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2XW�RI�2UGHU�6LPXODWRUV�$UH�6ORZ2XW�RI�2UGHU�6LPXODWRUV�$UH�6ORZ

� 6LPSOH6FDODU�²�������WLPHV�VORZGRZQ

� 56,0�²���������������WLPHV�VORZGRZQ

� 0;6�²�³VHYHUDO�WKRXVDQG�WLPHV�VORZGRZQ´
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1HZ�6LPXODWRU��³)DVW6LP´1HZ�6LPXODWRU��³)DVW6LP´

� 'LUHFW�H[HFXWLRQ�LPSURYHV�LQVWUXFWLRQ�HPXODWLRQ

� 0HPRL]DWLRQ�VSHHGV�SLSHOLQH�VLPXODWLRQ

� �����WLPHV�IDVWHU�WKDQ�6LPSOH6FDODU

� 1R�ORVV�RI�DFFXUDF\�



'LUHFW�([HFXWLRQ'LUHFW�([HFXWLRQ

� 7ZR�SUREOHPV
± 2XW�RI�2UGHU�VLPXODWLRQ�ZLWK�VWDWLF�LQVWUXPHQWDWLRQ

± 6SHFXODWLYH�H[HFXWLRQ

WDUJHW
H[HFXWDEOH

H[HFXWDEOH
HGLWLQJ�WRRO

HGLWHG
H[HFXWDEOH

VLPXODWLRQ
OLEUDU\



'LUHFW�([HFXWLRQ�YV��2XW�RI�2UGHU'LUHFW�([HFXWLRQ�YV��2XW�RI�2UGHU

sethi %hi(0x5b000), %o0

or %o0, 0x148, %o0
� &RPSXWDWLRQ�LQVWUXFWLRQV
H[HFXWH�GLUHFWO\

� ([HFXWH�ORDGV�	�VWRUHV
�VDYH�DGGUHVVHV�IRU
VLPXODWRU�

� &DOO�VLPXODWRU�DW�FRQGLWLRQDO
EUDQFKHV�	�LQGLUHFW�MXPSV

VDYH�ORDG�VWRUH�DGGUHVV

load [ %sp + 0x40 ], %l0

DGYDQFH�VLPXODWLRQ

O4 V4
FDFKH�	�PHPRU\�

VLPXODWRU

RXW�RI�RUGHU�SLSHOLQH�VLPXODWRU



6SHFXODWLYH�'LUHFW�([HFXWLRQ6SHFXODWLYH�'LUHFW�([HFXWLRQ

� %UDQFK�EDVHG�RQ�SUHGLFWLRQ

� ,I�PLVSUHGLFWHG��VDYH�UHJV

± LI�FRUUHFW��GR�QRWKLQJ

� &RQWLQXH�GLUHFW�H[HFXWLRQ

� 6DYH�SUH�VWRUH�YDOXHV

DGYDQFH�VLPXODWLRQ

SUHGLFW
EUDQFK

VDYH�UHJV��LI
PLVSUHGLFWHG

VDYH�UHJV��LI
PLVSUHGLFWHG

VDYH�VWRUH�DGGUHVV
	�SUH�VWRUH�YDOXH

store %l0, [ %sp + 0x40 ]

V4



3HUIRUPDQFH�YV��6LPSOH6FDODU3HUIRUPDQFH�YV��6LPSOH6FDODU
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6LPSOH6FDODU )DVW6LP�Z�R�0HPRL]DWLRQ



/LPLWDWLRQV/LPLWDWLRQV

� 7DUJHW�,6$�VDPH�DV�KRVW�,6$

� 6LQJOH�WDUJHW�SURFHVVRU
± 6KDUHG�PHPRU\�YDOXHV�DUH�WLPLQJ�GHSHQGHQW

� &RDUVH�JUDLQHG�VSHFXODWLRQ
± 9DOXH�SUHGLFWLRQ�PD\�EH�GLIILFXOW

� 6PDOO�SHUIRUPDQFH�LPSURYHPHQW
± 0RVW�WLPH�VSHQW�VLPXODWLQJ�RXW�RI�RUGHU�SLSHOLQH



:KDW�LV�0HPRL]DWLRQ":KDW�LV�0HPRL]DWLRQ"

� )XQFWLRQDO�SURJUDPPLQJ�ODQJXDJH�RSWLPL]DWLRQ

� &DFKH�HDFK�IXQFWLRQ¶V��LQSXW��RXWSXW��SDLUV
± 8VH�VDYHG�YDOXH�LQVWHDG�RI�UHFRPSXWLQJ�IXQFWLRQ

� )DVW6LP¶V�)DVW�)RUZDUGLQJ�
± ,QSXWV��SLSHOLQH�VWDWH���EUDQFK�	�FDFKH�EHKDYLRU

± 2XWSXWV��SURFHVVRU�VWDWH�FKDQJHV���WLPLQJ�LQIR�



)DVW6LP�6LPXODWRU�&RPSRQHQWV)DVW6LP�6LPXODWRU�&RPSRQHQWV

3URJUDP
Z��,QVWUXPHQWDWLRQ

&DFKH�	
0HPRU\
6LPXODWRU

GHWDLOHG
VLPXODWRU

IDVW
SOD\EDFN

S�DFWLRQ
FDFKH

GHFRGHHQFRGH

3LSHOLQH�6LPXODWRU



6LPXODWRU�,QVWUXFWLRQ�4XHXH��L4�6LPXODWRU�,QVWUXFWLRQ�4XHXH��L4�

$GGU� ,QVWUXFWLRQ 7DJ� 7DJ�
0x10074 clr   %fp done
0x10078 ld  [ %sp + 0x40 ], %l0 cache 6
0x1007c add   %sp, 0x44, %l1 exec 1
0x10080 sub   %sp, 0x20, %sp queue
0x10084 tst   %g1 queue
0x10088 be    0x10098 queue
0x1008c mov   %g1, %o0 queue
0x10098 sethi %hi(0x5b000), %o0 fetch
0x1009c or    %o0, 0x148, %o0 fetch
0x100a0 call  0x3f378 fetch
0x100a4 nop fetch



&RQILJXUDWLRQV�	�$FWLRQV&RQILJXUDWLRQV�	�$FWLRQV
6LPXODWRU�,QVWUXFWLRQ�4XHXH��L4�
$GGU� ,QVWUXFWLRQ 7DJ� 7DJ�
0x10074 clr   %fp done
0x10078 ld  [ %sp + 0x40 ], %l0 cache 6
0x1007c add   %sp, 0x44, %l1 exec 1
0x10080 sub   %sp, 0x20, %sp queue
0x10084 tst   %g1 queue
0x10088 be    0x10098 queue
0x1008c mov   %g1, %o0 queue
0x10098 sethi %hi(0x5b000), %o0 fetch
0x1009c or    %o0, 0x148, %o0 fetch
0x100a0 call  0x3f378 fetch
0x100a4 nop fetch

��DUFKLWHFWXUH
&RQILJXUDWLRQ

����������� ������E\WHV

5HWLUH�4XHXHV
F\FOHBFRXQWHU�� ��

,VVXH�/RDG
DGGU� �O4>�@
ZLGWK� ��

����� "
0LVV��GHOD\ �� +LW

$FWLRQV



6WUXFWXUH�RI�WKH�3�$FWLRQ�&DFKH6WUXFWXUH�RI�WKH�3�$FWLRQ�&DFKH

"

"

"

QRW�\HW
FRPSXWHGSUHGLFW�EUDQFK

FDOO�FDFKH
VLPXODWRU
IRU�ORDG

DGYDQFH�F\FOH
FRXQWHU



5HWXUQ�7R�'HWDLOHG�6LPXODWLRQ5HWXUQ�7R�'HWDLOHG�6LPXODWLRQ

� 'HFRGH���DUFKLWHFWXUH�VWDWH
IURP�WKH�S�DFWLRQ�FDFKH

� 5HVWRUH�VLPXODWRU�L4

� 5HVWDUW�GHWDLOHG�VLPXODWLRQ

� *URZ�WKH�S�DFWLRQ�FDFKH

GHWDLOHG
VLPXODWRU

IDVW
SOD\EDFN

S�DFWLRQ
FDFKH

GHFRGHHQFRGH

3LSHOLQH�6LPXODWRU



3HUIRUPDQFH�YV��6LPSOH6FDODU3HUIRUPDQFH�YV��6LPSOH6FDODU
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6LPSOH6FDODU 6ORZ6LP )DVW6LP



3�$FWLRQ�&DFKH�0LVV�5DWH3�$FWLRQ�&DFKH�0LVV�5DWH
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3�$FWLRQ�&DFKH�6L]H3�$FWLRQ�&DFKH�6L]H
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/LPLWLQJ�6L]H�RI�3�$FWLRQ�&DFKH/LPLWLQJ�6L]H�RI�3�$FWLRQ�&DFKH

� 5HSODFHPHQW�SROLF\
± $YRLG�IUDJPHQWDWLRQ

± 0DLQWDLQ�SRLQWHUV�EHWZHHQ�DFWLRQV

� &RQILJXUDWLRQV�FDQ�EH�GHOHWHG�IUHHO\
± ,I�XVHG�DJDLQ��WKH\�ZLOO�EH�UHJHQHUDWHG



5HSODFHPHQW�3ROLFLHV5HSODFHPHQW�3ROLFLHV

� &DFKH�IOXVK�UHSODFHPHQW�SROLF\
± (DV\�WR�LPSOHPHQW

± 1HJOLJLEOH�RYHUKHDG

± ��[�FDFKH�VL]H�UHGXFWLRQ�ZLWK�OLWWOH�ORVV�RI�SHUIRUPDQFH

� &RS\LQJ�JDUEDJH�FROOHFWRU
± 0RUH�GLIILFXOW�WR�LPSOHPHQW

± $GGHG�RYHUKHDG�IURP�FRS\LQJ

± 3HUIRUPDQFH�QR�EHWWHU�WKDQ�FDFKH�IOXVK



&RQFOXVLRQ&RQFOXVLRQ

� &DQ�VLPXODWH�RXW�RI�RUGHU�SURFHVVRUV�HIILFLHQWO\
± ��������WLPHV�VORZGRZQ

� 'LUHFW�H[HFXWLRQ�SRVVLEOH��EXW�LQVXIILFLHQW

� 0HPRL]DWLRQ�H[WUHPHO\�HIIHFWLYH
± 1R�ORVV�RI�DFFXUDF\�

± &DFKH�VL]H�UHGXFHG�E\�VLPSOH�UHSODFHPHQW�SROLF\


