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Nested Loop Optimization on the ‘C6x
&RQWULEXWHG E\ 5LFKDUG 6FDOHV

'HVLJQ 3UREOHP ,Q PDQ\ W\SLFDO '63 DSSOLFDWLRQV� ORRSV FRPSULVH D PDMRULW\ RI WKH
QXPEHU RI F\FOHV� RU 0,36� %HFDXVH RI WKLV� SHUIRUPDQFH RI ORRSV
FDQ JUHDWO\ DIIHFW WKH SHUIRUPDQFH RI WKH HQWLUH DSSOLFDWLRQ� 0DQ\
RI WKHVH ORRSV DUH QHVWHG ORRSV ZLWK ERWK DQ LQQHU DQG RXWHU ORRS�
6RPH FRPPRQ H[DPSOHV DUH ),5 DQG ,,5 ILOWHUV� ))7� DQG '&7�
7R RSWLPL]H WKHVH QHVWHG ORRSV LW LV QHFHVVDU\ WR FRQVLGHU QRW RQO\
WKH LQQHU ORRS SHUIRUPDQFH� EXW DOVR WKH RXWHU ORRS SHUIRUPDQFH�
HVSHFLDOO\ ZKHQ WKH LQQHU ORRS FRXQW LV VPDOO IRU H[HFXWLRQ RI HDFK
RXWHU ORRS�

2QH WHFKQLTXH XVHG WR RSWLPL]H ORRSV RQ WKH KLJKO\ SDUDOOHO ©&�[

9HORFL7, DUFKLWHFWXUH LV VRIWZDUH SLSHOLQLQJ� 7KLV LQYROYHV
LQLWLDWLQJ QHZ LWHUDWLRQV RI WKH ORRS EHIRUH SUHYLRXV LWHUDWLRQV KDYH
FRPSOHWHG WR REWDLQ KLJK WKURXJKSXW� 7KLV LPSOLHV WKHUH DUH VRPH
F\FOHV �ORRS SURORJXH� WR EHJLQ H[HFXWLQJ� RU SLSH XS� RI HDFK LQQHU
ORRS DQG VRPH PRUH F\FOHV WR SLSH GRZQ WKH ORRS �ORRS HSLORJXH��
7KHVH F\FOHV ZLOO EH LQFXUUHG HDFK RXWHU ORRS VR WKH\ FDQ DIIHFW
SHUIRUPDQFH� HVSHFLDOO\ ZKHQ WKH LQQHU ORRS FRXQW LV VPDOO� 7KH
PRUH GHHSO\ SLSHOLQHG WKH '63 LV� WKH PRUH F\FOHV ZLOO EH UHTXLUHG

IRU WKH SURORJXH DQG HSLORJXH�

)LJXUH � VKRZV D VLPSOH GRW SURGXFW H[DPSOH� �ZLWK QRQ�&�[ OLNH
VLQJOH F\FOH ORDGV DQG PXOWLSOLHV�� ZKHUH LQQHU ORRS VHWXS LV �
F\FOHV� WKH SURORJ LV � F\FOHV� WKH HSLORJ LV � F\FOHV� DQG WKH WLPH WR
H[HFXWH RXWHU ORRS LQVWUXFWLRQV LV � F\FOHV� $W WKH HQG RI F\FOH �
WKHUH LV D EUDQFK EDFN WR WKH EHJLQQLQJ RI WKH ORRS VHWXS �%U ���
7KXV� � F\FOHV ZLOO EH LQFXUUHG HDFK WLPH WKLV LQQHU ORRS LV
H[HFXWHG LQ DQ RXWHU ORRS� $V ZH PRYH WR GHHSHU DQG GHHSHU
SLSHOLQHV LQ '63V IRU KLJKHU FORFN VSHHGV� WKH QXPEHU RI F\FOHV RI
RYHUKHDG ZLOO LQFUHDVH� 7KH KLJKHU WKH QXPEHU RI F\FOHV IRU VHWXS�
SURORJ� HSLORJ� DQG RXWHU ORRS LQVWUXFWLRQV� DQG WKH ORZHU WKH LQQHU
ORRS FRXQW� WKH PRUH RYHUDOO QHVWHG ORRS SHUIRUPDQFH LV UHGXFHG�



Texas Instruments Incorporated

ldh ldh

.M1 .S2.S1

1

1

2

3

mpympy24 ldhldh ldhldh

addadd35 mpympyldhldh ldhldh

mpympy addadd46

addadd57

Single-cycle “loop”

Prolog

Outer Loop
Instructions

Setup for
 Inner Loop

Staging for loop

Epilog
Completing final

operations.

