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Data Mining and Intelligent Retrieval Techniques

for Digital Music Archives

Abstract

In this project, we investigated the data mining techniques for intelligent retrieval of digital music
archive. Music browsing is one of the retrieval mechanisms for music archive. Music
segmentation is one of the important design issues for music browsing. Music segmentation can
be utilized for music structure analysis, music browsing, content-based music retrieval, and music
summarization. In this project, we proposed a music segmentation method based on the music
theme to provide users the capability to browse music segments by theme.

Motives, the concepts of the composer, are the basic elements of music themes. Music
themes were constructed by motives. In order to segment music by themes, we have to discover
motives. Most motives repeated in the music by some motivic treatment rules. Therefore, motives
can be discovered by these rules.

We proposed the theme segmentation method. There are four steps. Firstly, we extract main
melody from original music. In the second step, rough segments are generated from main melody
by mining non-trivial repeating patterns. Then, motives are detected from rough segments. We
modify the mining algorithm for discovering frequent patterns by applying motivic treatment
rules proposed by Stein. Finally, we segment main melody based on the generated motives.
Moreover, a system for segmentation of music in MIDI format was implemented.

Concerning the effectiveness evaluation of music segmentation, precision and recall are used
in previous research. We proposed an effectiveness measure and corresponding algorithm to
evaluate the accuracy of music segmentation. Experimental results show that our proposed music

segmentation method achieves 65% accuracy.
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# 1.1 : Head Chunk #: 3¢ -

Head Chunk

Chunk Type Data Length Data

4 bytes 4 bytes 6 bytes

(ASCII code) | (32 bits binary) | 16 bits | 16bits | 16 bits

MThd <length> <format> | <tracks> | <division>

% 1.2 : Track Chunk # ;' -

Track Chunk
Event Type Data Length Data
4 bytes 4 bytes <length> bytes
(ASCII code) | (32 bits binary) (binary data)
MTrk <length> <delta time><event>,<delta time><event>, ...

% 1.3 : — i MIDI Event Data #ie4%> ;% o

Delta time, Event,
Delta time, Event,
Delta times Events
Delta timey_; Eventy_;
Delta time Event

MIDI 32> % &_Musical Instrument Digital Interface » % 2 7o MIDI 3 = 87 e efi 50 o
AP - A B ¥ L Y 5 GM(General MIDI) » ¥ ¢+ & f& 5 GS(General Standard) £
XG(Extended General MIDI) © 2t i 4% &2 GM 7 MIDI #h % 1238 5 L i/ 5 0 fh &k 4
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Local Boundary Detection Model(LBDM)

Cambouropoulos[3][4]4]* GTTM #7# it c4p #8522 4p 02 ek % > 3% ) Local Boundary

>

.
B

Detection Model(LBDM) < LBDM #75; B2 5 #¢3 GTTM - % » £ 443 § § % na
® oo d A e wt g I 5 47 £ (Pitch interval) ~ § & (Interonset interval, IOI)% ik i+ (rest-3*+
B P % &7 Onset-time | F — B Offset-time (7@ §E)= B 7 - LBDM 3+ 5 = B & 7] {8 )
“Boundary strength value” » #iE 5 7| - g & 7| ¢ 13 % (Peak)t 4 > )‘I*u{%i A B
# - LBDM 37 14 i3+ & Boundary strength value #4LJY| » “Change Rule (CR)”#? “Proximity
Rule(PR)” ° CR ¥+ - B HcR 7] » 3+ & 1 “Degree of change” o B3k A\ i B~ # = 48§ %
e k > ke {pitch, ioi, rest} » & - BIFFHE B 7|14 Prog = [ X, X,,..., X, ] % 7F > #7F Prog #7

§ PR F AR T o fX & X, o Degree of change 13t H 2504

X
r _Ixi- '”|’1ffx+x 0

i+l i+1

X, + X,

I

ii+l :0 ’ lff Xi = Xi+1 =0
PR Pl &4 I i 59 » ¥ gk f gk & f 8hd Strength value & &4 2o ¥30 -
Bk ¥ BN Vi, ] B Py =X (i ) ° RE A B TA

BN R Vo TR RS g R
Data-Oriented Parsing

Bod[2]4 % & 7% § % 4~ F 3% ) Data-Oriented Parsing(DOP)=7= j2 > fi % — B ¢ Fri £
g BT AR ki learning v 2 2 - @S A F o FR{E ¥ learning (h R HH B f B
A B o Bod 1 * Natural Language 7= /2 £ * 3§ # il F > 4 & % = & Probabilistic
grammar technique #t learning > 4 %|&_ Treebank Grammar Technique ° Markov Grammar

Technique ¥? Extended Markov Grammar Technique with DOB Technique ° #* *F » i3 = = %

BB #g fhens 0 e 4 £07 Natural Language s g2 o

10



Perceptual Analysis

Jian & A [22]4 2102 A SRR LT B B G WY BB L o 8

™41 * Roughness - Periodicity pitch £ Loudness = 78 45 f#x > 45 1} 4 £ 2k o Roughness ¢ 7 7

F #g B & % F 3 ; Periodicity pitch # 7§ % 0% 3 Loudness ¢ 3§ £ (7R 3 o
£35S IO LBDM 7% iR AR o BE Y o ek §ORIZLR T D S T R AL

FBL blde g ¢ R enpFiE o Roughness B € F 3|2l cn® it o A3 > B2 X2 g+

I~

WAL A P AT AR P EBHITE N ko Bk L NS
AEHEIFY e FE - By - BAE B | RF BV EEFS A AR ERITE

Do hrk i R RBAAR S EHE - A RS RF SR o

Repeating Pattern based on LBDM

Chen[8]# ' - B /&* LBDM = 2 auwmy » HEF 4 #ALL RN - BB 2E o Ris >
MREGH o BN EAE RGP B o Chen iE- 2 :x LBDM h E o i A fE B LGk

B f PRIT A HEenp Ao
Structural Analysis

Chai[7]4* ¥ Acoustic § #FH > BN F HFNEHEGH - F #fphrtir I B L

mls

¥ B0 FRAeT o % — » Feature extraction » 1¥ Frame 3 ¥ =7 1|5 #2155 » ¥ ¥ g &
— i# Frame 73 jfici@ o ¥F-% — B Frame # * Autocorrelation #1732 i P~ » #8501 %
e 4 e s 3% Frame #7184 95 3 o % -  Pattern matching » ™ B T_sud 4§ Frame 1 #ic
& X3F %5 £ fp(overlap)si st £ > % Local Alignment 97 /% > 358 & B e i B

| 857 L4F IR, o % = Repetition detection > d - 1B Sl & 3FE D £ 47
B 7] o %= > Segment merging > #-|* FARIT g F BB F B E 2 - B o Bis AT
(Structure labeling) » #-& A4F &} B S FART o FIU o - B § #F AT SHEA 171 0 4oB] 2.3

Aron o0 APE R AT P g & l%-m ABAB ) 5¢ o

11



Bl 23 - pa o feirite s AZ BALAHF NI o

223 E B

Meek[32][33]# ' Thematic Extraction ef* 3% » & F e fde > s fg v & F &
Keywords # & 4% - izt Keywords €% _Intervallic e ¢ > 45 3 £ 45 I ek 3% » Meek
31— 1 Melodic Motive Extractor(MME);#& & i » 7 1 p #j8F # 9 5 I £ 4F Nt o
d 3% Meek #74 * chfk 3 vt 4 4 Exact matching 97 2 > £A47 i € @
Fefst o Tt > Meek 3701 - BT Bt e 2 o F R R hiic g o
MME i » chd % TR 20 E fen) o 5 - BF e § B 4es 4 pr I (Onset
Time) » % &3 § pF & (Offset Time)£2 § & (Pitch) > 12 2 B £ 55K B 'UH] Weo Rdng &
7 E & 5 W e Sliding Window $58~ 54 0 #4160 5 ) kenF R £F £ 45 R
PN HENALEE AT BT BB B T k- KB
" E gt 973 Patterns (iR o ﬁx?éﬁ%] Mgk R R 2-W st o AT Rt € R

7% &1 Duration » Rhythmic consistency » Position #2 Register & 3 g &k it B o

R

e

Music summarization P HE € H - chf B FH P o BRI E G R A PR %ﬁ M
VP IR BN B ehrt Al o — AP BT T A W44 Acoustic § # 222 Symbolic § # 7

L s $& 41 Music summarization 712 o

&

Hirata[15]4% ! 4%+ Symbolic § 2 74 > £ i & * —‘F% I #5 ¢ Music summarization ¢ 5t o
B ks & F RTes ﬁ i Peig B ¥ - F § # ¢ Summarization v %38 T ok & )
Vi g RaOPER AR —‘F‘f—i PAEHE o B A GTTM 0™ % > R B-F B0 B RiE %
73 A Bk oot = — i Time spantree ° &% » 1% X & & B § % & B 7 Time span tree 4 < »

ERFBAp MR hizdy A7 FEA RS H  RRBER T F IS IR

£ F Fedie o s> 1% FIT e A 4 ) Music summarization °
12



A5 244 >

Logan[29]% A 3% 41 j&_Acoustic § # F 412 42 Summary 9= /% o % - > KBS F A
B~ 1t Mel-cepstral # #xF 71 » Mel-cepstral #_d 3§ F#33F 7 AR B B I ke jicd 5 2 2 -
FTR NEHTE R B[R S| F3F S Frames o % = 0 #473 0 Frames i Buttom-up
clustering ¢ i% i§ Traning Hidden Markov model 77 j* » #-4p 17 &1 Frames % #_= F — B &
(Label) > # {é » j&_Frames ¥ »$* 1 & 1 B eiE 457 «h Frame 7 Key phrase > Xu % * [49]
:ziE Logan % A 17 ;2 > % 7 Mel-cepstral e fcie 2t » B % 4 B Spectral power £2
Amplitude envelope & fa4Ff#xE o

Bartsch[1]# 2~ &} § %3t §Lc0 Chroma-based 4F#x & » # ® | * Similarity matrix % 4%
HeE e ¥ % > u* kg4 Summary sn % o 3 xR E 0 5T T 2% % — » Frame
segmentation > Bartsch §| * Beat tracking en$tjir > L35 11§ #endhdp > ARSI * Hdp hF
¥4 &2 gL £ 3F 5 Frames ° % - » Feature calculation » 3+ & * 1 Frame ®¥_f 98— B 3
% 484 (Pitch class) - Chroma-based e ficie #-5 & % 4 5 12 B 4845 > &  Frame #iE3 &
g &~ 5 12 BAAHEA - % = > Correlation calculation » '* #iZ % & Frame #7/f cnfdsg 2_
AP o ¥ 2 — i@ Similarity matrix 3z 4%\ % % o % = > Correlation filtering » %_Similarity
matrix 03 L > 3+ 5 11 Time-lag matrix £ {5 > j&_Time-lag matrix ® > 33 3 & 4F D1 R enf &
FE e

