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Outline 
 
 
 

1. Overview of our  research in arc routing / node routing 
 

T hen zoom on some of these selected topics :  
 
 

2. T he CARP 
 

3. T he ECARP (Extended CARP) 
 

4. T he S CARP (S tochas tic CARP) 
 

5. T he PCARP (Per iodic CARP) 
 

6. T he MOCARP (Multi-Obj ective CARP) 
 

7. T he NEARP (Node, Edge and Arc Routing Problem) 
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Overview of Research 
 
Academic pbs       5 new problems  motivated by was te collection 
 
 
 
 
 
 
 
 
 
 
 

VRP 

CARP 

NEARP 

ECARP 

S CARP 

PCARP 

Node, Edge and Arc Routing Problem 

Extended CARP (complex networks ) 

S tochas tic CARP (random quantities ) 

Per iodic CARP (long- term planning) 

on nodes  

on edges  

MOCARP
RP 

Multi-Obj ective CARP 
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T he Capacitated Arc Routing Problem 
 
CARP Data:  
 

♣ undirected network G 
♣ n nodes  including a depot with vehicles  of capacity W 
♣ m edges  including a set of t tasks  (required edges) 
♣ each edge has  a demand and a traver sal cos t  
 

Goal:  process  all tasks  with a min-cos t set of tr ips  
 

Applications :  urban was te collection, winter  gr itting etc. 
 

NP-hard. S olved by T S  (Eglese, 1996;  Her tz et al. 2000), 
GLS  (Beullens  et al. 2001) or  GA (Lacomme et al. , 2001). 
Excellent lower  bounds  (Belenguer  & Benavent, 1997). 
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A Hybr id GA for  the CARP 
 
Memetic:  hybr idized with local search (Moscato, 1999) 
T emplate below tes ted on the open-shop (Pr ins , 2000):  
 

build initial population Pop (small one, e.g. 30 dis tinct 
solutions ) 
include a few good heur is tic solutions  (1 to 3) 
repeat 
    s elect parents  P1,P2 by binary tournament 
    apply a cros sover  to P1,P2 and keep one child C 
    if random <  given_probability then LocalS earch(C) 
endif 
    s elect Pop(k) to be kil led, with a cos t >  median cos t of 
Pop 
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    if C not in Pop\{ Pop(k)}  then replace Pop(k) by C 
endif 
until (s topping cr iter ion) 
if LB not reached then per form a few intens ive res tar ts  
endif 
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CARP GA:  chromosome & Xover  
 

1. Chromosome  

♣ G coded as  a symmetr ic digraph with 2m arcs  (2 per  edge) 
♣ a chromos ome is  a s equence S  of t arc indexes  (1 per  tas k) 
♣ each tas k appears  in S  as  one of its  2 oppos ite arcs  
♣ implicit s hor tes t paths  between consecutive tasks  
♣ no tr ip delimiter :  giant tour  or  pr ior ity order  for  1 vehicle 
 

2. Cros sovers  OX & LOX for  s equencing pbs  can be used 
 

LOX     random cut points 
            ↓     ↓ 
P1   : 1 3 2|6 4 5|9 7 8 
P2   : 3 7 8|1 4 9|2 5 6 
 
C1   : 3 7 8 6 4 5 1 9 2 
C2   : 3 2 6 1 4 9 5 7 8 

OX    random cut points 
            ↓     ↓ 
P1   : 1 3 2|6 4 5|9 7 8 
P2   : 3 7 8|1 4 9|2 5 6 
 
C1   : 8 1 9 6 4 5 2 3 7 
C2   : 2 6 5 1 4 9 7 8 3 



Evolutionary Algor ithms  for  Arc Routing Problems  -  S lide # 8 

 

CARP GA:  evaluation procedure S PLI T  
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d e p o t  

Chromosome S  =  (a,b,c,d,e) 
I mplicit shor tes t paths  between tasks  
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OPT I MAL splitting, cos t 141 
 

 

a (3 7 )
1 1 5

b (2 7 ) c (4 0 ) d (3 2 ) e (3 3 )

a b (5 1 ) c d (6 4 )

b c (5 6 ) d e (5 0 )

b c d (8 0 )

9 15 13 70 1 4 1

 
Aux il iary graph of pos s ible tr ips  for  W= 9 and shor tes t path in boldface 
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CARP GA :  compar ison with  
the T S  CARPET  (Her tz et al.,  2000) 

 
 DeArmon 

23 pbs ,  t ≤ 55  
Belenguer  

34 pbs ,  t ≤ 97 
Eglese 

24 pbs ,  t ≤ 190 
Cr iter ion Carpet  GA  Carpet  GA  Carpet  GA  
Avg. dev. to LB %  0.48  0.15  1.90  0.61  4.74  2.47  
Max. dev. to LB %  4.62  1.78  8.57  4.26  8.61  4.46  
LB reached 18  21  15  22  0  0  
No of bes t solutions  19  22  17  32  0  19  
Avg. CPU time (s ) 9.02  5.29  63.87  38.35  unknown 526.99  

 
Notes :  

♣ bounds  from Belenguer  and Benavent (1997, 2003) 
♣ s tandard s etting of parameters  
♣ DeArmon fi les  are too easy and should no longer  be used 
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CARP GA :  publications  
 

♣ C. Pr ins . Competitive GAs  for  the open-shop scheduling 
problem.  Math. Methods  Oper . Res . ,  51, pp. 540-564, 2000. 

♣ P. Lacomme, C. Pr ins , W. Ramdane-Ch r if.  A GA for  the 
CARP and its  extens ions . I n:  E.J.W. Boer s  et al.  (eds ), 
Applications  of evolutionnary computing,  Lecture Notes  in 
Computer  S cience 2037, S pr inger , pp. 473-483, 2001. 

♣ P. Lacomme, C. Pr ins , W. Ramdane-Ch r if.  Competitive 
memetic algor ithms  for  arc routing problems .  Repor t RR-
LOS I -2001-01, UT T . I n revis ion for  Annals  of OR, 2001. 
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T he VRP:  adaptation of the GA 
 

♣ Gendreau et al. (1998):  " Published GAs  for  the VRP 
cannot compete with the bes t T S  methods ."  → T RUE 

 

♣ S chmitt (1995) uses  chromosomes  with tr ip delimiter s . 
 

♣ An adaptation of our  CARP GA (which does  not use tr ip 
delimiter s ) gives  very good results  on the 14 clas s ical 
VRP ins tances  from Chr is tofides  (50-199 client nodes ). 

 

♣ C. Pr ins , A s imple and effective evolutionary algor ithm 
for  the VRP,  MI C 2001, Por to.  
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VRP GA:  results  
 

Kind  Authors              Year  Dev. to bes t solns  Nb of bes t 
T S   T ail lard               1993 0.05 %  12 
GA  Pr ins                   2001 0.08 %  10 
T S   Gendreau et al.  1994 0.20 %  8 
T S   T ail lard               1992 0.39 %  6 
T S   Rego and Roucairol 1996 0.55 %  6 
T S   Gendreau et al.  1991 0.68 %  5 
T S   Rego and Roucairol 1996 0.77 %  4 
T S   Gendreau et al.  1994 0.86 %  5 
GA  Pr ins  (3000 Xovers )    2001 0.90 %  5 
T S   Osman                  1993 1.01 %  4 
S A  Osman                  1993 2.09 %  2 

 

14 ins tances  of Chr is tofides  50-199 nodes . 

Updated from Golden et al., Fleet Management and Logis tics ,  K luwer , 1998. 
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T he Extended CARP (ECARP) 
I n cooperation with J-M. Belenguer  and E. Benavent 

 
Goal:  tackling realis tic s treet networks  (was te collection) 
 
MCARP (Mixed CARP) -  Mixed graph with two kinds  of l inks :  
 

♣ edges :  2-way s treets  with bilateral s ervice (any direction) 
♣ arcs :  2-way s treets  with independent s ides  or  1-way s treets  
♣ two cos ts  per  l ink:  deadheading and service 
 
ECARP –  More complications :  
 

♣ Parallel l inks , windy edges , maximum tr ip length 
♣ Forbidden turns  and turn penalties  
♣ I ntermediate facil ities  
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T he ECARP:  results  
S ee the talk of Jos -Manuel and Enr ique 

 
T wo new sets  of ins tances :  
♣ 34 der ived from Belenguer  & Benavent CARP files  
♣ 15 imitating real networks , up to 1000 l inks  
 

 

Generalization of CARP heur is tics  and of the CARP GA 
 
Generalization of the CARP lower  bound (cutting plane) 
 
Very promis ing results :  average deviation GA/LB ≈ 0.5%  
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Example -  S malles t File:  n= 28, m= 68, t= 50 
1 2 3 4 5 6

7 8 9 1 0 1 1

1 2 1 3 1 4 1 5 1 6 1 7

1 8 1 9 2 0 2 1 2 2 2 3

2 4 2 5 2 6 2 7 2 8

d e p o t  an d  d u m p in g  s i t e

265-33-298

240-33-273

000
 22
022

097-18-115

264-18-282

325-20-345

183-20-203 214-21-235

000-21-021 207-22-229

112
 21
133

 047-22-069

453
 19
472

187-44-231

101
 18
119

122
 19
141

153
 23
176

324
 20
344

285
 21
306

 066-21-087

 000-18-018

453
 19
472

 014-18-032

000
 17
017

000
 22
022

311
 18
329

381
 20
401

172-40-212

000
 19
019

205
 41
246

000-18-018

000
 19
019

300
 17
317

301-15-316

014-21-035

088
 21
109

372-19-391

379
 17
396

110
 15
125

390
 20
410

343-37-380

478
 22
500

478
 22
500

000-19-019

238
 17
255

000
 27
027

094-18-112

204
 25
229

000
 14
014

000
 17
017

308-19-327

707
 17
724

139
 26
165

349-21-370

377
 15
392

053
 18
071

147-39-186

204
 25
229

334-39-373

054-18-072 368-21-389

000-18-018

707
 17
724

159
 26
185

247-21-268 715-37-752

715-37-752

146
 18
164
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T he S tochas tic CARP (S CARP) 
 

a(1)

c(1)

d(1)

e(1)
f (1)

g(1)

20

10 10

20

2020

10

10

10

solut ion de coût :  137
tr ip1 :cost =  63 , load =  3
tr ip2 :cost =  74 , load =  4

b(1)

a(2.5)
c(1)

d(2.3)

e(0.4)
f(1)

g(1.7)

20

10

20

2020

10

10

so lut ion de coût :  157
tr i p1 :cost =  42 , load = 4
tr i p2 :cost =  31 , load = 1
tr i p3 :cost =  53 , load = 3.7
tr i p4 :cost =  31 , load = 1.7 

b(1.5)

T rip1

T r ip2

T rip1

T rip2

T r ip3

T rip4

vehic le  capaci ty 4
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T he S CARP:  a s imple approach 
 
♣ gauss ian demands  with mean qij  and s td dev like qij/10 
♣ the GA is  run with the means  → planned tr ips  
♣ s imulation on solutions  to evaluate robus tness   
♣ s imple cor recting policy:  keep a s lack  in each truck 
 
GDB13 Planned S imulations  
Capacity Cos t T r ips  Cos t T r ips  Prob. extra tr ips  
W= 41 536.0 6 584.8 8.81 97.6%  
W×0.9 544.2 7 544.2 7.01   1.2%  
 

P. Lacomme et al. , Robus tnes s  of s olutions  for  the CARP, 
AI S  2002 ,  L isbon, pp. 290-295. I n revis ion for  JORS .  
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T he S CARP:  a truly robus t GA 
 
 

♣ Robus t GAs  in optimisation use nois ing or  s imulation to 
evaluate chromosomes  (T sutsui 1997, Branke 1998). 

 

♣ For  the S CARP with our  as sumptions  (no cooperation of 
crews , gauss ian demands ), analytical formulas  are 
pos s ible for  the expected cos t and its  s tandard dev. 

 

♣ T his  enables  a robus t GA minimiz ing the expected cos t. 
S olution quality is  confirmed by s imulation. 

 

♣ T o be presented at Odys seus  2003, Palermo, I taly. 
 



Evolutionary Algor ithms  for  Arc Routing Problems  -  S lide # 19 

T he PCARP (Per iodic CARP) 
 
PCARP data (bas ic ver s ion):  
 

♣ undirected network G 
♣ planning hor izon H of np per iods  or  " days "  
♣ for  each task u,  frequency f(u) (#  of s ervices  in H) 
♣ demand q(u), traversal cos t c(u), service cos t w(u)  
 
Goal:  
 

♣ ass ign the services  of each task u to f(u) dis tinct days  
♣ solve the resulting np s ingle-per iod CARPs  
♣ to minimize the total cos t of tr ips  over  H 
♣ NP-hard. Cor res ponds  to the PVRP in noide routing. 
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T he PCARP:  varying demands  & cos ts  
 
PVRP:  q(u) and w(u) do not depend on per iod p ! ! !  
 
