 of the l:elnm Valley L1ne 1tneli'. Ii' the line 10 found 

to bo unecononic, even after the o.dd1tiono.l buc1nons cruc~antood by the 

neu bull: depot, the Ib11uoy eiGht clooe i t do~m entirely. In OUe.'l en 

event, Op=ikc cnd 2 of 1 t:J 3 CUb3t1 tutec 'nll beconc ini'caciblo, since 

nll are on thio line. Thio pocoib11ity .'laa been studiod aoparo.telyand tho 

rc::;ultn prcllented in Appendix "D". 

6.5.2.3. :~adanpo 

7ho aolection of llada!:lpe thr01TD a nc~ liGht on the 

dictr1bution net1fork. It is 44.15 rail r..iler:: fro[1 Kolonnmm on tho Puttal.au 

Lino. Thin lino has had fluotuatinG fortunes dur1nc; 1 ts Ufetino. It l'ms 

initially construoted to link the extencivc coconut os~tes cn tho north­

ueotcrn aenbeard of Ooylon 1'T1 th Oolonbo. 1'urinc tho Second Horld 1r['.r, parta 

of this line 1,oere dicl:lantled, J:lainly to provido OUM need~d iren for 

defence conetruction. The line haa since been relaid and extended to link 

up 111 th a 1=";0 oer.lcnt fo,otory noa.r l>uttalo.m. 

There a.rc no bulk depote on this lino. The only rail-fed 

pctroleu:J outlota are 3 dcaler-operlltod roiloide depote, one ef 1rhich iD 

rado.npe. Rocd de11 varies a.re rode froe Kolon!J.al;n.. 

The cclcction of l:nd:~.mpe Geo::lIl to be a lOGic::>.l cnd 

neoea3ar'J atep (ill the riGllt direction). It 'nll relieve Kolonnmm. of nany 

10nc;-dintD.llCC dclivcricn and 1(ill rolcane tank 10=ie3 fer othcr ucca. e.G., 

for sup)lyinc tb.O!JO .:.rco..n noi'1 c~vcrcd b"tJ I":'oto.c;llo., if the lo.ttcr io cloned. 
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Tho sensi ti vi ty =lysiB inditm tea that e:x:clUl3ion of 

l'o.da.'llpo 110uld reoult in an additional cost of Rs. 844.27 per month, even 

thouc;h 0. nOl1 depot l1ill be required at Chilaw. Thoro uould bo no reduotion 

in capital expenditure and an incroased cost. O~lcr factors such co ouotonor 

convenience and strateGio dcoirability support tho need for thio depot. 

It appecr3 ~leroforo that ::ad::tr.'lpe io a very desirablo 

oito fron evory pvint of vien. 

This depot h:m been s~lcctcd mainlY to take up the slo.ck 

crc:.tted by the clo=o of' l:1l1nochchi. It 'trill 0.100 drD." off oono of the 

throU,)lput fro!:l the Jcffno. depot, mainly the volu':leo back-h:lulod tmr:.'.rda 

rolonnmla. ChaVD.kachchcri io 10 mileo oout.'l of' Jaffno. and is olooor to 

the neck of' tha Jafrna Peninsula. It thoref'oro connanda a creator catchment 

area than Jafi'na. It uill relieve Jaftno. depot of' a fair cal1ol".D.Go and will 

aloo supplement tho total storaco available in tha peninsula. Thc latter 

'trill be ver'J dedrable p=t1culc.rly if Kilinochchi io closed dmm betmUl3e 

of tho di3tanco of ~lio area fi'om Kolonnmla. It has not baen U11com.10n to have 

rail oommu~oationo diorupted (mainly duc to floodinG) and tho additional 

storaGe/diotribution point could bo otratceic:llly vitcl. rurtherT~ore, the 

prcoence of tuo depoto 00 clooe to each othor 1Tould pormit a certain 

decreo of specialisation. l'or inotance, only onc need h:lve t:ml:D.co/facili tiC3 

for the black oilo. 

The senaitivi~J o.no.lysis indicates that tho exolusion of 

Cho.V'Jcachchcri from the basis resulta in an additional coot of no. 610/-

per month. ':'ho number of dopoto io reduced by 1. Ho,fover, the load on 

Jnffr.n. i3 doubled p.nd !linoa Ial1noehchi hao alreo.dy been excluded, it >rill 

not be decirablo to have only one depot chcrced ,ri t.~ the rcopolloi bili ty ot 

oupplyinC the Jo.ffn:l eroo.. 

All in 1:'.11, the decision to 01000 I:i1illochohi and open 

Cho.~lkcchcheri nill depend on faetoro othor thnn pure ceonomioa. If tha 

fOI~JCr in olo::::cd, it 110uld be C1:10Ct essential to open the latter even 
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thouc;h i to oniaDion 1l0uld inCUl.' an addi tioMl cost of only no. 610/- per month 

~h" ot=te[,'io deairabili ty uould. stronc;thon the economic uca.kncoo of 

Chavclw.rocheri. 

6.5.2.5. r:c.n1:u1o..T'!l 

ilere too io a depot beinc located in u prcviouoly 

uncovercd crea. Deliverieo to the propooc_, J~"'.n.trual:l area arc beinG made 

froo hlUrl1dhaDUl.'U, about 60 mileo 1J0uth. ~;ince the nC1f area oovcro Dointo 

aa much ao 50 !:lilea fro:-J I:o.nkul!'.m, n nc;{ m.t);lply OOUl.'ce certainly eeer:m 

unei'ul. 

:che addi tiono.1 ooat of excludinG JTcnkul= ie nL~ost 

p.a. 1000/- pcr Month, and oinca VaVll.'1iya hall IllrenJy bcen excluded, the 

nu~ber cf dopoto in the aub-optimal beeis fnllD by 1. 

6.5.2.5.2. 'l'he monthly throu[;hput of the ne.f depot io mmll (junt 

oVvr 150,000 otandard C:l.llons per Month), but the dietancCD involved are 

ouch that evcn thio low ficuro produceo eufficicnt cavineD to offoet itc 

fi::::cd coat. 

6.5.2.5.3. IIere too io a co.oc uhero 13t=tc[:,"ic dcsirabili t-J ovcrcornefl 

thc doubto cast on ita cffcctivencDo on cconooic croundo alone. 
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conCH],.}IOlTS 

7. 'Che resul to obtained in thc 0000 st~ and the mmner 

in l·rhich they trere reached indicate the offioocy of the nelf techniQue. It 

does not require the knolrledco cf any ad:vanced co.thomo.tico.l or conputational 

techniques, and io therofore 'Id thin the craop of any person liho lms only 

the briei'eot understa.nding of diotribution praotioe. 

7.1. .Ul that is required in the inplenenta.tion of this 

technique io an understanding of the costa of the variouo operotions 

involved. Tbcoe ooota oould ver,y voll be traoed by a cocpetent aocountant. 

Thereafter re:naino the oOl:lewll!l. t c.rduOU::l t.:lllk of prep:lring a nileaG0 no. t:i-x. 

