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/HFWXUH���
9HFWRU�3URFHVVLQJ�

%UDQFK�3UHGLFWLRQ��'HSHQGHQFH
6SHFXODWLRQ

3URI��-RKQ�.XELDWRZLF]
&RPSXWHU�6FLHQFH����
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5HYLHZ
� 3UHFLVH�H[FHSWLRQV�6SHFXODWLRQ��2XW�RI�RUGHU
H[HFXWLRQ��,Q�RUGHU�FRPPLW��UHRUGHU�EXIIHU�

� ([SOLFLW�5HQDPLQJ��PRUH�SK\VLFDO�UHJLVWHUV�WKDQ
QHHGHG�E\�,6$���8VHV�D�WUDQVODWLRQ�WDEOH

� 0HPRU\�'LVDPELJXDWLRQ��'HWHFWLQJ�5$:�KD]DUGV
WKDW�RFFXU�WKURXJK�WKH�PHPRU\�LQWHUIDFH�
² 6LPSOLVWLF�DSSURDFK��ZDLW�XQWLO�DGGUHVVHV�IRU�DOO�SUHYLRXV�VWRUHV�DUH
UHDG\�EHIRUH�VWDUWLQJ�ORDG�

� 6XSHUVFDODU�DQG�9/,:��&3,������,3&�!���
² '\QDPLF�LVVXH�YV��6WDWLF�LVVXH
² 0RUH�LQVWUXFWLRQV�LVVXH�DW�VDPH�WLPH� !�ODUJHU�KD]DUG�SHQDOW\
² /LPLWDWLRQ�LV�RIWHQ�QXPEHU�RI�LQVWUXFWLRQV�WKDW�\RX�FDQ�VXFFHVVIXOO\
IHWFK�DQG�GHFRGH�SHU�F\FOH�⇒�´)O\QQ�EDUULHUµ

� 6:�3LSHOLQLQJ
² 6\PEROLF�/RRS�8QUROOLQJ�WR�JHW�PRVW�IURP�SLSHOLQH�ZLWK�OLWWOH�FRGH
H[SDQVLRQ��OLWWOH�RYHUKHDG
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/LPLWV�WR�,/3
� &RQIOLFWLQJ�VWXGLHV�RI�DPRXQW

² %HQFKPDUNV��YHFWRUL]HG�)RUWUDQ�)3�YV��LQWHJHU�&�SURJUDPV�
² +DUGZDUH�VRSKLVWLFDWLRQ
² &RPSLOHU�VRSKLVWLFDWLRQ

� +RZ�PXFK�,/3�LV�DYDLODEOH�XVLQJ�H[LVWLQJ
PHFKDQLPV�ZLWK�LQFUHDVLQJ�+:�EXGJHWV"

� 'R�ZH�QHHG�WR�LQYHQW�QHZ�+:�6:�PHFKDQLVPV�WR
NHHS�RQ�SURFHVVRU�SHUIRUPDQFH�FXUYH"
² ,QWHO�00;
² 0RWRUROD�$OWD9HF
² 6XSHUVSDUF�0XOWLPHGLD�RSV��HWF�
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/LPLWV�WR�,/3

,QLWLDO�+:�0RGHO�KHUH��0,36�FRPSLOHUV�
$VVXPSWLRQV�IRU�LGHDO�SHUIHFW�PDFKLQH�WR�VWDUW�
���5HJLVWHU�UHQDPLQJ²LQILQLWH�YLUWXDO�UHJLVWHUV�DQG
DOO�:$:�	�:$5�KD]DUGV�DUH�DYRLGHG
���%UDQFK�SUHGLFWLRQ²SHUIHFW��QR�PLVSUHGLFWLRQV
���-XPS�SUHGLFWLRQ²DOO�MXPSV�SHUIHFWO\�SUHGLFWHG� !
PDFKLQH�ZLWK�SHUIHFW�VSHFXODWLRQ�	�DQ�XQERXQGHG
EXIIHU�RI�LQVWUXFWLRQV�DYDLODEOH
���0HPRU\�DGGUHVV�DOLDV�DQDO\VLV²DGGUHVVHV�DUH
NQRZQ�	�D�VWRUH�FDQ�EH�PRYHG�EHIRUH�D�ORDG
SURYLGHG�DGGUHVVHV�QRW�HTXDO

