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Although various levels of performance analysis of interconnection networks is required for de-

signing multiprocessors, it is difficult to build both probabilistic simulator and trace driven simulator

for designer. In order to reduced the overhead to build such simulators, an interconnection network

simulation environment called SPIDER is proposed. This system consists of library programs which

includes various common functions in interconnection network simulators. Since each library pro-

gram provides a simple interface, it is easy to describe various aspects including resources, topology,

routing algorithm and flow control. After the introduction of this system, some evaluation examples

are presented.
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int main(void)
{
    r3000 pu;
    myrouter ex;
    −−−−−−−−−
    −−−−−−−−−
}

Inherited Library

myrouter
   : public router
{
−−−−−−−−−−−
−−−−−−−−−−−
−−−−−−−−−−−
};

Top Module
User’s Source

r3000 {
−−−−−−−−
−−−−−−−−
−−−−−−−−
};

Unit
router {
−−−−−−−
−−−−−−−
−−−−−−−
};

Unit

SPIDER Library

ÒÔÓ×Õ

Link

Compile & Link

Simulator
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i�jlknmporqrsut

SPIDER_SYSTEM_PACKET

TIMESTAMP_PACKET

time

_a`cbed fg`gh

_a`cbed fg`gh

PACKET_BASE

HEADER_PACKET_BASE

NETWROK_INTERFACE_PACKET

( )vxwxyxz b vx{|z}{c~ vxyey

( )v�wxyxz b vx{cz}{|~ vxyey

( )vxwxyxz b vx{cz}{c~ vxyey

( )�x�x��vxwxyxz b vx{cz}{c~ vxy�y

( )�x�x��vxwxyxz b vx{|z}{c~ vxyey
Network Interface Packet

�
3: �*�������F�������"�

• �����������������%^������
•  �¡�¢¤£2¥�¦*§<�N¨%�F���
©�ªF«¤¬ �F���­��® , �2�"�­����¯/°�±<²��N¨%§�³¤´µ/¶

. · ¬�¸ ���º¹,»¼��¥�½%¾/¿ ¶ �*������® , �2���
�ÁÀ ¬�Â�Ã?Ä�Å ¶ . �	Æ­� , �������Ç������¥�È%ÉÊ�	ËÌ ° , ���"��� ¬�Í ^/¿ ¶JÎ�Ï�Ð Æ­ÑNÒ�Ó�»�Ô¤��Õ2Ö�×Ø »ÚÙ�Û�Ü ¬ Æ/Æ ¶-Ý¤Þ ��ß¤à�¿ ¶ ²	�Dáãâ�ä2�%å Å¶
. æ Å ® , ������� ¬�ç�è ¿ ¶-é »�Ù�¯/°���Ó�»�Ô¤�

¦F§"¿ ¶�ê%ë À ¬-ì ½îí,ïN��^�¿ ¶�ð ² ¬,ñFò ¿ ¶ . æ
��Ë�ó , ô¼õ�ö packet base class ���,��Æ�Ñ��2�J���ø÷ù ¥�úÚû"Ë flit base ���J�¤¥ I�ü Äºý Ë Ì ° ,

ð ��þ%]
´ ð Å�ÿ���� ½ Ð ¥����%´ µ �	�-��í , Ó�»�Ô/��
?Ñ	�� Å ö%��Ñ����%Ó�
���������ß�õ ¶ .

�
4 ¬ æ��F���J�

�"��¥���¿ .� ¬ �����%��� ¬  �¡"¢¤£¼¥,È%ÉS�ãË Ì ° , �F���­�
²���á �¤��¥�� á�����Ó�
�����¥������ Ø » ���D���� Å ö���Ñ! , "-»$# �&%('���� , "�����)����+*î�ã�
"-»$#K¥ ü+, ´ µ �	�,� ¶.-+/%Ð �10 ¶ .ÿ�� � ð ²�Æ�Ñ , å32F´/® ,  +4�5�6 Ð ®��	�-� ¶ � ,

