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A Hybrid System of Interactive and Automated Genetic Programming
O00000D0OO for Expressive Music Rendering

MAKOTO TANJI ! and HrTosHI IBAT!

This paper presents a system for creating expressive music performance by means of GP
(Genetic Programming). The system applies expression rules (velocity, tempo, attack and
release) into each music note. In the learning stage, the system concatenates an automated
evolution system which uses expressed data performed by human player and an interactive
evolution system which uses users evaluation. To reduce users fatigue, the system intro-
duces “selective presentation” which learns users evaluation using Gaussian Process. Using
the interface of web application, more than one people can evaluate the system.

1 0000000000000
Engineering, University of Tokyo
{tanji, iba} @iba.t.u-tokyo.ac.jp

Vol.2010-MUS-86 No.18
2010/7/29

1. O OD0OO

00000000000 000D000D00000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0ooooooon

000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
ooo

000000000000000000000000000%000000000000
0000000000000 0000®00000000000000™® 0000

000000000000 0Y00000000000000000000000000
0000D0000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 000000 (Interactive Evolutionary Computation, J [0 IEC O
00)y?000000000000000000000000D000D000000000O0
000000000000000000000000000000000000 (Intaractive
Evolutionary Computation ] IEC) 000000 0000000000000000000O0
00000000000000000000000000000000000000000
0000000000000

[ECO0000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000 IECOD0000
0000000000000000000000000000000000000000
000000000000000000000000700”0000000000000
00000000000 000OWEBOOOODOOODOOOOOODO00O0OD0O000000
0000000000000000000000

(© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

gboobobooboobooboboobobooobobobooboboboooboooDo
gbooboooooboboobooooboooboobobobooboooooboboooboo
gbooboobooboboobooboobobooobobobobbobbobobooon
O”ConBreo’D 00 0OO0O0O0OWEBOOOOOOOOOOOOOODOOOOOOOOO
goboooobooobooooon

2. ConBreO (Conductor Breeding Optimization)

ConBreOO OO OOOOOOOODODOOOOOOOOOOOOOOOOODOOOOOO
0000000000000 O0 (Genetic Programming, 10 GP)OOOOOOOOOOO
OOLISPO SOOOO0OOOOOOOO0OOOO0OOOOOOOOOOOOOOOoooo
oooooooo

21 GpO0O00000000O
GpoOOOOOOODOOOOOODOOOOOOOOOOOOOOOOOOOOOOOO
GpOODOODOOO0OO0O0O0O0O0O0O0O0O

Stepl [0O00]0000000000O0O0O0OOOOOO POOOOOOOOOOOOO
Step2 [00]000000000O0O0O0OOOOOOOOOOCOOOOOOOOOO0O0
Stepd3 [00]000000000O0O0OOOCOOOO

Stepd [DO00O0]0000COOOCOOODOOOOOOOOOOOOOODOOOOCOOOO
StepS [DO000]00000000O0O0O0OOOOOOOOOOOCOOOStep20000
000000000000 {notet;} 0000000000000 0O0OO notet; JOODO
o000 @ooboobooooOo)y oo (mMIpIODoooHoooooDOo (gpODO
oo000oO)ooooooooooooooooooooooooooo
ooo0o00ooO0o000oooO0o00ooo0o0o0oUoooOO0o0o0O0 GpOOOOODO
O10ConBreOODODOOO GPOOODODOOOOOODODDODOOOOOOOODOODOODO1
000000000000 000 TOOOOOOO0O00O0000000 VelociyDOOOO
Attack0 0000 ReleaseD 000 Tempo O 400000000000000O00 GPOODO
000000 4000000000000000000D000000O0O0DOOO0O0O0O0O
ooooooo

00000000 0ooo00D 1000000000000 0000000 Velocity 00O
Oe00D00D0OO0ODOOO9OO0O000D0000 VelocityDOOOOODOODO 1.50000GP
gooooooooooooooooooooOoOOODOODOOOO1I0000000O00

