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v, Erdlele 2), (FEH] 39, (3% gd) AR 4
Ag gate] 78 =29 1E3E FAlog
1 (Euleld 2(1991)) & AA| S5 Zhe] njEg &
2. (FFEP] 9(1993)) o] 3% ®d
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2 FH02 §34 =oo] e AS BBtk TAY G4 AL 7H ubg el A
212 9] 3 B2 AsH FAAY A4t 22, Z 5 dolgE Rt 49
ofm, webx] dlolele] Hokw W AUl WA Yelo] Yk Ado] FE(H)
She REASY WAL T P w3 o AL AssroRE o He
9] 42 o FFstn o AUsH BAY 4 YA, 2540) FEHO 28 o
B QAN S WA Pk 1990WT) 23 Aulg T W hgele] B4
B HFe Y2 71 B 2N, o) 2 UXY G4 AYBe] IEspYE of

et thEshe WA APk o] FS Al AR 71t olse] §UH WS B
o Azgskarat Gk of BgolAl, o] Fe B 5te] R ol A Al
B(EE TR Fo] AYFPI S WAL et Aolu], T FozA 1Rt 4]
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EmA F(Thomas S. Kuhn, 1922-1996) 19 A4 Ta}sl o] o1
Z(The Structure of Scientific Revolution, 1962) 0|4 E2FE7=AGER
TOJEEM, Incommensurability) 1} EoFE 753t PSS “H 1= 2
o] oS 7F=SH vl A7 ﬁ?—(%ﬁf}f%ﬂﬁﬁ%, Interdisciplinary
study)= A oI AE o] AHel A - HE 29 golE W

1) Thomas S. Kuhn, The Structure of Scientific Revolutions, Chicago (United States): The
University of Chicago, 1962; 1970 (for 2nd edition), pp.201~202.
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AT SETet A - 22 UFEE ' B I ol Eokes
FEA QY BHoA HIshe A7 B okT AT ol izt
= SHAIZE ﬁ?x}oﬂﬂl 85 7P 7122 daesel
A T shue & HOF—J AR AFHE L ZopllMnt SEE= i
o} g0l it HA /\FQOPUW O 2ok skl =Rike R
A Al Eokee T ofEE IF, & WY Aot

Hljo] Aof(Linguistic) BolA - T3k 7id el olde 2
7l oFnh ey ofdelzhi ARxlolu: el xtelzhd Q)

HIEFH 2 (Metaverse) A 7]E2] HE=E 3] A 5= s e 2
71Holal MEE ZeV|lese] & 2710 A 7P Badt AH
Zolal A2t osfl= WA ¢lojd SHnter= 4 E7FsstH, AA|
Aol ARl ofsf7} A FHlE ool = 4 T3tk

o= =5k, HEHAS WIS SANA Tedt Ve &

ki
i)
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é‘é

T 1=0]0] THEE olofd Zule] WEEo] gk 71 o 7|&%
A7 GOl §ofo] ojge Holojnl, 17t oA ofE WAloR X
& WEGEA, b A o AAClA ofE WA R Xe AMgct
o 5 Awsts $A, 3 AL ao AR ke Aol
(Neologism) & F4.0.2 H= WHale] Z7o]ek?
2lojo] 7]t ol chopah shAT e s AS AR o
2

A B Uge) 7HE 2k e AR (Photography)ol B 8017}
SCK, Photo ) ERSHL 9188 ZEeTh A AWR Aplojele
iAo} 1A 0] Al LA QAo I ’5:}(7‘5 Optlcs)— —E.'_—X—ioi Olﬁ‘H

2) Y371 & 8kA} A8 A €| B =(Christian Metz, 1931-1993) S A| AlZxo]of 3t 3] 9]
2 Qg ke uf glok. o o) Zollx] AL 75 AxojEo] WHOE B
$7PERAIol A Q1A 2 Balo] gick. B4R AT AL o] §oi2 Fol =
2} s} 7 do]7] wjEo|ck” Christian Metz, L 'Enonciation impersonnelle, ou
le site du film, Paris (France): Méridiens Klincksieck, 1991, p.115. & 1ol A L=}

7} tha olelgie-e Witk
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FYelFilm)e] IAE =2 U(Kine-)7} F2HCinema)e] FA= =24
(Movement) ¥} g3HMovie) 2] A=, Fstol] HHH golE5of Hgt o]
s W IS0 BALS Wt 22 7|, Describe)she 4
A9} 7] 2]l FBF A Aol #Rt ofs o] =PRI H =
oy HEoRE AdsHA gtk A2 oA, § ®uyX-2)(Tim
Bemners-Lee, 1955-@Af)7} Q1A ob= Zloju “SIgulolst Y EHA
=9 Y EQ|ZtHThe Internet is a network of networks)3at= %3 &
S oz e QIElulel Tk ofwl ol ARSI olojurle Hlol
ol 2 4 AT EYlolghs Ve e ARAol et AAA ol
ole It Z=xo] HA e
Ae 4% WEE A7 =4 dolzte B 2o 7Rt 54

,‘JFL
28] ‘A 2L ur]o](New media) 2 EFEL 9l HAFEE 7]y ujg]o]
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o5 & HiFE2 s 7ledt iAol wet A afolal AR vE
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3) Robert T. Braden (Ed.), Requirements for Internet Hosts - Communication Layers,
https://doi.org/ 10.17487/RFC1122, RFC Editor, p.6.

4) olo] I3t M= Q= A= thS WS H1sly] wight) Friedrich Kittler, Optische
Medien: Berliner Vorlesung 1999, Berlin (Germany): Merve, 2002. "3&t2] u]t]of:
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5o, ol 1 BE, 12T £712e] B
77P<] A&d %EH—-J ”éﬁ% Atk 71& wotolee] 1IEet WA= =
olo] ¥elE WEoleke obdm oAl sl Qisiel welojehs Ag
oA 75 s} ERho R BT Al shgieRE st ey,
7HE ARA(EERS) T w1 Bejete Ttk ofd2 ¢ohs o' 4
o2 E EZX(YERY, Material) T= 52| Z|(YBERY, Physical) 1] A7}
Bp7bae vk T Qeks TR ok 19904 2 BRo)%
StEQo] W AT EQo|o] WAL AFE 1™ (Computer graphics,
CG) 9 AFH AA o|u]X|(Computer-generated imagery, CGI) 7]<2]
S8 S A/ 2T 4 2ol dAE F3= AHA(BE
HY, Photorealistic) &2 I AR 2(IREETER, Hyperreal) 7Hd(Virtual)
S A AR TET 4 A Hoch Ao AH BAgke
2 FAE Full-CG/CGI 437t SATHA| = W 30do] Yelon, 11 o]
T2 AF7H] o8 Full-CG/CGI Jat&o] tis4 - Fddles 2 ¥
& ARGEE ofs] Al Apolch

o

Ae

S HAE Y 24 S0l B A= A sk I
I fRlEn oju] 2dH Ao e £ A 71E 243 WREEE
SHEE T YE 240 FE oleth 1Eu HAE A A2 M
U] A7 23 59 © o A Alshd 28 AT 24,
= o HolEE thee Btk wEbA Helg vl SR ofy
2t 221 7hsAl sk HlolE e o= 3 JUEE o AHd E8
7F ek I A Ao 24, o] 22 CG/CGL Zofo Rigke}l dade] 7]
g ol 8Rls F ohuel 1990d ) 25 1A% st=dlole] HiEels,
I FoAE ofAe] IRt M(/) Feard it A Hae Ve
2] 5 oA Azrgstaat gtk o] 22 Feaad MdS
FE7)go] obd tE 2oke] WA o2 A kL s Tid
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I. St=glol Asat A7k dlole Azl 249 B -
@) BELSE A Be slegole) 5
Ag H=ged He FHo=

1981 11€€e] &£ o Ag& 18" A (Silicon Graphics, Inc., SGI)
+= <gu|y|o]E] 2(Terminator 2: Judgment Day, 1991)>14 <727 5-¢
(Jurassic Park, 1993)> S o2 tf¥HE= 90d] =HlF H3le} X E A]
7} g 374 Visual effects, VFX), t] A&s] oA VFX CG/CGIE th&
= 2o FF SR AT FA] CG/CGT 2F¥dofl SGIA| 3=
glolet o714 FEEE 2TEG ol A A EZOL} A
A HER Bk oo P SGIE 80t Fukat 90t Zut
of A71E F7IIAIRE Aok AUA] grot AMAIZE A 71871 ARFY
th 1995¢ 0] = 45525 A3lstd SGI9| F+7h= ©F 101 $-21 2005
Wl F 46HESL BT, ofn] B4 Bl 4-520l9lE SGlE 2
WE) B8k 20099 U FAHOE wHAICES SGIY| 2j2He of )
A7 AEE e W AR A4 ofn|A] Hofo] 7]ofat Zantol
U} 23, o7l oi e SIS A ARl Ataes o}
Aot “BAlzke] Do Wizt ofet 9l Al 7143 7%
379 2do] o ARHQ 80O AgYs| yEolcks

ol2 olafel7] SIaiAlE SGIoke Aukdie] iAol A uzlzlA =

5) Randall Hand, “What Led to the Fall of SGI”, VizWorid, 2009 4¥-59 (652} A&
B 71318, https://vizworld.com/tag/sgi-bts (A LA} : 2022 3¥ 129).

6) olo] W3t A& U= == 4o oA AAEE 6572 A 1A 7S arst
7] wlete}. Ibid.
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AR7|e BWH FAFQI ¢ldl(Intel corporation)S AHE QR 7} Ut
g2 1993 3o Wik 9 8AFX|(Central processing unit,
CPU)o| 1 W712] W9 286, 386, 486 5 A7 2] o] 21} x86° Y
S w5e 586 w4l HEA(Pentium™)oleHs o] 52 E<lct. e
Aol AE7|=o] Aafe] 7l A1 Hik= o] CPUL Mz o]F0]
ofye} ofZlo] Uut Amfg tfjwf A AlFol k= Holl St HE Y
Rt JR71sA s dA AT UEsks dlolk o #H|o]
A7F Bad J=Ql AR, o] 294 2L 5 VFX CG/CGI AH¢jof 7}
A oot B AHGREY NS, Floating-point, FP) A 459 FAF
THEE =AE A7z St dufshd o]Zlojoft® SGI=
EE= a7k A8 ALE B ALE Al2AEe] A AR

1l VFX CG/CGI Bols o549 w4502 e A g 234 4
ol & shtol7] wFo|tt E3] W #3Fg(Parallel computing), 2] ¢
°|E|(Big data) <=7, H] t|o]E{H|o]X(Big database) 75 B &, 1]
A5 Q1A Contemporary A9 E21 W 54 5 2] Alth 71
TR 7les0] B2 Feaad it Asol 24

el o 7] Hel o WS 3 W HE WA dolZ W)

o o

.

=

E
=
R

E25A Ade EFolehE o AW
A AR o)A AHgSHE 4 B WAlo] thak ofsirh A
of Btk AAA fokkAY, HurlE GeolA g 4 EE W

Ale A28, Integer)F-@} AG(/NEK, Decimal)FE FE3I= A4F

<

7) o] 2olA & ®e Yol Reiaide] Byt 71 o7t Bad A s Fx
3}7] wlgktt. Institute of Electrical and Electronics Engineers(IEEE), “IEEE Standard
for Floating-Point Arithmetic” in [EEE Standard 754-2019 (Revision of IEEE
754-2008), https://doi.org/10.1109/IEEESTD.2019.8766229, July 2019, pp.1 ~84.

