
Determinis)c+Policy+Gradient+
Algorithms�

Silver,+D.,+Lever,+G.,+Heess,+N.,+Degris,+T.,+
Wierstra,+D.,+&+Riedmiller,+M.+(2014,+June).+In+

ICML.+
2015/8/20+

D1+Ì@×º¿�



Ç¥���

•  ICML+2014ă¸i�

•  Öz���!ĂFXþëēO'B¤+

•  DeepMindă�ă
ăģņŌĺă¸i+

•  ōµlăAppendixê¯ûéđõŎ�

Ú�



Û�

•  §nŋ·Ô+
– Öz���!ăO'B¤ă·Ô+

•  �[+
– ��k�ŏk�ğŊ+→+�Ck�ŏk�ğĹ+

•  ew^�+
– �Ck�&É�+
– k�ğĹ5�Ck�&É�+
– 	fk�ğĹ5�C�ęĢīŌĢŅĮĚĭĢ(COPDAC)+

•  DÕ+
– �Ck�ăq#ZăxµīĨĢ+
– y��āO'B¤īĨĢ+
– Öz���!īĨĢōOctopus+ArmŎ+

•  �¸+

�E�



Ü�

•  §nŋ·Ô+
– Öz���!ăO'B¤ă·Ô+

•  �[+
– ��k�ŏk�ğŊ+→+�Ck�ŏk�ğĹ+

•  ew^�+
– �Ck�&É�+
– k�ğĹ5�Ck�&É�+
– 	fk�ğĹ5�C�ęĢīŌĢŅĮĚĭĢ(COPDAC)+

•  DÕ+
– �Ck�ăq#ZăxµīĨĢ+
– y��āO'B¤īĨĢ+
– Öz���!īĨĢōOctopus+ArmŎ+

•  �¸+

�E�



¬¦ă����

•  őûăO'B¤ęņĥŅĩľ(ENATDAC,EQNAC)+
– k�&É�ă�ûþäēNatural+ActorUCri)c�ė��+

– k��IĂRBMė��òŐęņĥŅĩľėñđĂ(�'+

–  RBMāăþÖz���!ĂĎFXþëē+
•  DÕþĄ�!z�34Ő�!z�14ăīĤ¨īĨĢĎ°î÷+

Ý�

RBM�

�!� �!�



k�&É��

•  &É�ă��+
•  rR8Êă&Éėk��IăFh&Ééđ}čē+
•  èèĊéĂ²çąŐ��ăÖåÿïĕþ$ê�ďôì
āēĐæĂk��Iė�{ôē+

