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Performance Evaluation of Instruction Set Architecture of MBP-light in JUMP-1

NÁÃÂÅÄÇÆÉÈÊÄ SË�ÌÍË�ÈÊÄÏÎ andHÄÇÐÒÑÔÓÃÆÒÂÕË A ÖLÆÒ×ÅÁ�Î
The instruction set architecture of MBP-light, a dedicated processorfor the DSM (Distributed Shared

Memory)management of JUMP-1is analyzedwith a realprototype.
TheBuu er-RegisterArchitectureproposed for MBP-coreimprovesperformance with 5.64%in thehome

cluster and6.27%in a remotecluster. Only a special instruction for hashingclusteraddressis eØ cient and
improves theperformancewith 2.80%,but other special instructionsarealmostuseless.It appearsthat the
dominant operationsin theDSM managementprogramwerehandlingpacket queuesassigned into thelocal
cluster. Thus,commonRISCinstructions,especially loadÙ storeinstructions,arefrequently used.Separating
instruction anddata memoryimprovesperformance with 33%.
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�db�ê�[ª_��H���`A� y ¨(©�Gb! ÿ��\}!�H´R� �
� ý�þ k e�ö h-ù
ü��	�dv�
��RS�ÿ 4

� h��~��v
JUMP-1 Ê¢�7L�ù�ª l�k e�ö�h�ùN}cü��R�&¡�
��&ÿ MBP

Core þoµ7v�¨�©o}�üN�Y� y GH}
º���b�c7�7¡HC
v lm y��
V(W�X7Z�[gø�³ k e(ö�h�ùNS������ l�� �Hv����(T

Âd}�>�� �&½ ¾ n ÿ���%Y´�� l ü�� �	� y ¨(©R}7ºY�
b�c�� y	� S��*¼~���78 lYm y ¡N��ÿ32�2 l S
� ýþ k e(ö�h�ù�ü��dv�
�����ÂN� y � �djHcÏ²�³dv�T-U� �\}7ºY��b~c��{ÿ�hN� �djHcwv�²(³�|�g�idb�>(� ¾
÷N½YS� 'ïH}�´�² ³Hþ��~´�! � ´N÷bC�v � ��½
ü �

� y ¨�©�}<��= y 2 � ��­�¼�½�¨�©��dv-ºY��b~c�},�
´�¼�¡ �
A�¡¢ÿ�e�g
º7|dX�Z�[�v�"�#Hv�$�%*Gv! k e(ö�h7ù

%-ÌHv7���djHc�v�e(ö�}'& y 2 � S l�( ´�÷�¡-�7ÿ�(
�dv 100 ���~j~cw����÷�½�v�¦ g��(}�)N`��7¡ �

5.2 *-²'³,+�-�.

ADDGI
24.6%
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11.0%
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10.8%

SUBGI
7.7%
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ADDGG
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MVPG
3.9%

Others

ADDGI
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SLM
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SUBGI
7.7%

LHI
6.6%

BOZ
2.5%

MVPG
4.3%

BNZ
2.6%

Others

ADDGI
20.8%

LLM
18.4%

SLM
14.5%

SUBGI
8.0%

LHI
6.3%

BOZ
2.6%

MVPG
4.5%

BNZ
2.7%

Others

(a) Included in the compiled code

(b) Home Cluster

(c) Remote Clusterõ
4 /©�©�<«1032

4 g�ù � h���� � [�Z�g�c � h���� l S!ÿ�576 DSM

ø�³ k e�ö�h�ù�}<ü���� y þ
ÿ7ü�� ��� y ²�³HS�8H´y�� 2�2 l S�ÿ 4 gVù � h���� (
� h���� 0)

� ÿ [
ZNg�c � h��Y��v 1 � lNm y � h���� 1 ���(÷�½�9 4

�	ß�� �
2 � !,v�ú-û�GB!�ÿ PBR }ª���	¨�©�®7E
[�¨�©R­ n

C�ÿ ´ S RISC ¨�©dv�:�;�þ'GN´ n ù ÷ � þ
T�G y��
¨

3 <g¥3=?>A@CB�DFEHG1 JILK?MJNPO103Q
1 Clock Stall Without Stall Impr.

