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� R�T b O�N7Z]$�^(�-$7j��JP>S5Y�$3�·Y�N�Q�P3R c Q�¹JN]W�L h WJY�NEY�N h WJY�RfSJT � W#O+�.� Iw£ � N � Q�W·Qd¹JN�Z � a´³ W c Z+P>LJLN7P>O�Z ³ N c W ¼ I

� KML h WJY�N7Z a P�O � N7Y ¼�R�Q�¹�P>SXP#Z�Q�N�OgR@Z �¾h P b ZgN�P´O�N7Z�N�O�¥�N7Y R�S5Z�Q�O b5h QgRfW�SXN �5h N�LJQ�R�W#S I
� KML h WJY�N7Z a P>O � N7Y ¼uRfQd¹�P � R�P>O�N�R c c N�T�P c�³Jb Q]Y�W·SJW#Q h P b Z�N�P´O�N7ZgN�O�¥#N7YeR�S5Z�Q�O b5h QgRfW�SXN �5h N�LJQ�R�W#S I
� KML h WxY�N7Z a P>O � N7Y ¼�R�Q�¹XP´LJ¹�R h P b Z�N�P h W�LJO�W h N7ZdZ�W#O�$ b S b Z�P ³�c N�N ��h N�LJQ�R�W#S I
� KML h WJY�N7Z a P>O � N7YX¼uRfQd¹ PVY�N c Q�P h P b Z�N�P h W�LJO�W h N7ZdZ�W#O HVb S b Z�P ³�c N·N �5h N�LJQ�R�W#S¯R��uQd¹JN���L5� H�³ RfQ)R�S²Q�¹JN

Z�Q�P>Q b Z�O�N�T�R@ZgQ�N�O�R�Z hdc N7P>OA�JW#Q�¹JN�O�¼uR@ZgN�Q�¹JN � h P b Z�N�P´OdN7Z�N�O�¥#N7YeR�S5Z�Q�O b5h Q�R�W#S�N ��h N�LJQ�R�W#S I

	 KML h WJY�N7Z a P>O � N7Y ¼�R�Q�¹XP·Z�R�T a P h P b Z�N´P�OdN7Z�N�O�¥#N7Y¾RfS5ZgQ�O b5h Q�R�W#S«N ��h N�LJQ�R�W#S�R���
� 495 2«µ ³ R�QE$7�x¶oR�Z�Z�N�Q I

� KML h WxY�N7Z a P>O � N7YX¼uRfQd¹ PeO�¹JW h P b ZgN P OdN7Z�N�O�¥#N7Y¾RfS5ZgQ�O b5h Q�R�W#S²N �5h N�LJQ�R�W#S�R���Q�¹JN´O�N�T>R�Z�Q�N�O]S bJa´³ N�O�R�S 5 �
Y�W
N7Z�S���Q a P>Q h ¹VP h W#LJO�W h N7Z�Z�W#O H·h W#S�Q�O�W c O�N�T>R�Z�QdN�O+P#Z c R�Z�Q�N7Y¾RfS��oP ³�c N �5I

� KML h WxY�N7Z a P�O � N7Ye¼�R�Q�¹�P´Qd¹JN�Q�P h P b Z�N�P h W#LJO�W h N7Z�Z�W#O } b S b Z�P ³�c N�N ��h N�LJQgRfW�S I
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1 2 3 4 6 75
0
1
2
3

0

4
5
6
7

1 2 3 4 6 750
0
1
2
3

REGIMM
ADDIU

Φ
*

J
SLTI
COP2

*

JAL
SLTIU

Θ
*

BEQ
ANDI
BEQL

*

SPECIAL
ADDI
COP0

*

BLEZ
XORI

BLEZL
*

BGTZ
LUI

BGTZL
*

BNE
ORI

BNEL
*

Opcode

LH
SH
Φ
Φ

∗
*
δ
δ

LW
SW
Θ
Θ

LBU
*
*
*

LB
SB
*
*

*
*
δ
δ

*
*
Θ
Θ

LHU
*
Φ
Φ

BGEZ
*

BGEZAL
*

BLTZL
*

BLTZALL
*

BGEZL
*

BGEZALL
*

*
*
*
*

BLTZ
*

BLTZAL
*

*
*
*
*

*
*
*
*

*
*
*
*

REGIMM rt

28...26
31...29

18...16
20...19

4
5
6
7

1 2 3 4 6 750
0
1
2
3

*
JALR
MTHI

MULTU

SRL
*

MFLO
DIV

SRA
*

MTLO
DIVU

SLLV
SYSCALL

*
*

SLL
JR

MFHI
MULT

SRLV
*
*
*

SRAV
SYNC

*
*

*
BREAK

*
*

SPECIAL function

ADDU
*
*
*

SUB
SLT

*
*

SUBU
SLTU

*
*

AND
*
*
*

ADD
*
*
*

XOR
*
*
*

NOR
*
*
*

OR
*
*
*

2...0
5...3

� R�T b O�N·$>^ ���M�e� ��� ��S5Z�QdO b5h Q�R�W#S ` S h WxY�R�SJT
Z I
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4
5
6
7

