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function TABLE-DRIVEN-AGENT( percepi) returns an action

static: percepts a sequence, initially empty
table, a table of actions, indexed by percept sequence,
initialy fully specified

append perceprto the end of percepts

action € LOOKUP( percepts, table)
return action
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function REFLEX-V ACCUM-AGENT( [/ocation, statud) returns an action

if status= Dirtythen return Suck
else if /ocation= A then return Right
else if /ocatiori = Bthen return Left
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function SIMPLE-REFLEX-AGENT( percepi) returns an action
static: rules, aset of condition-action rules

state < INTERPRET-INPUT( percep)
rule € RULE-MATCH( state, rules)

action € RULE-ACTION] ru/d
return action
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function REFLEX-AGENT-WITH-STATE( percepl) returns an action
static: stare adescription of the current world state
rules, aset of condition-action rules
action, the most recent action, initially none

state < UPDATE-STATE( state action, percepl)
rule € RULE-MATCH( stare, rules)

action ¢ RULE-ACTION[ ru/d
return actior
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[UP, UP, UP, RIGHT]
[RIGHT, RIGHT, RIGHT, UP, UP, UP, LEFT, LEFT]
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function SIMPLE-PROBLEM-SOLVING-AGENT( percept) returns an action
static: seg, an action sequence, initially empty
state, some description of the current world state
goal, a goal, initially null
problem, a problem formulation

state +— UPDATE-STATE( state, percept)

if seqis empty then do
goal +— FORMULATE-GOAL(state)
problem + FORMULATE-PROBLEM(state, goal)
seq < SEARCH( problem)

action < FIRST(seq)

seq— REST(seq)

return action
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function TREE-SEARCH( problem, strategy) returns a solution, or failure
initialize the search tree using the initial state of problem
loop do
if there are no candidates for expansion then return failure
choose a leaf node for expansion according to strategy
if the node contains a goal state then return the corresponding solution
else expand the node and add the resulting nodes to the search tree
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function TREE-SEARCH( problem, fringe) returns a solution, or failure
fringe < INSERT(MAKE-NODE(INITIAL-STATE[problem]), fringe)
loop do
if fringe is empty then return failure
node +— REMOVE-FRONT( fringe)
if GoaL-TEsT[problem](STATE[node]) then return SOLUTION(node)
fringe « INSERT ALL(EXPAND(node, problem), fringe)

function EXPAND( node, problem) returns a set of nodes

successors < the empty set

for each action, result in SUCCESSOR-FN|[problem|(STATE[node]) do
$4—a new NODE
PARENT-NODE[s] < node; ACTION[s] < action; STATE[s] « result
PaTH-CoST[s] +— PATH-COST[n0de] + STEP-COST(no0de, action, s)
DEPTH|[s] + DEPTH[node] + 1
add s to successors

return successors

N.Razavi- Al course-2005 22

oaTwa sla (5)31)w)

Ssd b8 5SS g g5l 0

e 5l bl skl @
SuS™ oy o oy e ¢ Jom 0l 3925 Sy g0 3 LT =00 ST —
@l oS eus Wy glao S slaw — Sl oy —
sl 55 s 08 sl ST — bl Sy —

FuiS oty [y Jom ol 5 458 oS wimn LT — Sy —

1ph o odani 5 Gl el o p L 5 0L Sy 0
gt S 3 Olaiil S S b —
Jr o oipusp S Ges i d -
(LaL O ol S ) Sl (slzd Gos STl 2 —

N.Razavi- Al course-2005 24



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

G510 (seatms (sla (535)5mw)

Ci,m 3 s e Sl 1 L ABETE gl o351l
LS oo oslinul s

(BES) mhaudsl (s sz
(UCS) el pSuais 3 (g i ®
(DFS) (aes ) Gos—dsl (s s ®
(DLS) 55u0u Gos b (s ot ®
(IDS) 6,185 oS o (5 gt ®

N.Razavi- Al course-2005 25

WWW. tXt.ir

AN ALYV

Aas oo ST Al B8 e 8 5 b Sla
iSiwosly o
6Ll Cao glgsl 4 L 015 om ib s FIFO (e oS flinge —

Rty

(4)
20 O
I\ 7\

AR AR
D (& F) (O

—

1:[B, C]