Chai[6]4* ¥t Acoustic § # F A » g Fohlgipmdr o JI* § £ rtrahl s > &
4 # . Music summarization » 4% ¥ > Chai #& %' = &% XS~ 175 % EH Music

2

summarization 73 v o % — - Section-beginning » % # A F % - B 4o 5 K 5 7 A 40 Music

ol

summarization = % = - Section-transition » % 4 &A FAEA4F F B¢ B ent ELL ¥ i 0 Music

Hd YA

=l

summarization o # & > Multiple-phrase » :E# €45 # & ¢ » B4 43 & w

2 Be— L2 £ 4=k iF 5 Music summarization °

13



24 F Bk EH

Musical Pattern Discovery (MPD) & £ iT @4 cnF AL E A 7 AL - 1 & & 5 & wd
¥ 4 47 (Motivic analyses) o 5 & chf P F € LT 0 4o 2 F B b e A SR A
oLl ke R B AT ] A MRS S AR AIL H T 4§ 5
A R EE RO ER P Y R PRD RS L L FREY R

B 2.4 5% wp “rienp] R0 3 2 ) & B0 g BEs e g o ¥ - BIRA

B
w
|

lllig}

iy

i)
7™

U SN

B 240 =% CAp= 344 BWVOOL -

B~C ~» % & & R3, - 55 42 £ 48 (Pitch Interval Repeat) ~ #* #% & » i& {7 (Contrary
motion) ° HIL I E F CAB~C=Z B ¥ 24k > 4okt i £ (Interval) > A 22 B § 24P
FoCEAB2ARN o R A e 0 fp Behg Bl B & & ASBC 2 BIRA T
LD Feihodok BB OER AP Y EEENSE S T 65 HEH -
By EAANIROEFE S T2 ZF RSO G TR ERDEA A IS

(Repeating sequence pattern) °
241 I HFEE AT B 50

Hsu[16][17]4& &1 7 f845 8 #F #/2 £ 4F $% 3% (Mining Exact Repeating Pattern);& & /2 - 45 11 &

B ® ¢ chE 4F 3t o % - fA% & /2 2% Dynamic programming based 37 & 5 45 41— §

oy

#OMEELAFHRS o 2 &5 = B F £ % L Minimum support ° ¥ — » #BF gt

| 4

I — i Correlative matrix > e3¢ €A4F Nt B > A N L4558 o 4o B 2.5 #1777 o

*l-.&
oy

BEAF DR 3 T koo B 2.5 ¢ o Correlative matrix % — 7] & % - B3 C6 &

N
®

RN, R A RAFS S Bg AbS AH B R N aiA, o % 2 AP 5 AbS



3 EP R EaF o % - > i Correlative matrix (RF A 2 975 ¥ A eniFE LA R o % = o
PFEMF T T REELARN OB FF 0 IR #ied? i Minimum support 0E 4F 50 o
1 . e .
g T[T Tt
o ’ —— .
C6 [Ab5[Ab5] C6 | C6 [AbS[Ab5] C6 |Dbs| C6 |BbS] Ca
Ce| — 1 1 1 1 1
AbSs —1] 1 211
AbSs — 1 3
C6 — |1 4 1 1
C8 — 1 1 1
AbSs — |1
AbSs —
C6 — 1 1
Ohs —
C6 — 1
Bb5 —
(5] —

Bl 2.5 2= 2= Correlative Matrix 4% 5/[17] °

Hsu[16]#% d1en% = 462 2 » £.02 Aprioribased /# 8 /% » B I mEiFfHt - L 8
FABHI - KFEEREID NI ERS L DEHRS > X BN LRSS

ALK B 8 o % ECDEFCDECDEF S 6] A% zesrk B 5 | chE gt

|

U 3,(1,5,8)), {°D73,(2,6,9)}, {“E”3,(3,7,10)}, {“F2,(4,11)} o B = o I - 4
AADKRERL nhEAFHEN I Joineh? N> 2L F 4 DER L ntl chE AR o
o BHBER S 1 PN o (“C73,(1,5.8)), {(“D”3,(2,6,9)) 0 T 2 Join 1 {<C
D”3,(1,5,8)} 5 {“E”,3,(3,7,10)} £ {“F”2,(4,11)} ¥ 2 Join & {“E F”,2,(3,10)} » 42 ¥ 7 #7 ¢ 4% %
S BHS o EIIEEAAATDEAFRS

Meredith & * [34]11* v B OpLEL > K% B8 ehg # (Polyphonic music)® o 45 d1
FEEAF B3 o Meredith -3 £ 298 2 31 Spiedh 3 323 SR8 BER L 2 B aa i

Mirg BB gL e B o M ke EFE e A A2 - B R oEEEERN B

F_EA4F B etk ;¢ o Meredith #73% 41 en 2

C!

(AN S R S E Y L R
FEBALHR K- RFETH RRIBLF DL AR BRI ARIEDL

viE s - BAEMEE R EY T ghFH B gk § oo F B AR B hLE

pul
N



T E - T T ARG o B8 0 1% Heuristic .7 > %“‘J"f P RBRDEAFHRS -

Shih & 4 [39] #x LZ78 B ¥giw & i2 ¢ - & = F & (Dictionary)shR 3L » % 1145 0§ %5
Bl g i i mE AR o A R eniFi2 g = 113%5]5 o Fo o M BORENH L H 2
4| = Bar pattern o A% > ¥#7% 7 Bar pattern 2 * % 31 > T 3z4x% - B 7 [F & Bar pattern
R F o~ A NI B - BrE- il o JI 251 B kG g E L R Rk

LT o B 0 MBS A T Y BN A BEB GBI LZIS FE 2 o2 - B

AOF P AT S LA RS
2.4.2 $F 8+ ABIT £ AF # 50

Hsu # A [16]#& ! Apriori based r#f #4837 & 4§ % ;% (Mining Approximate Repeating
Patterns)™ ;% > $51— 7§ £ ¢ ABT£4F 3t o 5 L > Hsu @& 7 = 4% b <1 Approximate
matching 7 ;2 » & %[ &_Longer length matching - Shorter length matching ¥ Equal length
matching o

1 # % it enH ¢ — f& Approximate matching 17 j% $F# Approximate 5 ¥ €48 B 7> i
£ 73 = B2 > F % L Minimum support * % 3¥ Approximate ¥ Z (& (Approximate degree)

BRG] e s RPpUE4AeT™ 0 5 - > KF BB B3 ARG L DRELHAR
7> * k% A_F ## & Minimum support > #F # & Minimum support 75 7 o & = > % @
AANKERZnAEAKRS I Joineh? ;8> BEAA LR S nt]l hizEE
AR o % = 0 1% & Leh Approximate matching = % 0 e F = TG FE LAF RS

A 2

N
|
‘-\\1-

'J«,*/E/

\m:\\-
LS

PIE AR R MR RS - RFEF IS L5 = H 3
EARAAFIIERE o BokE o SR BF £%EF S “ABFCDLBMABPFCF
D”> B M HE 5 2~ % 3F Approximate 3% £ B 5 1~ BB R E R 5 40 A7 g
BREAEES DT G hE A RS PI={ “A”, “B”, “C7, “D”, “F”} » P2={ “AB”, “BF”, “CD",

‘CFC”’ “FD)’} 5 P3:{ “ABF”’ “BFC)” (‘FCD”} 5 P4:{ “ABFC’J} °
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g
i

#

E ¥ P

hpas)
il
&
=
.3;
i
o+
ArS
o

§ s fox R A Sgeng Y SbAv(Perceptual) 0 33 A4

BRI 7o B Ao A A R (Motive) k- T i T K
BTd PE o SRE G RAFAS TR R > R - BARDETE o Ft o B g U R
R EAFNRE- B FOLI RPN APHER R FES LR EED DR
FOURL A R REEE R Ak o

PR B B AL E AR EF T R L& £ %] AR 5N L ¥ (Pattern matching)

mls
\1{6

7k o MMREAFRNFR N2 Z > U 0D 2R AR BRI £4F e
% ;3\ e E 4F = B2 18 Minimum support FF ﬁhx‘?\;# & 4 # ;% (Frequent repeat pattern) °
FEBWT AT NI oS B R BRSNS TR R 2 E o TR

1 F A g g R £ o ko BB il § - g ey BB E S 0T

LA IR A U $ 45 &J2 (Motivic treatment) » % ¥7eiecgdol o 3 BH P - 5 - &3
870 2 o LG 0 34 4 47 (Analysis of Musical Form) o 4443 3 & & g cniniz » § # 5
G 3 TR DB B RGT R R] o B o AT A BB RIR PR o g ehde

ROE AR IR S R R 0 B ahBe 4B o 145 Stein[41] > ¥ L b B 4 fE 0 A

L] % Repeat ~ Pitch Interval Repeat (Transposition) ~ Sequence ~ Contrary Motion ~ Retrograde

#7 Augmentation & Diminution o % & Jf 4417 F eds 8 52 > R FIEE 2 F o
AR N ARERE A A B BEIL AR 3.1 AR T 0 FEP AT o
MIDI #§ %« Jf £ % i MIDI Parser 2474 % #25% > % Binary #:5%2047 2 2 3 #54F

FLoo 2718 5 K2 F RN f;}id FPea gk o A 4 * All-mono 17 j# fai EEREP o

17



Bt keni gk g s a7 &% 4 v 2 k& 55 > Original duration representation 2 10I
duration representation o &-¥f7 A4 7 > A PIEEF T I i ?oo wdS I E g eds 4 o

N B

R L e v A B (Rough segmentation) » 14 3t &+ 835 84 o ek & Flen
Pend 50 JTer s R pE o D R ad A 4 o GigA AP gF I § # e Non-trivial
EAF RS R A REREE AR -

ARG ERE AR KA B ERES NE o AP A S D ke A B
PSR o B IE R RS T AT SR Bt B REB TR S 2 A PRI s eh
> & f s ¥ Motive Treatment = j -

B I 3 A ke i 2 B850 (o sw A B (Fine segmentation) °

¥~ 2 Parser # 01 ek N 2 A UEREE e 2 0 30 A5 5 S Aol A R
£ 0 Fiminim & g (% 320 Akt o AR ZHIY o A FHEBBES
§ B 33 BUB- hARRE o Bfl - Boh AR ST AR D b 4B (T s B S

i 3.4 st e

hiE- HWP 2w A PRI R GREFRS o

[2& 3115 7] S = (51,50....8m) * & &~ B B 7 P=(p1,p2....pn) # S G184 A 7|
(subsequence)’ % 5+ = P S 4% 3 i, 0 <i<m-n+1> & & p;=si, P2=Si+1..., Pn = Si+n-1 ° F 2= °
Al PgS &7 o

[2.% 3.2]¥> A7 PS> &P S pi=p’ L, p2=P 2 -.sp=Pn° £ Ii,j,0<i, j<m-n+1 >
i #]° & @ Pi=si, P2=Sit1..., Pn = Sian-1 > P1=8), P 2=Sje1..., P'n = Sjrn1 o A PALP 5 S ¢ e Exact
EAF PR o

[#.% 33]5 7P 5 S¥® - i Exact £4F #%5% % &~ B & & PS={ ps;,pss,....psk } * VpsePS>
0 <ps<m-n+1- @ 7 pr=Sps,P2=Spst1>- - -,Pn=Spstn-1°K & P &S # c3Support> ¢ i 12 Support(P)=k

18



Step1 Melody extraction and Representation
T ————— g
: Parser »  All-mono Melody > 101 i

101 Duration

Representatio

Original

Duration

Step 2 :
Rough Segmentation ;

: Step 4 i : Step 4 |
i Fine Segmentation i i Fine Segmentation :

B 3.1: 2354 AR o

[% % 3.4]% % - Minimum support & ms > 4c% B 7| P &S ¢ cht & k>ms > B P {2
% S g B £ 47 #% ;% (Frequent repeat pattern) °
[#.%& 3.5]% P< S P i S &1 Frequent repeat sequence pattern » VP’ < S » P#£P’ » P’ 4 S &h

Frequent repeat sequence pattern > P P’ o 24 P £ P & Maximal £ 4f $ 5% ©

19



[#.% 3.6]% P< S P % S &1 Frequent repeat sequence pattern > VP’ < S » P#£P’ » P’ % S &h
Frequent repeat sequence pattern » P & P’ # Support(P)#Support(P’) - 2% 7 £ P 5 Non-trivial

AT -

MIDI # % %/ Binary et 5% 5% 4L & 13 ¢ A e 534 4 536 MIDI s i3 4
2 o Binary éhf N 5 2 % B E 42/EI2 > #0022 % MIDI parser # MIDI 4% % 2145 & #
FF B @ P T AL 4] 3.2 4% 0 2 i 95 ¢ * e MIDI parser § #- MIDI 4 % ¢ Binary
FoALE 4 S 2 3 A TR

MIDI 4% &7 L8 42843 fenFin > @ L8837 5 B Events ¢ § MIDI e
W BehFAE o - B 241* A 84 240 Events  Onset event £2 Offset event 4 %] &k %

FEAHE SRS o S0 S Events hF R kS BT g R

I~

FiE G & o AP MIDI # % # = 12 5 % & 57 15 7<note;, note,, ..., note,> » * B note; %
77— B > & 7 7 (onset, pitch, d;) o onset; % 57 § B 4o BenpE R pitchi £ F F 5 d;

REDE

Track 1 :

tick 0: Sequence/Track Name: Right Hand
tick 0: channel 2: program change 3

tick 386: channel 2: note On 60 velocity: 127
tick 435: channel 2: note Off 60 velocity: 0
tick 576: channel 2: note On 60 velocity: 127
tick 769: channel 2: note Off 60 velocity: 0
tick 770: channel 2: note On 64 velocity: 127
tick 943: channel 2: note Oft 64 velocity: 0

B 3.2 : i3 Parser 2 16 e MIDI T o

b4cB) 3.2 i MIDI Parser Ao 14 chF il » A3 @ 4 7 hid & 5 <(386, 60, 49),
(576, 60, 193), (770, 64, 173) >  £-%+(386, 60, 49) » @] 3.2 ¢ &+ 1145 1) tick 386 2.5 &

20



60 B 4% 5 chpE I » ¥ tick 435 25 3 60 B A8 5 chpEm » St A PT U E A 60 i3
B3 chg £ 5 49 B Tick time o ¥ b5 B3 #(576, 60, 193)2r (770, 64, 173)4 w| .4 tick

576 ~ tick769 £ tick770 ~ tick 943 #7;&-%_- B] 3.2 ¢ 5 B TickOevents &2 § &P FixF 2

M GPF R

ml4

Be gp FFAgENZEEE LT A ER DG Bad 30 AP R A
AR R o FI 0 AP G RMAEEA R E TR Rk A 8
1 EF R 2F LR - B MIDItrack ® ;7% > ¥ i § £ % 1% MIDI tracks 42 #3755 11 IR o
Al A A g dE MIDI events # 77 /2 2§ # & N0 A PF o e PR B R AR A%
BT FEFERDIIE > A P EF R G A N B AL R aRAs o i AR
DA R F A PR D B R A SR R E FA R o d A A g B ¢

Ppre gigadd: s APLEF LI TRERLATRF > 2 FE2 T T E AL o
a B~ §_ %4 Uitdenbogerd [46] % A P~ %5 f=en= 2 > 4 3% 7 All-mono -

Entropy-channel~ Entropy-part £2 Top-channele All-mono 77 2 #-— 5 § # &2*r3 MIDI tracks

FRSES-B PFEFFIFT P ENL-AL - REFTFFREEFITY 0§ 353
w3 4 17 5 A %= o Entropy-channel * j# ¥ 3+ % % u] MIDI track = Entropy » %% Entropy

% % e MIDI track §# i% 2 %= - Entropy-part 0~ ;2 g% — i MIDI track /2 H & & > 4r:
— ol & R BING  FEB A g 2 PF 0 iE 3% Entropy & B 938> o Top-channel 7 2

BH G - BAEAp0 o FHREE - B MIDItrack M HEE RS 5 B EH TSR

=

o R § (F A fE o 1245 Uitdenbogerd § % ¢ % » 12 All-mono = ;2 g5~ 1) k4 g2
b EdF o AT AR i All-mono 07 2 R R R R R o

Bk All-mono (B~ 2 A P B BF R L o a AP B gE S F & o4
B 3.3 %77 catiz4& 7 A BB 2R A All-mono 7 2 jKEE S B BIREEE
Bisg@Ibeng% o d B33 F - E5Z2 ) @APTURED GBI ETRT Y -
B REHFEFEF P Bk oachas BEI? > FF o ay - ) &y - BF R
Eodpng P BB REFFF I IS LD E - B RLFF 5 L o All-mono 7
ETEFETRIFEF AR P R - FRAF S R o ptk- AR ERE R

& IR EL R o

3]



£ pr——
yi— — I — = — f } - f i
= s : — !
a

e e -~ o | |
=) F A — T 1 1 1 | - -l [ _d
Eil e iﬁ:!: 0 t!

T T - —1
——n -

p

i
i
J
L8

L
}

I’: FA ﬁl T I - T [ _d ]
== Bt 2 ————r—
. ¥ -
B 3.3 : All-mono m#v 5 o
NP igech Aeh> 2o 2 F RIFFF S D0 R A a 0 BEIRPFEE I LENE

%0 64c® 33 ¢ cenk oW 340 LA - B P B & AT Event # 4 o -

—

®

ml4

BB 4ok AR iz All-mono 2 A R EEEEF > LR gAY 0 AT
Event #7% 4 e o SiFAN P i3 saa All-mono = % > s i RS B 34 ¢ o ’ﬁ

B RA o

Pitch

A | D | | RN |
| . X i Vo ,
| [} 1 | [ R | 1
' o | R '
' o ! ! | ——
! 'I' ! . s A —
. [ | ]
—8 N ———— '
i L v .
 — ' : ron !
1 L 1 1 (L I:Time

B 3.4 : All-mono & =BT LB o

AP et ehiE 40T o 5 A o - 7 MIDI & % %75 MIDI Tracks & = - % MIDI
Track o 4% ¥ 2% {7 ik pF ¥ 8 B @2 MIDI Track » Event éhF 4L o ¥ & § #7¢7 Onset event &
Offset event 3 # p¥ > o CEEFMKAED wendh G F o TP esT Rk o el 3447w > F -
BEENL- BF 5 R 3 X4 Onset & Offset Events % 4 Jev® &% § SR AR
¢ LAt Event 3 2 feeo 4yt 0 AP ¥R - FFR e Event RUd 0 4 BE - BEF g £

S odfs NPT U E T - B A 5| S=<notey, notey, ..., note,>% T 5 i e Bl 3.5

A A2 sz e All-mono JF B 2 0 AP R PER R R d® 518 MIDI parser 347 (03 4L o
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BOABWAREDF R o AP LER NP RFFDF PP o RF g o R P Onset

% Offset i Events 2 R T 3 5 P s o wwh Hg g B e G dd g & F&F oy ¢
S P R AP RE R bR § PEE R SR

BN R gE S AP SRS BARarEEEE D 2R F- A0 R
3 % 2 & % F 30 Original duration representation © % = #& > * Inter Onset Interval
7 2 47 2 %2 & % T 0[Ol duration representation o R P~ 1 Mg i B2 {8 0 A
FEAEEY RS B F L R R 121<(386, 60, 49), (576, 60, 193), (770, 64, 173) >
5 ] > (386, 60, 49)£2 (576, 60,193)% B § B 438 2 R R EE S 576 — 386 =190 o #712 » 34
7R A & enE (386, 60, 49) » 14 101 duration representation 7% £ = j% & 57 5 (386, 60,

190) -
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3.2 Juvk A B

AP E L LA & e ek ek B (Rough segmentation) 0 & 2 ek 7% (Rough) £ 458 B

TSR T

Algorithm Modified All-mono Melody Extraction
Input: MIDI File E=[e},e,,...,6,] // each e; contains time, event type, pitch
Output: Melody S

1. set CurrentTime to e;.time; set CurrentEventList to empty;

2. set OnsetList to empty; // store current onset notes in OnsetList
3. foreachevente; of E do

4. if e.time = CurrentTime then AddtoCurrentEventList(g;);

5. else

6. set TopPitch = the top pitch of OnsetList;

7. setOnsetL.ist();

8. if TopPitch isn’t in OnsetList then append TopPitch to S;
9. set CurrentTime to e;.time;

