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Abstract

Wk present some proposals to approximately solve a pe-
riod vehicle routing problem used to model the extraction
of oil from a set of onshore oil wells in Brazl. This prob-
lem differsfromthe well-known period vehicle routing prob-
lemin several aspects. One major difference between them,
responsible for increasing the complexity of the problem,
is that, in the proposed problem, the number of visits re-
quired by a customer during the period is not previously
determined. We developed some pure GRASP heuristics
and some other heuristics that include the use of memory
in GRASP. Experimental results illustrate the effectiveness
of GRASP with adaptive memory over pure GRASP heuris-
tics.

1 Introduction

Vehicle routing problems (VRP) [1] consist of minimiz-

high operation costs, there are relatively few bump mobile
units (BMUs) compared to the number of wells. Every day
of a predetermined period, the BMUs should leave a Treat-
ment Oil Station (TOS) and visit some of the wells to extract
oil, returning to the TOS. After bumping the oil from a well,
a BMU may revisit the well only after a day interval to al-
low the oil well to recover and to make the next bumping
profitable. The number of days for recovering is different
for each well. As there are fewer BMUs than wells, some-
times a well may not have its oil lifted for a period longer
that its recovery time, introducing a loss of oil production
The aim of this problem is to generate daily tours for each
BMU, starting and finishing in TOS, so that the amount of
oil extracted in a predetermined period is maximized.

We can find in the literature some works to solve this
problem [3], but all of them try to find good feasible routes
for each day, not considering all days of the period. We
think that it is possible to find better solutions by planning
the routing for the predetermined period, treating it as-a Pe
riod BMU Routing Problem (PBMURP). We developed a

ing the cost of supplying a set of customers by a fleet of mathematical formulation for a predetermined planning pe-
vehicles operating from a central facility. Several vensio  riod based on a mixed integer linear programming model.
of the VRP have been studied in the literature modeling Due to its high complexity, constructive and local search
practical applications that present specific objectives an heuristics were proposed in order to develop Greedy Ran-
constraints. One of these versions does not oblige that alldomized Search Procedure (GRASP) [4] heuristics able to
customers are ViSitEd, i_e, 0n|y a subset of them may beflnd optimal or near optimal solutions in feasible Computa-
supplied. Another class of VRP, called the Period Vehicle tional time. Experimental analyses were performed to show

Routing Problem (PVRP) [2], deals with the problem of de- the influence of constructive and local search heuristies ov
signing the visits to the customers for each day of a given GRASP heuristics performance. GRASP is a method that

period. In this paper, we develop a model for a real appli- €xecutes several independent iterations. We use well+snow
cation found in the Northeastern part of Brazil concerning methods to introduce some memory in this method [5].
the exploitation of oil in onshore oil wells by joining the Computational results obtained for randomly generated in-
constraints found in these two problems. stances are reported, showing that the proposed algorithms
In the state of Rio Grande do Norte, the onshore oil field outperform pure GRASP in terms of quality solution.

has approximately 5.000 wells and produces about 10% of In Section 2, we present a mathematical formulation de-
the Brazilian oil production. Most of these wells rely on ar- veloped for this problem. In Section 3, the proposed heuris-
tificial lift methods to bring the oil to the surface [3]. The tic algorithms are described and in Section 4, computationa
service of oil lifting is performed by mobile units that carr  results for these methods are shown. Some conclusions are
a bump used to lift the oil from the wells. Due to their discussed in Section 5.



2 The Period Bump Mobile Units Routing
Problem(PBMURP)

M+

Zigkt = Tq; Vg € VYL € D 3

k=11i=0;i#q
In this section we present a mathematical formulation for Lo —
PBMURP. Consider the undirected complete graph= 2 Fakl = Tqivq €V, Ve D ()
(V, E), whereV is the set containing the oil wells and h=ti=0iFa
the Treatment Oil Station (TOS), arfd is the set of edges " n _
(u,v) whereu andv € V, which have associated weights D i — Y, zqm=0;Yqge€V,VIED,VkEB
t..» that represent the time spent to travel between wells ~ =%7¢ i=05i7q 5
andv. The objective is to find a daily route for each BMU b ©)
for the period oﬁi_ days, considering that the travel time can Z Ziin < Til + x50 NieV,jeV,(i44),VieD
not exceed the input parametér, ..., and that a well can 1 2
only be revisited after its recovery day interval is achikeve (6)
This formulation is based on [2]. xo =1;VlE€ D (7
The following notation is used: n
> zoju =1Vl € D,Vk € B (8)
Constants j=1
V = set of wells including TOSV | =n + 1 .
D = set of days of the planning period)| = d ; Ziow = 1;vt € D, Vk € B ©