WWWL T Xt | r N.Razavi- Al course-2005 27

TXT ir

AN ALYV

s o S sl 58 o g b sba 0

(S odly
6Ll Cao oLl 4 L 015 om ib s FIFO Caw o fringe —

s

PO

0: [A] 7 S
(BY (€)
/N

\
D) (E) (F) ()

N.Razavi- Al course-2005 26
PO /‘ ..'u L. & g . - b °

M"LS‘U’“J“‘S PR L}“J“"‘S°J§Lﬁ-fg5"b‘“’).ﬁ
(Siwodly ¢

6Ll Lo gl 4 b 0155 o gm dib s FIFO Caw oS fringe —

By
2:[C, D, E]

N.Razavi- Al course-2005 28



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

AN AN VSTV

ns o B S B g pS 0 8 g e a0
(Silwodly o
6Ll (o Gl 4 > 01055 gn il s FIFO Caw oS fiinge —
Lsh g

(4)
3:[D, E, F, G] 0 @
pO © © @

N.Razavi- Al course-2005 29

WW, t Xt LT
Bhaw (soa3ms Sluogind

bHB 4 # 4 B-1) = O(*) § Sl S does
;)\JJ&MB)J‘)LﬁofwoﬁO(bdﬂ)?‘\BBj%: *

(V= ojncfos o elil ST30) dly Gy, @

4 ) il o B> Lol S @
(O

WWWL T Xt | r N.Razavi- Al course-2005 31

TXT ir

Rimnicu
Gt onien) Cona) (o) Gogm) (D Cont) (o)

N.Razavi- Al course-2005 30

Db (s9a3ms abdls § ¢30s) (D330

d-1 b1

WAVAVANTAN W

b+B+... +b+Hb-1) =0(6*)

N.Razavi- Al course-2005 32



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

B (sea3ms )y )l sbas § pls)

bl oboj by o 5 oluws G
L K PRRVE e Y
oL &aves AR WY ¥
LK 433314 VoY 5

oLl v g AN A
AR 59 9Y4 o ).

KHAEEN Jurs T \Y
b 15 JLa yory Yoo 1

b=y- 1

NN A PR

b S 0

N.Razavi- Al course-2005

33

WWW. tXt.ir

C31giay aiz)e (seaiums :JBls

75 7 140 151 99 80
@ G

WWW. tXE.ir

T
0
50505
o
303
£
statety
255503
ated
oe2s%
2o
b
tite!

hot %
oo eNtetostetetitets

EEeReaiaies
s
SatoteteteTatet tatetete?

ot

N.Razavi- Al course-2005

118

111

35

TXT ir

SEYNCIRT PP

oy o B8 L S o S s e oS Sl o
‘_g)Lw a.)Lj: o
ML°M@f}WHﬁwLﬂ‘j4§W:ﬁ7ﬂge —
.mpwuw@@pﬁ‘@@&ﬁ@dm .
€ Sl aujs S1abs s o
oy ajn Sslan b S S T s rjp & oo 8 sl €L Sy 0
Sl S doen e Sl Sy o
(b o 228 G(1) o500 55 w0 8 ) d S
N.Razavi- Al course-2005 34
O lgis ab)e (seaima 0
A S
1 10
S G Al B C
15
15 5
G G
C 11 10
0: [S(0)]
1: [A(1), B(5), C(15)]
2: [B(5), G(11), C(15)]
3: [G(10), G(11), C(15)]
4: [G(11), C(15)]
N.Razavi- Al course-2005 36



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

0: [A]

(RAC (5083

Ans o B B b S o 8 5 s sl
‘ol a.ﬁ\.:a: ®

ST e sl 3 1) e 015 {LIFO «z, = fiinge —

-~
o W
7/ \? / \?
CRCRNG RN
D Q) f‘) ﬁ) (’:) fu f\) frb

N.Razavi- Al course-2005 37

WWW. tXt.ir

2:[D, E, C]

