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ABSTRACT:

in order to fiindl out the costt of the prodiudts prodursst att a busiinesss em-
terprise, the costt whiich is accumubdesd att costt centens showld be lbaded
on t® prodiudis through appropiate allocation bases. Directt labor cost
andl direct maltetial cost which are related with the produdts directly are
loadied om t® the costt off the producdts directly. Howseneer, s© as to load
the overhead on to the costt of the prodindis which are related with the
prodiucdts indiredtly, the cosit that is accumubditdd at auxilary cext centers
shouldl be loaded om to the real production centxts by chawsirg one off
the basic, graded, mathendtical or continuows allocation nethotks. Each
of the methodls usedl at secoithayy allocation is developed to remowve tthe
drawlsadlks of the others. The cost vihich is accunilbdesd at cost cemits by
restrictions and the purpose function that will be implemented is possib-
le to be allocated to the real production centers by e ppogaihiiHL
method by considatine the fact that the cost centens profit fromh each as
it is the ease with the mathentdtical and eontinueous allocatioh methods.
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GENEL URETiIM GIDERLERININ DOGRUSAL PROGRAMLAMA YONTEMIY-
LE GIiDER YERLERINE DAGITILMASI

OzZET

Bir isletmede dretilen mamiillerin malliyetlerini bulabilmek icin gidar yerle-
rinde biriken gidetlerin uygun dagitim anahtarlar vasitasiyla (iretilen ma-
millere yliklenmesi gereltiiir. Uretilen mamiillerle direkt olarak baglantisi
kurulan Direkt ilk Maditke ve Malzeme, Direkt iscilik gidetliri Gretllen Urin
malliyetlerine dogrudan yuklenmelkiediin. Ancak (retilen (rlnlerle dolayl
bir baflantisi olam gerd] (retim gidedierinin mamil maliyetine yiklenebil-
e iGIA biringi dagitim yapildiktan somia yardimel gidesr yererinde biriken
giderierin bagit, kadenfdii, mateRdtiel veya turlama yonrtemlierinden bi-
Fisi segilerek esas dretim yererine yilklenmesi saglanir. |1. Dagitimda kul
lanilan by yBAtemlerden her bitisi sirasiyla digerinin sakineasint didermek
igin gelistiFilppigti. Degrusal programiaiia YBRteMiyle; mutehdtiet e
turlama yéntemlerinde oldugy gibi yardime: gidkir YerlerRin Birbirlerimn
dem faydalanmalar g6z BRiine alinarak, slusturulacak amae fonksiyemu e
kisitlarla yareimet gidrdr yerlerinde biriken gidererin, esas dretim yerlerine
dagitimi yapilarak ayFintli abalize Bakilmast mimkindér.

Anahtar Kelimeler: ll.Dagitim, Gidlenlerin Gidier Yerlerine Dagitimi, Do@tur
sall Frogyeamlama.
Jel Kodlar:

1. INTRODUCTION

The costs accumiibdtdd at auxillary cost centers after the initial allocation
are allocated to the auxillary and reall cost cemtes via allocation keys. Va-
rious methods are devallopad in order to allocaite these eosts avouriiulated
at auxillary eost eenitrs. Thidse methods which are uset at secorthdly al-
lecation are basie, gradke, mathehidticel apdl eomtinuous allocatioh met:
hodis. Each of the methods used at secohlidly allocation is develiotisd tte
remove the drawbiadis of the ethers.

2. COST ALLOCATIONS TO THE COST CENTERS

2.1.Direct Allocation Method

If we amalyze allocation methods; consitkiitg basic allocation method, it
allocates the costs accumubdesd at the auxillary cesit centers to the real
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costceamter. Howemnar, auxillary coast gentersadlso profittfram each other
andl basic method doss not take this fact into comsideration. Figure 1
shows how basic allocation method functions,

Real Cost Centers Auxillary Cost Centers

Figyrecl: Directt Allocation Meetihod( BEijyikmize 2011,209)

2.2,5tep Method of Allocation

Step Method of Allocation, which is created to resolve the problem rela-
ted to the basic allocation method, allocaites the costs accurubdted at the
auxillary coxtt cemters not only to real but also to the awillary eestt centers.
An allocation cowrse is set amotigst auxillary cot centers in order to deci-
de which auxillary cosit center is to be allocated first. Hemxs, a profit ratio
between these auxillary cesit centers is evaluated.. Costs are a loadedtto
the cost cemiers starting from which providis the most profiit andl reaseives
the least. in order to be able to find out the profit ratio, a matrix is eva-
luated via allocation keys which are going to be usetl at each codt center.

