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Correlogram of Residuals
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A 3ally 45 5800 2 ) sall e Jssasad Gk (e L 0 o5 Jlead) g pudi s ey A8kt il 5
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oe soke Ay f, =4155DA 5 Jale (a3 4S5 a5 h =5178DA: L LS CulS 5 cdny o
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T, =2694706DA (s sl t 5l Dl claiia) £l 8 Jale IS ALalall 2)) 465 daalise .6
Gkl Cagyla cilS Loge aie ¢ LiniaY) Ausall Sy ¥ 0 5 Aalal) 5580 (5 iase (o (3Y) 2a)) L7
(Wi =55) Jale 55 5o t 55l Dl Ul a5 6 o(Jleadl s ae g 5l cillals )
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il sl d; Vit Cit K

1 1177.225| 3293.493 | 208.796 17.794

2 923.021 | 3293.493 | 208.796 15.367
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(P,)TD 4 166.005 21646.608 | 848.721 3.706
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i=1 t=1
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P +Ii,t—1_|it :dit
> 500
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A
CAL D BEN CAL D BEN L, H, | W, dlt
il
1860 1029 | 1856.25 - - - - - 68 ) i
Axddual)
695.809 | 900.38 | 679,025 - 0 - 68 1558
500 | 736.603 500 267.638 0 743,996 - 68 2 5 il
500 | 571.986 | 691,515 | 659.638 0 1074,857 - - 68 3 5l
500 500 774505 | 425240 | 94.019 | 1154.980 - - 68 4 55
500 500 605228 | 78.967 | 193.317 | 1209.992 - 68 5 5 il
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22 36407350
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CalaaYL daayl zhsad (385 APPY AL Siie dndeny L 0 il dpdly i dpal zisad  2-1
Gé5 13 5 Masudand Hwang(1980) 4 ela Lo Gis 1aa 5 &l alaa¥) o adiain g 32554l
daayd) zigadd Loty il 3 B0y zisall 13 day asfin Llh ade s 0 SV 23l
DA iYL
(Weighted Addiive Goal Programming) aa sall @zeassll aplualily dsa sl gagas 1
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e (s 5l BlEAY) Gl (Y S ¢ pane B ) iy 535 g 3sail G 1
Gy 4 Leadial 85 (The Target) Aagindl il aad e YAy il Ja Jal s dlleal) &

tl WS ) 2 3sall (1S5 Zeleny(1982) 4, il 5 el dae yall 43y )k

Min.Z = 0,259, + 0,259, + 0,59,

s g il dual
N T T
SV X))+ (T W, +hH, + fF) -8+, = 31875560
I,\Tl 1t—:l t=1
> > (ly) -0, +0, =4375616
i=1 t=1
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D.(H +F)-0; +d; =0
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55<\W, < 68 b =68
P, -K,*W, <0 Peo 1 Wi, H F 20
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39



WGP aladinly bl ddlaay) ddadll + (12) Jsaad)

G938l (5 gia SHNE odl | Gaadl) | (s gla .
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500 | 736.603 | 500 | 267.638 0 743,996 - 68 |25
500 | 571.986 | 691,515 | 659.638 0 1074,857 - - 68 |35
500 500 | 774.505 | 425240 | 94.019 | 1154.980 - - 68 | 455
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AV il G (13) Jsaadls ol g3l Ja (e LINGO gualisdl alasinly
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£329798792.9 DU eyl Al Alss

LINGO gl ) Jleaiinly caldl dae) (et jacadl
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=
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| 2500 l,, =1029
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P, -K,*W, <0 R lie Wi, Hy F 20
3 t=12,....,T
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AN bl G (14) Jsaadl s kel z3saill o Sy LINGO geali sl alasiiuly
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t
&)
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695.809 | 900.38 | 679.025 - 0 0 4 ; 64 154
500 736.603 | 594.621 | 267.638 0 838.617 - . 64 2 5l
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A
1 Loeroeeeereeerennne if..Z,<0
2 1372, . if.0<7,<13
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Oroeeereeereereane if..Z,213.
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dan gl e b e ol Gl dae) (e 1 jaadll
i b WS Zimmermarf1976) 44 )l (38 5 duae Bentalsas g (& APP Al delua (S adld alle
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:dag pdd) caal
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4 < (4600000- Z,)/250000
U< (@3-2,)/13

P +Ii,t—1_|it :dit I, =185625
I, =500 5 =1029
V\/t_\A/t—l_Ht+Ft:O |30:1860
55<W, < 68 W, =68
P, -K,*W, <0 Peo 1 Wi, H R 20
3 t=212,....,T
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Zimarmman(1976}&: yh (38 s FGP-APP aladiuly - Bl dalleay) adadl) @ (15) Jsaal)
O35 5 s Ty 5 s . g | S5
: el | o) Jland BB
CAL D BEN CAL D BEN F H,
W,
1860 1029 1856.25 - - - - - 68 PRI Al
695.809 900 679.025 - - - 68 1 5 _dl

500 736.603 500 267.638 743.996 - 68 2 5 _adl
500 571.986 605.228 659.038 1074.857 - - 68 REE]
500 500 774.505 425.24 94.019 1154.980 - - 68 4 3yl
500 500 605.229 78.967 193.317 1209.992 - 68 5 5 _adl
500 500 500 478.221 206.662 1209.992 - 68 6 5l

2 36407350.00 U0 Lllaay) A dilss
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.
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Lo baidl JCaal 13a ool Jal ey Aaua i 3 el Cangll 2yl V) mias Wiy ram i sl Vs ¢ 3E 33 oS
agle 5 dan sall oY) pladiad e Yo a8 et Sl jlad (B kel ey S5 oL Aa i e
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U, < (46000006-Z,)/250000
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Rt - Kit X\Nt <0
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My 20,

Hs 2y

M <=1
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Pl W H R 15,2 0
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t=212....,T
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*  M: Medium ¥l & Lo i
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e VHI: Very High Important &y} 3 | 38 aii

Ll oasy o con LS oo S dgaal Ldadl sany ol aall oSy 4k ddasl) cLayl Als (e Ul
Liouand 38yl (385135 a8 Y asle ) Jasas il Joine ff Jiline ) ilitie (S 1Y Lad  jial
Gow (Al g Aaladd) 3y pha (e 1 5 o JST Slasy) Aa 0 ded st LD e 4 A s Wang (1992)
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Z, Y Gl Ay leiall J5Y) Cangdl Auwlly Va4 52 VHI o
cZ, O Calls Ay laial) A Cangdl Al Va5 sHI e
cZy Al ety Glaiad) Gangll Aunally daaY) banigia tM o
Al ) Gl sl 5 Aglaad) o Laty) Ao DA (s agle 5 43 8 3 Jlime jad) o (i W LS
ailad) 8 4l 5 L) o s el Glaall DA e (Slad))) L) A 0 dad pand oSy
feh LS (g kil
a,=0725, a, =0.850, a, =050
ol LS Ak Bentalsas s o4 Alliall dleay) Adadll aaat Koy oDlef 73 gaill 4 2l o2 (o gaiy
Pl mm gy (16) Jsandl s cJiaY) Jadl e Jsanll g odlel z3saill da (S LINGO zali sl dlasily
Chen and Tsai (2008 sk 38 s FGP-APP aladinly il Zllaay) adadll 1 (16) Jsaa

Gl (s siua U (s sl o) | o) | Jlead) 6 gise .
CAL TD BEN CAL TD BEN F’[ Ht \Nt A
1860 1029 1856.25 - - - - - 68 . Hﬂ‘
Al
695.809 900.38 679,025 - 0 - - - 68 1 5_adl
500 736.603 500 267.638 0 743,996 - - 68 2 5 a8l
500 571.986 691,515 659.638 0 1074,857 - - 68 REE]
500 500 774.505 425.240 94.019 1154.980 - - 68 4 5 58l
500 500 605.228 78.967 193.317 1209.992 - - 68 5 5_adl
500 500 500 478.221 206.662 1209.992 - - 68 6 5 _ndl
z2 36406350 DU Agllaay) Abdl) Aal
0.9682679 My O Giagll Aty il plail) A o
0.8975380 Uy S Ciaghd Aty ) jial) o Lal) A
1 My S Cisgll Aty el plati) A 0

LINGO gl s e o slaieYls Gald) dlae) (et jrad)
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. 7336406350 & z3salll 138 (385 Lol AASH o LS Gl Cangll Al

Cas w: Kim and Whang (1999 73 sal alaiiuly dyike Bental 3453 - APP 73 sai 12 ,l) 7z sall
Yaghoobi and <, (e Jaall 3 Kim and Whang (1998 sl <oyl (e 7 el &3 gail) addiins
aladi a1 5 Al Gl Y e adiad A 5 dseail) dapal)l e 4 acie) 3 5 Tamiz 2007)
tsh WS 4030 Bentalsas 5 (A APP AlSia delua (S 43ld dile 5 Lnpentl) 4aual)
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Min Zs = B + B, + s

tda g i) Caad
Z, - 1000000 ;" < 320000 |, =185625
Z, - 250000 B, < 4350000 I, =1029
Z,-13B; <0 |, =1860
Rt—KitXV\/tSO W0=68
Pit+|i,t—l_|it:dit ﬁf <1
W -W_,-H +FK =0 N
WMin vat SWMax ﬁz =1
3 Bs <1
> 1, <6000
i=1 Pitilit’VVt’Ht’thﬂl’/Jz’/Js20
|, =500 W, H,,F, (issa dach).
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Abstract— This study presents a new formulation of
Weighted Additive fuzzy goal programming model
developed by Yaghoobi and Tamiz [21]. and Yaghoobi
et al [22] for aggregate production planning (WAFGP-
APP), The proposed formulation attempts to minimize
total production and work force costs, carrying
inventory costs and rates of changes in Work force. A
real-world industrial case study demonstrates
applicability of proposed model to practical APP
decision problems. LINGO computer package has been
used to solve final crisp linear programming problem
package and getting optimal production plan.

Index Terms— Aggregate Production Planning,
Weighted Additive Fuzzy Goals Programming,
Membership Function

I. Introduction

Aggregate production planning (APP) deals with
matching supply and demand of forecasted and
fluctuated customer’s orders over the medium time
range, up to approximately 12 months into the future.
The problem of aggregate production planning is
concerned with management’s response to fluctuations
in the demand pattern. Specifically, haw can the
productive, man power, and goods resources best be
utilized in the face of changing demands in order to
minimize the total cost of operations over a given
planning horizon.

In responding to changing demands, management can
utilize the following strategies:

o Adjust the work force through hiring and firing.
e Adjust the production rate through overtime and
under-time.

Copyright © 2013 MECS

e Absorb demand fluctuation rate through inventory
back logging or allowing lost sales.

e The production rate may be kept on a constant level
and the fluctuations in demand met by altering the
level of subcontracting.

Clearly, each of the above pure strategies implies a
set of cost which may be both direct and opportunity.
Changing the work force implies costs associated with
hiring and layoff. Production rate changes entail costs
of overtime and idle resource. Excess inventories
require capital investment as well as direct costs while
shortages imply lost revenue and customer goodwill.

Any combination of these preceding strategies is
course also possible. The problem of the APP is to
select the strategy with least cost to the firm. This
problem has been under an extensive discussion and
several alternative methods for finding an optimal
solution have been suggested in the literature.

The term “aggregate” implies that the planning is
done for a few aggregate product categories. The
purposes of APP are (1) to set up overall production
levels for each product category to meet the fluctuating
or uncertain demands in the near future; (2) to set up
decisions and polices on the issues of hiring, layoff,
overtime, backorder, subcontracting, and inventory
level, which means that the APP will determine the
appropriate Resources to be used as well.

When using any of the APP models, it is often
assumed that the goals and the model inputs (resources
and demands) are deterministic/crisp. In practice,
demands, resources and costs are usually
imprecise/fuzzy. The current APP model represents the
information in a fuzzy environment where the objective
function and the parameters are not completely defined
and cannot be accurately measured. The best
compromise APP will balance the cost of building and
holding inventory against the cost of adjusting activity
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levels to meet the fluctuations in demands. The
forecasted demand in a particular period could either be
satisfied or backordered. However, the backorder must
be fulfilled within the next period.

This research paper has 1X sections. In section 1 is
introduction and the definition of the problem of APP.
In section Il, will address the literature review of APP.
In section 111 dealt a Fuzzy goal programming (FGP).In
section 1V we study the types of membership functions,
The section V we dealt with the Weighted additive
fuzzy goal programming (WAFGP), proposed by
Yaghoobi et al [22].in the Section VI we explained the
how to formulate the problem of APP as a multi-
objective problem. The section VIl we have using
WAFGP to formulate the problem of APP, a real-world
industrial case study demonstrates applicability of
proposed model in section VIII, Finally conclusion is
presented in Section 1X.

I1. Literature Review

Since Holt, Modigliani, and Simon [10] proposed the
HMMS rule in 1955, researchers have developed
numerous models to help to solve the APP problem,
each with their own pros and cons. According to Saad
[15], al traditional models of APP problems may be
classified into six categories—(1) linear programming
(LP) [5, 16], (2) linear decision rule (LDR) [10], (3)
transportation method [2], (4) management coefficient
approach [3], (5) search decision rule (SDR) [18], and
(6) simulation [11]. When using any of the APP models,
the goals and model inputs (resources and demand) are
generally assumed to be deterministic/crisp and only
APP problems with the single objective of minimizing
cost over the planning period can be solved. The best
APP balances the cost of building and taking inventory
with the cost of the adjusting activity levels to meet
fluctuating demand.

In practice, the input data in the problem of APP and
also data of demand, resources and cost, as well as the
objective function are frequently imprecise/fuzzy
because some information is incomplete or
unobtainable. Traditional mathematical programming
techniques clearly cannot solve all fuzzy programming
problems. In 1976, Zimmermann [24] first introduced
fuzzy set theory into conventional LP problems.

Many aspects of the APP problem and the solution
procedures employed to solve APP problems lend
themselves to the fuzzy set theory approach. Fuzzy APP
allows the vagueness that exists in the determining
forecasted demand and the parameters associated with
carrying charges, backorder costs, and lost sales to be
included in the problem formulation. Fuzzy linguistic
“if-then” statements may be incorporated into the APP
decision rules as means for introducing the judgment
and past experience of the decision maker into the
problem. In this fashion, fuzzy set theory increases the
model realism and enhances the implementation of APP

Copyright © 2013 MECS

models in industry. The usefulness of fuzzy set theory
also extends to multiple objective APP models where
additional imprecision due to conflicting goals may
enter into the problem.

Gen et al [7]. Present a fuzzy multiple objective
aggregate planning models. The model is formulated as
a fuzzy multiple objective programming model with
objective  function  coefficients,  technological
coefficients and resource right-hand side values,
represented by triangular fuzzy numbers. A
transformation procedure is presented to transform the
fuzzy multiple objective APP model into a crisp model.
The transformation procedure and computational
algorithm are demonstrated for a numerical example
involving a six-period planning horizon. Multiple
objectives of minimizing total production costs,
inventory and backorder costs, and changes in the work
force level were used.