WWW. tXE.ir

(RAC (5083

ns o B B b S o 8 5 s sl
L;JL"" a.&\.:v: °

ST e sl 3 1) e 015 {LIFO «z, = fiinge —

/7 \?'
\ /A
DOHDOD D

N.Razavi- Al course-2005 39

TXT ir

GRAC (503D

. = . .. F F .. .
.MJ@JM‘)&Lywﬂfo;w‘f ‘_3:».9‘)\:}&
‘_g)\..» obl:.; b
ST e s Il 5 1) e 01 {LIFO «z, = fiinge —
(D
1:[B, C] »(5) (9
7/ \? / \>’
45 I F 7
ORERONEEGEERG
AN AN ANNA
ORORORORORORORE)
N.Razavi- Al course-2005 38
. = . .. F F .. .
'M"LSAJJL“;‘J&L?JJ““;°J§L’J{-J’ W‘)\JJA
Lg)l.w obl::.g: b
ST e s Il 5 1) e 015 {LIFO «z, = fiinge —
3:[H, I, E, C]
o
/A
D O
N.Razavi- Al course-2005 40



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

4:11,E, C]

(RAC (5083

s o Bl S sl B8 0 8 5 G Jla 0
:ngLwaJ\.:a: ®
ST e sl 3 1) e 015 {LIFO «z, = fiinge —

/

AY
® O O
3

(’-/>- f/>' f'/f
DODOD DO

N.Razavi- Al course-2005 41

WWW. tXt.ir

6:[J, K, C]

WWW. tXE.ir

(RAC (5083

e o ST Al B S e S S G Jla 0
L;JLw a.&\:._a: o
ST g o3 il 53 1) dod DI {LIFO «z, = fiinge —

N.Razavi- Al course-2005 43

TXT ir

5:[E, C]

GRAC (503D

Ans o B B 2 S o 8 5 G sl
‘Sl ob\:.; °

ST e s Il 5 1) e 01 {LIFO «z, = fiinge —

SONNGENRG

/A /A /A
oJoYoRoYoRe

N.Razavi- Al course-2005 42

7:[K, Cl

GRAC (503D

ns o B B b S 0 8 5 s sl
Lg)\.w obl:.; b

ST e s Il 5 1) e 015 {LIFO «z, = fiinge —

\r
Q)

ANA
ORORORORC)

N.Razavi- Al course-2005 44



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

8:[C]

(RAC (5083

a3 o ST Al B S e S 5 G Jla 0
6)b a.:‘.:a: °
ST e sl 3 1) e 015 {LIFO «z, = fiinge —

N.Razavi- Al course-2005 45

WWW. tXt.ir

10: [L, M, G]

WWW. tXE.ir

(RAC (5083

A o Sy asls 58 0 8 5 G Jla 0
:L;)'L»ab\.:a: o
ST g o3 il 53 1) dod DI {LIFO «z, = fiinge —

N.Razavi- Al course-2005 47

TXT ir

GRAC (503D

. = e . L P = R N
s o B Sy asls B8 o 8 5 Gees b
‘_g)L.» oJLﬁ: b
ST o o3 Ml 53 1) W 0153 LIFO wt, = fringe —
9: [F, G]
20 (©
"y
O 0 OO
N.Razavi- Al course-2005 46
. = . & w g é . [ ]
MDLS‘JM‘)&QJJ‘JO;JJ" M‘)\:JA
‘_g)\.«u ob\:.; b
ST o o3 Ml 53 1) e OIS {LIFO «z, = fiinge —
11: [M, G]
N.Razavi- Al course-2005 48



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

Tobl o 4> =

O3 5 35 Ll (Ldd 4 5L ot (ol 5o
i S (655 OV L el e

N.Razavi- Al course-2005 49

(R0E (S0aIms oyl

$ s
(a2l (gl )15 (3 gumenll Gas L LIl (slaliad j5) 0 —
.;,\;Cy.p\qjg‘ﬂdyﬁ&lﬁcmﬂ\gu}\@ﬁ—
@l&lf:,vwdb-dw)ud!jb—

. . Z
O(bm)% Sk S doms
gl oo ddgl gt C3 )0 o oS plad Sl oy 0 —
35 sl AL 031 2ty s m 1 —
Aib mbaw (g gt 1 i o sl A5 a dBL 3L s o ol sl ST —
'u.b-;»,}..aaucO(bm)—
st

N.Razavi- Al course-2005

50

WWW. tXt.ir m

30388 (§ac b (soa3ms

]leasjubuligl&céwz
A a5 L Gae 53 gy gl 8 OIS o

gmj‘]@ugww,vw& G35 s b gl ol s
wj))y@&ﬁkdbbdw&)bdegwobu‘
(}’.““"?"—""J-’&})