Þ�

k��IăFh&É�

rR8Ê&É�

�\ă���I� $��Îhō8Êă¯�ĎĒŎ�

8ÊÎh�



���ă-Ô��

Suăk�&É�þĄŐ+

B¤êÄČĂÃĔý+

k�ê�C�ĂāĒŐ+

k�&ÉădCê/ÒĂāē�
+

ōpÆþāå$mă��êŐĦŊĺņh
ă�»þŐ�{�Ăāē÷čøÿYĖĔēŎ+

ß�

ŕ�

Á½-Ôþă+
�C�ā$���



�[�

-Ô�ėőûĂ�îē+

•  $ê�C�āÿëă��ăÀ�(ĦŊĺŅŊ
ģ)ê�{�+

– →�C�āk�āđŐ��ăW®Zê�óāå+

•  $êB¤ÿÿĎĂ�C�Ăāúýåì+
– →k�ğĹ5ĂòýŐB¤ăÄċÿk�ă�C
ñė�ĒÑô+

à�



á�

•  §nŋ·Ô+
– Öz���!ăO'B¤ă·Ô+

•  �[+
– ��k�ŏk�ğŊ+→+�Ck�ŏk�ğĹ+

•  ew^�+
– �Ck�&É�+
– k�ğĹ5�Ck�&É�+
– 	fk�ğĹ5�C�ęĢīŌĢŅĮĚĭĢ(COPDAC)+

•  DÕ+
– �Ck�ăq#ZăxµīĨĢ+
– y��āO'B¤īĨĢ+
– Öz���!īĨĢōOctopus+ArmŎ+

•  �¸+

�E�



�C�āk�þăk�&É��

•  SuŐ~Ck�&ÉĄA2òāåéŐ�:ŀį
ņė�æÿëĂÏđĔēÿ¥çđĔýë÷[Peters,
2010]+

•  �\ăÎhþ�C�āk�ãããėC£+
•  ïăk�þk�&É�ė�CM'�

ÙØ�

Determinis)c+Policy+Gradient+Theorem�



k�ğĹ5�Ck�&É��

•  8Êėp>'ôēk�μÿŐc�ă÷čăk
��ė�îýŐrR8ÊėC£+

•  (�ĂrR�ê¢ëfĖē+

ÙÙ�

OffUpolicy+Determinis)c+Policy+Gradient+Theorem�



ew^�ŔCOPDAC+(COPDACUQ)�

•  k�ğĹ5�C�k�&É�Ă7üì+
•  ęĢīŌĢŅĮĚĭĢ�þ��ÎhėÀ�+

+
+

•  7KÎh�Ąk�ÿ	fĂāēĐæĂÇĆōÀ��Lă÷čŎ+

•  k�ÿ��ÎhăĶńĿŌīĄ��ăĐæĂoj+

ÙÚ�

Ą�\ă�VË�
â+�\��ÎhăĶńĿŌīvă`åĄĖéĒĊöĘþò÷�



ÙÛ�

•  §nŋ·Ô+
– Öz���!ăO'B¤ă·Ô+

•  �[+
– ��k�ŏk�ğŊ+→+�Ck�ŏk�ğĹ+

•  ew^�+
– �Ck�&É�+
– k�ğĹ5�Ck�&É�+
– 	fk�ğĹ5�C�ęĢīŌĢŅĮĚĭĢ(COPDAC)+

•  DÕ+
– �Ck�ăq#ZăxµīĨĢ+
– y��āO'B¤īĨĢ+
– Öz���!īĨĢōOctopus+ArmŎ+

•  �¸+

�E�



DÕŌÃ��ĵŊįĚĭİ�

��Ŕ��k�&Éÿ�Ck�&Éă|¾+
�:Ŕ�
– ĵŊįĚĭİŔ�\ėa÷õôíĂ8ÊêTđĔēīĨĢ+
– 8ÊĄ{òå�!�ÿăļĴńĳķĨ¼Ñx(U1)�
– ĶĹĞŌļŊĨĄĨĮĭĺðÿăJ48Ê�
– �!z�Ą+10,25,50+

ęņĥŅĩľŔ+
– ġĜĨ�Iăk�ė���
– 	fā$��ÎhÀ�ėôē+
– k�ğŊ/ğĹ5ĂĐēk�ăÅåĄ���

ÙÜ�

��k�(SAC%B)� �Ck�(COPDAC%B)�

ġĜĨ�Iăk�� J4ÿ�gêB¤ñĔē� �g0Cþc�ŐJ4ê
B¤ñĔē�



DÕŌÃ��ĵŊįĚĭİ�

•  pÆāĶńĿŌīŐĨĮĭĺĦěĩþĤĨİė|¾�
–  Œ¶þăJ4�

•  z�ê;çēĉĀŐ�Ck�ăĉæê«ìāē+

ÙÝ�

B¤êÄČĉĀ&ÉdCê/ÒĂāē��k�ĐĒŐ+
�Ck�āđÂì)tôē�



DÕŌÃ��O'B¤�

��Ŕ�ª�āīĨĢþă|¾+
�:Ŕ+

–  G�ĒĠŌŐbĒ@Ő�3ŐăĻŊĬļŌĢ�
–  ĝĸĪŌıĄ5000ĨĮĭĺ�Ï�
–   N�0.99(G�ĒĠŌÿbĒ@)0.999(�3)+
–  Ó6=ćă�$Ą�ÏñĔē+

ęņĥŅĩľ�
–  �VËφĄ�\�ÍăīěņĤŌįĚŊģþ³�ñĔē�

ÙÞ�

k�ğŊ+
��k��

k�ğĹ+
��k��

k�ğĹ+
�Ck��

ęņĥŅĩľ� SAC(G�ĒĠŌþĻĨİā
^�(Degris2012a))�

OffPAC� COPDACUQ�

k�� B¤k�Ŕ,H+
c�k�Ŕ,*�

B¤k�Ŕ+
c�k�Ŕ+
+
�



DÕŌÃ��O'B¤�

•  pÆāĶńĿŌīþă|¾+
–  30¶þăJ4+
– ĝĸĪŌı+³8ÊămÍ<'ėģńĹ'�

•  COPDACUQêôĈýăÓ6þ%úýåē�

Ùß�



DÕŌīĤ¨�

•  �yĂP÷ēĐæħĽŁŇŌħŃŊ	ăīĤă
¨ė�Uôē�
–  6Î�Ă�éĔvsê0CñĔýåē�
–  50z�ă�\�Í+
–  20z�ă$�Í(§�/©�/�?)+
– 8ÊĄF¹ÿ¨ă¼Ñþ<Ėē�
– ±Ĕēÿ8ÊĄ+50éûĝĸĪŌı���
–  300ĨĮĭĺþ_ù�Ē�

•  COPDACUQė���
–  8łĲĭİăMLPėk�ÎhĂ��+
– �\��ÎhĄ40łĲĭİ Q�!ăMLPþÀ��

Ùà�



Octopus+Arm+Task�



DÕŌīĤ¨�
10.ă´¡ÿJ4ăģńĹ+
•  ôĈýă9+þ�UêB¤þëýåē�

ÚØ�

Su^�þĄ$ăļĢňė�úý(�
'ò÷ĒŐ+
4Î�Ċþăz�Ă�Ïò÷Ēòýå÷�

œÎ�Ċþă+
B¤Ă]"ò÷�



�¸�

•  �Ck�&É�ăĹŇŌľŉŌĢėew�
•  $�Íă��ėÈîý��k�ĐĒ#�
Đì&ÉdCþëē�

•  DÐĂ50z�ăÃ�$�ÍþăĵŊ
įĚĭİþ1��Ă%��

•  50ă�\�ÍŐ20ă$�ÍăÒòå·Ô
Ď°îē+

ÚÙ�


