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Abstract

Popular Music Accompaniment Generation from Melody

Using Transformer Decoder

OKI, Takashi

Recently, music has becoming familiar with the development of music and video
streaming services. Also, thanks to the development of software for composing music,
non-professionals are not only listening to music but also composing music.

In most cases of composition, melody and accompaniment are created, but the
creation of accompaniment is difficult without a high level of expertise and experience.
Therefore, many attempts have been made to generate accompaniment by computer. In
recent years, the use of the Transformer, a neural network model, has been studied as
an effective approach. On the other hand, in recent years, many models that use parts
of the transformer structure (e.g., encoder and decoder) have shown excellent results
in natural language processing tasks. Also, the decoder of the Transformer can provide
excellent results in conditional generation.

We propose a method for generating accompaniment from melody in popular mu-
sic using the decoder of the Transformer. In order to evaluate the performance of
our method, we compared this with the Transformer-based method. This is done by
subjective evaluation using a listening test, which has been used in many studies on
automatic music generation. The results show that the effectiveness of the decoder of

the Transformer for accompaniment generation.

key words Automatic Music Composition, Transformer, Deep Learning
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[ POSITION<9/32>, TEMPO_CLASS<mid>, TEMPO_VALUE<306>,
Ei} POSITION<9/32>, NOTE_VELOCITY<25>,
N F NOTE_ON<62>, NOTE_DURATION<4>,
Lk © POSITION<13/32>, NOTE_VELOCITY<25>,
NOTE_ON<66>, NOTE_DURATION<20>,
POSITION<13/32>, NOTE_VELOCITY<25>,
NOTE_ON<64>, NOTE_DURATION<20>,
POSITION<17/32>, TEMPO_CLASS<mid>, TEMPO_VALUE<30>,
POSITION<25/32>, TEMPO_CLASS<mid>, TEMPO_VALUE<38>,
BAR

3.2 #FEHm e, REMI AOZEH)

3.3 AOQTa4hS5OHEBEERD-HDT—2FKIT

INOEEEZT, X7 4000/ERERTIE, HAINRY X2 —V 225729
328 THMALZZREMI ZH W3, L2, ZOFFEHWE7-DICIEMERD 3728, LU
TO XS RILREEITD.

o REMI ICIXA % XAlF 5 7= DIFHIIEZ ENR V. Z 2T, NOTE_ON<Melody:60>,

NOTE_ON<Piano:60>MD X 512, NOTE_ON h— 27 VIZHBLEEZD 5. BT
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3.3 AT 4 bR ERD-DD T —REKH

TARYFERT I =27 VICEBEEED 5 Z 21X, BROEERE W55 % AT

% MuseNet[14] T VSR TV S,

e REMI 1, MIDI-like 727 — X RILL LR T> — 7 Y AEDPEL R 2HAL D 5. 5
DI I NZHBICHV 2 5E, — iV GPUBRBETIEX T REZFIEEEZ
TRHROY =7 Y ARICR->TLED. £oT, ZORMERMRRT 57-DICLL T DIRRE
175.

— POSITION F—2 X, BEANRY PHBRETIEICHET 2. XoT, [17 T
fThbhT\wa k512, FRANOHEMNC 1 DD POSITION F—27 V2533 &5
WEET 2. ZUckd, FAFRICZ K OFRANY bRET 2 EEZERITBWT
=V ARRHIT LN TES.

—HHT2 =0 V%, BEIL-IPERATRERDERERO S DIRET 5. B
Wz, 7o RKPea—RKEHRS v —2 > ¥ VELOCITY F—27 Y2RS5,

X 3.3 1283 S ERERD T2 D D F — X RIAN DL 2 775,
BAR, POSITION<1/32>, NOTE_ON<Melody:72>,
NOTE_DURATION<12>, POSITION<13/32>,

Melody % } |:> NOTE_ON<Melody:74>, NOTE_DURATION<4>,

T POSITION<17/32>, NOTE_ON<Melody:76>,
NOTE_DURATION<16>, BAR

XOF4 Y=o VR

Piano

¢%0

~

BAR, POSITION<1/32>, NOTE_ON<Drums:36>,

NOTE_ON<Bass:36>, NOTE_DURATION<16>,
NOTE_ON<Drums :49>, NOTE_ON<Piano:60>,

f E£> NOTE_DURATION<32>, NOTE_ON<Piano:64>,

NOTE_DURATION<32>, NOTE_ON<Piano:67>,

NOTE_DURATION<32>, POSITION<9/32>,

N o Ny NOTE_ON<Drums :42>, POSITION<17/32>,

NOTE_ON<Bass:31>, NOTE_DURATION<16>,

NOTE_ON<Drums :38>, NOTE_ON<Drums:42>,

—/ POSITION<25/32>, NOTE_ON<Drums:42>, BAR

HEY— V2

Bass

dﬁ Qi&F .

