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Game E en Len e : Foc +Con e Vi ali a ion of
Comp e Game Da a

La SchÈ 1

Ab ac : Thi pape in od ce Game E en Len e . The enable e plo a i e and in e ac i e fo-
c +con e i ali a ion of comp e game e en ha ma fo m h ge and comple da a e
incl ding a io a ib e f om he clo e game en i onmen . The Da a S a e Refe ence Model
(DSRM) i he fo nda ion of he p e en ed app oach. I i ba ed on diffe en da a a e and ope a-
o . Thi o k fea e a concep ha i de igned o comple el im la e he DSRM on a g aphic
ca d b ing i memo and ela ed hade p og am . Thei ne gene al p po e comp ing and
adi ional ende ing capabili ie allo e in e ac ion and f eq en l gene a ed image in eal
ime.

Ke o d : Info ma ion i ali a ion, g aphic em and in e face , comp e game da a.

1 In od c ion

Comp e game a e e a ile, echnicall comple and idel p ead. The can be dif-
fe en l pe cei ed. De elope migh c ea e ne i al o ld and ad en e i h ded-
ica ion and pa ion. The and addi ional p bli he o make a p o® i h hei game
hile pla e picall con me hem o ha e f n o o impl pa ime. The e a e mo e

conc e e mo i a ional poin hen i come o game .

De elope and p bli he o anal e he beha io of pla e in olo and g o p ac i i-
ie [EDC1 ]. B doing hi , he po ibl gain in igh in o peci®c end and p efe ence ,
e. g., fa o i e in-game eapon . F he mo e, he migh de ec if he pla e eall pla
hei game ho he mean i o be pla ed. S ch ob ained info ma ion can e l in f he
adj men o he game and i mechanic ha e en migh ge in o he game af e i ini ial
elea e. Indi id al ho e m offe fo in-game i em ha can be bo gh i h eal mone
o la o change of peci®c in-game o ld a ea can be een a onl o ela ed of man
mo e imaginable e ample .

O he mo i a ion f om a de elope poin of ie efe o he gene al game de ign. Weak
poin ega ding he o e all game balance can become ob io b anal ing each pla e
p og e and pe fo mance in a game. Fo e ample, e e al pla e ha e o ®gh enemie
and no one i able o bea hem beca e hei a ack kill i n me icall oo eak. Tho e
kind of ho coming can po ibl be een hen collec ed game da a i e amined. S ch an
anal i can lead o game balance adj men , e. g., lo e ing he o e all dif®c l le el.
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Pla e ie game f om ano he pe pec i e. The ma ake pa in elec onic po
o namen he e he be a egie and ac ic picall lead o a o namen in. In hi
e pec , he po ibl ha e a high in e e in he anal i of hei pe fo mance . B al o
o dina pla e compa e hem el e b b o ing pla e p o®le and a i ical o e ie
abo achie emen and o ned i em in a io game . A game can almo al a be een
a a compe i i e en i onmen .

Gene all peaking, he anal i of comp e game da a in ol e diffe en di ec ion and
pe pec i e . The afo e-men ioned app oache onl gi e a ba ic o e ie . A epa a e di -
cipline called Game Anal ic e ol ed d ing he la ea ha deal i h ch q e ion
[EDC1 ]. I combine e e al o he bjec like Da a Mining, Machine Lea ning, S a i -
ic and Vi ali a ion o gain in igh in o game ela ed da a.

1.1 Challenge

The e ac ion and comm nica ion of able info ma ion f om h ge da a e i a cen al
i e, beca e i i dif®c l o ded ce c al info ma ion and in e ela ion hip f om
a da a ep e en a ion . I can be a e ime-con ming and comple a k. The i al-
i a ion of he a da a ma help in hi e pec . Addi ionall , ppo ing ool a e needed
ha p oce da a in a imel manne .

A con eq en p oblem i he po ible info ma ion o e load hen man da a elemen a e
i ali ed a he ame ime. Tha complica e he ecogni ion and in e p e a ion of fac .
Speci®c i ali a ion echniq e ma help o add e ha challenge.

