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Abstract

This paper explores the study of multi-choice multi-objective transportation problem
(MCMTP) under the environment of utility function approach. MCMTP is converted to
multi-objective transportation problems (MOTP) by transforming the multi-choice
parameters like cost, demand, and supply to real-valued parameters. A general
transformation procedure using binary variables is illustrated to reduce MCMTP into
MOTP. Most of the MOTP are solved by goal programming (GP) approach. Using GP,
the solution of MOTP may not be satisfied all the time by the decision maker (DM)
when the proposed problem contains interval-valued aspiration level. To overcome
this difficulty, here we propose the approaches of revised multi-choice goal
programming (RMCGP) and utility function into the MOTP and then compared the
solution between them. Finally, numerical examples are presented to show the
feasibility and usefulness of our paper.

Keywords: Transportation problem; Multi-choice programming; Multi-objective
decision making; Goal programming; Multi-choice programming; Utility function

Introduction

The transportation problem is the central nerve system to keep the balance in economi-
cal world from ancient day until today. In earlier days, transportation problem developed
with the assumption that the supply, demand, and cost parameters are exactly known.
But in real-life applications, all the parameters of the transportation problem are not
generally defined precisely. Keeping this point of view, in this paper, we have incorpo-
rated with multi-choice multi-objective transportation problem (MCMTP) considering
the parameters of transportation problem as multi-choice type.

Instead of single choice, if there may be several choices involved associated with the
transportation parameters like cost, supply, or demand, then the decision maker is con-
fused to select the proper choice for these parameters. In this circumstances, the study
of transportation problem creates a new direction which is called multi-choice multi-
objective transportation problem. Chang [1] proposed a multi-choice goal program-
ming approach to solve the mathematical programming. Again in the subsequent year,
Chang [2] proposed another multi-choice goal programming approach in revised form.
Though the multi-choice concept discussed in both the papers of Chang [1,2] is totally
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related to the goals of objective functions, recently, Mahapatra et al. [3] and Roy et al. [4]
discussed the multi-choice stochastic transportation problem involving extreme value
distribution and exponential distribution in which the multi-choice concept involved only
in the cost parameters.

In this paper, we have designed a general transformation technique to reduce the multi-
choice parameters like cost, time, and demand to single-valued parameters. Using this
technique, the MCMTP problem can be reduced to MOTP.

Goal programming (GP), an analytical approach, is devised to address the decision-
making problem where targets have been assigned to all objective functions. The objective
functions are conflicting and commensurable to each other, and the DM is interested
to minimize the non-achievement of the corresponding goals. In other words, the DM
derived an optimal solution with this strategy of GP which is satisfactory. However, using
GPD, the solution procedure for MOTP has some limitation. The main limitation behind
GP is that the priority of goals for the DM is not easily considered. It seems far from reality.
In the recent past, the notion of utility function is introduced by several researchers such
as [5], Yu et al. [6], and Podinovski [7]. Recently, multi-choice goal programming (MCGP)
has been proposed by Chang [1,2] to solve multi-objective decision-making problems
with aspiration level. However, to the best of our knowledge, no works have been done on
utility function to solve MOTP with the DM’s preferences. The main motivation of this
study is to investigate the better solution of MOTP by using utility function approach and
then compare the solution to other methods such as GP and RMCGP.

Charnes et al. [8] introduced the concept of GP further developed by several researchers
such as Charnes and Cooper [9], Lee [10], Ignizio [11], Tamiz et al. [12], and Romero [13].
In long back, the main concept of GP was to minimize the deviation between the achieve-
ment goals and the achievement levels. The mathematical model of multi-objective
decision making (MODM) can be considered in the following form:

GP

K
min Y wilZ'(X) — gil
i=1
subjectto x € F (F is the feasible set)

where w; are the weights attached to the deviation of the achievement function. Z(X)
is the ith objective function of the ith goal, and g; is the aspiration level of the ith goal.
|Z{(X) — g;| represents the deviation of the ith goal. Later on, a modification on GP is
provided and denoted as weighted goal programming (WGP) which can be displayed in
the following form:

WGP

min i w,'(a';r +d;)

i=1
subjectto Z'(X) —df +d; =g
df >0,d7 >0, ie{l,2,... K}
x € F (F is the feasible set)

where d?' and d; are over and under achievements of the ith goal, respectively.
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However, the conflicts of resources and the incompleteness of available information
make it almost impossible for DMs to set the specific aspiration levels and choose the
better decision. To overcome this situation, MCGP approach has been presented by
Chang [1] with a new direction to solve MODM problem. In the next year, Chang [2] pro-
posed the revised form of MCGP defined as RMCGP to solve MODM. The mathematical
model of MODM using RMCGP is defined as follows:

RMCGP
K
min Y wid +d;7) +aief +¢)
i=1
subject to Zi(X) — d;r +d; =y, i=12...,K
yi—e€ +e =gmax OF Gimin i=12...,K
Zimin = Yi <imaxs i=12...,K
df,d;,ef,ef 20, i=1,2,...,K

x € F (F is the feasible set)

where y; is the continuous variable associated with ith goal which restricted between the
upper (g;max) and lower (g; min) bounds, e;“ and e; are positive and negative deviations
attached to the ith goal of |y; — gimax|, and «; is the weight attached to the sum of the
deviations of |y; — gi max|; other variables are defined as in WGP.

