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Outline

Introduction

Modeling

— Objects

— GUI

— Constraint

— Search

¢ Examples

— Ship loading

— Chemical Process
— Two stage process

¢ Golden rules
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Motivation

¢ Only 16 % of all software projects finish on time and on budget
— Fast Magazine, 1996
¢ The average software project is 6-12 month late and 50-100 percent
over budget
— E. Yourdon: Death March, Prentice Hall, Upper Saddle River, NJ, 1997
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Background

¢ CHIC ESPRIT Project

— A. Chamard, B. Fischer, B. Guinaudeau, A. Guilland: CHIC Lessons on
CLP Methodology

— www.ecrc.de/eclipse/html/CHIC_Methodology.html

¢ CHIC-2 ESPRIT Project
— C. Gervet: CHIC2 Methodology
— wwwe-icparc.doc.ic.ac.uk/chic2/chic2_methodology/index.html

¢ B. Smith, Leeds Univ

— The Art of Modelling, ConsNet Meeting, Edinbourgh, Sept 1999
¢ H. Simonis

— A Problem Classification Scheme, PACT 97, London April 1997
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Objectives

Fast development
Consistent design
Flexible program
Complete GUI
Data management

® 6 6 o o
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Approach

CHIP Factory

Program generator for C++

CHIP constraint library

Generates (complete) application from specification

ChipFactory - Loaded from file D:\ChipFactorp\D ata\basf.cod 2000/2/25 - 2000/3/3

File Views BaseViews Action Check Help

Class_name |
ApplicationClazs_1 2 Deletedttem Thiz class starg T
ApplicationClass_2 2 DizjMachine
ApplicationClazss_d4 2 DizjTazk
ApplicstionClass_7 2 | IntermedisteProcuct
ApplicationClazss_8 2| IntermedisteSetup
ApplicationClazss_3 2 Maching Thiz clazs describes & super-clas:s from which all machine types will inherit. There are no i
ApplicationClass_9 2 MachineChoice A& conceptual machine, wwhich defines a group of machines which can be scheduled alternatively. |
= P P _ | — f
Alignment Application_class | Type | Displayed Attribute
Aftribute_35 2 right finished_product  atom
Attribute_36 2 right finizhed_product = atom
Attribute_37 2 righit finizhed_product | irteger
Adtribute_38 2 right finizhed_product | class description
Attribute_39 2 righit finizhed_product = color
| — -
2/27/2008 C
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Principles of Operation

C++ code Custom

Database generation

Documentation

Test routines Custom
Specification

GUI Custom

Solver Custom

File I/O

2/27/2008 A
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Modeling

¢ Convert ideas into program
¢ Rapid prototyping/development
¢ lterative process

2/27/2008 A
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Application Parts to Model

¢ Object model

— GUl design

— database model
¢ Constraint model

— Search procedure

2/27/2008 A
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Part |

Modeling
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Object Model

¢ Use subset of UML
¢ Important concepts

Classes

Attributes

Predefined data types
Instances

Relations

2/27/2008 A
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UML

¢ Unified Modeling Language
— defined 1995
— continued development

— “graphical language for specifying artifacts of a software intensive
system”

¢ Designed by

— G. Booch, I. Jacobson, J. Rumbaugh et al
Basis of many software engineering tools
Links

— wWww.omg.org

— www.rational.com

— series of books from Addison Wesley

¢ Does many things we don’t need here

* o

Constraint Methodology 12
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Example Model

Deletedltem Machine
deey: int deey sint
E8className : atom description :atom

cIassKey int sequ sint

Task resource nr Cint

EdbKey : int
GFstart : date
end : date
Exduration : time
EHstartVar : dvar
ErendVar : dvar
ErdurationVar : dvar

Warning
E+dbKey : int
EHatt ribute : atom
Sexplanation : atom : MachineChoice AN .
Ereference : atom E&nrMachines : int DisjMachine
\ | parallel sint

=~
/ MachineChosen
MachineChoiceTask %
DisjTask resourceVar : dvar Speed

Bty : int EHqty :int EHdbKkey : int
IntermediateSetup Evalue : time
Edbkey : int N /
Evalue sint from FinishedProduct

deey cint
color : color

to Intemediat eProduct description :atom
EHdbKey : int /initialStock s int
$#3b atch Size : int
&color : color ProducerConsumer
&d escription : atom l
E5initialSt ock : int
Shspeed : int

2/27/2008 Constraint Methodology
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Classes

¢ Described by class name, attributes and links

~___— Class name

Task il

E8dbKey : int
@start s date
gzzfat:i(?:t:etim: Attributes (Name, Type)
Q>startVar : dvar
Q:vendVar > dvar
&5 durationVar : dvar

< Methods
(automatically derived)

2/27/2008 Constraint Methodology 14
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Derivation

¢ New classes can be derived from existing ones

Task

deey :int
=*start : date
=%end : date

zZzduration : time
=*startVar : dvar
aZendVar : dvar

=*durationVar : dvar

DisjT ask MachineChoiceTask
B&qty : int resou_rceVar - dvar
=gty :int

2/27/2008

Constraint Methodology
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Associations, Navigation, Aggregation

¢ Links between classes, which allow navigation between them

A B
|

A B
0..* 1

A B

Constraint Methodology 16
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Instances

¢ You can specify particular instances in your model
¢ Usually, instances are created from data and are not represented

mode

2/27/2008 A
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Predefined Data Types

integer
bool
double
atom
class
toggle
date
time
color
dvar

® 6 O 6 6 6 O O 0 o
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Predefined Classes

Machine

Task

Warning
Deletedltem

Solver
GeneralParameters

® 6 6 6 ¢ o
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I/O Design

Interface via database

Each class corresponds to atable
— class hierarchy ignored
— except for primary key generation

Each attribute corresponds to a table column
Simple file /0 by dumping/restoring objects

* o

* o
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GUI Design

¢ Present all data in different views
¢ Data manipulation for all objects in application
¢ Predefined display elements

— list

— double list
— matrix

— gantt

— chart

2/27/2008 A
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List

baszf [_ (O]

File “iews BazeViewsz Solve Help

odified DB Key Description Hr | SeqHr Intermediate Product

ProducerConsumer_1 1 1 Pic1 0 1 IP1
ProducerConsumer_2 1 2 PCZ2 0 1 P2
FroducerConsumer_3 1 3 FiC3 0 1 IF 3
ProducerConsumer_4 1 4 PiC4 | 0 1 P4
ProducerConzumer_S 1 a PICS | 0O 1 IP 5
ProducerConzumer G 1 G PICE| O 1 IP &

2/
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Double List

baszf [_ (O]