'Che de(;1'ee of cocplexi ty or the na.trL't io diota. ted by the decree of 

o.courn.oy that ia required. A e;rea.t deaJ. of oeoondn.ry info:t'!:'.D.tioll C:~;1 be 

eo.thcred if o.n o.ocura.to mileaGe e;rid ia prepared. If, on tho other h~.l1d, 

the reoul t ooU{j1t ia only the main optinioo. tion, much labour oan be oD.ved 

by representinG the obviouoly infcaoi ble routes by arbi trc...."'Y hiGh mileaaos. 

'l'he final oonolusion that Oim be dro.lm io that thio 

technique ldll, in m:my o."1.oea, produce nn nooeptable reoul t, if not produoinG 

a solution that in the absolute optinun. 



RBCOW,L:::mATIOllS FOR FURTJIlffi llOme 

8. Tho next otop to bo taken io the ~odification of this 

technique to cope ui th more tlmn one muin source. l'reli:1inc.ry uorl: 1ms 

dono on thio modification nnd the follo1finc; prinoipleo norc established 

for increasine the number of main sourceo to 2. 

8.1. expanaion of tho mlleugG mutrix by ono eolu.'ll!l to 

represent the distance a betlrcen the second oource and the deotinationo. 

8.2. deternina.tion of the optil:! .. ).l produotion p:ltterno at the 

2 ,1(\in oources, assuminG tlmt they are refinorieo • .l'.lte:t'rul.tively, the mtio 

of' o:;?tir,1(\l cepaci tieo could be detornined. ':Chill would eotablioh the oooio 

ropa.bili ties of' tho tuo oources., 

8.3. estimation of' the o.ddi tional cooto t.'1at llOuld be 

incurred if' the ratie or pattorn establiohed L~ section 8.2. io not 

observed. e.g., if' the production pattern ~eo the ratio 213, then a 

penalty would be incurred at both oourceo if' the asoiCl1ed pattern (0.0 

required by the a.l1000.tion of' demand) is 1:1. 

8.4. the introduction of' 0. sub-routine into the ~ain proGI'= 

uhieh lIould keep trach of the nllooo.tion of' depoto, and not dootil1ationo, 

. to eo.ch source. 

The ration:llo ia that, L"l the ideal enco, a depot 

lfOuld be mIPpl1ed from only one oource. 'rhe optimination procr= ,(auld 

therefore first assicn domand oentres te the depetc and then the depeto 

to the souroes. The firot alloontion, donnnd centren to depoto, i10uld 

have to cono~der the poosibility of' supplying each depot from either 

souroe. 

8.6. The othor iopartant o.dvance is the cXJ,Xlnsion of the 

callo.blli tie:) of the oon!Ji ti vi ty =ly!Ji:J, po.rticulnrly tln t :po.rt .rhich 

n:lScooes ths effect of droppin~ selocted depot:l f'roo the b"sio. Ao it iD, 

it .iill drop one depot at 0. tioo. The oodifirotioll that io intended iD tho.t 
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it should drop more than one depot at n timo. The aotual ~echuniso is 

sinple. The relevant KO valuo liould bo sot to 5. ,fuat has to be dono io 

to dra1f up n systematio procodu:ro that uould to.ke up all poosible ooobinationo 

of dopoto in a predotermined pattern. The ntmber of oombinationo anonG the 

selooted depoto uill be very l:luoh 1000 th:l.n aooncr all poosible dopoto. 
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APPi,;rmIX "A" 

TIm COMPUTER 

Tho cO!:lputor Ulled for this project .JaS the lCT 1905 

conf'igtl1'Btion installed at the COlllllUtor Contre of the Loughborouc;h. UnivC%'si ty 

of Technology, Loughborouc;h., LOicestershire. 

It has an 1nte:rna.l oore store of 32 K, out of which 

about 24 K is aval1able for the no=l program. The time taken for the 

follolling operations iD 

Fixed point 

Addition/subtxnction 7 

llultiplication 

Division 

40 

44 

Logical Opora tions 7 

Floating Point 

13 

29 

51 

The off-lino equ1p!:lent that was used was 

1) ~lnc;netio diso unit. 100 track units lfere Ulled 

2) llnc;netio tape unit. 40 Ko/seo. tape decks, with a pa.cking density 

of 556 bits per inch. 

3) Card Reader. the operating speed was 900 oards/minute 

4) Line Printer. output of 1350 linos/minute. 
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CALCULATIOlT OF TII.!JTSPOllT COST DATA anID 

Tho oonversion of the L'li1cngo erid into a trnnoport 

coat crid lID.a aooompliahcd ~d th the uae of a opooia.l1y In'i tten oooputcr 

progrnm. ThiD progr=, which iD reproduood be1o;7, rnakoa duo provision for 

the non-linearitiea rnentionod ear1ior. 

8 

203 

204 

205 

206 

207 

208 

209 

210 

211 
11 

W3T(LP) 
s:.;:m TO (1;)) ,FOIlTC01U'All.".:A. O!m) 
PROGRAJ.l(G012) 
num' i.CRO 
CRr':.ATB 2a!iTO( COST 1,lATIUX) 
urn 

llASTER TRAlfSPORT COST GRID 
DIIll:.:N3IO!T IS( 613) ,TT(86) ,TX(86) ,D(613) 
IC.613 
ID-86 
DO 12 I-1,ID 
RR\D(l t8) (1S(K),Ka 1,IC) 
FOm!AT~26I3) 
D9 13 koo1,IC 
IF IS K .LT.61)GO TO 203 
IP IS K .GT.60.}.1TD.IS(K) .LT.100)GO TO 204 
IF 13 K .G'r.99.A1ID.IS(K) .LT.135)GO TO 205 

IF IS K .GT.134.AND.ISiKI.LT.175ICO TO 206 
IF Is K .GT.174.A1ID.IS K .LT.210 GO TO 207 
IF IS K .GT.209.1lf.D.IS K .LT.250 GO TO 208 
1P IS K .GT.249.}.lTD.IS K .LT.285 GO TO 209 
IF IS(K .GT.£34.PJT.D.IS K .LT.320 GO TO 210 
IF IS(K .GT.319)GO TO 211 
nx..nn 
GO TO 11 
rJC,.IlR*1.05 
GO TO 11 
ruc.Rl'l* 1.15 
GO TO 11 
nx..nn*1.3 
GO TO 11 
RXaIlR*1.45 
GO TO 11 
p.X .. Rn*1.65 
GO TO 11 
R..'C .. RR*1.75 
GO TO 11 
R.x..nn*1.85 
GO TO 11 
RY ..... IlR*2 
D(K) =01<.+'1''1'(1) +TX(I )+13 (K)*HX 



13 CClf.mnrc: 
12 llRITE(2) (D(K),K-l,IC) 

GTOP 
l1ID 
FIlTI:JII 
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APP1:NDIX "CH 

CON30LIDl,TIOlT OF SAL2S DATA 

(72) 
The anles i'ieures obtained from the Ceylon Petroleum 

Corporation were tabulated in the following formntl-

Produot CUatomer 
HUI:loor 

Souroe ef 
Supply 

Quanti~ Supplied 
Deliveries Colleotions Rail/pipeline 
(CPO lerry) (CUatoncra') 

vehioles ) 

Imving deoided to recnst the islnnd-wide denand pattern 

into 613 oentres of de=d (based on pont offioe arena), it lltlS nooessnry 

to wri to n speoia.l oomputer progt'OJl which wuld do no conveniently. This 

program would take each oonth'a nnlea ficureo nnd prepare a. ~ lThioh 

gives the dcoand ooncentra.ted into the 613 areas. Those oonthly figures 

'Were then oonverted into "sta.ndard." GIl1lona so that they 'Wore ooo:pntible 

ld th tho main opt1m1sation proCt"lJ.C- Figures for Gevernl montha wero 

averaged and ooopounded (at the rnte of 5.6!> per =) for the next 

decnde to represent estimated demand in 1977. 

