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ABSTRACT. Route planning problems are among the activities that have the highest impact on
logistical planning, transport and distribution because of their effects on efficiency in resource
management, service levels, and client satisfaction. The difficulty of movement between different
customers and other problems cause the uncertainty of time of movement. In this paper this uncertainty
is presented by a possibility measure and a fuzzy set. A new multiple criteria fuzzy optimization
approach for the solution of the optimal vehicle routing problem is considered. The min-max bicriteria
Vehicle Routing Problem is considered in fuzzy environment. Based on the algorithm of preferences
on the first phase the sample of the so-called “promising” routes is selected. A new subjective criterion
– maximization of expectation of reliability of movement on closed routes is constructed. Our problem
is reduced to the min-max bicriteria fuzzy partitioning problem. Consequently, Fuzzy Expectation and
Dependent Chance Programming Problems are constructed. Two phase scheme is used for the numerical
solution of the Fuzzy Vehicle Routing Problem.Two possible solutions of this scheme are considered.
© 2014 Bull. Georg. Natl. Acad. Sci.

Key words: vehicle routing problem, multiple-criteria optimization, possibility theory, fuzzy partitioning
problem

The timely distribution of goods to different customers is very complicated in extreme and difficult situations,
such as: roads with overloaded traffic, public demonstrations and strikes, slippery, snowy roads or roads
with less visibility, damaged roads because of natural disasters, earthquakes and other causes, etc. In such
case it is important to assess the reliability and possibility levels of movement on routes. Of course, this
changes the movement time as well. It becomes uncertain. Using the software for route planning in stationary
environment has less sense in such cases for distribution companies. They should use the intelligent sup-
port system for optimal route planning in complex and extreme situations, which would enable experts to
introduce corrections to the route planning problem based on experts’ evaluations. First of all, they will
consider the criterion of reliability of route together with other objective information. In such technologies
experts become involved in data gathering process, and create the possibility levels of movement (travel)
between customers based on embedded knowledge engineering methods and algorithms.
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Let us denote these possibility levels by ij , where ij  is a possibility (conditional) level [1] of moving

from i-th customer to j-th customer. Thus, expert knowledge engineering serves the optimal route planning in
extreme situations. We plan to develop a control system based on fuzzy statistics to evaluate this possibility
levels using results of our research [2,3].

Possibility theory was proposed by L.A. Zadeh in 1978 [4] and developed by D. Dubois and H. Prade in
1988. Since the 1980s, the possibility theory has become more and more important in the decision and
optimization field and several methods have been developed to solve possibilistic programming problems
([5-12] and others). Our aim is to create possibilistic environment of knowledge engineering for optimal
vehicle routing problem when movement on roads is difficult. Based on this and other objective information
the possibilistic criterion is developed – called the reliability of moving on closed routes.

The systems approach and analysis play determining role in the vehicle routing problem(VRP) ([13-15]
and others). The classical VRP is developed by many well-known authors ([15] and others). Here we present
a new vision of the fuzzy vehicle routing problem (FVRP), which is different from the approaches given in
other researches. This new problem is connected with difficulties of optimal routing of vehicles in different
extreme situations.

Construction of bicriteria optimization problem

We consider the following problem of optimal routing of vehicles as a main problem in extreme situations. Let

the set of geographical points (called customers later on)  1, 2, , 1I n   be given, where 1n  -th node

is depot. Other customers are supplied from depot by vehicles with uniform goods. The demand of goods
from customers is known, as well as maximum load and mileage of the vehicles.The problem is the following
(first criterion): It is necessary to deliver the demanded goods to customers by vehicles in such way that total
distance traveled by vehicles is minimal. It is meant that the demand of goods by each customer is much less
than maximum load of vehicles.

Suppose, that ijC c , ,i j I  is a matrix of positive real numbers and represents the distances

between customers; Q and D are real numbers – the constraints of load and mileage of vehicles.

iP , 1, 2, ,i n  are also real numbers and represent the demand for goods by i-th customer

1 iP Q  , 1, 2, ,i n  .

We have to find such closed set of routes  kM , 1, 2, , jk m  ,  t ,

 11, , , , 1
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k k
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and that have minimal total distance (objective function, first criterion)
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Presented problem corresponds to some mathematical model of above presented problems, connected
with distribution of uniform goods in small-sized portions between different customers. It is a complex
combinatorial optimization problem and is known as NP-hard [16,20].

The difficulty of movement between different customers and other problems cause the uncertainty of time
of movement. Suppose, that the expert evaluation of time for moving from i-th customer to j-th customer is

represented by nonnegative normalized fuzzy-triangular numbers  (1) (2) (3), ,ij ij ij ijt t t t  ([1], etc.), the member-

ship function of which is defined by formula (3).
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Then the movement time on closed route kM  will also be fuzzy-triangular number:
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In usual conditions kC  and kt  are identical, but in our case kt  shouldn’t depend much on kC . In extreme

situations the reliability of moving on route kM  is determined by smallness of kt . So we introduce the

following parameter normalized in [0,1] as a measure of reliability of route kM :

  1
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
. (5)

Also we introduce the objective weight of moving from i-th to j-th customer on route kM :
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1  and 2  are positive numbers, selected using the principle of closeness to experimental data. We have

to consider ( )k
ijw  weights and ij  possibilities, when constructing the weighted possibility level of movement

on route kM :
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Suppose   1

m
k k

M M


  is a set of some closed routes, satisfying the (1)-(2) constraints of the main problem.

To construct the reliability measure of routes   1

m
k k

M


 we use Choquet integral ([1,3] and others), which
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condenses the reliabilities k  of routes kM , 1,2, ,k m   and their possibility distribution 
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 . As known, this later creates possibility uncertainty with possibility measure:
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if   1 2
, , ,

pj j jM M M M .

In fuzzy statistics the Choquet integral defined on finite set is known as Monotone Expectation (ME) [10].
Here we introduce the notion of Monotone Expectation of reliability of the set M of closed routes with
respect to possibility measure:
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where (0) 0j  ;   (0) 0jPos M  ; (1) (2) ( )j j j m       ,– is the permutation of  1 2, , , m      which
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This is a second criterion– maximization of monotone expectation of reliability of movement on the closed

routes   1

m
k k

M


. As in previous case (formula (7)) we plan to engineer new aggregation instruments in

possibility theory.
The objective of our research is planned to be implemented to two-phase scheme of solving bicriteria

problem.
Phase I: Allowed closed routes (which satisfy (1)-(2) constraints) should also satisfy additional criteria: 1)

The time of movement on closed route kM  must not exceed some maximum limit maxkt t  , and 2) The

possibility level of movement on route kM  must exceed some minimum level: mink  ( min  and maxt  are

predefined by expert group based on their needs).
Among all allowable closed routes (in case of large dimension of problem, when the number of allowable

routes is in order of 4 610 10 ) during the first phase the sample of so-called “promising” routes are selected

 1 2, , , qM M M M  ,

which satisfy above criteria (the number of such promising routes should be in order of 310 –due to limita-
tions of second phase solutions). We plan to make this selection using the specially created algorithm of
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preferences based on the results from [13,14]. Note that this phase will be necessary only in cases when
problem’s dimension is large.

Phase II: For the promising routes  1 2, , , qM M M M   selected during 1st phase, new bicriteria prob-

lem will be solved. The two criteria are minimization of total traveled distance and maximization of reliability of
routes. The problem will be stated as a fuzzy-partitioning problem (FPP) [2,8].

Our further discussion concerns to a fuzzy partitioning problem(FPP). Some questions of FPP with possi-
bility-probability uncertainty have already been investigated by the authors of this work ([2,8] and others).
Now we consider a new variant of a presentation of the optimal FPP for the solution of the FVRP presented
here.

Let ij n q
A a


  be an incidence matrix, and 1ija   if route jM  goes through customer i and 0ija 

otherwise.

All subset of routes  1 2
, , ,

pj j jM M M M M    is presented by means of its characteristic vector

which has a component 1jx   if the route jM  is contained in the subset M   and 0jx  otherwise. AsAs

determined in previous section, each route jM  has the level of possibility of movement on it - j , level of

reliability j  and, of course, the total distance of route kC . Then we create the distance vector

 1 2, , , qC c c c   of route M ;  1 2, , , q       – is the vector of reliabilities;  1 2, , , q      – the

vector of possibilities (possibility distribution on M );Also    1 2, , , 0, 1 q
qx x x x   – Boolean vector..

Then criteria (2) in partitioning problem sounds this way: the set of routes M   is called the partitioning of

sets of customers I (otherwise we can say that for any customer from I there exist only one route from M   that
travels through that customer, except the depot, which is the starting and ending point of all routes), if

1
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The partitioning condition is similar to the following system of linear equations:
Ax e , (12)

where (1,1,...,1)e   is a vector consisting of 1s. Note that because of 1st phase, the partitioning routes satisfy

the following conditions: if kM M  , then
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Because of (1)-(2) for each partitioning ,M   we construct the objective function for the total distance of
route:
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and based on (10) – the objective function of their reliability:
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So, we consider the Min-max bicriteria fuzzy-partitioning problem:
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minimization of the distances of routes in partitioning and
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2 ( ) ( )

1
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q
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maximization of monotone expectation of reliability of routes in partitioning with linear constraints

Ax e ,  0,1ix  . (18)

Note that the monotone expectation of reliability of routes in partitioning is triangular fuzzy number (TFN)
and maximization of (17) criterion must be understood as fuzzy-maximization. In addition of (17) we will
consider other criterion from Possibilistic Programming Approach. We present one of them here:

If ( ),x x R   is the membership function of a fuzzy value   then   sup ( )
u x

Pos x u 

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Let us consider the following criteria the reliability of routes in partitioning:  2 2Pos f f . Obviously this

equation is written down using linear sum of parameters of triangular numbers 1 2, , , q     , meaning that we

fix the possibility of the reliability of routes in partitioning to be higher than some apriority defined the

minimal level 2f . Analogously to [18], we construct our dependent chance programming problem (DCPP)

with objective criteria (16), the purpose of which is to select the partition with the maximum possibility of the
monotone expectation of the reliability of partition
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For solving the bicriteria problems (16)-(18) or (20), two approaches will be considered in our future
investigations:
1) The method of compromise will be created for bicriteria problems (16)–(18) or (20), based on the idea of
ordering of criteria.
2) Scaling of (16)–(18) or (20) bicriteria problems and reducing the problem to classical partitioning problem

1 2(1 )f f f    , (0 1)   with one criterion. The exact solution of classic partitioning problem will be

realized by D. Knuth Algorithm of Dancing Links-X (DLX) [18].
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Conclusion

A new multiple criteria optimization approach for the solution of the optimal vehicle routing problem is
considered.This problem is reduced on the Min-max bicriteria fuzzy partitioning problem. Consequently,
Fuzzy Expectation and Dependent Chance Programming Problems are constructed. Two phase scheme is
used for the numerical solution of the FVRP.

Note that to obtain possibilistic levels of movement on routes, in future we plan to construct new gener-
alized possibilistic operators AsPOWA, AsFPOWA and others, which are generalizations of OWA operator
[19] for aggregating imprecision and uncertainty of information. Their information measures will be studied as
well, such as: Orness, Balans, Entropy and others.
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informatika

bikriterialuri fazi-satransporto
marSrutizaciis amocana eqstremaluri
garemosTvis

g. sirbilaZe, b. RvaberiZe, b. macaberiZe

i. javaxiSvilis sax. Tbilisis saxelmwifo universiteti, zust da sabunebismetyvelo mecnierebaTa
fakulteti, Tbilisi

(warmodgenilia akademikos m. saluqvaZis mier)

satransporto marSrutizaciis amocanebis gadawyveta gansakuTrebiT did mniSvnelobas
iZens bolo dros gzebze Seqmnili garTulebuli situaciebis gamo: 1. transportiT
gadatvirTuli gzebi; 2. eqstremaluri movlenebi, rogoricaa: katastrofebi, miwisZvrebi,
sxva da sxva mizezebiT gamowveuli gzebze cudi xilvadoba da sxv. yovelive es arTulebs
satransporto marSrutizaciis amocanebis gadawyvetas, radgan gzebze gadaadgilebis
dro calsaxad aRar ganisazRvreba gadaadgilebis manZiliT. aseT SemTxvevaSi gzebze
satransporto saSualebebiT gadaadgilebis minimizaciis amocanasTan erTad Cndeba iseTi
kriteriumi, rogoricaa gadaadgilebis marSrutebis saimedoobis maqsimizacia. am
ukanasknelis ageba dakavSirebulia saeqsperto codnis formirebisa da inJineriis
meTodebTan da teqnologiebTan. meore kriteriumi warmoSobs satransporto
marSrutizaciis bikriterialur amocanas. rogorc cnobilia, kargadaa Seswavlili
klasikuri satransporto marSrutizaciis amocanebi, romlebic, stacionaruli pirobebis
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SezRudvebSi ZiriTadad gzebze satransporto saSualebebiT gadaadgilebis minimizaciis
amocanis gadawyvetas gulisxmobs. amocana diskretuli optimizaciis amocanaTa klass
miekuTvneba da NP-sirTulisaa. didi ganzomilebebis SemTxvevaSi mis gadasawyvetad Seqmnilia
evristikuli Tu sxva tipis miaxloebiTi midgomebi. naSromSi warmodgenili amocanis
realizaciisTvis Cvens mier Seiqmna fazi-satransporto marSrutizaciis amocanis
gadawyvetis axali midgoma. saeqsperto monacemebis bazaze Seqmnili meTodologia
dafuZnebulia SesaZleblobis Teoriis bolo Sedegebze. statiaSi ganxilulia mini-maqs
tipis bikriterialuri satransporto marSrutizaciis amocana eqstremaluri garemosTvis.
agebulia axali subieqturi kriteriumi - Caketil gzebze gadaadgilebis mosalodneli
sandoobis maqsimizacia. kriteriumis asagebad gamoyenebulia Sokes integralis sasruli
warmodgena. am amocanis realizaciis orfaziani sqemaa warmodgenili. ganxilulia am
sqemis ori SesaZlo gadawyveta.
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