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Z5G Z _�c tIHAJ]Ynh]r e kLK&M hfSUuON c SUu2h e cfe kQP&W(RnOJt SUuSNfODTUG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z \

Z5GYX Z[M]\_^a`cbed Ynh/RnOJt SfTgGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Xih
Z5Gkj P&YlJ cfe umT c SUu2h e hfp>SfnmOWbonmO�TjumTpGVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G X Z

Z5Grq b ^Ls c T cfeut e TnSjYjrmt SUu2h e c�v b>hPh v G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G X�X
Z5GYw bonmOV^.Zyx b d Yjh�J]Y c VlVlu e Jz^ cfe J]r c J]O{GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Xij

' ? ��$.� � �|��$&� ? #6+ � �}# %9#}%a0 '!7

X



X G Z Z e P N]ORY N u2O � hfp d YnhPtRODT Tjh]Y b ODTnumJ e G*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G X/q
X GYX N ` e tInmYnh e h]r!T cfe kuZ T ` e tInmYjh e h]r!T b ODTjuSJ e G*GVGVG*GVG*GVGVG*GWGVG*GVG*G X��

X GYX GvZ Z e h�NfOJY N uvO � hfp�T ` e tInTYjh e hfr!TMkmO�TjuSJ e GVG*GVG*GVGVG*GWGVG*GVG*G X��
X GYX G X Z e h�NfOJY N uvO � hfp c T `Pe tInmYjh e h]r!TikmODTnumJ e GVG*GVG*GVGVG*GWGVG*GVG*G X ^

X GYX GYj Z_T ` e tInmYnh e h]r"T n cfe k!Tln c H u e J G*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j�h
X Gkj d u2Q*O v u e u e J G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j�j
X Grq N ` e tInmYnh e h]r!T cfe kuZ T ` e tInmYjh e h]r!T d uvQ6O v u e ODT GVGVG*GVG*GVGVG*GWGVG*GVG*G j��
X GYw NPrmVlV c Y ` G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j��

3 � 1 ��� ���|# � �
	�� ? #6+ � �}# % � 3�F
j"G Z t���!t e T SUYnrmtRSju2h e� ORSUtIn G*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G qTZ

j"GYX t b��!t e T SUYjrTtRSUuvh e b OJtJh kmOpGVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G q�X
j"Gkj ` s[` � `��TORtJrTSju2h e cfe kuZMkTkmYjO�TlTMq c�v tRr v'c Sju2h e GVGVG*GVG*GVGVG*GWGVG*GVG*G q5j
j"Grq M]` M ��bdc S c M OJVlh]Y ` ZstJtRODTlT GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G q�q
j"GYw � _�� ��Yju SUO _�c tIH GVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G q�w
j"G�� NPrmVlV c Y ` G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G q��

7 ? #6+ � �}# % ��� �����!� 4 � 72B
q!G Z N SUYnrmtRSjrmY civ g c��Jc Yjk!T GVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G wih

q!G Z5GvZ M OJVlh]Y ` q�h e�� uvtRS G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w Z

q!G Z5G X xoODJfumTnSjOJY  u v O[q�h e�� u2t S{GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w�X
q!GYX bdc S c g c�� c Yjk!TgGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w/q

q!GYX GvZ x Zyx�� YjO c k! c p SUORY" YnO c k$# b OJQ*O e kmO e t ` GVG*GVG*GVGVG*GWGVG*GVG*G w�w

j



q!GYX G X � Z � � � Yju SUO  c p SjOJY" � Yju SUO # b OJQ*O e kmO e t ` G*GVG*GVGVG*GWGVG*GVG*G w�w
q!GYX GYj � Zyx � � YnuvSjO  c p SUOJY� YnO c k # b OJQ*O e kmO e t ` G*GVG*GVGVG*GWGVG*GVG*G w��
q!GYX Gkq x Z � � YnO c k  c p SjOJY" � Yju SUO # b OJQ*O e kmO e t ` G*GVG*GVGVG*GWGVG*GVG*G w��
q!GYX G w NAS c�vSv GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w ^

q!GYX G � xoODJfumTnSjOJY ^�h tIH u e J G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w ^

q!GYX G �  h]Y � c Yjkmu e J GVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w \

q!Gkj q�h e SUYnh v g c��Jc Yjk"T[GVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ��j
q!Gkj"GvZ NAS c�vSv GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G �iq
q!Gkj"G X N Q6ORtJr v2c SUuON]OW`��POJtJrPSUu2h e G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G �5w
q!Gkj"GYj M h�N u e J0rmQ SlnmO _ Y c e tIn]ZskmkmYjO�TlTMq c�v tRr v'c SUu2h e GVG*GWGVG*GVG*G ���

q!Gkj"Gkq _ Y cfe tInQd YjORkmu2t SUu2h e G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ���

q!Grq NPrmVlV c Y ` G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ���

> ����,a%9�i1a��$&%9$ E � ? ��$.� � �|�D$�� � $ 4a� �}� ��B
w G Z P&W(RnOJt SUuSNfODT _ ODnTu e k SfnTO t e uvSUu c�v M hPkmO v T GVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G �f^

w GYX bonmO t e uvSju c�v M h kmO v T GVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G �ih
w GYX GvZ Z_T ` e tInmYnh e h]r"T��sh e  d u2Q*O v u e u e J b O�TjuSJ e G*GVG*GVGVG*GWGVG*GVG*G �ih
w GYX G X Z_T ` e tInmYnh e h]r"T bonmYnOJO  TnS c J]OVd u2Q*O v u e O b O�TjumJ e GVGVG*GWGVG*GVG*G � Z

w GYX GYj Z_T ` e tInmYnh e h]r"T  uON]O  TnS c J]OWd u2Q*O v u e O b O�TjuSJ e G*GVGVG*GWGVG*GVG*G �/q
w Gkj t V Q v OJVlO e S c SUuvh e T�hfp  uON]O  TnS c J]OWd u2Q*O v u e O G*GVGVG*GVG*GVGVG*GWGVG*GVG*G ���

w Gkj"GvZ ` sy`  ` s[`  h]Y � c Ynkmu e J G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G � ^

w Gkj"G X MQ` M  ` s[`  h]Y � c Ynkmu e J{G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^�h
w Gkj"GYj MQ` M  M]` M  h]Y � c Yjkmu e J GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^PZ

q



w Grq b�u2Vlu e J t e p h]YjV c Sju2h e GVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^5X
w GYw t V Q v OJVlO e S c SUuvh e r!Tnu e J ^.Zyx b GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^�j
w G�� NPrmVlV c Y ` G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^5w

� � � ����# %90���% 4���� ��� E �"��#6$2% B �
�"G Z NPu2VlQ v O Z T TjORVXW vv` b>ODT S_d Ynh5J]Y c V;T GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^��

�"G Z5GvZ Z_TjV  Z � b9O�TnS d Ynh5J]Y c V GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^��

�"G Z5G X Z_TjV  X � b9O�TnS d Ynh5J]Y c V GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^f^

�"G Z5GYj Z_TjV  j � b9O�TnS d Ynh5J]Y c V GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ^f\

�"GYX NPu2VlQ v Odq b>ODT Syd Ynh5J]Y c V;T G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \5X
�"Gkj bonmO b nmY ` T SUh e OVd Yjh�J]Y c V G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \�j
�"Grq ` N civ r c Sju2h e G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \iq
�"GYw NPrmVlV c Y ` G*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \��

� )*$2%9��� E �|#6$&%�� F �
� G Z Z T TjODT TjVlO e S&h p ��h]YlH GVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \��

� GYX NPr!J5JfODTnSju2h e T�p h]Y  rmYnSlnmOJY ��h]YlH G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \f^

� #6� � # $�0����!+�12, �����

� � 1 �{� 	 � ��/�i19# � � ��� E � � ���&3
Z G Z t e SUYjh kmrmt SUuvh e GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�h�j
Z GYX b ^Ls PyNfOJY NPuvO � GVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�hiq
Z Gkj b ^Ls t e TnSjYjrmt SUu2h e� h]YnV c SpG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�h5w

w



Z Grq b ^Ls PdQ*OJY c SUuvh e T GVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�h��
Z Grq!G Z ^�h c k c e kQT SUh]YnO[u e T SUYjrTtRSUuvh e T GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�h��
Z Grq!GYX Z ^a\ h]Q6ORY c Sju2h e TQGVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�h��
Z Grq!Gkj _ Y cfe tInTODT cfe k � rmV Q"T GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�hf^

Z GYw b ^Ls PdQ*tJh kmO�T=GVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z�hf^

� � 1 �{� 19��,a� ��$&% ��� � � %��/1 < �!��8 ? ��$�0&��� < �&�('
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� � 	Q� ��� � ��� ��� 	

�"G Z bonmO[kmODTntJYnu2QTSju2h e hfpCq SjODTnSsQmYnh5J]Y c V;T GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G \5X
�"GYX bonmO[tJh]VlQ c Y c SUuON]OdYnODTjr v SfT � u Sfn q SjODTnSiQmYnh5J]Y c V;T GVG*GVGVG*GWGVG*GVG*G \�j
�"Gkj bonmO[YjO�Tjr v SfT � uvSln SlnmO b nmY ` T SUh e O QmYnh5J]Y c V GVGVG*GVG*GVGVG*GWGVG*GVG*G \�j

Z G Z `�� c V Q v ODT�hfp v h c k cfe k TnSjh]YjO[u e TnSUYnrmtRSju2h e T�h e b ^Ls G*GVGVG*GWGVG*GVG*G Z�h��
Z GYX `�� c V Q v ODT�hfp c YnuvSfnTV O SUu2t
	 v h�J]u2t c�v u e T SUYnrmtRSju2h e Tou e b ^.s G GVG*GWGVG*GVG*G Z�h��
Z Gkj `�� c V Q v ODT�hfp>S ` Qmu2t c�v tJh e SjYjh v  � h � u e T SUYnrmtRSju2h e T�u e b ^.s G G*GWGVG*GVG*G Z�hf^

Z Grq Z vSv u2VlQ v OJVlO e SUORk b ^Ls�u e TnSjYjrmt SUu2h e T GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z]Z|h
Z GYw P&Q6tRhPkmO�Tohfp9SlnmO b ^Ls c YjtInmu SUORtRSUrTYjO G*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z]ZfZ

_ G Z �srmV W6ORYlTohfp t e TnSjYjrmt SUu2h e Tou e b nmY ` T SUh e O GVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G Z]Z|j

�



� � 	Q� ��� � ����� � � 	

X G Z Z e O � c VlQ v Odhfp c QmYnhPtRODTlTnh]Yok c S c Q c Sln GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G X��
X GYX ZpTjuvV Q v O&QmuvQ6O v u e O GVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j�h
X Gkj Z Wmr e k v OJk k c S c u e SUORYnp c tRO G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G jPZ

X Grq Z S � hlQ!n c TjOVn cfe k!T n c H O;GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j5X
X GYw Z p h]rmY�Q!n c TjOVn cfe k"Tln c H O G*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j5X
X G�� bonmO e h e  Qmu2Q*O v u e ORk c QmQmYnh c tIn GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j5w
X G � bonmO[Qmu2Q*O v u e ORk c QmQmYnh c tIn{GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j5w
X G ^ Z e O � c VlQ v Odhfp c T ` e tInTYjh e hfr!TMQmuvQ6O v u e O GVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G j��
X G \ Z e O � c VlQ v Odhfp cfe c T ` e tInmYjh e h]r!TsQmu2Q*O v u e O GVGVG*GVG*GVGVG*GWGVG*GVG*G j��

j"G Z Z e u2VlQ v OJVlO e S c Sju2h e hfp c0b ^Ls�k c S c Q c Sln G*GVGVG*GVG*GVGVG*GWGVG*GVG*G q5h
j"GYX bonmO[Qmu2Q*O v u e ORk b ^Ls�k c S c Q c Sfn G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G qTZ

j"Gkj bonmO[Qmu2Q*O v u e ORk b ^Ls GVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G q �

q!G Z Z e O � c VlQ v Odhfp c w  TnS c J]OdQmu2Q*O v u e O TnSUYnrmtRSjrmYjO u e b ^Ls GVG*GWGVG*GVG*G q]\

q!GYX Z e O � c VlQ v Odhfp c VlOJVlh]Y ` tJh e�� u2tRS G*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G wih
q!Gkj Z Qmu2Q*O v u e O TnS civmv ORk p h]YoV ORV hfY ` tJh e�� u2tRS GVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G wih

