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HAL (Heuristic ALgorithmic) in Standley Kubrick’s film “2001: A Space Odyssey” (1968)
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David

Monica "turns on" David's "love" function in
which he virtually morphs from a robot to a boy

The mecha David in Steven Spielberg’s film “A.IL: Artificial Intelligence” (2001)
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O 213 A5 (Artificial Intelligence)
w Abgho]l FH IS W A5 S DR k= A& 7 Al A A7) 2z}
She ok 7% %, AZel AR TEE A
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AL AFA]5 (Game Al)

o Al AFA S (Game Al)
n Al Wl A S0l FE &S 3Pt A wx] S o7}
e A AYE S grke A R e
o AlY AFA T A}
= 1970 ) - o} FEg FSM 1 & v AF-8- (Pong, Pac-Man, Space
Invaders)
= 1980 o] ~ 1990t ZHF - Al AlR = 13 7]} =9 o
_g_/\oﬂ S S =

= 199041 Fuk o] 5 - Sh= 9o so] @abulof Aol Al %S
489 5 gl #7ol 24

Ad AEFAT 7=

Finite State Machine (- ¢t €l 7] A1)
Trigger System (E 2] 7 A| 2~ &)

Production System (#/d A] 2~ &)

Search (&

Planning System (7] £ A| =)

Multi-agent System (& E]-ol| o] -l EA] 2~ H])
Robot (=)

Artificial Life (134 )
Evolutionary Algorithm (%1 3}% 312
Flocking (-8 31 71)

Neural Network (4174 &)

Fuzzy Logic (¥ A] =)

Path Finding (74 Z & 4): A* Algorithm (A* %312]5F)
Scripting (== HE)
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Mainstream Al techniques that have been
applied to Games

O Finite State Machines (g €l 7] A])
o FoJAE BE ARA A8 S g e w3 EE A
Foj A= Aol el o' Aejol A vhE el = A skA 7] A
=golu o] dojubA sk AR = o AR S vEhd 2l
w 5, A =B A (states), 49 (inputs), 1©] (transitions) = F 3
w 710 = Aol AA = AR E AL Y&
= FSM ¢
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| Sigk o] th=Al e, XV‘WPJ —?7%5}71
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Quake % 9] bot= & ~‘%7l 27 (FmdArmor), A7k
(FindHealth), 9 %% 7 (SeekCover) %7}7] (RunAway) 5}

7o A s 7}11 w3 B 5E 2A0] &% °](Move), A2 A=
(TouchObject), 55 (D1e) o AEHE 1AL
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Mainstream Al techniques that have been
applied to Games

Mainstream Al techniques that have been
applied to Games

O Trigger System (E 2] A A]2~Hl)
» E |7 (trigger)+ %71 (condition) S 7 ©] 3= 7 A
w EYA A 2HLE 208 Hrbebal B3-S 8 (action) st H4 =
7H T A FshE A =E"
n 2719 4
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(distance) ] 4 %1, A o] X7) ] 8}, A o] &2 %
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= H7}
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o 2 5o}, H o] 101 E oo AND & & HP7} 50%°] 8} &2
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0 Production Systems (2§ /d Al 2~ &)
w 7] 0 & if-then-else 71 25 AHE-3IA Y18 &
A2 JEgE AN, Ao e 73S Fdal e Ao=
Al=Elo] 25 APT F AESF
w o=l A Aol A A (inputs) 2 A Bl (states) 2] FFo] o |
Gl tigk FolRvtE 2 W 83

= | 221} Pathfinding (7 25 4) ofl A AF-&-3
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E.g. Search : Tic-Tac-Toe Search Tree
(with symmetric moves removed)

Mainstream Al techniques that have been
applied to Games

Possible
player’s moves

stol7t wAd e BE
Hzbo} 2] 843} 1A 7 WA
73 €7} “lookahead (4] &
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=A%) E AL 5 A
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O Planning Systems (#]1 & A 2~ )
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Mainstream Al techniques that have been
applied to Games

Mainstream Al techniques that have been
applied to Games

O Artificial Life/ A-Life (13- )
n ople A 2" S Al Gl o] A E R AFR-sh= HE - o] A E A 2H]
= SimCity 2} SimAnt Al 9 o] 4] AF-&-3

O Evolutionary Algorithm (%13} ¢312] )

w stel A Aol 2AE £ o2 HAs B AN dadsES
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Evolutionary Computing 5 ©] ©] ol 4%

w 3} e Fe A 53 e Al R o] e ¥ A gk 7 A
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Mainstream Al techniques that have been
applied to Games

Pathfinding

O Neural Network (417 L)
w Q7re] T AA A G :
S 2 HE ol OlL “?—:!Oﬂ ke 4 NS Yoo rH
dast =S AT
0 Fuzzy Logic (1 A +=2])
w /AR, 2/ L2, G ok 9, B /AL )5 o2
A o] opel “o] = A el e ofu) g v iko 2 g
w A 33} (Fuzzy Set)
SEA Al @A) Fol 3 A 2 A e ok
Q91T 91 7] 5 o] ol H & Fol 2L A AL A Qpoll rh
4ok @549 ol o, 3 ol oFF ofl Wk wx T &
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0 Pathfinding (74 =3t 71)
= Al NPCs+= 32 Z]%‘Oﬂ*ﬂ A A A 0 ZHE B A H7HA| o] w A

o] & (navigate) af o & #| A A|7ko. & Zrojufjof g
= Folo] 7 Al IR
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Pathfinding: A* Algorithm

Pathfinding: A* Algorithm

o 7 AHE Aol FRE et A o2 T wE
53 A4 <l (directed) &alE]l &+
o Y (Map), 2] 2= (Graph)

= A* 7} A A Atelo] B R E Zhaat & u ALgahe F 1t
0 == (Node)

= YA XS xde e AR T2
o 712 (Distance), 72 2~ ¥ (Heuristic)

n S E = =T o] A3 (Fitness)E ¥ 7Fsh=dl AHS-
o H]-& (Cost)

w old AEE g AT g A A o B v - o & 50,
A7 AT A 5
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0 G (Goal)
B AFrER BEH o =K Q=Y EEH
0 H (Heuristic)
o o] oA BEAA b B R e
O F (Fitness)
w O] mES AATNE o] AR v gl thetk e =5
= F=G+H
o ¥% 53 (Open List ©=+ TODO List)
w opA HASHA] F 2 s %
0 2% &5 (Closed List 5=+ Done List)
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Pathfinding: A* Algorithm

E.g. Given a terrain map as follows:

AN AHE w= AR B}
A9 F, G, H #ES A
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Main idea: A 2+ A A Ao A HF-E &4
BeAna 2 - diden oo
R s Rl ] Sl SR = A R e

)= S B S

A A = AS DY 22 (TODO List)dl
71t} - TODO Lists AASoF & =8
=5

Al2F A A el 3 gk (wall, water, illegal

terrame A 93 7Hs e mEEE 3ol I

ol F7reknt. 7Hd Ak ol ‘ilt & A4
‘uf o] T4 = F-E =T (parent
square)= 7}2] 7] i QU th.

AlZ 2 AS D B0l A Al 9] sal &3l

55 (Done List)oll 57}gtt} - DONE List&
o AhH B BE

Figest=t=
7 Fa1A}
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Aol AR 2= =57 k=t =12 H] G (Cost)= Al

F=G+H

F (Fitness) ©] ==&

==
T

713 7b= o] A= o] vl ol gk A9

G (Goal) AZF-E] A ==7bA] =1 = H]&

H (Heuristic) ©] r= =0l A &

(Estimated)’ H| &

EA3 B)7H Tbed =E 3

o] o 9] 7 -$- Hueristic2 “Manhattan Distance” - <, =A] 2]

AelE Ao B A S A e el

X
AC)

22

EOY 10 SO 14

BOY| 10 S500 14

24




25

AR GE AXA o] wEZ}A 9 =1
A & GE A4 (G=10+10=20)
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NE list items
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1.  Add the starting square to the TODO list.
2. Repeat the following:
a.  Look for the lowest F cost square on the TODO list. We refer to this as the current
square.
. Switch it to the DONE list.
c.  For each of the 8 squares adjacent to this current square ...

. If it is not walkable or if it is on the DONE list, ignore it.Otherwise do the
following.

. If it isn"t on the TODO list, add it to the TODO list. Make the current square
the parent of this square. Record the F, G, and H costs of the square.

. If it is on the TODO list already, check to see if this path to that square is
better,using G cost as the measure. A lower G cost means that this is a better
path. If so, change the parent of the square to the current square, and
recalculate the G and F scores of the square. If you are keeping your TODO

list sorted by F score,you may need to resort the list to account for the change.
- ~ 9 d.  Stop when you:
L L . poe *  Add the target square to the TODO list, in which case the path has been
found, or
*  Fail to find the target square, and the TODO list is empty. In this case, there is
no path.

3. Save the path. Working backwards from the target square, go from each square to its
3* parent square until you reach the starting square. That is your path. ~ *?