8) 1714 ‘E@olet mUE S o] £x1E EAISHS TAHE E9lo] Bt Ro] ok
e mrh BAHel 9], % CPU, RAM, GPU 59] 314 sh=glofrh A= kit
dlofe] Z9]o] FATITh of A7|%0] )R Pxo] Pt 0)mA, o] Fo| AH§
HAS Yoz ujARl
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/NERS, Decimal point)©] 7|-58k= @FAfoll whel a4 4=F(Fixed point)

AT §F B REASY(Floating point) WA 02 FRE 4 gk
WA TA(Fixed) Al WAL A 284 Wl Gio} agrio] 4
2 Aglat

212 1AL A ulg] Holshs wrlog, 3 W A
2

A2, aggde] gF A4, Z12]al il o AE|E Uo] St
a1 7PASEAL 7S ~F 9] S84 (538K, Rational number)zhH o] &
L& Stk 28y 033329 73] A EE sekar(fER N,
Repeating decimal number)Qt E]o]%= A $HA|of] 22151119 AFE(H
JE=, n[Pi]; 3.1415926535897932384626433832---)0|L} XA Z 19| YU(FE
L A4, e 2.7182818284590452353602874713--) A UAYol| Al =}
F AREShE FE](MEHEEK, Irrational number)UAE A o] =
A2 7HA] - = 3.141592657FA], e= 2.718281827}A] - vlof| T 4=
Rlonz Fheh o] Aoiwe} AULE shud 4 g Hrhi0 o
A olst o5 A2 the-e Aefio] Ml Ajsidol 79] ws Aol
HoRols o g ARjur 23 Uelx) Q] e AR adiel] @
e Aol m} e aleo] BelE ARE AT 4 otk
g o] AL 167772164 w|wA = zFolSy(ESAEL, Natural
numbenS A5 thE 4§ HAL 2 Aol 4L RS S
chRojof sl AgolE s thet 4 gl ok ARSE
ohfat HEBolt ol AER ALRE Yds] Fus) Fi AS

9) w:3had H71ME BUshE 3 9lol AL Ho] 0.30.% HAF 4 glont, ol A
£ tolx AFES SRFE ohin] FRy|&0] Wale] RYAE ghonw of F
oML kA gheth

10) o & 4 AAe] Tt Fo] ohu] Sato] Wit FL TG ohHE =05 B4

(FE2X, Imaginary number)l E-A(#83R%, Complex number) -2 71 o]A4lo g 3lrj
sl grer
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uj gl AupA] =tk o]# 3 ®A2 HlolE 9 YolelE &2 RSH
Zojale] A= A|AEe] 58S A7 ASAZ Byt ofue} o] R4
EYTE 2 ¢ A2 5 Aol SRS vhEY] o=t Ad=
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Aoz A ABeE Zheth Feaade A 294S Qe e
ofsfist7loll= A AE HIES| W olEwol JoEE oA a1
A 4R S Ausl upaloa oAl

Ao AolMet nRZIA R 5 #Hshs o & AN AHE &
T ekl 7Pkl Reaad] WAloAE 7R WA el I 5
g AEE 77, o] W I o] Fofil Hoil A F o=
A2l FoleAlE A 2Heh AAE Ao aFo] Fold, &
THol = Aol wet AFsAer O ok AR, Fe 2l "
ok oA st o ko] AARtC R muf ex]H AR DAL gho)
22 FEaee afe] AEE g %QREN e [
s 58 AEEet AUEE Alatshal, a5 Y AL ghol
T A 2o ARE FR ol Aol d5E AsleE =

1) ol= aAaag A e] @golzl Sl Aol qlite
o] gJom Aslwrt AR oa o Z2asithy o] B
7t Q7] mol), AAR, nHLSY PAor 45
WA ol g3k ol Msl) e doR of AT T
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ol EAS gE golck Telil o] fAF Gitel, FEAsY W
4o WAL WA HlE) BAG HE ABSNoRE AHoR

A At o) Gl Y G4t 2l
Holo]l 74 ¥s} 1 VFX OG/CGL 2t B8 F4low

iy dato] 3860Iu 486 5 HE|Y o]Xe] CPUA o =
7FeE A2 obdrh I3y I Ae2 Uhssitl el RS

AR Agallols We Felh glch 44 A Al B4k sl
HZ XA A(Math coprocessor) 2f= ThA HE 3% 0|50 2 ¢ 2 &

7l 287, 387, 487 5 1719 REA4H AAE AX|(Floating-point unit,
FPUYE 572 Folstol el o AE oM, THE Bl
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7 EEAL 15H) o] AR oA Ao HHFeh 28 5 A4
Elo] 27]9] WE|GlO] FFAL Folsh ZHE zruJﬁqcmck speed)©] 486 1
sk tha A ARE LA, 7R S5 47 o] 486 CPU
1709} 487 FPU 170E &3t AXHch= fov|d v AE3ch

%A AT SCIS| AR EEZelor 22 B4 ade] AR} A
57} Ahe AR @ Tk Ag AlausE A it W
o] SAIFAS =2, A8 S5HCommercial grade) VFX CG/CGI Z+¢]
| = SGIAl A=’ 3t AlES] 7hAL 2|4 107 Ee 7ty
Gelg Y AR Wtk ofs WEE 4 8 A2

HEZ A A vpsior & é =2 g ‘ﬂlﬁol"”‘% T Rk
k3

Za9(Fme A T ATE 28] SR £ AE Bolr, 43 I
RARE) T AIE 20l shelehe W) 40 vleie AnES A

L oae oda] KUk <Fely] Yot <Eulo]e] 278
& 558 VFX CG/CGI 2 o8] AEQ] 2925 3t b ol &
| 22 ZE(Clustering) A] Aok & AE2 =2 A5 Q797] o
o]

o ol BanEe] g4 dee AuiFaL, 11 Fre) vE2 o

TRt o] AFAEAE FAISH] of#E R alo] ANt mig
F A s ==00-

Hhd W] Qo] B3 AJH(Target market) SGILF @4 A0} A&
tf. HE Y-S 54 thed] gt RS gide = f‘ﬁ e A

Welgdol L oR W & YASS EHih
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2
> oE

2

13) Steve Jarratt (Ed.), “Silicon Graphics: showing off” in Edge issue 7, Bath (United
Kingdom): Future Publishing, April 1994, pp.18 ~19.

14) o] A]7] CG/CGIZ )1}t v]-§-2] Ao gt 71 A= FA| GA BARES] QU
HE =203 ZAE t}e 7|AFS Zastz] vlgkch Mark Walton, “From Paintbox
to PC: How London became the home of Hollywood VFX”, Ars Technica, 20164 5¥
1<, https:/arstechnica.com/gaming/2016/05/how-london-became-the-home-of-hollywood-
vix (A Azt ;20224 39 129).
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= HEY 3 AES 7H4E obpe] B HAF oY
1102 97 9AE A5e 2ux olg i we
Alzgimct Ao] BE ol H 3uj o)A 9
A 2 S5(Workflow)oll A Fgaag] Aibo] } |3h= BlSo] 5‘1
A5 o9 WMol 7heke] WalA, MEYS VFX CG/CGT YAl
a71e] Ag A" oiH] ©@hx] 433 Ao Ad5(Raw performance) Byt
ofyz}l 714 o Al-s{(Performance per price)u}A = &3 tiAA|7} &
A= Yudich A= B2 deolatd eYA 3 AE ti4l HE
A S HEE LYo 2 v-ELS Fr|FHoRE FHATE 5 ALY, =&
Z2 vlgolghd e9A B ol o] S| ST 4E dial HEY
A o e 1) B 2dE SHLEHE A58 A 71 2714
g G5 o e AYAE A =HSlok 27]al VX CG/CAl A &
|

;o
11]
Hi-lﬂ
10
o

olr
EhY
rir

o2

)

4

3 e mE 9 19} BRI R Aol 2w golu, Hlge] & AlZtoltk.
AA| CG/CGI 2F] AL EojrfRi Ao =0 Hslrol Hulry}
544 E-%i#@ 7l'gel VFX CG/CGI 2ol mix|= A4 93

1) ke el 2] 7153 AR

2) 2D CGICGL 2] 9] 745 o] 71248 JHoR sl
3D CG/CGI #Fjoebd 271 #uAS AAslct o] o] AAs 2z
£ HA7|SHCFEST, Plane geometry), 57F7]SHZERIST, Space
geometry), $14F7]SHILFEAEN, Topology) 5 423+¢] 19| Kofol 713}
she] 712 W25l oAt & o) Fret AUFe] A HE
AHE0| qtmel Fuwe] A

3) AAE #a B A 2 3 S Woll JA(Pixel), HAI(Voxel),10)

15) #al. John F. Hughes et al., Computer Graphics: Principles and Practice, Boston
(United States): Addison-Wesley, 2013 (for 3rd edition).

16) AE 122 (Raster graphics, H]E‘%E[Bitmap]‘\—‘f 3835l Aiko| Hx} Zrstn
slot E2 WS Adeluz Weks) FRstol AAgT Bat oleh WA 2D 2
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5) Wask A¢ 3ol4 whEol Yo 47

6) 52| Tt 404 THEo] viR|St FUEREH o= U

'd 2 (Non-uniform rational basis spline, NURBS),17) HE{(Vector) H=14l,
EAIF(Vertex), thz} & (Polygon), A 7H(Texture) 5-& o]-g3lo] Ba gt
2 4|(Object) 5-& THS0] Wi-t}, Loju} ¢Joke] xpu} HakslA, HAA
SSlellA BE AR th420] l(Value), Wi4X(Variable), A4HRKOperator),
F4(Function) 52 FCH, Term)} ui7|AS(EAEL, Parametre) 2 ZH=
2|3, Expression) o2 FFFC) o] uf z+ &, ujsfjd4y, 2e3 4]9]
AUl JAo0] ntel AR o] Awd A2 WA or ARSI

4) FACLIE, Light source) W Y= A 2A, 845+ F-9- Fe

.(

5, 7l 917, 871, 0% A= 52 BolDefine)sto] StolA] A4
3 A3 W A ZE A 27 ol Wi B ole} AR S} uh)
Az s BAH Z9olAL Alo] Fe ZAlsE, olAe} 2o
ol Alo] Aaste] Ami Welo] 27| ulsale] Belo] Yl

o S WA B, 4k Al 2, S 5 A el Ml
g

1t 52 ZZNOperate, pilot, maneuver,
manjpulate-")?:i__]— 2=tk £31 o|% WE, 37 23, §F = AdH 9

= BAlg ek 2t o jeeg
ogElo g o] 9A] AT FxA o Aol A
Sof o3 felch

A

i)

o 4

5
HEA
HO

g Berow skt by olFolt MRS 19X

o = 11—

gloflal, £ dge) ¥k Hlo] MAEAY 85
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9] A Ak BAPielo)E, A T9m s B4 3D AR Tl Y adk
A (Voxelolt}. S8 o] ol BAGECelE osHsto] JAS Hdol %

Aelehe 402 $8H0 R fulsks 397} gl Voxelolehs of 244

7} Pixel o] A| ZE‘(Plcture)Oﬂ FF3l= ‘Pi-’ & H 1| (Volume)o|| 3E3H= Vo' 2 A
sjo] QE Aolehe WS Tesh 2Ae A Mok Balo] ofje} Hm g Zhs
AR o]afist= Ho| Eﬂ Elgsict gofof sk ApAIgE A2 o] g =3}
ulgick. Op.cit., pp.349~350.

17) =&

A HIE §8 B-Lgelol 02 wleishs NURBS: ¢ 7) ol o] A4S

lo

A7 e W2 S8 A Wl 1k B Core PR 3ol
2

83 A BES v the, vhA 298ERo] ©

of oo 33

TS St WAlolet olof TRt AAlet A ou ol AN E BHS 7
23}7] kit

A" e 2d 29 =zt 7lE 3F - avEk 135
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52 uREThy) o] E3 FaHomL o 2
AEAGIE Aoz AuEe] A7 Qo Wi
7) oIAIe] S TR HE AR AgSAL, AEd Yaow

Agstol goks WALOR ATFES The 2% AukEE thEol ik

3 2] A
i

e

.

2

[322 1] CG/CGI 2¢ T (AZR0M 2EZRoZ)0] 25 ZH2k5H Atgje)

Helstn, 4url4S BT e RE &

S Ak EEA 9
AT 22t & b HolHE thRe 3RS Aotk Reaad
FAZ aae WAl wis) o A1 ¥ #efe] HolHE o At
stal, Fusha, FUd Wao s AT 5 9k WEYeR fiEEE
A7kl Qut axulzb o iR A 8 CPUES] ofdle al - 317

18) ela 2H9] ABAEL CO/CGI 2ok ol A 717 Tt o]} o] 2ojxle =
Al % skt 1A+ A 2](Shading), 341 =2 (Ray tracing)& H|=3F th9] TdE
o] o]¢} AH o7 FAAHT) o] Tt =9= F& Aol FI|E gk

19) John Lasseter, Luxo Jr., 1986.

