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Announcements

* Only one more week for assignment1

« Search wrap-up
* Go back to learning goals (end of slides)
* Make sure you understands the inked slides
* More details or different examples on textbook«
* Work on the practice exercises (:/
* |f still confused, come to office hours
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Lecture Overview

* Generic Search vs. Constraint
Satisfaction Problems

e Constraints
e CSPs
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Standard Search

To learn about search we have used it as the
reasoning strateqy for a simple goal-driven planning
agent, but... T e T

vy cowt ~ desmer b&l l\rz’/rw\ Re\oét

——  o3th own savt
b- pvzzle Maring- frblem (50L0ﬁ°’\‘; 705124(4‘:‘0 go>!

Standard search problem: An agent can solve a
problem by searching in a space of states

*(state is a "black box2— any arbitrary data structure that
supportsthree problem-specific routines
%“/t (V‘> HWVKQ'L(V\)

Svecessov/ me \5/14 bar(u)
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Modules we'll cover in this course: R&Rsys

Environment |
Deterministic Stochastic
Problem Arc
‘Constraint | |grs # Consistency Zassl es
St Satisfaction Constraints Sgarch “
atic} Belief Nets
Inference  |Logics /ad’”;e(ev‘"c Var. Elimination
Search |

Sequential STRIPS achons Decision Nets
Planning) o zo::f%‘ Var. Elimination
— Search1” ¢ 0| Markov Processes
Representation Value Iteration
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Standard Search vs. Specific R&R systems

Constraint Satisfaction (Problems): rvo
* State
~’ Successor function Wox f(i Ul s
7
o Goal test

= Solution

Planning :

State D|(0WL‘L’\&
* Successor function wceKS

* Goal test

e Solution

Inference
e State
* Successor function
* Goal test
* Solution
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Lecture Overview

e VVariables/Features
 Constraints

e CSPs
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Variables/Features, domains and
Possible Worlds

* Variables / features
* we denote variables using capital letters A/&
* each variable V has a domain dom(V) of possible values
dfavw(,4>: o(o«»—-.(b>-5 {g/ )3
« Variables can be of several main kinds:
e Boolean: |[dom(V)| =2 s 24 prope sndious
* Finite: the domain contains a finite number of values

~—infinfte-but Discrete-the-demainiscountablyinfinite |, ,+ /v, Haus
«—Continuous: e.g., real numbers between-0-and 1 Coursg

* Possible world: a complete assignment of values to a
set of variables
é% QA:\Q ) B:L}
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Possible Worlds

S so uo
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Crossword Puzzle:

Vp y 1;? .
* variables are words that have to vy |, & :..f ..

be filled in \’”L il

e domains are valid English w e
-/—e(C qéllrcEjA lav\% S Ords _45 ! a7 H

* possible worlds: all ways of X
\A WQ(JS ,l 58 59

assigning words o E° i R oV AREE &
e ez[\,\\e"‘d w0

5w (%
l SQ % \ 9//\ o\/wo\'AS O/L %i/;rro*
~§* 50% \9 \ r’& b QK\ ;
f ‘a$5‘) dow
\ OSV\ /ﬂ’(
A / So e oo 7 //\MM;\A&% NCig
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More Example(s ~
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L=} f=1
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* Crossword 2: 215

* variables are cells_(individual
squares) A
. )
* domains are letters of the alphabet

* possible worlds: all ways of assigning
letters to cells N5 T

e o{' PDSS\UQ WOY(OB /\/Zé _

° SUdOkU; /wr 6 1]9]5
* variables are’cells ” 5 3

* domains are numbers between 1 and 9 |'¢ 8l |° !

* possible worlds: all ways of assigning 6 2|8
numbers to cells 0/#@"‘/'4‘7 celly a1]o 5

- 7
5 b possikle worlds: ﬂ 9
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More examples
* n-Queens problem A f?d &, QM
e variable: location of a queen on a chess board
 there are n of them in total, hence the name
* _domains: grid coordinates n“ (A7) 223

* possible worlds: locations of all queens . .