File “iews BazeViewsz Solve Help

odified DB Key Description Seq Hr Hr Machines Parallel

I ] I )

odified DB Key Description Hr | SeqHr Machine Choice

MachineChozen_1 1 1 Machine 1 1 1 Wirtual
MachineChosen_2 1 2 Machine 2 | 2 2 Wirtual

Machine 3 H- Wirtual
MachineChozen_4 1 4 Machine 4 | 4 4 Wirtual
MachineChosen_5 1 5 Machine s | 5 4 Wirtual
MachineChosen_E 1 5] Machine 6 | & 5 Wirtual
MachineChosen_7 1 7 Machine ¥ | ¥ 7 Wirtual

2
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Gantt

IS [=] E3

baszf
File  ‘Wigws

p
DB Key

Saolve Hel

Baze Wiews

Resol

Machine

End Date

Duration

odified

=

Machine

10 0&:57:

7040

T
I

]

A A N AT e A ST

L Am

EaTutnt

Fri 07 Apr 2000

First Process

hschire 1

hachine 2

Machine 3

Machine 4

Machine S

hachine &

hachine ¥

-
r'4

2/
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Chart

IS [=] E3

Resources Available

Seq Hr

1

-umulachine

Description

DB Key

Saolve Help
odified

Ship

File  ‘Wigws

Fri 0T Apr 20040

1200

11:00

10:00

03:00

03:00

a7:00

0&:00

0500

04:00

0300

0200

01:00

0o:o0

0.0 - - - - - - - - 7T - - - - —

- - 1= - - - T

e e e e e = e = = == = e = —
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GUI design (2)

¢ Interaction
¢ Menus/Menu items

2/27/2008 A
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Constraint Models

Solver

Variables
Constraints
Search procedure

2/27/2008 A
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Predefined Solver Class

*® 6 O o

Describes overall approach to problem

Basic class from which individual solvers are derived
Possibly more than one solver in an application
Fundamental operations

initialize

define variables
define constraints
enumerate
terminate

2/27/2008 A
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Solver Class Methods

General description of solver

Cost variable

Time resolution

Search limits (choices, time, interactive)

Error handling

Visualization

Log file

Conversion methods (date,time,class <-> dvar)

® & 6 6 ¢ 6 0 o
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Variables

¢ Special attributes of classes
¢ Some solver may use subset of variables
¢ Domain size given for each variable

Constraint Methodology

2/27/2008 A
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Constraints

Special methods of classes

Description in modeling language

Full language defined in LISCOS project
Current design Prolog based

*® 6 O o
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Modeling Languages

¢ Well established in MIP
— AMPL
— GAMS
— MP Model
— BC-Prod

¢ Relatively new for CP

— OPL (Van Hentenryck)
— PLAM (Bockmayr)

field

2/27/2008 A
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LISCOS

*® 6 O o

5th Framework project

Development of large-scale supply chain management software
Combination of MIP/Polyhedral Cuts/CP solvers

Partners

BASF

Dash

COSYTEC

CORE

Proctor and Gamble
PSA

Barbot

LORIA

DEIO

2/27/2008 A
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Search Procedure

¢ Type of search
¢ Type of optimization
¢ Type of tree traversal

2/27/2008 A
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Type of Search

¢ Value choice
— select a variable (deterministic)
— choose a value (non-deterministic)
¢ Variable choice
— choose a variable (non-deterministic)
— select a value (deterministic)
¢ Snaketype
— choose a value (non-deterministic)
— this selects the next variable (fixed)

2/27/2008 Constraint Methodology
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Type of Optimization

¢ none
— find one (good) feasible solution
— does not look at alternatives
¢ Mmin_max
— restart search with new cost constraint whenever solution is found
— positive: use upper bound for branching decisions
— negative: may explore part of tree several times
¢ Mminimize
— continue search re-stating cost constraint after each backtrack
— positive: explore each node at most once
— negative: tree structure fixed initially

2/27/2008 Constraint Methodology
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Tree Traversal

¢ Complete search
— explore all nodes in tree
— too expensive for most problems
— limits search to small part of tree

¢ Partial search
— LDS
¢ search around heuristic solution
— credit
¢+ explore top of tree completely
— barrier
¢ restart LDS at each local failure

2/27/2008 Constraint Methodology
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Problems with Search

¢ No known a priori selection of methods
— Meta-heuristics factory (Bouygues, CP 99)

¢ Each problem (data set) can lead to new method
¢ Over-tuning of enumeration method to one data-set

2/27/2008 A

Constraint Methodology
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Part Il

Examples

2/27/2008
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Example |

Ship Loading

2/27/2008 A
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Problem Description

¢ Schedule unloading/loading operations for a ship
¢ Set of operations with different duration and manpower use

Task nr 1 21 3| 4] of & 7| 8 91011 12{13[14115[16(17
Cluration 3 4 4 &l 5 2| 3| 4] 3| 2 2001 8 2 3| 2
Fesource Use| 4| 4 3 4| & & 4| 3| 4| &8 4| & 4| 3| 3| 3| b
Task nr 1811920021 222324 |25 26|27 |28129|30|31 |32 (33|34
Cluration 20010 1 1) 20 41 5 20 1] 1] 2 1| 3 2| 1] 2| 2
Hesource Usel 7| 4| 4 4] 4| 7| 8| 8 3| 3| &| | 3| 3| 3| 3| 3

¢ Cumulative manpower constraint
— different resource limits

Constraint Methodology

2/27/2008 A
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Problem Description (2)

¢ Precedence constraints between tasks

Y- DR N Y ] S

e P

fm\ ;11 Z*IEH-“IT 14
01 Dﬁhnajnahngim 1315041 gkl 20
7

DE&rDEf

0

¥

21p22 1

32 e 33

¢ Minimize make-span
— overall project end
¢ More detailed description in last year’s tutorial

Constraint Methodology

2/27/2008 A
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Object Model

Task
deey s int Machine
z#3start : date : )
= =dbKey :int
I — task2 I="end : date : -
Precedence / =4 S —— gzdescription : atom

z:duration : time
Z#startVar ;- dvar
z3endVar : dvar

deey: int ZseqNr : int

task1 =xdurationVar : dvar
CumulT ask

resourceUsed : int

resourceUsedVar : dvar

=HresourceRequired : int

Warning : CumulMachine
Deletedltem deey - int resourcesAvaiIabIe Jint
gidbKey : int Battribute : atom
cIassName_: atom explanation - atom
classKey : int EFreference : atom
.

