“Investigation of tuning parameters of Tabu Search
algorithm and its modification for solving the
Routing Courier Delivery Problem.”

R. Shafeyev , L. Lyubchik

The paper considers the Routing Courier Delivery Problem with the service time
for which the discrete model was constructed and the calculation scheme based on
the Tabu search algorithm. This article provides a method for dynamically adjusting
the parameters of Tabu Search algorithm in the process of solving the problem. The
efficiency of the proposed algorithm‘s scheme has been tested on large-scale problems,
which were generated on the basis of well known model routing problems.

Introduction

One means of saving resources for transportation of goods is the use of decision
support systems in the field of transport logistics. One of the key functions of
decision support systems in the field of transport logistics is the ability to calculate
and construct efficient detour routes for various purposes in the transport network
in terms of cost. The mathematical formulation of this problem is widely known as
the Vehicle Routing Problem (VRP). There are several types of VRPs with various
additional conditions such as the carrying vehicle‘s capacity, time of deliveries and
other limitations for a better description of the environment.

This article is devoted to the courier routing problem, which is a sub-problem
of VRP. The problem is to find a route to visit a given set of addresses by a number
of units of vehicles carrying goods from the sender to the recipient.

Automation of the route planning process will be relevant for: online stores,
large wholesale companies (e.g. for distribution of goods that are perishable or
optimizing the delivery schemes of goods to destinations) and firms with the aim of
organizing restocking in stores. A practical application of the problem can be found
in the transportation of patients between the buildings of clinic [16, 18], the delivery
of newspapers and magazines and the delivery of fuel to homes [19]. The solution
of these problems also has a practical application in the helicopter transportation
system of people between offshore oil platforms [17].

In recent years are an increasing amount of people turning to courier services
for famous needs.Typically, client orders placed the day before and the dispatcher
then has a full list of orders that must be delivered within the deedlines started
by the client. Attanasio [15] held a thematic research on courier services which
described the advantages of using computer technologies to human dispatching. In
his work he considered examples of work by eCourier Ltd, a London company that
offers express services. Their clients are mainly law firms, financial institutions,
advertising agencies and other organizations that are interested in the rapid delivery
of goods or the sensitive documents. Once all of the orders at a particular time have
been placed, you must create a route that would satisfy the requirements of the



customers. Depending on the service level that was specified by the client, the
courier can combine several products customers.

Companies that offer courier services frequently have a mixed fleet of vehicles,
which consists of bicycles, motorcycles, cars and small trucks. Depending on the
type of request, the transport arrangement means and time slots will be selected
the kind of vehicle that will be able to execute the order within a specified time.
Researches [15] showed that the using of computer methods, including optimization
algorithms have been very profitable for courier companies.

Thus, the use of an automated system allows to improve the quality of service,
reduce delivery time, improve courier efficiency and reduce the cost of shipping,
thereby providing a competitive advantage increase.

Problem Statement

Let C,dim(C) = n be a set of vehicles and @, dim(Q) = m be a set of requests
received from customers at the current time.

Suppose that the following information is known about vehicles from set C"
P, — vehicle position, ¢ € C;

L. — vehicle capacity, c € C.

Let S be a set of senders, (dim(S) = dim(Q) = m), R is a set of receivers,
dim(R) = dim(Q) = m. Then each client request ¢ € @ includes the following
information:
sq — a sender of client shipment, s € 5
T4 — a receiver of client shipment, r € R;

P, — sender position;
ﬁrq — receiver position;
wq — client shipment that is required to be delivered from the sender to the recipient;
[t2,t? 4+ At?] — the time window within which the worker must to pick up the goods
from the sender;
[t2,t2 + Atd] — the time window within which the worker must deliver the goods to
the receiver.
Thus, each request can be represented as a tuple:
VgeQ:q= (sq,rq,ﬁsq,ﬁrq,wmt;{, At 3 Atd) (1)

LR )

To estimate the cost of transportation between destinations defined by the following
cost function €2
VZ,]ESURHQZJ:Q(B,PJ) (2)
It is necessary to construct the most optimal routes of vehicles movement for
the transportation of goods from the sender to the receiver for all client requests.

