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The Study of Automatic Music Analysis Based
on Musical Simplification

Student: Yi-Fan Yeh Advisor: Dr. Chih-Fang Huang
Dr. Wei-Hua Chieng
Master Program of Sound and Music Innovative Technologies

National Chiao Tung University
ABSTRACT

In this thesis, we investigate systems of automated composition and determine which
music features are necessary for algorithm composition initially. Then this work build some
automated tools to analyze music features such as pitch distribution, pitch transfer probability,
key, and harmony.

In the process of analyzing music, the accuracy will generally be affected by ornaments.
A musical simplification algorithm AMSA (Automated Music Simplification Algorithm) was
proposed to filter ornaments out in music. The comparison results were shown that the
accuracies of key finding and chord finding have been improved about 6%~8% by using
simplification method. After simplification, the music structure is getting more clearly than
original one.

Through the automatic music analysis, we can minimize the cost of music analysis. We
can also use the analysis result to build a music style rule database. Eventually it is easily to
compose music with style learning automatically using these rules.

Key Word: algorithmic composition, automated music analysis, key finding, chord
finding, automatic music simplification
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2.1.1 MIDI

MIDI(Musical Instrument Digital Interface)4 % = - fEf € & 4
Bt - AR Zedk g A R A 24 % (*.wave, *.mp3...) "’ MIDI#@%
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4%51
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FLANBBERY AP LY AR Y FHMIDIF
%21 €& MIDI % i
Event Code(Hex) Code(binary) Data Description
Name
Note Off 8x 1000 xxxx nn vv nn : Note Number
vv : Velocity
Note On 9x 1001 xxxx nn vv nn : Note Number
vv : Velocity
Set Tempo 51 0101 0001 03 tttttt ttttt: microseconds/quarter
note
Time 58 0101 1000 04 nnddccbb Time Signature
Signature

AL %k © The MIDI Manual [7]

td 19 AP#F 4% NoteOnqf-NoteOff ¥ 2 kB8 5% -5 E PR
11 % Channel iz 38 33 o 4] * Set Tempo {= Time Signature X & 3 Tick T|me FIEF h
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4% 2 Pitch Class ¥ & %

iy

+ C C# D D# E F F# G G# A A# B
Db Eb Gb Ab Bb

Pitch 0 1 2 3 4 5 6 7 8 9 10 11
class

7 4% % & o Introduction to Post-Tonal Theory [8]
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MIDI sngF s i v e 8 (D) kB & & B #r/§ a0 Pitch Class:

PC, = X % 12 1)
M C Gl R AL e R S IR RIEE AL T AE # AT
iy # o

¥ ¢ d Pitch Class ergL 4 » # 11 p74 4
e i e > 2 4] * Pitch Class m#w; vy
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Generate MIDI 2
EXIT —_— Block(Secton)= 1, Value= 2 -
—_ Mo e Block(Secton)= 1, Value= 1 - 3
~ Song ID SongBars [52 Block(Sechonje 2. Vakie= 3
[esa3 ~ 8Bas Block{Secton)= 1, Value= 3
Frished | ’
| :[ | r]  16Bas Friched |
— - . Finiched |
Tempo (80-180) {120 Ill _] B /4
NI - 2 -
Music Style
Melody (110) |5 1 A & 128509
T
Embel(1-10) |1 KIl| Bl © e P
C 474 TexMex T —
& Medum i~ KEY
Chocd(1-4)  [4 « »
[« LI ¢ 12 mashvie I AddVecd : ?:ga | 5
€ 474 Nashvil
Chous(1-4) 4 K| | | 7 F
C Ebl+3)
~ Section1 ~Section2 | [ Secton3 - Secion 4 ~ Sechon 5 CDp2)
" Intro " Verse & Verse & Vess  Vewse " Db(+1)
" Veise = Chotus  Chorus " Chows " Chorus & co
(¢ Choeus  End C End " End @ End
L | 1 L i [d: | N a5
~Secion6 | | Section7 | [ Section8 [~ Secion3 | [ Section10 " Bbl-2)
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2.2.2 Melody Generator

Melody Generator £_Dirk-Jan Povel mg B iTd A2 [1]e% AR T aF T 2R
v A AR mﬁﬂfrfrﬁ‘fr”ﬂ kA 24> _‘?_i%fﬁﬁi.?“ a3 AT T - -

> 27, T s 7. ~ - - 1 24y / -~ /./ 1
ﬁ};ﬁmrﬁ— CArie A 4§ & o @ L T Y ‘]-)?}’ fs eng B RS 1T
MG Melody Generator I Version 4.2.1 . = | (S |
File Edit View Model Part Melody Tools Help
‘Play parameters i ‘ |Melndy Date 14-05-2010 Time: 174041 |
m IMEWdy Note: # and b are placed UNDER the note and are also used as natural sign. Skeleton tones Chord tone  # NouChord tone =
[
17 ST
2 T T ) T |
=5 Ay Fm I |
= 1 r t 1 |
OJ
Duration 1/16th note 120 ms
|
Sopr | Acoustic Grand Pian ¥ = ]
Wy 1
Bass | Flute R !

[ Metrically performed
[Fse

[T] Rhythm only "
[T Expression start here

‘Timeparameters i ‘ | Pitch pararneters i | |MelodyCDnstructiDn i

‘ Select another model =
¥

Nr of bars 4 Syncopations 0 Range Bb3 - E6 Add complete Part Add Part by step
Rhythmical 5 =
° [ Chanas Ornamental Sots _
-+ E] [Mudel—spemﬁc parameters * Set Rhythm ] + [ SetHarmony | + | Change Ornamental Slots .
. Set Gap . Set Contour . Ornament
Rhythm Contour ‘ I ol :
* Set Skelet ;
¥ more [T Allow note repetition o # Must be pushed to finish Part
v * May be pushed to re-generate
an aspect e.g. after changing
S On Beats h parameter(s)
by Step - [Melody Store i
Ornament by Step =

|Current Model = CherdBasedModel

[]+ Chromatic
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Stepl Set Rhythm
lﬁhl.‘h FFHH FFH FFH FFH /1111 F1F[1 F1F[1 F1F[1 FFA A1 A1
D

X X I XX X X XXX X X X X X

Step2 Set Gap

It
-

g !"n.n

1{3 h

X X X XX X X XXX X X X

1 e e R e e R e e e [ e e e R e e e e e e R e e R et et R e e R et o o e e e e e e
=
i TR
]
[ X X X ix X X XXX X X X
Step4 Set Contour
P
1 e e e e e e R e e e e e e e S e e e S e e e R e e e e e o e
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Step5 Set Skeleton
P
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Step6 Ornament
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1 e e e e e e e e B e o e e e e Rl e

-
“":.l

I

]

I

I

]

|

|

]

I

I

]

I

I
N
1]
1]
N
[
|
N
1]
7
N
1]
1]
N
1]

v.-_Ear M

2.2.3 ALICE

PTG Bh) S S Ad A1 AT ERR 0 LI RN AL B o e
ALICE & #4235 % — #% » ALICE #_David Cope i% &[3] » ALICE #_Algorithmically
Integrated Composing Environment sh&g 8 > e B A28 ¥ r1 R @ * ﬁjﬁl ~ MIDI #% » &
AT A S SRR ERE > BEFN Y TRE AR AS F # o



Load
Database

A

Pattern
Match

A

Y

AA

Analyze

\

Machine
Compose

Y

Bl 4 ALICE iT# s 42 )
7 4% %k © The Algorithmic Composer [3]

Bl 4 5 ALICE #25% iFd chv 0 /i A2l > B P fema 274 2 s BAENRKE 3 b
PAT S U R RARR TR B B e icokiBFEY o B 5 @ 5
i - P AR RS FRIFEDLT AR F IR E DT R D)

A EE

¥ - i s £ & enf_Pattern Match » & ALICE ep #4474 ¢ » 41 % Pitch Class
Setitis 7 i %3 M S B aRp c ALCE ¢ #5 2 2f ) RH > ¥ 7 &
Br& B EHN ¥ 7 wmat Pitch Class » & 2 27 12{{0, 4, 7}.{2, 4, 6, B} s G4 B] » % £ % 15
g RSNk A AE S T H Pitch Class £.4 0,4,7 #4 7| 2,4, 6,
8o & ALICE ehp & £ iviE427 > € £ 4 = & 2 % F e Pitch Class Set feF AL ¥ #1%
Srendp| ot i s TRE DB AR 2 A4 D TR P E o 2R@ A ALICE § ¢ AP
R T L SEH T AERERP T TRESE TR TV ALNFETTET
Az 233 EiFd »m R HE & o f&ﬁfc;’éar& sALICE 728 2 p w2 b F B # 1% A
ootk p e iTd cnihl o FIp ATt EAPREL HEY TR oo

-10-



3 A

AR EASPY RGBSR ZO R CFRERRCFRTESRY - F PR
BWF L EA e AU o B AP ofeiea P £LE 2 5d B N
KRED|EFenmp > FP A2 T F S AR frlbaim bz > T s u k.

231 pEAFFHE 2

AU RO REARER AP > - LR T8 FTY il Y RF &
TEY A ] BRI o B op B ive b E s F R A B A R e

EFREELd RFAL 2

FlML AT e p B it a7 b o @ e 47 (Key-Finding)- E » B A agEp o 0T @
S LA o

2.3.1.1 LS Key Finding Algorithm

LS Key Finding ;% & ;# £.4 Longuet-Higgins f= Steedman % 1971 # #73% ) % [10] >
RFies E5 5 NN BAPLSIFEE c AR P A AP FE EIG B o

LS Key Finding ehfaiz 22 % 2 > v 41 * & /650 ALY HA g le &0 F 4R
& * 3|1 Pitch Class JF’K R A i B VAR SR C <35 B AN I Pitch

Class 4r 4 5 :

