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HaWET 5. 22T, HEMEE SRAYSE0BHA
R U TAZRIE, BLUOEEE Y X LOMBEMKF%
WO ANEZRD, O VI TET L 2BET 5.
X 51T, FRFIO BT E SHEEREED T 5 % X 5 W
BEETFNERETS, ZNE - DODAXAIVGEHREEE
TIDOBERZIZH B HBOMEEME 2 BRI FE T 20
<NVIT7ETFTIV (HMM) 2HWTEET 5. BETLHF
HOSR%E EBEHG S L CERRIO I VRS,

AWFEDEZFERIZROE D TH 5.
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%, —HRMEOE < BUFRIZIHOE > 72 5B A R A IVE
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REETNVITER LI T Wi o 7z,

o FREPHMIIIIR Y XL EDERD D AR AN ERZ
BERSIEE TILOH 2 L EEE

o N LT —XRAMIERMN & T — X7 L THEROH
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2.1 RIAINEHORETWERNL
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A0 F A =GR (Dmns Smn) )M 2 LTSN
5. ZZT, pon EmBHONGO n BFHOEZETH D,
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). ZZTIREHEDD 4/4 1O 2 |\, HERERE
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| Sy VX 16 BEFHD 1/3 DRSO THAT S, £
72, ARANEBRTIEENHANDOERHLEER/ROA 2
R—THPNIRI-ND LIKNET S, ZORKEDE & T,
S pyn 1 EA 7 B =T NOMHMMETH 2D Ty F o7 T A
Gmn € {0, ..., 11} (Gnn = pmn mod 12) THLU, HEFEHFH]
Som NN OFHET S 2 THARIGLE ] by € {0, -+, 4T}
(bmn = Smn mod 48) THRIT ZEMNTEB. koTAH
Fa = X 13 X = (G, bn)Y)M_ 2RI N D, AR
TA—DARANVEBDFIEL, HEEHRAXAANVIIET
5ZBA0T 4 — X ZHEOSHEARAIVIZET BHERK
AVF 4 = X = ((Gonn, b)Y )M N2 2T BT LT
VAL UTERING., BEFLVWARANEBO KBTS
e UT, ERIAEHEOZZ A NVIZA®TEZ L, B&
U AN L2 NCER2R L ohEZ D D%
ERB.

ZDFEREIZBWTIX, 28l X RE5E X 5K
DHERF X Ok P(X|X) 2ET LT 5. $aHEhim
R [23] LFkEIZ, ZOMEEE P(X|X) < PL(X)Pp(X|X)
ORI B, 22T, PR TEEEEETIV] 2EL, Py
i TREET V] 2RT. HESHEETVITHBEDO A
RANDRFEBETRTZ7-DDEDTH Y, WMEETTINVIX
S X LB X & OWAEOBEME % 3T 572D
HEDTHB.

2.2 BEREZETN

Y52 I 2ADRINATBMNETIVE LT, By F 7
AN 27 ET) (Pitch-class Markov Model; PcMM)
EEZDL. N, PSR P(gn = q L EBHR
Plgon = qld,,, = ¢) &0 EHLEINS. LAFNTIE,
Gmn D—OHDER % ¢, (FARRIZ ), BE) &RTI &
29 5. HRRZ, HEINEICST AN ETILE LT, #IH
MR P(by = b) & BBMER P(byy, = 0|1, =0)IT&D
EERINB[FI~INL T T7ETI (Metrical Markov Model;
MetMM) [32,33] 2% 2 5.

EEmeVALOMEKGFER 2R 2720, Yy F o
FALIHHNMEDEZEM %2 F X T PcMM & MetMM
EHlAGDLESD. BRBHRIL P(gmn, bmn | Gons Onn) =
U( s O Gmns b)) ERSIND. PARETI, JEMERRE
BT B 72, WIIRERIZHRINIZE PRV, FRRICE
HINDEO LI N\, TOE TV OIREEZERMIE
DOWRFENE | & A E I IE T 5 h—F A St x St |k
DT L AR50, ZOEFIVE [h=FA7) a7
E5 )] (Torus Markov Model; TMM) &R, TMM T
I EN Ry F 7 7 AKX I D728, 11K
DINATETNTENIORSBEDRFMEIRZ S
5 EiTEREI N,

Bl (o XKFERREEY 7 ) Limdl (Hho—
DREFNZEEY 7 ) 25835720, F/ATMRTAEE
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B 2 TSTMMixM O¥EZFEHNT A=K, ZET— XN SEHINARENR 2 DOHEELEET
MIZRUT, LYY F 27 5 ABBHRMETRINTVS. KT IEHFZXH

NEEBEOAFNEA SN T VS,
MWRINTWVS.

km €1{0,...,11} Z&/NHim 2 L TEHRT 5. HlZAIE,
kw = 0 BNElZRTH, k, =2 X=E#lzR7. #AZE
BTN I TETIN Pk lkm_1) XD EBRINDE EF X
5&, TMM I IZIRD &S IZHEETE 5.

