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v, Defense application
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v Thales framework
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ﬂ)rrstraint Programming found?tiflﬁ |
A hybrid technique

Logic Declarative language
Programming

First order logic
Inference Rules

Artificial
Intelligence

Operations
Research

Graph Theory
Efficient special
purpose algorithms

Statement of problems
Non deterministic algorithms

Heuristic & incomplete search
Local consistency algorithms

Mathematical

Programming

Linear Programming (Simplex)
Complete solvers (Global view)
Combinatorial Optimisation theory
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Constraint Progr ing
The functional vie
How to maintain a
locally consistent
state between the

variables and the
constraints ?
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Solutions Problem
A

Constraint
store

l

Search scheme
< (Defines a
search tree)

How to visit the How to decompose a
search tree ? problem into a simpler one ?
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Think
(constraint propagation)

Guess
(tree search)

Exploration
strategy

Heuristics

How to guide the
decomposition ?
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Constraint Programming |
A modelling technology

v, Modularity property
é Problem = Modell + Model2 + ...
é Order does not matter

v High level language
€ Declarative language

€ Global constraints, S~ ma=
modelling complex problems| |~ =7 RiFiin

¥ Formal approach
€ Declarative semantic of the constraints using First-Order Logic

cumulative| | diffn | | cycle | | sequence

[Pl
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4 Constraint Programming LJ |

oftware engineering capabiliti

v Reduce your development time & effort
€ Incrementality
é Extension/evolution is made simple: just add/replace models
é Large library of ready to use constraints
é Efficient algorithms through global constraints

¥ Secure your realization
é Requirement validation
€ Stronger validation: conceptual errors instead of programming errors

¥, Capitalise on your domain
é Validated models can be directly reused
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v Constraint Programming
v, Defense application”

¥ On-line search

v Thales framework

v, Space application

* Contact: Nicolas.Museux@thalesgroup.com
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A complex combiatoti povem |
complex combinatorial proble
==
=0 &9

ATTACK

GROUND

3%
INSTALLATION GROUCNKD > q

SEA-SKIMMER
MISSILE ATFAC

On-board
and
real-time
system

FRIGATE
= POP-UR" THREAT

ESCORT SHIP

SEA CLUTTER

——E SUBMARINE

é Planning: missiles tracks allocation
é Scheduling: resource management of launchers and missiles
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Weapon Allocation
complex combinatorial proble
Track accessibility
segments

Missile activation
phases

Missiles in flight

Launcher electrical -
power units ~
—— Preparation missile ~ —— Time’
=== Shooting missile — Electrical power unit

== Flying missile
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Th% Hmtext of Thales supervision Herﬁs |

v Operational context: On-board and real-time systems

é Embedded
b cyclical calls within a complex system Time & space
€ Very short response time guarantees

€ Memory space limit
€ A valid plan/schedule at the deadline
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Th% H)ntext of Thales supervision Han{s |

v, Strategic context: Defense applications
€ Long life cycle Robustness
P maintenance over 20 years } to evolutions
b retrofitting of systems (functional and platform evolutions)

€ Product line
b reuse for building set of related systems

¢ Confidentiality and market protection 3 Inhouse
know-how

} Capitalisation
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#he traditional Thales appro%cb |

v The process
€ Physical constraint analysis and requirement elicitation
€ Ad-hoc deterministic algorithm elaboration
€ Algorithm tuning on a set of benchmarks

v Advantages
é Performances (quality and computation time) are good
€ Time and space guarantees

v Drawbacks

éCostly tuning at each system evolution
€ Local view for planning and scheduling
€ Risky capitalisation
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th Constraint Programming ap;frfﬁh |
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v, Several prototypes (during 4 years)
€ Feasibility analysis
b Kinematics modelling using approximations

€ First full mock-up (off-line)
b Think “properties of the solution and not algorithms”
b Size of the model: 9300 var., 15500 constraints, 350 lines of Eclair code

€ Operational prototype (on-line)
b Size: Model: 600 var., 11500 constraints, 100 I. ; Search: 300 I. ; Heuristics: 200l.

Validation on four scenarii (900000 calls)
P Time and space guarantees
b Performances equivalent to the traditional approach in terms of quality and speed
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th Constraint Programming apﬂbr@fﬁh |
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I%hase Two: Operational systH'n |

v New functional requirements

é New types of resources - Adding constralnts_to the prototype model
. Lo Two new global « light » constraints
€ More complex criterion

v, Customized exploration strategy

€ Greedy search with limited look-ahead
+

Restricted discrepancy search with heuristic 1

+

Restricted discrepancy search with heuristic 2 ;
+

Standard tree search

Size: Model: 600 variables, 11000 constraints ;
Search scheme: 150 I. ; Heuristics: 340 I. ; Exploration strateqy: 30 I.
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Main results

v Reduces the development time and effort
€ Evolution is made simple

v, Takes advantage of the platform evolution
é Optimization becomes possible

v First CP solver inside an on-board real-time system !
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v Constraint Programming
v, Defense application

¥ On-line search

v Thales framework

v, Space application
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Minimization in bounded tiﬁe |