CM > ul sy B
CEUICTRTI ]

. . 3

lé Posh‘olc \ocﬂﬂ'oms:
(9/03,(0/43 oL C3)3>

?OSS\"O'G wz‘vls To OL\ooK
h IQCJJ”'.OV\ Qu‘,d" QVL hZ_
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More examples

Corty ¢
« Scheduling Problem: L Unky

* variables are different tasks that need to be scheduled
(e.g., course in a university; job in a machine shop)

vL\lV\AL [Q/’V 1{:\‘— J’JSV\ LS J’;YCA Yowu own
Q%UMMLA( I TPfotﬁjllﬂ st u~@ l LV‘

« domains are the different combinations of times and
locations for each task (e.g., time/room for course;
time/machine for job) (‘siva- +ive | 1o cahion)

* possible worlds: time/location assignments for each
task

e.g_ t}sr\i:{l/g\mm oow 3\0}

/
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Scheduling possible world

P Lle
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More examples....

« Map Coloring Problem ]
00—
* variable: regions on the map W

* domains: possible colors &= colovs 2

* possible worlds: color assignments for each
region

AN ?L)
w oi;/of\ifS - \ E

n
Australia
L3

N u .
*RS \ o
;\:\? Ceo l ovs New South Wales
— Victorja

Tasmapgia
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Lecture Overview

 Generic Search vs. Constraint
Satisfaction Problems

e VVariables/Features

 Constraints
e CSPs

CPSC 322, Lecture 11 Slide 16



Constraints

Constraints are restrictions on the values that one or
more variables can take

* Unary constraint: restriction involving a single variable
A= 0 A B clo Ak sawac

0 Yt

e k-ary constraint: restriction involving the domains of k
different variables A4 >R 4 > B+C

* it turns out that k-ary constraints can always be represented as
binary constraints, so we'll probably only talk about this case

* Constraints can be specified by

* giving a list of valid domain values for each variable
participating in the constraint &4:0 B:d) {A:alata}

* giving a function that returns true when given values
for each variable which satisfy the constraint 4 =p
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Example: Map-Coloring

Queansland

u e
Australia
New South Wales

Victoria

Tasmania

Variables WA, NT, Q NSW, V, SA, T
Domains D, = {red,green,blue}
Constraints: adjacent regions must have different colors

e.g., (WA,NT) in {(red,green),(red,blue),(green,red)S
(green,blue),(blue,red),(blue,green)}

or WA = NT,
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Constraints (cont.)

* A possible world satisfies a set of constraints if
the set of variables involved in each constraint
take values that are consistent with that constraint

ABCd omains [1 .. 10] Ll ot &
e A=1,B=2 C=10e— 22—

N 3254‘55”‘ €S

I i 5
onstraint set1 {A = B, C>B}

» Constraint set2 {A # B, C>B} £=
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Examples | o]-v4 (o)
 Crossword Puzzle:

e variables are words that have to be filled in L
* domains are valid English words X

* constraints: words have the same .,
letters at points where they intersect

4V 225 Co“\s’fﬁ/?\‘%‘jbj

e Crossword 2:
* variables are cells (individual squares)
* domains are letters of the alphabet

* constraints.: sequences of letters formj’
valid English words

loﬂ-&(
Sl‘\ W o‘(A
Slide 20

sl (Al - - Aoz >é QJL/
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Examples
Sudoku: r’# of Com strmul —

e variables are cells
e ,caﬂﬁ ;%Z
* domains are numbers between 1 and 9 g Ph] Q

* constraints columns boxes contain all different é’

S

<= \\5
!
4o ' 5[3[4|6|7|8]9|1]2
2 lo | 8 6 ,:;g"' 6|7 [21|9|5]|3|a]s
g 6 3 A[Zaj;éA[40]19534255?
- E 8 3 1 which e gls5|9|l7|6|1|a|2]|3
R Ale# atafsii e
| al1]9 5/&[%&]7'(4[4995153?234
8 79 2|la|7]|a|1|o|6|3]5
slals|2]slef1]7]9
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More examples cy ™ Fcews

* n-Queens problem Crmof- be

_ _ ot dle sy
. L]
variable: location of a queenonachessboard i o /oy
* there are n of them in total, hence the name

=) Xa
* domains: grid coordinates %:éx /71}
* constraints. no queen can attack another “/ %j
X/_I_T XL y\—-é(
« Scheduling Problem: Te= 1

variables are different tasks that need to be scheduled (e.g., course
in a university; job in a machine shop)

domains are the different combinations of times and locations for
each task (e.g., time/room for course; time/machine for job)

. t>s5K loc, , sttt statoty = s Rt
o constraints. €§ ¢, > G L) 2

B ('oCz;M—-‘bz) hem IOL/_L# loc,
v'tasks can't be scheduled in the same location at the same time;

v’ certain tasks can be scheduled only in certain locations;
v some tasks must come earlier than others; etc.
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Lecture Overview

 Generic Search vs. Constraint
Satisfaction Problems

e VVariables/Features

* Constraints
e CSPs
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Constraint Satisfaction Problems: definitions

Definition (Constraint Satisfaction Problem)

A constraint satisfaction problem consists of
* asetofvariables conlole LIo OS>

9
* a domain for each variable \o//—-

Definition (model / solution) posable wevld

A model of a CSP is\gﬁ assignment of values to varial@
that satisfies all of the constraints:
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Example: Map-Coloring

Quesnsland

u -_-_'_‘—-—-_____,..--,___,...
Australia
| New South Wales

Victoria

Tasmania

Variables WA, NT, Q NSW, Vv, SA, T

Domains D), = {red,green,blue}

Constraints: adjacent regions must have different colors
e.g., WA * NT, or

(WA,NT) in {(red,green),(red,blue),(green,red),
(green,blue),(blue,red),(blue,green)}
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Example: Map-Coloring

¥ \°e°°wt\> A ! T
' (f/k@@b'}

ghs

wer Y MV Tasmagip

So\ul"\ o

Models / Solutions are complete and consistent

_assignments, e.g., WA =red, NT = green, Q = red,
NSW = green, V =red,SA = blue, T = green
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Constraint Satisfaction Problem: Variants

We may want to solve the following problems using a CSP
usedal ¢

A determine whether or not a w ey wssh'
% . find a modeD<g RS Tme o R ¢

C +( find all of the models |~
E+ find the best model given some model quality

* this is now an optimization problem

.

CPSC 322, Lecture 11 Slide 27



To summarize

* Need to think of search beyond simple goal driv@
planning agent.

« We started exploring the first Al Representation and
Reasoning framework: CSPs

Next class

CSPs: Search and Arc Consistency
(Textbook Chpt 4.3-4.5)
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Learning Goals for today’s class

* Define possible worlds in term of variable
and their domains.

. ——
« Compute number of possible worlds on re\aB
examples

« Specify constraints to represent real world
problems differentiating between:
* Unary and k-ary constraints
e List vs. function format.

Verify whether a possible world satisfies a set of &~

constraints (i.e., whether it is a model, a solution)
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Extra slide (may

be used here?)

_— N
/7{_—1—/_;_“ A\ (_:‘-oal state: 9x9 grid completely
) | J1]els filled so that
918 6| | |\ *each column,
° 6 3] | eeach row, and
4 8 3 1 ,
” - ” —| |*each of the nine 3x3 boxes
[ 16| | 2 s | |®contains the digits from 1 to 9,
4)1|9 5| _|only onetime each
\ 5(3|4a|l6|7|8]9]1
6|7 |2[1]9]5[3]a]e]
. 1198|342 6|7
ApOS >359?E1423
I - al2|6|8|5(3|7|9]1
(partially completed grid) LI L LA LR
916 (1153|712 |81|4
218|714 |1]|9|6|3]|5
3|4|(512 86179
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