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CHAPTElt 1 

INTltODUCTlON 

A ,roblem which II encountered very oI.ten in the ,roduct ind".tde. 

and which i. cReial for the prol.itable performance 01. many companie. t. 

the determination 01. their optimal l'8.ource allocation and optimal product 

mix. It the re.ource. of a company are unlimited, a re.ource allocatioa 

.tudy for thet firm 1. not nece .. ltated and efficiency in the utiUutioa 01' 

,roce •• inl 01. the partiCular re.ource need not be high. Thi. ia true in the 

.en.e thet althoulh inefilctencte. contribute to higher co.t., and tAll., re-

.wt in lower ,rol.it. for the firm then ia attainable by it, .till there i. a 

.uffic:ient amount oI.re.O\11'ce to kee, every activity 01. the particular com-

pany going. In reality, !lowever, indu.trlal companle. rarely heve acce .. 

to unlimited re.ource., an4 the limited nature of one 01' more re.ource. 

impo.e certain re.trlctlona on the company activitie.. The.e re.ource. 

may be phy.lcal plant capacitie. and equipment, labor ."pp1y, avaUabUity 

of capable management and fund. of capital. Since every limited re.ource 

i. a •• lgned to one type 01. activity alway. at the expen.e of another activity, 

the aim of .uch allocation. i. to maximi .. a certain objective of the com-

pany. 

"01' an indu.trial lirm the determination of It. optimal product mix 

may properly be treated within the general field of production programming 
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1. ..1IM ... OIIIacta .boWtI ...... 0 ......... 

..cia that tM cwnpaay 1oCtl" .... are optimal •. Ia tbl • .-per, tM tel'm 

PAGB 2 

I'&ttou mlJbt cJaaGte tM propoee. mix. HoWever, it _.t be .dclIId tlaat 

tile fIUIld .... to be protlac" "='''y win be detenni_tl. 
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",. me .. ~_ to ......... 'aaw 1"" ""1"1ala or ......... " •• Illtlag 

T1Ie1'. I. DO way of ,tmiaa the ".ire. ,1"cxt1aet .. 11l.lvely withOllt al.o 

otttal .... , the "'1' Jol.t pl'CMl1lCta. It foll_. then that the co.te .... oclated 

with ..... e .......... common to all pl'o4uct.. Ira ethel' WOI'U, they "1'0 

Jolrat eo.te, It I. belleve4 by the writeI' that c.l'tUra ... peet. of Jolat co.t. 

di.CIl •• the I'.latloa..bl.p. Detwe.n JOilnt CO.,., fS-do coate, val'f. .. bl. co.'e, 

Aaotlwl' majOl' con.I"I'&ti_ wm be formwatill, a , •• I'al mathe-

m&tical model that can De 11 ••• fol' l'.eOl1l'c. allocation pl'obleme. By 

",aneformlng tbI.. model to a n_ cbut, it I. beUevecl that Chb model wlU 

be appUcabl. to ComPlltel' eolu.tlon, It Ie tboIqbt that tbl.e model win '1'0-

~ .. the optimal .oluti_ fOl' .. pftn •• t of eOllditloa.e. It will al.o be 

able to "cljut ite optimal eoluti_ tn view of elIanpng condltlou au 
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modlfi.d actlvid.a of ,he comparay. TIle mala aclvuta,. of auch a model .. 

in 'aclll", 1. ,redlcd., the eIfecn of chaqiaa coadt.dou ..... the comple· 

meatal'Y a.cIjutme.a tINa .. ce .. ltahell. the l'''O\1I'C. alloca.t:loa ,I'OC .... 

al'. U ....... 

I. the ftaal ,ha.a. of tM aaalyala. the optimal Pl'oclllc:t mill of the 

company uncleI' atlldy will 1M dehl'ml •• el by llluatndaa the optimal alloca.-

doa of In I'aw mahl'1a.l to the del'lvatlvea obtaluel bom.it. 
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CHAPTEIl U 

DESCRIPTION OF THE COMPANY 

ACTIVITIES AND PROCESSES 

The compaQy ..,hlch b the ."bject of thl. paper i. ODe of the 

Turki." cMmlcal iacbutrl •• aIld wiU hereafter he re£ured to by the 

PAGB5 

fictitious AlPne of eCHEMCO". It. caa.i.ta of a aumher of Inteiratecl 

of operaUoll8 aad "roc...... The products of the com ..... yare' 

1. CauaUc aOlia (NaOHl 

Z. Soc!.111lft bypochlo:rUe (NaOCJ.t 

3. hU1I1'ic acid (HzSO.) 

4. Hydrochloric acid (Bel): graG. A aM grade II 

S. Liquid chlO:riM 

7. Dicbiorocliph8nyl\richioroethaM (DDT) 

•• OrihoclichlorODenHDe 

9. Paradichlorobeueae 

10. MonochloroheuoH (MCa) 

11. Hydro,e4 p. (Hz) 

11. ChlorlM au (el,) 
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purposes. and lndeed. there are many other laclorie s within its vicinity. 

skiUedlabor force. It bas ready access to a main hi&hW&y. railroad. 

ancl the sU. This situati_ provides DOt only a reaction ia costs 01. trans-

portation for materials that are received and shipped. it also enables the 

factory to have a more convenient and eimpla materials handliDi system. 

The firm owns aa area ai laad ac1jac_t to the factory which will make a 

twol.old to threefold e.panslon possible when the need arisee. 

The prociuctioa facilities are moclern. and as far as the.e lacili-

ties are coneerneci. they do not impose a joint production constraint on 

the varlOW! producte. la other worde. eince the DDT producing reactors 

and eqntpment are utili.ed only for that purpoae and the BHC reactors 

_ci -.uipment are dUfereni. from the viewpoint of availability of phy.ic-

al manufacturing -.ntpmeni. the two proacta are independent 01. one _-

other. Thie is also true for other product. bec_ee a difiereni eet of 

reactors is necessary to produce differeat producte; for esample. sWfur-

lc acic:i and hydrochloric acid. . The Chemco factory coneiste 01. the lol-

lowing .elf-contained and iategrated man1lfacturing unita: 

1. Electrolysis plant 

1. Ch10rble liquefaction unit 

s. Hydrochloric acid wdt 
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4. SHC plaat 

S. DDT plaat 

6. SocIium hypochlorite utdt 

7. hJlu;rie acid pl.nt 

PAGE 7 

At thb potat. to provide some general i_llht for the reader Oil 

products aad. the facilitiee will be pre ... ted. 

The Products 

There are twelve products in the li.t pr •• ented at the bepmdag of 

tlds chapter. However.· it must be pointed out that all twel_ are pro-

ducts only in the le .. ral lICope of the wordltproducte • Chlorine ps. 

_d are further processed into other flaal produco as will he explained. 

Sodium hypochlorite, aad. the two dlehloroben.enes are by ..... odu.cte &ad 

are produced alolll with the maia ;roduco just beea"se of the Mare of 

the chemical reactions involved. It is possiltle to cla .. lfy oaly six of tlut 

twelve products as main products, and they are caustic soda, aulf"ric 

acid and hydrochloric acids, lkluld chlorine, BHC, aDd DDT. Some 

healc infarmati_ about the individual producta are pre.eated ID the 
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followinl puagrapha. 

PAGES 

1. Caustic Soda - It i. one of the products of the electre1ys's pro-

c:ess. Metallic: sodium reacts with water to liberate hydro,en 

ps and cau.tic soda liquor. This is one of the meat profitahie 

prociucts in Chemco*s product line and is sold in sollltiDn form. 

Beaides beinl manufactured by other compames in Turkey, 

caustic sode i. also imported but the imports are in solid form. 

The price is set DY competitive con.iderations especially that 

of the internatioaal market. Since fre4lUent ordering and fast deli-

veries ar. poe.thie to domestic customers and thi. enaDle. the.e 

wstomer. to inwr lower inventory c:eats, the mana,_nt feele 

that by settinl their price at the import prlc:. level the company 

,ets. a competitive edge. 

2. Sodium Hypochlorite - This is an involuntarily produced product. 

According to iaclll8trial .atety regulatiou. due to ita toxicity GIlly 

a certaia amount of chlorine ,&8 can be liberated to the atmos-. 

phere. Therefore. wasted c:hloriae ,&8 from thr_ differeat 

.ov.rces and operations call1lGt be free4 to the air aatl baYe to De 

passed through caustic soda aDd absorbed by it. This proce.s 

results ia production of sodium hypoc:hlorite. It is not desiraDle 

to produce hypochlQrite. beC&USe it Ilot ollly COIl._. caustic 

soda which is more valuahle thaa hypochlodte lNt also aecessi-
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s. 8Wfu.lc Ad. - It i. pl'0_«. by the COatact JWoce •• w)dch ..... Wfu • 

... the lI'aw material, """"lI''' it: flut to .WfIu tri.de aa. fiaally to 

TvkYh canpame. caaaOll: meet the iateraal ciem&lld for .Wf1Idc actd 

4. Hydrochloric Ado.. There are two paM. el tid. act. proGced at 

C~mc.. Grade A eI. the. aciel i. pl'oaced fll'OJn two electro1y.ie Pll'O­

GcU by barDiDg chloriDeg'" ill aD _e •• el hydrogell g ... to Pll'oG« 

byd.ogell chloride p.. TId. ga. i. thea 411 .. 01_. ill ""lI' ill ab.OlI'p-

.e. competitively. 

5. Lifaulel ChloriDe· CIa.e_. c1lloriM i .... Uy cOllyerte. to Hqllid 

once ill trall.ponatlOll aDel atorage. The chioriae gao from the a_de 

el the electroly.l. «U la warm aad molal. Therefore, it i. pumped 

to .. cooling towel' where fill' •• , the mol.are coate.t el the raw ga. 

1 
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pr ••• t .. tIte .... to a .... t , atmoaplwtr •• of pr ........ , at a liquefyiaa 

_to it I. nbjected to cold .,""ace telnperat1u'. oi aboat -5 degr ••• 

c.ntigrad. wbHh call_ the ... to !Upsefy at tU pr.valent pr .... r. of 

the .ylltem. TJae heat --",.1' fill tIle·!Upsefyiag GDlt tl'lDploy'. 1'1' __ 

for the c_liq purpo.... Uquid clalorina b marketed ia amall cylia-

dele. SHC i. mallllfactar.d by the cHrect adtiltiOll 01. chlorine ... to 

pany .. no\: fre. to •• t a price for tIU.a product. Since it t. us" within 

tZlraS'Mllcadel. b&ilara), ita pric. i. determined and fixed by the 

Mini.try oi Agricultur.. The mauger. 01. the company f.el dlat there 

price. accordingly .ince the Mini.try attend tIte matter .. ry blfr .. _nt 

1yo SHe 1. produce. to lnterutlonal .peclflcations and i. exported. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

., • DDT. Thb b a seaerat ia.eeticlele employed both in the field aad the 

hame. It t ••• od to control a wiele variety flI. la.oct.. The bea..... • 

from EratH Is one of tho star tinS materials flI. the DDT preee .. anell. 

converted to rnoaochloroben ..... (MCB, by reactiag with the chlorine 

which is aa electrolysis p .. oduct. Another nw mate .. ialls ethanol 

Ce$yl alcohol) which is bought from the State Monopolies (T. C. Teal 

ldaresl). Ethanol is chlorinated. to yield chloral whicb i. a chlorine-

substituted aldehyde. The monochlorobenaene and. chloral are thea 

.. eacted under the catalysis flI. oleum CHzSO 4' to produce DDT. The 

pridng flI. this product ror the internal market i. also 40ne by the 

Minilltry flI. Agriculture ba.ed OIl the cost fipres flI. C~co. Siace 

DDT ts also exported, ita e"P0rt price is 1_01' thaa the 4_stic 

price in oreler to match inter_donel cernpetltioa. The firm Ceel. that 

DDT i. becoming a burden Oil the company and if a better _tiet fo .. 

chlorine connmption i. fouad the DDT pToductioa .hould be curtailed. 

A by-product of the DDT mamafacturing is hydrochloric add 01 

grade B. 1'01' eacll tOIl flI. DDT produced three ton. flI. the act4 is OD-

talned. Thfol graele B acid does Rot have a market in Turkey and the 

great amount produced (about T ,000 ton. per anmam, is ele.troye •• 

The acid obtained from this ,roce •• cannot be .old beca".e flI. the 

mercury it contains a. an impurity. Various attempt. to .en this acid 

were aot .ucce.sful due to the impurity which i. poison_.. Tau •• it 
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cannot be u •• d in •• v.ral indu.trie •• uch a. the food proc ... ing In .. 

du.try. How.Vlr, the management 11 trying hard either to be able 

to find .ourc •• where it can be .old a. it i. 01' to convert it to grade 

A acid through a purification 'roce... It they .ucc.eelin thl. it will 

amply rewarel the.e attempt. by provleling .ub.tantial additional re. 

•• o. DichlorobenHne. Thl. 11 obtaineel a. a by·product in the chlod .. 

nation of bensene to moaochlorobenMne. Some portion of the raw 

benseae 11 .ub.tituted twice by chlorine to live the two dichlorobea· 

sene i.orner., i. e., the ortho and the para 1Iomer.. The dichlo:ro. 

bensene. are r.cove:red in a •• paration unit by fractional cry.talUsa­

tion. Until :rec.ntly, the:re was no market for the ortho i.orner but 

now it b .old to tank eleaneu. It hal a potential u.e a. a .o1V1nt or 

cleaner; it 11 particularly u.efu1 fo:r metal dearea.ing. It purified and 

.tabUtsed, It can allO be u.ed a. a heat transfer flulelln the tempe. 

nture rana' of 150.260 delre •• centiande.1 The co.t flgur .. for the 

two dichlorobensene. a:re not available anel they are .old at rather a:rbit 

rary price •• 

9. ,.DichlorobenMne. The ilara i.omer hal a ,leaaant oclo:r anel b u.ed 

al I horne deodoriM:r. In fact, the 'Ernet' deodori.e:r. ara nothing 

1 
WilUam H. Haberstroh, Daniel E. CoUln., 'Synthetic O:rganic 

Chemicals," Riegel's Industrial Chemistry, cd. Ja.mes A. Kent (New 
Yo:rk: Reinhold Publi.hing Corpora.tion, 1962), p. 937. 
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more than dal. procil&ct with a little amowat of perf_ adAM. aa4 thea 

....... It Call abo .... UM for protecthaa wooleD material from I'D" 
aall for .anitary p~e •• 

III .. procluction of DDT a. uplaiud preYiouly. MOilochlorol ...... _ 

i. procluced ia J-t the .1Ifiicieat _OURt tJsat u ,...ded for DDT aall 

_e •• ...,.titie •• 0 that it caa .... marketed a. a raw material for 

certain .1Ilfur dye •• periWlle •• 4r1.a,. aa4 .olvent applicatioaa. 

11. Hydrogen Ga.. Ji:acb year the electroly.'. proce .. produce. 

1.850.000 m" of hydro,en ptJ _del' .t ..... rd temperatare aall preaaure. 

order to maaufactur. S. 0Gt tOila of hydrochloric acid about 82.5 t_ 

ot hydropn are .. eded aa4 cerre.pODd. to nearly 900.000 I'D" of the 

,aa at ataa4ard coHltione. It i. aeen that oaly OIle dalrd of the hydro,en 

!lOt found fea.ible becau .. mlJdlarea of bydroaen pa &ad air are ex· 

ploaive in a wide ranae of relative pr .. orti_.. Since many of the ma-

terlala wldch Cbemco deala with are highly iDflammable. dale W&II COIl-

aldered a riaky proceaa. Fartbermore. the available quantity of es-

ce •• hydrogen waa found inadequate for meeting the ener,y requirements 
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.till be the neecl for a cliffereBt -erlY gelleratlllg sy.tem allcl haviag 

cliffereal .,..tem. would not have beea practical. 

key material ill Chemcot • product line .laee it. productloll i. li-

miteli by the maximum c!Iopacity of the plaBt. C1U'ually being the 

.tarting material for foal' product.. i. eo. lilpdcl chlorine. hydro-

chloric acid. BHC. &Del DDT. ancl a potentlal raw material for 

other chlorine 4erivattve. in the future. the total-.noual of chlorine 

available .ets a re.triction for the maallfactare of tho.e product. 

which contain chlorine. Since the chlorine producecl has alter_ttve 

..... , the ..... of clal_ine create. a ra.01Irca allocatioa problem. 

tre&teo eateuively in Chapter IV. 

pect. of the Chemco products. 
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TABLE 1 

MAXlMVM ANNUAL PRODUCTION CAPACITIES 
(IN TONS PER YEAR) 

rOR THE VARIOUS PRODUCTSa 

Product 

Hydrochloric actcl, 'r .... a 

s.u-ric acicl (lOG °fo) 

DDT 

aRC 

Soclillm hypochlorite 

Hydro,en ,a. (In' at STp) 

Output 

9,900 

11 ,no 

4,500 

7,2.00 

9,000 

2.,400 

5,400 

6,700 

2.,850,000 

aSource: Ermukan ~ngezer, Chemco optimal istihsal prog­
graml He klor delterlendirme imklnlarl hakk1nda rapor 
(istanbul: Tilrkiye S1naf Kalklnma Banka.l A.f. Dahili 
Muhtlra, 14 Mapa, 1968), 2.. 

PAGE 15 
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TABLE Z 

PlUCES (IN T.L. PER TON) AND SALES POTENTIALS 
(IN TONS) IN DOMESTIC AND FOREIGN MARKETS 

FOR CERTAIN PRODUCTS. 

Price Sales Potential 
Prodllct Domestic Foreign Domeetic Foreign 

SHC Z,Z9Z 1,653 1,000 b •••• 

DDT 5,Zl6 1,986 1,500 •••• 

HC1, Grade A- T66 ,c 1,000 ., 
HZS04 91U ., •• ., 
Liquid chlol'lma 1,41. , 460 , 
X.01l 1,734 , •• ., 
X.OCl 616 t 1,000 t 

aSouren Ibid.. ,. -
bAll of the quantities that can be procbaced can be sold. 

cPriceB are not known. 

PAGE 16 
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~ wdte" f •• l. tba~ OIUI 011 ~ '''OC ..... , lI&m..ly, th •• l.ctrolye'e ,ro" 

e ••• , ehould. 1M lleecd1Md. 1Meaue. the eonc.~ of Joint coete, which ia the 

e.bJect 011 th. n.'" chapter, cu 1M mon clea,rly e.,laind if th. ".alle" i. 

'l'be El.ctrolyeb Pro .... 

Th. raw material 10Jl' el.ctJl'olyeb i. a conc.ntrat.d and purified 

wateJl' eolution 01. eodium chlorille. i ••• , the common table ealt. '1'be ealt 

.olution ie called ebrirl.e in chemical t.chnolOIY. At Ch.mco, the .l.ctro-

ly.i. c.U ~t proc ..... ~ enterinl concentrated bdn. b a m.JI'cury 

type ceU. In We type 01. cell the catholle ie made 01. m.rcury and the 

uolle ie 01. ,raphite.' By a"lyin, a volta,e 01. ~.5-5 volte and pa .. ing a 

cuJl'JI'ent of 60,000.66.000 amperee, the brin b Ilecompoeed into ite con-

e"w.nte. Th. eodium ione form metallic eodium and chlodn. ,a. ia U1M-

rat.d. at the anode in the .l.ctrolyelng chemb.r. At ~ Ilenudin, chambeJl', 

the metalUc eodium b nacted with wateJl' to ,roftc. cauetic eod.e .olution 

doee not contain ealt. Although some companiee and pJl'oc .... e evaporate 

2J • A. Falcon., D. W. Duncan. D. J. Saund.re, eMbc:eUanewe 
Heavy Ch.micals, e Ri.gel'e Induetrial Ch.mistry. ,p. 170 -172. 
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tile r •• ultiJl.i cau.tic liquor to concentrate it, at Chemco it b not conc.ntra-

, •• further and i. marketed as it is produc.d. 

It should be ob.erved that the three products resulting from the 

elec1:roly.is proc .... i.e., chlodne ga •• cau.tic .oda and hydrogen ..... 

are produced .imiltaMously. Even 1.£ only one of the.e products .. re de-

.ir.d, the proce .. produces all three of them because of the nature of the 

.y.tem. Along with the desired material, the other materials are Mce.-

.arUy obtained. J'llrthermore. the •• product. which are called ·jOiA' 

procl.uct •• becau.e of W. characterietic:, are alway. produced in fixed r.-

latlv. proportion. for a given .... te of the .y.tem. 

The next. chapter will treat the joint products. and the joint co.ta 

which are the cost ..... oeiated with their production. 
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CHAPTER m 

JOINT COSTS AND JOINT PRODUCTS 

PAGEl':; 

The conce,t of joint products w .. s introduced at the end of the pn­

vicus cha.pter. Here this phenomenon and the accompanying joint coste 

wlU be discussed comprehensively. 

The Nature of Joint Cost. and Joint Products 

Today a majority o£ manufacturing .. ctivitie. or processes result in 

the production of more than one product, .. nd then product. are usually 

produced by making 1&.e of more than one department. In other word., a 

.ignificant characteri.tic of tadayts indultrie ... I contralted to the indu.-

tries of .ome fifty yean .. go is havingmwti-productl a.nd mwti-clepart. 

ments. By the nature o£ current technololY, attempts for the production 

04 one or more products .. !most invari .. bly result in the production of .. dell-

tlona.l productl or by-products. Chemlc .. llndultries, petroleurn refining, 

mining, lumber, trucking, railroading, canning, meat packing, flour mil-

ling. leather making, .oap making ... nd gal m .. nut .. cturing industriel .. re 

typical example. when the multi-product .. nd multi-department char .. cter-

litici are ob.erved. The joint product tha.t re.ult from the processes o£ 

these lndu.triel m .. y be produced in fixed proportions or in vari .. ble 
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proportion.. 1a the •• Joint procluct. which .1" ,rocluc.d in the fonn.r m.n-

1111'. the outpllt r.tio 01 ,roclucta .1" fixed r.lativ. to e.ch oth.l'. In other 

wOl'd.. U the OIltpllt I'&tio of. two joint ,rocluct. i. one to two. In. ,I'oc", 

,I'oduclng the.e two. 01lI product will alw.y. be obtained. twic ••• much •• 

the other. A. the na.rn. lmpU ... in the c ••• 01 val'i.bl. pl'opol'tion •• the 

OIltput of one 01. the joint product. c.n be chaag.d. .t the .x:pen •• of the 

Joint CO.tl al" a il'oUP 01 COlO that an intrin.ic to the activity in 

which th.y originate. They arb. tn .ituation. where the factor of pro-

cluctioft. whether it be the machine. the raw material 01' the proce ... bringl 

forth two or more ,rod.uct.. The releva.nc. 01. joint cost. in a given aitu-

atlon may be lnv •• tig.ted qualitatively by .ither one or by & comblnatioo 

fit a number of criteria. The con.tltuent. of a raw material ia on •• uch 

criterion. For exam,le, the raw material in Clu •• tion may be crud. oil. 

Sine. it is a mixture of many diff.r.nt compound •• it will be fractionated 

into tta .evcral con.titu.nte such a. iasoline. ben •• ne, UClu.fied p.trol.um 

""" fu.l oil, vadou •• romatic compound., .tc. when it il proc •••• d, 

t ••• , diltilled. The colt of proce .. ing .ndthe co.t 01. the cl'ude oili' 

common to all the r •• ultlng fr.ction. of petrol.um. Wh.n. m •• t packing 

company purch ••••• calf. the purcha.e price of one calf ia joint to the 

.t •• k,. chop •• hamburger, fat. bon. s. etc. that .re obtained from it. 

Ilailroad transportatiOll .nd truckin, are two oth8l' .xample.. 1a the 
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form.r, til. co.t of the rail. ie joint to botil the pa .. engere and tile fr.ight, 

wherea. in tile lattal' cae. the round tdp co.t. of a truck are incurred by 

botil the outgoing and incoming freight. It ehould be ob.erv.d that the com-

mon characted.tic of each foregoing exampl. i. the auociation of the 

co.tI incurr.d withth. O\ltput of two 01' more product. or .ervice •• 

Be.ide. tbe natul'. of the raw matedal, anothel' qualitative cdt •• 

don- to determine the pre.ence of joint coat. Ie the number of product. 

that a particular company prochlce. and the number of department. involved 

in the manufactul'ing 'roc.... If tbe company ,I'oclucu a aingle product 

by manufacturing it ill. ... ingle department throUgh .. proee .. which doea 

not al.o prochlee by.pl'ocluctl, then thi. Ie a ca.e whel'e joint coata are non-

exiat.nt. Here it ie only the .ingl. type of product that uniquely lnoun the 

coat. involvecl.On the other hand, if the- company ,rodllcea a aingle PI'O-

elllct by uaing a number of department.tor if it manufacture a a nllmber of 

,roduct. and by-product •• then joint coati are relevant. 

Anoth.r characteristic of joint cOlta which should be made -clear is 

the impossibility of directly identifying luch coata with the reeulting two or 

more .nd producta, i ••• , joint product.. AlthoUgh indirect coata al'e aleo 

a claa. of co.te which cannot be traced to the proelucts when there al'e 

mOl'e than one type of product, thel'e i. a fundamental difference betw.en 

them and joint coats. 1 For instance, indirect costs will be incul'red if the 

1&1'016 Bierman, Jr •• Topics n Coat Accountinll and Decision •• 
(N.w York: )AcOraw-Hill Book Company, 1963), p. 59. 
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aame factor of production. i.e •• the same .quipm.nt, is u •• d to procluc. 

cliff.rent kinds of .par. part. for clifferent types of machinery, In ."ch a 

aituatiol. the indirect costs cannot be identifi.d by the type of .par. parta 

produced. However, here it is a decision of the manag.ment to produc. 

different types of spare parts, If the manag.ment decision is to manufac-

tur. only one tYl. of .par. part, then any indirect costs can be trac.d to 

that product. On the oth.r hand, if joint coets are incurred from the pro-

dIolction of two or more products. these COlts result due to the nature of 

the raw material or because of the method of production .mploy.d, and not 

due to the decision of management. A. an .xample. considerlnl the pr.-

vioue ~aa. of the meat-packing company, it is seen that sinc. when a calf 

is purchased a vari.ty of m.ats are alr.ady .mbodied in the animal, it is 

not possible to avoid incllrring the total coat of the whole calf, which is 

the jOint coat. by a managem.nt decilion. Th.refor., no sin,l. cut of 

m.at can be economically obtain.d from the total animal without producing 

the various other cuts. The only thing overhwhich the manag.m.nt has 

control is to decide not to apply a sfinishing proc ... • to one of the joint 

products if it is found un.conomical, i .... , the cost of finishinl for the 

particular prodllct iI gr.at.r than the r.venue. arising (rom its eal.. This 

m.ans that d.eiaions on the finishing proc ..... are at the discr.tion of 

management. This is 10, because in the proceuing of joint products, 

there is a d.finite atag. of production b.yond which it is pouibl. to id.ntify 
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the individual products. This stage in the proce .. la called the lItsplit-off 

point. sZ Since the individual products are identifiable after the split-off 

point, the costs resulting from further proce .. ing are also traceable and 

are no longer Joint cost.. Any further cost. that a!'e incurred are direct 

to the product 01. intere.t and management will deCide to fini.h the product 

if the additional costs that have to be incurred do not exceed the increase 

in revenue.. Such decision making criteria concerning joint co.ts wUl be 

treated at a later section of this chapter. 

A further point should be mentioned to complete the concept of joint 

products. In dealing with such commodities, a cla81 of products called 

Sby-productsS are frequently encountered. If the products obtained by in-

curring jOint costs are of relatively equal value and importance, they are 

called joint products. However, if they are of little value, they are pro-

perly called by-products. ThuI, it 18 seen that in this context the term 

by-products does not imply tho .. products which are auxiliary to the main 

products but refers to tho.e t~ are of little importance. For example, 

in the case of the Chemco company common usage suggestll that sodium 

hypochlorite and hydrogen gas are by-producte, but within the concept of 

joint products, ortho and para-dichlorobenzene. are the proper by-

,roductl. 

2Charles T. Horngren, Cost Accounting a Managerial Emphasis 
(Englewood Cliffe, N.I.0 Prentice-Hall, Inc., 1967), p. 60Z. 
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Accounting can be considered all a tool which facilitates the control 

of a business and aho measures its performance. In ita function of measu 

inl performance, product costing, inventory valuation, and income deter-

mination are significant topics. For product costing purposes the account-

ant has to find a place for every penny .pent. In caae he cannot trace and 

document what cOlta are directly incurred in producing one product or an-

other, he may therefore allocate theae co.t.. Thb is done by certain 

as lumptions and making use of different ba.e. of allocation .uch a. floor 

'pace, nUDlber of working houra. proportion to direct coats, proportion 

to physical output, and proportion to .ale. value, etc. However, it muat 

be pointed out that any allocation acheme i8 arbitrary, and therefore a1-

location of. joint costs is not meaningful and valid for deciaion making pur-

posea on the output and pricing of the product.. Now. it is intended to 

preaent the accounting treatment of such co.ts ,and implications of. allocat-

ing them for accounting purposes. 

Aa an example. condder the ca.e of. a certain chemical proce •• 

which take. place under a given aet of operating conditiOll8 and uBing 

.odium chloride a. the raw material produc .. two products: cau.tic locia 

and liquid chlorine. It ia allUDled that the following information pertaina 
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COlI' of ,roc ••• lDg , TL. 1,100 

OuntUy 01. clUodr.w .... pl'oducedl 1,000 kg. 

Sal •• value 01. cauUc .oda at T. L. 1. 8/Jq, T. 1..1, lOG 

Sal •• value of li9dd cldoriae at T. L. 1.111.1: T. L. 1, ltO 

fAGS ZS 

cu.d 101' _-. .... l'IIdaati_ ,......... -.,.U_ ... ottty method- _d 
"Jt.elati_ .. le_ Yalae m ..... ue ... c_ ..... y _d allocaUon ba •••• 

w111 be ilb,.tratri. 

1a tlU.. mathod tha total Jo!at c"* i. aUocaWd to til. product. in 

Product 

c.aUc .oda 

Joint Ccn1; x Quantity RaUo 

JOOO x 
1500 

~SOO 

1000 
sooo x ZSOO 

Coat AUoc;aUon 

T.L.l,SOO 

T .L.l,ZOO 

T.L.3,OOO 
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A88uming that no inventories remain on hand at the end of the 

,eriod the income statement will show: 

Caustic Soda Li9.uid Chlorine Total 

Sales T.L. Z, 700 T.L.l,100 T .L. 3,800 

Cost of sales 1,800 I,ZOO 3,000 

Cirossmargin T.L. 900 T.L. (100 ) T.L. 800 

Ciroumargin 

percentage 

Thus, the relative quantity method shows a gro.s profit of T. L. 900 for 

caustic soda and a 10 .. of T. L. 100 for liquid Chlorine. 

2.. Relative .ale. value method. 

This metllod take. into coneideration the relative revenue gene rat-

ina power of the produCt" and for thie reason, it ie preferred to the 

former method. 

Product 

Caultic .oda 

Liquid chlorine 

J oint Cost x Sales Value Ratio 

3000 x 

3000 x 

2700 -
3800 

1,100 

S800 

Cost Allocation 

'1'. L. 2., 130 

T .L. 870 

'r .L. 3.000 

Under the a88umption of no endina inventories, the income state-

mel\t for the period. will be: 
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Caustic Soda Liquid Chlorine 

T.L. 2,700 T.L. 1,100 

Z,130 870 

T.L. 570 T.L. 230 

Ollossmargin percentage 21.1% 21.1% 

PAGE 27 

Total 

T.L.3,800 

3.000 

T.L. 800 

21.1% 

The statement about the arbitrarine .. of joint cost allocation is 

evident from the foregoing examples. If two dUferent companies are pro-

ducing the.e two products through the lame proee .. , the company using 

the former method wUl think that liquid chlorine 11 a burden on the com-

pany. while the .. cond. using the latter method, will consider both pro-

duets to be profitable. 

Fixed Costa and Dec1lion Makin, 

Before preceding with the treatment of joint coats and decision 

making, it will be enlightening to consider the relevance of fixed cust. 

for dechions. It has been said by many people tha.t .. significant charac-

teristic of output decisions is the exclusion 01. fixed costs from the de-

dston proeeu. The irrelavanc:e of fixed costs in such ea •• s will be il-

lustrated by a hypothetical example. 

Consider a factory whOle fixed cost. amount to T. L. 500 ,000 per 

month. If the va1'iabl. cost. 01. produciu& a ton of its product is constant 
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at: T. L. 2.00 pel' ton, should it a<:cept an order from a customer that de-

m.and. for that month la, 000 ions of produ<:t at a price of T. L. 2.2.5 per 

ton' 

Tnts problem may be approached in two dllferent ways. In the 

first method fixed <:osh will be in<:luded in the analysis. The average to-

tal co.t is 

ATC· 

• 

500,000 + 200(10 ,000) 
• 500,000 + 2.,000,000 

10,000 10,000 

2.,500,000 
• T. L. 2.50 per ton 

10,000 

Sluce the offered pri,:e i. T. L. 2.25 per ton and it is less than the average 

toial cost. it might be suggested that be<:ause the company is losing it 

.hould turn down t~e offer. However, luch a decision will be incorrect. 

A second approach is to consider and c ernpsre the variable cost. 

and the revenue, i ••• , the offered price. In the absence of other orders, 

the compa.ny should accept this order since the revenue per ton of the pro-

cluct exceeds the variable. costs per ton. The excess of revenue over 

available costs is the contribution margin pel' ton and is equal to T. L. 2.5. 

Contribution margin; Revenue. Variable costs 

• p - C 

• 2.25 - 2.00 • 1'. L. 2.5 per ton. 

It .hould be obviou. that this contribution margin per ton amounts to 
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T.L. 25 x 10.000. :UO,OOO for the entire order and reduces that month's 

lou of the company from T.L. 500,000 t.o T.L. ZlO,OOO. Thus, the cW. 

ference i:letween the revenue and the variable costs provides the opportu-

nlty to recover a portion of the fixed cods. By means of the foregoing 

illustration it can now be said that fixed costs are irrelevant for eleclsion 

making purposes and the factors that affect output deCisions are the 1' •• 

venue and the variable cost,. 

Joint Costs and Joint Products in the Chemco 

Product Line 

Within the light of the concepts and examples presented in the pre. 

vious sections of this chapter, it ie now pouible to analyze the Chemco 

product line and the related activities that were described in Chapter n. 

It is remembered that the electrolysis of brine result. in the three pro-

ducts, chlorine ,~a., caustic soda, and hydrogen gas. It is recognized 

that while chlorine gas and caustic soda are joint products, hydrogen las 

is a by-product. In this particular cue this result is due both to the con-

stituentls of the raw material and the nature of the proce... 'l"he consti-

tuents of the brine are sodium, chloride, hydrogen and hydroxyl ion •• 

When electricity is passed throllgh them dudng the process, by their In-

trin.1c characteristic. the.e conlltituent. combine under the given condi-

tions in .uch a. m.nnezo that they alway. re.ult in the mentioned Joint 
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,1'04ucta. hnhlnnol'l, al 10\11 al th. bdlll b ,l'oc .... 4 und.1' tAl 

eam.. conclltionl and by the lam. m.thod, 1.1., 11.ctI'01YI'I, tAl 1'.Iu1t-

tn, Pl'ocluctl mUlto. the lam. an4 call1lot " Othl",'I. and will alwaYI 

a,,.al' in fixed I'I1atlV' ,I'o,o"tonl. 

10m. cI the COlt. lncuulcl o.fol'8 thl 111ctl'01Yl1l ,I'oce .. ancl 

the cOltl that al" lncul'l'.d durinl tAl ,I'oc ... al" joint COlta. The ,UI'-

chal' prici of raw loclium chlo1'lcle, ttl COlt of uanl,ol'tltion 'I'om 

Qamalt1 hllal1, bmir by boat to tAl factol'y, thl hand1lnland Itol'a,e 

COltl, the COlt of cll .. o1vlnl I'aw locllum chlodcle in watel' and purifyinl 

it. and tAl COlt of the actual .1.ctro1YII.I proce .. wh'l'l tAl three joint 

pl'oductl al'e obtaillld, conltitute tAl joint COl" incuned by thl company. 

Tablll Sand .. I'.,rllent the allllual fix.d COltl el loml clepart-

m.ntl 01 inter'lt and tAl vulab11 COl" pel' ton cI lncllvldual ,I'oducta, 

l'el,ective1y. 

TABLE' 

ANNUAL FIXED COSTS (IN TURKISH LIRAS) 
FOR SELECTED DEPAR '!MENTsa 

Depal'tmlnt. 

Caustic .ocla. ehlodnl I" •• Uquld ehlo1'lne 

Socllum hypochlorit. 

Hyd1'oehloric acid 

BHC 
DD11' 

aSouree: The aeeouritin, d'partment of Chemeo. 

T.L.IYeal' 

3,406,406 

248.340 

190.572 

1,648,565 

4,645,489 

10,139,372 
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VAlUABLE COSTS (IN T. L. PER TON) AND 
DOMESTIC AND FOREIGN PRICES (IN T.L. PER TON) 

FOR CHEMCO PRODUCTSIL 

Product Variable Colt Revenue 
(T.L./Ton) (T.L./Ton) 

Ca,utic soda 614 1.734 

Sodium hypochlorite 251 616 

Liquid chlorine 688 1.00 

Hydrochloric acid. grade A 299 '766 

BHC 1,115 2,292/1,653 

DDT 4,252 5,256/3,986 

Sulfuric acid 390 923 

aSOIlrce: The accou.nting department of Chernco. 

In this paper lt is contended that in order to decide on the proflt-

abUity and the output of an individual product the joint and fixed coste of 

the proc •• s shou.ld not be allocated. Since there are joint coste en-

countered in the system, it is not po .. ible to identify these costs with 

individual,roducts. Furthermore. because of the fact that the allocation 

of these costs wlll be arbitrary, an allocation of cost will provide mis-

leading resulte. Therefore. instead of allocating. if the revenues to 

cover chlorine costs per ton ,lus fixed coste are maximised, then ,refits 
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wm be maxlml .. el ftO matter what joiftt co.tI are relevant to the individual 

,rocl\lct.. By •• iftl •• ch an approach, the ftecellity 01. allocating joint 

co.t. are eUmiuteel. n .. e eon.lcieration. can be illu.trated a. follow •• 

The ,roflt fuftetlon i. eOIl.ielereel to be 01. the form 

Ilt' profit from the .ate 01. i th product 

Pi a .ate. price of the 1 th product 

Ct - vadable co.t. alloelated with the i th product. 

In the ca.e of Cllemco, in gefterat the total profit function for the produc-

tion and .ate of the chlorine derivative. can be repre .. llted a.' 

ft n n n 

L. Ctll, a 2: Ct,. - TJ'C - L Qclacl x - L Ct C, 
ia, '-I tal ial 

where, 0ciael a Ct 
Ct a CIlllantity oi • th product 

Qcl: lIuantity of chlorine allocated to Ith product 

acl a chlorine coefficient for the i th product 

x. chlorine coat incident to each IInit of product i. 

