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��NX(�vk=���l
Ä�� RISC�K4¶Ï§CISCNX(�7

,��´@
�)u 1985c�c�NX(�"3�Ö¥§\�±Ün�@�'

u CISC�ÀÜQ·^u Intel x86[x?nì§�·^uMotorola� 680x0X

�"

4=¦´ Intel�¿÷�«E,M#�O� IA64�äk RISC�6Y�lÐ�A�"�´ Intel

^�/Nc EPIC�U�N¦��÷�8I±9��}��U5"
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

�Ø´^5��-8´^u�äN¢y��ÿ§éùü�â�Ñ´�

«�^"�±�½�´ IntelÏLA^ RISCk°��¢yE|5Jp
ÙÚ

RISC(���é�� x86[x?nì�5U"�´�rù
¢y`¤´Pk

RISCØK´�«Ø)"

1.4 L�Úy3��
��MIPS�¡

y34·�s:�miA�e3L� 20õc5 MIPS?nì±9¦^§

�XÚ�uÐ{§/üz{¤"·���Uì¯�u)��m^SiA§÷å

ó�7�E�A?¶�µ:"�´þ·�òw�¦+MIPSNX(��m©�

O´ÀX Unixó�Õ��c?�§�l@±�é�
Ï��«��A^��

´——Ù¥Nõ3�ÐAc´��Ø����"3�e5�AÙp§\ò¬é

e¡J��ù
¶ik�õ�
)"

¦+�-8Ú7��NEâ®²u)éõCz§�´ 1985c� R2000þ�

^r?^�3?Ûy��MIPS CPUþÑU�©p��$1vk�:¯K"

ù�U´3¤kÌ6�NX(�¥��oN5���Ð�
"

1.4.1 R2000� R3000?nì

MIPS¤á��[úi

MIPSO�ÅXÚk�úi¤áu 1984c§±Bòd"4�MIPS CPU¢

yû�z¶·�±�Ò{¡MIPSúi"d"4�Æ�MIPS�´A�±�#�

�ª8¤
�¡�O!?È`zÚO�ÅNX(���N�¿��¤õ�{I

Æ��8��"û�z�MIPS CPU\þ
S�+nü�§u 1985c��c±

R2000Äg¡"

=¦3 1980 c�¥Ï§ïá�¡�Eó���©[B¶ùw,�Ñ
�

�#ï��úi�ãå"MIPS úiÏL�yk�®²Ý\
ã]���N

�ûÇ��E��ª4Ù�OC¤�¬"@Ï�Ç�)�û�)k IDT!LSI

Logic!Performance Semiconductor Ú NEC"

1987 c¥ÏÄg\\
õUr��¡	êÆ�?nì£R2010 2:\�

ì¤"Ï�MIPSúi��?\ó§ó�Õ+�ù�dåã��½|§ûÐ�2

:5U7Ø��§R20109�Jø
ù�:"

MIPSgCï
�
ù
�û�E��¡§r§�8¤�gC��.ÑÖì

Úó�Õ¥�"ù
�û��±�âÇ��Æ�O��røA�¡"

R3000?nì

Ägu 1988–1989c¡§Ùæ^
��k?��Eó²Ú�
²Lc[

çÀ�M�Or��§�ö�(ÜEÒ
5U��ÌJ,"l?§��Ý5w§
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

A�Ú R2000vk�O§ùÒ¿�X#�O��ÝJ,�±á�l¯�O��

^�þNyÑ5"ØÈ±�q\\
 R3010 FPU ——�Ùþ�����
aq

U?"

� 1990c�¥Ï§�
k1öm©3i\ªA^¥¦^ R3000, �m©�

3p5U-1�<ÅÚü���¥¦^"

R2000/R3000�¡Sk��p�����ì——�^p���§��\þ

SDRAMÒ1
"FPU3£��ê CPU¿1¤Ö��-!Dxö�êÚ$�(

J���p���o�"éu 1986c� CPU�Ý§ù��©�õU´#L!¢

^Ú�1�¶���´§ù«�{4z��¡þ�&Òë�ê�±3��Ï^

�µCEâ¤U���Ú�ê����S"ù¦��±3Ün�¤�þ)��

¡§¿Uæ^yk�)���|C¤XÚ"

Jp�¨ªÇ�]Ô

¦+ù«�O3��´Ün�§�´�ª¯K�´Ñ3 R3000! R3010

FPUÚ	Üp�����õU©�þ"

Äk	Üp����¢ym���
XÚ�O��
JK"�
l	Ü�

�� RAM¥@Ñ¦�Up�5U§Ù��&ÒÒ7L34à°(��~á�

�m�S¢y��"¢y°(ò��I?�D4�XÚ�O��þµR3000I

�o�d	Ü�)�Ñ\�¨&Ò�ØÓ�£���§ù��£½Â��mm

�éu����&Ò��(+n´�'��"3 20îâ��ÿù��±é

G§�´��¨ªÇNp� 30îâ±þ�§é°Ý��¦Ò®²4���
§

¦��¨+n�?Ö4�(J"

Ùg§JpXÚ�¨�Øå�� RAM�û�5
¯Kµ�
�?nì6Y

�¥Øä á��¨±Ï�m�þÚx§¦�Ø�Ø���{3S��¡��

�m�¡��Ñ�A�U?"

¤kù
¯K3 1980c�"Ï��ÿ�5�²w§Ù��¦�ù����

O�U�k�ÌÝ�U?"l 1988c� 25îâm©§R3000XÚÐØN´3

1991câ��
 40îâ——Ò2�v{Jp
"

1.4.2 R6000 ?nìµ�Ý=�

1980c��ÏÑy
?nì�Oö�m�'uJp�?nì�¨ªÇ��

Ø"AO´kü�¯K2Ñ
Y¡"1��µ�5�?nì�Oòp����3

	Ü¢yÐQ§�´rp������¡þÐº1�µ�5�?n�OÀJ=«

Ü6Eâ�k|º

1�� RISC CPU æ^�´ CMOS �¡"§�$1ûÐ§rNõÜ

6µC�é���m§�¤k�$¤�£pre-RISC¤�?nìÑæ^


CMOS"CMOS �|±ö@�3�5�NõcS�,Pkù«`³"Ø
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

�§CMOS Ü6Ø´�¯�§�´ù�:�±�Ñ——� Intel ù��úi

�½é¯Ò¬?1�A�7��Ý]"�¦�@� CMOS3®²��éÐ�

�¡�kJp��m——3�½�7¡¡Èþ8¤�õ�Ü6�!3�½õÇ

e¢y�p�m'ªÇ"

,�
�Oöú�é CPU5`Jp�Ý´õo�½�§¦��Ñ(Ø`p

à�?nì�Ðæ^ ECL�¡§Ò�@
®²3�.ÅÚ�?O�Å CPUæ

^�@�"{ü� ECLÜ6��Ý�¯§3�¡�mux&Ò��Ý�´�¯

�õ"�´§ü��¡þ8¤�Ü6�êþ�§�$1�u9þ�"

�uùü«Eâ�g¡�ØÓ�¯K�]Ô§éJýÿ=����ò�

Ñ"Bipolar Integrated Techonlogy(BIT)úi´ ECL�|±ö"1988c§m©


¡� R6000� MIPS CPU�ó�"T�8<%ÇÇ§BITF"U� CMOS

RISC�?nìQ²U�ó�Õ�5U@�§dgCU�“�?�.Å”�5U"

�´¦�-�
¯K"Ï� ECL��Ý��§?nì�OØ�Ø©¤õ�

�¡"�réu��=� ECL��¡��¡&ÒIO%�¦Ä"BIT�E


BiCMOS·ÜN±Ï¦(Üù�«Eâ��Ð�`:"

d�§�5�õ�¯Kö¨
T�8"R6000�8���q���¯Kö

ò§�ªö�
 R4000�¡��µR4000´1��|^p8¤Ýrp���£

�¡þ�#�� CMOS�¡§±,�«å»Jp
�¨�Ý"

BiCMOS CPU¿vk�X BIT��4k�µAc��§��¶� Expo-

nential Technology�úi�
�ÿ�}Á§3 1996cc��Ñ�� PowerPC

� BiCMOS¢y§Ù�¨ªÇ�L
 500îâ§ù3��-<�8�w",

Ú BIT��§TúiÏ�EâÚÜÓ�¡�V�ò�ªr��4"

3���¡§V�Ñ�k�Ø"��§L�
Ac��m§¡þp���

Eââ¤����p�¨�Ý�7Ø���^�"¨Êúij± CMOSEâ

Ú£��¤	Üp����§gC�é�MIPSNX(�� Precision�mu"̈

Ê�ªòÙ�¨ªÇJp�
 120îâ�m——´�¯� R3000�n�——¿

vkæ^ ECL½ö BiCMOS "̈ ÊgC�gC��r§rù1?nì^�gC

�ó�Õþ"Túi@�ù�½|�Ðd�«â»5��{§\þU
«ÉpÚ

�êµCEâ±9[�p��XÚ?�O¤��Eâ5íÄ"ù«üÑ3é�

�ã�mpr¨Êíþ
?nì5U�º¸¶I[Øo´áu�-?�C�"

1.4.3 1�� CPUØ

3 1980c�@Ï§LSI Logic�@JÑ
æ^1þ)���¡�OÚ\ó

Eâ4XÚúiU
�ÙgC�¬�I�þ�½��¡�g�"ù
�¡¡�

;^8¤>´——Application Specific Integrated Circuits£ASIC¤¶� 1990c

c�§ASIC�±�¹õ�AZ�Ü6�§��u����>´�þÙ÷
 1970

c��Ü6��"ü¡�¤�é$§mu�¤���±��"

·�®²`L
§LSI úié@Òé MIPS a,�§��E
�
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

R2000/R3000��¡"üc±�§Túiég,�=�
^¦�gC�ASICE

â5¢yMIPSNX(�¶ù�=��m
Ï�F"3���¡¥Ó��)�

�MIPS?nìÚÙ§�Ü6�¬��r���"O�MIPS�Ç�)�û§'

X IDT§�m©JøÓ�S���MIPS?nìÚ8¤{ü	�õU��¬"

=B3 1990c�ÐÏ§\�UéN´�r�� R3000?O� CPU�Ä�

Ü6���� ASICþ¶� ASICvkép�� RAM�¬§¤±8¤p���

´�¯K"�´ ASICuÐé¯§� 1993c3���¡þ¢y����?nì

XÚ——Ø1´ CPUÚp���§�kS���ì!����ì±9Ù§�«

��|±Ü6�¬——��{®²�±¢y"

ASIC��Ö�6u�rU
3�é�á��m——��áu /̂½�0¤

I���m——Sò�OÝ\)�"¦+��rJøò��XÚ8¤�ü��

¡þ��{�~káÚå§ASIC�û���?nÐ��²ïµN�QU3�±

�O±Ï3�r±cÏ"���S�Ó�§q�U·AÃ{£;��OE,Ý

O\º

ASIC1���Y´±Ø�/ªJøk^�õUÜ�——'X�����

MIPS?nì"ØÒ´y¤�µC
¤k7��SÜ�Oó�Ú�yÜ6��

�¬§Ï~±�| ASIC�O^�U�É��ª��?�©���ª¥y"�5

�XÚ�OòÏLrA� ASICØë����¡þ¶�ykXÚ——ë�>´

�þ���——�'§¢y�ÄuØ� ASICò¬��!�¯!�B¨"

dc§ASIC�Oög��ég,���|Ü��Ü6�¬——G�Å!O

êì!)èì��"�XASIC Ø�Ñy§�Oö��¿3°�xÙþ^�o�

x)5£±§r?nì!S�!S���ì±9¡So�8¤��å"

XJ\~¦¯�¿Ø@o{ü§@`²\��ú´é�"ùÀÜfå5é

áÚ<§�¢S�å5§MïØ±9rØë�å5Ñ´�~J��¯�"Ø+N

�§ù
@Ï�ASICØE,äk��{¤¿Â¶¦���û)
�53 2000

c�ÐÏÊ9�¡þXÚ SoC�O"·�0���� 1990c��MIPSuÐ�

A^�¢��§��ò£Þ2ù SoC��¯"

R4000?nìµ�g�·

1991c¡�R4000?nì§́ ���ÿÚâ»5�uÐ"Ù+k�§mM

5�A5�)����� 64 �-8!�����¡þp���£ü� 8 K¤§

3��p�Ò�´3���`¥�âk��¨�Ý£uÙ�� 100îâ¤§��

¡S�?����ì§��±XÚSÜ�¨©ª$1�XÚ��§¡Sg��|

±���;õ?nìXÚ�Ü6"R4000´Ä1æ^
Ãõ� 1995câ2�¦

^�NõEâ��¡§��5¿é���:´§¿�æ^E,��Iþ�1"

R4000¿��{§§´��õUr���¡§Ù�OéJÿÁ§AO´Ùæ

^�|±õ?nì�E,�E|"� R3000�'§§I��õ��¨±Ï5�

1�½��-S�——ù
�¨±Ïá�±�L@(å§�´\¿Ø�¿��
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

5U"�
I��¨�Ý§�?����
¡þµ�
¦�z��¡�¤��±

Ün§�?���NþØ�Ø�±�é��"R4000�6Y���§Ì�´�r

���¯©)�õ��¨±Ï¥"���6Y����Çü$§Ï��6Y�

�©|�-�Ï���
�õ�m"

ACE é��åá

3 R4000¡c�§MIPSúiQpÝÏ"#��OU
�Ï§3ó�Õ!

S¡XÚÚÑÖì½|I��R�/"

ù�Ø==´MIPSúi�������{"3 1990c�ÐÏ§Nõ*	

[�ýó RISC ?nìò¬lÙ CISC�¿�éÃ@pØäÓ+�õ�½|¶

$�k��ÿ�ýó[L« CISC[x�?nìò3Ac�S�.��"

1991 c§�� 20 �úi¤á����å¤á
��¶�p?O��¸

ACE£Application Computing Environment¤�é�"T|�¤
�)DEC£�

.Å¤!Compaq£PC¤!�^Ú SCO£��KI Unix System V¤"ACE�8I

´½Â5�ÚIO±B4�5� Unix½Windows^���$13?¿�±æ

^ Intel x86½MIPS CPU�Å.þ"=¦3 1991c§PC½|�Ö���Ü©

éMIPS CPUÚMIPSXÚ�û�¿�Xé�*��È�"

XJ��U
ME¤õ�{§@o ACE½�´Ù¥�½½ö"�´y3

£Þ5w§�^���a,��´�´y²Ù#�Windows NTXÚ´�£�

�£ù�Nh
 Intelúi�a¤§Ø´ý���»¦�3 PC½|�éÃ�

ä"éuMIPS§(J¿Ø@oÐ§�¡��þØv±| úiJ|§ÙXÚ�

Öm©ew"ØÈ¯KC�î�ëTúi��5UÄ)�Ñ¤
¯K"

SGIÂ	MIPS

?\ 1992c�§Q²F"UkÄuMIPS?nì�ÎÜ ACEIO�#X

Ú�þÑy§®²�y²´�Ø�9�¯"  Ò3d�§DEC ——��MIPS

�K�å���ó�Õ^r——û½e���XÚò=æ^gC� AlphaX

�?nì"

ùÒ¦�e�ó�Õúi SGI§¤
æ^ MIPS?nì���^r"�


1993cÐ§Û³®²é²K§�Ðd SGIÑÃ�ÍMIPSúi§Ï�§gC�)

¿�6uMIPSNX(�§�±dÞ�yTNX(��5Ø¬��"�
 1994

c.§SGIíÑ�#.Ò� R4400 CPU£\�
p���Ú²L
5U`z�

R4000¤$1�¨� 200–250 MHz§4 SGIØ RISC5U�+kö1�"

1.4.4 QED: i\ªXÚp�¯�MIPS?nì

�
MIPSúi�'��O<
lm�Mï
��#�¶�þf�A�O

QED£Quantum Effect Design¤�úi"QED�M©<�§ë�Ll R2000�
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

R4000�MIPS?nì��O"

k IDT��Ù�EûÚ@Ï�Ý]ö§QED��ìèm©Mï��{ü¯

�� 64 MIPS�¢y"TOy´�Mï��U
3Ün�ÈdþJøûÐ5

U�?nì§±B3NõA^¥ÑUé���áv�?§�)$àó�Õ!�.

ÑÖì§���p?�-1�<ÅÚ�ä´dìù��i\ªXÚ"

k
<jûÌÜr R4000A^ui\ªXÚ§�´{åé�"QED�y`

R4600éi\ªXÚ�Oö�áÚå�' R4000��õ"R4600é¯Ò��


¤õ"§#£�{ü�Ê?6Y��O¿3Ün�d þJø
Lk¿�å

�5U"3 Cisco´dìÚ SGI� IndyS¡XÚ¥I�
�R�/�§R4600

¤
,	��1�µ1��²wJ|� RISC CPU"

QED��OìèUYU?¦��ó�§3 1990c�¥ÏíÑ
 R4650Ú

R4700"3ù� R5000�§·�£Þ2Ðm QED��¯"

1.4.5 R10000?nì9Ù�Uö

3 1990c�¥Ï§SGIépàó�ÕÚ�?O�Å�~À"X{�5U

¤
����ñ:§ÙMIPSÜ���¦3e���?nì�O¥Aéù�

]Ô"

SGI/MIPS R10000u 1996c@ÏuÙ"§´ MIPSlDÚ�{ü6Y�

�� l¶§´1��ý�|^
ÏS�1Úõ�-u�� CPU"3Ac�

S§ÏS�1�Oî×
¤k� CPU�O§¤ký�pà�y� CPUÑ´Ï

S�1�"�´���yÚNÁ R10000�4Ý(J§¦�ë�öÚ�*öÑ@

� SGIæ^ù�-?��O´���Ø"

SGI�ó�Õ�Ö3 1990c���Ïm©m©º�§Ø�;���f
Ù

éMIPSNX(�UYÝ]�Uå"�Ð3ù��ÿ§Ì6 PC½|UY%Ç*

Ü§��
Øä�]7Â\6?5§��MIPS¿��NX(�——��Ê

8�Ò´ Intelúi��CX�9Ù�U��¬§3�½�¿Âþ��) IBM

ÚMotorola� PowerPC ——��5uÐJø
¿v�]7"

3ù«��µe§SGIm©ïu R10000���MIPS CPU¶�´du¡�

ØäO\�]7Øå§T�83�O|�U�¤�cÒ��
"1998c§SGIú

m«ì3Ù�5�ó�Õ¥òæ^ Intel� IA-64NX(�§����S¡/Ñ

Öì�¬�MIPSmuìè)Ñ
"2006c£3·���Ö�¤�
 SGI�Åì

E,3^ R16000 CPU¶T CPU¦+|^ó²�?Ú��
�p��¨ªÇ§

�ÙSÜ�O� 1996c� R10000�'�k4��Or"Ó�§IA-64 CPU�

�þ��$u Intel���*��O§.þ�¯� CPUÑ´ x86�CN"SGI

3ÀJ CPU��ÿ§ý�´�t�[
"
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

1.4.6 �¤a>f�¬+��MIPS?nì

LSI LogicÚ Sony PlayStion

1993c§SonyÚ LSI Logic\�mu^�1�� PlayStation��¡"T�

¡Äu LSI� CW33000?nìØ§�¨ªÇ� 33 MHz¿�8¤
 DRAM�

�ìÚ DMAÚ��A�	�õU"PlayStaionpÝ8¤z��Oü$
)�

¤�§\þÙc¤�k� CPU?nUåEÒ
éÐ�iZÅ"Sonyé¯�L


@
Pý�û§¤�iZ���½|�P�"

Nintendo64 Ú NEC� Vr4300?nì

NintendoiZÅÑ�
 SonyNõ½|°�"���Â§NintendoéÜ


SGIû½aL 32 �?nì§3Èd== 199{��iZÅþ��æ^ 64 

�¡"

?u%9/ ��¡——NEC Vr4300 ——Ò´��à~L�R4000§�´

à~�Øõ"�~���ê8±ü$µC¤�§T�¡(¢�k 32 �	Üo

�§�3�êÚ2:$�m��Ü6Ü�"�´�éu 199{��Èd§õU

®²ér�
"

Vr4300�O�Uå!$d�!$õÑ!>¦�§3O?��~¤õ§AO

´3-1�<Å+�§ù�MIPSNX(�3/i\0ªA^¥qé�
�¬^

É�/"

�´ Vr4300¤
����ÀÂiZ½|�Ï^?nì¶� 1990c��Ï§

ù�½|� CPU�OC��5�;�z§;;/Ú;^�M�\�ì(Ü3

�å±¢y 3D±�!«nN�±9Àª£�"� Sony� PlayStation 2��

ÿ§®²æ^
��5U`É� 64 � MIPS CPU��Ø%�¡"T�¡d

Toshiba�E§Pk��2:�?nì§ÙóéþØÑu?Û�± 1988c��

?O�Å"̄ ¢T�¡Lu;�z
±�u3iZ½|�	ØUé�?ÛA^"

Ó� CPU�,����^3 Sony� PSPÃ±iZ�þ§3�5AcSAT3

½|�±��"

ù
iZÅ3�.�\O�þ�LAZ�§Óâ
 MIPS CPU?nì

�þ����¬§'Ù§?Û+�ñÑ� MIPS?nìÑõ——�'NõO�

CPUNX(�ñÑ�êþõ"

1.4.7 �ä´dìÚ-1�<Å+��MIPS

R5000?nì

R46009Ù�U�¬�¤õ��§QED�e��Ì��OÒ´ R5000"u

1995cíÑ——Óc SGIíÑ
 R10000 ——�´���Iþ�¢y"�´l

Ï~��OngÚE,Ýþ5`§ùü��O��»Ì"
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1.4. L�Úy3��
��MIPS�¡ 1 1Ù MIPSÚ RISCNX(�

R5000 æ^
²;�Ê?6Y�¿�U^Sux�-"��U
Ó�ux

�^�ê�-Ú�^2:�-"MIPS NX(�¦�ù�üÑ¢y�é{ü¶ü

��-�g^�@M�ìÚ�1ü�§¤±£OVuxÅ¬�Ü6¿ØI�õ

oE,"

�,
¯��,�¡Ò´5UO\�ék�"Ø� R5000�^3��$1

�þ2:$��XÚ§ÄK�IþUå��^Ø�"¦+Xd§R50008¤�Ù

§U?¦�XÚ�OöN´l R4600,?"

QED¤���vkó����N�û

3Ù�m©�ÞAc§QED����X{�ÑÈ�£���úi$1§�

��Núiu�gC�?nì�OÇ�4¦�)�Ú�È�¡"�
 1996c§

Túiú�±gC�¶ÂÑÈ�¡�U¬�Ð
")�E,d	Ü�Ü�º�

?1——TúigCE,Ø)�£=§¿Ø��Pk?Û�[ó�¤——�´y

3 QEDKI�¡�ÿÁ¿gC?n¤k��È!½|±9Eâ|±"

3ùã�mc�§QED éÄ
��mu PowerPC ¢y��8§æ^Ú

R4600 Ó�{�p��º�"Ø3�´§Úd3¿��r�Ö\��¡��

�(J§4¦�À³
ÞM§(J��T�¬��Ñvk?\½|"3ùg�

PowerPC{á�?�-9��§QED#£5îÞuMIPSNX(�"

QED� RM5200Ú RM7000?nì

QED�1��/gk¬ý0CPU´ RM5200X�§R5000����Y�

¬"Pk 64 	Üo���¬3�ä´dì¥ó�éÐ§Ù 32 o��$¤�
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þ
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MIPS CPU Qº�Y´k�µInstrinsity Semiconductor u 2002 cuÙ
Ù

FastMath?nì"ÏLc[��OEâ§lÄ�þ´IO�ó²Eâ¥�÷Ñ


�p�5U§InstrinsityU
�EÑ��°Z� 32  MIPS��O§ÙÌª
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MIPSúi�E¹
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"

L 1.1�Ñ
�
p§¿Â��¬�Ì�A5"·��vk?ØlMIPS

I� MIPS64��-8���C["ù
SNò32.7!�[?Ø§\��±l

T!��MIPS II�·$"

18



L
1.

1:
M

IP
S

C
P

U
�
p
§


c
°

�
û

/
.
Ò

/
Ì
ª

(M
H

z)
�
-
8

p
�
�
�
£

I+
D
¤

�
5

1
9
8
7

M
IP

S
R

2
0
0
0
-1

6
M

IP
S

I
¡
	

4
K

+
4
K
∼

3
2
K

+
3
2
K

¡
	
£

R
2
0
1
0¤
2
:
ü
�

F
P

U

1
9
9
0

M
IP

S
R

3
0
5
1
-1

6
4
K

+
1
K

1
�
�
ä
k
¡
þ
�
�
�

M
IP

S
C

P
U
§
Ó
�
�
´
�
x
3
�
�
?
o
N

�
¬
�
©
y

1
9
9
1

M
IP

S
R

4
0
0
0
-1

0
0

M
IP

S
II

I
8
K

+
8
K

8
¤
2
:
Ü
�
Ú
�
?
�
�
�
�
ì
§
�
À
�
�
ê
"
�
�
�

6
4
 

C
P

U

—
—
�
´
Ê
c
�
�
é
�
k

M
IP

S
C

P
U
ý
�
|
^
Ù

6
4
 
�
-
8
"

�
6
Y
�
Ú
�
�
�
�
k
Ï
u
J
p
�
¨
ª
Ç
"

1
9
9
3

ID
T

/
Q

E
D

R
4
6
0
0
-1

0
0

1
6
K

+
1
6
K

²
Q

E
D
°
%
N
�
�
�
�
O
'
Ó
�
¨
�

R
4
0
0
0
Ú

R
4
4
0
0
¯
�

õ
—

—
Ü
©
d
u

#
£
�


²
;
�
Ê
?
6
Y
�
"́

S
G

I
�
¯
�
$

à
In

d
y
ó
�
Õ
Ú

C
is

co
�
´
d
ì
�

�
Ü
�
"

1
9
9
5

N
E

C
/
M

IP
S

V
r4

3
0
0
-1

3
3

1
6
K

+
8
K

R
4
0
0
0
$
¤
�
!
$
õ
Ñ
�
�
õ
U
�
û
)
�
¬
"
�
m
©
�
�
é

N
in

te
n
d
o

6
4
 
i
Z
Å
�
�
�
§
Ù
i
\
ª
A
^
�
)
¨
Ê
�

L
J
4
0
0
0

-
1
�
<
Å
"

1
9
9
6

M
IP

S
R

1
0
0
0
0
-2

0
0

M
IP

S
IV

3
2
K

+
3
2
K

R
1
0
0
0
0
�
'
Ï
~
§
Ù
¥
¿
÷


�
?
n
ì
E
â
�
M
#
"
§
j
±
�
Ì

�
M

IP
S
D
Ú
´
U
�
�
�
K
�
�
4
�
"
(
J
´
u
9
�
!
Ø
Ð
^
§
�

´
z
î
â
5
U
Ã
�
'
[
"

1
9
9
8

Q
E

D
R

7
0
0
0
-

1
6
K

+
1
6
K

+
2
5
6
K

L
2

1
�
�
P
k
¡
þ
�
?
p
�
�
�
�

M
IP

S
?
n
ì
§
¤
�
A
�
-
1
�

<
Å
Ú
Ï
A
�
´
d
ì
�
Ø
%
"

2
0
0
0

M
IP

S
4

K
Ø
X
�

M
IP

S
3
2

1
6
K

+
1
6
K
£
;
.
�
¤

�
8
c
�
�
�
¤
õ
�

M
IP

S
Ø

—
—
�
n
Ü

�
¤
�
$
"

2
0
0
1

A
lc

h
em

y
A

u
-1

0
0
0

1
6
K

+
1
6
K

X
J
�
�

5
0
0

m
W
õ
Ç
U
�
�

4
0
0

M
H

z
�
Ý
§
ù
ò
´
\
�
Ø
�
�

À
"
�
T
�
¬
3
½
|
þ
¿
Ø
¤
õ
"

2
0
0
1

B
ro

a
d
co

m
B

C
M

1
2
5
0

M
IP

S
6
4

3
2
K

+
3
2
K

+
2
5
6
K

L
2

6
0
0

M
H

z
�
V

C
P

U
�
O
£
�
�
�
?
p
�
�
�
¤
"

2
0
0
2

P
M

C
-S

ie
rr

a
R

M
9
0
0
0
x
2

M
IP

S
6
4

1
6
K

+
1
6
K

+
2
5
6
K

L
2

1
G

H
z
�
V

C
P

U
�
O
£
z
�

C
P

U
�
g
P
k

2
5
6

K
�
�
�
�
�
?

p
�
�
�
¤
"
1
�
�
�
�

1
G

H
z
�

M
IP

S
C

P
U
"

2
0
0
3

In
tr

in
si

ty
F
a
st

M
a
th

M
IP

S
3
2

1
6
K

+
1
6
K

+
1
M

L
2

ä
k
�
þ

D
S
P
§
Ì
ª
p
�

2
G

H
z
�

C
P

U
§
�
´
½
|
%
é
Ù
¹


�
�
"

2
0
0
3

M
IP

S
2
4
K
Ø

M
IP

S
3
2

R
2

1
6
K

+
1
6
K

3
2
K

+
3
2
K

6
4
K

+
6
4
K

n
Ü
�
�
Ø
U
�
�

5
0
0

M
H

z§
T
Ø
�
�
O
4
�
¤
õ
"

2
0
0
5

M
IP

S
3
4
K
Ø

M
IP

S
3
2
+

M
T

A
S
E

3
2
K

+
3
2
K
£
;
.
�
�
¤

M
IP

S
õ
�
§
�
k
°
ö
"



1.5. MIPSÚ CISCNX(�'� 1 1Ù MIPSÚ RISCNX(�

1.5 MIPSÚ CISCNX(�'�
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• �¯S��UÏL{ü�M�ì\1Ú�;: éS�Cþ?1�â$�¬

�Ï6Y�§¤±Øùo�"zgS��¯ÑÑ��^wª�\1½�;

�-"��M�ìæ¦�ù�:¢S�vkfþ�@oæ�"

• �k�«êâÏ��ª: A�¤k�\1Ú�;ÑÏLü�M�ìÄ�\

þ�� 16 �~ê £þ£2:�-�±¦^k��M�ì\M�ì¤Ï

�S�"

• i!/��-: ��êâ�\MIPS CPU�M�ì§¤k�ö�Ñ´3�

�M�ìþö�"�´� Cù���ó�ÂØ·ÜØUÏ�S��i!â

Ý�Åì"ÏMIPSé 8-Ú 16- Cþ£©O¡�i!Ú�i¤Jø


�@���C\/�;ö�"��êâ��M�ì§Ò��M�ì��5?

n§¤±Ü©i\1�-kü«/ª——ÎÒ*ÐÚ"*Ð"

• load/store7Léà: S�ö��Uléà��Aêâa.>.�/�\

1Ú�;êâ"i!�±3?¿/�DÑ§�´�i7L3óê/�éà§

i3oi!>.éà"Nõ CISC�?nì�±l?¿i!/�\1/�

;oi!êâ§�´�s¤�	��¨±Ï"

�´§MIPS�-8NX(�£ISA¤(¢�¹kA�AÏ��-±{zé
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• a=�-: k�� 32 �-�Ý3��|±é�§S�NX(�þé©
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1.5. MIPSÚ CISCNX(�'� 1 1Ù MIPSÚ RISCNX(�
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 218i!���§Ï��-Ñ´o

i!éà�——)º¤�é PC��ÎÒ� £þ"XJ��©|8I¬
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^�ÒvÙÛ§ù��±·ÜØÓ�óÚ?Èì��¬¶\A��Åù
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Ç"
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������AÏ�M�ì§�X=?Uff
éÑNo£¯��þÅì
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/�§d���d^�KI"
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1.5. MIPSÚ CISCNX(�'� 1 1Ù MIPSÚ RISCNX(�

• ���É~?n: ¥ä�´É~��«a.£MIPS¥É~ù�c�)¤

kI� CPU¥ä�~�^S�1¿N^^�?n�¯�¤"��É~�±

5g��¥ä!5géÔnþØ�3�J[S��Áã�¯!½öÙ§é

õ�¹"�^k¿Ú\�!aqXÚN^�!̂ 5?\É�o� OSSØ

�g��-u)�§�¬?\��É~"¤kÉ~Ñ����D4�Ó�

��½\�/�"7

?ÛÉ~u)�§MIPS CPUÑØ¬�?æÒ!�\S�½ö�°M�

ì"

Uì�½§�3
ü�Ï^M�ì�^uÉ~§ù�É~?n§S�±g

Þ£3MIPS CPUþvkM�ìØ�U�?Û¯�¤"éu$13#N¥

äÚg��?ÛXÚþ�§S5`§ùü�M�ì�����UCz§¤

±�ÐØ�^"

1.5.4 §S
���6Y��J

�d��§±þÒ´\I�l��{z� CPU
)��ÜSN",¦�

�-8·A6Y��¬���
Û%��J"�
Bun)§·�xã5`²"

ã 1.3: 6Y�Ú©|ò´

� ò´©|: MIPS CPU�6Y�(�£ã 1.2¤¿�X���a=/©|�

-���1�ã�)#�§SOêì��§�3a=�-���-®²m

©
"TNX(�¿Ø´¿ïùÜ©kd3^å�ó�§´�¦;�©

|���-o´3©|8I�-�c�1";�©|�-����- �

¡�©|ò´ø"

�´M�vkAÏ?n§´Ä©|�û½±9©|�8I/�§Ò¬3

ALU6Y�ã(å���——�d�§Xã 1.3¤«§®²��
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7Ñk§Ü¶ùcÞ¢SþÑkÐA�ØÓ�\�:§��ü�"���ë� 5.3!"
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1.5. MIPSÚ CISCNX(�'� 1 1Ù MIPSÚ RISCNX(�

3ee��6Y�øÑ5Ø9Jø���-/�"
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ã 1.4: 6Y�Ú\1ò´

• êâ\1ò´£\1ò´ø¤: 6Y��,���JÒ´�^\1�
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�——¤±3e�^�-¥ØU¦^\1�êâ"£ëwã 1.4±n)Ù
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1 2Ù MIPSNX(�

3O�+�¥, NX(�ù�����iú^5£ã��^u?§�Ä�

Åì§Ø´��Åì�äN¢y"ù�:«O�~k^——��Ú3½|�

�¥éù�c�E^«©m5"Öök�UØÙGÄ�£ã§�éÙVg¿Ø

))"XJ\mLÃÄ�C��§Ò¬uyØ+T�´cÓ°Ä�´�Ó°Ä§

o´h��3m§lÜì�3�"3ùp§¦+äN¢y£=�Óf°Ä¤

Ø�Ó§NX(�£==��3=>¤%k¿�±�Ó"

�,§XJ\´��ú´.å�mÃ§�Ä�´U
3�w�´¡þp�1

¨§ù�cÓ�´�Ó°ÄÒék'X
"O�Å�´Xd——XJ\k,«

4à�½ö�~5�I¦§¢y�[!Òé\é�
"

��ó§�� CPU�NX(��)�|�-8\þ�
M�ì��£"

�-8 �NX(�ùü�â�Ä�þ´ÓÂc"3 � ISA(Instruction Set

Architeture�-8NX(�)¥\�±w�ùü�â�Ó�Ñy3�å"

8c§é MIPS ISA �Ð�½ÂÒ´d MIPS úiÑ�� MIPS32 Ú

MIPS64 NX(�5�"MIPS32 ´ MIPS64 ¥^u�k 32  Ï^M�ì�

CPU�f8"/MIPS32Ú MIPS64 NX(�5�0`å5��§·�e¡{

¡“MIPS32/64”"

�õê�EMIPS CPU�úiy3ÑoNù
5�——@
ØUî�oN

�úi�3¦þ ��O"

3MIPS32/64uÙ�c§�LÐA�MIPSNX(����"�´ù
P

½Â��ª·^==�up�^�¤^��-Ú]——rö�XÚ7I�

CPU��Å�w�´äN¢y�'�"ùÒ¿�X�£��ö�XÚó��6

u����±MIPSNX(��5½Ü©½��f�Æ"����{´z�

NX(����Ñg,����/1¢y0�'é"

MIPS I: �@� 32  ?nì£R2000/3000¤¦^��-8¶¤kÑyL�

MIPS CPUÑU$1ù
�-§¤±E,´MIPS.�«Ï^�/.

�0"

MIPS II: �l5Òvk�ªÝ�� R6000Åì½Â

��,?"�´k�

«éaqMIPS II�ÀÜ3i\ª½|þ� 32 CPU¥2�¦^"MIPS

II´MIPS32�c�"
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N´�4<²Ø4p¾"

�MIPSff3i\ªXÚA^��ÿ§�éäNA^O\�#�-X

��S���k
Ñ5"MIPS32/64áÂ
Ù¥�
�-§Ó��#N± ASE
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õ�*Ðµ
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"3 1990c��

kd LSI M©§Xúu � MIPS ��?��è���"MIPS16 ò^

r?MIPS�-���f8?è¤ 16 �ö�è£�O\
A^AÏ�
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�ì¥���á�.ê|�z���þ¿1?n§¤±´ SIMD"ùa$
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�æ^�A5"
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MDMX§Broadcom� CPUq�´=��¢y"
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2.1. MIPS®?�ó�º�Ð& 1 2Ù MIPSNX(�

MIPS32/645�¥�k�
Ù§�À�Ü©§Ø·Üw�Ì6��-8*

¿µ

• 2:µ�P�´�Ð�"l�@Ï�Ffm©2:Ò��´MIPS�-8

��ÀÜ©§�´���3/�?nì 10?è¥"�Öéd�
�[/0

�"

• CP2µ1��?nì?è«�3�ÿ���rgd¦^"�´ÏI��þ

��OÚÿÁó�§é�k<�ÁL"ùp�v�oÐù�"

• CorExtendµMIPS�E¦��ãåíÑ�����´^�^r�½Â�

-8"ù�Vg3 2002/2003cm��l��§ARMÚ Tensilica��Ñ

(¡|±"

• EJTAGµ�
OrNÁõU\��ÀXÚ§3 12.1!k0�"

• ü°Ý2:éµé2:ü��*Ð§Jø SIMDö�§z��-Ó�ö�

ü�ü°Ý£32 ¤2:ê�"

• MIPS-3DµÏ~o´Ú¤é2:�(Ü§O\
A^�-§é3n�¶4

±ã¥�þ¦^�2:Ý
$�¢y\�"

2.1 MIPS®?�ó�º�Ð&

®?�ó´ CPU�©�?��-��ø<Ö�£±9�Ö¤���"1 9

Ù;�ùã®?�ó"l5vk�>L®?�ó�Öö�U¬é�ÖÜ©SN

�a�J±n)——�´y3m©Æ���Ø�"

éuÙG®?�ó�ØÙGMIPS�Öö§e¡´�
~f�±ë�µ

/* this is a comment */

entrypoint: # that’s a label

addu $1, $2, $3 # (registers) $1 $2 + $3

��õê®?�ó��§MIPS®?�ó�´±1�ü �"�1(�L«

�-�(å§®?�ó5º�½�Ñ�1¥/#0iÎ���SN"3�1p�

±kõ^�-§�m�^©Ò�m"

üc�¡�X��kÒ/µ0�L��IÒ——ùp�üc�2Â�§�±

�¹�«Û%�iÎ"IÒ^5½Â�è¥�\�:Ú·¶êâ«����;

 �"

MIPS®?ì)º���~î��!¿÷
M�ì?Ò��ó"�õê§S


^ Cý?n§SÚ�
IOÞ©�§ù��±^¶iÖ�M�ì¶Ï^M�
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2.2. M�ì 1 2Ù MIPSNX(�

ì�¶i�N
ÙS.^{£·�ò31 2.2!ù�¤"XJ\^
 C�ý?n

§S§��±¦^ Cº��5º"
Nõ�-Ñ´Xþ¤«�nö�ê/ª"8IM�ì3�>(5¿§ù�:

� Intel x86S.���)"��ó§��(JÚö�ê�M�ì�Ö�^S�
C�ó½Ù¦�ê�ó��ª´���§~Xµ

subu $1, $2, $3

¿�Xµ

$1 = $2 - $3¶

8cùùoõÒ

"

2.2 M�ì

§S�±^�Ï^M�ìk 32�µ$0 ——$31"Ù¥kü�§��kùü

��^{�Ù§�ØÓ"

$0 Ø+�\�o�§[��£""

$31 [�d�~¼êN^�- (jal)���£/�"�5¿M�ìN^����

-(jalr)�±^?¿M�ì5��Ù�£/�§�´¦^ $31�	�M�ì

k�~5"

Ù§�¡§¤k�M�ìÑ´���§�±3?Û���-¥¦^(\$�

�±^ $0�����-�8IM�ì§�´ù��-�(JÒÃ(���
")

MIPSNX(�¥§§SOêì¿Ø´��M�ì§\�Ð�ÑØ�@�

�——3��äk6Y�� CPU¥§§SOêìkõ��U���-<· "

jal�-��£/�´Ù��ee�^�-:

...

jal printf

move $4, $6

xxx # return here after call

ù��´k�n�§Ï�;�N^�-�¡e�^�-´N^�-�ò´

ø——�P4§Uì5½T�-7L3©|8I�-�c�1"N^�ò´ø

�-é��L¤§Ï�²~�±^5ïáN^�ëê"

MIPSpvkG�è"G�M�ì½ CPU�Ù§SÜG�é^r?§Sv

k?ÛK�"

kü�M�ì���(Jà�£�� hiÚ lo¤��ê¦{$��'"§�

Ø´Ï^M�ì§Ø
¦Ø{�-�	vkÙ§^å"�´§½Â
�ùü�à

��\?¿���-——c[���\Ò¬uy§ùéu¡E���¥ä�§

S�G�´7I�"
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 32�2
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2.2.1 Ï^M�ì�S.·¶Ú^{

·�®²s
A�£ã
�
NX(��¡�SN§e¡50��
^�

�¡�SN"·ú�\y3k7�
)ù
"

¦+M�A�vk¦^M�ì�5½§�3¢S¦^M�ì����Ì�

X�S.�å"M���Ø'%ù
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3 1996cc�§SGIÚ\
¦^#�·¶�½�?Èì"#��½�±^

5)¤¦^ 32 ½ 64 Ï��§S§ùü«�/©O¡�/n320Ú/n640"·

�6�Ø?Øù
§1 11.2.8!éd�
��{²�´���¡�£ã"

®?§S�M�ì�S.·¶Ú^{

• at: ù�M�ì�®?ì�)�Ü¤�-�3"XJ\�wª�¦^ù�

M�ì£'X3É~?n§S¥��Ú¡EM�ì¤�§k�^®?��

-�^5B�®?ì¦^§——�´ù��5®?ì��
÷�-ÒØ

U2^
"

• v0, v1: ^5��f§S�£���2:�"XJ��£����§ùü�

M�ì�Øe§?Èìò¬ÏLS�5�¤"[!�ë� 11.2.1!"

• a0–a3: ^5D4f§SN^�c 4��2:ëê"ØLó��¹�U��

E,
"�ë�11.2.1!"

• t0–t9: �ì�½§��f§S�±Ø7��gd¦^ù
M�ì"ù¦

�ù
M�ìé·Ü^�L�ª¦�����Cþ——�´?Èì/§S


7LP4§ù
M�ì¥��k�U�f§SN^»�K"
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2.2. M�ì 1 2Ù MIPSNX(�

L 2.1: Ï^M�ì�S.·¶Ú^{
M�ì?Ò ÏPÎ ^{

0 zero [��£ 0

1 at (assembly temporary ®?6�)�3�®?ì¦^

2-3 v0, v1 f§S�£�

4-7 a0-a3 (arguments) f§SN^�cA�ëê

8-15 t0-t7 (temporaries) ��Cþ§f§S¦^�ÃI��

24-25 t8-t9

16-23 s0-s7 f§SM�ìCþ¶f§S�\�7L��Ù�¿3�

£c¡E��§lN^¼êw�ù
M�ì��vk

Cz"

26,27 k0,k1 �3�¥ä½g�?n§S¦^¶Ù��U3\ú�.

eUC

28 gp (global pointer)�Û��¶�
$1XÚ�où���

±Bu�� staticÚ externCþ"

29 sp (stack pointer)æÒ��

30 s8/fp 1Ê�M�ìCþ¶I��f§S�±^5�v�

�(frame pointer)

31 ra f§S��£/�

• s0–s8: �ì�½§7L�yù
M�ì�SN3f§S�£��Úf§S

\�����Ó§�o3f§SpØ^ù
M�ì§�or§���3æ

Òþ¿3f§S�£�¡E"ù«�½¦�ù
M�ì�~·Ü��M�

ìCþ§½���
3f§SN^Ïm7L����"

• k0, k1: �3�ö�XÚ�g�/¥ä?n§S¦^¶̂ ��Ø7¡E�5

��¶é�^uÙ§^å"

• gp: ^uü�ØÓ8�"éu Linux§S¦^��a �Ã'��è PIC§

��¬	��èÚêâÚ^Ñ�ÏL��¡��Û £þL GOT(global

offset table)���L"gpM�ì^5�o��TL���"��ë�1

16Ù"

3~5�� PIC�è£3{ü�i\ªXÚ¥¬^�¤¥§gpk�^5�

���ó��(½ ��·�êâ¥Ü"ù¿�X§|^ gp�Ä��§é

u3 gp��c� 32K��S�êâ��§�I��^�-Ò��¤"

XJvk�Û��§����·�êâ«���I�ü^�-µ�^´¼

�d?ÈìÚC1§SO�Ñ� 32 /�~þ�p §,	�^âý�

��êâ"
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2.3. �ê¦{Ü�9M�ì 1 2Ù MIPSNX(�

�ïá�éu gp�/�Ú^, ?Èì3?È��7L����êâó�

��S�/�3 64K���S"¢Sþù´Ø�U���§�U�ßÿ"

Ï~��{´r��£l�i!±S�¤�Ûêâ��3 gp�«�S§X

J�´��§Ò4ó�ìuÑ´w"

• sp: æÒ���þe£ÄI�wª�ÏL�-5¢y§ÏdMIPSÏ~�

3f§S\�ÚÑ�âN�æÒ��¶d�N^�f§S5KI�¤"Ï

~3f§S\�?r spN��f§S¥mæÒ�U����$:§l

?Èì�±ÏL�éu sp��½ £þ5��æÒCþ"ë�1 10.1!

'uæÒ�^{"

• fp: ��� s8"XJdu,«�Ï?Èì½§S
ØU½öØ�O��é

uæÒ��� £þ§f§S�±^v��5P¹/�læÒ��¹"ù

«�¹´k�U�§AO´�§S��9�$1�éæÒ�Ä�*Ð��

ÿ"k
�ó²(|±ù��¶®?§S
o�±?1�«¢�¶̂ �¥

¼ê alloca()� C�ó§SÒ´ù���"

XJæÒ�.Ü3?È��ØU�û½§\ÒØUÏL sp5��æÒC

þ§Ïd3¼êmÞ§fpÐ©z��éuT¼êÒv��~þ� �"|

©/|^M�ì�½ÒU
¦�ù�1����¼êk'§QØK�N^

¼ê§�ØK�?Ûi@�¼êN^"

• ra: 3?Û��f§S\�?§raM�ì¥��X�£/�——Ïd;.

�f§SÑ±�^ jr ra�-(�"nØþù§ùp�±¦^?¿M�ì§

�´�
E,� CPUÏ�æ^`zE|£©|ýÿ¤§¦�^ jr ra �

�J¬�Ð"

g���N^O�f§S�§S§7LÄk�� ra��§Ï~���æÒ

þ"

é2:M�ì�k���A�IO§·�ò3 7.5!o(�e"·�3ùp

®²0�
MIPS�ÐuÙ�M�ì�^{�½¶C5#O
�
Cz§P��

½Ò¡� o32 ——·���� 11.2.8!â?Ø�#��½"

2.3 �ê¦{Ü�9M�ì

MIPSNX(�@��ê¦{�~�§��ÏLMÙ�¢y¦{�-"ù

�:31980c�� RISC�¡p¿ØÊH",	�«�{^M�¢yU
��

IO�ê�16Y����¦{Ú½¶éuE,:�¦{§��^�ÏLf§

S(5�[��¦{ö�)"@Ï� Sparc CPUÒ´ù���"
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2.4. \1��;µÏ��ª 1 2Ù MIPSNX(�

�k�«^5;��O�ê¦{ìE,5��{´32:ü�¥5$1

¦{——Motorola �is�y� 88000 CPU [xÒ´Jø
ù��)û�

Y——ù��":´��
MIPS2:�?nì���À��OÐ©"

�dØÓ§MIPS CPUæ^
��;^��ê¦{Ü�§¿vk8¤�Ì

6Y�¥�"¦{ü��Ä�ö�´rü�M�ì�����¦����ü�

���M�ì(J§��3¦{ü�p¡"�-mfhi!mflo©ü�ò(JDx

��½Ï^M�ì"

Ï�¦{�(J�£vk¯�UgÄø����-¦^�§Ý§¦{�(

JM�ìo´p£�"3¦{$��¤�c?ÛèãÖ�(J�ö�Ñò��

CPUÊe5��¦{ö�(å"

�ê¦{ì��±�1ü�Ï^M�ì�Ø{ö�"ù� loM�ì^5�

�(J(û)§hiM�ì^5��{ê"

\Ã{3���¨±ÏS�Ñ¦{ü��(Jµ¦{�^ 4–12�±Ï§Ø

{�^ 20–80�±Ï£�ûuäN¢y§ék
¢y��ûuö�ê���¤"

�
 CPUPk���½öÜ©6Y�z�¦{ü�——Ò´`§�±z��½

öü�±ÏéÄ�^¦Ø�-§¦+ØU3oÊ�±ÏS��(J"

MIPS32/64�)
�^nö�ê�mul�-§�£¦{(J�$�Ü©�

��Ï^M�ì¥"�´@^�-7LÊîe5��ö��¤¶pÝ`zN��

^��,¬^©l��-©OO�¦{ÚJ�(J"MIPS32/64 CPU£��)

8c½|þ�k�Ù§ CPU¤�k¦\ö�§�U�¦{ö��È\\� lo/hi

é¥"

�ê¦Øö�lØ�)É~µ=¦´Ø± 0�Ø¬u)É~£�,ù���

�(J´Ø(½�¤"?Èì~~¬�)�	��-u�ÚÓ¼�Ø§AO´�

"Ø��Ø"

�½Â
�-mthi!mtlo^5òÏ^M�ì��Dx�¦{ü��SÜ

M�ì"ùéul¥ä�£�¡E hiÚ lo��´7Ø���§�3Ød±	�

Ù§/��UÑØ¬^�"

2.4 \1��;µÏ��ª

Xc¡¤ó§MIPS�k�«Ï��ª1"?Û\1½�;ö��Åì�-

Ñ�±�¤µ

lw $1, offset($2)

\�±^?ÛM�ì��8IÚM�ì" £þ offset´��kÎÒ�

16 �êi(Ïd�±�3 -32768� 32767�m�?Û�)¶\1¤^�§S/

�´ $2M�ì��� offset�Ú"ù«Ï��ª��®v
�� C�ó(�N

���¤
( £þ´ù�(��å©/��¤����(�¤
�m�ål)"

1®²Ø2���(
§y3k�«M�ì\M�ìÏ��ª^u2:ê\1Ú�;
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2.5. �;ì�M�ì�êâa. 1 2Ù MIPSNX(�

Ó��|±¢y±~þ�¢Ú�ê|¶̂ æÒ��½öv����¼ê�ÛÜ

Cþ¶¿�·�Ú	ÜCþJø��± gp���¥%�·�����Û�m"

®?ìJø��aq{ü��Ï���ª5\1��3ë���âU(½

½/��S�Cþ��"

�E,�Ï��ª§XVM�ìÏ�½¢ÚC��ª§Ñ7LÏLõ��-

�S�¢y"

2.5 �;ì�M�ì�êâa.

MIPS CPU�±3�gö�¥C1½�;��l�i!"©�¥æ^�±

9�¤�-ÏPÎ�·¶�½Xeµ

C¶i MIPS¶i ��(i!) ®?ÏPÎ

long long dword 8 ld¥�”d”

int word 4 lw¥�”w”

long2

short halfword 2 lh¥”h”

char byte 1 lb¥�”b”

2.5.1 �êêâa.

i! byteÚ�i halfword�\1kü«�ª"ÎÒ*Ð��- lbÚ lh�

-òêâ���3 32 M�ì�$ §¿òp ^ÎÒ (i!�  7§�i�

  15)��5W¿"ù�Ò�(/ò��kÎÒ�ê=�¤
�� 32 �kÎ

Ò��ê§Xeã¥¤«"

ÃÎÒ��- lbuÚ lhu^"5*Ðêâ§òêâ�\1� 32 M�ì�

$ ¥§¿^"5W¿p "

~X§b�M�ì t1¥´�;ì¥�� bytei!°Ýêâ�/�§T?�
���� 0xFE(kÎÒê -2½ÃÎÒê 254¤§@o

lb t2, 0(t1)

lbu t3, 0(t1)

�1��§M�ì t2��� 0xFFFF FFFE(kÎÒê -2)§t3��¬´ 0x0000

00FE£kÎÒê½ÃÎÒê 254¤"

þ¡£ã�´ 32  CPU� MIPSÅì§�´NõÅìÑk 64 �M�

ì"(JL²´¤k�Ü©i\1£$�ÃÎÒê�\1¤�ÑÎÒ*Ð�p 32

 ¶ù�1�wþ��%�%ék^§3 2.7.3!¥ò�[)º"

á�ê*Ð�����ê�ØÓ�ªm�[�«O´du C�ó�£�5

¯K�{¤�ÏE¤�"y�� C�óIO½Â
�~²(�5K5;��U
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2.5. �;ì�M�ì�êâa. 1 2Ù MIPSNX(�

��Â5"3�MIPSù�ØU��� 8 Ú 16 °Ý��â$���Åì¥§

�¹ shortÚ charCþ�L�ªI�?Èì�\�	��-±(�êâTÄÑ

�U
ÄÑ¶ù«1�4��^�$�"�£���¦^��êCþ��è

�MIPS CPUþ��ÿ§\AT�ÄéÑ=
Cþ�±S�=�¤ inta."

2.5.2 �éà�\1Ú�;

MIPSNX(�¥§�~�\1Ú�;7Léà¶�i�UlVi!�>.

\1¶i�Uloi!�>.\1"��é�éà�/��\1�-¬��g

�"Ï� CISCNX(�§�MC680x0Ú Intel� x86(¢U
?n�éà�\

1Ú�;§�£�^���ÿ§\�U¬��ù�¯K¶��4à�¹´\½

N�SC��É~?n§S5�[�A�\1ö�l¦§é^r§S�±ß

²——�´ù�¬¦§Sú�J±=É§Ø�\1�~�"

C�ó�è¥(²�¤kêâa.Ñ¬�(éà"

�\¯k��\�§SI�l�����!�UØéà�/�DÑêâ

�§MIPSNX(�(¢�dJø
��V�-S�£�'ÏL�X��i!\

1!£ !�\¯�õ¤"�¤S���-Ùö�4�JÃ§�Ï~Ñd÷�-

ulw (unaligned load word)�)�"8.5.1!ò�[0�"

�Jø
��÷�- ulh (�éà�\1�i)§dü�\1!��£ Ú�

�Å /½0ö��-Ü¤"

"��¹e§C?ÈìKIò¤k�êâ?1�(�éà§�´3k
�¹

e£~Xl©�¥Ö�êâ½�ØÓ� CPU���êâ¤U
k�?n�éà

��êêâ´7L�"�õê?Èì#N\IP��êâa.�U´�éà�§

¿¬�)£'�p��¤AÏ�è5?n——ë�1 11.1.5!"

2.5.3 S�¥�2:êâ

lS�¥òêâ\1�2:M�ì==DxêâØ�?Û)º——�±\

1��Ã��2:êâ(Ù¢�±\1?¿� G|Ü)§��éù
êâ$�

�cØ¬k?Û2:�Ø"

3 32 ?nìþ§ù#N\ÏL��\1ò��ü°Ý�êâ�\��ó
êÒ�2:M�ì¥§\��±ÏL��÷�-\1��V°Ý�êâ§Ïd3

�� 32 � CPUþ§®?�-

l.d $f2, 24(t1)

�Ðm�ü�ëY�M�ì\1µ

lwc1 $f2, 24(t1)

lwc1 $f3, 28(t1)

3 64  CPUþ§l.d´ý��¤êâDÑ�Åì�- ldc1ÄÀí��O

¶"
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2.6. ®?�ó�Ü¤�- 1 2Ù MIPSNX(�

?Û���ÌMIPS/SGI5K� C?ÈìÑòli!��V°Ý2:Cþ

éà�li!�/�>.þ"32 M�¿vkù��éà�¦§éà==´�


��oNµXJ� 64  CPUl���3li!>.éà�/�\1V°Ý

êâ§Ò¬�\É~"

2.6 ®?�ó�Ü¤�-

MIPS�ÅìèÖ�å5�U�� H���
¶�,lNX(���Ï·

�k¿©�nd`²��oØU��^�^�-5�¤ò�� 32 �~þC\

��M�ì¥§�´®?�ó§S
Ø�zgÑ��Äù
¡��[!"Ïd

GNU�®?ì(�kÙ§Ð�MIPS®?ì) ¬�\Ü¤�
�-"\�I��

�� li (\1á=ê)�-§®?ì¬���o�ÿ�)¤ü^Åì�-"

ùw,´ék^�§���U�E^"k
MIPS®?ìéuNX(��A

:ùX�
ÎÃ7��§Ý"3�Ö¥§·�ò¦þ�^Ü¤�-§�¦^�¬

²(�Ñ",	§3�-�L¥§·���¬²(«©Ü¤�-�Åì�-"

·�aú´Ü¤�-´^5�Ï§S
�§5��?ÈìAT)¤ÚÅì

�èî���é���-"3�´3ù�Ø�{�.p§�´kNõ?Èì¢

Sþ)¤Ü¤�-"

®?ìJø��Ï�)±e�¡µ

• 32 á=ê�\1µ\�±���\1?Û�(�)3ó��O��S�

/��)��è§®?ìò¬rÙm¤�ü��-§©O\1ù�êâ�

p�Ü©Ú$�Ü©"

• lS�/�\1µ\�±���\173S��Cþ��è"®?ìÏ~
¬òù�O�¤ü^�-§k´�^rCþ/��p \1���M�ì

��-§�X´�^±TCþ�$ /�� £þ�\1�-"�,ùØ

·^u C�ó¼êSÜ½Â�ÛÜCþ§ÛÜCþ´ÏLM�ì½æÒ¢

y�"

• éS�Cþ�¯���µk
 C§S�¹
Nõé staticÚ externC

þ�Ú^§é§�\1/�;^ü^�-m���
"�
?ÈXÚÏLk


$1��|±;m
ù�:"3?È/®?�£�~���{´®?ìÀ

JÓ^l�i!½���m�Cþ¤ÀJ�
Cþ§¿ò§��å���

����3 64Ki!±S���S�«",�$1�XÚÐ©z��M�

ì——S.þ^ $28�Ò´ gp ——5��TS�«�¥m �"

éù
Cþêâ�\1Ú�;y3Ò�±ÏL�^�é gpM�ìÏ��

\1½�;�-5�¤"

33 2003/2004cmé GNU C?Èì�MIPS�à?1�#U�§Ù��Á1�Ò´ù^�

K"
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2.7. MIPS I�MIPS64 ISA: 64 (ÚÙ§)�*Ð 1 2Ù MIPSNX(�

• �õa.�©|^�µ®?ìÜ¤
��@�âü�M�ì��â$�(
J5?1^�©|��-"

• Ó��-�{�½õ«ØÓ��{µ� notÚ negù��ü8$�§́ Ï

L�[�´"��M�ì $0� nor½ sub5¢y�"\��±r��n

�ö�ê��-�¤ü�ö�ê�/ª§®?ìò¬r(J���Ñ�1

��M�ì¥"

• Ûõ©|ò´øµ3�~��¹e§®?ìXJwÑò�3©|�c��
-£Ä�ò´øv¯K�{§Ò¬ù��"Ï�®?ìU
wÑ��¹Ø

õ§¤±¿Ø�õuW¿ò´ø"k�^®?��- .set noreorder�±

^5w�®?ìØ�gÄ£Ä�-§d§S
<ó��"

• Ûõ\1ò´øµk
®?ì¬uÿ�;�\1�-�Áã¦^\1(J
��-§XJ1�{�U¬þe£Ä�^�-"

• �éà�êâDxµ�éà�\1/�;�-£ulh§ulw��¤U�(/

���iÚiêâ§=¦8I/�´�éà�"

• Ù§�6Y���µ�
�-£'X¦^�ê¦{ü���-¤3�
P
� CPUþ�k
�	���"XJ\^�´ù
P� CPU§Ò¬uy®

?ìU�þa"

o�§XJ\ý���ò®?�è£Ø3 .set noreorderpÞ��è¤

�S�¥��-éAå5§\I�/Ï�®?óä"

2.7 MIPS I�MIPS64 ISA: 64 (ÚÙ§)�*Ð

MIPSNX(�glu²±5Ò��3¤�——��wÍ�´l 32 ¤�

� 64 "ù�¤��~^|§±�·����±r���MIPS£ã¤ 64 �

NX(�5§32 �´Ù�$¤�¢y²(½Â���f8"�Övkù�

�§́ kA��Ï"1�§¢SuÐ�L§Ø´ù�"XJù�£ã§�U¬k

Ø�Öö�v¦"1�§MIPS��.þ����Ò´N�²w/*Ð��N

X(��²â"1n§�Ö�á�Ù¢´� 32 MIPS��§�5²L*¿

â�)
 64 "

¤±·�æ^��·Ü��ª"Ï~·�¬k0� 32 ���§���9

�[!��ÿ§Ò¬ü����å0�"±�·�ò^ ISA�L�-8NX(

�"

��MIPSm©üC§�Ð� 32 MIPS CPU (�) R2000!R30009Ù

Ù�U�¬)� ISAÑ�A�¡�MIPS I4"e��2�¦^� ISA�CN�

4ù�Ð'��K�¯\wvwL>K5ª(ö I6§̄ ¢þl5vk��>K�@�¶i"Òë

�õ¥�51���6�Q���5�õ¥��6"
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2.7. MIPS I�MIPS64 ISA: 64 (ÚÙ§)�*Ð 1 2Ù MIPSNX(�

Nõ�U?¿� R40009Ù�Y�¬þJø
��� 64  ISA§¡�MIPS

III"

¦+ ISAk
NõüC§��3A^�gþ(�\3��ó�Õþ�A^§

S�¤k����è)§#��-8oU
�coN§��|±�P�?nì�

�§S"w, 32  ISAØU$1 64 §S¶Ød	§���Uk¯K� ISA

��Ò´MIPS V§Ù¥,
�-3MIPS64¥vk"�´d�MIPS V�l5

vk�¢y"

MIPS IIQ²�ÝÑyL§�´%Ã¤��§Ï�§�1��¢y R6000�

�� MIPS III R4000�5Øþ�L
"MIPS II�~�Cu MIPS IIIØ�

64 �ê$���f8"é MIPS II ISA�ù«n)3 1990c�Q²k¤£

Þ§��#¢y� 32 MIPS CPU���ÀJÑy"

X·�c¡£ãL�§ØÓ� ISAüC½Â
�A�SN¶��½Â
3�

�É�o�ö�XÚ¥^r§S�^��Ü�-——�)2:$��-3S"5

�ù
�-�A�§ISA�½ÂÚ£ã
�ê!2:êâÚ2:��M�ì"

3MIPS32/64�c§ISA½ÂÑ�~�%�ò CPU��£�?nì 0¤M

�ìÚ�� CPU���-8üØ3	"·Ø��ù��kõ�^?§�,ù�

du&EØv(¢�±� MIPS\Î�ME�õ�ó�Å¬¶¶�5MIPS IV

�-86�Öé\�
)XÛé R5000�p���?§vk?Û^?"

3¢�¥§�?nì 0���X�ª� ISA�åüC"��ª� ISAaq§

Ì�kü���µ����X R3000 ——y3Ä�þ®²L�——,��5

u�Ð�MIPS III CPU§R4000"R4000xæ^��ªy3®²��MIPS64

��Ü©IOz
"·ò¡ùü�©O¡�/R3000 ª/Ú/MIPS32/64/ª�"

�3�Ö�ù��Ø¬k�õ'u R3000ª�?nì 0�SN"

2.7.1 uÐ� 64 

�X1990cMIPS R4000�¯§MIPS¤�1��Ý�� 64  RISCN

X(���¡"MIPS64 ISA6 ½Â
 64 Ï^M�ì§�
 CPU��M�ì

�°Ý�Ø� 32 ",	§¤k�ö�Ñ�) 64 �(J§�,k
l 32 

�-8U«L5��-é 64 êâ�ö�vk�o¿Â"3 32 �-ØUo

N�*Ð�?n 64 ö�ê��¹e§ÒO\#��-"

¦+MIPS32 CPU#Næ^�k 32 2:� FPU§8c���vkù�

��"MIPS32ÚMIPS64 CPUÑæ^ý� 64 2:M�ì� FPU§�gØ2

I��éM�ì5NB��V°Ý��"ù�*Ð�P� MIPS I�.£k 32

� 32 M�ì¤é¦^ù�wþ�Ð�k 16� 64 M�ì¤ØoN§¤±3

CPU��M�ì¥k���ªm'�±��¤4M�ì�1��MIPS I��
5�o´�±EÑvk¢y2:� CPU"
6R4000 Ú�5� MIPS64 IO¿Øz©�z�oN§�´é�C§·��!r:�3

MIPS32ÚMIPS64�«Oþ"
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2.7. MIPS I�MIPS64 ISA: 64 (ÚÙ§)�*Ð 1 2Ù MIPSNX(�

±B#N^P^�"
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/��/�§M�ì°Ý� ALU°Ý�O\é?n�þêâ�§S��~k
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2.7. MIPS I�MIPS64 ISA: 64 (ÚÙ§)�*Ð 1 2Ù MIPSNX(�

• �3¤k� 32 NX(���-"

• ��´==$1MIPS32�-§Ò��y 100%�oNµ§S�1���

�Ó§z�MIPS64� 64 M�ì�$ 32 ������A�MIPS32

M�ì3d������Ó"

• ½Â¦�Uõ�MIPS32�-§±BQU�±oN5qU^� 64 �-"

3ùp§'��û½(�\�Ùù�¯K�§Òé{ü)´§$13MIPS32

oNG�e�§M�ì�p 32 T���o�ºÀJ�´kØ�§�{üq

ý�k¿Â�Ò@oA�"

·��±{ü�û½M�ìp 32 ´�½Â�¶�$13MIPS32oN�

ªe�§M�ì�p 32 �±¹k?ÛÎ�-Ã�"ù��{¢yé{ü�Ø

U÷vþã1n:µÿÁÚ^�©|�-(I�ÿÁM�ì��´Ä��½ö�
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1�«�Ð
��Y´§�$1MIPS32�-�§M�ìp �±�"¶�

´ù«�{Ó��¦éKê�ÿÁÚ'��-\�"�k§MIPS64� xor�-

3ü�p �"��þö��§ØUg,��)��p �"��"

1n«§�´�Ð��Y´òM�ì�p 32 �1 31 ��"XJ(�=

$1MIPS32 �-�)·��yz�M�ì��X�(�$ 32 �¿�p 32
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A��oN——¤±·��±UY¦^ù
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ù��(/¤õ\À��{�±ù�£ã�§òM�ì¥ 32 ��ÎÒ*

Ð� 64 ¶5¿ù«�{¿vk�ÄT 32 ��´kÎÒ��´ÃÎÒ�"
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addu�-§��� 32 ÄÑ�§7L3$ 32 ��ÄÑ�(J§¿ò1 31 
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2.8. Ä�/��m 1 2Ù MIPSNX(�

2.8 Ä�/��m

MIPS?nìé/��m�¦^Ú?nÚDÚ� CISC CPUkX�©�Ø

Ó§·���ù�:N´Úå·Ï"�c[�Ö�!�1�Ü©"·�òl�Ð

� 32 m©§,�20� 64 ——F%:\¬²x��où��"

kw�
Ä���K"3MIPS CPUp§\�3§S¥�/�ýØ¬Ú�

¡�Ôn/��Ó£k�Czé�§�¿Ø�Ó¤"·�©O¡��§S/� 7Ú

Ôn/�"

��MIPS CPU�±$13ü«A�?��þµ̂ r�ªÚØ%�ª8"{

üå�§·�~`^r�ÚØ%�"�´ MIPSNX(����A:Ò´lØ

%��^r��Cz¿ØUCö��1�§�´k�,
ö��@�´�{�"

3^r�§/��p ���?Û§S/�Ñ´�{�¿¬��g�"�k§k


�-3^r�ò¬��É~"

3 32 e£ã 2.1¤§§S/��my©�o�«�§z�«�k��DÚ

�£��vk¿Â�¤¶i"�â/�¤?�«�ØÓ§?n�ØÓµ

ã 2.1: MIPS�;ìN�µ32 �/

73ù�¿Âe§§S/�ÚJ[/����Ó——-�´éÐõ<5`J[/�ù�c4<�

�NõE,�ö�XÚ¯K§�·�ùp�?ØÃ'"
83 R4000±��MIPS CPUk1n�+n�ª¶�´î8��¤k�MIPS OSÑ�Ñ+n

�ª§·�õê�ÿ�ò�Ñ§"
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2.8. Ä�/��m 1 2Ù MIPSNX(�

kuseg 0x000 0000 - 0x7FFF FFFF ($à 2G)µù
/�´^r��^�/�"

3kMMU�Åìp§ù
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AO´3£ã^r§Sw��/��m��ÿ"�ÖØ2æ^”useg”"
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�{ü§~~¡ùã/��/�=��/�«�§�Ù¢Ø,"

T«��/�A�o´�ÏLp���5��§¤±3p���·�Ð©
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êâ¶3kMMU�XÚ¥^5��ö�XÚØ%"
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kseg2 0xC000 0000 - 0xFFFF FFFF (1G): ù¬«��U3Ø%�e¦^¿�
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���ý��ö�XÚ§ÄK5`vknd^ kseg2"

k�\�U¬w�T«��©¤ü�§©O�� kseg2Ú kseg3§¿3r

NÙ$�Ü© (kseg2)�ø$13+n��§S¦^"�´\ýk�U^

�+n�ª�{. . .

2.8.1 {üXÚ�Ï�

MIPS�§S/�l5Ø¬ÚÔn/�{ü��"�éß{ü�i\ª^

�ó�U�^ kseg0Ú kesg1�/�§§�ÚÔn/�kX�~{ü�N�'

X"
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2.8. Ä�/��m 1 2Ù MIPSNX(�
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 � �¤±þ�§S/�´�{�§¬���\É~"5¿�´§XJ CPU

k MMU§ù¿�X¤k�^r/�3ý���Ôn/��c7L²L MMU
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 e���^å§*Ð�/��m uùüö�m"

��*Ð�^r�Ú+n��/��m3¢SA^¥Ø�Uk���^?§
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2.9. 6Y���5 1 2Ù MIPSNX(�

ã 2.2: 64 ��;ìN�

2.9 6Y���5
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2.9. 6Y���5 1 2Ù MIPSNX(�

• \1ò´µ·�Øå5k?Û� MIPS CPUÙ¥;�3\1����-

U
vkò´/¦^ff\1�êâ"10

�´`z�?ÈìÚ§S
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1 3Ù �?nì 0µMIPS?nì��

�
;�3ù��ÿÒ4\�\�æ�[!§·�ü�
�!µ3.3!§;

�ùãUì MIPS32/645½7Lä�� CP0M�ì�z� �[!"XJ=

éT!�¡�Ù!k,�§y3�±6�aL@�!"

·��ù
M�ì��ÿ§k0Ú k1£Ï^M�ì $26–27¤���J"ù

´ü�£d^��½¤ý3e5�^uÉ~?n�è¥�Ï^M�ì"ý3��

��Ï^M�ì´7��¶äNý3=��K´�¿�§�ý3�M�ì7L

´�¤ky��MIPSóä�Ú�?�§S¥Ñ�É�"

L 3.1: MIPS CPU��M�ì

M�ìÏPÎ CP0M�ì?Ò £ã

SR 12 G�M�ì(Status Register)§��~5�Ä�

þd����� �|¤"�)(½ CPUA�

�?!=
¥äÚ�¦UÚÙ§�CPU �ª�

 �"

Cause 13 �o�Ï��É~½ö¥äº

EPC 14 É~§SOêì£Exception Program Counter¤µ

É~/¥ä(å�l=p#m©�1"

Count 9 ùü�M�ì�å/¤
��{ük^�p

©EÇ½�ì§ªÇ£Ï~¤� CPU6Y�ª

Ç���"
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3.1. CPU���- 1 3Ù �?nì 0µMIPS?nì��
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3.1. CPU���- 1 3Ù �?nì 0µMIPS?nì��
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ÑÖ���Å�§A�´¤k CPU�Ï^�{"

50



3.2. �o�ÿ�^�=
M�ìº 1 3Ù �?nì 0µMIPS?nì��

3.2 �o�ÿ�^�=
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��
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CPU�$1ªÇ!>Ø½öÓ�ü$�ö"äN�¹��Ö CPUÃþÚ

\ÎXÚ�O<
"

FR �ª��µ�� 1K�Ü 32�V�°Ý�2:M�ì^�Ñ��¶�� 0

4§��[MIPS I�¤é 32 2:M�ì�1�"

RE (�=^r�e��à��)µMIPS?nì�±3E ����?Û�«

�à(XJØ²x�o¿g�ë� 10.2 !)"du<�o´é��§y3

MIPS¢y©¤
ü�.µDECÚWindows NT´��à�¶SGIÚ§

�� UNIX.´��à�"i\ªA^�Ðw�r���u��à§�

y3®²�.· 
"

U$15g,��/.0�^�éuö�XÚ¬´��k^�A5¶RE

 ¦�ù¤��U"� REk��§̂ r��^�$1å5ÒÐ� CPU´

�������à��",§ý����ª/.0$1I�^�þ�

é��ãå§�8c���vk<��L"

MX ¦UDSP½öMDMX ASE£�-8¤——Ó�� CPUØ�UüöÑk"

3�Ö���§DSP ASE����#§MDMXq�"yóäóÚ¥m

�|±"

PX ë�e¡é SR(UX)�£ã"

BEV éÄ�É~�þµ� BEV==1�§CPUæ^ ROM(kseg1)�m�É~\

�:(ë� 5.3!)"$1�ö�XÚp§BEVÏ~��� 0"

TS TLB'4µ�[�&Eë�1 6Ù"3,
 CPUþ§XJ��§S/�Ó
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��
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©|�-"XJ��©ÛÉ~É³�-§��ww Cause(BD) (XJ

Cause(BD) == 1§@oT�- u EPC+4)Ò��
"

TI £=·^u#�MIPS32/64 CPU¤——TÉ~dSÜ½�ì¥ä�)"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

Cause(IP)Ú CauseM�ì�Ù§�kX�©�ØÓµ§¿Øw�\É
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¥ä"T¥äÏ~l CPUÑ5,�që�� CPU�¥äÑ\§äNÅ��X

Úk'——ëw IntCtlM�ì±éÑäNÅ�"

Count´��ëYOê� 32 4OOêì§± CPU�6Y�ªÇ�Ó

ª!�ª½ö£é��¤Ù§©ª$1"�±ÏLÖ���M�M�ì5éÑO

êìªÇ§31 8.5.12!ù�"

� CountOê���� 32 ÃÎÒê��§ÒÄÑ£�""\�±Ö

� Count¼��c�“�m”"\��±���\ Count ——�´Ï~Ø�ù

o�"

Compare ´�� 32  ��Ö��M�ì"� Count OêO\��u

Compare¥���§¥ä&ÒÒ¬,å"¥ä&Ò���±k�§��e�g

�\ Compareâ�Ø"

��)��±Ï5�¥ä§¥ä?n§SA�o´±�½�OþO\

Compare£Ø´O\ Count§Ï�@�±ÏÒ¬Ï�¥äò´Ñ�ò

�¤"̂ �I�u�ù«�U5——��´��¥ä�A�Ur Compare�¤
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

L 3.2: ExcCodeµÉ~�ØÓa.

ExcCode ÏPÎ £ã

0 Int ¥ä

1 Mod �;ö��§T�3 TLB¥�IP��Ö"

2 TLBL vk TLB=�£Ö�©O¤"�Ò´ TLB¥vkÚ§S/��

��k�\�"

3 TLBS ���vk���£ëÃ�����Ñvk¤¿� CPUÿ�?

uÉ~�ª—— SR(EXL)� ——= TLB���§�p�²

w?nù«~�¯�æ^�AÏÉ~\�:"

4 AdEL £�ê!��½ö�ê�¤/��Øµù�o´3^r�Áã�

� kuseg±	��m§½ö´Áãl�éà�/�Ö���V

i!i½ö�i"

5 AdES

6 IBE o��Ø£��½öÖ�êâ¤µ	ÜM�uÑ
,«Ñ�&Ò¶

äNTNo��XÚk'"Ï�;���o��§�U���

��
¼���\�p���1�1�p���Öö��(

Jm�Ñy"

7 DBE

8 Syscall �1
�^ syscall�-"

9 Bp �1
�^ breakä:�-§dNÁ§S¦^"

10 RI Ø@£�£½ö�{�¤�-è"

11 CpU Áã$1�^�?nì�-§�´3 SR(CU3–0)¥¿vk¦U

�A��?nì"

äN`§Ò´� FPU�^  SR(CU1)vk� �l2:ö�

���É~¶Ï´2:�ým©�/�"

12 Ov g�/ª��ê�â�-£'X` add� adduØ¬¤���Ä

Ñ"C�ó§SØ¦^ÄÑ-g��-"

13 TRAP ÎÜ
 teq�^�g��-�,�^"

14 8c�^"3k
Pk L2p����Pª� CPUþ§�M�&

ÿ��U�p���K�¦^ù §3 4.12!édk)º"

15 FPE 2:É~"£3,
éP�CPUþ§2:É~±¥ä/ªÑy"¤

16–17 - ½��É~a.§�äN¢y�'"

18 C2E 5g�?nì 2�É~£XJk�{§Ò´é�-8��«½�

�*Ð¤"

19–21 - �3��5*Ð¦^

22 MDMX Áã$1 MDMX�-§�´ SR(MX) vk� £é�UT

CPUvk¢yMDMX¤"

23 Watch load/store �Ôn/���
¦U� WatchLo/WatchHi M�

ì"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

L 3.2 Y

ExcCode ÏPÎ £ã

24 MCheck Åìu�——CPU iÿ�
 CPU ��XÚ¥�/J5��

Ø"MIPSúi�k
Ø� TLB¥\1
��Ó��§S/�

�1��=���uÑTÉ~"

25 Thread �§�'�É~§ù3N¹ A ¥k£ã"�k��M�ì

�§VPEControl(EXCPT)§Jøk'�§É~��õ[!"

26 DSP Áã$1�� DSP ASE�-§�´�oT CPUØ|± DSP�

-§�oSR(MMX)vk��¤¦U DSP"

27–29 - �3�ò5�*Ð"

30 CacheErr 3��!Öê!½öp���W¿�§ØS,�/�u)Ûó�

�è/ECCÅ�è�Ø"ù«�Øk§�gC�£ u����

m�¤É~\�:"¯¢þ§3 Cause(ExcCode)¥l5wØ�

ù��¶�´ù�L¥�,
?è§�)ù�3S§3 EJTAG

NÁü��NÁ�ªe´���——ë�1 12.1!§AO´T

!'u DebugM�ì�`²"

31 - y3�^§�´{¤þ^L§�þ¡�  14�Øõ"


�� Count®²L
��¶;.��{´3�� Compare��#Ö�

Count��"

3.3.6 ?nì ID(PRId)M�ì

ã 3.3w«
 PRIdM�ì�ÙÛ§ù´��I£ CPUa.��ÖM�

ì"CPU IdA�¬�Ø�Ó——��——��-8½ö��M�ì½Âu)

Cz�§CPU Id���UC"/Revision0���ûu�E�[§�´^5�

Ï CPU�[�l�¡��§̂ �Ù§?Û^åÑ´Ø���"

ã 3.3: PRIdM�ì�

Company Id�——�±lMIPSúi��T����——�é�#§{

¤þ± � CPUÑòÙ���""Company Options�3\� CPUÃþ¥

k½Â"

L 3.3¥�Ñ
·�¤����
 CPU Id���"

XJs��<Ñù
�§S.þ�¤/x.y0�/ª§Ù¥ x Ú y ©O�

CPU IDÚ Revision��?��"¦þ;��6ù�M�ì�SN5(½,


ëê£'Xp�����§�Ý��¤½ö(½,�A5�kÃ"k
A53
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

,�ConfigM�ì¥kIO�?è5(½§½ö��±��ã�èS�5&ÿ

ü�A5´Ä�3"

L 3.3: PRId(Imp)¥�MIPS CPU¢yÒ
Id CPUa. Id CPUa.

1 R2000, R3000 128 MIPS 4KC

2 IDT R305x family 129 MIPS 5KC

3 R6000 130 MIPS 20KC

4 R4000, R4400 131 MIPS 4KMP

5 Early LSI LOgic 32-bit CPUs 132 MIPS 4KEc

6 R6000A 133 MIPS 4KEmp

7 IDT R3041 134 MIPS 4KSc

9 R10000 135 M4K

10 NEC Vr4200 136 MIPS 25Kf

11 NEC Vr4300 137 MIPS 5KE

12 NEC Vr41xx family 144 MIPS 4KEc(MIPS32R2 oN)

16 R8000 145 MIPS 4KEmp(MIPS32R2 oN)

32 R4600 146 MIPS 4KSd

33 IDT R4700 147 MIPS 24K

34 Toshiba R3900 family 149 MIPS 34K

35 R5000 150 MIPS 24KE

40 QED RM5230, RM5260

3.3.7 ConfigM�ìµCPU]&EÚ��

MIPS32/64 IO½Â
o�IOM�ì�Ð©z^�¦^µConfig Ú

Config1–3"�õêM�ì�´�Ö�§̂ ��"¯Ò¬��Ñ CPUM���

'&E¶�´£AO´�Ð� Config M�ì——du{¤��Ïvk��

Config0¤�k�
����§̂ 5ÀJé��äNXÚ�UÀÙ�� CPUÀ

�"

ã 3.4: MIPS32/64 ConfigM�ì����

¤k MIPS32/64oN� CPUÑk ConfigM�ì§Xã 3.4¤«§k±e

�ù
�µ

M �Y ——ÖÑ�� 1`²���k����M�ì£= Config1¤�^"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

Impl �6uäN¢y���"�õê CPU3ùpk�
½���§Q�±Ö

Ñ&E��±�\XÚ��"�ëwäN CPU�Ãþ"

BE 1�L��à§0�L��à"

AT ´MIPS32�´MIPS64º?èXeµ

0 MIPS32

1 MIPS64�-8�´MIPS32/��mN�

2 MIPS64�-8�/��m

AR NX(���Òµ

0 MIPS32/MIPS641��

1 MIPS32/MIPS641��

�Ö´ÄuMIPS32/MIPS641��"

MT MMUa.µ

0 vk£None¤

1 MIPS32/64IO� TLB

2 BATa.

3 MIPS32IO� FMT�½N�

BATa.´dué�
Pª CPU�{¤oN5�Ï�3�§Ø��U

�-��"

VI � 1�L L1�?�-p��� I-cache±J[/�£=§S/�¤¢ÚÚI

P"J[� I-cache�¦ö�XÚ�AÏ�?n/é�"

K0 ����§̂ 5û½�½� kseg0«´Ä²Lp���"XJ�²Lp��

�§Ù(�1�XÛºT��?èÚ3 EntryLo0-1(C)¥��� TLB�

�p���ÀJ���§3ã 6.3�5º¥k`²"

ã 3.5kXe�êâ�µ

Config1(M) UY §� 1�L�¢y
 Config2"

Config1(MMUSize) TLBê|���~�"£Tê|kMMUSize+1�¤"

L1 I-cache, L1 D-cache éz�p���§�w±e�n��µ

S p������¢Ú� �ê� 64 × 2S"¦±�éê��p����

êâ1ê"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

ã 3.5: MIPS32/64 Config1–2M�ì����

L "�L��vkp���¶ÄKw�\p����1��´ 2 × 2L i

!"

A �éÝ——Tp���� (A + 1)´|�é"

¤±XJ(IS, IL, IA)�(2§4§3)§Ò´`p���k 256 |/´§32 i

!/1§¿�´o´|�éµ@Ò´ 32-KBi!�p���"

Config1(C2) � 1KL²k�?nì 2£é�U´,
;^��?nì¤"

Config1(MD) � 1 KL²32:Ü�p¢y
P� MDMX ASE£ë�N

¹B.3¤"

Config1(PC) L²��¢y
��5UOêì§ë�112.2 !"

Config1(WR) � 1L² CPU��k��*	:M�ì§ë�112.2 !"

Config1(CA) �MIPS16eØ è�-8�^�� 1§ë�112.1 !"

Config1(EP) XJJø
 EJTAGNÁü�K� 1§ë�112.1 !"

Config1(FP) N\
��2:ü�"

Config2(M) UY §1�L¢y
 Config3"

Config2(TU) � L3p����'�äN¢y^� §k�U��"

Config2(TS, TL, TA) L3p�����Ú/G——ÚConfig1(IS, IL, IA)

�Ó?è"

Config2(SU) L2p����'�äN¢y^� §k�U��"

Config2(SS, SL, SA) �?p�����Ú/G——ÚConfig1(IS, IL, IA)

�Ó?è"

ã 3.6¥�)µ

Config3(M) UY §£4�U¤� 0�Lvk Config4"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

ã 3.6: MIPS32/64 Config3M�ì����

LPA �|±��Ôn/�(LPA)�� 1§d�#NÔn/�����L 236 i

!"�k LPA|±��ÿ§�¬k���	�¶�PageGrain� CP0M

�ì§Ó� EntryLo0-1Ú EntryHi¥���ÙÛ�¬Cz"

MIPS32�Ø£�8c��¤vk¢y LPA�§¤±�ÖØ?Ø"I��

�ë��û�Ãþ"

DSPP XJ¢y
MIPS DSP*ÐKT � 1§XN¹ B.2 !¤ã"

VEIC �Ö §L²´Äk EICoN�¥ä��ì¶ë�1 5.8.5!"

5¿§¥ä��ì¿ØáuØ��Ü©§¤±;.��{´dXÚ�Oö

ÏLÙ�ë� CPU½ö CPUØ"

VInt XJ CPU�±?n�þz�¥äKÖÑ� 1"

SP XJ CPU|±�u 4 K��¡��KÖÑ� 1"�õêÏ^�MIPS CPU

Ø|±"

MT XJ CPU¢y
õ�§KÖÑ� 1§N¹ Ak'u MIPS MT*Ð�]

�"

SM XJ CPU�±?n5g“SmartMIPS”ASE��-KÖÑ� 1"T*Ðé

3ú� CPU þ�\�~§Jø
�Ï§�õê½ 3��UkïE�

CPU"

TL ÖÑ�� 1L«\�Ø�±P¹ÚÑÑ�-�l&E"�-�l´ EJTAG

NÁü���«p?��ÀA5§3 12.1!k£ã"

3.3.8 EBaseÚ IntCtlµ¥äÚÉ~��

ù
M�ì£3MIPS32/641��¥#O�¤4\U
��@p#O�¥

äUå"

\þ
 EBase#N\#½ �� CPU�¤kÉ~\�:¶ÙÌ�´^

u���S��õ?nìXÚ§ù�ØÓ� CPUÒØ7^Ó��É~?n§S


"

ã 3.7¥�Ñ
 EBaseM�ì�¤k�µ

1§0 �Ö ��Ä��cM ±(�É~�þ��á\ kseg0«§S.þ´�

ö�XÚ�è^�"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

ã 3.7: EBaseM�ì�ÙÛ

ExceptionBase ´É~�þ�Ä�§�±N��?¿ 4KB/��>."ë�

L 5.1§Ù¥�±��N���¤kÉ~\�:3�o/�"

ù¿�X?Û�� CPU£$��)õ�§ CPUþ�“J[” CPU¤Ñ�

±kgCÕá�É~?n§S"

CPUNum ��êi^±«©ù� CPUÚÓ��õ?nìXÚÙ§� CPU"

T��SN4��U´d\�XÚ�O<
ÏLM�Ù�(½�"

ã 3.8: IntCtlM�ì�ÙÛ

,�´M�ì IntCtl§Xã 3.8¤«µ

IPTL, IPPCI Ñ´�Ö�§w�\½�ìÚ5UOêì¥ä£CPUSÜ�)

�¤´N�ë��\�XÚ¥��"ù3��þz±9{ü�þz£VI¤

�¥ä�ª¥k^"

z��Ñ´ 3 ��?�ê§I£Ú=� CPU¥äÑ\�SÜ�½�ì

¥ä£IPTI¤½5UOêìÄÑ¥ä£IPPCI¤��"

=�¥äÏL�Ñ Cause(IPx) Ò�½§l@p�±w�¥ä"Ï�

Cause(IP0–1) ´^¥ä §Øë�?ÛÑ\§¤± IntCtl(IPTI) Ú

IntCtl(IPPCI)�Ü{�3 2� 7�m"

½�ìÚ5UOêì¥ä�ÚÑ� CPU���	Ü§,�3@pq÷X

Ù¥��¥ä&Òx£"¤±ù�&Ò3 CPUSÜØU(½§´dX

Ú�O<
Jø�"

VS ���§�4\^^����þ�m�m�µ�ë�ü��þ\��m

å� IntCtl(VS) ×32 i!"�k 1!2!4!8 Ú 16 ù
�£©O�Ñ

32!64!128!256Ú 512i!�må¤U^""�ý��Ñ"må§ù�¤

k�¥äÒÑ�Ó��/�"

3.3.9 SRSCtlÚ SRSMapµKfM�ì���

KfM�ì´ MIPS32/641��#O�A5"CPUC�
��½öõ�

�	�Ï^M�ì|§¿�3É~u)�——AO´¥äu)�——���,

	�|"
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3.3. CPU��M�ì9Ù?è 1 3Ù �?nì 0µMIPS?nì��

ã 3.9: SRSCtlM�ì�ÙÛ

3ã 3.9¤«� SRSCtl¥µ

HSS 3� VPE/CPUþ�^�M�ì8��p?Ò£=�^�M�ì8��

ê~�¤"

3õ�§ CPUþT��U�©�KfM�ì8�^�?U"�õê�¹

e§T�´�Ö�"

CSS �c¦^�M�ì8"3ùp´�Ö�¶É~�gÄ��§eret�-�£

�^ SRSCtl(PSS)¥����"

ESS T���§d^�ÀJ��^u/¤kÙ§0É~�M�ì8¶¤¢/Ù

§0́ �Ø
 VI½ö EIC�ª£�öÑkgCÀJM�ì8�AÏ�{¤

�¥ä�	"T���"���¹4�¾�"

PSS /c��0M�ì8§���e�^ eret�-¬^�"

\�±^ rdpgprÚ wrpgpr¼�T|M�ì¥��"

SRSCtl(PSS)���§#Nö�XÚ3#�M�ì8¥¯�?n�è¶

\1ù��,��1�^ eret"

EICSS 3 EIC�ª£ë� 5.8.5!¤§��	Ü¥ä��ìzg�¦¥ä£�"

� IPL¤�JÆ��KfM�ì|Ò"� CPU�É��¥ä§	ÜJø�

|Òû½e��|Ò§¿�T|Ò��e��¥äc´���"

�´J2�eµ¿Ø´¤kÉ~Ñ¬�#SRSCtl(PSS)ÚSRSCtl(CSS)§

�#=�u@
� EPC �\#��£/��É~£�é{`§É~?O 

SR(EXL)l"C���|Ü¤"Ø�\ EPC�É~�)µ

• SR(EXL)®²� �u)�É~

• p���Ñ�É~§d��£/�\1� ErrorEPC

• EJTAGNÁÉ~§d��£/�\1�DEPC

3.3.10 ë£\1/�£LLAddr¤M�ì

TM�ì��Xþg/�C$1L�ë£\1ö��Ôn/�§��T�´

�
i��U��ò5^��;�}��¯¶ë�1 5.8.4!"̂ �é LLAddr

��¯=^u�ä"
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3.4. CP0�x——J�á\�² 1 3Ù �?nì 0µMIPS?nì��

3.4 CP0�x——J�á\�²

Ï� CPU´6Y�z�§CP0ö���J�U�� CP0�-��Ï�ã

âU��Ù8I——=Bd��U��A��¨DÂm5��M�"�´=¦

3·�� CP0�-�1�6Y��Ï�c§Ù§�-�U®²�Ñ¿m©
"

·�N�âU�yù
�-UUì·�Cz�#� CP0�1Qº

nØþ`§dM�ó§�éÑz��U��p¿p£§lEÑ��^�<


��ØI'%ù�¯K� CPU"SGI� R10000Ò¢y
ù�n�"

�´ CP0ö�  Û©JÃ§Nõö�é�^�§�Ñ´3�5Ò7L&

?� OS^�����e"ù�3MIPSNX(�Ú CPU�O<
w5§rÙ

¥�
JKí�^�<
�p�þ´Ün�"

{¤þ§̂ �<
�ÏL©Û§S�6§§�Ñ�UÑ¯K�/�¿?1

?�"¦�Ãþ�ÉìÒ´ nop�-§3CzDÂL§¥�o�ØZ±(�S

�¶±9©|/ =£�-§§�¬/�¢0̂ S�Ñ��-S�§r�#��

Ú#�1"XJ\w�eoN 2003c�£1��¤�MIPS32/64IO�c�

MIPS CPUÃþ�µ.§Ï~Ñ¬é��Ük' CP0�x�L§L¥�[£ã


�
�y�U�-w�®²)���«Cz¤I�s¤�DÂ�m"

=¦´@Ï��k{ü6Y�� CPU§��ù:Ñk:]Ô5"�X6Y

��\�Ú��E,§ùéu�£��^�5`ý¤
��æ�"��k CPU

�±¿1�1�-£{ü�Vu�$�ÏS�1¤§O�I�õ�^ nop�-Ò

C�é(J
"�Ý�Ï§·�$�Ñk
 ssnop(superscalar no-op)�-§ü

Õu�T�-ÒU�yÑK���¨±Ï"

�´MIPS32/64 CPUy3k
�����Ü¢S��{µ�x�o�-"

ù
´AÏ��-§���3I��/�§ÒUò´�U�-��kc� CP0

�-�¤k�JDÂ� "

MIPS32/64�â�6�-ÉK��´=��ã«©ü«ØÓ� CP0�x"

�1�x´�@
�6��-��Ö��� CP0M�ì���ÿâÉ�K��

�/"�-�x´�@
�6��-3Ù�@ÏÒÉ�K���/——���

�/´§lS�½öp�����m©Ò®²É�K�"

,��k¿g�«O´@
�K�Ù§ CP0�-£7,´ö�XÚ��Ü

©¤��xÚ@
£·��±¡Ù�^r��x¤�UK�ÊÏ�-��x"

3.4.1 �x�o�-

3·�m©�c§5¿�?ÛÉ~Ñ¬�Ø¤k�x£¤±Ø¬Ï�É~?

n§Sm©�,�ö�ÿ��¤��Ñ�¤§éu eret�´��——ö�X

ÚØ+�?Û¯�ÑØ¬ræ��£�^r§S"

kn�²(��x�o�-"\�±^ ehb�Ø�1�x——Pª� CPU

r§�¤´�� no-op"�-�xÏLAÏ�M�ì=£�- jr.hbÚ jalr.hb
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3.4. CP0�x——J�á\�² 1 3Ù �?nì 0µMIPS?nì��

5�Ø§�~��^{´©OO��~�f§S�£ÚN^�-"

MIPSe��3ÀJAÏ�M�ì=£�-�ékk��²§¤À�-3P

ª� CPUþTÐÈè¤ jr!jalr�-"3ù
 CPUþ§ù«�-�� CPU6

Y�£M�ì=£�-��þ´“Ø�ýÿ�”¤§¿éØÎÜ�5�MIPS32/64

5�� CPU3�õê�¹e¬Jø7��ò´"

3.4.2 �-�xÚ^r�x

ù«y�u)�;.�µ´�·�é CP0G�£,�M�ì!,� TLBL

�!½öp���,1¤?1�?U¬K��·��~����ª£½ö3�ê

�¹e§K�load/store�-�¯S���ª¤"ù«�x7L3·��£�?

Û“����”��è�c\±)û"

3ù
�¹e§\7Lò�x�o�-�uUCG�� CP0ö���"�

~���/´r§�3;EÙ�� �——�´\�N¬kÙ¦ó�\���

±3�xö���JDÂL§¥S��1"�ù�d\gC�M�û½"

ù«a.��x�)µ

TLBL��UC ⇒ 3ÉK���¡þ��!�;ÚÖ

�ö�ê

EntryHi(ASID�)�UC ⇒ ��ÛN����!�;ÚÖ�ö

�ê

UC� ERL�ª ⇒ l kuseg «���!�;ÚÖ�ö

�ê

?Up���1� cache�- ⇒ 3ÉK��p���1þ���!

