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&RPSXWHU�RUJDQL]DWLRQ

❚ &RPSXWHU�GHVLJQ�±�DQ�DSSOLFDWLRQ�RI�GLJLWDO�ORJLF�GHVLJQ�SURFHGXUHV

❚ &RPSXWHU� �SURFHVVLQJ�XQLW���PHPRU\�V\VWHP

❚ 3URFHVVLQJ�XQLW� �FRQWURO���GDWDSDWK

❚ &RQWURO� �ILQLWH�VWDWH�PDFKLQH
❙ LQSXWV� �PDFKLQH�LQVWUXFWLRQ��GDWDSDWK�FRQGLWLRQV
❙ RXWSXWV� �UHJLVWHU�WUDQVIHU�FRQWURO�VLJQDOV��$/8�RSHUDWLRQ�FRGHV
❙ LQVWUXFWLRQ�LQWHUSUHWDWLRQ� �LQVWUXFWLRQ�IHWFK��GHFRGH��H[HFXWH

❚ 'DWDSDWK� �IXQFWLRQDO�XQLWV���UHJLVWHUV
❙ IXQFWLRQDO�XQLWV� �$/8��PXOWLSOLHUV��GLYLGHUV��HWF�
❙ UHJLVWHUV� �SURJUDP�FRXQWHU��VKLIWHUV��VWRUDJH�UHJLVWHUV
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FHQWUDO�SURFHVVLQJ�
XQLW��&38�

LQVWUXFWLRQ�XQLW
±�LQVWUXFWLRQ�IHWFK�DQG�
LQWHUSUHWDWLRQ�)60

H[HFXWLRQ�XQLW
±�IXQFWLRQDO�XQLWV
DQG�UHJLVWHUV

DGGUHVV

UHDG�ZULWH

GDWD

3URFHVVRU 0HPRU\
6\VWHP

6WUXFWXUH�RI�D�FRPSXWHU

❚ %ORFN�GLDJUDP�YLHZ

FRQWURO�VLJQDOV

GDWD�FRQGLWLRQV

'DWD�3DWK&RQWURO
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/'�DVVHUWHG�GXULQJ�D�OR�WR�KL�FORFN�
WUDQVLWLRQ�ORDGV�QHZ�GDWD�LQWR�))V

2(�DVVHUWHG�FDXVHV�))�VWDWH�WR�EH�
FRQQHFWHG�WR�RXWSXW�SLQV��RWKHUZLVH�WKH\�
DUH�OHIW�XQFRQQHFWHG��KLJK�LPSHGDQFH�
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5HJLVWHUV

❚ 6HOHFWLYHO\�ORDGHG�±�(1�RU�/'�LQSXW

❚ 2XWSXW�HQDEOH�±�2(�LQSXW

❚ 0XOWLSOH�UHJLVWHUV�±�JURXS���RU���LQ�SDUDOOHO
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5HJLVWHU�WUDQVIHU

❚ 3RLQW�WR�SRLQW�FRQQHFWLRQ
❙ GHGLFDWHG�ZLUHV
❙ PX[HV�RQ�LQSXWV�RI
HDFK�UHJLVWHU

❚ &RPPRQ�LQSXW�IURP�PXOWLSOH[HU
❙ ORDG�HQDEOHV
IRU�HDFK�UHJLVWHU

❙ FRQWURO�VLJQDOV
IRU�PXOWLSOH[HU

❚ &RPPRQ�EXV�ZLWK�RXWSXW�HQDEOHV
❙ RXWSXW�HQDEOHV�DQG�ORDG
HQDEOHV�IRU�HDFK�UHJLVWHU
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5HJLVWHU�ILOHV

❚ &ROOHFWLRQV�RI�UHJLVWHUV�LQ�RQH�SDFNDJH
❙ WZR�GLPHQVLRQDO�DUUD\�RI�))V
❙ DGGUHVV�XVHG�DV�LQGH[�WR�D�SDUWLFXODU�ZRUG
❙ FDQ�KDYH�VHSDUDWH�UHDG�DQG�ZULWH�DGGUHVVHV�VR�FDQ�GR�ERWK�DW�VDPH
WLPH

❚ ��E\���UHJLVWHU�ILOH
❙ ���'�))V
❙ RUJDQL]HG�DV�IRXU�ZRUGV�RI�IRXU�ELWV�HDFK
❙ ZULWH�HQDEOH��ORDG�
❙ UHDG�HQDEOH��RXWSXW�HQDEOH�
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0HPRULHV

❚ /DUJHU�FROOHFWLRQV�RI�VWRUDJH�HOHPHQWV
❙ LPSOHPHQWHG�QRW�DV�))V�EXW�DV�PXFK�PRUH�HIILFLHQW�ODWFKHV
❙ KLJK�GHQVLW\�PHPRULHV�XVH���WR���VZLWFKHV��WUDQVLWRUV��SHU�PHPRU\�ELW

❚ 6WDWLF�5$0�±������ZRUGV�HDFK���ELWV�ZLGH
❙ RQFH�ZULWWHQ��PHPRU\�KROGV�IRUHYHU��QRW�WUXH�IRU�GHQVHU�G\QDPLF�5$0�
❙ DGGUHVV�OLQHV�WR�VHOHFW�ZRUG�����OLQHV�IRU������ZRUGV�
❙ UHDG�HQDEOH

❘ VDPH�DV�RXWSXW�HQDEOH
❘ RIWHQ�FDOOHG�FKLS�VHOHFW
❘ SHUPLWV�FRQQHFWLRQ�RI�PDQ\
FKLSV�LQWR�ODUJHU�DUUD\

❙ ZULWH�HQDEOH��VDPH�DV�ORDG�HQDEOH�
❙ EL�GLUHFWLRQDO�GDWD�OLQHV

❘ RXWSXW�ZKHQ�UHDGLQJ��LQSXW�ZKHQ�ZULWLQJ
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,QVWUXFWLRQ�VHTXHQFLQJ

❚ ([DPSOH�±�DQ�LQVWUXFWLRQ�WR�DGG�WKH�FRQWHQWV�RI�WZR�UHJLVWHUV��5[�DQG�5\�
DQG�SODFH�UHVXOW�LQ�D�WKLUG�UHJLVWHU��5]�

❚ 6WHS����JHW�WKH�$''�LQVWUXFWLRQ�IURP�PHPRU\�LQWR�DQ�LQVWUXFWLRQ�UHJLVWHU

❚ 6WHS����GHFRGH�LQVWUXFWLRQ
❙ LQVWUXFWLRQ�LQ�,5�KDV�WKH�FRGH�RI�DQ�$''�LQVWUXFWLRQ
❙ UHJLVWHU�LQGLFHV�XVHG�WR�JHQHUDWH�RXWSXW�HQDEOHV�IRU�UHJLVWHUV�5[�DQG�5\
❙ UHJLVWHU�LQGH[�XVHG�WR�JHQHUDWH�ORDG�VLJQDO�IRU�UHJLVWHU�5]

❚ 6WHS����H[HFXWH�LQVWUXFWLRQ
❙ HQDEOH�5[�DQG�5\�RXWSXW�DQG�GLUHFW�WR�$/8
❙ VHWXS�$/8�WR�SHUIRUP�$''�RSHUDWLRQ
❙ GLUHFW�UHVXOW�WR�5]�VR�WKDW�LW�FDQ�EH�ORDGHG�LQWR�UHJLVWHU
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,QVWUXFWLRQ�W\SHV

❚ 'DWD�PDQLSXODWLRQ
❙ DGG��VXEWUDFW
❙ LQFUHPHQW��GHFUHPHQW
❙ PXOWLSO\
❙ VKLIW��URWDWH
❙ LPPHGLDWH�RSHUDQGV

❚ 'DWD�VWDJLQJ
❙ ORDG�VWRUH�GDWD�WR�IURP�PHPRU\
❙ UHJLVWHU�WR�UHJLVWHU�PRYH

❚ &RQWURO
❙ FRQGLWLRQDO�XQFRQGLWLRQDO�EUDQFKHV�LQ�SURJUDP�IORZ
❙ VXEURXWLQH�FDOO�DQG�UHWXUQ
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(OHPHQWV�RI�WKH�FRQWURO�XQLW��DND�LQVWUXFWLRQ�XQLW�

❚ 6WDQGDUG�)60�HOHPHQWV
❙ VWDWH�UHJLVWHU
❙ QH[W�VWDWH�ORJLF
❙ RXWSXW�ORJLF��GDWDSDWK�FRQWURO�VLJQDOOLQJ�
❙ 0RRUH�RU�V\QFKURQRXV�0HDO\�PDFKLQH�WR�DYRLG�ORRSV�XQEURNHQ�E\�))

❚ 3OXV�DGGLWLRQDO��FRQWURO��UHJLVWHUV
❙ LQVWUXFWLRQ�UHJLVWHU��,5�
❙ SURJUDP�FRXQWHU��3&�

❚ ,QSXWV�RXWSXWV
❙ RXWSXWV�FRQWURO�HOHPHQWV�RI�GDWD�SDWK
❙ LQSXWV�IURP�GDWD�SDWK�XVHG�WR�DOWHU�IORZ�RI�SURJUDP��WHVW�LI�]HUR�
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5HVHW

,QLWLDOL]H
0DFKLQH

5HJLVWHU�
WR�5HJLVWHU

%UDQFK
1RW�7DNHQ

%UDQFK�
7DNHQ

,QVWUXFWLRQ�H[HFXWLRQ

❚ &RQWURO�VWDWH�GLDJUDP��IRU�HDFK�GLDJUDP�
❙ UHVHW
❙ IHWFK�LQVWUXFWLRQ
❙ GHFRGH
❙ H[HFXWH

❚ ,QVWUXFWLRQV�SDUWLWLRQHG�LQWR�WKUHH�FODVVHV
❙ EUDQFK
❙ ORDG�VWRUH
❙ UHJLVWHU�WR�UHJLVWHU

❚ 'LIIHUHQW�VHTXHQFH�WKURXJK
GLDJUDP�IRU�HDFK
LQVWUXFWLRQ�W\SH

,QLW

)HWFK
,QVWU�

;(4
,QVWU�

/RDG�
6WRUH%UDQFK

,QFU�
3&
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'DWD�SDWK��KHLUDUFK\�

❚ $ULWKPHWLF�FLUFXLWV�FRQVWUXFWHG�LQ�KLHUDUFKLFDO�DQG�LWHUDWLYH�IDVKLRQ
❙ HDFK�ELW�LQ�GDWDSDWK�LV�IXQFWLRQDOO\�LGHQWLFDO
❙ ��ELW����ELW�����ELW�����ELW�GDWDSDWKV
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'DWD�SDWK��$/8�

❚ $/8�EORFN�GLDJUDP
❙ LQSXW��GDWD�DQG�RSHUDWLRQ�WR�SHUIRUP
❙ RXWSXW��UHVXOW�RI�RSHUDWLRQ�DQG�VWDWXV�LQIRUPDWLRQ
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'DWD�SDWK��$/8���UHJLVWHUV�

❚ $FFXPXODWRU
❙ VSHFLDO�UHJLVWHU
❙ RQH�RI�WKH�LQSXWV�WR�$/8
❙ RXWSXW�RI�$/8�VWRUHG�EDFN�LQ�DFFXPXODWRU

❚ 2QH�DGGUHVV�LQVWUXFWLRQV
❙ RSHUDWLRQ�DQG�DGGUHVV�RI�RQH�RSHUDQG
❙ RWKHU�RSHUDQG�DQG�GHVWLQDWLRQ
LV�DFFXPXODWRU�UHJLVWHU

❙ $&��±�$&�RS�0HP>DGGU@
❙ �VLQJOH�DGGUHVV�LQVWUXFWLRQV´
�$&�LPSOLFLW�RSHUDQG�

❚ 0XOWLSOH�UHJLVWHUV
❙ SDUW�RI�LQVWUXFWLRQ�XVHG
WR�FKRRVH�UHJLVWHU�RSHUDQGV
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2 bits wide1 bit wide

'DWD�SDWK��ELW�VOLFH�

❚ %LW�VOLFH�FRQFHSW�±�LWHUDWH�WR�EXLOG�Q�ELW�ZLGH�GDWDSDWKV
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,QVWUXFWLRQ�SDWK

