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R9] F-measures AAFSHA[Lin. H. Y, 2004],

F-measure = (1+3)R>P)
(R+5°P)
olz, AA7|A st AL duh} 2 HFS ZLslE AR AL

(coefficient)o] ™ = A AAISH g2 10|t} 1313E 2 dAFofAE p=1
S A8t

_ B _ (@+/)RxP) _ 2RP =
ARSI, Frmeasure = IS0 = onp T Ak olE oA 1o

A-goiA ROUGE H4E 54,
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2RP 3 7
A2~ = F— = = —
ROUGE H4 = F-measure RIP l+2 0.3077
3 7
o] Ht}. E3 ROUGE: #2 B4 okio] ofg] 7] Zaete 49 48E

oF g BF FHUgS Foto] Hheletch

3) n—gram ROUGE #H4=

oA A1 ROUGE Ha+= ol IE 7oz 548 o %o, A
L5 2o} ool tishAd Aol Adea 5k F-measured S75HHA
n-gram ROUGE A4=7} "o}, WA, 2-gram ROUGE H4(ROUGE-2)E
AYE dAE 5o HY v Zrh

[£ 2-7] ROUGE-2 A= oA 1

SH BZ QoFH the the the the the the the
AZx B QoFH] the car is on the road
Az BZ QokH) there is a car on the road

2-gram ROUGE HF4E Al4totr] fsliAe dollA] 2-gram BLEU HS4E
AT wleh o] 2 BA QoREv Px B4 Qokg thewt ol 27

=

o] A% golo] Hgtow WPL Ao} Tt

© @@ 6 ® 6 &

the the the the the the the

(79 2-3] 2709 AR oo Yoz WY



# 2-8] ROUGE-2 A4 o|A] 2

the the, the the, the the, the the, the the, the
FH B QR | the@l9] 955 o] Ugke] FH=1, A%H to]
4ol 4=6)

Z B& QOoFH] | the car, car is, is on, on the, the road

Iz B2 QoFH) | there is, is a, a car, car on, on the, the road

Fx B QopRIn Ax BY aohE29] AASL FoW $1 BY Ao
a3t 4R golsh glonz 27t 0o] Hw, YA TR BY ackuw
2 Y A%FE Aeld] #AL Bolrt gomz 0o Bk 2-gram

2RP _ 0

ROUGE-2 = F-measure = RipP 0
o] o] At Biol w7 =k webq A4 ROUGE 842 i 7

o 2RP
T R+P

T2 gt 2207 g oAl ROUGE-2 =0°] Ht};. o] A&H 2
7Ne] ol ©9= ROUGE #H+4E st 2-gram ROUGE HH
(ROUGE-2), %5 3709 o] @9= ROUGE H4E 6 3-gram
ROUGE H4=(ROUGE-3)a} g,

4) ROUGE-L

oAl AHE n-gram BLEU H44 n-gram ROUGE H4+= BF 57
s Zdo] A H 24 QIgte] whE x Fe| dAlste A5 o

% 2
5% 5w B ko] GAEE o Ethe 22 9ugth BLEU

o Bmo] wlS Ze 52 ciste] A4 Bl HA 9 00] 5

S

(LCS)E  ©o]83std  F-measure?t ROUGE H4E Fot=d oA
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ROUGE-LoJ2}t gttt n-gramo] ©o] oA AL5H LA E sk 7HE
olgtd, LCSE &4 w=olA ©olo] &AE RtYste d&5d dAE Fot=

Mdeltt. t= AAE &3l n—gram¥} LCSO| #foldS 2|

[Z 2-9] ROUGE-L A oA

Az B QoFR police helped the wounded
SH B& QoFH] police help the wounded
SH FX QoFH) the wounded help police

