REBEISY 965K KEBEAAWIE pp.450~455
24 qe2A A% got

Western Music as an Abstract Art Form
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ABSTRACT

Emotional intelligence is investigated in terms of a composing machine as a modern abstract art
form. Music has the longest tradition of being an art form which has an explicit formal foundation.
Formal aspects of traditional and modern music theory are explained in terms of simple numerical
relationship and illustrated with examples. The exploration of art in the view of intelligence,
information and structure will restore the balanced sense of art and science which seeks happiness in
life.
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A 84, F43, AAH, ¥23 54& 1A=
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A% A Z=A(tonality) &9 AMAQ circle of
fifths[2, 31, 20417 29 FZ(atonality) &2} )
A serialism{2, 3], 2047] Fwe £ #A
(sound synthesis)ol W& electronic musicl3, 413}
& &(chance operation)d] @&  stochastic
music[3, 5, 6}, 20417] Fwt9) 03 1biv)] o &
3 F=x9 AF AA(automatic generation of
sound structure)o}gl:= digital music[3, 5, 715l
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2. FAEF2MY S Music: Abstract At Form)
2.1 %} Z3}H(Deterministic Algorithms)

7193 541719} Pythagoras® 18] FFAEL
%42 4 (pure knowledge)& 9&2 A8 (catharsis)
2 B3 QAzko] ZAY F Y o FAL HolME
Aog AAYPY. &30 HAHA AAEe +9
gzt e £ Uda BHEn He F9 v
(proportion)E°} A ottt Sote x3ts ddy
g & ddxn Pyok F o4 ool #AE ¢
%9 #AE Hokth Pythagoras o= o8 g
&9 ZH(intervals)2 FolA = ol(pitch)E Wi7)
of e & Zojo "z yed ¢ d= Aoy
[3, 8l.

&A= 38l Z(monochord)®) Zo] ulo) wWE
Eatol} o2 Z(sonometer)9) Zdol9] H|R o] Fof
ZtH8). monochord?] €& 25 E3d F &9 #A
7t 12 70e) ¥rL(semitone) 7+Z 2 octave’t THE O]
At} octave=1/27 2L v JA 9 H}d FH
9 AL Fo AL FHH= UL A} F
it AL @¢d FAZ FEIeE dd9 ¥
#+= 2o Pythagoras®) 4R L F£& €8 ¢ v
Ao octaved S T U4 HGL A 4

o 28 2a3 A% 339 AA4E RAZY
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W F &9 @A 4 we EQA thlrd—4/5(E)7}
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e ¥4 = Fig. 1% 2o
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Fig. 1 Monochord division

Albert von Thimus: 3dle] %338 A4 (Die
harmonikale Symbolik des Althertums)dfA] & 4
°olg] |#% UgoE &9 HAE Jeld EE
Pythagoras =X o] EHUTHEL o] ¥9 7 o
& 4zt & Aol U F& Jehdk(Fig. 2 #
Z). 9 ZolE vyd F 388 wEoAn 4
ol F3H © 330 AEAGEYA W YFH
9 FEZ ‘AoE W dFo] +£EE ‘Fog RE
th o] F & Abolg] FAIEL F F499 h”{i]a
o A%} 2 & A= JHES FIA A
(identity rays)eolel 3tx o & i 9o +dL
A7 ‘o] AAYE HAFEr) Pythagora EXE
ar&e] FRE upgd AEsEE A 98 JF
g2 (form)$l T2 AAE BAgFE Rl
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Fig. 2 Pythagorean table
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o2 o]Zo|XE major scale?}t minor scaled tH&
# e 98 SA(semitone intervald = MAS
7R H3].

major scale: +2 +2 +1 +2 +2 +2

minor scale! +2 +1 +2 +2 +1 +2

g SA9 dFAA NEEE o]FolA 1289 ¢4
E& circle of fifthsglxz e}, o]|&& circle of
fifths2 o}Fojx 12709 major scaleE< ve3
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© 2 Fig. 33 2 9 A4 Pythagorean scale
& AFog3].

moon Venus Mars Saturn
earth Mercury  Sun Jupiter stars
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+2 +1 (+1+3) +2 +1 +1
Fig. 3 Pythagorean scale

sezhe A WA 48 Bojd & At
o]&}§ Pythagoras t9he] HeL Koestler’t A%
k%ol #&(Science)d] Axg e FAAA A
O]ATH3L &¢tdt e FUEA & Aotk
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7+ Z3FUE circle of fifthso] W& 4S9
(tonality)2 4171 ¢ AT AFY FFE o F
(dominate) vi-¢- HAAQA 7]uto] At