10. set CurrentEventList to empty;

11. AddtoCurrentEventList(e;);

12. end

13. end

14. set TopPitch = the top pitch of OnsetList;

15. setOnsetList();

16. if TopPitch isn’t in OnsetList then append TopPitch to S;
17. returnS;

Function setOnsetList

1. for each event e; of CurrentEventList do

2 if e.type = Offset then remove e;.pitch from OnsetList;
3. else add e;.pitch to OnsetList; end

4. end

B] 3.5 : All-mono ;& & ;= o

4oB) 3.6 5 B0 (a) ~ ()2 (0) T h% 5 EAF B = B 5] o ()R INA & 5 & chi
B3R 5 (D) A 3 L g 5 ()RR PPN B B A i AL B 204 A

¥ (c)% - T Maximal en& 45 $k 5% > » ,T*n\% BB EAFRNATE kN o d (0)eRt A R
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PE LR > (a) E(b)F e A ot (@B s f(c) o 14 Pitch Interval Repeat #

—\

T

e TR TR K E A A AR LA N SRR A SE & 4o F] 3.6

gh(C) o HrIL 0 AT L #E e 3 B R4 F I Maximal £AF N 0 AR ko B
EF¥AE B Maximal £AF R E IFEBE S 28 s o AR * $5 3 Non-trivial £

WA e KA B R BT

|':51 T = T PR I —— T = T - |

. t— s T — i i I — —| T [ I — —| — il |
(a)lrm 7 P I — |  —— I I B P eS| P I — | I — I I P I - i |

T *———1 - —— T [ g ** el S - —— I ™ B B i |

. e & - F e L= - =L

7

o —.1 T = T  —— — = T — |
(b)ll T I | o ——  E———  —— — | O —— I N — | - |

el. - - .L’l -

£

—Z T T T I —— - = T I |
(C)II 1 —— i —r— S S ) —— e e 1 | = i |

3.2.1 12 Non-trivail £ 4§ & 3% fvfeed & B

Ay # B 7 g Non-Trivial £ 45 178 5wk ena L > SV ig:c 24.1 ¢ Hsu #73% d
I AE R £ AF 3¢ e9 Correlative matrix = i o Correlative matrix iz 1 & & = = BH 3 %
- £ * Correlative matrix > Correlative matrix i & g e - B A 7|7 > F £4F R4S
el o F P RERFIGER - F 2 0 A4 FE LAY 0 d 2 Correlative matrix 2 7%
EEETE T o R ROEAF R R & 27 % i * Correlative matrix #Tie e F 3 o
BHEgERAS A4 D ke Bz s BREF - BiFE LA N L F 42 Minimum support
g T T KT AR o

APLEBRE - BAFRFZNF UREH NG AR R A PRy - B
HF? AT IR R RDFERIAING > FIZAPRTLE P EHELE- LA
EAFHRGY 4o 0 R - B ¢ 40 Non-trivial €458 7 F &84 A4 D k> FpApa

TERAANG NFEEAARS - F = 3 "$ 7 ¥ & E_F + & Minimum support » ¢ R
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Bkt BEPRAPBTLARLE B EAPDG Ko 0B BB > Emen

R TR o RT IO AP - BREGKHE AR @B RS NG g s

B APASWALY - BEZ BHBR ADIEE > REL BB ALAPARDB T T
Yok = W AR RDTEE - G T AR R DEAT A AR FARER Dk e 50 R D ke

\@k

At 30 AF’Kq\Non -trivial SHEAFHR > SR 2R E R EAA RS IR 2 RE B

N

A B 7 e g eh=t fice F]yt > ¥ Correlative matrix e7% B ~ % Dij> 3 = &7 I Jd2 i)

|k

- FFA, % Dij=l ® Ditlj+1=0pF > 2784 - BEAR L 1 enE4FHit o a2 2Bk
A ERAUFENS T o N EDij=12 Ditljtl £0 A aE2 - BER L ]
NEAFHRN A2 SR HENRE B HENTE o 52460 Dij> 02 Ditljrl £00 &5
- BER G DijhEAF S 2 A S Suffix A EAF S o @ 2 Ditlj+H £00 &7
S ARSI E AR E NS § oo Fu b Dij> 02 Ditljtl =0 752 -

BER S Dijra T3 GAE 6 B E §hEA RS A S o Suffix 2L E A S -

Algorithm Construct Correlative Matrix
Input: Melody S
Output: Correlative Matrix D

1. Initialize D

2. foreachs;of Sdo

3 for each s; of S do

4. if si=sjthen D;;=D;,1+ 1;end
5 end

6. end

7. return D;

B 3.7 : 2 > Correlative matrix =F & ;2 [16] o

w0 AT E & R Maximal (hE 47 1550 o FIP 0 AP A% - A Fehe B R &
% Jg t Correlative matrix * > Di,j >0 m ® Ditl,j+1 =0z =% F ehE 4544 0 A 4 &
LG EEAF R @ 5= BHIR K,ért TR AE R A BE_FE 7 £ Minimum support 2.
o b B EAF R R R U] TR B G R RERER T o RS %“‘]ﬂ’. *Ein
BrERaEAFRF]ITE RS o

Hw g EdeT g A - B I | A gEDE S S & 2 - B Correlative
Matrix D o ;& & 2 4c @] 3.7 #7577 > $30975 hsi B3 S A sj( > D)ATE 5 £AF IR

ROoFXAFPRRFEHNRDAEIER R BHB > AP T FLL NG BB
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- % Maximal (7€ 4F ;% > ¥ Correlative matrix X P X 2 & 5 g™ o c— [T, - § D
¢ - A% Dij>00 @ ¢ Ditlj+1 =0 $ &5 R kA 7| S Dij 45 e B £ 5
B o SRR L)Y Dij A w0 - B LA P B S % iDijH B
FAREY I BE o WEZAoB 38 97p > ANkl ity B E P HIEEDR G R K
{45 M 93 VoA e Maximal £AF R 0 RS L S ERA T BRI OERE IR EKILTE R

& Minimum support > ﬁa?] s E% o

Algorithm Find Repeating Patterns
Input: Correlative matrix D, shortest length m of one segment
Output: Repeating patterns with constrain

1. set PatternList to empty

2. foreachd;jof Ddo

3 if di,j >0& di+1,j+1 =0 then

4. add all suffix of P = <(Si-di,j+1, Si-di,j+2,- - -,Si> O PatternList;
5. end

6 if di,j =0& di+1,j+1 =( then

7 add P = <(Si.dijt1, Si-dijt2,---,Si> t0 PatternList;

8. end

9. end

10. MaximalPatternList = all maximal patterns of PatternList;
11. for each p; of MaximalPatternList do

12. if p; length less than m measures then

13. remove p; from MaximalPatternList;
14. else if frequent of p; < minimum support then
15. remove p; from MaximalPatternList;
16. end

17. end

18. return MaximalPatternList;

B 3.8 : 13 :xengF ¥4 i :% Non-trivial € 45 # 7 /% & /2 > 2736 % Non-trivial £ 47 £ 5 2P| o

(660 3.1] B o 75 6o — B3 B (i, d) A7 B Y pi R AFH o di A E
BT E BN BenE LA S EN - HEESE Lo RETAEESRAT LA T
% <(67,1), (64, 1), (64, 2), (65, 1), (62, 1), (62, 2), (60, 1), (62, 1), (64, 1), (65, 1), (67, 1), (67, 1),
(67,2), (67, 1), (64, 1), (64, 2), (65, 1), (62, 1), (62, 2), (60, 1), (64, 1), (67, 1), (67, 1), (60, 2)> -
BRIFEH LA S8 m iE i 2 B & > Minimum support 5 2 RN w uE - B
Correlative matrix 4B 3.9 #777 o & Di,j >0 2 Ditlj+1 =0 5 - B EA4F R chlg ke > A

TS T G S E RS 0 <(67, 1)> » <(64, )> ~ <(65, 1)> ~ <(62, 1)> ~ <(67, 1), (67, 1)>
27




B1<(67, 1), (64, 1), (64, 2), (65, 1), (62, 1), (62, 2), (60, 1)>% # 5% o 53 » £ 1 ALE S B
¢ 3 9 Maximal £ 47 155 0 18 5]<(67, 1), (67, 1)>2<(67, 1), (64, 1), (64, 2), (65, 1), (62, 1),
(62,2), (60, 1)> eyt b » A ipde » £ R EPU4] > 3 i K BB 2] &L A AP <(67, 1),
(67, 1)> 43 'k o bid - BH A AP R A LA RS LT # & Minimum support & -

B 15 A B 5] - B Segment & % <(67, 1), (64, 1), (64, 2), (65, 1), (62, 1), (62, 2), (60, 1)> -

67,1164,1(64,2165,1162,1]62,2160,1]62,1|64,1(65,1{67,1|67,1(67,2167,1|64,1|64,2(65,1{62,1|62,2(60,1{64,1|67,1|67,1|60,2

67,1 — 1|1 1 1|1

64,1 - 1 2 1

64,2 - 3

65,1 - 1 4

62,1 - 1 5

62,2 - 6

60,1 - 7

62,1 - 1

64,1 - 1 1

65,1 - 1

67,1 - |1 1 1|1

67,1 - 1 1|2

67,2 _

67,1 - 1|1

64,1 _ 1

64,2 -

65,1 _

62,1 _

62,2 _

60,1 _

64,1 -

67,1 - |1

67,1 _

60,2 _

Bl 3.9 : Correlative Matrix # &] °
3.3 # 5 i B

N A B A R R Y DR S E o - 482 % 0 1943 Stein[41]#
MIEd F A * G AR AT R A o AP B L e BRI E AR A P 2
KFdr 48 o % - f82 2 > 1% Local boundary detection model 77 % > 435 & ¢ 975 g i

A

e 1 M cfE f # g i 3t 5 1) Boundary strength values & 3 B 2 B L ehk o) o
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P53t B en% % > £ 4% Boundary strength value % e & § (£4 £L8E o I * gt 2 BLgE > -
T REFELFI )R RS NHEH e ERZE R B NT By TR

195 Stein[41]4 21 F * > fEF S ATE % L B > A ki e T o
1. Exactrepeating : ¥ L e it > 4o@] 3.10 #77 o 1 * & B ayedL » (54 ﬁ? R

RUSLEES SRR U8 3 L3

1
4] , , 1 . o — - \
[ o — 1 1 1 1 1 T 1 1 1 1 1 T 1 1 1 1 1 T 1 1 1 - r i | N - |
| T T T T T | T T T T T T T T T T T T T " W = 1 T |l _J ||
2] I

Bl 3.10 : Exact repeating patterns 9 ] o

> 44

2. Pitch interval repeating : Pitch interval —fr'jﬁ 7 B F 3 25 F £ oPitch interval repeating

i #0% & 4 Transposition - §] 3.11 % Pitch interval €47 chfe &) » Hq 5 3 P o

AR e S % B EAF IV o fe &> Vi Pitch interval kg 0 S TF“)T‘LZ? r AR

=

et m - BEAES

b
b

Ii}lidldllidl\lilll
_‘I_'Iddl s "

|
bl
| N

Ll
[NEER

Pitches 67 64 64]65 62 62|60 62 64 6567 67 67| ... |

Pitch Interval -3 0|13 0-2)22 1200].....