Tho oomputer program uhich aoooopl1shod the firnt part 

of this ia listed bolo,,. It MS been w.ri tten in FOTtTRAlT IV. 

LIST (LP) 

~~~: ~:6~)nTCOI'll'AIillA.(;Ij2j) 
IIlI'UT l-OnO 
OOllPR:~S3 I1TT3GER 
OUTl'UT 2-LPO 
OUTPUT 3 .. CPO 
l.lID 

l!lillT"~ DElIA.l:D SUIJ·IARY 
DIJfClTSIatr J1;(12) ,Jl(3S00) ,J2(3800) ,J3(3800) ,J4(3800) tJ5(1900) ,10(6 

150) ,DP(15) ,KA(15,7 ,3) ,}:!l(15, 7,3) ,Ll15,7 ,3) ,TP(3) ,p(7} 
CALL TIJ8(T) 
lIlUTi~(2,51)T 

51 FOrJ!ll.T(3Xl3IIST • .IJ1T TIIlD .. AS) 
U.-l 

2 LA-LA+2 
LJ3=L1l+1 
Rut..n(1,3)(JX(I),I .. l,6) 

3 PORllAT(6IO) 
IF(JX(2)-9999)29,4,4 



29 

4 

S 

83 

28 
6 
7 
90 

9 
11 

12 

40 
14 
15 

17 

16 

38 

84 

13 
39 

18 

25 

10 
50 
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):";:+1 

Ir,,~r;-M~40'40 ,IS 
11' Jl(!l )13 12 14 
IF IC(l1 -Jllll) h2,16,12 
lIooli+l 
I:I(U-ID)17,17,10 
J.-:..:::O 
GO TO 12 . 
1.i?(1;j2*2.LQ.l.l)GO ~O 38 
1P=LUTU2(1 ,JS( (::+V2» 
1~1U':i'U2(2,JS( (11+1) /2» 
GO TO 84 
n.LU'l'U2(3,J5(lI/2) ) 
IQ.LtrnJ2(4,JS(11!2) ) 
Ili'(I1'.G'l' .17 .vn.IP.L'r.ll)GO TO 13 
IF(I(~.GT.15.on.IQ.I.T.0)GO TO. 13 
IP.IP-10 . 
K.\(IQ ,11',1 )"J2~1!~ 
l::A(IQ,IP ,2)-J3 li 
Y_\(IQ,IP,3) .. J4 !1 
Jl(ll).O 
GO TO 18 
l'TUT'>(2, 39)IP ,Jl(N} ,I(!,J2(J.l) ,J3(H) ,J4(H) 
7CR!:,AT(72X17m:I3I'mrC!B]) CAP.D ,6IO!) 
GO TO 12 
DO 25 1 .. 1,3 
Kll(~(l,n ,1 )..JG3(Icl,IP ,I )+r:.A(IQ,1P ,I) 
L(1,> ,11',1 ) .. 1(1(~ ,IP,I }+YJ, ( IQ,1P ,I} 
KA(I(I,Il',I) .. O 
GO TO 12 
lml'r.> (2 , 50) lIT , '.rA, ID 
POIDIAT(j /lXI3,Z,'(AS ,2XI3/) 
'1:11 ,TX,r,ry ,rr~.o 



DO 85 1=2,15 
J .. l 
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'ii:.:'J:X+l:J(1 ,1,J )~l. 5631+l:J3(1,2 ,J )~l. 5403+:m(1, 3 ,J)-"l. 0516+:;:n(1 ,4,J 
1)*.9910+K:nlI,5,J)*.9910+Kn(1,6,J)~1.1032+KB(1,7,J) 
J=2 i 

TY .. TY+K3(1,1,J )*1.5687+KB(I,2 ,J)*1 • .5403+KJ3(I ,3,J)*1.0576+K13(I ,4,J 
1)* .9910+1:Il(I ,5,J)* .9910+1:13(1,6 ,J)*1.1032+i:J3(I, 1 ,J) 

85 cCCiTnro3 
'l';';mKJ3(l,l ,1)+1:.]3(1,2,l, )+l:ll(l ,3,1 )+l:n(l ,4,1)+Y.J3(1,5 ,1)iI::D (1, 6,1)iKll( 

11,7,1) 
Tl/=la:l(l,l, 2) +KB(l, 2,2 )+Kn(1,3 ,2)+I:n(1,4, 2)t Kll (1,5,2) +Kll (1,6,2 )+::B ( 

11,1,2) 
lilU'1';;;(2,56)TX,~ ,TZ,TU 

56 :;,omt"T(3x,22IWTiUTDAIlD GALLO!!3(A) .. I'12.2,3X,22IWT,~mARD llALLOlIS(n) 
I ~ l?l2.2,3X,2,3liKOLCll1:A',IA GALL0IlS(ii.) .. l>'l2.2,.3x,231IKOLOl:iL'l.;fA GALLUli 
23(13) .. F12.2/) 
lailTE(3,66)Ill ,TA,1D,'l'X,TY ,'l'Z ,'1'11 

66 1~CmlAT(lXI3,lXI8,lXI3,4(lXFl2.2» 
DO 54 LY .. 1,15 
DO 54 LZ-l,7 
DO 54 LB.l,3 
1F(KIl(LY,LZ,LB»93,93,51 

57 \IlUT~(2,58)D.P(LY) ,1'(LZ) ,>J:'P(LB) ,1::3 (LY,L:: ,LJ3) 
58 FOPJ:AT(3(lXA8),IlO) 
93 Y.A(LY ,I,~,J..:::J)=O 

Kll(LY,LZ,LB)",O 
54 C011TIliU':: 

co TO 6 
30 CALL TIEC:('l') , 

KlUTC:(2,61)T 
67 j'(;W;AT(,3.';23llLCCl' CC.:l'L"/I'ldi T1:U .. 1.(/) 

;m1T"l(3,50)IlT ,TA,lD 
"lUT..,(2,33) 

33 FC;m,Il.T(//3X5HD3POT25Xl8HPW;::n!I'l' TlillOUGHPUTI I) 
I;UT~(2,34) . 

34 1'0rnAT(23x,121ICORP VEIIICL:8,5X,12IICUDT vr;IIICW,5X,13!IP.A1LjPIP2,nr;,;j 
1) 

DO 36 18 1,15 
mtIT;;;( 2,62)D.?(1) 

62 i~OHL,\T(llC'\8) 
DO 36 LC .. l f 1 
\00'1';:(2 ,63)p(LC) ,(L(1,I.C ,1.J3) ,J~l ,3) 

63 .,?CIUl.!\.T(9jl\8,3(!)y.I11» 
36 CClfTnnr.::: 

;;m':i';;;(2,43) 
43 Fcm:'\T(/ I 13X2lInJliASS1Gm;n CU~lT01EH liUlID'ms/) 

DO 68 I.l,Lt. . 
1F(Jl(I).:"q.O)GO TO 68 

i~~~~~(~;j;~(~+i)/~~) 
I'"",LU'l'U2(2,J:;( (1+1)/2» 
GO TO 31 

65 1PaLU1'U2(3'J5(I/2)~ 
ICo LUTU2(4 J5(1!2) 

31iaUr,r"':(2,3dIP ,Jl(1 ,IQ,J2(I) ,33(1) ,J4(1) 
32 ~'0l:;!AT(3XI2,,3.U4,~2,3(3;;:r1) 
6B (; GCll'J:11W'; 

liRIT:';(2,31) 
31 _"OL . .Al'(j l,3.uo;uUJ (,,~7 JLJ3) 

CALL TIl:.J(T) 
1;m'i.'':;(2,1)'r 

1 pcm:A'1'(lX71lTIIl..; .. 1.8/) 



'I'he reference to LU1'U2 in tho procratn is Ll:1de when it 

oalls for the Library Ilub-routine I;u"TU, uhich in its tyro occtiont'l LUTUl and. 

L1JTU2 providet'l CL ueans whcre intcgcro cen be otored :Cour to 0. ep::o.ce. 'I'his 

sub-routino Mu tho COlJprest'l Inteccr mode uere required bec~use the o~)aco 

required :Cor the pro&T= exceeded. the oOl1puter'o interJ.1D.l storace c:>paoity. 

The reculto were printed in tho folloning for::.o.t:-

Town nunber Town 1<=e 110. of oustoillero 

::lt~.:ldo.rd Gallons (A) .. 

3t:1ndardGallono (b) a 

Kolonno.wo. Gallono(A) .. 

Kolonnawo. Gallono(n) .. 

•••••••••••• 

•••••••••••• 

• ••••••••••• 

•••••••••••• 

A aeries of ontrios of the foro 

nouroo l'l"oduot Bodo of Supply 

I. donotee deli veriet'l 

D denotes collections 

::ltandard Gallona ~re for 
suppliec ex the depote • 

(;uantity. 

!{otes a} tho oonversion into stanlUu'd enllons took plaoe in 

the atatooont which built up tho values of 1')( and TY. 

b) an addi tiona.l output of' this pro(l1'llJll 1mB a Borica of 

punohed carda which oonto.ined the town su~es (standard co.llons (A) and. 

(D) and Kolonnawn gallons (A) end (D». These sur.u:IS.ries were then used 

w1 th those ef ot!ler montha to produoe an average. This o.vertl<:;O was then 

oompounded a.t the rtlte of' 5.6% per DllnUL'l to obtain the eotiuatea for 1971. 

0) thoro 1mS proviaion in the progre.m to print out the 

oo.ses (if' any) where ~10 sales had not been allocated to any of the 613 

oentres of demand. 

d) the whole program ,ms tiOE)(l. 

I now reproduce the eat1eateo for 1911 as prepared cr.r 

the above oooputer proero.m and the o.vcrngiIl[j/ooopOundiIl[j routino. Tho 

figures represent otandard gallons in the case of deliveries that have 

originAted from depots and keroseno equivalonts for fiL~cO reprcscntlne 

deliveries frOl~ Kolonmwa Tcm1=l. 
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APP-~IX "D" 

'l'JtE CONSTRAI1TT ON TJI['; KI~LJ\1f.[ VALL,;X LIITE 

The summar.1 of tho alterationo to the optimal Bolution 

by the excluoion of the new depoto on the Kelnni Valley Line io Given 

belolT. I have also set up the problC!l ouch that there io a n:=imum of 

500,000 callono placed on the throuGhput of the existing Rntnnpuru depot. 

This has been done to dCl!lonotrate the sub-routino "moo operateo tmdcr 

these circumstances. 
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J.!L1m';]) OPTIllAL J1\GIS 

Depot . Throuc;hput Fixed Coat Vo.ria.b10 Coat 

l~olo~ll'a 12125243.22 411000.00 565546.01 
Latn.ro. 660993.11 7200.00 101050.57 
I1.'1. pu ta.1 e 511253.37 6500.00 116667.83 
PerD,deniya. In.2387219.27 15200.00 3290M.36 
:!Jo.tticaloo. 385059.02 7000.00 106827.05 
::UX'Ullcc~la. 884463.48 9850.00 115065.82 
Lnura.c1J1cpura 394215.03 6000.00 72167.44 
Jat'fna. 485626.90 9350.00 129063.56 
Hc.tnn.purn. 499493.86 3000.00 62491.20 
Go.lle 9692[)5.31 eS50.00 113853.35 
China fuy 333047·50 11500.00 42463.45 
Aubo.10.nc;odo. 341810.64 7341.31 32125.27 .lI-

T .o.der:lpe 538937·87 7539.94 53503.20* 
~ D.lll:.ulU!l 150684.03 7150.68 34514.11 .~ 

Gh:::;vcl .. ..o.c..'1chcri 535437.35 7535.44 144881.19 .:< 

~. denoteo 0. nelf depot. 

'.:he cxil> tin3 dopoto "hioh ho.ve been dropped a.re I~Oto.L;-:llo. 

Kilinoc!10hi 
lTow Pera.deniya. 

Tot~l ~ixc~ coat 

Total Va.rio.ble Coat = 2019313.91 
Coat at' Collootions ~ 80134.38 

~oto.l CYcrcll coat = 2624465.17 

Improvcnont ovor present eyston u 

Pcrconto.~o Icprovement = 
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'~~~_~~~='~~~~_~ ___ '~_"Bq~_~.Q_~~~~,.,~"~~~='~_~n~~~rn~~~_q 

GEf)2I1A'!G'i'l THROUGIH>1)7 OF 77 IS (:1;> , 8;> !IT n/\TIJPtJf1A r:XCr:r;DS l1'S-flAXHWf,:VAl_tJr. 1)\ 

300000 [I'f .. 27'6732.82 ... . .' ... '' __ ' , ... ,' __ 
cr"AXH1IJ\j 1'fF\I)Ur,I!PU1 Or- flI\7/JPUi1f1 DrPOT HA:> Or,r,fJ REACIIr:il ,HTflR ?' D"':Tifl~71( 
ANG!~IN neCREAS1NG ORDER OP SAV!N~S)I\Ae ~UP~LIED FROM IT 

7NPU~A DEPOT WilL ENTER THE RA~IB 

~ROV~D SUPPLY PATTERN 

-. -,. 

n )( r, D CO f, T I) r. fl4 "iN P IJ n A IS ,:3 000.00 -- - .. _--

nn:n.AL VARrA~LECO$TOF QAi'NPtJRA, IS 62491.20 
,- -

Hq '! 1 A L r, R I) 5!l :; A V I N G fl V r Ne L U S I (') N 0 ~ RA 'i'fJ P IJ ~ A _I .NTH E _ BA S i S ,_ : ~_ .. 5 6 ~ 6 • Q 

:ONTAIBuTION TO_NE1T SAV7~r, DV INCLusrONOP nA7.NPtJRA is. ~2656.94 

'r)";~ 1 N ~AS! ~ 

-
VIlnIflBlE cos']' 

. - . -

6,11000.no . 77071.3':31 o fH,:. ", 
AA .& 
u'rH~ .. 
DNnll 

13657713.62 
_9/.62:;/;, SS 
515503,13 

238i'219,27 
_.385059.02 
j016%t .. 99 
_692667,76 
\ all 1<388.76 

7210LOO. i~16~6~79 
~500" .. OO_ H 79.27 :03 ... 

, 5?OO. 00 ,3290313','36 
r 'C AJ. 0 .,. 
r! GALA . 
RPu~A 
;:N~ 

NPIJRA._ 

7000.00__, 106fJ27': os . 
1'111;;0.00_ .~ .. ',1,1+776':, 3 

.' (,000 ,00, _____ . 151356':0/, 
()::; 50" 00_ ?99 i3 2 ,;: 1 n 

.. . __ 1;.99/.93, M. 3000,00__ _62t,91 ':20 

,- ..... "---

!D"COST O~ KDlONAWA AND R DEP07/S"IS 
!A8lr:Cflsr Or. .. KOLON~HA ANn .. 8 DEP07/S __ 7S 

1.75100.00.. .__ 
2134690':09 

, - - _ .. -,. 

Il __ COS10F ALl"COL1EC7IQNS ~ 8013l. .. 3R _, 

______ . ____ ____ ~_ - - . _. _._u _________ ,_,,·_., ___ " __ .. __ , __ . ___ . _____ . _____ ... ____ ~ __ ... ___ _ 

I C I; D Ov F! R ALL COS L" ..... 2689()2/\,I. 7_ _ ____ ,_, _________ .. ____~' 

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

N1J'lAL .NEjI ~AV!N(j~Y tN C LUS I MIO e,_ 11 A ttJ PIJ ~",I 14..7 H ~ BA!l!;; I. S 
- - - ._- -.. -- --. ------ ----, - -.' - ~-- -----_.------. 

. Ol/~t~ E NT. OVr,R ,C 0 S L 0", P RI' S F.WI' S VS.~ fHL .. "._ .. _. , . .31 .. %!l . HQ 
- - ---

RCENiAGE.7MPROVEMeNT_~ _1 ,1 6 
.c __ 

-.- . ..- .. , --- --
E D~POT WILL GN7ER 'H~DAsts 

OV~D SUPPLY PATTERN 

- ---- -_._---. 

.265"'.9.(,. 
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l'.PP :.:troll( ")~tI 