%5 C <3 3 ¥ Pitch Class %

%7 C D E F G A B
(Tonic (Dominant
Pitch) Pitch)
Pitch 0 2 4 5 7 9 11
Class
¥ - F R #E 10 LSKeyFinding i B i § A0 ArG G 18 X~ § £ %
- B35 R4 ;E@’Ft’gﬁx A F RN E B T ’fj-%giﬂ;zﬁr’bi‘fé‘%wﬁﬂi%’
EE P T fI | is4r% X7 - AR )’I%E%‘i?'ﬁia?]%—‘é LA Aok FI TR
- AR S 2 IR o TRAERER /ZJI‘ EA g - B AR ehd

(Tonic Pitch) ¢ 4 % (Dominant Pitch) 2 & 5ip]3 4+ -
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Longuet-Higgins = Steedman ﬁig?] » =g e T IR RGRIGE 0 F AT R R T

FEvA M o R EF i xﬁ;,ﬁ’.ﬁ,zmiﬁij’**“w;a Boon R EINRT &
é’%']bilﬁfai”‘m‘q’ﬁf*“'ﬁﬂlkij "‘j}gg4%‘1 P xR
g 5 RS TR BT B R RS S
B3 o - B g HE e W5 AR L
RG> s e

'|" @
g ol nn—

A
A.
IL' [ ] |
> —= I | =
. ' - * . i
B.
—
ae=mmEee e e
0 ) e "tl' s * bl
B 5 LS KeyFinding /& & 2 Fipl45 55 & Eﬁam
¥ ¢t LS Key Finding 7 & i %18 JJFH% GpEs f NI AR E LT
AR R v’% T e s p AR folifeiEie = 8] 3 1 0 @ LS Key Finding 7% & % £
BHERT Bl R kR B RRiyRE Y RIIE v A AT

2.3.1.2 KS Key Finding Algorithm

Ap#>t LS Key Finding » KS Key Finding /% & 72 R 8 - B & 237 5 cdd FRIF &
% o 3% &2 4 Krumhansl 4= Schmuckler #73% ! » # ¥ d Krumhansl & 1990 # p# 3 %
[11] -

KS Key Finding ;& & ;2 1% T Key Profile | # 3 s #F % j#ip3 1+ - Key Profile p 75
e+ = i Pitch Class & A L igend & 5 B o i H ok ,;uﬁ% = & Pitch Class &%
FAM N ETE - BRLSGE D o

Key Profile #2£ = % Krumhasl f- Kesslr »+ 1982 # #riiifi- X F % ° %7 %7 * §

- BAMP Ry 8o otk U FE 0 R F Rk B Pitch Class chg o ¥ & fiE *

FHIREG frd - B3 RO SRR RIRREETBE 50 5 R0 3
Hi 8 Key Profile(z* # KK Key Profile) » 4] 6 ~ & 7 -
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3 - am=»Score

2

1
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1 1#/2b 2 2#/3b 3 4 4#/sb 5 SHeb 6 6#/7Tb 7
B 6 KKKeyProfile = 24 38>
F R kR © Music and Probability [4]
Minor

7

6 \\

AR WA

4

3 \/ \A/ am—Score

2

1

0 T T T T T T T T T T T 1

1 1#/2b 2 2#/3b 3 4 4#/sb 5 SH/eb 6 6H#/7Tb 7
Bl 7 KK KeyProfile -] 4 % i»
F L kR - Music and Probability [4]
7 7 % b3 e Key Profile 2 18 > KS Key Finding i & j# 3% f& Pitch Class - »

F #ang i r £ 8 I E 48 Pitch Class 4p & et b2 = ﬂi%] » % r1Pjtch Class = & »
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# ¥ fr Key Profile #7i% ieie £ 18 (70 o0 e N 1% R enfp b 258 5 0 4p B
% #(correlation value: r) »

_ _ Ix=Xy-y)
C Ce-R LDV @)

S y:Key Profile 1 /& & §: Key Profile F#L T 351

o
B
y
=
S
=
ol
E
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R
=
\—4

q—F -rrﬁlb ’ er}’ m’% r}&mg)’?f) 4 — B i’}f%':’ﬁ#ﬁfﬁg ,;‘iﬁ'{’ d 24%;@_;%'}:}_" ?Pl‘ﬁi‘gﬂ’.
- lﬁ‘#ﬁfﬁg,‘ﬁiﬁfsﬁmp%ﬁ’?ﬁ\f /EJF‘P}%&P%T%%??&?%%'}:J;O

KS Key Finding /# & /% +“ 4= LS Key Finding i§ & /# » ¥ & * m#]}:] (R Ay a
HAhT 2 FERARDERES > AEH P EHRN F ADBINGS F A S BFE
E ST s i 2 ) A

KS Key Finding i & i #& 2118 > 3% 5 A & )53 k¥ 2ecgie BIF & 2 > 4o David
Temperley # 2001 & #1415 9% [ The Cognition of Basic Musical Structure ; # # 7]z %
Key Profile g ~ w:é?é%] > e E 3B 2 2 VO 40 KS Key Finding i# & 2 a5
[5] > & & h4rie - KS Key Finding j# & i &b MRl BALP @ #7f]* enE 2 g %
BE - BARE GL DR AT € F F S it i P IR .