❚ 3URJUDP�FRXQWHU
❙ NHHSV�WUDFN�RI�SURJUDP�H[HFXWLRQ
❙ DGGUHVV�RI�QH[W�LQVWUXFWLRQ�WR�UHDG�IURP�PHPRU\
❙ PD\�KDYH�DXWR�LQFUHPHQW�IHDWXUH�RU�XVH�$/8

❚ ,QVWUXFWLRQ�UHJLVWHU
❙ FXUUHQW�LQVWUXFWLRQ
❙ LQFOXGHV�$/8�RSHUDWLRQ�DQG�DGGUHVV�RI�RSHUDQG
❙ DOVR�KROGV�WDUJHW�RI�MXPS�LQVWUXFWLRQ
❙ LPPHGLDWH�RSHUDQGV

❚ 5HODWLRQVKLS�WR�GDWD�SDWK
❙ 3&�PD\�EH�LQFUHPHQWHG�WKURXJK�$/8
❙ FRQWHQWV�RI�,5�PD\�DOVR�EH�UHTXLUHG�DV�LQSXW�WR�$/8
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'DWD�SDWK��PHPRU\�LQWHUIDFH�

❚ 0HPRU\
❙ VHSDUDWH�GDWD�DQG�LQVWUXFWLRQ�PHPRU\��+DUYDUG�DUFKLWHFWXUH�

❘ WZR�DGGUHVV�EXVVHV��WZR�GDWD�EXVVHV
❙ VLQJOH�FRPELQHG�PHPRU\��3ULQFHWRQ�DUFKLWHFWXUH�

❘ VLQJOH�DGGUHVV�EXV��VLQJOH�GDWD�EXV

❚ 6HSDUDWH�PHPRU\
❙ $/8�RXWSXW�JRHV�WR�GDWD�PHPRU\�LQSXW
❙ UHJLVWHU�LQSXW�IURP�GDWD�PHPRU\�RXWSXW
❙ GDWD�PHPRU\�DGGUHVV�IURP�LQVWUXFWLRQ�UHJLVWHU
❙ LQVWUXFWLRQ�UHJLVWHU�IURP�LQVWUXFWLRQ�PHPRU\�RXWSXW
❙ LQVWUXFWLRQ�PHPRU\�DGGUHVV�IURP�SURJUDP�FRXQWHU

❚ 6LQJOH�PHPRU\
❙ DGGUHVV�IURP�3&�RU�,5
❙ PHPRU\�RXWSXW�WR�LQVWUXFWLRQ�DQG�GDWD�UHJLVWHUV
❙ PHPRU\�LQSXW�IURP�$/8�RXWSXW
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'DWD�0HPRU\
����ELW�ZRUGV�

��

23

��

3&,5

��

��

GDWD

DGGU

UG��ZU

0$5&RQWURO
)60

%ORFN�GLDJUDP�RI�SURFHVVRU

❚ 5HJLVWHU�WUDQVIHU�YLHZ�RI�3ULQFHWRQ�DUFKLWHFWXUH
❙ ZKLFK�UHJLVWHU�RXWSXWV�DUH�FRQQHFWHG�WR�ZKLFK�UHJLVWHU�LQSXWV
❙ DUURZV�UHSUHVHQW�GDWD�IORZ��RWKHU�DUH�FRQWURO�VLJQDOV�IURP�FRQWURO�)60
❙ 0$5�PD\�EH�D�VLPSOH�PXOWLSOH[HU�UDWKHU�WKDQ�VHSDUDWH�UHJLVWHU
❙ 0%5�LV�VSOLW�LQ�WZR��5(*�DQG�,5�
❙ ORDG�FRQWURO�IRU�HDFK�UHJLVWHU

CSE 370 - Spring 1999 - Computer Organization - 18

&RQWURO
)60
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SDWK

'DWD�0HPRU\
����ELW�ZRUGV�
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23
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GDWD

DGGU

UG��ZU

,QVW�0HPRU\
���ELW�ZRUGV�

GDWD

DGGU

%ORFN�GLDJUDP�RI�SURFHVVRU

❚ 5HJLVWHU�WUDQVIHU�YLHZ�RI�+DUYDUG�DUFKLWHFWXUH
❙ ZKLFK�UHJLVWHU�RXWSXWV�DUH�FRQQHFWHG�WR�ZKLFK�UHJLVWHU�LQSXWV
❙ DUURZV�UHSUHVHQW�GDWD�IORZ��RWKHU�DUH�FRQWURO�VLJQDOV�IURP�FRQWURO�)60
❙ WZR�0$5V��3&�DQG�,5�
❙ WZR�0%5V��5(*�DQG�,5�
❙ ORDG�FRQWURO�IRU�HDFK�UHJLVWHU
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$�VLPSOLILHG�SURFHVVRU�GDWD�SDWK�DQG�PHPRU\