B 3.11 : Interval repeating patterns 514 ]

3. Sequence(fii&) : Hoi& i = B 14 b chds 4% Transposition » @ * * i Transposition %
iple o e B F AR 0= ' 2 e o B 3.12 5 Sequence % ihb|F o % - B &AL
B b ede 4% & ¥ i@ 5 B Transposition % it o

4. Contrary motion(¥ 4p) : F ipd- 8 AJ2 5 sl end £ - v FRE R F (7 o 2t
hF 4Rk {74 08> #8545 Pitch interval shid > 238~ § 55 o 4o 3.13 #7F 0 K- o)
g8 chInterval 5<1,1,1,-2,1,-2> % = /| & 0k 4p % - {2 ¢ Tonal interval 5 <-1, -1,

-1,2,-1,2> ¢
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[ ;‘ F.A Jr— | I — | | ]

= I | I | | | I 1 | | | | Jr— | |

e T S 7 J 117 o 17 1 J1]
. - - T g g "

Bl 3.12 : Sequence ¥ it m% 5] o

7 - -

! 1 .
o — I — T J’_LP_F_' ot - ]
I om— 2 - i i i ot |
Hrs—z — * i 1 — I 1 i |
g4 - i i i | : 1

B 3.13 : Contrary Motion % i efaf ] o

- "3\\—-\
Rl o
D:7—

L 10N
TTw
N

N
Rl o
TTw
L 188

B] 3.14 : Retrograde % f* g ]

5. Retrograde(if {7) @ i T ed S I H_AFF hio & > B-F B 5@ K 7] o do@] 3.14 41
T k- EE RSB RS FARBE c HERHBNEEF I e

3 % d R k<65, 65, 67,71, 72, 72>% 5 <72,72,71, 67, 65, 65> -

6. Augmentation or Diminution : 1£d ¥ fié¢ * 3 (@ & 8 B e T > € T R 4s e

i’%@%ﬁﬁéﬁwMﬁﬁﬁﬁ&’J%{& RpiEb G 3 By £ o 4o

£
o I |
{7 I I —i I —H— ] F— -
3 . E—— = — i — - <
5 N i J “ )
Y Y
Augmentation Diminution

Bl 3.15 : Augmentation ¥ Diminution % i* i & o
315 #7151 s H - & A RAEE 5 20 & ;i‘gﬁmmﬁv’bﬁ N R - e g i

5 o

Beopi APLTRAT BB BT OPEL
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MR- B Rt o setid kB P k21 M=k % - B3 fBies- o
(i, di) > & # M=<(py, d), (P2, tb),..., (P, di)> °

Min : % 8548 M 0% B 251> 12 Pitch interval % % 77 » & — B3 #3ed— 2(int, d) -
# # Mp=<(int, dy), (inty, dy),..., (inte.y, d))>  k>1 > k=|M| »

Ljr A B Ad Y SIS o

pi: REk- Bg B

o4

B0 5 H o {395 MIDL H] st 1<pi<128 -
di: & 5 % éng £ & 101> 2 MIDI ¢ Tick time 3 3+ 5 pF ¥ ch¥ = o

int,: A& ied B g AL o Int=pitl-p; e

Algorithm Construct Correlative Matrix for Exact repeating
Input: Melody S

Output: Correlative Matrix D

1. Initialize D

2. foreachs;of Sdo

3 for each sj of S do

4. if si=sjthen D;;=Di,1+ 1;end

5 end

6. end

7. return D;

B 3.16 : Exact repeating #> % % i* &1 Correlative matrix J§ & /= o

Exact Repeating

- B M=<(py, dp), (P2, o)., (P d)>> F1* F BB 7 & 4 M =<(p’, dp),
(P2, d2°),. (P, di’)> > & pi=py’ » di=dy’ > 0 <i<ke 2N ] * Rdng #ehF 2 = Correlative
matrix » #X {s 4] * Correlative matrix £ # 5 ¥ € 4§ & 7| o Correlative matrix & = 3§ & /2 4o
B 3.16 #77F o &% 3.2.1 & » 24| * Correlative matrix 77 ;235 31§ # ¢ Maximal (7€

AR 7 e #pra s e v 4 g Correlative matrix ® > Djj>0 ¥ Dyyyjy =0 efia5 0 e 8 Bd5

e R 0 A TP E BT 23 g o

Pitch Interval Repeating

AP E - 4 4k = Pitch interval eh4 ot 2 % 0 #£ 484 ) Interval repeating patterns o ¥
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- B M Mip=<(p1, d1), (P2, d2),..., (Pk-1, k)>> FI* F R A7 120 A 4 Min'=<(inty’,dy”),
(inty’,d2"),..., (intea’,dia’)> > 2 int=int” > di=di’ » 0 < i < ko #Viprd-a sg 2 & 4 4 ke Pitch
interval & 7| > I #& 12 Correlative matrix =97 ;2 88 o 3% i* 8 3 % Pitch interval 5 71| & * [
3.16 =g & ;* i = Correlative matrix o

1235 Zinn[50]4p 1 > Transposition * 4 5 Real transposition £ Tonal transposition 7 f& -
iw? B AR A LR p > Musical scale » 3 Naturally occurring half steps #774 % 382 58 - Real
transposition # % & % Jg Naturally occurring half steps cng2 38 » ¥ & 4F h keng 424 > &
Tonal transposition & JE 3 B § 424 > & H {2 & Musical scale » > Naturally occurring half
steps e F]pt o A A H e R 4nF 2 % Interval PF > 4 Wi 3 = Real interval #2 Tonal interval -

Bl 3.17 5 & #& Transposition 7 &) » 2 MIDI #7iedkeg 8 k5 0 % - /| &8 §chg
B 5 7| 2 <64, 65, 64, 62, 67> ; Pitch interval =5 7| 5 <1, -1, -2, 5> - % - -] & Real
transposition {74 B B 71| & <62, 63, 62, 60, 65> ; Pitch interval é0 5 7 5 <1,-1,-2,5>° % = /]
& Tonal transposition 74 & 5 7| 5 <62, 64, 62, 60, 65>; Pitch interval =h 5 71| 5 <2, -2, -2, 5>

Tonal interval ¢ % 31§ # ¢ Musical scale *T# 8 - &.§ # ¢ > 1 Key signature %3 -
® Musical scale e4= 4% ° Key Signature "2 Music alphabet k 3e4% > do#t77 o — &30P & F
R 3| eng % Key Signature » “C”>4-[@ 3.18 # &7 Diatonic Scale ,T*‘u{."! “C” (do)iz B¢ &
47 o Key Signature % “C”eh§ 425 @ > 5 (wholestep) ~ 2§ ~ £ § (halfstep)~ 2§ ~ 2§

>3 v &3 o 4r%k > Key Signature % “G”(sol) » § #25 2

o4

N

o4

T2 AR L AD |
| Eilys Eily =

F N DF o AT § 447 I o Musical scale 3+ & A %z {2 Tonal interval -

L4
o I — 1 — 1
{7 I ] f = —T— 1 ] f — ]
L | [ I gl I I [ I | I [
e — - _J — _‘_ J t _‘_ J
Y Y Y~
Original Motive Real Transposition Tonal Transposition

Bl 3.17 © & f& Transposition 4% &
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Il — [ ]
[ i ey L8]
el — ¥

Ol — “r

Syllable do re m fa sol Ila ti  do

Alphabet C D E F G A B C
Interval 1 1 1/2 1 1 1 12

Sequence

Sequence ¥ w — & 4% F| ¢7v Transposition — # € 7 Real transposition £ Tonal
Transposition F3) o 2~ BEH M 5 Mip=<(inty, di),(int, do),...,(INtc1, dea)>> 1%
Sequence s 5 % L | A 4 My, Mp,...,M_ & & 1 Ascending 2 descending % 7] » L >2 -
30975 1 <1 <L Miin=<(inti1, din),(inti2, di2),...,(inty1, di-1)> > £ inti=inty, di=d;i> 1 <i<ko

3= > Correlative matrix 537 ;2 f¢ >+ Pitch interval repeating °

1,60 | -1,30 | -1,30 | 3,60 | -3,60 [ 1,60 | -1,30 [ -1,30 | 3,60 | -3,60 | 1,60 [ -1,30 | -1,30 | 3,60
1,60 - 1 1
-1,30 - 1 2 1 2 1
-1,30 - 1 3 1 3
3,60 - 4 4
-3,60 - 5
1,60 - 6
-1,30 - 1 7 1
-1,30 - 1 8
3,60 - 9
-3,60 _
1,60 _
-1,30 — 1
-1,30 _
3,60 _

Bl 3.19 : 4% Sequence % it #7i& = 1 Correlative matrix o

Bl 3.12 F 5 § #4-% 1 Tonal interval 94 77 ;% > 60 ticks % 14p > 30ticks = X 45 > &
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"4 5t 5 < (1, 60), (-1, 30), (-1, 30), (3, 60), (-3,60), (1, 60), (-1, 30), (-1, 30), (3, 60), (-3, 60), (1,
60), (-1, 30), (-1, 30), (3, 60) > = & i i@ A 7|7 1122 = 4eR] 3.19 0 Correlative Matrix » 2 * &7
FEEw G FRAER LA R 2k 0 & F > J1* Correlative matrix sHF L k& 24 @
£ Sequence 5 % % L e 7 o

A4 B Fe g §ehs i An e 0 35 41975 Exact repeat (05 7 o B F 0 A S f 4
HEBAEIRALT G NMDFEA] o d 305 - BHFA 2 Exact repeat h 5| > 2
§ R4 g o AP E R AR NF L m 8 £ FF 0 AR