2.3.1.3 The Spiral Array

41 * Spiral Array % 4 #7 % %> ;2> § 4 Elaine Chew % 2000 # #7% 4 <7 Toward
a Mathematical Model of Tonality ; # #73& J1[6] - & ® #3&™ k- k7|3 < ] * Spiral
Array & & 475 #0248 S o

Elaine Chew #74% i 2 Spiral Array 2 j& * &[] {4 - Key Finding ~ Chord Flndlng
Pitch Spelling f= Key Boundary % % p 8+ {1 * Spiral Array i& {7 &~ 47 © & & G~ P 3
A dTIni A &~ TR S RN RO B A 2 1% Spiral Array R4 475 B

Spiral Array 4 © %38 7 & Blepr g = - BHEF A D0 ZR L A &8
*KT o 7 }i%}ﬁ'{%ﬁ‘ﬁ:i EY
FCy = 12i+7X % 12 X: Pitch Class, i: integer 4)

EBEA T gap2 ez 2o Ci M ERL 6 C-G-D-A-
BT 4G om S| EBEREL L ToER e w I R
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mterval

ascend by a
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Spiral Array Model

FL kR Toward a Mathematical Model of Tonality [6]
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7 Spiral Array iz B #-73) 7 #-A k- F]i*gw" | BhinT R BluEL L ZBl4 ¢ w3
,_,[;;fg,yi,frs)j»{_pw—gﬁw—gﬁé«’gli—aﬁo

Rgk o fes TG g i e B
E lE"F m“‘:"] & )ILL,F ﬂw’}r f‘ f@;ﬁf 'gr 417 F?'é’%‘ttﬁ‘lﬁ_‘“ l’i_%_ o 3} vk ,5’\11]’}% _‘El rgb
» 4w -&_1(Tonic Chord), IV(Subdominant Chord), V(Dominant Chord)
AL e

pEBE &z B
L i A el g—ﬁg‘_.ug‘_h,_ﬁ_g;

/ _ S
major key —
Ty Ll‘-) dominant

c 101(1\

4 “:\‘_E, —émﬁ_tu ’ }i)t,

subdominant /
chord i‘,y

B 10  Spiral Array ¥ =+ /] 3 & < 7 % B

Ff kR Toward a Mathematical Model of Tonality [6]
bz i &

oot -1 %

11 24 #6331+ & Spiral Array ¥ £ szl oo 3t

VR Y - Al Ao, ¥ )J-ﬂa_r
R 5 R R P E R G R P 2 S e 2 R ) -
1
CI_E 1d]"p] (5)
]
'\‘\‘(5)“‘ |IA“Z'\$%] é?-ir‘f’l’—“r’ﬁ -‘-a S EcE ’di?;\ F g 14571\)@: ’pij%g"fl——‘a %A
"'E%ﬁl’f‘l'g:t\» OTJLLE.’}'f—)-&TF] l;ﬁ-@’g::ug

Spiral Array 4 ® iz ¥
A Spiral Array ¥ - & # % o g2 % R

B
FORR A .

232 oA {riwE i
folenA e 8 - FE & g # 5 HAT  BPEAJT LY KA F 2 2 F
¥ oehg - BLE gl T A A et A4S HEWL L PR ki las g

- - 7T P 4
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Z
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PREER NP RE § T
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BEE YRR ERIAR R G AF LN PR 2 B S AR g
SRR L FE G E R P\?'m'fr'ﬁi"“ﬁ\_g TS b foiz e 5 fod B g &g
FRELZOM G T R @43 - BRED) BELITFE R -

fefm i g P %1 Frg o o § - BRER P Rdeie 2 B BA L L Lee
ﬁﬁﬁéﬁ%ﬁ%nm%ﬁﬁﬁﬁﬁ’@%%Qﬁwéﬁﬁw*ﬁwwwéﬂ’%

Temperley - Sleator # 1999 & #73% d) e3> 38 ¢ ﬁ* T in R akR o £+% ke g2 -
R g ﬁa*ﬂ‘ﬂfrwrm%’* T g{%]iﬁ\}}‘; PRV R EAB SRR - Bz
ed ¥ - o] & A IR iS‘ lﬁ;‘fr s Fpt e % 7 ﬁ*,i—/w\.ﬁ,\mﬁ e PR ?rﬁ\/”\
2pdei oo

Bryan Pardo {= William P. Birmingham " Algorithm for Chordal Analysis | i& & # <
PR - st Efe e 1] -

TR AT NG 2 it U B B 41 e B4 B L S L - AT
feBadril o bRy P g0 BER e 4T BRFP Bt B F e
B SS{e A B RBE 0 A 2 AR NG e, 17 ¢ KGR R A AR R
ko m BTG AR PHNEWREDL KD - kR SRR 4
FIR T LRI B o ladr o ¥ B e NP s fei A B AV i oLa 4 fF
A e B A g e PR A T AN P ER GRS S RFRA AT Ly P e A 4T
P e