Tang et al. [17] focus on a novel approach to
modeling multi-product APP problems with fuzzy
demands and fuzzy capacities, considering that the
demand requirements are fuzzy demand in each period
during the planning horizon, The objective of the
problem considered is to minimize the total costs of
quadratic production costs and linear inventory holding
costs. By means of formulation of fuzzy demand, fuzzy
addition and fuzzy equation, the production inventory
balance equation in single stage and dynamic balance
equation are formulated as soft equations in terms of a
degree of truth, and interpreted as the levels of
satisfaction with production and inventory plan in
meeting market demands. As a result, the multi-product
APP problem with fuzzy demands and fuzzy capacities
can be modeled into a fuzzy quadratic programming
with fuzzy objective and fuzzy constraints.

Wang and Fang [19] present a novel fuzzy linear
programming method for solving the APP problem with
multiple objectives where the product price, unit cost to
subcontract, work force level, production capacity and
market demands are fuzzy in nature. An interactive
solution procedure is developed to provide a
compromise solution.

Wang and Liang [20] develop a fuzzy multi-objective
linear programming model for solving the multi-product
APP decision problem in a fuzzy environment. The
proposed model attempts to minimize total production
costs, carrying and backordering costs and rates of
changes in labor levels considering inventory level,
labor levels, capacity, warehouse space and the time
value of money.

Abouzar Jamalnia and Mohammad Ali Soukhakian
[1] developed a hybrid (including qualitative and
quantitative objectives) fuzzy multi objective nonlinear
programming model with different goal priorities for
solving APP problem in a fuzzy environment. the
proposed model tries to minimize total production costs,
carrying and back ordering costs and costs of changes in
workforce level (quantitative objectives) and maximize
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total customer satisfaction (qualitative objective) with
regarding the inventory level, demand, labor level,
machines capacity and warehouse space.

This study presents an new formulation of APP based
A Weighted additive fuzzy goal programming (WAFGP)
model developed by Yaghoobi and Tamiz [21] and
Yaghoobi et al [22] and its application in the national
firm of iron manufactures non- metallic and useful
substances for solving the problems of the APP. The
proposed model minimizes total production and work
force costs, cost of inventory and minimize of degree of
change in Work force.

A useful tool for dealing with imprecision is fuzzy set
theory [23]. An objective with an imprecise aspiration
level can be treated as a fuzzy goal. Initially,
Narasimhan [14] incorporated fuzzy set theory in goal
programming (GP) in 1980 and presented a fuzzy goal
programming FGP model [14]. Hannan simplified the
Narasimhan method to an equivalent simple linear
programming in 1981 [9]. These pioneering works led
to extensive research in the use and application of FGP
to real life problems.

Fuzzy Goal Programming

To solve FGP problems various models based on
different approaches have been proposed. A survey and
classification of FGP models has been presented by
Chanas and Kuchta [6]. There are three types of fuzzy
goals which are the most common. The following FGP
model contains these fuzzy goals.

Weighted Additive Fuzzy Goal Programming Approach to Aggregate Production Planning

OPT (AX),<b, i=L..,i

1o

(AX); zb; =iy +1..., ],
(AX), =z i=]j,+1.,K
X eCq

Where OPT means finding an optimal decision
X such that all fuzzy goals are satisfied, AX), =

n
Zaijxj I =1...,k,b; is the aspiration level for i.th
=1

goal, and the symbol = is a fuzzifier representing the
imprecise fashion in which the goals are stated

IVV. Membership Function

Narasimhan [14] and Hannan [8, 9] were the first to
give a FGP formulation by using the concept of the
membership functions. These functions are defined on
the interval [0, 1]. So, the membership function for the
I —th goal has a value of 1 when this goal is attained
and the decision makers are totally satisfied; otherwise
the membership function assumes a value between 0
and 1.

Linear membership functions are used in literature
and practice more than other types of membership
functions. For the above four types of fuzzy goals linear
membership functions are defined and depicted as
follows ( Fig. 1):

Membership function Analytical definition
A
ﬂ‘(AX)l 1 if (AX), <b,
i 1 (AX), = 1—w if b, <(AX),<b, +A, i=1.i, O
i . 0 " if .(AX), >b, + A,
b b +Ag . (AX);
Type 1l
1 if (AX), >b,
4 (AX); = 1—w if b, —A, <(AX), <b, i=i, +1.., j, (2
0 ’ if (AX), <b, -A,
Type 2

Copyright © 2013 MECS

1.J. Intelligent Systems and Applications, 2013, 04, 20-29



Weighted Additive Fuzzy Goal Programming Approach to Aggregate Production Planning 23

0 if (AX)iSbi_AiL
1—(AXA)7‘_bi if by —A, <(AX), b i=j, +1..k,
4 (AX), = iR (3)
12D e < ax), <b 4,
AiL
0 if (AX); 2Db, +A,
Type 3
0 it (AX), <b/ -4,
l_ .
i G b! —A, <(AX), <b,
iL
1 (AX); =41 if biI < (AX); <by i=ky+1.., K(4)
l_m if biu S(AX)I Sbiu +AiR'
iR
I > 0 if (Ax)i 2biu +Ap
bi — Ay bil b * b+ Ay
Type 4

Fig. 1: linear membership function and Analytical definition

Where A, (or A, ) is the quantity of a tolerance for (AX); =96, <b, i=1..i,
th f f I, AX). = o . .
e case O uzzy  goa (AX); i+ A, _1 210,
n .
Zaijxi' i=1...,Kk,b is the aspiration level for i.th ;
j=1 (AX), +0; =D, i=i, +1..., J,
goal, C,is an optional set of hard constraints as found 5-
in linear programming (LP). Hi + AI =1 =i, +1.., ]
iL
(AX); +6, =56 =b, i=]j,+L1..,k,
V. A Weighted Additive Fuzzy Goal Programming s s
(WAFGP) 1+ Ai + Ai =1 i=j, +1.., K
Yaghoobi et al [22] has been proposed other iL R
approach for solving FGP problems with unequal (AX);+6, =6 =b, i=j,+1..,K
weights can be formulated as a single linear (AX), - 5" <b i=k, +1,.. K

programming problem with the concept of tolerances,
The attempted to extend Kim and Whang [12] model (AX), +6; 2 bi' i=k,+1..,K
and Yagoobi and Tamiz [21] by introducing an LP

model that is able all types of memberships functions #2676 20 i=1..K

(typel-typed) their model can be formulated as follow: X e C,

min z =iwi £+ i W, ‘i+ i W, (‘i+£) Where C_ an optional set of hard constraints as is
R found in linear programming (LP) g is degree of

subject to: membership function for ith goal.

The advantages of new model are:
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= the WAFGP developed by Yaghoobi et al [22] can de
utilized for these types of membership functions

= the new formulation determines the degree of
membership function for every variables

= The optimal solution of new model is equal to the

degree of membership function for ith fuzzy goal.

VI. Multi-Objective Programming (MOP) Model
To APP

6.1 Parameters and constants definition
V, : Production cost for product 1 in period t
excluding labour cost in period t (Unit).

C;; : Inventory carrying cost for product i between
period t andt +1.

I : Regular time work force cost per employee hour in
periodt .

d, : Forecasted demand for product i in periodt .
(Units).

K : Quantity to produce one worker in regular time
for product i in periodt .

I,; : Initial inventory level for product i .(units)
T : Horizon of planning.
N : Total number of products

P, : Quantity of I product to the periodt .

I,, : Inventory level for product I inperiod T (units)
H, : Worker hired in period t (man).

F, : Workers lay off in period t (man).

I min : Minimum inventory level available for product
i inperiod t (units).

W, : Total number of work force level in period t
(man).
W,,;,: The minimum work force level (man) available

in periodt.

W,,,, : The maximum work force level (man) available
in periodt .

6.2 Objective functions

Masud and Hwang [13] specified three objective
functions to minimize total production costs, carrying

Copyright © 2013 MECS

and backordering costs, and rates of change in labour
levels. In this study, we propose a model will be using
two strategies where they are available in the national
firm of iron manufactures non- metallic and useful
substances. In their multi-product APP decision model,
the three objectives to the APP model can be formulated
as follows:

e Minimize total production costs

T T
(VP + 2 (MW, +hH + £iF)
=1

t=1

Min..Z, = i
i=1

t

The production costs include: regular time production,
overtime, carrying inventory, specifies the costs of
change in Work force levels, including the costs of
hiring and layoff workers.

e Minimize carrying costs

T

Min.Z, =" (c;1y).

t=1

e Minimize changes in labour levels
T
Min.Z, => (H, +F)
=1

Where the symbol = is the fuzzified version of =
and refers to the fuzzification of the aspiration levels.

The objective functions of the APP model, in this
study assume that the DM has such imprecise goals as
the objective functions should be essentially equal to
some value. These conflicting goals are required to be
simultaneously optimized by the DM in the framework
of fuzzy aspiration levels.

6.3 Constraints

e The inventory level constraints :
Pit + Ii,t—l - Iit = dit
Iit 2 Iit.Min

e Constraints on labour levels:
W, -W,, —H, +F =0
WMin SWt SWMax

e Constraints on
overtime:

P — K "W, <0

labour capacity in regular and

e Non-negativity constraints on decision variables:

Pit"it’Wt’Ht’Ft 20

1.J. Intelligent Systems and Applications, 2013, 04, 20-29



Weighted Additive Fuzzy Goal Programming Approach to Aggregate Production Planning 25

VII. WAFGP Model for APP (WAFGP-APP)

We will use the method that was developed by
Yaghoobi et al, [22] for formulated the APP problem in
the fuzzy gaols, the complete WAFGP-APP model can
be formulated as follows.

3 5_+
Min = Z, =) w -
i=1 A|R

ST:

Z, -0 <b  (Minimizetotal production costs)

Z,-0o; <b, (Minimizecarying costs)

Z,-95; <b, (Minimizechangesinlabor levels)

Xit + Ii,t—l_ Iit :dit

I, =1

it = "it.Min

W, -W,_, —H, +F =0

WMin = Wt < WMax

Pit _Kit *Wt <0

y7s +i£1
AIR

P, 1. W, H,F.5 >0

ity Vit

VIII. Model Implementation
8.1 An industrial case study and data description

In this section, as a real-world industrial case a data
set provided by the national firm of iron manufactures
non- metallic and useful substances (BENTAL) in
Algeria , This company manufactures three types of
products which are important, and one of the raw
materials used in many industries with: Bentonite
(BEN), Carbonate of calcium (CAL) , Discoloring (TD),
The Firm operates 175 workers, and the system of work
in the Firm is a continuous production (8x3 hours) for

all days of the week except Thursday hailed the work is
only a half-day and Friday, which is rest day, and
production management composed in 68 worker divide
in 3 groups.

The individual firm in the production of mineral
products mentioned above, the demand for their
products makes is large, which may cause problems in
the productive capacity of this firm.

Therefore, fluctuations in demand on the level and
volatility of productive capacity, calls for the Firm in an
attempt to develop a plan of production, trying to cope
with the impact that fluctuations in demand due to
seasonal changes, Table 1 summarizes the basic data
gathered from the firm , The proposed model
implementation in the company has the following
conditions:

1. There is a six period planning horizon.
2. Athree product situation is considered.
3. The initial inventory in period 1

is I, =1857 Tons of BEN, |,, =1029 Tons of

TDand I, =1860 Tons of CAL.

4. Minimum inventory must be maintained during the
period t of product 1 is 500.Tons

5. The costs associated with hiring and layoff;
according to estimations of human resource
management department per man are respectively
5178DA/man and 4155 DA/man.

6. The cost of one worker in the production of three
products during the t period is

r, = 2694.706.DA/ man

7. The minimum work force level (man) available in
each period is W,,,, = 55 worker.

8. The maximum work force level available in each
period is W,,,, = 68 worker.

9. The initial worker level is (W, = 68).

10. The Maximum capacity of storage in 3 products in
the firms is 6000 Tons.

11. The membership’s functions related to each
objective, and then we will define the type of
membership’s functions. The details of the type of
memberships function of is as follow:

'uZm

1
1

33000000 —Z,

if Z, <32000000

0

»
|

32000000 33000000 z,

E Ha, 33000000 — 320000000

if 32000000 < Z, < 33000000.
Jif  Z,>33000000 .

Fig. 4: Membership function of Z1 (Minimize total production costs)

Copyright © 2013 MECS
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Hy A
1 Jif Z, < 4350000
1 '
4600000 —Z .
: 1y 2 if 4350000 < Z, < 4600000.
! ? | 4350000 — 4600000
| 0 Jif Z, > 4600000 .
1 »
4350000 4600000 zZ,
Fig. 5: Membership function of Z , (Minimize carrying costs )
Hz
A
1 if 2,<0
1 13-7 .
Iy 2 if 0<Z,<13.
1 13
0 if z,>13.
13 z,
Fig. 6: Membership function of Z , ( Minimize changes in labour levels)
Table 1: The basic data provided by Bental firm (in units of Algeria dinar DA ...1$ = 90 DA)
Product Period d it Vi Ci K it
1 1177.225 3293.493 208.796 17.794
2 923.021 3293.493 208.796 15.367
3 883.342 3293.493 208.796 18.602
BeN (P,)
4 1071.99 3293.493 208.796 16.985
5 1379.269 3293.493 208.796 17.794
6 1315.222 3293.493 208.796 17.794
1 128.620 21646.608 848.721 3.883
2 163.777 21646.608 848.721 3.353
3 164.617 21646.608 848.721 4.059
™ (Py)
4 166.005 21646.608 848.721 3.706
5 193.317 21646.608 848.721 3.883
6 206.662 21646.608 848.721 3.883
1 1164.191 1296.109 139.149 14.558
2 463.447 1296.109 139.149 12.573
3 659.034 1296.109 139.149 15.220
caL (Py,)
4 425.240 1296.109 139.149 13.897
5 78.967 1296.109 139.149 14.558
6 478.221 1296.109 139.149 14.558
8.2 Formulations the WAFGP-APP Subject to:
Based on the above information and using a model Z. — 8+ <32000000
developing by Yaghoobi et al [22] the fuzzy goal o
programming formulation in this study as follows: Z, — o, <4350000
+ + + +
Min 7 5 57 5, Z,-67<0

5 = + +
1000000 250000 13
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Pit_KitXWtSO PitlIit’Wt’Ht1Ft’51+’5;’§3+20
Pit + Ii,t—l_ Iit :dit

W,-W,_,—H, +F =0

WMin < Wt < WMax

3

=123 t=1.2.,.6 W, H,,F (Integers).

8.3 Solve the WAFGP-APP Problem

Z l,, <6000 The LINGO computer software package was used to
i1 run the Linear programming model. Table 2 presents
| >500 the optimal aggregate production plan in the industrial
it case study based on the current information.
l,, =1856.25 Using WAFGP-APP to simultaneously minimize
l,, =1029 total production costs (Z,), carrying costs (Z, ), and
|, =1860 changes in Work force levels ( Z; ), yields total
W. =68 production cost of 32032504_.2 DA, carrying cost of
0 4375292.99 DA, and changes in Work force levels of 0.
. And resulting deviational value for the three fuzzy goal
pr— < (14 i, and g, ) are 0.9682679 , 0.8975380
1000000 and 1 respectively.
U, + 52+ <1 Despite the good results that_ were obtained thrc_)u_gh
250000 the proposed model , but remains very much sensitive
+ to the accuracy of the information and data provided by
Ly + 22 <1 the Organization
13
Table 2: optimal production plan in the BENTAL firm case with WAFGP-APP model
Period Product Pit I it Wt Ht Ft
(Tons) (Tons) (man) (man) (man)
1 (BEN) 1865.25
0 2 (CAL) 1029 68 -
3 (TD) 1860
1 (BEN) 0 679.025
1 2 (CAL) 0 900.38 68 0 0
3 (TD) 0 695.809
1 (BEN) 743.996 500
2 2 (CAL) 0 736.603 68 0 0
3 (TD) 267.638 500
1 (BEN) 1074.857 691.515
3 2 (CAL) 0 571.986 68 0 0
3 (TD) 659.034 500
1 (BEN) 1154.980 774.505
4 2 (CAL) 94.019 500 68 0 0
3 (TD) 425.24 500
1 (BEN) 1209.992 605.228
5 2 (CAL) 193.317 500 68 0 0
3 (TD) 78.967 500
1 (BEN) 1209.992 500
6 2 (CAL) 206.662 500 68 0 0
3 (TD) 478.221 500

Copyright © 2013 MECS
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IX. Conclusions

The APP is concerned with determination of
production, the inventory and the workforce levels of a
company on a finite time horizon. The objective is to
reduce the total overall cost to fulfill a no constant
demand assuming fixed sale and production capacity.

