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add    r1,r2,r3

add    r1,r2,r3

1) add    r1,r2,r3

4

5r4=r63

r4=r63

sli r12,r1,3

sli r12,r1,3

sli r12,r1,3

b VLIW2

bc     L1

VLIW1:

VLIW1:

add    r1,r2,r3

b VLIW2VLIW2:

VLIW1:

bc     L2

1

2

3

Translated VLIW Code

2)

bc     L1xor r63,r5,r6

add    r1,r2,r3

VLIW2:

VLIW1:

xor r63,r5,r6 bc     L1

add    r1,r2,r3

VLIW2:

VLIW1:

xor r63,r5,r6 bc     L1

bc     L1

Original PowerPC Code

sli    r12,r1,33)

r4=r63

xor    r4,r5,r6
and    r8,r4,r7
bc     L2
b      OFFPAGE
sub    r9,r10,r11
b      OFFPAGE
cntlz  r11,r4
b      OFFPAGE

L1:

L2:

4)
5)
6)
7)
8)
9)

11)
10)

6and r8,r63,r7

and r8,r63,r7

b VLIW2

and r8,r63,r7

and r8,r63,r7

and r8,r63,r7

r4=r63

r4=r63

r4=r63

11

10

9
8b OFFPAGE

Translated VLIW Code

VLIW2:

b OFFPAGE

add    r1,r2,r3

VLIW2:

VLIW1:

b OFFPAGE

xor r63,r5,r6 bc     L1

b OFFPAGE

VLIW2:

add    r1,r2,r3

VLIW1:

b VLIW2

xor r63,r5,r6

bc     L1

b VLIW2

bc L2

bc L2

bc L2

sli r12,r1,3

sli r12,r1,3

sli r12,r1,3

7

add    r1,r2,r3

VLIW1:

b VLIW2

xor r63,r5,r6

bc     L1

sub r9,r10,r11

sub r9,r10,r11

cntlz r11,r63

b OFFPAGE

b OFFPAGE
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H J�K_o�����|~m�� ��t�o&q×tvz�q×o&� uxw��#�c�
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��m��Ú��y�m���mV|�o&�~u�w��:oa�Ó�Ys�z#��u���� m�|,�¾o�tvm��
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�¸�p� �Úu���tà�#o���� mV|�{�¡am8��m�� tv|~u�s#m � ��m o��b��| m��~�£�,�#o�tcm q�o ��w�z���w��Y�~��m#
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��w��Ë��¡�o�| m�*¾� �#o�� o�t�tcw�n���qxu�����m��a� �Úm%�S���´o&nCu×t �~|�o��#��q×o&� uxw��*s#m���¡amVm�� �!0�F�A 0�9!3=<>2@?,AC3�?4HS9�A�tvw>��m
o�����
#�k�¸� tcw>��m�R�{�* , Rªo_| m�o�� pV¡�| u��~m�o&|~m�o_� w ���~w�| m���o�| u�w�z#�T��o&��o ��� |~z#tv�~z�| m��A��mVm���m�� sS� � ��m
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Not Mapped
(Translation does
not exist)

(= Low Section of VLIW
Virtual Address Space)

0x1000:Phys Page A

0x2000:Phys Page B

0x32000

0x2F000

0x30000

VLIW_BASE=0x80000000

R/W Area

Empty
(Memory Hole)

R/W Area

Top of VLIW Real MemoryVLIW_BASE + 0x4000

Translation of Physical Base
Architecture Page A

VLIW Virtual Address Space VLIW Real Address Space

Base Architecture

0x1000:

0x2000:

Base Architecture
Physical Memory Physical Memory

0x1000:

0x2000:

0: 0:
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0:0:

Translation of Physical Base

VLIW_BASE + 0x8000

Translation of Physical Base
Architecture Page B

VLIW_BASE + 0xC000
Architecture Page C

VMM (ROM) VMM (ROM)

0x02004000

0x02000000

Base Arch Phys Address SpaceBase Arch Virt Address Space

BaseArch Phys Page B

BaseArch Phys Page A

Virtual = Real

(Identity Map)

(Identity Map)

Virtual = Real

Max Base Arch Memory
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�~��u�� w�| o&��w�� ��m�|8��| w�tcm�� ��w�|�{Yw�| �^p�q#R o���u���� m�|~| z��Ú�Xw�tVtvz�|�� � wJ� ��m9V ��� {ª¡���u�t��Tux����o�q�u6m
�Úo&� m��h� �Úm£�~|�o&�´��q�o�� uxw��Cw��ª� ��m �#o&y�m tvw�����o&u��Úu���y � �Úm_z���ux���A�a�Úm£m��´tvm �Ú� u�w��Ru×�Q��| m�tcu���m {���w � ��m
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�!0�F�A�0�9!3=<>2@?,AC3�?4HS9�AYnpo�t���u��Úm_����o&�~m o&��� ��m � uxnCm�w��e� ��m u���� mV| | zb����tvw�| |~m��B�#w��n���£� w\�~��m#�#w�u����
��z´���ÓoY�Ë�~m�|�tvw�n���qxm�� ux��y£�~��m �!0�F�AE0�9;3=<>2@?,AC3�?GH>9�Aªu��´��� |~z#tv�~u�w���� �´o&�YnCw>��ulV#m��\� ��m tvw>��m#*¸ux�Ct�o���m
�~��m tvw>��m nCw>��uWVþt�o&�~u�w��p¡ o�� ��w���m sS��� ��m#��|~w�y�|�o&n:R��a�u�Ë� m�|�ux����o&qxu@��o�� ux��y\� ��m o�����| w���| u×o&�~m
�~|�o��#��q×o&� uxw��k{�� ��m8��| w�y�|�o�n u×��|~m�����o&| �~m���s>�ps�|�o��#t���u���y�� w�� ��m � |�o��#��q×o&�~u�w��*w��Y� �Úm��!0�F�A80�9 �
3!<>2@?BAC3�?4H>9�AYu��#��� |~z#tv� uxw����Ëw�qxq�w�¡�u��Úy � �ÚmXw���m � �#o���nCw>��ulV#m��R�~��m tvw>��m �Y�O�e� �ÚmE�#o&y�m\tvzÚ| | mV���~q6�
m���m�tcz�� ux��y ¡�o��an�w>��uWV#mY��{�� ��m��p|~m�� |�o&�#��q�o&�~u�w��Cw��e� ��ms�#o&y�mX¡�uxq�q�w�t�tvz�|Ósþm��Ëw�| m �~��mE��|~w�y�|�o&n
tVo&�*s#m\| m�����o�| � mY��� ¤£w��~m �~�#o&� � �Úu���nCm�t��#o&��u×��n �´o&� zÚ|�o&qxq6�p�#o�����q�m��£� ��m�tVo���m\¡��Úm��æoR��m�¡
�Ú| w�y�|�o�n sþmVy�u��´�}m���m�tcz�� uxw�� ux�\� ��m �!0�F�A 0�9!3=<>2@?,AC3�?4HS9�AknCm�nCw�|^��z#��m�� s>�\o��Rm�o&| qxu�m�|���|~w�y�|�o&n
*¾m��¼yÚ�Í��u�o£w���m�|~q�o �#��| w�y�|�o&nCnCux��y�� m�t�����uZg�z�m��=R��k� ��mV��tvw>��m�nCw>��uWVþt�o&�~u�w�� m���m������Íw�tVtvz�|f�Ë|~m m
g�z�m���� qX��{�� �Úm�| m o&| m�w���� uxnCu6]�o&� uxw��#���~�#o&�}t�o&�\s#m�o�����qxu�m�� u��#��� m�o�� w���| m��~|�o��#��q×o&� ux��y_�~��ma¡���w�q�m
�´o&y�m {�s�z��_¡Óm ¡�uxq�qª��w��#��u�� tcz#� �£�~��m���m���z�|~u���y�� ��u×�£u���ux� u×o&qªtvw��#tvm ���~z#o&qem����Úq�o&�´o&� uxw��Jw���w�z�|
uZ��m�o��"�Ëw�|s$'�'&�(U)*�
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��q�q m��´tvm ���~u�w��´��o�| m.V#m�qZ��m��¥s>� � ��m%V � � ��� ��m�� o&� m��´tvm ���~u�w��¥w�t�tcz�|��c{X�~��m 
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sÚ|�o&�´tà��m��X� w o V��Úm��*w��Ü��mV��*¸s#o���m��Tw���� �ÚmC�,�S�#m�w���m��´tvm ���~u�w���R�u��æ� ��m9V ��� o�| m�o��Me�w
�¾o�|_¡am\�´o���m ��m��~tv| uxsþmY��� �Úm �^
#�k�¸� � |�o&�#��q�o&�~u�w��*��w��#��|~m���m�������o&�n� ��tvw>��m\nCw>��ulV�t�o�� u�w�� �
ux���~m�| |~z������v{��~�#o&�Óo&|~m£�´o&����qxm��%��u�|~m�tv� qX� sS�\�~��m V � � ���£��w�� ��mV|A�,�S�#m�w��km��#tvm���� uxw��\w�t�tvzÚ|��
¡��Úm�� �~��mp� |�o��#��q×o&�~m�� tvw>��mHu��\m��Úm�tvz��~u���yÚ{Y��z#t�� o��Ro.�#o�y�m:�¾o&zÚq��\w�|�m����~m�| �´o&qaux���~m�| |~z����V�
�¸� ��z#t��*t�o���m��c{�� �Úm2V � � V#|����#��m��~m�| nCux��m��Y� ��m��!0�F�A80�9;3=<>2@?BAC3�?GH>9�AÓu��#��� | z´tv� uxw��*� �´o&��¡�o��
m���m�tcz�� ux��y ¡���m��C�~��m_m��´tvm ���~u�w��Rw�t�tcz�| |~m����K*��a�Úm_� |�o&�#��q�o&�~u�w��Cu�� ��w���m npo�u�����o�u���ux��yE��|~m�tvu���m
ux���~m�| |~z������£o���¡ o��E��m�� tv|~u�s#m���ux�T�Y�#o���� mV| , {k��wC�~��u���u��u�#w��~��u�sÚq�m��lRC�a�Úm:V � � �~��m��:�#m�|Cm
�Ëw�| np�_ux���~m�| |~z���� o�tv� uxw��#� | m�g�z�u�|~m��Hs>�*� ��m �!0�F�A 0�9!3=<>2@?,AC3�?4HS9�A�{A��z#tà��o��#��z��~� u��ÚyH��o&qxz�m��_u��
�,�#m�tvuWVþt |~m�y�u×���~m�|��c� /Íu��´o&q�qX�C� �Úm2V � � s�|�o&�#t���m���� w�� ��m � |�o&�#��q�o&�~u�w��*w��Y�~��m s#o���m w��#m�|�o��^m
ux��yp�,����� m�n9tvw>��m\�~�#o&� ¡aw�zÚq@���´o&����qxm\� ��m m��´tvm ���~u�w��Ü�£� ��m��J� ��m\s´o���m\w��#m�|�o�� u��Úyp�B�Ú���~m�n
u×�#��w���m%��|~w�tvm�� ��u���yJ� ��m�u���� mV| | zb����{�ux� m���m�tvz�� m��_o0� � ��)���-,N � ��(��8N�X'-��������")�*���u��#��� |~z#tv� uxw��
¡��Úu�t��R|~m���z�n�m��Ím��Úm�tvz��~u�w��\w��ª� �Úm_u���� m�|~| z��Ú� m��\tvw>��m o&�Ó� ��m�� |�o&�#��q�o&�~u�w��Cw��ª�~��m£ux���~m�| |~z����~m��
ux�#���~| z#tc� u�w��k�

�_� o&�æm��#o�n���qxm�{#tvw��´��u@��m�| o'�#o�y�m��¾o&z�qx�_w��æ� �Úm�tuI�P A!9=tsvA�k�a�Úm\� |�o��#��q×o&�~m��Ttcw>��m\�#o��
s#m�mV� �Úm�o���uxq6�*| m�mÄw�|!��m�|~m���� �az�� � ��m V � � ��� u�qxq���z#t�tvm��~� �Ëz�qxq6�*uZ��m���� uWV´m��X�~��mJo�����|~m�� �\w��
�~��m#tuI�P A!9=tsvHqxw�o���w�|���� w�| m_ux�#���~| z#tv�~u�w��R�~�#o&� t�o&z#��m��R�~��m£ux���~m�| |~z����V{�o����R�~��m_����o�� m_w��ª� ��m
o�|�t���u��~m�tv�~m��it I�PKA!9!tsvR| m�y�u���� m�|��S��z#���ªs#m��Ëw�|~mhm���m�tcz�� ux��y�� �#o��kq�w o��Xw�|A��� w�| m *
��m�m��Y�#o���� mV| , R��
�a�Úm V ��� �~��m��%* -�R��Úz����k� ��mYqxw�o���p����~w�|~m�w��#m�|�o���� o�����|~m�� �ku�� � �ÚmP/�
���| m�y�u���� m�|Q*
o�|~m�y�u×��� mV|
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ux����u×t�o&�~u���y�� ��mÓw���m�����u���y_��u�|~� z#o�q�o�����|~m�� �Í�~�#o&�eq�m�o��X� w o �#o�y�mK�¾o�z�q���R�{S* , RU��z����ª� ��m o�����|~m�� �
w��Y� �Úm t I�PKA;9=tsv*q�w�o�� p���� w�| m\u��´��� |~z#tv�~u�w���u��p� ��m �"��� � | m�y�u����~m�|E*�o\| mVy�u���� m�|�ux����u×t�o&�~u���y � ��m
o�����|~m�� �Aw����~��m�u���� m�|~| z��Ú� u��Úy£ux�#���~| z#tv�~u�w���RQ* < Ra��z����A� ��mE*
tvz�| |~m����Ím�n�z�q×o&� mY� Rat I�PKA!9!tEv �8�"�
|~m�y�u×���~m�|i*¾npo�t���ux��m_����o�� m\| mVy�u���� m�|�RYu���� w�� ��m �"��� 	X| m�y�u���� m�|E*
o&��w�� ��m�| � o���m mË| m���� w�|~m |~m�y�u×��� mV|
z´��m��_s>�£ux���~m�| |~z������!R�{�* DSR�V#q�q×��o��b��| w���| u×o&� mYs�ux����ux�X�~��m?/���$�� �£|~m�y�u×��� mV|f*�oa|~m�y�u×���~m�|ku�����u�t�o�� u��Úy
�~��m�t�o�z#��m��Ëw�| op��� w�|�o&y�mCm��´tvm ���~u�w��UR�{�o&���r*UGdR£sÚ|�o&�´tà��m��£� wp� �Úm\� |�o��#��q×o&�~u�w��æw��st I�PKA!9!tEv
|~m�o&qkqxw�t�o&�~u�w�� � � 	
���Ú{�¡��Úu�t��*tvw�����o&u��´�a� ��m%tuI�P A!9=tsvT��mV| ��m�q�V#|����£qxm���m�q�u���� m�|~| z������´o&����qxm�|
�Ëw�|Ó��� w�|�o�y�m m��´tvm ���~u�w��´�v�ª�G�ªoX�~|�o��#��q×o&� uxw�� ��w�m��Y��w��Óm���u×���f�Ëw�|a�~��m£ux���~m�| |~z����A�´o&����qxm�|Óo&�Y| m�o&q
t I�PKA;9=tsv*o��b��| m��~� � � 	����Ú{�u��Ó¡�u�qxqþs#m tv|~m�o&�~m�� *¾s�z�����z�s#��mYg�z�mV���~q6�\¡�u�qxq#��w��Ósþm t�o����Ów�z��V{�� w
�Úm�q6�Jo�t���uxm���m �¾o�����u���� m�|~| z��Ú�a| m��B�#w��#��m q×o&� mV|�w���R��

/�w�| o&� H J�K ����m�y�n�m�������w��E��| m���m������ �¾o�z�q��#*¸ux���~m�| |~z�������zÚnRs#m�|1- -�R�{km��Áy�� o&| u×��ux��y'�Ë| w�n
o\�¾o&|�tVo&q�q�� w�o �Ú| w�tvm���z�| m u��Jo\��m�y�nCmV���Ó��w���tvzÚ| | mV���~q6��u��pnCm�nCw�|^��{�� ��m1V � � V´������� ��m
- -v�~� m���� |C�Tux��� ��m �����h*��¸��� m�|~| z���� �£m��~tv| uX��� w�|��Ío�s�q�m�{A¡��Úm�| mJ�#w�ux���~m�|�� � wæ�#o&����q�m�|��i�Ëw�|
m�o�t���u���� m�|~| z��Ú�X�,�>�#mpo&|~m���m�����{eo�� ¡amVq�q�o�� w��~��m�| ux�S�Ëw�|~npo&�~u�w���R�� e z����#w���mH� �´o&�\m���� |C�*u��
o �~��o����*y�o�� m �C� �´o&�#�#w�u������_�~wHo��Tux���~m�| |~z������#o&�n��q�m�| ��o����r*¸�~��m�H J�K\o�|�t���u��~m�tv�~z�| m t�o&�`��w
��o����æ��¡�u���tà�Úu���y�sS�J�#o&|;��¡�o�| m�R��\�a��m:V � � �#m�|,�Ëw�|~np�£� �Úm���| w�� m�tv�~u�w��ætà��m�tà�Ú�£o����æ����o�� m
�~o���ux��ypo&�n� |~m����~w�| ux��y'�Ëz��´tv� uxw��#�_o�� ��w�tvu�o�� m��*¡�u��~�*� ��m\��o���� ��¡�ux��t��k{�o����*s�|�o��#tà�Úm��£� w�� ��m
�~|�o��#��q×o&� uxw��æw����~��m\V#|���� ux�#���~| z#tv�~u�w��*w����~��m�u���� m�|~| z���� �#o&����q�m�| ��o��������O� � ��m\�´o&����qxm�| �#o��
�Úw�� s#m�mV��� |�o&�#��q�o&�~m���{Aux�X¡�uxq�qYs#m�{Í¡��Úm�� o�sÚ|�o&�´tà��u×�Xnpo���m�� wHux���_� |�o&�#��q�o�� u�w��k{Yo&�n� ux� u��
�Ëw�z����p� w\s#m z��Únpo����#m����
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0�9;3=<>2@?,AC3�?GH>9�Aªw��#m�|�o&�~u���y �B�Ú��� mVn*�A�a��m���m��Y|~m���z�qx�Yu��h�~�#o&� o&qxqþm���u×��� ux��y ��w��Ë��¡�o�| m �Ëw�|a� �Úm �!0�F�A
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s>�J��ux���Ów��Y�~��m1V � � ��w��Ë��¡ o&|~m��
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cmpi   cr0=r3,0

bc     cr0.eq,L1

load   r5=0(r3)

L2:

VLIW2

b L2

Base Architecture Code

b L1

bc cr0.eq
copy r5=r5’

0x0

0x4

0x8

b VLIW2

VLIW1

load r5’=0(r3)

cmpi cr0=r3,0

VLIW Code
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 Architecture Configuration

Architecture Configurations:
<Arch #>: # Issue - # ALU’s - # Mem Acc - # Branches

10: 24-16-8-7
 9: 16-16-8-7
 8: 12-12-8-7
 7:  8- 8-8-7
 6:  8- 8-4-7

 5:  8- 8-4-3
 4:  6- 6-3-3
 3:  4- 4-4-3
 2:  4- 4-2-2
 1:  4- 2-2-1

Ins Per Cycle
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/Íu�y�z�| m G��.- IKoeo&� �Úq�m���y�� �p| mY��z#tv�~u�w��´�"�Ëw�| �£uW��m�|~m���� �*o�t���u��Úm �Yw��SV´y�z�|�o&� uxw��#�

oA| w�y�|�o&n $%�'&�(�) �k|�o��
�,�ao �,�ao

1�( ��*�� ��7�7 M � A = � M
5�� � < � C G��ED
� ;���� * D�� , M �HA
7�(���� , � G G��.-
1 7�X������ D�� M < �HC
� [ ��� D�� D G��HA

�ªo&s�qxm2G�� , I��Yw�n��#o&|~u���w��pw��Ó�,�aor�Ë| w�n $'�'&�(U) o&���C� |�o���ux� uxw��#o�qf
#�k�¸� tvw�n ��u�qxm�|��

< G



��u�� uxw��#o�q�
#�k�¸� tvw�n ��u�qxm�|Q�#m�|B�Ëw�| nCux��y\o y�| m�o�����zÚnRs#m�|Yw��}��w�����u×��� u×t�o&�~m��Rw���� uxnCu6]�o�� uxw��#�c�0�
� ��tVo&�isþm���mVm��k{£�~��mæ�,�ao o�t���u�m���mY� s>� $%�'&�(U) u×��qxm�� ��� �#o�� , G � ¡aw�|���mæ� �#o�� � �´o&�
o�tà�Úu�m���m��\s>�R�~��m � |�o���u��~u�w��#o&qÜtvw�n��Úu�q�mV|hw��p� ��m���m_s#m��#t���npo�| �Ú�v{�o&qxsþmVu���¡�u��~�Cn�z#tà��u��n��u���u@�Sm
z´o&qY��o&| u×o&�~u�w���o&n�w���yC�~��m�sþmV�#tà�Únpo&|~���c�2/�w�| 1 7�X������Ú{�$%�'&�(�) o�tv� z´o&q�qX�Hw�z��^�#m�|,�Ëw�| n�m��
�~��m � |�o���uxw��#o�qAtvw�n���uxq�m�|V�

�a��u×� �#m�|,�Ëw�|~npo&�#tcm�¡ o���o�t���u�mV��m���o&� g�z�u��~m�qxw�¡ tvw ���V� �¸� � �ÚmHtcz�| |~m����\m����#m�|~u�nCm������c{
$%�'&�(�) |~m�g�zÚu�| mY�\o&�Jo���m�|�o�y�m�w���D < -�G � >"@ K�D�D�Daux�#���~| z#tc� u�w��#�h�~w\tvw�n���uxq�m�m�o�tà�Jt I�PKA!9!tEv
ux�#���~| z#tc� u�w��k��¢�w&¡Óm���m�|V{Í��w�� mp� �#o��Rw�z�|\u�n ��q�m�n�m�����o�� uÉw��æu��\tvzÚ| | mV���~q6�æo*| m���m�o&|�tà�r�Ú| w��~w�m
�,�>�#m�ux���~m�����mY� �Ëw�| �´m���uxs�q�m�m����#m�|~u�nCmV����o&� uxw��k�æ�TmJt�o�� m��b�#m�tv�\�~wT|~m���z#tvmp�~��u��\��zÚnRs#m�|
��u�y���uWV�tVo&��� q6�\¡�ux� �p��� |�o&u�y����,�Ëw�|~¡�o&|;�C� z���ux��y�{Úo&�����Ëz�| �~��m�|a¡�ux� �po��Cm���m���� z´o&q#| m�¡�|~u��~m£w��ª� ��m
ux�#tv|~m�nCm�����o�qktvw�n���u�qxm�|�{�¡���m��*�~��m���m���u�y��*npo&�~z�| m��v���_�_oR|~w�z�y��*y�z�m�� �v{kz��n��m�|�- 	
	�	 s#o���m
ux�#���~| z#tc� u�w��#�\�#m�|\s#o���mHux�#���~| z#tc� u�w�� ��mVm�np� o�tà�Úu�m���o&sÚq�m'�Ëw�|\u�n���qxm�n�m���� ux��ypw�z�|�o�y�y�|~m�� ��u���m
tcw�n���uxq�m�|Ó� m�t�����uZg�zÚm��v�Eq�z�|_�~|�o���u�� uxw��#o�qf
��k�
� tvw�n���uxq�m�|Ós�| m�o�����w�z�|E�Ú| w�V´q�u��ÚyR�~w�w�q��c{ks�z��
ux�*w�|;��m�|_�~wHtcw�n��#o�| m w�z�| tvw�n���u�q×o&�~u�w�� �B�#m�m��H�~wJo�����o�����o&|;�Tw��Ú� u�n�u6]�ux��y�tvw�n ��u�qxm�|�{���w�� m
�~�#o&� �~��m � 3!3Xtvw�n���uxq�m�|�m��Úm�tvz��~m��£o�� o���m�|�o�y�m\w�� M G�l ��e�� M
	�	
	 ux�#���~| z#tc� u�w��#�_� wpy�mV��m�|�o�� m
m�o�t���n�o�t���u���m�u��´��� |~z#tv�~u�w��pux��ux���aw�z��^��zÚ���

�£qx� ��w�z�y�� ¡amY�#o���mY��w��ªu�n ��q�m�n�m����~m��£o ��m���o&uxq�m��£�~u�nCmV|k��w o��k� w�w�sÚ��o&ux�\��|~m�tvu×��mQ��uX�#m�q�ux��m
o����*t�o�tà��m m���m�tc���v{�w�z�|_uxn���q�mVnRm�����o&�~u�w���w�� $%�'&�(�) ��w�m��£u��#tcq�z���m o���uxn���q�m t�o�t���m\��u�n�z�m
q×o&�~w�|��A�æm �#o���m nCm�o���z�| mY�R� ��m s#m��#t���npo�| �Ú�h�~��mE�Ëw�q�qxw�¡�u���y�t�o�tà�Úm tvw��>V#y�z�|�o&�~u�w�� I