P2 e Ve LA BRFE > & W 5 foiz 5% (Labeling)fe 4 £< (Segmentation) -

ffriz ko (Labeling)3% > > 7 L 7 & B L Bz fomi i W HH % AHm 2 P

ERTAEY LR R HH AR R F GRS T FATH T foinan
UK o
%6 AqriEfR
Chord Name Template Representation
Major Triad <0, 4, 7>
Dom7 <0, 4,7, 10>
Minor Triad <0, 3, 7>
Half Diminished 7th <0, 3, 6, 10>
Diminished Triad <0, 3, 6>
Fully Diminished 7th <0, 3, 6, 9>

7L %k o Algorithm for Chordal Analysis [12]
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#6 ¢ RAIIE iy g L Wenfp g o s e A UK BA e
$1P% & 809 19K 45F & 8 5|00 L 2 B Pitch Class 3 12 lE,“: i]l{«j\l{:&“‘ o004 =
Fraz k3 > {0, 4, THEA T fosz p = B F 974D £ TEEAE > T AU ¥ E%,I}ﬁj; W iﬂt{o 4
T3 AL 5,83, {26, 9. %+ = B 0 ST BRI S Bl G R &%

== o

d 3 fesz ik g 2 - B 5 B 4e(Note On) 2t i & (Note Off) s = > Fpt )
* iR #3%‘ #= #73 9 Note On /Off 8 <_% — 1 4~ L] g:(Partition Point) » 2 B 11 % &) > 3%
iai\fll u;;— ’7“ f@ié}%]g‘!;o

L &
N
g
Ly

g F

AL

B 11 ~3gkT & B

BERE L ¥ A ELE AR N ae e & fa 4 & g L E blacE 11
T4 A BABE T s AT ((1,2)(2,3)(3,4)(4,5)(5,6)) ~ ((1,2,3)(3,4,5)(5,6)) ~
((1,2,3,4)(456))--% » Flotdeodk = B A BBEL 6] 7 ig e 305 6+5+4+3+2+1 48 -

PEEEAS B BN S
S=P—(M+N) (6)

H9 S & s P(Positive Evidence) R EE RN IR AT Bt e
By o 8 > M(Misses) it & ML At P afei iR ) o R AR E N o

# P 4> N(Negative Evidence) f* % M IR Bz p > X IR AT Gt $Fenfoizfiixe
TREERE -

IPEEY - Rl Sl R A S e ﬁ?fﬁfﬁiﬁﬁﬁﬁj/v\ﬁx’ Bl 11 5 6 > BRI At ¥
FEE L 1 frdies BA BB E S PRI AR L AR SRF G 2
5% (A Minor Triad: 9,0,4) » iz p IR a5 a{C4 E4, C5, D5, E5} > #t¥ R T e £ 5 {3,
31,11} Fls CAfrEA chB R E R ESAR T 14BN = Bl & FfEd

-18-



% 3 C5 D5 E5RI#miz} Ak e ] 5 > FIMHEE S 1o v B
P=Weight(C4)+Weight(E4) +Weight(C5)+Weight(E5)=3+3+1+1=8 » N=Weight(D5)=1>M=1 >
7 3] S=8-(1+1)=6 -

FERAFEL LD N Bl &7 K& £ A B (Segmentation)sh1 1T o hie B
> ¢ E"H’}F [ e P 5 LA S

FAFRE:-BF o MOTHEE TR EBARBRY - BRSBTS E R
@AR AT Bheng B if o

Bl 12 ~LHEE L RE T LR

d 3t PRy T AL B dio FltE BT 1 s ks AR E
f"t‘—%l B3k IJ_‘E.%é-% BN HLr—‘J- mvfg‘é‘ s /}ﬁ';;;i\rg A4 q\:i\b imﬂfraéi AN S '\ M J‘Jﬁ_rr_'f
kg ook adyh- FhF o/ & a*ﬂiﬂgﬁ’»'im/QﬂEA“ ;e

tF B E ehds i L3 (Dynamic Programming) % ¥ ¢ > Relaxation ;# & ;£ 3 8% &
E L7 a SLE IEIE W 3 = Wil o SRR CS Fmvév’f TRFEERFSRGE
Bt o T i H % B 13 5 b EP Relaxation jf B 2 4o i i 0T o

4 B13 ¢ 7 54 - REPHEF oL - Aed AR NEH Ik ApEAt

41%54#5@/%«:@&» —kﬁ;iﬂ FERM > 2B A PRI EE R 2 T A
j\‘;m? /w\’}%,:\.y‘ug ¢ Iéyi ]B;/:ﬁ'n _L °
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Fl- F&d oimd @ H mfl—"f#_(—l{\_"’fr’ﬁ‘m]”r #) - H— H2 ;f#:h‘}g—g—’\ i
TR PRI B ERRE w4 W % o

$x @ Schenker #& 11— G k sien®d i = 5% fL % Schenkerian Analysis[13] -
BAEA S SR ARG R AT e 3 00— - et S ke 2
WP ER T OUAE I PAET MUATT > APE T RGBS T R
Schenkerian Analysis > 12 2 r2 3 A 4] * F 7557 ¥ Schenkerian Analysis =i+ %34 i K
AL R e

2.4.1 Schenkerian Analysis

Schenkerian Analysis » 47 = 3% 3= 24 4 % Foreground ~ Middleground §= Background
= farFE[13] -

# 7 Foreground £4p = 2 KRG i en@ o 24T E T I A4 frsz i & KR
4 5 1#5 I?ﬁﬂ'r* faAp ki XTI K Gl X F Y F ap kb Fli X3
Fp oY F 46 nh MITASX a8 P chgfEd R0 Y kbt > Foup Y

2 ’s,ﬁf“ /}E‘“ fo s T L= 7 Middleground- m Mlddlegroundx BrREET A Erend f o
PRI S 3 po a9 j\mj’l&q\ﬁ‘ iFTg i iﬁ.ﬁé—%ﬁ&{Background Y T*u
Ly o

# 7  Schenkerian Analysis # 27 %, B

Foreground (& 4 » )
i —
#zﬁ % = FI_. > —-——-—'
Y] —
| - -
i — _— oS
D s | | Y
—
G:1 & I
Middleground
. 3—prgﬁ N N
Y|
L -
G I . 1
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Tom Pankhurst’s Guide to Schenkerian Analysis [13]

Schenkerian Analysis 8225 % S8 f§ B » & 2§ L3 #3329 it
R SR I B

oo N S E s
ORI F AT s

A 114 4 Schenkerian Analysis % 383% 41 1% % #p
[ N

2.4.2 Automated Schenkerian Analysis

2.4.2.1 IVI Algorithm

IVI ;& & ;2 2.4 Philip. B. Kirlin = Paul E. Utgoff # 2008 & #7% % cigh < ¢ & e
p & it Schenkerian Analysis /& & iz [14] - § &

\:’l\é -

% VI ek #7]&_Schenkerian Analysis *#
Ak A ‘]5'3"’ ik i V-l itk i H afesz e o

IVI Algorithm 41 * B & = ;% %5 4 Schenkerian Analysis »
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2.4.2.2 SchenkeR Algorithm

SchenkeR Algorithm &_Christy Keele t+_ 2006 & #7# 1 evp # Schenkerian Analysis
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MIDI File

MDI Parser

AMSA

Music Analysis

Analysis
Results

B 15 kAl ARM

Bl 15 & siinAe@l Y > A fpe g ﬁﬂﬁi%]%ﬁ};?#f% * MIDI #% > H32d aiphirry @ ¢
Bif o P A EmEp o

i~ MIDIhR 2§ A2 - B2 A% QAPEFAH > BEF NI RiEF #
AT s TAREFG S L

MU A BRI R RS B - BN AEM #4478 sfe MIDI A
Ripsfima P @ iv 3§ #af 82 AMSA o "s XL o

7

R TR R i
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3.1 % #4+2 MIDI ## 4 &

: ; Analysis
MIDI File
FSC Files Resulf
J J
|/O Module |/O Module
Get Header Infomation :
: Pitch
Pitch Range Distribution
: Pitch Transfer Melody
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Onset Pitch Vel Dur Cha
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3.1.3 Key Finding
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3.2 AMSA
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3.2.3 AMSA i i* 4B ¢ 583
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If (abs(nl-n3) =3 or4)
if (n2<nl and n2>n3)
n2->weight --;
elseif ( n2>nl and n2<n3)
n2->weight --;
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If(nl=n3)
if( abs(n2-nl) < 2 and n2! =n1)
n2->weight--;
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start = n1;
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flag=1; //#IEF Tl T 47
if(n1-n2<0)
flag=-1;
while(n1t =n2 and 0<(n1-n2)*flag < 2)
{
end=nl=n2;
n2=n2->next;
count++;
}
if( count>=4)
{
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while( temp! =end )
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}
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3.2.7 AMSA §j i B : 3

% & (Duration)+ E_{x & & ¢ %ﬂa— CEF EYRED] AT RBTRA ST
#fww%w%mxgm £ : ' é—,ﬁ?f‘u{ @»‘3 SRS U'J"*
RE L wi *{m?%w » Bl (T ;’ﬁt T Fﬁ B