The main motivation of this paper is to investigate the better solution of MCMTP by
using utility function approach and then compare the solutions to other methods such as
GP and RMCGP.

The remainder of the paper is organized as follows: In Section “Mathematical model”,
mathematical models are formulated for MOTP and MCMTP and solution proce-
dures have been discussed with utility function approach. In the next section “Numerical
examples”, we demonstrate the usefulness of the proposed model with realistic examples.
Finally, conclusion is presented regarding our consideration.

Mathematical model
The mathematical model of multi-objective transportation problem (MOTP) can be
considered as follows:

Model 1
m n
min: Z' =" %" Chxj, t=1,2,...,K (1)
i=1 j=1
n
subject to in, <a;, i=12,...,m 2)
j=1
m
D wi=by j=1,2- 0 3)
i=1
and x; >0, Viandj (4)
Here Cit]., a;, bj are the cost, supply, and demand parameters of ¢th objective function in

MOTP, respectively, and Y 1" ; a; > Z};l b; is the feasibility condition. According to the
nature of the problem, the decision maker has the right to choose the goals of the objective
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functions. Assuming that these goals are g; (t = 1,2, ..., K) of K objective functions, the
goals are defined as interval valued as gr = [g¢,min, 8t,max), ¢ = 1,2,...,K).

In many real-life situations, the multiple choices in the transportation parameters like
cost, demand, and source create complexities for the DM to make a decision. Multi-choice
costs may occur due to several routes for transporting the goods. Due to weather con-
dition or different seasons, the demands or the supply become multi-choices in nature.
In the atmosphere of multi-choice transportation parameters, the mathematical model of
MCMTP is defined as follows:

Model M1
m n
min : Zf = ZZ (61';1 or 6}}2 or --- or 65»’)965,-, t=12,...,K (5)
i=1 j=1
n
subject to in]' SZZ} oerl2 or --- oré‘l«v, i=12,...,m (6)
j=1
m
lejzl;}orl;/zor---orl;?, j=12,...,n 7)
i=1
x; >0, Viand j. (8)

Here (C'f]l or C'sz or --- or C'itj’), (@} ora?or --- orad),and (l;ll or 512 or --- or 137) are
the multi-choice cost, supply, and demand parameters for the tth objective function,
respectively. In a objective function, respectively. In a transportation problem, the total
demand should be less or equal to the total capacity of supply to get a feasible solution. In
the present case for multi-choice of supply and demands, the information of total capac-
ity of supply in the origins and demands in the destinations is not precisely calculated.
So we have selected here the maximum possible supply in the origins and consequently
the minimum demand in the destinations and then formulated the feasibility condition
as ) ;2 max {@,a;,...,d} > Y i, min {Z;].l,l;/z, e ,Z)}I}. This feasibility condition is
the best possible wide range of feasible region of the MCMTP. However, the feasibility
condition can be remodeled as per as decision maker’s choice.

Transformation technique for multi-choice parameters like cost, supply, and demand to
the equivalent form
When there are multiple choice of parameters such as cost, supply, and demand, we
should select a single choice satisfying supply and demand restrictions. The selection of
choices should be done in such a way that the whole problem is optimized. Introduction
of binary variables is an important concept to select a choice in the problem.

If we have to choose one among ¢ number of possibilities, then we use p number of
binary variables where w1l p <P Lett =P Co+P Ci+2 Cy+- - -+P Cy+k, for some d

satisfying1 < d < p,0 < k <P C44,. Let us take p binary variables zl.l, zjz, .. ,zf to deduce
a formula which will select one among the ¢ values cjl, cl-z, ce c;. Let us form a function
with p binary variables, f (z) = (z}zjz .. le ) c} where z = (zjl,zlz, . ,Zf ) When each

Zj =1lfori=1,2,...p fo (2 =cj1.Thus,fo(z) :c},whenz}—i—z?—i—'n—i—zf = p. Again,

let us assume a function

filr) = (1—Z]~1>Z.2...Z‘?C»2+<1—Z»2)Zj12j3...21].]0 —|-~--—}—(l—zf’)zjl...z/’.]_lc.lwc1

U 7] ] ]

~w
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When z} + :z,»2 + .-+ 2 = p—1, fi(2) gives output one of the following cjs:

]
cjz, cf, ey c}“ujcl. Similarly, we consider
il = (1 -z ) (1 — Z/) zchjcl+1 + (1 — z}) (1 — z}3> zlzz]4 zf’calcl+2 + -+

- zjl) (1 — zf) zj2 .. zf lcjl#cﬁ(p D4 (1 — zlz) (1 — z]?’) Ziz%. szc HCH -2+

H(1=47) ()4 4470

When z].1 + ij +- 4+ le = p — 2, the above function f; (z) gives one among the following

C;S: le+”C1+1Jj1+”C1+2y o ,le+1’C1+1’C2'

Proceeding in the same manner, we find

Ja(2) = (1 —z; ) (1 _ij) (1 - Z/) d+1 e L2 C 4P Co AP Cy_ 1 +1

j
_ _ 2 _d-1 _ A+ d d+2 1+7C1+HP Co++PCy_1+2
+ (1 zj) (1 zj> <1 z ) <1 z )z] % zfc/ +

] 7)) ] ]

:—|— (1 - Z“,’*dH) <1 _ Z].{’fd+2> (1 _ ZP) L P O GGy

When zj1 + 21»2 +---+ zf = p — d, the above function gives one among the following

cts: CHJ’C1+”C2+~~I’C}1,1+1 Cl*IJ’C1~I~”C2+~-pCd,1+2 CHJ;CHJ’C2+~~1’C,1,1~IJ’C(1
5+ ¢ » & 1eeer b .

