Journal of Industrial and Systems Engineering
Vol. 10, special issue on production and inventpp/91-108 JISE

Winter (February) 2017

An integrated production-marketing planning model With
Cubic production cost function and imperfect production
process

Seyed Jafar Sadjadi’, Ali Bonyadi Naeini® ,Aghil Hamidi Hesar Sorkh?,
Seyed R. M oosavi Tabatabaei*

! Department of industrial Engineering, Iran University of science and Technology, Tehran, Iran
2 Department of progress Engineering, Iran University of science and Technology, Tehran, Iran
sisadjadi @iust.ac.ir,Bonyadi @iust.ac.ir,Aghil_hamidi@ind.iust.ac.ir,r_tabatabae@iust.ac.ir

Abstract

The basic assumption in the traditional inventogdel is that all outputs are perfect
items. However, this assumption is too simplistitHe most real-life situations due to
a natural phenomenon in a production process. Enait is deduced that the system
produces non-perfects items which can be classifiédl four groups of perfect,
imperfect, reworkable defective and non-reworkatiddective items. In this paper,
compared with classic model, a new integrated ifepequality economic production
guantity problem is proposed where demand can teerdimed as a power function of
selling price, advertising intensity, and custorservices volume. Furthermore, as
novelty way the unit cost is defined as a cubiccfiom of outputs which is similar to
real world. Also, a geometric programming modelipgcedure is employed to
formulate the problem. Finally, a numerical exam@eillustrated to study and
analysis the behavior and application of the model.

Keywords. Geometric programming, inventory, comprehensienand function,

cubic production cost function, non-perfect produtiprocess.

1- Introduction

All companies to gain and maintain their compati advantage have faced with the problem of
effective joint decisions. Interaction between amit production quantity (EPQ) as one of the most
celebrated inventory control models and other fonst such as marketing can be regarded as a key
factor for success in the competitive business renment. In the classic EPQ models have been
considered various underlying assumption. For exanthose models do not consider the presence of
defective products in the lot and rework of thenwadl. Also, those models assume that producticst co
and demand are fixed (Yassine, Maddah, & Salantt®)2 However, many researchers and practitioners
have developed inventory models that have relaretesof the assumptions of the basic EPQ models.
Examples of such studies are surveyed below.
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Rosenblatt and Lee (1986) developed an EPQ mibdel deals with the effects of an imperfect
production process on the optimal production cyiche.

Lee and Park (1991) improved the models in Rols¢in& Lee (1986)by considering the difference
between reworking cost before sale and warrantyafter sale. Subramanyam and Kumaraswami (1981)
introduced an EOQ model under varying marketingicpgd and conditions. Brown et al. (1986)
examined the sensitivity the basic EOQ inventorydeido lot-sizing error, where holding cost was
assumed to be a strictly increasing function ofage inventory. Yum and Mcdowell (1987)suggested a
0-1 mixed integer linear programming model. Thead@l permitted any combination of scarp, rework or
repair at the station. Baker and Urban (1988) etelli an inventory system with stock-dependent
demand. Liu and Yang (1996) considered a singlgestaperfect production system with kinds scarps
including reworkable and non-reworkable items. [1999) established an integrated EPQ model for a
single product system with an imperfect productimocess and a resource constraint. Groenevelt et al
(1992) focused on the effect of machine breakdoams corrective maintenance on the economic lot-
sizing decisions. Salameh and Jaber (2000)pointheuttems of imperfect quality that can be soldaas
single batch by the end of the screening procehanka and Chaudhuri (2003) investigated an order-
inventory model with a time-dependent quadratic aedn Sana et al. (2004) investigate an inventory
model with a liner-dependent demand and a uniformodyction rate. Sana and Chaudhuri
(2008)considered an EQO model for various typeslaierministic demand. You and Hsieh (2007)
studied the pricing and ordering problem for areimery system under the condition that demandide pr
and stock dependent. You (2005) addressed thegmobf joint determination of order size and optimal
prices for a perishable inventory system underciradition that demand is time and price dependent.
Jamal et al. (2004) developed models for the optpnaduction lot size with provision for rework of
defective items. Cardenas-Barron (2008)used arbedgeprocedure in order to determine the optimal
solution for two inventory policies that were prgpd by Jamal et al. (2004). Chan et al. (2003)
introduced a formwork to integrate lower pricingyork and reject situations into a single EPQ model
Hayek and Salameh (2001)extended the tradition&) Efhsidering that produced items are not always
perfect. In their model, the defective items camdworked at a constant rate at the end of theygtamh
cycle.

