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HAL (Heuristic ALgorithmic), Standley Kubrick @3} “2001: A Space Odyssey” (1968)
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Johnny Mnemonic Major Motoko Kusanagi

Johnny, a mnemonic agent with a gybernepc implanted memory chip in h|s brain; Peaple love muchines in 2029A.D.
Anna Kalmann, a mysterious Artificial Intelligence from PharmaCom'’s mainframe Wito are you? Wio slips

it my rogot body and whispers fo wy ghosi?

computer in “Johnny Mnemonic” (1995) - Zotomt -:rl'—f*f7| EE:‘ 28, AIO|E
. "Ghost in the shell (—'—7F7|4%EH)” (1995)
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David

The Sims

b & _; =,
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 "Al: Artificial Intelligence” (2001)

Interactive Drama - Facade

GLaDOS

Facade

a one-act interactive drama

"Facade takes character to a new depth.. Trying to push the
boundaries of both gaming and AI" — Newsweek, Oct, 17, 2005
http://www.interactivestory.net/

Emotional Rescue: Are interactive soap operas the future of ,
gaming? http://www.cbc.ca/arts/media/facade.html

GLaDOS (Genetic Lifeform and Disk Operating System), Al in Valve Software’s
Half-Life and the main anatagonist in the video game Portal (2007)

8




=0{7HEHA..

0 AREE M ZHSMA O CHol oA &2 UAS - F, 0| A2
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00| MEE FO|&=0H| 27 kl= EtA E+E tHEd| S7HAIZ2EN O
AsHol2tn LS E £ 4= QUL A2 AHE XPEﬂﬁEOﬂM gzdst

m J2{Lh, AX ol 02 EE Zioltﬂ ‘Eé% Al A|A”IO| EF MEoA =
0L "HtE"ZOotX| = 4 =0, Jedi Academy A 0f| A
NPCs7t E& =1 nr_ 4L

m O|ZH 17| BiA, Al A|ARI2 (ALEXI7F LOHX| 28 HEE) 27t
LUF=E A8 E &

FEI = FSMO|Lt &1 7|8E A|AEl (rule-based system)0|

Hetel pAES MED, 7|E0 7|tist= ol E7tE &

~ £3], RPGO|A| A8 QB0 33 A=ofet i3

SAtet @350t LutE Ol CHatE SH7| 2k o2&

e
ORI

XS (Artificial Intelligence)
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21 & X|s (Artificial Intelligence)
= APRIO| =¥ S U XSS ERE St L2 7|A0A AlZ| 2}
e Bt2/718 & dAste 7|4 E e o
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ECRSESIPNES;
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= AFH YH 0|2 500{ A7t RES| A &ZE[= M7|&9 E3at
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A 213 X|S (Game Al)

o Al 213 X|s (Game Al)
m Al LoAM E20]0{2] MIHH HAES +WSIHAM OFX|
E40]0{7} CIE AtEat AY S st QAChs BHAE FESH=
Il=
| O

——

o Al ASX|s2 HA

m 1970 CH - O ZHEHSE FSM & BF A (Pong, Pac-Man, Space
Invaders)

m 1980LCH ~ 1990EH xdb - A AIECH= Oz 7|s 0t

= 19904 =4t 0|T

xge + ot B2
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AY AEXS 7=

O0OO0O0O0OODODO0ODODO0OOoaoQaoQoaQg

Finite State Machine (S3HAEHZ|A))
Trigger System (E2|7{A|AH)

Production System (44 A A| A El)

Search (ErAH)

Planning System (A 2l A|A &)

Multi-agent System (HE|-0j O] EA|AHI)
Robot (Z&)

Artificial Life (Pl 344 &)

Evolutionary Algorithm (X3t 02|F)
Flocking (R2[%7])

Neural Network (2123

Fuzzy Logic (HX| =2|)

