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Abstract. The purpose of this paper is to develop structural
classi¯cation of Stochastic Vehicle Routing Problem (SVRP) by
di®erent domains and attributes. This research used a systematic
review and meta-analysis on SVRP literatures. This includes
browsing relevant researches and publications, screening related
articles, identifying domains, attributes and categorising the
articles based on the identi¯ed domains and attributes. The
¯ndings of the study show clear di®erences on the number of
studies under each domain and attribute. Most studied attri-
butes are stochastic customer demand, capacitated vehicle,
synthesis data and objective function with cost minimization.
Whereas the least studied are maximisation objective function,
stochastic service time, and an applied model using stochastic
with recurs. The research helps to summarise and map a com-
prehensive survey on SVRP literatures so that various con-
tributions in the ¯eld are organised in a manner that provide a
clear view for the readers and identify future research directions.
This paper is the ¯rst of its kind in the ¯eld of SVRP that
develop a classi¯cation scheme for articles published since 1993
to enhances the development of this newly emerging discipline.

Keywords: Vehicle routing problem; stochastic VRP; classi¯ca-
tion, attributes; domain.

1. Introduction

The task of designing delivery or pickup routes to service

customers in the ¯eld of transportation and supply chain

is known in the literature as a Vehicle Routing Problem

(VRP) (Christopher, 2010). Dantzig and Ramser (1959)

proposed VRP for the ¯rst time under the title \Truck

dispatching problem" with the objective to design opti-

mum routing of a °eet of gasoline delivery trucks between

a bulk terminal and a large number of service stations.

VRP is a generic name given to a whole class of problems

in which a set of routes for a °eet of vehicles based at one

or several depots must be determined for a number of

geographically dispersed cities or customers (Laporte et al.,

1989, 2002; Calvete et al., 2004; Baldacci et al., 2010). It is

de¯ned by a depot, a set of geographically dispersed cus-

tomers with demands, and a set of vehicles with capacity.

In addition, customers must be visited exactly once and

the total customer demand of a route must not exceed the

vehicle capacity (Clarke and Wright, 1964; Laporte et al.,

2002; Novoa et al., 2006). Its objective is to ¯nd a collec-

tion of K simple circuits each corresponding to a vehicle

route with minimum cost, distance or time.

To achieve this objective, extensive research has been

conducted on VRP to design and develop di®erent models

and optimisation methods. VRP models are di®ered by

inclusion or exclusion of di®erent side constraints. The

commonly used side constraints are restrictions on capac-

ity of vehicle, total time, windows time, precedence rela-

tions between pairs of cities, the number of depots

(Laporte, 1992; Madsen et al., 1995; Paolo and Daniele,

2002; Chenghua and Xiaofeng, 2011) and others. Basically,
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VRP can be classi¯ed as classical/deterministic and sto-

chastic. The former assumes static or deterministic

parametric value in the VRP model and the latter how-

ever, considers stochastic parameters. The consideration of

stochastic information on VRP models is di®ered from the

classical VRP on approach the problem is formulated and

the solution is implemented.

Due to the number of variables and side constraints

considered, research in the areas of Stochastic Vehicle

Routing Problem (SVRP) is growing both intensively and

extensively at a rapid peace. According to the survey

made by Eksioglu et al. (2009), 1494 bibliographical en-

tities were reviewed for the purpose to survey VRP tax-

onomy and found that VRP literatures are growing almost

exponentialy with 6.09% annual growth rate. Further,

they pointed out that due to enhanced data collection,

tracking capabilities, and computational availabilities,

trends in the VRP literature have shifted from static to

more dynamic and fuzzy cases that incorporate real time

data and stochastic parameter in it. Similar surveys were

previously conducted on di®erent variants of VRP. Among

them, dynamic VRP with perspective of quality and evo-

lution (Pillac et al., 2011), VRP on particular interest

of pickup and delivery problems (Parragh et al., 2008),

Capacitated VRP (CVRP) VRP with Time Window

(VRPTW) (Kumar and Panneerselvam, 2012), classi¯ca-

tion of VRP based on network classi¯cation and number of

vehicles (Bodin, 1975) and classi¯cation scheme of VRP

based on computer data structure (Desrochers et al., 1990).

