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Abstract. This paper addresses the frozen food products d&mmaSmall and Medium
Enterprise (SME) in Malaysia which is an emerginduistry now. Frozen food products
are in high demand but not all demands can be oetal certain limiting factors. Also
these demands are assumed to be imprecise in natisestudy is undertaken to develop a
fuzzy goal programming model in order to satisfy tustomers' demands to the fullest of
a SME company producing frozen foods consideringpriyathree objectives. These are
achieving the total distribution of five productsfimzen foods to three different locations,
maximizing total profits and minimizing the totabmufacturing costs using LINDO 11.0
as the optimizer solver. The distribution of allfiproducts of frozen foods is satisfied at
Ampang and Kaula Lumpur and not in Kulai for twanghucts. Achieving a satisfactory
profit level with the linear membership functiong pepresenting imprecise nature of this
goal are achieved partiallf.he number of goals to be considered can also dredsed
based on the desirability of the decision makeelation to their aspiration level..

Keywords: Frozen foods; food product distribution; fuzzy gpabgramming; small and
medium enterprise; goal programming
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1. Introduction

Small and Medium Enterprise’s (SME's) is definedtest manufacturing industry having
full-time employees employed numbering not morenth&0 people. The total number of
registered SME's are 33113 based on the 2005 Astimes and Enterprise Census, which
contributes 29 per cent to the number in the manufeng sector, 31 per cent to
value-added and 44 per cent to total employmentrdowy to Ninth Malaysian Plan
2006-2010, Economic Planning Unit, Prime Ministegpartment. Merzifonluogly and
Geunes, 2006 stated that to fulfill the demand i@imum cost, product manufacturing
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planning is required and further determined theénmotn level of demand, supply and
inventories for every planning schedule using theristic dual method. Hausman et al.,
1998 considered various inventory systems whiclewepresented by the multivariate
normal distribution to satisfy 'the early bird géte worm' rule further applied heuristic
approach to study the probability of demands beapgimally met. Jomalnia and
Soukhakian, 2009 used the non-linear hybrid fuzagl gorogramming approach with
different goal priorities to aggregate productidanming. Cunha and Mutarelli, 2007
proposed a spreadsheet based optimization mod#ldaontegrated problem of producing
and distributing a weekend news magazines in Bregdrtedly reducing the costs by 7 per
cent. Goswami et al., 2014 presented a multi-objedransportation problem whose
transportation cost is varying due to capacity -@kBicles as well as transport quantities
which is solved using fuzzy programming. Giri et 2014 formulated a fixed charge solid
transportation problems under a budget constrainteach destination assuming
transporting units to be crisp in nature. Furtligisp model is solved using Generalized
Reduced Gradient (GRG) method.

Goal programming extends linear programming to l@rols which involve multiple
objectives. Hassan and Ayop, 2012 proposed tisahécessary to specify aspiration levels
for the objectives and aims to reduce the deviatifnom aspiration levels. Goal
programming popularity is increasing day by dait &suseful in decision making policies
which aim at optimizing resources available sucfoad product distribution of small and
medium enterprises. Hassan and Loon, 2012 discugseditility function for fund
allocation of a university library, Hassan and Mwinaad Basir, 2009 used scheduling
political campaign visits, Hassan et al., 2012 usedrient management for chilli
plantation. In the case of a problem with nonedeiviagoals the weight or priority of the
goal is reflected through its deviation variabl€¥ten, in real world problems the
aspiration levels and/or priority factors of the D&hd sometimes even the weights to be
assigned to the goals, are imprecise in natursudh situations, Zadeh, 1965 introduced
fuzzy set theory.

The use of fuzzy set theory in GP was first congiddy Narasimhan, 1980, Hannan,
1981, 1982; Narasimhan, 1981; Ignizio, 1982. Rurid Narsimha, 1984; Tiwari et al.,
1985, 1986 have investigated various aspects ddidagroblem using FGP. An extensive
review of these papers is given by Tiwari et all®85. The main difference between fuzzy
goal programming (FGP) and GP is that the GP requhie definite aspiration values set
by DM for each objective that he/she wishes to eahi whereas in FGP all these
aspiration levels are specified in an imprecise meanHannan, 1981 assigns aspiration
values for the membership functions of the fuzzglgdwhich restricts the membership
function from full achievement, i.e., unity) andesgshe additive property to aggregate the
deviational variables of the membership functiomsrtinimize them. Throughout this
paper a fuzzy goal is considered as a goal withiégipe aspiration level.