Br

addadd

add

.D1

add

.D2
cycle

8

9 Br 1

addadd

add add

)LJXUH �� 1HVWHG /RRS Z� 6RIWZDUH 3LSHOLQHG ,QQHU /RRS

6ROXWLRQ 7KLV GHVLJQHU QRWHERRN SDJH ZLOO SUHVHQW WHFKQLTXHV IRU UHGXFLQJ
DQG HYHQ HOLPLQDWLQJ WKH H[WUD F\FOHV GXH WR LQQHU ORRS VHWXS�
SURORJV DQG HSLORJV QRUPDOO\ VHHQ LQ QHVWHG ORRSV�

�� 3LSHOLQH 2XWHU /RRS
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)LJXUH �� 1HVWHG /RRS Z� 6RIWZDUH 3LSHOLQHG 2XWHU /RRS

7KH SHUIRUPDQFH RI WKH ORRS )LJXUH � VKRZV WKDW QRZ WKHUH DUH
RQO\ � F\FOHV LQ WKH RXWHU ORRS EHFDXVH QRZ F\FOH � FRQWDLQV D
EUDQFK GLUHFWO\ WR WKH LQQHU ORRS �F\FOH ���

)RU PRUH GHWDLOHG LQIRUPDWLRQ RQ WKLV WHFKQLTXH� FRQVXOW WKH
VHFWLRQ LQ WKH $VVHPEO\ 2SWLPL]DWLRQV &KDSWHU RQ 6RIWZDUH
3LSHOLQLQJ 2XWHU /RRSV�

�� &RQGLWLRQDOO\ ([HFXWH 2XWHU /RRS

$ VHFRQG DQG HYHQ PRUH SRZHUIXO WHFKQLTXH IRU LPSURYLQJ RXWHU
ORRS SHUIRUPDQFH LV WR FRQGLWLRQDOO\ H[HFXWH DOO LQQHU ORRS VHWXS
DQG RXWHU ORRS LQVWUXFWLRQV LQ SDUDOOHO ZLWK WKH LQQHU ORRS� ,I WKHUH
DUH D ORW RI LQVWUXFWLRQV IRU WKH VHWXS DQG RXWHU ORRS� WKLV FDQ VORZ



Texas Instruments Incorporated

GRZQ LQQHU ORRS SHUIRUPDQFH �WKHUH PLJKW QRW EH HQRXJK HPSW\
VORWV LQ WKH ORRS WR GR DOO WKH H[WUD LQVWUXFWLRQV�� ,Q VRPH FDVHV
WKRXJK� WKLV FDQ VWLOO EH DQ RYHUDOO VDYLQJV GHSHQGLQJ RQ WKH LQQHU
ORRS FRXQW�

&RQVLGHU WKH IROORZLQJ FDVH�

,QQHU ORRS F\FOHV DUH � DQG RXWHU ORRS F\FOHV DUH ��� 7KXV WKH WRWDO
ORRS F\FOHV DUH \
��[���� ZKHUH [ DQG \ UHSUHVHQW WKH QXPEHU RI
LQQHU DQG RXWHU ORRS FRXQWV UHVSHFWLYHO\� ,I ZH VORZ GRZQ WKH
LQQHU ORRS E\ � F\FOH WR DYRLG RXWHU ORRS F\FOHV� WKH IRUPXOD
EHFRPHV \
��[�� 6R IRU LQQHU ORRS FRXQWV RI [ � ��� WKH VORZHU
LQQHU ORRS \LHOGV IDVWHU RYHUDOO UHVXOWV�

,Q RWKHU FDVHV� LW LV XVHIXO WR XQUROO LQQHU ORRS �WR LQFUHDVH WKH
HIIHFWLYH QXPEHU RI VSDUH VORWV� DQG H[HFXWH DW WKH VDPH LQQHU ORRS
SHUIRUPDQFH� 7KLV HIIHFWLYHO\ HOLPLQDWHV DOO RXWHU ORRS RYHUKHDG�
7KH IRUPXOD IRU WKH DERYH H[DPSOH ZRXOG WKHQ EH \
��[��
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)LJXUH �� &RQGLWLRQDOO\ ([HFXWHG 2XWHU /RRS

)LJXUH � VKRZV WKDW WKH LQQHU ORRS KDV EHHQ XQUROOHG WKUHH WLPHV

WR DOORZ HQRXJK VORWV WR LQVHUW DOO ORRS VHWXS DQG RXWHU ORRS

LQVWUXFWLRQV FRQGLWLRQDOO\ DQG FRPSOHWHO\ DYRLG DQ\ RXWHU ORRS
RYHUKHDG�

)RU PRUH GHWDLOHG LQIRUPDWLRQ RQ WKLV WHFKQLTXH� FRQVXOW WKH
VHFWLRQ LQ WKH $VVHPEO\ 2SWLPL]DWLRQV &KDSWHU RQ &RQGLWLRQDOO\

([HFXWLQJ 2XWHU /RRSV�


