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ABSTRACT

One of the most important problems that today’'s pamnes face the
optimum product mix decision problems to maximibeit profit level.
Theory of constraints is one of the methods thatlm used to solve these
problems. In contrast to the traditional method3CTensures superiority by
determining the product mix. In this study, diffieremanufacturing
strategies are analyzed in the way of total incame gross profit within a
firm manufacturing three types of products. Fivéfedent manufacturing
strategies are investigated. Finally, it is fouhdttthe best strategy is TOC
strategy according to total income and gross profit

Keywords: Manufacturing strategy, product mix decisions, otlye of
constraint,

Oz
GUnimuizin en 6nemli problemlerinden biri, firmalakér seviyelerini en
blyukleyecek olurlu tGrtiin karmasi problemleri ilesk&arsiya kalmalaridir.
Kisitlar teorisi, bu ttr problemleri czmede kullabilecek yéntemlerden
biridir. Geleneksel yontemlerin tersine, kisitlagotisi bu problemlerin
cb6zimunde Ustunfieé sahiptir. Bu cagmada farkli Uretim stratejileri toplam
gelir ve brut kar yoluyla ¢ tip Grin Ureten bimfia icin analiz edilngtir.
Bes farkll Uretim stratejisi incelenstir. Sonug¢ olarak kisitlar teori
yaklasiminin toplam gelir ve brut kéra gore en iyi stjateldugu
bulunmutur.
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INTRODUCTION

The TOC demonstrated an implementation of commastesys in the
optimization of manufacturing. TOC utilizes the qmemy’s constrained
actions to divert manufacturing and process devety determinations.
Companies adopted the TOC to increase efficienay qurality, and also
decrease stock, lead time and cycle time (Kee &ty 2000).

TOC finds the most influential factors affecting ripemance in a
negative way, manages and eliminates these fadtrsmprove the
performance of system (Goldratt & Cox, 1992). Maipic of this theory is
that each firm has a constraint at least, and cainss should be eliminated
(Unal et al., 2005). TOC sustains to be activelgcuim industry because of
its respectable potential to define throughput |enmis; to assistant as a
guide to solve the throughput problems; and to pecedconsiderable
improvements in productivity and efficiency (Peg&l8Vatrous, 2005).

This study was performed in a manufacturing firin.order to increase
profitability, constraints emerging from productioprocess were
determined. Then five different strategies relatdrch product mix should
be used in manufacturing process were investigdieese strategies are (1)
Produce the highest demanded product primarily.P{@duce the highest
priced product primarily. (3) Primarily produce drat with the highest unit
gross profit. (4) Produce equal quantity from eacbduct. (5) Prioritize
products according to TOC approach and then produce

This paper constructed as following; first a literea survey about
product mix decisions and TOC is performed.Then T@@d its
fundementals are explained. Following this, casdystn a company which
produces three different types of keys is perfornkedally, paper is ended
with results and discussion.

LITERATURE REVIEW

Simons Jr and Simpson Il (1997) aimed "to advaheestate of research
on constraint scheduling in several ways". Theys@néed the solution
algorithm integrated by the Goldratt Institute Ireit production software.
Finally, they link this algorithm to alternative theds in constraint
scheduling. Bengtsson and Olhager (2000) modelsd selection of a
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product mix by integrating the TOC and the acthopsed cost (ABC) with
the capacity of production-related facilities. The&emonstrated that
management's power over labour and overhead resodetermine that the
TOC and ABC cause optimal product-mix decision, #mely developed a
general model of the product-mix decision. Dramarale(2002) used a
simple Gedunken experiment to asses the differebedseen strategy-
driven product mix decisions based on TOC accogrdimd traditional cost
accounting. These decisions include four strategiestraction, market
share, product quality and cost leadership. Thesd ubese strategies to
provide a guidance and direction to develop stratdgcisions for product
mix by using traditional and TOC approaches. Led Bredendall, (2002)
examined how three types of management accountysteras (ABC,
throughput accounting and traditional cost accag)tiand two methods
(TOC and linear programming) to determine produit imteraction in both
the short term and the long term to influence tla@ufacturing performance
of two shops (a flat, and a deep product structureg highly automated
industry with significantly high overhead conter8heu et al (2003)
reviewed and compared the concepts of TOC and AB@y discussed the
managerial impacts of the two theories in varioesiglons such as pricing,
make-or-buy and product mix. They found that AB@& &i©OC can provide
management with better performance measurementvefsg production
activities. Pegels and Watrous (2005) used TOC odgetlogy in a detailed
case study of the bottleneck in the manufacturiggss. The bottleneck in
this case was the mold-changing operations, camgist a plastic injection
process for heavy-duty truck-lighting systems conguts.

Mehra et al. (2005) compared TOC and traditionacoanting
performance measures in a process industry by usisgnulation-based
approach. Study of Wu et al. (2006) aimed to stteeproduct mix decision
problem for a mixed-yield scenario involving thensitaneous production
of high-yield and low-yield products. They develdpea nonlinear
mathematical program in order to model the decigimoblem. In another
study, Karatg (2012) and Razi & Karatas (2016) used nonlinear larear
programs to determine the optimal mix and allocatid resources for a
decision problem. Bhattacharya et al. (2008) oetlira fuzzy approach
using fuzzy linear programming (FLP) with a suitaldlesigned smooth
logistic membership function (MF) for finding furdss patterns at
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disparate levels of satisfaction for TOC-based pebdmix decision

problems. Utku et al (2011) examined the importantdhe theory of
constraints compared to the conventional cost adouy in making

adequate product mix decisions. They performed pplication in a

chemistry industry to determine product mix deaisi@and their effect on
profitability by comparing the theory of constrantariable costing method
with the full costing method in respect to the tigbput approach, the
contribution margin approach and the unit profprach respectively.

THEORY OF CONSTRAINTS

Theory of constraints (TOC) is a management phgbgowhich is
developed by Dr. Eliyahu M. Goldratt in the begmmpf 1980s. Its point of
origin is that performance of each firm is deterairby constraints and
each firm has a few constraints at least (Ruhl6)198ccording to Atwater
& Gagne (1997) a constraint is “everything limitisgstem performance”,
and TOC is a management philosophy which focusgzavement by
means of managing constraints in the system.

TOC concentrates on system improvement. A systemefesred as a
series of interdependent processes. A chain isalogy for a system. The
chain is a group of interdependent links workingetther toward the overall
objective. The constraint is a weakest link in ¢hain. The performance of
the oceralle chain is limited by the strength of theakest link (Nave,
2009). TOC consists of five steps, these are iniyethie constraints, exploit
the constraint, subordinate non constraints, edetia¢ constraints, repeat
the process with the new constraints. (TOC, 2008)

Basics of the TOC can be grouped into five priresp{Womack &
Flowers, 1999);Systems and processes are like $héirere is a constraint
at least. The weakest link of the chain is calledabottleneck. When the
weakest link is strengthen, output of the systeaneiases. Constraints can
be classified according to reasons (such as marestraints, resource
constraints, capacity constraints, political coasts etc.) Any improvement
performed in non-constraint resources or procedsasot influence system
performance.

Huff (2001) defined TOC as a production managena@mroach which
determines and manages constraints during the @eoahg processes,
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and any constraint can be “anything that limitsyateam from achieving
higher performance relative to its goal.” Basicinpoof TOC is that,
contrary to traditional thinking, each constraimbypdes an improvement
opportunity. TOC evaluates constraints positivebgcause constraints
define performance of a system, and eliminatiooasfstraints step-by-step
increases system performance (Spencer & Cox, 1988y internal
situation in the firm can be a constraint or boitek. In this case, a
constraint occurs internally in the firm such asnachine with limited
capacity. Also a constraint can be derived fronemdl situations such as a
market limit that would restrict total sales (HUf)01).

The TOC reviews manufacturing processes and arghons as
“chains”. The overall performance of the systemnmisrely determined by
the weakest link. TOC aims to define the weakeask Ilfconstraint) in
manufacturing processes, and than strengthen #agegt link which is no
longer the limiting factor in determining the stgém of the chain (or
process) (Pegels & Watrous, 2005). In manufactugimgcesses, TOC
focused on the process that slows the speed oliprddrough the system
(Nave, 2009).

