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

,.-0/!-2143537698:8
;=<5>@?	35A5B:CEDGFIHEBJHEK@KL6MKONQP�R�S5A28:>L?5C�NQ6M?	8:B:6!TVUW6XS5HEBY8:R+6M?	8ZP\[=NQP�R�S5A28:6XB^]�_M>L6X?2_X6E`
ab?5>@cE6XBYd:>@84efP\[g;=<5>@?h32A5B:C�Di`kjlD56.m�>@?5C5nodZpQA5>@KL<5>@?5C�dX`2;=<5>L?	35A5BYC�Dq;sr^t+u�vxwy`kazm
{�|i}�~9�X�	��~�� ���h���4�4�������������5�������2���J�������.���l�	�����4�����4���(���f���x���x�����������h�������
���g�h���Y�����������������h���4���J���x�����^���x�����x ��f���x�¡�J¢E�����������������£���=�¤ ����	�������� ��������¥���X¢E¦
���	���b§�¨G©ª������§�«����x �����¬­�	�4�4���	�J��������«��®�x �����¯Q�����(«����������g©O¢������x���������4§��4�4���
�������4�����°�4���	�9�����������������������4�
«����	 ����±¬­�	�4�4���	�J��������«��®�x �����¯²������³��������������
©¥¢E�����	�������G´µ«�¬4«�¯²³I©y¶=��§E�4�4���.�·���	�£«����	 ����l¬¸�h�4�4���	�J��������¹��h�������h���Z¯²�����±«E�J¦
�Y�����ª©¥¢E�����x�������°´µ«E¬4¹+¯l«x©y¶b�4§E���4������¨»º¼�x�.�������®�x�������G���Q«E¬�«�¯²³ª©½�4§��4�4�����
�®�·�L�������M¾I���»�4��«E¬4¹+¯Q³I©�¿O���J�4���^��§E�4�4���.�l���	�£¹��	�������h���¡«E¬4«x¯Q³I©��4§��4�4������¨
«�¬­¹+¯Z«�©À��§E�4�4���.�^�������4�����q�4���h�������������������������4�£«E¬4¹�¯²³ª©��4§��4�4�����z���	�
���	���4�¤�����±�x�9¾����������E���	 ����\�4�£�^�h�������h���¤«E¬4¹�¯²³ª©Á�4§E���4������¨(Â����	���®��§f�4���¡�
�J���.�¡�����Q���=�	�����4�����4���±���±���x�b���	�������\�sÃ\�	���4�=���O�	�4�����¼���h�������E�x�Ä���J���x��������Å
���4������Æ	�����4§��4�4���¤¨

Ç ÈÊÉ¼ËXÌ�Ë�Í�ÎÐÏ±Ñ�ÒÔÓ�É=Ó�Õ�ÕXÖWÕ�Ë�Îg×

UW6Xd:>@C�?56MB:d»PE[�6XHEB:K®e½_MP�R�S5A28J6MB:d»dYA5_�D)HEd�8JD26
ØGHE?5_�D26XdY8:6XB(a^?2>@c�6MB:dY>@84e2ÙEÚk6XBYBJHE?x8J>¡ØGHEB:Û)ÜÞÝµß5B:dY8
S5B:Ph<5A5_M6X<�_XPER+R�6XBY_X>ÄH\KLK@e�>L?àÜ�txá�Ü�â²ã·6XB:6¤_MP�?5d�8JBJH\>L?56M<�3xeq8:D56¤H�c\HE>LKLHE35KL6¡8:6X_�D5?5PEKLP�CEe°ÝäcEH\K@c�6Md¡HE?5<
åæ>LKLK@>ÄHER�d²jªA53ç6�dY8:P�BJHECE6E`7[µPEBz69è2HER�S5K@6E`7ãZ>®8JDG8:D56X>@Bz>@?5D56XBY6X?x8¡S5BYP�35K@6XR�d^PE[¼D26�H\8¡<2>Ld:dY>LSkH�8J>LPE?�HE?5<
_XP�R�S7PE?56X?x8=BY6XKL>LHE35>@KL>@84e2â78:P¡35A5>LK@<£ÝµKLP�C�>@_�HEK@K@e2â�d:R+HEKLK�HE?5<¤BY6XKLH\8J>®c�6XK®e.d:>LR�S5K@6·d�e�d�8J6MR+dsHE?5<�8:PWA5dY6ld:69é
B:>ÄH\K�HEBY>@8JD2R+698J>L_\-¥;gc�6X?!d:P5`�8JD26s>@?x8JB:Ph<5A5_98J>@P�?¡PE[�>L?5<56�è�B:6MC�>Ld�8J6MB:dªHE?5<¡[êHEd�8ID5HEB:<2ãQHEBY6sR�A5K@8:>LS5K@>L_�H�8J>LPE?
>L?�8JD26zØqHEB:Û+ÜZã·6XBY6^dY>LC�?2>@ßk_XHE?x8=dY8:6XS5ds>L?�8:D56Z<5>LBY6X_M8:>LP�?¤P\[i_MP�dY8�é46Më76X_98J>®c�6ZDkHEBY<2ã²H\B:6Z6X?5D5HE?5_X6MR+6M?x8
PE[y8:D56�3kH\d:>L_.<56Md:>LCE?�-Zì²8¡ØGH\?5_�D56Xd�8J6MBW8JD5>@db8:B:6X?2<Gã²H\dz<569c�6XK@P�Sç6X<G[µA5B�8JD56MBz>@?(8:D56¤Øq6MB:_MA5BYeq_XP�R¤é
S5A28J6MBX`QãZ>®8JDí8JD56q>L?x8JBYP�<5A2_M8J>@P�?�`¼[µP�B±8JD56(ßkB:d�8+8:>LR�6E`QP\[¡DkHEBY<2ã²H\B:6q8:P°_XHEB:B�eÞP�A28�îkPxH\8:>L?5C\é­S7PE>L?x8
HE<5<5>®8J>LPE?
HE?5<°R�A5K@8:>LS5K@>L_�H�8J>LPE?�-�jlD5>@d!>@?5_XBY6�HEdY6X<àKLP�C�>@_�HEKI_XP�R�S5K@69è�>@84e�ãQHEd.R�H\<56±S7P�dYd:>@35KL6±3xe�8JD56
A5d:6±PE[sd:6MR+>@_XP�?2<5A5_M8:P�B¡<5>@P�<56Md�HE?5<
8JD56±H�c\HE>@KÄHE35>@KL>®84e£PE[·d:R+HEKLK@6XBWH\?5<
R+P�BY6¤B:6MKL>ÄH\35KL6.cEH\K@c�6Md¡8JDkHE?
8JD5P�dY6�A5dY6X<�>@?(8:D56¤ØGH\B:ÛïÜ�`73çPE8:DGPE[gãZD2>L_�D�D56MKLSç6X<G8:P�BY6X<5A5_M6�SçP�ã·6XBz_XP�?5dYA5R�S28J>@P�?�ÝêHE?5<GD26X?5_M6
D56�H\8Z<2>Ld:dY>LSkH�8J>LPE?ðâQHE?5<(>L?2_XB:6XHEd:6�P�c�6MBJHEK@K�B:6MKL>LHE35>LK@>@84eE-
jlD26+K@>LR�>@8�H�8J>LPE?5dZP�?à_MP�R�S5A28J6MB�<56XdY>LC�?ï>LR�S7PEd:6X<
3xe�8JD26�S2B:P�35K@6XR�d�PE[QD26�H\8.<5>@d:d:>@SkH\8:>LP�?ïHE?5<

_XP�R�S7PE?56X?x8+B:6XK@>ÄHE32>LKL>®84e
ãQ6MB:6�6XHEd:6M<�<5BJH\R�H\8:>L_XHEKLK®e°>@?í8:D56GKLH\8J6
Ü�txá\ñEd�H\?5<½6XHEB:K®eæÜ�t�ò�ñEd±3xeÞ8JD56
_XP�R�R+6MB:_M>ÄHEKkH�c\HE>@KÄHE35>@KL>®84e!P\[i8JB:HE?5dY>LdY8:P�B:dM-=jIB:HE?5dY>LdY8:P�B:ds?5PE8·P�?5K®e±PEë76XB:6M<�>@?5_XBY6�HEdY6XdQ>@?�8:D56zdYS76M6X<»P\[
KLP�C�>@_g_X>@B:_MA5>@8:dª32A28gH\KLd:PZ6M?kHE35K@6X<�<26Xd:>@C�?56MB:d¥8JPbA5d:6sR�H\?	e�R�P�BY6=PE[28:D56XR(-yjlD	A5dª8JD56=ßkBYdY8IC�6X?56MBJH\8:>LP�?
PE[¥óôdYA5S76MB:_MP�R+S2A28J6MB:dXnhHES2S76XHEB:6M<�ãZ>®8JD±R�H\_�D5>L?56Md=d:A5_�D�HEd=ì²8JKLHEdbõ�ÜXö¸`�ãZD2>L_�D�P�S76MBJH\8:6X<±ãZ>@8:D¤SkHEBJH\KLKL6MK
BJH\8:D56XB¡8JD5HE?àdY6XBY>ÄHEK¼HEBY>@8:D5R+698J>@_±HE?5<ïDkHE<°dY6XSkH\BJH\8:6+>@?5<569è
HE?5<àî5PxH\8J>@?5C\é­S7P�>@?x8¡HEBY>@8JD2R+698J>L_¤A2?5>@8:dX`
HE?5<�8JD26ïN²U�NÊò�òEñ�ñæõ0÷�ö¸`bãZD5>L_�DæDkH\<�8J6X?ædY6XSkHEB:H\8J6
SkH\BJHEK@KL6XKbHEBY>@8:D5R+698J>@_�Ù\K@P�C�>L_£[µA5?2_M8J>@P�?øA5?5>®8Jd
_�HESkH\35KL6¡PE[I_XPE?5_XA5BYB:6M?	8^P�Sç6XB:H\8J>@P�?�-
jlD2>LdZã²HEdbSkHEB:HEKLK@6XK@>Ld:Rù3ç6XKLP�ãÔ8:D56.>L?5d�8JB:A2_M8J>@P�?(d:6M8^KL69c�6MK¸`ðD5P�ãQ69c�6MBX`�H\?5<q8:DhA2dz>L?xch>LdY>L35K@6W8JP±8JD56

S5B:P�CEBJHER�R+6MBX-gúW8:D56XBlCEB:P�A5S2dZã·6XBY6�<56McE6XKLPES5>L?5C±PE8:D56XB²[µPEB:R�dlPE[ªSkHEBJH\KLKL6MKL>@d:RûA5d:>@?5C±H¤R�A5K®8J>LS2KL>L_M>@84e
PE[gdY6XB:>LHEK¥HEBY>@8JD2R+698J>L_zA5?5>@8:db8:P+S2B:Ph<5A5_X6.ü	A5>@8:6!<2>@ë76XB:6M?x8WHEBY_�D5>@8:6X_98JA5BY6Xd�ýêþêÿXþ²H\B:BJH�efS5BYP�_M6XdYd:P�BYdX-lìzd
6�HEBYK@e°HEd£Ü�txá���ab?5C�6MB¤S5A535K@>Ld:D26X<íH�SkHESç6XB¤6X?x8:>@8JK@6X<��YìÊNQPER+S5A�8J6XB�úWBY>L6X?x8:6X<ÞjIP�ãQHEB:<2d»]�S5H\8J>LHEK
F¼BYP�35K@6XR�d��ïõ u\ö¸`O[µBYP�RÐãZD5>@_�Dï8:D56¤ßkB:d�8!HEB:B:H�eGS5B:Ph_X6Md:dYP�BX`y]5ú��ªú.ØGú�/.`�ã²H\d.<26Mc�6MKLP�Sç6X<�õ	�\ö¸-¤jlD56



]5ú��Iú�Ø�ú¡/ <56Md:>LCE?½_XPE?5d:>@dY8J6M<½PE[¡H
84ã·P\é4<2>LR�6X?5dY>LP�?kH\KlHEB:B:H�eÞPE[¡ux÷��Àu�÷
S5BYP�_M6XdYd:>L?2C°6XK@6XR�6X?x8Jd
Ý F¼;=d�â9`=6XHE_�D�PE[lãZD2>L_�D�DkH\<øÜ�÷��Gu�÷�é435>®8�ãQP�BY<5d�PE[Zd�8JP�BY6»HE?2<�HG35>®8Yé4dY6XBY>ÄHEK¼HEBY>@8:D5R+698J>@_�A2?5>@8X-qì^KLK
Fs;=dbHE_98J6X<(>L?fA5?2>Ld:PE?�`kA5?5<56MBl8JD56�_XPE?	8:B:P�KOP\[gH¤d:>@?5C�K@6¡dY8JBY6�HER PE[y32B:PxHE<2_�HEd�8^>@?5dY8:B:A5_98J>@P�?5dX-
ÚkA5B�8JD56MB�HE<2c\HE?5_M6Xd�>L?�8:6X_�D5?2P�KLP�C\e�KL6M<�8JP£8JD56¤S2B:Ph<5A5_M8:>LP�?�P\[Q>@?	8:6XC�B:H\8J6M<
_X>LBY_XA5>®8Jd¡H\?5<
>@8¡3ç69é