The follol1inl> IXleOG contnin the info=tion and cost 

data reoeived from the Pinnnoe Divioion of the Ceylon Petroleu.':I Corporiltion. 

l:Uch ot it hila boen aocepted ,rl. thout en:! modifioation. I hilve described earlic:r 

the oonner in 11hich the oth()r data. has been lI.dapted :1:or cy requircncnts. 



W:..r.Y:.;IS BY LOC1.TICU ()~' S'~'(JlI.AG:~ & f'ILLIlTG fJlD or;m;HAL 
IlDllIilISTlU'.TION lrormsES 

CAFITAL !..?ll()IU .. GJ~ & FILLDTG 
Imr~:ST- ISSUi!) !,cr.nmo- ha torials '.'otal IJoot 
1:'::'lTS 

lJopro-
cio.tion ration Occupo.n- Opcro.- per 

cy Chea. ting rr.::.11on 
etc. Coat Ha. 

KOI,c11l1f1H1I. 20.500 95.850 .904 1.062 .294 2.260 ~ .02 

D~:a'CT31 

lL\TAllA .2°3 2.248 .006 .040 .002 .0413 .02 

G!~LLD .111 2.960 .004 .029 .001 .034 .01 

PJ;n:ID;;JIIYA .193 5.131 .006 .041 .002 .049 .01 

IlATnc:u..oA .373 1.714 .012 .025 .004 .041 .02 

KURmTIXI.AM .373 2.876 .012 .032 .004 .048 .02 

lTW PlmADEJ:lIYA .116 1.276 .004 .023 .001 .0213 .02 

JAJ?l.i11A .2113 2.981 .007 .035 .002 .044 .01 

rJ .. TlTf1.PUTlA .040 1.035 .001 .023 .001 .025 .02 

HAl'L'T !..LE .126 2.065 .004 .033 .001 .038 .02 

/llURmIIAl'URI" .124 1.879 .004 .019 .001 .024 .01 

KCT1,G!cL.\ .339 3.997 .Oll .039 .004 .054 .01 

r:ILLIJllCllCHI .2134 0.800 .008 .016 .003 .027 .033 

.320 

VALtt~ - In oilliollll of nupOO!! unlo!!s othenrino !!to.tod. 

(U!.IrTITY-In millions of Gal10nn 



J.1T1J..Y'JIS :BY LOCLTlc:r OP !JT0l1AGD le. I'ILLIITG :.lID cr..:rr;;IUJ.. 
ADHIIIISTRATIW EXPl:lTSBS 

' " 
1,DJ.:I1TI:"TTIATIGlf 

J)opre- llcmune- Total Coat 
ciatioll ration OperatinG per 

& other Cost Glllon 
ChQl. ' TI3. 

KGWmrAl1A .049 1.513 1.562 .02 

Dl~P(;T31 

l!!I.T .. A,n.A. .002 .035 .037 .02 

G.'.LC .002 .047 .049 .02 

!',cC.:>"':':IYA ~004 .081 .085 .02 

n:.TnCLLOA .001 .028 .029 .02 

KUl":tnr ;;G!J.t. .002 .045 .047 .02 

ITml EILUl:11'IYA .001 .020 .021 .02 

3.tJ?PlTA .002 .047 .049 .02 

HA TlTAPUIlA .001 .016 .017 .02 

. JIlLPUT.t\.LD .002 .033 .035 .02 

.~lTUI'.:"'DlL<\PURA ' .002 .030 .032 .02 

KOTAGAL. ... .003 ' .063 .066 .02 

KILLI!lCC:rCHI, .001 .016 .017 .006 

.071 1.958 2.029 

VALUD - In nillions of Rupeoa unloao othendoe otated. 

qU:JITITY - In nillions of Gallons. 



Ko1onnmm. -

::Jc;pota l!.'1. tern. 
Galle 
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c () ~ T 

Pcr~dcniya Junction 
lb.tticu.loa 
Et:.:r"lUlC [.--n10. 
!rc,/ rcr"'do~a 
J.o.ff':na 
~trmpura 
!frl.put ... ~le 
2:.l1UI'Ucl.h:. pUI"'d. 

Kot=,u;.la. 
I:illinQohohi 

Elocmondha1 (nuree) 

Trinoomu.lcc 

"otdl 0utleto (inoludillG 1:or03e110 outlota) 

.203 

.111 

.193 

.373 

.373 

.116 

.218 

.040 

.126 

.124 

.339 

.284 

41.200 

Concumcr 1'oill to (:.J torage Ta.llks 'cnd Pumps only) 5.000 

j,lri:.naport 

T ° 'J!.A L 

In m.llion 
Huneea 

28.500 

2.5°0 

2.000 

3.300 

36.300 

46.200 



Ko10nllAwa. -

Dcpots 
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~lt:,j Bll~~\KDC1Jr 02 Ilrv~~TI,~::nT / .. T rC]l"', IL Cl,o"rl. '.:l':J 
!J!)) CCH:JUl,LR PUINT:.! ACC()HDnm '1'0 'l'Yl'd vI!' 

rnV,,"'l'lUIT 

In 1'1111on 
nupecs 

Dui1dinc:J 
I'u::rpo 
U tora.co ~. ;.:.nko 
1I01oto 
Air Coopresoora 
Air Soa1e:J 
Lubcotoro 
m.:::cell~neou3 

~~tTI-J~A.nY Qc IS~;U:~U O~ rIDIJ( P:r::.O})UCT~1 PO~ rl'IDJ 
l:'.·;J(!CD 1.1.66 '1'0 30.6.66 A'1' K<':L()lIlL,;,A !lID 

D:Jl'Uf:J • 

So.les 
Transfero 

Total 1o=e3 

l~t=1l. 
Go.ll0 
Perodeniya. 
futticc.loa 
Kurunoeo.1a. 
l;cw Pera.deniyo. 
Ja.fi'ns 
Il:l. tna. purll 
:r.a.pu"ta.l0 
LnurcdJ:w.pura 
Kotaeo.lll 
Killinochchi 

19.500 
10.400 
8.700 
1.200 
2.300 

.300 

.COO 
3.000 

61.937 
33.913 
95.850 

2.248 
2.960 
5.131 
1.774 
2.876 
1.276 
2.981 
1.035 
2.065 
1.879 
3.997 

124.672 



Uni tu: ,Ils. '000' 

-, 

I 

:1 
I 
1 

I 

1.11el:lUllern.tion 
3ularicG 

0u!'crvisory 
C1cricu.l 

~{ 0. t: 0 0 
Labcur 

CvcrtirlO 
Clcrical 
La.bour 

TOTAL 

2.1:atcritl1s ll&R , ~ 
3.Dircct Htlintemmce 
4.Fuel COnCl11lption, 
5.Insur,;ncco (;, 

I,ieencce 
6. Trnvellint; 
7.''';ntcrw1Mcnt 
a.AdvertisinG &: 

Publicity 
9.lIo1fc.rc !1cdica.l 
O. ~a~ Uniforms 

b ~l:lployee 
1 

TraininG 
1 

1 

1.Profossionn.l Pees 

2.0ccuPanc~ ChfD. 
v.. Hcnt 
b. Ea.tes 
o. ~lcctricity .::: 

r.a.o 
d. :aro of "'=i ture 

3.Gcner~1 LdLil1iatrl.1.ti-
on 
a. '.i..\~lcphonc 

b. Posta.ge 
c. :Jan.!:: Cll ... i.rcca 
d. Printing &: 

;;tu.tionary 
e. lliso.Bzpensco 
f. llil'O ut: I.D.l:. 
g. Board : ;xpenaee 

FIN1JrcIAJ~ mCSULTS 
(ApproxiI:lato) 

1Iu.li' YCG-r : :ndinrs 30. 6.1966 

~ tt~8r& Distribut-I "'lii I.n. I ·'i1lin loon 
•••• ( •••••• 1 Gen. 

G 
A~ Paci1i- 'drnn VCT'J ' I I ties j'.' , 

I ! 209 189 82 461 - 23 I 309 145 733 5 - - I 
I 588 I A7 i' '16..i - 26':\ -1082 

334 I 345 ,11194 
58

8
\ 

75 I 