P(kmzk“ﬂm_l :k/)zﬁk/k (1)
P(ana brnn | Q;nm b;nm km) = \IJ(km)(Q;nn7 b;nn; dmn bmn)
(2)

B EE2ROTIATENRT A —X2EBRMAT B 7
B, EED L€ {0,..., 11} ITHLT, RDXS ICEFILA
T A= ZITH U TN 2T

3)
(4)

Tk'k = T(k'+£)(k+L)

TR (¢ ¥5q,0) = WHETO (¢ + 4,859+ £,b)

727U, EvF oI AB L OHFHERIL 12 21k LTERT S
LDLT 5. ZOETNEBIEF TMM (Transposition-
Symmetric TM; TSTMM) & FER. BFXNHFE PcMM % A
FRIZEZRTE 3.

1ZETHMUZEY, H2HTF TV —DOFRITETHFEP
VDALDE—=RPWLDODHEI AL, ZNHDE—
R TSTMM D #7285 A —XETHRBETE S L E %
T, MNIZLIZE—NE B pm € {1,...,Nu} ZEHAT 2
L TRAEETNVEMEET 5. £E— NI LT E, TR
IND 120BHREEZS. EBERIZIRO X S5 I2ER
IN5.
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P(pm = pkm =k|pm-1 = p/vk'm—l = kl) = Tp'k’ ,pk

(5)
P(gmn, bmn | %Innv b;n'rupm = p, km = k)

= WP (gl Vs G byn) (6)

CITHERB) L (4) LA BEAEEET. o
DETNVIE TBHAH N —F A VI TEAEET IV
(Transposition-Symmetric Torus Markov Mixture Model;
TSTMMixM) EIER. ZHhZND TSTMM Eaht Pr(X)
IS 5.

TSTMMixMs (& EM 7)L3U X4 [34] 12 & 0 Bififize L
THHETE5. FHZIET v XL b % [H X 505, Bk
BIZ ZNTIFEE U BRWREAMRZEL 2 Z L g h o7z,
Z 2T, BN PcMM DREAE T IV E MetMM DiRAE
TNERZIZESTEELT, 2o &AW T TSTMMixMs
EHIHMLT 2 kR WS,

2.3 BEIAIMNIINOZEFR

WL ODRDFHET — X H 6 I /- TSTMMixM H3X]
I NT WD, T—=XDON, IRy T, 753y oH
B, HBOT XL T, #FlE 31HitdRs. 2
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R, arEEEHEELTHONZEDTHSH, Hick->
TIF4AEDRTEE2EE Aﬁ%é’t%ﬁﬁ#ﬁ#%ﬁ#

5. ‘FP‘OF%E%VC HiEk b & bfiﬂbﬂé TR ELYE
BEIEWE TR S . Uk [35] CTIABRERE I i 2
Eog (V) 2680558k @iiﬁb‘ﬂaa[‘%?ﬁ‘%ég

EMBIEINTVWED, M2 DRI —-HTEED
THY, ANEHOEMHFEFHWRWET— X722 50
DI X DHERDEON-L EX D, F-EAXETIE, Z
NSDOEHEDOMICHIERZFE CRERSTSEEAIHONE Z
EERTEINTVED, SHESNZHERIIZDOETH—
HBLTWD

UEDHMHIZRZ L D1Z, SROTF—XhoZEFB I N
“F‘é’iﬂ%’“eifi<%ﬂbm#%®f§)0 TR 5
HEHRINDZZLETFTHETELD, #AOIRLBEL BN
F—=ANOEER L TCINSDEETELZ LITERFAT S
T 5. £72, ETIVIEEBOBEE2FET 5720 T
3K, EEOBBMEERP) XA OBBESIERL TS
D, SBOMEDBFELVAZI VOSBRSS HTWS
LEZ5.

R h73) —DFRT—EPo8LE) XLDAR
ANEEETE (MR — [36] DATHMLE R 2 2 ]).
WZIE, 75y 7 ERDARANTIEEHEDOF VY b
MEIXRIAD ETREHEIIRZZ—HT, IRy 7D
RANTIEZFD LIRS RWZ N0 h o7z, ZhdkE
DARANTY Yy aAR=yaryPRLIRLVIEENS Z L 2K
ML 7-%RTH 5.

