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Constraint Programming based Column Generation

Combine both ideas!

solution yi; z

(= path)

Variable xj,

coeÆcient ai;j,

cost cj

λi

CSP
(propagation)

MIP solver

columns

solution

LP solver

z �

P
i2N

�iyi � 0

(NRC constraint)

Torsten Fahle

University of Paderborn
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Outline of Column Generation

Subproblem:

� Generate further columns with negative reduced costs

� Use dual values of LP solution to determine reduced costs

�0 :=getInitialColumns()

repeat

� := solveLP(�0) fget new dualsg

fxj1
; : : : ; xjk
g := solveSubproblem(�)

�0 = �0 [ fxj1
; : : : ; xjk
g

until (fxj1
; : : : ; xjk
g = ;)

Γ
Γ

’Γ

’

’Γ

Γ

’Γ

Γ

Γ

new areas with
neg. red. costs

Torsten Fahle

University of Paderborn
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Constraint Shortest Paths

Sta� Rostering

� Assign rosters to named individuals

� respect many rules and regulations

�
shortest path (= lower bound for feasible roster)

�����
�����
�����
�����

���
���
���
���

Time

jobs

Torsten Fahle

University of Paderborn
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Basic Propagation

� bounds: req(Y ) � Y � pos(Y ), min(z) � z � max(z)

� remove edges around elements of req(Y )

� consider only nodes in pos(Y )

� determine shortest paths from source s to all nodes i: zs;i

� determine shortest paths from sink t to all nodes i: zi;t

) SSSP algorithm for DAGs ! O(jV j+ jEj)

required

possible
not

possible

Propagations:

� min(z) � zs;t

� zs;i + zi;t > max(z)) pos(Y ) := pos(Y ) n fig

� zs;i + ci;j + zj;t > max(z)) suppress edge (i; j)

Torsten Fahle

University of Paderborn
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Example

source

sink sink

source

shortest paths from source to all nodes shortest paths from sink to all nodes

source

sink

source

sink sink

source

sink

source

zs;i + zi;t > max(z) zs;i + ci;j + zj;t > max(z)

) pos(Y ) := pos(Y ) n fig ) suppress edge (i; j)

Torsten Fahle

University of Paderborn
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Incremental Shortest Path

remove

?

∆

require

Torsten Fahle
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In
uence of Incremental Shortest Path Update

0

250000

500000

750000

0 1000 2000 3000 4000 5000 6000

pr
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time[sec]

incremental
non-incremental

(tested on aircraft crew rostering instances)
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