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Abstract: This paper presents a method for describing the characteristics of human musical performance.
We consider the problem of building models that express the ways in which deviations from a strict interpre-
tations of the score occurs in the performance, and that cluster these deviations automatically. The clustering
process is performed using expressive representations unambiguously notated on the musical score, without
any arbitrariness by the human observer. The result of clustering is obtained as hierarchical tree structures
for each deviational factor that occurred during the operation of the instrument. This structure represents
an approximation of the performer’s interpretation with information notated on the score they used during
the performance. Through validations of applying the method to the data measured from real performances,
we show that the use of information regarding expressive representation on the musical score enables the
efficient estimation of generative-model for the musical performance. In addition, this method is also useful
for objective proof of the existing knowledge about the musical performance by information to support such

a knowledge having been shown from our model.
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Fig. 1 Occurrence tendency of artistic deviations in the actual

performance.
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Fig. 2 Extraction of contextual information from the score for

the construction of context-dependent models.
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Fig. 3 Construction of the tree by the Tree-based clustering.
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W32 L IFES Rnicd, FEFOMRGERICIE, HHT
BRI Z2EFTH T XRTENDO S O & 7 L5
DHMEDPVETH L. 0L BIERICIE, —AEa 8
WA DOEEFE DI o 72D DT, &k#o FFHALT
EONLZLOFMIE L. I TEFEICUTO 12
HHOERIIOVTOFEREFTHF I LI T 5.
syllable ZOHEMFOHFL EEMOEFTELOEFET KL
(HZERaahErE) TRY. EEdgiozdh
THHEELELTBY, i LETHRL E2MfTbL LT
FEMEIC DA TE 5.
step CHHBETOI2ETCEFDOENOELERT.
accidental [EFrEC 5 OF M L % RT.
octave FOHEMNFOETLHREDNLETHEZRT. %
Y7 o888k A0S C8FTEL, CHB%
1HET AL 7 ¥ — T DR 005 8 DETHET.
chord ZOHF/FIPAHFEDO—THALNED) »xERT. H
WL 35 X OERIR 213 2.4.1 THTED 72 RKELITHED .
type ZOEFOEAMZRT.
staff ZOHEFPKGERO L TERELLIZEIN TV S0
RRY. SHHEACHNT 5720 E T B A 70 Oy
BLEPCTHEROPEIT 505, ZO L) RGHED
BERF DAL beam DIEHA HHIMTE 5.
beam ZODEFOHFEDOILIRE RT.
FDERFO/NEHINT ORI 2 AL %

=i

R Ble

local
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LT 4/4 OEMT3MBEIITRT RS EFOMERIT
50% & 5.

global ZDOEFOEEMAERTOREMNZAE 2R,
thoBAGIIE 2 0%, & ThEZ 100%E T 5.

voice ZTOEMNATIET HEE R~ T. HERMEL X O
RN 2.4.1 THTEO 72RKELICHE .

ALy = R M) VR E, EOF/FICMEG)
WA E TR S 2356, TNOERT.

FEZE D S L 72BN ERE D ST L2l —3

L&\/‘iﬁﬁ’a INDGEND DD, ENODORETILEE
oD M)V EORRIIMNEL THEETLHDTH

LEZEZOLND, FNHIZOWTRITHOY A IV 7L

FOROIEVWERE O M) TR L, CRIEHRTICH

T5., F7, BEENTVWEVWEFTHAZ L ZPHELT S

[5#R (not written in the score) ZBIT 5 & T, Fh

5 _XTUARNOER & R,

2.4.3 REER

HHF LG E AL, HFT L5 MO ERIZOW

TO®PiE%Z L TOFIETHL T 5.

