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•• Mathematical Description Language Mathematical Description Language
•• Modeling and Solving Modeling and Solving
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        TableTableTableTableTableTableTableTable

        Process simulationProcess simulationProcess simulationProcess simulationProcess simulationProcess simulationProcess simulationProcess simulation         InteractionInteractionInteractionInteractionInteractionInteractionInteractionInteraction



State of The ArtState of The ArtState of The ArtState of The ArtState of The ArtState of The ArtState of The ArtState of The Art Simpler • Smarter • Swifter

  maximize  maximize ccTTxx
  subject to  subject to Ax Ax ≤≤ b b
  and  and x x ≥≥ 0 0

EfficientEfficientEfficientEfficientEfficientEfficientEfficientEfficient

NumericNumericNumericNumericNumericNumericNumericNumeric

Linear ModelLinear ModelLinear ModelLinear ModelLinear ModelLinear ModelLinear ModelLinear Model

Linear Programming (Canonical Form)Linear Programming (Canonical Form)Linear Programming (Canonical Form)Linear Programming (Canonical Form)Linear Programming (Canonical Form)Linear Programming (Canonical Form)Linear Programming (Canonical Form)Linear Programming (Canonical Form)

Programming in First-Order Logic Programming in First-Order Logic Programming in First-Order Logic Programming in First-Order Logic Programming in First-Order Logic Programming in First-Order Logic Programming in First-Order Logic Programming in First-Order Logic 
Example: Crew SchedulingExample: Crew SchedulingExample: Crew SchedulingExample: Crew SchedulingExample: Crew SchedulingExample: Crew SchedulingExample: Crew SchedulingExample: Crew Scheduling

    PairingPairing       PAIRINGPAIRING,,  
    ∪∪ii∈∈PairingPairing     LegPairingLegPairingii =  = LEG,LEG,

    minmin ∑∑ii∈∈PairingPairing   costPairingcostPairingii  

Set ProgrammingSet ProgrammingSet ProgrammingSet ProgrammingSet ProgrammingSet ProgrammingSet ProgrammingSet Programming

Logical FunctionLogical FunctionLogical FunctionLogical FunctionLogical FunctionLogical FunctionLogical FunctionLogical Function

Object OrientedObject OrientedObject OrientedObject OrientedObject OrientedObject OrientedObject OrientedObject Oriented

Not The Only ChoiceNot The Only ChoiceNot The Only ChoiceNot The Only ChoiceNot The Only ChoiceNot The Only ChoiceNot The Only ChoiceNot The Only Choice
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Can Be The BestCan Be The BestCan Be The BestCan Be The BestCan Be The BestCan Be The BestCan Be The BestCan Be The Best

Quantifier LogicQuantifier LogicQuantifier LogicQuantifier LogicQuantifier LogicQuantifier LogicQuantifier LogicQuantifier Logic
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sorting / sequencingsorting / sequencing routingrouting

Resource OptimizationResource Optimization

resourcesresources

timetime

personnel personnel 
planningplanning

modelingmodeling

personnelpersonnel manufacturingmanufacturingtransporttransport fundsfunds

tasktask
schedulingscheduling

vehiclevehicle
routingrouting

capacitycapacity

sum / cumulationsum / cumulationdistinctnessdistinctness set coveringset covering

minimizeminimize
delay/makespandelay/makespan

minimizeminimize
costcost

requirementrequirement
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Journal PapersJournal PapersJournal PapersJournal PapersJournal PapersJournal PapersJournal PapersJournal Papers

••  J. Zhou: Introduction to the constraint language NCL.
  Journal of Logic Programming. 45 (1-3): 71-103 (2000).

••  J. Zhou: A Permutation-Based Approach for Solving the
  Job-Shop Problem. Constraints 2(2): 185-213 (1997). 

BooksBooksBooksBooksBooksBooksBooksBooks

• J. Zhou: The NCL Natural Constraint Language. 
  Springer, ISBN 978-3-642-23844-4 (2012).  

••  J. Zhou: The NCL Natural Constraint Language.
  Science Press Beijing, ISBN 978-7-03-031784-1 (2012).

••  周建阳:《自然约束语言》.

