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Abstract- Objective function has constant cofficient in 
rnost of transportation problems. Ho,vever in probleıns 
which comes to face in real life� costs can not be 
constant. Also, it is fact that, in transportation problems 
tiıne is im portant [2] 

In this paper, \Ve propose a solution \Vith time-tradeoff in 
case change of costs in certain intervals. ınaking 
transportation probleıns as a multiobjective 
transportation probleın by order relations. 

I. INTRODUCTION 

Lct S be a feasiblc region� Aij inteıvals where cij's 

changes on Aij , t. reprcsents transportation time frorrı i �ı 
to j. Then forınulation of transportation problen1 can be 
giYen as follo\vs 

Objective function : 

m n 

MinZ(x) = LLAijxij 
i=l j=l 

Min T=={ tij : xij ' 
Constraints : 

n 

Lxij=ai j::..l 
m Lxij =bj 
i-l 

t .. >o lJ -

(1) 

(2) 

(3) 

(4) 

(5) 

In addition, our n1odel can be converted to 
ınultiobjective transportation problem by order relation. 
Then ( 1 ), (2) objective functions can be written 

m n 

M
. 

. zk . _ " "' k ın (x) - L.; Lı c ıJ xiJ 
ı= ı j=1 

Min Tk ={min ınax tij: xij :1:- O } 
p 1J 

(6) 

(7 ) 

-th 
\vhere P� is the nuınber of alternative solution of k 
solution. 

Besidcs, It is acceptcd that the model is balanced ınodel, 
m n 

that is I a i = L b j equality holds. 
i-1 j=l 

As in all of multiobjective programıning problems, 
instead of optimuın solution in multiobjective 
transportation probleıns it is proposed the best feasible 
solution or set of solutions, for decision maker. 

One of the most important factors of transportation is 
time. Either for in defoıınation of transporting goods or 
for responding of demands in time. Time is very 
irnportant. For transportation problems, solution 
techniques which refletcs interaction with tin1e of 
objectives, have been developed [3,6, 7]. 

II. INTERVAL ANALYSIS 

Let aL be I efi -liınit and aR right -limit. The n an 

interval is defıned by ordered pair as 

A = [ a , a ] = { a · a < a < a a E R} (9) L R . L- - R, 
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Similarly, intervals is al so denoted by i ts center and 
width as 

Where, ac is center and aw is width. It is clear that 

(ll) 

The operations on inteıvals used in this paper may be 
ex1Jlicitly calculated from defınation (9) as 

kA= k[a a] = L' R (14) 

(15) 

llL ORDER RELATIONS for MINIMIZATION 

PROBLEM 

• Definition: Order relation s'iC LR 
and B = [b � b ] is defined as L · R 

A B �* B <)__R <:::> LR 

and 

and A :;tB (17) 

Similarly, order relation �* 
cw between A=<ac, aw> 

and B = < be , bw > is defıned as 

(18) 

* * � cw B <:::;> A < cw B and A :tB (19) 

Here, It is notice that A is preferable to B if A �* LR B or 

A �* 
cw B and there is no pair A, B vvhich satisfıes 

condition B �* cw A [ 9 ] . 

Now,define the follo\ving order relation <*Re related 
two above relations 

11 o 

(20) 

on the other words 

A s* Re B <=> A s* LRB and �* cwB (21) 

Definition : x E S is a solution of ( 1) if and only if 
there is no x' E S which satisfies Z(x') s* RcZ(x). The 

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

In the case of x 2 O 

ZR(x) = (acıxı+acıx ı+ ... +acnXn) 

+(a,vı xı + aw2x 2+ · .
. +awnXn ) (22) 

Where aci is the center and awi is the 'vidth of the 
coffıcient Ai of Z(x). At the same time, the center Zc 
(x) of Z(x) in (1) ınay be calculated from as 

(23) 

The solution set of ( 1) can be obtained as the Pareta 
optimal solutions of the following probleın 

It is 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 witb.TIME TRADEOFF 

TRANSPORTATION PROBLEM 

In this section, following symbols and concepts will use 

x : decision vector 

zk (x) : k-th objective function 
Z (x): objectives vector 

Let Pxk * be p-th alternative optimum solution for 

k-tb objective of probleın. Let us denote objectives taken 

values veetar for Pxk * solution with 

and corresponding transportation time with PT k. 
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-th 
Let N(k) be number of nondorninated pairs for k 
objective after elimination of dominated from pairs 
( Pzk ,PT k) .. Operation is finished if there is solution set 
\vhich decision maker accepts from these solutions. If, 
any solution is not accepted by decision maker releases 
the solution to us; we may construct joint objective 

ı 
qZ(x) = L Wf Zk(x) 

k=l 
(26) 

ı 
where wkq is the weight of q(q= l , 2, ... , IT N(k)rth 

. 'k =1 
ı 

solution set of zk (x)-th objective. ( L w f = ı ) 
k-1 

Theorem .· x is to be a solution of system (3) - (4) - (5)­
(6) iff it is an optimal solution of LP problem (3) - ( 4) 
- (5) - (26) . 