20) o]t A3 uheu)al7h AAlE AR vlcfole] Yook A7 Fhsabk. e
Al, FAE wlt]o]8] AA|(object)= <A+2] 3 Ei(numerical form)E FrEo] At B
< dAE vde] AA 9 BE (Y, A, Zol F) 71AMA 5+ 349
Fel A, ATelE 58 Fo) el wee] 4 AA5S 2t WY
= A2 2k A% 2o 1B gAY ol sjEdos <z23) 7]
5%t Zl(programmable)©]t}.” Lev Manovich, The Language of New Media,
Cambridge, Massachusetts (United States): The MIT Press, 2001, pp.27 ~28.
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AL, o TR Ao AL o YUY AREES o BE Su=

o ol yrEoly u}.ﬂ

Z 7led 71s @9 B A B, 00 SR 2SRE g3} A
o] VFX CG/CG% o AIFHoZ &8s H olf+= WA IS
HFH o2 g8t JslEo| AYFoR F e AFE vigof o

o] CGUY CGIE ARR3= #o
t A3t VFX CG/CGIE AR 27w
ol HE2A AES7] fEolgtal e ¥

V. Ellole] 2, Greb) 39, B R ARl
UAY B4 BY 39 RS FHoR

90 Th %, dutz¢el A9 938 VFX CG/CGIE TV #4582 T4
A

b2 AEAOR AL 2gle] g
AZFE Th Qllat ul g Fo K the 44 ol ol -
Ae(Resource) & o] FUYFOZN BAS ATk ofet Al
CHES SRR VX CGICGL Lefoliliz K212 Th Sat
QI RO BASS V1E WACR A WA, AFEH: A
e e

21) 1990t 2HF AB7|<% =g o] A AT Fzlo] TA= ujHdste] BHo
2% ALy TRseith el Wl BRAL AR 9 AR, 71 X, 2megl,
A8 - AAA Lz 5o] PA|o] 32 3 (Programm) T} o]} E 713 (Metaprogramm) 2]
NaS #A-83tc}. #hal. Vilém Flusser, Fiir eine Philosophie der Fotographie, Gottingen
(Germany) European Photography, 1983, pp.27 ~28.

22) 714 WHe] W2 4] Wale] B AE U ol thee Fusy) s,
André Leroi-Gourhan, Le geste et la parole : la mémoire et les rythmes, Paris (France):
Editions Albin Michel, 1965; = Bernard Stiegler, La technique et le temps, Tome 2 :
La Désorientation, Paris (France): Editions Galilée, 1996.

23) %3l Mark Walton, op.cit.
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22 25 JH2 IH 7] (Rendering)2P24 10 =+ A]7HRendering

A A4 5 VFX CG/CGIE At s 8}_5 S EIEPAPAE T IPARCERRY
ArolQict. o] 2] oto| A olFdt SGIQ 2YUA ZHAH & A4 H1

5ol AAME Ao Al Fulslol FUSIRLE, B HE
Aejgol el o 2A @ ARNA BAE W] 2awEelrka

3

Apst @5l AEgo] A FekElo] e Tha AlFshs H9E

R ol o 9 ZAE| A £E(Shot) SUE WEE Hof 2

e wAE 2 "ol AUths £olgla, 184 wHEeld &=
o shuehe et 04 1 44 Ako] AR

FEPEA sk welut oha] wAeA  2g v|ckeior drhs T
El

o]7]%= Jct. @A 90| ZFRIEA] A ¥ VFX CG/CGI %}
qe TYHE AF - B Ao ol Arpee] A} FU
2+ o] E}FA(Feasibility) AAS Qo] BAE o]A}slr] ok wHE9)

24) o] & AA HFH o dE A, 5 ‘WA E(Rendered) 0] WA, AHAY, 4
HZL, &2 2F AFEAHENd user)7k AAISh= AlZF 7] &) Al F=A|siohA g, A

B4 - BAA BN A7 EEH) W] Set ol 22 o] A7 7] 29,
= 2% ATE F9l WSk Aol ek
25) Ibid.
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1. CEO|H[0[Ef 2(1991)) & X F<& 2X9O| OiTet HH

AFAAF VFX CG/CGIAFY AA1E Aolgitty Holx 1olo] old =
A F7}(George Lucas, 1944-3A)2] ILM(Industrial Light & Magic)=
o9l olgieh FolA HPBL A= AL FAdst dolgdar, 1
s w2al FeksHA| edsteH ofgA sfof sh=Al, & AYe &
A A = QleA7E AEA] Wk ILME SGI 2
Aeg) AEAFES] 7P Fad AN F shtelrlel, R Ao
]-/—\-1:! Xﬂ AR 193] ﬁéé‘ﬂ SAlo] YR oz 2o I

S 418 =g 72 UAT 3
= l";rtg?‘i‘:}- ﬂM‘G}Eﬂ “smE O ol ol Al 7|7 oI5
A3 g B 7S AR R APsls AL =9 o)726)0]7] wE
olth. Aopite] & AAPE AxEojgte IAS AR R APAY

1_

rir
S~

I

3=

goj7} ofjzo) ALIAE P 7)ol A T(MZEE 223
LIRSS els 2

TA59] g13E3k= VEX CG/CGI Hoprl Algad AEg FA9] 3

Amat olyz}t CG/CGIE F3 E& 7Hs3t W A49] ehgole 24

Ao 7101%4 S/4A %l CG/CAl 219 A9, 2l &5 Aol 4

N
N
ON
ru
(g
rz
O
HU
)
f
PL
rlr

A& CGICGL Ao Bitwet. 29
S of Fol QoI AT T4 QLS 3 T B, Yool
JUAAN FEAG SO F

s> O T

[e]
3 Bawo] ofs) Eixom AWHEL. Axe Biwsr Zlelw

J

26) Jack Burnham (Ed.), “Notes on art and information processing”, in Software (exhibition
catalogue), New York (United States): Jewish Museum, 1970, p.14.

27) WE £xEgole] BHL EYOIR ZE AL 7, 715 Ao W
EE Fsks BHEA] x5 7Rl ASS ZX]'(Mampulate)o]—h Z o],
TN E BE SEgels] B4 aud AREgelE wux: 2Ad s
(Supporty& A3H= Aotk StEgolel 2XEG0IS] HB oE - 43 WY
Ao I3t 7|1EE Q) AL v} %3514 vlgtth Friedrich A. Kittler, “There
Is No Software” in Stanford Literature Review 9:1 (Spring 1992), pp.81~90.
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CG/CGL 219 do|=r} Z2b7tal, 2hedol| Hadt AE oA St
th ol St dabel FHEE0IA o FRRt CG/CGL ZAE
TE7] oA, ofizoll A Al AP 27HE o Qe Sjuleith
=9| WollA, CG/CGL 2t9)9| o|m=e} ik AAE 45t

o

i}

L AASS HA USRS, AHY 47t AT AU 4248, ag)
T AL M 2 9k W AAEY AeAge] gt BEst 4L
2 vrobAu] 11 WIS obAlch A Thdh o=, A¢ie] o)
=9} Qlakere ahel Yol CG/ICGT AR|Y] 47F 245 s}aﬁzu} e
Wzt A Whe vhath o] e yio] Helute] 4EAge] M, Wi A
2 Aelurt £ Tl AU} el Honw PR o geolst
o E3F AR} G Aol wgEe] YO o] wEl ek ¢l
T Wask ] dEe] B We Ak ASToRE ofyx o THE
S 9leh ol W) Ao elake Bastn Al A Bk whestn &
ARl Flol, 2 Bxksha v Eel AARET destn 4Rl AT
o o Zsly] 4u PARFE Ak nHIAR, HEe] AL B
2ol A Halurt SRR WIS A4 A Sekae &
L 34 mlo] o 4 1@ Fssh, nebd Alhact Aol 2]

CG/CGI 20| A o= 1 4| Hol| & }Uﬂ A4k *3%5 4 51?5&‘1}
CG/CGI 24A|9] F=r % (Transparency)S AAst= U
Fol @55 ATy Aol w4 %01% T 31‘:}- 7—‘1‘ﬂ]—‘§‘_—- 5
ot A= ATt A, Wol HAo FAAHE s o FAst= =
A FEolAYS Aof AU EEs A FE H|A] iy

H7MA] FHsfjof stER A Aol SRt a}rg_
U Z2= 24 Y S5t A= F7F "R R A=}
3t |93t U] Fito] S 24t 4 Qo) F7t BIA
g Aot of= 3F it H|S = AR A dol=rt 4

WO RE 2 o] frk ol QA Aol ARRHE A9 E

e

;o
o

N o dm g oF et
o
[of

in
o g
N

o Mo

g
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S orr m
2~
[‘lo ONI
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Bt AA|EY B AAVE § AsE o &S ofnigich

CG/Cal 7"74]9] FHE 2 weto A ofsiet 4= qlrk. Ao #H ol
TV PR AHE F9 §F ol Esithal siA A e dol=u:
b Belo] A2 AL ofy7] lwolth 552 o= SollEAL @
g 240 Wi =& gunc) o] zt v 240 ujst X
A glo] UukAHELR ST, Diffused reflection)7} & Z|A] ¥hA¥gtc) 1231
CG/CGIE] oA, o A2 Wibibe o 28 AR o 22 244
Foz olojith

1991 9] <gmd|olE] 2> ILMO| thE2t F sho] &3t} B

[ 2] (E{0|H[0lE 2)2] MH| F& CG/CGI29)

28) Lev Manovich, Software Takes Command, New York: Bloomsbury Academic, 2013, p.58.
29) James Cameron, Terminator 2: Judgment Day, 1991.
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o] o] et A, o] Aol AHEE CGICGIE AN} ko]
2He 913 2 5 7S] ARl Z1Hhe. Sk S (keR, Hydrargyrum:
i 712 He)A®l AAR A2ollA HA] Al ko] slom 7l
Qefa O B4 B ASAY vhEshts Aol A st
S AY F7} v x]= EY(Transparent) F= 3 F3}4(Translucent) &
&2 glth= Zolth o] AHolA, = vigo] Z A o< Huld|o]
L vpet BUE T2 B3 o] ot ulx shaeeo]
& T U H el BUS 20 Heby BAss 9
= FIRIeh o] A T4 EHe] wiEgt S 0] ‘9= AT
FAS L B5e FR2Q T 0 2 o] HRol Ak MR
B Adgyt dARS @r)o Aol Bk vlee] deskal
ol E5] Ropit 4 QojAieirl it

CGICGI 2412 golsh| o17] $I3t 2] Huoz ui o] o g

=4

>

shc} Zhete] 22)ela} u &Ml (Mise-en-scéne) & IAFEE Aztol| @zt
ch o] BEOA, sirleis 3te] B ol Sl Hieko 2 e
O AL HolR @ 2] He ES Aelshy A L4
of it Hobw il vkt Ao) gxjo]A] eh=th ol ATjdow

9 5 280t A o5 25O 9 A =S iRt AA|S]
=y 23t FAlol CG/CGIe A= oA Aitshe AdAlska 7
AAQL AEolth o]FA TLEMN, IIME Atfales 22 Ait A5
uto 2% <gu|yo]g 2>9] CG/CGIE &3] A58 )=(Convincing)
22712 LHE3F 22 99T
<lE|dlol® 2>& o770 W EHEA FXE o|-&sf CG/CGIo Ha

3 NS FrlHoE Y 719 obfe] ALA thRolE ofd
TE W S g UE U 3502 wEold 2io] e, ER
ofl Folehw o} ZHE AZk b BEstm Bss AUz © ulel
244 247} Stk Alo® Welgng AAshs 2] ofo] sigwich)
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RS e, Gt Aol AR Aoleb ARfuch ARkl 2ug
S @ offl B BAKL BERL RAEel 2 Qzhut uelglol
CGICGIR TEsIel o olsit

kot AR & §71HE CGICGIR FASHE A2, 7V ofele
A AP 7t 9710 Ey 74, © So| 2 193t Azttt
R 7}+0 =

A =X =
e 2 Tl Bk Al 1?\]1] %Tﬂ =4 - B4 - AR 21
A-3d T o gt BAlem 2y AeaERtth 12l o] 4B

(23 3] (Feb7| )2l & CG/CGRY

30) <glujy|o]E] 2>o| A CG/CGI 2Felo] = tjakel A Q= Zol=ofF 1 AFA 2 oo
Bl T i Anop] ik ol ), [elk) Aolels 34 sjel 718
A 97] . <eluldlo|e>¢] HlZEE Aol #3t Alﬂ&] AAe =Aoz, I7)5skedL,
447, 37| 38}3), 2015, pp.203 ~225.

