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From Global to From Global to locallocal coordinatescoordinates, done right, done right

LocalLocal vectorvector : u = x + y: u = x + y

Global Global VectorVector : V = X + Y: V = X + Y

Transformation: Transformation: 

x = X x = X CosCos a + Y sin aa + Y sin a

y = y = --X sin a + Y X sin a + Y coscos aa

((BlackboardBlackboard drawingdrawing))
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A*   A*   PathPath FindingFinding
AddAdd start to start to openopen listlist

WhileWhile openopen list is not list is not emptyempty

curcur = = lowestlowest costcost node from node from openopen

ifif curcur = = goalgoal thethe donedone

elseelse

movemove curcur to to closedclosed listlist

for for eacheach adjacentadjacent node node 

not not onon thethe openopen list andlist and

not not onon thethe closedclosed list andlist and

not an not an obstacleobstacle

movemove adjacentadjacent to to openopen list and list and calculatecalculate costcost..
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Is A* optimal?Is A* optimal?
Go from S to X.Go from S to X.

(White=1,Grey=6, Red=13,Black=No (White=1,Grey=6, Red=13,Black=No go,Heuristicgo,Heuristic estimate=4)estimate=4)
(White=1+0,Grey=1+5, Red=1+12,Black=No go,Estimated=4)(White=1+0,Grey=1+5, Red=1+12,Black=No go,Estimated=4)

DetectedDetected pathpath lengthlength : 24: 24

Optimal Optimal pathpath lengthlength : 13+1+1+6=21: 13+1+1+6=21

X, 5X, 5S,1S,1

443322

13+3*413+3*4

2424SS

18+1*418+1*412+2*412+2*46+3*46+3*4
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Is A* optimal?Is A* optimal?
Go from S to X.Go from S to X.

(White=1,Grey=6, Red=13,Black=No go,Estimated=1)(White=1,Grey=6, Red=13,Black=No go,Estimated=1)
(White=1+0,Grey=1+5, Red=1+12,Black=No go,Estimated=4)(White=1+0,Grey=1+5, Red=1+12,Black=No go,Estimated=4)

DetectedDetected pathpath lengthlength : 24: 24

Optimal Optimal pathpath lengthlength : 13+1+1+6=21: 13+1+1+6=21

665544

X, 7X, 7S,1S,1

3322

15+1*115+1*114+2*114+2*113+3*113+3*1

2121SS

18+1*118+1*112+2*112+2*16+3*16+3*1
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More More detaileddetailed calculationscalculations onon A*A*
ConditionCondition for for thethe ””redred”” pathpath beingbeing shortestshortest : : 

4+R+G < 4 + 4 G       4+R+G < 4 + 4 G       ---->      R < 3 G >      R < 3 G 

ConditionsConditions for not for not selectingselecting thethe minimal minimal pathpath : : 

1+R+3E>=1+G+3E     1+R+3E>=1+G+3E     ---->        R>=G>        R>=G

1+R+3E>=2+2G+2E   1+R+3E>=2+2G+2E   ---->   R+E >=1+2G   >   R+E >=1+2G   ---->      R>=G + (1+G>      R>=G + (1+G--E)E)

1+R+3E>=3+3G+E     1+R+3E>=3+3G+E     ---->  R+2E>=2+3G   >  R+2E>=2+3G   ---->      R>=G + 2(1+G>      R>=G + 2(1+G--E)E)

1+R+3E>=4+4G         1+R+3E>=4+4G         ---->        R>=3+4G>        R>=3+4G--3E   3E   ----> R>=G + 3(1+G> R>=G + 3(1+G––E)E)

IfIf G+1 > E G+1 > E thenthen thethe last last conditioncondition is most is most strictstrict : 3+4G: 3+4G--3E3E

CompleteComplete conditioncondition for a none optimal for a none optimal pathpath is is thenthen :   :   

3G > R >= 3+4G3G > R >= 3+4G--3E = 3G + (3+G3E = 3G + (3+G--3E)3E)

Ex. G=5,E=4,R=12 : Check Ex. G=5,E=4,R=12 : Check conditioncondition : 15 >  12 >= 11   ;    : 15 >  12 >= 11   ;    

resultresult :   :   DetectedDetected = 24, Optimal = 21= 24, Optimal = 21

IfIf G+1 <= E G+1 <= E thenthen thethe firstfirst conditioncondition is is thethe most most strictstrict : G: G

CompleteComplete conditioncondition for a none optimal for a none optimal pathpath : 3G > R >= G: 3G > R >= G

Ex. G=3, E=5,R=4 : 9 > 4 >=3       Ex. G=3, E=5,R=4 : 9 > 4 >=3       DetectedDetected =16, Optimal = 11=16, Optimal = 11

XXSS

1+R+1+R+
3E3E

4+4G4+4G

3+3G3+3G
+E+E

2+2G2+2G
+2E+2E

1+G+1+G+
3E3E
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A* is optimal A* is optimal ifif thethe heuristicheuristic is normal distance.is normal distance.
AssumeAssume wewe have have twotwo pathspaths P and Q. P and Q. 

TheThe pathpath Q is Q is thethe optimal optimal pathpath ((Cost_QCost_Q < < Cost_PCost_P))

WeWe wantwant to show to show thatthat wewe pickpick thethe right right pathpath ((Score_AScore_A < < Score_CScore_C).).

Cost_to_CCost_to_C = = Terrain_PTerrain_P + + Dist_PDist_P –– 1 1 –– Terrain_XTerrain_X

Score_CScore_C = Cost_to_C+1 = = Cost_to_C+1 = Terrain_P+Dist_PTerrain_P+Dist_P––Terrain_XTerrain_X

Score_CScore_C >= >= Cost_PCost_P > > Cost_QCost_Q = = 

Dist_to_ADist_to_A + + Dist_from_ADist_from_A + + Terrain_to_ATerrain_to_A + + Terrain_from_ATerrain_from_A>=>=

Dist_to_ADist_to_A + + Terrain_to_ATerrain_to_A + + Dist_from_ADist_from_A = = 

Cost_to_ACost_to_A + + Dist_from_ADist_from_A >=>=

Cost_to_ACost_to_A + + Heuristic_dist_from_AHeuristic_dist_from_A = = Score_AScore_A QEDQED

AA

XX

CCBB
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LenardLenard--JonesJones potential potential functionfunction
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CombitionsCombitions ofof potentials potentials intointo oneone

All in All in oneone functionfunction. . AttractionAttraction and and RepulsionRepulsion controlcontrol itit all.all.

ChasingChasing, , obstacleobstacle avoidenceavoidence, , swarmingswarming
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ScriptedScripted AIAI
ScriptingScripting attributesattributes

Ex. Ex. IntelligenceIntelligence = 80= 80

ScriptingScripting behaviorbehavior ((attackattack//fleeflee, , movementmovement patternpattern))

IfIf ((Not(FeelingNot(Feeling LuckyLucky) & Punk) ) & Punk) thenthen FleeFlee

Verbal Verbal interactioninteraction

UseUse statestate ofof playerplayer to to generategenerate dialog.dialog.

UseUse dialog dialog ofof playerplayer to to respondrespond appropiateappropiate

ScriptingScripting EventsEvents

IfIf Position=SunPosition=Sun thenthen BurnBurn

WhatWhat is a is a ParserParser

Script Script languagelanguage, , spokenspoken languagelanguage
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FiniteFinite StateState MachinesMachines for AIfor AI

Ex. Monsters in Ex. Monsters in pacmanpacman
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FuzzyFuzzy logiclogic, A matter , A matter ofof degreedegree

SmoothSmooth parameters parameters insteadinstead ofof booleansbooleans..

AllowAllow smoothsmooth transition transition changeschanges..

AllowAllow easyeasy useuse ofof catagoriescatagories ((wimpywimpy, , easyeasy, moderate, tough), moderate, tough)

FuzzificationFuzzification

MembershipMembership//characteristiccharacteristic functionsfunctions mapsmaps
variables to a variables to a degreedegree ofof membershipmembership in a in a fuzzyfuzzy
set.set.

NeighbouringNeighbouring membershipmembership functionfunction shouldshould overlap overlap 
in in theirtheir support to support to allowallow smoothsmooth transitions.transitions.
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FuzzyFuzzy logiclogic axiomsaxioms

DisjunctionDisjunction : : truth(Atruth(A oror B) = B) = max(truth(Amax(truth(A), ), truth(Btruth(B))))

ConjunctionConjunction : : truth(Atruth(A and B) = and B) = min(truth(Amin(truth(A), ), truth(Btruth(B))))

Negation : Negation : truth(nottruth(not A) = 1 A) = 1 –– truth(Atruth(A))
AttackAttack= ((= ((InRangeInRange and and UninjuiredUninjuired) and not ) and not HardOpponentHardOpponent) ) oror TreasureIsGoodTreasureIsGood

= max( min(  min(0.8, 0.7),              1= max( min(  min(0.8, 0.7),              1--0.4),                      0.95)0.4),                      0.95)

= 0.95= 0.95

AttackAttack= ((= ((InRangeInRange and and UninjuiredUninjuired) and not ) and not HardOpponentHardOpponent) ) oror TreasureIsGoodTreasureIsGood

= max( min(  min(0.7, 0.8),              1= max( min(  min(0.7, 0.8),              1--0.5),                      0.05)0.5),                      0.05)

= 0.5= 0.5

NB. Alternative definitions for NB. Alternative definitions for ””notnot””, , ””andand”” & & ””oror”” existexist..
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FuzzyFuzzy rulerule evaluationevaluation
RulesRules areare evaluatedevaluated in parallel (in in parallel (in contrarycontrary to to serialserial))

AttackAttack = = InRangeInRange and and UninjuiredUninjuired oror AggresiveAggresive

DoNothingDoNothing = not = not InRangeInRange

FleeFlee = not = not OutOfRangeOutOfRange and not and not UninjuiredUninjuired and not and not AggresiveAggresive

Ex.1. Ex.1. AggresiveAggresive = 0.85= 0.85

A = max(min(0.8, 0.3),0.85) = 0.85A = max(min(0.8, 0.3),0.85) = 0.85

D = 1 D = 1 –– 0.8 = 0.20.8 = 0.2

F = min(min(1 F = min(min(1 –– 0, 1 0, 1 –– 0.3), 1 0.3), 1 –– 0.85) = 0.150.85) = 0.15

Ex.2. Ex.2. AggresiveAggresive = 0.3= 0.3

A = max(min(0.8, 0.3),0.3) = 0.3A = max(min(0.8, 0.3),0.3) = 0.3

D = 1 D = 1 –– 0.8 = 0.20.8 = 0.2

F = min(min(1 F = min(min(1 –– 0, 1 0, 1 –– 0.3), 1 0.3), 1 –– 0.3) = 0.70.3) = 0.7
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RuledRuled--basedbased AI, Ex. AI, Ex. TechTech TreeTree
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RuleRule--basedbased AI, AI, ExamplesExamples
Ex. 1 Ex. 1 TechnologyTechnology treetree ::

RuleRule 1: 1: IfIf ((WoodcutterWoodcutter == True && == True && StonemasonStonemason == True && == True && Temple==UnknownTemple==Unknown))

thenthen Temple=PossibleTemple=Possible..

Facts : Facts : WoodcutterWoodcutter == True, == True, StonemasonStonemason == True, == True, Temple==UnknownTemple==Unknown

InferenceInference : : TempleTemple = = PossiblePossible

Ex. 2 Ex. 2 TechnologyTechnology treetree ::

RuleRule 1: 1: IfIf ((WoodcutterWoodcutter == True && == True && StonemasonStonemason == True && == True && Temple==UnknownTemple==Unknown))

thenthen Temple=PossibleTemple=Possible..

Facts : Facts : TempleTemple = True= True

In case In case ofof onlyonly oneone possiblepossible rulerule

InferenceInference : : WoodcutterWoodcutter = True , = True , StonemasonStonemason = True= True
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RuledRuled--BasedBased AI, AI, ExamplesExamples
SeveralSeveral applicableapplicable rulesrules..

Ex. 2 Ex. 2 TechnologyTechnology treetree ::

RuleRule 1: 1: IfIf ((WoodcutterWoodcutter == True && == True && StonemasonStonemason == True && == True && Temple==UnknownTemple==Unknown) ) 

thenthen Temple=PossibleTemple=Possible..