All ho e i e affec i ali a ion in gene al and he a e applicable o he i al anal-
i of comp e game da a in pa ic la . Thi pape e amine po ibili ie o o e come

ho e p oblem and he efo e p o ide a ef l con ib ion o he peci®c a ea of Game
Anal ic a ell a o he di cipline called Info ma ion Vi ali a ion [Sp 1].

1. O line

The i ali a ion of a da a make he ill a ion of info ma ion po ible and mo e
acce ible. I i een a one chance o add e he p e io l men ioned challenge . Sec-
ion cla i®e ha i ali a ion ac all mean and ho ini ial da a can be p oce ed b
in od cing he i ali a ion an fo ma ion and he Da a S a e Refe ence Model (DSRM)
[CR98].

Sec ion efe o (comp e ) game e en in he con e of he DSRM. Game e en a e
de®ned, hei componen a e iden i®ed and i i o lined ho he can be p oce ed.

Vi ali a ion of game e en in pa ic la and of da a in gene al ill migh lead o cl -
e ed info ma ion a p e io l men ioned. Thi hinde he di co e of ne in igh in o
he da a. Rega ding hi , len e a e p e en ed in Sec ion 4. The enable a e o foc on
peci®c pa of a i ali a ion.
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To p oce and o i ali e he game e en i h e pec o he in eg a ion of len e a
pe fo man g aphic em i needed. Sec ion 5 ho he concep al idea of ch a

em and deli e in od c o e ample ba ed on a collec ed ample da a e of game
e en .

Finall , Sec ion concl de hi pape and p opo e f e o k.

Vi ali a ion and he Da a S a e Refe ence Model

A i ali a ion i picall nde ood a an e e nal g aphical ep e en a ion of concep
o da a [Wa 4]. In hi e pec , i and fo a ®nal e l of ome kind of p oce . In
con a o ha , ano he poin of ie efe o a i ali a ion a a h man p oce i elf ha
lead o a men al model of da a [Sp 1]. Thi app oach empha i e he h man b ain i h
i pe cep i e and cogni i e abili ie . We can combine bo h ie and ee a i ali a ion a
an in e face be een hem [Wa 4]. H man i h hei comp ehen i e fac l and deci ion
making abili ie a e on he one ide. Comp e ha p oce h ge amo n of da a, e. g.,
image f om he in e ne , o f he ab ac ion b ing peci®c algo i hm a e on he
o he ide. A i ali a ion i hen he fo nda ion fo he kno ledge acq i i ion. I ca ie
info ma ion ha i ba ed on he gi en da a ha ho ld be ea ie o nde and. Thi hole
idea i ill a ed in Fig. 1.

H man

Vi ali a ion

Comp e

Da a

Kno ledge

Fig. 1: Vi ali a ion ac a an in e face be een he h man and he comp e -p oce ed da a and
enable he di co e of kno ledge

I no need o be cla i®ed ho i al ep e en a ion o image da a DI a e gene a ed
a ing i h a ailable a da a DR befo e e a e ac all able o de i e kno ledge f om
hem. The in ol ed p oce i he o called i ali a ion an fo ma ion ha i ba icall
he mapping f : DR ⇥P1⇥P ⇥ ·· ·⇥Pn ! DI i h Pi | 1  i  n,n 2 N being he i -
ali a ion pa ame e and p 2 Pi being he i ali a ion pa ame e al e [JMG ]. Thi
pa ame e i ed fo m gi e mo e con ol and ¯e ibili beca e each e Pi can be ap-
plied o diffe en ep in he i ali a ion an fo ma ion depending on ho i i ac all
de®ned.

The DSRM de c ibe ho a da a can be an fo med in o image da a. I i ba ed on
diffe en da a a e and ope a o . The follo ing fo a e , al o called age , need o be
di ing i hed:

• Ra da a DR a e he inp da a fo he i ali a ion.

• Anal ical ab ac ion DA a e calc la ed p ope ie o me a da a.
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• Vi al ab ac ion DV a e ab ac ed da a in po a able fo m ha ca i al p op-
e ie , e. g., colo h e al e .

• Image da a DI a e he ®nal i al ep e en a ion , e. g., pi el da a.