Recently, to capture the real situations beteveral researchers have focused on EPQ/EOQ model
improvement through using nonlinear relationshigiwieen different parameters. In this direction,
Geometric programming (GP) is a useful methodolfagysolving nonlinear optimization problems. GP
methods have been used extensively since Duffal. €1967)presented the famous GP method in 1967.
Many years later, Chen (1989) proposed GP fornariatfor an EOQ problem where the cost production
per unit was assumed to be a function of the demibed (1993a) formulated a profit maximization
selling price and order quantity for both non-qitgrdiscount and continuous quantity discount cabes
a subsequent paper, Lee (1993b)formulated a prafiimization GP model. He considered two types of
resource (i) storage space and (ii) inventory imesit budget. Lee and Kim (1993)examined the effect
of integration and marketing decisions for a stontredium-range planning horizon by GP method. In a
later paper, Kim and lee (1998) formulated and stigated a variable capacity problem for joint
determination of price and lotsize. Chen (2000)psg@ an inventory model to determine the quality
level, selling quantity and purchasing price forigiermediate firm. Jung and klein(2001) developad
analyzed two inventory models under total cost migation and profit maximization via GP techniques,
Where selling price is modeled as a decreasing pfumetion of the demand per unit time. Abuo-El-Ata
et al. ( 2003) proposed a multi-item inventory magli¢h varying order cost under two restrictionstbe
expected order cost and holding cost. Sadjadi. ¢2@0D5)presented an integrated production, margeti
and inventory model. In this work, like Lee and Ki®93) demand is defined as a function of price and
marketing expenditure. Jung and klein(2006) analyhece inventory model under various cost function
of order quantity and demand. Mandal et al. (2006ulated a deteriorating multi-item inventory nebd
with limited storage space. Islam (Islam, 2008)dtiraljective marketing planning inventory model
under the limitations of space capacity and thal alowable shortage cost constraint. Panda aniti Ma
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(2009) formulated multi-item EPQ models with lindtstorage area. They considered demand as a power
function of the selling price, stock dependent ymitduction, and holding costs. Sadjadi et al.(2009
examined a joint lot sizing and marketing problenthwthe flexible and imperfect reliability of the
production process. They considered unit productist as a function of production lot size. Ghazi
Nezami et al. (2009)extended the model of Sadjadi.2005) by considering some functions such as
pricing cost and market share loss functions. Batkt al. (2009)introduced a GP based model to/zmal
the pricing method and the service quality for Eibass companies. They extended demand function
presented in Sadjadi et al.,(2005) by considermegeffect of service expenditures on the demars rat
Kotb and Fergany (2011) suggested an EOQ modeluttipte items with both demand-dependent unit
cost and leading time via GP method.
The main purpose of this paper is to determtigedptimal solutions by considering cost functisnaa
cubic function of lot size that is close to realrldo In addition, authors consider demand as agoow
function of selling price, marketing expendituradifferent channel and service expenditure inedéfht
types. Finally, unlike previous works in this domavhich find optimal solutions by classical approach
for GP with zero or one degree of difficulty, whesethors using recent advances in optimization
software for solving GP model.

2- Preliminaries

The following notation and assumptions are atersid to develop the model:
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Cy(r)
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C,

Annual demand |

Total market demand; TR

Percent company’s share of total market demand; ve

Space requirement for each item; AP

Total space available for holding produced items;

Production rate in units per unit time; r

Total budget available to the marketing methods ¢
customer service types;

Maintenance costs per production cycle; b

Total cost of interest and depreciation for the
production process in each cycle; i

Holding cost per unit time;

Total cost of production ;

. - M
Precent repair cost for each defective item rewairk .