In this study we proposed an new formulation of a
Weighted additive fuzzy goal programming (WAFGP)
approach developed by Yaghoobi et al [22] for
aggregate production planning (WAFGP-APP), The
proposed model attempts to minimize total production
and work force costs, carrying inventory costs and rates
of changes in Work force so that in the end, the
proposed models is solved by using LINGO program
and getting optimal production plan.

The major limitations of the proposed model concern
the assumptions made in determining each of the
decision parameters, with reference to production costs,
forecasted demand, maximum work force levels, and
production resources. Hence, the proposed model must
be modified to make it better suited to practical
applications. Future researchers may also explore the
fuzzy properties of decision variables, coefficients, and
relevant decision parameters in APP decision problems.
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1 Introduction

Aggregate production planning (APP), sometimes called intermediate-range planning,
involves production planning activities for six months to two years with monthly or quarterly
updates. Changes in the workforce, additional machines, subcontracting, and overtime are
typical decisions in APP.

The problem with APP concerns management’s response to fluctuations in the demand
pattern. Specifically, how can productivity, manpower and goods resources best be utilised in the
face of changing demands to minimise the total cost of operations over a given planning horizon?

In response to changing demands, management can utilise the following strategies:

e adjust the work force through hiring and firing

e adjust the production rate through overtime and under-time absorb the demand
fluctuation rate through inventory back logging or by allowing lost sales

e the production rate may be kept on a constant level and the fluctuations in demand met
by altering the level of subcontracting.

Clearly, each of the above pure strategies implies a set of costs that may be both direct and
opportunity. Changing the work force implies costs associated with hiring and layoff. Production
rate changes entail costs of overtime and idle resource. Excess inventories require capital
investment as well as direct costs, while shortages imply lost revenue and customer goodwill.

Any combination of these preceding strategies is, of course, also possible. The problem
with APP is to select the strategy with least cost to the firm. This problem has been under
extensive discussion, and several alternative methods for finding an optimal solution have
been suggested in the literature.

2 Literature review

There are numerous methods available in the literature for APP. since Holt et al. (1955)
proposed the HMMS rule in 1955, researchers have developed numerous models to
help to solve the APP problem, each with its own pros and cons. According to Saad
(1982), all traditional models of APP problems may be classified into six categories:
(1) linear programming (LP) (Charnes and Cooper, 1961; Singhal and Adlakha, 1989);
(2) linear decision rule (LDR) (Holt et al., 1955); (3) transportation method (Bowman,
1956); (4) management coefficient approach (Bowman, 1963), (5) search decision rule
(SDR) (Taubert, 1968); and (6) simulation (Jones, 1967). When using any of the APP
models, the goals and model inputs (resources and demand) are generally assumed to be
deterministic/crisp, and only APP problems with the single objective of minimising cost
over the planning period can be solved. The best APP balances the cost of building and
taking inventory with the cost of the adjusting activity levels to meet fluctuating demand.
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Masud and Hawang (1980) were the first to propose an APP model for the multiple
product, single facility case where conflicting multiple objectives are treated explicitly.
Three multiple decision-making methods are used to solve this problem, among them the
Goal Programming (GP) model developed by Charnes and Cooper (1961).

In practice, the input data in the APP problem , as also data on demand, resources and cost
as well as the objective function are frequently imprecise/fuzzy because some information
is incomplete or unobtainable. Traditional mathematical programming techniques clearly
cannot solve all fuzzy programming problems. Zimmerman (1976) first introduced the fuzzy
set theory into conventional LP problems.

Many aspects of the APP problem and the solution procedures employed to solve APP
problems lend themselves to the fuzzy set theory approach. Fuzzy APP allows the vagueness that
exists in determining forecasted demand and the parameters associated with carrying charges,
backorder costs, and lost sales to be included in the problem formulation. Fuzzy linguistic
‘f-then’ statements may be incorporated into the APP decision rules as a means for introducing
the judgment and past experience of the decision maker into the problem. In this fashion, the
fuzzy set theory increases the model’s realism and enhances the implementation of APP models
in the industry. The usefulness of the fuzzy set theory also extends to multiple objective APP
models where additional imprecision due to conflicting goals may enter into the problem.

Wang and Fang (2001) present a novel fuzzy linear programming method for solving
the APP problem with multiple objectives where the product price, unit cost to subcontract,
work force level, production capacity and market demands are fuzzy in nature. An interactive
solution procedure is developed to provide a compromise solution.

Reay-ChenWang and Tien-Fu Liang (2005) have developed a fuzzy multi-objective
linear programming model for solving the multi-product APP decision problem in a fuzzy
environment. Their formulation attempts to minimise total production costs, carrying and
backordering costs and costs of changes in labour levels considering inventory level, labour
levels, capacity, warehouse space and the time value of money.

Abouzar Jamalnia and Mohammad Ali Soukhakian (2009) have developed a hybrid
(including qualitative and quantitative objectives) fuzzy multi-objective non-linear
programming model with different goal priorities for solving an APP problem in a fuzzy
environment. The proposed model tries to minimise total production costs, carrying and
back ordering costs and costs of changes in the workforce level (quantitative objectives)
and maximise total customer satisfaction (qualitative objective) with regard to the inventory
level, demand, labour level, machine capacity and warehouse space their formulation based
on FGP developed bay Chen and Tsai (2001).

This study presents an application of the APP-based A tolerance approach to the fuzzy goal
programming (FGP) developed by Kim and Whang (1998) and Revised by Yaghoobi and Tamiz
(2007-a) and its application in the national firm of iron manufactures non- metallic and useful
substances for solving the problems of the APp. The proposed model minimises total production
and work force costs, cost of inventory and minimises the degree of change in the work force.

3  Basic structure of the GP model
3.1 Definition and literature of GP

The initial development of the concept of GP was due to Charnes and Cooper, in a discussion

which took place in 1961, although they claim that the idea actually originated in 1952. In
essence, they proposed a model and approach for dealing with certain linear programming
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problems in which conflicting “goals of management were included as constraints (Ignizio,
1976; Romero, 1991).

The essential activity of a manager is decision-making. This activity is becoming more
complex because managers (decision-makers) try to integrate into their own decisions many
different factors. Multiple-criteria problems in conferences, in academic publications and in
practice have increased in importance (Martel and Aouni, 1990). GP can be considered to be
a mathematical programming method and a member of the multi-criteria decision-making
MCDM family. GP constitutes of a modification and extension of linear programming.
These two programming techniques are similar to the fact that they both represent optimal
solutions to goals and constraints. Nevertheless, GP and linear programming have significant
performance differences that give the advantage to GP, which is due to the greater scale of
problems that is applied (Zeleny, 1981, 1982).

GP is a multi-objective programming (MOP) technique. GP is based on the distance
function concept (Romero, 1991). It later became the most popular model of the MOP. Its
popularity is due to the fact that it is a simple model, easy to apply, and takes advantage of
the extensive number of mathematical programming software available in the market (Aouni
and Kettani, 2001).

Until the middle of the 1970s, GP applications reported in the literature were rather
scarce. Since that time, and chiefly due to seminal works by Lee (1972) and Ignizio (1976),
an impressive boom in GP applications and technical improvements has arisen. It can be
said that GP has been, and still is, the most widely used multi-criteria decision-making
technique (Romero, 1991). Although Schniederjans (1995) has detected a decline in the
life cycle of GP with regard to theoretical developments, the number of cases along with
the range of fields to which GP has been, and is still is, applied is impressive, as shown by
recent surveys by Romero (1986), Schniederjans (1995) and Tamiz et al. (1993). It has been
applied successfully in practice for many years (Jones and Tamiz, 2002). GP models aim
to minimise deviations of the objective values from aspiration levels specified by decision
maker(s) (Yaghoobi and Tamiz, 2007-b). The variants of GP are numerous, and contain
many different sub-areas which can bewilder practitioners with no knowledge of GP, but
wish to apply it to their multi-objective real world situation (Tamiz et al., 1998).

3.2 Formulation of the GP model

Before we can define the GP model, it is absolutely essential to establish precise definitions
for certain keywords and concepts. This is particularly critical where such definitions differ
or must be made sharper than in conventional mathematical programming. Now, since the
definitions of such terms as variables (i.e., controllable/noncontrollable; continuous/discrete),
functions (i.e., linear and nonlinear); equations inequalities; and mathematical models are the
same as in the multi-objective area, we may move directly to the following set of definitions
(Ignizio, 1983).

— Objectives: objectives are represented by mathematical functions of their decision or
control variables. Such functions usually represent some desire or wish of the decision
maker(s). It is important to note that the value of an objective function is left unspecified.
The two most common objective function forms are: maximise f{x) or minimise f{x).

— Aspiration level: an aspiration level is a specific (realistic) value (or ‘target’level) associated
with a desired or acceptable level of achievement of an objective. Thus, an aspiration level
may be used to measure the achievement or non-achievement of an objective.
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— Goal: an objective in conjunction with an aspiration level is termed a goal. That is, if we
say that we wish to maximise profit, then that is an objective.

However, if we instead, wish to achieve a profit level of at least $1000, we have established
a goal. The mathematical form of a goal is either:

satisfy  f(x)<b
or, satisfy  f(x)=b

or, satisfy  f(x)=>b

depending on the situation.

— Constraint: a constraint has exactly the same mathematical appearance as a goal. However,
in multi-objective mathematical programming, a constraint is a subset of the concept of
goals. In specific, a constraint is an inflexible (or rigid or hard) goal. Thus, when a truly
inflexible constraint is encountered, we shall denote this relationship as a rigid constraint or,
alternately, as an inflexible or absolute goal.

In conventional (i.e., single objective) mathematical programming, we did not have to worry
about the distinctions between objectives and goals, or between goals and rigid constraints,
as there we dealt with only objectives and (rigid) constraints. However, in multi-objective
mathematical programming, precise, non-ambiguous definitions are necessary and, in fact,
help to form the basis of the power and flexibility of many of the multi-objective methods.

As we have noted in the previous section, generalised GP encompasses any method
which converts the baseline model of into a model consisting solely of goals (some flexible
and some rigid). This is the single, distinguishing feature of generalised GP. The distinction
between various types of generalised GP is made on the basis of how one actually measures
the ‘goodness’ of any solution (value of b) to the set of goals. This is typically facilitated
by means of the concepts of ‘goal deviations’ and the ‘achievement function’.

— Goal deviations: There are, as discussed, three forms of goals: f(x) < b, f(x) > b, and
f(x) = b. Since we are using the philosophy of ‘satisficing’, we are only interested (at least
initially) in measuring the non-achievement of each goal. This is the unwanted deviations
from the aspiration levels (i.e., the value of each ‘b’). We let d be the deviation from the goal
aspiration and, since such deviation may be either a negative or a positive value d, we let:
d=n+p,where n* p=0andn, p >0.

Typically, n, is known as the negative deviation of goal i, while p, is the positive
deviation. Thus, to satisfy a specific goal, we attempt to minimise the unwanted component
(or components) of the goal deviation. This is summarised in Table 1, below:

Table 1 Goals and coal deviations

Initial form of goal Converted form Deviation variables to be minimised
Jx)<b J@)tn-p=>b p

fx)=b fx)+n-p=>b n

Jx)=b J@)+n-p=>b n+p

Charnes and Cooper (1961) illustrated how that deviation could be minimised by placing the
variables representing deviation directly in the objective function of the model. This allows
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multiple goals to be expressed in a model that will permit a solution to be found. Multiple
and conflicting goals are a distinguishing characteristic to describe how a GP model differs
from a linear programming model.

— Model: Charnes and Cooper (1978) presented a generally accepted statement of a GP
model, as follows:

k
MinZ = Z(n,. +p,)

i=1
Subject to :
fi(x)+n—p =b Jor i=ly. Jk @)
C.<c (system constraints)

n,p;,x; 20, for i=Ll..,k j=1,.... ,m

n;: is called a positive deviation variable or over-achievement of goal b..

p;: 1s called a positive deviation variable or over-achievement of goal b,.

b;: is the arithmetic value of goal i.

Z: is the sum of all deviations. The deviation variables are related to the functionals where:

m == )+ 6~ 100
p =5~ 500 - 1))

Then the sum of the deviations gives:

R | I R U] P ENACS CRVAEH
=d=[b- f,(x))

4 Basic structure of Fuzzy Goal Programming (FGP)
4.1 Definition and literature review of FGP

GP models have been classified based on the achievement function that is used to combine
unwanted deviations (Romero, 2004): (1) weighted GP (also known as ‘non-pre-emptive
GP’) where the weighted sum of deviations from the targets are minimised; (2) pre-emptive
priority GP (also known as ‘lexicographic GP”), where a deviation from a higher priority
level goal is considered to be infinitely more important than a deviation from a lower priority
goal, and (3) MINMAX GP (also known as ‘Chebyshev GP’), where minimisation of the
maximum weighted deviation from the target values is sought. However, determining precise
aspiration levels for the objectives in real world problems often is a difficult task for decision
maker(s) (Yaghoobi and Tamiz, 2007-b). In fact, there are many decision-making situations
where the DM does not have complete information on some parameters and, in particular,
the goal values in the GP model (Aouni et al., 2010).
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The literature review reveals that the FGP is one of the GP variants. According to this
review, we notice that the majority of the FGP formulations and applications are based on
the model developed by Hannan (1981-a, 1981-b).

Bellman and Zadeh (1970) set the basic principles of decision making in fuzzy
environments, which have been used as building blocks of fuzzy linear programming. The
use of membership functions in the GP based on the fuzzy set theory was first carried out by
Zimmerman (1976, 1978, 1983) and Narasimhan (1980). Further extensions were provided
by Hannan (1981-a, 1981-b), Ignizio (1982-a), and Tiwari et al. (1987). Since the early
1980s, fuzzy sets have been used in GP models to represent the satisfaction degree of the
decision maker with respect to his/ her preference structure (Narasimhan, 1980); Hannan,
1981-a; Tiwari et al., 1987; Mohamed, R.H 1997;, Chen and Tsai (2001); Yaghoobi and
Tamiz (2007-b); and to represent uncertain knowledge about a certain parameter (Mohandas
et al., 1990, Chanas and Kuchta (2002).

Various approaches to treating the relative importance of goals in FGP models have
been developed. Narasimhan (1980) used a combination of linguistically defined weights,
such as ‘very important’, ‘moderately important’ and achievement degrees of the goals.
The weights and achievement degrees are combined by defining a membership function
for each linguistic weight, where desirable achievement degrees are specified to represent
goal importance. Hannan (1981-b) showed that the above composite approach may lead to
some contradictory results, and suggested the use of explicitly defined weights to represent
the relative importance of goals. Hannan (1981-a) proposed a fuzzy logic-based methodology
that employs piecewise linear functions, which represent the decision—maker’s satisfaction
with attainment of goal values. A target achievement degree is determined for each goal and
the problem is converted to a standard GP formulation, where deviations from these target
values are minimised using standard pre-emptive, weighted or MINMAX achievement
functions. A different approach is proposed by Tiwari et al. (1987). The authors considered
an additive FGP model with relative importance of commensurable goals.

The model included a single-objective function defined as the weighted sum of
achievement degrees of the goals with respect to their target values. Based on piecewise
linear approximation (PLA), Yang et al. (1991) have further formulated the problem
with fewer variables, which can yield the same solutions as Narasimhan’s and Hannan’s
model. Kim and Whang (1998) have proposed an FGP formulation where the concept
of tolerances is introduced to express the fuzzy goals of the DM, instead of using the
conventional membership functions. Chen and Tsai (2001) proposed an extension of
the additive model to consider goals of different importance and pre-emptive priorities,
where the relative importance of goals is modelled by corresponding desirable
achievement degrees. Recently, Yaghoobi and Tamiz (2007-b) have proposed a more
efficient formulation, and they have highlighted the fact that the model of Kim and
Whang (1998) is different from the Hannan (1981-a, 1981-b) model. It is proved that
the proposed model is an extension to the Hannan model that deals with unbalanced
triangular linear membership functions. In addition, it is shown that the new model is
equivalent to a model proposed by Yang et al. (1991).

Until the middle of the 1990s, FGP applications reported in the literature were rather
scarce. We list a categorisation of the major applications of the FGP within management and
economics below: Curve and response surface fitting, Media planning, Manpower planning,
Programme selection, Project selection, Hospital administration, Academic resource
allocation, Municipal economic planning, Transportation problems, Energy/water resources,
Radar system design, Sonar system design, Planning in wood products, Portfolio selection,
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Determination of time standards, Development of cost estimating relationships, Urban
renewal planning, Merger strategies, Multi-plant/product aggregate production loading,
BMD systems design, Multi-objective facility location, Free flight rockets, Solar heating and
cooling, Natural gas well siting and Maintenance level determination. All of these applications
have one thing in common: they could be forced into a traditional single-objective model if
one so wished. However, those investigating these problems believed that they truly involved
multiple, conflicting objectives, and thus, were most naturally modelled as a FGP problem.

4.2  Formulation of FGP

A useful tool for dealing with imprecision is the fuzzy set theory (Zadeh 1965). An objective
with an imprecise aspiration level can be treated as a fuzzy goal. Initially, Narasimhan
incorporated the fuzzy set theory in GP in 1980 and presented an FGP model (Narasimhan
1980). Hannan simplified Narasimhan’s method to an equivalent simple linear programming
in 1981 (Hannan 1981-b). These pioneering works led to extensive research in the use and
application of FGP to real life problems.

To solve FGP problems, various models based on different approaches have been
proposed. A survey and classification of FGP models has been presented by Chanas and
Kuchta (2002). There are three types of fuzzy goals that are the most common. The following
FGP model contains these fuzzy goals.

OPT (AX),<b, i=l........
(AX),2b; i =iy +1, o
(AX), = i=j,+1...K @)
XeC

where OPT means finding an optimal decision X such that all fuzzy goals are satisfied,
AX), = Zaijx jeed = L, ,k , b, is the aspiration level for i.th goal and the symbol = is a
j=1

fuzzifier representing the imprecise fashion in which the goals are stated.

The integrated use of GP and the fuzzy sets theory has already been reported in the literature.
Zimmerman (1976), Hannan (1981-a; 1981-b), Leberling (1981), Rubin and Narasimhan
(1984), Tiwari et al. (1987), Wang and Fu (1997), Kim and Whang (1998), Chen and Tsai (2001),
Yaghoobi and Tamiz (2007-b), Yaghoobi et al. (2009), Jiminez et al. (2007), Hatami and Tavana
(2011) further integrated several fuzzy linear and multi-objective programming techniques.

The approach chosen in this study for application to the problem of APP is similar to the
method developed by Kim and Whang (1998) and revised by Yaghoobi and Tamiz (2007-a).

4.3  Membership function

The concept of membership functions, based on the fuzzy set theory, has been introduced
and used by Zimmerman (1976; 1978; 1983) and Freeling (1980) for modelling fuzziness
related to decision-making context parameters. The general formulation of the membership
function used in their formulation is defined and depicted as follows (Figure 1, type 1 and

type 2).
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Narasimhan (1980) and Hannan (1981-a) were the first to give a FGP formulation by
using the concept of the membership function. This function is defined on the interval [0, 1].
Thus, the membership function for the i — ¢k goal has a value of 1 when this goal is attained,
and the decision maker is totally satisfied; otherwise, the membership functions assume a
value between 0 and 1.

Linear membership functions are used in theory and practice more than other types of

membership functions. For the above three types of fuzzy goals, linear membership functions
are defined and depicted as follows (Figure 1):

Figure 1 Linear membership function and analytical definition

Membership function Analytical definition
F 3
1, (4X)
1 Lo if.(AX), <b,
U, (4x), = MXA)i’_b‘ﬂ.if‘.b, S(AX), <b, +Ap.i=1,..,iy..(1)
iR
» [ if.(AX), 2 b+ A,
bi bi + AiR (AX )1
Type 1

| IO if(AX), 2 b,

M ax), = b"_iAX)" df by S(AX), $b, + Ay i = iy + ey fyo(2)

» O if(AX), <h +A,
bi bi_ AiL (AX)z
Type 2
1, (AX)
| [N if . (AX), < b,

MXA)i’_b'.jf..b, S(AX), Sb+ Ay iz jy+lnk,

‘u. (4X), = ® (3

. P00, L <hea,
[— if(AX), 2B, + A,
bi_AiL bi bi_AiR .
Type 3

where A (or A,) is the quantity of a tolerance in the case of fuzzy goal. This quantity is
specified by the decision makers (DMs).
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4.4 MINMAX approach to FGP problems

In conventional GP problems, the aspiration (target) levels are determined precisely. GP
models attempt to minimise the deviations from precise aspiration levels to find an optimal
solution for GP problems. Consider a GP problem that is the same as FGP problems, but
without the symbol =. There exist two major models in GP which are most widely used:

¢ Weighted GP (WGP)
¢+ MINMAX GP

MINMAX GP was introduced by Flavell in 1976. This approach minimises the maximum
deviation from any single goal. It provides an optimal solution that represents the most
balanced solution among the achievements of different goals. Hannan(1981-a) introduced
the first MINMAX approach to FGP based on the MINMAX GP developed by Flavel
(1976). He considered all fuzzy goals of type 3, Figure 1, with isosceles triangular
membership functions (A, = A, = A). The linear programming for this special case of FGP
problems is as follows:

Max Z=u

subject to :

[()/A+8 =8 =g,/A,  (for i=1,2,....p)

H+6 +6 <1 (fori=1,2,....... D) (3)
xe X

M, 0, and & 20

where u is the degree of membership function.

Despite the fact that the FGP model allows imprecision modelling related to goals
values, this model seems to be rigid. Ignizio (1982-b) stresses the fact that Narasimhan
and Hannan’s formulations are limited to specific cases where the decision maker (DM)
is supposed to have membership functions of particular forms like the triangular one. The
use of such triangular membership functions was mainly criticised by Ignizio (1982-b) and
Martel and Aouni (1998). These criticisms are related to the fact that the triangular form
of membership functions does not adequately reflect the DM’s preferences, and are not an
appropriate way for modelling the goal’s fuzziness. Wang and Fu (1997), Pal and Moitra
(2003) and Chen and Tsai (2001) have some concerns regarding the way to deal with goals
fuzziness through the triangular form of the membership functions, and indicate that in some
applications, this type of function leads to non-desirable results.

4.5 Weighted additive FGP (WAFGP)

Hannan (1981-a, 1981-b) introduced the first weighted FGP. He considered all fuzzy goals of
type 3, Figure 1, with isosceles triangular membership functions (A, = A, = A). The linear
programming for this special case of FGP problems is as follows:
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»
Min Z= Z(W;I’li +w' p,)

i=1

subject to :

[(X)/A +n,—p,=b /A, (fori=12,...p)

A+n+p <1 (fori=1,2,.....p) )
xeX

A,n, and p=0

where w," and w; are the relative importance coefficients associated with the positive and
the negative deviations, respectively. These weights reflect, partially, the importance that the
decision maker (DM) can express differently, depending on whether there is an over- or an
under-achievement of the objective.

Tiwari et al. (1987) proposed an alternative formulation based on an WAFGP. They use
the addition as an operator to aggregate the weighted membership function values. In their
model, only fuzzy goals of types (1-2) are considered. Their model with the notations used
in this paper is as follows:

K
MaxZ:thul.
i=1
St.
AX). —b.
[:1—% i=1....... A
b (Ax ©
yizl—M P=dy+ 1. K
AiL
0<u <1 i=1l.. ,K
Xe(g

In Yaghoobi and Tamiz (2006), it is proved that model (5) sometimes yields suboptimal
solutions and model (6) overcomes this weakness. Another advantage of model (6) is that in
the optimal solution g, determines the degree of membership function for the i th fuzzy goal.

K
MaxZ:thui
i=1
st.
AX). - b,
,u[Sl—(); i=1 A
AiR
b, — (AX), (6)
,UI.SI—M i=ig+1, K
AiL
0<u <1 i=La. K

Xe(g
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Among the most important criticism of previous models is that they do not use all types of
membership functions, but only use type 1 and type 2, which makes them of limited use in
some applications. They do not incorporate the DM’s preferences.

4.6 A tolerance approach to FGP (RKW model)

Kim and Whang (1998) have proposed another approach based on the weighted additive
model for solving FGP problems with unequal weights, which can be formulated as a single
LP problem with the concept of tolerances. They attempted to extend the Hannan (1981-
b) model by introducing an LP model that is able to handle unbalanced triangular linear
membership functions. The Kim and Whang (KW) model for FGP can be formulated as
follows:

Min Zziwi,b’f + i whB + i w(B +5)
i=1 i=iy+1 i=j,+1
st
(AX),—A, B <b, i=1,..i,
(AX),+A, B 2b, i=iy+1,... j, )
(AX), +A, B —AB =b, i=j,+L.,K
BB =20 i=1...K
Xed(Cy;

where w, is the weight of the ith goal and B and 3, are the positive and negative deviational
variables.

However, Yaghoobi and Tamiz (2007-a), in a recent note, have shown that this model can
yield undesirable results in comparison with the Hannan (1981-b) model. It is suggested to
insert the following constraints into the model:

B <lo..... i=iy+ L j, ®)

Model (7) augmented with (8) is called the revised Kim and Whang (RKW) model.

e The operator (min sum of tolerances: max sum of all goals membership degrees) of the
RKW model is more suitable to unbalanced development planning than the max—min
operator of other FGP models. That is because in solving a FGP problem, the feasible
solution region approached by the RKW model is larger than or equal to those of the
other FGP models like Narasimhan (1980), Hannan (1981-b), Yang et al. (1991) and
Tiwari et al. (1987). If we solved a given FGP problem, the sum of the membership
degrees of the optimal solution achieved by the RKW model would be better than or
equal to those of the other FGP models.
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¢ In addition, when comparing degree differences between the grade of membership for
the best satisfied goal and the grade for the worst satisfied goal, the difference solved
by the RKW model is greater than or equal to those by other FGP models.

e The RKW model can be used for types 1-3 of membership functions.

5 Multi-objective programming (MOP) model to APP

5.1 Parameters and constants definition

v,: production cost for product 7 in period ¢, excluding labour cost in period ¢ (units)
¢,; inventory carrying cost for product i between period ¢ and ¢ + 1

r,: regular time work force cost per employee hour in period ¢

d, : forecast demand for product 7 in period # (units)

K, quantity to produce one worker in regular time for product 7 in period ¢
[ initial inventory level for product 7 (units)

T: horizon of planning

N: total number of products P,: quantity of i/ product to the period ¢

I,: inventory level for product 7 in period ¢ (units)

H: worker hired in period # (man)

F: workers laid off in period 7 (man)

I, ,,: minimum inventory level available for product 7 in period ¢ (units)

W: total strength of work force level in period # (man)

W, the minimum work force level (man) available in period ¢
W,,..: the maximum work force level (man) available in period ¢

5.2 Objective functions

Masud and Hwang (1980) specified three objective functions to minimise total production
costs, carrying and backordering costs and costs of changes in labour levels. In this study, we
propose a model that will be using two strategies, where they are available, in a national firm
dealing in iron manufactures and non-metallic and useful substances. In their multi-product
APP decision model, the three objectives of the APP model can be formulated as follows:

® Minimise total production costs
N T T

Min.Z, =33 (v, )+ X ()
i=1 t=1 t=1

The production costs include: regular time production, overtime, carrying inventory, and
specify the costs of change in work force levels.

® Minimise costs of changes in labour levels

T
Min.Z, =Y hH,+ f,F
=1

® Minimise carrying costs

T
Min.Zy = (c,1,)
t=1 .

it
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where the symbol = is the fuzzified version of = and refers to the fuzzification of the
aspiration levels.

The objective functions of the APP model in this study assume that the DM has such
imprecise goals as, the objective functions should be essentially equal to some value. These
conflicting goals are required to be simultaneously optimised by the DM in the framework
of fuzzy aspiration levels.

5.3 Constraints
® The inventory level constraints:

Pit+]' _Ir:dt

i1
TAES
e Constraints on labour levels:
W~ W, ~H+ F,=0
Wy < W, < W,
e Constraints on labour capacity in regular and overtime:
P,—-K*W <0
e Non-negativity constraints on decision variables:

P, 1, W,H,F>0

it P

6 RKW model for APP (RKW-APP)

We will use the method that was developed by Kim and Wahang (1998) (models 7, 8) and
revised by Yahgoobi and Tamiz (2007-a) (constraint 6) for formulating the APP problem
with fuzzy gaols. The complete RKW-APP model can be formulated as follows.

3
Min  Z,=Y wp
i=1
ST
Z,—A B <b (Minimize total production costs)
Z,—ARf <b,  (Mininmize costes of changes in labor leveles)
Z,—AyB £b,  (Minimize carying costs)

Xit +]z',t—l _Iit =d

it

Iit = Tit.Min
W, =W, —H,+F =0
WMm < VVt < WMax
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Pit _Kit *VVt <0
B =1
1, W, H, >0

ir

7 Model implementation

7.1 An industrial case study and data description

In this section, as a real-world industrial case, we use a data set provided by the national firm
dealing in iron manufactures, non- metallic and useful substances (BENTAL) in Algeria. This
company manufactures three types of products which are important, and one of the raw materials
used in many industries, with bentonite (BEN), carbonate of calcium (CAL) and discolouring
(TD). The firm employs 175 workers, and the system of work in the firm is continuous production
(8 % 3 hours) for all days of the week except Thursday, a half-working day and Friday, which is a
rest day. Production management is composed of 68 workers divided into 3 groups.