~~~ I 2: ~~ 8! 11 I 46~ 
1417 

1355 451 1281 1053 96 I 
, . 

I 344 - 870 154 755 82 

- - - - 287 -
I 119 - 22 10 49 15 

25 70 30 47 115 -- - - 10 - -
- 159 - - - -- - - 50 -• -,- - - I 62 - - I 

- - - - - -- - - 63 - -
105 - 6 8 - -

69 - 164 12 - 5 

40 - 115 8 - -- - - 1 - -

- - - 75 - -- - - 20 - -- - - 116 - .-
- - - 1eO - -- - - 15 - -- - - 38 - -- - - 26 - -h. ~';undry Ldvcrtioc- ~ 

mcnt - - - 20 - -i. :...i'Ullclry ~ tor.:!.{)'O - - - 25 - -j::xpohses 
14.'.i.'I·~~n(lport (Jail 

Prc1e;ht) - - - - 4800 -15.Sclco ~C110CO - b')O - - - -
2119 f534 1658 2201 1059 198 

Depraoiation 9\13 /1 Ji736 - 700 143 
3LU2 fU!) 

1
3394 

1
22U1 In!);) 341 , 

. , 
• I , 

Trinc~ Total 
) 

I 
! 

i , 
• 

I 
, 
\ 

9 I 973 ) 

! 
27 \ 1219 , , 1 

I ! 
i 

131 I 1593 1 
lo'{ 

I 
3785 I 

4 262 
, , 

113 795 , 
1139 41342 

, 
I , , 

42 2247 t 

r - 287 
I 10 225 
I. 3 290 ) -

I 
10 I 

t - 159 
50 i - ~ - I 62 i 

I ; 

- - , 
: - I 63 i 
) , 
1 
I - 119 - 250 

12 175 , 
! 1 - I 

I 
i 

I - 75 - 20 -

I 
116 

- 160 - 15 - 38 - 26 

I - 20 - 25 

\~~ --
I 256 ,14325 

1167 3800 
I 423 181~ 
I 



1·1ate.ra. 
Galla 

·I'er.:;.dcniya. 

futtic:l.1on 

Kuruneca1a. 
Hew Pero.deniya. 

J'cfl'na. 
P.a. tna. pura. 

liaputa.10 

Anura.<l.h<l.pura. 