Discrete model

The Routing Courier Delivery Problem can be represented as a directed graph
G = G(V,E). The set V = C U S U R are nodes of the graph G, with elements



Pu —a position of
receiver R1

Pc: —vehicle position /@
Lci - capacity E}

Ci Vehicle - —
Pc: — vehicle position

Pc Vehicle position ﬁ Le2 - capacity

Sq Sender

Ps, Sender posinion

Rq Receiver

Px, Receiver position

Wy Client shipment that is required to deliver from the sender

Figure 1. Example of the Routing Delivery Problem.

consists of vehicles, senders and receivers. E — dynamic set of arcs of the graph G,
such that:
Ve(X) € E:e(X) = (vi,v5),3v; € V,u; € V/C (3)

Let X = {X*}7_, is a sequence of variable matrices for each vehicle k € C.
Elements of the matrices take the following values:

(4)

X

k) {17 the vehicle £ € C' moves from the i node to the j
nj T

0, otherwise.

where: i € V/C Uk, jeV/C.
Let us introduce the vector of variables Y*(X) for each vehicle k inC. Vector
elements have the following values:

k 1, the request j € @ is processed by vehicle k € C
7 (0 = . (5)
0, otherwise.

where: 1 € V/CUk,j € V/C.



Let t? (X®)) — arrival time of the vehicle k € C at the destination j € S U R.
The objective function takes the following form:

= Z Z Qi xz(f) — min (6)

keC i,jUV

We define constraints on the objective function (6), which provided the conti-
nuity of routes:

3oy s <iviev (7)

keC jESUR
S Y a=1vjeSuRr )
keC ie SURU{k}

S w3 2l <1vweSURVEeC 9)
i€ SURU{k} jESUR

o YalVs0z={zez: Y ) >0hvkec (10)
1€SUR/Z jEZ JESUR

The restriction (7) prohibits a node in the graph G of having more than one
output arc. The restriction (8) prohibits a node from having more than one input
arc. The constraint (9) indicates that the number of input arcs to the node can not
be less than the output arcs (this constraint considers the fact that the vehicle can
leave the destination only if it has visited this node). The restriction (10) excludes
local loops.

The next constraints synchronize values of variables X and g for each request
q € @ and prohibits the courier service visiting the receiver before meeting with the
sender first:

2 + 2 =2.4y(X),Vke CqeQ (11)
yFP(X) - (dr (XW) —2F (XW) >0,k e CgeQ (12)

Defining restrictions for the accounting of vehicle capacity and delivery time
windows:

D wiyf < Ly,VkeC (13)
JjeQ

< (XM <194+ ALl Vg € Q, (14)
tl < 1Ty (XM <t 4+ Atl, Vg € Q, (15)



Description of the Algorithm

We present the set of matrices {X*} in the form of a vector defined on the
hypercube E" = {0.1}", where n = n - (2m + 1) - 2m. The aim of the task is to
minimize the objective function:

F(@) — min, i € E" (16)

Denote by (i, ¥) the Hamming distance between @ and ¥. Through N;(%) we
denote the neighborhood of a point @ radius [[4]:

Ni(@) = {Te€ E": 6(a,5) <l},l=1,n (17)

When | = 7 a set N;(u) for any vector i coincides with the set E” and being in
this neighborhood vector with a minimum value of the objective function is equiva-
lent to solving the original problem. The classic Local Search algorithm starts with
a randomly selected vector u0. On the i step of the algorithm the current vector
moves to the minimum value of the objective function in the neighborhood:

F(@) = min{F(¥) : 7 € N (d@")} (18)

The algorithm terminates at a local optimum, when F (u’ll) =F (u_;) In
VRPs there are a typical situation when many local optimums and only one of them
is global:

Fopt = min{F(?):v € E"} (19)

To ensure that the algorithm does not stop at a local minimum and move from
one local optimum to another, we must remove the central point from the current
neighborhood and when the algorithm searches for the minimum, the following rule
applies. Let [ = 2 and the current position moves from ' to uitl therefore changing
the values in the coordinate (u},u?). The algorithm stores such pairs for the last
h amount of steps and in the next step prohibits the movement in these directions.
An ordered list of such pairs:

¢i = {(’U&, ui})v (u§_17 uijl)a ) (Uf\_hﬂa ui;thl)} (20)

is called the Tabu List. The pair (uy,uy), A # w does not prohibit the movement
of pairs (uy,uy) and (uy,u,). When I > 2, the Tabu List is created accordingly
for 3ﬂcoordinates, 4 coordinates, etc. A set of non-restricted vectors are denoted by
N;(ut, 5‘) In order for the search to be efficient, it is advisable to use small values
of h and to control this parameter throughout the algorithm.



1 function TabuSearch(u’,,p, h)
2 // Initial variables:
3uPl =yd PPt =FO 0 =0 i=0
4 while the breakpoint is not triggered do
5 Nl:Nl(ulaQﬁZapvh)
6 if N; # () then
7 Wit = i
8 t=1+1
9 goto 5
10 else
11 // find optimum into the neighborhood Nj:
12 utl: F(ut) = min{F(y) : y € N;}
13 end
14 | if F(u'™!) < F,,;) then
15 Fopt = F(u't)
16 uopt — ui+1
17 end
18 't = update(¢?)
19 i=i4+1
20 end
21 return u°P?

Algorithm 1: Pseudo-code for probabilistic Tabu Search algorithm.

Denoted by Nl(zﬁ, &', p) a probabilistic neighborhood which stems from a de-
terministic Nl(zﬁ,&) as follows; each vector ¥ € Nl(vﬁ,&) with probability p is
included in the neighborhood Nl(u_;’, ¢7, p) regardless of other points. Note that this
set may be empty or contain only one point. The General scheme of the probabilistic
Tabu Search algorithm in scheme 1 is referred to as the pseudo-code.

The stopping criterion is based on the total number of steps Ng;op, which does
not change the value F,,;. Values [, p, h are the control parameters of the algorithm.
Their choice depends on the problems dimension.

In the presented scheme, it was assumed that the value of A (the dimension of
the Tabu List) does not change throughout the course of the algorithm. This creates
certain difficulties in the implementation of the scheme, as it is unknown how long
the Tabu List size should be. At small A the algorithm can get into an infinite loop.
At large h the search becomes inefficient.

Initialization

To use the Tabu Search Algorithm, you must first build the initial solution. For
the initial solution u_b7 you can use the heuristic method of route constructing[?, ?].
The essence of these methods is as follows. According to the rules of the algorithm
routes for each vehicle are constructed as client requests come in order to ensure
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efficiency. To preserve the order of visits of the nodes by the vehicles in the pair are
ordered ”sender-receiver”.This algorithm is fast enough (computational complexity

O(n?) [?]), so it is convenient to use for the initialization of the vector u°.

At the beginning of the algorithm a single request is added to each route in
accordance with the time constraints. The first node(sender) is chosen randomly or
is selected the one you want to perform before others. Then every possible request
u from the set of unchecked requests Q' (the set Q' € @) is estimated by inserting it
in the beginning of the route, or the end of the route between two adjacent nodes.
the following criteria is used to select the insertion point:

minqzz,m,’ﬂk (Q,;—l,u + Qﬁ + Qﬁ,q - MQ,;—l,q)7
c(k, v, u,v;41) = min = Qiu + Q4+ 0k ), g=1 (21)

ng,u + QZ;(] =nk

where:
k — a vehicle route k € C,
nF - a number of nodes in the route;
1 —a tuning parameter, p > 0;
QF = Qk[ﬁsq,ﬁn] — insert a new request between existing sender and receiver;
Qﬁ’q = Qk[ﬁnﬂﬁq] — insert a new request between existing sender and receiver to
the begining of the route;
QF = QF[P,, P,,] - insert a new request between existing sender and receiver to
the end of the route.

Adds that request, which ¢(k, v;, u,v;+1) will be minimal:

u* :e(kyvi,u”,vip1) = minfe(k, vy, u, vip1)] (22)
u

As a result, u* is added to the current route k in the most advantageous position.
Fig. 2 represented by a weighted graph, which shows the example of the exe-
cution of one step of designing routes:
a) the original graph, which shows options to add new requests to the route;
b) the route, which was built by the construction method after first step.
Ezample. Initially we have a request, which consists of a sender and receiver.
The value of the cost function  are shown in the graph arcs (Figure 2.). You need to
add new requests to the route, using the criteria 21 and 22. The coefficient p = 0.5.
Solution.Consider the process of adding new requests. Of the two proposed
requests ({S2, Ra},{Ss3, R3}) it chooses the one which needs to be added firstly.
Depending on the location where you can add application (beginning, end, middle),
select the desired criteria. Thus, we find the optimal solution to insert a new order
{SQ, RQ}:
min[c(k, S1, {SQ, RQ}, Rl), C(k, {SQ, RQ}, S1, Rl), C(k, S, Ry, {SQ, RQ})] = mm[3 +
114+4—-0.5-8174+ 1148 —0.5-20;2 + 11] = min[14;26; 13]
We find the optimal place insert a new request {Ss, R3}:
min[c(k‘, Sl, {Sg, R3}, Rl), C(]{i, {53, R3}, Sl, R1), C(k‘, Sl, Rl, {53, Rg})] = mln[6 +
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Figure 2. An example embodiment of a method of route constructing a single step

9+12—-05-8;10+9+ 13 —0.5-20;5+ 9] = min[23; 22; 14].
From the solutions found will choose the solution with the lowest cost
c(k, vi, u,v;y1).In this example, c(k, S1, R, {52, R2} = 13.
Thus, the new route will consist of initial requests and new requests {Sa, Ra},
which will be added to the end of the route.
Conclusion: route in {Sy, R1} it is necessary to add request {S3, Ro}, which
will be added to the end of the route
Fig. 3presented the options of adding a new request to route {Sa, Ra}:
a) the option of adding request {S3, R} in the end of the route;
b) the option of adding request {S2, R2} in the beginning of the route;
¢) the option of adding request {S2, Ra} between nodes {S7, Ry }.
Fig. 4 presented the options of adding a new request to route {Ss, R3}:
a) the option of adding request {S3, R3} in the end of the route;
b) the option of adding request {Ss3, R3} in the beginning of the route;
¢) the option of adding request {Ss3, Rs} between nodes {S1, Ry }.

A Method of Forming Solutions Neighborhood

During the work of the Tabu Search Algorithm should be carried out watching

the neighborhood Nl(zﬁ) current point u?*. In the calculation of the route in the
neighborhood gets a sufficiently large number of points. But due to the limitations of
our model features many of these points is not a solution to the problem. Therefore,
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Figure 3. Options added the request to route {Sz2, R2}

due to the peculiarities of the considered discrete problem, we used the following
method definition of a neighborhood.

Let 2*(v) - node index v, v € RU S in the path of the vehicle k € C. Each
request consists of pairs {S, R}, where S - sender, and R - recipient. During the
formation of the neighborhood, should be preserved the integrity of the route that
is performed restrictions (7 — 10). Above route requests Route;, i = 1,...n are per-
formed permutation operation. The findings of the permutations of the vectors u and
is a neighborhood of Nl(lﬁ). To swap transactions used movement and absorption.

Operation swallowing is shown in Figure ??. (A), which shows the two routes
Route; i Routes. Route Route; consists of catch {C1, S1, R, Sa,

R27 53, R3}, and the route is Routeg node {Cg, S4, R4, S5, R5, Sﬁ, R6} During the
operation of the absorption {S1, R1} in the route Route;, paste this application to
route Routey can be performed on n + 1 positions.

The move operation is shown in figure ??. (B). This figure shows the route
Routey, which consists of nodes {C1,S1, R1,S2, Re,S3, Rs}. To save the route
integrity: mnode S; (sender) can be visited only to R; (recipient), on this ba-
sis during the move operation, the node S; can move is to satisfy the condi-
tion 0 < z"(S;) < w(R;), and node R; can be moved until the condition is
nk > xnew(Ri) > ﬂ(Sz)

Analysis of the algorithm parameters

The Tabu Search algorithm has two basic parameters: h — size of the list of
prohibitions and Npeighbors — accepted count limit of size of neighbordhood Ni(%).
For the experiments, we constructed the test tasks on the basis of the capacity rout-
ing problems developed by Breedam, Fisher, Christofides and Eilon. To determine

9
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Figure 4. Options added the request to route {Ss3, R3}

trends in time and cost of the decision we used exponential smoothing by a factor
of 0.1.

In this experiment we use two different breakpoint strategies:

1. StepCount termination strategy — terminates when an amount of steps has

been reached;

2. TimeSpent termination strategy — terminates when an amount of time has

been reached.

As should have been expected, for large values of the parameter a jam occurs
in local optimum due to the large number of restrictions of movement in space.
Otherwise if you select a too small tabu size, algorithm can still get stuck in a local
optimum. In the first computational experiment we made finding the best solutions
for different values of the tabu size parameter from interval h € [0,40] (pict. 6 an
pict. 7).

In the second experiment (see figure 8) we built a relationship between the
number Nyeiqn. of viewed solutions neighborhood size N;(#) using TimeSpent ter-
mination strategy. In this experiment we made finding the best solutions for different
values of the neighborhood size parameter from interval Nypeign. € [750, 850].

Modification

The first generalized diagram is as follows. First, the set of solutions is con-
structed by route construction algorithm. Then every solution is improved by Tabu
Search and choose the best solution according to the objective function.

Modification of the scheme is based on the hypothesis of ”On a large valley” [9].
According to this hypothesis, the average local optima are located much closer to
the global than a randomly chosen point. There is a certain concentration of local
optimum in a small part of the feasible region, which is figuratively called a large

10
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Figure 5. Example of operations: a) absorption and b) moving

valley. If this assumption is true, then it is advisable to remember the best solutions
and based on them design new original decision. We use this idea to solve the
Routing Courier Delivery Problem.

We proceed to the description of the algorithm in scheme 2. Let U°P! is a
sorted array of optimal solutions by value of the objective function ascending, ie:

F(u™) < Fus™) < ... < F(u™) < ..o S Pl s ons)) (23)

7 =

Each solution u;” " gets into the population with a given probability p!,, the proba-
bility of selection decreases with increasing sequence number:

PL=1>p2> ... >ph > . > psizeof (U™ psizeof(UT) o (24)
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Figure 6. The dependence of the quality of solutions on the size of the tabu list when
using StepCount termination strategy
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function constructSolution( Ut p,, nm™")
// U°Pt — a sorted set array of optimal solutions
if sizeof(U°P') < n™" then
// construct solution using heuristics(for example, Solomon alg.)
u® = heuristicsConscruction()
return °
end
while i < sizeof(U°P') do
if random(0.0,1.0) > p’, then
i=i+1
goto 8
end
R; =randomly select a route from u;” * solution; u® = wPUR; i=1i+ 1
end

if uYisnotcomplete then

| u = heuristicsConscruction(u®)
end
return °

Algorithm 2: Pseudo-code for heuristics construction algorithm.
It then crosses solutions by the following rule: with the first solution is ran-

domly selected route R;. Then another solution is selected from a route Ro that

12
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Figure 7. The dependence of the quality of solutions on the size of the tabu list when
using TimeSpent termination strategy

does not include client requests from the first route etc. If the client requests were
not included in the solution u°, then these requests are added by the construction
heuristics algorithm (for example, Solomon algorithm).

Now we describe the primary function SolveC'DP() of the modified algorithm
presented in pseudocode form in Scheme 3. In this function using a loop is a sequen-
tial formation of an array of the best solutions U°P* by means TabuSearch algorithm.