❚ 3ULQFHWRQ�DUFKLWHFWXUH

❚ 5HJLVWHU�ILOH

❚ ,QVWUXFWLRQ�UHJLVWHU

❚ 3&�LQFUHPHQWHG
WKURXJK�$/8

❚ 0RGHOHG�DIWHU
0,36�UW���
�XVHG�LQ����
WH[WERRN�E\
3DWWHUVRQ�	
+HQQHVV\�
❙ UHDOO\�D����ELW
PDFKLQH

❙ ZH¶OO�GR�D����ELW
YHUVLRQ

PHPRU\�KDV�RQO\�����ZRUGV
ZLWK�D�GLVSOD\�RQ�WKH�ODVW�RQH
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3URFHVVRU�FRQWURO

❚ 6\QFKURQRXV�0HDO\�PDFKLQH

❚ 0XOWLSOH�F\FOHV�SHU�LQVWUXFWLRQ
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3URFHVVRU�LQVWUXFWLRQV

❚ 7KUHH�SULQFLSDO�W\SHV�����ELWV�LQ�HDFK�LQVWUXFWLRQ�
W\SH RS UV UW UG IXQFW
5�HJLVWHU� � � � � �
,�PPHGLDWH� � � � �
-�XPS� � ��

❚ 6RPH�RI�WKH�LQVWUXFWLRQV

DGG � UV UW UG � UG� �UV���UW
VXE � UV UW UG � UG� �UV���UW
DQG � UV UW UG � UG� �UV�	�UW
RU � UV UW UG � UG� �UV�_�UW
VOW � UV UW UG � UG� ��UV���UW�
OZ � UV UW RIIVHW UW� �PHP>UV���RIIVHW@
VZ � UV UW RIIVHW� PHP>UV���RIIVHW@� �UW
EHT � UV UW RIIVHW� SF� �SF���RIIVHW��LI��UV�  �UW�
DGGL � UV UW RIIVHW UW� �UV���RIIVHW
M � WDUJHW�DGGUHVV SF� �WDUJHW�DGGUHVV
KDOW � � � VWRS�H[HFXWLRQ�XQWLO�UHVHW

5

,

-
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7UDFLQJ�DQ�LQVWUXFWLRQ
V�H[HFXWLRQ

❚ ,QVWUXFWLRQ������U�� �U����U�
5 � UV U� UW U� UG U� IXQFW �

❚ ����LQVWUXFWLRQ�IHWFK
❙ PRYH�LQVWUXFWLRQ�DGGUHVV�IURP�3&�WR�PHPRU\�DGGUHVV�EXV
❙ DVVHUW�PHPRU\�UHDG
❙ PRYH�GDWD�IURP�PHPRU\�GDWD�EXV�LQWR�,5
❙ FRQILJXUH�$/8�WR�DGG���WR�3&
❙ FRQILJXUH�3&�WR�VWRUH�QHZ�YDOXH�IURP�$/8RXW

❚ ����LQVWUXFWLRQ�GHFRGH
❙ RS�FRGH�ELWV�RI�,5�DUH�LQSXW�WR�FRQWURO�)60
❙ UHVW�RI�,5�ELWV�HQFRGH�WKH�RSHUDQG�DGGUHVVHV��UV�DQG�UW�

❘ WKHVH�JR�WR�UHJLVWHU�ILOH
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7UDFLQJ�DQ�LQVWUXFWLRQ
V�H[HFXWLRQ��FRQW·G�

❚ ,QVWUXFWLRQ������U�� �U����U�
5 � UV U� UW U� UG U� IXQFW �

❚ ���LQVWUXFWLRQ�H[HFXWH
❙ VHW�XS�$/8�LQSXWV
❙ FRQILJXUH�$/8�WR�SHUIRUP�$''�RSHUDWLRQ
❙ FRQILJXUH�UHJLVWHU�ILOH�WR�VWRUH�$/8�UHVXOW��UG�
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7UDFLQJ�DQ�LQVWUXFWLRQ
V�H[HFXWLRQ��FRQW·G�

❚ 6WHS��
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7UDFLQJ�DQ�LQVWUXFWLRQ
V�H[HFXWLRQ��FRQW·G�

❚ 6WHS��

WR�FRQWUROOHU
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7UDFLQJ�DQ�LQVWUXFWLRQ
V�H[HFXWLRQ��FRQW·G�

❚ 6WHS��
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5HJLVWHU�WUDQVIHU�OHYHO�GHVFULSWLRQ

❚ &RQWURO
❙ WUDQVIHU�GDWD�EHWZHHQ�UHJLVWHUV�E\�DVVHUWLQJ�DSSURSULDWH�FRQWURO�VLJQDOV

❚ 5HJLVWHU�WUDQVIHU�QRWDWLRQ���ZRUN�IURP�UHJLVWHU�WR�UHJLVWHU
❙ LQVWUXFWLRQ�IHWFK�

PDEXV�←�3&� ±�PRYH�3&�WR�PHPRU\�DGGUHVV�EXV��3&PD(1��$/8PD(1�
PHPRU\�UHDG� ±�DVVHUW�PHPRU\�UHDG�VLJQDO��PU��5HJ%PG(1�
,5�←�PHPRU\� ±�ORDG�,5�IURP�PHPRU\�GDWD�EXV��,5OG�
RS�←�DGG ±�VHQG�3&�LQWR�$�LQSXW����LQWR�%�LQSXW��DGG

�VUF$��VUF%���VFU%���RS�
3&�←�$/8RXW ±�ORDG�UHVXOW�RI�LQFUHPHQWLQJ�LQ�$/8�LQWR�3&��3&OG��3&VHO�

❙ LQVWUXFWLRQ�GHFRGH�
,5�WR�FRQWUROOHU
YDOXHV�RI�$�DQG�%�UHDG�IURP�UHJLVWHU�ILOH��UV��UW�

❙ LQVWUXFWLRQ�H[HFXWLRQ�
RS�←�DGG ±�VHQG�UHJ$�LQWR�$�LQSXW��UHJ%�LQWR�%�LQSXW��DGG

� �VUF$��VUF%���VFU%���RS�
UG�←�$/8RXW ±�VWRUH�UHVXOW�RI�DGG�LQWR�GHVWLQDWLRQ�UHJLVWHU

�UHJ:ULWH��ZU'DWD6HO��ZU5HJ6HO�
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5HJLVWHU�WUDQVIHU�OHYHO�GHVFULSWLRQ��FRQW·G�

❚ +RZ�PDQ\�VWDWHV�DUH�QHHGHG�WR�DFFRPSOLVK�WKHVH�WUDQVIHUV"
❙ GDWD�GHSHQGHQFLHV��ZKHUH�GR�YDOXHV�WKDW�DUH�QHHGHG�FRPH�IURP"�
❙ UHVRXUFH�FRQIOLFWV��$/8��EXVVHV��HWF��

❚ ,Q�RXU�FDVH��LW�WDNHV�WKUHH�F\FOHV
❙ RQH�IRU�HDFK�VWHS
❙ DOO�RSHUDWLRQ�ZLWKLQ�D�F\FOH�RFFXU�EHWZHHQ�ULVLQJ�HGJHV�RI�WKH�FORFN

❚ +RZ�GR�ZH�VHW�DOO�RI�WKH�FRQWURO�VLJQDOV�WR�EH�RXWSXW�E\�WKH�VWDWH�PDFKLQH"
❙ GHSHQGV�RQ�WKH�W\SH�RI�PDFKLQH��0HDO\��0RRUH��V\QFKURQRXV�0HDO\�
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5HYLHZ�RI�)60�WLPLQJ

VWHS�� VWHS�� VWHS��

IHWFK GHFRGH H[HFXWH

,5�←�PHP>3&@�
3&�←�3&�����

UG�←�$���%$�←�UV
%�←�UW

WR�FRQILJXUH�WKH�GDWD�SDWK�WR�GR�WKLV�KHUH�
ZKHQ�GR�ZH�VHW�WKH�FRQWURO�VLJQDOV"
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LQVWUXFWLRQ
H[HFXWLRQ

