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A Study on the Creativity of Deep Learning with Haiku Generation
Abstract

In this paper, we discuss what approaches and how to implement creative behavior of
machines (computers using deep learning).

Creative approaches using deep learning are mainly based on deep generation models.
The approach based on the deep generation model is a learning data-centric replication
approach, and cannot be regarded as a creative behavior.

In this paper, the definition of creativity is defined as "finding solutions that are outside
the set of solutions (solution space) and are valid". We define this discovery approach in
terms of products such as works of art by comparing Deep Blue, who defeated the chess
master Kasparov, and AlphaGo, who defeated Go master Lee Sedol. We considered two
approaches to be creative. In this paper, we designed and verified one of them using deep
learning.

This time, we created a haiku using deep learning and used it as a material to think about
its creativity. There are three reasons why I chose haiku as the subject. One is that there
are clear rules, and the other is that there is a long history and a lot of high-quality teacher
data. Finally, in the context of Japanese, whether or not an expert The art must be easy to
evaluate.

Previous studies have shown that creativity outside the solution space includes Borden's
psychological creativity and the novelty and usefulness of creativity defined by Newell,
controlling them within an appropriate range based on the Bundt curve. Thought. It is
also assumed that the value of the product itself has a high evaluation of psychological
creativity.

In this study, we generated LSTM (Long Short-Term Memory) in the experiment. In
addition, iterative generation and evaluation were performed by a hostile generation
network. At the same time, in order to jump out of the solution space, we assigned
languages with similar meanings using language vectors.

When the experimental results were evaluated, 6 out of 15 generated haikus were
evaluated to be comparable to those written by humans (p <0.01). Finally, we evaluated
the haiku with an implicit index common to haiku evaluators, and found that there was a
haiku that was sufficient for haiku evaluation and had a good evaluation.

He succeeded in creating haiku to some extent, and was creative in the creativity he
defined. However, it cannot be denied that good haiku was accidentally born from the
characteristics of haiku.

Finally, we present future work.
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2.3  HRADEVEICE T o EREEER

2.3.1  FERALETEDE R LR IC R 45T e

(1) BEMAE D E SR

Btk GHAEME) 13, 2 BB R TH D, TOFITREBED ALERI7R I EFF D&V O DI
BPLIREE T D,

b, AHOAIENE B RIS TORWERE THY, AT =X LD L E,
RIS RIE T DT LT EEL

Lol RO B a2 il 20 Th v, NS B [F CRHl A COREn2S FTRE Th
%

FHEOBIEMEIZOWT, BL<DHE 2 7-D1%, Newell, Shaw,Shimon TH 2D,

PeolE, FHEMORIEEZE 25125720, NOAIEMEDOREEIE X, BIER72 5D FNEIE,
BRI 2R O REMRIATE Ch L LR E LT,

ZDAENSRITERI72 520 FU N KD AR & — 72 50 F U MT I B E AR A0 A3 E
IDNEHEEL . Tt 4 DOfRIEA R LT-[23],

The answer is novel and useful (either for the individual or for society).
The answer demands that we reject ideas we had previously accepted.
The answer results from intense motivation and persistence.

The answer comes from clarifying a problem that was originally vague.

Newell 5%, BIEHSDFENLCTEER LI, H LD DAMEDHLEDE AT HDTHDLHE
LT,

Z D E #F% 1E . Association for Computational Creativity <° ICCC(International
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WFEIZB W TIE, DI MMED H 2 16 OZ 42T DR I DAIENETH D, &) RARIT
BLIZ RO IHIZ R D,

Tl BRI L TIHTLL ) MEDSH D 16D LI3AM72 D,
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C. FACES 35K, IDEA 1ZZDJFRKEL THEUTE T L LT, B 4 b bffhfi s
THEZ HEtaT,

(2) BHTL | &3/ 2>

Newell LORNEMED EZE THNLNITHLW NZIINRV OB RS 25 TS ThH 5,
Boden I%, BIREMEDZERELD LS ITDOWT, 2212453 TV,
H-Creativity(Historical Creativity) & P-Creativity(Psycological Creativity) T®H 5,
[26][20]

H-Creativity(Historical Creativity)&ld, AFEDOERZ WL CTHIZ ETOHLNT AT 7,
P-Creativity(Psycological Creativity)&i%, A4 % BHLNEE DT AT 72467,
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H — Creativity = P — Creativity

X 20 Boden @ H gli&tE P A& o &zb S XYL

Boden (2J1%& ., H-Creativity (B S UAENE) 1337257 P-Creativity (LEERIAIEME) T
55719, P-Creativity SIS NDRETE L FIET S,
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Creativity N P — Creativity O FIEEMEICDOWTE 2| 1B-T 2.8.2 BEICTTRET 5,

OIFH LW NTZE DI ITAEHZHEINDD)

Boden %, THL B O BIENEIZ ST, SFEOD/ X — L B4R L5, [27]

1. #HAEDLFICLACTLV)AIEYE: new combinations of familiar ideas
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1’0

input || ideas

output " variations of ideas in the input

2. BREITE D0 LV )AIEME: generation of new ideas by exploration of a space of concepts
/0

input || a search space

output || points in the space

3. BIBICEDCH LA involves a transformation of the search space so new
kinds of ideas can be generated.
/0

input || a search space

output " points in a modifies space

Boden DI %7 5[ #lA G IZE DA, THRRICED I AIENE, [BRICED AlkE

T N—F— DA G DRI I LAIEM28]°, EHOOT AT T HRE M [20]70L L
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&L > TARERRT AT 7 LRI T O, EDLHRAE T HEAEN RO, ZEFRTD
ZHITEEL, ZO7= . ADORITEMERFZE CORMEFE L CiE, 0B E =F 2L
CRHli T 28V HIEC, TAT TEBER, 74T 7T OZAMEEMELT 20T FERS
%, [30]
*%%mzﬁl DT BT TH, AIEMERIXIEE 1L,

2. BEAEYEDREIL, IR ESTZIENVOIFTE 43 B T D, ICCC Tl 2014 Fnbd
% WAV TS CHHM, BURE R Tl &£ CRHliE 320D E Eo 7 dlhi 3720 &
IDNBRE L TORIMTH D,
AENE, BRI OWTIE, ZLOSUIBREN TWDEZ2SOFHM 71k, & &AEAh
[ZOWTHRICL— 2Dl 7 iEE 15,
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THETRIH LR,

OAIEMED TEPEFEAT

FHE 5 A 10 RlEEO =)

VAT, BlEMEZR, 3 DOBETLEROH IR THLHLET D,
OV BB, TAER /S AT DB T 7vay LT Vb BB O S HET
(tripod) EFEA TUNS,

skill

appreciation

imagination

LR, Newell 5OERE SR LT- BT, AERNZ2L OO H I

(2 LR UATIT A A 2 G2 T AUSME D& 50 OIXAE I HHE 2 A8 G T 73
7R UMD NDVES DL DU F HE T2
D, LU, B OAIEMEICRBWTE, R3S I RN B I8 T, -
FREEL L THERFEFTRE TIZ/R W o | ARWFFE Tl ),
KHUE, 20O =N AR720 IR 2 N 2 T =25 12 FREIC (Ll T D,

#5115 2: FACES/IDEA 7 LV — AU —2

FACES/IDEA 7L —AU—271%, ¥tk gl&E M2 @Gt 4271 — 20U —2[31] Ch
5o ZOWRIT, AIENA IR T 5720 FACE EF /L e, BIEMNEDINCEEL 2 %
HREMENH DDA~ IDEA EF /LD D&l > a5,

ANEHAT A% 35 FACE =7 /L OFHMIERE L F o 8 o,

E9: an expression of a concept

E?: a method for generating expressions of a concept
CY: a concept

CP: a method for generating concepts

A9 an aesthetic measure

AP: a method for generating aesthetic measures

F9: an item of framing information

FP: a method for generating framing information
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IO EPERZ RN T 5,

BlZIE, Y70 =T S DABEMEFHEIC OV TIE, FREDIIICFHIT5EL THD,
average(S) = —Zl 1a9(c?, ef)
best_ever(S) = max/L (a9 (c/, e?))
worst_ever(S) = minlL,(a9 (¢!, e?))

Reliability(S) = best_ever(S) - worst_ever(S)

IDEA &7 /L ESNDAIENED 8T DRt
@D Iterative

(D) Development

(E) Execution

(A) Appreciation

ERE 4 SOFHBFRIE TIRED LT D,

(4) A& MED E B 7

FEITHEA LT AIEMED = IR FACES/IDEA 7L —AU—271%, AR AIEE O CTH
STEMN, EEAEFHIIZ- DUV T, IBM India @ Shrivastava SO SLIZdH5, [32]

Shrivastava 5%, Newell HOFBIPECAIE, colton D FACES/IDEA 7 /LD FEE 708
Nh, 4 DOFEEE EEFHhE L TIRELT,

Shrivastava HOREFRIEIL TR 4 O,
*Value

*Novelty

*Influence

*Unexpectedness

Shrivastava HliE, Bl&EMED E EFATOTZ80 B E A TE LTz, A0S AliEr) 72k
B T iE Rt 32 Th D,

% ))1%, PageRank 7 /LAY R LZTEHIL, Vo 7-#80 7 DR MEZFHIIL I,

Unexpectedness 1, BRETOD R 262 L 7o B O FRELEE O SEE R e KAE ) D ESMEE
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Algorithm 1 Minibatch stochastic gradient descent training of generative adversarial nets. The number of
steps to apply to the discriminator, k, is a hyperparameter. We used k& = 1, the least expensive option, in our
experiments.

for number of training iterations do
for k steps do

e Sample minibatch of m noise samples {z(1), ..., 2(™} from noise prior p,(2).
e Sample minibatch of m examples {.’B(U, e ,.'L'(m)} from data generating distribution
pdata(w)-

e Update the discriminator by ascending its stochastic gradient:

m

Vo3 [lon (5 106 (10 (6 ()]

end for
e Sample minibatch of m noise samples {z(!), ..., 2(™} from noise prior py(z).
e Update the generator by descending its stochastic gradient:

Vo, 2o (120 (6 (1))

end for
The gradient-based updates can use any standard gradient-based learning rule. We used momen-
tum in our experiments.
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