
���
���
�� ���
�� ���
�

	

�	
� 

����� �
� �
��
��
�� ������
��� ������
� �! "#$

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K '



L M
NOP
QR

S
TUVWXWY
Z[\ZW]X

S
^_`W_a
\XU
bWY
cdYYW]X

S
Te _X
ZY\XU
fX`W[]X
V_X
ZY

S
^\ZW]X\gWZh

S
fX`W[]X
V_X
Zij _cWkc\ZW]X\XU
lhj _Y

S
Te _X
ZmdX
cZW]XY
npo[]e [\VYn \XU
lhj _Y

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >



qr
sP
QPtNuv
NPwQ

xy]V_a][z
{ d_Y
ZW]XY
| cg\YY\gW\Y
}cY~� �� �cY�j WZZ�_Ud

���
���
�� �
������
���

���
��������������
���

� ��
���� �
������
���

�� ����� �
������
���

� ����� ��
������
���

�� �������
�¡��
��¡����������

����¢ ���
���������
���

��������
£�¡� �¡�����
���

���
����������
���

¤�¥������
���¡�¢ �

�������
��������
���

����§¦�������� ¡��¢ ����
¤���¡�����¨�

����� �
������
���

����� ��
� ����
���

��� �����������
���

 ������� ��� ��� �¡��������

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K *



© R
ªPR
«v
Qr
¬P
t­M
ttPwQ

S
®\Y
ZZWV_}¯
y\ZWY
T°n m]dXU\ZW]XY
np±WY
Z][h n i Z\Z_]
²Zy_T[Z

S
bWY
cdYYW]X
o]WX
Z}®]_³X_[o[W´_

^_Y_\[cy\XU
c]V_
j [_j \[_U
Z][_j ][Z]X
Zy_
g\Z_YZµ ][]
Zy_[[_c_X
Z¶

aWXX_[]
²Zy_
®]_³X_[j [W´_�¯
y\ZZ_cyXW{ d_YU]_YWZdY_·
±]a
U]_Y

WZ\U`\X
c_Zy_Y
Z\Z_]
²Zy_\[ZWX
T°·

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K ¸



wuR
¬P
t­M
ttPwQ¹
wPQNt

S
ly_[_\[_a_gg»ºzX]aX
cg\YY_Y]
²j []³
g_VY
Zy\Z\[_WX
Z[\cZ\³
gh UW¼
cdgZ][

j []`\³
gh dXU_cWU\³
g_²][c]Vj dZ_[Y�b]_Y
ZyWY
V_\X
Zy\ZT°WYWVj ]YYW³
g_·

S
i djj ]Y_a__½
Z_XU\
cg\YYWcT¾
T®¿À Á
j []e [\VY]
Zy\ZWZc\XY
c][_Â
ÃÃ

]X\Y
Z\XU\[U°Ä Z_YZ·¯]dgUa_
y\`_\
j []e [\VV][_WX
Z_ggWe _X
ZZy\X\

ydV\X·
S ¯
yh VWe yZZy_dY_]
²WX
Z[]Y
j _cZW]X
µ [_j ][ZWXe ]X]X_ÆÅYWXX_[Zy]de yZY¶

³_\³\U
V_Zy]U]
g]e h ·

S
Çi d[_gh c]Vj dZ_[Y

c\XX]
Z³_WX
Z_ggWe _X
Z ºZy_h c\XU]]X
gh a
y\ZZy_W[

j []e [\VV_[Y
Z_ggZy_V�ÆÈ°Y
Zy_
g\ZZ_[Y
Z\Z_V_X
ZZ[d_n \XUU]_YWZWVj gh Zy_

²][V_[·
S ¯
y\Z\³]dZ Çi d[_gh \XWV\gYn ydV\XY\XU
c]Vj dZ_[Y
c\XX]
Z³_WX
Z_ggWe _X
Z

ºZy_h c\XU]]X
gh a
y\ZZy_W[c]XY
ZWZd_X
Z\Z]VY\[_
Z]gUZ]U]³
h Zy_
g\aY

]
²j yh YWcY�ÆÈ·

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K (



qÉ R
QNtÊ
QNRuv
­N«P
NË
ÌQªPuwQsR
QNt

ÍdY
Zk[YZYj _cW²h Zy_Y_ZZWXe ²][WX
Z_ggWe _X
Z\e _X
ZU_YWe X

TX
ÎÏÑÐÒ
Ój _[c_W`_YWZYÐÒ
ÔÕÖ×Ò
ØÐÒ
Ó Zy[]de yÙÐÒ
Ù×ÖÙ \XU\cZYdj ]X
WZ

Zy[]de yÎÚÓÛÎÓ×ÖÙ

?ag
en

t

p
ercep

ts

sen
so

rs

actio
n

s

en
viro

n
m

en
t

actu
ato

rs

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K Ü



ÌÝv
sÞ OR
ß R
Qtwutv
Qr
q­NMv
Nwut

±dV\XY··
^]³]
ZY··

i ]²Z³]
ZY··

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K )



ÌÝv
sÞ OR
ß R
Qtwutv
Qr
q­NMv
Nwut

±dV\XY··
_h _Y\XU_\[Y
à y\XUY\XU
g_e Y

^]³]
Z··
c\V_[\Y
à V]Z][Y

i ]²Z³]
Z··z_h YZ[]z_Y
à UWY
j g\h Y

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K á



qÉ R
QNtv
Qr
ÌQªPuwQsR
QNtâ ­wQNãä

Í\Zy_V\ZWc\ggh n \X
ÎÏÑÐÒ
Óå ÛÒÚÓÕ×Ò
V\j Y\X
hj _[c_j ZY_{ d_X
c_Z]\X\cZW]X

µ \XU
ZydYU_Y
c[W³_Y³_y\`W][¶

xj _[c_j ZY}\e _X
Z ÅY
j _[c_j Zd\gWX
j dZY\Z\X
h WXY
Z\X
c_

xj _[c_j ZY_{ d_X
c_}c]Vj g_Z_yWYZ][h

x\cZW]X
}\X\e _X
Z ÅY\cZW]X
cy]Wc_\Z\X
h WXY
Z\X
Zc\XU_j _XU]X
Zy__X
ZW[_

j _[c_j ZY_{ d_X
c_

o[]³
g_V\ZWc²[]V\XWVj g_V_X
Z\ZW]X
j _[Yj _cZW`_
µ ayh ·¶ n Y]X__U
ÎÏÑÐÒ
Óæ Ö×
ç

Ï ÖÎØÙ
%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K è



ÌÝv
sÞ OR
tâ ­wQNãä

é ]XYWU_[Zy_Z\Yz]
²U_YWe XWX
e \X\dZ]V\Z_U
Z\½W}

o_[c_j ZY ··
TcZW]XY··

fX`W[]X
V_X
Z··

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K '?



ÌÝv
sÞ OR
tâ ­wQNãä

é ]XYWU_[Zy_Z\Yz]
²U_YWe XWX
e \X\dZ]V\Z_U
Z\½W}

o_[c_j ZY ··`WU_]
n \cc_g_[]
V_Z_[Yne \de _Y
n _X
e WX_Y_XY][Yn z_h ³]\[Un À oin

êêêTcZW]XY ··Y
Z__[n \cc_g_[\Z_n ³[\z_n y][X
n Yj _\zà UWY
j g\h n êêê

fX`W[]X
V_X
Z··
ëi d[³\XY
Z[__ZYn ²[__a\h Yn Z[\¼
cnj _U_Y
Z[W\XY
n a_\Zy_[n

cdY
Z]V_[Yn êêê

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K ''



qQwNËRu
ÌÝv
sÞ OR
ìí v­MM
s
wuOr

A
B

o_[c_j ZY··
TcZW]XY··

fX`W[]X
V_X
Z ··

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K '>



qQwNËRu
ÌÝv
sÞ OR
ìí v­MM
s
wuOr

A
B

o_[c_j ZY··
g]c\ZW]X
n UW[ZWX_YY

TcZW]XY··Ydczn g_²Zn [We yZn X]
º]j

fX`W[]X
V_X
Z ··
e [WUn a\ggYà ]³Y
Z\cg_Yn UW[ZUWY
Z[W³dZW]X\XU
c[_\ZW]X
n \e _X
Z

³]Uhµ V]`_V_X
Z\cZW]XYa][zdX
g_YY³dVj WX
Z]a\
ggn Ydcz\cZW]XY
j dZUW[Z

WX
Z]\e _X
Z³]Uhµ ][X]
Z¶¶

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K '*



ß PsÞ OR
qÉ R
QNîM
Q­NPwQï
wu
í v­MM
s
wuOr

Te _X
Z²dX
cZW]X
}°²Zy_cd[[_X
ZY{ d\[_WYUW[Zh n Zy_XYdczUW[Z| ]Zy_[aWY_n V]`_

Z]Zy_]
Zy_[Y
{ d\[_�

o\[ZW\gZ\³dg\ZW]X]
²ZyWYYWVj g_\e _X
Z²dX
cZW]X

o_[c_j ZY_{ d_X
c_

TcZW]X

µ Tn é g_\X
¶

^We yZ

µ Tn bW[Zh¶

i dcz

µñðn é g_\X
¶

®_²Z

µñðn bW[Zh¶

i dcz

µ Tn é g_\X
¶µ Tn é g_\X
¶ ^We yZ

���

���

±]a
c\Xa_U_kX_UWò_[_X
Z`\cddVa][gU\e _X
ZY·

¯
y\ZWY
Zy_]³`W]dY
{ d_Y
ZW]X
²][T°·

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K '¸



ó wwr
ôRËv
ªPwuì© v
NPwQvOP
Nõ

TÖÎÓÕ×Ò
ÎöÎÏ ÐÒ
Ó WY]X_
Zy\ZU]_Y
ÇZy_[We yZZyWXe Èn _�e �n _`_[h _X

Z[h WX
Zy_

\cZW]X
²dX
cZW]X
Z\³
g_WYk
gg_U]dZc][[_cZgh

xZy_[We yZ\cZW]XWY
Zy_]X_
Zy\ZaWggc\dY_
Zy_\e _X
ZZ]³_
V]Y
ZYdcc_YY
²dg

xZy_[_²][_n a_X__U
Z]³_\³
g_Z]V_\Yd[_Ydcc_YY

x\
æ ÐÖå ×ÖØÎÒÚÐ
ØÐÎÙÛÖÐ _V³]UW_Y
Zy_c[WZ_[W]X
²][Ydcc_YY]
²\X\e _X
Z ÅY

³_y\`W][

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K '(



¹
Ruï
wusv
Q­R
Rv
tMuR
t

o_[²][V\X
c_V_\Yd[_}\X]³
÷ _cZW`_n XdV_[Wc\g`\gd_
²][\X
h _X`W[]X
V_X
Z

yWYZ][h
¯
y\Z\[_[_\Y]X\³
g_j _[²][V\X
c_V_\Yd[_Y
²][Zy_`\cddVa][gU·

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K 'Ü



¹
Ruï
wusv
Q­R
Rv
tMuR
t

o_[²][V\X
c_V_\Yd[_}\X]³
÷ _cZW`_n XdV_[Wc\g`\gd_
²][\X
h _X`W[]X
V_X
Z

yWYZ][h
¯
y\Z\[_[_\Y]X\³
g_j _[²][V\X
c_V_\Yd[_Y
²][Zy_`\cddVa][gU·

xZy_\V]dX
Z]²UW[Zcg_\X_Udj WX\X
y]d[

xy\`WX
e \
cg_\X
ø]][

xe _X_[\ggh ³_ZZ_[Z]
V_\Yd[_a
y\Zh ]da\X
ZWX
Zy__X`W[]X
V_X
Zn [\Zy_[

Zy\X
y]a
h ]d
ZyWXz
Zy_\e _X
ZYy]dgU³_y\`_

xUW¼
cdgZZ]
c]V_dj aWZyV_\Yd[_Y
µ YdY
Z\WX_U
V_UW]
c[WZh `Y
�yWe yY\XU

g]aY
¶

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K ')



© v
NPwQvOP
Nõ

^\ZW]X\gWZh U_j _XUY]X

xZy_
j _[²][V\X
c_V_\Yd[_U_kXWX
e Zy_Ydcc_YY
c[WZ_[W]X

xZy_\e _X
Z ÅY
j [W][zX]a
g_Ue _]
²Zy__X`W[]X
V_X
Z

xZy_\cZW]XY
Zy\ZZy_\e _X
Zc\X
j _[²][V

xZy_\e _X
Z ÅY
j _[c_j ZY_{ d_X
c_Z]U\Z_

^\ZW]X\g\cZW]X
}a
yWcy_`_[\cZW]X
V\½WVW´_Y
Zy__½
j _cZ_U`\
gd_]
²Zy_
j _[ º

²][V\X
c_V_\Yd[_e W`_X
Zy_
j _[c_j ZY_{ d_X
c_Z]U\Z_\XU³dWgZ ºWXzX]a
g_Ue _

^\ZW]X\g\e _X
Z}²][_\cyj ]YYW³
g_j _[c_j ZY_{ d_X
c_n Y_g_cZY\X\cZW]X
Zy\ZWY

_½
j _cZ_U
Z]
V\½WVW´_WZYj _[²][V\X
c_V_\Yd[_

b]_Y]d[`\cddV\e _X
ZZ\³
g_U_kX_\[\ZW]X\g\e _X
Z·

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K 'á



L sQPt­PR
Q­R
ùûúRv
uQPQÉ ù v
Qr
qM
NwQwsõ

^\ZW]X\güþý]
VXWY
cW_X
Z

x\W[j g\X_
ø\ZZ_XY
j _[Y]X
c[]YYWX
e YZ[__Z_½\Vj g_

x[\ZW]X\gWZh V\½WVW´_YÐÿ
æ ÐÚÓÐ�
j _[²][V\X
c_n U_j _XUWX
e ]XzX]a
g_Ue _
Ó×

�
ÎÓÐ|j _[²_cZW]X
V\½WVW´_Y
ÎÚÓÛÎöæ ÐÖå ×ÖØÎÒÚÐ

xc[]YYWX
e aWZy]dZg]]zWX
e WYX]
Z[\ZW]X\g³_c\dY_
g\czYWX
²][V\ZW]X
e \Zy º

_[WX
eµ U]WX
e \cZW]XY
Z]
V]UW²h ²dZd[_
j _[c_j ZYn _½
j g][\ZW]X
¶

^\ZW]X\g\e _X
ZYY
y]dgU\gY]

xöÐÎÖÒ
²[]Vj _[c_j ZYµ Z]\de V_X
Z][V]UW²hj [W][zX]a
g_Ue _¶

xg_\[X
Z]³_
ÎÛÓ×Ò×
Ø×ÛÙµ [_gh ]X
j _[c_j ZY[\Zy_[Zy\X
j [W][ �]
²Z_X
j \[ZW\g

\XUà ][WX
c][[_cZ �zX]a
g_Ue _¶

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K 'è



ßÞ R­Pï
õ PQÉ NËR
�v
t�
ÌQªPuwQsR
QNì¹
Ìqß

l\Yz
fX`W[]X
V_X
ZY} Çj []³
g_VY ÈZ]a
yWcy Ç\e _X
ZY È\[_Y]
gdZW]XY

¯_
ZydYX__U
Z]Y
j _cW²h Zy_
j []³
g_V³_²][_a_U_`_g]j Zy_Y]
gdZW]X

f½\Vj g_}ofTiij _cWkc\ZW]X
²][\X
TdZ]V\Z_U
l\½W
b[W`_[Te _X
Z

xo_[²][V\X
c_Í_\Yd[_Y
}c][[_cZU_Y
ZWX\ZW]X
n Y\²_n ²\YZn g_e \gn c]V²][Z\³
g_n

j []k
Z\³
g_n ���

xfX`W[]X
V_X
Z}[]\UY
n Z[\¼
cnj _U_Y
Z[W\XY
n cdY
Z]V_[Yn ���

xTcZd\Z][Y}YZ__[WX
e n \cc_g_[\Z][n ³[\z_n y][X
n ���

xi _XY][Y}c\V_[\
n Y]X\[n Yj __U]
V_Z_[n À oin ���

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >?



wuR¹
Ìqß
ÌÝv
sÞ OR
t

l_½
Z º³\Y_U
é ]X`_[Y\ZW]X\gldZ][

xj _[²][V\X
c_}V\½WVW´_
Z_YZYc][_

x_X`W[]X
V_X
Z}YZdU_X
ZYn Z_YZWXe \e _X
ch

x\cZd\Z][Y}UWY
j g\h _½_[cWY_n Ydee _Y
ZW]XY
n c][[_cZW]XY

xY_XY][Y}z_h ³]\[U_X
Z[h

¯
y\Z\³]dZ\
ij __cy º³\Y_U
é ]X`_[Y\ZW]X\gldZ][·

i __mWe d[_Â
�� ²][V][__½\Vj g_Y

¾
¿ lf}Z]hüþý\[ZWkcW\g_X`W[]X
V_X
Z

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >'



ÌQªPuwQsR
QN¬P
sR
QtPwQt

mdggh `_[YdYo\[ZW\ggh ¿ ³Y_[`\³
g_

x²dggh WYaWZy[_Y
j _cZZ]]³Y_[`\ZW]X
[_g_`\X
c_²][\cZW]X
cy]Wc_
µ ZydYU_ º

j _XUY]X
j _[²][V\X
c_V_\Yd[_¶

x]²Z_X
j \[ZW\gUd_
Z]X]WY_\XUWX
c]Vj g_Z_X_YY

b_Z_[VWXWY
ZWc`_[YdY
i Z]cy\Y
ZWc

xU_Z_[VWXWY
ZWcW²X_½
Z_X`W[]X
V_X
ZYZ\Z_WY
c]Vj g_Z_gh U_Z_[VWX_U³
h Zy_

cd[[_X
ZYZ\Z_\XU\cZW]X
cy]Wc_

fj WY]UWc`_[YdY
i _{ d_X
ZW\g

x_j WY]UWc}WXU_j _XU_X
Z_j WY]U_Y
µ cd[[_X
Zj _[c_j Zn Zy_X
j _[²][V\YWX
e g_

\cZW]X
n _�e �n \YY_V³
gh gWX_¶

xY_{ d_X
ZW\g}Yy][ZZ_[V\cZW]XY
c\X
y\`_
g]Xe Z_[Vc]XY_{ d_X
c_Y

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >>



i Z\ZWc`_[YdY
bh X\VWc

xUh X\VWc}_X`W[]X
V_X
Zc\X
cy\X
e _Ud[WX
e Zy]de yZ

xY_VWUh X\VWc}_X`W[]X
V_X
ZU]_YX Å
Zcy\X
e _aWZyZWV_³dZj _[²][V\X
c_

Y
c][_U]_Y

bWY
c[_Z_`_[YdY
é ]X
ZWXd]dY

xc\X³_\jj gW_U
Z]_X`W[]X
V_X
ZYZ\Z_n ZWV_nj _[c_j ZY\XU\cZW]XY

i WX
e g_`_[YdY
ÍdgZWTe _X
Z

x]Zy_[\e _X
ZYW²Zy_W[³_y\`W][WY
V\½WVW´WX
e \
j _[²][V\X
c_V_\Yd[_³\Y_U

]Xk[YZ\e _X
Z ÅY³_y\`W][

xVdgZW º\e _X
ZYc\X³_
c]]
j _[\ZW`_n c]Vj _ZWZW`_
µ ayWcyc\XWVj \cZcy]Wc_

]
²c]VVdXWc\ZW]X\cZW]XY\XUY
Z]cy\Y
ZWc³_y\`W][¶

¯
y\ZWY
Zy_
y\[U_Y
Z_X`W[]X
V_X
Z·

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >*



ÌQªPuwQsR
QN¬P
sR
QtPwQtìÌÝv
sÞ OR
t

é []YYa][U

ð\cze \VV]X

ldZ][
l\½W

¿ ³Y_[`\³
g_ ··

b_Z_[VWXWY
ZWc··

fj WY]UWc··
i Z\ZWc··

bWY
c[_Z_··

Te _X
ZY··

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >¸



ÌQªPuwQsR
QN¬P
sR
QtPwQtìÌÝv
sÞ OR
t

é []YYa][U
ð\cze \VV]X

ldZ][

l\½W

¿ ³Y_[`\³
g_ ··

Á
_Y

Á
_Y

¾]

¾]

b_Z_[VWXWY
ZWc··

Á
_Y

¾]

¾]

¾]

fj WY]UWc··

¾]

¾]

¾]

¾]

i Z\ZWc··

Á
_Y

Á
_Y

¾]

¾]

bWY
c[_Z_··

Á
_Y

Á
_Y

Á
_Y

¾]

Te _X
ZY··

i WX
e g_

ÍdgZW

ÍdgZW

ÍdgZW

ly__X`W[]X
V_X
ZZhj _
g\[e _gh U_Z_[VWX_Y
Zy_\e _X
ZU_YWe X

ly_[_\ga][gUWY
µ ]²c]d[Y_¶ WX\cc_YYW³
g_n YZ]cy\Y
ZWcn Y_{ d_X
ZW\gn Uh X\VWcn

c]X
ZWXd]dY

i __\gY]mWe d[_Â
��

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >(



qÉ R
QNîM
Q­NPwQt

TX\e _X
ZWY
c]Vj g_Z_gh Y
j _cWk_U³
h Zy_\e _X
Z²dX
cZW]X
V\jj WXe j _[c_j Z

Y_{ d_X
c_Y
Z]\cZW]XY
µ U_YW[\³
g_³_y\`W][¶

x°X
j [WX
cWj g_n ]X_
c\XYdjj gh _\cyj ]YYW³
g_Y_{ d_X
c_Z]Y__a
y\ZWZU]_Y
�

¿ ³`W]dY
gh n \
g]]zdj Z\³
g_a]dgUdYd\ggh ³_WVV_XY_�

x¿ X_\e _X
Z²dX
cZW]X
µ ][\Y
V\gg_{ dW`\g_Xc_cg\YY
¶ WY
[\ZW]X\g

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >Ü



qÉ R
QN¹
uwÉ uv
st

ly_
÷ ]³]
²T°WY
Z]U_YWe X
Zy_\e _X
Zj []e [\VZy\ZWVj g_V_X
ZYZy_\e _X
Z

²dX
cZW]X
�c]X
cWY_gh

x\e _X
Z��\[cyWZ_cZd[_
�j []e [\V

TX\e _X
Zj []e [\VZ\z_Y\
ÙÕÒ
Ï öÐ
æ ÐÖÚÐæ Ó \YWX
j dZn z__j YWX
Z_[X\gYZ\Z_}

�	
��
�

���
������ ���� ��� ��
�� � �!
"�� #$&%'�	%
()*)+
,-.*

(�/�
�0� �!
"�� #1
2 )345 64*+42 -*-,-)778 49
: ,8

#;
<=�2 ),)>74.?)+
,-.*
32 -*@4A4@>8: 4B+4: ,345 64*+432 -*-,-)778 ?6778 3: 4+-C4@

� �!
"�� #1
D �EE��
F� � �!
"�� #G� �!
"�� #1

$

;
"#HIJD K
LL MN E� � �!
"�� #1
G #;<=�$

%'�	%
;
"#HIJ

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >)



qÉ R
QN�õÞ R
t

m]d[³\YWcZhj _YWX][U_[]
²WX
c[_\YWX
ee _X_[\gWZh }

�YWVj g_[_ø_½\e _X
ZY

�V]U_g»º³\Y_U[_ø_½\e _X
ZYaWZyYZ\Z_

�e ]\g»º³\Y_U\e _X
ZY

�dZWgWZh º³\Y_U\e _X
ZY

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >á



ß PsÞ OR
© R
ORÝ
qÉ R
QNt

A
g

en
t

Environment

S
en

so
rs

W
hat the w

orld
is like now

W
hat action I

should do now
C

ondition−
action rules

A
ctu

ato
rs

TcZW]XY_g_cZW]XWY³\Y_U]X
Zy_ÚÛÖÖÐÒ
Ój _[c_j Zµ \YYdV_Y
²dggh ]³Y_[`\³
g_

_X`W[]X
V_X
Z¶

é ]XUWZW]X
º\cZW]X
[dg_Y
µ _�e �nQPR
c\[ ºWX º²[]X
Z ºWY º³[_\zWX
eTSUV
WWXWZW\Z_ º³[_\zWX
e¶

[_j [_Y_X
Z³]
ZyWXX\Z_\XU
g_\[X_U[_ø_½_Y

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K >è



ß PsÞ OR
© R
ORÝ
qÉ R
QN¹
uwÉ uv
stìÌÝv
sÞ OR
t

mWe d[_YÂ
�Xµ Yj _cWkcZ]`\cddVa][gU¶ \XUÂ
�~Ãµ e _X_[\gW´\ZW]X
¶

¾]
Z_Zy\ZZy_j []e [\VY\[_Y
V\gg_[Zy\X
Zy_²dX
cZW]X
Zy_h WVj g_V_X
Zµ mWe d[_

Â
��¶

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K *?



wrROZY
ôv
tRr
© R
ORÝ
qÉ R
QNt«P
NË
ß Nv
NR

A
g

en
t

Environment

S
en

so
rs

W
hat the w

orld
is like now

W
hat action I

should do now

S
tate

H
ow

 the w
orld evolves

W
hat m

y actions do

C
ondition−

action rules

A
ctu

ato
rs

i Z\Z_y\XUg_Y
j \[ZW\g]³Y_[`\³WgWZh

i Z\Z_WY
dj U\Z_UaWZyZy_
V]U_gµ y]a
Zy_a][gU_`]
g`_Y
n \e _X
Z ÅY\cZW]XY
¶ }

WX
Z_[j [_Z ºWX
j dZµ j _[c_j Z¶ [_j g\c_UaWZydj U\Z_ ºYZ\Z_µ YZ\Z_n \cZW]X
nj _[c_j Z¶

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K *'



ó wvO Y
ôv
tRr
qÉ R
QNt

A
g

en
t

Environment

S
en

so
rs

W
hat it w

ill be like
  if I do action A

W
hat the w

orld
is like now

W
hat action I

should do now

S
tate

H
ow

 the w
orld evolves

W
hat m

y actions do

G
oals

A
ctu

ato
rs

[ÐÎÖÚ\ \XU
æ öÎÒÒÕÒ
Ï U_\gaWZyZ[Wczh ne ]\g»º³\Y_U\cZW]X
µ Y_{ d_X
c_¶ Y_g_cZW]X

ly_Y_\e _X
ZYc]XYWU_[Zy_²dZd[_
µ _�e �n ³[\z_`W\[_\Y]XWX
e n X]
Z÷ dYZ[_ø_½
¶

%&'()*+,-./01/2345.633/7 6516,88 3/12./95:6;6398 <65.= &8 -/57 >??*

,4@,%A28 .6->= >5BCBDE 2F.6-GHII63325BJ9-;/7K *>



]^_^]`ba
cd
ef
g
hi f
Q]e

A
g

en
t

Environment

S
en

so
rs

W
hat it w

ill be like
  if I do action A

W
hat the w

orld
is like now

H
ow

 happy I w
ill be

   in such a state

W
hat action I

should do now

S
tate

H
ow

 the w
orld evolves

W
hat m

y actions do

U
tility

A
ctu

ato
rs

j kl
mnl
opqsrnt
uvwl
ox

yrtvmvtxszrw
{tvkw
|l

} nl
ntltpkwtkl
opl
mwr|upoop} opnpwtvw

~ l
} opzpopw
{p

ko�po
� npzrmzko{kw�
v{tvw

~~ kl
mnlw�~ kl
m{�kv{p

������
������
������������ ������� ��������������� ����� �� ���� ����

�������� ����� �� ¡ ¢
£ �¤���¥¦
§§����� ¨�����© ��



ªfd
«¬^¬

i
hi f¬
]e

P
erform

ance standard

A
g

en
t

Environment

S
en

so
rs

P
erform

ance
   elem

ent

ch
an

g
es

kn
o

w
led

g
e

learn
in

g
  g

o
als

  P
roblem

 generator 

feed
b

ack

  Learning  
   elem

ent

C
ritic

A
ctu

ato
rs

­op®vkrnmx ¯ {kw
{powp�°
vt�
|pt�k�nzkol{tvkw
npmp{tvkwvwt�pl

~ pwt
} ok~ ol|

±pl
owvw

~ vn�k°
} ok~ ol|n{k|pvwtk
upvw

~ ¯ lw�v|} ok®p

­pozko|lw
{ppmp|pwt°l
n} op®vkrnmx t�pl

~ pwt²} okump|~ pwpoltkovnzkop³µ´

} mkoltvkw
������
������
������������ ������� ��������������� ����� �� ���� ����

�������� ����� �� ¡ ¢
£ �¤���¥¦
§§����� ¨�����© �
¶



· ¸
¹
¹d
«`

y~ pwtº
nk|pt�vw

~ t�lt
} po{pv®pnlw�l
{tnvwlw
pw®vokw
|pwt

y~ pwtzrw
{tvkwº
n} p{v»pnt�pl
{tvkwtl
¼pw
vw
opn} kwnptklw

x} po{p} tnp ´

½ rpw
{p

­pozko|lw
{p|plnropºp®l
mrltpnt�pl

~ pwt¿¾nup�l®vkovwlw
pw®vokw
|pwt

Àltvkwl
ml~ pwtºl
{tntk
|l³v|vÁpt�pp³

} p{tp�®l
mrpkzt�p

} pozko|lw
{p

|plnrop~ v®pwt�p} po{p} tnp½ rpw
{ptk�ltp

Âln¼pw®vokw
|pwtº
n} p{v»
{ltvkw®vl
­ÃyÄ¯ |lw

x �v|pwnvkwnÅ pÆ~ Æ
ntltv{ko

�x wl
|v{Ç

y~ pwt
} ok~ ol|ºv|} mp|pwtnt�pl
~ pwtzrw
{tvkw

y~ pwt�pnv~ wnº
upnt
{�kv{pÅ pÆ~ Æ¯ nv|} mpop�p³

Ç �p} pw�nkw
pw®vokw
|pwt

±pl
owvw

~ l
~ pwtnºv|} ok®p} pozko|lw
{p®vl
mplowvw

~

������
������
������������ ������� ��������������� ����� �� ���� ����

�������� ����� �� ¡ ¢
£ �¤���¥¦
§§����� ¨�����© ��



ÈÉ
«Ê
fË
]Ì
^¹f

Ä pw�p|lvmnÅ vzwpp�p�Ç

ÍÎ
ÏÐ
� Ã

Ðvn{rnnvkw
} kvwtnÅÒÑÆÑ¯ ÑÆÓ ´ÑÆÔ zkol
n} k¼pw
�vl
mk~ rpnx ntp|°
vt�
n} pp{�

op{k~ wvtvkw
pookon¯ ÑÆÏÑÇ

Õp³t
opl�vw

~ zok|nx mmlurn

Ö kwtvwrp­x t�kw
Ä pmz ´Ä tr�x

������
������
������������ ������� ��������������� ����� �� ���� ����

�������� ����� �� ¡ ¢
£ �¤���¥¦
§§����� ¨�����© �
×