Onset beat FT#Y 1 I v 7O AR L, AT
FiLT 4. HNIEFEA TIThNLE 720, FIFEZIC
HBETHEFTHo THEERTIILT L BRI
Lo, Bl LT, EEOEFOITHEIEILED
BRLD 1/4 B ATb NG G50 M= 0.25 &
b,

Offset beat HiEY A4 I v 7 OMBERH L, AT
FRLT A, KL H L Onset beat & [FFET, HiED
FRT A HMICHE > THEE el A& ¥ 4 I v 7 &
Db 124 CHER L 726 0%HEIE —05 L2 5.

Gate time ratio % 1 I ¥ 7 L IR % <, I FER
T 5 M LT (FT#SER T T) ShTw
TR 2 RS OEERY. HREOZL RS
HEM (A= b7 X—MRE) ITURERE L
TELRATWAYD, SPIEIE—HIITTO &l 2 fiE
WCLTHEBT A, flE LT, EEOFMFIZOVTOM
%Eﬁ%ﬁ@&Q?%ot%gmﬂmiu15k&é

Dynamics ratio FT#MBEZ/RL, BHFOIFEHEDZD
MIDI FiE & BREh 5 2 X v 7 1 & LCHEl s 2
127 BEREDfED» HE W S5, BEREP I DOFRR DS
B, FLREATLIED 5 ROFRE TOFFIZON
& ppp, pp, p, mp, mf, f, ff, fff O 8BFEIIIES
T127 DA ES LR ML L, F L FEHZ

BIFANU Y T A HOEE R EE T 5. %
MR %l LTyt o 2 e WEERED 4, FEUEEIL
fEgOP I LT 5.

Tempo ratio ZEHIOEZEFIGRED BPM (initial BPM of
the performance) (2339 5 [ BPM (BPM of current
beat) DILHET, LTFONX (10) 2658 H S5,

notations
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xR 1 EEET -5 O

Table 1 Details of the actual performance data.

T—=%%tv b T=FNR=A R (I, Rl ML H) M EFE WERBER O/ 7A
JSB-846 C.M.PEDB version 2  “Well-Tempered Clavier BWV846 Prelude,” 1 549 3  Experts
J.S. Bach, Wiener Urtext Ed., pp.2-3
FFC-N02 C.M.PEDB version 2  “Nocturne Op.9, No.2,” 1 709 3 Experts
F.F. Chopin, Paderewski Ed., pp.15-17
FFC-N10 C.M.PEDB version 2 “Nocturne Op.9, No.10,” 1 555 3  Experts
F.F. Chopin, Paderewski Ed., pp.54-55
WAM-545 C.M.PEDB version 2  “Piano Sonata K.545 the 1st Mov.,” 1 1,278 2 Experts
W.A. Mozart, G. Henle Verlag, pp.266-269
WAM-331T2 | C.M.PEDB version 2  “Piano Sonata K.331 Theme of the 1st Mov.,” 1 239 3  Experts
W.A. Mozart, G. Henle Verlag, p.160
" WAM-331T3 | C.M.PEDB version 3 “Piano Sonata K.331 Theme of the 1st Mov.,” 1 239 8  Students
W.A. Mozart, G. Henle Verlag, p.160
" JSB-TPI | Original ~ “Two-Part Inventions BWV772-786," 15 8807 ! 5  Students
J.S. Bach, G. Henle Verlag, pp.2-31
WAM-265 Original “T'welve Variations K.265,” 13 6,123 5  Students
W.A. Mozart, Weiner Urtext Ed., pp.51-61
WAM-331 Original “Piano Sonata K.331 the 1st Mov.,” 7 6,151 5  Students
W.A. Mozart, Weiner Urtext Ed., pp.18-27

BPM of current beat
initial BPM of the performance
(10)

Tempo ratio =

Wl BPM OB T ICHET SN B 720, 55 T
[l —DIcE TN HEHFOLBEIZTCTHELEE
hh.

2.44 EEET—4

REDOFMTHAT AT RTOERETFT - 2R 1ICE

EDTRT. FHlOEICE T =5 2 AT A 720

T—% Ly MIUTO3HEDO T — 5 XR—A0LHET 5.