Home 64471 48394 33.2%

CL1 43130 32448 32.9%

A(¡7ÿ�e(g-º�|~X
Z�[,� � ����¨�©�v�:�;RC ù �^ÿ4 g�ù � h���� l 33.2%ÿ�[fZ�g\c � h��N� l 32.9%}
��� y�� 2 � S
ÿ DSM ø�³ k eNö(h�ù(þ����Rj�c)}R�S � y 
Y��e�g
º7|HX
Z�[!}T)�`o�,½(÷ y<� ��U7V
� y��

MBP-light
l S�ÿ(��j,� g���v�Î�b�] r vW$�% l ¨

©�X�Z�[ � ¦NgN��X
Z�[!}&T�X��,½ ¾ !TY¢ÿYe�g-º
|
X¢ZR[)� � ���(��S 1

� e(j � v���c	g�|�}[Z�� � z 3

S7ÿ 1
� e�j � v���c{g�|Nþ m y�Æ-Ç � ´�÷ ÆVÇ }':\ ��¡/C�v lNm y	� 27v	ú-û*Gb!wÿ
¨�©�X
Z�[ � ¦ g

��X�Z�[&v¢T�XH��­�¼¢½
ÿ 30%]�v�^�Æ,_�ª�þ�`R! �
4
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y5� þ�T*G�¼�¡�¡
��ÿWa�TY´/Î(bc�\}Ab�c l�( y5Æ-Ç
S�¨(©�X7Z�[ � ¦ g���X�Z�[!},T�X ��d (¢l�m y5� þ
T�GH¼�¡ �

5.3 PBR ÃVÄ'²V³
¨

4 PBR eJf©���
Ins. Compiledcode Home Remote

ADDPI 0 0 0

SUBPI 0 0 0

SLLPI 0 0 0

SRLPI 0 0 0

ANDPI 10 0 38

ORPI 0 0 0

XORPI 0 0 0

LPI 40 52 3

CPI 0 0 0

ADDPG 9 56 42

SUBPG 0 0 0

ANDPG 41 454 330

ORPG 10 0 39

XORG 0 0 0

MVBPG 252 185 319

MVPG 909 2099 1476

MVBPP 46 2 0

MVPP 144 134 166

MVLPP 158 298 205

z
4 S¢ÿ PBR ÅNa�¨�©dv��\},ÿ DSM

k e�ö�h�ùNv
��¶Wg [[h(���BA � y C7v¢ÿ 4 g�ù � h�����®�[{ZNg
c � h���� l ü�� ��� ¡�iH����÷�½�j�k ��¡*C�v lNmy	� 2 � !�v�¨(©~}')�`�� y5ÆVÇ ÿ�EV[l$�� P _d� �
�&½ k e(ö�h�ùmh(��n�o ��� y ¡
�7ÿ�)�` ��� yAp�q
þ�r �¿ÿ m A n ü�� ��� ½�÷(´�÷ � PBR v�aVÎ7gN}��
�f¨(©N®`.(jHc�ÅVa�sHv�¨�©HS�: \ } , ` ��� ½(÷ y
þ
ÿ�� ¹ ÿ�t(³V·
¸�sYv�¨(©Hv � �)S m A n , ` ���
½N÷�´�÷ �z

5 S
ÿ PBR ��$�� y ¨N©o}5~Rv7¨N© l�u3( �`=
¡ ÆVÇ v�ü�ý ��¶ � |��\}<ß�� � 2 � !!S¢ÿ�v�wYv��
�o}�ÁY�	¸"_��7¡ �x � �djHc¿�oj¢¬*&�S->�
~X�Z�[ � �&½�y�j7ÎNb�ö�	� y
x >	
RX
Z [&S
��¶�c{� � ����D�Æ l�m yx >	
RX
Z [&S 1 �Y¶ � | l � � �(��D�Æ l�m y
ADDPGÿ ANDPGÿ ORPG̈�© S,ÿ)¦
��L
Éª\�g�Ê�Ë

¨
5 PBR ezf©�©�<«|{��©�AKP}?O|~����[�
Ins. Cycles Ins. Cycles

ANDPI 3 MVBPG 1

LPI 2 MVPG 1

ADDPG 2.5 MVBPP 2

ANDPG 2.5 MVPP 2

ORPG 2.5 MVLPP 10

b&þ PBR G GPR G��N­
¼�½¢ü�ý�� ¶ � |7� þ�8�´ n ÿ
GPR þ�¦��-L�É�\�gVÊHË�b¢v Æ
Ç S 2 � ¶ � |�ÿ PBR

v Æ�Ç S 3 � ¶ � | l�m y�� 2
2 l S�ÿT�
¿Yv�¡�� 2.5

��¶ � | � �,½������ y��
¨

6 PBR eJf��©�<«|�J�'KP}CO1�L�LG1>��<«103Q
With PBR Without PBR Impr.

home 64471 68106 5.64%

CL1 43130 45836 6.27%

z
6 S�ÿ PBR Å-a�¨�© þ m y<Æ
Ç � ´�÷ Æ
Ç v!ü�ý

��¶ � |��R}A: \ �¢¡/C7v lNm y	����� v Æ-Ç ÿ 4 g
ù � h��Y� l 5.64%ÿ�[{ZNg�c � h���� l 6.27%v�^
Æ�_!ª�}L��¤o��½�÷ y�� � G���ÿ Bu: er-RegisterArchi-

tecture v�a¢� cwS DMA Å�Æ�� ( v�µ~b�i�j k KVM)j
ÊN�!»d��:�d ½W� � ÷HC
v�v�ÿ DSM ø�³ k e ö�h7ù
v�^�Æm�W���(S�� ( �3�m���!½(÷�´(÷ � þ
T/Gd¼�¡ �

5.4 áãâä²ä³z
7 S7ÿVEV[(¨�©�v	�\}�ÿ DSM

k e�ö(h7ù�v���¶
g [[h(���`A � y C7v7ÿ 4 g�ù � h����¢®�[{ZNg�c �
h
�H� l ü�� �	� ¡�i�����÷(½�j�k��¢¡"C�v l�m y��
E�[ ¨N©\S�ÿ\a�b���¶Yh�þ'?��'� �-2 � þ lB( ´
÷�¡"�(ÿ'ÝY¹\� y EH[�$�� P _����o­ n 2 � !�v
¨�© }�� � � z 7 ��ß��o­~����ÿ ��� v�ül� l S�ÿ
HSHCÿ GUNÿ BITSÿ BITR ÿ BITC8 þ , ` ��� ½�÷y þ¢ÿ HSHC v�ïYv,¨�©YSW� � Q µ , ` ��� ½�÷�´
÷ �
2 � S¢ÿ7~Hv�E-[�¨�©�þ � j�Ê�� ¹ v�� Ç »Hv� -ï/}
´ Æ'Ç ��çH��`�÷v! � y�� ��U,V�� y��z

8 S!ÿ � jªÊ��Hs�ÿ
.�j�c�Å
a�s�v5E�[�¨�©d}$~Hv
¨�© l�u`( �N=�¡ Æ7Ç v,ü�ý��N¶ � |�� l(m y5� ”Reg.”

S¢ÿ ub( ��=�v�
��¢ü�ý � ´ y ÿ3�,�
���<�dv7µ�g��
�~jH��}5ß�� � z 9 S¢ÿB2 � !�v�E-[�¨�©�þ�½-¾ �7¡Æ-Ç � �,´
G�¼�¡ Æ-Ç v7��¶ � |��~}A: \ ��¡/C7v lm y	� 27v�úVû�ÿ 4 g�ù � h���� l 2.80%ÿ�[{ZNg�c� h��Y� l 2.83% v�^�Æ7_�ª � ´Y¼�¡ �

¨
7 å©æ©�©�

Ins. Compiledcode Home Remote

HSHC 35 279 204

HSHG 0 0 0

HSHN 0 0 0

GUN 3 0 0

BITS 2 0 0

BITR 2 0 0

BITC8 12 4 0

CRDT 0 0 0

LUDR 0 0 0

SUDR 0 0 0

5
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8 å�æ©�©�<«|{��©�AKP}CO1~'���[�

Ins. Cycles Reg. Ins. Cycles Reg.

HSHC 7 0 BITS 3 0

HSHG 4 0 BITR 4 0

HSHN 9 0 BITC8 34 2

GUN 5-84 2

¨
9 å©æg�©�<«|�z�AKP}CO��z�H�P�HG|>��5«103Q

With Without Impr.

Home 64471 66281 2.80%

CL1 43130 44354 2.83%

2 � ! úVû/Gb!�ÿW�V¾Hv DSM
k e(ö(h�ù v�ü�� l

S HSHC vNï~v�EN[�¨N©~v�ÈNûdS��W�"} l�m y�� þ
T�GH¼�¡ �

5.5 �� 'Ô�¡�¢�£*Õ�+�¤m¥
MBP-light S DSM ø�³ k eNö�h�ù v	ü���¦~�	a�¤��� ¡�¡V��ÿ DSM ø�³ k eNö(h�ù���(�§~´�¨�©Y�\j
c�}5;�= y5� þ l"( ´
GH¼�¡ �

MBP-light S�ÿ iRj k ��¶�¨ v�]��'Gv! µ~b�i\j k
�������H´NX�Z�[!}<ü���� y5� S lH( Y7ÿ(iRj k v*Î
bª�d��C�]��(þ m y	� ¡�©d��ÿ � ¦	ª DSM «�¬Nö�­
ù�®¢ÁVa°¯A±�²7³ (�´�µm¶ ÆVÇm·¸º¹�»m¼l½�¾	¼T¿�À�Á�Â ´,ÃJÄ�ÅWÆ�ÇlÈ ·PÉ�Ê ÁPË�ÌÍ ¯'Î�Ï Â ¶�Ð�Ñ	ÈlÒ�Ó ¼�ÔmÕ¸º¹�»�¼Ö½ Ò Õ�Ì ¯�×ÙØCÚºÛ É�Ê
¯AÜ,ÝlÞ�ß Ì Ò�à�á�â�Ó ¯ Á Þ'ã7ª�ä	Ø · ä7Ø?å µ�æÇ ¯'çéèAê ¶�Æ�Ç�æ,ëlì Þ�í

6. îðïòñôó
õ�ö�÷ ³�ø�ù JUMP-1 ® MBP-light ® É�Êmú ¼�½ ß ÌÒ�à,á�â7Ó�ûWümµ�´ ·�ý�þ û ä�ÞAÿ��°¯���� ¶��
Bu� er-RegisterArchitecture 	�
 Å
� Þ�ã û ä�� ´ ·� Ì�� á ­�� Í ³ 5.64%

·���� Ì ½ á ­�� Í ³ 6.27%�æ�Ç���� 	��
� Â ¶ í! ¶ · Ð�Ñ É�Ê �ÖÛ�"�# ¼�ÔmÕ$ 	�%
&�Þ ÉWÊ ø ·('*) ³ · 2.80%� æWÇ!��� 	+�,� Â¶�ë ·.- � É�Ê ø ì  �Ø ',) û þ Ç Â ´�µ�ÈWµ í DSM/,021�3�4 ­ � ��5 È�6 0 ø ¹m»	¼	½ � Ò Õ�Ì /,0 ³ì Þ ¶ & · 3 Ì�7�8:9 �;� � load< store
É�Ê � ÄlÅlë=
> � Þ�í MBP-light ³lø�?�@ 9 �;�BA2C�D+E ��FHGI è É�Ê < Ë�Ì Í 9 �J� 	TÎ�Ï Â ´�µ�ÈWµWë ·!K ê°è�	

Î�Ï � Þ'ã ë ³ML ¶.N�O · 33%� æ�Ç���� 	���� � ÞK Á ë ³MLWÞ�íP ¶ · ¹l»Ö¼7½ Ò Õ�Ì 	A×ºØ?Ú Û É�Ê
	�Q�Ü � Þ'ã�³ · äÖØ æ�ÇR��� ³ML�Þ Æ�Ç�æ,ëlì Þ�í
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