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Preface

ii ARM710 Data Sheet

The ARM710 is a general purpose 32-bit microprocessor with 8kByte cache, write buffer and Memory
Management Unit (MMU) combined in a single chip. The ARM710 offers high-level RISC performance yet
its fully static design ensures minimal power consumption, making it ideal for portable, low-cost systems.

The innovative MMU supports a conventional two-level page-table structure and a number of extensions
which make it ideal for embedded control, UNIX and Object Oriented systems. This results in a high
instruction throughput and impressive real-time interrupt response from a small and cost-effective chip.

Applications
■ Personal computer devices e.g.PDAs
■ High-performance, real-time control systems
■ Portable telecommunications
■ Data communications equipment
■ Consumer products
■ Automotive

Feature Summary
■ High performance RISC

25 MIPS sustained @ 33 MHz (33 MIPS peak)

■ Fast sub-microsecond interrupt response
for real-time applications

■ Memory Management Unit (MMU)
support for virtual memory systems

■ Excellent high-level language support
■ 8kByte of instruction & data cache
■ Big and Little Endian operating modes
■ Write Buffer

enhancing performance

■ IEE 1149.1 Boundary scan
■ Fully static operation, low power consumption

ideal for power sensitive applications

■ 144 Thin Quad Flat Pack (TQFP) package
■ Low-power CMOS process

1.5mA/MHz@3.3V

■ 3V and 5V operation
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ÿ(Õ1ç í ã�ÒVU&×&ÿ í Ö�ébÏ1Õ1Ô(Ö�Î&ê�ÍmÕ1Î&ç(ã�Î&è

nIRQ

nFIQInterrupts

nRESET

SnA

FCLK

MCLK

nWAIT

Clocks

VDD

VSS
Power

TCK

TDI

TDO

TMS

nTRST

JTAG

nRW

nBW

LOCK

D[31:0]

A[31:0]
Address

Bus

Data
Bus

Control
Bus

nMREQ

SEQ

ABORT

Memory
Interface

Chip
Test

Test

ARM710

TESTOUT[2:0]

TESTIN[16:0]

ABE

DBE

ALE

MSE

Bus
Controls
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Name Type Description

Ü	W5X&à × á�Y @C?AZ []\�\�^&_�`+`ba�c�`+dfe�gih8`kjlc�`b`+h8mInkofp8`bqrgk_�of\�\�^&_�`+`b^&_�s�c�_�`+qr_�\	t9u�^lvw_�vwu�^Gxyofz;z;_�`+`{_�`+df|Vu�^*v}ofp8p8x�h8q
z;gkofnkm�_�`E\�c�^Gh8nim�~��������V�9����d

Ü Ù�� �9? []\�\�^&_�`+`ij�c�`E_�nio�jlp8_�df��gk_�nVq9gkh8`bh8nk��c�qkh8`E��@C���fqrgi_�of\�\�^&_�`+`ijlc�`/�]�9�f�f� �f�r�����/�}�����b��ofnk\
���V����of^&_���c�qkh8nkq9uCo�gkh'm�g�h'vw��_�\�ofniz;_�`+q9ofqr_� 9|�u�qr_�¡f¢9d

Ü Ù�Ú Ýy£ �9? ¤�¥�qr_�^*niofpfo�jlu�^Gqrd�[]p8p8u�¦V`lqrgi_/v}_�vwu�^Gx�`{x�`+qr_�v§qru�qr_�p'pfqrgi_/��^&u�z;_�`+`{u�^�qrgkofq�oA^&_�sIc�_�`+q9_�\�ofz;z;_�`+`lgkof`
t9ofh8p8_�\�df@Cnkp8x�vwu�nkh8q9u�^&_�\¨¦Vgi_�n �#Q9^~�&�&c h'`Eofz;z;_�`+`{h8nkm�_�¥�q9_�^*niofp©v}_�vwu�^*x;d

Ü Ûb� �9? []\�\�^&_�`+`/p'ofqrz;g¨_�nko�jlp8_�d:e�gih8`/h8ni��c�q�h8`/c�`+_�\wq9u�z;u�nkq9^&u�pIqr^Gofnk`+��of^&_�niqip'ofqrz;gk_�`ªu�n¨qrgk_�of\�\�^&_�`+`�j�c�`
�]�9�f�f� �f�r�����b�}�i���/�¬«���V����dk|Vu�^*v}ofp8p8x}qrgi_�`+_�`+h8m�niofp8`�z;gkofnim�_�\�c�^*h'nkm®~������¯�V�°���V��jlc�q
qrgk_�x¨v}ofx�jl_Cgk_�p8\�jlx	\�^*h'±Ih8nkmw�]��²���@C�®dI³:_�_�´�µ{¶�·5¸6¹�º¼»�½�¾À¿�¾À»�ÁÃÂbÄ�Å6Æ�ÇÈµ{Ä�É{ÊÃË{µ{Ì	µ+ºÃ·ªu�n}��ofm�_
¡fÍfÎfd

Í W&X&à × á�Y �9?A@C?AZ Ï�ofq9oÐjlc�`+dfe�gk_�`+_�of^&_�jlh8Ñ9\�h8^&_�z;qrh8u�nkofp©`+h'm�nkofp©��ofq9gk`Ec�`+_�\¨t9u�^l\�ofqroÒqr^Gofnk`{t9_�^*`kjl_�q9¦V_�_�n�q9gk_���^&u�z{_�`+Ñ
`+u�^lofnk\	_�¥�q9_�^*niofp�vw_�v}u�^*x;dfÓ�u�^l^&_�of\¨u���_�^Gofqrh'u�nk`b 9¦Vgk_�nÔ���/��h8`b��@C��¢9�fqrgi_�h8ni��c�qk\�ofqro�vwc�`+q
j�_�±Iofp8h8\�jl_�t9u�^&_�qrgk_�t9ofp8p8h'nkmy_�\�m�_Au�tk~�������d�Ó�u�^�¦V^Gh8q9_Au���_�^*ofq9h8u�nk`E 9¦Vgk_�nV���/��h8`E���°���V¢9��q9gk_
u�c�qr��c�qk\�ofqroÒ¦Ôh8p8p�j�_�z;u�vw_�±Iofp8h8\¨¦Vgih8p8_Ò~�������h8`b��@C��df[]qIgih8m�gVz;p8u�z;Õ�t9^&_�s�c�_�nkz;h8_�`bqrgi_�\�ofq9o
vwofx�nku�q�jl_�z;u�v}_�±Iofp8h8\	c�nkq9h8p�Örc�`+qkoft9qr_�^Ðqrgk_�× ?A��ØÙ^*h8`{h8nkm�_�\�m�_� 9`{_�_ª´Ãµ{¶;·&¸6¹�º®»�½�¾À½�Á�ÇÈÄ�¸6º®ÚbÊ�É
´�¸ ÛlºÃÄ�Å6Éªu�nV��ofm�_�¡fÍf¡f¢9d

ÍsÙÒ� �9? Ï�ofq9oÐjlc�`b_�nko�jlp8_�df��gi_�nVqrgih8`Eh'nk��c�qkh8`b��@C���fqrgk_�\�ofqroEj�c�`+��ÜV�9�f�f� �f�kh8`b��c�qkh8nkq9uCo�gkh8mIg�h'vw��_�\�Ñ
ofnkz;_A`+q9ofqr_A 9|Vu�q9_A¡f¢9d�e�gi_A\�^Gh8±I_�^*`E¦Vh8p8p:ofp8¦Ôofx�`Ijl_Agkh8m�g�h8v}��_�\�ofnkz;_A_�¥:z;_���q�\�c�^*h8nimC¦V^Gh8qr_Au���_�^*ofÑ
qrh8u�ni`+�fofnk\wÜV�E²Ôv}c�`+q�jl_�\�^Gh8±I_�nV�V�9���Ýh8nV`+xI`+qr_�v}`E¦Vgih8z;gV\�uCniu�qk^&_�s�c�h'^&_�qrgi_�\�ofq9oÐjlc�`bt9u�^
Ï�× [Þu�^l`+h'vwh8p8of^lofz;q9h8±Ih8qrh'_�`+d

ÿÃß�Ûbà �9?AØ Ó�of`+qkz;p8u�z;Õ�h8nk��c�q9df��gk_�nVq9gk_ �#Q9^~�&�&c ?AB�áÞh8`bofz;z;_�`+`+h8nimyq9gk_�z{ofz;gi_�u�^l��_�^*t9u�^Gv}h8nkm�ofn�h'nkqr_�^*Ñ
nkofp�z;x�z;p8_��fh8qkh8`bz;p8u�z;Õ�_�\	¦Vh8qrgVq9gk_�Ó�of`+qk?ªp'u�z;Õ���â�������d

Û�Ú�ß�à @C?AZ ��u�z;Õ�_�\¨u���_�^*ofq9h8u�nkd����V����h8`b\�^*h8±I_�nV�V�°���V�fqruy`+h8m�niofp�oÒãfp8u�z;Õ�_�\�ä�vw_�vwu�^Gxyofz;z;_�`+`b`+_�sIc�_�niz{_��
ofnk\	qrgk_�vw_�v}u�^Gxyv}ofnkofm�_�^l`+giu�c�p8\	¦Vofh8qkc�niqrh8p����V����m�u�_�`E��@C�åjl_�t9u�^&_�ofp8p8u�¦Vh8nkm�ofnku�q9gk_�^
\�_�±Ih8z;_�q9uCofz;z;_�`{`Eq9gk_�vw_�v}u�^*x;d����V����z;gkofnim�_�`E¦Vgih8p8_Ò~�������h8`b�V�9���Ýofni\¨^&_�v}ofh8nk`b�V�9���
\�c�^Gh8nkm�qrgk_�p8u�z;Õ�_�\	vw_�v}u�^Gxy`+_�sIc�_�niz;_�d����V����h8`bp8ofqrz;gi_�\�jlx��]��²�d

Þ ß�Ûbà �9?AØ × _�vwu�^*xyz;p8u�z;Õyh'nk��c�q9d�e�gih8`Ez;p8u�z;Õyq9h8vw_�`Eofp8p ��Q9^~�&�&c vw_�v}u�^*xyofz;z;_�`{`+_�`+d�eÃgk_���@C�æu�^l���°���
��_�^*h'u�\¨u�t�~�������v}ofxAjl_�`+qr^&_�q9z;gk_�\	t9u�^l`+p8u�¦¯��_�^Gh8��gk_�^Gofp8`+çfofp8q9_�^*niofqrh8±I_�p8x��fqrgk_Ò�����]è*é®h'nk��c�q
vwofx�j�_�c�`{_�\¨¦Vh8q9gVoÒt9^&_�_�Ñ9^*c�ninkh8nim�~�������qruyofz;gkh8_�±I_�`+h8v}h8p8of^l_�t6t9_�z;qr`+d

Þëê � �9? × _�vwu�^*x�^&_�s�c�_�`{qrì�`+_�s�c�_�nkqrh8ofp�_�nio�j�p'_�df��gk_�nVqrgih8`bh8nk��c�qIh'`E��@C���fqrgi_���~���²�íÝofnk\	î�²�íÝu�c�q9Ñ
��c�qr`bof^&_���c�qkh8nkq9uCo�gkh8m�gVh'vw��_�\�ofniz;_�`+q9ofqr_� 9|�u�q9_�¡f¢9d

Ö�ÙÒï @C?AZ |�u�q�jlx�q9_�ì¨¦Vu�^&\�df[]nVu�c�qr��c�qk`+h'm�nkofp�c�`+_�\]j�x�qrgi_���^&u�z{_�`+`+u�^lqruyh8ni\�h8z;ofqr_�qruyqrgk_�_�¥:qr_�^Gnkofp�vw_�v}Ñ
u�^*x�`+x�`+q9_�vÈ¦Vgk_�nVo�\�ofqroÒq9^*ofni`+t9_�^lu�tioÐjlx�qr_�p8_�nim�qrgVh8`b^&_�s�c�h'^&_�\�d����E��h8`b�V�9���Ýt9u�^l¦Ôu�^&\
qr^Gofnk`+t9_�^G`Ðofnk\¨��@]�æt9u�^©jlx�q9_Aqr^Gofnk`+t9_�^G`+��ofnk\Ôh'`Ð±Iofp8h8\Ôt9u�^©jlu�q9g�^&_�of\Ôofnk\¨¦V^*h8q9_Au���_�^Gofqrh'u�nk`+d�e�gk_
`+h8m�nkofp�z;gkofnim�_�`b¦Vgkh8p'_�~�������h8`E�V�°���Vd����E�æh8`bp8ofqrz;gi_�\�jlx��]��²�d

Ö�ÿÃð{ñ �9? |�u�qIt9of`{qIh'nkqr_�^G^*c���qk^&_�sIc�_�`+qrdf�°tkÓ��°ò]`bof^&_�_�nko�jlp8_�\��fqrgi_���^&u�z{_�`+`+u�^l¦Vh8p'p©^&_�`+��u�nk\	qruyoÒ��@C�æp8_�±�_�p
u�nVqrgkh'`Eh8ni��c�q�jlxyq9ofÕ�h8nkm�qrgi_�Ó��°òÞh8nkq9_�^*^*c���qI_�¥�z;_���qrh'u�nkdfe�gih8`bh8`EofnVof`+x�niz;gk^&u�niu�c�`+�fp8_�±�_�p8Ñ9`+_�nk`{h8Ñ
qrh8±I_�h8nk��c�qr��ofnk\¨vwc�`+q�jl_Agi_�p8\¨��@]�æc�nkq9h8p:oÒ`+c�h8q9o�jlp8_A^&_�`+��u�nk`+_�h8`E^&_�z;_�h8±I_�\Ôt9^&u�vëq9gk_���^&u�z;_�`+`+u�^rd

£ Î�ó�ê1Ò à × ê ÕYç�Ö�Î&ê�ÍsÒ&Ð ébã�Õ1ì�Ï1ÕYÔ�Ö�Ð
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Öbð Ý ñ �9? |�u�qIh'nkqr_�^G^*c���qk^&_�sIc�_�`+qrdf[]`/��â�è*í���jlc�qk¦Vh8q9g�p'u�¦V_�^l��^Gh8u�^Gh8qrx;df× ofx�jl_�qrofÕI_�nV��@]�ôof`+x�nkz;gi^&u�Ñ
nku�c�`{p8xyq9uCh'nkqr_�^G^*c���qkqrgi_���^&u�z;_�`+`+u�^l¦Vgk_�n�q9gk_��9DEòÞ_�nko�jlp8_�h8`Eofz;q9h8±I_�d

Ö Þ�Ý �bñ @C?AZ |�u�qIv}_�v}u�^*x�^&_�s�c�_�`+qrdf[Þ��h8��_�p8h8ni_�\¨`{h8m�nkofp�qrgiofqIz;giofnkm�_�`b¦Vgkh'p8_�~�������h8`b��@]�ôqruyh8ni\�h8z;ofqr_
¦Vgk_�q9gk_�^lu�^lniu�qkh8nVqrgk_�t9u�p8p'u�¦Vh8nkm�z;x�z;p8_��fqrgi_���^&u�z;_�`+`+u�^l¦Vh8p'p;jl_�ofz;z;_�`+`+h8nimy_�¥:qr_�^Gnkofp�vw_�v}u�^Gx;d
��gk_�nÔ��~���²�íÝh8`E��@C���fqrgi_���^&u�z;_�`{`+u�^l¦Vh8p8p�jl_�ofz;z;_�`{`+h8nkm�_�¥�q9_�^*niofp�vw_�v}u�^*x

Ö Ý � ê � £ �9? |�u�q�^&_�`+_�qrd�e�gkh8`Eh8`Eo�p8_�±I_�p©`+_�nk`+h'qrh8±I_Ah'nk��c�qI¦Vgkh'z;g�h8`Ec�`+_�\¨qruC`+qrof^Gq�q9gk_A��^&u�z;_�`+`+u�^Ãt9^&u�voÒÕ�nku�¦Vn
of\�\�^&_�`+`+df[Þ��@]�ôp8_�±I_�p�¦Vh8p8p�z;ofc�`+_�qrgi_�z;c�^G^&_�nkqkh8ni`+qr^*c�z;q9h8u�nVqruyqr_�^Gvwh'nkofqr_�o�jlnku�^Gvwofp8p'x;�fofnk\	qrgk_
u�nkÑ9z;gih8��z;ofz;gi_���× × á]��ofni\V¦V^Gh8qr_Ãjlc�trtr_�^Ãqru/jl_ª\�h8`{o�j�p'_�\�d���gk_�n�����²�î�²�é}h8`Ð\�^*h8±I_�n��V�°���V��q9gk_
��^&u�z;_�`+`+u�^�¦Vh8p'p:^&_�Ñ9`+qrof^Gq�t9^&u�vof\�\�^&_�`+`ÐÎfdf����²�î�²�é}v}c�`+q�^&_�vwofh8n���@]��t9u�^ÃofqIp8_�of`+qIÍ�t9c�p8p�â������
z;x�z;p8_�`bu�^lõÒt9c�p8p�~�������z;x�z;p8_�`b¦Vgkh'z;g�_�±I_�^Ðh8`Em�^&_�ofq9_�^rdf��gkh8p8_Ò����²�î�²�é�h8`E��@C�ôqrgk_���^&u�z;_�`+`{u�^
¦Vh8p8p���_�^Gt9u�^*vÈh8\�p'_�z;x�z;p8_�`b¦Vh8q9gVh8nkz;^&_�v}_�nkq9h8nkm�of\�\�^&_�`+`+_�`bofnk\w�����]è*é®vwc�`+q�jl_��V�9���Vd

Ö Ý ï @C?AZ |�u�qI^&_�of\�ì�¦V^Gh8qr_�df��gi_�nV�V�9���Ýqrgih8`E`{h8m�nkofp�h8ni\�h8z;ofqr_�`boÒ��^&u�z;_�`+`+u�^l¦V^Gh8qr_�u���_�^Gofqrh8u�niçf¦Vgk_�n
��@]���fo�^&_�of\�dfe�gk_�`+h8m�niofp©z;giofnkm�_�`b¦Vgkh8p'_�~�������h8`b�V�9����d����/�æh8`Ep'ofqrz;gk_�\]jlx��]��²�d

Ö £9Ýyêb£ �9? e:_�`+q�h8nkq9_�^*t9ofz;_ª^&_�`+_�q9d�|Vu�qr_ªqrgih8`�`{h8m�nkofp�\�u�_�`l|V@Ce�giof±I_/ofnyh8niqr_�^Gnkofp���c�p'p8c���^&_�`+h8`+q9u�^rd�e�gkh8`l`+h'm�nkofp
vwc�`{q�jl_A��c�p8`+_�\Ôu�^�\�^*h'±�_�n���@C��qru]ofz;gkh8_�±�_Aniu�^*v}ofp:\�_�±Ih8z;_Au���_�^Gofqrh'u�nk��h'n�of\�\�h8qrh'u�n�qru]q9gk_Aniu�^*Ñ
vwofp�\�_�±Ih8z;_�^&_�`+_�qk °����²�î�²�éÐ¢9d
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Little Endian

Higher Address 31              24 23               16 15               8 7                0 Word Address

11 10 9 8 8

7 6 5 4 4

3 2 1 0 0

Lower Address

  •   Least significant byte is at lowest address

  •   Word is addressed by byte address of least significant byte
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8 9 10 11 8

4 5 6 7 4

0 1 2 3 0

Lower Address

  •   Most significant byte is at lowest address

  •   Word is addressed by byte address of most significant byte
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General Registers and Program Counter Modes

R0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15 (PC)

R0

R1

R2

R3

R4

R5

R6

R7

R8_fiq

R9_fiq

R10_fiq

R11_fiq

R12_fiq

R13_fiq

R14_fiq

R15 (PC)

R0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13_svc

R14_svc

R15 (PC)

R0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13_abt

R14_abt

R15 (PC)

R0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13_irq

R14_irq

R15 (PC)

R0

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13_und

R14_und

R15 (PC)

User32 FIQ32 Supervisor32 Abort32 IRQ32 Undefined32

CPSR CPSR

SPSR_fiq

CPSR

SPSR_svc

CPSR

SPSR_abt

CPSR

SPSR_irq

CPSR

SPSR_und

Program Status Registers



�&*

ÿ(Õ1ç í ã�Ò î ×{ÿ�Ô(ã�ènÎ&Ï�Ô(ä·ÏYÑ�ÒWb�ã�Ô�ç(ã�Î&è ê Ï1Î&Ï í Ð Ý Ò&ç(Õ1ÐbÏ1Ò&ã�Ðdc/b ê�Ý Ðfe

q¤r�RtX1��'�)n$&0>��X�0Ur�Rt|�'���%('�$&) a<01$&0U-�SwQ9R�%��3Sg01Rj'�S"��SwSTr��2um.���.g\ ¸ ÛlÊ�Ë{µ&:�Á \ ¹�Ë{Ì	Ä�·y¹6þ�·&ú�µ&hbË{¹GÛlË{Ä�Ì ´Ã·5Äf·5ÊÃÉ&1�µ°Ûl¸6É{·5µ{Ë{É
,Yhb´i1ÒÉj5 ��q�r�R"¿mx�k9x�V¼$&.�`mlµ����01S{$&'�R"01r�R ¶;¹fº�Æ�¸6·5¸6¹fº÷¶;¹fÆ�µÃþ�Å6ÄGÛlÉ �&q¤r�R"�b�2.�`¤��0U����.}� ��`�R"X1��$&%(SN��.¾01r�R�V>|�a<Q¯)o$&pn��R
�br�$&.�%(R�` $&S}$Ç'�R�Sg-/�30��2Xs$&'���01r�)nRj01���_$&.�`k���2%(��� $&�]��\/R�'�$&01���2.�S¾��.@01r�R�\/'��2�bR�SgSg��'n$&.�`k)o$&pª��RÈ0UR�Sg01R�` �(pª$&���
��.�Sg01'�-/�b0U�3�2.�S�0U�w`�R�01Rj'�)o��.�R��3X�0Ur�R
��.�Sg01'�-�� 01���2.m��S901�]�(R�R�e<R�� -�0UR�`©�

q¤r�R]l7$&.�`¡,�����01S
$&'�R]01r�R ¸6º�·&µ+Ë{Ë{ÊÃû�·AÆ�¸6É{Ä�D�Å6µnD�¸6·5É{¾ q¤r�R]l7���30·`¤��Sg$&����R�SDlYQ6XË�3.�0UR�'�'�-�\/0USDusr�Rj.���0���SDSgR�0�$&.�`¡0Ur�Rw,t�(��0
`��3Sg$&����R�S�,�lYX¯��.�0UR�'�'�-/\�0US7umr�R�."��0(��S7SgR�0¹��q�r�RW^~c&x�^_�&x�^~+&x�^_*
$&.�`m^~4
����01S7v1^o^ 4�Ã c�_Yz($&'�RW01r�R Ì	¹�Æ�µ7D�¸6·5É x�$&.�`m01r�R�SgR
`�R�01R�'�)n��.�R
0Ur�R
)o��`�R
��.susr���� rs01r�R
\/'���� R�SgST�2'7�2\/R�'�$&0UR�S��gq�r�R
��.�01R�'�\/'�R�0U$&01���2.s��X�01r�R
)o��`�R��(��0US���S9Sgr���us.s�3. ÂbÄfD:Å'µ
¿�Á�Âbú�µ/ÇÈ¹fÆ�µ]Úb¸6·5É ��¿s��0·$&��������0�� ��)o�(��.�$&0U�3�2.�SD`�R�X1��.�R]$"�($&���3`}\/'���� R�STSg��'>)n�2`�R(�¸[�.���p�01r���SgR]R�e<\/����� ��01��p�`�R�Sg�b'����(R�`
STr�$&���2��R�-/STR�`©�¹q¤r�R�-/STR�'�Sgr���-/��`t��R�$&um$&'�R�01r�$&0¥��X�$&.�pw�����3Rj%($&�2�($&��-/R
��S9\/'���%�'�$&)o)nRj`t��.�01�]0Ur�R�)o��`�R��(��0USTx¸^o^ 4�Ã c�_1x
01r�R
\/'��2�bR�SgSg��'�um�����2R�.�01R�'�$&.s-�.�'�R��b�2�¥R�'�$&�(��R
Sg01$&0UR(�9lYX�01r���S9��� �b-/'�Sgx&'�R�STR�0¥STr��2-���`t��R
$&\/\/���3Rj`>�

q¤r�R
����010U��)J+&h{����01S��2X�${|�a<Q¡v1��.��b�2'�\/�2'�$&0U�3.�%"l1x�,"$&.�`�^p^ 4�Ã c�_Yz�$&'�R
�(.���us.m� ������R�� 01���(R���p"$&S�01r�R ¶�¹fº�·5Ë{¹fÅqD�¸6·5É �Tq�r�R�SgR
um�����2� r�$&.�%�R
umr�R�.s$&.sR�e<� R�\/01���2.m$&'���STR�S9$&.�`t��.m$&`�`���0U�3�2.s�b$&.s��R
)o$&.���\/-/��$&01R�`t��p"Sg��X101us$&'�R�umr�R�.s01r�R
\/'���� R�STSg��'
��S"��.�$�\/'����(�3��R�%�R�`Ç)o��`�R(�2��.�-�SgR�`Ç����01Sw��.�01r�R�|�a<Q9Sw$&'�R�'�R�SgR�'��¥R�`Ç$&.�`Ç0Ur�R���'�Sg01$&0URtSgr�$&�3���(R�\/'�R�SgR�'��(R�`Çusr�R�.
�br�$&.�%(��.�%o0Ur�RwX1�3$&%���'W� ��.�01'���������01S&�¸|�'���%�'�$&)oSDSTr�$&����.���0�'�R���p���.�ST\/R�� ��X1���#�($&��-�R�SDX1'��2)�01r�Rw'�RjSTR�'��¥R�`¡����01SDusr�Rj.
�br�R�� �(��.�%"0Ur�R�|�a<Q}ST0U$&01-/Sgx&ST��.��bR�01r�R�p")o$&p"'�R�$&`t$&S��2.�R
��'�ï&R�'��]��.mX1-/01-/'�R
\/'���� R�SgST�2'�S&�

ÞëW '&× á�Y Þ Ô æ Ò Ü é ébÒ&Ð ÐbÕ5ó�ê1Ò{ã�Ò&ç(Õ1ÐbÏ1Ò&ã�Ð Ò&Ï
�&c&c&c&c �#STR�' |�VWxbQ9�&4�� � Q9c VW|�a<Q
�&c&c&c&�

FIQ
|�VWx¹Q9�&4�`&X1��¨�� � Q9h�`&X1��¨(x¹Q9��� � Q9c VW|�a<Q9x&a<|�a<Q6`&X1�3¨

�&c&c&�&c
IRQ

|�VWx Q��&4�`&��'�¨�� � Q9�&*�`&��'�¨(x Q9�&+�� � Q9c VW|�a<Q9x&a<|�a<Q6`&��'�¨
�&c&c&�&�

Supervisor
|�VWxòQ9�&4�`&Sg�¥�<� � Q9�&*�`&Sg�¥� x Q��&+�� � Q9c VW|�a<Q9x&a<|�a<Q6`&ST�(�

�&c&�&�&�
Abort

|�VWxòQ9�&4�`&$&��0¹� � Q9�&*�`&$&��0Ux Q9�&+�� � Q�c VW|�a<Q9x&a<|�a<Q6`&$&��0
�&�&c&�&�

Undefined
|�VWxÂQ9�&4�`&-/.�`>� � Q��&*�`&-�.�`�xÂQ9�&+�� � Q9c VW|�a<Q9x&a<|�a<Q6`&-/.�`
£ Î�ó�ê1ÒVU&× £ Ñ�Ò Þ Ô æ Ò{Ù�ÕYÏ1Ð

0123456782728293031

M0M1M2M3M4.FIVCZN

Overflow
Carry / Borrow / Extend
Zero
Negative / Less Than

Mode bits
FIQ disable
IRQ disable

. ..

flags control
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Cond

31 28 27 0

Condition field
0000 = EQ - Z set (equal)
0001 = NE - Z clear (not equal)
0010 = CS - C set (unsigned higher or same)
0011 = CC - C clear (unsigned lower)
0100 = MI - N set (negative)
0101 = PL - N clear (positive or zero)
0110 = VS - V set (overflow)
0111 = VC - V clear (no overflow)
1000 = HI - C set and Z clear (unsigned higher)
1001 = LS - C clear or Z set (unsigned lower or same)
1010 = GE - N set and V set, or N clear and V clear (greater or equal)
1011 = LT - N set and V clear, or N clear and V set (less than)
1100 = GT - Z clear, and either N set and V set, or N clear and V clear (greater than)
1101 = LE - Z set, or N set and V clear, or N clear and V set (less than or equal)
1110 = AL - always
1111 = NV - never
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Cond 101 L offset

31 28 27 25 24 23 0

Link bit
0 = Branch
1 = Branch with Link

Condition field
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here BAL here ; assembles to 0xEAFFFFFE (note effect of PC offset)
B there ; ALways condition used as default

CMP R1,#0 ; compare R1 with zero and branch to fred if R1
BEQ fred ; was zero otherwise continue to next instruction

BL sub+ROM ; call subroutine at computed address

ADDS R1,#1 ; add 1 to register 1, setting CPSR flags on the
BLCC sub ; result then call subroutine if the C flag is clear,

; which will be the case unless R1 held 0xFFFFFFFF
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Cond 00 I OpCode Rn Rd Operand 2

011121516192021242526272831

Destination register
1st operand register
Set condition codes

Operation Code

0 = do not alter condition codes
1 = set condition codes

0000 = AND - Rd:= Op1 AND Op2

0010 = SUB - Rd:= Op1 - Op2
0011 = RSB - Rd:= Op2 - Op1
0100 = ADD - Rd:= Op1 + Op2
0101 = ADC - Rd:= Op1 + Op2 + C
0110 = SBC - Rd:= Op1 - Op2 + C
0111 = RSC - Rd:= Op2 - Op1 + C
1000 = TST - set condition codes on Op1 AND Op2
1001 = TEQ - set condition codes on Op1 EOR Op2
1010 = CMP - set condition codes on Op1 - Op2
1011 = CMN - set condition codes on Op1 + Op2
1100 = ORR - Rd:= Op1 OR Op2
1101 = MOV - Rd:= Op2
1110 = BIC - Rd:= Op1 AND NOT Op2
1111 = MVN - Rd:= NOT Op2

Immediate Operand
0 = operand 2 is a register

1 = operand 2 is an immediate value

Shift Rm

Rotate

S

Unsigned 8 bit immediate value

2nd operand register
shift applied to Rm

shift applied to Imm

Imm

Condition field

11 8 7 0

03411

0001 = EOR - Rd:= Op1 EOR Op2

- 1
- 1
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Assembler
Mnemonic

OpCode Action

AND 0000 operand1 AND operand2

EOR 0001 operand1 EOR operand2

SUB 0010 operand1 - operand2

RSB 0011 operand2 - operand1

ADD 0100 operand1 + operand2

ADC 0101 operand1 + operand2 + carry

SBC 0110 operand1 - operand2 + carry - 1

RSC 0111 operand2 - operand1 + carry - 1

TST 1000 as AND, but result is not written

TEQ 1001 as EOR, but result is not written

CMP 1010 as SUB, but result is not written

CMN 1011 as ADD, but result is not written

ORR 1100 operand1 OR operand2

MOV 1101 operand2                          (operand1 is ignored)

BIC 1110 operand1 AND NOT operand2         (Bit clear)

MVN 1111 NOT operand2                 (operand1 is ignored)

Table 4: ARM Data Processing Instructions
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0 0 1Rs

11 8 7 6 5 411 7 6 5 4

Shift type

Shift amount
5 bit unsigned integer

00 = logical left
01 = logical right
10 = arithmetic right
11 = rotate right

Shift type

Shift register

00 = logical left
01 = logical right
10 = arithmetic right
11 = rotate right

Shift amount specified in
bottom byte of Rs

0 0 0 0 0

contents of Rm

value of operand 2

31 27 26 0

carry out
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��¢i¤ � ø Y¦[§ ¶·¦i§j¤9 �¡�Y¦[§�¶·���/ �¦[¡3À
�}� �}� ���p�q�q�������y���u���6�9�y���
ô ��õ ±³ìc\�º+±Q\ 8 ��¨< �¡ª¢i��¤9¦i«
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¤	I2¦	HfI Z ? §  ¢H�I å	Z £¢  è £ æYZ	ò ¤ Ï ¦	Ñ §
ôYþ õ �K±³Â
º+�K± 8 º ü g	h º ü ú ü �� �¡ª¨<�/§j�
���® �¦i¡�¨}¥�£� ���£�¹4¦G¡�¦[��«
§�¦[¹4�4�f¤9�W§j¤y¨©�
���BÀ

¤	I2¦	HfI Z ? §  ¢H�I å	Z £ æ�å	ò ¤ Ï ¦	Ñ §
ô�� õ ¯ 8 � º g ì °6º+úq»#�7º+°3ú{�4º+¯7�#� º+¯#� �Kº+ú��4�Kº+°6ú��Kº+ì÷°6°6º��4ï/�

¤	I2¦	HfI Z ? §  ¢H�I å	Z £¢  è £ æYZ	ò+æ�å	ò ¤ Ï ¦	Ñ §
¥¼£�¤y§j¤ ¨ ì « þ ©u �¨dæ JK  ò ¤ E �	:�Î F�§ £ ¦i§jº ¤	ó�?�¥�¦	=G? EfE :�I å	§
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§j¤y¨©¤y¡�� ô  �¶·«
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¤y¸�«
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¦i¨<¨© �½i��¤yº� ���¥� ����i¢i �öû¤9��¡�¤y§j§�¦[§yÀ

¨ ¨<£ª �/��©u �¨ ¨ ¨©£� �/�/¡���¶·¤�© ¨ §�¤y¢i ò¨<�/¤�§�©R¦[§ ¨ ¨©£� �/�/¡���¶·¤�©'Ä�¤y¸í«
§�¤y¨<¨© �¦[¡ªº�¦[§ °3°~Ý ô §�¦[�/���/¤�§� �¢�£��û¦i¡�¤9½i ò�û¥¼ ��®£�¤y¸��/¤�¡ª¹ õ À

¨ ¨<£ª �/�/¡���¶·¤�©4¨3��§j¤�óB¯ ú�ë4º ë4úqë4º ë4ú�°6º ¯ ú�°6º °6ì °WÀ ô ¯ ú�ëu �¨6�9¨©¬i¡ª¦[¡�¬�¶ /¦i§âë4úqë4º �®£ª¤�¬G��¨<¨©¤y¶·½i��¤��/¦ �/£�¤K¨©��¶·¤��f¦i¹4¤�À õ
�}� �}� ô¬«��}��� ��y�
�

ADDEQ R2,R4,R5 ; if the Z flag is set make R2:=R4+R5

TEQS R4,#3 ; test R4 for equality with 3
; (the S is in fact redundant as the
; assembler inserts it automatically)

SUB R4,R5,R7,LSR R2 ; logical right shift R7 by the number in
; the bottom byte of R2, subtract result
; from R5, and put the answer into R4

MOV PC,R14 ; return from subroutine

MOVS PC,R14 ; return from exception and restore CPSR
  from SPSR_mode
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Cond

01112151621272831

Condition field

P

2223

0 = CPSR
1 = SPSR_<current mode>

00010 000000000000s 001111 Rd

Destination register

Source PSR

Condition field

MRS

021272831 2223

MSR

RmPdCond 00010

4 3

Condition field

272831 2223

MSR

PdCond

1010011111 00000000

12 11

Source register

21 12

101000111100 I 10

011

Source operand

Immediate Operand

Rm

Rotate

Unsigned 8 bit immediate value

shift applied to Imm

Imm

11 8 7 0

03411

Destination PSR
0 = CPSR
1 = SPSR_<current mode>

Destination PSR
0 = CPSR
1 = SPSR_<current mode>

0 = Source operand is a register

1 = Source operand is an immediate value

00000000

Source register

(transfer PSR contents to a register)

(transfer register contents to PSR)

(transfer register contents or immediate value to PSR flag bits only)
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%',�#�&=#���� (+���]��&=%-5�36��&`*X��575�#���\B%',��p36e�e�5�(+e�5�#�36%'�p/�1	2~5��\]#�&c%-��5>%'(�3[\]��.��5736�o57��\]#�&`%'��5va:&`#���\B%',���?B2@1u#���&c%-5�a�fq%'#�($��H
fg,�36��\]#���\�($�����r%-,.�05��������]36��% !$#�%'&)36��8�%',����"%-5�36��&`*X��575�#���\�%',��9Z[($8:#�*'#���8�� 36��a��9!$36fqxr%-(�%-,.�0/:1�2u57��\]#�&`%'��5�a�&c#���\r%-,��
?�1�2b#��.&`%'57a�fg%-#�($�)h
�]h \{h`i:,���*X(+����($nI#��.\r&c���]a�����fq��e���5�*'($57Z[&o3�Z[($8:��fq,�36�.\$�]U

MRS R0,CPSR ; take a copy of the CPSR
BIC R0,R0,#0x1F ; clear the mode bits
ORR R0,R0,#new_mode ; select new mode
MSR CPSR,R0 ; write back the modified CPSR

� ,.��p%',���36#�Z�#�&�&c#�Z[e����I%'("fq,�36�.\$��%',���fg(+�.8:#�%-#�(+�pfq($8:��*'��36\]&s#���3>/�1�2@H	3v�]36��a:��fq36�p!$��n;57#�%'%'��p8:#�5���fq%'���I%-("%',��
*X��36\r!]#�%-&onI#�%',�($a�%�8:#�&`%'a�5�!$#���\=%-,.�9fg(+�.%-5�(+�+!]#�%-&�h`�]h \�h`ij,���*'($����(+n;#���\=#���&`%'5�a�fq%'#�($�I&`��%'&@%',���GIHKJ@HKL�PSM�*X��36\$&�U

?�1�2 L0/:1�2@�6*'��\]HK�6D6k�O$D6D6D6D6D6D6D Y6&c��% 36���+%',���*'��36\$&o57��\]36578:����&c&@($*
; their previous state (does not
; affect any control bits)

GI(�36%-%'��Z[e�%{&c,�36����!]��Z[368j��%'(pnI5�#�%-�r36�m^"!$#�%{#�ZmZ[��8:#�36%'��� 36��a���#���%-(p%',��rnI,�($����/:1�2�&`#���fg��&`a:fq,436�4(+e���5�36%-#�($�
fg36����($% e�5���&`��5��]��%',���57��&c�5��]��8p!]#�%-&�h
þ�ÿ��Øÿ ���7�=����
��F�	�����.�����)�+��"�F�������
/:1�2bij5736��&c*'��5�&@%'36x]��C�#��.&`%'57a�fg%-#�($�;*'��%-fg,)h`O]($5tZ[(+5���#��.*'(+5�Z[36%'#�($�I&c��F�]�7���X���g =¡6¢K£6¤6¥6¦X $§7�'¨7©]�ª�'�«�q =�]¬6�7�®d�$©]¯>¯>°q¨7±�($�
e�36\]��²6T�h
þ�ÿ��Øÿ þ4³´�	�	���µ������
��g�@����¶�·
EXC6W ?�2@1v}.%-5�36��&`*X�5t/�1	2bfq($��%-���.%-&o%-(r3�57��\]#�&`%'��5

¸y¹�º:»½¼q¾]¿:À:Á]¹9À:ÂKÃ:Ä:ÅqÆ7Ç
E ý W ?�1�2b}.%-5�36��&`*X�5t57��\]#�&`%'��5{fg(+�.%-����%'&@%'(r/�1�2

¸yº:¹�»½¼q¾]¿:À:Á]Ã�ÄjÅqÆ7Ç�ÂK¹�È
E ü W ?�1�2b}.%-5�36��&`*X�5t57��\]#�&`%'��5{fg(+�.%-����%'&@%'(r/�1�2b*X��36\r!]#�%-&o(+�����

¸yº:¹�»½¼q¾]¿:À:Á]Ã�ÄjÅqÆ7É7Ç�ÂK¹�È
ij,��tZm(+&c%6&`#�\$��#�*X#�fq36��%�*'($a�5 !$#�%-&�($*�%-,.�t5���\$#�&c%-��5 fg(+�.%-����%'&�365��tn;57#�%'%-���d%'(9%',��tG;HKJ)HKLmP�M4*X��36\$&�5���&`e���fg%-#�� ������h
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EXT6W ?�1�2b}.%-5�36��&`*X�5t#�Z[Zm��8:#�36%-��� 36��a���%'(�/:1�2b*'��36\=!$#�%'&@($�����
¸yº:¹�»½¼q¾]¿:À:Á]Ã�ÄjÅqÆ7É7Ç�ÂKÃ:Ê6Ë6Ì6Ä:Æ7Ë6ÅqÅgÍ'¾]¿:Ç
ij,�����k�e�5���&`&`#�(+��&c,�(+a:��8[&`�]Z[!$($��#�&c�F3 ü�ý !]#�%.� 36��a���(+*:nI,�#�fg,�%-,.�FZm(+&c%.&c#�\$�.#�*'#�fq36�.%.*'($a�5@!$#�%'&�365��Fn;57#�%'%'��
%'(r%-,���GIHKJ@HKLÎPSM�*'��36\]&@5���&`e���fg%-#�� ������h

Ï fq($��8:Ð�}.%-n;(+}'fg,�365�36fq%'�5tfq($��8:#�%'#�($�IZ[����Zm(+��#�fgH6&`����Ñ]� Ò�©]¨7�{Ó6¥6Ô@�q ]6���X���g rÔ@�g6�®§
2@8p36��8�2)ZÕ3657����k�e�57��&`&c#�($��&@��� 36��a�36%'#���\r%'(r3�57��\]#�&`%'��5{��a:Z[!$��5t(+%',���5{%',�36�I2@C6_

Ö e�&`5�×I#�&tL0/:1�2@HL0/:1�2@�636����H�1�/:1�24(+5j1	/�1	2@�636���Øh7EXL0/�1�2436��8;L0/�1	2)�636����365��s&c�$��($���]Z[&t36&t365��s1	/�1�2436��8;1�/:1�2@�636����W

Ö e�&`5�*'×p#�&@L0/:1�2@�6*'��\=($5{1	/�1�2@�6*X��\
� ,.�5�� Ö �6��k�e�57��&c&`#�($��×�#�&�a�&c��8:Hj%-,���36&c&`��Z[!$���5vnI#����)36%'%'��Z[e�%�%'(b\$������5�36%-��3�&`,.#�*'%'�8�#�Z[Z[��8:#�36%'��^6}'!$#�%s*'#�����8�%'(
Zm36%-fg,I%-,.���k�e�5���&`&`#�($�)h`NX*�%',�#�&o#�&@#�Z[e:(+&c&`#�!$����H6#�%�nI#����+\$#�� ��36�I��575�($5h
þ�ÿ��Øÿ��4Ù)·o¶��|ÚF�����
NX�IÛ>&`��5tZ[($8:��%-,.�9#���&`%'57a:fq%'#�(+��&o!$��,�36� ��36&@*'($����($nI&�U

MSR CPSR_all,Rm ; CPSR[31:28] <- Rm[31:28]
MSR CPSR_flg,Rm ; CPSR[31:28] <- Rm[31:28]

MSR CPSR_flg,#0xA0000000 ; CPSR[31:28] <- 0xA
;   (i.e. set N,C; clear Z,V)

MRS Rd,CPSR ; Rd[31:0] <- CPSR[31:0]

NX�Ie�5�#��]#�����\$��8pZ[($8:��&@%',���#���&c%-5�a�fg%-#�($��&o!$��,�36�]��36&o*'($����(+n;&6U

MSR CPSR_all,Rm ; CPSR[31:0]  <- Rm[31:0]
MSR CPSR_flg,Rm ; CPSR[31:28] <- Rm[31:28]

MSR CPSR_flg,#0x50000000 ; CPSR[31:28] <- 0x5
;   (i.e. set Z,V; clear N,C)

MRS Rd,CPSR ; Rd[31:0] <- CPSR[31:0]

MSR SPSR_all,Rm ; SPSR_<mode>[31:0]  <- Rm[31:0]
MSR SPSR_flg,Rm ; SPSR_<mode>[31:28] <- Rm[31:28]

MSR SPSR_flg,#0xC0000000 ; SPSR_<mode>[31:28] <- 0xC
;   (i.e. set N,Z; clear C,V)

MRS Rd,SPSR ; Rd[31:0] <- SPSR_<mode>[31:0]
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ij,���#���&c%-5�a�fq%'#�($��#�&{(+�.���v�k���fqa:%-��8"#�*+%',���fq($��8:#�%'#�($��#�&{%-5�a��]h®ij,����]365�#�($a�&�fg(+�.8:#�%-#�(+��&{3657�s8:��*'#�����8"36%+%',���!$��\]#�����#��.\
($*�%',�#�&ofq,�36e�%'��5h`ij,���#���&`%'57a:fq%'#�(+�;����fq($8:#���\=#�&@&c,�(+n;�I#��IÑ]� Ò�©$¨7�{£6Ó6¥`øS©$ù«�'�«¬6ù«±�¦' ]§7�'¨7©$�ª�'�«�g $§h
ij,��ÎZ[a���%'#�e����ú36��8îZ[a���%'#�e����]}'36fgfqa�Zma���36%'��#��.&`%'57a�fg%-#�($��&4a:&`�Î3 ý !]#�%rû:($($%-,�ü &436��\]($57#�%',�Zý%'(´e���5�*'($57Zý#���%'��\]�5
Zma���%'#�e���#�fq36%'#�($�)hØi:,.��d\]#��]�o%',��o����36&c%�&c#�\$�.#�*'#�fq36�.% ü�ý !]#�%-&�($*	%',��oe�57($8:a�fg%�($*	%'nI( ü�ý !]#�%�($e���5736�.8:&`Hg36��8"Z[36�d!$�oa�&c��8
%'(r&`�]��%-,.�&c#�z6��,�#�\],���5{e�5���fq#�&c#�(+�;Z[a���%'#�e���#�fg36%-#�($��&�h

þ]Í'ÿ��:Æ7Ë������6¸��	��
'ÍXÄ	����7¿:Å�
'Æ��:¼�
'Í'¾]¿:Å

ij,��bZma���%'#�e����y*'($57Z ($*>%-,���#���&`%'5�a�fq%'#�($�´\]#��]��&�2@8�U �:2@Z��72@&6h:2@�S#�&�#�\]��(+5���8:H�36�.8~&c,�(+a:��8~!]�b&c�%>%-(�z6��5�(�*'($5
fg(+Zme�36%-#�!]#���#�%'�rn;#�%-,;e�(+&c&`#�!$���9*Xa�%'a�57��a:e�\$5�368:��&@%'(�%',���#���&c%-5�a�fg%-#�($�I&c�%ªh
ij,���Z[a���%'#�e����]}'36fgfqa�Zma���36%'��*'(+5�Z \]#��]��&o2@8�U ��2@Z��72@&��:2@��H6nI,.#�fq,Ifg36�I&`36� ��36�I��k�e:��#�fq#�%�<����´#���&`%'57a:fq%'#�(+�I#��I&`($Z[�
fg#�57fga�Z[&c%-36�.fq��&6h
û:($%',�*X(+5�Z[&9($*j%',��>#���&`%'57a:fq%'#�(+�[nI($5�x�(+�[($e���5736��8:&9n;,�#�fq,[Z[36��!]�vfg(+��&c#�8:��57��8u36&9&`#�\]����8uE ý�� &9fq($Z[e�����Z[����%'W�(+5
a:��&`#�\]����8p#���%'��\]�5�&6h

Cond 0 0 0 0 0 0 A S   Rd Rn   Rs 1 0 0 1   Rm

034781112151619202122272831

Operand registers
Destination register
Set condition code

Accumulate

0 = do not alter condition codes
1 = set condition codes

0 = multiply only
1 = multiply and accumulate

Condition Field
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þ������  "!bÚ"��
+¶��"�S�����g��
���	�������"�
�>a��[%-(�%',��[nI36��Zma���%'#�e���#�fg36%-#�($��nI36&I#�Z[e�����Z[���.%-��8:Htfq��5�%-36#���fq($Z[!$#��.36%-#�($��&"($*�($e���5736��8Q5���\$#�&`%'�5�&"&c,�(+a:��8Q!$�
36� (+#�8:��8�h`E'i:,���36&c&`��Z[!]����5{n;#����+#�&`&ca���3�nI365���#���\=#�*�%',���&`��5���&`%'57#�fg%-#�($��&o3657��($�]��5���(+($x$��8�h W
ij,���8:��&`%'#���36%'#�(+�457��\]#�&`%'��5sE'2@8:Wt&`,�($a���8b��($%{!$��%-,.��&`36Z[��36&F%-,���($e���5736�.8b57��\]#�&`%'��5sE'2@ZmW'H]36&�2@8b#�&Fa�&`��8b%'(p,�(+��8
#��.%-��5�Z[��8:#�36%'��� 36��a���&o36��8�2@ZÕ#�&oa�&`��8�57��e���36%'��8:���=8:a:57#���\"Z[a���%'#�e����{h`<ú?BÛ�#�nI#����+\]#��]�F3dz6�5�(r5���&`a���%.#�*.2)?$�:2)8:H
36�.8�36��?$#:<�nI#����)\]#�� ��3�Z[��36��#���\]����&`&r57��&ca���%ªh+2@C6_�&`,�36���@��(+%s!$��a:&`��8�36&r36��($e���5736��8�(+5v36&�%',���8:��&`%'#���36%'#�($�
5���\$#�&c%-��5�h
<>���6($%',���5�5���\$#�&c%-��5:fq($Z[!$#��.36%-#�($��&�n;#����6\]#��]��fg(+5�57��fg%	5���&`a���%'&`H�36�.8"2)8jH�2)�r36��8"2@&�Z[36�va�&c��%-,���&c36Z[��57��\]#�&`%'��5�n;,����
5����]a�#�5���8�h
þ������ ���&%('F�*)"¶,+F�
1	��%-%'#���\=%',���L0/:1�2b*X��36\$&o#�&o($e�%-#�($��36��H�36��8p#�&@fg(+�.%-5�(+������8�!$�=%',���1>!$#�%�#��I%',���#��.&`%'57a�fg%-#�(+�)hci:,��FGõE'GI��\]36%'#��]��W.36��8pJ
EXJ)��5�(+W.*'��36\]&o3657�F&`��%�fq($575���fq%'���=($�I%',���5���&`a���%�EXGõ#�&oZ[368j�����]a�36�$%-(r!$#�% ü C�($*�%',���5���&`a���%-H�36��8pJb#�&o&c��%�#�*�36�.8p($�����=#�*
%',���57��&ca���% #�&@z6��57($Wªh`i:,���LÎE'L036575��]W�*'��36\r#�&@&`��% %'(�3�Zm�36�.#���\]����&`&@� 36��a���36��8p%-,.�9M�EX(+M9��5�*'��($nIW�*X��36\r#�&@a:��36*'*X�fg%-��8�h
þ������ ���7�=����
��F�	�����.�����)�+��"�F�������
ij,��d?�a���%'#�e����;#���&c%-5�a�fq%'#�($��&0%-36x]��-0#���&c%-5�a�fg%-#�($�p*X��%-fg,p36��84Z�#��.%-��5���36� fg�$fg����&6hgO]($5@Zm(+5��d#���*X(+5�Z[36%'#�(+��&`���d&c��fq%'#�(+�
T�h C6A�NX��&c%-5�a�fq%'#�($�I1�e:���8p1	a�ZmZ[3657�=($�Ie�36\$��²6T�h
¯ #�&)%-,��0��a:Z[!$��5j($*]fg�$fg����&t57���]a�#�57��8;!$��%-,��0Z[a:��%-#�e:���>36��\](+5�#�%',�Z[H�nI,�#�fq,=#�&t8:��%'��57Zm#�����8;!$�>%',��0fq($��%'����%-&)(+*

2@&�h:?�a���%'#�e���#�fq36%'#�($�´!]�y36���y��a�Zm!$��5;!$��%-n;�����/.�0	1�.6¯�2�3�4>36��85.�0�1�.6¯�2X£�4�2'£ %'36x]�&�C616��ZmN>fq�]fq����&�*'($5
£�7:¯�8�£�9�h®?�a���%'#�e���#�fg36%-#�($��!$�vDs($5�C0%'36x$��&�C616��C6N$fq�]fq����&cH�36��8"Z[a���%'#�e���#�fg36%-#�($��!$�v36���d�.a�Z[!$��5:\$5���36%-��5�%',�36�
($5{���]a:36�+%-( ý�: E ý�; W�%'36x$��&oC61,�:C6²6N�fg�$fg����&6h`ij,���Z[36k�#�Z[a�ZÕ%-#�Zm�9*X(+5t36���=Z[a���%'#�e����=#�&@%',�a�&oC61,�:C6²6N.fq�]fq����&6h

þ������ þ4³´�	�	���µ������
��g�@����¶�·
¸�<�=:»½¼g¾$¿:À:Á½»½ºjÁ]¹9À:ÂK¹9ÈmÂK¹9Å
¸�=	>>»½¼g¾$¿:À:Á½»½ºjÁ]¹9À:ÂK¹9ÈmÂK¹9ÅgÂK¹9¿

Ï fq($��8:Ð�}.%-n;(+}'fg,�365�36fq%'�5tfq($��8:#�%'#�($�IZ[����Zm(+��#�fgH6&`����Ñ]� Ò�©]¨7�{Ó6¥6Ô@�q ]6���X���g rÔ@�g6�®§
Ï 1�Ð }.&`��%�fq($��8:#�%'#�(+�;fq($8:��&@#�*�1>e�57��&c����%
2@8:H62@Z[H62@&o36��8p2@�I3657����k�e�57��&c&`#�($��&@��� 36��a�36%'#���\=%-(r3�57��\]#�&`%'��5{�.a�Z[!$��5t(+%',���5t%-,�36�;2)C6_�h
þ��������4Ù)·o¶��|ÚF�����

MUL R1,R2,R3 ; R1:=R2*R3
MLAEQS R1,R2,R3,R4 ; conditionally R1:=R2*R3+R4,

; setting condition codes
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ij,���#���&c%-5�a�fq%'#�($��#�&{(+�.���v�k���fqa:%-��8"#�*+%',���fq($��8:#�%'#�($��#�&{%-5�a��]h®ij,����]365�#�($a�&�fg(+�.8:#�%-#�(+��&{3657�s8:��*'#�����8"36%+%',���!$��\]#�����#��.\
($*�%',�#�&ofq,�36e�%'��5h`ij,���#���&`%'57a:fq%'#�(+�;����fq($8:#���\=#�&@&c,�(+n;�I#��IÑ]� Ò�©$¨7�{£�Q6¥6�]�« Ò�ù«�SR>°q�'°JT:¨7°q ]§ Uc�7¨{¦X $§7�'¨7©]�ª�'�«�q ]§h
ij,��v&`#���\$���>8:36%-3r%-5�36��&`*X��5o#��.&`%'57a�fg%-#�(+��&9365��va�&`��8u%-(;��($3684($5�&`%'(+5��v&`#���\$���>!$�]%-��&9(+5�n;(+5�8:&0($*�8:36%-3�hi:,��vZm��Z[(+5��
368:8j57��&`&�a�&c�8"#��>%',��o%-5�36��&c*'��5.#�&�fq36��fga���36%'��8=!$�d368:8:#���\d36�>($*'*X&`��%	%-(�($5.&ca�!$%'5736fg%-#��.\�36��(+*'*X&`��%	*'5�(+Zî3s!$36&`�o5���\$#�&c%-��5�h
ij,���57��&ca���%�(+*�%',�#�&ofq36��fga���36%'#�(+�;Z[36�r!]��nI5�#�%-%'���I!$36fgxr#��.%-(r%-,.�9!]36&`��5��\]#�&c%-��5t#�*WV'36a:%-($}'#���8:��k�#���\]ü�#�&@5����]a�#�57��8�h

þ]Í'ÿ��:Æ7Ë���X���º:Í'¿:ÿ��'Ë�Y[Z�
\Z�])Æ�Z6¿:ÅgÉ7Ë6ÆS7¿:Å�
'Æ��:¼�
'Í'¾]¿:Å

Cond I Rn Rd

011121516192021242526272831

01 P U B W L Offset

2223

011

Source/Destination register
Base register
Load/Store bit

0 = Store to memory
1 = Load from memory

Write-back bit

Byte/Word bit

0 = no write-back
1 = write address into base

0 = transfer word quantity
1 = transfer byte quantity

Up/Down bit

Pre/Post indexing bit

0 = offset is an immediate value
Immediate offset

Immediate offset

Unsigned 12 bit immediate offset
1 = offset is a register

11 0

shift applied to Rm

34

Condition field

0 = down; subtract offset from base
1 = up; add offset to base

0 = post; add offset after transfer
1 = pre; add offset before transfer

Offset register

Shift Rm
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LDR from word aligned address
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LDR from address offset by 2
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&c%-5�a�fg%-#�($��*X��%-fg,���&`H+Cr8:36%-3r57��368436�.84C�#��.%-��5���36��fg�$fg���]h�O](+5�Z[($57�>#���*'($57Zm36%-#�($��&c���v�]�7���X�«�q �¡6¢K£6¤6¥+¦' ]§7�'¨7©]���X�«�q ��$¬6�7�7
�]©]¯v¯>°g¨®±d(+�Ie�36\]��²6T�h
1	i:2b#���&c%-5�a�fq%'#�($��&@%'36x]�9C�#���&`%'57a:fq%'#�(+�I*X��%-fg,I36��8pC�8:36%'3�nI5�#�%-��#��.fq5��Zm����%-36�$fq�]fq����&@%'(r�k���fqa:%-�]h
þ���^�� �4³´�	�	���µ������
��g�@����¶�·
Ã	=	YI¹�� º	]@¹9Ç:»½¼q¾]¿:À:Á½»�~@Á½»�])Á]¹�À:ÂKÃ�>>À:À:Æ7Ë6ÅgÅqÇ
#	�>2b}���($368p*'5�(+Z Zm��Z[($57�=#���%'(�3�5���\$#�&c%-��5
1	i:2b}�&c%-($57��*X57($Z 3�57��\]#�&`%'��5{#���%-(rZ[��Z[($5��
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Ï fq($��8:Ð�}.%-n;(+}'fg,�365�36fq%'�5tfq($��8:#�%'#�($�IZ[����Zm(+��#�fgH6&`����Ñ]� Ò�©]¨7�{Ó6¥6Ô@�q ]6���X���g rÔ@�g6�®§
Ï û:Ð�}�#�*.ûp#�&@e�5���&`����%�%',����I!$�]%-��%'5736�.&`*'��5�H6(+%',���57n;#�&`��n;(+5�8p%-5�36��&c*'��5
Ï i:Ð�}.#�*�i�#�&oe�5���&`����%.%',�� � !]#�%.nI#����]!$�F&c��%�#��;3de�($&`%'}'#��.8:��k���8[#���&`%'57a:fq%'#�(+�.H�*'($57fg#���\"��($��}'e:57#�� #�����\$��8[Z[($8:�F*'($5)%-,��
%'5736�.&`*'��5tfq�]fq���]h`ip#�&@��($% 36����(+n;�8�nI,����I3�e�5���}'#���8:��k���8p368:8:5���&`&`#��.\rZm(+8:��#�&o&`e���fq#�*'#���8p($5{#�Z[e:��#���8�h
2@8p#�&o36�I��k�e:57��&`&c#�(+�;���]36��a�36%'#���\=%'(�3�� 36��#�8p57��\]#�&`%'��5{�.a�Z[!]�5�h

Ö <>8:8:57��&c&`×pfq36�I!]�]U
EX#�W <>�I��k�e�57��&c&`#�($�InI,.#�fq,I\]������5736%'��&@36�;368:8:57��&c&6U

Ã:Ë6Ì6Ä:Æ7Ë6ÅqÅgÍ'¾]¿:Ç
ij,��m36&`&`��Zm!$����5rn;#����s36%'%-��Z[e�%F%'(�\]������5736%'�m36��#���&`%'57a:fq%'#�(+�ya�&`#��.\Î%',��m/�L 36&I3u!$36&c�m36��8´3ufq($575���fq%'�8
#�ZmZ[��8:#�36%'��($*'*X&`��%s%'(b368:8j57��&`&=%-,��p��($fq36%'#�(+�Î\]#�� ���Î!$����� 36��a�36%'#���\�%',��p��k�e�5���&`&c#�(+�@h+ij,�#�&rn;#����@!$�p3�/:L
5�����36%-#��]��H6e�5��}X#���8:��k���8p368:8:57��&c&6h`NX*�%',���368:8:57��&c&@#�&o(+a:% ($*�5�36��\$��H636�I��5�57($5{n;#����+!$��\]������5736%'��8�h

EX#�#�W <Se�5���}'#���8:��k���8p368:8:5��&c&`#��.\r&ce���fq#�*'#�fg36%-#�(+�)U
� ¹9¿	� ($*'*'&c��% ($*�z6��5�(
� ¹9¿:ÂKÃ:Ê6Ë6Ì6Ä:Æ7Ë6ÅqÅqÍX¾$¿:Ç	�'»��«Á ($*'*'&c��% ($* Ö ��k�e�5���&`&`#�(+��×p!$�]%-��&
� ¹9¿:ÂK»��6���'Á½¹�Èm»½ÂKÃ�Å��:Í'É�
'Ç:Á��'»��«Á (+*X*'&`��%�($*W���	}�fg(+�.%-����%'&@($*�#���8j�kv5��\]#�&c%-��5�H6&`,�#�*X%-��8p!$� Ö &`,�#�*X%-×

EX#�#�#�W <Se�($&`%'}'#���8j�k���8p368:8:5���&`&`#���\r&ce���fq#�*X#�fq36%'#�(+�@U
� ¹9¿	�'ÂKÃ:Ê6Ë6Ì6Ä:Æ7Ë6ÅqÅgÍ'¾]¿:Ç ($*'*'&c��% ($* Ö ��k�e�5���&`&c#�(+�.×�!$�]%'��&
� ¹9¿	�'ÂK»��6���XÁ½¹9Èm»½ÂKÃ�Å��:Í'É�
'Ç:Á ($*'*'&c��% ($*W�r��}.fq($��%-����%'&@($*�#��.8:��kd5���\$#�&c%-��5�H6&`,�#�*X%-��8p36&o!$� Ö &c,�#�*'%'×oh

2@�I36�.8p2)ZÕ3657����k�e�57��&c&`#�($��&@��� 36��a�36%'#���\=%-(r3�57��\]#�&`%'��5{��a:Z[!$��5�h`N'*.2@�I#�&@2@C6_�%',����I%',���36&`&`��Zm!$����5{n;#����+&ca�!$%'5736fg% ^
*X57($Z %',���(+*X*'&`��%��]36��a:��%-(r36����($nõ*'($5{<>2@?�A6C6D�e�#�e�����#���#��.\�h`NX�I%',�#�&@fg36&`��!$36&c��nI5�#�%-��}'!]36fqx=&`,�36���$��(+%�!$��&ce���fq#�*'#���8�h

Ö &`,.#�*'%'×�#�&"3m\$������5�36�o&`,�#�*'%0($e���5�36%-#�($��E'&c����&`��fq%'#�($��(+��8:36%-3me�5�(+fg��&`&c#���\B#���&`%'57a:fq%'#�(+��&cW9!$a:%0�.(+%'��%-,�36%9%',���&`,�#�*X%
36Zm(+a:��% Zm36�r��($%�!$��&`e���fg#�*'#���8p!$�=3�5��\]#�&c%-��5�h
Ï�� Ð.nI5�#�%-��&o!$36fqx=%',���!$36&`��5���\$#�&c%-��5tE'&`��%�%',�� � !$#�%'W�#�* � #�&oe�57��&c��.%�h
þ���^�� ��Ù)·o¶��|ÚF�����

STR R1,[R2,R4]! ; store R1 at R2+R4 (both of which are
; registers) and write back address to R2

STR R1,[R2],R4 ; store R1 at R2 and write back
; R2+R4 to R2

LDR R1,[R2,#16] ; load R1 from contents of R2+16
;  Don't write back

LDR R1,[R2,R3,LSL#2] ; load R1 from contents of R2+R3*4
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LDREQB R1,[R6,#5] ; conditionally load byte at R6+5 into
;  R1 bits 0 to 7, filling bits 8 to 31
;  with zeros

STR R1,PLACE ; generate PC relative offset to address
• ;  PLACE
•

PLACE
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ij,���#���&c%-5�a�fq%'#�($��#�&{(+�.���v�k���fqa:%-��8"#�*+%',���fq($��8:#�%'#�($��#�&{%-5�a��]h®ij,����]365�#�($a�&�fg(+�.8:#�%-#�(+��&{3657�s8:��*'#�����8"36%+%',���!$��\]#�����#��.\
($*�%',�#�&ofq,�36e�%'��5h`ij,���#���&`%'57a:fq%'#�(+�;����fq($8:#���\=#�&@&c,�(+n;�I#��IÑ]� Ò�©$¨7�S.6£6¥�n:ù«�q� �JRv°g�'°rTj¨®°g $§ Uq�7¨{¦' ]§7�'¨7©]���X���g $§h
û:��(+fgx;8:36%'3>%'5�36��&`*'��5�#���&`%'57a:fq%'#�(+�.&03657�va�&c��84%-(;��(+3684E�#I�v?�Wj(+5�&`%'(+5��dEX1�i:?�Wj36����&`a�!]&`��%:($*j%',��vfqa�5�57����%'�����]#�&c#�!$���
5���\$#�&c%-��5�&6h®ij,����v&`a�e�e:(+5�%	36���6e�($&`&`#�!]����&`%'36fqx]#���\vZ[($8:��&`HZ[36#���%'36#���#���\v*'a:���6($5���Zme�%-�v&c%-36fgx$&{nI,�#�fg,�fg36��\]57($núa:e=($5
8:($nI�>Z[��Zm(+5��$Hg36��8r365��@� ��57����*'*X#�fq#�����%�#��.&`%'57a�fg%-#�($��&j*'($5.&`36� #���\�($5.57��&`%'($57#���\�fg(+�.%-��k�%-Hg(+5.*'($5.Z[($�]#��.\���3657\]�@!$��(+fgx$&
($*�8:36%'3�3657($a��.8pZ[36#��IZm�Zm(+5���h
þ�� ���  4�xc"�4�p�,+@���g����
D¡t�����
ij,��>#���&`%'57a:fq%'#�(+�[fg36�[fq36a�&c�>%-,��>%'5736��&c*'��5�($*�36���p57��\]#�&`%'��57&9#��[%',��>fqa:575���.%j!$36�.x�E'36��8u�.(+��}Xa�&`��5sZ[(+8j�ve�5�(+\]5�36Z[&
fg36�p36��&c("%'5736�.&`*'��5o%-(I36��8m*X57($Z�%',��da�&c��5@!]36��x$H	&c���d!$����($nIWªhgij,��d57��\]#�&`%'��5o��#�&`%:#�&s3�C6²>!$#�%:*'#�����8m#���%-,.�d#���&`%'57a:fq%'#�(+�.H
n;#�%-,���36fq,�!$#�%.fq($575���&`e�($��8:#���\"%'(=3v57��\]#�&`%'��5hq<úCd#���!$#�%.Dd($*�%-,���57��\]#�&`%'��5)*'#�����8[nI#����]fq36a:&`�F2@Dv%-(=!]�F%'5736��&c*'��5�57��8:H�3
D�n;#����+fq36a:&`��#�%���($% %'(�!]��%-5�36��&`*X�5�57��8:Y6&c#�Z[#���365����=!$#�%�C�fq($��%-5�($��&@%',���%-5�36��&`*X��5{($*�2@C6H636��8p&c(�($�)h
<>���r&`a�!]&`��%]($* %',��957��\]#�&`%'��57&cH�($5�36���	%',��957��\]#�&`%'��57&cH�Zm36��!$�9&ce���fq#�*'#���8�hªij,��0($�����r57��&c%-5�#�fq%'#�(+�"#�&)%-,.36%]%',��05���\$#�&`%'�5{��#�&`%
&c,�($a���8p��($% !]����Z[e�%'��h
� ,.��.���]��5{2@C6_�#�&o&`%'(+5���8p%-(rZ[��Zm(+5��r%',���&`%'($57��8p� 36��a���#�&@%',���368:8:5���&`&@($*�%',���1	i:? #���&`%'57a:fq%'#�(+�Ie:��a�&@C ý h

þ]Í'ÿ��:Æ7Ë�{�����~��'¾$¼�¢LY[Z�
\Z�])Æ�Z6¿:ÅgÉ7Ë6Æ£7¿:Å�
'Æ��:¼�
'Í'¾]¿:Å
þ�� ��� �4³´���t
$���	�����(+�¤ �)�F���
ij,��s%'5736��&c*'��5j368:8:57��&c&`��&t3657�s8j�%'��57Zm#�����8I!]�>%-,��0fq($��%-����%'&t(+*]%',��s!$36&c�s57��\]#�&`%'��5jE'2@��W'H�%-,��0e�57���	e�(+&c%$!$#�%$E'/:W$36��8;%-,.�
a:e���8:($nI�B!$#�%oE'Û>Wªh�i:,.�"5���\$#�&`%'�5�&v365��I%-5�36��&`*X��575���8Î#���%',��I(+5�8:��5F��($nI��&c%@%'(m,.#�\$,.�&c%-H�&c(m2@C6_�EX#�*o#���%',��I��#�&c%-Won;#����
36��n;36�$&�!$��%-5�36��&`*X��575��8"��36&`%ªhØij,��o��($nI��&`%	5���\$#�&c%-��5�36��&c(F\]��%'&j%'5736�.&`*'��5�57��8=%'(£��*X57($Zõ%',��o��($nI��&c%	Z[��Z[($57�d368:8:5���&`&6h®û:�

Cond Rn

015161920212425272831

P U W L

2223

100 S Register list

Base register
Load/Store bit

0 = Store to memory
1 = Load from memory

Write-back bit
0 = no write-back
1 = write address into base

Up/Down bit

Pre/Post indexing bit

0 = down; subtract offset from base
1 = up; add offset to base

0 = post; add offset after transfer
1 = pre; add offset before transfer

PSR & force user bit
0 = do not load PSR or force user mode
1 = load PSR or force user mode

Condition field
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n;36�I($*:#�����a:&`%'5736%'#�(+�.H	fq($��&`#�8:��5o%-,��d%'5736�.&`*'��5o(+*:2@C6H	2@_>36��8m2@A>#��p%-,.��fg36&`�dnI,.��57�d2@�W��D6k�C6D6D6D>36��8mn;57#�%'�d!$36fqx;(+*
%',���Z[($8:#�*'#���8[!$36&c��#�&�57���]a:#�57��8[E � �:C6WªhqO]#�\$a:57��&r.�.6H,.�36H,.6¡d36�.8�.�¥d&c,�($n %-,.�F&c���]a�����fq��($*�57��\]#�&`%'��5)%'5736��&c*'��57&cH�%-,��
368:8j57��&`&c��&@a�&c��8:H636��8p%',����]36��a:��(+*�2@�I36*X%-��5t%-,.�9#���&`%'57a:fq%'#�(+�I,.36&@fq($Z[e����%'��8�h
NX�r36���6fq36&c��&`H�,�368InI5�#�%-��!]36fqxv(+*$%',���Z[($8:#�*'#���8I!$36&`���.(+%+!$������5����]a�#�5���8"E � �:D6W'H�2@�rnI($a���8",�36� ��5��%'36#�����8I#�%-&{#���#�%'#�36�
� 36��a���(+*�D6k�C6D6D6Dva�������&c&�#�%.nI36&�36��&`(=#���%',��F%'5736��&c*'��5)��#�&c%.(+*�3d��($368�Zma���%'#�e����F5���\$#�&c%-��5)#��.&`%'57a�fg%-#�($��H�nI,�����#�%.nI($a���8
,.36�]��!$�����I($�]��5�nI5�#�%-%'���InI#�%-,I%',�����($368:��8p�]36��a:�]h
þ�� ��� �4³´���t
$���	�d³����e+@���������
ij,���368:8:5���&`&{&`,.(+a���8"��($57Zm36�����v!$��39nI($578I36��#�\]����8"�]a:36��%-#�%'�v36��8I��($��}'nI($5�8"36��#�\]����8"368j8:57��&`&c��&{8:(d��(+%+36*X*'��fq%+%',��
#��.&`%'57a�fg%-#�(+�)hFf;(+n;���]��57H$%-,��v!](+%'%-($Z ý !$#�%'&0($*j%',��v368:8:5��&c&0n;#�����36e�e���365�(+� > � ���h|�� 36��8uZ[#�\],�%j!$�v#���%'��57e�5���%-��84!]�
%',���Z[��Zm(+5��r&c�$&c%-��ZÎh

þ]Í'ÿ��:Æ7Ë�{�{���¦:¾$Å�
��'ÍX¿:¼qÆ7Ë6ÈmË6¿	
WZ6ÀjÀ:Æ7Ë6ÅqÅqÍX¿:ÿ

0x100C

0x1000

0x0FF4

Rn

1

0x100C

0x1000

0x0FF4

2

R1

0x100C

0x1000

0x0FF4

3

0x100C

0x1000

0x0FF4

4

R1

R7

R5

R1

R5

Rn
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þ]Í'ÿ��:Æ7Ë�{�§���¦:Æ7Ë��'ÍX¿:¼qÆ7Ë6ÈmË6¿	
WZ6À:À:Æ7Ë6ÅgÅqÍ'¿jÿ

þ]Í'ÿ��jÆ®Ë�{�¨���¦j¾$Å�
��'À:Ë6¼gÆ7Ë6È[Ë6¿I
WZ6À:À:Æ7Ë6ÅqÅgÍ'¿:ÿ

0x100C

0x1000

0x0FF4

Rn

1

0x100C

0x1000

0x0FF4

2

R1

0x100C

0x1000

0x0FF4

3

0x100C

0x1000

0x0FF4

4

R1

R7

R5

R1

R5

Rn

0x100C

0x1000

0x0FF4

Rn

1

0x100C

0x1000

0x0FF4

2

R1

0x100C

0x1000

0x0FF4

3

0x100C

0x1000

0x0FF4

4

R1

R7

R5

R1

R5

Rn
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bZ6À:À:Æ7Ë6ÅqÅgÍ'¿:ÿ
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¹(��©�¿:¾�
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WZ6¿:Àpº&:Í�
�ÅgË�
W®�<>ÅqË6ÆS	Z6¿I¢L
'Æ�Z6¿:ÅqÉ7Ë6Æ�¯
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name stack other L bit P bit U bit

pre-increment load LDMED LDMIB 1 1 1

post-increment load LDMFD LDMIA 1 0 1

pre-decrement load LDMEA LDMDB 1 1 0

post-decrement load LDMFA LDMDA 1 0 0

pre-increment store STMFA STMIB 0 1 1

post-increment store STMEA STMIA 0 0 1

pre-decrement store STMFD STMDB 0 1 0

post-decrement store STMED STMDA 0 0 0

Table 5:
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LDMFD SP!,{R0,R1,R2} ; unstack 3 registers

STMIA R0,{R0-R15} ; save all registers

LDMFD SP!,{R15} ; R15 <- (SP),CPSR unchanged
LDMFD SP!,{R15}^ ; R15 <- (SP), CPSR <- SPSR_mode (allowed

;  only in privileged modes)
STMFD R13,{R0-R14}^ ; Save user mode regs on stack (allowed

;  only in privileged modes)

ij,���&`��#��.&`%'57a�fg%-#�(+��&oZ[36�=!]��a�&`��8�%-(r&c36�]��&c%-36%'��($�I&ca�!$5�(+a:%-#��.������%-5��]H636��8p5���&`%'(+5���#�%���*'*X#�fq#�����%'���=($�I5��%'a�5��I%'(r%-,.�
fg36����#���\=57($a�%'#����]U

STMED SP!,{R0-R3,R14} ; save R0 to R3 to use as workspace
;  and R14 for returning

BL somewhere ; this nested call will overwrite R14

LDMED SP!,{R0-R3,R15} ; restore workspace and return
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n;,�#�fq,úZ[36�Q!$�Ba�&`��8µ%-(y#�Zme�����Z[����%>&`��Zm36e�,�(+5���&`Y0fq($��%-5�(+��(+*�%',���Z[��Zm(+5��QZ[a�&c%v�.(+%>!$�B57��Z[($�]��8µ*'5�(+Z 3
e�5�($fq��&`&c(+5tnI,�#����9#�% #�&oe���57*'($5�Z[#���\=3���(+fgx$��8p($e���5�36%-#�($�)h
þ�� ���  "j9�@�����I¶��"�$kõ�.
+�F�
ij,�#�&o#��.&`%'57a�fg%-#�($�;fg��36&`&oZm36�=!$�Fa:&`��8�%-(=&`n;36ep3d!$�]%-�FE'û	�:C6W.($5t3dnI($5�8�E'û	�:D6W.!$��%'nI�����;36�;<>2@?BA6C6Dd5��\]#�&c%-��5t36�.8
Zm��Z[(+5��{h i:,.�r1 � /�#��.&`%'57a�fg%-#�(+�u#�&�#�Z[e�����Zm����%-��8B36&�3�#	�>2�*'($����($nI��8B!$�[3I1�i:2y36��8�%',��=36fq%'#�(+�u($*t%',���&c�r#�&�36&
8:��&cfq5�#�!$��8�#��Î%-,���&c��fq%'#�(+�Î(+�Î&`#���\]����8:36%'3�%-5�36��&`*X��57&�h+N'�Îe�3657%'#�fqa:��3657Hj%',���8:��&cfq57#�e�%-#�($��($*sû:#�\�36��8Å#:#�%-%'���D·:��8:#�36�
fg(+�.*'#�\]a�5736%'#�($�I36e�e���#���&o%-(r%-,.�91 � /�#��.&`%'57a�fg%-#�(+�)h
þ�� ��� ���´�	�4�b_;�� o�
2@C6_�&c,�36���+��($% !]��a�&`��8p36&o36�I(+e:�5�36��8pEX2)8:H62@�I($5t2)&cW�#��I3�1 � /�#��.&`%'57a�fg%-#�($�)h

0111215161920272831 23 78 4 3

Condition field

Cond Rn Rd 10010000 Rm00B00010

22 21

Destination register
Source register

Base register
Byte/Word bit

0 = swap word quantity
1 = swap byte quantity
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!](+%',�W'H]36��8b#��m��#�%',���5sfq36&c��H$%',����v36%'3r<>!](+5�%�%'5736eunI#�����!]�>%'36x$���)h�NX%�#�&�a:e4%'(�%',���&`�]&`%'��Z &`($*'%'nI3657��%'(�57��&c(+��� ��%-,��
fg36a�&`��($*�%',���e�5�(+!$���ZmH6%-,.��;%-,���#��.&`%'57a�fg%-#�(+�Ifg36�I!$��5���&`%'3657%'��8p36��8p%',���(+5�#�\$#���36�+e�57($\]5736Z fg(+�.%-#��.a���8�h
þ�� ��� þ��7�=����
��F�	�����.�����)�+��"�F�������
1	nI36eõ#���&`%'57a:fq%'#�(+��&u%'36x$�ÎC�#��.&`%'57a�fg%-#�($�|*X��%-fg,�H�C�8:36%'3�57��368:H�C�8j36%-3�n;57#�%'�Î36��8îC�#��.%-��5���36�vfq�]fq���$h)O$($5�Zm(+5��
#��.*'($57Z[36%'#�($�I&`�����]�7���X���g r¡6¢K£6¤6¥6¦X $§7�'¨7©]�ª�'�«�q =�$¬6�7�7��]©$¯>¯>°q¨7±�($�Ie�36\]��²6T�h
þ�� �����"³´�	�	���µ������
��g�@����¶�·
Ã:º	Æ�¦:Ç:»½¼q¾]¿:À:Á½»�~@Á]¹9À:ÂK¹9ÈmÂ � ¹�¿	�
Ï fq($��8:Ð�}.%-n;(+}'fg,�365�36fq%'�5tfq($��8:#�%'#�($�IZ[����Zm(+��#�fgH6&`����Ñ]� Ò�©]¨7�{Ó6¥6Ô@�q ]6���X���g rÔ@�g6�®§
Ï û:Ð�}�#�*.ûp#�&@e�5���&`����%�%',����I!$�]%-��%'5736�.&`*'��5�H6(+%',���57n;#�&`��n;(+5�8p%-5�36��&c*'��5
2@8:HK2@Z[HK2@�I365�����k�e�5���&`&c#�(+��&o���]36��a:36%-#��.\r%'(�� 36��#�8p5���\$#�&c%-��5t��a�Z[!]��57&
þ�� �����4Ù)·o¶��|ÚF�����

SWP R0,R1,[R2] ; load R0 with the word addressed by R2, and
; store R1 at R2

SWPB R2,R3,[R4] ; load R2 with the byte addressed by R4, and
; store bits 0 to 7 of R3 at R4

SWPEQ R0,R0,[R1] ; conditionally swap the contents of the
; word addressed by R1 with R0
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Ö ��k�e:57��&`&c#�(+�.×�#�&o���]36��a:36%-��8p36��8pe:��36fq��8p#��I%',���fq($Z[Zm����% *X#�����8pE'n;,�#�fq,I#�&@#�\]��(+5���8p!$�=<>2)?�A6C6D6Wªh

31 28 27 24 23 0

Condition field

1111Cond Comment field (ignored by Processor)
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SWI ReadC ; get next character from read stream
SWI WriteI+”k” ; output a “k” to the write stream
SWINE 0 ; conditionally call supervisor

; with 0 in comment field

ÝIÞWß(à�á�â�ã�ß(ßÛä,à�å�æ�çºßÛè�à�èéè�ê�åëß(ìíÞWà�ìWè�ê	îºìíà�á�çºß(è�ê�æ	ß¿ïeã�î�è�â�ïSð�â�ñ	ß(ßÛä,îºè�ì�è�ò�ó�â�ïSî�ôWè�ì�à�ôWð�ß�õ

0x08 B Supervisor ; SWI entry point

EntryTable ; addresses of supervisor routines
DCD ZeroRtn
DCD ReadCRtn
DCD WriteIRtn

          . . .

Zero EQU  0
ReadC EQU  256
WriteI EQU  512

Supervisor

; SWI has routine required in bits 8-23 and data (if any) in bits 0-7.
; Assumes R13_svc points to a suitable stack

STMFD R13,{R0-R2,R14} ; save work registers and return address
LDR R0,[R14,#-4] ; get SWI instruction
BIC R0,R0,#0xFF000000 ; clear top 8 bits
MOV R1,R0,LSR#8 ; get routine offset
ADR R2,EntryTable ; get start address of entry table
LDR R15,[R2,R1,LSL#2] ; branch to appropriate routine

WriteIRtn ; enter with character in R0 bits 0-7
.  .  .  .  .  .

LDMFD R13,{R0-R2,R15}^ ; restore workspace and return
; restoring processor mode and flags
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Ï�Ð ÑB��Ð Ñ��E��Ú��
�b×��/�+�	Ú�Ü6Ü	�1�C��Ú,Ø2�ÙÜ
� ôWç$)Lá�îºì��xà�ôWñ�á�îºìíè(Î!��ì�âµö! xà�ïeß�èéî$*�ôbîºó�îºð�à�ôWìIì�âµì�ÞWß�æ�ï�â�ð�ßÛèéè�â�ï-&¿Ý	ÞWß�ïeß¿åëà�îºôWîºô1*Lá�îºì�è�à�ï�ß�ê�èéßÛñ�á/)Dð�âgæ�ïeâ�ð�ßÛè�èéâgïeè!&
ÝIÞWß�à�á�â�ã�ß�ó�îºßÛçºñ�ôWà�å�ßÛè	à�ïeß�ê�è�ßÛñxá')Ùð�âgôbã�ßÛôWì�îºâgôbò�à�ôWñxæ�à�ïeìíîºð�ê�çºà�ïbð�â�æ�ï�â�ð�ßÛè�èéâgïeè	åëà!)ÙïeßÛñ	ßÛó�îºôWß�ì�ÞWß�ê�èéßdâ�ó,à�çºçtó�îºßÛçºñ	è
ßÛä,ð�ßÛæ�ì'3RSx,(à�èdà�æ�æ�ïeâgæ�ïeîºà�ì�ß'&eÝ	ÞbßR3RSB,Ùó�îºßÛçºñDîºèdê�è�ßÛñDì�â�ð�â�ôWìíà�î�ô�à�ô�îºñ	ßÛôWì�îºó7)�îºô1*�ôWê	å�á�ßÛï�6\îºô�ì�ÞWß�ï�à�ô1*�ßR"Ùìíâ� �Í!8 ó\âgï
ßÛà�ð�ÞLð�âgæ�ïeâgð�ßÛè�èéâgïeò6à�ôWñ�à�ð�âgæ�ïeâgð�ßÛè�è�â�ï=.[îºç�ç î$*�ôWâ�ï�ß�à�ô+)µîºôWè�ì�ï�ê	ð�ì�îºâgô�.[Þbîºð�Þ&ñ	âgßÛè ôWâ�ì	ð�â�ôWì�à�îºôLîºì�è ôWê�åëá�ßÛï�îºôLì�ÞWß
3RSx,�ó�îºßÛçºñP&

Cond

011121516192024272831 23

CRd CP#

78

1110 CP Opc CRn CP 0 CRm

5 4 3

Coprocessor number 

Condition field

Coprocessor information 
Coprocessor operand register 

Coprocessor destination register 
Coprocessor operand register 
Coprocessor operation code 



Í!�

ÝIÞWß&ð�â�ôWã ß¿ôbìíîºâ�ôWà�ç�îºôbìíßÛïeæ�ï�ßÛì�à�ìíîºâ�ô�â�ó�ì�ÞWß&îºôWèéìíïeê�ð�ìíîºâ�ô�îºè�ìíÞbà�ì ì�ÞWß&ð�âgæ�ïeâgð�ßÛè�è�â�ï�è�ÞWâ�ê�çºñ�æ	ß¿ïeó�â�ï�å à�ô�â�æ�ßÛï�à�ì�îºâgô
èéæ�ßÛð�îºó\îºßÛñDîºô[ì�ÞWß43RS � æ�ðró�îºßÛçºñ
6�à�ôWñLæ�âgèéè�îºá�ç$)xîºô[ìíÞWß�3RSDó�îºßÛçºñx8Wâgô[ì�ÞWß�ð�âgôbìíßÛôWì�è�âgó13R��ô[à�ôWñ�3R��å�ò�à�ôWñLæ�çºà�ð�ß(ìíÞWß
ïeßÛè�ê�ç�ì îºô�3R��ñP&
Ï�Ð ÑB��Ð ���Z��Ü��?�������?�2�+� �:¡;�gØ¿Úo���eÖ Ú�Ü
��çºç	3RQCSDîºôbè�ì�ï�ê�ð�ìíîºâ�ôWè�à�ïeß�ßÛå�ê	çºà�ìíßÛñLîºô[è�â�ó�ì7.[à�ïeß�õ ì�ÞWß(ôWê�å�á�ßÛïSâgóWðd)�ð�çºßÛè�ìíà!#�ßÛôo.µîºçºçgñ	ßÛæ�ßÛôWñLâgô[ì�ÞWß�ð�âgæ�ïeâ�ð�ßÛè�èéâgï
èéê�æ�æ�â�ï�ìWè�â�ó�ì7.[à�ïeß'&
Ï�Ð ÑB��Ð ¢�£/Ü6Ü6Ú,Ö¥¤(ØÛÚ¦�DÜd¡����ÛÕ,Ô
}���§x¨©�b~'�xªx«'�x¬!¯®xy!°!�xwZy!�b�dt7~'�x±!²B¯�dªx¯�b�x¯�d³´¨©¯®By!°!�xwZy!�d�bt7~'�xz!²x«
µ ð�â�ôWñx¶10bì>.µâ�ð�ÞWà�ï�à�ð�ìíßÛïúð�â�ôWñ	îºì�îºâgôµå�ôWßÛå�â�ôWîºð�ò�è�ßÛß�T/U V1W'XZY\]!^!_;`dl/·!Ukh7Uk`dlE_�`b·!YZe
æB,%0bìíÞbß�ê	ôWî$p�ê�ß(ôWê	å�á�ßÛïúâgóbìíÞWß(ïeß2p�ê�îºïeßÛñLð�â�æ�ï�â�ð�ßÛèéè�â�ï

¸ ßÛäzæ	ï�ßÛè�èéîºâgô+ !¹�0bß¿ã à�çºê�à�ì�ßÛñLì�â�à�ð�âgôWèéìíà�ôbì à�ôWñLæ	çºà�ð�ßÛñLîºô[ì�ÞWß�3RS � æ�ðró\îºßÛçºñ
ð�ñ	ò�ð�ô[à�ôbñLð�å ßÛã à�çºê�à�ì�ß(ìíâxì�ÞWß(ã�à�çºîºñLð�âgæ	ï�â�ð�ßÛè�èéâgïúï�ß2*�îºè�ì�ßÛïSôbê�å�á�ßÛïeè�3R��ñ	ò!3R��ô[à�ôWñ
3R��å ïeßÛè�æ�ßÛð�ì�îºã ßÛç$)

¸ ßÛäzæ	ï�ßÛè�èéîºâgôbÎ!¹�0+.[ÞWßÛïeß�æ	ï�ßÛè�ßÛôWìWîºè�ß¿ã à�çºê�à�ì�ßÛñLì�â�à�ð�âgôWèéìíà�ôbì à�ôWñLæ	çºà�ð�ßÛñLîºô[ì�ÞWß�3RSDó\îºßÛçºñ
Ï�Ð ÑB��Ð Ï"ÓdÔ�Õ,Ö5×ÙØÛÚ�Ü

CDP p1,10,c1,c2,c3 ; request coproc 1 to do operation 10
; on CR2 and CR3, and put the result in CR1

CDPEQ p2,5,c1,c2,c3,2 ; if Z flag is set request coproc 2 to do
; operation 5 (type 2) on CR2 and CR3,
; and put the result in CR1
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÷Jø@ù�ºBûýü�þLÿgü��������£ü�ÿ�G�H��-H(�¿ÿ	H��
��»	�Jÿ/�JI-¼�K±ûq½�¾�¿ û�N

O�èéß�â�óúì�ÞWß:À�QC3ªâgï4Á,Ýx3ªîºôWèéìíïeê�ð�ìíîºâ�ô�âgô�ì�ÞWßE�������! !"o.[îºç�ç�ð�à�ê�èéß�à�ô�ê	ôWñ	ßÛó�îºôWßÛñPîºôWèéìíïeê�ð�ìíîºâ�ô�ì�ï�à�æ`ì�âLá�ßxì�à!#�ßÛôWò
.µÞWîºð�Þµå�à!)�á�ß(ê�è�ßÛñLì�âxßÛå�ê�çºà�ì�ß(ìíÞbß�ð�âgæ	ï�â�ð�ßÛè�èéâgïúîºôWèéìíïeê�ð�ì�îºâ�ô;&
ÝIÞWßrîºôWèéìíïeê�ð�ì�îºâ�ô�îºèSâgôbç$)�ß¿ä,ßÛð�ê	ìíßÛñ�î�ógì�ÞWßrð�â�ôWñ	îºì�îºâ�ô�îºèSìíïeê�ß'&°ÝIÞWßrã�à�ïeîºâ�ê�è£ð�âgôbñ	îºìíî�âgôWèSà�ï�ßJñ	ßÛó�îºôWßÛñ�à�ìgì�ÞWßrá�ß2*�îºôWôWîºô+*
â�óWì�ÞWîºè�ð�ÞWà�æ�ì�ßÛï-&�ÝIÞWß(îºôWè�ì�ï�ê	ð�ì�îºâgôµßÛôWð�â�ñ	îºô1*�îºè�èéÞWâ	.µô[îºô�T'U V1W/XZY\[!Â!^!_�`ba!XZ`dc?YZeZeZ`bX\f�gbhigPÃxXZgdl/e ÄbYZX\m7l'e�hiXZW/cAh7Uk`bl'e-&
ÝIÞWîºèrð�çºà�è�èJâgó	îºôWè�ì�ï�ê	ð�ì�îºâgôLîºèrê�èéßÛñ�ìíâ�çºâ�à�ñÅ67ÀxQ�3�8	âgï�è�ì�âgïeß%67Á6Ýx3R8�à�èéê�á�èéß¿ì�â�ó�à�ð�â�æ�ïeâgð�ß¿èéè�â�ï�èÇÆpèrï�ß2*�îºè�ì�ßÛï�èJñ	îºïeß¿ð�ìíçÈ)
ì�âxå�ßÛåëâgï?)�&éÝ	ÞWßÙæ�ïeâgð�ß¿èéè�â�ïúîºè�ïeß¿èéæ�â�ôWè�îºá�çºß(ó�â�ïúèéê�æ�æ�ç$)�îºô1*�ì�ÞWßÙå�ßÛå�â�ïZ)�à�ñ	ñIï�ßÛè�èéò�à�ôbñLì�ÞWßÙð�â�æ�ï�â�ð�ßÛè�èéâgïdè�ê�æ�æ�ç�îºßÛè
â�ïSà�ð�ð�ßÛæ�ì�è�ì�ÞWß(ñ	à�ì�à�à�ôWñLð�â�ôWì�ï�â�çºè�ì�ÞWß(ôWê	å�á�ßÛïúâgó1.µâgïeñ	è�ì�ïeà�ôWè�ó�ßÛïeï�ßÛñP&

s't7u'vxwZy%z!É!|!}4~'�xwZ~/�dy!�b�b~'w\���!�i�%Ê;wZ�!�x�dËZy!w��Z�x�d�7wZvx�d�7t7~'�x�
Ï�Ð ÑB¢�Ð Ñ��E��Ú��
�b×��/�+�	Ú�Ü6Ü	�1�C��Ú,Ø2�ÙÜ
ÝIÞWß�3�Sx,Ló�îºßÛçºñ�îºè�ê	è�ßÛñ�ìíâ�îºñ	ßÛôWì�îºó7)�ì�ÞWßµð�â�æ�ïeâgð�ß¿èéè�â�ï%.µÞWîºð�Þ îºè�ï�ß2p�ê�îºïeßÛñ�ìíâ�è�ê�æ�æ	ç$)�â�ï�à�ð�ð�ßÛæ�ì�ì�ÞWßµñ	à�ìíà�ò	à�ôWñ�à
ð�âgæ�ïeâ�ð�ßÛè�èéâgï5.[îºçºçgâ�ôWç$)�ï�ßÛèéæ�âgôbñLîºóWîºì�è�ôWê	å�á�ßÛïúå�à�ì�ð�ÞWßÛè�ìíÞWß(ð�âgôWì�ßÛôWì�è�â�óWì�ÞWîºè�ó\îºßÛçºñP&
ÝIÞWß�3R�dñLó\îºßÛçºñLà�ôWñLì�ÞWß�n*á�îºì ð�âgôbìíà�îºô[î�ôWó�â�ï�å�à�ì�îºâ�ô[ó�â�ïSì�ÞWß(ð�â�æ�ï�â�ð�ßÛèéè�â�ï\.[Þbîºð�Þ[åëà!)xá�ß(îºôWì�ßÛï�æ	ï�ßÛì�ß¿ñLî�ô[ñ	îºó�ó�ßÛïeßÛôWì
.µà!)�è�á/)�ñIîºó�ó�ßÛïeßÛôWì�ð�âgæ�ïeâgð�ßÛè�èéâgïeè�òtá�ê	ì�á/)xð�â�ôWã ß¿ôbìíîºâ�ôo3R��ñDîºèdì�ÞWß�ï�ß2*�îºè�ì�ßÛï£ì�â�á�ß ì�ï�à�ôbè�ó�ßÛïeï�ßÛñ�6�â�ï£ì�ÞWß�ó�îºïeè�ì ï�ß2*�îºè�ì�ßÛï
.µÞWßÛï�ß�åëâgïeß�ìíÞWà�ô�âgôWß�îºè£ìíâ�á�ß�ì�ï�à�ôWèéó�ßÛïeï�ßÛñx8�ò�à�ôbñ�ìíÞWß=nªá�îºì,î�èIê�èéßÛñ�ìíâ�ð�ÞWâ�â�è�ß�â�ôWß�âgógì>.µâÙì�ï�à�ôWèéó�ßÛï�çºßÛô1*�ì�Þ�â�æ�ìíî�âgôWèD&
Ì�â�ïrîºôWè�ì�à�ôWð�ßCn�Íx"xð�â�ê�çºñ�è�ßÛçºßÛð�ìIìíÞbß�ì�ï�à�ôbè�ó�ßÛïrâ�ó£àxè�îºô1*�çºß�ï�ß2*�îºè�ì�ßÛï�ò�à�ôWñÎn�Íx �ð�âgê	çºñ�èéßÛçºßÛð�ìIì�ÞWß�ìíïeà�ôWèéó�ßÛïrâ�ó£à�çºçWì�ÞWß
ïeß2*�îºèéìíßÛïeè�ó\âgïúð�â�ôWìíßÛä,ìWè9.[îºì�ð�Þbîºô1*\&

Cond Rn

0111215161920212425272831

P U W L

2223

110 N CRd CP# Offset

78

Coprocessor number 
Unsigned 8 bit immediate offset

Base register
Load/Store bit

0 = Store to memory
1 = Load from memory

Write-back bit
0 = no write-back
1 = write address into base

Coprocessor source/destination register 

Pre/Post indexing bit

Up/Down bit
0 = down; subtract offset from base
1 = up; add offset to base

0 = post; add offset after transfer

Transfer length

Condition field
1 = pre; add offset before transfer
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Ï�Ð ÑB¢�Ð ��£Ð���5��Ú�Ü6Ü��?��Ñ�ÖÒ���(Ú�Ü
ÝIÞWßræ�ïeâ�ð�ßÛè�èéâgï	îºèSïeßÛè�æ�â�ôWèéîºá�çºßJó�âgïIæ�ï�â�ã�îºñ	î�ô1*�ì�ÞWßrà�ñ	ñ	ïeßÛè�èSê	è�ßÛñ[á/)�ì�ÞWßråëßÛå�âgï?)�èÇ)�èéìíßÛå ó�â�ï	ì�ÞWßrì�ï�à�ôbè�ó�ßÛïeòFà�ôWñ[ì�ÞWß
à�ñ	ñIï�ßÛè�èéîºô1*[å�â�ñ	ßÛèrà�ã à�îºçºà�á�çºß�à�ïeß�à�è�ê	á�è�ßÛì�âgó	ìíÞbâgèéß�ê�è�ßÛñ�î�ôDè�îºô+*�çºß�ñ	à�ì�à�ì�ï�à�ôWèéó�ßÛï�îºôWè�ì�ï�ê	ð�ì�îºâgôbè!&bn[â�ìíßÛò,Þbâ	.µß¿ã ßÛï�ò
ì�ÞWà�ì�ó�â�ï�ð�â�æ�ïeâgð�ß¿èéè�â�ï�ñ	à�ìíà�ìíïeà�ôWèéó�ßÛï�èJì�ÞWß�îºåëå�ßÛñ	îºà�ì�ß�âgó\ó�è�ßÛì�èJà�ï�ßÔÓ�á�îºì�è�.[îºñ	ß�à�ôWñ�èéæ�ßÛð�îºói)�Õ4`dXZ·�â�ó�ó�èéßÛìíèéò¦.[Þbß¿ïeßÛà�è
ó\âgïúè�îºô1*�çºß(ñ	à�ì�à�ìíïeà�ôWè�ó\ßÛï�è�ìíÞWß2)�à�ï�ß� �Î�á�îºìíè=.[îºñ	ß(à�ôWñLèéæ�ßÛð�îºói)EÖ-×!h7YSâgó\ó�è�ßÛì�è!&
ÝIÞWßPÓ�á�îºìgê�ôWèéî$*�ôWßÛñ�îºåëå�ßÛñ	îºà�ì�ßrâgó\ó�è�ßÛìgîºèSèéÞWîºó�ì�ßÛñ�çºßÛó\ìgÎ á�îºì�èSà�ôWñ�ßÛîºì�ÞWßÛï	à�ñ	ñ	ßÛñ[ìíâÔ6iOCÍx !8�âgï	èéê�á�ì�ï�à�ð�ìíßÛñ[ó�ï�â�åØ67O�ÍB"!8
ì�ÞWß(á�à�è�ß(ïeß2*�î�è�ì�ß¿ï56i�dô+87Ù�ì�ÞWîºè�ð�à�ç�ð�ê�çºà�ì�îºâ�ô[åëà!)�á�ß(æ�ßÛïeó�â�ï�å�ßÛñ&ßÛîºìíÞbß¿ïúá�ßÛó�âgïeß�6iSBÍx !8Wâ�ïúà�ó�ì�ßÛï\6iSBÍx"!8Wì�ÞWßÙá�à�è�ßÙîºè�ê	è�ßÛñ
à�èúìíÞbßJìíïeà�ôWè�ó\ßÛï	à�ñ	ñ	ïeßÛè�èD&�Ý	ÞWßJå�â�ñ	îºó\îºßÛñ[á�à�è�ßJã à�çºê�ßJåëà!)�á�ßJâgã ßÛïZ.µï�îºì�ìíßÛô�á�à�ðb#�îºôWì�â�ìíÞWßJá�à�è�ßJïeß-*�îºèéìíßÛï�6�îºó/ÚÛÍx !8�ò¿â�ï
ì�ÞWßëâ�çºñ/ã�à�çºê	ßëâgó�ìíÞWßëá�à�è�ßëå�à!)�á�ßëæ�ïeß¿èéßÛï�ã ßÛñÐ67ÚÛÍx"!8A&1n[â�ìíßëì�ÞWà�ìÙæ�âgèéì>0\îºôWñ	ßÛäzßÛñ/à�ñIñ	ï�ßÛè�èéîºô1*�å�â�ñ	ßÛè[ïeß-p�ê	îºï�ß
ßÛä,æ�çºîºð�îºì èéßÛìíì�îºô1*�âgóbìíÞWß�Ú¬á�îºìíò�ê	ôWçºî$#�ß4À�QC�`à�ôWñ
Á6Ýx�Ü.[ÞWîºð�Þ[à�ç$.[à!)�è�.µï�îºì�ß20�á�à�ðb#Ý.[ÞWßÛô[æ�â�è�ì70�îºôbñ	ßÛäzßÛñP&
ÝIÞWßJã�à�ç�ê�ßJâ�ó�ì�ÞWßJá�à�èéßJï�ß2*�îºè�ì�ßÛï�ò¿åëâgñ	î�ó�îºßÛñ[á/)�ì�ÞWßJâ�ó�ó�èéßÛìgî�ôxà�æ�ïeß20�îºôWñ	ßÛä,ßÛñ[îºôWèéìíïeê�ð�ìíîºâ�ôWò¿îºèúê�èéßÛñ[à�èSì�ÞWßJà�ñ	ñIï�ßÛè�èúó�â�ï
ì�ÞWß�ì�ïeà�ôWè�ó�ßÛïSâ�óWìíÞWß(ó�îºïeè�ìÞ.[â�ï�ñ�& Ý	ÞWß(è�ßÛð�â�ôWñ
.[â�ï�ñ
6�îºóWå�â�ï�ß(ìíÞWà�ô[â�ôWß�îºè�ì�ï�à�ôWèéó�ßÛï�ïeßÛñx81.[îºçºç	*�â�ì�â�âgïSð�âgåëß�ó�ïeâgå à�ô
à�ñ	ñIï�ßÛè�èdâ�ôWßR.µâgïeñ�67�(á')�ì�ßÛè98 ÞWî$*�ÞWßÛï£ì�ÞWà�ô�ì�ÞWß�ó�îºïeè�ì�ì�ï�à�ôWèéó�ßÛï�òtà�ôWñDìíÞbß à�ñ	ñ	ïeßÛè�è;.[îºçºç6á�ß�îºôWð�ïeßÛå�ßÛôWì�ßÛñµá')�âgôbßR.[â�ï�ñ
ó\âgïúßÛà�ð�Þ[èéê�á�èéß2p�ê�ßÛôWìWìíïeà�ôWè�ó\ß¿ï2&
Ï�Ð ÑB¢�Ð ¢�£Ð���5��Ú�Ü6ÜÔ£PØ?�?Ñ��(Ö Ú¦���
ÝIÞWßJá�à�è�ßJà�ñ	ñIï�ßÛè�èúè�ÞWâ�ê�çºñ[ôbâgïeå�à�çºç$)�á�ßJà4.[â�ïeñ[à�çºî$*�ôbßÛñ�p�ê�à�ôWì�îºì>)\&�Ý	Þbßrá�âgì�ì�âgå Î�á�îºìíèúâgó�ìíÞbßrà�ñIñ	ï�ßÛè�è5.[îºçºç,à�æ�æ�ßÛà�ï
â�ô�ß�à ±!|¯á!â à�ôWñLå�î$*�ÞWìWá�ß(îºôWì�ßÛï�æ�ïeßÛìíßÛñLá')xì�ÞWß(å�ßÛå�â�ïZ)�è9)�è�ì�ßÛåã&
Ï�Ð ÑB¢�Ð Ï�ä/Ü6Ú��+å�æ�Ñ�Ò
ç\ó+�dôµîºè��� �Í�ò�ì�ÞWß(ã à�çºê�ß(ê	è�ßÛñ
.µîºçºçgá�ßÙìíÞWß(à�ñIñ	ï�ßÛè�è�â�óWì�ÞWß(îºôWèéìíïeê�ð�ìíîºâ�ô[æ�çºê	è�Ó�á/)�ì�ßÛè!&Çè	à�è�ß�.µï�îºì�ß20�á�à�ðd#xì�âE�� �Í�è�ÞWà�ç�ç
ôbâgìWá�ß(è�æ�ßÛð�îºó�îºßÛñP&
Ï�Ð ÑB¢�Ð�Òoé*Õ¦�ÛÕ�Õ¦¤o�1�-�ÛÜ
ç\ó	ìíÞWß�à�ñ	ñ	ï�ßÛèéèrîºèJçºß2*�à�ç�á�ê	ì�ìíÞWß�å�ßÛå�â�ïZ)[å�à�ôbà!*�ßÛï�*�ß¿ôbßÛï�à�ì�ßÛèrà�ôLà�á�â�ï�ì�ò,ì�ÞWß�ñ	à�ì�à�ì�ï�à�æÅ.[îºçºç á�ß�ì�à!#�ßÛô;&�Ý	ÞWß%.µï�îºì�ß20
á�à�ðb#�â�ó�ì�ÞWß å�â�ñ	îºó�îºßÛñµá�à�èéß�.µîºçºç,ìíà!#�ß æ�çºà�ð�ßÛòÛá�ê	ì�à�çºç,â�ìíÞWßÛï£æ�ï�â�ð�ßÛèéè�â�ïIè�ì�à�ìíßR.µîºçºç,á�ß æ�ï�ßÛèéß¿ïeã�ßÛñP&eÝIÞWßJð�âgæ	ï�â�ð�ßÛè�èéâgï£îºè
æ�à�ïeì�ç$)�ïeßÛè�æ�â�ôWè�îºá�çºß�ó�âgï�ßÛôWè�ê	ï�îºô1*[ì�ÞWà�ìbì�ÞWß�ñ	à�ì�à�ì�ïeà�ôWè�ó�ßÛï�ð�à�ôDá�ßÙïeßÛè�ì�à�ï�ì�ßÛñ�à�ó�ì�ßÛïdì�ÞWß�ð�à�ê�èéßÙâ�ó�ì�ÞWß�à�á�â�ï�ì�ÞWà�èrá�ßÛßÛô
ïeßÛè�â�çºã�ßÛñ	ò�à�ôWñLå�ê�èéì ßÛôWè�ê	ï�ß�ì�ÞWà�ì à�ô+)xè�ê�á�è�ß2p�ê�ßÛôWì à�ð�ìíî�âgôWè�îºì ê	ôWñ	ßÛï�ì�à!#�ßÛèdð�à�ô[á�ß�ïeßÛæ�ßÛà�ìíßÛñ
.[ÞWßÛô[ì�ÞWß�îºôWèéìíïeê�ð�ìíîºâ�ô
îºè�ï�ßÛì�ï�îºßÛñP&
Ï�Ð ÑB¢�ÐÈê��Z��Ü��?�������?�2�+� �:¡;�gØ¿Úo���eÖ Ú�Ü
��çºç	ÀxQC3 îºôWèéìíïeê�ð�ì�îºâ�ôWè�à�ï�ß(ßÛå�ê�ç�à�ìíßÛñLîºô[è�â�ó�ì7.[à�ï�ß�õ�ì�ÞWß�ôWê	å�á�ßÛïSâ�óWðb)�ð�çºßÛè�ì�à!#�ßÛô�.µîºçºç6ñIß¿æ	ß¿ôbñDâ�ô[ìíÞbß�ð�â�æ�ïeâgð�ßÛè�è�â�ï
èéê�æ�æ�â�ï�ìWè�â�ó�ì7.[à�ïeß'&