�*����� ¬ ê � ��7 �98+:�¥.; �/¶/ð ² ¬=< í , Õ2Ö�×Ø »ÚÙ�Û�Ü ¬ ê ¿ ¶�ÝFÞ �9>(?�¥ � û�¨�� ¶ . ��Æ�� ,@+A «/¬ ®��2�����Á�,�%�¼¥,È"Éî�NË��F�¼���p���*�JÛ
Ü2¥�B áDC/§/´10 ¶ .



packet_base

flit_base

flit_a

packet_base

flit_base

flit_b

packet_base

flit_base

flit_c

packet_base

flit_base

flit_z

packet_base

flit_a flit_a flit_b
flit_a

header_packet_a header_packet_b header_packet_c header_packet_z

flit_c

flit_a
flit_bflit_b

header_a
body_a

packet_aa

header_a
body_b

packet_ab

header_b header_b
body_b

packet_bb

header_a
body_c

packet_ac

body_a

packet_ba

�
4: �2�����r����¥�È%ÉS�	Ë"�*�����K�������"�

2.3.2 E(F�GH »*Ù�® , I�J3K�°3L�¥NM , ¿ ¶ Ë/ó%�&O�P¤Ó�
2�­�
´10�í , Q+R (2) E (6) ¥�SÚË�¿ < á ¬ ;�T Ä�Å ¨%� ¶ .�

5 ¬ ,
T ¨/� H »ÚÙ���O(U��/���<²,� ¶ router base

���J� ç&V ��WYXF�J� � ¥.��¿ . 5 ZF�\[ / W�XF����Æ
Ñ]M , ÄNÅ , ��� H »¼Ù9^Ú�9_�`([ / , Éa��b1c , d?�
��e�f , g3h , [�¦Yi�j ¸ H ��k���l3m/����n"»�Ù.o¼�
;¤§$prq�·�[ / , �(X-»�8�s ¬\t Q*� handshake u��&8
s3[ / ¥�ú�Z . router base ������® , v\w/Ó�
¼�������
� synchronous unit � I/ü �����%´10 ¶ .

router base ����� ¬ ® , Q�R (2) K�°(x�y*��q�·*¥ -/ ¬ ¿ ¶ Ë/ó ¬ , l ¸ �­�K¹,»*�.z�{ ¬9| ��¶ É�b�}�»
�ã²N�\b=}"» ��¥�K�° Äºý ¶ )��"Ù���G�»��/¥�ú*û�¨��¶
. ¸ ��� ¹�»F�.z9{ (a) � (i) ÷�~��3�.b=}�» ��¥ ¸ �
�º¹-»Ú�\z�{ (b) � (j) ÷�~	�JÉ�b�}�»>�ã²]K�°�¿ ¶ Ì
° ,
� ¬=< á ¬�7(� ¿ ¶�ð ²���´ µ/¶ .

• a.out(i).connect(b.in(j))

� Ë , Q+R (3)
H »(���(�+�$p�� H�� ����� ¬�| �/¶

��X-»�8+s�¥�B áºË/ó ¬ , ��bS�ãË���}�» ���92�y?²�I� V ��[�¦Yi�j ¸ H ��2�y�¥�� ¶ t Q*�=0 ¶ . æ ð ´ ,� ¬ ��¿ 2 Z*��)	��Ù���G�»/�����(� Ä Å ¨%� ¶ .

• is phys free(p) : æ¤� ¸ ��� ¹,»2�\z+{ ¬�| �/¶
�9bY}�» � �9�3'���¥.�1� ¶ Ë¤ó������ . p ®��
b�}�»>�r÷ ù ¥.��¿ .

• is virt free(p,v) : ��b�}�»A� V ��[/¦�i�j ¸ H
d?����e����3'���¥.�=� ¶ ËFó����&� . p ®��&b}%» �p÷ ù , v ®%æF� ¸ ���º¹J»2��z+{ ¬+| �F¶
�.b�}"» � p �\I � V ( É3b1}�» � ) �-[�¦�i�j ¸H ÷ ù ¥.��¿ .