The demand for the products of the individual firm in the production of mineral products
mentioned above is large, which may cause problems in the productive capacity of this firm.
Figure 2 show fluctuations in demand on the level of monthly production capacity of any
production capacity (CAP).

Therefore, the impact on the level and volatility of productive capacity calls for the firm,
in an attempt to develop a plan of production, to try to cope with fluctuations in demand due
to seasonal changes. Table 2 summarises the basic data gathered from the firm. The proposed
model implementation in the company has the following conditions:

1 There is a six-month period planning horizon.
2 A three product situation is considered.
3 The initial inventory in period 1 is /,, = 1857 tons of BEN, /,, = 1029 tons of TD and
I, = 1860tons of CAL.
4 Minimum inventory that must be maintained during the period ¢ of product 7 is 500.
Tons.
5 The costs associated with hiring and layoff, according to estimations of the human
resource management department, are respectively 51,780 DA/man and 41,550 DA/man.
6 The cost of one worker in the production of three products during the ¢ period is r, =
26940.706.DA/man.
7 The minimum work force level (man) available in each period is W,,, = 55 workers.
The maximum work force level available in each period is W,,, = 68 workers.
9 The initial worker level is (W, = 56).
10 The maximum capacity of storage of the 3 products in the firm is 6,000 tons.
11 The board of directors of the firm has set four business goals as follows:

o]

e Goal 1: The total production cost is about 32,500,000 DA, with positive
tolerance of 1,000,000 DA.

e Goal 2: The total cost of changes in labour levels is about 0 DA, with positive
tolerance of 100,000 DA.

e Goal 3: The total carrying cost is about 435,000 DA with positive tolerance of
250,000 DA.
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Figure 2  The fluctuation of the actual demand on the level of production capacity for TD, BEN, CAL
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Table 2 The basic data provided by the Bental firm (in units of Algeria dinar DA (1US$= 100DA))

product Period d, Vv, c, K,
BEN (P,) 1 1377.225 3293.493 208.796 17.794
2 923.021 3293.493 208.796 15.367
3 883.342 3293.493 208.796 18.602
4 1071.99 3293.493 208.796 16.985
5 1379.269 3293.493 208.796 17.794
6 1315.222 3293.493 208.796 17.794
TD (P,) 1 128.620 21646.608 848.721 3.883
2 163.777 21646.608 848.721 3.353
3 164.617 21646.608 848.721 4.059
4 166.005 21646.608 848.721 3.706
5 193.317 21646.608 848.721 3.883
6 206.662 21646.608 848.721 3.883
CAL (P,) 1 1164.191 1296.109 139.149 14.558
2 463.447 1296.109 139.149 12.573
3 659.034 1296.109 139.149 15.220
4 425.240 1296.109 139.149 13.897
5 78.967 1296.109 139.149 14.558
6 478.221 1296.109 139.149 14.558
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7.2 Formulation of the RKW-APP

Based on the above information, and using a method (RKW) developed by Kim and Whang
(1998) and revised by Yaghoobi and Tamiz (2007-a), the FGP formulation in this study as follows:

. 1 1 1
Min Z4 =§ﬁl+ +§ﬁ2+ +§'B;

Subject to:

Z,—10000003" < 32000000 I, =500

Z, —10000083; <0 B <1

Z, —25000043; < 4350000 B <1

P,—K,xW <0 B <1
v =1, =d, I, =1856.25

W, —W,_ —H +F =0 I, =1029

W, <W, <W,,. I, = 1860
3 W, = 68

Y1, <6000

i=1

P, I, W,H F, BB B >0i=123t=12.,...., 6
W, H, F,(integers).

7.3 Solving the RKW-APP problem

The LINGO computer software package was used to run the Linear programming model.
Table 3 presents the optimal aggregate production plan in the industrial case study based on
the current information.

Using the RKW-APP to simultaneously minimise total production costs (Z,), costs
of changes in labour levels (Z,) and carrying costs (Z,) yields total production cost of
32,032,504.2 DA, and carrying cost of 4,375,292.99 DA and costs of changes in labour
levels of 0. The resulting deviational value for the three fuzzy goal (B,', B,” and ;") are
0.0371, 0 and 0.102 respectively; this means that the membership degrees of the three goals
are 0.968, 1 and 0.898, respectively.

Table 3 Optimal production plan in the BENTAL firm case with the RKW-APP model

P, I W, H, F,
period Product (Tons) (Tons) (man) (man) (man)
0 1 (BEN) - 1865.25 68 - -

2 (CAL) - 1029

3 (TD) - 1860
1 1 (BEN) 0 679.025 68 0 0

2 (CAL) 0 900.38

3 (TD) 0 695.809
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Table 3 Optimal production plan in the BENTAL firm case with the RKW-APP model (continued)

P, I W, H, F,
period Product (Tons) (Tons) (man) (man) (man)
2 1 (BEN) 743.996 500 68 0 0
2 (CAL) 0 736.603
3 (TD) 267.638 500
3 1 (BEN) 1074.857 691.515 68 0 0
2 (CAL) 0 571.986
3 (TD) 659.034 500
4 1 (BEN) 1154.980 774.505 68 0 0
2 (CAL) 94.019 500
3 (TD) 425.24 500
5 1 (BEN) 1209.992 605.228 68 0 0
2 (CAL) 193.317 500
3 (TD) 78.967 500
6 1 (BEN) 1209.992 500 68 0 0
2 (CAL) 206.662 500
3 (TD) 478221 500

Despite the good results that were obtained through the proposed model, it remains very
much sensitive to the accuracy of the information and data provided by the organisation
under study.

8 Further scenario designs

This section discusses the actual implementation of the RKW-APP model by considering
various alternatives and analysing the sensitivity of decision parameters to variations in
relevant conditions, based on the preceding industrial case. The model is implemented in the
following seven scenarios.

Scenario 1: Remove Z, (carrying costs), consider only Z, (total production costs) and Z,
(costs of changes in labour levels) simultaneously.

Scenario 2: Remove Z, (costs of changes in labour levels), consider only Z, (total production
costs) and Z, (carrying costs) simultaneously.

Scenario 3: Remove Z, (total production costs), consider only Z, (costs of changes in labour
levels) and Z, (carrying costs) simultaneously.

Scenario 4: Analyse the sensitivity by changing the quantity of tolerance for each goal.

Table 4 shows the implementation data of scenario 4. In Table 4, positive values indicate
increases and negative values indicate decreases in related items in each run.

The results of implementing the previous four scenarios are summarised in Table 5 and
Table 6. Significant decision making implications for management that were found after
sensitivity analysis of the proposed model are as follows:
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Table 4 Implementation data of scenario 4
Scenario Item Run 1 Run 2 Run 3 Run 4
Scenario 4 (Tolerance) A, =30 % 20 % +20 % +30 %
Table 5 Results of implementation in Scenarios 1 to 3
Item Scenario 1 Scenario 2 Scenario 3
B’ 0.06108 0,09881 -
B’ 0.04155 - 0.10354
B - 0 0.04143
Z, 32561089,6 32598819,5 -
Z, 517700 - 103540
Z, - 435000 4360358,78
Table 6 Results of implementation in scenario 4
Item Run 1 Run 2 Run 3 Run 4
B’ 0,0453 0.0396 0.0264 0.2440
B 0 0 0 0
B 0,146 0,128 0.085 0.07881
Z, 5475055,55 5475055,55 5475055,55 5475055,55
Z, 4375615,51 4375615,51 4375615,51 4375615,51
Z, 0 0 0 0

Comparison of scenarios 1-3 demonstrates the interaction of trade-offs and conflicts
among dependent objective functions. From Table 5, it is seen that the total production
costs, carrying costs, and costs of changes in labour levels have diverse meanings.
For instance, the combination of the total production costs and costs of changes in
labour levels in scenario 1 was Z, =32,561,089.6 DA and Z,=517,700 DA. Moreover,
the combination of the total production costs and carrying costs in scenario 2 was
Z,=32,598,819.5 and Z,=435,000 DA. Finally, the combination of the carrying
costs and costs of changes in labour levels in scenario 3 was Z,=103,540 DA and
Z,=4,360,358.78 DA. These solutions indicate that a fair difference and interaction
exists in the trade-offs and conflicts among dependent objective functions. Different
combinations of the arbitrary objective function may influence the objective and S,',
B, and B, values. Accordingly, the proposed RKW-APP model meets the requirements
of practical application since it can simultaneously minimise the total production costs,
carrying costs, and costs of changes in the labour levels.

The results of scenario 4 indicate that with increase in the quantity of tolerance for each
goal, the value for each objective (Z,, Z, , Z,) remains constant, and its deviational value
for the three fuzzy goals (B,", B, and B,") decreases with decrease in the quantity of
tolerance (A,).
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9 Conclusions

To conclude our research. we move to present first a brief explanation of APP, which is
concerned with determination of production, the inventory and the workforce levels of a
company on a finite time horizon. The objective is to reduce the total overall cost to fulfil a
situation of inconstant demand, assuming fixed sales and production capacities.

In this study, we used the tolerance approach to the FGP developed by Kim and Whang
(1998) and revised by Yaghoobi and Tamiz (2007-a) for aggregate production planning
(RKW-APP). The proposed model attempts to minimise total production and work force costs,
carrying inventory costs and costs of changes in labour levels, so that in the end, the proposed
model is solved by using the LINGO program and getting the optimal production plan.

Moreover, the major limitations of the proposed model concern the assumptions made
in determining each of the decision parameters, with reference to production costs, forecast
demand, maximum work force levels, and production resources. Hence, the proposed model
must be modified to make it better suited to practical applications. Future researchers may
also explore the fuzzy properties of decision variables, coefficients and relevant decision
parameters in APP decision problems. We will use linear programming with the fuzzy
parameters developed by Jiménez et al. (2007) and extended by Marbini.A.H and Tavana M
(2011), which will enable us to use the APP problems in cases where the parameters are fuzzy.
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Abstract— The  problem of decision-making in
designing a quality control system (QCS), is one of the
most difficult problems decisions facing the manager in
the industrial firms , this problem of decision requires
of fixing the levels of inputs and variables that meet the
required output specifications. in the context of the
problem a QCS, the parameters can be imprecise and
expressed through intervals or fuzzy. The aim of this
study is to presents the formulation for designing a QCS
based on Weighted fuzzy goal programming (WAFGP)
developed by Yaghoobi and Tamiz [12] and Yaghoobi
et al [13], the advantage of the proposed formulation as
a linear , use all types of membership functions and
integrate explicitly the decision-maker’s preference .
Finally, we compare the results of our model with the
major important mathematical models used in the QCS
It has been shown that the best model.

Index Terms— Fuzzy Goal Programming, Additive
Approach, Quality Control System

I. Introduction

Even though some real-world problems can be
reduced to a matter of a single objective very often it is
hard to define all the aspects in terms of a single
objective. Defining multiple objectives often gives a
better idea of the task. Multi objective optimization has
been available for about two decades, and its
application in real-world problems is continuously
increasing. In contrast to the plethora of techniques
available for single-objective optimization, relatively
few techniques have been developed for multi objective
optimization , Goal programming(GP) is one of the
most important methods of Multi objective
optimization ,it is an extension to linear programming .
the basic idea is to establish a specific numeric goal for
each of the objectives, formulate an objective function
for each objective, then seek a solution that minimizes

Copyright © 2012 MECS

the significance of GP lies in its perspective of sharing
goals with their priorities and providing an optimal
solution ,keeping in line the goals and their priorities.
Where linear programming usually deals with a one-
dimensional objective such as profit maximization, goal
programming solves multiple and frequently conflicting
objectives, such as profitability, liquidity, and solvency.
Some of the many recent applications of GP in
management have been considered. In this paper we
introduce this approach, describe its underlying
philosophy for QCS in the presence of certain features
which is a complex decision making process.

Sengupta [11] proposed a lexicographic GP model
for QCS design in paper industry, he determined the
levels of inputs and process variables in order to meet a
required specification of output which is common for
QCS design. Schniederjans and Karuppan [10]
developed a new formulation based on GP for QCS
design in service organizations by using a zero-one GP
model to help in select the "best™" set of quality control
instruments for customer data collection purposes.
Badri [1] proposed an extension of Schniederjans and
Karuppan’s model by combining the Analytic
Hierarchy Process method and GP model for designing
QCS in service organizations. Lee and Wen [7]
proposed an application of fuzzy goal programming
(FGP) which has been developed by Hannan [4] for
Water Quality Management in a River Basin. Sadok et
al [3] proposed two formulations for designing QCS
based on the imprecise GP model , first based on
Hannan[4] approach (Minmax approach) and second
based on GP with satisfaction functions which was later
developed by Martel and Aouni [8] , they applied his
formulations of paper industry.

This study presents two formulations of QCS design
based on additive FGP, the first was developed by
Hannan(1981) it minimized an additive summation of
deviations , and the second was developed by Yaghoobi
and Tamiz [12] and Yaghoobi et al [13] and its

1.J. Intelligent Systems and Applications, 2012, 11, 14-23
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application of paper industry is the same example that
had been developed by Sengupta [11].

Il. GP Approach for Designing to QCS in the
Paper Factory

2.1 Sengupta’s Approach

Sengupta(1981) described a process control problem
in the paper industry in which levels of inputs variables
(X, ...; X,)and process variables (R;; ... ; R,)
were to be fixed in order to meet required specifications
of several output characteristics (Y,; . .. ;Y,). The

permissible range of values for inputs and process
variables ~ were  predetermined.  The  output

characteristics to be achieved are either specified as a
permissible range of values or are of the ‘close to' type.
The problem, as stated, is to find a solution in which the
input levels and process variables meet all the
specifications on output characteristics subject to their
constraints and if no such solution exists, then to find
the best compromise solution.

The relationship between the output quality
characteristics with the inputs and the process variables
established through multiple linear regression analysis.
These relationships are then used in a GP formulation
with a pre-emptive priority structure to solve the
problem.

The details of the input, process variables and output
variables in the paper industry are illustrated in Table 1.

Table 1: Target specification for input characteristic, process variables, and output characteristics

Specification/permissible limit

Input characteristic (X ) Hardwood (%) [20, 40]
(Rl) Upper cooking zone temperature (<C) [140, 175]
(R,) Lower cooking zone temperature (<C) [140,173]
(R,) LP steam pressure (kg/cm?) [2,0, 4,4]

Process variables (R,) HP steam pressure (kg/cm?’) [8.0,20,5]
(Ry) Active alkali as NaOH (%) [20,35]
(Rg) Sulphidity of white liquor (%) [13, 25]
(R,) Alkali index (no) [12,5,18,7]
(Y,) K-number [16,18]

Output characteristics (Y,) Burst factor Close to 35
() Breaking length Close to 5000

The problem was to fix the levels of the input and the
process variables so that specification is met. A follow-
up study was undertaken linking the input with the
output through the process variables. 46 sets of such
data were collected over a period of 13 days. Multiple
linear regression analysis was undertaken and the
following relationships were obtained.