  科学出版社, ISBN 978-7-03-024973-9 (2009).
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The POEM The POEM The POEM The POEM The POEM The POEM The POEM The POEM PlatformPlatformPlatformPlatformPlatformPlatformPlatformPlatform Simpler • Smarter • Swifter

POEMPOEMPOEMPOEMPOEMPOEMPOEMPOEM®®®®®®®®Solution BuilderSolution BuilderSolution BuilderSolution BuilderSolution BuilderSolution BuilderSolution BuilderSolution Builder

NCLNCLNCLNCLNCLNCLNCLNCL

- - - - - - - - Mathematical Description LanguageMathematical Description Language
- - Modeling,Modeling, Solving, Optimization Solving, Optimization

PoemViewPoemViewPoemViewPoemViewPoemViewPoemViewPoemViewPoemView

- - - - - - - - Visualization: Gantt chart, Map, etc.Visualization: Gantt chart, Map, etc.
- What If- What If  InteractionInteraction

IntegrationIntegrationIntegrationIntegrationIntegrationIntegrationIntegrationIntegration
- - - - - - - - PoemServer: Application ServerPoemServer: Application Server
- ComPoem:- ComPoem:  Optimization ComponentOptimization Component
- - PomeViewPomeView: Visualization Component: Visualization Component

LogicLogicLogicLogicLogicLogicLogicLogic        ++++++++ Optimization Optimization Optimization Optimization Optimization Optimization Optimization Optimization + + + + + + + + Heuristic Heuristic Heuristic Heuristic Heuristic Heuristic Heuristic Heuristic Rules + Rules + Rules + Rules + Rules + Rules + Rules + Rules + View View View View View View View View
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MarketMarketMarketMarketMarketMarketMarketMarket

ApplicationsApplicationsApplicationsApplicationsApplicationsApplicationsApplicationsApplications

        LogisticsLogistics

  ManufacturingManufacturing

 Airline Companies Airline Companies

  Human ResourcesHuman Resources

 High-Speed Trains High-Speed Trains……

LicensingLicensingLicensingLicensingLicensingLicensingLicensingLicensing

  Application license: for end-users and software integratorsApplication license: for end-users and software integrators

 Development license: for software developers Development license: for software developers

 Academic license: for universities and institutes Academic license: for universities and institutes

Simpler • Smarter • Swifter
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Optimizing depots location and distribution of Optimizing depots location and distribution of Optimizing depots location and distribution of Optimizing depots location and distribution of Optimizing depots location and distribution of Optimizing depots location and distribution of Optimizing depots location and distribution of Optimizing depots location and distribution of 
dangerous materials: gas, fuel, dangerous materials: gas, fuel, dangerous materials: gas, fuel, dangerous materials: gas, fuel, dangerous materials: gas, fuel, dangerous materials: gas, fuel, dangerous materials: gas, fuel, dangerous materials: gas, fuel, ……………………
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Optimal Solution Optimal Solution 
to Solomon Problemsto Solomon Problems

In RealityIn Reality
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Job/Task Scheduling Job/Task Scheduling Job/Task Scheduling Job/Task Scheduling Job/Task Scheduling Job/Task Scheduling Job/Task Scheduling Job/Task Scheduling 
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Scheduling jobs on resources so Scheduling jobs on resources so Scheduling jobs on resources so Scheduling jobs on resources so Scheduling jobs on resources so Scheduling jobs on resources so Scheduling jobs on resources so Scheduling jobs on resources so 
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Discrete SchedulingDiscrete SchedulingProcess SchedulingProcess Scheduling
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Personnel Planning: Call CenterPersonnel Planning: Call CenterPersonnel Planning: Call CenterPersonnel Planning: Call CenterPersonnel Planning: Call CenterPersonnel Planning: Call CenterPersonnel Planning: Call CenterPersonnel Planning: Call Center Simpler • Smarter • Swifter

Planning a working schedule Planning a working schedule Planning a working schedule Planning a working schedule Planning a working schedule Planning a working schedule Planning a working schedule Planning a working schedule 
for the employees of a call for the employees of a call for the employees of a call for the employees of a call for the employees of a call for the employees of a call for the employees of a call for the employees of a call 
center to satisfy personnel center to satisfy personnel center to satisfy personnel center to satisfy personnel center to satisfy personnel center to satisfy personnel center to satisfy personnel center to satisfy personnel 
requirement.  requirement.  requirement.  requirement.  requirement.  requirement.  requirement.  requirement.  
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morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59morning: 06:00-13:59, afternoon: 14:00-22:29, night: 22:30-05:59

Personnel planning, 24H/24, over 365 days: 2 technicians be available anytime.Personnel planning, 24H/24, over 365 days: 2 technicians be available anytime.

Constraints:Constraints:
Rest Rest ≥≥ 3 days after 6  3 days after 6 

consecutive day shifts;consecutive day shifts;
rest rest ≥≥  4 days after 6 4 days after 6 

consecutive night shifts consecutive night shifts 

Periodic Periodic 
planningplanning
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The EndThe EndThe EndThe EndThe EndThe EndThe EndThe End
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