B=setof BMUs,|B| =1
t;; = travel time betweenej, Vi,j € V n n

p; = amount of oil that may be extracted from well Z Wajki = Z (Wight +Vg X Zight);
s; = time that a BMU spent lifting the oil from well

i=0;3 i=0si
r; = minimum number of days between two consecutive ’ j:]: c BVl e D;é;q eV (10)

visits to welli ’ ’
Tmaz = maximum allowable time spent by a BMU on a Wikt = Zojki; Vi € VVkeBYleD (11)

daily route
Wijkl > Zijkl;VZ' S V,V] S M (Z #]),Vk S B,Vl eD
Variables i (12)
_ o zijklZﬁ;wev,weV,(i;éj),VkeB,VleD
~_ | 1, ifwelliis visited in day g=1"J
il { 0, otherwise Vo (13)
Y zu<(A-zp)V €D VeV  (14)
1, ifwell j is the next well visited after =11

Zigkl 0. ;[fe‘;"va!;by BMU kin day zq € {0,1),Vi € V,Vl € D (15)
zijkl € {0,1},Vi e V,Vj € V,Vke BVle D (16)
w;j= amount of oil that flows in edgdi,j) carried wijr > 0,Vi e V,Vj e V,Yk € B,Vl € D @17

by BMU kin day| o i o )
The objective function (1) maximizes the amount of oil

Using this notation, the PBMURP may be formulated collécted by all BMUs during the periaB.
as follows: Constraints (2) guarantee that the time spent by a BMU
on a daily route is less than the linit, ... Constraints (3),
d n (4), and (5) state that each welis serviced by no more
maXZ Zpi * T (1) than one particular BMU in a specific day. Constraints (6)
=1 izl guarantee that if a well should be visited after well in
_ a day!, then just one specific BMU must visit both wells.
Subject to: Constraints (7) determine that the TOS is visited in all days
of the period. Constraints (8) and (9) ensure that no empty
routes are generated, i.e, each BMU should collect the oll

Z Z (tij + 5:) * zijer < Tmaz;Vl € DYk € B (2) from at least one well in each day of the period. Constraints
=0 j=0,ji (10) state that the amount of oil carried by a BMU that



leave a wellg € V has to be the sum of the amount of 3.1 Construction Phase
oil that the BMU has when it arrives at the welladded

to the amount of oil lifted from the welj by the BMU. The strategy implemented for the construction phase is to
As the Treatment Oil Station (TOS) belongsltobut does  pyild, for each day of the perioB, a route for each of the
not produce any oil, Equations (11) associate to all edgesgmus, so that the time limit for each route is not exceeded
used by the BMUs to leave the TOS an oil flow with unit and the largest possible quantity of oil is collected. The Al
value. This flow is not computed by the cost function (1), gorithm 1 shows the basic steps for constructing a solution.
because TOS (node 0) is not included in the computation of | gt s be the set ofD| x | B| routes, wherd is the set of the
this function. Constraints (12) ensure that if a BMU trav- gays andg is the set of BMUs. In line 2, a candidate list CL
els by a specific edge on a specific day;{; = 1), then is created containing all wells that can have their oil tifte
there should have a positive and integer flow associated thighe specific day. An oil well can have its oil extracted only
use (vijr > 1). Constraints (13) guarantee that if there ifjts recovery day interval has already been achieved. Then
is a flow associated to an edg% > 0), then there 3 route is generated for each BMU from line 3 to 15 starting

should have a BMU that travels by this edge on the samefrom the Treatment Oil Station. The first elemento be
corresponding day:({;,; = 1). Constraints (14) do not al- inserted in the route is selected in line 4. If the travel time

low a well to be visited before its recovery day interval. ~ for the route TOS-w-TOS does not exceed the time limit,
then a Restricted Candidate List (RCL) is created in line 6,
3 GRASP heuristics w is inserted in the solution in line 8, and from line 7 to 11,

the procedure tries to insert new elements to this route. In
line 9, the RCL is updated after a new element is inserted

sists of two phases: construction and local search. In thein the partial solution, and in line 10 a well is selected from
construction phase a feasible solution is built, and itgimei RCL.

borhc_Jod is explored by_ a qual search. The result is the besLAlgorithm T Construction Heuristic
solution found over all iterations.