The TOC optimizes efficiency of the whole systemheToptimal
efficiency for the production system can be readhedefining and feeding
constraints. The optimization outcomes are sumradrias minimizing
stocks, reducing cycle times, reducing manufacturaxpenditures, and
yielding more aggressive and accurate customevetglitimes. Feeding a
constraint becomes significantly more difficult whthe process is highly
reentrant, and the constraint tools are met mamgdiin the process at
different process rates (Rippenhagen & Krishnaswdr@98).

Before defining the constraint, two prerequisité®wdd be ensured to
acquire perspective in terms of analyses (Coman daeR, 1995); (1)
Identify the system and its aim, (2) Specify howreasure the aim of the
system.

A constraint in a production system can be anyttimging the system
to achieve its goal or a desired performance IeVEIC is a production
management technique that identifies and managestramts in the
system. TOC has three principles for productionl)“to increase
throughput, (2) to decrease operating expenses, (8hdto decrease
inventory” (Huff, 2001). When companies are “makimoney”, they are
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creating value-added at a faster rate than th@emditures rate. In order to
calculate “making money,” TOC uses three measydgsThroughput, (2)

Operating expense, (3) Inventory. These measurescalled as global
operational measures (Moore and Scheinkopf, 1998).

(1)Throughput (T)is defined as the rate at which the organization
generates money through sales or interest (Ricke@87) .Firms earn
money by selling their products. In order prodwsgfvices. Firms have to
pay money to their vendors for materials/serviasguired for producing
products/services. Thus they create value-addedustomers. This “value-
added” is called as throughput (Moore and Scheifjkt@o8). Throughput
is computed by using equation 1,

Throughput (T) =Sales — Raw material costs Q)

(2) Operating expense (OHp defined as all of the money the
organization spends in order to turn inventory itltooughput. Operating
expense includes all of the expenses that we tYpieccept “fixed.”
(Moore and Scheinkopf, 1998). It contains direttdr, rent and labor, plus
selling, general and administrative costs (Rick&t@®7)

(3) Inventory (I)defined as all money invested in things intended f
(Ricketta, 2007). It is defined with a more commesive definition as “the
money that the system spends on things it intemdsrih into throughput or
the money the system spends on things it intendsetl. (Moore and
Scheinkopf, 1998). It contains totally variabtests such as material, plus
resources used in production such as land, maghineks and computers
(Ricketta, 2007).

The TOC metrics ofT, I, and OE provide alignment between local
actions and the global aim of fulfillment “more neynnow and in the
future” (Berry and Smith 2005).

Additionally, three following measurements can loeepted as global
measurements that are mentioned above. They cad#ifrofit, ROl and
cash flow (Mabin & Balderstone, 2003).

Net Profit (NP) = Throughputl{) —Operating Expenses (OE) (2)
Return on Investment (ROI) = Net Profit (NP) / Intagy (1) 3)
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These financial performance measures are a disheetsure of money
moving into and out of the manufacturing systentinme. Thus, a preferred
optimum operating condition for the firm is to fecan what influences the
“total” system and not just what influences a “past the system. This
situation is called as the global optimum (Moor&éheinkopf, 1998).

THE CASE STUDY

The case study is performed within a Turkish marctufégng company. The
company manufactures three types of keys as Pradu€roduct F and
Product T. Raw material costs for three productsrewdetermined
according to the used weights of grams in a produodtkilogram prices of
raw materials. Prices and costs are in TurkishsL{fEL). Manufacturing
operations for three products are composed of threeesses: (1) plastic-
injection, (2) metal-cutting and pressing, andd83embling. All operations
are performed by three operators. Sales pricesonfugts are3.68 TLfor
Product Z;1.68 TLfor Product F; 3.90 TL for Product T. Productidages
and raw material costs are shown in Figure 2. Dadgynands of products
are; 1800 units for Product Z, 2200 units for Paidl, 2400 units for
Product F. Operating expenses are 10570.0 TL

Finding constraints of the system: In order to find constraint
process/operation, firstly, the workloads of mawotifeng processes are
calculated. Then the workloads and capacities efpfocesses/operations
are compared. Then processes which their workleadsed their capacities
are determined as constraints/bottlenecks. If nunabeconstraints more
than one, the process with the highest workloatktisrmined as CCR.

Unit processing times of all products for each apien are presented in
Table 1. All processing times determined as se@ntithey are illustrated
as sec. Product Z provided after stages of framigom, cover, fixing, plug,
pad, sub-mechanism, body and product. Total unicessing time for
Product Z is 36.84 sec. Product F transforms aymioafter stages of frame,
button, cover, piston, pad, sub-mechanism and ptodtotal processing
times for Product F is 35.12 sec. Product T trams$oa product after stages
of frame, button, cover, fixing, plug, pad, sub-mmegism, body and
product. Total unit processing time for ProducsB4.62 sec.



Giilsen Akman, Burcu Ozcan

Table 1: Unit processing times for products

= Plastic injection (sec) Metal cutting and Assemble Tptgl
3 pressing (sec) unit time
E Sub per
Frame | Button | Cover | Fixing | Plug | Piston | Pad | mechanism | Body | Product | product
Z 3.22 3.43 1.96 1.78 | 4.03 - 1.92 6.32 5.02 9.16 36.84
6.89 6.02 1.96 1.78 | 4.03 - 1.92 7.44 5.02 9.56 44.62
F 8.41 5.21 1.96 - - 2.02 2.65 8.89 - 5.98 35.12

Required time or work load of each process is daled by multiplying

demand of each product and unit processing timeauh processes as
presented in Table 2. Processes of frame, buttoh, mechanism and
assemble are bottlenecks because their workloackeds their capacities.

Assemble process is determined as CCR becausesitthe highest

workload.

Table 2: Finding CCR Bottleneck

Metal cutting and Assemble
g Plastic injection pressing
E Sub
& mechanis Product
Frame Button Cover Fixing Plug Piston Pad m Body (sec)
4 5796 6174 3528 3204 7254 3456 11376 9036 16488
T 15158 13244 4312 3916 8866 4224 16368 11044 21032
F 20184 12504 4704 4848 6360 21336 14352
Work
Load 41138 31922 12544 7120 16120 4848 14040 49080 20080 51872
(sec)
ng)::)[ty 28800 28800 28800 | 28800 | 28800 | 28800 | 28800 28800 28800 28800
Bottleneck
Bottleneck Bottleneck Bottleneck COR
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Figure 1: Process flows of Product Z, Product T and Pro#&uct
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Total raw material costs are calculated accordmalt kinds of raw
materials and their used amount for each prodwatal Taw material cost of
Product Z is 0.26636 TL, Product T is 0.27224 TitgdRict F is 0.19642 TL
as shown in Table 3. Sales price of Product Z &8 JL. Sales price of
Product F is 1.68 TL. Sales price of Product T.#3TL.

Table 3: Raw material costs for Products

Unit raw
Raw PAG6 DKP material
material - ABS PC PC-ABS | GFR20| MS70 | SAC | cost(TL)
| Weidhtof | 5189 | 651 | 464 | 898 | 384 | 4534
N grams
E Price (TLkg) | 1.79 | 3.2 3 28 | 1050 | 0.83 | 0.26636
o
& ltem cost (TL| 59990 0.03702| 0.02478 | 0.04476| 0.04032| 0.04967
/product)
Unit raw
Raw PC- PC- material
material - ABS ABS PC ABS ABS PC cost (TL)
Weightof | 5) 33| 464 6.51 898 | 457 | 4534
— grams
E Price (TL/kg) | 1.79 3 3.2 28 | 1050 | 0.83 | 0.27224
o
& Item cost (TL | 56796 0.02478| 0.03708 | 0.04476| 0.04799| 0.04967
/product)
Unit raw
Raw Polyamide| PA6 material
material — ABS | PC 46 GFR20 | MS 70 cost (TL)
Weightof | 51 57 | 566 018 | 1079 | 3.89
w grams
E Price (TUkg) | 1.79 | 3.2 2.6 28 | 1050 0.19642
o
& Item cost (TL | 55579 0.03224| 0.00083 | 0.05378 0.04085
/product)

APPLICATION OF DIFFERENT MANUFACTURING

STRATEGIES FOR THE CASE STUDY

Companies can apply different strategies when piegpaheir production
plans. While applying these strategies, most ingmartonsidering factor is
profit. Companies target maximum earnings and prehile determining
their product mix. In the case study, five diffarestrategies were
investigated. These five strategies are sequermatl explained as
following.

10
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Strategy 1. Market based strategy-Produce the higls¢ demanded
product primarily.

In this strategy, manufacturing priority is givea the most demanded
product. Company produces three different produetseguct Z, Product F
and Product T. Among these products, Product theasmost demanded
product with 2400 units demand per day as presentélchble 4. In this

situation all demand of Product F is produced. fést of time is used to
manufacture Product T which has second highest dém&2200. In this

time, daily production capacity of Process Assemide 28800 sec

(60x60x8). Required capacity to produce 2400 unitd is 14532 sec
(2400x5.98). Rest of the capacity to produce T4¥4B sec (28800-14532).
Production quantity of T is 1511 (14448/9.56). Tatales is calculated as
9926.1 TL (5894.1 + 4032.0) and, total raw matecw@dt is calculated as
882.8 TL (Turkish Lira) (411.4 + 471.4), net incomed043.3 TL (9926.1 -

882.8). Net profit is calculated as -1525.8 TL (3@4- 10570). Firm loses
money.

Strategy 2. Produce the highest priced product prirarily

This strategy is used by salesman while marketirmglycts. The highest
priced product is produced primarily. Product T has highest sales price
(3.9 TL). Therefore Product T is produced firsthl demand of Product T
is produced, and then respectively, Product Z wsdles price of 3.78TL,
Product F with sales price of 1.68 are producegdrasented in Table 4. In
this time, daily production capacity of assembl®cess is 28800 sec
(60x60x8). Required capacity to produce 2200 uditss 21032 sec
(2200x9.56). In rest of the capacity to producesZ/v68 sec (28800 -
21032). Production quantity of Z is 848 (7768 /®.1Total sales are
calculated as 11785.6 TL and, total raw materigt ¢® calculated as 824.8
TL (225.9+598.9). Income is calculated as 1096018 Wet profit is
calculated as 390.8 TL (10960.8-10570.0).

11
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Table 4:Strategies for all products

STRATEGY 1 STRATEGY 2 STRATEGY 3
Products Prodoct Product Product Total Product Product Product Product Product Produoet
Zz T F Z T F Total Z T F Total
Dlemand 1800 2200 2400 1800 2200 2400 1800 2200 2400
Unit 3alas prica{TL) 3.78 39 1.68 378 39 1.68 378 39 1.68
Unit Material cost{TL) 026636 027224 0.19642 026636 0.27224 0.19642 0.26636 027224 0.19642
Unit production tima{sac) in 9.16 9.56 5.98 916 9.56 5.98 9.16 9.56 598
Unit eross profit 1514 3628 1.484
Manufacturing priosity 3 2 1 2 1 3 2 1 3
Production quantity 0 1511 2400 248 2200 0 248 2200 0
Total production tima{sac) 0 14448 14332 28800 7768 21032 0 28800 7768 21032 0 28800
Salas (TL) 0 5B941 40320 99261 12056 B3RO 0 117856 32056 B5BO.O 0.0 117856
Faw matarial 0 4114 4714 (882.8) 2259 5989 0 (824.8) 2259 5989 0.0 (824.8)
Incoms{TL) 0 54826 33616 90433 29797 To9R11 0 109608 TREL.Ly 29797 T8EL.1
Operating expansas{TL) (1057040 {(10570.0) (10570,
Net profit(TL) -1525.8 320.8 350.8
STRATECY 4 STRATECY £
Froduct Produoct Produoct Product Product Produoct
Zz T F Total Z T F Total
Diemand 1800 2200 2400 1800 2200 2400
Unit 8alas prica{TL) 178 19 1.68 178 i3 1.68
Unit Matarial cost{TL) 0.26636 027224 0.19642 026636 027224 0.19642
Unit production time{sac) 9.16 D.56 5.08 0.16 0.56 5.98
Throughput 3.514 3628 14584
Throughput par unit timea in 0384 0379 0.248
Manufacturine priosity 1 1 1 1 2 3
Production quantity 1166 1166 1166 1800 1288 0
Total Production Time {sac) | 106805 111468 69726 28800 16488 12312 0 28800
Sales(TL) 44074 43474 19389 109137 68040 30127 0.0 118267
Faaw matarial 1106 3174 22940 B37.0 4794 35086 0.0 (23010
Incoma{TL) 40969 42299 17303 100367 63246 46711 0.0 109966
Orperating (105700 (10370.00
Net profit(TL) -513.3 426.6