CrestMusePEDB version 2 Y7 JiEZEDORIE > ¢
@ MIDI HIFIZ B TIEE - CRfitd 5 MIDI 7— %
# N (HOME» 72 E5HMEK) 12X 2 FIEETIER
L, 2o 0mMES/HIT LI LicT— & x—
A17], 18] TH 5. FghhH DML L LTI ST
WAETF— L, SRS EICIIITE B X O oA
TOMML L e MIDI FR % R 5 A2 N1 v 7 1 (5
FTEDERE), AT EIITHEERGEO BPM % 3
HEL L7-E BPMABTh L. mEomticHws
NIHFRIERICLHE SN LDTHY, T—5D
WEIIHLICENEEZONS, L LiEEE R
DIA v Fy TP T% <, %D Original THEIX
L7z & 9 %t BRI AT BE 70 B PUBIE IR 12 2,
F7, RYVOENRICLLEHRY A IV T HENDE
BEWRIEPOREETHZ L IIWNEETH L 720, HER
BUI TR TR EICEN SN TWwE EER B2 LIS
h.

CrestMusePEDB version 3 ZEi KIS, /21

© 2013 Information Processing Society of Japan

B BIET 2 TV AIHZEE 12X 5 MIDI ¥
T HBORPT — Y N—ATH L. EBIIFHRD
CrestMusePEDB version 2 & [[]— D EEEE) & JijH &
NTWBD, R NVAELR EOFEH % &1 729, Offset
beat B £ U Gate time ratio DEFEILILIE T X 22w,

Original 527 2 {HZHHE — O MEZE L -6 % L5
T L2 0MEICIER L7, 7Y F T T /%
HICXAMIDIET ) OEHRET -5 Thb. HEH
DOFEME, HZEOIER)T B & OB BPM 7% &0 &4
B f D FCIR )T ETIE D CrestMusePEDB version 3
EFEETH L. Lo LT CTIINEREREE R 5 O i
LENRL L0, EFIVOFFLLE R LI LT
RFIETE .

% B, Original TO M 7 — & OVER T E 1 Crest-
MusePEDB & 3658 L T\ %, 838 % i 1228 L 72 MIDI
T =5 LY L EHRED MIDI 7— % L OB THEHFT
EDFEE R L, MIDI 7— % _E ORI E T KO &
7 B E CHZEBIIERE D BPM % L4 & L 72k BPM O
L) %KD B, HHF T L DKMERL X £ D BPM ZH)D
TTHEBLTWS,

2.4.5 MREFETIVOFEE

THRAMATFE 7V TIET R TOFHF A D E 7L A5
LTBY, Hr0EFTNVIZB 5ROk DR IZH
WAL EEE EZ O, LoTK (1), (B) KBV TH—
H A5 (M =1), 5EEOBRIRESR (D=5 OET
VeL, UTO2EBOFIHTENSL DEEEIT> T\ 5,
(1) FEHT =y ORIV LRMEN LIRS 5720, HRFHM

DHFEHO R T RER E LW ET V2 Ek L, &
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FlofetEE 22k 5.

(2) BEHF L OXREHREFZEFE LT XTCOMEE
IR LT, $XRTCOFMMMER & % % & 9 7RI
FETNVELERT 5. BT OF IOV TOIRE
W I AW E TN EIIL, FRENOTIRKS
ETNVIIBW TR OMEI =2 HHT 5.