Ll ooy dsb cplals syl sy g0 Y O Glosy 458 o e @
L] ;51»

dal 4= uﬁ o AL (il il >ﬁ,3>°\,]6w°>,w,>;‘ .
b)‘ub)fjw&ob&gé‘jw@kh‘cuu

WWWL T Xt | r N.Razavi- Al course-2005 51

30388 (§ac b (soa3ms
¢ ol

(I2d 5))a —

ks S Ao
ow) -

owl) -

Sang
J:'>.-_

N.Razavi- Al course-2005

52



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

30388 Gac b (s9amms
GIB3)0 ()l 230y

function DEPTH- LIMITED-SEARCH( problem, limit) returns soln/fail /cutoff
RECURSIVE-DLS(MAKE-NODE(INITIAL-STATE[problem]), problem, limit)

function RECURSIVE-DLS(node, problem, limit) returns soln/fail /cutoff
cutoff-occurred ? + false
if GOAL-TEST|problem)(STATE[node]) then return SOLUTION(node)
else if DEPTH[node] = limit then return cutoff
else for each suceessor in EXPAND(node, problem) do
result < RECURSIVE- DLS(successor, problem, limét)
if result — cutoff then cutoff-occurred? « true
else if result + faiure then return resuli
if cutoff-occurred? then return cutoff else return failure
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for depth+ 0 to oc do
result < DEPTH-LIMITED- SEARCH( problem, depth)
if result # cutoff then return result

function ITERATIVE-DEEPENING-SEARCH( problem) returns a solution, or fail-
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(> @33)03)) wollA

Criterion Breadth-  Uniform-  Depth- Depth- lterative
First Cost First Limited Deepening
Complete? Yes* Yes' No Yes, if { > d Yes
Time b b/ /e b b bt
Space B+l piC /e b bl bd
Optimal? Yes* Yes No No Yes*
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function GRAPH-SEARCH( problem, fringe) returns a solution, or failure

closed+— an empty set
fringe < INSERT( MAKE-NODE(INITIAL- STATE([problem)]), fringe)
loop do
if fringe is empty then return failure
node < REMOVE-FRONT(fringe)
if GoAL-TEST[problem](STATE[node]) then return SOLUTION(node)
if STATE[nodé] is not in closed then
add STATE[node] to closed
fringe « INSERTALL(EXPAND(node, problem), fringe)
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function GENERAL-SEARCH( problem, strategy) returns a solution , or failure
initialize the search tree using the initial state of problem
loop do
if there are no candidates for expansion then return failure
choose a leaf node for expansion according to strategy
if the node contains the goal state then return the corresponding solution
else expand the node and add the resulting node to the search tree

end
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0: [A(366)]
1: [S(253), T(329), Z(374)]

2: [F(176), R(193), T(329), A(366),
Z(374), 0(380)]

3: [B(0), R(193), S(253), T(329), A(366),
Z(374), 0(380)]

4: [R(193), S(253), T(329), A(366),
Z(374), O(380)]
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function RECURSIVE-BEST-FIRST-SEARCH(problem) return a solution or failure
return RFBS(problem MAKE-NODE(INITIAL-STATE[ problem]),)

function RFBS( problem, node, f limif) return a solution or failure and a new f~cost limit
if GOAL-TEST[problem|(STATE[ node]) then return node
successors < EXPAND(node, problem)
if successorsis empty then return failure, co
for each sin successors do
f1s] « max(g(s)+ h(s), f{nodel)
repeat
best < the lowest £value node in successors
if f1besf] > limit then return failure, /Tbesf|
alternative < the second lowest £value among successors
result, f1besf] < RBFS(problem, best, min(f limit, alternative))
if result+ failure then return result