Kotnca.1a. 

rillinochchi 

Total -
Depots (rlillion 

C.J.llons) 

Ko1onmnm 11 

-239-

T/.lfi:'AG1J CA.PACI-.n:~S 

LS UD LlID LP TOTAL 

27,000 35,697 32,700 20,850 52,798 169,045 
12,000 20,000 12,000 12,000 36,000 Si2,000 

20,000 40,000 40,000 20,000 40,000 160,000 

27,000 39,°00 109,000 - 120,200 15,000 310,200 

22,541 45,082 125,494 - 116,1349 - 309,966 

24,°00 24,000 11,1300 15,9°0 12,000 C,900 96,600 

22,000 39,000 413,450 14,000 57,850 181,300 

- 22,000 11,000 33,000 
11,600 23,200 31,200 19,900 13,450 104,350 
22,600 22,600 34,800 - 23,200 103,200 

12,000 24,000 12,000 106,000 24,000 24,000 282,000 

33,068 49,602 36,636 - 116,692 235,996 

233,809 362,181 516,080 299,650 618,039 47,900 2077,659 

0.234 0.362 0.516 0.300 0.618 0.0413 2.078 

L3 a Promium Ga.soline 

LP - Regular Gasoline 

Lf~ IIich Speed Diecel 

LllD= Induotria.l Diecel Oil 

LSK. Keroocne 

LP - Furnace Oil 



Dul'-,- LubolJ 'l'otoJ. 

5tomce & FillinC 2.720 .3132 3.102 

Geneml A~~n1strntion 2.029 .172 2.201 

Diatribution Admin1otration .838 .067 .905 

Distribution Fncilities 3.341 .053 3.394 

'.i.'rinoocalee 
! ... 1·23 

Eunkerinc: .341 

Delivery 7.759 

13.125 

...:.:.xpCn:JOll no per Accounts 

- :3chedule 4 14.325 

!'rovioion for Depreoiation 

- Schedule 4 3.800 
I . 

18.125 

III 1:i11ion Hupeoo 

I 
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1. neT:; ClT H' ;WU:JTIC l'P.cG,,-v:,:nra 

'rhe nmeriool otudy of r..n.n:lccnent ccicncco r.nn been 

nootly ccncerned lIi th the croation and uoe ot nathor.m. ticn.l 1.10delo cnd tho 

dcrivntion of optinm oolutione to prcblene an rcpreocnted by theco nodolo. 

Variouc conputatioml routinee roterred to ne alCCri '"hno ere uocd und their 
(49) , 

upplicntion hac tcnded, nccordinc to ,:cuhn, to becono tccllniQue-criontod; 

i. e., ucem tend to ado.pt their prcblcr.m/ncdcle for 1!Zc) in tho c=icting 
, 

a1(.;ori th:':lo. c. C;., tho elec;ance and convenience of Lin80r "'~·OL,:"·~.r:J:::inc 

linoo.rity, or ldde ren;:;e non-lineo.ritioo beina oubject to l'ieCC1neo 

linenrica tion. 

l:ouhn nttributeo the dovclcpncnt of tcchni(~ueo ouch ao 

Sinulaticn nlld Heuriotic Procrar:1l~inc; to tllO repid ndv-.J.!lcee in the tochnoloGY 

of the cm::putcr 1n th i to vnot capnci ty f1rotly for dn t" otornce and oecondly 

fer repetitive calculation. ~ho ueer enjoyo nuch createI' freedon o~ 

exprcooicn eince t.'le con:Jtmint:J of the nore infle::ible techni'lueo do not 

erioe. ~'he nodel co..'1 nOli bco.r n nuch c1000r reln.tionchip to re::.lity nnd 

1:ci,:;hcd acninct the 1)000ib11i ty that oolutiono obt::inecl by hcuriotic 

r.cthodo ney not bo eptionl. 

lIeurietic procrn,';minc; contine an elene!1t of u tri[ll nnd 

error !'.pproo.oh to problell colvinc. I!curiotico havo boen deriue>d ne "nido 
(49) 

to di:::covery" or rulea of thunb eelccted In th tho intentien or oelvinc; 

:::pecif'io problc:"o. 'i'110 !:lore teelmio..'\l derini tien of IT(mcl1, "h1:17 cnd 
(50) 

8inon rJcntione principle:J or devicea th::.t contribute, on the 2.V0r::co, to 

rC(,.uctiO!1 or scc.rch in l'roblco-solvinc D.ctivi ty. lleuri:Jtice cc.n help in 

nolVinG ;o!'oblc!1o but do not {)11:r::mtee thnt the be:::t :::olution, o!' indeed 

cny aol't1.-tion, l:ill "be found. 
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(51) 
Simon and lTCltoll ho.ve eueceatcd three ch::.ractcristics 

of the l1cll-ot:ructurcd type of problcn for i;11iOO conventional proc;rer.t"in::; 

tochniqueo arc us~~ul. 

1) The problen can be described in e::.si~ qur~tif1o.blo vnriebleo. 

2) 'l'11e objective C:1 .. 11 be specifico.lly deacribed in terI:lO of na..xinioo.tion 

of ?rofit, nin1niao.tion of coot, etc. 

3) :'ho cho.r:c..oter1otics of the problen ere >Tell cui ted to the alGori thIno 

uVQ.ileble. 

The ill-otructurcd problcno for Ithich hcuriotic prOLru.rnninc 

techniqueo r.:o..y prove appropriate Mve th" follo,'11n6 i;c:lC;::,al cho..mctcristiosl-

1) 'I'here are non-nunorico.l vnrio.blca, 111 th their ill-~Cl'-:l'()lo.tio=hips. 

2) ~'he objective too no::! be non-nu.'Jeric::.l and only an "a.ccC!J~ble" 

aolut10n io ooucht. 

3) ';,'hcre 10 ne optino..l alc;orithn that is o.pproprio.·te to the proble!!l. 

(52) 
TonGo mU<eo oone intereotinG cor.ncnta on the UGO of 

heuriotio prozrc=ill3 and ourvoya the li teru.turo on t.'J.ia oubject, 1111ile 
(53) , 

Einkle end Keuhn have itri tten 0. nore leisurely po.per "h:i.c11 Ileacri beo 

heuristic::! c.nd aome of their applicationo. !J. r.:ore detailed o.ccount of a 
(49) 

apecific Ufle of hcuriotica io civon 1TJ Kouhn in oonnection ui th tho 

travollinc :;o.lcc!:1o.n problen, i.e., to detemine the b::::lt route tho.t Co 

salesnan lmo to follo"1 in n:ili:ine 0. prodetemincd nWJbcr of c:111a boforo 

rcturnil:C; to hie eto.rtinc point. ':Cho cri torion in oelocti:,.::; the routc no::! 

tino OllCllt l1i tll cuato:]ers, or 0000 other d.cc1ro.blo cnd. '1'110 linCClI' 
(54) 

llro~;r(l;':::linG approach hao been otudiod by Dantzie, ~'ull~ercon end Joh."1con. 
(55) 

7ho hcuriatio approach c.doptocl by <;'honpcon and ':a.:I' is 

ba.ood. upon the randon seloction of three ci tico end the hleortion of tho 

othor oal1e, o.leo seleoted. c.t ranio:1, in betlTecn these three oitica, a.nd a 

OOll::lt[mt ov:::.luo..tion to J.eternino I1hethor the celcction cri tc:t'ien io being 

a.chicvc(; .• The procC':'urc ic :riJ~ca tc1 inJci.'i:li tcly, ctlch tirJc ctr:.rtinc ui th 

c. r2.!ldo:a sot of tll.reo ci tieo cnd j1rooeodinc tllltil c lO~1cGt coet ( or hiGhest 
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profit) solution io re~ehed. The vuI'inbility of the oolution ob~ncd is 

an indi.cation of the sprend of coots (or proi'i to) D.."ld provideo 0. beoio :roI' 

eotirluti::c the p::.'ohable vuluc of tho optinal nolution. 