T/, BURBEZICOWTOFERIE, koL BY 434
FRHZT TR ZOFBOEFIIOVTHEREL TN A,
LoT, EEOFEFOEBUEIANIE, i 12 FEH O CIRE
FZEHWIRB 36 HHEDO T A =7 2L o THHENS
EWnwz b,

3. FHMEER

REFIZOWT, RETRFHEL LTOAREEZRL,
FERNLEHEO OO 3L, FFIEHEE R E
BRIC & o CTIREFOFME AR T 5. KRIZ, BoNk
EARPOETNIPEBHEORRE LD L HIZLHZ TV
PEBGET 5. kHEI2, BEFOREMECTRBRINTNDS
FLHZRCAT A M ORI % A, FEZETEANEBE DTS
HHTH b EHET 5.

3.1 Tree-based 75 X% > T DHEMNEDIRIE
Tree-based 7 5 A% ) v ZI3FHEE LTREHFDOD DT

HDN, BEERIZIN T WA L2550 R RN TH

5. ZTOAERMEERTICE, MR EHRE VTR b A

Ty FIRBEIN O 7 5 A5 1) v T ERFITo 12TV E LR

LCEHliz 479 . & 2 Claf— 0% % 0 E 5H

HLTVLGETZHEL, TOEHEEDHNEHAAS.

FHIE LT O 2 FEORBIC & - T .

Tree-based clustering JEFEDFHHZ i L THEHEIC
GENDZRBLOMEAEZ M ED) — 7 ZFEO ARSI
SETLETV (RED).

Bottom-up clustering i % £l D 534 D 20 HHEL
DIEMICHHET HET V. 2 TIEERDEFLVOR
HEEDHRFD ) — 7HICHSE T 2REHB M © GMM %
RS2 (LR, N—=AF74 2 L#HdT5).

RFLEOETIVIIR 5 OLEFHTHEIG L7z, HEZOMIZ

WHO RS L EIRELT, O LOEEOR &Y

MO THBEO RS #IE L TBY, ZNO0 o0k

HEIZHE o 72 A DIIBMEN O AATHREZEHE DD D & 7 -

TWwa., 72, I TIHEEEN TOMBNFITER A

TH—LTHBY, HEIEFFHRATEARR R RRD % W E

B (iS5 L) OBBRIFHT—FICETL TV,

A D e TR | SR B ) 038V D A TREBI & 4T 5

LB, —RNICEZLNLEBZOHMINLD D

Wl RRE L 72 5 Z S FENT. ZOMSEEZRTIR

B Bad 56720, THEHMIERICE > TARIZIhE &

DRE#NTE L0 2HRA L. FEFMEERTIE, #HE
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(2) update mean of each tree’s leaf onset
using their own deviations
performer C' s deviations
performer B’ s deviation zoﬁset
ggate time

:

performer A’ s deviations
onset

1
=

| tempo
\

- |
!

common trees

«
c
o
®
>
)
o©
g ‘
| gatetime| | S “E’ dynamics
| 1
FLL 5§06
e v— S
ynamlcsl S g
g= I tempo performer A" s models
OT® Ap— ——
- cc
=5
L3 | e performer C' s models
5

(3) get their own models
with common trees

B 5 HEFHBRNDI-ODETIVEE (HEE 3 LOBE)

Fig. 5 Model training for identification of three performers.

DEBE L DA — R EOHEL BREHE LR
L, BArya2@HeE L) 77 Ly AL UEEHICX
LERLBDONL DD EBEINZE TS, #5H (Human
listeners) (204 & L, ik KT T ML THETOFEE L
FLEEZT— Y TMIDI HREE2ES L2b0x) 77 L
YAB L OBEIRERICH VTV S, BRI O BTG L
72ETMEFRROFERLFAKE LTS, /2, %L
L CHEVEA R 2 39K L 72354 (Random choice) (22
WTHHFRLT 5.
3.1.1 FRELREET — 2 TORIL