Percentage of non-reworkable defective items; S
Percentage of imperfect quality items; Q
Percentage of reworkable defective items; C,

Length of production inventory cycle;

Mean storage inventory;

Average income per unit time;

Average total cost per unit time;
Average annual profit;

The goal associated to number of production
cycles;
Reliability level of the production process;

Total resources available;

Resource requirements for each item;
Percentage of imperfect items price;

Decision variables

Sale price of each good quality product (unit of
money per unit

Volume of investments in marketing method j = 1,.
. .,J,per unit time

Volume of invesments in customer service type | =
1,...,L, per unittime
Production lot size per cycle;

Set-up cost (representing process flexibility);

2-1- Assumptions
1- The production—inventory system produces varioysedyof non-perfect products include
imperfect, defective but reworkable, and non-revabi& defective.
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The demand of the item is considered as a powettiim of the selling price, Marketing

. . . J L . .
expenditure and customer service expenditu(g,M .S, ) =kp™ |‘1|v| I3 HSI’ , whereK is scaling
= =

constant k >0), & is price elasticity to demandr¢1), g and7, are elasticity of demand with
respect to expenditures in marketing mettotthand customer service levi (0<p.1 <1).
Interest and depreciation cost is defined as a dgioig power function of set-up cost and
holding cost and also a increasing power functioprocess reliability.

Cc, C..c,.r)=vc;’c,"r?, Wherev is a scaling constant ¢ o ), andv,s,6,f >o.

Maintenance cost is defined as a decreasing powetida of process reliability¢,, (r) =mr
wherem is a scaling constant(>0), and y is elasticity of maintenance cost with regard to
reliability (0<y<1).

Holding cost per unit is defined as a functionlot-sizeC, =dQ™ ,whered >0 ando<a<1

No shortage and backlogging are allowed.
Lead time is negligible.

Total production cost(QAC ) xQ ) is a cubic function of lot-size.

C.=CEeQ*+eQ+e,+eQ™) =eR’*+eQ’+eQ +e ,6:8ande,20. e <0.From this function it is
clear that the relationship between total cost @amgput resembles the elongatedurve; notice
how the total cost curve first increases graduailty then rapidly, as predicted by the celebrated
law of diminishing returns (Gujarati, 2003). Thetprial representation of demand function is
shown in the following figure:

/

/
o

-

Cost
Cost

*MC ®AC +Cp S
'\-.._._

Output Output

Fig. 1. Short-run cost functions —marginal cost (MC), ageraost (AC) and total cost of production

3-Problem definition

Consider a manufacturer who produces a single ptatia finite production rafe, and his production

process due to natural phenomenon may produce @rdeep items. Hence, all items produced are
screened, and inspection cost per item is includedhose Items that do not confirm to quality are
withdrawn from the inventory and classify into wars types of products —imperfect, defective but
reworkable, and non-reworkable defective(see figd)t&@he imperfect products are sold at the end of
processing period as a single batch at a reduded jper unit that is a percentage of the sellirigepof
good quality products, also, the rework procesdsstammediately after the regular production. Theimm
objective of the present study is to maximize ttaltprofit of the inventory system.
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Fig. 2.Production system with rework

4-For mulation of the model

In the proposed model, the expressions of ptomluaptimet;, the timet, needed to rework the
reworkable defective items, production downtisn@n-hand inventory level,,l,ands, and the cycle

lengthT , are presented as follows based on figure 3:
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Fig. 3. Behavior of the inventory level over time
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T :Zti ) (1)

r=1-n-n,, (2)
Q
t, ==, 3
L ®
nQ
t, =—2<,
2 P, (4)
rQ
T=—, 5
> ©)
O<sn +n,+n,<1, ©)
The profit per cycle is determined as follows:
Inventory
Sales Revenue ~ Set-up Cost  Production Cost Reworking cost  Holding Cost  Interest/Depreciation Cost MaintenanceCog
. - —= — ——N—
profit = prQ +ipnQ - C, - (ACRQ _(AC)CanQ -Gl -G (CS,Ch ) - Cy (r)
J L
-T X(ZM].)—TX(ZSJ (7)
j |
Marketing Cost customer service cost
Therefore, the per unit time profit function is givas:
l . _ J L
AP(pM;,§.QC,)=TR-TC =T{UQ+IF11Q—CS —(ACR-(ACKNQR-C,1 C, (C,.C, 1)-C, ()-Tx XM, +ZS)} (8)
i |
Note, the inventory holding cost in Eq. (8) is cddted as follows:
- I+, +1 1 4 t 4, tyt o+t
Cul =€, o ='r[.[tT:1q(t)dt :Chjtzoq(t) +ChJ.t:t1 a) +Ch~[t:l1+lz q(t)}
In this modelq(t) is inventory level in time, so that, cab be reterit
1|1 1 1
:-?|:§Ch|ltl+_zch(|2+l3)t2+_2Ch| 53} (9)
C
:ZPR(l—h—Sl—m)(PR(l—nl_nS)z -D(@-n,+n,(1+n,)-ny)).
Therefore, the joint production problem on basen@felel for the problem can be written as,
Max TP(p,M,,S,Q.C,)=pD +ipDnr ™ -C.Dr Q™*~CDr "*~c,CDn,r *
- CiQ -n-n) - - -
2PR(1—n1—n2)(PR(1 Lt n3) D(@-2,+n,(1+n,)-ny)) (10)

J L
-C,(C,.C,,,r)DrQ*-C, (r)DrQ7*->M,->'S,
j=1 1=1
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4- 1- The constraints

There are some limitations to the maximizing E) {hat cannot be ignored to derive the optimal
total profit.

® Based on real world, the storage space for holifiagnventory of all items is not unlimited.
wrQ W,
(i) Investment amount on marketing and customer sepaneot be infinite, it may have an

upper limit on the maximum investment, i.e.,
J L

O M, +>'s)<B,
i |

(i) An upper limit on the numbers of production cydiest can be made in a time cycle on the
system, i.e.,

Do
rQ
(iv) The objective is to find out the optimal value sticat total demand satisfied by the
manufacturer should not be less than the minimumkebahare targeted,
WP, <D
(v) There is a limitation on the total resources atddéia
bQ <R,

4- 2- Final Model
By considering the previous section points’, aftdr substitutin@ ,C  ,C, , C, andC, with

their corresponding equations, the EPQ can beameged as following optimization problem
Max TP(p,Mj,S,Q,Cl):
_ inlk 1-a J B S 7 -a 2 B = 5 .-1~-1
=\ (k +—— MIT1S™ -kC, M7 ! - (L+c,
{( r)IODJU pDJDSrQ(Cw)

J L J L
kep™[M ;) HS.WQZ +(L+cgn, ke,p M US.“r*Q ~(1+cen,)

.
J L J L
ke,p  [IM A 1S/ r ™ —@+cen,)ke,p 1M A 1S/ r Q- 0.5drQ*" +
3 D j D | rI2)KE, D j D I
J L
(1-2n,+n,(1+n,)-n,)0.%kdP;'p™* ” M 7 ” Sir Q" —kd 'vCcorf Q")
. -

J L

p—aljj M 5 DS{' —kmr™¥ —1p—0 M jﬁj DST.Q-l_(iMj +IiS):| (11)

= i

bQ <R,
(iMj+ZL:SI)SB,
i |

stqwrQ sW,

WP, < kp'”lilM A ns{‘ ,
. .

J L
kp—a Mj/BJ ”Snr—]Q—ls L,
= =
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5- Modeling procedure
The EPQ model formulated in the previous sectiora isonstrained signomial GP with a degree

difficulty 12, (DD=total number of terms -(totalimber of decision variable +1) (Duffin et al., 196ln
order to solve this model by GP modeling appro&amust betransformed to a standard form of GP. In
the standard form of GP, the objective must be posyal and it must be minimized, also, the inedyali
constraints can only have the form of a posynoihesd than or equal to one(Boyd, Kim, Vandenberghe,
& Hassibi, 2007). Due to this fact, in the resttlos section, a brief description of the methoddute
transform signomial GP to posynomial GP is proposed

Accordingly, although the EPQ model described enfthevious section is not a standard GP, but it
transformed to standard form in this section bygsi trick. The trick mentioned in here refershe t
concepts of the relations between geometric atkinagtic means (see equation 12).

N N N
rl(\/n)“'“ <D @V, where} @ =1 (12)
n= n=1 n=1

In equation 12, denotead, are positive numbers, arw, are nonnegative weights. Letting

w,V; =EU , ,so the inequality can be written as:

TE <3, (13)

Now, in order to use the above relations, the alvedunction of the EPQ model can be expressed as
follows.

MaxTP(p,M,C,,S .1 ,Q)=U,-U, (14)

Here, if in order to simplify the objective funatioconsidering following notations

Fo=(k+ i”rlk )., (15)
F, = (L+cgn,), (16)
F3 :(1_ 2n1+n2 (1+ n, )_ ns)u (17)

The parameters {and U can be defined as follows
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L

J L ]
— 1-a A 4l -a y:/ B — o
Ul—[Flp DMj DS +F,ke,p |J.:'1|Mj |'1|S| r'Q +F,0.5dP™'p

L J L
U, :[szp"’ |‘1| M/ ”sﬁ r'lQ'l+F2kelp"’rl| M/ ”sﬂ r'Q*+Fke,p™ (18)
= = = =:

J L J L
MA ]S r " +Fke,p  [IM ! [1S"r Q™ +0.5Q*" +kd 'vC’ p™
D j DS 2 eO I]=_1| j DS

1

[

(M7 ]8T Q"+ p [/ ﬂs’Q'1+(ZM,-)+(ZS)]
=1 =1 =1 =1 i |

Then, there the objective function, by definitiamecauxiliary variable and constraint can be writien

Max TP(p,M;,§QC,)=Z2

u,-u,>z, (19)

The constraint cab be transformed to two conssdoltowing by definition a newX variable,

U,-U,2Z =U,2Z+U, = U,2X 2Z +U :{ZX_lJrUZX_lSl' w (20)
1 2 1 2 1 2 U, X 151 ©

The model above is a non-standard Posynomial Gétdier to transform this model to standard GP form
(1), here the reversed GP approach is applied (BeightPhillips, 1976; Chiang, 2005). Base on the
approach, Eqg. (13) hold at equalities if and ofily i

w, = NU" where w>0
22U,
n=1
As,a lower bound inequality on the posynordiatan be approximated by an upper bound inequality on
the following monomial:

(21)

- (U ) iu 06 Ui gy iu 1 (iu )yt<1 - (U Yy <1
~nyw, < i A n N >1= < = n \- <
|n—:l wn n=1 " ! iu n=1 " n=1 ! In_=l wn (22)
n=1

Therefore, in the proposed model, for the secomdtcaint, we have:

3 3
U,=>U, 0% UX"21=>U, X 21,
=1 n=1
(23)

U, X ) el 0% (U_j [U_j (U_j <1
n=1 " Cu]_ wz a)a

Also, from equation (21), we obtain:

J L
Fp M s!
@ = I’_l | H | (24)

) Fp™ IJj M JﬁJ 'jslr' +F,ke,p™ Iji:lM jﬂJ DS{' r'Q +F,05kdP*p™ Iil M jﬁi 'jslr. Q! ’
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szezp‘”ﬁM f‘ hsl’r']Q
= 1= = ,
“ Flpl' [ M/ Hs +F2ke2p'”|j|\/|f' ﬁslﬁr'lQ +F,0.%dP 'p™ |‘l|v| f ”s“ rQr

F,0.5dP'p™ |‘|M f HS” rrQr

o Fp™ HM"JHS” +Fke,p™ rlMﬁ' Hs"r Q +F,0.5%dPp '”rlM“ HS"r Q=

And for the first constraint, we have:

UZ:iUanﬁa ZX T+ULX Tl ZX’1+29:UZHX’151, (25)
n=1

n=1

Finally, after rearranging primary constraints, BRQ model can be rewritten as follows:

MinTP(p,M;,S,Q,C)=Z2" (Max=2)
@ J L 0

F e MEl it Fke.p®IM? np1ox L
p |'| |‘|s ke, p H PSR
a,

-y

F,0.5dP p [IM/ ] 5 r Q™" X
|'l ]

<]

J L J L
ZX -1 + kCS p—a I—‘I M jﬂj ” Sn r—lQ—lx—1+ F2 kel p—a I—j Mjﬁj ” Sn r—lQZX—l
= = = =

J L 3 L
+F,ke;p™ ” M ” STriX Tt +Foke,p |-| M H SrQUX
I= = = _
(26)

J L
Sh 0.5 QX L kd Ve pe |_J M/ ﬂ SretQ X+ kmr
I= =

M7 )5 QX+ (XM)X (2 8)X s
bOR™ <1,

(iMj +ZL:$)B'1 <1,

WIJ’QW_l sll,

WwR,k™p” |il M ﬁ S <1,
- -

kp™@ |j Vg n SriQiLt <1,
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6- Solution approach and numerical experiment

To illustrate the validity of the proposed modetiahe usefulness of the proposed solution method, a
simple numerical experiment is presented and tlaex results are reported in this section. To ¢hig,
consider a company who wants to sell its commodityarding two methods for advertising (TV,
Newspaper) as well as providing two types serviceansumers (Buying advice, Product Warranty).The

other required information to decision-making is fem marketing and production departments as
follows:

k =3x10°13, a =255, B,=0.13, B, =0.11, 7,=0.12,
r,=0.1, e, =0.94, e, =12.96, e, =63.48, e, =141,
i =0.70, f =0.1, L =334, 1=02, d =0.15,
P, =10x10°, c, =0.34, @ =0.19, B = 4700000 v =5,
5=35, 6=4, y=0.5, m =10, b =5,