Vol.2010-MUS-86 No.18
2010/7/29

01 GpOOOn0nnnn0annA0nn

ooooo

+ 2 00

— 2 00

* 2 00

/ 2 00

ifit |4 | 00 10000200000000 30

00000004000
0000 @DOO000000000)

R 00

POS ooooo
MPOS ooooooo

CP 00

PP ooooooo

CD 00

LP 000000

DY 000000

PV 00000000000
CR 0oo0oooo

SL 0oo

AC ooooo

ST 00o0ooo

ooboooboooo
f:T—R
010000000b0b0obOoDboog
ooooooooooooooooloobooooooo200000o000000DDO
ocoooobooobooooooobooooooobocepObOOOOOOOOODOODOOOOO
00000oo0o0O00ooo00ooo0o0ooooo0ooo0o0ooD o0O0 SoO0OD
[lDDDDDDDDDDDDDDDDDDDDDDDDDDSDDDD
Sig(x):HT])(—l’)+1_§

00000 GPOOOOOODODOODODOOOODOOOODO siglx)000O0O

22 OOOOOboobooood
I[ECOO0000000O0O0O0O0O00O0000O0OOO0ODOO0OOOObOObOOODOOOO
oooooboooooooobooooOoooOobobOUIECOODOOOOOO0OoooOboOng

(© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

Velocity Rule

empo Rule

-N Expressed Performance

Release Rule

MusicXML || —>

Attack Rule

L

I3 T 45 D
01 0000000000000000000000000000000 000 VVelocity, Tempo, Attack, Release [J
40000000000000000000000000000000000

HEREB DL EREBNEHERET -5

gooooboooooooooooboooooooboooooepOboboOoOOOoOOOO
goboooobooobooobob xobooooooooooooooooboooooooo
oo0io0000oooooooobooooooooooobooooooog
gobooooooooooooboooooobooobooooboooooooooooon

IEC Phase %

[T ITITTT1]Picindividuals

User Preference
Model

Automated
Evolution
02 00000000 GgpOOO0ODOOOOO

Gauo generations

gooooooooooooooooooboooOoooobOoboboOoooobooOooDboOoboOoo
gooooboooooooooooooooooooboooOooooboooOooooDooOoboOoo
ogooooooooooooooooboboUoooooUO pppDDOoOoOOOOOOO

Vol.2010-MUS-86 No.18
2010/7/29

gbobooboboboobooooboooooboobobobobobobobog

foe(t)
frec(t) with probability 1 —ppp

with probability ppr
f(t) =
221 O 0O O
00000000000 00000000000000000000000000000
000000o0ooOoooooooooo

N
foa(t) = 5 3 lin) — eapl”|
n=1

000 tn) 0 nO0O0DOOOODOO GPDDDDexprDDDDDDDDDDDDDDn
00000000000000000000000000000 CrestMusePEDBY 00 O
0o00DbO0o0oDooOoOoOoOoobOoooobooooooao

e JI0DDOOODDOOODDDOOODDOOODDOODODOOO

e JI0DDDOOODDODOOODDOOODDOODOO

e JI0DDOOODDOOODODOO

222 0O O O
[ECO00000O0O0OD0OODOODOO0O0O000O0DDODOODO0000DOooDoDooOoOoOoOOOa
aoad

frec(t) = User Evaluation

[ECO000DO0ODODOO0ODOODOODOODOODOg

o JUUODDUOUODDOOUOUODDUUOUDLDUUOUDDLDbDUUODbbOOODDO

o JIODDOOODDOOOUODDOOO

o JIIDUOOUODDOUOUOODDOOUDDOUOODO
I[ECO000D000D0O0O0DO0OO0DO0OO00O0ODOO00ODODU0O0ODOODODOoObODOoOoDOooODO
gooboooboooboobooobooboobooobooboooobobooDooobooon
o0oboobo0ooooboobo0oboobooboobOoobobDboobooboooo
gooooooooboooooobooobOoooOobooboobooboooooooo
goobooooooooboooobooooo