2/27/2008 Constraint Methodology
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Project Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3

File “iews BazeVWiews Action Check Help
Application Hame | Directory Attr Prefix | Database | Description Project | Executable name | Fili
Project_1 | 2 Ship (ATl CumulChart ship_ zhip SHIP zhip
I"-I I -
2
Ready s

D
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Class Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3
File “iews BazeVWiews Action Check Help

OGO ERN Class _name | Parent Db_table

ApplicationClass_1 2 CumulMachine  maching | shp_cumul_machine  This class describes a cumulative resource type machine. This type of mac
shp_cumul_task
ApplicationClass_5 2 Cieletedtam il -
ApplicationClass_2 2 Machine (rwlly - Thiz class describes a super-class from which all machine types wil
ApplicationClasz & 2 Precedence [l zhp_precedence
ApplicationClazs T 2 Wiarning (rlly -
I~ 1 -

UGGTER N Application_class | Description Attribute | Type | Width | Editable | Default_value | Hot_null | Generate GUI | Di

Attribte_ 13 2 cumul_task resource_recuired | integer 9 Yes 1 Yes Yes

Attribute_14 2 cumul_task resource_used integer 9 Mo Yes Yes

Attribute_15 2 cumul_task resource_used_var | dvar o Mo Mo Mo
I~ ! -

2i 5
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GUI Design

Task

deey s int Machine
start date 5

Zend : date S 3

Precedence

=5duration : time
SkstartVar : dvar
SmendVar : dvar
s=durationVar : dvar

deey s int

E-resourceUsed : int
Iz=resourceUsedVar : dvar
=HresourceRequired : int

Warning CumulMachine
Deletedltem deey - int resourcesAvaiIabIe 1int
gadbKey : int Battribute : atom
cIassName_: atom explanation - atom
gclassKey : it &reference : atom
L

2/27/2008 Constraint Methodology 46
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GUI Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3

File “iews BazeVWiews Action Check Help
Label Callback Application_class Top | Menu | Hr | Display_type | Known Callback | Accel
Wieny_1 2 CumulTask oniesnwCumulTask cumul_task = wiew | & List Yes
Wiewe _2 2 Cumulbaching | OnYigw Cumulbdachine cumul_maching = wview | 3 List b=
“iew 3 2 Precedence OnviewPrecedence precedence  wview 10 List Yes
Wigny_4 2 CumulChart Ot CumulChart cumul_machine 11 Chart Yes
Feady

T
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Display Elements

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3
File “iews BazeVWiews Action Check Help

DizplayElement_1 |

GG EG N Description Display_element

Display_type

Resource Class

Resource Label Attribute

Resource Sorting J

2

CumulChart

Chart

cumul_machine

name

-

Feady

T
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Menu Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3
File “iews BazeVWiews Action Check Help
Description Menu | Label | Hr | Parent
- main | Menubar -
e e
fer_3 2 vigw | &Yiews | 3 imi&in
Menu_4 2 golve | &Saolve 4 main
Menu | Hr | Description Menu_item Callback Known Callback Explanation
henuttem_1 2 file 1 ey aninstance Yes Creste sample data -
Menulem_2 2 file 2 Save onSave Yes | Save datatotext file -
henuttem_3 2 file | 3 Save A anzavelds Yes Save data to text file -
hernuttem_4 2 file | 4 Cpen... anLoad Yes  Load data from text file -
henuttem_3 2 file 5 SEpR zEpR Mo zEp --
henuttem_& 2 file B it ot Yes | Leave the application -
. = j |
2 9
Fisady [
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Solverl Class

class Solverl :public Solver

{
public:
Solverl(LxTime start,LxTime end, Boolean silent,char *logFile);
virtual void initialize();
virtual void createVariables();
virtual void createConstraints();
virtual void enumerate();
virtual void terminate();
ChipResult cumulTaskEnumerate();
ChipBool cumulTaskEnumerate(CumulTask **tasks, int i, int nbTasks, int remain);
ChipBool cumulTaskMinMax(CumulTask **tasks, int nbTasks);
ChipBool cumulTaskMinimize(CumulTask **tasks, int nbTasks);
ChipBool cumulTaskMinimize(CumulTask **tasks, int i, int nbTasks, int remain);
void cumulTaskSaveSolution();
void cumulTaskRecallSolution();
void cumulTaskResult();
void cumulTaskSwapTask(CumulTask **tasks, int i, int j);
int cumulTaskFindBest(CumulTask **tasks, int i, int nbTasks);
Boolean cumulTagBetterTask(CumulTask *x, CumulTask *y);
}2/27/2008 Constraint Methodology 50
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Variable Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3
File “iews BazeVWiews Action Check Help

GG EG N Class Hame | Description Solver_class

Dialog

Log File

Resolution | Derived from Solver

|- zolver! | Salver far the Ship problem

ChialogTSScheduling

saolver

Application_class Attribute De=cription Yariable Domain Min | Domain Ma

Yariable 2 cumul_task start_wvar The domain variable for the start of the task 0 1C
Warighle_2 cumul_task end_\var The dotmain wariskle for the end of the task 0 1C
Wariahle_3 2 cumul_task duration_war The domain wariable for the duration of the task 1 1C
Yariahle_4 2 cumul_task |resource_used_war | The domain variable for the resource use of the ta 1 1

I~ ' -

Fisady [
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Generated Code

void Solverl:.createVariables()

{
ChipDvar cost(0,100000);
setCost(cost);
FORALL(x1, CumulTask, 1) {
x1->initDomainVar(this);
}
}
void CumulTask::initDomainVar(Solverl *solver)
{
ChipDvar v1 = ChipDvar(0, 100);setStartVar(vl);
ChipDvar v2 = ChipDvar(0, 100);setEndVar(v2);
ChipDvar v3 = ChipDvar(1, 100);setDurationVar(v3);
ChipDvar v4 = ChipDvar(1, 10);setResourceUsedVar(v4);
}

Constraint Methodology
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Constraint Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3
File “iews BazeVWiews Action Check Help

LG EG N Class Hame

De=scription Solver_class

Dialog

Log File

Resolution | Derived from Solver

Salver for the Ship problem

ChialogTSScheduling

saolver

Application_class | Hr Code Description Constr

Constraint_1 2 cumul_taszk = 1 postiend_war == start_war + duration_vwar) The precedence constrai
Constraint_2 cumul_task | 2 postidurstion_wvar == solver convertDurationToDamaing durstion)) The leng
Constraint_3 2 cumul_task = 3 postiresource_used_var == rezource_used) The resource us
Constraint_4 2 precedence 4 postitazk? start_war ==task1 end_var) | The precedence constraint be
Constraint_S 2 cumul_machine = 5 limit,0 resources_available), cumul_postientries limit solver .cost) The cumulati
I~ | -

Fisady [
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Constraint Model

¢ CumulTask
post(end_var == start_var + duration_var)
post(duration_var == solver.convertDurationToDomain(duration))
post(resource _used_var == resource_used)

¢ Precedence
post(task2.start_var >= taskl.end_var)