When implementing the graded allocation method; after am auillary cost
center is allocated], other coglt centers are not allocated] again to this par-
ticlatar cost cerirsr. There is no repetition in this process of cesit allocation.
This shows why the graded method is defective. Figure 2 shows how step
method of allocation method functions.
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Real Cost Center Auxillary Cost Center

Figure 2: Step Method of Allocation (Bliyiikmirza 2011,212)

2.3.Contnmears, and Wietthematicalilleraficn Alethods

Om the other hamdi, continuous amdl mathemdiocl allocatiom methods,
which are created to resolve the problenn related to the graded allocati-
on method, gherates a retredipeetivedladttiiation in the interest df aubtilbany
cost cemters while the eosts accuirubdesd at the auxillary cest eenters are
bemg Allscaated.)ih 6fddr to MpRMent 8 retrdioprsctive costatlothitdan; it
intended that the totall codt obtained out of other auillary eost cemtik is
evaluated, by eonsitRdiiig the fact that avikillary cost cemtirs profit from
ech 6then Redulss fram Bdh comtinuds and Midirdhtaieal Alrscdtion
fnethods are the same While only the preceduess differ. Figure 3 sHoWs
R W Contii s Lisadrl MatAEH a6 NRs@iIh Fidthads Fitetisi.

Real Cost Center Auxiflary Cost Center

Figure 3; Comtinueuss andl Mathenwttical Allocation Methods (Blylkmirza
20110,205)
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There is another method that couldl be usedl to allocate cost cemtwrs. By
linear programmiing method, implementing a purpese function and rest-
rictions, all of the costs accumubaead att auxillary costt cemfters couilti be
accumw btbad to the real and auxillary cost centers.

3. LITERATURE R/

Literature off accounting, which stuudies cost distributionn methods usiingg
methods like Mathentdtical programss and game theory, dates back tto
around half a cemtury ago. Shubik (1962)), was the ffirst person who ap-
plied the Shapky value to cosit distributions.! In 1965, Manes and Smith
showed that common costt production process was in line with Kuhm-Tuek-
er Amcdlgsis. Kaplan and Thomsaon, with their 1971 studly, dewdloped the
rules aiming to distribute the gemrd| production costs of a finm with limear
programiiitg, and in this frameweork, they establishead a distribution all-
gorithrm be focusing oA a dedisioh of optimal mikture of buteomnss. Baker
and Taylor (1979), develop:d a motkdl of lineakr programiiing intended te
buy serviees frorm outside, and thereby, aimed at both showihg hew mueh
of the sefviees bought as part of gemdrdl prodictioh costs netths t6 be
obtained and whether they aré afferdable, er not. Willliams and Butler
(2002), studied thé subjrsdss 8f pradiuctivity and justice Withih the seepe
of the distribution of gRidrd| prodiuictioh e8sts AMdhg the Lt Whe share
the facilities and they devRIdist 8 [iReak programiiig MOl iR BréR: t8
PhiRimize the e, OR the sthef hand, Niothatdam and Micheiot (2668),
Hsed lineat programiing Mthods With the purpeik of distribution gener-
al prodivcion easte and the sugpested 8 tHA-paRl metholirgy, Based
8h thE IRFOFMAtON BA Margintal e8sts and the pradickioh ntsdiiyy of ipn
put factors LR SimDRX table. As 8 rasullt, depiiiMg 8 thé literatyre
A GUesHion that deRivpdl distrBuHER MEthads for gemdall productsn
EBSES HLiRg Ehe MEthods Bf lineak prAgrammity A MathRidtial modr
IRE; ERIS StUAY aims 19 HRVRID & lineak programmiig Method iRtended t8
the BIStFBUHOA Bf BeMAl PrOALiON C8sts:

4. COST ALLOCATIONS TO THE COST CENTERS USING THE METHOD QI
LINEAR PROGRAMWIENG

If costs are accumubdtad to the cost centtens by implerenting linear prog-

1 Shapltyy value is a mettiartd in the literatiree of gawme theany, whitth aims to prediitt beferediandd the profit
eadh playesr expentts to get (Rotth and Verredtfidy, 1979).

