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Abstract- Objective function has constant cofficient in
most of transportation problems. However in problems
which comes to face in real life. costs can not be
constant. Also, 1t 1s fact that, in transportation problems
time is important. [2]

[n this paper., we propose a solution with time-tradeoff in
case change of costs 1n certain intervals. making
fransportation ~ problems as a  multiobjective
transportation problem by order relations.

[. INTRODUCTION

Let S be a feasible region. Ay intervals where jj's
changes on A;; . . represents transportation time from 1

10 j. Then formulation of transportation problem can be
given as follows

Objective function :

MinZ(x)=> ) Ayx;; (1)

=1 j=1
Min T={ tij - Xij» X #0 3 (2)

Constrainis :

inj = d; (3)

j=1
m

2. %ij = b; *)
1=1

X 20, t; 20 (5)

In addition, our model can be converted to
multiobjective transportation problem by order relation.
Then (1), (2) objective functions can be written

Min ZK (x)=) ) cfix, (6 )
=1 )=1

Min Ty ={minmax t;:x; #0 } (7)
p 1

: ) , -th
where p. is the number of alternative solution of k
solution,

Besides, It 1s accepted that the model 1s balanced model,

m I
thatis > a; =) b; cquality holds.
=

As 1n all of multiobjective programming problems,
instead of optimum solution 1n multiobjective
transportation problems it is proposed the best feasible
solution or set of solutions, for decision maker.

One of the most important factors of transportation 1s
time. Either for in deformation of transporting goods or
for responding of demands i1n time. Time 1s very
important. For transportation problems, solution
techniques which refletcs interaction with time of
objectives, have been developed [3.6.7].

II. INTERVAL ANALYSIS

Let a

interval 1s defined by ordered patir as

be left-limit and a, right-imit. Then an

A=[a .a ]={a:a<a<a aeR} (9)
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Similarly,
width as

intervals is also denoted by its center and

A=<a.,ay~>={a.a -aysasazta,, acR} (10)

Where, a. is center and ay, 1s width. Itis clear that

g = (aR%-aL ) Ay = . (aR-aL) (1)

The operations on intervals used in this paper may be
explicitly calculated from defination (9) as
A+B=[a,a]+[b .b ]=[a +b,a ib ] (12)

A+B=<a, a4 >+<b. ,by>=<act be, ay4by> (13)

[ka; . kag] for k>0

kA=k[a ,a]=: (14)
|kag.kap| for k(0

kA = k<a, ay,> = < ka. . |k|ay > (15)

IIL ORDER RELATIONS for MINIMIZATION
PROBLEM

Definition: Order relation i*LR
and B = [bL,bR] 1s defined as

between A=[aL , aR]

3
A< LRB & aLs bL and aRs bR (16)

*
A<1.RB & ASLRB and A=zB (17)

Similarly, order relation <¥., between A=<a.. a,>
and B=<b., by > isdefined as

s

(18)

A<" B & A<’ B and AzB (19)

Here, It 1s notice that A is preferable to Bif A S*LR B or

A S*CWB and there is no pair A, B which satisfies

- .
condition B< v A [9].

Now,define the following order relation < related

RC
two above relations
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* |
A:‘;RCB @aRgbR and a.<b (20)

on the other words

X

Bo A<* B and A< uB (21)

A <

Definition : x € S is a solution of (1) 1if and only i

there isno x € S which satisfies Z(x') S*an(x)° The

right limit Z (x) of interval objective function Z(x) in
(1) may be calculated from (13 ) and (15) as

[nthecase of x>0

Z (x) = (ac1Xx)tacpxyt ... TacpXp)
+(@w1X1t awyXot ... FaywnXp ) (22)

Where a.; is the center and ay,; is the width of the

cofficient A; of Z(x). At the same time, the center Z
(x) of Z(x) in (1) inay be calculated from as

Lo(X) = ag1X1tagyXot ... FacnXp (23)

The solution set of (1) can be obtained as the Pareto
optimal solutions of the following problem

min { (Z,(x),Z (¥)): xe Sc R} (24)

It 1s should be noted that the objective functions (24)
are to minimize ZR(x) and Zc(x). It seems that our

model converted to multiobjective model.

