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Research on the application of Interactive Evolutionary Computation (IEC) to the field of
musical composition has been improved in recent years, marking an interesting parallel to
the current trend of applying human characteristics or sensitivities to computers systems.
However, past techniques developed for the TEC-based composition have not necessarily
proven very effective for the sake of professional use. This is due to the large difference
between data representation used by IEC and authorized classic music composition. To
solve these difficulties, we purpose a new IEC approach to music composition based on the
classical music theory. In this paper, we describe an established system according to the
above idea, and how successfully we can compose a piece using the system.
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3: Tree representation of musical phrase
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# 1: List of part of functions

Connect two arguments continuously
(8 ab) = (ab)

Connect two arguments simultaneously
(U a b) = (ab)

SR

Make a repetition of two arguments
(SR+5 a b) = (a b ab a)

Apply rhythm pattern of 2nd argument to
1st argument
(D a(60,100,10) b(62,120,20))

= a’(60,100,20)

Apply pitch pattern of 2nd argument to 1st
argument
(P a(60,100,10) b(62,120,20))

= a’(62,100,10)

Apply articulation pattern of 2nd argument
to 1st argument
(A a(60,100,10) b(62,120,20)

= a’(60,120,10)

RV

Reverse ordering
(RV (a b)) = (b a)

v

Pitch Inversion
(IV a((60,100,10) (62,120,20))
= a’((62,100,10) (60,120,20))

TP

Pitch Transposing
(TP+5 a((60,100,10) (62,120,20))
= a’((65,100,10) (67,120,20))

MS

Return a sequence of arranged notes taken
from two nodes alternately as follows:
(MS (abc) (de)) =(adbce)

MU

Return a sequence of arranged notes taken
from two nodes simultaneously as follows:
MU (ab) (cd)) = ((Uac) (Ubd)

CAR

Return a sequence that containts the front
X% of number of notes as follows:
(CAR50% (a b c d)) = (a b)

CDR

Return a sequence that contains the rear
X% of number of notes as follows:
(CDR50% (a b c d)) = (c &)

ACML

Return an accumulated sequence
(ACML (abc)) = (aababc)

FILP

Return a sequence that contains a repe-
tition with pitch transposing until second
node pitch as follows:
(FILP+2 (a(60,amp,dur) b(63,amp,dur))
c(65,amp,dur))
= (a(60,..) b(63,..)
a’(62,..) b’(65,..)
a’’(64,..) b’’(67,..) c(65,..))

A/S \S

A
o /“\

#3  #4

—]>

4: Developmental process of a Recursive Termi-
nal Node

S
/ N\
S R.e
/\
c d
S
) VAR
Z i S S
P AN
c dS e
/\
cd

5: Example of a Recursive Terminal Node

2.2.2 HREgE/—R

CACIE % Recursive Terminal Node & \» 9 Rifk 7z &
W/ — F&E->Tw3, 2B Dahlstedt 5 DA
ZHRL GP ~DOEHHAZAEZIC L 72b DT, FtafkofiR
{LEERDS, 773y 7 FHENZED IR LGOI
B E EHT 25, 2o/ — Pl H2928 Recursive
Terminal Node TH 2 HZRT 7 )V EfKG /) — F—D
22T 7L ERFFT %, Recursive Terminal Node 13
Ontogeny 7 =4 ADKFT, HSDE O, —F
L, ZOWMIARTHDZEEIRZ 5, FRHZaE—
I NI RN D Recursive Terminal Node 1%, HEHS
R 2RO, — FIcESHmions, M4, 513
Recursive Terminal Node DERHITH %,

2.3 ETFIRIE

BT DI RO LML EKRTE GP O — R % IR
MU, FRERARL LT, @ ofENToOIIARD
ZHADAWIZ Increase & Decrease &\ ) Kbk s #fE 2 £2H
L 7.

Increase FAEIZHTE D Recursive Terminal Node Dff
FRRRERL L THELZbDTH S, 6 1% Increase
BEOHIZRLCws, ZoffEzEsNng , —Fizo
VELIGERI NG,

— 81—



EMRIEFRIMEE Vol. 4 No.