31) Steven Spielberg, Jurassic Park, 1993.
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hgo] Bamt 2st 9] WA o 5 AR FHESE 5
gt 2 Ade A 2R} GEeR 9o

U AR, R aglel vs) B AL, by 2gle) volwst A
5313 ARlE S7hRk A 2Rl9] Qi Aol AthAo® Wi g

T

ol 90t W7k wi&sty HEADE= FHE 3 2o} ¢
A57F VFX CG/CGIo) =75 o|F3d A2 A8 ER Ted] <o)
AL AIAAY Sol9ls] diERke oft,

ILMO] & & 322l <Fep7] 39> CG/CGI u}5-72] 3¢lo|
213 wolw Telo] oprh <ely] BL-& <Ejn]ylolE] 2>o] wle|
o B 429 CG/CGI A7} 5451 A9} 2o BAwE 04 %
AR, T e s 2R G A g 99

= SIS 4= qlrk CG/CGIE) ARG AHAIE F|ad)oh= 3“\% 7 A

A AR ollek o] dsrt gie] CG/CGIol 3t HEE
S Slees EARE, <FE] 3e>ollA CG/CGIZE A4
o oF 1285.0] A Al A|I7F &= T 6H IR o7 I 47HAE
[ZA] g=th o] Fofoll AR Al & F iR Ae 7]
wenh ujola] S-S 4T B3t Ao 227 wolo]A(Marie Georges
Jean MEéliés, 1861-1938)2] <A A &{3)(Le Voyage dans la Lune, 1902)>u]
HE Qloje HAEZ E4= ail(Special effects, SFX)2] HIeof £31r}.32)

<HEl] BRo] BES Holrh WA w3 Qieke B0 A
Al ofafisllE o ek o] ¥HAA HH, 3759 Agt A7)+ Fof=ol
ofust eslel Adolth slu 1E W HelyleapeRa
(Brachiosaurus) @] AA] ®<452 3t shdof gogjH 170 7hdgl2 L E

o3

Fl

X
2
rg
o e

)
L
n
ol

fr o

Ol
)

Koo
d
Wi

2

o&

32) A 2E|Y vz BEy, 454 54 Guke U 290 B ol e
3710 B4 7168 od Ao BIE ojujaic). Welolse] <2l of
Ao A Folg Aol go) URul A o 150 AIAY e A
oA AFgE 71¥e] olo] sfgEi. A el X, 5te] ofulztgol Tk o4
o] 2;, 0|4 o, Bl AL 2011, 2162,
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e "ol 3tof| ke Aoz FHe dEsoF sh=d, o] A==t
CG/CGIZ e 279 71&=S o] AUsta Awst 2714 Ast
A kot Hh w z|o o]Fste 38 T FEE oA HoF s

e 782 weto A o|aE 4= itk o] wl CG/CGI A A7|= o
of vl EASAT F= Eojuil olF £k o Wepdich WA

o] a9 AR REOR o FSH: AR CGICGIE THsof 5
L 7991, of Aftolebd Aste oLt A
A A 55 Selt dlo] AFsHe Hol o FelHolch. ol7lo] &
ol 245 39 G o wol Wobd] WA 2lo]7] ojelgi Atk
L o7)EA B AAS ot SAYE HABKE 4 gk ol A
3} Ak Foli Zbg AWA WAl BB A ki
Sefuf Hol b EAQl WAols|E Sk

42 Solok 1 3 shelo] §Y Y 2P} ack 92 2 WL
& Felos o] AR sy GxItks Bol7|E itk o] 7
A COICOL Al 35S 4 9% Anepl A6 wdSs, 5

CG/CGI 4l AE2 SFXE 83k ol ¥ =2|&oln a&Z|ol.
Zhletell et 382 CG/CGIAYe] =7t 4ol = tiek2 itk
24 Eg(Motion blur)= w2 £E 2 2Zojl EAE -3 AE Ay
2 Y v I &% wjiol Heet Wejrt oket k] Fefet
Ahbo] 7125 35 FAbolt)h <Fely] 2> ZFo] Fhdeket
Al LA oA W= o] FSh= A4 o] B S8 ANE A54L
2 Zg3to 24 CG/CGI xS € 4= A3h

<Fret7] S>3 A2 o] e HERY} o)A R YR 14
59 digehe= Aol 95 A7Ioll S22 28 HE o] <F2] &
D>of gL A & WA duk gl FHE A2 ARolA[EL ILM
o] <l > Aol WE A Alidle &= 74

o ug vk WEl 24 7 A G AR Rt ILMo] 71w

H1
jinss
ol
o
_&
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FARE 77, v Eobad ILMo] /i @Al AlAlE & WA
B ot 58S RS AsAS 9s] AR i glont o] ®
f:ﬂ_ oh. Al M) A A xEgojge] BEL SGl
, SGI A|2~El3} HlE] Y A|AELS $35} 75(Compatible) 3t
7494 Qrka Holw Rupst YER 7|Ra prolMne 2 o]
o] el SGIgo R AAE anEgol HElYolA
34| %Hzna, AR 7Pse e AZEolE A A
L o] dirja o] Wasth o]k A F o]y,
A oA = ke HLolth AE ILMo] HEA A|AHE
juc]

>,
[
i)
olp
(o]
|:1 2

i
ML
¢}

T o
rO
=
~
7
ol

o T o
i)
)
2
>~
prh‘

L
o
R
2

w1 Huw

thA] 24RO AE R steietE, 90

_4

% ol
AZFE: TRlEth A AEEg ol

<Teb] FE>oll FE8 & AE FES "RIVAIRZ 00 =H

i oo rif Hr o

w

(B2 EHE(1999))0| Of Mwsln MUsHEl 28 B3

A 1S FHIsof he AL - S AR OSe) A SGI Alxwn
g9 AlZe) T2 Hol AYBo| ohjet esle Z|agrk olF

bl
& 5] A9 ANE - T AL Fol A A HHES
WA QA WollA JAIE thA]7] AR} 23| Y A E o] (Framestore) 7}

THE31 BBC7} 19994 10 40‘7‘%% 119 8U7HA] & 65l AA gzt
A e g <3F g (Walking with Dinosaurs)>2- o]2{3t 73k
= AuE7]o] ZHg ARtk

33) Lev Manovich, The Language of New Media, Cambridge, Massachusetts (United
States): The MIT Press, 2001, pp.201~203.
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[T 4] (SE tEE) 2l CG/CGIRY