12
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Strategy 3. Primarily produce product with the highest unit gross
profit.

In this approach, raw material costs are considedatt gross profits of
each product are calculating by using equation 6.

Unit Gross Profit = Unit Sales Price - Unit matelieost (6)

Three products are sorted according to unit goosfit values. As regard
to this strategy, product with the highest unit sgrgorofit is produced
primarily. Product T is produced primarily becaw$éhat it has the highest
unit gross profit of 3.62 as shown in Table 8. thrsall demand of Product
T is produced, then, respectively, demand of Prodweith unit gross profit
of 3.51, and demand of Product F with unit grosdipof 1.48. Results are
same with Strategy 2 as presented in Table 4. N#it ps calculated as
390.8 TL.

Strategy 4. Produce equal quantity from each produc

In this approach, there is an assumption that bathproduction is made
and accordingly each product is produced equal tqyaas presented in
Table 4. Any sequencing is not important. Accordimglaily capacity, 1166
(28800/ (9.16+9.56+5.98)) units from each produs produced. Total
sales are calculated as 10913.7 TL. Total raw nateost is calculated as
856.5 TL. Net income is calculated as 10056.7 Tet profit is calculated
as -513.3 TL. Firm loses money.

Strategy 5.Prioritize products according to TOC appoach and then
produce.

In this strategy, TOC approach is used. Unit thhpug per unit time in
CCR for each product is calculated by using equatiand equation 8 .

Unit Throughput = Unit sales price — Unit materiabst (7)
Unit Throughput

Unit throughput _ gnp (8)

per unit time in ~

CCF Processing time in constraint

13
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Then products are sorted according to throughputupg time. Then
Product Z with the highest throughput value (0.384produced primarily
(Product Z), Respectively Product T (0.379), anadict F (0.248)Product
Z is produced 1800 units. In this time, daily protion capacity of assemble
process is 28800 sec (60x60x8). Required capaxipydduce 1800 units Z
is 16488 sec (1800x9.16). Rest of the capacityrtalyce T is 12312 sec
(28800-16488). Production quantity of T is 1288313/9.56). Total sales is
11826.7 TL, total raw material cost is 830.1TL. Ipesdfit is calculated as
426.6 TL.

Results of five strategies are summarized in Tables seen Table 5, the
best strategy is Strategy 5, TOC approach. Accgrd these results,
Application of the TOC approach provides the higlpesfit value of 426.6
TL when it compared with other strategies. Compsahguld manufacture
1800 units of Z, 1288 units of T because this mmvmles maximum
throughput.

Table 5: Strategies and provided results

z T F Net Profit
Strategy Sequencing (units)  (units)  (units) (TL)
Strategyl | F(2400),T(2200), Z(1800) - 1511 2400 -1525.8
Strategy 2| T(3.90), Z(3.78), F(1.68) 848 2200 - 390.8
Strategy3 | T(3.62), Z(3.51), F(1.48) 848 2200 - 390.8
Strategy 4| - 1166 1166 11666 -513.3
Strategy 5| Z (0.384), T (0.379), F (0.248) | 1800 1288 - 426.6

RESULTS AND DISCUSSION

This study evaluates difference between strategyenlrproduct mix
decisions based on TOC cost approach, and traditmost approach. This
study is performed in a manufacturing company. tampany produces
three types of keys. In this study “assemble” psscdetermines system’s
output, and it is system constraint. So systemopednce is related to
“assemble” process. Firm developed five differetnategies; Strategy 1
(Market based strategy-Produce the highest demapatiict primarily);
Strategy 2 (Produce the highest priced product gmily); Strategy 3