¢ CumulMachine
cumul_entries(entries);

forall(x,cumul_task,
if (x.resource == this) then

entries.add(x.start_var,x.duration_var,x.resource_used_var)
dvar(limit,0,resources_available);
cumul_post(gntries,limit,solver.cost)

2/27/2008 Constraint Methodology 54
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Generated Code

void Solverl::createConstraints()
{
solverStatusMessage("CumulTask constraints");
FORALL(x1, CumulTask, 1) {
x1->defineConstraint(this);
}
solverStatusMessage("Precedence constraints");
FORALL(x2, Precedence, 2) {
x2->defineConstraint(this);
}
solverStatusMessage("CumulMachine constraints");
FORALL(x3, CumulMachine, 3) {
x3->defineConstraint(this);

}
}

Constraint Methodology
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Generated Code: CumulTask

void CumulTask::defineConstraint(Solverl *solver)

{
if (ChipPost(getEndVar() == getStartVar() + getDurationVar())
I= ChipSucceed) {
solver->solverError("Constraint failed");
I3
if (ChipPost(getDurationVar() ==
solver->convertDurationToDomain(getDuration()))
I= ChipSucceed) {
solver->solverError("Constraint failed");
I3
if (ChipPost(getResourceUsedVar() == getResourceUsed())
I= ChipSucceed) {
solver->solverError("Constraint failed");
I3

}
2/27/2008 A Constraint Methodology 56
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Generated Code: CumulMachine

void CumulMachine::defineConstraint(Solverl *solver)

{
ChipCumEntries entries;
FORALL(X,CumulTask,1) {
if (x->getResource() == this) {
entries.append(ChipCumEntry(x->getStartVar(),
x->getDurationVar(), x->getResourceUsedVar()));
I3
I3
ChipDvar limit(0, getResourcesAvailable());
if (lentries.isEmpty()) {
ChipCumulative cumul(entries,limit);
cumul.setEnd(solver->getCost());
if (ChipPost(cumul) '= ChipSucceed) {
solver->solverError("Constraint failed");
I3
I3

}
2/27/2008 Constraint Methodology
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Generated Code: Precedence

void Precedence::defineConstraint(Solverl *solver)

{
if (ChipPost(getTask2()->getStartVar() >= getTaskl1()->getEndVar())
I= ChipSucceed) {
solver->solverError("Constraint failed");
1§
}

Constraint Methodology 58
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Enumeration Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\ship.cod 200042725 - 2000/3/3
File “iews BazeVWiews Action Check Help

LG ER N Application_class

Hr | Description Enumeration Type Optimization | Partial Search Solver_cla

The labeling routine | “alue Choice

Hr Attribute Description Enumeration_itermn Method | First{} Method | Last() Method | Hext() I
Ernumerationttem_1 201 start_var A==ign start first Min Lnused Lnused
Enumerationttem_2 2| 2 curation_var Then try minimal duration hdir unused unused
Enumerationttem_3 2| 3 |resource_used_var | At the end fix the rezource conzumption hir unuzed unuzed

I~ i -

2

Feady l_l_l_ o
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Basic Enumeration Routine (Generated code)

ChipBool Solverl::cumulTaskEnumerate(CumulTask **tasks, int i, int nbTasks, int remain)
{
percentageStatus(nbTasks-remain,nbTasks);
if (remain <= 0) {return ChipTrue;}
CumulTask *task = (CumulTask *)tasksJi];
ChipChoice startVarChoice;ChipDvar startVar = task->getStartVar();
for(int vall = startVar.min(); vall >= 0; vall = startVar.next(vall)) {
startVarChoice.ChipRemember();
if (ChipPost(startVar == vall) == ChipSucceed) {
if (cumulTaskEnumerate(tasks,i+1,nbTasks, remain-1)) {
return ChipTrue;

}

}
incNbBacktrack();

startVarChoice.ChipUndo();
}

return ChipFalse;

}

2/27/2008 Constraint Methodology
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MinMax Optimization (Generated Code)

ChipBool Solverl::cumulTaskMinMax(CumulTask **tasks, int n)
{
ChipChoice begin;
begin.ChipRemember();
while ('done) {
begin.ChipUndo();

if (ChipPost(getCost() < saved_cost) == ChipSucceed &&
cumulTaskEnumerate(tasks,1,n,n)) {

cumulTaskSaveSolution();
} else done = TRUE;
}
begin.ChipUndo();
if (found) {
cumulTaskRecallSolution();
return ChipTrue;
} else return ChipFalse;

}

2/27/2008 Constraint Methodology
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Minimize Optimization (Generated code)

ChipBool Solverl::cumulTaskMinimize(CumulTask **tasks, int n)
{

ChipChoice begin;

begin.ChipRemember();

try{
cumulTaskMinimize(tasks,1,n,n);

}

catch(const char *msg) {}

begin.ChipUndo();

if (found) {
cumulTaskRecallSolution();
return ChipTrue;

} else {
return ChipFalse;

}

2/27/2008 Constraint Methodology
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Finished Application
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Example 2

Chemical Process Scheduling
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Problem Description

¢ Scheduling problem with machine choice/machine speed

Nr | Mach1 Mach2 | Mach3 | Mach4
1 1538 - - 1194
2 1500 - - 789
3 1607 - - 818
4 - 1564 2143
5 - 736 1017
6 5263 - 3200
7 4865 3035 3214
8 - 1500 1440
9 - - 1869 2459
10 - 1282 - -

11 - 3750 - 3000
12 - 6796 7000 5600

¢ Overall cumulative constraint limiting nr of parallel tasks
¢ Hard due-date for each task

¢ Costis sum of earlyness

2/27/2008

Constraint Methodology
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Problem Description (2)

¢ Original description

[PG95] J.M. Pinto, I.E. Grossmann
Continuous Time Mixed Integer Linear Programming Model for Short Term

Scheduling of Multistage Batch Plants, Ind. Eng. Chem. Res. 1995, 34,

3037-3051

[PG97] J. M. Pinto, I.E. Grossmann
A logic Based Approach to Scheduling Problems with Resource Constraints

Computers Chem Engineering, Vol 21, No 8, pp 801-818, 1997
¢ First CP model from V. Liatsos (IC-Parc)

— described in

[ELS99] H. El Sakkout
Algorithm Hybridisation in Constraint Logic Programming

Tutorial, PACLP 99, London, April 1999
¢ This model used here

2/27/2008 A
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Object Model

E¥dbKey : int
EHstart : date
EHend : date
EHduration : time
startVar : dvar

Machine
resource =%dbKey : int
. ~Ji=description : atom

. int
endVar s dvar
durationVar : dvar
[ 1
Mac hine Chosen
Speed
deey sint
W arning Evalue : time
Deletedltem EdbKey : int
=todbKey : int Eattribute : atom /
agoclassName : atom ZHexplanation : atom Viac i eChor
classKey : int Ereference : atom Machhe ChoiceTask _Machnethoice
r l=nrMachines : int
Ecost : int [l i
resourceVar : dvar P :
costVar : dvar

dueDate : date

2/27/2008 Constraint Methodology
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Object Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3
File “iews BazeVWiews Action Check Help