Drums

|====

3.3 FFED LERERD DD T — X ERBANDZEHL
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E4E

7

ARETIE, AnT4000FEREENTFEL LT, Transformer Decoder % W7z FiEx 2
R3 5. 4.1 HTIX, 7ERD Transformer % W EZDOAEKFIHREITOWTIERS. 4.2 fi

TlX, Transformer Decoder = AW/ ERDAERTFIEIIOWTIHER S,

4.1 Transformer ZRAWE/RFE

4.1.1 Transformer DI&EE

Transformer &, Z>3—X—+ FA-X—HED=2—FNV>—F Y AETILD 1 DT
H%. K 4.112 Transformer D2KG 2 RT (KHoLEfliceya—x—, AT a—
X—pHREN3) . zva—&—F ANS—Fr YR X = (r1, ..., z,) BRRL, &K
kgL 72— —2d. 7a-—&x-1F, Tra-—X-roEIhiEREECH
He—rY2Y =, ...y ym) ZHIT2. B —F VR Y ZEENE F—27 F,
R BIEHIC 1 OFo%EREINE. KD =27 Ok, Tra—&X—oHRIREDf
2, MEDRAT v FTERIN b= YPHVLRSE BFIZX, At D =27 >y O
2 (yy, oy yeor) DAHVSBNZ) . X 4.2 12 Transformer % f\Wz> — 7 ¥ ZAEKD
BF2m5RS. £/, Transformer DEBIE, BUIOWLD S y1, yo, ... LEXRINITOR

ZD TR, MA3IWRTIET, $TXRTORLD b —27 2o THHTIThbiL .
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4.1 Transformer % W /=B TFiE

Encoder (Layer 1)

]

T

Softmax

A

Linear

A

Encoder (Layer N)

t

Encoder (Layer 2)

A

,—»[ Add & Layer Normalization ]

A

Feed Forward

Decoder (Layer N)

—

t

Decoder (Layer 2)

A

[ Add & Layer Normalization ]ﬁ

+

Feed Forward

A

-

[ Add & Layer Normalization ]dﬁ

A

~— |

A

(—b[ Add & Layer Normalization ]

A

Multi-Head
Self-Attention

—_———

W BIBHRAH —»(?

Word Embedding

T

A7

Multi-Head

| Encoder-Decoder Attention

A

.

[ Add & Layer Normalization ]45

A

Masked Multi-Head

Self-Attention

(He— IBEDHAH

Word Embedding

T

BEDHN

4.1 Transformer O Z{R &

Decoder (Layer 1)



4.1 Transformer & FAWW7=4E Tk

ATy 71 Y2

!

Transformer Encoder H Transformer Decoder ]

X4 Xa Xn Y1
ATv7T2 Y3 Y2 V3 Ym
LA t ot
1
Transformer Encoder H Transformer Decoder Transformer Encoder Transformer Decoder
X1 Xz Xn Vi V2 X1 Xz Xn Vi Y2 Ym-1
A7Yv 7 m-1 Ym

Transformer Encoder

=

X1 Xz Xn Yi Y2 Ym-1

Transformer Decoder

4.2 Transformer Q&K DEEF

LUFC, Transformer OHHEDFEZ B 3.

IYA—4—-RUOFI-4—-7J0Ov7Y

4.3 Transformer D DO+

Transformer DT> a—X—NUf7Fa—x—%, ZHENEUCHELEFOERDO 7y

IPEAER->TWVWS., Trya—X—7nrvy 27X, <wLFAy FHEHFEE (Multi-Head

Self-Attention) & ¥ &5 (Feed Forward) JETHi E N 2. Ta—&—7nmv 73,

QR EINF=ILFAy FHOHERE (Masked Multi-Head Self-Attention) &, ~/LF

Ay Fnyva—&X— -+ Fa—&x—FZE (Multi-Head Encoder-Decoder Attention) J&

NUOEHEEECTHRINE. £, ZhoDEORIER TRER (7] 21TV, Z0H%

Layer Normalization[2] 217 5.

AEE

Transformer OHEDH THROEE L 22 DD, EE (Attention) & FEIXAL S 1:HHA

Thd. FRIZ, > 72X ZEEFREZ =272 2, LT, O—FYRAY IZ&E

Y BDENL BVERLTWA 2 REHET2Z2T, F—2

VIOWEEFRERZ B DICHWLNS. FREOANZ, -7 YR X 12HEoL
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4.1 Transformer % W24 Tk

query &, ¥—7 Y AY 1IZ#SK key, value BHWSNS. FEIX, query AT
%¥, key & value EFHVWTH b —27  OKFERICET 215w E5 2 3. ZOULHE
X, LTO LS HEIRICE > TITbih 3.

Attention(Q. K. V) = softmax( 25y
ention(Q, K, V) = softmax(———
Vdy,

ZZT, QK VEFELZNTEERENDAT], dp 13 K ORI ZRT. Q 1 query,
K 3 key, ViZvalue & LTHWOHNS.

7272 L, Transformer TlE, 1 DDFEBIZBWT 12D query, key, value OFf%
W5 ZOMEIXfThbhTwiwy., 20RO DIz, Bz 28D query, key, value DFfl
EHOWS<LF Ay FIEE (Multi-Head Attention) & MHENZMENETHZ & L
THVuLNATWS., L FAy FEETIE, Ny RZ¥IZ query, key, value D% 1E
WL, ZREiucht LT Attention(:) 38T 5. A5 ORMRIGER ST, &
RV MEE 72 5. ZOWFIE, T XS 2RI E > TITbI 3.

MultiHeadAttention(Q, K, V) = Concat(heady, ..., head, )W
where head; = Attention(QW 2, KWX, vw}Y)

Z 2T, Concat(:) 3%~y F head; Z#fET 2BBERT. £/, Q, K,V idzhz
NEEEADOAS, WO, WE WE WY 3zhzhBEs2RT. £y FIZBWLT,
QWS 13 query, KWK idkey, VWY i& value ¥ LTHWSH S,

Transformer &, FEEO~ALFAy FEREZUTO 2 HEOGETHHL TS,

o TVA—X—t7a—X—0DOMFTHIEER (Self-Attention) AL TW
. HOERE, 120> =7 Y ANTOE N —27 > ORIEBEGREZIE X 272912,
Q, K,V I CRILEZHWS. EFICX, BEeERERSEZYa—X— - T7a—X—7
0y 7 ORINCEIN, 1DD 70y 7O NN Q, K,V 2 LTHWwWSNS. %
7o, TA—X—THWVWHCEETIE, Ta—-X—oHCHFEZRO-DIC, &
BHIAREKRD b =27 Y OERERA L2~ A7 320 E2IToTW5.

e 7 1—X—T Encoder-Decoder Attention 2MEH XN TW5. ZOFEETIE, Q

— 18 —



4.1 Transformer % W24 Tk

1o TFa—X—7ay 7o), K,VIiZTya—X—ORKENEHEIH7nH
WHhg, ZHUCE-T, Ta—X—NT, Trya—K—DANS—F Y AINDK
FRRERS 2P TE 5,
eESE
Ira—XRkETFa—x7ay 7 OeHERIE, 2 O008MELRy FT—27 TSN
3. ZOMEEZ, DITO XS REEICK > TIThbILs.

FFN(z) = max(0,zW7 + by)Ws + by

ZIZT, Wi,b 3FhZzn 1 DHOZHEAY VT = DEA LN TR, Wy, by 1
ZFNZFN2OHDOEMEAXAY NIV =V DEAE NN, T RAERT. 7272L, ZThoHDRT
A—=21%, x & FFN(z) OXTTBHAFR CITHE2 X5 ITRET 5.
ANIDIEDAH

Transformer Tl&, HFEHDHIAA (Word Embedding) #FHWT, AN —7r Y AIZE
FNEE =TV ERT MVICEBLTHRS. HEEHDIAARZ, HERZRD =2
YEMEART MVERT R HETH . ZOEBGIRE, EFLOFEEFIT I
Bxnhz., £/, ZOF FTWE Transformer 23> — 7 Y ADEF 2 FZE T 5 Z BT
RV, ZD7D, HEEHDIAARZ K528, ¥ —F Y ANTOR b—2 v OMENE
WEMG T 2 MEHDIASG (Positional Embedding) #1795 %EA3H 5. ARHFETI,
HEZ L DETATHWSLN S HEEHOAAC L 2 FEEZHVS. ZOFEE, HEEE
DIAAERAWTHED S — 7 V& (1,2,3,...) ZEHL, ASTOMDIABIIET 3.
=T VA X = (21, ..., v,) OEDIAAZ, UTOHEBEIZE > TITDNI 3.

Embedding(X) = WordEmbedding(X ) + PositionalEmbedding(X)

PositionalEmbedding(X) = WordEmbedding(1, ..., n)

Z 2T, WordEmbedding(-) \ZHFEH DAL ZIT S K ERT.
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4.2 Transformer Decoder % W74l FiE

4.1.2 AOF14DHS5OHELERK

X TA4LDOERERTIE, xuTreffEr2hzh 33 Hio7r—XKRH
ANEHL, XuTF4¥—4 YR X = (BOS, x1, ..., T,, E0S) L fER T —F v R
Y = (BOS, %1, ---, Ym, EOS) Z{EK$%. 22T, BOS h—2Z YL EOS b —2 VX, EF
AW —o VZADEHE RKEZHET 272DICHWS. ETLOFEEE, Xur4v—rv
AX OB —F Y RAY EHAIT 2 L5175, By — 7 v R0ERIE, =va—
R—1ZAa5F 4 —4rvA X, 7a—&K—I12B0S b—27 2 ANLT, AWK F—72

VR 1OFTOHNT A TITS.

4.2 Transformer Decoder ZBWI=E/KFE

Transformer Decoder 1, 4.1 127R$ Transformer D7 A —X =M 5, TV A—X—
B D AN %EZZIFTE S Encoder-Decoder Attention ZH D FRW\W/=2d DTH 3. 4412

Transformer Decoder @ &A% ~R$. Transformer Decoder %= F\WTA N1 &2 5 £k %

T5%80%, AN —7 YR (21, ..., 2,) BETIVIKANL, 2k V=27 V%,
Y, Y2 ... EVIMNTLIOFTOEKTS. ZLT, (y1, ...y Ym) THAIZ =22 L

THiH 5 5. 4.5 2 Transformer Decoder Z W= — 7 ¥ 2RO T 2R T.

A8 T4 »oOHERERTIE, 41 8RO T — XRBANEHRL, Xu74 -7 &
X = (21, ..., xp) EHBS =TV RAY = (y1, ..., ym) ZIEHLT 5. 2D, >—F ¥
2 X, Y BEfE LY —r A Z = (B0S, 71, ..., Tn, SEP, y1, ..., Ym, EOS) Z/EMK
$5%. ZZT, BOS MUNEOS IF 4.1 Hiv[AMEOERTHATS. SEP b—27 1, ¥—Fr v
2 X, Y OBREPERETLVDPERETZ2-DIHATS. EFLOEEZL, O —Fr v
A ZZHWT, M4.6 1R FTX214T5. B —Fr Y ADERMIE, =7 YA Z O SEP

F—=27ETEANL, 2K =2 2% 1 D3OI T5Z L TITS.
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4.2 Transformer Decoder % W74l FiE

Decoder (Layer 1)

A

T

Softmax

+

Linear

+

Decoder (Layer N)

—

t

-
Decoder (Layer 2)
S
A
s A

[ Add & Layer Normalization ]ﬁ

A

Feed Forward

A

J

[ Add & Layer Normalization ]ﬁ

A

Masked Multi-Head
Self-Attention

A

=

%)4— WBEHAH

PR

Word Embedding

)

T

BEDHN

4.4 Transformer Decoder O &4

— 21 —

ATv A Y1

[ Transformer Decoder J

Transformer Decoder ]
X4 Xn Y1
A7Yy 7 m Yi Y2 Ym
A A
1 1
1 1
Transformer Decoder J
X4 Xn Vi Ym-1

4.5 Transformer Decoder @
AN ZES R DT

SEP Y1 V2 EOS

I

Transformer Decoder

]
T T

Xn SEP Vi Ym

{1
I

BOS Xy

4.6 X7 1o DERERIC
B1F % Transformer Decoder D2
HorkT



EHE

LEBERBRDEY b7y T

5.1 ZEERIRIE

EETNLOFEZIMERT 2 GPU BRBIIMUTO@ED TH 5.

e GeForce GTX 1080 Ti
e NVIDIA driver 450.102.04

e CUDA 11.0
7, BHT270 75 20FERFIILITO@ED TH 5.

e Python 3.8.5

e PyTorch 1.7.1[13] — #&¥EH 74 75V

e TensorFlow 2.4.0[1] — #WFEE Z 4 75 V. EEzERNT 572012, T —%D
VT ITARAREDT — XD AAAEFEDT —RIZET22—T 4 V7 4 DAZEH

e Transformers 3.1.0[20] — &IEimd BASHEUET NV ZHE LA 7Y

e torch-optimizer 0.1.0** — PyTorch IO EL 7 VTV XL DFEDES. PyTorch
WKIFEENTWRW RAdam[11] 2 W2 72912

e pretty midi 0.2.9[16] — MIDI 7 — X ZWHF 270D 74 77V

*1 https://github.com /jettify /pytorch-optimizer
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52 T—X%tv b

5.2 T—2tvhk

ETFNLDEE B XK ERICIX, The Lakh MIDI Dataset v0.1 @ Clean MIDI
subset[15] 2T 5. T4k, ZLDORY 27 —HXEEEL, 17000 o MIDI 7 7 4
NPBIRET =Xty b THB.

ZDT—=&ty M, 41 & =3y b EDrSIEEENTHHW S MIDI 7— 20 E %N
TWADT, ETNAEFEIEL1DIEFETEZITORENDS. 22T, [5, 17] 24

WL T T ONECRTLEE 21T 5.

XOF 1 b3y oDt
i3 2 MIDI 77— &34 Y X =% v b L BINEINTVWE LD, HHLWDHL—F
KXo TERENTWS., 207D, HIZHEHL TWSHEEHS MIDI + 7 v 74T X
074 b IS RHMT S IdN#ETHS. KXoT, MIDI FS v 7% Xn
F4 bTvrRa—R Ty Z7HHET % MIDI Miner[6] 2 HLTXRT 4 b T v
7 %2t 3 4. MIDI Miner TX BT 4 F 7 v 7 Z2MBTER2oLGEE, 70—1
ZEIBE LTHEHLTWS (Fulo0FzIBENT3THE) RO F7v 0%
AT 4 MTv T h ZHE, AT REBLTVWSERE LT 70— MDA
ENTWVWET—=XNPZLASNPOTHS. JV— 2T 27 ZBFELR
W — XIS 5.
HFE LSy oD
7/, R=ANORILII v 2RIy 7 LTHIHIT 2. ZhZhD Ty
7 ORI T D@ D 1217 5.
o U7/ Iy IRt — BIBEENEHINATVWE oy 72T/ Fov oL
LCTHIH T 2. SIERBTHEEINZ Iy 20 IDIE, TR IL6F 20 IF
B2 0~8 £7213 16~23 5 THMWI$5. a7 6F 2 v IFBD 0~TIC
&, 7A—AT4v 7 /RILIZ M w2 ¥T ) FEOLT ) REOREHIA

TW3, TRl ILF 2 IBED8IE, FxL AR WO TH L. In
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52 T—X%tv b

T LF 2 IBFD 16~23121&, ANT VREDIIRPUATWS.

o N—X+Tv IO — TRTITLFIIBEDIL, N—ARFHDIEIRIE
HHENTVWEDIZ32~39 TH3. £oT, THICEETE I I ER—ZA Ty
72 LTS 3.

o FoxabTv 2ot — MIDI 7 7 A LTI, 10 BDF v VAR R—H v a
YOEBERICED BN TV, XoT, ZOF ¥ Y IAEEHTE NIy 22 RS
LAbNTv 7 LTHIHT 3.

T—EDIFRALX

BHORA IV TORLDEERMET 272074 X4 X%475. [10) 1%, 16 0&

FHA T F v XA X%ToTED, [171&, 32 DEFHEMN T I > R4 X %FT>TW

5. %7, TR EMDPWHEATI Y X4 X %1758, EFAO¥EBNEEY 25 2

EAVONTVE, KEBTHWS T —Xty M 16 7EF LD ML VENHZ

{ALNTDT, RTENFTI A XA X2(T5.

FT—2D5E

=T VRAETNTRI DD ENRY —r Y ARIZR D X912, X074 MREEX

NTWBHiPHZ 8 /NI OUIDES. 25k LT, ok, S 1 /N3 DIEHFIC

RTWE, X074 PRUNCHEET 2 B8/ H 2/MMiir 6, 2/MfilX a7 4 HHE X

NBNVE ZAETER, AT 4 0EBINTVWSHIEET5. ZORLRTHORKRET

EBELTORWES, O/ firdbXu s PEBIN TV RHEHEZHET. 2

Dk, TNZHOHFIZHEWT, Ky HIEEFIC 8 /MiTDOHEIL, 242 MIDI 77—

2 LTHNT 3.

T—R DEMR

7/ b9 I RORILL Ty IBERD 258, Zhod Iy 7 2fEL1LD

DEIvII2F5. 2, R=XMT7 v IDBEBD 258, GRIPI—FZ2LT7v 7

DAHEERT.
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5.3 AEREFTNLVORE

T—=RDT4NEUVYT
T oMzl 7 —X2RET 5.
o TURDP—ETERVT—X
o HFMN—ETIFRVD LIF4/4 HFTIRRVT —&
o LVWITNDPDLIT v IMPFELRVT —X
o LWINDLDFT Yy Z7DEHH 15 UTTHE T —X
o RIA/NHIMTOTF—£&

NS DRI ZIT - 728558, 19709 @D MIDI 57— X235 607z, O SEMEAIC
RBNDT —REZETNDFEEH, 1%EfHMliZERH e LT L, BDIXEEAEMD EF
STETWEDLE DR ERT 27-DIZEH L 7.

5.3 £HRETILOERE

Z DFEERTIX, Transformers 74 77 ) THEINTWELETLEMHHT 5.

Transformer ®%E%E ¥ LT, EncoderDecoderModel Z#H 3 %. ZDEFNIZ, Trans-
formers 74 75V THEINTVWAFEDLY A —X—EFANPFa— X —EF L%
FEL, Transformer D XS RLYaA—K— - TaA—X—EEDET NV ZWET LI HNTE
5. REBRTIE, =>va—X—F71k L TBERT O%E¥TH % BertModel, 72 —&—
ET7NLE LT GPT-2 DFEETH 5 GPT2LMHeadModel W2 . BERT & U GPT-2
&, ZhEND Transformer DLY A —K—, F7IA—-X - FAKOMELZ L TWVW5. Ko
T, ZO22ODFETNLVEHAEDLE S Z T, Transformer ZMRT LN TE 3. £
7z, Transformer Decoder ®5E#i ¥ LT, GPT-2 DFEETH 5 GPT2LMHeadModel % fifi
H3%.

INHLDETNLDOHKE LT, Zya—X—-—RUO7a—X—=7av2708% 4, FEED
RIe# % 256, BNy FORZE 4, HDIALDRTT % 256, 2EAEEE O HHORTTHZ
1024, @456 EOEME(LEIEZ GELU[S], Transformer O 5 > — o Y ADHRAKE% 512,
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5.3 ENRETIVDBRIE

Transformer Decoder D5 ¥ — o Y ADHEKER 1024 (X v 7 4 ROHERS -7 2%
AL LTIk S 72, Transformer D 2 5D — 7 VAN ETH2Z) L1z, ThbDH
fiiE, REBRIRETX TV ANENRI SRVHIHT, X -XD0BDH2EEEFELILS
XOWHREL 7.

EFNDEENL, REBRICBIT 2 GPUBRKRICBWT, Ny FH A4 X 16 TITS. i, &
713 e LT, RAdam[11] % ) = 0.9, 82 = 0.999,¢ = 1078 OFETHHAT
5. FEEE1073 L, 5HATy TOEREERITS. 5 AT v 7 TIREKBEBOEIIIR
LW, ZOL Eo¥EZTS v, ERSINMHEZBONEN T E LS5 IEL s,

FTe, RS — 7 v ROEBUIIATIHGE (9, 10, 17]) Iiill> THERW Y > 7Y > 2% Awv

TiT-o 7.
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E6E

LR R B

Transformer Decoder % W/ fERE RO EMMEE R T T-OICEBHHMGEITS. 3, £
BREERN L, ZFOEBREREMEST 5.

6.1 HEAHE

BEREAMAERE T VOFMAEE LT, 2L OETHIE 5, 9, 10, 17 TV A=V 7T A
FOEHWHLNTWS., KoT, RFATIEIV A=V F TR MK 5 HEREREZITS.
VA=Y 77X MTIE, 4.2 @iCERLFHERHE T —&% €y Mg xh s MIDI 7 7
ANDABRT 4 I 7 RFHTE. ZhoXvaT4 oo, FHENREKRE 200
EFNTCHERZAERTS. AR LEAEREZ, MIDI Fo v 2 EBLTITOX BT 4 F T v
7L, TYRE 120, TRTOFHFORTS T4 %2100, A0F 47 /)« R—Z
T IDENETNDT O T AF 2y IBFEE 80, 0, 33 LFEL, MIDI 7— X Z/ERT
%. 2O MIDI 7—&1%, prettymidi 74 75V ZHWT WAV 7 7 A MIZE# L THZ
9. 22T, MIDI 7 — X I3H 2 2 HEFERZLM L DD TH L. £oT, WAV 7~
AMICEWRT 2121, MIDI 7 —2 %2 e LTEHEEHIT 20O EREIEET 2 DENH
. ZZTE, ZOBRLTHY YR 74+ Y MERDOFIRD 1 D TH 2 GeneralUser GS
v1A4T1I* ZfEHT 2. ZOEREZBEAZLHEZ, X—XOEP—ENZ Y A=V FTRETY
FEEH DT, REBRIGEL TWREI 2L THS. K6.112, ERFHERL? S WAV

7 7 ANNDEHBLDTRNE RT.

*1 http:/ /schristiancollins.com/generaluser.php
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6.2 EEHIRCEE

VA=Y 7T AMTE, ALXBT 41 LT, dHiiRe2 2 O00DFTIVTERL
FHEZ 1ty b2Ll, 30y F2ERLZ. 2030ty MIHERELEDIITHMET 27201
Auwsid., #EREE, &ty hOFEERE 7 VX oRIEFTIHE, ZhZ2hoEHICH LT
DToEMIZHEES 5.

o N—F=—UD kv

o VAXLDHi—ZNTWVS
o FLEDVDHD

o FREAICH X

BB, FEOHIC, N—E=—DE AP ORVEEETHAESEL 5120 L 5 HTH

g2 kICHHAL. F, BZFEZUATOLIR5EBEDY v - FRETITS

1. 2L 25 b
2. 258D

3. 525

4. 2585

5. EHITZES S

6.2 RERERCEE

VA=Y 7T A ML, 8HDWIRE D SEIEND o7z, WEEZ, 20 K374, 40 1K
B1HTHY, BHEN6H, WEP2HTHS. K6.11X5 BEREL 1~5 A TREMT
L75Ea DR Wilcoxon DFF S ZNEMMRED p H, K 6.213ky F T DBHHE
ZRT. 6.1 26X, [ERFIEZ “V X a0i—2hTwa” DS oifiiflss 3 mURMT
HBZDIIHL, MEFERZIRNTOFMEET 3 5z EREloTWS Zedbhd. £6.2 P
HIE, ERFIEL HANRTREFED Y LM —ZINTWVE” IZ2oVWTIEH 2 5, Zhbll
MEK 3G LA >TWB e ah b, 1720, 5lE0F0BEARE o7z, iz,

— 28 —



6.2 EEHIRCEE

62107 4 T DM, K63I2X0F 4 TDBbEERT. ZhoDfENS,
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#£6.1 5EBRE%R 1~5 STHREMNT LEEDFY AL Wilcoxon DS &I
NARED p . EDFIH Transformer Decoder D35, IR DF|H Transformer
DI, FHOYD p EERT.

TD scores T scores p-value
REFE)
N—F == K 3.42 2.73 5.38e—13
VX LDBRE—ZI TN D 3.62 3.14 1.58e—7
FLEDDDHD 34 2.66 3.78e—11
o e BT & 3.24 2.56  6.79¢—14

#£6.2 ty rZTrolbEE (Gitty M= 240) . EDFH Transformer Decoder
DI DA R o 7=t v b, B DHH Transformer DT HBFHEA B2 o 7=t v b

BzrRy.
TD wins T wins ties
REFR)
N—FE == R 127 38 75
URXLDBR—ZIHTND 111 52 7
FeEDHDHD 124 38 78
i e HIIC A & 117 36 87
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