As it can be seen from the literatures, so far, there has not

been extensive research particularly, that addresses the

classi¯cation of SVRP. Due to this reason, as compared to

other variants of VRP, research in SVRP is rather scattered

and not organised so far in a systematic manner. This

paper, therefore, tries to conduct a comprehensive survey

using a systematic review and meta-analysis approach on

the SVRP literatures to map the various contributions and

identify patterns in a manner that provide a clear view to

the readers and identify future research directions.

The remainder of this article is organised as follows:

Sec. 2 gives a brief literature on SVRP, Sec. 3, states the

research methodology, Sec. 4, presents the result and

discussion and at last, Sec. 5, gives the conclusions and

future research directions.

2. Literature Review

2.1. Vehicle routing problem

VRP is represented in a graph theory. The general model of

VRP is de¯ned as: Let G ¼ ðv;AÞ be a asymmetric graph

where V ¼ f0; 1; . . . ;nÞ is a set of vertices representing

cities with depot located at vertex 0, and A is the set

of arcs. With every arc ði; jÞ; i ¼ j is associated a non-

negative distance matrix C ¼ ðCijÞ. In some context, Cij

can be interpreted as a travel cost or as a travel time

(Laporte, 1992; Cordeau et al., 2001; Golden et al., 2008;

Wouter, 2008; Li et al., 2010). When C is symmetrical, it is

often convenient to replaceA by a setE of undirected edges,

the graph being called symmetric or undirected graph.

The general or classical VRP consists of designing a set

of at most K delivery or collection routes such that each

route starts and ends at the depot, each customer is visited

exactly once by exactly one vehicle, the total demand of

each route does not exceed the vehicle capacity and the

total routing cost is minimised. With all theses assump-

tions, according to Stewart and Golden (1983), a compact

formulation of VRP can be written as:

Minimise ¼
Xn

k¼1

cijx
k
ij

Subject to

Xn

i;j

qix
k
ij � Q; k ¼ 1; 2; . . .n;

where:

cij ¼ The cost/distance of traveling from i to j

xk
ij ¼ 1 if vehicle k travels from i to j; 0 otherwise

m ¼ The number of vehicles available

Sm ¼ The set of all feasible solutions in the m-traveling

salesman problem (m-TSP)

qi ¼ The amount demanded at location i

Q ¼ The vehicle capacity.

In many practical cases, the cost or the distance matrix

satis¯es the triangular inequality such that cik þ ckj � cij;

8i;j;k 2 V (Paolo and Daniele, 2002).

2.2. Variants of VRP

The inclusion of real life scenarios on VRP models resulted

inmanyvariants ofVRPthat evolved from the generalVRP

model. For instance, the most commonly studied variant is

VRPTW (Madsen et al., 1995; Cordeau et al., 2001, 2002,

2007; Kenyon and Morton, 2003; Kallehauge, 2008). It is

the same problem as VRP but with additional restriction

on time called window time which associated a de¯ned time

interval wherein the customer has to be supplied (Balak-

rishnan, 1993; Taillard et al., 1997; Calvete et al., 2004;

Stefan and Natalia, 2009; Xiangyong et al., 2010).

Consideration of time interval at the depot is also

called the scheduling horizon in VRP. This consideration

is similar to the case CVRP with Pick-up and Deliveries
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and time Windows (CVRPPDTW). Multiple Depot VRP

(MDVRP) (Blanton and Wainwright, 1993; Mingozzi,

2003), Multiple Depot VRP with Time Windows

(MDVRPTW), Split Delivery VRP with Time Windows

(SDVRPTW) and Periodic VRP with Time Windows

(PVRPTW) (Dror and Trudeau, 1989, 1990; Dror et al.,

1994) are also other variants in the time restriction.

In addition to the above variants, more additional side

constraints are also added in the problem structures that

lead to have more variants of VRP. Some of them are

multiple depots (Bertsimas and Van Ryzin, 1990), a

paired-vehicle recurs strategy (Ak and Erera, 2007), route

duration limit (Christopher, 2010; Erera et al., 2010),

single vehicle and limited capacity and priority on custo-

mers' visit (Bertsimas, 1991, 1992; Smith et al., 2010).

Another strategy to account for the demand uncertainties

is to develop a waiting strategy for vehicles (Ghiani et al.,

2008) and uncertainty demand with adverse weather

conditions (Sumalee et al., 2011).

However, the classical VRP model usually does not

capture an important aspect of real life transportation and

distribution-logistic problems. This is due to the fact that

several of the problem parameters such as demand, time,

distance, and others are stochastic by their nature, but

they are often oversimpli¯ed and treated as deterministic

(Ak and Erera, 2007).

2.3. Stochastic VRP

SVRP is also a generic name given to VRP that considers

one or more parameters as stochastic or unknown during

the planning horizon. The SVRP refers to a family of

problems, that combine the characteristics of stochastic

and integer programs, and are often regarded as compu-

tationally intractable (Gendreau et al., 1996). The ran-

dom parameters may be the presence of customers, the

nature of customer demand at a given location, the time

such as service time, or travel time or windows time

(Reimann, 2005).

As shown in Table 1, most common variants of SVRP

are VRP with stochastic customer demands (Dror and

Trudeau, 1989; Laporte et al., 1989; Yang et al., 2000;

Novoa et al., 2006; Smith et al., 2010), stochastic customers

(Bertsimas, 1991), stochastic customer and demand (Dror,

1993; Dror et al., 1993; Gendreau et al., 1995; Dror and

Trudeau, 1986) and stochastic service time (Laporte,

1992). SVRP also addresses other areas such as unknown

knowledge of the road conditions, passengers shift and

working hours, heterogenous vehicles, split customer de-

mand, number and size of vehicle, and others.

Table 1 shows a brief summary of previous SVRP

studies that considered stochastic parameters and other

side constraints. It presents an overall view of di®erent

Table 1. Brief summary of literatures related to SVRP.

General characterstics Special factors considered

Stochastic Customer
Demand

� Using the Cross-Entropy Method (Yang et al., 2000; Chepuri and Tito, 2005)
� With restocking (Yangoural et al., 2000)
� Dynamic VRP With multiple vehicles priority (Smith et al., 2010)
� With Euclidian service region (Bertsimas, 1992; Bertsimas and Van Ryzin, 1990, 1993)
� With di®erent route updating strategies (Bertsimas, 1991)
� With paired-vehicle recurs strategy (Ak and Erera, 2007)
� Using ant-based simulation (Rossetti et al., 2009)
� With dynamic or re-optimisation perspective (Secomandi and Margot, 2007; Novoa and Storer, 2009)
� (Dror, 1991; Erera and Daganzo, 2003; Ismail and Irhamah, 2008; Milić and Jovanović, 2011)
� With duration constraints (Erera et al., 2010)
� VRP with stochastic demands (Novoa et al., 2006)
� Using advanced Particle Swarm Optimisation (PSO) (Moghaddam et al., 2012; Yong and Hai-Ying,

2008)
� With uncertainty and omitted customers (Waters, 1989)
� With a known probability distribution and customer revisited (Bastian and Rinnooy, 1992)
� And Restricted Failures (Dror et al., 1993)

Customer and
Customer Demand

� With uncertain customer presence (Guo, 2004)
� With known probability distribution (Gendreau et al., 1995)
� Uncertain demand and adverse weather condition (Sumalee et al., 2011)

Service Time � With random travel and service time (Kenyon and Morton, 2003)
� With stochastic travel and service times (Campbell and Gendreau, 2011)
� Under stochastic service times (Cort�es et al., 2007)
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SVRP articles by major categories as general character-

istics and special factors considered under each category.

Despite the progress of SVRP research so far, generic

VRP review has been done by Bodin (1975), Desrochers

et al. (1990), Gendreau et al. (1996), Ismail and Irhamah

(2008), Parragh et al. (2008), Eksioglu et al. (2009), Pillac

et al. (2011) and Kumar and Panneerselvam (2012). But

have limitation of not showing clearly structure and

classi¯cation on SVRP literatures. Hence, structural

analysis of these research work will help to further enhance

the development of this newly emerging discipline.

3. Research Methodology

In order to conduct the meta-analysis, this research used a

systematic literature review on SVRP. After browsing

relevant research and publications a systematic review

was used to screen related articles, and identifying

domains and attributes. Finally based on the meta-anal-

ysis, articles that are related to SVRP were categorised

based on the domains and attributes so as to identify

pattern and/or distribution.