14
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(Primarily produce product with the highest unibgg profit); Strategy 4
(Produce equal quantity from each product), anat&jy 5 (Prioritize
products according to TOC approach and then prgdudave different
strategies were analyzed according to revenue sogs gorofit. A summary
of evaluation results of five strategies presentedable 11. A review of
this table leads to following conclusion. According Strategy 1,
manufacturing priority should be given to the mdsmanded product. In
this strategy all demand which belongs to Produe produced. It is the
worst strategy for profit and revenue amongst offtixtegies. Strategy 2 is
mostly used by salesman, in this strategy produttt the highest price is
produced first. Strategy 2 doesn’'t consider costofaand capacity factor.
Strategy 3 considers raw material costs. Strategiy&s importance to unit
gross profit and the product with the highest gndss profit is produced
first. For both of Strategy 2 and Strategy 3, Pobdduis produced at first.
These two strategies determine production rankrotlycts in the same
sequence. Strategy 4 insists on balanced produycioes each product is
produced equal quantity. If firm gives importanogptoduct variety, it may
choose this strategy. But Strategy 4 is not endoglperformance targets
such as higher profit and revenue,

Strategy 5 uses TOC approach. According to TOC, dbmestraint's
capacity determines system performance. Revendethaoughput per unit
time for each product is calculated. As a restlg the best strategy in other
strategies. Obtained results from our study suppgbg TOC theory.

In this study, with only three products, the altgivie product mix
decisions are very limited and the impact of thest@int’s limited capacity
on alternatives can easily defined. Approach usedhis study is very
practical when number of different products is lowWhen number of
different products is much larger, definition ofetttonstraint is more
difficult.

From this research, we can see how TOC based ajpren affect
product mix decisions. Decisions based on TOC ambroproduces
significant effects of firm’s financial performanaghen compared with
decisions using traditional cost approaches.

TOC contains a new set of performance measureseTlimeasures link
together strategic objectives and operational déipeb. This paper uses the
set of performance measures (throughput, inverdody/operating expense)
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defined by Golddratt. Thus this paper provides supgor that these
measures provide a direct link between local prodaaapabilities of the
constraints and the organizational performance.

REFERENCES

Atwater, B. & Gagne, M. 1997. “The Theory of Comasgtis Versus
Contribution Analysis for Product Mix DecisionsJpurnal of Cost
Management]1(1): 6-15.

Bengtsson, J. & Olhager, J. 2002. “Valuation ofduct-mix flexibility
using real options”|nternational Journal of Production Economjcs
78 (1): 13-28.

Bengtsson, J. & Olhager, J. 2002. “The impact ef pnoduct mix on the
value of flexibility”, Omega,30(4):265-273.

Berry, R. a& Smith, L.B. 2005. “Conceptual foundais for The Theory of
Constraints”Human Systems Managemeft; 83-94.

Bhattacharya, A., Vasant, P., Sarkar, B. & Mukherjg.K. 2008. “A fully
fuzzified, intelligent theory-of-constraints prodiumix decision”,
International Journal of Production Researdt (3):789-815.

Coman, A. & Ronen, B. 1995. “Management by ConstsaiCoupling IS to
Support Changes in Business Bottleneckdduman Systems
Management]2: 65-70.

Draman, R.H., Lockamy lll, A. & Cox Ill, J.F. 2002Constraint based
accounting and its impact on organizational peroroe: a simulation
of four common business strategiedhtegrated Manufacturing
System13 (4): 190-200

Goldratt, E. & Cox, J. 1992 he Goal: A Process of Ongoing Improvement
Great Barrington, MA, North River Press.

Huff, P. 2001. “Using Drum-Buffer-Rope SchedulingtRer Than Just-In-
Time Production”’Management Accounting Quarteriyinter: 36-40.

Karatg, M. 2012. “Dgitik Sualtt Sensor #arinin Karma Tamsayili
Dogrusal Olmayan Programlama ile Optimizasyomarmara Fen
Bilimleri Dergisi, 24(3), 77-92.

