AN >, == Y )
E R SR G S ¥

s &3 S AEALE -8R

L w2

SRR LA BT 2 R Y

A Study on Rhythm Complexity and Its
Application to Automated Composition

Moy o4 ripnw
ERERED KRR
S RE K



T T SN L RN L)
A Study on Rhythm Complexity and Its Application to

Automated Composition

Moyo4 iP5 Student : Ming-Jin Wu
hERE RS Advisor : Chih- Fang Huang
VI Wei-Hua Chieng
B2 i+ 8

EIE- 2% SR E 5 FIP R SRR SLE £

A Thesis
Submitted to Master Program of Sound and Music Innovative Technologies
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Master
in

Engineering
July 2012

Hsinchu, Taiwan, Republic of China

SEAE- R &



G EAFRE AP BT 2 BT BT
FAEIPHE ER R SRR
& E
SRS SR 1 SRRy F R SRt 3 i

A R EEARRASNET U RE ZFRRE b pF

AR aFEt s BE e hAs E oo p LIFE & ﬁ;’:i‘

i SRR A TEIR O R0 - BT LS L nE s fu

2ARRIEE Y MR d AP B RN 0 LT 614 e B4

ARE T PSR RERE T A AR

gL

WH K

e

R ETE SHTBE R

w7 e dp L

FeR A I 45 Dk

-

MO e FAFRR - AR

EEAL S E O URG DS EFRR RN > FULEHT FITLLE 2 RRE S

g A o g\/‘«;;z,_gpif?;$g}§¢4ffy*%:§ﬁ,_ ,:‘.

it

|

2
YL

§ AR 5 AA D

o ivd j B BTG B A (B BARRT kTS A2 NE RS 0 5
IR SRR f AR - B R PR S BN 0 112 A F 2
IRFEAYUBEAF RPN NG F AL LT Ao REIEB TR
RpEivd (A o

Mits 1 &% IS Skl



A Study on Rhythm Complexity and Its Application to

Automated Composition

Student : Ming-Jin Wu Advisor : Chih- Fang Huang

Wei-Hua Chieng

Master Program of Sound and Music Innovative Technologies

National Chiao Tung University

Abstract

In this thesis, we provide a study on rhythm generator in order to apply it to automated
composition. We focus the study on rhythm which is distinct from common study of
automated composition. First, we discuss the various definition of rhythm complexity, and
analyze and compare four common definitions of rhythm complexity in order to find the most
suitable for automated composition. Besides the common rhythm in classical music, we take
various time signatures and irrational rhythms at the examples to compare four rhythm
complexity definitions. Furthermore, we bring up an idea for rhythm generator based on
rhythm complexity which can be applied for generating rhythm of various time signatures and
irrational rhythm. Last but not least, we implement an automated composition system based
on rhythm complexity which combines analysis of rhythm complexity and rhythm generator.
Through the experiment, we verify the system and discuss the relationship between rhythm
complexity and music structure. We hope this study can be applied to other algorithm in order

to create a better system of automated composition.

Key words: rhythm complexity, rhythm generator, automated composition, algorithmic
composition
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symbolic R #_#-5 &0 2 kiedit T 4ok R 22 F0 0 B &S

Mo e P AT e MIDIl%&{ﬁ%%? symbolic ; MIDI (Musical Instrument
Digital Interface) ;% 8 % 1983 £+#7fx > hE Z T 2Lt AR+ 2E T %BF 0w
FOK 2 R RE AT i 2 T 0 @ (5 MIDI & 4 - 3B B AEchE Il Y R ke
5 % > MIDI L E 2 REGiedrs & @ % MIDI i A A i 2 Z 8 %36 % je oy
AT T Feie S EEP & AR S X

R B REP o do% B jE_acoustic g AR CcHEEBES B AP Z R
FEMAAGE RO B0 LAY AF T g TR RN A SR S e

A3 LA MIDIHY & - BEF DRI HBORENL cBEE FTFF
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E
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£ 5BOATIANPET LB BAGUL PRI T R4S B 60 E R & Co
HeoEW o TR AP S FEd D MIDI e g R VRN Ay R ZEP S QU
" ¥ L oens i@ MIDLE % ) @ Note-On 12 2 Note-Off » Note-On ¥ i & % § # &

