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z = f(x)
<latexit sha1_base64="QLlkCjr28Ua3oZ3AMcbE39dZsPg=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9mtgl6EohePFewHtEvJptk2NJusSVasS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb2iZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw+uJ33ygSjMp7swopn6E+4KFjGBjpdYTukRh6fGkWyi6ZXcKtEi8jBQhQ61b+Or0JEkiKgzhWOu258bGT7EyjHA6zncSTWNMhrhP25YKHFHtp9N7x+jYKj0USmVLGDRVf0+kONJ6FAW2M8JmoOe9ifif105MeOGnTMSJoYLMFoUJR0aiyfOoxxQlho8swUQxeysiA6wwMTaivA3Bm395kTQqZe+0XLk9K1avsjhycAhHUAIPzqEKN1CDOhDg8Ayv8ObcOy/Ou/Mxa11yspkD+APn8wd9oo70</latexit>
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26Copyright©2019  NTT corp. All Rights Reserved.

,�!DSap  �
�

����
iFN e“o\

]nhN
=<Mb: �

]nhMn[
?AG 

FICo\S
?nGlIN ��

iFNS
SiTk_ ����

IaGmI=
gh[f 	

j+��!D
��: 8���
�&(�

-rSg;mIehlBA2o\e`

rcT4u]K7

9^q4N5vms

to/“dle`2K80P/bw

+��1���: 8�� � 1��+��":D����(��!D)��� �"�$:C��,�!D�D:$��. C�"$:����&G&�! C!�%$:! #�F�0�%".12 
�&(�



27Copyright©2019  NTT corp. All Rights Reserved.

,�!DSap  �	�

����
iFN e“o\

]nhN
=<Mb: �

]nhMn[
?AG �

FICo\S
?nGlIN �

iFNS
SiTk_ �
��

IaGmI=
gh[f �

j+��!D
��: 8���
�&(�

-rSg;mIehlBA2o\e`

rcT4u]K7

9^q4N5vms

to/“dle`2K80P/bw

+��1���: 8�� � 1��+��":D����(��!D)��� �"�$:C��,�!D�D:$��. C�"$:����&G&�! C!�%$:! #�F�0�%".12 
�&(�



28Copyright©2019  NTT corp. All Rights Reserved.

dgVBSRT

?A<NdgVBSRT-������	
����������.
PAC;=

h2AC P2AC

al/4alNM

-��,AA�:�""AG���+�-02�	��
��('A% �"(�,�#�%�' F��)F�%C�% �" ��'GA%!C�I��-02�	��
�

��
)('A%��%�CC F��.A��"

���
��% �' A#�" )('A�#�A��%

���
,�#�%�' F��)�F�%C�% �"���'GA%!C

>ki ��� #�1("� b8al M:<@e

��	

�"AG�6�C���.A��"

cfVB



29Copyright©2019  NTT corp. All Rights Reserved.

�.

� KD MDI+ ) 1MI#+!I"#K �2D+BG �(&
)���#R#+"#�(&
)�

• gc  ���������Csy  ���������f_]ElMkoVgB`j

• ����f[A8utd^fxTv

-�����2D+BG � 4���#))D+B��S1MI�#+!I"D+B�� KD MDI+ ) + 4#L�T�0,���(&
)�
-��1���#R#+"# #M� )���S�MI!C LMD!�+ !EJKIJ B MDI+  +"�JJKIPDG M#�0+A#K#+!#�D+�-##J��#+#K MD2#�4I"#)L�T�0,4��(&
)�

������

��	�



������	  �����
���
�

������	 �������������

��	�

�

��

afi<
Eche

br`jf[A
i;d?=?e

������� ������	 ������	
Wipmnphac

�#J K G#M#KDR MDI+ �KD!EfzZ



30Copyright©2019  NTT corp. All Rights Reserved.

