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Outline 

 Background and Motivation 

 The Mixed Capacitated General Routing Problem (MCGRP) 

 Literature 

 Adaptive Iterated Local Search 

 Results 

 Summary, Conclusion, Further Work 
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Newspaper carrier routing 
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Route revision of today 
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Arc or Node Routing? 
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 Point-based demand 

 doormat 

 mailbox 

 node routing 

 large number  

 Abstraction 

 aggregate demand along 

street segments 

 all street segments with 

demand must be serviced 

 arc routing 

 too crude 

 Qualified aggregation 

 Node/arc routing 

 

 

 

 

 

 

 



ICT 

The Mixed Capacitated General Routing Problem (MCGRP) 

 A.k.a.  

 the Capacitated General Routing Problem (on mixed graphs) CGRP(-m) 

 the Node, Edge, and Arc Routing Problem (NEARP) 

 Mixed weighted (multi)graph G=(V,E,A), depot dϵV 

 Travel cost ci,j for each link  

 Customers VR,ER,AR , demand qi,j, service cost si,j 

 Homogeneous (fixed) fleet of vehicles K, each with capacity Q 

 Find minimum cost plan such that each customer is serviced exactly once 

by a vehicle starting and ending at the depot, respecting the vehicle 

capacity 

 Generalization of CVRP, CARP, GRP, … 

 Removes node/arc routing dichotomy 

 Transformations to CARP / GVRP / … possible 
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Example - CBMix23 
Q=1437, cij=cji,  sij=qij, ІNrІ=3, ІErІ=2, ІArІ=15, τ=20  
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A CBMix23 (Q=1437) solution, 

 4 routes with total travel cost 780 
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Literature (1) 

 Pandit & Muralidharan (1995):  

A capacitated general routing problem on mixed networks. 

Computers & Operations Research, 22:465–478, 1995. 

 First definition of the MCGRP (heterogeneous fleet and 

maximum duration constraint, named the Capacitated 

General Routing Problem (CGRP) 

 Route-first-cluster-second heuristic 

 Test instances  

 inspired from curb-side waste collection in residential areas 

 random instances from the Capacitated Chinese Postman Problem 

literature 
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Literature (2) 

 Gutiérrez et al. (2002): The capacitated general routing 

problem on mixed graphs. Revista Investigacion 

Operacional, 23:15–26, 2002. 

 Studied the homogeneous fixed fleet version of the CGRP 

 Called it the Capacitated General Routing Problem on 

Mixed Graphs (CGRP-m) 

 Proposed a O(n3) heuristic 

 Comparative study 

 28 homogeneous fixed fleet instances, k=2,3,4; 6<τ<21 

 Average 10% better than Pandit and Muralidharan (1995)  
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Literature (3) 

 Prins & Bouchenoua (2005): A memetic algorithm solving the 

VRP, the CARP and general routing problems with nodes, 

edges and arcs.  

In Recent Advances in Memetic Algorithms, vol 166, pp 65–

85. Springer. 

 Introduced the Node, Edge, and Arc Routing Problem 

(NEARP) name 

 Proposed a memetic algorithm 

 Defined the CBMix MCGRP benchmark with 23 grid based 

instances 

 Experiments on CBMix, standard CARP and CVRP instances 
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Literature (4) 

 Kokubugata, Moriyama, and Kawashima (2007):  

A practical solution using simulated annealing for general 

routing problems with nodes, edges, and arcs.  

In Engineering Stochastic Local Search Algorithms. 

Designing, Implementing and Analyzing Effective Heuristics, 

vol. 4638, pp136–149. Springer. 

 Developed a simulated annealing algorithm for MCGRP 

 Provided several new best known solutions for CBMix 
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Literature (5) 

 Bach, Hasle, Wøhlk (2013):  

A lower bound for the node, edge, and arc routing problem. 

Computers & Operations Research, 40(4):943–952, 2013. 

 The first lower bounding procedure for the MCGRP 

 BHW benchmark – 20 instances based on well known CARP 

instances (gdb, val, egl) 

 DI-NEARP benchmark – 24 instances from real-world 

newspaper distribution cases in Norway 

 Numerical results on CBMix, BHW, DI-NEARP 
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Literature (6) 

 Hasle, Kloster, Smedsrud, and Gaze (2012):  

Experiments on the node, edge, and arc routing problem. 

Technical Report A23265, SINTEF, 2012. 

 Spider industrial VRP solver  

 Experiments on CBMix, BHW, and DI-NEARP benchmarks 

 Several best new upper bounds 

 

 Web page for MCGRP http://www.sintef.no/nearp   
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Literature (7) 

 Bosco, Laganà, Musmanno, and Vocaturo (2013):  

Modeling and solving the mixed capacitated general routing 

problem. Optimization Letters, 7(7):1451–1469 

 Proposed the first IP formulation for the MCGRP 

 Extended valid inequalities for the CARP to the MCGRP 

 Developed a B&C algorithm 

 Two new benchmarks, totalling 342 instances: 
 mggdb derived from the gdb undirected CARP instances (138) 

 mgval, derived from the mval mixed CARP instances (204) 

 6 sets corresponding to different values of β:  

# required links whose demand is shifted to adjacent vertices. 

 Computational experiments 
 mggdb and mgval instances with less than 8 vehicles 

 4 smallest-size CBMix instances, providing two optimal solutions 
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Literature (8) 

 Gaze, Hasle, Mannino (2013): Column generation for the 

mixed capacitated general routing problem. WARP1 

 Gaze (2013): Exact optimization methods for the mixed 

capacitated general routing problem. Master’s thesis, 

Norwegian University of Science and Technology, 2013. 