1 2 3 4 6 750
0
1
2
3

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ

ICINV
ξ

ξ
ξ

RFE
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

COP0 function

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

ξ
ξ
ξ
ξ

2...0
5...3

1 2 3 4 6 75
0
1
2
3

0
ξ
ξ

ξ
ξ

ξ
ξ

MTC0
ξ

MFC0
ξ

ξ
ξ

ξ
ξ

ξ
ξ

COP0 rs23...21
25...24

CO0

� R�T b O�N�$3j ���M� ��W#LJOdW h N7Z�ZgW#OM�´��S5Z�QdO b5h Q�R�W#S ` S h WxY�R�SJT
Z I
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1 2 3 4 6 75
0
1
2
3

0

1 2 3 4 6 75
0
1
2
3

0

1 2 3 4 6 75
0
1
2
3

0

1 2 3 4 6 75
0
1
2
3

0

1 2 3 4 6 75
0
1
2
3

0

1 2 3 4 6 750
0
1
2
3

δ
δ

IXS
FXAVS

CFC2ρ
δ

MEMV
FXSVV

δ
δ

MEMS
FXSVS

δ
δ

IVV
FXMVV

δ
δ

IXV
FXAVV

CTC2ρ
δ
δ
δ

δ
δ
δ
δ

δ
δ

IVS
FXMVS

COP2 rs

δ
δ
δ
δ

δ
δ
δ
δ

δ
EXTVσ

δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

IXV vw

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ

INSSσ
EXTSσ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ
δ
δ

IXS vw

δ
δ

LHXσ
SHXσ

δ
δ
δ
δ

δ
δ

LWXσ
SWXσ

δ
δ

LBUXσ
δ

δ
δ

LBXσ
SBXσ

δ
δ
δ
δ

δ
δ
δ
δ

δ
δ

LHUXσ
δ

MEMV vw

LHAIσ
SHAIσ
LHSTσ
SHSTσ

δ
δ
δ
δ

LWAIσ
SWAIσ
LWSTσ
SWSTσ

LBUAIσ
δ

LBUSTσ
δ

LBAIσ
SBAIσ
LBSTσ
SBSTσ

δ
δ
δ
δ

δ
δ
δ
δ

LHUAIσ
δ

LHUSTσ
δ

MEMS vw

SUBU
SRLV

ADDUσ
CMVNEZσ

δ
δ
δ

CMVGEZσ

δ
SRAV

δ
CMVLEZσ

FLT
SLT

ANDσ
δ

SUB
SLLV
ADDσ

δ

FEQ
SEQ

XORσ
CMVLTZσ

δ
δ

NORσ
CMVGTZσ

FLTU
SLTU
ORσ

CMVEQZσ

IVV/IVS rd

23...21
25...24

7...5
9...8

7...5
9...8

7...5
9...8

7...5
9...8

13...11
15...14

� R�T b OdN�$7� ���M� � N h Q�W#OM��S5Z�Q�O b5h Q�R�W#S ` S h WJY�R�SJT
Z I
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�M�´¹5P�ZMP � b�c c�}#H � ³ R�QM¥�RfOdQ b P c P#YJY�OdN7Z�ZMZ�L5P h N]¼uRfQd¹XP � b�c c�}#H � ³ R�QMLJ¹ �xZ¦R h P c P#YJY�O�N7Z�Z.Z�L5P h N I � bJ³ � ¼�W#O�Y«YJP>Q�P
P#YJY�O�N7ZdZ�R�SJT·R�Z ³ RfT�� N�S5Y�R@P�S�W�SX�M� I

��¹JN�¥�RfOdQ b P c P#YJY�O�N7Z�ZVZ�L5P h NXR�ZVZ�L c R�Q R�S
QdW Q¦¼�W H 0¿¢ Z�N�T a N�S
Q�Z��MP � N�OdSJN c W#S c ��Z�N�T a N�S
Q«µ 762�4��>¶ � O�W a
*�� *"*(*"* *"*(*"* Q�W *�� ������� ������� �VP>S5Y P � N�O�SJN c P>S5Y b Z�N�O Z�N�T a N�S�Q µ 781 2 4��>¶�� OdW a *	��
"*(*"* *(*"*"* Q�W
*���������� ������� I ��¹JN�Z�N�T a N�S�Q�ZMP�O�N�Z�¹JW>¼MS R�S � R�T b O�N H � I