Criterion

On-line search
(Partial Seairch, Local Search, Hybrid Search)

Optimum

» Time
Contract

Goal: tune some search parameters for a given time contract
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« Tree search designed for a limited time context »

X 1/2’\3
v T PN
z  AMNNANNNNMNN

Dq)th_Flrst%rch 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 2526 27

Limited

1
5 4 3 2

ch

Partial search principles:
* Applies a limit on the visited nodes
» Changes the exploration order

« Nonsystematic Backtracking Search » [Harvey 95]
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‘ ‘ ‘ ‘ /M #verview of partial search m#tlﬁd# ‘ ‘ ‘ ‘ I
1, Iterative Weakening [@) ﬂﬁ’ m
€ Applies successive searches of increasing complexity
p
v Real-Time Search
€ Adjusts the size of the search tree to the time contract
by tuning the limits dynamically
p
¥ Iterative Sampling \? K
€ Randomly-biased heuristics + restarts
p
v Interleaving Ny
€ Interleaves several searches starting from the root @@@
p
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IJerative Broadening [Ginsberg&HarveLQL] |
p=1 p=2
SN
—
i
5 nodes 31 nodeéy-
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%n%a%tv% Depth-First Branch and Bound %3—4}{&#%0 @ |

v Limits applied at each node X
€ A cardinality condition p (p best ranked values)

€ A metric condition q (maximum distance to the best value)
b Example:q=1

¥ Dynamic tuning of p and q Hv):0 1 1 25

é Estimates the time to finish the search with the current values for p and q
€ Compares it with the remaining time
é Adjusts p and q in order to end the search close to the deadline

=> Adjusts the size of the visited search tree A
according to the time contract ‘ x
B _CD
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v Constraint Programming

v, Defense application
1 On-line search
v Thales framework”

v, Space application

* Contact: Laurent.Jeannin@thalesgroup.com
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Time contract Solutions

Temporal strategy

Exploration strategy

ATON Center

Combinatorial problem

CP model

[

(Defines a
search tree)

Search scheme

Heuristics

#%rameterized search [de Givry et
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A complete search tree

[ o Search
Heunstlcsi—v
scheme

A branch factor limit b after depth d

Search limits
+

Tuning policy
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#a%tial search hybridization [deeint%L%u

Complete search tree A Greedy search with a look-ahead on A
m % A % A
1

Complete search tree B Limited Discrepancy Search on B

Search limits Hybridization scheme
. Search
Heuristics h i iz > i3
N{RSETEME 1| Tuning policy Time-sharing policy
Partial search hybridization

Parameterized searches
THALES
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hhales constraint solver Ecl%i% |

Modelling language Claire

lempiats

W%@% f

N E
pione o ©
(FOO:)) L

0
R

Target language: C++, C, ...

Operating system: Unix, Windows NT, ...
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#earch algorithms using ToOL% |
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v Constraint Programming
v, Defense application

¥ On-line search

v Thales framework

¥ Space application
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Earth Observation Satellite management problem

[Verfaillie & Lemaitre 2001]
Or bit

AVERNERN Candidate images

724

Goal : maximize the sum of the gains associated with the selected images
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#r#blem with 100 candidate im%#%s |

Image duration, weight and
acquisition angle constraint

S ——1—— Transition time constraint
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‘ ‘ ‘ ‘ #SIMfﬂing algorithm [Applegate &Coc#k #leb ‘ ‘ ‘ ‘ I
SEQ1 SEQ2
Additional
image
Rgmoved
image
from SEOl\\‘ _I\_I;ire] SS?Eaéih
enforced
excgpt for
‘ one image
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E%peﬂiments on several tree search algj{okit"\rH I

FStandard tree search
} Partial search
F  Hybrid search
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PHbH‘n with more than 500 candidaﬁ irTaFﬁ |
[ROADEF challenge 2003]

Y

Stereo images

/

Binary choice
for the azimut

+ Non linear criterion (piecewise linear convex function)
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v Al Planning and Scheduling: a discriminent factor
=> Even suitable for hard real-time systems

v, Constraint Programming is becoming a key technology
€ Software engineering properties
=> “Evolution is made simpler”

v Operational development
€ A methodology is crucial (incremental software development)
€ Do not underestimate the modelling phase
€ Integrated team (domain expert + technological expert)
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Conclusion

v Partial search methods

search templates)
¥ Tuning strategies

€ Needs for some learning mechanisms

€ Well adapted to Constraint Programming in bounded time
€ The basis for Large Neighborhood Search methods (Hybrid Search)

v ToOLS for modelling customized search algorithms

€ Helps a Constraint Programming specialist
€ Enhances the capitalization of search algorithms (combination of

€ To adapt to different contract durations and platform evolutions
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PLANET
On-line Scheduling Roadep |
Issues Short-term | Mid-term | Long-term
Software architecture -0
Scheduling horizons O Multi-level: ¢
Scheduling frequency o)
Validation O
Reasoning in limited time -0 Case 3:
Dynamic problems -0
Solution robustness o)
Solution stability O
Distributed scheduling o)
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