Modified Class_name Parent Db_table

ApplicationClass_1 2 Deleteditem [rill’y -

ApplicationClass_3

ApplicationClazs 6 2 MachineChozen  machine che_machine_chosen

ApplicationClass_7 2 Speed [nuly che_speed

ApplicationClass_2 2 hachine [rully - Thizs class describes a super-class from which all mach
che_machine_choice | A conceptual machine, which defines 5 group of machines whi

This table describes the durstic

ApplicationClass_5 2 Wiarning [rull -
I~ ! -
Application_class | Description Attribute | Type | Width | Editable | Default_value | Hot _null | Generate GUI | Oi
Attribte_ 13 2 achine_choice_task machine_choice | class 9 Yes Yes Yes
Attribute_14 2 achine_choice_task resource_var cvar 0 []u] []u] Mo
Attribute_15 2 achine_choice_task cost_wvar cvar 0 [i[u] [[u] Mo
Attribute_16 2 achine_choice_task release titne 4 Yes 0 Yes Yes
Attribute_17 2 achine_choice_task cost | integer 9 Yes 0 Yes Yes
I~ | -
2
Fisady [
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GUI Design

\
gantt
J
N
chart
W arning
Deleteditem sdbKey : int

EXdbKey : int
i=*className : atom
I=*classKey : int

EHattribute : atom
e xplanation : atom
=:reference : atom

E¥dbKey : int
Shstart : date
EHend : date
EHduration : time
startVar : dvar
endVar : dvar

durationVar : dvar
[ ]

resource

N &2 description : atom

Machine

Machine Chosen

Speed
E5dbKey : int
Iz#3value : time

[ )4
Machine ChoiceTask
E5cost : int
&resourcevar : dvar
costVar : dvar
dueDate : date

Mac hneChoice

EXnrMachines : int
Erparallel : int

2/27/2008
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GUI Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3

File “iews BazeVWiews Action Check Help
Label Callback Application_class Top | Menu | Hr | Display_type | Known Callback | Acci
Wiewy 1 2 MachineChoice  On'viewhachineChoice machine_choice | wiew  § List x2 Ves
Wiewe_2 2 MachinesSpeed  OnviewhachineSpeed machine_choice_task | wview 9 List =2 Yes
Wigww 3 2| MachineGantt  OnvisswMachineGantt machine_choice_task 10 Gartt Yes
I~ i -
Feady
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Display Elements

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3
File “iews BazeVWiews Action Check Help

DizplayElement_1 |

GG EG N Description Display_element

Display_type

Resource Class | Resource Label Attribute

Resource Sorting J

2

MachineGantt

Gantt | machine_chozen

description

-

Feady
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Menu Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3
File “iews BazeVWiews Action Check Help

OGO EGN Description Menu | Label Parent

|- main | Menubar - main

Menu_2 file: &File main

fdenu_3 2 view | Bviews 3 main

OGTER N Menu | Hr | Description Menu_itemn | Callback | Known Callback Explanation Accelerator | Label
Menutem_7 | 2 salve 7 Schedule | onSalver Yes  Runthe Schedule salver CTRL + R | Schedul
I~ I -
2 2
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2

Variable Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3
File “iews BazeVWiews Action Check Help

Yariable

Warighle_2

Wariahle_3

Yariahle_4

Yariahle_4

Feady

LOLOTERN Application_class Attribute

GG EG N Class Hame | Description Solver_class

Dialog Log File | Resolution

Derived from Solver

zolver! |Solver for the Chemi problem

ChialogTSScheduling saolver n

De=cription Yariable

Domain Min

Domain Max

2 |machine_choice_task start_wvar The domain variable for the start of the task 1] 20000 =
2 |machine_choice_task end_\var The domain warisble for the end of the task 1] 20000 =
2 |machine_choice_tazk  duration_war The domain variable for the duration of the task 1 20000 =
2 |machine_choice_tazk rezource_war The domain variable far the resource use aofthe ta 1 10 =
2 |machine_choice_tazk cost_wvar | The domain variahle for the resource use of the ta 1] 20000 =
I"-I I -
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Constraint Definition

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3
File “iews BazeVWiews Action Check Help

GG EG N Class Hame | Description Solver_class Dialog Log File | Resolution | Derived from Solver

|- zolver! |Solver for the Chemi problem | ChialogTSScheduling saolver n

GOLOTERN  Application_class | Hr Code

Constraint_1 2 machine_choice_task = 1 postiend_war == start_var + duration_var)
Constraint_2 2 | machine_choice_task 2 postistart_var == solver convertDurationToDomainlrelesse) + cost_var)
Constraint_3 2 machine_choice_task 3 wer.convertDurstionToDomain(zpeed value)l) postielement(resaurce_var table duration_var))
Constraint_4 2 machine_choice | 4 &_task entries additask stat_var task resource_var task duration_var 17 dif fn_postientries)
Constraint_S 2 machine_choice | 5 iesl .additaskl stant_war taskl duration_var, 170 dvarilimit, 0 paralel); cumul_postientries limit)
Constraint_& 2 machinge_choice | & ear(sum]; foral(task machine_choice_task sum +=task? cost_var) postisolver . cost == sum)

I"-I I -

2

IS
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Constraint Model

¢ Task constraints between variables of task
¢ Machine Choice constraint
¢ Cost constraint as sum of individual costs

Constraint Methodology

2/27/2008 A
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Machine Choice Task Constraints

post(end_var == start_var + duration_var)
post(start_var + cost_var == solver.convertDurationToDomain(duedate))
int(table,machine_choice.nr_machines);
forall(speed,speed,
if(speed.machine_choice_task == this,
table(speed.machine_chosen.nr) = solver.convertDurationToDomain(speed.value)

);

post(element(resource_var,table,duration_var))

Constraint Methodology 76
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Machine Choice Constraint

diffn_entries(entries);

forall(task,machine_choice_task,
entries.add(task.start_var,task.resource_var,task.duration_var,1)

);

diffn_post(entries)

cumul_entries(entriesl);

forall(task1l,machine_choice_task,
entriesl.add(taskl.start var,taskl.duration_var,1)

);

dvar(limit,0,parallel);

cumul_post(entriesl,limit)

Constraint Methodology 77
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Machine Choice Cost Constraint

linear(sum);

forall(task2,machine_choice_task,
sum += task2.cost_var

);

post(solver.cost == sum)