W B o Note-Off R 2 F B8 dk I A BEER €858~ A - HEEFTHN > 407

F 05T o
#1.: Note-On ¥ Note-Off & i [21]

Status Byte Data Byte 1 Data Byte 2
Description Status/channel # (0-15) | Note # (0-127) | Attack Velocity (0-127)
Binary Data (1001.0100) (0100.0000) | (0101.1001)
Numeric Value | (Note on/CH#5) (64) (89)
Description Status/channel # (0-15) | Note # (0-127) | Release Velocity (0-127)
Binary Data (1000.0100) (0100.0000) | (0001.1001)
Numeric Value | (Note off/CH#5) (64) (89)

! MIDI Specification 1.0, International MIDI Association, Los Angeles, 1983.



2.1.5 MusicXML

3 2 p > MIDI - 2 & symbolic § #2447 &/ 2@ % s g MIDI &4~
SRR AL O R R AR # AW il R RIRE A REH L himficeng B
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fr D % %3 h% B > & MusicXML? ;J%afi E = BRI

MusicXML 52 & 3 e XML $AFE 8 5 d s orr 2o 10 i 2 48 > 4 75

Bty S RH A 2 ENF #R L anedt h D & MusicXML s T IR

ml4

7B 2L Wik o B 8 £_MusicXML - B B 8 chk| S o dok - 47583 2 % ¢ g Hello,

World [22] > 42 5 % % end 5 f§ B chy &

~ BEE - B E - BAY L CHR

P s BEBETLL T R SR S A B S A R LG W R

Cx o drk 30T MEH AT o

ETS

A e ke s A et e e MusicXML : ﬁ%l >R 3 P By eniE
G ety o L aF &Y o (2 2 MIDI f’f;%@?]ﬂ:.‘rﬁﬁ;;“ PRI} %éﬁﬁi#&%‘%@

BT e

2 MusicXML (Music Extensible Markup Language), http://www.makemusic.com/musicxml



<%xml wersion="1.0" encoding="UTF-8" standalone="no"?%>
<|DOCTYPE score—partwise PUBLIC
"-//Recordare//DTD Music¥ML 0.5 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">
<szcore—-partwise>
<part-list>
<score-part id="EBl">
<part-name>Music</part-name>
</=zcore-part>
“</part-list>
<part id="pl">
<measure number="1">
<attributes>
<divisions>l</divisions>
<hey>
<fifthe>0</fiftha>
</ ey
<time>
<beata>4</beats> - 2 I
<beat-typerd</beat-type> 'Y ©
</time>
<clef>
<sign>G</sign>
<line>2</line>
</clef
</attributes>
<note>
<pitch>
<atep>C</step>
“<octaverd</octave>
</pitch>
<duration¥4</duration¥
<typerwhole</type>
</note>
</measurs>
</part>

</score-partwise>

B 8 : Hello, World in MusicXML [22]

2.2 GTTM [23]

Lerdahl {= Jackendoff # 1983 # # ! -2 Generative Theory of Tonal Music (GTTM) »
S SR LS RS S T L T SR TR

Ryt > K3 BERHE G > 2 FHET P B H

10



& GTTM 42 > Lerdahl {= Jackendoff 4% ! 7w faficle » Ry ¥ . +5%E (experienced
listeners) ¥4 *+ § # iF &y i » L& T 2 /&7 b ehi 4 0 4 B A grouping structure,
metrical structure, time-span tree 1 prolongational tree » f» fdi4g2 ¢ > pARE oy

fa7 ke ek B - well-formedness rules 4+ preference rules » # ¢ well-formedness rules z

El
&

EEESRRFRERIPBLE Aok G A B g HE R #+ & well-formedness rules FF > f]
d preference rules & %] %@ & BB e [24] 0w 5 preference rules 4p 3 5
1 AR SR

AABHmTF Y 0 T w44 metrical structure 2 % grouping structure » metrical
structure § © #74& ! v metrical hierarchy ¢ & 2.3.1 Metric Complexity © i * 3] > @ {3t

e enF T4 0 €38 % grouping structure - KRR A R AR A 4T
2.2.1 Metrical Structure

3t metrical structure 2.0 > A PFRFALBFES TRELE 0 £ GTTM § 7 &) >

-y

€+ ¥ 144 5 phenomenal, structural, and metrical = 7& - phenomenal 45 chi_iz v § # % &
FEFenaE 30 Gldod & ar Lend § B 5L structural ¥ A R R A oA R A