�;ÚÖ�ö�ê

*	:M�ì�UC ⇒ 3����/�þ���!�;Ú

Ö�ö�ê

KfM�ì���?U ⇒ ?Û¦^Ï^M�ì�ö�£�1

�x¤

B�¥ä� CP0M�ì?U ⇒ �,U
�¥ä��-£�1�x¤

�õêù
áu�-�x——�vk eret�ù
�-Jøv
��o��

ÿ§\A�^�^ jr.hb½ö jalr.hb�-"�1�x�^�^ ehb�-5�

Ø"

3.4.3 3 CP0�-�m��o

?Û mfc0 �-Ñwª�6u�� CP0 M�ì¥��§�´Ï�¤k�

TLB&EÑ�ÏLM�ì?1§tlbwi!tlbwrÚ tlbr�Ñ��"aq�§@


l CP0M�ìÖÑêâ� cache�-�k�6"
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3.4. CP0�x——J�á\�² 1 3Ù �?nì 0µMIPS?nì��

tlbpÏLÙASID��6u EntryHi§ù�:Òvk@o²w"

¤kù
Ñáu�1�x§ÏL3I�Ö�&E� CP0�-�c���^

ehb�-Ò�±�yS�"XJ\kÅ¬r§��@A^�-� �þ�§@

o�@�Ð£k
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CP0�-¤"
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1 4Ù MIPS�p���ó�Å�

vkp���(cache)�MIPS CPUØ´ý�� RISC"ù�`�Nk�ú

#¶nØþ`§\�±�
AÏ^å�O��vkp����MIPS CPU§T

CPU��¹��U3�½�ê£�ÐÒ´��¤�6Y�±Ï�¯��;ÍÜ

��NþS�"�¢S�MIPS CPUÑ¹k;�ÍÜ?6Y��p���"

ù�Ùò0�MIPS�p���ó�Å�§±9^�ATNo�âU��
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����ÿ§k
�¢ÚE|ék £̂b½p������¯k®�´��ØÐ

�^�S.¤"éu�ä§S
§·�ò?ØN�ÿÁp���ÚuÿA½��
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uÐL§¥�kL�
��Ù0���¿��p���+nÅ�"@Ï�

32 MIPS?nì§p����+næ^,�«�Yµk4p���?\�«

AÏG�§,�ÏLÊÏÖ�ö��B�^ép���?1Ð©z½ö�¢

ÙSN"�´·�ùpØ¬�[ùù�§=¦Ø��oN MIPS32/64 IO�

CPU§���æ^é�Cu·�3e©¥£ã�Å�"

4.1 p���9Ù+n

p����ó�Ò´òS�¥�CÖ���Ü©êâ�3���°§¦ù


êâU¯���¿�£� CPU"éu�?(L1)p���§7L3�½��m

S�¤��±�y6Y��ëY$1"

MIPS CPU�-Úêâ�gk�A��?p���£©O¡� I-cacheÚ

D-cache¤§ù�Ö��^�-Ú����êâ�ö�ÒUÓ�?1"

�kp����DÚ CPU[x£'X x86¤��yU
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4.2. p���´N�ó�� 1 4Ù MIPS�p���ó�Å�

�� CPU���è"��� x86�¡Pk°%�O�M��±�y^���v

k7�
)p���£bX\�3C����MS-DOS�Åì§ù«M�é�

±��oN5´7Ø���¤"

�MIPSÅìÏ�o´Pkp���§¤±�þ¡@o�Uz�p���

ÒØ´ýé7�"p���éA^^�7L�±ß²§���Cz�´$1�Ý

�O\"�´MIPS CPUÏ�okp���M�§Òvk<Áã4p���é

XÚ§S½ö°Ä§S��±ß²——SCp���M��8�´�
4 CPU
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�ÏXÚ§S
"�, Unix�a�ö�XÚéA^§S

��Ûõp���§�´��þ?�ö�XÚ�U�Ûõp���ö��[!§

\�UE,I���3�o�ÿN^·��~§"

4.2 p���´N�ó��

ã 4.1: ��N��p���

lVgþù§p���´���é�;ì£associative memory¤§êâ�\

��±^?¿êâ�ª��'�i5�é"3p���¥§'�i´���S
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4.2. p���´N�ó�� 1 4Ù MIPS�p���ó�Å�

�/�"Jø�Ó�'�i��é�;ì§\ò���Ó�êâ"��ý���
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õ�/
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�§�Çò:ìeü"
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N�p���§Ó�3ü��¥�éS�/�§Xã 4.2¤«"

ù�éA��/�òküg·¥Å¬"o´|�é�p���£��uk

o���N��fp���¿�¤3¡þp�����O¥�é~�"

3õ´�é�p���¥§)ûp����·¥�kØ���p��� 

��À"ù��¿ïO��p���1�êâ�kØ����±ÀJ"n��
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4.3. @ÏMIPS CPU�ß�p��� 1 4Ù MIPS�p���ó�Å�

¡þ�p����¤��N���N´�õ"���©�/�3u§du��

N��p���éuI��êâ�k���ÿÀ �§k�U4 CPU'I\u

�Jc$1£�� CPUØ�âTêâ�1Ø�£��ö�¤"{üÚJc$1

��u�¯��¨ªÇ"

�$1�ã�m�p���¬�C÷§¤±¼�#�S�êâ�Ï~Ò�

¿ïc¡����
êâ"XJ\��ù
êâ®²S��\
S�§\�±

��¿ïp����SN¶�XJp���¥�êâ'S���#§\ÒI�k

rù
êâ��S�"

ùÒ��·���#¯Kµp���N�?n�ö�"

ã 4.2: ü´|�ép���

4.3 @ÏMIPS CPU�ß�p���

CPU¿Ø´==Öêâ£þ¡�?Øq�b½�Ö¤§§���êâ"du

p����´òÌ�¥��Ü©êâ���ÛÜ�°§¤±?n CPU��ö�

���w´���{Ò´æ^�¡��ß�p�����{"

3ß�ªp���¥§CPU�êâo´��Ì�¥�¶XJéAÌ� �

�êâ3p���¥k���°§@où��°���#"XJ·�[�ù�

�§@op���¥�?ÛêâòÚÌ�¥��±��§¤±·����±¿ï
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4.4. MIPS CPU�£�p��� 1 4Ù MIPS�p���ó�Å�

�êâ9Ù/�k�����è�",�dÌ���ìgC��ù
êâ¿�

¤�ö�"ù������ö��/��|�¤��k\kÑ�£FIFO)��;

«§¡���Àì£write buffer¤"

@Ï�MIPS CPUk����N��ß�p���Ú����Àì"��

Ì�XÚU
éÐ��zù
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A½§SÒó��éÐ"

� CPU �Ý�O�'�;ì¯�õ"� 32  � MIPS 4 � 64  �

R4000c��@ã�m§MIPS CPU��ÝÒ®²�LS�XÚ�±Ün�z

¤k�ö���.:
"2

4.4 MIPS CPU�£�p���

¦+@Ï�MIPS CPU¦^{ü�ß�p���§�5� CPUdu�¯

Ø·^ù«�{——§���ö�¬Pl�;ìXÚ§4�Ýú��´Ú÷

1"

)û��{Ò´r���êâ�33p���¥"���êâ���p�

��¥§¿�éA�@^��1����IP§�y·�±�Ø¬#Pr§�£

�Ì�¥£��I��£�Ì��p���1§¡�� dirty½ö modified¤"3

£���±©¤A«ØÓ�f�ª"XJ�cp���vk���/�¤

éA�êâ§·��±��rêâ��Ì�¥Ø+p���§��±^AÏ

��ªrêâkÖ\p���,�2�——ù«�ª�¡���©�£write

allocate¤"�©��7o´�Ð��{µé��ø I/O��Ö�£ CPUØ¬2

gÖ�¤�êâ§n���{´Ø²Lp���"�ù�k�§S
w�ö�X

ÚâU��"

Ø
4�$���	§y��MIPS CPUÑ8¤
1��� 16½ 32i!

�¡þ£�ªp���"

R4000Ú�5��
 CPU^3 SGIÚÙ§úi��.O�ÅÑÖìþ"§

��p����OÀJ��É�õ?nìXÚI¦�K�"31 15.3!{á0

�
;.�õ?nìXÚ"

4.5 p����O��
Ù§�Ä

3 1980Ú 1990c��ép���TN��O�
éõó�Ú&¢"e¡

0�Ù§�
��Ä�/�µ

2'u§S���éoÑ�²�êâL²§��z�^�-Òk���ö�§¤±ß��)û�

{����;ì±Ï���� 5–7^�-±Ï�Ek�"@� DRAM���±Ï��� 180 ns§

ù«{ü�)û�{3�� 30–40 MHz�Ò��
"
3\�U¬¯§Q,·ò5´@��£Ì��§�,��±y3Ò�£
º�´¢Sþ§S²~

éÓ��¬Ì�ëY�Ðõg§£�p���#NrNõü���ö�Ü¿�éÌ���g�\"
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4.5. p����O��
Ù§�Ä 1 4Ù MIPS�p���ó�Å�

• ÔnÏ�/J[Ï�£Physically addressed/virtually addressed¤: CPU3

$1¤Ù�ö�XÚ�§§S¥�êâÚ�-/�£§S/�½J[/�¤

¬�=�¤XÚ�;ì�Ôn/�"

X{ó�3Ôn/��ªe�p���éN´+n£·�ò3�¡)º�

�o¤"��©�§S/�£=J[/�¤�±�@/m©p�����§

4XÚ����¯�:"

@o§S/�k�o¯KQº§�Ø´���¶$13�� CPUþØÓ

�/��mS�NõØÓ�§S¦^�ØÓêâ�U¬��Ó��§S

/�"�·�3ØÓ�/��m���§�±zgÑ#Ð©z��p�

��¶ù«�ªõcÒ^L§�éé��p����U´�«Ün��{"

�´éu��p���§ù«�ª�Ç$���¶��3p���I\

¥�¹��/��mI£�±��· "

Nõ MIPS CPUÑæ^§S£J[¤/���?p���Jø¯��¢

Ú"�´%æ^Ôn/�IPz��p���1§Ø´æ^§S/�\

/��mI£Î"éAp���1�Ôn/�´�����Ç�p§Ï

�ù���O#N CPU3�ép����Ó�?1§S/��Ôn/�

�=�"

'u§S/��k���\�©�¯K§æ^Ôn/�I\�ØU)û"

Ó��Ôn/�3ØÓ�?Ö¥�U�£ã¤ØÓ�§S/�"ù�U�

�Ó��Ôn/���\�p���ü�ØÓ�êâ�£Ï�¦^ØÓ�

J[/�ÀJ
ØÓ�p���¢Ú¤"NõMIPS CPUvkM�5uÿ

½ö;�ù«p���K£cache alias¤r¯K3�ö�XÚ�S�

+n§S5)û§�[�¹�ë�1 4.12!"

• p���1���ÀJµp���1����éAz��I\�±�Ñõ
�i�êâ"@ÏMIPS�p�����I\�UéA��i§���I

\UéAõ�i�êâÏ~�Ð§cÙ´3S�XÚ|±¯��âuÖ�

�£�õêÑ|±¤"y�� MIPSp���ª�u¦^o�i½l�i

���1§�´�Nþ��?Ún?p����U¦^���1"

�u)p����·¥�§�lS�¥#Ö��1�êâ"

• ©m/Ú�£Split/unified¤: MIPS ��?p���o´©¤ I-cache Ú

D-cache§ÀJ=�����ûuõU§��-�	w I-cache§Ö�êâ�

	w D-cache"£^B`�e§ù�u`§XJ\��1 CPUff���

S���è§\7LØ==�rù
#�-l D-cache�£�S�§�

���¢�c� I-cache§±�y\�1�(¢´#��è¤"

�´�?p���é��ù«y©——ù��E,![B�5UØZ"
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4.6. +np��� 1 4Ù MIPS�p���ó�Å�

4.6 +np���

·F"\�P�3 2.8!ùL��MIPS CPUkü��½� 512M���

ÔnS�I�§��?1p���£“kseg0”¤,��Ø?1p���£“kseg1”¤"

;.��{´§ö�XÚ�è$13 kseg0§¿�^ kseg1)¤�¦Ø²p��

��Ú^"

pu 512M�Ôn/�3ùp´Ø��¯�µ64-  CPU�±ÏL,	�

�I����¯§½ö\�±�� TLB(S�+n/=�M�¤?1/�N�"z

� TLBL�ÑkI�L²�¯´Ä²Lp���"

p���M�3XÚ^���Ïe§7L�y?ÛA^§S���êâÚ

3vkp����XÚe´Ó��§�?¿���;ì�¯£DMA¤I/O�

�ì£��l�;ì¥��êâ¤���êâÒ´T§S@�gC�\�êâ"

·�dcQ²`L3 PCÚ�
Ù§8¤XÚ¥§XÚ^���Ï~~v

k7�¶�
U
4p���ý�ß²§��3M�þsù�a!�¡¡È!�

	�±Ï��d"ù«M�+n�p���¡����

CPUp���
��SN3þ>�Ï~Ñ´�Å�"Ú�^�KIÐ©z

p���¶ù�U´���~E,�L§§e¡�
A:ïÆ"�´�� CPU

®²éÄ$1å5
§�kn«�¹âI� CPUZýp���µ

• 3 DMA��lS��êâ�cµXJ����lÌ�¥�Ñêâ§§�

��(�êâÒ�'�"XJêâp���´£�ª�§¿�§S�C

®²�
�
êâ§@oé�UÙ¥�
#�(�êâ��33 D-cache

p���¥vk�£�Ì�¥�"CPU�,Ã{uyù�¯KµCPU

�wÌ�/��§¬lp���¥��#��(�êâ"

¤±3 DMA��lS�¥m©Öêâc§XJ�Ö��«��kêâ3

3 D-cache¥§Ò7L��£�Ì�"

• DMA���êâ�S�µXJ�����òêâ�;�S�¥§éA�u

�\S�/��p���1�SNÑ7L�¢§ù:é�¶ÄK§CPU

Öù
/��ò��p���¥L��êâ"�A�p���êâ7L3

CPU DMAÑ\6�êâ�c�¢§��~���{´3 DMAm©�c

Ò�¢"

• �-�\µ� CPUgC��-�S�¥§�¡2�1ù
�-�§\Äk

7L�yù
�-¬�£��S�¥§Ùg��yéA� I-cache �þ

�¢"MIPS CPU� D-cacheÚ I-cache�m´vkéX�"

3�õêy��MIPS CPU¥§synci�-�¤��7��ö�±B4\

ff�\S���-U
^u�1——§�´�^^rA�?��-"
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4.6. +np��� 1 4Ù MIPS�p���ó�Å�

��oØÏLM�5+np���?

M�5+n�p���Ï�¡�/�

��0£½ö��ª�:§“�f”¤"�,�

� CPU½ö´ DMA���¯S��§Ò

¬w�p�����Ü6"k�ë���

�o�þ� CPU§ù�¯ÒéN´��¶

/�o��¹
¤I���õê&E"=

¦3 CPUØ^o���ÿ§p�����

Ü6�3*	£�f¤/�o�§]Ñk

'�o�±Ï"§ÏL�égC�p��

�5wwgC´Äk��¯/��êâ�

�"

XJk<ép���S�/��êâ§

��ì�±*	�êâ¿��#gC��

�§���U´�¢gC®²L��Pê

â"XJk<Ö�3p���¥�#�ê

â§��ì�UZýo�§w�S���ì

y3k
�#�êâ��"

ù«�{���Ì�¯K´�·^u

�O¤@«�ªó��XÚ"¿�¤kX

ÚÑk��¤k¯ÖÑÑy3þ¡�ü�

o�§l	Ü	�� I/O��ìØ��U

�Ð�Å�(��Æ"

�k��éõ�f"CPU^���õ

ê/�áuT CPU�;^«¶[�Ø¬�

Ù§ CPUÚ��Ö�"·�Ø�3p��

��M�¥s�õ%g§�
�3�O�

ÿâ^��õU�z�p��� �Ú

o�±ÏÑ\þ�	�E,Ý"<�N´

@�M�p������½'^�¯§�

¯¢¿Ø�½Xd"���f�p���

��ì7L3z�	Ü±ÏÑ�	w��

I\§ù�U4 CPUv{¦^p���

Cú¶�f�p�����ìÏ~)ûù

�¯K��{Ò´�±p���I\�ü

°��£�� CPU;^���Ú��ú^

���¤"̂ �+n�±3ü�¯�Ì�¥

Ó�ö�õ�p���¬"M�+nI�

�O£�Ú�¢ö�4 CPU± I/O�Ý

�¯§ùÏ~¿�X�õ�®àm�"

{¤þ§MIPS �Oöæ�
-?�

RISCá|µMIPS CPU�o��vkp�

��+nM�§�oÒ�Ñk£�õ?nì

�O�¤"

Õ3 21V��Ýw5§�ï�(J

ÒØ��
"éu�õêa.� CPU§�


;��§S
3I�5¿p����Ï

Õ¦���XÚ^�Ñ�§3M�E,

Ý�¡GÑ�½��dwå5�\y�"

3�Ö����ÿ£2006c¤§Ø
���

MIPS CPU�	§k�«ª³3�X^�

½§ÝM�+n¢y/ß²�0p���

���uÐ"XJ\� CPU¢y
���

��p���§\�U��ØI��Ö�

Ù£�´é�kCPU����ù�:¤"3

�5AcS¡�Nõ MIPSØE,Ø¬

k���p�����ì§¤±ù�LÞ

�sé��mâU�¤"

XJ\�^�I�)ûù
¯K§ÒI�U
��p����?1ü«Ø

Ó�ö�"

1��ö���£�ö�"�a,��êâ up���¿�®²�À

/£IP�glþglS�Ö\p���½ölp����£�S���§q�

CPU?U¤§@o CPU�rêâlp����?Ì�"

1��´�¢(invalidate)"�a,��êâ3p���p>§CPUr§I
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4.7. �?£L2¤Ún?£L3¤p��� 1 4Ù MIPS�p���ó�Å�

P�Ã�ù�����¯Ò¬lS�¥�Ñ�#�êâ"

3ù�þe©¥¦^“flush”ù�Lkßþ�aÚç�c�kp¾å"�´

ù�ckN´ÚåÜÂ§§�±�£�!�¢½öü�ö��(Ü——¤±�

Ö;�^§"

�kü�½ö�õ�?nì��S��Ò¬�9��
E,�õ�¯K"

�õê��S��XÚLuE,±�u�� CPUv{��O� CPU�Ö��

 �§¤±^�v{(���=�S�«�I��¢½ö£�"�o��S�

�¯[�Ø?1p���£Ø��pék�ÄKéú¤§�op���7LkA

Ï�M��±p���£ÚS��¤��5"õ CPU�p�����5¯K3

1980c�¥Ïd�+t FutureBusIO�ó§�?1XÚz��vk±c@o

�ù
"31 15.3!éõ?nìÅ��
?Ø"

4.7 �?£L2¤Ún?£L3¤p���

3�.�XÚ¥§Ï~I�ki@�õ?p���"���¯��?£ L1

¤=Ìp���l CPU�C"�¯ L1�·¥�§Ø´��lS�¥�é´k

�é L2=�?p���——Ï~'�?����A��úA�£�´'S��

´�¯ÐA�¤"p���I�A?�ûuÌS��ÝÚ CPU�¯�¯�Ý'

å5kõú¶du CPU�¨±Ï�m'S���m±Ï ��¯�õ§2006c

�S¡XÚÊHPkn?p���"i\ªXÚ�á�uS¡XÚAc£�k

ØÓ��å§AO´õÑÚÑ9�¡¤§Ø
A�;��pàA^	§2006câ

ff��æ^�?p����/Ú"

4.8 MIPS CPU�p�����

·�y3�±rl��8�
;.�k�L5�MIPS CPU§UìÙæ^

�p���¢y�ª?1©a§5ww�?p����üz£ë�L 4.1¤"

L 4.1: MIPS CPUp����üz
L1 L2 L3

Nþ A´ ¡þ A´ ¡þ A´ ¡þ

CPU(MHz) I-cache D-cache �é? 8¤º Nþ �é? 8¤º Nþ �é? 8¤º

R3000-33 32K 32K 1 Ä

R3052-33 8K 2K 1 ´

R4000-100 8K 2K 1 ´ 1M 1 Ä

R10000-250 32K 32K 2 ´ 4M 2 Ä

R5000-200 32K 32K 2 ´ 1M 1 Ä

RM7000-250 16K 16K 4 ´ 256M 4 ´ 8M 1 Ä
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4.9. éMIPS32/64p����?§ 1 4Ù MIPS�p���ó�Å�

�X�¨��Ý�Jp§·�w��õ�z�p�����§Ï��Oö�

{Aé�Ý'S�XÚ���5�¯� CPU"�
�±$1�^�§p���

7LÏL²w¯u	¡e�?�;ì��ÝJøêâ§Ó���3õê�¹U

¤õJøêâ£=·¥¤5Jp5U"

\þ
�?p���� CPU�±~��?p����·¥��d——ù

��?p���Ò�±����½�{ü";.�äk¡þ L2 p����

CPUÑPk��� L1p���§V 16-KB�L1p���¤�4É�H�/�

��0"���C��§�õêMIPS CPU8¤� L1p���Ñ�±3���

¨±ÏS�¤�¯"knd@�§�X�¡5U�O�±9�¨ªÇ�Jp§3

���¨±ÏSU
����;ì��Ä�þ´�~ê"�´¯¢þ§¡þ�

;ì�Ý�¢�uÜ6"y�� CPU�O²~\�6Y�Ì�´�
U
#N

V±Ï�p����¯"4

¡	p���~~´��N��§Ï�|�é�p���I�°�õ��

�±Dxõ�I\¿1��"

3¤kù
üz¥§Ì�kü�Ú MIPSp����^���"�«´d

R3000mM¿��õê@Ï 32 � MIPS CPU¤J��º�¶�k�«´d

R4000m©�§3�8c��¤k 64  CPU¥æ^�º�"R4000ª�p�

��y3�¤
 MIPS32IO��Ü©§y3®²ÊH¦^
——·��0�

ù�«"

�õêy��MIPS CPUPk£�ª!J[¢Ú�!ÔnI\!ü´½ö

o´|�é��?p���"p���+nÏL�^AÏ� cache�-?1"

1�1R4000 CPUPk¡þ�?p�����ì§QED�RM7000£1998

cc�¤Ú\
¡þ�?p���§ù3�8�pà�O¥é~�"MIPS32/64

½Â� cache�-�·^u*Ð� L2Ú L3p���"

5¿� k
XÚ��?p���Ø´dMIPS CPUSÜ�M�5��

�§´ïá3�;ìo�þ"éuùap����^���ò

�äNXÚk'§Ú�Ù0��d CPU¢y�½ö CPU��

�p����'§�Uké��ØÓ"

4.9 éMIPS32/64p����?§

MIPS32/64½Â
���~{'��{5+np���£3 R4000��§

¦�é@Ï CPUp���¥@«Ø����o�{�
?�¤"

MIPS32/64 CPU~~¬k'±c� CPUE,�õ�p���——æ^£

��ª¿�p���1��"Ï�´£�ª�p���§z�p���1ÒI

4ùØ´�Câu²�"æ^ RISC HP-8x00 CPUX��E�@ÏXÚ�É��V±Ï L1p

���ò´®��Nþã��	Ü�?p���§�5UØ�"

78



4.9. éMIPS32/64p����?§ 1 4Ù MIPS�p���ó�Å�
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0 = L1 I-cache

1 = L1 D-cache

2 = L3XJk�{

3 = L2XJk�{
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31 5 4 0
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��À½
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U
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L 4.2: z�p���1þ�^�ö�
�� ·- õU
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��Ñ�?n

CPU�p���´�;XÚ�'���Ü©§éup�^Ý½p�&Ý
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4.9.4 (½p������Ú��

éuÎÜMIPS32/64oN� CPU§p������!|�!±91°Ñ�

±�� 3.3.7!¤ù� CP0 Config1-2M�ì��Ü©���Ñ"

�´�
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4.9.5 Ð©z§S

ù�ò0���éÐ��{µ

1. m8�
S�±B�±l§5W¿p���——\�\�oêâvk'

X"�XJ\�XÚ¦^Ûó��è½´Å�è§\7L(��� ´�

(�"��Ð���´���p���Ð©z�¤�cý3XÚS��$

32K^ud8�"XJ^Ø²p����\�êâ5W¿§Ò¬�¹�(

��� "

éuÐ©z���?p���§@�����À«Ø
§\�UI���

�E,�¯�"

2. ò TagLoM�ì��"§ù�U�yéA1k��@� Ø¬� ¿�

I\�Ûóè´���£3I�� CPUþ���� TagHi¤"

TagLoM�ìò� cache IndexStoreTag �-^5r��¢éA�p

���1¿�ØI\�Ûó�� "

3. B�¥ä±���u)"

4. kÐ©z I-cache§,�´ D-cache"e¡´Ð©z I-cache� C�è"£\

7L�&� Index_Store_Tag_I()ù���1.�õU�¼ê½÷¶§

��o´$13�AÅì�-�¡��®?�è~§§�o´——éu�

ÿ� GUN C^r——N^ Ci\®? asm�é�÷"¤

for (addr = KSEG0; addr < KSEG0 + size; addr += lnsize)

/* clear tag to invalidate */

Index_Store_Tag_I(addr);

for (addr = KSEG0; addr < KSEG0 + size; addr += lnsize)

/* fill once, so data field parity is correct */

Fill _I (addr);

for (addr = KSEG0; addr < KSEG0 + size; addr += lnsize)

/* invalidate again õ prudent but not strictly necessay */

Index_Store_Tag_I();

·��1W¿ö�§́ Ï�k
 CPU$�é²wÃ��p���1��

UuÿÛó�Ø¿u)g�"Ø3�´§MIPS32/64vkr��¦¢y

Fill Iö�"\�±Ün�Ï"?Û¢y
Ûó��Ú ECC�o� CPU

ÑAT�¹
Tö�µØ�op���êâ� CPU�I�1���;I

\�Ì�"

�k§·�^
n�©O�Ì�§vkÜ¿¦�§Ï�\3?nI\�

7L�~�%¶éuü´�é�p���§ü�Ì�¬é���p���
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Ð©züg§Ï�^"I\M�ì�“index store tag”¬E  LRU §

T û½=|p���13e�g�·¥�¦^"

5. D-cache�Ð©z���E,�
§Ï�vkéAêâ�� fillö�¶·�

�UÏLlp���\1��Ï~�p�����?n"e¡´äN�

�{"

/* clear all tags */

for (addr = KSEG0; addr < KSEG0 + size; addr += lnsize)

Index_Store_Tag_D (addr);

/* load from each line (in cached space) */

for (addr = KSEG0; addr < KSEG0 + size; addr += lnsize)

junk = *addr;

/* clear all tags */

for (addr = KSEG0; addr < KSEG0 + size; addr += lnsize)

Index_Store_Tag_D (addr);

4.9.6 �¢½ö£�p���¥��;«

^u�¢½£��ëê�ÆéAu�
 I/O�À«�§S/�½Ôn/�

���"

A�o´^·¥.�ö�5�¢½£�"XJ\I��¢½£���¬�

;«§¦^¢Úö�5�¢½£���p���¬'�¯§�ù�´Jø��`

z��{§\���±ÀJ�Ñ��{"

e¡ù��Ò

µ

PI_cache_invalidate(void *buf, int nbytes)

{

char *s;

for (s = (char*)buf; s < buf + nbytes; s += lnsize)

Hit_Invalidate_I (s);

}

�� buf´§S/�Òvk7�)¤AÏ�/�"XJ\Ø�ØÄuÔn

/� p5�¢§�� p3Ôn�m�1�� 512M�S§\þ��~þÒU)¤

�A� kseg0«/�µ

PI_cache_invalidate (p + 0x80000000, nbytes);
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ff(å ALU�ã��-"�´§��%5¿µMIPSNX(�¿Ø«ì°(

�¥äò�§¥ä&Ò3�� CPUØ�c�U�s��½öA��¨�ã#

ÓÚ"

5.3 É~�þµÉ~?nm©�/�

�õê CISC?nìdM�£½��è¤5©ÛÉ~§�âu)�É~a.

r CPUux�ØÓ�\�:"$�ë¥äÑ�â=�¥äÑ\&Ò-¹3
4��o´ü^º3MIPS32�c� CPUþü^fÐ
;�mult�-�m©"
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ØÓ�\�:?n�§Ò���þz¥ä£vectored interrupts¤"{¤þ§MIPS

CPUéd��é�"XJú�ù�´��î�Õ�§��Äe¡�Ï�"

Äk§3¢�¥�þz¥ä¿Ø����@�k^"3�õêö�XÚ¥§

¥ä?n§S���è£�
!�M�ì��Ï¤§CISC��è""££s¤

�mux�ØÓ�\�:é~�§,�ö�XÚ^������Òqs�õ�

�ma=�ú��?n§S"

Ùg§éJ��XJØ^��è��dM�U�õ�É~©Û¶3 RISC

CPUþ§À^Ï~��èÒ®²v
¯"

3d?ÚO?§\ATé RISCù� CPU�éÙ	���kõ¯%pk

ê"��k^�¥ä?n~§�Ö��
	�M�ì§3 21VÐÏ� CPU§

��	Üo�±Ï�U�s¤ 50–200�SÜ�¨±Ï"éN´3 MIPS CPU

þ�Ñ'ü�	��¯¯�¥ä?n�è§¤±ùØ��U¤���5U´

¶"2003c��MIPS32IO¥\\��þz¥äÀ�A�v<^�¯¢§?

�Úy²
ù�:"

,§=¦3MIPS¥§�Ø´¤kÉ~Ñ´²��"3NX(�uÐL§

¥�Ñy
�O"¤±·��±�
«©"

• ^r�/�� TLBW¿µ3É�o�ö�XÚ¥k�AOª��É~§

�/�=�XÚ�'£ë�1 6 Ù¤"TLB M��U��·Ý5�êþ

�/�=�§3��ª�¦^�XÚ$1X��J[�;ì�ö�XÚ§

A^§S$1��� TLB�P¹Ù/�=��/�é~�——��¡�

TLB�·¥�¯�£Ï� TLB�����d^�+n�p���¤"

� RISC CPU ffíÑ��ÿ§^^�5?nù«�¹Úu
éõ�

Æ§MIPS CPU���À¥� TLBW�YJø
��|±"M�J

ø
v
��Ï¦��À¥�W�Y�O�É~?n§SU
3 13�

�¨±Ï�¤"

��Ù¥��Ü©§~���a TLBW�D�
��ØÓuÙ§É~

�\�:§ù�°%`zL�W�èØ^2s¤�m�ä�.u)�´

=«É~"

• 64 /��m� TLBWµ��|^ 64  CPUþã��/��m�

?Ö§Ù/�=�gæ^ÑkØÓ�M�ìÙÛÚ,	� TLB W~

§¶MIPS¡Ù� XTLB£·ß/X0�L*Ð¤"�þ¡��§�
4�y

p�Ç^
��Õá�\�:"

• Ø²Lp����O�\�:µ�
¼�É~?n��ûÐ5U§¥ä\
�:7L u²Lp�����;«"�´3XÚéÄ��ÿØF"ù

�"E ½öþ>�§p���3Ð©z�cØU¦^"XJ\I���

èF�ÚU
g·�ä�éÄ�è§éuÚ�@Ïuÿ��É~§\��
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^Ø²Lp�����Ö�;ì�\�:"3MIPS CPUp§vkØ^p

����/�ª0——�kØ²Lp����§S/�«�——¤±k�

��ª  SR(BEV)^5rÉ~\�:,1©��Ø²p����!é

ÄS�� kseg1«"

• Ûó/ECCÑ�µMIPS32 CPU�±uÿ��êâ�Ø£Ï~35gÌ�

�êâ¥§�´��3p���¥^�â¬uy¤,�g�"3p���

«5?np�����Øw,éY§¤±Ø+ SR(BEV)G�´�o§p

���Ñ�É~�\�:o´ uØ²Lp����/��m"

• E µééõ8�5`§rE w�,	�«É~´k�n�§cÙ´�
Nõ CPUéueE £d� CPU�.#��¶Ú#þ>Ø�«©¤

Ú 9éÄ£d�^��.#Ð©z¤¦^�Ó�\�:��ÿ"Ù¢§

Ø�¶-¥ä NMI �(J��u9E ��f���§«O=3u§�

���c�-Úÿ��¤���ö�(åâ)�"

• ¥äµ��MIPS32£�k IDT PMC-Sierra�@Ï��
 CPU¤���

�À�§�±�� CPUr¥äÉ~ux�üÕ�\�:"ùé�B�é

�<^µ�U^��öØU4gC���¿�ÊHÏ^�A54ö��

�A~?1?n"

?�Ú§3Ù¥,
 CPUþ§\�±¦U�þz�¥äö�——ØÓ�

¥ä¦^õ�ØÓ�\�:"ù´�ä¢�5�Cz¶3�ÙO�/�ù

�L§MIPS�DÚ´¥ä�3^�?n�âk`k?"��\kü�¹

Ä�¥äØ�ØÀJÀJ��¥ä\�:�§M�7Lû½�.=�`

k?�p"Ïù�Czé^��K����õ§Ï�^�Ô�
é¥ä

`k?���¶ö�XÚ�o<
ÚM�ó§�Ø�Ø;�Ü�"

¤k�É~\�:Ñ uMIPS�;ìN�¥Ø�/�=��«�§Ø�

p����\�: u kseg1§I�p���� u kseg0"Ø�p����

\�:� SR(BEV) � �´�½�§�´� SR(BEV) �"�§Ò�±é

EBaseM�ì?1?§5²£¤k\�:——�å�——O�S�¬"�\�

CPU ´�� kseg0 �;ì�õ?nìXÚ��Ü©§�´��ÚXÚ¥Ù§

CPU©m�üÕÉ~\�:��ÿ§�±£Ä¥äÄ��UåÒAOk^"5

3ù
/�«§L 5.1�Ñ� 32 /�ÏLÎÒ*Ð� 64 S�N�"3

32 ¥�§S/� 0x8000 0000Ú 64 ¥� 0xFFFF FFFF 8000 0000�Ó"

L 5.1 £ã
=k 32  /���\�:——L¥� BASE �L?§�

EBaseM�ì¥�É~Ä�"

�Ð�É~�þm�ål"�� 128i!£0x80¤�m§�U´Ï��Ð�

MIPSNX(��ú� 32^�-v
?èÄ��É~?n~§
§ØL¤�õ
5EBaseM�ì´3MIPS32/645��1��¥Ú\�"
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S���e
�^©|�-�y��§S
é�kùo!��"

L 5.1: É~\�:
S�« \�: É~?n§3d

¡þNÁ 0xFF20 0200 EJTAGNÁ§�N��/probe0�;«

�"ë�1 12.1!'u EJTAG¡þN

ÁXÚ�5)"

0xBFC0 0480 EJTAGNÁ§�¦^�~ ROM�"

E £=k ROM¤ 0xBFC0 0000 E 9Ø�¶-¥ä\�:"

ROM\�: 0xBFC0 0000 ¥ä;^——=� Cause(IV)� �¦

^§¿�¤k� CPUÑk"

0xBFC0 0380 ¤kÙ§É~"

0xBFC0 0300 p����Ø"

0xBFC0 0200 {ü� TLBW£SR(EXL)�"¤"

RAM\� BASE+0x200+... õ�¥ä\�:—— VI �ªõÔ

�§EIC�ª 62�"

BASE+0x200+... ¥äAÏ/; £̂(Cause(IV)¤��¤"

BASE+0x180 ¤kÙ§É~"

BASE+0x100 p����Ø——3 RAM¥�´[�

²LØ²p���� kseg1I�"

BASE+0x000 {ü� TLBW£SR(EXL)�"¤"

e¡´MIPS CPUû½?n��É~�¤���µ

1. �� EPC��#m©�/�"

2. �� SR(EXL) §r� CPU?\SØ�£pA�?¤¿�B�¥ä"

3. �� Cause M�ìù�^��±w�u)É~��Ï"3/�É~

�§BadVAddr����"�;ì+nXÚÉ~Ð���,
MMUM�

ì¶18Ù¬�[ù)"

4. ,� CPUm©lÉ~\�:��§d�����^�?n"

éá�É~?n~§�±�§$13 SR(EXL)� �G�£=·�¤`

�É~�ª¤§l5Ø¬I�-� SR�Ù{Ü©"éu�\DÚ�É~?n§

S§��G��ò������E,�^�§É~A�?Jø���oÐ4XÚ

^��±3ÙeS�/��'����G�——�)P� SR�"

\þA�E|§ù�Å��±3Ä�� TLB�¥?n§Sp#N��êþ

�i@É~§�´ù�¯K�·�-���ÿ2c[ù"
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5.4 É~?nµÄ�L§

¤k�MIPSÉ~?n~§Ñ�²L±e�Ó��ãµ

• Ú�µ3É~?n§S\�§�¥ä�ä�§S�ké�G�&E��

e5§¤±1�����¯Ò´�\gCCÑv
��mU
�\���

�§�Ø�CX�¥ä�§S��êâ"

ùA�7,´ÏL^ k0Ú k1M�ì£S.þ�½�$?.�É~?n

�è¤�3¤Ú^�ã�±��Ù§M�ì�S��m5¢y�"

• ?nØÓ�É~µ�Î Cause(ExcCode)§Ù�U����Ñ3L 3.2

¥"§w�\��ou)
É~§#Nö�XÚ�ØÓ�É~½ÂØÓ�

¼ê"

• �EÉ~?n�¸µE,�É~?n§S�U¬^p?�óÖ�§\�U
F"U¦^IO¥¼ê"\òØ�ØJø�¬æÒ�;«Ù§^�Ñvk

^��§��?Û CPUM�ì�Ué�¥ä�§SÚ�N^�~§#N

UC�M�ì"

k
ö�XÚ�U3ux/©�?nØÓ�É~�c�ù�ó�"

• ?nÉ~µy3\���oÒ��o"

• O��£µp�¼êÏ~��f§S5N^§Ï��£�.�?n�è"
3ùp§���M�ì��¡E§ÏLr SR U£�fu)É~���

CPU�±�£�ÙS�£SØ�ª§É~'4¤G�"

• lÉ~�£µÉ~(å?n´,�� CPUG�u)Cz�«�§éùÜ

©�£ã3�e5�1 5.5!p"

5.5 lÉ~�£

���£�É~É³�-¿lSØ�UC�£XJI�¤$�A�?7L

Ó��¤£^O�Å�Æ�1{5`§Ò´“�f�”¤"=¦\3A^§S¥±

SÚA�?$1�^�-�¤���S�¦É¶,��¡§±^rA�?Áã$

1�^SØ�-¬���·�É~"

MIPS CPUk�^�- eret�¤��ó�¶T�-Ó��Ø SR(EXL) 

¿ò���£� EPC¥���/�"6

6é@Ï�MIPS CPUPk�E,�Å�§�6uü?æÒ5��Ú¡EÉ~c SR(IE, KU)

���"��£É~c��ªd�^�- rfe5�¤§7L�3�£��¥ä�§S� jr�-�ò

´ø¥$1"
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5.6 i@É~

3Nõ�¹e§\�U��3\�É~?n~§¥#N£½öÃ{;�¤?

�Ú�É~¶ù¡�i@É~"

XJ?nØ&§ù�U��·b¶�¥ä�§S��³G���3 EPCÚ

SR¥§\7LýO�Ù§�É~�U¬ÀKÙ�"ØÑ
���~AÏ�i@

É~�	§¦UÙ§É~�cÑ7L��ù
M�ì�SN"d	§��#¦

UÉ~§\ÒØU2�6�É~?n�3�Ï^M�ì k1Ú k2
"

��É~?n§S��U
¹L��i@�É~§7L¦^,
S�«�

5��M�ì�"¤^�êâ(�~~��É~v¶i@�õ�É~vÏ~S

ü3��æÒþ"

zgÉ~/��ÑæÒ]§¤±ØÓN=?¿�Ýi@�É~"�õêX

Ú�z«É~��`k?§¿�Sü¤��3?n,�É~�§�#N�p`k

?�É~"ù��XÚ�I�k�`k?Ó��ê��õ�É~vÒ�±
"

\�±;���É~¶¥äu)
�±^^�ü�¶-K±÷v`k?5

K§̂ SR(IE)�±�g5¶-�Ü¥ä§½öÏL£�5� CPUâk¤É~

? Ûª¶-ü�¥ä"Ù§a.�É~�±ÏL·��^��å5;�"~

X§3Ø%�£��õêÉ~?n^�¤^¤Ø�Uu)A�?��É~§§S

�±;�Ï��ØÚ TLB�·¥É~"�?np`k?É~�ù��´ýé7

��"

5.7 É~?n~§

e��MIPS32�è¡ä´{ü�ØU2{ü�É~?n~§
"zgÉ

~�Ø
4O��Oêì	�oÑØ�µ

.set noreorder

.set noat

xcptgen:

la k0, xcptcount # get address of counter

lw k1, 0(k0) # load counter

addu k1, 1 # increment counter

sw k1, 0(k0) # store counter

eret # return to program

.set at

.set reorder

ù�~fwþ�vk��^?µØ+�o^����É~§�£�T^��

,�3§¤±Ò¬7�f5£$1"Oêì xcptcount�Ð3 kseg0¥§ù�\

3Ö���ÿÒØ¬�� TLB�·¥�É~"
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5.8 ¥ä

MIPSÉ~Å�´Ï^�§�´¬Ì/`kü�É~a.u)�gê'Ù¦

¤k�É~\å5Ñ�õ�õ"��´3� Unixù���1�;ìN��ö�

�XÚþA^§SrÑ
¡þ/�=�L��½�>.¶·�±c¡J�Lù

�:§318Ù£LÞ52wù�¯K",��61�É~Ò´¥ä§� CPU

	Ü���I�5¿��ÿ�)"Ï�·��?n�	Ü.Ø¬��·�§¤

±¥äÑÖ�m  ´é'��"

i\ªXÚ�MIPS^rAT�'%¥ä
§ùÒ´��o�üÕ^�!

;�5ù"·�ùe�A�¯Kµ

• MIPS CPU¥�¥ä]µùÜ©£ã\�^��ÀÜ"

• ¢y¥ä`k?µ¤k¥ä3MIPS CPU¥Ñ´²��§�´3\�XÚ

¥§\�UF"é�
'Ù¦¥ä���õ�'ì"

• �.«!B�¥ä!&Òþµ~~k7�3,
'�5�ö�¥m��¥
ä§�´3MIPS CPUþù��käN�(J"·��wwN�o)û"

5.8.1 MIPS CPU�¥ä]

MIPS CPU3§� CauseM�ì¥k�|l�Õá�7¥ä "3�õê

CPUþ§\¬uyÙ¥Ê8�&Ò5g	ÜÜ6§,	ü�´X{�^�Ö

��"¡þ�Oêì/½�ì£�1 3.3.5!§d CountÚ CompareM�ì�

¤¤ë��Ù¥���¶k���UOêì/½�ì¥äÛ��	Ü�����

�¥ä§�´ù��õ�´��Ì¿"

?ÛÑ\&Ò�>²3z�±Ïæ��g§XJ´UÒ¬��É~"

CPU´Ä�¿�A,�¥äÉ SR¥� K�"kn��'��µ

• �Û¥ä¦U  SR(IE)7L��� 1§ÄKØ¬ÑÖ?Û¥ä"

• SR(EXL)£É~?¤ Ú SR(ERL)£�Ø?¤ §XJ� ¬B�¥

ä£Ï�;�É~��Ù¥��7,� ¤"

• G�M�ì�k�kl�ü�¥ä¶-  SR(IM)§CauseM�ì¥�

z�¥ä�� "z� SR(IM)���¤ 1±#N�A�¥ä§ù�§S

�±(���=�¥ä�±u)§=�Ø1"

7XJ3 EIC�ª¥ÒØ@oÕá§ë�1 5.8.5!"
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^�¥ä ´Z�o^�º

�. CPU ��o�3 Cause M

�ì¥Jøü�AÏ� §Ø��¶-

ÄK��� Òá=Úu��¥äQº

�Y�'�3u/Ø��¶-0"

ù�;.^{´p`k?�¥ä~§

L«òk$`k?�¥ä~§�1�

¹Ä§��XÚ®²?n�¤kp`k

?�ó��Å�"�p`k?�?n(

å§^�ò�m¥ä¶-§�3���

^¥äÒ¬u)"

vkýé��Ï`��oÓ��

�JØ�±ÏLXÚ^��[£'X|

^S�¥�á�I�¤��§�´^¥

ä '��B§Ï�Ù±4$�M�¤

�i\3®k�¥ä?nÅ�¥"

�uy/�«/éÑ�c@�¥ä�3¹Ä§\�	w Cause M�ì�S

Ü"5¿�ù
TÐ´——�c?O——Ø�½éAuÄkÚu¥äÉ~��

ª"CauseM�ì¹Ä�Ñ\>²Ú SR(IM)�¶-éà�
Ó�� �§±�

\���é¦�?1“�”ö�"̂ �¥ä ?3�$ §M�¥ä�g4O"

^NX(��â�5ù§¤k�¥äÑ´²��"8�?n¥äÉ~�§P

ª� CPUæ /̂Ï^�0É~\�:——MIPS32/64 CPU CPUJø
�À�

ØÓ�É~\�:�3�¥ä¦^§ù��±!�A�±Ï"̂ Cause(IV)M�

ì �±ÀJù�A5"

¥ä?n�ªm©u\�É�
��É~¿l Cause(ExcCode)uyT

É~´��M�¥ä"ÏL�Î Cause(IM)§·��±éÑ=�¥ä�3¹Ä

�Ò��´=����¦ÑÖ/uÑ&Ò"Ï~�S�Xeµ

• �Î CauseM�ì� IP�§¿Ú�c¥ä¶- SR(IM)�Ü6“�”ö

�§±¼�¹Ä�!#N�!¦U�¥ä�¦ ã"�UØ���§Ù¥?

Û��Ñk�U´��¥ä��Ï"

• ÀJ��¹Ä�!#N�¥ä�±'5"�õêö�XÚ�ØÓ�Ñ\©
��½�`k?§¿�¦k?n�p�`k?§�ùÑ´^�û½�"

• \I�3 SR(IM)¥��P�¥ä¶- §�´\�U®²3ÌÉ~~

§¥®²��
��� SRM�ì"

• ?U SR(IM)±(��c¥äÚ\�^�@�äk�Ó½ö�$`k?

�¤k¥ä�B�"

• XJ\vk3ÌÉ~~§¥��{§�i@�É~?n��7��G
�£^rM�ì�¤"

• y3?U CPUG�±·A¥ä?n§S�p�Ü©§3d?k
i@�

¥ä½öÉ~´#N�"

83�þz¥äÚ“EIC�ª” ¥®²Ø2Xd
§ë�1 5.8.5!§�´é�^�"
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3¤k�¹e§� �Û¥ä¦U  SR(IE)±#N?np`k?¥ä"

�\�ØÉ~?��ÿ§�I�?U CPU�A�?� SR(KSU)±�±

CPUE,?uØ%�§�,��é SR(EXL)�"±lmÉ~�ª§4

éG�M�ì¤��?U3O?�±w�"

• N^¥ä~§"

• 3�£�§\I�2gB�¥ä±BU
¡E¥äc�M�ì�¿�X�
1�¥ä�?Ö"�ù��§ÒI��  SR(EXL)"�¢S¥§3?\É

~Â�Ú½�cr�� SRM�ì¡E�fu)É~����L§¥§�

U®²Û¹/� 
 SR(EXL)"

�é SR�CÄ�§\I�c[�Ä@
�J¬Ï�6Y��ö�ò´�

CÄ——“CP0�x"”k'[!±9N�?§�Ñ�x§ë�1 3.4!"

5.8.2 3^�¥¢y¥ä`k?

£���#��þz¥äõU±c�¤MIPS CPUéu¥ä`k?k��

{ü��{¶��¥äÑ´²��"

XJ\�XÚ¢y¥ä`k?üÑ§@oµ

• 3?Û�ÿ^�Ñ��o��²(½Â�¥ä`k?£IPL¤§CPU±T

`k?$1"z�¥ä©��Ù¥��`k?"

• XJ CPU?u�$�¥ä`k? IPL§K#N?Û¥ä"ù´�~§S

$1�G�"

• XJ CPU?u�p`k? IPL§KB�¤k¥ä"

¥ä?n§SØ=�±Uì©��äN¥ä�`k? IPL$1§§S


��±,pÚü$ IPL"��°Ä§SA^à�M�½¥ä?n§SÏ&�Ü

©~~I�3�.«����¥ä§¤±§S
¬��,p IPL±�����

¥äÑ\ "

3ù���XÚ¥§3ØK�$`k?�è�cJeUY#Np IPL�¥

ä§¤±·�ÒkÅ¬é,
¥äJø�Ð�¥ä�A�m§Ï~^±��¥ä

?n§S«ì3á�mS$1�."

�õê UNIXXÚko�8� IPL"

�,�kO��{§�{ü��YÑk±e�5�µ

• �½`k?µ3?Û IPL§�c¥ä±9�$`k? IPL�¥ä�B�§

�´#N�p`k?�¥ä"éÓ� IPL�ØÓ¥ä§;.�NÝ�{´

k5kÑÖ"
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• IPL�$1�è��éXµ?¿�½��è¡äo´3Ó�� IPLe$

1"

• {ü�i@NÝ£3 IPL 0±þ¤µØ
3�$`k?�	§�vk¹Ä�

p`k?¥äÒ�£��¥ä��è"3�$`k?§ék�Uk�NÝ

ì3ØÓ�?Ö�m�� CPU"3�ã�m¥ä¹Ä��|^ù�Å¬

?1#NÝé~�"9

3MIPS CPUþØÓ¥ä?O�m�=�����XG�M�ì SR�U

C§Ï�@�M�ì�¹¤k�¥ä�� "k�
XÚþ§¥ä?O�=�

I��9é	Ü¥ä��M�?1ö�§�õêö�XÚk�
�ÛCþ�U

C§�d?·�¿Ø'%ù
¶y3·��^ SR¥ä����äN��5�x

IPL"

3MIPSNX(�¥ SR£�¤k��?nìM�ì��¤ØU��éü�

 �"½� "Ï IPL�?ÛUCÑI��ã�è^üÕ�ö�Ö�!?U!

¿�£ SRµ

mfc0 t0, SR

1:

or t0, things_to_set

and t0, ˜(things_to_clear)

2:

mtc0 t0, SR

ehb

£���^�- ehb´�^�x�o�-§ë�1 3.4!"¤

��5`§Tã�è����U�¥ä§ù�ÒÑ
��#¯Kµb�·�

3IÒ 1Ú 2�mu)��¥ä¿�@�¥ä~§g�Úå SRCzº@o�

3IÒ 2?�\·�gC?UL� SR��§·�Ò¿�
T¥ä~§¤�\

�Cz"

¯¢(JL²§�k3�±�y?Û�ãäN�è� IPLÑ´~ê�£¿

�$1� SRØ¬kÙ§UC�¤XÚ¥§·�U^þ¡��è¡ä——Ù�«

��3MIPS�ö�XÚ¢y¥��ÊH——ØU¬Ñ¯K"XJù
^�

¤á§=¦·�3Ö�-?U-�\S��¥m��ä§�vk�o�³"�¥ä

�£�§ò¬±Ú±cÓ�� IPL�,�Ò´Ó�� SR��1"

3ù�b½Ø¤á�/�§·�I�e¡�?Ø"

5.8.3 �f5±9é SR��f?U

3kõ����§�XÚ¥——�)�k¥ä?n§S�ü�A^——\
9LinuxXÚ3¥ä��#NÝ£=¦�¥ä�?Ö�?uØ%�¤¡�sÓª�§3 2004c

v2.6��¥§sÓªNÝ®²¤�
 Linux�IO�{"
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²~¬uygC3�,�¥mØ���´�ä�¯�"^���ª��ó5`
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�f5��¤§±�yXÚ¥�
Ü��?Ö
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���U´¥ä��J"¤±3ü?nìXÚ¥§ÏL{ü�æ^B��Ü¥
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�´�X·�þ¡¤�§ù��k�¯KµØU�yB�¥ä�Ú½£�¦

é SR�1��Ö�-?U-�\�^Sö�¤��´�f�"·��o«)û�

�{Ú�«;���{"

XJ\��$1\�^��¤k CPUÑ¢y
 MIPS321��§Ò�±

)ûù�¯Kµ3ù«�¹e§\�±^ di�-��mfc0"di�f5/�"

SR(IE) §¿r�k� SR�£���Ï^M�ì¥"11 �´3MIPS321�

��oN5¤�IO���~	���c§\�UI�?�ÚwwO��{"

���Ï^��{´j±Ø#N¥ä?U�¥ä�è� SR��¶ùÒ�

¦¥ä~§[��3�£c¡E SR§Ò��¦¡E¤k^r?M�ì��"X

Jù��{§þ¡��f5� RMWS�Òvk'X¶=¦¥ä�\¥m§\^

�P� SR��,´�(�"ù«�{ÊH^3 MIPSþ UNIX�a� OSS

Ø¥§¿�Úzã�èÑ��½� IPL�é�¥ä`k?XÚ�?�éÐ"

�´k�ÿù�����õ
"~X§�\3zg��i!�ÑÑà�þ

ux��������i!�§\�U�3k�õ�êâ�±ux�cB�“u

xO�Ð” ¥ä£±;�ØÊ�¥ä¤"�k§k
XÚ¬3ØÓ�¥ämÓ=

`k?±(�¥äÑÖ�þ!©Ù"

,��)û�Y´^��XÚN^5B�¥ä£�U\�òTXÚN^½

Âæ^üÕ�� Ú�"�ëê±�A��#M�ì¤"Ï� syscall�-ÏL

ÚuÉ~5ó�§§U
±�f�ªB�É~"3ù«�oe§\�� Ú�"

ö��±�¯^|/?1"�XÚN^É~?n§S�£�§Ò¬¡E�Û¥

ä¦UG�£E,±�f�ª¤"

XÚN^få5Ð�´��þ?��{§Ù¢Ø�½s��m�¶�´\

�rTXÚN^ÚXÚ�Ù§É~©��èn�Ù"

1n�)û�Y——¤kÌ��XÚÑ��3,
�.«¬^�——Ò´

¦^e!¤ã�ë£\1Ú^��;�-ïá�.«Ø^B�¥ä"�þ¡

ù�Ã«�{ØÓ§ù�Å�U
�(*Ð�õ?nìÚM�õ�§XÚ¥"

10�X�éP{¤`�µ/ûØ��äfÚ¯fw�¤¬0——·Uùé{n)§O�Å9Ù^�

Ñ´ä¯f"
11�k�^¦U¥ä� ei�-§�´Ø�^§——^ di-�£� SR�¡E§ù�XJ\N^ di
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5.8.4 #N¥ä��.«µMIPSª�&Òþ

&Òþ12´¢y�.«£�,*Ð�&Òþ�±��õ¯�¤��«?§�

½"&Òþ´d¿u$1?§���S�«§̂ 5Sü,
�g�Ud��?

§�¯�]"

z��f�1��è¬Ñke¡�(�µ13

wait(sem);

/* do your atomic thing */

signal(sem);

�±r&Òþ�¤��ü��µ1 ¿�X“�Ó^” 0 ¿�X“�±

^”"signal() {ü§Ò´r&Òþ�� 0"14 wait() u�TCþ�´Ä�

0§XØ�"K����� 0âUY",�òTCþ��� 1��£"ù�AT

ØJ§�ATw�'��/�3uu� sem��¿#���L§��7L´

�f�"p���f5£N^ wait()��§¤�6uU
ï¤.���f5§

.���f5�U�y“ÿÁ���”ö�3¥ä¡c£½éuõ?nìXÚ§3

O� CPU�¯¡c¤�U�($1"

�õê¤Ù� CPU[xk,
AÏ��-^uù�8�µ680x0 ——ÚN

õÙ§�——CPUÑPk�^�f5�ÿÁ����-¶x86 CPUk�^“�

�M�ìÚS�”ö�§�±ÏL“lock”cM�f5�1"

éu�.õ?nìXÚ§ù«ÿÁ����ö�C�[B¶3^r¼�&Ò

þ�¤ÿÁ����ö�§�k����ö�DÂ�XÚ¥z�p����°

�L§¥§Ä�þ¤k���;ì��¯Ñ7LÊ�"ù«�{3�.�õ?

nìXÚþ*Ð5ØÐ§Ï�==�
�yUÓ4ó�â^��ÀÜ{l


Nõ�UÃ'��;ì�¯"

XJ#NØ7¯k�y�f5Òm©$1“ÿÁ���”ö�§=�¯��

�(¢´�f5��ÿ“��”ö�âU¤õ�{§@o�ÇÒ¬p�õ"I�

w�^���ö�´Ä¤õµù��¤õ�“ÿÁ���”ö�S��±Ûõ3

wait()¼ê¥§7��Á"15

ùÒ´MIPSk�§�g^ ll(load-linked)Ú sc(store-conditional)�-"sc

=3M�(@gl�C� ll±5vk¿���¯�â�\�A�/� �§¿

3M�ì¥3e�� 1/0��L²ö�¤õ½ö�}"
12{ü�&Òþ���p½§��ª/¡�“£”"
13ù´ Dijkstra3 1970c��ã�JÑ�Vg§a'uc´&-XÚ·¶�“&Òþ”"Hoare

òÙí2��2��“p�Ü��¿1?§”�¸§r��þÓ��õU¡� wait() Ú signal()

——Ò´·�ùp^�"Dijkstra�Ð�·¶� p()Ú v()"XJ\ùÖ=��{§ÒéN´n)

��o��“p”Ú“v”"
14éuö�XÚ¥�§-�§m�&Òþ§signal()���
ó�±“�2”3��T&Òþ�?�

?§"
15�,\�ÐU
�yØ¬Ñy��[�Áe���/——�´XJ^Ù§a.�&Òþ§\

o���y���?Ö��U
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3�õê¢y¥§ù«&E´�*�µk�=¦�A�/�vk�-L sc

�¬�}¶XJglþg ll�kL¥äÑÖ16 CPUÒ4 sc�}§�k�õêõ

?nìXÚ3éÓ��p���1���S�¬þ�?Û�ö�Ñ¬�}"�

���´�vk¿��¯� scÏ~A�¤õ§�k��ÿ�yo´�}"

e¡´é��&Òþ� wait()ö�µ

wait:

la t0, sem

TryAgain:

ll t1, 0(t0)

bne t1, zero, WaitForSem

li t1, 1

sc t1, 0(t0)

beq t1, zero, TryAgain

/* got the semaphore... */

jr ra

ll/sc´�õ?nì�u²�"�´=¦3ü?nìXÚþ§ù«ö��´

ékd��§Ï�§¿Ø�9�'4¥ä"ù«�ª;�
þ¡J��B�¥

ä¯K§¿��±3~����/e�¥äò�¥u��^§3i\ªXÚ¥A

OI�"

5.8.5 MIPS32/64 CPU¥��þzÚ EIC¥ä

MIPS325��1��——Äk3ÑgMIPSúi� 4KEÚ 24Kx?nì

CPUØ%——\\
ü�#�A5¦�¥ä?n�Ç�p"ù��e�¤�Ø

õ§3�.�ö�XÚ¥�U¿Ø�§�´MIPS CPU�^3�~�Hù«

U?�.��i\ª�¸¥"ùü�A5Ò´�þz¥äÚ�«¡�EIC�ª

��Jø�þ�ØÓ¥ä� CPU��{"

XJ\é^�þz¥äA5§��¥äÉ~ò¬�â��¥ä�Ñ\&Ò

ll�/�¥ÀJ��m©�1�/�"ùp�U¬k����
5µvk�

oÀÜU
{�ü�¥äÓ�¹Ä§¤±M�ÒÀ^vkB��¹Ä¥ä&Ò

¥?Ò�p�"�þz¥äÏLé IntCtl(VS)?§5��§éuØÓ¥ä\�

:må�Ñ
A«ØÓ�ÀJ£"���¤k¥äÑ´^Ó��\�:§ùÒ£

�
DÚ�{¤"

i\ªXÚ~~k�þ�¥ä¯�&Ò§���LDÚMIPS CPU�8�

M�Ñ\"3 EIC�ª§ù8�±c�pÕá�&ÒC¤�� 6 ��?�êµ

"�Lvk¥ä§�´3e
 63�ØÓ�¥äè"3 EIC�ª§z��"��

èkÙgC�¥ä\�:§#N·��O�¥ä��ìU
��©� CPU?n

õ� 63�¯�"
16�(�/`§XJ�1L eret�-"

107



5.9. éÄ 1 5Ù É~!¥ä9Ð©z

�þz�¥ä£Ø+´DÚ��´ EIC&-�¤3\�XÚk�ü�¥ä
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uy\�¨O�ö�XÚvk^ù
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5.8.6 KfM�ì

=¦^¥ä�þ§¥ä?n~§��kI�Kú;��¥ä�è�M�ì

��§7L3�?Ûk^�ó��cC\gC�/�"

MIPS32/645��1��#N CPUJø��½�õ�ØÓ�Ï^M�ì

|µ�	�M�ì|��KfM�ì"KfM�ì�±^u?Ûa.�É~§�

´é¥ä��k^"

��|^KfM�ì|�¥ä?n§SØI����¥ä§S�M�ì�§

N^L§¥�±3gC�M�ìp�±g��G�£XJõu��¥ä?n§

S¦^KfM�ì§§��ÐÒX^=�M�ì�¤��¤"

��^
�þz¥äÚKfM�ì|�¥ä?n§S��±l[Ö¹+n
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§ù�

`³�U�ö�XÚ�-�K
£AO´§Ï�ö�XÚk�Ur¤k¥äB�

�ã�m§ùã�m�U���L·���?¯�¥ä?n§S�$1�m¤"

k
�±lKfM�ì¥¼Ã�A^§S¦^��õ�§ CPU�NU���

Ù/Â�Ó���J§�´ù�{K�Ò��
——�±ë�N¹ A"

5.9 éÄ

'u3 CPUþ^�����J§E A�ÚÉ~����§�,´�«Ø

¬�£�É~"3�Ð�MIPSNX(�¥§ù��Ì�´�«²Lþ�!�¢

y¤�Ú©�"�´�5� CPU®²Jø
leE ���Ø�¶-¥äA«

ØÓ?O�g�E "3MIPS¥§E ÚÉ~^�3Ø�Øú/p�K�X"

·��E^~5É~�Å�§3E � EPC��uÿ�E ��3�1�

�-§�õêM�ì��Ñ�3
"�´E »�
�~�ö�§E u)�

�3\1�M�ì½�3�\½W�p��� �þ���U�¢ïêâW

¿"

^²LE E,�±ØC�G�5¢y,
k^�)kÓ£����NÁ

´�U�§�´I�\�M�ó§��a"CPUÃ{«©E u)u�3$1
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E ��§CPU��M�ìkv
�G�®²(½§�±4 CPU�1�p

�����-"“v
�G�”)º���ff
¶5¿±eA:µ

• SR¥�U�yn�ÀÜµCPU?uØ%�¶¥ä´B��¶É~��Ú

�Ø²p����\�:——= SR(BEV)=1"3y�� CPUþ§�y
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�;ì���£-Ã"

• TLB?u�Å�G�§3Ð©z�cýéØU�¯£3k
 CPUþM�

é TLBL�E��Uºx�k����o§(J�U´ TLB'4§�

UÏL2�gE âU?E¤"

DÚ�éÄÚ½Xeµ

1. ©|�Ì ROM¥��è"��oy3Ò©|Qº

• �p����É~\�:l 0xBFC0 0100?m©§¿vk�éÄ�

è3ev
��m���/g,�Êî0?——ù���·��é¯

ÒØ�Ø©|"
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~¿U
¤õ/Ö��-"XJM�u)
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�E ���p�����¶XJ CPU éÄ¿�©|�
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"

3. \�UØ�Ø��3M�ì¥$1§����¤�Ü© RAM�;ì�Ð
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��,3�p���«� ROM¥$1¤§¤±\�U�r\�Ð©zÚ

u�����¬U
NBe ROM§S�êâ�S�«�S"
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5. y3\�±�gC©��
Ò�m§¿��Ðv
õ�M�ì§±BU


N^IO� C~§"

6. \y3�±Ð©zp���,�ÓÑ�$1"k
XÚ�±lp���$

1 ROM�èk
ØU¶3�õêMIPS CPUþ§�p���Jøêâ

��;ì7LU
Jø 4/8�i�âuDÑ§\� ROMfXÚØ�½U

÷v"

5.9.1 uÿÚ£O\� CPU

\�±l PRId(Imp) Ú PRId(Rev) �5£OE@\� CPU �¢y

ÒÚ�û½Â���?¾Ò"�´�Ð¦�U��6ù
&E¶XJ\�6

PRId§�±�½=¦ò5� CPUvk?Û¬�§S�5æ��#A5§\�

òØ��# CPU?U\�§S"

��\U��uÿ,�A5§Ò@��j�3ØU��?1��uÿ�/

�§éu MIPS32/64oN� CPU§3.3.7!£ã��� Config M�ì¥�¹

k�þk^�&E"�k3^¦
Ù§¤k�{��ÑØ1§ù�âAT�Ä

PRId"

ØL§Ú� ROMÚ�ä^��½�±,«´Ö�/ªw« PRId"XJ\

Ø�Ø�¹��¢3-<Ø¯�^�?�^5�ÑM�"��{§Ð��{´

4�è�â PRId^��1§ù�\��è3ò5?���M�¥ÒØ¬^�


"

Q,·�í�\uÿ��A5§3ùp�Ñ�
N����~fµ

• ·�k2:M�íº\�MIPS32/64 CPUA�ÏL Config1(FP)�M

�ì w�\"éuPª� CPU§�«í��E|´�  SR(CU1)¦

U�?nì 1ö�§¿^�^ cfc1�-l�?nì 1M�ì 0¼�Ù¥

NB���Ò ID"ProcessorID �£  8–15¤��"�L²�3 FPU

M�——²~¬3 PRId(Imp)��w�Ó���"��±~¦�Ý�

Ø�%�§S
17�U�¬�Xu�´ÄUl FPU M�ì�\ÚÖ�

êâ"Ø�\�XÚ|±Ã^�¦^2:ü�§ÄKO#P�
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SR(CU1)"

• p�����µ3��ÎÜ MIPS32/64 � CPU þ§�6u��M�ì

Config1-2¥�?è���U¬�Ð�
"�´\��±ÏLÖ�p��

�I\�w�o�ÿu)£75í�Ñp�����"

• ·�k TLBíºù´S�/�=�M�"Config(MT) w�\´Äk"

�\��±Ö� Index��½öÏéëYOê�RandomM�ì�3�
17·b�Ò´\§�O�Öö"
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^5�)�®?�L��Ü©§k�¡�)è�MIPS�-�L"�� GNU�

Ç�^�é\vk¯K§Ò�±^§�\!��mÚ°å"

�éÑö�ê§\I���É~v� �ÚÙÛ§ù��ûu\�äNö�

XÚ£½öÉ~?n^�§XJØÐ¿g��ö�XÚ�{¤"

\Ø�ØgC��{5�1ù�ö�§ùp��I�U
��É~v§±r

(J�(�£��AM�ì������¥�"

�O\�;� EPC�±�L��ý��-�Ø�%Ò¬á\�²"XJ

��ý��- u©|ò´ø¥§\ØUÒ{ü�£�“e�^”�-——@Ò

�uvku)©|§¯¢þ\Ø��´Äu)©|"

¤±���ý�8I�- u��©|ò´ø�§���ý©|�-§ÿÁ

wwu)
©|�´vk"XJu)
©|§I�O�©|8I,���lÉ

~�£�@p"
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5.10. �-�ý 1 5Ù É~!¥ä9Ð©z

¤3�´§¤k�MIPS©|�-Ñé{ü�§�vkB�^"
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1 6Ù .�S�+n� TLB

·���u��l�.�Ú\�Ö¥��Ü©ÌK?1&?§éu��'

5O�Å.�NX(��Öó§ùq�´g,,�",——Ø�´\®

²éJ[�;XÚÚö�XÚN�¦^J[�;XÚ�~ÙG——ïÆ\y3

rÖ��1 14.4!§wwT!ùã� Linux¥�J[�;+nÅ�"��\é

dt�Ù
§2�£�ùp5wwM��[!§ww�Ó�M�3Ù§�¸eX

Ûó�"

�·�gº�eg���ÿ§M�~~�¡��;ì+nü�½ö

MMU"�·�g.�þ�w��ÿ§·�Ì�8¥uÌ��M� TLB£�

¡´“translation lookaside buffer(=��À�Àì)”§ØLù��¡é·�n)

vkõ�^?¤"

6.1 TLB/MMUM�9Ù�^

TLB´r\�§S^�/�£§S/�½öJ[/�¤=�¤��¯�;

ì�Ôn/��M�"ö�XÚéuS�=����´¤k^�S�A5�'

�"

3MIPS CPU£±9¤k�y� CPUþ¤þ§/�=�± 4KB 1 ���ü

 §¡��"�S� 12 /��´lJ[/�{ü/D4�Ôn/�"

=�L¥z��¹k����J[/�£VPN=J[�Ò¤Ú��Ôn�

/�£PFN�L�vÒ¤"�§S�Ñ��J[/��§T/�Ú TLB¥�z

� VPN�'�§XJÚ,����Ò�Ñ�A� PFN"TLB´�«¡���

é�;ì½öSNÏ���;ì——Ø´Uì¢Ú5ÀJ´�âSN5ÀJ

,��"ùÜ6´��E,�§Ù¥z��ÑkSï�'�ì§E,ÝÚ5U*

Ð5é�"¤±;.� TLB�k 16� 64�"

k�|I� Úz� PFN�å�;¿�å�£§I� 4ö�XÚ�±�

½,����Ö½ö�½,��êâ´Ä�±p���"

1MIPSM��|±�u 4KB��§�S�ùoB¨§¦^���Ä��º�é^��k|§

�´®²/¤� 4KBS.éJ{ø"AÏ�/�=�ó�^���õ��"
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

�õêy��MIPS CPU£±9¤k�MIPS32/64 CPU¤æ^V��;§

z�� TLB�NB�é���J[�¡éA�ü�üÕ�Ôn/�"

ã 6.1: TLBêâ�

ã 6.1�Ñ
�� TLB�"z��Iþ^�\1ÚÖ� TLBL���ÿ

^� CP0M�ì�¶i§e�!ùù
M�ì"

�\3$1��ý��E,�ö�XÚ�§̂ �é¯Ò¬CX' TLB�=

�LUNB��õ/�"ù�±ÏLr TLB����^�+n��C^L�/

�=��p���5�o��)û"���I��/�=�Ø3 TLB¥�§Ò

¬�)��É~§É~?n§S�Ñ¿SC�(�/�=�"éJ�&ù«�

{¬k�Ç§�´¯¢(¢Xd"

6.2 TLB/MMUM�ì

� MIPS CPU ¥�Ù§ÀÜ��§MMU ����É�é�A^�	�

-Ú�?nì 0 ��|M�ì�K�"L 6.2 �Ñ
ù
��M�ì§·�

31 6.3!¬ù��'�-"¤k TLB�L��\½öÖ�Ñ�ÏLM�ì

EntryHi!EntryLo0–1Ú PageMask5?1"

6.2.1 TLB'�i�——EntryHiÚ PageMask

ã 6.2�Ñ
ùü�M�ì§Ú EntryLo£Xe¤ã¤�å´ TLBL�é

§S
�����Àã"ã¥Ó��Ñ
MIPS32ÚMIPS64��� EntryHi

±9e���µ

• VPN2£J[�Ò¤µùÜ©´§S/��pS £$ ��S/� 0–13 

Ñ�
¤"0–12 áu�S/�§�´§S/��1 13 �Øë��éµ

z�N��é 4-KB����§  13gÄ3ü��U�ÑÑ��m?1À

J"

3WÉ~u)��§gÄ��T����U=��§S/�"�\��

�\,	� TLBL�½Áãuÿ TLB�§Ò�UÃó��"

EntryHi � MIPS64 ��#N¢y'�8c�����J[/�«

�——�� 62 §,�c�;. CPU�U¢y 40 "VPN2¢y�
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

L 6.1: ^uS�+n� CPU��M�ì
M�ìÏPÎ CP0M�ìÒ £ã

EntryHi 10 ù
M�ì�å�¤
�� TLBL�¤I���"¤

ké TLB�Ö�Ñ�²L§�"EntryHi�k VPNÚ

ASID¶MIPS32/64 CPUz��N��ü�ëY�

VPN�ØÓ�Ôn�§ù�ü��� PFNÚ����

I�©Od¶i� EntryLo0Ú EntryLo1�M�ìü

Õ�½"

EntryHi(ASID)�äkV�I§Ï�§�P4�c¹

Ä� ASID"

EntryHi3 64  CPU¥O�� 64 §�Ó�éØ��

/��^��± 32 ÙÛØC"

PageMask�±^5MïN���u 4 KB����¶

ë�1 6.2.1!"k
 CPU|±����§�3�Öé

�J�"

EntryLo0–1 2–3

PageMask 5

Index 0 ù��û½�A�-�Ö��´=�� TLBL�"

Random 1 ù���Åê�£¢Sþ´��gd$1�Oêì¤� tlbwr

�-^5ò��#� TLBL��\����ÅÀJ� �

�"��U��ÅO��^�£�UvkO�O��Y¤?

n TLBW��±!��m"

Context 4 ù
´Jø�B�M�ì§̂ 5\� TLBWg��

?n"p ´�Ö��§$ �gu�U=��/��

VPN"

ù
M�ì��ÙÛ�±�y§XJé�;ì=�P¹

�73S��B��â\�¿�?1Sü§@o3�g

TLBWg��§ContextÒ¬�¹����N��

AÑ�/�¤I���LP¹���"ë�1 6.2.4!"

XContext�é�L 32 k�/��m�?§u)�g

��¤Ó��ó�¶{ü���r Context�ÙÛ*¿

����/��m´Ø1�§Ï�(J¬�����ê

â(�"k
 64 �^�éu 32 �J[/��mv

k¿�¶�´XJØ
^§64  CPUC�k“�ª ”

SR(UX)Ú SR(KX)§ÏL���±N^,	� TLB

W?n§S¶�L5T?n§SqU^XContext5

|±��ã��E,�±+n��L�ª"

XContext 20
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

ã 6.2: EntryHiÚ PageMaskM�ì�

 �þO���v±éG§¢Sþ§\�lù�M�ì¥éÑ\kõ�

J[�m"XJ\�\� 1 ��� EntryHi(Fill/VPN2) ,�#Ö

£§EntryHi(VPN2)�k� Ò´@
Ö£��� 1� "

VPN2¥�L CPU¢S¦^�p /�7L�\� 0½ö� 1§ÚR�

��pk� ���"ù�u`§��¯Ø%;^/��m�p �� 1§

ÄK�� 0"

XJ\==¦^ 32 ��-8§ù��Ò¬gÄu)§Ï��\ù�ó�

�¤k�M�ì�¹��Ñ´�� 32 ê� 64 kÎÒ*Ð"ù��5§

$13 64 M��þ� 32 ^��±@�M��k 32 � EntryHi(

�"

��5¿�§3 VPN2�±e�kA��^�" ¶¢Sþù
 ¿Ø

´[�ÑØ^�——k
 CPU���±|± 1-KB����§ù«�/

VPN29�A�¶- �eò�ü "

• ASID£/��mI£Î¤µ�~�¹e§ùÜ©3e5��ö�XÚ�c

/��m�I£"É~Ø¬K�T�§¤±WÉ~��§T�é�c$

1�?§5`E,´�(�"

¦^õ�/��m�ö�XÚ¬�oT���c/��m"�´Ï�T�

��?
 EntryHi§̂ tlbr5u� TLBL���ÿØ�Ø�©�%¶T

ö�¬��� EntryHi§�1�7L¡E�(��c ASID��"

• Rµ£64 ��âk¤ù´��/�«�ÀJÎ"\�±��/rT�w

�´ EntryHi(VPN2)��õ ¶�ØL´ 64 MIPSJ[/���p

 "�´XJ\�P� 64 �*Ð�;ìN�£ë�1 2.8!�ã 2.2¤§

�±w�ù
p ÀJäkØÓ�¯����;«�"
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

R� «�¶ {á£ã

0 xuseg ^r���¯�J[�;ì$/�«

1 xsseg +n���¯��m£+n�´�À�¤

2 xkphys Ø%;^���Ôn�;ì£^Ø^p���Ñ�)¤

I�

3 xkseg Ø%��m£�)MIPS32oNã¤

R Ú VPN2�p ¿ØÓ§Ï�§��(�±kØÓ��——däN

¢y½Â� EntryHi(VPN2)�põ� �U��"½ö��"

PageMaskM�ì#N\��TLB�5N�����"PageMask(Mask)

��L TLBL���Ü©§�� 1� ¦�J[/��éA 3�1 TLBL

������Ñ£���A �µØÄ��D4�(J�Ôn/�¤§��u�

�������º�"

vkMIPS CPUU
3 PageMask(Mask)�#N?¿� �ª"�õê

#N����3 4 KBÚ 16 MB�m±o�4O"
24–21 20–17 16–13 ���

0000 0000 0000 4 KB

0000 0000 0011 16 KB

0000 0000 1111 64 KB

0000 0011 1111 256 KB

0000 1111 1111 1 MB

0011 1111 1111 4 MB

1111 1111 1111 16 MB

��k��Pª�MIPS CPU=|± 4-KBÚ 16-MB��§�E^
ù


º��IO?è¶ïÆ\��
uÿ5ww PageMask¥=
�´“��”�"

XJ\� CPUU
|± 1-KB����§3 PageMask�.Ü��kü

��	� §é§����ÌÓ���ª§·�r§3�Öö��öS"

6.2.2 TLBÑÑ�——EntryLo0–1

ã 6.3: EntryLo0–1M�ì�

ã 6.3�Ñ
 EntryLo�MIPS32ÚMIP64��§§�����Xeµ
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

• PFN: ùÜ©´Ú EntryHi(VPN2)�éA�/�=���Ôn/��

p Ü©"T��k�°Ý�ûu\� CPU¤|±�Ôn�;�m��

�"MIPS32 CPU��	Ü��²~��� 232i!���§�´MIPS32

��� EntryLo�±d3�|±õ� 238 i!�Ôn��£26 � PFN

Jø
226 ��¡§z���� 4 KB½ö 212 i!¤"

• C: �� 3 ��§�5´�p�����5�õ?nìXÚ½Â�§̂

5��“p����{”£���“p�����5á5(cache coherence

attribute)” ——k
ÃþrT���“CCA”¤";.�ö�XÚÑ��k


�¡ØI�3õ�p����mgÄ�lCz——®��k�� CPU

¦^��¡§½®���Ö��¡§ù
ØI��õ�'%"'4éù


�¡���p����fÚ�p�±4XÚ�\k�Ç§ù��dö

�XÚ^5P¹�A��§'X`§�±p����´ØI���5+

n£“cacheable noncoherent”¤"

�´ù���3¤Oi\ªA^� CPU¥¦^§ù�^5ÀJp���

ó��ª——~X§IP,�äN���“ß�”ª+n£Ò´`§¤k3

@p?1��ö�ÑÓ���x�Ì�Úp����N�¤"

T�=k�ÊH|±���)§“Ø^p���(uncached)”(2)Ú “�p�

���Ø���5(cacheable noncoherent)”(3)"

• D(dirty): ù� ���#N "� � 1#N�\§0��^T/�=�

��\ö�u)g�"ë�1 14.4.7!é9(dirty)ù�â��)º"

• V(valid): e� 0Ké�T����/��?Û¦^Ñ��É~"�o^

5IP��Ø��¯��£3ý��J[�;XÚþ¤§�oÒ´IP�

é/�=���� EntryLoÜ©�Ø��¯"

• G(global): � TLBL��G � �§TLB�ò==3VPN�þ��§

Ø+ TLB�� ASID�´Ä�� EntryHi¥��"ù�Jø
�«k

��Å�5¢y¤k?§���/��mÜ©"5¿¦+kü�EntryLo

M�ì§3 TLBêâ�¥%�k�  G µXJ\� EntryLo0(G)Ú

EntryLo1(G)ØÓ§@Ò¬�¯"

• �� 0��Ú�^� PFN : ù
�o´�£"§�´ÚNõ�3�Ø

Ó§�\��ÿØ�½��\"£Ø+�\�o�Ñv^¤"ù�:é

�¶¿�X3W TLB�S�73�^5�) EntryLo�êâ�±3ù


��¹�
d^�gC)º�êâ§TLBM��Ñù
�§Ø^L¤

�B� CPU±Ï�¶-§"
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

6.2.3 ÀJ TLB�L�——Index!RandomÚWiredM�

ì

IndexM�ì^5]À��äN� TLBL�——��l"���L��

oê~�"�\k¿��Ö���äNêâ���ÿ§I��� Index§�\^

tlbp^^�|¢�� TLBL�� Index�¬gÄ��"

Index�$ ��TLB�¢Ú"2ùØI�éõ §Ï��vkMIPS CPU

k�L 128�� TLB"�p £  31¤kAÏ¿Â§�uÿ�Ué������

ÿd tlbp� "  31À�Ð——Ï�ù�wå5�K�§éN´ÿÁ"

Random��� TLB���¢Ú§CPUz�1�^�-ÒOê�g£�

e4~Oê§XJù:é\��{¤"T���êâ��- tlbwr¿�� TLB

�¢Ú§3I��^#� TLB���ÿ§�Ï¢y�ÅO�üÑ"

�~¦^�§\[�Ø7Ö�RandomM�ì"M�3E �rRandom

�������——TLBL���p?Ò§z��¨±Ï4~Oê§4~��

���q£7����§Xd±E©"

TLB¥l 0m©�þ§�´¢Ú�ue���L�ØÉ�ÅO��K�§

ö�XÚ�±òù
ø^u[È=�/��——3MIPS OS�©�¥¡�B

#�(wired)"WiredM�ì#N\�½e��Ï�±û½B#�=���

ê"�\�\WiredM�ì�§RandomM�ì�E � TLB�ºÜ"

6.2.4 �L��9ÏM�ì—— ContextÚ XContext

�Ï� TLB¥Ø�3/�=��� CPUu)É~�§�U=��J[

/�®²3 BadVAddr
"�?/���N3 EntryHi(VPN2)¥§3@p

�ý�����§T�TÐÒ´�=�Ñ¯/�Mï#�êâ�¤I���"

�´�
?�Ú\�éù�É~�?n§Context½öXContextM�ì

^�������ÄuS���L�����ªé�?/�#��"

MIPS32 CPU�k�� ContextM�ì§U
�Ï 32 J[/��m�

TLBWL§¶MIPS64 CPUO\
XContextM�ì§�¦^���/��

m£�� 40 ¤��^�"

ù
M�ì£�)MIP32ÚMIP64��¤Xã 6.4¤«"

5¿� XContext´����� MIPS64½Â¥vk(�½ÂSÜ��

>.�M�ìµXContext(BadVPN2)�3|±�L 40 J[/��m�

CPUþgÄO�§¿�òRÚ PTEBase���í££��yU��e§Ò�

gÄ ��ö¤"

1 6.2.1!£ã
ã 6.2§¿)º
N�éÑ\� CPU^
õ� "���

Xeµ

2�P� R2000oN� CPU�M�ìÙÛ�dØÓ§́ l1 8 m©�"\Ø��U2-��

�ù«P�Â"
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6.2. TLB/MMUM�ì 1 6Ù .�S�+n� TLB

ã 6.4: MIPS32ÚMIPS64� ContextM�ì��

• Context(PTEBase): T��´��\�?���"�
U
¿©Uì�O

ö¿ã|^M�ì§�\��73S��L�å©/��£·�éà�¤

p "Tå©/�7LÀ�31 22 9±e�"——= 8-MB�>."�

,3Ôn�;ì½öØ�N���;ì¥Jøéà¬4oN�Çü$§Ù

8�´ù�LATU�3 kseg2N��/�«"äNN�ó��e"

• Context(BadVPN2)/XContext(BadVPN2): 3 TLB�'�É~��§T

?���/�§�ÐÒ´ BadVAddr�p "

��o¶i¥k� 2Qº�P�§3 MIPS32/64 TLB¥§z�N��é

���J[/��¡�ü�Õá�Ôn�¡"

BadVPN2��l  4m©§ù��±ýkO�����§����Ä�

3 PTEBase¥§z�Ó 16i!�LpÞ"XJö�XÚéù�L?1

�o§¦���äN�J[�/�Û¹�¯�L��¹�êâTÐÒ´M

ïT�/�=�� TLBL�¤���(� EntryLo0–1êâ§@o TLB

�·¥É~?n§S���ó�Ò�±ü���¶3 6.5!Ò�±w�ù

�:"XJ\�´=� 32 �/��ØI�3�L¥���õ�^�

;^�G� §@o�±^l�i!��L�"ù��¤� Linux��o

Ø±þã�ª¦^ ContextM�ì��Ï��"XJ\� CPU�±?n

�L 40 �^rJ[/��m§XContext(BadVPN2)��U'ã 6.4

¥¤«���"ù�§RÚ PTEBase�Ø ±BCÑ�m"

• XContext(PTEBase): 64  /�«���LÄ�éà�¦¤k$u

XContext(PTBase) � Ñ�"§Ò´`�éà� 8GB �>."ù

��¦få5éL©§�´Ä��MIPS64�;ìN��5Òk��¿©

��!N��!SØ;^�«�£“xkseg”¤"

• XContext(R): TLB�·¥�±5g CPU�;ìN��?Û«�§Ø=�

u^r�m"¤k�«� u�� 64- �m�e§�´���u�Ce

�Ü/��I¦£\�U��ë� 2.8!ã 2.2¤"�^� 64 J[/��

m�©�o�“xk...”ã§3z�ã¥�±¦^ 62 ãS/�"

Xùp¤«§�·¥�/������üÕ� 40 �«S�/�£BadVPN2¤
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6.3. TLB/MMU����- 1 6Ù .�S�+n� TLB

Ú�� 2  �N�«�ÀJÎ XContext(R)§ù�==´�
!�

XContext��m"ÀJÎ½ÂXeµ

R� «�¶ {á£ã

0 xuseg J[�;�m.Ü^r���¯��m

1 xsseg +n���¯��m£+n���À�¤

2 xkphys éAuØ�/��N�£/�=�¤�ã§�^

3 xkseg Ø%�N���m£�)P� kseg2¤

5¿�¿�¤k�ö�XÚÑ��Ð���@�¦^Context/XContext

——AO���J�´§Linuxvkù��"·�±�?ØÙ�Ï"

6.3 TLB/MMU����-

�-µ

tlbr # read TLB entry at index

tlbwi # write TLB entry at index

3 IndexM�ìÀJ� TLBL�Ú EntryHiÚ EntryLo0–1M�ì�mD

xMMUêâ"

\Ø¬²~/Ö� TLBL�¶�(¢ù����ÿ§P4\®²�


EntryHi(ASID)�§T�A�dö�XÚ�o^5ÀJ�c?§�/��

m"¤±��r�5���£�"

�-µ

tlbwr # write TLB entry selected by Random

r EntryHi£�,�)Ù ASID�¤!EnbtryLo±9 PageMask�SN��

�dRandomM�ì¢Ú� TLBL�¥�——XJ\æ^�ÅO�üÑ@o

ù�¬!��m"¢�¥§3 TLBWÉ~?n§Sp¦^ tlbwr5�\#�

TLBL�§�´3Ù§/�Ñ¦^ tlbwi"
�-µ

tlbp # TLB lookup

|¢J[�Ò9 ASID ��c EntryHi ¥������ TLB �§¿rT�

�¢Ú��� Index M�ì"evké���K Index M�ì�1 31  �

 ——ù�wþ���K�§Ï´uuÿ"

XJõu����u)��§K�UÑ?Û(J"ù´��ØTu)�î

�Øµ̂ �A�4�c[/�OL§�yýéØ¬é?Û/�SC1�g/�

=�"

5¿ tlbp¿Ø�� TLB�êâ¶XJI��{§��2$1�^ tlbr�

-"
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6.4. TLB?§ 1 6Ù .�S�+n� TLB

3�õê CPUþ§TLBSÜ´6Y��ù�/�=��±p�?1"�þ

¡ù��+n/�äö��UÃ{·AIO�6Y�6§§¤±XJ3 TLB�

o�-���¯Ò$1¦^=�/���-Ò�U¬Ñy�x"ë�1 3.4!'

u CP0�x�SN§�´�
;�J±?n�e��/§Ï~^3 kseg0�a

��=�«��1�^�?1 TLB�o"

6.4 TLB?§

é TLBL����´ù��µ�\ EntryHiÚ EntryLo¥7���§,

�^�^ tlbwr½ö tlbwi�-Dx�·�� TLBL�"

�?n TLBWÉ~�§\¬uyEntryHiM�ì®²dÉ~��Ð
"

�AO�%Ø�)¤ÚÓ�§S/�/ASIDé����ü� TLBL�"X

J TLB�¹E�êâ�§�ù���/�?1=�½uÿ�§k�� CPU

�¡�d3�U"k
 CPU3ù«�¹eÏL'4 TLB5�1g·�o§d

� SR(TS)� "d� TLBòÊ���§���gM�E âU¡E"

XÚ^�~~��ØI�Ö� TLB�"�´XJ\I�Ö�§\�±^

tlbp5�éÚ,�äN§S/����� TLB�5�� IndexM�ì"Ø�

#P�� EntryHi¿3¯�¡E——EnbtryHi(ASID)��Ué�"

^�^ tlbr�-r TLB�êâ�Ö\� EntryHiÚ EntryLo0–1"

3 CPU ©�¥¬w�k
/�J�üÕ�“ITLB”Ú“DTLB”£k�Ú

¡“uTLB” ——“u”�L“micro”¤(�"ù� micro-TLBé�-Úêâ©O?

1/�=�¶́ �����M�+n�/�=��p���§Ùö�é^���

ß²——3\éÌ TLB�\����ÿÒ¬gÄ�¢"

6.4.1 W´N�u)�º

�§S�¯���?1/�=��/�«�£Ï~´�o�OSe�A^§

S� kusegÚØ%A�?N�e� kseg2¤§uyvk/�=�P¹�§CPU

Ò¬�)�� TLBWÉ~"

TLB�UN���ÑÖì½öó�Õ�Ôn�;ì����Ü©"�.ö

�XÚI��oU
NB�þ�/�=��73S���L§̂ TLB���C

^L�/�=��p���"�
Jp�Ç§Ï~r�L|�¤�
���^

� TLBêâ�|¤�ê|¶�
?�ÚJp�Ç§\�±r�L� �Ú(�

���^ Context½ö XContextM�ìÒ�±�������LSÜ��

�"

Q, MIPSXÚÏ~3Ø²/�=�� kseg0«�$1ö�XÚ�è§~

����·¥�/Ñ´^rA�?§S�"�
\Éù«~���¹e~?n§

Jø
eZM�A5"Äk§ù
WÉ~��Ú���ØU^uO�É~3�

33�Ð�MIPSNX(�þ§ù´����PkgC�\�:�¯�"
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6.4. TLB?§ 1 6Ù .�S�+n� TLB

S�$/�«"Ùg§̂ 
�X�E|#N73S���L�½ 3Ø%�J

[�;«£ kseg2«�½Ù 64 �éA¤ù�éu�L�¥N�?§/��m

¥�“�É” �@
Ü©ÒØI�Ôn�;�m
"

��§ContextÚXContextM�ì�±��l73S���L�¯�(

�/�=�êâ�"

·�ò31 6.5!�ÚÚc[5wù�L§"�´3·�?�Ú0��c§

A�5¿�¦^ù
A5¿Ø´r��"3�.XÚþ§TLB�±^���l

§S£J[¤/��Ôn/���½�½é�Cz�=�¶3ù«�¹§TLB$

�ÑØI���p���"

$�,
� MIPS ¢y��.J[�;�ö�XÚ�vk^“IO”��

L——AO���J�´ Linux"ù«�{k� LinuxSØ¦^�;ì�° §

Ï� LinuxSØ/�N�é¤k?§Ñ´���"ë�1 14.4.8ww´No�

�"

6.4.2 ¦^ ASID

ÏLé TLBLêâ�����äN� ASID§¿ò EntryLo0–1(G) �

"§Ò�±4ù
��3 CPU EntryHi(ASID)M�ì��� TLB���ÿ

â^"EntryHi(ASID)´� 8 ��§#NÓ�N��õ� 256�ØÓ�/�

�mØ^3?§����Ø TLB"XJ\(¢^1
 ASID§\7L]À��

�±�.òÙDÑ TLB�?§"��\¿ï
§�¤kN�§\Ò�±Â£Ù

ASID�¿#^uÙ§�?§"

6.4.3 RandomM�ìÚWiredM�ì

M�¿vk�\JøéÑ=� TLB��C^��õ��{"r TLB��

p���¦^§3I�SC��#�N���ÿ§��y¢��{Ò´�ÅÀJ

��?1O�"CPUÏL�o���Xz�?nì±Ï4~Oê� Random

M�ì5{z¢y"

�ÅO�få5Ð��Ç¬$��ù¶(J�Ur�C^��ª��é

¯q�^��/�=�êâO�Ñ�"¢Sþ§�kÜnêþ��U�ã+¬

øÀJ�§ù«y�¿Ø¬õ�¬ý�Úå¯K"

�´§XJU
�yk�
Ø�²(�¦�ØÄK~7 TLB�L�§@o

´�~k^�"ù3N�®�¬²~^�����Uk^?§�´ý���

´3uU4\�yN��,
�¡Ø¬)¤WÉ~"

½� TLB��¡�B#(wired)�µ§�´¢Ú$u?§?WiredM�

ì��� TLB�"TLBg�¿Øéù
��AÏ?n§c©3u RandomM

�ì¥§§��l5Ø¬á\ 0� wired-1���¶§4~Oê§�´�
 wired

���ÿÒ��£����"¤±~5��ÅO��3 TLB� 0� wired-1�

124



6.5. éM�lÐ��LÚWÅ� 1 6Ù .�S�+n� TLB

ØC§�@p�\�êâ������²(íØ��"

6.5 éM�lÐ��LÚWÅ�

k��AÏ�/�=�Å�§ÎÃ¦¯´ MIPS NX(��Oö%¥�

Unix�a�ö�XÚ¥�^r/��3�"ù«�{�6u�z�/��m3

S��ï���L"�LÒ´^ VPN�¢Ú��5ê|§Ùz�êâ���ª

Ú EntryLoM�ì� ���"TLB=���zé/�I� 2 × 64 �êâ

�§z� 16i!"

ù�~�
3'��WÉ~?n§Sþ�Kú%�5
O�¯K"Ï�

z 8 KB�^r/��mÓ^ 16i!�L�m§�� 2G�^r�mI� 4-MB

�L§ù´�¬��-<���êâ¬"4 �,
�õê^r/��m�k.