#-13 & Sequence #F ek 51]%“‘1 dr o
Contrary Motion

L2 M e Mip=<(inty, dy), (inty, d2),..., (intc1, di.1)>> §1* Contrary Motion # 14 & 2
a1 M’=<(inty’, di”), (inty’, d2"),..., (ints”, ded’)> » H @ int=-int’ » di=di’ » 0 <i<k-1-° % 7 &t
%345 41 Contrary Motion 1 Repeating patterns » # i* i3 = Correlative Matrix & = 173 j* o d
3+ Correlative Matrix £ 354 R 7| F A3 £AF 00 > ST NP * R4S B 7|8 F 4P 23

5 7] %1z > Correlative Matrix » 4cB 3.20 #7177 o

Algorithm Construct Correlative Matrix for Contrary motion
Input: Melody S

Output: Correlative Matrix D

1. Initialize D

2. S’=contrary of S;

3. foreachs;of Sdo

4 for each si” of S’ do

5. if si=s;”then D;j=D,.,.; +1;end
6 end

7. end

8. returnD;

Bl 3.20 : Contrary motion # {4 % i* = Correlative matrix & & % °

B 3.13 % = + B F % hTonal interval 5 71> 12 60 ticks 5 — 4p> ¥ 12 £ 57 = <(-4, 15), (1,
15), (1, 15), (1, 15), (-2, 15), (1, 15), (-2, 15), (4, 15), (3, 30), (-1, 30), (1, 30), (-2, 30), (3, 15), (-1,

15)9 ('13 15)9 ('17 15)7 (25 15)7 ('19 15)5 (29 15)>’t’§ K #E}%@E’_E’f"}%’ ;IJ<(49 15)9 ('19 15)9 ('17 15)9 (_17
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15)7 (2> 15)5 ('17 15)> (27 15)7 (_45 15): ('35 30)7 (19 30)> (_17 30)7 (2" 30): (_35 15)> (17 15), (13 15)7 (19
15), (-2, 15), (1, 15), (-2, 15)> B 3.21 5 §1% % i@ @ B 5] %722 = 5 Correlative Matrix » #

7 I 7 24 * iz i Correlative Matrix 45 2 F 4p B 71 e 5% o

-4,15| 1,15 | 1,15 | 1,15 | -2,15| 1,15 | -2,15| 4,15 | 3,30 | -1,30 | 1,30 | -2,30 | 3,15 | -1,15 | -1,15 | -1,15 | 2,15 | -1,15 | 2,15

4,15 | - 1

-1,15 - 1 1 1 1

-1,15 - 1 2 2 1

-1,15 - 1 2 3 1

2,15 - 4 2

-1,15 - 1 1 1 5

2,15 - 2 6

-4,15

-3,30

1,30 - 1

-1,30

2,30

-3,15

1,15

1,15

1,15

-2,15

1,15

-2,15

B 3.21 : 4~ Contrary motion % i* #7i& * &1 Correlative matrix o

Retrograde

B - B M=<(p1, d1),(P2, d2),...,(P, Ah)>> FII # 35 {7 0L 7 02 A 4 M'=<(py’, d1’),(p2’,
d2’),...(Pk", d’)> 0 B pimPkei+1’ * di=di’ » 0<i <Kk - B $ 75 2 i3 iz Correlative matrix i

2 REFB NG F A R o doR 3227 82 0on o

Algorithm Construct Correlative Matrix for Retrograde
Input: Melody S

Output: Correlative Matrix D

1. Initialize D

2. S’=retrograde of S;

3. foreachs;of S do

4 for each s;” of S” do

5. if si=s;’ then Djj=Di.1,j.1 + 1; end
6 end

7. end

8. return D;

Bl 3.22 : Retrograde # % % i* &7 Correlative matrix ;% & /2 -
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65,60 65,30 67,90 71,90 72,30 72,120 72,60 72,30 71,90 67,90 65,30 65,120

65,60 - 1 1

65,30 - 2

67,90 - 3

71,90 - 4

72,30 - 1 1 5

72,120 - 6 1

72,60 - 1

72,30

71,90

67,90

65,30

65,120

B 3.23 : #-4f Retrograde % i* #7322 * &1 Correlative martrix °
A rsgp ko e k3t 8 Correlative matrix 4o 3.23 > 2 60 ticks 5 - 4p o ki =
Correlative Matrix F > Djj § %% Dij. e @ % v > f/ed? Retrograde P¥ > # & Dij; § & %
% Ditrjr KGR 4v o 1 #* 22 = 01k e Correlative matrix 7 12 #5# 7} Retrograde 7 1 % it o
ERAZEY D F e BRI o i A PR i i 422 2 Correlative matrix £
s R A Dy TE % R o T AP S - iR e s Diyj=12 Diyi

=0 %= %ﬁ_'f‘?@“qui % Di,j =12x Di_l,j+1 #0; % = %ﬁ_’%‘qjﬁl % Di,j >12® Di_l’j+1 #0; & {8 - fﬁ

Augmentation or Diminution

BEF M 9 Min=<(p1, d1),(pP2, ), (Pro Ai)> > FU# 3R B g2 ¥ 12 7 M=<(p/’,
di’), (p2°, A7), (P, AC)> 0 @ E opi=p o di=med? ck>1>m>00 d 33~ S E e 8 %
L2 g ot K g R g £ o 1P iz 2 Correlative matrix pF >
BEYRRBOFTAREE o BT R A EHAITE > AP ERAAIFELT G AR
gt R £ 2 S50e o & Correlative matrix @ A F 12 i LR B AR S A S i g o

SEIL ST I R SRR R S A g £ LT R AR 6 -
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64,60 | 65,30 | 64,30 | 62,60 | 67,60 | 64,120 | 65,60 | 64,60 | 62,120 | 67,120 | 64,30 | 65,15 | 64,15 | 62,30 | 67,30

64,60 - 1 1 1 1 1

65,30 - 2 2

64,30 - 1 3 1 3

62.60 - 4 4

67,60 - 5 5

64,120 - 1 6 1

65,60 - 7

64,60 - 1 8

62,120 - 9

67,120 - 10

64,30 . 1

65,15 -

64,15 -

62,30 -

67,30 -

‘L

Bl 3.24 : 4%+ Augmentation & Diminution % it #72& = &0 Correlative martrix o

EH

B 3.25: % lﬁ—:}Lﬁé{jQ?iﬁé .

Integration of Motives

A iR A B NR S R R R LR o AR P
AT E o BEYRLEFIMNEFEILATOTH c BF AT BBSRAY B
Maximal (hEAF B 7] o B S FT T RNE4F R 7] NP L st BHRB LT FHRBRL

Gl U E Bb- BAIIRGE

Perb o A g R B A B R R P R R R S o oWl 3.25

B
M o e AR g &Y U FAFAGES s B FaEY .

34K FEA B

oA PR R s A BT 0 AR R BT Y o R E I S b o T K
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A I F A Sl S B NSRS I RSER c R RBFEB O E - A PRT A
FE e BT R 2R RPN B R BRI o 0 RE T Ok g B en
FEREELJE 0 AN 3B - RS H ehde 0T o d2 T k0 AP 4 42 Fine segmentation 15 1
T I FERPRHER A o B AP Bl R fuek BT e
» $Hfe ek BLJE L Split ¥ Merge 0 45 di e - BB AT S BT 0 AP L2 5 Theme
segments © % = o § &¢ ",4rf 7 Theme segments 4 b | F gLz » 2P 42 % Non-theme
segments o ¢ i -£ B 421 - & o Non-theme segment > » _= — i Theme segment °
EFE-BHI AP EIFRG E FRPB IR ET o BB R AP ks
LRBEAFHFEB N kPP o ok - BREEFEZFEB IR OEE 0 7 8 75 %k
GEFEARNEEAFTERIAEL OGP AF LG - BB OLRL > AL A Y
BN FAF B B A o )t 5 A gfu Bﬁzz ZHB BT o
- R AP ABWAEL BRGEZA GO o 5 A APLA R E
7 W Split chfF ) o de@] 326 1 0 F - BRIEEA - BARGER - K iFY pd TR
FWALEPWA B PG F A E > A RS N AR Bl o Bl 326 ¢ 2 e gE
Poe gAMb s G RR Y dp R B L h - A B R B
i B AT 0 AP te e BT Split o Split e B BE A - AR SR AR oo [
326 TR B 0 & FHBA R R S0 A AHraE P o G el e g

TS 0 AR € L Split o @ K- B e eE BT F (T & 0 Theme segment ° 4% HAA

2 #fe vk B A Merge i) o o] 3.27 #1m 0 - BRER A - § A 2 LY 5
B AR A A A e RS BUIE 0 AR B S A BT R A dp e e AT HE A o
Bl 3271 2 ek iE? » %- 2 v w7 BRGEFI AR ORPEITHES S 2252 B
R EE D P BE S o A PR AP L RPN P BRGEFTLTY -

%@%ﬁ\gg%fﬁg\; T #Bp‘;ﬁq@gﬁ\g%f#;\; P NP RS B EEEE L - B 4oR 3.27

Y 27 -
T3 R GEATT e
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Bl 3.27: & B dp e B 8 ek BOX o
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7
-~
g
q‘\

ARk G BRALE Rk i o P BT g andiciE A b B
Flpend R AP T R b A AT o F] P A B S R BT
B P ciE o O R APIFER G ERBahEY o {1 3 BB AIL R o § &
B AR ¢ > & 1% § % Pitch interval 4 #ix - Pitch interval srf# fick 2 X A 55 fE 0 -

faf % Realinterval » ¥ ¢t - f&# 5 Tonal interval - Tonal interval ¢ < ¥| Musical Scale #7 %’

Y
-

B A F & 4§ Pl A A i Musical Scale #7i¢ & ¢ Tonal interval 8 1t > i3t 81 § i¢
FREDT o FwmLuwd § LG DF &% o

"7 Pitch interval b & F i FlG g SR oo W08 5 BT o 12519
Dixon[13] % 4 #7if » x84 & X HFA LKL F P R4 iF £ HFF > @ Inter-Onset
Interval(IOD) e 7 2 5 P B « BHIRF - - BKhF B g deang 8> 127 ¢
FRRAGHEDFTERFE - FIZFREDF BF 00 G LR pw Fopriziisis > 72
FRE-BHDREELT D SEE o LA ARSI R AT UpRR D B o

B F o APTRY IOl &7 &% PR R F & RTR L EF Reb i

W o

d 3§ &ehg B M€ F]15 F e Musical scale @ 3 3 e f ARE B TR oo frrd s SN
#-MIDI 4 % |t & #73s8en5 & » & PR ¥ & 9 Musical scale # 4% = Tonal pitch #1477 /% o

