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Interactive Configuration Problems

Constraint satisfaction problem (CSP):

e Finite domains D,, ..., D,
e Variables X1, weer X
e Constraints Ci, .- G each over a subset of the variables

ef

e Correctness formula @(x,, ..., x,) = C,and ... and C,,
o CSP: /s @ satisfiable?

e A user repeatedly selects any variable x;and a value vfor it, giving at any
point in time a sequence of assignments p

e A valid domains computation is performed by finding, for a given p, for
each jthe set of valid values V,c D,defined as:

ve V; iff (p[p][v/x/-] is satisfiable.
e The valid domain computation enables an /interactive guided search




Example of Interactive Configuration: 8-Queens

Live at
WWW.configit.com
(under demos)




(A bit) More Realistic Example
\\ bike demo & 1‘{(
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[ Lock
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Tires
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Why full user guidance?

e The purpose of interactive configurators is to enable valid configuration of
complex products for non-experts

e \We therefore strongly believe in the need for full guidance

e \What is full guidance?
— The user can never unknowingly be led down a blind path
— The user is guided towards a valid configuration

v

Current choice /3_ Guaranteed
(none) a | valid choice

5 |
| - \ Guaranteed
Conflict /‘ 16 ‘

resolution for invalid choice
invalid choices >4




Two types of users in interactive configuration

—

Interactiv
Product model = » con?i alfratgr
CSP gl
application
& modeller &configurator
e The modeller models the e The configurator uses the

products: the options and configurator application to
rules (in essence, authors the perform an interactive

CSP) configuration of a product




A trade-off between the user experiences for
the configuratorand the modeller

A

Configurator

Modeller




First generation of commercial configurators:
Rule-based systems

A 1980’s

Technology: "Truth-
maintenance systems”,

Doyle '78; "Rete”, Forgy

74
First commercial system:

Configurator x DEC XCON for PDP

computers

Today: Engine in SAP VC,
various business rules

engines
) 4

>

Modeller




Second generation of commercial
configurators: Constraint-based systems

A 1990’s

Technology: "Constraint

solvers”, constraint
x propagation + branching, DPLL

\ '60, '62
Lots of commercial
Configurator x implementations of sales and

product configurators
Today: Engine in Tacton,
Oracle, Selectica, Trilogy, SAP

Adv. Mode, ...

>

Modeller




Third generation of commercial
configurators: Compilation-based systems

@| %

2000's
Technology: "Virtual

Configurator Tables”, "Binary

Decision Diagrams”,
Bryant '86
Today: Engine in

Configit’s products

Modeller




Reduced Ordered Binary Decision
Diagrams [Bryant'86]

Given a variable ordering x, < X, < ... <X,

DEFINITION

An ROBDD (BDD) is a rooted and directed acyclic graph with:
— Terminal nodes 0 and 1 with no out-going edges.

— Non-terminal nodes v labelled with var(u)= x;and two
out-going edges /ow(u) and high(u).

(Ordered) On any path from the root to a terminal node, the
labels on the non-terminal nodes respect the ordering.

(Reduced) There are no occurrences of redundant nodes
—  low(u)=High(u)
—  If low(uw)=low(Vv) and high(u)=high(V) then u=v

THEOREM (ROBDDs are canonical)

For any 7 {0,1}" -> {0, 1} there is exactly
one ROBDD v with 7,=7

ALGORITHMS

(Apply) Given ROBDDs v and vthere is an
algorithm apply(op, u,v)that

DEFINITION computes any Boolean operation v

An node v defines a Boolean function 7,: {0,1}" -> {0,1} : op vin space and time O(|U| V)
=0, 7, =1, f,=ifvar(u) then 1,,,p., €/s€ Tjp, (Exists) Given ROBDD v and a subset of

OBSERVATION the variables Xthere is an efficient

algorithm to compute IX.v (a
projection)

A node urepresents aset: S, ={(x, ... ,x,) | ,=1}
(7,is the indicator/characteristic function for the set 5,)




Compilation, BDDs

Constraint satisfaction problem (CSP): — Compile each constraint C; 2 u;
e Finite domains D,,.... D, Construct BDD for CJ- using BDD
e Variables Xq, e Xp apply-operation (and others)
e Constraints G, - G
Compilation (if D/s are Boolean) R

: BINARY DECISION
e Select ordering X;< .o < X, DIAGRAMS
e Compile each constraint i

e Decide conjunctive schedule
C,<...<C, =

e Compute according to schedule o Weaenen
u<-(...((u; andu,)and u;) ... and u,




Runtime, BDDs

e The CSP is represented by u. ¢=f,

. . . — Compute V;'s
e A valid domains computation is . .
performed by finding, for a given p, For each x;not |r.1 P
for each jthe set of valid values V, V; <- solutions represented
D;defined as: C by projecting v onto
ve V; ift glpl[vx] is dimension
satisfiable
¢ p<-empty Can be done in time linear in the
Loop until done sum of the sizes of the domains
— Compute /s Yi=1,.0n | D)l

— Display Vs to user
— User selects x;:= v
— p<-plvx]

End loop

"Goodies"”: explanations




Modular compilation; join graphs

e A join graph for a CSP
— Vertices, V, are the constraints

— Edges, £, are between
constraints sharing variables;
must fulfill connectedness
condition: if xin vand xin w
then there is a path from vto
w containing xin each node

e Observation: /fa CSP has an acyclic
Jjoin graph, valid domains can be
computed in polytime.




Modular compilation, tree decomposition

Compile time
e Start with first two steps of BDD °

compilation (up to conjunctive
schedule)

e Perform tree decomposition:

— Transform CSP into an CSP with G »

acyclic join graph “and’ing”
constraints into new
constraints C; as BDDs v’

Runtime
e Run polytime valid domains

algorithm with BDD operations on
join graph




58 finite domain

(A bit) More Realistic Example |variables:

\\\ bike demo ., @

2} Informatio

Customer number

Special requirements

%] parts

Frame color

Frame
Frame Size
Gear
Number of
speeds

Rims
Rim width

Tires
Tire profile

Pedals

3,379,130,496
solutions:
VT size: 109 kB

£

Frame type

O city bike
O Classic

& Mountainbike
O rac Bk

Frame type

O Femate © Mmale

My height

Average driving
distance

(%] Extras

Carrier

L Mudguard
Basket

O Propstand
[ Lock

[J Bottle

D Pump

D Cateye

[J Front reflex
[ side reflex
[ shoes




VEStas — Mind |t means the world to us.™
+20,000 finite

domain variables!

Fress ConTerence or-e:

Celebrating the 1000th organisation
sold MW of the
V112-3.0 MW

Wind power plants Jobs Investor Media About Vestas

=Search

See more

:”fi"' v
e
j_lf'-,.x

y » ...
= How do we reduce thetost of wind energy?

Preliminary financial highlights for the financial year 2011 Vestas Weather App Cuick links
' =World of Wind
=Press office

=Political affairs

o Order intake for 2011 amounted to 7,4 GW
o Revenue: approx mEUR 6,000
o EBIT margin: approx 0 per cent of revenue

=Turbin B iR
~Read the company anncuncemant b S

=Track record

=Submit ideas




GEA Tuchenhagen, Germany

G=
GEA Tuchenhagen e 4

l Home

Components Warkets CQuality Service & Traning Library Mews & Exhibitions About Us Career

Liquids to Value=e——=8

Components | Exhibition
». alves » Pumps » Cleaning & Product Recovery i Polagra Tech
#  In-line Process Connections ®» Tank Safety Sysiems » Expansion Compensators 12092011 - 15.09.2011
® Catalogue Components ¥ Catalog T-smart Valves *» Catalog VESTA Sterile Valves EEI—T:E"' Falznd
3 =l L
Fallow us on Facehook : more Exhibitions
¥ou are hers: Home W Bockmark | Forward / Print
Latest Hews HNew to our product programme: T.WISE A-8 GEA Tuchenhagen exhibits at Brau Beviale!
[= Meaw GEA Tuchenhagen client magazine 201 1!
S Szt s : Nuremberg, Germany
[=] Turbo 55B 75. Additonal Pipe connection =5
10-12.11.2010
=] Herzlich Wilkommen' 7 neue Auszubidende bel GEA
TUChEnhﬂgEn a u evla e
[l AP crieds DIEA Torhanhancasnl

& configit



Baldor Electric Company, US

BAILDOIR

A MEMBER OF THE ABB GROLIP

Product Quick Search

Catslog/Spec Mumber

Our job is making yours easiers
Vi ORI DW_I'L'J_E

SUPPORT

WHERE TOBUY | CONTACTUS | SITE MAP.

ABOUT BALDOR

NEWS/EVENTS™

Select
Product Category

AC Motors

AC Controls

DC Motors

D Controls
Gear Products
FMotion Control
Servo Motors
Servo Controls
Power Transmission
Linear Products
Grinders/Buffers

Generators

Get introduced to the industry's broadest
line of energy-efficiant electric motors and
adjustable speed drives. Learn about the
newest additions to the product family. Our

searchable catalog helps you find the exact
product you are looking for, including the
ability to wview CAD layouts, connection
diagrams, performance data and other
related information.

Select a product line and family from the
menu to the left. For an overview of a
product line and detailed descriptions of the
families, choose "Overview",




Jaguar Land Rover, UK

T

JAGUAR




How to use the compilation
technology in practice?

(We call it Virtual Tabulation®)
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Configit Product Modeler

Graphical modeling environment for authoring, testing, debugging and
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Quality assurance cycle

) G

Define Test




Questions / discussion




Legal notes.

This presentation is © Copyright Configit A/S and may not be distributed without permission from Configit.

This presentation is strictly confidential and only intended for those receiving this directly from Configit.
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