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Abstract

This paper addresses the dial-a-ride problem whatsists in pickup nodes by designing
vehicles trips to satisfy the delivery nodes of #eviced customers. Time-Windows are
provided and represent user requirement in bothupimodes and delivery nodes. A fleet of
homogeneous vehicles is assumed to be availalsledapot node. The work presented focuses

only on DARP with homogenous fleet of vehicles aedmits to address Cordeau and Laporte’s
instances which are homogenous ones.
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1. Introduction

The DARP is a well known NP-hard problem. Earliedevant publications can be cited in
1980 including [8] which focus in the single vekigroblem. Heuristic approaches have been
proposed including [1], [3], [6], [9], [11]. Buetv publications focus on real-life instances. One
can note the contribution of [10] who tackles dialide problem in Bologna and [2] which
addresses the transportation of handicapped innBdithe DARP which is addressed here is
defined on a complete grapgh=(V,A), weighted and directed network with a capacitated
homogeneous fleet of vehicles and a number of stgLi€his study focuses on the static DARP.
The following notations are used for data: In the model the following variables are used:

\Y, :{VO,Vl,...,VZn} Set of node including the A The arrival time of a vehicle at the noue

depot v, , the pickup node;{vl,...,vn} and the B, The beginning of service at the node

delivery node{>\/n+l,...,v2n} D, The departure time of a vehicle at the natle
Q Vehicles capacity (homogenous fleet) with D, =B, +s5

t; Transportation time from nodeto | W, The waiting time before beginning of service

c; Transportation cost from nodg to nodev; atnode/,, W, =B, — A
e Earliest starting time of service at node R The riding time is the time between the end of
|, Latest starting time of service at node service at originv, and the beginning of service at

g, The number of customers to service at ngde 9€lVery Vi, asR =By, — D,
S Service duration
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Figure 1 Description and notations

Each customer must be picked up at the pickup aadedropped off at the delivery node. Each
trip start and end at the same depot. At any tintefar any nodey; , the number of customers

g, is less than the vehicle capacity and the beggoifrservice must satisfy the time windows
l.e. B D[q ,Ii]. A waiting time is allowed before beginning of\gee at any node , but there is

no waiting time after end of service. The end twheervice is equal to the departure time. The
objective consists in routing thi€ vehicles by a careful definition of arrival tim®g at each

node and departure tim®, and by assigning a permutation node Jlisto each vehicle&k (A(i)

is thei™ customer to servicel(n,) the last customer to service). For each vekicl&(k) is
the departure time of depot af{k is)the return time of depot.

The following criteria are linked to a solution:

n
The total riding timeTRT => (B, - D)) ;
i=1
K|
The total trip durationTD =" E(k) - B(k);
k=1

2n 2n

The total waiting time:TWT =>"(B - A) = > W whereW =(B -A). A solution must
i=1 i=1

satisfy the following constraints:

(C1) the number of customers in the vehicle is ujoeinded by the vehicle capaciy
(C2) the beginning of service at nodesatisfies the customer time windows iee< B, <|,
(C3) the total riding time (TRT) is less th&hax, (the maximal riding time)

(C4) the trip duration (TD) is less thavax,, (the maximal trip duration)

The objective consists in minimizing (satisfyingl{C(C2), (C3) and (C4)): the total duration
(TD); the total riding time (TRT) and the total wag time (TWT). If there is no feasible
solution (no solution can comply with (C1), (C2E3) and (C4)), a solution minimizing the
violation of constraints is required. The DARP imalti-objective optimization problem which
extends the VRP by extra constraints includingristance time-windows.

2 EU/MEeting 2008 - Troyes, France, October 23--22008



P. Lacomme, A. Quilliot and X. Zhao

2. A Split procedure for a permutation node list evalation

2.1. Cordeau and Laporte’s evaluation for trip

Cordeau and Laporte lastly introduced a powerfubl#ation procedure [4] to assign
z=(TRT,TD,TWT ,VTW,VRT ,VC,VTD) (where TRT is the total riding time, TD the totalite

duration, TWT the total waiting time, VTW the totdblation of time windows, VRT the total
violation of riding time, VC the total violation ofehicle capacity and VTD the violation of
route duration) at one permutation node Ast (il,...,ik) wherei, =i, is the depot node. The

key features of the evaluation [4] consist in redgdrip duration and waiting time by delaying
the departure time of depot and the beginning tfreervice at nodes.

2.2. Node permutation list decomposition in trips

The decomposition of a permutation node Mst (i;,...,i,,) depends on the succession of
pickup and delivery nodes in the sequence. The rdposition ofAz(il,...,iZn) can be

k
addressed by a functioﬁ(/]):(f(il),...,f(iZn)) defined as follows:f (ik):ZQ(ip) where

p=1
g(ip)=a, if Aip snandg(ip)=-q, if /‘i,, >n. f(i,) =0 represents a trip delimiter in
the permutation node Iisﬂ:(il,...,iZn) i.e. a null load of vehicle. It is possible to itef

A =(Illp) a permutation node list of trip delimiters linkied = (i,,...,i,, ).

2.3. Split proposal

Split procedures have been successfully applieditoerous routing problems and have greatly
contributed to definition of efficient algorithm$¥hese successful application domains include
the memetic algorithm of [5] for the CARP and thengtic algorithm of [7] for the VRP. A

permutation node lis#A :(il,...,iZn) where A is thei™ node to service can be efficiently
splitted in sub-trips usingl =(|1|p) . The Split procedure works on an auxiliary
graphH =(X;A;Z). H is a set of2n+1 nodes indexed from 0 t3n. An arc from nodé to
nodej represents a trip from nodk to node/; . The weightz; of (i, j) is equal to the trip

cost andz; is obtained using Cordeau and Laporte’s heurigdg. A node label

L’ = (K", TRT.?, TD?, TWT,? VTWP VRT.? VCP VTDP Kk, |) is the P™ label assign to the
nodei and it is composed oK the number of vehicle available; the criteria cobapuusing
Cordeau and Laporte’s procedure gkdj the)father label oL we meanL'} .

The initial label of node 0O ils%) =(K ,0,00000,0,-1-1) which represent a solution where

K, = Kvehicle are available, and all the cost and commdtraolation are stated to 0. (-1;-1)
means this initial label has no predecessor ingteph. Each label? = (K, z"k,j with
z? = (TRT,", TD®, TWT;" VTW,*,VRT.",VCP ,VTD") generates L] = (K, z},k,j )using arc
(i,j) and the weightz; is computed by Cordeau and Laporte’s algorithme Tiew label is
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obtained using the following formulak; =K; -1, z](k)=2z"(k) +z;(k) . Trying to avoid
excessive label generation, dominated feasibles tepe discarded thanks to the following
domination rule. A label? = (K",z",k,j )s state aslominant as regardd] = (K, z,k,j )

if one of the following condition holdsK;>K,; and 0Ok=1.7,z°(k)<z/(k) or
[(k01.7,z°(k) < z'(k) andOv=1.p,vZq,z°(v)<zZ'(v).

Thanks to the previous definition, an optimal spfithe permutation customer lidt= (il,...,in)
can be obtained by saving only non dominated labhetach node of the graph= (X;A;Z).
Note also, that due to trips constraints only @rg where f(4)=f(4;)= Ohave to be

addressed. A DARP solution for = (il,...,iZn) corresponds to a min-cost path from Q2to in
H . Due to the dominance rule, a permutation nodellrs (il,...,iZn) can induce several labels
each representing one feasible split of the lishwombination of the 7 criteria.

3. Heuiristics for the DARP

The heuristic we provide does not tackle the littataon the number of vehicles (C1). Trips are
generated by insertion technique. A new trip isat¥d when a new pickup node can not be
inserted into the current one due to constraints@2] C3, and C4. The heuristic provides a set
of trips and a permutation node lidt= (il,...,iZn) by concatenation of the trips.

Nodes ofV are used to generated a permutation nodd_l'm(il,...,iz,]) which is an array of
nodes sorted ity increasing order. Let us define:

p(i) the position inL of the nodei which imply. L (i) / L*(i):L(p(L(i)+n)) if L{i)<n and

p(L(i)+n) = position of the delivery node of L*(i):L(p(L(i)—n)) if L(i)>n.

customerL(i) if L{)<n. 5 :(L(i);L*(i)) £ Liy<n and 5(0:('_*0);'_0))

p(L(i)—n) = position of the pickup node ofif L(i) > n.

customerL(i) if L(i) >n.

At each iteratiolk , the noded, (Dand the node®, (2ure simultaneously added in the current
trip t. All insertion positions in the current tripare investigated firstly fod (1xand secondly
for &, (2). If t is a trip withg nodes (including depot node in first position a®gpot node in
the last position), there ig— ifisertion positions fad, (1) The insertion ofd, (DandJ, (2)in
position p, and p, in trip t is achieved using the procedutesirisertt,d @) ,3 (2), p,, P,)-
For all insertion positions investigated, the Candeand Laporte’s evaluation [4] is used to
computez = (TRT,TD, TWT ,VIW,VRT ,VC,VID) . The tript'is feasible ifTD < max, and
VTW =VRT =VC =0. If there are many insertion positions leadindeasible tript ; the best
trip t' is the trip minimizing the trip duration (TD). &l insertion positions lead to not feasible

tript', & :()I(i);)l*(i)) is skipped and the next node in the sorted petinatanode list
L= (il,...,iZn) is addressed. If all nodes leave to no feasiigettien a new trip is created.
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4. Numerical experiments

4.1 Implementation and benchmark uses

All procedures are implemented under Borland CH+paickage and experiments were carried
out on a 2.4 GHz computer under Windows XP with@Q & memory. All test instances are
available from the Internet sitetp://neumann.hec.ca/chairedistributique/data/darp/.

4.2 Numerical experiments

The results obtained by the heuristic are compé#wethe results obtained by [4] which are
represented in Table 1. The results introduce &mhenstance: the number of vehicles used
(K", the total trip duration (TD), the total waititigne (TWT) and the total riding time (TRT).
The heuristic does not provide solutions for ak thstances: 5 solutions use a number of
vehicles (K') exceeding the number of vehicles available. Foriridiances, the solutions

reported on Table 1 outperform the previous pubtiskolutions of Cordeau and Laporte [4].
For instance pr01, heuristic provide a total doraffTD), a total time windows (TWT) and a
total riding time (TRT) lower than Cordeau and LEp@ results.

Table 1. Heuristic evaluation on Cordeau and Lag®ihstances

Cordeau and Laporte’s results Heuristic
instance K K TD TWT Avg. TRT Avg. K' TD TWT Avg. TRT Avg.
prol 3 3 88116 211.15 4.401094.99 45.62 2 812.28 44.14 0.92957.41 39.89
pro2 5 5 1985.94 723.87 7.541976.73 41.18 5 1781.51 301.15 3.14 2109.42 43.95
7 7
9 8
9

pro3 7 2579.35 607.27 4.22 3586.68 49.82 2418.13 28.33 0.20 2448.29 34.00
pro4 9 3583.221090.44 5.68 5021.32 52.31 3032.76 4.58 0.02 4028.02 41.96
pro5 11 11 3869.95 832.98 3.47 6156.48 51.30 3787.05 127.52 0.53 5097.55 42.48
pro6 13 13 5056.831375.42 4.78 7273.49 50.51 13 4666.50 22.01 0.76 5981.90 41.54
pro7 4 4 1452.05 440.34 6.121508.93 41.91 4 1224.54 30.20 0.42 1204.08 33.45
pro8 6 6 2345.22 410.33 2.853691.53 51.27 6 2371.98 13.21 0.09 3159.43 43.88
pro9 8 8 3155.49 323.05 1.50 5621.77 52.05 *10 3518.83 44.38 0.21 4148.45 38.41
pri0 10 10 4480.10 721.33 2.50 7163.71 49.75 *12 4638.06 47.49 0.16 5803.22 40.30
pr11 3 3 965.06 320.60 6.681041.50 43.40 784.66 30.70 0.64926.11 38.59
pri2 5 5 1564.74 308.68 3.22 2393.78 49.86 1441.43 0.00 0.00 1737.65 36.20
pri3 7 7 2263.68 330.38 2.29 3788.78 52.62 2370.38 20.06 0.14 3147.36 43.71
prl4 9 9 2882.17 426.27 2.22 4632.80 48.26 3027.58 0.00 0.00 3945.28 41.10
pr15 11 11 3595.63 605.89 2.52 6104.72 50.87 3597.23 0.00 0.00 5060.44 42.17
pri6 13 13 4072.47 448.88 1.56 7347.39 51.02 11 4454.48 0.00 0.00 5974.04 41.49
prl7 4 4 1097.25 129.03 1.791761.99 48.94 4 1128.36 2.47 0.03 1579.87 43.89
prl8 6 6 2446.51 523.44 3.64 3659.04 50.82 *7 2363.32 38.06 0.26 2762.09 38.36
prl9 8 8 3249.29 487.33 2.26 5581.02 51.68 *10 3428.98 0.00 0.00 4299.99 39.81
pr20 10 10 4040.99 362.37 1.26 7072.29 49.11 *12 4600.50 1.58 0.01 6088.83 42.28

© oo AN

4.3 Test of insertion heuristic with Split

The heuristic gives both trips and the permutatiode listA =iy, ...,i,,) linked to the solution.
The permutation list generated by the heuristiopgimally splitted to investigate all non
dominated solutions linked b= (il,...,iZn). All the non dominated splits of the permutation
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node listA = (il,...,iZn) are reported on Table 2 for the instances PrO3Raf8. For instance

Pr03, there is 1 decomposition without any violasii@among 51 decompositions. For instance
Pr05, there are 7 decompositions without any viatat among 132 decompositions. Split
procedure, gives new decomposition of the pernaratiode listd :(il,...,iZH) with one

decomposition complying with the heuristic's sabuti Lines in bold in Table 2 are the
decomposition obtained thanks to the heuristic.

Table 2. Example of split execution on the nodeis (il,...,iZn) for 3 instances

K K' D TWT TRT VTW VRT VC VITD
Pro3 7 7 2418.13 28.33 2448.29 0 0 0 0
7 7 2426.25 36.29 2444.56 9.82 0 0 0
7 7 2407.52 17.26 2448.3 9.82 0 0 0
7 6 2427.53 38.15 2448.29 9.82 0 0 0

7 2 4367.46  1978.39 244829  77651.480 0 3625.87
7 1 4354.37  1978.39 244829  77651.480 0 3652.87

pros 11 9 3787.05 127.52 5097.55 0 0 0 0
11 10 3780.07 120.27 5092.21 0 0 0 0
11 10 3783.57 121.21 5091.24 0 0 0 0
11 10 3678.02 16.33 5097.24 0 0 0 0
11 11 3776.60 113.96 5085.89 0 0 0 0
11 11 3671.05 9.08 5092.21 0 0 0 0
11 11 3674.55 10.01 5091.24 0 0 0 0

11 2 6431.26  2779.57 5085.89 127797.40 0 5471.26
11 1 6928.51 3278.19 5085.89 260523.50 0 644851

5. Concluding remarks

This article addresses the Dial-a-Ride problem gisa heuristic based approach to
generation of node sequences and a split algorithrdecomposition of any node
permutation list into sub-trips. The trip evaluatic managed thanks to the Cordeau
and Laporte’s algorithm to provide an easy and piwlveomputation of vehicle arrival
and departure time. The multi-objective approadvigled by the split algorithm proves
it is possible to obtain several non dominated tsmis for one permutation node list.
Overall, the heuristic with Split procedure provig®@mising results and this work is a
step forward resolution of the DARP. Our work ismdirected into: (i) extensions of
the approach to non homogenous fleet of vehici@sa (careful definition of a local
search taking advantages of the shortest patteisght auxiliary graph; (iii) a memetic
algorithm for permutations node list generation.
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