Ü£�èÚêâ¤ÚºÜ£�eO��æÒ¤Wkêâ§¥mk��ã���

Y"MIPSæ^�)û�YÉ� DEC� VAXNX(��éu§Ò´r�Lg�

��\Ø%N��J[�;/�«�£kseg2½ö xkseg¤"ù�ZÀ|á/�e

f)û
ü�¯Kµ

• !�
ÔnS�µÏ�l5Ø¬Ú^3�L¥m�^��Y§¢SþØI
��ù
�©�ÔnS�"

• Jø
�«{ü´1�Å�§�±3��þe©��ÿ#N���#�
^r�L§Ø^3ö�XÚ¥�géÑv
N�¤k�L�J[/�"

����´§éz��ØÓ�/��mk��ØÓ�SØ�;ìN�§

�\?U ASID���§���L� kseg2��y3gÄ#N���(

��L"ù{�Ò�´CZ{q�"

MIPSNX(�|±ù« Context£64  CPU¥�*Ð/�� XCon-

text¤/ª��5�L"

XJ\4�L3 4-MB>.�/�m©£Ï�3J[�;ì¥§?Û�YÑ

Ø¬Ó^Ôn�;ì�m¤§¿ò Context� PTEBase�����Lå©/

��p §@o§3^rWÉ~��§ContextM�ìÒ¬gÄ�¹WI

��êâ��/�§ØI��?�Ú�O�"

�y3���Ðµ�´ù«�Yk�����·��5Ì���UµTLB

WÉ~?n§SgC�U��,�� TLBWÉ~§Ï��L� kseg2N�

¿Ø u TLB¥"�´ù�¯K��±?�"

XJu)
��i@� TLBÉ~§u)� CPU®²?uÉ~�ª
"3

MIPS CPU¥§É~�ª¥� TLBW�½ �Ï^É~\�:§3@p�u

ÿ¿�AÏ?n"

4�,ù´éu 32 J[/��m��/¶æ^��/��m� 64  CPUI����L"
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6.5. éM�lÐ��LÚWÅ� 1 6Ù .�S�+n� TLB

d	§5gÉ~�ª�É~1��'�Û%µ§¿ØUC#m©�/�

EPC§ù��“S�”É~�£�§Ò���£��É~� TLB�·¥� �"

wå5Ð�´M�m©?n��É~§,�UC
Ì¿�?n,��µ�´1

��É~Ø2´i@�§§tö
1��É~"·�w��~f5
)ù´N

�ó��"

6.5.1 TLB�·¥?n

TLB�·¥É~?no´^��;^�\�:§Ø� CPU®²3?n�

�É~
——Ò´`§Ø� SR(EXL)� "

e¡´3 MIPS32 CPU£½ö?n 32 /��m=�� MIPS64 CPU¤

þ?n TLB�·¥É~��èµ

.set noreorder

.set noat

TLBmiss32:

mfc0 k1, C0_CONTEXT # (1)

lw k0, 0(k1) # (2)

lw k1, 8(k1) # (3)

mtc0 k0, C0_ENTRYLO0 # (4)

mtc0 k1, C0_ENTRYLO1 # (5)

ehb # (6)

tlbwr # (7)

eret # (8)

.set at

.set reorder

e¡´é�è�Å1©Ûµ

(1) k0–1Ï^M�ìUì�½´�.�É~?n§S�3�§·���¦^Ò

Ð
"

(2–5) 3z�� TLBêâ�£\�N��£Þw�úã 6.1¥� TLBêâ�

«¿ã¤¥k�éÔn�£EntryLo¤�£ã"ã 6.4¥¤«�MIPS32/64

ContextM�ì�ÙÛ�z�éêâ�£z�Ôn�l�i!��m¤ý

3
 16i!§¦+MIPS32� EntryLo0–1´ 32 �M�ì"ù´�


� 64 �LoN§Ó�3�L¥���=d^�¦^�&EJø�
D

Õ��"

3ùp�O¦^ lw/mtc0S�U
!��mµXJ\Ò3;��e�^�

-¦^\1�êâ§é��MIPS CPUU
ØÊî���er"

XJ kseg2/��=�Ø3�L¥§ù
\1ÒN´;Éi@� TLB�

·¥É~"·��¡2!ù�¯K"
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6.5. éM�lÐ��LÚWÅ� 1 6Ù .�S�+n� TLB

(6) 3l EntryLo1���(�êâ�c^ tlbwr�\êâ�Ø´�oÐ¯"

MIPS32NX(�¿ØU�y;�T�-�ÒUO�Ðêâ§�´XJ�

-�m^�^ ehb (execuation hazard barrier)�-�m�{§Ò�(U


�y�-S��S�5——ë�1 3.4!'u�x�o��õ&E"

(7) T1�ÅO���=�é§Xþ?Ø�"

(8) MIP32£�kMIPS I���¤kMIPS CPU¤Ñk�^ eret�-§lÉ

~�£� EPC¥�/�¿��Ø SR(EXL)"

@o�\��,�� TLB�·¥�¬u)�oº5glÉ~?��·¥Ø

N^p��?n§S´?\Ï^�É~\�:"·�®²?uÉ~�ª
§¤

±·�ØI�?UÉ~�£M�ì EPC"

Cause M�ìÚ/�É~M�ì£BadVAddr!EntryHi $���)

ContextÚXContext¤ò� kseg2¥��L/�þ� TLB�·¥k'"�´

EPC�,��Úå�Ð� TLB�·¥��-"

É~?n§Sò¬?nÐ kseg2�L�·¥£��´��Ü{�/�¤§Ï

^É~?n§Sò�£�^r§S"�,
§éu�k��^r�m TLB�¥

�^r/��=�§·���oÑvk�§¤±á�q¬u) TLB�·¥"�

´1�gu)�§�L=��^
§̂ r��·¥?n§SÒ¬^|�¤"¤

��

6.5.2 XTLB�·¥?n§S

MIPS64 CPUkü�AÏ�\�:"��——�MIPS32���——�æ

^ 32 /��m�?§?1/�=�¶�k��\�:Jø�IP�I� 64

 ��âU^����/��m�§S"

G�M�ìkn��§SR(UX)!SR(SX)!SR(KX)§�â/�=��}

��� CPUA�?ÀJ¦^=�É~?n§S"5

��'�G� £^r�ª� SR(UX) ¤� �§TLB�·¥É~æ^

��ØÓ��þ§@pATk��#\1ã�/��m=�L�~§"?n§

S�è£Pk 64 /��m� CPUþ� XTLB�·¥?n§S¤wþ�é�

32 ���§Ø
M�ì� 64 °Ú^XContextM�ì��
 Contextµ

.set noreorder

.set noat

TLBmissR4K:

dmfc0 k1, C0_XCONTEXT

ld k0, 0(k1)

5SR(UX) éu^r§S�Ý\�4Ù¤�,«“64 �ª”¶��"��ÿ§̂ r§SØU¦

^ 64 �ê�-"�´ SR(SX,KX)==^5ÀJ TLBW~§"
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6.6. MIPS TLB�F~¦^ 1 6Ù .�S�+n� TLB

ld k1, 8(k1)

dmtc0 k0, C0_ENTRYLO0

dmtc0 k1, C0_ENTRYLO1

ehb

tlbwr

eret

.set at

.set reorder

5¿§(JSØJ[�;ì¥��L(����'ù�§ÎÃ¦¯ò?uã

�� xkseg«�"

·A�2gJ2\§ù�XÚØ´r��§̄ ¢þ¿vk� Linux�MIPS

��£ù´�MIPSA^§S�O�?1/�=��ö�XÚ¥��61�¤¤

æ^"ù´ LinuxSØ�O¥������0���OÀJÒ´SØgC��

èÚêâØÏ?§��#N�§ù�:TÐq´ùpù� kseg2/xksegE

|¤7I�"ë�1 14.4.8!0���{"

6.6 MIPS TLB�F~¦^

XJ\^�´� Linux@���õUö�XÚ§Ï�XÚ3\���¦^

TLB§\gCé�¬5¿�"XJ´����{ü�ö�XÚ½ö$1�XÚ§

\�N¬��¬Ø¬^�� TLB"Ï�MIPS TLBJø
��Ï^�/�=�

ÑÖ§¤±�±kõ«�ª4\|^§"

TLBÅ�#N\l?¿N�/��?¿Ôn/�£±��ü ¤?1/�

=�§Ï�±r§S�m�/�#½ �\�Åì�/�N�¥�?¿ 

�"XJ\�/�N�I¦Ø�§TLBU
NB\I��¤k/�=�§@�

Òvk7�|± TLBWÉ~½üÕ�73S���L"

TLB�#N\½Â,
/���½ö[ÈØ�^§ù�éù
 ���¯

Ò¬����É~5$1ö�XÚ�,
ÑÖ~§"ÏL^ÊÏ^rA�?�

§S§\�±��,
^��U�¯\�§�½�/�§ÏL3=�êâ�¥¦

^/��m ASID§\�±k�+nõ�p�Ø��¯�^r§S"\��±é

S���Ü©?1��o"

ù�aA^´Ã¡�§ùp�Ñ���L5L²�«A^���µ

• �¯ØBu���Ôn/�«�µMIPS�M�M�ì uÔn/���

0–512 MB��B§@p\�±^�� kseg1«���A��"�´3M�

Ã{ uù�«��/�§\�±rp Ôn�;«�?¿�¡N���

��B�N�«�§'X kseg2"éT TLB=��I�A���Ø^p�

��?1�¯§d��§S��ÿÒ��¯�B� ���"
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6.7. �{ü�ö�XÚ¥�S�+n 1 6Ù .�S�+n� TLB

• É~~§�S�]µb½\�3Ø^�3M�ì k0/k1��þe©�

�¹e$1��É~?n§S"XJ�ù��§Ò¬��æ�§Ï��~

�¹e§XJØCX����M�ì�{§MIPS CPUÒvk/��±�

�?ÛM�ì"

\�±^ zero M�ì��Ä�§XJ^�� £þ§ù
/�Ò u

kuseg«��c 32 KB§XJ´K� £þÒ u kseg2�� 32 KB"v

k TLBù
/�=�Ñ�Ø
"k
 TLBÒ�±rT«����½õ�

�N���Ö���;ì§,�|^ zero�Ä���;�-5��þe

©¿é\�É~?n§SJø;:�Ï"

• �-VMXÚ¥�*Ð�æÚÒµ=¦\vk^�½öØ�|±����¦

I�§�U
3k����¹eUìI�Ä�O�A^§S�æÚÒ"3

ù«�¹e§\I� TLB5N�æ/Ò�/�§\�^ TLB�·¥¯�5

û½´Ä©��õ�S�½ö(½T§S´Ä��
��"

• �ýM�µXLk�M�k�3§k�qØ3§@oÏLN��«��¯
M�ì�±3�(SC
M��XÚ¥��ë�M�§3Ù§�¹eN^

^�?n§S"

o���g�Ò3u§TLBÏ�Ù�·Ü�.ö�XÚ�5�äk�


°|��O§ù
�Oéu§S
óÒ¤
���±��¦^�Ï^]"

6.7 �{ü�ö�XÚ¥�S�+n

���S¡±	�XÚ�O�ö�XÚÏ~��¢�ö�XÚ£RTOS¤§

/^
���5��¢�k'�ÀÜ�â�"6 �Ù1�Ü©�Ñ�aq Unix

�XÚPk���ö�XÚ�Uä����ÀÜ§�´Nõ RTOSK�{ü�

õ"

\�U-���
ö�XÚ�¬�)ºàúi� VxWorks!Express Logic

�Thread/X±9Mentor£3Â	
Accelerated Technology��¤�Nucleus"

ùA�ÑJø3ü�/��m$1õ�§�Uå"vk?Ö�m��o——b

½$13þ¡�^��´ü�;�8¤�A^§S"3Nõ�/¥§OS$1�

�mý�é�§øAû�Ì�°å�3
�muöJø�ï!NÁÚ¿Ûóä

þ"

éNõØÓ«a�i\ªXÚ§¦^��� Linuxù���E,�ö�X

Ú´Ä��§8cÿ�/¤��w{"Ð?´\ò������´L�?§�

¸!38¤XÚ�4kd��?Ö�?Öm��o§±9�U�\�ß���"

��s¤�	��;ìÚ CPUO�Uå§Ó����
é�m���§±��
6ý��“¢�”�9���mÏ�k'�?§§�~k¿g�ékJÝ§�´¿�Ì6�J¦"
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6.7. �{ü�ö�XÚ¥�S�+n 1 6Ù .�S�+n� TLB

���\�U�XÚíº>ÀÅºÝ!DVDÂ�Å![Ì�ä´dì�Eûú

�¦^ Linux��µ,�
XÚ£E,ÝØ��kõ���O¤�,S.u¦^

{ü�ö�XÚ"

�,
 Linux´m�è�"k�ÿvkÇ�¤��Ò´`³¶�N��

�´§XJduö�XÚ�"�4\�XÚÃ{$�§m�è¿�X\�±

gC?�"�§½ösa�;[�Ï\)û——êþÒ�±��"e¡ùé{

få5Ð�k
g�gñµ��û��ö�XÚ�¤õ§�3ÜnÏ�Sé<?

E"���(J"

�´Ò8c5ù§����muö§A�?Û�¹Ñk�U�¡é"�\Á

ãtÃ��#��;ì+nXÚ�§Äk���´§t²x�;ìN�§�)¥

y�A^^��J[N�Ú¥y�XÚ�ÔnN�"�´æ^
üX�J[/

�N�â¦� Unix��;ì+n£ãå5�é{ü"�´½ ui\ªA^�

ö�XÚÏ~åuvk�;ì+nõU�M�§Ù?§��;ìN�~~Y

,k�
vkN��/�Ûõ3Ù¥"̂ Y)!�Ü�kF%ÒØJt²x"
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1 7Ù 2:|±

1987c§MIPS FPU�ï�å�ó�Õþ��?nìêÆ5U�á
#�

p§"� CPUÄ�þ�´{ü���¢yÌ��6uÄ��NX(�5¼�

5UØÓ§FPU´��¿÷
M#Ú�¦�DÛª�7��N�O"

�5§MIPS FPUÉ� SGIé�Ý�áu�?O�Å��3/�êÆ5U

�I��´J,"2:O�3i\ªXÚ¥�¦^O�����ú¶�´é

u2:I¦�oª³´3M�E,5�^�{ü5Ú´�o5�m?1�ï§

ù�²;��ï(J£�X�m¤�¬�����uÐ"k�U§¤k“Ì6A

^”�?nìÑ¬lØm2:õU"

7.1 k'2:ê�Ä�Vg

2:êÆ�kNõ �5"\�Né§�Vg�~�Ù§�é[!�UÒ

�

"�!0��e2:êâ���|¤Ü©±9�g�L�¿Â"ù��

·��Uù
éõ\®²����£¶�aL�!�´�3¿�©"

?n�~�½ö�~��ê�<S.uæ^�ê/�ÆPê{¶~X§l/

¥����ål�

93× 106 =p

ù�ä�½Â����ê(mantissa) 93Ú���ê(exponent) 6"

Ó��ål��±��µ

9.3× 107 =p

ê�©Û<
�U�^1�«/ª¶���?���êÚ��0u 1.0Ú

9.999. . . �m��ê§¡�5�z"1 5�z�/ªéuO�ÅL«�k^§Ï

�·�ØI��	�&EP¹�ê:� �"

O�Å���2:ê´�ê/ª�§�´± 2�.Ø´± 10�."�ê

Ú�êÑ´�?��"==r�êÜ©�¤ 2��§þ¡Ú^�ål�±��µ

1.38580799102783203125× 226 =p

13ù«/ª¥§�ê���“�êÜ©”½ö“�ê” ——�,ù��N´PÁ"
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7.2. IEEE 754IO9Ù{¤�µ 1 7Ù 2:|±

�ê�±L�����?��ê§Ò��?���¶'Xµ

1.38580799102783203125 = 1 + 3× 1
10

+ 8× 1
100

+ 5× 1
1000

+ . . .

Ò�u�?���µ

1.0110001010001000101 = 1 + 0× 1
2

+ 1× 1
4

+ 1× 1
8

+ . . .

�´�êÚ�êÑØ´�ù�±IO/ª�;�——�n)��où�§k7

�k£��e{¤"

7.2 IEEE 754IO9Ù{¤�µ

Ï�2:?n�´ê�CqL«£Ò��ê��¤§L��O�Å¢yéu

?n�~�½é��ê�1��3[!þ�Ø�Ó"ùÒ¿�X§ê�O�~

§§=¦�è����§Ù1�3ØÓO�Åþ�Uk�O"3,«¿Âe§ù


�OØATk�o¯Kµ3vk=�¢yU
�)��ý�“�(”��Y�

�/e§�U��ØÓ��Y"

¦^O�ì�wÑdd���ù«N<�y�µXJO����ê�²

��§,�2²�§é�U
���5��ê§´�kéõ 9�(J"

ê�O�~§��þJ±?�§�J±y²Ù�(5"éõ�þ¦^�

¼ê£'X~��n�¼ê¤Ò´ÏLE�%CO��"ù��~§�U3�

« CPUþ��/Âñ��(�(J§�´��� CPUé,�J����UÒ

¬�\kÌ�"

ANSI/IEEE 754IO——1985 IEEE Standard for Binary Floating Point

Arithmetic£Ï~{¡� IEEE 754¤——Ñ�Ò´�
)ûù«·ÏG¹�"

TIO°(½Â
��aÄ�ö�A��)�(J§�)34à^�e�(J§

�y§S
Ø+^�oÅì§��´Ó��Ñ\ÒU
��Ó��(J"¤^

��{Ò´lz�«|±�êâ�ª¥¼�¦�Up�°Ý"

�N IEEE 754�À��õ
§��éudc�·bG�´��ã��?

Ú¶gl 1985c¤�ý��ISIO±5§IEEE 754®²¤
¤k#¢y�Ä

:"

IEEE 7545½�ö��) MIPS CPUM��±�1��Ü2:ö�§�

�\þ�
7Ld^��ý�ö�"IEEE 7545½
e��ö�µ

• (J��\Ú°Ýµ=¦{ü$��(J�k�UÃ{^k��êL«¶
~X�?�êµ

1
3

= 0.33333 . . .

=Ã�Ì�§Ã{°(�Ñ"IEEE 754#N^rko«À�µ�þ�\!

�e�\!�"�\½ö�C�\"�\�(JÒ´��u±Ã�°ÝO
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���2�\"�Ã�°Ý�(JTÐ0uü��L«�/ª¥m�§�

C�\¬���Â5¶Uì5½ù«�¹ATÀJ�$k� �"��"

• �o�ÿ��(J�w�´É~�ºIEEE 754gC½Â
É~ù�c"�

±�)É~�O�(J�)µ

- Ã¿Â§'X¦ -1�²��£“Ã�(invalid)”¤

- “Ã�”§��½m�Ø±"���(J

- ��Ã{L«£“þÄ”¤

- ����L«¬Ô�°Ý£“eÄ”¤

- Ã{°(L«§'X 1
3 £“Ø°(”¤——Ø7`§éu�õê8�5

`§Ñ�±�É��C�Cq�

¤kù
Ü3�å§Ú¡�É~�(J"

• ���ö��)É~(J�¤æ��Ä�µéuþ¡�Ñ�z�É~(J
a§̂ r�±3±eA«�ª¥ÀJµ

- ^r�±4O�¥ä§4§S±,«�6uö�XÚ½ö?§�ó�

�ªuÑ&Ò"Ü©´duTIO¿vké^rÉ~½Â�«�äN

�ó��½§ù«�ªA�l5vk^L"�
 FORTRAN?ÈX

Úéù«�¹�)�·�½Ã¡��(J"

- ��~��´§̂ r§S¿Ø��� IEEE 754É~"3ù«�¹e§

TIO5½AT�)=��"þÄÚØ±"�)Ã¡�£©��KÃ

¡�¤¶Ã��ö��)ü«º���ê NaN (not a number)§©O

¡�“%N£quiet¤”ªÚ“²-£signaling¤”ª"��é��ê�)�

�“�5�z”�L«§°ÝÅìü$�����""

TIOÓ�½Â
éÉ~�?1ö��(J"Ã¡�Ú NaN�½�

)?�Ú�Ã¡�Ú NaN§�´��%Nª NaN��ö�êØ¬>

uÉ~�wÅ�§��²-ª NaN^�O��¬��#�É~"

�õê§SØ^ IEEE 754�É~�w§´�6uXÚ�)�(�É~

�"

7.3 IEEE2:ê��;�ª

IEEEí�
3A�ØÓ��þ?è2:ê�ØÓ�?��ª"�Ñk�


�Ó�°|�A5§ù
A5´Äudc·b�c�p¢y<
�²��þ

�"2

2IEEE 754´�½ûÐIO�L§���;�¶����m��ã·b�¢�Ï�±4<�é

ÑÐ��{?�ÚuÐ§,�d�
éuEâk��n)¿�¿�j½�^r£d?=ê�O��
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1��¯´�ê¿vk±kÎÒ��?�ê�/ª��§´æ^ 

�(biased) �ª§ù��5�ê�[���µ�ê�� 1�L���£Kê¤Ü

{��ê�¶éu 64  IEEE�ª§�ê�� 11 ��Ý§�±NBl 0�

2047��"�ê� 0Ú 2047£� 1��¤�3^uAÏ8�£·��¬�¬ù

�¤§¤±·��±L«��ê��Ò´l -1022� 1023"

éuêµ

�ê× 2�ê

·�3�ê�¢S�;��´

�ê+ 1023

 ��ê£�kc[Sü����gS¤¬�)k^��J§�y2:'

�£��!�u!�u�¤Úü�dÓ�� �¤��ÎÒ��ê'����(

J�Ó"��2:'�Ò�±ÏLíd!̄ �ÚÙG�Ü6Jø"

7.3.1 IEEE�êÚ5�z

IEEE�ª¦^��Ú�ê©m�ÎÒ £0�L�Ò§1�LKÒ¤"¤±

�;��ê��L«�êÒ1
"¤k IEEE�ª·�L«�êÑ´5�z�§

=µ

1 ≤�ê < 2

ù¿�X�ê��pk� £3�ê:c�@� ¤[�� 1§¤±·�¢Sþ

ØI��;§"IEEEIO¡��Ûõ "

¤±y3ê 93 000 0005�z�L«��?��ê�1.01100010110001000101§

�?��ê� 26§̂ IEEE 64 �ªL«��ù
�µ

�ê� = 01100010110001000101000 . . .

�ê� = 1049 = 10000011001

l,	���Ýw5§�k�ê�Ú EÚ�ê�m� 64  IEEEêL«�

� f , Ù¥µ

f = 1.m× 2E−1023

£���É 1.m�L�?���ê§�ê:c¡� 1§�¡´�ê��SN¤"

?§<
¤�¤��.�
¬\±IOz",§IO�
¬���)��¸§�NïÄå5ék¿

g§% l
ù�;�"
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7.3.2 �AÏ�¦^�3��ê�

�ê���Ú����^5L«�{�êþ"

E == 0^5�L"£�ê��"¤Údu��ØU^IO/ªL«æ

^�5�z�/ªL«�ê"E�"!�ê� m��5�zêL« f§Ù¥µ

f = 0.m× 2−1022

�X�5�z�êC�§°Ý¬ÅìÔ�"8c��)��MIPS CPUØ

U
?n�5�z�$�(J½ö�ê§(J½ö�ê��5�z�$�Ò¬

���Ý��^�É~?n§S"y��MIPS FPU�±��¤^"�O�5

�z�(JUY$�"

E == 111 . . . 1£= 20473 IEEEV°Ý2:êæ^� 11 �¥��?�

L«¤̂ 5�Le�µ

• �ê�"�§�L�{��KÃ¡�£^Ï~�ÎÒ «©¤"

• �êØ�"�§�L²-�ê NaN"éuMIPS§�ê��pk� (½

NaN´Ä�%N(quiet)�ê (0)½ö²-(signaling)�ê (1)"ù�ÀJØ

áu IEEEIO��Ü©§�Ú�õêÙ§oN IEEEIO�NX(�

¤^��½��"3

7.3.3 MIPS FPêâ�ª

MIPSNX(�æ^
 IEEE 754í��ü«2:�ªµ

• ü°Ýµ�±�? 32 ��;�m"MIPS�?Èì^ü°ÝL« float

a."

• V°Ýµ�^ 64 �;�m"C�ó?Èì^V°ÝL« C� doublea

."

�;ìÚM�ì�ÙÛXã 7.1¤«§��k�
~fü«êâN�ü�"

5¿� floata.�L«Ã{°(/NB� 93 000 000ù��ê"

�¤��V°Ýê�ü�i3S�¥�^S£�pk� 3k§½ö�$k

� 3k¤�ûu CPU��à——31 10.2!�"�k?Ø"ù�^So´Ú

�êü���à�±��"

e¡� C(�N½Â
MIPS CPU£�õêMIPSóäó´ù��§��

5¿§��5`§C(�N�ÙÛ�ûuäN�?ÈìØ=´8I CPU¤þ

�ü«2:a.��µ

3·�&�k HP Precision�
ÚMIPSÓ��ÀJ§ù:V«�ö�mk,«D«'X"?¿

� 1/0ÀJ´O�ÅEâ¥��âN DNA"
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#if BYTE_ORDER == BIG_ENDIAN

struct ieee754dp_konst {

unsigned sign:1

unsigned bexp:11;

unsigned manthi:20; /* cannot get 52 bits into ... */

unsigned mantlo:32; /* ... a regular C bitfield */

};

struct ieee754sp_konst {

unsigned sign:1

unsigned bexp:8;

unsigned mant:23;

};

#else /* little-endian */

struct ieee754dp_konst {

unsigned mantlo:32;

unsigned manthi:20;

unsigned bexp:11;

unsigned sign:1

};

struct ieee754sp_konst {

unsigned mant:23;

unsigned bexp:8;

unsigned sign:1

};

#endif

7.4 MIPSé IEEE 754�¢y

IEEE 754��¦éî�§ù��
ü�¯K"Äk´SïÉ~(JuÿU

å��¦¦�6Y�éJ¢y"\�N�^ù«�{5¢y IEEEÉ~&-Å

�§�´���g��Ï´U
uÿ,
M�Ã{�)�((JI��Ï�
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ã 7.1: 2:êâ�ª

�¹"

XJ^rÀJ� IEEEÉ~(J�)��w�§@o��ù:k^�{§É

~u)ÒAT´ÓÚ�¶4 g�u)�§̂ ròw�¤kc¡��-Ñ�1�

.§�¤k�2:M�ìE,?u�-�1c�G�§���y�Y�-�v

k�)?Û�J"

3MIPSNX(�¥§M�g�£X 5.1!¤«¤DÚþÒ´ù��"ù�

:�(��
2:ö�6Yz�Å¬§Ï�\���M�(�2:ö�Ø¬�

)g���ÿâUJ��¡��-"�
;�O\�1�m§2:ö�7L3Ö

�ö�ê��1���¨±Ï�ãû½´Äg�"éu�õêÉ~(J§FPU

�±���ßÿ¿��?Û�Ug��O�5Ê�6Y�¶,XJ\ò FPU

���æ^M�&Ò�w IEEE�°(É~(J§@o¤k�2:6Y�ö�

Ñ�B�§��Ñ¬úe5"\�UØ�@��"

'u IEEE 754�1���¯KÒ´éÉ~(J�¦^§AO´éu�5

�zêâ——áuÜ{ö�ê"�MIPS FPUù���¡�OÜ6ü�´pÝ

(�z�§É~(JØ�N´�e"3�(�(J�ÑM��L«Uå�/�§

Ò¬u)g�¿3 Cause(ExcCode)��\���¢y�ö�è"ù���

��JÒ´É~?n~§é2:A^C�7Ø��"y��MIPS CPU~~3

FCSR��/G�M�ì¥�¹��½õ��¢y�'�À� §�\O�±ã

43�Ö�Ù§Ü©Ú MIPS �©�¥§\ò¬w�ù�^��¡�“°(É~”"�´�u3

IEEEIO¥“°(”Ú“É~”Ñ®²�^�
,	�¿Â§·�3ùpÒ¡��“ÓÚg�”"�k

ùp�· "
5k
 CPUédæ^éuª�{§k�ÿ¬Ï�����¿�g��ö�Ê�6Y�¶ù�

´��5U¯K§XJØ´²~u)¯KÒØ�"

137



7.5. 2:M�ì 1 7Ù 2:|±

+î�� IEEE 754oN5��d��5U��±��ù
 ——�U5��

�´——�
;��O�/e�“�¢y�ö�”g���ù
 "

7.4.1 ¤kMIPS CPUÑI�2:g�?n§SÚ�ý§S

MIPSNX(�¿vk(�£ã=
O���1ÃI^�Zý"éu?Ûý

�¢^�2:�è§���^�2:�ý§SÑ´7��"

3¢�¥§FPU�3§S�U�)�O��é��Ü©þâ¬g�"{ü

�¦^2:4k�Ul5ÑØ¬�)M�?nØ
��/"

��wþ��¹
·��/�éÐ�²�{KXeµ

• MIPS FPU���ö�A��)Ø
�°(ÚÄÑ�	�?Û IEEEÉ~

ÚÉ~(J�Ñu)�¢y�g�"éuÄÑ§M�¬�)��Ã¡�½

���U��£�ûu�c��\�ª¤"FPUM�Ø¬�É½ö�)�

5�z�ê±9 NaN"

• MIPS FPU£Ø
�@Ï�±	¤�\Jø��^ueÄ�� IEEE��

À�ª§é���5�z�£���¤(J�±gÄ�¤""

�¢y�g�´ MIPSNX(�¢y���E|§Ú IEEE�É~�IO

^�ké�ØÓ"\�±$1��§S¿�Ñ IEEEÉ~§ÉK���-ò¬

�)��²(½Â�É~�¶�´\ØU�Ñ�¢y�g�§Ø�)Ã¿Â�

(J"

7.5 2:M�ì

MIPS CPUPk 32�2:M�ì§Ï~P� $f0–$f31"Ø
�
ý�é

P�£MIPS I¤CPU�	§z�2:M�ìÑ´ 64 §U
NB��V°Ý�

�"

�@�MIPS CPU�k 16�2:M�ì"3,«¿Âþ��±`´k 32

� 32 �M�ì§�´z�Û/ó?Ò�é|¤��êÆü�£�,�)V°Ý

2:êÆ
¤"Ûê?Ò�M�ì=3�1\1!�;Ú3�ê2:M�ì�m

Dxêâ��ÿâ^�"6 XJ\w�®?ì\3�P� CPU)¤�è§Ò¬

ÏL�é load/storeÅì�-5Ü¤V�°Ý�Dx¶��MIPS IoN�è�

�ÿ§\l5ØI�w�Ûê?Ò�M�ì"

MIPS I��®²éÈ
§�´�5� CPU3 SR(FR)¥\?
��“o

N ” ——�±� 0Ò¬��MIPS IoNö�"E,kØ�^�±ù«�ªó

�"wå5¦^�õ�2:M�ìÐ�´vkÞM——�´ùØ´�<�±À
6��rN��:´µÛê?ÒM�ì�¦^ØÉ CPU��àK�"
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J�¶\I�u�\�?Èì|±�o§��XÚ£�)¤k�¥ÚÙ§Ú\�

�è¤I�Ú?Èì�M�ì^{�±��"

����Ñ��:Ò´ MIPS FPM�ìk�^5�;Úö�kÎÒ��

.êâ£ 32 ½ö 64 ¤"AO´§�§S?1�êÚ2:êâ=��§ù
=

�ö���3 FPU¥?1——32:M�ì¥r�êêâ=�¤�2:êâ"

7.5.1 2:M�ì�DÚS.·¶Ú^{

L 7.1: 2:M�ì¦^�½
ABI

o32 n32 n64

¼ê�£� $f0!$f2

ëêM�ì $f12!$f14 $f12–$f19

¼êN^m��

�£·^uM�ìC

þ¤

óê$f20–$f30 $f24–$f31

��Cþ£¼êN^

�mØ��½“dN

^ö��”¤

óê$f4–$f10!

$f16!$f18

óê $f4–$f10!

$f16!$f18!¤kÛ

ê $f1–$f31

$f1!$f3–$f11!

$f20–$f23

�Ï^M�ì��§MIPS N^�½\þ
��@�M�Ã'�M�ì

¦^5K¶w�\=
2:M�ì^5D4ëê§=
M�ì��3¼êN

^�m�����"L 7.1 �Ñ
n«�~�� ABI"A^§S�?���

ABI(Application Binary Interface) ´k'�½�nÜ�ã§ù
�½#N�

¬——�U´^ØÓ�óä?ÈÐ�——U
¤õ�ÊÜ��å¤���§S§

¿U3ÎÜ�¦�ö�XÚþ$1"3 11.2!·�?�Ú?Ø API¶Ò8c

ó§��` o32�½^uPªMIPS I CPU� 16�M�ì�Sü§n32Ú n64

�½£Ø�+c��¶i¥� 32¤�U^u 64  CPU"

õU�©�Ä�þÚ�êM�ì��§vkAÏ�/"�´du{¤þØ

�3Ûê?ÒM�ì��Ï§2:M�ìõU©��ÏØ�"

7.6 2:É~/¥ä

���2:ö�ØU�)�(�(J�§½ö��¦3,
½ö�Ü IEEE

É~(Jþu)g��§Ò¬u)��MIPSÉ~§X1 5Ù¤ã§CauseM�

ì£ãX1 3.3.2!?Ø�"

2:É~o´°(�µ3\��É~?n§S�@�:§��É~��-

Ú?¿�Y�-wþ�Ò�l�u)L"EPCò¬��#m©�-��(/
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L 7.2: 2:��M�ìVã
�½¶¡ CP1��M�ì?Ò £ã

FCSR 31 �¦���M�ì——{¤þ� MIPS CPU¥���

FPU��M�ì§�¹
¤k��� "�3¢S¥§

k
 ÏL FCCR!FEXRÚ FENR����B"ë

�e©"

FIR 0 FP¢yM�ìµ'u� FPUUå��Ö&E§3e�

!ùã"

FCCR 25 FCSRÜ©&E�#|�§#N3ØK�Ã'� �

�¹e�#�"�´3Ø��oNMIPS32/64� CPU

þé�Uvk"FCCRk��2:^�è§FEXR¹

k\Ö�� IEEEÉ~^�&E£�ÏÚI�

 ¤§FEXRk£���¤IEEEÉ~^�¦U�"

FEXR 26

FENR 28

�"X1ÊÙ¤ã§EPC�o��u)É~��-§�o��;EX�c�^

©|�-"XJ´©|�-§G�M�ì SR(BD)Ò¬� "

7.7 2:��µ��/G�M�ì

'u FPUM��&EÚUC�À1����&E±�?nì��M�ì

�/ªJø§ÏL ctc1Ú cfc1�-5�¯§ùü^�-©OòêâDx�½ö

DxÑ��M�ì£�,´ÚÏ^M�ì�mDx
¤"

Ù¥�~��Ò´2:��/G�M�ì FCSR§7 r^r'u2:ö��

À��&EÚ���Ü3
�å"'uM��ûÚUå�&E��3�!ù�

¢y/��M�ì FCR0¥"

¦^ FCSR Q²¤��|��§Ï�ÙrÖ��·Ü3�å
µ¤±3

MIPS32/64 CPU¥kn�9Ï�M�ì FCCR!FEXRÚ FENR±�N´

?n��ªJøÓ��õU"

ù�Ò/¤
ÐA�M�ì§�ë�L 7.2"

e¡´éã 7.2��
`²"IP� 0��ÖÑ� 0§�\�A��� 0"

• FCC7–1, FCC0: ù
´^� §d2:'��-��!̂ �©|�-ÿ

Á"�kk� FCC0§±cQ²¡� FCSR(C) ——�´¤ky��MIPS

CPUÑJø 8 "FCCRM�ì——XJ\� CPUJø�{——�\J

ø
r¤k^� 8¥��å�ÑÖ"

5¿3ùp§�kÙ§/�§2:¢y��
·�31 1ÙùL� RISC

�K"ùkÐA��¡��Ïµ

7±c FCSRQ�¡� FCR31§�´·��¿^N´PÁ�ÎÒ"
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ã 7.2: FPU��/G�M�ì�

– �Ð� FPU´��üÕ��¡"ÿÁ2:^��^�©|Ø�Ø3

�êü�£�êü��KIéÑ©|�8I¤SÜ�1§ù�Òl2

:M�ìé�"ü��^� éAuü��M�&Ò"

– 2:$��E,§Ã{3���¨±ÏS�1�.§¤±é�êék

��{ü6Y�é2:ØUJø�Z5U"

©|ÚÿÁ�-Ñk���	�n ���±ÀJ�½l��U�^�

 ¥���5��½öÿÁ"3MIPS III½ö�@Ï� CPUþ§�k�

�^� §ù« �Ñ�""�	�^� éu^�6Y��^�2:�

èäk�d�¶ë�1 8.5.7!"

• FS/FO/FN: ù
��K� CPU3¡���Ã{^IO2:L«�ê

��ÿ�1�"XJ\� ?Û��§\�XÚÒØ2ÎÜ IEEE 754I

O§��±;��
“�¢y�”g�"

XJ\� CPU´ÎÜMIPS32/64�§ù
�ÒÑk"XJØ´§@o¬

¢y FS�§�uÙ§��§Ò��é CPUÃþ
"

FS (flush to zero) ������Ã{æ^IOL«�(J£�5�z�

(J¤�ww^"�O"Ï�®��MIPS CPUM�3ù«�¹eÑØU

)¤�(�(J§ù«�{Ò�±;�£�ú�¤�2:�ý^��g�"

FO (flush override) Ú FSéÜå5uÿ�5�z�ö�¿3SÜ^"�

O"XJÑ\´�5�z�§üÕ�� FSØ¬;�g�"

FN (flush to nearest) Ú FSéÜ¦^§ÏLr��5�z�ê���C

�5�z��£k�´�±L«����ê§Ø�½´"¤Uõ°Ý"

• E: 3 FPUg���§T �� ±I��¢y��-É~"8

z� FPUØU�1�-£�´�-�(´�?nì 1�?è¤§½ö�

FPUÃ{(½3ù
ö�þ^ù
ö�ê´ÄU�)ÎÜ IEEE 754IO
8 MIPS�©�wþ�ÑkØÓ§Ï�rù �� Cause���Ü©"
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��((J½É~&-�§T Ò�� Ó�u)¥ä"

Ø+�o�Ï§� E � �§\A�Sü�A��-d^��ý§S

#�1"

?Û FPUö�u)“�¢y�”É~�§8IM�ì�SNÑ�±ØC§

2: Cause��Ø(½"

• Cause/Enables/Flags: z�Ñ´ 5 ��§z� IEEEÉ~a.éAu�

 µ

V   4 Ã�ö�£'X -1¦²��¤

Z   3 Ø±"

O   2 þÄ§(J��Ã{L«

U   1 eÄ§(J��Ã{L«

I   0 �°(£é�^——=¦ 1Ø± 3^�?��ØU°(L«¤

n�ØÓ��ó�Xeµ

- Cause: £dM�½ö�ý^�¤�â�C�¤�2:�-�(J�

�"l FEXR¥Ö��N´"

- Enables: �ö��)��É~(J�U¬���A� Cause �§

XJÙ¥� � §@o CPUÒ¬u)g�§ù�^��±æ�7

�����wÉ~(J"\Q�±ÏL FSCR��±ÏL FENR

5��ù
 "

- Flags: ù
 ´ Cause �“��”��§�´glþgM�ì�"

±5u)�É~(J�Ü6“½”"Flags �UÏL�\ FCSR½

FEXR52g�""

• RM (rounding mode): ù´ IEEE 7545½7L¢y�"#N��XL 7.3

¤«"

NõXÚ½Â�C�\ RN�%@�1�"\�Ul5Ø¬^�O��\

�ª"

NX(��yXJ��ö�Ø�� FCSR(E) �´%��
�� Cause

 §@o Cause ���Ú�)�(J£XJ�A� Enable '4¤ÒÑÎ

Ü IEEE 754IO"

MIPS FPU�6^��ý£=æ^�¢y�g�¤5��A�8�µ

• ?Û¹k�5�z�ö�ê½ö(JeÄ£�)�5�z�(J¤�ö�
ò¬g���ý§S"�ý§SgC7LÿÁeÄ¦U ´Ä� §�o

>u IEEEÉ~§�o)¤�((J"
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L 7.3: 2:��M�ì¥��\�ª?è
RM� £ã

0 RN (Rounding to nearest�C�\)µò(J�\���C��L

«��¶XJ(JTÐ uü��L«��¥m§�\�""

1 RZ (Rounding to zero�"�\)µò(J�\�Ùýé��u½�

uÃ�°(����C��L«��"

2 RP (Rounding up, or toward+infinity�þ�\§½��Ã¡�\)µ

ò(J�þ�\�e���L«��"

3 RN (Rounding down, or toward-infinity �e�\§½�KÃ¡�

\)µò(J�e�\�e���L«��"

• A�U
�(£O�)Ã�g��ö�§ù�XJ¦U IEEEÉ~§�ý

§SÒ�oÑØ^�"�´XJB� IEEEÃ�É~§Ò¬N^^��ý

§S§Ï�M�ØU)¤·��(J£Ï~´%N NaN¤"

éuö�ê�²- NaN��¹?n���Ó"

• �õê2:M�éu~5�â$��±?nþÄ£�ûu�\�ª§�o
)¤k��4��§�o´�KÃ¡�¤"�´I�^��ý§S¢y�

�u)ÄÑ�2:��ê�=�ö�"

Cause 3�¢y�ö�g���ý§S���½Â�"

Ï~��{´Jø���õU��ý§S£U
3vk2:� CPUþJø

IEEEoN��â$�¤�� FPUM����"XJ\�XÚJø�'ù��§

ÒéJéÑ=pâ�±S��ÑõU"

7.8 2:¢yM�ì

u� Config1(FP)���w�Ö� FIRM�ì±éÑ\´Äý�k2:

ü�µFIR��w�\§U��o§±9£ó�¤§´�o��——ëwã 7.3"

ã 7.3: FPU¢y/��M�ì

ù
�Xeµ

• FC(full convert range)µM�¬�¤?Û=�ö�£2:a.�m±92

:Ú�êa.�m¤Ø¬Ï^�¤k ��“�¢y”É~"
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• F64: ùL²k 32 ��V°Ý�2:M�ì——Ò´`§Ø´Pª�

MIPS Iº��2:ü�"

• L/W/D/S: ü�� I�T CPU ´Ä¢y 64  �ê£L¤§32  �

ê£W¤§64  2:V°Ý£D¤§32  2:ü°Ý£S¤ö�"XJØ

U�Ü|±ù
§@\I��
�ÓÏ~�^�|±"

• 3D/PS: L²´Ä|±ü��À�-8"PS¿�XPk¤k�âö��ü

°Ýé SIMD��§± .ps�M�I�µz��-3C\Ó��M�ì�

�éü°Ý�þÓ�?1ü�ö�"ë�1 7.10!"

3DL«|±MIPS-3D�-8*Ð"ù´��é��*Ð§�k3|±ü

°Ýé��âk^§¤±��31 7.10!ù"

• ProcessorIDµ;.�¹e§�£��êü�3�?nì 0� PRIdM�ì

¥�?nì ID�Ó��"�N�k^�´§XJý�k FPUM��^�

{§Ö��AT��"�"3\Ö�T��c½ö¤õ$1?Û2:$�

�c§\½\�ö�XÚI�ò CP0�“G�”M�ì¥�“�?nì 1”¦

U  SR(CU1)���#NG�"

• Revision: T��ûu¢yö¶�±T�éÿÁJ�ó§����Uk^§

�I�^^�¢y�Ñ,
M��Ø��ÿ�UF"ÿÁT�"Ød�

	§̂ �A�jû�Ñù����"

7.9 2:�-�H

�!UìõU©aù)¤kIO�2:�-"e�!ù“ü°Ýé”Ú

MIPS-3D*ÐJø��À�-"

2:�-UìÏPÎi1gS�3L 8.4¥§�?�?èÚÙ§MIPS�-

�å�3L 8.6¥"

·�rù
�-©¤e�Aaµ

• Load/store: 32:M�ìÚ�;ì�m��Dxêâ"

• M�ìmDx: 32:M�ìÚÏ^M�ì�mDxêâ"

• nö�ê�â�-µ���\~¦Ø��"

• ¦\ö�µ#Û£²w� RISC¤�p5U�-§MIPS III9�cvk"

• UCÎÒµ{ü�ö�§©m5ù´Ï�Ù{ü�¢y[�Ø¬�� IEEE

É~"

• =�ö�µü°Ý!V°ÝÚ�ê��m�=�"

• ^�©|ÚÿÁ�-µ�2:ü���ê6Y�2g-¡�/�"
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7.9.1 Load/Store

ù
ö�ò 32 ½ 64 êâl�;ì\1�2:M�ì§½öl2:M

�ì�;��;ì"3\1Ú�;�§�5¿±eA:µ

• Ø=��Ø	wêâ§=¦L«�´�Ã��2:ê��Ø¬ÚuÉ~"

• MIPS Iº�� 32  FPU�U3óê?Ò�M�ìþ?1êÆ$�"é

uÛê?ÒM�ì�\1Ú�;�±4\�¯ 64 ��,��"

• MIPS IÚ MIPS II CPU#N32:\1êâ)��cs¤���	±

Ï¶Ø#Né@�êâ�¦^�1p££Ó��5K�·^uéÏ^M�

ì�\1¤"?Èì/®?ìÏ~¬�\?nù
§�´3Pª� CPUþ

2:\1��;��^¦^\1���-´Ã��"

• 3�®?§S�§“Ü¤”/ª��-£'X l.d¤AT'�/�Åì�

-£ldc1¤̀ k¦^¶“Ü¤”/ª´Ö��^u¤k� CPU"®?�±

^õ^�-5¢y CPU�¢y�Åì�-"��Ü¤� load/storeö�

�±^®?ì|±�?ÛÏ��ª£X1 9.4!¤ã¤"

• 2:\1/�;ö��/�7Léà��\1�8I��>.——ü°Ý

½öiéà�oi!>.§V°ÝÚ 64 �êa.éà�li!>."

3Åì�-£ã¥§£disp�kÎÒ� 16 þ§“*”� C�ó����SN

ö�Î¤µ

lwc1 fd, disp(s) fd = *(s + disp);

swc1 fs, disp(s) *(s + disp) = fs;

·¤���MIPS64/MIPS32oN� FPUÑ|±‘64  load/store:

lwc1 fd, disp(s) fd = (double) *(s + disp);

swc1 fs, disp(s) *(s + disp) = (double) fs;

MIPS32/64O\
VM�ì�¢ÚÏ�µ

lwxc1 fd, i(s) fd = *(s + i);

swxc1 fs, i(s) *(s + i) = fs;

ldxc1 fd, i(s) fd = (double)*(s + i);

sdxc1 fs, i(s) *(s + i) = (double)fs;

�´¯¢þ§�\�®?��ÿ§ù
ÑØI�P4"“addr”�±´®?ì

|±�?¿Ï��ªµ
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l.d fd, addr fd = (double) *addr;

l.s fd, addr fd = (float) *addr;

s.d fs, addr (double) *addr = fs;

s.s fs, addr (float) *addr = fs;

®?ìò)¤·���-§#NlA�k��Ï��ª¥?1ÀJ"3 32

  CPUþV°Ýê\1ò¬®?¤ü^Åì\1�-"

7.9.2 M�ìmDx

�êâ3�êÚ2:M�ì�mDx�§Ø�?Ûêâ=�§�Ø¬u)?

ÛÉ~"�´�êâ32:M�ì�mDx�§\I��½äN�2:êâa

.§èãDx��3�½a.¥Ã¿Â��——�`Ø¬�)É~——Ø�½

¬�(��¤k� "ù¦� FPUé2:êâ¦^,	�£�U�p°Ý�¤

SÜL«5¢yDx�-Ø^Kú5£=��m�"

=¦3MIPS I FPU2:?nìþ§ù
�-��±�½ÛêÒ�2:M

�ìµ

3�êÚ2:M�ì�mµ

mtc1 s, fd fd = s; /* 32b uninterpreted */

mfc1 d, fs d = fs;

dmtc1 s, fd fd = (long long) fs; /* 64 bits */

dmfc1 d, fs d = (long long) fs;

32:M�ì�mµ

mov.d fd, fs fd = fs;

/* move 64b between register pairs */

mov.s fd, fs fd = fs; /* 32b between registers */

^�Dx£MIPS III9±cÑvk¤——�Ñ
 .s��±!��mµ

movt.d fd,fs,cc if (fpcondition(cc)) fd = fs;

movf.d fd,fs,cc if (!fpcondition(cc)) fd = fs;

movz.d fd,fs,t if (t == 0) fd = fs;

/* t is an integer register */

movn.d fd,fs,t if (t != 0) fd = fs;

�� fpcondition(cc) �2:^�èJ���cÚ^¶�õSNë�1

7.9.7!"XJ\�
)^�Dx�-k�o^§ë�1 8.5.3!"
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7.9. 2:�-�H 1 7Ù 2:|±

7.9.3 nö�ê�â$�

�5¿±eA:µ

• ¤k��â$�Ñ�±Úu?�« IEEEÉ~a.§XJM�éö�êØ

÷¿�±�����¢y�g�"

• ¤k�-Ñkü°Ý£32 §C float¤ÚV°Ý£64 §C double¤ü�

��¶ØÓ�-ÏL3ö�èþ\þ“.s”½“.d”5«©"·���ÑV°Ý

���"5¿Ø�±·Üü«�ªµÚ8I7LÑ�ü°Ý½öÑ�V

°Ý"�·Üü°Ý½öV°Ý§\I�?1²(�=�ö�"

3¤k� ISA��¥µ

add.d fd, fs1, fs2 fd = fs1 + fs2;

div.d fd, fs1, fs2 fd = fs1 / fs2;

mul.d fd, fs1, fs2 fd = fs1 x fs2;

sub.d fd, fs1, fs2 fd = fs1 - fs2;

e¡��-3 MIPS III9±c� CPU¥vk§$��Ý¯�Ø��Î

Ü IEEE°(Ý�¦——Ø��õ���ê��$ü ¤�L���£2

ULP¤:

recip.d fd, fs fd = 1 / fs;

rsqrt.d fd, fs fd = 1 / (squarerootof(fs));

7.9.4 ¦\ö�

ù´�
�A SGI3épà�ã/XÚ¥��aq�?O�Å�5U�Ò

ð£� 1995c SGIÂ	 Cray Research Inck'¤3MIPS III��\þ�"

IBM� POWERPCq��lÙ¦\ö�¼�
p�`û�2:5U"¦+d

ü��-�¤ü�ó�k� RISC��K§Ü¤�¦\ö�3~��E�2

:$�¥��
2�¦^£;.�^uÝ
½ö�þ$�¤"d	§ÏL;�é

¥m(J��\Ú#5�zÚ½£IEEE5½ò(J�£M�ì�7LXd¤

!�
wÍ��m"

¦\ö�kõ«/ª§�ÑI�n�M�ìö�êÚ��üÕ�(JM�

ìµ

madd.d fd, fs1, fs2, fs3 fd = fs2 x fs3 + fs1;

msub.d fd, fs1, fs2, fs3 fd = fs2 x fs3 - fs1;

nmadd.d fd, fs1, fs2, fs3 fd = - (fs2 x fs3 + fs1);

nmsub.d fd, fs1, fs2, fs3 fd = - (fs2 x fs3 - fs1);
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IEE 754¿vkäN5½¦\$�§¤±�
ÎÜIO�)�(JA�Ú�

¦,��\ü^�-�O�(J���Ó——ùp�AO�%�Ï�z�2:

ö�Ñ¬k�
�\Ø�§ù¿�X IEEE 7545½�°Ýéu¦\$�'¢S

�±�����"

7.9.5 ü8£CÒ¤ö�

¦+¶Â���â$�§ù
ö�Ù¢�´UCÎÒ §¤±Ø¬�)�õ

ê� IEEEÉ~"XJ��ö�ê´�²- NaN�§¬�)Ã�g�"Xe¤

�µ

abs.d fd, fs fs = abs(fs)

neg.d fd, fs fs = - fs

7.9.6 êâ=�ö�

5¿“lü°Ý=��V°Ý”��“cvt.d.s” ——�Ï~��§k�8IM

�ì"=�32:M�ì¥�êâ�m?1µ�=�5g CPU�êM�ì�ê

â�§l2:� CPUM�ì�m�Dx7LÚêâ=�©O?è"=�ö��

U��3�Aþe©¥k¿Â�?Û IEEEÉ~"
�m©§¤kù
ÑkÓ�x�-�¤µ

cvt.x.y fd, fs

Ù¥ xÚ y©O�½8IÚ5M�ì��ª§�±e��µ

s C float§MIPS/IEEEü°Ý, 32 2:ê

d C double§MIPS/IEEEV°Ý, 64 2:ê

w C int§MIPS/IEEEi, 32 �ê

l C long long§MIPS/IEEEVi, 64 �ê

�-Xeµ

cvt.s.d fd, fs /* double fs -> float, leave in fd */

cvt.w.s fd, fs /* float fs -> int, leave in fd */

cvt.d.l fd, fs /* long long fs -> double, leave in fd */

l2:=���ê�ªkØ��«Ün��{§äN(J�ûu�c��

\�ª£ùd31 7.7!ù� FSCRM�ì��¤"�´2:O�²~��²(

±,«�ª�\��ê£'Xþ.$�Î�þ�\¤§)¤?UÚ¡E FCSR�

�è�Læ�"¤±Ø
�@�MIPS I CPU�	§Ñk±²(�½��ª?

1�\�=��-§�^��õ"

²(�½�\�ª���ê�=�µ
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round.x.y fd, fs /* round to the nearest */

trunc.x.y fd, fs /* round toward zero */

ceil.x.y fd, fs /* round up */

floor.x.y fd, fs /* round down */

ù
�-�k� x�L�«�ê�ª��ÿâUk�"

7.9.7 ^�©|ÚÿÁ�-

2:©|ÚÿÁ�-´©m�"·�3e¡?ØÿÁ�-——-¶i´ c.le.s

ù«/ª§'�ü�2:�¿���A� FPU^� "

©|�-Ïd�IÿÁ^� �ý£� ¤½ö�b£"¤"�±ÀJ�½

^=�^� µ

bc1t label if (fpcondition(0)) branch-to-label;

bc1t cc, label if (fpcondition(cc)) branch-to-label;

bc1f label if (!fpcondition(0)) branch-to-label;

bc1f cc, label if (!fpcondition(cc)) branch-to-label;

ÚÙ§�MIPS©|�-��§z��Ñk��“�U©|”�CN"9

bc1tl label /* branch-likely forms of bc1t ... */

bc1fl label

ÚÙ§¡�©|� CPU�-��§©|8I label?è��� 16 �k

ÎÒ�ê§�L±iü le�^�-\�£6Y��ó��ªéÛA¤m©�

 £þ"XJ label u 128KB±	§\Ò¬kæ�§Ø�Ø¦Ïu jr�-"

MIPS III�c��)Ù3S�MIPS CPU32:��/G�M�ì FCSR

¥�k��2:G� §��“C”"Ì6� CPU�k 7� §�� FCC7–1"

XJ\3©|½ö'��-¥Ø�½ cc§ÒÛ¹/ÀJ
Pk FCC0�J�¡

Ò�P C "ù�L�P��-8����"£XJ\é��oÚ\ù�*Ða

,��{§ë�1 8.5.7!¤3¤k�-8¥§ccÑ´�À�"

�´3©|�c§\7L·���^� "'�$�Xeµ

c.cond.d fs1,fs2 /* compare fs1 and fs2 and set FCC(0) */

c.cond.d cc,fs1,fs2 /* compare fs1 and fs2 and set FCC(0) */

3ù
�-¥§cond�±´?¿ 16�^�ÏPÎ��"ÏPÎk�ÿ´k

²w¿Â�£eq¤k�ÿw�é �£ult¤"��okùoõQº¢Sþ'�2:

���ÿko«pØÜ�(Jµ

9ë�1 8.5.4!±
)�õ�“�U”©|"
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fs1 < fs2

fs1 == fs2

fs1 > fs2

unordered (fs1, fs2) ll

�Ù¥��ö�ê� IEEE NaN��§IEEEIO½Â“ÃS(unordered)”�

ý"

ÏLN�ö�ê�gS½?1��ÿÁ§·�o�±l“�u½�u”Ü

¤“�u"” ù�·��±kn�(J"MIPSJø
�-5ÿÁùn�^��

?¿“½”|Ü"3dÄ:�þ§z��ÿÁkü«/ª§�«3ö�êÃS�u

)“Ã�(invalid)” g�§,�«l5Øu)ù«g�"

·�ØI���“Ø�u”ù��^�JøÿÁ¶·�ÿÁ�u§,�^

bc1f Ø´ bc1t©|^�"L 7.4�Ñ
¤k�^��-¶¡"

3Nõ CPU¢y¥§'��-�(J�)���§©|�-Ã{3ØÚå

�U�-ò´��¹e�1"3 MIPS III9±c� CPU¥§©|�-XJ�

�3ÿÁ�-�$1�U��ØÄ�"|±Pª CPU�?ÈìÚ®?ìA�U


�)·��ò´§7���\�^ nop"

L 7.4: FPÿÁ�-
ÏPÎ

“C”� ^� Ãg� g�

always false f sf

unordered(fs1, fs2) un ngle

fs1 == fs2 eq seq

fs1 == fs2 || unordered(fs1, fs2) ueq ngl

fs1 < fs2 olt lt

fs1 < fs2 || unordered(fs1, fs2) ult nge

fs1 < fs2 || fs1 == fs2 ole le

fs1 < fs2 || fs1 == fs2 || unordered(fs1,fs2) ule ngt

7.10 ü°Ýé2:�-±9MIPS-3D ASE

ÎÜMIPS32/645��2:ü��±ÀJ¢yü°Ýé2:�-"ù�*

Ð�Ä:´�|é��?�� 64 M�ì��é IEEEü°Ý���z���

1ü�ö���â$�"

få5Ð��E���#� FPU"�´Ù¢N��eV°Ý2: FPU5

Jøü°Ýé$�¤�¿Øp——��éu�\{!¦{!¦\!ÿÁ!Dx�

�“�g5” ö�´Xd"
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·�ò¦^ fsÚ ft��M�ì§fd��8�M�ì"�B/`§XJ fs

´���¹ü°Ýé��2:M�ì§@o fs.upperÚ fs.lower©O�Lp Ú

$ �ü°Ý�"

�éÑ\� CPU´Ä¢y
ü°Ýé�-§w�e FIR(PS)´Ä� Ò

��
"

7.10.1 É~Úü°Ýé2:�-

Ï~3\I�^ü°Ýé2:�-�/�§\�UI�Ø`"£/��É

~"��?Û�^2:�-��É~§@o���-Ñ;ÉÉ~µXJÙ¥�^

�-I�MIPSg�§@o\�?n��MIPS “É~”§�-�ü�Ñ�£E§

Ò�l�m©�1��"É~�G�vkL²�.´p�Ü©�´$�Ü©O

��¯K§�´üÜ©Ñk¯K"

7.10.2 ü°Ýénö�ê�â$�!¦\!CÒÚÃ^�êâD

xö�

ù
ö��¤�ó�Ú�A�ü°Ý£.s¤�����Ó§ØÓ�?�´�

1üg"Ò´`§�^ add.ps fd,fs,ft�-�duµ

fd.upper = fs.upper + ft.upper;

fl.lower = fs.lower + ft.lower;

ù
Ñáu SIMD£ü�-!õêâ¤�-§éu�þa.ö�4�k^µ

3���mp�¤ü�ö�"

�´§¿�¤k�-Ñk .ps/ªµ

• �Aö�¢y
§�´ö�ÏPÎÚü°Ý$��Óµadd!sub!mul!abs!mov!neg"

• vkü°Ýé.ö�µUìäN�¦?1�\�¤kö� round!trunc!ceil!floor"

ù
ö�wþ�3�þz�A^^�¥¿Ø@o�"

Ø{!�êÚ²��——éAu div.s!recip.s!sqrt.sÚ rsqrt ——vk

ü°Ýé�/ª£ù
¼ê;.�¢y�^�S��{§Ã{���gO

�ü��¤"

�´k MIPS-3D*Ð�{§KO\
�±3üÚ�SO��ê!½²�

���ê��-"ù
�-��^uü°Ý2:é PS�"ë�1 7.10.5

!"

vk��ê=��- round!trunc!ceil!floorJøü°Ýé/ª"ù

«ö��(J¬´V�êé��ª§�du²���#�êâa.Ð�Ø

�"
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7.10.3 ü°Ýé�a.=�ö�

�lü�ü°Ý���¤��ü°Ýé�§̂ cvt.ps.s fd, fs, ft�-µ

fd.upper = fs;

fd.lower = ft;

�l��ü°Ýé�p�Ü½$�ÜJ���ü°Ý��æ^ cvt.s.pl

fd,fs (fd = fs.lower;)½ö cvt.s.pu fd,fs (fd = fs.upper;)"

�r��ü°Ýé��#N�|�¤��#�ü°Ýé§ko��-�

±ÀJ"z^�-lü�ü°Ýé�M�ì¥�����§n¤#��éµ

pll.ps fd, fs fd.upper = fs.lower;

fd.lower = ft.lower;

plu.ps fd, fs fd.upper = fs.lower;

fd.lower = ft.upper;

pul.ps fd, fs fd.upper = fs.upper;

fd.lower = ft.lower;

puu.ps fd, fs fd.upper = fs.upper;

fd.lower = ft.upper;

alnv.ps fd,fs,ft,srü�ü°Ý���¤��ü°Ýé"ÙÌ��^——�

�éà�\1�-(Ü¦^——´9Ï^�lü°Ýê|¥�g\1Ú��ü

�ü°Ý�§=¦Tê|3�;ì¥�éà�ª¦�z�é�gS�m
"

�
Bun)T�-�8�§rü°Ýé����¤r“a”Ú“b”�ü°Ý

����
�å§ùp“a”3�;ì¥�Óâ�$/�£M�ì¥� aÚ b'é

� Ò�X�àCz¤"

Ï^M�ì s�$n ����±� 0½ö 4£sÏ~´^5l�;ì\1

�é����¤——4±	�?Û�Ñ¬��É~"¤±Ò�e¡ù�µ

if ((s & 7) == 0) {

fd.a = fs.a; fd.b = fs.b;

} else {

/* s & 7 == 4 */

fd.a = fs.b; fd.b = ft.a;

}

7.10.4 ü°Ýé�ÿÁÚ^�Dx�-

Ï�z�ü°ÝéM�ì¥kü��§¤±'��-��ü�^� "\

�±�½óêÒ�^� §�-ò¬^T Úe��Ûê^� "¤±XJ\

�´�¤ c.eq.ps 2 fs ft§Ò�u`µ
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fcc2 = (fs.upper == ft.upper) ? 1 : 0;

fcc3 = (fs.lower == ft.lower) ? 1 : 0;

XJ\ØP�ù
 ��ÿÁ^���o§�ë�L 7.4"

MIPS-3D£�e©¤�)�
�U¬^���gÿÁõ�^�è�©|�

-"

^�Dx�-movf.psÚmovt.ps§�gÿÁü�2:^�è¿38I/

��þ�Ü©Úe�Ü©þÓ��1ü�Õá�^��ý=Dx�ö�§=µ

movt.ps fd,fs,2 if (fcc2) fd.upper = fs.upper;

if (fcc3) fd.lower = fs.lower;

�d�éì�´§movn.psÚmovz.ps�â�êM�ì��?1^�D

x§éü�?1Ó�?n"

7.10.5 MIPS-3D�-

MIPS-3D ASE£�-8*Ð¤O\
�
�@�3p�þ 3-Dã/�IO

�¥U
Jpü°Ýé*Ð�Ç��-"

• 2:“8¿\/¦”£\/¦é¤µ

r��M�ìS��é2:ê�\½ö�¦"ý�� SIMDº�§A�´

rü�ØÓM�ìS�ü°ÝéÓ��\½�¦µ

addr.ps fd,fs,ft�-�1�ö��µ

fd.upper = fs.upper + fs. lower;

fd.lower = ft.upper + ft. lower;

mulr.ps fd,fs,ft�1µ

fd.upper = fs.upper * fs. lower;

fd.lower = ft.upper * ft. lower;

• éýé�£=�ÑÎÒ ¤�'�ö�µ
k�|��� cabs.xx.xö�µ

cabs.eq.d cabs.nge.d cabs.ole.s cabs.ueq.s

cabs.eq.ps cabs.nge.ps cabs.olt.d cabs.ule.d

cabs.eq.s cabs.nge.s cabs.olt.ps cabs.ule.ps

cabs.f.d cabs.ngl.d cabs.olt.s cabs.ule.s

cabs.f.ps cabs.ngl.ps cabs.seq.d cabs.ult.d

cabs.f.s cabs.ngl.s cabs.seq.ps cabs.ult.ps

cabs.le.d cabs.ngle.ps cabs.seq.s cabs.ult.s
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7.10. ü°Ýé2:�-±9MIPS-3D ASE 1 7Ù 2:|±

cabs.le.ps cabs.ngt.d cabs.sf.d cabs.un.d

cabs.le.s cabs.ngt.ps cabs.sf.ps cabs.un.ps

cabs.lt.d cabs.ngt.s cabs.sf.s cabs.un.s

cabs.lt.ps cabs.ole.d cabs.ueq.d

cabs.lt.s cabs.ole.ps cabs.ueq.ps

• ÿÁõ�^�è�©|�-µ
bc1any2f!bc1any2t!bc1any4f!bc1any4t3©|�cÿÁA�^�

è�“½ (OR)"”\�±��^�- bc1any2f N,offset§Ù¥ N� 0� 6

�m�^�è"�1�ÿÁ�)µ

�- ©|�ÿÁ�^�

bc1any2f 2, target if (!fcc2 || !fcc3) goto target

bc1any2t 2, target if (fcc2 || fcc3) goto target

bc1any4f 4, target if (!fcc4 || !fcc5 || !fcc6 || !fcc7) goto target

bc1any4t 4, target if (fcc4 || fcc5 || fcc6 || fcc7) goto target

• �êÚ²���O�µùÌ�´Ï�"yü°Ýé�Ø{!�ê!²��
$�£�,ù
�-�ü°ÝÚV°Ý���o´k�¤"

recip1 fd,fs´é�ê��«¯�oÑ�CqO�"ù´3Ø^“/e”�

S�L§U±Ün�dO�����Ð�——S�L§éü°Ý2:é

SIMD�Âñ5ØÐ"'å^IO� recip.sÚ recip.d�-���(J§

ù�Cq���õ§�,�[Ñvk�� IEEE�°Ý"recip1�ö�Ø

É�c�\�ª�K�£�´��Å'u���“�5�z”���)Ú¦

^���I�¤"

recip2 fd,fs,ft��ÒØ��ê——Ù¢´��½��¦\$�§Ø^�

M�ì\1~ê 1O� 1-(fs*ft)"À¥ù�¼ê´Ï�±en�-�

S�U
?�ÚJp recip1�°Ýµ

recip1.s f1, f0 # f1 =~ 1/f0

recip2.s f2, f1, f0 # f2 = f0 * (error in f1)

madd.s f1, f1, f1, f2 # f1 = f1 - f2*f1, a better guess

éü°Ýêù��(J®²v
Ð
£\Ø�U?�ÚU?� IEEE�°

Ý§Ø�üÕ?n,
�$k� §@��{O�òé�¤"éuV°Ýê

����Ð�(J§���k?�Ú� recip2/maddS�"

ù:�Ð�/�3u§�A�ü°Ýé�O���U^§§n^�-ÒU

�)�ééÐ��êµ

recip1.ps f1, f0

recip2.ps f2, f1, f0

madd.ps f1, f1, f1, f2
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7.11. �-�S�¦ 1 7Ù 2:|±

rsqrt1/rsqrt2�-^aq��{"3ù«�/e§̂ rsqrt2 fd,fs,ftO

��Ø�¼ê� (1-fs*ft)/2"

ùg\I��^�	�¦{�-5)¤�Ð�ü°Ý2:é��£E�Ø

� IEEE°Ý¤:

rsqrt1.ps f1,f0

mul.ps f2,f1,f0

rsqrt2.ps f3,f2,f1

madd.ps f1,f1,f1,f3

Ó��§���p�þ�V°Ý2:�§�I�2$1�g°zU?Ú

½"

• �êéÚü°Ý2:é�m�êâ=�µ
Ï��ê/2:�m�=�o´î�32:M�ì¥?1§Q,kü°Ý

2:é§q�g,�ÒATk 32 ��êéµ�´�©�ü°Ýé�-8

¥¿vk�ö"

�r����� 32 �êé=��ü°Ý2:é£ü��Ó�=�¤§̂

cvt.ps.pw fd,fs¶_ö�r��ü°Ý2:é=�¤�é; �i§Ò´

cvt.pw.ps fd,fs�-"3ü«�¹e§Ñ´d�c��\�ªû½Cq(

J��\{"

7.11 �-�S�¦

~5�2:�â$��-´p£�§vk7��
�y�(5��\

nop�-½#|��è"�
���Z5U§?ÈìA�·�Sü2:�-

±¿©|^�ê�-Ú2:6Y��13�mþ�U——�´ù��éäN

CPU�¢y[!�~¯a"

3k
Pª£ØoNMIPS32/64¤� CPUþ,
O��pØ´p£�§é


�y$��(§§S7L;�A½��-S�"3ù«�¹e§\�?Èì!

®?ì!½ö£���k¤\�<§=§S
§7Lc[�Äe��¹e��S

¯Kµ

• é2:��ÚG�M�ì�ö�µ�?UFCSR�§��%6Y�"FSCR

���±K�?¿U
¿1�1�2:$�"��y�\3� FCSR��

ÿ§vk¹Ä�£®²m©$��´���Ñ$�(J�¤2:$�"M

�ì�£��U¬'��§3Ñ�ü^�-5©m ctc1 rs, FCSRÚÉ

K��O��-´²��"

• 2:ÚÏ^M�ì�m�êâDxµù
ö��¤��m'��§XJ�
Y��-�^(J§�~�¹e����ü�±Ï"3MIPS IIÚ�@�
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7.12. �-�SÚ�Ý 1 7Ù 2:|±

c� CPUþ\7L;��6"

• 2:M�ì\1µÚ�ê\1��§)�é�"�¡;���-ØUá=
^f\1��"

• ÿÁ�-Ú©|µ̂ bc1t!bc1f �-ÿÁ2:^� �?è7Léc[§

Ï�é^� �ÿÁ'\ýO��U�@��±Ï"¤±^�©|ØU;

�ÿÁ�-��"

7.12 �-�SÚ�Ý

¤k�MIPS FPUé�õê�â�-Ñ�s¤õu���¨±Ï§Ï6

Y�C���
"6Y���J�±kn«/ªLyÑ5"

• �xµ3^��
U�(ó�7L�y�-©m�/�Ñy"3
MIPS32/64 CPUþé^r?2:�èvk�x"

=¦3Pª� CPUþ§2:êâ���2:�-m�vk�x"

• p£µ�M��
�o��ö�êO�ÒXlò´¦^ö�ê��¹
eu)"·�Sü�è�±Jp5U"

• ���6Y�µù�u)3M�3�^�-�¤�cÒO�m©,�^�
-£cJ´�mvkêâ�6¤�/�"?Èì!j½�®?§S
�±

�Ñ46Y��±÷KÖ$=rM��ó�Uåu��4���è"

y��MIPS FPU~~´��6Y�z�§#N3z��¨å©£éuV

°Ý�-�U´zü��¨¤éÄ��#�2:¦{!\{½ö¦\$�"

�´XJ\�3e�^�-^,^�-�(J�{§Ò¬4§SÊe5�

�µé 2006c�� CPU§�U��oÊ��¨±Ï"�é{`§2:¦{

k�ü��¨±Ï�EÇ�´koÊ��¨�ò´"XJU;�32:

(JO�Ð�c¦^§§SÒ¬��¯
"

é2:5`§¦{��Ú\~{��¯"Ø{Úm²��-�ú�õ¶XJ

\I��EØ±Ó��ê§O�Ñ�ê^¦{�OÒk¿Â
"

7.13 =IÐ©zÚ¦U

E ��§�~�¹eò CPU� SRM�ìÐ©z�B�¤k�À��

?nì§�)FPU£=�?nì 1¤"SR(CU1)7L�  FPUâUó�"y�

¤k� CPU Ñk 32 � 64  �2:M�ì§�k�� MIPS I oN�ª§�

SR(FR)�"��kóêÒ�M�ì�±^uêÆ$�"
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7.14. 2:�ý 1 7Ù 2:|±

\A�Ö� FPU¢yM�ì¶ÖÑ�"KL²vk2:M�§@o$1X

Ú�A�'4 CU1"

��¦U CU1§A�^\À^��\�ªÚg�¦U����/G�M�ì

FCSR"�C�\ÚB��Üg��	�Ù§ÀJÑé��"�k��À��

�� SR(FS) 4é��(J�£�"§�±������ý§S�g�"ù

«�{� IEEE¿ØoN§�´MIPSM�Ã{)¤5½��5�z(J"

�� FPU$1å5§\ÒI��y3¥äÚþe©�����Ú¡E2:

M�ì"Ï�ù�£�é5`¤'�s¤�m§�±éd?1`z"k
ö�X

ÚÒ´ù���§�{Ò´e¡�“¢�þe©�� (lazy context switch)”:

• $1#?Ö��ÿ%@B�2:"Ï�?Öy3ØU�¯ FPU ,�NÝÚ

6Ê��ÿÒØI���Ú¡E2:M�ì"

• �u) CU1Ø�^�g��§I£T?Ö�2:^r§�£�c¦U2

:"

• �?uØ%��½�¥ä~§��m�N^�^�¥�§B�2:ö�"
@o\Ò�±;�3¥ä���2:M�ì¶�k�\3Ú¦^2:�?

Ö?1���âI���½¡E2:M�ì"

7.14 2:�ý

k
$¤��MIPS CPU9ØØ� FPU"ù
?nì�2:õUd^�J

ø§'M���ú 50–300�"̂ �2:32:4�^��XÚþék^?"

^�?n2:kü«�Yµ

• ^2:µ�±�¦,
?Èì^^�¢y2:"2:�â$��U^��
Ûõ�¥¼ê5¢y§�´�êâDx!\1!�;�,Ö�±^��ê

����ª?n"

• g�Ú�ýµ?Èì�±)¤~5�2:�-"CPU3d2:�ý§SÓ

¼�z�2:�-þu)g�"�ý§S?1�-Èè¿�¤^��¦�

ö�"�ý§Só���Ü©´^�;ì�[2:M�ì8"

Xùp¤ã§$1��ý§Séé��ö�ê½)��ö��7LU
�

ý2:M��1�¶Ï�NX(�k¿é2:M���I¹
Ø�§�ý§SÏ

~Ñ´���"�´§�ý§S���y°(oN IEEE§��Äó�â¬N

^§¤±�ý§S�è�õ�Ä�´�(5Ø´�Ý"

?È�2:�Ç�p�õ¶�ý§Séz^�-Ñk��5g�?n§S!

�-Èè!M�ìæ�ý���¡�Ø��m�"�´�,
§\7L#?È

�Ü§SâU|^Ù5U"
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7.14. 2:�ý 1 7Ù 2:|±

�U�k�
?Èì¿ØJø^�2:$�µMIPSNX(��{¤åu

ó�Õ§ó�ÕÑ7L�k2:M�"
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1 8Ù MIPS�-8ë���

1l!ÊüÙ´����wÃÚ)¤®?�è£Ø+´�gÖ�®?�è

�´Ï��?�½ö?U?Èìm�I�¤�§S
�"1 9Ùâý�?Ø®

?�ó§S�O§�Ù=='%�´®?�ó��-¶oÑ�`§XJ\�I�

U
n)�®?�ÑÑ�L§Ò�±aL1 9Ù"·�kl�ã{ü�MIPS�

èÚ�ãVãm©"

8.1 ��{ü�~f

e¡´ C¥¼ê strcmp(1)���¢y§T¼ê'�ü�iÎG§���

�£"§XJ1��iÎG£UiÎG^S¤�u1���£��§ÄK�£K

�"e¡´����¢y� C�{µ

int strcmp (char *str1, char *str2)

{

char c1, c2;

do {

c1 = *str1++;

c2 = *str2++;

} while (c1 != 0 && c2 != 0 && c1 == c2);

return c1 - c2; /* clever: 0, +ve or -ve as required */

}

3®?�è¥§C¼ê�ü�ëêl a0 a1M�ì¥Dx"£�´\#P


M�ì�·¶�½�{§�ë�L 2.1¶1 11.2.1!�[?ØMIPS�ION^

�½"¤�ù�{ü�~§�±�B¦^��M�ì t0��ÃI��Ú¡E§

¤±w,ÀJ��M�ì����Cþ"T¼êk���£�§Uì�½3�

£����? v0M�ì"@·�y3Òw�eµ

strcmp:

1:
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8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

lbu t0, 0(a0)

addu a0, a0, 1

lbu t1, 0(a1)

addu a1, a1, 1

beq t0, zero, .t01 # end of first string?

beq t1, zero, .t01 # end of second string?

beq t0, t1, 1b

.t01:

subu v0, t0, t1

j ra

·�gº�eÅ1©Û�eµ

• IÒµstrcmp´�ÙG�¶iIÒ§3®?�ó¥�±½Â¼ê�\�

:!¥m�©|!$�êâ�; �"

.t01´��Ü{�IÒ¶“.”3IÒ¥´Ü{�§Ø��§SO?� C·

¶Àâ"

as1:´��êiIÒ§Nõ®?ìr§��ÛÜIÒ"\3§S¥�±k

NõIÒÑ�� 1¶“1f”�e��IÒ§“1b”�þ��"ù:�~k^§

Ï�Ø^�z�=3ÛÜ¦^�IÒÑu²��#���¶i"

• M�ì¶µùp�Ñ�/va�0£=Ø�{�ÎÒ�¤¶i´Ï~�^{§
�´I�®?�è3��ý��®?ì�ck�²L,«÷?n§S¶;

.��{´^ C�ý?nì§�õêóä��ý?n�ªÑ´w´�

�"

�ù��¼ê^®?�ó5�¿Ø��¶?Èì���U�Ð"·��

¡£1 9.1!¤¬w�N��±r®?§S��'ùp�r�õ"

8.2 ®?�-9Ù¿Â

�!�¹������L§TLd�õêMIPS®?ì|±�Ü{�®?

�-¶¡£=ÏPÎ¤��N|¤§�)
�� MIPS64£1��¤3S��-

8"²L�
¢�ÚÛ£�g�§·��û½3ù�L¥Ó��)ý��Åì

�-Ú®?ì�Ü¤�-"ù�éz^�-§·�ò�Ñ±eSNµ

• ®?�ªµ�-N��"

• )¤�Åì�-µéuÅì�-O¶½öÐm¤��Åì�-�®?�
-§·�^��“⇒”5L«÷Ðm¿�ÑÐm���-S�"
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8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

• õUµ£ãT�-��o§�
°õæ^ C��è£ã"7���^� C

�a.=�"

·�¿Ø´r�-Úö�ê�z�«�U�|ÜÑ�Ñ5§Ï�@���


"·�¿Ø�Ñe¡�SNµ

• nö�ê�-�Vö�ê/ªµ~X§MIPS®?ì#Nù��µ

addu $1, $2 # $1 = $1 + $2

ÄK7L�¤µ

addu $1, $1, $2

��k¿Â§ÒA��?Ñ�±ù��"

• ¤k�U� load/store/��ª(addr)µMIPSÅì�-o´^��M�

ì�SN\þ�� 16 �kÎÒ� £þ1)¤ load/storeö��/�§

'X�¤ lw $1,14($2)"MIPS®?ì�|±ÐA�O�Ï��ª�/

��ª¶�²w�Ò´ lw $1, thingl®?�èIÒ£½ö	Ü� C¶

i¤�“thing”?\1êâ"[!�ëw1 9.4!"5¿¿�¤kù
�ª

Ñé?ÛI��½S�/���-�^"éu®?�-·�Ò��¤ lw

t, addr§éuÅì�-§Ò�¤Ä�+ £þ��ª"

®?ìJø� la£\1/�¤�-æ^Ó��Ï��ª�{§¦+¿Ø\

1½�;?Û�——�´38IM�ì¥)¤��/��"

�Ü¤,
/��ª�£AO´3�;�¤§®?ìeI�����üú

^�M�ìÒ��^ at"3@
Û¹¦^M�ì¬kK���è£~X§

3ÿ���¥äc¤kM�ì��¥ä?n§S¥¤¥ó��§S
I�

AO5¿µGNU®?ìk�^ .set noat�«�±��Û¹¦^ at"

• �-�á=ö�ê��µ�â�P�DÚ§�-¥i\�~ê��á=
ê"MIPS®?�ó4\�±�½����ö�ê�~ê"MIPS CPU

Jø
�
ý��M��-é,
ö�|±�õ� 16 �á=ê§�´

ïÆ\�´Ö�“�” ÏPÎ"� addui�a�¶i�®?ì£O�Ü{

�ÏPÎ¶�´�U�k?Èì)¤�¥m�èâI�ù��§�·�?

ØÅì�-£~XµL 8.6¤±93�®?�L¥\¬w�ù
“á=ê”�

/ª"

3®?�ó¥§¿vkrá=ê��� 16 "\�ØI�P4=«á=ê

/ª�^kÎÒ½öÃÎÒ��¶XJ\���?¿~ê§®?ì¬�\

gÄÜ¤§X1 9.3.2!¤ã"

2gJ2§éuk
E,��/§®?ì�UI�¦^��M�ì at"
1o´k<¬»~¶k�
M�ì\M�ì�/��ª�=^ué2:M�ì� load/store"ù

��´�
Ú2:�è¥�õ�ê|�|����"
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8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

8.2.1 � UÚØ� U (Non-U)�ÏPÎ

3·�m©�ckJ�e§'u�-ÏPÎ�{k��/�AON´· "

��“u”�M3®?ÏPÎþÏ~�Ö�“unsigned£ÃÎÒ¤"”�´¿�o´

ù�¿g£��3vk4�/u�\���å�§ØUn)¤ù�¿g¤"�û

uþe©�ØÓ§��“u’’�MkA�kX�©�O�¿Âµ

• ÄÑ�g��´Øg�µ3�õê�â$�¥§U�L“ÃÄÑuÿ"” �

Ø�ù��M��â$� add3(JÄÑ�  31£r�ê�¤kÎÒê

��ÎÒ ¤�¬ÚuÉ~"��M�CN adduéÓ��ö�ê�ÑÓ

��(J�´ØÚuÉ~"

CÚ C++Ø|±�êÄÑÉ~§o´¦^�“u”�/ª——�Cþ´k

ÎÒ�´ÃÎÒvk'X"Ø�\ý���kAÏ�nd§ÄKA�o´

¦^ addu��-"

• ^���µÏ^ÿÁö��- slt(set if less than)Ú sltu (set if lessthan,

unsigned)�ö�ê)º�K��7,�)��ØÓ�(J"

• ¦Øµ�ê¦{$��)����uö�êV��Ý�(J§ù¿�X
éukÎÒêÚÃÎÒê�Ñ\¬�)��ØÓ�(J¶Ïkü^�

-µmultÚmultu"5¿§(J�$ Ü©§33 loM�ì§éukÎÒ

ÚÃÎÒ��Ñ´�Ó�¶�´?nÄÑ� hiÜ©��ªØÓ"

�êØ{�-��ÎÒk'£�Ä�e 0xFFFF FFFE Ø± 2¤§¤±�

© div Ú divu"éu�m£ �-£m£� Ò´Ø±�¤�kÓ��

CN¶�´rù��� U w,�L»
¶£ �-�� sra (shift-right

arithmetic§�âm£§·^ukÎÒê)Ú srl (shift-right logical Ü6m

£)"ù�.ý´�Û©�/�"

• M�ì�Ü©\1µ\1'M�ì°Ý��êâ7L(½No?nM�ì
¥õ{� "éu lbu�a�ÃÎÒ�-§Ti!\1?M�ìÙ{ �

"£·�¡�"*Ð¤"XJi!��L��kÎÒ�ê§�p Ò¬w�

·�´Ä�K"3ù«�¹e§·�^ lb�-rÎÒ E��M�ì�Ù

{ "ù��ÎÒ*Ð"

8.2.2 Ø{ÏPÎ

3�ê¦Ø�Åìè¥§düÕ©m��-©Ouå$�ÚJ�(J"®

?ìU�ùXù�:§�nö�ê�ª)¤÷*Ð�-§Ó��1Øê�"�u

�"ù�5vk¯K§��Ø3�´§Ø{�®?÷�-�¶i div§ÚÄ��

Åìè�-�¶i�Ó"ù¿�X3®?¥��^ÅìØ{�-7L�^�
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8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

��¶æ^ zero�8�M�ì�nö�ê�®?Ø{�-A��)¤ÅìØ{

�-"

k
óäóJø
�Ð��{{øù�·Ï§½Â��#�ÏPÎ divd

(divide direct)L«M�Ø{�-§Ú divo(divide with overflow check)L«E

,�÷�-"ù��{��61m5§�k�U3,
�è¥-�"

8.2.3 �-�ü�L

3®?£ã¥§·�^L 8.1�Ñ�¤^�ÎÒ�½"L 8.2UìÏPÎi

1gS�Ñ
������-£ã�ü"

L 8.1: �-�L¥^���½

i ^å

s,t ^uö�ê� CPUM�ì

d ^u�Éö�(J� CPUM�ì

j á=ê

label �-6¥\�:�¶¡"

shf éu²£!�£!J�!�\�-§ù´Û¹�£ þ"

sz éuJ�/�\�-§ù�Lö���°Ý"

offs �éu PC� 16 kÎÒ £þ§�L±i�ü £z��-

��i¤���IÒ�ål§

addr ^®?�ó� load/store�-��±^�A«Ü{�êâ/�

L�ª��£ë�1 9.4!£ã®?ìN�¢yØÓ�À�"¤

at ®?��M�ì§Ù¢Ò´ $1"

zero M�ì $0§[��"�"

ra �£/�M�ì $31"

hi,lo ÏLr hiÚ lo�å5/¤V°Ý�ê¦{(J"hiÚ loz�

NBÚ�êM�ìÓ�õ� §¤± hilo3 32 Åìþ�±N

B 64 �ê§3 64 Åìþ�±NB 128 (J"

MAXNEG32BIT ©O�^ 2�Öè�±L«��� 32 Ú 64 Kê"̂ 2�Ö

èL«���A5´�ê -MAXNEG32BITÃ{^ 32 L«"

MAXNEG64BIT ^u�Éö�(J� CPUM�ì

cd �-�\��?nìM�ì

cs �-Ö���?nìM�ì

exception(CAUSE,code) ^uÚu CPUg�¶CAUSEû½M�ì�Cause(ExcCode)

���"“code”Ø´��dM�)º��§´��?è3�-

S�Ã¤¢�§XÚ^��±ÏLÖ��-é�T�"¿�z�

ù���-Ñ��“code”�§¤±k�Ò�Ñ
"
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8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

L 8.1Y

i ^å

exception(CAUSE) ^u�Éö�(J� CPUM�ì

const31..16 �L�?�ê“const”�  31� 16¤���ê"MIPS�Ö�

^aq��½"

L 8.2: Ui1gSü��®?�-

®?/Åìè õU£ã

abs d,s ⇒
sra $at,s,31

xor d,s,$at

subu d,d,$at

d = s < 0 ? -s : s

add d,s,j ⇒
addi d,s,j

ÄÑ�g�§é�^

d = s + (signed)j

add d,s,t ⇒ ÄÑ�g�§é�^

d = s + t

addu d,s,j ⇒
addiu d,s,j

Ö�� j��±�Ñ −32768 ≤ j < 32768���§

�´)¤��è¬�E,"

d = s + (signed)j

addu d,s,t d = s + t

and d,s,j ⇒
andi d,s,j

=^u 0 ≤ j < 65535 — éu���ê§�)¤�

	��-

d = s & (unsigned)j

and d,s,t d = s & t

b label ⇒
beq

$zero,$zero,offs

goto label

bal label ⇒
bgezal $zero,offs

¼êN^£��k���éu PCÏ��N^¤"5

¿ ra��£/�´ee�^�-�/�µe�^�

- u©|ò´ø§3N^m©�c�1L
"

bc0f label

bc0f1 label

bc0t label

bc0t1 label

�â�?nì 0^�©|"3P�CPUþÿÁCPU

Ñ\Ú��&Ò"®²Ø2´ MIPS32 ½ MIPS64

��Ü©
"
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bc1f $fccN, label

bc1fl $fccN, label

bc1t $fccN, label

bc1tl $fccN, label

�â2:^�� /�ý(t)½ö�"/�b(f) ?1

©|¶�1 7.9.7!"y�� FPUPkõ�2:^

� §ÏL N=0..75ÀJ"P��è�^^�  0§

ù�“$fccN”�±�Ñ"

bc1fl ��M¥�“l”L«ù´�^�U©|�-¶

��1 8.5.4!"5¿ MIPS32/64�¢
�U©|

�-§ïÆ§S
Ú?ÈìØ�3�U�3õ«

MIPSNX(��¢yþ�£���è¥)¤��

-"

bc1any2f $fccN,label

bc1any2t $fccN,label

bc1any4f $fccN,label

bc1any4t $fccN,label

MIPS-3D�-§�âü�½o�^��“OR”©|"

�1 7.10.4!"

bc2f label

bc2fl label

bc2t label

bc2tl label

�â�?nì 2�^�©|"=� CPU¦^�?n

ì 2�-8½Jø	ÜÚ��â^�"��þ¡�

bc1f ��"

beq s,t,label if (s == t) goto lable

beql s,t,label þ¡^�©|�-��U©|CN§®=�"=�

©|u)�â�1ò´ø�-¶� 8.5.4!"

beqz s,label ⇒
beq s,$zero,offs

if (s == 0) goto label

beqzl beqz��U©|CN¶� 8.5.4!"

bge s,t,label ⇒
slt at,s,t

beq at,$zero,offs

if ((signed) s ≥ (signed) t) goto label

bgel s,t,label ⇒
slt at,s,t

beql at,$zero,offs

bge�“�U”/ª§�,T�-��´��÷"®²

��=�§�,k�®?ì�|±"�1 8.5.4!"

bgeu s,t,label ⇒
sltu at,s,t

beq at,$zero,offs

if ((unsigned) s ≥ (unsigned) t) goto

label;

bgez s,label if (s ≥ 0) goto label;

bgezal s,label XJ(s ≥ 0) N^“label()"” �´5¿“�£/

�”Ã^�/��3M�ì ra ($31)¥"
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bgezall s,label ®²=���U©|CN¶� 8.5.4!"éJwÑù

^�-k�oÐ?"

bgezl s,label ®=���U©|CN¶� 8.5.4!"

bgt s,t,label ⇒
slt at,t,s

bne at,$zero,offs

if ((signed) s ≥ (signed) t) goto label;

bgtu s,t,label ⇒
slt at,t,s

bne at,$zero,offs

if ((unsigned) s ≥ (unsigned) t) goto

label;

bgt s,t,label ⇒
slt at,t,s

bne at,$zero,offs

if ((signed) s ≥ (signed) t) goto label;

bgtz s,label if (s > 0) goto label;

bgtzl s,label bgtz�-��U©|��§®=�"� 8.5.4!"

ble s,t,label ⇒
sltu at,t,s

beq at,$zero,offs

if ((signed) s ≤ (signed) t) goto label;

bleu s,t,label ⇒
sltu at,t,s

beq at,$zero,offs

if ((signed) s ≥ (signed) t) goto label;

blez s,label if (s ≤ 0) goto label;

blezl s,label blez�-��U©|��§®=�"� 8.5.4!"

blt s,t,label ⇒
slt at,t,s

bne at,$zero,offs

if ((unsigned) s < (unsigned) t) goto

label;

bltl s,label ®=���U©|��"� 8.5.4!"

bltu s,t,label ⇒
sltu at,s,t

bne at,$zero,offs

if ((unsigned) s < (unsigned) t) goto

label;

bltz s,label if (s < 0) goto label;

bltzal s,label XJ(s <0) N^ label()"�´ØØN^´Äu

)§“�£/�”�ÆÃ^���3M�ì ra ($31)

¥"

if (s < 0) label();
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bltzall s,label )���U©|CN¶� 8.5.4!"

bltzl s,label ®=���U©|CN¶� 8.5.4!"

bne s,t,label if (s != t) goto label;

bnel s,t,label ®=���U©|CN¶� 8.5.4!"

bnez s,label if (s != 0) goto label;

bnezl s,label ®=���U©|CN¶� 8.5.4!"

break code NÁì^�ä:�-"code�éM�vk�J§�

´ä:É~~§�±ÏLÖ�É~�Ï�-u¢�

§��"

cache k,addr ép���1?1ö�§X 4.9 !¤ã"éP�

MIPS CPUvk¢yT�-§+np����6u

�éäN CPU�E|"

cfc1 t,cs

cfc2 t,cs

òêâl�?nì��M�ì csDx�Ï^M�ì

t"�^uæ^9Ï��M�ì8��?nì§~X

2:ü�£�?nì 1¤"cfc0�-Øáu MIPS32

5�"

ctc1 t,cs

ctc2 t,cs

òêâlÏ^M�ì tDx��?nì��M�ì

cs"

clo d,s é s¥�ê�� 32 O�c�£p ¤���� 

��ê"

clz d,s é s¥�ê�� 32 O�c�£p ¤��"� 

��ê"

dabs d,s ⇒
dsra $at,s,31

xor d,s,$at

dsubu d,d,$at

64 ��

d = s < 0 ? -s, s

dadd d,s,t 64 ��¶ÄÑ�g�§é�^

d = s + (signed)j

addi d,s,j 64 ��§ÄÑ�g�§é�^

d = s + j

daddiu d,s,j 64 á=ê\{§�õ�ÿ�¤ daddu"

d = s + j

daddu d,s,t 64 ��

d = s + t
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dclo d,s é slM�ì�1 63 m©O�c�£p ¤��

�� ��ê"

dclz d,s é slM�ì�1 63 m©O�c�£p ¤��

"� ��ê"

ddiv $zero,s,t ⇒
ddiv s,t

Ï�·��½ $zero��8�ö�ê§T�-� 64

 M�Ø{�-"

lo = (long long) s / (long long)t;

hi = (long long) s % (long long)t;

ddiv d,s,t ⇒
teq t,$zero,0x7

ddiv $zero,s,t

daddiu $at,$zero,-1

bne t,$at,1f

daddiu $at,$zero,1

dsll32 $at,$at,31

teq $t1,$at,0x6

1:

mflo d

�1�"ØÚÄÑuÿ� 64 kÎÒêØ{�-"

lo = (long long) s / (long long)t;

hi = (long long) s % (long long)t;

if (t == 0) exception (BREAK, 7);

if (t == -1 && s == MAXNEG64BIT)

/* result overflows */

exception (BREAK, 6);

d = lo;

ddivu $zero,s,t ⇒
ddivu s,t

ÃÎÒ 64 êM�Ø{�-"

lo = (long long) s / (long long)t;

hi = (long long) s % (long long)t;

ddivu d,s,t ⇒
teq t,$zero, 0x7

ddivu s,t

mflo d

��"Øu��ÃÎÒ 64 êØ{"

lo = (long long) s / (long long)t;

hi = (long long) s % (long long)t;

if (t == 0) exception(BREAK, 7);

d = lo;

deret l EJTAGNÁÉ~�£"��D4� CP0M�ì

DEPC¤�¹�/�?��-§NÁ�ª �""

EX deret ����-¿Ø$1£vkò´ø�

-¤"k' EJTAG��õSN�1 12.1!"

dext d,s,shf,sz l 64 M�ìJ� �"shf ´ �3 s¥�£ 

�1 0 ¤I�� £þ§sz´ ���Ý"

s = d(sz+shlf)..shf;
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dext d,s,shf,sz ⇒
dextm d,s,shf,sz

dext d,s,shf,sz ⇒
dextu d,s,shf,sz

� shf½ s�L 32 �®?ì�âI��Ñdextm

½ dextuÅìè"3�~�¹e§��� dext,�

4®?ì?n"

dextm d,s,shf,sz � sz� 32 ½�õ�� dext�Åìè"

dextu d,s,shf,sz � shf � 32 ½�õ�� dext�Åìè"

di d B�¥ä"éG�M�ì��Û¥ä¦U

 £AE(IE)§�1 3.3.1!¤�"§r�5� SR�

��� d�¥"Tö�´�f5�¶æ^Ö/U/�

�ª�O��Yk�U��´¥ä��·Ï"

dins d,s,shf,sz � 64 M�ì�\ �"��\�êâ�¤ s�$

 "shf ´êâI���£ � £þ§sz´ ��

�Ý"

d = d63..(shf+sz) | s(sz)..0 |

(shf > 0 ? d(shf-1)..0 : 0);

dins d,s,shf,sz ⇒
dinsm d,s,shf,sz

dins d,s,shf,sz ⇒
dinsu d,s,shf,sz

� shf ½ s�L 32 �®?ì�âI��Ñ dinsm

½ dinsu�Åìè"3�~�¹e§��� dins,

�4®?ì?n"

dinsm d,s,shf,sz � sz� 32 ½�õ�� dins�Åìè"

dinsu d,s,shf,sz � shf � 32 ½�õ�� dins�Åìè"

div $zero,s,t ⇒
div s,t

32  kÎÒê�M�Ø{�-¶�8�M�ì�

$zero�®?ì¿Ø�\�"Ø½ÄÑuÿ�è"

lo = s / t;

hi = s % t;

div d,s,t ⇒
teq t,$zero,0x7

div $zero,s,t

li $at,-1

bne t,$at,1f

lui $at,0x8000

teq s,$at,0x6

1:

mflo d

kÎÒ 32 êØ{�-§3�"ØÚÄÑ^�eu

)É~"

if (t == 0)

exception (BREAK, 7); /* divide by zero */

lo = s / t; hi = s;

if (t == -1 && s == MAXNEG32BIT)

exception (BREAK, 6); /* result overflows */

d = lo;
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divu $zero,s,t ⇒
divu s,t

/* $zero as destination means no checks */

lo = s / t;

hi = s % t;

divu d,s,t ⇒
teq t,$zero, 0x7

divu s,t

mflo d

ÃÎÒØ{§�´�"Ø��É~µ

if (t == 0) exception(BREAK, 7);

lo = (unsigned) s / (unsigned)t;

hi = (unsigned) s % (unsigned)t;

d = lo;

dla t,addr ⇒
# various ...

