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

'HVLJQ 3UREOHP 7KH &�[ FRGH JHQHUDWLRQ WRROV JR WKURXJK � EDVLF SKDVHV ZKHQ
VFKHGXOLQJ D ORRS DV IROORZV�

1.  )URQW�HQG & RSWLPL]DWLRQV �& FRPSLOHU RQO\��

2.  ,QVWUXFWLRQ 6HOHFWLRQ �& FRPSLOHU RQO\��

3.  3DUWLWLRQLQJ �& FRPSLOHU DQG $VVHPEO\ 2SWLPL]HU��

4.  ,QVWUXFWLRQ 6FKHGXOLQJ �& FRPSLOHU DQG $VVHPEO\

2SWLPL]HU��

5.  5HJLVWHU $OORFDWLRQ �& FRPSLOHU DQG $VVHPEO\

2SWLPL]HU��

7KH ILUVW WKUHH SKDVHV FDQ KDYH D GLUHFW LPSDFW RQ WKH �WK DQG PRVW

LPSRUWDQW VWDJH� LQVWUXFWLRQ VFKHGXOLQJ� $W HDFK RI WKH ILUVW WKUHH
VWDJHV WKHUH DUH D VHW RI KHXULVWLFV ZKLFK WU\ WR PDNH LQWHOOLJHQW
GHFLVLRQV ZKHUH PXOWLSOH RSWLRQV H[LVW� 7KLV GHVLJQHU QRWHERRN

SDJH IRFXVHV RQ WKH WKLUG VWDJH� SDUWLWLRQLQJ� DV WKLV FDQ KDYH
JUHDW LPSDFW RQ WKH SHUIRUPDQFH DFKLHYHG ZLWK WKH WRROV�

6RPHWLPHV QRQ�RSWLPDO SDUWLWLRQLQJ FDQ EH WKH OLPLWLQJ IDFWRU LQ
DWWDLQLQJ WKH KLJKHVW SRVVLEOH SHUIRUPDQFH� 2QFH WKH LQVWUXFWLRQV
DUH FKRVHQ LQ SKDVH �� WKH FRPSLOHU DQG�RU DVVHPEO\ RSWLPL]HU

PXVW GHFLGH ZKLFK LQVWUXFWLRQV WR H[HFXWH RQ WKH $ VLGH DQG ZKLFK

WR H[HFXWH RQ WKH % VLGH LQ SKDVH �� 7KLV FDQ KDYH D GLUHFW DIIHFW

RQ UHV 0,, VLQFH WKHUH LV RQO\ RQH FURVV SDWK IURP $ WR % DQG RQH
FURVV SDWK IURP % WR $ DYDLODEOH RQ DQ\ JLYHQ F\FOH� ,I WKH
SDUWLWLRQLQJ LV SRRU� HLWKHU WKH QXPEHU RI FURVV SDWKV RU WKH
QXPEHU RI IXQFWLRQDO XQLWV RQ D SDUWLFXODU VLGH FDQ EHFRPH D
OLPLWLQJ IDFWRU LQ UHV 0,,�

6ROXWLRQ 7KH IROORZLQJ FRGH GHYHORSPHQW IORZ LV UHFRPPHQGHG WR DFKLHYH
WKH KLJKHVW SHUIRUPDQFH RQ ORRSV�

1.  &RPSLOH QDWLYH & FRGH

2.  $GG FRQVW GHFODUDWLRQV DQG ORRS FRXQW LQIRUPDWLRQ�

3.  2SWLPL]H & FRGH XVLQJ LQWULQVLFV DQG RWKHU PHWKRGV�

4.  :ULWH OLQHDU DVVHPEO\�

5.  $GG SDUWLWLRQLQJ LQIRUPDWLRQ WR WKH OLQHDU DVVHPEO\�

7KH ILIWK VWDJH� SDUWLWLRQLQJ� LV QHFHVVDU\ ZKHQ RSWLPDO
SDUWLWLRQLQJ LV QRW DFKLHYHG ZLWK WKH &RPSLOHU RU $VVHPEO\
2SWLPL]HU�

([DPSOH � VKRZV H[DPSOH IHHGEDFN REWDLQHG IURP WKH &RPSLOHU
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DQG $VVHPEO\ 2SWLPL]HU ZKHQ XVLQJ WKH �PZ RSWLRQ� 7KLV
LQIRUPDWLRQ LV YDOXDEOH IRU SRLQWLQJ RXW SRWHQWLDO SUREOHPV ZLWK
SDUWLWLRQLQJ� 1RWLFH WKDW WKH XQSDUWLWLRQHG UHVRXUFH ERXQG RQ WKH
ORRS LWHUDWLRQ LQWHUYDO LV � EXW DIWHU SDUWLWLRQLQJ LW LV �� :H FDQ VHH
EHORZ WKDW WKLV LV GXH WR � ; FURVV SDWKV RQ WKH $ VLGH DQG WKDW
WKHUH DUH �� QRQ�0 XQLW LQVWUXFWLRQV RQ WKH $ VLGH� (DFK RI WKHVH
IRUFH WKH PLQLPXP LWHUDWLRQ LQWHUYDO WR EH DW OHDVW ��

;*--------------------------------------------------------------*
;*   SOFTWARE PIPELINE INFORMATION
;*
;*      Loop label : LOOP
;*      Loop Carried Dependency Bound : 3
;*      Unpartitioned Resource Bound  : 3
;*      Partitioned Resource Bound(*) : 4
;*      Resource Partition:
;*                                A-side   B-side
;*      .L units                     0        0
;*      .S units                     2        2
;*      .D units                     2        2
;*      .M units                     2        2
;*      .X cross paths               4*       3
;*      .T address paths             2        2
;*      Long read  paths             1        0
;*      Long write paths             0        0
;*      Logical  ops (.LS)           4        1  (.L or .S)
;*      Addition ops (.LSD)          2        1  (.L or .S or .D)
;*      Bound(.L .S .LS)             3        2
;*      Bound(.L .S .D .LS .LSD)     4*       2
;*
;*      Searching for software pipeline schedule at ...
;*         ii = 4  Schedule found with 4 iterations in parallel
;*      Done
;*--------------------------------------------------------------*

([DPSOH �� ([DPSOH )HHGEDFN

%\ SDVVLQJ SDUWLWLRQLQJ LQIRUPDWLRQ WR WKH $VVHPEO\ 2SWLPL]HU� LW
LV SRVVLEOH WR LPSURYH WKH ORRS PLQLPXP LWHUDWLRQ LQWHUYDO WR �
HYHQ DIWHU SDUWLWLRQLQJ� ([DPSOH � VKRZV WKH OLQHDU DVVHPEO\ IRU
WKH IHHGEDFN LQ ([DPSOH �� 1RWLFH WKH IXQFWLRQDO XQLWV VSHFLILHG LQ
EROGIDFH� 7KHVH SDVV HQRXJK LQIRUPDWLRQ WR WKH WRROV WR LPSURYH
WKH SDUWLWLRQLQJ EHWZHHQ WKH $ DQG % VLGHV RI WKH ORRS�

_iir  .cproc cptr0,sptr0

      .reg cptr1, s01, s10, s23, c10, c32, s10_s, s10_t

      .reg p0, p1, p2, p3, s23_s, s1, t, x, mask, sptr1

      .reg s10p, ctr

      MV   cptr0,cptr1

      MV   sptr0,sptr1

      MVK       50,ctr      ; setup loop counter

LOOP:   .trip 50

      LDW .D1T1 *cptr0,c32  ; CoefAddr[3] & CoefAddr[2]

      LDW .D2T2 *cptr1,c10  ; CoefAddr[1] & CoefAddr[0]

      LDW .D1T2 *sptr0,s10  ; StateAddr[1] & StateAddr[0]

      MV       s10,s10p    ; save StateAddr[1] & StateAddr[0]

      MPY .M1   c32,s10,p2  ; CoefAddr[2] * StateAddr[0]

      MPYH      c32,s10,p3  ; CoefAddr[3] * StateAddr[1]

      ADD      p2,p3,s23   ; CA[2] * SA[0] + CA[3] * SA[1]

      SHR      s23,15,s23_s; (CA[2]*SA[0] + CA[3]* SA[1])>>15

      ADD .2  s23_s,x,t   ; t=x+((CA[2]*SA[0]+CA[3]*SA[1])>>15)

      AND      t,mask,t    ; clear upper 16 bits

      MPY      c10,s10,p0  ; CoefAddr[0] * StateAddr[0]

      MPYH     c10,s10,p1  ; CoefAddr[1] * StateAddr[1]

      ADD      p0,p1,s10_t ; CA[0] * SA[0] + CA[1] * SA[1]

      SHR      s10_t,15,s10_s ; (CA[0]*SA[0] + CA[1]*SA[1])>>15
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      ADD      s10_s,t,x ; x = t+((CA[0]*SA[0]+CA[1]*SA[1])>>15)

      SHL      s10p,16,s1     ; StateAddr[1] = StateAddr[0]

      OR       t,s1,s01       ; StateAddr[0] = t

      STW .D1  s01,*sptr1     ; store StateAddr[1]& StateAddr[0]

[ctr] ADD        -1,ctr,ctr     ; dec outer lp cntr

[ctr] B          LOOP           ; Branch outer loop

.endproc

([DPSOH �� /LQHDU $VVHPEO\ IRU ,,5 )LOWHU

([DPSOH � VKRZV WKH LPSURYHG UHVXOW� 1RZ WKH PLQLPXP
LWHUDWLRQ LQWHUYDO LV � HYHQ DIWHU SDUWLWLRQLQJ DQG D VFKHGXOH ZLWK
LL � LV IRXQG�

;*--------------------------------------------------------------*
;*   SOFTWARE PIPELINE INFORMATION
;*
;*      Loop label : LOOP
;*      Loop Carried Dependency Bound : 3
;*      Unpartitioned Resource Bound  : 3
;*      Partitioned Resource Bound(*) : 3
;*      Resource Partition:
;*                                A-side   B-side
;*      .L units                     0        0
;*      .S units                     2        2
;*      .D units                     3*       1
;*      .M units                     2        2
;*      .X cross paths               2        1
;*      .T address paths             1        3*
;*      Long read  paths             0        1
;*      Long write paths             0        0
;*      Logical  ops (.LS)           0        3  (.L or .S)
;*      Addition ops (.LSD)          2        3  (.L or .S or .D)
;*      Bound(.L .S .LS)             1        3*
;*      Bound(.L .S .D .LS .LSD)     3*       3*
;*
;*      Searching for software pipeline schedule at ...
;*         ii = 3  Schedule found with 5 iterations in parallel
;*      Done
;*--------------------------------------------------------------*

([DPSOH �� )HHGEDFN DIWHU 3DUWLWLRQLQJ

7KH JRDO LQ GHILQLQJ IXQFWLRQDO XQLWV DQG�RU VLGHV� LV WR VSOLW WKH
ORRS LQWR WZR KDOYHV �$ DQG %� ZLWK PLQLPDO FURVV SDWKV DQG
PLQLPDO HIIHFW WR WKH VFKHGXOLQJ� :KHQ SDUWLWLRQLQJ D ORRS LQ
/LQHDU $VVHPEO\ WU\ WKH IROORZLQJ�

�� 0LQLPL]H WKH QXPEHU RI FURVV SDWKV� 7KLV XVXDOO\ LQYROYHV
ORRNLQJ DW WKH GHSHQGHQF\ JUDSK RI WKH ORRS DQG VSOLWWLQJ LW
VXFK WKDW WKHUH DUH WKH IHZHVW QXPEHU RI SDWKV FURVVLQJ WR WKH
RSSRVLWH VLGH� )LJXUH � VKRZV D VSOLW ZKHUH RQO\ RQH FURVV SDWK
LV UHTXLUHG� .HHS LQ PLQG WKDW GHSHQGHQFLHV GXH WR
FRQGLWLRQDO UHJLVWHUV GR QRW UHTXLUH D FURVV SDWK �L�H� DQ
LQVWUXFWLRQ RQ WKH $ VLGH ZKLFK LV FRQGLWLRQDO RQ D % UHJLVWHU
GRHV QRW XVH WKH FURVV SDWK��

�� &KRRVH D IDLUO\ HYHQ QXPEHU RI LQVWUXFWLRQV IRU HDFK VLGH�

�� )RUFH HYHQ QXPEHUV RI FHUWDLQ IXQFWLRQDO XQLWV RQ HDFK VLGH�
)LJXUH � VKRZV WKDW HYHQ WKRXJK WKHUH DUH � LQVWUXFWLRQV WKDW
UHTXLUH D �' XQLW� WKH\ FDQ EH VSOLW RQ RSSRVLWH VLGHV WR DOORZ
IRU DQ LWHUDWLRQ LQWHUYDO RI �� 7KH VDPH LV WUXH RI WKH WKUHH
PXOWLSOLHV� UDWKHU WKDQ SXWWLQJ DOO � RQ WKH VDPH VLGH� RQH LV
SXW RQ WKH RSSRVLWH VLGH�

�� )RUFH HYHQ QXPEHUV RI LQVWUXFWLRQV ZKLFK ZULWH WR D
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FRQGLWLRQDO YDOXH RQ HDFK VLGH� 6LQFH WKHUH DUH D PRUH OLPLWHG
QXPEHU RI FRQGLWLRQDO UHJLVWHUV �WKHUH DUH � DV RSSRVHG WR WKH
IXOO �� DYDLODEOH IRU RWKHU VRXUFH RSHUDQGV�� LW LV HDVLHU WR
UHJLVWHU DOORFDWH PXOWLSOH FRQGLWLRQDO UHJLVWHUV LI WKH\ DUH VSOLW
HYHQO\ EHWZHHQ WKH WZR VLGHV� ,I \RX KDYH DQ XQHYHQ QXPEHU�
SXW PRUH RQ WKH % VLGH VLQFH WKHUH DUH � FRQGLWLRQ UHJLVWHUV RQ
WKLV VLGH DQG RQO\ � RQ WKH $ VLGH�

�� 8VH WKH 7� DQG 7� SDWK GLUHFWLYHV WR IRUFH WKH UHVXOW RI /RDGV
DQG WKH VRXUFH RI 6WRUHV WR D SDUWLFXODU VLGH �LW FDQ EH GLIIHUHQW
WKDQ WKH VLGH WKH ' XQLW LV RQ�� 5HIHU WR WKH 0HPRU\ %DQNV
VHFWLRQ LQ WKH $VVHPEO\ 2SWLPL]DWLRQV FKDSWHU RI WKH
3URJUDPPHUªV *XLGH IRU PRUH GHWDLOHG LQIRUPDWLRQ DQG
H[DPSOHV�

� Unpartitioned Resource Bound = 2

� 4 .D Units

� 3 .M Units

� 2 .S Units

� 3 gen purpose ADDS

xi

LDH

p0

MPY

s0

ADD

count

SUB

loop

B

xi+1

LDH

p1

MPY

yi

LDH

p2

MPY

s1

ADD

yi+1

mem

SHR

STH

5

2

1

1

1

.D .D .D

.D

)LJXUH �� 6SOLWWLQJ D 'HSHQGHQF\ *UDSK