Path Finding (Q 2 EFAH). A* Algorithm (A* 21 E|Z5)
Scripting (A3 & &)
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Mainstream Al techniques that have
been applied to Games

O Finite State Machines (- 3HAMEL 7|
= FOX|= B AlZHOIM Mo A= =
7HR| 3 F=OfK| = YEOf w2 o

AN
O tH

HIAIZ|AHLE =2HO|Lt °—.”ﬁt3l %01?—f7ﬂ St X E= O
ZXE LIEtH 2™
n 5, A|AHIS AEY (states), 1= (inputs), 10| (transitions)£ H
= Aol BE A HME AMEEL AS

=

Mainstream Al techniques that have
been applied to Games

o Finite State Machines (SSHAERZ| A|) AHE|

= Pac-Man
B E ghost0] &Y%, StLte| "= m|kr|" Ef7E /11, Z ghostE2
242}0] Chgt MOl CH2A R#E, RAIBHO| "7 HEf7t g,
Egjo[oj7 Lt 2ol YkE F SILIE HA T "FHSH|"0|M
"SR MBS @B 0|, A|ZH0| ZEO{E& EHO|O
elete g msl7| o) M AR R Metste A

= Quake &H
BotE2 "R7|&t7| (FindArmor)”, "HAZ2X7| (FindHealth)”,
"A5 &7 (SeekCover)’, "= T+7| (RunAway)” S1} 242 MENE
7.
£t 27152 232U0| "B X Y (Move)', "M E HEE
(TouchObject)", "&& (Die)" 52| &EHE 7I7l.
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Mainstream Al techniques that have
been applied to Games

O Rule-based System (71! 7|8 A|AHI)
O A S-S FOLENT|AH(FSM)Q| EfQL #Heto|2}
ZHEOIM 7| &5k7|7F 2l X| YLt Ol S0 7te 4ol H
b Zo| WHCHAZ} QD H{ZF DO, 1S HE A
Hi7b ICHD, K| 0] w{TH 7} SIS Qirte,
ol&dAe|0 SofrCtHct.
HiZt nzX| QfCHH, O3 S8CHH, &2 2 Ao
Hie n=X| 0, Fe|X| = QUCHH, Ao HAM Zojtte AOo|Ct
= FE7|HE A|A”ILS "EA-S>HMN" HAO2 FHSIC
w Tt 7RO O E FAT|E A|ARC 2 MESHH:
If (B 0ZC}) && (Z47h2 220l W CHY2F QUCH -> H=CF
If (Hf 2 =Cf) && (ZH7h2 2of d{Ch 7t Qict) -> SOtCtHH Tt
If (Hf D X| Q4CH && (ZECH -> RHC}
If (Bl 2= X| QiCh && (ZEEA| %L -> ASBHM Z=Ct

A— =

or

7k
[CF.

o
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Mainstream Al techniques that have
been applied to Games

o Trigger System (E2|7{ A|AH])
= E2|H(trigger)= ZZ(condition)& Fo|st= K|
m EQ|A AAHIE ZHS M5t 832 =W (action)dt=

232 11 3Y BEE AlxY

Z10]0{7} X|”(x, y, 2)2| BtA (radius) O[LHO| ZXY, K 0| LT 72|
(distance) 0|4 278, HHO| X7} 0|3}, 0] St

boolean =2|2 HZAE £ A4S
= 0E £0{, Z0| 100/ O[Lf && Ho| HP7} 50%0|35}0|H Z2
O|HIE D|A|X|2 X2|stHL 7|8 HHo=z HI}
= B2 HYY| o= ETAIX2 O|CIE7L /A
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Mainstream Al techniques that have
been applied to Games

O Production Systems (A A| A HI)

m 7|E2XOF if-then-else 7212 AI2SA LSS 2
M2 82 ddsiM, 240| CHE fAlg | We He=
AAEO| FES ddY = ALE &

= O] EHIN A0 AU (inputs)at 2HER (
o] ofist 2AQAVIE FEL I R

O Search (EHAH)

w ZIHE 0| &S| sl AY EEo| BE 7ttt MEE X|etstE=
A

= K| ALt Pathfinding (Z 2 EH) O A AL R

= W=X MY (blind search)= 2= 752 0|52 A=
EtMsIE 2 g 1 A2 Z20|-R M EHM (depth-first search)&=
= 0|50| =& 4= Ql= TE SEfO| =2 W7pX] EhY

ALE35H0] I HEL 2 2 HEfE MEIS] 7t= 24 2.
(@]

2 F8otLt 7tE He e X H[E0| & &

=

£
n

oflr

rot ot
I o

| ©
= -

3

1

E.g. Search : Tic-Tac-Toe Search Tree
(with symmetric moves removed)

Possible
player’s moves

Mainstream Al techniques that have
been applied to Games

o Planning Systems (A2 A|AH)
= MAE "4Ef(state)'Q| Tpto2 ®HSHL, 2F A (configuration)
= LhE JEE 7HX|H, 2 X} (operator)off 2fo 27 EfTt
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Mainstream Al techniques that have
been applied to Games

o Artificial Life/A-Life (Q1-5AHH)
w MHOIQUE A|A'RZ AL OO|MEZ AMBSH= HE|-Of0|HME A|AH”
m SimCity2t SimAnt A0 A AL E

o Evolutionary Algorithm (12t €112|F)

w Zlotet Xt MEHO| 2AHE & o2 2[Hzt X A LdNeFES
EEO|M YZ L= 20|F, Genetic Algorithm (™At ¢ 12|Z),
Evolutionary Computing S0| 0|0f &3t

w Jot S2|FE2 30 ST = MO E Osh x| X| ot A
S HAE 2H S0 Chet 2| H 9| SHE &S

= RTS A Y0IM AR E20]0{2] ATES A2 St= AL JEf E=
NPCO| CIHMO 2 AR

= TN AIAHO| SH2 HS85tD HL} Y A|AHOR
Xztst7| Q8 M™EM 7| (fitness function)@} SHA|
= A B 0| (mutation)@} W Hfj(crossoven& AtE

= HC XX 25 HHH (A-life creature) 22| TIzte]| AL E




Mainstream Al techniques that have
been applied to Games

o Flocking (£2| & 7])
w M MLp 207] 0 - E5H A A S 2[00 M H-O| FL HIH 7}
O{EA A-EE|D 2X0[=X C s
AeAgd g5 Aoz gL WO HAteH OO E 7|
= Unreal Tournament, Half-Life S A 7
RHAA A EHE
= 22|x7| 714

o

<
Ho
o
2
>
0o

Z L2 ST 42 IR REs g
FHLOE VM S ErXez 22 daez o|sd
FH CHE JHH S0 BHX el A2l /X2 0|se
2|I| (avoidance) O Z0|Lt CHE JHM S0 FRO|X| R E WIS
XX S
oo
4 s A N\ ! \> \ DY A
[ /’ \ f A \ 1\ /
‘ [},4‘\ ‘ [y ‘)\ A | A | A
\ o \ v

& /0 0L M &

= (8] %E 75 =TT E L]

Mainstream Al techniques that have
been applied to Games

o Neural Network (AMZ43H
= QIZHO| Fk| XtAOIM LS YO R0 HEXZ| A
QIR ERE HOtS0|= YHO| L0l 38 HHES YU RN
st 5382 ddd
o Fuzzy Logic (T X| =2|)
= W/, 2/2E, of/otL e, BE/3-E2 7|1EL O|2|H
7420 Ot "of= FHE"L} "ot g2 ofjofetE 7|gte = o
m I X| MBt (Fuzzy Set)