_�HER�6�SçP�d:dY>L35K@6!8:P»35A5>@KL<Gd�ehdY8J6MR+d�PE[¼69c�6MB¡C�B:6XH\8J6MBz_XPER+S5K@69è�>@84eE`7ãZ>®8JD5P�A�8W>L?2_XB:6XHEd:>@?5C�8:D56�_XPER+SçP\é
?56X?x8�_XPEA5?x8�`¥HE?5<�ãZ>®8JD5P�A�8¡<56X_MB:6XHEd:>@?5CfB:6XK@>ÄHE32>LKL>®84e£P�BW>@?5_XBY6�HEdY>L?5C»8:D56¤SçP�ã·6XB¡BY6Xü	A5>@B:6XR�6X?x8:dX-�jlD56
>L<56XHEd+[µBYP�R ]5ú��Iú�Ø�ú¡/.`·[µP�B�69è2HER�S5KL6\`lãQ6MB:6�_XHEB:BY>L6X<À[µP�BYãQHEB:<ø>@?x8JP°dY6McE6XBJH\KW>LR�S7PEBY8�H\?	8+D5>@C�D�é
S76MBY[µP�BYR�HE?2_X6+HEB:_�D5>®8J6M_M8JA2B:6Xd¤>@?5_XK@A5<5>@?5C(8:D56�1 � �O14ìbN 1�� õoá�ö¸`I8JD56�pQA5B:BYP�A5C�D2d±]�_X>@6X?x8J>®ßk_»F=BYP�_M6Xd�é
d:P�BZõ ò\ö `E8JD26���PhP�<�e�6�H\Bgìz6MB:P�dYSkHE_X6bØqFsF�õ���ö `xHE?2<�]hjIìz,bìz/%õ �\ö `xHE?2<±8:D56²1�N �qUW>LdY8:B:>@35A28J6M<�ìzBYBJH�e
F¼BYP�_M6XdYd:P�B!Ý UZìWFsâ�õ t\ö¸-
jªPh<kH�eøSkHEB:HEKLK@6XKL>@d:R _XPER+6Md£>L?æ6XdYd:6X?x8:>ÄHEK@K@e½84ã·PÀc\HEBY>L698J>L6MdX`	��

��
���

��

���Lÿ���ý���� H\?5<������hÿ���

� �



���Lÿ���ý����¤`¼HE?5<íR+P�d�8±H�c\HE>LKLHE35KL6+dYehdY8:6XR�d+_XHE?Þ376f<5>®ch>L<56M<í_MP�B:BY6XdYS7P�?2<5>L?5CEK@eà>L?x8JPïÚyK®e�?2?�n0d�]h1�ØGU
Ý¸]�>@?5C�KL6¤14?2dY8JBYA5_M8:>LP�?�ØqA5K@8:>LS5K@6�U¡H\8�Hxâ¡HE?2<�Øq1�ØGU Ý ØqA5K®8J>LS2KL6¤14?5d�8JB:A2_M8J>@P�?ÞØqA2K@8J>@S5KL6�U¡H\8JHxâWdYehd�é
8J6XR�dzõ�Ü�ñ�ö¸-¼]h1�ØGUÔdYehdY8:6XR�d²d:A2_�DfHEds8:D56WUZìWFÞHEBY6zBY6XKÄH�8J>@cE6XK®e¤6�HEd�e+8:P�S5BYP�C�B:HERq`xdY>L?5_M6^8:D56z_MP�<56^>Ld
d:6Xü	A56M?x8J>ÄH\K¸`çHE?5<fãZDkH\8^>Ldb?56X6M<56X<�HEB:6�KÄH\?5C�AkHECE6.6�èh8J6X?2d:>LPE?5d¤Ýä84e�S2>L_�H\KLK@e+8JP+Úªú�,IjZ,bìz/Wâ²8JP+HEKLK@P�ã
d:PE[ä84ãQHEB:6!<kH\8JH+dY8:B:A5_98JA5BY6Xdz8:P»3ç6!R+HES5Sç6X<qP�?G8JP�8JD56!<kH\8JH+SkHEB:HEKLK@6XK@>Ld:Rù>L?(8JD56!DkHEBY<2ã²H\B:6E-^/zH�8JA�é
BJHEK@K@eW8:D56QA5dY6M[µA5K@?56XdYd=PE[k8JD26Xd:6QdYehdY8:6XR�dg<56XSç6X?2<5d=dY8:B:P�?5CEK@e.P�?�8:D56XBY6Q3ç6X>L?2C¡H^dY>LC�?5>®ßk_�H\?	8gHER�P�A5?x8yP\[
<kH\8�HWS5HEBJHEK@KL6MKL>LdYR�>L?�8:D56bHES5S5K@>L_�H�8J>LPE?�`�HE?2<+H\K@8JD2P�A5C�D�8:D56Me�B:6XS2B:6XdY6X?x8QH¡[êH\>LB:K®e.R�H\8:A5B:6²8:6X_�D5?2P�KLP�C\e�`
8JD56M>LBlA5dY6.D5HEdZA5?x8J>LKiB:6X_M6X?x8JK®ef376M6X?(KÄHEBYC�6XK®e�_MP�?2ßk?26X<q8:P±?5>L_�D56.HEBY6�HEdM-
Ø(1�ØGU d�ehdY8J6MR+dbHEBY6W8�HEÛ	>@?5C¤KLP�?2C�6XBQ8:P±R�H\8:A5B:6zd:>L?2_X6W8JD26Me£PEë76XBZH\?qH\<5<5>@8:>LP�?5HEK7<2>LR�6X?5dY>LP�?»P\[

_XP�R�S5KL6�è�>@84e�ýêþêÿXþyR�A5K@8:>LS5K@6E`�_XPE?5_XA5BYB:6M?	8ª8JD2B:6�H\<5dyPE[�_XPh<56s69è�6X_MA28J>@P�?�`EHE?5<�8JD5>@dª_XHEKLK@d�[µP�BªHbCEB:6�H�8I<26�HEK
R+P�BY6gD	A5R+HE?�>L?5C�6M?	A5>@84e^8JPZR�H\ÛE6=6Më76X_98J>®c�6sA5d:6¼PE[�d:A5_�D.dYehd�8J6XR�dX-yjlD56¼>L?x8J6MB:_XPE?5?56X_98J>@P�?�S5B:P�32KL6XR)>Ld
HEKLdYPzR�P�B:6·_XP�R�S5KL6�è7`Ed:>@?5_X6·ãZD56XBY6�HEd¼]h1�ØGUødYehdY8:6XR�d=<56XSç6X?5<�[µPEBI8JD26X>LBIS76MBY[µP�BYR�H\?5_X6·P�?�B:6MC�A5KLHEB:>®84e
>L?�8:D56¡<kH\8JH�HE?5<f_XPE?5d:6MühA26X?x8JK®e£B:6MühA2>LB:6\`5>L?�R+P�d�8l_�H\d:6XdM`kP�?5K®e+dY>LR�S5KL6^C�6XPER+698JB:>@_z_MP�R+R�A5?5>L_XH\8J>@P�?
SkH\8:8:6XBY?5dX`çØq1�ØqU�dYehdY8:6XR�db[µBY6Xü	A56M?	8:K@ef>@?	cEP�K@cE6!6M>@8:D56XB²[µA5K@KOP�BlBJH\?5<5P�R _MP�R�R�A5?5>@_�H\8:>LP�?£SkH�8:8J6MB:?5d
ãZD5>L_�D(_�HE?2?5PE8Z6�H\d:>LK®e»3ç6�S5B:P�ch>L<56M<q>@?fDkHEB:<�ã²HEBY6E-
NQK@6�HEBYK@eE`ç>®[=SkHEB:HEKLK@6XK@>Ld:Rù>LdzH+C�PhPh<q8JD2>L?5C5`k8:D56X?G8:D56�R�P�BY6!PE[g>@8bãQ6�D5H�cE6�8JD26�3ç6M8:8:6XBM`iHE?2<G8JD56

8J6XBYR �YR+HEdYd:>@cE6XK®e�SkHEB:HEKLK@6XK �q[µB:6Mü	A56X?x8JK®eÞHES5Sç6�H\B:d¤>L?�R+HE?	A2[êHE_98JA5BY6XBYdXn=KL>®8J6MBJH\8:A5B:6\-°rbP�ã·6McE6XBM`Q8JD56
HE?5dYã·6XB¡8:P»8JD56¤ü	A56MdY8J>@P�? ��åæDkH\8W_XP�?5d�8J>®8JA28:6Xd.H»R�H\d:d:>®c�6MK@eqSkHEBJH\KLKL6MKId�ehdY8J6MR"! ��R+H�e�3ç6�8J6X?2d�ÝêP�B
S7P�dYd:>@35K@e�D	A5?2<5B:6M<5d�â±PE[z8:D5P�A5d:HE?5<5d+PE[WS5BYP�_M6XdYd:P�BYd»>L?À]�1�ØGUÐdYehdY8:6XR�dX`l35A28+P�?5K®e�D	A5?5<5BY6X<5d�ÝêP�B
S7P�dYd:>@35K@eq8JD5P�A2dJHE?5<2d�â¡PE[²S5BYP�_M6XdYd:P�BYd�>L?àØq1�ØqU dYehdY8:6XR�dX-»jªP(69è�S5KLPEB:6±SkHEB:HEKLK@6XKgd�e�d�8J6MR+d�[µA5BY8:D56XB
ãQ6�?56M6X<�H�8JH�è�P�?5P�R�eE-

# $ %íÓ'&(Ï�Í�Ï+× (

jlD56z8�H�è2PE?5P�R�e�PE[OS5HEBJHEK@KL6MKkdYehdY8:6XR�dlDkHEdQ3ç6X6M?fHE?£HEBY6�H�P\[ªHE_�HE<26XR�>L_b6X?5<56XH�c�P�A5B²[µPEB·R+HE?xe±e�6�H\B:dX-
/^A5R�6XBYP�A5dsHEA28:D5P�B:d¼DkH�cE6WH\8Y8J6XR�S28:6X<±8JP�_XKLHEd:dY>@[äe¤_MP�R+S2A28J6MB:d¼P�?±8JD56b3kHEdY>Ld¼PE[ç8JD56Z84ehS76bPE[7_XP�?5_MA5B�é
B:6X?2_Mef8JD569eG6�è�D5>L35>®8�-ZÚyK®eh?5?�nod^8�H�è2PE?5P�R�efPE[¼]�>L?5CEKL6�14?5dY8:B:A5_98J>@P�?
]�>@?5C�KL6.U¡H\8JHGÝ ]�1�]2U�âZR�HE_�D2>L?56MdX`
]�>L?5CEKL6�14?5dY8:B:A5_98J>LPE?½Ø(A5K@8:>LS5K@6�U¡H\8JH�Ý¸]h1�ØGU�â!R+HE_�D5>L?26XdfÝµd:A535dY6Xü	A56M?	8:K@eÞ<5>®ch>L<56M<�>L?x8JP�84ã·P�R+HE>L?
_XKÄH\d:d:6Md�)�cE6X_M8:P�B�S2B:Ph_X6XdYd:P�BYd¤HE?5<�HEB:B:H�e
S2B:Ph_X6XdYd:P�BYd�â�`¼HE?5<ÞØqA2K@8J>@S5KL6¤14?2dY8JBYA5_M8:>LP�?�ØqA5K@8:>LS5K@6�U¡H\8�H
Ý¸Øq1�ØGU�âªR�HE_�D2>L?56MdbÝµch>LB�8JAkHEK@K@e.HEK@K2PE[ðãZD5>@_�D�HEB:6²>@?�[êHE_M8¼ØqA5K@8:>LS5K@6l]�>@?5C�K@6Q14?5d�8JB:A2_M8J>@P�?+]�>L?2C�KL6QU¡H\8�H
Ý¸Ø�õo]�1�]2UzöÄâ^dYehd�8J6XR�d�â�`ODkHEdW3ç6X6M?�8JD56�d:A53+*Y6M_M8.PE[sH�D2P�dY8¡P\[·BY6Mßk?26XR�6X?x8JdM-.jlD26¤S5B:P�32KL6XR >@dz8JP»<2>®é
c�>@<56�A5SàH»R�A5K®8J>�é4<5>@R+6M?5d:>@P�?kHEKO<56Md:>@C�?
d:SkHE_M6±>L?
H»R�6�HE?5>@?5CE[µA5Kªã²H�eE-¤r^6MB:6¤ãQ6±?56M6X<
8JP£_MP�?5d:>@<56XB
8JD56.?	A5R�3ç6XBbPE[=>L?2dY8JBYA5_M8:>LP�?(dY8:B:6XHER+d�ÝêdY>L?5CEKL6�P�BbR�A5K@8:>LS5K@6±Ý�ýêþêÿXþl_XPh<56.SkHEB:HEKLK@6XKL>@d:R�â:â�`�8JD26!?	A5R�3ç6XB
PE[Q<5H\8�H£dY8:B:6XHER+d+Ýµd:>L?2C�KL6�PEB.R�A5K@8:>LS5K@6£Ý�ýêþêÿXþ±<kH\8JHfS5HEBJHEK@KL6MKL>LdYR»âYâ9`ð8JD56¤84ehSç6�P\[lHEBY>@8JD2R+698J>L_»ÝêdY6XB:>LHEK
P�B�SkH\BJHEK@KL6XK¼6�è26M_XA28:>LP�?kâ9`sHE?5<�8:D56»P�BYCxHE?5>@dJH\8:>LP�?àPE[bHE<5<5BY6XdYd:6XdqÝµ>L?x8JP�dY>L?5C�K@6+PEB�R�A5K®8J>LS2KL6�HE<5<5BY6XdYd
d:SkHE_M6XdJâ9-
ÚI>LC�A5BY6ZÜQd:D2P�ãZdI8JD5>@dª8JH�è�P�?5P�R�e.H\dgH^CE6X?56MP�KLP�C\e�_�DkHEBY8X-yì^dyP�35dY6XB�c�6X<¤>@?�dY6X_M8:>LP�?+Ü�`\8:D56Q6XHEB:K@>L6MdY8

R�HE_�D2>L?56MdQãQ6MB:6!]�>@?5C�KL6z14?5dY8:B:A5_98J>LPE?�`ð]�>@?5C�KL6WU¡H\8�H2`5]�6XBY>ÄHEK7ìzBY>@8JD2R+698J>L_z;yè26M_XA28:>LP�?°Ý¸]h1�]2U�]2;sâQdYehd�é



(Cray−1)

SI MD PE − Vector

SI SD PE SI MD SE

(e.g. Cray X−MP)

M [SI SD PE] SAM [SI SD PE] MA

(e.g. DAP, CM−1)

(e.g. CM−200)

(e.g CM5)

(e.g. Transputer
           Systems)

(e.g. Sequent
        Balance)

SI SD SE

SI MD PE − Array

M[SI MD PE]M [SI MD PE]  SA

A TAXONOMY OF

PARALLEL

ARCHITECTURES

Úy>LCEA5B:6¤Ü )=ì�jIH�è�P�?5PER�e£PE[yFyHEB:HEKLK@6XK�ì^B:_�D5>®8J6M_M8JA2B:6Xd

8J6XR�dX`hHE?2<+8JD26Xd:6^6McEP�K@cE6X<»<5P�ãZ?�84ãQP!SkH\8JD2dX`	8JP¤]h>L?5C�K@6l14?5dY8:B:A5_98J>@P�?�`2]�>L?5CEKL6ZU¡H\8JH2`hFyHEB:HEKLK@6XK5ì^B:>@8:D�é
R+698J>L_g;gè�6M_XA28:>LP�?�Ý¸]�1�]�U¡Fs;sâ�dYehd�8J6XR�dªd:A5_�D�HEdO8JD56¼ì²8JKLHEd¥HE?5<!N²U�Nïò�ò�ñ�ñ2`�HE?2<�]h>L?5C�K@6g14?5d�8JB:A2_M8J>@P�?�`
ØqA5K@8:>LS5K@6WU¡H\8JH2`ð]�6MB:>LHEK�ìzBY>@8:D5R+698J>@_¡;yè26M_XA28:>LP�?°Ý¸]h1�ØGU�]2;sâ²dYehdY8:6XR�d^dYA5_�D�HEd^]5ú��ªú�Ø�ú¡/!-
]h1�]2U¡F¼;æd�ehdY8J6MR+dzDkH�c�6�69c�P�K®c�6X<�>@?GdY6Mc�6MBJHEKI<5>LBY6X_98J>LPE?5d � >L?x8JP�]�1�ØGU¡F¼; �¼6X_M8:P�BzR+HE_�D5>@?56XdM`7P\[

ãZD5>L_�D�8:D56�NQBJH�exé�Ü±>Ld^8JD56¤6XHEB:K@>L6Xd�8zã·6XK@K®é4Û	?5P�ãZ?
69è2HER�S5K@6E`¥ØqA2K@8J>@S5KL6�]�1�]2U¡F¼; d�ehdY8J6MR+d¡35HEd:6M<àP�?
S5B:Ph_X6Md:d:PEB:dbd:A5_�DGHEdl8JD56�jªBJHE?5dYS5A28:6XBX`ð6XHE_�DGPE[ªãZD5>@_�DqDkH\db>®8JdZP�ãZ?GH\<5<5B:6Md:dbd:SkH\_X6!HE?5<(_XP�R�R�A5?5>�é
_�H\8:6XdWãZ>@8:D
PE8JD56MB¡S5B:Ph_X6Md:dYP�B:d¡ch>ÄH»R�6XdYdJHEC�6¤S5HEd:dY>L?5C5`¥H\?5<àØqA5K@8:>LS5K@6¤]�1�]�U¡Fs;)dYehdY8:6XR�d.35HEd:6M<àP�?
�Y_XP�?xcE6X?x8J>@P�?kHEK ��S5B:Ph_X6Md:dYP�B:d¤ãZD5>@_�DídYDkHEBY6£H�_XP�R�R�P�?�R�6XR�P�BYe2ÙEHE<2<5B:6Md:d�dYSkHE_X6\-�]�1�ØqU¡Fs; dYehd�é
8J6XR�d=DkH�c�6Z8JD26XR�d:6XK®c�6Md·69c�P�K®c�6X<+>L?x8JP¡dYDkHEBY6X<�R�6XR�P�B�e�R�A5K®8J>@S5B:Ph_X6Md:d:PEBgdYehdY8:6XR�d·dYA5_�D»H\d¼8:D56^NQBJH�e
�^é�ØqFI`5D56MB:6.<56XdY>LC�?5H\8J6M<�Ø�õo]�1�ØGU¡F¼;göÄ]�ì d�ehdY8J6MR+dM-
]h1�ØGU�]2;ÔdYehd�8J6XR�d�DkH�cE6E`=HEd'���ª]�1WHEB:>®8JD5R�6M8:>L_¤A5?5>®8Jd�DkH�c�6�376M_XP�R�6�H�c\HE>@KÄHE32KL6E`O69c�P�K®c�6M<�>L?x8JP

]�1�ØGU¡F¼;VdYehdY8:6XR�dX`l6�è5H\R+S5K@6Xd±PE[^ãZD5>L_�D½HEB:6£8JD26�NlØfé�÷Eñ�ñïHE?5<í8JD56qUbìzFsÙ�N²F �2-½jlD5>@d+K@>L?56£P\[
6Mc�PEKLA28:>LP�?£DkH\dbS2B:P�C�BY6XdYd:6X<([µA5BY8:D56XBlãZ>®8JD£8JD56!NlØ�áh`ðãZD2>L_�D(>LdZH¤R�A5K®8J>LS2KL6¡]h1�ØGU¡F¼;�dYehdY8:6XR(-
åà6�?5P�ã [µP�K@KLP�ãæ8JD56�69c�P�K@A28J>@P�?f<5P�ãZ?(8:D56¡cEH\B:>LPEA5dlSkH\8:D5dZ>L?fR+PEB:6¡<5698�HE>@K¸-

� ����� 	 Ò�
 �VÖ�
��yÏ�É��"((Î��yÖ¡× Î

jlD56+?26X6X<�8:PqS2B:P�ch>L<56±[êHE_X>@KL>®8J>L6Mdz[µP�B.S5B:Ph_X6Md:dY>L?5Cqd:6Xü	A56M?5_X6Md¤PE[²cE6X_M8:P�B�6MKL6MR+6M?	8:d.ãQHEd!B:6X_MP�C�?5>@d:6M<
>L?À8:D56�c�6MBYe½6�HEBYK@eí<kH�ehd£PE[�<5>LCE>@8�H\Kb_MP�R�S5A28J6MB�<56Md:>@C�?�-�jlD56�P�BY>LC�>@?kHEK²cEP�?Á/^6XA2R�HE?2?ø_XP�?5_M6XS28
>L?5_MKLA5<56M<�8JD56�?5PE8:>LP�?
PE[²HEKLK@P�ãZ>@?5C»>@?5dY8:B:A5_98J>LPE?5d¡8JP(376¤8JBY6�H\8:6X<°HEd�<kH\8�H�`ªãZD5>@_�DàR�6�H\?	8�8:DkH\8�8JD56
HE<5<5BY6Xd:dISkHEB�8yPE[kHE?�>L?2dY8JBYA5_M8:>LP�?!HE_M_X6XdYd:>@?5C�HbcE6X_M8:P�By6MKL6MR+6M?	8X`\[µP�Bª69è2HER�S5K@6E`E_MP�A5K@<�3ç6·>@?5_XBY6XR�6X?x8J6M<
<5A5B:>@?5C�8:D56¡69è�6X_MA28J>@P�?(PE[IH�S5B:P�CEBJHERùKLPhP�S£HE?2<f8:D	A5dZS5B:Ph<5A5_M6W8JD56¡69ëi6M_M8ZPE[ªS5BYP�_M6Xd:dY>L?5C�H�cE6X_M8:P�BX-
14?»S5BJH\_M8J>@_X6\`�D5P�ã·6McE6XBX`58:D5>Ld¼8J6M_�D5?5>@ühA26�HEKLK@P�ãZd¼dYP�R�A5_�D£dY_XP�Sç6^[µP�BsS5BYP�C�BJH\Rù6MB:BYP�B·8:DkH\8s8JD56^A5d:6WP\[
HE?£>L?5<269è£BY6XC�>@dY8:6XBQãQHEdZ>L?x8JBYP�<2A5_X6M<qH\dl6�HEBYK@e�HEdl>L?»8:D56.ØGHE?5_�D26XdY8:6XB^ØGHEBYÛ�Ü�`2HE?5<£8JD5>@dQ8J6M_�D5?5>@ühA26
DkHEd�376M6X?àA5d:6M<�HEKLR�P�d�8¡A5?5>®c�6XBYdJHEK@K@e�69c�6MB�d:>@?5_X6\-�jlD	A5d.c�>@BY8:AkHEKLK®e�H\?	e
<2>LC�>®8�HEKg_MP�R�S5A28J6MB�_�HE?ï376
A5d:6M<à8JP(S5BYP�_M6Xd:d.c�6M_M8JPEB:dX-�jlD56�<5>®ëi6MB:6M?5_X6Md!3ç6M84ã·6X6M?�R�HE_�D2>L?56Md.K@>L6¤>@?ï8:D56�H\<5<5B:6Md:dY>L?5C([êHE_X>@KL>@8:>L6Md
ãZD5>L_�D�8JD569e±S5B:P�ch>L<56Z8JP.d:A2S5S7PEBY8QHE_X_M6Xd:dY6Xd²8:P!<kH�8�H�dY8JBYA5_M8:A5B:6MdX`2HE?5<+ãZD26M8JD26XBQPEBs?2PE8·8:D56Me±>@?5_XK@A5<56
>L?5d�8JB:A2_M8J>@P�?5dbãZD5>L_�D�S5BYP�_M6XdYd!H+d:6Xü	A56M?5_X6�PE[=cE6X_M8:P�B¡6XK@6XR�6X?x8JdM-�jlD56XBY6±HEB:6�6Md:dY6X?x8J>LHEKLK®eq84ã·P»84ehS76Md



PE[�c�6M_M8:P�B²R+HE_�D5>L?26E`hdYehdY8:6XR�dld:A5_�D(HEds8JD56WNQBJH�exé�Ü�`�>L?�ãZD5>@_�D�c�6M_M8:P�B²>L?2dY8JBYA5_M8:>LP�?2d²HEBY6zB:6MC�>Ld�8J6MB�é­8:P\é
B:6XCE>LdY8:6XBOP�Sç6XB:H\8J>@P�?5dªHE?5<.dYehd�8J6XR�dªd:A5_�D¤H\d¥8:D56QN²U�N°N·eh376MBg÷\ñxá�`�>L?¡ãZD5>L_�D.c�6M_M8JPEBI>@?5dY8:B:A5_98J>LPE?5dªHEB:6
dY8JPEB:69é¸8JP\é­dY8:P�B:6ZP�Sç6XB:H\8J>@P�?5dX-I14?�3çPE8JD�_�H\d:6Xdsc�6M_M8JPEBQP�BY<56XBYdQHEBY6ZS5B:P�ch>L<56M<»HEd·H�R+6XHE?5dsPE[�>@R+S5BYP�c�>@?5C
S76MBY[µP�BYR�HE?2_X6E-
jlD26£NQBJH�exé�Ü�õ�ÜEÜMös>Ld¡8JD26+K@P�C�>L_XHEKgdYA5_X_M6Xd:dYP�B�8:Pq8JD26»N²U�N �\ò�ñ�ñ2`¥>L?
ãZD5>@_�D°c�6M_M8JPEB�P�Sç6XB:H\8J>@P�?5d

ãQ6MB:6W>@?	8:B:Ph<5A5_M6X<fHEdQH�R+6XHE?5d·PE[¥P�c�6XBY_XP�R�>L?2C�DkHEBY<2ã²H\B:6W3çPE8:8:KL6M?56X_�Û	d²>@?�8JD56 �Eò�ñ�ñ�-gjlD56zîkP�H\8J>@?5C\é
S7P�>@?x8�H\<5<5>@8:>LP�?íHE?2<�R�A5K®8J>LS2KL>L_XH\8J>@P�?°A2?5>@8:d�>L?Þ8JD26 �Eò�ñEñïDkH\<øHà_MP�R�35>@?56X<í69è�6X_MA28J>@P�?�_XHESkHE_M>@84e
PE[lÜ�-ôá�Ú �ªú¡Fs]5Ù�N �ªú�N²mÐÝäîkPxH\8:>L?5C�é4SçP�>L?x8bP�Sç6XBJH�8J>LPE?5d^Sç6XB^_XK@P�_�Û�â9-zr^P�ã·6Mc�6MBX`O>@?5dY8:B:A5_98J>LPE?5dz_MP�A5KL<
P�?5K@e�376(>LdYd:A56M<�H\8+HàB:H\8J6fPE[WP�?56(S76MB�_MKLPh_�Ûð-øÚkA5BY8:D56XBYR+P�BY6E`·B:6XdYA5K@8:d+_MP�A5K@<½P�?5K®e�3ç6qBY6M8JA2B:?56M<
8JP£8JD56±îkPxH�8J>L?2C\é4SçP�>L?x8zP�S76MBJHE?2<àBY6XC�>@dY8J6MB:d+Ý �ùBY6XC�>@dY8J6MB:dJâ.H\8.HfBJH�8J6±PE[·P�?56�S76MB._MKLPh_�Ûð-+jlD	A5d�8JD56
R�H�è�>@R�A5R î5PxH\8J>@?5C\é­S7P�>@?x8¤69è�6X_MA28J>@P�?½B:H\8J6fãQHEd+BY6Xd�8JB:>@_M8:6X<�3xeÞ3çPE8JDÀPE[z8:D56XdY6G_XPE?5dY8:BJHE>@?	8:d�8:PÀÜ
Ú �ªú�FsÙ�N �ªú�N²m¤-
14?�8JD56zNQBJH�exé�Üb8JD56Zc�6M_M8:P�B·PEB:<56MB:dQ_XHEA5dY6^d�8JB:6XHER�d·PE[iA5S+8:P�ò��.<kH\8JH.6MKL6MR+6M?	8:ds8:P!3ç6bS5B:Ph_X6Md:d:6M<