Constraint Methodology

2/27/2008 A

78



COSYTEC

Complex Systems Technologies

2

Enumeration

ChipFactory - Loaded from file D:\ChipFactoryAD ata\chemi.cod 200042425 - 2000/3/3

File  Wiews

Enumeration_1

Bazeiews Action Check Help

Enumerationttem_1

Enumerationttem_2

Enumerationttem_3

Enumerationttem_4

Feady

Application_class | Hr | Description Enumeration Type Optimization | Partial Search Solvel
| 3 |machine_choice_task 1 The labeling routine g Mone Complete | Salver for the
I"-I i -
Hr Attribute Description Enumeration_itermn Method | First{} Method | Last() Method | Hext() I
201 start_var A==ign start first Min Lnused unused
2 curation_var Then try minimal duration Mir Lnused unused
2 3 resoUrce_var At the end fix the resource hin Lnused unused
2 4 cost_var At the end fix the cost hin Lnused unused
I"-I -

T
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2/

Finished Application

Chemi M [=]

File “iews Salve Help

Duration End Date Machine Start Date Cost | Machine Choice | Release
fachineChoiceTazk_ 1 1 1599:00 | 253070 11:00:00  Machine 4 | 2000700 04:00:00 1] Wirtual | 2350000 T
fachineChoiceTask_ 1 2 131:30 120400 11:30:00 | Machine 4 | 070400 00:00:00 0 Wirtual 0:00
lachineChoiceTask 1 3 136:20 OF06M00 05:40:00 | Machine 4 0906800 13:20:00 0 Virtual | 133320
fachineChoiceTagsk_. 1 4 260:40 | Q3060 19:50:00  Machine 3 | 230500 2310:00 0 1763 Wirtual 3320
tachineChoiceTaszk_: 1 = 122:40 | 040700 16:30:00  Machine 3 | 2900600 13:50:00 0 2035 Yitual | 166640
tachineChaoiceTask_| 1 = 87710 130500 1310:00  Machine 1 | 070400 00:00:00 1] Wirtual 0:00
tachineChaoiceTask_ 1 ¥ 50550 | 290600 1350:00  Machine 3 | 030600 12:00:00 1] Yirtual | 150000 -
fachineChoiceTazk_ 1 g 250:00 | 230500 231000 Machine 3 130500 1310:00 0 1263 Wirtual GEE: 40
fachineChoiceTask 1 =] 311:30 | 230400 11:00:00 | Maching 3 | 120400 11:30:00 0 739 “irtual ooo | F

April 2000 May 2000 June 2004 Juby 2000
1004 | 1704 | 2404 | 01035 | 0505 [ 1505 | 22035 [ 2905 | 0306 | 1206 (1906 | 2606 | 0307 | 1007 | 1707

hachine 1

Machine 2

Machine 3

Machine 4

Feady
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Example 3

Two-stage production process

2/27/2008 A
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Problem Description

¢

Example application from LISCOS Project (BASF)
Two stage, continuous process scheduling problem
First stage production

— intermediate products (10)

— batch based process

— campaign based schedule

— setup times/costs on one line
¢ Intermediate product storage

— producer/consumer constraints

¢ Second stage production
— finished products (100)
— machine choice, machine restrictions
— variable production rates on machines

* o

2/27/2008 A
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Problem Description (2)

= o ) =

e

2/27/2008 A
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Object Model

Deletedltem Machine
deey int deey int
B¥className : atom E&description : atom

Efclasskey : int EseqNr : int

Task resource n reint

ErdbKey : int
EHstart : date
Eend : date
EFduration : time
EFastartVar : dvar
zendVar : dvar MachineChoice

izdurationVar : dvar nrMachines - int DisjMachine
paraIIeI int S

Warning
deey sint
EHattribute : atom
Erexplanation : atom
Erreference : atom

MachineChosen

MachineChoiceTask 41

DisjT ask ExresourceVar : dvar Speed
Bty : int qty st EldbKey : int
IntermediateSetup Evahe : time
deey sint N /7
EBvalue : int from FinishedProduct

‘ deey 1int
coIor : color

to IntemediateP roduct description :atom
E8dbKey : int /initialStock sint
EHbatchSize : int
Gcolor : color ProducerConsumer
EHdescription : atom
ErinitialStock : int
EHspeed : int

2/27/2008 Constraint Methodology
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Object Definition

ChipFactory - Loaded from file D:\ChipFactory\D ata\basf.cod 200052725 - 2000/3/3
File “iews BazeVWiews Action Check Help

Modified Class_name Parent Db_table
ApplicationClass_1 2 Deleteditem [rill’y -
ApplicationClazs_2 2 Disjtaching  machine hs_disi_machine

2

Feady

ApplicationClass & 2 FinizhedProduct {rll’y h=_finished_product
ApplicationClass ¥ 2 IntermedisteProduct (rully | be_intermediste_product |
ApplicationClass_8 2 Intermediste Setup [rilly bz_intermediste_setup
ApplicationClass_3 2 hachine [rully - Thiz clazs describes a super-class from which all m:
ApplicationClazs_3 2 MachineChoice  machine bz_machine_choice | & conceptual machine, which defines a group of machines
r
= i - —
Application_class | Description Attribute | Type | Width | Editable | Default_value | Hot _null | Generate GUI | Oi
Attribite_14 2 dizj_task oty | irteger g Yes 1 Yes Yes
Attribute_15 2 dizj_tazk irtermediate_product | class g Yes Yes Yes
I~ | -

T
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GUI Design

\
gantt
_J
chart

Deletedltem
BdbKey : int
cIassName :atom
cIassKey int

Warning
EHdbKey : int
Erattribute : atom
EHexplanation : atom
Erreference : atom

IntermediateSetup

BHdbkey : int
alue : nt

2/27/2008

Task

E8dbKey : int
Lgastart : date
iztend : date

lz*endVar : dvar

Ex:duration : time
lstartVar : dvar

resource

MachineChoice

Machine

deey int
description :atom
E¥seqnr : int

Exnr :int

IgfinitialStock :
|ERspeed : int

lzx:description :
int

atom

T

mdurationVar : dvar nrMachines Tint DisiMachine
aparallel sint
N MachineChosen
MachineChoiceTask
DisjT ask resourceVar : dvar Speed
Bty : int Raty :int A Eldbkey : int
7 E5vaue : time
d FinishedProduct
EHdbKey : int
coIor : color
IntemediateP roduct\ description :atom
E8dbKey : int EHinitialstock : int
EHbatchSize : int ‘
&+color - color ProducerConsumer

odology

86
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GUI Description

ChipFactory - Loaded from file D:\ChipFactory\D ata\basf.cod 200052725 - 2000/3/3