Ï�Ð ÑB¢�ÐÈëo£/Ü6Ü6Ú,Ö¥¤(ØÛÚ¦�DÜd¡����ÛÕ,Ô
®xìx��}JíïîxÊ�}4²x¨©�b~'�xªx«©¨©ìx«'�x¬!¯�dªx¯® ß ªxªxwZy!�d�b²
ÀxQ�3ã0Wçºâ�à�ñLó�ïeâgå å�ßÛå�â�ïZ)�ìíâxð�â�æ�ïeâgð�ß¿èéè�â�ï
Á6Ýx3ã0Wèéìíâ�ï�ß(ó\ï�â�å ð�â�æ�ïeâgð�ßÛè�è�â�ïSì�âxå�ßÛå�â�ïZ)



Í!�

µ Àx¶101.µÞWßÛô[æ�ïeßÛè�ßÛôWìWæ�ßÛï�ó�â�ïeå çºâ�ô1*xì�ï�à�ôbè�ó�ßÛï567n�Íx !8�ò�â�ìíÞWßÛï?.[îºèéß(æ�ßÛï�ó�â�ïeå è�ÞWâ�ïeì ì�ï�à�ôWèéó�ßÛï567n�Íx"!8
µ ð�â�ôWñx¶10bì>.µâ�ð�ÞWà�ï�à�ð�ìíßÛïúð�â�ôWñ	îºì�îºâgôµå�ôWßÛå�â�ôWîºð�ò�è�ßÛß�T/U V1W'XZY\]!^!_;`dl/·!Ukh7Uk`dlE_�`b·!YZe
æB,%0bìíÞbß�ê	ôWî$p�ê�ß(ôWê	å�á�ßÛïúâgóbìíÞWß(ïeß2p�ê�îºïeßÛñLð�â�æ�ï�â�ð�ßÛèéè�â�ï
ð�ñLîºè�à�ôµß¿ä,æ�ïeßÛè�è�îºâ�ô[ßÛã à�çºê�à�ì�îºô1*�ìíâxà�ã�à�çºîºñ&ð�â�æ�ï�â�ð�ßÛè�èéâgïúï�ß2*�îºè�ì�ßÛïSôbê�å�á�ß¿ïúì�ÞWà�ì îºè�æ�çºà�ð�ßÛñLî�ô[ìíÞbß43R��ñLó\îºßÛçºñ

¸ ��ñ	ñ	ï�ßÛèéè9¹Lð�à�ô[á�ß�õ
6\î$8 ��ô[ßÛä,æ�ï�ßÛèéè�îºâ�ô�.[Þbîºð�Þ�*�ßÛôWßÛï�à�ì�ßÛè�à�ôµà�ñ	ñ	ï�ßÛèéè�õ

¸ ßÛäzæ	ï�ßÛè�èéîºâgô+¹
ÝIÞWßëà�è�è�ßÛåëá�çºßÛïE.µîºçºçJà�ì�ìíßÛå�æ�ìÙì�â(*�ßÛôWßÛï�à�ì�ßëà�ôÅîºôWè�ì�ï�ê	ð�ì�îºâgô�ê�è�îºô+* ì�ÞWß´SB3 à�è[à�á�à�èéßëà�ôWñ/à�ð�â�ï�ïeßÛð�ì�ß¿ñ
îºåëå�ßÛñ	îºà�ì�ßDâ�ó�ó\è�ßÛìJì�â`à�ñ	ñIï�ßÛè�è�ìíÞWßLçºâ�ð�à�ì�îºâgôã*�îºã ßÛô á/)PßÛã à�çºê�à�ì�îºô1*Pì�ÞWßLßÛäzæ�ïeßÛè�èéîºâgô�&gÝIÞWîºèE.µîºçºç�á�ßLà�Sx3
ïeßÛçºà�ìíî�ã�ßÛò�æ�ïeß-0\îºôWñ	ßÛä,ßÛñLà�ñ	ñ	ï�ßÛèéè!&9ç\óWì�ÞWß(à�ñ	ñ	ï�ßÛèéè�îºè�âgê	ì â�óWïeà�ô1*�ßÛò�à�ô[ßÛïeï�â�ï\.µîºçºçgá�ß�*�ßÛôWßÛï�à�ì�ßÛñP&

6\îºî$8 �ªæ�ïeß20�îºôWñ	ßÛä,ßÛñLà�ñ	ñ	ïeß¿èéè�îºô+*xèéæ�ßÛð�îºó�îºð�à�ìíî�âgôdõ
àið �xâ â�ó�ó�èéßÛì â�ó1ñ�ßÛïeâ
àið �x¯®x¬!y!°!�xwZy!�b�bti~/�x²xâ7¨©òk« â�ó�ó�èéßÛì â�ó ¸ ßÛäzæ�ïeßÛè�è�î�âgô1¹Lá/)�ìíßÛè

6\îºîºî$8 �ªæ�â�è�ì70�îºôWñIß¿ä,ßÛñLà�ñ	ñ	ïeßÛè�è�î�ô1*xèéæ�ßÛð�îºó\îºð�à�ì�îºâgô�õ
àið �xâ7¯®x¬!y!°!�xwZy!�b�dt7~'�x² â�ó�ó�èéßÛì â�ó ¸ ßÛäzæ�ïeßÛè�èéîºâgô+¹Dá/)�ì�ßÛè

��ôDî�èrà�ôDßÛä,æ�ï�ßÛèéè�îºâ�ôDßÛã à�çºê�à�ì�îºô1*[ìíâ�à�ã�à�ç�îºñ�æ�ï�â�ð�ßÛèéè�â�ïdïeß2*�îºèéìíßÛï�ôWê�åëá�ßÛï-&dn[âgì�ßÛò,îºóB��ôDî�èP�� �Í�ì�ÞWßÛôDì�ÞWß�à�è�èéß¿åëá�çºßÛï
.µîºçºçgè�ê	á�ì�ï�à�ð�ìÞÓ�ó�ïeâ�å ìíÞbß(âgó�ó\è�ßÛìWã�à�çºê	ß�ì�âxà�çºçºâ	. ó�â�ïSæ�ïeâgð�ßÛè�èéâgïúæ�îºæ�ßÛçºîºôWîºô+*�&
µ9ó ¶+.[ïeîºìíß(á�à�ðb#�ìíÞWß(á�à�è�ß(ï�ß2*�îºè�ì�ßÛï\6\è�ßÛìWìíÞWß�Ú¬á�îºì>8bîºó ó îºè�æ�ïeßÛè�ßÛôWì
Ï�Ð ÑB¢�Ð ô"ÓdÔ�Õ,Ö5×ÙØÛÚ�Ü

LDC p1,c2,table ; load c2 of coproc 1 from address table,
; using a PC relative address.

STCEQL p2,c3,[R5,#24]! ; conditionally store c3 of coproc 2 into
; an address 24 bytes up from R5, write this
; address back to R5, and use long transfer
; option (probably to store multiple words)

n[â�ì�ß�ì�ÞWà�ì(ìíÞbâgêB*�ÞÅìíÞWßëà�ñ	ñ	ï�ßÛèéè[âgó�ó\è�ßÛì(îºè[ßÛäzæ	ï�ßÛè�èéßÛñýîºôÅá/)�ìíßÛèéòúì�ÞWß�îºôWèéìíïeê�ð�ìíîºâ�ôÅâgó�ó\è�ßÛì(ó�îºßÛçºñ/îºè[îºôõ.[â�ï�ñ	èD& Ý	ÞWß
à�èéè�ßÛå�á�çºßÛï\.µîºçºçgà�ñ�ö�ê	è�ìWìíÞWß(â�ó�ó\è�ßÛì à�æ	æ�ï�â�æ�ï�îºà�ì�ßÛç$)\&
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÷Jø@ùJ÷Bûýü�þLÿgü��������£ü�ÿ�ÿ	��÷�-���-�Jÿ´�¿ÿ	H��
��»	�Jÿ/�JI-���ýûq½��Âû���N

O�èéß�âgóIì�ÞWßÔ�(�;3�âgï=�(3�� îºôWè�ì�ï�ê	ð�ì�îºâgô&âgô&ì�ÞWßÔ�������! !"�ì�â[à�ð�âgæ�ïeâgð�ßÛè�èéâgï�â�ìíÞWßÛï�ì�ÞWà�ôLôbê�å�á�ßÛï= �Í�.µîºçºç ð�à�ê�èéß�à�ô
ê	ôWñ	ßÛó�îºôWßÛñLî�ôWè�ì�ï�ê	ð�ì�îºâgô[ì�ïeà�æDìíâxá�ß(ì�à!#�ßÛôWò!.µÞWîºð�Þµå�à!)�á�ß(ê�è�ßÛñLì�âxßÛå�ê�çºà�ì�ß(ìíÞbß�ð�âgæ	ï�â�ð�ßÛè�èéâgïúîºôWèéìíïeê�ð�ì�îºâ�ô;&
ÝIÞWßrîºôWèéìíïeê�ð�ì�îºâ�ô�îºèSâgôbç$)�ß¿ä,ßÛð�ê	ìíßÛñ�î�ógì�ÞWßrð�â�ôWñ	îºì�îºâ�ô�îºèSìíïeê�ß'&°ÝIÞWßrã�à�ïeîºâ�ê�è£ð�âgôbñ	îºìíî�âgôWèSà�ï�ßJñ	ßÛó�îºôWßÛñ�à�ìgì�ÞWßrá�ß2*�îºôWôWîºô+*
â�óWì�ÞWîºè�ð�ÞWà�æ�ì�ßÛï-&�ÝIÞWß(îºôWè�ì�ï�ê	ð�ì�îºâgôµßÛôWð�â�ñ	îºô1*�îºè�èéÞWâ	.µô[îºô�T'U V1W/XZY\ø!ù!^!_�`ba!XZ`dc?YZeZeZ`bX\ú�Y©V1UkeZh7YZX\ÃxXZgbl'e ÄÇYZX\m7l'eZh7XZW'c?hiUk`bl'e-&
ÝIÞWîºè�ð�ç�à�è�è�â�óWîºôWè�ì�ï�ê	ð�ì�îºâgô[îºè�ê�è�ßÛñLì�â�ð�â�å�å�ê	ôWîºð�à�ì�ß(îºôWó�â�ï�åëà�ìíîºâ�ô[ñ	îºïeß¿ð�ìíçÈ)xá�ßÛì7.[ßÛßÛô����;�(�! !"�à�ôWñLàÙð�âgæ�ïeâ�ð�ßÛè�èéâgï2&
��ôDßÛä,à�å�æ�çºß�â�ó�à�ð�âgæ�ïeâgð�ßÛè�è�â�ï�ìíâ�æ�ï�â�ð�ßÛèéè�â�ïdïeß2*�îºèéìíßÛï�ìíïeà�ôWè�ó\ßÛï;67�(��3R8�îºôWèéìíïeê�ð�ì�îºâ�ô�.[â�ê�çºñ�á�ß�àCÌ/çiû âgó	à�ó�çºâ�à�ìíîºô1*
æ�â�îºôWì�ã à�çºê�ß Þbß¿ç�ñµîºô�à(ð�â�æ�ï�â�ð�ßÛèéè�â�ï�òü.[ÞWßÛïeß ìíÞbß ó�çºâ�à�ìíîºô+*�æ�âgîºôbì�ôbê�å�á�ß¿ï£îºèdð�â�ôWã ßÛï�ì�ßÛñµîºôWì�â�à(ö�Î(á�îºì�îºôWì�ß2*�ßÛï�.[îºì�ÞWîºô
ì�ÞWß�ð�âgæ�ïeâgð�ßÛè�è�â�ïeò�à�ôWñ�ì�ÞWß�ï�ßÛèéê�çºì£îºè�ì�ÞWßÛô�ì�ï�à�ôbè�ó�ßÛïeï�ßÛñ�ì�âDàxæ�ï�â�ð�ßÛèéè�â�ïrïeß2*�îºèéìíßÛï2&-�ýÌ/À � ��Ý�â�ó£àxö�Îxá�îºì£ã�à�çºê�ß�î�ô�à
æ�ïeâ�ð�ßÛè�èéâgïWïeß2*�î�è�ì�ß¿ïbîºôWì�â(àró�çºâ�à�ìíîºô1*�æ�âgî�ôWìzã à�çºê�ß�.[îºì�ÞWîºô�ìíÞbßdð�âgæ�ïeâgð�ßÛè�èéâgïWîºç�çºê�è�ì�ï�à�ì�ßÛè	ì�ÞWßdê	è�ß�âgó,àræ�ïeâgð�ßÛè�è�â�ïWïeß2*�îºèéìíßÛï
ì�âxð�â�æ�ï�â�ð�ßÛè�èéâgïúì�ï�à�ôWèéó�ßÛï\6i��3R��8A&
��ô&îºå�æ	âgïeìíà�ôWìIê�è�ß�â�óIìíÞWî�è îºôWè�ì�ï�ê	ð�ì�îºâgô&îºè�ìíâ[ð�âgåëå�ê�ôbîºð�à�ì�ß�ð�âgôWì�ïeâgçWîºôWó\âgïeå�à�ì�îºâgô&ñ	îºïeßÛð�ì�ç$)µó�ïeâ�å±ìíÞWß�ð�â�æ�ïeâgð�ß¿èéè�â�ï
îºôbìíâ�ì�ÞWß�æ�ïeâgð�ßÛè�è�â�ïB3RSBÁ��&ó�çºà!*�è!&r��è£à�ô�ßÛä,à�å�æ�çºßÛòFìíÞWßrï�ßÛè�ê	çºì6âgógàJð�âgåëæ�à�ï�îºèéâgô�âgógì7.[â�ó�çºâ�à�ìíî�ô1*�æ�âgîºôbì6ã�à�çºê�ßÛè�.[î�ìíÞWîºô
à�ð�âgæ�ïeâ�ð�ßÛè�èéâgïúð�à�ô[á�ß(å�âgã ßÛñLì�â�ì�ÞWß�3RSBÁ���ì�âxð�â�ôWìíïeâ�çgìíÞWß(èéê�á�èéß2p�ê�ßÛôWìWó�çºâ/.*â�óWßÛäzßÛð�ê�ì�îºâgô�&
n[â�ì�ß�ìíÞWßÎ�����(�! !"PÞWà�èDà�ô/îºôWì�ßÛï�ôWà�ç�ð�âgæ	ï�â�ð�ßÛè�èéâgï�67,! �Í!8�ó�â�ï�ð�âgôWì�ï�â�ç�â�ó�â�ô10�ð�ÞWîºæªó\ê�ôWð�ì�îºâ�ôWè!&B��ð�ð�ßÛè�èéßÛèDì�â�ì�ÞWîºè
ð�âgæ�ïeâ�ð�ßÛè�èéâgïúà�ï�ß(æ�ßÛïeó�â�ï�å�ßÛñLá')xð�âgæ�ïeâgð�ßÛè�èéâgïúï�ß2*�îºè�ì�ßÛïSì�ï�à�ôWèéó�ßÛïeè!&

s/tiu/vxwZy%þ!á!|!}�~/�xwZ~'�by!�d�b~'w ð y!u/ti�b�7y!w\Ê�wZ�!�x�bËZy!w\�Z�x�b�iwZvx�b�7ti~/�x�
Ï�Ð Ñ�Ï�Ð Ñ��E��Ú��
�b×��/�+�	Ú�Ü6Ü	�1�C��Ú,Ø2�ÙÜ
ÝIÞWßP3RSx, ó�îºßÛçºñ[îºèSê�èéßÛñ	òFà�èSó�â�ï	à�çºçzð�â�æ�ï�â�ð�ßÛèéè�â�ï	îºôWè�ì�ï�ê	ð�ì�îºâgôbè�ò¿ìíâ�èéæ�ßÛð�îºó7)�.[ÞWîºð�Þ�ð�âgæ�ïeâ�ð�ßÛè�èéâgï	îºèSá�ß¿î�ô1*�ð�à�çºçºßÛñ[ê�æ�â�ô;&
ÝIÞWßÔ3RS � æ�ð�ò�3R�dôbò�3RS�à�ôbñ´3R��åNó�îºßÛçºñIèJà�ïeß�ê�è�ßÛñ�âgôWçÈ)[á')[ì�ÞWß�ð�âgæ�ïeâ�ð�ßÛè�èéâgïeò6à�ôWñëì�ÞWß�îºôbìíßÛïeæ�ï�ßÛì�à�ìíîºâ�ôLæ	ï�ßÛè�ßÛôWì�ßÛñ
Þbß¿ïeß îºè ñ	ßÛï�î�ã�ßÛñ ó\ï�â�å ð�âgôbã�ßÛôWì�îºâgô¬â�ôWç$)�& � ì�ÞWßÛï5îºôWì�ßÛï�æ�ïeßÛìíà�ì�îºâ�ôWè*à�ïeß à�çºçºâ/.[ßÛñÿ.[ÞWßÛïeß ìíÞbß ð�â�æ�ï�â�ð�ßÛèéè�â�ï
ó\ê�ôWð�ìíîºâ�ôWà�çºîºì7)�îºè£îºôWð�â�å�æ�à�ì�îºá�çºß=.[î�ìíÞ�ì�ÞWîºèIâ�ôWß'&�Ý	ÞWß�ð�â�ôWã ßÛôWìíîºâ�ôWà�çtîºôWì�ßÛï�æ	ï�ßÛì�à�ìíîºâ�ô�îºèIì�ÞWà�ì,ì�ÞWß=3RS � æ�ðSà�ôWñÝ3RSxó�îºßÛçºñIè
èéæ�ßÛð�îºói)µì�ÞWß�âgæ�ßÛïeà�ìíîºâ�ô&ì�ÞWß�ð�â�æ�ï�â�ð�ßÛèéè�â�ï�îºè ïeß2p�ê�îºïeßÛñ�ìíâµæ�ßÛï�ó\âgïeå�ò	3R��ô&îºè ì�ÞWß�ð�â�æ�ï�â�ð�ßÛèéè�â�ï�ï�ß2*�îºè�ì�ßÛï=.µÞWîºð�Þ�îºè ì�ÞWß

21

Cond

011121516192024272831 23

CP#

78

1110 CRn CP CRm

5 4 3

1LCP Opc Rd

Coprocessor number 
Coprocessor information 
Coprocessor operand register 

Coprocessor operation mode 
Condition field

Load/Store bit
0 = Store to Co-Processor
1 = Load from Co-Processor

ARM source/destination register
Coprocessor source/destination register 
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èéâgê	ï�ð�ß(âgïúñ	ßÛè�ì�îºôWà�ì�îºâ�ô[â�óWì�ÞWß(ì�ï�à�ôWèéó�ßÛï�ïeßÛñLîºôWó\âgïeå�à�ì�îºâgôbò�à�ôWñ
3R��å î�è�à�èéßÛð�â�ôWñLð�âgæ�ïeâgð�ßÛè�è�â�ïúï�ß2*�îºè�ì�ßÛï\.µÞWîºð�Þ[å�à!)
á�ß(îºôWã�â�çºã ß¿ñ&îºô[è�â�å�ß�.[à!)Ý.[Þbîºð�Þ[ñ	ßÛæ�ßÛôbñ	è�â�ô[ìíÞbß(æ�à�ï�ì�îºð�ê	çºà�ïSâ�æ�ßÛï�à�ì�îºâ�ô[è�æ�ßÛð�îºó�îºßÛñP&
Ï�Ð Ñ�Ï�Ð ������Õ¦��Üdå�Ú¦��Ü%�2�Jæ�Ñ�Ò
Ú�Þbß¿ô�à�ð�â�æ�ïeâgð�ßÛè�è�â�ï�ï�ß2*�îºè�ì�ßÛï ì�ï�à�ôbè�ó�ßÛï�ì�â
�����(�! !"�ÞWà�è%�; �Í[à�èÙì�ÞWßxñ	ßÛè�ì�îºôWà�ì�îºâ�ôWò á�îºì�è�ö! �ò ö!"�ò Î���à�ôWñ Î!Ó�â�óúì�ÞWß
ì�ï�à�ôbè�ó�ßÛïeï�ßÛñ�.[â�ï�ñ�à�ïeßrð�âgæ�îºßÛñ[îºôWì�â�ì�ÞWßPnµò���ò�3`à�ôWñ��Pó�ç�à!*�èSï�ßÛèéæ�ßÛð�ì�îºã�ßÛç$)\&°Ý	Þbßrâgì�ÞWßÛï	á�îºì�èSâgó�ìíÞbßrìíïeà�ôWèéó�ßÛï�ïeßÛño.[â�ïeñ
à�ïeß(î$*�ôbâgïeßÛñ	ò�à�ôWñLì�ÞWß�SB3 à�ôWñLâ�ì�ÞWßÛï\3RSBÁ��`á�îºì�è�à�ïeß(ê�ôWà�ó�ó\ßÛð�ì�ß¿ñ&á/)xì�ÞWß(ì�ï�à�ôWèéó�ßÛï2&
Ï�Ð Ñ�Ï�Ð ¢�����Õ¦��Üdå�Ú¦��Ü%å-�	�bÖ æ�Ñ�Ò
�ªð�âgæ�ïeâgð�ßÛè�è�â�ïúï�ß2*�îºè�ì�ßÛïSì�ï�à�ôWèéó�ßÛïSó\ï�â�å �������! !"%.µîºìíÞ��; �Í�à�è�ìíÞbß(è�â�ê�ï�ð�ß(ï�ß2*�îºè�ì�ßÛï\.µîºçºçgè�ì�âgïeß(ìíÞbß�SB3��B �Î1&
Ï�Ð Ñ�Ï�Ð Ï��Z��Ü��?�������?�2�+� �:¡;�gØ¿Úo���eÖ Ú�Ü
��ð�ð�ßÛè�è�ìíâµì�ÞWß�îºôWì�ßÛï�ôbà�çWð�â�ôWó�îÈ*�ê�ïeà�ì�îºâgô�ï�ß2*�îºè�ì�ßÛï�ì�à!#�ß¿è�ö�îºôbìíßÛïeôWà�çWðb)�ð�ç�ß¿èD&���çºçWâ�ìíÞbßÛï=�(��3�îºôWè�ì�ïeê�ð�ì�îºâ�ôWè ñ	ßÛó\à�ê�çºìIìíâ
èéâgó\ì>.µà�ï�ß(ßÛå�ê	çºà�ìíîºâ�ôWò�à�ôWñLì�ÞWß(ôWê	å�á�ßÛïúâgóbðb)�ð�çºßÛè�ì�à!#�ß¿ô�.[îºçºçgñ	ßÛæ�ßÛôbñLâgô[ì�ÞWß(ð�âgæ�ïeâgð�ßÛè�è�â�ïúè�ê�æ�æ�â�ïeì èéâgó�ì7.[à�ïeß'&
Ï�Ð Ñ�Ï�Ð�Òo£/Ü6Ü6Ú,Ö¥¤(ØÛÚ¦�DÜd¡����ÛÕ,Ô
®	�Û} ð í
� ð }4²x¨©�b~'�xªx«'�x¬!¯®xy!°!�xwZy!�b�dt7~'�x±!²B ð ª�¯�b�x¯�b³´¨©¯®xy!°!�xwZy!�b�dt7~'�xz!²B«
�(��3ã0Wå�â�ã�ß(ó\ï�â�å ð�â�æ�ïeâgð�ß¿èéè�â�ïSì�âE�C���(�! !"�ï�ß2*�îºè�ì�ßÛï\6iÀxÍB !8
�(3R�Ü0Wå�â�ã�ß(ó\ï�â�å �������! !"�ïeß2*�îºèéìíßÛïúìíâxð�â�æ�ï�â�ð�ßÛèéè�â�ï\6iÀxÍB"!8
µ ð�â�ôWñx¶10bì>.µâ�ð�ÞWà�ï�à�ð�ìíßÛïúð�â�ôWñ	îºì�îºâgôµå�ôWßÛå�â�ôWîºð�ò�è�ßÛß�T/U V1W'XZY\]!^!_;`dl/·!Ukh7Uk`dlE_�`b·!YZe
æB,%0bìíÞbß�ê	ôWî$p�ê�ß(ôWê	å�á�ßÛïúâgóbìíÞWß(ïeß2p�ê�îºïeßÛñLð�â�æ�ï�â�ð�ßÛèéè�â�ï

¸ ßÛäzæ	ï�ßÛè�èéîºâgô+ !¹�0bß¿ã à�çºê�à�ì�ßÛñLì�â�à�ð�âgôWèéìíà�ôbì à�ôWñLæ	çºà�ð�ßÛñLîºô[ì�ÞWß�3RS � æ�ðró\îºßÛçºñ
��ñLîºè�à�ô[ßÛäzæ	ï�ßÛè�èéîºâgôµßÛã�à�çºê�à�ì�îºô1*�ì�â�à�ã à�çºîºñ
�������! !"�ïeß2*�îºèéìíßÛïúôWê�å�á�ßÛï
ð�ôxà�ôWñ[ð�å à�ïeßrßÛä,æ�ï�ßÛèéè�îºâ�ôWèSßÛã�à�çºê	à�ìíîºô+*�ì�â�ìíÞbßrã à�çºîºñ[ð�â�æ�ï�â�ð�ßÛèéè�â�ï	ï�ß2*�îºè�ì�ßÛï	ôWê	å�á�ßÛïeè\3R�dôxà�ôWñ�3R��å ï�ßÛèéæ�ßÛð�ì�îºã�ßÛç$)

¸ ßÛäzæ	ï�ßÛè�èéîºâgôbÎ!¹�0+.[ÞWßÛïeß�æ	ï�ßÛè�ßÛôWìWîºè�ß¿ã à�çºê�à�ì�ßÛñLì�â�à�ð�âgôWèéìíà�ôbì à�ôWñLæ	çºà�ð�ßÛñLîºô[ì�ÞWß�3RSDó\îºßÛçºñ
Ï�Ð Ñ�Ï�ÐÈê�ÓdÔ�Õ,Ö5×ÙØÛÚ�Ü

MRC 2,5,R3,c5,c6 ; request coproc 2 to perform operation 5
;  on c5 and c6, and transfer the (single
;  32 bit word) result back to R3

MCR 6,0,R4,c6 ; request coproc 6 to perform operation 0
;  on R4 and place the result in c6

MRCEQ 3,9,R3,c5,c6,2 ; conditionally request coproc 3 to perform
;  operation 9 (type 2) on c5 and c6, and
;  transfer the result back to R3



Ï!"

÷Jø@ù�����
G���������G�-�����¿ÿ	�
���-Fü��

s/tiu/vxwZy%þ!±!|����xªxy!ËZt7�xy!ª������b�7wZvx�d�7t7~'�

ÝIÞWßrîºôWèéìíïeê�ð�ì�îºâ�ô�îºèSâgôbç$)�ß¿ä,ßÛð�ê	ìíßÛñ�î�ógì�ÞWßrð�â�ôWñ	îºì�îºâ�ô�îºèSìíïeê�ß'&°ÝIÞWßrã�à�ïeîºâ�ê�è£ð�âgôbñ	îºìíî�âgôWèSà�ï�ßJñ	ßÛó�îºôWßÛñ�à�ìgì�ÞWßrá�ß2*�îºôWôWîºô+*
â�óWì�ÞWîºè�ð�ÞWà�æ�ì�ßÛï-&�ÝIÞWß(îºôWè�ì�ï�ê	ð�ì�îºâgôµó�â�ï�å�à�ìWîºè�èéÞWâ/.[ô[îºô�T/U V1W'X�Y\ø��!^���l'·!Y ÄÇUkl'YZ·%m7l'eZh7XZW/cAh7Uk`dl�&
ç\óWì�ÞWß(ð�â�ôWñ	îºì�îºâ�ô[îºè�ì�ïeê�ßÛò�ìíÞbß�ê	ôWñ	ßÛó�îºôbß¿ñ&îºôWè�ì�ï�ê	ð�ì�îºâgôµìíïeà�æ�.[îºçºçgá�ß(ìíà!#�ßÛô;&
n[â�ì�ßdì�ÞWà�ì,ìíÞWß�ê�ôbñ	ßÛó�îºôWßÛñxîºôWèéìíïeê�ð�ì�îºâ�ô�å�ßÛð�Þbà�ôWîºè�å³îºôbã�â�çºã�ßÛè	â�ó�ó\ßÛï�îºô1*�ìíÞbîºè	îºôWèéìíïeê�ð�ì�îºâ�ô�ìíâÙà�ô1)Ùð�âgæ�ïeâgð�ßÛè�èéâgïeèx.[ÞWî�ð�Þ
åëà!)xá�ß�æ	ï�ßÛè�ßÛôWì�ò�à�ôWñLà�çºç�ð�â�æ�ï�â�ð�ßÛè�èéâgïeè�åëê�è�ìWï�ßÛó\ê�è�ß(ì�â�à�ð�ð�ßÛæ�ìWîºìWá/)xñIï�îºã îºô1* }4§ ß/à�ôWñ }4§	��� ç�� � &

Ï�Ð Ñ�Ò�Ð Ñ�£/Ü6Ü6Ú,Ö¥¤(ØÛÚ¦�DÜd¡����ÛÕ,Ô
��ì�æ�ïeßÛè�ßÛôWì�ì�ÞWß à�è�èéßÛå�á�çºßÛï£ÞWà�èdôWâ�å�ôbß¿åëâgôbîºð�èdó�â�ï�*�ßÛôWßÛïeà�ìíîºô1*�ì�ÞWîºèdîºôWèéìíïeê�ð�ì�îºâ�ô;&?ç\ó îºì�îºèúà�ñ	â�æ�ì�ßÛñµîºô�ìíÞWß�ó�ê�ì�ê�ïeß ó�â�ï
èéâgåëß�è�æ�ßÛð�îºó�îºßÛñPê�è�ßÛò è�ê�îºì�à�á�çºßxå�ôWßÛå�â�ôWîºð�è�.[îºçºç	á�ß�à�ñ	ñ	ßÛñPìíâLì�ÞWßxà�è�è�ßÛåëá�çºßÛï-&üO�ôWìíîºç	è�ê	ð�Þ�ìíîºåëßÛò�ì�ÞWîºèÙîºôWè�ì�ï�ê	ð�ì�îºâgô
èéÞWà�çºçgôWâ�ìWá�ß(ê�è�ßÛñP&

Cond

024272831 5 4 3

1011 xxxx

25

xxxxxxxxxxxxxxxxxxxx



Ï! 

÷Jø@ù�� �/�����Fÿ/�����-¿üC��¾���������H��²þ� ����
ÝIÞWß�ó�â�çºçºâ	.µîºô1*[ß¿ä,à�å�æ�ç�ß¿èJè�ÞWâ/.Ø.µà!)�èJîºô�.[ÞWîºð�ÞDì�ÞWß�á�à�è�îºð4�C���(�! !"�îºôWè�ì�ïeê�ð�ì�îºâ�ôWèrð�à�ôLð�â�å�á�îºôWß�ì�âÝ*�îºã ßÙßÛó\ó�îºð�îºßÛôbì
ð�âgñ	ß'&dn[â�ôWß�â�ó	ìíÞbß¿èéß�å�ßÛìíÞbâgñ	è è�à�ã ß¿è à�*�ïeßÛà�ì�ñ	ßÛà�ç â�ó	ßÛäzßÛð�ê�ì�îºâgôLì�îºå�ßÔ6\à�çºìíÞWâ�êB*�ÞLì�ÞWß2)[åëà!)[è�à�ã ß�è�â�å�ß28�ò6å�â�è�ì�ç$)
ì�ÞWß2)�ö�ê�èéì èéà�ã�ß(ð�âgñ	ß'&
Ï�Ð Ñ=ê�Ð Ñ�ä/Üd�?��ÑJ�?��Úo���1�o�5�?�?�2�+��Õ,Ø��?��Üd�?�-���	�?�2�1��Ü
6i !8 ê	è�îºô1*�ð�â�ôWñ	îºì�îºâ�ôWà�çºè�ó\âgïúçºâ	*�îºð�à�ç � �

CMP Rn,#p ; if Rn=p OR Rm=q THEN GOTO Label
BEQ Label
CMP Rm,#q
BEQ Label

ð�à�ô[á�ß(ïeßÛæ�çºà�ð�ßÛñLá/)

CMP Rn,#p
CMPNE Rm,#q ; if condition not satisfied try other test
BEQ Label

6\Î!8 à�á�è�â�çºê�ì�ß(ã�à�çºê�ß

TEQ Rn,#0 ; test sign
RSBMI Rn,Rn,#0 ; and 2's complement if necessary

6\ö!8 åëê�çºì�îºæ�çºîºð�à�ì�îºâ�ô[á/)Ý��ò�Í�âgï5Ï%6�ïeê�ô[ì�îºå�ß28

MOV Rc,Ra,LSL#2 ; multiply by 4
CMP Rb,#5 ; test value
ADDCS Rc,Rc,Ra ; complete multiply by 5
ADDHI Rc,Rc,Ra ; complete multiply by 6

6i�!8 ð�âgåëá�îºôWîºô+*xñ	îºèéð�ïeßÛìíß(à�ôWñLïeà�ô1*�ß(ìíßÛè�ì�è

TEQ Rc,#127 ; discrete test
CMPNE Rc,#” “-1 ; range test
MOVLS Rc,#”.” ; IF   Rc<=” “ OR Rc=ASCII(127)

; THEN Rc:=”.”

6\Í!8 ñ	î�ã�îºèéîºâgô[à�ôbñLï�ßÛå�à�î�ôWñ	ßÛï

� ôWê	å�á�ßÛï âgóúñ	îºã îºñ	ß�ï�â�ê�ì�îºôWßÛè(ó\âgï è�æ�ßÛð�îºó�îºð�à�æ�æ�çºîºð�à�ìíîºâ�ôWèÙà�ï�ß�æ�ïeâgã îºñ	ßÛñ`îºôëèéâgê	ï�ð�ß�ó�â�ï�å à�èÙæ�à�ïeì£â�óSì�ÞWß:��n�Á¦ç53
çºî�á�ï�à�ï?)xæ�ïeâ�ã�îºñ	ßÛñ
.µîºìíÞ[ì�ÞWß������ 3 ï�â�è�è=Q�ßÛã ß¿ç�âgæ�åëß¿ôbì Ý	â�â�ç$#�îºì�ò�à�ã�à�î�çºà�á�çºß(ó�ïeâgå )�â�ê�ïSèéê�æ�æ�çºîºßÛï2&9�/èéÞWâ�ï�ì1*�ßÛôWßÛïeà�ç
æ�ê	æ�âgèéß(ñ	îºã�î�ñ	ß(ï�â�ê�ì�îºôWß(ó�â�çºçºâ	.µè!&



Ï�Î

; enter with numbers in Ra and Rb
;

MOV Rcnt,#1 ; bit to control the division
Div1 CMP Rb,#0x80000000 ; move Rb until greater than Ra

CMPCC Rb,Ra
MOVCC Rb,Rb,ASL#1
MOVCC Rcnt,Rcnt,ASL#1
BCC Div1
MOV Rc,#0

Div2 CMP Ra,Rb ; test for possible subtraction
SUBCS Ra,Ra,Rb ; subtract if ok
ADDCS Rc,Rc,Rcnt ; put relevant bit into result
MOVS Rcnt,Rcnt,LSR#1 ; shift control bit
MOVNE Rb,Rb,LSR#1 ; halve unless finished
BNE Div2

;
; divide result in Rc
; remainder in Ra

Ï�Ð Ñ=ê�Ð �"!ÙÜ6Ú¦�Ý���Å��Õ¦�Ý���WÖ ¤��?��Õ¦��¡BÜ6Ú$#;��Ú¦���IÚoÑÙÚ¦��Ú¦�gÕ¦�2�+�
ç\ì îºèdâ�ó�ìíßÛô�ôbßÛð�ßÛè�èéà�ïZ)xìíâ:*�ßÛôWßÛïeà�ìíß46\æ�è�ßÛê�ñ	â/078 ïeà�ôWñ	â�å ôWê	å�á�ßÛïeèdà�ôWñDì�ÞWß�å�â�è�ì�ßÛó\ó�îºð�î�ß¿ôbì�à�ç$*�âgïeîºì�ÞWå�èdà�ïeß�á�à�è�ßÛñDâ�ô
èéÞWîºó�ì�*�ßÛôWßÛïeà�ìíâ�ï�è�.µîºìíÞ�ßÛä,ð�çºê	è�îºã ß-0 � �&ó�ßÛßÛñ	á�à�ðd#�ï�à�ì�ÞWßÛïbçºî$#�ß�àJðb)�ð�ç�îºðSï�ßÛñ	ê�ôbñ	à�ôWðb)�ð�ÞWßÛðb#Ô*�ßÛôWßÛïeà�ìíâ�ï-&rO�ôWó�â�ï�ì�ê�ôbà�ìíßÛç$)
ì�ÞWßrè�ß2p�ê�ßÛôWð�ß�â�ógà ö�ÎJá�îºì�*�ßÛôWßÛï�à�ì�âgï	ôWßÛßÛñ	è£å�â�ï�ßrìíÞbà�ô�âgôWßró�ßÛßÛñ	á�à�ðd#�ì�à�æ�ìíâ�á�ß�åëà�äzîºåëà�çtç�ß¿ô+*�ì�Þ:6�îr& ß'&°Î�%�ö�Î!0i Jðd)�ð�çºßÛè
á�ßÛó�âgïeß�ï�ßÛæ�ßÛì�îºì�îºâgô+8�ò6è�â[ì�ÞWîºèJßÛä,à�å�æ�çºß�ê	è�ßÛè à�ö�ö�á�îºì	ï�ß2*�îºè�ì�ßÛï�.µîºì�ÞLìíà�æ	èJà�ì	á�îºì�èJö�ö�à�ôbñëÎ!"1&�Ý	ÞWß�á�à�è�îºð(à�ç$*�â�ï�î�ìíÞWå±îºè
ôbß-.µá�îºì õ Í�á�îºì�ö�öDßÛâgï�á�îºì�Î!"�ò�è�Þbîºó�ì�çºßÛó�ì�ìíÞWß[ö�öLá�îºì�ôWê�å�á�ßÛïÙà�ôWñ�æ�ê�ì�îºôPôWß2.µá�îºì�à�ì�ì�ÞWß[á�âgì�ìíâ�åÅÙ�ì�ÞWîºè�âgæ�ßÛïeà�ìíî�âgôPî�è
æ�ßÛïeó�â�ï�åëß¿ñ&ó�âgïúà�çºçgì�ÞWß(ôWß2.[á�îºìíè�ôWßÛßÛñ	ßÛñ
6�îr& ß'&�ö�Î�á�î�ìíèÇ8A&�Ý	ÞWß(ßÛôWì�îºïeß�â�æ�ßÛïeà�ìíîºâ�ô[ð�à�ôµá�ß(ñ	â�ôWß(îºô[Í%Á�ðd)�ð�çºßÛè�õ

; enter with seed in Ra (32 bits),
  Rb (1 bit in Rb lsb), uses Rc
;

TST Rb,Rb,LSR#1 ; top bit into carry
MOVS Rc,Ra,RRX ; 33 bit rotate right
ADC Rb,Rb,Rb ; carry into lsb of Rb
EOR Rc,Rc,Ra,LSL#12 ; (involved!)
EOR Ra,Rc,Rc,LSR#20 ; (similarly involved!)

;
; new seed in Ra, Rb as before

Ï�Ð Ñ=ê�Ð ¢'& �ÙØ?�?�e×(Ø?�?�	Õ¦�?�2�+� ¤�¡J�x�+��Ü��ÛÕ¦������Ü��?��ÑJ�?��Úo¤�Õ¦�-��Ú,Ø�Ü����?å-�ÛÚ¦�
6i !8 �$ê�çºì�îºæ�çºîºð�à�ìíîºâ�ô[á')xÎ�%	ô�67 �òhÎ�ò¯��ò¯Ó�ò¯ !Ï�òhö�Î1&¯& 8

MOV Ra, Rb, LSL #n

6\Î!8 �$ê�çºì�îºæ�çºîºð�à�ìíîºâ�ô[á')xÎ�%	ô��x %6�ö�òhÍ�ò(��ò¯ !�1&¯& 8

ADD Ra,Ra,Ra,LSL #n



Ï�ö

6\ö!8 �$ê�çºì�îºæ�çºîºð�à�ìíîºâ�ô[á')xÎ�%	ô107 %6\ö�ò¯��ò¯ �Í1&¯& 8

RSB Ra,Ra,Ra,LSL #n

6i�!8 �$ê�çºì�îºæ�çºîºð�à�ìíîºâ�ô[á')EÏ

ADD Ra,Ra,Ra,LSL #1 ; multiply by 3
MOV Ra,Ra,LSL#1 ; and then by 2

6\Í!8 �$ê�çºì�îºæ�ç$)�á/)Ý !"�à�ôWñLà�ñ	ñLîºôµß¿ä,ì�ï�à�ôWê	å�á�ßÛï

ADD Ra,Ra,Ra,LSL#2 ; multiply by 5
ADD Ra,Rc,Ra,LSL#1 ; multiply by 2 and add in next digit

6iÏ!8 ��ßÛôWßÛï�à�çgïeßÛð�ê�ïeè�îºã ß(å�ßÛì�ÞWâgñLó\âgï5��á�õ Í
�dà�)Z3 ò!3 à�ð�â�ôWèéìíà�ôWì õ
6\à!8 ç\ó13 ßÛã ßÛôWò�è�à!)Ý3ãÍDÎ�%	ô�)ZQ�ò!Qªâgñ	ñJõ

D=1: MOV   Rb,Ra,LSL #n
D<>1: {Rb := Ra*D}

MOV Rb,Rb,LSL #n

6\á/8 ç\ó13ã� � Q �%Í� �ò�èéà!)E3ãÍLÎ�%	ô�)ZQ*�x �ò!Q/â�ñ	ñ	ò�ô1¹x Wõ

D=1: ADD   Rb,Ra,Ra,LSL #n
D<>1: {Rb := Ra*D}

ADD Rb,Ra,Rb,LSL #n

6\ðb8 ç\ó13ã� � Q �%ÍDö�ò�èéà!)E3ãÍLÎ�%	ô�)ZQC07 �ò!Qªâgñ	ñIò�ô1¹B Wõ

D=1: RSB   Rb,Ra,Ra,LSL #n
D<>1: {Rb := Ra*D}

RSB Rb,Ra,Rb,LSL #n

ÝIÞWîºè�îºè�ôWâ�ìÞp�ê	îºìíß(â�æ�ìíî�å�à�çºò�á�ê	ì ð�çºâgèéß'&9��ôµß¿ä,à�å�æ�ç�ß�â�óWîºì�è�ôbâgô10\âgæ�ì�îºå�à�ç�îºì>)�îºè�åëê�çºì�îºæ�ç$)�á/)E��Í%.µÞWîºð�Þ[îºè�ñ	â�ôWß(á/)Sõ

RSB Rb,Ra,Ra,LSL#2 ; multiply by 3
RSB Rb,Ra,Rb,LSL#2 ; multiply by 4*3-1 = 11
ADD Rb,Ra,Rb,LSL# 2 ; multiply by 4*11+1 = 45

ïeà�ìíÞbßÛïSì�ÞWà�ô[á/)Sõ

ADD Rb,Ra,Ra,LSL#3 ; multiply by 9
ADD Rb,Rb,Rb,LSL#2 ; multiply by 5*9 = 45



Ï!�

Ï�Ð Ñ=ê�Ð Ï"+��dÕB�;�?��ÑBÕ�,ý�1�/�(å-�/�bÖ Õ¦� ���.-��o�/,õ� Õ,Ø?�?Ñ;�ÙÖ Ú¦���

; enter with address in Ra (32 bits)
; uses Rb, Rc; result in Rd.
; Note d must be less than c e.g. 0,1
;

BIC Rb,Ra,#3 ; get word aligned address
LDMIA Rb,{Rd,Rc} ; get 64 bits containing answer
AND Rb,Ra,#3 ; correction factor in bytes
MOVS Rb,Rb,LSL#3 ; ...now in bits and test if aligned
MOVNE Rd,Rd,LSR Rb ; produce bottom of result word

; (if not aligned)
RSBNE Rb,Rb,#32 ; get other shift amount
ORRNE Rd,Rd,Rc,LSL Rb ; combine two halves to get result

Ï�Ð Ñ=ê�Ð�Ò'+��dÕB�;�?��ÑBÕo��Õ,Ø?å0,ý�1�/�213+;�?�?�eØÛÚ�Ó5�Ý�5�ÛÕ¦�54

LDR Ra, [Rb,#2] ; Get halfword to bits 15:0
MOV Ra,Ra,LSL # 16 ; move to top
MOV Ra,Ra,LSR #16 ; and back to bottom

; use ASR to get sign extended version

Ï�Ð Ñ=ê�ÐÈê'+��dÕB�;�?��ÑBÕo��Õ,Ø?å0,ý�1�/�21364�?ÑBÓ5�o�5�ÛÕ¦�.4

LDR Ra, [Rb,#2] ; Get halfword to bits 31:16
MOV Ra,Ra,LSR #16 ; and back to bottom

; use ASR to get sign extended version

÷Jø@ù�� �/�����Fÿ/�����-¿üC��¾Dþ
����G�¾����7� HJÿ�8
Q�ê�ß&ìíâ ìíÞWß&æ�îºæ�ßÛçºîºôbß¿ñ�à�ïeð�ÞWîºì�ßÛð�ì�ê�ïeßLâ�ó�ì�ÞWß
3RSxO�òSîºôWèéìíïeê�ð�ìíîºâ�ôWè�â�ã�ßÛïeçºà�æÅð�â�ôWè�îºñ	ßÛïeà�á�ç$)\&'ç�ô�àëì>)�æ�îºð�à�ç�ðd)�ð�çºß&âgôWß
îºôbè�ì�ï�ê�ð�ìíî�âgô$å�à!)`á�ßµê�èéîºô1*`ìíÞbßµñ	à�ìíà&æ�à�ìíÞ(.[ÞWîºç�ßµìíÞWßDôWßÛäzìrîºè�á�ßÛîºô1*`ñ	ßÛð�â�ñ	ßÛñ�à�ôbñ�ìíÞbßµâgôbßµà�ó�ì�ß¿ï�ì�ÞWà�ìrîºè�á�ßÛîºô1*
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Instruction Cycle countN�OQPROTSVU�WYX3Z\[][<^`_Ha.bH_KWYUdceOQf
g ^hPRijUdZka�^`[<PRZ\U�[]lVZ\X3^`mn^`Z\oB[<iH^`mnP
g ^hPRijSVp g Ud^`PnPRZ\_
g ^hPRijUdZka�^`[<PRZ\U�[]lVZ\X3^`mn^`Z\oB[<iH^`mnPHqrSVp g Us^`PnPRZ\_

tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3i
tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3ijOQ_HoBtv^h_HPRZ\Us_HOQfYX3w�X3f`Z
xT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iKZ\[
xT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iKZ\[$OQ_Ko*tT^`_HPnZ\Ud_KOQfyX3w�X3fhZ

z�{0|$}Qz~|${ tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3i
�AN�|�bH_KWYUdceOQf
^hmHPRiKZ�oAZ\[]PR^`_KOQPR^`WY_j^`[	PRiKZ�SAp

tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iK}QtvoAOQPROTU�Z\OQo*OQ_Ko*tT^`_HPnZ\Ud_KOQfYX]w�X]fhZ
xT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iKZ\[<}QtvoAOQPnOvU�Z\OQoBOQ_HoBtv^`_KPRZ\Us_HOQfYX3w�X3f`Z

{y�A| tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3ijOQ_HoBtToVOQPnO g Us^`PRZ
�AN�z�bH_KWYUdceOQf
^hmHPRiKZ�oAZ\[]PR^`_KOQPR^`WY_j^`[	PRiKZ�SAp

tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iK}Q_5oAOQPnOvU�Z\OQoA[	OQ_HoBtv^h_HPRZ\Us_HOQfYX3w�X3f`Z
xT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iKZ\[<}Q_joAOQPROTUGZkOQoA[$OQ_Ko*tT^`_HPnZ\Ud_KOQfyX3w�X3f`Z

{y�Az tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3ijOQ_HoB_joAOQPRO g Ud^hPRZ\[
{y�'S tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iK}QtvoAOQPROTU�Z\OQoA}QtvoAOQPnO g Us^`PRZ�OQ_HoBtv^h_HPRZ\Us_HOQfYX3w�X3f`Z
�A} �A� xT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iKZ\[
{y�'�n}QPRUsOQl xT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3iKZ\[
z����A} z~�A� tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3ijOQ_HoBc�^`_KPRZ\Us_HOQfYX3w�X3f`Z\[
p�N�S PRiKZ�uA_HoAZ\�A_HZ\oB^`_H[<PnU�uAX3PR^`WY_jPnUdOQl g ^`f`f���Z�PnOQ��Z\_
�AN�p PRiKZ�uA_HoAZ\�A_HZ\oB^`_H[<PnU�uAX3PR^`WY_jPnUdOQl g ^`f`f���Z�PnOQ��Z\_
{y�Ap PRiKZ�uA_HoAZ\�A_HZ\oB^`_H[<PnU�uAX3PR^`WY_jPnUdOQl g ^`f`f���Z�PnOQ��Z\_
z�p�| tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3ijOQ_HoBxv^h_HPRZ\Us_HOQfYX3w�X3f`Z\[	mnWYU�X3WYlVU�WYX�tQ�
z�|$p tT^`_H[<PnUduVX3Pn^`WY_jmnZ\PRX3ijOQ_HoBxv^h_HPRZ\Us_HOQfYX3w�X3f`Z\[	mnWYU�X3WYlVU�WYX�tQ�

Table 6: ARM Instruction Speed Summary
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1 1 1 0 L 1 1 1 1 1

���� ¡¢d¢¢h£¢h�¢h¤¢h¥£d�£\¢£d�£d�£d £d¡�\¢
Cond CRn Rd

Load/store flag
0 = register load (MRC)
1 = register store (MCR)

ARM condition codes

Cache/MMU control register

ARM register
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&éÝ	ÞWßÛèéß(à�ïeß(çºîºèéìíßÛñ
îºôµìíÞWß(ì�à�á�çºß(á�ß¿ç�â	.`õ

��ì�ìíßÛåëæ�ìíè�ìíâµïeß¿à�ñ�âgïP.[ïeîºìíß�ïeß2*�î�è�ì�ß¿ïeè î�ô&ìíÞbß�ï�à�ô1*�ßC"!07�:.µÞWâ�è�ß�ï�ßÛèéæ�ßÛð�ì�îºã�ß�à�ð�ð�ßÛè�è�ì7)�æ�ß�îºè�ï�ßÛèéßÛï�ã ß¿ñÎ.[îºçºçWó\à�îºçºògá�ê	ì
.µîºçºç/l'`bh�ð�à�ê�èéßÙì�ÞWßÙê�ôWñ	ßÛó\îºôWßÛñ&îºôWèéìíïeê�ð�ìíîºâ�ôµì�ï�à�æ&ìíâ�á�ß�ìíà!#�ßÛô;&ÇÌ�âgïdì�ÞWîºè�ïeßÛà�è�â�ôµèéê�ð�ÞDà�ìíì�ßÛå�æ�ì�è�åëê�è�ìbôWâ�ìbá�ßÙåëà�ñ	ß'&
��ì�ìíßÛåëæ�ìíè�ìíâxà�ð�ð�ßÛè�è�ïeß2*�îºèéìíßÛïeè�îºôµìíÞWß(ïeà�ô1*�ß4Ó!0i �¦%.[îºçºçgïeßÛè�ê	çºì îºôµìíÞWß(ê	ôWñ	ßÛó�îºôWßÛñLîºôbè�ì�ï�ê�ð�ìíî�âgô[ì�ï�à�æLá�ßÛîºô1*�ìíà!#�ßÛô;&

Ò$§ �T§ ¨ÿæ&Ú¦Ñ��ÛÜd�ÛÚ¦�*©TªB��é æ&Ú¦Ñ��ÛÜd�ÛÚ¦�
��ß2*�îºè�ì�ßÛï\"�îºè�à�ï�ßÛà�ñx0�â�ôWç$)�îºñ	ßÛôWì�îºì7)xïeß2*�îºèéìíßÛïúìíÞWà�ìWïeß¿ì�ê�ïeôWè�ì�ÞWß������ À	ì�ñLð�âgñ	ß(ó�â�ïúìíÞWîºè�ð�ÞWî�æ�õ9"�äD�! !"!"!�! !"�äB&

Register Register Reads Register Writes

0 ID Register Reserved

1 Reserved Control

2 Reserved Translation Table Base

3 Reserved Domain Access Control

4 Reserved Reserved

5 Fault Status Flush TLB

6 Fault Address Purge TLB

7 Reserved Flush IDC

8-15 Reserved Reserved

Table 7: Cache and MMU control registers
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Ò$§ �T§ ��æ&Ú¦Ñ��ÛÜd�ÛÚ¦�*¨TªB�
�+���?�/�bØ�æLÚ¦Ñ��ÛÜd�ÛÚ¦� &

��ß2*�îºè�ì�ßÛï+ rîºè�.µï�îºì�ß20�â�ôWç$)�à�ôWñ�ð�â�ôWì�à�îºôWèIð�â�ôWì�ï�â�çÛá�îºìíèéò�à�çºçtâgó�.µÞWîºð�Þ�à�ïeß�ó�â�ï�ð�ßÛñEÀ � Ú á')�ï�ßÛèéßÛì?&�Ý	ÞWß�ð�â�ôWìíïeâgçtá�îºì�èIÞWà�ã ß
ì�ÞWß(ó�â�çºçºâ/.[îºô1*�ó�ê	ôWð�ì�îºâ�ôWè�õ

No Name Function

0 M Enable/disable"%0*â�ô10�ð�ÞWîºæ��$ßÛå�â�ïZ)Ý� à�ôbà!*�ßÛå�ßÛôWì1O�ôWîºìWìíê	ï�ôWßÛñLâ�ó�ó
 %0*â�ô10�ð�ÞWîºæ��$ßÛå�â�ïZ)Ý� à�ôbà!*�ßÛå�ßÛôWì1O�ôWîºìWìíê	ï�ôWßÛñLâ�ô;&

1 A Address Fault Enable/Disable"%0*à�çºîÈ*�ôWåëßÛôWì ó\à�ê�çºìWñ	îºè�à�á�çºßÛñ
 %0*à�çºîÈ*�ôWåëßÛôWì ó\à�ê�çºìWßÛôWà�á�çºßÛñ

2 C
}4�!�Q�xyj®x�x��¯	�7y±°���ti�b��¯	�7y
"%01ç\ôWèéìíïeê�ð�ì�îºâ�ô�²�ñ	à�ìíà�ð�à�ð�ÞWß(ì�ê�ïeôWßÛñLâgó\ó
 %01ç\ôWèéìíïeê�ð�ì�îºâ�ô�²�ñ	à�ìíà�ð�à�ð�ÞWß(ì�ê�ïeôWßÛñLâgô

3 W ³ wZt7�iyj¯xvxËZËZy!w�®��x��¯	�7y±°���t7�d��¯	�7y"%01Ú�ïeîºì�ß�á�ê�ó�ó\ßÛïSì�ê�ï�ôbßÛñLâgó\ó
 %01Ú�ïeîºì�ß�á�ê�ó�ó\ßÛïSì�ê�ï�ôbßÛñLâgô

4 P
ß�ð � þ!z±°�z�´j�;ti�1§xwZ~'u/wZ�!³Òîx�x�!�dy
"%0�µ!Ï�á�îºìÞS	ï�â/*�ïeà�å Á6æ�à�ð�ß(èéß¿ç�ß¿ð�ìíßÛñ
 %0Wö�µ�á�îºìÞS	ï�â/*�ïeà�å Á6æ�à�ð�ß(èéß¿ç�ß¿ð�ìíßÛñ

5 D
ß�ð � þ!z±°�z�´j�;ti�1���!�i�%îx�x�!�by
"%0�µ!Ï�á�îºìÞQ�à�ìíà%Á6æ�à�ð�ß(èéßÛçºßÛð�ì�ß¿ñ
 %0Wö�µ�á�îºìÞQ�à�ìíà%Á6æ�à�ð�ß(èéßÛçºßÛð�ì�ß¿ñ

7 B
��t7uy°rìxti�7�G�iyj®x�xªxt7�!�
"%01À	î�ìíì�çºß20�ßÛôWñ	îºà�ôµâgæ�ßÛïeà�ìíîºâ�ô
 %01è	îÈ*/0�ßÛôbñ	îºà�ô[â�æ�ßÛï�à�ì�îºâgô

8 S
î	¶'�b�7y!³
�������! !"�æ�ßÛïeå�îºèéè�îºâ�ô[è9)�è�ì�ßÛå ð�â�ôWì�ï�â�çr&
Á6ß¿ß.>'YZcAh7Uk`blÝÂ��(:!^j>/YZcAh7Uk`blÝf�YZeZc?XZUka!h7`dXSâgô[æ�à!*�ß�Ó�ö1&

9 R
ð �·�
�������! !"�æ�ßÛïeå�îºèéè�îºâ�ô[è9)�è�ì�ßÛå ð�â�ôWì�ï�â�çr&
Á6ß¿ß.>'YZcAh7Uk`blÝÂ��(:!^j>/YZcAh7Uk`blÝf�YZeZc?XZUka!h7`dXSâgô[æ�à!*�ß�Ó�ö1&
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Ò$§ �T§ ¹�æ&Ú¦Ñ��ÛÜd�ÛÚ¦�C¢Tª¦éý�WÖ Õ¦�?� £����	Ú�Ü6Ü��
�+���?�/�bØ�æLÚ¦Ñ��ÛÜd�ÛÚ¦�
��ß2*�îºè�ì�ßÛïÙöµîºè�à�.[ïeîºì�ß20�âgôbç$)�ï�ß2*�îºè�ì�ßÛï�.[Þbîºð�ÞPÞWâ�çºñ	è�ì�ÞWß�ð�ê�ï�ïeßÛôWì�à�ð�ð�ßÛè�è�ð�âgôbìíïeâgçSó�â�ïÙñ	â�å�à�îºôWèC"Dìíâ� �¦�òbà�è�èéÞWâ	.µô
á�ßÛçºâ	.`õ¯&
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ð y!�!ªx|!s/�!v	�i�1îx�7�!�ivx�
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à�ïeß(à�ç$.[à!)�è�ïeßÛìíê	ï�ôWßÛñLà�è=ñ�ßÛï�â�&
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³ wZti�7y!|!Ê�ì	�Î§xv�w�u'yÚ�ïeîºì�îºô1*Ð�dß2*�îºè�ì�ßÛï
Ï æ�ê�ï?*�ßÛèëìíÞbß ÝxÀxèxÙ ì�ÞWß ñ	à�ì�à îºèëì�ï�ßÛà�ì�ß¿ñ*à�è�à�ôBà�ñ	ñ	ï�ßÛèéè�à�ôbñ³ìíÞbß ÝxÀxè³î�è�èéß¿à�ïeð�Þbß¿ñ*ó�â�ïDà
ð�âgïeï�ßÛèéæ�âgôbñ	îºô1*�æ�à!*�ßrìíà�á�ç�ß�ñ	ßÛè�ð�ïeîºæ�ì�âgï2&rç\ó6àJåëà�ìíð�Þ�îºè£ó�â�ê�ôWñ	òFìíÞWß�ð�âgïeï�ßÛèéæ�âgôbñ	îºô1*�ßÛôWì�ïZ)�îºè£å�à�ïZ#�ßÛñ�à�è£îºôWã à�çºîºñP&�Ý	Þbîºè
à�çºç�â	.µè�ìíÞbß(æ	à!*�ßÙì�à�á�çºßÙñ	ßÛè�ð�ï�îºæ�ì�âgïeè�îºôµåëà�îºôµå�ßÛå�â�ï?)�ì�âxá�ßÙê	æ�ñ	à�ìíßÛñ&à�ôWñ&î�ôWã�à�çºîºñ&ßÛôbìíïeîºßÛè�îºôµì�ÞWßÙâgô+0�ð�ÞWî�æLÝxÀxè&ì�â
á�ß(æ�ê�ïZ*�ßÛñ
.[î�ìíÞWâ�ê�ìWï�ß2p�ê	îºï�îºô1*�ì�ÞWß(ßÛôWìíî�ï�ß(ÝxÀxèLì�âxá�ß(ó�çºê	è�ÞWßÛñP&

Ò$§ �T§ ô�æ&Ú¦Ñ��ÛÜd�ÛÚ¦��ë$ªB��éý�Äº�Ø?��Üd� æLÚ¦Ñ��ÛÜd�ÛÚ¦�
��ß2*�îºè�ì�ßÛï\��îºè�à%.[ïeîºìíß20�â�ôWç$)�ï�ß2*�îºè�ì�ßÛï-&�ÝIÞWß(ñ	à�ì�à%.[ï�î�ìíì�ßÛô[ìíâxì�ÞWîºè�ïeß2*�îºèéìíßÛïúîºè�ñ	î�è�ð�à�ïeñ	ßÛñLà�ôWñLì�ÞWß�çiQC3 îºè�ó\çºê�èéÞWßÛñP&

Ò$§ �T§ Å�æ&Ú¦Ñ��ÛÜd�ÛÚ¦��Ü%ô'Æ3¨�Ò$ªBæ&Ú�Ü6Ú¦��Ç�ÚB�
��ð�ð�ßÛè�èéîºô1*�à�ô1)xâ�óWì�ÞWßÛè�ß(ïeß2*�îºèéìíßÛïeè�.µîºçºçgð�à�ê	è�ß(ìíÞbß(ê�ôWñ	ßÛó�îºôbßÛñLîºôWè�ì�ï�ê	ð�ì�îºâgôµìíïeà�æDìíâxá�ß(ì�à!#�ßÛô�&
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�����(�! !"�ð�â�ôWì�à�îºôWèràÔÓ!#'èx)�ìíßÙåëîºäzßÛñ�îºôWèéìíïeê�ð�ì�îºâ�ôµà�ôWñ�ñ	à�ì�à�ð�à�ð�ÞWß'&éÝIÞWß�çiQC3"ÞWà�è¿µ�¦!Ï�çºîºôWßÛèrâ�óbö�µ�á/)�ìíßÛèP67ÓC.[â�ï�ñ	èÇ8�ò
à�ïeï�à�ô+*�ßÛñëà�èrà��C.µà!)[è�ßÛì�à�è�èéâgð�îºà�ìíîºã ß�ð�à�ð�ÞWßÛò6à�ôWñ�ê	è�ßÛèJìíÞWß�ã�îºïeìíê	à�ç�à�ñ	ñ	ïeßÛè�èéßÛèP*�ßÛôWßÛï�à�ì�ßÛñ�á')[ìíÞbß�æ�ï�â�ð�ßÛèéè�â�ï�ð�â�ï�ß'&
ÝIÞWß�çiQC3�îºèIà�ç$.[à!)�èIï�ßÛçºâ�à�ñ	ßÛñxàrçºîºôbß�à�ìzàJìíîºåëß�67ÓP.µâgïeñ	è989&ïç�ì,åëà!)Ùá�ß�ßÛôWà�á�çºßÛñxâ�ïbñ	îºè�à�á�çºßÛñxã�î�àrìíÞbß��C���(�! !"P3 â�ôWìíïeâgç
��ß2*�îºè�ì�ßÛïIà�ôWñµîºèdñ	îºè�à�á�çºßÛñµâgô � ð ®�î	®xÊ &�ÝIÞWß âgæ�ßÛïeà�ìíîºâ�ô�â�ó�ì�ÞWß ð�à�ð�ÞbßJîºèdó�ê�ïeìíÞbßÛïIð�â�ôWì�ï�â�çºçºßÛñµì�ÞWßR_;gdc3�!YZgdÖ�9kY]�Ûâgï�3JòÛá�îºì
èéìíâ�ï�ßÛñ�îºô�ìíÞWß=� ßÛå�â�ï?)%� à�ôWà!*�ßÛå�ßÛôWì¦S	à!*�ß�Ý	à�á�çºß=6�è�ßÛß�_v�!gba!hiYZX1Â��¯ù!^�=ÐY]@�`bXZ×�=Ðgbl'gïV1Y]@�YZl'h$��l'U hKD(=È=Â��FA& 89&ïÌ�âgïbì�ÞWîºè
ïeßÛà�è�â�ôWò�îºôëâ�ï�ñ	ßÛï ìíâLê�è�ß�ì�ÞWß:ç7Q�3 ò�ìíÞWß:�(��O å�ê	è�ìSá�ß�ßÛôWà�á�çºßÛñP&ÛÝ	Þbß�ì7.[âLó�ê	ôWð�ì�îºâgôbè(å�à!)&ÞWâ/.[ßÛã�ßÛï á�ß�ßÛôWà�á�çºßÛñ
èéîºå�ê�ç�ìíà�ôWßÛâ�ê�èéç$)�ò!.µîºìíÞµà�è�îºô1*�çºß�.[ïeîºìíß(ì�âxìíÞWß�3 â�ôWì�ï�â�ç	��ß-*�îºèéìíßÛï2&