�
Sg” ��� 

���
lIn irtj

CTNn
@?me= �

CTNmTA
Bag �

IIcs_S
BTgoIn 	�

lInS
urYue ��
�

idgpI@
“q^m 

IIcSry"�' <z5d} ���CAA�� 4P 
-�lcY4bxx5V:7UN;{a

.ZSM>pIKNoba2s_kf

~hY4y`L:

]wxto<z5y`

s+4vpMkf


��(�������#A� ��B������)
CB!� 6!�� ����E! ��0�'��A�2A� �������# ���1�����#�BE�.�B#�6�G�,).�����	�

�
 �
�



31Copyright©2019  NTT corp. All Rights Reserved.

�
Sg” ��� 

���
lIn irtj

CTNn
@?me= 


CTNmTA
Bag 


IIcs_S
BTgoIn ��

lInS
urYue ��	�

idgpI@
“q^m 

IIcSry"�' <z5d} ���CAA�� 4P 
-�lcY4bxx5V:7UN;{a

.ZSM>pIKNoba2s_kf

~hY4y`L:

]wxto<z5y`

s+4vpMkf


��(�������#A� ��B������)
CB!� 6!�� ����E! ��0�'��A�2A� �������# ���1�����#�BE�.�B#�6�G�,).�����	�

�
 �
�



32Copyright©2019  NTT corp. All Rights Reserved.

dgVBSRT

?A<NdgVBSRT-������	
����������.
PAC;=

h2AC P2AC

al/4alNM

-��,AA�:�""AG���+�-02�	��
��('A% �"(�,�#�%�' F��)F�%C�% �" ��'GA%!C�I��-02�	��
�

��
)('A%��%�CC F��.A��"

���
��% �' A#�" )('A�#�A��%

���
,�#�%�' F��)�F�%C�% �"���'GA%!C

>ki ��� #�1("� b8al M:<@e

��	

�"AG�6�C���.A��"

cfVB



33Copyright©2019  NTT corp. All Rights Reserved.

+).

+� �"4A�%��)�%�"#4"�4��.�A&!"�#�2+!!�����!&�
�	(�

• S:= �����
��	
 �/[<= �����
������	
 �P���M8]

• -� �-4DV?7++� �"4A!"�10��#�"��� 4A!"I

,��+!!�����!& �A�4����(+� �"4A�%��)�%�"#4"�4��.�A#�)�.,�0�
�	(�

���(��
	/
(
�

����
��	

���(
��)(
��� 

����
������	

�(���
���(
��� 

�(���
��)(
�

-�BAN;5G4.2

���
/�
�

�



34Copyright©2019  NTT corp. All Rights Reserved.

-0 �+�&�%�"�#�DA%R<C: 

-�#�%�D�(���(�%&�%��!�0�DFA% &��-AA���!!AF�(	
)�

• V=] �����
��	
 �2B?] �����
������	
 �8���4;a

• /�#�/�G<C:--�#�%�DA%�4��+�&�%�"�#�DA%.

.��-AA���!!AF �D��!���+-�#�%�D�(���(�%&�%��!�0�D&�I�0.1��(	
)�

2��!�,� �R[AB?

-�#�%�DA%4EN7P/SM4<C:

2��!�,� �RB?

����
��	

���(
��)(
��� 

����
������	

�(���
���(
��� 

�(���
��)(
��

�

���(��
	/
(
�

���
/�



35Copyright©2019  NTT corp. All Rights Reserved.

,)� �,�!�#�%"#2:A8 

,�!�#�%�&��)�&�#A�#������%D"#�A��,""�����"D�
�	(4

• 7;? �����
��	
 �M]=? �����
������	
 �S���NVB

• .�!�.�(:A8+,�!�#�%"#�21��A�#� �!�%"#I

-��,""�����"D �%������F,�!�#�%�&��)�&�#A�#������%A�G��-01�
�	(�

+�������

�A�#� �!�%"#SE/5P-N:A8

C<.4[a7;

����
��	

���(
��)(
��� 

����
������	

�(���
���(
��� 

�(���
��)(
��

�

���(��
	/
(
�

���
/�



36Copyright©2019  NTT corp. All Rights Reserved.

-0��?e=784V 

-�#�%�D�(���(�%&�%��!�0�DFA% &��-AA���!!AF�(	
)�

• <]c �����
��	
 �4dBc �����
������	
 �;���S[f

• /�#�/�G?e=--�#�%�DA%�4��+�&�%�"�#�DA%.