Johann Sebastian Bach: Ao} wlx|qt ZEo]lg]
A F7}9) 71 (Die Kunst der Fuge, 17509)9] F
A (theme)E circle of fifthse] wa} THEUT) Fig.
44 BE FA A2& FH FAl Al9} backward
A4, FAl E25 FA4 E19 upside-down QA4 F
A C2& FA Cl9 backward and upside-down @
oz g2 F 25709 FAR 19 F9 ¥4t AF
& A3 A3, 9, 101

=N
pa

1 i L 1 1

) R

(‘4 1
A2Upsikedown =7 +3  +4  +1 -1

[] 1
C2: Bakwarl & Upsidedown

-1 »3 -1 43

Fig. 4 Bach's Fuge theme

Mozart, Haydn, Beethoven, Schumann, Brahms,
Wagner, Bruckner, Mahler: circle of fifths& tiof
A A¥3HY S4ES A FHA. base keyd] F
Al 13} fifth key9] FA 22 o]Fold AA RS} o
E FAE oY keyR APA Il @ANE9} base
key2l 4 13} base keyd F4| 22 o]F oA A
HAR-2 o]Fo}A sonata A& circle of fifthsol wt
& x4 A3 71yelt

20417) FA7tEeiA € %S 713 serialism =
g ofe FAFHY ZHg ZEFE: 9tk Amold
Schoenbergs A2 #AE 1289 FE& FA=
3 olg FAE UYFE 12& 7|H(twelve-note
serialism)® € % Z(atonality) &9-& TEUCT,
3]l. ZHE 23(Five Piano Pieces, 19231)9] s¥is =
o} Y(series)& Fig. 58 ZTH3).
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Alban Berg:® gAFola 7AEHA g FA
9] M3 o2 Schoenberg? serial S4Bt W3}
2 A Lo AFAY. e 279 680
2 o]Fojz EEF £IdEL F49 upside-down
Aozt g FAE B4E F & = backward
9} backward and upside-down QAo 2 E A2 §
FAE s F Y= F£E 2A9Fth 2F(Lyric
Suite, 19253)9] <92 Fig. 63 23l
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& Upsidedowm
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Fig. 5 Schoenberg’'s op. 23 series

€ g% -3410-5 +6 +5 10

2 Lyric Suite Series 2
3 |8

=

TOTN2 42 41 4242 <3 4242 41 42 42
Fig. 6 Berg’'s Lyric Suite series
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Anton Webern2 &9 4 $£go] EE serial
Aate) B AL FY(miniseries)& o]FolA &9
& 2434, 29 7+4r Y FX = Fig. 79 AF
24 (Concerto, 1934)9jA AE 4 9JvH3, 11l

Oniginal Backward Backward & Upsidedown Upsidedown
i R e —
-1 +4 +4 -1 -4 +1 +1 -4

Fig. 7 Webern's op. 24 series



23t} A E(postwar) serialism ZIHEL FA)9
T4 2 di3g HEoA & XHY] 2E 84AR
w8 L3l Olivier Messiaend] 19499 =
Mode de valeurs et d'intensité?] X&& 1289 3
IFOR o]RoAn IF 29 39 M&L 1F 19
ALE serial ABeg AWM wEY, IF 2
9} 3¢ Zol(duration)= 1F 19 Aol 2w} 4u)
9] do] A& 77T 7 gAY &9 A 7(attack)
¢ 12379 <9 9F ¥¥(dynamic)g& 7MY
(Fig. 8 A=), Messiaen®] 1941'd 2 Quator pour la
Fin Temps$} Pierre Boulez®] 1952'd%t Structures
7} postwar serialism 22te] dl®H o ojc}{3].

pitch 1t 43 10 9875211 6 12
duration 1: 1d 2d 3d 4d 5d 6d 7d 8d 9d 10d 11d 12d
duration 2: 2(1d 2d 3d 4d 5d 6d 7d 8d 9d 10d 11d 12d)
duration 3 4(1d 2d 3d 4d 5d 6d 7d & 9d 10d 11d 12d)
dynamic :ppp pp mf f ff fff

attack : legato, staccato, sforzando ...

Fig. 8 Messiaen’s Mode de valeurs et d’intensité

Stockhausen2 Az7]€2 MA serial 98 & #
Fo] F2 B ol &8 UEJUIEHAR W
A A& Helektronische Musik)& 243 cH3, 4]
195333 Studie [ Fig. 9914 2% x3da ot
E FH5 F9 8428 EF ¢oz FeM 24
(timbres)2 THETH Zojs} A7) =3 54 FE2
TETHY] 195432 Studie A Fig. 103 o]
25Vv58 L AL HAE 8l1E FHFE 43 &
3 EYe AFS QEY &g wEG4

1920 : 623 IIWD 1200
4! son 280 [ 3] 500
1000 1|828 628
€23 208 ¢ 590
1800 4 488 6l sav
11200 330 780
800 333 a 260 828 §00
333 13 173 108 60 208
417 178 217 138 328 260
ete. ete, ote. ete. etc. etc.
BE5ZsRBGRLRERT R SURRZANEIYEER
N o s e e e e T T

.