AHS A3 n-grame ROUGE-2, & n = 2 7 1&gith F2 24 Qof
213 TR B3 QoFH)= &t} the woundedgh= 1719 d&4H F ol
o] Adx7t EARich wEtd FEOEF QokEl $E B QokE)9)
ROUGE-2= sdstth. d2u &4 oA §2 24 aofdla ¥4 2
F aokE29] o= t2t} o]Zo] n—gram®| FAFel & & Stk ¥
o £ 2 FolA ol Zo] Fx &% Qo iyt o fARPE £ 249
FoleF FAL, FHo] T Tolf] ATt HERE o fASHA yUubd o
o FH QoFR219] A9, Fx B4 Q2 2 aFA A7 ¢

A QopRat B Saold A7 AXSHE wolo] S the,

T1 24 qozie gag p - LSGR) 3
W, 4 °

7u 24 achuoe) gaw p = LSGR 2
Wi
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shel ot

o
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=

=

°] ROUGE-L

2t
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T o W RN ™
- — 0
O-H ,_R 1D| 0 ,_IYH y&
o = olp
T .
- i H %o = N
~ _4 ~ o 1jo ~o
ar Mook Ry ﬂﬂ,_
[ of ™ - = I I
.O l
I Y TR Ea E
o wir —
| N T8 Op il 3
ol L ~ ol ~
n o H o m:m o
8 #ZTX B %
) N X b T W aid
O H %o T _ S
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SRR £8 g
wﬂ % % & 2) = & ~o
o oh T X z . ol
ol 17_A| ) (e
ol n <P g g
%o o T vy 4T
ald o 0 & £ ¢ ~
y o5 L TE 3
Jooo ~ S 2 =
o Fr:em & 25 F
of W o N = g &2
o B o) ar
ro ] = o= G
KO WOy = = 0 .
ald O T AR = 0
=) 10 o ~ TO m ‘__Lou
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2) &5 A Az 2 Aol AH=(EEE)et AdERecal)= A4S,

*H =4
HFHoR & 7o) Fmeasured ool g 74 Mol Rale] A5g Boke
=3

_ m
@Q’E P — max
Wi
© m,,, - TH FEE AL e doledt 47 Ax 2S5t
T gl Polo] AL 4ol Hut
Cw o FH BRS FANT 9k wole] & 4
_ n
HHAE R = —
Wy
ConRE BAS TAST dE BolSH TR BL PANT Yk
ohgo] HAlE 4
W RE BRE AR e Pold & 4

METEORO|A 9] F-measure= t}23} 7t}

F-measure = (1L+5)R>P) - _LORP
R+6P) R+9P

(ROUGE9|A+ g=10]2]9t, METEOR®|A B=3°]th

METEOROIA % BLEU®] Brevity Penaltyz]d =g €]7} EAgtc}.

[Z 2-10] METEOR &3 A

o5 B& the man spoke to the audience
#zx &% the man then spoke to the audience
METEOR®[:= chunk2h= 7Hgo] EAsk=dl, chunk+= FH #83 ¥z £

e

A A §UTH AEQ@ASH A%E dolo] B2 Fort.
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o O 1
rin
rf
<
lo,
O{U oo
o
O
o
[}
=
=3
N
N
5
@]
8
)
:3
3
O
.
(@]
3
5
o
oS
c
Q.
5
=)
O
o
5,
offt,
X,
N
=
N
Y

Penalty = 0.5 X (= )?

* ¢ ! chunk®] &, AA[Q] HE =27} Hr}
c v, T B o AR iR EE Tolo] £ AA9] H¢- v, =60t

Penalty = 0.5 X (—)* = 0.5 X (%)3 =

L
v b4
HyEE TG, th23t Zo] AFH o2 METEOR H4E 78 & ik

10RP 53
R+9P ~ 54

METEOR A& = X (1 — Penalty) =

T & B4l %}aﬂ,—a}ﬂl A2 chunk=10] =1 HdEl= F&gko] =
o, METEOR H4E= Xdi7t "ot §idi2 5 E49 fA7t dopdas
chunk®] & F7}3}U1, chunk®] gto] Ad+5 mHdel= #2122 METEOR
Ao4E Foldo ol4dYg METEORE &% oA fAIRE H7te &

At
2.2.4 CIDEr(Consensus—based Image Description Evaluation)
olu]z] ZHAd (Image Captioning)e|st H&d Eofe] styz, 8oz of

W ofulx(mage)7t FHE A%, A olulAo] ther BAE Aol §
g2 Aske ol
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e

o|Oj x|

(Input

Image)
<start> a- woman holding an

Image

Caption

ing umbrella nI I the I rain I -:end::!

prediction = a woman holding an umbrella in the rain

[Z15 2-4] ofm|A] A9 o

CIDErS olu]z] 44 d(Image Captioning) A mdo] tjgt

&
b

(o]
rr i o

N
-

off A ox

o oX o
o 4

o1 od
_O|L

£ 95 At® AoltHVedantam. R &, 2015], CIDEre]

H, o5 dHol" AEE 45t Qe olnx] FA A A 575 o]
+ =8°Stopword)d &E°] =7] "o, 4 olnA|e] A oln|A]
WA mdo] BT FHof ots Hole MEAM 25 F4stes @oi7t
@ol Zotxlo] ot dig REol 5ol Frhie & 4 gloh o|Ad B2
oju|zlof] A4F FAShH= n—gramell g ®7HO] H|ES WF7] flsiA o
A3} Zro] TF-IDF(Term Frequency Inverse Document Frequency)& A8-5t
o ZpF HHASH= n—gramo] ti$t 7HSAE EH
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Gu(si) = hy(sij) Iog( 1] )
U Sweal(s)  \Zne min(1, Zq hi(Spq) )

n-gramo| et CIDEr_n Ho= ofn|z] MY Wdo] A S8 Z4 &
Ak Abgo] FAS @ X 2 Atolo AR FAMES] Hutg o]-§ste

Ak,

gn[.f-'p:l g g“ '::'L"J'_i}
g™(c:)lllg™(s:;)l

; |
CIDEr,(¢;, S;) = —
e ) ™ ZF Il

CIDEr2 th&3 go] thefet dolo] n-gram #4545 H

e

grelct.

N
CIDEr(ci, Si) = ¥ waCIDEta(c;, Si),

n=1

-1 o O L=X] o T - =
A% S dolzt gol Egwlo] gtk TF-IDFeh: Wdels HgaA

1284 A AA™ =

R

12 ol o2 3
29 29H AN AAE WA T TALE SEE L8 A4l
At AT & Y= 54 Ak wHHAEF Pk A HolHe Ae
e ont gold 4mE AHY 03 12 o]Folz o)l wEz W
NAFE €5 AFP[Chu. H. 5, 2016] WAE AT, o] Augola}
Lo g
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A5t Q7Y P A A BN B o AAeA Gma,

(% 2-11] 7] 7

I S

Apt 10
Q=] 5
st 15

do] FRe MFY doldH s A WA Bd 107= At
A= 7T 5 90, FoEA B sle ediEes AR ERE 5
™ 2 2 Hhvete R BRE 4 qlthe Eolth

| ZAstY A2 wofoll 19 #

o 30 &

o|ER [Atdh, oA, vi]e] MR Il FRE
oAl Abtete FRE AA ?}0‘91 HFolA st QY FAHeR HAS
siET, 2 WA ARt AR 1s, yHA] gl Ao 0 ¥e

0 0] o]€A ZEJo] = 7—]0]1:]— e Hixlogz odzE {EHASH
Atk zeje] 0, & WA Qx| zpEfel 1, wpAlEh vy 2hE]of
[0 1 0]ez ZAo] Hrt. ofgA 03} 1= o] | Sxbo] Hehs -
ot

O

9 Ef (one—hot vector)2til

I 2-12] 935t 4E

f-st HE - S

[1 0 0] Ay} 10

[0 1 0] Qa7 5

[0 0 1] At 15
HEY doleg -3t WEHz HEAr|s Aoz +eAgYe FolA
A 4 JAT, 9-st dEFols B 7] ATE EARE. A HAs &
dsflob & el 7 soldss d-st HE Y Apdo] Aokl ol H



Fe Qo] QolA AR Fol Sofubm, wmele] BAE QoA ek 9
oA TR dAe] B9, B@sor T A FF7} 371 7

‘I_
of, ofgfiel Zol 3x3 PPz WA H-st WHE BT 5+ AA

100
010

001

}Q9 FFH =

(2] 2-5] 9-3 #E 9]

zd 1
o]l FRIE 1007412, §F 74 B#d-& ®mASH] QleiA 100E o=
o|FolX vectorg AYASloF stk =i A ¥-3F WEE EASH] {9l
A 100x100 o] Pasieh, v, s dlojg o] WErh 16igh(10°)7}
A2t shel WREE mASH] fsiAE 19Tt atdez ool
vector7b Mast, AA| ¢-st WEHE XIS A 10°x10° 719
Fdo] Hagtdl o2lgt vectorg ©]-&siA WA (inner product)d} &2 A4k
= 3}341 St At Fr v 3] soludA, s AFE A w9
TAE do7IA "k Eut ofye}, ¥-3t HE = mRYoA ZA|cte 8%
of HIOHH Hl&%;‘—'ﬂﬁr A& o] oh2at Zo] 10 x 10 = Hdo] 5

[1000000000]
0100000000
0010000000

0001000000
0000100000
0000010000
0000001000
0000000100
0000000010
0000000001

[ 2-6] -5t W9 2 2

oul7t Sl dolHl 12 A 10%°]a, UHA] 90%+= oFFd oju|k
gle 022 AHA k. ofxy ¢-st WH wRAq AA|ste &7l
Bl SR Qe dlelHe vFu SHel gEje] #E(sparse vector)©]al

=
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olty. TARRI FAFE
M= fAE

)

A= (Cosine  Similarity) 2t

s

o]

742, 90° <]

AF

Stof A

25

B 7Ho] ZtL o] FARRI Fhs ]

H)
&l

=
T

[e]
7te

o)
=

)

o]£™ 0, 180° & Hijo

Pl el fAEst &

AL
;OO

AL
;OO

<k

ol

=n
R

/

/K

TALRl SALE 0 AL FALE -1

A SAFE 4

(28 2-7] ZAR] FAEE

RIERTK S

B A, Bof| 3

5 o

Y AB
=1

AB
AL IBI

Similarity = cos(®)

1
s

HE 7] ]
| ©7] wj&of] FARS SAFE(Cosine Similarity) 2} 722

=
T

Elo] gH=t,

4

oS

Bl A, B7} 07} 12 o]Fojx

]
o] 2= A

=
T

ol

ol

B

14 ;o] Eole} olet Ze Hlolg

9

_(H

°lE

S}
=

3190
;gf—ue

17 "k, 2217}

)

™

7}A]

=
=

377} ol
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%02 ololAt SHEe| BAYE ATAL AHT 5 Yk A9 1A
2 B9t ZATGA B 52 Aol s YL Fe| FAo]
ok Uerd el 91 Zolth enE A4H SEe] BAE A
2 wobd 4 gt WelE WA i Zlo] Wastt

gelde ol§d A5 ATIHE SELO WA 5T 5 Y=F o
5% 5 Y= 9-3 9= WA o] B2 Yoz FEE 5 ol
2 AT aA, Aol Hel Rofl A wolg 47 dlolgat: FAQ]
dol qugelet: Wy ImelEe $8dH S AP (ot

embedding)[Bretan. M. 5, 2016 : Wang. Z. &, 2020 : Wang. Z. G,
2020]= sttt -st 15 wWAlo] mASHIA; Sk ol uE o
AL 7HA] = SAast WEHE Aok RhHe| tho] dHd A2 Bmdst
7} 5H= dolo] SHTh AL Aol A wt A4x(real number)E ARESHo] W
¢ dHiol ¥WE (dense vector)E ARt & S 1A 79 do7t Q=
o, Ad7lets dolE 9-st ME = A5 obd o2 2

A =[1000000 ... == ...0], 15999 09 4= 99971

AolM -3t AFF FA o] AN HHE =] tiFEe] 022 A¢

[E 2-13] o] AHF ] A

e [0.11 0.8 0.52 0.76 0.91]
R [0.33 0.1 0.56 0.79 0.71]
a19fo] [0.91 0.35 0.51 0.88 0.1]
= 517 [0.41 0.27 0.43 0.13 0.9]
Aol [0.44 0.23 0.91 0.89 0.2]
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d-st WEots b2 B Abdo] AR YA QloiA olzeh FEief
HE 24 HEzta o ojAY daz uofeh] 2dd 4 ot ¢-st
H e et= %}E] A2 2719 HMHEE Tolg aaor ZAY 5 WU H
o olgA P dHo] WH=z dolE BASE AL o] dHE S22
olo] B4t ZA(distributed representation)o]2tal ek, o] QHg A
< 9= EY A TE gEA 2 MEHE AdstER Mo YHE o
|3 FAR FARES At 4 Qe B ofyzt £ ¥l hol A 54
W2 od FEH O A4t THssio oA ™ WEZEY] <dqto] ThsShH i

.

B
At Bnto] oYzl “king — man + woman = queen ¥ T2 FAL 1Y
8} ol ¥y FIroA ] Aste FolA E 4 e, ofF Fal Folofut

[¢}
wrelolg §3od 4 ek,

queen = [0.3 0.9]
.
' king = [0.5 0.7]

[ ]
b

/" woman = [0.3 04]
o man = [0.5 0.2]

e

(18 2-8] o] Mg

[ 2-8lofl4], o4& 2Qvlst= ©olEQl queen®t woman®] Y HE
TE= Uy HE Afolo] A-E FobH,

queen — woman = V(0.3—0.32+(0.9—0.4)> = 0.25

olflolE E4e fulste @ols<l king?t man®| AH|YF HE Aol A
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king — man = V(0.5—0.5)°+(0.7-0.2)* = 0.25

queen?t womanAte|e] Az2|et king?t man®] A7t gonzg,

king — man = queen — woman,

. king — man + woman = queen

]

= 24 FollA F4e] ofulE mia, o4ge] ouE Hoty o4gl ol
onjo]m, “king — man + woman ¥ “queen’ Folojo] A
oA

2& oot ol4Y ol e f-gt Augwt
slom, ol Fol4 ol Aol AmAel

A, 250 e AxAEo] Ao osiA troF
FAlo] 4787F =9t Mikolov. T. 5, 2013

N
—

rr

o i f rre e

g

)

o,

filo

4z
= 29
gl_lb

4>

O,

o]

re

L e L

ut
=
ofl
O
il
— rbofr N

. Pennington.

ot L & L X i
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31ENAE 2 Wk A8T A-3 Q3 WA ol YHPS Ag
She A5 A% mde] diste] Afd 328014 Fed N A% 42
oA A Zel A Wl A48T WAt B AT

31 4% 2% 54

2 AFoME 2t AW [Hochreiter. S. 5, 1997 : Mikolov. T
2010 : Sak. H. 5, 2014 : Sutskever. 1. 5, 2014 : Jozefowicz. R. &,
2015]5 M= LSTM(Long short Term Memory)= ARERF o] @l
[Hochreiter. S. 1997 : Alex G. 2008 : Sak. H. 5, 2014 : s =
2016 : SHATE 5 201717 oJ€ld mechanisme 2835t RE-S A5G}
[Bahdanau. D. &, 2014 : Xu. K. 5, 2015 : Yang. Z. 5, 2016 : Lin. Z.
S, 2017].

n M

3.1.1 8414 % 7|4k o] Bdl(Recurrent Neural Network based Language

&% AT QA P2l b IYT 2ok
Input layer Hidden layer Qutput layer

LEST




AAYE 295 Hidden Layer)oflAl o] ©hAS] Xt dAje] o4
doto] AR R ARESH= /lF AATolH, 2HFo=A LSTM
ARES 4= Qlh LSTM 52 [O9 3-2]9F Zo] A +X2 =l

, ZZtel LSTM Ale [19 3-3]3F o] Forget Gate, Input Gate,

ate= FJE 3FR/O AO|ER o|FojA Slrh.

° o o
{

lo o = A

& o mo rht

o
<
—t
]
=
=t

i

(13 3-2] &8 A4 A= 72 (Olah, 2015)

‘N
>
Il
@——» = -——0@
1A

(1% 3-3] LSTM A9] F+% (Olah, 2015)

—

2t AolEe] dge o8 P,

« Forget Gate : ©o]F TA(previous state)o|A] HErHte wjitz] Aol Zk
Cioy= Eutdt 719gxE 24t

« Input Gate : @A DA AFT2 2L JERE Aoy ISR E
A7t

+ Output Gate : @A DANA S YA o] DA A 2 A h,_,
2ue Ause], 08 BAR duht AYRAE AT LSTM AY 4
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Output Layer

me = 04 © hc)

¢{I"‘f{u1r1 my + by}

e

g{l"i"':r:.r-'rt 2 l"il"-.r_':n mMy—1 + b{}
LSTM Layer

2014].

==
. O,

is = o(Wizs + Wimmu—1 + Wicei—1 + bi)
or = o(Worxs + Wormu—1 + Weeer + by)

fi = in’i"—j'zj;.! > i i“i’",f'runl'f e W cCi—1 + b_f}

t@c1+6©

Ct
Input Layer

= W o ™ o o b ®
% I_I_V| ‘IDI ,Z_.O Ot ,_—MWM @_ﬂ
. o <1 m S 1
o o OME B W o) B
— = M Mo 3 & Mo %O
1 % EEagmiT
il T Mo B T w5 Ol oy
el S
- gal Mo ™ 11Dr| =
’ o ) o T < = o m
romsdw B
ca g J oW p BX _ma
- e — g B AT
T | Py <M L. v o] TT
I o = I 2
oy o o Soop ] W e
_fm oo = B o
b R T o M y X
= = 5 mr M — o <K
o w A g T g
%~ ™ o R m o % To
o <A = 70
| CE O o g B
B A o= ,_ﬂﬂ - o= —_— o
G sttt e o< o o X T
diiiidddbsacisanses HoM oo T T
e o O T s S B R =
EEEERPREREEEREEEEEY s ﬁo UO ile) 3 _io
e T g Rl T 2R
S EEEEFEEEEFEREEFEY NE _ 7A,._ E_L BT ﬂ iy NIUM
Siiiiiiiiiiiisisess T e o — A
rerorrrrerrretersr i o W m_:__ T oy
Gifgddididddididiss M © RS )]
PP i e s 5 o~ T B o M
Gegsdddssaddddiddds o0 R’ -~ e
Goffdddddaddaddddda, T S o o
§iisiddiidcsdiddiass ok oy T e
“dddceddcdoecscdacana _ ET Zi __OL ‘ﬂnw‘A _IA
e e R = = = =A==~} ‘Olﬁu ‘OI ﬂbl O_H _HT— | 1

TR
o o] mdg

5k

softmax $

=

=

=

gtk of
w4

Jd
o

M 2 e B4

/\(lj A

Lo

T

-

o)

=

=1

)02 4, LSTM
— 30 —

o

=

[}

=

[e)

o

=

te AFHoz glo] mdo] of

(Linear Transformation)
[e]

AA AZS(fully connected

#| 2]



StEAIZ W =3 Hd(target) Tt Hluwoto] £4(loss)= FotH, &4 o
Z4(loss function)2+ <lo] Bdlo] o =gt 1t AFS H|Wsh= Wap dER

1] of|2](Cross Entropy Error)E& ARg&3l

o

Cross Entropy Error = —Ztilog(y,;)

Aol drget &4 beb A8t =+ (optimizer)E o834 Hol H w

742 @2b Q- (Error Backpropagation)& FallA] S5 XSttt o]

oA LSTM A& 7451l Sle ZF AlPlES2] 7152l (weight)E HHIP|E

(update)stal o] RHElo] e 4 AXIeh dhgol S=7F =W, did o

of rdlyt sk5H ZFEAE ol8oiM MER = A4dstH Ho. o=
0

o] dHgES Aget ST ol Bde AZeleld ot £

Input Layer Embedding Layer
[217 193 310 338 310 320 290 [[0.98028916 0.80785577
270 217 160 310 338 310 320 290 0.59289267 ... 0.92503989 0.31899994
267 217 193 377 198 215 227 246 0.85089585] [0.2218584 0.32262727
188 246 288 333 288 246 188 217 0.31119162 ... 0.62058391 0.17193715
217 220 215 167 215 265 215 308 0.53408086] [0.64885695 0.57793272
288 265 248 190 188 198 215 227 0.37347801 ... 0.35254068 0.39657788
246 188 246 288 333 288 246 188 » 0.22933946] ... [0.58356565 0.499977
217 217 220 215 167 215 265 215 0.09788288 ... 0.66665788 0.41613862
324 308 324 335 190 188 198 215 0.64036581] [0.90779648 0.803198
227 246 188 246 288 333 288 246 0.23838055 ... 0.33360787 0.47083769
188 217 217 220 215 167 215 265 0.8384247 ] [0.85419875 0.50179533
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Research on generating music using deep learning has been
conducted in various ways, but research on evaluation methods for the
generated music is relatively small. Evaluation is very important because it
is difficult to improve the performance of the automatic composition
model in a state where the quality of the generated song cannot be
evaluated, and criteria are also important for evaluation. Since the most
complete music so far is a human—-composed song, we set a
human—-composed song as a criterion for evaluation and quantitatively
evaluate how similar the automatic composition model creates songs to
human—-composed songs. A quantitative evaluation method with an
evaluation criteria that could result in a higher evaluation score as the
song was created, similar to a song composed by humans was needed.
Since the quantitative evaluation methods studied by previous researchers
are not abundant, this study analyzed in detail the quantitative evaluation
methods used in other fields of deep learning such as machine translation
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and image captioning, and then [ applied them to deep learning—based
automatic composition models and evaluated them.

Since all automatic composition models are mathematical models, the
notes must be converted into numerical data that the model can
recognize in order to implement the model. The method of converting
notes into numerical data includes one—hot encoding method using only
two integers of O and 1, and note embedding method implemented by
applying word embedding, a method that converts words in the field of
natural language processing. The automatic composition model was
implemented using both methods, and as described above, using the
quantitative evaluation method used in other fields of deep learning, it
was evaluated ~ which method has created songs more similar to the
songs composed by humans. In addition, just as character embedding and
word embedding are possible in the natural language processing, music
has notes and bars, so the unit to which embedding is applied has been
subdivided to implement a new bar embedding method. It was evaluated
quantitatively which method has created songs more similar to the
human—composed songs.

Through this, it was confirmed that the quantitative evaluation
methods in other fields of deep learning can and cannot be applied to
the field of automatic composition. Among the one—hot encoding method
and note embedding method, the score of the note embedding method is
higher. And among the newly implemented bar embedding method and
note embedding method, the evaluation score of the bar embedding
method was higher. Through the results of this study, it was confirmed
that the bar embedding method creates songs more similar to
human-composed songs than the conventional one—hot encoding method
or note embedding method, so we propose to use the bar embedding
method in automatic composition.

[(Keywords] automatic composition, quantitative evaluation, one—hot
encoding, note embedding, bar embedding
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