.��-AA���!!AF �D��!���+-�#�%�D�(���(�%&�%��!�0�D&�I�0.1��(	
)�

-�#�%�DA%4+�&�%�"�#�DA%;/�#�/�GPEaN2RM:?e=

JA/:CK<] 2��!�,� �7dB

����
��	

���(
��)(
��� 

����
������	

�(���
���(
��� 

�(���
��)(
��

�

���(��
	/
(
�

���
/�



37Copyright©2019  NTT corp. All Rights Reserved.

.�]kx ��� 

���
rlt yy^aw

fwTt
cEskC �

fwTswd
egm �

l8ixd]
ewmu8t �


rlt]
]r^ug �	

oMmv8c
oqc“ �

sS+CA.����KP(".�
�+IH '�
�	(���1�II�-�
�	(�

V_]Sav8nTuhg[xdmh

zl^?be:B

�CG���2]=A`i?fj?<

tT?vp;mh
��+IH '�"K��(���42�IA"�� �("�.���I�CGCGA�#HI��CAB�-C!"(CKP���KLI�(�0F�A"��PGKB"-C-�R�0,2��
�	(�

���1�II�- "K��(���4��KP("�+�-"!�."G"I�KHI�I BCK" KLI"�#HI�."G"I�KCM"�!M"I-�IC�(��"KNHI'-�R�,9���
�	(�



38Copyright©2019  NTT corp. All Rights Reserved.

.�]kx �
� 

���
rlt yy^aw

fwTt
cEskC �

fwTswd
egm �

l8ixd]
ewmu8t �	

rlt]
]r^ug ��

oMmv8c
oqc“ �

sS+CA.����KP(".�
�+IH '�
�	(���1�II�-�
�	(�

V_]Sav8nTuhg[xdmh

zl^?be:B

�CG���2]=A`i?fj?<

tT?vp;mh
��+IH '�"K��(���42�IA"�� �("�.���I�CGCGA�#HI��CAB�-C!"(CKP���KLI�(�0F�A"��PGKB"-C-�R�0,2��
�	(�

���1�II�- "K��(���4��KP("�+�-"!�."G"I�KHI�I BCK" KLI"�#HI�."G"I�KCM"�!M"I-�IC�(��"KNHI'-�R�,9���
�	(�



39Copyright©2019  NTT corp. All Rights Reserved.

 ����
����	 ���� ��CW���

�� ��	
 ��� ���
0,2 <YV HS8@ D7lF XV;=o
'R/2
A#N+" � � � �

'R/NR%
&E- � � � �

,�F8@�
&R-3�2 �� �� �� ��

0,2�
:M;PB ���� ���� ��� ��

.G-4�A
JK>I � � � �

,��0,2�A6LN�Q!���ET? wU������G���



40Copyright©2019  NTT corp. All Rights Reserved.

����A.

����#'&,
• �!������
• G,�!���
• �	�������
��������F/

���� E
• ���"
• +�������
•  E�%-



41Copyright©2019  NTT corp. All Rights Reserved.


	&M./R

�24 �.�P92

,0.�&S8

-47;N7;&
)IG+I(

:R&
)IG+I(

,0.�#A!S8

N7;%
/"'<

-47;%
/"'<

���
���10���� 0��.�����
040�.�2�0�	��0��.�2.��0��� ���-������



42Copyright©2019  NTT corp. All Rights Reserved.

)(,Id9NS25P4

Agd9NS25P4
• .�1���� �0e8')�0Ka;Gd9

• .�1��	���0e8')�0Ka;Gd9

=B

<@

:C%?C&L)
A+A(.>FfE

7C-?C �� 

��)��021���! 1�������")1�1���4 1�(0 1����4���,1���#�,-.�	��
�

,���.������4�������



43Copyright©2019  NTT corp. All Rights Reserved.