Fotergd i 4 gL Ll UpE g g4 @ metrical 4 £dpdp S+ 2 Bl o

o

AA PR Ra i) cometrical €3 0 A - BoILE G R 7

BaGF AT H #Fhdog o ST E 4R - B metrical hierarchy - k45 i & % 07550 o

'F_k
%
E\ﬂ

AMEEAEG > RIPEB PN T e F R AR DRTF] @ F i
+ 2 B oawsiz ul o T €73 - B metrical hierarchy > » ,T}'{#Fl—%‘ R gl
Aom Topdp 2 TRek | Bttt do% - B4p 34 s £ 5 B Lrd g
TR - B O AR A4 KGR B - HRE =40 Ao g P
MR F e dp g TS - RS HEV T RSB - BREE
mE-dpX M E R T E - GV R B - BIFA Aok ERG AT

= VR4 @ 9(a) 0 14 poetic accent k £ o7 B4 9(b) 0 H P - Ao A 35 o
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B 9 : Metrical hierarchy [23]
= & e metrical structure ~ 17 R| Z £ #-% 4 i well-formedness rules 122 10 &
preference rules » 35 ) 3 & ix i+ cnig g > ¥ & H i = % preference rules 4p 3 % > 1 it
AR R orules TEArE 25 A R P T EF PRI A 4T Ft A

SRR o

£ 2_: Metrical Structure Rules

MWFR | Description MPR Description

Every attack point must be associated | MPR1 Parallelism

MWFR1 | with a beat at the smallest level of | MPR2 | Strong beat early
metrical structure. MPR3

Pitch-event

Every beat at a given level must also | MPR4 | Stress/Accent
be a beat at all smaller levels. MPR5 | Length

MWER 2

At each metrical level, strong beats | MPR6 | Bass

MWEFR 3 | are spaced either two or three beats | MPR7 | Cadence

apart. MPR8 | Suspension

Each metrical level must consist of | MPR9 | Time-span interaction
MWEFR 4

equally spaced beats. MPR10 | Binary regularity

2.2.2 Grouping Structure

72 £h grouping ~ fjf‘u%'—\/»\ e HF Bk p AfaehAhi 0 n - 3P ;‘%E\-‘F*f
—ARP IR 2T AP E R RS N EHN LS SR P s e
AT S LEF B R REANRE  hTRA L B L E R A B

L B R P BRI HIWBRE S S ’ﬁi”ﬁﬂ?*@%iﬁ{% BB

E-)
cra\:b
.m‘y

Beg kA AfrRa d o 5 - BREE - F o RERORER B RIFEY
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B 10 : v slur & #3# ™ = & 55 grouping [23]

% # grouping & A A endF BE R BB IR G FEA e B 0 3Ea- 384 0 A
A RF - G B AR (Ta- 304 0 i GTTM 4248 87 g § B
(Slun) i £ 7% > & %83 ™ 2 4B 10 9757 > 44 5 — B slur #7B] e g %iﬁ*u R &
P E-BEEHHY - BLAPEE VR 1@k kEBP cpERHEELET gk

{4 e - 30 o

B 11 : Grouping # &R % [23]

i grouping structure ¥ - 3 I 78 &0 well-formedness rules J’K{ #it group B Fk
N E 0 blhe GWFR A e group 2 F 7 ¢ § £ dperdis > do% /gt i 4 4 o
- B group B> ¥ — B group en— 00 0 H B 2 dm g & drd 3 41T o

m preference rules R 5 = 75 - GPR1 A dp /s & — B group L& = 7 — B event iz &
»‘ i&{ﬁ— group # § ¥ F - BF S GPR2 Adp- B g Y o ek 5 A
B P2RFOEFRLAFERE B PLF AT S B R EHRA A B
group; GPR3 £dp4r%k 3 @ B § B g 4 R imdi2F &7 7 nAa®i
Pl fizs § 7 ¢ @ € & group <74 % 8L ; GPR4 2% GPR2 & GPR3 &2 F P ¢ & pF >
Bl & 12 < eogroup B~ 3 GPRS HALM A3 4 BLPF > ¢ 0 a B R K R BT G
AR A T E SGPRE T FEGRE o8 B hg BT (5 4 s fogroups 2T (7 33

; GPR7 R E_& %P time-span /2 2 prolongational /¢ % » &P e 47§ ¢ I3
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SRR i -

% GPR 2. ¢ » GPR1 -~ GPR2 1 2 GPR3 E_ /vt g go 7 &) » i i BpF

F_&

25 LAk d g @ GPR4A ~ GPRS 122 GPR6 R £+t >t < e Rl e » i £

I

[

o

Z BRI {5 A R group i E A B L

# 3 ! Grouping Structure Rules

GWFR | Description GPR | Description
Any contiguous sequence of GPR1 | Avoid single event
pitch-events, drum beats, or the like can

GWFR1 Proximity: slur/rest and

constitute a group, and only contiguous | GPR?2

sequences can constitute a group. atiack-point

GWFR2 | A piece constitutes a group. Change: registen dynamics’
GPR3 . .
GWFR 3 | A group may contain smaller groups. articulation, and length
If a group G1 contains part of agroup | GPR4 | Intensification
GWFR 4 j .
G2, it must contain all of G2. GPR5 | Symmetry
If a group G1 contains a smaller group | GPR6 | Parallelism
GWFR 5 | G2, then G1 must be exhaustively Time-span and
. . GPR7
partitioned into smaller groups. prolongational stability

23 §EAgRR

ERFaEEARRETRGTY O APERE T e BAFZ LIRS o H P A
Toussaint % 2002 # #73#& 11 ern Metric Complexity [25] » 4 2 LHL [11]s0% 4 fe & e
#& o % A4 metrical weight 5 FA# 78 E a0 4 7&—&1@3 SEEL I FHNgERE D
7R ¥obd Keith & 1991 & 2 metrical hierarchy sF¢ & 5 A # [26] > il #EE )k
T UFE IR e N3 e o F ) B {8 4. Weighted Note-to-Beat Distance
(WNBD) > ¢ F. GOmez & = i~ & 2005 & #% ! [27] » 11 £ 584pF 2 B end @R T 5
B> 3 S| o

FrASERRRDTE > AR PFIANFGE IS FOLRIFER RS

FARRRE Y BH Y A A S AR B D S v G A [28] 8
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AR S AR S F ARy i [29] -
2.3.1 Metric Complexity [25]

Metric Complexity £_d Toussaint #7# ! » ,‘fﬁ“é EE - B gk 4 ifa{onset
L e WA - BaE o2 B 221 Metrical Structure #7#% 3 &0 metrical
hierarchy » r Ff k chsfici® 5 8 € chlicip o

VIGARLAA Gob] o g A 2 S R L R BT R B &S
B o BR- e S B A4 Jperiaidp A 0T~ 3 58~ 31 de§l 12
A ST Rt A R 0 R LRSS - 4 o RARL 0SS &7 R
5% =3 = )’j-.*'u{}%*]i Rah8 vl > RS A F - % wdp > s Bdej — i &

BRELTH RAN PR SRR REUEN 22 - B .

= N W Rn

L]
[] L] []
Lo T 6 o T
AR EEEEEENEEEEN

r 2 %4 5 6 78 9100 1F 12 13 1415

[]
[ ]
L]
L]
[]

B 12.: &) &+ 2|2 16 B = % -rmetrical hierarchy
ko B AP S B SRR N BEE P DT Fld 0 RF Tk
A fE S ARk in=16 5 )0 B-16 AR 2:2:2:20 B W 2 BE 0 T iEE - By
20005 mE S RAGI=0~15 mRIHEIIR LR -

- o M=l R AT T AR MR B - CWHEET AT 5

_{wi+1, if imodmis0
Wi = wi , if i mod misnot0

(1)

LERAE U S SEE A EE j\mﬁfﬁq%’*fmphﬁ'“ﬂﬁm 20 - Rty ¥
M EL SRR E - B o om ok B S AR R T 1}“5,\

PO M =40 - R BT TR MR EE - S R oo m R w2



BRI RO F o s LGRS M =8 - R GG T R m R S B AR e
Ris 2 UTEAF ik en 20 B D41 %?3;:;’%?% g A rj-&{m:mﬂ?’?"v? % & metrical
hierarchy g & & -

BiEetka I APF U RAZE 2 Adp 44 1 oG o metrical hierarchy > » &
PR B o B AL 34 g P UL R L ARNE T PIAPER - B
Wi AL - %A ,i&gq;gg 3:2:2 ) B RRT > Lo F NS FT R EMRS S 2:2:3

# 4 H2:3:2 4ol 13 #i 7 o

4 D 4 [:]
3 (] | []

P 1 A A A O O L
NEEEEEEEEEEEE I EEEEEEEEEEEN
2.9.3 P B

a |

s | L [] []

| I TS e N

. | OO

B 13 : #] &7 3] = 12 i =% =2 metrical hierarchy

41#* % metrical hierarchy + #ti& * ¢4 £ » Metric Complexity 3 & = ;¢ 7&{#& 4
hEEEa & - Bonset § HATHBGIEL > B v iAo K Kk 5 onset eniB e ¥ oY

R

k-1
M(R) = Z w; (2)
i=0

2 the clave son & & » 4c®) 14 #7517 > onset & %] &% 0,3,6,10,12 + & > ¥R 7|

£R1551,223> 4\"—&1":37»,?»5'\13 °
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B 14 : Metric Complexity & ;= > 12 the clave son % &
#Rm fmetrical hierarchy sz &2 T » L ARE > N & G E_§ F gy o RR4R S
é&‘f&"ﬁ'}%’ ehdn BE > TR BHcEARS » K @ IL%W’J{L&?EW’J&% o 3§ s e § s

B o HAF R AR R o ¥ o Toussaint 7 onset Bd#ic— HihE FAL G o 45 k<

m”°é$’*W§“”9*mﬁﬁﬁﬁﬁ%’4%{§&ﬁﬁﬁ$é’ﬁﬁaé0’
PR3k k 5 onset i #c > maxwp~ MaXWiq = #75 L EAL R B = 0K B - [ Metric 37
PR Aot £

k—1
Metric(R) = Z maxw; — M(R) (3)

i=0
fe ks the clave son Z 50 £ frs 13> L L ponset & 5 7 73 &% % ¢ > &

feendot 5 17 (=5+4+3+342) FRFRA A 4(=17-13) -
2.3.2 LHL Complexity [11]
LHL Complexity €_% p Longuet-Higgins 12 2 Lee & i= % 1984 & #14% 11 ch— B 44
4 # & % o context-free grammar > 4rfed & & F 2 o F o T2 2 HH- A& 0 & metrical
hierarchy 4p e » &+ & B &2 HE 22 P anE s LHL i Dot g 2 g %> A2 4
@ 2.3.1 Metric Complexity 1718 i £ — R £ %] &30 LHL £ i tree s f ki 2 g £ o
BITAE S AL LHL chfh & & 5 kg 0 B-tree IR E AFRRR hE E
F i k> A w3 Smith 2 2 Honing #2006 & #73% 01 > 44427 2 F it B 3 23T 6

27 3 [30]> 4= Fitch »2 2 Rosenfeld #2007 & #73& 127 & F & b2 2 4 [17] »
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3 B “]‘5'3’,5 Fotree chZE 4 > FEUBIGIE 7 4 k5@ gt ik~ @ LHL fhtree structure
W2 > &%+ Smith 2 Honing % 4 5 A # 7% W o

VUAA R LG AP LA 3 R AAE £ ST D 16 BE
4o @] 15 #7or 5 R @ > &2 Metric Complexity 7 8 LHL £ %5 £ & cnH = £ XK 5

O BAAT R 2 f B8 kB> w8 P E R AR M 8- Hene

VA W TR L, S . R S (S LR S W) T e S|

Bl 15: ¥ &+ 2] = 16 i# 8 =7 tree structure

ok R B W ORY T H G 45 I BT e F AR R FlA
fRen= Nk U n=16 5 B o &-16 A fFEe 2-2:2:2 ; tree shroot ¥ - B = ) &
K- BaEh o B Bv - 452 RRERDETELRL 00 - %{J
P % -dpo - AR Y BRE o ;I%{J GF oy = dp o K - BRER iR
- Ke-le

FoH o BhE - BARLOTFE AERHFF Y 0 Bk 420 F R AD
A N -G fjk{]a?v‘ %R - JpE Fedpo AL REAL - B BEFR
-2 RAEERTE LT Bty s peilE L chiE o

o e 0 APRET W S B R e a6 g P A

TN

AEE - B &g 12 BHEM F RGBT P55 A5 53 055 s a5
SRRAGLIL 68 R g R F - AL d o RS Z P 12 TS
fRgAl2:320 BHERRT o L2 X 0L FEREHRA S 222230 F L2320 ol

16 #77 o
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B 16 : #] &+ ]~ 12 # ¥ = tree structure

Aotree =2 432,48 ek 213 i e LHL $20 2 4 F e s - 3 - B T
oo R liig e Rt pE 22 f A4 30 Fp > APRZEAHE -
Bonset> Aisd &4 » ™ — B onset IR > KFEF U TS DE s Aok /‘T‘f"'fx‘%\» 3
FhRF MR A E s B A FH B pT L SEEE B G onset § # R E aE

S A e R e S USRS R SiE AR IR k B4 g IR

B APT LS RN KA T LHL g fe g o e T o

Si = Wg — Wonset (4)

k—1
LHL(R) = Z S; ©)
i=0

F 4 12 the clave son 5 &) » 4r@ 17 #7757 » Sei? Sy > 4§ » 3 E A PF N E

ET

2(=-2-(-4)>S1 % 2(=-1-(-3)) > ttheclaveson iz ® |+ 2. F » LHL e fe & (8
4 o

Wi
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B 17 @ LHL > & 3 & ;2 > 17 the clave son % &

2.3.3 Keith’s Complexity [26]

Keith & 1991 & 3% 4! H| w27 L

.mly

etk a2 =& £ F o hesitation
anticipation {= syncopation - hesitation #dp Bdsidp+ + ~ G A A adpF L hE
anticipation g B 437 fdp+ 2 ~ B & adp+ F eE @ syncopation - ;i%a%i'; SIS
fper s A5 B Bden 2 B R Adp+ b e 2 o Keith 7&{"1 Bz R

TR ROLH o RSP E AR

e © e ® e & & o
. 4 A
@ e = ©
J
' A ® ® e @ Y ® o o
| H
N === EE %ﬁ;r;'_,-_@
Py ) d o
® e ® & o
(e) ™ ) Ll 8 I | | |
d A —

B 18 : Keith = A% 2 cha &
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4ol 18 #17 » (A)fr(b) B b3 AL F0iz G b Z BE R4 o g g B
BaotedpF o a2y B+t o a@mr =B onset 5 #R4stdpF > g d
FadpF oo A _'rﬁfr%é’\hesitation v (d)en% - Bonsetf K A o BRAT A
#p+ 1 > @ E anticipation v (€)% = B onset § R A BB AT hdpF oo 4 ’T}“{J‘
syncopation ; H ¥ - hesitation 73 & #_ ] *% anticipation - anticipation =3 & | 3t
syncopation > @ syncopation # # ﬁ} ¢ &_hesitation £ anticipation = i ¥ i |p pFgf 4 pren
T

LT AR e iR R Keith e fe R XA 0 A SEE - BEE S BX
I 5oonseteni=% »j AT - Bonset NBenizE cifrjruitiani - BREERLPE
ke > oD iz onset £ 2 ek B 4 fJ-&{D:i—jo Bk oz D2 &AT Do
ZmE=G @ 5,75{2"1@'%%‘%;,’ SRATE dpF kg ek i jT 'Mﬁ»@f”f ’
Al & B adp+ b o F 2o ﬁr%ﬁ;ﬂﬁta?ﬁ% PR A 2 G b oa KeithdgR= B

T 0rid 2 e 4 0% B 0 A B] 3 hesitation niEk 5 1 anticipation ehiEE Z 2

syncopation e % 5 3 4ot T 3 RN Aoy
6 = D rounded down to the nearest power of 2 (6)

0,if i mod 6 is 0 and j mod 6 is 0
1,ifi mod & is 0 and j mod § is not 0

sCx) = 2,if i mod & is not 0 and j mod § is 0 (7)
3,ifi mod 6 is not 0 and j mod 6 is not 0