Y, =22.84+0.06 X, —0.05R, +0.004R, —
0.67R, +0.24R, —0.13R; +0.19R, —0.18R,
(Multiple correlation coefficient =0.74)

Y, =38.94+0.05X, —0.02R, +0.002R, +
1.67R, +0.21R, +0.06R, +0.02R, —0.69R,
(Multiple correlation coefficient =0.72)

Y, =3273.4—-24.37X, +9.997R, +
8.48R, —268.68R, +120.92R, +
67.27R, +27.89R, —138.46R,
(Multiple correlation coefficient =0.66)

Copyright © 2012 MECS

To formulate this problem as a GP problem, the first
setup required to be transformed to obtain one sided
specification only, and these transformed variables are
used in the GP formulation described. For example, the
input-hardwood percentage ( X, ) should be between 20

and 40. This is transformed as
X{=X,—-20<20,
and in other variables as
R;=R,—-2<24,Y; =Y, 5000,

and next setup modified regression equation for
example:

Y,/ =-0.334 +0.06 X, —0.05R! +0.004R, — 0.67R;
+0.24R} —0.13R] +0.19R} — 0.18R!

The Pre-emptive Priority factor is the K-number
most important characteristic to be fulfilled gets the top
priority. Priorities for others which in the fixed by the
management after giving due consideration to the
quality aspect as well as the ease of adjusting and

1.J. Intelligent Systems and Applications, 2012, 11, 14-23
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modifying the levels of those variables. Sengupta [11]
has formulated the GP problem as follows:

Min Z = Po,, + P, (), +y;) + Py(Sy, +6;)

+ P, (Og, + 0, ) + P5(Ox; + g + 5, + g+, +g,)
Subject to:

Output constraints:

Y/+op=21le

0.06 X; —0.05R] +0.004R, —0.67R; +

0.24R; —0.13R§ +0.19R{ —0.18R; + 6, = 2.334

Y, +0, -6, =35 ie

0.05X/—0.02R, +0.002R} +1.67R; +0.21R,
+0.06R;, +0.02R; —0.69R! +&;, - &, = 0.6085

Y, + 8, —6;, =5000 ie

24.37X] +9.997R! +8.48R}, — 268.68R;, +120.92R’
,+67.89R; —27.89R] ~138.46R; + &y, — &y, = 726.139

Input constraint
X[+ Oy, =20
Process constraints
R/ + 65 =35, R;+3g =33;
Ry +0g =24; R, +0g =125 Ry +6, =15;
Re +0g =12, R;+0g =6.2;
Wwith: X/ >0; R/ >0, t=12,..7
The optimal solution is:
X, =44; R =160; R, =176; R, =3;
R,=11.5; R, =28; R, =23 and R, =18.
This solution result in

Y, =16.42; Y, =35.43and Y, = 5910.

2.2 GP with Satisfaction Functions Approach for
Designing a QCS

Sadok et al [3] used a GP model with satisfaction
function proposed by Martel and Aouni [8] for
designing QCS in the paper industry . The general
shape of the satisfaction function is shown in (fig 1).

Copyright © 2012 MECS
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Fig. 1: General shape of the satisfaction function

Were F, (5;): satisfaction function associated with

deviations o, , a4 -

indifference threshold; A, -

dissatisfaction threshold; «;, :veto threshold.

The GP model with satisfaction function proposed
by sadok et al [2] can be formulated as follows :

MaximizeZ =Y (wy F, (6y) + W, R, (6y)) +
=1

|
D (wy, B (8x,) +wy By (65))
j=1

k
+ > (Wy Fo (53.) + W Py (67))
t=1

subject to:

Yi+oy -0y =0, (fori=12,.,r)
X+, —§;j =0y, (for j=12,..,1)
R +0g =0 =0g (for t=12,. k)

with 6, and J; <«
oy, and & <a,

Oy and oy <a,
Oy, 0y, 0y, 0%, 05 Og Y, Xyand R >0
Where W; express the relative importance of the
objectives.

Sadok et al [3] have used this model in the papers
industry , the optimal solution is:

X, =40; R, =158; R, =145; R; = 3.387;
R, =9.321; R, =23; Ry =23 and R, =18.152
This solution results in

Y,=16; Y, =35and Y, = 5052,356

1.J. Intelligent Systems and Applications, 2012, 11, 14-23
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Despite the good results obtained by Sadok et al but
that the formulation in problem of a QCS designing the
use of GP with satisfaction function proposed by Martel
and Aouni [8] we will get to the formulation of non-
linear programming (LP), to be converted to the LP this

17

is what makes the model's contains a many constraints,
as it would be very difficult to be applied in the firms
that produce some products which contain many inputs
and process variables.

Membership function Analytical definition
AX A
H(AX) . 1 it (AX), <b,
! (A, =1 BB ey b AL =10, @)
' iR
5 - 0 if .(AX), 2b, +Ap
D b +AR T (ax),
Type 1l
1 if (AX), >b,
1 (AX), = 1-% if b, —A, <(AX), <b, i=i, +1.., j, (2)
iL
0 if (AX), <b, —A,
Type 2
1 (AX) 4 0 it (AX), <b,-A,
A 1—(AxA)7f_b‘ if b, —A, <(AX), <b, i=j, +1...k,
' Hi (AX), = " (©)
! TPl GV b, <(AX), <b, +A,
: Ay
: > 0 if (AX), >b, +A,
bi _AiL bi bi +AiR
Type 3
0 if  (AX), <b'-A,
| - .
T b/ A, <(AX), <b;,
AiL
1, (AX), =41 if b <(AX), <b’  i=Kk,+L.., K(4)
oAb e b ax), <y e,
iR
> 0 if (AX), 2b" +A,
b + A
Type 4

Fig 2 : A type of linear membership functions

I1l. Fuzzy Goal Programming

A useful tool for dealing with imprecision is fuzzy set
theory [14] .An objective with an imprecise aspiration
level can be treated as a fuzzy goal. Initially,

Copyright © 2012 MECS

Narasimhan [9] incorporated fuzzy set theory in GP
and presented an FGP model . Hannan [4] simplified
the Narasimhan method to an equivalent simple LP .
These pioneering works led to extensive research in the
use and application of FGP to real life problems.

1.J. Intelligent Systems and Applications, 2012, 11, 14-23
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To solve FGP problems various models based on
different approaches have been proposed. A survey and
classification of FGP models had been presented by
Chanas and Kuchta [2].There are three types of fuzzy
goals which are the most common. The following FGP
model contains these fuzzy goals.

OPT (AX),<b, i=1..i,
(AX), 2b; i=ig +1..., o

(AX), i=jo+Ll.,K
X eCq

I

Where OPT means finding an optimal decision
X such that all fuzzy goals are satisfied, (AX), =

i.th goal.

3.1 Membership Functions

Narasimhan [9] and Hannan [4] ,were the first to give
a FGP formulation by using the concept of the
membership function. These functions are defined on
the interval [0, 1]. So, the membership function for the
i-th goal have a value of 1 when this goal is attained and
the decision maker's is totally satisfied; otherwise the
membership functions assume a value between 0 and 1.

Linear membership functions are used in theory and

practice more than other types of membership functions.

For the above four types of fuzzy goals linear
membership functions are defined and depicted as
follows ( Fig. 2).

IVV. FGP for Designing a QCS

4.1 FGP for Designing a QCS Using Hannan
Approach

To deal with FGP problems some models use the
concept of deviational variables in GP. These models
try to minimize an additive summation of deviations
from imprecise aspiration levels of fuzzy goals.

Hannan [4] introduced the first formulation in the
FGP his model is only isosceles triangular linear
membership function (Figl-type3) which considered,
(A, =A,;) indicates both left and right admissible

violations for the ith fuzzy goal. J; and &,", Hannan

[4] proposed two approaches in the FGP (Minmax
approach and Additive approach) , the first approach
Maximizes the degree of membership functions and the

seconds Minimizes an additive summation of deviations.

The application of two objective functions to Hannan
[4] for designing the QCS in the paper factory is as
follows:

Copyright © 2012 MECS

= Minmax approach: maximize degree of
memberships functions 4, its model is as follows:

Max z = u

subject to

-0,06 X, +0,05R, —0,004R,+0,67R,—0,24R,

+0,13R,—0,19R; +0,18R; -0, +J, =584 (h)

~0,025X, +0,01R, —0,001R,—0,835R, —0,105R,
~0,03R, ~0,01R; +0,345R, — 5, +5, =197 (2)

~0,0812 X, +0,033R, +0,028R,—0,895R, +0,403R,
+0,224R; +0,002R, ~0,461R, &, +5; =5753 (3)

01X, +6y —dx =3 4
0,0571+5; &y =9 (5)
0,0606 R, + &5, — &, =9,485 (6)
0,833R; + 35, — 5y, = 2,666 (7)
016R, + 35, — 55 =2,28 ®)
0133R; + 5, —Jy, =3,666 9)
0166R, + 55, — 35, =3166 (10)
0,322R, + 8, — &, =5,032 (11)
p+o, +o, <1 12)
p+0y +0y <1 (13)
p+0g +0p <1 14)

w10, 05,05 05 0,05, Y, X, and R, >0
(For i=123 and t=12,.7). (15)

Using the LINGO package, the obtained optimal
solution is as follows:

X, = 35,886,

R, =147197 ,R, =145,R, =3,04,R, =10,57,
R, = 22,249 R, = 22,249 ,R, =18,152

This solution results in to

Y, =16,455, Y, =36,177,Y, =5229,926 -

= Additive approach: minimize a additive
summation of deviations: the objective function
and constraints in their model is as follows:

3 1 7
MinZ = (8, +6y)+ D (5x, +5x)+D.(5x +53)
i=1 j=1 t=1

Subject to: Constraints (1)-(15).

The optimal solution is as follows: X, = 36,288 ,
R, =13999 , R, =156,502 , R, =3,2, R, =11,605

1.J. Intelligent Systems and Applications, 2012, 11, 14-23
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R, =20, R, =18,99 , R, =18,302 This solutions is
yielding to v, =17,04, Y, =35, Y, =5056,82 -

4.2 Weighted Additive Fuzzy Goal Programming
(WAFGP) for Designing a QCS

421 WAFGP models

Yaghoobi and Tamiz [12] and Yaghoobi et al [13]
who  proposed other approaches for solving FGP
problems with unequal weights can be formulated as a
single LP problem with the concept of tolerance , The
attempt to extend Kim and Whang [6] model by
introducing an LP model that is able to use all types of
memberships functions (typel-type4) their model can
be formulated as follow:

. b o o o K S O

Minz=) w, —/—+ W, —— + W (—— + 1)
; AiR i=i§1 iL i=j§1 AiL An:z
subject to:
(AX), =68 <b, i=1..0
o . .

+——=1 1=1..,

Hi A 0

(AX), +6; =b, i =iy +1,.., J,

4 +§_:L:1 =iy +1,.,

(AX), +6; =8 =b =], +1..k,

P S R T S T
AiL AiR

(AX);+0; =07 =b,  i=j,+1.,K

(AX), - 5" <b" i=k, +1..,K

(AX); +6; 2b| i=k,+1.,K

14,57 ,8 >0 i=1.,K

X e C,

Where C_is an optional set of hard constraints as found
in LP.

The advantages of the new model are :

e the WAFGP developed by Yaghoobi et al
(2008) wich can be used for these types of
membership functions .

o the new formulation determines the degree of
membership function for every variable.

o the optimal solution of new model is equal to
the degree of membership function for ith
fuzzy goal.

Table 2: type and data of memberships function for every variables

Type of memberships

Type of variables Variables functions Data of membership functions
Input characteristic (Xy) Type 3 (A b AR) (15,15 ,5)
(R,) Type 4 (' A, b"Ag) | (158 18,170,5)
(R,) Type 3 (A b AR) (4,144 29)
(Ry) Type 3 (ALb AR) (1,3,14)
Process variables (R,) Type 4 (b A, b AR) (2,105 ,10)
(Rs) Type 3 (A by AR) (7.5,275,7.5)
(R¢) Type 3 (A by AR) (6,19,6)
(R,) Type 4 (b ,A, b AL) (3.1,15.6,3.1)
(Y,) Type 4 (b ,A, b Ag) | (16,05,18,05)
Output characteristics (Y,) Type 3 (A b AR) (2,35,2)
(Y3) Type 3 (AL b AR) (100 ,5000,100)

4.2.2 Application of WAFGP for designing a QCS in
the papers industry

The application of the previous model will be
illustrated through the same example of the paper
industry. First we will present the membership
functions related to each specification (objective), and

Copyright © 2012 MECS

then we will define the type of membership functions.
The details of the type of membership functions of
input, process variables and output are shown in Table
2.

Based on the above information (Table 2) and using
a methods developed by Yaghoobi and Tamiz [12], and

1.J. Intelligent Systems and Applications, 2012, 11, 14-23
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Yaghoobi et al [13] the by WAFGP formulation for
QCS in the paper factory is as follows:

o, +0,
Min z = (——2%

- +
Y, +0y

)+ =)+ (

0,5

1) Oy On
+(i+i)+(i+

15

2

v+ 5;3 )
100

O Or,  Og
i) + (&Jri)

Og S 55 Or 5§ Or
+ _3 3 4 4 5 5
)+ G e
On +5§ 55 + 0,
+ 6 6 + 7 7
( 5 )+ ( 31 )
subject to:

~0,06 X,+0,05R, —0,004R,+0,67R,—0,24R,

+013R;~019R, +0,18R, -5, >584

~0,06 X, +0,05R, —0,004 R,+0,67 R,—0,24R,
+013R,~0,19R, +0,18R, +5; <634
~0,05X, +0,02R, —0,002R,-1,67R, —0,21R,
~0,06R; —0,02R; +0,69R, — &, +5,
—24,37X, +9,997R, +8,48R,— 268 68R, +120,92R,
+67,27R, +27,89R; ~138,46R, -5, +5,, =1726,6

X, +6y =065, =35

R, — &5 <170

R, + &, 2158

R, + 85 —5q =144

Ry + g, — g, =3

R, + &5, —Sn =10

Rs +6n —Op, = 27,5

R, + &g —6n =19

R, + 85 — 54 =156
(o7, +97)

S DA

AT 05
S, + 00

o )

(6, +6v,)
+7

~1
AT 00

=394

_ 5t
X Xy
Hy +?) =1
- st
R R
+—)=1
Hs 3 )
_ 5t
Hg + RZ):l
- oy
R. R
+ 2 2 1
Hq ( 1 14)
- oy
R. R.
+ L+ —2)=1
Hg ( 2 10,5)
Og, +0g
+(——) =1
Ho +( 75 )

S5, +6,
/Ulo"‘(u) 1
Og, + ¢

+(——) =1
Mg ( 31 )=

15, ,5) 85 ,6n 8,00, Y, X, and R, 20

(For |:1,2,3 and t: ,

2,.,7). (15)

Using the LINGO package, the obtained optimal

solution is as follows:

X, =35,R, =146/152 ,R, =144, R, =3,04,R, =10,

R, =20,R;=29,R, =17

Copyright © 2012 MECS

This solutions results to
Y, =16,54, Y, =35 Y, =5051,839

The proposed model determines degree of
membership functions for the ith goal:

Lty g gy Mgy My Mg, My, Mgy oy Hags Hyy) =
4 1,1,1,0.341,10971 1 0 ,1,0.509)

We notice all the solutions lie within the target
intervals, and that the model is simple and flexible that
and its adaptation to every new situation. can
accommodate the simultaneous the changes that can
occur in models parameters (specification levels, the
coefficients of the importance of deviation variables
and membership functions), as Decision makers
preferences can also be introduced to use all types of
membership functions. Our model uses linear
formulation directly contrary to the formulation of GP
witch satisfaction function Which is very complex as it
uses non-LP.