The DSRM o k like a pipeline. I con i of o pe of ope a o ha p opaga e he
da a h o gh he model:

• S a e ope a o lea e he c e of he da a n o ched beca e he o p i on
he ame age a he inp . The e a e ope a o OR on DR, ope a o OA on DA,
ope a o OV on DV and ope a o OI on DI .

• T an fo ma ion ope a o an fo m da a f om one age o hei cceeding age.
The can be di ing i hed in o he follo ing ope a o :

± Ra da a an fo ma ion TR ab ac a da a and c ea e ne c e .

± Vi ali a ion an fo ma ion TV map anal ical ab ac ion o i al ab-
ac ion .

± Vi al mapping an fo ma ion TA ende i al ab ac ion o ob ain image
da a.

The ® o a e a e pa of he da a domain hile he emaining a e a e pa of
he ie domain. The ame p inciple applie o he ope a o . Thi kind of cla i®ca ion
enable a di inc ion be een da a-o ien ed o eman ic ope a o and ie -o ien ed o
g aphical ope a o [TFS 8]. The chema ic ie of he DSRM i depic ed in Fig. .

Ra da a Anal ical
ab ac ion

Vi al
ab ac ion

Image da a

Ope a o on
a da a

Ope a o on
anal ical ab ac ion

Ope a o on
i al ab ac ion

Ope a o on
image da a

Da a
an fo ma ion

Vi ali a ion
an fo ma ion

Vi al mapping
an fo ma ion

Da a domain Vie domain

Fig. : The DSRM an fo m a da a ia anal ical ab ac ion and i al ab ac ion in o image
da a b ing ope a o

Game E en in he Con e of he Da a S a e Refe ence Model

The follo ing e amina ion appl he DSRM o game e en . A pec ha ela e o he
da a domain and he ie domain a e con ide ed. B ® of all he mo impo an e m
hall be cla i®ed.
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A (comp e ) game i an in e ac i e e pe ience ha offe inc ea ingl challenging e-
q ence of pa e n o a pla e ha can lea n and po en iall ma e ho e [Ko 4]. We can
concl de ha he gaming e pe ience can n o diffe en l fo a io pe on hile he
pa e n ma be he ame. Tha ela e o he indi id al lea ning ap i de of each pla e
and o he fac ha he in e ac i h o i hin he game in diffe en a , e. g., in e m
of ch onological o de .

The e m e en i e a ile and ac all de®ned diffe en l in a io di cipline . Fo e -
ample, e en a e e en ial hen i come o in e p p oce ing and he p oce life c cle
in ope a ing em [Ma1 ]. In ha con e , e en igge empo a and ®nal in e p
of p oce e ec ion o handle ne o al ead e i ing p oce e . Tho e kind of e en
le a em eac o hem. In di c e e e en -o ien ed im la ion e en a e in an occ -
ence ha al e a em a e [To11]. S ch a a e comp i e a collec ion of he em
p ope ie a a peci®c ime. We can ®nd diffe en gene al concep fo an e en ha a e
ome ime ed in e changeabl . On he one hand, he e a e e en pe o e en cla e
ha de c ibe diffe en kind of e en and de e mine a ni®ed c e fo imila e en
hile, on he o he hand, he e a e e en in ance o e en objec ha a e a conc e e eal-

i a ion o in an ia ion of an e en pe [BD1 ]. In hi pape , an e en and fo an e en
in ance nle a ed o he i e.

A (comp e ) game e en can no be de®ned a a de ec able and immedia e e en ha
con ain pa of he comple e game a e de c ip ion and i igge ed b game mechanic
o in e nal eq e . Thi de®ni ion foc e on he follo ing a pec :

• De ec ion: A game e en can be de ec ed b he game i elf. I can f he be de-
ec ed b ei he nobod o a lea one pla e .

• D a ion: A game e en occ in an l and doe no pan a peci®c pe iod of ime.

• S a e de c ip ion: A game e en ep e en p ope ie of game ela ed elemen . I
i an e ce p f om he game c en comple e in e nal a e de c ip ion.