m‘fr'f,; o Bl IZQ% IE‘};}' EJ » S 'FB*‘J—’E"' fﬁ; £ }i

FHPBLGELAPEH NG ER T P3RBT RERELLEI F LI D
$E- BARE - F 37 6l5

#:Efmm ) = T3
lf!l'\ b | I I —

) ———

[y

o

— -1 -1-1-1-1-1-1-1-1-1-1 -1 -1 0
= 1 1111111111 0 0 0
E 0 -1-1-1-1-1-1-1-1-10 0 0 0
- 0 0-1-1-1-1-1-1-1-10 0 0 0
=

% 0 0 00O0-1-10-1-10 0 0 0

2 344455 -455-2 -1 1 0

FRAR3T Y AN FEEES 2R P KBRS AF R T AR
PIFEY 2R RRE T RFORE RAERIZ o A5 R 2 A RRIARE
SN

AR AL THOR A FINL AP AN N E B L 6 Hioe
BEREFTAFe » £ 7 IR 52 BFEE(0,-1, -2 Xk Ton L > 4o 38 #7

-40 -



Total Level = 6 2 -3 -4-4 455 455 -2 -1

Defult Level = 3

m
S LT
LY
Level 0 =0, -1 1 -1-2-2 -2-22.222-1 0 0 0
Level -1 =-2, -3
Level -2 = -4, -5
~

fl 38 | £;ﬁ§§i§934||

Lo

ol

Bt L

ol

dopt - RRT T HHREE 0 AP BB NG E B

BE 3N

3.2.8 AMSA : # G

M EHE Y - B HF P AMSA @it anife 0 iz PR Y T a B BRTE
T”‘z’é E"’ (BWV 1041)‘5‘;7.;5! ¢ - fl} J‘TL-F;; jigﬁ_‘pg o

dNiEBHEAPR TG DR BERARE S TP G R Y =3
EREGIN S FF AL A AP A E TR S R AT T TS R
% E 455 P k2] o

-41 -



Rhythm

e fe
= ot e o [ TFIFrFey,

11

N>

0-2-1-20-2-1-20-2-1-20-2-1-2 0-2-1-20-2-1-20-2-1-20-2-1-2

Passing Note

A £ . - e - -
i — e o i i '—mc'qv_p?
i W W — — z o -
|IJ' 1 } ! 1 I|: I 1 !
Y - , = —

-1-1-100000-1-1-10000 00-1-1-1-1-10-10-1-10000D

Neighbor Note

4 o 'a_h fas # - -
i 1 I | I
| ] 1 F 1  — I '—mq >
i\’m{—) I_! | : I_! F — I_! | | - | |
o ! === |
000000-10 0000 00-10 0-100 000-10-1000000
Scale
o) e B fe * * e
i I I | 1 > !
r’n{: !_! 1 F ! !_! P II: !_| ] ] - 1 ]
D) ! = m—==
0-1-1-100000-1-1-10000 00-1-1-1-1-10 00-1-1000 0
B 39 AMSA fj it 42§ b
307 F gL SN BB aRERL > N2 SR B
[
A e e, te ® e
ee T Feret re, = T PFrrr,,
!J . ] —] = —] 1

0-4-3-40-2-2-20-4-3-40-2-2-2 0-3 -3-4 -2-4-3-3-1-3-340-2-1-2

40 AMSA i #FHEERES

-42 -




B 40 ¢ e € A4 Arupu T RES-43]-1 REESE -

Threshold = -4

!

E‘E
T
™
I
i
By
L]
P

Threshold = -3

p_ &
+Ji—g—rrr
CRES S s

(3

11‘_—-*

aE ]

]
are
| teld
st

- f!

-1

-1
[ TT™

Threshold = -2

M
]
N
L
Ly
L
L
Ly
Ly
Ly
L
Ly
Ly
L
Ly
L
Ly
L
Ly
L
Ly
L
k]
e
el
e
_‘
-l
e

4] s - #. [
| i T ) & & | & & & F & & & 1, & a W PR 6 W W & 6 & 6 6 & 6 & W
\;-::J' i =4 i i ;’ i I I I i
B4l AMSA fij o 6] & R B4 %
d G ERT LR AN ISR R E  RFAP L AR AR

AR AL SR PHERRES-3,-2F A2 2% AT AL LB
’_/‘L‘Efﬁo?\ﬁxg‘:\j‘/@éi"} —E’—l]}ﬂ;%{a-&r%_ﬂfj'\ﬂ mgﬁj,L,jr;}?léﬁ”&%zQﬁ_ ﬂ};{i
AL G -