Note: Maps need not necessarily be

Gridded. A* Mods
o Ma S%gaﬂg: S0, o 99 555 FEs)A A skt
At 3k e of A] cost

m koF Zrolof gk 7} (search space)©] ARl thar AZtE ThA, 71
W& 719]) waypoints

AP 2] 918 A 552 AA A o2 A48 A E =
O Naviaational Maps< / (traverse) A& &0]7] &l A H (sort)E 3k AU+= Ao] T
£ U S (convex 2 o A AR S PAE A 2ES AHEEE Aol B8
Z
] 581%7}‘(;7?%3);_] Al 2 o 7HoF 21l §-U E (mobile units) 7} o] &2 QlthH?
ol g Z o] it s 2t fFUES FH Qo) thE SEE AHESta AE SR
2w e J o] Aa = AAE A
3¢ 3 ARA7A o] A 2E A A
o 7k ARl A &l gk H] - (Variable Terrain Costs)
= GE FolU AF BE AE ol HE A9S Ayt v4S
a3 A Axksl oF g ALE AR S H = A el g g 1ol
Influence Map< X #A| %L 7}A 3L 9lof A, G Altel == v &5
ST A A A o' A4 8] 9] B (traverse) & ¥ 8t =5 3L
o AN AE =D
33 m Hierarchies of maps - Tiered A* Pathfinding 34
® Pre-computed paths
Tiered A* Pathfinding Pre-Computed Paths
Dungeonl Dungeon?2 Dungeon3
Dungeonl X D1->D2 7}=t| | D1>D3 7}
A Ae | g AL
vge gz | wge A=
Dungeon2 | Rij9] H=Z+= X D2->D3 7}+=4
o) 2ol A1} 1 A&
old = Q& H|-&9 A=
Dungeon3 X
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Complementary Navigational Strategies

o A 7bel whal A § = lﬂ A9 24 (Digital scent)
B AFS A7 2O A Y-S w, 259 AHE XY AE AR
dow, e gze] m 2 ARkl whep ARk A 9
= NPCs= Whef 15 o] whe}7hara) 8
IWEEAE ST UE
w RECFALEAL7E
=tolo] S 3]
o NPCs7} 5—?4

j9 AC)
oi'i
e

=
2 o o] dEQ] - o o] I E = (wall, floors &2}
7“’)1}7] T 3?}78"% #A1317] 38 Al 13 ZFA 2
EE FoE9AY Eﬂ 2] 7] ¢ 3} “attractors”

ﬂ'repulsors %1% —/FE Vi - AE 5ol &l 98l F= S

W] 517] 2130 "} g5 9l
ule A4E AR E (Pre-
m ool dE}idle LEY W= w

A g+

efined patrol routes)
2 (NAE AR ZFTES uatd 4
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Possible Agent Navigation Al

o IDLE JE<d uf, v]2] A& N A2 FE F s 53
o vk U7k AR F-E AAE A vlell JThHALS] 3 A4 (proximity
sensors)E
O With proximity sensors:
= whoF U E= @% Ao, attack(% )7 EE R Wk AL g e 5
= WP UTE S A, “evade (V] 0}7]? G = 1k 3L, of o] A E = | 9]
S7)e] & & pge) 4402 49
w wkeF |qrh A 9 vhell vk (LA 2A o] = ol 94 %), AHE-AE
A3 2 wepgt
w TeF oo WETF A S €
I %8 Atate] £9l5
= 12X "LﬂrUq AR FES

o(x_4

2~

=g

0121;3'7;1 o g3z} o, U o] 9 X ZEE A*
UhA] =8 - 28] A=, o DAl Y7} A
of %1 9] XJ%L—EEEEEO} 2= g}bxw;aﬂ/q ofo] AE L Bolo] 23 =
°Xl%r11’5‘}i’ AoJA whd o] H 9o o B FER FEobdt 5= A &

o o] BE Aol 374 AA7F & A-5akaL Qloj A, ol o] X4E7]' HrE

‘4o > = Ao 7FAY Al e &2 w2 AL T/]r—E— o] HERZRH 7=

=
! _
A gE g

mirumﬂ

FL

o $YdFERE (cheatmode)Oﬂ 1 | 915 Z o] A of E Apeol] o] A E & 0]
AA AQ) A AFeteAE B E A

Teaching the Computer to Aim

O Dead reckoning (55 3H)

= A9 ’\]ﬂoﬂfﬂ Entity (eI, ]1:11%1 loh)el & 4
(position) (Veloct L2 = (accelerat10n)§ 7 |Rto =2
U AAE Cﬂ]é
o o] = P AHEste], AVF 3| EE &5 (odds of a
hit)& FolAl ot = & & ASAE ZAT + A=
O 3D dog fight games?- FPS (First Person Shooter)®l /\1
w3 5.3

o e, EE xS AR Rahel 2 uiH A A AFE )
sl A o= w AN A Y=
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Calculating Dead Reckoning

o =g oA Z & & (motion) & 2:
[ V:V0+at
"OX(t) =X, +vt

t
X(t) = I(VO +at)dt = XO +V0t+%a t2
0

0 5539 (dead reckoning) S Al4ts}7] 9] g WH:
m The precise method
= The approximate method
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Precise Method (Assume a 2D case)