• Game mechanic o eq e : On he one hand, a lea one ac ion of a pla e ig-
ge an e en . Re pec i el , an ac ion i ca ed b in e ac ing i h he game, e. g.,
p e ing a b on o mo e a i al a a a . Tha efe o game mechanic in he en e
of gamepla . On he o he hand, he game in e nal p oce e igge e en , oo.
Tho e a e ei he game mechanic i h no pla e in ol ed, e. g., j mping of a non-
pla e cha ac e , o p oced e ha a e ele an o he em i elf, e. g., ge ing he
n mbe of c en l logged in pla e in an online game.

.1 Game E en in he Da a Domain

Game e en con i of diffe en componen ha ep e en he game pa ial a e de-
c ip ion. The fo m he inp of he DSRM. We p opo e he follo ing cla i®ca ion:

• The e en pe de c ibe he e en cla o he pe of he co e ponding e en
in ance.
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• The ime amp info m abo he poin in ime he e en happened, e. g., b a ing
da e and ime info ma ion.

• The pa ial da a de c ibe e e al pa ial info ma ion, e. g., he po i ion o place of
he happening in in-game o ld coo dina e o o ien a ion of game en i ie .

• The ende hold info ma ion abo he e en igge .

• The ecei e ma o e a ocia ed da a if he e en affec a game ela ed en i . The
ecei e can al o be he ende a he ame ime.

• The e en pe da a a e peci®c info ma ion ba ed on he e en pe.

The e componen can e l in man game e en i h diffe en conc e e a ib e . The
a e ¯e ible and i diffe en ®eld of applica ion, e. g., a gamepla o b ine con e .
Tab. 1 ho o e ample fo a game e en o f he b an ia e he app op ia ene of
he men ioned componen .

Componen Gamepla game e en B ine game e en
E en pe A ack T an ac ion
Time amp 15- - T : 1:14Z 15- 1-18T11:11:11Z
Spa ial da a A ea: , : 4, : 1 , : A c ion ho e: 15
Sende Pla e : , le el: 8 , cla : 4 Acco n :
Recei e Pla e : 5, heal h poin : 4 Acco n :

Pla e : 14, heal h poin : 5
E en pe da a Damage o pla e 5: 11 I em: 54, q an i : 1, p ice: $ .99

Damage o pla e 14: 5

Tab. 1: T o ample game e en f om diffe en con e

I i ob io ha j one e en can hold plen of da a depending on he deg ee of de ail.
The e i no gene al le. Each game ma handle e en diffe en l . Some componen ma
be op ional. The ho n a angemen and hie a chical c e of he componen a e no
manda o , e. g., he pa ial da a co ld be pa of he ende da a in ead. Each componen
f he di ide i elf in o e e al a ib e , e. g., he ecei e heal h poin . The p opo ed
componen a e a o king app oach o de c ibe he a da a b each i ali a ion em
ho ld be a a e of he comple i and po ible diffe en c e .

I i no clea ho he a da a look like. Se e al diffe en ope a o can be ed o f -
he p oce he game e en depending on he goal o a k. Da a clean ing, da a ed c ion
o da a an fo ma ion a e pical ac i i ie i h a lo of diffe en peci®c ope a o , e. g.,
a oma ic o man al elec ion of e en (OR o OA), dealing i h mi ing a ib e al e
(OR o TR), de ec ion and handling of o lie (OR), no mali a ion and anda di a ion (OR
o OA), a ib e elec ion b p incipal componen anal i (TR), agg ega ion o di c e i a-
ion (OR, TR o OA) [HKP1 ]. The ope a o ma change he c e of he da a o ha
anal ical ab ac ion e l f om hei applica ion, o he da a i impl pa ed h o gh
o he i ali a ion an fo ma ion ope a o .
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. Game E en in he Vie Domain

The i ali a ion an fo ma ion ope a o choo e a lea one of he i al a iable f om
Be in [Be11] o encode he anal ical ab ac ion . Tho e a iable a e called po i ion,
i e, hape, b igh ne , colo h e, o ien a ion and e e. I i po ible o pick a i al
a iable fo an a ib e of a game e en ha ho ld be an fo med b ob e ing i le el
of mea emen . The e a e concep ha cla if he deg ee of app op ia ene fo a i al
a iable, e. g., ee MacEach en [Ma 4]. Each game e en o i f he ab ac ion i ep-
e en ed b a geome ic p imi i e i h diffe en le el of de ail, e. g., a game e en migh
ha e a po i ion and a peci®c hape o encode i pa ial da a and pe componen .

The i al mapping an fo ma ion incl de pical ende ing ope a o , e. g., an fo -
ma ion and hading of geome ic p imi i e , pe pec i e o pa allel p ojec ion and a e -
i a ion. The i al ab ac ion of he game e en in fo m of geome ic p imi i e a e
an fo med in o image da a. Game e en and po ible f he ab ac ion of hem a e

no i ali ed. Ope a o fo e empla g aphical manip la ion on he image da a a e
he an la ion, he o a ion o he caling of he ie able a ea.

4 Vi ali a ion Len e fo Game E en

The in e p e a ion of i ali a ion can ill be dif®c l beca e of ome kind of info -
ma ion o e load. Vi ali ed game e en ma o e lap each o he . Too man game e en
ma be ill a ed a he ame ime. The efo e i i ome ime ef l o concen a e on pe-
ci®c a ea of a g aphical ep e en a ion. Tha a ea can incl de mo e de ailed info ma ion
hile he o nding emain imple and doe no di ac . Tha lead o foc +con e
i ali a ion b mean of i ali a ion len e .

A i ali a ion len i an in e ac i e and pa ame e i able i ali a ion ool ha pa iall
elec and modi®e he nde l ing o iginal ep e en a ion of a i ali a ion and help o
en ich, pp e o al e he co e ponding con en [To14]. The pa ial elec ion ep e en
he foc he e i in e e ed in. The emaining pa peci®e he con e ha help o o i-
en a e one elf. Tha enable a e o foc on diffe en egion one af e he o he . In o de
o do hi , he in e ac ion i h he len i nece a ha can be achie ed b con olling i
p ope ie hape, po i ion, i e and o ien a ion [To14].

A len need o be in eg a ed in o he i ali a ion an fo ma ion. The foc egion
can be i ali ed b an addi ional DSRM pipeline ha i a ached o he main DSRM
pipeline [To14]. A elec ion of he da a in he foc egion i needed. I i po ible o
elec da a f om an age of he DSRM, b a p ope in e e p ojec ion of he elec ed
da a elemen o hei co e ponding ep e en a ion f om p e io a e migh be needed
depending on he ® ope a o in he len pipeline. A managemen of niq e iden i®e
fo da a elemen o he concep of half pace [TFS 8] a e e ol ion fo hi p ob-
lem. The len de e mine he con en of i foc ed egion b eali ing a compo i ion
f = on ◦on−1 ◦ · · · ◦o1 of n 2 N≥1 ope a o oi o ha f can be in e p e ed a a lea one
a e o an fo ma ion ope a o of he DSRM. The ®nal o p o he len effec i joined
i h he main pipeline. Fig. ho he de c ibed idea.
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DR DA DV DI

OR OA OV OI

TR TV TA

Fig. : A epa a e len pipeline i a ached o he main pipeline

Finall , he o e all i ali a ion of game e en incl ding he len and i ende ing i
gene a ed in h ee ep :

1. C ea e and ende he ba e o con e i ali a ion b omi ing he len egion.

. C ea e and ende he len o foc egion.

. Op ionall ende he len i elf o ho i p ope ie , e. g., b d a ing i bo nda .

5 G aphic S em and P o o pical Implemen a ion

A of a e applica ion i needed o e plo e game e en . I i mainl e pon ible fo he
g aphical ep e en a ion and he p oce ing of e in e ac ion ha al e he i ali a ion
pa ame e al e . I ho ld be able o p oce ho and of e en in eal ime.

The p opo ed g aphic em i ba ed on he Open G aphic Lib a (OpenGL) [Sh1 ]. I
i a c o -pla fo m applica ion p og amming in e face and enable he con ol of he en-
de ing p oce h o gh he e of hade p og am ha ope a e on he g aphic p oce ing
ni (GPU) and he efo e p o® f om he GPU pa allel comp ing capabili ie [O 5].
OpenGL combine diffe en hade pe in a pipeline he eb each one ha i di inc-
i e f nc ionali [Sh1 ]. The e a e in o de he e e hade (VS), he e ella ion con ol
hade (TCS), he e ella ion e al a ion hade (TES), he geome hade (GS) and he

f agmen hade (FS).

In he p e en ed concep he hade p og am a e ed o im la e he DSRM ope a o .
T adi ionall , e ice of geome ic p imi i e a e an fo med in o pi el da a ing a lea
a e e hade and a f agmen hade . Thi app oach i imila o ha he DSRM g aph-
ical ope a o do. Con eq en l , ho e a e co e ed and onl he eman ic ope a o need
o be handled. Since A g 1 e pec i el OpenGL Ve ion 4. he OpenGL pipeline
i addi ionall eq ipped i h comp e hade (CS) [Sh1 ]. The allo gene al p po e
comp a ion on he da a ha can be i ali ed af e a d . No e a in e ope abili ef-
fo in e m of con e i che a e needed. A comp e hade i ed o im la e a
eman ic ope a o . Fig. 4 ho he p opo ed applicabili of he hade .
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DR DA DV DI

CS CS VS, GS o CS CS

CS VS, TCS, TES, GS o CS VS, TCS, TES, GS o FS

Fig. 4: Concep al applicabili of he hade pe o im la e he DSRM ope a o

In o de o e GPU-ba ed ope a o he da a he o k on need o be o ed on he g aph-
ic ca d. All game e en and f he ab ac ion a e cohe en l packed ing hade

o age b ffe objec beca e hade p og am can ead f om and i e o hem [Sh1 ].
Tha mean ha ini iall m game e en i h a ma im m n mbe of n a ib e a e o ed
in he eq ence ( e

a) = ( 1
1,

1, . . . , 1
n, 1, , . . . , n, . . . ,

m
1 ,

m, . . . , m
n ) he e e

a i he al e
of he a ib e a ha belong o he peci®c e en e. The i ali a ion pa ame e al e
can be o ed in nifo m o in nifo m b ffe objec [Sh1 ].

A a p oof of concep o len e ample e e de eloped and in eg a ed in o a of a e
p o o pe ha enable a e o in e ac i el e plo e an e ample da a e , e. g., b mo ing
he mo e o change he len po i ion. The i ali a ion de ign of he follo ing e am-
ple i no add e ed con cio l and almo a bi a , beca e onl he fea ibili of he
hade -ba ed app oach i con ide ed. Tha ho ld de®ni el be e amined and di c ed
epa a ele , e. g., in e m of choo ing colo h e o picking diffe en hape . The da a e
o igina e f om he comp e game Co n e -S ike: Global Offen i e. The game e en
e e collec ed on a p i a e dedica ed e e appl ing a c om-b il e e pl gin. 8

e en i h a ib e fo each e en of o e all 8 game o nd be een o eam of
comp e con olled bo e e logged. Tha co e pond o he pla ime of abo .5 h.
A a ba ic e ample Fig. 5 ho he pa ial po i ion of each game e en ende compo-
nen . Thi i he ba e i ali a ion i h no omi ed e en beca e he e i no ac i e len .

(a) 1 game o nd (b) 8 game o nd

Fig. 5: P oce ed game e en e eal he pa ial po i ion of hei ende componen

The ® len e ample allo o e plo e he ca ego of he ed eapon hen a ho a
® ed b a pla e in ela ion o he e en po i ion. The goal i o e eal p efe ed eapon
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pe . The len a ope a ing on DR and e a CS o1 : DR ! DA ( elec and pa e
he ela ed e en h o gh), a VS o : DA ! DV ( e he po i ion, and e he colo h e
ba ed on he eapon ca ego ), a GS o : DV ! DV (change he hape f om poin o
iangle o q a e o encode he bo eam a ib e) and a FS o4 : DV ! DI (pa e he

colo h o gh). Fig. ho hi e ample fo one eam b ing a c boid- haped len .

Fig. : U ed eapon ca ego ie (encoded b diffe en colo h e ) of one eam hen a ho a ® ed

The econd len e ample ho he po i ion of i al pla e dea h and kill and he
connec ion be een hem. The goal i o ho dange o and ad an ageo po i ion ,
and he ela ed ie di ec ion a he ame ime. The len a ope a ing on DR and e
a CS o1 : DR ! DA ( elec and pa e he ela ed e en h o gh), a VS o : DA ! DV
( e he po i ion, and e he colo h e ba ed on he eam a ib e), a GS o : DV ! DV
(change he hape f om poin o iangle (kill) o c o (dea h)) and a FS o4 : DV ! DI
(pa e he colo h o gh). The len al o e a VS o5 : DA ! DV , a GS o : DV ! DV
(change he hape f om poin o line) and a FS o : DV ! DI in a econd pa o d a he
connec ion . Fig. ho hi e ample i h a phe e- haped len .