When k = 0, the function f (z) = fo (z) + f1 (2) + - - - + f; (2) gives one of the value cj
for all z satisfyingp —d <z + 27 +--- + 2 <p.

If k # 0, then k <P C441 and we formulate the function
fir1 (2) = (1 - zjl) (1 - zjz) ... (1 - z;d) (1 - z;d+l) zj”z .. .z;’c;*kJrl

i i _ d a2\ d+1_d+3 t—k+2
+(1 zj>(1 zj)...(l zj><1 z; )zj z ...z;?cj
+ -+ (terms up to cf)

When Zjl +Zj2 +-. .- +zf = p—(d + 1), f4+1 () can give one output among?C;, 1 number
of choices. Here we have used 7C,; — k restrictions to restrict its possible outputs in k

numbers. Let the kth term occur at iy = i},iy = i5,...,ig41 = i;l+1’ then the restrictions
are

) ) ;
—@d+D =z +z7 4+ +z' <p

i1 53 ldt1 N g . g

z +z' -tz Zl,fora1111—11,12—12,...Ld—Ld,LpZld_H>ld+1,

i i i . . ) . . )
zj1 +zj2 4o —l—z/”’“ >1,foralliy =ij,ip =iy,...,iq1 =1 j,ip1 > ig> 1

; ; i ) .
Z/‘,l +ZI‘,2 +.. —|—zj‘”l > Lforalli, 41 > i > i).

Thus, f (z) = fo (2) + /1 (&) + - - - + 4 (2) +fu+1 (2) gives the generalized selection function of
the multi-choice c}s.

Without loss of any generality in treating the value of ¢! = 1 and using the product and
summation notation, we have formulated the following formulae to select the crisp value

of multi-choice parameters:

p p p p
i iz i
[T5+2 (1-%) I1 4 LYy (1-5)(-7) I1 4
=1 i1=1 i=1,i#i1 ip=2ip>iy i1=1 i=1(i#i1,i2)
. . . p
1 ) td i
-+ Z Z Z (1—zj)<1—zj)...(l—z/) l_[ z;
ld—d ld l—d 1 i1= i=1,i#(i1,1q)

ig>id-1) ig-1>ig—2
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wherep—a,’fzjl:l —f—z]l:2 +--~+sz <pforallii <iy <. - <ip,
When k # 0, we add first k terms with the above function from the following formula:

(=) (=)o (1) (1) [] 4

i=1,i% (i1, midrids1)

P
i1 in id idy2 i
+(1—zj)(1—zj)...<1—zj)<l—zj ) l_[ z;

i:1,i¢(i1,..,id,id+2)
p

i i iq ip i
T+ +(1—zj)<1—zj>...<l—zj)<l—zj> l_[ z
i=1,i7 (i1 igrip)
p

i ia ld+1 lgt2 i
+(1—zj)<l—zj>...(1—zj )(l—zj ) H z

i=1,i (i1, i 1rid12)

14

+ (1 — z}l) (1 — z]’:z) ... (1 — z]l:d“) (1 — zj"’”) 1_[ z}—}—

i=Li (i1 ig 1)

pr

@+ _p-@-1 i1 iy i
+<1 Z )(1 Z )(1 Z )(1 zj> I1 Z
i=1
i#(ipd—1p—d1-ip)

Assuming that iy < iy < ---- < i, and let kth term occurred at i}, ), . .. then the

</
SISy
restrictions are

; ; i
p—@+D =z +z7+--- 42z <p
z]l.l—i—z}llz—l—---—i—zj"+1 > 1,foralliy = ij,ip =iy, ...ig = i} ip > igp1 > l;l+1;

z}l +z;2 +.. —f—zj‘”l > Lforalliy = if,iy =iy ...,ig-1 =i |,ip-1 > ig > i

i i i , ) )
le'l +z1’.2 4 -|-zj"Hl > 1, foralli,_g_q > i1 > £.

T
Let Ch=Y (term)}Cji=12,...,mj=12,...,n 9)
g=1

where (term)$ (for g = 1,2,...,T) are the T number of terms in the functions of the

binary variables mentioned in above. Similarly,

P
Zzi=Z(term)gd‘§i=l,2,...,m (10)
g=1
_ Q
and bj:Z(term)gb]gj:LZ...,n (11)
g=1

where (term)® (forg = 1,2, ..., P) is the P number of terms in the functions of the binary
variables mentioned above to reduce the P number of choices af to single choice a;, and
(term)® (for g = 1,2,...,Q) is the Q number of terms in functions of binary variables
mentioned above to reduce the Q number of choices b]g to single choice b]’..
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Reduction of MCMTP to MOTP