In conventional GP the simple additive model forgoels G, (x)with deviational
variablesp , n is defined as:

Minimize: Zm:( p+n)

i=1
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Subject td3, (x)+n - p = g, )

p h =0,
p.,Nn,x20,i=12,..m,

whereg; represents the aspiration level of ttth goal. Here we use a similar model using
membership function instead of deviational variable

2. Methodology

The proposed approach is based on the fuzzy gogtganming (FGP). The objective of
carrying out this study is to develop a FGP moddl teal life production situation for a
small and medium Enterprise (SME), a frozen foa@gmise, based on seafood products
in the Kuala Selangor district. The products of tompany under consideration are frozen
cockle fills, crab balls, squid balls, shrimp badlisd fish nuggets. The company has to
make sure that only the demands that are profitsimeld be fulfilled as demand exceeds
supply. Thus, demand from each location is assutodoe fuzzy in nature. Also the
monthly net profit is assumed to be fuzzy in natorthe allocated budget.

Fuzzy Goal Programming M odel
Now, further consider the FGP problem formulated as

Find X
To satisfy G(X)>g,i=12,..m, )
Subject to AX < b,

X =0,

whereX is ann-vector with components, x,, ..., x andAX < bare system constraints in
vector notation. The symbok‘refers to the fuzzification of the aspiration lévee.,
approximately greater than or equal to). T fuzzy goal G, (X) > gin (2) signifies
that the DM is satisfied even if less than ghepto certain tolerance limit is attained. A
linear membership functiop, for the i-th fuzzy goalG, (X) > g can be expressed
according to Zimmermann (1976, 1978) as:

1 if G(X)=g
Gi(x)_Lr :
=T if L <G (X)=qg, 3
S el (X)=g (3)
0 if G (X)=L

wherelL, is the lower tolerance limit for the fuzzy gcﬁl(X). In case of the goal

G (X) < g, the membership function is defined as:
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1 if G(X)<g
K= Uiu_féx) itg <G (X)=<U, ©)
0 if G(X)=U,

whereJ, is the upper tolerance limit.

The additive model of the FGP problem (2) is foratetl by adding the
membership functions together as:

Maximize V(y) :Zm:ui
i=1

G(X)-
Subject to U =M,
g-L
AX <D,
<1
X, 4 20,i=12,..m, (5)

whereV (,u) is called the fuzzy achievement function or fuzegidion function.

There are three main demand location, namely KAlaipang and Kuala Lumpur. The

demand from every location differs according totooser needs. The delivery costs are

also different due to the varying distance. A fesguaptions are made.

1. The demand of the product is always uncertaint sodssumed to be fuzzy in nature
and one sets a certain demand level as the averaigghly demand of that location.

2. The delivery costs are borne equally by both sepplhd buyer.

3. The gross profit is calculated as the differendgvben total sales and production cost
of each product.

4. The monthly net profit must be at least 30% ofahecated budget. It is also assumed
to be fuzzy as it is uncertain.

5. All types of the i-th food product sent to all tarecations must not be nil.

3. Fuzzy goal programming modd development

1) The demand of the product is always uncertnt is assumed to be fuzzy in nature
and one sets a certain demand level. As the companis to increase the sales, therefore,
our objective is to reduce the underachieved lei#ie set demand and want to increase it.
So,

X; ED”.i:1,2,...,5,j= 12, (6)

This implies that certain lower level from the detnand is acceptable.
2) A certain monthly budget is allocated for mawrifiaing of all 5 products, say B.

The company does not want to exceed this budgetlhgtrA small increase in it is
acceptable. So, allocated budget is assumed tazlkzg in nature.
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5 3
2265 <B @)
i=1 j=1
This implies that certain upper level from thelsedget is acceptable.
3) The net profit should be 30% or more of the liddiocated. It is also assumed to

be fuzzy as it is uncertain and thus certain loereel is also acceptable. Therefore,

5 5 5

(Zam-aK]{Zaxz—aA}(Z M-qJEO-BE (8)
i=1 i=1 i=1

The first part of the above inequality represehts et profit from Kulai, followed by

Ampang and Kuala Lumpur respectively. The net pistihe difference between the gross

profit and the delivery cost to every location.

and rewritten as

5 5 5
Yax,ty. ax,+y ax>03Brg +a, +q 9)
i=1 i=1 i=1

4) The monthly supply to each location must be wwitthe minimum and maximum
demands

3
S<> %<8, FL2,..k (10)
j=1
5) Supply of each product must be at least 1
Xij=1 i=1,2,..5,j=123 (11)
where,

xj = Number of food products, i delivered at locatjon
D; = Demand of ith food product from location j

B = Monthly allocated budget

Cj = Manufacturing cost of product i at location |

ax = Delivery cost at Kulai

aa = Delivery cost at Ampang

a, = Delivery cost at Kuala Lumpur

a = Profit of profit i per kg

S' = Minimum demand of product i

S" = Maximum demand of product i

The list of data are listed in Table 1, Table 2) &able 3.

I Food product Cost per kg | Salesper kg
1 Kerang bek 4.5( 7.0C
2 Bebola ketar 6.0C 8.0(
3 Bebola soton 6.0( 8.0(
4 Bebola udan 6.0C 8.0C
5 Nuget ikat 6.0( 8.0(

Table 1: Costs and selling price for each food product
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Food Supply Demand
product Minimum | Maximum | Kulai Ampang | KualaLumpur
Kerang 200c 300c 200( 70C 50C
beku
Bebola 40C 50C 30C 20C 20C
ketam
Bebola 40C 50C 30C 20C 20C
sotong
Bebola 40C 50C 30C 20C 20C
udang
Nuget ikan | 40C 50C 30C 20C 20C
Table 2: Supply and demand of products
L ocation Kulai Ampang Kuala L umpur
Ddlivery 40C 20C 20C

Table 3: Delivery costs

Every month, the company allocates RM 28, 000 asdget to produce frozen foods.
Equation (6), (7) and (9) using the above databearepresented in the form;

(7.0- 450 ( %, + X+ %)+ 2% Xot Xt Xeit XoF Xt Xt XF Xk
+Xg,) >0.3¥*28000+ 406G 208 200

45( X11+ X12+ X13)+6(X21+ X22+ X23+ X31+ st-" XS? XAT X‘
X5+ Xyt X+ X5) < 28000

X, > 2000
X, > 700
X5 > 500
X1 > 300
X, > 200
Xy > 200
X, > 300
X, > 200
Xq > 200
X,, > 300
X,, > 200
X,5 > 200
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X, > 300
X, > 200
X > 200

L et thetolerance limits of the fuzzy goals be
((1500, 400, 400, 150, 100, 90, 160, 120, 100, 160, 100, 180, 100, 100, 150), 9000, 3000)
Thusthefuzzy goal programming problem isformulated as.

Maximizeiui
Subject toI 1
_ %,-1500
' 2000~ 150C
_ %, =400 400
2" 700- 40C
_ %3—400
*" 500- 400
_ %;—150
"~ 300- 150
_ %, -100
" 200- 100
_ X5~
s = 200- 90
_ %, 160
" 300- 160
_ %3, —120 120
¢ 200- 120
_ X, —100
" 200- 100
_ %, -160
#ho = 300-16¢
_ X%,,—100
" 200-10C

2'5()(11-'- X12+ X13)+ 2(X21+ X22+ X23+ X3]-.i_ X3§i_ XSE‘!- X4-:t— X4t

[ = X3 T X5+ Xt ng —9000
10 9200~ 9000
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30000— (4'5((11+)<'12+ X13 )'- 66(21-'_ X22+ X23+ X31+ X32+ XS? X4T X4

=it Xt Xt %)
Y 30000~ 28000
Hard constraints
2000K X117 + X2 + %13< 3000
400 Xo1 + X2 + %< 500
400K X31 + X302 + X3:< 500
4005 Xa1 + Xa2 + %43= 500
400 Xs1 + X572 + %52=< 500
Xij=1
where i= 1,2,...,5,j = 1,2,3

4. Results and discussion

Based on the problem formulation and set of coimdtraabove, the fuzzy goal
programming problem is then being solved by ushmg lLINDO 11.0 optimizer solver
package and the following results are obtained:

X11= 1500, X%, =700, %3=500, %, =300, %,=200, x%3=200, %, =250, x,=200,
X33 = 200, %; = 300, X%, =200, x%3=200, %; =300, x%,=200, x%3=200

=0, b=, k=1L, =0, =05 =1, 4k=0643, 4=1, w=1, ho=1, ph1 =1,
M2 = l, 3= l, g = l, s = l, e = 0675, = 0.039

From the above result, we can conclude that deno&radl the products is satisfied in
Ampang and Kuala Lumpur but not in Kulai for protiuKerang beku and Bebola ketam.
Also the manufacturing cost is RM 28650, which extthe allocated monthly budget of
RM 28000 by RM650. The net profit is found to be REP50 which is more than RM
9200, the 30 percent of the total budget by RM3050.

It can be seen that the FGP model is a useful fmolSmall and Medium
Enterprises to satisfy the growing demands of thmarkets by determining their
production planning. The number of goals to be wamed can also be increased based on
the desirability of the decision maker in relattortheir aspired objectives.
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