File “iews BazeVWiews Action Check Help
Label Callback Application_class Top | Menu | Hr | Display_type | Known Cal
Wieny_1 2 MachineChoice onviewhtachineChoice machine_choice viewy | 8 List =2
Wiewe_2 2 Speed Onviewwspeed finizhed_product viewy | 9 Lizt =2
i 3 2 IntermedisteProduct | OnRviewintermedisteProduct interimediste_praduct wigwy | 10 List =2
Wigny_4 2 Setup CnMiewe Setup intermediste_product wiesoe | 11 List =2
Wiewe 5 2 MachineGantt OntiewhachineGantt machine_choice_task basewview 12 Gantt
Wiewe B 2 IntermedisteStock | OnviewlntermediateStock producer_consumer | baseview | 13 Chart
Wiene T 2 Dizjhachine OnviewDizjachine dizgi_machine bazeview 14 Lizt
Wiewy 5 2 | ProducerConsumer | OnviewProducerCaonsumer producer_consumer | baseview | 15 Lizt
Wiewe 9 2 DizjTaszk onviewDisiTaszk digi_task baseview 16 List
Wiesww_10 2 MachineChoiceTask  OnviewhMachineChoiceTask machine_choice_task basewiew 17 List
I"-I -
2
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Display Elements

ChipFactory - Loaded from file D:\ChipFactory\D ata\basf.cod 200052725 - 2000/3/3
File “iews BazeVWiews Action Check Help
De=scription Display_element | Display_type | Resource Clags | Resource Label Attribute | Resource Sorting
DizplayElement_-1 2 MachineGantt Garitt machinge description
DisplayElement_2 2 Intermediste>tock Chart | producer_consumer description
| l -
2 8
Ready s
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Menu Description

ChipFactory - Loaded from file D:\ChipFactory\D ata\basf.cod 200052725 - 2000/3/3
File “iews BazeVWiews Action Check Help
Description Menu | Label | Hr | Parent
2w ewo [ o
Menu_2 2 file: &File . 2 main
Menu_4 2 hazeview e Views 4 main
Menu_5 2 salve | &Solve 3 main
Menu | Hr | Description Menu_item Callback Known Callback Explanation Accel
Wiewy 1 2 wiewy | 8 MachineChoice OntiewhachineChoice Yes menu belonging to view
Wiene 2 2 wiew 9 Speed onviewSpeed Yes  menu belonging o wiew
Wieww 3 2 wiewy |10 IntermedisteProduct | OniviewntermedisteProcuct Yes  menu belonging to view
Wiewe_4 2 wieww | 11 Setup onview Setup Yes menu belonging to view
I~ | -
2 9
Fisady [
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Variable Description

ChipFactory - Loaded from file D:\ChipFactory\D ata\basf.cod 200052725 - 2000/3/3
File “iews BazeVWiews Action Check Help

LG EG N Class Hame

De=scription Solver_class

Dialog

Log File

Resolution | Derived from Solver

Salver for the BASF problem

ChialogTSScheduling

saolver

LOLOTERN Application_class Attribute

De=cription Yariable

Domain Min

Domain Max

Yariable 2 |machine_choice_task start_wvar The domain variable for the start of the task ] 20000 =
Warighle_2 2 |machine_choice_task end_\var The domain warisble for the end of the task ] 20000 =
Wariahle_3 2 |machine_choice_tazk  duration_war The domain variable for the duration of the task 1 20000 =
Yariahle_4 2 |machine_choice_tazk rezource_war The domain variable far the resource use aofthe ta 1 105
Yariahble_1 2 dizj_taszk start_var The domain variahle for the start of the task ] 20000 s
Yariahle_2 2 dizj_taszk end_var The domain variable for the end of the task ] 20000 s
Yariahle_3 2 dizj_tazk duration_war The domain variable for the duration of the task 1 20000 05

I~ ! -

Fisady [




COSYTEC

Complex Systems Technologies

2

Constraint Description

ChipFactory - Loaded from file D:\ChipFactory\D ata\basf.cod 200052725 - 2000/3/3
File “iews BazeVWiews Action Check Help

GG EG N Class Hame | Description Solver_class

Dialog

Log File | Resolution | Derived from Solver

Constraint_1

zolver! | Solver for the BASF problem

ChialogTSScheduling saolver n

Modified

Application_class | Hr

Code

Constraint_2

Constraint_1

Constraint_3

Constraint_4

Constraint_S

Constraint_S

Constraint_S

Feady

digj_task 1
digj_task 2

machine_choice_task 1

postiend_war == start_var + duration_var)

post{duration_var == solver.convertDurationTaDomsing durstion))

postiend_war == start_war + duration_vwar)

machine_choice_task | 3 wer.convertDurstionToDomaing speed value))) postielement(resource_var table duration_war))

machine_choice | 4 :e_taszk entries additazk start_war task resource_var task duration_wvar, 170 diffn_post{entries)

machine_choice | 5 wdditazkl stat_var task1 duration_var 100 dvar(limit, 0,nr_machines); cumul_post{ertries1 limit)

dizgi_machine 5 :kentries additaskl start_var task1 duration_var 170, dvardlimit, 0,1 cumul_postientries1 limit)

producer_consumer | S

producer_conzumer(disi_task machine_choice_task)

I -

i
B2 R R R R R R RS
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Constraint Model

DisjTask constraints
MachineChoiceTask constraints
DisjMachine resource constraint
Machine choice resource constraint
Producer/Consumer constraint

® 6 6 o o

Constraint Methodology

2/27/2008 A
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DisjTask constraints

post(end_var == start_var + duration_var)

post(duration_var == solver.convertDurationToDomain(duration))

Constraint Methodology

2/27/2008 A
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MachineChoiceTask constraints

post(end_var == start_var + duration_var)

int(table,machine_choice.nr_machines);
forall(speed,speed,
if(speed.finished product == finished_product,
table(speed.machine_chosen.nr) =
gty *solver.convertDurationToDomain(speed.value)

);

post(element(resource_var,table,duration_var))

Constraint Methodology 94
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DisjMachine constraint

cumul_entries(entriesl);
forall(taskl,disj_task,
entriesl.add(taskl.start var,taskl.duration_var,1)
);
dvar(limit,0,1);
cumul_post(entries1,limit)

Constraint Methodology

2/27/2008 A
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MachineChoice constraint

diffn_entries(entries);

forall(task,machine_choice_task,
entries.add(task.start_var,task.resource_var,task.duration_var,1)

);

diffn_post(entries)

cumul_entries(entriesl);

forall(task1l,machine_choice_task,
entriesl.add(taskl.start var,taskl.duration_var,1)

);

dvar(limit,0,nr_machines);

cumul_post(entriesl,limit)

Constraint Methodology 96
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Producer/Consumer constraint

int(sum);
cumul_entries(entries);
forall(p,Producer,
if (p.intermediate_product == intermediate_product) then {
entries.add(0,p.end_var,p.qty,p.end_var);
sum += p.qty