Demands  often result from daily productions :  
♣ cons tant production :  prod(u,p) =  prod(u)  
♣ global trend α(p)  :  prod(u,p)  =  α(p) ⋅prod(u) 
♣ general case   :  dis tinct prod(u,p), p= 1…np 
 
I f las t vis it in per iod q,  the amount collected in per iod p is :  

∑
+=

=
p

qk

kuprodpuq
1

),(),(
 

Proces s ing time:   w(u,p) function of q(u,p) and length(u) 
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T he PCARP:  spacing cons traints  
 
T wo types  (conver tible into each other ):  

♣ min & max time lag between 2 vis its :  spmin(u), spmax (u) 
♣ set of allowed day combinations :  comb(u)  
 
Day combinations  are prefer red:  

♣ reasonable number  for  small hor izons  (1 week → 1 month) 
♣ spacing is  implicitly satis fied 
♣ demands  can be computed in advance for  each day 
 
Example of T royes :  np= 7, no work on week-ends , f(u)= 1,2,5. 
8 combinations  are us ed:  { 1,2,3,4,5} ,{ 1,4} ,{ 2,5} ,{ 1} …{ 5}  
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A memetic algor ithm:  chromosome 
 
Each task u (s treet) has  a s et comb(u) of day combinations . 
 

Chromosome S :   
♣ np sublis ts  S (1)…S (np), i .e.  one CARP chromos ome per  day 
♣ u occurs  f(u) times  in S ,  according to one day combination 
♣ u occurs  at mos t once in each s ublis t S (k) 
 

Chromosome length:  
 

∑
∈

=
Ru

ufL )(
 

 

No tr ip delimiter s :  evaluation by applying S PLI T  toi each day. 
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A memetic algor ithm:  PLOX cros sover  
 

u f(u) comb(u) u f(u) comb(u) 

1 3 { 1,3,4} ,{ 2,3,4}  5 1 { 1} ,{ 2}  

2 2 { 1,3} ,{ 2,4}  6 3 { 2,3,4} ,{ 1,2,4} ,{ 1,2,3}  

3 1 { 1} ,{ 4}  7 2 { 2,4} ,{ 1,3}  

4 1 { 1}  8 1 { 2} ,{ 4}  
 

 Mon T ue W ed T hu 

P 1  1 2 3 4 5  6  7  1  2 6 1 6 7 8 
 

 Mon T ue W ed T hu 

P 2  7 6 5 4 8 6 2 1 7 1 3 6 1 2 
 

 Mon T ue W ed T hu 

C1  6 4 5  6  7  8 2 1 1  6 7 3 1 2 
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T he PCARP:  results  
 

23 PCARP ins tances  (33-132 services , avg. 70) 
 
 

T hree s imple cons tructive heur is tics  and a lower  bound 
 

♣ F. Chu, N. Labadi, C. Pr ins . Per iodic arc routing problems :  
l inear  programming model and heur is tics , ACS '02,  S zczecin, 
Poland, pp. 409-418, 2002. I n revis ion for  JI M. 

 
A memetic algor ithm for  the PCARP 
 

♣ P. Lacomme, C. Pr ins , W. Ramdane-Ch r if,  Evolutionnary 
Algor ithms  for  Multiper iod Arc Routing Problems , I PMU 
2002,  Annecy, pp. 845-852. S ubmitted to EJOR. 
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Node, Edge & Arc Routing Problem (NEARP) 
Could be called " Mixed and Capacitated GRP"  

 

Mixed graph +  required nodes , edges  and arcs !  
 

One s ingle memetic algor ithm for  node and arc routing !  
 

I ns tances  CARP -  DeArmon VRP –  Chr is tofides  
 Her tz T S  GA T aillard T S  GA 
Dev. to BKS  0.48%  0.36%  0.05%  0.25%  
BKS  retr ieved 18/23 18/23 12/14 8/14 

 
23 NEARP ins tances , max. 150 nodes  and 212 tasks :  9.5%  
saved from 3 cons tructive heur is tics  followed by local search. 
Presented at WOMA-3 (PPS N-7) Granada, s ept. 2002. 
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T he Multi-Obj ective CARP (MOCARP ) 
T o be presented at EMO 2003, Faro, Apr il 2003 

 

F1(S ) =  total duration, F2(S ) makespan 
Goal:  to compute a set of non-dominated s olutions  
Method:  NS GA-2 template (Deb, 1999) +  local search 
 

r a n k  1

ra n k  2

r a n k  3

f 2

1
f

f 2

1f

A llo w e d  c o n e
fo r lo c a l s e a rc h

x
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Conclus ion 
 

♣ S tar ting from the CARP, development of good memetic 
algor ithms  for  more realis tic arc routing problems   

 

♣ Rafa under lined the connections  with S catter  S earch 
(small populations , dis tinct solutions , local search…). 

 

♣ Population-bas ed heur is tics  can eas ily handle multiple 
obj ectives  or  compute robus t solutions . 

 

♣ T he s trength of our  GAs  comes  from a " good"  encoding 
of s olutions . T his  aspect is  always  more impor tant than 
the metaheur is tic used (S A, T S , GA, S S ). 


