Warm Up

How would you search for moves in Tic Tac Toe?
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Al. Representation and Problem Solvir
Adversarial Search

Instructors: Pat Virtue & Stephanie Rosenthal
Slide credits: Pat Virtue, http://ai.berkeley.edu



Announcements

A
A
A

Homework 2 due tonight!
Homework 3 out this evening!

P1 due 2/7, workn pairs!



Warm Up

How would you search for moves in Tic Tac Toe?
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Warm Up

How Is Tic Tac Toe different from maze search?
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Warm Up

How Is Tic Tac Toe different from maze search?
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Multi-Agent, Adversarial, Zero Sum A ey

Single Agent



SingleAgent Trees
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Value of a State

Non-Terminal States:
V(s)= max V(a)Q

Value of a state: < successors]
The best achievable _

outcome (utility) _—

from that state _ m

.

> I ¢ -I ¢ -l 2 ¢
2 0 X 2 6 X 4 6 Terminal States:
V(s) =known



Multi-Agent Applications
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e Adversarial Team: Collaborative
Collaborative Maze Solving Competition: Adversarial




How could we modehulti-agent

collaborative problents
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How could we model mulagent problems?

Simplest idea: each agent plans their own actions separately from other:
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Many SingléAgentTree

B
Choose the best h %ﬁr

agent independently ﬂ?ﬂfﬁr

b = T~
S ki
= B

Non-Terminal States:
V(s)= max V(a)Q
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ldea 2: Joint State/Action Spaces

Combine the states and actions of the N agents
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ldea 2: Joint State/Action Spaces

Combine the states and actions of the N agents
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ldea 2: Joint State/Action Spaces

[ SINOK 22148 U0KNRdzAK | ff O2YO0oAVYl
Think of one brain controlling many agents
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ldea 2: Joint State/Action Spaces

[ SINOK 22148 U0KNRdzAK | ff O2YO0oAVYl
Think of one brain controlling many agents

What is the size of E |‘_,_—E s
the state space? AR ol |L\ 1
[ E -

What is the size of Bl i'f|

' — 111 1| []
the action space? L E___I__ L

- - NN = =]
What is the size of A Al =

the search tree?



ldea3: Centralized Decision Making

Each agent proposes their actions and computer confirms the joint plan
Example: Autonomous driving through intersections

https:// www.youtube.comwatch?w=4pbAl40dKOA



ldea 4. Alternate Searching One Agent at a Ti
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from those resulting statesetcX

a I _
Choose the best Non-Terminal States:

cascading combination Agent 1 V(= max V(@)Q

. 1 successorsj
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ldea 4. Alternate Searching One Agent at a Ti

{SINOK 2yS |3SyiQa |0OGA2ya FTNRY
from those resulting statesetcX

What Is the size of
the state space?

What Is the size of

the action space? N N /L
What is the size of A

the search tree?




Multi-Agent Applications
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Games



Types of Games

ADeterministic or stochastic?
APerfect information (fully observable)?
AOne, two, or more players?

ATurntaking or simultaneous?
AZero sum?

= -




Standard Games

AStandard games are deterministic, observable,-player, turn
taking, zeresum

AGame formulation:
Alnitial state:s,
APlayersPlayer(s)ndicates whose move it is
A Actions:Actions(s¥or player on move
ATransition modelResult§,d)
ATerminal testTerminalTest(s)

ATerminal valuesitility(s,p) for playerp
A Or justUtility(s) for player making the decision at root  —mec——————




ZeroSum Games

ZeroSum Games General Games
A Agents haveppositeutilities A Agents havéndependentutilities
A Pure competition: A Cooperation, indifference, competition,

A Onemaximizes the otherminimizes shifting alliances, and more are all possible



Game Trees
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TicTacToe Game Tree

X X X
X X X
X X X
X[o x| Jo] [X
0
x[o[x] [x]o X|o
X X

x[o[x] [x[o[x] [x[o[x

TERMINAL o/x| [0[o[X X
0 x| x|o| [x]o[o

Utility -1 0 +1




TicTacToe Game Tree

This Is a zergsum game,
the best action for X Is

X X X
the worst action for © X X 2 & < <
and vice versa —

X0 X 0] X

How do we define
best and worst? x[o[x] [x]o[ ] [X[o

X X
x[o[x] [x[o[x] [x[o[x

TERMINAL o/x| [0[o[X X
0 x| x|o| [x]o[o

Utility -1 0 +1




Tic;-T'I'aeToe Game Tree

/Instead of taking the

3 MAX (X)
(i )

max utility at every
level, alternate max
and min

x[o[x] [x[o[x] [x[o[x

TERMINAL o/x| [0[o[X X
0 x| x|o| [x]o[o

Utility -1 0 +1

é X X X
(w MIN (O) X X
é\ ) X| [o] [Xx
m MAX (X) 0
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Tic—TTaeToeMinimax

MAX (X)
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Small Pacman Example

al - Y2RSayY dzy RSNJ ! 3Sy daQab OR2/HINRY dzy RS NJ
V(s)= max V(a)Q V()= min V(@)Q
SQQ successorsy s successorsy

]

-8 -5 -10 +8

Terminal States:
V(s) =known



Minimax Implementation

function minimaxdecision(syeturnsaction

return the actionain Actionsg) with the highest x
min-value(Resul¥,d) Resulte.gA a

4’

function maxvalue(syeturnsvalue function min-value(syeturnsvalue
If TerminatTest(s) then return Utility(s) If TerminatTest(s) then return Utility(s
Initialize v =D Initialize v =D
for eacha in Actionsg): =) for eacha in Actions(state):
v =maxV, min-valueResult§,aq)) v =min(v, maxvalueResult§,a)
return v return v
V(s)= max V(a)Q V()= min V(@)Q

s successors] s successors]



Alternative Implementation

function minimaxdecision(syeturnsan action

return the actionain Actions$) with the highest
value(Resuli,a)

L

functionvalue(syeturnsa value
If TerminaiTest(sthen returnUtility(s)
if Player(s) MAXthen returnmax;, actionss)’@lU€(Resulg,a)
if Player(s) #MIN then returnmin, , acionssy@lue(Resulg,a)



Minimax Example




Poll

What kind of search is Minimax Search?

A) BFS
B) DFS
C) UCS
D) A*



Minimax Is Deptirirst Search

al - Y2RSayY dzy RSNJ ! 3Sy daQab OR2/HINRY dzy RS NJ
V(s)= max V(a)Q V()= min V(@)Q
SQQ successorsy s successorsy

]

-8 -5 -10 +8

Terminal States:
V(s) =known



Minimax Efficiency

AHow efficient is minimax?
AJust like (exhaustive) DFS
ATime: O™
ASpace: Qqm)

AExample: For chess®B5, m° 100
A Exact solution is completely infeasible
Al dzYlF ya OF yQi R2 UKA
we play chess?




Small Size Robot Soccer

AJoint State/Action space and search for our team
AAdversarial search to predict the opponent team

V¥

https:// www.youtube.comwatch?wYihJguq26ek



Generalized minim

AWhat if the game is not zersum, or has multiple players?

axX

AGeneralization of minimax: E 88,1
A Terminals haveitility tuples
A Node values are also utilityples
A Each player maximizes its own componenle] 881 1,2
A Can give rise to cooperation and
O2YLISGAGAZY REYIYAOLT
] 0,0,7 88,1 77,2 0,0,8
1,16 (| 0,0,7 9,90 (| 88,1 99,0 || 7,7,2 0,0,8 (| 0,0,7




Three Person Chess



Resource Limits




Resource Limits

AProblem: In realistic games, cannot search to leaves! max

A Solution 1: Boundetbokahead

A Search only to a preseiepth limit or horizon
A Use arevaluation functionfor nonterminal positions