Yo 413 2 4m 0 C AR

-niﬂ

15 FEF % i MIDI A % #r3e 40T 31 £.<60, 62, 64, 65, 67, 69,
T1,72>: @ T 3 ehG A B3 pEd e A MIDI # % 97 % 4+¢08.<60, 62, 64, 66, 67, 69, 71, 72> »

4% ¥ & Tonal transposition 1525 » & C 2 #1164 27 65 Bi%i 5 - BRIE- B3 > 5 &

Gx#vY 6482 6545 LB5 o #7120 > 4% Musical scale 707 > 2P JF A% endd
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o = MIDI A% #38 ¢ > € % 4 B Key signature - Key signature 4 # ¢ - ;&2 Musical

scale o d gt AP ¥ - MIDI R & e B T3 & MIDI 4% % #73% 2 Musical scale -

» _3.\‘:-\
3
L

:

A

TF

Pitch 60 62 64 65 67 69 71 72

Liks
=

i [ W]

L] ':-3.‘1‘:-\
3
F

TF

Pitch 60 62 64 66 67 69 71 72

$

g]41;c%€}%_€3(}_"€}%_§rvbo

Az 2 - BEIE R 4SF B 2 Musical scale sh4 . 0 #-2 I 7 I 55 Musical scale &
W R4-MIDI§ B ehFilesrad o) c ZE N PR DET S C A5 B MIDIF
% <60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72>> 5 i I 15 » a KB 7] § % = <36, 36.5,
37,37.5, 38, 39, 39.5,40,40.5,41,41.5,42,43>- # @ <61, 63, 66, 68, 70>%_F F&? en= /5 3 »

A (S € % 5 <36.5,37.5,39.5,40.5,41.5> -
2FEHFREFED

MIDIKL&B-%QLIFJ‘@%E%?*@IL BB ER O VK £ F L o T & MIDI A % e gih

I N ST

.m‘y

HpFER YA B A AP B R R
7 28§44 £ 938 4 i Quantization o = MIDI %% ¢ > 72é%73 Time signature 1% 30 » 3%
 Event € % 4x 1 dpehk & 2 % > B ticktime o f]* i&38 T3 > A v &g MIDI 9 iTig
F A aEl o HHIEELEEIR > APRY A RDfEITA KRG T E c F 3£ L - 4

ok pE o AP 1/2 3 Quantization 5 4o % o[ 3t - 4 0 20U 1/4 3p A Quantization o

A3 BB &

AP AW ARHE RS T LR B Rk A E o A PR A

S e 3 AL SR e ATk TR A et 0 A ST 4E B ) K ende g

41



R DR AsE ;]m;ﬁ%—' o & R F S INHER Yo B 7] 0 NP E i kB
Onset time > 3E 2% i 4c 235 D ¥R OB 71 o F]R v_«'ﬁ—»); i o A ;Fa?;rg—p 11 3% i Onset m?

WA I H R AR 7]
4.4 MIDI parser

MIDI #% F 3 5 a2 pefest » A8 4 5 GM~GS &2 XG =/ - % - & GM #3* 4
— RS MIDI 38 v & ¥ LRt o APFHRPREDTRAY GM 3852 - 5=
#8 GS #5444 Roland = @ #7d¢ d) » ik GM % ehf ¢ & 47k Events > * Kk il { 4F 2
iTd 1 %o Hfd- 8 XG A d YAMAHA = @ #73e 1 > 22 GS enp B Ap ke > - e { 5
? ey ¢ BiEsRa Events o 2= f87 ettt 0 B Event B30 s 2 S Apfe o AP
F1* — B d Matthias Pfisterer #7 % i¥ ¢/ MIDI parser % 2|47 MIDI 4 % 7 Binary # 3¢ - i& B

Parser £_1/ Java #% & MIDI 3 9 (class)#7 % i » i & it # GM = Binary MIDI # ;% » i 3

ol

**F A e Bventse APEFEZT RS Event T @ 77 TS -5 BER
# 5 B 0 Events o Time signature > 77 § # ¢ > & - ] & adp £ o Resolution > #&77 — 4p

— AN ' . A4 | b

£ 3 % - i Tick time - Key signature » %57 § % #7{¢ * o3 Musical scale % = f& > & 3

\ﬂ;
ml4

##7% M e Events e Note On > % 77 — B F # B 43 2 chEvent » 11 % Note Off» %77 - B F

PR d#F g hEvent A E e 73 B LF EOFR -

4.5 & 3% MIDI # 3\

A gt MIDI 4% (T4 B8 S BFEH S R JF AP D kand 4F B 7 v MIDI
SRR R T LT PR Pl o A PR - B e F R
MIDI f% 211 & o d 508 0 8005 3 m & 35 RFB R FE R B E T Al
B ¢ Guenter Nagler #7# & e11 £ “Dmp2midi” o 2% 79 L #4758 1) Kk en% % > #& = Dmp2midi
g mﬁa?] >RGN deB) 4.2 Fror oo ARES ‘}iﬁa?] » 3] Dmp2midi ¥ #& 4% = MIDI 4% -
Dmp2midi mﬁa?] N - T e e N 4p v > 22 MIDI &0 Event 7 F o Dmp2midi

MEBLHERE BEF - B RRF L IER 38 RS E B 42 A7 B
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192 units per quarternote

Track 1:

MO001 ======= Beat: 4/4

MO001 1.000 C6 V100 2.000
MO001 3.000 B5VIO0 1.096
MO001 4.096 F5VI00 0.096
MO002 ======= Beat: 4/4

M002 1.000  A5V100 1.000
M002 2.000 G5V100 1.000
M002 3.000 F5V100 1.000
M002 4.000 D5V100 1.000

B 4.2 : Dmp2midi % F 5% -

Az - BEHE AN BH AL B3 g i o Bl 43 L i REE 0 W
MR H % R A MIDI o 5d deek 2 EeniE & > -5 — 12 Motivic treatment = £ 35
A g 0 AP B[ A I L BRI IR o R L R o B 44 L B iSH
A BRI ROT G 0 ) BE PR RS RER AR o w B IS MIDI F EHRT

YR R RS -

Thams-Eased Muse Structursl Analysi

[T A WS dawues]
B 43: R4-MIDI#H % F & ©
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EET BNE BRY RSARL TR NN Ny
Q-0 W@ Oee ez @ 235 & - JH S
ol b el b Dok wm =~ &

Fine Segmentation of Filename = 45

5L oo 8 -
A o B e )
A0 o vt 1142
455108 ook o -
AL o € vt s
SIS0 o e hernd
50 e Y st o
5 M0 rnky J e e
AL e L v A

| S

Bl 44 BB IR E AT G o
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>
&

4
A

51'?,5@ g = Bkt

AR LR ER T FT LHT

.m‘ ¥
\_‘,ﬁ

RN ALEE o AT AP 10 F A R a0y

BoORAMAE o & 51 RAPAR Ry B4 ST L LR~ — Y LR

oy
N
=

PR3 R - St g S mR @ E S BRT NE B A A

B T L3R R % 2 % o0 Ground truth o

W ¥ Wz ERE R
i | 05:43
FRTE FAHEFS 03:44
s £ 2r il PRV A R o 03:18
D S i s 03:52
g By B 01:42
Iv s o) Fa 02:26
S LE AT 02:56
= v A ap 02:25
P B a7 02:03
EL %2 g 03:08

AP AR R 2 g - AT R APEHFAONL AL A BT

e e AL > & w12 Original Duration £ 101 e 57 2 Kk £ 5 o #&Jﬂz 2 uliEA B TR O e
VAEREE S EHPUE RGO es RS o R AP RS PR es RS E

Ground truth bt #0320 2 i ok i en 2 s gk o
5.2 R B&3*®f 3 2

TAp M AT Y T BEr S pF > F % Precision ' %2 Recall & 83 &  Precision ¢
A R4 I ks Bk ¢ o i & Ground truth st b 5 Recall id & 71 45 41 & e B %

45



-

¢ z e Ground truth > ¥2 #75 Ground truth vt &) o 3 %> X% F 2 Ground Truth 4p % &
s & ke- B A B2 Ground truth R e0EC i > R L A - TFERIP o

PR @ >4 g Precision £ Recall ¥ it ig = 3 AR 3@ 4 o % - f § 2 #— £ Ground
truth 7 % = 1 PRG0S A SIS BA BB T DR ERIEL T G
Ground truth » i% =¢ Precision g% Recall #/E " 4 o 4] 5.1 #7577 » T > h 5B 2 » K%
Gruond truth > F 2 Z i mans B S o« L BN andics: A& ] & o BREA F L ALE
3@ E AP A - RS S AN - B FILATEF AL F R 0 T b X Precision
foRecall ¥ » €45 % - Beni % 2304 (53 B & o 248 Ry Peh 2o d ko
4 % &2 Ground truth $84piT > & £ JRAZEFL P > gARZ|ET S 2907 & £ # {7 Precision &
Recall ehig 5 0 o 4@ 5.2 #77+ > F > 5 Ground truth 0% > T 3 S HFENP 2 2 0 K

S% o dNE- B é;aﬂr;rsigﬁgﬁ,; s A Frsﬂr;rsz v & H {44 o |t > Precision ¥ Recall I

Y #Ej e N LSV E ]FB,Q/P? 8o ;Z'a_‘j'_Iﬁ{_,;}g u/}‘;m:l:;p—%;‘i: j\‘éf‘%’%ﬁ’gl
iw o
1 20121 30[31 40
1 10|11 2021 30|31 40
B 5.1 : Precision ¥¥ Recall 3% - B .
1 10|11 2021 30|31 40
1 5|6 1516 25]26 37
B 5.2 : Precision ¥ Recall 32| en% = fa 1525 o

PR - BRTIER R Bk 2o b A 2 arE ki en® % 02 2 Ground truth
2 AR 0 AL U=<ul, u2,..., um>& £ 8 095 2 cha B2 % > V=<vl, v2,..., vn> 5%
Ground truth - ui & vj 1/ (starti,end;j) £* (startj,endj)#7 4 =+ » start % 77 £7% ui # 4250 & > end
A EBEE Ul gk & o
[§#615.1] - § & S5 H5<(15), (711, (1520)> > 27 5F § #/E2A 526

