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Abstract In this paper, we consider a bi-objective vehicle routing problem to minimize total distance traveled
and to maximize minimum integrated satisfaction level of selecting desirable routes in a fuzzy graph. The fuzzy
graph reflects a real delivery situation in which there are a depot, some demand points, paths linking them, and
distance and integrated satisfaction level are associated with each route. For solving the bi-objective problem,
we introduce a concept of routing vector and define non-dominated solution for comparing vectors. An efficient
algorithm involving a selection method of non-dominated solutions based on DEA is proposed for the vehicle
routing problem with rigid distance and integrated satisfaction level.
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1 Introduction

There are many factors to be considered in practice
of Vehicle Routing Problem(VRP). In this research,
however, we concentrate on two factors, namely multi-
objectivity and fuzziness and/or uncertainty in vehicle
routing. In the studies reported in the past, especially
theoretical ones, a single objective is treated for opti-
mization. In real-world systems, however, there exist
many situations that a single objective function is not
sufficient to characterize the problem completely. This
indicates the necessity to study VRP on with more
than two objectives.

Secondly, for many VRP encountered in practice,
optimal decisions are usually made under some un-
certainties, because practical problems are affected by
ambiguous fluctuations of given conditions and/or by
lacking necessary and certain information for routing.
That 1s, in some situations, routing parameters are not
rigid but fuzzy [1], and some violations of constraints
may be accepted.

From these viewpoints, we investigate bi-objective
vehicle routing problem BVRP with fuzzy parame-
ters in this study. As the fuzzy parameters which are
not constants but are decision variables, we introduce
a decision maker’s integrated satisfaction level for , eg.,
cost, distance, safety, preference etc, based on his sub-
Jectivity in selection of desirable travelling path. Fuzzy
graph [2] is convenient to describe the above situations.
After selecting one rigid parameter, the remained pa-
rameters can be integrated with a total satisfaction
level. In this study, we consider the situation that there
are a depot, some demand points, paths linking them
and rigid delivery distance and integrated satisfaction
level selecting travelling path are associated with each
route.

Summarizing the above, the main purposes of this
study are to propose a BVRP to minimize total dis-
tance traveled and to maximize minimum integrated
satisfaction level with respect to desirable routes in a
fuzzy graph and to develop efficient procedure for solv-
ing the problem. For solving the multi-objective prob-
lem, we introduce a concept of routing vector of which
consists of two objectives as it’s elements, and define
non-dominated solution for comparing vectors. We
propose an efficient algorithm to find non-dominated
solutions and a selection method of more reasonable
non-dominated solutions based on Cook and Kress’s
voting model fully utilizing DEA (Data Envelopment
Analysis)[3].

2 Problem Formulation

(1) There are the depot ¢ = 0, n demand points ¢ =
1,2,---,n and arcs (7,7) (¢, = 0,1,---,n,1 # j)
linking them.

(2)

(3)

Each demand point i has a demand w;.

Total amount delivered by a single vehicle cannot
exceed (.

(4)

Each demand point must be served by a single
vehicle.

(5) rigid delivery distance d;; and integrated satisfac-
tion level u;; selecting travelling path are associ-
ated with each (7, j).

(6) The objective is to find a set of routes for the ve-
hicles of minimal length to minimize total travel-
ling distance and to maximize minimum integrated
satisfaction level in the above fuzzy graph N.
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We do not solve directly this problem BVRP but solve
a series of subproblems defined as below.

Sorting different g;; in nonincreasing order, let

Iop’ >pl>-o>pF>0

here, k& denotes number of different p;;. Thus the best
solution among optimal solutions of each subproblem
BVRP) is an optimal solution of BVRP and the cor-
responding route is an optimal route.

Note that for any ¢ (¢ = 0,1,2,- .-, k), the route, to
minimize total travelling distance, can be constructed
by the classic Savings Algorithm [4].

3 Solution Procedure

The Modified Savings Algorithm

Step 0 : Sorting different y;; in nonincreasing order
on fuzzy graph N, let
l=p>pl> > p*f=0

here, k denotes number of different u;;.

Step 1: Set c = 0, DS = {B} and construct N¢ for
each arc (¢, j) € N such that
dij  pij = pc
d;j=4 0 i=j
+oc¢  otherwise

Step 2 : Start with the solution that has each cus-
tomer visited by separate vehicle on N¢.

Step 3 : Calculate the savings s;; = do; +djo
0 for all pairs of customers ¢ and j.

—di; >

Step 4 : Sort the savings in nonincreasing order.

Step 5 : Find the first feasible arc (i,7) in the sav-
ings list where
(1)i and j are on different routes.
(2)both ¢ and j are either the first or last visited
on their respective routes.
(3)the sum of demands of routes ¢ and j 1 no more
than Q.
Add arc {i,j) to the current solution and delete
arcs (0,7) and (4,0). Delete arc (i,j) from the
savings hst.

Step 6 : Repeat step
conditions.

5 until no more arcs satisfy the

Step 7 : let cbtained routes be R® and routing vector
(TD = Y dij,p°)
(i.J)ERe
be DS°.

Step 8 : Compare DS® with DS°1.
nate DS°1,

DS = DS - DS + DS°

If DS® domi-

Step 9 :
stop.

First of all, we sort all of satisfaction levels in noni-
creasing order on graph N and construct a graph N°
consists with arcs with highest satisfaction level which
weighted by d;;. Next, we find shortest path matrix
based on rigid distance on N¢ by Warshall-Floyd Al-
gorithm [5]. By solving the classic Savings Algorithm,
and optimal routes and total distance traveled are ob-
tained. Then Let (total distance traveled, satisfaction
level) be routing vector as solution for subproblem.
Next, we compare it and routing vector obtained after
next iterating. For the comparing, we define routing
vector V™ as a vector consisting of two elements, that

if ck, ¢ = ¢+ 1 and go to step 1. Otherwise

is, TD® and p° in some feasible route R°. That 1s,
(TD° = Z(i,j)eRC dij, pi€)). For two vectors
Vi=(of,vy), V?=(v],v3),
such that
VY = —wivl + wav), |VE| = —wyv? 4 wavl,

where, w;,w, are positive weights, we call V; domi-
nate V, when [V1] > [V2|.
From definition of [V'!| > |V2|, we obtain

wi (v — vi) + wa(vy — v} > 0.

(1)
The condition of satisfying inequality (1) is that
v <o, vy 203 and [V [V

Without loss of generality, we suppose that z non-
dominated solutions z(= 1,2,---,z) are obtained by
the above dominated definition and s elements vy, (y =
1,2,---,8) of routing vector V' are ranked in decreasing
order of importance by decision maker. The problem
to select reasonable non-dominated solutions is likely
to obtain overall desirability index 6, _,  for each non-
dominated solutions z, and is formulated as follows.

O, r,(€) = Maximize Z Wy Vg y
y 1
subject to Wy Vpy < 1
SM - J 2_‘ yVry &
(z=1,2,---,%)
Wy — Wyt Z d(y,¢€)
(y: 1~2*v'5_ 1)
us 2 d(s'f)
(2)
Where. wy. d(y.€) and v,y denote weight reflecting im-

portance ob_)ecmve a nonnegative function to be non-
decreasing in ¢(discrimination intensity function) and
objective vy’s value for schedule z. respectively.

Note that this problem is equivalent to the well known
DEA-Assurance Region Model. See [3].
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4 Conclusion

we proposed a selection method to find reasonable non-
dominated routes based on Cook and Kress’s voting

model in VRP.
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