24 REETIV

S AT T 1+ —DER v=(q,b) BEEHA BT T 1+ —D
G 2=(q,b) AIST B, TR BEREIC D < TG
MEET IV IHIRTEHINS.

(qug)exp (i <b2—0§>2> -
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3 MHEETIVCHIREN D EFOHER

22T, ZREMIIYY F 77 AL MIMEDEMTER
ENBDTHY, 0, L 0, IFAT—IWNFTA—XTH5.

Z OHMIRET T IE, BHCEERZ U OB E TIRRAER
B ERD. FIZE, "NEROATT 1+ — 2O E—
Riz&#d 20, @WidERA T T+ —DF e LT EH
WEITH, BRiEZFe L GaEEHAVoNS EE NN 5.
UL, BHfEEETIVTIE, SO MNEHE % R/
TEH2HDE L TCAEHAD L VIIMMOEHANEIIN, EHFD
D R EOMEREDE VRN WGE R ETL
5.

ZOMEERRRT 720, EROMEMEEEEL -
WRREETIVEBET S, T— X0 oH iR L TEN
D FERSEE 2 MR T 572012, SCHk [37) TRESI WS
EERINHT S, ZOAETIE, E5OMEEERTEER
% £ D HMM % RAIBSTAR, BB ATHIZE S W o 72k
BB NBE P VS EREACVTEET 5. BEREL
Zmn € {1,..., Ny} 23038 (Np 13 570 U dHd 5
REOMTH D), Z0O HMM IFBBHER P(zmn|2,,) &
HITHER P(gon|2mn) 12 & D EHBIND. ZH 5 ORERIE
TSTMMixM DffE# P(q|q) ZiEBLT 5 L5 IZDEND.

ZODARANEDRIMEETNVEHBKT 572D, Z
DETNE ZDDOMNHEREZRD XS ICIEIET 2. #oi
S DA XA VT B P(gun|zmn) THY, 54
FHREZZ A AT B PG |2mn) TH S (3). kil
DOfGEREZRTETNEZEESHT 20D, BHEREEZOD
EBHEE P(zmnlzl,,) DD ARAVTIHAET S, ZH
5 DIERIX P(qlq') & P(qq) DRI ZELT 5 & 512k

SOoND. TOET MLV IROMGEEMEEBHTE 5.
PF(X|X Z HPan|Zmn) P(z]q) (8)

ZZT, 2= (2mn) BLT G= (Gon) TH 5. L£LD_F
HORFET7 AT =R - Ny 27 —=RK7)LTYXLITLD
HETES.

BT RO EF N LB KO ET IV E
FEALT, MOLDIZ THRMEETIV] 2EHKT 5.

PE(X|5(/) o8 IDF()(L)?)O[1 H IDD(q’mn|£j’n’7/n)a2PD(b’mn‘grnn)a3
22T Pp(qlg) & Pp(blb) EX (7)) D 20K FEEL,
%%:E%}l/@%;} a1, (9, BJ:U‘Otg 725\%;)\[/7’—:
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£ #REbE F F#{GJAb/ABb B 2 CCH#DEbE F F#GAbABbB

L (To) BRRIAI (EHEER) T (To) U5 v o BERSAI (RER)
B4 “HROFTEAXA MK U THEE SN WEMHER P(qlg). K

WEARRELEREEZRLTWVWD

WMEETVDOEHINIZNTA—ZOHZM 41277
B — <y FIEHER P(q|q) o< >, Plq|z)P(glz)r}
ERUTVWD (nf i3 2 DFESM). Ao TlX, EE
%#674%—%@ﬁﬁﬁﬁmwgﬁ®5%%fbfg
D, IFETHF (227) | 2799 bhE (2h2o
b)_7y7éMTvégk#ETWMé Z R E
BIZESIRRLERS. HHOKTIE, AVY—HFlOHE
%%#6%%%«@5@%%b1w5 Rz, AEERO
MEHEHEBZBHOE (Ve 7) FL2ERTIIEROZ N

mbfmé.:mamﬁ®%%iim 0T 5. fl
Z1E, AE ST ROD I 32T TIZES O IZHG
TEHEZENH B, :me®mﬁﬁﬁioh,ﬁ%&bﬁm

