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Abstract

Along with the development of computer science, a large variety of re-
search attempts to externalize human intuition, such as natural language
understanding. Since music has similar aspects to natural language, we
should consider applying the approaches of natural language processing
(NLP) also to music, however, we need to take care of unique features
that are different from language. Music is made from multiple normative
structures, e.g., harmonic structure, metrical structure, and so on. Among
existing structures, we focus on the theory of functional harmony that reg-
ulates the role of chords, and decides the key. Especially, we expect that
the harmonic analysis and the key determination can be processed simul-
taneously as one and the same effort.

In the area of computational music research, the key detection and the
function of chords acquisition have been researched independently. The
key detection algorithms are mainly based on histogram of the pitch classes
which referred as the key-profile, representing the importance of each pitch
class in a key. The key-profile is originally obtained by a psychological
experiment. Recent studies show that it can be learned statistically. Al-
though the histogram based key detection algorithms are widely used, they
need to specify the scope on the score for applying the algorithm.

An existing previous work employs the distance between chords such as
Tonal Pitch Space (TPS) rather than the pitch classes. The key is detected
by the Viterbi algorithm, not requiring a fixed scope. TPS defines the
distance between chords in a uniform way, and thus, cannot consider the
difference of music styles.

Statistical learning is a solution to consider the difference of music styles.
Previous research found the function of chords, achieved statistically.
There are two mainstreams, the classification of chords and generative
modeling. Generative models are more advantageous because of their
predictive power, and can be applied to many applications.

Generative models are, in general, difficult to fix the appropriate size,
such as the number of hidden states of the Hidden Markov Model (HMM).
Although the perplexity of the output probability is prone to decrease when



the number of hidden states of HMM increases, a larger number of them
may be not always meaningful.

This research presents a new approach. We consider the performance
of the key detection when obtaining the model size. In this research, we
employ two algorithms: the generative modeling of the function of chords,
and the key detection using the set partitioning problem. We use the choral
pieces written by J.S.Bach as our dataset.

We modeled the function of chords of major key and minor key by HMM,
and investigated the number of hidden states among 2 and 12. To learn the
models, we transposed all the major keys to C-major, while all the minor
ones to a-minor. A thousand different initial values were tested to learn
the parameters, and the optimal values are ranked by the perplexity.

The result shows that the minimum perplexity of output probabilities
decreases along with the increase of the number of hidden states. While
the distances of the optimal values also increase along with the number of
hidden states. This suggests that there would be many optimal values in
the parameter space and it is difficult to fix a robust solution when the
number of hidden states is large.

We apply the proposed key detection algorithm to obtain the appropriate
number of hidden states. To this purpose, we select a key to maximize the
log output probability, calculated by the obtained HMM. The pitch of
target chord sequence is transposed to a possible set of candidate keys,
among which one that is the nearest either to C-major or to a-minor would
be chosen.

The algorithm above can select one optimal key to one target chord
sequence. Using the set partitioning algorithm is a solution to detect mod-
ulations, so that we can obtain the optimal key blocks to one target chord
sequence. The function of chords should work well to detect a key, espe-
cially when there are modulations in the target sequences. To investigate
the appropriate model size, the sum of log probabilities of detected key
blocks of all pieces in dataset is used. The obtained result shows that the
model with 6 hidden states is best for both of major and minor keys.

The major key parameters with 3 hidden states are very similar to the



knowledge of the functional harmony theory, resulting the hidden state of
Tonic, that of Dominant, and that of Subdominant. However, the chords
are classified into finer-grained functions, up to 6 hidden states. When the
number of hidden states is 4, the state for Subdominant is separated into
two: {IV.ii} and {vi}, as well as the that of Dominant is separated into
{V} and {vii’} with 5 hidden states. Finally, when the number of hidden
states is 6, each chord is assigned to each hidden state.

The results of minor-scale are significantly different from that of major-
scale, hidden states correspond to Tonic and Dominant of the relative major
key are obtained when the number of hidden state is larger than 4. With 6
hidden states, in addition to Tonic, Dominant and Subdominant, the Tonic
of relative major and that of Dominant of relative major are obtained. This
result reflects the feature of choral, whose melody was composed in the
middle ages in Gregorian modes instead of modern tonalities, prior to the
harmonization by J.S.Bach, because the relative keys share the common
pitch class in Gregorian modes.

This research showed the appropriate model size of HMM by consider-
ing the performance of the key detection. In contrast to the evaluation
with perplexity, the selected number of hidden states is not large, so that
obtained parameters are meaningful. Since the parameters also reflect the
musical style of the corpus pieces, our approach has a potential to be ap-
plied different music styles, such as music in post-romanticism. In addition,
we present the new algorithm, which can detect modulation automatically
without giving fixed scope and works well since the distance between chords
have been learned statistically using the dataset.

Although we have realized the efficient performance in our research, we
need to admit that our approach could include several mistakes in key
detection, which sometimes treats small groups of chords as a modulation.
This is because HMM cannot represent more external structures such as
cadence. In the future, we will consider more sophisticated approaches, for

example, introducing dependency of music structures into model.
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1.1 HROER

Wat B E DRI, WERABORERAN & > THREFI N T E MG MG
FIRIZE VER T DI fADRRL BB THERIZZ > TS, HERFIEFEE L Ol
MUIRUVIFERBINTE Y, BRSFHEUHAROEERFIEEEZ T T, MEHTIEIZELD
HEROERPIAREINT VS HHDO—-D2THS. —FH, EEROMEITIEERIRH DS
LEHY, SFHELIFRLDEEL .

B IZH D FEOBENNIEL TS Z LIFARNDEETH DA, Thb 25 LIKRL
TOONEEFLTHD. ULNLANSL, TOEEZEEE UTIIERICEMLZLDOTHY,
WL OPOBFUZAREI N, TOHRTHERMRIEINTE 2. FTHLHFEFLMFENS 5
B, MBI RIRAMER R S50, HRINICIE TS BHDERF AL Z>Tnad. M
PP CIIRFICIIBEREMAEGRO Z & 25 5. WEEMAEMOTRIE, FAMEZML T L
WOEEIIZENT, RFOMENO S OPDERBICAHING L VIEDTHD. FED
BT RO OMFERKREEL 1L, W2 TOEIDOI L THLIND, MFEMEHT & HHE X
PV R VERRH S, TRDOOHFEREEORGN R LN 56X, MFEMTER, €
DR % FAWTHiFR ORIt 2 FVE T b b2 H T2 Z & L EARKIZFH U TH D.

EHERBZO DT T, FHE & AR ORI E I NT S 2. FHEY
VIV X A%, Krumhansl-Schmuckler[6] (2RI ND LD ICEYF I I ADLEA KNS
TUIEDSFENERTHD. ZOEYF I I ADE AT T Aid Key-profile & FEIE
A, FERISDEF I FERIC & o TER I N [6], EAEDHIZE CIEAEHIICEE M EET
HDIENHEINTND [13]. LA RNT T AR=ZADOFHUE XA HONENT NS,
HEMNUDHENREFHEEDODBENDHD LS HINDDH 5.



—7, EvF I I ATELESHMEMOEHZ HW/ZFIELHFMLET S, Sakamoto H [7]
i Tonal Pitch Spaces (TPS)[8] IZE:D < FIFMEEMZ 2 A b & U BRI ERIZL D
FEERRBEUZD, TN AN T AR HIECIXEZ Y [HE O @ R % &
B BEHZ. Tonal Pitch Space[8] (& F.Lerdhahl D& X U 72 HERT, Fl& DX
BEZEEZ2ZRUNSHEMZ K —NEATRIEVERTLILDTHL. LIALAEDND,
& R RO R IC X > TRRD L 2B 2D L, RIFIZYTIZE DDAl
Ay VHIORMIZROND WS RN H .

Mt IR 2 B BT 2 ODRED —DTHD. FTFMHEICENT, Hek
FIFBEER ORI DHETFIRIC LV ERT I D Z LR EINT WS, FIFEEREDHEHHY
FHIZERELSHIT, VAR VT EEBETND 2FHENDHD. VI AR v IN
—ZDTFETIE, Rohrmeier 5 [14] X Jacoby & [15] DWFZENH VD, FARKIZFIFEHERED
NEEEHNE LB DLEEZRD. WIND J.S.Bach 3 F —I)UER % AV, BEEERIS B
MO RAEVAGEZ T — AN HAEHIT#ER U 2. —7, Tsushima & [9] IZAEKET
)L & U T Hidden Markov Model (HMM) & & U Probabilistic Context-free Grammar
(PCFG) 2\, I—RA—ADEZON/ZRE2T—BX0Y v XOEHIZONT,
REFIFBEER ORI LIEWVEERN T O NS Z e 2 MG L T\ 5.

FONHFERBEDHGERZ PHEPL A T T 4« ANONFEM TR EDIHIIENT I L %%
ABL, VARV VI EYEERET VLD FENHR THS. Tsushima S DL
[9][10] (2 & O ZDATREMEAVRINZH, B 27 —FRIZ MW Ty 7 FHKIHAF
FETPHEMTH D DML L, FVEMANFEEIT2 G007 7Yy 7 ERITBWTHE
DFENENTH DN E D DG ORI DD, 757 A% VT FEOH L UTH
7t U7z Jacoby & DHIFETIE, fiEWFEE LT, J.S.Bach DI T —IULEFHD S LERDT
— &2ty MIBWT, £RKETIVTHS HMM % AV, RBAIREHRZ 3 L LHhidse
UTCT 7 DOEERSE 2 W58 I3 O E MG o —T5, ERE2%
LU CTH NS 2P RO LIZAR T MR e 2o X B L&
TN, [15]. U UAEH S Jacoby HDMFIZE TS HMM I3 RO ALEN 1T TH
Y, HMM O EERIZHE %2 RIF T IIAE DTN R EEAVIRBBE D EHUZ DWW THRET A3 s
HLTHD.

—fIZ, ERETMICBOT, BYIRETIVY A A% EIRTL I3 U CHETHS.
EFNHA XL IEHIAIE, HMM 12513 3 BAIREORS £ Th 5. Tsushima b [9]
HETIE, BAIVREBOMEEPTIZE NN =T 3T 03B LT abS REITENT 5
MDD 2 Z LRI NN, KREVENWREBEOETNVABT L EHEMICAEN R E
23D B LIRS RV WS RIS D 5.



1.2 fEROBH

KIFZEDHIIE, BAFHEIZENT HMM 12 & 2B X D BED DRV EEN
IRFEBCHBERIFBER DA AN ESND ZEBFONT W28 DD, LEDE S S IXER
WRBENZ T NIEZNFERL, BERRBIVREBEZ RET 2 HIENH SN TV NS
R U, BFonz HMM 2 iEfiHE Ay, TORBOND REDEGFHITE ST
REZRENWVRERZRET D L2 RE - ERTHILTHD. 74y LT, 2
— REA—=LDIRENTWEBNT T2y 7 DHEMTHS J.S.Bach DI T —IUEHZHNS.
ZTUTREFEICE D BENZNT A -2 2 EREANFEROMR LS LabY, TOR
HBEEEMINNT 3.

AHZETIE, UTFD 2250070V IT) XAEFHWS.

1. HMM (2 K B HIFE#EITFOE T ) v 7 LRGN E
2. BENEIMEZ FH W 7285301 E

HMM D328\ Tk, BAVRIEE 2-12 DA IZDWT 1000 & Y OWIEIE» 5 Zh
TNFEEEITD. FEHIIHAZ>TIE, FAMIHE» SHMT X2 FHEE JUOKIGEDO 7 L —
X&AV, Ef#fl% Cmajor 12, fEil% aminor IZBHFHT S, EFHIEIZOVTIE, ¥£HT
BONZNTA=ZZHN-HMM X WNBREEZFHEL, TNz A2T7 e ULEEAR
SEIREIC X VERFAEZTS. 22 TEHINZ HMM OENIRED/NT X — & I3
FRSER A L-NA E RD I 2 ML TE Y, I ORI 1M B RE AN % ST
TR2LWVWIEZSiZAPL—RNNIEHTEZTINIT) ALTHS.
ZUTUAFRD 2 DOE S5 HMM 12 & 2 HIFE T E TV % 34l U3ERNT 5.

1. [ UBEAVIREEE D HMM (ZX U, #IHMEIC &V Brf# %272 % 728, Tsushima 5
[9] DIFFFRIT R BV S—T L V7 112 & V) b B RHR % 341

2. 7 5 FRAUREEM O HMM (4 U, SOl 2 BARESE RIS 720, e
&PV UFICIET 2 2 RIIO B OR & 5T, 2 OIRIERE ER

PAED & 12, BEREMA QM2 ML T @S ITEH U, MAKREEOMEHITHE & ik
HET T XADHEREE — RO E UTITD 22128 ->T, HMM IZ X S HIFETE
TG % Bl B RAVIRIER 2 I, BIIN T A =2 ORTHREZHSNTT 5.
E7z, BAEISANEE U CRIFERTIZ G AT RE R BRI > A T A2 THET 5.
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2.1.1 &b
BHELIE, 1 A7 2 —THOMBRE 2SI QIR DTH D, Kex ZRHPRHE

R RERFRENRH DN, T2 T, 17THREMEDO 7 Iy 75

b, BLUTZTDOBEAL U THEREZHNTS.
I, #99—T% 12%5 UEZHIZHAN

/N

25

s

0)% WEEDD LTI
TEANIZHONONIESHE EES
EREN 211277,

F3IEL DI
FEBIIRSTVWE, AV R—T3hdE L 20T UERBN 2 EThd 5L DG
SEOREBIIZETEHELL Y2 ThY, INEEZLIER.

eRIHEETHD. BEV A

::T,;@a% yW@ﬂﬁﬁ(aﬁ%# BB R RTERE) AR LN,

ISR AL B HIE D D D, 21T \Aéﬁa%,@a%wioaﬁ PEDIE S A3

Mﬁ@%ép&“mxﬁé.&b HMEBOEIRLU AT @Y TIEAEL, ¥ 2.10 BB
DEOIETEDELDIZEETD. TNIETRIZERD BAFEZTOMENRH L2 NLTHS.
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=B (Major Scale) w|ER (Minor Scale)
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2.2 RERB LU (HR) KEE

R &P (Major Scale), 4850 (Minor Scale) IZXX 2.20i@Y TH 2. KFhs, MHEk
T2 BRELIFIEND SHEBEO - THD. 2EBIX 1 A7 X —T OSSN 75 THD
EEBO—fTHY, 2F DL EF20225L. JI2T, £2BLIFEE 220D ER
20D, EHNIIEEFIEBT UE T 2 D0 LIRS R VA, T 2 TIEEEMICIZI B A
LT ZOEHEEZHNCD. X 2.2ILBVWTEMBTRLTODHERENEYE, RBTRLTVD

BREMNEFTTH D, BRI IEFETIIZ OGS N BERDIINL, B
B, ST S IEEARY. o2, 5D 1 ATy TIEeEEo) &
DHFENDEHERLTHBY, DFY 1 ATV ITRREDIGEE L ELEDGEND > TR
HOBEGRTHETIBRNIL2EKTS. £/2, IW6DEEMIIYT ) TlReETHBI
M9 5.

TROEMRBIUOKN LR EE EBLIER, EENLEZETH 1AV X —TTH
5., FEEZIEECHA, HICITE, IITE, - VIIEEHZAS. FEICMA, VEIXE
B, IVEITEELO ORI AMERD. £/, EFEPLATEE FOE2EZ LT
O, BHEFEGARSETTIHEZFD. M 2.210R U AZESRETIEE VII 27 EHH
LRTEETNTOBRIIHDIDIIHL, HEMTIEE2E T TH)EFIZE>THARY. TO
7 OEBROBEHTIEX 2.310R T £ D12, B VI EEEE L R MENRER?
FANSND ZENEWV., XSICHEEIZBWTI, WONX2EE L~ RENESEN U
UGN,

212 B4

BELE, HEIITEBREREOZROLHTHL L TLIONERTHD. MUEEEE
TELINDZILEHDN, EHEILIEDH D E/IIH T i EaOYHNEERNH S DI T
TRV, BEHELULTOEHTIE, HIRIXET ) THNIX D TNT % M e R4
T2 BERDH DN, AV EZ—TEONOEPANEIZE >TREDBLDIZHIZ2 &\ D
WEMNS, A7 X —=TDENER—FLEZEYFISREUTOEHEHND Z LN EE
ThHd. BVHZDLEYTFIIALIEFALBEHTRINLGEDEETHD.
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ERESER (Harmonic Minor Scale)
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)

o

s T *
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E70, RUBIEMEL BoTVEZ L AHRIC, BAELEHOMAERICHLTO
FoNBOPEETHS. LEMIE T EEHTHEND, SH/IFT OHNIEARV. BIE
[l 72 44 3 E R I & 5 TRA S A, AR TIRICK RO {AB,CDEFG %H\5.
220 SN ENGIEIZ ABCDEFGA IZMYM L, —HESHIZ CDEFGABC TH
3. IHbIE, RICRRAELSICET ) CRATHBICHN T2 5ThS. T, BHIC
HRMT2BREDES CREIERVDES S ». FORARTIREME 2 < ARICELIC ¢
RhEOPTHREEE. L2528, HlRIEC LD OEOBBOTHITIE 2B DXL
RbHp. CrEFELAEDLERNECETHEL, D2 LHE LELDLEERN
IEDb THhs. ¥bbENENERICHOMIUZ E>TREY, Z0k> IZHUHEM
BOLFE T L 2 RERZ LS.

213 EZ

BERIIEEY 5 FDOEYFOEEZRTHETHD. SRIIKFEM>TERITDZEN, Hi
HiTHR AN L ICGRHES F U SN REREREL L TWDE 2L 2TERE L TRHEM
BREHBIIES>TVD., ILICHWONDIHFIIH PN RERE R 72T, LN THEHER
BERZEIZEFERLRITNIER SR,

BT, HA—0OEN1ETHD (0ELIEFERILARY). TLUT, 25K ETBYAED
2EDEBRM2ETHS. 2EREITEEHTHLINS, ERNICIZTIENS TEETO
ERMFEETDIILIRD. /2, 1 AV —T EOFLOBEFKIXEL VD (WRITA
IR —=TLnS)., ZIT, 2EMETHYE EOBERBRICEEELEENH-o -l E
Bniide, TNHZ2FAI0 2EEXRTOEFALETHS. TITHIES 2HFIIRE 2 E,
D GO EFIFH2ELRT. IEEAKICEEINDIEROELGN (25 2D DG



K&K (Major Scale) H|ER (Minor Scale)
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c b E F G A B C A8 "¢ D E F G A
RO RoE JE2E RoE ROE ROE  fEo RO fEofE RO RoE WO RoE RoE
R3E 3 R3E E3E ROE iEE
FTE4E AR TLAE TR4E
- A
REE 16
R7E HTE

2.4 HiE

(2% 1DLEEF 1 D] THEIGED2MENDHY, THTNEIE, HM3IELET. 6
g, TELFAKTHY, B6EIE 25408 F 12 IZLE6EIX 25 30k
H20), RTEIF T2E5 2512 IIRHLETEX 256 2L¥E2D] TH
5. A%, BIEIIETHENERD., 41X (2522025 12 OBAL (2% 3]
DEGENRHY, 5EIF 253 2L¥E1 D] OGAL 25 22L¥HE 2D OLAMN
Hd. 2T, 253D & [2F2D2LPFE2D] FFEF2O2TLEETHDI NS
FIFFEWZIZE<HEHUTHD. ZEES»HS 32T LREN, FRAESLINTE
EBETHD. 32HIELeERETIEIF LB (£2EB & F) OBBRIZKHLUTOALEL,
MOAEB LIS EIZRLTED ~HOBERTHD. TODI b, 3EETEREN4LED
FUSEEZINTNZERAE, TRIELRT. —F, 32HFICHYTLI4EEZH4E,
3EGFITHYTEHEEZMSELERT. ZhE3EFRIEE4ELVEFEEEEL
DEGFNZDTHD. ISR ZERO %K 2.4127R7.

214 A

A EBOEE (REBMrEEE?) L EFOMAGLEICL>TRES. XX
X 2.2ITR U ARSI, EE2C THDDT Cmajor EFEENDS. —HRIUKIZRL
G, EEN A THLDTaminor THD. ESHIIBTI2H2RAL OV, HE
BB ds#zRRAE VY. —RICRFHDGAEREE 2 RFTHIRL, MHlDGEIE
FEENLFTHEEIRT.

9, BEHO—Hl2Rd. LI 22TRUAREBOEZFIXC TH- M, EEED
Y UZEHEHE Dmajor XX 2.50 & 51285, BEEHOLY - EHEOUW T EMED /DI
MERFRGTIEZ0EHE2 D (F &£ C) THD. Dmajor ICEVWTIEHEIZF & CIZg”n
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2.6 REASTHDBNGE

BETHD-OEAELDIFERETHS. TIT, ~RIADIIITEFHLSORIZHEAS
ZREL T, BRSSP RTEMAESIEICHEHINGEDLTE2DOHETHD.
T, ZOEIIIKEGFITHUTHELRPFTEZFTANT OO TIEREIE N, TITE
T, ABSRULOBEERVTREFAEV DL TOLEFIIINEZER S, LIAT, K
ERELIIEE L EFONUN TeeeeeY) THo/, £E% C2»5 DEF--- 2L
E1HETOTHLTWKZE2EZRDEE, 2O 1AV EZ—T EFE/-IETFD CIZ
B#T2ETCHRUTCEHELRLRWI LIZERLAZW., EFIITEOILIZE-T, YRR
ERONS R L EMFIIETEN B TEI2DTHD. FE42BFLALLE, Z02H
EREDUITH UERPRENILSBEIZEDON 205D, KM 2.6IIRTEIIICEZNF
DEEE GDBAETHD. I T, RHTRUAZEFLEZOBKRE ANEZNE, E
BEEDA IR e NbND. TNEiT512lE, EENF OHBEIEBITH 2000E
B, EENGOHEIEF I 2 200ERW. GIECIIHULERSEEOEFETHZI 0
5, BBERU Z L 24D BHIERW. §2056 GIIRUEL5ELEDD 22X 5295
%, Gmajor (2 UTD72#8%5 Fi 2 AT Ff D54 5 E LD Ch 5183
HWwW., Z50U7T, M 2.5IZRU77ZED12 Dmajor OISR FE XU C & RZ2DTH 5.
FIZ<GAREBEZAHIZAKRTHZM, FIZCIKHN U2 4ELELOEFETHE—H, 147
=T EDCHOEATHESETOEFLEVZIDEIERLAZY. TROLER5ET
KHEP>TIEIZEFE2BEUFAS 2N TOIFIEL .

COBER EZETHIID LN TEDZZAD0. ZHTiE, 2200FZ/iMH3. 1D
X, TEEBOETOE LIV AZGAETRDLLIST T OETLVWIEZERZATHD. b



F B5E ..
oK 3% e 3 EDMAE
l | P

2.7 3 FIE DAL

=Dk, ZD5EDEEERITI TN L 16 DL b6 DOFPRH{FFT T R EH FY
& GhDIFEBBZDT, TNUUEITE S ANV ADRVHS CTEHENIZFE UL KRBT
XD FT6DETLVIERSTHD. BBIDEIIZ6RITRAFRFTIZET LD
iE, 5 EIFEE T OICHYTEDOT LI A Z—TDOYEH 12 L HWZETHY, 12 [/
EDETIHDEHLIIROLBNN, 6 Wb D ETOHRMMIIYZD I L IRRIETS. &2
AWEBIZIE, EATIXEIORSIEITOFT, bDFASIE6 DETHHEDLND Z 1%
V. ZTOMHIF E7 DD Cimajor 1& 4 DD Cminor &\ EEANE UM ([ FFH) 2
FAET B2 DI U, b7 DD Cbmajor I&FFFHBFEL B (Ch IE B DRAFGERDT
Bminor NHWHND) 72D LB H5ND. FEROBEEHTHEFATIE t OfSIE6 DFT, b
DFBIE T OETHNLGND Z LRE\.

RE, ZOESICERLEHRTIIEANICHUHEASZE DN 1LY, AVIZFETHR
CIEEND . EATHRIE, #lZ1E Gmajor & eminor DEABRMA ZNICH 2D, —TF, EEN
M UEHALEHOBEBREZRER LS. HEFIK FHlZIE Cmajor & Cminor DR
INZHh=5.

AREDOTREBIT, JAEO—EE2 K 2.11TRT.

2.1.5 MEDEL

MBLIX, BEER S THAGLDINEZEZDOESKRDOZ L THE., TOEKZLBDIED
CLEBRBELVD. RGO BTN U TE XY OFENH B0, 17 il ABED 2
TV I ERETREEANBZEDONIMERAETHS. MEFOREIIM 2.71RT@EY T
H3. FRIZBVWTHREBENF 2RI L0, BEICHL 3E EOBKE 2835, Hy
WU S ELEOMEEEZELIFTLND.

XL 3B IIMEETDOEEIZL>TUTE 220551208 INS.

SHEDFRED FIZHFIZHL 7TE LOMEETHLIHE 7T ELZEBMTD L, K 2.81T5R
FTEOIZTOMBOFERMNTED. 7TOFMGFITEREL 402 3HMEOMBEELES FLET S
D3 ESTEOFBEIZEI > TUTR 2.30 &S IZH0HIND. BREZDORIZEAVHAG DY
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i  major | i minor | #5E
C major a minor U
G major e minor #H{F}
D major b minor t{FC}
A major ff minor H{FCG}
E major cf minor H{FCGD}
B major gff minor t{FCGDA}
F# major df minor t{FCGDAE}
Ct major aff minor ${FCGDAEB}
F major d minor b{B}
Bb major g minor b{BE}
Eb major ¢ minor b{BEA}
Ab major f minor b{BEAD}
Db major bb minor »{BEADG}
Gb major eb minor b{BEADGC}
Cb major ab minor »{BEADGCF}

#*2.1 §ME—%

MELEIEDORTEHR | IRELHES EORIER | A
K3 & 64 5 ¥ R 3ME
¥ 3 5ee b ¥ 3
¥4 3 5 B 3 M
K3 & M5 B 3 A

2.2 3 FIE DKL HFR

1, RIGERR D ERE LD 7 ORI IZENRD.
EROKEEZMELUT3MES LT TOMEEZME T LM 2.90&512485. 22
THMAT3IMES LT 7TOME 2T 2B%E, @H2.1.1 fi TR 72HS Rk A H
WHNDd., RFLEHRTIIEAEE LONEORENELLN, MENEEREZHEVWS L
W&oT, VELEO3IHNEE VIIE LO3HENEFALFAUBEICZ>TVWSZ L, X
SIZVELEDTOMENLEIZBT LRI LIZERLEZY. ZOBT7TONEIEV OE
WUNBNT, FAERREDTOHL LS.
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BTE

W5E -
TH 3ng WIH e TOME OMRE
BE

2.8 7 OFIE DM

L 223G | BEHEHLETEORTEHRE | A4
£ 3 M K 3 i & 7 ORI
53 e K3 £ 7 0%
k9 3 M1 E 3% #FE L (B 3 RIS + B 3 1)
kG 3 R K 3 57 O
W3 M K 3 i W7 ORG
AR IR 3% BT OMNH
3 M ¥ 3 E B 7 OHE

#£2.3 7 DOMEFOEEL AW

22T, TR EOMERHEOEIFIITRESZEEIHNH DD TIEE EHOEH]
MH2N, TO—HFNZONTHERS., E3IMTFIEIRETDOZFEDORLTFIZEL>TEL, E3
MFIWEDOFTEDNLFIZLE2TET. BB, 2O ICEB EOMEILS2ETEDE
JEIZL->TRT I LIE, EAWIZZDOMENE ENDHDORNEGZ5NT VWD Z L &R
RET5. BB, FEEZRVHETHOHFEDERE LICFEET HIE, MOFE» S
ZEDDZLE VO ERTERMNZLFIEINDG Z WD D, FAKICETHZIEE 3 HIEDOE
UHIZT7T 24, G3MFIFH3IMEORL HIZT7 24D, W3 MFIXEED/NTFIT
0o ZDIFTHRL, WT7TOMBEFXINZTZMHED. HIMERFEFEDORLFIZ+ 2D1FT
KU, WTOMFIXINIZT 24D, BTOMEFEXEFEDNLFIZ 0 L TE2DIFTET.
JET7TOHEDORLULGIIE T LAMKTHDH, EEOESRIEIE LD DTHEREL V.

U EMEDOFEEIZOWTIRANTE 22, HBRICHEOHOIBIIOVWTHMELZIRNS.
X 2.7%/ 2.8D & D IZHIEDOHEEE ZIRE N OIEICEA EIF 2602 MEFOERE &
5. —f, WRSGOEFEZ ANBEZTHWS Z i HD. 3AFITEVTHE I E2REK
HICHEL 2561358 1 &sO8, 5 52 EE ICAEL 2561358 2 s 8 & 5.
TOMEFIZEWTE KT, 5 1HERA, 26 2MEAFIIMATHE 7 F 2 RO EFICHET
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a C Major 3M1&

2 = 2 Z 2 Z
(25
& & “
I ii iii v v vi vii I
£3 ISK] =3 £3 £3 13 3 £3
p @ Minor 3F1&
X 2 2 g 1
£ - [l F . 471 & P47 1
N o171 [l F .37 &7 " 1
d g % E=3 [
; ii T+ iv v VI vii i
53 3 %3 3 £3 3 W3 53
p C Major 701E =
/ Z % g 2 4 7
6y § 1§ ¢ ! |
1, i, i v, v, vi viiy I
B7 &7 57 B7 B7 17 H7 B7
p @ Minor 70H1% M
2 7 g g 1
¢ w 171 oA 1
7‘ F 371 &7 F o 1
0 i m; ; V. VI, vii ;
B3R E+E3 57 7 87 B7 R7 w7 E3FE+E3

(2.9 HRELO3IHES IO TOMNE

SHEIBOBETHS. ZNHDIEEIE 2 KAIT & 72D IEBDIREIC L DEERH 53,
ARHTIZZTND Z2XHT D Z EWEARIIAETH S -OFMIZIZIB ALY, wHEIE
FEAMIZELTHATLIED LTS,

216 MEHKEEHAT VY

AREICTITFFERREL AT VIOV TIER S, i F TITRANZHIFIIEZRTH Y slalh
EEARHRTHEDIZH L, RETENRD HIEIEHDA LA INPHNEIZHDLEDTH
U,%fb%%f@%%’%fiiéﬁwﬁi@m EIZEDD, RBHZETIFEICH
FERSREDM I FEE Z2T 5D THD. LML I I T, BEEENEBLERIZ BT SR 235
AT LUHGE hou\faﬁﬁﬁ‘é“é.

214%tht¢5:ﬁi%%@@%ti%@%*’$of&ié.%%@Eﬁﬁﬁ
UThNIE, 2FLEFTOWCIEEENED> TEMREND (XD IZHZMHRL Z). ik
2, 215 §iCRUZZB EOEZE EHEZEOEEORE, EENEboTEHRZNDS.
@ioaﬁtwamwﬁ%ﬁW&bté&% CERAMEERE WS, FMEEREIE 1T i

WCRERRNIZAR Y, TOBRORRZE U THREBHPRONTEZEDD, SHOKR
oo —FRIZHZDEFTAERBELTVS.

FHDENIEFDENTUNRNNS, FAMEEETREEES LWV EF LD 3IE (£
MEBEEND) ZHIRMNITD I ENEBEL LD, KSHMEPTIEEZHELLE D ETHH S %
OB L WV, RO 3 DIZHHEIND.
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b=v 2 (Tonic)

EMHFIREKINDHET, HOotLLRD.
KX+ bk (Dominant)

JBHEICRERINLGEHEI T, EHICRETUIMEZIHELTD.
%7 KXF 2 b (Subdominant)

JERIE OBREZMIIL/2Y, FHEITRPNETTL2E 32 D.

L EOREGIFZ—RIZING 3 DODOKEBEIZUTO LD IZEHINS. UBTNTNOHE
XERZESTT, D, SOEDIZERT I EDHD. B, ZITERERAEGFHOXNZE L F
UnERIHANLND.

B&RE FEIME | Bl 3
N=w 2 (T) I VI
k3> (D) v VII
BT RIFV R (S) vV 11

*2.4 MIERERE L 28

//// Tonic

Subdominant ——— > Dominant

2.10 FFE DFERELETT

BEREDEITIEX 210D FANIHRES L XNTWD. b=y 73 2 DDOBEREIZ HHIZ
HAITTE, YT RIF YV NEMD 2 DDBEBEIZHEITTEI DN, RIF Y bA#ITT D40
2. —f, RIFTURNEINZUZIZUNETTEIR. AN ZRE DT 25 E D
FRBACTHD. 5P, ZITREMZRLUTOARVWHEUMSRRICE X2 ETEEDAATEE
Thd. TORE, —MIZFEURENTOEZE 3 HENOH] 3 FIEFADETIZFETH DD
WXL, I3 RMIENS EE 3 FIHFADETIFHO LA,

N IO HFELUT A=Y VIZEDETOBEBEEZ LD LIRD 3 DO HHHX
Nnd.
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F£18 T DT
B2® T 5S> T
g3 T S—>D—->T

N5 3 ODMETELE —fRIZAT VYV EVIN, TV —ADRIERITHBHER, W
HERMEFHOB E 2L HEIZOBNT VYV LRI LEHD.

2.2 HMM
2.2.1 Hidden Markov Model

T OB, BUEDOREN 1 RZIRTORBOAIZ L > Tk E D & 5 BHERERD
ZeThHY, BRI TETIVIEIO LD REIVIREBOM RN ZREER (ZOMR%E
EBBIHEEL VD) &, BUEORENS DN SHOEREREZROET IV THD. T4
b, BREEZ s, HEE%2 z &RTE, —BRIBENYILITETIVIEN 2110 &
DITRD.

JE%%E$ a;

v

TR s x @

A ALHER by

X2.11 HMM

BNV ITETVICONT, 3DODMEHRENTED. 1 DHIE, EBMHER, 4R
A U2 &, WAHREFIE UTOBMGKER « R ONDHERE KD L M@ (FEI)
THhd. 2 D0HIE, EUHEER, LEERNERME LA, HhiE8 e 24U 5RE
REMEOEWRENWVREBO RS Z kO LHE (HS) THSH. 3 DHIF, Hhiss e Ui
ZHENTWERWGEIZ, REVITI A =& (BBMHERE L OEERR) 2Kk S HE (HE)
Thd.

BT, 2.2.2 i, 2.2.3 i, 2.24 HiTINSDMEDMBEDIEMEEL 25 7))V T) XA
WZDOWTEHHT 5,
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222 HIAE -&2EETF7IITYVXL

KETIE, 2.2.1 HITHRAK 1 DHOMBICHT 2METHS, BIAS - B2EXTIL
TYXLIZOWTHET 2. &3, AEEH%E z, BHUREORNE s L LL X, &
BRSNS A—2 % q, ERERSSA—2% b L UT, AR Pz, s) 3 FTHS
na.

n

P(x,s) = | [ a(se—1, s:)b(ss, ¢) (2.1)

t=1
& UHBINRS 2 CMATRARE s L BERTH 5518, (221 LAEN>TID
v s DRBHER % HTNEECOTHETHSD. —fi, s BARHTHY, HHRIIOH
R P(z) EROEVESIE, UFORUIBETHS.

P(z) =) P(=,s) (2.2)

ZD&EDRGE, ETOHRER s IZDOVWTOME MR AETHAELES LT5 L, X
BEVRBEERDL. TIT, Ple) OMBHZFEAEE LT, ANIZHHT AT E - £
AEEITINITY ALABHSNT WS,

R EH x (CH U, Rt ORNWIREN o, THIMHE P(x,sy =w;) EH5Rd L,

P(x,s; = w;) = P(x1mo -+ x4, 8¢ = w;) + P(Tyy1Tpp2 - Tnlse = wy) (2.3)

= (i) - B (i)

YORTED. 22T, (i), Bu(i) EAFOES ITEHT 2.

Q.
-

(i) E P(ximy - 24,80 = w;) (2.5)

o}
-

€

Bi(i) = P(xpqp12e42 - TnlSt = w;) (2.6)

(i) WFERINIZRD S 2 EANTE, FATTVTY ZALIENT VS, 0Bk
BT FE RS, 22T, MIST A—R% p, BEERSSA—2% q LR
RS A—R%bETH. £, BNERORERIE c THB LTS,
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/ﬁﬁr&l%wvj‘ux‘A .
stepl #HA1E

o1 (i) = pib(ws, 1) (i=1,2,---¢c)
step2 BIFETE

ar(f) = [Ximr av-1(Dai | bws, 20)
step3 HEHRETE

P(x) =32, an(i)
- J

ZIT, Step2 #HBEDDNDEDIT, an(i) 13 1 LBTOM ay (i) ZFAVT, DFY
BRI BRF] & [ 5 RIS RD 52 2 En b, BifE 7 LT ZALIFENS,
—J5, Bei) B AR EIRI R SETRDZ ZEMTES, AELUMAE T TY XA
AR & B SIS FRICE T B 2 LD, BB T TY XA LIT
N3, UFEHEOFIEE 5.

ffﬁlﬁ‘l%Y)l/j‘Ux‘A ~
stepl #HA1L

Bn(i)=1(=1,2,---¢)
step2 BIRETE

Bi(@) = 35— aib(wy, Tes1) Br1 ()

(t=1,2,--,n—1) (=12 .0c)
\ Y,

2.2.3 Viterbi 7T Y X L

AHiTIZ2.2.1 fiTRAN7 2 DHDOMBEIIN T SETH D, Viterbi ZILT Y T LITD
WCHIAT S, 2 DHORMEEIL, BBHRNT A—K, REERNT A -2 £ I1Z8H
RI x RSN FITRE WEEEDOEOVREIVIREBO RN 2 RDD L NS EDTH > 7.
AREAR 2 TD P(x,8) 23K, TOHMNS Pz, s) BWEKIZARD s %135 NAVUXREIL AR
T30, 222 HiTHRARZDEFEBIC, ZD&D BRHEEFEEIEERIZR D ARNED,
ZTIT, 20L& BMEIHT RRMNARMREL UT, BNGHEIEICE D < Viterbi 7V
T ZALDBHENT NS,

INFEFTHRARNAZZENOHERINDS & SIT, Viterbi 7V IV X AR 7 )

16



Y RZLICEB LTV, KXt ORNRED w; TdH 2 HEEDBKM P (j) =
maxs, ... s, P(@1- 24,81 Si—1, 8t =wj) EEZADE, u(j) FHRWIZFHRTES.
7z, (2 YD & ST EHERAERI 2 55T 2 72O DR U, () 2 €& T 5.

U, (j) =k = arg max{wt 1(3)ai; } (2.7)

ML EM S, Viterbi 7V IV ALDFNEIFLA N L 425,

-~ Viterbi 7V I XA ~
Stepl #IHA1E
P1(i) = pib(w;, 21)
Wy(i) =0
(i=1,2,...,c)
Step2 HIRFE
Vi (j) = max; {1045 1b(w;, 1)
Uy(j) = arg maX{wt 1(9)aij }

(t=2,3,. )(]—12..,0)
- J

2.2.4 Baum-Welch 7JL 3 X A

ARHITIE2.2.1 fiTikR7Z 3 DHDOMEIIN T HIETH S, Baum-Welch 7)LTY X
LIZOWTHHATS. §205, BHKERORITRDLL M IE S5, 5 HMM O
REBOEBHERINT A =R LENIRENSDHE N SDOEELHERINT A —RE2 AR L
FHEHTDZTNIVALATHS. 0 2HETNINIA-LOELGL LT, WEBOLEREEK
J(0) =InY(x,s;0) EmKIZT 20 2 RkdDDmAMEHEE2EZERAD. ZOBEBUIZ—MIZ
IR TR Z KD 5NN 20 EM 7V IV ALIZ & 2B RREZ VWS, EM 7V
TV XA, J(0) D& S 7% log-sum BLOBIEIZH U sum-log BLD FRRAE % Eil U T D&
KAEEFTD FETHY, HBEEIL Q(0,0PY) = B P(s|x;0°"")In P(x,s;0) L725.
WETHINEINTIA—L (BBMHEE A = {a;;}, BBUEE B = {b;}, VIR p = {p;})
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Q(0,0"") = " P(s|a; 67"") In P(s) (2.8)

n—1
+ Z P(s|x; 0P"") Z Ina(se, St41)
s t=1

+ ) P(s|la; 077) Y Inb(sy, x¢) (2.9)
K] t=1
= Q(A,07) + Q(B,0"") + Q(p, 7"") (2.10)

D& BI AN KALTE D, FATY T T A, B, pldBEiOATY STk
28T A—& grrev InLBEHARETH Y, TOMREIRD AT Y TOFHFEIHND Z LT
BRI ZLTD.

ZIZT, Q(A, 077, Q(B,0PY), Q(p,0P7Y) AL T2/ A =2 %KD D /-
DOWEREE LT, 222 HiTHEALZ au(i), B(i) 2 BUHWS. ZhbIMA, UFOD
&(i,7) ZBAT L. N, IBHESH ¢ OFMEDE LT, Kt ORNIRED w; 22D
%t + 1 ORIIREN w; THIMELREZRT.

..\ def
§i(i,7) = P(st = wi, sp41 = wj|) (2.11)

—J, Rl x &, KH ¢ ORIIRED w; OZ ¢ + 1 ORAIVRER w;, TH D
[l R =R I,

P(s; = wj, 8141 =wj, @) = Pz 24,8t = w;) - P(siy1 = wj|sy =w;)  (2.12)
P(@es1]sepr = wj) - P(Tego - Tnlsiy1 = wj)
= a(i)a;jb(wj, xi41)Bi1(7) (2.13)

THDEMH, P(sy =w;,si41 = wj|x)P(x) = P(st = wi, St41 = wj, x) DEFREY,

a(i)a;;b(wj, xe41)Ber1(J)

&(1,7) = - : 2.14
t(J) > anli) (2.14)
X5z, W% ¢ TR w; 1DV BHER v,(i) 2BATZ L, HHAI,
(@) = &(i,5) (2.15)
j=1

Thd.
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INBEHOT,QA, 7<) R4S ay = 1 DL L TRKAIZT S a;;,Q(B, 67)
Y bk =1DEETERRIZTD bjg, Q(p,0PV) & >0  pi=1D8ETHRKIZ
T2 plk, TNTNIUATRLRD.

Sy 61(i.7)

Aij = (2.16)
Zt 1 %( )
Zt L au(i)a fgn fprev.(wj7$t+1)/3t+1(j) (2.17)
Zt:l i (7) By (7)
i O ve) e (4)
ik = > () (2.18)
_ i O, vk)aa (4)Be ()
D ST CAT) (2.19)
@)
() (220)
o a(@B(i)
- 25_1%(» (221)

PLEIZE D, Baum-Welch 73V ZAIZE D ISSG A= % RODFIEIFLL TR 5.

-~ Baum-Welch 7))V T3 X A ~

stepl #HA1L
aij, bik, pi DYWL

step2 BIRETE
Gy, by, pi OIEETRTH(21T), (2.19), (22012 LEmS>TRIDS, =2
T, a(i), Boli) RENENFAS T L TY XA, BAFET IV TY LA &

DRDDB.

step3 BHT
Step2 THR/ZMET/NIA—X % affe” = aij, b];;e” =bjg, PV =p IT&Y
HHID.

step4 #IE

SPBOREE In P(2]0) = In Y0 o, (1) ASEFTRT & bR T a5 72 Bl & D 54>

AN FUTPR E AR L, €5 TRIFIUE Step2 IR D.
. J

Baum-Welch 7V IV XAl HMM OZ 4 U2 EOERNFIETH LA, TITH
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WH5ND EM 73V ZAAFHIERZER G2 LB O T WS, J[AfROME%
[ 5 Hike LT, FTAYY ) 7 % fv/z BayselanHMM™23% 5. HMM &
HRSHEUHOEEIEMBHOSTTCLRXUVIEFHNONTHY, ZO4ETIHEM 70T
D ALDIIMEDORE TR WMEEZ E 25X BN/~ F [11], FTAFY )V 712k D
BaysianHMM 2N @ AtfEDORE % FIEEL, EM 7L 3V XA THERED BViE % K
L7zl W |EINTND [12]. 727U, BaysianHMM T HF DA% 5 2 2 BENDH
2L, REFTBGEISMRAE I NANZ LICERETIHENRH D,

23 HKE0EHEE
231 HBEESBE{LOEM

BHREL L L, BXONHNREEZTATHEL, BRBEESf(x) DEZRKE7/2IE
B/MIT D REE e OEZROTSMETHD. ZDLS 8 ¢ 2 RBRE LT, itE
EHE—DGEE HNITEBE IZERICFLETLIHEEHD. Z05 LEKEFEMER,
RTOEBNPERTH DL DT, IRKEi TR B HEE5 70 FIMEIF G B EDO —FET
Hb.

232 £E&2EIRBE&E

EHEDEMEL, EHROERLTOBEZESGHES LUOKEEGOAIT £/2IF A MNE
ZONEHIZ, RTOEENESGOENMZ L EIZITEEND LD EMET, BEN-HE
BOIANOKRHZHR/NEZIZATTORAZRAIZTIMETHS.

CITHFZEOESAE M ={1,2,...m}, MAEEOEEEZ N ={1,2,..,n} £75.
¥/, i€ S B8ba; =1, T>5THRINE ay =0 25 ay; 2 ERITE D74
A= (a;) BBATD. 35T, ¢j=(v1,...,2,) ZjeX BDIFEx; =1, TS>TARY
N z; =0 L BRDPELEBET DL, EENHIMEX0-1 BHEGHEMEL UTeAbT
5.

LYY SN e85 2 08U ER BRI OV T ZOBEBAERT LIy YV T RFH<I
AT7F—VEVTHNVEED—FE
*2 )85 XA — X DHERMEREZEAL - HMM
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CNE ] il

HINZEH: S0 cjay — BN (¢ AR DOEE), WK (¢ AT DHE)
HRIZAE: Y ajay = 1,4 € M,y € {0,1},j € N
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ST SE

3.1 FEHKEFE DT

A CIIRFEEREEFEDLITMEIIOVWTIERRNS, 2.1.6 fiThRR~ZXDIZ, MEKLE
IEEBTIER S BHDZAZAINPHNRIZEADDEDTHS. HIFEBEEEDOHKIHNZEHIZIER
ELHTTIIARY) VI LERET VD 2 FHENH 5.

311 73R5 VT ZRAWHEREEDOHRMZ L2

Rohrmeier 5 [14] (2 J.S.Bach D 4 =327 —)b&zxRe L, EHFELEHZHMEIC, v
F 5 Ay hOEST (kTS5 2 DOEY F 275 ADER) 1[THTSRE Y T A XS
#iro7z. TORER, RFHEHLE ICREBEELR I I AZIIRIF VY METEREBTDH D
EMREINAZ, —FEHFATIE, FITERAICHY T I A0 BN 2 L HEX
Nnrz.

Jacoby & [15] 5827 F ARV ¥V 7 & HW-HIFEKEED D HHZ T > 7208, [l &
DE, VIARN VT %FDZTTRLEETINEEMHI LEMID 2 AL 65T Z &
ZIRELTWD., HERUSEHZITORNS, HOIRMFOHEREGREZRX—AL LW D
MOETIZZOFMEFEEZFEHAL 2. ETNVOEMIDPARETHNIXE-EI N E Y &
WANRWE WS BRI S itz i< &, REFTLSZREF L2 BHEL 7~ 7 DO EkE
Al & Uz5E, MEBEE TDS (Tonic, Dominant, Sub-dominant) 2 & % 73383 &%
BHRR EICAEL, —AT3MEOME (K3 ME, M3 &, W3 HE) [ZL08E
BOEHhAR % MR Y FmE2 Z e nhorz. 72, BEAUSBEIIEWTE, #7573V 3
DHHFRERIZ TDS 12 & 2 S BITHO TEWWZ & AR E Xz,
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3.1.2 HMM ZRAW/-HIE#EEDHEN L LEE

HiEi Cik N7z 2 DDWZEE, Jacoby 5 DEw [15] TEKRINTWD K SIZ, FIFHEBEE
ONEEHKE ULEZEDTH > THEBE TNV TRV SRR L IZHEARRICR RS, —
Ji, Tsushima 5 D% [9] TIXERTE TNV OBAN S HERBEOBHT R L FE %247 > T
Wb, ERETFINE LT HMM 8 LU PCFG 2V, FEDOMER, I—RRX—LDEZ
ENERE 2T —B L0V v RO OV THEBERSHZRORANE SN D Z L 24
LT3,

2.2.4 HiITHALZLS1Z, HMM % W2 BREEMEF O LB CIX, HEOREZ K
9 25 72017 BayesianHMM % F\W 72 HIER EM 7V 3D AL & B fiE& D & X 0F
ERERLZZEMREINTWS., £ T, Tsushima SIEHY YT VST VT %
W7z BayesianHMM 12 & 2 HikE EM 70V 3 ) AADN G THEEEITOZTOFERZ L
U 7ZM, ZZTlE, BayesianHMM & EM 7))L 31 XA CHEEGEROMERE ICHHE R %
BIIBR Mo ENREINT NS,

F72, H5IE HMM 215 THR< PCFG ETNMIZDOWTHERZT>TWD. ERE
TNE U TCHIEREFEZITO> 22X, AOT 1 AOHBEMNIT LW ZIEEWVIGH Z#
BLTOZETHY, TDLDBBAD»S PCFG ETFNIEKBEH ARG E2ZETI AN
HMM XD EENTNWDEEZOLNDZOTHS. ULAUABNRSHEKEDOFEIZEAL T
X, PCFG IZT AT —ZDNN—=T VL5710 B8LUPLT —ROBIHT, mamDMie% iz
U2 ETIE HMM % EF > 72800, %< 054G HMM & FBEEDOWHRETHY, &
DELBRDGEEH o EWMEINT VS, £/ PCFG D/ A —=ZDHIHHLIZDOWT
&, HMM THEU72/87 A =22 X2 WHMLICBEE R IR N H S Z L biro 7z, —HA,
FEU-HMM 8 LU PCFG E7WMIZ &2 A 0T 4 ANOHIFEN T TlX, PCFG » HMM
% LEDMEREZ ML 2 L WG I TS [10].

3.2 HE¥IEDIITHI
321 BERNTSLR—ZROFAHETILITY X A

FPHE T )V T ALADOH TERY MBI ZRFIEE, CvF I I 2D AT 5 AITHD<
LDOTHD. LA T AR-ADOHREER, HMMPOEYFIIADCANT T L%EI
FL, ZOHERETICHDHEERTTS. AN T AR=ADFHEITH < M HirhbhT
Y, W TRE L <HS5N72E DIZ Krumhansl-Schmuckler 7V T XA [6] 3 5.
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Krumhansl-Schmuckler 7V 3V X A TIROHLEERDKE R IZ LV 3FHEFS /2 Key-profile
EHINSF/OENIZEANT T LAOMHBBREICEVFEAZHETD. TOFERE L, HERE
W ORDOMEF ZENE, SMBREVRH SN UOBMNEZEH e ENZITHFEMLTWS
MEBAIEDLENDEDTHS. 25 L THRLNAZEHOD Key-profile 2% 3.112, &
D Key-profile %% 3.21277R77. RIZBEWTIX Cmajor B & U aminor IZAFRIE TV
B0, ZOMEERDOEFICEDEIBFAL THNS.

c|c | D |Dt| E| F | Ft| G |Ct| A | At B
6.35 | 2.33 | 3.48 | 2.33 | 4.38 | 4.09 | 2.52 | 5.19 | 2.39 | 3.66 | 2.29 | 2.88

#3.1 Krumhansl-Schmuckler 7 ) 31 X2 Major Key-profile

A |Af| B| C|C| D |Dié| E | F | Ft | G | Gt
6.33 | 2.68 | 3.52 | 5.38 | 2.6 | 3.53 | 2.54 | 4.75 | 3.98 | 2.69 | 3.34 | 3.17

#3.2  Krumhansl-Schmuckler 7 )V 31 X2 Minor Key-profile

ZDHETIE, Key-profile BH 5N UG INTH Y LD AL A )LD I E IS
UDHWERENHS. TI T, Hu 5 [13] & Latent Dirichlet Allocation(LDA) (252 <
Key-profile D ¥ E ZEL T\W5. ULMLULEANRSL, THWHEARNT T ALAR—ZADFILT
EH 5P UDDNREFAZ DD HENH D720, FFRIEFAEZ VR Y M TRR
5 LIETER.

322 MEFEBEMORKERERRRBRICEDCHHE7 LT XL

Sakamoto 5 [7T] IZFHI— RAEZLNTWEHEIZDWT, F. Lerdhahl DRk L
7= Tonal Pitch Space (TPS)[8] IZ&D <M &Mz 2 A b & U RERBHERIZE D
PPHERIRELUZ., ZOHER, EETIEHASHIEEHRAME LTV, RFA R
ENHBETHDRIZENT, AN TARN—ADHELIIRBLEDTHD.

TPS (TSR 2 €8T 5 20DHmTHD. TPS TIEEY, UFDK D ICHE
NOBRFZOEEEER 5 BEDOL XIUIHITE. LARVOEI DN WIEEEEED R NG
Thd.

Levela =0 C (F&) --- octave level
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Levelb=1 G (J&8%) --- fifth level
Level c =2 E (EM&HEMAKE) --- triadic level
Level d =3 &HREMEKE - diatonic level

Level e = 4 PEFHBEREAKE .- chromatic level

# 3B BEDOLRIVDEX %R,

(a) C

(b)y C G

(c) C E G

@ C D E F a A B
(e C Cg/Db D Dg/Eb E F Ff/Gb G Gf/Ab A Af/Bb B
p/c 0 1 2 3 4 5 6 7 8 9 10 11

#33 EVvFIITADL R)VDEX

—h, FEEHOFIIEZDZ L, £ 3IIIRUAZEIDEREY 7 IEEI LI
WIGT2H, V7 MEETOIRZ IR L 72K, 5225 B EADOBHTALL EMENS
BHEANDOBEREIROAEBN DR LS. T2 T, MEMOKEHZ 5 EOBE) % [
IR R U722 + ¥ 7 NRTBROIRDZER (27 NEHZHART LU RO 23> 726 D
D) LEHTD.

PAEIEFE UFHDWERIZ B 1 2 M EMEHEETH 248, FARIC Z 2035 MZF OB DN T
EFABORDOLL % HMIZNET 5. HE5OBOE L, 2.1.4 HiThRRAZESIZHE 1
DOMRMEZD 5 EDOBENIIXIEL TS, X512, FASOERENPKIVEEIZRNLT
I, ZZTIEEMAERARRND, EMEA LR LY FANY ICHHRERHE EET 5.

ZDEDITUTEZREINZ TPS OFFMEEH %= £ £ 12, Sakamoto HlE5 X 6/
—RRA—=LFNIRU, i x I—RE2A—LDMAEGHOEICE D EM/ — RE24EKL, T—
R — L F 2RO MO AR E D72 < R 2 FAD 25 % F R T 2 bR R M
& UT, Viterbi 70V ) ALK AIEEZRELZ. ULAER>TIDOFREIIENT
I, # x I—=RE2A—LDMAEDLEEIREBORL 2D, REELPLVHEIRERIZZ V.
F72, REWICHREHEEERD 5P UOBREINZEDTH S 720, 5E ETOBHDE
P73 O B O AR 2 R IZH) AND Z e TES A Y M23H D KiHE, FakHH
EINTND Z &I &Y BRI K D EBRADKIEEITDITIE, TNHITHE L 257~
RERIHER L T K DS OE B LT 2 BN TEL T 5.
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Y Tan ~r
4

a4 B

BREEAHIE A FAWHEETENRTET
IDETFTILY A4 XER

41 BHE

AWF7E Tld Hidden Markov Model (HMM) IZ & ) fMIFEEIT2ET Y V7L, TDFEH
215 L BT, BHNZ HMM /8T A —& L EE 5 EIFE 2 W 2583 1 > A7 A
ZRELUTESGL, TORMRELNSNBILEDAFHI & > T HMM D& FRAVIRTE
BEPRET L. AMFEIIATD 3 DDATY TInbR5.

1. HMM (2 X2 RIFETDOET Y v 7 LHfiEHNYE

2. BENEIFEZ FW 72

3. BRI HIEDFIRE 5 NS N EDAF 2 RADENREBETILRL, &E ROV
AVIRTEE % 3R

HMM & #E£450HREO LB/ IC OV TIF2.2.1 fib L 02.3 @i TR R~0, LD
HiTIEZ NS 0GR % IGH U 72 ARBF5ED BAR R FIEIZOWTHHT 5.

42 HMEHEDOHEI® LZEE
421 HMMICL Z2HFEEITOERET IV

AW TIE, B 4. 1138 & S ICHIFEREEE (Tonic, Dominant &) % #if# U 7 FE4VIRRE
s¢ MOMEBOFE x, PHERKNH DI NBIHII D L5 HMM % FHWT, BHlFEHR T
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HDHEH O FEEREDBRIERINT A — 2 B X OHIFEBERED S OIS O HiERINS
A—& % Baum-Welch 7))V IV AL THET S, T 2T [HIEBEREZ R L ZRAIVIREE)

JE@‘IE$ aj
BT x: @
AL by

4.1 HMM (2 k2 HIFE#ETET IV

ERANZDI, RETIVIPEREMAEET IV E L EML, FEHINDEIVIRED/IST A —
AINHEBEEE R T e 2 fF 9220 THD. ULLLANS, ZORNIREBIXHTIZ ]
O EFIHERZRET D HDTIFAR.

BRAVIREBEUIFRTIIEE T 2 BN D B 7260, AW TIXERIVIREEEL 2-12 DA T DWW
TERBREITRD. §805, fl R ILRIIRIEED 4 DE AL, BBAIIREE s, € {w1, ws, w3, wy}
ThHd. —H, B 2O TIX, ARFETIEFAHEANDIGH % 3 F X Diatonic Scale
FEO3IMEAMRERLTD. TRDLLEFITEOTIER 4.1TRT XD ITHERAREIX T
DTHDHN, WRHIZBEWTIH2.1.1 HiTHhRARZ KD VII F2 %5 BI85 5T
BROGEOHAVBHNOND 2, TOMAIZE>TEL S DHEEZMEHELE 4.2155R7
10 Mg 2 MR EER & U 7.

k 1 2 3 4 5 6 7

name | C major | D minor | E minor | F major | G major | A minor | B diminished

symbol I ii® iii v v vi vii®

F4.1 RHEOHEEMNE

k 1 2 3 4 5 6 7 8 9 10
name | A minor | B diminished | C major | C augmented | D minor | E minor | E major | F major | G major | Gf diminished
symbol i ii° IIT urt iv v \% VI VII vii®

F4.2 MO E

27



422 WHEMEDRE

2.2.4 fiTNAZ LD IZEM 7T ALDRITEFTEREMRTH Y, YIMHEOREE L%
7%, D72 Tsusima 5 DJEATH5E [9] Tldk BayesianHMM (2 & V) J& A i s fif % k1 %
77O —F L EM 7I)VI) XADM % FEBRU TN, 856N ROVEREIBHE 528 5%
FBMmoZEME LTS, TR EIHIZ, A TIEEM 7)VTY XA (Baum-Welch
T TYV ZL) %ZHNT Ny [HOWIHAED SR E ER L, TOHNSHBITRARD K
& VR R RIS . 722 UNIFBREDBRB IR IL T v & AWML L, HIFERE
RED O DR E DL BIHERIZ—FR I T 28D LT 5.

423 [SFrAED

B EITMED NS Njpgy DI85 A—=RIZDOWT, [6 UBRAR IR D 272 2 R R IZ
X UTIE, Tsushima & DMEATHZE [9] 1285V, TOMWREEZRIDORA—=TLF>F 11
Lo THITS. RIDS—TLFYF 1 PIRRIIOHEALE In P(x|0) 75 (4.1)I2 5
STEHEING. ULENST, MEAERKIVEESA—TLEFVF AT VLS B
BN DH D, TIT, x BNRORH, 0 1FFHINFINTA—ZTHD.

P — exp (—%MP(MO)) (4.1)

D= NAY A ZADPUINIW2, T—REFEHAEFMAICD T2 2 ENTIRVR, 7
BRIZIE T VA LR HIET 2% 1 DORFNTERE LU THWD DI U, FHMiRIE 1 dhis
WA—=T VXV T 1 23 HELUTDEE %2 L > THEHMG U 7.

4.3 ERREMRNT
431 HMM #FIBELAERBUETILITY XA

EEPITE W THERERIE RN &1, R DT 2 FAMERHTOMEEICEB L THmd 3
HEDOZ L TH5. HMM IZ & BHEEEERIFEETIVOBUMHI L FE 27550, THEY d
28 (B 2 1E Gmajor) ZKE UK, HIFFEETIZONTE > L ER/BAEEDEHN
BERED R % BARIKIZEIRTE 2. WICHMEZHE T2 I3 LEORE B R5ET
VEERTIERV. TAhROE, BRI TOATY T THHIEEITS.

1. SHE Z T2 W OFIE R TH 2 DT, KO (21X Gmajor) ZKE L
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72 ET C major IZHEFHT 2 (G 25 C DEDZIFRIEHROE Y F2BI7T D).
O EETORIHUTITD. 22, ERCHEFATIXETLVLIMETH S -
b, EHAAL, HHEEAIICOWTEHEEZITS.

2. 1. THEB U ZHOBEMETIIH L, HMM IZ &) RFIOMBRELZGEL, &E
WNELEDOEHE OO TH S LHET S, #HlZIX, Gmajor ZIKEL T
Cmajor IZB L 2RI DN RENRE G0 > 7286, TOHiE Gmajor TH
5 EHETD.

ZZT, FRIARRDFE BA L% KE LT Cmajor NDOBHZITS &, WERFEIC
GEENBOHENELEENDD. Lo T, 4.2.1 HiThAR/Z LD IZEH « DEAIZ
Diatonic Scale EDOFIFZ L L TWEH, ZHIZEEINRVERINEL D Z & &85, AR
HIZEENZROVHF IZRNTRHERE 2R NI 22, 3 &R (Major, Minor, Diminish,
Augmented) DFERGKE IZB U TXHBEE DR PV T 0 21155, TOEME, Ih
SOMENEDOFATIIMEMET L RY) 52570 THs. BB, SHFELOTOHELE N
WZEEND. —F, 3FERUAOIERESRA S ICEUTIE, FUHORE T TROEMNIZE
UR2HETHIHENELL, RFPIT A IFMAELU B,

432 SEDITRMEICK 2EmRAYIE

HERHE 70y 758U, £70Y 7 THBEERKEZRDHFHETOTOY DL
TRREDE L, £V I ONBILEDOHMNRKRIZED LSBTy 7 D5aE %K
HLHMEE LT, EHEZET LT D, ZUXHDES DRSS RS (T 2)
ThHdEOR, EENEMEORNGELABESD. DF Y, BHRN 21x92324T5... T,
PUEL S, BARAOBRIZA)EAS. ZTTAY IORMESIEA LF 5.

{:L‘la x2,I3, .I‘4}, {x% x3,T4, I5}, ceey {xn—3a Tp—2,Tn—1, xn}a
{.’Bl, X2,T3,T4, ZU5}, {5172, x3,T4,Ts5, x6}7 veey {xn—lla Tn—-3,Tn—-2,Tn—1, xn}v
(4.2)

{x17$27 7ITL}

INSEDHT, ISIEHDEENR 120710y ZIZOMET DA OEWEEFHEE I
BIrd 70y I nEoEME RS, DFD 2T, »E2HENITESTERDLLHEIERD
TOY ZIZEBLTEEND 2 2HT LAV, ZHREHEAOIEIZOWT, HE—DFHH
DM THND I L 2EKRTD. ULARoT, 78 7 0EOEMIIHZIEELTD & S %
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LEDTHD.
{$17I2, Z3, 1’4}, {51347 L6, L7, T8, L9, L10, 55’11}, {1’12, Z13,L14, xn}

2T, 7y 2ol EY (T4abL EOFITIX zyrsrerrrstorioriy R E) 12D
WT HMM 2 W THE L E%2kDS. ZDe X, ZOHhR55%4.3.1 BiCThR7zS
ETHEHZITV, REABLE N GWHEZ O 7Oy 70 UTGERL, FAIZZOX
BREZ™RS. 250 THTRY 7 ONBRELFAPG LN BT, EHSHIREIZ2.3.2
HIRRZBEBEHBEEE UT, 70y 70N BEEOMNRE RE< RS L>5 70y
D E RGN T .

4.4 HMM BERNIKREEDIEIR

25U T42 HiR U2 & D ITEBI DOBRAVIREEEIC S 1T D FIF#ITE T IVDINT A —4
FEHEN=T VXY T o I & D BB ORFTEERP AR Y, 4.3 BilIRU 7z HiE
THHEU 7 HMM % W75 E N RE L > /2. £ 2T, FRENVREBIZEWTHR/N
DNR=TV XV T4 bR A=R e, T =2 2RI UlsdHE 217752 -5
TAERONBEEDOMZEHAE TS, §4abb, MEREOHIHRE /NS <2 DENIRER
PREOETIVE UTERT .
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X

B HE

RER &SR

5.1 ¥—4%+twv bk

F—& & LT JS.Bach DIEfMEF S BWV253-438 1A END 4maT7—NDH>H, E
FHAsith 04 th, O 68 & H WS, 727U, HIFEHERE/SS XA — XTI TIZ
WARZHEIZ &Y, Efosdh 83 i, oSkl 47 dhx v /-,

MAEKRETE T, BICE—MRICEFANE END 72d, —MRICTAFTIZU 203> 725
ZINETEDEE I L —REKIGT7 L —ADAZH, EFHBLOEHOITIN—TT LI
ETOHIZOVWT INZER LU THERMNZ/ES. 70—, I7—MZENWTT L —
ADFEYY) ZRT 7 IV —REMENDEEZPHEINTNDE Zend, Nz HNT
TV —AXYY) 255, HIEIC XD FEERADOKELZEL, RADOODBEHIZIVHE
LRI CHEBERR L, 8T -2 U THWS.

37 —)VIESEI;ME eI ME M T2 U2RIThy, HnEDTIERFHOREEL &GN
%728, —EIZEHORROFEY AT LD EEZ T -FHABORENAONSE. T I T,
ZET—ZIZBEWTIKFIBME &K TS, EFTIEE 12 Cmajor, FHiTIZE I
Aminor THDIEDIZREL 2. X512, TT7—=NIZBVWTIREAILT 1 &1k & TFIEN S
kAR DSV S ND 2 E MR TH S, ZAUTEF DI B\ TRESE D O /S
DAKEIHETHDLIAREIHEIELZ2EDTHD. MEBEDEET—XIZBN
TIHEZDOEINTARIEZ 3 FEFICEI MR WM AT o7, HHOFE T —RIEZD
BEIMZEEZB U ETHEBE X OREED L £ 12 Aminor THREDZ 2 THW/-.

HIFEBSBEDFE 7 — 2B il B OMEILRIE, EFANEK 5.1, HiFMNE 5.2T
Holz. WHATIZEZOEAMES 2 TOMAEDLDEEH LG L UTHWAZIZEEDS
T, BRIV ELOHINERHZ e Bb0nd. 72, HMHATIRETHOEME T
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H5 Cmajor DHBILEENEH NI L EFHIREITHD. BN ZFEETHIENEE I
Aminor THI3EDIZFBT—RZEo~IZEEHHLLT, 7L —ANTOETHADER
NEEINTWVWDL I EIREBIND.

JERL | F1E 44 bk
1 | Cmajor(I) 0.3050
2 | Gmajor(V) 0.1956
3 | Dminor(ii) 0.1235
4 | Aminor(vi) 0.1076
5 | Fmajor(IV) 0.0957
6 | Bdiminished(vii®) | 0.0544
7 | Eminor(iii) 0.0437
- Others 0.0745

5.1 A EOMKILE (BH)

NERL | F1E 44 Hesk
1 | Aminor(i) 0.2859
2 | Emajor(V) 0.1494
3 | Cmajor(III) 0.0791
4 | Bdiminished(ii®) | 0.0722
5 | Dminor(IV) 0.0623
6 | Gmajor(VII) 0.0613
7 | Gfdiminished(vii®) | 0.0524
8 | Fmajor(VI) 0.0514
9 | Eminor(v) 0.0346
10 | Caugmented(IITT) | 0.0208
- Others 0.1306

#5.2 WG S O ELE ()
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5.2 FMEMBEDHEIAR LEE
5.2.1 WHEMEDRTE & BAROTE

HMM DFEAVIRFEE 2-12 DIFAITDOWT, FBERIVIREBHEIZH L4.2.2 fi TRz Ak
IZHRED N = 1000 § 45 1000 DEA S #HED S Baum-Welch 7))V I) A A2 &
DR E SRz, 5N N fEDINT A—=RI1Z3 U, 4.2.3 HilRR7z & 5128750
DN—=TV XV F 4 25HHL, N—=TLFT T NS WIEIZIENA T &2 17785 7.

XLIEONEZRERBEDOIES DE 2T AND20OIZ, N—=T VL FT T 12X VEM TS
N7z BAL 20 EDINT A =8I U, KRR T 2N 5OEEREZ 1 DO
VIR MV ARZL, K-Means 7 7 AZV VT %4>/, > hoA Rix, =TV
*VT 4 PRGNS CEFROERERNT A =2 Bt = by, 2HV, BTFO b, b
DEDIBEBNREOBZIFHEL . 22T 5 IFBIWVRERS, kI ERS2ET.

b8 = (bélﬂb(l)%”' 7bék)
bi = (bilabb?"' 7b%k)

(5.1)
b; = (b}hb%% U 7b}k)

Z U D Fnf# € FIRRIZ, &RIVIREBIT IR T & ERMERITHDIT2 R ML & AR
U, BICEZELZELYMOA RIZH LTI ITIAR) VT %72, 2L TNA—=TLF
VT4 EACTIEMA UZZBO S b EAL 20 IS L2 I AR ) VY 7 &T70N, Y
Mo NITHT S ZF R 2 B U2, BRHERTINIS U TE RIZHR AR 20 & [FERk
DI %17 > /=

RFoNFERIE, LTFOMEAIZxRU 7.

o [EAVIREEEIMZ MEENR—T L VT I3/ (K 5.1)
o BIVIREBENZL MEIEELNZ/NTA=ZADIELEDEITRIV (K 5.2)

TROLLBENVREEDIKEI T I L LE L CRHURRENIELNRSRY, SN=TLFY
TADARIE > TRERNREBEE L VIZERWET DI LIIHENRH D Z LHIREBI N,
ZDEDIZREE UTIEBEAIRIEED K E WV &G IEEE DS 3B L, EA7 20 R /8
T A= RDHEBEINI KR T2, EHEHFEOEINIEFATIEARL, FRIEE
FHDBRAVIRFER 6 1IN WEZ R LTV 5.
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Major Minor

5.0
7.0
4.8 4
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4.6
> >
=2 =
H s 6.0
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Q Q
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N
o
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»
o
w
=]

# of hidden states # of hidden states

B5.1 BRARER L ST L FT T4

Major Minor

—&— transition: A
1 —®- emission: B

0.10 1 —@— transition: A
—&- emission: B

o
=
N

0.08

°
=
5}

o

o

®
L

0.06

average squared distances of top-20 parameters

average squared distances of top-20 parameters
o
o
o

0.04 4
- 0.04 4
-
0.02 4
0.02 4
’ N 4
/ N /
‘. e —1
0.00 4 - it 2 0.00
2 4 6 8 10 12 2 4 6 8 10 12
# of hidden states # of hidden states

B5.2  BRAVIREEHER & /85 A — X DRI

522 RNIKREE 3 ICH T HHEEMAENR & OB

EZAT, BREEMAEHRIZEWVWTIE, 2.1.6 HiThRRZLSICHEOBIEEZ b=y ¥
(T), RIFY L D), ¥7TRIFVK (S) D3 2HEL TS, EHDOBENIREL 3
DIERDS>BRENN—TVLFIT L DNINEDIE, K 5.3D&D 12857, &ZFENIRE
O FFESHOMREZ RS L, BB TIXI, BAVRE 1 TIEV, BRIREE 2 Tldii
PREKILA>TVWD., K-oT, BAREOIX =y, BIREBLIZRIF VN, B

MREE2IZH T RIF Y MOEVEDIZE S TS, BENIREBOEBRERIZBNTE, R
RFYNB IV ZIZHETUR TR, Y7 RIFYRIPRIF Y MIEGFURPTOVAR
CHREM AR L OFUEA R OND . BIVIREBOEBHERIZE W TH UIRERIADER
MEDOTALRNDIE, FILEIZEWTH U B AR E2EE T 551 —RDEDE LT
o=k 73>$3%b’cméc‘:%7167h%>.
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0.0 -

hidden state so
m

1.0
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0.6

0.4

0.29
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1 i iooIvov vioovii

emission x

hidden state s1
(S)
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oIV Vv vioviic
emission x

1.0

0.8

0.6

0.4

0.2

0.0 -

hidden state sz
(D)

i IVV viovil
emission x

10 1.0 1.0
hidden state so hidden state s1 hidden state sz
08 (T) 0os] D-T (S) 081 (D)
T—S
0.6 0.6 0.6 1 S—D
0.4 T-D 0.4 041 ST
D—S
0.2 0.2 0.2 S-S
ToT DD
0.0 - 0.0 - 0.0
0 1 2 0 1 2 0 1 2
hidden state s hidden state s hidden state s
7, [\, =g o — =
M5.3 BRAVIREEB 3 D/8F A—& (Ei#)

— i CRSBEFIAEBR CIIEIEINT VWS RIF Y ML Y T RIF YV MAITHY T 51
R, DBEVERLEFEL TSI ENRELNE., ZHE VIR =Y 7 EDEF TR
IFVIDOHIZELSHBLTWS Z L LG H D AR H D, BERERIEHRIZH VT
FRIEIZBITD VIIE =y 72 ARRINED, YT RIFVIPRIF YV IAETFTS
BEOHFTIEY T RIF VY RNEART I DL,

FHIERERIC £ 2RVKEEORER
AR & A EHRONBLEAS

FHE TR ONZMRONBRED R TOREMDOEGEHE, K 5.41TRT KD ITEHO%E
HED &G, WIRDOREMODOEGET L EIZRENREBE 6 PR AKTH o7z, T IT, JHEIFH
BRI UTITD ZEPHBTH DN, FRAKITTIET S BWRININ UL A 7 Ef
AT LG R %2 B9 2720, 2-12 DEZRZBPNWREENOFEH T —RIZEEND
WHETIIODWTHEZTOME E, HiiE5.1 filCHHLZ7 oy —&RE5Ic&k) 7
V=KX Y > T %2178 > 72, EFLEATHMECERDHDDIET =2y MNIE
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