F PR DL LHOBL L 72l OEHRET— 5 TO
WiEE 2479 720, # 1 ® JSB-TPI, WAM-265, WAM-331
R LGl 21T o7z, 1 BETHmA_A X918, KR
LEERET-IOINERIRECHL -0, ZOT—Fty
MITHBEREODDEEZ L2 L I2T4. EFVEEM
EHHHO T — 7 1B EMTHE LT3, BBthae
R 1/4 BEOFHFHE 7 5 BMOMELE TET VOFY
ATV, R OB OWT % BRI L7,
HREEZE 6 (a) ISRT. INLDFT—F &y MIEHA
stodmT A HER R DO FEEZ LI LEEMTH Y,
oy NANOEHITHEWIZEM L D /RS, Ll
BB ORI EL IR (20%) \SEVWREE 25T
BY, F LA TOEZEE ORI 12 K%
Tholeb\wzbh, DL HEMTTOIRERIMEE
W2t L TR LA L O RERE CREBIDSTTRE CH o 72 2 L 05, $R
FNTHIR OB AR L e WiEHBE B OF8x fie
TETWikE2ZONS, £/, Oty P THI—REEIL
N=2F7 A4 N3 LT 1 EHRERSVERIZEZRL TN,
DB S B oM % AR IR T A 2 LTz, 2o
AT © 2 B % SOIRTE IS & > THIT 5 2 L2563
THbHEWVZD.
3.1.2 /NRELEEST — 2 TCOWME
TIREHOMHPBLEDTF—Z I LT THLAEMTH
5 LT B 720, HMORMN TOEEL b
A7z, T 2 TlE CrestMusePEDB version 2 705, 3 Hifi
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random
choice

average rate of

random human listeners

choice |

average rate of
human listeners

\
m Tree-based = FFC-
N10

WAM-

331 W Bottom-up

FFC-

WAM- NO2

265

B Tree-based
H Bottom-up

JSB-
846

JSB-
TPI

20 26 30 40 50 60
rate of identification (%)

(a) Middle scale data sets by Students

40 43 50 60 70 80
rate of identification (%)

(b) Limited scale data sets by Experts

30 33

6 [A—HiM & iEZE L 7o 2B E O

Fig. 6 Identification rate of different performers who played the same music.

K IHOERFILDEHRET— % (R 1 © JSB-846,
FFC-N02, FFC-N10) Zffif L7z, F@ZET— 5 0=t
FeD5M (FHE) ISF L TBBER1I/I0UTERS, %
— 5 OmA LRV IERLDOF — 7 ¥ Z ekl 2 47
V70, BEOBKAEEE LT 12 BEICTE LT —%
%%rwwﬁﬁ , RODT =% E5ICT7 L —ADES
L ’\iﬂbtiw)%ﬁ DRI 7.
R %M 6 (b) [RY . MAEA®EIR (33%) 13 2 HER
BZOBBRIZEDOELEL VIZEL o TWAD, BRI H
SADPL3INELROTWVEIELEEETALE, THELLHE

DR TCH -7 L 3 E 1T, EFIVETE, T4
v b JSB-846 IZB W TREEDHENFENR—-AT L »

FTREAHRE o7, ZNIIITLAL T A F 37 ZADFEBIC
RN HAHF o NNUODZODEMTH Y, BiENSEDS
N2 URIEROFIES MO SRR TN TS, F
7o, BEEECHEBA R L L THEBO S e ko T2
A&—/#ﬁ<;t#%H%hé HREE SR D PesE J i

SR AAAES 4%, Alalikat L7 SURMAEE 7V THRE S
NTWwbDIEYE %ﬁk%@gmﬁﬁmaﬁmﬁféé.
DFE VRN G XRICHEAFELIZETVTHD E VW BT
B, O XD BB CHRBUE N O3 G- B il &
BT 2ICEAHETH - NN H S, 2B, HE LT
BIRE N IREEDTH 720122 TlE, 3.2.1 3
THEINHEEZAT) 2 & 2T 4., —F, o2+ y MIYE
T/ DcODEMTH Y, il S E JSB-846 L 1) b Lhk
MO RIEHR 2R TE S, EE 50T N—
ATA Y EHLPIZERAHRE RS TBY, XRIEHRE
EHTED|MEELZOL IV EOFE T — 51280 T
DERAEREL TWHEEZLND.

3.2 REHFRICEM T 5 XIREZRO S5
3.1.2 HTOMEEAERIZB VT, IRELEOF I LM
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DFFEIC BN A SN, T 2Tl CrestMusePEDB
version 2 f)‘% A F 72 TR E IZ oW THLEIH D & 5 i
BT — 5 EHAEGDETFE LT VEMH L, EBIC
RO NTE TN OARKEE 238 L THEEED 515 %ﬂ%[ﬁ$ﬁ®
E@@;@%ﬁﬁtﬂi&@%@f%ot#%ﬁa
CTHEDORESR Q DE WFCQ%%Ké_M@

@U~7%%0*%msbwf,m HoY—71% N, 1
DUREAFET V2 FHFLTVDE LTS, b—F/ — K
L5ZD) —=7IZELETILEMAT S/ — FOWThid
QI 2 EME OB HH. T TR ZV— b

= FPHdRTDY) — 7 FTOERIBIIB T L7z
QUHTA2EMERS / — Fo#KHE LT, Droxk (11)
5 Co %iHlis 5.

Co = i <g;”” X RQ> (11)

m=1

ZoRX (11) BWT, fEED /) — FOREHEN L Y K&
LEBEAFOLALENIDRUTOHETH 5.

o V—h/—FRIZEWEIZLHLZ L

o WHT L URIKGEETIVOEDNZ VY — T ~OFEHIZ

GInsz
3.2.1 EEXRBEHIMET 38055

Wil x 3lE e 5 3HEEO T4 v b (JSB-846,
FFC-N10, WAM-545) (25X (11) 2@ L7z, ZO#5%
AE 7(a) IORT. B EMOB T EBEOB WL
MRESE D LA 5 i (e.g., Cstepr Coctaver Crypes Clocats
Csyitapie) WEFALDDTH o7, B2 DIXZFDNEM & I
T, FFIC ISB-846 1E Cypep A7 L TEVIIA, Crnord
R Chrotations DIEIT WV & MO & AR 5.
JSB-846 12DV Tl 3.1.2 THTH L N 7-AE R T D Ao %5 il
ERELBARDMENER->TRBY, TOBEKE L TARIZR
FFLZE TV OIRIER CIIEEOMME ) FLEH 25
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35

30 ¥ JSB-846 by G. Gould &S. Richter
= B FFC-N10 by V. Ashkenazy & M. J. Pires
= 25

B WAM-545 by G. Gould & M. J. Pires

> contextual factor N\

(a) Difference between the composition

32
FFC-NO2 & FFC-N10 by ®V.Ashkenazy ®M.J. Pires

=16

o

5 8

>

o

ga

G

L 24

o©
e & S D 2 & &
Q" & & & L &Y

s\\@ . oby\\\%‘oz\q\o“o@‘\

contextual factor <

(b) Difference between the performer

7 B INREER DARKEE O EHREE

Fig. 7 Contribution to the tree structure of each contextual factor.

NTWRWIBENEZ ST\, S ICHMT 5 RES
T®5 Coptiapie d Coctave PIFTED Cyep & LD TERE
T4 &, JSB-846 TIZZN5 721 TAMED 80% It W EHE
EOTBY, FEFIRIPIREVL., ZOX) REHOE
T T 2 R EFROEFHRE RE LS EL % 2
SNA. MO TIILICH T ENOIREZEDH b,
Cisyitabte VIO 4 FHEATE D12 15%HIER O ERE % F > T
Wb, ZOMOEROHAEE TIEH 5D MEICHEL T
By, ERLAEUREZFIIN LA EN L VWE 5.
3.2.2 FEFEFICEFOHEBOHTE

