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Memory-Q Learning 

- Acquisition of Memory Selection by Reinforcement Learning - 
 

Katsunari Shibata and Sawami Miyamoto, Oita University

Abstract: As an approach of reinforcement learning in POMDP (Partially Observable Markov Decision Process), 
a novel memory-based learning named "Memory-Q Learning" is proposed.  The input of an agent is consisted 
of a present observation and a shift-register-like short-term memory.  The agent decides whether the present 
observation is memorized or not in its memory.  The memorization is considered as an action, and Q-value for 
memorization is assigned and learned as well as the regular Q-learning.  In a simulation, only necessary 
observations were memorized, and the advantage over the other memory-based approaches was confirmed. 

Ý� ùÃÇÈ

�{G�ê�ûx�æ���G éÚüéG�ã

RÃ��áÈá¿��ÒÆÒåÇ��i*�ê�z

��%X�üãÔ�.f(Æ�Uo2ùâé�é

ûjéÏ»ý�á���Ô�Úüé�Géû³ã

(Ã�Îãâ��{G�æ�ÞáDÞ��¡��æ

ªçÔ�ÎãÒÒ�`O6;ÿ¢�é�n» 

ãéPj�°ÒáÈÚ[1][2]�Ä�åâê����

{{GG��ââ%%XXééGG��ÇâÇâÈÈ�� Îã�ÔÎã"

Èåá�ãÔ��ØÒá�
Æ�ÿÔÊ���Ç�

�åÂÒ¿%XéG��^']-SzÔ��

ýG�ê�üäHÇ�Ð�á¿�Îã�
Æ�ÿ

Ô¿ã¿ÁÎãÆ��̈ ý�Êö
���{G��

^']-Séûßâ½��ÒÆÒ�MDP
Q^&H

ÿo���æÅ¿á¨¡�óüäÔ�ÎãÇ�Ð�

á¿�ýéé�POMDPÔñ½ðùQ^&Hÿo�

�ÕæÅ¿áê�G�ÇÁùÊ¿Æå¿�'Ç½�

ÎãÇn��á¿��Î��ÿÔ�ÚüéÇ:Ç

¿ÊßÆzÐ�á¿�Ç�Î��é»:êÅÅù

Ææ�(1)Õ¸�»:Ô[3]åäÕ�(2)U:^Lo,

»:Ô[4]åäÕ�(3)TU]Lo,»:Ô[4][5][6]å

äÕ�(4)]�_f;@6;öÞáýo��Ô�

»:Ô[4]åäÕéàßæ½�âÈ��

Î��é�â�(1)éÕ¸�»:âê��êç��

�ýéé�¨¡�æK�å¿ã¿ÁçôPÇ½��

(2)éU:^Lo,é»:âêU:^é3oÇÒ

Ê�ðùoÔôáMùÔ��ÁåU:^âê��

�ÐåðùoéMùæTU]Ç��Ð�áÒùÁ

åäéçôPÇ½��Î�æ»Ò�(3)éTU]oL

o,é»:ê��ðéðùo%XÒáÅÈ�Ø�

ãû÷éðùoÆ�ýoG�Ô�ã¿Á�J`

o4â½��Vñæ
Æ�ÿÔ¿�ÒÆÒ�ðùo

Øéùù%XÔ�Úü�u�åYÇ�Ê��ðä

�ÛÌéðùo%XÒÚ��¿ÆMüÿoÔ

�ÎãýÒ¿�Î�æ»Ò�(4)é]�_f;@6

;ª¿�Ç:ê��ðéI�Ôðùoÿ�GÕÆ

��Ðåýééú�{G�ænà¿á'á���

¡��æ¬ïÒá¥ÂãÒá;,Ò�́ �æû�Ð

Ö�ÎãÇâÈ���jïoI�æý»�âÈ�Ú

ü��%é�â¨ý¸â½�ãi*�ê(Ãá¿

��ÒÆÒåÇ��]�_f;@6;ª¿á¿�

Úü�sª�åG�ãÇåÊ�Øé��ÇÒ¿ã

¿ÁçôPÇ=÷Ô��

Ä�åâê�
Æ�ÿÔÐã��é��Ðæ�P

ÎÈ�¿ß×%XÒÚÆ��æÕzâÈ��

Áæ�(3)éTU]Lo,é�J`o4���

�ðé(3)é�J`o4×�ã�ùÕ�window-Q

�o 9"4V[4]Ç½Í����Î�ê�Õo3é

�ðéðùo��GKá%XÔ�Ç:â½�Ç�

�ðäéË�¿ÐÆé÷Þá±�%XÔ�ë�

¿ÆG�èæMüÿoÔ�ÎãêÎâ½��

Î�æ»Ò�Utile Suffix Memory (USM)[5]åäâ

ê�ÿoÁé²Ao<A�ãÒ�%XÔ�ðùo

é3Ð��ãÒá¿��ÒÆÒåÇ��äé(P



Æ�%XÔ�Æê��â½�Ç�Øé(PÆ�éð

ùoê���Ðåýéÿ�%X��Æ�(Ãá%X

Òå¿öÁÇ�¿ýéâ½ÞáýÔôá%XÔ�

ÎãæåÞáÒùÁ�

ûÇ��ÐåA�æ\L^���Øé\L^

ª¿áD½éA�à¸Ô�labeling ýG�=�?Ç

zÐ�á¿��Îé»:ê�"÷æ%X�w�

âÈ�Ç�äÎæ\L^��Æê�ðùoé�{

åäænà¿áÅ��2,"��é�ÐHÆ�ê�

ýéâêå¿�ùÚ�,2o;þPÇÕoÐ�á¿

å¿�'æê¡ªÇÒ¿ãMÐÐ���

Ä°¥âzÔ�TU]ýG�ê�2,"��é

Úüæ�Ðåðùoéú¬ï�æ%XÔ�Îã

(Ã��ØÒá��%X á���éÚüé��

G éû³ã(Ã�Îãæ�Þá�û÷éðùo

%XÔ�ÆÒå¿Æ�{G�æ�ÞáªçÔ�

ÎãzÒ�ò±åE�çôé*RX_o*Zf

â�=Ô��ØÒá��{G�â�%X éG�Ç

âÈ�Îã�Ô�

Þ� TU]ýG�

��� %XÇ:

�üæ�¬ï�%Xäé�Áæ�ÁÆ�ÿÔ

��Fig. 1æ�¬ï�å%X�ÞÚ�'éðùo

ãTU]é�{é��Ô�ÎÎâê�TU]��

êÞãÒ�ÞÁ½éðùo%XâÈ��'æß¿

á�ÿÔ���ÞÚ�Gý½
Öá%XÔ�ã¿Á

Ç:ý(Ã���Ç�Ä°¥âê�%X��µ�é

Úü�ðùoéú%XÔ�ÎããÔ��

ùÕ��Gæß¿áê�Fig. 1(a)é�Áæ��G

æ�ÞáðùoÇ�{Ò�cî�GÒã��0Òá

¿Ê�%XæPÒáê�Fig. 1(b)é�Áæ�û÷é

ðùoTU]æ%XÔ�ÆÒå¿Æ�o+�

f;Çÿü��m oõÒ�Î�ÇÝé(æêû÷é

ðùo*H;_+,2â½�TU]æ%XÒ�Ø

é�
��TU]�éûß�¿ðùoêTU]Æ�

åÊå��m ÇÜé(ê�TU]é��ê�{Òå

¿�ØÒá�Îé  m �Gã×�áá�ýG�â�

GããýæG�Òá¿Ê�Î�æ�Þá�%XÔ�

ÆÒå¿ÆÇ2,"��æ�ÐÆäÁÆâÍ¿Ð

���Áæå�ã¼ÙÐ���

��� G�Ç:

TU]ýG�âê�Þ³�éýoÒÁ�ûßê�

bñéýG�ã+}æ��GéÚüéýo
Q��ý

Áûßê�%XéÚüéýo
Qmem�â½��ùÚ�

bñéýG�âê�ðùo�x ã�G  a éM�æ»Ò

Ø�Ù�ýo��°á�Ç�TU]ýG�âê�

�Gªéýoê�ðùo  x�TU]æ%XÒÚðù

o  mxi (i=1,..,M; M:TU]��)�Å�î�G�a éM�

æ»Òá��°á�%Xªéýoê�ðùo�x�T

U]�éðùo  mxi�Å�î�G  a é�
�æ%X

Ô�ÆÒå¿Æ+Ô  m éM�æ»Òá��°á

��G�ê�TU]��ÇÝé�'�æ�Ôã�

����
WWW
DP[[4∆

����PD[^ ��� LP[[4U
WW$LW ++∈+ += γα

����
WWW

DP[[4− 
��

����
WWWPHP

PP[[4∆
����PD[^ ��� LP[[4U

WW$LW ++∈+ += γα
����

WWWPHP
PP[[4− 
��

ãÔ��ÚÛÒ�A� �Géø'â½��
��|é

QmeméG�â� ����PD[ �� LP[[4
WW$L ++∈ é�
�æ

����PD[ ������� LP[[4
WWPHPL ++∈ ª¿�Îãý(Ã�

��Ç�G�ÇÁùÊ¿Ìë+Óoæå�ãMÐÐ

��Îã�
Æ�ÿÔÐÆ�
��|é�ÁæÒÚ�

��� �G¬ï

�G¬ïê�Ä°¥âêO^7Qf¬ïª¿Ú�

ÚÛÒ�'o^Æ���áýoÇÊÐ¿ãÈæý�

ØéøÊåÅ�G¬ïæû�ÐÖ�Úüæ�

����PD[

����
����

LP[[4

DP[[4
DP[[4

$L∈
= ���

ã�ýo\Ù{Ò�Øéoª¿á

∑ ∈

=
$L

7LP[[4

7DP[[4
DSURE

������H[S�

������H[S�
�� ���

ãO^7Qf¬ïæ�Þá�Gé¬ïÕ¸��

ÒÚ�Î�ê�%X� m é¬ïýKÊ+}â½��

(3)(4)|é� Q � Qmem æÎÈµÃÚ»â½��÷2

ê� T ê�G�?�(1.0ãÒ�\�Á�ããýæ

0�P��æâ�æë�Ò��\�Á�éä�éã

記憶 (m) 1 0 1 1 0

観測 (x) x1 x2 x3 x4 x5 x6

行動 (a) a1 a2 a3 a4 a5

(a) 行動

(b) 記憶

メモリ2 (mx2) 0 0 0 x1 x3 x3

x6観測 (x) x1 x2 x3 x4 x5

メモリ1 (mx1) 0 x1 x1 x3 x4 x4

Fig. 1 Change of observation and memories by 
action and memorization. 
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Fig. 2  The maze problem employed in this paper. A large 
number in each square indicates an observation value, 
and a small number at lower right indicates a real 
state. 
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total number of trials.  The value is the average 
over 100 simulations. 
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Fig. 4 Some Q-values after learning 
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Fig. 5 Problem: Q-value for non-memorization is 
larger even if the observation should be 
memorized. 