IZE DR ONTZWRMEE T VIE UK UIEE RN ERIZ
T2 n o7z,

2.5 XOFT4—RYALNEBROT7ILITY XA
AOAT 4 —ARANEBOT VT AL% 22 HiDSFE
EFINE 24 HiOMEET TV OMAE T ORI
dhEHTE2. 9B EREICTIGTZ2ZD0DF
AT I —DF —RITH LT TSTMMixM % %3
UT, B FEH psource & Prarget (CED A VTV I AX
NEEHARANEBETE. HUERAZAIN pyource 1
WHIETE2BATT 1 — X B2 6058, TOSEET
LERWNIZEZETIILTY XA THIGHREHETE S,
HEDEHA LA AL prarger DIEO—DIZ X D HEE SN
3. ERAUT 4 — X L ZOBEBESEE TN T 5
WL P(X|X) < Pg(X|X)PL(X) DEAIC & 0 HEE
INBA, ZNBLRETLITY XL EFAKEDHETHRE
TH5. FAEDOHKEIZE WD (Fa W7 —
ZTIX100% ThH-72), AT T « —OFFHRI T
XN, ZOBRIIWEETNVEHVTERATT 1 —
NIRRT I THEERYERLTES.

3. HER & FFM

3.1 EERFRE

Az X, PEEES Ty %, TRy T, D=2
DHTI) —DERT =R, 752y 7 5RT—
ZIFE=Y 7V EIBMERLEZY TS5 A0 F 1 — 7,133 /0
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M5 AuF+4—DAXRANVEBLOH. SHlhE T Ky 7oA 0
FA4—THY, FIEM2E M3 TIZZ IV Y 7 ERT—KZ N
SHEBINEFHOAXAN (EH) 2HEZ XA LELT
HWTWa,

Hinseb, JRY 75 —X&i& Mr. Children DA BT 1 —
3,878 /NHiiA 5 b, HEKT — X% [38,39] ICHIEK I LT WV
BERRIRT —F 4 AMZLBAB T 14— 37,032 /NHiH S
%5,

BREEHT ) —DEFEETIVIZIRD LS I2FH LT,
£, PcMM @ Npy fEDESE L MetMM O Npy {ADES
ZEM 73V XATEEHUKE., RIZ, 2NS5DETFILOM
DETOMAEDLEE AT L 72 Ny = NpmNrM
DA %FF> TSTMMixM %228 U7z, 7 — 2 i
THREEIE, 7oy, TRy 7, EHIUIF LT
TNEN (Npm, Nrm) = (3,1), (3,2), (3,3) & L7z, %Y
U7 TSTMM 6 KELRBEEEAZED DO S %%
¥, EHFEARANVDNREBHRAZAANVE LTHWZ, W
KOPDRADE, o =04, az =a3 =08, 0, =0.7,
or =3, BEONp =72 U7. HEOEZD, RO=D2D
FEEFEREL TG L 72,

e (M1) TMM + HffifftEE TV
e (M2) TSTMMixM + HffifEeE€ 7
o (M3) TSTMMixM + HEMEE TV

3.2 FERBGI

ABRT A —ARXRANVEBOFIZRK 51Z5RF. TRy T
AT A =% TS5V I EEDARANAEHBRLTWES,
YA LOME T, Z20FEOMERIFENBHEIIL T
5. JARy TOMIZHAIKNTH S X1 INZERTHRINZ S
N, 25V 9 IEBWARANVTHENTHE ) ALITEE
BASNTWE, — /T, ZNSDRRIIFEHOMME I
RKELESTWVWS. M1 OFERTIE, 5 3/NHIDOZEE D
TIRHAANDEHZIFDDHILTWEA, xS Ricix
BWHEFATHD, 2R ZEIZLTWS. Zhld TMM
TIEFAOKEP MO X oNTWEWI LIZL AT E 5.
M2 & M3 OFERTIE, oG —EBLTWwa. L2,
M2 OFERIFZECEFTH O, KILED SR E YA
e ncwiay., CHIBEMEEE TV TIIEEREDH
BOBBENEZ SNBRWZ L IZXVBATE S, M3 Df
BoREEMMICZo LS 2fEER 257\,
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I +10 iR (M1) TMM + BflifREETIL
45 T (M2) TSTMMix + BflFEEETIL |
I 1 (M3) TSTMMix + HE#REETIL
4 I
L B ] L
B
sb L I I 8
25 M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3
2T EBE REELUE BRE BHE

6 EBEHiOME. HOON—ITEEFEERL, MW=
lo D2 RL TV D

ARk OMEMIOFERTE R oNDE (fBE<— [36) &
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*1 https://melodyarrangement.github.io/demo-ja.html
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