KIZ, HANZHBEDOADENERLLZ ENTE L%
BRE$ 4. (1) 2 2 O 7— % £ v + (FFC-N02,
FFC-N10) |23l 3 23283 2 4 OB ICOWCTHEH L
72, ZORERER T(b) IRT. FREROMIZIZED
BB ERE MEIL R {, RBEOEM~DOEET)E—#
ICHZEH L) B BMOF AR LGB, —H, Caag
R Croice 2 &, WA O B TR ZAHEDS R O H %
Fbdb. COgpep FRERIIBVTHEHFELINED
EWERL, BICZFOENFPELAELLOTTHEESIN
PEERT D, FRIH LT Cyoiee \FHAIZFER % IR
L, BHoOSENEEICESET2HERTH L. ZHDHE
DENE KT 51E, V. Ashkenazy DEZE TIXHIE DIE
#HIZ, M.J. Pires DERTIIBZEDERICL T, L0 E
WHHE T ZORBPESHE SN TN 5 ., [EEOHEHRIC
LT @I 2 o 2 EHE T — 7 2, 20X
I RICER L CRIEED ST 2479 2 LT, ZOHEE
BRI ZEFE LD ED S BEHL THEL TO L0 EA
LR EblEZONA,

3.3 BEEICLZEFEEOM

B0 L LT, IREENEEEO I ENTH D
PERBEHT L. TR, FLAHER L FEOWEEN
[l — D % A LB ORI E T A, 205
% - 72 OWESHIIE [19] 125V T, EOEHE
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ZOWEPLLTO L) ZHEMGON TV S,

(1) S L7 HE (Experts 7 7 A) OHFIEI— D
22 (Students 7 7 Z) OHZEL ) i\ EMEE RO
Z &

(2) % DU ZE S AR B 2 [0 CTLERTE O Z I & AR 7 &
WiE4 C, T ORI R BHAM IR E 2T W
LEZHLNDL T L

[Fl—DBMOFEEL R L 7 T ADEEETHFE LI
ETNEBETLIET, SNOOHMAOEMNITEITH.
F72, M7 T ADEHEBIZED X ) RIFOMERH Y, Z
NHRED L) BBHICESL O RIET 4.

ETFNVEFHICFERRET VL LTE L IIRT T —
54 N WAM 331T2 (Experts 7 7 Z), WAM 331T3
(Students 7 7 &) ZMHH L, HEE L2 8EL
Tree-based 7 7 A% 1) ¥ 72 & o THIME % 2L S 72 A1
ERER L. ko BY, 7 J AWM THETREZ R
P13 Onset beat, Dynamics ratio, Tempo ratio @ 3 f&
HTHADH., TN DORMEEICL o THHEH S BB OfE]m
X 8 (hHEE, M ~16), 9 UM, M ~4) (2
AT, XOMBEENIIARE S L 12K — 70O mliE T &
L, HIRIGEWIZEERE B ) OHEZE L 2 5. ORI
M FEEOBPELOWFHZNZNAODIBEE T L, A
WEWIE EHED S 2 b, BEEHR T L ORKEEIZDO W
TEY) =7 HBEET UMM ETVOKEEE L, BEt
S 100% DA & 72 A L HIZIEHL L TWw 5.,

