Formalizing a C5P

a Wa oan model 2 T5P a5 o st of variabes =y, o1, .. =a]
& Each warable as & domain of possibla walies

Iy, ik, . Ty
& Wa akko hava a sal ol consiainks O, G, ...

a Unary porsiraings. = < 18, yeeod® — L abc

o Einary consiraints x < go 4 p < B8, no bwo adjacenl
SQUSrRS 0o b i Saims polor, ol

a M-ary constrainls: o) 4+ o3 4 ... 4 =g — VB wRight of
Chassis plus anging plus Boay = 3000 ks, ol

& An assignment of values D variabées that satisfies al
consirainks is calkad 3 comsisfend solution

& Wi mighl mighe also have an abijgclve funclon
¥ = Jiz1y g me) Thal lRls us compans solulicors.

Constraint Satzfaction

s S0 &, wa'va Iotused om wsing search o find tha bex
Shlulior.

a In many Casas, Wil just naed 10 find a sodulion thal
sullsles some oribaria.

g Theess orbaria ans oadbed conshrainis

g A probkam i which wae want 1o find any solubon hak
sullshes o consiraints s a consrant ssdsaction
pmbiam

g Consiainks provide LS with additional knowiedgs abou
thaz probbem thal we can apdalt

a Wil can also oo oar opdimizing oo irainsd
probliaEme

Approaches

a If thia domain of &l vardables s conbinocds (Le. Ml
numbers] and consiradiris ans all linsar fencBons, wa e
USsi Anssr srogrammieg bo sofve thie probbe

& Expmss e problem as @ syslem of equalions
& Inolher cases, we 0an S dimamic srogrammbag.
& Dynamic programming s a torm of saanch.

& Imthe mosl general case, we oan agpness 2 CEP asa
Searth probdam.

Examples
& Ty Priobdes
a Map r..:-l-nriru;.r'.l-qun-n'n:. cryplarithmielc

a Roal [l probms
s Schaduling, regisiar allocafion, rescrne alonafion

Solving CSPs with search

& W'l begin with am inilial stater no values assigned o

I p—

& A0 aclion assons values 1o vanabes.
& A goal s an essignment bo each varabda sech it all

ronsirinks are med.

& Thia suctessor finclion eburrs all poss bl singla

ASEgNMans such thal constraint orn Sl met

a Molica thal oo sodulion for this sort of peoblam s this
poal stale, &5 opscsed o & path throwgh the slale
L



Constraint graph

w Oftan, the most dificell pert of solving & C5F i
ormulaliceg B probdem.

a Mis ofan wsetid 1o visualize e CEP a5 0 consiraint
gragh

2 Modes represant varables, efges repmsent binary
oonsirainks.

o For m-ary consirminls, wa must add nodes thal
repiesanl oombinabinng of vl

Example - Coloring a Bay Area Map

W

]

& Can we oolor this map
using only Rr oolors
IRY,B/GL s thak re oo
jcant counlas havse the
STl OOl of' T



Example - Australia

w Maighbors of O hava & domain ol Green, Biug - smslksl

a Chomsa a neighbor and salect o polor thal sabisfas all
consirinks.

g MEWN = Graan.
& Mo S has o domain of size 1 Blu]
w Coloring 54 then Tees the chodces or 'V and NT.

o FProbdam: placs asch
g on ihie board o
et mo gusen is
afaciking arothar.

a o man redion s Boc
Wital roa shaiibd aach
ey b in?

Heuristics
g Howw do e pick shich counbry bo oolor nesdT

s How do e choose what oolor B give K7

a Inhifon: alwoys by b make decisions hat eave 25
much Meoridlily a5 porss i,

g Most constrained vanable: ook the warablia |ooadny|
that has tha Tewes! passibls chaoRs

s Liaast consiraining vwalua: pick e value [oolor] et has
thaz e wfec] on possible values for olhar variabdes.

Chronological Backtracking

a Thee sashest spprosch s fo use deplh-first sesrch

a e reach & podnl wihesrs i can T plaos 8 queen, back
L ared it i rreorsk neatil ol aeaTaanl

a IFthal placomaent conl ba changad, o is
predacEsSnr

a Ayt Undo asigriments [m neverse ondar of whan thay
wane dodni.

a This is calied chonscgical backiracking.

g In e presious exnampha, e were i naie.

o W Ml et bad ohakci,

a What it e had colornd O = ned, HSW = gresn, W =
bz

a Usually, whan sodving & CEP, ern are Imas wien o
hiafats B0 Linda” & bad chaioa.

@ This 5 oalked Sesckirmoiing.

Chronological Backtracking