N. Razavi - Al course - 2007 20
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function HILL-CLIMBING( problem) returns a state that is a local maximum
inputs: problem, a problem
loecal variabhles: current, a node
neighbor, a node

current < MAKE- NODE(INITIAL-STATE[ problem])

loop do
neighbor < a highest-valued successor of current
if VALUE[neighbor] < VALUE[current] then return STATE[curreni]
current < neighbor
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Simulated Annealing
S o3 sle IS o plowil b e (sla e ST Sl o] 0
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function SIMULATED-ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem
schedule, a mapping from time to “temperature”
local variables: current, a node
nezt, a node
T, a “temperature” controlling prob. of downward steps

current+— MAKE-NODE(INITIAL-STATE[ problem])
for {+ 1to oo do
T+ schedule[f]
if 7= 0 then return current
next+— a randomly selected successor of current
AE+ VALUE[nezt] - VALUE[current]
if AE > 0 then current + next

else current + neat only with probability e® £/T
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function GENETIC-ALGORITHM( population, FITNESS-FN) returns an individual
input: population, a set of individuals
FITNESS-FN, a function that measures the fitness of an individual

repeat
new_population < empty set
loop for /from 1 to SIZE(population) do

x «~ RANDOM_SELECTION(population, FITNESS FN)
y « RANDOM_SELECTION(population, FITNESS FN)

child < REPRODUCE(x,y)
if (small random probability) then child « MUTATE(child)
add childto new_population
population <« new_population
until some individual is fit enough or enough time has elapsed
return the best individual in population, according to FITNESS-FN
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G sl @3y)3))

Crossover Jos sl Jbe &S @
Parentl Parent? Offspring

- W W |
| | |
(3,2,7,5,2,4,1,1) + (2,4,7,4,8,5,5,2) = (3,2,7,4,8,5,5,2)
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Online DFS-Agent

function ONLINE-DFS-AGENT(s") returns an action
input: s’, a percept identifying current state
static: result, a table indexed by action and state, initially empty
unexplored, a table that lists for each visited state, the action not yet tried
unbacktracked, a table that lists for each visited state, the backtrack not yet tried
s,a, the previous state and action, initially null

if GOAL-TEST(s") then return stop
if s’is a new state then unexplored(s’] < ACTIONS(s)
if sis not null then do
resulfa,s] < s’
add s to the front of unbackedtracked(s’]
if unexplored(s’] is empty then
if unbacktrackeds’] is empty then return stop
else a <— an action b such that resu/f b, s’ |=POP(unbacktracked|s’])
else a <~ POP(unexplored|s’)
s« 8
return a

TXT ir
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J0.s online (iac (soaima

GOAL-TEST((1, 1))?
— Snot = Gthus false
* (1,1) anew state?

— True
— ACTION((1,1)) -> UX](1,1)]
o G « {RIGHT,UP}
e sisnull?
2 — True (initially)
« UXJ(1,1)] empty?
1 S ‘ ‘ — False
- -  POP(UX][(1,1)]) > a
1 2 3
- a=UP
« s=(11)
e Return a
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JB.s online (iac (soaiwa

, * GOAL-TEST((1,1))?
S —(1,1) — Snot =G thus false
‘ * (1,1) anew state?

G — false

s sisnull?
z I — false (s=(2, 1))
— result [DOWN, (2, 1)] <- (1,1)

- UB[(1,D] = {(2, D)}

v = ‘ ‘ - UX[(1,1)] empty?
1 2 3 — False
 a=RIGHT, s=(1,1)
e return a
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JB.s online (iac (soaiwa

*  GOAL-TEST((1, 1))?
S,:(l,l) — S not = G thus false
(1, 1) a new state?
— false
sis null?

— false (s=(1,2))
2 — result [LEFT, (1,2)]<- (1, 1)
- UB[(1, DI={(1,2), 2, 1}

‘ « UX[(1, 1)] empty?
— True
— UBJ(1, 1)] empty? False
* a=bfor binresult [b, (1,1)] =(1,2)
— b=RIGHT
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a=RIGHT,s=(1,1) ...
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J0.s .online (aac (soaima

, * GOAL-TEST((1,2))?
S _(1,2) — Snot =G thus false
‘ * (1,2) anew state?

G — True,
UX[(1,2)]={RIGHT,UP,LEFT}

5 * sisnull?
— false (s =(1,1))

— result [RIGHT, (1,1)] <- (1, 2)
— UB[(1,2)] = {(L,1)}

« UX](1, 2)] empty?
— False

 a=LEFT, s=(1, 2)

e return a
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" Learning real-time A*

function LRTA*-COST (s, a, s’,H) return an cost estimate
if 57is undefined the return A(s)
else return c(s, a, s°)+ H[s'|

function LRTA*-AGENT (s°) return an action
input: s’, a percept identifying current state
static: result, a table indexed by action and state, initially empty
H, a table of cost estimates indexed by state, initially empty
s,a, the previous state and action, initially null

if GOAL-TEST (s) then return stop
if s7is a new state (not in /) then H[s’| « A(s)
unless sis null

resulfa,s) < s’