AR (1) ICBL T, BRSO (K 8) 7
5, W& OMHEIAFEEROEHIFOENIZENL TV
Z LD A, Students @ Onset beat 1 ZBEFEEB ) 205
#1/20 R WA F TOHEMTHMA L TWH DI L,
Experts @ Onset beat (& Z1UIHNR T 1/10 #E WA £
TOLFMEADOSAE o> TWwh, TDT Lh 5, Experts
DL Students D F L L) bRV RO @M@ D
HEVZ D, —fRIZHTHEFE NS Experts DEZED L
THEHTE RV LS, B2 EENICHHRESEE 2
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10 T 0.1 10 . 0.1
+ onset beat + + onset beat
X dynamics rate % dynamics rate
% bpm rate % bpm rate
0.05 4 0.05
i + g =
- + © — ©
£ + * 8 £ &
S X X c c % + =
o 1 + R+t o 1 * g R o 5
= x X +% *;‘&x* * 2 3 X 3K Tl 8
o +x c O Foxt ©
> XX S S XXX S
] X 3% o (7] x X TX% X ]
© % X X © T x i X ©
X 1. o+ ]
+ 0.05 -0.05
* X
+
0.1 0.1 0.1 -0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100
mean deviational style (%) mean deviational style (%)
(a) WAM-331T2 by Experts (b) WAM—-331T3 by Students
8 WBUE AR TR LR OME (M ~ 16)
Fig. 8 Tendency of artistic deviation in medium-sized tree (M ~ 16).
10 T 0.1 10 . 0.1
+ onset beat + onset beat
% dynamics rate x dynamics rate
* bpm rate % bpm rate
4 0.05 4 0.05
i g =
— © I ©
g g £ &
c p 2
S 1 ¥+ Kxpdo § G -k R o 5
o) * ] ] X T * =
2 5 2 i 5
> >
[ [ X
© xx 3 T X Y
X 4 -0.05 * 005
X
X
0.1 -0.1 0.1 -0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100

mean deviational style (%)
(a) WAM-331T2 by Experts

mean deviational style (%)
(b) WAM-331T3 by Students
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Fig. 9 Tendency of artistic deviation in small-sized tree (M =~ 4).
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Is syllable of current note
lower than Minor3rd?

Is octave of previous note Is local of next note at 2/3
higher than 4? segments in this measure?

Is octave of current note
-1.649e-02
- higher than 3rd range?

34.1% no
71520-04 Is current note 5 700e-03 s local of current note at 27/32 Is‘curre'nt note
not written in the score? segments in this measure7 not written in the score?

yes

yes
0.612%

0.850%

yes
0.153%

no )/2 9%\13 0%

Is syllable of previous note (8.959e—03) (—4.754e-02) (_1 .600e+01) Is syllable c?f current note (2.405e—03) (_5.401&03)
Major2nd? Major6th?

Is next note
-7.369e- -1.130e-
369¢-03 the bottom of a chord? 1130e-03

yes
0.364%
(1 1 5e—03) (1 51 8e—03) (—1 71 7e-02) (—6.406e-03)
(a) WAM-331T2 by Experts (b) WAM-331T3 by Students

10 Onset beat O ARHEE
Fig. 10 Trees of onset beat.

Is type of current note Is octave of previous note
shorter than tripleDottedWhole? higher than 4th range?

Is octave of current note
4th range?

Is next note
not a part of a chord?

SRS (4.2249-01) (5.1 23e-0 1)
not a part of a chord?

Is voice of current note) ((HS571EIS SN el =lelli pl61i2 ( ) ( ) Is syllable of previous note
4.967e-01 4.058e-01
[ Bass? j higher than Major6th? N € higher than TriTone?
no \ yes yes

16.1% \ 29.0% 19.1%

(2 662e-01) (3 3666- 01) (3 71 8e-01) (5 629- 01) (3.336e-01) (3.735e-01)

(a) WAM-331T2 by Experts (b) WAM-331T3 by Students
11 Dynamics ratio O ARH &

Fig. 11 Trees of dynamics ratio.
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Is local of next note at 1/3
segments in this measure?

Is voice of current note
Middle?

Is type of current note
longer than 16th?
no

(a) WAM-331T2 by Experts

Is local of next note at 1/3
segments in this measure?

yes
31.5%

1.077e+00

no
13.1%

Is staff of current note
Upper?

Is type of current note
longer than 16th?
no

[8.748e—0'D G.OO7e+OOj

(b) WAM-331T3 by Students

12 Tempo ratio DAk
Fig. 12 Trees of tempo ratio.
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