The construction phase of GRASP is an iterative process 1 for i=0to|D| do

GRASP is an iterative process, where each iteration con-

where, at each iteration, the elements that do not belong 2 CL = Available(V.i)

to the partial solution are evaluated by a greedy function, 3 for j=0to|B|do

which estimates the gain of including it in the partial so- % w « SelectFirstWell(CL)

lution. They are ordered by their estimated value in a list > if TimeLimit NotExceeded(s,i,j,whhen
called restricted candidate list (RCL) and one of them is & CreateRCL(CL-{w}) N
randomly chosen and included in the solution. The size of while TimeLimit_NotExceeded(s,ij,wglo
the RCL is limited by a parameter. This process stops & InsertWell_Route(s,,j,w)

when a feasible solution is obtained. o UpdateRCL

The solutions generated by the construction phase arel w « ChooseElementRCL

not guaranteed to be locally optimal. Usually a local search % en_d while

is performed to attempt to improve each constructed solu- 2 end if 3

tion. It works by successively replacing the current soluti 1 2-optimal(s,i,j) N
by a better one from its neighborhood, until no more better 14 InsertNew_Elements(s,i,j,V)
solutions are found. 15:  end for

Path-relinking is a technique proposed by Glover [6] to 16: end for
explore possible trajectories connecting high qualityusol
tions, obtained by heuristics like tabu search and scatter To select the first element of a BMU route, all candi-
search. The pure GRASP metaheuristics is a memorylessjatesc ¢ C'L are classified in descending order according
method, because all iterations are independent and no into a function f, which favors elements that may produce
formation about the solutions is passed from one to itera- greater oil amountflprod(c)) and are closer to TOSli&¢-
tion to another. The objective of introducing path-relimdi tance(c, TOS)), as presented in (18).
to a pure GRASP algorithm is to retain previous good so-
lutions and use them as guides in the search of new good f(c) = ailprod(c)/(distance(c, TOS)) (18)
solutions [5].

In the next subsections, we describe the construction andThen, considering that,,;,, and f,,.. are the minimum and
local search heuristics developed for generating GRASP al-maximum values found in evaluating for all candidates
gorithms, and the path-relinking strategy developed to im- from CL, the elements, which present a value fagreater
prove GRASP performance. thanlimgcy, are selected, where is selected from the



interval [0, 1] and: better visiting order for the wells associated to this roate
) i that performing the route would take less time. The second
limpor = ok fmin + (1 — @) * frnae (19) tries to insert available wells to this route, which are ret y

Then, an element is randomly selected from this subset. associated to it.

After the first element is inserted in a route, a RCL is
created according to some criterion, a new element is ran-3.2 Local Search Phase
domly selected from this RCL, and inserted in the route.
This process is repeated until the time limit is achieved for L
the route or there are no more wells to be inserted. We de-  After @ solution is constructed, a local search phase

veloped two different ways of creating the RCL, which are should be executed to attempt to improve the initial solu-
described below ' tion. We developed two independent procedures for per-

The sweep heuristic (SH) is based on heep algo- forming the local search. The first one tries to enhance the

rithm developed by Gillet and Miller [7]. With the TOS as a SO“_Jtion by searching for better routes for each day of t_he
pivot, a ray, originating from the TOS, and passing through penqd_, _and the second one Iook_s for grea?er oil extraction
the starting well of the route partially constructed, isatet by visiting the wells more days in the pef"’d- We apply
in a counter-clockwise direction. As the wells are swept by these two procedures one after another to implement the lo-
this ray, they are inserted in the RCL until the maximum cal search phase.