��F\FOH�ODWHQF\�IRU�DOO�LQVWUXFWLRQV��XQOLPLWHG�QXPEHU
RI�LQVWUXFWLRQV�LVVXHG�SHU�FORFN�F\FOH
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8SSHU�/LPLW�WR�,/3��,GHDO
0DFKLQH
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3UREOHPV�ZLWK�VFDODU�DSSURDFK�WR
,/3�H[WUDFWLRQ

� /LPLWV�WR�FRQYHQWLRQDO�H[SORLWDWLRQ�RI�,/3�
���SLSHOLQHG�FORFN�UDWH��DW�VRPH�SRLQW��HDFK�LQFUHDVH

LQ�FORFN�UDWH�KDV�FRUUHVSRQGLQJ�&3,�LQFUHDVH�
�EUDQFKHV��RWKHU�KD]DUGV�

���LQVWUXFWLRQ�IHWFK�DQG�GHFRGH�
KDUG�WR�IHWFK�DQG�GHFRGH�PRUH�LQVWUXFWLRQV�SHU�
FORFN�F\FOH

���FDFKH�KLW�UDWH��VRPH�ORQJ�UXQQLQJ��VFLHQWLILF��
SURJUDPV�KDYH�YHU\�ODUJH�GDWD�VHWV�DFFHVVHG�ZLWK
SRRU�ORFDOLW\��RWKHUV�KDYH�FRQWLQXRXV�GDWD�
VWUHDPV��PXOWLPHGLD��DQG�KHQFH�SRRU�ORFDOLW\

���SRZHU��RXW�RI�RUGHU��VSHFXODWLYH�H[HFXWLRQ�KDV�
VHULRXV�FRVWV�LQ�WHUPV�RI�SRZHU�FRQVXPSWLRQ�

�����FRPSOH[LW\��0RGHUQ�,/3�SURFHVVRUV�DUH�JHWWLQJ
H[WUHPHO\�FRPSOH[� -'.�)���

6OLGH���

&RVW�SHUIRUPDQFH�RI�VLPSOH�YV��222

�0,36�038V�����������5�������������5������������N��N
� &ORFN�5DWH ����0+] �����0+] ���[
� 2Q�&KLS�&DFKHV ��.���. ���.���.� ���[
� ,QVWUXFWLRQV�&\FOH� ����)3� �� ���[
� 3LSH�VWDJHV � ��� ���[
� 0RGHO ,Q�RUGHU 2XW�RI�RUGHU ���
� 'LH�6L]H��PP��� �� ��� ���[

² ZLWKRXW�FDFKH��7/% �� ��� ����[
� 'HYHORSPHQW��PDQ�\U�� �� ��� ���[
� 63(&LQWBEDVH�� ��� ��� ���[
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25

$OWHUQDWLYH�0RGHO�
9HFWRU�3URFHVVLQJ

+

r1 r2

r3

add r3, r1, r2

SCALAR
(1 operation)

v1 v2

v3

+

vector
length

add.vv v3, v1, v2

VECTOR
(N operations)

� 9HFWRU�SURFHVVRUV�KDYH�KLJK�OHYHO�RSHUDWLRQV�WKDW
ZRUN�RQ�OLQHDU�DUUD\V�RI�QXPEHUV���YHFWRUV�
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3URSHUWLHV�RI�9HFWRU�3URFHVVRUV