^



q!Grq Z e O � c VlQ v Odhfp c YjO�J]umT SUORY�� v OdtRh e�� uvtRSyGWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w/q
q!GYw d u2Q*O v u e O � uvSfn TnOJQ c Y c SUO t��[b VlOJVlh]YjuvODT c e k n c�v p YnO c k  � Yju SUO p hfYMSfnmO

YjO�J]umT SUOJY�� v OWG*GVGVGVGVGVG*GVG*GVGVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w�w
q!G�� Z e O � c VlQ v Odhfp c k c S c n c�� c Yjk�GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w��
q!G � N S civmv Sjh0QmYjO N]O e SMk c S c n c�� c Ynk GVG*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G w \

q!G ^ bonmOdp h]Y � c Ynkmu e J SjOJtIn e u��ArmO Sjh c Nfh]u2k SlnmO[k c S c n c��Jc Yjk GVG*GWGVG*GVG*G ��h
q!G \ bonmO[u2VlQ c t S�p Yjh]V h e!vv` p h]Y � c Ynkmu e JXp hfY ^�h c k u e TnSjYjrmt SUuvh e T GWGVG*GVG*G �5X
q!G Z�h q�h]VXWmu e c Sju2h e h p9p h]Y � c Yjkmu e J cfe kuTnS civmv u e J SjhlQTYjO�NfO e Ssk c S c n c��Jc Yjk G*G �5X
q!G Z]Z ^�h c k u e T SUYnrmtRSju2h e p h vSv h � OJk W ` c T SUh]YnO[u e T SUYjrTtRSUuvh e G*GVGVG*GWGVG*GVG*G ��j
q!G Z�X,N S civmv Sjh0QmYjO N]O e SMtJh e SUYnh v n c��Jc Yjk=G*GVG*GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G �5w
q!G Z�j bonmOWTjQ*OJtRr v'c SjuSNfO O �POJtJrPSUu2h e p h]Y�SlnmO[tJh e SjYjh v n c�� c YnkeG*GVGVG*GWGVG*GVG*G ���

w G Z bonmOdSUuvV u e JXkmu c J]Y c V hfp c0e h e  Qmu2Q*O v u e ORk QmYjh tJO�TlTnh]Y[G*GVGVG*GWGVG*GVG*G � Z

w GYX bonmOWTnSjYjrmt SUrmYnO hfp c j  T S c JfOdQmu2Q*O v u e O GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G �/q
w Gkj bonmOdSUuvV u e JXkmu c J]Y c V hfp c j  T S c J]OdQTu2Q*O v u e O GVGVG*GVG*GVGVG*GWGVG*GVG*G �/q
w Grq bonmOWTnSjYjrmt SUrmYnO hfp c w  T S c JfOdQmu2Q*O v u e O GWGVG*GVGVG*GVG*GVGVG*GWGVG*GVG*G ���

w GYw bonmOdSUuvV u e JXkmu c J]Y c V hfp c w  T S c J]OdQTu2Q*O v u e O GVGVG*GVG*GVGVG*GWGVG*GVG*G ���

w G�� bonmO[kmu c J]Y c V hfp9SfnmOWTjuvV Q v ODT S�k c S c n c�� c Yjk�GVGVG*GVG*GVGVG*GWGVG*GVG*G � \

w G � \_Tnu e J ` s[`� ` sy`=p h]Y � c YjkTu e JXSjh YnODTjh v N]O[k c S c n c��Jc Yjk GVG*GWGVG*GVG*G � \
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NPrTSlnmOJY v'cfe k �kToVlu2tRYjh]QmuvQ6O v u e OskTODTjuSJ e TnS `(v O87 NPrTSU^]\:9}G bonmO[u e T SUYjrTtRSUuvh e SfnmYnh]r!J5nTQmrTS � c T
u e tJYjO c TjORk � nmu v T SaSlnmOsO v ORtRSUYnu2t c�v Q6h � OJYatJh e TnrmVlQTSUuvh e � c TaYjOJkTrmtJORk u e SfnmO�+;-<.10�2543=

QmYnhPtRODTlTnh]YDK c V c Rnh]YdYjORkmODTnumJ e hfp>+�-/.1032?4	6�G t e Z@\]\��@+�-<.A032543=CB � cfe OJVXW*OJkmkTOJk

T ` T SUOJV tInmu2Q � u Sfn cfe +�-<.A032543= tRh]YjO cfe k c TnO v p  SUuvV ORk!t c tInmO # KmSfnmOyTnOJtRh e k J]O e OJY c  

SUuvh e c T `Pe tInmYjh e h]r!T Z x M QmYnhPtRODTlTnh]YDK � c TikmO v uSNfOJYjORkLG

bonmO � Y TnS S � hVJfO e ORY c Sju2h e T h p6QTYjh tJODT Tjh]Y T � OJYnO�p r e k c VlO e S c�vmv ` kTODTjuSJ e ORk c T v h � Q*h � ORY
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QmYnhPtRODTlTnh]YlT cfe klQ*OJYnp hfYjV cfe tJO � c T c TnOJtJh e k c Y ` tJh e Tnu2kmORY c Sju2h e G +�-/.1032?4 � � � nmuvtIn!umT
e h � r e kmORY�kmO N]O v h]QmVlO e SDKTSfnmOiSfnmuvYjkJfO e ORY c Sju2h e!c T ` e tInmYnh e h]r"ToZyx_M�QmYjh tJO�TlTnh]Y # � u vmv
SUY ` SUhXV c u e S c u e SfnmO nmumJ5n Q6h � OJY�O �ltJu2O e t ` hfp�SfnTO&O c Y v uvOJY kmO�N uvtJODT � nTu v OUTjuSJ e u � t cfe S vv`
u2VlQmYnh�N u e JXSfnmO*M t d N��sY c SUOiG

ZMQ c YnS�p Ynh]V SfnmO[ZyM]\ ^a` b7V uvtJYjhfQmYjh tJO�TlTjhfYlTDK SfnmORYjO c YnO&hfSlnmOJY�QTYjh/RnORtRSfT�u e SfnTOyJ]YjhfrmQ

tJh e tJORY e ORk � u Sfn W6hfSln!SfnTOMYjORkmrmt SUu2h e hfp�O v OJt SUYjuvt c�v Q*h � ORY�tJh e TjrmVlQTSUuvh e K cfe k!SlnmO T ` e  

SfnTODTjuST c Wmu v uvS ` h p c T ` e tInmYnh e h]r"T tRu2YjtRrmuvSlTsSjh c�vmv h � SlnmOzTjuvV Q v O cfe k �Armu2tIH QmYjh kmrmt SUu2h e

hfp9kmO�N uvtJODTop h]Y�tRh e TjrTV ORY c QmQ v uvt c Sju2h e TDG

����� % ����$��� . �!����� � ��� ��� * (	� * ."� .

bonmuST�SfnmO�TjumT�tRh]VlQmYjuSTjODT � tIn c QTSUORYlT cfe k u e t v rmkmODT j c QmQ6O e kmuvtJODT�Gaq n c QTSjOJYlT_X K!j cfe k q
QmYnh�N uvkmO c SfnmORh]YjO SUu2t c�v W c tIH(JfYjh]r e k Sjh0SlnmO c YnO c YjO v'c SjOJk SUhXSlnmOWTjrmW(RnORtRSihfp>SfnmO&SlnmODTnumT�G
bonmO e q n c QTSUORYlT w c e k �[kTODTjtRYjuvW6O�SfnTO c rTSfnmhfY �rT � h]Y H cfe k0O�N c�v r c Sju2h e G9Z vSv SfnTOiYnODTnr v SlT
QmYnODTjO e SUOJk u e q n c QPSUOJY � � ORYjOyJfO e ORY c SjOJk W ` SlnmO c rTSfnmhfYDG q n c QPSUOJY �VTjrTV V c YjuSTjO�TaSfnTO

tJh e t v r!Tjuvh e TXkmY c � e p Ynh]V SfnmO QTYjh/RnORtRS0QmYnODTjO e SUOJkDu e SfnmO SlnmODTnumTDG  rmY SfnmORY � hfYlH c e k

Q*h5TlTnu2Wmu v uvSju2O�T c YjO c�v Tnh.u e SjYjh kmrmtROJkLG ZMQmQ*O e kmu � Z kmODTntJYjuvW6O�T!SfnTO b ^Ls c YjtInmu SUOJt SUrmYnO

� nmuvtIn � c T u2VlQ v ORV O e SjOJk�u e SlnmumT QmYjh/RnORtRSDG bonmO V c u e SUO�TnS QmYnh5J]Y c V p h]Y SlnmumT � h]Y H�K
SfnTO b nmY ` TnSjh e O W*O e tInTV c Y H QTYjh5J]Y c VuK%umTMkmODTntJYjuvW6ORk;u e ZMQTQ6O e kmu � _ G  u e c�vSvv` kTORS c u v T
hfp>SfnmOdSjhPh v T � nmuvtIn � OJYnO r!TnOJk u e SfnmuST�QmYjh�RnOJtRS c YnOWJ]uSNfO e u e ZMQTQ6O e kmu � q G

��,PRFGFRPGQ�I HJI� K<9�� E6KLPRQCI��� 7:9+D 7ME:QCI��
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bonmO b ^.s c YntInmuvSjOJtRSjrmYjO umT c TjuvV Q v u��mOJk N]ORYlTjuvh e hfpMSfnmO M t d N x_j5h�h5h c YjtInmu SUOJt SUrmYnO

7 � c e ^]\ K �VM \5j 96u e SUYjh kmrmtROJklu e SfnmOoSUO � SUW*hPh5H
	��������� B�� +���������� B�������� B���+! "�$#&%'�����(#&)

�*��+ B +"�,�����-#�����7 g_d \�� 9 G t S � c T9tInmh�TjO e c T�SfnmO c YntInmuvSjOJt SUrmYnO p hfY(SfnmuST�QmYjh/RnORtRS9W6ORt c r"TjO uvSfT
TjuvV Q v u2tRuvS ` V c HfODT uvS O c T ` Sjh � h]YlH � u Sfn0SUh kmOJVlh e T SUY c SUOoSfnmOoQmYnu e tRu2Q v ODT hfp(QTu2Q*O v u e u e J!G
bonmuST9SUO � SUW*hPh5H[uST c tRtJh]VlQ cfe uvOJk W ` c tRh]V QTYjODnTO e TnuSN]O Tjhfp S � c YjO cfe c�v ` TnumT�TjORSDK]u e t v rTkmu e J
c tJh]VlQmu v OJY�K c Tnu2VXr v2c SUhfYDK cfe k c J]Yjh]rTQ hfp3W6O e tInmV c YlH QmYnh5J]Y c V;T�G Z T b ^Ls QmYjh�N u2kmO�T
c J]YjO c SiQ c tIH c J]Odp h]Y c YjtInmu SUOJt SUrmY c�v O �PQ*OJYnu2VlO e SfT�K�Slnmh5TnOVT c VlO[SjhPh v TDKPkmumTntJr!T TjORk u e SfnTO