The MCMTP as given in the Model M1 transformed to a MOTP by transforming the
multi-choice parameters in the objective functions (5) and the multi-choice supplies and
demands in constraints (6) and (7) to single-valued ones, using the technique described in
subsection “Transformation technique for multi-choice parameters like cost, supply, and
demand to the equivalent form”. Thus, the equivalent MOTP of Model M1 is given in the
following model:

Model M2
m n
min: Z' =" " Clxj, t=12,...,K (12)
i=1 j=1
n
subject to in/ <a, i=12,...,m (13)
j=1
n
Y xz=b, j=12...,n (14)
i=1
and x; >0, Viandj (15)

Here thjt,a;-, b;» are the reduced cost, supply, and demand parameters of tth

n

objective function in MOTP, respectively, and > 7 max{a},a?,...,&} > 21

min {Z)}, l~912, ces l;lq] is the feasibility condition.
The transportation problem Model M2 is same as the problem described in Model 1.
We can solve the Model M2 as the procedure described using the different techniques to

solve Model 1.

Solution procedure
The approaches such as goal programming and revised multi-choice goal programming
are used to solve the MOTDP, which are defined as follows:

A. Goal programming approach
Let us briefly discuss the goal programming approach for solving MOTP (see Model
1A).If d} and d; be positive and negative deviations corresponding to the ¢th goal of the
objective function, then the mathematical model is defined as follows:

Model 1A
K
min Y " wq (df +d;) (16)
t=1
subjectto Z'(X) —df +d; =y, t=12,... K (17)
Gtmin =Vt < gtmax, [ = 1,2,...,K (18)
df,d; >0, t=1,2,...,K (19)

and (2) to (4)

B. Revised multi-choice goal programming approach
In the similar way, the RMCGP is introduced to solve the MOTP. Let us assume that
the multiple goals are considered to the objective functions and this can be achieved by
considering the following model (see Model 1B) as
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Model 1B
K
min Z we (df +dy) + o (ef +ef) (20)
t=1
subjectto Z' (X) —d +d; =y, t=1,2,...,K (21)
Yt — e;r +e =gtmax OF &min t=1,2,...,K (22)
&tmin <Yt < gtmax, t=1,2,...,K (23)
df,d; ,ef,e; >0, t=1,2,...,K (24)

and (2) to (4)

where tth aspiration level is defined as y; which is the continuous variable that lies
between the upper (gt,max) and lower (gt’min) bounds. Again, e;“ and e; are positive and
negative deviations attached to tth goal of |y; — g max|, and o is the weight attached to
the sum of the deviations of |y; — gz max|-

Utility function approach to solve MOTP

Here, the concept of utility function has been addressed to solve MOTP. A short intro-
duction is presented here and then we discuss the methodology for solving MOTP using
utility function.

Utility function

In this paper, introduction of utility is taken to be correlative to ‘Desire’ or “Want'. It has
been already argued that desire cannot be measured directly, but only indirectly, by the
outward phenomena in which the context is presented.

Definition 1. The utility function describes a function U : X — R which assigns a real
number to every outcome in such a way that it captures DM’s preferences over the desired
goals of the objectives, where X is the set of feasible points and R is the set of real numbers.

The purpose of this study is to derive the achievement function of MOTP under the
light of utility function for the DM according to the priority of goals. In our proposed
approach, the DM wants to maximize his/her expected utility. For the sake of simplicity,
two popular utility functions (linear and S-shaped) are considered as follows.

Linear utility function u; (y;) for decision-making (management) problems can be found
in Lai and Hwang [14] and S-shaped utility function (for the same purpose) has been
proposed by Chang [15]. The utility function is generally considered in three cases as
follows:

Case 1: Left linear utility function (LLUF)

1, if y; < gimin
_ ) gmecyi < P
u; (y;) = %, lfgz,mm <yi<gmx i=12,...,K

0, if if y; > gimax
Case 2: Right linear utility function (RLUF)

1, ifyi = &imax
Vi~gimin ;
wi ) =\ gomgins f gimin < ¥i < Gimaw i=1,2,...,K

0, if if Vi = &imin
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Case 3: S-shaped utility function

0, ify; < gn
yi—gn i < o
U (y,) _ gig—giz’ lngZ <Yy = gia
, if g <yi < g5

Yi—&i3
, if gis <y < gw

?
8i6—gi3
Yi—8i1
8i7—8i1

i=12,..

LK

where g; min and g; max are lower and upper bounds corresponding to the ith goal respec-

tively. The graphs of above utility functions are drawn in the following figures (see

Figures 1,2 and 3).

Model formulation for case 1

The DM would like to increase the utility value u; (y;) as much as possible in the case of

LLUF (Figure 1). In order to achieve this goal, the value of y; should be as close to the

target value g; min as possible. The MOTP from Model 1A can be reformulated using the

proposed LLUF as follows:

Model 2A
K
min Y we (4 +d;) + B (25)
t=1
subject to Zf(X)—d;"—f—dt_ =y, t=12,... K (26)
gtmin <Yt < gemax, £ =1,2,...,K (27)
MtSM: t=1,2,... K (28)
8t,max — 4t,min
w+fy =1, t=12,... K (29)
unfy 20, t=12,...,K (30)
and (2) to (4)
u
Ui
0 £i,min gi,max y
Figure 1 LLUF.

Page 9 of 20
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Ui

0 gi,min 8i,max y

Figure 2 RLUF.

where f; is the weight attached to deviation f; . The role of weight 8; can be seen as the
preferential component for the utility value u;.