�Jø@ùBû�H���É���H�Ê½ ���Ë���
ÝIÞWß }4�!�Q�xy!��¯	�7y á�îºì ñ	ßÛìíßÛïeå�îºôWßÛè�.[Þbß¿ì�ÞWßÛïSñ	à�ì�àÙá�ßÛîºô1*xïeßÛà�ñDå�à!)xá�ß�æ�çºà�ð�ßÛñLîºô�ì�ÞWß4çiQC3 à�ôWñDê	è�ßÛñDó\âgïSè�ê	á�è�ß2p�ê	ß¿ôbì
ïeßÛà�ñ�âgæ	ß¿ïeà�ì�îºâgôWèD&�Ýx)�æ�îºð�à�çºçÈ)�å�à�î�ô�å�ßÛå�â�ïZ)Ô.[îºç�çtá�ß�å�à�ï?#�ßÛñ�à�è�3 à�ð�ÞWßÛà�á�çºß�ì�â�îºå�æ�ïeâgã ß�è9)�è�ì�ß¿å æ�ßÛï�ó\âgïeå�à�ôWð�ß¿ò�à�ôbñ
ç±² � è�æ�à�ð�ß�à�è=n[âgô10\ð�à�ð�ÞWßÛà�á�çºß(ìíâxè�ì�âgæDì�ÞWß�ñ	à�ì�à�á�ßÛîºô1*�è�ì�âgïeßÛñDîºô������(�! !"�Ì è�ð�à�ð�ÞWß'&9Ì�âgïSßÛä,à�å�æ�çºß(îºóWì�ÞWß(æ�ï�â�ð�ßÛè�èéâgï
îºèÙæ�âgçºçºî�ô1*Là�ÞWà�ï�ñ�.[à�ï�ß�ó�çºà!*&îºô´ç�² � èéæ�à�ð�ßÛò�îºì£îºè(î�å�æ�â�ï�ì�à�ôWì£ì�ÞWà�ì£ì�ÞWß�æ�ï�â�ð�ßÛèéè�â�ïJîºè(ó�â�ï�ð�ßÛñ�ì�âDïeßÛà�ñ`ñ	à�ìíà�ó�ïeâgå ì�ÞWß
ßÛä,ìíßÛïeôWà�çgæ�ßÛïeîºæ�ÞWßÛïeà�çºò�à�ôWñLôWâ�ìWà�ð�â�æB)�âgóbîºôWîºì�îºà�çgñ	à�ì�à�ÞWßÛçºñLîºô[ì�ÞWß(ð�à�ð�ÞWß'&�ÝIÞWß�_;gdc3�!YZgdÖ�9kYSá�îºìWð�à�ôµá�ß(ð�â�ôWó�î$*�ê�ïeßÛñLó�â�ï
á�âgì�Þ[æ�à!*�ßÛè�à�ôWñLèéßÛð�ì�îºâgôbè!&
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�Jÿ	H��-Fü��

ç\ô�ìíÞWßR�����(�! !"(ìíÞbß ð�à�ð�ÞbßR.[îºçºç6á�ß è�ßÛà�ïeð�ÞWßÛñDï�ß2*�à�ï�ñ	çºßÛèéèúâ�ó�ì�ÞWß èéìíà�ì�ß â�ó�ì�ÞWßR3 á�îºì�òÛâ�ôWç$)�ï�ßÛà�ñ	èdì�ÞWà�ì�å�îºè�èdì�ÞWß ð�à�ð�ÞWß
.µîºçºçgá�ß(à�ó\ó�ßÛð�ì�ßÛñP&
ê$§ �T§ ¨��&Õ¦����Ú�Õ¦¤(ØÛÚ�æ&Ú�ÕB�(Ü �ÐÏÈ¨
�ªçºîºôbß¿ó\ßÛìíð�Þ[âgó+Ó%.[â�ï�ñ	è=.[îºçºçgá�ß(æ�ßÛï�ó�â�ïeå�ßÛñLà�ôWñLîºì1.[îºçºç�á�ß(ï�à�ôWñIâgå�çÈ)xæ�çºà�ð�ßÛñLîºô[à�ð�à�ð�ÞWß(á�à�ô1#\&
ê$§ �T§ ��ä����	Õ¦�	��Ú�Õ¦¤(ØÛÚ�æ&Ú�ÕB�(Ü �ÐÏÈ©
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ÅT§ ¢T§ ¨���� � ����� � �?�2�+� � � ¤����
	 � ���
������������������������ �"!#�$� %&���'����������������������(�)*����"���������+,%&���!-��.xè�(/�������0���1%&� ���������"���"���0����243�� �0������$��576#���'����(�89���$��6#���
��(/(��$�����;:��/������$�����'�������<���*����= ����>/���'��?��/��>/@�AB��C ���'�����D!#� �������B���E�����= ���'����30�4����= �������*!#02 �'��%&����FG��FH����2�)*���%�
%����0���������JIK��%������ �L����(NM1���EO#��C7�P(/����%&����!#��������:7�/0�RQ�SG��� )*+,����(/���"=7�����J��3T����P�/��>UAV��C7���������"�����P�����W���YX������Y���
���<��6#�����$������(R���*Z7[ \�] ^$_a`�b�c�d/^$e�f g$hie&j,[lk�f-d/e�mnhi_ao/e&g$_apB_q\�[igrj,_$^$s����������= ����FH6/�����$���'��(/�����*�4Q�t�u7>R= � 6#�0(/���$2a:

v w,x y/z${4|�}�~��Bz$���/�&�,����w��7�R�B���/��{4�B���&{4�T{�x7w�����{�z

��� ��� ��� �K���K�"���J�J���K�����
>/�<������Q�� Q�S-� 3a����E�/����������������� �H�/��=7���">/���'�"�$��C7�������������$�E%&� ��%&��������������(�)*����G= �����T��Q�� ������3a����"89���$��6#���#��(/(/�$���'�����
!#��� (/6#%&�N�W����+,= ������(/(/�$���'���������<��6#�����$������(J���EZ7[ \�]7^$_#`���cr -¡¢¡�_$g$g$[if�\Ej�£�_#d/^$e&f7g$hle�j�[ik&f¤d/e&m�hi_0Z7[i^$g$j�¥7_r¦�_$h¨§"_$g$¡�^$[i©�j�k�^$gn:r������
��(/(��$�������'������%&�����43,��6#��+�=72 �������$���0�������������ª����= ������������2�)*0��%&ª�����¬« ��������.���89��� ¤����%��$��!#��� �D3�� �D����������D�¬I1��%����<���ª� �D�
O/��C ��?,= ����Q4��3������(/���'%&�$�<!#��� �a������6/�$����(R�'!#��%&��3,�����B)*0��������D���9����3�� �a�4I1��%&�������ª���DO#��C7��@¢:

v7w�x7y/z${4|�®�~�¯"°&°&{����&w���x-��±�{4�Vz$���/��������w,� �R�B���/��{4v7w�z$����²/{�³7{���´*{���°&z$w�µ/�,� z$�

¶·l¸·l¹¸'·
�Bz$���/�&�,����w��7�R�B���/��{4�B���&{

¶·lº»¼¶¸'·

¶¸'·

�V������{4½$�/¾/{�¿ À/{�°&�,w��7�R½$�/¾/{�¿

Á¤w,zr�,y/����¯"¾/¾/z${��&�

�Bz$���/�&�����,w��7�R�V����{
·l¸·l¹

�Bzr���/��������w,� �R�B���/�,{4�V����{

¶¸'·
�Bz$���/�&�����,w��7�R�V����{

·l¸·l¹
ÂÃÂ
·»

�B���/��{4½$�/¾/{�¿

Ä�Å
Ä�Æ

v7w�z$�&�0²/{�³ {��0´*{��&°�z$w�µ/���7z
¶¸'·
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����W./��89���KÝE���T¤����%��$��!/��� ���$����6#������(ª�<�V���<���������O#��C7�W����= ���T¤����%��$��!#��� ��������I1��%����<���J¤���'%&����!#��� �$Þ¨����(Û�����V3�� �$FH���
89���$��������%&%�����(/����C7��2�:������3�� ������)ª����C�3���C76#���T�<����6#�������������B�����3�� ��FH���9� 3�./��89����Ý"�0��¤����%��$��!#��� �$��:

v7w�x7y/z${4|�ß�~�²/{�³ {��0à*�/{4´*{���°&z$w�µ/�,� z$�

�������)*�¤��������� ����C7����3,��%&����� = �<���D����(/��%������������(/���'%&����!#��� ����27!#������(ª87������(/����27Þ�����(*���������������$!#��������(ª���a�'���)ª�-= ����� )á:

È�É¼âÌãRä�å"ÍÌæ"ä�çYÏ�ÍÌÓÔÍ�Õ�Ö�×�Ø�ÙÛÚ�Ü"×

�Bw��,�N|�~éè �����T���<)*��27�B)*�����������*������:

�Bw��0} ���� 6#��(R=7��)*�$�<�������*���-Q43�� �a=7��%&u7)*����(R%&� FH!#������= ��������2a:
�Bw��,�Jê�~é® �'!#��%&��3�2ë�����R� 3�����R����ìK�������í!#� ���'��= ���R(/��FG�������-?������(î���í����Û"��FG�����ðï"%�%&�����-ñW� �����$� �VAB��C7���������$@W������
%����0�������*�����!#����FH����2-��%�%&������%&� �����$� ����:

�Bw��,�B|�ò�~éò Â 3,����Fó����W= ���'�W3���������3,���$����%�����CE����WO/��C �W����= ���Wô/������2�:�?,�/��W!#��C7�W����=7���W����(/��ì43�� ������W�������$2E���V(/���$��89��(
3,�$� Fõ�����87������6/������(/(/�����'�B����������6#�'����������(R���ªZ [ \�]7^$_�`�ö�c�÷7ø"e&hih1ù/eú\�_ad/^$e�f g$hie&j,[lk�f7@¢:

û,30�¬O#��C7���/��=7����"����%&����!#�����D����������6/�$����(P3�����Fü�����./��87��� Ý"�0��3�����%&�Þ;�¬./��87��� �/)*��3�����%�ª��������������������(P����(/����%��$��=7��(
=7������)�:

Value Meaning Notes

 0 0 Invalid Generates a Section Translation Fault

 0 1 Page Indicates that this is a Page Descriptor

 1 0 Section Indicates that this is a Section Descriptor

 1 1 Reserved Reserved for future use

Table 9: Interpreting Level One Descriptor Bits [1:0]

¶·»¸¹ýþº·l¶·¼··l»·lº»¼¶¸'·
Â v7��y/���

ÿ/��x7{
À/{�°���w��7�
�T{���{�z$³ {�¾

Â
Â ò
ò Â
ò ò

� �
´ª���G��w,�
´ª���G��w,�¯"ÿ

ÿ/��x7{4�V���/�,{4�V����{4¯"¾/¾/z${��&�
À/{�°&��w,� �R�B���&{4¯"¾/¾/z${���� �

� ò
ò
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�Bw��,�N|�~éè
	 ���� ��� %&� �����$� ��������%&��%�����+0����(R)*��������+�= 6#3,3����$+,������������(R3�6#�0%&�������0�B���B3,������� )*�;�

����� ��°&±�{����/��{ ������(/��%������������0���9(/�����4���9����������(/(/�����'�B)ª������=���!#����%���(R���*������%&��%�����?���3�������%&��%���������������=7����(/@¢:
� � �Vy����${�z$���/��{ �r����(/��%&���������������1(/���������K����������(/(/�����'��)ª�����¨=���)ª�$���������E���0�$� 6#C��"������)*��������=76#3�3����#?���3�������)*�$�<����= 6/3�3����
��� ������= ����(/@�:
�Bw��0} �!��� 6#��(R=���)*�$�<�������*���-Q43�� �a=7��%&u7)*����(R%&� FH!#������= ��������2a:

�Bw��,�Jê�~é® �'!"��%&��3�2ë�����R� 3������R����ìK���#���í!#� ���'��= ���R(/��FG�������-?�������(î���í�����Û"��FG�����ðï"%�%������-ñW� �����$� �VA���C7���������$@W�������
%����0�������*������!#����FH����2-��%�%�������%&� �����$� ����:
�Bw��,�Eò�ò�~éò Â 	�¯"ÿ�� �'!"��%&��3�2á�����J��%�%����'�¤!"���$FG�����'�������"3�� ���������¤�$��%&�������Y���0(í�����*���������$!#�%������(í���¤�$��� )*�Y���Yd/e&m�hi_�&�'�c
(,f j,_r^$©�^$_$j�[if�\� -¡¢¡�_$g$g0ù/_$^$ø"[ig$gr[ik�f
)  -ù�*1o/[ij�g�:,+��������0���������$!/������������� �"����(���!"����(������16#!#� �"�����B�$����������C¬��3������BI�����(�AP= �����
?,%&� ������� ������C7���������/= ������ÇW���0(.-�@¢:0/*� ���N���0���1�����N"��FG�����Eï"%&%������añ�� �����$� ���'!"��%&��3��1���a�����N!#����FH���$2¤��%�%������a%&� �����$� ��sn�����
ï"OR= �����B� ����22�0��8������3��3�34��%&�����*%&���1���0�9FG��(��7:�A���3����D���-�!��%&����� �*� �*��%&%����'�B!"����FH���'����� ����:

�Bw��,�Nò�5�~éò�è ���%�T���<)*��27�B)*�����������*������:

�Bw��,�N|�ò�~éè Â 3�� �$Fü�����T%����������'!#���0(/����C�= �����B� 3�������!"��27����%&��� ��(/(/�����'�B3�� �a������Q�6ð>/2 �����!��%������ �V:

AP S R
             Permissions
Supervisor             User

Notes

00 0 0 No Access No Access Any access generates a permission fault

00 1 0 Read Only No Access Supervisor read only permitted

00 0 1 Read Only Read Only Any write generates a permission fault

00 1 1 Reserved

01 x x Read/Write No Access Access allowed only in Supervisor mode

10 x x Read/Write Read Only Writes in User mode cause permission fault

11 x x Read/Write Read/Write All access types permitted in both modes.

xx 1 1 Reserved

Table 10:  Interpreting Access Permission (AP) Bits
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Z7[ \�] ^$_E`�=�ca÷7_$¡�j,[lk�fðd/^$e&f7g$hie&j�[ik�fð������6#�'�����������J�����P%���FG!#�������HI>��%������ ��������������������� �L�$��576"����%��7:?/*� ���H�������T�����H��%&%����'�
!"����FH���'����� ����%����0����������( ��� ������.���8����EÝE����@����%&����!#�����
FH6#�'�*=���%�����%�u���(ó=���3�� ����������!"��27����%����E��(/(/�%���'�����
C��������$������(N:!+����T�$��576"����%��T3,���D%�����%�u ���0C-��%�%�������!"���$FG�������<���������B(����'%&����=���(R=������ )á:

v7w�x7y/z${4|�A�~�À/{�°&�,w��7�R�Vz$���/��������w,� �

¶·lº»¼¶¸'·

ò Â� �´*���G��w��¯"ÿÀ/{�°&�,w��7�R�V����{4¯"¾/¾/z${��&�

¶¸'·

�B���/��{4½$�/¾/{�¿ À�{�°&��w,� �R½$�/¾/{�¿

Á"w�z$��y/���0¯¤¾�¾/z${��&�

�Bz$���/��������w��7�R�B���&{

¶·»¸¹ýþº·l¶·¼··l»·lº»¼¶¸'·

·l¸·l¹
�Bz$���/�&�,����w��7�R�B���/��{4�B���&{

¶¸'·
�Bz$���/��������w��7�R�B���&{

·l¸·l¹
ÂÃÂ
·»

�V������{4½$�/¾/{�¿

v w,zr����²/{�³7{���´*{���°&z$w�µ���� z

¶·lº»¼¶¸'·
À/{�°&��w,� �R�B���&{4¯"¾/¾/z${���� À/{�°&�,w��7�R½$�/¾/{�¿
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û,3������¬.H��8?���9ÝE���¬3�����%��P������6#�$�0���"O/��C��I+/��= ���¬@����%&����!#������Þ1�������W!#�$� 87��(����W�����¬= ���$�¬��(/(/�����'��� 3/�����¬!#��C��¬����= ���¬���
=���6#�!��(N:$+H����!#��C�������= �������N�������Û��%&%����'�!��(P����(H���'%&����=���(P���ªZ7[ \�]7^$_D`�ö�c;÷ ø"e�hlh�ù/e \�_Dd/^$e&f7g$hle�j�[ik&f7Þ;����(P�¬O#��C��J+/��= �1�
ô/�0����2 Þ7����.���8?���"+/)ª�ª@����%��$��!#������Þ �����%����6#������(N:K+H���������H��6#���HFH��2R(���3,�����@�������������-IKFG�����0O/��C��"� ���-./����C��EO#��C��
��%�%������;:!+�����3,��C 6/����=������ ) �$����)ª�B������3�� �$FG���9� 3�.���8?���L+/)*�-I���'%&����!#��� �$�;:

v7w�x7y/z${4|�ê�~�ÿ/��x {4�B���/��{
M/����z�B2	,²/{�³ {��0�ONª�-¾/{���°&z$w�µ/�,� z��

+H������)ª�E�������'�9�'��C �0��3���%������9=7����������(/��%�������������!#��C��T�'��X�������(R89������(/����2 Þ�����(P���������������$!#�%������(R����3�� ������)ª��:

�Bw��9è�� � �By����${�z$���/��{ �¢����(/��%&�������V�������7(����������7�������V��(/(/�%�����V)*�<���K=��T)*��������������������6/C��J�����W)*�������W= 6#3,3�����?���39�����W)*�������
=76#3�34���D�������0��= ����(/@¢:
�Bw��0| �P��� ��°�±/{����/��{ �����0(/��%&�������B�������9(������4�������0���B��(/(/�%�����B)ª������=���!#�<��%���(R���*������û,¤ñí?���30������%���%�������� ������= ����(/@�:
�Bw��,�Bò�ò�~é} ��!"��%&�<3�2E�����W��%&%����'�V!"���$FH���'����� ���V?���!#��+7��!#��@93�� �������T3���6/����6#=7+�!#��C����V����(Û���������$!#�%�������������J� 37�������!�W=7�����V���
(����'%&����=���(Q�����$�<�����a���*d/e�mnhi_aö�c�(�f7j�_$^$©�^$_$j�[if�\*¥7_$¦�_$hSR¤f7_a§"_$gr¡¢^$[i©�j�k�^�o�[lj,gUT�&�cV'�W¢:
«7� �a������C���!#��C�����Þ �/w,���Nò�®�~éò�è ���%��!#�$� C ����FHFX��(P���B��:

�Bw��,�T|�ò�~éò�è ?���FG�����9!#��C����'@/� �B= ����� |�ò�~éò�ß ?��<���$C��4!/��C�����@������¬6#�$��(G���*3�� �$FÔ�����¬%&� �$�%����!#� ��(/����Cª= ������� 3/�����¬!"��27����%&���
��(/(��������T+������¤!"��27����%�����!#��C��¤��6/FH=�����:n?�+H���¤!#��C��¤���0(���ì����W(H������8?��(á3�����F �����¤89���$��6#���0��(/(/�����'�W���T�����<6#�����$������(
���
Z7[ \�] ^$_a`�ö�c�÷7ø"e&hih1ù/eú\�_ad/^$e&f7g$hie&j�[ik�f-����(PZ [ \�] ^$_ab�'�c�¥7e&^q\�_aù/e \�_�d�^re�f g$hie�j�[ik&f7@¢:

Value Meaning Notes

 0 0 Invalid Generates a Page Translation Fault

 0 1 Large Page Indicates that this is a 64 kB Page

 1 0 Small Page Indicates that this is a 4 kB Page

 1 1 Reserved Reserved for future use

Table 11: Interpreting Page Table Entry Bits 1:0

¶·»¸¹ýþº·l¶·¼··l»·lº»¼¶¸'·
Â v7��y/���

²/��z$x7{4ÿ/��x {
À��G�����0ÿ/��x {
�T{���{�z$³ {�¾

Â
Â ò
ò Â
ò ò

� ���µ/|
²/��z$x {4ÿ���x {4�B���&{4¯"¾/¾/z${����
À��G������ÿ���x {4�B���&{4¯"¾/¾/z${����

YZ·lý·[Y

��µ/|
��µ/è
��µ/è

��µ/ò
��µ/ò

��µ Â
��µ Â � �
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Z7[ \�] ^$_W`�ö�c�÷ ø"e&hih#ù/e \�_Wd/^$e&f7g$hle�j�[ik&fH������6/�����$�������������-%&� FH!#�1�����-���$�����'�����������á�!��576"����%��-3�� �W�*S�u >ëIKFH������O#��C��7:¨O#��C��
���$���0�������������-�<��87� ��8����D��������(/(/������� �����;������!J=���2 � ��(*��������� 3 �T�!��%&����� �-�����������<������� �V�$�����N.���8?���;Ý"����(����'%&�$�<!#��� �/���a�����
O/��C��<+���= ����(�����%��$��!#��� �$Þ�����(*�������D���a6#�$��(*���¤!#� ����� ���¤������.���8����^+/)ª�¬(����'%&����!#��� ��Þ�����O#��C��<+/��= ����ô/������2�:$?�/ª�������������
�����ª��%&%������"!"����FH���'����� ���"���%�ª����) %&� �������<����(L���ë�����*.H��8?���_+/)ª�
(�����%��$��!/��� �4����(LFG6#���N=��ª%�����%�u���(L=���3����%�ª�����
!"�02 �'��%&������(/(/�%���������BC��������$������(N:!+������$��576"����%���3,���D%�����%�u ����C���%&%�������!"���$FH���'����� �������B(�����%��$��=���(R����������@¢:

v w�x7y/z${4|�5�~�À��G�����0ÿ/��x {4�Bz$���/�&�,����w��7�

¶·lº»¼¶¸'·

¶¸'·

�B���/��{4½$�/¾/{�¿ ÿ/��x7{4½$�/¾/{�¿

Á¤w,zr�,y/����¯"¾/¾/z${��&�

�Bz$���/�&�,����w��7�R�B���&{
·l¸·l¹

�Bz$���/�&�����,w��7�R�V������{4�B���&{

¶¸'·
�Bz$���/�&�,����w��7�R�B���&{

·l¸·l¹
Â Â
·»

�V���/�,{4½$�/¾/{�¿

v7w�z$�&�0²/{�³ {��0´*{��&°�z$w�µ/���7z

Ä�Å

Ä�Æ

Â ò´ª���G��w��ÿ/��x7{4�B���/��{4�B���&{4¯"¾/¾/z${��&�
¶·»¹ýþº·l¶¸'·

Â Âÿ/��x7{4�B���/��{4�B���&{4¯"¾/¾/z${��&�
¶·»º·l¶¸'·

²/è4�B���/��{4½$�/¾/{�¿

·¼··l»
²/è4�V������{4½$�/¾/{�¿

ò Â� ���µ�|ÿ/��x7{4�B���&{4¯"¾/¾/z${��&�
¶·»¸¹ýþº·l¶·¼··l»¸'·

À/{�°�� �/¾R²�{�³ {���´ª{��&°�zrw,µ/���7z
YZ

��µ�è ��µ�ò ��µ Â

ÿ/��x7{4�V����{4¯"¾/¾/z${��&�
¶·¼··l»¸'·

ÿ/��x7{4½$�/¾/{�¿

ÿ/±HB ��w�°&���0¯¤¾/¾�zr{����

Ä�Æ
Å

�
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Z7[ \�] ^$_Vb�'�cK¥ e�^q\�_Dù/e \�_Vd/^$e&f7grhie�j�[ik&fJ�<����6#�������������N�����4%&� FH!#��������������������������� �Û�!��576"����%���3,���B�¬t�S¤u7>H./���$C��4O#��C�� :�/*� ���
���������'����%��"�����E6#!#!"����3�� 6#�W= ��������3a�����EO#��C��"û,��(���ìJ���0(á�<��)ª+�����(�����3�� 6#�W= ��������3a�����EO#��C��@+���= ���E����(���ìJ� 8���������!#Þ
����%��ÛO#��C��
+/��= ���4ô/�����$2*3�� �V�¤./����C��4O/��C��4FH6/���0=��4(/6#!#����%�������(HQ�t¤����Fc���N?,���Û%&� ���!��%�6#����8��4Fc��FH� ��2J��� %&���������0��@#���
������O#��C���+/��=7���7:

v7w�x7y/z${4} Â ~�²/��z$x {4ÿ/��x7{4�Bzr�����&�����,w�� �

¶·lº»¼¶¸'·

¶¸'·

�B���/��{4½$�/¾/{�¿ ÿ/��x7{4½$�/¾/{�¿

Á"w,zr�,y/����¯"¾/¾/z${��&�

�Bz$���/�&�,����w��7�R�B���&{
·l¸·l¹

�Bz$���/�&�����,w��7�R�V������{4�B���&{

¶¸'·
�Bz$���/�&�,����w��7�R�B���&{

·l¸·l¹
Â Â
·»

�V���/�,{4½$�/¾/{�¿

v7w�z$�&�0²/{�³ {��0´*{��&°�z$w�µ/���7z

Ä�Å

Ä�Æ

Â ò´ª���G��w��ÿ/��x7{4�B���/��{4�B���&{4¯"¾/¾/z${��&�
¶·»¹ýþº·l¶¸'·

Â Âÿ/��x7{4�B���/��{4�B���&{4¯"¾/¾/z${��&�
¶·»º·l¶¸'·

²/è4�B���/��{4½$�/¾/{�¿

·¼··l»
²/è4�V������{4½$�/¾/{�¿

Â ò� ���µ�|ÿ/��x7{4�B���&{4¯"¾/¾/z${��&�
¶·»¸¹ýþº·l¶·¼··l»¸'·

À/{�°�� �/¾R²�{�³ {���´ª{��&°�zrw,µ/���7z
YZ

��µ�è ��µ�ò ��µ Â

ÿ/��x7{4�B���&{4¯"¾/¾/z${��&�
¶¸'·

ÿ/��x {4½$�/¾/{�¿

ÿ/±HB ��w�°&���0¯¤¾/¾�zr{����

Ä�Æ
Å

·lý·[Y

·lý·[Y

·lý·[Y

�
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+H����6m6on C��#p��#q%r�s��#t u�v 6"qUs�w�x"�#t�v�u�u�r�6�y�s�t;�
ï@y�z�C�p�Fc�#p�s9«�r�6"y�s
+Hq�r�p�t$y�r�s�z1vLp*«�r�6"y�s
@v�FXr�z�p*«�r�6"y�s
O��#q$Fcz1t!t!z�v�p*«�r�6"y�s

û4p3r�{�{�z1s�z�v�p�Þ�r�p3��ì>s��#q%p�r�yLr�=�v�q�s�Fcr�w�=���q%r�z�t!�#{Qv�p3��ì^s��#q�p�r�yL{�r�s�r
r�|�|��#t$t�:
+H���.r�|�|��#t!t}|�vLp�s�q%vLyaFc�#|���r�p�z�t�FctIvLu s����.6m6on~{��#s��#|�sOs����.|�vLp�{�z1s�z�v�p�tIs���r�s�x"q%vL{/6�|��.s����#t!�.u�r�6�y�s�t;:;û4u�r�u�r�6�y�s�z�t
{��#s��#|�s��#{cr�t�s����
q%�Kt'6"y�s"vLu"r¤Fc��Fcv�q�w3r�|�|��Kt$t�Þ>s����J6o6on��3z1y�y�r�=�vLq%s�s����
r�|�|��#t$t�r�p�{ct!z�C�p�r�y�s����Ju4r�6"y�s�|�vLp�{Hz�s�z�v�p]s�v
s����¬ñWO"nR:�+����}6o6mn�z�t�r�y�t!v3|�r�x"r�=�y��}v�u�q%�Ks�r�z�p�z�p0C3t$s�r�s�6"t<r�p�{Xr�{�{�q��#t$t<z�p�u�v�q�Fcr�s�z1vLpQr�=�v�6"s�s����}r�=�vLq%s¢:�+H���¬ñWO"n
q%�#|�v C�p�z�t!�#t2s���v�s�w�x"�#t2vLu�r�=�v�q�s¢�L{Hr�s�rcr�=�vLq%s�t�r�p�{�x"q%�#u��#s�|��or�=�vLq%s�t'ÞHr�p�{�s����#t!�]r�q%�]s�q��#r�s��#{�{�z�u4u��#q��#p�s�y�wY=�w�s����
6o6onÛ:

û4u�s����}6m6on�{��#s��K|�s�t<r�pQr�|�|��#t$tN8?z�v�y�r�s�z�v�p�ÞSz�s"�3z�y�y?{�v.t!vJ=��#u�v�q��}s����}��ì^s��#q�p�r�y9Fc��Fcv�q�w3r�|�|��#t!t<s�r�u��#t<x"y�r�|���ÞSr�p�{cz�s
��z�y�y^s����#q��#u�v�q%��z1p���z�=�z�s�s����<r�|�|��Kt$t�:$ô/ì>s��Kq%p�r�y^r�=�vLq%s�t_�3z�y�y^p�vLs�p��#|��#t$t!r�q�z1y�wIz�p���z�=�z�s�s����<��ì>s��#q�p�r�y^r�|�|��#t!t'ÞKr�tU{��#t$|�q%z�=��#{
z�p�s�����t$�#|�s�z�vLp�vLp3��ì>s��#q%p�r�yLr�=�v�q%s�t;:

È�É�a<��g"ä<iRÏnÚ.l�j]jR×�Í�Õ�ÕP� g"ä<iRÏnÚ.�RÚnä�ÚKiÛÕ�9 Í�å¤Ø�Õ�Ú�Í�×�ÕP�Kg<l�9�� g@�]9��

ï"=�v�q%s�t�q��#t'6"y�s�z�p�C�u�q%v�F�{�r�s�r@r�|�|��#t!t!�#tW?�{�r�s�r@r�=�vLq%s�t'@�r�q%�}r�|�s��#{G6�x"vLpP=�w�s����¬ñWO"n�z�FGFc�#{�z�r�s��#y�w ÞLr�p�{Xs����}6o6mn
x"y1r�|��#t}r�p��#p�|�vL{��#{ðS*=�z�sV8?r�y�6"��«7I"� ��� ����Þ�r�y�v�p�CX�3z1s���s����JS*=�z�sO�#p�|�vL{��#{ðIv Fcr�z�p�p�6#FH=��#q$Þ�z1p�s�����«�r�6"y�sVI>s�r�s�6"t
A���C�z�t!s��#q�?,« I1AB@¢:�û4pXr�{H{�z�s�z�v�p�Þ?s����-8�z�q%s�6�r�y"x"q%vL|��Kt$t!v�q�r�{�{�q��#t$t�����z�|���|�r�6�t!�#{�s�����{�r�s�rGr�=�vLq%sUz�t�y1r�s�|����#{�z�p�s�vQs����
«�r�6"y�s�ï@{�{�q��#t$tEA���C�z�t$s��#q¤?�«7ï¤AB@¢:�û4u<r�por�|�|��#t!t-8�z�v�y�r�s�z�vLpot$z�FH6�y�s�r�p��#v 6"t$y�w�C��#p��#q�r�s��#tEFcv�q%��s���r�pov�p��]t!v 6"q%|��]vLu
r�=�vLq%s�Þ�s����#wGr�q����#p�|�vL{��#{Qz�p�s�����x"q%z�v�q�z�s�w-C�z�8?�Kp�z�p*d/e&m�hi_�&���c�ù�^r[ik�^$[lj4�
�/f ¡¢k���[if�\*k��NZ7e&]7hlj0÷ j,e&j�]7g�:
ñWO�n�z�p�t$s�q�6"|�s�z�v�p�t}vLp�s����Gv�s����#q���r�p�{or�q��.x"q��#u��#s�|����#{/Þ�t!vcr�x"q%�Ku4�#s�|���r�=�vLq%sOt!z�FXx"y�wXu�y�r�C�t}s����Gz�p�t$s�q�6"|�s�z�v�p�r�t
z1s
�#p�s��#q�t}s����Gz�p�t$s�q�6"|�s�z�v�p�x�z�x"�#y�z�p��7:�Ý�p�y�wX�3���#pá?�r�p�{mz�u�@�s����Gz�p�t$s�q�6"|�s�z�v�p�z�t}��ì>�K|�6"s��#{m{�v��#t
z�sO|�r�6"t!�.r�p�r�=�v�q%s�s�r�p
r�=�vLq%s>z1tHp�v�sSr�|�s��K{J6"x"v�p@z�uSs���� z�p�t!s�q$6"|�s�z�v�p@z�t�p�v�sK6�t!�#{�?4z : �7:,z�s>z1t�=�q%r�p�|����#{Gr�q�v 6"p�{/@�: >��#|�r�6�t!� z�p�t$s�q�6"|�s�z�v�p@x"q%�#u��#s�|��
r�=�vLq%s�t�Fcr�wGv�qDFcr�wGp�v�s�=��Jr�|�s��#{R6"x"v�p�Þ^s����J6m6on�t$s�r�s�6"t z�p�u�v�q�Fcr�s�z1vLp�z�t p�vLs�x�q��#t!�#q�8��#{�u�v�qUs����Jq��#t�6�y�s�z�p0C�ñWO"n
r�=�vLq%s�s�u4vLq_r
x"q��#u4�Ks�|���r�=�v�q�s�Þ�s�����6o6on�{�v��#t�p�vLs�6"x"{�r�s���s����T«7I1A�v�qa«7ï"A4:
+H��� t$�K|�s�z1vLp�t�s���r�s?u�v�y�y�v��¡{H�Kt$|�q%z�=�� s�����8�r�q%z�v�6�tOr�|�|��#t!t�x"�#q�Fcz�t$t!z�v�p�t�r�p�{]|�vLp�s�q%vLy�t�t'6"x"x"v�q�s��#{Û=�w2s�����6m6on�r�p�{
{��#s�r�z�yL��v��¢s����#t!��r�q%��z�p�s��#q�x"q%�#s��#{Qs�vEC��#p��#q�r�s���u�r�6�y�s�t;:
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/3v�s��#t��
?,Q�@ ï@p�wQr�=�vLq%s�Fcr�t'u��#{�=�wQs����@x"q%z�v�q�z�s�wQ�#p�|�v�{�z�p�CPFcr�wR=���q���C��#p��#q�r�s��#{á=�wQu�z�ì>z�p�CQs����@x"q%z�Fcr�q%wQr�=�v�q�s�r�p�{

q%�#t!s�r�q�s�z�p�CGs���� z1p�t!s�q$6�|�s�z�vLpV:
?,��@ û4p@u�r�|�s>s���z�t�q%��C�z1t!s��Kq���z�y�y#|�v�p�s�r�z�p¤=�z�s�t^�éÇ�� D��SvLuSs���� ¥���8��#y�Q��#p�s�q%wJ����z�|��Ir�q���6"p�{��#u�z�p��#{/Þ&= 6"s>��v�6�y�{2�#p�|�v�{��

s�����{�v Fcr�z�p3z�p�r48�r�y�z�{Q�#p�s�q%w�:

Source FS[3210] Domain[3:0]  FAR

Highest Bus Error (linefetch)             Section 0100 valid valid

                                                       Page  0110 valid valid

 Bus Error (other)                   Section 1000 valid valid

                                                      Page  1010 valid valid

Alignment 00x1 x valid

Bus Error (translation)             level1 1100 x valid

                                                      level2 1110 valid valid

Translation                             Section 0101 Note 2 valid

                                                        Page 0111 valid valid

Domain                                     Section 1001 valid valid

                                                         Page 1011 valid valid

Permission                              Section 1101 valid valid

Lowest                                                          Page  1111 valid valid

Table 12: Priority Encoding of Fault Status
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6o6on�r�|�|��#t!t$�Kt
r�q��2x"q�z�FXr�q�z�y�wc|�v�p�s�q%v�y�y��#{�8?z�r.{�v�FXr�z�p�t�:¨+����#q��2r�q��-Q�tG{Hv�Fcr�z1p�t�Þ?r�p�{��#r�|�����r�tJrJ��©�=�z�sUu�z��#y�{�s�v
{��#u4z�p��}z�s¢:�+��3v*=�r�t$z�|Tu�z�p�{�t�v�u/6"t$�#q�t�r�q��}t�6�x"x"v�q�s��#{N��ñ�y�z��#p�s�t<r�p�{X6or�p�r�C��#q�t;:�ñ�y�z��#p�s�t�6"t$�}r@{�v Fcr�z�p�sS6or�p�r�C��#q�t
|�vLp�s�q%vLyOs����ª=��#��r�8?z�v 6"q}v�u�s����]{�v�FXr�z�pV:S+H����{�v Fcr�z�p�t@r�q%��{��#u4z�p��#{Pz1pms����ª@v�FXr�z�pðïI|�|��#t!tEñ�v�p�s�q�v�yDA���C�z�t!s��#q�:
Z7[ \�] ^$_Wb�&�c7§"k�ø¤e�[ifE -¡¢¡�_$g$g�ªVk�f j,^$k&h0pB_q\�[ig$j�_$^�Z7k&^$ø"e&j_z�y1y�6"t!s�q�r�s��#tJ��v��«s����E���J=�z�s�tJvLu_s�����q%��C�z1t!s��Kq r�q��2r�y�y�vL|�r�s��#{�s�v
{��#u4z�p���s�����t!z�ì>s��#�#p*��©,=�z�s�{�v�FXr�z�p�t�:

v7w�x7y/z${4}�ò�~�´*���G��w��R¯"°&°�{��&� � � �/�,zr�7����{�x w�����{�zav7� z��G���

d/e�mnhi_O&�`�cS(�f7j�_$^$©�^$_rj,[if�\" -¡�¡¢_$g$gVo/[ij�gB[if*§¤k�ø"e&[if4 -¡¢¡�_$g$gOªBk�f j�^$k�h pB_q\�[lg$j,_r^O{H�Ku4z�p��#t<��v��¬s����4=�z�s�t<��z�s���z�p]�#r�|��]{�v Fcr�z�p
r�q%��z�p�s��#q�x"q%�#s��#{Qs�v�t$x"�#|�z�u4w2s�����r�|�|��#t!t�x"�#q�Fcz�t$t!z�v�p�t�:

Value Meaning Notes

00 No Access Any access will generate a Domain Fault.

01 Client Accesses are checked against the access permission bits in the Section or Page
descriptor.

10 Reserved Reserved. Currently behaves like the no access mode.

11 Manager Accesses are NOT checked against the access Permission bits so a Permission
fault cannot be generated.

Table 13: Interpreting Access Bits in Domain Access Control Register
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O"r�C��#t�:�+H���
u4z�C 6�q��B=��#y�v���z�y�y�6�t!s�q�r�s��#t�s�����t!��576"�#p�|���u�vLq0=�v�s��Is�w�x"�#t�v�u>r�|�|��Kt$t!�#t;:�+H����t!�#|�s�z�v�p�t�r�p�{2u4z�C 6�q��#t�s���r�s>u�v�y�y�vL��{��#t!|�q�z�=��
s�����|�v�p�{�z�s�z�v�p�t�s���r�s�C��#p��#q%r�s����#r�|��3vLu�s���� u4r�6"y�s�t�:

v7w�x7y/z${4}�è�~�À/{�°/y/{��/°�{
�r�7z � ±/{�°�±/w��/x�v ��y/�,���

violation

no access(00)
reserved(10)

Virtual Address

Check Address Alignment

get Level One Descriptor

Section Page

misaligned Alignment
Fault

invalid
Section

Translation
Fault

get Page
Table Entry

check Domain Status

invalid
Page

Translation
Fault

no access(00) Page
Domain

Fault
reserved(10)

Section
Domain

Fault

Section Page

client(01)client(01)

manager(11)

Check Access
Permissions

Check Access
Permissions

Physical Address

Section
Permission

Fault
violation

sub-Page
Permission

Fault
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=���6"t!�#{Q��z�s��ªC�q%�#r�s?|�r�q��7:!+�����u4vLy�y�v��3z1p�C2t$�#|�s�z�vLp�{��#t!|�q%z�=��#t s�����q%�#t!s�q�z�|�s�z�v�p�t;:
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A��#r�{�t
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¥���8?�#y�Ý@p���{��#t!|�q%z�x"s�vLq_u��#s�|��
¥���8?�#yL+���v�{��#t$|�q�z1x"s�v�qUu4�#s�|��
q%�#r�{�©�y�v�|&u�©���q�z�s���t!�#½76"�#p�|��

� ��°&±/{����/��{4z${���¾/�<	���w,�/{��${���°&±�{����
ï�y�z�p��#u��#s�|��ÛFcr�wJ=��
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q%�#½76"�#t!s��#{*=�wIs�����ï¤A�6o`�Q���ÞKz�sL�3z�y1y�=���r�=�vLq%s��#{/ÞKv�s����#q%�3z�t$��s����<|�r�|�����y�z�p�����z�y�y;=��<x#6"q$C��#{*= 6"s�x"q�v C�q%r�F¬u�y�v����3z1y�y
f7k&j0=���z�p�s��#q�q�6"x"s��#{N:!+�����y�z�p���z�t s����#q��#u�v�q���x#6�q$C��#{R6"p�{��#q_r�y�yL|�z�q%|&6/Fct!s�r�p�|��Kt;:
�By����${�z${�¾QN*z$w��,{���Ê
>/6�u�u��#q%�#{]��q�z�s��#t�|�r�p�p�vLs9=�� ��ì>s��#q%p�r�y�y�w2r�=�vLq%s��#{N:!+����#q%�#u�v�q���Þ�s�����t!w�t!s���F8t!��v 6"y�{R=���|�v�p�u�z�C76"q%�#{]t'6"|��.s���r�s?z�s�{�vL�#t
p�vLs�{�vE=76"u�u4�#q��#{Q�3q%z�s��#t�s�v�r�q%�#r�t�v�u�Fc��Fcv�q�wG�3��z�|��3r�q%��|�r�x"r�=�y���vLu�u4y�r�C C�z�p�CGr�p3��ì>s��#q%p�r�yLr�=�v�q�s¢:
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+H����6m6on"ÞBû�"ñ~r�p�{�ÏU> Fcr�wL=����Kp�r�=�y��#{NMS{�z�t!r�=�y��#{�z�p�{��#x"�#p�{��#p�s�y�wa:�Å�vL����8��#qGs����#q%�Xr�q%��vLp�y1wPu�z�8?�
8�r�y�z�{
|�v�FG=�z�p�r�s�z�v�p�t�:¨+����#q��2r�q��2p�vQ��r�q�{H�3r�q��2z�p�s��#q�y�v�|&u�tJvLp�s����Kt$��q%�#t!s�q�z�|�s�z�v�p�t�Þ?t!vQz�p08�r�y�z�{�|�v FH=�z�p�r�s�z�v�p�tJ�3z�y1y"|�r�6�t!�
6�p�{��#u�z�p��#{Qq%�#t�6�y�s�t;:

+H����u�v�y�y�vL��z�p�CGx"q�v�|��#{/6�q��#tBFG6"t!s�=���v =�t$�Kq�8��#{N:

MMU IDC WB

off off off

on off off

on on off

on off on

on on on

Table 14: Valid MMU, IDC & Write Buffer Combinations
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r�p�{Q�#p�r�=�y�z�p�CGs�����6o6mn
FXr�w-=�� |�vLp�t!z�{��#q%�#{Qr�t�r4=�q%r�p�|����3z�s��3{��#y�r�w��#{Q��ì^�#|&6�s�z�v�pV:�ï�t!z<Fcz�y�r�q_t!z�s�6"r�s�z�vLp3v�|�|�6"q%t��3���#p3s���� 6o6on
z�t {�z�t!r�=�y��#{N:�ñ�vLp�t!z�{��#q_s�����u4vLy�y�v��3z�p0C2|�vL{���t$�#½76"�#p�|��7�

MOV R1, #0x1
MCR 15,0,R1,0,0 ; Enable MMU
Fetch Flat
Fetch Flat
Fetch Translated

�B��¾/w��&������{4��±/{
ÐÇÐÇ�
?,Q�@ @z�t!r�=�y���s�����ÏU>R=�w2|�y��#r�q�z�p�C�=�z�s��
z�p3s�����ñ�v�p�s�q%vLy AO��C�z�t!s��#q�:
?,��@ @z�t!r�=�y���s�����û,¤ñí=�w2|�y��#r�q�z�p�C�=�z�s��
z�p3s�����ñ�vLp�s�q%vLy�A���C�z�t!s��#q�:
?,��@ @z�t!r�=�y���s�����6o6mn =�w2|�y��#r�q�z�p�C�=�z�s��
z�p3s�����ñ�vLp�s�q%vLy�A���C�z�t!s��#q�:
Ñª� �,{�~

û4u"s����J6m6on�z�t��#p�r�=�y��#{/Þ^s����#p�{�z1t!r�=�y��#{cr�p�{�t'6#=�t$�#½76"�#p�s�y�w.q��#©4�Kp�r�=�y��#{�s����
|�v�p�s��#p�s�t�vLu"s����J+H¥/>���z�y�y���r�8?��=��K�#p
x"q%�#t!�#q�8��#{N:�û4u�s����#t!��r�q%��p�vL��z�p�8?r�y�z�{/Þ�s�����+�¥/>Qt!��v�6�y�{R=���u�y�6�t!���#{R=��Ku4vLq%��q��#©��#p�r�=�y�z�p�CGs�����6m6onR:

@z�t!r�=�y�z�p�CGvLu�r�y1yLs���q%�#��u�6"p�|�s�z�vLp�t�Fcr�w�=���{�v�p���t!z�FG6"y�s�r�p��#v�6�t!y�wa:

È�É�a<7�ÈQ;>;�Í�Ö�Ú�Ü@;X9 Í�Õ�Í�Ú

IS�#��÷ _$¡¢j�[ik&f�`�Ôé��c�pB_$gr_$j�vLp3x�r�C���Q�Ç�:
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+H���Nï"A�6m`�Q�� ��r�tUs���v}z�p�x#6"sL|�y�v�|&u�t v � ²�Õ r�p�{ Ð � ²�Õ :�+����N=76"tUz�p�s��Kq%u�r�|���z�tUr�y��3r�w�tU|�v�p�s�q�v�y�y��#{J=�w Ð � ²�Õ :0+����
|�vLq%�BñWO�nPt$�3z�s�|����#t�=��#s����K�#p@s���� s���vJ|�y�v�|&u�tHr�|�|�v�q�{�z�p�C}s�v
s���� v�x"�#q�r�s�z�vLp"=��#z�p�C
|�r�q�q%z��#{2v 6"s¢: «�v�q���ì^r�FXx"y���ÞU�����#p
q%�#r�{�z�p�CI{�r�s�r�u4q�v F¬s����<|�r�|�����ÞÄz�sLz1t�|�y�v�|&u��K{*=�w v � ²�Õ ÞV�3���#q��#r�tUz�sLz1t�|�y�v�|&u��K{*=�w Ð � ²�Õ �����#p�q%�#r�{�z�p�CI{�r�s�r�u4q�v F
6�p�r�|����#{c��ì^s��#q�p�r�y FX��FXvLq%w�:�+����4ï"AO6o`�Q��I|�v�p�s�q%vLy�y�v C�z�|��#p�t'6"q%�#t s���r�s�s����
|�v�q�q%�K|�s�|�y�v�|&u3z�tN6"t!�#{cz�p�s��#q�p�r�y�y�w3r�p�{
t$�3z�s�|����#tB=��Ks��3�#�#p3s���� s��3v�|�y�vL|�u�t�r�6�s�v Fcr�s�z�|�r�y�y�wa:¢ï@s?r�y�yLs�z�Fc�#t v � ²�Õ FH6"t$s9=��TC�q%�Kr�s��#qUs���r�p.v�qU�#½76"r�yLs�v Ð � ²�Õ
z�p�u�q��#½76��#p�|�wa:
+H���"ï"A�6m`�Q��-=76"t�z�p�s��#q%u�r�|��@��r�t s��3v]{�z�t$s�z1p�|�s�Fcv�{��#t v�uUvLx"�#q%r�s�z�v�pV��g���f7¡�£�^$k�f k�] g�r�p�{áe&g���f7¡�£�^$k�f k�] g$Þ�����z�|��cr�q��
t$�#y��#|�s��#{P=�w.s�w�z�p�C À/��¯ �#z�s����#qOÅ*û4Ö}Å¬vLqO¥�Ý@Ï :�+����
s���v�Fcv�{��#t�{�z�u�u4�#qOz�p]s����
q��#y�r�s�z�v�p�t!��z1xR=��Ks��3�#�#p v � ²�Õ r�p�{
Ð � ²�Õ �
× z�pQr�t$w�p�|���q�v�p�v 6"t�Fcv�{��4? À/�/¯ ¥/Ý�ÏU@�s����
|�y1vL|�u�t�Fcr�w*=��
|�v�Fcx�y��#s��#y�w3r�t$w�p�|���q%vLp�v 6"t<r�p�{Xv�u#6�p�q��#y�r�s��#{

u4q��#½76"�#p�|�w
× z�pmt!w�p�|���q%v�p�v�6�t¤Fcv�{���? À/�/¯ Å*û4Ö}Åª@ Ð � ²�Õ Fcr�w�vLp�y�w
FXr�u��3s�q�r�p�t$z�s�z1vLp�t"=��#u�v�q��3s����3u�r�y�y�z1p�C��#{/C��3vLu

v � ²�Õ :
û4pXt!w�t!s���Fct������#q���rGt!r�s�z�t!u�r�|�s�v�q�w�q��#y�r�s�z�v�p�t!��z�x���ì>z�t!s�t�=��#s��3�#�#p v � ²�Õ r�p�{ Ð � ²�Õ Þ�t!w�p�|���q%vLp�z�X�r�s�z�v�pXx"�#p�r�y�s�z��#t
|�r�p*=���r�8?vLz�{��#{R=�w2t$�#y��#|�s�z�p�CGs�����t$w�p�|���q%vLp�v 6"t�Fcv�{���vLu�v�x"�#q%r�s�z�v�pV:

a<b�É�a�l ÕLØRÑRÖHR×�Ü"ÑÛÜ@iRÕPd Ü@jÛÍ

û4p]s���z�tNFcvL{H� v � ²�Õ r�p�{ Ð � ²�Õ Fcr�wJ=��
|�v Fcx"y��#s��#y�w.r�t!w�p�|���q�v�p�v 6"t�:�+���z�tNFXvL{��
t!��v 6"y�{H=��
t!�#y��#|�s��#{/Þ;=�w.s�w�z�p�C
À/��¯ ¥/Ý@ÏUÞS�3���#pQs����
s��3v.|�y1vL|�u�t<r�q��}vLu/6"p�q��#y�r�s��#{cu�q%�#½76"�#p�|�w�:�+����#q��}z�t<rIt!w�p�|���q�v�p�z�t$r�s�z�v�pQx"�#p�r�y�s�w3�����#p���8?�Kq
s�����z�p�s��#q�p�r�y�|�v�q���|�y1vL|�u�t$�3z�s�|����#tP=��#s����#�#p�s�����s��3v�z�p�x#6�s}|�y�vL|�u�t;:�+���z�t�x"�#p�r�y�s�w�z�t�t!w7FHFc�#s�q�z1|&Þ�r�p�{Ì8?r�q�z��#t
=��#s����K�#p�p�v�s���z�p�C}r�p�{.r<�3��vLy���x"�#q�z�v�{Gv�uLs�����|�y�v�|&u}s�v
�3��z�|��@s�����|�v�q�� z�t�q%�#t!w�p�|���q%v�p�z�t!z�p0C�:0+���6"t������#p@|���r�p�C�z�p�C
u4q�v F v � ²�Õ s�v Ð � ²�Õ s�����r�8��#q%r�C��@q%�#t!w�p�|���q�v�p�z�t!r�s�z�v�pcx"�#p�r�y�s�wQz�t���r�y�uUr Ð � ²�Õ x"�#q�z�v�{/Þ�r�p�{�t$z�Fcz�y�r�q%y�wQ�3���#p
|���r�p�C�z�p�CGu�q�v F Ð � ²�Õ s�v v � ²HÕ z�s�z�t ��r�y�u�r v � ²�Õ x"�#q�z�v�{N:

a<b�É����@ØRÑÛÖHR×�Ü"ÑRÜ@iÛÕPd Ü@jRÍ

û4p�s���z�tJFcv�{���ÞUt$�#y��#|�s��K{ =�wÙs�w�z�p�C À/�/¯ Å*û4Ö}Å*Þ_s����Kq%��z1t.rXs�z�C���s�y�wÙ{��#u�z�p��#{�q��#y�r�s�z�v�p�t!��z�xU=��#s��3�#�#p v � ²�Õ r�p�{
Ð � ²�Õ : Ð � ²�Õ Fcr�w�v�p�y�wEFXr�u�� s�q%r�p�t!z1s�z�v�p�tOv�pGs���� u�r�y�y�z�p0C��#{/C�� vLu v � ²�Õ :¢I>v Fc�UÚÛz�s�s��#q�=��#s����#�Kp.s���� s���v@|�y�v�|&u�t
z�tUx"�#q$Fcz�s�s��#{/Þ�=76"s Ð � ²�Õ FH6�t!sSp�v�s1=�� y�r�s��#q"s���r�p v � ²�Õ :rA��#u��#q"s�v4÷7_r¡¢j�[ik�f}&���ÔV��cn§IªcR"©�_r^$e�j�[if�\�ªBk&f���[ij�[ik&f7g�v�p�x"r�C��
Q�Q�`�:

a<b�É�¦�l�9�de7<a<b�k�ØRÖ�Ï�Í��RÙÛÍ�Í<j

+H���*= 6"t@z�p�s��#q�u4r�|��3z�t@|�v�p�s�q%vLy1y��#{í=�w Ð � ²�Õ Þ"r�p�{Ùr�y�yUs�z�Fcz�p0C�x"r�q%r�Fc�#s��#q�t@r�q��3q%�#u��#q��#p�|��#{Ù�3z�s���q%�#t!x"�#|�s s�vXs���z�t
|�y�vL|�u�:!+H����t!x"�#�#{Qv�u�s�����Fc��Fcv�q�w�Fcr�w�=���|�vLp�s�q�v�y�y��#{Qz�p�vLp���v�u�s��3v2�3r�w�t�:
Q�@ +H����¥/Ý@ÏÜr�p�{QÅ*û4Ö}Å¢x"��r�t$�#t�v�u�s�����|�y�v�|&u�Fcr�w�=���t!s�q��#s�|����K{
��@ ��ÝU¯"½$� |�r�p-=��N6"t$�#{.s�v}z�p�t$�#q�sL�#p�s�z�q�� Ð � ²�Õ |�w�|�y��#t�z�p�s�v}s�����r�|�|��#t$t�:0ÏÇ���#p2¥/Ý@ÏUÞÄs���z�tUt!z�C�p�r�y�FXr�z�p�s�r�z�p�t

s���� ¥�Ý@ÏÜx"��r�t!��vLu�s���� |�w�|�y���=�w-C�r�s�z�p0C2v�6"s Ð � ²�Õ : ��ÝU¯¤½$� Fcr�w2vLp�y�w2|���r�p�C�� �����#p Ð � ²HÕ z�t�¥/Ý@Ï :
IS�#��÷ _$¡¢j�[ik&fG&�'�ÔV&���c3Þ�g$_ak��Nj�£�_afUß" 2(�dP©�[lfGv�p3x"r�C���Q�����:
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a<b�É¼Ê�k�ØRÖ�Ï�ÍÌæ�ØRÙÛÍ�Õ

+H���#q��.r�q��.s���vH=�r�t!z�|@|�w�|�y��Gs�w�x��Kt}x"�#q%u�v�q$FX�K{ð=�wXr�p�ï"A�6m`�Q���:^+����#t$�Gr�q%��[���hl_�|�w�|�y��#t}r�p�{ðø"_$ø¤k�^��3|�w�|�y��#t�:;û�{�y��
|�w�|�y��#t�r�p�{-Fc��FXvLq%wJ|�w�|�y1�KtHr�q���|�v FH=�z1p��#{2s�vJx"�#q�u�v�q$F Fc��Fcv�q�w
r�|�|��#t$t!�#t�:à+����Os��3vJ|�w�|�y���s�w�x"�#t�r�q%��{�z�u�u��#q%�#p�s�z1r�s��#{
=�w3s����}t$z�C�p�r�y ��ÐU� M�á :�? À�M�á z�t�s����}z�p�8��#q%t!�}v�u ��ÐU� M�á ÞSr�p�{Xz�t�x"q�v 8?z�{��#{Xu�v�qB=�r�|&u��3r�q%{�t<|�v�Fcx�r�s�z�=�z�y�z�s�w���z�s��
�#r�q%y�z��#q�Fc��Fcv�q%w@|�v�p�s�q�v�y�y��#q�t'@¢: �HÐU� M�á Å*û4Ö}Å�z�p�{�z�|�r�s��#t_r�pGz�{�y���|�w�|�y���Þ#r�p�{ ��ÐU� M�á ¥/Ý�Ïâz�p�{Hz�|�r�s��#t_rTFc��FXvLq%w
r�|�|��#t!t;:�Å3v��3��8?�Kq�Þ ��ÐU� M�á z�t�x"z1x"�#y�z�p��#{/Þ>r�p�{ct$v.z�s�t�8�r�y�6��
{��#s��#q�Fcz�p��#t<�3��r�s"s�w�x"�
s����
u�v�y�y�v��3z�p�C3|�w�|�y��
�3z�y�y7=��7:
��ÐU��M�á =��#|�v�FX�Kt�8�r�y�z1{Q{/6"q%z�p�C2s�����¥/Ý�ÏÜx"��r�t$� v�u�s�����|�w�|�y1�T=��#u�v�q���s�����vLp���s�v2�3��z�|��3z�s�q��#u��#q%t�:
+H���@r�{�{Hq��#t!t�u4q�v F ï¤A�6o`�Q��-=��#|�v Fc�#t�8�r�y�z1{�{/6�q�z�p�C�s�����Å*û4Ö}Åºx"��r�t$�@v�u Ð � ²�Õ :�û4s�z�t�r�y�t$v]x"z�x"�#y�z�p��#{/Þ�r�p�{�z�s�t
8?r�y�6"��q%�#u��#q�t s�v2s�����u�vLy1y�vL��z�p�C�Fc��Fcv�q�wGr�|�|��Kt$t�:

a<b�É¼â�d Í<\ Ü"×ÄØ:l Ö�Ö�Í�Õ�Õ

+H���#q���r�q%��s��3vQs�w�x"�#tJv�uaFc��FXvLq%w�r�|�|��#t$t�:#+H���#t!��r�q%�Ef k�f�ã,g$_�än] _$f7j�[ie&h�r�p�{�g$_�än]7_$f j,[le�hú:#+����2p�vLp�©�t!�#½76"�#p�s�z�r�y�|�w�|�y��#t
v�|�|�6"q �����#p�r�p��#� Fc��Fcv�q%w�r�|�|��#t!t�s�r�u��#t x"y�r�|��7:nI>�#½76��Kp�s�z�r�y�|�w�|�y��#t�vL|�|&6�q �3���#p�s����I|�w�|�y��Iz�t�v�uHs����It!r�Fc�Is�w�x"�
r�t'ÞSr�p�{Xs����}r�{�{Hq��#t!t�v�u�z�tWQ@�3v�q�{
?�S"=�w�s��#t�@�C�q%�#r�s��#q s���r�p�ÞSs����}x"q���8?z�v 6"t<r�|�|��#t$t�:�ISv.u4vLq ��ì>r�Fcx"y���ÞSr@t$z�p�C�y��}�3v�q�{
r�|�|��#t!t�|�v�p�t!z�t$s�t�vLuIrmp�v�p�©�t$�#½76"�#p�s�z�r�y�r�|�|��#t$t�Þ�r�p�{�rms���v���vLq%{�r�|�|��#t$tQ|�v�p�t$z�t!s�tQvLu@r�p�vLp�©4t!�#½76"�#p�s�z�r�y�r�|�|��#t!t
u4vLy�y�v��3�#{R=�w2r
t$�#½76"�#p�s�z�r�yLr�|�|��#t!t�:
/3v�p�©4t!�#½76"�#p�s�z�r�y#r�|�|��#t!t!�#tH|�v�p�t!z�t$s^v�u>r�pIz�{�y���|�w�|�y���u�vLy1y�vL���#{-=�wJrNFX��FXvLq%wJ|�w�|�y���Þ�r�p�{2t!�#½76"�#p�s�z�r�y#r�|�|��#t!t$�#t�|�v�p�t$z�t!s
t$z�Fcx"y�w]vLuHrEFc��Fcv�q%w�|�w�|�y��7:nû4p�s����I|�r�t$�}v�uHr�p�vLp�©�t!�#½76��Kp�s�z�r�y�r�|�|��#t!t'ÞSs����Ir�{�{�q��#t$t�z�tW8?r�y�z�{�s���q%v�6/C���v�6"sHs����}z�{�y��
|�w�|�y���Þ�r�y�y�v��3z�p�CG��ì^s�q�r
s�z�Fc��u4vLqDFc��Fcv�q�wG{��#|�v�{�z�p�Ca:

a<b�É���9 Í�ä<j@å¨Í × ØnÚ�Í

6o��Fcv�q�w.r�|�|��#t!t$�#t�FXr�wJ=��Jq%�#r�{�v�qO�3q%z�s���Þ>{�z�u�u��#q%�#p�s�z�r�s��#{H=�w.s����Jt!z<C�p�r�y �/� Ý :$+H��z�t�t!z�C�p�r�y���r�t s����
t!r�Fc�
s�z�FXz�p�C
r�tQs�����r�{�{�q%�Kt$t�Þ�t!v�z�tQy�z�u��#�3z�t!��x"z�x"�#y�z�p��#{/Þ r�p�{�q%�#u��#q�t�s�v�s�����u�v�y�y�v��3z�p�CÇ|�w�|�y��7:/û�p�s�����|�r�t!��v�uIr���q�z�s���Þ�s����
ï"A�6o`�Q���v 6"s�x#6"s�t�{Hr�s�r vLp2s�����{�r�s�rW=76"tU{/6"q%z�p�CIs����NFX��FcvLq%wI|�w�|�y1� :$û4s�=��#|�v Fc�#ta8?r�y�z�{.{/6�q�z�p0C Ð � ²�Õ ¥/Ý@ÏUÞKr�p�{
z�t����#y�{Û6"p�s�z�ySs������#p�{]v�u?s���� |�w�|�y��7:¢û�p.s���� |�r�t$��v�u?rJq��#r�{/Þ¨s����#p.{�r�s�r�z1tOt!r�Fcx�y��#{�r�s?s������#p�{]v�u?s����TFc��Fcv�q�w2|�w�|�y��7:
�/��Ý Fcr�w2p�v�s?|���r�p�C�� {/6"q%z�p�C2rJt$�#½76"�#p�s�z�r�ySr�|�|��#t!t�Þ�t!v�z�u?r
q��#r�{]u4q�v F~r�{�{�q%�#t!tBï�z�t�u�vLy1y�vL���#{]z�FHFX�K{Hz�r�s��#y�w-=�w2r
��q�z�s���s�v2r�{�{�q%�#t!tB?,ï@æ#S�@�Þ�s����#p3s������3q%z�s���s�v2r�{�{�q��#t$tB?�ï@æ/S�@���v�6"y1{R=���r
p�v�p�©�t$�K½76��#p�s�z1r�yLr�|�|��#t$t�:

a<b�É�7�ÎQØRÚnÍHå�Í Ü"×�j

¥�z<u��#�3z1t!��ÞLr�p�wÛFX��FXvLq%w]r�|�|��Kt$tTFcr�wÛ=��Iv�uHr2�3v�q�{�vLq�rE=�w�s��I½76"r�p�s�z�s�w�:K+����#t$�Ir�q��I{Hz�u�u��#q%�#p�s�z�r�s��#{
=�w]s����@t!z�C�p�r�y
�/��Ý ÞL�3��z1|���r�y�t!v���r�t�s����}t$r�Fc�Is�z�FXz�p�C�r�t�s����Ir�{�{�q��#t$t�ÞLz��Iz�s/=��#|�v�Fc�#tW8?r�y�z�{�z�p�s����}Åªû�ÖIÅ�x���r�t!�IvLu Ð � ²HÕ z�p
s�����|�w�|�y���=��#u�v�q���s���� v�p�� s�v�����z�|��3z�s?q%�#u��#q�t;: �/��Ý ¥/Ý@ÏÜz�p�{�z�|�r�s��#t�r4=�w�s���r�|�|��#t!t�:�ï"C�r�z1p�Þ �/��Ý Fcr�w2p�v�s?|���r�p�C��
{/6�q�z�p0C2t$�K½76��#p�s�z1r�yLr�|�|��#t$t!�#t�:

a<b�É�E�d ä<É�ØK\çiQ\ �RÍ<¯QiÛÍ�ÑRÚnØ�ä�Ï�ËRÍ�ÑRå¤ÚK

ï@t
��ì^x�y�r�z�p��#{�r�=�v�8?��Þ?s����-ï"A�6m`�Q��3�3z�y�yHx"�#q�u4vLq�F§t$�#½76"�#p�s�z�r�y/FX��FcvLq%wcr�|�|��#t!t!�#t
�����#p���8��#q s����2|�w�|�y��2z�t
vLuOs����
t$r�Fc�
s�w�x"�4?�z��4=�w�s��7MS�3v�q�{/Þ>q%�#r�{NM>��q�z�s���@"r�t�s����
x"q���8?z�v�6�t�|�w�|�y���Þ>r�p�{cs����
r�{�{�q��#t$t!�#t�r�q%�J|�vLp�t!�#|&6�s�z�8?�7:$Å�vL����8��#q$Þ
t$�#½76"�#p�s�z�r�y r�|�|��Kt$t!�#t]r�q%��z�p�s��#q�q�6"x"s��K{�v�p�rY��D�t��3v�q�{ =�v�6�p�{�r�q�wa:"+���z1t]z�t]s�vPr�y�y1vL�ès�����6o6mn:s�vP|����#|&u�s����
s�q�r�p�t!y�r�s�z�vLp3x"q�v�s��K|�s�z1vLp.r�t�s���� r�{�{�q��#t$tO|�q�v�t!t$�Kt�rJt�6/=�©�x"r�C��T=�v 6"p�{Hr�q�wa:¢û�u�rJt!�#½76��Kp�s�z�r�yLr�|�|��#t$tOz�t�x"�#q�u4vLq�Fc�#{]v 8��#q
rW��D�t<�3v�q�{J=�v�6�p�{�r�q%w Þ�s���� r�|�|��#t!t�s�vJ��vLq%{���D�t<z�t�t!z<Fcx"y�w}s�6�q�p��#{.z�p�s�vJr�p�vLp�©�t!�#½76"�#p�s�z�r�y�r�|�|��#t$t�Þ�r�p�{.s����Kp�u�6"q%s����#q
r�|�|��#t!t$�#t�|�vLp�s�z�p�6�� t$�#½76"�#p�s�z�r�y�y�wGr�tB=��#u4vLq%�7:
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v w�x7y/z${4}�|�~�à*�/{
ÝU�7z$¾R�T{���¾R�7zUÝUz$w���{

v7w�x7y/z${4}�}�~��ONª�2ÝU�7z$¾RÀ/{�°/y/{��/�,w������T{���¾R�7zUÝUz$w���{

MCLK

A[31:0]

nMREQ

WRITE
D[31:0]

READ
D[31:0]

nRW, nBW

MCLK

A[31:0]

nMREQ

nRW, nBW

WRITE
D[31:0]

READ
D[31:0]

a1 a+4
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v7w�x y�zr{4}�ß�~���N*�GÝU�7z$¾QÑ*�7� � À/{�°/y/{��/�,w������By����${�z${�¾QÝUz$w���{��

MCLK

A[31:0]

nMREQ

nRW, nBW

WRITE
D[31:0]

a1 a2

READ
D[31:0]

MCLK

A[31:0]

nMREQ

nRW, nBW

WRITE
D[31:0]

a1 a2



-�-

a<b�É¼È�d Í<\ Ü"×ÄØ:l Ö�Ö�Í�Õ�Õ�æ ØRÙRÍ�Õ

ï"A�6o`�Q��Ùx"�#q�u4vLq�FctGFcr�p�w�{�z�u4u��#q��#p�sE=76"tXr�|�|��#t$t!�#t�Þ r�p�{¡r�y�y}r�q��o|�v�p�t!s�q$6�|�s��K{¢v�6�s�vLu2|�v FH=�z1p�r�s�z�v�p�tXv�u�p�v�p�©
t$�#½76"�#p�s�z�r�y�r�p�{�t$�#½76"�#p�s�z�r�y�r�|�|��#t!t!�#t;:¨+����#q%�-Fcr�wH=��2r�p�wcp�6#FG=��#q vLuOz�{�y��2|�w�|�y��#t4=��#s��3�#�#p�s��3v�vLs����#qTFc��Fcv�q�w
r�|�|��#t!t$�#t�:$û�u�rWFX��FcvLq%wIr�|�|��#t!tUz�tUu�v�y�y�vL���#{J=�wIr�p�z�{�y��<x"�#q�z�v�{.v�p2s�����= 6"ta?�r�tUv�x"x"v�t!�#{.s�v}r�p�v�s����#q"p�vLp�©4t!�#½76"�#p�s�z�r�y
r�|�|��#t!t'@�Þ�s����#p@s���� r�{�{�q��#t$t�Þ�r�p�{2s�����t!z�C�p�r�y �/� Ý r�p�{ �/�OÝ �3z�y�y¨q���Fcr�z�p@r�s>s����#z�q�x�q���8�z1v�6"t�8?r�y�6"��z�p@vLq%{��#q�s�vJr�8?vLz�{
6�p�p��#|��#t$t!r�q%w-= 6�t�s�q�r�p�t$z�s�z�vLp�t;:
+H����r�|�|��Kt$t!�#t x"�#q�u�v�q$FX�#{R=�wGr�p*ï"AO6o`�Q��
r�q%� �

n@p�=76"u�u4�Kq%�#{QÏÇq�z1s�� ¥H��8?�#y�Q
s�q%r�p�t$y�r�s�z�v�p3u��#s�|��
n@p�|�r�|����#{RA��#r�{ ¥H��8?�#y��
s�q%r�p�t$y�r�s�z�v�p3u��#s�|��
>/6�u�u��#q%�#{QÏÇq�z�s�� A��#r�{�©�¥HvL|�u�©�ÏÇq%z�s���t!�#½76"�#p�|��
¥�z1p��#u��#s�|��

a<b�É�a<b�f Ñ"ç�iQ;>;�Í�× Í<j§Í ×�Ø�Ú�Í�ÕXå�f ÑRÖ�ä�ÖHRÍ�ä�çYÏ�Í�9 Í�ä<jÛÕ

+H���#t!�<r�q��<s�����FcvLt$s�=�r�t!z�|Or�|�|��#t!t_s�w�x"�#t�:$ï@x"r�q�s�u�q%v�F¬s����<{�z�u�u4�Kq%�#p�|���=��#s��3�#�#p2q%�#r�{.r�p�{3�3q�z1s���ÞKs����#wIr�q��<s����<t!r�Fc�7:
ô�r�|��
Fcr�wc|�v�p�t!z�t$sUv�u_r.t!z1p�C�y��-?4¥/¤A4MKIS+/AB@_v�qWFG6"y�s�z�x"y��-?�¥/I6 M1I>+�6ð@_r�|�|��#t!t;:¨ï FG6"y�s�z�x"y��2r�|�|��Kt$tJ|�vLp�t$z�t!s�tJv�u_r
p�vLp�©4t!�#½76"�#p�s�z�r�y�r�|�|��#t!t<u�v�y�y�vL���#{H=�w3rIt!�#½76"�#p�s�z�r�y�r�|�|��#t!t;:�+����#t!�
|�w�|�y��#t�r�y���r�w�t<q��#u�y��#|�s�s����
s�w�x"�4?4z��
q��#r�{NMS�3q%z�s���Þ
=�w�s��7M>��vLq%{/@�v�u�s�����z�p�t$s�q�6"|�s�z�v�p3q��#½76��Kt$s�z1p�C2s�����|�w�|�y1� :

a<b�É�a_a�Îmi];>; Í�×�Í<j:Í × ØnÚ�Í

+H���.��ì>s��#q%p�r�ya= 6"tI|�w�|�y1�.v�u�rÛ= 6"u4u��#q��#{Ù�3q%z�s��.z�tIz�{��#p�s�z�|�r�yUs�vXr�p�{oz1p�{�z�t!s�z�p�C76"z�t$��r�=�y��3u�q�v Fés����J= 6�tI|�w�|�y��.v�u r�p
6�p�= 6"u4u��#q��#{���q�z�s��7:$+����#t$�J|�w�|�y��#t r�y1�3r�w�t q��#u4y��#|�s�s����Js�w�x"��?�=�w�s��7MS�3v�q�{/@"vLu"s����Jz�p�t!s�q$6"|�s�z1vLp�q%�#½76"�#t!s�z�p�C.s����J|�w�|�y��7:
/3v�s��
s���r�s�z�u�t!��8?�#q�r�y���q�z�s��
r�|�|��#t!t$�#t�r�q%�
t!s�vLq%�#{c|�v�p�|�6"q�q%�#p�s�y�w3�3z�s���z�p]s����
��q�z�s��4= 6�u�u��#q�Þ>s����KpQ�#r�|��Qr�|�|��#t$t�v�p]s����
=76"t���z�y�yLt!s�r�q%s?��z�s��3r
p�vLp�©4t!�#½76"�#p�s�z�r�yLr�|�|��#t!t;:

a<b�É�a<�ÌËRØ�ÑÛÍ<; Í�ÚnÖH

+H��z�t�r�|�|��#t!t�r�x�x"�#r�q�t�v�p3s����T=76"t�r�t�r
p�v�p�©�t$�#½76"�#p�s�z�r�yLr�|�|��Kt$t�u�v�y�y�v��3�#{R=�wGt!��8��#p3t$�#½76"�#p�s�z�r�yLr�|�|��#t$t!�#t�:!/3v�s�� s���r�s
y�z1p��#u��#s�|��3r�|�|��Kt$t!�#t�r�y���r�w�t�t$s�r�q%s?v�p3r�p*Ç�©��3v�q�{R=�v�6"p�{�r�q�w7Þ�r�p�{Qr�q���r�y��3r�w�t��3v�q�{Qr�|�|��#t!t$�#t�:�I>v�z1u�s�����z�p�t$s�q�6"|�s�z�v�p
����z�|��]|�r�6"t!�#{cs����Jy�z�p��#u4�Ks�|��]��r�t r¤=�w�s��
y�v�r�{�z�p�t$s�q�6"|�s�z�v�pÛ?���C.¥/¤AB>/@,Þ^s����#p]s����
y�z�p��#u��#s�|��]r�|�|��#t!t��3z�y1y =��
r}��vLq%{
r�|�|��#t!t vLp�s�����=76"t�:�Z7[ \�] ^$_ab�=�c�¥7[if _ �&_$j�¡¢£
t!��v��3t s���� t$s�r�q%s�vLu�r
y1z�p��#u��#s�|��V:

v w�x7y/z${4}�A�~�²/w��/{��${��,°&±

MCLK

A[31:0]

nMREQ

READ
D[31:0]

a a+4 a+8 a+12 a+16
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ï�y�z�p��#u��#s�|��ÛFcr�wJ=��
t!r�u��#y�w.r�=�vLq%s��#{cvLp]r�p�w.�3v�q%{�z�p]s����Js�q%r�p�t$u��#q�:&û�u"r�p]r�=�v�q�s�v�|�|&6�q�t�{/6"q%z�p�C.s����Jy�z1p��#u��#s�|���s����#p
s����}|�r�|����}��z�y�y9=��}x#6�q$C��#{/ÞSt!v3z�s��3z�y�y�p�vLs�|�v�p�s�r�z�pQz�p08�r�y�z�{X{Hr�s�r�:�û4u�s����}r�=�v�q%s"��r�x�x"�#p�t<v�pQr@��vLq%{Xs���r�s"��r�t�=��#�#p
q%�#½76"�#t!s��#{*=�wIs�����ï¤A�6o`�Q���ÞKz�sL�3z�y1y�=���r�=�vLq%s��#{/ÞKv�s����#q%�3z�t$��s����<|�r�|�����y�z�p�����z�y�y;=��<x#6"q$C��#{*= 6"s�x"q�v C�q%r�F¬u�y�v����3z1y�y
f7k&j0=���z�p�s��#q�q�6"x"s��#{N:!+�����y�z�p���z�t s����#q��#u�v�q���x#6�q$C��#{R6"p�{��#q_r�y�yL|�z�q%|&6/Fct!s�r�p�|��Kt;:

a<b�É�a<¦Ìæ"× ä�ÑÛÕ�Ï�ä�Ú�ØnÜ"Ñ:;�Í�Ú�ÖHÛÍ�Õ

+H���#t!��r�|�|��#t!t!�#t�r�q%��q��#½76"z�q%�#{.s�v}v�=�s�r�z�p�s�����s�q%r�p�t$y�r�s�z�v�p�{�r�s�r<u4vLq�r�p�r�|�|��#t$t�:0+����#q%��r�q���s���v
s�w�x"�#t'ÞÄ¥���8��#y�Q�ê�¥���8?�#y
��:&ï�¥���8��#y7Q}r�|�|��#t$t�z�t�q��#½76�z�q��#{cu�v�qOrIt!�#|�s�z�v�p�©�Fcr�x�x"�#{PFX��FcvLq%w.y�v�|�r�s�z�v�p�Þ>r�p�{cr}¥���8?�#y �Ir�|�|��#t!t�z�t<q��#½76"z�q%�#{cu�vLq
r}x"r�C���Fcr�x"x"�#{PFc��FXvLq%wGy�v�|�r�s�z�v�pV:'ï�¥H��8?�#y �}r�|�|��Kt$t z�t�r�y��3r�w�t x"q%�K|��#{��#{P=�w.r
¥H��8?�#y Q}r�|�|��Kt$t�:$/3v�s��Js���r�s�s����#t$�
s�q�r�p�t!y�r�s�z�vLp.u��#s�|����#t_r�q%��vLu4s��#pGz�FGFc�#{�z�r�s��#y�w@u4vLy�y�v��3�#{ª=�w@r�{�r�s�r�r�|�|��#t!t;:�û�pGu4r�|�s�s����<s�q%r�p�t!y�r�s�z�v�pGu��#s�|��G���#y�{ª6�x3s����
{�r�s�r¢r�|�|��#t!t =��#|�r�6"t!��s�����s�q�r�p�t!y�r�s�z�vLp��3r�t�p�v�s�|�vLp�s�r�z�p��#{§z�pës�����+�q%r�p�t!y1r�s�z�v�pë¥�v�v u�r�t$z�{�� >/6"u4u��#qL?4+�¥/>/@�:
+Hq�r�p�t$y�r�s�z1vLpXu��#s�|����#t r�q%�@r�y���r�w�t�q��#r�{���vLq%{�r�|�|��#t!t$�#t�:�ISv]z�u�r-=�w�s��@v�q���q�z�s��"?�v�q�=�vLs���@Ur�|�|��Kt$t ��r�t p�vLs�x"v�t!t$z�=�y��
=��#|�r�6"t$�@s�����r�{�{�q��#t$t��3r�t�p�v�s�|�vLp�s�r�z�p��#{�z�pXs�����+�¥/>/Þ�s����KpXs�����r�|�|��Kt$t��3v 6"y�{�=���x"q%�#|��#{��#{�=�wQs�����s�q%r�p�t!y�r�s�z�v�p
u4�#s�|���?��#t�@��3��z�|��3�3v 6"y�{Qr�y1�3r�w�tB=�����vLq%{Qq��#r�{Qr�|�|��#t!t$�#t�:

v7w�x7y/z${4}�ê�~��Vz$���/��������w,� �R�B���/��{ � N*����±/w,�/x-À�{�°/y/{��/°&{
	4N*z$w���{��0v �7zaÿ/��x {

v7w�x7y/z${4}�5�~��Vz$���/��������w,� �R�B���/��{ � N*����±/w,�/x-À�{�°/y/{��/°&{
	4N*z$w���{��0v �7zaÀ/{�°&�,w�� �

Level 2 Address

MCLK

A[31:0]

nMREQ

nRW

WRITE
D[31:0]

READ
D[31:0]

Level 1 Address Physical Address

Page Table EntryPage Table Descriptor

Write Data

MCLK

A[31:0]

nMREQ

nRW

WRITE
D[31:0]

READ
D[31:0]

Level 1 Address Physical Address

Section Descriptor

Write Data



Q���Q

a<b�É�a�Ê�9 Í�ä<j:ìJÏnÜ"ÖH®:ìÄFÒ×�Ø�Ú�Í

+H���.q%�#r�{�©�y�v�|&u�©��3q%z�s��.t!�#½76"�#p�|��.z�t¤C��#p��#q�r�s��#{ð=�w�rªI>ÏUOoz�p�t!s�q$6"|�s�z�v�pV:KÝ@p�s����J= 6�t}z�s�|�vLp�t!z�t$s�tIv�u�r]q��#r�{Ùr�|�|��#t$t
u4vLy�y�v��3�#{H=�w3r}��q�z�s��
r�|�|��#t$t�s�v.s����Jt$r�Fc�Jr�{H{�q��#t!t'Þ>r�p�{H=�vLs��]r�q��
s�q��#r�s��#{�r�t�p�vLp�©4t!�#½76"�#p�s�z�r�y�r�|�|��#t!t!�#t;:$+H���
|�w�|�y��
z�t�{�z�u4u��#q��#p�s�z�r�s��#{Û=�w2s���� ²/à � Õ t!z�C�p�r�y : ²/à � Õ ��r�t�s���� s�z�Fcz�p�C2v�u?r�{�{Hq��#t!t'Þ¨z�� z�s9C�v��Kt�Å*û4Ö}Å¢z�p.s���� Åªû�ÖIÅ¡x"��r�t$�
v�u Ð � ²HÕ r�s�s�����t!s�r�q�s�vLu�s�����q%�#r�{Qr�|�|��#t!t�:!Å�vL����8?�#q$Þ�z�s�r�y���r�w�t�C�v��#t�¥/Ý�ÏÜr�s?s������#p�{Qv�u�s������3q%z�s���r�|�|��#t!t;:
+H���@q%�#r�{�|�w�|�y��@��z�y�y"r�y��3r�w�t�=���x"�#q�u�v�q�Fc�#{�r�t�rGt!z1p�C�y���p�v�p�©�t$�#½76"�#p�s�z�r�y���ì>s��#q%p�r�y"q��#r�{�|�w�|�y���Þ�q���C�r�q�{�y1�Kt$t�vLuUs����
|�vLp�s��#p�s�t�v�u"s����
|�r�|����7:�+����
�3q%z�s��
�3z�y�y7=��Ju�v�q%|��#{cs�vJ=���6�p�= 6�u�u��#q%�K{�Þ^t$vGs���r�s�z�s�|�r�pÛ=��
r�=�v�q�s��#{�z�u"p��#|��#t!t$r�q�wa:$+H���
|�r�|�������z�y�y�=���6"x�{�r�s��#{Qv�p3s������3q%z�s��7:

v w,x y/z${4® Â ~��T{���¾ � ²/�7°�±/{�¾ � ÝUz$w,��{

v7w�x y�zr{4®�ò�~��"��{4���a��ÝU¯"½$��µ/w��R�����&�,� µR¯"� ÐÇA�ò Â �$�7zaò
Ð � ²�Õ °�B7°&�,{

MCLK

A[31:0]

nMREQ

D[31:0]

address

LOCK

nRW

read write

MCLK

A[31:0]

nMREQ

a a+4 a+8

nWAIT

Read
D[31:0]

Write
D[31:0]
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��ÝU¯"½$� q%�Ks�6"q%p�t�Å*û4Ö}Åá:�û4u ¯"²�M z�t�=��Kz1p�Cª6"t!�#{Xs�v3y�r�s�|��Qr�p�r�{�{�q��#t$t<�����#p ��ÝU¯"½$� z�t�s�r�u��#pQ¥/Ý�ÏUÞSs����}r�{�{�q%�#t!t
r�p�{Q|�vLp�s�q�v�y�t!z�C�p�r�y�t �3z�y1yL|���r�p�C��Kt �����#p ¯"²�M q%�#s�6�q�p�t Å*û4Ö}Å�q%��C�r�q%{�y��#t!t v�u�s����Jt!s�r�s��JvLu ��ÝU¯"½$� :�IS�#��Z7[ \�]7^$_a��&�c
Þ�g$_ak��NfUß" 2(,dR©�[if-j�k�g$j�k&©B �p�ò�=�&�'��&k&^U&�ò�ªB¥�óá¡Æ��¡¢hl_�:
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Operation nRW A[31:0] nMREQ D[31:0]
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	�� � ù�
	�� � � õ������������������ ��������������������� ��! ����"#! $ % � &K÷('!÷���þ �
	�� ����û � õ
)$û%õ �
	�� ø�ö õ ù
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Table 15: Cycle Type Summary
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Select-IR-Scan

Capture-IR

tms=0

Shift-IR

tms=0

Exit1-IR

tms=1

Pause-IR

tms=0

Exit2-IR

tms=1

Update-IR

tms=1

tms=0

tms=0

tms=1

tms=1

tms=0

Select-DR-Scan

Capture-DR

tms=0

Shift-DR

tms=0

Exit1-DR

tms=1

Pause-DR

tms=0

Exit2-DR

tms=1

Update-DR

tms=1

Test-Logic Reset

Run-Test/Idle

tms=0tms=1

tms=0

tms=0

tms=0

tms=1

tms=1

tms=0

tms=1 tms=1

tms=1

tms=1 tms=1tms=0 tms=0
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Symbol Parameter Min Typ Max Units Notes

Tbscl TCK low period 50 ns 9

Tbsch TCK high p¼\½�¾�¿¤À 50 ns 9

Tbsis TDI,TMS setup to [TCr] 10 ns

Tbsih TDI,TMS hold from [TCr] 10 ns

Tbsoh TDO hold time 5 ns 1

Tbsod TCf to TDO valid 40 ns 1

Tbsss I/O signal setup to [TCr] 5 ns 4

Tbssh I/O signal hold from [TCr] 20 ns 4

Tbsdh data output hold time 5 ns 5

Tbsdd TCf to data output valid 40 ns

Tbsoe TDO enable time 5 ns 1,2

Tbsoz TDO disable time 40 ns 1,3

Tbsde data output enable time 5 ns 5,6

Tbsdz data output disable time 40 ns 5,7

Tbsr Reset period 30 ns

Tbsrs tms setup to [TRr] 10 ns  9

Tbsrh tms hold from [TRr] 10 ns  9

�7���/��{4ò�ß�~�¯"� ÐÇA�ò Â �B�7y/�/¾/��z�B-À/°����R½$�/��{�z��$��°&{4�Bw��Gw,�/x
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No.
                                                                  Output enable
  Cell Name             Pin                Type           BS Cell

Guard
Value

IN     EX *
No.

                                                                  Output enable
  Cell Name             Pin                Type           BS Cell

Guard
Value

IN     EX *

from tdi 46 din20 D[20] IN -

1 a12 A[12] OUT Nabe 47 dout20 D[20] OUT Nendout

2 a11 A[11] OUT Nabe 48 din19 D[19] IN -

3 a10 A[10] OUT Nabe 49 dout19 D[19] OUT Nendout

4 a09 A[09] OUT Nabe 50 din18 D[18] IN -

5 a08 A[08] OUT Nabe 51 dout18 D[18] OUT Nendout

6 a07 A[07] OUT Nabe 52 din17 D[17] IN -

7 a06 A[06] OUT Nabe 53 dout17 D[17] OUT Nendout

8 a05 A[05] OUT Nabe 54 din16 D[16] IN -

9 a04 A[04] OUT Nabe 55 dout16 D[16] OUT Nendout

10 a03 A[03] OUT Nabe 56 din15 D[15] IN -

11 a02 A[02] OUT Nabe 57 dout15 D[15] OUT Nendout

12 a01 A[01] OUT Nabe 58 din14 D[14] IN -

13 a00 A[00] OUT Nabe 59 dout14 D[14] OUT Nendout

14 Nabe ABE INEN1 -  0 60 din13 D[13] IN -

15 rlw LOCK OUT Nabe 61 dout13 D[13] OUT Nendout

16 Nbw nBW OUT Nabe 62 din12 D[12] IN -

17 Nrw nRW OUT Nabe 63 dout12 D[12] OUT Nendout

18 testbus[7] TESTIN[15] IN -  0 64 din11 D[11] IN -

19 testbus[6] TESTIN[14] IN -  0 65 dout11 D[11] OUT Nendout

20 testbus[5] TESTIN[13] IN -  0 66 din10 D[10] IN -

21 testbus[3] TESTIN[11] IN -  0 67 dout10 D[10] OUT Nendout

22 testbus[2] TESTIN[10] IN -  0 68 din9 D[9] IN -

23 testbus[1] TESTIN[9] IN -  0 69 dout9 D[9] OUT Nendout

24 testbus[0] TESTIN[8] IN -  0 70 Nendout - OUTEN0 -  1

25 din31 D[31] IN - 71 din8 D[8] IN -

26 dout31 D[31] OUT Nendout 72 dout8 D[8] OUT Nendout

27 din30 D[30] IN - 73 din7 D[7] IN -

28 dout30 D[30] OUT Nendout 74 dout7 D[7] OUT Nendout

29 din29 D[29] IN - 75 din6 D[6] IN -

30 dout29 D[29] OUT Nendout 76 dout6 D[6] OUT Nendout

31 din28 D[28] IN - 77 din5 D[5] IN -

32 dout28 D[28] OUT Nendout 78 dout5 D[5] OUT Nendout

33 din27 D[27] IN - 79 din4 D[4] IN -

34 dout27 D[27] OUT Nendout 80 dout4 D[4] OUT Nendout

34 din26 D[26] IN - 81 din3 D[3} IN -

35 dout26 D[26] OUT Nendout 82 dout3 D[3] OUT Nendout

36 din25 D[25] IN - 83 din2 D[2] IN -

37 dout25 D[25] OUT Nendout 84 dout2 D[2] OUT Nendout

38 din24 D[24] IN - 85 din1 D[1] IN -

39 dout24 D[24] OUT Nendout 86 dout1 D[1] OUT Nendout

40 din23 D[23] IN - 87 din0 D[0] IN -

41 dout23 D[23] OUT Nendout 88 dout0 D[0] OUT Nendout

42 din22 D[22] IN - 89 dbe DBE IN -

43 dout22 D[22] OUT Nendout 90 seq SEQ OUT Nmse

44 din21 D[21] IN - 91 Nmreq nMREQ OUT Nmse

45 dout21 D[21] OUT Nendout 92 Nmse MSE INEN1 -  0ÁMÂ�Ã�Ä(ÅOÆ�Ç�È�ÉMÊEË�Ì�Í�Â�Î6Ï[Ð�Ñ\Â�ÌAÐ�Ò�Ó�Ì�Â�Ä�ÔTÕjÖ�Ò�Ì�Ô
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93 sNa SnA IN - 115 a23 A[23] OUT Nabe

94 Nwait nWAIT IN - 116 a22 A[22] OUT Nabe

95 mclk MCLK IN -  0 117 a21 A[21] OUT Nabe

96 fclk FCLK IN -  0 118 a20 A[20] OUT Nabe

97 abort ABORT IN - 119 a19 A[19] OUT Nabe

98 Nreset nRESET IN - 120 a18 A[18] OUT Nabe

99 testin[16] TESTIN[16] IN -  0 121 a17 A[17] OUT Nabe

100 testout[2] TESTOUT[2] OUT Ntbe 122 a16 A[16] OUT Nabe

101 testout[1] TESTOUT[1] OUT Ntbe 123 a15 A[15] OUT Nabe

102 testout[0] TESTOUT[0] OUT Ntbe 124 a14 A[14] OUT Nabe

103 Nirq nIRQ IN - 125 a13 A[13] OUT Nabe

104 Nfiq nFIQ IN - 126 a12 A[12] OUT Nabe

105 Ntbe - OUTEN0 -  1 127 a11 A[11] OUT Nabe

106 ale ALE IN - 128 a10 A[10] OUT Nabe

107 a31 A[31] OUT Nabe 129 a09 A[09] OUT Nabe

108 a30 A[30] OUT Nabe 130 a08 A[08] OUT Nabe

109 a29 A[29] OUT Nabe 131 a07 A[07] OUT Nabe

110 a28 A[28] OUT Nabe 132 a06 A[06] OUT Nabe

111 a27 A[27] OUT Nabe 133 a05 A[05] OUT Nabe

112 a26 A[26] OUT Nabe 134 a14 A[14] OUT Nabe

113 a25 A[25] OUT Nabe 135 a13 A[13] OUT Nabe

114 a24 A[24] OUT Nabe to TDO

No.
                                                                  Output enable
  Cell Name             Pin                Type           BS Cell

Guard
Value

IN     EX *
No.

                                                                  Output enable
  Cell Name             Pin                Type           BS Cell

Guard
Value

IN     EX *

ÁMÂ�Ã�Ä(ÅOÆ�Ç�È�ÉMÊEË�Ì�Í�Â�Î6Ï[Ð�Ñ\Â�ÌAÐ�Ò�Ó�Ì�Â�Ä�ÔTÕjÖ�Ò�Ì�Ô



×�×�ü

ó\ó\ó Ð�Ë�Ã�ý(Å�ÑVþPþ(Ê[ÿ���Â�Ì�ÓEÅ ó\óVó

���������
	������������������������� �
������ �!"�

#Hñ�ã(ÚEÜ

$`ïPÚLö�ÚRä�õ-ÚRö�ã(õ-Úbö�öHõ6ä�ã(íJàPðEö}ñ�àPëJÛ&%§÷�ø�ì\ÚLÚLå�íJàPð�ã(ïPÚRä�êEö�ñ�ëJâ,ã(ÚRûRä�ø�íJûRâ,û õ6ä�ã(íJàPðEöHûRä�Û�á,ÚLõ6ûdä�àPÚLàPã(ëJÛ�å�ä�ûRä�ðEÚRã{ï?Ú
å�ÚLî§íJì\Ú'% è á,ÚLõ-ä�ã{íJà?ðªã(ïPÚCå`Úbî§íJì\Ú~ä�ã�ä�ê�ö�ñ�ëJâ,ã(ÚCûRä�ø�íJûRâ�û õ-ä�ã{íJà?ð�öYô(ñ�õÚLø0ã(ÚLàPå�ÚLå�á,ÚLõ-íJñcå`ö�ûdä�Ûªä�ô�ô(ÚLì\ã�å�ÚLî§íJì\Ú
õ-ÚLëJíJä�ê�íJëJí]ã{Û&%

��������(*),+*-���./������ �!0)
� �1�������� ��

#Hñ�ã(ÚLö�Ü
2 ×43 5GñcëJã(ä�ð�ÚLöSûRÚLä�ö�â�õ6ÚLåAòníJã{ïHõ-ÚLö�á,ÚLìVã§ã(ñ658797:%
2<; 3 ß�ú>=Pú@? è 7míJàPá,â�ã{ö 2 íJàPìVëJâ,å�ÚLöMß�ú�ä�àPåAß�ú è ú@Aá,íJàHã(ÛEá,ÚLöB3
2<C 3 è ú@AD= è â�ã{á,â�ãFE�ú@? è 7mëJÚLîEÚLëJöGE�ã{õ-íH=(ö�ã{ä�ã(ÚLä�ê�ëJÚ

Ð�Ï'IRÃ`Ê�Ä Ö�Â�Î6Â4IdÅ�þ(Å�Î J4KLCÒ(Ì J4KLCÂ4M ç Ì`Ò(þ(Ô Þ Ê�þ(Å

58N"N 7�â,á,á,ëJÛ[î§ñcëJã(ä�ð�Ú 58797O=QPR% C 58797OS,üR% P 5 ×
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Symbol Parameter Nom Units Note

IDD Static Supply current 20 µA

Isc Output short circuit current 100 mA

Ilu DC latch-up current >500 mA

Iin IC input leakage current 1 uA

Ioh Output HIGH current (Vout = VDD-0.4V) mA

Iol Output LOW current (Vout = VSS+0.4V) mA

Cin Input capacitance pF

ESD HMB model ESD 4 KV 2
ÁgÂ�Ã�Ä�Å[o4Y�È4W"X8LCÇ�Æ4Y[ZHÿ¥ÿ���Â�Î6Â�ÑVþ(Å�Î6Ò(ÔVþ(Ò(ÑVÔ
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Output Signal Test Load (pF) Output Derating (ns/pF)

A[31:0] 50 0.072

D[31:0] 50 0.072

nR/W 50 0.072

nB/W 50 0.072

LOCK 50 0.072

nMREQ 50 0.072

SEQ 50 0.072
���4�: Q¡[o4¢�È4W�X�L¤£4¢4Y[Wmÿ¥��¡�Ô\þ?ÿlÊ�Ì�Í`Ò(þ(Ò(ÊEÌ�Ô

Tfckl Tfckh

FCLK

MCLK

Tfmh

Twh
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Symbol Parameter
5V

Min
5V

Max
3V

Min
3V

Max
Unit Note

Tfckl       FCLK LOW time 15 20 ns 1

Tfckh       FCLK HIGH time 15 20 ns 1

Tfmh       FCLK - MCLK hold time  20 25 ns

Tmfs       MCLK - FCLK setup 3 4 ns
���4�: Q¡[o4o�È4W�X�L¤£4¢4Y[�Eÿ�§:¨½��Ì�Í�LCÿ�§�¨�Ð�ÏEÌ�Ñ¾��Î6Ê�Ì�ÊEË�Ô�LCÊEÍ:¡OÎ¼¡4 Q��þ�Ò(Ê�Ì`Ô���ÒQ^

MCLK

ALE

A[31:0]

Tald
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Symbol Parameter
5V

Min
5V

Max
3V

Min
3V

Max
Unit Note

Tmckl MCLK LOW time 25 40 ns 1

Tmckh MCLK HIGH time 25 40 ns

Tws nWAIT setup to MCLK 5 ns

Twh nWAIT hold from MCLK 5 ns

Tale address latch enable 2 ns 3

Tald address latch disable

Tabe address bus enable 15 ns 2

Tabz address bus disable 25 ns

Taddr MCLK to address delay 25 ns 2

Tah address hold time 5 ns 2

Tah address hold time 5 ns 2

Tdbe DBE to data enable 15 ns 2

Tde MCLK to data enable 8 ns 2

Tdbz DBE to data disable 25 ns
���4�: <¡[o�,�-4W"X8L¤£4¢4YOÉgË�Ôfþ(ÒQIdÒ�Ì�Ó
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Tdz MCLK to data disable 25 ns

Tdout data out delay 32 ns 2

Tdoh data out hold 5 ns 2

Tdis data in setup 2 ns

Tdih data in hold 10 ns

Tabts ABORT setup time 10 ns

Tabth ABORT hold time 5 ns

Tmse nMREQ & SEQ enable 10 ns

Tmsz nMREQ & SEQ disable 20 ns

Tmsd nMREQ & SEQ delay 35 ns

Tmsh nMREQ & SEQ hold 5 ns

Symbol Parameter
5V

Min
5V

Max
3V

Min
3V

Max
Unit Note
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Pin Signal Type Pin Signal Type Pin Signal Type Pin Signal Type

1 MSE i 37 D[24] i/o 73 LOCK o 109 A[26] o

2 nMREQ o 38 D[25] i/o 74 ABE i 110 A[27] o

3 SEQ o 39 D[26] i/o 75 A[ 0] o 111 A[28] o

4 DBE i 40 Vss1 - 76 A[ 1] o 112 Vdd2 -

5 Vss2 - 41 Vss2 - 77 A[ 2] o 133 Vss2 -

6 Vdd2 - 42 Vdd2 - 78 Vss2 - 114 A[29] o

7 D[ 0] i/o 43 D[27] i/o 79 Vdd2 - 115 A[30] o

8 D[ 1] i/o 44 D[28] i/o 80 A[ 3] o 116 A[31] o

9 D[ 2] i/o 45 D[29] i/o 81 A[ 4] o 117 ALE i

10 D[ 3] i/o 46 D[30] i/o 82 A[ 5] o 118 n/c

11 D[ 4] i/o 47 D[31] i/o 83 A[ 6] o 119 n/c

12 D[ 5] i/o 48 TDO o 84 A[ 7] o 120 n/c

13 D[ 6] i/o 49 TDI i 85 A[ 8] o 121 Vss1 -

14 D[ 7] i/o 50 nTRST i 86 A[ 9] o 122 Vdd1 -

15 D[ 8] i/o 51 Vdd1 - 87 A[10] o 123 TESTIN[ 7] i

16 Vss2 - 52 TMS i 88 A[11] o 124 TESTIN[ 6] i

17 Vdd2 - 53 TCK i 89 A[12] o 125 TESTIN[ 5] i

18 Vss1 - 54 n/c - 90 Vdd2 - 126 TESTIN[ 4] i

19 Vdd1 - 55 n/c - 91 Vss1 - 127 TESTIN[ 3] i

20 D[ 9] i/o 56 n/c - 92 Vdd1 - 128 TESTIN[ 2] i

21 D[10] i/o 57 n/c - 93 Vss2 - 129 TESTIN[ 1] i

22 D[11] i/o 58 n/c - 94 A[13] o 130 TESTIN[ 0] i

23 D[12] i/o 59 TESTIN[ 8] i 95 A[14] o 131 nFIQ

24 D[13] i/o 60 TESTIN[ 9] i 96 A[15] o 132 nIRQ

25 D[14] i/o 61 Vdd1 - 97 A[16] o 133 TESTOUT[0] o

26 D[15] i/o 62 Vss1 - 98 A[17] o 134 TESTOUT[1] o

27 D[16] i/o 63 TESTIN[10] i 99 A[18] o 135 TESTOUT[2] o

28 D[17] i/o 64 TESTIN[11] i 100 A[19] 136 TESTIN[16] i

29 D[18] i/o 65 TESTIN[12] i 101 A[20] o 137 nRESET i

30 D[19] i/o 66 TESTIN[13] i 102 Vdd2 - 138 ABORT i

31 Vdd2 - 67 TESTIN[14] i 103 Vss2 - 139 FCLK i

32 Vss2 - 68 TESTIN[15] i 104 A[21] o 140 MCLK i

33 D[20] i/o 69 Vss2 - 105 A[22] o 141 Vdd2 -

34 D[21] i/o 70 Vdd2 - 106 A[23] o 142 Vss2 -

35 D[22] i/o 71 nR/W o 107 A[24] o 143 nWAIT i

36 D[23] i/o 72 nB/W o 108 A[25] o 144 SnA i���4�: Q¡[o���-�Ö�Ò�Ì�Ê�Ë�þ)�RW�X�L¤£4¢4YOÒ(Ì�¢����[^`Ò(Ì�����Ò(Ì��HË���Í��/ <��þPÖ:��Ñ��
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å�ÚLã(ä�íJëJÚLåFÚLëJö�ÚbònïPÚLõ6ÚMíJàmã{ïPí]ö�å�ñ�ì\â,ûdÚLàPã %
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