H[s] < MIN LRTA*-COST (s, b, result[b, s|, H)

b e ACTIONS (s)

a < an action bin ACTIONS (s) that minimizes LRTA*-COST (s’, b, resuit[b, s, H)
s« s

return a
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datatype CSP-STATE
components: UNASSIGNED, a list of variables not yet assigned
ASSIGNED, a list of variable that have value

datatype CSP-VAR
components: NAME, for i/o purpose
DOMAIN, a list of possible values
V ALUE, current value (if any)

s isled [y 93 4 01y e 1y s Sy g
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ST e o G pome sl ST ol Al s L S0 —
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function BACKTRACKING-SEARCH( csp) returns a solution, or failure
return RECURSIVE-BACKTRACKING({}, csp)

function RECURSIVE-BACKTRACKING( assignment,csp) returns a solution, or
failure
if assignment is complete then return assignment
var + SELECT-UNASSIGNED- VARIABLE( Variables/csp/, assignment, csp)
for each value in ORDER-DOMAIN-VALUES(var, assignment, csp) do
if value is consistent with assignment according to Constraints[csp] then
add { var = value } to assignment
resull +— RECURSIVE- BACKTRACKING(assignment, csp)
if result # failue then return result
remove { var = value } from assignment
return failure
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function AC-3( csp) returns the CSP, possibly with reduced domains
inputs: csp, a binary CSP with variables {X1, X», ..., X,}
local variables: queue, a queue of arcs, initially all the arcs in csp

while queue is not empty do
(X;, X;)+ REMOVE-FIRST(queue)
if RM-INCONSISTENT-VALUES(X;, X;) then
for each X, in NErcHBORS[X;| do
add (X, X;) to queue

function RM-INCONSISTENT-VALUES( X;, X;) returns true iff remove a value
removed + false
for each z in DomAIN[X;] do
if no value y in DOMAIN[X;] allows (z,y) to satisfy constraint(X;, X;)
then delete = from DoMAIN[X;]; removed + true
return removed
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function MIN-CONFLICTS(csp, max _steps) returns a solution or failure

] inputs: csp. a constraint satisfaction problem
maz_steps. the number of steps allowed before giving up
. . T ° current «— an imtial complete assignment for csp
€SP J’L‘M B ! Jlee! ‘5‘1 for : =1 to mar_steps do
ASL Sls Ll odd (a8 lgnsgdme b Y= il — if current is a solution for csp then return current
A e sl U ite 4 3155 AL b g _ var «— a randomly chosen, conflicted variable from VARIABLES[esp]

value «— the value v for var that miminizes CONFLICTS(var, v, current,_ csp)
set var = value mn current

. - tu i1
oS sl [ s e 6 skl oy s T pie bzl @ return failure
:min-conflicts ii-;;-wi) B Figure 5.8  The MIN-CONFLICTS algonthm for solving CSPs by local search. The mmitial
s RS BTGP PRPRNNT S S S u; Ol golae — state may be chosen randor_nly or by a greedy a'ssig.lment process that chooses a nunimal-
B . " conflict value for each variable in tumn. The CONFLICTS function counts the number of
okl u.a.o.» sl o3 gdoen J§ Sldas ig;:'“‘i)}':“ L S 4 ‘e constraints violated by a particular value. given the rest of the current assigmment.
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R i 1L amt
R = (num. of constraints)/(num. of variables)

(e
time

Figure 5.9 A two-step solution for an 8-queens problem using min-conflicts. At each
stage. a queen 1s chosen for reassignment 1n 1ts column. The number of conflicts (m this
case, the number of attacking queens) 1s shown in each square. The algorithm moves the
queen to the min-conflict square, breaking ties randomly.