Proposition 1. Achievement of optimal utility in the LLUF (Figure 1) is equivalent to the
optimal solution of Model 2A.

Proof. When u; approaches to the highest value 1, then the deviation f;” — 0 of the
utility function (from Equation 29), because f;~ should be minimized in the objective
function to obtain the optimal solution of Model 2A. This represents y; approach to g¢ min
(from Equation 28), and Z;(X) is also closer to g; min (from Equation 26) because dj and

u

ot . : y
gi1 gia gi3 gia gis  gie gi7 gig

Figure 3 S-shaped utility function.
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d; should also be minimized in the objective function. It is obvious that the behavior of
Model 2A and the level of utility are achieved. This completes the proof. O

Model formulation for case 2
The DM would like to increase the utility value u; (y;) as much as possible in the case of
RLUF (Figure 2). In order to achieve this goal, the value of y; should be as close to the
target value g max as possible. The MOTP from Model 1A can be reformulated using the
proposed RLUF as follows:

K
Model 2B min Z wy (df +d7) + By

t=1
subjectto Z'(X) —df +d; =y, t=12,...,K

gt,min S J/t S gt,max; t= 1, 2, e ,I<
T 2

gt,max — £t,min

U +.ft_ =1

Mt1_f;7 = 0

and (2) to (4)

where B; is the weight attached to the deviation f,”. The role of weight B; can be seen as a

preferential component for the utility value ;.

Proposition 2. Achievement of optimal utility in the RLUF (Figure 2) is equivalent to the
optimal solution of Model 2B.

Proof. Similar way can be followed as we have done in Proposition 1. O

The advantages of the use of LLUF and RLUF in the decision-making problems are as
follows:

(1) The DM can easily formulate their MOTP by taking into account their preference
mappings with utility functions in real situation.
(2)  The two linear utility models represented as linear form which can be easily solved

using software.

Due to variation of deviation variables 4,7, d;, and f~ in different ranges, biasness may
occur towards the objective functions with larger magnitude. Normalization technique
may help to remove this biasness. Several normalization approaches such as percentage,
Euclidean, summation, and zero-one notarizations (Tamiz et al. [12]; Kettani et al. [16])
are available to execute this. According to the normalization technique proposed by
Tamiz et al. [12], Model 2A can be redesigned as follows:

Model 2AN min Z
subject to (26) to (30) and (2) to (4)

where ¢ is the normalization constant for tth goal.
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In order to solve this problem, utility normalization concept is introduced as follows:
Let d}f,d; € [0,it;] and £, € [0,1] where i is the upper bound of d; and d; . The
normalized weights w; and §; can be easily obtained as w; = ﬁ and B; = #lut This
technique of normalization ensures that deviation variables d,, d; , and f;~ approximated
the same magnitude. Similarly, the same methodology can be applied to the Model 2B.

The utility value for S-shaped utility function can be expressed as a sum of linear utility
functions (RLUF or LLUF) by introducing binary variables [17]. But Chang [15] proposed
in his paper that the utility value for S-shaped utility function can be considered without

using the binary variables and this is shown in the following model (see Model 2C):

Model 2C

K
min Z we [pe + P2 + P3| + By

t=1
subjectto Z' (X) —df +d; =y, t=1,2,... K
Ztmin < YVt < Ztmax,» [ = 1,2,...,K,
ur =[u; (gm) — Uz (gtz) ] M-F[ut (gt5) — Uz (gt4) ] P =P
84 — &2 &t5 — &ta
+lus (g7) — e (g5) ] P t=12,...,K

8t7 — &t5

ye—pn +na =gn,t=12,...,K

Ve — P2+ np =gu,t=1,2,...,K

Ye—p3+ns=gs5t=12..,K

wHf =1,t=12...,K

un,purnyg > 0,t=1,2,...,K,1=1,2,3

and (2) to (4)
MCMTP which occurred in many real-life situations can be reduced to MOTP and then
the problem can be reduced to the models such as 2A, 2B, and 2C, with interval goals
under the consideration of utility functions related to these goals. Solving the formulated

problem, the DM obtained the satisfactory solution.

Numerical examples
Here we have presented two numerical examples; the first one explores the applicability
of MOTP and the second one represents the applicability of MCMTP.

Case 1
Let us consider the following MOTP (see Model 3) with three objectives:

Model 3

Goal 1: Z! = 7x11 + 8x12 + 7.5x13 + 8x21 + 7.2x02 + 8.4%23 + 9x31 + 8x32 + 7.7x33
with goal as [170, 220], more is better, follows RLUF.

Goal 2: Z% = 50x11 + 65x12 + 62x13 + 60x21 + 55%29 + 58%23 + 65x31 + 60x32 + 5833
with goal as [1,550; 1,800], less is better, follows LLUF.

Goal 3: Z3 = 10x11 + 8x12 + 9x13 + 8.5%91 + 9.5x90 + 8.5%23 + 9.5x31 + 8.8x33 + 9x33
with goal as [200, 290], more is better, follows S-shaped utility function as given in
Figure 4.
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u
.85
4~
0 Y
200 230 n 290
Figure 4 S-shaped utility function for the goal 3 of the proposed example.

subject to x11 + %12 + %13 < 10 (31)
X1 + X223 + %23 <9 (32)

¥31 + %32 +x33 < 11 (33)

x11 + %21 + %31 > 9 (34)

x12 + %22 +x32 > 8 (35)

x13 + %23 +x33 > 10 (36)

x>0, ¥ ij=123 (37)

To achieve the goals in the proposed problem (see Model 3), we may formulate the
following models.