RuleRule 2: 2: If(MagicIf(Magic == True) == True) thenthen TempleTemple ==PossiblePossible..

Facts : Facts : TempleTemple = True= True

InferenceInference : : WoodcutterWoodcutter = = PossiblePossible , , StonemasonStonemason = = PossiblePossible, , Magic=PossibleMagic=Possible

AlternativelyAlternatively maintainmaintain severalseveral versions:versions:

WoodcutterWoodcutter = True, = True, StonemasonStonemason = True   = True   oror Magic=TrueMagic=True
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RuleRule--BasedBased AI  (Expert systems)AI  (Expert systems)
WorkingWorking MemoryMemory & & RulesRules MemoryMemory

areare usedused to to increaseincrease contentcontent in in workingworking memorymemory by by inferenceinference

InferenceInference is done in is done in threethree phasephase loop.loop.

1.1. MatchingMatching.  .  WhichWhich rulesrules cancan bebe consideredconsidered basedbased onon thethe facts in facts in 
workingworking memorymemory..

2.2. ConflictConflict resolution resolution phasephase..
PickPick oneone rulerule to to applyapply. (. (FirstFirst, , randomrandom, , weightedweighted))

3.3. Firing. Firing. ExecuteExecute thethe ””thenthen”” partpart

InferenceInference cancan bebe done in done in twotwo waysways: Forward and : Forward and BackwardBackward ChainingChaining
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RuleRule--BasedBased AI, Strike AI, Strike predictionprediction
In In thethe exampleexample wewe accumulateaccumulate knowledgeknowledge ofof thethe playplay patternpattern ofof thethe

human opponent to human opponent to improveimprove thethe computer opponent.computer opponent.

PredictPredict nextnext strike from strike from thethe twotwo previousprevious onesones..

RulesRules::

1.1. Weight1Weight1
IfIf PrevPrevStrikePrevPrevStrike == == KickKick & & PrevStrikPrevStrik == Punch == Punch thenthen PredictedStrikePredictedStrike = = KickKick

2.2. Weight2Weight2
IfIf PrevPrevStrikePrevPrevStrike == == KickKick & & PrevStrikPrevStrik == Punch == Punch thenthen PredictedStrikePredictedStrike = Punch= Punch

3.3. ……

A.A. Find Find matchingmatching rulesrules and and selectselect thethe rulerule withwith thethe largestlargest weightweight..

B.B. IncreaseIncrease weightweight ofof thethe winningwinning rulerule..

C.C. IfIf ActualStrikeActualStrike != != PredictedStrikePredictedStrike thenthen reducedreduced weightweight ofof predictingpredicting rulerule
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ProbalityProbality and and randomnessrandomness

RandomnessRandomness makesmakes thethe game game harderharder to to predictpredict but but 
expectedexpected events events shouldshould bebe more more likelylikely. . HenceHence thingsthings
shouldshould happenhappen withwith differentdifferent probalityprobality..

Ex. Ex. MovesMoves, Hit , Hit spreadspread, , Abilities,StateAbilities,State transitionstransitions

Ex.AdaptabilityEx.Adaptability

RandomnessRandomness usingusing computers is computers is generatedgenerated in in thethe form form ofof
pseudopseudo--randomrandom numbernumber generators.generators.

PseudoPseudo--randomrandom numbersnumbers have have thethe characteristiccharacteristic thatthat theythey
areare predictablepredictable,, meaningmeaning theythey cancan bebe predictedpredicted ifif youyou knowknow
wherewhere in in thethe sequencesequence thethe firstfirst numbernumber is is takentaken from. from. 
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ProbalityProbality

ClassicalClassical probalityprobality..

An event E An event E cancan occuroccur in n in n waysways out out ofof N N possiblepossible outcomesoutcomes withwith a  a  
probilityprobility p = P(E) = n/N .p = P(E) = n/N .

ProbalitiesProbalities has has valuevalue betweenbetween 0 and 1.0 and 1.

TheThe sum sum ofof probalitiesprobalities over all over all possiblepossible events is 1.events is 1.