Arbitoration Unit

S
w

itc
hi

ng
 E

le
m

en
t

Virtual
Channel
Input
Unit

Virtual
Channel
Output
Unit

Control
Interface

�
5:
H »�Ù��3WYXF��� �

ð Å ÑN���\� ¬1< í , �*�¼�­���(�&b V �9d­�J��e�2� ¥����î�NË\���%� H »3���+�+��p�� H�� � �(��¥�Û�Ü
¿ ¶�ð ²	��´ µ�¶ .

H »3���3�+�¡p¢� H�� ������¥ 7��
¿ ¶ )Y�"Ù���G�»���® , router base �%��� ç ´JY"Z�[�¦
�\�?²��	¨�§�³ Ä�Å ¨ | í , K�°(L ¬ °Y£ ý ¨�æ�� I�ü
������´�Û%Ü�¿ ¶ < á ¬ ;(T Ä�Å ¨%� ¶ .

2.3.3 ¤2QSR�¥\F�¦3§�¨�G�©(ªNF�«
¸ ����¹,»��\)	��Ù���GJ»��/® ,

ê�ë ²�� ¶ Õ%�+���¬(< û-¨�M ,+¬�­ ��m3�	�"^�¿ ¶ . ô¼õJö , ®3¯�°3T�±&[
JUMP-1 ¬&| ��¶ ¸ ����¹-»���)���Ù��"G-»�� MBP[8]

® , ²\_Yn.³<� ¬ _�` ÄºÅ ¨ | í , d���Æ�Ñ��3n\³<�!���´ �¼ï T ¨ MBP ¥\µa¶��	¨9B�£ Å ¶ . © ¬ , Stanford

à/� FLASH[9] ´�® ��· d¤� ¬ n\³?��² ¸ �2� ¹�»*�.)
��Ù���G�»/� MAGIC ��_3` Ä�Å ¨ | í , n&³î�D8�s�²¸ ����¹,»Ú��)	�%Ù���G�»����\[ / ®&¸(¹ Ä�Å ¨%� ¶ .ð � < á ¬ �Y����M ,�¬(­ , [ / ¥ · ¿ ¶ Ó�
��­��¥
Û�Ü%¿ ¶ Ì ° , º � ���¤���­�¼» H »FÙ�� < á ¬&� ½9[/ ¥�O�U����J��²��ã¨9½3¾S� , ¢�£2¥�¿1�?�N¨�Ó�
��­�
¥�Û"Ü�¿ ¶ < í,ï ¸ ���K¹-»F�\)Y��Ù��"G,»�����ú*û�¨
� ¶ [ / W�X/����¥, À�	��Û�Ü�Á(Â%Ó(
2�2�ã²%�N¨�½+¾
¿ ¶+Ã á � ·(Ä � �+Å ´10 ¶ .

Û�Ü�Á3Â�Ó3
/�*��²��º¨�® , ¸ ��� ¹N»F�,��É=��b*¥�8
s¤¿ ¶ network io interface, �*��������Æ	��"-»$# / é
"ã»�#�¥�BÊá packet encoder, packet decoder, © ��Ç��¬ O�È���¨3nN³­����� ´ ��¥ É9B�¿ ¶ network interface-

processor k��.½�¾ Ä Å ¨J� ¶ . network interface proc-

essor ® , Ê�Ë�³ é H Õ­Ö�× Ø »*ÕÀÌ\��¥.B á]Í ¬.Î �Ä�Å ¶ Ó1
�����´10 ¶ .
ð ��Ó1
�����® , v © ��Ù�»��

�3�/� ´ �¤¥NÉ(B�¿ ¶ Ë/ó , Û�Üî�	Ë�Õ�Ö-× Ø »�Ù�� é
d?�9���î²��	¨¼ï Î ��¿ ¶�ð ²���´ µ/¶ .