AGuarantee of optimal play is gone

AMore plies make a BIG difference

AExample:
A Suppose we have 100 seconds, can explore 10K nodes /
A So can check 1M nodes per move
A For chess, b=~35 so reaches about deptmét so good




Depth Matters

AEvaluation functions are always
Imperfect

ADeeper search => better play
(usually)

AOr, deeper search gives same
guality of play with a less accurate
evaluation function

AAnN important example of the
tradeoff between complexity of
features and complexity of
computation

[Demo: depth limited (L6D4, L6D*:



Evaluation Functions




Evaluation Functions

A Evaluation functions score ndgarminals in deptHimited search

b

___________________

Black to move . N White to move

White slightly better o Black winning
Aldeal function: returns the actual minimax value of the position

Aln Aaractice: typically weighted linear sum of features:
EVAL(S) w, f,(s) +w,f (st b wx® b
A E.g.w, =9, f,(S) = (hum white queens num black queensketc.

A Terminate search only iquiescentpositions, i.e., no major
changes expected in feature values



Evaluation for Pacman




Resource Limits

AProblem: In realistic games, cannot search to leaves!

ASolution 1: Boundedookahead

A Search only to a presetepth limit or horizon
A Use arevaluation functionfor nonterminal positions

AGuarantee of optimal play is gone

AMore plies make a BIG difference

AExample:
A Suppose we have 100 seconds, can explore 10K nodes |/
A So can check 1M nodes per move
A For chess, b=~35 so reaches about deptmét so good

max



Solution 2: Gameéree Pruning




IntuitionY




AlphaBeta Pruningexample

h = best option so far from any
MAX node on this path

We can prunewhenY Ay Yy 2 RS ¢ 2 Vh@ordeboSgeneration mattersmore pruning
higher than 2, while parent max has seen is possible if good moves come first
something larger in another branch



AlphaBeta Implementation

h-al - Qa 0Said 2LWNAZ2Y 2y LI 0K
iralLbQa o0Sad 2LIA2Yy 2y LI GK
def maxvalue(stateh,i): def minvalue(state, ', ):
Initialize v =b Initialize v =+b
for each successor of state: for each successor of state:
v =max(v,value(successokh,)) v = min(vyalue(successof , 1))
if @ i ATHhO X
return v return v
h = max(, v) I =min(, V)

return v return v



Quiz: Minimax Example

10

What is the value of the blue triangle?

A) 10

B) 8

C) 4

D) 50

50
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AlphaBetaSmall Example

T

10

50

def maxvalue(stateh, 1 ):

initialize v =b

for each successor of state:
v =max(v,value(successoh 1))
ifd i x

return v

h = maxi, v)

return v

def minvalue(state, h,1):

Initialize v =D

for each successor of state:
v = min(vyalue(successol, 1))
AFho XK

return v

I =min(, v)

return v



AlphaBetaSmall Example
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initialize v =b

for each successor of state:
v =max(v,value(successoh 1))
ifd i x

return v

h = maxi, v)

return v

def minvalue(state, h,1):

Initialize v =D

for each successor of state:
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return v



AlphaBetaSmall Example

| Ho def maxvalue(stateh, 1 ):
I Ho initialize v =b
V) Ho for each successor of state:
v =max(v,value(successoh 1))

ifd i x
d d return v
h = maxi, v)
return v

def minvalue(state, h,1):
Initialize v =D
for each successor of state:
b C e f v = min(v,value(successof,l ))
AFho XK
return v
I =min(, v)

10 8 4 50 return v
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AlphaBetaSmall Example
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AlphaBetaSmall Example
def maxvalue(stateh, 1 ):

.
I Ho initialize v =b
v Y /8\ for each successor of state:
v =max(v,value(successoh 1))

ifd i x
d d return v
h = maxi, v)
return v

def minvalue(state, h,1):
Initialize v =D
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return v
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M inimax QUIZ What is the value of the top node”
A) 10

B) 100

C)?2

D) 4