3. IECOO0D00O000D0O00O00O0O0

oobooooooo IEcOb0oooooooooooooboooooobboooboonn

(© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

00000000000000000000000000000000000000000
000000000000 D0000D0DO NN(Neural Network) 0 000000000000
0000000000000 0000000000000000000000000000
000000000000 00000D0000000000000000
0000000000000 000D00000000000000000000000
0000000000000000000000000000000Y0IECO0000
00 XO0ODOOO ex0O0D00D0000000000D00000000000000
000000000000 00000D000000000 7000000000
O0000000D000O0ONOOOOOO000 {6n,yntn=12..0000000000
¢ 0000 MAP(MAXximum a Posteriori) [J %D gooooooooag

9(6) =Y wak (6, 0)

w = (G + 8Dy
0000GOOO0 (5,5) 0 k(6:,6;) 000 GemO0OO0OO0D000000000000

0ooooo
*4XA**XAF)

k(xa,xa) = eacp( 557

303 0DO0OO
[ECO0000000000000000000000000OMarcus00002000
000000ooo0o0000ooooO0o0o00ooooO0o0o0ooooOo0o0oUoon 60
ooooooooooooooooooooooooooooooooMAPOOOOOO
000000000000 0ooO0o00oo0O00 XOoOooo éx0000oooooo
(Expectec Improvement) EI(0x) 0000000000000
E[(HX):S(HX)(u<1>(u)+¢(u))
_ 9(X) = foest
s(0x) ,
@(u):lerf(%)+l, o(u) = \/%exp(fu—)

2 2 2
D(u),p(u) 000000000000 D0D0O0DO0O0D0O0O0O00000 frese 000D

gboobobobobooooooooboooobob

[ECOO0DO0OO0000ooooooooobooboooooobooooobooboooboooo
0000o00o0O000O00oooooooooDOo0oo0D 110000000000 EI(X)
000000000 PI(X)00000000 XOOOOOOOoooooooooooo

Vol.2010-MUS-86 No.18
2010/7/29

OlECUO0D0OO0O0O0ODOOO0OOO00obo0ooboooooooboooDbDo

GP predictions

Expected
Improvement

X
03 D000D00D000000000000000000000000000000000000000000
oooo@o?oooon)

e JO0O (-CPCPHOOOODODOOUDODOODOODOOODDODOOOODOOUDDDODO
gooooboooooooboooooDo

o (000000 DODOOUUIOLODODOOLOOLDOOUULODLDDOOOOOOOOO
gooooooooobooooon

4. WEBUOUOOOOOODOOOOODO IEC

ConBreO 0000000000 WEBOUOOODOOOOOOODOOOOOOConBreO
WEBOUOOOOOOOOOOOOSO WEBOOOOOOOOOOOOOOOOOOOO
O00000000000000000 URLOOOOOO0OOOODODO http://www.iba.t.u-
tokyo.ac.jp/ConBreO/00O

41 0OOOOOOO

ooo000oO00o0ooooooO0oO0O0o0o00OoooOoooOO0o0o0oOoooOoooooDoO
O0000000o0oo0o0oooooO0o0oo0oooooooooooooooooo
O000o000o0o0oO0o0oo0oooOo0O0ooU0OooOO0oooOo0ooOoooooOooOO

(© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

000 Crest Muse PEDB 0 MusicXML O OOOO 90O 0OO0OO0OO0OOOOODODOOOODOO
0o0o0o0oooooooooooooooooooo

0000000000000 00b0O0O0DOO0ODODOO0O0bOO0O0DbOO00n0DOd Next Indi-
vidvea” 0000000000000 O0OO0O000COOOO0000QOOOOOOO0OooOOo
O00OO0O00DOO0O0b0O0oOoDOoOO Velocity, Tempo, Attack, Release D 00000000
oo0o0o00oO0oU00ooooOo00oooDOooodoooooDOoooUoooooooooo
oo0oU0ooOooooOO0o0o00oo0ooobOoO0oo0oooooooooooooooooo
goooooo

0000000000000 000O0000U00o0o00oo00ooOOooOOOnoO Next
Individua”’ OO0 0OOCOOO00O0O000000O0O0O0OOOOOOOODOOO