TEolHE TE 2 AYSIE <TF P <Fep] TUL
Aol BE BB Aol Helth Atk Tk WY 08H F o5 A
1802 A= CG/CGIZ 23 Full-CG/CGI thHlE gt oA AF
Hi el o), <Felr] F9>9] CG/CGL BFE o B4 6% o
By JupbAE 2o ARESE AlxEle] <A s AR 9l
CG/CGIZAA|-7M} 7Hekt Ag] $A] & zFE 232 ZYsjjofyt 3
o} i <28 dEEsS <felr] 2ol ulE CG/CGL A
el Atole] B Agrt o Atk & <28 EE-e <Fe] B
°J>m FEL o 31 o /) mojZth o] shulo] R A4S

2 7hAelE 7k CG/CGL A9 BAPE B Aol kA o Am
g e 41:1@@.
CG/CGI A9 HAF polle 358N ofyet dF 27 AAlE
CG= F&3 Y, & T, 75 & =gk

Y
o Q

N
N
o

FIl“

34) Tim Haines, Walking with Dinosaurs, 1999.
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Arolglel A

-

27 <3 dFT-S FEL vl 1 FFE| A
A7) ANFEQ] R4S CG/ICGIE ol §3to] A5 gl 427 7
s yon], o tRe FF NS o sptolelAl, u AAsH, o
gol, 7123 o 9d HolFt o] AFYCH: WA S713 stk
of 7ol o] TRAESL A 713 el HF FUER(Post-production)
A 3% A FelA heke AER B 717 oo o] FoiArks AH

= 7 L3S sl diSeR e Ve @] Heph 2

ot

= ArollA 71 AR g F sl ARbe HRshs ol 53] R
o= vefd o Qlrh30

o] Al7] AH7|& ok TS =do| miA| Aok} Ze|=gs] 7|E
o(Friedrich Kittler, 1943-2011)2} 17} <183t EmA 3% (Thomas
Pynchon, 1937-@AAf)o] AF3st “ActA] Fh=(Step-function)”3?) el Q]
T e wEA b AdA e 2] 548 ASA7E
e AEEA] L Hlw A B2 AIZE Qhofl A7 (Plateau)of] FHol==
21 3ol AT AAZI7E vlad e A&ETIE o X oflA
wASH A5 5 ZOoKBEE, Leap))sh= Al 9] Aol shte]

35) kil Mark Walton, 2F2] 7]AL

36) <2 dEE> © & Al oF 6009k (o 8005 e, <Fer] Bl
630051 refoll ujsh WY viek 71 @b <Felr] FU>9] CG/CGE gt v
(IF) CG/CGI o] A|Za|el ¢+313] Fdsicta 7, o F3te] & CG/CGI
H]-8-2 63007F G2 4.7HAIE] oF 3009 &, 18|31 158% CG/CGI v]-8&-2 <F
509k gejo)] o]tk Alte] y2th Q& olA7IA] st <3 wEE>T
<Hal7] B9>0] ulg Aol o MojHIrk. 199312] 63005+ el 199912] 7264
wF erefol 485k, 93el 13 of Souk el giEl <wels] F-9] CGICGI Hl§
2 99l oF 579 Fe7kR] sttt Lo Hldl, <3-F tE>2] CG/CGI H]&-
o e WAoR AME 1Y 4usd IS ¥A etk ol AYshe
CGICGI2] 2tjefo] TV H-i-e] 170] uja) #A3] o Wris 4< 7isie el
Golulgt Folt.

37) Thomas Pynchon, V., Philadelphia, Pennsylvania (United States): J. B. Lippincott &
Co., 1963; reprinted in New York (United States): Harper & Row, 1990, p.331.

38) ZE|=g]3] 7|58, Tgsta nijol: 1999 WIEH 7Fo] - dl&, 74, AR, &9t
ol FHAITS} 2011, 184%.

39) o] ‘o A& Fo| A=}t (Raymond “Ray” Kurzweil) 50| AAEH <7147 Eo]
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o] WA Hd, 90t 2FRto] o]FoH 14dFe diFeke MY
& - 7HE8 AFEY By o]F 7k ¢t AT MEEd JRVs &
off]l M2 FeHe AFHI Eof AHPor Eshrlo| FEshh B
ofyel a/4dse "edhs AuErIEo] 4% 7l & 1l o] &
Bk A Aoagsid ofg by 2oksel A dEe AR

© oA F83 2ofg etk FoEHE, 2 Feasy At
352 di$eh= VFX CG/CGL o7k & T mofsh= 23 2{¢l A7
7F H A= HollA] o] Fof SlmE =ofEe] o m Ko &40

sich

4b A2 olnl VEX CG/CGI A& H&eE HrE L9 oY
A, Yobzt ARt AlZb glojg A e](Visual data processing) F-oFof A
71 838 A% 2 HE(Index) & b7t E Qi) o] o] ZjoA] &

E71A% st=gojel 2¥ A A 2]%X|(Graphics processing  unit,
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An Interdisciplinary Study on the Correlation Between FLOPS
Performance and VFX CG/CGl Workflow Improvements:
FLOPS Improvements in the Early 90s and
Examples of CG/CGI VFX

Yoon, Na—Ra

This article aims to ponder the lack of competitiveness and the
impracticality of interdisciplinary research on art as well as on information
technologies. The concept of floating point system and FLOPS is important,
because all VFX CG/CGI workflow except its surface or “most superficial
layer” is fundamentally writing mathematical formulas and manipulating
mathematical data. Although the floating point system offers more precision
and accuracy, it requires more computing power than the fixed point system.
In the early 1990s, low-cost and high-performance general-purpose hardware
such as Intel’s Pentium™ processor offered significantly more FP
performance or “FLOPS” than before. Such a leap in performance led not
only to the advent of a renewed technological environment, but also to
the sophistication of VFX CG/CGI workflows, and ultimately, to the
declination of a company such as SGI. This article is an experimental
attempt that tries to re-examine the then situation not through another
traditional point of view, but through a contemporary interdisciplinary one.

Keywords : Information technologie (IT), Floating point (FP), FLOPS, Computer graphics
(CG), Computer-generated imagery (CGl), Art & Technologie (Art & Tech),

Interdisciplinary research
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