-:l]dXg

4�4!1# !>ccN27.:nb8��"2!����1# !

nb8��"2!����1# !g:ideT

+ [fo<kw
• 2PNF0:l]S;rg>`c

D 4�4!1# !7��"2!����1# !J\E8mSf>s4
D CGB@?AJ\Ea.I

/41���1�4:
dh^ac

,4�"4� 0�1�� ����A4!�4�24S
7 >vR/=

Mt9;e_

���  ��4�� % 4#�1����&4�4!1#�A4�
�A4!"1!�1��-4#"�(�-�.0����	�



44Copyright©2019  NTT corp. All Rights Reserved.

��

���
��


���
��	

���
���



45Copyright©2019  NTT corp. All Rights Reserved.

�-ISM

B(ISM

F$%"&(�#'
Ta@A5

3�-���
��-�
�����-��
)�-�

(�,
��-

�������#'
TBSW;

(
�-��,���-�
� �3��-�����-��
����-��� !���-

 ��"�#'
=oI?9;
,��-����-�

��-�����-��-��
�	���- �

����
��	

���(
��)(
��� 

����
������	

�(���
���(
��� 

�(���
��)(
��

�

���(��
	/
(
�

���!��#'
>n<P#2+8c

��-��
���-
���-

A�-Ifi-C4ke+lNFC0P+Lg"GEKDG.C0



46Copyright©2019  NTT corp. All Rights Reserved.

�-ISM

B(ISM

F$%"&(�#'
Ta@A5

3�-���
��-�
�����-��
)�-�

(�,
��-

�������#'
TBSW;

(
�-��,���-�
� �3��-�����-��
����-��� !���-

 ��"�#'
=oI?9;
,��-����-�

��-�����-��-��
�	���- �

����
��	

���(
��)(
��� 

����
������	

�(���
���(
��� 

�(���
��)(
��

�

���(��
	/
(
�

A�-Ifi-C4ke+lNFC0P+Lg"GEKDG.C0

���!��#'
>n<P#2+8c

��-��
���-
���-



47Copyright©2019  NTT corp. All Rights Reserved.

0�/D�?-0Aoe	

��!���)arxA:C]s5`bs
• \pt?lhv=B-0Bj– 4-""�:���"(�
�	(�

+ -�!�A�C"A[,�%�A� �!�C"A5kr?_cXef;
+ NNMJfi5krpSP

• 949Mwg]BdvAlh
+ monMofi8d:-�!�A�C"A[,�%�A� �!�C"A
+ NNMJfiB“st

O�]sB`bsx
+ 1%�����C�"!��q^ )�T7]s9<am7?c[B“E?P
+ �"���+"���#%�)�iKofl

.��-""�:���"( �C������G-�!�A�C�D���D�A%�A����0�C%�I�0.2��
�	(�



48Copyright©2019  NTT corp. All Rights Reserved.

sjfco=ARmBaCwe

0"���"���#%���0�CF����	�

• rEMKi4_T“X=`k

+ +:%7A: :!�C"A
 2����,���[h^a
+ ��!�A�C"A
�2���JNd=\U6C

/��0�CF��C���� �G�!A"�������!�A�C:D����D�A%�A:���1�C("A�% I�./2����	�

1�LD�<��1:?
d7g7[[bta

z[
JNd

nv
JNd

sjcIeK

2���;,���[llpmi43]Rka92<2M



49Copyright©2019  NTT corp. All Rights Reserved.

_yruc[o

�:8L a0,�
• 2 DI D��":DDED�.#L +! D� � 2�.��gnk
;�tAch^EpaI]a<iEljP � `hlw �,+#ELI%N�(&
)�

qzs
• _yrugv[BeBdC=?W

4 ��0,��-"#�IG.:+ �.#L +! D� gnk
4 70,��7:II +IJ #D  �:+J" �EL +� .#IJ:D� gnk

)+� &��2� )!� 9��2�

ljP �
`hlw

���,+AELI%N  J�:C���37:II +IJ #D�0 D +:J#L �,�L +I:+#:C�� JME+%I�5�1-���(&
)�



50Copyright©2019  NTT corp. All Rights Reserved.

0�.)2

0��+I��F-�G�+�.)2�71�D�
�	(�

• �" %D"��GD++�,CIGDEM8A<:70��+I��F-�G�+�0D++=C]

���1�D��I��A���N0��+I��F-�G�+�.�C�G�I".��)�.�G+�G"�A�2�ILDG#+�2����
�	(�

�
���
�
����

�	�	����

���

�����

���

�����

3�0�.)2V S 8!"�+F-�G��+"+I�C��=B?[

���AV	7aR4X -�#�V�7aR4X

-�#�=	 ����A 7aR4X



51Copyright©2019  NTT corp. All Rights Reserved.

�0�(���� �%� 

ei@ds

Bncg

2��.� ��%��:���G���A%�0"C�#�A�����#�%�'��(�'�#A�#��:���%E #�A�+�,))1����	�

-10 -8 -6 -4 -2 0 2 4 6 8 10
-10

-8

-6

-4

-2

0

2

4

6

8

10
Fake samples
Real samples
Fake samples for updating G
Sigmoid decision boundary

-10 -8 -6 -4 -2 0 2 4 6 8 10
-10

-8

-6

-4

-2

0

2

4

6

8

10
Fake samples
Real samples
Fake samples for updating G
Least squares decision boundary

�(�
�0�7� ���)# AA��%# !) �0�(�
����A%�0"C�#�A�� AA

oKmE.4
pS5M� AA3�

-�tkMl

oKmE.4
pS5M>LN� AA

-�tk>

Step 0 Step 5k Step 15k Step 25k Step 40k Target

Regular 
GANs

LSGANs

Step 0 Step 5k Step 15k Step 25k Step 40k Target

Regular 
GANs

LSGANs

Cq8X:=

I2
<IV

?a
<IV

. ���) ::�!A�7Ar



52Copyright©2019  NTT corp. All Rights Reserved.

1+	�

1�CC7%CD7�"�+	��2	%�#EC G������

• 
!�CC���7%?f8a=;7
%�D��?f[gB

.��	%�#EC G 7D��!� �I1�CC7%CD7�"�+7"7%�D�E7�	�E7%C�%��!��7DF#% C -�,
.�������

���

���

.�1+	�9 R 8��%D��.#E7%���CD�"�7[EA]

	���

	���

07�!R� 78Pj[6<WNeh7l<

Pj[EA]

��(���
��������( 

�)�)�
���
�9��AC���D+dC[
k432RMic

L�17���D�
!�AA�"�



53Copyright©2019  NTT corp. All Rights Reserved.

�(.��1�� � 

Ee8aX

WPCd

���(���!��# � �07���A�0����� ��������0 �!��(2!���0��07�.� "�����%��)�,����	�

(.

vjKk

�(.

JnIvj

�0����� ���so-
r(><I.+

;ACt6Ic+
()i(?lLBG

7@
4'N

=pM325

��2��)�770:��L9T



54Copyright©2019  NTT corp. All Rights Reserved.