In the proposed problem, the deviations of goals 1, 2, 3 are 50, 250, 90, respectively. By
considering the weights w1 = %, Wy = ﬁ, w3 = % for the Model 1A, the above Model
3 reduces to the following model (see Model 3A) as

Model 3A
s () + o (4 )
250 90
subject to Z' = 7x11 + 8x12 + 7.5x13 + 8x21 + 7.2%20 + 8.4%23
+ 9x31 + 8x32 + 7.7x33 — df +d] =y
170 < y; <220
7% = 50x11 + 65x12 4 62x13 + 60x91 + 5529 + 5843
+ 65x31 + 6033 + 58x33 — dy +dy =y
1550 < y, < 1800
Z3 = 10x11 + 8x12 + 9x13 + 8.5%21 + 9.5%22 + 8.5x23
+ 9.5x31 + 8.8x32 + 9x33 —dy +d3 =3
200 < y3 < 290
df,d; >0, t=1,2,3
and (31) to (37)

o1 -
min %(df—{—dl)—}-
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Again, considering the same weights w; as used in Model 3A for all t = 1,2,3 and
setting o; = w; for ¢ = 1,2, 3 for deviation of goals and using Model 1B, Model 3 reduces
to the following model (see Model 3B) as

Model 3B

min % (df +d7)+ ﬁ (dy +dy) + 9—10 (dy +dy)
b (e ) + e (6 ) + 5 (6] +63)
subject to 7x11 + 8x13 + 7.5x13 + 8431 + 7.2x99 + 8.4x93
+ 9x31 + 8x32 + 7.7x33 — df +d] =y

y1 —ef +e; =220

170 < y; < 220

50x11 4 65x12 4 62x13 4+ 60x21 4 55x22 4 58x23

+ 65x31 + 60x32 + 58%33 — d +dy =y

y2 — ey +e, = 1550

1550 < y, < 1800

10x11 4+ 8x12 + 9x13 + 8.5%91 + 9.5x99 + 8.5x93

+ 9.5x31 + 8.8x33 + 9x33 — dy +dy =3

y3 —e3 +e5 =290

200 < y3 < 290

df,d;,ef,e; >0, t=1,2,3

and (31) to (37)

Using the concept of utility function described in section “Transformation technique for
multi-choice parameters like cost, supply, and demand to the equivalent form”, Model 3
can be reformulated as follows.

The consideration of utility function depends on the DM. Here, we assume that goals
1, 2, and 3 follow the utility functions LLUF (Figure 1), RLUF (Figure 2), and S-shaped
utility function as given in Figure 4, respectively. In the given example, the upper bound of
variations dfr, di, 612+ ,dy d;“, ds are 50, 50, 250, 250, 90, 90, respectively, and the upper
bounds of f;,f, ,f; are 1. We find the weights as described in Section “Mathematical
model” as follows: w1 = 5—10, Wo = ﬁ, w3 = %,ﬁl = %, Bo = %, B3 = %.

With these supplied data, Model 3 can be reformulated as follows (see Model 3C):

Model 3C

min wy (d +dy) + Bify + w2 (dy +dy) + Bafy +ws (diy +dgy + i) + Bafs.
subject to 7x11 + 8x12 + 7.5x13 + 8x1 + 7.2x22 + 8.4w23
+ 9x31 + 8x30 + 7.7x33 — df_ + dl_ =

220 —

u <N
50

fi tm=1

170 < y; < 220
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50x11 + 65x12 + 62x13 4 60x21 + 55x22 + 58%23
+ 65x31 + 60x32 + 58x33 — dy +dy = y>
4y < 1271550
250
fo tup=1
1550 < yo < 1800
10x11 + 8x12 + 9x13 + 8.5x91 + 9.5x92 + 8.5x93
+ 9.5x31 + 8.8x3) + 9x33 — dy +dy =3
uz = (4 —0) (ds1 — ds) /30 + (1 — .4) (ds2 — d33) /40 + (.85 — 1) d33/20
y3 — d31 + dnz1 = 230,y3 — d3p + dnzy = 270,93 — dzz + dnzz = 290
dz1dnz1 = 0,d3dnzy = 0,d33dnzz =0, f3 +uz=1
w >0~ >0V =123
and (31) to (37)

Results and discussion for problem given in case 1
Using LINGO software, we solved Models 3A, 3B, and 3C and reported the solution as
follows:

The optimal solution of Model 3A is reported as
x11 = 0,x12 = 9%13 = Lxar = O0,x0 = 0,x3 = 9,431 = 6,x35 = 0,x33 = 0;
Z! =209.1,7% = 1559, 73 = 214.5.

The optimal solution of Model 3B is as follows:
x11 = 10,x12 = O,x13 = 0,x01 = O, w22 = 9,%03 = O,x31 = 0,x32 = 0,33 = 11;
Z' =219.50,7% = 1633, 2% = 284.5.

The optimal solution of Model 3C is also as follows:
x11 = 10,x120 = 0,x13 = 0,21 = O,x0 = 5,093 = 4,x31 = O,x32 = 3,x33 = 7;
Z' =217.5,7% = 1593, 2% = 270.9.

Here, the solution obtained in Model 3B is better compared with the solution of Model
3A, but the DM is not satisfied because in the proposed problem, satisfying the goal is
not only the important notion but is also a utility factor to the DM which is important for
the decision-making (management) problem. When the utility value is more important
rather than the benefit, then the solutions obtained in Model 3A or in Model 3B are not
satisfactory to the DM to make an appropriate decision. The marketing survey indicates
that the higher utility value of goal 3 will increase the number of customers to the network
service provider company. The solution obtained in Model 3C demonstrated the high
utility value of goal 3, whenever the other two models failed to give satisfactory results
(Table 1). In this context, we may suggest that the utility function approach provided
better result compared with other results obtained in classical techniques like GP and
RMCGP.
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Table 1 Comparison of achieved goals obtained from the different methods

Method Achievement of Achievement of Achievement of
goal 1 (%) goal 2 (%) goal 3 (%)

GP 75 95 40

RMCGP 99 60 90

Utility approach 98 80 99

Case 2

Let us consider the following MCMTP (see Model 3) with two objectives:

Model 4

Goal 1: z; = {5 0or 7} w11 + 8x12 + {7 or 6 or 10} x13 + {6 or 8} x21 + 8x93 + 10x53

with goal as [150,200], more is better, but follows S-shape utility function (Figure 5).
Goal 2: zp = 15x11 + {18 or 16} x19 + 17x13 + 16x21 + {18 or 20} w22 + 20x23

with goal as [400,500], less is better, follows LLUF:

subjectto x11 +x12 + %13 < {11 or 13 or 12 or 16} (38)
%21 + %22 + %23 < {14 or 13} (39)

X11 + %21 > {8 0or 7} (40)

X12 + %22 > {7 or 8 or 6} (41)

x13 + %23 > 9 (42)

x>0V i=1,2 and j=1,2,3. (43)

Model 4 is equivalent to the following model (see Model 5).
Model 5
Goal 1: Z = {5z]] +7 (1 — z17) } %11 + 8x12 + {72]32]} + 6217 (1 — 21})

+ 10213 (1 — z13) } %13 + {6221 + 8 (1 — 23]) } 21 + 8xz + 10x23
with goal as [150,200], more is better, but follows S-shape utility function (Figure 5).

0 Yy

150 160 190 200

Figure 5 S-shaped utility function for goal 2 in case 2.
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Goal 2: Zy = 15x11 + {182]3 + 16 (1 — z{3) } 412 + 17213 + 1639,
+ {18212 + 20 (1 — 213) } x22 + 2023
with goal as [400,500], less is better, follows LLUF:

subject to x11 + %12 + %13

< {11222 + 132} (1 — 21%) + 1222 (1 — 21") + 16 (1 — z17) (1 — 21%) } (44)
Xo1 + %22 + 203 < {1423 +16 (1 — 231) } (45)

x11 +x01 > {82 +7 (1 -2} (46)

x12 + x20 > {72212°% + 8221 (1 — 2°%) + 62°% (1 — 21} (47)
X13 + w23 > 9 (48)

x; >0V i=1,2 and j=1,2,3. (49)

ai+z3=1 (50)

2421 (51)

2,212,288, 2 242 =0 or 1 (52)

ALz =0 or 1 (53)

2522522 =0o0r 1 (54)

In the given problem in Model 5, the deviations of goal 1, goal 2 are 50, 100 respectively.
By considering the weights w; = 5—10, wy = 100 for the Model 1A, Model 5 reduces to
Model 5A as

Model 5A

min % (df +d7)+ ﬁ (dy +dy)
subjectto {5211 + 7 (1 — z17) } #11 + 8x12 + {721121} + 6213 (1 — 213)
+ 10213 (1 — 213) } w1z + {6231 + 8 (1 — 211) } w01 + 8o + 10x93 — df +df = y1,
150 < y1 < 200,
15x11 + {18213 + 16 (1 — 2]3)} w12 + 17213 + 16201
+ {18213 + 20 (1 — 213) w22 + 20023 — dy +dy = y»,
400 < y9 < 500,
df,d; >0, t=1,2
and (44) to (54)
Again, considering the same weights w; as used in Model 3A for all £ = 1,2 and the

weights oy = w; for ¢ = 1,2 for deviation of goals and using the Model 1B, Model 5
reduces to Model 5B as

Page 17 of 20
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Model Ex. 5B
min — (df +dy)+ L (d+ +dy)+
50 1 1 100 2

+1 (ef +e1)+— (ez—l-ez)
50 100
subject to {521 4+ 7 (1 — z{1) } #11 + 8x12 + {7z13215 + 6217 (1 — z13)
+ 10213 (1 — 213) } 13 + {6231 + 8 (1 — 231) } a1 + 8w + 1093 — dff +dy = y1,
y1— e +e =200,
150 < y1 < 200,
15x11 + {18213 + 16 (1 — 2]13)} 12 + 17x13 + 16x21
+ {18215 + 20 (1 — 213) } %22 + 2093 — dy +d; =y,
y2 —es +e; =400,
400 < y, < 500,
df,d;,ef,e; >0, t=1,2
and (44) to (54)