Fig. 9 Stockhausen's Studie I & 1I

22 de9 %3} (Stochastic Algorithms)

A e(aleatoric) o] & L& FAE 9 JAFT AR E &
Az A AU FAE A= A 2 49
9 #FHoz AXG = AL A Y]

Wolfgang Amadeus Mozarts 5 FAtg9 g
uwel b oA & RZES IAEL o]ojA
minuetE® AI3GYcH7. Fig. 1190 Roma 4(Q)&
waltz8] 8%-#&, otghujo} F(EAe= FAY BE,
249 ¢ 4 ZFd g8 49 274 & JeRd
tH5l. &9 HAd $-<A(chance)d 848 BEQ
Rojt,

Zahlentafel 1.Walzerteil

I o0 m N V VI W W
2[99 | 22 [141 ] 41 [105[122] 11 | 30
3l 32 6 [128] 63 [146] 46 [134] 81
41 69 95 | 1581 13 {1583 § 55 {110} 24
s o177 138 [161] 2 [159 ] 100
6148 | 74 |163] 45 [ 80 | 97 | 36 | 107
7 {104 [ 157 67 (a8 Tuslat |
81152 | 60 53 |9 [133]21 127}

1% | 75 1129 | 62 '} 123

27
171
84 1114 | 50 | 140 | 8 [ 169 "N}
42
165
10

B
Rle B2
&

n 87 6l | 135 | 47 | 147 | =

12 130 108 | 28 | 37 |106] 5
2. Walzerteil

I NV VW

7 ] 121 9 | 112] 49 J109] 14

117 | 2 56 | 174 | 18 | 116 | &3

Jis
%
1%

15 |13 |73 |58 |45} D
176 | 7 | 34 | 67 [ 160 ] 52 | 170
64
150
57
)

125 | 76 11361 1 | &
29 {101 | 162 | 23 | 151
175 | 43 | 168 | 89 | 172}
166 | 51 | 115 | 72 | 111 |
77 119 | 8 1137 38 14%| 8 |
31 {164 | 144 | 59 (173 | B
108 | 92 | 12 | 124 | 4 | 131

Fig. 10 Mozart's musikalisches Wiirfelspiel
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Stockhausen® 19573 % Klavierstiicke XIo|A]
AA g $9(controlled chance)d EAFUTH3, 51
19 289 H&9 L 4& 9549 1§9 4%,
A7], 45349 AANE Tgid AFAE 8§ 2§
9] oM & 1§9 S9doz ggz 3oy
a5 FY AAE gEn QFE .

Lejaren Hiller® Mliacolete HAFEHZ Hz A
8 S94¢ ZF(The Illliac Suite for String
Quartet, 1956Wd)% ®EAGS, 7, 12 9%9
Monte Carlo §22 && F&%(random)Z HE3
EAF ) Fa2¥ (heuristic)d 71P& HA AS
thfilter). £3] F WA F7l(movement)= 8749
AL sequence2 °lFo]A N Z sequencer wheIW
(counterpoint)9} M3 & HAFEL
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1960 = 42dY ZEFJEZY JFHE 7|E
9 A7MES BHE & & g oojAE &<
Gg o gobs HEATHIZL B4 g&o) ug)
T2 &8 WEo 7 g9 & ‘E'Ed 3
& o8 ‘MY ‘&0l Y& 8ol & SR &
€ Zolg. w2 ¢ ‘e TFE nE 1d
(first-order) Markov A %lojztx 3 AT E ]
Ao #&g§ 38 ofd(higher-order) Markov <l
olgtx st} A me] F7b FolGFE
28 X #HAg. 29 AAg 8d Al ot
Fig. 119} 7}
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Fig. 11 Stochastic music by Markovian chains
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Xenakis® &&&9 ¥ stochastic 7|22
RERA B3 A8 S(thick textures) Weld =
S8 “15925}[3 5 6. &¢& Fig. 129 7L
Fig, s, A S gojg Alojg BEFH WIET
2 tEx} ZAZd Stochastic Music Programe#he
AFYH T2 39L& W5