FrequencyFrequency interpretationinterpretation

ExperimentsExperiments areare conductedconducted N times and N times and somesome event E event E occursoccurs n times. n times. 
TheThe probabilityprobability ofof E E occuringoccuring is P(E) = n/N as N is P(E) = n/N as N goesgoes to to infinityinfinity..

Ex. A Ex. A coincoin is is tossedtossed 1000 times 1000 times withwith headsheads comingcoming upup 510 times510 times

P(headsP(heads) = 510/1000) = 510/1000
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ExpectationExpectation ValueValue
TheThe expectedexpected valuevalue ofof somesome discretediscrete randomrandom variable X, variable X, thatthat cancan taketake

valuesvalues X0, X1, X0, X1, …… XnXn withwith probabilitiesprobabilities p0, p1, p0, p1, ……, , pnpn..

E(X) = X0 p0 + X1 p1 + E(X) = X0 p0 + X1 p1 + …… + + XnXn pnpn

Ex. Ex. ExpectedExpected numbernumber ofof playersplayers at at thethe inninn..

NrNr ProbabilityProbability ExpectedExpected valuevalue is is 

66 0.180.18 4,274,27

55 0.320.32

44 0.270.27

33 0.090.09

22 0.090.09

11 0.050.05
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ProbabilityProbability RulesRules
1.1. A A probabilityprobability is is betweenbetween 0 and 10 and 1

2.2. TheThe entireentire set S set S ofof events events occursoccurs withwith probabilityprobability 11

3.3. IfIf E E occuroccur withwith P(E) P(E) thenthen thethe probabilityprobability ofof not E is 1not E is 1--P(E)P(E)

4.4. MutuallyMutually exclusiveexclusive events events cancan onlyonly occuroccur oneone at a time at a time ((deaddead oror alivealive))
P(A U B) = P(A) + P(B)P(A U B) = P(A) + P(B)

5.5. Non Non mutuallymutually exclusiveexclusive maymay oror maymay not not occuroccur simultaneouslysimultaneously..
P(A U B) = P(A) + P(B) P(A U B) = P(A) + P(B) –– P( A   B)P( A   B)

6.6. Events Events areare independentindependent ifif oneone event do not event do not dependdepend onon thethe
occurenceoccurence ofof thethe otherother..
P(A    B) = P(A) P(B)P(A    B) = P(A) P(B)

7.7. ConditionalConditional probabilityprobability . . InterdependencyInterdependency ofof eventsevents
P(A    B) = P(A) P(B|A)P(A    B) = P(A) P(B|A)
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BayesBayes’’ rulerule
WeWe knowknow A A happenedhappened whatwhat is is thethe probabilityprobability thatthat B B willwill happenhappen??

P(B|A) = P(A   B)/P(A) = P(B) P(A|B)/P(A)P(B|A) = P(A   B)/P(A) = P(B) P(A|B)/P(A)

BecauseBecause thethe conditionalconditional probabilityprobability isis

P(A    B) = P(A) P(B|A) = P(B) P(A|B)P(A    B) = P(A) P(B|A) = P(B) P(A|B)

TheThe probabilityprobability ofof an event an event happenshappens equalsequals thethe sum sum ofof all all possiblepossible conditionalconditional
probabilitiesprobabilities times times theirtheir correspondingcorresponding prior.prior.

P(A) = P(A|B) P(B) + P(A|~B) P(~B)P(A) = P(A|B) P(B) + P(A|~B) P(~B)

Ex. Ex. P(SnowP(Snow) = ) = P(Snow|zeroP(Snow|zero oror belowbelow) ) P(zeroP(zero oror belowbelow) + ) + P(Snow|aboveP(Snow|above zerozero) ) 
P(aboveP(above zerozero))

P(SnowP(Snow) = 0.6 0.1 + 0.01 (1) = 0.6 0.1 + 0.01 (1--0.1) = 0.54 + 0.09 = 0.63 0.1) = 0.54 + 0.09 = 0.63 
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TreasureTreasure huntinghunting
A A chestchest cancan::

bebe lockedlocked oror notnot
bebe trappedtrapped oror notnot
have have moneymoney oror notnot

WeWe cancan seesee ifif itit is is lockedlocked but not but not ifif itit is is trappedtrapped..

ExperienceExperience : : 

Out Out ofof 100 100 openedopened chestschests 50 50 containedcontained moneymoney. . (P(M) = 0.5)(P(M) = 0.5)

Out Out ofof thesethese 50, 40 50, 40 werewere trappedtrapped. . (P(T|M) = 0.8)(P(T|M) = 0.8)

Out Out ofof thesethese 40, 28 40, 28 werewere lockedlocked.(P(L|T.(P(L|T) = 0.7)) = 0.7)

OfOf thethe 10 10 untrappeduntrapped chestchest, 3 , 3 werewere lockedlocked. . (P(L|~T) = 0.3)(P(L|~T) = 0.3)

OfOf thethe 50 50 chestschests withoutwithout moneymoney, 20 , 20 werewere trappedtrapped..
(P(T|~M) = 0.4)(P(T|~M) = 0.4)
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TheThe treasuretreasure hunthunt continuescontinues..
P(M) = 0.5P(M) = 0.5 P(~M) = 0.5P(~M) = 0.5 P(T|M) = 0.8P(T|M) = 0.8 P(~T|M) = 0.2P(~T|M) = 0.2

P(T|~M)=0.4P(T|~M)=0.4 P(~T|~M)=0.6P(~T|~M)=0.6 P(L|T) = 0.7P(L|T) = 0.7 P(~L|T) = 0.3P(~L|T) = 0.3

P(L|~T) = 0.3P(L|~T) = 0.3 P(~L|~T) = 0.7 P(~L|~T) = 0.7 

WhatWhat is is thethe probabilityprobability ofof a a trappedtrapped chestchest??

P(T) = P(T|M) P(M) + P(T|~M) P(~M) = 0.8 0.5 + 0.4 0.5 = 0.6P(T) = P(T|M) P(M) + P(T|~M) P(~M) = 0.8 0.5 + 0.4 0.5 = 0.6

Is Is itit trappedtrapped ifif itit is is lockedlocked??

P(L) = P(L|T) P(T) + P(L|~T) P(~T) = 0.7 0.6 + 0.3 0.4 = 0.54P(L) = P(L|T) P(T) + P(L|~T) P(~T) = 0.7 0.6 + 0.3 0.4 = 0.54

P(T|L) = P(L|T) P(T)/P(L) = 0.7 0.6/P(L) = 0.42/0.54 = 0.78P(T|L) = P(L|T) P(T)/P(L) = 0.7 0.6/P(L) = 0.42/0.54 = 0.78

Is Is itit trappedtrapped ifif itit is not is not lockedlocked??

P(T|~L) = P(~L|T) P(T)/P(~L) = 0.3 0.6/0.46 =  0.39P(T|~L) = P(~L|T) P(T)/P(~L) = 0.3 0.6/0.46 =  0.39

WhatWhat is is thethe probabilityprobability ofof Money in a Money in a lockedlocked chestchest??

P(L|M) = P(L|T) P(T|M) + P(L|~T) P(~T|M) = 0.7 0.8 + 0.3 0.2 = 0P(L|M) = P(L|T) P(T|M) + P(L|~T) P(~T|M) = 0.7 0.8 + 0.3 0.2 = 0.62.62

P(M|L) = P(L|M) P(M)/P(L) = 0.62 0.5/0.54 = 0.57P(M|L) = P(L|M) P(M)/P(L) = 0.62 0.5/0.54 = 0.57

WhatWhat is is thethe probalityprobality ofof Money in a Money in a unlockedunlocked chestchest??

P(~L|M) = P(~L|T) P(T|M) + P(~L|~T) P(~T|M) = 0.3 0.8 + 0.7 0.2 P(~L|M) = P(~L|T) P(T|M) + P(~L|~T) P(~T|M) = 0.3 0.8 + 0.7 0.2 = 0.38= 0.38

P(M|~L) = P(~L|M) P(M)/P(~L) =  0.38 0.5/0.46 = 0.41P(M|~L) = P(~L|M) P(M)/P(~L) =  0.38 0.5/0.46 = 0.41