42 0O0O0OO0OOOO

000000 IECO0ODODOOOO0OO0ODOO IECOO0ODOOOn

e 100000 UIIIOIIUIOIDODOOOODODDDODODODODOOOODOOOOOOO

e JO000I0DOU0UIDDOOUDOGPOOUODDOUDOUOODODOODOOODDOO

oooooooooooogd

000000000ConBreOWEBOOOODOOOODOODOOSteady State 0000 GP O
oooo

e JJUJ00DODOODiIiUUDDUOUOUODODUOD jOUUUULOUUUDUUUDDDODODO

0000000ooooooooooooog

e 2000000 DOO0ODODODOODDOOODDODOODDOOiOD0ODODOOOODOO
doddddobooooooooooboooobooddobooooooooooooo
oooo

5. 0 O O

o0o0o00ooO0o0o0ooo0o0oooo0o0o0ooo0o0ooooo0oooo0og Con-
BreOOOOOOOOOConBreO O ODDODOODODOOODD 400000000000000O
O00o0o00ooo00oo00ooOo0ooo0ooooOo0oo0oo0ooooooooo
O00o0ooolECO0O000OO0O0oooooooogooooooooooo»ooon”
0000000000000 0000000ConBreOd WEBOOOOOOOOOOOO
000000 http://www.iba.t.u-tokyo.ac.jp/ConBreO/00 0 0000 0O0O0O0O0ODOOCOOO
0000000000000 0O00o000o0o0ooOO0WEBODOOOOOOOOOOOO

Vol.2010-MUS-86 No.18

2010/7/29
Conductor Breeding Optimization
E=p P sl Ptmo D P crsochoacl s St Sirs Pt ol gt
< S L LS

== R EEE N >
(e R R
| ) T b

R N . AMANL WA

FHEEAANL TSR &,
Wik

MNext Individual

| = =
o =1} -y apm
EFI [} 1 =] )
= - ! L Rps=s

. = i g e
- = - o DD B e om mm B = Y

L — | =] = —— = EE = = b

I . Il Il Il Il I I NS BE . EEREER

04 WEBOOOOOOOOOOOOODODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODO
000000000ONextIndividual 00000000000000O00O0O0O0O0OOOO0ODO

(© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

Population Music XML DB
L[] /II [ 1]
Evaluator Evaluator
VA L
fitness l fitness
T expressed music T expressed music

0S5 0000000000000000000000000000O0000000O00000O00OO00000O0
oooo0ooooooo

gobooooboooooooboboooooobooooobooo

o o O 0O

1) ChristopherM. Bishop. Pattern Recognition and Machine Learning (Information Science

and Statistics). Springer, 2006.

2) Marcus Frean and Phillip Boyle. Lecture Notes in Computer Science, Vol. 5360, chapter Us-
ing Gaussian Processes to Optimize Expensive Functions, pages 258-267. Springer Berlin /

Heidelberg, 2008.

3) Anders Friberg. Generative rules for music performance: A formal description of a rule

system. Computer Music Journal, 15, No. 2:56-71, 1991.

4) J.R. Koza. Genetic Programming: On the Programming of Computers by Means of Natural

Selection. MIT Press, 1992.

5) D.J.C. MacKay. Information Theory, Inference and Learning Algorithms. Cambridge Uni-

versity Press, 2003.

6) Taizan Suzuki. The second phase development of case based performance rendering system

“ kagurame” . In IJCAI, 2003.

7) Keiko Teramura and Hideharu Okuma. Gaussian process regression for rendering music
performance. In International Conference on Music Perception and Cognition (ICMPC),

2008.

Vol.2010-MUS-86 No.18
2010/7/29

) OO0 00,00 00,00 00,0000,and00O OO0. 000O0O0O0OOOO0O0
crestmusepedb D 0 00 O0000O0OO0.00000000O0,2007.

9 JO0D00O,0000,andTatsuoUnemi D OO0 0. 000000000 ODODOO.O00O
0000, vol.13, no.5:pp.692-703, 1998.

10) 000,00 0,00 00,and000 00.00000000000000000OO
0000000000000 00.In0000000000 MUSS8S5, 2010.

(© 2010 Information Processing Society of Japan



