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Deep Learning # HAW7=F V1 > Al OIERK & HREE

TEIE 2 & AEEE W AMBLO G A PR & X BRI
CREATION AND VERIFICATION OF DEEP-LEARNING-BASED DESIGN Al

Image generation of cityscapes and building facades

HIF FEs ™, REF BRRRR ™
Satoshi YAMADAY, Kotaro ONO**

This research is a preliminary study on applying content generation Al using Deep Learning to architecture and urban

design. The novelty of this work is the creation and verification of two types of rapidly evolving Al and the presentation

of content generation Al. The first type of Al regenerates a design by impression and direct inheritance from famous

cityscapes. The second type of Al generates a new design by inspiration from the appearances of famous buildings.

In both cases, the images were verified by subject experiments. The analysis methods are text mining and Bayesian

estimation.

Keywords :

Artificial intelligence, Deep learning, Computational design, Le Corbusier, City landscape, Building Facades
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3. HEHE
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V] RO TRETIUL, n ke 7 MVRIEORY NLEEA
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AWFIRIT 2B TH D AN B A O FF A v 2 AT DAL, TF
P o = ZARFHOHIGROT I A LMK LT T A v i s
LTHAETDAL Thbd, ThEHRODIATS IO, 2 BBERO 5
PA L aAERT D ALY OERICES HRIEDLEL 572005 TH
BEN TS (R T 4T & R Y
OB (22D 3{ER)) ZXFE L, EfL LTHAES
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0,0.21,0.56,0.34... |— | Generator| — [Generated
image
100-dimensional l\l 0: Unreal image
Discriminator; —

N
random noise I'/
Real image|

1: Real image
Conceptual diagram
Generator Network Discriminator Network
| randomnoizz |[100,1,1] Input Image | [3,256,256]
v v
[256,16,16] ComvaD  |[16,256,256]
v LeakyReLU
ConvTranspose2D ([128,32,32] v
BatchNorm2D Conv2D [32,128,128]
RelLU BatchNorm2D
v LeakyReLU
ConvTranspose2D 164,64.64] . Dropout
BatchNorm2D Conv2D [32,128,128]
ReLU BatchNorm2D
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BatchNorm2D ropou
v
RelLU Set
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ConvTranspose2D ([16,256,256] v [64,64,64]
BatchNorm2D Set
Set
ReLU [128,32,32]
v v
ConvTranspose2D |[3,256,256] [65536]
v v
v v

Output Image [3,256,256]

Generator: Creates a 256-pixel square
RGB image from a 100-dimensional
vector using a learning layer such as a
convolutional layer

Learning layer structure

Discriminator : Using a learning layer such as
a convolution layer for the image, class
determination and calculation of miscalcula-
tion are performed.
Fig.1 DCGAN
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Japanese style Western style
Sannenzaka in Kyoto, Japan Cockburn Street in Edinburgh, Scotland
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Design reproduction image

*Part of the color image can be viewed on the author's website?”
Fig.2 Learning image and design reproduction image (cityscape)

Japanese style Western style
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O Part of speech HEE Word Score | Partof speech| HiZE Word | Score| | Partof speech 55 Word Score | Partof speech| HiZE Word | Score|
% g noun #iiti# | Cityscape | 141.75] noun FH0N rough |16.07 noun #iit# | Cityscape |141.75| noun HE Archaic |22.04
a5 noun ETE | machiya® | 40.36 noun FE Jasﬁ?ﬂsese 14.3 noun ¥ | Western | 59.5 noun = | Desperate| 13.04
b5 noun &E | Archaic | 37.99]  noun £%8 | Fantastic | 11.1 noun  |3—nHw/%| Europe | 45.21 “Traditional (merchant's) houses
noun HZA# |Japanese | 27.38 noun D Kyoto |10.12 **The next rank is less than 3.5

Fig.3 Word Cloud (Impression of the cityscape (design reproduction))
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Training image
| Ronchamp Chapel

Villa Savoye

*All images were collected from the Internet.
The creative commons for the photos in the manuscript are listed in the note 13.

Fig.4 Learning image (appearance of building)
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*Part of the color image can be viewed on the author's website”)

Fig.5 Image of design reproduction and design generation
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Please draw only one line between 0 and 10 Design reproduction of specific works

*The subject is Japanese. Therefore, it was actually conducted in Japanese.
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RERDHD, DFV, MEBIHELEZEZOND—FH TREOHFRIK Correct P;SP:SP;SP;SP;SP;SP;SP;SP:SP;SP;SP;SP;SP;SP;S
D) A4 ZTIERCEGEET, BT FA v b LD — ZH I Judgment| PRS| PRS| PRS| PRS PRS| PRS PRS| PRS| PRS PRS| PRS PRS| PRS PRS PRS
SNATHEMTH S, RS, EBRICHRME A O OB L TOARNNR, *P=Church of Saint-Pierre,R=Ronchamp Chapel,S=Villa Savoye

*Range is 95% confidence interval based on Bayesian estimation
AR CEE AR MG N AR EINDZ LR LTS, 20D *Match is white, mismatch is black

*The characters in the figure are more than 1
L RBRICH T HIMAEFEAROBRFT L EZD TCAKOREL T *The order of lines in the image is P, R, S
Do MATHRFBEOZIRL LB TH D,

F AR, E U R AKORNIT A LB O A Fig.7 Verification results

36 80%



Satoshi Yamada
テキストボックス
日本建築学会 計画系論文集,第85巻,第770号,掲載決定,2020.4,日本建築学会
最終校正前の原稿なので掲載時には微修正が反映されます


S5

o000 oooooo,mos8so,077o0,0000,20204 000000

00000 oooooooooooocoooocoooog

EERIe T A OB ORIT, B a0
FESERA LT LR, Yo .

o

HEEZOEMERRE LT A VEHEIZ L 27 A Ak & i
L4 %, F 72 DCOGAN IR &4, pix2pix, CycleGAN, StarGAN @ F
A7 rt A0 Uik Rk, B 2T VA W B o
R 2= BT MULBOT P A Y =2 EHWMAT 571 Al

7o &

pz3
w1

1 2)

7 3)

*4)

1 5)

1 6)

)

11 8)

7 9)

COVTHRITT S TETH S,

A LA B ICBOTHRERUCE UT A VBN DRR TR
N, ARTIEATEEZ [H4), %&L2 ) SPERRL TR 5,
1 Befis B 2561247 5 Bl - ARiE, ADRERLETEEOTF A v Y —
ADHRT WA MEEEK LI2T VA oo AL AR ZEKL
TWb, 2FVRHEDOT A MEOEFAMER (100 Re~x7 Lk
FBHEBEE =2 — TRy hT—27 ) BARETH D = & ML
LB, INENHRE LTUE, T4 I ARMAAEDEICLETY
AVEREERDDOTHD, ZOLHIRTVELRTHFAL UAERD
HOEDN, ABFZEE TAL AT OMEAl] ZEELE LTSI N,
ANDPEIRLT=2T WA ) —ADT VA M EffK L oo+ 52 &
THOT VA L EBAERT DA 2L Lz, SV E, BAE -
ERRLTeT A OMEERD, FEEGRPRFOT VA AR L D X
SRR OB E A AR THAI ZEFEHE LT, TORDT YA
AT B AL OFER & KFEE U TF YA v OB FEHRBNTHEN O
MEEEATV, ZTORICT VA VA ZAT O AL OER & BAEE T o 72,
SEHR 19) I[CTIRESNIZTIET, Ny T
WMERLE LCAN SN EBEOT =L L C=a— TV Fy T —
7 ONERT — 4 2 TEHET 5 2 L1 X 0 ilSE oMl T L 058
WA LT AMERD D,
DropOut: #58 oMl 5 FiE L L TSE LM 20) IcTRESI N
FIETH D, FEHTHEBICBVWTHIEOTD ) —FDH B0
ONERET HEEGTENNCTH L%, FHOFEFHEIHRY BT T
BEThD, ZHICLYFEEROR Yy T —27 O BERREIICNS
<720, WHENELS 25 (RiEHT — 2125 LT RO R 2
FTED) ZENMESNTWD, MBEICHOW I RFESEZT TR
CEBLABBEIZBWTCHAHTHD Z ENRENTEY, HEIToN
TS BENANLNE Z ENZ ., AFETH ZNEBBICFY
E TV OMERL & BHRET LTz,
ReLU : {&MEALBISICH WS N2 O —2>OEETH 5 (25 Lk
21)), HEBBIZH TV ERANBR0ZBZCOWIIEZEOEEH AL,
0 LLFTHIIZ0 AT 2% TH D, HMAREETH D03
DEEN S EGRFSTFICB VTS VLA TN S,
LeakyReLU : Relu & _R— 2 |[ZZ B SN TH Y, ANER~AF
ADWFIZFAE LG 2 AEIE RIS L2 T, ADHE TS Afd % FF
OO TEEPHELRLT VY, FTreORTRE S ELI T E AN
ETHULEND D, it L < IEBE T 22)

x (x>0) y(x) G L & - fE

ye) ={ ax (x<0) A
a A (ARET /L TlEa=0.2)

Batch Normalization :

Sigmoid: FIZ 2 7 7 ANHOMEMALE% L LTHWH, AL
EARETF LICESE NS T 01ZES< &0 ) Rz R,

_ 1
1+e™
SoftPlus : IFMEALBI# D 1 FETH Y FrioRicERIND, RO LD
WCANENDENREL 2D EBEN LITESE, AJTSNDMHED /N
S eH L 0TS LV ) B A FF o, A kias DR KBIEL LossG (y)
LIRER O ICBIEL 1ossD (y) 12 Sof tPlus B% % 7z,

SoftPlus : f(x) = log(1 +e7%)

loss®(y) = T f (-¥)
lossD(x.y) =Xf0)+Xf )

X FET=2NOOWT y AR T 26D
Adam : RBEEIC LV FINESNRBEN O Ry N =27 2 TH+ 507
EE L TESBLMR23) I TRESINTZHIETH D, E- DT ILEE

sigmoid: f(x) =

1 10)

1)

1E 12)

1 13)

7E 14)

Wi % BB B Z — v L CRE LT,

Bach Size: IREFEHOHBTIZHEWTIE, FEHAEDRNIZETT LT
#E LCMini Bach “ZE MBI STV D, Mini Bach “##1T,
FE T — & &\ DO Mini Bach (2431 Mini Bach & &2 ¥E %17
W, BRI ER A2 D 5 1L TH D, RIFFETH Mini Bach #H %
AL TED, Bach Size (Mini Bach Size) (% Mini Bach ®F — & #
VTNBEDZ L THD, AR TITEBEOREERL 10 & L1
%3 BR 5% : ubuntul6. 4LTS 64bit, RAM 15.6GB, - @ & v ¥ Intel
Core i7-7700CPU 4 =177 8 AL v K, GPU GeForce GTX 1070 8¢ T®H 5,
U— K770 K HBBHEREPOHBEOEEE 2 /RT A a7 2R H
L, 227G L RESTRRT 2 FRE RBRAITIELEFICEL
SHEFTLEHETH > THRIRLTETHI LT WHFFIRA =7
MMEL 2D | FCLEPTOLBNT HHBITA a7 NEL< 2D KD
SN, EEEOBREICIT AR TF-IDF 3k & v D Feat
MEEA A WSS, TF-IDF 1% tf (3% : Term Frequency, HLEE® HHL
BEREE) L idf (3% : Inverse Document Frequency, WiSCEMEEE) o
DOFEIRIZHEANWTEE SN D, FHHRENIU FoHTtRand., 2
BRHEEZA 2 TICHESWTEY, #RICEENICED 2 2 37 23580
HLER I 0CEE A2 R L CRITR Lo, EHEEMIZIEBE D b 22 W I o HLEE
IERMREEIC BRI IZBE D 2, 25 L L CTHIZEARKOE R Z e
PRVWE D AARFERL TR L, SEOT v — FTliEa—F—a—
BN TxFRARYA =27V —)L (http://textmining. userlocal. jp/)
WZ R D0 & ATz, FERNEISEZ X 24) 22, RBAXHTE
LTS BV oW TIIERE LTHRASNTEY 20 R
a7 L2 bMET 5L 17.29 Th D, ERIEBL TORVHEEE
DAATIFZELLIZBW T3 UTTholz,

tfidf; ; = tf; ; - idf;

_ My

T Yenk

idf; = logL
{d:d > t;}|

tfi‘ j

Dk My j + 308 dj (B0 59T REED B D Fi
Ny j: 30k dj i 2 B oo HEBIRE
ID|: #scssn, |{d:d 3 t;}| s t; 2 a0cEk

4ICHBLTEgO 7 VAT 4 T2 R TRTH D,
1-3:Richard Weil, 2008. 11 (CC BY-SA 2.0)

4:Unkonwn, 2017. 2 (CCO Public Domain)

5:Kotivalo, 1994. 7 (CC BY 2.0)

6:Timothy Brown, 2001. 11 (CC BY 2.0)

7:Jean-Pierre Dalbéra, 2018.18 (CC BY 2.0)

8:Timothy Brown, 2002. 3(CC BY 2.0)

9:0mar Barcena, 2005. 110mar Barcena(CC BY 2.0)

A R OFEM - BE A ER A XN, o ) IS0V, FREY
LR 2 DY, EE ARV O — 8R4 w U0, 10), o
TU,10) IS L7 D & LTS X 24T - 72, stan(ver.2.19.2)
AR & 21000, F = A %5, N—r A W 1000 & LT,
HNC 74 C4572 100000 & O FLE THetz o4 - Fik TR oA 22l Lz,
ULHCHEFEE T DTG R <11 Th o 7o, AHEEMICIT EAP 2 AW
TkY, 5 EHXM (HEXHE) XMIRLEZEY Th D, FERIE
HEfRZITRRKTO0.48 Thoilo, BHEICE N TL, FEHKMRO0
Z FEDENERMEL Lz ERE T D 2ER] &0 5 HE S it
L=, #HBRE OB RNREEMOR/METH D 1 & FRIZDNENE
WO RHET UM TH D ED 2HELZ, Zhidarbay=0n
{EBETH D72 DEMMIC D DRREDT A OO RB Y 13 5 &
EBRTNPO T DD, EAEMREE, HBRESVThOELROT T
AVHETHLINEME LT VLD, Ao BETHL I LICHER
L TiTo 72,

SEXH

1) Tero Karras,
Quality,

et al.:
Stability,

Progressive Growing of GANs for Improved

and Variation, Under review as a conference

paper at ICLR, 2017.12


Satoshi Yamada
テキストボックス
日本建築学会 計画系論文集,第85巻,第770号,掲載決定,2020.4,日本建築学会
最終校正前の原稿なので掲載時には微修正が反映されます


goobobob obbodogoo,nsso,dr77od,0gog,z20z204000000

gobobobbbooooooobbbbbdoooooon

2) Noam Mor, Lior Wolf, Adam Polyak, Yaniv Taigman:A Universal Music
Translation Network, arXiv:1805. 07848, 2018. 5

David Donahue, Anna Rumshisky:Adversarial Text Generation Without
Reinforcement Learning, arXiv:1810.06640v2, 2019. 1

Tan J Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu, David Warge—

3

=

4

fu?

Farley, Sherjil Ozair, Aaron Couville, Yoshua Bengio Generative
Adversarial Nets, Advances in Neural Information Processing Systems
27, pp. 1-9, 2014. 12

Isola, Phillip and Zhu, Jun—Yan and Zhou, Tinghui and Efros, Alexei
A:Image-to—Image Translation with Conditional Adversarial Networks,
arXiv:1611. 07004, 2016. 11

Jun—Yan Zhu, Taesung Park, Phillip Isola, Alexei A. Efros:Unpaired

5

=

6

=

Image—to—Image Translation using Cycle-Consistent Adversarial Netwo
rks, arXiv:1703. 10593, 2017. 3

Jack Foster (Author), Reiko Aoshima(Translation) :How to get ideas, CCC
Media House, 2003. 1(in Japanese)

U vy TrAE— (%), BHRT (BR): TAFTOE b, ooC
AT 4 T NT AP, 2003. 1

8) Yasushi Ikeda:Algorithmic Design and computational thinking

7

=

process, Research Council Document Collection of Annual
Meeting, Architectural Institute of japan, Information system
technology, 2014. 9 (in Japanese)
WL : 7L TY Xy 7 FHA L RBET u R, 2014 HF 5 QAR
seps G WS A7 AN A BERVON, 20149, 0 AR

9) Kostas Terzidis(Author), Yasushi Ikeda(Translation):The genius
designer of the future,Keio SFC Journal, vol. 10, no. 1, Designs from
Now On, Keio SFC Academic Society, 2010 (in Japanese)
ARLA - TAVT 4 A (F), AR G REORFTHA F—,
SFC Journal,vol.10,no. 1, WA D Zms , BEMEFRIBKT R
43,2010

10) Satoshi YAMADA, Kotaro ONO:Development and Verification of
Al that Generates Designs with Deep Learning - Street Names
City Landscapes and Desire/No Desire Or Degree of Desire to
Visit -, Journal of Achitecture and Planning (Transactions of
ALJ), Vol. 84, No. 759, pp. 1323-1331, 2019. 5(in Japanese)
I E S, KEFHFKHR : Deep Learning % F V7= FINE GEANHE E AL D 1ERK
LRFE - 0 & RS AMBL DO BR AL R A BT -, AR R
TOCHE, B84 %, 3 759 5, ppl323-ppl331, 2019, 5

11) Joaquim Silvestre, Yasushi Ikeda, Francois Guéna, ConvNet Use in
Architectural Design Process: Evaluation System of the Artificial
Creativity Couple, Architecture Research, Vol. 6, No. 3, pp. 57-67, 2016. 6

12) Hina Kinugawa, Atsushi Takizawa, :Deep Learning Model for Predicting
Preference of Space by Estimating the Depth Information of Space
using Omnidirectional Images, Proceedings of the 37th eCAADe and
23rd SIGraDi Conference — Volume 2, pp.61-68,2019.9

13) Eisenstadt, Viktor, Langenhan, Christoph and Althoff, Klaus-Dieter:
Generation of Floor Plan Variations with Convolutional Neural
Networks and Case-based Reasoning — An approach for transformative
adaptation of room configurations within a framework for support of
early conceptual design phases, Proceedings of the 37th eCAADe and
23rd SIGraDi Conference — Volume 2, pp. 79-84, 2019.9

14) Satoshi YAMADA, Kotaro ONO:Study on “co-creation of AI and
human” supported by design generation Al using Deep Learning
Part 1- Design generation Al that draws an image by learning the
appearance of a specifi ¢ cityscape or architecture -, Summaries
of Technical Papers of Annual Meeting, Architectural Institute
of japan, Information system technology, pp.113-114, 2019.7(in
Japanese)
[ ES, KREFHEAER @ Deep Learning & W= A AR AL 042
W& TAE AL oAl ICmF 72 201 - FEEOHIS - EEE
YOI EE L CEBR AR TV A ARk AT B ARBREFR S KRR TFIN
ARERERLE , s AT AENT, pp. 113-114, 2019.7

15) Kotaro ONO, Satoshi YAMADA:Study on “co—creation of AI and human”
supported by design generation Al using Deep Learning Part 2 -

Design generation Al to calculate the design of the appearance of

any building -, Summaries of Technical Papers of Annual Meeting,
Architectural Institute of japan, Information system technology,
pp. 115-116, 2019.7 (in Japanese)
KREFHEAER, [WETESL : Deep Learning & AW=F A AR AT O34
W& TAL AL odbl) (CRd =i 202 - {LEOREYDIME
DFFA L HERET DT A AR AT B ARG KA P 1 A
4, TEH S AT ST, pp. 115-116, 2019. 7

16) Kotaro ONO, Satoshi YAMADA:Applicability of image generation Al
using deep learning to architectural and urban design, Proceedings
of the 40th Symposium on Computer Technology of Information,
Systems and Applications(Report) (Transactions of AIJ), pp.246—
249, 2018. 12 (in Japanese)
KREFHERHES , 1L HES : Deep Learning % FAUN7= {4 4= 5 AT oD @EEEHS
T WA B~ O TR, 5 40 BTG - AT A - R - Bl
KU T L SCE | pp246-249, 2018, 12

17) Alec Radford, Luke Metz, Soumith Chintal:Unsupervised Representation
Learning with Deep Convolutional Generative Adversarial Net-—
works, 2015. 11, https://arxiv. org/abs/1511. 06434 (accessed 2017.11.21)

18) Toshiyuki Sakamoto:chainerdetsukurukontentsuzidouseiseipuroguramin
gunyuumon, C&R KENKYUJO Co., Ltd, 2017. 12(in japanese)
WAL cchainer TIED 27 Y HENVERRAL 7’0 75 3 > 7 AP, C&R
BFSERT , 2017, 12

19) Sargey loffe,ChiristianSzegedy:Batch Normalization:Acceler—
ating Deep Network Training by Reduting Internal Covariate
Shift, 2015. 3, https://arxiv. org/abs/1502. 03167 (accessed 2017. 11.21)

20) Nitish Srivastava, Geoffrey Hinton, Alex Krizhevsky, Ilya
Sutskever, Ruslan Salakhutdinov. :Dropout: A Simple Way to Prevent
Neural Networks from Overfitting, The, Journal of Machine Learning
Research, Volume 15 Issue 1, pp. 1929-1958, 2014. 6

21) Xavier Glorot, Antoine Bordes and Yoshua Bengio:Deep sparse
rectifier neural networks,Proceedings of the 14th International
Conference on Artificial Intelligence and Statistics, PMLR,
pp. 315-323, 2011. 4

22) Bing Xu, Naiyan Wang, Tiangi Chen,Mu Li:Empirical Evaluation of Rec—
tified Activations in Convolutional Network, arXiv:1505. 00853, 2015.5

23) Diederik P.Kingma, Jinlmy Ba. :Adam:A Method for Stochastic Optimiza
tion, arXiv:1412. 6980, 2014. 12

24) Takenobu Tokunaga:zyouhoukensakutogengosyori (gengotokeisan), Univer
sity of Tokyo Press, 1999.11 (in japanese)

TEACHERR © MR & SRR (SF LA ), AU IS | 1999. 11
25) Hideki Toyoda:hajimetenotokeidetabunseki-beizuteki (posutoPchijid-
ai)notokeigaku—, Asakura Publishing Co., Ltd, 2016.6(in japanese)

BHEM ILOTO BT —Z 00— X ORA b p ERER)
DO FE—, WIAENE, 2016.6
26) Kentorou Matsuura:StantoRdebeizutoukeimoderingu(Wonderful
R), KYORITSU SHUPPAN CO., LTD., 2016. 10(in japanese)
FAJH RS : Stan & R TXA XffFFET Y > 7 (Wonderful R), &57 HR,
2016. 10
27) Satoshi Yamada, Kotaro ONO, Shingo Ikenoue:Generative design Al
(Yamada Satoshi Lab.)
(online), available from (http://satoshi-bon. jp/2019/11/06/
generative-design-ai/), (accessed 2019-11-08) (in japanese)
G, REFBEARRS, Mz LHE: Y= b —7 4 77 ¥ A Al
o2, BEEGRPEE LUBABELHEE) (FrI42) AFE
<{satoshi-bon. jp/2019/11/06/generative-design-ai/>( Z& 2019-11-07)

part 2,Architectural Informatics Lab.


Satoshi Yamada
テキストボックス
日本建築学会 計画系論文集,第85巻,第770号,掲載決定,2020.4,日本建築学会
最終校正前の原稿なので掲載時には微修正が反映されます


gooboob obbdoggg,ussu,gdrrod,oudg,20204,000000

gooobobbooogooobboooooooobbood

CREATION AND VERIFICATION OF DEEP-LEARNING-BASED DESIGN Al

- Image Generation of Cityscapes and Building Facades -

Satoshi YAMADA?*, Kotaro ONO**

*Lecturer, Dept. of Architecture and Urban Design, Ritsumeikan Univ., Dr. Eng.

**Graduate student, Dept. of Architecture and Urban Design, Ritsumeikan Univ.

In recent years, there has been a growing interest in the application of Deep Learning to architecture and urbanism.
This research is focused on content generation AI using Deep Learning. Despite claims that replacing creativity-related
work with machines is difficult, the use of generative adversarial networks (GANSs) is becoming more popular in various
fields. The objective of this research is to develop an Al-supported design or a co-creation between humans and Al through
the application of GANs. The primary goal of this work could be interpreted as repurposing existing concepts to create new
designs through the combination of multiple design sources. Therefore, the purpose of this research is the creation of Al

that emulate and support the design process.

This research examines two types of Al through a two-stage process; the first is an Al that reproduces design, and
the second is an Al that generates design. The first type of Al reproduces designs from different sources and includes an
analysis of whether the design can be expressed mathematically. This analysis is a prerequisite for the creation of the
second type of Al that generates new designs by combining information from multiple sources. In other words, the second
type of Al views designs mathematically, and the possibility of expressing designs mathematically (using the first type of
Al) is examined to ensure that such a function is feasible and in line with user intention. Here, a mathematical expression

refers to a 100-dimensional vector and an already-learned deep neural network.

The Al that reproduces design was applied to famous cityscapes (Kyoto and Edinburgh) and the facades of famous
buildings (three works by Le Corbusier). The designs were reproduced as images and used for subject experiments to

confirm that the intended impressions (oriental and occidental) and the designs of each type were successfully reproduced.

For the AI that generates design, a new design was generated from calculations of different combinations (three pairs
and one trio) of the facades of three works by Le Corbusier (church of Saint-Pierre, Notre Dame du Haut, and Villa Savoye).
This design was subsequently used for text mining Bayesian-estimation-based subject experiments to confirm that the

characteristics of the design sources were successfully inherited.

To the best of our knowledge, these are new types of AI. Further, we believe that these achievements may facilitate
better dissemination of design through fast generation of a large number of images (design patterns) that constitute new
types of designs. This achievement may also help expand the concept of human design thinking by suggesting designs that
can be permuted using Al but otherwise inconceivable for human designers. Ultimately, this can help in the creation of a
new design environment, namely “co-creation between humans and AI,” wherein the designers choose the sources and the

Al generates a number of design choices for the final design.
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