HEd�HïB:6Md:A5K®8�PE[zP�?56(>L?5d�8JBYA5_M8:>LP�?À>Ld:dYA56E- �¼6M_M8:P�B:d�HEB:6(_XP�?x8JHE>L?56M<½>@?�H
d:6M8�PE[¡6M>LC�Dx8 � BY6XC�>@dY8:6XB:d
ÝµßkC�A2B:6ï÷�â�`z6�H\_�D)_XHESkHE35K@6�PE[.D5P�K@<5>L?5CÞò �í6MKL6MR+6M?	8:dïÝê6XHE_�D)P\[�ò���32>@8JdJâ9`zHE?5<ÁH�84e�S2>L_�H\KWc�6X_98JP�B
>L?5d�8JB:A2_M8J>@P�?(_�HEA5dY6Xd^d:6M8:dWPE[yP�S76MBJHE?2<5d^8:P�3ç6.8JHEÛE6M?G[µB:P�R 84ã·P � B:6MC�>Ld�8J6XBYdzH\?5<G8JD26!BY6Xd:A2K@8Jdb8JP�376
B:6M8:A5B:?26X<f8JP�H±8:D5>LBY<�-g14?f8JD56¡[µP�K@KLP�ãZ>L?2C�>L?5d�8JBYA5_M8:>LP�?fd:6Mü	A56X?5_M6

��ñ � ��Ü�����÷
��u � � �����!á

8JD56�d:6M_XP�?2<G>L?2dY8JBYA5_M8:>LP�?fA5dY6Xd^<5>@ë76XBY6X?x8bB:6XCE>LdY8:6XBYd^H\?5<GH¤<5>®ëi6MB:6M?	8b[µA5?5_98J>@P�?kHEK�A2?5>@8l[µBYP�R 8JD26�ß5B:dY8
HE?5<�_�H\?ï3ç6�>@d:d:A26X<
P�?56¤_MKLPh_�ÛqSç6XBY>LPh<�H\[ä8J6MBz8JD26�ßkB:d�8�>L?5d�8JB:A2_M8J>@P�?�-!]�A532d:6Xü	A56M?x8!8:P»8JD56�S2>LSç6XKL>@?56
dY8�H\BY8Yé­A5S°<26XKÄH�ehd.>L?à8:D56±[µA5?5_M8:>LP�?5HEK¼A5?5>@8:d»Ýµ6�HE_�D°PE[QãZD5>@_�D�_�H\?°_�H\B:BYeïP�A�8�P�Sç6XB:H\8J>@P�?5d.H\8�HqB:H\8J6
PE[QPE?56±S76MB._MKLPh_�ÛGSç6XBY>LPh<ðâ9`¥H£îkPxH\8:>L?5C�é4SçP�>L?x8WBY6XdYA5K@8¡ãZ>@KLK=HES2S76XHEBW[µB:P�R 37PE8:D�8JD56�HE<5<26XB.HE?5<
8JD56
R�A5K@8:>LS5K@>L6MBQ>L?(6�H\_�D�d:A5_M_X6Md:d:>®c�6¤_MKLPh_�Û£S76MB:>LPh<�-·jlDhA2dW>@[yS76MBY[µP�BYR�HE?2_X6�>Ldb6Xd�8J>LR+H\8:6X<(>L?f8J6XBYR+dbP�?5K®e
PE[iîkP�H\8J>@?5C\é4SçP�>@?	8sH\<5<5>@8:>LP�?�HE?2<»R�A5K®8J>LS2KL>L_XH\8J>@P�?�`�8JD56^R�H�è2>@R�A5R îkPxH\8:>L?5C\é­S7PE>L?x8¼69è�6X_MA28J>@P�?»B:H\8J6b>Ld
÷�Ú �ªú¡F·]2Ù�N �ªú.N²m¤-7ÚkA5BY8:D56XBYR+P�BY6E`iHEB:P�A2?5<�ò�ñ�P\8JD56MBW>L?5d�8JBYA5_M8:>LP�?5d^_�HE?G376�>@d:dYA56X<�3ç6M[µP�BY6!8:D56XdY6
A5?5>@8:dlB:6MühA2>LB:6¡[µA5B�8JD56MBZ>L?5d�8JB:A2_M8J>@P�?5d²8:P�Û\6X6MSq8JD26XR 35A5d�e�-
jlD26�37PE8Y8JK@6X?56M_�Û�P�?�8JD26�6X?x8JB�eøPE[.B:6Md:A5K®8Jd£>L?x8:P�B:6MC�>Ld�8J6XBYd£>Ld»P�cE6XB:_MP�R�6ï3xe½S5B:P�ch>L<5>@?5C�6�H\_�D

c�6X_98JP�BsB:6MC�>Ld�8J6MBgãZ>@8JD�>@8:d=P�ãZ?�>L?2S5A28sR�A5K®8J>LS2KL69è�6MBg_X>@B:_XA2>@8JB�e�[µP�B¼dY6XKL6M_M8:>L?5C�B:6Md:A5K®8Jd¼[µB:P�R�HER�P�?5C¡8JD56
d:6McE6X?½[µA2?5_M8:>LP�?kH\K²A5?5>®8Jd¤ãZD5>L_�Dí_�H\?ÀS5BYP�<2A5_X6fc�6M_M8JPEB+BY6Xd:A2K@8Jd�HE?2<�`Q_MP�B:BY6Xd:SçP�?5<2>L?5C�K®e�`sS5B:P�ch>L<2>L?5C
6�HE_�D½cE6X_98JP�B�[µA5?5_M8:>LP�?5HEKZA5?5>@8�ãZ>@8:D½>®8Jd�P�ãZ?½>L?5S5A�8�R�A2K@8J>@S5KL6�è�6XB:d¤[µP�B±dY6XKL6M_M8:>L?5Cïc�6X_98JP�B�B:6XCE>LdY8:6XB
P�S76MBJHE?2<5dX-
ì^SkHEB�8z[µB:PERÊP�cE6XB:_MP�R�>L?5C�8:D56�3çPE8:8:KL6M?56X_�Û	dW>@<56X?x8J>®ßk6X<�>@?q8:D56 �Eò�ñEñ�Ýµ8:D56XR�d:6MK@cE6Xd¡69è2HER�S5K@6XdzP\[

8JD56bd:P�_XHEKLK@6X< ��c�PE?£/^6MA5R�H\?5? ��3çPE8Y8JKL6M?56X_�Û�â�`�c�6M_M8:P�BQS5BYP�_M6XdYd:>L?2C¤HEKLdYP!<26XKL6MCxH\8:6Xd·8:P�DkH\B:<2ãQHEB:6b8JD56
_XP�?x8JBYP�KsPE[lc�6M_M8JPEB¤KLPhP�S5d�ãZD5>L_�D�>@?�HGd:_XHEKÄH\B�R+HE_�D5>L?26+ã·P�A5KL<°B:6Xü	A5>@B:6�8:D56»6�è26M_XA28:>LP�?�P\[Z35BJHE?2_�D
>L?5d�8JB:A2_M8J>@P�?5d�Ýä8JD56MR+dY6XK®c�6Xdb?5PE8:P�B:>@P�A5dQ[µPEBlB:6X<2A5_X>@?5C±S5>LSç6XK@>L?56WSç6XB�[µP�B:R+HE?5_M6�âQH\?5<GH\KLKLP�ãZd²S2B:6M[µ698J_�D�é
>L?5C»P\[·d�8JBY6�HER�dWPE[sP�Sç6XB:HE?5<5dW8:P»376¤_XHEB:BY>L6M<�P�A28¡>@?�DkHEBY<2ã²H\B:6E`O6M>@8:D56XBW[µP�B^>LR�R+6M<5>ÄH�8J6.A5d:6(ÝêHEdW>L?
dYehdY8:6XR�dzd:A2_�D�HEdZ8JD56�N·eh376MB¡÷EñxáEâlPEBb[µP�BlßkK@KL>@?5C¤B:6MC�>Ld�8J6XBYd�ÝêHEdb>L?GNQBJH�e(dYehdY8:6XR�d�â9-Zp·PE8JDqPE[y8:D56XdY6
8J6X_�D2?5>Lü	A56Md^D56MKLS£8JP�>LR�S5BYP�cE6¡S76MBY[µP�BYR�H\?5_X6\-

	�
�� 
 ������
 � ���������������! "�
jlD56^ßkBYdY8²NQBJH�exé�ÜzãQHEd·<56XK@>@c�6MB:6M<»>L?(Ü�t��Eò�-y14?»R�>L<(Ü�t��Et¡ã·P�B:Û±dY8JHEBY8:6X<»PE?+8JD26z<56Md:>LCE?�PE[¥H.dYehdY8:6XR
ãZD5>L_�D�ã·P�A5K@<�DkH�c�6fHE?�6Md:d:6M?x8J>ÄH\KLK@eà>L<26X?x8J>@_�HEKs>L?5d�8JBYA5_M8:>LP�?�dY6M8¤8:PG8JD56£NQBJH�exé�Üf35A28¤_MP�?5dY>L<56MBJHE35K®e
R+P�BY6GSçP�ãQ6MBX- jlD56�S7PEd:d:>@35>LK@>@84eÞPE[.P�3�8�HE>@?5>L?5Cï8JD5>@d»SçP�ã·6XB£3xe�HE<5<5>@?5C�R�P�B:6GcE6X_98JP�B£A5?2>@8Jd+ã²HEd
_XP�?5dY>L<56MB:6M<�`x35A28sHEK®8JD5PEA5C�D�>@R+S5BYP�c�6X<�cE6X_98JP�B¼Sç6XBY[µPEB:R+HE?5_X6·ã²HEd=PE3	ch>@P�A5d:K®e�>@R+SçP�BY8JHE?x8�`�8JD56l69ëi6M_M8:d
PE[çìzR�<kHED5K n0d �ªH�ãÀ<5>L_98�H\8:6X<¤8JD5H\8g8JD26l?56X6M<±[µPEBg>LR�S5B:P�cE6X<±d:_XHEKÄHEByS76MBY[µP�BYR�HE?2_X6QãQHEd¼HE_98JAkHEK@K@e.R�P�B:6
>LR�S7P�B�8�HE?x8X-°ì <56XK@>L3ç6XB:H\8J6»<26X_X>@d:>@P�?�ã²HEd±8JD26XB:69[µP�B:6fR+HE<56»8:PïS2A5B:dYA56GH�R�A2K@8J>@S5B:Ph_X6Md:dYP�B¤<56XdY>LC�?
BJH\8:D56XB.8JDkHE?�PE?56»>L?xcEP�K@ch>L?2CGR�A5K®8J>@S5KL6¤c�6M_M8:P�B�A5?5>®8JdM-�jlD56»S5BYPE8JPE84ehSç6�84ã·P\é4S5BYP�_M6XdYd:P�B�cE6XB:dY>LP�?�P\[



Memory

Pop. Count

Shift

Logical

Add

Vector

Floating−point
Reciprocal

Multiply

Add

Address
Multiply

Add

Pop. Count

Shift

Logical

Add

Scalar

V Registers

S Registers

A Registers

Instruction

Buffers

T Registers

B Registers

ORGANISATION OF THE CRAY− 1 PROCESSOR

ÚI>LC�A5BY6�÷ )sNQB:H�exéJÜ�F=B:Ph_X6Md:dYP�BWúWBYCxHE?5>@dJH\8:>LP�?

8JD5>@d^d�e�d�8J6MRq`ð8JD56�NQBJH�e �^é�ØGFsÙ�÷�`ç376M_�HER�6!PES76MBJH\8:>LP�?kH\KO>L?°Ü�t �x÷�-l14?àÜ�t � ��NQBJH�e(>L?x8JBYP�<5A2_X6X<(8JD56
�zé�ØqFI-sìzB:_�D2>@8J6M_M8:A5BJHEK@K@eÞ8JD26��zé�ØGFû>Ld�A2S	ãQHEBY<5d£_XP�R�SkH\8:>L35K@6£ãZ>@8JDÀ8JD56 �bé�ØGF 35A�8£DkHEd£H°ux÷�é
35>@8^HE<5<2B:6XdYd:>@?5C£_�HES5HE35>LK@>@84eE`kA5d:6MdW?56Mã·6XBW8:6X_�D5?2P�KLP�C\eGH\?5<�PEë76XBYdzC�BY6�H\8:6XBzSç6XB�[µP�B:R+HE?5_M6E-ZjlD56�ß5B:dY8
R+Ph<56XK	>@?�8JD56QBJHE?5CE6E`E8:D56��zé�ØGFsÙ���ux÷h`�_XP�?x8JHE>L?56M<�6X>@C�Dx8gS5BYP�_M6XdYd:P�BYdgãZ>@8JD�H¡òz?5dg_MKLPh_�Ûç`�ux÷WØ(ã·P�B:<2d
PE[¼D5>LCED�d:Sç6X6X<
_M6X?x8JB:HEKgR�6XR�P�BYe�Ýê>@?
÷�áEò»3kH\?5Û	d�âWHE?5<
H»dYKLP�ã·6XB¡d:PEKL>L<GdY8�H�8J6¤R�6XR�P�BYe(_XPE?	8JHE>L?2>L?5C
Ü�÷��2`5÷�áEò¤P�B^á�Ü�÷¤Ø(ã·P�BY<5dX-
ì^KLKª8JD56Md:6±dYehdY8:6XR�d�DkH�c�6+H»_XP�R�R+PE?�R+6MR+P�B�eq8:P»ãZD5>L_�DàHEK@Kª8:D56±S5B:Ph_X6Md:d:PEB:d�DkH�c�6±R�A5K®8J>@S7P�B�8

HE_X_M6Xd:dM-=14?�8:D56^NQBJH�exé�Ü^H¡d:>L?2C�KL6lSçP�BY8¼>@d=A5d:6M<+[µP�B¼H\KLK5<kH�8�HW8JB:HE?5dY[µ6MB:ds376984ãQ6M6X?�8:D56lc�6M_M8JPEBsBY6XC�>@dY8:6XB:d
HE?5<GR�6XR�P�B�e�-ljlD	A5dWP�?2K@efP�?56�c�6M_M8:P�BW_�H\?G3ç6�B:6XHE<GPEBbãZBY>@8:8:6X?�H�8WH±8J>LR�6+Ý H\8zH+B:H\8J6.PE[=PE?56�Sç6XB
_XKLPh_�Û£Sç6XB:>@P�<kâ9-lrbP�ã·6McE6XBM`i8JP+d:A5d�8�HE>@?GR+H�è�>LR�A5R îkPxH\8:>L?5C\é­S7PE>L?x8ZS76MBY[µP�BYR�H\?5_X6�8JD56.A5?5>®8JdbB:6MühA2>LB:6
[µP�A5B¡>L?2S5A28!HE?5<ïS5B:Ph<5A5_M6�84ã·PGPEA28JS5A�8!PES76MBJHE?5<2d.Sç6XB._XK@P�_�Ûð-�jlD5>Ld�>@d¡?5PE8!H(S2B:P�35K@6XR >@?
R�H\8:B:>�è
R�A5K@8:>LS5K@>L_XH\8J>@P�?�`�[µP�Bl6�è5H\R+S5K@6E`2ãZD26XB:6�8JD26!P�A�8JS5A28bPE[ª8JD26.R�A5K@8:>LS5K@>L_�H�8J>LPE?+A5?2>@8Z3ç6X_XPER+6Md^H\?q>@?5S5A28
8JP�8:D56¡HE<5<26XBlHE?2<»[µP�B·[µA5K@K7Sç6XB�[µP�B:R+HE?5_M6zP�?2K@e±84ãQP¤>@?5S5A28²P�S76MBJHE?2<5d²Sç6XB²_MKLPh_�Û+H\B:6WBY6Xü	A5>LBY6X<�-súW?56
PE[78:D56XdY6^>@d¼H¡B:P�ã�PE[7P�?56ZR+H\8JBY>®è7`�D56MKL<�>L?�HWc�6M_M8JPEB·BY6XC�>@dY8J6MB¼HE?5<�>@8=>@d¼P�?5K@e�?56X_M6XdYdJHEB�e�8:P¡[µ6M8J_�D�P�?56
P�S76MBJHE?2<�Ýµ8:D56�_MP�KLA2R+?5d^PE[g8:D56�dY6X_XPE?5<�R�H�8JB:>�è5â²[µBYP�R R+6MR+PEBYe(H\8zH�8:>LR�6.8:P�d:A2dY8�H\>L?�R+H�è�>LR�A2R
S76MBY[µP�BYR�HE?2_X6E-ªrbP�ã·6McE6XBM`E[µP�B�dYP�R+6=P\8JD56MB¥HEKLC�PEB:>@8:D5R�dX`X8:D56sNQBJH�exé�Üs>Ld�R�6XR�P�B�ez3kH\?5<2ãZ>L<�8JD.KL>LR�>@8:6X<�-
jlD26QA5dY6QPE[2R�A5K@8:>LSçP�BY8¥R�6XR�P�BY>L6XdO>@?.8:D56 �bé�ØGF�H\?5<�>®8Jdªd:A5_M_X6XdYd:P�BYdgP�c�6MB:_XPER+6Mdy8JD5>@d¥KL>LR�>@8JH\8J>@P�?�-

14?�8JD56 �bé�ØGFsÙ �5`Z[µP�B+69è2HER�S5KL6ÞÝäßkC�A5BY6
uxâ9`l8:D56�R+6MR+PEBYeÀ>Ld�PEB:CxHE?2>Ld:6M<æHEd»[µP�A5B�d:6X_98J>@P�?5d£6�H\_�D
_XP�?x8�H\>L?5>@?5C�Ü�ò»3kH\?5Û	dX`¥HE?5<
6XHE_�DàS2B:Ph_X6XdYd:P�B¡D5HEd�HE?�>L?2<56XSç6X?5<26X?x8!HE_X_M6Xd:d�SkH�8JD
>L?x8JP£6XHE_�D
PE[¼8JD56
[µP�A5BQdY6X_98J>LPE?5dX-·N²F¼a�FIP�B�8Jdlì�H\?5<fpæHEB:6WA2d:6X<f3xe�cE6X_98JP�BlBY6�HE<f>L?2dY8JBYA5_M8:>LP�?2dlHE?5<fFªP�BY8bNø>LdQA5d:6M<
3	eqc�6M_M8JPEB.d�8JP�BY6¤>L?5d�8JBYA5_M8:>LP�?5d�H\?5<
3	e�d:_�H\KÄHEBW>@?5dY8:B:A5_98J>@P�?5dX-!jlD56+N²F¼a FIP�B�8Jd�_XP�?x8JHE>L?�8:D56±KLP�C�>@_
ãZD5>L_�D
C�6M?56XB:H\8J6Md¡d:6Xü	A56M?x8J>ÄH\K=R+6MR+P�B�e�H\<5<5B:6Md:dY6Xd�[µP�Bzc�6M_M8:P�B.HE_X_M6Xd:dY>L?5C2-¤Øq6MR+P�B�e�HE<2<5B:6Md:d:>@?5Cf>Ld
HEB:B:HE?5C�6M<qdYA5_�DG8JD5H\8bd:A5_M_X6XdYd:>®c�6�6MKL6XR�6X?x8:dbP\[=H¤c�6X_98JP�B^PE[gd�8JBY>L<56±Ü!HEB:6.HE_M_X6XdYd:6M<�[µB:P�R dYA5_X_M6XdYd:>@cE6
d:6X_98J>@P�?5d�P\[l8JD56»R�6XR�P�B�e�`gH\?5<�ãZ>@8:D5>L?à6�HE_�D�dY6X_M8:>LP�?�[µBYP�R d:A5_M_X6Md:d:>®c�6f3kHE?2ÛhdM-�jlD56»3kH\?5Ûà_9eh_XKL6
8J>LR�6²>@dg[µP�A5B¼_XK@P�_�Û	dX`	35A�8sãZ>®8JD5>@?±6�HE_�D�d:6M_M8J>@P�?�6�HE_�D+3kHE?5Û�>@d¼_XP�?5?26X_M8:6X<�c�>LH�H.dY6XSkHEB:H\8J6Z<kH�8�H�SkH\8JD
8JP£6�H\_�DàSçP�BY8¡HE?5<�8JD56¤<5H\8�H£SkH\8:D
>LdWP�?2K@eqB:6Xü	A5>@B:6M<à>@?�8JD56¤KLHEdY8¡_MKLPh_�ÛGPE[s6XHE_�Dà_9eh_XKL6\-�jlD	A5d¡8JD56



I/O

CPU Ports

CPU Ports CPU Ports

CPU Ports

Path
Selection

Path
Selection

Path
Selection

Path
Selection

A B C A

A A

B

B BC

C

C

Section

Section Section

Section

0

12

3

MEMORY ORGANISATION IN THE CRAY X−MP/4

Úy>LCEA5B:6�u�)sØ(6XR�P�BYe(úWBYCxHE?5>@dJH\8:>LP�?»>@?£8JD56!N²,Zì � �bé�ØGFsÙ �

R+6MR+P�B�e�_XHE?(d:A5d�8�HE>@?GH�8JB:HE?5d�[µ6XBZBJH\8:6¡PE[gPE?56WãQPEB:<GSç6XBl_MKLPh_�Û�ch>ÄH¤6�H\_�DqSçP�BY8X-
]hDkHEB:6M<!R�6XR�P�B�eWdYehd�8J6XR�dydYA5_�D�H\d¥8:D56·NQBJH�e��^é�ØGF�HE?2< �^é�ØGFGdY6XBY>L6XdªDkH�c�6s3ç6X6X?!d:A5_M_X6Md:dY[µA2K2HEd

d:A5Sç6XBY_XP�R�S5A28:6XB:d=S2B:>LR+HEBY>LK@e�3ç6X_XHEA5dY6b6XHE_�D±S5B:Ph_X6Md:dYP�B¼>LdgdYP¡S7P�ã·6XBY[µA2K � 8JD56ldY_XP�Sç6²[µP�BgS5HEBJHEK@KL6MKL>LdYR�>Ld
dY8JBY>L_98JK@ezKL>@R+>®8J6X<i`�d:>@R+S5K®eW3ç6X_XHEA5d:6QHEKLK\8JD56sR+6MR+PEB:>L6Md¥HEB:6¼dYDkHEB:6M<�3xe.HEK@KE8JD56sS5BYP�_M6Xd:dYP�B:dyHE?5<�8JD56MB:6s>Ld
H�K@>LR�>@8ª8JP�8JD56Z?	A5R�3ç6XBsPE[7S7PEBY8Jd=ãZD5>@_�D+_XHE?�376b35A5>@K@8=>@?	8:P.H.R�A2K@8J>�é4SçP�BY8IR�6XR�P�BYe�dYehdY8:6XR(-=14?5<56X6M<
8JD56(Ü�ò�é­S5B:Ph_X6Md:d:PEB �^é�ØGF%N²tEñq>Ld�S5BYP�3kHE32K@e�8:D56+6M?5<°P\[²8JD56�KL>@?56¤d:P([êHEB.HEd�8JD5>@d�84ehSç6�PE[QdYehdY8:6XR
>Ld¡_XPE?5_X6MB:?56M<�-fNQBJH�eçnod!PE8:D56XB�K@>L?56¤PE[Q<56McE6XK@P�S5R�6X?x8�`¥8JD56�NQBJH�exé�÷fHE?5<ï3ç6Me�PE?5<�`yD5HEd�C�B:P�A2?5<ï8:PGH
DkHEK@8b3ç6X_XHEA5d:6!PE[=S5BYP�<2A5_M8:>LP�?q<5> � _XA2K@8J>@6XdlãZ>@8:Dq8:D56¤NQB:H�exé4u2-^]hehdY8J6MR+d^35A5>@K@8bA5d:>@?5C»H�R�A5K®8J>LS2KL>L_M>@84e
PE[Z]�1�]�U dYehdY8:6XR�d!ãZ>®8JD°dY>LR�S5KL6¤R�6XR�P�B�e
>L?x8J6MBY[êHE_M6Xd.PEëi6MB!CEB:6�H�8J6XB.d:_MP�Sç6+[µP�B�SkHEB:HEKLK@6XK@>Ld:R(`�A5dY>L?5C
6X>@8:D56XBldYDkHEBY6X<(R+6MR+P�B�e»P�Bl<2>LdY8:B:>@35A28J6M<fR+6MR+P�B�e�ãZ>®8JDfR+6Md:d:HEC�6�SkHEdYd:>L?2C5-

� � � ��� � 	 Ò�
�� � $ �"((Î��gÖ¡× Î

Øq6XdYdJHEC�6�SkHEd:dY>L?5C�dYehdY8:6XR�d¡PEëi6MBz_MP�?5d:>@<56XB:HE35K@6!dY_XP�Sç6�[µP�B^SkHEBJH\KLKL6MKL>@d:R(-lr^6MB:6�8:D56�S5BYP�35K@6XR�d^DkH�cE6
S5B:>@R�HEBY>LK®e£376M6X?
>L?�<26Mch>LdY>L?5C£>@?	8:6XBY_XP�?5?26X_M8:>LP�?�dY_�D56XR�6Xd�ãZD5>@_�DàH\B:6�3çP�A5?5<26X<
>L?�8:>LR�6�HE?5<
dYSkHE_X6
3	e+d:PER+698JD5>@?5C�KL6Md:dQ8:DkHE?�8:D56WdYühA5HEB:6¡PE[O8:D56W?	A5R�3ç6XBQPE[¥S5B:Ph_X6Md:dYP�B:d.Ý �Xþ �Mþ=8:D56W_XBYP�d:d�é43kH\B²dYãZ>®8J_�D£>L?
8JD56±Ü�ò�é­S5B:Ph_X6Md:dYP�B^Nz-0R�R+Sàõ�Ü�÷�ö `kP�?56.PE[ª8JD56¡cE6XBYef6XHEB:K@>L6MdY8ZR�A5K®8J>@S5B:Ph_X6Md:d:PEBldYehdY8:6XR�dX-²rZehS76MB:_XA2376Md
HE?5<ø35A28Y8J6MBYî5eø?26M84ã·P�B:Û	d(DkH�c�6�[µP�A5?5<ø[êH�c�PEA5B£>L?�8:D56
aW]�ì � >L?ø;=A5BYP�Sç6E`^ãZD26XB:6
R�P�dY8»SkHEBJH\KLKL6MK
dYehdY8:6XR�d£HEB:6(3kHEdY6X<øP�?í8JD56qjIB:HE?5dYS5A28J6MBX`ZR�P�B:6 
���� � �±d:P�K@A28J>@P�?5d±>L?xcEP�K@ch>L?2C�HàR�A5K@8:>LS5K@>L_X>®84e°P\[
d:R+HEKLK¥_XPE?2ßkC�A5B:HE35K@6�_XBYP�d:d�é43kH\BWdYãZ>®8J_�D56Md¡DkH�c�6¤3ç6X6X?�A2d:6X<i-.jlD26Xd:6±H\KLKLP�ãÔ8:D56�A5dY6XBW8:P»_�DkHE?5CE6�8JD56
8JP�SçP�KLPECEe�8JPGd:A5>®8!8:D56»HES2S5KL>@_�H\8:>LP�?�-£1­[l8:D56»S5BYP�35K@6XR d:6M6XR�d�8JPGB:6Xü	A5>@B:6�Hq8JBY6X6�P\[ZS5B:Ph_X6Md:d:PEB:dX`¼H
d:ü	AkHEBY6¤P�BW6McE6X?àH»Dxe�Sç6XBY_XA53ç6E`¥8JD26�dYãZ>®8J_�D56Md._XHE?
376¤_MP�?2ßkCEA5B:6M<àH\_X_XPEB:<5>@?5C�K@eE-�jlD56XdY6�d�ãZ>@8:_�D5>L?5C



�

�

�

�

�

�

�

�

�

�
�
�
�
�
�
� �

�

�
�
�
�
�
�
� �

�

�
�
�
�
�
�
� �

�

�
�
�
�
�
�
� �

�

� � � � ���� � � � ��	

�

�

� � � � ���� � � � ��	

�

ñ
Ü
÷
u
�

á
ò
�

ñ
Ü
÷
u
�

á
ò
�


��
��
+� � ��
 � ��
 ���

�

�

�

�

�

�

�

�

ÚI>LC�A5BY6 � )¼ìz? ��é¸ã²H�efu±KÄH�eE6XBZR�A5K®8J>id�8�HECE6.?26M84ã·P�B:Û£A5dY>L?5C+÷ �æ÷�_XB:PEd:d�é­3kHEBZdYãZ>®8J_�D56Md

R+6M_�DkHE?5>@d:R�dsã·6XBY6¡<56McE6XKLPES76M<fHEdQ6�è�8:6X?5dY>LP�?2d²8JP!8:D56WK@>LR�>@8J6M<¤[µA5?5_M8:>LP�?5HEKL>®84e¤PE[O8JD26WS7PE>L?x8Yé¸8JP\é­S7P�>@?x8
_XP�R�R�A5?5>@_�H\8:>LP�?2d!S5BYPE8JPh_XPEKLd�>@R+S5K@6XR�6X?x8J6M<�>L?�8:D56£jIB:HE?5dYS5A28J6MBX-�jlD26(<26Mc�6MKLP�S2R+6M?	8�PE[b6 � _M>L6M?	8
B:P�A28:>L?5CfS5BYPE8JPh_XPEKLdX`¥ßkBYdY8�>@?àdYPE[ä84ãQHEB:6�õ�Ü�u�ö¸`IHE?5<àD5P�Sç6M[µA5K@K@e�dYP�P�?à>L?ïDkHEBY<2ã²H\B:6�>@?à8:D56+jZtEñ�ñ�ñ2`ª>Ld
?5P�ãÔP�3xch>ÄH\8:>L?5C�8:D56�?56X6M<q[µP�Bld�ãZ>@8:_�Dq_MP�?2ßkC�A2BJHE35>@KL>®84e�-

� � � ��� � 	 Ò�
�� � $ �"((Î��yÖ¡× Î

UW6Xd:S2>@8J6�8:D56à_MA5B:BY6X?x8�SçP�S5A2KÄHEBY>@84e�P\[�<5>@dY8JBY>L35A�8J6X<ÁR�6XR�P�BYeøR�6XdYdJHECE6àSkH\d:d:>@?5C½d�ehdY8J6MR+dM`�>@8fDkHEd
376M_XP�R�6=>L?5_MB:6XHEd:>@?5C�K@eWHES5SkH\B:6X?x8¥8JD5H\8O8JD56sB:6MKÄH\8:>@cE6g6�HEdY6·P\[2S5BYP�C�B:HER+R�>L?2C²d:DkH\B:6X<.R�6XR�P�BYezdYehdY8:6XR�d
>Ld¼H�d:>LCE?5>@ßk_XHE?x8¼[êHE_M8:P�B¼>L?¤8JD56M>LB=[êH�c�P�A2BX-=ìzdsP�?56ZR�P�c�6Xd¼[µB:PER�[µA5KLK®e�dYDkHEB:6M<»R�6XR�P�BYe�dYe	8J6MR+dzÝêdYA5_�D
HEd�NQBJH�e�R+HE_�D5>@?56XdJâ^8JD5BYP�A5C�D�D2>L6XB:HEB:_�D2>L_�H\Kgd:DkH\B:6X<
R�6XR�P�BYeqdYehd�8J6XR�d+ÝêdYA5_�D°H\dW8JD56�]�6Mü	A56X?x8�âW8JP
<5>Ld�8JB:>@35A28:6X<fd:DkH\B:6X<qR+6MR+PEBYe£d�e�d�8J6MR+d�ÝêdYA5_�D�HEdZ8JD56.pQA�8:8J6MBYî5e2âZHE?5<qP�?(8:P+<2>LdY8:B:>@35A28J6M<qR�6XR�P�B�e
dYehdY8:6XR�dWãZ>@8JD�R�6XdYdJHECE6¤SkHEd:dY>L?5C2`i8JD56�S5B:P�32KL6XR�dWPE[¼ãZBY>@8J>@?5C�6 � _X>L6M?x8�S5B:P�CEBJHER�d¡HE?5<kÙ\P�BzdYA5S5SçP�BY8
6X?xch>LB:PE?5R+6M?x8Jd.>L?5_MB:6�H\d:6E-�ìz?5<°HEd!PE35d:6MBYc�6M<�3xe°]�>L698��±>L?íÜ�t �xá
õ�Ü �Eö `yH\K@8JD2P�A5C�DïR+6Md:d:HEC�6�SkHEd:dY>L?5C
R�HE_�D2>L?56Md!H\B:6�R+P�BY6±6X_XPE?5P�R�>L_�H\K¸`O3ç6X>L?2CqR�P�B:6±dY>LR�S5KL6�8:PG<56Md:>LCE?�`ª8:D56MeàHEBY6+?2PE8!HEd.cE6XBYdJH\8:>LKL6�HEd
8J>LCED	8:K@e._XPEA5S5KL6M<¤d:DkH\B:6X<�R�6XR�P�BYe.R+HE_�D5>L?26XdX-yjlD56lKÄH\8Y8J6MBy_�H\?�dY>LR�A2KÄH\8:6·8JD26²[µP�B:R�6XBM`�35A28=>®8=>LdyDkHEB:<
[µP�Bz8JD26±[µPEB:R�6XBW8JPfdY>LR�A5KLH\8J6!8JD56±KÄH�8:8J6MBX-�14?2<56X6M<�`IdYA5_�D�H\B:6�8JD26+H\<2c\HE?x8�HEC�6Md�PE[QdYDkHEBY6X<°R�6XR�P�B�e
dYehdY8:6XR�dX`^ãZD2>L_�DÁH�c�P�>@<æ8:D56�S5BYP�35K@6XR�d»PE[.S5B:Ph_X6Md:d£8JP�S2B:Ph_X6XdYd:P�BfR+HES5S5>@?5C5`l<kH�8�H�<5>Ld�8JBY>L35A28:>LP�?i`
HE_X_M6Xd:d£8:>LR�6qc\HEB:>LHE35>@KL>@84eE`Q698J_E-®`z>@?5D56MB:6X?x8f>@?�<5>Ld�8JBY>L35A28:6X<øR�6XR�P�BYeíd�e�d�8J6MR+dM`z8JDkH�8£_XP�?2d:>L<26XBJH\35KL6
B:6XdY6�HEBY_�D�6Më7P�BY8^>Ldb3ç6X>L?2C�S5A28z>L?x8JP±ãQH�ehd¡PE[gd:A5S5SçP�B�8J>L?2C+8JD26�_XPE?5_X6MS28WPE[yc�>@BY8:AkHEK¥d:DkH\B:6X<�R�6XR�P�B�e
P�?£<5>Ld�8JBY>L35A28:6X<£R�6XR�P�BYe+dYehd�8J6XR�dZ>L?£dYA5_�DGH�ãQH�e»8JD5H\8²8JD26¡S5B:P�CEBJHER�R+6MBQ>@d²B:6MKL>L69c�6M<(P\[ªã·P�BYBYeh>L?5C
HE37PEA28l8JD56Md:6�S5BYP�35KL6MR+dM-
úz[y_XP�A5BYd:6.8JD56.6�HEdY>L6MdY8bã²H�e(>Ldl8JP�A5dY6�B:6XHEKOd:D5HEB:6M<�R+6MR+PEBYe�`k32A28^8:D56X?qP�?56.>Ldl[êHE_M6X<qãZ>®8JDf8JD56

S5B:P�32KL6XRV8:DkH\8·>L?+d:DkHEBY6X<»R�6XR�P�B�e±dYehdY8:6XR�dQ8JD56^>L?x8J6MB:_MP�?5?56M_M8J>@P�?»S5BYP�35K@6XR 3ç6X_XPER+6MdQ>L?2_XB:6XHEd:>@?5C�K®e
d:6McE6XBY6fHEd�8JD26»<56XCEB:6X6�PE[ZSkHEB:HEKLK@6XKL>@d:R >@?5_XBY6�HEdY6XdM-
/^6M84ã·P�BYÛhd¤dYA5_�DíHEd�8:D56»DxehS76MB:_XA2376\`s>@?°ãZD5>@_�D
R+6Md:dJH\C�6Xd·HEB:6bB:PEA28J6M<�8JD5BYP�A5C�D�8JD56b?56984ãQP�BYÛ�[µBYP�R d:PEA5B:_M6^8JP.<56MdY8J>@?kH\8:>LP�?�>L?+H!dY6XB:>@6Xd·PE[�D5PES5dX`2HEB:6
?5PE8zHES5S5BYP�S5B:>LH\8J6¡[µP�BZdYDkHEB:6M<�R�6XR�P�BYefd�e�d�8J6MR+dM`id:>@?5_X6.6�H\_�D�S5B:Ph_X6Md:dYP�BzBY6Xü	A5>LBY6Xd^<5>LBY6X_M8zHE_M_X6XdYdz8JP
HEKLKkPE[78JD56zH�cEH\>LKÄH\35KL6²R�6XR�P�B�e�`	>@8:d:6XK®[i84ehS5>@_�HEK@K@e¤R+HE<56ZA5S»P\[OH!?	A5R�376MB·PE[�<5>LdY_XB:698J6^A5?5>@8:dX-gjlD26^84ã·P
R+P�d�8ZP�3xch>LP�A5d²8:6X_�D5?2>Lü	A56Xdb8JP±A5dY6!>@?»8JD5>@dbdY>@8:AkH\8J>@P�?fHEBY6�H±_MP�R�R+P�?f35A2dbPEBZH�_MB:P�dYd�é435HEBZdYãZ>@8:_�D�-
jlD26!dYD5P�BY8:_XP�R�>L?2C�dZPE[I8:D56._XP�R�R+PE?(32A5dzH\B:6.d:6XK®[g69c�>@<56X?x8 � 8:D56.?hA2R�376MB^P\[yS5BYP�_M6XdYd:P�BYd^ãZD5>@_�D

_�HE?
3ç6�_MP�?5?56M_M8:6X<à8:P(Hf32A5d!>@d¡B:6MdY8JBY>L_98J6X<ï?5PE8�PE?5K@eG3	eG8JD56±S5Dxehd:>@_�HEK¼HE?2<à6MKL6X_98JBY>L_�H\KgS5B:PES76MBY8J>@6Xd



PE[y8:D56�35A2dX`ç35A28¡H\KLd:P�3xef8JD56.ßk?5>@8:6!35HE?5<2ãZ>@<28JDqPE[g8JD26�35A5dbãZD5>L_�Dq_XP�?2dY8JB:HE>L?2d^8JD26!<kH�8�H�8:BJHE?2dY[µ6XB
_�HESkH\_X>@84e(3ç6M84ã·6X6M?ï8:D56�S5BYP�_M6Xd:dYP�B:d�H\?5<�R�6XR�P�BYeE-WjlD5>Ld^KÄH\8Y8J6MBzS5BYP�35KL6MR _�HE?�3ç6¤HER�6XK@>LP�B:H\8J6M<q3xe
8JD56�A2d:6¤PE[s_�H\_�D56¤R+6MR+PEB:>L6MdbãZ>®8JD5>@?�6�H\_�DïS2B:Ph_X6XdYd:P�BM`�8JD5PEA5C�D�8JD2>Ldz8:D56X?�>@?	8:B:Ph<5A5_M6XdW8JD26�[µA5BY8:D56XB
S5B:P�32KL6XR)PE[5_XHE_�D56s_XP�D26XB:6M?5_Me�õ�Ü�á�ö -y]hehdY8J6MR+dªãZ>@8:D!Hl[µ6Mãà8J6M?5dIP\[2S5BYP�_M6XdYd:P�BYdyHEBY6¼?56McE6XBY8:D56XK@6XdYdg_XP�d�8Yé
6Më76X_M8:>@cE6E`ðHEdQãZ>®8J?56Md:dY6X<G3xe+8JD56¡dYA5_X_M6Xd:d^PE[ª_XP�R�R�6XB:_M>ÄHEKçR+HE_�D5>L?26Xd²dYA5_�D�HEd·8JD56.]�6Mü	A56X?x8zp²HEKÄH\?5_X6
HE?5<�8JD26
;¼?2_XP�BY6°Ø(A5K@8:>LR+H�èÔõ�Ü�ò�ö¸-VØqP�BY6�B:6X_M6X?x8JK®e�`b8JD56
HE32>LKL>®84e�8JPíHE_M_XP�R�R+Ph<kH\8:6GSçPE8J6M?x8J>ÄH\KLK@e
DhA2?5<5B:6M<5dsP�B=S7PEd:d:>@35K@e!8JD5PEA5dJHE?2<5d·P\[iS5BYP�_M6XdYd:>L?2C!6MKL6XR�6X?x8:d=DkHEd¼376M6X?+<56XR�P�?5d�8JBJH�8J6X<±>@?±8:D56bm.]2,.Ü
ãZD5>L_�D£A5dY6Xdl<5>@dY8:B:>L32A28J6M<»_�HE_�D26XdlKL>@?5ÛE6M<£3xe�BY>L?5C�8:6X_�D5?2P�KLP�C\e�`�8:D56WP�c�6MBJHEK@Ki69ëi6M_M8l3ç6X>@?5C�8JP¤CE>@c�6b8JD56
>LKLK@A5d:>@P�?�P\[I[µA5K@K@e+d:DkH\B:6X<qR+6MR+PEBYe�H\8Z8JD56�DkHEBY<2ãQHEB:6�KL69c�6MK¸-
jlD26zd:>@R+S2KL6Xd�8·ãQH�e±8JP�>@R+S5K@6XR�6X?x8=[µA5K@Kç_MP�?5?56M_M8:>@ch>@84e�<5>@B:6X_98JK®e±376984ãQ6M6X?�� d:PEA5B:_M6WA5?5>®8Jd·HE?5<��

<56Xd�8J>L?5H\8J>@P�?�A5?5>@8:dO>LdO8JPbA5dY6QHZ_XBYP�d:d�é43kHEB¥d�ãZ>@8J_�Di-yjlD56s_XBYP�d:d�é43kHEB¥d�ãZ>@8J_�D!>Ld¥_�H\SkHE35K@6sP\[2BY6�HEK@>Ld:>@?5CZHE?xe
P�?569é¸8JP\é­P�?56\`hPEB·P�?269é­8:P\é4R+HE?xe�`hd:698²PE[�_XP�?5?26X_M8:>LP�?2dX-¼r^P�ã·6McE6XBX`58:D56zD5HEB:<2ãQHEBY6z_XPEdY8²>@d·S2B:P�SçP�BY8:>LP�?5HEK
8JP�� � �I`çHE?5<qHEd��Ð>LdZ?5P�BYR�H\KLK@e�dY>LR�>LKÄH\BQ>L?fR+HEC�?5>®8JA5<26W8JP��
8:D5>LdZ6MühA5H\8J6Md^8JP�HES2S5B:P�è�>LR+H\8J6MK@e��
	�-jlD5>Ld^R�HEÛ\6XdWdYA5_�D
>L?x8J6MB:_MP�?5?56M_M8J>@P�?�d�8JB:A2_M8JA2B:6Xd¡>@R+S2BJHE_98J>L_XHEK�[µP�B^D5>LC�D2K@efSkHEB:HEKLK@6XK¥dYehd�8J6XR�dX`7ãZD56XBY6
�
HE?5<�� HEBY6W84e�S2>L_�H\KLK@e�>L?£8JD26.B:HE?5C�6.÷
�b8:P�÷�����-
rbP�ãQ69c�6XBM`hHE?�� ��� _XBYP�d:d�é43kHEBydYãZ>@8:_�D�_�H\?�376QB:6X<2A5_X6M<�8JP^84ã·P�����÷ ������÷z_XBYP�d:d�é43kHEBIdYãZ>®8J_�D56Md

HE?5<G84ã·P��fé4>@?5S5A28z69è�_�DkHE?2C�6¤dYãZ>®8J_�D56Md¡A5d:>@?5C£H»R�6M8JD2P�<�<26Mch>LdY6X<�3xe�pQ6M?56��d�õ�Ü ��ö -WjlD56¤BY6XdYA5K@8:>L?5C
����÷ ������÷¡_XBYP�d:d�é43kH\Bsd�ãZ>@8:_�D56Xds_�HE?�3ç6ld:>LR�>LKLHEB:K®e�B:6M<5A5_X6M<�`�HE?5<¤8JD5BYP�A5C�D±8JD2>Ld=B:6M_XA5BYd:>®c�6l8JB:HE<569é­PEë
376984ãQ6M6X?°_MP�R�S5KL6�è2>®84e�H\?5<à?26M84ã·P�B:Û�KLH\8J6M?5_MeE`¥H£[µA2KLKy_MP�?5?56M_M8:>@ch>@84e�?26M84ã·P�B:Û�_XHE?à3ç6¤S5BYP�<5A2_X6X<àH\8
H�d:>@C�?5>@ß5_�HE?x8JK®e(KLP�ãQ6MBW_XPEdY8W8:DkHE?
H�[µA5K@KI_MB:P�dYd�é435HEBWdYãZ>®8J_�D�-�jlD56¤?26M84ã·P�B:Ûqd:D5P�ãZ?
>L?Gß5C�A5B:6 �2`7[µP�B
69è2HER�S5KL6\`�>LdI_XP�?5d�8JBYA5_M8:6X<�6X?x8J>@B:6XK®e![µBYP�R�÷�é4>@?5S5A28=÷�é4P�A�8JS5A28gdYãZ>@8:_�D�é4?2P�<56MdX`	HEBYBJHE?2C�6X<¤>@?¤KÄH�e�6MB:d¼HE?5<
d:A5>®8�HE35K®e�_MP�?5?56M_M8:6X<�-
ìÐ_XBYP�d:dY3kHEB�35HEd:6M<ø?56M84ã·P�B:ÛíR+H�eí6M>@8JD26XB�376q_X>LBY_XA5>®8�d�ãZ>@8:_�D56X<øP�B�SkHE_�Û\6M8fd�ãZ>@8J_�D26X<�-ÔØqP�dY8

>L?x8J6MB:_XPE?5?56X_98J>@P�?£?56M84ã·P�BYÛhdZA5dY6X<(>L?»dYDkHEBY6X<(R+6MR+P�B�e�R�A5K@8:>LS5BYP�_M6XdYd:P�B·dYehdY8:6XR�dbD5H�cE6�376M6X?f_X>@B:_XA2>@8
dYãZ>@8:_�D56X<i-GjlD56+?56M84ã·P�B:ÛàA5d:6M<�>L?ï8JD56�p²p²/ pQA28:8:6XB�î5e�`g[µP�B.69è2HER�S5K@6�õ�Ü �\ö `gHEK®8JD5PEA5C�D°<26Xd:_MB:>@376M<
HEd^3ç6X>@?5C�S5HE_�ÛE698¡dYãZ>®8J_�D56M<�`�>Ldb>L?f[êHE_98W_X>@B:_MA5>@8bdYãZ>®8J_�D56M<�-^åæD26X?�H�S5B:Ph_X6Md:d:PEBWR�H\ÛE6XdzH+?5PE?�é4K@P�_XHEK
R+6MR+P�B�e�BY6Xü	A56Xd�8»H
_X>@B:_MA5>@8¤8:PïR�6XR�P�B�e�>Ld±P�Sç6X?26X<Þ8JD5BYP�A5C�DÞ8JD56fd�ãZ>@8J_�D½HE?5<íD56XK@<ÀPES76M?ÀA5?x8:>LK
8JD56(B:6MühA26XdY8fD5HEd�3ç6X6M?�dJH\8:>Ld�ßk6X<�-ÁjlD56qSkH\8JDÀ8JD5BYP�A5C�Dí8JD56qdYãZ>@8:_�D�>LdM`²>L?À6Më76X_98�`ZHE?�6�èh8J6X?2d:>LPE?
PE[Z8JD56£S5BYP�_M6XdYd:P�B¤35A2dX-�ì²8�;=<5>@?h32A5B:C�D�ã·6fDkH�c�6f<56XdY>LC�?26X<íHE?5<�[êHE35BY>L_XH\8J6M<ÞH�S5B:PE8:PE84ehS76"� �ª]�1
<56Mch>L_M6¡Ý �W3kHEBlõ�Ü�t�öäâ�`�>L?x8:6X?5<56M<�[µP�BªA5d:6l>@?�C�6M?hA2>L?56MK@e.SkHE_�Û\6M8¼dYãZ>®8J_�D56M<¤R�A5K®8J>Ld�8�HECE6·>@?	8:6XBY_XP�?5?26X_M8:>LP�?
?56M84ã·P�B:Û	dM-
jlD26.?26M84ã·P�B:Û£dYD5P�ãZ?G>L?£ßkCEA5B:6 �±S5B:P�ch>L<26XdbH¤d:>L?2C�KL6¡35>®8l>L?x8:6XB:_MP�?5?56M_M8:>LP�?(SkH\8:D(3ç6M84ã·6X6M?�6�H\_�D

d:P�A5BY_X6±HE?2<�<56Xd�8J>L?5H\8J>@P�?�A5dY>L?5C(÷���÷+_XBYP�d:dY3kHEB¡dYãZ>®8J_�D56MdX-!p·e�>@?5_XBY6�HEdY>L?5C+8JD56¤?	A5R�3ç6XBzPE[¼ã²H�ehd��
[µP�B=6�HE_�D+_XBYP�d:dY3kHEB�é­dYãZ>®8J_�D�`�37PE8:D�8:D56Z?	A5R�3ç6XBsPE[iKLH�e�6XBYdQH\?5<+8:D56Z?hA2R�376MB·P\[�<569c�>@_X6Md·Sç6XB¼KÄH�eE6XB·HEB:6
B:6X<2A5_X6M<q[µP�B²8:D56�dJHER�6¡?	A5R�3ç6XBZPE[I>L?5S5A�8JdbHE?5<fP�A28:S5A28:dX-
jªP�8:BJHE?5d�[µ6XBzH��bé­35>@8bSkH\_�ÛE6M8z8JD5BYP�A5C�DG8:D56�?26M84ã·P�B:Ûf8JD56!S5KÄH\?56�R�A2dY8W3ç6.<5A5S5K@>L_�H�8J6X<�� 8:>LR�6Xd

8JD	A5d²C�>®ch>L?5C!KLP�ãæKÄH\8:6X?5_9e»H\?5<£D5>LCED�3kHE?2<2ãZ>L<28:D£35A28ZH\KLd:P�>L?5_MB:6�H\d:6X<£_MP�dY8X`2P�B·8JD56WS5HE_�ÛE698ZR�A5dY8Q376
8JBJH\?5dY[µ6MB:B:6M<qdY6XBY>ÄHEK@K@e�8JD5BYP�A5C�DqH¤d:>L?2C�KL6¡S5KLHE?56W8:DhA2d^R�>L?5>@R+>@d:>@?5C�_MP�dY8b35A28^H\8ZBY6X<5A2_X6X<q3kHE?5<�ãZ>L<28:D
HE?5<(>L?5_MB:6�H\d:6X<GKÄH\8:6X?5_9e�-²ì^K@8J6MB:?kH�8J>@cE6XK®e»d:PER+6.>L?x8J6MB:R�6X<5>LH\8J6�dYP�KLA28:>LP�?fR+H�e£376!HE<5PES28J6M<G>L?fãZD5>@_�D
8JD56��Zé435>®8�S5HE_�ÛE698±>Ld!8:BJHE?2dY[µ6XBYB:6M<ÀH\_XB:PEd:d±H ��é­35>@8.ãZ>L<26»?56M84ã·P�BYÛ�HEd¤HGdY6Xü	A56M?5_X6(PE[�!"������é435>®8
SkHEB:_M6XK@dX-
ÚkP�Bl6 � _X>L6M?x8z>@R+S5K@6XR�6X?x8�H�8J>LPE?»>L?(d:>@KL>L_MP�?fHE?(>L?5<2>@ch>L<5A5HEK�1�NÁR�A5dY8b8�HEÛ\6�H±<kH\8JH�ãZ>L<28:D�#+[µPEB^H

C�>@cE6X?GS2>L?(_XP�A5?x8%$�HE?2<G?	A5R�3ç6XB^PE[yãQH�e�d&��-²jIP+S5B:P�ch>L<26!dYA5S5SçP�BY8^[µP�BbH���é­35>@8lãZ>@<56!S5HEB:_M6XKO8JD56
?56M84ã·P�B:Û�R�A5dY8¡8:D56X?ï376±R+HE<56¤A5S
PE['���(#(35>@8�é4dYKL>L_M6XdM- �W35HEB�>Ld¡3kHEdY6X<ïP�?ïH£S5B:PE8:P�_MP�KgP�S�8J>LR�>LdY6X<
[µP�B±35>@8�é4d:K@>L_M6X<�R�A5K®8J>�é4KÄH�eE6XB�?56984ãQPEB:Û	d � >®8±_XP�?x8JHE>L?5d+Hà÷�é435>®8±d:K@>L_X6fPE[WH �)� �à_MB:P�dYd+35HEBX`²PE?56fd:KL>@_X6
PE[²ãZD5>@_�D�>Ld�dYD5P�ãZ?Þ>L?°ßkCEA5B:6»á�-�1­8�A2d:6Xd¤PE?�é4_�D5>@S�ü	A56XA26Xd¤8JP�D5HE?5<5K@6+8JD26»d:>®8JAkH\8:>LP�?
ãZD56MB:6»84ã·P
>L?5S5A�8�SkH\_�ÛE6M8:d»<56MdY8J>@?56X<�[µPEB�8:D56qd:HER�6GP�A28:S5A28�S7P�B�8»H\B:B:>®c�6(d:>@R�A5K@8JHE?56MP�A5d:K®e�`s8JP�C�698JD56MB+ãZ>®8JD�H
DkHE?5<5dYDkHEÛ	>L?2C�R+6M_�DkHE?5>@d:R ãZD5>L_�DÞS5BY6McE6X?x8Jd±ü	A56XA26£P�cE6XB�îkP�ã A5?2<56XB¤6�è�8:B:6MR+6»_MP�?5<5>®8J>@P�?5dX-�;sH\_�D
P�A28JS2A28�SçP�B�8�DkH\d+[µP�A5B�ux÷�é­6X?x8JB�eÞühA26XA56MdX`bP�?56GSç6XB+>L?5S2A28�SçP�B�8�-ÁFyHE_�Û\6M8:dfHEB:6f8�HEÛ\6X?�[µBYP�R 8JD56
ühA26XA56Md+H\_X_XPEB:<5>@?5CG8JP
H�K@P�?5C�6MdY8�ühA26XA56(HEBY35>@8:BJH\8:>LP�?ïR+6M_�DkHE?5>@d:R � >@?°8JD26£_�HEdY6£PE[Z6Xü	AkHEK@K@eïßkKLK@6X<



ühA26XA56MdX`k8JD56�R�6X_�DkH\?5>LdYR <56XCEBJHE<56Mdb8:P�H±BYP�A5?5<(B:PE35>L?(HEBY35>@8:BJH\8:>LP�?»dY_�D56XR�6E-
åà6�HEBY6°_MA5B:BY6X?x8JK®e 35A2>LKL<2>L?5CÀHÀ8J6MdY8�é43ç6X<�<56MR+P�?2dY8JB:H\8J>@P�? d�ehdY8J6MR 8:P�d:D5P�ã 8JD5H\8�?56984ãQP�BYÛ	d

[µP�B:R�6X<�[µBYP�R �W35HEB¤<56Mch>@_X6Xd±ãZ>LK@KQ?5P\8+PE?5K@e°376fd:A2>@8�H\35KL6�[µPEB¤B:6XS2KÄHE_M>L?5C
35A5d�é43kH\d:6X<À?56M84ã·P�BYÛhd�>L?
R�A5K@8:>LS5BYP�_M6XdYd:P�Bld�e�d�8J6MR+d^35A28bãZ>LKLK¥H\KLd:P�PEë76XBZ>L?2_XB:6XHEd:6M<�3kHE?2<2ãZ>L<28:D�HE?2<G>L?2_XB:6XHEd:6M<G>@?	8:6XBY_XP�?5?26X_9é
8J>@ch>®84e�-¼å°6�HEB:6.HEK@d:P�>L?xc�6MdY8J>@CxH\8:>L?5C¤8JD26!SçP�d:dY>L35>@KL>®84e»PE[I[êHE35B:>@_�H\8:>L?5C±R�A2_�DGKÄH\B:C�6MB �W3kHEBb<569c�>@_X6Md^8JP
B:6X<2A5_X6�KÄH�8J6X?2_Me£>@?(R+HEdYd:>@cE6XK®e»SkHEB:HEKLK@6XK7dYehdY8:6XR�dX-

� ����� 	 � 
 $ É¼É=Ó ( �"((Î��yÖ¡× Î

ìz<2c\HE?5_M6Xd²>@? � �ª]�1g8J6M_�D5?5P�K@P�CEe�DkH�c�6WD5HE<£H!_MP�?5dY>L<56MBJHE35K@6^>@R+S5HE_M8·P�?+8:D56z<26Xd:>@C�?»PE[¥]�1�ØGU�HEBYBJH�e
S5B:Ph_X6Md:d:PEB:dX-
jlD56£PEB:>LCE>L?kHEKsUZìWFª`I[µP�B!69è2HER�S5KL6\`=S5B:Ph<5A5_M6X<�3xe�1�N �=`yãQHEd�>@R+S5K@6XR�6X?x8J6M<�HEd�S5HEBY8
PE[gH¤KLHEB:C�6zR�HE>@?2[µBJH\R+6zHE?5<(P�_M_XA5S5>@6X<fd:69c�6MBJHEKª_XA532>L_W[µ6X698�`5ãZD56MB:6XHEdb8:D56�R+PEB:6¡B:6M_X6M?	8^ì¡Ø(jÔUZìWF
>LR�S5KL6MR+6M?	8:6X<±>L? � �I]h1g_XP�R�6Xds>L?±8JD26Z[µPEB:R PE[�H.S5K@A5C\é­>L?±HE_M_X6XK@6XB:H\8JP�B=[µP�BsH�<56XdYÛ	d:>L<26zãQPEB:Û	dY8JH\8J>@P�?�-
jlD56�H�c\HE>@KÄHE32>LKL>®84efPE[·D5>LC�Dhé4<56M?5d:>®84e�CxH\8:69é4HEB:B:H�ehd.HE?5<
[µA5K@K®é4_MA5dY8:P�R ���ª]�1WH\d!H£R�6�HE?2d.P\[QBY6�HEK@>Ld:>@?5C
H»SkHEBY8:>L_MA5KÄHEB^>LR�S5KL6MR+6M?x8�H\8:>LP�?q_XP�?x8JBY>L35A�8J6X<�8:P�ãQHEBY<5d¡8JD56¤_MP�?5dY8:B:A5_98J>@P�?
PE[¼8JD56�ßkBYdY8!NQP�?2?56X_98J>LPE?
ØGHE_�D5>@?56+õ0÷Eñ�ö¥3xe£jlD5>L?2Ûh>@?5C+ØGHE_�D5>@?56XdzNQP�BYS7P�B:H\8J>@P�?£>L?
Ü�t��xá�-
ì^KLK¼8JD56�_XP�R�R+6MB:_M>ÄHEK@K@e�H�c\HE>@KÄHE35K@6±R�HE_�D2>L?56Md�>L?à8JD5>@d�_XKLHEd:d£Ý�ÿXþ��xþ�8JD56+ì¡Øqj UbìzFI`ª8JD56fØqHEd�é

FyHEB.ØGFyéJÜ±HE?5<�8JD56�NQPE?5?56X_98J>@P�?àØGHE_�D5>@?56XdJâ¡D5H�cE6±ühA2>@8J6¤dY>LR�>LKLHEBbHEB:_�D5>®8J6M_M8JA2B:6XdM-�jlD56±R+HE>L?�<2>@[Äé
[µ6XB:6M?5_X6Md�3ç6M84ã·6X6M?½8JD56MR HEB:6f>@?í8:D56f>L?x8J6MB:_XPE?5?56X_98J>@P�?½R�6X_�DkH\?5>LdYR+d¤ãZD5>@_�D½KL>@?5Ûà8:D56f>L?5<2>@ch>L<5A5HEK
S5B:Ph_X6Md:d:PEB:dX-

��
�� ����� ��� �
jlD56WUZìWFíHEB:_�D2>@8J6M_M8:A5B:6^>LdQdYD5P�ãZ?£>L?�ßkC�A5BY6Wò2-=jlD56^S5B:Ph_X6Md:dY>L?5C¤6MKL6XR�6X?x8:d¡Ý F¼;=d�â·HEB:6zHEB:B:HE?5C�6M<�>L?
H�dYü	AkHEB:6bux÷ �!ux÷¡P�B=ò�� �!ò���H\B:BJH�eE-=;¼HE_�D�F¼;°_MP�R�S5B:>@d:6Xd¼H¡dY>L?5C�K@69é­35>@8yS5B:Ph_X6Md:d:PEBX`	8JP�C�698JD56MBgãZ>@8:D+H
KLPh_�HEKhR+6MR+PEBYe.ãZD5>L_�D±_�H\?�B:HE?5C�6l>@?¤d:> �X6²[µB:PERVux÷Wm¡35>®8Jdy8:P�ÜbØ(35>@8:dX`	HE?5<±>@?5S5A28=_MP�?5?56M_M8:>LP�?5d=[µBYP�R
>@8JdZ[µP�A5B^?56�H\B:6Xd�8¡?56M>LC�D	3çP�A5BbS5B:Ph_X6Md:d:PEB:d¡>L?(8JD56�/^P�B�8JD�`i;¼HEdY8X`7åà6XdY8¡HE?5<
]�PEA28JD�<5>@B:6M_M8J>@P�?5dM-^jlD56
37P�A2?5<kHEB�eW_XPE?5?56X_98J>@P�?5d¥H\8O8:D56=S76MB:>@R+698J6XBiPE[	8JD56¼HEBYBJH�e¡H\B:6=<5698J6XBYR+>@?56X<�3xe¡35>®8Jd�>@?W8JD56=>@?5dY8:B:A5_98J>@P�?�-
;¼>®8JD56MBs8:D56b37P�A2?5<kHEB�e+>@?5S5A28:dQH\B:6bd:6M8·8JP �X6XBYP¤HE?5<+37PEA5?5<kHEB�e±P�A28:S5A28JdQHEB:6b<5>@d:_�H\B:<56M<�`2P�Bs6XK@d:6Z8JD56
37P�A2?5<kHEB�e�>@?5S5A28:dlHEB:6W8JHEÛE6M?£[µB:P�Rû8JD56z37P�A2?5<kHEB�e»P�A28:S5A28:d²ãZ>@8JD2>L?�8:D56¡dJHER�6W<5>@R+6M?5d:>@P�?�-yr^6X?2_X6E`
;sH\dY8.R�H�e�3ç6�_XP�?5?26X_M8:6X<°8:P(åà6Xd�8�H\?5<°/bP�BY8:DàR+H�e�3ç6+_MP�?5?56M_M8J6M<°8JPG]�P�A�8JD�-+jlD5>Ld.HEK@KLP�ãZdW8JD56
HEB:B:H�e+8JP±3ç6._MP�?2ßkCEA5B:6M<�HEdbHE?(HEBYBJH�e�`ðH�c�6MBY8:>L_�H\KOP�BlD5P�BY> �XPE?	8JHEK�_9e�K@>L?5<26XBX`2P�BbH¤8:P�B:A2dX-
F=BYP�C�BJH\R _XPE?	8:B:P�Kx>@d¥_�HEBYB:>L6M<�P�A28ª3xeW8JD56·ØGH\dY8J6MBgNQPE?	8:B:P�K	ab?5>@8X`�ãZD5>L_�D.8�HEÛ\6Xdª>L?5d�8JB:A2_M8J>@P�?5d�[µBYP�R

8JD56�NQP�<26¤Øq6MR+P�B�e�`ç>L?x8J6MB:S5BY6M8:d^8JD26XRÊHE?5<�_MP�?x8JBYP�KLdZ8JD56�F¼;¼dM`78:D56�R�6XR�P�BYe£HE?5<�<kH�8�H�8:BJHE?2dY[µ6XBYdX-

ñ

Ü

÷

u

ñ

Ü

÷

u


��
��
+���

	


�

�

��
 � ��
 ���

�

�	



 
� ��


 
� ��


 
� ��


 
� ��


 





 





 




� � �

� � �

� � �


 


 



 

 


 



 


� � � � � �

� � � � � �


 


 



 


 


� � � � � � � � �


 

� � �

 

� � �

 

� � �

 

� � �

ÚI>LC�A5BY6.á )súWB:CxH\?5>Ld:H\8J>@P�?»PE[ �W3kH\B



CODE
STORE

HOST
CONNECTION

UNIT

MASTER
CONTROL
UNIT

HOST
COMPUTER

FAST  I/O

1−bit Processors

Array Memory

DAP ARCHITECTURE
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  64K Processing Cells
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Hypercube Connections

Memory Bus
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Microinstructions

ARCHITECTURE OF THE CONNECTION MACHINE
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1−bit Processors

Array Memory

8−bit Coprocessors

DAP /CP8 ARCHITECTURE
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PROCESSING NODES IN THE CM5
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