® 0 Ubm (5, T %9 £9) W H 9 Z o] (magnitude)?
o sy 0 F9e] £ (velocity)i ME o] B x, y ¥-H-S 7pxn],
(Spx.Spy) Given: o]z o] F&o] Wrh= Wk (direction)S A7 3H| ¥ =
Upm - 210101 9] 42 (speed) A
SF}’)X SP};—I = Eﬂ o]of 2] 9(4 A (g;)Sltion) 0 Ubm = sqrt(Vbx?+Vby?)
Ubm - AL %= (spee o W3} (SixSiy)oll A T AZE (the i
Zolo] o ,Siy) HHLp= Al ZE (the time of the
Sbx,Sby - Al & %2] $14] (position) intersection) t= 7 Abaljof 3
Ubm Find: o Zdlolol= TF Ak B ol 7| Wil dAl ==
HAY Gho & o] Wo] AbgH AL e 347l ek LA Al
o =0 o o 3 . .
(Sbx,Sby) ;lb7m Hﬂ—e';j—;aﬁ g w71 approximation " o] A}-g-4
Note: ’] Ao} F AL TSRS THE 7 Jlo, 1hdetAl sk 9 A
Ha s ool e 7Hg 3
Normally you need the enemy to turn to face the
Approximate Method player before it is allowed to shoot.
Given:

Upm - &#l0]o] 2] £ (speed) e ol
Spx,Spy - =#l¢]°12] YA (position) L =del 01 9]' Al F% /K]’O] )

Ubm - Al &¢9] 3 (speed) % 1 = (dlstance) 74] Abg)
Sbx,Sby - Al &2] 914 (position) 2, S(t)=ut+(at2)/2 & 2]S A-&-3}o]
Upm 3 A ZF (t)i zro. _ o] %I FolA
o— Forel & ejo] 4] 5olo]
(Spx,Spy) r::fﬂl o] 01 of| Al &= ‘40}7}% A&
a3 AL
1,2 3. Upx, Upy, Spx, Spy, t&F %1 <]

A= AREEA, t AT

. Eefoloj 7} oftlo] 17 % A%
Alakg
me\ 4 AAREFASE
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o 2%+ Hemi-plane H| =E & A}-§-3}¢
Zgojoj7} ol Hol| SEA &
HAE3)

o 9] ¥4 (parametric equation of
line): t1<t2 O

= P.x= position of E.x + cos(E.yaw) * t
= P.z= position of E.z + sin(E.yaw) * t
o 1} 2 A4
= tl= (P.x - position of E.x) / cos(E.yaw)

= t2=(P.z- position of E.z) / sin(E yaw)
o ek tl=t2, FEololi Ao &
2]

o 9eFtl > 12, Z 9 0] o] = lined] 3+ Hojl
o
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But if you really want the exact ANGLE
you can calculate it as follows

Magnitude Vector P

/ Dot product
E-P =|E[|P|coso <::::iiijii_*
E.-P 0
o= egp) Vector £

6 =acos(E - P),where E,P are unit vectors

Scripting

o Ae] Az 248 Agle) A = ol A A Bk
Moz AN E 2298 Aol AuEo] A4 whs
o 7} @A 7, 852 Pythono| Y Lua 22 7]& Qo &
A8 497} BolA T 218
0 2AHE o)== 27131 gl A #=ok AlS) vlolHE
7] 98 M e WO ALE
0 2=IHE o] 4
= Lua: C++ 19} f 2ol 7hsaln] o] ghghslal £ 7h whey
< 7P 171 A HE o]

= Python: C++ =9} 4 2fo] 7hgslm -1 o] Zhdkslal @ol
ghol B 2] 7k A H AL = 2 HE /19

= XML: 2 7Fs & vk g 1o

= 7]E}: Unreal Script, GameMonkey, AngelScript
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Scripting

o 2398 34
B FEZUA AdeA] Gus Ay 24S WA AY HAE g
F A
n 2w 2FYE GH|EkA] oA tiRtol el Al AlY WA
THE FoqTd F99S
n ZE oo Al AFHE VTS AlTToEN A AYS T4
A &
o 2398 By
= T o] of &
p HZ 2 agHSoe] 22 ey S Fofkd)
w 2AHY dojo] FdolY RS, 18lal HE T S5
Fhekel] A HS Sofof §F
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