);

sum += intermediate_product.initial_stock;

Constraint Methodology 97
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Producer/Consumer constraint (2)

forall(c,Consumer,
if (c.finished_product.intermediate product == intermediate_product) then {
dvar(duration_temp,0,20000);
post(c.start_var + duration_temp == 20000);
entries.add(c.start_var,duration_temp,c.qty,20000)

);

dvar(limit,0,sum);
dvar(end,0,20000);
cumul_post(entries,limit,end)

Constraint Methodology 98
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Part Il

30 Golden Rules for CP Modeling
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Caveats

¢ Rules roughly grouped in 5 categories
— variables
— constraints
— search
— data
— Process

¢ This works for me
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Variables
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Rule 1

¢ Beware of unknown number of activities
— “The system should decide if there is one or two runs of this product”
— variables must be defined in the beginning
— can not express constraints over unknown objects
— decompose into planning and scheduling
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Rule 2

¢ Better few variables with large domains than many variables with
small domains

— really look for amount of propagation possible
¢ 0/1variables mean something’s wrong

— No propagation

— no heuristic

— alternative model will use global constraints
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Constraints
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Rule 3

¢ Use the existing global constraints
— >> Besser schlecht gefahren als gut gelaufen <<
— Clearly depends on the system
— CHR users would see that differently
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Rule 4

¢ Dynamic dependencies between several activities
— “speed/duration depends on previous tasks”

— “tasks belong to the same shift if there is no gap of more than 4 hours,
this depends on many other tasks”

— problems with lower bounds/feasibility analysis
— very little propagation until the end is reached
— left to right scheduling may help

Constraint Methodology 108

2/27/2008 A




C O SYT E C Complex Systems Technologies

Rule 5

¢ Beware of conditional constraints
— “schedule as many orders as you can”
— possible to cancel orders/tasks
— rather weak propagation
— careful when introducing dummy tasks to handle uncertainty
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Rule 6

¢ Write a constraint checker first

“yes, this is a hard constraint”
test ability to express constraints at all
check the existing solution and explain inconsistencies

surprising how many constraints are not constraints, but are
preferences

2/27/2008
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Rule 7

¢ Too many soft constraints

— “when the system can not find a solution, it should remove some of
these constraints”

— no propagation until all softness disappears
— problem may be better suited to local search
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Rule 8

¢ Model consists of inequalities only
— not problem, but model specific
— re-model using global constraints
— change to other solver, IP tools
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Rule 9

¢ Constraints like complexity
— the more the merrier
— model 100% of problem, nobody else can do this
— if afeasible solution is easy, constraints may not be the right tool
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Rule 10

¢ Go for first principles
— understand the reason behind the constraint
— remodel if possible to simplify
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Rule 11

¢ Don’t write your own constraints
— do not mix constraints & application development at the same time
— test on known problems before use
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Search
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Rule 12

¢ Think of an escape route

it should always be possible to find a feasible solution
turn off constraints until a solution is possible

option to release due dates or release dates

humans can violate the constraints, the system should not

2/27/2008
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Rule 13

¢ Trouble with reactive rescheduling

— "and while | move this task in the Gantt chart, it should make sure the
solution stays consistent”

— asmall change can have a huge impact
— it can take along time to set up all constraints again
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Rule 14

¢ Careful with cost
— “and the system should find the best compromise among these costs”
— avoid additive cost when optimizing

— just because the user wants to see a particular cost value in the end
does not mean that you have to use this inside the solver

— use partial search to explore more of the search space
— impose hard limits on different cost dimensions
— use heuristics to find good solution
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Rule 15

¢ Visualize early, visualize often

S0 many data, so little time

draw Gantt charts, diagrams etc

incremental display shows problem areas in search

often requested by end-users when shown during debugging
pin your object model diagram to the wall
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Data
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Rule 16

¢ Do asldo,don'tdo as|say
— check actual figures, do not trust explanations
— always ask for an existing solution right from the start
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Rule 17

¢ Take small data set first, then use real data
— hand check results at least once
— understand small problem completely
— see if you (or the user) can improve the result
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Rule 18

¢ Don’t get hooked on a single data set

— testing on one data set means that this will be the only working data
set

— for daily schedule require at least 6 month of data
— look for seasonal variations
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Rule 19

¢ Check your data
— often: last problems only sorted out in acceptance testing

— write dedicated data checking
¢+ even ifitlooks like a waste of time
¢+ CHIP Factory generates syntactic checks for you

— trust nobody (neither machine nor persons)
— be paranoid (they are out there to get you)
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Process
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Rule 20

¢ Onething at atime
— do not try to put everything in at the same time
— classical rule: change one parameter of an experiment at a time
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Rule 21

¢ Do not believe other people’s model
— in particular: OR people
— models are often linked to features of solver
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Rule 22

¢ Get it right, then get it fast

no need to optimize until all constraints are taken into account
optimize on real data only

more propagation is better than fast setup of constraint
always worry about performance in data preparation

2/27/2008
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Rule 23

¢ Beware of the bright new idea

— projects introducing new business processes often fail because of the
change, not because of the solver

— less risk in automating existing process
— norisk, no fun
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Rule 24

¢ Look for the dual problem formulation
— reverse roles of activities and resources
— look for predecessor instead of successor
— exchange start and end in schedule
— possible to combine both formulations in one model
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Rule 25

¢ Use those experts
— domain knowledge makes the difference

— always talk to the end-users
¢ not management
¢+ not IT people
¢ not consultants
— emulates what is currently done (+-)

— problem: making the expert redundant
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Rule 26

¢ Get it right the first time
— don’t rush through design
— in particular data model, database
— wrong structure impossible to fix
— easy to add constraints, new attributes
— do prototypes to know what we are talking about
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Rule 27

¢ Explain the problem to the expert and to an outsider
— avoid expensive misunderstandings
— get fresh ideas
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Rule 28

¢ Ifitdoesn’t work, then it doesn’t work
— cheaper to redesign than to endlessly fix wrong design
— thereis always a possibility to define the problem to suit your method
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Rule 29

¢ Is there a better way?
— reserve time for experiments
— try at least one odd idea
— compare to others, even on their terms
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Rule 30

¢ A prototype is worth athousand words
— quick and dirty (manual data preparation)
— be prepared to throw it away

2/27/2008 A
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Conclusions

¢ Modeling is engineering rather than science
— perhaps art, not engineering
¢ Right tools can help to speed up process
— CHIP factory allows very rapid development
— iterative design gives much superior end-product
¢ Problem solver only part of project
— users want solutions, not technology
¢ If it was simple, they wouldn’t need us
— problems inherently complex
— technology very powerful
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