A B c D E F G H

(fogode) (fogody) (fogic) (fogach) (figodo) {(fagods) (figack) (figach)
Alfgodo) 0021 0357 0084 0183 0165 0204 0408 0.096
Blfogoh) 0084 0083 0076 0126 0150 0136 0072 014
Cilgided 0084 0323 0021 0126 0150 003 0272 014
Difogid) 0336 0081 0019 0084 0135 0024 0048 0216
Etfigods) 0019 0063 0336 017t 0110 0306 0120 0064
Flfiged:) 0076 0016 0304 0114 0100 0204 0018 00%
Glfiz;mde) 0076 0057 0084 0114 0100 0054 0088 00%
H(figd) 0304 0014 0076 0076 0090 0036 0012 014

Fig. 12 Xenakis' Matrices of transition pobabilities
of Z=fgd(f:frequencies/g:intensities/d:densities)

AFdE ABH 24 S A=oznyy EA
£ 3 (deterministic) & & & H(stochastic)?! serial
NE7AA ojd F4 AAE Jebd ¢+ v AFH
ZROHL Age =23 4Pz Beig{s]
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3. #AH X S 2 Musical Analog of Planetary Orbits)

P FAYoRA x2E 48
= & 52t} Robert Keefed] =202 o7
2 Sohe AFET13] A4 HEE 5 wye
2 &o2 ulFol(map) AFY F At oy =
2719 EZCosmosZ ¥ 2ziol s3HE= 49
# 7 (right ascension)® & 9](declination)& #+t
(14]. A& (DF = o1& ZEANA F7(ecliptic
longitude)® 3¢ (ecliptic latitude)E& A 3+cH{151.

Pythagoras+

= ool =
o

(§))
2)

cosA = cosacosé/cosp
sinB = sindcos& — cosdsinéesina

A71M e B3, pe B9, 5 A9, e FEAA

= 947 B4FE depd,
B4 latituded) 2% SA/100) Ae] S8

dA G7HAY & =elpich)2 og3 2o u}zgq,
A B C b E F G
o1 2/3 45 6 7 8 9
latit:ude-'] & AAN/10) A8 £E 4 b, b
(atural)9} & EZyrol(accidentals)® ©}&3 o]
ubZe},

#/b/ y(oatural) = 0,1,2,3/4,56/78,9

latitude®} Al L octave AAE Vel 10
2 A octave(+1)F keyboard®] 9% AW 72 &
S(middle C)8] ¥ octave ©}2 s 05 I
octave] Q! ¥ WA octave(+2)E UYEHIEE o)

longitudeZ2&  360°9) WEZ(%)E <9 A7
(loudness)E  deldEl.  360°H  100%9 A7)

(dynamic level)?l fortessimo(fff)Z, 180°°1¥ 50%
A1712 mezzo-forte(mf) & X7 3},

29 Aol BF 7L ¥ A (rhythmical values)&
FAY A% A7)9 WY we g2 AAE & F
ok, £33 o]l =9 A uld vl stE A
& A7HE & F A
Keefex 49l #Fd o #AF Aloje £ =

A7) 4 Hsclf similarity)e]l ARAE 7 1A
fractal £¥ & HAEon 5] Keefe: 19914
Z} Three Movements for Imaginary Dance?] %7|
(movement) I¢] De Stella NovadlA 1/f ¥¥2 &
3 g PAHor ojFol BPAY Lohg FHIT
s 23zkd) 12 Venus? 29 #AFH 1f

.
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PEZ UE GPAY 2949 G4 nF39 @y
& 717 AFHE Fe W olsh ge e

HEUIL Yt

Fig. 13€ 1595 7€ 199414 15969 10¥ 1d
7nA EFHd€E Venusd #HAAE HoFth latitude
025% & C#+32 ul¥ & gith #3d 159649
1996\ 9] Venus #HF o] w& &M (musical analog)
€ Fig. 149} MIDI(Musical Instrument Digital
Interface) T2 9} 49 Cakewalko 2 F43
doH16l. 8" &94e Keefed] &9 sampleit H]
=3 HH17]. &9 ol XF 16ELRE & 3%
g2 2ElE JUoh latitude’t +1.00004
+1.99¢ "= 4% S EE +2.000A4 +2999 o 2%
THE & AYE 228 2EE wEA E%
k. AgE 1/f EXE 03 140)9] A S (fraction)
Fe £ o FEEL AHAMI LoE wpFEe
‘mapping) 4 & WHE 4P Folvhsl
25 B g #9 AA A o 9EE vy

NEAYA R} oS o] wEe] e
Keefed] AE L T9 Ad FHS AYeA it
Aot 2 £ F7)(coarse)d ¥ Fo wE &<
A Z3(fine tuning)2 & A3} Al(delicate)
g & Aot}

o

-

we e

M8 W5 3ne 543 1z e
158

Dae

Fig. 13 Venus orbit of the year 1595-1596

-

Fig. 14 Musical Venus orbits of the yrs 1596/1996
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