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A combined model of Transformer and VAE for melody generation
conditioned on chord progressions
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Fig. 1 Architecture of proposed model.
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ANENTHHDOX 07 4 RINORBELHEG L, %
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BRXE, ZhEBET221ckoT, ARENE X0
T 4RI EE IR ZZeDTES. 2L T, Wu
5 [5] &, Transformer decoder D45 self-attention JEIZ4E
J%%5MFD1) % embedding ZMA % 2 & T, HEFH O
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Table 1 Types of tokens used in input representation

247 & SHAA
Note 40-109 BRERT.

(& 70 ) HiEFOEHEERT.
Rest — RFFERT.

VX Note & £ 7% [FlfE.
a— FOMEHERT.

Chord CM, Dm 72 ¥

(& 25 fiH)
Duration 1-132096 HORS %
(4 44 HHH) MIDI Lo tick TR 7.
Padding — Attention FHHE2 SRS NS,
BOS — Beginning-of-Sentence.
X174 RHDOEFICOL.
g1 83 83
79 79 79
i u—
y Gl [
[ a0 -
SV

Chords = [Chm’d AM, Duration_1024, Chord GM, Duration74096...]

Note_83, Duration_1024, Note_83, Duration_1024,

Melody = | BOS, Note_79, Duration_512, Note_81, Duration_512,
Note_79, Duration_1024, Note_79, Duration_1024 ...

2 X754 - a—FRIOT—2EH
Fig. 2 Input representation of melody and chord data.
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ARDO BN, a— FETICEI AvT 1 AEpe X
07 1 ORERREME LW T E2ETAVERETZ2 LT
H2. LizdoT, a—FORIF—XeXaT 1+ DRY|
T —X% A2 F %, encoder-decoder #i& D Transformer
OHIZ VAE ZilAAALZET L (B 1) 22K T 5. 5%
TEHC R 503, Transformer ¥ VAE %ZiHA G HE -
FL[5], [9] L3RR D, RFFEDRREET VI, Transformer
decoder DHEHETIC VAE ZIZ XA ZLFICR > TV 5.
PUF, =7 0ME e ATBIRICOWT, KEHoENZ &
B TFANCHHT 5.

Transformer encoder D A, £& Ly, ®a— FIEFHR
DFRINT =X ¢; (i=0,1,...,Lge —1) TH D, Transformer
decoder D ANZ, K& Ligy DA BT 4 HEHRORIN T —
Zm; (i =0,1,...,Ligs — 1) TH 3. encoder-decoder i
@ Transformer & 215D AN %252 FE D, Transformer
decoder IZ A1 E N7 R 57— 2 0 B .0l FEMEEE #E <
o wilxns. $72 b5, Transformer decoder IZ
ANEndAaF 4 %5 m; (i = 0,1, Ligt — 1) 25
m; (i =1,2,..., Lig) Z P 5. Transformer 132 DF
HFRZE Lorea ZH/MET 2 XD 1IZFIE LS.
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Table 2 Scoring table for calculation of chord affinity

A— b DB (CEE OB

a— R o o 1 2 3

XY y—a—F 10 -2 -1 -2
<A F—a—F 10 -2 -1 10

VAE & Transformer decoder ®HFEERMITIZ 41T W
5. AJITm; (i =0,1,..., Lig — 1) 103 % Transformer
decoder DRI h; (i = 0,1, ..., Lygy — 1) & VAE O
FEZEEIcTYya—FRL, 37V 7 EiTo 7%, il
S %, ZorE, VAE BZHERBDOSERER h; 1ITH LT
HOZICHEA S 2. 20 VAE I X 3 MR S iz el Bl
hi (i=0,1, ..., Ligs — 1) % F% Transformer decoder D%
HEICATIT B, Z 2T, Transformer decoder DRTHES
M, AT 4 RI|D self-attention FIEDAZITV, VAE
% 8 & 72 @ Transformer decoder D% FE571%, VAE
DH I T B self-attention FFHIZHNZ T, Transformer
encoder ®H J1% F\ 7= source-target attention 1% % 7
5 2 IEREINIZV. VAE X, PREIEREOHEMKEEE
fR <N, by ¥ hy OO BEREBIER Lrecon % FIVTHIlE
Xhb.

ZD &S IZa— FDORF|F — &% Transformer encoder
DAN, AT 1 DRY|F — &% Transformer decoder D
ANedsz2eT, a—-FETOFEMTFOD ETDR
07 4 RS AIREIC 2 5. Transformer encoder %38 L T
a— FRINHK LT self-attention 2EHEX N2 DT, Z
CTRELZETMVEa— RORIREREERBT 2220
T% 5. %72, Transformer encoder 7* 5 D A J1% 5213 HL
2 HiD Transformer decoder @ HfEERITIZ VAE % AA
{2 2T, VAE O%EMa— FIERICKFE S, XnT 4
TEH D AIHRIF L7 EIRBL hy OB ZITS 2223 T
x5%. 2 k- T, VAE OFERIICa — FETOSREME:
T OWERAIEAT 2 Z L &S ZENTES.

RIFRDOIREFETIE, R 1I1TRITEEBEEZFAHL T,
Transformer ¥ VAE Z[RFHCAIES 2. 22T, Lug &
BERBO DM BHEER ML DM D KL K4 N—=Y =
VATH5.

£311 = £pred + Ckld * [rkld + Crecon * ['recon (1)

B2z, AMFETHWZ N =05 X — 2 R FII#RSE
H%50 9. Transformer encoder (& 2 JE D self-attention J&
BRB, TOXRTTENE 64 TH . Transformer decoder 1Z
At 4 B D self-attention J§ (VAE DOHifRIC 23 D) & 2
J& D source-target attention & (VAE DD A) 2Hib,
ZDRITENZL 256 TH 5. attention BRND N v FEIZL 2
THifie §5%. VAE encoder/decoder 3% E 1 2 J& D
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B, BEEZBOXTEIZ16 T3, a—FRF| - X v
T4 RINDREZEZNZN Lyyo = 256, Ligy = 7168 TH 5.
7O Adam[17]) ZEA L, ZERIIHEMEZ
10~% ¥ LT cosine annealing 12 £k 2 27 Y 2 —V ¥ %47
5. €=0.1 D label smoothing ZEH L, EFKEIHDLLHI
BRI g = 0.25, Crecon = 0.25 £ F 2. Ny FH A X
20 TH D, HEMEAD 10 =K v 7T LR 2 Tl
# %175 (early stopping). THALHDNA =T X —&
RS, THKREE S ERRERZBIE LoD, MR
Yy RY—F %175 2 THEHYILDDEERL /.

3.2 T2ty hT—2KRR

T—Rty M, AFVRETXAVIORIELED
7z Nottingham dataset [18] ZH\W2%. ZD7F—Xt v b
X monophonic 72 X 1 7 4 DfER Y, ANFTI7fHF&
Niza— FOBEWREZATED, a— FETIREFESTS
Nz Xa T A ARERD B Y IARBETHTOWHEL
TW5. TOT—XEy MZEEN S 1034 HIDOH 2 514
RO T —ZRBNEHLT Z D 572 91 iz FRIL L 7 LT,
B D55 843 Mz FIRRA, 50 iz NV F—>a vH, 50
thzrs A VHOTFT—2ty b eF5. £, JlHT—%
Y MCEENZHMITHLT5 0256 DYy FEE (HD
X DFETRE) ZiT I T, T-2BE 1215 T 3
7 — YR 2T o 7.

a7 4 BH - a— FEHRO 7T -2 RBEERICBEL T
b, ZITRERNEMRLOZHRMATE. Xa7 118
HIizoWTiE, EAMIC 1 2OF/MIIHLT2o 10
=2 YDBHIET S, B VR ENETNETFOGES
(Note b—2 ) &R & (Duration h—2 ) 2R L TH
D, 2D X512 Note b —2 > & Duration b —27 >
REIZHE X5 Z & T—# D monophonic 72 X B F 4 23
KB 5. FRIC, a— MEREa - Yoz RT
Chord s —2 > ¥ Duration b —2 Y OfIc k> TREN
5. MAT, A7 1 RINORINIIHDBED #RT
BOS (Beginning-of-sentence) r—2 Y 23ftiE LT3
I, ANMT—RORIZETNLVORITICEDE S0
WH padding BHVWSNATWS., b—27 VIZEFT 142 7
HEET 208, 20—EE2R 1ITRT.