IV. MULTIOBJECTIVE with TIME TRADEOFF
TRANSPORTATION PROBLEM

In this section, following symbols and concepts will use:

X . decision vector

ZK (X) . kth objective function
Z (X). objectives vector

Let ka* be p'th alternative optimum solution for

k-th objective of problein. Let us denote objectives taken
values vector for Px;* solution with

Pz =12 (Px*), 22Bx*), .., Z(Px* ) (25)

and corresponding transportation time with PTk-
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-th
Let N(k) be number of nondominated pairs for k
objective after elimination of dominated from pairs

(Y7 .PTy). Operation is finished if there is solution set

which decision maker accepts from these solutions. If,
any solution 1s not accepted by decision maker releases
the solution to us; we may construct joint objective

]
U700 = D WiZ (%) (26)
k=1

]
where wkq is the weight of q(q=1, 2, ... ’HN(k) )“th

solution set of ZK (x)'th objective. ( Zwﬁ =1)
k=1

Theorem : X 1s to be a solution of svstem (3) - (4) ~ (3) -
(6) 1ff 1t is an optimal solution of LP problem (3) - (4)
- (5) - (26) .

Besides. as in Ringuest and Rinks's article[10], weights

wd (k=1, 2, ... . 1) for every joint objective can be

written;
.9 S|
| Wi W
q _ 1+] q _ 1+1
Wy = Wy =~
i i %
pIRAICH > Z'(x3)
=l i
q
W
o g W = l s (27)

> Z)(x)
j=1

from the equality

IFl =i J=1
by using w! +wj +..+w! =1 We obtain
4
W= —1— +—
ZZJ(X’;) ZZJ(X;)
= i1
+ ... l 1 ] -1 (28)

Z (\1)

*

where x)~ represents only one alternative optimum

solution of objective Zk(x). Then all dominated solution
set (47, 97) submitted to decision maker by interacting
objective

1 m n
Qz(x ) = quZk(x) - Z EZZC‘X

= k=1 1=1 j=1

m .
q
= 220

i=1 j=1

(29)

with transportation time qT-—— max { t
. 1]

J & i = 0}
undecr the constrains (2)-(3)-(4). Clearlv fq *Zw c,J

If a solution set which decision maker admits then
operation 1is finished. Otherwisc, If decision maker
doesn't choose any solution set or leave us decision,
solution set corresponding to;

nnan

. 4 g ]
=mm{mm Wy (30)
q q

rQ'Q"[

r+| |

is proposed to decision maker since that solution set
makes the least cost-timc slope. Here r represents timme
interaction step with objcctive q. Thus, solution set

(°Z , °T) corresponding to minR, =R is our last
q

proposcd solution to decision maker.
V. COROLLARY

This study 1s supported with a computér program. It is

observed that-there 1s no difference between solutions of

computer and manuel. The program includes a main

menu procedures and subreports. Here, functions and

proccdures makes following solutions.

* L.cast Cost Method

*  Modi Test

* Finding Alternative Solutions

*  Time Tradeoff with Alternative Solutions

*  Computing Weights at Compromise Objective
function.

* Time Tradeoff with Compromise Solutions

*  Determining of optimum solution
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VI. ASOLUTION ALGORITHM

Step 1. Convert the single objective programming
problem that changes its costs in certain intervals, to
multiobjective problem by interval analysis.

Step 2: Find the all alternative optimal solutions.

Step 3. Let P xp  values vector of objective be

Pz = 12" (Px*). 2 (P ) .. 2 (Pyg*)

max

and denote transportation time with PTk. As PTk= Ly b

for which satisfying xij>0' If ( PZk P Ty) 1s a desired

solution of decision maker then current solution 1s the
best solution. STOP. Otherwise go to step 4.

Step 4: For all alternative solution of objective, If
(PZk.PTk)iS

1) undefined, goto step3. by taking next alternative
solution.
1)detined. goto step 3.

Step 5. Eliminate undesired solution of  ( PZk _.PTk) .
Let N(k) be the numberof solutions which are obtained

-th —
by k objective and not eliminated.

Siep 6: Considering alternative optimal solution,
construct associatcd objective

By optimization of this objective. propose solution set
(7. 1) to decision maker. If decision maker accepts
this solution. STOP. Otherwise, go to step 7.

Step 7. Interact the transportation time with objective

qz(x) and detcrmine the ratio

: . L
minR g = ming mig—= -4
4 q r qTr qTr e

}
Sep s fall R (q=1.2, ..., HN(k) )

were constructed, go to step 9. Otherwise return step 6.

Step 9: Solution sct ( 57, ST) corrcsponding to ratio

min Rq = R_ is our final proposition to decision
q

maker.
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