\1 64 /�¶�1 9.4!"

dla t,const ⇒
# biggest case

lui t,const63..48

ori t,const47..32

dsll t,16

ori t,const31..16

dsll t,16

ori t,const15..0

\1 64  ~ê"=�~ê�0u 0x8000 0000 Ú

0xFFFF FFFF�m�â�^ØÓu li�ÏPÎ§d

� 32 ⇒64  =�5K�¦ li òp 32  �ÜW�

�"

dmadd16 s,t =3 NEC� Vr41xxx CPUþk��-"

(long long) lo = (long long)lo + ((short)s

* (short)t);

dmfc1 t,fs

dmfc2 t,fs

ò 64 êâl�?nìM�ì csDx�Ï^M�

ì t"�,=3�k 64 M�ì��?nìþI�

Ú¢y"dmfc1^u2:ü�M�ì¶dmfc24�

¾�"

dmtc1 t,cs

dmtc2 t,cs

ò 64 êâlÏ^M�ì tDx��?nìM�ì

cs"Ù§Óþ¡� dmfc1"

dmul d,s,t ⇒
dmultu s,t

mflo d

64 kÎÒê¦{�-¶sÚ t�¦ÈO�(J�

128 §Ø�UÄÑ"

vkü^Åì�-¢ynM�ìö�ê� 64 ¦

{§�,kéu 32 ö�êkù���-£mul¤"

hilo = s * t; /* with 128-bit precision */

d = lo;

170



8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

L 8.2 Y

®?/Åìè õU£ã

dmulo d,s,t ⇒
dmult s,t

mflo d

dsra d,d,63

mfhi $at

tne d,$at,0x6

mflo d

kÎÒê¦{�-§ÄÑ�u)É~"

hilo = s * t; /* with 128-bit precision */

if ((lo >= 0 && hi !=0) || (lo < 0 && hi != -1))

exception (BREAK, 6);

d = lo;

dmulou d,s,t ⇒
dmultu s,t

mfhi $at

mflo d

tne $at,$zero,0x6

ÃÎÒê¦{�-§ÄÑ�u)É~"

hilo = (long long) s * (long long) t;

if (hi !=0)

exception (BREAK, 6);

d = lo;

dmult s,t 64 kÎÒê¦{�Åì�-§(J��u hilo"

hilo = (long long) s * (long long) t

dmultu s,t 64 Åì¦{�-�ÃÎÒê��"

hilo = (unsigned long long) s * (unsigned

long long) t

dneg d,s ⇒
dsub d,$zero,s

ü8$�Î���ê§ÄÑ�g�—\�U��e

¡� dnegu"

(long long) d = -(long long) s; /* trap on

overflow */

dnegu d,s ⇒
dsubu d,$zero,s

(long long) d = -(long long) s;

drem d,s,t ⇒
teq t,$zero,0x7

ddiv $zero,s,t

daddiu $at,$zero,-1

bne t,$at,1f

daddiu $at,$zero,1

dsll $at,$at,63

teq s,$at,0x6

1:

mfhi d

kÎÒ 64 �ê�{�-§�1ÄÑ^�u�"

if (t == 0) exception (BREAK, 7);

if (s == MAXNEG32BIT && t == -1)

exception (BREAK, 6); /* overflow */

d = (long long) s % (long long) t;
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dremu d,s,t ⇒
teq t,$zero,0x7

ddivu $zero,s,t

mfhi d

64 ÃÎÒ�ê�{§�1ÄÑu�µ

if (t == 0) exception(BREAK, 7);

d = (unsigned long long) s % (unsigned long long)t;

dret L��É~�£�-§^uy3®L�� R6000

CPUÚ,
“MIPS II”�U�¬"

drol d,s,t ⇒
dnegu $at, t

drotrv d,s,$at

64 Ì��£§Ù¥�£þ´�Cþ"

d = (s << t) | ((unsigned long long)s >>

(64 - t));

drol d,s,j ⇒
drotr d,s,64-j

64 Ì��£§Ù¥�£þ´�~ê"

d = (s << j) | ((unsigned long long)s >>

(64 - j));

dror d,s,t ⇒
drotrv d,s,t

64 Ì�m£§Ù¥�£þ´�Cþ"

d = ((unsigned long long)s >> t) | (s <<

(64-t));

dror d,s,j ⇒
drotrv d,s,j

64 Ì�m£§Ù¥�£þ´��u 32�~þ"

d = ((unsigned long long)s >> j) | (s <<

(64-j));

dror d,s,j ⇒
drotr32 d,s,j

64 Ì�m£§Ù¥�£þ´��L½�u 32�

~þ"

d = ((unsigned long long)s >> j) | (s <<

(64-j));

dsbh d,t ��M�ì£64 M�ìkoé¤�zéi!"

dshd d,t ��M�ì£64 M�ìküé¤�zé�i£16

 ¤"

dsll d,s,t ⇒
dsllv d,s,t

64 �£§£ þ´�Cþ"

d = (long long) s << (t % 64);

dsllv d,s,t \�±ù�5�M�ì�£�-�Åìè§�´�

¤ dsll�Ð"

dsll d,s,shf 64 �£§£ þ´��u 32�~þ"

d = (long long) s << shf;

dsll d,s,shf ⇒
dsll32 d,s,shf-32

64 �£§£ þ´�u�u 32�~þ"

d = (long long) s << shf; /* 32 <= shf <

63 */
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dsra d,s,t ⇒
dsrav d,s,t

64 m£µU C��Â�kÎÒm£§½¡�â£

 —3z� �e£Ä�§M�ì�p ^1 63 

��W¿§�(¢y
± 2���Øê�kÎÒØ

{"

d = (signed long long) s >> (t % 64);

dsra d,s,shf 64 �âm£§£ þ���~ê£�â£ �¿

Â�þ¡� dsra d,s,t¤"�~ê�u 32�§Ò´Ó

¶�Åì�-"

d = (signed long long) s >> (t % 64);

dsra d,s,shf ⇒
dsra32 d,s,shf-32

Óþ§32 ≤ shf<63"\�UØ¬���� dsra32"

dsrl d,s,t ⇒
dsrlv d,s,t

Ü6m£—3z� �e£Ä�§M�ì�p ^

1 0W¿§Ú C�óÃÎÒ�ê�Â��"ù´£

 þ�Cþ���"

d = (unsigned long long) s >> (t % 64);

dsrl d,s,shf Ü6m£§£ þ����u 32�~ê"

d = (unsigned long long) s >> (shf % 32);

dsrl d,s,shf ⇒
dsrl32 d,s,shf-32

Óþ§shf �u½�u 32"

dsub d,s,t 64 ~{§ÄÑ�u)É~§4��"

d = s - t;

dsubu d,s,t d = s - t; /* 64-bit */

ehb �1�x�o—�\I��yþ¡�-�?Û�?

nì 0�B�^3����-�1�c®²�¤�

�ÿ¤^��-"�1 8.5.10!"

ei d ¥ä¦U—��Ã^�/��G�M�ì�¥ä#

N £SR(IE)§� 3.3.1!¤"SR�5����� d

¥"Tö�´�fö�"�þ¡� di�-aq£�

�k^¤"

eret l¥ä�£µáuA��ª�-"�Ø SR(EXL)

 ¿�©|� EPC��� ��"�1 5.5!"
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ext d,s,shf,sz l 32 M�ìJ� �"shf ´ �3 s¥�£ 

�1 0 ¤I�� £þ§sz´ ��¹� ��

ê"

mask = (2**sz - 1) << shf;

d = (s & mask) >> shf;

ins d,s,shf,sz � 64 M�ì�\ �"��\�êâ�¤ s�$

 "shf ´êâI���£ � £þ§sz´ ��

°Ý"

mask = (2**sz - 1) << shf;

d = (d & mask) | ((s << shf) & mask);

j label Ä��“go-to”�-"5¿����U�� 228 �i

!�“�”S�-"

goto label;

j r ⇒
jr r

a=�dM�ì r����-"ù´��U
ò�

�=£�?¿/���{§Ï�¤k��-S/�

�ªªÝÑ�u 32 "

jal label f§SN^§�£/� u $ra($31)"5¿�£/

�´ee�^�-�—�Ï~� MIPS ©|��§

;�©|���- ��©|ò´ø§@p��-

o´3��f§S�c�1"

jal d,addr ⇒
la $at,addr

jalr d,$at

�¼êN^��§�´�£/��uM�ì dØ

´Ï~� $31"^ jalr�-Ü¤"3ÅìèÐmª

¥^ la´¢Û§Ï� lag�´��÷�-—�ù�

�·��±;�3ùp)ºÏ��ª£� 9.4!¤"

jalr d,s þ¡ jal d,addr3/� u,��M�ì s��C

N"\�±�¤ jal½ jalr"

jal s ⇒
jalr $ra,s

XJ��½��M�ì§Ò´�N^�/�§�£

/��uÏ~� $ra"

la d,addr ⇒
# many options

\1/�—[�´Ü¤�-§�â addr�{ØÓ

�±)¤ØÓ��èS�"�õ�SN�1 9.4!"

lb d,addr 8 \1§ÎÒ*Ð���M�ì"

éu��-ÚÙ§� load/store�-§�±^õ«

�ª� addr/�—� 9.4!—�´ load/store�-

�UO���M�ì\þ 16 kÎÒê�/�"

d = *((signed char *) addr);
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lbu d,addr 8 \1§"*Ð���M�ì"

d = *((signed char *) addr);

ld d,addr 64 \1§e/��éà�li!Ku)É~"

d = *((long long *) addr);

ldc1 d,addr 64 \1�?nì 1£2:¤M�ì"~�¤ l.d§

�1 8.3!"

ldc2 d,addr 64 \1�?nì 2M�ì§XJæ^
�?nì

2¿�°Ý� 64 �{"

ldl d,addr

ldr d,addr

V°Ý“��/�m”\1—¤é¦^§ù
�-¢y

�� 64  �éà�\1 uld¶�e©±91 2.5.2

!"

ldxc1 fd,s(t) 64 \1�?nì 1£2:¤M�ì§æ^VM�

ì“¢Ú”Ï�"~�� l.d�/ª§�1 8.3!"

fd = *((double *)(t+b));

lh d,addr 16 \1§ÎÒ*Ð���M�ì"

d = *((signed short *)addr);

lhu d,addr 16 \1§"*Ð���M�ì"

d = *((unsigned short *)addr);

li d,j ⇒
ori d,$zero,j

^~ê�£“á=ê”¤\1M�ì"TÐmª·^u

0 ≤ j ≤65535"

li d,j ⇒
addiu d,$zero,j

·^u -32768 ≤ j <0��/"

li d,j ⇒
lui d,hi16(j)

ori d,d,lo16(j)

·^u�±L«� 32�ê�Ù§ j���/"

ll t,addr

lld t,addr

ë£\1"©O\1 32 /64 §�kë£B�^¶

^5Ú sc½ scd�å¢yÃ£�&Òþ£�1 8.5.2

!¤"

lui t,u þ \1á=ê£~ê uÎÒ*Ð� 64 M�ì¤"

t = u << 16;

lw t,addr 32 \1§64  CPUþ?1ÎÒ*Ð"

t = *((int *)addr);

lwc1 fd,addr \1ü°Ý2:ê�2:M�ì—~�� l.s"�1

8.3!"
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lwc2 cd,addr 32 \1��?nì 2M�ì§XJ¢y
�{"

é��"

lwl t,addr

lwr t,addr

��/�m\1��i"ë�e¡� ulwÚ1 2.5.2

!
)ù
�-N��Ó���¤���éà� 32

 \1ö�"

lwu t,addr 32 "*Ð\1§=�u 64  CPU"

t = (unsigned long long) *((unsigned int

*)addr);

lwxc1 fd,t(b) æ^¢Ú£M�ì +M�ì¤/�\1 32 2:"

~�� l.s"�1 8.3!"

fd = *((float *)(t+b));

mad s,t 32 �ê¦{\\§MIPS32�IO�-"ü�M

�ì±�°Ý�¦¿\\µ

hilo = hilo + ((long long) s * (long long)

t);

madu s,t Óþ§�´�ÃÎÒ$�"

hilo = hilo + ((unsigned long long) s *

(unsigned long long) t);

madd d,s,t

maddu d,s,t

32 �ê¦{\\§MIPS32�IO�-"ü�M

�ì±�°Ý�¦¿\\µ

hilo = hilo + ((long long) s * (long long)

t);

madd16 s,t 32 �ê¦{\\§MIPS32�IO�-"ü�M

�ì±�°Ý�¦¿\\µ

hilo = hilo + ((long long) s * (long long)

t);

mfc0 t,cs

mfc1 t,fs

mfc2 t,cs

r32 êâl�?nìM�ì csDx�Ï^M�

ì t—XJ cs´ 64 °Ý§KDx�´$ 32 "�

¯ CPU��M�ìlØmmfc0§r2:ü�êâ

�£��êM�ìlØmmfc1"mfc2=�¢y


�?nì 2��ÿâk^§ù«�¹é��"

mfhc1 t,cs

mfhc2 t,fs

ò 64 �?nìM�ì cs½ fsDx�Ï^M�ì

t"

=���MIPS32�êü���
� 64 !Ù§�

¡oNMIPS64��?nì�âJø"~X§MIPS

úi� 24KfØPk�� 64 2:ü�"
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mfhi d

mflo d

ò�ê¦{ü��$�(JDx�Ï^M�ì d"lo

�¹Ø{�û§±9¦È�$ 32 §½ö dmul¦

È�$ 64 "hi�¹Ø{�{ê½ö¦È�p "

ù
�-[�´p£�¶=¦�@Ï�MIPS CPU

þ§M�������¤�¦Ø�-(å"

move d,s ⇒
or d,s,$zero

d = s;

movf d,s,$fccN �«���^�Dx�-—�õSNë�1 8.5.3

!"

if (!fcc(N)) d = s;

movf d,s,t if (t) d = s;

movt d,s,$fccN if (fcc(N)) d = s;

movt.d fd,fs,N

movt.s fd,fs,N

V°ÝÚü°Ý��"

if ((fcc(N)) fd = fs;

movz d,s,t if (!t) d = s;

msub s,t

msubu s,t

�ê¦{/\\�K��§©O�kÎÒÚÃÎÒê

/ª"

hilo = hilo - ((long long) s * (long long)

t);

mtc0 t,cd

mtc1 t,fd

mtc2 t,cd

r32 êâlÏ^M�ì tDx��?nìM�ì

cd"5¿ù^�-¿Ø�Ìk�8IM�ì�Ï~

S."

mtc0^u�¯ CPU��M�ì§mfc1^ur�

êü�êâ��2:M�ì£�õ��ÿêâ��

l�;ì\1¤"=� CPUæ^�?nì 2�-�

�ÿ£ù«�¹é��¤â¢ymtc2"

XJ�?nìM�ì´ 64 °Ý§êâ\1?$ 

$ §�´p 32 �G�vk½Â"

mthc1 t,cs

mthc2 t,fs

ò 32 Ï^M�ì tDx� 64 �?nìM�ì

cd½ fd�p §�3$ ØC"

=���MIPS32�êü���
� 64 !Ù§�

¡oNMIPS64��?nì�âJø"~X§MIPS

úi� 24KfØPk�� 64 2:ü�"

177



8.2. ®?�-9Ù¿Â 1 8Ù MIPS�-8ë���

L 8.2 Y

®?/Åìè õU£ã

mthi s

mtlo s

òÏ^M�ì d�SN©ODx��ê¦{ü��

(JM�ì hiÚ lo"ù:wþ�Ð�vk�o^§

�´�lÉ~�£�¡E CPU�G�7Ø��"

mul d,s,t ý��nM�ì 32 �ê¦{§3MIPS32¥½Â§

3,
@Ï� CPUþ�k"����°Ý(J�,

�G�SÜ� hiloM�ì"vkÃÎÒ��"

hilo = (long long) s * (long long) t;

d = lo;

mul d,s,t ⇒
mult s,t

mflo d

�®?ì)¤MIPS32�c��-8��±Ü¤n

M�ì¦{"

mul d,s,t ⇒
mult s,t

mflo d

sra d,d,31

mfhi $at

tne d,$at,0x6

mflo d

�kÄÑu�� 32 kÎÒ¦{"éÄÑ�iÿ´

ÏL	w hi´Ä{ü�� lo�ÎÒ*Ð5���"

hilo = (signed) s * (signed) t;

if ((lo >= 0 && hi != 0) || (s<0) && hi != 1)

exception(BREAK, 6);

mulou d,s,t ⇒
multu s,t

mfhi $at

mflo d

tne $at,$zero,0x6

�kÄÑu�� 32 kÎÒ¦{"

hilo = (signed) s * (signed) t;

if ((lo >= 0 && hi != 0) || (s<0) && hi != 1)

exception(BREAK, 6);

mult s,t hilo = (signed)s * (signed)t;

multu s,t hilo = (unsigned)s * (unsigned)t;

neg d,s ⇒
sub d,$zero,s

ù���3ÄÑ�g�§4��^"

d = - s;

negu d,s ⇒
subu d,$zero,s

vkÄÑ§C�óo´)¤ù�«"

d = - s;

nop ⇒
sll $zero,$zero,$zero

�ö�§�-è��""

nor d,s,t �O�Å ö���§v7�� 64  CPU5�ü

Õ���"

d = ~(s | t);
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not d,s ⇒
nor d,s,$zero

d = ~s

nudge addr

nudgex s(t)

ý��- pref nudgeÚ prefx nudge�{�/ª"

�e©Ú1 8.5.8!"

or d,s,t d = s | t;

ori d,s,j ���~ê�1“½”ö� OR"�Åì�-§~�¤

or d,s,jµ

d = s | (unsigned) j;

pref hint,addr

pref hint,t(b)

�é��?1`z�ý��-"¯k���UI

��êâ�§S�±?1Sü§4¤IêâJc?

\p���Ø�)B�^"äN¢yo´�±r

pref �¤�ö�"

hint½Âù´=«a.�ý�¶�1 8.5.8!"

prefx�^u2:§��2:\1/�;�-¤^�

M�ì +M�ìÏ��ª"

r2u s LSI ATMizer-IIAk��-¶=�¤Û%�2:�

ª"(J�u lo"

radd s,t LSI ATMizer-IIAk��-¶Û%�2:\{"(

J�u lo"

rdhwr d,$cs Ö�M�M�ìµ#N�A��^r�^�Ö��

| CPUM�ì��"�1 8.5.12!"

rdpgpr d,s lþ��KfM�ì|Ö�M�ì��—�1 5.8.6

!"

rem d,s,t ⇒
teq t,$zero,0x7

div $zero,s,t

li $at,-1

bne t,$at,1f

lui $at,0x8000

teq s,$at,0x6

1:

mfhi d

kÎÒ�ê�{�-§�1�"ØÚÄÑ^�u�"

if (t == 0) exception (BREAK, 7);

if (s == MAXNEG32BIT && t == -1)

exception (BREAK, 6); /* overflow */

d = s % t;
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remu d,s,t ⇒
teq t,$zero,0x7

divu $zero,s,t

mfhi d

ÃÎÒ�ê�{§�1�"Øu�µ

if (t == 0) exception(BREAK, 7);

d = (unsigned) s % (unsigned) t;

rfe MIPS32�c£Ù¢�k MIPS I¤�lÉ~�£�

^5¡E CPUG���-"y3®²L�§d?Ø

2�[0�"

rmul s,t LSI ATMizer-IIAk��-¶Û%�2:¦{"(

J�u lo"

rol d,s,shf ⇒
rotr d,s,32-shf

Ì��£§Ù¥�£þ´�~ê"rotr´MIPS32R2

#O�¶éuP� ISA§��-d���Åì�-S

�Ü¤"

d = s << shf) | ((unsigned)s >> (32 - shf);

rol d,s,t ⇒
negu $at,t

rotrv d,s,$at

Ì��£"3MIPS32R2�c��-8"yÌ�m

£�Åì�-¶éuP��-8§I��õ�Åì

�-5Ü¤"

d = (s << t) | ((unsigned)s >> (32-t));

ror d,s,shf ⇒
rotrv d,s,shf

Ì�m£~ê "3MIPS32R2�c��-8þ�

Ü¤�-"

d = ((unsigned)s >> shf) | (s << (32-shf));

ror d,s,t ⇒
rotrv d,s,t

Ì�m£§�£þ´�Cþ"3 MIPS32R2�c�

�-8þ�Ü¤�-"

d = ((unsigned)s >> t) | (s << (32-t));

rotr d,s,shf Ì�m£§�£þ´�á=þµ=3 MIPS32R2¥

âk�Åì�-"

rotrv d,s,t Ì�m£§�£þ´�Cþµ=3 MIPS32R2¥â

k�Åì�-"

rsub s,t LSI ATMizer-IIAk��-¶Û%�2:~{"(

J�u lo"

sb t,addr *((char *)addr) = t;

sc t,addr

scd t,addr

^��;i/Vi¶�1 8.5.2!)º"

sd t,addr XJ addrvkéà�li!Ò¬��É~"

*((long long *)addr) = t;
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sdbbp c NÁä:�-—ØÓu break�-§Ï�§��á

\NÁ�ª�É~�ª"�À� c?è��-¥

�§øNÁìÖ�"

5¿éù^�-kü«ØÓ�?è—®²L��@

«y3=k Toshiba 3900Ø9Ù�U�¬¦^"

�1 12.1!k' EJTAGNÁü��£ã"

sdc1 ft,addr �;2:V°ÝM�ì��;ì"~�¤ s.d"

sdc2 cs,addr �; 64 �?nì 2M�ì��;ì"

sdl d,addr

sdr d,addr

V°Ý“��/�m”�;¶�1 2.5.2!�)º"

sdxc1 fs,s(t) �;V°Ý2:M�ì§æ^VM�ì“¢Ú”Ï�"

~�� s.d�/ª"

*((double *)(t+b)) = fs;

seb d,s M�ìSri!ÎÒ*Ð���M�ì"

d = (long long)(signed char)(s && 0xff);

seh d,s M�ìSr�iÎÒ*Ð���M�ì"

d = (long long)(signed short)(s && 0xffff);

seq d,s,t ⇒
xor d,s,t

sltiu d,d,1

“^���”®?ÏPÎ|¥�1��§�[ý¢Å

ì�- slt�E"

d = (s == t) ? 1 : 0;

sge d,s,t ⇒
slt d,s,t

xori d,d,1

d = ((signed)s >= (signed)t) ? 1 : 0;

sgeu d,s,t ⇒
sltu d,s,t

xori d,d,1

d = ((unsigned)s >= (unsigned)t) ? 1 : 0;

sgt d,s,t ⇒
slt d,s,t

d = ((signed)s > (signed)t) ? 1 : 0;

sgtu d,s,t ⇒
sltu d,s,t

d = ((unsigned)s > (unsigned)t) ? 1 : 0;

sh t,addr �;�iµ

*((short *)addr) = t

sle d,s,t ⇒
slt d,s,t

xori d,d,1

d = ((signed)s <= (signed)t) ? 1 : 0;
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sleu d,s,t ⇒
sltu d,s,t

ori d,d,1

d = ((unsigned)s <= (unsigned)t) ? 1 : 0;

sll d,s,shf d = s << shf; /* 0 <= shf <32 */

sll d,t,s ⇒
sllv d,t,s

sllv d,t,s

d = t << (s % 32);

slt d,s,t d = ((signed) s < (signed) t) ? 1: 0;

slt d,s,j ⇒
slti d,s,j

slti d,s,j

/* j constant */

d = ((signed)s < (signed)j) ? 1 : 0;

sltiu d,s,j /* j constant */

d = ((unsigned)s < (unsigned)j) ? 1 : 0;

sltu d,s,t d = ((unsigned)s < (unsigned)t) ? 1 : 0;

sne d,s,t ⇒
xor d,s,t

sltu d,$zero,d

d = (s != t) ? 1 : 0;

sra d,s,shf 32 m£§£ þ���~ê"U C��Â�kÎ

Òm£§½¡�â£ —3z� �e£Ä�§M

�ì�p ^1 63 ��W¿§�(¢y
± 2�

��Øê�kÎÒØ{"

d = (signed) s >> shf;

sra d,s,t ⇒
srav d,s,t

32 �âm£§£ þ���Cþµ

d = (signed) s >> (t % 32);

srl d,s,shf 32 Ü6m£µÒÐ� C�ÃÎÒþ�£ §M�

ì�p ^1 0W¿"

d = (unsigned) s >> shf;

srl d,s,t ⇒
srlv d,s,t

32 Ü6m£§£ þ�3M�ì¥"

d = (unsigned) s >> (t % 32);

ssnop ⇒
sll $zero,$zero,1

“�Iþ”�ö�¶´��ö�§�´3Ó��¨±

Ï CPUØ�uxÙ§�-"̂ u ���S8�"

standby ?\ä>�ª��§=·^u NEC Vr4100 x

CPU¶wait—�e—�-^���2�"
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sub d,s,t ÄÑ�g�§é�^�"

d = s - t;

subu d,s,j ⇒
addiu d,s,-j

d = s - j;

subu d,s,t d = s - t;

suspend ?\ Vr4100 CPU�ä>�ª"

sw t,addr �;��i"

*((int *)addr) = t;

swc1 ft,addr �;ü°Ý2:ê�S�—~�� s.s"

swc2 cd,addr �;�?nì 2M�ì� 32 êâ§é��"

swl t,addr

swr t,addr

��/�m�;��i"ë�1 2.5.2!"

swxc1 fs,t(b) æ^£VM�ì¤¢Ú/��; 32 ü°Ý2:¶

~�� s.s"

*((float *)(t+b)) = fs;

sync êâ���o�-§Ì�^uõ?nì¶�1 8.5.9

!"

synci 4 I-cache� D-cacheÓÚ"3���-��§�3

�1�-éz�p���1���S�¬$1�

-"

syscall B �)��“XÚN^”É~"

exception(SYSCALL, B);

teq s,t ^�g��-µXJ�A�^�÷v§)¤��

TRAPÉ~¶�^Ò´µ

if (s == t) exception(TRAP);

teq s,j ⇒
teqi s,j

if (s == j) exception(TRAP);

tge s,t if ((signed)s >= (signed)t) exception(TRAP);

tge s,j ⇒
tgei s,j

if ((signed)s >= (signed)j) exception(TRAP);

tgeu s,t if ((unsigned)s >= (unsigned)t) exception(TRAP);

tgeu s,j ⇒
tgeiu s,j

if ((unsigned) s >= (unsigned) j) exception(TRAP);
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tlbp TLB�o�-¶�1 6Ù"

XJ�c EntryLo ¥�J[�Ò�� TLB ��

êâ��§�� Index ��T�êâ"ÄK��

Index��{� 0x8000 0000£�p � ¤"

tlbr TLB�o�-¶�1 6Ù"

ò IndexÀ¥� TLB��&EE��M�ì En-

tryLo!EntryHi1!EntryHi0Ú PageMask¥"

tlbwi

tlbwr

TLB�o�-¶�1 6Ù"

^EntryLo!EntryHi1!EntryHi0ÚPageMask

¥�êâ§©O�\d Index £tlbwi �-¤½

Random£tlbwr�-¤¤À¥� TLBêâ�"

tlt s,t �õ�^�g�"

if ((signed)s < (signed)t) exception(TRAP);

tlt s,j ⇒
tlti s,j

if ((signed)s < (signed)j) exception(TRAP);

tltu s,t if ((unsigned)s < (unsigned)t) exception(TRAP);

tltu s,j ⇒
tltiu s,j

if ((unsigned) s < (unsigned) j) exception(TRAP);

tne s,t if (t != s) exception(TRAP);

tne s,j ⇒
tnei s,j

if (s != j) exception(TRAP);

u2r s LSI ATMizer-IIAk��-¶òÃÎÒê=�¤�

Û%�2:"(J�u lo"

udi0 d,r,s,uc

�

udi15 d,r,s,uc

3�^rg½Â�-�3��-?è�mS�ï�

-"ù«�-�±æ^n�Ï^M�ì�-§��

±k^u^rÜ6� 5 9Ïö�è uc"

uld d,addr ⇒
ldl d,addr

ldr d,addr+7

�éà�V°Ý\1§d1 2.5.2!�[0����

\1Ú�m\1�-Ü¤£=�Ñ��à�~f¤"

ulh d,addr ⇒
lb d,addr

lbu $at,addr+1

sll d,d,8

or d,d,$at

�éà��i\1ÚÎÒ*Ð"ùp´Uì��à

Ðm�£��à��/3�Öö����öS¤"�

âØÓ�Ï��ª§Ðm��U'ùp���E,"
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ulhu d,addr ⇒
lbu d,addr

lbu $at,addr+1

sll d,d,8

or d,d,$at

�éà��i\1Ú"*Ð"

ulw d,addr ⇒
ldl d,addr

ldr d,addr+3

�éà�i\1¶XJ´ 64 K?1ÎÒ*Ð£�

�Ñ��à��/¤"�1 2.5.2!"

usd d,addr ⇒
sdl d,addr

sdr d,addr+7

�éà�V°Ý�;"

ush d,addr ⇒
sb d,addr+1

srl d,d,8

sb d,addr

�éà��i�;"

usw d,addr ⇒
swl d,addr

swr d,addr+3

�éà�i�;¶�1 2.5.2!"

wait MIPS32 �-§^5?\,«ä>G�"Ï~ÏL

¥��1��uÿ�¥ä¢y"^�ØA�b½¥

�o¬u)½l wait�2�½L²´�¶-�¥

ä—wait�-A�l�=Ì�¥N^"

wrpgpr cd,t �\c��KfM�ì|���M�ì¶�[�¹

� 5.8.6!"

wsbh é 32 S�ü��iSÜ?1i!��"ù´�^

32 �-¶3 64  CPUþM�ì�p�Ü^1 31

 �ÎÒ*ÐW¿"

wsbh�Ì�£ �å^�ê�-¢yNõØÓ/

ª�i!|"

xor d,s,t d = s ^ t;

xor d,s,j ⇒
xori d,s,j

d = s ^ j;
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gC�E,5"�3¿±eA:µ

• z�^2:�-Ñk��ü°Ý��Ú��V°Ý���§3ÏPÎ¥^
.sÚ .d5«©"

XJ\�M�|±1 7.10!¤ã�ü°Ý2:é*Ð§�¬k�� .ps�

���-§1�Úü°Ý������§�´�üg"Øáu�L¥,�

�-� .ps���ü°Ý2:é�-3L¥�
Ñ5§�´·�=´4\

�ë�1 7.10!�`²"

�
!��m¿�;�4\�ú«6b§��Ó��`²·^uü��

�§L 8.4Ò��Ñü°Ý��"

• Ä��2:?èÚ�-(JÎÜ IEEE 754IO"3M�ØU)¤ IEEE

754IO5½�/�§"��1�´ÚuÉ~§4^��ý§S�Ö�)

¤ÎÜIO�(J�m��å"

• 2:O�Úa.=��-�±��É~"ùé{3 IEEE¿Âe¤á§�

uÿ�§S
�Ua,��^�¶3.�NX(�¿Âe�¤áµMIPS

FP2:M�§3¡éÃ{�(?n�ö�êÚ$��|Ü�§Ò¬)¤

��2:“�¢y” �É~§d�d4^��ý§S�§�12:$�"

êâDx�-£�;ì!M�ìmDx¤l5Ø¬u)É~"neg.s!neg.d!abs.s

½ abs.d�-==UCÎÒ Øu�SNµ��¬��g��^�´

éù
�-���“&- NaN”ö�ê¬�)�� IEEE “Ã� (invalid)”É

~"

L 8.4: UìÏPÎüS�2:�-£ã

®?è õU

abs.s fd,fs fd = (fs < 0) ? -fs : fs;

add.s fd,fs,ft fd = fs + ft;

addr.ps fd,fs,ft /* MIPS 3D "reduction add", see Section 7.10 */

fd.upper = fs.upper + fs.lower;

fd.lower = ft.upper + ft.lower;

alnv.ps fd,fs,ft,rs òü°Ý���¤��ü°Ýé§�â rs���

½�ü«�U�ª��?1"
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L 8.4 Y

®?è õU

bc1f $fccN,label

bc1fl $fccN,label

bc1t $fccN,label

bc1tl $fccN,label

A�2:^�©|�-§L 8.2Ñk"

bc1any2f $fccN,label

bc1any2t $fccN,label

bc1any4f $fccN,label

bc1any4t $fccN,label

MIPS-3D�-§�âü�½o�^��“½”ö�

OR�(J©|"� 7.10.4!"

c.eq.s $fccN,fs,ft

c.f.s $fccN,fs,ft

c.le.s $fccN,fs,ft

c.lt.s $fccN,fs,ft

c.nge.s $fccN,fs,ft

c.ngl.s $fccN,fs,ft

c.ngt.s $fccN,fs,ft

c.ole.s $fccN,fs,ft

c.olt.s $fccN,fs,ft

c.seq.s $fccN,fs,ft

c.sf.s $fccN,fs,ft

c.ueq.s $fccN,fs,ft

c.ule.s $fccN,fs,ft

c.ult.s $fccN,fs,ft

c.un.s $fccN,fs,ft

2:'��-§'� fsÚ ft¿r(J�\2:^

�  $fccN"1 7.9.7!édk�[0�"

cabs.xx.s $fccN,fs,ft

MIPS-3D*Ð�-§'�ü�2:��ýé�¿

��'�(J"“xx”L��ÿÁ�þ¡� c.xx.s

�-�Ó"

ceil.l.d fd,fs

ceil.l.s fd,fs

ò2:�=�����½e��kÎÒ� 64 �

ê�"

ceil.w.d fd,fs

ceil.w.s fd,fs

ò2:�=�����½e��kÎÒ� 32 �

ê�"

cfc1 rt,fs

ctc1 rs,fd

32:��M�ìÚÏ^M�ì�m£“f”L«5

g(from) FP§“t”L«x�(to) FP¤��êâ"^

u1 7.7!0�� FCSRM�ì�"

cvt.d.l fd,fs
2:a.=�§Ù¥a. d,l,s,w£©O�L double,

long, float, int)L«8�Ú5M�ì�a."

�=�¬��°Ý�§æ^ FCSR(RM)��c�\�

ª5(½�1N��Cq"éu�ê=�§�I��C

q��{k'�§\�Ðr�-�¤ floor.w.s�/ª"

cvt.d.s fd,fs

cvt.d.w fd,fs
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®?è õU

cvt.l.d fd,fs

cvt.l.w fd,fs

cvt.s.d fd,fs

cvt.s.l fd,fs

cvt.s.w fd,fs

cvt.w.d fd,fs

cvt.w.s fd,fs

cvt.ps.s fd,fs,ft òü�ü°Ý�=�¤��ü°Ýé§�1 7.10

!"

cvt.ps.pw fd,fs,ft MIPS-3D�-§òü�©O�L�� 32 �ê�

�=����ü°Ýé§�1 7.10.4!"

cvt.pw.ps fd,fs,ft MIPS-3D�-§ò��ü°Ýé�ü�Ó�=�

��ê�§�1 7.10!"

cvt.s.pl fd,fs,ft

cvt.s.pu fd,fs,ft

ò��ü°Ýé���=��Ï~�ü°Ý�§�

1 7.10!"

div.s fd,fs,ft fd = fs / ft;

dmfc1 rd,fs ò 64 �l2:£�?nì 1¤Ø�=�Dx��

êM�ì"

dmtc1 rd,fs ò 64 �Ø�=�Úu�l�êDx�2:£�

?nì 1¤M�ì"

floor.l.d fd,fs

floor.l.s fd,fs

ò2:=����½öe���$� 64 �ê"

floor.w.d fd,fs

floor.w.s fd,fs

ò2:=����½öe���$� 32 �ê"

l.d fd,addr ⇒
ldc1 fd,addr

\12:V°Ý�§7Léà�li!"

fd = *((double *)(o + b));

l.s fd,addr ⇒
lwc1 fd,addr

\12:ü°Ý�§7Léà�oi!"

fd = *((double *)(o + b));

ldc1 fd, disp(b) ®²=��� l.d�d��-"

l.d fd,t(b) ⇒
ldxc1 fd,t(b)

æ^¢ÚÏ�\12:M�ì"�Ð�¤ asl.d/

ª"5¿ü�M�ì�/ ¿Ø��é¡—b^5

NB��/� t� £þ§XJ (b+t)���

�á\��MIPS/�N�¥ØÓu b�«�£d

64 /���p 2 û½¤§@oÒ��
�¦"

fd = *((double *)(b + t));
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L 8.4 Y

®?è õU

li.s fd,const

li.d fd,const

\12:~ê§Ï~�Ü¤�-§r~ê�u,�

�;ì �,�\1"

luxc1 fd,i(b) VM�ì¢Ú\1V°Ý2:ê§A�� ldxc1

����§ØÓ�?3uXJ��/�´�éà

�§Ø¬u)É~§\1òlÏLrk�/��$

3 �"���/�??1"Ú alnv�å^5?

n�éà�ü°Ý2:é—�1 7.10!é alnv�

£ã"

lwc1 fd, disp(b) ®²=��� l.s�d��-"

lwxc1 fd, i(b) ²(�VM�ì¢Ú\1�-¶Ï~'æ^�AÏ

��ª� l.s�Ð"�þ¡'u ldxc1�5º"

madd.s fd,fr,fs,ft fd = fr + fs * ft;

lwxc1 fd, i(b) ²(�VM�ì¢Ú\1�-¶Ï~'æ^�AÏ

��ª� l.s�Ð"�þ¡'u ldxc1�5º"

lwxc1 fd, i(b) ²(�VM�ì¢Ú\1�-¶Ï~'æ^�AÏ

��ª� l.s�Ð"�þ¡'u ldxc1�5º"

madd.s fd,fr,fs,ft fd = fr + fs * ft;

mfc1 rd,fs ò 32 �l2:£�?nì 1¤Ø�=�Dx��

êM�ì"

mfhc1 rd,fs òl2:£�?nì 1¤M�ì�p 32 �Dx

��êM�ì"^u�k 64  FPU� 32 �ê

CPU"

mov.s fd,fs fd = fs;

movf.s fd,fs,N if (!fcc(N)) fd = fs;

movn.s fd,fs,N if (t != 0) fd = fs; /* t is a GPR */

movt.s fd,fs,N if (fcc(N)) fd = fs;

movn.s fd,fs,N if (t == 0) fd = fs; /* t is a GPR */

msub.s fd,fr,fs,ft fd = fs * ft - fr;

mtc1 rd,fs ò 32 �Ø�=�Úu�l�êDx�2:£�

?nì 1¤M�ì"

mthc1 rd,fs ò 32 �l�êM�ìDx�2:£�?nì 1¤

M�ì�p 32 "Ì�^u�k 64  FPU� 32

 �ê CPU£MIPS CPU��õêÑ´ 64 ¤"
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®?è õU

mul.s fd,fs,ft fd = fs * ft;

mulr.ps fd,fs /* MIPS-3D "Reduction Add", see Section 7.10.4 */

fd.upper = fs.upper * fs.lower;

fd.lower = ft.upper * ft.lower;

neg.s fd,fs fd = -fs;

nmadd.s fd,fr,fs,ft fd = -(fr + fs * ft);

nmsub.s fd,fr,fs,ft fd = -(fr - fs * ft);

pll.ps fd,fs,ft

plu.ps fd,fs,ft

pul.ps fd,fs,ft

puu.ps fd,fs,ft

#��ü°Ýé§�1 7.10!"

prefx hint, i(b) M�ì/M�ìÏ��ªp���ý��-"

=32:þ�^£Ó��Ï��ª�^u

ldxc1/sdxc1¤"�3�ê�-L¥��Ñ
�

�-"�1 8.5.8!0��ó�Å�"

pul.ps fd,fs,ft

puu.ps fd,fs,ft

Uìi1gS�E—�þ¡� pll"

recip.s fd,fs ¯�¦�ê"Ø÷v IEEE°Ý§�´�õ�´�

$�ê þ���ü "

fd = 1/fs;

recip1.s fd,fs

recip2.s fd,fs,ft

MIPS-3D—recip1 ´�¯�o÷�Cq{¦�

ê§recip2´�?1�ê°zÚ½�AÏ¦\�

-"�1 7.10.4!"

round.l.d fd,fs

round.l.s fd,fs

ò2:=�¤����½��C� 64 �ê"

round.w.d fd,fs

round.w.s fd,fs

ò2:=�¤����½��C� 32 �ê"

rsqrt.s fd,fs ¯��'�°(�£Ø�Ø�L�$�ü ¤§�

´Ø÷v IEEE�°(Ý"

fd = sqrt(1/fs);

rsqrt1.s fd,fs

rsqrt2.s fd,fs,ft

MIPS-3D—rsqrt1´�¯�o÷�²��CqO

��-§rsqrt2´�1²��°zÚ½���A

Ï�¦\$�"�1 7.10.4!"
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®?è õU

s.d ft,addr ⇒
sdc1 ft,addr

2:V°Ý�;§/�7Léà�li!"3�

�k 32  FPU� CPUþI�ü^ swc1�-Ü

¤"

*((double *)addr) = ft;

s.s ft,addr ⇒
swc1 ft,addr

2:ü°Ý�;§/�7Léà�oi!"

*((float *)addr) = ft;

sdc1 fd, disp(b) ®²=��� s.d�d��-"

sdxc1 fd, i(b) ²(�VM�ì¢ÚV°Ý�;�-—�þ¡'

u ldxc1�5º§Ï~'æ^�AÏ��ª� l.s

�Ð"

sqrt.s fd,fs fd = sqrt(fs); /* IEEE compliant */

sub.s fd,fs,ft fd = fs - ft;

suxc1 fd,i(b) VM�ì¢Ú�;§A�� sdxc1����§ØÓ

�?3u�éà�/�Ø¬u)É~§�;ì��

1§�´rk�/���e�\�li!�>."

swc1 fd, disp(b) ®²=��� s.s�d��-"

swxc1 fd, i(b) ²(�VM�ì¢Ú�; 32 2:���-¶Ï

~'æ^�AÏ��ª� s.s �Ð"�þ¡'u

ldxc1�5º"

trunc.l.d fd,fs

trunc.l.s fd,fs

ò2:���êÜ©��=�¤� 64 �ê"

trunc.w.d fd,fs

trunc.w.s fd,fs

ò2:���êÜ©��=�¤� 32 �ê"

8.4 �MIPS32/641����O

MIPS32/645�u 2003c,?�
“1 2�”§ùÒ´·�ùp?Ø�"¤

±�!���Ò´éÎÜ5�1��� CPU¥vk�ÀÜ���V)"

8.4.1 1��O\�ÊÏ�-

ùp�Ñ��-�)A�� 2003c MIPS32/641��½Â�A^�-"

�3ùp�8�´�
�Ï@
¦^ÎÜ1��5��O�Ø�¹ù
�-�

CPU�<"
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L 8.3: 2:M�ìÚI£Î�½
^i ^å

fs, ft 2:M�ìö�ê"

fd �É$�(J�2:M�ì"

fdhi, fdlo 32 ?nÙ¥�é���2:M�ì§Ü3�å����

2:V°Ý��"pSÒ£ÛêÒ¤M�ì3�~��â$

�¥´Û¹�"

$fccN FCSRM�ì¥�2:^� ��§bclt�a��-ÿÁ"

ù
®²k�
uÐCz¶MIPS III ISA�k��^� §

�´y�� FPUk 8�"vk�½^=�^� ��-"

�¦^�k�“1 0�”^� "

fcc(N) Óþ§̂ u C�ó�è"

upper,lower 1 7.10!?Ø�NB��ü°Ý2:é�2:M�ì�p

�ÜÚ$�Ü��"

J�Ú�\ �

ext� ins�-£±9 64 CN dext!dextm!dextu!dins!dinsmÚ

dinsu¤U
�k�Ç/�¯�½� �£��°ÝÚ £þSïuù
VM�

ì�-p¤"

i�#|�——Ó=!i!*ÐÚ���Ï

�
�A¢y�õ�M�ì�M�ìmêâ#|��I¦£3�äþA

^§SAO'%ù�:¤§\

#��-µ

•  Ó=ö�£=Ì�£ ¤µ3 MIPS32/64R2�c§MIPS�kÊÏ£ 

ö�"y3k
 rotr£�£þ3�-¥?è¤Ú rotrv£�£þdM�

ì�½¤§�k�A� 64 �� drotrÚ drotrv"

• i!½ö�i�ÎÒ*Ðµo�±ÏL��£ ,��m�â£ ¢yÎ
Ò*Ð§��- seb!seh©OJø
ÎÒ*Ði!/�i�M�ì�M�

ì�ö�"

• �iS�i!��µwsbh�-wþ�k:%§�ÚÌ�£ �(Ü§�

±3�ü^�-S¢y 32 iSÜk^��õêi!|"

3 32  CPUþJø 64  FPU£9 CP2¤

� 32  CPU��2:M���ÿ§����� 64 � FPU~~�k¿

Â§ù�:®²C�é²w
"MIPS32/641��#Nù��§�´Ø²LS�
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¥=ÒÃ{33Ï^M�ìÚ2:M�ì�mDÑ� 64 �"mfhc1/mthc1

�-�¤ù�ó�§5£��2:M�ì�p�Ü©——®k� mfc1/mtc1

�-®²?n
$�Ü©"

1���½Â
mfhc2/mthc2�-§é CPU�U½Â�?Û 64 ��

?nì 2�¤Ó��ö�"

Ö�M�M�ì

rdhwr�^r�Jø
é,
äN CPU&E��Ö�¯§ë�1 8.5.12

!"

4#�\��-��

synci�-�¤��7��p���ö�§¦�U
��/�y§?Ûff

�\�;ì��-éÏL I-cache�-p������ö�Ñ��"�P�p�

���-ØÓ§ù^�-Ø´A��-§̂ r�§S��±¦^"ë�1 8.5.1

!"

8.4.2 1��O\�A��-

A�£Ø%;^¤�-8�kü?Cz"

�f5�¥äB�/#N

31���c§3MIPS CPU¥vk�{U
�f5/B�¤k¥äµ3

SRM�ìþ��¦� RMWS�����U�¥ä"\�±ÏLö�XÚ��

å£ë�1 5.8.3!¤¢yS�§�´y3\k
�^ý���f�-"

di3ü���fÚ½SB�¥ä£�Ø SR(IE) ¤"rP� SR��£�

8IM�ìS§¤±\���±^mtc0Ú��� SR�##N¥ä"�´�


�±�-8�é¡5§1���½Â
�^ ei�-§�f5/�  SR(IE)"

KfM�ì|±

KfM�ì´Ï^M�ì8��|½õ|�°§\�±ÀJ3,�É~?

n§S¥¦^§�~��´3¥ä?n§S¥^"1���5�Jø
A«Ø

Ó�¦^�{§ë�1 5.8.6!"

�9��#�-k rdpgpr/wrpgpr§©OÖ�Ú�\�cM�ì8�	

,�M�ì|¥���M�ì"
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8.5. AÏ�-9Ù^å 1 8Ù MIPS�-8ë���

8.5 AÏ�-9Ù^å

MIPSlØ£;M#§§��-8p�¹�
�~°|�A5§ù
A5Ï

�J±n)½vk)º�ÙØ�<¤5¿£ÏÒ�¦^¤"�!8¥?Øù


A5"

8.5.1 ��\1/�m\1µ�éà�\1Ú�;

XJ~^�êâSüéà�ÎÜM��¦��;ì>.�ÇÒ¬Jp"é

uäk 32 o���Åì5`§Ò´`ò 32 �êâ��3éà� 32 >.

�/�k|¶aq/§64 o�éu��3éà� 64 >.�êâk|"

XJ CPU7L��BL�;ì°Ý>.��éàêâ§Ò7L�1ügö

�"RISC6Y��{ü5Ø¬#N3�^�-¥�1ü�ö�§¤±�éà�

DÑ���s¤ü��-"

�4à� RISC�Ý´Q,·�ki!���ö�§����éàö��
±^i!ö��EÑ5"XJ�¬êâ£�ª���oi!½öli!��ê

�¤�U´�éà�§§S
/?ÈìoU
r§Ö��X�i!��S�§,
�^£ !ùèö�3M�ì¥#�ïù�ê"éi���\1S�wþ�X

e£ùpb½´��à CPU§�vké CPU6Y�¥�\1ò´?1`z¤µ

lbu rt, o(b)

sll rt, rt, 24

lbu rtmp, o+1(b)

sll rtmp, rtmp, 16

or rt, rt, rtmp

lbu rtmp, o+2(b)

sll rtmp, rtmp, 8

or rt, rt, rtmp

lbu rtmp, o+3(b)

or rt, rt, rtmp

ù´�^�-§�1og\1��^����M�ì"XJù��ö�é

õ�{§é�U¤�5UàÃ"

MIPSéd�)û�Y´�é�-§Ù¥z^�-¦�Uõ/¼��éà�

i uéà�S�¬¥�Ü©"�MIPS�-8u²�ù
�-�¶i���

�\1 �m\1µ�é�-v
?1�éà� load/store£i½öVi��¤ö

�"ù31 2.5.2!J�L"

�¯S�£½öp���¤�M�DÑo½li!�éà�êâ"Ü©i

�;�oÏLM�&Òw�S���ì�3,
i!ØC§�oÏLÖ-U-

�£RMW¤S�é��i/Viö�"MIPS CPU �õêk�ép����

RMWM�§�´vk�éS��——S���ì7LgC¢yÜ©�"
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·�`�kü^�-§Ï�kü�o�±Ï"32 �-� lwlÚ lwr§©

OL«“load word left”Ú“load word right”¶64  �-� ldl Ú ldr§©OL

«“load double left”Ú“load double right"” “left” �-?n�éà�ê�p §

“right”�-��$ £“left”�^{Ú“shift left (��£ )”¥�^{¿Â�

Ó¤"Ï��-´^p Ú$ ½Â�§�´7L?n�i!/�Ï��S�§

�[�^{�ûu CPU��à£ë�1 10.2!¤"����à� CPUkrp

 ��3$i!/�§��à� CPU�rp ��3pi!/�"

ã 8.1: 3��à� CPUþ\1�éà�Vi

ã 8.1Áã`²3��à CPUþ�1Xe?è��éà�÷ö� uld d,
0(b)���L§µ

ldl d, 0(b)

ldr d, 7(b)

b¥�/��§�,�±´?¿éà�£�éà�i^DÚ� ld�-¬�

�É~¤"@oã 8.1Ä¾3`
�oQº

195



8.5. AÏ�-9Ù^å 1 8Ù MIPS�-8ë���

• ldl d, 0(b): 0 £þIP�éàVi��$�i!/�§Ï�·�´�

�à§ùÒ´�p 8 "ldlÏé�\1?M�ì�>� £�p ¤§¤±

���Ï��i!±9S�¥lTi!���i�(��m�i!"S�

/�3O�§¤±k���eü¶Xã¤«§ù
i!��þ;��M

�ì�p ?Òà"

• ldl d, 7(b): 7´k:Û%§���Vi��pi!/�——�, b+8�

�e��Vi�1��i!"ldr'%�´�m>��$k� ¶T�-

�Ñ�©êâ�e�i!¿r§�;�M�ì��$ ��§ù�Òt½


"

XJ\éù«�{´Äé?¿éà�iÑk�a�~¦§@ÒgCÁ�Á

j"5¿3@«¤^/�Ù¢fÐ®²�(éà��/e£ù��±^�^~

5�-\1êâ¤§uldéÓ�êâ\1üg¶ùvk�oAO�¿Â§�Ï~

�vk�o³?"

ù��¹éS.u��à�êS�<w���·Ï§Ï�¦�Ö�êâ(

���ÿ²~r�$k� �3�>"��\ù��
§�-¶¥�“�”Ò´

ã¥�“m”£�,�´�Xpk� ��£Ä¤"
3��à CPUþ§ldl/ldr��^�Ðp�§�èS�Xeµ

ldr d, 0(b)

ldl d, 7(b)

ã 8.2`²
No£¯µ�pk� �Ø����u�>§¤±fÐÚ·�

~x�ã�¤�éº�"

¡ck
ù
ã§·��±éù
�-�1�¦þ�Ñ��°(�Qãµ

• Load/store left: éÑ�Ï��i!±9�¹Ti!�i£64 �{Ò´

Vi¤"3?u�Ï��i!ÚTi��$k�à£��à�pi!/�

Ú��à�$i!/�¤�m�¤ki!þö�"

Load: �Ñù
i!£ �M�ì��pà"�3TM�ì�$ ?Ò�

i!ØC"

Store: ��M�ì¥�k�m§̂ M�ì¥l�pk�i!m©�¦�U

õ�i!��ù
i!"

• Load/store right: éÑ�Ï��i!9�¹�i/Vi"é�Ï��i!

±90uTi!Ú�¹i��pk�à�m£��à�$i!/�§��

à�pi!/�¤�i!?1ö�"

Load: ��¤kù
i!£ �TM�ì�.Ü"�3M�ìSpi!�

SNØC"

Store: ^lM�ì��$k�i!m©¦�Uõ�i!��ù
i!"
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ã 8.2: 3��à� CPUþ\1�éà�Vi

load/store left/right�-Ø�¦S���ìJøiS?¿i!|�ÀJö

�¶¹Ä�i!Ï�o´ëYÑy3i½öVi��à"

5¿ùA��-¿Ø�1¤k�U�#éà¶éu�éà��i\1/�

;vk;��|±£Ø�ØÏLi!\1!£ !ùèÚÜ¿5¢y¤"

8.5.2 ë£\1/^��;

�- ll (load linked)Ú sc (store conditional)Jø
�éu���õêDÚ

�-8�Ü©��f5ÿÁ����ö�S��O��Y"ùü^�-Jø


��ÿÁ-��S�§3$1�Ø�y�f5§�´=�(JTÐ´�f5�1

��ÿâU¤õ£¿3¤õ�w�¤"@�wþ��E,§�´ ll/sc3FÃO�

��k�é“���”���S��õ?nìþ� 5éÐ£�fö�� 5

é�¤"
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ë�1 5.8.4!ww^u�o/�±9No¦^"ùpù�eÙó�Å�"

�- ll d, o(b)l~5�Ä�+ £þ/��1 32 �\1"�´§�k��

B�^§Ò´P4u)
�gë£\1£3 CPUpÞ��
��Ø���ë£

G� ¤"Ó�r\1�/���3M�ì LLAddrpÞ"

��� sc, t, o(b) Äku�´Ä�±�ylþg�1� ll m©±5�

Ö-U-�S�U
�f5/�¤"XJU§@o t����\�A� �§ý�

1�£� t"XJØU�yö���f5§@oØ�1�;ö�§t���� 0"

5¿� éu�f5�ÿÁØ�U���.Ã¢"� CPUuÿ�,
^

�L² u�A�;ì ����U®²�UC�Ù¢¿vk

UC��ÿ§�-�¬�}"

kü��Ï�±�� sc�}"1��Ò´ CPU3 llÚ sc�m�1�u)


É~"É~?n§S½öÉ~>u�?Ö��§k�U�
,
��f5�

¯�"

1�«a.��}=3õ?nì�â¬u)§�,�� CPU�\
T�

;ì �½ö�C� ��£~��´ uÓ��p���1� �§�,


¢y�Ui���S�=��¤"du�Ç�Ï§ù�iÿ�k�ë��V�

CPUÑÓ¿rTêâN����êâ«��ÿâ¦U——î�5`§XJ,�

� CPUé¯a«��¤
�gë0��;ö�"

4·�2grN�eµscö���}¿ØUy²Ù§?Ö½ CPUý/U

ÄLù�Cþ§�´`k�UUÄL§\�u��e¶�yäN¢y�3�½ê

þ���Ú{ü5½5U�m?1·��ï"

õ?nì CPU7L�lþg ll¦^�/�§r§��3�?nì 0�M�

ì LLAddr¥§3@p^��±Ö�§"�´��Ö�TM�ì��Ï´?1

�ä¶3��vkõ?nìA�� CPUþ§ù´P{�"ïÆ\Ø��6§"
ùp�Ñ��{á�~fµ��éAuLinuxSØN^ atomic_inc(&mycount)

�“�f”\�f§S"¿u��§——�U uØÓ� CPUþ——�±N^ù
�~f§zgN^rëê��O\ 1µ

atomic_inc:

ll v0, 0(a0) # a0 has pointer to ‘mycount’

addu v0, 1

sc v0, 0(a0)

beq v0, zero, atomic_inc # retry if sc fails

nop

jr ra

nop

NEClgC� Vr41xx CPU[x¥Ñ�
 ll/sc�-§�V´�U¿£�

ü?nì�Ulùü^�-¥ÉÃ"

198



8.5. AÏ�-9Ù^å 1 8Ù MIPS�-8ë���

8.5.3 ^�Dx�-

^�Dx�-rêâl��M�ìE��,��M�ì§�´�k3,


^�÷v�â�1Dx——ÄK§�o�Ø�"MIPS�^�Dx1�gÑy3

MIPS IV�-8£�k¢y3 R8000!R10000Ú 1995–1996cm� R5000¥¤§

@3d�c§ù®²¤�Ù§� RISCNX(�£ARM�U´1��ù���¤

�AÚ
"^�Dx#N?Èì)¤���^�©|�è——ù:éÐ§Ï�

^�©|éu6Y��ÇØ|"

äk�1�Ù£ã�{ü�Ê?6Y�� CPU§©|¯KØ�¶©|ò´

ø¥��-Ï~Ñ¬�1§CPU,���=�©|�8I"3ù
{ü� CPU

¥§£��ò´ø¥�¹��k^��-¤�õê©|´�¤�§Ù{��s¤

���¨±Ï"

�´éMIPS ISA�E,kà�¢y3��(½©|^�Ú�Ñ8I�-

��ÿ�U¬��õ^�-�1�Å¬"± R4400��6Y��~§zg�1

©|Ñ�s¤ü��¨±Ï��d"3pÝ�Iþ� R10000£z�±Ï�±u

xo^�-¤þ§��©|^�(½��ÿ�N���Ô^�-�u�Å¬"�


ü$ù«�¹�K�§R10000k�AÏ�©|ýÿ>´5ßÿ©|(J¿J

c$1§Ó��±U
lù
ßÿ�1��-£��Uå"ù���~E,µX

J?ÈìU
~�éE,A5��6§Ý§§S¬���¯"

^�Dx�-´N��K©|�Qº�ÄO�ü��¥�����è¡äµ

n = (a < b) ? a : b;

b½?Èì®²�{r¤k�CþÑ\1?
M�ì§�~�¹e?È�

(JXe¡�S�£ù´3éò´ø?16Y�N��c�Ü6®?�óS

�¤µ

slt t0, a, b

move n, a

bne zero, t0, 1f

move n, b

1:

�±�O��µ

slt t0, a, b

move n, a

movz n, b, t0

¦+^�Dx�-movzwþ�éÛ%§§36Y�¥��^�O�M�

ìmO��-���Ó"�K
©|�-§·�pÝ6Y�z� CPU¬���

¯"
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8.5.4 �U©|

,��6Y�`z§Ò´3MIPS II¥Ú\��U©|"

5¿ù
�-3AOE,�6Y�þéJk�/¢y§¤± MIPS325�

�¢
Ù3�£��è¥�¦^"

?ÈìÏ~U
¤õW¿©|ò´ø§�´3áÌ��"��éJ��"ù

«Ì�(�?�©|�1��ª�§¤±ò´ø¥� nopK�é�¶�´Ì�

N~~¿÷
�p�6��èéJ#|�"

�U©|�-��u)©|���©|ò´ø�-��J"ÏL{�Ù�

£�ã�±���^�-——3 MIPS¥(JÒÐ�T�-l5vk�1L"

ÏL=3©|u)�â�1ò´ø�-§ò´ø�-¤
egÌ���Ü©"

ù�?ÛÌ�µ

loop:

first

second

...

blez t0, loop

nop

Ñ�±C�¤�µ

loop:

first

loop2:

second

...

blez t0, loop

first

ù¿�X·�A�o´�±W¿Ì��ò´ø§��ü$
¢S�1�

nopê"

\�U¬w�§,
�Eû�©�Û¹
ù���¿g§Ò´`§�U©

|�-ÏL�� nop 4§SC�
¶ùÙ¢´�Ø)"lþ¡�~f�±w

Ñ§nop����^E�-��§¤±§S��þ¿vk¼Ã"¼Ã�´�

Ý"

8.5.5 �ê¦\Ú\\�-

NõõxN�{�)Ä�þ´éõ�¦È¦Ú�O�"3 JPEGã�)è

ì�a§S�S�Ì�¥§ù«O�õ�v±4 CPU��âü�÷KÖ$1"

ù
O�©)��X�¦È\\ö�§z�ö�Ò�e¡ù�µ

a = a + b * c;
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¦+Uì1�Ùù� RISC�KïÆ§ù�$��ÐÏL{ü!©m�õU

5¢y§�ù�$�»~�N��"¦{´��õ�¨±Ï�$�§�{ü�

RISC3e
��NÝ�Y�£¯�¤\{�¯K"XJÁã�@Ò�\§Åì

Ò¬Êe5��¶XJ��â�\§Kvk4'���âü��±�aÚ��¿

©|^"32:ü�¥§�k���	�Ð?´�z^�-�'�,
,Ö�

±3¦{Ú\{�ã�m��"

3MIPS32/64½Â�c§¦\\$�áu���ûgC�*Ð"MIPS32/64

U
�y�3 IDT!ToshibaÚ QED� CPU¥®²¢y�ö�p�oN"$

�3kÕá�¨��ê¦{ü�¥�1§¤±Ñ´¦\\ö�§2 r(J\\�

¦{ü��ÑÑM�ì loÚ hi"4<Ø)�´§¤k��ûÑr¦���-�

�mad½maddØ´“mac"”

8.5.6 2:¦\�-

þ¡`��Ñ·^u2:O�§ØLùp'��A^´ 3Dã/C�Ú�þ

�Ý
$�"32:ü�¥§�k�	�Ð?——�z^~5�-�éX�,

Ö£5�zÚ�\¤�±3¦{Ú\{�ã��"

?u�õê PowerPC2:ü��¥%�¦\$�ÎÃ¦¯�ÙA�
w

â�/ §w,ùéMIPSæBùA^�-kK�"

2:$�madd!msub!nmaddÚ nmsub´ý��oö�ê¦\�-§

?1Xe�$�µ

a = b + c * d;

§��8I´3 SGIó�Õþ��.ã//O��8.A^Ú SGI��?

O�Åþ�þ?�ê�?n"�´éuëY�¦\$�§§�¿Øo´)¤

Ú IEEE 754IO�¦�Ó�(J£Ï�Ü¿�¦\�-3\{�c¿Øé¦È

?1�\§¤±Ù(J�°(ÝLp
¤"

8.5.7 õ�2:^� 

3MIPS IV�c§éu2:êö�(J�¤kÿÁÚÌ�-8m�Ï&Ñ

´ÏL��ü��^� §T d'��-²(��§dAÏ�^�©|�-²

(ÿÁ"NX(�ù��uÐ§́ Ï�@Ï2:ü�´��Õá��¡§2:^

� ´ÏL��D4�Ì CPU�&Ò�5¢y�"

ü� �æ�3u��
�6§ü$
¿1uxõ��-�då"3Mï

^��'��-ÚÿÁ^��©|�-�m§k��Ø�;���-Ö�6¶�
2Toshiba� R3900ÚÙ§�
 CPUk�nö�ê�¦\�-§=BXd§�\ê����U

5g hi/lo"IDTÚ QED� CPUJø
�^Vö�ê�-§� Toshiba��-38Iö�ê�

$0�A~e���Ó"
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3���'��-7Lò´�©|w�c���¿U§1Ä�/�§Kk��

�±;��Ö-��6"

2:ê|O�ÉÃu�«��^�6Y��?ÈEâ§TEârÌ�Ðm§

ò�U�AgÌ��O�k¿�p��§±���Ý�|^2:ü�"�XJ

Ì�N�,Ü©I�ÿÁÚ©|§ü�^� ÒØU��ù:¶ù�ÿõ�^�

 �±åé��^"

y�� FPUJø 8�^� §Ø´�k 1 ¶'�Ú2:^�©|�-

�±�½^=�^� "Pª?Èìr�3���� 0§¤±�^^�  0�P

�è�¬�($1"

8.5.8 ý�

pref Jø
�«�{§�±4§S«¿p���/�;ìXÚ`§,
êâ

é¯¬^�"|^ù�A5�¢y�±rêâý��p���"�.kõ�A

^§SU
ý��=
êâÚ^�U��p����·¥§ù�:�Øý��

Ù¶,§ý�éu�.�ê|$�õUék^§�±3�gÌ�¥ý�Ñ�1

�êâ�e�gÌ��O�"

pref �1��ëê´����ê§̂ ±?èk'§S�N�¦^êâ�“J

«(hint)”"�
MIPS32/64 CPU¢y��
����XL 8.5¤«"

XJMIPS CPU¿ØUn),�J«§�±��“load”J«½ö���Ñ"

��5`§CPU���±�¿�Ñ pref§r§�¤ nop"ù��,æ^J«�

`z�éu,�A½� CPU§�3Ù§� CPUþ�Ø¬»��è"

k
MIPS CPU¢y
�{l�\1§Ù¥3\1�-�p����·¥

�§��vkÚ^\1�8IM�ì§Ò�eUY�1",§pref �-�·^

ué�;ì�¯��§ýÿ£3vk¢y� CPUþðz����ö�§'å3

§S¥A¿J@�1�{l\1ù«�{§²w��û5¤"

8.5.9 Syncµ̂ u load/store ��;ì�o

b½·�k��§Sd�
p����G1?Ö|¤§z�Ñ$1uØÓ

�“?nì” þ¿���S�"·��U3!Øæ^
E,�p�����5�

{�õ?nì§�´y3kØ�Äp���+n"�,	�“?nì”´�æ^

^ DMA� I/O��ì��ÿ§�¬kÓ��¯K"

?Û?Ö�èF���S��{��6uÙ§?Ö3�o�ÿ�¯L��

êâµÙ§?Ö3·?U�cÖLêâèº§�?ULêâíº

Q,z�?Ö´î�G1kS�§��où�¬¤���¯KºÑyù�¯

K´Ï� CPU�5UN`A5²~ÚS�ö��Ü6^S�Z6¶Uì½Â§

TZ6é§Sg�7L´Ø���§�´l	¡w�Ò¬�³Ñ5"kNõ�

��nd�±�»g,�^S"�
�Z�S�5U§Öö�——3 CPUÏ�
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L 8.5: ý�J«�è
�/MIPS¶i �U¬u)�o �o�ÿ¦^

0 - load

1 - store

XJ�vkÒrp���1Ö

� D-cache

\Ï"é¯�Ö�êâ�

�ÿ"XJ\��?U§Ò

^“store”J«"

4 - load streamed

5 - store streamed

;�z�êâ�^�g�6ª

êâÓ÷��p���"�N

�^,�´p���"

^u\Ï"^S?1?n¿

�?n��á��±¿ï�ê

â"

6 - load retained

7 - store retained

�6ª��£¤±�N´�^

Ù§´p���¤"

^uÏ"õg¦^¿�UÚ6

ªêâ¿�p����êâ"

25 - writeback invalidate/

nudge

XJT1 up���1S§

Ò�¢£XJ�UL�k£

�¤"

�\��\®²?n�
êâ§

���yÙ�5ép���]

�¿�7,�}�"

30 - PrepareForStore e�A1¿�?\p���§

Mï�A�p���1——�

Ø´l�;ìÖ�êâ§´

òÙ^"W¿¿�IP�9"

eT1®² up���S§

�o�Ø�——ØU�6Tö

�ép���1�""

�\��\ò����1�

�ÿ§lS�Ö�P�êâÒ

vk7�
"��£Â�1�

^"W¿�´Ï�Ù±c�

SN�Uáu,�¯a�A

^——4#�§Sw�±c�

êâ�U¬»�S�5"

��êâÊî�——A��L�3����ö�"�� CPU3�g���ÿ

Ó��;êâÚ/�§Ò�±r�ö�í´�¬�"XJ CPU@��§�Ðu

��e(@Ö��/�Ø´���� �¶ù:�±��"

,��~f´�¢y
�{l\1� CPU��-�Ó�kü�Öö�3

¹Ä¶�
���Z5U§A�#N�;ìXÚÀJk�1=�"

Ø#N±þ?Û�«^SUC§î�Uì§S^S�1¤k�Ö�ö��

CPU§¡�rkS(strongly ordered)�"NõMIPS CPU��¤ü?nì��

ÿ§Ñ´rkS�"��k~	µ=¦k
@Ï� R3000XÚ�#NÖö��L

����£�ku�Ö�Ø´?Û���� �¤"

�^ sync�-½Â�����o"�±�\�y¤k3 sync�cuå�

���(J§ u sync�¡�?Û��ö�Ñ���"

5¿3��õ?nì¥§·�Ø�Øj±“���”ù�c´�“XÚ¥?Û

�(¢y
���;p���XÚ�?ÖÑ���”"Ï~��{´�y sync

� CPUÚp���/S�/o�fXÚ�m�¯Ö)¤����#üS�¶

æ"

�k�
��"éu��ö�Ú sync���1��é�Svk�y¶==

´rT�-�cÚ�����ö�©m"syncØU�y)û CPU�§S�1

Ú	Ü��m��S'X¯K§ù�¯K·�3 10.4!¬J�"
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3��XÚpÞ§sync�3,
�¯a.£Ø^p�����¯±9��

p�����¯¤þå�^"éõ“�~”�²Lp�����;ìØ´���§

?Û®�Ø¬����êâ�mÑ´S��§3��?Ö�m�Ö�êâ��

�"

3rkS� CPUþ§sync�oÑØ^�¶ù«�/§�±Ò´�^ nop"

,§Ï~ syncÑk

�L�¶���\� CPUÃþ"

8.5.10 �x�o�-

�^�-¦^;E3c¡��-�(J2�²~ØL
"36Y�z�?

nì¥§�~1�^�-lM�ìæÖ�ö�ê��m3c�^���£�c"

@Ø´¯K§Ï�MIPS�-==3M�ì¥D4êâ§?ÑÏ^M�ìÚ2:

M�ì�êâ�þ´²L�´�——Ò´`§M�iÿù«�6¿�Süòê

â��cí�1���-�ÐI���ÿ"

�´éu CP0M�ì£��¤Ø´ù���"XJ\��� CP0M�ì�

�§ù�N¬K�����-§MIPS�5½¿Ø�yù�K��sõÈ"

kü«a.��x"�²w�Ò´�6��-�^1���-Jø��µ@

���1�x"

�æ���/´�ö�UC
,
 CPU�G�§±�u$�¬K����

��-���µ'X`§�é CP0��?U
�;ìN�=�����§Ò¬

Ñyù«�¹"ù
���-�x"

DÚþ§MIPS CPUr�OU
�y�($1�S��ó�3�
SØ/.

�^�ó§�§��ÏL3�ö�Ú�6�-�m\þv
êþ� nop½ö

ssnop 3�-5¢y"

g MIPS32 1��5�u1±5§ù«�{®²��x�o�-¤�

�"eret!jr.hbÚ jalrU�o�)�1�x3S�¤kB�^§ ehb£�«

Or� no-op¤±���m�?n�1�x"

k'�xÚ�o�õ�?Ø§ë�1 3.4!"

£�^�5¦^#�-

XJ\��\�^��3MIPS321��½�p��� CPUþ$1§@o

Ò�Ð
"�´�
�oØ�ØUY$13P� CPUþ�^�§#��5��

yµ

• ehb�u no-op: 3±c¤k� CPUþÑ¤á"\�±MïÑ�«^�§

QUUY$1uPª CPUþ§q3�5�¤k MIPS32/64oN� CPU

3ssnop´��AÏa.� no-op§U
�y3@«���¨±Ï�±u�õ��-� CPUþ

�^�-g�ÒÓ^���u�±Ï"
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þE,v¯Kµ��^ ehb5O�\�“v
õ� no-op”¥�����Ò

1
"

• jr.hbÚ jalr.hb: 3@Ï� CPUþÈè�{ü�M�ìa=ÚM�ìN^

�-"��®²3\��P� CPUþk
v
õ� no-op§y3\�XÚ

3MIPS32/641��� CPUþ�Ò´S��"

8.5.11 synci: �U��-�§S�p���+n

r,��§S\1?S��§S¢Sþ�\�´êâ��p���"C1

��-�?\�-p����âU�1"MIPS CPUvkë�ü�p����

Ü6£ü�p���Ñ´5U�'�§¤±�dO\Ü6vk���¿Â§Ï

�é�^�¤"

3�-��\�§\1§SA�Sü£�?Û�¹�êâp���1§¿�

�¢®² u�-p����A ��SN"\�,�±^1 4.6!ù� cache

�-��ù�:——�ù
�-�U3Ø%�¦^§���øg�?§¦^

�
�-�C1§SØ�½�´A�^�"

Ïd§3�#�MIPS32/64 CPU¥§MIPSJø
 synci�-§�ff\

1���up���1���S�¬�¤��ó�µÒ´`§QSüêâp��

� D-cache£�§qSü�-p��� I-cache�¢"

�3^r?¦^ synci§\I���p���1���§ù�±ÏL�^�

- rdhwr SYNCI Steple!ù���IO“M�M�ì”��"

8.5.12 Ö�M�M�ì

rdhwr����A��£^r�¤̂ �Jø
'uM��k^&E"

MIPS32/64 5�8c½Â
o�M�ì"ö�XÚÏL3 CP0 M�ì

HWREna�� ¶-£  0� ¦UM�ì 0§��"¤�±üÕ��éz�

M�ì��¯"HWREna3E ��Ü�"§¤±7L^^�²(¦U^r

�¯"A��è[��±Ö���&E§ÃÀ HWREna¥�""

o�M�ì�µ

• CPUNum(0): T§S�c�3$1� CPU Ò"ù�±l�?nì 0 �

EBase(CPUNum)��5"

• SYNCI Step(1): �?p���1�k�°Ý"4

1�°Ýéu^r§Sé�§Ï�¦�y3�±^ synci�-ép�

��ö�¦��\��-�±�1",� SYNCI Step w�\“Ú�”

——�CX,���S��Ü�-�¦��U synci�m�/�Oþ"
4î�5`§́ �-p��� I-cacheÚêâp��� D-cache1¥���§�´�öØ���

�/4�¾�"
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XJ SYNCI Step�£"�§¿gÒ´`\��ØI�^ synci"

• CC(2): ^r�é CP0 CountM�ì�Ö�¯§̂ up©EÇOê"ù�

vk��^?§Ø�...

• CCRes(3): w�\CountOêkõ¯"§´é6Y��¨�©ªÏf£X

J\Ö���� “2”§@o Count±6Y��¨ªÇ���§zü�±Ï

O\�g¤"

8.6 �-?è

MIPS32/64 ISA1��½Â��ÜMIPS�-£±9²L&ÀJ�d�

«NX(�CN¤½Â�ØÓ�-¤Uì?è^S�3L 8.6¥"1 8.6.2!Ú

1 8.6.3!Jø
'uL¥]�?�Ú�&E"

�õê�MIPSÃþ`�kn«�-�ª¦^L"·c`ùéAu�¡�
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Field 31–26 Ìö�è“op”§� 6 �Ý"J±�? 32 ��-£�“�§”� jÚ jal�

-½� 16 ~ê��â�-¤k����“op” �"Ù§�-±|�ü 

����“op”�§ÏLO��«©"

Field 5–0 ^unM�ìö�ê��â/Ü6�-|�fè�£Ìö�è�"¤"

Field 25–21 q��*Ð�ö�è�§ùgd�?nìa.��-¦^"

s, t, w I£M�ì��§ó��Ø(½´Ï^M�ì��ÿ^ rs, rt"

o(b), offset “o”´�? 16 ����kÎÒ £þ¶Ï^�Ä�M�ì§ÙSN�\

�“o”þ)¤��� load½ store�-^�/�"

206



8.6. �-?è 1 8Ù MIPS�-8ë���

d 8IM�ì§��T�-?U�"ó�·��¤ rd±J2\´��Ï^M

�ì"

shf £ þ�õ�§̂ 3~ê£ �-¥"

broffset ��kÎÒ� 16 �éu PC�i £þ§�L±i�ü ��,�I

Ò�ål£z��-��i¤"" £þ�L©|��ò´ø�-§¤±©

|�gC� £þ´ -1"

target �a�� 26 �i/�£éAu 28 �i!/�¤"�§a=�- jé�

¦^§¤±ù��ªA���^u¼êN £̂jal¤"

8I/��p 4 Ã{^��-�Ñ§la=�-�/���"ù¿�X

ù
�-�±��3T�-�/�NC� 256 M���S"�a����

/�§̂ jr £M�ìa=¤�-"

constant ^u�âÜ6ö�� 16 ��.~ê��þ"�âØÓ�-�±)º�

kÎÒ½öÃÎÒê"

cs/cd ��5½8I��?nìM�ì"�-8�z��?nìÜ©�±k�

õ 32�êâM�ìÚ 32���M�ì"

fr/fs/ft 2:ü�M�ì"

fd 2:8IM�ì£d�-�\êâ¤"

N/M 2:^�èÀJì——�Ö���“N”§d'��-�\��“M”"3�

k��2:^�è�Pª2:�-8¥T��"§Ï�P�®?�èvk

ù��§\��-��±Ø�T�§��u1"�^�è"

hint 8.5.8!0��ý��-J«"

cachop ù�Ú cache�-�å¦^§é3�-/�¥uy�p�����ö�?

1?è"ë�1 4.9!�L 4.2"

L 8.6: Uì?èüS�Åì�-

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

0 0 0 0 0 0 nop

0 0 0 0 1 0 ssnop

0 0 w d shf 0 sll d,w,shf

0 s N 0 d 0 1 movf d,s,N
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

0 s N 1 d 0 1 movt d,s,N

0 0 w d shf 2 srl d,w,shf

0 0 w d shf 2 rotr d,w,shf R2

0 0 w d shf 3 sra d,w,shf

0 s t d 0 4 sllv d,t,s

0 s t d 0 6 srl d,t,s

0 s t d 1 6 rotrv d,t,s R2

0 s t d 0 7 srav d,t,s

0 s 0 0 0 8 jr s

0 s 0 0 16 8 jr.hb s

0 s 0 31 0 9 jalr s

0 s 0 d 0 9 jalr d,s

0 s 0 d 16 9 jalr.hb d,s

0 s t d 0 10 movz d,s,t

0 s t d 0 11 movn d,s,t

0 code 12 syscall code

0 code x 13 break code

0 code x 14 sdbbp code R3900

0 0 0 0 0 15 sync

0 0 0 d 0 16 mfhi d

0 s 0 0 0 17 mthi s

0 0 0 d 0 18 mflo d

0 s 0 0 0 19 mtlo s

0 s t d 0 20 dsllv d,t,s MIP64

0 s t d 0 22 dsrlv d,t,s MIP64

0 s t d 1 22 drotrv d,t,s MIP64R2

0 s t d 0 23 dsrav d,t,s MIP64

0 s t 0 0 24 mult s,t
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

0 s t 0 0 25 multu s,t

0 s t 0 0 26 div s,t

0 s t 0 0 27 divu s,t

0 s t 0 0 28 dmult s,t MIPS64

0 s t 0 0 29 dmultu s,t MIPS64

0 s t 0 0 30 ddiv s,t MIPS64

0 s t 0 0 31 ddivu s,t MIPS64

0 s t d 0 32 add d,s,t

0 s t d 0 33 addu d,s,t

0 s t d 0 34 sub d,s,t

0 s t d 0 35 subu d,s,t

0 s t d 0 36 and d,s,t

0 s t d 0 37 or d,s,t

0 s t d 0 38 xor d,s,t

0 s t d 0 39 nor d,s,t

0 s t 0 0 40 madd16 d,s,t Vr4100

0 s t 0 0 41 dmadd16 d,s,t Vr4100

0 s t d 0 42 slt d,s,t

0 s t d 0 43 sltu d,s,t

0 s t d 0 44 dadd d,s,t MIPS64

0 s t d 0 45 daddu d,s,t MIPS64

0 s t d 0 46 dsub d,s,t MIPS64

0 s t d 0 47 dsubu d,s,t MIPS64

0 s t x 48 tge s,t

0 s t x 49 tgeu s,t

0 s t x 50 tlt s,t

0 s t x 51 tltu s,t

0 s t x 52 teq s,t

0 s t x 54 tne s,t

0 0 w d shf 56 dsll d,w,shf MIP64

0 0 w d shf 58 dsrl d,w,shf MIP64

1 0 w d shf 58 drotr d,w,shf MIP64R2

0 0 w d shf 59 dsra d,w,shf MIP64
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

0 0 w d shf 60 dsll32 d,w,shf MIP64

0 0 w d shf 62 dsrl32 d,w,shf MIP64

0 0 w d shf 63 dsra32 d,w,shf MIP64

1 s 0 broffset bltz s,p

1 s 1 broffset bgez s,p

1 s 2 broffset bltzl s,p

1 s 3 broffset bgezl s,p

1 s 8 constant tgei s,j

1 s 9 constant tgeiu s,j

1 s 10 constant tlti s,j

1 s 11 constant tltiu s,j

1 s 12 constant teqi s,j

1 s 14 constant tnei s,j

1 s 16 broffset bltzal s,p

1 s 17 broffset bgezal s,p

1 s 18 broffset bltzall s,p

1 s 19 broffset bgezall s,p

1 b 31 o synci o(b) R2

2 target j target

3 target jal target

4 s t broffset beq s,t,p

5 s t broffset bne s,t,p

6 s 0 broffset blez s,p

7 s 0 broffset bgtz s,p

8 s d (signed) const addi d,s,const

9 s d (signed) const addiu d,s,const

10 s d (signed) const slti d,s,const

11 s d (signed) const sltiu d,s,const

12 s d (unsigned) const andi d,s,const

13 s d (unsigned) const ori d,s,const

14 s d (unsigned) const xori d,s,const
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

15 0 d (unsigned) const lui d,s,const

16 0 t cs 0 0 mfc0 t,cs

16 1 t cs 0 0 dmfc0 t,cs MIP64

16 2 t cs 0 0 cfc0 t,cs MIP64

16 4 t cd 0 0 mtc0 t,cd

16 5 t cd 0 0 dmtc0 t,cs MIP64

16 10 xt d 0 0 rdpgpr d,xt R2

16 11 t 12 0 0 di t R2

16 11 t 12 0 32 ei t R2

16 14 t xd 0 0 wrpgpr xd,t R2

16 16 0 0 0 1 tlbr

16 16 0 0 0 2 tlbwi

16 16 0 0 0 6 tlbwr

16 16 0 0 0 8 tlbp

16 16 0 0 0 16 rfe MIPS I

16 16 0 0 0 24 eret

16 16 0 0 0 31 dret MIPS II

16 16 0 0 0 32 deret EJTAG

16 16 0 0 0 33 standby Vr4100

16 16 0 0 0 34 suspend Vr4100

16 8 0 broffset bc0f p �MIPS32/64

16 8 1 broffset bc0t p �MIPS32/64

16 8 2 broffset bc0fl p �MIPS32/64

16 8 3 broffset bc0tl p �MIPS32/64

17 0 t fs 0 0 mfc1 t,fs

17 1 t fs 0 0 dmfc1 t,fs MIPS64

17 2 t cs 0 0 cfc1 t,cs

17 3 t fs 0 0 mfhc1 t,fs R2
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

17 4 t cs 0 0 mtc1 t,fs

17 5 t cs 0 0 dmtc1 t,fs MIPS64

17 6 t cs 0 0 ctc1 t,fs

17 7 t fs 0 0 mthc1 t,fs R2

17 8 N 0 broffset bc1f N,p

17 8 N 1 broffset bc1t N,p

17 8 N 2 broffset bc1fl N,p

17 8 N 3 broffset bc1tl N,p

17 9 N 0 broffset bc1any2f N,p 3D

17 9 N 1 broffset bc1any2t N,p 3D

17 9 N 2 broffset bc1any4f N,p 3D

17 9 N 3 broffset bc1any4t N,p 3D

17 16 ft fs fd 0 add.s fd,fs,ft

17 17 ft fs fd 0 add.d fd,fs,ft

17 22 ft fs fd 0 add.ps fd,fs,ft PS

17 16 ft fs fd 1 sub.s fd,fs,ft

17 17 ft fs fd 1 sub.d fd,fs,ft

17 22 ft fs fd 1 sub.ps fd,fs,ft PS

17 16 ft fs fd 2 mul.s fd,fs,ft

17 17 ft fs fd 2 mul.d fd,fs,ft

17 22 ft fs fd 2 mul.ps fd,fs,ft PS

17 16 ft fs fd 3 div.s fd,fs,ft

17 17 ft fs fd 3 div.d fd,fs,ft

17 16 0 fs fd 4 sqrt.s fd,fs

17 17 0 fs fd 4 sqrt.d fd,fs

17 16 0 fs fd 5 abs.s fd,fs

17 17 0 fs fd 5 abs.d fd,fs

17 22 0 fs fd 5 abs.ps fd,fs PS

17 16 0 fs fd 6 mov.s fd,fs

17 17 0 fs fd 6 mov.d fd,fs

17 22 0 fs fd 6 mov.ps fd,fs PS

17 16 0 fs fd 7 neg.s fd,fs
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

17 17 0 fs fd 7 neg.d fd,fs

17 22 0 fs fd 7 neg.ps fd,fs PS

17 16 0 fs fd 8 round.l.s fd,fs MIPS64

17 17 0 fs fd 8 round.l.d fd,fs MIPS64

17 16 0 fs fd 9 trunc.l.s fd,fs MIPS64

17 17 0 fs fd 9 trunc.l.d fd,fs MIPS64

17 16 0 fs fd 10 ceil.l.s fd,fs MIPS64

17 17 0 fs fd 10 ceil.l.d fd,fs MIPS64

17 16 0 fs fd 11 floor.l.s fd,fs MIPS64

17 17 0 fs fd 11 floor.l.d fd,fs MIPS64

17 16 0 fs fd 12 round.w.s fd,fs

17 17 0 fs fd 12 round.w.d fd,fs

17 16 0 fs fd 13 trunc.w.s fd,fs

17 17 0 fs fd 13 trunc.w.d fd,fs

17 16 0 fs fd 14 ceil.w.s fd,fs

17 17 0 fs fd 14 ceil.w.d fd,fs

17 16 0 fs fd 15 floor.w.s fd,fs

17 17 0 fs fd 15 floor.w.d fd,fs

17 16 N 0 fs fd 17 movf.s fd,fs,N

17 17 N 0 fs fd 17 movf.d fd,fs,N

17 22 N 0 fs fd 17 movf.ps fd,fs,N PS

17 16 N 1 fs fd 17 movt.s fd,fs,N

17 17 N 1 fs fd 17 movt.d fd,fs,N

17 16 t fs fd 18 movz.s fd,fs,t

17 17 t fs fd 18 movz.d fd,fs,t

17 22 t fs fd 18 movz.ps fd,fs,t PS

17 16 t fs fd 19 movn.s fd,fs,t

17 17 t fs fd 19 movn.d fd,fs,t

17 22 t fs fd 19 movn.ps fd,fs,t PS

17 16 0 fs fd 21 recip.s fd,fs

17 17 0 fs fd 21 recip.d fd,fs
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

17 16 0 fs fd 22 rsqrt.s fd,fs

17 17 0 fs fd 22 rsqrt.d fd,fs

17 22 0 fs fd 24 addr.ps fd,fs 3D

17 22 0 fs fd 26 mulr.ps fd,fs 3D

17 17 0 fs fd 28 recip2.d fd,fs 3D

17 22 0 fs fd 28 recip2.ps fd,fs 3D

17 17 0 fs fd 29 recip1.d fd,fs 3D

17 22 0 fs fd 29 recip1.ps fd,fs 3D

17 17 0 fs fd 30 rsqrt1.d fd,fs 3D

17 22 0 fs fd 30 rsqrt1.ps fd,fs 3D

17 17 0 fs fd 31 rsqrt2.d fd,fs 3D

17 22 0 fs fd 31 rsqrt2.ps fd,fs 3D

17 17 0 fs fd 32 cvt.s.d fd,fs

17 20 0 fs fd 32 cvt.s.w fd,fs

17 21 0 fs fd 32 cvt.s.l fd,fs MIPS64

17 22 0 fs fd 32 cvt.s.pu fd,fs PS

17 16 0 fs fd 33 cvt.d.s fd,fs

17 20 0 fs fd 33 cvt.d.w fd,fs

17 21 0 fs fd 33 cvt.d.l fd,fs MIPS64

17 16 0 fs fd 36 cvt.w.s fd,fs

17 17 0 fs fd 36 cvt.w.d fd,fs

17 22 0 fs fd 36 cvt.pw.ps fd,fs 3D

17 16 0 fs fd 37 cvt.l.s fd,fs MIPS64

17 17 0 fs fd 37 cvt.l.d fd,fs MIPS64

17 16 0 fs fd 38 cvt.ps.s fd,fs PS

17 20 0 fs fd 38 cvt.ps.pw fd,fs 3D

17 21 0 fs fd 38 cvt.ps.pw.l fd,fs PS

17 22 0 fs fd 40 cvt.s.pl fd,fs PS

17 22 0 fs fd 44 pll.ps.ps fd,fs PS

17 22 0 fs fd 45 plu.ps.ps fd,fs PS

17 22 0 fs fd 46 pul.ps.ps fd,fs PS

17 22 0 fs fd 47 puu.ps.ps fd,fs PS
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31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

17 16 ft fs M 0 48 c.f.s M,fs,ft

17 17 ft fs M 0 48 c.f.d M,fs,ft

17 22 ft fs M 0 48 c.f.ps M,fs,ft PS

17 16 ft fs M 0 49 c.un.s M,fs,ft

17 17 ft fs M 0 49 c.un.d M,fs,ft

17 22 ft fs M 0 49 c.un.ps M,fs,ft PS

17 16 ft fs M 0 50 c.eq.s M,fs,ft

17 17 ft fs M 0 50 c.eq.d M,fs,ft

17 22 ft fs M 0 50 c.eq.ps M,fs,ft PS

17 16 ft fs M 0 51 c.ueq.s M,fs,ft

17 17 ft fs M 0 51 c.ueq.d M,fs,ft

17 22 ft fs M 0 51 c.ueq.ps M,fs,ft PS

17 16 ft fs M 0 52 c.olt.s M,fs,ft

17 17 ft fs M 0 52 c.olt.d M,fs,ft

17 22 ft fs M 0 52 c.olt.ps M,fs,ft PS

17 16 ft fs M 0 53 c.ult.s M,fs,ft

17 17 ft fs M 0 53 c.ult.d M,fs,ft

17 22 ft fs M 0 53 c.ult.ps M,fs,ft PS

17 16 ft fs M 0 54 c.ole.s M,fs,ft

17 17 ft fs M 0 54 c.ole.d M,fs,ft

17 22 ft fs M 0 54 c.ole.ps M,fs,ft PS

17 16 ft fs M 0 55 c.ule.s M,fs,ft

17 17 ft fs M 0 55 c.ule.d M,fs,ft

17 22 ft fs M 0 55 c.ule.ps M,fs,ft PS

17 16 ft fs M 0 56 c.sf.s M,fs,ft

17 17 ft fs M 0 56 c.sf.d M,fs,ft

17 22 ft fs M 0 56 c.sf.ps M,fs,ft PS

17 16 ft fs M 0 57 c.ngle.s M,fs,ft PS

17 17 ft fs M 0 57 c.ngle.d M,fs,ft PS

17 22 ft fs M 0 57 c.ngle.ps M,fs,ft PS

17 16 ft fs M 0 58 c.seq.s M,fs,ft

17 17 ft fs M 0 58 c.seq.d M,fs,ft

17 22 ft fs M 0 58 c.seq.ps M,fs,ft PS
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17 16 ft fs M 0 59 c.ngl.s M,fs,ft

17 17 ft fs M 0 59 c.ngl.d M,fs,ft

17 22 ft fs M 0 59 c.ngl.ps M,fs,ft PS

17 16 ft fs M 0 60 c.lt.s M,fs,ft

17 17 ft fs M 0 60 c.lt.d M,fs,ft

17 22 ft fs M 0 60 c.lt.ps M,fs,ft PS

17 16 ft fs M 0 61 c.nge.s M,fs,ft

17 17 ft fs M 0 61 c.nge.d M,fs,ft

17 22 ft fs M 0 61 c.nge.ps M,fs,ft PS

17 16 ft fs M 0 62 c.le.s M,fs,ft

17 17 ft fs M 0 62 c.le.d M,fs,ft

17 22 ft fs M 0 62 c.le.ps M,fs,ft PS

17 16 ft fs M 0 63 c.ngt.s M,fs,ft

17 17 ft fs M 0 63 c.ngt.d M,fs,ft

17 22 ft fs M 0 63 c.ngt.ps M,fs,ft PS

17 16 ft fs M 1 48 cabs.f.s M,fs,ft 3D

17 17 ft fs M 1 48 cabs.f.d M,fs,ft 3D

17 22 ft fs M 1 48 cabs.f.ps M,fs,ft 3D

17 16 ft fs M 1 49 cabs.un.s M,fs,ft 3D

17 17 ft fs M 1 49 cabs.un.d M,fs,ft 3D

17 22 ft fs M 1 49 cabs.un.ps M,fs,ft 3D

17 16 ft fs M 1 50 cabs.eq.s M,fs,ft 3D

17 17 ft fs M 1 50 cabs.eq.d M,fs,ft 3D

17 22 ft fs M 1 50 cabs.eq.ps M,fs,ft 3D

17 16 ft fs M 1 51 cabs.ueq.s M,fs,ft 3D

17 17 ft fs M 1 51 cabs.ueq.d M,fs,ft 3D

17 22 ft fs M 1 51 cabs.ueq.ps M,fs,ft 3D

17 16 ft fs M 1 52 cabs.olt.s M,fs,ft 3D

17 17 ft fs M 1 52 cabs.olt.d M,fs,ft 3D

17 22 ft fs M 1 52 cabs.olt.ps M,fs,ft 3D

17 16 ft fs M 1 53 cabs.ult.s M,fs,ft 3D

17 17 ft fs M 1 53 cabs.ult.d M,fs,ft 3D

17 22 ft fs M 1 53 cabs.ult.ps M,fs,ft 3D

17 16 ft fs M 1 54 cabs.ole.s M,fs,ft 3D
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17 17 ft fs M 1 54 cabs.ole.d M,fs,ft 3D

17 22 ft fs M 1 54 cabs.ole.ps M,fs,ft 3D

17 16 ft fs M 1 55 cabs.ule.s M,fs,ft 3D

17 17 ft fs M 1 55 cabs.ule.d M,fs,ft 3D

17 22 ft fs M 1 55 cabs.ule.ps M,fs,ft 3D

17 16 ft fs M 1 56 cabs.sf.s M,fs,ft 3D

17 17 ft fs M 1 56 cabs.sf.d M,fs,ft 3D

17 22 ft fs M 1 56 cabs.sf.ps M,fs,ft 3D

17 22 ft fs M 1 57 cabs.ngle.ps M,fs,ft 3D

17 16 ft fs M 1 58 cabs.seq.s M,fs,ft 3D

17 17 ft fs M 1 58 cabs.seq.d M,fs,ft 3D

17 22 ft fs M 1 58 cabs.seq.ps M,fs,ft 3D

17 16 ft fs M 1 59 cabs.ngl.s M,fs,ft 3D

17 17 ft fs M 1 59 cabs.ngl.d M,fs,ft 3D

17 22 ft fs M 1 59 cabs.ngl.ps M,fs,ft 3D

17 16 ft fs M 1 60 cabs.lt.s M,fs,ft 3D

17 17 ft fs M 1 60 cabs.lt.d M,fs,ft 3D

17 22 ft fs M 1 60 cabs.lt.ps M,fs,ft 3D

17 16 ft fs M 1 61 cabs.nge.s M,fs,ft 3D

17 17 ft fs M 1 61 cabs.nge.d M,fs,ft 3D

17 22 ft fs M 1 61 cabs.nge.ps M,fs,ft 3D

17 16 ft fs M 1 62 cabs.le.s M,fs,ft 3D

17 17 ft fs M 1 62 cabs.le.d M,fs,ft 3D

17 22 ft fs M 1 62 cabs.le.ps M,fs,ft 3D

17 16 ft fs M 1 63 cabs.ngt.s M,fs,ft 3D

17 17 ft fs M 1 63 cabs.ngt.d M,fs,ft 3D

17 22 ft fs M 1 63 cabs.ngt.ps M,fs,ft 3D

18 0 t cs 0 0 mfc2 t,cs

18 1 t cs 0 0 dmfc2 t,cs MIPS64

18 2 t cs 0 0 cfc2 t,cs

18 3 t cs 0 0 mfhc2 t,cs R2

18 4 t cs 0 0 mtc2 t,cs

18 5 t cs 0 0 dmtc2 t,cs MIPS64
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18 6 t cs 0 0 ctc2 t,cs

18 7 t cs 0 0 mthc2 t,cs R2

18 8 0 broffset bc2f p

18 8 1 broffset bc2t p

18 8 2 broffset bc2fl p

18 8 3 broffset bc2tl p

19 b t 0 fd 0 lwxc1 fd,t(b)