TLOT =Xty PEERLEHOa-F2EATVS
A, AR TIE {dim, m7, m7(-5), dim7} R¥dDa— K%
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K 3 BA3V27) U IRECBIIBZXA0T 4 DERH]. #EFFE
ZDa—FHENEOR a7 G TaFITIh TS, RE
TR =ZPREVEY, FHAIZZY Xaa— RADESES
b,

Fig. 3 Generated melodies for various sampling settings.

~AF—a—F, {aug, 7, M7, sus2, susd} & dDa—F %
Xy —a—FREARTIET, FEAEDI—F% 24
B (V- MER 28D %) KRS L. 2ok
BRiga— RI3HEARR e LT 25 FifEHEH® Chord b —2 >
ZE|h YT, %72, Duration b —Z VIZOWTIX, JC
DF—XEy MHET2E/FCa—- FORXDAZFIZE
L, =2 e LTHHOTF—XERBUIMATVS.
BB, UboF—2ty b T —XRHETEAT 255,
(Lsre, Legt) = (256, 768) DFXE TIFEARMICHM D a— F
R - XAv T4 R —EIREETVICANTE S,

3.3 FH

A AT TN OEBAERIE, RHFLTHZITEAT S
a— RBAE (chord affinity) 12 & » TRICEHMi$ 5. a—
FEMEX, GRla— NETEEREIRIZX T 1 O
WREHBNERTHET 2 7-DDfETH ), a— RIZE
FNZENA DT 4 IZZ L fEDLN 21 EBME DML <
2%, BARIIZIZ, AT 4 OFBFRIR LT, Z0OKHE
EENTWEa—FoL— hF L O CEEoR) B
FUa—FORE XV v —/~74F =) ITHL TR 2Dl
DICHEDEID B THNE. ZOEBOVER, Hba—
PRI XaF 4 RAIDa— REMEL LTERINS.
7B, X208, a— FoHBHET LY XL %1E
B TW53B chorder 74 77 VI DEERZSBEIZ L CTHKE
LTW53.

b AEAET VR a— FELORTEREGEER LT
2074 B2ERLTVWE2%Ea— FEMEDOATHET %
T TERWY, a— FETORMEMITIC K > TH IS

*1 https://github.com/joshuachang2311/chorder
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Table 3 Evaluation of model for various sampling settings

BalSES a— FERIE AR
FRTVE L 1.083 —
BEEFN (1=1.0) 4.016 0.42
REEFN (1=0.9) 4.479 0.18
BEEFN (1=0.8) 4.722 0.14
IBEET N (Argmax) 6.382 0.02
HDF—& 6.428 —
C Eb_ c Four o Im

% T T T
L 3 T T T
y A T T T
L 3 T T T

B4 #%Poa—E2uiREox o KB EE 52T 54ERH)
Fig. 4 Example of a chord’s global effect.

HERZYLETIEEINAT VAN E S 2% B2 FTIXER
BIEEY o TW5,

4. RERER

4.1 O—FETICEZREDITOTTOEMEE

BOS b —2 YDA EELEX 1 DA 0T 4 1% Trans-
former decoder DFIFAA T & L, a— RETOEMEITD
HrECHERETS Zi&koTXuF s 2ERT 2. £
FTUDBRHNT20Hmro YV 252322 TAR
TAERRETDZH, ZOLEDQH Y TY VI HERHEE R
FA =R 7 DIEIC K o THRAINZFEONZ X 0T 1 DHEIZ
RELEDLE., TAMNHT—&Ey Mg sdioa—
RiE{T% Transformer encoder D AS1 & LTX a7 4 4R
ZEITLIHBEOERAIZE 312, FHiifEREZR 3 1R
T, KTk oTE, BonBHRIIIEE X 7
W DIZEFNC AT E R WAL H 5. 2o DFERIZ
MERKE AR, TORAERDRE 3ICHIRT 5.

#£3&D, JIBHFEAETADERTZ AT 4 Da—F
BRI S v & LCEF ARG E L R TEENICE
, a— FERIERBRICZYRE TR TV,
X 3 DERFNCEBNWT, RETREND a— FHNDOERTH
ZLMhEINTWBZenbd, TOZEHHERTE 3.
—HT, TAMNAF—REy NCEENDZHEDT— & (X
n 7 4 R poEHIND a— FEAEOMEICITEEL
TELT, 7ty FOEFERNRHEZZE2IIEET S
TENTETVWRVWEEZ S,

X 3 DAERENL, ERREOY > T ¥ DML - T
"ondAar s HOPENICERLZZ 2R LTS,
Argmax %> 7V ¥ I TRETFTADBR—DOERZ H T L
F2RBEENPCRELTLE S 2%, a— FHEAEOMHEIX
BEOVDSEREIEED. RBEAST X -2 %KD (1 =0.8,0.9)



BIRLIEF R RRE
IPSJ SIG Technical Report

Vol.2022-MUS-134 No.44
Vol.2022-SLP-142 No.44

e BOS 15
Duration

e Note

Rest

1.0

0.5

PC 2

0.0

-0.5

-1.0

'/.-“3..| w oo
728 g .

2022/6/18

15 s ]

. .s’l' . §

- wiel -..'J-,-'a‘ g

g L0 i .2( ,;?:f,z Ve ks

s . . S

E ff“-* e auil &

2} 05 o S

A o qg&x . A

' & Sy 2

I 0.0 RS, o

a g

z g
o

= -0.5 <

(o]

=

g

-1.0 @

2 -1 0 1 2

(a) 4 IO b —2 >

(b) Note D& (HDE X DEWTHITT)
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Fig. 5 PCA plots of VAE’s latent representations for melody tokens in the test dataset.

BELUTHERNT > ) 72758, a—FiZiho7z
XUT4#ﬁﬁLTﬁﬁéh6#,UXA@ﬁﬂhﬁD#
bTH5. MEAATA-XZ2EmLTS (r=10,11) & X
DERRY X LHBELNEH, a— KL OB TR
(i.e. X 31282 - RODEFT) BHAET ZHHEEIHE
ZBINED, IEI R KX BERIRED LRSS, £
FLDOFLBIRMHPUETIZD L — R 7 I3BEMXH
BZrEZLNDD, HKARY LTRE T X —RIERER
EEATBZEERANANR—NRIX—=Rr k5.

4.2 Od—FRoOFikBEfREZERLI-XO7 1 £k

4.1 ik, BT T NVOERRERIC T — FIEHRD KL
INTWVWB I ZHER L. AT, 2— FORi%ER
BERBLUIABT 4 WD ARED B ERITNCER T 5.

B 41, C— Fm&WieeLEbolza— FRI%EA
He LTEFMCE X EDERHITHSE. Ca— KT
BFTH 2 Eb F OEFT WS BHE 1, 2/MHiHTHA
TW3Ze05, 4/MIHD Fm a— FAFPEOX 07 4
WRELSHEL TV LHERINS.

I—FEPHTIHIEEEE X RET AT, X
07 4 2N LTHIFOa— FERIBFICEDE I i
HoTh, BRFEDa— FIERPIFEICHELZEZ 321X
BVDT, M40&5BEHHBHENS Z 2idkn (ERe
LT, M RNN ZEZ2FSGEEILTLDH ZORD T
W), XLUT, AFKDET LTI, %D Transformer
encoder DHLED SHER XN 2D, a— FRIIEHEDIE
HIcHE SN TR T 4 ZERTE S Z DI D SN
L7epioT, a— Foiiki%kd &Da— Rl X n
74 RN OEM LR, REIET -2y Mo
BT3B TES. —HT, RAIEEKDa— RIERHNSE
HAHFICIEE 5T 3728, a— FOIEEI & 3 /N2
B ER DTV A AREED E X 515 (K 4 DN,
4/NEIHD Fm a—F251, 2/MiHD C a— F &4 —n—
SARLTOWB LIRS 222 b TE3). RFNZE (I
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HRI0) #IEEZIEE L DD, a— FETORBIERD
FRHCE R LD S A 0T 1 EREITD DIPRERET LD
AR 2 0208, Z D708 TRBIDET
HBHHH L.

4.3 VAE OBEEZEMB ORI

REITE, REET LD VAE ICB 2 EBEZEMH D
EORBEMEFRIFL TV A 0EMIET 2. HoHHID AR
TAM=22%m (i=0,1,. L —1) 8L E, &
% Transformer decoder IZAJI L, VAE OHRIEDH
T3Vl % VAE OIBERB 2; (i = 0,1, ..., Lyg, — 1) &
T3, TAMAT—Xty MEI250#bDY, XuT 4R
FNCHWSN S b —27 > Df# (PAD +—27 V&RV,
BOS, Duration, Note, Rest DWW D b —27 > DFEED
115130 TH 5. Zh 5% Transformer decoder 12 AJ]
L, VAE OWBEZERICE T 2BERBOESIINLT,
%3534 (Principal component analysis, PCA) %17 - 7z
FRDVE 5(a) TH 2. KOHENIE 1 £ PC1D), 2
X5 (PC2) THS. ZORD 5, Transformer decoder
MDD VAE OBEZREICBNT, F—27 v ofEz XAT
ETWVWBIZEehbrs

2, Transformer decoder IZMTRZAN =22 m; &
LT, Note h—7 :/%]\jj L7256 ®D, VAE OBTEZER
WBIFREERE 2, OB LT, ERTAHZEIT-
t.%xbﬁ?~&k;k@m@@xnr4ﬁﬂumm
5% Note b —2 > DBUE 7444 A TH Y, ThoDiE
ERBORESITH L TERT TN ZITV, 81 FGT,
8952 EROT e UCHUE X 2 R U 72655813 5(b),(c)
Thb. X 50b)iE, AJ1&N7%z Note b—2 ¥ m; D,
TROLBEDEIERITMHEICELT, NEWHRLRKEN
FANEICAED S EHEALBOAEETF TV, K 5(c)
X, A&z Note h—27 > m; DNE i, Thbb AN
A7 4 RINOHT ORI BT 2 4hd DLED 5
HHOMNEDIEIC, A SREANLBDARE (T TW
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6 BHEEMICEZ1BENICE > TA T 4 AL TV B4
Fig. 6 Example of adding perturbation to the latent space.

5. INBLZOORERZ e, BOARRDOHANE X ZE
ZLTWAEETAOr%. 24Uk, $1 EW5D, 62 W
67 BIIEZERIICBWT, AST&NT Note h—2 >~
DE DRI L NLEOEHRAEGICHE X, HiElkah
TWBHZeZRLTWA.

4.4 VAE OBEZEMICEIT3EMADOT 1 DIRE

AHITIE, BRETFTLD VAE XBWTHLNEER
FICBEZMZ %5 2T, EREIND X071 RYNCHEAE
EMZ N2 0EMAT 5.

X 63, VAE OBERBICEIHZMZ 3 2 v TERX
Nz A7 4 BB LEFZERLTWS. KITEORED
HiPH & AERT 2BEICBWT, K 5(a) TatEIhZE 1
FERTEECHANRY MLVERD, REXIN0.1TH5 L
SREBEMMASATVWS., ZhICKD, HRELETIO A 1
TADA—THZICHEDLT, L BRZ A 0T 1 h
X LTEONBEZ gD, £, FAREOERE 30
[\ DR L, BEIOBINC X > Ta— FENENRDT 2
DPEMGEL A, 2R onkhr o7 (a— FEED
SEIMES K O R 22 BB L D4 F T 4.081 £ 0.464,
EBEID D DT 4.191 £ 0.377). L7=d - T, JBIEZER
BT BEBHOBIMIE > T, a— FEfTE X071 Oxf
JERAREMEFF L% %, ERINE AT 1 OZREZHE
BXE2ZeHAEETH 5.

5. &R

BUIZ, a—FETEEE LT 1 £z L D3
AR ERE CHEIRT 3 7= DI ERIEEICOWTHRT 3.
FoIXBToh201%, 7—2RHAOKETH . Ktk
THRHALETF—XRETEX, »2EMPa— ROt Lo
EHERAIE &2 3K % 729 121& Duration v —27 V' OfED R
FMIZE 2 & 5 RIBEPBEICR 2720, 4.2 HiTiRA7
X5 BRI RIBEESER DN TO SRS H 5. &
OR RS % X DI D IS Z e A TE % REMI
9] D7 —2KBEZHRHAT 5T, ZOMEDNE
MABETH 5.

BUC, WYIRARET — Xty VEHAETS I BE
BERHETH L. a— NETOMBRBEGREEET 255,
Z DA G DOEOEIZa — F BEROREEUN L TR
WHEMT 279, ZO¥EZARECT 5 7-DIITZ D%
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7 — X DPRBETH 3. FFEL MIDI 7 —2 63— Rk
HEINHBT 2 712 ) X LZRFET 55, TheoF
FIRATCRERZ - FELYTEDHEZDDTH 370,
a— N ORTEBRICE T 2 EHRS— kI EHTLE S Al
BN H L. Lo T, AFITLoTI\fHIF &N
a— FIER (e.g. Web RIZRBIEHAT WS a— Fik) & X
a7 4 BT T — &ty FERHBETAZENEEL
V. a— FEfTOMLbAHIFZERS v U LICE > THER
5DT, 7=ty b EHEET IOy LB ERT S
BB .

BT, KK TIEA BT 4 OHBAERICBVWTa— R
DHIZEBRMNE R XN TV 2 0% EEMITFHTE TV
V. HEEGRNZIEMRADT LD H 2D TIREN D
AR IZEE U vy, RERa— FEITICB LB
F DL & HETHIEE 2 i 2 Z e 0 EERETH 5.

%12, VAE OBEZERICBT 28EICB LT, K%
TlX, VAE OBERBICH L TEEIZEMZ 2 28T, a—
FEMEEZ T2 2L, ERXu T 1 RINCE(LE4
LEXELNB I ERLED, ZADBED XS RMEED
ZTHZDOEMHIET 2 i ETE TR, 5K,
VAE OBTERBUIN T 2 #8E21T0woD, ek
FOBEIOME, DI USSR COWEIHT 2 ERNE
FHIiEATS 22T, MAZBE AR 0T 1 RIINDR
H ORI EMEE L 20,

6. fEim

AWFFETI, T—FDHEET % a— FETIC X o> THREF
DT 5N B BEEIEERE LR T % 72912 Transformer &
VAE Z#lAEOEEEYEET AV RIREL, 2O
P L7z, 2 — FRAMEORMEIC LD, REET A a—
FRINCHE DL AT 1 EREIT>TWVWD Z e DTELD
LNz Fiz, a— FRIIDEOERS X v 7 1 LU
HLTWwaH %2R, 2— FORiZEGREEE L0
T4 RIS RETH B Z e B2 k2, AN
X5 4 ZINIHT B VAE OEFERBZAHILL, VAE
DEELEBNTBWT, ANhAaTF 4 =27 v OERHH
Bl INIRETRBFEINTWS &R LE. 2L T,
VAE OBTERBUH L TEEIZMA 2 Z 212k D, AR
07 4 RN T 2MERITZ 2 2 e MR LTz, 5%
F—RRBFEOHFEEWEL LT, a— FETOMEN X
DE KX N 2Ky TEREO KB T — &ty M
AFEEHEAL, ZOFEMAME X SICEHELIREET 2 HE
BHB. £7z, EREIN B X 0T 1 R EBIRATRERIE T
BETZ2 L5 ICRRTERZURBR T2 2L 5 BOMET
H5.

BIEE AWML, oI ATHIBEE B FHEE, BXO

VR—

FEURZE D XM ARIRERIEIT 722 (Alt>&—) D
iz TTbiLE L.
7
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