� M D*��sS��� m'V´|���� q�m���mVqK�Úo&��o*tVo�t���mC¡�u��~�dD�mË¡�o � o�� ��w�tvu�o�� u���u��,��o&��� , G M mËs>���~m�qxu���m��v{ 	
t���tcq�m�q�o&�~m��#t�� �

� M D\��sS��� muV#|����aqxm���m�q���ux| m�tc�hn�o����#m��Rux�#���~| z#tc� u�w��CtVo�t���m_¡�u��~� , G M mËsS��� m q�u��Úm��v{ 	 t��Útvq�m
q�o&�~m��#t�� �

� D �HsS��� mJ��m�tvw��n� q�mV��m�q�tvw�nRsÚu���m���t�o�t���mp¡�u��~��D�mË¡�o � o�� ��w�tvu�o�� ux��ux�B� o���� , G M mËs>���~m
q�u��Úm��v{*- , t���tcq�m�q�o&�~m��#t�� �

� �*o&u��J�Hm�n�w�|^� {8A ARt���tvqxm£q×o&�~m��#t��
�ªo&s�qxm9G�� < nCm�o���z�| m��£� ��m�| mY��z#tv�~u�w��æu����,�ao �Ë| w�n=z´��u��Úy V´��u��~mCt�o�tà�Úm��v�Jq£��mV|�o&qxq¸{��#m�|Cm

�Ëw�| npo��#tvm ��| w��#� s>��oHqxu�� �~q�m\w���m�| ,
	 � �Ë| w�n u��>V#��u��~mCtVo�t���mCq�mV��m�q��c{Ío�q��~��w�z�y�� u�����ux��uZ��z#o�q
s#m��´tà��n�o&| �Ú�v{���z´tà��o�� ;�1�1��¾o&|~mRn�z#t��p¡aw�|���m���*
�
�9;�1�1
�Î�£t�o���m�{k�~��m\q�o�| y�m�u��´tv| m�o���m\u×�E��z�m
�~w�o -�C � nCu×� � |�o&� mJu�� � ��m�V#|����Cqxm���m�qaux�#���~| z#tc� u�w�� t�o�t���m��lRQ�a��m*�,�ao o�� ��o�u���mY� u������~u�qxq
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oA| w�y�|�o�n � vT0d3=<�A � 2@/�2@?BA%vT0d3!<�A t I�PKA;9=tsv K�D�� �
1�( ��*�����7�7 M � G , � M 	 � ,
5�� � D�� = < � A -��.-
� ;����"* D�� A < � A 	 �N=

,1 < � 	 , � C 	 �HC
1 ��* < � M < � G 	 �HC
7�(3��� < � = , � , 	 � <
1 7�X��	��� D�� M D�� M -�� ,
;,1�1 < � 	 	 � A 	 �HG
� [ ��� D�� , < � < 	 �N=

�ªo&s�qxm2G�� < Ia��m���z#tc� u�w��pw��}�B�ao �Ë|~w�n V´��u��~m t�o�t���m���o����Htcw�n��#o�| u×��w��p�~w�tuI�P A!9=tsv K�D�� �

��u�y���uWV�tVo&��� q6� ��u�y���m�|A�~�#o&��� �´o&�Óo�t���u�mV��m��Xs>�\o\t I�PKA!9!tsv K�D�� �H¡�ux� � - , A �Hs>���~m��Íw��knCm�n m
w�|^��{ª¡�u��~� o�nCm�o&�*w�� < � < ��m�|���z#�_w���qX� 	 �N='�Ëw�| � ��m���mCs#m��#t���npo�| �Ú� * o&q�n�w���� o�V#��m �Ëw�q@�
uxn���|~w&��mVnRm����V�krA��m���� ��ms��u���tvz�qx�
;,1�1_s#m��#t���npo�| � o�t���u�m���m�� M
	�� ��uxy���mV|��,�ao�u�� $'�'&�(U)
�~�#o&�Jw��J� ��m0K�D�� �Ó�

�ªo&s�qxm!G��EDæu�����u×t�o&�~m�� � �´o&��nCw�����
#�k�¸� ux�#���~| z#tv�~u�w��#����w���w��Ctcw�����o&ux� q�w�o����Ct�o�z#��ux��y
tVo�t���mRn�u�� ��m��v�J¢£m��´tvmC����o�q�q�� ����w�z�q@��s#mC|~m�q�o�� u���mVq6�H|�o&|~m��!/Íuxy�z�|~m G�� , u�����u×t�o&�~m��_� ��m�nCu��~�
|�o&�~m����Ëw�|\� ��mJ��uW��m�| mV��� s#m��#t���npo�| �Ú�v�J�Hw���� w�� � ��m�nCu��~� |�o&�~m�� o�| mJg�z�u��~mCq�w�¡ {ª¡�u�� ��� ��m
m��#tvm���� uxw��Cw��A�~��m ��m�tvw����Cq�m���mVq�tVo�t���m �Ëw�| 1 7�X��	�,� O 1 ��*�o&��� 
�1\o������~��m ��tVo�t���m �Ëw�| ;�1�1��
�a�ÚmR��uxy��æ|�o�� m�� w��æ� ��m���m�tcw����*q�m���mVqAt�o�tà�Úm\| m��#m�tv� tvw�qZ�*����o�| � nCu��~��m�� * �~��m�| m�o�| m���m�|^�
�ËmV¡Qo�t�tvm�� ��m�� � w*� �Úmp��m�tcw�����q�mV��m�qYt�o�tà��m���u��´tvmC� �Úm���mC�~��| mVmCs#m��#t���npo&|~��� o&|~mp��npo�q�qÓo&�n�
�´o���m\�~��m�ux|_��m�m��Ú�X�~o&�~u�� V´m�� s>�H�~��m�V#|����Xqxm���m�qet�o�t���m�� �a��mR�Úu�y��9;�1�1p��t�o�t���m\nCu×� ��|�o�� m�u��
o�nCw�|~m ��m�| uxw�z#� tvw��#tcm�| � o&���H|~m��#m�tv�����~��m q×o&|~y�m\¡aw�| ��u���y���mV�_w��
;�1�1Co����H� �Úmi�¾o�tc�_� �#o�� o
tc| w��~�Bm4�#o&y�mE��z�n��Cw�tVtvz�|��aw��*o���m�|�o&y�m m���mV|^� - 	 
#�k�¸� u��#��� | z´tv� uxw��#�c�

/�w�|�tcw�n��#o�| u×��w��Ü{A¡amJo&q×��w*nCm�o���z�|~m��T�~��mJ�þmV|B�Ëw�|~npo&�´tvmCw�� �~��m A�mËu�� ��z�mpnpo�t���ux��m���m m
�~tv| uxs#m��po&��� ��m ����o&|~�£w��Y� ��m\�Y�#o���� mV|i* A'� ��� ��� � "Fw��#�u�#m�|_t���tvqxm£w��Y¡���u×tà�Jo&��nCw ��� D
tVo&��sþm�n�m�nCw�|C�_w��#m�|�o&�~u�w��´�v{d��q�z´� < tvw�����ux� u�w��#o&qÚs�|�o��#tà�Úm��=R��A�¸�%��w�ux��y ��wÚ{�¡am�o�q���wX|~m���z#tcm��
�~��m ��u6]�m_w��A�~��m V#|�����qxm���m�q�ux�#���~| z#tv�~u�w��po&���J��o���o�t�o�t���m��Q�Ë| w�n M D\��s>���~m��hm�o�t��C� w:D\��sS��� m��
m�o�t��k{�¡���uxq�m�nCw���u���y_�~��m M D ��s>��� m�t�o�tà��m��Í� w � �Úm_��m�tvw��n�Lqxm���m�q¸{�o����R�~��m D nCmVy�o&s>��� m�tVo�t���m
�~wR�~��m � ��ux|!�Cq�mV��m�q�o�����z�nCn�o&| uX]�m��Ls#m�qxw&¡ �

< =



 L0 DCache
 L0 ICache
 L1 JCache

||0.005

|0.011

|0.023

|0.050

|0.108

|0.232
|0.500

|1.077

|2.321

|5.000

|10.772

|23.208

|50.000
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c_sieve cmp wc fgrep lex gcc compress sort

/ªu�y�zÚ| m�G�� , Ia�Óo�t���m �Hu��~���£o�� m��K�Ëw�|��amV�#tà�Únpo&|~���
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oA| w�y�|�o�n ��w�o���� �#m�| e � w�|~m��K�#m�| �Hm�o��J
#�k�¸�����a�amV��¡Óm�m��

#�k�¸� 
��k�
� ��w�o�� e��~w�| m �HmVnCw�|C�

�Hu×� ��m�� �Hu�� ��m�� �Hu��~��m��
1�( ��*�����7�7 -�� < C < �h-�C - M G -(C��HA -�=�� =
5�� � -�� =3= 	 � D M C�{ 	 C , M {h-�C < < { M A>D
� ;����"* -�� , = 	 � <3< -�A�{ 	 =�G D_C�{ , C G - < { ,3,3M

,1 	 � M G 	 � 	�	3, - < { M C3G D�-�{ 	 A M - 	 { , =_-
1 ��* -�� , C 	 � 	�	3< - M {HG , A A3G�{ 	
	�	 - < { A < =
7�(3��� , � D�- 	 � A>D D 	 - -�{ M A < <3, <
1 7�X��	��� 	 � A3C 	 � M3< C , {HG 	
	 C�{ 	3, D A�{ , ,3,
;,1�1 -�� =_- 	 � G8- C M �h- A C3C A M � A

�ªo&sÚq�m�G�� D�I ��w�o���{ e��~w�|~m�{�/Íu�|����Cm���m���mVqÍ�Óo�t���m\�Y�#o�|�o�tc� m�|~u����~u�t��aw��Y�amV�#tà�Únpo&|~���

��u���m
vT0d3!<�A e�u6]�m �_� ��w�t e�uX]�m �ko&� mV�#t��

��m�� - � �Óo�t���m D l - M D 	
��m�� - �X�Óo�tà�Úm D l D M D 	
��m�� , � �Óo�t���m M D�l , - , A D
��m�� , �X�Óo�tà�Úm M D�l D - , A D
��m�� < ���Óo�tà��m D � D , G M - M
�*o�u��J�Hm�nCw�|^� � � � C ,

�ªo&s�qxm G�� GRu�����u�t�o�� m���� ��m\|~m���zÚq����c� �¸�SV#��ux� m t�o�t���m8�#o&|�o&q�qxm�q�u×��n u���| m���z´tvm�� �Ë|~w�n D�� , �Ëw�|
�~��m , D�mËu��~��z�m\npo�tà�Úu���m�� w < � 	 �Ëw�|_�~��m�A�mËu��~��z�m\npo�tà�Úu���m * tcq�m�o�| q6��� ��m A�mËu�� ��z�m n�o�t���u���m u��
n�o&��u���y nCw�| m�m���tvu�mV���Az´��m_w��ªu����Y| m���w�z�|�tvm��c� /Íu���ux� m�t�o�tà�Úm �#o�|�o�q�q�mVq�u���n ��| w��#�hs>��o ��uxnCu�q×o&|
o�nCw�zÚ���E�Ë| w�n < � < � w , � , �.*��a��m�q�o&|~y�mJ��| w��r�Ëw�| ;�1�1pu×� �~��mC|~m���z�qx� w�� q�o&|~y�mp��t�o�tà�Úm\nCu��~�
|�o&�~m��v�lR

�Yw>��m�m��b��q�w ��uxw��æ����o&�~u����~u�t��u�Ëw�| � ��m\s#m��´tà��n�o&| �Ú��o&| m�o�q���w�ux�æ�Ío�s�q�m G��.-��\�a��m�o���m�|�o�y�m
tcw>��m£m����#o��#��uxw����#m�|Óo�tc� z#o�q�q6� �~|�o&�´��q�o�� m����#o�y�m�u�� -(A�l ��D l E D�� G6M[*¾� ��u×�Íu�����z#���A� ��mu
��k�
�
tcw>��m���uX]�m���m�n ���,�C¡�o���� mY�T�,�#o�tvm\w�� �´o&y�m��i��z�m\� wp� �Úm2D"M V��Úm��Hm��b�#o&�´��u�w��*npo �pq�m�o��H� w
o�����ux� u�w��#o&qkw���m�|~��m�o���{�z��Úq�m��~��z#��m��'�Ëw�| ��w�nCm�� �Úu���y m�q���m�R��ª�Tm �#o���m#��q�o�tvm��Cq�ux� �~q�m�m�n����#o���u×�
ux� w�z�|�u�n��Úq�m�n�m�����o�� uxw��æw�� tcw���� | w�q�qxu���yætvw>��m�m�����qxw���u�w�� o���� m��b�#m�tv�\�~wT|~m���z#tvm�� ��mpm��bm
�Úq�w���u�w��Hu��J�Ëz�� zÚ| m uxn���qxm�nRmV����o&�~u�w��#�v�Ó¤£w��~u�tvm �~�#o&��w���qX�p� ��m o�tv�~z#o&qxq6�Cm��Úm�tvzÚ� m����#o�y�m��£y�m��
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add    r1,r2,r3

add    r1,r2,r3

1) add    r1,r2,r3

4

5r4=r63

r4=r63

sli r12,r1,3

sli r12,r1,3

sli r12,r1,3

b VLIW2

bc     L1

VLIW1:

VLIW1:

add    r1,r2,r3

b VLIW2VLIW2:

VLIW1:

bc     L2

1

2

3

Translated VLIW Code

2)

bc     L1xor r63,r5,r6

add    r1,r2,r3

VLIW2:

VLIW1:

xor r63,r5,r6 bc     L1

add    r1,r2,r3

VLIW2:

VLIW1:

xor r63,r5,r6 bc     L1

bc     L1

Original PowerPC Code

sli    r12,r1,33)

r4=r63

xor    r4,r5,r6
and    r8,r4,r7
bc     L2
b      OFFPAGE
sub    r9,r10,r11
b      OFFPAGE
cntlz  r11,r4
b      OFFPAGE

L1:

L2:

4)
5)
6)
7)
8)
9)

11)
10)

6and r8,r63,r7

and r8,r63,r7

b VLIW2

and r8,r63,r7

and r8,r63,r7

and r8,r63,r7

r4=r63

r4=r63

r4=r63

11

10

9
8b OFFPAGE

Translated VLIW Code

VLIW2:

b OFFPAGE

add    r1,r2,r3

VLIW2:

VLIW1:

b OFFPAGE

xor r63,r5,r6 bc     L1

b OFFPAGE

VLIW2:

add    r1,r2,r3

VLIW1:

b VLIW2

xor r63,r5,r6

bc     L1

b VLIW2

bc L2

bc L2

bc L2

sli r12,r1,3

sli r12,r1,3

sli r12,r1,3

7

add    r1,r2,r3

VLIW1:

b VLIW2

xor r63,r5,r6

bc     L1

sub r9,r10,r11

sub r9,r10,r11

cntlz r11,r63

b OFFPAGE

b OFFPAGE
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