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OutlineOutline

1. Review of current solution approaches for 
Integer SP.

2. Discussion of our approach.

3. Analysis of Bounds.

4. Preliminary computational  results.
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New Perspective of Investment New Perspective of Investment 
DecisionsDecisions

The issuesThe issues
DCF is inadequate…DCF is inadequate…

Three leading characteristicsThree leading characteristics
�� Investment Decisions (costs)   irreversibleInvestment Decisions (costs)   irreversible
�� Future returns are uncertainFuture returns are uncertain
�� Another key aspect is timingAnother key aspect is timing

�� InvestInvest
�� DisinvestDisinvest
�� Not invest…postponeNot invest…postpone

Are all strategic decisionsAre all strategic decisions
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Decision making under Decision making under 
uncertaintyuncertainty

Buy flexibilityBuy flexibility

≡≡≡≡≡≡≡≡

Hedge against uncertaintyHedge against uncertainty

≡≡≡≡≡≡≡≡

Make robust decisionsMake robust decisions
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General twoGeneral two--stage SPstage SP
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Shape of the recourse functionShape of the recourse function
Convex recourse function
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Stochastic integer programsStochastic integer programs

First Stage integer
� Supply chain planning, Mitra et al.
� Asset allocation, Mulvey and Rusczynski
� Electric utility planning, Bienstock and Shapiro
� Goods distribution, Cheung and Powell

Second Stage integer
� Scheduling decisions, Dempster et al.
� Routing decisions Spaccamela et al.
� Fixed-charge, Bitran et al.
� Change  over costs, Caroe et al.

2121 )( AND    OR ,)( OR, nnnn ZyZxZyZx ∈∈∈∈ ωω

Applications
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Current approachesCurrent approaches

�� Cutting plane Cutting plane -- WollmerWollmer
�� Scenario decompositionScenario decomposition-- RockafellarRockafellar and and 

WetsWets
�� Integer LInteger L--shaped shaped –– LaporteLaporte andand LouveauxLouveaux
�� Convex hull for Simple integer recourse Convex hull for Simple integer recourse ––

HaneveldHaneveld,, StougieStougie, Van, Van der Vlerkder Vlerk
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Current approachesCurrent approaches

�� Progressive hedging  Progressive hedging  -- TakritiTakriti et al.et al.
�� GroebnerGroebner bases bases –– Schultz et al.Schultz et al.
�� Integer LInteger L--shaped shaped –– CaroeCaroe andand TindTind
�� Dual decomposition Dual decomposition –– CaroeCaroe and Schultzand Schultz
�� Branch and bound based approach Branch and bound based approach ––

Ahmed et al.Ahmed et al.



IX International Conference on Stochastic 
Programming, Berlin, 25-31 August 2001

Problem StatementProblem Statement
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Motivation for the algorithmMotivation for the algorithm

A Strategic Supply Chain modelA Strategic Supply Chain model

100100ScenariosScenarios

11540341154034NonNon--ZeroesZeroes

5440054400ContinuousContinuous

20962096Discrete Discrete 

67686768RowsRows
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�� Relatively complete recourse Relatively complete recourse 
�� Discrete  distributionDiscrete  distribution

Assumptions
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The ApproachThe Approach

1.1. LagrangeanLagrangean relaxation used to generate a relaxation used to generate a 
candidate set of integer feasible solutions for       candidate set of integer feasible solutions for       
each WS model.  each WS model.  

2.2. Construct a convex hull of this set of integer Construct a convex hull of this set of integer 
feasible solutions.feasible solutions.

3.3. Not necessarily a convex hull to the original  2Not necessarily a convex hull to the original  2--
stage ISP.stage ISP.

4.4. We compute bounds to the 2We compute bounds to the 2--stage SP model and stage SP model and 
qualify the approximated model.qualify the approximated model.
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AlgorithmAlgorithm
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Algorithm 
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Algorithm

BUB  BUB  -- BLBBLB

|BLB| + 1|BLB| + 1
<<<<<<<< ToleranceTolerance

Pass  Pass  ≥≥ Maximum Number of IterationsMaximum Number of Iterations

1.1.

2.2.

Stopping Criteria:Stopping Criteria:

3. Satisfaction of the relaxed constraints, R
ss

R
s

R
s dyDxB ≤+ ˆˆ
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Bounds Bounds 
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Qualifying the boundQualifying the bound
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Computational ResultsComputational Results

13421342216216/240/240574574SCPSCP--22

1154034115403420962096/54400/5440067686768SCPSCP--11

NonNon--
ZeroesZeroes

VariablesVariables
((discretediscrete/continuous)/continuous)

ConstraintsConstraintsModelModel

Model Statistics

SCP-1 – Strategic supply chain, opening and closing of sites, DCs,lines.

SCP-2 – Trade-off between capacity acquisition and maintaining inventory.

Model description
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Network Dimensions Planning Problem

The number of Sites,                                I  : 8

The types of packing line technology,      YC: 4

The types of production line technology, YR: 2

The number of distribution centres ,         J  : 15

The types of DC line technology ,           YD: 2

The number of Customer Zones ,             H : 30

The number of Products ,                         P : 13

The number of time periods,                    T : 6

Model Statistics

Logical Constraints:

 Sites, DCs opening and closing, Limit on

number of Sites, DCs, and Lines

m1 = 968

Mixed

m2 = 850Other Constraints:

Production, Packing, Ordering,

Transportation, Balance,

Demand, and also Production

and Packing Capacities.
Continuous m3 = 4950

6768

Discrete Decision Variables:

Sites, DCs, Production lines, Packing lines,

DC lines.

n1 = 2096

Continuous Variables:

Production, Packing, Ordering,

Transportation, and Shortage quantities.

n2  = 54400

56496

Non-zeros 1154034

Scenarios 100
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Computational ResultsComputational Results

Generation of integer solutions

14314325254343SCPSCP--22

858515154343SCPSCP--22

205020502525100100SCPSCP--11

Number of Number of 
unique solutionsunique solutions

Number ofNumber of
LagrangeanLagrangean iterationsiterations

Number of Number of 
scenariosscenarios

ModelModel
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Computational ResultsComputational Results

400s400s666s666sSCPSCP--2(15)2(15)

980s980s666s666sSCPSCP--2(25)2(25)

26 hrs 2326 hrs 23 minsmins158 hrs 35  158 hrs 35  minsminsSCPSCP--11

Heuristic Heuristic DEQDEQModelModel

Comparison of computational time

Generation of integer solutions

3.59*103.59*1066

--1.14*101.14*1066

--1.18*101.18*1066

2.64*102.64*1066

--1.23*101.23*1066

--1.23*101.23*1066

**

--1.21*101.21*1066--1.23*101.23*1066SCPSCP--2(15)2(15)

--1.21*101.21*1066--1.23*101.23*1066SCPSCP--2(25)2(25)

7.917.91??2.52*102.52*1066SCPSCP--11

QualityQualityModelModel
WSZ

LB
HNZ )(IZHN )( *FZHN EEVZ
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Outstanding IssuesOutstanding Issues

•Step-size in subgradient optimisation.

•The constraints to be relaxed. 

•Parallelisation of the algorithm.

•Study the performance of the algorithm to SP test set.
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Thank you !Thank you !