 Extends the column generation approach by Letchford 

and Oukil (2009) to the MCGRP and uses it to solve the 

root node of a Branch-and-Price tree 

 Experiments on mcgrp and small subset of mgval 
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Literature (9) 

 Bach, Lysgaard, Wøhlk (2014): A Branch-and-Cut-and-Price 

Algorithm for the Mixed Capacitated General Routing 

Problem. In Routing and Scheduling Problems – 

Optimization using Exact and Heuristic Methods. Ph.D. 

dissertation, School of Business and Social Sciences, 

Aarhus University, Denmark. 

 Developed a B&C&P for the MCGRP 

 Experiments on CBMix, BHW, mggdb, mgval (one subset) 

 CBMix: improve the best known upper bound for 2 instances and the 

best known lower bound for 21 instances 

 BHW: prove optimality for 2 new instances 

 mggdb: prove optimality for 31 new instances 
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Literature (10) 

 Bode, Irnich, Laganà, Vocaturo (2014): Two-Phase Branch-

and-Cut for the Mixed Capacitated General Routing 

Problem. Technical Report LM-2014-02, University of Mainz 

 Presents new two-index mathematical model for the 

MCGRP 

 Proposes a two-phase B&C algorithm that uses an 

aggregate formulation to develop an effective lower 

bounding procedure 

 Computational experiments for half of the mggdb and mgval 

instances (β = 0.25, 0.30, 0.35) 
 62 out of 69 mggdb instances solved to optimality 

 to 62 out of 102 mgval instances solved to optimality 
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Adaptive Iterative Local Search (AILS) 

 Good balance between intensification and diversification 

 Avoid non-productive search efforts 

 

 Iterated Local Search 

 Simulated search over local optima 

 Trajectory based intensification 

 Perturbation 

 ALNS + conditional deep intensification with pure LS 

 No progress: major disruption ("kick") + LS  
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AILS – Initial solution and ALNS details  

 Initial solution – Augment-merge + bin packing 

 Destructors 

 Random 

 Node 

 Edge 

 Arc 

 Worst 

 Related 

 Tree 

 Constructors 

 Random 

 Greedy 

 Regret 

 Merits based on Destructor / Constructor pairs 
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AILS – Local Search details 

 5 operators 

 LS_Full 

 Swap 

 Or-opt, max segment length 3 

 2-opt 

 3-opt, max segment length 3 

 Flip 

 LS1 

 LS2 

 

 Aggressive move strategy 

 Union of neighborhoods 

 All moves with positive savings considered 
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Algorithm tuning 

 Selection of 17 hard CBMix, BHW, DI-NEARP instances 

 Two destructor configurations 

 No further intensification  

 No kick diversification 

 No quality discrimination 

 No reset of roulette wheel scores 

 

 Parameter tuning 
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Computational Experiments MCGRP(1) 

 C++ under Linux Ubuntu 12.04.1 LTS 64-bit 

 Intel Xeon E5530 @2.4 GHz 

 CBMix (23)  

 11-150 nodes 

 29-332 edges/arcs 

 20≤τ≤212 

 BHW (20) 

 11-72 nodes 

 22-380 edges/arcs 

 20≤τ≤410 

 DI-NEARP (24) 

 560-1120 nodes 

 815-1450 edges 

 240≤τ≤833 
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Computational Experiments MCGRP(2) 

 mggdb (6 sets of 23 instances=138)  

 3-10 vehicles 

 18≤τ≤48 

 mgval (6 sets of 34 instances=204)  

 2-10 vehicles 

 38≤τ≤129 
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Summary of experimental results (1) 

 CBMix (200s and 3600s time limit) 

 Best known upper bounds for 22 of 23, even with 200s limit. 

3600s: 1.8% lower than SA. 2 optimal solutions. 

 Prins & Bouchenoua 2005, MA 

 Kokubugata et al. (2007), SA 

 SINTEF Spider (2012), ILS/VND 

 Bach, Lysgaard, Wøhlk (2014), B&C&P 

 BHW (3600s) 

 Best known upper bounds for all 20 instances 

 4 optimal solutions, 1 only closed by AILS 

 SINTEF Spider (2012), ILS/VND 

 Bach, Lysgaard, Wøhlk (2014), B&C&P 

 DI-NEARP instances (3600s) 

 Best known upper bounds for all 24 instances 

 SINTEF Spider (2012), ILS/VND 
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Summary of experimental results (2) 

 mggdb (138, 107 known optimal solutions) 

 AILS finds all 

 12 first known upper bounds 

 17 ties 

 2 inferior 

 mgval (204, 103 known optimal solutions) 

 AILS finds all 

 61 improved upper bounds (27) 

 35 ties 

 5 inferior 

 

 Bach, Lysgaard, Wøhlk (2014), B&C&P 

 Bode, Irnich, Laganà, Vocaturo (2014), B&C 
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 GLS:  Beullens et al. (2003) 

 MA:  Lacomme et al. (2004a) 

 BACO: Lacomme et al. (2004b) 

 VNS:  Polacek et al. (2008)   

 TSA:  Brandão and Eglese (2008) 

 Ant-CARP: Santos et al (2010) 

 MA:  Prins & Bouchenoua (2005) 
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 GRASP: Prins (2009) 

 MB:  Mester and Bräysy (2007) 

 MA-CVRP: Nagata and Bräysy (2009) 

 PARALLEL: Gröer et al. (2011) 
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Summary and Conclusions 

 MCGRP relevant and important 

 Not much studied 

 AILS efficient, also for special cases  
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