0x7fff_ffff
0x8000_0000

0xffff_ffff

0x0000_0000

2 GB

kseg

Read/Write
kusegKernel/User

2 GB

Read/Write
Kernel Only

� RfT b O�N H � ���.�´¥#R�O�Q b P c P#YJY�O�N7ZdZMZ�L5P h N I

��S � N�O�SJN c+a WJY�N���Q�¹JNVLJO�W h N7Z�Z�W�O h P�S P h�h N7Z�Z·P>S �P#YJY�OdN7Z�Z�R�S Q�¹JNVN�S�Q�R�O�N � 0¿¢ ¥#R�O�Q b P c P#YJY�O�N7Z�Z·ZgL5P h N I
��S b Z�N�O a WJY�N��JR�S5Z�QdO b5h Q�R�W#S � N�Q h ¹JN7ZMW#O�Z h P c P>O�YJP>Q�PeP h�h N7Z�Z�N7Z�Q�WeQ�¹JN 792 4���Z�N�T a N�S
Q]P>O�N)R c¨c N�T
P c P>S5Y h P b Z�N
P�Z ��S h ¹JO�W�SJW b Z�N ��h N�LJQ�R�W#S I �u¹JN £ Y ` � N ��h N�LJQgRfW�S\R@Z�T#N�SJN�O�P>Q�N7Y � W#O·P>S R c c N�T
P c RfS5ZgQ�O b5h Q�R�W#S � N�Q h ¹���P>S5Y
£ Y ` ¸ P�S5Y £ Y ` �VN �5h N�LJQ�R�W#S5Z�P�O�N´T#N�SJN�O�P>Q�N7Y � W#O.R c c N�T
P c Z h P c P>O c W
P#YJZ�P>S5Y�Z�Q�W#OdN7ZMO�N7ZgL5N h Q�R�¥#N c � I ��S b Z�N�O
a WJY�N���¥#N h Q�W#O�YJP>Q�P a N a W#O��·P h�h N7Z�ZgN7Z�QdW�Q�¹JN�792 4���Z�N�T a N�S�Q h P b ZgN¿P>S P#Z ��S h ¹JO�W�SJW b Z�¥#N h Q�W#O b S�RfQMP#YJY�OdN7Z�Z
R�S
QdN�O�O b LJQ´Q�W ³ N·»tP�T#T#N7Y«R�S�	��')�RfS Qd¹JN ��@9B�>��VO�N�T>R�Z�QdN�O I �JW�O ³ W�Q�¹Z h P c P>O·P>S5Y ¥#N h Q�W#O´Z�Q�W#O�N7Z��-SJW²YJP>Q�P
a N a W�O��´¼�R c¨cw³ N]¼MO�R�Q�QdN�S¾P>Q�Q�¹JN � P b�c Q�R�SJT�P�YJY�O�N7Z�Z Iw£ ��P b�c Q�R�SJT·¥#N h Q�W�O a N a W�O��·W#LN�O�P>Q�R�W#S ¼�R c c�h P b Z�N�Q�¹JN
Z�Q�P�Q�N+W ��Q�¹JN]¥�N h Q�W#O b S�R�Q�Q�W ³ N h W a N b S5Y�N�§5SJN7Y I

��¹JN�O�N�R�Z�SJW a N a W#O��eQ�O�P>S5Z c P>QgRfW�SV¹5P>O�Y�¼MP>O�N�W#SX�M� Iw� R�O�Q b P c P�YJY�O�N7Z�Z�N7ZMP�O�N¿Y�R�O�N h Q c �VL5P�Z�Z�N7YVP#Z�LJ¹ �JZ�R h P c
P#YJY�O�N7ZdZ�N7Z�Q�W�Q�¹JN�N � Q�N�O�S5P c�a N a W#O��·Z �JZ�Q�N a«I �u¹JN+N � Q�N�O�S5P c�a N a W#O ��Z �JZ�Q�N a a P �·Z�R a L c �eR�T#SJW#O�N b S b ZgN7Y
¹�R�T#¹ W#O�Y�N�O·P#YJY�OdN7Z�Z ³ RfQ�Z���R�S ¼M¹�R h ¹ h P#Z�N N7P h ¹LJ¹ �xZ¦R h P c+a N a W#O � P�YJY�O�N7Z�Z´¼�R c cM³ NXZ�¹5P�Y�W ¼�N7Y a´b�c QgRfL c N
Q�R a N7Z�R�S«Q�¹JN�¥�R�O�Q b P c P�YJY�O�N7Z�ZMZ�L5P h N I

