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An instance is defined by:  
● a fleet VH of K vehicles (with a capacity CAP and a maximum 

route time);
● a demand set:

○ (the origin node, the destination node, maximum ride time, 
two time windows, the load resp.);

And the related graph G = (V, E), which contains:
○ the 2*|K| Depot nodes,
○ the origin and destination nodes of the demands.
○ the arcs e in E endowed with riding times l(e) ≥ 0;

Static DARP
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3 sets of time constraints:
● time windows (from the demands),

○ on the origin and destination nodes;
● maximum ride time (from the demands),
● maximum route time (from vehicles).

=> All of these constraints will be “handle” by constraint propagation.

Static DARP
Focus on the Time Constraints
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Min(global duration of the tours) 

Performance criteria

  

Min
(ride times) 

multi-criteria
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DARP
Tabu search - A tabu search heuristic algorithm for the static multi-vehicle dial-
a-ride problem - J.-F. Cordeau et al., - Transportation Research – 2003 ;
Insertion techniques (IT)
A heuristic algorithm for the multi-vehicle advance request dial-a-ride problem - 
J. Jaw et al. - Transportation Research – 1986.

DARPT (rare...)
Adaptive Large Neighborhood Search - Masson, Renaud, Fabien Lehuédé, 
and Olivier Péton. "The dial-a-ride problem with transfers." Computers & 
Operations Research 41 (2014): 12-23.

PDPTWT
Branch-and-Cut - Insertion techniques - VNS 

short state of the art
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Heuristic based on constraint propagation
Main ideas: the insertions

O3 D3route k
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● Demand insertions: one after another
○ selection of the demand according to the number of cars 

available for the specific demand (i.e. without violation of 
constraints):
■ => Random selection among the best candidates set,

○ selection of the insertion parameters according to the smaller 
impact on the total route cost:
■ => Random selection among the best candidates set.

● Example of insertion parameters: (k, O1, D2) for inserting the 
demand 3:



Heuristic based on constraint propagation
Main ideas - Insertion Parameters

O3 D3route k
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● For a given state of the routes, we check the feasibility and 
evaluate each insertion possible:
○ by constraint propagation of the three types of time 

constraints;
● After an insertion:

○ Update of the insertion parameters for the modified route k,
○ Add new parameters for k according to the new nodes in the 

route.



Heuristic based on constraint propagation
Main ideas - Monte Carlo Process

O3 D3route k
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● We use a random number generator for:
○ the selection of the “best” demands,
○ the selection of the “best” insertion parameters;

● We launch several replications of our heuristic using the 
same generator:

■ The process can be stopped once a first solution is 
obtained,

■ The process can be paralyzed. 



Simple Insertion heuristic

Initialize the K routes with depot nodes (departure & arrival)    

For all j in D, FREE(j) <- all the possible 4-uple (k, O, D, v)
While D not empty  

pick up some demand i in D on a set of N1 demands with the lower number 
of vehicle available
if FREE(i) is Nil reject i
else

select 4-uple (k, O, D, v) according to the N2 best v
insert i in k by D and D and remove the 4-uple
upgrade and update the 4-uples related to k in the FREE sets 

                                (creating the sets FREE by constraint propagation)   
O3 D3route k
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(time) Constraint Propagation
Inference Rules

R1

R3

R2

R4
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R6

R7
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Extended constraint Propagation
for testing an insertion 

(DARPT)

Testing a transfer => Add the new precedence constraints in the set of inference rules
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y = Succ(x) :
e.g. R1:
FPropage.Min(x) + DIST(x,y) 
<= FPropage.Min(y)
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Experimentations - DARP
(without transfers)

Inst. : aK-|D|
Perf: Min Total Distances

Gap < 2% and CPU(s) < 
100s

    Less Good on very tight 
instances (Cordeau 2003) 
(=> needs a local search)
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Experiments on the DARP
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Transfer allowed
(“anywhere”)

Out-reload
node

In-reload
node
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New time constraints

For each insertion test:
(time) constraints propagation
(at least) on two routes
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Creating the FREE2 set: 
locating the transfer node

Searching for good 
insertion parameters
1. Free2-o & Free2-d 
(easy)
2. FREE2 with Free2-o & 
Free2-d, searching for 
(Dout,Oin) and transfer 
node.
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● INSERTION1 and INSERTION2  
solve the DARP and the DARPT, 
respectively.

●            Current maximum ride time

The General Algorithm
When should we use the transfers?
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Ride time evolution
on a simple instance
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Ride times
Global route times

Pr01 instance of:
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VHi : « sub-platoon »
EPi : « sub-space »
30%  local demands
70%  general demands

Experimentations - DARPT 
Clustering
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● 18 set of 5 instances
● EF: F.Max(x) - F.Min(x), x origin 

or destination
● Insert, Insertt: Rates of insertions 
● Gap: 100.(Insertt- Insert)/(Insert)
●

Experiments - Results
DARP Vs DARPT
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Visualization 
of a solution
- small 

instance
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Visualization 
of a solution
- medium 

instance
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Thank you!

Any questions?
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