HEHO U0 ZOM FOT 2hH =

m

1 Mo £3pALE £5HK|
WM 7F TR Hgtof £5h=

[} "
M, 1 M2 A5 0.12 HDE Feto| £38pa HHE Y7} Bo|
1= PNE<

g12|F, HX|7|H FSMO|
ME
22

Pathfinding

Pathfinding: A* Algorithm

O Pathfinding (BZZ2%t7])
= A NPCs= 3XH2l X|[HO|M A X[ H2 22 H B X|EIHX|
OlE 7 o|&(navigate) siOF & X| HA|ZtS = RHOFLHOF Bt

= R0 7hY 2apH Ol LE eIt
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ALole| ZEE =0 YEtH o= Ity e
FX Ol (directed) 12|
IS XA stet

™ (Map), 2= (Graph)

= A* 7 & X|E AtO|Q] BEE XL & ] ALESHE St
o =& (Node)

= W YO X|E BMSI= X7 X
o 72| (Distance), 2| AE! (Heuristic)

w BME= L EO| Mol (Fitness)E HItSt=0 AL
o H| 2 (Cost)

= O|H ZEE Eigt ZQI7tof st A QIX|of CHEE H|E - O 2

=

=0, AlZh olHX| S

INES
" X|
Q_Ol
20

a
JoHn
0k jn

mjo J

[ne

ot

O
a

24




Pathfinding: A* Algorithm

o G (Goal)
" AZHLEE 2E O] LK @M E£ HIE
o H (Heuristic)
= O] LEO|M SHINX| 7t=0 E= 'FEE' H|
o F (Fitness)
= 0| mEE ANI}= 0] &
mn F=G+H
o €2l £& (Open List &= TODO List)

OFZl EFAMBIK| U2 i|:'=o| Fst

|
o E5l 5 & (Closed List EE= Done List)
= O|0] EMot -EE2 71

olo

Zo| H[E0of ot xMef F

—

A4
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Pathfinding: A* Algorithm

ASTOf BACH)

F 240l o H2X|) gdst

L AR XHES AR £}
2. A0 F, G H @SS HIESCE
3. AE EE S0 F=IHetCh (O] AIFOM g2l S50=
4 GEI FEOLES T AM LE (F F U0 7MY A2 E)E
S MEfotTt
a STt EE LE(F B)O|H Z2E X2 A0=2
b @2 ZE0| HIOJRACIH, 2 & Hs + fle Ao2=
=t
5. SO @EE RE a0 A4 ES0f O
a F G HZUSS HIESCE
b EE =FE50| S0U= X Lt
Drel SOjQICtR, | Z2J} T BEHOIK (5
oo} JCHe Z=2 BB
SO{UX| L, 0] =C8 FR 20| F7keict
6. ATHAFE CHA| BHS0HC
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E.g. Given a terrain map as follows:

P IONES, -
Al ﬁAxl (=i Wall jcc)yoH% =27 XA
B

ZAp REO| 24 Y .

Main idea: A& X| & AQ|MEE 283t LEE HASHO
e HE BREE A=t - %'HJEEE Le[7t ZXt St
SEXHO HIZES MBIt

A l.C AZ Q2 22 (TODO List)0j
Z7}5tC} - TODO List= ™A sjjof &
Lrc '=o|
INES NP 01| - (wall, water, illegal
terrainE A|2|8H 7Isst tEEE AOIA
g2 50| F7retct 7P“7WE|01| UAe BE
A CES0| Y U= 22 & (parent
square)= 7}2|7|1 QULCH.

AE I E AS €8I S0 X Q|5 Eol
2 2 (Done List)0f| ==7}3tCt - DONE List=
olo] ¥ =EE0| 22

-IHII




A0 2-3t R E L ESSHY 70 E= H|E (Cost)2 A4t
F=G+H

F (Fitness) O] LEZ HX7}= 0| ZZO| H|R0|| CiSH x| MO
=5

G (Goal) AZEH HXf LEX| QEH E& H|E

H (Heuristic) O| .= E0jM SEX|E (B)77HX| 7FLE1I E='FYE
(Estimated)’ H|-&

O] 0fle| AL Hueristic2 "Manhattan Distance” - &, £ A|Q]
Helg :AOI SE XNGNMA =1 =822 Zoj7h A2
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10 . sn"_ﬂ un‘

dE 5SS ANM O] LETK| =0
Z 2l H|] GE 74t (G=10+10=20)

34

HE SE ANM 0| LET}K|
=0 Z2HEG
=10+10=20

o 320 &2

A->S->Xi 7} A=>Xi ELC}t
H&20| O 282 1Y
o:|a| EEO 2 H=C}

[

Z, A>SOX 2=

MéulAexwﬁier%E

=0 £ Al

x+7|e 2SI}
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[=13
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1.  Add the starting square to the TODO list.

2. Repeat the following: O Ma _S__% (Oﬂ% %O-II
a.  Look for the lowest F cost square on the TODO list. We refer to this as the current 7‘![ Ol_l' Elj X._" O"kl
square. H=7}0 i
Switch it to the DONE list. o= “.l) Waypomt(sb
c.  For each of the 8 squares adjacent to this current square ... O NaVI_g__atlonaLMapS:
. If it is not walkable or if it is on the DONE list, ignore it.Otherwise do the %%O._l' |:|'7—||"$I %‘_ (COﬂV@X
following. polygons)9| NE!
. If it isn't on the TODO list, add it to the TODO list. Make the current square o Zt |:|-7I-'é>'=i o A*
the parent of this square. Record the F, G, and H costs of the square. 5‘}- LS -
. If it is on the TODO list already, check to see if this path to that square is = —Tl—glﬁgl L=
better,using G cost as the measure. A lower G cost means that this is a better al E:I =1
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.
d.  Stop when you:
. 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 &ach square to its 40

parent square until you reach the starting square. That is your path.




A* Mods Tiered A* Pathfinding
02 223 S8 S
w DFOF ZFOLOF & S 7k (search space)O| HTICE D M2ZEEICHH, 71HE
2 RS &7 Qo) Q2 S22 MR AM|s| Ao
(traverse) A4S =0|7| 5 & (sort)E st U= AO| EEF
o MU0 AX|7F 42 linked listE AtE3tE 20| £
o QOF DHIY QL L|E (mobile units)7} ZH0] Xl QICHH?
 DHY FLIES| A0 CHE ZEE AL £T S8
X|EK| Q] AERE AL A
o 7FHZAE Ol X| o CHst H|E (Variable Terrain Costs)
= GE E0|Lt A7} B2 ZAE A &= XY E X|L7t= H| 82

= TAFS 84 K= X0 Ciot Ol
Influence Map& =X|X| 210 7tX| 1 JAOA, G A0 E=
B2 S7IA7 MHEHOZ KM|3| ATHE = (traverse)S
stz 2 g
o AHojet X =
m Hierarchies of maps — Tiered A* Pathfinding
m Pre-computed paths a

42

Pre-Computed Paths Complementary Navigational Strategies

o A|ZHof| 2t 2 E|Sh= C)X| 8 X+3 (Digital scent)
Pungeonl | Dungeonz | Dungeon3 = AFXL BI0|M 23 9le 1, 25 XS 3412 Hel
FE2 5|0, 1 HH Z2o| ma| BE2 A[ZHof what AR2EX| A
&t
NPCs= OtoF QS 0| 27} DA} = HAZo| 2| LEQF =HS
Dungeonl X D1->D2 7t&=4| | D1->D3 7t=0 E k2 of fo!gf P2k Xt St d22l ne| F &=l
HE M2 TS M2 Shor AFR AP} B a| SOk ST AYS AHA|X] 230 NPCT}
e S = o NMT = s
HE2| 32 &2l 3= E 0|0 #7| 9T Yol Eed W £2
Dungeon2 | BiCio| AZ+= X D2->D3 7t=04| o NPCs7t =X| Yz 2 dgix|st
CHEAO|7{L ) PN S R = NPCse= 22X OZ Oo|MEY - 00| M E &= (wall, floors 51}
ofd &g 9le HRol A=z E2) A7 = 2FS x| Al MM E 7HX D A=
= L= 280 0o|HES E0S0[AHLt =2|X|7| fI5} "attractors”
Dungeon3 X of repulsors” £ @5 £k /5 - 0|E =0, 80| 2l 5=
Ag WXst7| flsh AH8E &= AZ
o 0|2] X|J=l HE R E (Pre-defined patrol routes)
- = OO|METtidle REY M= OJ2| X|FE Y& REEZ MetE =+

2l7| &t




Possible Agent Navigation Al

Teaching the Computer to Aim

o IDLE MEHQ Of, O)2| X|H= NV H&E ZEE Z St IHE 5=

o QF L7} Al SE| AN A2 o 9 A
(prOX|m|ty sensors)E 3.21.

o With proximity sensors:
= QOF OfO[HETL HE HAIRLH, "attack (S2) " HEIZ HHLD LS|

Of L7} £ MBI, "evade (WS}7])" HEHZ B D, HO|MEL {9
oz 259

[=)
o
G 2o UACHH (M SH YOl F o AAX| =),

228 Hor2 ojo

g
= [

= QFOF OfO|MET Xt#| & QORI =0 XX} SHCHE, LHO| IX[ZRE A
A

= 12{X| QL X|

Y RES O 2™ - T80 2X=, oE2A 47
oo S RFE=Z Z0tZ

FCEAl
QER|? J2fk, ofo|HEL Eolo xS
7

FAIZESD UM THo| 20 o §H REZ ot + A &
o O] RE FRO0| &g A I oo HEoT UM, OfO|HET} M2
SYo = ZOIHALL Y= WA|AHLE THE OO HEZRRH =Y 7t=
olS ol 2 &t
== HA = O
I ZE (cheat mode)Oil | A S Z2i|0|5H A O EH|
OO ESOl X AYAM HSSH=AIE 2HES 2 A

o Dead reckoning (=& )
= AXHC| A[ZHOIA Entity (Of, | Z2i|0[0])2] & {|X|
(posmon) b & & (velocity) 2 7t £ (acceleration)E 7|HIS 2
= fXE dx
o Of -’,S’_,‘ SHHS AR50, Al7| S|EE =& (odds of a
hitg 0| OfCIZ £ 2 4+ USKIE 2HE &
ole
A O

o 3D dog f|ght7*% FPS (First Person Shooter) #| & 0j| A

o ZTE UM 25912 UNTM BREVI
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Calculating Dead Reckoning

Precise Method (Assume a 2D case)

o 20N & 224Xl & (motion) SA!:
. v_v0+at
"OX(t) =X, +Vvt

t
x(t) =J‘(v0 +at)dt =x, +v,t +% at?
0

0 52 (dead reckoning)2 A AtsH7| I35 HHE:
m The precise method
m The approximate method

a7

o
Upm
o— (Six,Siy)
(Spx,Spy) Given:

Upm — E1|0| 09| &3 (speed)
Spx,Spy - 1|0|01°| -rIXI (position)
Ubm — Al —’5—%*9| 25 (speed)
Sbx,Sby — Al 29| £|X| (position)

me Find:
WXA (SixSiy)E &t &
:|_7-| OE':' E-|, EYe] X=) —Aﬁ7| °|6H

(Shx,Shy) Vbm HIE = 72475','%2 T

Note: AF2X}o} &
75 E= 00|2f 7Hg e

48




o Ubm (£, Y9 £3)2 d#lE Q| ZO| (magnitude)
= HEHO|ER x, y 2= 7HA|H,
g3k (direction)S A™SHA &=

o Ubm = sqrt(Vbx2+Vby?)

O WXHE (Six,Siy)0f| Al BtL= A|ZF (the time of the
intersection) t& A|AtS|OF

o £20|0j£ 5 M4
Of &0 AAEEAHL ER
approximation BfEH0| At =

[e13
I:I
A3to| 97| 2o, AR
2 317 o2, daya thAl
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Approximate Method

Given:
Upm - Z0[0{2] %2 (speed) = ot
Spx.Spy - Z2[0]0f2] 1| (position) L+ = il 01 O12F Al S& ArO| 2]

Ubm — Al £29| =2 (speed) 72| (distance)E& A Atat

Sbx,Sby — Al £2| 2|%] (position) 2. S(t)=ut+(at?)/2 2AIS AI2S}0]
Upm 3 ;;m i g -0l FHTE
./ Ol-gl = E—:!O"kl o%l-ol
(Spx,Spy) %EHOI(HOHHIE 2ot7t= A2
st AY
1,2 3. Upx, Upy, Spx, Spy, tt 2[29
SAZ ALESA, t AlZHO]|
4 Z80|0{7t ofC|of X X|E
A At
me\. 4. 1 FL2 5YS 4
(be,Sby) 50

Normally you need the enemy to turn to face
the player before it is allowed to shoot.

o 2Xt8 Hemi-plane HIAEE A5G

210]0{7} of @ Zof YU=K|E

A ESH
—I:I

EHJII:I N

9| &4l (parametric equation of
e):

u]
ST

t1<t2 O
m P.x= position of Ex + cos(E.yaw) * t

m P.z= position of E.z + sin(E.yaw) * t
o tlaf 25 A4

m tl= (Px - position of Ex) / cos(E.yaw)

m t2= (P.z - position of E.z) / sin(E.yaw)

o et t1=t2, E200f= Ho|A Fg
7ol
A O

o ek tl > t2, 28 0|0 = lineQ| &t
Hojl A= A

o PFeFtl < t2, EY0|0{= line9| L=
ohHEO| S A
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But if you really want the exact ANGLE
you can calculate it as follows

Magmtude Vector P

Dot product
0
o= acos( Vector E

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

NOTE: 0| Z4/2 & (Enemy)0| Z20]0jo] &IZolx
Q%0 9=X|g 2a=7 082 OH Zoto|Eo|
A2 AZHA o= Hofl JEX|S ot 2




Scripting

O AYS AzL 2E S AYel B2 2E 9I—'T’—01IA1
A|Hote 7| HoR MO AT2E 0|2 JHLEo)
Y oS W7 EAXZL @F 2 PythonO|Lt Lua 22

7|E A0S AFESHE 271 BOtX| 1 AS

o A2FE oloj 2715t TR0 WMot HY HOlEE

97| ?let 2D 22 Y22 AME

O AE_EIE O10-| 0:”

m Lua: C++ ZEQ} HAH0| 7}55HH
) 7FRF Q17|Ql= AT RIE 910

Ho
I
2
B
rn

FStD 27t et

M- — =

= Python: C++ ZEQ} H*H0| 7H535HH
2iojEgg| 7l X|¥E 1 = E

= XML 2% 7hse 0t 3 g 210

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

o A3 2IEo| AHA

= ZES CiA| ZHOisHA| e A Y 25S
St A Olo
=2 T A0
= T2OEH AHS LH|SHA| 2O BiAf CIXHO[L{ oA H g
=g |:104-5|. A 0OlO
o= T2 T Mo
= =2|0]ofof A &

o A3 g0l EHE

= LH 0| of34E

» HHEZZ2 2 S0| Z2 12 Y-S sffofgt

= AZE oojo] PHO|LF £Q, A2|T B
W&o AlZtE S0f0F e

BESIAL HAE

oX

SBE 7152 MBBo2N MY HYS B

=1 o=

= LY =122
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