KMSXN7P h ¹ a N a W#O�� h � hdc N��t�M��W b QdL b Q�Z�R�S�� W�O a P>Q�R�W#SVOdN�T
P>O�Y�R�SJT·Q�¹JN]Q ��L5N´µ R�S5Z�QdO b5h Q�R�W#S�� YJP>Q�P�� � N�O�SJN c � b ZgN�O��
O�N7P#Y�3¼MO�R�Q�N>¶�W���N7P h ¹ a N a W#O��XP h�h N7Z�Z+P�Z�¼�N c¨c P#Z.Q�¹JN�LJ¹ �JZ�R h P c�a N a W#O��XP#YJY�OdN7Z�Z I ��¹�R�Z.R�S�� W�O a P>Q�R�W#S h P>S
³ N b Z�N7Y ³ �XP>S�N � Q�N�O�S5P c�a N a W�O��VLJO�W#Q�N h QgRfW�S Z �xZ�QdN a Q�WVLJOdW ¥�R�Y�N�§5SJN�O]T#O�P3R�S a N a W#O �VLJO�W#Q�N h Q�R�W#S I �JW#O
N � P a L c N�� b Z�N�O a N a W#O��²P h�h N7ZdZ a P � ³ N O�N7Z�Q�OgR h QdN7Y�Q�W�P«Z�R�SJT c NXZ�¹5P#Y�W>¼ W��MQ�¹JN·OdN7P c LJ¹ �xZ¦R h P cua N a W#O�� I
��¹JN]N � Q�N�O�S5P cwa N a W#O�� LJO�W#QdN h Q�R�W#SXZ �JZ�Q�N a h P>SXZ¦RfT�S5P c ��P b�c Q�Z ³ � RfS�Q�N�O�O b LJQ�R�SJT¾�M� I
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��¹JN�O�NXP�O�NVQ�¹JO�N�NVLW
Z�Z�R ³�c N²Z�W b O h N7Z´W �)Y�R�Z�O b LJQgRfW�S Q�W�SJW#O a P c LJO�W#T#O�P a »5W>¼ � O�N7ZgN�Q���R�S�Q�N�O�O b LJQ�Z µ¦P#Z ��S �
h ¹JO�W#SJW b Z.N ��h N�LJQgRfW�S5Z�¶��oP�S5YXZ ��S h ¹JOdW#SJW b Z�N �5h N�LJQ�R�W#S5Z I ��N7ZgN�Q�P>S5Y�RfS�Q�N�O�O b LJQ�Z�W h�h�b O�P�Z �
S h ¹JO�W#SJW b Z c �XQ�W
Q�¹JN´N � N h�b Q�R�SJTXLJO�W#T�O�P a P>S5Y h P>S ³ N h W#S5Z�R�Y�N�O�N7Y�QdWVW h�h�b O�� 4	��
04�46:�R�S5Z�Q�O b5h Q�R�W#S5Z I �
��S h ¹JOdW#SJW b Z�N �5h N�L �
Q�R�W#S5Z�W h�h�b O � 1�5� : �«N � N h�b Q�R�W#S W���P)L5P>O�Q�R h�b�c P>O�R�S5Z�Q�O b5h QgRfW�S I �
�
S h ¹JO�W#SJW b Z�N �5h N�LJQ�R�W#S5Z�� W#O�P>S´R�S5Z�Q�O b5h QgRfW�S
P>O�N h ¹JN h�� N7YXP>Q�Q�¹JN�ZgQ�P>O�Q�W���Q�¹JN´� ��� � v Z�Q�P>T�N I

� � a W#OdN+Q�¹5P�SVW#SJN]W��oQ�¹JN7ZgN hdc P#Z�Z�N7ZuW��oN�¥#N�S�QMW h�h�b O�Z�W#SXP�T>R�¥#N�S h � hdc N��5O�N7ZgN�QM¹5P#Z�¹�R�T#¹JN�O+LJOgRfW�O�R�Q ���P>S5YVP c c
R�S
QdN�O�O b LJQ�Z)¹5P7¥�NELJOgRfW�O�R�Q ��W>¥#N�O�P c c Z �
S h ¹JO�W#SJW b Z�N ��h N�LJQ�R�W#S5Z I �u¹JN·Q�P ³�c N7Z ³ N c W ¼ Z�¹JW>¼ Q�¹JN´LJO�R�W#OgRfQgRfN7Z�W��
Y�R �-N�O�N�S
Q.Q ��L5N7Z.W��-R�S�Q�N�O�O b LJQ]P>S5YVZ ��S h ¹JO�W#SJW b Z�N �5h N�LJQ�R�W#S I

��¹JN�»5W>¼ W�� h W#S�Q�O�W c R�Z�Q�O�P>S5Z � N�O�O�N7YeQ�W´W#SJN]W���� W b OMZ�N�L5P�O�P>Q�N�O�N7Z�N�Q���R�S
Q�N�OdO b LJQ��5P>S5YeN �5h N�LJQ�R�W#SX¥#N h QdW#O�Z���P#Z
Z�¹JW>¼MS«R�S �wP ³�c N�® I �uN7Z�N�QEP>S5Y Q�¹JN·N � Q�N�O�S5P c R�S�Q�N�O�O b LJQ�Z)¹5P3¥#N·Z�N�L5P>O�P>QdNE¥�N h Q�W#O�Z I´£.c c W#Qd¹JN�O]N ��h N�LJQ�R�W#S5Z
Z�¹5P>OdNEP h W a·a W#SX¥#N h QdW#O+¼uRfQd¹ Y�R �-N�O�N�S�Q]N ��h N�LJQgRfW�S5Z]Y�R@ZgQ�R�SJT b R�Z�¹JN7Y ³ �XY�R �-N�O�N�S�Q]¥ P c�b N7Z¿RfS�Q�¹JN � � ���3�� �
§5N c YVW���Q�¹JN >8?<@8? B�>�O�N�T>R�Z�Q�N�O I

� N h Q�W#O £ YJY�O�N7ZdZ � P b Z�N
*	��*(*"*"* #�*"*(* ��N7ZgN�Q
*	��*(*"*"* #(#A*(* `���h N�LJQ�R�W#S5Z�P>S5YeR�S�Q�N�O�S5P c R�S�Q�N�O�O b LJQ�Z I
*	��*(*"*"* #	�"*(* `�� Q�N�OdS5P c RfS�Q�N�O�O b LJQ+� I
*	��*(*"*"* #6�"*(* `�� Q�N�OdS5P c RfS�Q�N�O�O b LJQ�$ I

�wP ³�c NE® ���M�·�uN7Z�N�Q�� `���h N�LJQ�R�W#S���P>S5Y ��S
Q�N�OdO b LJQ � N h QdW#O�Z I
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� ¹JN�SXQ�¹JN]N � Q�N�O�S5P c O�N7Z�N�Q�R�Z�Y�N7P#Z�Z�N�OdQ�N7Y �JQ�¹JN��u� R�ZMO�N7ZgN�QMQ�W *�� *"*"*(* #�*"*(*�¼�R�Q�¹�� B��EZ�N�Q�Q�W·���5P>S5Y�	����
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³ ��Q�¹JN�R�S5Z�QdO b5h Q�R�W#S�� N�Q h ¹ b S�R�Q � W#O�R�S5Z�Q�O b5h Q�R�W#S h P h ¹JN�OdN�§ c¨c Z I

±.W#Q�N�Q�¹5P>Q�Q�¹JN�O�N]P>O�N�SJW�Z�Q�O b5h Q b O�P c ¹5P��7P>O�YJZ�W#S Q�¹JN�Z h P c P>O a´b�c Q�R�L c RfN�O�� Y�R�¥#R Y�N�O I ��¹JN�O�N]P>O�N]YJP>Q�P�¹5P��7P�O�YJZ
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> >A?��  «µ 	���¶ a R�S�µ  � ! � H ^#¶ � � � � � �����
� ���6 Xµ 	 �R�S5Y�R h N7Z ¶ a R�S�µ  ���! � } � H ^#¶ � � � � � �����
> ���6 Xµ 	 �R�S5Y�R h N7Z ¶ a R�S µ H � �  ���!<� j�� �- ���! � H ��¶ � � � � � �����
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� R�O�Z�Q �¯O�R�Q�N�O
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w¶ � $ �  ���! � j��
� � @�	 �6 �8�A��@�	 �6 µ 	��>¶ � � �
�!� @�	 �6 Vµ 	!�>¶ a R�S-µ �  �� ! � � ��� } ¶ � ����� � � � �
� >A?��  «µ 	���¶ a R�S-µ  ���! � H ^#¶ � ����� � � � �
� ���6 Xµ 	!��YJP>Q�Px¶ a R�S�µ  ���! � } � } ��¶ � ����� � � � �
 �	6 �>:� >·µ 	!�>¶ � � ����� � � � �
 � ��?��6 Vµ 	 ��¶���R�S5Y�N � R�S 5 ��j���P c R�T#SJN7Y � � ����� � � � �
 � ��?��6 Vµ 	 ��¶���R�S5Y�N � R�S 5 � � ��P c R�T#SJN7Y a R�S-µ �  �� ! � � ��� } ¶ � ����� � � � �
 � ��?��6 Vµ 	 ��¶���R�S5Y�N � R�S 5 �]SJW#Q � ��P c R�T#SJN7Y $ � a RfS µ �  ���!<� � ��� } ¶ � ����� � � � �
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Test-Logic-Reset & Load Bypass

Run-Test-Idle Select-DR

Shift-DR

Exit1-DR

Pause-DR

Exit1-IR

Select-IR

Capture-IR

Shift-IR

Exit2-DR

Update-DR Update-IR

Pause-IR

Exit2-IR

TMS=0 TMS=1

Capture-DR

DATA Loop INSTRUCTION Loop

� R�T b OdN H#¤ ���#�¦� � £ � h W#S
QdO�W c c N�O¿Z�Q�P>Q�N7Z I

��¹JNV�#���'LJOdW#Q�W h W c R�Z�Z�R a R c P>O´Q�WVQ�¹JN��#� £0 Z�Q�P>S5YJP>O�Y ��N ��h N�LJQ´Q�¹5P>Q]N�R�T#¹�Q ³ R�Q�Z�P�O�N�Z�¹�R�� Q�N7Y�N�¥#N�O�� h � hdc N
R�S Q�¹JN ��� � � ����� � P>S5Y ��� � � ����� � Z�Q�P>Q�N7Z IX£.c Z�WY�R �-N�O�N�S
Q�R�Z´Q�¹5P�Q ? �
>��0? �� � ���E*��²P>S5Y ? �<	 � ��� *��²P>O�NVP c c
Z�LN h R¨§5N7Y«¼�R�Q�¹«O�N7Z�LN h Q+Q�W´Q�¹JN]OgR@Z¦RfSJTVN7Y�T�N]W�� �3�!� 'B ? �JP#ZMZ�¹JW>¼MSeR�S � R�T b O�N H ® I

clkout

tms

Tmsu

tdi[7:0] data in data in data in

Tdsu

tdo[7:0] data out data out data out data out

Tdly

� R�T b O�N H ® ���M�e�#�¦� � £ � h W#S�Q�O�W c c N�O+QgR a RfSJT I
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QdO�W c O�N�T>R�Z�QdN�O�Z I ��¹JN � � � 	8´Z�¹�R�� Q�O�N�T>R�Z�Q�N�O h W#S�Q�P3R�S5Z�P
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� W#OMY�N ³Jb T#T>R�SJTVL b O�LW
Z�N7Z I
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S bJaE³ N�OMW����.� h W#S�Q�O�W c O�N�T>R�Z�Q�N�O�Z I ��¹JN.RfS5ZgQ�O b5h Q�R�W#S«O�N�T>R�Z�Q�N�O�R�Z c W
P�Y�N7Y � O�W a ! �*8 	A´W#SVQ�¹JN � 	 � : ��� � c W
W�L
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tdi[7:0]
tdo[7:0]

memio

regio

Address

P.C.

0x01 0x01 0x01 0x01

Instruction int fromhost

tohost

testcntl

testresult

(runcpu) (bypass)

ICWRITE - Instruction Cache Write (0x03)

MEMWRITE - Memory Data Write (0x01)

MEMREAD - Memory Data Read (0x00)

tmsTAP

Controller

TESTIO        INTWRITE        SIPIO          RUNCPU         BYPASS

16 Bytes 4 Bytes

1 Byte (each)

b31.........b0

lowest address - - - - - - highest address

Control Registers

0x08               0x09               0x0A               0x0B               0x0F

JTAG
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clkout

tms

STATE

tdo[7:0]

tdi[7:0]

ADDRESS

Exit Update R-T-I Select Capture Shift Exit UpdateShift

MemReadFlag

DATA

Shift Shift Shift Shift Shift

Memory Read

SIP Register Update

ADDRESS

Shift

21 Cycle Pipelined Read

31:24    23:16      15:8        7:0

0x0         0x1                     0xe        0xf

15:8       7:0
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��¹JNMLN7P �´a N a W#O ��¼MO�R�Q�N�Z�L5N�N7Y R�Z�T�Rf¥�N�S ³ � � W c c W ¼uRfSJT�Q�¹JN c W�W#L � 49= 4 	 ����� � � � 	 � :�� � � � � 1�5 4
��� � � a´b�c QgRfL c N
��� � � ����� � Z�� ��� � ��� ��� � � � � � � � 4 ��� � � � 46= 4 	 ����� � � � 	 � : I ±.W#Q�N�Q�¹5P>Q�Q�¹�R�Z�T>R�¥#N7Z�Qd¹JN+O�N�� b R�O�N7Y Q�¼�W h � hdc N7Z¿µ R�S
Z�Q�P�Q�N7Z � 49= 4 	 ����� � � � 	 � : P>S5Y � � � � 1�5 4 ��� �M¶ ³ N�Q�¼�N�N�S� � � � � 4 ��� � P>S5Y � � � � ����� � Z�WeQ�¹5P>Q�Q�¹JNEYJP>Q�P´Q�W ³ N
¼MO�R�Q�QdN�SXO�N a P RfS5Z.¥ P c R�Y I �+Z�R�SJTVQ�¹�R�Z c W
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¤ U�~ � I
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�M�.R�Zw¹JN c Y´R�S·OdN7Z�N�Q I ±.W#Q�N�Q�¹5P�Q�¼M¹�R c N��M�.R�Z�Z b Z�LN�S5Y�N7Y ��Q�¹JN�SJN � QwR�S5Z�Q�O b5h Q�R�W#S�QdW+N � N h�b Q�N�R�Z�ZgQ�P c c N7Y�R�S·Q�¹JN
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Q�¹5P>Q�¼�R c c N � N h�b Q�N R�S\Q�¹JN·§5O�Z�Q´O b S h � hdc N I ��S L5P>O�Q�R h�b�c P>O���R ��Q�¹JN·§5O�Z�Q c R�SJNXW��MQ�¹JNeR�S5Z�Q�O b5h QgRfW�S h P h ¹JNeR@Z
¼MO�R�Q�QdN�S¼M¹�R c NX�M�¾R@ZeZ b Z�L5N�S5Y�N7Y P�S5Y²O�N7ZgN�Q����M��¼�R c¨c N � N h�b Q�NVQ�¹JN W c Y�R�S5Z�QdO b5h Q�R�W#S P>Q�Q�¹JN�OdN7Z�N�Q´¥#N h Q�W#O
¼M¹JN�S\O�N7Z�N�Q�P>S5Y\Z b Z�LN�S5YP�O�N�Y�N7P#Z�ZgN�O�Q�N7Y�O�P�Q�¹JN�O]Q�¹5P>S²Qd¹JN·SJN�¼ c �²¼MO�R�Q�QdN�S�R�S5Z�Q�O b5h Q�R�W#S I �-W�P7¥�W>R�Y�Q�¹�R�Z
LJO�W ³�c N a �Q�¹JN)RfS5ZgQ�O b5h Q�R�W#S h P h ¹JNEZ�¹JW b�c Y ³ NE¼.O�R�Q�Q�N�S §5O�Z�Q�¼�R�Q�¹«O�N7Z�N�Q]P#Z�Z�N�O�QdN7Y ³Jb Q¿Z b ZgL5N�S5Y�Y�N7P#Z�Z�N�OdQ�N7Y I
� b Z�LN�S5Y h P>S Q�¹JN�S ³ N]Z�P � N c �VP#Z�ZgN�O�Q�N7Y ³ N � W#OdN¿Y�N7P#ZdZ�N�O�Q�R�SJT·O�N7ZgN�Q�R��oR�Q�R�Z�O�N�� b R�O�N7Y QdW Z¦RfSJT c N�ZgQ�N�L � O�W a Q�¹JN
O�N7Z�N�Q.¥#N h Q�W#O�R�S�P´LJOdW#T#O�P aºc W
P#Y�N7Y¾R�S
Q�W Q�¹JN�R�S5Z�Q�O b5h Q�R�W#S h P h ¹JN I
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24 Cycle Pipelined Write
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� R�T b O�N } � ���M�e�#�¦� ���	�'����� ` Q�R a R�SJT I

��¹JN � �6��	A´Z�¹�R�� Q�O�N�T>R�Z�Q�N�O;R@Z h W#SJSJN h QdN7Y ³ N�Q¦¼�N�N�S ? �<	 � � �E*��EP>S5Y ? �� � ��� *�� I � b O�R�SJT�Qd¹JN � � � � ����� � ZgQ�P>Q�N��
$7® ³ �
Q�N7Z�W��]YJP>Q�P¯µ ³ �
Q�NVP>Q c W>¼�N7Z�Q·P#YJY�O�N7ZdZ�§5O�Z�Q�¶ � W c¨c W>¼�N7Y ³ �¯Q�¹JN }#H � ³ R�Q h P h ¹JNV¼MO�R�Q�NXP#YJY�O�N7ZdZ·µ a W
Z�Q
Z�R�T#S�R § h P>S�Q ³ �
Q�N §5O�Z�Q�¶�R�Z´Z�¹�R�� Q�N7Y¯R�S�Q�W � �6��	A I ��¹JN c N7P#ZgQ Z¦RfT�S�R¨§ h P�S
Q ��³ R�Q�Z´P>S5Y¯Q�¹JN a W
Z�Q´Z�R�T#S�R § h P>S
Q
�V³ R�Q�Z�W���Q�¹JN h P h ¹JNe¼MO�R�Q�N·P#YJY�O�N7Z�Z]P�O�N�RfT�SJW#O�N7Y I ��¹JN·SJN � Q c N7P�Z�Q�Z�R�T#S�R § h P>S�QE® ³ R�Q�Z]W ��Q�¹JN h P h ¹JNe¼MO�R�Q�N
P#YJY�O�N7ZdZ+Z�N c N h Q�Q�¹JN h P h ¹JN c RfSJNeQ�W ³ N´¼MO�R�Q�Q�N�S���P>S5Y«Q�¹JN�SJN � Q·$7j ³ R�Q�Z�W���Q�¹JN´P#YJY�O�N7Z�Z]P>OdN�¼MO�R�Q�QdN�SXQ�W Q�¹JN
h P h ¹JN´Q�P>T §5N c Y IE` S
QdN�O�R�SJTXQ�¹JN � � � � � 4 ��� � Z�Q�P>Q�N�QdO�R�T#T#N�O�Z�Q�¹JN h P h ¹JN´¼MO�R�Q�N h � hdc N I �u¹JN � �6� 	8VP#YJY�OdN7Z�Z
P>S5YVYJP>Q�P´¥ P c�b N7Z�P>O�N]Q�O�P>S5Z � N�O�O�N7YeQ�W·Q�¹JN h P h ¹JN]W#SVQ�¹JN h � hdc N � W c c W>¼�R�SJT � � � � � 4 ��� � ��P>S5Y ¼MO�R�Q�Q�N�SVQdW·Q�¹JN
h P h ¹JN�W�S²Q�¹JN h � hdc N Q�¹JN�O�N7P � Q�N�O I ��¹JN h P h ¹JN�¼MOgRfQdN�P#YJY�O�N7Z�Z)R�Z�W b Q�L b Q�W#S²Q�¹JNV�M�XP�YJY�O�N7Z�Z]L�R�S5Z´W�S²Q�¹JN
� W c c W>¼�R�SJT h � hdc N I
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? �� � ���E*�� I KMS N�S�Q�N�O�R�SJT � � � � 1�5 4 ��� � Q�¹JNV¥>P c�b NVR�S Q�¹JN ?"��>8?"! ��>9B � ?�O�N�T>R�Z�Q�N�O R@Z c W�P#Y�N7Y¯R�S
Q�W ! ��8�	A I
��¹JN�? ��>A?<�� �? � O�N�T>R�Z�Q�N�O.R�Z b LtYJP>QdN7YV¼�R�Q�¹«Q�¹JN]¥ P c�b N´W��8! �*8 	A·W�SVN�S
Q�N�OgRfSJT�� � � � � 4 ��� � I
��¹JN � W#O a P�Q W ��Q�¹JN�? ��>8?<�� �?��´O�N�T>R�Z�Q�N�O.R�ZMZ�¹JW>¼MS R�S � R�T b OdN } $ I
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� R�T b O�N } $����M� ?"��>8?<�! ?��·OdN�T>R�Z�Q�N�O
� W#O a P�Q I