Based on the results of the experiments described in the preceding section,
we decided to set the parameters of the algorithm are not fixed values, but as a
random variable of predetermined period. For example, the size of the tabu list h is
defined as the interval [10, 35](see pict. 6 and pict. 7) and the neighbordhood size
I = Nyeighbordhood 1s defined as the interval [6-n,8.5-n], where n — problem size (see
pict. 8).

Let Jl = (Y}, 2,3 = (l;,p}, ﬁl) — a set of values of the TabuSearch configu-
ration parameters which was using for solving the problem in the step 7.

Let [¢], gm,wén 4] — an optimal interval of the TabuSearch j -parameter. For
example: if j = 3, then: [wgegin’ Y3 ) = [Rbegin, hend] = [10,40]. These intervals are
initial data and they are set in the initialization block.

The configuration parameters ¢} are randomly selected from the interval
[, gm,wgn 4] according to a distribution law. We proposed to build the distribu-

tion density f; (wf ) of the random variable wzj as follows. At first, we define anchor
points:

. F(u$P) . .

J 1 J J

ol = L Ykl = o] (25)
avg[F (u;™)] ;

The number of anchor points n, is smaller than the set of optimal solutions, because
a set of anchor points are removed the same points (n, < ny).

13
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The main idea is that the distribution density should be larger at those points
(parameters ) in which high quality solutions than the points at which the low
quality of solutions. Therefore, we presented the distribution function f;(z) as a
sum of kernel functions:

fi(z) =05 % 3ol K (2 =) (26)

i=1

where: K (z) — kernel function, o — a normalizing parameter

We have chosen as the kernel the function of parabolic type(known as an
Epanechnikov function), because during the experiments the best results were ob-
tained using this function:

K(2)=3/4-(1-2% (27)
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1 function SolveCDP( n™i")
2 // Initialize variables:

39Y=0,p,=0,U%=0,i=0

4 while the breakpoint is not triggered do

5 // set TabuSearch parameters

6 for j=1...3do

7 // f; — the density distribution of the random

8 // variable 17 (TabuSearch parameter [,p or h)

9 77[]‘17 = Ta‘ndom(wlj)egin’ wénd’ fj)
10 end
11 // Make solution using heuristics construction algorithms
12 u® = constructSolution(UPt, n™")
13 // Improve solution u® using TabuSearch algorithm

ui?" = TabuSearch(u®, ;)
14 | Ut =Uorty {uf'}
15 // Sort ascending optimums U of the objective function
16 | U°Pt = sort(U°PY)
v | pit! = update(p!)
18 i=i+1
19 end
opt

20 return u;

Algorithm 3: Pseudo-code for modified tabu-search algorithm.

malization condition:

J J
end end
)z =1= sz | K-
begin Vhegin

The parameter «; can be written in explicit form:

sz 1_ w]) ) ( end wbegzn)—i_

+4] (( Lnd) = Wegin)?) = 1/3 - (1,0)° = (Wegin) )]

The parameter «; was introduced in the density function to perform the nor-

(28)

(29)

In figure 9 the results of an experiment in which were presented a dependence

of the quality of the solutions obtained by the classical and modified algorithms and
the breaking point time. As seen from the graph, with an increase in operating time
of the computational scheme, the quality of solutions obtained using the modified

algorithm is growing faster than using classical Tabu Search algorithm.
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sic algorithm(’x’ mark) with random selection tuning parameters and modified(’o’ mark)
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Conclusion

During the research has been investigated and implemented Tabu Search al-
gorithm to solve the Routing Courier Delivery problem with time windows. Also a
modified algorithm was developed based on the Tabu Search Algorithm to improve
the quality of solutions. Modified algorithm was given the best solutions in terms
of the balance between the number of vehicles and the cost traveled. In practice
this algorithm can be used in intelligent systems for decision support, improving the
quality of customer service and reducing waiting time, this will reduce fuel costs and
depreciation of transport. The analysis of the parameters of implemented algorithms
allowed us to determine their optimal values for this class of routing problems. With
the modified algorithm was found solutions of model problems, which in most cases
have an acceptable deviation from the global optimum.
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