Besides. as in Ringuest and Rinks's article[lO]. vr·eights 
".k q (k= ı, 2, . . . � 1) for every joint objective can be 
written: 

' . . . ' 

q 
\V 1 +1 W. q - _ __:_�-

ı - ı 
Lzjcxr ) 
j=l 

from the equality 

(27) 

ı ı ı L \V �ıZ j ( x � ) = L vv iZ j ( x;) == . • .  
= L w [ Z j ( x İ ) = \V �ı 

j=l j=l j=l 

by using w{ +w i + ... +w� = 1. We obtain 

+ . . . + 
. , 

ı ı 
+ ı 

Lzjcx;) 
j=l 

ı -ı 
ı . ] 

ı:zlcxr) 
j=l 

(28) 

where xk 
* reprcsents only one altemative optimuın 

solution of objective zk(x). Then all dominated solution 
set (qz, qT) submitted to decision maker by interacting 
objective 

ı 
Qz(x) = Lw�Zk(x) 

k=l 
m n · 

l m n 
= " wq""c�x .. = � k �� lJ lJ 

k=l i=l j=l 

... 
= LLriJxij (29) 

i.=l j=l 
·, . .  . . 

. A ,o ' 

With transporta"tion 'tinie. qT= 11!-aX { İ ij : X ij ::f:- Ü} 
,. l?J 

• ' . 
·.· 

. ' 

. . . . . . . . . 
i' • ı • ı 

under the constrains (2)-(3)-( 4). CleariY, fiJ = L w f c t . 
k=l 

. ·' 

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

q -q nıin R = nıin nıin zr + 1 zr 

q q q r qTr -q1�+l 
(30) 

is proposed to decision rnaker since that solution set 
mak es the least co st -tiıne slope. Here r represents tiıne 
interaction step vvith objective q. Thus, solution set 
(8Z , sT) corresponding to minRq = Rs is our last 

q 
proposcd solution to decision maker. 

V. COROLLARY 
.. . . 

, 
This study is supported with a comp�ter program. It is 
obseıved that-there is no difference betWeen solutions of 
computer and manuel. The program .. includes a main 
menu procedures and subreports. Here, functions and 
procedures ınakes follo\ving solutions. 

* Least Cost Method 

* Modi Test 

* Finding Alternative Solutions 

* Time Tradeoff with Alternative Solutions 

* Computing Weiglıts at Con1promise Objective 

function . 
* Time Tradeoff with Compromise Solutions 
* Deternıining of optimum solution 
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Figure 1. Main Menu 
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VI. A SOLUTION ALGORITHM 

Srep 1: Convert the single objective prograınming 
probleın that changes its costs in certain intervals. to 
ınultiobjective problem by interval analysis. 

Step 2: Find the all alternative optimal solutions. 

Step 3: Let Pxk * values veetar of objective be 

Pz - [ zı ( P , 
* ) zı ( P * ) zı < P 

,. 
* )J k - Xk ' Xk ' · · · � Xk 

p max 
and denote transportation tiıne \vith Tk. As PT k== ı.j tij 
for which satisfying \/0. If ( Pzk , PT k) is a dcsired 
solution of decision nıaker then current solution is the 
best solution. STOP. Otherv�ise go to step 4. 

.)'tep -1: For all alternative solution of objective, If 
( Pzk _PT k) is 

i) undefined, goto step3, by taking next alternative 
solution. 

ii)defined. go to step 5. 

5.'tep 5: Eliıninate undesired solution of ( Pzk _PTk) . 
Let N(k) be the nuınberof solutions \vhich are obtained 

-tlı 
bv k objective and not elin1inated. 

Step 6: Considering alternative optin1al solution, 
constnıct associatcd objective 

ı l 
qZ(k)= L w�zk (x) (q =ı. 2 . . . . . [I N(k) ) 

k -ı k=l 

By optinlization of this objective.. propose solution set 

(qz. qT) to decision ınaker. If decision maker accepts 

this solu tion. STOP. Othenvise, go to step 7. 

Step 7: Interact the transportation tiıne witlı objective 
qZtx) and delcrminc the ratio 

. R . . qz , -qz nun = nun ının ·r�ı r 
q q -q q q r Tr Trq 

ı 
Step h: If all R q ( q == 1 . 2, . . . � n N (k) ) 

k=l 
\\Crc constnıcted . go to step 9. Othenvise return step 6. 

Step 9: Solution set ( Sz� ST) corrcsponding to ratio 
min Rq R . is o ur fı nal proposition to decis ion 

q � 

ınaker. 
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