The Comparison between WAFGP — QCS model
presented in this study, sengupta approach [11], FGP of
Hannan (ADDITIVE and MINMAX Approach) and GP
with satisfaction function indicated in Table 3.

Use of model WAFGP-QCS will depend largely on
the goodness of the regression model because If the
relationship between input characteristics, output
characteristics and process parameters is week then the
solution may deviate from the optimum, and depend
also on type of membership functions.

Appendix : Fig. 3 presents the block diagram of the
WAFGP-QCS model Development.

V. Conclusions

The QCS design is concerned with fixing the levels
of inputs and process variables in order to meet a
required specification of output, this problem can be
tackled by using an imprecise GP model.

In this study we proposed an two formulations for
designing a QCS based on Additive FGP model. First
developed bay Hannan[4] Which uses a triangular
linear membership functions and second developed by
Yaghoobi and Tamiz [12]and Yaghoobi et al [13]
named weighted additive fuzzy goal programming
(WAFGP)  Which uses all types of membership
functions the proposed models are solved by using
LINGO programme and getting optimal levels of input
and process variables is to meet a required specification
of output.

The major limitations of the proposed model concern
the good quality of the regression model. If the
relationship between input characteristics, output
characteristics and process parameters is poor then the
solution may deviate from the optimum. For future
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research we will use the fuzzy regression model
developed by H Hassanpour et al [5] which will
possible for us to uses it estimate of the relation

between inputs variables, process variables and output
variables.

Table 3: Comparisons between major QCS models

Hannan Approach Approach
variables | 1Al igggg’;’éﬁ MINMAX | ADDITIVE i | waFGP-Qcs
Approach Approach functions
lﬂg‘rj; steristics (X,) [20, 40] a4 35,886 36,288 40 35
(R) [140,175] 160 147,197 139,99 158 146,152
(R,) [140,173] 176 146,789 156,502 145 144
(Ry) [2,0,4,4] 3 3,634 32 3,387 3,040
Process variables | (R,) [8,0,20,5] 115 10,570 11,605 9,321 10
(Rs) [20,35] 28 23,085 20 23 20
(Rs) [13, 25] 23 22,249 18,99 23 19
(R,) [12,5,18,7] 18 17,429 18,302 18,152 17
) [16,18] 16,42 16,455 17,04 16 16,54
P ristics (Y,) Close to 35 35,43 36,177 35 35 35
(Y5) Close to 5000 | 5910 5229,926 5056,86 5052,356 5051,83932
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Appendix:

Star

'

Specification for input characteristic( X ; ), process

A 4

No

variables( Rj ), and output characteristics (Y, ).

'

Estimation of the relation between X,
R;and Y,.

Yes ¢

Modify the Specification

The relation is good?

A

'

Formulate the FGP to QCS design

A 4

Specify the degree and the type of memberships

Modify the model

No

A 4

function for X, Rj ,and Y, .

A 4

Transformed into the equivalent conventional
WAFGP-QCS

A 4

Solve the WAFGP-OCS model

A 4

A

Is the solution acceptable?

Yes

\ 4

Stop

Fig. 3: The block diagram of WAFGP-QCS model development
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Abstract: This study presents an application of a fuzzy goal programming approach with
different importance and priorities (FGPIP) developed by Chen and Tsai (2001) to aggregate

production planning (APP), for the state-run enterprise of iron manufactures non-metallic and
useful substances (Société des bentonites d’Algérie-BENTAL-). The proposed model attempts
to minimize total production and work force costs, carrying inventory costs and rates of
changes in work force. The proposed model is solved by using LINGO computer package and
getting optimal production plan. The proposed model yields an efficient compromise solution
and the overall levels of Decision Making (DM) satisfaction with the multiple fuzzy goal
values.

Key words: Aggregate production planning; fuzzy goals programming; fuzzy linguistic;
membership function
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1. Introduction

Aggregate production planning (APP) is concerned with matching supply and
demand of forecasted and fluctuated customer’s orders over the medium-time range, up
approximately 3 to 18 months into future. APP determines the intermediate range capacity
needed to respond to fluctuating demand. Given demand forecasts for each period of a
finite planning horizon, the APP specifies production levels, work force, inventory levels,
subcontracting rates, and other controllable variable for each period that satisfy anticipated
demand requirements while minimizing relevant cost over that planning horizon. The
fluctuations in demand can be absorbed by adopting one of the following strategies:

e The production rate can be altered by effecting changes in the work force through

hiring or laying of workers.

e The production rate can also be altered maintaining a constant labour force but

intfroducing overtime or idle time.

e The production rate may be kept on a constant level and the fluctuations in demand

met by altering the level of subcontracting.

e The production rate may be kept constant and changes in demand absorbed by

changes in the inventory level.
Any combination of these strategies is possible. The problem of the APP is to select the
strategy with least cost to the firm. This problem has been under an extensive discussion and
several alternative methods for finding an optimal solution have been suggested in the
literature.

Holt, Modigliani, and Simon (1955) proposed the HMMS rule, researchers have
developed numerous models to help to solve the APP problem, each with their own pros and
cons. According to Saad (1982), all traditional models of APP problems may be classified into
six categories—(1) linear programming (LP) (Charnes & Cooper, 1961; Singhal & Adlakha,
1989), (2) linear decision rule (LDR) (Holt et al., 1955), (3) transportation method (Bowman,
1956), (4) management coefficient approach (Bowman, 1963), (5) search decision rule (SDR)
(Taubert, 1968), and (6) simulation (Jones, 1967). When using any of the APP models, the
goals and model inputs (resources and demand) are generally assumed to be
deterministic/crisp and only APP problems with the single objective of minimizing cost over
the planning period can be solved. The best APP balances the cost of building and taking
inventory with the cost of the adjusting activity levels to meet fluctuating demand.

In practice, the input data in the problem of APP and data of demand, resources
and cost, as well as the objective function are frequently imprecise/fuzzy because some
information is incomplete or unobtainable. Traditional mathematical programming
techniques clearly cannot solve all fuzzy programming problems. In 1976, Zimmermann first
introduced fuzzy set theory into conventional LP problems.

Since then, fuzzy linear programming (FLP) has been developed into several fuzzy
optimization methods for solving APP problems. Additional references to the use of FLP to
solve APP problems include Masud and Hwang (1980), Lee (1990), Tang , Wang and Fung.
(2000), Wang and Fang (2001), Reay-ChenWang and Tien-Fu Liang (2005), Abouzar
Jamalnia and Mohammad Ali Soukhakian (2008).

In practical production planning systems, many functional areas in an organization
that send inputs to the aggregate plan are typically motivated by conflicting goals with
respect to the use of the organization’s resources. The decision maker (DM) must
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simultaneously optimize these conflicting goals in a framework of fuzzy aspiration levels.

Zimmermann (1976) first extended his FLP approach to a conventional multi-objective linear
programming (MOLP) problem. For each of the objective functions in this problem, the DM
was assumed to have a fuzzy goal, such as “the objective function should be substantially
less than or equal to some value.” Subsequent works on fuzzy goal programming (FGP)
included Leberling (1981), Hannan (1981), Luhandjula (1982), Sakawa (1988) and Chen
and Tsai (2001).

This study presents an application A fuzzy GP with different priorities model in the
national firm of iron manufactures non- metallic and useful substances for solving the
problems of the APP. The proposed model minimizes total production and work force costs,
cost of inventory and minimize of degree of change in Work force.

2. Model formulation

2.1. Basic structure of fuzzy goal programming

Goal programming (GP) Models was originally introduced by Charnes and Cooper
in early 1961 for a linear model. This approach allows the simultaneous solution of a
system of Complex objectives. The solution of the problem requires the establishment among
these multiple objectives.

The principal concept for linear GP is to the original multiple objectives into specific
numeric goal for each objective. The objective function is then formulated and a solution is
sought which minimizes the weighted sum of deviations from their respective goal.

GP problems can be categorized according to the importance of each objective
considered Nonpreemptive GP is the case in which all the goals are of roughly comparable
importance. Preemptive GP has a hierarchy of priority levels for the goals, in which goal of
greater importance receive greater attention in general GP models consist of three
components: an objective function , a set of goal constraints, and non-negativity
requirements. However, the target value associated with each goal could be fuzzy in the
real-world application

The fuzzy sets theory is recurrently used in recent research. A fuzzy set A can be
characterized by a membership function, usually denoted 1z, which assign to each object of

a domain its grade of membership in A (Zadeh, 1965). The more an element or object can
be said to belong to a fuzzy set A, the closer to 1 is its grade of membership. Various types
of membership functions can be used to support the fuzzy analytical

Framework although the fuzzy description is hypothetical and membership values
are subjective. Membership functions, such as linear, piecewise linear, exponential, and
hyperbolic functions, were used in different analysis. In general, the non-increasing and
non-decreasing linear membership functions are frequently applied for the inequalities with
less than or equal to and greater than or equal to relationships, respectively. Since the
solution procedure of the fuzzy mathematical programming is to satisfy the fuzzy objective, a
decision in a fuzzy environment is thus defined as the intersection of those membership
functions corresponding to fuzzy objectives (Zimmermann, 1978, 1985). Hence, the optimal
decision could be any alternative in such a decision space that can maximize the minimum
attainable aspiration levels in DM, represented by those corresponding membership
functions (Zimmermann, 1985).
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The integrated use GP and fuzzy sets theory has already been reported in the
literature , Hannan, (1981), Leberling (1981), Luhandjula (1982), Rubin and Narasimhan
(1984), Tiwari, Dharmar, and Rao (1987), Wang and Fu (1997), Chen and Tsai (2001),
Yaghoobi and Tamiz (2007) further integrated several fuzzy linear and multiobjective
programming techniques.

The approach chosen in this study for applied to the problem of APP is similar to the
method developed by Chen and Tsai (2001)

2.2. Multi-objective linear programming (MOLP) model to APP
2.2.1. Parameters and constants definition

V,, : production cost for product | in period t excluding labor cost in period t (Unit).
C; : inventory carrying cost for product | between period t and t+1.

I : regular time work force cost per employee hour in period 1.

d, : forecasted demand for product i in period t.(Units).

K, : Quantity to produce one worker in regular time for product iin period t.

I; : initial inventory level for product 1 .(units)

T . horizon of planning.

N total number of products
P, : Quantity of i product to the period t.

I, :inventory level for product i in period t (units)

H, : worker hired in period t (man).

F, : workers laid off in period t (man).

I min : Minimum inventory level available for product i in period t (units).
W, : total number of work force level in period t (man).

Wi, : The minimum work force level ( man) available in period t.

W, : The maximum work force level ( man) available in period t.

2.2.2. Objective functions

Masud and Hwang (1980) specified three objective functions to minimize total
production costs, carrying and backordering costs, and rates of change in labor levels. In this
study, we propose a model will be using two strategies where they are available in the
national firm of iron manufactures non- metallic and useful substances. In their multi-
product APP decision model, the three objectives to the APP model can be formulated as
follows:

e Minimize total production costs :

Min..Z, ~ZZ(V,t ,t)+2(rW +hH, +fF)

i=l t=1
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The production costs include: regular time production, overtime, carrying inventory,
specifies the costs of change in Work force levels, including the costs of hiring and layoff
workers.

¢ Minimize carrying costs :
T
Min.Z, = (¢ 1)+
t=1

¢ Minimize changes in labor levels:

.
Min.Z, = > (H, +F)

t=1
where the symbol =is the fuzzified version of = and refers to the fuzzification of the
aspiration levels.

The objective functions of the APP model, in this study, assumes that the DM has
such imprecise goals as, the objective functions should be essentially equal to some value.
These conflicting goals are required to be simultaneously optimized by the DM in the
framework of fuzzy aspiration levels.

2.2.3. Constraints

e The inventory level constraints :

Pit + Ii,t—1 - Iit dit
Iit 2 Iit.Min

e Constrainis on labor levels:

W, -W,_, —H,+F, =0
WMin SWt SWMax

e Constraints on labor capacity in regular and overtime :

Pit _Kit *Wt <0

¢ Non-negativity constraints on decision variables :

P, 1 W, H,F >0

it> it

2.3. A fuzzy goal programming with different importance
and priorities to APP (FGPIP-APP)

2.3.1. Membership function

Narasimhan (1980) and Hannan (1981-a),(1981-b) were the first to give a FGP
formulation by using the concept of the membership functions. These functions are defined
on the interval [0, 1]. So, the membership function for the i-th goal has a value of 1 when
this goal is attained and the DM is totally satisfied; otherwise the membership function
assumes a value between 0 and 1.
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Linear membership functions are used in literature and practice more than other
types of membership functions. For the above three types of fuzzy goals linear membership
functions are defined and depicted as follows ( Fig. 1):

Membership function Analytical definition
Mz,

A

1 | T if .G, (X)<g,
| u -G, (x) .
: Hz, o = —————.if .0, <G, (X)<u,..k=1..,m.()
! Ug — 0y
: (S if .G, ()29,

gk Uk Gk(XV)

Hz, %)
A
1 | P if .G, (X) > g,
ty o = w..if”Lk <G ()< g k=m+1..n..(2)
k k
Qv it .G, (x) < L,
y7; A
20 Onooe it .G () < L,
1 Gk("—)_LLk..if..Lk <GO)<g.k=n+l..l
O — L
Hz ) = _ .(3)
uk—G"(X)..if 0 £G (X) S uy,
- U — 0y
> (O if .G, (X) > u,

Ly *] U,

Gy (%)

Figure 1. Linear membership function and Analytical definition

Where L, (or U,) is lower (upper) tolerance limit for K.th fuzzy goal G, (X) They

are either subjectively chosen by decision makers or tolerances in a technical process (Chen
& Tsai, 2001; Yaghoobi & Tamiz, 2007).

2.3.2. FGPIP-APP formulation

We will use the method that was developed by Chen & Tsai,( 2001 ) for formulated
the APP problem in the fuzzy gaols , which allows decision makers to determine a desired
achievement degree and importance (or weight) of each of the fuzzy goals, The complete
FGPIP-APP model can be formulated as follows.

|
Max..f (u) = s,
k=1
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Subject to :
My < {4, (Minimize total production costs ).

M, < i, (Minimize carrying costs ).
Uy < H7  (Minimize changes in labor levels).

X+l =1 =d,

Iit 2 Iit.Min

W, -W, , —-H, +F =0
W, <W, <W,,.

P, — K, *W, <0

s a

Hy S ay

Hy S ay

Pit’lit’W’[’Ht’Ft 20

Where |, &, , &, is the desirable achievement value for the i -th fuzzy goal.

2.3.3. Fuzzy linguistic for determing the degree of achievement

The determination of a desirable achievement degree for a goal could be a difficult
task for a DM in a fuzzy environment when using method by Chen & Tsai,( 2001 ) . For
assessing desirable achievement degrees imprecisely, a useful method is to use linguistic
terms such as "Low Important”, "'Somewhat High Important”, and ‘‘Very High Important” and
so on to verbally describe the importance of each fuzzy goal. the associated membership

function are then defined. We can define 1, (a)to represent the membership function of
each linguistic values about the importance of different objectives, where 1, (@) € [0,1], and
o denotes the variable taking an achievement degree in the interval of [amin.amax],

0<ea,, <a,, <1 Then fuzzy numbers ranking methods can be used to map a

membership function representing a fuzzy goal’s importance to a real number in the range
of [0,1]. The real number obtained can be considered as the desirable achievement degree
for the fuzzy goal.

We define | = {Very Low Important = VLI, Low Important = LI, Somewhat Low
Important = SLI, Medium = M, Somewhat High Important = SHI, High Important = HI, Very
High Important = VHI} as a set of linguistic values about the importance of different goals

(FIG.2). shows the (ar) for this linguistic values. Triangular fuzzy numbers corresponding
to these linguistic values are: VLI = (0,0,10%), LI = (5%,15%,25%), SLI = (20%,32.5%, 45%),

= (40%, 50%,60%), SHI = (55%,67.5% ,80%), HI = (75%, 85%, 95%), VHI = (90%, 100%,
100%).
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VHI

»

O (percentage)
0 5 10 15 20 25 32,5 40 45 50 55 60 67,575 80 85 90 95 100

Figure 2. Membership functions for Linguistic values about
the importance of different objectives

Note that subject to definition of fuzzy number, a and d corresponds, respectively,
to o, ,and, , . We use Liou and Wang (1992) approach for ranking fuzzy numbers to
preasely defermming the degree of achievement of different goals. As stated earlier,
iny, >a, the a, shows the degree of achievement of K th fuzzy goal. In Liou and Wang
(1992) method, given « € [O,l] total integral value of triangular fuzzy number A= (a,b,c)

is:

14 = .l ,(A)+(1—a).l (A)
af gf(y)ydy +(-a)f gk(y)
ajol[c +(b-c)yldy + (- a)jol[a +(b-a)y]dy.

;—[a.c+b+(l—a).a]

Where gFf , L corresponding inverse functions the triangular membership function can be
i i P g g P

defined as :
0 .cee. if .x < a
t):_alfaSXSb
- a
> x) < _ c
if b < x < ¢
b - ¢
0 ... if .x > ¢

e whena =0, the total integral value 1(A)which represents a pessimistic decision

maker’s the totale integrale value becomes :
~ 1
I7(A) = [b+a]

o whena =0.5, the total integral value 17 (A) which represents a moderate decision

maker’s the totale integrale value becomes:

19%(A) = %[o.s.c +b+0.5.4a]
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e whena =1, the total integral value 1. (A)which represents a optimistic decision

maker’s the totale integrale value becomes :

1} (A= [e+b]

3. Model implementation
3.1. An industrial case study and data description

In this section, as a real-world industrial case a data set provided by the national
firm of iron manufactures non- metallic and useful substances (BENTAL) in Algeria , This
company manufactures three types of products which are important, and one of the raw
materials used in many industries with : Bentonite (BEN) , Carbonate of calcium (CAL) ,
Discoloring (TD), The Firm operates 175 workers, and the system of work in the Firm is a
continuous production (8x3 hours) for all days of the week except Thursday hailed the work
is only a half-day and Friday, which is rest day, and production management composed in
68 worker divide in 3 groups.

The individual firm in the production of mineral products mentioned above, the
demand for their products makes is large, which may cause problems in the productive
capacity of this firm, fig.3 show fluctuations in demand on the level of monthly production
capacity of any production capacity (CAP).

1000

1600

800 1400 *

1200
600
1000
400 )\ A 800
A%\ T V. A . W Jr.’l i
20| \J "U Y
400
o 200
2003 2004 2005 2006 2007 2003 2004 Z005 2006 2007

Figure 3. The fluctuation of the actual demand on the level of
production capacity for TD, BEN, CAL

Therefore, fluctuations in demand on the level and volatility of productive capacity,
calls for the Firm in an attempt to develop a plan of production, trying to cope with the
impact that fluctuations in demand due to seasonal changes, Table 1 summarizes the basic
data gathered from the firm , The proposed model implementation in the company has the
following conditions:

1. There is a Six period planning horizon.
2. A three product situation is considered.

3. The initial inventory in period 1 isl, =1857 Tons of BEN, |,) =1029 Tons of TD
and |, =1860 Tons of CAL.

4. Minimum inventory must be maintained during the period t of product i is 500.Tons

5. The costs associated with hiring and layoff , according to estimations of human
resource management department per man are respectively 5178DA/man and 4155
DA/man.

6. The Linguistic values about the importance of objectives are : Very High Important =
VHI, High Important = HI, Medium = M. respectively . and assumed that we have
moderate decision maker , with o =0.5.
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7. The cost of one worker in the production of three products during the t period is

I, =2694.706.DA/man

8. The minimum work force level (man) available in each period is W,,;,, =55 worker .

9. The maximum work force level available in each period is W,,,, = 68worker .

10. The initial worker level is (W, = 68).

11. the Maximum capacity of storage in 3 products in the firms is 6000 Tons.

Table 1. The basic data provided by Bental firm (in units of Algerian Dinar DA ...1$ = 90 DA)

Product Period d it Vi Cit K it
1 1177.225 3293.493 208.796 17.794
2 923.021 3293.493 208.796 15.367
3 883.342 3293.493 208.796 18.602
BEN (|:>1t ) 4 1071.99 3293.493 208.796 16.985
5 1379.269 3293.493 208.796 17.794
6 1315.222 3293.493 208.796 17.794
1 128.620 21646.608 848.721 3.883
2 163.777 21646.608 848.721 3.353
3 164.617 21646.608 848.721 4.059
™ (pZt) 4 166.005 21646.608 848.721 3.706
5 193.317 21646.608 848.721 3.883
6 206.662 21646.608 848.721 3.883
1 1164.191 1296.109 139.149 14.558
2 463.447 1296.109 139.149 12.573
3 659.034 1296.109 139.149 15.220
CAL (P3t) 4 425.240 1296.109 139.149 13.897
5 78.967 1296.109 139.149 14.558
6 478.221 1296.109 139.149 14.558

3.2. Formulate and solving problem by FGPIP-APP

3.2.1. Construct the membership functions

The linear membership function of each objective function is determined by asking

the DM to specify the interval [gk..uk] of the objective values, and also to specify the

equivalence of these objective values as a membership value in the interval [0, 1]. The linear

and continuous
spiration levels. The corresponding linear membership functions can be defined in
accordance with analytical definition of membership functions (Fig.1 Eq (1) ). as follows.

IuZA

membership function is found to be suitable for

33000000

Figure 4. Membership function of Z, (Minimize total production costs)

32000000

Zl

quantifying the fuzzy

Lo e if ...Z, <32000000
33000000 - Z,

Ha 33000000 —320000000
0 if ...Z, 2 33000000.

...... if ...32000000 < Z, <33000000.
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1 , DO if ...Z, < 4350000
e 4600000-2, if ...4350000 < Z, < 4600000.
. * | 4350000 — 4600000
I > 0neeee oo e if ...Z, > 4600000.
4350000
4600000 Z

2

Figure 5. Membership function of z, (Minimize carrying costs )

Z,

Hz,

1

A
Lo e if..Z,<0
13-7 .
,UZ3 Tz .............. if..0< 23 <13.
Qoo if..Z, > 13.

13

Figure 6. Membership function of z_( Minimize changes in labor levels)

3.2.2. Transform FGPIP-APP problem to linear programming(LP)

Transform FGPIP-APP problem to equivalent LP with one objective that maximizes

the summation of achievement degrees. The LP model for FGPP-APP problem is constructed
as follows:

3
Max..f (u) =" s,
k=1

Subject to :

4, <(33000000— Z,)/1000000.
4, <(4400000-2Z,)/250000.
u, <(13-2,)/13.

P, — K, xW, <0

Pit + Ii,t—l - Iit = dit

W, -W_,-H,+F =0
Wiiin W, < Wy

3
D1, <6000
1

l, =500
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l,, =1856.25
l,, =1029
l,, =1860
W, =68

M, = 0.725
M, =20.850
1y =0.50

PitDIiIDWI’Ht’Ftuuluuzuu3 20
W,,H,,F, (integers).

i=1.,2,3 t=1,2....6

3.2.3. Solve the FGPIP-APP Problem

The LINGO computer software package was used to run the Linear programming
model. Table 2 presents the optimal aggregate production plan in the industrial case study
based on the current information:

Table 2. Optimal production plan in the BENTAL firm case with FGPIP-APP model

Period Product P L W, H, F
(Tons) (Tons) (man) (man) (man)
1 (BEN) - 1865.25 68 - -
0 2 (CAL) - 1029
3 (TD) - 1860
1 (BEN) 0 679.025 68 0 0
1 2 (CAL) 0 900.38
3 (TD) 0 695.809
1 (BEN) 743.996 500 68 0 0
2 2 (CAL) 0 736.603
3 (TD) 267.638 500
1 (BEN) | 1074.857 | 691.515 68 0 0
3 2 (CAL) 0 571.986
3 (TD) 659.034 500
1 (BEN) | 1154.980 | 774.505 68 0 0
4 2 (CAL) 94.019 500
3 (TD) 425.24 500
1 (BEN) | 1209.992 | 605.228 68 0 0
5 2 (CAL) 193.317 500
3 (TD) 78.967 500
1 (BEN) | 1209.992 500 68 0 0
6 2 (CAL) 206.662 500
3 (TD) 478.221 500

Using FGPIP to simultaneously minimize total production costs (Z,), carrying costs

(Z,), and changes in Work force levels (Z,), yields total production cost of 32032504.2 DA,

carrying cost of 4375292.99 DA, and changes in Work force levels of 0. and resulting

achievement degrees for the three fuzzy goal (4, , , andp;) are 0.9682679

0.8975380 and 1 respectively, all of which satisfy the requirements of decision makers.
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Despite the good results that were obtained through the proposed model , but
remains very much sensitive to the accuracy of the information and data provided by the

Organization,
4. Conclusions:

The APP is concerned with determination of production, the inventory and the
workforce levels of a company on a finite time horizon. The objective is to reduce the total
overall cost to fulfill a no constant demand assuming fixed sale and production capacity.

In this study we proposed an application of a fuzzy goal programming approach
with different importance and priorities developed by Chen and Tsai (2001) to aggregate
production planning, The proposed model attempts to minimize total production and work
force costs, carrying inventory costs and rates of changes in Work force so that in the end,
the proposed models is solved by using LINGO program and getting optimal production
plan.

The major limitations of the proposed model concern the assumptions made in
determining each of the decision parameters, with reference to production costs, forecasted
demand, maximum work force levels,, and production resources. Hence, the proposed
model must be modified to make it better suited to practical applications. Future researchers
may also explore the fuzzy properties of decision variables, coefficients, and relevant
decision parameters in APP decision problems.
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Resumeé :

La planification agrégée de la production (APR)us probléme qui concerne la détermination desanix
optimaux de production, de main d’ceuvres de stocks..., afin de satisfaire au mieux la del®s
prévisionnelle, sur un horizon de planificationigat de 6 & 18 mois. En pratique, les donnéesmess et la

demande prévue et les parametres des colts edgdeairces, ainsi que les valeurs des butes dafemigtions
d’objectifs sont souvent imprécis ou floues, pajue certains informations sont incomplétes ou irsipbss &
obtenir. Les techniques traditionnelles de progration mathématique (programmation linéaire) ne pati
évidemment pas résoudre tous les problémes dedggmnmation floue. Dans cette étude, nous avoropED
et appliqué des formulations mathématiques pouplémification agrégée de la production (APP) d3
I'entreprise nationale des produits miniers noneigx et des substances utiles (Bental Maghniapfi@ejue le
décideur de production dans I'entreprise peut étranesure de déterminer un plan optimal de prooludi
travers lequel I'entreprise faires face aux flutitues saisonniéres de la demande sur ses proéhaits. cela,
nous avons utilisé la programmation linéaire flaida programmation mathématique a objectifs mialsi]
floues. Toutes les formulations mathématiques Bép® ont été résolus a l'aide des deux programhesQ.
et MATLAB Pour obtenir le plan de production optima

Mots clés: planification agrégée de la production, progratiam linaire floue, programmation a objecti
floues, fonction d’appartenance, demande flouegrpatres floues.

Abstract:

The aggregate production planning (APP) problemoiscerned with determining the optimum producti
work forceand inventory levels.... needed to respond to fluatgademand for each period of the planni
horizon this horizon varies between 6 and 18 monthgractice, the input data in the problem ofPA#hd also
data of demand, resources and costs, as well abjbetive function are frequently imprecise ordybecause

programming) clearly cannot solve all fuzzy prognaimg problems. In this Study, we have proposedamty
a mathematical formulations for aggregate prodagbianning (APP) in the national firm of iron maaafures
non- metallic and useful substances (Bental MaghB8ia that its Decision Maker of production managehin
the firm can be able to specify an optimal productplan through which it faces the seasonal de

fluctuations on its products. For this, we use Yulimear programming and fuzzy goal programmind. thée
proposed mathematical formulations was solved BYAO and MATLAB programs software and In order
obtain optimal production plan.

Keywords: Aggregate production planning, Fuzzy linear pamgming, Fuzzy Goal programming, members
function, fuzzy demand, Fuzzy Parameters.
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Résumé:La preévision du prix du pétrole importantes estsidérée comme la plus complexe
dans le contexte des grands variables dynamiquesinfluent sur cette marchandise
stratégique. Outre les lois économiques qui détentison prix comme I'offre et la demande ;
les conditions politigues sont considérées commefaateur déterminant particulierement
quand il s’agit de grands pays producteurs. Ligttélonné a cette théorie ne cesse de croitre
pendant ces derniéres années notamment envergikedes les plus spécifiques et modernes
tels que le modele dBARCH, les Réseaux Neuraux Artificielda Thérie des Ensembles
Flous, les modeéles de régression flaependant, il s’agit maintenant de les compareiest
trouver le modele de prévision le plus adéqude gilus performant de parmi les méthodes
habituelles et les modeéles les plus récents. Laibjee cette recherche est de comparer ces
modeles entre eux et avec la méthode de "goal gmuging” pour I'analyse de la régression
floue en se basant sur le niveau moyen des vaksiselues du taux de l'erreur. Dans ce
contexte comparatif, c’est la méthode qui utilia€'goal programming” dans I'analyse de la

régression floue qui a donné le plus des résugdigtsficatifs.
Mots clés: " goal programming ", théorie des ensemlies flous, réseaux neuraux artificiels,
modeles de régressions floues, prix du pétrole.

Abstract: The study of forecast oil prices is considered agritve most complex studies due to
the various dynamic variables which influence oasth strategic goods. In addition to the
economic laws that control its prices such as #wve &f supply and demand, we find other
variables which control more over its prices cheazed in the political conditions, especially
if it is concerned with the state that contribuéekt to the world production. There has been
proving interest in the subject of forecasting dgrirecent years and there have appeared
specific modern methods for examp&ARCH Models, Artificial Neural Networks, FuzzysSet
Theory and Fuzzy Regression Moddfar this reason, there has appeared the need of
comparing the used ordinary methods to forecaspith@ices with modern methods to find the
most competent method in forecasting. A comparisetween the usual methods and the
modern ones has been tackled in this research lasswrith the use of Goal Programming in
the analysis of Fuzzy Regression Models, and Mebsolute Percentage Error has been
adopted to make a comparison between the methadd.Feogramming Method has proved its
superiority over the usual and modern methods atyamg Fuzzy Regression Models.

Key Words: goal programming, fuzzy sets theory, fuzy regression models, oil prices.
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