Mgtk B R - ipoonset F i R AT B AR RS S

g 3R 0 % K 5 oonset e #ic 0 B P E v - Keith g e B £ 1 &

k-1

Kmmm=§}m) ®)

i=0
r theclaveson & &> e dp gL d4/4 10+ F 2 5 AR H 2> ¥ B &7 2= 16 (> onset

>4 %0,3,6,10,12 F & > 4B 19 #77 ©
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B 19 : Keith e*» & § 3+ 5 = ;2 » 12 the clasve son % &

¥ - Bonset Biste 0ehim® » B a3mi=% > 47 D530 55 2 Boneniz
OV I 2 RA R AT SRl 3RBK2E S RARRT b
JpF ooy )’I&«E’\;ml;r[& onset ¥_— i hesitation (7% #* > B % 1o %= & onset B 45>7 3
e o BRE6MEE 0 AT D A3 6520 BahinE 3RBR2E G R AR
e dpF o BRAOZE6F 117&&2?"“% R R ELE AT oo ﬁ*»ﬂ‘?\;ﬁué@ onset
¥ - 1% anticipation =¥ £ > @ 5 20 % = B onset 47 6 izl > B A 10 iR o
27D 54> 05 4 Bepeniz® 6;’?@2%%4%@% PR BT g b B g
10 » m 24 4 f;_ﬂf PR EAERRR S S :T}D{;Fu}jélﬁ; onset #_— i# syncopation
EE o B 3o

ﬁf}ﬁﬂ?ﬁimﬁ% s AT R e BrUE 5T B oonset B E O Aot o A
D 4T onset3t B A1 ehid o Js A1 E‘cé@iﬁfu%’\ﬁfﬁ T EAFRR S )T%'«‘Lf* % the clave son

ez A Keithdigfe g 82T s 4FReRHE 5 60

A Keith g se B B 22T - h B3 2 57 - B v L0 S BiFE 2
R R - B E RS ARR D AR RE AR ek R B E
A2 RS E s P SR 2 RERE XA > o702 Keith g e R RER
& tedp Bl 204 ~ dp s AlA v vt s o
2.3.4 Weighted Note-to-Beat Distance [27]

Weighted Note-to-Beat Distance (12 = f§ - WNBD)E_ e | (7 5 7 & F et 3
0 d F.GOmez % w = 2005 # it 0 5 1 draEL2 W MR T gl a )
AT A 5 @ i) en TEEAE ) dnenE onset &rdp S 2 [ enBomERAE > X1 kB onset
SEA] > A Bl 2 et 0 B RS BATF onset ¥ i hiE 4o 4% WE R ,T.*L

H_WNBD #7%_%& i se 2 #cm -
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ded 13 AR50 K ndy i WNBD s & efves 7 L0 NP 45 ) onset 245+ 2

B e BERSL > K e fr ey 5 B B FedpF+ > 2 ixea B ei fr iv1 2 FF eRpEFLInZX

A lod xRl - Bheehiprt & bicBipF L BELLOF B 5 onset &
Ip 3+ 2 B b EFEHACT
T(x) = mln{d(x; ei); d(xl ei+1)} (9)

1
"B 20 % &) 0w i onset e T(X) (B 4 B ; ’E N

)
e
~
~Lle
A\ )
e
e
b
e
A
~
—

Bl 20 : WNBD % %2 &2 3p 3 i EiEaE

B BCEEEAEZ {5 0 PR onset B R PPER A R 2 ke K- AT F x B

e 44
henieBipFLm SRR A SRR S F AL X E R beneRpS
2t mH AT - #dp+ eua t > A G ﬁxf@'«t\ré X “"'é\ﬁ_;’fteﬁzi%fﬁ;;fﬁ:*
2.8 0 A kR A BB S A e it ik 0 derl T e R g ar T
&\ > ¢
T(x),l x ends before or on e; 4
2
D(x) = | m,lfx ends after e;41 but before or on ;4 (10)
1
T(x)'ifx ends after e;
\ 0 ,ifT(x)=0
1k—1
WNBD(R) = EZ D(x;) (12)
i=0