Fig. : Dea h and kill po i ion of bo h eam (encoded b hape and colo h e ) and hei ela ion

F om a e poin of ie pe fo mance i an impo an c i e ia in in e ac i e applica ion .
Loading ime o p oce ing ime in gene al need o be minimi ed if a e in e ac i h
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he em and hen he i ali a ion almo con an l change , e. g., hen adj ing he
len po i ion. An in e ac i e e pe ience i ill po ible i h a ma im m la enc of abo
. m ha co e pond o abo 15 f ame pe econd he eb a highe f ame a e e-

pec i el a lo e la enc i p efe able [TC ]. The n ime pe fo mance hea il depend
on he ed ope a o and hei ime comple i . A gene ali a ion of he pe fo mance i
no po ible. We addi ionall need o di ing i h be een i e a i e and pa allel p oblem ,
beca e a GPU-accele a ed ope a o can be mo e i able han a CPU-ba ed ope a o fo
ome p oblem and ice e a. Tha make he con ide a ion dif®c l . B a manda o
p oce i he de ec ion of game e en in he foc egion. The e need o be pda ed hen
a ingle len p ope change . A imple b e fo ce ea ch algo i hm implemen ed on he
GPU a e ed in hi ega d o gi e a lea a pe fo mance hin . The n ime be een
o f ame a mea ed on he GPU fo a d a ion of 1 ing OpenGL ime q e ie

[Sh1 ] hile he po i ion of he len con an l changed. The a e age ime aken o e
5 ini ial game e en on a mode a e de k op comp e i 1 .14 m ing a c boid-
haped len and 1 . m ing a phe e- haped len . Thi lea e abo 5 m fo o he
ope a o .

Concl ion and F e Wo k

Comp e game p o ide n me o da a in fo m of game e en ha a e in e e ing fo
de elope , p bli he and pla e . The i ali a ion of ho e e en i able o e eal in-
igh in o fac f om he game en i onmen . In hi con e , he DSRM i an e abli hed
and app op ia e model fo he i ali a ion an fo ma ion of game e en .

The p opo ed Game E en Len e p o ide a con ollable oppo ni o e plo e game
e en . I i po ible o foc on diffe en a ea of he i ali a ion hile a con e al
o e ie i ill in ac . B he e a e emaining i e ha co ld be e amined in he f e,
e. g., i al occl ion of info ma ion in h ee dimen ional i al cene i h co e pond-
ing len e a een in he e ample . Info ma ion ha a e di pla ed in ide he foc a ea b
do no belong o i migh hinde he ecogni ion of fac . Thi ho ld be add e ed.

The Game E en Len e ba e on he DSRM and he efo e foc on ope a o ha p oce
da a on diffe en age . The hade ba ed concep i app op ia e o im la e he DSRM
beca e an ope a o can be ea il im la ed b a hade p og am. Thi GPU-ba ed ap-
p oach i i able fo gene al p po e comp a ion ha deal i h pa allel p oblem . Tha
i no ied o game e en onl . B i e emain. One p oblem conce n he linkage of
e e al ope a o . C en l onl he p og amme of he g aphic em i in o al con ol
of a eq ence of ope a o . Well de®ned in e face and in e ac ion mechani m a e needed
if an o dina e ho ld be able o de ign and e i o n eq ence .

Ne e hele , he len e ample of he p o o pical implemen a ion demon a e he ap i-
de of he p e en ed idea fo a lea ba ic o imple i ali a ion o a i h he i al

e plo a ion of game e en .

In el i -9 @ . GH 8, 4 GB RAM, NVIDIA GeFo ce GTX 48 i h 15 MB RAM, NVIDIA d i e
e ion 4 . on A ch Lin 4 bi i h ke nel e ion .1 .1
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