SUO � SUW*hPh5H�Kcn c N]O W*OJO e�c QmQ v uvOJkHu e SfnmuSTXQmYnh/RnOJt S SUh cfe c�v ` TjO kmu �%ORYjO e S HAu e k!T hfp c T `Pe  

tInmYnh e h]r!TiQmuvQ6O v u e OMVlhPkmO v T�W c TjOJk h e SfnmO b ^Ls�QmuvQ6O v u e O�G

bonmO � Y TnSoVlhPkmO v K r!Tju e J c �!N]O  TnS c J]OdQmuvQ6O v u e O�K � c T Tnu2Vlu v'c Y Sjh SfnmO �!NfO  TnS c J]O[Qmu2Q*O v u e O

b ^Ls O �TQ v h ` TDG  h]Y9tJh]VlQ c YnumTjh e K cfe hfSfnmORYCVlhPkmO v � c TCkTO�N]O v h]Q*OJk � u SfnXh e"vv` SfnmYnOJO�QmuvQ6O

TnS c J]O�TDG

t e c kmkmu SUuvh e KASUh TjuvV Q v uvp ` SlnmO[V h kmO v TaSlnmO b ^.s � h c Sju e J� Q6hfu e S�u e TnSjYjrmt SUuvh e T � OJYjO e h S

u e t v rTkmOJk 2fc kmkmu e JoSfnmORV kmhPO�T e h S9u e N]h v N]O e O � tRh e tJORQTSfT�K]uvS�VlOJYnO v ` u e tRYjO c TjO�T9SfnTOatRh]V  

Q v O �PuvS ` G ZMQmQ*O e kmu �;Z J]uSNfODTap r vmv kmORS c u v T hfp(SfnTO b ^Ls c YjtInmu SUORtRSUrTYjO c T�u2VlQ v OJVlO e SUORk u e

SfnTumT�QmYnh/RnOJt S|G
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^.Zyx b�� K�kmO N]O v h]Q*OJk c S>SfnmO Z[M]\_^a`cb JfYjh]rmQ-KfumT cfe c T ` e tInmYnh e h]r"T n c Yjk � c YnO�kmO�TjtRYju2Q  
SUuvh e v'cfe J]r c J]O � nTu2tIn r!TjO�Tdq�N"d� v umH O	�&tIn cfeTe O v tJhfV VXr e u2t c SUuvh e 7 gsh c � ^:9�SUh0kmO�TjtJYnu2W*O

SfnTOlW*ODn c N uvh]rmY[hfp c T ` e tInmYnh e h]r!T /[^>N t T ` TnSjOJV TDGbonmuST[tJh]VlVXr e uvt c Sju2h e;c W!TnSjY c t SUu2h e

V c HfO�T[^.Zyx b c VXrmtIn V h]YnO QmYnhPkTrmtRSjuSN]O v'cfe J]r c J]O[p h]YiSfnmuSTsS ` Q6O hfp VlhPkmO vmv u e J Sfn cfe

tJh e NfO e SUuvh e c�vav2cfe J]r c J]ODT TnrmtIn c T /&g b ^ G
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Z V c Rnh]YitJh e tJOJQPSdSfn c S n c T&YnOJtROJuSNfOJk;tJh e TjuvkmOJY c W v O c SjSjO e SUuvh e u e SfnmO kTODTjuSJ e hfpcnTumJ5n! 
TjQ*OJORk tJh]VlQmrTSjOJY T&umTsQmu2Q*O v u e u e J!GobonmO QmrTYjQ*h5TjOXh pCSfnmuSTMtIn c QTSUORYdumToSUh QmYnh�NPuvkmO c WTYju2O p

h�N]ORY N u2O � hfp QmYnhPtRODTlTnh]Y[Qmu2Q*O v u e u e J!G[N OJtRSju2h e X(GvZ0kmO�TjtJYnu2W*ODT&SlnmO W c Tnu2tXS c TlHATdhfp c QmYjh� 

tJO�TlTnh]YDKCSlnmO eFc e h�N]ORY N u2O � h poT ` e tInmYnh e h]r"T cfe k c T ` e tInmYjh e h]r!TXkTODTjuSJ e uST QmYnODTnO e SUORkLG
NPORtRSUuvh e X Gkj kTODTjtRYjuvW6O�T c VlORSlnmhPk�p h]Y uvV QTYjh�N u e J QmYjh tJO�TlTnh]Y TjQ*OJORk!TDK u}G OiG QTu2Q*O v u e u e J!G
 u e c�vmv ` K SfnTOdkmu �6OJYnO e tRODT�W*ORS � OJO e T ` e tInmYnh e h]r"T c e k c T ` e tInmYnh e h]r"TiQTu2Q*O v u e ODT c YjOdkTumT" 
tJr"TlTjORk OJVlQ!n c TnumTnu e J[SfnmOskmu �6OJYnO e SatJh e SUYnh v QmYju e tJuvQ v O�T u e N]h v N]OJk!u e SfnmORu2Y tJh e T SUYnrmtRSju2h e G

 ��� " � % ��*,�"� �#*�� � � * � �)	 *,.". � � � *,."�#��

bonmOzJ]O e OJY c�v S c TlH hfp c QmYnhPtRODT Tjh]YduSTMSUh O �POJtJrPSUO c TjORYju2O�T&hfp u e TnSjYjrmt SUu2h e TDG[bonmOXSlnmYjORO

V c u e QmYnhPtRODTlTnh]Ysp r e tRSju2h e T c YnO c YnuvSlnmV O SUuvtdh]Q6ORY c Sju2h e TDK v h5Jfu2t civ h]Q*OJY c SUu2h e TDK cfe k k c S c

c tRtJODT Tju e J!G

Xiq
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t e h]YjkmORY�SUh0O �PORtJrTSjO O c tIn u e TnSjYjrmt SUu2h e KPSlnmO[QmYjh tJO�TlTjhfYsVXr"TnS � Y TnSop ORSjtIn u S�p Yjh]V V ORV  

h]Y ` K%SlnmO e u S&VXr!T SdkmORtJh kmOXuvS cfe k h]WPS c u e SfnmO e OJtRODTlT c Y ` h]Q6ORY cfe k!TDG  u e c�vmv ` K�uvSMVXr!T S
O �PORtJrTSjO Sln c Siu e T SUYnrmtRSju2h e cfe k � YnuvSUO c eA` YnODTnr v SlToSjh SfnmORu2Y c QmQTYjh]QmYnu c SjOdkmODT SUu e c SUuvh e G

bonmO W c Tnu2t O v ORV O e SfT0hfp c QmYnhPtRODTlTnh]Y c YjO cfe u e TnSjYjrmt SUuvh e YjODJfumTnSjOJY � t x # K k c S c YjODJfumT" 
SUORYlT�K cfe c YjuvSlnmVlORSUuvt cfe k v h5J]u2tsr e u S � Zy^a\�# c e k SlnmOWT ` TnSjOJV tRh e SUYjh v.v h5J]uvt�G

bonmO[QmYnhPtRODTlTnh]YitJh e SUYnh v T�SlnmOdSUY cfe Tnp ORYohfp3k c S c W*ORS � OJO e SfnmO[W c Tju2t[O v OJVlO e SlTDK O �PORtJrTSjODT
SfnTO tJhfV V cfe k!TlSfn c S VlhPkmu p ` SfnTO k c S c h]Y!tRh e SUYnh v QTYjh5J]Y c V O �POJtRrTSUuvh e KoV c u e S c u e T
T ` T SUOJV T S c Sjr!TDK cfe k tRh e SUYjh v T�SfnTOVTnO �ArmO e tJO cfe k SUu2Vlu e JXhfp9u e T SUYjrTtRSUuvh e O �POJtRrTSUuvh e G

Z kmu c J]Y c V � nmu2tIn;u vSv r!T SUY c SUO�T cfe O � c V Q v O hfp SlnmO QmYjh tJO�TlTnh]Ydk c S c Q c Sln p h]YMSfnTO b ^Ls
c YntInmuvSjOJtRSjrmYjO0uSTyTlnmh � e u e  uSJ]rmYjOzX GvZ�G t e TnSjYjrmt SUuvh e T cfe k;k c S c J]O e ORY c�vSvv` V h�NfOXp Yjh]V

v O p S&SUh YnumJ5n S&SlnmYjh]r"J5nKSlnmumTMk c S c Q c Sfn c TdSlnmO ` tRh]VlQ v O SUOXO �TORtJrTSju2h e G gih � O N]OJY�K>SlnmOJYnO

c YnO&SfnmYnOJO O �PtJORQTSUuvh e ToSUh SfnmuST v O p S  Sjh� YnumJ5n S � h � hfp9k c S clc e k u e TnSjYjrmt SUuvh e T �

Z5G bonmO � Yju SUO  W c tIH TjtInmORV OiK � nmuvtIn Q v2c tJO�T�SfnmO[YjO�Tjr v SiW c tIH u e SUh SlnmO[k c S c YjO�J]umT SUORY
� v O�G

X G ��Yju SUu e J c WmY cfe tIn S c Y J]ORS c kmkmYjO�TlT SUh SlnmO QmYnh5J]Y c V tRh]r e SUORY
�}d q # u e T SUO c kFhfp

u e tJYnOJVlO e SUu e JXSfnmOVd q W ` q!G

j"G t e tRYjORV O e Sju e J SlnmOVdaq
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Registers
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ALU M
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X

IR
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1

Memory

DataAddress

        System Control

2

 umJ]rmYnOVX G Z � Z e O � c VlQ v Odh p c QmYnhPtRODTlTnh]Yik c S c Q c Sfn

bonmO V h�N]ORV O e S hfpMk c S c p Yjh]V YnumJ5n S0SUh v O p S kThPO�T e hfS c �6OJt S SlnmO O �TORtJrTSju2h e hfp&SfnTO

u e TnSUYnrmtRSju2h e � nTu2tIn QmYjh kmrmtRODToSfnmO[YjuSJ5n S  SUh� v ORp S N c�v rTOzKmh e!v ` p h vSv h � u e J u e T SUYjrTtRSUuvh e T�u e

SfnTOdQmu2Q*O v u e O c YjO&O �%ORtRSjOJk W ` SfnmO�TjO[k c S c � h � TDGcbonmO[kmO S c u v T�h p>SlnmumT Tju2VlQ v OMk c S c Q c Sln
t c e N c Y ` kmOJQ*O e kmu e J0h e SfnTO u e TnSjYjrmt SUuvh e TjO S c YntInmuvSjOJt SUrmYnO 7 b O�NP\�q"K�d gs\ � 9}G

 �! ��� ��	 ����� � ����. �
��� " . � ��	 ������� ����. � *,."�� �

bonmuST�TjOJt SUuvh e kmumTntJr!T TjODT SfnmO tRh]VlQ c Y c SUuSNfO c k"N cfe S c J]ODT cfe k7kTumT c k"N cfe S c J]O�T hfp W6hfSln
T ` e tInTYjh e hfr!T cfe k c T ` e tInmYnh e h]r!TakmODTnumJ e G Z�S SfnmOoO e k h p6SlnmumT TnOJtRSju2h e SlnmOoV ORtIn cfe uSTjV T
r!TnOJk;u e;c T ` e tInmYjh e h]r!TWT ` T SUOJV T&p h]YMSjY cfe Tnp OJYnYju e J k c S c W6O S � ORO e v h5Jfu2t W v h tIH(T � u vmv W*O

kmuSTjtJr"TlTjORkLG
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N ` e tInmYnh e h]r"T3kmO�TjumJ e T S ` v ODT9YjO v ` h e kmumT SUYnu2WmrTSjOJk t v hPtIH&ORk!J]O�T9YnO c tInmu e J c�vmv hfp SfnTOakmO�TjuSJ e

tJh e tJrmYnYjO e S vv` G ` c tIn SUuvV OMSlnmO[t v hPtIH uSTlTnrmODT cfe c tRSjuSNfOdOJk!J]OiK c k c S c SUY cfe T p OJYohPtRtJrmY TDG

bonmO[t v hPtIH OJk! v h5Jfu2t&tRh e tJORQTSsumT � u2kTO vv` r!TjORk W*OJt c r!TjO 7 NPrTS ^f\:9 �

) t Soh �6OJY T c Tnu2VlQ v O � c ` SUhlkmO�TjumJ e G

) t SouST � u2kmO vv` S c r!J5n S cfe k r e kTOJYlT SUh hPk-G

) d c YnSlToSln c Soh]Q*OJY c SUO � u Sfn c t v h tIH c YnO � u2kmO vv` c N c u v'c W v O�G

) N ` T SUOJV e h]umTnO[n c T J]h e O c � c@` W ` SlnmOdSUuvV O c t v hPtIH O�NfO e S&h tJtRrmYlT�G

b ODTnQmuvSjO SfnmO�TjO c k"N cfe S c JfODT0SfnmORYjO c YjO c;e rTVXW6ORY h pMkmuST c k N c e S c J]O�TlSjh�T `Pe tInmYjh e h]r!T
kmO�TjumJ e � nTu2tIn tRh]r v k Q*hfSjO e SUu c�vmv ` W*O[YjO�Tjh v N]OJk W ` r!Tju e J c kmu �6OJYnO e S c QmQmYnh c tIn �

) bonmOouvkmO c�v tJh e tROJQTS p h]Y T `Pe tInmYjh e h]r!T�kTODTjuSJ e umTCSjhVT ` e tInmYjh e umTnO c�vSv Q c Y SfT SUh � h]YlH
Tnu2VXr v S cfe OJh]r!T vv` GCgsh � O�NfOJYDK u e QmY c tRSju2tROMQmYnh]Q c J c SUu2h e kmO v'c ` T�V c HfOiSfnmuST�tJh e tJORQTS

uvV Q*h5TlTnu2W v O�G9bonmOJYnOsuST c kmu �%ORYjO e tJOou e SUuvV O�W*ORS � OJO e SfnTOit v h tIH YjO c tInmu e JVN c Ynu2h]r!T
Q c YnSfT hfp c kmO�TjumJ e KPt c�vmv OJk �+* � �-,/.-, B+0 G bonmumT TlH O � YjO�TnSjYju2t SfT SfnmOih]Q*OJY c SUu e J*TnQ6OROJk

hfp c T ` e tInmYnh e h]r"T T ` T SUOJVuG

) N ` e tInTYjh e hfr!TCtJuvYjtRrmuvSlT>V r!TnS � c uvS9r e SUu v c�vSv Q6h�TlTjuvW v O tRh]V QTrTS c Sju2h e T9n c NfO � e umTlnTOJk

W*ORp h]YnO v'c SjtInmu e J0SlnmO[YjO�Tjr v SfTDGcbonmuST ` u2O v k!T � hfYlTnS" t c TjO[Q*OJYnp hfYjV cfe tJOiG

) t e SfnmO*T ` e tInmYnh e h]r!T � h]Y v kLK c�vSv TjOJt SUuvh e TMh pCSfnmO kmO�TjumJ e c YjO t v hPtIH OJk Tnu2VXr v S c e O  

h]r"T vv` K]u e t v rTkmu e JsSfnmh5TnO � nmu2tIn c YjO e hfS c tRSjuSN]O�u e O�NfOJY ` t ` t v O�G bonTumTCt c r!TjO�T V cfe `
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e h kmO�ToSjh0tIn cfe J]OWN]h v S c J]O v O N]O v SlnmOJYnOJW ` SUh�J5J v u e J SlnmOJV r eme OJtRODT T c Ynu vv` G

) t e c QmuvQ6O v u e OJk[Vlu2tJYnh]QmYnhPtRODTlTnh]YDK O c tIn TnS c J]O hfpTSlnmOaQTu2Q*O v u e O V c@` S c HfO c kTu �6OJYjO e S

Sju2VlO SUh � e umT n�u SfT � h]YlH�G bonmO t v hPtIHHQ*OJYnu2h k hfpMSlnmOQT ` e tInmYjh e h]r!T QTu2Q*O v u e O umT
v u2VluvSUORk W ` SfnmOVT v h � O�TnSsQmu2Q*O v u e O[T S c J]OdSjh � e umTln-G�N ` e tInmYnh e h]r"TMQmuvQ6O v u e u e J � u vmv
W*O[kmumTntJr!T TjOJk u e Vlh]YjOdkmO S c u vLv'c SUOJY�h e u e SfnmuSTotIn c QTSjOJYDG

��������� ���
	������������ 	�� � ������� ���!	���	#"�� $&'����(#�

Z T ` e tInmYjh e h]r!T T ` T SUOJV T�Q*OJYnp hfYjV SfnmORu2Yat c�v tJr v2c SUuvh e T � uvSfnTh]rTS�W*OJu e J t v h tIHfORkuJ v h]W civmvv` G
bonmORYjO uST e h!t v h tIH u e SfnmuST_T S ` v O*Tnh cfe hfSfnmORYsVlOJtIn cfe umTnV umT e OJORkmOJk SUh!u e kmuvt c SjO � nTO e

k c S c uST c N c u v'c W v OMp hfY�SfnmO e O � SsW v h tIH!SjhlQTYjh tJODT TDG bonTODTjO*T ` TnSjOJV T c tRSiu e kTOJQ*O e kmO e S vv`

� nmO e O�NfOJY v hPt c�v O N]O e SlTMQ*OJYnV u S57 g c r \5j 9 G

bonmORYjO c YjO[Tnh]V O[W*O e O �mSfTit v2c u2VlOJk p h]Y c T ` e tInTYjh e hfr!TMkmO�TjuSJ e �

) NPu e tJO W ` kTO � e u SUuvh e c T ` e tInmYnh e h]r!T T ` TnSjOJV T n c N]O e h J v h]W c�vSvv` kTumTnSjYjuvWmrTSUORk t v h tIH&K
t v h tIH TlH O � uST�O v uvV u e c SjOJkLG

) \ e!v uSHfO T `Pe tInmYjh e h]r!TWT ` TnSjOJV TDK � nmuvtIn ` uvO v k � h]Y TnS  t c TnO Q6ORYnp h]YnV c e tJO c T e hfSUORk

c W*h�N]OiK c T ` e tInmYjh e h]r!TaT ` T SUOJV T>O � nmu2WTuvS c N]ORY c JfO  t c TjO Q*OJY p h]YjV cfe tROCW6ORt c r"TjO SfnmO `

t cfe TnO e TnO � nTO e c tRh]V QTrTS c Sju2h e n c TotJh]VlQ v O SUORkLG

) t e cfeHc T ` e tInmYnh e h]r"TzT ` TnSjOJVuK SjY cfe TjuvSju2h e T h tJtRrmYXh e!v ` � nmO e c W v hPtIH;uST W*OJu e J
r!TnOJkLK SlnmOJYnOJW ` YjORkmrmtJu e J SfnmO[Q*h � ORYstRh e TjrTV QTSju2h e G



���������	��
 � �'� 
�� �������1��
 � ��� ���A��������� X \

) t e c T `Pe tInmYjh e h]r!T T ` TnSUORV;T�K O�NfOJY ` QTu2Q*O v u e OyT S c J]OduST�u e kTOJQ*O e kmO e S c e k t cfe S c H O

c N c Yju c W v OMSUuvV OMSjh0tJh]VlQ v O SUOiG

� nmu v TnS c T ` e tInmYnh e h]r!TMkmODTnumJ e n c T c p O � Q*h5TlTnu2W v O c k"N cfe S c J]O�TDK*uvS c�v Tjh n c T c e rmV W6ORY

hfp9kmumT c k"N cfe S c J]ODT � nmuvtIn t cfe V c H O u Son c YnkmOJY�SjhlkTODTjuSJ e K�TnrmtIn c T?7 �[u v \ � 9 �

) 	���%'�*��� * * � � �(� ������ * B�� �����&��bonmO�tRh e SUYnh v"v h5J]u2t uST3Vlh]YjO tJh]VlQ v O �*Tju e tJO�O c tIn W v hPtIH
hfp SfnTOlkTODTjuSJ eKe OJORk!T*n c Yjk � c YnOlSjh Q*OJY p h]YjV�T ` e tInmYnh e umT c SUuvh e SUh � c u Sdp h]Ydk c S c

cfe k SjhlSjYjuSJ5J]OJY�hfSfnmORYoW v h tIHAT � nTO e uvS n c ToQmYnhPkTrmtJORk u SfT�k c S c G

) 4 � B�� � .-, ����� B #	� * � �-,&� bonmOlr!TjO hfp�O �TQ v u2tRuvS[tRh]V V r e u2t c SUuvh e TdW*ORS � OJO e W v h tIHAT
u e tJYnO c TnODTXSfnTO YjumT H�h pskTO c k v hPtIH � nmu2tIn t cfe u e SUYnhPkTrmtJO kmO�TjuSJ e OJYnYjh]Y T u e c T `Pe  

tInmYnh e h]r"TUT ` TnSUORV;T�G

) 4 � B * � .-. ��� ���� * � B
��,�% � 0 * B
� � B-�ybonmO0t v hPtIH]T ` TnSjOJV u eKc T ` e tInTYjh e hfr!T kmO�TjuSJ e

t cfe W6O Sfnmh]r"J5n S c T W*hfSfn v h t c�vscfe k J v h]W c�v T `Pe tInmYjh e umT c SUu2h e G bonmO r!TnO hfp c

v hPt c�v T ` e tInTYjh e uST c Sju2h e V ORtIn cfe uSTjVuK�u G O�G=W6O S � ORO e c k/R c tJO e S Qmu2Q*OuTnS c J]ODTlu e�c

QmuvQ6O v u e O�K�uST � rTuvSUO Tnu2VlQ vv` YjOJQ v'c tROJkKW ` SlnmO n cfe k!T n c HAu e J u eKcfe�c T `Pe tInmYjh e h]r!T
kmO�TjuSJ e � � nmuvtIn � u vmv W*O kmODTntJYjuvW6ORk;u e SfnTOXp h vmv h � u e J TjOJt SUuvh e # G gsh � O�N]ORYDKaJ v h]W c�v
T `Pe tInmYjh e umT c SUu2h e umTsV h]YnO tRh]VlQ v uvt c SjOJk Sjh YjORQ v'c tJO�G  umJfrmYjO X GYX;Tlnmh � T c Vlh kmO v
hfp c TjuvV Q v OsQTu2Q*O v u e O � uvSln YjO�Tjr v S�p h]Y � c Ynkmu e J � � nTu2tIn � u vSv W6OMkmumTntJr!T TjOJk v2c SUORYau e

q n c QTSUORYVq # G t eKc T ` e tInmYnh e h]r"T T ` T SUOJVuK�SfnmO0Q*h5Tju SUuvh e T&hfp cfe u e TnSUYnrmtRSju2h e;c e k

u SfTXYnODTjr v S c YnO kmORSjOJYnV u e umT SUu2tiK Tjh Sln c S0u eHc Q c YnSju2tJr v'c Y*T ` TnSjOJV cfe u e TnSjYjrmt SUu2h e

uSTlTjrTOJk.u e SlnmO!QTYjO�N uvh]r!T t v h tIH t ` t v O � u vmv W*O c S[SfnmO h]rTSUQTrTS h p�SfnTO e O � SXW v hPtIH
u e SfnmO e O � S t v hPtIH t ` t v OiG bonTOJYjORW ` uvp[W v hPtIH�� � uSTlnmO�T!SUhFr!TnO SfnmO YjODTnr v S!hfp
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C

B

Result-forwarding

 uSJ]rmYjO[X G X � Z Tnu2VlQ v OMQmu2Q*O v u e O

SlnmO QmYjORtJORkmu e J u e TnSjYjrmt SUuvh e � p Ynh]V W v h tIH 	 # u SXVXr"TnS � c uvSXp hfYXh e!v ` h e O t v hPtIH
t ` t v OiG t e cfe;c T `Pe tInmYjh e h]r!T[T ` T SUOJVuK�h e tRO c TnOJYjuvODT&h p u e T SUYjrTtRSUuvh e TsumTMQTrTSdu e Sjh

SlnmO W*ODJfu eme u e J;hfp c TjORtRSUuvh e h p&QmuvQ6O v u e O SfnmORYjO uST e h � c ` h pyH e h � u e J � nmOJYnO

O c tIn u e TnSUYnrmtRSju2h e � u vSv W6O c S cfe ` Sju2VlO v'c SjOJYDG b>h.W*O c W v O SUh�YjORr!TjO c YjO�Tjr v S
v2c SUORYXu e SlnmO Qmu2Q*O v u e O O �PQ v uvtJu S T ` e tInTYjh e uST c Sju2h e umT e OJORkmOJkLGDgih � O�NfOJY�K c�v � c ` T
W*OJu e J�T ` e tInmYjh e umTnOJk u e=cfe�c T `Pe tInmYjh e h]r!TT ` T SUORV t c r!TnODT v hPtIHAT SUOJQ�h]Q*OJY c SUu2h e

� nmuvtIn v O c k!T�SUhXSfnTO QTu2Q*O v u e OMhfQ6ORY c Sju e J c S�SlnmOWTjQ*OJORk hfp>SfnTO[T v h � ODT SMW v hPtIH�G b>h

T `Pe tInmYjh e umTjO h e!v ` � nmO e SlnmO[YjODTnr v SouST e OJORkmOJk umT c W6O SjSjOJY Tjh v rTSUuvh e G

��������� � ������� ���!	���	�"�� � � ��$&� � ��� � ��(

bonmuST TnOJt SUu2h e O �TQ v'c u e TCS � hVn cfe k!Tln c H u e J V ORtIn cfe uSTjV T�7  rmYU\�� 9 � nmuvtIn;n c NfOsW*OJO e r!TnOJk
u e=c T ` e tInTYjh e hfr!T kmODTnumJ e TDG bonTODTjO c YjO SlnmO � 0 ��) �'�$# . B cfe k � ��� � ) �'�$# . B n cfe k!T n c HfOiG
� nmO e c TjO e kmORY cfe k c YjORtJOJuON]ORY�tJh]VlVXr e u2t c SUO�K e h V c SnSUORY � nmuvtInn cfe k!Tln c HfOdumT W*OJu e J
r!TnOJk,SUhHtRh e SUYnh v SlnmO � h � hfp[k c S c K�SfnmORYjO � u vmv W*O S � hFtRh e SUYnh v � uvYjODT�K�� B��-� B-.�� c e k
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SENDER RECEIVER
Acknowledge

Data

Request

 uSJ]rmYnOWX Gkj � Z�Wmr e k v OJk k c S c u e SUOJY p c tJO

#��-,�% � 0 * B
� � B K c e k Tjh]VlO[k c S c � uvYjODToW*ORS � OJO e SfnTOJVuK c T�u vSv r!T SUY c SUOJk u e
 umJ]rTYjOWX Gkj"G

�V: $
�
+�19�!� � 19�!% 4 �|1a�!8.# %90

g c e k!Tln c HfO�T&t cfe W6O r!TjORk h e SlnmOJuvYsh � e Sjh T `Pe tInmYjh e umTjO c Q c uvYohfp W v hPtIHATDG t e c S � h  

Q!n c TjO n cfe k!T n c HfO � nTO e SlnmO!k c S c uST YnO c k ` Sjh W*O TnO e S Sjh SfnmOlYjORtJORuSN]ORYDKCSlnmO TnO e kmORY

u e p h]YjV T SlnmO YjOJtROJuON]OJY Sln c S u Szn c T0k c S c SUh SUY cfe TnV u SXW ` u e NfOJYnSju e J SlnmO TnS c SUO hfpiSfnTO

YjO �ArmODT SdtJh e SjYjh v � u2YnO�G t e Tjh]VlO t ` t v O�TsSlnmO YnO �ArmO�TnSdO N]O e S � u vmv W*O c YjuSTju e JlSjY cfe TjuvSju2h e

cfe k u e Tnh]VlO u S � u vmv W6O c p c�vSv u e J SUY c e Tju SUu2h e GoZ e ` SUY c e Tju SUu2h e O N]O e SDK(OJu SfnmORYMYjuSTju e J hfY

p c�vSv u e J!K n c T�SfnmOVT c VlOdVlO cfe u e J0u e SfnTO S � h� Q"n c TjOVn cfe k!Tln c HfO�G bonmO YnOJtROJuSNfOJY c tJtROJQTSlT
SfnTOMk c S c cfe k!SfnmO e QmYnhPkmrTtJODT cfe O N]O e Soh e SfnmO c tIH e h � v OJk"J]OMtRh e SUYjh v � uvYjOsSjh u e kmu2t c SUO

Sfn c S SlnmO k c S c n c T W6ORO e c tRtJORQTSUORkLG  umJ]rTYjO X Gkq]Tlnmh � TXSfnTO!Wmr e k v ORkFk c S c u e SUORYnp c tRO

� uvSln c S � h� Q!n c TjO{n c e k!Tln c HfO � nmuvtIn umT Tnh]VlORSUuvV O�T!t c�vmv OJk #��*� #&% .����*�(��% .�� � %�# * * ��% �

������� � ��� * G

� $ E �
�
+ 1a��� � 1a��% 4 �|1a�!8.# %a0

bonmO[p h]rmY� Q!n c TjOWn cfe k"Tln c H O�K&Tjh]VlORSju2VlODTot civmv ORk # * B�+ B+* .�� � %�# * * ��% � ������� � ��� * K uST Tlnmh � e

u e  uSJ]rmYjOQX GYw G giOJYjOiK � nmO e k c S c umT c N c u v'c W v O Sjh.W*OQTnO e S SfnTOQTnO e kmORY QmYnhPkmrTtJODT c
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Data

Request

Acknowledge

 umJ]rmYnOVX Grq � Z S � h Q!n c TnOWn cfe k!T n c H O

Data

Request

Acknowledge

 uSJ]rmYnOWX GYw � Z p h]rmY�Q!n c TjOVn cfe k!T n c H O

YjuSTju e J YnO �ArmO�TnS[TnumJ e civ GobonmOXYnOJtROJuSNfOJY c tIH e h � v OJk!JfODT&W ` QmYjh kmrmtRu e J c YjuSTju e J;TnumJ emc�v h e

SfnTO c tIH e h � v ORk!J]OdtRh e SUYjh v � uvYjO�G bonmOyTjO e kmORY�SfnmO ev h � OJYlTaSfnmOsYjO �ArmO�TnS TnumJ e civ � nTu2tIn umT
c tIH e h � v ORk!J]ORk W ` SlnmO YnOJtJORuSNfOJY&W ` c p c�vSv u e J TjumJ e c�v h e SlnmO c tIH e h � v OJk!JfO � u2YnO�G � uvSln
SfnTumTVH u e kHhfp n cfe k!T n c H O�K SfnmORYjO c YjO!Vlh]YnOlSjY cfe TnuvSju2h e T[t c r!Tju e J u S Sjh tJh e TjrmVlO Vlh]YjO

O e OJYlJ ` G
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d u2Q*O v u e u e J uST cfe uvV Q v OJVlO e S c SUuvh e SjOJtIn e u �ArmO Sfn c SXO �PQ v h]uvSlTXQ c Y c�vmv O v umTjV c V h e J SfnTO

u e TnSUYnrmtRSju2h e Tdu eKc TjO �ArmO e SUu civ u e TnSjYjrmt SUuvh e TnSUYnO c VuK cfe kKumTdr"TjOJkKSUh u2VlQmYnh�NfOXSfnmO0Q*OJY� 

p h]YnV cfe tJOihfp�QmYnhPtRODTlTnh]YlT�G t S�tJhfV O�Tap YjhfV SfnmOsh]W!TjORY N c Sju2h e Sfn c S�u e T SUYnrmtRSju2h e O �POJtRrTSUuvh e

t c e W*O*TnQ v u Ssu e SUh c0e rmVXW*OJYshfpCu e kmOJQ*O e kmO e S[T S c J]O�T � ��� � B&.�� # � B-.ohfY ��� � B/. B �  B�%'� . # K
c�vSv h � u e J c e rmVXW*OJY[hfp�u e T SUYnrmtRSju2h e TdSjh W*O0tJh e tJrmYnYjO e SDK3O c tIn.u eKc kmu �6OJYnO e SVTnS c J]O0hfp

O �PORtJrTSju2h e G

d u2Q*O v u e ORk QmYjh tJO�TlTju e JlumT�W*O e O � tJu c�v � nmO e c�vmv hfp>SfnmOdp h vSv h � u e J c YjOdSUYnrmO87 �dh5J]^TZ 9 �

) ` c tIn S c T H umToYnO v'c SUuSNfO v ` u e kmOJQ*O e kmO e Sshfp9SlnmO[QmYjO N u2h]r!Toh e O�G

) ` c tIn S c T H YjO �Armu2YnODT c QmQmYnh �PuvV c SjO v ` SlnmOWT c VlO[TjO � rTO e tROXhfp�TnS c J]ODT�G

) bonmh�TjOVTnS c J]ODT c YnOdt v h�TjO v ` YjO v'c SjOJkLG

) bonmO v O e JfSfn"T hfp�SUu2VlO SUh tJh]VlQmrTSjO!kmu �%ORYjO e S*TnS c J]O�T c YnO c QTQmYjh �Pu2V c SUO vv` O �Ar c�v G
�  hfY c T ` e tInmYnh e h]r"T�QmuvQ6O v u e u e J!K SfnmOoSUuvV O�Q*OJYcT S c J]OiumT e hfS e OJtRODTlT c Yju vv` tRh e TnS cfe S

WmrPSsY c SfnTOJY c p r e tRSju2h e hfp9W*hfSfn SfnTOVT S c JfO c e k SlnmO[k c S c Q c TlTnu e J SfnTYjh]r!J�n u S|G #

 h]YCu e TnS cfe tJOiK c TlTnrmV O�SlnmOJYnO c YjO�p h]rmY T S c T H(T�K +WK � K 	 K cfe k��WG�` c tIn0S c TlHXt cfe W*OoTjQ v uvS
u e Sjh!p h]rmYyTnu2Vlu v2c Y TjV c�vmv Rnh]W!T � u Sfn TnrmW!TntJYjuvQTSfT ZXSjh�q!G[bonmO e h e  QmuvQ6O v u e OJk c QmQmYjh c tIn
n c T3O c tInXS c TlH QmYjh tJOROJkzTnO �ArmO e Sju c�vSvv` c T T nmh � e u e  uSJ]rmYjO X G��"G � nTO e SfnTO � YlT SCS c TlH�K +WK
umT>kmh e O�K SlnmO e O � S3S c TlH�K �oK/T S c Y SfT�K cfe k*TjhMh e G t p O c tIn TnV c�vSv Rnh]W S c HfO�TCh e O r e u S3h pTSUuvV O

SUh � e umT nLK]SfnmO TjO �ArmO e SUu civ�c QmQmYnh c tIn S c H ODT�Z �&r e uvSlTChfp�SUuvV O p h]Y3SfnTO�p h]rmY9S c TlHAT u e SUhfS c�v G
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bonmOlQmu2Q*O v u e ORk c QmQmYnh c tIn;S c H ODT VXrmtIn v ODT TdSUu2VlO�GzZstJtRh]Yjkmu e J SUh  umJ]rTYjO X G � c TWTjh h e

c TMSlnmO � Y TnSWTjV c�vSv Rnh]W-K3+?6�K-n c T � e uSTlnmORk cfe k SfnTOzTjOJtRh e kRnh]WLK3+�=�KLn c T[TnS c YnSUORkLK(SfnTO
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YjO�Tjh]rTYjtJO�T�p h]Y�O c tIn TnS c J]O�K SfnmORYjO c YjOyTnh]V O_Tju SUr c Sju2h e T � nmuvtIn YjOJkTrmtJOMSlnmO&Q*OJY p h]YjV cfe tRO

p YjhfV�SfnTO uvkmO c�v TjQ*OJOJkTrmQ�SlnmOJh]YnORSju2t civmvv` J c u e OJk;W ` QmuvQ6O v u e u e J!G bonmODTnO;TnuvSUr c SUuvh e T c YnO
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d u2Q*O v u e u e J�umT c e c QTQmYjh c tIn SjhiSlnmO � c ` c QmYjh tJO�TlTnh]Y9kTO c�v T � u Sfn[uvSlT(S c T HAT9u e � nTu2tIn SlnmODTnO
c YnOakmO c�v S � u Sfn u e c Q c Y c�vmv O v p c T nmu2h e Y c SfnmORY>Sln cfe r"Tju e J c Tnu2VlQ v O TnO �ArmO e Sju c�vPc QmQTYjh c tIn-G
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e uSTjO u SfTih]Q*OJY c SUu2h e � nmORYjO c T&SfnmO v'c SnSUOJYiYjO v uvODTih e c n c e k!Tln c HAu e JT ` TnSUORVQG bonmO c T `Pe  

tInmYnh e h]r!T�Qmu2Q*O v u e Oon c T TjhfV O c k"N cfe S c J]ODT�h�NfOJYaSlnmO T ` e tInmYjh e h]r!T NfOJYlTnu2h e � nmu2tIn V c H O

uvS c SjSjY c t SUuSNfOdp h]Y�u2VlQ v ORV O e SUu e J SfnmO b ^Ls c YntInmuvSjOJtRSjrmYjOiG
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Program execution order

Time (in clock cycles)

(in instructions)

 umJ]rTYjO[j"Gkj � bonmO QmuvQ6O v u e OJk b ^Ls



� � � � ��� � �

� � � � � � � � � ��� � � � 	

bonmO v2c TnS S � h,tIn c QTSjOJYlT{T nmh � SfnmOHQ*h � ORY hfp QTu2Q*O v u e OJk O �POJtRrTSUuvh e G bonTumT tIn c QTSUORY

QmYnODTjO e SfT � n c S n c QmQ*O e TiSjhlQTu2Q*O v u e u e J � uvSln YnO c�v QTYjh5J]Y c V TDG

 uSJ]rmYjO]q!GvZ{T nmh � T nmh � tJh e TjORtJrTSjuSN]O;u e TnSjYjrmt SUu2h e T � hfr v k,h�N]ORY v2c Q u e SfnTumT QmuvQ6O v u e O�G
t p(O c tInlhfp%SlnmOoQmu2Q*O TnS c J]ODT � c TatRh]VlQ v O SUO v ` u e kmOJQ*O e kmO e S cfe k0SUh h5H cfe u2kTO e SUuvt c�v Sju2VlO�K
SfnTO e SfnmuST�kmu c JfY c V � h]r v k Tlnmh � O � c tRS vv` nmh � tJh e TnOJtRrTSUuON]O u e TnSjYjrmt SUuvh e T�tJhfV Q v ORSjO�G

gsh � O�NfOJYDK_Tju e tJO SlnmODTnO QmuvQ6OQTnS c J]ODT c YjO e h S tJhfV Q v ORSjO vv` u e kmORQ6O e kmO e SDKiSlnmOJYnO c YjO c

e rmVXW*OJYohfp3O�N]O e SfTDK2H e h � e c T ��� � B+* ��% B �$#�� #&��� .�hfY ��� � B+* ��% B � B � B�% � B�% ��� B-. K � nmuvtIn kmO  

tJO v ORY c SjO SlnmO*TnQ6OROJk hfp c QmuvQ6O v u e O � nmO e SfnmO e O � SMu e T SUYjrTtRSUuvh e t cfeme hfSMO �POJtJrPSUOXu e SfnTO

p h vSv h � u e Jlt v hPtIH t ` t v O�GWZ�n c�� c Ynk;u e c QmuvQ6O v u e O uSTMW c Tju2t c�vmv ` cfe;c TnQ6ORtRS[hfp uvSlTMkmO�TjuSJ e

h]Y r!TjO Sfn c S QmYjO N]O e SlT e O � k c S c p Ynh]V tJh e Sju e r c�vSvv` O e SjOJYju e J c S SfnmO V c �TuvVXrmV Q*h5T� 
TjuvW v O Y c SUO�G3g c��Jc Yjk VXr!T SCW*O�YjO�Tjh v N]ORkXSUhMtRYjO c SUO cie h]YnV c�v � h]YlHAu e J&QmuvQ6O v u e O T SUYnrmtRSjrmYjOiG

q ^



���������	��
 � �'� �������A�����/����� ��
�� � q]\

IF ID EXE WBMEM

IF ID EXE WBMEM

IF ID EXE WBMEM

IF ID EXE WBMEM

IF ID EXE WBMEM

Time

Instruction 1

Instruction 2

Instruction 3

Instruction 4

Instruction 5

 uSJ]rmYjO[q"GvZ � Z e O � c V Q v Odhfp c w  T S c J]OdQTu2Q*O v u e OyT SUYjrTtRSUrTYjO u e b ^Ls

bonmORYjO c YjO&SlnmYjORO t v'c T TjODTohfp9QmuvQ6O v u e Oyn c��Jc Yjk!T �

)�� �*� � ���*� � # * �$#�� #&��� . c YjumTnO p YjhfV YnODTnh]rmYjtRO0tJh e�� u2tRSlT � nmuvtIn hPtRtJrmY � nTO e SfnmO V c  

tInmu e O�t cfeme hfScTnrmQmQ*h]YnS c�vmv Q6h�TlTjuvW v O�tJh]VXWTu e c Sju2h e T3hfp�u e TnSjYjrmt SUu2h e TCu e tRh e tRrmYjYnO e S

h�N]ORY v2c QmQ*OJk O �POJtRrTSUuvh e G

) + �,#&� # �$#�� #&���0umT c TnuvSjr c SUuvh e u e � nmu2tInKSfnmO v2c SUORY u e TnSjYjrmt SUuvh e umTWTjrmQTQ6h5TnOJk.Sjh

r!TnOdSfnmO[YjO�Tjr v SfT�p YjhfV cfe O c Y v uvOJY�u e TnSjYjrmt SUu2h e T�u e uvSlT�t c�v tJr v2c SUuvh e G

) 	���%'�*��� * �$#�� #&��� c YjumTnODT(p Ynh]V7SlnmO V h kmu � t c Sju2h e hfpASfnmOcd q K@V c u e"vv` W ` WmY cfe tIn 	IRnrTV Q

u e TnSjYjrmt SUu2h e T cfe k hfSfnTOJY�u e TnSUYnrmtRSju2h e TDG

bonmO p h vmv h � u e J�kmuSTjtRr!TlTnu2h e h e YnODTnh v N u e JsQmuvQ6O v u e O n c��Jc Yjk"T c T TjrmVlODT9O c tIn Qmu2Q*O v u e O T S c JfO

S c HfODT cfe uvkmO e Sju2t civ Sju2VlO&SUh tJh]VlQ v O SUOiK*W c TjORk h e SlnmO �!N]O  TnS c J]O Qmu2Q*O v u e Odp h]Y b ^Ls c T
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uvS c QmQ*O c YlT S � uvtJOiG]bonmuST ��J]rTYjO T nmh � TXSfn c S u S uST YjO c kHu e h e O;TnS c J]O c e k � Yju SjSjO e u e

cfe h SfnmORYiW ` r"Tju e J c Tjh v u2k v u e OiKTh e SfnTO v ORp Soh]Y�YnumJ5n SDKmYjO�TjQ*OJtRSjuSNfO vv` K cfe k c k c TlnmORk v u e O
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Encodes: Loads and stores of bytes, words, half words

All immediate (rd <- rs1 op immediate)

Conditional branch instructions (rs1 is register, rd unused)

Jump register, jump and link register 

             (rd = 0, rs1 = destination, immediate = 0)

Jump and jump and link

Trap and return from exception

6

Opcode

26

                  Offset added to PC

6

Opcode rs1 rd

55 16

immediate

Register-register ALU operations: rd <- rs1 func rs2

             Function encodes the data path operations: Add, Sub,...

             Read/ write special registers and moves

6

Opcode rs1

55

rs2

16

funcrd

5

I-type instruction R-type instruction

J-type instruction

OM� 4 7&)-' � } 6 9 : 4�5 %().7 � %-�06 4 BK68) = !$% 5 BK68)!< DGF
� Y�� ����� rsoniVc � �nb�cqe*x2o �Sx � � t c

-L6 = '*'*%|%7/�'~)-',Z57&�0)-' = ' 4 % 5 BK68) = ! 8 � 4W4 %8/�' = ! � /�� 4 'y'<! 5.3 %(6H#��:#;',+0� 4 'y! 4 +n+&' � 65+�' R
!*+1+q� 4�5 %()-7 � %(�:6 4�5 !9).' � 4 /�� % 5 2d�:%8/�! ( B /�� %T#�)-� = !9) 3 68# � 65+�'$} OM� 4 7&)-' �,}76 5 /�632 5 %8/&'
� 4W5 %().7 � %-�06 4 +Q! 3 697&%J} ��+1+ � 4�5 %()-7 � %(�:6 4�5 !9)-'2' 4�� 6>+&'<+R� 4 6 4 '269B %8/&)-'<'hBK68) = !$% 5:R %7/�' : R
� 69) �AB % 3 #1' � 4�5 %-)-7 � %(�:6 4 BK68) = !$%J}'-�/�' 5 'CBK68) = !$% 5 !$)-' 5 � = #�+:'�2!/��[+:'T#�)-6 F �0+�� 4�4 63( B /��:%
?"',+0+ 5 BK68) +�� 5 #�+0! � ' = ' 4 %H!9+�+&)-' 5 5 � 4�4�R � =h= '*+��Q!I%(' � 6 4�5 %(! 4 % 5 68) � Y�B )-',+Q!$%-� F '�/�)-! 4�� /
!9+�+&)-' 5 5 ' 5 }



���'�'�'��% � � ��� �	��� %�& � ��
���� �:�	�H�H���	
H� 6 � (

� 	 # �  � � �� ��	 � 	 # ������ �� ��	 	 � ��� ��� ��	  �	��

D�� � 6 R � � =
� 4 D D 6 !9+ 2 68)-+ �d' 405 � � 6 � ����� � ' = � � � � �z' 405 � � 4 � �D A � 6 R � � =
� 4 D D 6 !9+S/ 3 %(' �d' 405 � � 6 � ����� = � ' = � � � � �d' 405 � � 4 � ��� D ���
	
	 � ' = � � � � �d' 405 � � 4 � �D A 	 � 6 R � � =�� 4 D D 6 !9+S/ 3 %('C7 4�5 � 484 '*+ �d' 405 � � 6 � ����� � ��� 	
	 � ' = � � � � �d' 4*5 � � 4 � �D = � 6 R � � =�� 4 D D 6 !9+ /"!K+:B�2N68).+ �d' 405 � � 6 � ����� = � ' = � � � � �d' 405 � � 4 � � � D�63(
	
	 � ' = � � � � �d' 405 � � 4 � �
	
	 � ' = � �D6 � �d' 405 � � 4 � �

@�� � � R � � � =�� $ D @ %-68)-'�2 68)-+ � ' = � � � � � �d' 405 � � $ � � ����� �z' 405 � � � �
@ A � � R � � � =�� $ D @ %-68)-'T/ 3 %(' � ' = � � � � � �d' 405 � � $ � � � ��� �z' 405 � � � � ����� � �@ = � � R � � � =
� $ D @ %-68)-' /"!K+:B 2N69)-+ � ' = � � � � � �d' 405 � � $ � � ��� �z' 405 � � � � ��� � � �

-V!9/�+:' �,}76 9 ;�S�! = #�+:' 5 69B�+06 !$+S! 4 + 5 %(69)-'T� 4�5 %().7 � %-�06 4�5 6 4 < DGF
� Y�� ����� \ ��` �qt cfe<xhoni

�U#�!9).%CBK)-6 = ? 6 !$%(� 4�4 B #;68� 4 %E68#1'<)(!I%(�06 4�5:R %8/�'*)-' !9)-'�%8/�).'<'269%8/�'*),/�).6 !9+ � +Q! 575 ' 5 69BN� 4 B
5 %-)-7 � %(�:6 4�5:9 +:6 !9+ 5 ! 4 + 5 %(68).' 5,R � D�	 69#;'*)(!$%-�06 4�5 ! 4 +_/�)(! 4&� /�' 5 ! 4 +�M.7 = # 5 }

 ������� � � � � � � � � �1� ��' #���� �1� ��� �1#&�����

� 4 3 6$B>%7/�' � � � 5 = ! 3 /1''+06 !$+�'<+E68) 5 %(68).'<+C'TS � '*#&%L%8/"!$% +:6 !9+�� 4�4 � � /"! 5s4 6d',L;' � %J} ��+[+
+068!9+ B 5 %(68).' � 4W5 %().7 � %-�06 4W5 7 5 'z! 5 � 4�4 +:'�!9+�+�).' 5 5 � 4W4 = 6>+&'�! 4 +�)-',Z�7��0).'d%7/"!$%f%7/�' = ' = 69) 3
F !*+07&'{/1'U!K+0� 494 '<+G} �UB � 687�) 5 ' R /169%8/U+06 !9+ 5 ! 4 + 5 %-68)-' 5 !9).'U! F !9�[+0!9/�+:' BK68)N!K+[+ +"!$%(!C% 3 #;' 5
5 /&6 2 4 }P-V!9/�+:' �,}76 4 � F ' 5!5 6 = 'T'TS&! = #�+0' 5 69BM%7/�' +06 !9+S! 4 + 5 %(68).'T� 4�5 %()-7 � %(�:6 4�5 }

>{69%-' 9
; -�/�' 5 %A!$%-' = ' 4 % ��� = 'J! 4�5 %-)(! 4�5 BK'<)d! 4_4 B /��:%�Z�7"! 4 %-�:% 3 }
; � 5 7�/ 5.� )-�:#&%{� 5 7 5 '<+ %-62� 4 +�� � !$%-' 5 ':+:' � %(�06 4 6$Bf!�/��:%d69) 5 7�/�)-! 4�4 'EBK)-6 = !y?"':+:+G} AN�:% 5
!9).'�+Q!9/1':+1+0'<+PBK).6 = %7/�' = 6 5 % 5 � 484 � ? � ! 4 %d/�� % 5 %(!9).%-� 4�4 !$% � }
; @ 7�#1'<) 5.� ).�0#&%z� 5 7 5 '<+_%(6�)-'*#�+0� � !$%-'T!y?"':+:+G}
; -�/�' 5 %A!$%-' = ' 4 % 	
	 � 5 7 5 '<+_%(6 � 6 4&� !$%-' 4 !$%-'E% 2N6h?"':+:+ 5 }



���'�'�'��% � � ��� �	��� %�& � ��
���� �:�	�H�H���	
H� 6 � �

� 	 # �  � � �� ��	 � 	 # ������ �� ��	 	 � ��� ��� ��	� 
	��

��<�< � 6 R � 4 R � � �{+�+ �d' 4*5 � � 6 � � �d' 405 � � 4 � � �d' 4 � � � �
��<�< � 6 R � 4 R 	 � �{+�+ � =2= '<+&�Q!$%-' �d' 4*5 � � 6 � � �d' 405 � � 4 � � �
D = : � 6 R 	 $ 4 D 6 !9+�/�� 4 /H� =h= '*+��Q!I%(' �d' 4*5 � � 6 � � $ 4 	
	 � ���
@&DsD : � 6 R � 4 R 	 � @ /&�:B %!+0' B %!+06 4 � � !K+;� =2= '<+��0!$%(' �d' 4*5 � � 6 � � �d' 405 � � 4 � ��� �
@&D - � 6 R � 4 R � � @ ' %H+0' 5 5 %8/"! 4 � B�=��z' 405 � � 4 � � �d' 4 � � � � D%7/�' 4 �z' 405 � � 6 � � 6T',+ 5 ' �d' 4*5 � � 6 � � �

-V!9/�+0' � } 4N9 ;�S&! = #�+0' 5 69BM!9)-� %8/ = '*%-� � � +06 4 � � !*+"� 4�5 %-)-7 � %(�:6 4�5 � 4 < DGF }

 �����
	  ��� �3% '*��� �1#2�3���

��+1+�� D 	 69#;'*)(!$%-�06 4�5 !$)-'n)-' 4 � 5 %('*)CB ).' 4 � 5 %-'<)P� 4�5 %-)-7 � %(�06 4�5 } -�/�' 68#;'*)(!$%-�06 4W5 � 4�� +07�+�'
5 � = #W+0'd!9).�:%8/ = ' %(� � 69#;'*)(!$%-�06 4�5 ="��<�< ! 4 + @ 	 A�D ! 4 + +:6 4 � � !*+�68#1'<)-!$%(�:6 4�5 ="��>�< R � � R
F � � ! 4 + 5 /��:B % 5 D } : =h= '*+��Q!$%-'EBK68) = 5 BK68)z!*+[+W%7/�' 5 ',� 4�5 %-)-7 � %(�06 4�5:R 2d�:%7/O! 63( B /��:% 5 � 484 B
'TS5%-' 4 +�'*+ � =h= '<+��0!$%(' R !9)-'S#�).6 F �:+�'<+G} -�/�'_68#;'*)(!$%-�06 4 D = : =?+:6 !9+ /�� 4 /�� =2= '<+&�Q!$%-'3D
+068!9+ 5 %8/�'�%(69#$/"!*+ B 69B ! ).' 4 � 5 %('*) R 2!/��[+:' 5 '*%.%(� 4W4 %7/�' +:6 2 '<)�/"!*+ B %-6 >*'<)-6&} -�/�'<).'P!9).'
� 6 = #"!$)-'P� 4�5 %-)-7 � %(�06 4�5:R 2!/�� � / � 6 = #"!9).' % 2 6�).' 4 � 5 %-'<) 5 = � R � � R � R�� R � � R�� � D } : Bd%8/&'
� 6 4 +��:%-�06 4 � 5 %().7�' R %8/�' 5 '�� 4W5 %().7 � %-�06 4W5 #W+Q! � '�!<6 =K%-)-7�' D|� 4 %8/&'2+�' 5 %-� 4 !$%-�06 4 ).' 4 � 5 %-'<) �
69%7/�'<)C2d� 5 '{%8/�' 3 #�+0! � 'z%8/�' F !K+07�' � =KB !*+ 5 ' D }�-�/�'*)-'T!9).'|!*+ 5 6y� =2= '<+&�Q!$%-' BK68) = 5 69Ba%7/�' 5 '
� 6 = #"!$)-' 5 }

-V!9/�+0' � } 4 4 � F ' 5H5 6 = 'E'QS�! = #�+:' 5 69BM!9)-� %8/ = '*%-� � �K+06 4 � � !K+1� 4�5 %-)-7 � %(�:6 4�5 2d�:%7/�! 4 +�2d� %8/ B
687&%d� =2= '<+&�Q!$%-' F !*+07&' 5 }



���'�'�'��% � � ��� �	��� %�& � ��
���� �:�	�H�H���	
H� 6 � �

� 	 # �  � � �� ��	 � 	�# ���� � �� � 	 	������ ��� ��	� 
	��

�~4 ! = ' � 7 = # � Y � = � Y � $ D � 4 ! = '
� � D�4 ! = ' � 7 = # ! 4 + +:� 418 �d' 405 � � �D6 � � � Y � $ �

� Y � = � Y � $ D � 4 ! = '
� � � � � 7 = #_).' 4 � 5 %-'<) � Y � �d' 405 � � � �
� � D � � � � 7 = # ! 4 + +:� 418 )-' 4 � 5 %('*) �d' 405 � � �D6 � � � Y � $ � � Y � �d' 405 � � � �
A�;���� � $�R�4 ! = ' AN)(! 4�� / ',Z�7"!*+ ><'*)-6 � B�=��z' 405 � � $ � ��� � D

%7/�' 4�� Y � = � Y � $ D � 4 ! = '
A 4 ' > � $�R&4 ! = ' AN)(! 4�� / 4 69%d':Z�7"!*+0>*'<)-6 � B�=��z' 405 � � $ � � � � D

%7/�' 4�� Y � = � Y � $ D � 4 ! = '
-V!9/�+0' � } � 9 ;�S&! = #�+0' 5 69BL% 3 #&� � !K+ � 6 4 %().60+ B ? 632 � 4�5 %-)-7 � %(�:6 4�5 � 4 < DGF }

 ������� � ��� ��� ��'*� � � ��� ��� %��

-�/�'~BK687�)PM.7 = #n� 4�5 %-)-7 � %(�06 4�5 !9)-'~+&�1L;'<)-' 4 %(�Q!I%('<+ � 4 %8/�' 2N! 3 %8/�' 3 5 #1' � �:B 3 %7/�'�+�' 5 %(� B
4 !$%-�06 4 !9+�+�).' 575 ! 4 +n/ 3 2!/&'*%8/&'<)T68) 4 6$%C!X+0� 4D8 R 7 5 '*+�BK68)U#�)-6 � '*+�7�)-' � !*+[+ 5:R � 5 = !9+�'9}
��+1+"/�)(! 4�� /�' 5 !9)-' � 6 4 +��:%-�06 4 !K+ }�-�/�' � 6 4 +�� %(�06 4 � 5P5 #;' � �:?�'<+P/ 3 %8/�'z� 4W5 %().7 � %-�06 4 R 2!/&� � /
= ! 3 %(' 5 % %7/�'|).' 4 � 5 %('*) 5 697�) � '|BK68)3>*'<)-6�68) 4 6 4 B ><'*)-6�} ��+[+ � 6 4 %().60+W� 4�5 %-)-7 � %(�:6 4�5:R 'TS � '*#&%
M.7 = # 5 %-6S! 4 !9+�+�).' 5 5 � 4 !P)-' 4 � 5 %('<) R !9).' � Y�B )-',+Q!$%-� F '9}�-M!9/W+0' � } � 4 � F ' 5 'TS&! = #�+0' 5 69B
% 3 #�� � !*+ � 6 4 %-)-60+ B ? 632�� 4�5 %()-7 � %(�:6 4�5 � 4 < DGF } -V!9/�+:' �,} $�� 6 4 %A!9� 4�5 !6+0� 5 %�69BU!*+1+�< DGF
68#1'<)-!$%(�:6 4�5 ! 4 + %8/�'*�0) = '<! 4 � 4�405 %8/"!I% 2 '<).'�� = #�+:' = ' 4 %('*+ � 4 %(6 %8/�' = 65+�',+ 5 69B{%8/�� 5
#�).6 M.' � %J}

� Y X ����� \ ��bdxSpO`Ei

-�/�' 5 'z68# � 6>+&' 5 2N'*)-'d%A! 8 ' 4 BK)-6 = %8/�'H< DGF�5 � = � }�-M!9/W+0' �,} � 5 /�632 5 %8/�'d68# � 65+�' 4 7 = B
/1'<) 5 7 5 '*+yBK68)s%8/�'V< DaF � 4W5 %().7 � %-�06 4W5 } �d' 4 � 5 %-'<) B )-' 4 � 5 %('*)V� 4�5 %-)-7 � %(�06 4�5 /�! F 'N%8/&' 5 #1' � �Q!*+
68# � 65+�' R ! 4 +�%8/�' � 4�5 %()-7 � %(�:6 4 � 5 5 #1' � �:?"'*+R� 4 %7/�' +0632 '<) 5 � S�/�� % 5 6$Bz%7/�'P� 4�5 %-)-7 � %(�06 4
���
	 $' �� &��� �!*���� *���������� �!* (��%(����!$)&�$� � "%" ( �!� $#" �



���'�'�'��% � � ��� �	��� %�& � ��
���� �:�	�H�H���	
H� 6 � )

2 68)-+G}�= @ � = �[+0!9)7+ 30R ? 6 !I%(� 4W4 #168� 4 % � 4�5 %()-7 � %(�:6 4�5 /"! F 'T%8/&' O � � � : - = 68# � 65+�'3D }



���'�'�'��% � � ��� �	��� %�& � ��
���� �:�	�H�H���	
H� 6 6 �

� 	 # �  � � �� ��	 � � 	 � � � 	 � � �� � 	 # �  � � �� ��	 ��� ��	� 
	��

� ����� �����	�# � � !# ����� �� ������� � ��� � � 	 ����  # ���  # ��	� ���
���� ���
��	���� ���
���� � ��� �� #�# ��� ��  "# ����� �  �
� #�	�� ��� �
���(	 �
	 � ��	 ���(	 ��# ��� ��� � �

� � � � � � �  � D 6 !9+_/ 3 %-' R +:6 !9+S/ 3 %-' 7 4�5 � 484 '<+ R 5 %(69)-'T/ 3 %-'
�� � �� � �   D 6 !9+�/"!*+ B�2 68).+ R +06 !$+�/�!*+:B 2 68)-+_7 4�5 � 484 '*+ R

5 %-68)-' /"!K+:B�2N68).+
��� �  � D 6 !9+ 2N69)-+ R +:6 !9+X2 68)-+_7 4�5 � 484 '*+ R 5 %-68)-'�2 68)-+
� ! � � ��� �� �� � �"� �  �� ��� � 	 � ����� ��	 # ��	  
	 � �(���  � ��"� �  �� ���  �����  �	

��� � #�� #  � 	 �( ��! � � ��� �� �� �����	 ��	 � � � �� ���
����� � ������� � ����� � � ����� ��� �U+&+ R !9+�+_� =h= '*+��Q!I%(' = !*+[+;� =h= '*+��Q!I%(' 5 !9)-' 63(�/�� % 5 D �

5 � 484 '*+�! 4 + 7 4W5 � 494 '<+
��	� � ��!��� � ��	� � � ��!� ��� @ 7�/>%()(! � % R 5 7�/&%-)(! � %U� =2= '<+��0!$%(' � 5 � 484 '<+_! 4 +_7 4�5 � 484 '*+
����� � ������� � 4 + R ! 4 +_� =h= '*+��Q!I%('
��� � ����� ��� ��� ��� ����� �|) R 68)�� =2= '<+&�Q!$%-' R 'TS � +:7 5 � F 'C68) R 'QS � +07 5 � F ' 69)� =h= '<+��0!$%('
�� � D 6 !9+�/�� 4 /H� =h= '*+��Q!$%-'HB�+:6 !9+S7�#�#1'<)!/"!*+ BL69BM).' 4 � 5 %-'<)

2d�:%7/ � =2= '<+&�Q!$%-'
 � � � �� � � ���� �  � � � � @ /�� B %d/;6$%8/S� =h= '*+��Q!I%(' = ������ �! #"�$&%' ��(� #)�*�+&,�- ��.

= ������ �0/
�� � � � ������ 5 /&�:B % 5 !9).' 5 /�� B %!+0' B %!+06 4 � � !*+ R ).� 4 / %!+:6 4 � � !*+ R ).� 4 / %

!9).�:%8/ = ' %(� �
���� � ������ @ ' % � 6 4 +�� %(�:6 4 !*+ 9 	 ���21�1 .3 �45)�+ ��6 �87 6 � ��9 �87 9 �

9': � � 9
� ��	 ������ � ��	�� �� "��	 ��� �����	���� � # ��	 <; � � 	 #�� � �=� !�(� ���� � �

�� �
� �� ��� � ����  "# ��� 
� 9':�> � ��� 9'> AN)-! 4�� /�� � � ':Z�7"!K+ � 4 6$%d':Z�7"!*+G%-6 >*'<)-6 � 63( B /&�:%�6*L 5 ' %BK)-6 = � Y � $
? � ? � � 7 = # 5 � 4 ( B /�� %�6*L 5 ' %zBK).6 = � Y � $ 
 ? �!- �5@' ���A�+�@B(C"

)-' 4 � 5 %('*) 
 ? � �
? � � � ? � � � � 7 = #�! 4 + +0� 4D8 � 5 ! F ' � Y � $ � 4 � �D6 R %(!9) 4 '*%d� 5

� Y�B ).':+Q!I%(� F 'U= ? � � �!- �D �'+�A�(�EF@�+ � 
 ? � � � �

-V!9/�+0' � } $W9 ��+[+W� = #�+0' = ' 4 %-'<+ < DGF � 4�5 %().7 � %-�06 4�5



���'�'�'��% � � ��� �	��� %�& � ��
���� �:�	�H�H���	
H� 6 6 6

� !9� 4 �|# � � � � � 6 � � 4 � � � � � $ � � � � � ( � � �
� � � �� 9�� � � � � ����� � 6� ? ? � � � 9�:�> ��� 9'> )�,���@ )�,��',
� � � ������� ����� ��� ��	��� ��	� ��� ������� ����� � ����� �� �
� 6 � ��,�+ 6 ����� ? � ? � � �  � � � �� � � ������
� 6 �  9': � �� 9 �  ��6 �  7 6 �  ��9 �  7 9 �
� 4 � � � �� ��� � � � �� � *�, *�$
� 4 �  �    � E#, E#$

@�� ;�Y : � D � � � � � 6 � � 4 � � � � � $ � � � � � ( � � �
� � �  � � �� � ����
� � � 6 �����
� 6 �
� 6 �
� 4 � ����� ����� � ��	� ��	� � ����� ��� � ���
� 4 �  9': �� 9  ��6  7 6  ��9  7 9
� � � . - %�( �'E .�- %�E ��( .�- %�, .�- %�$ .�- %�,��!��( . - %�( ��,��

-M!9/W+0' �,} � 9 �|# � 6>+&' 5 69BL%8/�'�< DGF !9) � /&�:%(' � %-7�)-'



� � � � � � � � �

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

� ��� � �R���

: 4 4 ' 4 '*)(!*+ R %8/&' � <+= ��� @ - ��> ; � AN' 4�� / = !9) 8 � )-6 4 )-! = � 5 7 5 '*+h%-6 = '<! 5 7�).'�%8/�'�#1'<) B
BK68) = ! 4&� 'T69Bq!h#�)-6 � ' 575 68)<}�-�/�' <�/�) 3N5 %(6 4 'C%8/"!I%H2N! 5 7 5 '*+O� 4 %8/�� 5 #&)-6 M.' � %{� 5�F '*) 5 �:6 4
4 }76X= � ! 3 4 � R 63) �9� D R � = #�+:' = ' 4 %('*+_/ 3 �d'<� 4 /�60+0+ � } � '<� �98 '*)<}�-�/�� 5 /1' 4�� / = !9) 8 #�)-6KB
4 )-! = � 5 %8/�' 5 = !K+[+0' 5 %C)-'<! 5 6 4 !9/�+:' #�).6 4 )(! = 7 5 '*+ BK69)C%-' 5 %-� 4�4 %8/�'2#;'*).BK68) = ! 4&� ' 6$Bd!
#�).6 � ' 575 68)<}�-M!9/W+0' AU}76d#�)-' 5 ' 4 % 5 %8/�' 5 %()-7 � %(7&)-'d69B %8/�'�+ 3>4 ! = � � � 575 ' = /�+ 3 � 4W5 %().7 � %-�06 4W5
BK68)�6 4 'C'QS>' � 7>%(�06 4 69BL%8/&' <�/&) 3N5 %-6 4 ' +06568#G}

6 6 4



���'�'�'��% � � � � �	��� %���
��'� �V����� � � ��� ����" ��
�� �'
�� �!
H��" 6 6 �

� 	 # �  � � �� ��	 � ����� � 
� ����� 	�# ������ �� "��	 �����
	

� � 6
@>D ; : 4
@>D - 4
@ � - : �
@ >�; �
@ ;�� : �
@&D ; �
@�	 A 6 �
-*� � � 6 �
@&DsD : 6 �
@ 	 A 	�: 4 �
@ ; � 4 4

��<�< 	!: $ $
@ > ; : 6 6 �
��>�< : 6 � �
��<�< : 4 � 6
��<�< � 4 �

���
����%� � 	 # �  � � �� ��	 ��� � �
D A 	 4 �
D = : $ $
@ A 6 6 6
D A 6 $ 6
@�� 4 ) $
D�� $ � 6

� ���	���� � 	 # ������ �� ��	 ��� �
A�;���� 6 6
� � D 4 (
� � 4 (
� 6�� �

AA> ;�� 6 � �
� � ����� ��� ��

-V!9/�+0' A{} 6 9 >z7 = /1'<) 5 69B : 4�5 %()-7 � %(�:6 4�5 � 4 <�/�) 3N5 %(6 4 '



� � � � � � � � �

� ����� �q� � � � ��� � �����
	

D � �H< 2 ! 5 +�' F ',+068#1'<+C/ 3�� /��[+ A{} ; 4 +�' � 69%-%L69B�%7/�' � � 	{D ; - 4 )-687&#G} : % 5 +�6 � 7 = ' 4 %A! B
%(�:6 4 /�6 = 'T#"! 4 'E� 5 ! F !$�[+Q!$/�+0'U!$% 9 / %-%-# 9 � � � � � ��� � � !#" � � " � �� �� � " !  � ��� � $ � �� � � � �� � " � � �1}

��Y�Y � 6 = #&�[+0'*) R � > 	 Y � 6 = #��1+0'*) R�F '*) 5 �:6 4 4 } � } S R +�' F ':+069#;'*+�!$%�%8/�' 	z4 � F '<) 5 �:% 3
69B � � 4�4 ' 5 69%A! R 2!/�� � /	� 5 7 5 '*+ � 4 %8/�� 5 #�)-6 M.' � % R BK68) = 5 ! 4 ��> @@: Y � 6 = #&�[+0'*) BK68)
%8/&'X< DGF !9) � /��:%-' � %(7�).'9} : %,� 5 ! F !9�1+Q!9/W+0'~/ 3 O	- � %-6 4 6 2d� %8/ � = � )0( � � / %-%-# 9 � � � � � �
! �� ��� � � � �� ! � � � �  � ! � ���
' � � �	� ��� " ��� � � � ! �

-�/�'C! 5 5 ' = /�+0'*) BK68)N%8/&' < DaF !9) � /�� %(' � %(7&)-'T7 5 '*+ � 4 %8/�� 5 #�).6 M.' � %d� 5 ! F !9�[+0!9/�+0'z/ 3 O�- �
BK)-6 =
� � $ ��� 
 $�� � � �� � 
 $�� � � �	� � �� " � � 
 " � � � }

< DGF�5 � = 2 ! 5 +&' F ',+068#1'<+_!$%N%8/�' 	z4 � F '<) 5 �:% 3 69B : +[+0� 4 68� 5 } : %d� 5 ! F !9�[+0!9/�+:'z/ 3 O	- � %-6 4 6

6 6 $



���'�'�'��% � � �A� %����W� � &$� � ����� �V����&�� 6 6 �

2d�:%7/ � = � )*( � � / %.%(# 9 � � ' " � 
 � � � � � $ 
 � 
 � $ � � 	 � � $  	 � � � � � ��
 !