Till. i. a con.tant for given operating condition. 

and ia an unknown. 

n: number" of chlorine derivative •• 

Tl'C = total fixed COlt. incurred by the chlorine derivative. 

AlthOllgh the chlorine COlt per unit of It. derivative la an unknOWft, 
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tlMlllUltb04 u4Mi hu ........ lr .... IlQdlIll Ib..... Tlta cblol'l.ae CO-

.... cleu '01' a ,IfOlkClt ,. a. cO ..... l'8lcm '&Ctolr '" cJaloriAe to tJaat palrUcna1a1' 

plrodtacl. For ._,a. ..... S •• 5 to •• '" hyckocblorlc acid ,. 'I'odu_cl 

bom 1 tOIl fIl ch1orl .... abe cblo:rlae coefflct.al 'or &be add la 

AcHel • S.OJ 

JlewrlUIlI tiaetobl .,..oItt faactioa for 0'" ,l'oliuc' ud r.an_liDl • 

.. ........ 1_ '" .,..allt '(ccmtriMticm mal'pn) I. ob&aln.dl 

Qa • Q,e. I'C .. Qcaca-QC, 

'Q(P .. C, • ga.Q. ·FG 

w .... C, .. C) ."a. aboady deflaecl .. &be ,l'oftt "'1'0 •• 1... Dlffn.allaUag 

with ...... ct toQthe .:IIpI' ••• icm beeom •• 

d 

(p-G, ...... 

Cp·e:) ,;,.: .. 

, .. ocI1aet. How ••• l', it .Jaoulcl be D8te4 that ~ chlol'i ... coat pel' .alt. i. a 

Jotal co.t aDd lb pl' ••• ac. la abe , .. oIit .xp ..... icm ladlcated that it hac .... a 

allocated to the ,rodIaClt ..... couidel'aU...lt wac .,...vl ... ly .h_a ~ 

allocaU .. 01 Job' co.t.l. ll' ... l.vaal fo .. decl.lcm maldal "' .. p..... Ba •• d 
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which validate. the cont'lltiOQ cC thl. paper. Tluu, it I •• hown that m de­

cidinS on tile profitability &!ld the OIltput of an item, the ba ••• of cleclBion 

.hCNld be the 1' ........ lI'om the item alld the val'iabl. co.ta a .. oelat.d with 

it. 

J omt Coat. and Deciaion Maldna 

Th. prop.r tr.atm.nt of jomt co.t. in act.ion maldnl .iNation. 

will lirat be con.ider.d by a hypothetical mam.rical example to Wu.uate 

the lenual pl'inctpl •• , then th ••• con.laration. will be applied to two 

item. cC the Chemco ,romelt lin,e. 

Let ". a •• um. a prociuc:tion .ltuation whel" from a lOO-kl raw ma-

terlal which co.tI T. L. 5/k., Joint promet. X and Y al" obtained. A .. ume 

further that the follcwtnl OIl""t and eo.t information repre.ent. tW. pl'O-

c •••• 

Quantity cC Jomt prociuct. obtain.d _..:X::..._ Y 

bom lOO-kl of J'&W mat.rial 
70 kg SO kg 

Dir.ct ftnl.hing co.te T.L.l/k1 T.L.,/q. 

lllclirect finiahing coat. T.L.l40 (appU .. jointly to X and Y). 

It: .hould be noted that any purely fixed eo.t. have be.n omitted 

.mc. they .hould not be Il •• din making elecl.ion.. Al.o, both type. of 
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fillishina coata are 'nerem_tal costa. The total cost of mamlfactlldnll 

seventy kilograms 0{ X and thirty kilograms of Y costs T. L. 800. 

Raw material (100 x 5) T.L.500 

Joint processinll cOsts 140 

Direct costa for finishing X (70 x 1) 70 

Direct coats for finishing Y (30 x 3) 90 

T.L.800 

The individual cost 0{ producing product X and product Y cannot be 

determined accurately since the T .L. 640 cost for raw material and joint 

processing coats are joint to both. The management now faces the two 

options cOllcerning production 0{ X and Y. 

a) Produce X and do not fbush y ... This would cost the company 

T.L. 710. i.e. (500+ 140 + 70) T.L. 

b) Produce Y and do not finish X - The cost 0{ this alternative 

is T.L. 730, i.e. (500 + 140 + 90) T.L. 

Evaluating the problem by includinll revenue considerations, the 

following conclusions can be reached concerning output decisions: 

1. If the combined revenues from the sale 0{ X and Y elU:eed 

T. L. SOO, the company should produce. 

Z. If the revemae from the sale of X exceed T.L. 710, the company 

should produce X. It should not finish Y if its revemaes are 

less than ToL. 90 which is the cost of finishing Y. 
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I. If the revenue. from the .ale of YelECeed T.L. 710, the com-

pany •• ould produc. Y. It .hould not filli.h X if it. revenue. 

are le .. than 70 which i. the co.t of filli.had X. 

". If the combined reve_. from the .ale of X and Yare le •• 

than T. L. '7.10, then the company .hould not produce X or Y. 

The.e conclu.iona. a •• hould be noticed. do not n.ce •• itat. any 

allocaUOIl 01. joint coat.. Tal. 1. the r.a.on why it is contended that for 

_ .. t deel.lou co.t allocatiOll i. irrelevant and be.ina the deci.iOll. OIl 

lacremental coata. a. wa. d_ ia the above example. will be theoretical-

lyaound. 

The forelolnl di.cu.aiOll can be appUed to the production of ortho-

and para-dichlorobenaane. in the ca.e of the Ch.mco company. It 1a re-

called that the •• two are by-product. crf. the manufacture of monochloro-

benaene (MCB) in the DDT 'roc •••• The cod crf. the.e i.omer. are joint 

to the co.t of MCB and the company doe. not have available co.t fipre. 

for the i.omer.. After the removal of MCB from the 'roe •••• the di-

chlorobenaana. remain aa a mb;tur •• A. a fir.t .t.p they hav. to be 

•• parated. and then they have to 10 throV.iiA filli.hing ,roc ••• e •• uch a. 

clrying. weighing, packaging. etc. If the revenue. from the .ale 01. ona 

of the i.omer. exceeda the joint co.te 01. .eparation and it. individual 

fillishing costs, it should be produc.d. ne remailling isomer should not 

be fillishad Pi coune provided that it cannot be .old without fillishing) if 
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ite I'even .. s al'8 not gl'sa$.1' than ita finishing costs, If the combined re-

venuee bom the Ol'tho and para isomel'a do not covel' the aum of the coat 

at. upal'ation and the amaUer of the finishing costs of the individual pro-

ducts, the original mbdul'e .hould be dispo.ed of without .eparation and 

any further ,l'oc.lSing, 

It ie !law evident that although .evera1 item. may be Joint producta, 

the management may decide on producing some of them and not produCing 

the othel" along the theoretical guideUne. d1acu .. ed. Thua, U the uae or 

pl'ofitabUlty 101' on_ of the item. in the product line has decrea.ed, the 

manalement can .top the 'I'oduction 01. that item and continue to proce .. 

the othel's. 

For a mOl'e compl'ehe!l.ive tl'eatment of decision making with 

Joint cO.t.-Il1Cluding ,dcinl of ,1oint 'I'oct.-the reader is referred to 

Hal'old Bierma .. , Jr,'. book named Topics in Cost Accounting and Oeci-

eione. Indeed, the theoretical backll'ound of the eli.cus.ion in this .ec-

"on hal been facilitated by this cited work. 
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PAGB38 

Allocational reaourcea to varioua competing activitiea ia a very 

common problem for aU kinds al buaine .. firma whether they be manufac-

taring, merChandiaing, or service companiea. In a manufacturing company 

the reaource allocation problem might be investing a certain aum ol avail-

aMe capital to the moat pralltable alternative among a number al invest-

ment pouibUlties; or it might be acheduling the time ol a certain machine 

or machilUt group to the productioa al given types al parta; or it might 

&lal with assigning the avaUable time ol a manager to various problems or 

activities. A ~all alnile-proprietorshlp may have to decide to utili .. a 

limited sum al money for various different kinds 01. inventoriea or between 

carrying some inventories with a portion ol the money and alao buying a 

fixed a.aet auch aa a caah regiater witJa the remaiDing amount. A aervice 

company might face a situation where ita limited number of repairmen is 

to aervice a greater DlImber al clUltomers complaining ol varioua diaorders 

In aome industriea a problem encountered often is the allocation of 

raw materials to the manufacturing of a nu.mber al products. Should auch 

caa.a ari •• , the allocatioD ia mad. auch that an objective functioa ia maai-

mind aubject to a a.t of in&lpendent and/or joint conatrainta. Uaually 
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t. e.. ~d chlori... hyUocbloric acid, aRC, aJlcl DDT. in e"ch a __ 

"I' that the profit 01. tbe firm per to. 01. chloriu ... allocated Ie maxi-

lilt ..... 1I_.,el', 1MIfen eolYing thl •• pedal eaee a more general mathe-

.... calll1CMlel fer l'eaoP'Ce allocation ",UI be pro,..... The a p.el'a1 

paphlcal aohdton alllt,tect &0 certaia a.almtptieu wUl be developed. 

Stace there are four pcseib1e producta for allocation of the chlorine 

... , the mathematical IUld the ,eul'al graphical aolution wU1 be developed 

t. terma 01. a fou.r-procluct eyetem. becau •• fir.Uy, the a-procluct .ye ... 

can readily be deri_d from a foar-procluct ay.tem 1ity applying the _. 

principle ..... proeeclor.a bill ta .... y more c_plicatri, and eecolldly, 

becauae a fOllr-procbu:t ey.tam facilitate. a better graphical Uluauation 

01. the mathematical coneiderationa .... ft4l'I&tlon. iDVolved in developing 

the theory. 