number of elements for the RCL is achieved. Then, the
elements are sorted according to the functfopresented

in (18), and one element is randomly selected from RCL.
If adding it to the current route does not violate the time
limit T,,.., it is inserted in the partially constructed route.
A new ray is defined connecting the TOS and the last in-

serted well, and _this process s _repeated uniil adding a NeWisited wells in these routes. The Algorithm 2 receives as
element would V|oIaFe _the time limif,q. . an input parameter the solutianwhich contains, for each
The second heuristic called Randomized Nearest Inser-BNIU the routes that they should perform in each day of
Eon .Htgurtljstlc I(RNLH,[) "? t;ased.oln tr|1e N.eﬁ:ehSt Irﬁli,ert]on the period. In line 4, the neighborhodd(w) is defined by
eulns |fc eve %’ev }; 'g a minimal-weig amiftonian searching for thé wells located nearer to the wedl visited
cycle of a graplG:(V, £) [8]. in a specific day by a BMU j. For each neighbor, which is

l.';)'tlgllg’ fthe f|rstdwell 'St sglectedt|n tthz same Wt?]y (_jl%'snot visited by the same BMUY that visits wellw, we verify
scribed betore, and a route 1S constructed joining the if taking it from its original route and inserting it in theute

to th_|s well. Then, for each element already mserteq in the containing wellw implies in less travel time for these two

partially constructed_route, we select_ ksnearest neigh- routes. If it is true, this change is processed in line 6. Afte

bors. AII these ca?nd|datesare sorted in decrescent order verifying the neighborhood of all wells, we try to insert in

according to (20): this route wells that are not visited in dayy any BMU,
#n(c) = ailprod(c)/(distance(c, nearest_neighbor) assuring that the solution remains feasible, as shownén lin

(20) 10.
The RCL is built by selecting the candidates, that present a
value for fn greater thawim pcr,, wherea is selected from  Algorithm 2 Daily Local Search (s)

3.2.1 Daily Local Search-DLS

The objective of this procedure is to find better routes for
the wells allocated by the construction phase for a specific
day of the period, and also to try to insert available not yet

the intervall0, 1] and: 1: for i=0 to |D| do
_ i 2: for j=0to|B|do
limper = @ * frmin + (1= @) * fmee — (21) 3 for al well w € s[i, ] do

Then, an element is randomly selected from RCL, and we 4 for v € N(w) do

calculate the increments in the route travel time caused by > it Well_NotIn_Route¢, w) and Profitf, w)
inserting it before or after its nearest neighbor. The jparsit then o
which brings the little increment is chosen. This process ° InsertWell_Route, v, w, 7, /)
is repeated until adding a new element to the current route ! end if
would violate the time imitZ},q.. 8 end for
After a feasible route is determined for dayand for 9: end for i
BMU j, two improving functions are applied one after an- 12 enldnfc()arrtAvallableWells(s)

other: 2-optimal and Inseflew_Elements, as shown in

lines 13 and 14 of Algorithm 1. The first one tries to find a 12: end for




3.2.2 Period Local Search-PLS

This procedure tries to enlarge the amount of oil extracted

from the wells. For this purpose, we calculate for each well
w, the lossL(w), which corresponds to the amount of oil
that could be collected in the period and is not being ex-
tracted in the solutios. The lossL(w) is calculated by
subtracting the amount of oil extracted in the current solu-
tion from the possible largest amount of oil that could be
obtained in the same solution, if all wells were visited, re-
specting their interval times for being revisited.

The algorithm 3 shows each step of PLS. From lines 1
to 3, all oil production wasted in solution is calculated
for each welli. In line 4, a listW L is constructed con-
taining all wells sorted in decrescent order accordinggo it
loss. For each of the firgtwells fromWW L, in line 6, a new
visit days combination is created so that the well may be
visited all possible days in the period. In line 7, this combi
nation of visiting days is inserted in the current solutign b
the following way. If the well should be visited in the new
combination and is not visited in the current solution, then
the well is inserted in a current route that contains its estar
neighbor. In case that the well is in the current solution, bu
should not be in the new combination, the well is deleted

tions created by other GRASP iterations. For each solu-
tion s generated in a GRASP iteration, the solutéiowhich

is more diverse frons is selected fronSg;;;. and a path-
relinking is applied between them. A path-relinking is per-

formed by starting from an initial solutiosy, which is the

one with better cost betweenande, and gradually incor-
porating attributes from a guide solutieg to it, which is
the one that presents worst cost, untibecomes equal to
s4. This procedure is shown in Algorithm 4. The attributes
considered to differ one solution from another are the mute
performed by each BMU in each day. In line 1, the most di-