Kee, R. & Schmidt, C. 2000. “A comparative analysidutilizing activity-
based costing and the theory of constraints forimgakroduct-mix
decisions” International Journal of Production Economjc63 (1) 1-
17.

16



Developing Effective Manufacturing Strategies foodRict Mix Decisions
via Theory of Constraints: A Case Study

Lea, B., Lawrence, D. & Fredendall, L.D. 2002. “Thmpact of
management accounting, product structure productaigorithm, and
planning horizon on manufacturing performancefternational
Journal of Production Economicg,9: 279-299.

Mabin, V.J. & Balderstone, S.J. 2003. “The perfonce of the theory of
constraints methodology'international Journal of Operations and
Production Managemen?3(6):568-595.

Mehra, S., Inman, R. A. & Tuite, G. 2005. “A simtiten-based comparison
of TOC and traditional accounting performance measin a process
industry”, Journal of Manufacturing Technology Manageméi(3):
328-342.

Moore, R. & Scheinkopf, L. 1998Theory of constraints and Lean
Manufacturing: Friends or FoesThesapeake Consulting, Inc, All
Rights, Retrieved September 23, 2015 : from
http://pm.chonnam.ac.kr/file/LeanTOC.pdf

Nave, D. 2009. “How To Compare Six Sigma, Lean #mel Theory of
Constraints a framework for choosing what's best fgour
organization”, Process ImprovemenRetrieved January 20, 2015,
from www.lean.org/Community/Reqgistered/ArticleDocuments/
ASQStoryon QualitySigmaAndLean.pdf

Pegels, C.C. & Watrous, C. 2005. “Application oé titmeory of constraints
to a bottleneck operation in a manufacturing pladdurnal of
Manufacturing Technology Managemel$(3): 302-311.

Razi, N., Karatas, M. 2016. “A multi-objective mdder locating search
and rescue boatsEuropean Journal of Operational Research
http://dx.doi.org/10.1016/.ejor.2016.03.026

Ricketta, J.A. 2007Reaching The Goal: Hor Managers Improve a Services
Business Using Goldratt's Theory of Constraint8M Press.
Retrieved 15 December 2015, from
http://ptgmedia.pearsoncmg.com/images/97801323384a&plechapt
er/0132333120_CHO3.pdf

Rippenhagen, C. & Krishnaswamy, S. 1998. “Implenmgnthe theory of
constraints philosophy in highly reentrant systeni’bceedings of
the 1998 Winter Simulation Conferenc893-996. Retrieved 23
September 2015, from http://www.informs-
cs.org/wsc98papers/134.PDF

17



Giilsen Akman, Burcu Ozcan

Sheu, C., Chen, M.-H. & Kovar, S. 2003. “IntegngtiABC and TOC for
better manufacturing decision makingyitegrated Manufacturing
System14 (5): 433 - 441

Simons Jr, J.V. & Simpson Ill, W.P. 1997. "An exjiim® of multiple
constraint scheduling as implemented in the gostlesy”, Production
and Operations Managemert (1): 3-22.

Spencer, M.S. & Cox, J.F. 1995. “Master Producti®theduling
Development in a Theory of Constraint EnvironmermRifpduction
and Inventory Management Journglyst Quarter: 8-15.

TOC 2008. Theory of Constraints, Technology Roadmap for the
Recreational Boat Building SectoRetrieved April 12, 2011, from
http://www.gmisolutions.com.au/uploads/files/1_&.pulf

Utku, B.D., Cengiz, E. & Ersoy, A. 2011. “Compamsof the theory of
constraints with the traditional cost accountingtimods in respect to
product mix decisions’Journal of D@us University, 12 (2): 317-331

Unal, E., Tany, N. & Kiicliksavg, N. 2005. “Theory of constraints and an
application in a manufacturing companyQGukurova University
Journal of Social Science$4(2): 433-448.

Womack, D. & Flowers, S. 1999. “Improving systenrfpanance : a case
study in the application of the theory of constisiin Journal of
Healthcare Management4(5):397-405.

Wu, M. C., Chang, W.J. & Chiou, C.W. 2006. “Produti decision in a
mixed-yield wafer fabrication scenario’lnternational Journal of
Advanced Manufacturing Technolo@@: 746-752.

18