Musetisebe ve Vengi Uygudamalar: Déxgjsi

Audkara SMAMMO

29



ramming method, the total cost that isto be allocated for each auxillary
cost cemters would be evaluated! to the same result as gantinuaus antd
mathemetiical allocation methedts. The total cost which is calouilstet consi-
dering the profit ratio is allocated! to the auxillary cost cemters via allocati-
on keys. Hemuze, all costs are allocated to the real cost cemters. Aagerdingly,
figrere 3 also shows how the linear programmiimg method functions and
allocattess the costs to the cosit centers. The idem willl be explainet by the
following example.

411. Application

Alll the parts whiich is necessary for a 2.75" rocket launcher manufactured
in ELROKSAN? factory are prodiusd at three different costt cemtens. The-
se cost cemtens are Fudl Station (100 Cost center), Engine Pipe (104 Cost
center), Medieniaal Parts (101 Cost cemter) cost cemters. Awsilllary cost
centens are as follows: Naintenahte, Refectony, Hating amd Head Office.
Belowy, accumiubdesd costs andl allocation keys after the initial allocation for
each cost centr are given.

Table 1: Direct costs and! allocation keys for second production periogl of
year 2000

Cost Center Diredt Cost Wizintenance Sttafff Arem (m?)
(Howns)

Fuell Station (100 Cost center) 102.00D $ 150 &0 1500
Engjiine Pipe (104 Cost center) 225.000 $ 100 80 1000
mman Parts (101 Cost 127.000$ 125 100 1200
Migintinance 33.000 $ 10 10 100
Refectory 8.000 $ £0 15 300
Heating 45.000 $ 30 5 80

Head Office 4.000 $ 15 20 700

The costs accumulbaiad at maimtemanee, refectory, heating and head office
cost centers wiill be allocated! to the real cost cemters via selectted proper
allocation keys. Purpese function amgl restrictions shouildl be defined! st
fizst in order to implement the allocation.

In order to determine the problem, each fietd im both real and auxillary
cost centers is defined with a variable. As shown in Table 2, applyiing a mat-
rix wiill help both undlerstandiing the problem amdl writing the restrictions.

2 EILROKSAN is a defensse indlasttyy corng that pradi 7 systemss to meett the needss of disflense
indlasttyy:
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Table 2: Defining Each Element att Reall amd! Auxiillary Productiom Centers
as Veiriablles

Resl Production Center Auviillary Production Center
Fuel Station | Emgire Ripe Partzmi Maintamence | Refectony Heating Headl Office
X,z= M2 000 | X, = 226000 | X, = 127.000 | X;=33000 |X, ='8.000 X, = 4.000
Xﬂz':a Xi;-: ? x‘i;-:a X@z':a X?;':'?
xn: ? )(;3:3 ?(33: ? %{F ? nXEa 7? X?z': 7
X,=? X,,=? Y= ? X, =7
Xg?% X§5.=3 X55-:a X§5-::13 X5 X;S-:'?
x%.:: ? x&s—: ,? st': 7

The variables indicated! with a guestion mark on Table 2 show the diistri-
bution off costs m muwiliary costs places and the amounts that need to be
distributed im every costs distribution place. The sum off secordd distribu-
timn will be shown wiith line Ex, indicated on Table 2. Acomting to this, iin
order for the Second distribution to be madie, the function of the purpose
andl limitations to be developet must be determined as follkows:

Burpase Fumction

Purpose is the distribution off accumullating costs imauxiliary costs plkoes
(Maintenance, Mess hall, Heating, andl Generl Management costis place)
m acootdahtawiith the extsnt to which théblsenfefit from ezdh otther. Be-
causke, at the end of this procedure, there won't be any accurrubdesd costs
refmEindng in the auxiliary eostis place, purpose function willl be a model
that egualize the total value of these variables,

M/IImZEE ==0, j=i-2 1)
= ®

Restiefiotfons

a. Costs aceunmiu bt at real andl auxillary cost centens after initial alloca-

tioan shoulld be defined as restrictions.

ﬁzi = a\u ? l—fﬂ’%y
b. Due to the fact that the costts accumubitt at auxillary cost centers after

the allocation will be allocated] via allocation keys, these keys showildl e
adidlet] to the model asad eettiidtion.
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Table 3; Defining Allogatiem Keys as Varialles

Mizimtenemce (Blouns) SttaffF Area m?
Y, =150 ¥, =60 Y,,= 1500
vi =100 Y,, = 1000
v, =199 v, =160 ¥,, = 1200
TR Y, =10 Y,£ 6 109
\{1% =40 \z’zs E‘lé Yas = 300
Yt t=80 Y, &5 ¥y, = 80

16 2% 6

M. %13 ¢ =28 . = 760

¢. Dafining the mulkiplcation oft cosDper winit and mach oastttnatisto be
alleceted according to tiee aoeationtey which is'retated to eadh cost
center. (cost per unit Xallocation key)®,

7
X/ Doyl i=hR3LT g
j=1

:i:—l

cha' Sd.X.n: ("{ gﬂl,zz-m-;-z’?ji?t:fg;@,, l&ﬁtﬂ#zt) (49)

d. Equaidity'of total ¢dsts that itad beallocated totthes oost eentess add
optimum wWim’ off osstswbhich & recaad Iusdteetl vid ilinaap programiming dor
each ausitcenters.

Xijfsz = 1;1°T Ql = 1»2,“-177;1/: = 9’576’70
L)

e. Auddition of khe fawct that thessumogf costs evaluatedt fnarm optimum
allocation couldtxe bigger than or equal to the initial allocation, as a rest-
rictiom.

Xiz2 ZHn (7 = #5671 ©)

f. Subtracion of sumof the allocation costs wiich are obtained from both
imtiai allocatiiom andl otHer auxiNaryc cost centers modder to evaluate tthe
sum of secomdiany allocation.

2«
2 \ ) ' @
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g. After the secomttayy allocation, there shouildl not be amy costs to be al-
located! left at awxillary cost cemters; im other words, it should be equal
to zero. Therefore, after the allocatiom, sum of the auxiilllary costt centers
being zero shouildl be added to the medlel as a restriction. Yihile evaluating
the purpese function ittis defined that the sum of these variahbss should
be zero. By implementing this restriction, we both securat that there wo-
uld be no cost to be allocated! at auxdllary cost centers andl the pumose
fumetion is zero.

Each variable can be evaluated by entering the purpose funtion amd iits
restrictions to am operational reseanth software. Values off the wariables
wiill not change after the solution, because some of the values are already
knowmn.

After the seconttapy allocation; im order to be able to solve the costs ac-
curnulted at the real production centens, if we enter our putpese funetion
andl restrictions to the software "Sollua), the program wouwld carmy out the
purpese fumetion andl the restrictions in the modkd| and wowld sesidh for a
feasible area (Andrsonh ve digerleri.2010:3%-39) . The software woulld re-
port if it obtains a solution that satisfies our all restrictions amd the purpo-
se funetion.* After obtaining the selution; the answer, semsitivity smalysis
and restrietions showld be checked undier the reports section. The selution
andl the answar from the reperts sectioh Wouwld be equal beeause the eells
which are goihg to be changed were determined duiring the implemehiz:
ttBn of the medel.

4.2. Result of Analysis

Table 4 shows total amownt of costs which are supposed to be alllocated
to each coglt center within the framework off the purpuse fumctionaand
restrictions which are determined comsithiivgg the fact that ausillary cost
centers profit each other.

Tablo 4: Solvear Response Report

Name Initial Value Fima! Value
Maintenance Maintemance = § 35.021 $
Refectory Refectory = § 14.765 $
Heating Heating - § a47.7%7 $
Head Offfice Head Office - 8§ 13.186 $

Semsitivity analsiis of the report shows how mudh is the value of the pur-
pose function semsitive agaiindt the left side values of the restrictions and
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the chamge in the values of the variables. The oppertunity cost acalloulated
for nom-basic variables (which are zero at optimum solution) is the amo-
unt off chamge im the value of the purpose function, which ocouss when
there isa one unit of increase in the related value {(Ulucan 2004)

Due to the fact that the Maintenance, Refectony, Heating, Headl Office au-
xillary cost cemters are basic variables, their opportunity cost wouwld the
equal to zero. Because there isn't amy nom-isssic variable, a one unit @f
increase in a nomtkassic variable would not deorssse the value of the pur-
pose function,

Tablo 5: Solver Sensitivity Amaligys Report

Final Droneased

Ngfwee Value: Gradiant

Maintenance Maintenance 35.0924u8: - Ggadiant
Heéfedty Hefdeioyenance 2.988 § - 8
Riefga Ry 18t 0Ty 19.7%7 § - 8
Healdnoffiésd Hiead Office 15186 § - 8
Head Office Head Office 13.186 $ - $

Lagrange Muiltiplier value is equal to the amount of incresse in the value
of the purpose function, which oooumss when there is a ome unit of iimcrea-
se in the value of the right hamd! side of the restriction. The examplke helow
shows how much does the value of the purpose function increase when
there isa one unit offincrease im the costs accumulbtest! att the auxillary
cost centers.

Tablo 6: Solver Semsitivity Amalisys Report (Restrictions)

Fimal Lagramge:

Nafme Value: W tplier
Head! Office Maintenance 488 $ - §
Secontiany Allocation Refectory - § - §
Seconthany Allocationm Heating = 8§ - §
Maimtenamce Refectory
Refectory Quadiity Control
Quadlity Comtrol Refectory 2.987 $ - §
Refectory Maintenance 537 $ - §
Headt! Office Heat Office 13.186 $ - §

Limits Report: Shows how much are the values able to be increzssst @r
decresead without violating the restrictions.

Limits Report lists the optimal, the lowest andl highestt values that could e
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used withowt breaking the limitatioms om every value cell. As can be seen,
in order to reach the aimedl result (the value that makes purpese func-
tion zere) Miaintenance cost has taken the highest value of 35.021 without
breakimg the limitatioms om the maximum value,

Tablo 7: Limits Report Andligys Report

Adijusstabile ] Lower Target Upppesr Target
Mame Value: Bowndlamy | Result | Bowmdtamy | Resukt
Mizintenance 35.021 $ 35.021 $ - § 35.021 $ - §
Maiintenamce 14.765TL

Quality Comtrol Heating | 47.797 TL
Head Office Head Office | 13.186TL

Table 8: Allocation of the Gemeral Production Centers to the Cost Centers
by Linear Programmiimg Method

Real Production Center | Auwniillary Production Center
k] g =

Cost Center 5§ € g § £ g 2 £ B2

23| E% | § g g I 3 25
Initial Allocation 102.000$ | 225.0006 | 127.000% | 33.000% 8.000% 45.000$ 4.000$
Maintenance 11.420$ 7.618 $ 9.517$ | (35.021%) 3.045% 2284 % 1108
Regretory 3.220$ | 4205$| 53894 537$ | (14.7659) 68% | 107
Quality Control 14.936$ 9.958 % 11.949 $ 996 $ 2987$ | (47.797%) 6.970$
Head Office 2.930$ 3.907 $ 4.884 $ 488 $ 733 % 2A44$ | (13.186%)
Secondary Allocation | 134.508$ | 250.778$ | 158.719$ 03 03 0$ 0$

Costs that are accumutettet] at awixillary cost cemters andl to be allocated,
and results of the problem solved! with three different methodks; namely,
mathemdticdl, continuous amdl linear programmiimg methods; are given
the table below. There is n@ difference between the results of the met-
hodis.

Table 9: Comyatisom of Resuilts of the Methods

. Linear .
Metthod!/Crst ng;nmms Programming m@fﬁml
Method

Maintemance 35.021TL 35.021TL 35.020 L
Regretory 14.765 TL 14.765 TL 14765 TL
Quality Control 47.796 TL A47.797 TL A47.796TL
Head Office 13.186 TL 13.186TL 13.186TL
Total 110.768 TL 110.76% TL 110.768 TL
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5. CONICLUSION

In order for gemeral production costs to be adidked to the cost of the prodk
uct, the costs that accummilkite in costs places are addkst to the main costs
places by chhoosing one of the sivmple, gradual, mathematical and raagjing
methodis. With linear programming method; as it is im the mathemeaittical
and ranging rmethods, the purpeose function that will be establishet by
comsidieiing the co-bemnsdffiting off auxiliary costs places ean be distributed
to the main produciion sites.

Another advanitge off linear programming method over other methods
is that itt shows, with the help off sensitiity amalssis, how sensitine the
purpose function isto right side values and to thhe diemges inntthe warit-
able values. The progresss that a one-digit increase on the right side value
about the shadow price value willl malke on the purpese function value iis
demordtrated. It has also been stiawn how much increase will aome digit
increase in the costs of the auxiliary costs places cause on purpose fumes
ton value. Besiithss, it alseo presents how much eould these aptimal values
be devressasd or inereast without chamdite the limitations and by listing
the optifredl, lowest andl highest values in a one digit increate on the right
side of the related limitation of shadlow price value. Therefore, the dedr
sion maldrs eouldl see how the results will ehaige in ease a chaige might
BedUr iR the parameters.
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