�-0�-1

�-0Bla
• ���"F+�!"IN_yfl;<a��" !I�+%"FF"' ��W=8_y 

T�okrfgvAtpw

�-0�-G��"�'I�1�'�%I0��--%G�#�'"�
�	(7

• “k4�9[`[vtje T��9	��"F+�!"INA]eh^fticC

• db4-G��"�'I�1�'�%I0��-1 ��r8_y 

• ws4mR]okr �,+��+('.��2�+0�I �[EzojeA

	��"F+�!"IN

��" !I�+%"FF"' Acd�Buqf_y

krfk  1 everywhere
<latexit sha1_base64="H8ouAUDzcB4a+9qs43ypquye53k=">AAACKHicbZC9TsMwFIUd/il/BUYWiwqJqUoACcYKFkaQaIvURJXj3lALxwn2DRCFvgIPwswKz8CGurLxFrg/A9AeydKnc+6VdU+YSmHQdfvOzOzc/MLi0nJpZXVtfaO8udUwSaY51HkiE30dMgNSKKijQAnXqQYWhxKa4e3ZIG/egzYiUVeYpxDE7EaJSHCG1mqX9/0n6isWSkYjOmAJd9SjPsIjFhTsav7QBQ29drniVt2h6CR4Y6iQsS7a5W+/k/AsBoVcMmNanptiUDCNgkvolfzMQMr4LbuBlkXFYjBBMbyoR/es06FRou1TSIfu742CxcbkcWgnY4Zd8z8bmFOzMJ5mtzKMToJCqDRDUHz0f5RJigkdtEY7QgNHmVtgXAt7AuVdphlH223JduP9b2ISGgdV77B6cHlUqZ2OW1oiO2SX7BOPHJMaOScXpE44eSav5I28Oy/Oh/Pp9EejM854Z5v8kfP1A5Rhpe8=</latexit>

2��%?,�A�Bu[psjnAismTsh T�2�.�G0L!�G�PfglS

.��--%G�#�'" �I��%���2.CFG(.����G�"'"' �(����++�G+I�"'�-0+�P�0.1��
�	(�

kf(x)� f(y)k  kx� yk for all x,y
<latexit sha1_base64="jtPeQUvUiRvSOnL+KBJuWkFpJXc="></latexit>



55Copyright©2019  NTT corp. All Rights Reserved.

�1�-+1

�'�8G(�#�1C(A�#!.�G!C%�-+1��0!-�GC�
�	(�

• caNfh3iMgcek3a[X?�:zrons�=tm8
_fS�!')8 !G.�4��]�!')8 !G.

• [vN�'�8G(�#�1C(A�#!.�G!C%���1 

• jhNgi;d3E �.A���1�G �9]pe`y<

���0!-�GC �G��#���L�'�8G(�#�1C(A�#!.�G!C%��C(�-�%�(�G!+��+�+�()�(!�#�1�GIC(")�M�.,�2�
�	(�

f(x) = WL+1(aL(W
L(aL�1(W

L�1(. . . a1(W
1x) . . . )))))

<latexit sha1_base64="0D/mU9VabMTn/8Uh0opp7OoGXcA="></latexit>

zrons[wRA�!')8 !G. �C�!')8 !G.<TB<[2

��� NTl^db



56Copyright©2019  NTT corp. All Rights Reserved.


�9	.

��A9��0�� ��	.�2
A#��������

• y_udhI=^034H
cCB?[]-kT9scRl<aIAb.
SBfiEg?[]-eag9t[]S.
=M24sc
L�scNYor3H:;nedT`f9mZNa]8

	��
A#����C�� � �F��A9��0�� ��	.�1A��"�"9��#A�+�9������ �C(�.�C'A� �,!�9��0("C��B�B G�,���������



57Copyright©2019  NTT corp. All Rights Reserved.

hIgr;<U=

��E"�W���;ys
• ��� ��#n`i;5=Na2loe

hIgr;cz

fbA)@Ed dqA)@Ed

.
acP45LG

J�9M>S7acP4?N
+���,2g

���
	����� +������

��"�������

�����
��� +�!���
��"�������

	���
��� ����"��

��� ����
��-���� ��������

	������
������� ���� A

������
+��� ����

�������%� ���

e^vx
;u_


������ %
pM;u_

Na;oei

��
���
+�������

tZmBC)



58Copyright©2019  NTT corp. All Rights Reserved.

�-.8l

DG.8l

F$%"&(�#'
scBCT

3�-���
��-�
�����-��
)�-�

(�,
��-

�������#'
9ar<=

(
�-��,���-�
�"�3��-�����-��
� ��-���"#���-

 ��"�#'
?T.A;=
,��-����-�

��-�����-��-��
�	���- �

��� �"� 
���(
��)(
��� 

(�!3 �����"� 
�(���
���(
��� 

�(���
��)(
��

�

���(��
	/
(
�

C�-.KkLESmg-nP+(2o-NiAIGMFf0(2

���!��#'
@S>5B4-We

 �-��
���-
���-



59Copyright©2019  NTT corp. All Rights Reserved.

-�KB�V��-;cw�

PoTho;Bead
• ea:giVnvArfS?4T2`s

G _:/]hS2lPV@<V?=8BeadJ

������
����
�

���������

�
v���^y

����'����;Mi
T���t^y

Bead

kuR>SNcaEf0Cbd:S?4T2xs
.94#A!�"
�1��,�!!�" �#������)��0#(�� ��"�������!�# !��!4�9#�4#A!��� !�����!�#9B����B�!"�!9���-�#C !:"�+�2.� ���	�



60Copyright©2019  NTT corp. All Rights Reserved.

2�50�4

29EA9:"9& 0�4 �.�&+D&�	��(8

• Ki];el?a

���.�&+D&��+�9A���N.��E�0�&�)9+"-��1%9!���D��A"&!�IG"&!�9�29EA9:"9& 5M)9%"��D ���-�)G9)"9A�4�+.D)#G�2�4156�	��(�

� �

+)L+) )L) �	L�	 	
L	
 
L
 +)L+)

� ��

�� �� �� ��

495-�:0�4
�,�kn:AE8fB

2�50�4 �Cc=[d 
����S����,�go]mM:AE9<7



61Copyright©2019  NTT corp. All Rights Reserved.

�(0�(� �5"!&� 

nb
fKcE

lp
fKcE

��)�!&"!��&�4����+)��#���!�A4&�E��, 4���."����!��D%�!��4��4#�45�4! 0GA4 ���"��(�E�A%4A�4����&)"A�%�I��,01����
�

G0 

l2 

~ I3 

G3 

D0 

z0 

D1 

D2 

h2 
~ h2 z3 

D3 

I3 
I2 I2 I3 

Real/Generated? 

Real/ 
Generated? 

G1 

z1 

G2 

z2 

Real/Generated? 

Real/ 
Generated? 

l0 

I = I0 

h0 

I1 I1 

l1 

~ h1 h1 

h0 
~ 

G2 

~ I3 

G3 

z2 

~ h2 

z3 

G1 

z1 
G0 

z0 

~ I2 l2 

~ I0 

h0 
~ 

I1 
~ 

~ h1 

l1 

l0 

]tdm2>
-AefaifgiC58_k@^T.

:MNfKcE@c?yS

[tdmVswd:
dBiaifgiC5Twd

=_k@nb

L ��A&D4� 2D!�!� 2�%& �lpwdPMr2;N2=oa`u �V	v=wdVfS4:<pe



62Copyright©2019  NTT corp. All Rights Reserved.

1(7�!,�

1(7�!:��,�����7A��
�	(�

• lned0Z;<[N:ga5S48oSCThX]c

-����7A��:(�7"���.1(7�!,�)�2:H(�(%�0�%(%�C:7" '( ��.#7�:�1IA(�:' '�G (��1(7�!:��,:A:C7( ):��):C'7C 7"��:(G%C!'�/�.++��
�	(�

orange beak a black face 

(a) StackGAN 
      Stage-I       
      64x64      � �� ��

(b) StackGAN 

lnedS5
��� :ET
twS?s

orange beak a black face 

(a) StackGAN 
      Stage-I       
      64x64      � �� ��

(b) StackGAN 
      Stage-II  
      256x256 

Z;<[
I

lnedPV �1(7�!,� 
���-� :ET

ETAm:kBiI
2MxCvrS?s



63Copyright©2019  NTT corp. All Rights Reserved.

�(7�!.,1 ��%A(� 

NP/02 This bird is white 
with some black on 
its head and wings, 
and has a long 
orange beak 

This bird has a 
yellow belly and 
tarsus, grey back, 
wings, and brown 
throat, nape with 
a black face 

This flower has 
overlapping pink 
pointed petals 
surrounding a ring 
of short yellow 
filaments 
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      Stage-II  
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教師なし

（弱）教師あり

G

G
Supervision

G
Latent

GLatent

Supervision

GAN [Goodfellow+2014]

cGAN [Mirza+2014]
AC-GAN [Odena+2017]

分離なし

教師情報に制約

InfoGAN [Chen+2016]

CFGAN [Kaneko+2017]
一層の潜在変数

層数 0 1 2, 3, ...

DTLC-GAN [Kaneko+2018]

多階層の潜在変数

G
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