]
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Figure 512 A tree decomposition of the constramt graph in Figure 5.11(a).
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MINMAX - VALUE(n) =

UTILITY(n) if nis a terminal state
MINIMAX -~ VALUE(s) if nisa MAX node

MINIMAX —~ VALUE(s)  if nisa MIN node

MAX ¢ gccessors(n)

min seSuccessors(n)
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function MINIMAX-DECISION(state) returns an action

v+ Max-VALUE(state)
return the action in SUCCESSORS(state) with value v

function MAX-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
té— —00
for a,s in SUCCESSORS(state) do
v Max(v, Min-VALUE(s))
return v

function MIN-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U400
for a,sin SUCCESSORS(state) do
v MIN(v, MAX-VALUE(s))
return v

N. Razavi - Al course - 2005



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

Minimax Gluogos

(Cs 53 039 dgdome b2 a) abs § LS
(U oo G5k g S o)y blas o) b Tag

Ab") s o5 S o
(o=l 2s8) O(bm) Fabssl> S oy

(Jsire 5o 5L ,5)m = 100 5b = 35 G.Ijké):
AL i @ o 4 09 R0 YlS 385 ol €

N. Razavi - Al course - 2005

WWW. tXt.ir

M AK

Rl

WWW. tXE.ir

Gy-La)T gy JGs

23

N. Razavi - Al course - 2005

11

o)d3 33a sl (5)0 )> gy Oilossuns

1,2,6) (4,2,3) 6,1,2) (7,4,1) (5,1,1) (1,5,2) (7,7,1) (5,4,5)

N. Razavi - Al course - 2005 10

Gy-La) gy JGs
fl A

MM

N. Razavi - Al course - 2005 12



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

M AK

MIN <14

N. Razavi - Al course - 2005 13

WWW. tXt.ir

Gy-La)T gy JGs

R

/ §2 SR 2

MIN

3 2 2 5 2
MINIMAX-V ALUE (r008) = max (min (3, 12, 8), min (2, x, y), min (14, 5, 2))

=max (3, min (2, x, ¥), 2)

=max(3, z 2) where z<2
=3
N. Razavi - Al course - 2005 15

WWW. tXE.ir

TXT ir

hl

MIN

N. Razavi - Al course - 2005

14

-
G-\ polod
3L SE olg S G5y 2035 oA
Lidu o 5ot 5 020 S S0 Olon b S 0 O 5

abm/z) = @L‘j L;.L?&.g s 5 Cﬁf'@!”l'!
Al 53 Camtan Ges €

P I ) LS e Slasloes 3550 53 JVuzal 550 51 esle Jle &
(dY el

N. Razavi - Al course - 2005

16



http://www.txt.ir
http://www.txt.ir
http://www.txt.ir
http://www.txt.ir

WWW. tXt.ir

o) obal e Sl W
Q}.f G ol 4:2.9\1 (J‘u\iﬁ U'.’.J:yb

MAX .
s Jsb yd Obl abd A
Lol s Imax !
MIN _’Gﬁ Lgf
Shmax e Wi 5l s v S
.XSGA;.;L::.?JQ\
. AS o o lyala 0T €
o WT Wl min )y 55 e
MIN v 3g o
N. Razavi - Al course - 2005 17

WWW. EXE L
B-1)] el

function MIN-VALUE(state, o, 8) returns a utility value
inputs: stafe, current state in game
«, the value of the best alternative for mMAX along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(state)
U= +00
for a,sin SUCCESSORS(state) do

v+ MIN(v, MAX-VALUE(s, ¢, 3))

if v < o then return v

B« MIN(3, v)

return v
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function ALPHA-BETA-SEARCH(state) returns an action
inputs: state, current state in game

v+ MaX-VALUE(state, —0c, +00)
return the action in SUCCESSORS(state) with value v

function MAX-VALUE(state, o, 3) returns a utility value
inputs: state, current state in game
«, the value of the best alternative for MAX along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(state)
U= —0C
for a,sin SUCCESSORS(state) do
vé— Max(v, MIN-VALUE(s, a, 3))
if v > g then return v
o+ Max(a, v)
return v
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function KB-AGENT( percep?) returns an action
static: KB, a knowledge base
¢, a counter, initially 0, indicating time
TELL( KB, MAKE-PERCEPT-SENTENCE( percept, 1))
action € ASK( KB, MAKE-ACTION-QUERY( 9)
TELL( KB, MAKE-ACTION-SENTENCE( action, 1)
t&<t+ 1
return action
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KB = Wumpus-world rules + observations

a, = “[1, 2] is safe”, KB ka,, proved by model checking
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function TT-ENTAILS?(KB, ) returns true or false
symbols € a list of the proposition symbols in KB and o

return TT-CHECK-ALL(KB, a, symbols, [])

function TT-CHECK-ALL(KB, a, symbols, model) returns true or false
if EMPTY?( symbols) then

if PL-TRUE(KB, model) then return PL-TRUE(a, model)
else return true
else do

P & FIRST( symbols); rest € REST( symbols)
return TT-CHECK-ALL(KB, o, rest, EXTEND(P, true, model)) and
TT-CHECK-ALL(KB, a, rest, EXTEND(P, false, model))

O(2") Jsaew N (ol

Bhis (5))| e
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(aVvpB)Vy) = (aV(BVy)) associativity of V
—(—e) = @ double-negation elimination
(@ = B) = (=B = —a) contraposition
(¢ = B) = (- V B) implication elimination
(@ & B) = ((a = B)A(B = «)) biconditional elimination
“(aAB) = (naV—fF) de Morgan
“(aV @) = (~aA—fF) de Morgan
(@n(BVy) = ((anB)V(aAy)) distributivity of A over V
(aV(BAy) = ((aVB)N(aVy)) distributivity of V over A |30
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function PL-FC-ENTAILS?( KB, q) returns true or false
local variables: count, a table, indexed by clause, initially the number of premises
inferred, a table, indexed by symbol, each entry initially false
agenda, a list of symbols, initially the symbols known to be true

while agenda is not empty do
p+ Popr(agenda)
unless inferredfp] do
inferred[p] < true
for each Horn clause ¢ in whose premise p appears do
decrement count|c]
if count|c] = 0 then do
if HEAD[¢] = ¢ then return true
PusH(HEAD[¢], agenda)
return false

.CM‘W}JAKHomJQ‘)JJJ‘JGKiQLg‘ﬂ}L?M})Ct;:.w‘ °
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A
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A
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CNF ay Jasys

Biy < (P2vPyy)

1. Eliminate <, replacing a < B with (a = B)A(B = a).
(B11= (P12 v Py)) A((Pyov Pyy)=Byy)

2. Eliminate =, replacing a = 3 with —av (.
(=B11 VP12V P ) A(=(P12v Pyy) vByg)

3. Move — inwards using de Morgan's rules and double-
negation:

(=B11V P12V Py ) Al(=P12A =Py 4) v By y)
4. Apply distributivity law (A over v) and flatten:
(=B1,1 v P12V Pyy) A (=P 2V By g) A (=Pg 4 v By y)
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Sl AU Bls KB A~0L oy 0L sy ¢ ,23L5 as o LS| @

function PL-RESOLUTION(KB, o) returns true or false
clauses < the set of clauses in the CNF representation of KB A~q

new < {}
loop do
for each C;, C;in clauses do
resolvents € PL-RESOLVE( C;, C)

if resolvents contains the empty clause then return frue
new €< new\J resolvents
if new C clauses then return false

clauses € clauses\J new
N. Razavi - Al course - 2005 61
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DPLL @is)o3)

function DPLL-SATISFIABLE?(s) returns true or false
inputs: s, a sentence in propositional logic

clauses + the set of clauses in the CNF representation of s
symbols « a list of the proposition symbols in s
return DPLL(clauses, symbols, | ])

function DPLL(clauses, syrmbols, inodel) returns true or false

if every clause in clauses is true in model then return true
if some clause in clauses is false in model then return false
P, value+ FIND-PURE-SYMBOL( symbols, clauses, model)
if P is non-null then return DPLL(clauses, symbols-P, [P = value|model])
P value <+ FIND-UNIT-CLAUSE(clauses, model)
if P is non-null then return DPLL(dauses, symbols—P, [P = value|model))
P« FIRST(symbols); rest «+ REST(symbols)
return DPLL(clauses, rest, [P = true|model]) or
DPLL( clauses, rest, [P = false|model])
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function WALKSAT(clauses, p, maz-flips) returns a satisfying model or failure
inputs: clauses, a set of clauses in propositional logic
p, the probability of choosing to do a “random walk” move
maz-flips, number of flips allowed before giving up

model« a random assignment of true/false to the symbols in clauses
for i = 1to maz-flips do

if model satisfies clauses then return model

clause +— a randomly selected clause from clauses that is false in model

with probability p flip the value in model of a randomly selected symbol

from clause

else flip whichever symbol in clause maximizes the number of satisfied clauses

return failure
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