Tho merulinG tlmt h~o been c1ven in the !,rcnent otudy io 

that !l. heuriotio in 0. routine l1hich io itself tlell do fined D.."ld infle7..ible, 

uhich call handle n lo.rce-occ.lc problem rmd produoo, l:i th n. or.L~ll mlotU1t ot 

conputation, 0. reo.sono.ble solution. It oonforms to· earlier definitiono 

re cardinG t:,C repetitive procedure lThich n:-..y not [;'U<.'1.rontce optirmlity. 

ry technique o.lno con1'o=o to the otatement thll.t a heurictio ic a rulc of 

t;m:Jb - it hac beon developed enpiric~lly to aui t the Jo'c'luircf.1cnto 0:1: the 

depot looation problem =d cont.:l.ino proVioion for nll i to :i.Dllort(mt 

conctmintn. It is 0.100 believcd that the nupcr-ir~=,c~Hion oi.' the 

ocnoitivity c..."l:clycis upon the hcuriotic routi!:e bI'inco the ul.tinate oolution 

vCr'J clo::;o to the optir~u.':l, if it doe::! not cvcnt~lly reach it. 



APP1.1Tl)IX "C" 

Tm~ DJ.:;TAILL'D RESULT!) 

Hepresenta. tivc oeotiolllJ of the rosul ta obtained frOll 

tho CO::lputer ere annexod horoto. They era 

a) the oUl!ll:lD.l.7 of oountry~Tidc da::w.nd. 'l'hc i tOl:lS nrc i) preaent 

oouroe, ii) deliveries ex depots, iii) colleotions ex depots, iv) deliveriea 

ex Kolormn:wa., v) oolleotiolllJ ex Kolonnaw, vi) tobl deliveries, vii) total 

oollootiolllJ, viii) total decand, :for every centre of demc.nd, plus a. 

cumulative total of variable costs :for all centres of decand. 

b) the 01.lIlll:Ia.ry of the costa cf the preoent oyatem of diatribution 

0) a listing of the depota (existing and propooed) plus their operatina 

oosts, supply costs, and together ,d th the oprra tins cost of the oentral 

souroe, the total coats ex eaoh of theae depots. 

d) the coat of oupplying all oentres of deoand from the oentral 

source only. 

e) the print out of aeveral i teratiolllJ. The first 101;0 ere nornal 

iterations, but the third is one in which a depot in the OOois drops out 

Imen so !JlUlY oentres arc re-allocntcd olseuhere thn.t it bocomos unprofitable. 

t) the fourth iteration has beon adjusted to provide a complete 

print out of how each contre of demand is allocated. 

s) the next 16 i teratiolllJ cO::lplote the first run through cf the main 

prograr.h 

h) the indicator In MS been aotivated (IR .. 136,), and the;progr!IJ:I 

1001'0 back. 

i) in the next 4 i tera tiona, a dopot which had been re~ected cn.rlicr 

oocos into the basia at,'O.in and io a.cain rejeoted. (P.atno.pura.) 

j) the indicator In MS boen activated ago,in, but the oeoond loop 

does not produce any alterations in tha OOsia. 

k) the next seotion ou~ariooo the allocation of doatinations to 

{h# depoto oelected for tho baoio. 



1) Il. SUllIna.:I7 of the depots, their throughputs, and fixed and 

variable costs, =d indications of "'hether existing depots have not been 

:retained. in the :final OOsis, or whether new de::>ots will be included. 

rn) a time checlq this tiee together 'With tho tiee noted at the 

oO!llllencernent of the program Giveo the time taken by the prosrnm up to 

this stage. 

n) the sensitivity annlyoiso 

0) the firot iteration in this aeLment deals with the sugcestion 

thnt a depot in the final OOsis be exoluded. The reoult at the end. of 

the i terotion Dhows thnt the oast ldll be increased if thio is allowed 

to happen. 

1') the next Mse ia one where a. depot thn t haa been dropped io foroed 

into the OOois. The extra. coat of doinG 00 is sholm. 

q) the last part of the recul. ts is ncain n <mae of an included depot 

being dropped. The =ple chosen is thnt of Opnnnike, a. new depot. 
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Sm·r:ll':..nY 011' ITERATIOUS 

Pl'eacnt diotr1bution oost • Ra. 2,721,470.26 per conth 

S denote:) the central !lourco - Kolonnawo. 

IrUIlber of Icprovt!r.lent Itlprovement 
dopota in Cost over oost of' Percen tIlea over last 

00010 present oyoter.t 1cproVCr.lent iterotion 

[3 3,529,°94.08 -008,423.82 -29.71 

S + 1 3,466,957.27 -745,401.01 -27·39 62,936.91 

'-l + 2 3,439,311.10 -717,840.91 -26.38 21,646.09 

3 + 2 3,402,845.40 -681,375.14 -25.04 36,465.78 

S + 3 3,177,900.21 -456,510.01 -16·17 224,865.13 

!J + 4 3,140,931.12 -419,510.06 -15.41 36,999.15 

s + 5 3,033,168.97 -311,698.71 -11.45 101,812.15 

s + 6 2,803,972.45 -81,502.18 -3.22 224,196.52 

::; + 1 2,692,581.41 28,088.86 1.06 . 116,391.04 

s + ° 2,688,101.10 33,360.48 1.23 4,419.63 

s + 9 2,657,390.03 64,080.23 2.35 30,711.75 

s + 10 2,629,823.55 91,646·11 3.37 27,566.48 

\, ::; + 11 2,629,523.93 91,946.34 3.33 299.62 

:J + 12 2,625,629.21 95,041.05 3.52 3,094.12 

S + 13 2,623,311.02 90,158.44 3.61 2,311.39 

::; .~ 14 2,622,642.40 98,821.18 3.63 669.34 

::; + 13 2,611,243.20 110,226.98 4.05 11,399.20 

!3 + 13 2,617,779.25 103,691.01 3.01 -6,535.97 

:.; + 13 2,612,266.00 109,204.26 4.01 5,513.25 

Cl + 14 2,609,351.91 112,112.35 4.12 2,908.00 

::; + 14 2,608,564.33 112,905.93 4.15 193.58 

:J + 13 2,606,857.75 114,612.51 4·21 1,106·58 

The necative 1r.tprovelllent i"rom 4.05'j> to 3.01~~ io duo 

to El depot being dropped from tho baoio, and 1ts de~d oentres beinG 

reverted to Kolonnnwo.. This oot-back 10 soon wiped out when the proeram is 

recycled. 
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