I). LOgical Mathematical Model for 

a..ourc. I).llocation 

Thi. reaOllrce allocation model in •••• nce ie an iterative proce-

_1'. which arrive a a.t the optim\lD'l .Glution by a. •• ri •• al .tepwt •• 
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iadlviciual allocati __ caa be taken ... aft appropriate constant increment 

wboae value will be dependellt Oft the .accur_, de.ired. i.e •• the _ber 

to lie made. etc. Fer example. if the raw material _u to 1.000 to_. 

'teratioa '1''' ••. Or ill 10"-- wdu for 100 .tepa. er IS·ton wait alloca· 

tloaa for a 40 ..... allOCUlOll proca ••• 

The followial aymbola aJlIl varlaOlea will be _ed In developial the 

A • the .alc 1'_ material Cor re.ource) to be allocated. 

Q : the ___ t f1I. .atc raw mllterial A to be allocated to lu deriva· 

Cl : Cluntity f1I. raw material (a variable' 

I : W. X. Y. Z are the product. to which allocations are to be made. 

AIli. Pi • feq). average re""llue or price function. 01. the i th pro· 

duct which I. allY functiOll 01. the quantity 01. material A allocated 

to it. 

C, : geq) • variable coat of I th product aa allY function 01. ,. 

MC
i

• heq) = marglaal co.t of ith product ... aay fWlCtion 01. q. 

MIlt. k(q) = marglaal reve_ of I th product aa _, functi_ of ,. 
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• 'L II optimum qua1\ltty al raw material A allocateci to 1 th product 

wheJ'e tM 411' s conespond to the quantity at the point 

Mltl II MCI • N. allocations will be made to 1 after CIt since 

beyond t1ds point the maJ'pnal contJ'l_tion becomes IUIgative. 

y. x. y, • II allocated optimum amOllat oi pJ'oclucts W, X, Y, Z, 

respectively. 

It, a PI - Ci II contribution margin oi i th product Cpr alit per unit 

al i as a function al total allocation oi A to product I}. 

PI II :at x lit a total pralit from the sale allit units al i th product. 

2. 0 • fll " Q , where Q II maximum quantity available for 

S.. L CIt > Q. This i8 an economic constJ'aint which means that 

the sum 01. the optimum quantities al the raw material A al-

located for producing products W, X, Y, Z should be greater 

than or eCJUal to Q. Otherwise, for optimum profits, Q should 

be reduced down to L. ell. 
The relation.lIli,s between these variables are illustrated in Fig. I, 
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The total pallt f1Inetion, denoted by TP, ist, 

(1) 

(Z) 

TP II U II W, a, y, .) 

'aW,X, Y,Z 

PAGB 43 

M_ there an foW' variables namely, w, a, y, a, and the objective is to 

determine the .et Y&lues oi w, x, y,.1l which maximize the total ,rallt 

fllncticm. The ,rocedure proposed for this is to successively as.i,D to w 

• the values in the 1'_" 0 ~ W & CIw aDd to keep it constant aDd to recl.uce the 

total proilt function to afun.ction oi the remaining variable., a, y, s. Thlls, 

symbolically this amounts to 

W a 0 ........ TP Cw=O) • fo(x, y, s) 

W a 1 •••••••• TP(w=l) • fl(x, y, a) 

• • 
• • 

w • D •••••••• TPCw8.) • fn(x, y, II) 

• • 
• • t TPCw",)= iqt(a, y, a) w • .... ••••••• 
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ThI ... uatioa .h.,.,. that ften the variable w b held conatant at the val" • 

.. • a. the variable • b a functicm of yariabl •• x and y for the gl"n YIllue 

01 .. 11 a. 

T1Ie Muaclary cOllCHtl_ for the __ "uicm of TP are 

Tptwea). f.Ca. y. s) • fD(x. y) alDC. • • t' (x + y) 

"+·+Y+· • Q (1) 

, 
fl) 

Since, • " • ".~ and II • to - II) • (x + r', the equattoD for. b 

."hetlt1lt.ed in the 'aaquality apr ... ioa &lid it yi.lds a third boundary COD-

ditton for the ,o .. iDle .et of x + Y valu ... 

(Q-II)-~'" x+y4(Q-n) (3) 

, 
aa..ary coadUloaa 41) _. fJ) cleft ... ill the f"acti_ Tptw::a' a 

domain. wher. the maximum vallUl of TPtwaD, ie the optimum ,rofit looked 

for the value of w.a. Thi. domain i. Dcluaded withba the plaaa. z=O _d 

z:~, yaO, &lid r •• ;. z + y • (Q • II) - ~ aatl x + y :: (Q • 11). 
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To find the maximum TP for & given T&lue cd wan, the followln, .et 

of eca-t:i-. are und which when taken .1m.ult:aneOl1sly gives the , •• ral 

expre .. ibn fen .fI\I&tiOIl 01. & f&mU y cd parallel int:enectiou OIl the total 

profit surfac.. In J'ig1&re 4, thee. intersections are shown by the parallel 

Un •• OIl the total profit surface. The simultane_s set ie; 

TPfw=1I) • fnts. y) 

• at + Y II lit for CO - II) -... ~ 11< '" CO - II) 
(4) 

&ad. it: can be re~e •• llted by a sinal. equation as a f1lllction 01. at and lit. 

sinc. y can readily be d.et:ermined from at and lit. Thu. 

where the prime silns are inuoducecl to r.presell~ the e.uatiOll 01. an inter-

S.CtiOll. 

M-.1mllliq the fllnction in Ecpaation (5) with r .. pect to at for a given 

at I SoCk) (6) 

The 8ubscript .0. inelicate. the optimum value cd s. i .... the value ol s 

which caus.s the TP' function to be a maximum for a liven k. Therefor •• 

by assi,ntaa cliffer.nt: values to x within the permi.sible ran,o. a .et ol 

• va_s for maximum TP is obtained which is repr •• ented •• 

TP!nax ... f (It) (7) 

Th. value cd k which yi.lds the highest TP:n.x is lit • ko• This T&lu. of 

11< II k
o

' when substituted in Equation (7) give. Max TP!nax. i.e •• the 

. 
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BOUNDARY CONDITIONS 

FIGURE 4 
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maximum.wlu 01 TV , which ta -'lUal to themaJdmum total profit at-max 

talaable for the pen valne fit w, in other word., TP (wan). LUr:ewise, max 

by' _terml_ ...... mallimum value. of TP for each value of w in the ran .. 
, 

• ~ 'IF * CIw alld taDttlatiag th_ maJdmum val ••• obtained ..... maximum 

fill tH maxitmam T.P(w=n) value. will be chosen. aad it will repr ••• 1d the 

..... 1ft1lft'l tow profit fipntbat caa be obtained by the proc ... 01 allocaUOIl • 

.... r ••• 1d the optimum allocation SChedule of raw material A to itl dari-

vaUvee ". X. Y. z. The optimum allocation valu. w, x, y, • corre.ponq 

to the highest ~at 01 that portion 01 total proltt .urfac. which is bounded 

by the six plane. in Plpre 4. 

The foRowing procedures for procluet W can be applied to either one 

01 the product •• X, Y. Z in a similar manner. The chos.n product, let llS 

, 
.. y Y. wi11 be asallned a value .,..a withta the _age 0 • y * Cly and held con-

etald at that val"e. Then the maximum value of TP for each value 01. y wUl 

be determined. and talNlated ae bel-s 

y= 0 ••••••••••• TP(y: 0) 
max 

-"f- I ••••••••••• TP(y II Itmax 

• • 
• • 
• • 

y. Ii ••••••••••• TP(y II atmax 

• • 

• • 
• 

y. 
, 

fAy 
• 

••••••••••• TPCy :~)max 
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:me m&3d.nnun 01. the above TP max Y&l ... for product Y will be t:be 

o,abnum .elutin aad, • CGUl'a., thi. TPmax val .. coilld".lrith the 

TP max value detenllbled for ,ro4iud W. r1tnunnore, the optimum Y&l1tes 

.... rmi_d ailo'M for w. x, y •• an al.o i ... tic:al with the optimum 

w, -. y, • val ... tIaat _1'0 determiaed in the eo11tti_ proeedlue for pro­

tille, W. TW.. is &fte ... an •••• maUer from which product the approach. 

I. ma", all po .. lble .... 01. val .. s aro o!l.1lft18rated and illveatilated for 

eptimallty. 

It is beHeftcl tha, the propos.d mathArmatical model b suhabl. for 

.olution by a Com)IIde'r " the .. loaica1 con.lderatiOll. are ualUlferred to a 

n_ clialram for a computer and programmed accordingly. All the com-

puter w01l1cl ha.,. to do is to a .. ign different •• t of value. to the variable., 

evalua .. tho.e .... and tabulate the ronlt. for the total profit value. ob-

tained from the varioua .et.. The m&JIimum 01. the tab1llated valuo. will be 

taft.tilated and it will repre.ent the .o1ution 01. the problem. 

l.atead of tab1llatiag the value. and then choosing the maximum, the 

computer milhl alterillo&tively oaumorate dUl.erent .et. of value. anel pro-

eeed by eUmiaating the .tnaller value., retaining the large.t aael compar-

lag it a,ain with oth~r .eta, etc. A. an illudration, a .. ume that five uaits 

01. a re._rco aro to be allocated a. inteler value.. As.uming that as a 

firat trial prodllCt W i. allocated three unita and the p8rm1uib1e range fIf 

k is between ODe and two (the .. value. bela, Inclu.ive), this i. repre.e.ted 

as: 
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Fen: w :; , and k • 1. x + y. 1 and the possible seta of value. oi tlle vari­

abl •• and the cen:re8ponding total profit value. are: 

x· e. y. 1 ••••••••• TP1tw·3) 

xe I. y. 0 ••••••••• TPz tw :; 't • 
If TPz > TP1 , eliminate the latter. 