R =1000, w =23, W =1900, P =10000, n, =0.23,
n, =0.01, n, =0.03,

The EPQ model (26) is a very complex GP problem. walike conventional method in the
literature(Duffin et al., 1967).this paper uses ldtest software development for determining thiénagl
closed form solution. The results of running theXCigr optimum conditions (*) are as follows:

Z' =$656,526,28 Q" =90 p’ =$47,460 M, =$1,30576z M, =$1,10442]
S, =$1,249034 S, =$1,040587 C;=%$1.63

In addition, total demand achieved by the manufactwhich is a power function of decision variahle
isD” =22,16C.

6- 1- Senditive analysis

To analyze the effects of main parameters chmogethe optimal solution, a sensitivity analyss i
performed on the examples described in the prevsegtion. First, we have to admit a fact that due t
high degrees of nonlinearities of the model it & always possible to expect a certain behavidhef

decision variables. However, figures (4)-(18) shtive results of sensitive analysis on the main
parameters.

The following conclusions can be drawn from figufés- (18):

= Z'is highly sensitive to the changes in paramet@igure 4).This is because with the decline in
thea, (H =2.55- H x 0.01), it can be concluded that sensitive price of @ugrs to the
commodity is reduced, and as a result, the companyraise its commodity price without any
threat (figure 5). Also, agdecreases, due to restriction on the investmeth®marious methods
of marketing and types of customers’ service, thmany directs funds toward effective options
of marketing methods and customer service typegsirgi 6).Finally, asr decreases, from figure
7, it can be seen that the lot-size has a revels¢ianship wither. This is because that the
company is not limited to the inventory holding toand production cost due to increased
revenue.

= Z is highly sensitive to the changes in parameyﬁ?rz:};ndrI (jand =1,2)
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(B, (1)) = By (T4) +(H x0.017)) where and another equatighis andr,, refers to the default
example values. Generally, when customers get rp@mnsitive to the marketing and customer
service there is an incentive for the company tweases its investment in the marketing and
customer service. From the results of analysesirgi@), we can see whqﬁj and 7, increased
simultaneously by a similar amount, the companyoider to maximize total profit should
allocate limited budget to various options of mairkg and customer service. As a result of this
allocation, the company will be able to raise snenodity price (figure 9) and, subsequently, its
profit increases (figure 10), so that it does reml fany pressure against the increased cost of
inventory holding and production, due to increading lotsize, and increase in setup cost (see
figures 11 and 12).

Base on the figure 8, we reached to this conclusfiah the company should allocate limited
budget to various options of marketing and custoseevice. Nevertheless, according to figures.
13-15, this investment should be in a diverse rafgmtions of marketing and customer service

with different elasticity values. So that it is sethat when values of3,and 7, are increased
according to the equatighy (7,) = B, (74 ) +(H %0.0015), while simultaneously/3, and 7, are

*

decreased according £(7,) = B, (r4) —(H x0.0015), M , and S, increase, and botM |

and Sl* decrease (figure 13). Also, figures 14 and 15 shdwen ,BJ. and 7, get closer to each
other, the commodity price, and total annual praditrease.
According to figures 16 and 17p° and Z are moderately sensitive to the changes in the

parameted . So that whend increases 4 =0.2+ (H x 0.08), thenp” and Z increase; and

when rate increases &~ decreases, the company the company directs fumdsrdoeffective
options of marketing methods and customer seryigest (where it is assumed tiatind 7, are
constant)(see figure 18).
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7- Conclusion

Almost all manufacturing systems want to prafibre. However, to gain this end, they must consider
the fact that due to due to real-life problemsaation of produced items are of substandard quality
these items are generally known as imperfect afettiee items. In this direction, we extended a eiod
by using a cubic cost production function and detneomprehensive function. Major assumption and
main point include that company has limited capadiinited budget in order to marketing and sersice
given to customer, limited storage space, a limitechber of cycles, targeted market share, the deisan
considered as a function of price, different mangtchannels, types of customer service. We then
formulate the problem as a GP model in which weehased the concept behind the arithmetic—geometric
mean inequality. Finally, a numerical example & pnoposed model is solved by CVX modeling system.
In addition; Sensitivity analysis on the parametesinges is also performed. Future research caoree d
to consider other kinds of uncertainty environments
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