I?\\\\ /\
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cdef
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g s" s
i SSSSScs N
cS e f

A

cd

6: Increase mutation

U/S\S

#1  #2 #3

U/S \S

#1 #2 #3 #8

—>

#5 #8

7: Decrease mutation

Decrease % Increase DX DOEIETH 2. T LI
BRI N IEK G, — R % Z DOE N D&/ — FCiEL & #it
A%, Bl 78T, 7 Decrease #1EI1Z, fEfkDS
BERDR I P —FIZ Lo THD S N RAZ B Z 7RI
BRMICER I NS,

¥ 7o, BEESEZ#EH T 2f{f1E, Fitness-proportional
Selection IZ Xk > TikD SN S,

24 A=A AEER7OER

NIWF74—ILR - A—HFAL2H5—T (X

CACIE TlIZ, i L 7 Multi-Field User Interface @
EZD T2, 2R, A V¥ —T7 4R
DI 4 Y F2ETola o, ZNFNEIER L £
PRRENG, TEMIZER I NERICHER % B Xl
ZFWEHMDT 4 v POt RRENS. b LEERPRICAS
ZIFuE, 21—V IIHEFEMZERT 2 2 L2 ARETH
3. EBERT 5 THENOFICRIC A - R H T,
#3389 % Genome Storage % f\ > CTEEM DIz Z D
hREHFATLIEDTES,

F7:, Unemi 512X > TRESI N, 22— 3§k
DIBEIERERT 2 FEOFRA L 72, 2 oF 36858l

2.4.1

2 pp. 77— 87
Elements
Step (Terminal Node)
Note Array Set of Note <——— E’J’;‘J‘F;;?};,‘;")
Motif Note Array
Piece Motif

8: Multiplex Structure: Phenotypes of a pre-
vious step are used for terminal nodes of the next

step

IMETEIC B W TR O EB I B W TERITH 5. CA-
CIE T35 9 % Genome Storage #3B U T, Ffafks
phenotype TH 5 MIDIA RV PV A+ ZTXF AL 774
NWELTHALED, WYAAZITH) T LE3HHETH 5.
I—FEHHNET XA I T4 ¥ TBIET S Z LIk D,
RERDBIERERZIT .

2.4.2 {EH7OtERXADESESL

CACIE IEB I} 23 DERIE, 77>y 7 FERO/EM
DiafE%E € 7K L 7 Multiplex(#6) #i&IC L > TiTb
ng, MR LHIy 5oy 7 FBOEHOERRIZVE D
DI oNns, BIZIT L EHEEERT 2B, X
WG R WEEF—7 L ZOEREZERT 5 B0, Rtk
BERINLTF—T7REEZER Lo D0 &
L THAGDE 2B TH L, EESIZZDI IV v I
WOBEERERN 2 Bl 5 %2 BUD IAA 7. CACIE T,
22— ORI Z AT 2D TIEE L, BRI
a4 LT, ZoEAHEIL, ZNZFNOBEROHK
HH MIDI #R—R L LEARVEYAFELTZ VR
R—F L, REIOBEROKE, — F & L TR A 5
WAV I N—FT 5L 0 FEELRTERHAL TS,

X 8 iz, #HE#EZ 7 CACIE TOfEtho—#%
RT. BYID ATy 7Tk, RIS, L 72\ oEiE
RAEERE S, — FELTERS, Z2oflilc, WIHIEN
DOARREER 2 KT 272 0IC0 %, ROWS, T2
B & 2 D B, —DDORIZEENS /) — FERDE
/Ml & R %, B%E (Configuration) & LTH5Z %, T
DERETL—FIET AT L2, KUITA->7EF] (Note
Array) ZEBERT S, IhikT—F 7740 LTH
L, ROWHER (KTl Motif) 24K 2 BT, &
W — R E L THHHKICHW R L Wi Th 5. KBRS
&, B LIS LI IHEM DA KD 72 o DEE
BEEZTHIZEDLTES, ZOBVIELICKD, KN
IR0 EK%E1T9
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2.4.3 BEFANL—Y

2 DI Z %7 4~ F71k Genome Storage &
MEIZIL %, 2D Genome Storage I3ME(L DT R T 2
2 —F ORI 5B S5 2 HBLT 2 - DIc 9L 7, 9
IZ Genome Storage DO ZRT, 2 —HiZwv>
TOHBIENPTEND I & il Z#IR L, Z o3 bak
& phenotype % Genome Storage IZf#% (Store) §°% Z
EDTEETH B, F 7z, Genome Storage IZH Z 5 L7
%2 VO THHEM A (Re-inject) §5% Z L 23H[HET
b5,

Z DIz H Genome Storage 1, Hiub DD G fafdk
EARVIYVANZTHFAR 7740 ELTHAL, Y
ALEERE R RO, ZHUC & ) -y tafk s FEITEIE
LEERNIC Re-inject L7z D, Flz—ARKADRLFHikI
EEL e BMICHAT 2HRESRETH S, £
7o, N6 DEMEOIRD IO, ElltkE 7L ANy o
THHABORI> TV 5,