��¹JN�>6B�>6���! � ³ R�Q�Z�Q�P c c Z�Q�¹JN��M��LJO�W h N7Z�Z�W�O ³ ��LJO�N�¥#N�S�Q�R�SJT � b O�Qd¹JN�O�R�S5Z�Q�O b5h Q�R�W#S5Z � O�W a R�Z�Z b R�SJT I ��S5Z�Q�O b5h Q�R�W#S5Z
Q�¹5P>Q]¹5P3¥#N P c O�N7P#Y � ³ N�N�S¯R�Z�Z b N7Y h W a L c N�Q�N N � N h�b Q�R�W#S���P>S5Y¯P>S ��LN�S5Y�RfSJT RfS5ZgQ�O b5h Q�R�W#S h P h ¹JN a R�Z�Z�N7Z�P>O�N
Z�N�O�¥�R h N7Y I �M�´O�N�� b R�O�N7Z b LXQ�W ��}·h � hdc N7Z � O�W a ¼M¹JN�S >6B�>6���! � R�Z+P#ZdZ�N�O�Q�N7YeR�SXQd¹JN � � � � � 4 ��� � ZgQ�P>Q�N b S�Q�R c
Q�¹JN]LJO�W h N7Z�Z�W�O�R�ZMT b P�O�P>S�Q�N�N7Y Q�W ³ N)RfS�P�� b RfN7Z h N�S
Q]Z�Q�P>QdN I

��¹JN 	 �#�"!$�µ RfS5ZgQ�O b5h Q�R�W#S h P h ¹JN � O�N�N ��N>¶ ³ RfQA�wR�Z b Z�N7Y\Q�W c W h�� Q�¹JN h�b OdO�N�S
Q h W#S�Q�N�S�Q�Z�W��+Q�¹JNeR�S5Z�Q�O b5h QgRfW�S
h P h ¹JN I � ¹JN�S�Qd¹�R@Z ³ R�Q�R�Z ZgN�Q��#Q�¹JN.R�S5Z�Q�O b5h QgRfW�S h P h ¹JN]P c ¼uP �JZ�¹�R�Q�Z�O�N�T
P�O�Y c N7Z�Z�W�� � N�Q h ¹VP#YJY�O�N7Z�Z���P>S5Ye¹JN�S h N
P h Q�Z.P#Z�P>SVR�S5Z�Q�O b5h Q�R�W#S�� £ U I

��¹JN 	3��	   eµ R�S5Z�Q�O b5h Q�R�W#S h P h ¹JNMR�S�¥ P c R�YJP>Q�N>¶ ³ RfQA�#R�Z b Z�N7YeQ�W]R�S�¥ P c R�YJP>Q�N]Qd¹JNMR�S5Z�Q�O b5h Q�R�W#S h P h ¹JN I � ¹JN�S Q�¹�R�Z
³ R�Q�R@ZeZ�N�Q��wQ�¹JNeRfS5ZgQ�O b5h Q�R�W#S h P h ¹JN R�S
¥>P c R�Y ³ R�Q�Z´P>O�N hdc N7P>O�N7Y\N�¥#N�O�� h � hdc NXP>S5Y\Z�W�Q�¹JNeRfS5ZgQ�O b5h Q�R�W#S h P h ¹JN
P c ¼MP �xZ a R�Z�Z�N7Z�� h P b Z¦RfSJTVP c c R�S5Z�Q�O b5h Q�R�W#S � N�Q h ¹JN7Z�Q�W·O�N7P�Y N � Q�N�OdS5P c-a N a W#O�� I
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��¹JN '���'�� � �E) �E*���P�S5Y � 	9? ³ R�Q�Z�P>OdN c W
P�Y�N7Y � O�W a Q�¹JN�R�S5Z�Q�O b5h Q�R�W#S h P h ¹JN+P � Q�N�O�N�¥�N�O�� � ��� h � hdc N���N ��h N�LJQ
¼M¹JN�S >9B >9� �! "�.R@Z�P�Z�Z�N�O�Q�N7Y�P>S5Y�Q�¹JNM���+±)� ��� h W a·a P�S5Y�R�ZwSJW#Q�P h Q�R�¥#N I ��¹�R�Z�P c c W>¼+Z Q�¹JN�W#L h WJY�NML5W�O�Q�R�W#S
W���Q�¹JN h P h ¹JNE� £ UiP>S5Y Q�¹JN�W b Q�L b QMW��wQ�¹JN�Q�P�T
Z h W a L5P>O�P�Q�W#O�QdW ³ N�Q�N7Z�Q�N7Y I
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