verse element from the current solutisns selected from

Seiite- Then, inline 2, the initial and guide solutions are de-
termined based on their solution costs. In line 3, we check
the attributes that are equal in the initial and guide sofyti

i.e, we verify which days the routes for the BMUs are dif-
ferent. From line 4 to line 11, the initial solution is chadge

to the guide solution, by changing, for each day, the routes
of the initial solution to the routes of the guiding one. The
changing of the routes of one day may generate an unfeasi-
ble solution, because the period for the recovery of a well
may be not respected. So, in line 7, a procedure to make this
new solution feasible is performed, by taking these wells
out of the routes. In line 9, the current best solution of the

from the current route. This process may create routes thabRASP procedure is updated if the new solution generated

exceed the travel limit tim&,,,.. So, in line 9, each unfea-

sible route is made feasible by removing wells that present

by the path-relinking presents a better cost.

the major ratio between the decrease in the travel time by

taking it out of the route and its oil production. Due to these
modifications, it may be feasible to insert additional wells
into the routes of the new solution. This procedure is exe-
cuted in line 10.

Algorithm 3 Period Local Search(s)
for i=1to|V|do
L[i] « Calculate_Loss(i)
end for
WL «— Sort Wells_Loss(L);
fori=1tod do
New_Visits < Generate_New_Visits(W Ll[i])
Insert_New_Visits(s)
end for
Make_Feasible(s)
. Insert_Available_-Wells(s)

[

=
o

3.3 GRASP and Path-relinking

Algorithm 4 PathRelinking(s, Seiite, s*)

1: e «— Most.Diversg.Se;;zc, 5);

2: Determine_Initial_Guide(s, e, s;, Sg);
3: A — Dif ferent_Attributes(s;, sg);

4: while A # ¢ do

5. Spp < Best_Attribute_Change(s;, sq, A);

6: Update));

7. MakeFeasibleg,,);

8: if (sp- presents better cost than the best solutibn
then

9: 8% ¢ Spr;

10: endif

11: end while

4 Computational Results

We tested two pure GRASP procedures G1 and G2.
G1 combines the construction heuristic SH with the local
search described in 3.2, and G2 combines the RNIH heuris-

We developed two pure GRASP algorithms by combin- tic with the same local search procedure. We also tested
ing one of the two construction procedures with the local the effect of introducing path-relinking to both strategie
search procedure. To improve the pure GRASP procedures(G1PR and G2PR).
we used path-relinking as an intensification strategy. An  GRASP algorithms were implemented in C, compiled
elite setSgy IS Maintained, in which good solutions found with gcc compiler version 3.3.3 and were tested on a Intel
in GRASP iterations are stored to be combined with solu- Pentium 4 2.80 GHz with 512 Mbytes of RAM.



For the first set of computational experiments, we cre- Inst. Gl G2
ated twelve small instances for the problem with number of Average| Best | Average| Best
days of the period varying from 1 to 3, number of BMUs | |[10-02-050] | 2616.7 | 2778.0 | 2934.2 | 30750
equal to 1 or 2, and number of wells in the inter{@al15]. 1107-02-050] | 3727.5 | 3906.0 | 4454.7 | 46830
These instances were solved using the mathematical formu- 1107-03-050] | 4570.0 | 4850.0 | 5330.0 | 54500

. . . 1[10-02-050] | 5875.0 | 6400.0 | 7165.0 7400.0
lation developed by us and implemented using the XPRESS | [05-02-050] | 1982.5 | 2057.0 | 21498 | 22760
2005 tool. These tests were performed on a AMD Athlon | , [15-03-100] | 29380.5| 30015.0| 33277.3 | 33587.0
1.6 GHz with 256 Mbytes of RAM. In Table 1, the first col- [[10-03-100] | 17392.4| 17751.0| 19460.8 | 19884.0
umn identifies the instance: the first number is the number | |[14-02-150] | 14991.2| 15556.0| 18973.1 | 19663.0
of days of the period, the second corresponds to the num- | |[07-02-150] | 7062.2 | 7279.0 | 9072.1 | 9516.0
ber of BMUs and the third one to the number of wells. The | 1[10-02-200] | 13646.6 | 14560.0| 17438.6 | 17862.0
second column shows the optimal values found by the exact | 1[10-02-250] | 28688.0| 29760.0 | 39376.0 | 39680.0
algorithm using the software XPRESS, and the third col- | ![10-03-250] | 23599.0 | 24438.0| 31525.2 | 31765.0

umn (XP) presents the computational time in seconds spent
to find these values. The next four columns show the aver-
age computational times in seconds spent by the four pro-
posed heuristics to find these optimal values. Each instance
was executed by each heuristic ten times using different
seeds. All heuristic algorithms found the optimal values the results obtained for the pure GRASP algorithm G1 and
in much less time than the exact procedure, and all presentith path-relinking (G1PR). We can see that path-relinking
similar computational times. can substantially improves the performance of G1. For all

instances, except the instance | [10-03-100], G1 with path-

Table 2. Solution costs obtained for pure
GRASP heuristics G1 and G2

XP Gl | G2 | GIPR| G2PR relinking found better results than G1.
Inst. Opt. | T(s) T(S) | T(s) | T(s) T(S)
I[1-1-05] | 114 | 0.1 0.00 | 0.00 | 0.00 | 0.00 Inst. G1 G1PR
I[1-1-10] | 450 | 0.4 0.01| 001|001 |0.01 Average| Best | Average| Best
I[2-1-10] | 900 | 1.5 0.02| 0.03| 0.03 | 0.03 I[10-02-050] | 2616.7 | 2778.0 | 2967.9 | 3007.0
I[2-2-10] | 1300 | 216.4 | 0.03 | 0.03 | 0.04 | 0.03 1[07-02-050] | 3727.5 | 3906.0 | 4378.6 | 44550
I[1-1-13] | 600 | 2.7 0.02| 0.02| 0.03 | 0.03 1[07-03-050] | 4570.0 | 4850.0 | 4960.0 | 5000.0
I[2-1-13] | 1110 | 1485 | 0.04| 0.04 | 0.04 | 0.04 1[10-02-050] | 5875.0 | 6400.0 | 63250 | 6450.0
[2-2-13] | 1610 | 823.8 | 0.05| 0.05| 0.06 | 0.06 1[05-02-050] | 1982.5 | 2057.0 | 2198.8 | 2238.0
I[1-1-14] | 300 | 0.2 0.02| 0.01| 0.02 | 0.02 1[15-03-100] | 29380.5| 30015.0| 29981.5 | 30116.0
I[1-2-14] | 550 | 3.1 0.03| 0.03| 0.03 | 0.03 1[10-03-100] | 17392.4| 177510 | 17477.8 | 177510
[2-2-14] | 1050 | 123.9 | 0.05| 0.05| 0.05 | 0.05 | [14-02-150] | 14991.2 | 15556.0| 17706.4 | 17813.0
I[3-2-14] | 1350 | 3294.1| 0.05| 0.07 | 0.05 | 0.04 1[07-02-150] | 7062.2 | 7279.0 | 8721.0 | 8909.0
I[3-1-15] | 620 | 4366.1| 0.02 | 0.02 | 0.02 | 0.06 1[10-02-200] | 13646.6| 14560.0| 16041.0 | 16221.0
1 [10-02-250] | 28688.0| 29760.0| 33888.0 | 34480.0
Table 1. Results obtained by XPRESS and 1 [10-03-250] | 23599.0| 24438.0| 26908.4 | 27726.0

GRASP heuristics
Table 3. Comparison of pure GRASP G1 with
G1 with path-relinking
For the second set of experimental tests, twelve larger
instances for the problem were created with number of days
of the period chosen from the intervi, 14], number of In Table 4, we show the results obtained for G2 algo-
BMUs equal to 2 or 3, and number of wells in the interval rithm and with path-relinking (G2PR). We can see that path-
[50, 250]. relinking improves the average values for 11 instances out
Each GRASP heuristic performed 200 iterations. Each of 12 and was able to achieve the best value in 8 instances.
instance was executed ten times using different randomin Table 5, we compare the average results obtained by the
seeds. Tables 2, 3 and 4 present the best value found and thfeur algorithms. For each instance, we selected the best
average value of the solution cost. The first column in all average result achieved and calculated the percentage devi
tables identifies the instance and bold values indicate besation of the results obtained by the other algorithms with
values. respect to this best value. We can see that the algorithm
In Table 2, the results obtained for the pure GRASP G2 with path-relinking provides the best results for all in-
heuristics G1 and G2 are shown. We can see that G2 foundstances. In Table 6, we show for each instance the average
better solutions than G1 for all instances. Table 3 showscomputational time achieved. We can observe that path-