B4 913 onset P D(X) £ & 4E£L\7\"‘$ 12 onset s #c k> rq\WNBD SRR B oo
B D)L ED? k> § "X Bd e @BhpF2er RLAT- B3 en

Fo & hepm FARFF FlL xeRonset 5 #0EF 0 RAAT 2 PeniEBi

+E G E NS g gﬁmﬁiﬁ;j&{é e i L RSP RS- A=e ISR S

1

[
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B 21 : WNBD :*+ & = ;% » 12 the clave son % 7]

£ =x 12 theclaveson & 5] » 2V i &= VA 5 5 4B 21 17 o & — 1B onset 47

BENRE 02 GRS - BApS e b b CEEER S 00 D()+ #2005 % = @ onset
A g o LA s R REER B FIRE3 B e MLl FliA B 2R
ePEE4ES B H_ 1o F)P % - B oonset Eip S o mEE4E 0250 FE A AT - B e
2.t s ez m oo A DX)E 85 % = B oonset i E o vt A F RS EE

B FRE28efRd2 FHRFiA B2 Bafedp s 8 1 7] % = & onset

BipF bR 050 FIZ B R AT — B 2 {8 ~ hegz @ 0 11 D(X)E 3 4

3

2 i onset shi- ¥ BinF ik EIEAE S 050 Fli SR T - BdpF esz2 oo 4711 D(X)
%325 %7 B onset ehim ¥ » fﬁ{éﬁm BipF+ o b EEEE s 00 D(X)» £ 00
Faders D)L E2 (8 0 seldde ki 140 4 ﬁzu onset s #c 5 - j}“" 8 3] WNBD
AT R df e R endic 8 0.28 o

WNBD #“igptige R824 ° > F B aGEEY 72 kb kRa> F1L 73 3 &%

- B ES SRR T G A R E S XL R §
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P AR R E o RS AFRRE G RAHF O EP AL §E D o
BIFEHRR DA ITHE VR

311 RAZHNLITE VR

BiE- &G Y o p AR AN EE L ARAHEL AL L AE A s
Pios o IS A#HE = % onset Bilic- OB BEE B BARRDTRER
e T 5 onset B Bicg BENAF IR Rt B o AT &0 e R coonset B Bic(E GO e
hAH -

BE-APULEY FY L ApE F Lt 34 4 b B 255N chE B (waltz) -
| A (minuet)fe 8 B+ A ¥ (mazurka) 3R EAp 5L 3/4 0+ 3 5 R CERY A ¥ L A%
YR EL 34 A S AP e b)Y s da gL 34 2o g B TE G AAA#H 0 &% onset B ik
- HSBEE > e BAFRR TR R o

Bt > PR 06/8 56 BB A P 5 N4 A 6/8 S 4pEL 0 B AEy &

FALGB R F S BN ERY T A D 6/88 34 T 52T A BApELIT - R
H R A B LR R e

6/8 E_#73} eif 4p + (compound meter) > AFdp+ F AT U A Bz E L 0 AR E T L

-dp 5 - BAFREF > @ 6/8 4% 4pch4g 4p + (compound duple meter) » #rruid F A% £ 6/8

s

5350 0 € B T8 v 35 33 s Kag o~ 35 33 0 R B A B Pehge ¢ RIS

B g B gz dp - (triple) T5g 53 33 P34 AR R B AP EG Y
pEL6B AL F B ELAHI - 4 onset Bl BB BEE > Be BAFleR

R B -
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MUR22 560 (@) (b) €)= FenEE AR A (QhzF 2 AAGE
% o ¥ D) (0) BT KRS = 0 o g R Keith #7 T 47 hesitation e Lk R
Lo b g s wb)d P RRF 2A F a0 BRI () AR A R LR
feso ()R ¥ = B Onset § x4 % iR » & Keith #5%_% & anticipation ; = 847 3¢ A
g2 K - A se Rk oo g FI(F - onset B Bicehd | B RId < E)4eT & -

104 R 22 % b2 v fEAE R R

Complexity Metric LHL  Keith’s WNBD

(a) 0 0 0 A

(b) 1 0 1 15

©) 1 1 2 15
EHEF  0~13 0~13 0-~18 “~"%

rr BASER Y R 3 Keith’s fp sggens [ 2 = B & % 0% f > Metric 22 WNBD
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