19 b t 0 fd 1 ldxc1 fd,t(b)

19 b t fs 0 8 swxc1 fd,t(b)

19 b t fs 0 9 sdxc1 fd,t(b)

19 b t hint 0 15 prefx hint,t(b) MIPS64 or R2

19 s ft fs fd 30 alnv.ps fd,fs,ft,s MIPS64 or R2

19 fr ft fs fd 32 madd.s fd,fr,fs,ft

19 fr ft fs fd 33 madd.d fd,fr,fs,ft

19 fr ft fs fd 38 madd.ps fd,fr,fs,ft PS

19 fr ft fs fd 40 msub.s fd,fr,fs,ft

19 fr ft fs fd 41 msub.d fd,fr,fs,ft

19 fr ft fs fd 46 msub.ps fd,fr,fs,ft PS

19 fr ft fs fd 48 nmadd.s fd,fr,fs,ft

19 fr ft fs fd 49 nmadd.d fd,fr,fs,ft

19 fr ft fs fd 54 nmadd.ps fd,fr,fs,ft PS

19 fr ft fs fd 56 nmsub.s fd,fr,fs,ft

19 fr ft fs fd 57 nmsub.d fd,fr,fs,ft

19 fr ft fs fd 62 nmsub.ps fd,fr,fs,ft PS

20 s t broffset beql s,t,p

21 s t broffset bnel s,t,p

22 s 0 broffset blezl s,p

23 s 0 broffset bgtzl s,p

24 s d (signed) const daddi d,s,const MIPS64

25 s d (signed) const daddiu d,s,const MIPS64

26 b t offset ldl t,o(b) MIPS64
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

27 b t offset ldr t,o(b) MIPS64

28 s t 0 0 0 madd s,t

28 s t d 0 0 madd d,s,t R3900

28 s t 0 0 1 maddu s,t

28 s t d 0 2 mul d,s,t

28 s t 0 0 4 msub s,t

28 s t 0 0 5 msubu s,t

28 s s d 0 32 clz d,s

28 s s d 0 33 clo d,s

28 s s d 0 36 dclz d,s

28 s s d 0 37 dclo d,s

28 code 32 sdbbp code EJTAG

29 target jalx target MIPS16e

31 s t sz pos 0 ext t,s,pos,sz R2

31 s t sz pos 1 dextm t,s,pos,sz MIP64R2

31 s t sz pos 2 dextu t,s,pos,sz MIP64R2

31 s t sz pos 3 dext t,s,pos,sz MIP64R2

31 s t sz pos 4 ins t,s,pos,sz R2

31 s t sz pos 5 dinsm t,s,pos,sz MIP64R2

31 s t sz pos 6 dinsu t,s,pos,sz MIP64R2

31 s t sz pos 7 dins t,s,pos,sz MIP64R2

31 0 t d 2 32 wsbh d,t R2

31 0 t d 16 32 seb d,t R2

31 0 t d 24 32 seh d,t R2

31 0 t d 2 36 dsbh d,t MIPS64R2

31 0 t d 5 36 dshd d,t MIPS64R2

31 0 t hwr 0 59 rdhwr t,hwr R2

32 b t offset lb t,o(b)
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L 8.6: Y

31-26 25-21 20-18 17-16 15-11 10-8 7-6 5-0 ®?¶ ¤á ISA

33 b t offset lh t,o(b)

34 b t offset lwl t,o(b)

35 b t offset lw t,o(b)

36 b t offset lbu t,o(b)

37 b t offset lhu t,o(b)

38 b t offset lwr t,o(b)

39 b t offset lwu t,o(b) MIPS64

40 b t offset sb t,o(b)

41 b t offset sh t,o(b)

42 b t offset swl t,o(b)

43 b t offset sw t,o(b)

44 b t offset sdl t,o(b) MIPS64

45 b t offset sdr t,o(b) MIPS64

46 b t offset swr t,o(b)

47 b op offset cache op,o(b)

48 b t offset ll t,o(b)

49 b ft offset l.s t,o(b)

50 b cd offset lwc2 cd,o(b)

51 b hint offset pref hint,o(b)

52 b t offset lld t,o(b) MIPS64

53 b ft offset l.d ft,o(b)

54 b cd offset ldc2 cd,o(b)

55 b t offset ld t,o(b) MIPS64

56 b t offset sc t,o(b)

57 b ft offset s.s ft,o(b)

57 b ft offset swc1 ft,o(b)

58 b cs offset swc2 cs,o(b)

60 b t offset scd t,o(b) MIPS64

61 b ft offset s.d ft,o(b)

61 b ft offset sdc1 ft,o(b)

62 b cs offset sdc2 cs,o(b)

63 b t offset sd t,o(b) MIPS64
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8.6.2 �-?èL�A:5º

• �-O¶µ�õê�¹e§·�éÓ��-��3��ÏPÎ§�´ó�
¬k~	"� nopÚ l.sù���-´Xd�ÊH§±�u�)?5'�

Ñ��{ü"

• �?nì�-µQ²½ÂL��´y3Ø^��-��Ø
"�?n
ì 33 MIPS I CPU¥l5v^L§�Ú MIPS32/64�2:ü�Øo

N——Ù¥k
®�£Â^uØÓ^å¬¤�IO�?nìö�è§Ù

¥�)�;ì\13S"

8.6.3 ?èÚ{ü¢y

XJ\w�e�-�?è§k��±wÑ CPU´N��O�"¦+k�«

ØÓ�?è§36Y�é@ÏÒI���±�«�~k5Æ��ª?è"

• M�ìo´ uÓ�� �§¤± CPU�±l�êM�ì³�Ñü�

ö�êÃI^�Èè"3,
�-¥§ü�M�ìÑØI�§�´Q,

M�ì³�O5Ò´�
3z��¨±ÏþJøü�ö�ê�§�vk

�o��"

• 16 ~êo´ uÓ�� �§#N·���- ���x? ALU�Ñ

\ÀJìØ^^�£ "

8.7 �-UõU©a

·�U±e^Sr�-8©¤
Ün���¬µ

• �ö� No-op

• M�ì/M�ìDÑµ̂ �é2§XJ�Øþ�:�{¶�)^�Dx3S

• ~ê\1µ��ê�Ú/���.á=ê

• �â/Ü6�-

• �ê¦{!Ø{Ú¦{ê

• �ê¦\

• \1Ú�;

• a=!f§SN^Ú©|

• ä:Úg�
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• CP0õUµCPU���-

• 2:

• ^r�eé“/e”A5�É��¯µrdhwrÚ synci

8.7.1 �ö�

nop: MIPS�-8�ö� nopéõ§Ï�?Û± zero�8I��-ÑØ

�?Û¯�"�~^���´ sll zero, zero, 0§Ù�?�?èTÐ��"�

i"

ssnop: ,	���ö�§Ù?èÒ´ sll zero, zero, 1"

ù��-Ø��Ù§�-Ó�ux§ù�Ò�y
Ù$1�s¤����

±Ï�m"ù3{ü�6Y�� CPUþÃ';�§�3E,
�¢yþéu¢

yr��?§ò�ék^"

8.7.2 M�ì/M�ìDx

move: Ï~^� $zeroM�ì� or5¢y"�
�O CPU ——du,«

�Ïé\{�|±'éÜ6$��Ð——^ addu"

^�Dx

éu~�©|k^�O��-£ë�1 8.5.3¤"

movf, movt: ÏLÿÁ2:^�è3�êM�ì?1^�Dx"

movn, movz: �â,��M�ì�G�é�êM�ì?1^�Dx"

8.7.3 ~ê\1

dla!la: ^5\1§S¥,
�IÒ� �½Cþ�/��÷�-"�^

64 ���£�k3�.� Unix�a�XÚ¥â¬^�¤\�� dlaÒ

"

ù
�-�ÉÚ¤kÙ§ loadÚ storeÓ��Ï��ª£¦+(¢�¦ØÓ�

ÀÜ¤"

dli!li: C\á=ê~ê"dli´ 64 ��§¿Ø´¤kóäóÑ|±§�

3\1��±�u 32 CØe�ÃÎÒê��ÿâI�"ù´��÷�-§�

âäN�~ê��Ðm¤�A^�-"

lui: rá=ê\1�M�ìp "16 ~ê\1�M�ì�1 16–31 §

  32–63£XJk�{¤����1 31 �Ó§$  0–15�""T�-´\1

?¿ 32 ~ê��éÅì�-¥���"®?§S
�U[�Ø¬���ù�

�-¶d li (load immediate)Ú la (load address)�a�÷�-¦^§�Ì�

�´^u¢y�«k^�Ï��ª"
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8.7.4 �â/Ü6$�

�â/Ü6$��-?�Ú�±©)�e�a.µ

\{

add!addi!dadd!daddi: addu�-�é)��/ª§�(JÄÑ�¬

g�"�Uéu COBOL?Èìk^"

addu!addiu!daddu!daddiu: ©O^u 32 Ú 64 �\{"3ùp±

9���-8¥§64 ����-mÞ^“d”£L« doubleword¤L«¶�k\

ÃI�½“á=”ÏPÎ——���®?ì��~êÒ1
"XJ\��~ê^

�-� 16 �L«Øe§@o®?ìò)¤���-"

dsub!sub: ÄÑ�g��~{CN"

dsubu!subu: ~5� 64-Ú 32- ~{£vk~�á=ê��-§�,´

Ï�\{¥�á=ê�±�K�¤"

Ù§�â�-

abs!dabs: ýé�¶Ðm���Ú©|£½^�DxXJk�{¤�-"

dneg!neg!dnegu!negu: ü8§���ê¶Ø� U�ÏPÎÄÑ�¬g

�"

Å Ü6ö��-

and!andi!or!ori!xor!xori!nor: nö�êÅ Ü6ö�"Ø^�“á

=ê”a.——����~êö�ê��ÿ§®?ì¬gÄ)¤"5¿vk nori

�-"

not: ^ nor¢y�Vö�ê�-"

£ ÚÌ�£ 

drol!dror!rol!ror: Ì�m£½�£¶Ðm¤o^�-�S�"

dsll!dsll32!dsllv: 64 £Vi¤�£§$ Ö""n�ØÓ�-Jøn«

�½£ þ�ØÓ�ªµ~ê 0–31 §~ê 32–63 §½ö^,��M�ì$ 6

 �SN"®?§S
��� dsllÏPÎÒ1
"

dsra!dsra32!dsrav: 64  £Vi¤�âm£"¡�“�â”´�r  63

——ÎÒ ——E��p "@Ò´`�^ukÎÒ� 64 �ê��(�¢y


Ø± 2���"?§�o´� dsraÏPÎ¶®?ì¬�â�½�£ þÀJ

�-�ª"

dsrl!dsrl32!dsrlv: 64 £Vi¤Ü6m£"ù�¡�“Ü6”´Ï�r 0

W¿�p "�,kn�ØÓ��-§®?§S
[�A�æ^ dsrlù�ÏP

Î¶®?ì¬�â�½�£ þÀJ�-�ª"
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sll!sllv: 32 �£"\��� sllÏPÎÒ1
"

sra!srav: �âm££^ÎÒ Öàp ¤"��� sraÒ1
"

srl, srlv: Ü6m££p ^ 0Öà¤"��� srlÒ1
"

^����-

slt!slti!sltiu!sltu: M��-§XJ^�÷vÒ�� 1§ÄK�� 0"�

�� slt½ö sltu"

seq!sge!sgeu!sgt!sgtu!sle!sleu!sne: �â�\E,�^���8

Iö�ê�÷�-"

8.7.5 �ê¦{!Ø{Ú¦{ê

�ê¦Ø�Åì�-ØÓuÊÏ�-§Ï�MIPS�¦{ì´��Õá�

ü�§vk8¤?�~�6Y�¥�§�1å5'�~��ê�-�s¤�õ�

�m"k�
Åì�-5éÄ¦{½öØ{§,�¦Ø$�ÒÚ�U�-¿1

?1"

Ó��¦{ü��Jø�ê¦\\Ú¦\�-£ë�1 8.7.6!¤"

^üÕ�M�?1?n���(JÒ´§¦Ø�-¿Ø�)ÄÑÚØ"ÿ

Á£Ï�ÉÚ$1ØU�)É~¤�Ï~Ør(J�?Ï^M�ì£��Y�

-¿��M�ì³¬r6Y�E,z¤"¦{/Ø{�(JÑy3ü�üÕ�M

�ì hiÚ lo¥"\�U^ü^AÏ�-mfhiÚmflo5�¯ù
�"=¦3

�@Ï�MIPS CPU¥§(JM�ì�´p£�µXJ\Áã3(JÑ5�c

Ö�§CPUÒ¬Êe5��êâ��"

�´§�\Ö�Ï~¦{/Ø{�®?ÏPÎ��ÿ§®?ì¬)¤���

-S�5�[��nö�ê��-¿?1ÄÑu�"�^ div£kÎÒêØ{¤

�UÐm¤� 13^�-"�	��-Ï~�um©Ø{ö�� divÚJ�(J

�mflo�m"�	��-wþ��ÇØp§�´§�ÚM�Ø{ì´¿1$1

�¶3�õêMIPS CPUþØ{$����s¤ 7–75�±Ï"

MIPSúi�®?ì¬r¦±��~ê½Ø± 2�~êg��O�=�¤

�·��£ !ùè��"�´�õêóäó¥�®?ì�Urù�?Ö3�

?Èì��"

Uì��Ø�²w��½§���ÿ±M�ì zero��(J�¦{½Ø{

ò)¤�©�Åì�-"5 d�l hi½ lo¥�Ñ(J¿?17��u�§Ò´

\�¯
"

e¡´¦Ø�-����L"

5k
óä�)ºAÏ�ÏPÎ§multL«¦{§divdL«Ø{�Åì�-",§�½ zero

��(JM�ì��{�,Û%§��´u£�"
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ddiv!ddivu!div!divu: �êØ{�nö�ê÷�-§�k 64-/32- Ú

kÎÒ/ÃÎÒ�À�"3Ø±"��ÿÑ¬g�¶kÎÒ�-ÄÑ�¬g�"

^ zero��8IM�ìÒ��éÄØ{�Åì�-"

ddivd!ddivdu!divd!divdu: k,
óäóJø��©Åì�-ÏP

Î"�Ð^ ddiv zero, ..."

divo!divou: �ÄÑu��Ø{�¶i§�¢SþÚ�¤ div!divu´�

��"

dmul!mul: nö�ê 64-/32- ¦{�-"vkÄÑu�¶ÏØI�T

÷�-�ÃÎÒ��——�ä�(JéukÎÒÚÃÎÒ)ºÑ´���"®

?ìXJ���3�MIPS32�c�¢yù
�-� CPU3®?�{§ò¬Ð

m¤�d�÷"

mulo!mulou!dmulo!dmulou: ¦{÷�-§XJ(J�Ñ��Ï^M

�ìU
NB���Ò¬g�"

dmult!dmultu!mult!multu: m©¦{�Åì�-§kÎÒÚÃÎÒ

±9 32 Ú 64 �CN"(Jl5Ø¬ÄÑ§Ï�©Ok 64 Ú 128 �(

J"(J��$k� ��3 lo¥§�pk� Ü©��3 hi¥"

drem!dremu!rem!remu: {êö�§ÏL3Ø{���^mfhi¢y"

{ê��3 hiM�ì¥"

mfhi!mflo!mthi!mtlo: l hi�M�ìDÑêâ"ù
´�¯�ê¦

Øü�(JM�ì hiÚ lo��-"XJ\j±¦^gCJ�(J�Ü¤�-

mulÚ div§@o�~�è¥\ØI��mflo/mfhi�-"

MIPS��ê¦{§mult½multu§o´)¤Ï^M�ìV�°Ý�(J§

�Ø
ÄÑ��U5"(J¥��uM�ì°Ý�p Ú$ Ü©©O3 hiÚ

lo¥�£"

Ø{ö�ò(J�\ loM�ì§�ê{ê�\ hi"mthiÚmtlo�k3É

~��¡E CPUG���ÿâ^�"

8.7.6 �ê¦£\¤\

k
 MIPS CPUk�«/ª��ê¦\\�-——-vk�^áu MIPS

�IO�-8"ù
�-Ñ�Éü�Ï^M�ì��ö�ê§r(J\\�

loÚ hi¥"�Ï~��§“u”�LÃÎÒ�CN§�Ød�	ÏPÎ£�k�-

�è¤ÑdäN� CPU¢yû½"

dmadd16!madd16: NEC Vr4100Ak��-§ù
CNÏL��É 16

 ö�ê¼�
�Ý§��3 C?Èì¥�¦^"dmadd163 64 � loM�

ì¥\\ 64 (J"

mad!madu: Toshiba� R3900!IDT� R4640/4650Ú QED� CPU¥

���ù
�-§§��Éü� 32 ö�ê§r\\� 64 (J��3 lo
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Ú hiM�ì¥"Toshiba R3900�#Nnö�ê���mad d,s,t§Ù¥\\

�(J�DÑ�Ï^M�ì d¥"

8.7.7 \1Ú�;

��!�Ñ¤k®?��ê\1/�;�-§±9Ù§Ï�S��ö�"±

eA:�Úå5¿µ

• éu¤|±�ØÓ�êâ°ÝkØÓ��-µ8  £i!¤!16  £�

i¤!32 £i¤Ú 64 £Vi¤"

• éu�uÅìM�ì°Ý�êâa.§�±ÀJ"*Ð£cM“u”�LÃ

ÎÒ¤½öÎÒ*Ð�ö�"

• ùp�Ñ�¤kö�Ñ�±�¤®?ì|±�?¿Ï��ª£ë�1 9.4

!¤"

• �;�-Ö���ÿk�M�ì§,��/�M�ì§Ú\1�-��
{�±��¶ù:�»
MIPS�-¥8IM�ì3k���5K"

• Åì\1�-�¦êâg,éà£�iéà�üi!>.§iéà�oi
!>.§Viéà�li!>.¤"�´®?ì|±��@\1�U�é

à�êâ�÷�-§ù
�-Ñk��“u”cM£�L unaligned¤"

¤k(²�IO C§S��Ü©�êâ(�Ñ¬�(éà"�´\�U-

�3$1�O�/���éàêâ!æ^�IO��ó*Ð(²�êâ!

l	Ü©�Ö\�êâ��"

• z�\1�-�G(JÑ'O��-36Y�¥�����±Ï"éu?
Û MIPS CPU§ÏL^�^k^��vk�6��-W¿ò´øÑ¬4

�Ç��z"

3�P�£MIPS I¤CPUþ�¦§S
3z^\1�-���y���

¨±Ï�ò´µ@£ MIPS I CPU�®?ì7��¬ÏL�\�^ nop

�-gÄ��ù�:"

e¡´���-�L"

lb!lbu: \1i!,�©OÎÒ*Ð½ö"*Ð���M�ì"

ld: \1Vi£64 ¤"ù^Åì�-�3 64  CPUþâk§�´�é 32

 8I�®?ì~~^��l�;ì\1 64 �ü�����êM�ì�÷�

-5¢y"ù�V´���v��Ì¿§�´k<Ò´��,«oN5"

ldl!ldr!lwl!lwr!sdl!sdr!swl!swr: ��/�m!\1/�;!i/Vi

���"¤é¦^�±� ulw��¢y�éà�\1/�;ö�§�,\o�±

gC5¢y�éà\1/�;£ë�1 8.5.1!¤"
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lh, lhu: \1�i£16 ¤§,�©OÎÒ*Ð½"*Ð���M�ì"

ll!lld!sc!scd: ë£\1Ú^��;£32 Ú 64 ��¤¶̂ u&Òþ�

Û%�-£ë�1 8.5.2!¤"

lw!lwu: \1i£32 ¤§,�©OÎÒ*Ð½"*Ð���M�ì"lwu

�3 64  CPUþâk"

pref!prefx: ý�êâ�p���£�1 8.5.8!¤"ù^�-3MIPS III

Ú�@� CPUþvk§�U��ö�"¦+ pref ^�´Ï~�Ï��ª§�´

prefx\þ
3ü��-¥¢y�M�ì+M�ìÏ��ª"

sb: �;i!£8 ¤"

sd: �;Vi£64 ¤"3 32  CPUþ�U´��÷£rü�����ê

M�ì�;��� 64 �S�/�¤"

sh: �;�i£16 ¤"

sw: �;i£32 ¤"

uld!ulh!ulhu!ulw!usd!ush!usw: �éà�\1/�;÷�-"Vi

Úi���æ^AÏ����m\1�÷�-¢y¶�iö�^i!��!£

 Ú or5¢y"5¿�~�ò´ø5K¿Ø·^u�¤�éàö����/�

m\1¶6Y���O4§�UlÞ���"1 2.5.2!é�éà�\19Ù¦

^k�õ�£ã"

2:\1Ú�;

l.d!l.s!s.d!s.s: \1/�;V°Ý£64  �ª¤Úü°Ý£32  �

ª¤"ö�ê7Léà§ùpvk�Ñ�éà���"3 32   CPU þ§l.d

Ú s.d �\1ü� 32  S�¬���� FP M�ì½ö�;���ü�

FP M�ì�ü� 32  S�¬£�1 7.5 !¤�÷�-"ù
�-���

ldc1!lwc1!sdc1!swc1(load/store word/double��?nì 1)§�Ø�ù�

�"

ldsc1!lwxc1!sdxc1!swxc1: æ^Ä�M�ì+  £þ�Ï��ª�\

1Ú�;"3�- ldxc1 fd, i(b)¥§���/�7L uÚÄ�M�ì b�

��Ó�¬§S�;«§ÄK�U¬�¯"

XJ\�óäó�É l.d fd, i(b)ù���{§@Ò��^j"

8.7.8 a=!f§SN^Ú©|

MIPSNX(�éù
�-æ^Xe�Motorala·¶{µ

• PC-�éÏ��-¡�“©|”§ýé/��-¡�“a=”"ö��ÏPÎ

©O± bÚ jmÞ"

• f§SN^�“a=¿ó�”½“©|¿ó�”§ÏPÎ± al(�"
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• ¤k�©|�-§$�©|¿ó��-§Ñ´k^��§ÿÁ��½ö
ü�M�ì"Ã^�����±éN´�Ü¤——'X§ beq $0, $0,

label"

j: ù^�-r��Ã^�=£���ýé/�"¢Sþ§j¿ØNo+n 32

 /�µ8I/��p 4 ¿Ø´�-�Ñ�§´^�c PC�p 4 ��"

�õê�ÿùvõ�'X¶28 /�E,�Ñ�� 256 MB��è��"

�����/��§�/Ïu jr£M�ìa=¤�-§T�-�^ua=8

II�O���/"���ÿ�±���� jÏPÎÚ��M�ì§�´61�

�{Øù��"

jal!jalr: ù
¢y
��Úm��f§SN^"3a=��½/��Ó

�§�����£/�£T�-�/�\þ 8¤�M�ì ra§= $31�O¶"6�

�o�§SOêì\þ 8ºP�a=�-Ú©|�-��§o´�1;�3�¡

�©|ò´ø�-§¤±�£/�7L�©|ò´ø����-"f§S�£

ÏLM�ìa=�¤§�~^�Ò´ jr ra"

PC-�é�Ï��f§SN^�±¦^ bal!bgezalÚ bltzal�-"^�

©|¿ó��-=¦3^��Ø��ÿ�r�£/��\ ra§ù3^�c�-

/�?1O���ÿk^"

b: �é PC�Ã^�£�´�éá§�¤©|"

bal: �é PC�¼êN^"

bc0f!bc0f1!bc0t!bc0t1!bc2f!bc2fl!bc2t!bc2t1: �â�?nì 0

Ú�?nì 2�^� ?1©|§ùü�^� 3�õêy�� CPUþÑØ�

3"3Pª� CPUþ§ù
�-ÿÁ��Ñ\Ú�&Ò"

bc1f!bc1f1!bc1t!bc1t1: �â2:^� £�5� CPUkõ�2:^

� ¤©|"

beq!beq1!beqz!beqz1!bge!bge1!bgeu!bgeul!bgez!bgez1!bgt!

bgt1!bgtu!bgtu1!ngtz!bgtz1!ble!ble1!bleu!bleul!blez!blez1!

blt!blt1!bltu!bltu1!bltz!tltzl!bne!bnel!bnez!bnez1: �ÜVö

�ê½öüö�ê�'�©|�-��L§�õê�÷�-"

bgezal!bgezall!bltzal!bltzall: ^�¼êN^��©Åì�-§XJk

�UI�ù���{"

8.7.9 ä:Úg�

break: ����“ä:”a.�É~"dNÁì3®?ìÜ¤�èÚu�g

�¥^"

sdbbp: Úu1 12.1!ùã� EJTAGÉ~�ä:�-"
6¢Sþ jalr�-#N\�½��Ø´ $31�M�ì���£/�§�é�ù�^"XJ\Ø�

½®?ì¬gÄ^ $31"
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syscall: Úu��DÚþ^uXÚN^�É~a."

teq!teqi!tge!tgei!tgeiu!tgeu!tlt!tlti!tltiu!tltu!tne!tnei: ^

�É~§�â�«ü!Vö�ê�^�"ù�´�?ÈìÚ)ºì^�§��¢

y$1�ê|>.u��a�ö�"

8.7.10 CP0õUµCPU���-

CP0�õU�±©¤±eA«a.µ

êâDx

cfc0!ctc0: rêâ£?£Ñ CP0��M�ì§�8c���MIPS CPU

Ñ�vkù����M�ì"�´ØÈ���U�NÒk
ù��M�ì"

mfc0!mtc0!dmfc0!dmtc0: 3 CP0M�ìÚÏ^M�ì�mDxê

â"

cfc2!ctc2!dmfc2!dmtc2!mfc2!mtc2: �?nì 2£XJ¢y
�

{¤��-"é��"

^u CPU���AÏ�-

eret: lÉ~�££�1 5Ù¤"

dret: lÉ~�££R6000��¤"ù^�-®L�§�ÖØ2Kã"

rfe: 5gMIPS I�É~(å�-——¢Sþ®²L�"-<ÐÛ�´§rfe

==¡EG�M�ì§ÏL��ur��=£�#m©/���^ jr�-�

©|ò´øS5���1"

cache: 1 4.9!ù�õ«/ª�p������-"

sync: éu�UÏS�1 load/store � CPU �S��¯?1ÓÚ��

-£�1 8.5.9!¤"��!ù�Ù§�-ØÓ§§vk¦^ CP0�-?è§3^

r�§S¥�±Ü{¦^"

tlbp!tlbr!tlbwi!tlbwr: �� TLB=�;ì/�=�M���-£�1

6.3!¤"

standby!suspend: ?\�>�ª£NEC Vr4100 CPU¤"

8.7.11 2:�-

31 8.3!�Ñ
2:�-"

8.7.12 ^r�eé“/e”A5�k��¯

rdhwr(read hardware register): #N^rA�?§SÖ��
Ï~�kS

Øâ���M�&E"�1 8.5.12!"
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synci: ^rA�?�-"� load/store�-���½��/�§�^u�

��¹�Ï�i!�p���1���S�¬þ"��\����1��-�

^§"synci�17��ö�£~~¿�Xl L1�?êâp��� D-cache�

£�§±9�¢?Ûkc®²?\�-p��� I-cache�SN¤§�y CPUU


�(�1§Skc�\ù¬S���-"

sync: ���o�-§�3ùp�3rN§Ø´�^Ø%A�?��-"T

�-31 8.5.9!ùL"
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1 9Ù �ÖMIPS®?�ó�è

ù�Ùòw�\XÛ�ÖMIPS�®?�è——äN/`§Ò´� GNU®

?ì as�MIPS��¤��®?�è§Ï�ù´8c^��2��MIPS®?

ì"

Ï�3ùp==´��0�§·�ò��ÄgMIPS I½MIPS II±5õc

���� ISA�Ü©�~�� 32 �-"

�Ù¿Ø�\N�?�®?§S�è——ù�K8��Ò�±2���Ö


"ý�õê�Ööé�U�Ü^ C?§§�´ó�¬-��
y��®?§

S�UwÃ§½ö������?U¶XJ\éMIPS®?�¦^��Ø�ù�

§Ý§\I��Ö��\�MIPSóäó�©�"

ÆS�ÖMIPS®?==ÙGÅì�-�L´Ø
�"ùÌ�´Ï�±e

A��Ï:

• MIPS®?ìJø
�þ�ý½Â�÷�-§¤±?Èì��-8�'¢

S�Åì�-8��õ"þ�Ù��L�)
 GNUóäó�®?ì@£

��Ü÷�-§1�k CPUM�U
��@£�Åì�-"

• MIPS ®?�è�±£OÚ)º�|^5+n®?�è1��!¡�®

?“�«”½“�ö�”�AÏ�'�i"~X§̂ AÏ�'�i5I�§S

¼ê�è�m©Ú(å!���-ü�^S!±9��é�è�`z�

�"

• ¢SA^¥§§S
<��®?�è  �²L C�óý?nì�?n

�§â�J��®?ì§ùA�´Ï^��{£¦+Ø´M5r��¤"¦

^���{§�±�Ñäk4p�Ö5�®?�è§Ù¥�ÅìM�ì

�a�ÀÜ�±^é§S
k¿Â�¶i5Ú^¶rù
¶i=�¤®?

ì�¦�J±ÖÃ�/ª�?Ö�Ð3�óäó"

Nõ§S
uy�Ìù���{ü�½¬é�Bµ�� C�óý?nìÑ

\�®?�è�©�¶�k�M“.S”§ý?n�)¤�ÑÑ�����
1��´dMIPSúi�o�®?ì�� 2005cg���¤@£�÷�-§�U'��úm�

]��@�
"
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9.1. ��{ü�~f 1 9Ù �ÖMIPS®?�ó�è

�Ó��©�¶�´�M�“.s”"¶ù�¦�+nü«ØÓ/ª�®?

©��?Ö�\N´"

3?�Ú�Ö�c§k£Þ§S�e1�Ù�SNék^§�).�Åì�

-8!êâa.!Ï��ªÚDÚ�M�ì^{"=¦\®²é@
á�éÙG


§3@p�	�\��Ö\��k^"ù��·�UY cw��ÿ§\�±

éN´�£�"

9.1 ��{ü�~f

·��´÷^31 8Ù���@�~fµC�ó¥¼ê strcmp(1)���

¢y"ØLù�g·���)®?�{�Ä�¤©§¿��Ñ�
Ãó`zÚN

Ý��è"ùp�Ñ��{'�©� strcmp()¼ê�h²�
¶·�le¡�

�èm©——E,^ C ——^�«¤k$�ÎÑ©m�±Buöp�/ª§�

èXeµ

strcmp(char* a0, char* a1)

{

char t0, t1;

while(1) {

t0 = a0[0];

a0 += 1;

t1 = a1[0];

a1 += 1;

if (t0 == 0)

break;

if (t0 != t1)

break;

}

return (t0 - t1);

}

ùãÐ©/ª��è��1�m¬Ï�Ñy3zgÌ�¥�ü�^�©

|£éAuü� if()�é¤Úü�\1£éAuügê|eIö�¤ÉK�¶

zg©|Ú\1ÑÚ\��ò´ø§Ì�N¥vkv
�ó�5W÷§�"d

	§��è÷X�éiÎG?1�§3zéi!�'�£éAu while()�é(

å��)Ò¤�Ñk��r��Ì�(�©|"

=¦3�È¤®?�ó�c§·���±éù��è�k^�U?"���

UC´ÐmÌ�4zgÌ��±�üg'�¶·���±rÙ¥�g\1£�

Ì��(�"ÏLù
Cz§zg\1Ú©|�ò´øÑ�±Wþk^�ó�µ

232



9.1. ��{ü�~f 1 9Ù �ÖMIPS®?�ó�è

int strcmp (char *a0, char *a1) {

char t0, t1, t2;

/* first load moved to loop end,

so load for first iteration here */

t0 = a0[0];

while (1) {

/* first byte */

t1 = a1[0];

if (t0 == 0)

break;

a0 += 2;

if (t0 != t1)

break;

/* second byte */

t2 = a0[-1]; /* we already incremented a0 */

t1 = a1[1]; /* didn’t increment a1 yet */

if (t2 == 0)

/* label t21 in assembler */

return t2 - t1;

a1 += 2¶

if (t1 != t2)

/* label t21 in assembler */

return t0 = a0[0];

t0 = a0[0];

}

/* label t01 in assembler */

return t0 - t1;

}

·�®²l�è¥��
Ì��$��è§y34·�r§�È¤ MIPS

®?µ

#include <mips/asm.h>

#include <mips/regdef.h>

LEAF(strcmp)
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.set noreorder

lbu t0, 0(a0)

1: lbu t1, 0(a1)

beq t0, zero, .t01 # load delay slot

addu a0, a0, 2 # branch delay slot

bne t0, t1, .t01

lbu t2, -1(a0) # branch delay slot

lbu t1, 1(a1) # load delay slot

beq t2, zero, .t21

addu a1, a1, 2 # branch delay slot

beq t2, t1, 1b

lbu t0, 0(a0) # branch delay slot

.t21: j ra

subu v0, t2, t1 # branch delay slot

.t01: j ra

subu v0, t0, t1 # branch delay slot

.set reorder

END(strcmp)

þ~¥�5º�Ï`²�-NÝ��{¶�´3?�Ú[w�c§·�A�

)º�eþ~¥Ñy�Nõ#��{(�"4·�UìÑy�^SÅ�)ºµ

• #include: T©�|^
 C�óý?nì cpp5�~þå�k¿Â�¶

i§¿½Â�
{ü�©�O�÷"ùp§3r�èJ��®?ì�c§

^ cpprü�Þ©�Si\®?�è"mips/asm.h½Â
 LEAFÚ END

£�e©¤§mips/regdef.h½Â
 t0Ú a1�M�ì�S.¶¡§�ë�

1 2.2.1!"

• ÷µùp·�^
 mips/asm.h¥½Â�ü�÷µLEAFÚ END"LEAF
�½ÂXeµ

#define LEAF(name) \

.text; \

.globl name; \

.ent name; \

name:

LEAF�^5½Â��{ü�~§£ØN^Ù§~§§Ï?u��N^

ä�/�f0 �——ë�1 11.2.9!¤"��f£nonleaf¤¼ê7Lõ�

éõ¯�5��M�ì!�£/���"Ø�\�9�4�AÏ�?§§

ÄKØ��U-�I�^®?�ó���f¼ê��¹——A��±�
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½^ C�ó�ù«¼ê�k¿Â§½N2d C�óN^��µCý�I

�^®?���è��f¼ê"5¿e¡A:µ

- .textw�®?ì§Ø�,k`²§A�rd��)��è���?

8I©�¥¶�/.text0�«¥¶l C�ó?È)¤�8I©�^Ó

��¶iL«NB¤k�è�«"

- .globl(²/name0��ÛCþ§TCþ¶��)3�¬�ÎÒL

S§�¶i3��§S��S7L´���"ù�aqu C?Èì

é¼ê¶£XJØ� static?»Î¤�?n"

- .enté)¤��èvkK�§�´w�®?ìòù�:I��/name0

¼ê�å©:§3NÁP¹¥^�T&E"

- .name3®?ì�ÑÑ¥�T:Jø��¶�/name0�IÒ§Ó�

é/name0¼êN^lT/�m©"

ENDq½Â
ü�®?�"

#define END(name) \

.size name, .-name; \

.end name

- .sizeL«3ÎÒL¥§/name0Ú¤^�-�i!ê���Ñ"

- .end�Ñ¼ê(�§̂ uNÁ"

• .set®?�«µ

^5w�®?ìN�?1®?""��§MIPS®?ìÁãÏL£ÄNC

��-¦þW¿©|Ú\1ò´ø£��Ø�ú%——®?ìýéØ¬�

ØS��N�¶XJéØ�S���Y§Ò¬�±ò´øØÄ¤"�õê�

ÿ§ù«1�´k^�§Ï��u`\3�®?§S��ÿØ7�ÄW¿

ò´ø"

�´XJ·��(I�°(���-^S�No�§Ò�3Nõ^�4�

ª��¥¼ê�a��/ºùÒ´ .set noreorder�8�µw�®?ì3

eg-��éA� .set reorder�cÊ�#üS"

3ù�é®?�«�m����è«�§·�w�®?ìr�)�ö�è

Uì3�è¥�-Ö��gS�?8I©�"

• IÒµ/1:0́ êiIÒ§�õê®?ìÑ�É§��ÛÜIÒ"3��§

Sp\�±k?¿õ�IÒÑ���/1:0¶̂ /1f(forward)0Ú^e��

IÒ/1:0¶̂ /1b(backward)05Ú^þ��/1:0"ù:�~k^"
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• �-µ\�U5¿��
�-�^S¬Ñ�ý�§Ï� .set noreorderù

��«�³
e¡�©|ò´ø§3�·�£�
�Ç¤5�yff\1

�êâØ¬á=�e�^�-^�"

'X`§3Ðm�Ì����Ü©éM�ì t2�¦^"7L�^1��M

�ì§Ï� lbu t2 -1(a0) uc�^©|�-�ò´øS§ÏØUU

� t0 ——XJu)©|§©|8I?��è�^� t0¥��"

9.2 �{V�

L
�Hc¡�~f4\w�
�õê��®?�-3¢S¥´N�¦

^�§�A�é\S.®?�ó�è©�Ö�MIPS�-��ªk¤�Ï"y

3·���XÚ/o(�eù
ÀÜ"XJ\±c^Laq Unix�XÚþ�®

?ì§@oÌ��VgATÑØ))"

9.2.1 ÙÛ!½.ÎÚI£Î

�
)ù:§\�ÄkÙG C�ó"��Ö®?�è��ÿ�5¿e¡A

:µ

• ®?�è±1�ü §�1L«���-½�«�(å"\��±3�1
p�õ^�-½�«§�´§�¥m�^©Ò/;0�m"

• l/#0�1��m�SN�5º§®?ìò�Ñ§"�Ø�r/#0�3

1����µCý?nì cpp éù��1�AÏ?n§N´��· §

\�U¬^�cpp"XJ(½\��è¬²L Cý?nì�ý?n§@o

�±3\�®?�è¥¦^ Cº��5º�ªµ/*,*/"��\W¿§ù

«5º�±ª�õ1"

• IÒÚCþ�¶i�±´ C�óp?¿Ü{�I£Î§Ó���±�±�

¹iÎ/$0Ú/.0"

• 3�è¥\�±¦^��ê£0� 99�m��?�ê¤��IÒ"~5�

©�IÒ3©�¥7L��§�´Ó��êiIÒ�±3�è¥E¦^

?¿õg"3©|�-¥/1f0��e��/1:0§/1b0��c��/1:0

IÒ"ù�ÒØ^¤%�@
éá�a=ÚÌ�å¶i
"r^¶i·¶

�IÒ�3�f§S�\�:½öAO��a="

• r�ïÆ\¦^L 2.1¥�Ñ�MIPSM�ì�S.·¶¶�d§\�

�è7L²L Cý?nì?1ý?n§�è¥�^ #include�¹��

Þ©�§¶i�U´ mips/regdef.h"XJ\û½Ø^ý?nì§P4®

?ì�¦M�ì�¶i�¤{�ÎÒ\þêi�/ª§'X $3�LÏ^

M�ì 3§Ï^M�ì?Òl 0� 31"
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• vkÚ C�ó¥�“��”��éA�ö�"�®?ìI��������

��§̂ /�5����IÒ£½öÙ§�½ �ÎÒ¤"I£Î/.0�

L�c�-½öêâ(²�/�"\$��±éù
ÀÜ�
k��$�

ö�"

• iÎÚiÎG~ê�½Â�ª� C�Ó"

9.3 �-���5K

MIPS®?ì#N�
�-æ^{B�{"Jø�ö�ê�±�uÅìè�

�¦§ù�®?ì¬)º���Vö�ê/ª"½ö3Åì�-�¦¦^M�

ì�/�^��~ê�O§ù�®?ìU
íäÑ\I��´T�-�á=ê

Ï��CN"�!o(�e~���¹"

9.3.1 O��-µn!�!��M�ì

MIPS�1O��Åì�-´nM�ìö�§Ò´`��ü�Ñ\Ú��Ñ

Ñ��â½Ü6¼ê§~Xµ

d = s + t

�¤ addu d, s, t"

·��J�Lùp�n�M�ì�±E"�)¤�^ CISCº��Vö

�ê�-§̂ ��Úö�ê�Ó�8�M�ìÒ1
"XJ\�Ñ
 s®?ì

¬gÄ�\�µr addu d,s�� addu d,d,sÓ�w�"

negÚ not�ü8$�Îo´^��½õ�n�M�ì�-5Ü¤�"®

?ìÏ"ù
�-�õkü�ö�ê§¤± negu d,s�Óu subu d, zero, s

§ not d�®?¤ nor d,zero,d"

�U�~��M�ì�M�ìö�Ò´move d,s"®?ìrù�Ã?Ø3

��-®?� or d,zero,s"

9.3.2 �á=ê�$��-

3®?�ó½öÅì�óp§i\3�-¥�~ê�¡�á=ê"MIPS�

éõ�âÚÜ6�-Ñk,	�«^ 16 �á=ê�� tM�ì�/ª"á=

êÄkÏLÎÒ*Ð½ö"*Ð*Ð� 32 §̂ =«*Ð�ûuäN��-"

��ó§�â$��-?1ÎÒ*Ð§Ü6$��-?1"*Ð"

¦+á=êö�ê)¤ØÓunM�ìö�ê���Åì�-£'X)¤

adduiØ´ addu¤§�´§S
ØI�²(«©"d®?ìu�����ö
�ê´��M�ì�´��á=ê§¿�AÀJ�(��-µ

addu $2, $4, 64 ⇒ addiu $2, $4, 64
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XJá=ê����Ã{�?Åì�-� 16 ö�ê�§@o®?ìò2
ÝÑ¡�a"§gÄò~êC?®?��M�ì at/$1,�^§5?1ö�µ

addu $4, 0x12345 ⇒ li at, 0x12345

addu $4, $4, at

5¿ li£\1á=ê¤�-§3Åì�-8péØ��¶li´��é~^�

÷�-§§r��?¿� 32 �ê�\1?M�ì§§S
ÃI'%N��?

��——®?ì�âT�ê��5�gÄÀJ�Ð��ªéö�?è"
XJ 32�� u ±32 KB���S§®?ì¬^�^ addiuÚ $0�\¶

�p 16–32 Ñ�"��ÿ§�±^ ori¶�$ 0–15 ��"��ÿ§Ò¬^
lui¶�ù
ÑØ´��ÿ§¬ÀJ�é lui/oriµ

li $3, -5 ⇒ addiu $3, $0, -5

li $4, 0x8000 ⇒ ori $4, $0, 0x8000

li $5, 0x120000 ⇒ lui $5, $0, 0x12

li $6, 0x12345 ⇒ lui $6, 0x1

ori $6, $6, 0x2345

XJ\3¦^ .set noreorder�«5��©|ò´ø�+n§@o*Ð¤

õ^Åì�-�®?�-¬k¯K"XJ3��ò´ø¥^
��õ^�-�

÷§®?ìAT¬´w"

9.3.3 'u 32/64 �-

·�3c¡£2.7.3!¤w�§MIPSNX(�3*Ð� 64 �4��%/

�y=¦´$1uMIPS64�Åìþ§MIPS32§S�1��ØC¶3MIPS64

Åìþ§MIPS32�-�1o´�±Ï^M�ì�p 32 ��"½ö��£�

ûu  31��¤"

Nõ 32  ��-�±��^u 64  XÚþ——'X�Ü�Å Ü6$

�——�´�â$�Ø1"\~¦ØÚ£ ÑI�#���"#�-�·¶´

3P¶ic¡\þ d (double)cMµ~X§32 \{�- adduOr�#�-

daddu5�¤� 64 °Ý�â$�"�-ÏPÎc¡�“d”Ï~´“double”�

¿g"

9.4 Ï��ª

c¡J�L§M��|±�«Ï��ªµM�ìÄ/�+á=ê £þ£

base reg+offset¤§ £þ offset 7L3 -32768�+32767�m"�´®?ìU


Ü¤�è5�¯^�«O��ª�½�/�?�êâ"ù
�ª�)µ

• Direct£��¤µd\Jø�êâIÒ½	ÜCþ¶"

238
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• Direct+index£��\¢Ú¤µ�� £þ§\þdM�ì�Ñ�IÒ/

�"

• Constant£~ê¤µ��)º� 32 ýé/��~ê"

• Register indirect£M�ìm�¤µ́ M�ì\ £þ§ £þ�"�AÏ/

ª

þ¡�ù
Ï��ª§(Ü®?ì3?È���
{ü�~ê$�§\þ÷

?nì�¦^§\ÒU
�¤�õê���¯�"e¡´�
~fµ

�- Ðm�

lw $2, ($3) ⇒ lw $2, 0($3)

lw $2, 8+4($3) ⇒ lw $2, 12($3)

lw $2, addr ⇒ lui at, %hi(addr)

lw $2, %lo(addr)(at)

sw $2, addr($3) ⇒ lui at, %hi(addr)

addu at, at, $3

sw $2, %lo(addr)(at)

þ~¥� addrÎÒ�±´±e?Û�«µ

• �½ �ÎÒ——IÒ½öCþ�¶i£��¬SÜ½öO?¤

• �½ �ÎÒ±��~êL�ª£®?ì½öó�ì�±3)¤8I�
è�?nù
¤

• 32 �~êL�ª£~X��M�ì�ýé/�¤

ùü�(�%hi()Ú%lo()�L/��p 16 Ú$ 16 "ùØ´{ü�

��r/�©�p$ü��i§Ï� lw� 16  £þ�´)º�kÎÒê�"

¤±XJ addr���Ð1 15 � 1 ,@o%lo(addr)�Ò��K�§·�I

�O\%hi(addr)±Ö�µ
addr %hi(addr) %lo(addr)

0x1234 5678 0x1234 0x5678

0x1000 8000 0x1001 0x8000

la (load address)÷�-é/��ÑÖ§aqu li��ê~þJø�ÑÖµ

la $2, 4($3) ⇒ addiu $2, $3, 4

la $2, addr ⇒ liu at, %hi(addr)

addiu $2, at, %lo(addr)
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la $2, addr($3) ⇒ liu at, %hi(addr)

addiu $2, at, %lo(addr)

addu $2, $2, $3

�Kþ§la�±;�¦^ ori�-�3wþ��K��%lo()�þ���

·Ï"�´ load/store�-k 16 kÎÒ�/� £þ§(Jó�ì®²��


é/�üÜ©?1?��Uå§±¦�\�(J�("¤± la^
 add�-

±;�4ó��n)ü«ØÓ�?�a."

9.4.1 �éu GP�Ï�

MIPS���-8Ñ�l3 32 ö��mp��{��
�����JÒ
´§�¯��?È?5��;ì/�  �s¤��ü^�-§~X:

lw $2, addr ⇒ lui at, %hi(addr)

⇒ lw $2, %lo(addr)(at)

3�þ¦^�Û½·�êâ�§S¥§ù  ����?ÈÑ��èR¬

$�"

@Ï� MIPS?Èì�éù�¯KÚ\
�«?�Eâ§�õê� MIPS
?ÈóäóÑ��÷^
ù��{§Ï~�¡�/�Û�� gp�éÏ�0"ù
�Eâ�¦?Èì!®?ì!ó�ì±9éÄ�èp��Ó�Ü§r§S¥

�“�”CþÚ~ê®8��¬Õá�S�«�¶,���M�ì $28£�¡�
�Û��(global pointer)½ gpM�ì¤��T«��¥
"£ó�ì)¤��A
ÏÎÒ gp§Ù/��T«m�¥
",� gp�/�d§S�éÄ�è\1�
gpM�ì§ù�Ä�3?Û load/store�-�1�c�¤"¤��ù
CþÓ^
��m\å5Ø�L 64 KB��§�ÜêâÒÑ u�é«�¥: 32 KB��
±S§ù��^ load�-ÒC¤µ

lw $2, addr ⇒ lw $2, addr - _gp(at)

¯KÒ´?ÈìÚ®?ì�3ü��¬?È��ÿÒ7L(½=
CþU


ÏL gp5�¯"Ï~��{r�u,�A½�Ý£Ï~"�´ 8i!¤��

ÜêâÑ�?T«m"ù�þ��ÝÏ~�±ÏL?Èì/®?ì�“-G n”À�

5��¶�½“-G 0”ò����ù«`z"

¦+ù´�«�~k^�E|§¦^¥k�
“�²”�5¿"3�®?�è

�\7LAO5¿é�Ûêâ�(²��±��¿�Ø�Ñ�µ

• ����¦Ð©z��êâ7Lwª/�\ .sdata«"

• �Ûú�êâ(²�7L�ÑÙ�(�Ý¿��±��µ

.comm smallobj, 4

.comm bigobj, 100

• ��	ÜCþÓ�I�²((²µ
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extern smallext, 4

• éu�õê®?ì5`§Ø�Cþ�(²3Cþ�¦^�c§ÄKÒØn
¬(²"

3 C�ó¥§�ÛCþ7L3¤k¦^��¬¥�((²"éu	Üê|§

\�±�ù��ÑÙ�Ýµ

extern int extarray[];

��±�ÑÙ�(��Ýµ

extern int extarray[NARRAY];

k�ÿ§S$1��ªû½
ØUæ^ù«�{"k
¢�ö�XÚ£�

kéõ PROMi�§S¤æ^�¬üÕó���è5¢ySØ§A^§S¦^

�§�f§SN^5¦^SØ�õU"Ã{é���k���{3SØÚA^

§S©O¦^�ü�ØÓ� gp��m5£��"ù«�¹e§�oA^§S!

�oö�XÚSØ§üö��£�v7�ü�Ñù��¤7L¦^“-G 0”À�5

?1?È"

�¦^“-G 0”À�?È?Û�|�¬��ÿ§Ï~@
I��ù
�¬ó

��¤k¥�ÑAT¦^“-G 0”À�?È"XJó�ì-�A��¬éu�½

�k¶CþA��3�êâ«�´ÊÏêâ«¿�Ø��{§é�U¬�ÑÛ

%ÎÃd���Ø&E"

9.5 8I©�9Ù3�;ìN�¥�ÙÛ

3�Ù�(�{á/w�e§S3XÚ�;ì¥�ÙÛ�ª§¿J2'u

�;ìÙÛÚóäó�)�8I�è�m�'X�A:��5¿¯�"éu

�è3C\S���wþ�´��o�fk�Ä�
)�~k^§AO´�\

�3¡é�?Ö´�4MIPS�è3��#mu�XÚM�þ1�g$1��

ÿ"

MIPSDÚ½Â�½��èÚêâ«£��u ROM�§S¤Xã 9.1¤«"

3®?§S¥§��«�ÀJUìeã�©|5|�"

.text!.rdataÚ .data

{ü/r�A�«�¶¡�3êâÚ�-�c§Xe~ù�µ

.rdata

msg:.asciiz "Hello world!\\n"

.data

table:
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ã 9.1: � ROMz�8I�èãÚ;.��;ìÙÛ

.word 1

.word 2

.word 3

.text

func:sub sp, 64

...

.lit4Ú lit8µÛ52:~ê

\ØU^®?�«5�ù
«�¶¡"§�´®?ìÛ¹)¤�^5NB

�� li.sÚ li.d÷�-�ëê�2:~ê"k
®?ìÚó�ì¬Ü¿�Ó�

~ê±!��m"

XJA^§S�ï´^ gp�éÏ��ª�{§.lit4Ú .lit8�±�?“�

êâ”«"

.bss!.commÚ .lcommêâ

ù
«�¶i�Ø^�®?�«"̂ 5Â8 C�¬¥(²�¤k·�½ö
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�Û��Ð©z�êâ"C�ók��A5Ò´ØÓ�¬¥�õ�Ó¶�½Â

´#N�§��Ù¥Ð©z�Ø�L��Ò1".bssÒ´^5Â8??Ñvk

Ð©zL�êâ"FORTRAN§S
¬@ÑùÒ´¡� common �ú�êâ

¬——ù�´��oùA�®?�«ùoå¶��Ï"
\A�o´�½êâ�£±i!�ü �¤�m��"�§Só���ÿ§

ù
êâò¬��v
NB��êâ��m"XJ,��¬3Ð©z�êâ«

éTêâ?1
(²§@o�æ^Ù�½�¤k��Ú@�½Âµ

.comm dbgflag, 4 # global common variable, 4 bytes

.lcomm dbgflag, 4 # local common variable, 8 bytes

.lcomm array, 100 # local common variable, 100 bytes

“�Ð©z”�c¢Sþ^cØ�"3 C�ó¥§vk²(Ð©z�·�½

ö�ÛCþ3§Sm©��ÿÑ¬�"——ù´ö�XÚ½ö§SéÄ�è�

ó�"

.sdata!�êâÚ .sbss

��r��êâ�©m�óäórù
«��þ¡� .dataÚ .bss«�Ö

¿½O��Y"MIPS?nì�óäóù��´Ï����5��êâ«v


;n§ù��±k�«X1 9.4.1!¤ã�p���¯Å�§TÅ��6u3�

3M�ì gp¥�o��êâ��"

5¿ .sbssØ´��Ü{��«¶XJêâ�^ .comm½ .lcomm(²§

¿�Ó^�m�uD4�®?§S� -G �§óäóÒrTêâ©�� .sbss

«"

Û¹� .lit4Ú .lit8~ê«�U��?�êâ«§�wÙþ����"

�æ^ gp- �éÏ��§gp ¬�Ð©z����C“�êâ«”¥:� 

�"

.section

m©��?¿·¶�«§¿Jø��I�£ù�äN�è�'§��U�ä

Nóä�k'¤"ë�\�óä�Ãþ§éu~��«§[�^äN«¶�A�

®?�«"

9.5.1 �)æÚÒ3S�¢S�§SÙÛ

ã 9.1 ¤«�§SÙÛ·^u�è��u ROM p§$1u��à CPU

þ£Ò´`§vk?Ûö�XÚ�¥m^�Jø�ÑÖ¤��õê¢SXÚ"�

Ö«�U��u�¬�lÖ�«��;ì¥"

ÒÚæ��XÚ/��m�«��~�§�´®?ì½ó�ìéd�


)ØÓué .textÚ .data�«"ÒÚæ´d$1�XÚÐ©zÚ�o�"Ò´

243



9.5. 8I©�9Ù3�;ìN�¥�ÙÛ 1 9Ù �ÖMIPS®?�ó�è

ÏL�� spM�ì��^S��ºÜ£éà�li!�>.¤5½Â�"æ´

^� malloc()�¼ê¦^����ÛCþ��5½Â�¶TCþ~~Ð©z�

endÎÒ§́ dó�ìO�Ñ�¤k(²�Cþ¦^��p/�"

AÏÎÒ

ã 9.1��Ñ
�
dó�ìgÄ½Â�AÏÎÒ§�Ï§Suy��«�

mÞÚ(�"§�5u3 Unix�a�ö�XÚ¥6De5�S.¶¡§Ù¥

k
´MIPS�¸Ak�"\�óä��U½Â
�ÜÎÒ��Uvk¶eL¥

@
���A��½Ñ¬½Âµ

ÎÒ IOº �

ftext ©�£�è¤«�mÞ

etext X ©�£�è¤«�(�

fdata Ð©zêâ«�mÞ

edata X Ð©zêâ«�(�

fbss �Ð©zêâ«�mÞ

end X �Ð©zêâ«�(�
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�

é�k�8ýé�¦¤k�^�Ñ�lÞmu¶�þ�^�muõõ��

�^�,
®²yk��è——3A^§S?§3ö�XÚ?§Ñ´Xd"\�

U¬uy§\��^3\�MIPSXÚ¥�yk�è§�Ð´�Ù§�?nì[

xmu�"�,
§\���I�#?È�e�è±)¤^u MIPSþ�

�?�©�¶��X·�¤�§ù�?Ö�U�'#?È5�E,"�£�5

��Ò´��^��^|ÃØ/=����#��¸§AO´��#��-8

�J´§Ý"£��þ^��ó�ý�´¯§XJ�£��^� £́½�)¤ö

�XÚ§½´ÃX��°Ä§S�a�ö�XÚ���'�§£��JÝÒ¬:

ìþ,"

p�^�£LinuxA^§S�è½aq�è¤3���ÿ��Ñ¿£�
�

£�5§¿�é�U®²3A«ØÓ�¸¥¦^
§¤±�N\ÃI?Û?U�

�#?È�eÒ1
".�^�——½N´,
i\ªXÚ��è��Ü

©——¯KÒõ
"��3�«A½�¸emuÑ�^�é�U¬Ñy£�5

�¯K§Ï�Ùmuö�Uvk¿£��;�½ö)û£�¯K"�Ù�8I

Ò´4\�5¿å=£�3�MIPS£�^���ÿAON´Ñ¯K��¡"

��XÚ¥°Ä�.�M��Ü©Ø�;��¬k£�5¯K¶;.�i

\ªXÚz�üc�mÑ�k���O,?§3ù«CzeE,j±�¦�

±�5�M�/^���ØC§ÒØÜn
£�,�Ø¬!�¤�¤"

10.1 MIPSA^§S�.�^�µ~�¯K�AL

e¡ù
¯KÑy���ª�µ

• �àµO�Å.©¤
ü�
E§�ö�m´��Ø�}��õ�"�
õê MIPS CPU�±��¤±��à½ö��à$1¶�=¦\®²�

�\�MIPSXÚ´N����§�´r�ïÆ\�½�ß��n)
ù

�¯K"3\�c®²kéõLk²��§S
3ùþ¡-
�Þ§±�

�¬k�õ�<3ùþ¡-�Þ"�ë� 10.2!"
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• S�¥êâ�ÙÛÚéà�ªµ\�§Séu C�ó¥(²�êâ3S�

¥�ÙÛk�U�
Ø·�£Ø�£��¤b�"¦^ C struct(²5N

�©�êâ½lÏ&ó´þÂ��êâA�l5Ñ´Ø�£��"¦^Ø

Óa.���½öéÜNéhkêâ�õ��Ý�¯�§S¥ÒdÏk

�x"

,§êâÙÛ  ÚÙ§£'uM�ì¢^!ëêD4!æÒ?n¤�

½�'§3e�Ù¬ù�ù
�½µXJ\��Jc¤�ú§ë�1 11.1

!"

• ��+np����I�µ\�N¬uy\��E^��è´3�«��
Ø¢yp����?nì!½ö´^
���kéu^���“ß²”�p

���� CPU£~X§3 PCoN�?nìþ§A�¤k�p����B

�^Ñ�M�Ûõ¤"�´�õêMIPS CPU�
�±M�{ü§4,


B�^�±��¿4^�KIp���+n¶·�ò31 10.3!)ºù�

�¿�X�o"

• �;ì�¯^SÚ#üSµ3Nõy��i\ªXÚ½�¤aXÚ¥§
XÚ±�Dx�êâ�lå:£Ä����ª:�m�U�óªÏLõ

�fXÚ"ù
fXÚk�Ug�µC
NõE,�M�§�\¥yÑ¿

�Ø��¯K"~X§3 CPUÚ I/O���mDx�&E�U�½?\

è���§��ØÓ§Ý�ò´¶½ö��U�©¤A�Õá�êâ6§

ù����gª:�^S§ØU�yÚ�Ðux�^S���"1 10.4!

?Øù�¡��
;.¯K9Ù)û�Y"

• ^ C�óÖ�§Sµù�Ù`´¯KØX`´Å¬"�´k
MIPSAk

�ÀÜ§�U
^ C�£�NA�`ku�®?�ó�è¤"�!ùãSi

®?§�;ì/�N��M�ì§±9¦^MIPS��U���,Ô,l

��²"

10.2 �àµi!i!Ú S

�à(endianness)ù�c´d Danny Cohen(Cohen 1980)Ú?O�Å�Æ

�"3��J��4�_%´Ö�©Ù¥§Cohen5¿�§ÄuéÏ&XÚ¥�

i!/�Ú�ê½Â�ª�<�ÀJ§O�ÅNX(�®²©��ü�
E"

3 Johathan Swift�5��6iP6¥§“�à�”Ú“�à�”Ï�éu¯È

/��A�k�=�àâé�©Ü�u
�|Ô�"Swift3Àe�lV�

m��Ø§V�ÑwØ�¦��m�«O��´Ì*<��"Cohen��{��

[ú@§d�Ò÷^e5
"�à¯KØ==�Ï&k'§�'X��£�5"

O�Å§So´?nØÓa.êâ�S�Ú^SµU^SH{��iÎ

G¥�iÎ!��ê|�z���§½ö�?�L«¥�z�'A"C §S
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ÊHb½¤kù
CþÑ��3S�¥§S���Ò´��i!�S

�——memcpy()�±��?¿êâa."C� I/OXÚé¤k� I/Oö�Ñ±

i!�ü ï�¶\��± read()½ write()�¹?¿êâa.��;¬"

ù���O�Å�±�Ñ�
êâ§,��O�ÅÖ�ù
¶â,m§·�

é1��O�ÅUÄn)1��O�Å��ÀÜa,�
"

·�n)3?néàÚW¿��ÿI��%£[!��ë�1 11.1!¤"Ï

"�2:ê@��E,êâa.oU
�µØÄ/DÑ´Lu�¦
"�·�

��F"w�{ü�±�?�Öè/ªL«��êDÑv¯K¶�à� ¹´

�ê�Ø1"�8?��� 0x1234 5678� 32 �êÖÑ�~~C¤
 0x7856

3412 ——�?1
“i!��”"�n)��o¬ù�§·�k£Þw�e"

10.2.1 'A!i!!iÚ�ê

32 ��êL«¤�
�?� �S�§z� kØÓ��"�$k�

 �� 1§,�´ 2!4 ——Ò��?�L«�“�!�!z!Z”"�\��;

ì±i!Ï��§32 �êÓ^o�i!"éu��i!N��¤���êk

ü«Ün�ÀJ"k
O�År�$k� �3c¡£=$/��S�i!¤k


r�pk� �3c¡——Cohen¡§�©O���àÚ��à"�· 1976

c1�g�>O�Å�§DEC��.Å´��à�§ IBM��.Å´��à

�¶?Û��ÑØ�¿4Ú"

��rN�´ù�ÀJ� ¹�3\U
Ï�i!��ÿâu�"1960c

��Ï�c�k°�O�ÅÑ´Uìü�Åìi�ü |��µ�-!�ê!S

�°ÝÑ´Ó��i��"ù��O�Åvk�à¯Kµ3�;ì¥±i�S§

iS± �S§�övk'X"

Ò��ÈÙ�/���§V�
EÑk¿©�nd"

·�S.ul��mÖ��?�ê£w��ÿÏ~�l��m¤§Öê��

´��µÞ¬'æ�U¬`“oÚ��§”�·�K`“��o"”ù��ê��

ÿ§g,�Òk��p "3S�U±i!Ï��c§i!�m©Ñy�´��

�«riÎ��?i¥�{B�ª"1970c��@1 IBM§S
s¤
��)

�²{	w�þ�ÑÑ�L§z|iÎ´�L��L«ê��i"��à�ê

wþ�é��§�*þ´����à�"�´�ê��ÿ�p 3�>§i!/

�÷Ó���O\§ù�XJê�z��?� lm��?ÒÒ¬Ø��µ¤±

IBMr��i��p I� 0 "¦��.Xã 10.2¤«"

�´�â3�êa.SÜ��â�é��?� ?Ò�ég,——=r

 Ò n©���â�� 2n � �"ù�3i! 0�;  0–7Ò��
§\q

C¤
��à�"3ÑÑw«��i��X�Ø�1ç§�´��àéuS.

urS��¤��i!S��<5`AOk¿Â"cÙ���J�´§Intel´

��à�"ù��i!i!Ú wþ�Xã 10.1¤«"

247



10.2. �àµi!i!Ú S 1 10Ù �MIPSNX(�£�^�

ã 10.1: IBM£�����à¤�Ýw�� �

ã 10.2: ���£Intel¤��à�Ýw�� �

\¬5¿�ù
ã¥�SN���Óµ�´�p/�$ ��
§�k��

��gS��=
"IBM��à�w�di©)¤i!§��à�Kw�d

i!�¤
i"ùü«XÚéuØÓ�<5`Ñ´Ã��F��(µ�öÑk

Nõ`:§�´\�Ul¥À�"

4·�2£�fâ*	�¯K"·���áÏ�im©� 0x1234 5678§�

?�Ò´ 00010010 00110100 01010110 01111000"XJ\��Òux�äk

���à�XÚþ�§\�½¬w�¤k� Ñ�=
"��@«�¹§\¬�

Â� 00011110 01101010 00101100 01001000§�8?�� 0x1E6A 2C48"�

´·�fâ`·�Ö���8?ê� 0x7856 3412"

Ø�§ ^S��.�=3,
�¹e¬Ñy¶k�
Ï&ó´kux�p

 §�
kux�$ "�´3 1970c��,��ÿ§l i!IO¤
3O

�ÅSÜÚO�ÅÏ&XÚSÜ£¡�“octet”¤Ï^�Ä�ü ";.�Ï&X

Úli!�ï¤k��©§�k�.��M�ó§�â��=� kux"

Ó��?nìXÚm©¦^l �	���ì£�°���ì�3�pà

�¬¤§¤kù
	���Ñk�� 8 �à�l 0� 7?Ò§�pk� � 7"

Ø��Not�§vku)²w�»¿§z�i!ÑC¤
��à§�d��

��±e5
"

@Ï��?nìXÚ´3l o�þ^l �;ìXÚ�l  CPU§¤±

vk�à¯K"Intel� 8086´ 16 ��à�XÚ"� Motorola3 1978cc

�íÑ 68000X�?nì�§¦��~íÂ IBM�ÌZÅNX(�"ØØ´Ñ

ué IBM�íÂ§�´Ñuk¿�� Intel�±ØÓ§¦�@�gC�T^��

à"�´MotorolaÃ{|á®²ÓÌ�/ �i!S gS�S.�½——z
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ã 10.3: l 68000x?nìM©�Ø�����à�Ýw�� �

�l � Motorola	���ë�� 68000þ��ÿØ�Ø�=êâo�"(

J§68000[xwþ�Xã 10.3¤«§ �i!±��^S?Ò"680009Ù�

U�¬UY3�õê¤õ� UNIXÑÖìÚó�Õ£�²w�~fÒ´ Sun¤þ

¦^"�MIPSÚÙ§ RISC3 1980c�fÑy��ÿ§Ù�Oö�
áÚæ

^�A�à�XÚ�O<
§¦��O� CPU�±^?�«�à"g 68000 

�§��àÒ� 68000ª��à§ �i!����"�\��MIPS CPU�

��à�§wþ�Ò�ã 10.3"ùÒ´æ�ý�m©�/�"

�\�Ö\� CPUM�ÃþÚwM�ìã�k�
�æ�"z�<Ñ@�

M�ì£Äk¤́ 32 �ê§¤±ÑÎÃ���kx�p £1 31 ¤"ùé§

S
ÚM��O�a�<
kK�"TÌã��
“�£”Ú“m£”�-��O§

�^±(½ ��-� Òëê§$�K��¤MIPS�-� ��IÒ"

��\-�@«�¹§�£�^�½ö3ØoN�Åì�mDxêâ�Ò

¬kî�^�¯K¶�ë�ØoN�o�½ö���Ò¬kM�¯K"·�

ò©m?Ø^�ÚM�¯K"

10.2.2 ^�Ú�à¯K

ù´��¡�^���à½Âµ�� CPU/?ÈìXÚ§�õi!�ê�$

/��i!NB�´�$k� �Ò����à¶�õi!�ê��$/��

i!NB�´�pk� �Ò����à"ÏL$1�ã�¿��Ø�£��

�è§�±éN´/éÑ\� CPU´=�«µ

#include <stdio.h>

int main(void)

{

union {

int as_int;

short as_short[2];

char as_char[4];

} either;
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either.as_int = 0x12345678;

if (sizeof(int) == 4 && either.as_char[0] == 0x78) {

printf("Little endian\n");

}

else if (sizeof(int) == 4 && either.as_char[0] = 0x12) {

printf("Big endian\n");

}

else {

printf("Confused\n");

}

}

î�5ù§̂ ��à´?Èìóäó���á5§o�±——XJv
ñå

ó��{——)¤?Û�«�à��J"�´3���MIPSù��±Ï��

i!� CPUþ§SÜÒ´^ 32 �â$�§XJr1�M�é|¬��4à

�$�§¤±·�?Ø CPU��à"

�,
§i!3/��mÙÛ�¯K·^uØ�ê�	�Ù§êâa.¶¬

K��?ÛÓ^�L��i!�m�êâ§'X2:êâa.!©�iÎG$

��k�L�-� 32 ö�è"�â��Vg§éuÙ¥�
��ê�êâ

a.�Uk���¦^§éuÙ§êâa.�Uvk?Û¿Â"

XJ�«�ó|±,
^��E�êâa.§ù
a.�LM�U+n

���§@où��à¯K´X{�^��½¯K——�±^?Û�«�à�

E"·F"y��?Èì�öU
n)ù�:§�Ð4^��½ÚM�gC�

�½�±��"

�àÚ§S�£�5

��l5ØlO?Ñ\�?�êâ§��\;�±ü«ØÓ��êa.

��Ó�¬êâ£Ò�þ¡�~f¥k¿��@�¤§CPU��àÒ´Ø��

�£\��èÒ´�£��¤"y�� C?Èìò¦þ�Ï\uÿù«�¹µX

J\Ø�%ù��
§�U¬��?Èì��Ø½ö´w"

�´\�NÃ{�Éù
��¶\�UØ�Ø?nlO?�G�\�XÚ

�	5êâ§½ö�?n�;ìN��M�M�ì"-�ùü��¹�?Û�

�§\ÑI�(���\�?Èì´N��¯S��"

ù��wþ�Ñvk�o�³§�´²�L²3¤kêâN�¯K¥§�à

�N´Úå· "·�ù´Ï�=¦´£ãù�¯KØ�k �Ñé(J"ù

ü«�Y��ÐåÒ3uü«ØÓ�xãÚ£ãêâ��{¶3ØÓ��¸

e�öÑ´ég,�"
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ã 10.4: ;.���àã�

ã 10.5: ��àã�

Xþ¤�§;.���à�7Xi5xã"¤±�
·��ÌXã 10.4p

^�êâ(�"�´Uì IBMr�p IP� 0 ��½§ã¬Ðw�õ§�

´y3Ø2ù��
"

�´��à�U�rNl�«¡�^��!Ä���ÝrO�ÅS�w�

��i!S�"¤±Ó��êâ(�wþ��ã 10.5"��à¿ØrO�Åê

âÌ��¤´ê�§¤±��ur$ �ê£ !i!½öÙ§¤�3�>"

ØxãéJý�n)�à¯K§�Nõ<uygCo´éJ�egCS.

��½§~X§XJ\S.ulm��é ?Ò§�s¤é��¿�åâUl�

�m?Ò£����à(��ã�4��S.u��à�<xÑ5wþ��U

�~ØÜÜ6¤"ù´TK8N´Úå· ���µé��ØÙG��½=¦´

���eÑéJØ�\gCÙG�ÀÜ�K�"

10.2.3 M�Ú�à

·�3c¡w� CPUS3��à§�k3Ó�Jøéi��êÚ��âÝ

�±i!�ü ��;ìXÚ���|±�âUNyÑ5"aq�§�i!Ï

��XÚ�õi!°Ý�o�ë��§M�XÚ¼����±£O��à"

�\ÏLo�DÑõi!�êâ�§Têâ�z�i!ÑkgCÕá�/

�"XJêâ¥�$/��i!÷X�$ Ò�l�o�£i!Ï´¤DÂ§T

o�´��à�"�´XJêâ��$/��i!÷X�p Ò�i!Ï´D

Ñ§@oTo�´��à�"

3 CPU �“S3”�à9Ù��o��XÚ����à�mvk7,é

X"�´§·Ø��k=� CPU�^�Ú����àØ��§¤±·��±

`“CPU��à”^5Ó��ÙSÜ�|�ÚXÚ��"
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�±Ï��i!� CPUzgDÑêâ��ÿÑ¬L²gC´��à½ö

��à"IntelÚ DEC� CPU´��à�¶Motorola 680x0Ú IBM CPU´�

�à�"MIPS CPU3þ>��±��¤?¿�à¶�õêÙ§� RISC CPU

÷Q
MIPS��{§4�à¤�����——ù3^��#� CPU5,?y

kXÚ��ÿé�B"

M�ó§�ÏLéþ Ò5ë�ØÓo���{ØAT��I"�´�\

�XÚ�)�àØ����o�!CPU!½ö	����æ�Ò5
"3ù«�

¹e�ÑÀJýéØ@o�t¶XÚ�O<
Ø�Ø“ü³���Ù�"”

• �± Ò��/�´i!S��Ïµ�²w�ÀJÒ´§�O<
�±U

ì �?Òrü�o��å5§ù���J´�±éà�ip� ?ÒØ

C"�´Ï� ?ÒÚiS�i!^S��§ë��üàw���;ì�

i!S�ØÓ"

Úo�°ÝØ���´éà�o�>.�êâ3�ë�o�þDÑ�¬

áÏ§z�o�°Ýü�SÜi!���"ù«*a'^�¯K�<s"

^�¥�à�Ø�êâ§éÑêâa.�>.v�o¯K¶==´êâ�

�vk¿Â"-�ù«M�¯K§êâ>.��tÏ
£Ø�-|§êâÑ

éà�o�°Ý�“i”>.¤"

ùp¡k
¿¥"XJ²L��DÑ�êâo´éà�i>.��ê§@

o Ò���Ù�Ò¬ùX�à��O§;�
^^�=��ê�I�"

�´M�ó§�é�(���3��XÚ)·ÏSÑ¬k�o��êâ

²L��DÑ"

• i!/���/�ê��Ïµ�O<
�±ÀJÏLrz�i!Ï´ë�

��A�Ó��iSi!/�l�±i!/�ØC§�,d�i!S�

êâë���Ø��"@o����XÚéurêâ�¤i!ê|5w´

���"

,§XÚ¥�U�¬k�
ü��^��àØ��"¤±���i

!/��½¬�³Ñõi!�êêâL«�Ø��y�"�——AO

´——=¦´éà�o�°Ý>.��ê£DÑ�“g,”ü�¤�Dx�

,	��à�wþ��w�´i!��
"

éu�õê8�§�Ïi!/���k³§·�í�“i!/���”�Ù

�"�?nêâL«ÚDÑ¯K�§§S
~~¬£� C�óòS��¤´�

�i!ê|��.þ�§Ù§êâÑ´3d�þ�ï�"�\éS��b½Ø

é��ÿ§éJwÑ�.Ñ
�o¯K"

Ø3�´§ Ò��/i!/��Ï�ë�l�Oþw��g,Ün¶�`

ÑM�ó§���ù��Or¯��é�U�~(J"
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¿�XÚ�z��ë�ÑÉ�K�"b½·�k�� 32 ��;ìXÚ�

�ëþ CPU"CPU�XÚ���U¿vk�)iSi!/�——/�o�¿

Ø�½/�  0Ú 1"´§Nõ CPUÑko�“i!ÀJ”&Ò§L²�3DÑ

�êâáu,�A½�i!Ï�"�;ì
��ë����o�§���ÿ§i

!ÀJw��;ì
�TiS�o��Ui!¥�=�i! �¬�¢S�\"

3SÜ§CPUrz�i!Ï�ÚiSi!/��ë§�´@��;ìXÚ�ö

�Ã'"���`§�;ì/CPU�¤�XÚU«
 CPU��à¶�� CPUU


#Ö£�5�\�ê§iSi! 0¢Sþ3�;ì��o/�¿Ø�"1

é���:Ò´§Ø�� RAM�;ìù�k^�5�Ø�§Ò@�3{

ü� CPU/RAMXÚ¥vkS3��à¯K"\�±3°o�þ�?¿DÑ¥

uy�à¯K"ùp��^��L§3�Ñ�^�e��ï���;ìXÚ�

�ÿ§ØU�Ñ CPU��àµ

• XJ\�XÚ¦^ýk?§? ROM�;ì���§3XÚSM�/�Ú

i!Ï´ë��©��Ú ROM?§���ª���§ROM¥�¹�ê

âI��� CPU��¤��à"�du`§ROM¥�êâSN´lXÚ

	Ü�G�XÚ¦^�"XJ�¦�è��l ROM¥�1§�(��à

Ò¬AO�§Ï�Ø�U4 CPU3����ÿéö�è?1^�i!

��"

• ��� DMA���
���DÑêâ��;ì��ÿ§@o§éu�à

�VgÒ¬å�^"

• � CPU��¢SþØ^i!ÀÏ§´^��i!°Ý��è£éMIPS

CPUé~�¤uxiSi!/�§@o��Èè CPUÖ��¦�M�7

L�� CPU^�´=«�à"XJ CPU��à�±^^���§Ò¬A

ON´Ñ�"

e�!4\w�\�M�ó§�N�����i!/����XÚ——$

��)3^r�U±ü«�ª��MIPS CPU�ÿ§N�4@�XÚ�±�â

CPU��"

�àØ���o�m��

b½·�k����¤��à� 64 �MIPS CPU§·�I�r§ë��

����à� 32 o�þ§'X PCIþ"

ã 10.6w«
·�N�ë�êâo�±��í���J§Ò´3��à�

CPUÚ��à�o�þwå5Ñ���i!/�"
1ÙGM��ó§��U¬¿£�ù´��������K�(Jµ���;ì
����5�

Ò´§Ø+ë��§�/�Úêâ�Noü�§ÑUUYó�"��äNêâ�3=p¿Ø�§

��´�\�ÑÓ��Ö�/��§\U
Ö�\�k�\�êâ"
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ã 10.6: ��à CPUÚ��ào��m���

ã¥�?Ò��“i!Ï�”w«
��@p�i!êâ�/��o�°Ý

SÜ�i!Ü©"�?i!Ï�Ò´té�|ë��'�"

Ï� CPUo�´ 64 °Ý PCIo�´ 32 §\I�U
r°o��

z���â“i”/�——=/�  2 ——ë��Äo�§Ï�/�  1Ú 0á

u 32 iS�i!/�"CPU� 64 o�´��à�§¤±p êâ^�´

$/�§ù:�±li!Ï�ÒþwÑ5"

\�UuygC� �ú«3o���ì±��ë�?ÒwÐ��¬�§

âUý�wÑ:��5"ùÒ´�à�5�W�"

5¿·�´�Ñ
êâ"PCIêâÚ/�E^o�§3,
�¨±Ï§ù


“i!Ï�” Dx�´/�"3/�±Ï§PCIo�� 31Ò�Dx�´/��

�pk� "3/�ÏmS�ÄuMIPS�XÚ�ë�ØA����"
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�à������

b½\����¬Ì�½öo�����§#NMIPS CPUU±?�«�

à��$1"þ¡�ïÆT�N��í2Qº

·�ïÆ§XJ\U
`Ñ\�M�ó§�§\A�3 CPUÚ I/O�m�

����?§�i!Ï���ì"ù«�{�ó��nXã 10.7¤«"5¿ù

p�´�� 32 �������§r§í2� 64  CPUë���/����

öS3�Öö"

ã 10.7: i!Ï´��ì

·�rù���i!Ï´��ì§Ø´i!��ì§±rNÙ¿Ø´�â

zgDÑUC1�§AO´L²§Ø¬Ï�DÑêâ°ÝØÓ½m½'"k

�
�¸e§�±ÏL�âDÑ�ØÓ/�«�½m½'——rXÚ�,Ü

©N�� ?Ò��/i!/��Ï��ª——�´\gC��yù�Uó�"

��i!Ï´��ì(¢��
ù���8I§Ø+\� CPU´��¤�

�à�´��à§ÑU
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i
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�~�¹e\Ø¬ri!Ï´��ì�3 CPUÚÛÜ�;ì�m——ù

�´Ï�§CPU/ÛÜ�;ì�m�ë�q¯q°§¦�i!��ì�¤��

p"

X·�þ¡J��§��\U
¤õÈè CPU �XÚ��§Ò�±r

CPU/ÛÜ�;ì�¤��ü�§¿3 CPU/�;ìü�ÚXÚ�Ù§Ü©�m

SCi!��ì"3ù«�/e§ ?ÒÚÛÜ�;ìS�i!^S�'X�

X CPUCz§�´ùéXÚ�Ù§Ü©Ø��"

éu�à¯K��Ø�{Ú�Ø@£

z���Oìè1�g-��à¯K�Ñ¬²Lù��ãµ@�ù
¯K

�N�´��I�)û�M�"�"�¹��@o{ü"e¡´A�~fµ

• ���� I/O��ìµk
#� I/O��ÚXÚ��ì���±��¤�
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5
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�O§Áã)û��¯Kwþ�ékáÚå"XJ·��´��i!êâ

±�±Ù/�ØC§�´éuiêâK��Øn§J�ØU����^�

¯Kíº�Y´ØU��M�?�ØU)û^�¯K"~X§��¢SX

Ú¥�NõDÑ´±êâp���1��ü �"§��U�¹ØÓ��

Úéàêâ�?¿·Ü¶XJ\�Ä�¬�§Ò¬²xvk�o�{U


��êâ�>.3=p§�Ò¿�Xvk�{(½¤I�i!����"

^�i!��==´\ì
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10.2.4 MIPS CPU�V�à^�

\�U�MïU
�($1u?Û�à� MIPS CPU þ��?��

è——�N´Ï��$13����?�«�à�,�AÏ�fþ§½öMï

��U$1u?�«����fþ��£����°Ä§S"ù��k:JÝ§

é�U��gÞ�è���Ü©Uù�Ò1
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lbu t0, 1(zero)

¼� u§Si!/�� 1�i!§r§\1�M�ì t0��$k� £0–7

 ¤§rM�ì�Ù{ ÑW 0"ù�£ã´�àÃ'�"�´3��à�ªe§

C?M�ì�êâò�g CPUêâo�� 16–23 ¶3��à�ª§i!l

CPUo�� 8–15 \1"

3MIPS CPUpÞ§k��êâ+ÊM�§CPU^5?nrzgDÑ¥¤

k�¹Äi!l�g3��þ�i!Ï�§�Ú�SÜM�ì��( �"ù

�+ÊÜ6Ø�Ø·A\1êâ°Ý!/�Úéà�ª£�)1 8.5.1!ùã�

load/store left/right�-¤��Üü�|Ü"

�´¹Äi!Ï´ÚÜ©i���/��m�'X�x
MIPS CPU��

à"�\#��MIPS CPU��à�§́ êâÚM�ì�m�+ÊÜ6�1

�u)
Cz"

��¡��à���5pÖ�´§�õêMIPSóäó�±�â·-1�

À�§�)?¿�à��è"

XJ\3��XÚ¥���
MIPS CPU��à§@o¬u)A«�¹"

Äk§XJ\O�ÀÜ�oÑvkC§̂ �é¯Ò¬�$§Ï�é?Û�Ü

©i�ö�§�;ìXÚò¬l CPUo���ØÜ©�Â�-Ãêâ"3#

�� CPU�Ó�§·��Ð#��Èè CPU±Ï�Ü6"2

XJ\?�
ù�:§Ò¬uyÚXÚ�Ù{Ü©�'§CPUw��i!

/���Ï@
"^þ¡�{5`§·�Û¹/ÀJ
���± Ò��Ø

´i!/��ë��ª"

�,
§CPUUC�à��\�êâé CPUgC5`v¯K¶XJ·��

#N3E ��ÿâUUC�à§@oáu CPU�hk�´��;ìÒØ¬�

5æ�"

��5¿� CPUw��3éà�o�°ÝiS� ?ÒE,ÚXÚÙ{

Ü©�±��"ùÒ´·�@
�ÿù� Ò��§·���ïÆ\��AT

;�"�3ù�äN�~f¥§ù��k��k^�B�^§Ï� MIPS�-

?è� 32  iS� �"éu��à CPU k¿Â��- ROM éu��à

CPU�k¿Â"#N·���gÞ§S�è"�,vk�{�¯�——ù«�

¹e§ROM¥?ÛØ´dTÐéà� 32 i�¤�êâÑ¬Ï@"Nõc±

c§Algorithmics� MIPS�f3Ú� ROM¥=kv
��m�eV�à�

è§5iÿÌ ROM§SÚ CPU��à´Ä��¿�<Ñ�Ï&Eµ

Emergency - wrong endianness configured.

Emergencyù�üc���� C�iÎG��§±�iÎ(�"\y3A
Tkv
�£Un)��o ROMéÄ�è¥�¹Xe����§S1µ

.align 4

.ascii "remEcneg\000\000\000y"

2k
 CPU���Ü©iDÑæ^Õá�i!Ï�ÀÏ&Ò§ÒØ¬u)ù«¯K"
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ã 10.8: ·Ü�ª��Ï�iÎG¶ë��©

ùÒ´iÎG Emergecny£�kIO C�(��iÎ\þü�W¿i!¤3�

à�Ø�wþ���f"XJÙm©/�Ø3oi!éà�>.þ§�¹¬�

<s"ã 10.8£l��à��Ý5x�¤ü«�.No£¯"

\w�
�ÑV�à^�´�U�§�´�¿£��\O�\1? ROM

��ÿ§\ò�¦\�óä��
¿Ø´�d�O�ó�";.�§��àóä

r�-i�����Ù¥�p 3c�i!©�§��àóä�Ð��"\�

c[�Ä�����(J§¿u�)¤�©�±(@��UOy?1"

10.2.5 �£�5Ú�àÃ'��è

Uì����ÊH�Å��½§�õêMIPSóäó½ÂXe� BYTE_ORDER

ÎÒµ

#if BYTE_ORDER == BIG_ENDIAN

/* big-endian version... */

#else

/* little-endian version... */

#endif

ù�XJ\ý�I�§�±��
ØÓ��è?nz«�¹"�´�

Ð——���U——�´��àÃ'��è"AO´3¿©É��^�e£'X

���� CPU�±Ð©z�?¿�«�ª�MIPSXÚ��è��ÿ¤§@ý

g��eÒ�±�ØNõ�65"

¤kl	Üêâ½ö���Âêâ�Ú^Ñkd3��à�6¯K"�

´�âXÚ�Ù��ª§�±)¤3ü«�àeÑU$1��è"3ØÓ�à�

m���kü«�ªµ�«�±i!/�ØC§,�«�± ÒØC"3XÚA
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½«�S�¯äN�	�M�ì§Ù�à�Cz4k�U��ö���±��"

XJ\���;.N��±i!/�oN§@o\A�î�Uìi!ö�

?§"XJ�
�Ç½öÑuØ�®§���gDxõ�i!§\I�?��â

�à^�?1��Ú)�êâ��è"

XJ\���´3i£32 ¤��gþoN——~X§dë��MIPSêâ

o� �½Ü©�M�ì�¤——@o?§�±o�°Ý?1Ö�ö�"@Ò

´ 32 ½ 64 �Ö�ö�"XJ��M�ìØ´��MIPSêâo�l 0m

©� §\�U3Ö��Ú��c�éêâ?1£ "~X§���m©�O�

��à�XÚ� 32 o�þ� 8 M�ì§Ï~ë��  31–24"

10.2.6 �àÚ	5êâ

�Ù´'u?§�§Ø´ù I/OÚÏ&�§¤±�!éá"?ÛØ´3\

��è!À^�¥Úö�XÚ¥Ð©zL�êâ�Æ´	Üêâ"�±´\l

,��;ìN��M�Ö��êâ!d DMA�?S��êâ!¿�\�§S�

Ü©�ýk?§? ROM�êâ!½ö\�3Áã)ºl\�ö�XÚe��

�“Ä�”� I/O��¼��i!6"

1�Ú´éÑù�êâ3S�¥wþ�´�o�f¶3 C�ópÏ~�±

ÏLrêâSN���� unsigned char�iÎGN�Ñ5"=¦\éêâÚ

?Èìkv

)§U
ßÑ=« C�ó(�¤õN��Têâ§�¯�ØÎ

ÜÏ"��ÿ�´�#£�i!ê|þ5¶XJ\�êâ(�Ø�(§Ò�N

´�L¯K�ý�
"

Ø
�à�	§êâ�Ud\� CPU /?ÈìØ|±�êâa.�¤¶�

Ukaq�êâa.�´?è��ØÓ¶�UkÙG�êâ�vk�(éà¶½

öá\
�!�{K��S§=Pk�Ø��à"

XJêâ3��\�Ï´ó^þ�z��!Ñ�±
i!S§�Uu)�

���/Ò´�êêâ±���gSL«§éN´�E��“swap”÷5¡E�!

o!li!��ê�"

�´XJêâå²�� Ò��/i!/��Ï���§@ÒJ�
"3ù

«�¹e§\k�½ u)êâi!��¤3�o�°Ý��A>.¶,�Ä

Ñù
>.S�i!|§Ø+nÔ���Ò?1i!��"XJvkÑ�§y

3ÒAT��(i!^S�k¿Â(J
§�,\��?nêâ¥�Ï~¯

K——�)�UI�2g��õi!�êêâ"

10.3 p�����5�5�¯K

31 4.6!§\Æ¬
�^5�(Ð©zÚ$1p����ö�"�!´w

\5¿�UÑy��
¯K§¿)º\N���±)û¯K"
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ã 10.9: CPU!�;ìÚp���m�êâ6

�õê��ÿ§p���éu^�´��Ø���§�´\¯XÚ��Ý"

�AÏ�¹e§XJ\��?n DMA��ì9aq��§rp�����¤Õ

á��À�;ì�U�k�Ï§Xã 10.9¤«"3

�P4���:§3p���ÚS��m�DÑo´±·Üp���1

(��S�¬——;.�¹� 16½ 32i!éà�¬——�ü §¤±p��

��UÏ� CPU==��Ú^Ù¥�¹���i!Ö���¬¶=¦ CPU

l5vk-LÓ��p���1�Ù§i!§E,¬3e�gDÑTp���

1��ÿ�)¤k�i!"
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...

/* update entries */

keyfield = WRITEDONE;

sendsignaltoreader();

keyfield = WAITINGFORWRITE;

...

while (keyfield != WRITEDONE) {
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}
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oÄÑ�v'X"

static int __inline__ mymul(int a, int b)

{

int p;

asm("mul %0, %1, %2"

:"=r"(p)

:"r"(a), "r"(b)

);

return p;

}
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10.5.2 �;ìN�� I/OM�ìÚ“volatile”

�õêÖö¬^ C��¯ I/OM�ì��è——\�,ØAT^®?�

è§Ø�k�o4�½���¦§�Ï� MIPS I/OM�ìÑ´�;ìN�

�§l C�ó¥�¯¿ØJ"̀ 
ùoõ§\%p�P4�^§�X?ÈìuÐ

½ö\�þ¦^
 C++§�O(/ýÿ�è���)�.��-S�C��\

(J"ùp�Ñ�
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·���ã�è§��uÿ��G��G�M�ì§XJG�´ÒXÒux

��iÎµ

unsigned char *usart_sr = (unsigned char *) 0xBFF00000;

unsigned char *usart_data = (unsigned char *) 0xBFF20000;

#define TX_RDY 0x40

void putc(char ch)

{

while ((*usart_sr & TX_RDY) == 0)

;

*usart_data = ch;

}

�´ù�§Sux
ü�iÎ,�ÒkÌ�§·�½¬a�%�¿Ï§�

ék�UÒ¬u)ù«�¹"?Èìw� *usart\_sréA��;ìN�� I/O

�Ú^´��Ì�ØCþ¶3 whileÌ�¥vk?U§�ö�§¤±wþ�q

�r\1ö�J�Ì�	¡´S��"?Èì@�\� C§S�duµ

void putc(char ch)

{

tmp = (*usart_sr & TX_RDY);

while (tmp)

;

*usart_data = ch;

}

ù�äN¯K§�±ÏLe¡��ª½ÂM�ì5��µ

volatile unsigned char *usart_sr =

(unsigned char *) 0xBFF00000;

volatile unsigned char *usart_data =

(unsigned char *) 0xBFF20000;

XJ\�u����¥ä½öÙ§É~?n§S?U�Cþ��§�¬k

aq�¹"(²TCþ� volatileATU?�ù�¯K"

·Ø�yù«�{[�k�µC��²pÞ` volatile�ûuäN¢y"

·~¦%@Ø#N�Ñ volatile'�i�?Èì`zK\1"

Nõ§S
^ volatile�k(J"��P4§Ú C�óO�a.?»Î

1���——Ò�þ~¥� unsigned��"\�;��e¡ù��nÜwµ
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typedef char *devptr;

volatile devptr mypointer;

y3\w�?Èì7Lj±lCþ devptr\1���§�´éuT���

��M�ì�1�¿vk`"r�è�¤e¡ù��k^µ

typedef volatile char *devptr;

devptr mypointer;

��\?n
ù���§̀ z���èØU�($1��~���ÏÒ´

?n��Ý�¯M��Øþ
"M�M�ì�Ö�~~k½��¡���§\

~~Ø�Ø�¿�ú�è��Ý±���·A"

�!�Ì�´�oº�,^ C�óÖ�Ú�oM�°Ä§S�è'®?�

ó�N´�
§KI?/¦^ù�ÀJE,é�"AO´\I�éóäór

p?�ó§S�è=z¤.�Åì�-��ªkv
�
)§±�yXÚ�

1�´\���"

10.5.3 ^ C�ómuMIPSA^��Ù§,Ô,l�¯K

• K��µ�3MIPS CPUþ$1Ø�/�N��{ü�è�§¤k��Ñ

 u kseg0Ú kseg1«�§ù�?Û 32 êâ�����p Ñ´�§w

þ�´“K�”"Ø�/�N��§S3�õêÙ§NX(�þÑ´��?

nÔn/�§Ï~���u 2G�

XJ���Ûª=�¤kÎÒ�êa.§ù�����3�'���

ÿ¬Úåæ�"�êÚ��a.�m�Ûª=�£3 C �ópé~�¤

A�?U�wª=�§�A�=��ÃÎÒ��êa.£ùpAT^

unsigned long¤"

�õê?ÈìÑ¬é��-�ê=�?1´w§¦+k���½��À�

â1"

• kÎÒÚÃÎÒ�iÎµ3@Ï� C?Èì¥§̂ uiÎG� chara.

Ï~�du signed char¶ù�����êa.´���"�´§��\

Ø�Ø?n�L 7 ��iÎ?è§ù«kÎÒiÎ3=�Ú'���ÿ

Ñé�x"y��?ÈìÏ~4 char�du unsigned char"

XJuy\�P§S�6u chara."��ÎÒ*Ð§Ð�?ÈìJø

k��À��±¡EDÚ��½"

• é 16  int�J,µ�kØ��§S�l 16 � x86½öÙ§ CPUþ

=£L5§ù
 CPUþIO�ê� 16 "ù��§Sk�U±�«�Ñ

���!4��©��ª§�6u 16 ��k���ÚÄÑA5"�,\

�±rù
a.=�¤ short�($1§�@��ÇØp"�õê�¹e§
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\�±4Cþ�ww=� 32 �MIPS int§�´\A�AO5¿@
^

kÎÒê�'�5Ó¼ 16 ÄÑ�/�"

• �6uÒ�§S�Oµk
a.�¼êN^ÒÚêâÒÛ¹3 C�ó�¬

(�¥"¦+MIPSM���vkJøéÒ�|±§MIPS C�?Èì¢

y
����DÚ�Ò(�"{�Xd§�´\�§Sý��´@�§�

�Ò�(�§Ò¬��Ã{£�"���U§ÒØ���,/^#�b�
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��ÊH@�ÚÎÜIO�÷/¥ö�§½NU

)û±c\�^�ÁãgC��¯�§ù�Ò�Ø
E^Ò�ü��~�

�ÄÅµ

- stdargsµ^ù�Äu include©��÷�5¢y?È�ëê�êÚ

a.Ø(½�f§S"

- alloca()µ�3$1�©�S�§N^ù�¥¼ê§§©��S�

´“Òþ”�§¿g´`���S��¼ê�£�gÄº��m"k


?Èìé alloca()�¢yÙ¢´��*ÐÒ�Sï¼ê¶�ØÒJ

ø��X{¥¼ê�¢y"�´Ø���,/Ò@�ù�©���m

¢Sþ u�Òk'X�/�þ"

271



1 11Ù MIPS^�IO (ABI)

3�Ö��Ü©§·�´l§S
�úpw�M���Ý50�NX(�"

�Ù50��e�N�Mïp�oN�MIPS�?�§Sk'�IO"

ù
IO�7XM��A55�O§�´~~�k�½�?¿5——o�

^�«�ª5�§�´z�óäóÑ^Ó���ª�Ò¬�5²w�Ð?"·

�®²-�LÙ¥��IOµ1 2.2!0��M�ì¦^�½"

�Ù·��w�e?Èì3¼êëêD4Ú¦^æÒ�§N�L« MIPS

§S�êâ"·�¤k�~f�Üæ^ C �ó§�,��þÓ���½�

·^uÙ§��ó"êâL«Ú¼êó�áu¡�A^§S�?��� ABI

(Application Binary Interface)��ªIO��
�¡"·�0��´ ABI¥k

��� o32�¦^�½"�´ ABI©��5½
8I©�£^5NB�?�§

SÚ¥�©��ª§'X ELF�¤�?è§�ÖØ�9ùÜ©"

Linux��k�õ��½§âU4�Ü©§SÚ��¥Ä�ó���å�¤

��A^§S"·�ò31 16Ùùù�¯K"

êâ�|�É�·�31 10.2!�[ùã� CPU�à���K�"

MIPS{¤þ��� ABIkµ

• o32: uDÚ� MIPS �½£“o”�L old¤§ù´·�ùp��[ù)

�"o32Ä�þ�,´i\ªóäóÚ 32  LinuxÏ^��½"

• n64: #�^u$1X IRIXö�XÚ� SGI 64  CPUþ� 64 §S�

(� ABI"SGI� 64 �.¥��Ú C�ó� longa.Ñ� 64 "�

´ n64�UC
M�ì¦^��½ÚëêD4�5K"Ï�ò�õ�ëê

^M�ìD4§5UkÑ�Jp"

• n32: �� n64� ABI§¢Sþ´^u 64  CPUþ�“32 ”§S"Ø


��Ú C� longêâa.¢y� 32 ±	§Ä�þÚ n64�Ó"ù�:

Ík^?——éu 32 /��m®²
^�@
A^§S5`§64 �

��Ø
O\m�	ØUJø?ÛÐ?"

272
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L 11.1: êâa.±93S�¥�L«
Ca. ®?¶i °Ý£i!ê¤

char byte 1

short half 2

int word 4

long long dword 8

float word 4

double dword 8

11.1 êâL«Úéà

�\3 C�ó¥½Âêâ��ÿ§êâ3S�¥�ÙÛ�6u?È�8I

Åì"1"�§�,b½k,�A½�S�ÙÛ´“Ø�£��§”�´�'uÙ

§�^��{§Ø�£�� C3½Â�½�êâÙÛ��´u�o"

UÀJ�êâÙÛÉ�M�Uå���"MIPS CPU�U\1g,éà�

õi!êâ——loi!>.\1oi!êâ��——�´Nõ CISCNX(

�Òvkù���"MIPS?ÈìÁã�yêâ u·�éà�/�¶ùÒ¬K

��Nõ�¡���g�£¿Øo´²w�¤1�"

Ò�!�SNó§�;ì���±w���ÃÎÒ� 8 þ�ê|§Ù¢

ÚÒ´J[/�"éu®��¤kMIPSNX(�� CPU§ù���uu C�

ó�½Â unsigned char []"

Ú·¤���y�O�Å��§MIPS ^�?�Öè/ªL«kÎÒ�

ê——¤±Ø+=�êâ°Ý§-1��?�L«Ñ���"ÖèL«�Ì�Ð

?Ò´Ä���â$�£\~¦Ø¤éukÎÒÚÃÎÒêâa.�¢y´�

��2"

C��êa.k signedÚ unsignedü���§�ö�êâ°ÝÚéà�

¦[��Ó"�\vk²(�½=����ÿ§Ï~ int!long!long long�

signed§� char� unsigned"3

11.1.1 Ä�êâa.�°Ý

L 11.1�Ñ
Ä�� Cêâa.±9§�3MIPSNX(�� CPUþ�

¢y"·���£Þ2ù longÚ��a.——Ù°Ý�â¦^� ABIØÓ"

®?ì¿Ø«©�êÚ2:êâa.��;½Â"

1î�5ù§��6u?Èì§�´¢S�MIPS?ÈìÑ�Å�!£ã��½"
2��3(JØ�Ñö�ê°Ý�Xd"
3ù´ ANSI C�A5"@Ï� C� char"��´ signed"�õê?Èì#NÏL·-1À�

UC char�"�a.——ù3#?ÈP^��k^"
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11.1.2 “long”Ú��a.�°Ý

·�3L¥Ñ�
ùü«a.§Ï�§��°Ý3ØÓ� ABI¥ØÓ"�

´§��ö°Ýo´�Ó�"

éu o32Ú n32£�k?Û^u 32  CPUþ�Ün� ABI¤§long�¢y

Ú int����¶éu 64  n64� ABI§long�¢yÚ long long��"

3¤k�/§����;o´Ú unsigned long��¶MIPSNX(�o´

(¡Pk{ü�/²"0/��m"

11.1.3 éà�¦

¤kù
Ä��êâa.§�k�g,éà��ÿ§â�±^IO�MIPS

�-��?n§Ò´`§Vi!�êâ�lóê/�m©§oi!�êâ�l 4

��ê�/�m©§li!êâ�l 8��ê�/�m©4"

11.1.4 Ä�a.3S�¥�ÙÛÚ9Ù��à�Cz

ã 11.1w«
z�Ä�êâa.3·��i!Ï��S�¥�üÙ¶éu

��àÚ��à^��üÙØÓ"

·3ü«�à�ÙÛ¥�=
�� �?Ò"ùéuS�Ï�5`vk¿

Â¶z�i!´��Ø�©�� 8 �N"�´r Ò�L5§¦�2:ê��

��� ã)wþ��´un)£��Ðw¤"

±þz�«êâa.Ñ´g,éà�"

“�à”N´Úå�«¯K§·�31 10.2!k�[?Ø"

11.1.5 (�NÚê|a.�S�ÙÛÚéà

E,�êâa.´ÏLr{üêâa.©�å5§�3Ùm�\Ã^

�£“W¿”¤i!±÷véà5K55�¤�"

ù:��ÞA�~fyy"e~�Ñ struct mixed¥êâ��i! £

þµ

struct mixed {

char c; /* byte 0 */

/* byte 1-7 are ‘‘padding’’ */

double d; /* byte 8-15 */

short s; /* byte 16-17 */

4éu�^ 32 M�ìÚêâÏ´�MIPS32 CPU5`§vk?nli!êâ�Åì�-§l

i!éà���¿Ø´ýé7��"�´®��¤k APIÑr��¦ù�:"
5k
?ÈìXÚJø
UCA½êâ½Â�éà5K�Å�"ù#N\^ C�ó�êâ½Â�

O�õ�2�êâ�ª§¿�?Èì¬)¤·���è£���
�Ç¤5?n�éà�Ä�êâ

a."1 11.1.7!éd�Ñ
�
J«"
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ã 11.1: Cêâa.3S�¥L«

}

��rN��:´§�Eêâa.�����i! £þØÉ�à�K�"

êâ(�½öê|3S�¥�éà�Ù¤�¹�êâa.¤�¦��

��éà>."¤± struct mixed lli!>.m©¶ù¿�XXJ\^

ù
(�N|¤��ê|§\I�3z�ê|¤
�m?1W¿"C ?È

ìÏLé(�NJø“(�W¿£tail padding¤” ¦§�±^uê|§¤±

sizeof(struct mixed) == 24T(�N�(�5ºATXeµ

struct mixed {

char c; /* byte 0 */

/* byte 1-7 are ‘‘padding’’ */

double d; /* byte 8-15 */

short s; /* byte 16-17 */
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/* bytes 18--23 are ‘‘tail padding’’ */

}

�´J2�e§��Ú longa.�°ÝÚéà�¦�±�o½öl§�û

u\´Ä^ 64 ö�"

11.1.6 (�N¥� �

C#N½ÂòeZ�á�“ �”¤
Ø ?��½õ�IO�êa.��

; �"ù�A�éu�ý!M���!$�½Â;n�êâ(��k^?§�

�Ø�ud" �½Â¶Âþ�6u CPU£Ù§ÀÜqÛ}Ø´Xd¤§�Ù¢

��ûu�à"

\�N�P�31 7.9.3!·�^ �5N�����3S�¥�ü°Ý

IEEE2:�£C float¤"��2:�ü°Ý�Ó^õ�i!§¤±�±ý�Ù

½Â��àk'"��à��wþ�Xeµ

struct ieee754sp_konst {

unsigned sign:1;

unsigned bexp:8;

unsigned mant:23;

};

C� �o´; �——Ò´`§ù
�Ø¬�W¿±÷v,«éà�¦"

�´?ÈìØ#N �ª�NB �� C a.£3þ¡�~f¥§Ò´��

unsigned§= unsigned int� �¤�>."

ã 11.2: ��àÀ�w�� �

��à CPU¥�(�ÚN�Xã 11.2¤«£æ^
;.���àã�¤¶

��à��Xã 11.3¤«"

C�ó?Èìj±�¦§=¦éu �§(�N¥k(²���Óâ�$�

S�/�µ�\�XÚ���à�§\I�r(�N�(²�L5µ

struct ieee754sp_konst {

unsigned mant:23;

unsigned bexp:8;

unsigned sign:1;

};
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�n)��o��ù�§lã 11.3wÑµ3��à�ªp§?Èìl$?Ò

m©rz��?� ���(�Np¡"

ã 11.3: ��àÀ�w�� �

ùk�o'Xíº�,k
¶XJ\Áã^é�à�6����ª¢y

 ��§@o3e¡�~f¥§struct fourbytes 3�;ì¥�©ÙÒÚ

struct fouroctetsØÓ§ù�(Jwþ�Ø�Ünµ

struct fourbytes {

signed char a; signed char b; signed char c;

signed char d;

};

struct fouroctets {

int a:8; int b:8; int c:8; int d:8;

};

�	w��2:êSÜ��ÿ CPU�à¯KÑy�N¿ØÛ%¶·�c¡

ùL^ØÓ� Cêâa.��Ó��êâ~~¬�NÑ CPU�A5"�´ù

�~f�2gJ2·��à¯K´��ý�5ÃÚÃ?Ø3�¯K§=¦vk

	ÜêâÚM�I�+n��ÿ�Xd"

����U��?Ù½Âa.����;ü�p¶XJ·���MIPS�

V°Ý2:ê½Â��(�N§�ê��¹ü� 32 �;ü��Ü©§¤±Ø

U3�g½Â¥�¤"·�U����Ð�{Ò´�e¡ù�µ

struct ieee754dp_konst {

unsigned sign:1;

unsigned bexp:11;

unsigned manthi:20; /* cannot get 52 bits into ... */

unsigned mantlo:32; /* .. a regular C bitfield */

};

#N3½Â¥�Ñ¤
��¶¡§ù�ÒØ^�@
==^5W¿��å

¶
"

277



11.1. êâL«Úéà 1 11Ù MIPS^�IO (ABI)

XJ^�´ GNU C½öÙ¦y��?Èì§·�^�� long long �

ÒU�g½Â��V°Ý2:M�ì
"�´ ANSI C�5�¿vk�¦?È

ì7L|± long long"

'u �éà���5Kk:E,µ

• Xþ¤`§ �7L�� u·ÜuÙ(²a.�ü��;ü��¥"Ï
 �ØUª�Ùü��>."

•  ��±ÚÙ§(�N/éÜN¤
§�)� ��¤
£�����å§

���(�Nü�7L´������êa.¤�����;ü�"

• (�NÏ~U«Ù¤
¥éà�¦�î��¤
a.�éà�¦"k¶i
� �4(�Néà�£��¤ÚTa.�¦�Ó�IO"

Ã¶i� �——Ø+Ù½Â�a.´�o——�Ur��¦�;ü�

½ö��(�Néà�U
NB@oõ ����êa.þ"

• \�N�r����(�N¤
Ó^��#��;ü�"3,
?Èì
¥§\�±^��Ã¶"°Ý� �¢yù�:"Ù§/�"°Ý��´

�{�£��´vk¿Â�¤"

y3\®²
)�
3U
oN�« ABI�^�e§r C�êâ(²N�

��;ì¤I����£"

11.1.7 C¥�éà�êâ

�ÏJpMIPS CPU$1�Ç��«éà5Kk�ÿé�<§Ï�\��

��,��A^§S�êâ§��\� C(�NL«��°(�i!�i!�

�;ìüÙ"

GNU C?Èì£±9Ù§�õê�Ð�?Èì¤#Né^5½ ?¿êâ

�éà5K?1��§ØØêâ´{ü�Cþ½öE,�(�N"3 GNU C�

�{¥§êâ(²¥�__attribute__((__packed__))ò��¤k~5�éà

�¦��ÑÚ��êâ�; § __attribute__((__aligned(16)__))j±

éà� 16i!——'MIPS?Èì¦^�?ÛIOêâa.¤�¦�éàÑ�

î�6"

·��·Üùü«á5§\�±^\U���ª?¿Süêâ(�£ü��

__aligned__()Uì�¦��; (�SÜ�éà¤"

ANSIIOéuêâ(�k�õUÑ��´(¹��{§�Ø·^uÄ�a

.£�´Ï�§´IO§ÏU
ªØÓ�?Èì¤µ̂ ��aq�ý?n·-"

ù�XJ\�¹��± #pragma pack(2)m©��1êâ(²§?ÈìÒ¬é

ù
êâ^Ø�Lü�i!�éà"̂ praga pack()¡E�~�éà1�"

6 �,?Èì¬�\JÑ���Ñ��éà�¦§k�ÿó�ì½öóäó�Ù§��YÜ©

¿ØXd——¤±¦^��&"
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~Xe¡�~fµ

int unalignedload (void *ptr)

{

#pragma pack(1)

/* define what you like here, with no assumptions about alignment */

struct unaligned {

int conts;

} *ip;

#pragma pack()

/* back to default behavior */

ip = (struct unaligned *) ptr;

/* can now generate an unaligned load of int size */

return ip->conts;

}

11.2 MIPS ABI�ëêD4ÚæÒ�½

C�óÚÙ§~��?È.�ó�±l©O?È�õ��¬5�ï§S"
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�y3�¬�p�m±9Úö�XÚ�mU
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ù
±BUk�÷v§S
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�
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11.2.1 æÒ!f§Só�ÚëêD4
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ù
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11.2.2 o32¥�æÒëê(�
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¼ê

N^:�	§sp��Ã';�"�´S.þ�´r sp��3¼ê¦^��$æ

Ò �½öe¡"

3¼êN^:§sp7L´li!éà�§éAu���Ä�a.——�ê

. long long½ö2:. double"li!éàéu 32 MIPS�êM�Ø´

7L�§�éuÚ 64 M�ì� CPUoN´7Ø���§Ï�¤�
5½

��Ü©"f§So´òÒ��N�� 8��ê5��ù�:7"

UìMIPS�ION^f§S�§N^ö3ÒþMï��NBëê�êâ

(�§l sp��� �m©"1��ëê£C�è¥��>�¤ u�$/

�"z�ëêÓâ����i£32 ¤��m¶� double2:Ú long long�

64 �7Léà�li!>.£�¹ 64 Iþ��êâ(��´��¤"ëê

�(�wþ�ý��� C� struct§�´���Å�õ�5K"

Äk�?ÛN^©����� 16i!�ëê�m§=¦ëêvk@oõ8"

3vk¼ê�.�§C �ó5½?Û°Ý�u int �{ü�.ëê£=

charÚ short¤�“J,”��� int¿�� 32 êâD4"ØLù«?n�ª

�·^u{üa.�ëêµ¿Ø·^u structSÜ¤
"

11.2.3 ^M�ìD4ëê

©��ëê(��c 16�i!£4�i¤ü��ëê3M�ì a0–a3 ($4–

$7)¥D4"N^§SÏ~rT(��c 16i!�3��½Â"Ò¥Óâ�(

�E,7L�3¶�N^¼êXJI��{�±r a0–a3�����S�¥�§

�ù����ÿ�±´��_8�§ÃI��kA�ëê§±9�oa."

7SGI� n32Ú n64IO�¦æÒéà� 16i!�>.þ�o"
8 ��oºë�1 11.2.3!"
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3�êM�ì¥D42:��ÇØp§¤±����´§k��AÏ�ÿ

Á^5£O�±32:M�ì¥D4�¼êëê"

(½�o�ÿ¦^±9N�¦^2:M�ì�IOwþ�éÛ%"Pª�

CvkS3Å�5u�N^öÚ�N^öéu¼êz�ëê�a.´Ä��"

�
�Ï§S
?nù«�¹§N^öòëê=�¤�½�a.§�ê�Æ=�

¤ int§2:�Æ� double"�´§S
ë2:Ú�êëêÑt·
§@�´v

Í§�´����
Ü©·Ï"

y�� C �ó3?È¼êN^��ÿæ^¼ê�.§d¼ê�.5(½

¤k�ëêa."�´=¦k
¼ê�.§��k�
f§S——��ÙG�

printf ——Ùëêa.3?È�´���§printf3$1�Ä�uyëê�

�êÚa."

MIPS�½
±e�5K"Ø�1��ëê´2:a.§ÄKØU3 FPM

�ì¥D4ëê"ù��±�y printf()�DÚ¼êEU�~ó�µprintf()

1��ëê´��¤±�Yëê�ÜÑ©���êM�ì¥§�Ø+ëê�

oa. printf()oU
é�¤k�ëêêâ"ù�5K�Ø¬¦~^�êÆ¼

ê�Çeü§Ï�ù
¼ê�õê�^2:ëê"

�1��ëê´2:a.�§TëêÒ32:M�ì¥D4"3ù«�¹

e§U
3ëê(�c 16�i!��e�Ù§�Y2:ëêa.�32:M�

ì¥D4"ü� doubleÓâ 16i!§Ïd�½Â
ü�2:M�ì fa0Ú fa1

= $f12Ú $f14^uëêD4"w,vk<@�����k�þü°Ýëê�

¼ê2½Â��#�5K"

du o32 �c#��������"�´§�M�ì^{Ú�@Ï�

MIPS2:ü��±oN§Ï�^óê?Ò�M�ì5NB2:�"V°Ý�

ww/ò�����ÛêÒM�ì¶Ûê?Ò�M�ì�3l�;ì½ö�ê

M�ìÖ�2:���ÿâ^�"o32���M�ì�½¿Ø{�^�¦^�5

CPU��Ü 32�2:M�ì§�´@�¿ØUJp�Ç"

,	��'�AÏ�/�´§XJ½Â
���£��(�Na.�¼ê§

¿��£(J3�~¦^�ü�M�ìp�Øe§@o�£��½�¦�)

������Û¹�1��ëê§�31��£���¤ëêc�c£ë�1

11.2.7!¤"

XJI����N^�½¿�{üÚw´��®?f§S§�U��k

^ C?����¼ê§̂ “-S”À�?È�)��®?©�����"

11.2.4 C�ó¥¼ê¥�~f

e¡´���è�~fµ

thesame = strncmp("bear", "bearer", 4);
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·�©OxÑëê(�ÚM�ì£ë�ã 11.4¤§�,ù�~f¥vkëê

êâ?\�;ì§�¡·�òw�ù��~f9"

Ï�ëê�u 16i!§¤±ÑU�?M�ì¥"

wþ�Ð�^
��4�E,��ªòn�ëê�?~5M�ì"4·�

25Á�eêÆ¥¥�N´Ñ��~f¶

double ldexp(double, int);

y = ldexp(x, 23); /* y = x * (2 ** 23) */

ã 11.5�Ñ
�A�ëê(�ÚM�ì�"

ã 11.4: strncmp()�ëêD4§n��2:ëê

ã 11.5: ldexp()�ëêD4µ2:ëê

11.2.5 ���~�~fµD4(�N

C�ó#N^(�Na.��ëê£�~��´D4��(�N���§�

´ C�ó�öÑ|±¤"�
ÚMIPS5K�±��§�D4�(�NÒ¤�ë

ê(���Ü©§ÙSÜÙÛÚÙÏ~��;ìN����Ó"3 C�(�N

p§i!Ú�i; �ü�i��;ìü�¥§¤±�·�ÏLM�ì5D4V

9²Lg�Ì�§·��û½3ù
ã¥�Ð�´rëêlþ�eüS"Ï�Ò�eO�§Ò´

`�;ì/�÷X�¡�eO\§ùÚ·3�Ö¥O�/�x�;ì(���ª�Ð��"
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gþáu73æÒ�(��§·�Ø�Ø^êâC÷M�ì±���;ì¥�

êâüÙ"

ù�§XJ·�kµ

struct thing {

char letter;

short count;

int value;

} = {’z’, 46, 100000};

(void) processthing(thing);

@oÒ¬)¤ã 11.6¥�ëê"

ã 11.6: D4(�a.��ëê

MIPS C(��ÙÛ4���3�;ì¥�^SÚ½Â�^S�±��£�

,7���ÎÜéà5K?1W¿¤§¤±���3M�ì¥����Ì

load/store�-�Ñ�i!S§�X CPU��àØÓ"ã 11.6¥�ÙÛ�N


����à� CPU§d�(�N¥� char�A� uëêM�ì�p 8 §

�´Ú shortØ �
��M�ì¥"

XJý�D4(�Na.�ëê§�ëê¥�¹áui�êâa.§@o

ÒATÿÁ�eù«�¹§ww?Èì�?n´Ä�("

11.2.6 D4Ø½êþ�ëê

ëê��êÚa.�k3$1�âU(½�¼êr�½rN�
4�"�

Äe¡�~fµ

printf("length = %f, width = %f, num = %d\n", 1.414, 1.0, 1.2);

Uìþ¡�5K§·��±wÑ§ëê(�ÚM�ì�SNXã 11.7¤«"

kü:�5¿µÄk§3 sp+4?�W¿é�y double���(éà´7

L�£C�ó5½2:ëê[�UìV°ÝD4§Ø�\²(¦^a.r�=�

½ö¼ê�.5�¦^ü°Ý¤"5¿W¿�li!>.�U��IOëêM�

ì���aL"
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Ùg§Ï�1��ëêØ´2:�§Uì5KØ�¦^?Û2:M�ì5D

4ëê"¤±1��ëê£�3�;ì¥Ó�?è¤\1�
ü�M�ì a2Ú

a3¥"

ù'L¡wþ��^?���õ�

printf ¼ê�½Â^�
 stdarg.h ÷�§T÷��3�¯¯kØ�ý

�ëê��êÚa.��9��M�ìÚÒö�Jø
���£��µC/

ª"printf()¼êÏL¼�1��½ö1��ëê�/�)Ûëê§¿3ëê

(�¥^X�;ì/��þ|¢5é�Ù{ëê"

���ù�:§·�I�`Ñ?n printf()¼ê� C?ÈìrM�ì a0

� a3���ëê(�¥��f� �"k
?Èìw�\�ëê�/�Ò¬�

�J«¶ANSI C?ÈìA�3¼ê½Â¥?n“...”¶Ù§?Èì�UI�^


-<?��“pragma”§�´ù
Ñ�÷�Ûõ
"

y3\�±wÑ��or double��?�êM�ì´7��¶ù� stdarg

Ú?Èì�±�r a0–a3���ëê(��c 16�i!¥Ø^+ëê�a

.Ú�ê"

ã 11.7: printf()�ëêD4

11.2.7 l¼ê�£���

�.½ö��a.��£���3M�ì v0($2)¥"UìMIPS�½§M

�ì v1 ($3)�´�3�§¦+éõ?Èì��Ø^"�´�±Ï"^3�£

long long£64 �ê¤a.�� 32 �è¥"éu��Ó^Ê�l�i!�

m�(�N�´Ä^ü�M�ì5�£§�kØ��ÆµGNU C?Èìo´^

���£�LM�ì���(�N§�´5�édvk²(5½"

?Û2:(JÑ3M�ì $f0¥�££32  CPU¥XJ´V°Ý�KÛ

¹^�
 $f1¤"
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XJ C�ó¥(²�¼ê�£�����£M�ì v1Ú v2Ã{NB�(

�N�§ÒI�æ^O��{"3ù«�¹e§N^ö3gC�Òþ���]¶

�(�NCþ©��m§¿3¤kwªëêc¡\þ����T(�N���¶

�N^¼êò�£�E��ù�/�"Uì���ëê5K§Û¹�1��ë

ê3¼êN^��\M�ì a0"�£�§v0�����£�(�N"

11.2.8 M�ì^{IO�üzµSGI� n32Ú n64

3�!£N^�½Ú�êM�ì^{¤§é n32Ú n64Ø\«©10"

¦+�
éõãå5�±M�ì�½�q§o32Ú n32/n64pÝØoN§̂

ØÓ�ª?È�¼êÃ{¤õ�ó���å"±eA:V)
 n32/n64�5Kµ

• M�ì¥�±D4õ�l�ëê"

• ëêøÚ^uëêD4�M�ìÑ´ 64 "�á��êa.ÑJ,� 64

 §Ò�\1�M�ì��"

• N^öØI��3M�ì¥D4�ëê©�Ò�m"

• ��ÒÓâcl�ëêø���2:�ÑÏL FPM�ìD4§$��)

ê|Ú(�N¥éà� double�§��T�Ø3 uniona.¥½öØ´

printf()�aëêØ(½�¼ê��Cëê"

• n32Ú n64@£ 16i!���Ä�é�£'X long double2:a.¤§

ù��é�éà� 16i!>."ù��¦éuz�¼ê§Òv7L#é

à� 16�i!��ê�"

�¯KC�E,£=D4(�N½öê|a.�ëê¤��ÿ§M�ì�¦

^E,��â��b��ëê(�(½§=¦d�¿vk�cl�ëêøý3

Ò�m"

n32/n64�½¢Ø
 o32����½§Ò´ o32'u printf()�¼ê�¦

1��ëêØ´2:��½±B«OuÊÏ2:ëê��/"#��½�¦N

^öÚ�N^ö�è3?È��²(��ëê��êÚa.§ÏdI�k¼ê

�."

éu printf()�a�¼ê§ëê�a.3?È���§¤k���ëê¢

SþÑ´3�êM�ì¥D4�"

n32/n64|�k�@ØÓ�M�ì¦^�½¶L 11.2ò�êM�ì�¦^

Ú o32XÚ�
'�"���¢�5�O3uµ±cüX^u���;�o�M

�ìy3^uD41Ê�1l�ëê"·éu3��M�ìm�¿�²wØ

7��#©�¶i��{a�¦¾Ø)§�´¦�Ò´@���"

103 n64�½e§longÚ��a.Ñ?È� 64 ¶ n32=k long longa.?È� 64 "
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L 11.2: #� SGIóä¥�êM�ì^{�üz
M�ì?Ò ¶i ^{

$0 zero [��"

$1 at ®?��¦^

$2§$3 v0, v1 ¼ê�£�

$4–$7 a0–a3 ëê

o32 n32/n64

¶i ^{ ¶i ^{

$8–$11 t0–t3 ���; a4–a7 ëê

$12–$15 t4–t7 t0–t3 ëê

$24, $25 t8, t9 t8, t9

$16–$23 s0–s7 ��M�ì

$26, $27 k0, k1 ¥ä/g�?n§S�3

$28 gp �Û��

$29 sp æÒ��

$30 s8/fp I��^�v��£ØI����,	���M�ì¤

$31 ra f§S��£/�

\½N@�?È���è¬Ï���
o���^u���;�M�ì

K��Ç§�ù�´L�"�õê�ÿ¤këêM�ì±9 v0Ú v1M�ìÑ

�±4?Èì^����;",	§� n32/n64�ù�Cz¿vkK�=
M

�ì��½�“��”£=@
3f§SN^L§¥Ù������M�ì¤11"

2:M�ì�½£XL 11.3 ¤«¤�CzÌÝ��¶ù¿Ø¿	§Ï�

n32/n64�½´^u�5�MIPS CPU�§ù
 CPUPk��� 64 2:ü

�Ú 32����^�Õá�M�ì12"�5 SGI�±�O¦^M�ì±�±,

«§Ýþ�oN5§Túi���´û½�ïyk��õê5K#m©"

Ø
�±^M�ìD4�õ�ëê�	§n32/n64IO¿vk�½?Û�

6u1��ëê´Ä2:a.�5K"����´§�â3ëê�L¥� 

�òëê©����M�ì"4·�E^�eþ¡�~fµ

double ldexp(double, int);

y = ldexp(x, 23); /* y = x * (2 ** 23) */

11¿Ø��Xd"3 �Ã'�è¥§¼êÏLö� gpM�ì5�l��êâ/¼ê/�L£�

��1 16Ù¤"3 o32¥§z�¼ê�±�âgCI�?n gp§Ò´`3z�¼êN^��\�U

I�¡ETM�ì��"3 n32/n64¥§gpM�ìy3½Â�“���”"
12¤kMIPS CPUÑk���ªm'�±42:1���oNuPª� 32  CPU¶n32/n64

b½ CPU$1�'4T�ª"
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L 11.3: o329 n32/n64�½¥�2:M�ì^{
M�ìÒ o32^{

$f0, $f2 �£�¶fv1=^u FORTRAN¥�Eêêâa.§C�ó

vk"

$f4, $f6,$f8,$f10 ���;——¼ê�±Ø7��Ò��¦^

$f12,$f14 ëê

$f16,$f18 ���;

$f20,$f22,$f24,

$f26,$f28,$f30

��M�ì——¼ê7L��Ú¡E��\�M�ì§¦�

§�·^u�Y�mª�¼êN^��Ï��

M�ìÒ n32^{ n64^{

$f0,$f2 �£�——$f2=^u�£TÐ�¹ü�2:��(�N¶

ù´?n FORTRANEê���A~

$f1,$f3 ���;

$f4–$f10

$f12–$f19 ëê

$f20–$f23 óêÒ£ $f20–$f30¤����;¶Ûê

Ò£$f21–$f31¤���

���;

$f24–$f31 ��M�ì

3 n64¥§V°Ý�ëê¬�?2:M�ì $f12�ê� 23£“ÎÒ*Ð”

� 64 ¤�? $a1§=^5��1��ø¥ëê��êM�ì"éù
ëêØ

�3Ò�m"

�, n32/n64�±?n2:ÚÙ§��?¿·Ü§�E,òcl�ëê

¥� doublea.�\2:M�ì§�´k�
5K��%5¿"� union-L

�ëê£ÏØ�½ý�´ doublea.¤�üØ3	§�këê�êØ½�¼

ê�ëê��üØ3	"Ï�¼ê��ÚN^§S7L�Ó��û½£ÄKÃ

{?n¤§ùÒ�6uPk�(�¼ê�."X8§ù3�õê�¹e´��Ü

n�b�"

11.2.9 Ò�ÙÛ!Òv±9éNÁì�|±

ã 11.8�Ñ
��MIPS¼ê�Òv«¿ã£·�#£�4Ò�eO�§

ºÜL«S�p/��x{¤"\A�U@ÑDÚMIPS¼êN^5½�T¼ê

ëê¤�3�co�i��m——#�N^�½�Jø¢SI���m"

ã¥��ÚÒK«�L«T¼êg�¤^��m¶o�þ��xÚ«�á

uN^¼ê"Òv¥��Ü�Ú«�Ñ´�À�§k
¼ê��ØI�¶ù«{

ü�¼ê¿ØI�^�Ò"·�3�Ù�{�Ü©�~f¥¬-�ù��
¼

ê"
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ã 11.8: ��f¼ê�Òv

Ø
ëê£ÙÙÛ7L�N^¼ê��¤�	§�kÒ�(��áu¼êh

k"·�I���IO�ÒêâSü����Ï´�
BuNÁÚ�äóä3

Ò¥�Ê"XJ·�¥ä���3$1�§S?1NÁ§·�é��U
÷X

Ò�þ�£§w«Ñ�·��ä:�´þ�¼êN^§±9D4�ù
¼ê�ë

ê"Ød	§·����U
3NÁì�¸¥÷XÒ�þ £rAÚ§éÑC

þ3#��¸¥��——=¦Tã�è�`z�?Èì?È¤3M�ì¥�o

Cþ�§ù���,k�"

�?1ù«©Û§NÁì7L����IO�ÒÙÛ¿���'&EU


w�z�Òv¤
���±9ù
¤
�SÜÙÛ"XJ��¼ê3Òþ,?

Ï��^ s0��
 s0��§NÁìI���l=pé�����"

3 CISCNX(�¥§~~k�^E,�¼êN^�-5�oaquã 11.8

�Òv§���	\þéA·�ã¥IP�“sp on entry” �v��M�ì"3

ù« CPU¥§N^ö�v��ò¬�;3Ò¥,�®� �§#NNÁìÏL

©Û��{ü�óLaLÒ¥A� �"�´3MIPS CPU¥ù
�	�$

1�ó�Ñvk¶�õê�ÿ§?Èì��3¼êmÞéÒ��~�õ�§3¼
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ê�£�cO\õ�"

@o3���MIPSÒv¥§NÁìl�o/�éÑêâ��3=pQºk


NÁì4� Û§$�U
©Û��¼ê�ÞA^�-�ÑÒv���¿½

 ����£/�"�´�õêóäó38I�è¥��D4Ü©Òv�&E§

d·��®?��-�\8I�è"

Ï�·Ü
��-�pÝ�6uóäó§��½Â��¼êÄÜÚ�Ü

÷§ù��±Ø7P4[!§�7��N´��O�óäó"�õêóäó

Jø
y¤�÷�±��¦^¶\�±w�e¡�~f¥^��¶� LEAFÚ

NESTED�{ü÷"

·�¿Ø�Jø^uNÁ�®?��-���[!µ�k"\�Ð��{

�U´?È�
�è§,�ïÄ�e?Èì�®?ÑÑ"

·�r¼ê©¤n«a.¿�Ñn«ØÓ�{§ATºX
\I����"

�f¼ê

XJ��¼êØ�)éO�¼ê�N^§Ò���f¼ê"�f¼êØ7

ú%��ëê(�§�±S��3��3�M�ì t0–t7!a0–a3±9 v0Ú v1

¥�oêâ"XJú�I���±^Ò��êâ§�´U
�A�r�£/�

33M�ì ra¥¿���£� ra 13"

Ñu5U`z½ö�¯ C�óvk�A5^®?���õê¼êÑ¬´

�f¼ê¶Nõ��ÒØ^Ò�m"ù«¼ê�(²�~{ü§~Xµ

#include <mips/asm.h>

#include <mips/regdef.h>

LEAF(myleaf)

...

<your code goes here>

...

j ra

END(myleaf)

õêóäó�±r\�®?�è3®?�cD4�C�÷?nì——Unix

�a�óä�â©��*Ð¶5û½"©� mips/asm.hÚ mips/regdef.h�

¹k^�÷£'Xþ¡� LEAFÚ END¤5(²�Û¼êÚêâ¶Ó��#N

¦^^�M�ì¶§~X^ a0Ø7^ $4"

LEAFÚ END÷ò9ÏNÁì±H{\�¼êI�w�®?ì��Ü

&E���
�åµ§�¿ØJøØ
¼ê¶i	�Ù§?Û&E"

13�£/���uO?���U
ó�§�@�NÁìÒéØX
"
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��f¼ê

��f¼êÒ´�¹
éO�¼ê�N^�¼ê"�~�¹e§¼ê�

m©��è£¼êÄÜ¤r sp���¼êSÜ¦^�$Y�¶$Y�Ò´i

@�¼êN^�ëê(��Ä�"·��I�Ò�m5��T¼ê^��?

Û“saved”M�ì s0–s8#?5��"��� raÚgÄCþ£=ÄuÒ�ÛÜ

Cþ¤§�kT¼ê3gC�N^L§¥I����Ù§M�ì��ý3Ò�

m"£XJëêM�ì a0–a3��I���§�±���ëê(��IO �

þ"¤

5¿�Ï� sp����g£3¼êÄÜ�è¥¤§Ò¥�3�¤k �Ñ

�±^l spm©��½ £þÚ^"

�
`²ù�:§·�ò½Â��4�{ü� C�¬"¼ê nonleaf()�

kÊ�ëê£ù�lÒþ���D4��ëê¤§§�N^,���Ê�ëê�

¼ê§Ù¥��ëê´��Ò¥/������"ù
A��4\é ABI´N

�ó��kv
õ�a5@£"

extern nested(int a, int b, int c, int d, int *e);

extern nonleaf(int a, int b, int c, int d, int e)

{

nested(d, b, c, a, &e);

}

ù�Ñ��aqL 11.4¤«�Ò(�"

L 11.4: nonleaf()�ÒÙÛ

48 e

44 (reserved for c/a3)

40 (reserved for b/a2)

36 (reserved for a/a1)

sp on entry => 32 (reserved for a/a0)

28 (pad to 8 bytes)

24 saved ra

20 (pad to 8 bytes)

16 &e

12 (reserved for a/a3)

8 (reserved for c/a2)

4 (reserved for b/a1)

sp running => 0 (reserved for d/a0)
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\�±w�@
Ï��A�ëê3M�ì¥�3��^�ëêø� �"

\��±w�§Ï��$����M�ìÚ$1�Òv�.ÜÑ7Léà�l

i!>.Ú\W¿�/�"

^ GNU C?Èìr nonleaf.c?È¤®?�èÒ��µ

.file 1 "nonleaf.c"

.section .mdebug .abi32

.previous

.text

.align 2

.globl nonleaf

.set nomips16

.ent nonleaf

nonleaf:

.frame $sp,32,$31 # vars= 0, regs= 1/0, args= 24, gp= 0

.mask 0x80000000, -8

.fmask 0x00000000, 0

.set noreorder

.set nomacro

addiu $sp, $sp, -32

sw $31, 24($sp)

move $2, $4

addiu $3, $sp, 48

sw $3, 16($sp)

move $4, $7

jal nested

move $7, $2

lw $31, 24($sp)

j $31

addiu $sp, $sp, 32

.set macro

.set reorder

.end noleaf

.ident "GCC: (GNU) 3.4.4 mipssde-6.03.01-20051114"

·��UI�©¤AÜ©L�H"

.file 1 "nonleaf.c"

.section .mdebug .abi32

.previous
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©��m©´�
^uNÁ�Ä�&E£XJ·�?È�\þ“-g”À�§Ò

¬k'ùõéõ�NÁ&E¤"·�Ø�?�Ú)º§�k�

.text

.align 2

.globl nonleaf

.set nomips16

.ent nonleaf

nonleaf:

8I�èÚó�^�&E"·�)¤�´�è§¤±�?8I©�� .text

«§¼ê\�¶i´���Û�ÎÒÓ��´��\�:"�k\�:�IÒ"

.frame $sp,32,$31 # vars= 0, regs= 1/0, args= 24, gp= 0

.mask 0x80000000, -8

.fmask 0x00000000, 0

k'Ò�&E"·��ù�¼ê)¤ 32�i!�Òv§XL 11.4¤«"�

�����M�ìÒ´ $31=�£/�"ù�3 .mask¥��M�ì� ã�

  31¥w�Ñ5§-8�L^u��Ï^M�ì�æÒ¬� �".fmaské2

:M�ì�¤Ó��ó�µùpvk��?Û2:M�ì§¤±Ò´""

.set noreorder

.set nomacro

ùü1w�®?ì3ùpd?ÈìKI"®?ìØ�£Ä�-5W¿©|

ò´ø§½ö)º“÷�-”£Åìè¥Ðm�õ^�-�®?�-¤"

y3Tw��
�è
µ

addiu $sp, $sp, -32

sw $31, 24($sp)

N�Ò��¿���l nonleaf()N^��£/�"

move $2, $4

addiu $3, $sp, 48

sw $3, 16($sp)

move $4, $7

jal nested

move $7, $2

N�ëê,�N^ nested()"

lw $31, 24($sp)

j $31

addiu $sp, $sp, 32

u¢�£/�¿��£"3ò´ø¥¡EÒ��"

292



11.2. MIPS ABI�ëêD4ÚæÒ�½ 1 11Ù MIPS^�IO (ABI)

.set macro

.set reorder

.end noleaf

.ident "GCC: (GNU) 3.4.4 mipssde-6.03.01-20051114"

#�mfâ'4�®?A5§¿��¹��I£?Èì���iÎG"

E,�ÒI��v��

3þ¡£ã�Òv¥§?Èì�^���3M�ì spÒU+n��Ò"Ù

GO�NX(��Öö���oæÒ~~I�^ü�M�ìµÒ�� spI£Ò

�.Ü§v����k¼êÄÜMï�êâ(�",§��?ÈìU
3¼ê

ÄÜ�è¥©�¼êI���ÜÒ�m§ÒU3ÄÜ�è¥ü$ sp4§3¼ê

���1L§¥��Ò¥���½� £ �"XJù�§ÛÜÒvþ���

Ú sp�m� £þÑ´3?È�®��§ÒØI�v��
"�´k�ÿ\I

�3$1�ö�Ò��µã 11.9w«MIPSN�©���v��5?nù«I

�"

�o¬����Ã{ýÿ�Ò��Qº3,
�ó¥§$� C�ó�,


*Ð¥§�±MïÙ��3$1�Cz�Ä�Cþ"Nõ C?Èì�±ÏLk

^�Sï¼ê alloca()=�©�Ò�m14"3ù«�¹e§¼êÄÜ�èÓ^

,��M�ì s8£~^�O¶Ò´ fp¤§r§��� spfm©��"

Ï� fp£�Ò´ s8¤áu�3M�ì��§¼êÄÜ7L��Ù�5��§

ÒÐ�·�r s8^�
��f§SCþ"æ^v��?È�¼ê¥§¤kÛÜ

Òv�Ú^ÑÏL fp§ù�e?ÈìI�ü$ sp5�$1�O�Ñ���C

þ©��m§Ò�±���
"

5¿XJ¼êk��i@�N^^
Nõëê±�uI�3ÒþD4êâ§

@Ò�^�� sp�'X"

ù������|©�A:Ò´ØØ´v��¼ê�N^ö§�´�§N

^�¼ê§ÑØr§����AÏ�M�ì?n"N^�¼ê�5Ò��� fp§

Ï�§´��d�N^¼ê���M�ì¶�N^¼ê���ÒvÜ©wþ�

�TXd"

®?OÐö�UWuwÑ§�^ alloca()Mï�m�§�£�/�¢Sþ

' spp�:§Ï�?ÈìE,�¼êN^�¦����ëê(��3
�m"

�ÛÜCþ��mO���Òvþ�k
êâl sp��§±�uÃ{^�

^ü�� MIPS load/store�-�¯��ÿ£ £þ��� ±32-KB¤§�k


óä3ù��ÿæ^Äu fp�Òv"
14¢Sþ§alloca()�k
¢y¿Ø3ÛÜÒþ©��m§k
K´X{�¥¼ê£ù¿�X\

ØI�Ï��£�5��Ï£; alloca()"¤�´^Ò�m¢y alloca()�?Èì)¤��è

$1¯�
"
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ã 11.9: ¦^Õáv��M�ì�Òv

11.2.10 �êØ�½�ëêÚ stdargs

XJ\�½Â��ëê�êØ(½�#¼ê§�^óä�� stdarg.h÷

�£ANSIIO5½7Lk¤"T÷�Jø
÷——�U�k¼ê—— va_start()!va_end()!va_arg()"

�
)No^§w�e¢y printf()�÷�Ò��
µ

int printf(const char *format, ...)

{

va_list arg;

int n;

va_start(arg, format);

n = vfprintf(stdout, format, arg);

va_end(arg);

return n;

}
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��·�N^ va_start()§·�Ò�±J�Ñ·����ëê"¤±3�

printf()¢y�ª=���è¥m,�/�§\¬w�e¡��è�^5)Û

e��ëê§ùpb½Tëê´V°Ý2:a.µ

...

d = va_arg(ap, double);

...

ûØ��^®?�ó�ëê�êØ(½�¼ê——Ø���d3�£�5�

¡Ú\Nõæ�"
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Û

�\�ï��$¤�!$õÑ�i\ª��½ö�¤a>f�¬��ÿ§r

��é���A^vk�z�A5Ñ�K´k¿Â�"

Ø´íº

^½|E��{5`§Äk��Älù
���a��ªµ�X��1þÝ

\½|§d�eüé¯£'X�®²u)3 DVDÂ�ì�þ�@�¤"�¬)

·±ÏCá§��mu�m�� á"

ùÒk
��gñ"��pÝà~�M�XÚéØ|umuÚÿÁ"SoC�

¡�5�²LJø
��)û�{"�õê SoC�±3ØO\�¬¤��cJ

e'ý½�õUO\z©�A�¬N+§Ï�¬N+�ê8Ì�É�u>´�

O�E,5Ú�y�¡�g¤õ�(J5"XJ SoC��øAûU3Øòºx

=g� SoC�Eû�cJe�¹�õ�9ÏmuÜ6§@o�[Ñ´I["

¤±y��MIPS CPU�EÑ5Ò�k�½�M�^u9Ïmu"ØÓ�

�Eû^ØÓ��{5÷v¿�I¦§ù��5——éumu<
Úmuóä

)�û5`Ø3�´——ù
A5Ñ´�À�§\�XÚØ�½k"�´�C

Ac���(½�ª³´\\�5�õ�9ÏmuÜ6"

mu<
�ÉÃ5gu�±l¥��¦��XÚ�n�ØÓ�¡�

&E§·��±Ün�rù
&E©�“NÁ(debug)”!“�l(trace)”Ú“¿

Û(profile)”n�¡"

NÁ——��XÚ�(�G�

3Å��XÚó�k'�Ü6�Ø��ÿ§�´k�o�{U
����

.§$�k�U��.�£�^�^�-¤5	wÄ¾u)
�o¯§@Ò�k

^
"

ùÒ´^�NÁì�ó�"�3E,�XÚ¥U^§NÁìI�U
�¯

^���è!�?��è§��Ur�öéAå5"òNÁ¯�Ú�èé

Aå5´���¯K§·�ùpØ�?Ø§�´�Ñù���NÁìÃ{�Ü7

33�ÿ�i\ªXÚp¡§¤±NÁìI�,«ÌÅ-8IÅë�"3 CPU�
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g§NÁìI��¯§S�S�Ú CPU�G�§±9ÏL3·��/�Sü�

NÁì�^�g�5��§S�1�Uå"

MIPS5�½Â
��Xe¤ã� CPU¡S9ÏNÁü�§¶� EJTAG"

�´MIPS CPU��3
 EJTAG�c�NÁA5§�¤±��3ù
´Ï�

§�é,
a.�NÁ^�^å5�ÙG�B§·��¬J�ù
"

�l——fâÑu)
�oº

¼��
XÚXÛl“�(”�r��Ø�1��oNL§§éu
)XÚ

$1�
=�Ú´ék^�"��XÚ�G���J±+n§̄ céJ��=


G���"�é CPUó§	w�C�1L��-�½ék¿Â"

� CPU�Ý¯�z¦$1A�·^�-��ÿ§���v
õ�G�&E

¿ºXv
���mªÝÚv
õ�[!!¿±v
¯��Ýr&ExÑ�¡

±�Ê� CPU½ö¿�Ü©�l&E§́ ��ã��]Ô"

MIPS CPU¥¦^�XÚ�� PDtrace§Ú EJTAGNÁ¬�3�å"

¿Û——�ã�mS�XÚ1�ÚO&E

XJ`JøNÁì´Ï�§S
ØU3ÞM¥P4^��z���U�

[!�¿Â�{§@o¿Ûì�3�¿ÂÒ´Ï����Ñ��fXÚ�1�

�\(J"�¬z�§S�O¢�¦��(�ïXÚ¤��U§§ò§S
l

CPUäNN��1?Ö��£�lm5——�´éuk�½E,Ý�XÚ§ù

Ò¿�X§S
éuUe��UÜ´Ä��÷¿��A�´�����§�k

��4��
�Vg"

3�ºÝþJøXÚ�1�Ú�m�ÚO&E�^�óäÒ��¿Ûì"

¿Ûì�ó�´ÏL�XÚJ�§S±9é�ã�mS�A½¯�?1Oê5

�¤�"

EJTAGXÚ�¹����“PC��”��À�§UJø�
k^�&E¶

�´MIPS CPU�kA�d8IÅþ^����5UOêì"ù
Oêì9Ù

��Ñ± CP0M�ì��ªJø§e¡k?�Ú�£ã"

�mu<
$1��XÚ?1NÁ!�l½¿Û��ÿ§Jø.�&E�

M����UUCXÚ�1�"ù:vkÐ?µ·�F"9ÏmuõU¦�U

Ø�K�XÚ�1�§=��»�5�(non-intrusive)"

·�c¡`L§SoCþ^u9Ïmu�¬N+4àB¨§�±íd¼�"J

±^$¤�Jø�´ SoCÚmuXÚ�m�ë�ì§d§òNÁ&E�£5©

Û"

3Pª�XÚ¥§Ï~^�	�G�½öO�XÚ I/O5ë�8I�Ú�

ÌÅ"��õ��ÿ�9��8IXÚ^��m'u��ë�ìÚ�ªXÚ¥

å�^����m�E,�Æ"
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ù«�{¬K�XÚ���1�µ�Ð´k�üÕ�NÁë�"n��¹

e£�
~�éXÚ�O�ÀÂ§¿�ïá��IO±Bu�Eóä¤§NÁë

�A���5g CPU"�´�k CPU� SoCÏ~ uXÚ�Ø%µ¬N+�

`B¨§�´O\Ú��¤�%éB"

ØL3ù:þ·�é3$¶O<�¯K�·�Jø
��)û�{">f

XÚÏ~´Å�3�å�§Å�L§�"�Çép"�õê>f�´�3^

u�¬�c�?1gÄÿÁ"E,���þÑý3
A�Ú�^uÿÁ"2�

À^�ÿÁë�IOÒ´ JTAG§ù�MIPSÀJE^ JTAGÚ�5ë�mu

fXÚ§��§�3$1��vk^"ùÒ´NÁü��� EJTAG��Ï"

�´NÁM�E,�±^uDÚ�NÁì——�«$138IXÚþæ^

,«DÚ��?1Ï&�NÁì"£~X¤��up?ö�XÚ�NÁìé�U

�Ü©$1u8I��þ"ë�1 12.1.13!k'�5)§±
)N�4$1u

8I��þ�NÁì¦^NÁü�"

12.1 “EJTAG”¡þNÁü�

EJTAGü�´ CPUS^u�ïNÁÚ�lóä�]���tÑ8¤�

8Ü"X·�þ¡¤`§EJTAGÏLE^z� SoCS®²Jø�^u�¡ÿÁ

� JTAGÚ�1é�
��ØK��ÿ����ÌÅ�ë��{£¿dd�

¶¤"

ù���NÁü��¦kµ

• ÚÌÅ�Ônë�——��´ÏL^�
Ï^��ä½öë���NÁ

ÌÅ�,«&���"T���� SoC� JTAGÚ�þ§Ï~¡Ù��&

ì(probe)§½{¡&�"

• ÌÅ/&�“�§��” CPU�Uå"@´ÏL4 CPUl�� dmseg �S

�«��1�è¢y�§3T«� CPU�Ö�Ñ´d&����"dmseg

´AÏ�S�I� dseg ��Ü©§3NÁ�ª¥�m§X1 12.1.6!¤

ã"

�,&�3���XÚJøNÁ]�¡�k�§EJTAG]����

±d$13�/ CPUþ�X^��NÁì¦^"·��¡£Þ2ùù�

¯K"

• NÁ;^�É~"3 MIPS EJTAG¥§ù´��dAÏ�NÁ�ªI�

�AÏ��?É~§\�±^ EJTAGNÁì5NÁ��XÚ§$�§g

C�ÊÏÉ~?n§S"ë�1 12.1.4!"
1�,XJ\G�å§Jø��ÕáuM�ÿÁÚ�� EJTAGë�¬4�k^"
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• �½êþ� EJTAGä:§�±Õá?§5��/�D�êâ�M�i�

ì2"� CPU��½öÖ�êâ�§��½öÖ��/�Úêâ�¹Ä�

ä:�'�§e��K����NÁÉ~"

ä:��M�ì�±kNõ�§±�uJ±\? CP0M�ì8§¤±ÏL

�;ìN�� dmseg£^u EJTAGM�ì�f«��� drseg¤"

• \��±l�^NÁä:�- sdbbp!��	Ü&Ò DINT ½ö3

EJTAG&��=
,�®���� 3��ÿ����NÁÉ~"

• ^u¿ÛØ´NÁ��ÿ§\�±^Tóä�� EJTAGü�±Ï5/

P¹�c�1�-�/�£PCæ�¤§¿l EJTAG&�¼�ù
��&

Ò§ë�1 12.1.12!"

3ù
Ä:�þ�±�ïr��NÁUå"

12.1.1 EJTAG�{¤

£��?nì��ì��£1980c�c¤§@��±l��3��ýì£ICE

——in-circuit emulator¤¼�[âÝ�NÁ"ICEÒ´��^5�� CPU ��

�§�kã��;^�C§wþ���æ¿÷>f���e�"ICE�±� CPU

���1�-§ØÓ�?´�±Êe5�w"

ICE�{��U
k�´Ï��?nì�~[B�´�§¤±~~ÏL

���¡+���Ø´��Åþ�——ÒXÓ8U� PC�?nìù�Ï�

é[B±�uØ¬Å�Ì�þ"

�4E,� ICE>´$1�Ú{ü� CPU��¯o´éJ�§�X?n

ì�Ý�5�¯§�¹C��<"ICEÝf�m©ÒéB§y3�B
µ��d

�þ�A�{�§NõmuìèÒ¬���{Ø^ ICE?1NÁ"?\ 1980c

�±�§ù«�¹Åì¤K
 ICE�½|"

¤± ICE�EûI�aqu EJTAG�ÀÜ"\þ��¡þNÁü��§

r'�´»£�U��
 CPU��Ý¤�uÛÜ��§¦�XÚ�±��$

1"ICE�EûÃ�N��ë�¤I��&�Ú$1^�E,�ÌÅ^�"ù

:éÐ§�´¦�-�
��¯Kµ¦��oØ�Ørù����&�9^�ñ

� 10 000{�§�oUCJ|�ª�|õ�"Eâ�C�ØJ§J�´S.þ

�UC"ICE�EûÁã�±pd§Ò�½|7m
"

´ LSIúi1��3¦��¡þXÚ�MIPS CPU¥mM5/\?
¡þ

NÁü�"3�
 ICE�Eû��Ïe§¦�mu
 EJTAG�5�§Ä��8

U��Øõ"�´X8&��¤�Ø� 1000{�§��±��\ÀJ�?Û

^�NÁìþó�"

2^�ó§�S.þ^“ä:”�c5L«|±NÁ��-§Ï~rM�i�ì��“*	:§”ù

��kÏu«©ü�Vg"�´¤k� EJTAG©�Ñ¡�ä:§¤±·��ùo�"
3½öX,�Ó¯Û%�`§�3NÁXÚ��ÿØ�%-
e&�
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12.1.2 N��� CPU

� CPUl dmseg«�Ö��-��ÿ§&�Ò¼����"ùfå5Ð�

\Ø�Ø�� CPU�^�xþ�5��T«�5�1â�±§�Ù¢Ø,"

• �
�ANÁì�éÄ�è§&�¬^Ù JTAGë�����SÜ�I

�§òNÁÉ~\�:£� 0xFF20 0200 ——TÐ u dmseg«�"

&��±���)��NÁä:½ö����M�*	:��^�-þ

�"

• &��±ux�� EJTAGBOOT·-£e�!2ù·-¤,���e

g CPUE ��§CPUÒl dmsegÖ��-"Ù¢k�|A5�±4\

#éÄ CPU¿¼�����§$��±ÏL JTAGë�e1#^�"

��&�m©� CPUux�-§Ò�±4 CPU�?Û¯�"AO´§�±

ux�|�-S�5£l CPUM�ì½öS�¤ÖÑêâ¿�²L dmseg�m

�£�&�"

12.1.3 ÏL EJTAG�NÁÏ&

\��ÌÅÏL��çÝf——&�ë��ÿXÚ"�¡� JTAGÚ�4

&�U
�¯ CPUSÜ�AÏM�ì"

JTAGIO´�¡�Eûu²^5{z>´�ÿÁ�§�õêE,��¡

®²� JTAGÚ�Sü
�m¶4ù
Ú�Ó�ÑÖu^�NÁ�'��#�

Ú�N´"3 1970c�£JTAG�)�c�¤zO\��¬N+ÑòwÍO\

¤�"JTAG��O´�
���Ý�~��Âì�Ü6E,Ý§�ÂìÄ�þ

Ò´��£ M�ì"4

k����/êâÀÏÑ\�!êâÑ\�ÚêâÑÑ�"·-èux�

��M�ì§�õê·-è==´ÀJØÓ�êâM�ì"JTAG·-è�¡

�“�-”§�´²~ÚêâM�ì�¶ip�¦^——��^�ó§�ù��

ÿù«�{~~Úå· "

ù«�~{ü�M��À�JÒ´ JTAGJø
�«Ö� EJTAGü�S

ÜM�ì��ª"EJTAGü�Jø
eZ^�-ø&�^u?n CPU§L 12.1

éd�
��V)"

12.1.4 NÁ�ª

NÁ�ª´��AÏ� CPU G�§é�É~�ª£��$uÉ~�

ª¤"CPU3NÁÉ~u)��?\NÁ�ª"NÁÉ~�±d�^ addbp�
4éuØ
)�Öö§£ M�ìÒ´��G1���� °Ý��;ì"�� êâ�X�¨

?5�§Ù§ Ñþ£� ±CÑ/�"3M�¥§£ M�ì~~�´¿1���£Ò´`§�Ü

 �G��N3�|��þ¤"
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L 12.1: ^u EJTAGü�� JTAG�-
JTAG“�-” £ã

IDCODE ÖÑMIPS CPUÚ��——é^�võ�,�§d?Ø

?�Úù"

ImpCode ÖL«¢y
=
 EJTAGÀ�� �"

EJTAG ADDRESS EJ-

TAG DATA
£Ö/�¤Ü3�å§#N&���A��Ú31 12.1.6

!¤ã� dmseg«��êâÖ�Jø½ö�Âêâ"

EJTAG CONTROL �&�Ö��I�Ú�� ��8Ü"

EJTAG BOOT NOR-

MALBOOT

EJTAGBOOT �-��eg CPU E �l&��

1¶d�¡� ProbEn!ProbTrap Ú EjtagBrk � EJ-

TAG CONTROL  ��§�´\�c[�Ö�[�

ÃþéÑäN[!"NORMALBOOT�-¡E�~�

CPUéÄ"

FASTDATA ^5\�Ú&�m�õiêâDÑ�AÏ���

ª"&�Ö�d EJTAG CONTROL(PrAcc) Ú EJ-

TAG DATA�¤� 33 M�ì"

TCBCONTROLA

TCBCONTROLB

TCBADDRESS

�¯^5��“PDTrace”�-�lÑÑ�M�ì"ë�

12.3!§�´¿vk�[0�ù
�^ JTAG�¯�M

�ì"

-!-��� EJTAGä:M�ì!	Ü�“NÁ¥ä”&Ò DINT ½öüÚ$

1£�ö'�AÏ§e¡ò{�0�¤Úu"NÁ�ªG�´���§¿��±

ÏL CP0M�ì  Debug(DM)5��——1 12.1.7!�[0� EJTAG�

CP0M�ì"NÁ�ª£�É~�ª��¤Û¹�B�¤k�~5¥ä"NÁ�

ª¥�/�N��k¤Cz§¦�\�±�¯eã� dseg«"Nõ�É~3N

Á�ª¥ÑØ¬u)¶�êu)�É~�¬AÏ$1——ë�e�!"

ë�k·�&�� CPU�±��¤4NÁÉ~\�: u dmseg«§$1

d&�Jø���-"XJvkë�&�§NÁÉ~\�:Ò u ROM¥£ë

�L 5.1§Ù¥�Ñ
MIPS¤kÉ~�\�:"¤

NÁ�ª¥�É~

^�NÁìé�U?è¤;�ÚuÉ~��ª£~X3^�¥u�/�§

Ø´k/�½ TLBÉ~�ºx¤"¤±3NÁ�ª¥§�±Ün/�Ñ3�~

�¹e¬ÚåÉ~�éõ^�µ¥ä!NÁÉ~£�1 sdbbpÚå�É~Ø	¤

ÚNõÙ§^�"

�´kA�u)3NÁ�ª¥�É~¬C¤i@�NÁÉ~ ——é¦^

EJTAG&��NÁì�U�kd����óä"
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3ù���i@�NÁÉ~¥§CPUa=�NÁÉ~\�:§E,�±3

NÁ�ª"Debug(DExcCode)�P¹
i@É~��Ï§DEPCP¹
É

~�ª�è#m©�/�"�´NÁì?\NÁ�ª�vké¯���°�

5� DEPC���§ù«�{éNÁìÒÃ�"�´NÁì�UÑ¬@���

�l��i@�NÁÉ~�£§¿Ø´^ deret£§�U¬4\Ø·�/òÑN

Á�ª¤¶´lDEPC¥¼�/�,�^�^ jr�-"

12.1.5 üÚ$1

�üÚ$1 Debug(SSt)� ¿�^�^ deret�-4��lNÁ�ª

�£�§dDERETÀJ��-ò3�NÁ�¸e�15¶,�U^S�Ñ�e

�^�-Ò¬u)�gNÁÉ~"

Ï�k�^�-$1u�~�ª§�U���NÁÉ~¶3ù«�¹e§“U

^Se�^�-”Ò¬¤�É~?n§S�1�^�-§\¬����üÚNÁ

É~§ÙDEPC��É~?n§S"

12.1.6 dmseg�;ìÈè«�

EJTAGI�^�
�;ì�m§NBÙ�þ�ä:+nM�ì£é CP05

`�õ
¤§��k�&�N��^uÏ&��m"ùã�;ì�m3 CPU?

uNÁ�ª�J[/�N��ºÜNC§XL 12.2¤«"

3L¥§\�±w�µ

• dseg: ��NÁ�ª;^�S�«§wþ�U
 CPU?uNÁ�ª�þ

Ü�SØ�¯N�«£kseg2¤"NÁ^��±ÏL�� Debug(LSNM)

5Ö��“î3e¡”� kseg2N��/�——�´NÁlÐ�ö�XÚA

�¬;�rùÜ©S�«^uÙ§8�"

• dmseg: Ö�Ñ´ÏL&�¢y�S�«�"�´XJvk�¹Ä�&�§

½öXJ DCR(PE) �"§@o�¯ùp�Ö�ÒÚÏ~� kseg2Ó

�?n"

• drseg: ´�¯NÁü��ÌM�ì|�/�"é drseg ��¯¿Ølm

CPU"“drseg”¥�M�ì°Ý���i§�U^i°Ý£32 ¤\1Ú�

;�-�¯"

• fastdata: ´ dmseg����á§3ùp&�N��Ö�æ^���Ç�

p� JTAG¬�ª&ÿ�Æ§ü$
 JTAG�êâ6þ§#N�¯�êâ

DÑ"�Ö¥ØùäN¢y�[!"

5XJDERET���^©|�-§©|�-9ò´ø¥��-Ñ¬�~�1"
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L 12.2: EJTAGNÁ�;«N�£dseg¤
J[/� «�/f«�  �/M�ì J[/�

0xC000 0000 0xC000 0000

0xFF1F FFFF 0xFF1F FFFF

0xFF20 0000 fastdata 0xFF20 0000

0xFF20 000F fastdata 0xFF20 000F

0xFF20 0010 0xFF20 0010

0xFF20 0200 dmseg debug entry 0xFF20 0200

0xFF2F FFFF 0xFF20 0200

0xFF30 0000 DCR register 0xFF30 0000

0xFF30 1000 IBS register 0xFF30 1000

I-breakpoint #1 regs

0xFF30 1100 IBA1 0xFF30 1100

0xFF30 1108 IBM1 0xFF30 1108

0xFF30 1110 IBASID1 0xFF30 1110

0xFF30 1118 IBC1 0xFF30 1118

I-breakpoint #2 regs

0xFF30 1200 IBA2 0xFF30 1200

0xFF30 1208 IBM2 0xFF30 1208

0xFF30 1210 kseg2 IBASID2 0xFF30 1210

0xFF30 1218 IBC2 0xFF30 1218

dseg same for next two

...

0xFF30 2000 DBS register 0xFF30 2000

drseg D-breakpoint #1 regs

0xFF30 2100 DBA1 0xFF30 2100

0xFF30 2108 DBM1 0xFF30 2108

0xFF30 2110 DBASID1 0xFF30 2110

0xFF30 2118 DBC1 0xFF30 2118

0xFF30 2120 DBV1 0xFF30 2120

0xFF30 2124 DBVHi1 0xFF30 2124

D-breakpoint #2 regs

0xFF30 2200 DBA2 0xFF30 2200

0xFF30 2208 DBM2 0xFF30 2208

0xFF30 2210 DBASID2 0xFF30 2210

0xFF30 2218 DBC2 0xFF30 2218

0xFF30 2220 DBV2 0xFF30 2220

0xFF30 2224 DBVHi2 0xFF30 2224

0xFF30 2228 0xFF30 2228

0xFF3F FFFF 0xFF3F FFFF

0xFF40 0000 0xFF40 0000

0xFFFF FFFF 0xFFFF FFFF
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• debug entry: Ò´NÁÉ~\�:"Ï�§ u dmseg§NÁ�è�

±��3&ÿì�;«¢y§#NNÁ��vk�NÁý3ÔnS

��XÚ"XJvk&�Jø�NÁÉ~?n§S——d&�gC^

EJTAB CONTROL(ProbTrap) Ï��^�——NÁì\�:ò¬

3 0xBFC0 0480£3�p����mÉ~\�:NC¤"

12.1.7 EJTAG� CP0M�ì§cÙ´ Debug

3�~�¹e£äN`§Ò´Ø?uNÁ�ªe¤§NÁü�¥^����

��Ü©Ò´�|n� CP0M�ìµ

• Debug k��Ú�� §e¡�[0�"

• DEPC ��gþgNÁÉ~±5#m©�/�£d deret�-gÄ¦

^¤"

• DSAVE ´�� CP0M�ì§==´Jø 32 �Ö��m"øNÁÉ~

¦^§±Bk����Ï^M�ì��§,�2^TM�ì�Ä���Ù

§M�ì"

ã 12.1: NÁM�ì¥É~�Ï 

ã 12.2: NÁM�ì——É~��I� 

Debug´�E,Ú�k¿g�"§½Â
éõ �§·�r§©�n|µã

12.1¥�NÁÉ~�Ï §ã 12.2k'�3���ÊÏÉ~£��u)�´Ï

�?uNÁ�ªØU¤�&E§�kÙ{��"“Ù{��” a�)
��

� �§Xã 12.3¤«"

ã 12.3: EJTAGNÁM�ì����

ã 12.3¥��£����¤�µ

DBD: w�\�NÁÉ~u)3��©|ò´ø¥"d� DEPC��©|�

-§Ï~Ò´#m©��(/�"
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DM: NÁ�ª——l^r�u)NÁÉ~�� §d deretE "ùpØ�

�"

NoDCR: �Ö ——XJ¢y
 dseg«K�""XJT � 1§@oØ�Ù�

.´@«a.� EJTAGü�"

LSNM: XJ\�� dseg��§��T � 1§=¦3NÁ�ªp�1§±B

U�¯�CX�S�«"ù¬¦� EJTAGü����XÚ�Ü©ØU^§

¤±�U�3,�A½� load/storec�â^"

Doze: 3NÁÉ~�c§CPU?u,«�>�ª"

Halt: 3NÁÉ~�c§CPU�Ê�
——�U3 wait�-��>�
"

CountDM: ��=�NÁ�ª¥ CountM�ìUY$1�� 1"k�T �

�§¤±\�ÀJµÙ§�ÿ��Ö §w�\ CPUNo��"

IEXI: � 1�í��°(É~""��¹e?\NÁ�ª�� 1§lm��"§

�´��"��T �"§�í´�É~á�u)µ3@�c§ÏL	wã

12.2¥��� Ò�±w�u)
�É~"

EJTAGver: �Ö ——L²T¢yÎÜ5��=���"®��Ü{��µ

0 2.09�@���

1 2.5��

2 2.6��

3 3.1��

DExcCode: \lNÁ�ªpff?n�?Û�NÁÉ~��Ï——1�g?

\NÁ�ª�§T���½Â"�U���Ò´� Cause(ExcCode)½

Â��§�3L 3.2¥"

NoSSt: �Ö ——XJvk¢yüÚö�K� 1"Ï~ÑküÚö�§¤±T

 Ï~� 0"

SSt: T � 1K¦UüÚö�"

OffLine: ü�§ CPU~~Ø¢yT�§ù«�¹eÖÑ� 0"

XJ¢y
T §Ø
NÁ�ª±	§Ñ�±��T � 14 CPU£½ö

õ�§ CPU¥� CPU�§¤Ê�$1�-"ù��O�8�´#NNÁ

ì'4õ?nì/õ�§XÚ¥��Ü©?nì/�§§Ó�E,4ù
?

nì/�§33NÁ�ª"�U3NÁ�ª¥�"§¤±T � 1�e�1


 deret§@o�oÑØ¬u)§Ø�´-���	Ü>u�NÁ¥ä"

ã 12.1�����µ
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ã 12.4: �;ìN�� DCR£NÁ��¤M�ì����

DDBSImpr, DDBLImpr: ©O��°(� store/loadä:——ë�1 12.1.11

!"DEPC�U��'>uä:� store/load�-����^�-"NÁ

ì½ö^r£½ö�ö�å¤Ø�Ø¦��ãå?n"

DINT: d EJTAGÚ�þóÀ&ÒÚu�NÁ¥ä"

DIB: -�
�^�-ä:"

DDBS: -�
��°(��;ä:"

DDBL: -�
��°(�\1ä:"

DBp: -�
?�«a.�NÁä:£~Úþ¡��Ó�Ñy¤"

DSS: üÚNÁÉ~"

“pending”I�£ã 12.2¤P¹
dNÁ�ª¥$1��-Úu�´Ï��

°(¿� Debug(IEXI)� vku)�É~^�"É~�±��G�§ù


 �±� §�� Debug(IEXI)����"½� deretm��"§d�É

~®²�G§éA��� �""

�ØÓÉ~�ÏéX�ü� µ

• IBusEP: ���o�Ñ�"

• MCheckP: Åìu�£Ï~´�{� TLB�#¤"

• CacheEP: �lp���Ö��Ûó��è/Å�èÑ�"

• DBusEP: k
	ÜÖ��w�o��"

3?ÛäN� CPUþ§ù
 Ù¥�,
o´"§Ï�éA�É~o´°

(�£°(É~o´á=?n�¤"

12.1.8 DCR£NÁ��¤�;ìN�M�ì

Ø
 CP0 DebugM�ì�	§�k�õ� EJTAG��ÚI� u���

�DCR�M�ì§§ÏL�;ìN��NÁ;^� dmsegS�« � 0xFF30

0000§¤±�3 CPU?uNÁ�ª�âU�¯"���Xã 12.4"

DCR¥�Nõ�ÏL JTAG��¯�,
M�ì�&���"

ù
��)µ
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12.1. “EJTAG”¡þNÁü� 1 12Ù MIPSNÁ——NÁÚ¿Û

ENM: £�Ö¤�w CPU�à£1 == ��à¤"

DB/IB: £�Ö¤XJ EJTAGêâ/�-M�ä:�^K� 1"éJn)��

o¬�ï��vk?Ûä:� EJTAGü�"

PCS, PCR: XJ“PC ��”A5�^§K PCSÖÑ� 1"d�§PCR´�

�n ��§½Â��ªÇ�z 25+PCR �±Ï���g"���ë�1

12.1.12!"

INTE/NMIE: DCR(INTE)�"KB��NÁ�ª�¥ä£´��ØÓu

�«�NÁ�ª���¥ä¦U ¤"ù´�Ä�NÁìk���$1S

Ø~§£½N�éÑö�XÚ�'�&E¤�Ø�du¥ä����"

DCR(NMIE)¶-�NÁ�ª¥�Ø�¶-¥ä£éÐ��Ø¤"

E �DCR(INTE,NMIE)Ñ�“1"”

NMIP: £�Ö¤L«k�Ø�¶-¥ä�3��§��lmNÁ�ª�Ò

¬£�âþ¡�DCR(NMIE)¤�A¥ä"

SRE: XJ¢y§T �\"±��^E "

PE: £�Ö¤&����¦U �^��±Ö����"�� �§NÁÉ~

#��&���� dmsegS�«"

12.1.9 EJTAG�ä:M�

EJTAGä:ki���!êâÖ��M�"XJ\��
��ä:§@o

XJ�¯�/���£��U´êâ��¤Ò¬ÚuNÁÉ~"

�-Úêâä:´©m�"EJTAG5�#N�ï��vkä:M��ü

�£�,ù��{võ�^?¤§�´Ï~Ñk��8�ä:"ä:ke�A5µ

• =�^uJ[/�Ø´Ôn/�"�´\�±ÏL�½���� ASID

rä:���ü�/��m"3ö�XÚ¦^õ�/��m�/�§NÁ

ì�Úö�XÚÜ�âU�1k^�ó�"

• ^��Å �/�ùè#N�½§Ý��
��"

• ä:�±��¤�âÖ��êâ�^�>u"�´êâ¯a�^�ÿÁ
�U���°(�É~——��êâ�^u���§����Y�-)�

®²��
"XJ��õ
)°(Ú�°(É~§ë�1 5.1!"

k���Û��-�Ú��êâ���M�ì§N�� drseg«§=�?u

NÁ�ª�3L 12.2¥�/�þ�±�¯"¡Ù� IBSÚDBS§Xã 12.5¤

«"

ã 12.5¥��Xeµ
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ã 12.5: IBS/DBS£EJTAGä:G�¤M�ì����

ASIDsup: eä:�±^ ASID��5«©ØÓ/��m�/�K� 1"éJ

��?Ûy��NÁü�vkù�õU"

NoSVM, NoLVM: e\ØU^ load/store�êâ�5��ä:K� 1"=3

DBSM�ì¥k�"

BCN: �^�M�ä:ê"�-�Úêâ��´©m�"

BS1–0: L«®²���ä:� �"NÁ^�7L3iÿ�ä:��Ø� "

T�����ûu�-�½êâ���Jø�ä:�ê"

z� EJTAGM�ä:£“n”� 0-3§ÀJ��A½ä:¤ÏLo�8�©m

�M�ì��µ

IBCn, DBCn: ã 12.6¤«�ä:��M�ì"

IBAn, DBAn: ä:/�"

IBAMn, DBAMn: ä:/�'��ùè¶-"ùè¥�“1”IP�üØÑ'

��/� §¤±°(�����TM�ì�""

|©/4 IBAMm(0) éAuÑk�ý��-/��  0§�±^5�

l CPU ´Ä3$1 MIPS16 �-§#N\û½,��-ä:�U3

MIPS16£½ö�MIPS16¤�ª¥u)"

IBASIDn, DBASIDn: �½�� 8 �ASID§�±Ú�c�EntryHi(ASID)

�'�±LÈçÀä:§ù�ä:�Uu)3 u�(/��m£;

.�éAu�� Linux ?§¤�§S¥"é ASID �u��±©O^

IBCn(ASIDuse) Ú DBCn(ASIDuse) ¦U½öB�——ë�ã 12.6

9Ù`²"ù
M�ìz���p 24 Ño´� 0"

DBVn, DBVHin: 3 load/store ä:¥�����"DBCHin ½Â 64  

load/store���1 31–63 "ý�� 64  CPU� JTAGM�ä:k 64

 � DBVnM�ì§¤±ØI� DBVHin ——�¤±JøTM�ì´

Ï�,
 32 � CPUéuV°Ý��?nì£�U´2:ü�¤¢y


64 � load/store"

5¿§\�±ÏL��i!Ï�'�¶-DBCn(BLM)�� 15B�ê

â��£±����X/��êâä:¤"
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ã 12.6: M�ä:��£IBCn, DBCn¤M�ì����

y3·�5wwã 12.6¥���M�ì"

����µ

ASIDuse: ��� 1��ÿÓ�'� ASIDÚ/�"

BAI7–0!NoSB!NoLB!BLM7–0==·^uêâ��ä:µ

BAI7–0: �Ñi!��£byte (lane) access ignore¤——få5Í ��"�

Ù¢�´��/�LÈì"

�\����êâä:�§\�U��3�Aêâ�?Û�¯þÑ¥ä"

Ï~\¿Ø�4ä:C¤�6u��¯�´��i!!��i$���é

à�i�^�ä:µ�´����ä:�/���Ò¬´@��J"

�
(�\U
Ó¼é,� ��¤k�¯§\�±^/�ùèB�Vi

±e�/���§,�^ DBCn(BAI)IPViSÜa,��i!µÐ


§�´�"� L«a,��i!§� 1� L«��Ñ�i!£ùÒ

´ÏPÎ�¶�5{¤"

DBCn(BAI) ^ 32 ½ 64 êâo�S�i!Ò?è¶¤±��%§

êâ�i!/�Úi!o�?Ò�'XÉ�à�K�"

NoSB, NoLB: ���"©O¦U6 store/loadä:"

BLM7–0: êâ'���i!ùè"" �L'�Ti!§1 �L�ÑT�"

��T��� 1ÒB�êâ��"

Ù{��Ó�·^u�-�Úêâ��ä:µ

TE: �� 1�� PDtrace�-�l�>uì§�1 12.1.3!"

BE: �� 1-¹ä:"T�E ��"±�Ï�M�ì��Å����Jb

�ä:µØ�#Pé§� �

12.1.10 n)ä:^�

(½��M�ä:3�o�ÿuÿä:^�9>uÉ~§�9�NõØÓ

��Ú��"

3¤k�¹e§XJ\®²?uNÁ�ªÒØu)ä:. . .@o�>uä:§

I�÷ve¡��Ü^�µ

6aú“1L«¦U” �\ÎÜÜ6�
"ùp^ 0L«¦U�Ð?3u"��LÖ��ä:Ñu

)§'åä:“lØu)”�·Ü�%@�"
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1. ä:��M�ì¦U  IBAn(BE)/DBAn(BE)� "

2. §S��!��êâ�)�/�Úä:�/�M�ì IBAn/DBAn¥�

 ���§IBAn/DBAn�A�/�¶-M�ì �""

3. �o IBCn(ASIDuse)/DBCn(ASIDuse) �"£ù�·�ÒØ^'

%��=�/��m¤§�o�c$1§S�/��m ID§= En-

tryHi(ASID)�u IBASIDn/DBASIDnp��"

k'�-ä:�Òù

§�´éuêâ��ä:§\I�«©´Ö�´

�§�U�âVi±e/��«©�¯µ

4. XJ´\1¿� DBCn(NoLB)�"§½ö´�;¿� DBCn(NoSB)

�""

5. T\1½ö�;-�
ViSÜéADBCn(BAI)�"���i!"

XJ\¿Ø�'� load/store��§@o\r DBCn(BLM)�¤� 1Ò

1
"XJ\����Ä����§@o��÷vêâ'�^�µ

6. \1½ö�;�êâUÑy3XÚo�þ��ª§�DBVHin±DBVn

¥� 64 SN¥§@
3 DBCn(BLM)¥éA �"�z�� 8 |

���"

Òù

"���E,§�Ü�Ü6"

12.1.11 �°(�NÁä:

�-ä:Úêâä:�´�â/�^�çÀ§>u�DEPC������

-"�(��`§ù«É~áu31 5.1!?Ø�¿Âe�“°(É~”"

MIPSNX(� CPU��õêÉ~Ñ´°(�"�´Nõ MIPS CPUé

load/store?1`z§#N CPU��$1��^ load�êâ�ÿ§ù��âê

â�çÀ�êâä:Ò´Ø°(�"�M�iÿ�ä:���§=^�-�3

$1§NÁÉ~òu)3=^�-£Ï~´�-6p����-¤�þ"ù«�

¹NÁ^�7L¦þ�{?n"

12.1.12 EJTAG� PC��

EJTAG5�Ú&���C��¥k��ékd����§PC��Jø


�«ØK�§S��ª5Â8�3$1�XÚ�¹Ä�ÚO&E"ÏL	w

DCR(PCS)¥·�� Ò�±éÑ\� CPU´ÄJøù�õU"

PC��M�±Ï5/�w�c PC��§r@��P¹�NÁ&��±u

¢�/�",�Ò´d^��E�ã�mS�����ã§U
£3ÚO¿Â

þ¤4§S
w� CPU3�o/�s¤
�õ��¨±Ï"ù�õUØ=k^
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?§��[ÑÙGµ±cÐõcXÚ^L�Ò´Äu¥ä� PC��§ù«�

ªé§S�$1kK�"¤±kNõóä£~XGNU� gprof¤�±��)ºù

aêâ"

� PC����?
 CPU��§Ò¬ëY$1"$�� CPUÊ3 wait�

-£s¤3��þ��mE,�U´�ÿþ��m¤�§�Ø¬Ê�"3��;

.�¢yþ§\�U¬À�z 32��¨±Ï���g½öé��¹eÀJz

4096�±Ï���g"Q,§ëY$1§E ���±Ï"�����´�Ð

¯"

3z���:§3T±Ï�¤��-�/�£eÃ�-�¤§K�e�^ò

�¤��-�/�¤���3�� JTAG��¯�M�ì¥"��ªÇdDCR

M�ì¥������"

M�Ø=�;�-/�� 32 §��;�c� ASID£ù��±)ºJ
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ê"

12.1.13 Ã�&ì¦^ EJTAG

EJTAGü��±d����$138IXÚþ�DÚNÁì¦^§AO

´§�±^5�ïö�XÚØ%S��NÁõU"�´Ï�u² EJTAGÌ�´

�
��&ì=&�¦^§ù��kA�¯KI�?nµ

• ?nNÁÉ~µvk�\&�¿¦U�§NÁÉ~\�: uØ²p��
�� kseg1� ROM«� 0xBFC0 0480/�£XJI�u�´Äk¦U�

&�§�±Ö�DCR(PE)¤"\�r�è��T\�:§,�ò��=£

�\�NÁÉ~?n§S§TÉ~?n�U�?
ö�XÚ�SØ"

• 3SØ¥ÏLN^?\NÁ�ªµ\ØU�����NÁ�ªµ�UÏL
NÁÉ~?\"�´\I�?\NÁ�ªâUw� dmseg�;«§±B�

±��ä:��M�ì�a�ÀÜ"¤±éuX^��NÁì§\I��

«�{5N^NÁ�ª�NÁì|±~§"

ùÒI�“XÚN^”��«NÁÉ~��§æ^�\ sdbbp�-¢y"N

ÁÉ~?n§SI�«©ù
NÁìXÚN^ÚÙ§NÁÉ~——��

U��{Ò´ÏL�w DEPC¥��£/�5«©"NÁìXÚN^ë

ê�±��Ï^M�ìp"

aq�§\�ØU����ÑNÁ�ª——�lmNÁ�ª§\I��1

deret�-"

3k
�¹e§\�U��3Ï~�Ø%��1NÁì��Ü©µ¤±3

Ïä:��½NÁ�-á6?\NÁ�ª��§NÁ�ª^��±?Ö
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12.2. “EJTAG”�c�NÁ|±——ä:�-Ú CP0*	:1 12Ù MIPSNÁ——NÁÚ¿Û

• =·^uJ[/��ä:µ5¿£�� EJTAG� CP0*	:ØÓ¤¤k

� EJTAGä:Ñó�uJ[/�§�±ÀJ\þ/��m ID (ASID)?

1��"

• lÉ~�ª½öÙ§“�{”�/�?nNÁä:µ¾�wþ��´��¯

K"NÁä:´áuÉ~§�´Ï�§�áu“�?É~”§¤±¿ØUì

SØÙ§Ü©�5KÑý"�Ù¢ùÚ·�c¡?Ø�´��¯K"é�

U��|^ EJTAG��/ÅNÁì§S�õê�ÿ¿Ø$1uNÁÉ~

�ª"¤±NÁÉ~?n§S=3��G�!,�3S��/��;�£

/�!±9^��<�� deretá\�~�pA�?£Ø%¤�Ïm§$

1uNÁ�"

�,k�ÿ§NÁÉ~\�:�U5gu,��x�/�——�²w�Ò

´5g®²$1uÊÏÉ~�ª��è"��ù«É~�NÁìØ�Ø4

��%§��ØU{ü/N^Ï~�Ø%�~§"NÁì�öI�O�¦

�3õ�§Ýþ|±å²É~�NÁ"

12.2 “EJTAG”�c�NÁ|±——ä:�-Ú

CP0*	:

MIPSNX(�3 EJTAGNÁü�Ñy�c®²�3
Nõc§¤±�k

�
DÚ�NÁõU"ù
�) break�-§ù��-�´{ü����É~§

Ó�Pkéõ�)º� §�dNÁ^�D�Ù¿Â"

�´Nõ CPUÓ��¢y
õ�o��M�*	:§dA� CP0M�ì

��"z�*	:�½��J[/�§�±^u3zg��!�;Ú\1ö�¥

u�§XJ/���Ò¬ÚuÉ~"

¿�¤k�NÁìÑ^�M�*	:¶k
�U��Ø^§,�
¦^

EJTAGõU"

� EJTAGä:�'§*	:ØU?1�
/���µl5Ø´êâ¯a

�¶CP0*	:�±ó�u�-�½öêâ�£k
I��±��äN*	:

áu@>¤"�,
§*	:>u��´ÚåÊÏÉ~§¤±ØU^uNÁÉ~

?n§S"

� CPU®²?uÉ~G��£� SR(EXL) ——½ö����Ø½NÁ

É~ ——®²� ¤§E,�±��*	:^�"d�?nÉ~¬��Ã^�

·Ï§¤±É~�í´��¡"��u)É~�¯¢P¹3Cause(WP) §�

CPU�£�~ö��*	:É~Ò¬u)"

*	:M�ìXã 12.7¤«"

*	:/�=�o���C�Vi£li!¤§¤±�k/�  3–31ë�

��"3 64  CPUþ§WatchLoO�� 64 ±BU
½Â�����J[/
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12.3. PDTRACE 1 12Ù MIPSNÁ——NÁÚ¿Û

ã 12.7: WatchLoÚWatchHiM�ì����

�"

Ù§�M�ì�Xeµ

WatchLo(I,R,W): ¦U*	:u�——e WatchLo(I) = 1 u���§e

WatchLo(R) = 1u�Ö�§eWatchLo(W) = 1u��\ö�"ù
 

�?¿|ÜÑ´Ü{�"

WatchHi(M): �Ö��Y ——e� 1L²���k�é*	:M�ì"

WatchHi(G): �Û�——T ��� 1K���Ø�Ä ASID§�e"

WatchHi(ASID): ��T�£WatchHi(G)�"¤����/��m��¯"

¦^MIPS TLB�ö�XÚ3 EntryHi(ASID)p��/��m§X1

6Ù¤ã"

WatchHi(Mask): T�� 1� L«WatchLo(VAddr)¥�A� �±Ø

^n¬§#N\Ó¼éà�l 8� 2048�m� 2�����S�«��

¯"

WatchHi(I,R,W): *	:É~�Ö�ù
�éÑÉ~´du���´Ö½ö

�ö�Úå�"^���Øù
 âU2g¦^§ù
 �¢yæ^�

´“� 1� 0 ” ——Ò´`§éWatchHi(R)�"��ÿ�WatchHi�

\��  1þ� 1��"ù���±4\òlWatchHiÖ5����2

�£�Ò�B/¢y�""

12.3 PDtrace

PDtrace´£�Ùc¡0��¤EJTAGNÁü��N�§�±�l§S�

1^u±���"�1�l�±��3¡S��;ì¥½öæ^�
Ñ�Û

A�p�&-Eâ¢�£��&�"

�@��lóä�P¹�1/�£PC¤§�´ PDtraceXÚ�U�lÖ�/

�$�Ö��êâ�"

�l�1¿ØI�éõêâ"b½©Û§SPkXÚ�����?��è§

¤±�^S�1��I��� CPU^Sr
õ�¶���^�©|�§�I�

��^�´Ä÷v"�´éuM�ìa=�a��-§�lI�P¹���/

�"
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12.4. 5UOêì 1 12Ù MIPSNÁ——NÁÚ¿Û

ã 12.8: PerfCtlM�ì����

�l&EP¹�¡þ��;ì�,{ü¯$¶�´du¢S�¡þ�l�

ÀìÑé�§Ï~�UP¹§S$1���ã�m"

�r�l&Ex��&��§�Uk�þ��l�;ì£A�$�Azîi

!¤"ù�¦µC�kA�Ú�ë��lêâ�"��lêâ)¤��¯±�ë

��Ý�Øþ£ù«�U5é�¤�§\�oü$ CPU�Ý��ë��Ý�þ§

�o¿ï�
�lêâ"

EJTAGä:�E^uJø[âÝ��l��§���A½ä:�Ä��ä

½�Ï�lêâ6"

A��k&�øAûé PDtracea,�§¤±ùpØõù
"ÙÃþ�±

lMIPSúi��£www.mips.com¤"

12.4 5UOêì

5UOêì3@p4^�ÚM�ó§��
5UN`£ó��
NÁ¤

éÑ�õk'XÚ1��&E"z�Oêì3\�äN CPUÀ½¢y�eZ¯

���u)�4O"

y��;. CPUPkü�5UOêì"�õê�±é~��k^¯�O

êµ�²��m±Ï!�¤��-!p����·¥��"%p�P4�:§CPU

�O�5ÒJ±�EÚ�y§O\�5UOêì�a�“	�”�õU?1Oê

�¯�§4�UÒ´@
N´Oê�¯�"N´Oê�¯�¿Ø�½TÐ4^

�ó§�wå5@og,§¤±�±�%>&Ú~¦��Ýé�¯�£ã"3

\ý�(&´3é,�¯�?1Oê�c§Ün��{´3É�^�eéOê

ì�1�?1¢�"

z� 32 OêìÑ�k����M�ì§Xã 12.8¤«§Ù¥µ

M: �Y ¶e� 1L«�¡�k�é5UOêì��/OêM�ì"

W: XJOêM�ì´ 64 K� 1"��Ø��U"

Event: û½é�o¯�?1Oê——ù�L���ûu\� CPU§\I��

Ö�'�Ãþ"

IE: e� K�Oêì“ÄÑ”�1 31 �Úu¥ä"ù�±^5¢y*Ð�O

ê§�´�õ/^u£�¯k·�ý�Oêì¤3¯�u)
�½gê�

�Ï�^�"
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12.4. 5UOêì 1 12Ù MIPSNÁ——NÁÚ¿Û

U, S, K, EXL: ©Oé^r�!+n�!Ø%�ÚÉ~�£= SR(EXL)� ¤

�¯�?1Oê"\�±��¤ù
 �?¿|Ü"
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1 13Ù UþKe��~

~——GNU/Linux

��o��'uO�ÅNX(��Ö§��ùXNX(�§eØ¶�efë

YAÙSNÑ=�ù,�äN�ö�XÚQºý4<k:¹ØXÞM§aú��

´àÑ�§�7¶UYÖe�§\Ò¬uy§Ù¢AT`aúý�´“UþKe

��~~!” ¨�¶iÒ´�B£�¤d(Linux)"

�f·úú�5"CPUÒ´�ö�XÚ^�"�� CPU “NX(�”Ò´£

ã��k^� CPU�1��§��k^� CPU´�3ö�XÚ���e$

1§S�"¦+$1uMIPS�ö�XÚéõ§LinuxduÙúm5äkÕA

�`³"?Û<Ñ�±e1Ù�è§?Û<Ñ�±
)§´N�ó��"

?Ûö�XÚÑØL´�
§S�8Ü§�
h²�§S——�é�õê

^�ó——ÄuõcïÄJõÑ�g��þ�Eå5�§S�8Ü"ö�X

ÚA�AO/½£ØkÅ¤ÚS�£Ø4,
§SZ�²ö�XÚÇ��¯

�¤"

é“Linux”ù�¶i�(�^{´^5==���ö�XÚ�SØ§Tö�

XÚ�m©d Linus Torvaldsmu§Ù���{¤§No`Q§�Ò´{¤"X

Ú�Ù{Ü©£�'SØ��õ¤�õê5gugd^�Ä7¬£Free Software

Foundation¤3 GNUáe|���8"�[y3k�#P
ù�:§r��X

ÚÑ��“Linux”"

ùüÜ©�@Ñ´u3 1970c�d��¢�¿mu� UnixXÚ"�N

´Ï���¢�¿ú�§vkû�d�§3��±¤Ãc~�“m�” �ª��

�ÆâÅ�2�©uÙ^�"�´§¿Ø´“m�è�” ——Nõ§S
3�

Æp� Unixó�§(Juy¦���z�o¿�
§�o���¢�¿£9Ù

U«ö¤Pk"ù�L§¤�5��ò�ª-u<�5���“ý�gd”�O

�¬"

���e�'�Ü©Ò´SØ"SØáu�~J��§S§�Ù¤±ö�

����Ïu©z�¡µö�XÚ�SØ�ú@�áuÆâïÄ��Æ§Æ

â.F"U
�� Unix§Ø´#Mï Unix"� Unix��6´��u��

�.!�¬z�ö�XÚ§d²(©m�Ü��ï¤¶�3ù�Ä:þ�ï�
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13.1. Ä�Vg 1 13Ù UþKe��~~——GNU/Linux

ö�XÚl5vk��L2��^r+N|±"1

Linux��Ñ´Ï�§´���\5¢^��8"Linus±9¦�muº

�����U
£Äk´3 x86S¡XÚþ¤^�ÀÜ"� LinuxSØ�5g

�ª¤�gd^�� BSD 4.4���¿���ÿ§BSD�|±öjû@�î�

��8|�+n7Ø��"�´ Linux�«�¤�k'muº���£§�'

BSD¦��m��õ�"LinuxuÐ4�×�"k�ÿ Linux�¯�uÐ�´Ï

� Linux<
�~Wu�B BSD�è"ØÈ±� LinuxÒ�Ñ
§Ù|�+n

���Uõ"

13.1 Ä�Vg

��n),��¬§\I�U
éÐn)Ù+��;[¦^��
â

��A½¿Â"\AON´�\®²���´äkØÓ¿g�â�t


æ"Unix/Linux�{¤�6�§/¤
éõäkAÏ¿Â�c"

• �§µ·¤���“�§”�Ï^�½ÂÒ´“Uì§S
�½�gS$1

��|O�Å�-"”LinuxSØk²(��§Vg£éuz��§§k�

� struct thread_struct¤"Ä�þ´Ó��ÀÜ§�´Uì·�½Â§

.��¥ä?n§S´��TÐ/^
�¥ä�§��¸5$1�AÏ

�§"ü�½ÂÑkd�§7��·�^“Linux�§”ù�c\±«©"

Linux9O�§£8c·�3�i��ªÅþk 134��§¤"�õêù


�§éAu��¹Ä�§S——�´�kÐA�^uAÏ8���§=

$1uSØ§¿�k
A^§SPkõ��§"

SØ�Ä�ó���Ò´NÝ ——egÀJ=� Linux�§$1"ë�

e©'uNÝì�SN"

• ©�µ�¬k¶i�êâ"3GNU/Linuxp§§SÚg�?§±	�.