Inst. G2 G2PR
Average Best Average Best
I [10-02-050] | 2934.2 | 3075.0 | 31317 | 31820
I [07-02-050] | 4454.7 | 4683.0 | 4820.6 | 4882.0
I [07-03-050] | 5330.0 | 5450.0 | 5495.0 | 5550.0
I [10-02-050] | 7165.0 | 7400.0 | 7360.0 | 7400.0
| [05-02-050] | 2149.8 | 2276.0 | 2262.7 | 2284.0
I [15-03-100] | 33277.3| 33587.0| 33542.3 | 33780.0
I [10-03-100] | 19460.8 | 19884.0 | 19576.8 | 19884.0
I [14-02-150] | 18973.1| 19663.0| 19630.5 | 19749.0
I [07-02-150] | 9072.1 | 9516.0 | 9475.10 | 9596.0
I [10-02-200] | 17438.6| 17862.0| 17780.6 | 17970.0
I [10-02-250] | 39376.0 | 39680.0 | 39376.0 | 39680.0
I [10-03-250] | 31525.2| 31765.0 | 31570.0 | 31765.0

Table 4. Comparison of pure GRASP G2 with
G2 with path-relinking

Inst. G1 G2 G1PR | G2PR
I [10-02-050] | -0.164 | -0.063 | -0.052 | 0.00
1 [07-02-050] | -0.227 | -0.076 | -0.092 | 0.00
I [07-03-050] | -0.168 | -0.030 | -0.097 | 0.00
I [10-02-050] | -0.22 | -0.026 | -0.141| 0.00
1 [05-02-050] | -0.124 | -0.050 | -0.028 | 0.00
I [15-03-100] | -0.124 | -0.08 | -0.106 | 0.00
I[10-03-100] | -0.112 | -0.06 | -0.17 | 0.00
I [14-02-150] | -0.236 | -0.033 | -0.098 | 0.00
I [07-02-150] | -0.255 | -0.043 | -0.080| 0.00
1 [10-02-200] | -0.233 | -0.019 | -0.098 | 0.00
I [10-02-250] | -0.271| 0.00 | -0.139| 0.00
I [10-03-250] | -0.252 | -0.01 | -0.148| 0.00

Table 5. Percentage deviation of average re-
sults

relinking increases very little the computational timeieh
increasing significantly the quality of the solutions.

Inst. G1 G2 | GIPR| G2PR
I[10-02-050] | 2.58 | 3.22 | 3.02 | 3.64
1[07-02-050] | 2.61 | 3.75 | 2.79 | 3.95
1[07-03-050] | 3.05 | 422 | 3.17 | 4.34
1[10-02-050] | 3.07 | 4.26 | 3.38 | 4.54
1[05-02-050] | 1.41 | 1.69 | 152 | 1.78
1[15-03-100] | 29.97 | 38.05 | 32.12 | 40.18
1[10-03-100] | 10.09 | 13.77 | 10.76 | 14.47
1[14-02-150] | 63.21 | 71.15 | 65.77 | 74.05
1[07-02-150] | 21.42 | 30.9 | 22.04 | 31.57
1 [10-02-200] | 86.67 | 104.61| 88.37 | 106.48
1 [10-02-250] | 119.84 | 165.68 | 121.67 | 167.60
1[10-03-250] | 99.30 | 152.93 | 101.36 | 155.26

Table 6. Average Computational Time (sec-
onds)

5 Conclusions

This paper presented some proposals to solve approx-
imately a particular period vehicle routing problem. We
developed a mathematical formulation for this problem,
and construction and local search heuristics to implement
GRASP algorithms. We also applied path-relinking to the
pure GRASP heuristics to improve the quality results.

Experimental results showed that, for small instances of
the problem, the GRASP heuristics were able to find the
same results obtained by solving the mixed integer linear
formulation in much less computational time.

For larger instances, the version which uses Random-
ized Nearest Insertion construction algorithm showed bet-
ter results than the Sweep Heuristic. The introduction of
path-relinking improved substantially both pure GRASP al-
gorithms, and did not cause a significant increment in the
computational time.
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