3.1. Browsing literature

From a wide set of academic studies, Google and Google

scholars search engines, Science Direct, Springer, Jstor,

Emerald and DBLP database, and other free or subscribed

journal were used as a source to search VRP literatures.

More than 3000 bibliographical entities, which are written

in English language were searched and collected using

the term \Vehicle Routing", \Vehicle Routing Problem"

or \Stochastic Vehicle Routing Problem" as a search

phrase(s). These include journal articles, book chapters,

technical reports, and articles from various conference

proceedings. But for this research, the term article is used

and it means any one of them. All of them were kept for

initial review.

3.2. Screening related literatures

After the initial scan using a systematic review, 49 articles

that were published since 1963 which are related to

SVRP are identi¯ed. The number of articles and year of

publications for all the 49 articles are summarised and

presented in Table 2.

3.3. Identifying domains and attributes

Using extensive survey, the systematic review resulted in

eight di®erent domains and twenty nine attributes. The

identi¯ed attributes and domains are shown in Table 3.

The domains include: Stochastic scenario, solution ap-

proach, data characteristics, type of graph they represent,

number of vehicle, vehicle capacity, objective function,

and model applied. They are introduced by considering

the main domains and attributes shown as headings and

sub-headings.

This classi¯cation provides clear structure for those

main domains and attributes. Some of them are adopted

and modi¯ed from the attributes of VRP taxonomy de-

veloped by Eksioglu et al. (2009). Due to the fact that this

research considers one variant of VRP, that is SVRP, the

number of domains and attributes considered are less in

number and slightly di®erent from in type (owing to

modi¯cation) with the attributes used in the general VRP.

However, they are developed after a thorough reading of

each of the 49 articles identi¯ed in Sec. 3.2.

3.4. Categorising and classifying articles

The classi¯cation structure of SVRP is built in an arbo-

rescent way with a very close look at each article. The

branching levels from top to bottom are, at most, in three

levels in order to provide coherence and parsimony, yet

sacri¯ce nothing in terms of comprehensiveness. The

levelling is from abstraction to the details in order to

provide clear view to the reader.

The meta-analysis was used to classify each articles

based on the domains and attributes developed in Sec. 3.3.

For each domain, more detailed attributes as sub-

categories were also derived so as to help to classify SVRP

literatures. In order to present the ¯ndings, 49 articles

were classi¯ed based on the domains and attributes shown

in Table 3.

Table 2. Years and numbers of publication.

S/N 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 21 22 23 Total

Year 1963 1982 1986 1989 1990 1991 1992 1993 1995 2000 2002 2003 2004 2005 2006 2008 2009 2010 2011 2012 2013 2014

Art.� 1 1 1 1 1 2 2 2 1 1 1 3 1 4 1 2 3 2 5 6 6 2 49

�Art. Means the number of articles in each year.
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4. Results and Discussions

Based on the meta-analysis, articles that represent rather

di®erent approaches and that address di®erent issues re-

lated to SVRP, domains and attributes are categorised

and presented in Table 4. The authors of the 49 articles

are listed in the ¯rst column of Table 4. The remaining

columns represent the domains and their corresponding

attributes. While classifying, some column cells may re-

main vacant. This means that, the article does not

address or involve that cell's attribute. But, if the article

addresses the attribute in the domain corresponding to

each column heading, that corresponding cell is marked

with \X". The full shaded columns represent the point of

branching the domains. This representation is designed

due to its compactness to assign more designations in a

con¯ned space.

Based on the survey, all the articles are designated on

the domain or attribute they belong to. As shown in

Table 4, the articles appear to be uniformly distributed in

each domain and attribute. Figure 1, shows the relative

proportion of each domain and attributes. But variation

is observed with each domain in the attributes. Therefore,

a closer look at each domain and attribute is very im-

portant. Except the column that branches the domain,

there is no column with unmarked cell. However, there

are very few columns that have one, two and three

marked cell(s) that confers least studied areas in the

SVRP literatures.

Attribute that has only one marked cell is maximisa-

tion objective function (7.21), which is obvious that most

SVRPs have objective function to minimise distance, time

or cost. The other attribute that has two cells marked is

unknown vehicle capacity (6.3). Attribute that has only

three marked cells are stochastic with recurs (8.4) in the

applied mode domain.

The most important outcomes of this representation is

variability of attributes in each domain. In the ¯rst do-

main, which considers the stochastic nature of VRP, sto-

chastic customer demand (1.2) is the most studied

attribute followed by two equally studied attributes; sto-

chastic customer (1.1) and stochastic travel time (1.4). In

the same domain, stochastic service time (1.3) is found to

be the least studied. To solve SVRP models, the solution

tool that mostly used is the heuristic (2.2) and exact (2.1)

solution techniques. However, the use of meta-heuristics

solution tools, which is represented by other solution

techniques (2.3) in the study is the dominated tools used

for in the solution techniques.

As explained in the literatures, most VRP models are

represented in a graph. Accordingly, from those that

represented their model in a graph, symmetric graph (3.1)

representation is relatively used more than asymmetric

graph (3.2). However, from the survey made, most SVRP

literatures were studied without de¯ning their graph re-

presentation (3.3) techniques. With regard to the nature

of data used, most SVRP are studied using synthesis data

(4.2) followed by no data (4.3). The synthesis data in the

data attribute is dominant because most SVRP

researchers either used instances from previous research or

hypothetical data to test their model.

Regarding the number of vehicles considered in the

SVRP articles, the dominant one is multiple vehicle (5.2)

followed by single vehicle (5.1). There are also a consid-

erable number of literatures and articles that do not

specify the number of vehicles (5.3) involved in their

model. However, out of 38 articles that involved either

single or multiple vehicles 37 of them were studied with

capacitated vehicles consideration (6.1).

With respect to objective function, the survey showed

that cost minimisation (7.1.1) is the dominant objective

function as compared to other attributes in the mini-

misation domain. Whereas maximisation objective func-

tion (7.2) was found to be the least studied attribute in the

domain of objective function. However, the other types of

objective function (7.3) which were studied by proo¯ng of

lemmas, propositions, and theorems are the second most

dominant in this domain.

Table 3. Classi¯cation domains and attributes.

1 Stochastic 5.2 Multiple
1.1 Customer 5.3 Unknown
1.2 Customer Demand 6 Vehicle Capacity
1.3 Service Time 6.1 Capacitated
1.4 Travel Time 6.2 Uncapacitated

2 Solution 6.3 Unknown
2.1 Exact 7 Objective
2.2 Heuristic 7.1 Minimisation
2.3 Others 7.1.1 Cost

3 Graph Representation 7.1.2 Distance
3.1 Symmetric 7.1.3 Time
3.2 Asymmetric 7.2 Maximisation
3.3 Unknown 7.3 Others

4 Data 8 Applied Models
4.1 Real 8.1 Chance Constrained

programming
4.2 Synthesis 8.2 Dynamic Programming
4.3 No Data 8.3 Markov chain

5 Number of Vehicle 8.4 Stochastic with recurs
5.1 Single 8.5 Others

17.2 represents domain objective function and attribute maximisation labelled in Table 3 and used as column heading in Table 4.
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The last domain in this paper is the type of model

applied in the model formulation of SVRP studies. In this

case, the majority of the studies do not identify which type

of model is applied in their model formulation. It is indi-

cated as others (8.5); and accounts 25 of the articles out of

the 49 considered in the study. However, all the remaining

models are nearly uniformly applied in the remaining

SVRP literatures.

In SVRP studies, routing with attribute using capaci-

tated vehicles (6.1) is very common problem formulation

so as to simplify the complexity of the model. As shown in

Fig. 1, the second more studied attribute is stochastic

customer demand (1.2). In addition, except the unknown

attributes (2.3, 3.3, and 8.5), the survey shows that the

use of synthesis data (4.2), multiple number of vehicles

(5.2), and objective functions with cost minimisation

(7.1.1) are other attributes that were studied most in the

SVRP literatures.

Attributes of stochastic service time (1.3), uncapaci-

tated vehicle (6.2), and stochastic with recurs (8.4) are the

second least studied next to maximisation objective func-

tion (7.2). Moreover, stochastic customer (1.1), stochastic

travel time (1.4), the use of real data (4.1), objective

function with time minimisation (7.1.3) chance con-

strained programming (8.1), dynamic programing (8.2),

and Markov-chain applied model (8.3) were also found to

be the third least studied area in SVRP literatures.

The survey result revealed that the reason for attribute

no data (4.3), unknown on the graph representation (3.3),

and the use of unknown applied model (8.5) is that there

are many SVRP studies; that focused on proof of lemma,

theorem, and proposition (Waters, 1989; Bertsimas and

Van Ryzin, 1990; Bastian and Rinnooy, 1992; Bertsimas,

1992; Dror, 1993; Dror et al., 1993).

From the survey, as presented in Table 4 and Fig. 1,

the tools and techniques that are used in solution ap-

proach, graph representation, and applied models in the

SVRP literatures are summarised well. Regarding, the

benchmarking problems in the SVRP models, they are

more versatile and diversi¯ed into various ¯elds and can-

not be organised and included in the table. However, the

major benching marketing problems are brie°y presented

here. SVRP problems are used to model urban public bus

transport system (Berhan et al., 2014), waste collection

(Mili´c and Jovanovi´c, 2011), plant to customer distri-

bution (Chepuri and Tito, 2005), collection and delivery of

goods (Bertsimas, 1992; Erera and Daganzo, 2003), dis-

tribution of goods in the logistic problem (Rossetti et al.,

2009), transport system on adverse weather condition

(Sumalee et al., 2011); and one supplier and multiple

retailers transportation-inventory network design (Wil-

liams, 1963; Stewart and Golden, 1983).

5. Conclusion

The paper tries to assess more than 3000 bibliographical

entities and identi¯ed 49 articles related to SVRP. The

bibliographical entities were selected from various sources

published since 1963 and classi¯ed based on 8 di®erent

domains and 29 attributes. The classi¯cation has been

demonstrated to be robust enough to incorporate a di-

verse set of SVRP literatures which were previously

published as well as those expected in the future. How-

ever, there is no taxonomy that remained ¯xed all the
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time, it can be improved more in the future to incorporate

when new insights in the area of SVRP were evolved

through time. Based on the classi¯cations, nearly all the

articles are uniformly distributed across the domains and

attributes, but variation is observed within each domain.

From the ¯ndings, capacitated vehicle, stochastic cus-

tomer demand, and synthesis data are the most domi-

nantly studied attributes with consideration of multiple

vehicles and cost minimisation objective functions. Mini-

misation objective function is found to be the least stud-

ied among all the attributes followed by uncapacitated

vehicle and stochastic with recurs. Most SVRP studies

were conducted using exact heuristic solution techniques.

But the use of di®erent meta-heuristics and other solution

techniques also account for the majority of the SVRP

literatures.

Moreover, from the survey made; it was realised that

the stochastic consideration is not limited to customer,

demand, and time; rather includes also other side con-

straints such as road weather conditions, workers' shift,

and so on. Apart from the ¯ndings, there is no previous

study that tried to classify and categorise SVRP studies

except for some survey in a very few areas of focus.

Furthermore, based on the systematic review of the

articles and the survey conducted, the research has also

identi¯ed the following gaps in the SVRP literature which

can serve as future study areas.

(1) Most SVRP studies were conducted on stochastic

customer demand using objective function of cost

minimisation and capacitated vehicles with synthesis

data. But they were studied in a diversi¯ed way to

¯nd a solution using exact, heuristic or meta-heur-

istics techniques. However, SVRP which maximises

vehicle utilisation, number of customer to be serviced,

revenue earned, and others remain most untouched

areas in the SVRP literatures.

(2) There is no SVRP literature that modelled fully the

real world stochastic parameters considered in its

study to solve problems using real world data.

Nearly, all made an assumption to simplify and tried

to ¯t to a probabilistic model. They tested using

synthesis data or previously generated instance or

using mathematical proof of lemma, theorem, and

proposition.

(3) Due to the dynamic nature of side constraints in VRP

or SVRP, except some open source instances devel-

oped by scholars which are modi¯ed and used in many

literatures, commercial software are not readily

available to ¯t any VRP model. This highly hinders

the strategy to improve the solution methods.
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