2

SR F- B ERL NI B EER SR S BB B B SR
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R 2 2Bd 52T BB 52 LB aR%L e
BgAP A8 2 2 Mo b i
[# % 5.1] %7 U=<ul, u2,..., um>¥ V=<vl, v2,..., vo> > U & V z_ ¥ 7%} i (Mapping)Rm
- - #- hH % o [Rm|=min{m,n} ; ¥ & Rm ® &7 B (ui, vj)2& (uk, vl) » 4= % i<k
plj<le
[#.4% 5.2] % % U=<ul, u2,..., um>£ V=<vl, v2,..,vn>> U & V &3 Rm ¥ &b % > #F
S, = D.s(u,v))

3T enip LR G VODRy o H ¥ s(ui,vj) i 4 ui 82 vj R edp i A o

[£4& 53] 40 02 s(ui, vj)ein* 5 22 > A3+ 8 a8 F X i) o] S > £ 2 )% 25 B
e & #icF fanormalize o 3 E o N 4eT ol

‘v

number of overlaped measures of u; and v;
\/length of u, \/length of v,

segment similarity =

[4 5] 5.2] B3k A & foend BT 0 A W E uy=(8,43)% vi=(529)« AT U4
DEfF vl &5 8298 22 B Fownk RS 36 B & vk B A 25 B

22
oo ATUAGET v A BERF MR G —— -

V36425
[F& 54]% T U=<uy, wy,..., U8 V=<V, Voo, v 0 U BV 2 B hdp & S(ULVY)

% & maxis, (U,V)} -

(1,9) (10, 13) (14, 29)(30, 33) (34, 58)

sl sl
30 30
(1,4) (5,29) (30, 33) (34, 58)

(1,9) (10, 13) (14, 29)(30, 33) (34, 58)

20 24 1 1
30 30
(1,4) (5,29) (30, 33) (34, 58)
B 533 @AEAFENRPRDSZE o

H@WERBUEV RFE d 3 UBEVIRG A7 ROEES S 35 RO

WAPE 4§ ER R o ok U=<(1,9), (10,13), (14,29), (30,33), (34,58)> »
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V=<(1,4), (5,29), (30,33), (34,58)> > 7 & 1 Bl 5.3 i 7 chd ¥ i - B 5.3 e 3 > &
#e U BT Vo infi ) > 7 2 8 Us BT Vo el 0 A f G- 8 okenjpin i
AP o FlPt o AR T BT F A T2l ko

A ¥ 2 g * Dynamic programming sk peE = — BB S ) S(U V)% - &
Dynamic programming 73+ ¥ 427 > NP E L T G S fEET) o 5 - A5 Map )
#2t S[m, n] = S[m-1, n-1] + s(um,Va) © % = F& 5 Ignore 35 > ¥+ S[m, n] = S[m, n-1] * #7
AP FER DT S SEL a2

Sm-1,n-1]+s(u,,v,)

S[m,n]:max{
S[m,n-1]

#2095 1<j<n> S[0,j]=0° $>*#F 1<i<m> S[i,0]=0° B 7 .4 Zf|* & =
T &2 38 S(U, V)aug B2 o

A U =<(1,9), (10,13), (14,29), (30,33), (34,58)> » V=<(1,4), (5.29), (30,33), (34,58)>
S0 AT R e S5 v o B9 FEATE ARt R & U V2 Bt

B oo Arr A w0 48 U &2V oengp 17 & (Similiarty) 5 104/30 o s > AP P £ B IF

Normalize » @ F| & fSAp MR NE % > 915 gk € 1308 1 2 F -

Algorithm Similarity Evaluation

Input: Fine segment result U and ground truth V
Output: Similarity between U and V

I. ifm n then {

2 fori=0tomdo S[i, 0] =0;

3 forj=1tondo S[0,j]=0;

4 fori=1tomdo

5. forj=1tondo

6 S[i, jl=max(S[i-1, j-1] + d(us, vi), S[i-1,j]); }
7

8

else {
. fori=1tomdo S[i, 0] = oo;
9. forj=0tondo S[0,j]=0;
10. fori=1tomdo
11. forj=1tondo
12. S[i, j]=max( S[i-1, j-1] + d(ui, vj), S[i, j-1]); }

13. return S[m, n]

Bl 5.4 0 R=EDFEZ o

U VILEApm AR € F 27 it chifime - A U Vg ZHn ok
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S U BT A VB S

27 & Normalize P% > ¢ E Ferf 1 JmeJn o e

ﬁé U m‘ﬁ)-/ :a:t

2 4a%z b

A U el

VB e -

AR

Normalize e % Fa € ' $a4F o 5 7 @ L) 2 0 3V i % Normalize 77 2

=7 x :’

LT

Similarity

e Jm \/max(m n)

V5max(5,4) > 18P B ts chiE & L 52/75

AP RIBIAE D U BV AR itE 10430 & L g

(1,9) (10,13) (14,29) (30,33) (34,58)
(j) 0 0 0 0 0
A
(1,4) 0 @ 20/30 20/30 20/30 20/30
(5,29) 0 10/30 \\»@\ 44/30 44/30
(30,33) 0 0 10/30 32/30 \A@ 74/30
(34,58) 0 0 0 10/30 32/30 104/30
Bl 5.5: 35 S(U, V)#t 3 chiEL S § b
53R&%kES

*XF &AL T F8R A 5 Intel Pentium 4 2.4G (7 CPU> 1 2 2G enf Msfhfl s A o

rLTE AN A
BE s 2 5 ol wELE
# 5.2 % Original duration % 7= & £ 1 F k%% c B¢ > 2ek B3 i L L o

& > ¥ Ground truth «4p 2 & 5 0.84 » i% i 3% 0

% 14 Original duration £ 101 & &7 e 3

o AP F 52 SR TR

EH R EG 1TE &

=4

TS S .
IEE e A

A R gy GRS
Sk R RS REE o

+ A HE

= &

it

* 3

27 B e sk B A en i F 4 2ren® 7 14 5 22 Ground truth eh4p i & 5 0.35 0 HiE A

RSN RSEREF TR I

gkl

20~ % S350l &7 adcn@skigh -2 o

edk AP en i v R I A F b L ahdt4k 0 22 Ground truth h4p iR 5 0.820 B iEN P

# 4 ke 5 £ Ground truth

4P R G 0.35 0 HEA P

ks 3K
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FaJ %

20 £

6 Forhk B L en i F Py 2rend 7 {4 > & Ground truth



4. 5.2 1 2 Original duration % % 7 3 # & Z P %5 % o

i K LA Result
s g R 0.72
e FAHETA 0.84
EEE T PR R 0.51
VR ST 0L gtk 0.64
% Fdw Bt B 0.81
P b 0.64
B3 LE R B 0.83
o p% ?{'—5 /AE 0.58
4 B 9 5 0.35
TAY 524 0.59

2 53: IOl k&T5 #FEnPohiEs -

] LU Result
s HE | R 0.63
e FAHETA 0.75
Bw % gl PRV A R 0.51
S e 0.82
EFAR T s B 0.75
v A 0.64
A N By 0.80
o p% ?{'—5 /AE 0.43
* b4 27 @7 55 0.35
T s % 2 4 0.51
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Y- PO -1

AU R R e g RPN e R - Bk IREFHRT
;El“ # oy %«% Ti'?ﬁﬁ?,'_%'\/'/;?ﬁ}@ﬁ ;\-;‘\sz KR T AT A PR ;b:hlgl ;@_imﬁwbiﬁ s ;;:jF]; B

A B TR o

AP SR AR EENF]F R RG A s R o AR D - B S
Ben? o A LT e BiRAR e B A S - 5 F & A All-mono B RS 1) #
LR AT o APERY BB B 2 kR ESE SR AW LET R

~A

£ &1 Original Duration 22 0 B 4o 5 B 5 B IR 101 270 « %= > A ipig

-—-\

S‘ﬁ
5

Non-trivial & 47 $ 3% cfF 86 = 2 > $ 3 g e s B fed A Rl % 7 0 JiF
ooz b HmAsERnEd o B o AP et & B % > 2 Motivic treatment
e 2 I E % o 2L X 3 % Repetition > Transpose > Sequence » Contrary motion » Retrograde
£ Augmentation or Diminution % = fad 5% 1t o A W% 22 A7 FehgF i > 3o @
TAF RN gy * NEFEB R LAHBPR DL RN o T o P EE > AP e o
FehiE kB h % o ML E B - Bk A B Split & A ek A B
Merge > A& # ) Theme segments © 45 1! %75 ¢ Theme segments {$ > § % ¢ #| ™ 5 Non-theme
segments ¢ ~ Wi h £ R ETFAE- BLE Aok L ARLEFZLE > » AP EFEED
Non-theme segment i F i f& g% P o Bofs g % > T 0% KRG AT -
AR A - BATHRER A Bk eh jE > i a B g Precision & Recall #7¥ &t i3
= 4k BE o (81 5% Precision & Recall €77 /2 7 fc Z|¥r4p enfs & > % A F 221 fis BB %o
FHIAFE - APRINKRIRELG 2 BN EER AT IEEEAP S 2R ERSE

2B - BRESHE T2 EF BHELE LR O NE > TS NEE -
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Bofs > AP AL F 5 %> 2 Original duration 12 2 101 & f&7 b 4 77 & % 0 2 4w

P &0 A PR KRR S AR R AR
6.2 % %73

%7 12 Motivic treatment &7 j& SR b 0 5 AT T S S i KAE S ¢
LBDM s e 1 :15—:-“ 292/47\)?”%\; 2F 5 m—‘? m](Flgure) fr—:%}‘g": nd - Bt m_‘? .m er’f#-‘:l\‘ .
Sl A L% LBDM ehd e sefe ik A Ben R AR S B A o Ris A

Clustering Frp bz ot § 3 WA 30 b~ BHER 505 UTT i &b - B o A

é—&%igﬁfé’:ﬁ% ’ ‘:‘;J-‘%:,gl' :3‘;1_7\ F'E&EﬁﬁE%/ﬁ. y AT IV ’T'J’* ﬁéﬁﬁ%ﬂ- Eﬁ'} %é_,ﬁ;.’_qj .

1')'

BB BRI EAF A g SR U e - e e g f
£
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We proposed the theme segmentation for digital music.

There are four steps in the theme segmentation technique. Firstly, we
extract main melody from original music. In the second step, rough
segments are generated from main melody by mining non-trivial
repeating patterns. Then, motives are detected from rough segments.
We modify the mining algorithm for discovering frequent patterns by
applying motivic treatment rules proposed by Stein. Finally, we

segment main melody based on the generated motives.
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