LQVWUXFWLRQ
GHFRGH

/:
6: $'' -

UHVHW

)60�FRQWUROOHU�IRU�&38��VNHOHWDO�0RRUH�)60�

❚ )LUVW�SDVV�DW�GHULYLQJ�WKH�VWDWH�GLDJUDP��0RRUH�PDFKLQH�
❙ WKHVH�ZLOO�EH�IXUWKHU�UHILQHG�LQWR�VXE�VWDWHV

LQVWUXFWLRQ
IHWFK
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)60�FRQWUROOHU�IRU�&38��UHVHW�DQG�LQVW��IHWFK�

❚ $VVXPH�0RRUH�PDFKLQH
❙ RXWSXWV�DVVRFLDWHG�ZLWK�VWDWHV�UDWKHU�WKDQ�DUFV

❚ 5HVHW�VWDWH�DQG�LQVWUXFWLRQ�IHWFK�VHTXHQFH

❚ 2Q�UHVHW��JR�WR�)HWFK�VWDWH�
❙ VWDUW�IHWFKLQJ�LQVWUXFWLRQV
❙ 3&�ZLOO�VHW�LWVHOI�WR�]HUR

PDEXV�←�3&�
PHPRU\�UHDG�
,5�←�PHPRU\�GDWD�EXV�
3&�←�3&�����

UHVHW

LQVWUXFWLRQ
IHWFK

)HWFK
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)60�FRQWUROOHU�IRU�&38��GHFRGH�

❚ 2SHUDWLRQ�GHFRGH�VWDWH
❙ QH[W�VWDWH�EUDQFK�EDVHG�RQ�RSHUDWLRQ�FRGH�LQ�LQVWUXFWLRQ
❙ UHDG�WZR�RSHUDQGV�RXW�RI�UHJLVWHU�ILOH

❘ ZKDW�LI�WKH�LQVWUXFWLRQ�GRHVQ¶W�KDYH�WZR�RSHUDQGV"

LQVWUXFWLRQ
GHFRGH

'HFRGH
EUDQFK�EDVHG�RQ�YDOXH�RI
,QVW>�����@�DQG�,QVW>���@

DGG



CSE 370 - Spring 1999 - Computer Organization - 33

)60�FRQWUROOHU�IRU�&38��LQVWUXFWLRQ�H[HFXWLRQ�

❚ )RU�DGG�LQVWUXFWLRQ
❙ FRQILJXUH�$/8�DQG�VWRUH�UHVXOW�LQ�UHJLVWHU

UG�←�$���%

❙ RWKHU�LQVWUXFWLRQV�PD\�UHTXLUH�PXOWLSOH�F\FOHV

LQVWUXFWLRQ
H[HFXWLRQ

DGG
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)60�FRQWUROOHU�IRU�&38��DGG�LQVWUXFWLRQ�

❚ 3XWWLQJ�LW�DOO�WRJHWKHU
DQG�FORVLQJ�WKH�ORRS
❙ WKH�IDPRXV
LQVWUXFWLRQ
IHWFK
GHFRGH
H[HFXWH
F\FOH

UHVHW

LQVWUXFWLRQ
IHWFK

)HWFK

LQVWUXFWLRQ
GHFRGH

'HFRGH

DGG
LQVWUXFWLRQ
H[HFXWLRQDGG
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)60�FRQWUROOHU�IRU�&38

❚ 1RZ�ZH�QHHG�WR�UHSHDW�WKLV�IRU�DOO�WKH�LQVWUXFWLRQV�RI�RXU�SURFHVVRU
❙ IHWFK�DQG�GHFRGH�VWDWHV�VWD\�WKH�VDPH
❙ GLIIHUHQW�H[HFXWLRQ�VWDWHV�IRU�HDFK�LQVWUXFWLRQ

❘ VRPH�PD\�UHTXLUH�PXOWLSOH�VWDWHV�LI�DYDLODEOH�UHJLVWHU�WUDQVIHU�SDWKV
UHTXLUH�VHTXHQFLQJ�RI�VWHSV