For w • , and k .~.the peulble .eta are' 

•• 0, y. 1 • •••••••• TP,tw· " 

x· I. y. 1 • •••••••• TP4tw=', 

x· J, y. 0 • •••••••• TPstw· ') 

Jf TP4 > TPS > TP, , eliminate TP3 and TPS' and ,])P4 > TP2, 

then Max TP(w-J). TP4 • According to ebh, tbe optimum .et of value. 

for w-3 is: 

w : 3, x = 1, Y • l, z • O. 

If this procedure i. repeated for value. of 0 '= w ~ 4 (provided that 

~. 4), alld for every pennissible vahle of k, the mazinum tCltal profit 

fipre will be obtained. 

The summary of steps in this procedure is that firstly, wi. deter-

mined (is assiined a value). Based on the given value of k, x i. determined 

and then y is obtained from the values a£ k and x. Finally z is determined 

from the values of w. s, .. nd y and the corre.pondhg total profit fipre is 

determined. 
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1J1 U. ,"",ous ,e .. ral mathematicalllloal the price, variable coat, 

..-ntity 01. 1'_ material A allocated. Tha p-aphical aolutiol1 to be deve-

loped in thb section aaeurnes a 11aear fuRCtion 01. variable costs au a 

11aeal' function 01. prlee. i. e., avera,e I'eve_e. This case is illustrated 

ill Fip.re 5. 

The Iraphical procedure will &laia be illustrated for a four-product 

Systelll, l.e., products W. X. Y t Z. The same set 01. symbols as used ill 

the previons ,e.el'allllod.el will De used ill this section. 

1. Cl • ft"} and Pi • htw are 11_1' fuactiol1e 01. II _d have the 

.. usral fol'lll: 

Pi • &til + bt &ad. 

whare .. ~ -1. &ad. 

Rt. contributionlllarpa 

• profit pel' uait 

• At. + ... Rt (w 
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Sbace the c,. au Pi fuactiona an kDotrn. the y-intercepta 01. the 1\{ 

f.ncti_a Cl • W. X. Y. Z). i.e •• the lDltial eODtribu.tion mar,ins 01. the 

individual prodv.cW denot.ed by Bt, caa. be cletermiaed. Then. the product 

with the lal',e.' CODtrilNliOll margin is denot.ild produet W. the next large at 

ia _noted prodact X, etc. Thia orderiDila DOt a requirement for aolving 

the problem, but la devi •• d in order to han a more ayatematic au orcler-

1y aolutiOft procedM'e. It: any Bt • Bj. then the orderin, will be based on 

the comparison of At'a. i.e., the alopes 01. contr{bu.tion margin fllactiOfts. 

4. The fllDCtions pt. Ct. and &t are Unear fllnetiona of CI that are 

defined and continuous for every Ydlle of CI within the domain 

01. the problem. 

5. Pi = RtCi 

• tAi4l + Bt)CI· AtCl2 
+ BtCl. therefore, 

Pw• ~+ a.,CI 

Px- A,tt + BJI!I 
pya Jyr +ayt 
p.= A,.f/- +BCI • 
Tbaa. all total prol.lt function a are quadratic (paraboUc', au 

are Ulv.strated in Fipre 1. 
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There la the eame ecoallmie eonetraint ae diecu .. ed in the .e-

• • 

". "c opthmtm ...... 01 I til product that la determined at the 

point MGt • MIlt. There will De no wrtber allocatione to pro­

t 
duct I beyoQd the .-nthy tit. 

Th. Marginal Profit FW1Ctioa 

_el, .ince the marginal proiit i. by defbution dPi • 
cIq 

lAt. + Bt.. 

Since the contribution marlila flanction (proiit per unit) ie 

Ilt = At. + Bt. 

for llt. 0 , ,. - Iii aad 
Ai 

for II • 0, Itt: Bi. .. 

Aleo for MPi.O, ,. aael 

The negatiw eijple In the • expr ... iou .hINld not mblead the read.r, be-

ou •• when the functione elope d __ ard to the right. the At, e",re .. ion 

Tbae, the MP, f_ctioa cro .... t1se horlaontal axle at a point who •• 
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abc:i.ea b etpIa1 to O1lI-halt 01 the abet.ea oi the point where the Rt function 

eros ••• the .-. axil aad their interceptl On the vertical axil are equal. 

See FlglU" 8. Futhermore, it .houlel be noted that unle •• there are 

• mark.t ltmitatlona. the !J\aximum flU&ntlty Clf. which can be allocated to 

product i ia 

11_ beyond. that point the marginal profit is negative. The total prollt 

,. defined, for any quaatity.. by 

for • o I. " '" Cli' 

Thb i. the area under the curve MPi' and the two vertical line •• = 0 and 

• • CIa' See Ft.",re 9. For the generality of the di.cuuion, in all further 

• 1Uu..tratlon. the maximum quantltle. 'Ii will be taken .maller than 

where dP • O. 
cIIi 

The Graphical Solution Procedure 

The ran,e. 01. the Pl ClUve. are re.tricted by 

• o " III '" 'It 
where q~ i. the upper litnit for the allocation of raw material to product i. 
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, 
lit ia equal either to optimum qwanUty (dP • 0) 01' 0, the total raw ma­

dq 

terial available for allocation, whichever I.. the smallest. 

Case Is 

• • • • L'Il CIw+ 'Ix +~+q.= 

If 2: . -Ili- 0, then allocate 

• w : II .. 

x • • Ilx 
• y • qy 

• • = q. 

In this case no further computatiDll is needed. 

Case II: 

L .: < 0 

In that case there is an over-production of 0; reduce quantity of 

Oto • L 1Ii and allocate the same .et of solutions as in ease 1. 

Case In: 

If.this is the case, then there is a problem of resource aU_aUOIl 

and the grap.luea! approach to solving this problem will be explained and 

illustrated below. 

The marginal profit functione for products W, X, Y, Z are drawn 

.. a graph paper. Then the initial marginal profit Cst) and the amalleat 
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ma:r,lnal .I'ofit eMP l miJ for e.ch product is incltcated.. A. illustrat.d. in 

)'ilVe 10, the pointe Bt. aad. MPimin cOl'!'uponll to the extreme pointl ill 

I 
the :range 0"." 4It. The x-axi. in thil CIa •• r.pr ... at. the amount of 

:raw material 01' I'e.oul'c. allocated to the incltvidual products. Th. y-axi • 

.... 1' •••• the valu.. of mUlinal pl'ofltiior the prociuct •• How.v.r, a wOl'd 

01. cauUon m".t be .&ill oa the marliD&l profit flJlU'e.. Siace the horisontal 

axil represeat. the amount: of the raw material awi aot the amount 01. it. 

derivaUve., the marpaal profit £lpre. cerr •• poall to the marpual.rofit 

of thet 4lU&nUty of •• Incltvi4iu&l product 'Which b obtained from allocaUng 

. to it aay quanUty, •• of the raw material. 1a other worci •• if 1 ton oi chlorine 

iI al10cateei to .:roduction .of BHC aad. the chloriue coefficient for BRC la 

1.), th.n, the marginal p:rIliU value r.acl on the y-axi. ia sne marginal pro-

fit of 1.) tona oi BHC. 

Ilnce W. t. a .te,wi .. allocation 'roce .. , in each atep .41"&1 ill-

crement. of • wiU be .... iaae4 to the ,rocluctl anG the area ••• malJun,lIncier 

their incltvldual mar,inal profit funcUou and between the value •• and. 

.. + d4i will be compu.cl. The allocation will be mad. to that product which 

give. the greatest area for the increm.ntal allocation d... The val_ of d.4l, 

al ha. been dilcll .. ed 11'1 the ,r_vi __ model, 1a determined. by the number 

01. ItepS required anll the amount of relource available. Allo it might be 

worth noting that Ilnce total profit is the integral of. marginal pl'ofit with 

re.pect to., 4l-atity 01. output, the tra,..oiclal are •• under the MP f1lncUon 
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in the graphical .ollation cone'pond to total profit obtained from the alloca-

tion. The area of a trapelloidal .. gment, of cour.e, b dq time. the heilht 

01. the MP fUI1c:tion at the point. + ...2!.. The objective of the graphical 
2 

eolution, therefore, h to maximise the ar.a under the MP functiOlUl for a 

liven amount of available re.ource, Q. for Q to ~ Cii where i. ...... x, y, s. 

Thi •• olution procedure will con.bt of tM fall_in, atep •. : 

1. Draw the MP function. on a common Cl axi. in the order .uch that 

Bw > Bx > By > Bs' Label the extreme point. Bs. and MPi mia' 

a.fer to I'ilure 10. 

2. Draw the horiaontal Une 1 throu,h the .econd hilhe.t elldreme 

point, s.. Allocate to ,roduct W the quantity ClWl' .ince it 

bound. all the area for MP altove line 1. Thi. allocation pve. 

area J,.., in I'igure 10. 

1. Draw the horisontalliae U throu,h the next hilhe.t extreme point, 

MPxmil1• PI' educt. W and X are the ODly one. that have their 

MP function. above line U. 

4. J,..llocate an amount of re.ource dq". • dqX1 to W and X, r .. ,.cti­

vely. Check the reeultinl trape.oida! area: if dAxa > dIo,n, 

allocate to X. The reeulting area i. AZ in I'igura 10. 

5. J,..llocate dt&,n=~. If dAd > dA",., allocate to X. Thi. give. 

6. Allocate c:lc&wl • dqx3' If d.Aw •• dAxS' allocate to W. Thi. le 

. 
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7. Allocate dciwz • clCbcl. etc. and. proceed as before "nUl all the 

areas Ulat can be formed by MP valu .. above line U, let us 

•• Inaw Une W thro~lh the next hipe.t point, By. Since all the 

uea foJ.' prodllct X has been completed, there will be no addi-
, 

tiona! allocatio;ils to ii and. foJ.' ,roduct: X, Cl • 'lx' Allocate Clwz 

to W which corJ.'esponds to area -'15' 

9. Draw line IV through MPwmlll' . Only Wand Y have 14. fIilnctions 

above thf.s line. 

10. Allocate d.clws • d~. It dAY' > clA"s' allocate to 1'. Thie 

gives arlla A16' 

11. Allocate "'-S • dllyZ' It dAwS > dAyZ ' allocate to W. This is 

area ~7 and eKhauata product: X. 

12. Proceed in this manner until the sum of CU's and deli' a eClub to 

In the above procedure to avoid repetition, the need. for checkln, to 

aee if the Clu&ntity Q b attained or ill exceeded wal not m.entioned. Obvious" 

ly, after each allocation, th., total quantity allocated to each product '1&, to 

that step mUlt be checked and the proce .. should ItOP when the allocations 

An A1teJ.'native Approach to the Graphical Sol"tlon 

The conditioll for the mstellce of a resource aUocatloll was men-
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tlcmecl to be • L IIi > Q. The graphical aolution illustrated in the pre-

vi __ section atarted the allocation pToce .. from the higheat marginal profit 

reillon and tried to maximise the area. However. it ia equally feaalble to 

approach the problem from the opposite region, that ia. the region of mini-

mum marginal profits. This appToaeh will only be explained in words and 

will not he illustrated since the procedure will be very aimilar to the pre .. 

vopilil approach. 

If L q~ > Q, then it may be written aa 

After representing the expression a8 Inch, the problem of allocation is trans 

formed into a minimization problem. ~ow, the objective is stil1 maxitni.-

ing the profit from an allocation of quantity Q by maximising the area under 

the MP functions blat this time in~tead of adding incremental areas, this 

approach will subtract incremental areas froTn the total area under the UP 

functions. 

The area to be minimized and subtracted from the total area corres-

ponds to the area which would be obtained from allocating the quantity t::.. Q . . , 
to the individual ,roducts. If the quantity to be subtracted from ~, 'x' qy' 

andq~repres~ntedas A'lw' Aqx' Ally. and Aq •• respectively. then 

Since the areaa corresponding to l\. <li's are profits foregone by not 
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aeiag able to allocate u.p to cU. values, the reduction in profits shdel be a. 

emall as ,osalble In oreler to maximize the profits fram sale. at w, X, Y, 

Z. Thus, the solution consists of finding quantities A III so that the pro­

flt corresponding to them which is L e.f\ is a minimum. In .ymbolic 

foun these thoughts can be summarized as' 

Optimal Produet Mill for Chemea 

In the previous chapter, tables were presented which summarised. the 

capacity. demand., price and cost characteristics of the Chemco company. 

Fu"bermol'e, in the elishssion at joint coats, the treatment of coste in de-

claton making situations were analyzed. Within the light of the.e iuforma-

tion anderiteria, an optimal product mix for Chemeo will be d.etermineci. 

There are eertain points that are signifieant in the product mix ,rob-

lem. Firstly, p1"Oduch luch as caustic soda, and sulfu.dc acid elo not 

'!ltiltse any of the ehlorine produced by the firm. Secondly, the compulsory 

production of sodium hypochlorite due to air pollution regulations and which 

absorbs the chlorine wasted during variouB processes, amounts to about 

!S percent of chlorine prodlletion. Thul, 01 the 9,900 tOllS chlorine produced 

annually, about 500 tons have to be used for manufacturing sodium hypo-



THESIS 
ROBBRT COLLBGB GRADUATE SCHOOL 

BBBBK, ISTANBUL PAGB63 

chlorite, TId. lea.e. 9,.00 tone of chlorine •• a raw material which Ie to 

be allocated to its derivative. in liIuch a manner that the contribution margin 

(profit) born the allocation .hall be a maximum. 

Before proceedinl with the calculation of contribution to profit. Dy 

the vari ... chloriae ~rivatlve.t the chloriae coefficients for the individual 

prellUCite .hOllld be known. Thi. information ie pre.enteci in Table 5. 

Product 

Liquid chlorine 

TABLE 5 

CHLORINE COEFF'lCIENTS ItOR THE 
CHLORINE DERIVA TIVESa 

Chlorine Coefficient Reciprocal of Chlori_ Coefficient 

I 1 

Hydrochloric actd S.05 e.3) 

BHC ~II.:~ 0.11 

DDT e.sl 1.95 

Sodium hypo- 6.5'7 0.15 
chlorite 

aSource: Chemco production department. 

The optlm.al prelluct mix can n_ 1M determiaed under the foU-tng 

Z. Variable co.te, market. and the corre.ponding price. are liven, 
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The profit. derived from each ton fill. Chemeo products are ealcWated 

_d ranked ta the order of deereaeial coatri1:Mtioa marp •• 

a1 • Pi· Ct 

ea..tie socia I a: 11,. • 614 • 

hlfurie acid a ... 9U· 390. 

Sodium hypocblorite , a. 616 • 251. 

Licpaid chlori .. a It· 1.,. . 618. 

Hydroc:blorte aclcl • It.: a· t66 - 299 : 

BHC : a = ZZ92 - IllS • 

a. 160 - IllS. 

DM I ... 52" -UIZ • 

... '9" -4252. 

T.L.1120 .'.-.. ,. 
D' • •••• 

365 ••••• 

142 .. ' ... 
461 ••••• 

1111 fiaternal) ••• 

5'8 Cespoft) ••••• 

1004 tlaternal) ••• 

-266 (.aport) ••••• 

2 

6 

a 

1 

1 

5 

9 

have positive e_trilMtl_. they aboWel ... proclaeecl.p to capacity. aacl 

aiace Cherneo laC1l1's lee. from szportlAl DM. it alloalcl aot 8JIPOI't DDT. 

man for ita hlpat coatd1Mtloa mupa proclact is altauated ""OI'S it ia 

a) 1000 toaa fill. BHC (for cl_stie c-nmptioa) 

t 1000 • '.11. no toae of eldon .. 
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: 1500 a1.95 • 2925 

c) 460 tona oi 1l1tdd. ehloriM: 460 a 1 = ~6O 

the ... rnal market ea .. buy .. mull a. CJaemco C&Q F0duc •• a 

PAGB6) 

pol'tlCRl of the cAlville remaimB, Oil laaad .1l0ldd. be allocated to BIIC 

to be ~ted. 

Chlori .. aY&ilable. ,.fto - ,U55. un toaa 

u_ ••• BHC pr~tf.oll cap.eU,.. MeO - 1000. .f4OO lou 

Chlodu requiremea.t for.f400 toaa" JUIC • 4.ftoaO. n= U90 tou 

• 5245·))90· 1155 toIl8 cl cAlorlM. 

e) 4500 toea '" byUochloric acN - ,racle A 

• 4500 a'. IS • 1500 t ... ., elllori .. 

Tbe 155 to •• oi clllodue (18SS-1SH) atlll aY&UaWe for allocatl .. ca.-

10 .... wUl be bu:.rr .... tile ramal., :SS5 to .. wt11 Ile ".ed for pro-

dueden oi acicU.tioaal .odium h,poclllori", 

f) ClllorilHl from proce .. - .... : 500 tou 

Esce •• clllort .. • '55 tOIl. (carried over) 
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Chlorisw to be ueel for .odillftl hypochlorite • 

8SS X 6.57. 5620 tonll of .odll&m hypochlorite. 

ISS toa. 

A. meati_eI ill Chapter Il~ the exce •• cl _oell\lm hypochlorite 

PAGB66 

(Z6Z0 tou) b eIl.poeed :tIf sinee tbe damand for It b only SOlO t .... 

Therefore. ba.ed on the foregola, computation •• the optimal procluct 

mlz for Chemco I_ to produce the fal10wllll prodllct. III the tnelle.teet quanti-

tie.: 

SHC 5400 tolUf 

Cn.tic .oda llZZ0 tOil. 

DDT lS00 tou 

Liquid chlorine 460 tou 

hlfilrtc acid. 9000 tou 

I1yd.1-ochlortc acid. - A 3000 
t __ 

SocHum hypochlorite 5620 tou. 
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In the foregoing chapterl of this theile, the optimal product mix 

for a chemical company was determined. The actual determination of the 

product mix wal not complicated, becauae the previoua comprehensive db-

cuniona on joint COlt. and relource allocation validated thia limplified 

aolution. Theae di.c:uniona, it ia hoped, will provide a theoretical ltart-

ing point from which aome managera can develop more extenlive and de-

taUed analyail on the .. aubject.. 

The treatment of Joint coata wan'ant. exercbe of great care. 

M.ethods of their allocation must be questioned critically and they mUlt be 

employed only under relevant .ituatioll.. AI Ihown in this paper, joint 

COlt. are at time. very milleading if they are applied blilldly. Therefore, 

an analytical approach Ihould be uled where they are involved. 

At the very belt, joint COlts are luitable for purpo.es of illvelltory 

valuation and income determinatioll. For purposes of managerial decilion 

maldllg, they should Ilot be used slllCe they presellt a diltorted picture. 

Consideration of whether selljng a product, dropping a product, or proces. 

sing it further will not be meaningful if joint costillg method. are imple. 

mented. For luch decbionl joint COltl are irrelevant and the deci.ion 
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maker must use incremental costs (which are variable costs) and increment-

at benefits to a:rrive at a SO\1nd decision. 

The mathematical model which was developed in the resourCe a1lo-

cation chapter shows that such allocations can be approached in a stepwise 

manner. AlthO\1gh in theory theae problems can be solved by exhaustive 

enumeration and evaluation of each of them, if the number of products is 

large and the amount to be allocatedi. also large with small unit-allocations 

thb task becomn impossible. Therefore, in developing the model, it was 

primarily intended to design one which can be worked out by a computer. 

A further remark should be made for the proposed graphical solution. 

li:ven though it was outlined and illustrated for the case of linear functions, 

since the method con8bt8 of evaluating area. under a curve between two 

boundarie., it can be appUed to obtain an approximate .olution ill ca.e the 

functions are non-linear. 
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