Multiplex #i% 1% Z @ Genome Storage DHERE % V>
THEIEINTEY, FHOBERT v 7RI 10 29K
T L) BT S,

R, PIWMERRC, &35/ — R & L T—2 D[
PEDX Y b, R — FE LTS 25 L &Y
BEDY AL, KEEDOHEIPEMEIZ I A—F L LT
5z 2 (i), AT hEZNED L ICHIEN%Z K
L, fEHIRIZAEEE EZ R 20 KT (). D&M
0 ZDHT, (EMRIIEEICNT 25 HifEZ 5 2 57215
T% L, 202 ERICA->1fliff% Genome Storage IZ
RE L (i), FEICEIEREZMZA DS (iv), FHED
BZRED - DI IT> TR EMICHFAZIT).
Genome Storage 12, KD AT v 7Tl 2 2 EEBFE7IC
fili> 72 & Edhaos T L 72354, #bZ2iT5 2D, Genome
Storage D OFHlME S E EEREE 20 EREEHTIL,
RDATy T ~E5 (v)., ROTBEPIEETE TR
i, thoFFREE DLy ~, KGR D T XA =57
EEREWL, BUOMUBRLZHEDIEYT, ZoRETH—E
Genome Storage IZfRE L 72f8FZ2FHEAT 2 2 & I31lEE
Th 5. WEORNFEELEGRIEI R OLE, 11— Dlifak
1ZH > BT~ 5 £ Tl 7 e R idfTbih
%73, CACIE D¥itrix, wigiicthzamy 227y 7
ZBRWT, RIS A TfifEZINEET 5 2 ESHE 2 5.

3 RBRERLER

3.1 EBEEXRWGEI

BET, PafhRi EEFRFO L2 IO 57
DIz, FERNRIER ) — FOARZ T AT LG 2, fGH
7L —RADER BT, TOEETIE, Store ® Re-
inject % £ DEEIEE —UIfT > T, K11, 12 134K
INTFERTH S,

CDOFEETIE, &/ — FELTHMALT 8 OEM
DC, E, G At—F7%—7FLDC, &R/ —FE
LT3 S %>, MS, SR, FILP 2> 2 F L I25- 2 7=,
BB OIEM~DELOEI &R, 2 T5 2 MU

Genome Storage

Individual Individual

PlayBack

Individual Each phenotype
Store
from Population ( Individual ) Clnd\vidual )
Re-Inject <‘/ v
a structure data Export phenotype

Destruct

to Evolution process for next step

9: Genome Storage - Storing the user’s ideas

P

(iv) Refine
(i) Set Parameters Indlv:riuals
Functions and Terminal "
Define new
v Individuals
(ii) Evolution Process |+~ ~ (.iii; T
. 0
+ Store
. .
Reproduce | | | Genome
\ Re-Inject ! Storage
Replace . .
o
[ (v) Is it enough ? ]4——
j’\‘o
[ Next Step

10: Composition Process in each step: User
should collect materials for the next step, trying
to apply various combinations of parameters, func-

tions and terminal nodes.
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#0 (SFILP.5.0S 13 R_04)
—r—r

L s e ——(————

{ ! e

NG

#1 (SFILP.5.0S 1 3FILP.50S5S13R.04)
L) T

et

[ S Ny N N N M3

— T

-

-

#2 (SFILP.5.0SS133R.04)
0
o5

#3 (SFILP.50SS103R.04)

11: Evolved Code Example(1)

#0O (SFILP_.5.0S 13 R_04)
i

NG
E
T
q
q
o
4

#1 (SFILP.50SMS1MS4SR 203R.04)

o oS
|

= —F 1 — : |
: MEEEN

#2 (SFILP.5.0SMSMSTMS4SR 20MS4SR 203R.04)

) T
7 '

12: Evolved Code Example(2)

£ 2. F£7%, £ 16, WIHEFDOY ) —DOES 3R
KIICEEL. F7-, Recursive Teminal Node D&
DHEEFTRTCI VI LTH S,

B 11 I8 TIEA0 SR, #1 & #2 H35E—{HAR,
#3DFE M5, ZNFUHHE LD TH L, T
NOMEAR S BRI 7 7 S oy 7 ZRICR oS & ) 21k
PRESTREDIR USRI BB ERIN TS, C
NS DOFED IR LI FIZ RecursiveTerminal Node 12X % %
DTH 5.

Xl 12 1% Figurell &MU R o1 25 DHELTH 5.
#O DIEIHPHEAR, #1 23—, #2 2FEIMRTH 5.
ZoBDGE, HRERLICON T2 7/ DR L
FEEDEMEL L, V) —REPEEL TWws 2 LR
Tw 3, Z#U3 Increase BAEVHMNET W 2720 T
borEEZOND,

3.2 B, EF—T7DEREOERK

Rz, EBEOEMTHEDLILE W D2 DOERF DRSSP E
F—7DHEM, L CERBDERETI EfEiro7. C
DFEEETIE, Genome Storage % H\ 27 Store & Re-inject
ZiToTw3, M13RERINL7LV—X, K14 134E
BoEfEE, ZNFIURLTHW5,

HERO7aL REUTDO L) ITH D,

1. WIERIZ AR L, #0 DA ZEP, B L 5%
BRZEAL, FHEMDPSH#1 L42 20 1T,

2. #0, #1, #2 % Genome Storage |Z Store T 5,

3. BT ICHIEERIZ A L, #0, #1, #2 % Z D%
IZ Re-inject L, & TOMEMFIIHN LEAEEL 52 5.

4. 3 DENNTH L, =L L ZERERZFH.
5. #3, #4, #5, #6 HERI NI,

ZDEEBTIZ, FEHYA X% 16 EERICHRE L2,
DG, P VEMY 4 R coEl, FRI N
M- T L 2 WERRIED R b, RN ERDER %
H#ET B, L L ZoEBEITIE, 773y 738k
DAEFBERRIZE W T L fTb s, REDLEL D
MEDIRLPEYF R I v AR—X, THOWMEZEL Y
A L8y — v DIRRRIERE s & DE RIS E R e B,
DEDDNRY —=VITHiD Z N Y =2 3 v #MiC
EHENTHBEZ ERbholz, 2D L5, Store &
Re-inject DIEEZITH 2 & T, DR ETHEIFEN
ICEBNICERDH 2% DAY -V DERZERTES
ZEDHERTE I,

3.3 e, HOBRBEOSHK

i, ohoxrzya v, AINmE LTI 7
ORI R DR DFEEEITo72, Y AT A
L7550 %, 20 F % SMF & LT World Wide Web E
IR L7,

http://www.iba.k.u-tokyo.ac.jp/ dando/public/

projects/ecmusic/master_thesis/master_thesis.html
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Select

#0 SMS FILP_3.0 FILP_.3.08 53 FILP.60R 805

L L
i = e o —
= T

NS
m
{

e e
#1
SMS FILP_3.085FILP_3.0FILP_.3.085 3 FILP.6.0R_805
2 ‘ e ‘ ‘
& S === =

#2 SMSFILP_3.0FILP.3.0853FILP.6OR8FILP.6OR 805

) _ ‘ .
% = 4‘L4 3 ==
#3 S MS FILP_3.0 FILP_3.0FILP.3.0855 3
FILP 6.0R 8 FILP. 6,056 R_4

fa=== = S5 R s s
) —_— i, — )
fee=== =SS == LJ.-. 7 —]
p = = — } " |
LEEEEs= == ===
e === £ S= S

#4 S MS FILP+3.0 FILP_3.0 8 5 FILP_3.0 FILP_.3.085 3
FILP_.6.0R_.8 FILP.60R 8R_848

0 | A\ o
%cs —— 3~L-~~%( ==t Et
) — —
%" = P RN : = 2 T+ Ff
)
%r - - =
#5 SMS FILP_3.0 8 3FILP_.6.0 R_8 FILP_.6.0R_8R_4 8
) - T
%c: e 2
e
[ = 2 = 2
o

#6 s Mms FILP_3.0 FILP_3.0 8 5 FILP_3.0
FILP_.3.08 53 FILP_.6.04R_4 8

[
i "

13: Phrase example

Mutation

‘ #1 #2

Re-Inject
Re-Inject

Other Population

7
Crossover and Mutaion

#3 #4 #5 #6

14: Transition of evolution for an individual

shown in figure 13

via3step_1.mid, via3step_2.mid,
via3step_3.mid & Multiplex #ii&E% 3 BFEH W T
ERENLHFITHD, 22T, TPk RMbED
BIEPELZIIToT0R Y, RYDRA Ty 7 TiE 3 »
55 BOMEINDOERZTo7, RIT, ZORED
phenotype Z#¥ii/ — FE LT, 5226 15 506k 5E
F=7%ER L, BB, —BHEBHOAT Y 7
THERINHEEZKE —Fe LT, thhokrva
VEARKL 7. FRRIC, viadstep_1.mid 1 4 BFETA
BL7plTdh 5.

WTNDOFRO L DEFEEFATVL RIS
9, BN ATy I8 2 ARG Z U SRR L
TRV, =923 ) —#ifidi% BT, phenotype 28& 9
%P TELETHS. £/, phenotype IZEW»
TR R EREESIE - E D L RN T, BELPT
WHDIZEH>TV 5,

Lo Lads, #EEoRERLEWHIBEISREZD
FERIXEE & ATV %, Developing Example 2 ([2& V>
T, EHIBOMEICN L Cilioffilkz X D ii &L ¢
% &) e MORBIHITMA W EER T, Ll
7S G AR E N TR IR O LT D OfERIE A £
NTulrot, Uk, PHVENYA XD TH 5
tEZoND,

Z 2T, #5113, Genome Storage Dk 7 2
R—FHBIC Lo TEONLT XA 774 MICRLT
FEIC X 2 REEDOBIEZITV, REICE T/ O/
ZARL 72, WSRO LT, MIDIfREY 7 b7 =7
bEC, AV —=T VI VAR TR ED T EARN
BT VLYY EFHTHIML 72 SMF ZHiED Web R—3
WL 72, E7z, HEEHREY 7 b U 2 7 THEFEOFIC
L, % Eic7—T4F2L—vavoEEZAMmML
L L 72 (AR D Web R—2 D rattfylla.mid,
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rattfylla.pdf).

Bonrficix, 77>y 7ERICH SN B AN
OB UERRELRLRLDLE/NE R LRLVETHDS
N, okl ZEEIZ A-B-C-D-A-B-E £ wWIHFic
LoTwa, ¥Ktr7rarofucy, EF—70EE
AL 58 0R L2179 eds% Rk,

COER L 2 SR DI AL, P—F 4 ¥l —
a vVORER ERfT-o 7 1T, WZENEZES (Torgny Stintz-
ing [k, JGA Y = —7 ¥ Gothenburg KFEFIFRE 7 /
THEAN) 1B L TH 5o %f, av¥— | THETE
350N IE RS T3 E D, RIS VCFHTZ 2 5
ZEDBHETVD, OIS, AP AT LG LI
DEYMEZFF>TWwWB Z R E s, £, EihEIZ
oz AR T 5BRT, K ATFLDOHMEZELL X
T —FVDORIEEHEY XL ZHDIAATWS 720, 2l
PEwHESonLEEZEZONDS, ZofREICIC, 2D
YO REMEDa IR —y a vy RBAEToTWw S,

3.4 YATLOFHE

HELIIRIATFLDS LYy F—vavziTH et
b, BADT 72y 7BUGEROIEIRICS AT LD
HZELTH oW, BHEEEEORBEZ HHFEATEZTY

5ot BEFE o7 RE, EAMGEORMIC X )Rz
BERTELRE, FEMEZERSRLEBIETE 24T
%Oﬁ.%@@u,x CAD TR D B2 B L

ZDOMEDELENEBIERTES Z a%wmtbf%
Font, £, AHEEIC X 2L L T, Al
I ERHOIBBHEICHERBE LTV, toaxy
MG SN, L LSS, HESH, BlEkEDA v
77 2—AMGUI THEWVI EDBRHEELTEL HITS
nr. W%@tb@fmﬁ“‘/ﬁ%ﬁﬁﬁﬁ%i%wt
b, BAFLIZBIBT0r 5y 7ML RS
HEDERIC X 25 L WERBEDEA L & H HEIXRF
i3, GUITZRZ S I v 7HWTA % EMENDR
7, LDEFEbH o,

DL EDFER?S, o 2T 2 OB & HKIZIHE S 1528,
22— A VI 72— ADREZLOEANEL L, A5
T2 —RAIIOVTDBERLWERZEG THDL EEZ NS,

4 BLOHIC

AT, EHNRIEIRZR DN ) 72 0 DO REERLE R
HENCOWTDOEK LT AT LOWEORE R 1T
7o, BEORFICKE LS AT A, 753y 7B
DT F V=L PEICE D W IBE TR &t Tk
WK 7o A BEARE LTWE, BRE LT, BHEN
T R R & A RN E Wi o SRR L 72,

SO AT ME, BEBRCES ST ) - Rk
ey EV I LbDTHS, SHROBEHELE LTI, 3%
wﬂ@ﬁﬁfﬁiémf%fCWTan%Hmu&a@
ST RIEZISA L, TRl A7 4 & L COfEaR
LRI Ry BV T2 E 2T 5,

SE
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