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LRSP: Location, Routing and 
Scheduling Problem 

ÅObjective 
ïƳƛƴƛƳƛȊŜ ǘƘŜ ǘƻǘŀƭ ŬȄŜŘ ŀƴŘ operating costs 

associated with facilities and vehicles 

ÅDecisions 
ïassignment of customers to facilities 

ïset of vehicle routes from facilities to customers 

ïassignment of routes to vehicles 

ÅConstraints 
ïCapacity (facilities and vehicles) 

ïTime (vehicles) 



Graphical Representation of a LRSP 
Solution 



A Mathematical Model 

Zeliha Ak ŀ όнлмлύ άLƴǘŜƎǊŀǘŜŘ [ƻŎŀǘƛƻƴΣ 
Routing and Scheduling Problems: 
aƻŘŜƭǎ ŀƴŘ !ƭƎƻǊƛǘƘƳǎΣέ tƘ5 ¢ƘŜǎƛǎΦ 

Facility selection 

Vehicle selection 

Routing 



LRSP: Black Box Approach 
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Solution Representation 

1 0 1 1 0 . . . . 0 0 

Customers ³ Locations 

Binary (1 = customer assigned to facility): 

4 2 2 1 1 . . 3 

Customers 

Discrete (number of facility): 



Size of the Solution Space 

ÅConsider a problem with 5 customers and 2 
facilities 

ÅBinary representation 

ïNumber of binary variables = 5 ³ 2 = 10 

ïNumber of solutions = 210 = 1,024 

ÅDiscrete representation 

ïNumber of discrete variables = 5 

ïNumber of solutions = 25 = 32 



Solution Space for 
5 Customers and 
2 Facilities 

Solution C1 C2 C3 C4 C5 
1 1 1 1 1 1 
2 1 1 1 1 2 
3 1 1 1 2 1 
4 1 1 1 2 2 
5 1 1 2 1 1 
6 1 1 2 1 2 
7 1 1 2 2 1 
8 1 1 2 2 2 
9 1 2 1 1 1 
10 1 2 1 1 2 
11 1 2 1 2 1 
12 1 2 1 2 2 
13 1 2 2 1 1 
14 1 2 2 1 2 
15 1 2 2 2 1 
16 1 2 2 2 2 
17 2 1 1 1 1 
18 2 1 1 1 2 
19 2 1 1 2 1 
20 2 1 1 2 2 
21 2 1 2 1 1 
22 2 1 2 1 2 
23 2 1 2 2 1 
24 2 1 2 2 2 
25 2 2 1 1 1 
26 2 2 1 1 2 
27 2 2 1 2 1 
28 2 2 1 2 2 
29 2 2 2 1 1 
30 2 2 2 1 2 
31 2 2 2 2 1 
32 2 2 2 2 2 



Supporting 3PL Decisions in the 
Automotive Industry 

Schittekat, P. and K. Sörensen όнллфύ ά{ǳǇǇƻǊǘƛƴƎ оt[ 
Decisions in the Automotive Industry by Generating Diverse 
Solutions to a Large-Scale Location-wƻǳǘƛƴƎ tǊƻōƭŜƳΣέ 
Operations Research, vol. 57, no. 5, pp. 1058-1067.  

 



Problem Setting 

ÅFor the distribution of spare parts to car dealers, 
many automotive companies (e.g., Toyota) use a 
transport network of intermediate hubs or 
transport platforms, operated by a set of third-
party logistics (3PL) partners 

ÅA tactical optimization problem consists of the 
selection of 3PL providers and transport 
platforms in order to minimize cost and achieve a 
desired service level 



Delivery of Spare Parts to Car Dealers 



Problem Complexity 

ÅToyota must determine whether the price 
structure proposed by a potential 3PL provider 
is reasonable 

ÅThere is uncertainty with respect to the 
quality of service of 3PL providers 

ÅIt is difficult to estimate the total network cost 
without accounting for operational detail 

 



Decision Support System 

ÅA solution to the problem consists of a set of 
3PL providers 

ÅThe merit of a solution is assessed by its total 
cost 

ÅSolutions must satisfy a desired service level 

ÅInstead of a single solution, the system must 
ǇǊƻǾƛŘŜ ŀ ǎŜǘ ƻŦ άǎǘǊǳŎǘǳǊŀƭƭȅ ŘƛǾŜǊǎŜέ 
solutions 



Location-Routing Problem 

1. Selecting 3PL providers and associated 
transport platforms to use 

 

2. Determining routes to visit the car dealers 
from the selected transport platforms 



Black Box View 
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Summary of Results 
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More Applications of the BB Approach 

Å Periodic Vehicle Loading Problem 
ï5ŜƭƎŀŘƻΣ /ΦΣ aΦ [ŀƎǳƴŀ ŀƴŘ WΦ tŀŎƘŜŎƻ όнллрύ άaƛƴƛƳƛȊƛƴƎ [ŀōƻǊ 
wŜǉǳƛǊŜƳŜƴǘǎ ƛƴ ŀ tŜǊƛƻŘƛŎ ±ŜƘƛŎƭŜ [ƻŀŘƛƴƎ tǊƻōƭŜƳΣέ Computational 
Optimization and Applications, vol. 32, pp. 299-320. 

 
Å Periodic Vehicle Routing Problem 
ïAlegreΣ WΦΣ aΦ [ŀƎǳƴŀ ŀƴŘ WΦ tŀŎƘŜŎƻ όнллтύ άhǇǘƛƳƛȊƛƴƎ ǘƘŜ tŜǊƛƻŘƛŎ 

Pick-ǳǇ ƻŦ wŀǿ aŀǘŜǊƛŀƭǎ ŦƻǊ ŀ aŀƴǳŦŀŎǘǳǊŜǊ ƻŦ !ǳǘƻ tŀǊǘǎΣέ European 
Journal of Operational Research, vol. 179, no. 3, pp. 736-746. 

 
Å Crane Scheduling 
ïOptTek project 

 

 



Periodic Vehicle Loading Problem 

ÅOn each given day, a manufacturer must have enough 
workers to load customer vehicles that arrive at the 
ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ŦŀŎƛƭƛǘȅ ǘƻ ǇƛŎƪ ǳǇ ƻǊŘŜǊǎΦ /ǳǎǘƻƳŜǊǎ 
need to pick up orders with a desired frequency (e.g., 
one pickup every 4 workdays) 
 
ÅCalendars in a 20-day planning horizon for 1 pickup 

every four days: 
ï{1, 5, 9, 13, and 17} 
ï{2, 6, 10, 14, and 18} 
ï{3, 7, 11, 15, and 19} 
ï{4, 8, 12, 16, and 20} 