3 Ï ÐÒÑ Ó�ÔÖÕØ×ÚÙÜÛ
P�Ý¼´/® , Þ1)���ß/×J»�W , 2

��à �Ç»¼��� , MIN ²
�/ûJË�á3Z¤Æ%�&K%°+L ¬ ê �ã¨ , z�{ , K%° ,

H »��=�+�
�¡p¢� H�� � ���/¥ 7�� ¿ ¶ Ì °��,ô�¥���¿ . ���â�+³ã ×,» H ¬9| ��¶ 73� ® ,

�
6 ¬ ��¿ < á ¬ z�{ 73�3V ,

K�° 7(�(V , 2(y�ä(å 7��(V Æ­ÑæM , Ä�Å ¶ . z�{ 7(�V ® , ¸ �­�º¹-»�z�{¼��§�³�ç=è"É��&b���»%[%¦�i1j ¸H ��k��&;F§�¥�B á . K�° 7(�(V ® , z�{ 7(�(V ´��(�
�NË�z�{�¥Ê�é}�X ã ¬\ê û�¨9K%° Äºý ¶ . 23y+ä3å 73�V ® , l�z�{ ¬ ê ����X¤�����JÉ�b2¥�B á .

----------------------------------------------------

int main(int argc, char* argv[]) {

/*

* ë�ì!í�î�ï
*/ ð
/*

* ñæò�í�î�ï
*/ ð
/*

* ó�ôDõ�ö!íæîæï
*/ ð

}

----------------------------------------------------

�
6: �N����³ ã ×J» H

3.1 ÷ùøÀúüûþý	ÿ��
Þ=)��	ß/×J»1W¤Õ­Ö�× Ø »ÚÙ%� 7�� ô�¥ � 7 ¬ �¤¿ .� � ,

ð � 7(� ô2®&K�°(L V ¸���Â�¥.���	¨ | í , Û�Í¬ ®3n*� ´ » ã ¥�É�B�¿ ¶ Ó�
¼����¥ H »*Ù ¬ K%°?�	�� Å ö���Ñ���� .
� Ë , z�{ 7��(VÚ¬9| ��¨ N �*� H »

Ù ex ��§�³ ÄºÅ ¨%� ¶ ï���²�¿ ¶ . DIM ® �(à �2¥��
¿ . ��� switch size() ® , 2 Z*��� µ ��¥¼²Fí , ex ¬��
1 � µ ���¼��É1bY}�» ��² � 2 � µ �	���1�9b	}�» �
¥�
Úõ"¨%� ¶ . ��� channel size() ® 1 Z*��� µ �2¥¼²
í , ex ��l%É3b ¬ ê ��� µ �*´

�õJË&�(¸¤��[�¦=i1j ¸H �2¥�
Úõ ¶ . ��� buffer size() ® , ex �JÉ�b*�9l�[%¦
i�j ¸ H ¬ � µ ��´
�¤§ Ä�Å Ë9�Ú�9d?����e�¥�
¼õ ¶ .

Þ�)��Yß/×-»�W�� �é}�X ã ® , © �����	�¤´���� Ä Å
Ë��,» # ÷ ù ( ÿ�� �¡# Ø ��²���� ) ¥ 2 �(��åî� , 0 E
(DIM-1)bit �îá�� 1 Z�� bit ¥�� Â?Ä�ý Ë1�ü# Ø �*¥
ïNZ���»$# ¬ K�° Ä�Å ¶ . K�° 7(�(V ´/® , º � �	Ë�K
°1)	�%Ù���G�»/� connect() ¥\�¤� ,

� `��! «F¬�7(�
�	¨%� ¶ .H »3���+����p � HÀ� �]����® , e-cube

H »3�������
¥.�/� ¶ . å"^*æ���n*� ´ » ã ����^�¿ ¶ �,» #����¡#Ø �­²#" V ��» # ��� # Ø ��¥�$
%'&�����Æ�Ñ�(	)Ê�

¨ , 0 ¶ bit �+*¼� Å ö , æ¤� bit �9�/¿ ¬  �^Y�9b V
¥-,F§�¿ ¶ .

ð Å ¥/. í10S� , � # Ø ��� ©�2 ¿ Å ö ÂÃ ®�354�¿ ¶ . å"^	n�� ´ » ã ��� ¶ �,» #��3�¡# Ø �
® , ��� current node() ´9��� ¶�ð ²���´ µ/¶ .

ð ���
�Ú®�� µ �2¥Ú²�Ñ! , å�^¼�3�¡# Ø �/¥ © ��� 1

�3à �
oÚ´
0�¿ .

int main(int argc, char* argv[])

{ ð
for (int i = 0; i < N; i++) {

ex[i].switch_size(DIM,DIM);

ex[i].channel_size(1);

ex[i].buffer_size(1);

}

for (int i = 0; i < N; i++) {

for (int j = 0; j < DIM; j++) {

ex[i].out(j).connect(ex[i^(1 << j)].in(j));

}

}ð
}

void

myrouter::routing(const header_t& pkt,routing_table& buf)

{

const i = current_node();

for (int j = 0; j < DIM; j++) {

if ((i & (1 << j)) != (pkt.Dst() & (1 << j))) {

if (is_phys_free(j)) {

if (is_virt_free(j,0)) {

buf.route_set(j,0); return;

}

}

return;

}

}

} �
7: Þ�)%��ß/×J»�W�Õ�Ö�× Ø »�Ù�� 7(� ô

3.2 687:9¡ý / ;!ÿ=<?>@ ¬  2
�+à �Á»*�J��Õ2Ö�× Ø »*Ù�� 73� ô2¥ � 8 ¬

��¿ .
ð ��ô ¬&| ��¨Úï�º�ô?²�v�A��]K%°3L V ¸CB � ¥

���2�ã¨�� ¶ . K�°3L+M , ® , X×Y ´ , É���b+� 2,
é �

#]X��-���¼�K»*¥�D�E%¿ ¶ Ë�ó ¬ [%¦=i�j ¸ H �Ú® 2 ¬;F§ Ä Å ¨%� ¶ .

�9b�}%» � 0 ¥ X
¬  , 1 ¥ Y

¬  �� Â�Ã2¬ æ ÅGFÅ�Î �%¿ ¶ .
H »*Ù+H��&K�°�®��¡# Ø ����à µ � ¬ Æ�ÑI Ä � ¬ ^G � ¨�K�°D� , modulo J�±	K % ¥��F�¤¨î�

�3�NM�L*� 7(� ¥�B�û�¨%� ¶ .H »(���(�3�ùp�� H�� ������® XY
H »(���(�3�"´ ,

X
��à

, Y
��à � W ¬ n¼� ´ » ã � Â�Ã ¥�B á .

�  ,

n¤� ´ » ã ���"^�¿ ¶ �-» #�����# Ø ��²M" V ��»ü#��
�ü# Ø �F¥ X

��à ¬  �´+(�)S� , *���û�¨�� Å ö X
�

à ¬  &^ Â�Ã ¥NB á . X
��à ¬  %�3��# Ø ��� ©�2 �NË

Ñ�`*�¤¨ Y
�(à ¬  �� Â�Ã2¬ å ¶ . ��»2�"�¤® Í ^ «¬ é ��#]X��,�"� -�/�Ð ¥�NÚó"¨�� ¶ �%´ é ��#]X��,�

���º»�¥�D�E�¿ ¶ Ë¤ó ¬ [%¦�i1j ¸ H ¥ Î �î� , e-cubeH »(�Y�(�3��¥\�¤�/¨%� ¶ .



#define low 0

#define hi 1

int main(int argc, char* argv[])

{ ð
for (int i = 0; i < Y; i++) {

for (int j = 0; j < X; j++) {

ex[i][(j+1)%X].out(0).connect(ex[i][j].in(0));

ex[(i+1)%Y][j].out(1).connect(ex[i][j].in(1));

}

}ð
}

void

myrouter::routing(const header_t& pkt,routing_table& buf)

{

const x = current_node()%X;

const sx = pkt.Src()%X;

const dx = pkt.Dst()%X;ð
if (x != dx) { // X O�P

if (is_phys_free(0)) {

if (x == 0) {

if (is_virt_free(0,hi))

buf.route_set(0,hi);

}else {

if (sx < x) {

if (is_virt_free(0,hi))

buf.route_set(0,hi);

}else {

if (is_virt_free(0,low))

buf.route_set(0,low);

}

}

}

return;

}ð
// Y O�P

} �
8: 2

�(à �l»¼�J�/Õ�Ö�× Ø »�Ù�� 73� ô
3.3 MIN( Q?RTSVUTW )

MIN(   Å K�°1L ) Õ�Ö-× Ø »¼Ù%� 7�� ô­¥ � 9 ¬ �
¿ . 7�� ô ¬ 0 ¶ MIN ® 2×2 ��)¼�!iF¥�����Ë Omega

L¼´10�í , l?�J»ù#MH/®�Õ1jN�J� H K�° Ä�Å ¨�� ¶ . 7� ôÚ� N ® PU � , ST ® MIN � Å ��¥.�Ê�	¨�� ¶ .K�° 7�� ® , 3 Z�� V ¸�´ 7��?ÄãÅ ¨�� ¶ . æ Å�F�Å
PU- �9)��âiXH , ��)��âi - ��)���i�H , ��)���i -PU H
�+K�°�¥��D��¨�� ¶ . �&� shuffle() ® , � 1 � µ �Ú´

ÚõÚÑ Å Ë&���Ú¥ 2 �(��å?� , � 2 � µ ��Y�¸�B � X,»
��»>���N¨ , æ/��o�¥�0�¿ .H »����9�+�	p � H�� �]���%® ,

é ������� ¸ »�Õ�Ìâ�H »3�Y�3�+�%¥ Î �î� , " V �-�X��KCB � ´&µ�Z¼¥/,¤§
¿ ¶ .

ð ��� H�� �!���%® , " V �-÷ ù ¥ 2 ����å<� , �
�/Y�Æ�Ñ W ¬ l¤���%» ã ´ 0 Æ 1 Æ�¥�[+��¿ ¶ .

ð%ð ´ ,

0 � Ì °�n*� ´ » ã ® � ¬ �3��b ¬ 1 � Ì °Ú®+$ ¬ �(�
b ¬JÂ�Ã ¿ ¶ . ô�õ�ö , " V �J÷ ù 101(5) ´=0�û�Ë Ì
° , $ , � , $�� W ¬,Â�Ã ¿ ¶ ²\" V 101 ¬/]X^ ¿ ¶ . 7� ô ¬ 0 ¶ �\� check binary() ¬9| ��¨ , å"^	n�� ´ »ã ����^�¿ ¶ �+��» ã ¬&| ��¶ 0,1 ¥����¤¨�� ¶ .

ð �

���¼® 2 Z¤��� µ ��¥¼²*í , � 1 � µ � ¬ " V ÷ ù , �
2 � µ � ¬ ����» ã ÷ ù ¥��¤§�¿ ¶ ² , æ/������» ã ¬| �/¶ 0,1 �
0 Ä�Å ¶ .

int main(int argc, char* argv[])

{ ð
for (int i = 0; i < N; i++) {

int j = shuffle(i, 1, N);

pu[i].out().connect(ex[j/2][0].in(j%2));

}

for (int j = 0; j < ST-1; j++) {

for (int i = 0; i < N/2; i++) {

int k = shuffle(i*2, 1, N);

int l = shuffle(i*2+1, 1, N);

ex[i][j].out(0).connect(ex[k/2][j+1].in(k%2));

ex[i][j].out(1).connect(ex[l/2][j+1].in(l%2));

}

}

for (int i = 0; i < N/2; i++) {

ex[i][ST-1].out(0).connect(pu[i*2].in());

ex[i][ST-1].out(1).connect(pu[i*2+1].in());

}ð
}

void

myrouter::routing(const header_t& pkt,routing_table& buf)

{

const i = current_node() % (N/2);

const j = (current_node() - i)/(N/2);

if (j > ST) return;

const k = check_binary(pkt.Dst(), ST-j-1);

if (is_phys_free(k)) {

if (is_virt_free(k,0)) {

buf.route_set(k,0);

}

}

return;

} �
9: MIN Õ�Ö�× Ø »*Ù�� 7(� ô

4 _a`abdc
P­��)=W¼���-¥��F� , Þ1)��	ß/×J»1W , 2

��à �Ç»��
� , MIN � 3 ZF��K�°3L ¬ �,¿ ¶ Â%Ã Ð3/ ��(�)�¥NB�û
Ë . PU � 64, [/¦�i�j ¸ H � 1,

� � 2
��à ��»��

�*® é ��#NXF���¤���N»�¥�DGEF¿ ¶ ËÚó ¬ 2, d?���e�� 1, �¼����� Â�Ã ¬5e ® virtual-cut-through
¬5e

,

�������9d���# c 1(flit/clock), n¼� ´ » ã f2®�f%§/´
256(bit), g¼Õ�Ö,× Ø »*ÕÀÌ\�JþCH 100,000(clock) ²ã¿¶

. Â/Ã ��Ù"»a��®��1��h�� Â�Ã ´�B á . º � ��Ë�Ó

*�¼� network interface processor ¥�����¨(n/� ´ » ãü�, Ê�Ë¼¥-���+n�»FÙ¼²��N¨�q�� Äºý , ¸ �­�K¹,»����Ý	i ¥\q2õ"¨kjXl�¥�B á .�

10 ¬ Õ�Ö�× Ø »*Õ�Ì\�.K�m�¥.�/¿ . n	o¼®�� H »
�¼���l´-p�o�®��¤� ´ ��É3B3Ê�ËÚ¥��S�N¨�� ¶ . � H »
����� ® , l PU ��n¼� ´ » ã gCq�rGs�¥ , l PU �
1flit/clock ´�nF� ´ » ã ¥-q+rÊ��Ë Ì °Ú¥ 1 ²��N¨9*�t�Ê�ã¨�� ¶ .

�5u ��v�w�¿ ¶ ]�� ¸ ����¹-»*�"��x�à¤�H »�������´10 ¶ .
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� � , �����
�¼f*� 128bit � Ì ° , Þ�)%�Yß�×�»�W�� ¬ � MIN < í
ï�x/àF� H »���������à µ �,� ¶ .

� Ë , �������¼f��
64bit � 2

��à �Ç»¼�"�¤�kx¤àF� H »=����� ® , �����
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l�K�°+L*´¤�Ú���2� f¤�9q��î�ãË Ì °*��� H »3�2�2�
¥�(�)�¿ ¶ ² , �2���­��f ¬ (%ôS�ã¨kx�àF� H »��¼�­�
��à µ �-� ¶/ð ²���£�Æ¤û�Ë .

5 ��� ���
�����9I=J�K/°�L�Õ­Ö�× Ø »2Ù�´ � � -(/ ��[ / ¥

�	���	Ë��\)1W��¼� , SPIDER ¥.½X��� , K�°(L¼Õ�Ö�×Ø »*Ù ¬ QX� Ä�Å ¶�� R¼������¥NBF� , æ ÅÚ¬ O3È���¨
;�TØp Û%Ü2¥�B�û�Ë .

� Ë , á(ZFÆ��9K�°(L ¬ ���	¨/Õ
Ö�× Ø »*Ù%¥-Û�Ü�¿ ¶ Ì °*� 7�� ¬(­ ¥-Û(Í�����X����
�,ô2¥-�!��¨��! �� , æ��&K%°(L ¬ ��¿ ¶ Â�Ã Ð(/ ��j
l�¥�B�û�Ë .
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í , Û�B�þ�H���¦/´¼ï�Û+�X§!¨ ç ´10 ¶ ²!�2õ¼Ñ Å ¶ .ª�« ��¬%äÊ²��	¨�® , ¸ �­�K¹-»Ú� u �9l(z�{2�.¿��
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�Ùâ[ / ¥/ïâZ�Ó�
��2�
�&;�TF�
�!��Ñ Å ¶ .

� Ë , %('2�&K�°(L¼Õ�Ö�× Ø »�Ù
¥�Û�Ü�¿ ¶ Ì ° , »*®�í Ó�»�Ô/� 7(� Ö	�%�� ��-��û�¨
� � á . æ/��Ë¤ó ,

é d?��±²&*�]���"�
³�´F��µ%ï ª	«
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