���Ñ´ÏLÖ�©��¤�"©�Ò´\�\êâ±�U
ÖÑ�À

Ü"�´�kë����°Ä§S�AÏ©�µlÙ¥��Ö�Kêâ5

u��§é,���\K\�êâ�)º�êiÑªx��(ì"Linux

SØ��u;��õ#�XÚN^§�Jø
4A^§S¼�k'SØ&

E�AÏ� /proc©�"

• ^r�ÚXÚN^µLinuxA^§S$1u^r�§=MIPS CPU�$A

�?G�"3^r�§̂ �ØU���¯SØ¤?�/��m§§UÏ�

�¤k �ÑN��SØÓ¿A^§S¦^�/�"3^r�§\ØU$

1�?nì"� CPU���-"
1k
<(¡Windows/NT ——lMicrosoft Windows��õêy���——Pk�SØ"

@�N´ý�§�´3§r�Ú£.�´þ§w,��
�.z½ö�¬z�A5"
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13.1. Ä�Vg 1 13Ù UþKe��~~——GNU/Linux

GNU/Linux$1u^r��A^§S�è~~��^r�(userland)"

�lSØ¼�?ÛÑÖ£�~�Ò´Ö�©�¤§A^§SÑ��1XÚ

N^"XÚN^´A¿�\�É~§dSØ�É~?n§S)º"É~�

���pA�?�ª"
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è"
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�è{áµXJkNõó���§�±�Ä
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• NÝìµ��SØ~§"ö�XÚ�o��ÒX�§£'�`§vkÏ�
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±Ï5�#O�——Ì�´�
�y��m$1�O�Ø¬LõÓ^
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T��$1Å¬§ÒÊ��c�§$1`�ö"
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�D£^r�——�k�@�§SØâ¬�Ä�§��"
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�Ù§Ì6SØ�è¿	�ä"�´�sÓªSØ��
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13.1. Ä�Vg 1 13Ù UþKe��~~——GNU/Linux

�\k�� SMP SØ£d�ü� CPU Ó��1Ó��SØ¤�§d¿

1�§�p�^¤�5�ã��gdÝÒÔ�
"�4 SMPSØ^|$

1§I��lAz��U��§m�p�^¿^·��£?1�o"SMP
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y3SØ?§����Ôö�8Ò´éÑ�èS�¥@
7L��B
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�/��mÏL�§��� mm_struct5½Â"
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ù���GÑ:�d"3\1�\�l��¡ä£z�¡ä�U´üÕ�
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/* do your staff in the critical region */

release_lock(contended_data_marker)
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atomic_inc:

ll v0, 0(a0) #a0 has pointer to ’mycount’

addu v0, 0(a0)

sc v0, 0(a0)
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jr ra
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�1¤"e�ï 2.6+SØ�½Â
 CONFIG_PREEMPT��À�§£^£�^B¼

�
3¼�Úº�ö��mB�sÓ�B�^"

Ð
§Ä�þÒù

"“A�¤k”´��x�^c"�´ó��¹e§,

ãêâö���þ´ SMPS��£�²w�~fÒ´3Ï�� CPUAkêâ

�¤¤±¿ØI�£^£§��(I���sÓ§Ï�Ó� CPUþÙ§SØ�

è�U3�¯Ó�êâ"\\SØsÓ��± 2.6SØ�½E,I���õF

%��èÎnÚ�õF%�NÁ"

14.3 XÚN^�u)�o

XÚN^“==´”SØ¢y�ø^r§S^�~§"k
XÚN^�´�

£SØ��	¡Ø���&E£'X�U�°(�m¤"

�kü��Ï���¹�'þ¡�E,"1���S�5k'——<�@

�SØ3¡ék��½ö�¿�A^§S�è�A�E,´èF�"

1���Ï�½5k'"LinuxSØA�U
$1;��§)¤�§S§

�´�A�U
$1±c�Ó��½öoN�NX(�)¤�A^§S"XÚ

N^��½Â§�íØÒ�²LNõ��Ø!ó�Ú��â�±"

·�k£�S�5"Q,XÚN^$1uØ%�§Ø%��\�Ò7LÉ

���"éuMIPSNX(�§ù´ÏL syscall�-d^�>u�É~5¢y

�§?\SØÉ~?n§S�§CPU� Cause(ExcCode)M�ì�k��A

Ï��è£8= “sys”¤"�.��É~?n§Sò¬�âT���û½e�ÚZ

�o§¿���SØ�XÚN^?n§S"

@�´ü�\�:µA^§S����êiëêÀJAz�XÚN^õU

¥�=��"XÚN^��6uNX(�µMIPSþé,�õU�XÚN^Ò�

UØÓu x86þéÓ�õU�XÚN^Ò"

XÚN^ëê¦�U3M�ì¥D4§ùk|u;�^r�mÚSØ�m

�mØ7��êâ��"3 32 MIPSXÚ¥µ

• XÚN^Ò�? v0"

• ëêD4Uì“o32”ABI�¦"�õê�mù�u`§�õ�ko�ëê3

M�ì a0–a3¥D4¶�(¢k
)���¹'�AÏ§ù
�3 11.2.1

!ù"8

�,SØæ^aq o32��ª½ÂXÚN^¥�ëêD4§@¿Ø´`^

r�m�§S7L�^ o32"ûÐ�?§¢��{�¦^r�méö�X

Ú�XÚN^o´ÏL C$1¥½ö�d�Å�D4§ù��I��o�
8NõëêD4�� ���/ÑØK�SØ§Ï�SØ¿Ø?n2:�§�ØÏLD�N^5

?n(�Nëê½ö�£(�N(J"
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?�XÚN^��"¥�±l?Û ABI=�¤aq o32�XÚN^IO§

3 64 MIPS Linuxþ$1 32 ^��Ò´ù���"

• XÚN^��£�Ï~ u v0"�´ pipe(2)XÚN^�£��dü�

32 ©�£ãÎ�¤�ê|§̂ 
 v0Ú v1 ——�Nk�U¬d,	�

�XÚN^�¤Ó��õU"9

��k�U�}�XÚN^3 a3¥�£��G�£0L«ûÐ§�"L«

Ñ�¤"

• �
ÚN^�½�±��§XÚN^�± o32�¦3¼êN^����@


M�ì��ØC"

�ySØéXÚN^¢y�S�5I�·�� �"ê|eI!��!�À

«�ÝÑ7L?1u�"¿�#N¤k�A^§S�¤��§XÚN^��è

37��£�õê�ÿ§±�?^r root$1�§S�±�?Û¯�¤�u�

N^ö�“�U(capabilities)"”

$1XÚN^�SØ�è?u?§�¸——SØ�è�°t��¸"XÚ

N^�è�±�1?Û3u) I/O¯���¦�§Z��¯�§½ö�¯I�

��?S��J[/�"

?1êâDÑ�§\��6uA^§SJø���§T���U´Ã�

�"XJ·�^
Ã���§Ò¬Úu��É~§k�U��SØ�$——@´

ØU�É�"

¤±l^r�m��Ñ\êâ½ö�^r�m��ÑÑêâ�±ÏL;�

^uT^å�¼ê copy_to_user()/copy_from_user()S��¤"XJ^rý

�D4
���/�§ò¬��SØÉ~"SØ�o���1�x?Ö��&

?�¼ê10 �Lµcopy_to_user()Ú copy_from_user() uL¥"�É~?

n§Sw�É~#m©/� uù
¼ê���§Ò�£���°%�E�

�Ø?n§S"A^§SÒ¬�ux��o°îx�&Ò§�´SØS,Ã�"

lXÚN^�£´ÏL syscallÉ~?n§S(�� eret�-�£�"

���:´��£^r�Ú�£^r�-�m�Ó��1"

14.4 MIPS/LinuxXÚ�/�=�

3·�m©
)N�¢y�c§ké��ó�k��NÓ+"

ã 14.1´�� 32  MIPS/LinuxXÚþ��§��;ìN�«¿ã"11

ù�N�7L�M�N����§¤±^r��¯��;«7, ue�Ü"

A�P4e¡A:µ

9·f�SØ�o<
édÉ�Ó(/L«“·�±k�é£Ø�L·���N¤"”
10Ù¢´���-/�����L"
1164   MIPS/LinuxXÚ�N�ÄuÓ���n§�´duM�N���E,——ë�ã 2.2

——Ï�éæ��:"
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ã 14.1: Linux�§�;ìN�

• SØl�o/�m©$1µMIPS LinuxSØ��è�ï�3 kseg0«$

1¶J[/�l 0x8000 0000�þ"ù����/�==´���ÔnS

�$ 512 MB�I�§ÃI TLB+n"

• É~\�:µ8c����õêMIPS CPU¥§ùÑdM��z� kseg0

.ÜNC"�#� CPU �±Jø EBase M�ì§éÉ~\�#½

 £ë�1 3.3.8!¤§Ì�´4õ���S�� CPUU^ØÓ�É~?

n§SØ^¤å��AÏ��;ìÈè"3 LinuxSØ¥§Ò�kõ�

CPU�Ñ$1Ó��É~?n�è§¤±ù�A53 Linux¥Ø��U

^�"

• ^r§Sl�o/�m©$1µMIPS LinuxA^§S£$1u$A�?

�“^r�”¤J[/�l 0� 0x7FFF FFFF"T«�/�3^r��±�

¯§�²L TLB/�=�"

A^§S�Ì§S�ï�g�C"�/�m©$1"Ø¬ý�"——lJ

["/�m©��ü�Ø�/�N�§ù�èã¦^���Ò¬���S

�+n�ØÓ¼"A^§S�¥¼êÜ©§3\1½ö����ÿ4O\
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1�^r�m"�±ù��´Ï�¥¼ê�ï� �Ã'a.£ë�1 16

Ù¤§U�â¢S�\1�/��mgÄN�"

• ^ræÚÒµA^§S�ÒÐ©���^r�±�¯��m£� 2 GJ[

�m¤�ºÜ¿��eO�"ö�XÚiÿ�é®©���$Ò�mNC

�N���;ì�¯�§¬gÄN��õ��±÷vÒ�O�"

Ó�§#���¥½ö��^ malloc()©��^rêâ9Ù��l^r

�m.Ü�þO�"��ù
�m�oÚØ�L 2 GB§�o¯ÑvkµØ


��.�ÑÖì±	§ù���Ä�Ø¤¯K"

• 512 MB±S��;ìµ�±ÏL kseg0²Lp����¯½öÏL kseg1

Ø^p����¯"{¤þ§Linux SØb½gC�±���¯Åì�

�ÜÔnS�"éu^ 512 MB ½ö��ÔnS�����. MIPS X

Ú§ù´é�¶3ù«�¹e§�ÜS�Ñ�±3 kseg0£^p���¤Ú

kseg1£Ø^p���¤«�¯"

• 512 MB±þ�“p �;ì”µy3 512 MB=¦éui\ªXÚ�®²

Ø

"Linuxk��ÕáuM�NX(��“p �;ì” Vg——�

^AÏ�!�6uM�NX(���ª?n�Ôn�;ì§éu 32  

Linux/MIPSXÚ§512 MB±þ�ÔnS�Ò´p �;ì"�·���

¯�§I�Mï·��/�=�êâ�¿�=�E�� TLB"

@Ï�MIPS CPUJ¦3 Unixó�ÕÚÑÖì¥A^§¤±MIPS�;

ì+nM���O¤U
� BSD UnixJø�;ì+n���M�"BSD Unix

XÚ´1��3 DEC VAX�.ÅþJøý��©�J[�;� Unixö�X

Ú"VAX3éõ�¡¤�
d�Ú£O�Å.� 32 ©�=�J[�;NX

(��;�¶�N3MIPSpk�
 VAX�;ì+n|��K�¿ØÛ%"�

´ù´�� RISC§MIPS�M������õ"AO´§VAX£½ö x86 ¤̂ �

�è)û�éõ¯K3MIPSXÚ¥Ñ3�
^���"

3ù�Ù§·�lMIPSM�m©�/�m©§k�Ä��Ä�� Unix�

a�ö�XÚ9ÙJ[�;XÚ�I¦¶�´ùg·��ö�XÚ´ Linux"

·�òw�MIPS�M���þ´éù«I¦��«Ün£A"�uý�

�[!§�ë�1 6Ù"

14.4.1 ��o���;ì/�=�

�;ì/�=�M�£�
Ï^§·�¡Ù� MMU§=�;ì+nü�

memory management unit¤ÑÖA�ØÓ�8Iµ12

12�Ä� MMU é Linux �°þ§3vk MMU ��¹e�±�ï���N�±ó����

Linux(uCLinux)§ý4<k:Ø�gÆ——�@´,	�£¯
"
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• ÛõÚ�oµ^rA�?�§S�U�¯§S/� u kuseg �;«

�£$§S/�¤�êâ"ù���§S�U��ö�XÚ#N�S�«"

d	§�±üÕ�½z��¡���½��o¶ö�XÚ$��±Ê��

�¿	CXgC�è�§S"

• �§S©�ëY��;�mµk
MMU§ö�XÚ�±lÔnþ©Ñ�

�¡�EëY�§S�m§#N·�l��{ü��½�����À³¥

©��;ì"

• *Ð/���µk
 CPU ØU���¯§��Ü�Ôn�;ì�

�"MIPS32 CPU ¦+´ý�� 32  NX(�§�é/�N��Sü

¦��=���/��mI� kseg0Ú kseg1£Ø�6MMUL�/�=

�¤N��Ôn�;ì�$ 512 MB"XJ\I�������;ìN�§

Ò7L²LMMU"

• ¦�;ìN�·A\�§Sµk
MMU§\�§S�±¦^·ÜgC�

/�"3��ö�XÚp§�UÓ��§SkNõ��Ó�$1§4ù


��Ñ^Ó��§S/��N´�õ"

• UIN�µ§S$1�ÒÐ�I��¤kS�]Ñ®²©�
��§�
´ö�XÚ¢Sþ�3ý�^��â©�"�¯�©��/�«ò�)�

�É~§,�dö�XÚ?n¶ö�XÚ\1·��êâ��;ì�4§

SUY$1"

nØþ£k�3O�Å���Öþ¤`§UIN�k^´Ï�ù�#N\

$1��ÔnS��Øe��§S"XJ\kéõ�s�m�{§ù{(

¢Ø�§�y¢¥XJ��§Sý�I�^�L¢SS���m§Ò¬Ø

ärgC�êâ£ÑS�§±�u$1��~�~ú"

�´UIN�E,�©k^§Ï��§S¿÷
�þ���3�g�1¥

Ø¬$1�)��è"�N\�§SS�ké\8U^Ø��êâ�ª�

|±¶�N§Skéõ��Ø?n�è§�´ù
�Ø4�u)"3UI

N��XÚ¥§vk^��§S¬lØI�Ö?S�"ù�éÄ�Ý�¯


§̂ B?Ð
"yF%�^r"

• ½ µ§S\�:Úýk(²�êâ�/�3§S?È)¤�´�½
�——�,ù�^éu@
^u Linux��Ü��¥Ú�õêA^§S�

^�� �Ã'�è5`ÒØ¤á
"MMU#N§S3ÔnS��?¿

/�þÑU$1"

Linux�;ì+n§S�ó��¢�Ò´�z�§SÑJøgC��;�

m"
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Ð
§Linux�A�Vg´©m�µ�§´NÝü�§/��m£�;ì

N�¤́ �oü�"���§|¥�Nõ�§�±����/��m"�;ì=

�XÚa,��w,´/��mØ´�§"Linux�¢y´¤k��§Ñ²

�§¤k��§ÑPkS�+n�êâ(�"$1uÓ��/��m��§§¢

Sþ��ù
êâ(���Ü©"

�´Òy3ó§XJ·���Äz��§��/��m��/Ò'�{

ü§·��±^P�Vg“?§”Ó���ö"

XJ�;ì+nó�ØÑ�§z�?§�·$ÒÕáuÙ§?§£ö�XÚ

��ogC¤µ��?§�U�$½1�Øà�Ø¬K���XÚ"éu�Æp

�X�$1Æ)§S�O�Å§ùw,´��ék^�5�§�´=¦�î��

û��¸�I�3|±²LÿÁu�L�^�Ó�§�|±Á�5�½ö�.

^�"

MMUØ1´�
�.!���J[�;XÚ¶=¦��i\ªXÚ�Ul

½ Ú�p��S�©�¥ÉÃ"?Û��3Ù¥ØÓ�m$1ØÓ§S�

XÚÑ¬uy§XJ�±r§S�/�VgN���B���^�Ôn/��

m§��Ñ�N´�õ"

õ?ÖÚØÓ?Ö/��m�©lL��^u�.O�Å§�5[£��

<O�ÅÚ�.ÑÖìþ§X83�¤a>f��¥���O�Åþ�FìÊ

9
"

,§é��� Linuxi\ªö�XÚ¦^Õá�/��m"ù�UØ´

Ï�TA5vk^?§´dui\ª CPU9Ù�^�ö�XÚ"y���A

5"��UÏ����XÚ\þÕá�/��m§Ò��Cu#u² Linux

��¿Â�

ùéMIPSNX(�5`´��¿	�Ð¯"1986c�
{zó�Õ CPU

Ø�Ø?1�{��Oéu 21VÐÏ�i\ªXÚ´�ã��ãL"=¦

��A^§S§��¯�)ä��è¤(6§I�^¦¤k®��E|+n^�

E,5¶±MIPS�k°�Äu^��(¹��{4Ùk�UJøI���Ü

ÀÜ"Acc§éJ`Ñ½ ui\ª½|� CPU�û\þMMU¶y3£2006

c¤Linux®²Ã?Ø3
"

14.4.2 Ä��?§ÙÛÚ�o

lö�XÚ��Ý5w§$à�;�m(kuseg)´�“âÝ”§3Ù¥^r§

S�±�B"XJdu§S��¿�
gC�Ü�êâ§ùØ'O<�¯"

lA^§S��Ý5w§T«�±gd¦^5�ï?¿E,�hkêâ(

�±�¤ó�"

3^r«S§S�âÝp¡§ö�XÚUI�£�XÒ�eO�Û¹¤=

�Jø�õ�Ò�m"Ó��Jø��XÚN^¼��õ��^�m§lýk

(²�êâ��p/�m©�þO�——XÚ<
¡��æ"æ�ø malloc()
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�a�§SJø�	S��m�¥¼ê¦^"

æÚÒ��møA�ü ��éuXÚ�;ì·Ý!|§��U;�Lõ

�XÚN^½öÉ~"�´3z�XÚN^½É~u)�§ö�XÚÑ¬��

��Å¬5��A^§S�S��Ñ"ö�XÚ�±¢���±�yA^§S

Ø¬Ï�Ó^S��õ%�Ù§'��¹Ä"

Linux�§3ö�XÚØ%�±gC��°§��§3SØp$1u?§�

£̧'XXÚN^¤�§Ù¢�´N^��°%?��~§"

ö�XÚgC��èÚêâ�,ØU4^r�m§S�¯"3�
XÚþ§

ù´ÏLrXÚ������Õá�/��m���¶3MIPSþ§ö�XÚ�

�Ó��/��m§� CPU$13^r§SA�?�§éù
/���¯´�

{�§¬>u��É~"

5¿��,z�?§�^r�mN��gChk�ý¢�;§�A��m

´���"¤k?§w��ö�XÚ�èÚêâÑ uÓ��/�——ö�X

ÚSØ´��õ�§�pÞ�kü�/��m�XÚ——�´z�?§�^r

�m/��¯gCüÕ��m"�±&?$1u?§�¸�SØ~§¬S�/

�Nö�§�´��Ø7&?A^§S"

·�J�Ò�Ð©z��#N��p^r/�µ@���±|±¦^�þ

�;ì�§S"Ù(J��¦^�/�ªÝé�£¥mk��ã���É¤§ù

´ù«/�N����A�§3?1=��7L��Ä"

LinuxrA^§S��èN��é�§S�Ö§ù��è�±�ØÓ/��

m��§S���——.¾§Nõ?§$1Ó��§S��¹é~�"

NõXÚØ=����A^§S§���ÏL¥N^�¯�A^§S

¬£��¥¤"Linux^��¥��ù:§·��¡2�Xù@��¯"

14.4.3 ?§/��ý¢�;ì�N�

|±ù��.I�=
Å�º

·���U
$1Ó��§S�õ���§��§S���Ð¦^ØÓ�

êâ��"ù�3§S�1L§¥§�§S\1�A^§S/��âö�XÚ

ýk�½��YN��Ôn/�"

�,4ö�XÚ3·�l��?§�¸���,����ÿ::aa�?

�©n/�=�&E´�U�§�ù�¬�~$�"����´§·��z�

¹Ä�§��;ìN��� 8 �ê§¡�/��m ID ½ ASID"�M�uy

��/�=����ÿ§Ïé�����c ASID9/��=��§13 ù�M

��±NBØÓ�m�=�Ø¬t·"y3�NÝØÓ/��m��§�^

�����ÜÒ´\1��#� ASID� EntryHi(ASID)"

N�Å��#Nö�XÚ«©^r�m�ØÓÜ©"A^§S�m�k


Ü©£Ï~´�èÜ©¤�±N���Ö¶k
Ü©3eØ�N�§3�¯�g

13¢Sþ§·��±w�k
=���±� ASIDÃ'§=“�Û”�"
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�§ù¿�X�����§S�U¬@:�Ê�"

?§/��m�SØÜ©d¤k?§��"SØ�ï�Ò´�
3A½�

/�$1§¤±Ä�þØI�(¹�N�Å�§�±|^ kseg0«§r�;ìN

�]3�A^§S¦^"k
Ä�)¤�SØ«�´lN���;ì£~X§

^uNB��°Ä§S�SØ�\1�¬��Ñ´N��¤�B/�ïå5�"

14.4.4 ©�N�

é/�N�Q²}ÁLNõ�%��Y"�� 1980c�¥Ïc�§ó�.

�3��½k'�½���©��Ð�)û�Y".¾�½����vk�Ä

A^§S�1�½I¦§�vk=«gº�e�©Û¬u²ù��{"

�´XJ§S���o£������;¬��¤§M�Ò��o§�^�

;ìé¯ÒC¤º�����¡"�·���Ú	.�>�§¦��ÕÓ�^

�´�/�Óf§¦�O�Å�U^�½����"

�5¤k¢S�XÚÑ±� ——�½����;¬——�ü N�S�"

����o´ 2��"�����UI��õ�+n£��=�L!��§SI

��õ�=�¤¶�����U�ÇØt§Ï�éõ�êâ��Ó����"�

� 4 K����¤� LinuxþÓâýé`³�ò©(J"14

æ^ 4 KB����§§S/J[/��±ù�{üy©µ
nn nn 11 0

Virtual page adddress(VPN) Adddress within page

�S/� ØI��=�§¤±�;ì+nM��I�r/��p £DÚ

þ¡�J[�Ò§= VPN(virtual page number)¤=�¤Ôn/��p £Ôn

vÒ§= PFN(physical frame number) ——v<P��Ð��ov�� PPN¤"

14.4.5 ·�ý����o

N�Å�7L#N§S¦^gC�?§//��m�äN/�§¿r§p�

/=�¤�ý��Ôn/�5�¯�;ì"

�«Ð�{´á��L£=�L¤���J[/��m�z��Ñ�3�

�§T��¹�(�Ôn/�"ùw,´�����êâ(�§�����Ì

�;ìp¡"�´kü��¯K"

1��Ò´·�y3zg load/storeI��¯üg�;ì§ùw,´�5

UàÃ"\�Uý��
ù�¯K��Yµ·��±^��p��À�;ì5�

;�/�=�êâ�§�k3�·¥ù�p����â�é73S��L"Q

,z���L 4 KB�;�m§·��±�^��·Ý��p���Ò�±��
14MIPSM�éu�����v¯K§16 KB´e��|±����§éuNõy��XÚ5`

�U´���Ð�ò©"�´ 4 KB��4�Ê9§ÙK�ò��Nõ§S��ï�ª¶¤±·�

E,Ä�þÑ^ 4 KB"
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��÷¿�p·¥Ç"£3ù«�Yu²��ÿ§�;ìp����Øõ�§k

����“�À�Àì(lookaside buffer)§”¤±�;ì=�p���Ò¤
=�

�À�Àì§= TLB¶ù� �¶¡��6D
e5"¤

1��¯K´�L���¶éu 32 A^§S§/��m©� 4 KB��§

k�z��êâL�§���^ 4 MB�m"·�ý���{4L��:§ÄK

Ò�Øe$1§S��m
"

·�r)ûù�¯K�?Øí��¡§�´J�eé�ýk§S^� 32 

Ï�� 4GB�m"õê¥��§S3§�gC�§S/��mSÜkã���

É§XJ·�U
u²�«�Y§;��;@
éAu�É�“�o�vk”�=

�L�§@o¯��U�Ðõ
"

·�y3®²¯�� DEC�Ù VAX�.Å�O��;ì=�XÚ
§§

é���NX(�kX4��K�"V�Xã 14.2¤«"

ã 14.2: ����;ì/�=�XÚ

M�ó��Ú½Xeµ

• J[/�©�üÜ©§�$k� Ü©£Ï~´$ 12 ¤Ø�=���D

4——ù�=�o´±�£Ï~ 4 K¤�ü ?1"

• �pk� §= VPN§��c�§� ASID©�3�å/¤������
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/�"

• ·�3 TLB£/�=��p���ì¤w´ÄkT��=��"XJk§

Ò�ÑÔn/��p §·�Ò��
�^�/�"

TLB´�;^��;ì§�±^�«�{k���/�"�Uk���Û

I� w�§�Ñ,
�� ASID§ù
 TLB��±^5N�,����

J[/��z��§¤ú^"

aq�§VPN�±Ú��Ü© VPN/�Øë�����
¶- ��3

�å§#N TLB�N������J[/�"

ùü�A53 MIPS MMU¥Ñk£�3�
éP� MIPS CPU¥vk

�C����¤"

• Ï~k
�	�£I�¤ � PFN�3�å^5���¯��——�²

w�Ò´§�#NÖØ#N�"·�ò3e�!?ØMIPSNX(��I

� "

• XJ TLBvk����§XÚ7L£^73Ì���L&E¤éÑ½öM

ï·���L�§\1? TLB,�2g$1=�L§"

3 VAX�.Åp§ù�L§d��è��§3§S
w5��´gÄ�"

XJ\3�;ì¥�ï
�(�ª��L¿4M���§§¤k��;ì

=�ÒUó�"

14.4.6 MIPS�O�å

MIPS�Oö��éÑ�«�{^¦þ��M�JøÚ VAXÓ��õU"

��è��� TLBW¿´Ø��É�§¤±¦�rÑ
�ÿ��Ú§rùÜ©

ó���^��¤"

@Ò¿�XØ
k�M�ì�;�c ASID�	§MMUM��´��{ü

�p�!�½���=�L®"XÚ^��±r£Ï~��(^¤MMUM�

w�73S�����L�êâ���p���§¤±rM�L¡� TLB´k

¿Â�"�´ TLBM�¥vk��p����M�§Ø
�:~	µ��Ñ�

�Ã{=��/��§TLB>u��AÏ�É~£TLBW¤5N^^�~§"

�
�Ï^�Jp�Ç§TLB�O!�'���M�ì±9WÉ~�[!Ñ

�°%�Ä"

MIPS TLBo´3¡þ¢y�"=¦éup���Ú^§�;ì/�=�

Ú½�´7L�§¤±Ä�þ?uÅì�'�´»þ"ù¿�X TLBNþ7,

�§cÙ´3@Ï§¤±7L��O�|©5�ÖÙNþ�Øv"

TLBÄ�þÒ´������é�;ì"�é�;ì�z��Ñd��'

�i�Úêâ��¤¶\�Ñ'�i§M�lT'�i�����£êâ"�é
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�;ì(¢�~Ð§�´ÙM�¤�ép"MIPS TLBk 32� 64�êâ�¶ù

«Nþ��;3��N�O¥Ø¬�E,"

��¤k� CPUÑ^ù��« TLB§Ù¥z�êâ�Ñ\�§�±N�ü

�ëY� VPN�ü�p�Õá�Ôn/�"ù��éêâ�¦� TLB�IO

\�þÜ6ÒU4N���;ì�m\�§ØI��Ä�ÌÝ�?U TLB�

+n"

�¡¬w�§r TLB`¤´��é�¶ù«`{rN
 TLB¤k�'�

iÑý�¿1/�Ñ\�?1'�"15

ã 14.3: TLB�����

ã 14.3�Ñ
 TLBêâ��«¿ã"Òy3ó§·�b½���� 4

KB"TLB�'�i——Ñ\�——dn��|¤µ

• VPN2: �ÒÒ´J[/��pS ——�\�K�S/� 12 ��e�

Ü©"VPN2¥�“2”rNz�J[�kV��ÑÑ�lN� 8 KB/

�"J[/��  12ÀJ�éÔn/��¥�1��½1��"

• PageMask: ��J[/��õ�Ü©Ú VPN�'�§õ�Ü©D4�Ô

n/�¶~��� �±N�����;«"“1” L«�Ñ�A�/�

 "k
 MIPS CPU�±��¤z��õN� 16 MB"��Ñ ¥��

pk� ^5ÀJÛó�"

• ASID: IPT�/�=�áuA½�/��m§¤±�U3�Ñ/���

§� EntryHi(ASID)���uT��âë���"

G  XJ� 1 K'4 ASID ��§¦�T=��·^u¤k�/��

m£lùÜ©/�N�3¤k/��m�m��¤"ASIDk 8 µÙG

ö�XÚ�Öö�U¬¿£�=¦´ 256���. UnixXÚþÓ�¹Ä

�?§ê�þ���´��
"�´§���ù��¸e�“¹Ä�”D�

AÏ�)º“�U3 TLB¥k/�=��§” 256��´��Ün�þ�"

ö�XÚ^�7��Ø�Ø£Â ASID§ùò�9�3 TLB¥é@
l¹

ÄG�ü?�?§�/�=��?1��W"ù�´�¯åØ?Ð�¹§

�´¯åØ?Ð�¹ö�XÚØ�ØZ�õ
¶256�ATv±�y TLB

�W�gêØ¬õ�E¤5U¯K"

15rÏ^�äk 32�!z��¹�éJ[/�� TLB`¤´�� 32´|�é!z|ü�êâ

��p���§�,w�k:ÆÄí§�(¢v�"
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l?§��Ýù§�{ü�´ G ��3SØ��L¥ÚÑÑ��3�

å"�´�\�/�=��§G qáuÑ\"3MIPS32/64 CPUp§ü

�ÑÑà�?1“�”ö��)¤�^��§�´���k¿Â�(J§\

7L�yü��G ����"

TLB�ÑÑà�ÑÔn�ÒÚ�þ�´
^�I� µ

• Ôn�vÒ(PFN): ù´�Ø$ £XJ�L 4 KB��Ò´$ 12 ¤�

�Ôn/�"

• ��� (D): �� 1#NéT��\"“D”´Ï�T �¡�“dirty”  ¶

�Ï�ë�e!SN"

• k� (V): eT �"KT�Ø�^"ùwþ�Ð�vk�o¿Â"Q,

ØU^§��o�rù«P¹\1? TLBQºùkü��Ï"1��´Ï

�z��=��éJ[/�§�U��Ù¥��",��´W TLB�

^��
`z�Ý§Ø�u�A~"XJ§S3U
¦^73S���

L¤�����c�I�?�Ú�?n§�±�373S���L�I

PÙ�Ã�"3 TLBW��§ù¬��,�«g�5N^AÏ�?n§

ØI�zg^�W��ÿÑ�uÿ"

• p����� (C): ù� 3  ���Ä�8�´«©��p���

�£cachable¤ÚØ�p����£uncached¤«�"

�´@��e8���§̂ uü�k:pØ�N�8�µ3���;ì�

õ?nìXÚ¥§ØÓ��^5�Ñ�;ì´Ä���J«£d�M�

I�¦å�y��Åìþ��p����êâ��5¤"3“i\ª”CPU

¥§ØÓ��ÀJØÓ�ÛÜp���+nüÑµ'Xß��´£���"

äN�ë�\� CPUÃþ"

/�=�y3{ü
§·��±rþ¡�£ã�[ÐmXeµ

• CPU)¤��§S/�µù�U´��½êâÖ�ö�——�Ù§S

/�¿Ø uMIPS/��mAÏ��N�«"

$ 13 ´©m�§�e� VPN2Ú�c ASID£EntryHi(ASID)¤Ü3

�å§3 TLB¥?1�é"�é���É��� TLB�� PageMask

ÚG��K�"

• TLB��'�iµXJvk����'�i§Ò>u�� TLBWÉ~"

�´XJk��§ÒÀJT�"J[/��  12^5ÀJ�^=�¡�Ô

n/�"

5g TLB� PFNÊ�§S/��$ þ�¤�����Ôn/�"
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• /�k�íº�	w V Ú D  "XJØk�§½ö D  ´"Áã�

;§CPUÒ¬>uÉ~"�¤k/�=�g���§BadVAddrM�ì

¬�Wþ�A�§S/�¶�¤k� TLBÉ~��§TLB� EntryHiM

�ì¬ý\1�A/�� VPN"

B|M�ì Context£64  CPUK� XContext¤� BadVPN2�ò

¬£Ü©¤ý\1·�3 TLBÉ~WÏm�U=��J[/��eZ

 "�´ MIPS32/645�éuù
/��3O�É~¥�1�vk²(

`²"3Ù§É~¥j±�^ BadVAddr�U´�Ð�{"

• ´Äp���ºXJ C � §CPU3p���¥�éÔn �êâ�

��¶XJvké�§Òl�;ì¥�Ñêâ§¿3p���¥3e��

��"� C �"�§CPUQØ�é�ØW¿p���"

�,
§TLB¥êâ���ê#N\�=��é�þ�§S/�——Az

KB"ùéu�õêXÚ5`��Ø
"TLBA�o´^���d^��o�p

���§���SNÒ´ uS��'Ùg�Nþ��õ�/�=�êâL"

�§S/�3 TLB¥�é�}�§Òu)�g TLBWg�"16 XÚ^

���¤Xe�ó�µ

• kwwkvk�(�/�=�êâ¶XJvk§Tg�òN^?n/��
Ø�^�"

• XJk�(�/�=�§XÚò�E��¢yT=�� TLB�"

• XJ TLB®²÷
£¢S$1�XÚ¥A�[�´÷�¤§d^�ÀJ�

��±¿ï�"

• ^�ò#�/�=���\ TLB"

ë�1 14.4.8!±
)3 Linux¥�äN�{"

14.4.7 �l�?U��£�[“Dirty” ¤

�A^§SJø�;ì�¦^�ö�XÚ~~���lgþgö�X

Ú£l^�½ö�ä¤��½ö��T����±5T�´Ä�
?U"�?U

��£=“À(clean)”�¤�±��¿ï§Ï�2g�^��±éN´l©�XÚ

¡E"

^ö�XÚ�1{5`§?UL����“9(dirty)”�§ö�XÚ7Lc[

?n§���A^§S(å½ö9�Ï�������;ì“Àz"” �
9

Ïù«ö�§CISC CPUÏ^��{´373S���L¥�o�� §̂ ±

16ùÄ¾A�¡�´“”TLB��(miss)”£=fu)�¤�´“TLBW(refill)”£=·�ò��

�¤º�ù·��U3MIPS©�¥�öÑ^"
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L«u)
éT���ö�"MIPS CPU=¦3 TLBêâ¥�Ø|±ù�A

5"�L¥� D £�l EntryHiM�ìé�¤́ �#N §�,´^5IP

�Ö��"

¤±æ^
Xe�E|µ

• �����Äg\1?S��§òÙ�L�� D �"£L«�Ö¤"

• �ÁãéT��\�§Ò¬u)g�¶XÚ^�ò@Ñù´��Ü{
��ö��|^ù�¯�373S���L¥����“modified(?U

L)” ——Ï�T ?uEntryLo(D)� �§¦�ò5��ö��±Ø

u)É~�~?1"

• \���� TLB�¥� D §ù��ö��±?1£�´�u TLB��

O�´�ÅØ�ýÿ�§±d��P4�?UG���{´vk^�¤"

14.4.8 SØé TLBWÉ~�ÑÖL§

MIPS� TLBWÉ~o´kgCÕg�\�:£��3 CPUÿ�?u

É~�ª�Xd¶3 Linux¥?uÉ~�ª�u) TLBWÉ~´���·

�§ÏdØ��Ä¤"

É~~§�N^�§M�®r EntryHi(VPN2)���fâ�U=��/

���ÒµEntryHi��¤TÐÒ´Mï�A/�N��# TLB�¤I��

�ª"

M������
Ù§/��'��§�´ù
·��ÆÑØ^"

AO�§·�Ø^1 6.2.4!0��^ ContextéÑ�'��L���B

´^�“MIPSIO”�{"MIPSIO�{�¦3 kseg2�ï��£¶Âþé�

�¤�5�L£¢SþØ¬ý�Ó^�õ�m§Ï� kseg2«�/��?1N�§

L¥�����ÉØ¬N��ý¢��;ì¤"�´ù�Ò�¦z��§|k�

gØÓ�SØN�§LinuxØ��ù«(J"

�O��{´§Linux� TLBW�L|�¤��n?�L£©O¡�“�

Û?(global)”!“¥m?(middle)”Ú“PTE”¤"�´|©�¦^ C�ó�÷�±

Ø^UÄ�è4¥m?��ØÑy——ü?(�éu 32 MIPSv

"17

ù�\�±÷Xó�é�?Û\��� TLB��êâ——XJTêâ�3�

{§Xã 14.4¤«"

ù«(�éuSØ�;ì�¦^�é'�!�µ���:� 50 MBJ[/

��m� Linux§S��k 12 K� 4 KB����§z�I�oi!� PTEµ

ùI� 48 KB½ö 12��"ù´���Å��O§Ï�/��mSÜ¬k�É"

�´Ün����§|�N��ÒI�Ó^ 15��m"SØ£kseg2¤N�Ó^

��õ
§�´Ï�SØN�é¤k�;ìN�ÑÏ^§¤±�k�| PTE"
17�´éu 64 MIPSþ*Ð�J[�;ì�m§¤kn?Ñ´7L�"
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ã 14.4: Linuxü?�L£32 MIPS�O¤

�õê 32  CPUÔn/��m���� 32 µd�§3 EntryLo0–1M

�ì¥k8�p �^"Linux£Âù
 ^5P¹'u�L���
^�G

�"

ù�(¿�Xéù 32 � TLBW?n§SI��üg¢ÚO�Úng

��"@�,'�©� MIPS�Y£Ù¥¢ÚO�d ContextM�ì�¤�§

���Ö�Ò´l����LÖ�¤��þ�-S���§�´��Ø�"

\�U5¿�ùp�Qã�´�é,aA½�MIPS CPU"z� LinuxX

Ú�SØÑØÓíº�,Ø´µ�´3�c� Linux/MIPS�SØp§,
'�

~§——�) TLB�·¥É~?n§S——´dL°Ä�SØ^�3éÄL

§¥)¤��?��è§�éäN CPU�
à~"

��~f§e¡�Ñ���Äu 32   MIPS 24-K Ø�XÚgÄ)¤�

TLB�·¥?n§S"

tlb_refill:

# (1) get base of PGD into k1

lui k1, %hi(pgd_current)

# get miss virtual address (VA)

mfc0 k0, c0_badbaddr # (2) moved up to save a cycle

lw k1, %lo(pgd_current) (k1)
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srl k0, k0, 24

sll k0, k0, 2 # (3) shift and mask VA for PGD index

addu k1, k1, k0 # got a pointer to the correct PGD entry

# get VA again, this time from Context register

mfc0 k0, c0_context # (4) moved up to save a cycle

lw k1, 0(k1) # OK, read the PTE pointer

srl k0, k0, 1 # (5) Context register designed for 2x64-bit,

# entry, ours are half that size

andi k0, k0, 0xff8 # (6) mask out higher VPE entry

# load the TLB entries

lw k0, 0(k1) # (7) will lost a cycle here

lw k1, 4(k1)

srl k0, k0, 0x6 # (8) shift-out software-only bits

mtc0 k0, c0_entrylo0

srl k1, k1, 0x6 # same for other half

mtc0 k1, c0_entrylo1

ehb # (9) wait for CP0 values to be ready

tlbwr # (10) write into TLB (somewhere)

eret # (11) back to user

TLBW�è�`²

(1) 3É~?n§S¥§̂ ��½#N·�Ã�¦^ü�M�ì£k0–1¤"Ù§

¤kM�ìÑ��3XA^§S�êâ§·�ØU-"

(2,4,5) T�èÏ����-S�Ú,���Ot�'�JÖ"ù��´�


�Çµ24-K CPUÖ�I�Ä�M�ìJc��±ÏO�Ð§¤±XJ

\3þ�^�-O�Ä�Ò¬����±Ï�Êî"3 (2)Ú (4)?·�

é�
��vk�6��-?1�O§�3 (5)?Òvk"

(3) lã 14.4��§·�^J[/��p Ú�·¥�=�/�£ u Bad-

VAddr¤�� PGD�¢Ú"Ï� PGD3z��¥Ñk��£o�i!¤§

·�I�r¢Ú��£� ��i! £þ"\ØU{ü�m£ 22 §Ï

�\�U)¤��vkiéà���§ùé MIPS�i\1ö�´�{

�"

(4) ë� (2,4,5)"
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(5) �kü�M�ì�±^§·�Ã{���k�J[/�"¤±y32g¼

�Ù�§�´ùg´l ContextM�ìÖ�§Ù¥k·�I��“VPN2”

��$ "éu 64   CPU ——I��±ü� 64  ��5W¿�é

EntryLo0–1 ——(JffÐ§VPN2þ£ 4 )¤��d 16i!��

¤�L�¢Ú"�´ MIPS32þ� Linux/MIPS� PTEL¥z�´ 8�

i!§¤±·���m£� "

(6) Ï�Ø��Context �p §¤±·�òÙ¶-Ñ�"=¦3�Ò�þ

� �¿�o´�"µSMP Linux XÚ^�=dÊÏ�Ö� �¤�

Context(PTEBase)�§3pÞ���� CPU ID"

(7) ë� (2,4,5)"

(8) 3ùaPk 32 Ôn/��m�XÚþ§EntryLoM�ì�k 26�k¿

Â� "LinuxrÙ{ 6�^�^�I�§·�ÏL£ �K
ùA "

(9) ù^�1�x�o�-�y�Y��-ò´�é CP0� EntryLo0–1M

�ì��\ö�)���"3Nõ CPUþ§lmtc0�-� CP0M�ì

��\ö�36Y���Ïâ)�"

(10) tlwrò����� TLB��\ TLB���“�Å” �"¯¢þ§§l

Random¼�¢Ú§TM�ì3�� TLB ��mëYÌ�Oê§�´

TLB�·¥u)��mv
�Å§¢S�JéÐ"

5¿ TLB�SN�9�o� CP0M�ìµ·�ff\1
 EntryLo0–

1§EntryHidTLB�·¥É~M�gÄ��§PageMaskdLinux/MIPS

SØ�o�éAu 4 KB��~ê"

(11) eretr·��£�;É TLB�·¥��-§ù£��ATÐ�:"5¿

eret�´�� CP0�x�o�-§¤±�� tlbwr�¤��â#Né�

£^r��-��"

14.4.9 TLB��o±95¿¯�

MIPS TLB�´�
/�=�êâ��8Ü"z����´duW?n

§S�1Äâ?\ TLB"�,�õê��±Ó��ª�CX"�´k�ÿSØ

��UC,��L�§ù��¢ TLB¥���Òé�
"

éuü���§·��±^J[/�+�©�� ASID �é TLB§�1

tlbp: XJ@pk���§·��±^��Ã��=�CXT��=��"

,§k�ÿ\�U��5��Ä�"ASIDÅ�#N TLBNB 256�Ø

Ó��;ìN��§�´ LinuxXÚ3éÄÚ'Å�mÏ~$1�?§ê�õ

u 256�"¤±k�ÿ��Ø��1/�=��§Ï��£Â ASID^u#?

§§ù��P�/�=�Ò���
"
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��ù�:vk{'��{"\���gH{¤k� TLB�£¢Ú�3

IndexM�ìp¡¤§rz��Ö�~5M�ì¥§u� EntryHi(ASID)�

ASID��§�¢��£Â� ASID�����z��"

14.4.10 �;ì/�=�Ú 64 ��

�MIPSNX(�u²��ÿ§32  CPU®²Ñy
�ã�m
§���

��§S�êâ®²¯O�� 100 MB ——/��m��e 6 �m"18 Ïd

kv
�nd�°%¦^ 32 �m§Ø�Ï�[B�©ã~��m¶ùÒ´

��o£±^rA�$1�¤A^§S�gC�3 31 Ï��m"

� MIPS III�-8u 1991cÚ? 64 M�ì�§�Ý+ku���.§

�X·�3 2.7!?Ø�§MIPS�U' 32 /�ý�wÑØv�@o�8c"

M�ì°Ý�\����/��mO\A� Ò�±�y�5
^
¶��

�´��Äö�XÚêâ(�d3��¿5O�Ø´k�/|^�Ü/��

m"

duÄ�� 64 �;ìN�é¢S�/��m���3�ã�mS�Ø

¬��¶nØþ#N�N��^rÚÙ§�m3Ø^#|���¹eÒU

��O�� 61 "�´�8c��§40 �^rJ[�m®²é¿v
"�

õêÙ§� 64  LinuxXÚæ^ 8 KB��§�´ 8 KB��3MIPS¥éæ

�"MIPS TLB�ü�=���±N��o 4 KB�o 16 KB����§�Ø

UN� 8 KB��"ù� 64 MIPSSØ^ 4 KB��§r 16 KB����3

]c��5��Ø��À�"

XJ\£Þw�eã 14.4 2���e3 PGD Ú PTE �m��|¥

m£PMD¤L§ÒUé�t/3n?�L¥)Û 40 J[/�"·�r[!3

�@
�¿�Öè�9%Öö"

18{¤þ§A^§Sé�;ì�m�I¦wþ���zcO� 3
4
 "
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�;�¯K

LinuxSØ��Ü©Ñ´^�£�� C��§�Ü©��èØ^?�Ú?

nÒ�±��£���MIPSùa�ß�NX(�þ"3þ�Ù·�w�
�


�7XÉ~?nÚ�;ì+n�Åì�'��è"�Ùw�eÙ§I�AÏ

�MIPS�è�/�"

cü!�9�õêMIPS CPU3?§�B5ÚM�{ü5�m��ïµÄ

k§MIPS p���~~�^^�+n§Ùg§MIPS CP0£CPU ��¤ö�

k�I����Ä6Y��J"·�e5òé¯w�Hk' MIPS �õ?n

ì£SMP¤LinuxXÚI�
)��£"���!y�úN�^DÛª�®?�

ó�è\���¦^ªÇép�SØ~§"

15.1 ��+np���

3 x86 CPU¥§�Ò´ LinuxÑ)���/�§p���Ä�´Ø���§

dM��o��§ÒÐ�3��ÚS������"

MIPS XÚØ´ù�§Ù¥Nõ MIPS Ø�p���vk?Ûa.�	

�“��5”M�"Linux7L?nÐA��¡�¯K"

15.1.1 DMA����
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15.1.4 p���K
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15.2 CP06Y��x
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�o�õU"

sync�-�k,	�¡"3Nõ CPUp§§�k�éäN CPU��	

�½�r��Â§'X“�ÜêâÑ®lmXÚ��§”½ö“����·�

��Ö�è���"” I��Ö\� CPUÃþéÑ5"

353



15.4. '�~§�ÃóN` 1 15Ù LinuxSØ¥'uMIPS�;�¯K

15.4 '�~§�ÃóN`

��é¯/w�
`z� Linux�è§5aú�e�éäNNX(�½ö

CPU�5U`z�d��.kõ�"

clear_page()~§3 LinuxSØ¦^�éõ"�ÜW÷"��¡Ò´��

÷vA^§Sêâ�m“�Ð©z”Ü©�I��§��^��«�Øþ�§

S�¡±�l��§S�,��§S�mó,�&E�¦£ù«�¦��S�

üÑ¤"

ùp¢y� clear_page()æB
A�g�"§ÐmÌ�——zgÌ��Ø

���p���1£3ùp´ 32i!§8�i¤"

T~§�^
MIPSAk� pref �-±���p���"XJý�ý�I

�l�;ìÖ�êâ§'å CPU�1�Ý@òs¤é��mµ¤k·��Jc

éÈÒ�ý�"3ùp§“éÈ”Ò´ 512i!§16�p���1"

�´XJ CPU �±n)ý�J«§Ò^;��“��ý�”��§�±Ã

IÖ??Ûêâ#ï��p���1£§S
��y���p���

1¤——ë�1 8.5.8!"

e¡´T¼ê§O\

5º"P4 PAGE_SIZEÏ~´ 4096"

#define PREF_AHEAD 512

clear_page:

# the first loop (main_loop) stops short so as not to prefetch off

# end of page

addiu a2, a0, PAGE_SIZE - PREF_AHEAD

main_loop:

# the prefetch. Bring in cache line, but with luck we won’t read

# memory. But if all this CPU offers is a simple prefetch, that

# should work too.

pref Pref_PrepareForStore, PREF_AHEAD(a0)

# now we’re going to do eight stores

sw zero, 0(a0)

sw zero, 4(a0)

sw zero, 8(a0)

sw zero, 12(a0)

addiu a0, a0, 32 # some CPUs choke on too many writes at

# full-speed, so increment the loop pointer

# in the middle to give it a break.

sw zero, -16(a0)

sw zero, -12(a0)
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sw zero, -8(a0)

bne a2, a0, main_loop

sw zero, -4(a0) # last store in the branch delay slot

# the second (end) loop does the rest, and has no prefetch which

# would overrun

addiu a2, a0, PREF_AHEAD

end_loop:

sw zero, 0(a0)

sw zero, 4(a0)

sw zero, 8(a0)

sw zero, 12(a0)

addiu a0, a0, 32

sw zero, -16(a0)

sw zero, -12(a0)

sw zero, -8(a0)

bne a2, a0, end_loop

sw zero, -4(a0)

jr ra

nop
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©�¬£«(section)¤Jø�Ð©êâ"�´k
S�¬——AO´NBæÒ�

@
S�¬——´d\1§SMï�"

3 Linuxp§3�¹Ó�ó�ü����¹Ä�§S�m£U�¤��§S

�è"ë����§S�g�±Pk��ØÓ��;ìN�¶Ø+�è uJ

[�;ì��o/�§�èg��S�N�Ñ7LU
�~ó�"�é{`§�

1éu�¤Ä�ó�§S�ü��?��©��vk����{"·�¡��“ó�ü�(link

unit)”�ÀÜQ²�¡�Ä���é�£DSO(dynamic shared object)¤!8I!½�¬"�ù�

C++�é�£object¤vk'X¶“�¬”ù�c®²^5L«?Èì3�g�ï¥)¤�ÀÜ"¤

±�!·�¦^ù�¥á�c“ó�ü�”±J2\ù��?��è´3ó�����ã)¤�À

Ü"¥ó�ü�©�Ï~^“.so”�ML«"
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stack

ã 16.1: Linux§SS�N�

è7L´ �Ã'�è= PIC"=³©|ÚN^�-æ^�é PCÏ�ù�:

Òr�è¡�“ �Ã'”�y�¿Ø¾�"�´ Linux PIC�è� �Ã'5

�'ù�.�õ§Ï�Ø1�èëêâ��± u?Û/�"Ø+ó�ü��

ã�� u�;ì��o/�§¤k��èÚêâÚ^Ñ7LUYk�"

��5�Ò´§���ó�ü���èl,��ó�ü�¥N^��¼

ê½öÚ^�¬êâ�§¼ê½êâ/�£�c�¢S�¤7Ld�3$1�§

SO�Ñ5"ùÒ�k GOT(global offset table �Û £L)"

zã�èÑk�� GOT§38I©�¥½Â"3Ä�\1ì�¤\1

�§GOT�¹����2§��Tó�ü���è^��z�	Ü¼ê½êâ(

�"ó�ü��8I�èéù
	Ü/��Ã¤�µ§�k��ÎÒL§ÏLÎ

2ù«`{Lu{z
"��#Nó�ü���èN^	Ü¼ê½Ú^	Üêâ§Ò�±r?Û

ÀÜÑ�? GOT"
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ÒÚ¢Úm�N��l GOT�\�"\~~¬w�ù«`{§̀ GOT�z�

	ÜÎÒ�3��\��——ù�`{v�§�3\�w\1?S���?�

�è�N´Úå(¾"Ä�\1ìÖ�ü�ó�ü��8I©�§�§�©�

�m§,�ÏL��ÎÒ5é��(�	Ü/��? GOT"

·�fâ`L§SØ¿Ø'%A^§S´N��ï�§̄ ¢þÄ�\1ì¿

Ø´SØ��Ü©"§g��´��ó�ü�§Ì§SÒ�Ú^Ù§Ä�¥�

�Ú^Ä�\1ì"�� PIC¥�A^§SéÄ�k$1Ä�ó�ì§òJ[

Å VMN��Ù{Ü©©���å§,�âN^A^§S� main()"

16.1 ó�ü�N��¤��§S

r��#�ó�ü�ÊÜ�§SpÞkn«�ªµ

• �§S\1��\µz�ó�ü�§lÌ§S£��1©�¤m©§�¹�
�3N^ main()�c�\1?J[�;ì�Ù§ó�ü���L"ù¿

Ø´`§S¢SþÖ\
�;ì§$��Ø´`®²��
J[�;ìN

�µù�´��J[�;�ö�XÚ§§S�èÚêâ��Ü©��¦^

�â¬Ñy"

• ÄgÚ^~§�\1µÄ�\1ìí´é,
ó�ü��\1£“Bé

?(late binding)”¤§ù«�{�cJ´ó�ü�´��X{�¥§Ù��

��d¼êN^�¤§vk	Ü���êâ"

\1ì´ù���µ���Bé?�ó�ü��'� GOT\�§dó�

ü�£NÄ�\1ì¥���¼ê——T¼êKI\1"��ó�ü�!

?� GOT¿�£�%/¤ò���£�#\1�ó�ü��¼ê"38

I©�¥�I£ÑBé?�ó�ü�"

• ��\1µ̂ dl_open()¼êéÑ¥ó�ü�§,�Êë?§S§¿�ï

��SN�)��#§S�ÑÑ�¼ê���3S�êâ(�"

ù���ó�ü��ó��ªé��� C++é�£¼ê��4<£�å

C++��{¤——ùÒ´¯�oó�ü�k����Ä���é���

Ï"

�õê�ÿ§\1ØÓó�ü��gS¿Ø�µ\1gS¬K��;ìÙ

Û§�´z�ó�ü�Ø+3�o/�ÑUó�"

�´k�U�ïÑù��§S§Ù¥ØÓ�ó�ü�Jø
Ó��ÎÒ"3

�u)ù«�¹�§Äk\1�ó�ü�“�Ñ”§JøCþ"
3k�ù�´��Ø§¬��ó��}§�´k
ÎÒA¿I£��kõ��kS����½

Â£\1�1��½Â�Ñ¤"
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16.2 �Û £þL£GOT¤�|�

§S�ïL§£·��´?ÈÚ)¤§S��ó�¤�z�ó�ü���½

Â�� GOT§�,�L��´��Ü{�"4 z�¼ê�±é�gC� GOT§

Ï� GOT� �l¼ê\�:� £þ´®��£P4§ó�ü������

N1\S�§¤±SÜ £þ�?È���¤"

GOT�z�\�Ñ´——��u——���ãêâ½ö�è\�:5 �ý

é��§d¦^T GOT�ó�ü�¥�¼ê£��½öÛ¹/¤½Â�	Ü�

�"GOT��6uó�ü�3§S/��mS�©Ù§dÄ�\1ì3ó�ü

��\1�O�"

Ï�ó�ü���è£Ú�Öêâ¤��?�N�3 Linux�a�ö�X

Ú¥´ý����§·�ØU3\1�é�è?1?Û�6u/�N��?�"

� GOTKáuêâ��Ü©§�z�§SgCÑk�°��"GOT¥��

�é¦^��ó�ü��z�§S�±�Ø�Ó"

GOT�¯éª�§¤±3 PIC�è¥§?Èì/ó�ì3Ü¤�è��±

gpM�ì��z�¼ê� GOT"æ^M�ì gp��L�Ä�´�Ø��À

J§Ï�ù«^{aquæ^�é GPÏ�êâ��{§�ö¦� gp¤�
�

3M�ì"Pª��éu GPÏ��êâÚ PIC��þÒ´ØoN�§¤±Ø

¬k��Àâ"

GOT��7L3z�¼êm©�O�Ñ5¿\1� gpM�ì"ù:Ø�

ÐÐ�——éu PIC�è§?È�·�Ø�� GOT¬3=p"�´ GOT´Ó

�ó�ü���Ü©§¤±l¼êg��\��GOT� £þ3?È�´®�

�"

XJ���§¼ê“��”gC�^/�N^L§@où�O�Ò¬N´
§

Ï�Ò¬k��M�ì®²�¹
T¼ê�/�§O���gC�GOT���

�Ò�:¯"Linux/MIPS�½�¦¤k� PICN^æ^ t95NB�N^¼ê

�/�"

,�¼êÄÜÒ�±üÚ£Ø�½´ü��-¤�Ñ GPµ

entrypoint:

addu gp, t9, GOT - entrypoint

^GOT\��¯ØÓó�ü�êâ��è==��AT�=�GOTø¥
��é��µ3ó�ü�ó���å��ÿ©� GOTø§�´�;3 GOT¥
�����§S\1�3Ù§ó�ü�C\�â(½"¤±?Èì7L)¤�

1Vm�Ï���è§\1��	Üêâ���"

4¦^õ� GOT ——Ï~´z� C�¬��——´?n�L 128 KB� GOT��ó�ü�

�ÄÀ�{£XJ GOT�Lù���§?ÈìÚ®?ìØ�Ø)¤����èS�l GOTu¢

��¤"
53,«����¹e§?Èì�U“��”ü�êâ��m�ålµ@«�¹éü�êâ^Ó�

� GOT\�"
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load:

lw t1, gp(MYSYMBOL_INDEX)

lw t1, (t1)

store:

lw t1, gp(MYSYMBOL_INDEX)

sw t2, (t1)

call:

lw t9, gp(MYFUNCTION_INDEX)

jalr t9

PIC�è'^�½/���è��ú§�´��¥�`³�õ§v±-��

dGÑ��d"·�3�ÙmÞ��ÿ�J�
 PIC�ü:`³§@�´�


Jå\?�Ú
)�,�"ù
`³�Ò´��Bé?�5�;.`³"��

±�Ñ�õ�`³§�)µ

•  ���?��èµXþ¤ã§\�XÚ��?��èØI�E� C¥¼

ê"
�E,�¥~¦{ü�A^§S�/��"

• ?���¥¥�"�Ò?�
¤k�6�A^§SµXÚ¥�E,��

�è u¥¥§¤±=¦ü��XÚ�USC
ØÓ�A^§S8Ü§4

¥±�ü��?�©��Ó�±Ï�#E,kÐ?"

• �Jø¢3��V\
#�À�µ�\��=�,�¥¼ê½öSØ¼ê
�§\�±Jø��æ^#�A5#¢y�oN�¥"

• ¥3A^§SÚSØ�mJø
���l�µù4A^§SÚSØ�±�
güÕüz"

��§Ä�¥�è'·�ó�� C/C++Jø
�«�p?�mu�¸"

Ø
ÏLGOT��«	ÜN^ÚêâÚ^¤�5��1�mm��	§Ä

�ó�¥�k��Ø|�Ï�"k
Ä�\1§A^§SÚ¥Ò�\�~E,

��6'X��mÅ�Ø�µù¦�SC#^��N´Ñ¯K§íØXÚ¥�

Î^�Ò�N´Ñ¯K"��èF�Ä�¥u¢Ú��I£XÚ´7Ø���"

@Ï�WindowsXÚQ²É�Ï¶èÍ�“DLL/�”�(6§Ò´Ï�ØÓ�

A^§SéÓ��¥��¦pØoN"

y��XÚ£WindowsÚ Linux�a¤q��E
��U
è�l�6

'X��6êâ¥XÚ"Ä�ó���è�¬���3e�§l�;�m�²

L�Ý5`§§éu�k�þA^^��?Ûi\ªXÚÑé�"
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N¹ A MIPSõ�§

õ�§M�´ 2004–2005 cm9��O�Å.�“e���â»(NBT

——Next Big Thing)"”�
 2006cØ2@�µJ[zwþ�Ð�¤�
Tc

Ý� NBT§TEâþgQ3 1975–1980cm¼dÏJ"õ�§���9��,

®²L�
§�õ�§Eâ����5E,ØQ~ò"

¤±·�Áã½Â�e�o´õ�§§,�¯§k��ok^"·�^“õ

�§(multithreading)”�Ø\ëiÎ§^ �“MT”�L MIPS32/64 �NX(

�*Ð£MIPS ASE¤"

A.1 �o´õ�§º

�§Ò´Uì§S
¿ã^S�1��-S�"

ù�½Âwþ�ý�k:{ü§�%4“�§”¤
���U��5Ã�À

Ü£÷Xf§SN^ä�´�«ª,�´»§Ì�¥�¬ki@�Ì�¤"�´

���DÚ� CPU?n¥ä��ÿ§@ÒØ´Ó���§
£��§3¥ä?

n§S�£�cØ´¤"ö�XÚ¡��“?§”!“?Ö”!“��”���ÀÜÑ

´ØÓ��§"

�\��õu���§��ÿâI�½Â�§£ÄK�§Ò´ CPU�3$

1�§S¤"N´wÑ��o3kNõØÓ�^rÑ:X��$1¦��§S�

©�O�Åþ§\��õ��§"

k�\��O�Å$1ü��§S§�´7L�N�A5�I¦"k
¯

KPkS3���þ�¿u5"£nØþ¤\�±���§S§A^,«õ´À

JN^5��eZ¯�!éÑ¯�¿�N^�A��§~§"½ö\��±u

²��¿u§S�O�ó"

�´��¿u�§SéJ�§l5vk�«¿u�óý���2�A^"3

1970c�§'u�O!?�ÚÿÁ?n¿u¯��§S¢^5�ïÄ�¤
�

�(Ø"ïÄö�ªÊ33æ^ÏL{ü�½���p�K��õ�{ü�

§�g�þ"

éuù
��´A�æ^Äu�ED4�´Äu�{ü�aq&Òþ�Å

��u
�|É~-��ü}èú�SÔµy3��@®�ï
Ô�§(Û´�
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[�I"y��ö�XÚ�¹
NõØÓ�Ï&Å�§�,ØÓ�§S
�U

�S.uæ^ØÓ�f8"

�§ù�c��«Ou“?§”ù�â�Ñy§´�
4�§Ø2kÙ§

KúµUNIX ?§z�ÑPkgC�/��m§�´�§K�±��/��

m"POSIXIO 1003.1£¡�“PThreads”¤�wª���èÚêâ��§í�


�|´L�ªö�XÚ�?§��§PThreads®²��y�ö�XÚ�2�

�É"

A.1.1 Ó�$1ü��§I�=
]º

�,ü���� CPU�±��"�´ù��¦Ð��õ
µ·��¯�´

��I��oº

ÏL�w£$1u��DÚ CPUþ�¤õ�§ö�XÚ�z��§�±�

&E§�±��éù�¯K�YéÐ�J«"��§Ø3$1�§	w�§§�

±é��� PC£�§egm©���1�/�¤Ú���¤k§S
���Ï

^M�ì��"éu MIPSþ�^rA�?§S§Ò´Ï^M�ìÚ¦{ì�

hi/lo\\ì"ö�XÚI�±k�c�3$1�@��§�I£Î§±9�c

´Ä±kSØA�?£��1XÚN^�Ò¬ù�¤�I�"�oõ�/��m

�MIPSö�XÚ�¬I��� ASID�§Ï��=�/��M��^�"

Ä�þÒù

µPC!Ï^M�ì!�§I£Î!Ø%�!ASID"ö�XÚ

¡���§�¸§3���¹e§z��§7LgCkù
M�ìÚ����"

\��±l,	���Ý5w"bX\��,<	ï\�õ�§M�§

�´\�M�U
$1yk�^�@òék`Ñå"V?nì x86 PC �M

�£cÙ´�Ù;��'� x86�.ÑÖìM�¤®²Ñ5ÐAc
§Microsoft

Windows!Linux!±9Ù§ Unix®²��N�|^@«M�
"¤±� Intel

3Ù“��§”CPU¥íÑõ�§Uå��ÿ§§Or
M��Uå¦��k�

�õ�§ CPU�XÚU
Ø^?UÒ�±$1�V CPUXÚ�ï�^�"�

3 MIPSþ¢yù�:§\I��z�“J[?nì”üÕJø��M�ì��

�"

@´ü«ØÓ�õ�§�{"MIPSA�æ^=�«º3·�£�ù�¯K

�c§4·�kÖS�e��o��ù��"

A.2 ��o�^MTº

2005–2006cm�DÚCPUE�
“�;ì£�ò�¤ý9(memory wall)"”

$1�^�-s¤��mü$��Ý®²'���mü$��Ý¯
éõ"¯

õ�QºIntel� 32  x86 CPU®²l 1985c� 16 MHz�
 2005c��� 3

GHz ——20c¯
 200�"3Ó��m§�;ì�¯�m�eü
§�´==
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o�§l 1985c� 180B¦�y3� 50B¦"1

oÑ�`§ù¿�X3 1985cÖ��gS�4 CPU�Êe�o�±Ï§

y3�4 CPUÊe� 150�±Ï"p���Ú4�£êâ�c¦þJc�1�

CPU�OEâ��¡��ÌÝU?ùX
ù�¯K§�´?�ÚJ,��m4

�k�"Ï�����;ì�êâ4 CPU�L����m3�=§ù«�¹

®²i��."

i\ª?nìØ¬$1u 3 GHz@olÌ§�´§��p���Ú CPU�

OÑ{ü"���i\ªXÚ§��Øõ4 CPUk 50%��m3��"

õ�§M�éi\ªXÚk^�k,	���Ï"XJ\k�
�¦ép

� I/OÑÖI¦§̂ ��;���§5ÑÖù�I¦U¢y�¯��A"\�

±rl I/OXÚÖ�êâ��§“Ê�”3@p§êâ�O�ÐT�§Òaå5

ó�"vk¥ä�m�§�——���´——vkd3�ö�XÚm�"X

` I/O�§7L$1IO�ö�XÚ�èº

¤±`õ�§´�Ð¯�"·�TN��Qºda¤�´Ä�Ø�Qº�Ï

~i\ªXÚ��§K�¤����Ï�´�¡¡ÈÚõÑ"

A.3 MIPSN�¢yõ�§º

RISC CPUU�rüÑû½3�^�KI§Ø´��M�"RISC��K

��u(¹Ï^�)û�Y"ù¦�MIPS MTk±eA�A:µ

• p����§M�ìµù�
ö�XÚéõ�§�����"mftr Ú

mttr´A��-£“��§M�ìDxêâ”¤#Nö�XÚ^�Ýº


)ØÓ TC�M�ì"ù´¤kª�§Ð©zÚ�o�Ä:"

• éÄ��ü�§µù:�Ì
Ú�^����É��K"ö�XÚ½öÚ
�^�3O�Ð��±�2�õ�§"

• Ó�Jøü«/ª�õ�§µ��m��§Ú�Ú���“J[ CPU”�

±·Ü��"Ä��MTA5Ò´���§Ú�§¡�TC£5uThread

Context¤"XJ·�ÒÊ33ù�Ú§CPU¥Ø
����§�¸	Ù§

¤k�ÀÜÑ´���"

Ù¢§·�#NMT CPUE���MIPS32/64oN� CPU¤I���

�"ù
aq CPU�M�ì|ÚÙ§]�z���� VPEµ��½õ

� TCÚ VPE�'é§¿��§��M�ìÚ]§VPE¥� TC�¤

��“J[?nü�(virtual processing element)§”ùÒ´ VPE ��5

{"�� CPU�±¢yõ� VPE±)¤wþ��õ� CPU�ÀÜ"
1�;ì�°þ,��Ç�¯�õ"��X¤`�“sa�±ï���°"�� á�ò§Ø�Â

ïþ2"” ——EâÒ��uùé{¥�a"
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MIPSúi1��MT�¬§34-K CPU§�õ�±kÊ� TC3ü�VPE

�m?¿©�"

VPEm�±��éõÀÜ§�,z� VPEl^�þ�du��MIPS32

CPUµùØ´ý�V CPU§�´wþ�é�"p���!Ì6Y�!�

�Ü6!�âÜ6ü�ÚXÚ��Ñ´���"TLB3ØÓ VPEm�±

^M��m§½ö��£��� TLB���9éö�XÚ�NõÛÜ?

U¤"

Åì$1�z��-Ñk�� TCÒ§̂ 5ÀJäN��¸"�T�-�¯

,
G���ÿ——~XÖ�Ï^M�ì��ÿ——Ò^Ù TCÒ5*Ð®²

½Â3�-S�M�ìÒ�"�^�-�âØÓ� TCÒw��´�|ØÓ�

M�ì8µ�~{ü�´�(k�"

duþ¡J�� TC/VPEE|§MIPS MTØ´@o{ü"ù^�-�U

´ TC #5�£l1Ê|Ï^M�ì8�¯êâ¤½ö VPE #1£l1�|¼�

CP0M�ì¤"ù�A�v¯K"�,��E,�´§4@
ØU{ü�8�M

�ì� CPU]ó�"�´@®²ØáuNX(�§´áuäN¢y
¶ù


á�\7L�Ö CPUÃþ"

MT5�vkM55½§�´¢S�MT CPUI�U¯����§§ÄK

�§������m�U¬¯Kd3�óéþO\"Ù§ÀÜÑ��§Ï~�

Ð3¦�U[�âÝþ·Ü�§µ3üu� CPU¥§ù�u`��õ��§O

�Ð§z��¨±ÏlØÓ�§�u��^�-"

A.3.1 MT#O� CP0M�ì

ù
M�ì�±©�n|µJø�z� TC�!Jø�z� VPE�!�k

A�´Jø�z� CPU�"����´Jø CPU�]�ü£õ�� TC? õ

�� VPEº��¤�M�ì§�±��¶ùpØ?�Ú`²"

z� TC�M�ì�)µ

• TCHalt: � �M�ì§�\ 148IÊÅ"8I TCÊÅ�§ÙG�´

½�§�±S��\§�M�ì"

• TCRestart: �§“PC” ——��§Ê��§ùÒ´eg$1�1�^�-

�/�"��§Ø´Ê�G��§vk�õ�¿Â"

• TCStatus: � TC�“¢3”�——SØ/^rG�!ASID!±9�-8À

�I�£'X¦U2:�I��¤"�k��I�L²�§Ê���- 

u©|ò´ø£3ù«�¹e§TCRestart��c¡�©|�-¤"

• TCBind: �¹�T TC'é� VPE� ID£3 34-Kx CPU¥��¤§±

9T TC� ID§�ö´�Ö�"
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• TCContext: ��X{d^�Ö��M�ì§;.�^{´��A½ö�

XÚ��§ ID"

� VPE�M�ìVPEControl^uö�XÚ$1L§¥�±ÜnUC�

���§VPEConf0–1����4�U´�g���Ò2�ØC
"

A.3.2 É~Ú¥ä

ü�§�MIPSNX(�� CPU�É~Ï~é6Y�´4ä»�5�§~

^�¢y�{¿ï
Nõ�1G�£6Y���§ý���-¿ï¤"MIPS MT

Åìþ�É~u)3�§�¸¥——Ù§��§£��@
3O� VPEþ��

§¤�"ØÉ�6UY$1"¤±�±ýO�·�3õ�§Åìþ#½Â�

§�¬k(J"

%¥�P4ö�XÚ´��§S£Ù¢´�|�§¤"äN=� TC�1=

�Ü©�U'XØ�"X·�3�N¹�mÞw��§z�É~?n§Sg�

Ò�¤���§"¤±�$1��É~?n§S§·�I�/^�� TC5¥ä

Ù�5��§¿$1ù�É~?n�§"

É~©ü«a."¥ä´ÉÚ�——§��u)�Ï�äN�-Ã'"�

´�õêÙ§É~´ÓÚ�——§��A½��-�éX"·�kww��«

a."

ÓÚÉ~?n§Sd��É~��-� TC$1"TCá=Ê��~�§þ

�ó�§m©l·��É~?n§S�Ñ�-�1"

MIPS MT ASE5½�� TC?\É~G�§Ó� VPES¤kÙ§ TC�

Æ6Ê"��É~?n§SlmÉ~�ª§Ù§ TC��-â�±�1µÒ´`§

����� SR(EXL) �É~?n§S(�� eret�-�"§½öÏÉ~?

n§S©|�ö�XÚ��É����èÜ©�""É~?n§S¦þ~�

s¤3É~���m�5Ò´ûÐ��{§�õêö�XÚÑ´ù���"

�´XJ\�A^§SI���z¿u5§\A��Ä��zÉ~——\

�±^��3 ITC �¯½ö yield ^�þ{l��§"�,SüÉ~?n§

S£¦�U@/¤��7�G�±BòÑÉ~�ª"

A.3.3 MIPS MTÚ¥ä

3MIPSNX(�¥§¥ä+nÏL CP0M�ì£äNÒ´CauseÚ SR¤

?1"ù
M�ì�z� VPEØ´z� TCE��°§¤±¥ä¶-ÚD4

dz� VPE+n"$�MÙ�ë�Ø�¥ä&Ò�´dz� VPE?n"

z�¥äÑ\�U�ë��� VPEþ§��Uë��Ü VPEþ§¤±=

� VPE�Â¥ä�9�XÚ�M�Ù��ª§���UÚ^���k'"XJ

\Ø\¶-/r��¥äë��õ� VPEþ§?¿A� VPEÑ�U�A¥ä

É~——\�VØF"u)ù«�¹§¤±�oOë��oO¦U,
¥ä"
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¥äÉ~�±d� VPE�é�?Û�^� TC�A"

MIPSNX(�®²Jø
õ«�ª5áý¥äÉ~"É~�ª!�Ü¥ä

¦UI�£�U�"¤Úü�¥ä�¶- §= SR(EXL)!SR(IE)!SR(IM)

 ——ùp�Ñ�Ø´�Ü——Ñ�±��T VPEþ��§u)¥ä"

MIPS MT5�O\
q��Ø�A¥ä�nd"y3\�±����#�

z� TC� CP0M�ì� TCStatus(IXMT)£¥ä¸�¤§T��±��A

½ TC�^u¥äÉ~"

A.3.4 �§`k?J«

k
A^§Smu<
éu�±�� CPU�° ����§Ø´,�

��§�UåL«a,�"MIPS MT5�Jø
ù�A5§¦+¿vk`²N

�¢y"��NÝüÑ+nì£policy manager§~ Ñ� PM¤́ CPU	Ü�

�¬Ü6§�±�éäNA^½�"PM�z� TC)¤�� 2 �`k?"3

Øp¡§o´`k�1�$1�p`k? TC§Ø´�$1�$`k? TC"

y3Ò5µØmu<
æ^ù��Y�¤õ5���L@"

A.3.5 ^r���Ä��§Mï——fork�-

õ�§M��k��ék¿g��vkû^z&¢�A^§Ò´Jø,	

�«uy9|^G1�{�¿15��{"~X§��Ì��±ÏLü��§

©O$1ÙÛêÚóêgÌ�5`z"

XJù�3��o�ö�XÚ�|±e�¤§Ò�¦k���~p��Å

�=Iu�#�§"MIPS MT� fork�-Jø
ù��«Å�"

ù� fork d,s,t¤
�^^r?�-"XJ���~§T�-3O�ÒX�

TCþm©��#�§§l s¤����-?m©�1"f�§� d¼�I��

§� t�"

ö�XÚÏL�o��©|ÒX�´d	�s� TC�À³£ÏL��I

�  TCStatus(DA)5£O¤"�#�§�¤A^§S�?Ö�§Òª��1§

¿^�^ yield $0�-r TC����À³"2

fork´��cÇ5�A5µ3�Ö���§�vkö�XÚ|±ù�� TC

�À³"�3@p´�
4MIPS MTNX(�U
�Xõ�§Vg�DÂÓ

âk| �"

A.4 MT3¢S¥�A^

y3�,�@§�´<�^õ�§§äN�^MIPS MT3�
�oQº
2� yield�M�ìö�ê���"��K^u��ØÓ�8�"
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��/`§<��3&¢½ömu�kü«ØÓ�XÚ"�«´Ï¦?U

IO� SMPö�XÚ�è£�Né��?U¤§±·Üu��éDÚ�õ�§

ó�JøMTM�õ�§�p�Ç¶,�«Ï¦3ö�XÚ“�e”��#�A

^Jø��.�!�¯��A�“¢�”�¸"

A.4.1 SMP Linux

£��� SMP Linux��¹ü�½õ���u SMPXÚ� CPU� TC�

MT CPUþ´k�U�"XJ\k��®²^�
 Linux¢y� PThread�§

API£¡� NPTL¤�A^§S§@o\rTA^§S��ù�� Linuxþ$1

ÒU|^õ�§õU
"

SMPXÚI�3 CPUmó��£Ú&Òþ§éu MIPSXÚ§ù
´Ä

uë£\1/^��;�-é£1 8.5.2!0��ll/sc¤�ï�"¤±Ø� MT

CPU3 TCm�± ll/sc��ÂØC§ÄKØU^ù��{µMT CPU(¢�

y
3 TCmùü^�-�5��ÂØC�34-Kx�M��lz� TCux�

ll¤^�/�§XJÙ§ TC��;ö�?U
��Ó��Vi/�Ò@�´

»�
ë£§ù��±
 ll/sc�ÂØC"XJ,
+n^��+ TC¿�\

TCRestartM�ì�1#NÝ�{§ë£ �¬�»"

XJ TC uØÓ� VPE§@o SMP£�ÒéN´§Ï��� VPE¥�

ü� TC�O���Ò�´��Õá� CPU"�´MIPSúi�y²
�±3

Ó�� VPE¥^ØÓ� TC"ùpk�:JÝ§�´wþ�Ø¬���õ�5

U��"

,é���:�5¿§�k�Ü©A^§Sâ¬��ÉÃ"\I��

�¦^ Linux�¸!|^
�§�A^§S§�3�õê�mØ=kü��§

3$1§��¦3ü��§mÄ�þ²þ/©�
 CPU]"

A.4.2 ^MT¢yp��A�§S�O

MT�k1öæ^�,�«�{´^;^� TCJø�CM��Uå§Ù

�A�m�±Õáuö�XÚSu)�$1uO� VPEþ,�� TC¥�?Û

¯�"ù���XÚkF"3ü��¡Ñ���Z(Jµéup��èJø�

�B�?§�¸§éu¯��¯��A4.�M�C��{ü"

ù«XÚþ�$��è4�I�p��ÓÚÅ�"'å?nì��1�Ý§

=¦´ I/OÖ���Ý�ú��´Ú÷1"MIPS MT½Â
ü«Å�µ&Ò4

�(yield-on-signal)Ú���;(gated storage)"

þ¡J�` yield�-äkVA^µ�§Ø´^5Jø� fork���^

r?�§�ª��§T�-Jø
�«4�§��M�¯���ª"M�¯�

�â CPU����	Ü&Òk�55½Â"

34-K CPU�±��?¿ 15�	Ü&Ò"yield�-����¤ÀJ�Ù
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¥��&Òk�§ÀJ=��&Ò�ûu��Ñ\ëêM�ì��§TM�ì�

��)º��� 15 � �þµ �“1”L«�A�A?Ò�Ñ\&Ò"�Ù¥

��&Òk��§3�^ yield�-þ�ÿ�.��§á=m©�1"

�´\�U�����UDÑêâ¿�3^��§�m�^�ÓÚÅ�"

XJ´ù«�¹§���;ì��Ò�þ^|
"MIPS MT½Â���;ì�

��AÏ�Ôn/�«�§3Ù¥�Ö��-¬��{l"Ö����;ì�

�§3TÖ�ö�þ{l§���êâ¤õDÑ�."��±r1ª���¤

�ö�£4z�����§�Â���É~¤"

3p�êâ6�U¬��Ø½êâ¬(�^�¥ä�M���¥§���

;ì��'�·Ü"

34-K CPU�OÚ��¡� ITC£�§mÏ&�;ì (interthread communi-

cation memory)� �¤����;ì�åÇ�µITCJø
æ^“�/÷£empty/full¤”�

;½öá FIFO�^�é^��Ï&"�õ�&E§�ë�MIPSúi� CPU

Ãþ"
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Ð

B.1 MIPS16ÚMIPS16e ASE

MIPS16 ´���À��-8*Ð§§Ur�?�§S�º�~� 30-

40%"MIPS16e´®²^3MIPS16/32IO� CPUþ��©MIPS16�-8

���Ñ�Or����¶i"MIPS16 ½ u�èº���Ì��Ä�|

Ü——õê�¹eù«|ÜÒ´�4$¤��XÚ"¦+�A^uA½¢y§§

%´��õ�ûIOµMIPSúi!LSI!NECÚ PhilipsÑ)�|±MIPS16�

CPU"

3c¡ 1.2!¥·�`L§¦MIPS�?��è'Ù§NX(����Ï¿

Ø´ MIPS�-�¤�ó��
§´Ï��-����
——z��-oi

!§�'�e,
 CISCNX(�²þ�-�Ý�kn�i!"

MIPS16O\
�«�ª§3ù«�ªe CPU�±é�½�Ý� 16 �

�-?1Èè"�õê MIPS16�-Ðm�¤��^�~� MIPS32/64�-§

éw,ù�U´����É����-f8"'�Ò3u¦�ù�f8Up�

?è�@Ü©§Sv
�§±¦§S�oN����wÍ�Ø "

�,§16 �-¿ØU�¤�� 16 �-8"MIPS16 CPU´�k 32 

½ö 64 M�ì�ý¢MIPS CPU§Ù$��Ñ3��M�ìþö�"

MIPS16�Ø´������-8——'X§Qvk CPU���-§�v

k2:$��-"1 �ùvk'X§Ï�z�MIPS16 CPU�7L�$1��

�MIPS ISA"\�±$1MIPS16Ú�~�MIPS�-·Ü��è"z�¼ê

N^½öM�ì=£�-ÑUUC$1�ª"

3 MIPS16 ¥^�-/���$k� é�ª?è´Q�Bqp�

�"MIPS16 �-7Lói!éà§¤±1 0  Ø2´�-���|¤Ü©


¶����´§z^a=�Ûê/���-m©�1MIPS16§z^a=�

óê/���-£��~�MIPS"MIPSf§SN^�- jal�8I/�o´
1éÜ©�-8Jøò�-�ÝØ �����§ù��{Ø´ MIPS u²�¶ARM úi�

ARM CPU� Thumb��´ÄkJÑù��{�"
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iéà�§¤±Ú\
#�- jalx§§Ûõ
�-¥��ª=�"

�
r�-Ø �����§éu�õê�-·��©�
 3 5ÀJM

�ì§ù��k 8�Ï^M�ì�±gd�¯¶3NõMIPS�-¥�±���

16 ~ê���Ø §Ï~Ø ¤
 5 "NõMIPS16�-��½ü�M�

ì§Ø´n�",	§�k�
AÏ�?è5Kò3e�!£ã"

B.1.1 MIPS16 ASE¥�AÏ?è�ªÚ�-

MIPS16kü�A½�f:¬\�§Sº�µ5 �á=ê��E~þ´Ø


�§3 load/storeö�¥�vkv
�Ï���"n^#O�-Ú�«AO�

�½kÏu)ûù
¯K"

extend´�^AÏ�MIPS16�-§§d 5 ��èÚ 11 ���¤"ù

� 11 ���±Ú�Y�-¥�á=ê��ë�§ù�Ò#N¦^�é�-5

?è 16 á=ê"ù^�-3®?�ó¥wå5Ò����-cM"

C1~þ3�~� MIPS�ªeÑI��	��-§3 MIPS16�ªe�

´ã��Kú¶r~þ�3S�¥,�2Ö§�¬�¯�
"MIPS16O\


�éu�-g� ��\1ö�(PC�é/�\1)§¦�~þ�±i��èã

¥£;.�{Ò´�3¼ê�mÞ�c¤"ù
´=k�vkî�éAu�~�

MIPS�-�MIPS16�-——MIPSvk�é PCÏ��êâö�"

NõMIPS� load/storeö�´��3Òv(stack frame)p§$29/sp�U

´�~^�Ä�M�ì"MIPS16½Â
�|Ûª¦^ sp��-§#N·�r

¼ê�ÒvÚ^/��?è?�ØI���üÕ�M�ì�"

MIPS� load�-o´)¤��� 32 /�"dui\1�-=�/�´

4��ê�âÜ{§�$ü /�Ò�L¤
"MIPS16� load�-|±C�¢

Úµ/�� £þ¬�â����é������£ §lO\
�-¥�^

�/���"

���«�	�A:Å�§MIPS16½Â
�
�-§#N3 8�MIPS16

��¯�M�ì� 32�MIPSÏ^M�ì¥�?Û���m�ØÉ���êâ

Dx"

B.1.2 éMIPS16 ASE�µd

MIPS16Ø´�«·Ü®?�ó?§��ó§·�ùp�ØO�é§�[`

²"§´�?Èì^�"�õê¦^ MIPS16�ª?È�§S�º�Ñ¬ �

�^MIPS�ª?È� 60-70%"ù' 32  CISCNX(���è��;n§�

ARM� Thumb�è�Øõ§ÚX 16  CPU�'k�½¿�å"

�´vk�¤�Ìê¶MIPS16§S�U'MIPS?È�õÑ 40-50%��

-"ù¿�X3 CPUØþ$1��§S¬õ^ 40-50%��¨±Ï"�´$à

CPU²~Ì�É�;ì���§Ø´É CPUØ���"���MIPS16§S
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I��$��°5��-§lü$
p���"�Ç"3p���é�¿�

§S��;ìk��§MIPS16ò¬ ��Ý�å§�k�U`þ�~�MIPS

�è"

du5U���§MIPS16�è3k�þ�;ì]Úo��°�O�Å¥

vkáÚå"ùÒ´��o§�´�«�À*Ð��Ï"

3ÙA^���pà, MIPS16ò¬�^�Ø EâÐm¿�"��ÊÏ�

MIPS§S^Ï~�©�Ø �{Ø ? ROM�;ì��§ò¬'�Ø �Ó

�MIPS16�è�§'Ø L�Ó�MIPS16�èÑ�¶2 XJ\�XÚPk

v
�S�U
r ROM��©�XÚ¦^§r�è)Ø � RAM¥�1§

@o^^�)Ø��� ISAé�U¬�5�Ð�oN5U"

�kù��«²(�ª³§@Ò´�þ¦^±i!?è�)º�ó£Java

½§��Yö¤5Ö�3�mþ�¦Øî���¬§S"@«¥m�èº��

~�§'?Û�?�ÅìèÑp��õ"XJ�k)ºìÚ�
é5U�¦î

��§Sæ^Åìg�� ISAÖ�§@oæ^�;n��-8?è�ªò�¬

K�§S���Ü©"�,)ºì£AO´ Java¤���U¬�~�§�´A^

^�E,Ý�Ã�O�ò¦)ºìg�����5:ìü$"

·ý�MIPS16ò¬UY3õÑ!º�Ú¤�É���XÚ¥���A^"

§�´��u²Ú�o�§Ï�ù�¥k�
XÚ�U¬1þ)�"

B.2 MIPS DSP ASE

MIPS DSP ASE�8I´�ÑDÚ��-83¡éõxNA^�¤a�

�Øv"^�N�)Nì�Ñª&Ò?è/)è!6xN?n½öã�/ÀªØ

 /)Ø�ù
ó�Ï�¦^
ÄuE,êÆ$���{§�Ý�@�áu;�

�êi&Ò?nì��3/"3O��gþ§ù«õxN?Ö~~�9�é�

1��þ½ê|êâE?1Ó��ö�"

3ÄuM�ì�ÅìSÜ§\��þ$����Ð�{´rõ�êâ��

��ü��ÅìM�ì¥§̂ �^M�ì-�-M�ì��-3z�M�ì�z�

�þ�1Ó��$�"ù´�«4����¿1?n§�� SIMD£�L“ü�

-õêâ(single instruction, multiple data)”¤"DSP ASE�)oi!ÚV�i

� SIMDö�"

Ø==´�þö�§DSP ASE�kA�O�A�µ

• ½:�êa.µ3ù
�¸¥^2:O�£l�¡¡ÈÚõÑ�Ý5`¤
�Ø
²L"DSPA^^�æ^½:�ê"ù����ê�´���ÎÒ

��ê§�´)º¤T�êØ± 2�,g�¤���"Û¹��ØÏf´

216(65536)�32 ��ê�ª¡� Q15.16�ª¶@´Ï�k 16 ^��

êÜ©�°Ý§15 ^��êÜ©���£�p ^�ÎÒ Ø�3S¤"
2�;n�?è�ª4Ø �{�|^�P{Ýü$"

371



B.3. MDMX ASE N¹ B MIPS�-8�Ù§�À*Ð

æ^ù�P{§Q31.0 Ò´DÚ��ÎÒ�ê§Q0.31 ´0u -1 Ú 1(�

C1)�m��ê"(JL² Q0.31´ DSPA^¥�É�H� 32 �ª§
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Ù��ê¦{\\$�§�´^u�êÚ�Ú$���Ç¿vk@op"

k
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^uAÏ
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B.3 MDMX ASE
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øaq DSP� SIMDõxN$�"MDMX´ SGImuÚ���§u 1997cú
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DSP ASE�Ú\�·��¦MDMX3¢S^�¥��2�A^��U5

Jø
q��nd§¤±3d·�Øõ!MDMX"XJ�Ö�¬k1n��{§

�N@�ÿ·�¬uyù��Ù¢´���ØØ�ØÅ�"

373



MIPSâ�L

$f0–$f31M�ìµ 32�Ï^ 32 2:M�ì"3 MIPS I(32 ) CPU§

�kóê?Ò�M�ì�±^��â$�£ÛêÒM�ì�� 64 V°

Ýê�$ 32 ¤"

$nM�ìµ CPU� 32�Ï^M�ì��"

a0–a3M�ìµ CPUM�ì $4–$7�O¶"

ABI(Application Binary Interface): �ï§S�?��è�A½I

O§<�@�3ÎÜTIO��¸eU
�y�(�1"MIPS32 CPUÏ

~^��¯¤±�� o32IO§� 64 ö�§�±ÀJ n32Ú n64"Nõ

i\ªXÚ�6u�� API�����f8"

\\ì£accummulator¤: AO�½�M�ì5ÓPE\~$��(

J"3MIPSNX(�¥§¦{ü�(JM�ì hi/lo�¤\\ì

/�«(address region): ��´MIPS�§S/��my©� kuseg!kseg0!

kseg1Ú kseg2"ë�z�üÕ«�¶ie¡�SN"

/��m(address space): A^§S�����/���"3�o�ö

�XÚe$1�§S�u�/��k�5¿?1=�"Ï�ù���ö�

XÚ�±Ó�$1NõA^§S§kNõ/��m"

Alchemy Semiconductor: 1999cå5�úi§dÌ�� StrongARM

�O<
lm DEC§¿3�E$õÑ!¥�5U!pÝ8¤�MIPS�?

nì"¦�r¤õM÷3“EûO�Å”��¿ªO��ýó�þ§�´ù

�ýó¿�¤�y¢"2002c Alchemy¤� AMD��Ü©§2006c¤

� Raza��Ü©"Ù AU1xxx�¬�3�i\ªXÚøÀ"

Algorithmics: �[=Iúi§;�l¯MIPSEâÚóä§·´ÙÜº

<��"

éà(alignment): êâ3�;ì¥½ �A½�i!>."XJêâm

©�/�Ø±g�¤Ó�m��¤�{ê�"§K¡�g,éà"MIPS
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CPU�¦ÙÅì|±�êâé�g,éà¶Ïi£oi!¤�éà�o

i!>.§2: doubleêâ7Léà�li!>."

alloca: C¥¼ê§�£�¬3N^T¥¼ê�¼ê�£�gÄ£Â��

;«�"

Alpha: d Digital Semiconductor úi�E� RISC CPU a.¶�´

MIPSC�"

�âÜ6ü� ALU(arithmetic/logic unit): ^5� CPU¥�1$�

õU�ü��â�"

AMD: �[�3éÈ��>fúi§3 2004cc�Ï�EÑ
' Intel

úi�Ð� x86 CPU Ñ¶"�ÖJ�§´Ï�§Â	
 Alchemy

Semiconductor�k
��MIPS�i\ª�¬�"

©Û¤(analyzer): ë�Ü6©Û¤(logic analyser)"

Apache�|(SVR4.2): 3UNIX System V Release 4.2ö�XÚÚMIPS

ABIIO(Ü�Ä:þ§Jø MIPSNX(� UNIXXÚ�øAû�é

�"

A^§S�� API(Application Program Interface): é,
^�õ

U�L§N^��§Ï~±�|IOz� C/C++¼êN^/ªJø"ù

´������{§  �¼��ß���¡k^�1�9Ù(Jù�¯

¢�Ï
"

NX(�(architecture): ë��-8NX(�(instruction set architec-

ture)"

�Y(archive): 8I�è¥�,	�«�{"

ëê(argument): C�óD4�¼ê��"O��ó  ¡�ëþ(parmater)"

�±n)� C�ëê´D�N^�ëþ"

ARM: oÜ�3=I��[u� ARMNX(��?nìØ�Ç��ú

i"ARMNX(�Ä�þ´ RISC§�Ù�Ð�O´36Y���B5Ú

>´�{ü5�m�J¦�B5",Ù{ü5�Ï ARMúi¤�
1

��k¿�å� 32 ^Ø CPU�øAö"

ASCII: �~tÑ�^u C�ó�iÎ?è"

ASE: MIPSNX(��;^*Ð"3 MIPS32/64NX(�Ä:þ½Â


ÐA��À�*Ð"ASE��3^ MIPS32/64½Â���I�L«§

Ï~´,� Config CP0M�ì¥��"
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;^8¤>´ ASIC(application specific integrated circuit): �
^

u,�A½>´;��O½öN���¡"

ASIC-core CPU: ë� CPU core"

ASID: 3 CPU� EntryHiM�ì¥�o�/��m ID"^5ÀJ�|

A½�/�=�µ�k@
g�� ASID�Ú�c����/�=�â¬

�Ñk��Ôn/�"

®?ì§®?�è(assmble, assembly code): ®?�è£k�¡�®?

�ó§S½�è¤́ �ø<�Ö�Åì�-�/ª"®?ìÒ´r®?�

ó§S�È¤��1§S�§S§�U�²L��¥m�8I�è"

�é�;(associative store): �±^�Ñ�;êâ��Ü©?1�é�

�;ì"éuz�êâ�I���üÕ�'�ì§¤±���é�;ì^

K�þ�Ü6"MIPS TLBXJSC
�{§æ^�� 32� 64����

é�;ì"

�éÝ(associativity): ë� cache, set-associativity"

ÉÚÜ6(asynchronous logic): ÉÚ>´Ò´Ø´�7X��½A�

�¨&Ò|��>´"ë�ÓÚÜ6(synchronous logic)"

(ATMizer): d LSI� ATM�ä���E�Ü�¶k��S��MIPS

CPU��Ù¥��Ü�"

�f�!�f/!�f5(atomic, atomically, atomicity): ^O�Å�

Æ�1{5ù§XJ�|ö��o�ÜÑ�1�o�ÜÑØ�1Ò¡��

f�"

£�(backtrace): ë�Ò£�(stack backtrace)"

Ã�J[/�M�ì(BadVAddr register): ^5��Ï�,«�Ï£�

éà!Ø��¯!TLB�·¥��¤��g��/��� CPU��M�

ì"

�o!�x(barrier, hazard): ë��x�o(hazard barrier)"

�o!�;ì(barrier, memory): ë� sync�-c^"

BAT: 3vk�;ìN�M�£TLB¤� MIPS CPU¥E^§S�;«

���£Ä�þL��¤À�"

bcopy: C�ó^5���¬�;ìSN�¥¼ê"
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ÄOÿÁ(benchmark): �±$1uNõØÓO�Åþ^±'��é5

U�§S"ÄOÿÁl�E�^5ÿþA½?Ö��è¡äüz¤��þ

@�§ù�éu��XÚ?n~�A^§S��Ý�±Jø��&E"

Berkeley Unix: ë� BSD Unix"

Ú�É~�þ BEV(boot exception vectors): CPU G�M�ì¥�

� §�±��g�²L uØ?1p����(kseg1)�;«��é�^

��þ"T ��CE ��å:ù�ü�Ñ��B�N��Ó��Ö�

;ì"

bias: ë� floating-point bias"

BiCMOS: �«AÏ��¡�EEâ§·Üæ^p�Ý$õÑ� CMOS

¬N+^uSÜÜ6§¯�Ú�=gê��V45¬N+����"3

1980c��Ïé CPUé�)§�´vk<^ù«Eâ����¤õ"

��à(big endian): £ã�«rõi!�ê��pk� i!�u�$

i!/��NX(�¶ë�1 10.2!"

 �(bit field): i��Ü©§)º�ü� �8Ü"

¬��(block size): ë� cache line size"

{l(blocking): �«3�¤�cÊ��1�ö�"

gÞ(bootstrap): KIl�« CPU½XÚ?uØ(½�G�eéÄ�

§S½ö§S¡ä"

©|(branch): 3MIPS�-8p´�éu PC�=£"

©|¿ó�(branch and link): �éu PC�f§SN^"

©|ò´ø(branch delay slot):  u�;ì¥��-S�¥;���

=£/©|�-�¡� �"?u©|ò´ø¥��-o´3©|8I�

-�c�1"k�ÿk7�^�^ nop�-W¿©|ò´ø"

©|`z(branch optimization): £d?Èì!®?ì½ö§S
?1

�¤�
¿©|^©|ò´øéS�¥��-gS?1N��L§"

©|m�(branch penalty): Nõ CPU3©|�ÊîA��¨±Ï§Ï

�®²ò©|����-�?
6Y�¤±7L£�¿#W¿6Y�"

ù�ò´£±�¨±Ï�ü ¤¡�©|m�"3á6Y�þ�"§�´

3�6Y�� R4000ü��¨±Ï�©|m�é�ÇK�é�"
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©|ýÿ(branch predicaion): �«CPU¢yEâ§Ù¥ó�u6Y�

cà�{üÜ6£O©|�-¿�ßÿ©�8I"6Y�����ã�â

ßÿ?1§Ø´��^S��"CPUI�,
Å�3uyßÿ�Ø�?

1£ò"

(JL²ØI��pE,Ý�©|ýÿ�JÒéÐ§Ø
�{ü� 32 

CPU�	ÊHÑæ^"

BrCond3–0: d�?nì^�©|�-��ÿÁ� CPUÑ\&Ò"

ä:(breakpoint): �NÁ§S��ÿ§ä:Ò´NÁ)¤g�¿ò��

�£^r��- �"ÏLÊb�^ break�-��NÁ§S¥¢y"

Broadcom Corporation: �[�¶�O�Å�ä�¡�Eû§ùpJ

�´Ï�§PkÚ)� SB12xxX� 64  MIPS CPU§8¤�^åé2

�Nõ�ä����¥"SB-12xx��O5u SiByte§�e©"

BSD UNIX: Ë�|^�u1£Berkeley Software Distribution¤´�Ð

$1u DEC VAX�.Åþ� UNIXö�XÚ�C«"BSD´1��P

k��� 32 J[�;SØ� UNIXC«§¤��5 Sun�@�ö�X

Ú�Ä:"²Lé��m��Ø§BSD 4.4�±m�è�ªuÙ£�´

T�Æ±Y
éÈ-å
 Linux�mu¤����U�SØ¤"§�#�

�����Ò´°Júi� OS X"

BSS: 3?È�� C§S¥§̂ 5NBvk²(Ð©z�(²�Cþ��

;«"éAu8I�è���«"Ð�vk<U
P� BSS�L�o¿

g"

�õê C?ÈXÚ^ “.bss”¶��©�
�m�vkDÐ���ÛCþ

êâ«"

âuÖ±Ï(burst read cycle): MIPS CPU £Ø
é@Ï��Ü©�

	¤3��âuÖ±ÏlS��gÖ�õ�i£~��o�i¤5W¿p

���"

i!(byte): 8 �êâ"

i!S(byte order): ^5rNêâ3S�¥Uìi!/��gS"wþ

�Ð�é²w§�´��Ä|¤iÚ�i���i!�N´4<· "

i!��(byte-swap): �=|¤��i���i!�gS�ö�"ù3

é5gØÓ�à�Åì�êâ?1N���ÿ�^�"

Cý?nì(C preprocessor): cpp §S§��^� C ?Èì�1�

H"cpp KI©�O�Ú�Ñ"§?n5ºÚ±“#”m©�k^�ý?
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n�-§~X #define!#includeÚ #ifdef�"¦+Ú C�'é§�§

´��Ï^�÷�ó§�±�~~^uÙ§�ó"3�Ö¥§��� C

�A^´^ué®?�ó§S?1ý?n"

C++: �«?È.�ó§�3
�Ü© C��{Ú	L§�´Jø
�

�@¡�é��*Ð"

p���(cache): ���Nþ�9Ï�;ì§ål CPUéC§E��C

lS�Ö��êâSN"31 4Ù�¡ùãMIPS�p���"

p���§��N�(cache, direct-mapped): ��N��p���§é

z�äN��;ì �§�k��ø�±��T?�SN"XJ��§S

-|ª�¦^TÐ�^��p���ø�ØÓS� �?�ü�Cþ§�

�N��p���AON´C�$�¶�´��N��p���{ü¤±

�±$1u�p��¨ªÇ"�N���´§��N��p���I�

���Ù�ë���ìÚ�;ü�§ù¦���N��p���¤�¡	

p����g,ÀJ"

=¦3�{ü� CPUp§��N��p���y3�é��
"

p���§EI\(cache, duplicate tags): 3p������õ?n

ì¥§o�����ì7L²~	w CPU�p���—äN`§́ 	wA

½p���I\—±u�A½�o�¯Ö´ÄÚp����c�êâk

'"ù«�¯¤�ép§XJo���Ú CPU©�¦^I\§@o CPU

�ò´¤�ép§XJ´Và��I\�§@oM�Úp£�¤�ép"

�!���{Ï~´éo���a,��p���&E�31�°��§

ÚÌp���¿1�#—����?Û��Cz�¯�Ñ´o����"

EI\¿���{âUk^¶��§U4o���3õê�¹e;��

¯ CPU�I\§ÒE,U
JpXÚ��Ç"

p���§ÔnÏ�(cache, physical-addressed): ��æ^£=��

�¤Ôn/�?1�¯�p���"@Ï MIPS CPU �p���±9

¤k�MIPS L2p���Ñ´Xd"

p���§|�é(cache, set-associative): é5g��äN�;ì 

��êâkõ�/��±�;�p���"~��´ü´|�ép��

�§Ò´`§éu�;ìS?¿�êâÑkü��^�p���ø"��

ukü�p���Ó�?1|¢§ù�XÚ�±?nü�ª��¯�êâ

 uÓ��p���¢Ú��¹"

��|�ép���I�'��N�p����°�o�§�$1�

v@o¯"@Ï� RISC^��N��p���±!�	Üp����Ú

�"¦+°o�éu¡þp���Ø¤¯K§k
@Ï8¤� CPUE,
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k��N��p���5Jp�¨ªÇ"y3§����uæ^|�é�

¡þp���Ï�k�p�·¥Ç"

p���§if(cache, snooping): 3p���¥§�f�i�,
O

���£,	� CPU½ö DMAÌ�ì¤�o�¹Ä±�éé up��

��êâ�Ú^"�m©§“�f”ù�c^5��±Zý�p���§3

p���'�;ìêâ�#��¹eJøp������ÄKO�Ì�

���U��S�¥P�êâ¶ù�cy3^5�?Ûéo�¹Ä?1i

��p���"

p���§©m�(cache, split): ù��«p���§é��Úêâ�¯

æ^©m�p���"

p���§£�(cache, write-back): �« CPU3Ù¥�\�êâ��

3p���¥§�´£��¤¿Øx�Ì��êâp���(D-cache)"T

p���1IP�“9(dirty)"” �Ù§ ��êâI�^�Tp���

1§½ö�éTp���1�1�g£�ö��§êââ���Ì�"

p���§ß�(cache§write-through): �«zg�ö�ÑÓ��\p

���£XJ�¯·¥p���¤ÚÌ��êâp���(D-cache)"Ù`

:´p���l5Ø¬�¹vk�\Ì��êâ§¤±�±�¿¿ïp�

��1"

Ï~§��;ìXÚ�£�é�ú�¤�±Ï�3$1�§� Ì��êâ

�±�;u����Àì¥§¤± CPUØ7���ö��¤"

���;ì±Ï¯�U
áÂ±Ñpu CPU�²þ�ö��)Ç��Ý

�5��ö�§ß�p���Òó��éÐ"3y��XÚ¥é��
"

p���K(cache aliases): 3J[�;�ö�XÚ¥§\k��±r

Ó��êâN��ØÓ� �"ù�Uu)3§ü�?ÖØÓ�/��m

�m���êâ§½ö3A^§SÚSØ�mkØÓ�Ý�êâþ"

y3NõMIPS CPUæ^§S£J[¤/���p���¢Ú—U
Ú/

�=�¿1m©p���|¢Ï�±!��m"�´XJØÓ�§S/

��±�¯Ó�êâ§·��U¬-�Ó�êâ?up���¥ü�Ø

Ó �—=p���K"XJ·�m©�\ù
 �§Ò¬u)î�

Ø"

p���KÙ¢�±;�"MIPS CPUæ^��/�=�¿�X$ 12

 /�3=���±ØC§�U���p����¢Ú��^��$ 15

 "SØ^�3é���)¤õ�ØÓ/���ÿ§���%�y©��

§S/�1 12–15 �ÓÒ1
"
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p�����5(cache coherency): p���o´°(�Ñ\�§S½

öXÚ�Ù§Ü©�;?p���/S�fXÚ�SN�ûÐG�"�


J¦��5æ^
NõE,�EâÚM���¶^u“ÑÖì”�Pª

MIPS CPU('X R4000SCÚ R10000)3p���¥æ^
AÏ�Å�5

��ù�8I"�´ù«Eâ3�.ÑÖìO�Å�	�.p^��Ø

õ"

p����W(cache flush): ��k
ÜÂ�â�¶�Ð;�¦^"l5

ÑØ�Ù§�.´�£�!�¢�´�ö�(Ü"

p���·¥(cache hit): =�\3p���¥�é¿�é�
¤��

ÀÜ"

p���¢Ú(cache index): p���¢Ú�^5lz|ÀJp���

 ��/�Ü©"

p����¢(cache invalidation): IP,�p���1�êâØ2¦

^"p���1��� ¥ok,«k� ^uù�8�"ùé MIPS

CPUÐ©z´7Ø����Ü©"

p���1��(cache line size): z�p���ø�±NB��½õ�

i�êâ§̂ ü�/�I\I£���êâ¬¡���p���1"��

1!�
I\¤^�m�±JpW�Ç§�´��1Ï�\1
�õØ

I��êâL¤
�m"

�Z�p���1°��u�Xlm CPUål��Ú����·¥�d

O\"MIPS I CPUo´�k��i�p���1§�´�5� CPU�

�uæ^o½l�i�1"

p����·¥(cache miss): ��\3p���¥�é�´vké��

é�ÀÜ��¹"

p����·¥�d(cache miss penalty): ��·¥p���� CPU

Êî¤s¤��m§�ûuXÚ��;ì�A�m"

p���¿Û(cache profiling): ÿþ��äN�§S$1�¤)¤�p

���6þ§8I3u#|��;ì¥�§S±~�p����·¥�

gê"Ø
4��§SÚ§Sã	§�Ø�Ùù«�{��15kõ�"

p���W(cache refill): 3�gp����·¥�^5¼���p

���1êâ��;ìÖ�ö�"ù´1�gÖ?p���§CPU,�

#m©�1§ùgÒ·¥
p���"

p���|(cache set): |�ép������¬"
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p����[ì(cache simulator): ^up���¿Û�^�óä"

p���I\(cache tag): p���1¥�;�^5£OTêâ3Ì�

¥ ��&E"

p���£�(cache write-back): r��p���1�SNE�£

Ì��A��;¬�L§"Ï~´^��1�§Ï�p���1k

�“9(dirtry)” I�§^5P4glþglÌ�¥�Ñ±5´Ä��

L"

�p����(cacheable): ^u��/�«�½ö�;ì=�XÚ½Â

����"

p����ØM�ì(CacheErr register): R4000 9Ù��� CPU �

�£�?nì 0¤M�ì§¿÷
^±©ÛÚ?Ep���Ûó��/ECC

�Ø�&E"

p���ö�(cacheop): MIPSNX(�Jø
��õ^å� cache�

-^5Ð©zÚö�p���SN"

�N^ö(callee): 3�g¼êN^¥�N^�¼ê"

N^ö(caller): 3�g¼êN^¥§ÑyN^�-±9N^(å���

�£��¼ê"

�ÏM�ì(Cause Register): CPU��M�ì§3g��w�\´@

«a.�g�"Cause��Ñ=�	Ü¥ä&Ò�3¹Ä"

Cavium Networks: Cavium��ä;^O�Å�¡§2006cuÙ§�

� Octeon"z��¡¹kõ�MIPS64 CPU"

þ.(ceiling): 2:ê��ê�=�§�\�Ø�uT2:ê����

ê"dMIPS�- ceil¢y"

iÎ(char): ^5NBiÎ?è���ê3 C �ó¥�¶i"3 MIPS

CPU£y3¤k¢S� CPU¤p§ù´��i!"

(CISC): ^5�� RISCNX(��Äi1 �"3�Ö¥§·���

DEC VAX!Motorola 680x0!Intel x86(32 ��)�a�NX(�"¤k

ù
�-8Ñ´3 RISCuy�cu²�§¤k�ÑéJ�1�' RISC

CPU¯"

�¨±Ï(clock cycle): CPU�¨&Ò�±Ï"éu RISC CPU§ù´ë

Y�6Y��ã$1��Ç"

382



MIPSâ�L

pÖé¡7á�zÔ��N(CMOS): ^5�E¤k¢S MIPS CPU�

¬N+Eâ"CMOS�¡'Ù§Eâ�ÝpõÑ�§¤±äk+k`³�

8¤"3 CPUp§U
òéõ>´�?����m�Uå�y²´'�

�5UÏ�§Ï�Ü¯�� CPUy3Ñ´ CMOS"

��5(coherency): �p�����5(cache coherency)"

'�M�ì(Compare reigister): �¢y CPU þ�½�ìJø�

CPU ��M�ì"k
éP� MIPS CPU ¿ØJøTM�ì§�´

\�N2�Ø¬-�ù« CPU
"

��M�ì(Config register): 3MIPS32/64 CPUþIOz�!̂ 5�

�Ä� CPU1�� CPU��M�ì"

���(console): �ú@��^rux�EÚ�Â^rÑ\� I/O Ï

�"

~þ(const): C�ó(²�á5§L«Têâ�Ö"~~Ú�-����

å"

þe©M�ì(Context register): �3�k TLB� CPUþk� CPU

��M�ì"Jø
�«^,«�LSü3XÚþ?n TLB�·¥�¯

��{"

þe©��(context switch): õ?Öö�XÚ¥l��?Ö�,��?

Ö�^��¸C��ó�"

�?nì(coprocessor): CPU��Ü©§½ö,
O�;�ÍÜ�Åì

Ü�§�1�
AÏ��3��-?è��-8"ù´��MIPSNX(

��Vg§¤õ�©l
�À�!½ö´äN¢y�'��-8Ü©Ï

~�
Ì6�-8�Cz"ù«�{��¤õ§�´Ù·¶��
NõØ

)"

�?nì^�(coprocessor condition): MIPS NX(�¥z��?n

ìf8�AÏ�-Ñk��üÕ� L«ÚÌ�ê CPU�Ï&G�§̂

bcxt/bcxf�-ÿÁTG�"�1 3Ù"

�?nì^�©|(coprocessor conditional branches): MIPSNX(

���?nì�±Jø��½õ�^� §¤k�?nìÑ^ bclt label

�â^��¿Â?1©|"

�?nì 0 (coprocessor 0): ��;ìN�!É~?n�aq�A��

��-�'� CPUõU£½Â���
�¤ "
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CPUØ(core CPU): �� ASIC���Ü��O��?nì§^5�

¤¤¢�“¡þXÚ"” MIPS CPU�5�õ��^�Ø"

corExtend ASE: MIPSúi,
 CPUØþ�À��-8*Ð§¦��

¡�OöO\½¦^#�!;^�O��-�éN´:"

OêM�ì(Count register): ëY$1�½�ìM�ì§3 R4000�a

� CPUÚ,
@Ï� CPUþk"

cpp: C�óý?n§S"

CPU core: ë� core CPU"

J�ú�fL�ª CSE(common subexpression elimination): �U´

`z?Èì¥���ü�`zÚ½§�¦�?ÈìE��®²èÓ�

êâ�Ñ�O�U
uÿÑ5",��±�Ä��1�g�$�(J?

1E^"ù:cÙ�§Ï�Ù§�?ÈìC��U��E�(J§̂

CSE?1�n�'3Ù§`z¥�ïaq�Ü6�{ü�õ"

±Ï(cycle): �¨±Ï"

êâp���(D-cache): êâp���£MIPS CPUo´PküÕ��

-Úêâp���¤"

(D-TLB): k
 MIPS ?nì^é��©m�/�=�p���lÌ

TLBW¿�§±;�Ó�?1�-Úêâ/�=��]Àâ"�õê

MIPS CPUPk�-à� I-TLB§Nõ�¯� CPU�k D-TLB"Ùö�

é^�´Ø���§Ø
ó�¬klÌ TLB���s¤��	��¨±

Ï"

êâ�6(data dependencies): 3,�M�ì¥)¤�����-Ú�

��^ù����-�m�'X"

êâÏ´��ì(data path swapper): �i!��ì(byte-swapper)"

êâ/�-p�����5(data/instruction cache coherency): �±

I-cacheÚ D-cache��5�ó�"MIPS CPUØ�ù�ó�¶�\�\½

?U�-6��ÿ�¢ I-cache �é�"ë�p�����5(cache

coherency)"

NÁ�ª(debug mode): �«AÏ� CPUG�§�~aquÉ~�ª§

� Debug(DM)M�ì �éX"u)^´É~�?\NÁ�ª§�NÁ

ì§S$1�^ deret�òÑ"ë�1 12.1.4!"
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NÁ&�(debug probe): ��ë�mu^��ÌÅÚ CPU � EJTAG

ü���Ýf§4\U
NÁ8IXÚþ�^�"ù��NÁìØ�¦8

IXÚþïk EJTAGü�9���	�]§¤±�^3�õêàN�

i\ª��"

NÁì(debugger): ��Ú�Î�3$1�§S�^�óä"

(DEC): Digital Equipment Corporation§�� 1980c���¤õ��.

Å�Eû"Ù PDP-11Ú VAXO�Å�
 UNIX±(a"l 1989c�§

Q²�vMIPS CPU§�m�á�´K�Ø�"

(DECstation): DEC�Ùu 1989� 1993c�míÑ�æ^MIPSNX

(��ó�Õå�¶i"

ò´©|(delayed braches): � branch delay slot"

ò´\1(delayed loads): � laod delay slot"

UIN�(demand paging): ��§Sì?\1�L§"�6u��ö

�XÚÚ��¢yJ[�;ì�M�—ö�XÚÓ¼é§Sÿ�\1?

S��Ü©�Ú^§Ö?�A�êâ¿�/�N�4§Sw��´TÜ©

 u�(�/�§,��£�§S§#�1�}�Ú^"ù¡�©�§Ï

��;ì=�ü�Ú\1±¡����½���¬�ü "

�5�z(denormalized): ���2:ê����±�Ã{±Ï~Ï~

°ÝL«�¡�´�5�z"IEEE 754½Â��ªéJ4M���?n

�5�z�L«§¤± MIPS CPU�^5?n½öO��5�ê��ÿ

o´g�"

�Ú^(dereferencing): ��s	�¶c§^5�^X��5¼�¤�

���;ìêâ�ö�"

�ä(diagnostics): “�äÿÁ”�{¡§̂ 5�@
^�§�Ñ5Ø´�


�¤äNó�§´^5Úu!uÿÚ�äO�Å9NáM�¯K�"

pÝ8¤��¡¥\\
NõA5��ä^�Jø�B"

��N��(direct mapped): �p���§��N�(cache, direct mapped)"

®?·-(directive): ^5�®?�ó§S¥Ø)¤Åì�-�´w�

®?ì���o�Ü©���â�—~X .globl"�����-£�ö

�¤"

9(dirty): 3J[�;XÚ¥§̂ 5£ã���;ì�glþgl�?�

;ì�Ñ½ö�£��®²�?U�G�"9�ØU¿ï"
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�®?ì(disassembler): r�;ì¥��?��-S�=�¤<�±

�Ö�®?�óÏPÎ�L/ª�§S"

 £(displacement): /�O�¥^��\�,�“Ä�”þ��"MIPS

~���/Ò´§A�zg\1/�;/�Ñ^��M�ì¥�Ä�\þ

��?è?�-� 16 kÎÒ £"

���;ì�¯ DMA(direct memory access): ��	Ü���3v

k CPU�Zýe��Ú�;ì?1êâDÑ"

(double): CÚ®?�ó¥éu��V°Ý£64 ¤2:ê�¶¡"

Vi(doubleword): MIPSNX(�£ã¥^u�£Ø´^u2:�¤64

 êâ�¶i"

e1(download): lÌÅ�8IÅDÑêâ�Ä�£XJk¦¯§ÌÅ�

��^rë��@�Åì¤"

(DRAM): ^5ØO(���Nþ��;ìXÚ£Ï~´^ DRAMÜ�

ïå5�¤"k�^5?Ø^ DRAM�E��;ì�;.5�"

(dseg, drseg, dmseg): J[�;«�£Ú kseg2«U¤§�k3NÁ�

ªâ�±�¯§̂ 5�NÁ�èN� EJTAGNÁü�]

êi&Ò?nì DSP(digital signal processor): �«AÏº���?

nì§¤O½ u?n6êâ§z�êâ�L,«�ªl�ê=�ì�5

����"DSP;5u,
61��[�{��ÝµrN¦\$��5

U"�Ï^�?nì�'�§3$�°Ý!̂ p?�ó?§��B5!±

9|±Ä�ö�XÚõU�A5��¡Ñkj""�´ DSP½Â��¿

Ø� RISC@oî�"

(DSP ASE): MIPS32/64NX(����*Ð§O\
�þ�-�Ï?

nõxNA^¶Nõ#�ö�Ñ´ SIMD!�Ú.±9,«�¦\\"

EI\(duplicate tags): � cache, duplicate tags"

Vi(dword): MIPS ®?�ó� 64 ��êêâ�¶¡§�� double-

word"

Ä�ó�(dynamic linking): ^5�A^§S3$1�Ä�ÏéÚ�½

f§S¥�L§�¶g§�^¡� DLL"�õê Linux/MIPSXÚÄu^

r�mA^§S�Ä�ó�"

Ä�Cþ(dynamic variables): ^5�¶Âþ½¢Sþ��3Òþ�C

þ£aqu C�ó¼êSÜ½Â�Cþ¤�¶c§ù´�«L���{"
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Å�è ECC(error-correction code): Úêâ�;3�å��� §Ø

=�±^5�ä�Ø�#N^5Å��Ø£b½�Ø�K��ê ¤"k


MIPS CPUæ^ép���ÚS�o�þ£�N��)S�§ØL@´

XÚ�O�û½�¤z� 64 Viêâ\þ 8��� �Å�è ECC"

�4ÍÜÜ6ECL(emitter-coupled logic): û½��&Ò�L��´

"��«>íIO"ECL'�~��IO TTLDÑ�Ý¯!|D(Uå

r§�´�d´õÑp"y3Ä�þL�
"ù�¶i£ã�Ð^uù«

�¡�¬N+¢y"

	Ü¥ä��ì EIC(external interrupt controller): MIPS32/64��

��À�§�MIPS CPUJø��ØÓ�¥ä&-�{"§Jø
õ� 63

���ØÓ�¥ä£éui\ªXÚék^§Ï�²~k�þ�¥ä¤§

�´�d´�¦XÚ�O<
^M�Ù�¢y¥ä`k?"ë� IPL§ä

N[!�1 5.8.5!"

(EJTAG): MIPS32/64 CPU�ØSNÁü�5�§̂ ��^§�´�k

ÏL JTAG£ÿÁ��¤Ú�ë��NÁ&�^?��"�1 12.1!"

��1�ó��ª ELF(executable and linking format): �UNIXI

Oz�½���8I�è�ª§́ MIPS ABI�r�5�"

emacs: ©�?6ìp�a¬�§ý��§S
7Ø���óä§emcs

(h<�)zg�\Ue����$1��\ÀJ� Lisp§S"A��±?

¿½�§Ø+��oó�§\Ñ�±lêØ��±c�Laqó��<@

p���kd���Ï"�ÖÒ´^§��"

i\ª(embedded): £ã����£Ì�¤Ø��O�Å�ÔNSÜ�

Ü©�O�ÅXÚ"�±´lÀªiZÅ�Àæ¬��ì�?ÛÀÜ"

�ýì(emulator): � in-circuit emulator; software instruction emula-

tors"

�à(endianness): ���Åì´��à�´��à"�1 10Ù"

endif: £#endif¤cpppL«^��¹��èã�(�"ë� #ifdef"

EntryHi/EntryLoM�ì(EntryHi/EntryLo register): �3�kTLB

� CPU¥¢y� CPU��M�ì"̂ 5Ú TLB�Cêâ"

É~§SOêì EPC(exception program counter): w�\É~��

CPUl�o/�#m©�1� CPU��M�ì"

(�Ü©(epilogue): �¼ê(�Ü©(function epilogue)"
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�ÞØ�?§�Ö�;ì EPROM (erasable programmable read-only

memory): T���~^uJøXÚÚ���Ö�è¶ùp��ª�^

5�@
�Ö�è� �"

errno: �õê C¼ê¥^5�w I/O�Ø��ÛCþ�¶i"

ErrorEPCM�ì(ErrorEPC register): R4x00Ú�5� CPUuÿp

����Ø§�
U
3 CPU?u,
'��£�´~��¤É~?n§

S�1��´��Uuÿ�Ø§p���u�XÚJø
gCÕá�M�

ì5P4�£/�"�1 4.9.3!"

É~a.è(ExcCode): Cause M�ì¥�¹�L«fu)�É~a.

� �"

É~(exception): 3 MIPSNX(�¥§��É~�±´?Û����

�=�ü�g�\�:���¥ä½g�"

É~§IEEE (exception, IEEE): ë� IEEE 2:É~£floating-point

(IEEE)É~¤"Ø3�´§ù´�«ØÓuMIPSÉ~�ÄÔ"

É~�þ§É~\�:(exception vector, exception entry point): CPU

M�3É~��m©�1�£J[¤�;ì/�"“É~�þ”Ù¢^cØ

�§5u�±^^�ÏL73S��L5#½Â\�:�NX(�"

3MIPS CPUp§É~?n§S\�:�UÏL?U EBaseM�ì¥�

ü�Ä�—�N���—CÄ"

É~É³ö(exception victim): 3É~�§É³ö´�duu)É~

£�¤�U$1�1�^�-"éudu CPUg�¹Ä���É~§É

³�-Ò´ÚuÉ~��-"Ï~�´É~�����£�/:¶�´Ï

�©|ò´��J¿�o´Xd"

�~�(exceptional value): �Ñ�~L«���2:�£Ã¡�!&Ò

�ê NaN��¤"XJ^�#N§?ÛO�(J�ù«���ÿÑ�±Ú

u�� IEEE 754É~"

��1©�(executable): £ã���±��$1�8I�è"

�ê(exponent): 2:ê��Ü©§�1 7Ù"

*Ð2:ê(extended floating point): MIPSM�¿ØJø§Ï~�¦

^�L 64 £Ï~� 80 ¤�m�2:ê�ª"

	Ü�(extern): C�ó¥3,	�¬¥½Â�Cþ�êâá5"

FastMath: ë� Intrinsity c^"
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�Ø§Ñ�(fault, faulting): ��¡�(page fault)"

2:ü�^�èFCC(floating-point unit condition code): MIPS I�

MIPS III�k��§�5� ISAkl�"

FCSRM�ì(FCSR register): 2:��/G�M�ì§�1 7Ù"

k?kÑ FIFO (first-in, first-out): ��NBêâ�è�§Ù¥z��

±Ú?\è��Ó�^SÑ5"

?�(fixup): 3�?��è¥§�ó�ì/½ ì�
¦�Ú§S��$

1� ����N��-Úêâ«/��¹Ä"

I�(flag): ùp£O�ÅÖ¥~^¤^5���M�ì¥ü� �¤�

�"

2: �(floating-point bias): ��\� IEEE�ª�2:ê��êÜ

©� £þ§¦�é¤kÜ{���êÜ©Ñ��"

2:^�è/I�(floating-point condition code/flag): d2:'��

-���ü� §D£Ì CPU^ bcltÚ bclf�-ÿÁ"

2:�ýg�(floating-point emulation trap): �CPUØU¢y2:£�

?nì 1¤ö��u)�g�"�±�ï��^�g�?n§S5�[

FPU�1��£��§ù�A^§S^�ØI���´ÄSC
 FPU2

:M�"̂ �~§�U�ú 50–300�"

2:É~(floating-point exception): 2:O�� IEEE 754 IO�Ä

�
O�(J�U´“�~�”—��¡��«��^r�UØp,�(

J�c"TIO�¦¢y� CPU#NÓ¼z�«a.�É~—ù�Òk


·Ï§Ï�MIPSÓ¼��5¯��Å����É~"

2:ü� FPU(floating-point unit): MIPS CPU�12:êÆ$�Ü

©�¶¡"{¤þQ²´�¬üÕ��¡"

foo: �U�-Ã½öÃ^©�¶"

FORTRAN: @Ï�ÆÚê�O�¤^�O�Å�ó§3ù
+�Ùé

Ð��£�5�L
�«-<?��"�"

FP: 2:"

fpv��M�ì£fp(frame pointer) register¤: CPUÏ^M�ì£$30¤§

k�^5L«��Òv£stack frame¤�Ä�"

fpcond: 2:^� £����?nì 1^� ¤�,��¶i"
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FPU: 2:ü�"

�ê§�êÜ©(fraction, fractional part): 2:���Ü©£����

ê(mantissa)¤"�1 7Ù"

v§v��(frame, framesize): �Òv(stack frame)"

gd^�Ä7¬(Free Software Foundation): gd^���Õ�Å"

ö"FSF´��±k GNU^����£tÑ�¤|�"

��é(fully associative): ��é�;(associative store)"

¼ê(function): C�óéf§S��{§�Ö�õê�ÿ^ù�¶¡"

¼ê(�Ü©(function epilogue): 3®?�ó¥§3¼ê�Ü���

�½�-Ú·-S�§����£�N^ök'"

¼êSé(function inlining): p??ÈìJø��«`z�{§Ù¥¼

êN^�^�N^¼ê���¼êN��Ü�-S�?1O�"3NõN

X(�¥§ùU������J£éué��¼ê¤§Ï��Ø
¼êN^

m�"3MIPSNX(�¥¼êN^�m��±�Ñ§�´Sék�ÿE

,´kd��§Ï�§#N`zì�â¼êþe©�¸?1ó�"

¼êÄÜ(function prologue): ®?�ó¥§ u¼êmÞÜ©��½

��-Ú·-§��M�ìÚïáÒv"

gcc: GNU C?Èì�Ï~¶i"

gdb: GNUNÁì§GNU C���óä"

�Û�(global): §S
éu¶iÚ�3��§S��S�±�¯�êâ

��Pª�{"k�Øî��í2�?ÛPkgC�;�m�k¶êâ

�—ù��(��{´·��(static)"

�Û��(global pointer): MIPS gpM�ì§3,
MIPS§S¥^�

é½Â� u�½§S/�� static½ extern� Cêâ�Jøp��¯"

globl: ®?�óél�¬	Ü���êâ½�è\�:á5�(²"

GNU: gd^�Ä7¬�8�¶¡§T�8Jø��aqu UNIX�ö

�XÚ�¤k¤©£SØ�UØ	¤����±gduÙ���"

GNU C ?Èì(GNU C Compiler): 3Õá§S
Úgd^�Ä7

¬° +E Richard StallmanÚ.�/��ö����8N��e�

Ñ�gd^��¬"Ø�\3^ SGI�ó�Õ§ÄK GNU C´MIPSþ

�Z�?Èì"
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�Û £þLGOT(global offset table): MIPS/Linux^�Ä�ó�Å

�7Ø����Ü©§�Ð´3MIPS/ABI¶Âemu�"� 16.2!"

gpM�ì(gp register): CPUM�ì $28§~^�§Sêâ���"�

±ó��T��� ±32K ��S�§Sêâ�±^ü��-�-\1"¿

�¤kóäó!¤k$1��¸|±ù�:"

�i(halfword): MIPSNX(�é 16 êâa.�¡�"

�x(hazard): ���6Y��x(pipeline hazard)"�xu)3�-S

�Ø���/�§Ï�)�ö��-¯¢þ�U�vk�\�§SS�¥

�¡��¤ö�-þ£~~´du)�ö��J36Y��Ïâ)�¤"

� CPUNX(�¿Øj±�¦M��Jß²�â¬k�xµk�U½Â

��vk�x�NX(�§±¢y�E,ÝÚ£�U�¤5U����d"

3�P�MIPS CPU¥§k���x3^rA�?§S��µèã3;�

\1�-����-¥¦^êâÒ¬�}"y�� MIPS CPU3^rA

�?�è¥vk�x"

�=¦#� CPU�k� CPU���'��x§ù
31 3.4!?ØL"

�x�o(hazard barrier): �^�u)�öÚ�¤ö�m��-§̂ 5

�y�¤öw�)�ö��J�Ü)�"

æ(heap): 3$1�©��§Sêâ�m"

(Henrich, Joe): 5MIPS^rÃþ6�-<�¹��ö§A�¤k�(

��MIPS ISAÑ´lù�Ö�)5"

(Hennessy, John): MIPS�° +EÚCÄö§Hennessy�Ç+�


Stanford�Æ�@�MIPSïÄ�8"

(hi, lo): MIPS�ê¦{ü��(JM�ì"Ü3�å���ê¦{\\

ö��\\ì"

·¥(hit): �p���·¥(cache hit)"

(I-cache): �-p���£MIPS CPUo´k©m��-Úêâp��

�¤"� CPUÖ��-�§�é I-cache"

(ICE): � in-circuit emulatorc^"

(ICU): ¥ä��ü�

���(idempotent): ��êÆ¶c§��1ügÚ�1�gäk�Ó

�J�ö�£Ï�1ÊgÚ 99g��¤"��\�j�´���ö�§

�´\0ÒØ´"
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�6Y�� CPUu)É~�¿���£��¥ä�?Ö�§éJ�y�

�ÑTÐ��1
�g¶XJU
4,
ö���§XÚÒØ¬ÉJb�

Eö��K�"'X§MIPS�¤k©|�-Ñ´���"

IDT: Integrated Device Technology úi§1980 ±9 1990 c� MIPS

CPUi\ªA^�k1ö"IDT�3UYUF¤�§�´ CPUØ2´Ù

Ì��Ö
"

(IEEE): {I>f>ìó§��¬(Institute of Electrical and Electronics

Engineers)�Äi1 �"ù�1�ìN�½
NõO�+��IO"§

�ó�~~'Ù§IOzÅ��\¢^!ÜnÚkï�5"

IEEE 7542:IO (IEEE 754 floating point standard): ��'u

�âê�L«�ó�IO"TIOr�5½
�|Ä��â¼ê�°(1

�§�mu�£��ê��{Jø
��½�Ä:"

(ifdef, ifndef:): #ifdefÚ #endifò C�ó¥�^�?È�è)å5"

TA5¢Sþd Cý?nì�¤§¤±��^uÙ§�ó"

á=ê(immediate): 3�-8£ã¥§á=ê��i\��è¥�~

ê"3®?�ó¥§�?¿~ê�"

¢y (implementation): ^�“NX(�”��¡"3�Ö¥§�õê�

ÿ�·�ù�3��äN CPUN��¤,�¯�"

3��ýì(in-circuit emulator): �m©§�^U
°(�[ CPU1

�¿Jø�
�ª���1Úu� CPU��¬�� CPU���"�?n

ì ICEü�Ø�;�/�Äu,��?nì£~~´�p?�¤�¡��

�"

~~k�UØ^ ICE?1mu—ICE�B�¯K�õ"

�´y�§ù�ck��^5�NÁ&Þ(debug probe)£�þ¤§̂ ØÓ�

�{Jø
�q�õU"

¢Ú§p���(index, cache): � cache index"

¢ÚM�ì(index register): ^5½Â=� TLB êâ��SNò^5

l EntryHi/EntryLo�mÖ�Dx"

Indy: d SGI3 1980c�æ^ R4000!R4600Ú R5000 64 MIPS CPU

�E�¤��é�$�ó�Õ"

�°(�(inexact): £ã��°Ý�2:O�"5¿ù3�õêF~O

�¥u)�éõ¶'X 1
3 ÒÃ{°(L«"IEEE 7545½�¦MIPS CPU

�±é�°((Jg�§�´vk<�mù«À�"
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Ã¡�(infinity): ��2:ê�L«��£½��¤v{L«��"IEEE

754½Â
�KÃ¡��$�1�"

Sé(inline, inlined, inlining): �¼êSé(function inlining)"

�-NÝ(instruction scheduling): |^ CPU�6Y�c�£Ä�-

±¼���5U�L§"3{ü�6Y�z�MIPS CPUþ§ùÏ~Ò�

¿©|^ò´ø"ùd?Èì5�¤§k��d®?ì5�"

�-8NX(� ISA(Instruction Set Architecture): CPU �õU£

ã§°(�½ÂN�?n?¿Ü{��-6£�´Ø7½ÂN�¢

y¤"MIPS32/64´�Öù�Ì�� ISA"

®?�-Ü¤(instruction synthesis by assembly): MIPS�-8�Ñ


Nõk^ÚÙG�ö�£~X\1�Ñ ±32KB ���	�~ê��

-¤"MIPSNX(���õê®?ì�É^A^Åì�-S�¢y��

-£k���÷�-¤"

(int): C�ó�êêâa.�¶i"T�ó¿vk½Â^õ� 5¢y�

� int"ù�gdÝ�±4?ÈìÀJ38IÅìþ�Ç�p�¢y"

p£(interlock): ��^�-�ò´�,�^�O�Ðâ�1�M�A

5"3MIPSNX(�¥k�êp£"

¥ä(interrupt): ��£e�¶-¤�±��É~�	Ü&Ò"

¥ä¶- (interrupt mask): CPUG�M�ì¥z�¥ä� �¶-§

(½3�½�m#N=�¥äÑ\�)É~"

¥ä`k?(interrupt priority): � IPL"

�¥ä�(interruptible): ��^5��ã¥m�±N=¥ä�§S£§

S
Ï#Nu)¥ä¤"

Intrinsity Semiconductor: Instrinsity uÙ!�EÚü«
 FastMath

MIPS32 CPU£�k��N\�
��?nì¤Ìªp� 2 GHz —¦Ù¤

�8c���¯�MIPS CPU",§Túi�U�;5u7��N�O

EâØ´MIPS CPU"

�¢(invalidation): � cache invalidation"

¥ä`k? IPL (interrupt priority level): 3NõNX(�þ§¥ä

Ñ\äkSï�`k?¶3Ó�½öp`k?�¥ä?n§S�1Ïm

¥äØ¬)�"{¤þ§MIPS CPUvk�ù
§r`k?3�
^�?

n"
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�´æ^
�À� EIC¥äXÚ�MIPS32 CPU3M�¥�6Ú¢y¥

ä`k?"� 5.8.5!"

Irix: SGIó�Õ/ÑÖìþ�ö�XÚ£Äu Unix System V�þ�¤"

ISA: �-8NX(�"

¥äÑÖ~§ ISR(interrupt service routine): ¥äÉ~N^�^�

�,	��¶i"

u�§�- (issue, instruction): �ù�O�Å¢y��ÿ§u��®

²^
,
 CPU]m©��,^�-�'�ö���m:"

I-TLB: �����l TLBE�&E�M�L§^5=��-/�§ù

�Ø^Ú=�êâ/��M�¿�"3@Ï�MIPS CPUp��“micro-

TLB” ½“uTLB"” é^�´Ø���§Ø�\gCé�mOê¬5¿�

�����¯Ì TLB��1¬k���¨±Ï�Êî"

JPEG: ��ã�êâØ �IO"

JTAG: �
¢yÿÁõUë�>f���5�IO§�ÑÈ�“�&

�”"JTAG&Ò�O¥�¤k¹Ä���¤Úsó§#N�ÜÀÜ�^ü

��¯:"¢S�¹l5¿���Xd§Ï���üõU�¡Ï~¿Ø|

± JTAG¶�§´>´��¬ÿÁ7Ø����Ü©"

��Ö'�k'�´§JTAG&ÒJø�«ë�¡þ EJTAGü��NÁ

&Þ(debug probe)��1�ª"

=£ó��-(jump and link instruction): MIPS �-8é¼êN^

�¶¡§ò�£/�£ó�¤�\ raM�ì"

k0Ú k1M�ì(k0 and k1 registere): ü��½�g�?n§S�3

�Ï^M�ì"éJ�O����Ø^M�ì�g�?n§S"

SØ(kernel): ����±üÕ?È�ö�XÚü�§�¹?ÖNÝõU"

k
ö�XÚ£� Linux¤́ �¬�§k���¤NõõU��SØ¶k


´�¬z�§k���SØ±�\þ
9Ï?Ö"

Ø%A�?(kernel privilege): éu�o� CPU§�Ù¥#N�1?Û

ö��G�"Ï~éÄ�?uTG�¶3�XÚ½{ü�ö�XÚ¥§�

�?uTG�"

Kernighan, Brian: ú@�KIé C �ó?1XÚz�5C §S�O

Ãþ£C Programming Handbook¤6�Ö��ö��£,��´ Denis

Ritchie¤"?Û§S
ÑØATÖk' C�ó�Ù§Ö
"
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,n(kludge): ó§�é¯����?´?Ö�)û�{�@Â�¡�"

kseg0, kseg1: �N��/��m£Ù¢��±`´N��Ôn/�$

512 MB�m¤"kseg0^u¦^p����Ú^ kseg1K^uØ�p�

���Ú^"Õá�§S§½ö¦^{üö�XÚ�§Sé�U��$1

3 kseg0/kseg1«"

KSU, KU: G�M�ì£1 3.3!¤¥Ø%/^rA�?�"

kuseg: MIPS§S/��m�$�Ü©§±^rA�?$1�§S�±

�¯T«�§¿�¤±/�Ñ²L£CPUC�� TLB¤=�"

L1!L2!L3p���(L1, L2, L3, cache): �?!�?!n?p���

�O¶"

¢�(latency): du,
ü�½O�ü����ò´"�;ìÖ�¢�

´��;ì�Gêâ¤s��m§Ï~´'�°��£��N´��À¤

�ëê"

�¼ê(leaf function): g�Ø�¹O�¼êN^�¼ê"ù«¼ê�±

���£� raM�ì§;.�¹eØ^Ò�m"

>²¯a(level sensitive): &Ò£cÙ´¥ä&Ò¤�á5"MIPS¥ä

Ñ\´>²¯a�¶?Û�m��-¹¿��¶-Ò¬��¥ä"

¥(library): �8I�è¥(object code library)"

1°(line size): �p���1°(cache line size)"

ó�ì!ó�-\1ì(linker, link-loader): é©m?È�8I�è�¬

ë¤�¬¿é	ÜÚ^?1)Û�§S"

Linux: ù´“GNU/Linux”ö�XÚ�SØ�¶¡"��1 13Ù"

��à(little-endian): �«òõi!�ê��$k�Ü©�;3�$i

!/��NX(�¶� 10.2!"

ll, ë£\1(ll, load-linked): MIPS32/64�ë£\1!̂ ��;�-é

õ?nìÚü?nìXÚ§ÑUJø�«k���ï�fö�ÚÙ§Ä�

ö�XÚ��ü��k��{"�1 8.5.5!"

LLAddrM�ì(LLAddr register): R4000 Ú�5� CPU � CPU �

�£�?nì 0¤M�ì§3�ä^��	Ä�vk^�"TM�ì��þ

�gë£\1(ll)�-�/�"
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lo!hiM�ì(lo, hi register): �ê¦Øü��;^ÑÑM�ì"ù


M�ì´p£�—ÁãlÙ¥�Ï^M�ìDÑêâ�ö�¬��{l

�¦Øö�(å"

\1ò´ø (load delay slot): 3�Ð�1��û�z�MIPS CPU¥§

\1ò´øØ=´�m�§�´M55½µM�é\1�Ø?1p£§

d^�KI�y3;���-¥Ø�¦^\1�"

;�\1����- �¡�\1ò´ø§a'u©|ò´ø£�,�ö

��´NX(���Ü©¤"

?Èì!®?ì½§S
�±£Ä�è¦þ|^\1ò´ø§�3Pª�

CPUþ§k��U3@p��^�ö�"

\1/�;NX(�(load/store architecture): ^5£ã�MIPSùa

NX(�§�;ìêâ��¯�U²(ÏL\1Ú�;�-?1"NõO

�NX(�½Â
Û¹�¯�;ì��-£'XæÒö�§é�;ìCþ

$��¤"

\1�¦^�m�§\1ò´(load-to-use penalty, load delay): 3�õ

ê MIPS CPU¥§\1êâ�JøØ�U@�U
4;�Ù���-v

kò´Òá=¦^£=¦´p���·¥��¹e§Áã;�XÒ�¯\

1êâ���k���-�Êî¤"

u;�XÒ¦^\1���ò´� CPU±Ïê¡�\1-¦^ò´"

¬m6D�`{´§\1-¦^ò´��±ÏÃú�ä§ü�æ�Øä!n

�Ø�Í�"

\1ì(loader): �
)¤��1©�é8I�è�¬?1?n¿��

-Úêâ©�§S/��§S"

ÛÜCþ(local variable): �3�c?È/®?��¬SÜ�±�¯�k

¶i�êâ�"

Ú^�ÛÜ5(locality of reference): �§S��Ü©�;ì�¯8¥

u��Ü©�;ì �£��áÏSXd¤���"ù�:�´p���

k���Ï"

Ü6©Û¤(logic analyzer): Ó�i�Nõ&Ò�Ü6>²£= 0½ 1¤

�ÿÁ��"~^5���?nì�¯L�/��L"

(long): C��	°Ý��ê¶éuoN 32 MIPS CPU�§S§Ú int

��Ñ� 32 "éu 64 MIPS§S§�U�� 64 §�´Ï~Ú��

�Ý��"
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Ì�Ðm(loop unrolling): p??Èìæ^��«`z�ª"§S¥�

Ì��?È¤U
3Ø©|��è	Ü¢yÐAÚÌ���è"ù3du

�6Y�Ú�-ý�¦�©|¤��é�p�¢y£MIPSé�Xd¤þ

AOk`³"=¦3MIPSNX(�þ§Ì�Ðm�k`z�J"ÏLò

ØÓ�Ì�Ú½�è·Ü§ÒkU?�-NÝ�Å¬"

�C��¦^ LRU(least recently used): ��op���Ò´£Â�

C��¦^p����m�^��`O��{"éu��©|�o LRU

G��~E,§¤±î�� LRUé�^u�Lo��©|"

LS: �$k� (least significant)"

LSI: LSI Logic Corporation§�[�EMIPS CPU�úi—X8Ì�´

�E�8¤��r�¡þXÚ¥�� ASICØ��Ü©�MIPS CPU"

÷(macro): O�Å�ó¥���3?È/®?�c�^¯k½Â�©�

?1O��“üc"” �äN/`§́ ^ C�ý?n�é # define½Â�

ÀÜ"

madd: �¦\(multiply-add)"

ÌZÅ(mainframe): �.[BO�Å�P¶i¶Pk�þ�;ì!̂ u

êâ�8.�A^"

�ê(mantissa): 2:êL«��Ü©"£�¡��ê½�êÜ©¤�1 7

Ù"

�N��(mapped): ^5£ã§S)¤�@
I�²LE,=�âU�

�Ôn/��§S/����c"

ùè/¶-è(mask): �� �§ÏLÅ Ü6“�”ö�ÀJêâ(��

�Ü©"

MDMX ASE: éMIPS32/64���*Ð£T*ÐÑy�'MIPS32/64

@¤"MDMXæ^2:M�ì5L«��£8 Ú 16 ¤�.ê|§¿J

øéê|¥�Ü�êÓ��1�Ó��â½ã/ö�"k:aqu x86�

MMX*Ð"

ÊH@�ù«ö�éu\�ÑªÚÀª?n£õxN¤�Ï^?Ö�~k

^"�´ù
U§\���õ��U´ DSP ASE§|±Ó��ö�§��

I�Ï^M�ì"

memcpy(): IO C¥¼ê¥^5��êâ¬�¼ê"

�;ì�o(memory barrier): � sync c^"
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� TLB (micro-TLB, uTLB): I-TLB �P¶i"

��è (microcode): Nõ CPU d��.���^2�©Û�Åì�

ó£��è¤?§�.��Ø£�Ú�¤�¤"(�� ISA¥��-ÏL�

�è�f§S¢y"

3 1970c�§��è�{k|u+n CPU�O�E,5"�X 1980c

�muÑ�Ð��Oóä§cÙ´muÑ
�Ð�>´�[ì��§£�

��3M�þ¢y ISAö�C�k�U
"�´Nõ CPU£AO´ CISC

.�¤E,æ^��è¢yE,½)���-"

�.Å (minicomputer): 1970� 1980c��“X���”�O�Å"ù

«O�Å3 1970c�Èd�é�$§3�Æ�ü�X½ö�)¿�ý�

�«É���S"1�� UNIXÚ�5�m�è$ÄÒåu�.Å§

cÙ´ DEC� PDP-11"

MiniRISC: LSIúi��X���.��`z�MIPS CPU�ûI¶"

Minix: d Andrew Tannenbaum���k,
 UNIXA��{ü�|�

ö�XÚ"3\��ö�XÚ�§�Æ¥¤^�ö�XÚ¥�kK�å"

���J�´§LinuxÒ´Ï� Linux TorvaldséuMinix=^u�Æ�

�
Û�5Ø÷¿��"

MIPS: 3�Ö¥§·�^ù�c��NX(��¶i"MIPS´MIPSú

i3{IÚÙ§I[�ÙgC�NX(�!�nÜ�^Ø!M�9^�¤

5þ���ûI¶"

MIPS/ABI: MIPS A^§S�#�IO§��
æ^��à/ª�

MIPSNX(���Ü UNIXXÚ�û�|±"

MIPSO�ÅXÚk�úi(MIPS Computer Systems, Inc): �Ðé

MIPSNX(�?1û�z¿�È�Å�"k�ÿ�^5�Ù�Uö§=

SGIúi�MIPSEâÜ�"

MIPS��N�û(MIPS silicon vendor): ?Û�EÚ�ÈMIPS CPU

½¹k�Ð�O� MIPS CPU |��úi£=üØ@
�^
O<�

CPU Ø�úi¤"ù�¶ü�)µLSI!IDT!Performance Semiconduc-

tor!NEC!Siemens!Toshiba!NKK!Philips!QED!Sony!SGI!PMC-

Sierra!SiByte/Broadcom!Alchemy/AMD!Cavium!Raza"vkÙ§=

� CPUNX(��±kùo����¶ü"

MIPS System VR3, RISC/OS: ù
Ñ´^5�Ó��ö�XÚ§l

UNIX System V Release 3�)Ñ���ö�XÚ"ù
£��´ Irix�

���"
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MIPSEâk�úi(MIPS Technologies, Inc): �O MIPS CPU Ø

�úi§MIPS32 9 MIPS64 NX(���ö§l 1999 c���y3

�¤kMIPSNX(��io<"MIPSEâúi´ SGI�MIPS CPUÜ

�©lÑ5��¤á��[úi"

²Lá6�}Á
pà�“MØ” MIPS64�O��§MIPSúi8¥u�

X��nÜ�Ø�O"y3ù
Ø3i\ªXÚ¥��
2��A^"

MIPS UMIPS 4.3BSD: MIPSO�Åúi1��ö�XÚ§́ Berke-

ley� BSD4.3��� UNIXXÚ���£���"§3{¤þk�¿

Â§Ï�k
MIPSNX(��A5Ò´;��é BSD�I¦�O�"

MIPSEB, MIPSEL: ù´l�õê MIPS?Èìóäó�¦��à½

��àÑÑ�¤^�c"

éàØ��(misaligned): =�éà� (unaligned)"

�;ì+nü�MMU(memory management unit): 3MIPS¥Jø

�����;+nM�Ò´ TLB§�±òp� 64�§S/�=�¤Ôn

/�"

MS: �pk�(most significant)£Ü©¤"

¦\!¦\\(multiply-add, multiply-accumulate): òü�ê�¦,

��1�g\{¦Ú�ü^�-"XJk��;^£�UV�°Ý¤�\

\ìÒ´¦\\§XJ��(J�±���Ï^M�ì¥Ò´¦\"

ùa�-éuê��{?è  r�k�§cÙ´éu2:ê"MIPS32�

c� CPUvkÑ¢y�ê¦\¶¢yT�-�Ä�þÑoNMIPS32/64

�½Â"

�k2:M��MIPS32/64 CPUPk���2:¦\�-8"

DSP ASEO\
�
;^�¦\�-"

õ?nì(multiprocessor): kõ�?nü��XÚ¶¢�¥§·�r§

^� SMP�ÓÂc"

õ?Ö(multitasking): £ã|±õ����§�ö�XÚ"3�~��

�gþ§�§^��ÒÚ��e^�-�/��x§¤±ö�XÚI�k

,«NÝì5]Àeg$1=��§§¿�y¤k?ÖÑ���1"

õ�§M�(multithreading hardware): U
lM�¥�õ��§£Ó

�§½��36Y�¥pÝU¤$1�-� CPU"MIPS32/64 MT ASE

5½
MIPS¢yõ�§��«�{§3N¹ A¥k£ã"

399



MIPSâ�L

&Ò�ê NaN (Not a Number): IEEE 754 ½Â�AÏ�2:�§�

��--��{�ö�ê���£�"

g,éà(naturally aligned): XJ���Ý� n �êâ�Ä/�� n

�"§@o`ù�êâ´g,éà�"��iXJ uoi!>.§@

oÒ`´g,éà�¶�iXJ uüi!>.Ò¡�g,éà¶�é

à(alignment)"

NEC: >f��ã<§1990c�+k�MIPS CPU�øAû"

i@É~/¥ä(nested exception/interrupt): �\3�1þ��É~

?n§S¥m�2gu)MIPSÉ~���/"k�ÿi@É~v�o¯

K"

NKK: ���[�.�F�n´úi���NÜ�§NKK3 1990c�

@Ï)�
�
MIPS CPU£Ì��� IDT�1��5¤"

Ø�¶-¥ä NMI(nonmaskable interrupt): 3 R40009���ì�

¥���£Q����Ñ\&Ò�����¯�¤"3MIPS CPUþ§�

Ø�Ù�.´�¶-¥ä�´A½�^E ¶�övký��O"

noat, nomacro, noreorder: ®?�ó��·-§Jø�§S
�«�

{5B�,
¿�o´^��E,�®?ìö�£vk no�·-¶#

#N�A�ö�¤"

.set noat ��®?ìò®?�è�È¤^� at/$1M�ì��-S�"

.set nomacro��®?ìòü�®?�é�È¤õ��-"

.set noreorder��®?ì�
3©|ò´ø¥W¿k^�-�Ï�è

gS"

�{l�(nonblocking): �«ö�§\�UÏ"§3�¤�cÊ��1§

�´¢Sþ;�
ù��"�^�{l�\1Ò´ CPU�L\1�-U

Y�1§4êâ\13���1"\1êâ�½�£���M�ì¥§�

5�-éTM�ì��¯´p£�§ù�§Sò31�g¦^\1êâ�

{l§Ø�d�®²�1�
"

��f¼ê(nonleaf function): 3,�/�N^O�¼ê�¼ê"�~

�/e§?Èì¬)¤��¼êÄÜ§3Òþ���£/�£�U�kO

�M�ì�¤§±9��¼ê�Ü§¡Eù
�"

�´�5�;ì(nonvolatile memory): ·^u?Û3XÚä>��E

,U�±êâ��;ìEâ"
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�ö�(nop, no-op): vkö�"3MIPSþ§nopÙ¢´�- sllv zero,

zero, zero�O¶§Ø�)�o�J§�?���-?èTÐ�""

5�z(normalize): ÏLé�ê£ Úé�ê?Uò2:�=�¤5�

z�/ª"Ø
é����	§IEEE�IOÑ´5�z�L«"

Ã�z(nullified): ·^u?Û�,®²u�¿�UY?\6Y��%Ø

N�)?Û�J��-—Ù�£M�ì�ö��³��Ø�ÚuÉ~"

3T�-áu“�ØT�1”£�N´Ï��Ø�ßÿ¤�|Ü§k��¡

�“6Y���"”

��5ù§��6Y��Ï�c§�-Ø¬k�oØ��£��J"¤¢

6Y��ÏÏ~�lp���·¥�\1�êâ��c��,��m"3

@Ï�{ü6Y�� CPU¥§�-=��3�^�)É~��-��â

¬�Ã�z"�5� CPU�2��æ^ù�E|—~X§¢y©|�-

�“�U”CN"

NVRAM: �´�5� RAM§����ä>�E,�±SN�����

;ì"

objdump: ��)è8I©�¿��<&E�¢^§S�;.¶i"

8I�è(object code): �«AÏ�©��ª§�¹k?È��§S�

èÚêâ§éN´=�¤��1©��ª"

8I�è¥(object code library): ���¹eZ�£üÕ?È�¤8I

�è�¬�©�§Ó��k��¢Ú�Ñz��¬ÑÑ�ú^¼êÚCþ

¶"XÚó�ì�±�É¥±9{ü�8I�¬§¿�=ó�¥¥ý�^

��@
�¬"

l?�(octal): ±l�ÄêL«�ê§DÚþ3c¡\��""¢Sþ§

®?ì4k�UrÖ��±"�Þ��ê)º�l?�"

ÏS�1(OOO, out of order): CPU ��«¢yEâ"OOO CPU U

^S�Ñ�-§�´�-��1�Xêâ��Uìêâ6^S£��'�

è��÷¤"�Jø�(�^S��Â§ù« CPU7L�y�¤��-U

^SòÑ§�?Û�1¥��-�B�^Ñ�±��"

ùfþ��~E,§�êâ6gS#N�õ��-¿1�1§(J�5

UOr´Xd�p§±�uù«Eâ3�~p�� CPU^�4�ÊH"

i\ª CPU �k�nÜ� CPU +��vk¢y OOO§�wå5ò5

¬"MIPSNX(��ß�M�ì�M�ì|�Ú"y^�è¦� OOO

¢yå5Ñ�N´�
"
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ö�è(op-code): �-��?�L«¥Ü©�§é�½��-ÏPÎØ


M�ìÀJÜ©!i\�~ê���	T��±ØC

ö�ê(operand): ��ö�^���"

`zì(optimizer): ?Èì��Ü©§ò§S��«�(�L«/ªC

��ØÓ��dL«§£F"¤�o!��m�o$1�¯
"

OS: ö�XÚ"

ÄÑ(overflow): �ö��(J��Ã{^ÑÑ�ªL«¡�ÄÑ"

W¿(padding): du?ÈìI�÷vM�éêâéà��¦§éêâ

(�3�;ì¥�L«�m3Ñ��m"

�(page): ���;ì¬§Ï~�����,g�¿�g,éà§ù´/

�=�XÚ¦^��;ìü "�õêMIPSö�XÚæ^ 4 KB�½�

���§�´M�k�U
·ÜA«ØÓ����=�"

�Ú(page color): ����ôÚ´�J[�/��$ 1–4 ��"3�

�J[¢Ú§ÔnI\�p���£MIPS CPUþ~^�¤¥§Ôn/�

�Ó�´J[/�äkØÓôÚ�êâ¬^ØÓ�p��� �§��p

���K(cache alias)"

�´XJ�Ó�Ôn/��N�ôÚ�ÓÒ�;�K"3ÑyõN�

��~���¹e§Nõ�ÿ4ö�XÚKI�oÓ���Ú´��g,

�"Ø3�´§3,
)���/§̄ K�J�õ"

��æ(page fault): ��ö�XÚVg§�§S�¯
��vk©�k

��Ôn�/�=��/�ù«¯�¶3ù��ö�XÚ¥§��æ�)

û�²LùA�Ú½µ�Ñ·��SN!©�Ôn�;ì!��/�=�!

��3Ñ�æ��-?#m©§S"

�L(page table): ;.�ö�XÚ� TLB�·¥É~?n§S���

�þ��/�=�£�Cu TLB�±��^��ª¤§̂ J[/��p 

��¢Ú"ù���êâ(�¡��L"

©��(paged): ���;ì+nXÚ£'XMIPS�¤§Ù¥æ^�½�

���£MIPS���� 4 KB¤�ü ?1N�¶/�p ?1=�§$

 ØC��D4"

PageMaskM�ì(PageMask register): MIPS �;ì+nXÚ¦^

�M�ì¶�1 6Ù"

ëê(parameter): �!�~§�§k
§S
`D4ëê�f§S§k


£Uì C?§Ãþ¤̀ D4ëþ�¼ê"¦�`�Ñ´�£¯"
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Ûó��(parity): �{ü��Øuÿ"�i!½öÙ§êâü \þ�

�P{�“�� ”¦�� 1� �oê£�)�� ¤�Ûê£Û��¤½

óê£ó��¤"

Ü©i!Ü©Vi(partial-word, partial-doubleword): °Ý�u��

i½öVi�´M��±����ü ?1DÑ�êâ"3,
 MIPS

CPUþ§�±3���Ô�i!�m"

Patterson, David: lMIPS��Ý5w§¦´ Hennessy�Ç���º

�Ú�Ó�ö£� Hennessy and Patterson¤"3 MIPS+��	§David

Patterson¶í�UÚ Hennessy¿�§¦+�
 Berkeley� RISC�8§

�5¤� SPARC�c�"

§SOêì PC(prgram counter): CPU�c�3�1��-�/��

{¡"

PC�éÏ�(PC relative): XJ�^�-¦^�/�?è��éuT

�-g� �� £þ§@oÒ¡T�-´ PC�éÏ��"�¬SÜ PC

�éÏ��©|é�B§Ï�����¬3�;ì¥²£�ØI�?�¶

ù�X PIC£ �Ã'�è¤c?
�Ú"

PCI: �� 1993cu²� PC� I/Oo�§y3��ë� I/O��ìÚ

O�Å�Ï^�ª"

PDP-11: 1970c��.�É�H��.Å§d DEC�E"ÙK�4

���§Ï�ûÐ��OûüÚ`D�©�-Ù¤�§S
��¿á�

ÀÜ"cÙ´ Ken Thompsoná��u²
 UNIX§K�
��{¤"

PDtrace: EJTAGNÁü����*Ð§�±Â8�l&E§�X�²

LØ �/�#N	Ü^�#�E§S����1´»"�¢����

v
õ��l&E´�]Ô"�1 12.3!"

½�`z(peephole optimization): �«`z�ª§T�ªÏL£OA

½�ª��-S�¿^�á�{ü��ª?1O�5��`z�8�"½

�`zéu RISC¿Ø@o�§�´é CISC�~�§Ï�Jø
?

Èì|^E,�-�Ì�Å�"

�vÒ PFN(page frame number): Ôn/��p §́ ©�ªMMU

�ÑÑ"

Philips: î³>f��ãÞ§Q²�OÚ�ELMIPSØ§y3UY¦^

MIPSØ"
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Ôn/�(physical address): Ñy3 CPU�ÑÑÚ�þ�/�§�D

Ñ�Ì�Ú I/OXÚ"�§S/�£J[/�¤ØÓ"

Ônp���(physical cache): “æ^Ôn¢ÚÚÔnI\�p���”

�{¡§Ò´`ùü�õUÑæ £̂=���¤Ôn/�"

PIC: � �Ã'�è(position independent code)"

6Y�(pipeline): '��NX(�A5§ÏL§�±¢yA^�-¿1

í?¶�1 1.1!"

®?�óé6Y��Ûõ(pipeline concealment by assembly): MIPS

®?�óÏ~ØI�§S
�Ä6Y�§¦+Åì�ó7L�Ä"®?ì

ò�èc�£Ä½ö�\ nop±�¿	�1�"

6Y��x(pipeline hazard): ��x(hazard)"

6Y�Êî{l(pipeline stall): �Êî(stall)"

6Y��ã(pipestage): äN� MIPS 6Y��£~��Ê�¤�ã�

�"�����/§3?Û6Y��O¥§��6Y��ã��´K�?

¿ü��¨>÷�m�-�Ü6"

pixie, pixprof: @Ï MIPS UNIX XÚ¥kL�{¤K��¿Û ó

ä"̂ 5ÿþÚ�Ñp��§S�Å^�-�1�"pixie�ó��r�©

�§S�?�=�¤���)ÚOz�Ä�¬£��Ä�¬Ò´±©|�

-½©|8I�m��ã�-¤��1gê�ÿþ�-���"

pixprof¯? pixie$1��)�°þJ±�z�Oêêâ§²LÜ��C

¤k¿Â�ÚO(J"�Nk�U§ù
óä½öaq�óä3O�óä

�¥�¬Jø"

PlayStation: Sony 1995c�iZÅ§d 32 �MIPS�?nì°Ä"

PMC-Sierra: PMC-Sierra ´���¬�2���ä��úi"§u

2000 cÂ	
 MIPS CPU ;��Oúi QED§d�)�
eZ MIPS

�¬"QED òYe5�p5U½� CPU �¬���UY�V 64  

R9000X2 CPU§�U��¬æ^
MIPSúi�Ø"

£�/�£�5/�£��(porting/portability/portable): N���«

O�Å�O�§S4§U
$1�,�O�Åþ"��´u£��§S¡

��£��§\�±�â§S��£�5éÙµ½�?"

 �Ã'�è(position indenpendent code): ØØ�u§S/��m

�o/�ÑU
�(�1��è—���J�´§ùé Linux/MIPSA^

^�5`´7I�"�1 16Ù"
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�±ÏL{ü/r¤kÚ^ÑU¤ PC�éÏ��/ª���f� PIC

/ª"

POSIX: IEEE�ö�XÚJø�?§���½���IO"���IO

k
�§�´,�f8£'X¯¤±��õ�§IO IEEE 1003¤®²

¤�¯¢þ�IO"

PostScript: �«O��ó§Ó��´L«�<�¡��«êi�ª"�

�4�p²��{§�Ðu Xerox Parc§Ù�UÚ£.Ä�þ´du

Adobe Systemúi@�Ø4§?\�¯½|U
?�õa"

pragma: C?Èì� #pragmaý?n�é§̂ 5l�èSÜÀJ,


?ÈìÀ�"�,��
ANSI CIO�|±§�´Ø
{*Ú(¹µGCC

��uòk^�À�áÂ��ó�*Ð"

°(É~(precise exception): É~u)��§�-S� u EPC��

�@^�-�c��-�Ü�¤§Ù�Ñy��-wþ����vkÑ

y��"MIPSNX(�Jø°(�É~"

°Ý(precision): £�êâa.¤êâL«¤^��?�� ê"

sÓ(preemption): sÓ´Ï�,
���¯�ÑyØ�ØÊeÃ

Þ�3Z�¯�"3O�ÅXÚ¥§“���¯�Ñy”��ª�Ï�½

´�¥ä§¤±sÓª�ö�XÚ´3?Û¥ä�Ñ#N#NÝ�"P

� Linux��£2.6�c¤Ø´sÓª�µXJ¥äu)��è�Ð$1u

Ø%�§3¥ä�èg�Ê�½ög��£�^r��cØ#N��#

NÝ"

ý�(prefetch): 3ØK��3$1�§S�^�e§m©ò�Ï��ê

â��p����ö�"XJ§S
�±3êâý�\1�c±,«�ª

Jc?1ý�§@ok�UwÍ�J,5U"

ý?nì(preprocessor): � Cý?nì"

PRIdM�ì(PRId register): w�\ CPU.ÒÚ��Ò�£�Ö�¤

CPU��M�ì"ØA�Lõ�6§"

�? L1p���(primary(L1) cache): 3Pkõ?p����XÚ

¥§�l CPU�C�p���"

A�?(privilege level): CPU U
$1S��ö�XÚ�7LU3ü

«ØÓ�A�?þ$1"®��¤kMIPSö�XÚ�^ü�A�?µØ

%A�?Ú^rA�?£+nA�?�ÊH�Ñ¤"

^rA�?§SØ#N�pZ6½Z6PkA��SØ§S¶PkA��

§S7L�(ó�"
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��A�?(privilege violation): ��§SÁã�1Ø#N�ö�§ù

¬����É~"ö�XÚ7Lû½�ÑN��¨v"

&Þ!NÁ(probe, debug): � debug probe"

?§(process): �� UNIX�c§�éAu·-1þ��c½öü�A

^§S��¬O�¶�)�����§!��$1�§S��?��è±

9�±3Ù¥S�$1�gC�/��m"

¿Û(profiling): �þ�
Â8]¦^Ú$1&E�óä5$1§S"

@�óä�±¦X^�§3^��ÏeÏL±Ï5¥ä¼�&E§��±

´XM�£Xþ¡� PDtrace¤"

§S/�(program address): l^�ó§���Ýw��/�§d§S

)¤"���J[/�"

ÄÜ(prologue): �¼êÄÜ(function prologue)"

�?§�Ö�;ì PROM(programmable read-only memory): Øî

���?¿�Ö�§S�;ì"�Ð´�@
3)���±?§��;

ì§�´y3M?§�£“ù�”¤ROM3æ^MIPS CPU@����X

Ú¥é��
"

k�o�ö�XÚ(protected OS): ��3$A�?�1?Ö�ö�X

Ú§ù��±��?Ö?1»�5�ó�"

PTE: �L�"3MIPSþÒ´d^��o�^5�EM� TLBêâ�

�êâ"

PTEBase: MIPS Context½ XContextM�ì��Ü©§C\�;.ê

â´�����;ì¥/�=���L���"

Pthreads: � POSIX"

QED: þfì���k�úi§1990c�±5�õ��MIPS CPU�O

|"

o�°Ý 128 2:ê(quad-precision (128-bit) floating point): MIPS

M�Ø|±§�´3 n64 ABI¥�
½Â§k
?Èì^^�¢y"3 C

�ó¥§ù¡� long double"

R2000, R3000: 1��û�z� MIPS CPU§µCå5æ^	Ü·�

RAM���?p���"
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ra M�ì(ra register): CPU M�ì $31§DÚþ^�f§S�£/

�"ISA|±ù«^{§jal�-��^§£Ù 26 8I/��vk3ev


��m�½=�M�ì�É�£/��¤"

�Å���;ì RAM(random access memory): Q�Öq���O

�Å�;ì"� ROM"

RandomM�ì(Random register): �k TLB �� CPU ��M�

ì"TM�ìgÄëY4O§�� TLB���ÅO��{"

Raza�>fk�úi(Raza Microelectronics, Inc): �é�#�?\

MIPS�úi§Raza�E
 XLRxõ�§!õØMIPS64 CPUA^uC

ål�ä§�U´8c¤k� MIPS ��¥óéþ�p�"ýé��5

À�

Ö`k(read priority): du��Àì��Ï§CPU�U�Ó��1�

�Öö�Ú��£ò´�¤�ö�"k�1Öö�Ø=�1�UJp5U"

XJ CPUo´���Ö��êâ§@où«^�¡�Ö`k"�´��

Ö�� �É�����\K���ÿ§ù��¬E¤��5¯K§¤k

é��MIPS CPU}Áùo�£LSI� LR33000´�~	¤"

M�ì·¶(register renaming): �«¢yp5UO�Å�Eâ§#

N�-�Ï�~gS�1�´�1gSé§S
�±Ø��"̂ uMIPS

R10000"

�½ �8I�¬(relocatable object module): �ã�¹7�&E

ÚP¹�8I�è§4§SU
é�¿��?U¤k� £þÚÛõ/

�§r�¬½ �S��A½ �"

½ (relocation): �
¦�?�8I�èU3ØÓ��;ì ��1

?1�=�L§"

2g5�z(renormalization): 32:O���§(J�UØ2´5�

z�"2g5�zÒ´#4(J5�z"

E (reset): �Ö¥^5��\-¹ CPU� ResetÑ\�u)�¯�¶

ù3fþ>½öXÚ#Ð©z�u)"

°{�-8O�Å RISC(reduced instruction set computer): �Ö¥

���
¢y{ü�6Y��O��aO�ÅNX(�"3 1980c�

��Ïm©Ñy"

ÖU� RMW(read-modify-write): é?¿a.��; �~��ö

�S�"� RMWS�3ÖÚ��m��ä�Ò¬u)õ�§XÚ~�
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��Ø§d��¥ä�§�U^��L����¥ä�§��"Ò´

`§RMW~~k�f5 ��¦"

�Ö�;ì ROM(read-only memory): ØU�\��;��"£3y

�§�õ��ØU±Ï~�ö��\—~~k�
l��½ö�~5�Ã

ã�±?1#?§"

�\�ª(rounding mode): ½Â2:ö��°(1�"�±ÏL2:

G�/��M�ì��£�1 7Ù¤"

¢�ö�XÚ RTOS(real-time operating system): ���E^�c"

A�z�' Linux{ü�ö�XÚÑ�¡� RTOS"ý��
�ÏXÚ÷

v(½����O�{üö�XÚX8�U���“M¢�”ö�XÚ"

s0–s9M�ì(s0–s9 registers): Uì�½�^��¼ê���Cþ¤^

� CPUÏ^M�ì�8Ü£$16–$23Ú $30¤"�´?Uù
M�ì�¼

êÑ7Lk��§���"

âÝ(sandbox): äkAÏ�o��|]£^�!©��m!�;ì9

CPU�m¤§3Ù¥�±S�$1Ø&?�§S"ù´ÏA�þ�ZEâ

¶c��"

SandCraft Inc.: �[ MIPS CPU �OÅ�§¤áu 1996 c§�åu

�½�� CPU�O"ÙÜ©<
d SGI� R4300�8|�Ø%¤
|

¤"SandCraft�O
 NEC� Vr54xxX� CPU"SandCraftu 2003c�

Raza�>fúiÂ	"

�Ú�â(saturating arithmetic): �$�(J�°Ý�Ñ
L�(J

��ª¤UL«����	�§)¤�L«��S��C$�(J��5

?nÄÑ��â$�ö�¤��Ú�â"éukÎÒê$�§���(J

´�L«���½ö���ê§éuÃÎÒê$�§(J�K��^"�

�"

éu�UÄÑ�O�§ÏL^��è?1uÿØy¢��¹§ù�ÀJ�

'“g,”�£7Ð�õ"

^��;(sc, store conditional): �ë£\1(load-linked)"

Iþ(scalar): £ØÓuê|½êâ(��¤{üCþ"aq�§�géü

¬êâ?1ö�� CPU¡�IþÅ"ù�c�5´�
Ú�þ?nì�

CPU«O�§�ö�±�gö���¬êâ"

NÝì(scheduler): 3õ?ÖXÚ¥§NÝìÒ´û½eg�1=�?

Ö�§S"
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SDE-MIPS: Algorithmics�éMIPS8IÅ�muóä�§Äu GNU

C�ï�"

SDRAM, DDR DRAM(synchronous DRAM): �k�«���Ä

u÷Xêâ�G1êâDÑ�p�°êâ���S��¡"

�?p���(secondary L2 cache): 3�kõgp����XÚ¥§

´l CPU1�C�p���"

«(section): ^5l§S¥©m�è!�«êâ!NÁ&E��¿�Dx

�8I�è¥��©¬�¶i"��±z�«�ü û½Ù3S�¥� 

�"

ã(segment): � kseg0, kseg1"

©ã(segmentation): �«L���;ì/�=�Ú�o��{§Ù¥

§S/�\þ��Ä/�5?U"x86^Lù«�{§�´gl 386±�

Òv7�
"

&Òþ(semaphore): ��rkå�Vg§̂ u|��Oè�õ?Ö½

õ?nìXÚm�Ü�"

.set®?�ó��·-(.set§assembly language controls): � noat�"

|§p���(set, cache): �cache set"

|�é(set-associative): �cache, set-associative"

SGI(Silicon Graphics, Inc): 1990c�Äu MIPS�O�ÅøAû�

P�§�´MIPSNX(��io<"�Ö���Túi»�
"

short: C�ó����.êâa.�¶i§��� char������Ø

�L int"3 32 Ú 64 NX(�þ§shortq�o´�L 16 �ê"

SiByte: �[ CPU �Oúi§3 1990 c��ÏMï
 64   MIPS

CPU"BroadcomúiÂ	§��§E,¦^ SB-12xx CPU"

&Ò(signal): UNIX�a�XÚ¥ux�ÊÏ§S��©¥ä"3Berke-

ley UNIX¥��U?§d POSIXó�|�n¿5�z§̂ �«{'��

ªL«õ?ÖXÚ¥�{ü¯�Ï&"

��N�û(silicon vendor): 3MIPS.§��EÚ�ÈMIPS CPU

�?�[úi"

ü�-õêâ6 SIMD(single instruction multiple data): SIMD�-

éõ�êâEÓ�ö�"y�� SIMD�-;.��{´l��°M�

ì�“�¡”��õ�ö�ê"

409



MIPSâ�L

SmartMIPS ASE: ���-?*Ð§8I½|½ u“�Uk”—��

?Ö´?1\�/)��4$õÑ� CPU"O\
�þ�O��-Ú�


�;ì+n�UÄé@
¡�S��A^Jø�[âÝ��o"

é¡õ?n SMP(symmetric multiprocessing): �5�õ CPU XÚ

��¤õ��«/ª§Ù¥eZ���;ì£;.��{´æ^��5�

p���¤� CPU$1Ó��ö�XÚSØ"Linux/MIPS®²�±��

$1u·�� SMPXÚM�þ
"

�f(snooping, snoopy): � cache, snooping"

¡þXÚ SoC(system on a chip): ^õ�fXÚ�ï�E,ì�"�

5�õ�´5gØÓÇ��õ�fXÚ�¤"

^E (soft reset): 3êi>f¥§E ´ÊH���4��Ñ£�å

:�&Ò"éu�� CPU§E �L
]m=Ó£—3A�Î¦�Sk

E)"k�ÿ§\�3E  CPU��ÿ4§P4c��
ÀÜ—ù

Ò´“^E "” �1 5.9!"

^��-�[ì(software instruction emulators): ���[ CPU/�

;ìXÚö��§S"�±^5u�AO.��^�§Ï��.��Ã{

oNNÁì"

^�¥ä(software interrupts): ÏL�� CauseM�ì� Úu�

¥ä¶̂ �¥ä=�ù
 ��¶-�â¬u)"

Sony: �¤a>f�¬úi§Ù PlayStationæ^
MIPS�¡"

�è?NÁì(source-level debugger): ±§S£�-1!Cþ¶!

êâ(�¤/ª�«�c§SG��NÁì"�è?NÁìI��¯

�è§ù��ó�ui\ªXÚ^��§NÁì7L$13�ÌÅþ§l

$1u8IÅþ{ü�NÁi�§S¼�§SG�&E"

spM�ì/ÒM�ì(sp register/stack pointer): CPUM�ì $29§D

Úþ^�Ò��"

SPARC: Sunúi� RISC CPUNX(�"��u\²�ÆË�|©

�� RISC�8§MIPSÑgd"4�Æ"d"4£ uÎ7ì��¤́

�¤há�Æk
�Å¶Ë�|£ u°�é¡¤´¤úá�Æ§'�-

?"3�?nì�OþkNõ�¬{¤"

DÕ/��m(sparse address space): �
ö�XÚüÑ£�wÍ�Ò

´æ^��é��/����Ï�éY¤�k3\Pk'¢SI���õ

�/��m�âUó�"ù�\�±«ÉòÀÜDÕ�ÑÙu�?¿�Î
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Ã�R�©��m§XDÕ/��m��¦"y3�vk=�DÕ/��

m�ö�XÚ¼�û�þ�¤õ"

ßÿ�1(speculative execution): �« CPU¢yE|§Ù¥ CPU3

ý���T�1=^�-£�~��´§3���Ñ´Ä¬u)^�©|

��ä¤�cÒ�1�-"l R10000±��pàMIPS CPU±9�5�

õ�pài\ª CPUÑæ^TEâ"

£^£(spinlock): SMPXÚ^��«.��&Òþ/ª"ÙA�´��

3T&Òþþ{l��§ò?\��±Yu�\£Cþ�Ì�"ù3¼�

��£�^�êA�±Ï�k¿Â"

SRG�M�ì(SR register): CPUG�M�ì§A����M�ì�

�"�¹ CPU�ª��� "���1 3.3!"

Ò(stack): �?kÑ�êâ(�§^5P¹�3$1�k¿g��ó�

CPU��1G�"

Òëê(�(stack argument structure): ��Vgþ�êâ(�§1

11.2.1!^5)ºUìMIPS�½ëê´N�D4�¼ê�"

Ò£�(stack backtrace): NÁì���õU§é§SÒ�G�?1)

Û±�Ñ���c�1 ��¼êN^�i@(�"TõU���ûuî

��ÌÒ�¦^�½§ù:®?§S7L^IO��-IÑ"

Òv(stack frame): ��äN¼ê¤^�Ò�m¡ä"

ÒeÄ(stack underrun): �Áãl��l�Ø\êâ�Ò¥�Ñêâ

�Ñy��Ø"

L�êâ(stale data): ��¶c§̂ 5�®²��C��ö����´

E,�3�êâ"�±´� CPU®²�#
p��������£��

��;ì¥�êâ¶��U´�;ìSN®²� DMA��O�����

¢p���� up���¥�êâ��"¦^L�êâ´��Ø"

Êî(stall): � CPU��¤ó���,
]�6Y�È(£¤k�

-G�ÑØUí?¤�G�"

Õá^�(standalone software): $1�ØI�?Ûö�XÚ½IO$

1�¸�^�"

d"4(Stanford): Î7ì/«��¤�Æ§Hennessy�Ç3@p+�


MIPSÆâ�8§�´MIPSúi�)�/�"
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·�Cþ(static variable): C�ó¶c§�3?È�©�
�½��;

ì/��êâ"

G�M�ì(Status register): SRM�ì�,��¶i§�þ"

stdarg: ANSI C1O�IO÷�§Jø
é�kØ½�êëê½öa.

�k3$1�âU(½�ëê�¼ê�|±§�´Ûõ
¢y[!"

strcmp: C�ó¥¼ê§'�ü�£±�iÎ(��¤iÎG"

strcpy: C�ó¥¼ê§����£±�iÎ(��¤iÎG"

�?O�Å(supercomputer): ��¥~^5��
J¦ê�O�½O

��8.A^�5UØ7�Ä¤�ïE�O�Å"Ï~´ÏLæ^�


��þ2:�-��é���NX(�A55��p5U�"

�6Y� CPU(superpipelined CPU): Q,6Y�´�Ð¯§@o�

NÏL@Ø�¨±ÏÚrü��1�ã©����¡ä§Ù¥z�¡äÑ

U@?Ø ���¨±Ï—ùÒ´�6Y�"

MIPS R4000 CPUk�:�6Y�§²z���Úêâp����¯©¤

ü��ã¿��K��¨±Ï®����l?6Y�",\��6Y�

��©|�dO\£©|ýÿ�±�)ù:¤±9\1-¦^ò´O\"

R4000(á
ù�:§Ò´3é2�� RISCa�NX(�¥§ØA�¦

^�LÊ?�6Y�§Ø�\\
©|ýÿA5¿±,«�ª)û
êâ

\1�¦^�m�ò´¯K"

�Iþ(superscalar): �« CPU¢yEâ§�±Ó�u�õ^�-"n

�´E�v
õ�6Y��ã5#N¿©õ��-�å�1§4\“s�

���d��ü��5U”"

(Jy²§3|± OOO|��c§�Iþ CPUé?ÈÑ��è�UJø

Øõ�5UJ,"éuÃó?§c[N�L��èS��J�U¬�Ð"

�´k
aO��-£~X2:¤�¿1u�Ú$1�¤���$§d�

ù«E|U!�¤�",§§�61§Ý'Ùd��p"

+nA�?(supervisor-privilege level): 0uØ%Ú^r�m�A�

?"3 MIPS32/64¥´�À�§Nõ MIPS CPU�Ñk¢y§�´l5

v�^L"�1 3.3.1!"

��ì(swapper): � byte-swapper"

sync§�;ìÓÚ�o(sync, memory synchronization barrier): �^

4§S
²(L«§S¥�Ö�gSý�é���-"§S^S¥3

sync�-�c�?ÛÖ�7L�¤��§âU�1 sync���Ö�"
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ÓÚÜ6(synchronous logic): Uì3�U�M�ì�m�\�“|Ü

Ü6“�ã§z�M�ì3�½��Û�¨&Ò=�Ïm�;&E"ò

Verilog�èC¤U^��¡Ü6�?Èì§�õê8�§�Û�uN��

ÓÚÜ6� Verilog�è§@´¤k®���nÜ� CPU�ó��ª"

éU^�ÉÚÜ6?1���nÜ´��4à(J�É�ò�8I§XJ

¤õ�±�)5UõÑ'�4�J,"

Ü¤�-(synthesized instructions): � instruction synthesis by assem-

bly"

XÚN^(syscall): �^�
�)É~�3��-"É~¿���éS

Ø�S��f§SN^"syscall�-k���s�M�Ø�)º��§̂

��^§?èØÓ�XÚN^a."�´ Linux¿Ø^§—��¿^��

3Ï^M�ì¥D4��5«©XÚN^a."

t0–t9M�ì/��M�ì(t0–t9 register/temporaries): CPUM�ì

$8–$15Ú $24–$25§U�½^u��Cþ¶?Û¼êÑ�±^ù
M�ì"

":´ù
�ØU�y3XÚN^�m��"

TagHi!TagLoM�ì(TagHi, TagLo registers): MIPS32/64 � CP0

M�ì¶§�´p���I\SN�Ö�Õ"

TC: 3MIPS MT(õ�§) CPU¥§TC´$1�§�M�ü�§Pk�

� PCÚ�|Ï^M�ì"

��M�ì(temporary registers): � t0"

L3n?p���(tertiary (L3) cache):  u L2 ÚS��m�1n?

p���"

ËÄ(thrashing): �«éuª`z��$§ÙA�´Øä�E�

}"“p���ËÄ”´�«A~§Ù¥§Sª�¦^�ü�/��¿

�Ó��p����;¬§�Eòé�O�Ñp���§¦�p����

��^"3^��¡s¤
é�ãåÁã�EÑØ´Ép���ËÄ�

è§Ñ±�}wª¶�´¦^|�ép����ù�¯K½õ½���

�
"

�§(thread): �§Ò´§S¥Uì§S
¿ã^S�1�Ü©"ù´^

�õ?Öö�XÚ!õ?nìXÚ½õ�§ CPUM��Ä��Eü�"

½�ì(timer): � CPUJø���õU§́ ���½�Ý�Oêì§T

Oêì�k�«Å�§U3Oê��,��½��¬Úu¥ä"
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=��À�Àì TLB(translation lookasdie buffer): ò§S�/�=

��Ôn�/���é�;ì"�TLBØ�¹\I��/�=��§CPU

u)É~§dXÚ^�\1Ü·�/�=�êâ§,��£¿#�1Ñ

��/�Ú^"�1 6Ù"

TLB, B#�(TLB, wired entries): cA� TLBêâ��±��¤Ø

É TLBW?n§S��ÅO�üÑ�K�µr wiredM�ì���"

±þ����§randomM�ìÒØ¬��u½�u wired��"éP�

MIPS CPUvk wiredM�ìo´�3cl�"

TLBÃ�É~(TLB invalid exception): � TLB����A/��´

g��IP�Ã��u)�É~"

TLBá�(TLB miss): �vk TLB���§S/��u)�É~"�

õê TLB�·¥É~^��ÕA;^�É~\�:"ù��´Ï�ù�

É~´ö�XÚ¥Ñy��õ�§��£OÉ~��è�±!��m"

éP� MIPS CPU�é^r�� TLB�·¥É~¦^;��É~\�

:µMIPS32/64 CPUéÉ~�ª£�����´AÏ��/¤�	�TLB

�·¥Ñ^;��É~\�"

TLB?UÉ~(TLB modified exception): �� TLB���
���

ö��/�§�T TLB�IP�Ø���u)�É~"

TLBuÿ§tlbp (TLB probe, tlbp): ���-§�±J���§S/

�� TLB5�w´Ä�3,��U
=�T/�"

TLBW(TLB refill): 3 TLB�·¥��� TLBV\#�êâ��

L§"

óäó!óä�(toolchain, toolkit): ^5l�èm©)¤�$1�

§S¤I���Üóä�8Ü£?Èì!®?ì!ó�ì!¥��¤"

Àz(Toshiba): �[F���¡�Eû§Pk MIPSÇ�"Àz��Ê

Ï�È� CPUì�øAû¿ØâÑ§¤¶�´�� Sony PlayStation 2

�“a�Ú�”�%9µ�� 64 �2:�þ?nì§Ø' 1980c��?

Û�?O�ÅÖÚ"

=�/�½/�«(translated address or address region): 7L²L

TLB=�£ÄKÑ�¤�MIPS§S£J[¤/�"�) kuseg«§̂ rA

�?^�7L3d$1¶�kN��Ø%A�?«� kseg2"64  CPUP

k�õ�=�«"

=��À�Àì(translation lookaside buffer): � TLB"

414



MIPSâ�L

g�(trap): K�A½�-�SÜ¯����É~"

��(trunc): 2:�- truncr��2:ê���êÜ©�����ê"

TTL: ¬N+-¬N+Ü6£transistor-transistor logic¤�Äi1 �"ù

´��&Ò�½§̂ 5(½��>í&Ò�L 1!0�´0u�ö�m�½

Â"TTLÄu@Ï� 5 VÜ6x�S."TTL&-��� 1990c��Ï

3¤k��?nìXÚþÏ^¶Ù��U�O�ö´Ñ�?U�æ^ 3.3

Vø>>"

ü´|�é(two-way set-associative): �cache, set-associative"

Ï^ÉÚÂuì UART(universal asynchronous receiver/transmitter):

�«G���ì"

Ultrix: DEC�Ù$13Äu MIPS� DECstationO�Åþ� BSDX

�ö�XÚå�ûI¶"Ultrix$13 DEC�¦���àþ§¦�§��

��MIPSó�ÕÚÑÖìØU�?�oN"

UMIPS: �MIPS UMIPS 4.3BSD"

�éà/��¯É~(unaligned access exception): duÚ £̂load/store

i½�i¤�U·�éà�/����g�"

�éà�êâ(unaligned data): �;3S�¥�êâ§�Ø�y ué

à�·��/�>."�éà�êâ�U^AÏ��-S�âU���

¯§� 8.5.1!"

Ø�p����(uncachable): CPUÖ�Ø²L�ØK�p�����

;«"éu kseg1«�Ú TLB�IP�Ø�p����?1/�=��

«�Ñ´Xd"

Ø^p����(uncached): Ø|¢½Ø�\p���� CPUÖ�"

eÄ(underflow): �2:ö��(J���Ã{�~L«�¤�eÄ"

Ú�p���(unified cache): éu¤k CPU�¯Ñ|¢Ú�#�p�

��§�)��ÚÚ^êâ"Ä�þ¤kMIPS CPUÑæ^üÕ��? I-

Ú D-p���§�´�õê L2Ú L3p���Ñ´Ú��"

�¢y��-É~(unimplemented instruction exception): � CPU

ØU£O�-è�u)�É~¶�^3ØU�¤2:�-��^����

/�"
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éÜN(union): C�ó�êâ(²§L«TêâéØÓ�a.kØÓ�

)º"XJ\�;êâ�^�«a.§ÖÑ�^,�«a.§Ù(J±k

���ªw«ÑpÝ�Ø�£�5"

ü?nì(uniprocessor): Ø�O�?nì���;ì� CPU"

(UNIX-like): aqý�� UNIX �XÚ§�´vk��½ö�ª�I

O"�) Linux§�k5g�� OpenBSDÚ FreeBSD|�ö�XÚ§±

9� Sun� Solaris½ö SGI� Irix�a�û�ö�XÚ"

�N�!Ø�=��(unmapped, untranslated): � kseg0!kseg1/�

«"

Ðm�Ì�(unrolled loop): §S¥�Ì�§²LC��£�õê�m¤

3a=�m�1�L�gÌ��ó�"~~U¦§S$1/¯�:¶k�

dp?�?ÈìgÄ?1ù«C�"

^r�m(user space): ^rA�?��¯�/��m£kuseg¤"

^r«(userland): Linux^5¡�XÚ?uSØ�	�Ü©µ¥�kÄ

�A^§S"GNU/Linuxö�XÚ�^r«�õ5gu GNU�8"

^rA�?(user-privileged level): MIPS CPU��$A�?G�§Ù

¥�U^~5�-8§§S/�7L u kusegS"ö�XÚ�±��^

rA�?�§S�pZ6Ú½öZ6ö�XÚ"

utlbmissÉ~(utlbmiss exception): ^r�� TLB�·¥É~"3P

�MIPS CPUþ§;^� TLB�·¥É~\�:=^u^r�É~"

v0–v1M�ì(v0–v1 registers): CPUM�ì $2–$3§Uì�½^5N

B¼ê��£�"

(varargs): stdargy3®²L��P��"

VAX: DECäkmM5� 32 �.ÅNX(�§�ýéØ´ RISC"1

��|±J[�;ì£Vu virtual¤��.Å"

�þ!�þ?nì(vector, vector processor): PkU
�g3��¬

êâ8Üþ�1ö�§AO´2:ö��-�?nì"ù´�«�¡�ü

�-õêâ£SIMD¤�¿1?n�~f¶́ 1�«¢S¦^�¿1?n"

ê�$��8.��?O�Å�6�þ?n5Jp�Ý"

��þz�(vectorizable): N´¢ygÄÌ�`z5|^�þ½Ù§

SIMDö��§S¡���þz�"¢S¥§Ï~I�c[�O�§S

âU�±?1@«`z"
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Verilog: ��?§�ó§̂ 5£ãéý¢M���[½ö“nÜ”�Ü6

�O"�õê¢S^�y���E^Ü6�OÑ´^ Verilog��"

J[/�(virtual address): �§S/�(program address)"

J[�;ì(virtual memory): �«$1A^§S��ª§ØI�¢S

þý��§S@�gCI���Ü�;ì§�´§SgC¿Ø��«O"

²LSü4Áã�¯¿Øý�3�;ì�Ü©�§��ö�XÚN^"ö

�XÚéÑI���;ì£�è½êâ¤§?U/�N�4A^§S�±

é�§,�l��Ã��¯��-?#�1A^§S"�.�ö�X

Ú£UNIX�a½öy��Windows¤o´¦^J[�;ì"

VMS: DEC� VAX�.Åmu�ö�XÚ"

void: ��4 C§Sw���ß�êâa.§L«vk�^��"

´C�volatile: C½®?�ó(²�êâ�á5"��´C�Cþ�@

«Ù1�Ø��;ì�Cþ£=¿Ø´{ü��£þg�?���¤"X

Jvkù�á5§̀ zì�U¬@�vk7�#Ö����¶eTCþ

�L�´\3uÿ��;ìN�� I/O/�§ù��Ò�
"

VPE: 3MIPS MT£õ�§¤¥§�� VPE�¹��½õ� TC£3Ù

¥$1§S¤¿�Jø�|��� CP0M�ìÚÙ§]§¦�wþ�Ò

�´�����MIPS32/64oN� CPU"

J[�Ò VPN (virtual page number): §S£J[¤/�?1=��

Ü©"§S/��$ £=�S/�§Ï~�� 4 KB¤Ø^UC��D4

�Ôn/�"

VxWorks: ��3i\ªA^¥�¢�ö�XÚSØ§dºàúi(Wind

River System, Inc)muÚ�È"

WatchHi!WatchLoM�ì(WatchHi, WatchLo registers): ¢yê

â*	:��?nì 0M�ì§R4000º�� CPUþÑk"

*	:(watchpoint): NÁìJø���A5§��¯�½/���±6

Ê�3$1�§S¿ò��D4£^r"NEC� Vr4300 CPUPkÙ¥

��"

wbflush: ��~§/÷�IO¶§T~§/÷(� u�Àè��¤k	

Ü�±Ïlm CPU"

Whitechapel: Q²á6,å��[ u=I� UNIXó�Õúi§1987

cñÑ
1��MIPSS¡O�Å"
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ó�Õ(workstation): ùp�$1 UNIX�aö�XÚ�S¡O�Å"

£7(wraparound): k
�;ìXÚ£�)��l�MIPS�p���¤

k�5�§�¯�Ñ�;ì���/��Ò{ü£�å©/�m©�¯"

��Àì(write buffer): ���� CPU �±Ï�/�Úêâ� FIFO

�;ü�£Ï~��o�¤"3�;ìXÚ?n�ö��L§¥§CPU�

±UY�1"�æ^ß�p����§��ÀìAOk�"

£�p���(write-back cache): � cache, write-back"

ß�p���(write-through cache): � cache, write-through"

XContextM�ì(XContext register): � TLB£�;ì+nM�¤k

'��?nì 0M�ì"3� 64 Ï��J[�;«�æ^AÏ|��

�L�XÚþ§Jø�«?n TLB�·¥�¯��{"

"M�ì(zero register): CPUM�ì $0§Ù^{4�AÏµØ+�\�

o�§o´�£"�"
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ù
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ùp�é�Ö¥�J�½��[)º§�3�Ö?Èì)¤�®?ÑÑ�

�U���� PICk'�®?�«§��{ü)º"ù
�«¶i��± .cp

mÞ§cp�L context pointer(þe©��§½È�¸���)§Ï���±n)

�Ò´·�ÙG� gp"

.cploadÚ .cprestore

T�«����M�ì£Ï~� t9= $25¤ëê§�� u¼êÄÜ§� 

u .set noreorder��^�S"§�«®?ì§uxA^�-�âëêM�ì

��\1 GOTL�Ä�� gp"k' GOT�SN§�ë� 16.2!"
.cpload reg�«����3¼êÄÜ§ÐmXeµ

lui gp, _gp_disp

addui gp, gp, _gp_disp

addu gp, gp, reg

Ù¥ _gp_disp�Ll�¼ê�\�:� GOTL\�:�m� £þ§́ ��

3?È�ÒU(½��"reg Uì�½��� t9§3�¼ê�N^c§dN^¼

êW\�¼ê�/�§,�ÏL�^ jalr reg�-N^"ù�3�¼ê�\�

:§reg ��Ò´�¼ê\�/�§\þ� GOT\�� £þ§�\ gp§Bò

GOTL\�/�x\
 gp"
.cprestore offset �«®?ìò�c� gp ��uÒþål sp  £�

offset � �§=)¤µ

sw gp, offset(sp)

Ó�3z����a=N^�-£= jal§5¿Ø´ bal§�öáu©|N^¤�
£�¡E gp��§=)¤µ

lw gp, offset(sp)

�-"
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.gpwordÚ .cpadd

ùü^®?�«�å�±)¤�� �Ã'�a=L"d .gpwordMï�
�/�L\��±^ .cpp\þ gp���(�$1/�"

.gpword local_symbol

aqu .word§�´ó����� local_symbol� cp� £þ"

.cpadd reg

ò gp��\�M�ì reg þ"

.cpsetupÚ .cpreturn

ùü�^u 64 §©O�Au 32  PIC� .cploadÚ .cprestore"

.cpsetup reg, reg2/offset, label

Ðm�µ

sd gp, offset(sp)

lui gp, %hi(%gp_rel(label))

daddiu gp, gp, %lo(%gp_rel(label))

daddu gp, gp, reg

Uì�½§reg=t9, label�¼ê�\�IÒ"

.cpreturn

Ðm�¤�µ

ld gp, offset(sp)

Ù¥� offset Ò´þ�� .cpsetup¥� offset"
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