Let us solve the proposed problem (see Model 3) using the concept of utility function.
The consideration of utility function depends on the DM. Here we assume that goal 1
and goal 2 follow the S-shaped utility function given in Figure 5 and the utility func-
tions LLUF (Figure 1) , respectively. In the given example, the upper bound of variations
d;r,dl_;algL ,dy are 50, 100 respectively, and the upper bounds of f,f, are 1. We find

the weights as suggested in Section “Mathematical model” as follows: w; = %, pr = 2

51
1 — 100
w2 = 155, B2 = o1

With these supplied data , Model 5 can be formulated as follows:
Model 5C

min wy (df, +df, +dfs) + Bify +wa(df +dy) + Bofy

subject to {5211 + 7 (1 — z17) } x11 + 8x12 + {7211215 + 6217 (1 — 213)

+ 10z1; (1 — 211) } 413 + {6211 + 8 (1 — 231) } w21 + 8won + 10xp3 — df +dy =31,
ur = (2—0) (di — diz) /10 + (1 — .2) (dr2 — d13) /30 + (.85 — 1) d13/10

f3 —di +dni; = 160, f3 — dia + dnip = 190, f3 — d13 + dnys = 200

dudni = 0,dpdnmy = 0,d13dniz =0,

fA+ur=1,

15x11 + {18213 + 16 (1 — z13) } #12 + 1713 + 16321

+ {18213 +20 (1 — 213) } %22 + 20w03 — d +d5 = 2,

200 —

up S 7)]21
100

ﬁ + Uy = 11

400 < y, < 500,
>0,/ >0Vt=1,2
and (44) to (54)
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Results and discussion for problem given in case 2
Solving the model presented in Model 5A, the optimal solution of the Model 5A is
reported as x1] = 7,x12 = 5,%13 = 0,421 = 0,%x22 = 1,x23 = 10, and the values of the
objective functions are Z! = 197, Z% = 405.
The selection of the choices corresponding to the optimal solution is as follows:
iy =7,¢}y = 8,¢13 = 10,c3, = 8,¢3, = 8,c3 = 10
C%l =15, 6%2 =16, C%:; =17, c%l =16, C%Z =18, cgg =20
a) = 16,!12 = 14,b1 = 7,b2 = 6,b3 =9

Solving the model presented in Model 5B, we have listed the following solution:

x11 = 7,x12 = 6,x13 = 0,221 = 0,x220 = 0,x23 = 10, and the values of the objective
functions are Z! = 197, Z> = 401.

The selection of the choices corresponding to the optimal solution is as follows:
iy =7cly=8,cl3=10,c}; =6,c}, =8,c); = 10
2 =15,¢3, = 16,¢33 = 17,¢3; = 16,¢3, = 18,¢3; = 20
a1 =16,ay =14,b1 =7,b =8,b3 =9

Solving the model presented in Model 5C, we obtained the solution listed below:

x11 = 6,x12 = 3,x13 = 0,1 = 0,x220 = 3,x23 = 10, and the values of the objective
functions are Z! = 190, Z2 = 404.

The selection of the choices corresponding the optimal solution is as follows:
i, =71, =8cly=10,c}; =6,c}, = 8,ch; = 10
2, =15,¢}, = 18,2, = 17,¢3; = 16,¢3, = 20,¢3; = 20
a) = 12,(12 = 14,b1 = 7,b2 = 6,b3 =9

Table 2 helps us to conclude that the solution of the MCMTP obtained in Model 5B is
better compared with the solution of Model 5A, but the DM is not satisfied because in
the proposed problem satisfying the goal is not only the important notion, but is also a
utility factor to the DM which is important for the decision-making (management) prob-
lem. When the utility value is more important rather than the benefit, then the solutions
obtained in Model 5A or in Model 5B are not satisfactory to the DM to make the appropri-
ate decision. The solution obtained in the Model 5C demonstrated the high utility value
of goal 2, whenever the other two models failed to give satisfactory results. In this con-

text, we may suggest that the utility function approach provided better result compared
with other results.

Conclusions

In this paper, we have considered MCMTP where the cost, demand, and supply coef-
ficients are multi-choice type. Another important notion of this study is to give an
impression of goal preferences of the DM. The approach of utility function is the most
useful skill for representing the DM’s preferences. The concept of utility in this paper

Table 2 Comparison of achieved goals obtained from different methods

Method Achievement of Achievement of
goal 1 (%) goal 2 (%)

GP 85 96

RMCGP 85 98

Utility approach 100 95
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proposes a new approach for extending the utilization of real-life MCMTP. The MCMTP
gives a new direction to handle the real-life transportation problems when the trans-
portation parameters are multi-choice in nature. The numerical examples presented in
this paper explored the applicability and suitability for solving MOTP and MCMTP and
also for representing the DM’s preferences. In addition, the proposed method can be used
as a decision-making aid for multi-choice multi-objective decision-making problem that
occurred in the real-life purposes, like economical, agricultural, industrial management,
and military. In particular, in case of incomplete information, the DM can use the pro-
posed method to set the goals according to their own utility functions, while the proposed
method can easily find the better solution than the previous methods (GP, RMCGP) used
to solve MCMTP which is shown by the proposed examples in this paper.
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