RE> 0§ B E B 5 “)I‘mwi THEDE 0 AT KRB
BRETANEEET Al 5 HNREF LT RE  FRAPRD T - BEEPERE
s

-43-



3.2.9 AMSA : Dynamic Threshold
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Title Composer Key
Op.599 — 99 Czerny B Major
Op.599 — 98 Czerny C Major
Op.599 — 96 Czerny D Major
Op.599 — 95 Czerny A Major
Op.599 — 94 Czerny E Major
Op.599 — 93 Czerny Ab Major
Op.599 — 92 Czerny C Major
Op.599 - 91 Czerny G Major
Op.599 - 90 Czerny G Major
Op.599 — 89 Czerny G Major
Op.599 — 88 Czerny Bb Major
Op.599 — 87 Czerny F Major
Op.599 — 85 Czerny D Major
Op.599 — 83 Czerny Bb Major
Op.599 — 81 Czerny C Major
Op.599 - 80 Czerny C Major
Op.599 - 79 Czerny Bb Major
Op.599 — 78 Czerny F Major
Op.599 — 77 Czerny A Major
Op.599 - 76 Czerny G Major
Op.599 - 75 Czerny Eb Major
Op.599 — 74 Czerny C Major
Op.599 - 71 Czerny F Major
Op.599 — 69 Czerny D Major
Op.599 — 68 Czerny C Major
Op.599 — 67 Czerny F Major
Op.599 — 66 Czerny A Major
Op.599 - 65 Czerny D Major
Op.599 - 64 Czerny Bb Major
Op.599 - 61 Czerny C Major
Op.599 - 60 Czerny F Major
Op.599 — 59 Czerny G Major
Op.599 - 58 Czerny C Major
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Op.599 — 57 Czerny C Major
Op.599 — 56 Czerny F Major
Op.599 — 53 Czerny Bb Major
Op.599 — 52 Czerny D Major
Op.599 - 51 Czerny D Major
Op.599 — 50 Czerny D Major
Op.599 — 49 Czerny Bb Major
Op.599 — 48 Czerny Bb Major
Op.599 — 47 Czerny F Major
Op.599 — 46 Czerny C Major
Op.599 — 45 Czerny G Major
Op.599 - 44 Czerny C Major
Op.599 — 43 Czerny C Major
Op.599 — 42 Czerny F Major
Op.599 — 41 Czerny G Major
Op.599 - 40 Czerny F Major
Op.599 — 39 Czerny G Major
Op.599 — 38 Czerny C Major
Op.599 — 37 Czerny C Major
Op.599 — 36 Czerny C Major
Op.599 — 35 Czerny C Major
Op.599 — 34 Czerny C Major
Op.599 - 33 Czerny C Major
Op.599 — 32 Czerny C Major
Op.599 - 30 Czerny C Major
Op.599 - 29 Czerny C Major
Op.599 - 28 Czerny C Major
Op.599 - 27 Czerny C Major
Nocturne No.1 —Part 1 Chopin Bb Minor
Nocturne No.1 — Part 2 Chopin Db Major
Nocturne No.1 — Part 3 Chopin Bb Minor
Nocturne No.2 Chopin Eb Major
Nocturne No.4 — Part 1 Chopin F Major
Nocturne No.4 — Part 2 Chopin F Minor
Nocturne No.4 — Part 3 Chopin F Major
Nocturne No.5 Chopin F# Major
Nocturne No.8 Chopin Db Major
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Nocturne No.9 Chopin B Major
Nocturne No.10 —Part 1 | Chopin Ab Major
Nocturne No.10 —Part 2 | Chopin F# Minor
Nocturne No.10 — Part 3 | Chopin Ab Major
Nocturne No.11 —Part 1 | Chopin G Minor
Nocturne No.11 —Part 2 | Chopin Eb Major
Nocturne No.11 —Part 3 | Chopin G Minor
Variation K. 265 — Part 1 | Mozart C Major
Variation K. 265 — Part 2 | Mozart C Minor
Variation K. 265 — Part 3 | Mozart C Major
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Book

Title

Tonal Harmony

EX5-17 Mozart ,Sonata K.284, 111

Tonal Harmony

EX7-17 Haydn, Sonata NO35, 1

Tonal Harmony

EX7-18 Haydn, Sonata N0.35,111

Tonal Harmony

EX8-1 Haydn, Sonata N0.33 111

Tonal Harmony

EX8-18 Beathoven,Rondo,0P51,NO1

Tonal Harmony

EX11-5 Schumann, Scherzo Op.32

Tonal Harmony

EX12-3 Haydn, Sonata N0.35,1

Tonal Harmony

EX13-17 Mozart, Sonata K.309.111

Tonal Harmony

EX7-19 Bach, Als Vierzig Tag nach Ostern

Tonal Harmony

EX13-13 Mozart,Sonata K570 11

Tonal Harmony

EX13-21 Beethoven, Sonata Op13,11

Tonal Harmony

EX 10-10 Haydn, Sonata No.15, 11 25-28

Tonal Harmony

Self Test 10-1(2) Mozart, Sonata K. 284, 11 16

Tonal Harmony

EX 11-2 P1

Tonal Harmony

EX 11-2 P2

Tonal Harmony

EX11-3

Tonal Harmony

EX12-10 Schumann, Reaper's Song, OP.68
NO.18

Tonal Harmony

EX13-3(a)

Tonal Harmony

EX13-5 Schubert, Quartet, Op.post., |

Tonal Harmony

EX13-12 Bach, Sinfonia No.9

Tonal Harmony

EX11-1 Schubert, Fruhlingstraum, Op.89, No.11

Harmony & Voice
Leading

EX7-12 st G I ARF % d 5w #

>

3

Harmony & Voice
Leading

EX9-13 Mozart 4% FF % 7§+ K310 % - & 3%

Harmony & Voice
Leading

EX9-25 &% =~ R # 4 ,OP6-5

Harmony & Voice
Leading

EX12-6 4 ingF, @4 D.935
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