� (DFK�UHVXOW�LQGHSHQGHQW�RI�SUHYLRXV�UHVXOW
 !�ORQJ�SLSHOLQH��FRPSLOHU�HQVXUHV�QR�GHSHQGHQFLHV
 !�KLJK�FORFN�UDWH

� 9HFWRU�LQVWUXFWLRQV�DFFHVV�PHPRU\�ZLWK�NQRZQ�SDWWHUQ
 !�KLJKO\�LQWHUOHDYHG�PHPRU\
 !�DPRUWL]H�PHPRU\�ODWHQF\�RI�RYHU�ö����HOHPHQWV
 !�QR��GDWD��FDFKHV�UHTXLUHG���'R�XVH�LQVWUXFWLRQ
FDFKH�

� 5HGXFHV�EUDQFKHV�DQG�EUDQFK�SUREOHPV�LQ�SLSHOLQHV
� 6LQJOH�YHFWRU�LQVWUXFWLRQ�LPSOLHV�ORWV�RI�ZRUN��ö�ORRS�

 !�IHZHU�LQVWUXFWLRQ�IHWFKHV
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Spec92fp     Operations (Millions)     Instructions (M)

Program   RISC  Vector   R / V     RISC    Vector   R / V
swim256 115 95  1.1x 115 0.8 142x

hydro2d 58 40 1.4x     58 0.8  71x
nasa7 69 41 1.7x     69 2.2  31x

su2cor 51 35 1.4x     51 1.8  29x
tomcatv 15 10 1.4x     15 1.3  11x

wave5 27 25 1.1x     27 7.2   4x
mdljdp2 32 52 0.6x     32 15.8   2x

2SHUDWLRQ�	�,QVWUXFWLRQ�&RXQW�
5,6&�Y��9HFWRU�3URFHVVRU

�IURP�)��4XLQWDQD��8��%DUFHORQD��

 Vector reduces ops by 1.2X, instructions by 20X
-'.�)���
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6W\OHV�RI�9HFWRU
$UFKLWHFWXUHV

� PHPRU\�PHPRU\�YHFWRU�SURFHVVRUV��DOO��YHFWRU
RSHUDWLRQV�DUH�PHPRU\�WR�PHPRU\

� YHFWRU�UHJLVWHU�SURFHVVRUV��DOO�YHFWRU�RSHUDWLRQV
EHWZHHQ�YHFWRU�UHJLVWHUV��H[FHSW�ORDG�DQG�VWRUH�
² 9HFWRU�HTXLYDOHQW�RI�ORDG�VWRUH�DUFKLWHFWXUHV
² ,QFOXGHV�DOO�YHFWRU�PDFKLQHV�VLQFH�ODWH�����V��

&UD\��&RQYH[��)XMLWVX��+LWDFKL��1(&
² ���:H�DVVXPH�YHFWRU�UHJLVWHU�IRU�UHVW�RI�OHFWXUHV
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&RPSRQHQWV�RI�9HFWRU�3URFHVVRU
� 9HFWRU�5HJLVWHU��IL[HG�OHQJWK�EDQN�KROGLQJ�D�VLQJOH
YHFWRU
² KDV�DW�OHDVW���UHDG�DQG���ZULWH�SRUWV
² W\SLFDOO\������YHFWRU�UHJLVWHUV��HDFK�KROGLQJ�����������ELW
HOHPHQWV

� 9HFWRU�)XQFWLRQDO�8QLWV��)8V���IXOO\�SLSHOLQHG��VWDUW
QHZ�RSHUDWLRQ�HYHU\�FORFN
² W\SLFDOO\���WR���)8V��)3�DGG��)3�PXOW��)3�UHFLSURFDO����;���
LQWHJHU�DGG��ORJLFDO���VKLIW��PD\�KDYH�PXOWLSOH�RI�VDPH�XQLW

� 9HFWRU�/RDG�6WRUH�8QLWV��/68V���IXOO\�SLSHOLQHG�XQLW
WR�ORDG�RU�VWRUH�D�YHFWRU��PD\�KDYH�PXOWLSOH�/68V

� 6FDODU�UHJLVWHUV��VLQJOH�HOHPHQW�IRU�)3�VFDODU�RU
DGGUHVV

� &URVV�EDU�WR�FRQQHFW�)8V���/68V��UHJLVWHUV -'.�)���
6OLGH���

´'/;9µ�9HFWRU
,QVWUXFWLRQV

Instr. Operands Operation Comment
• ADDV  V1,V2,V3 V1=V2+V3 vector + vector
• ADDSV V1,F0,V2 V1=F0+V2 scalar + vector
• MULTV V1,V2,V3 V1=V2xV3 vector x vector
• MULSV V1,F0,V2 V1=F0xV2 scalar x vector
• LV  V1,R1 V1=M[R1..R1+63] load, stride=1
• LVWS  V1,R1,R2 V1=M[R1..R1+63*R2] load, stride=R2
• LVI  V1,R1,V2 V1=M[R1+V2i,i=0..63] indir.("gather")
• CeqV  VM,V1,V2 VMASKi = (V1i=V2i)? comp. setmask
• MOV  VLR,R1 Vec. Len. Reg. = R1 set vector length
• MOV  VM,R1 Vec. Mask = R1 set vector mask
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32

0HPRU\�RSHUDWLRQV
� /RDG�VWRUH�RSHUDWLRQV�PRYH�JURXSV�RI�GDWD
EHWZHHQ�UHJLVWHUV�DQG�PHPRU\

� 7KUHH�W\SHV�RI�DGGUHVVLQJ
² 8QLW�VWULGH

ª )DVWHVW
² 1RQ�XQLW��FRQVWDQW��VWULGH
² ,QGH[HG��JDWKHU�VFDWWHU�

ª 9HFWRU�HTXLYDOHQW�RI�UHJLVWHU�LQGLUHFW
ª *RRG�IRU�VSDUVH�DUUD\V�RI�GDWD
ª ,QFUHDVHV�QXPEHU�RI�SURJUDPV�WKDW�YHFWRUL]H

-'.�)���
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'$;3<��<� �D�
�;���<�

  LD F0,a
  ADDI R4,Rx,#512 ;last address to load

loop: LD F2, 0(Rx)   ;load X(i)
  MULTD F2,F0,F2 ;a*X(i)
  LD F4, 0(Ry) ;load Y(i)
  ADDD F4,F2, F4 ;a*X(i) + Y(i)
  SD F4 ,0(Ry) ;store into Y(i)
  ADDI Rx,Rx,#8 ;increment index to X
  ADDI Ry,Ry,#8 ;increment index to Y
  SUB R20,R4,Rx ;compute bound
  BNZ R20,loop ;check if done

LD     F0,a ;load scalar a

LV     V1,Rx ;load vector X

MULTS V2,F0,V1 ;vector-scalar mult.

LV V3,Ry ;load vector Y

ADDV V4,V2,V3 ;add

SV Ry,V4 ;store the result

Assuming vectors X, Y
are length 64

Scalar vs. Vector

 578 (2+9*64) vs.
 321 (1+5*64) ops (1.8X)

578 (2+9*64) vs.
    6 instructions (96X)

64 operation vectors +
no loop overhead

also 64X fewer pipeline
hazards
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([DPSOH�9HFWRU�0DFKLQHV

Machine         Year     Clock    Regs  Elements  FUs  LSUs
Cray 1 1976 80 MHz 8 64 6 1
Cray XMP 1983 120 MHz 8 64 8 2 L, 1 S
Cray YMP 1988 166 MHz 8 64 8  2 L, 1 S
Cray C-90 1991 240 MHz 8 128 8 4
Cray T-90 1996 455 MHz 8 128 8 4
Conv. C-1 1984 10 MHz 8 128 4 1
Conv. C-4 1994 133 MHz 16 128 3 1
Fuj. VP200 1982 133 MHz 8-256 32-1024 3 2
Fuj. VP300 1996 100 MHz 8-256 32-1024 3 2
NEC SX/2 1984 160 MHz 8+8K 256+var 16 8
NEC SX/3 1995 400 MHz 8+8K 256+var 16 8
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9HFWRU�/LQSDFN
3HUIRUPDQFH��0)/236�

  Machine       Year     Clock  100x100   1kx1k  Peak(Procs)
Cray 1 1976 80 MHz 12 110 160(1)
Cray XMP 1983 120 MHz 121 218 940(4)
Cray YMP 1988 166 MHz 150 307 2,667(8)
Cray C-90 1991 240 MHz 387 902 15,238(16)
Cray T-90 1996 455 MHz 705 1603 57,600(32)
Conv. C-1 1984 10 MHz 3 -- 20(1)
Conv. C-4 1994 135 MHz 160 2531 3240(4)
Fuj. VP200 1982 133 MHz 18 422 533(1)
NEC SX/2 1984 166 MHz 43 885 1300(1)
NEC SX/3 1995 400 MHz 368 2757 25,600(4)
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&6�����$GPLQLVWULYLD
� 5HDGLQJ�DVVLJQPHQW�IRU�)ULGD\�

² <RXQJ�HW�DO��´$�&RPSDUDWLYH�$QDO\VLV�RI�6FKHPHV�IRU
&RUUHODWHG�%UDQFK�3UHGLFWLRQµ

² 0RVKRYRV�HW�DOO��´'\QDPLF�6SHFXODWLRQ�DQG�6\QFKURQL]DWLRQ�RI
'DWD�'HSHQGHQFHV�µ

² &KU\VRV�DQG�(PHU��´0HPRU\�'HSHQGHQFH�3UHGLFWLRQ�XVLQJ
6WRUH�6HWVµ

² 2QH�SDUDJUDSK�IRU�WKH�ILUVW�DQG�RQH�IRU�WKH�VHFRQG�WZR�
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9HFWRU�6XUSULVH
� 8VH�YHFWRUV�IRU�LQQHU�ORRS�SDUDOOHOLVP��QR�VXUSULVH�

² 2QH�GLPHQVLRQ�RI�DUUD\��$>����@��$>����@��$>����@�����
² WKLQN�RI�PDFKLQH�DV��VD\�����YHFWRU�UHJV�HDFK�ZLWK����HOHPHQWV
² ��LQVWUXFWLRQ�XSGDWHV����HOHPHQWV�RI���YHFWRU�UHJLVWHU

� DQG�IRU�RXWHU�ORRS�SDUDOOHOLVP�
² ��HOHPHQW�IURP�HDFK�FROXPQ��$>���@��$>���@��$>���@�����
² WKLQN�RI�PDFKLQH�DV����´YLUWXDO�SURFHVVRUVµ��93V�
HDFK�ZLWK����VFDODU�UHJLVWHUV���ö�PXOWLWKUHDGHG�SURFHVVRU�

² ��LQVWUXFWLRQ�XSGDWHV���VFDODU�UHJLVWHU�LQ����93V

� +DUGZDUH�LGHQWLFDO��MXVW���FRPSLOHU�SHUVSHFWLYHV
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9LUWXDO�3URFHVVRU�9HFWRU�0RGHO
� 9HFWRU�RSHUDWLRQV�DUH�6,0'
�VLQJOH�LQVWUXFWLRQ�PXOWLSOH�GDWD�RSHUDWLRQV

� (DFK�HOHPHQW�LV�FRPSXWHG�E\�D�YLUWXDO
SURFHVVRU��93�

� 1XPEHU�RI�93V�JLYHQ�E\�YHFWRU�OHQJWK
² YHFWRU�FRQWURO�UHJLVWHU
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9HFWRU�$UFKLWHFWXUDO�6WDWH

General
Purpose

Registers

Flag
Registers

(32)

VP0 VP1 VP$vlr-1

vr0

vr1

vr31

vf0

vf1

vf31

$vdw bits

1 bit

Virtual Processors ($vlr)

vcr0

vcr1

vcr31

Control
Registers

32 bits
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33

9HFWRU�,PSOHPHQWDWLRQ
� 9HFWRU�UHJLVWHU�ILOH

² (DFK�UHJLVWHU�LV�DQ�DUUD\�RI�HOHPHQWV
² 6L]H�RI�HDFK�UHJLVWHU�GHWHUPLQHV�PD[LPXP
YHFWRU�OHQJWK

² 9HFWRU�OHQJWK�UHJLVWHU�GHWHUPLQHV�YHFWRU�OHQJWK
IRU�D�SDUWLFXODU�RSHUDWLRQ

� 0XOWLSOH�SDUDOOHO�H[HFXWLRQ�XQLWV� �´ODQHVµ
�VRPHWLPHV�FDOOHG�´SLSHOLQHVµ�RU�´SLSHVµ�
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34

9HFWRU�7HUPLQRORJ\�
��ODQHV����YHFWRU�IXQFWLRQDO�XQLWV

(Vector
Functional
Unit)
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9HFWRU�([HFXWLRQ�7LPH
� 7LPH� �I�YHFWRU�OHQJWK��GDWD�GHSHQGLFLHV��VWUXFW�
KD]DUGV�

� ,QLWLDWLRQ�UDWH��UDWH�WKDW�)8�FRQVXPHV�YHFWRU�HOHPHQWV
� �QXPEHU�RI�ODQHV��XVXDOO\���RU����RQ�&UD\�7����

� &RQYR\��VHW�RI�YHFWRU�LQVWUXFWLRQV�WKDW�FDQ�EHJLQ
H[HFXWLRQ�LQ�VDPH�FORFN��QR�VWUXFW��RU�GDWD�KD]DUGV�

� &KLPH��DSSUR[��WLPH�IRU�D�YHFWRU�RSHUDWLRQ
� P�FRQYR\V�WDNH�P�FKLPHV��LI�HDFK�YHFWRU�OHQJWK�LV�Q�
WKHQ�WKH\�WDNH�DSSUR[��P�[�Q�FORFN�F\FOHV��LJQRUHV
RYHUKHDG��JRRG�DSSUR[LPL]DWLRQ�IRU�ORQJ�YHFWRUV�

4 conveys, 1 lane, VL=64
=> 4 x 64 = 256 clocks
(or 4 clocks per result)

1: LV     V1,Rx ;load vector X

2: MULV V2,F0,V1 ;vector-scalar mult.

LV V3,Ry ;load vector Y

3: ADDV V4,V2,V3 ;add

4: SV Ry,V4 ;store the result
-'.�)���
6OLGH���

'/;9�6WDUW�XS�7LPH
� 6WDUW�XS�WLPH��SLSHOLQH�ODWHQF\�WLPH��GHSWK�RI�)8
SLSHOLQH���DQRWKHU�VRXUFHV�RI�RYHUKHDG

��2SHUDWLRQ���������6WDUW�XS�SHQDOW\��IURP�&5$<���
��9HFWRU�ORDG�VWRUH ��
��9HFWRU�PXOWSO\ �
��9HFWRU�DGG �

$VVXPH�FRQYR\V�GRQ
W�RYHUODS��YHFWRU�OHQJWK� �Q�

Convoy Start 1st result last result

1. LV     0 12          11+n (12+n-1)

2. MULV, LV 12+n  12+n+7 18+2n Multiply startup

12+n+1 12+n+13 24+2n Load start-up

3. ADDV 25+2n 25+2n+6 30+3n Wait convoy 2

4. SV     31+3n 31+3n+12  42+4n Wait convoy 3

-'.�)���
6OLGH���

:K\�VWDUWXS�WLPH�IRU�HDFK
YHFWRU�LQVWUXFWLRQ"

� :K\�QRW�RYHUODS�VWDUWXS�WLPH�RI�EDFN�WR�
EDFN�YHFWRU�LQVWUXFWLRQV"

� &UD\�PDFKLQHV�EXLOW�IURP�PDQ\�(&/�FKLSV
RSHUDWLQJ�DW�KLJK�FORFN�UDWHV��KDUG�WR�GR"

� %HUNHOH\�YHFWRU�GHVLJQ��´7�µ��GLGQ·W�NQRZ�LW
ZDVQ·W�VXSSRVHG�WR�GR�RYHUODS��VR�QR�VWDUWXS
WLPHV�IRU�IXQFWLRQDO�XQLWV��H[FHSW�ORDG�

-'.�)���
6OLGH���

9HFWRU�/RDG�6WRUH�8QLWV�	�0HPRULHV
� 6WDUW�XS�RYHUKHDGV�XVXDOO\�ORQJHU�IR�/68V
� 0HPRU\�V\VWHP�PXVW�VXVWDLQ����ODQHV�[�ZRUG���FORFN
� 0DQ\�9HFWRU�3URFV��XVH�EDQNV��YV��VLPSOH�LQWHUOHDYLQJ��
���VXSSRUW�PXOWLSOH�ORDGV�VWRUHV�SHU�F\FOH�
 !�PXOWLSOH�EDQNV�	�DGGUHVV�EDQNV�LQGHSHQGHQWO\
���VXSSRUW�QRQ�VHTXHQWLDO�DFFHVVHV��VHH�VRRQ�

� 1RWH��1R��PHPRU\�EDQNV�!�PHPRU\�ODWHQF\�WR�DYRLG
VWDOOV
² P�EDQNV� !�P�ZRUGV�SHU�PHPRU\�ODQWHF\�O�FORFNV
² LI�P����O��WKHQ�JDS�LQ�PHPRU\�SLSHOLQH�
FORFN� � « O O��� O�� « O�P��� O�P « ��O
ZRUG� �� « � � � « P�� �� « P
² PD\�KDYH������EDQNV�LQ�65$0



-'.�)���
6OLGH���

9HFWRU�/HQJWK
� :KDW�WR�GR�ZKHQ�YHFWRU�OHQJWK�LV�QRW�H[DFWO\���"
� YHFWRU�OHQJWK�UHJLVWHU��9/5��FRQWUROV�WKH�OHQJWK
RI�DQ\�YHFWRU�RSHUDWLRQ��LQFOXGLQJ�D�YHFWRU�ORDG�RU
VWRUH���FDQQRW�EH�!�WKH�OHQJWK�RI�YHFWRU
UHJLVWHUV�

do 10 i = 1, n

10 Y(i) = a * X(i) + Y(i)

� 'RQ
W�NQRZ�Q�XQWLO�UXQWLPH�
Q�!�0D[��9HFWRU�/HQJWK��09/�"

-'.�)���
6OLGH���

6WULS�0LQLQJ
� 6XSSRVH�9HFWRU�/HQJWK�!�0D[��9HFWRU�/HQJWK��09/�"
� 6WULS�PLQLQJ��JHQHUDWLRQ�RI�FRGH�VXFK�WKDW�HDFK�YHFWRU
RSHUDWLRQ�LV�GRQH�IRU�D�VL]H�ã�WR�WKH�09/

� �VW�ORRS�GR�VKRUW�SLHFH��Q�PRG�09/���UHVW�9/� �09/
   low = 1
   VL = (n mod MVL)  /*find the odd size piece*/
   do 1 j = 0,(n / MVL)  /*outer loop*/

do 10 i = low,low+VL-1  /*runs for length VL*/
Y(i) = a*X(i) + Y(i)  /*main operation*/

10 continue
low = low+VL  /*start of next vector*/
VL = MVL  /*reset the length to max*/

1 continue

-'.�)���
6OLGH���

&RPPRQ�9HFWRU�0HWULFV
� 5∞��0)/236�UDWH�RQ�DQ�LQILQLWH�OHQJWK�YHFWRU

² YHFWRU�´VSHHG�RI�OLJKWµ
² 5HDO�SUREOHPV�GR�QRW�KDYH�XQOLPLWHG�YHFWRU�OHQJWKV��DQG�WKH�VWDUW�XS
SHQDOWLHV�HQFRXQWHUHG�LQ�UHDO�SUREOHPV�ZLOO�EH�ODUJHU

² �5Q�LV�WKH�0)/236�UDWH�IRU�D�YHFWRU�RI�OHQJWK�Q�

� 1�����7KH�YHFWRU�OHQJWK�QHHGHG�WR�UHDFK�RQH�KDOI�RI�5∞
² D�JRRG�PHDVXUH�RI�WKH�LPSDFW�RI�VWDUW�XS

� 19��7KH�YHFWRU�OHQJWK�QHHGHG�WR�PDNH�YHFWRU�PRGH
IDVWHU�WKDQ�VFDODU�PRGH
² PHDVXUHV�ERWK�VWDUW�XS�DQG�VSHHG�RI�VFDODUV�UHODWLYH�WR�YHFWRUV��TXDOLW\
RI�FRQQHFWLRQ�RI�VFDODU�XQLW�WR�YHFWRU�XQLW

-'.�)���
6OLGH���

9HFWRU�6WULGH
� 6XSSRVH�DGMDFHQW�HOHPHQWV�QRW�VHTXHQWLDO�LQ�PHPRU\

do 10 i = 1,100
do 10 j = 1,100

A(i,j) = 0.0
do 10 k = 1,100

10 A(i,j) = A(i,j)+B(i,k)*C(k,j)
� (LWKHU�%�RU�&�DFFHVVHV�QRW�DGMDFHQW������E\WHV�EHWZHHQ�
� VWULGH��GLVWDQFH�VHSDUDWLQJ�HOHPHQWV�WKDW�DUH�WR�EH
PHUJHG�LQWR�D�VLQJOH�YHFWRU��FDFKHV�GR�XQLW�VWULGH�
 !�LVWS��ORDG�YHFWRU�ZLWK�VWULGH��LQVWUXFWLRQ

� 6WULGHV� !�FDQ�FDXVH�EDQN�FRQIOLFWV
�H�J���VWULGH� ����DQG����EDQNV�

� 7KLQN�RI�DGGUHVV�SHU�YHFWRU�HOHPHQW



-'.�)���
6OLGH���

9HFWRU�2SW�����&KDLQLQJ
� 6XSSRVH�
08/9 9��9��9�
$''9 9��9��9� ��VHSDUDWH�FRQYR\"

� FKDLQLQJ��YHFWRU�UHJLVWHU��9���LV�QRW�DV�D�VLQJOH�HQWLW\
EXW�DV�D�JURXS�RI�LQGLYLGXDO�UHJLVWHUV��WKHQ��SLSHOLQH
IRUZDUGLQJ�FDQ�ZRUN�RQ�LQGLYLGXDO�HOHPHQWV�RI�D�YHFWRU

� )OH[LEOH�FKDLQLQJ��DOORZ�YHFWRU�WR�FKDLQ�WR�DQ\�RWKHU
DFWLYH�YHFWRU�RSHUDWLRQ� !�PRUH�UHDG�ZULWH�SRUWV

� �$V�ORQJ�DV�HQRXJK�+:��LQFUHDVHV�FRQYR\�VL]H

08/79 $''9

08/79

$''9

7RWDO ���

7RWDO ��

� ��

���

� �� ���8QFKDLQHG

&KDLQHG
-'.�)���
6OLGH���

([DPSOH�([HFXWLRQ�RI�9HFWRU�&RGH
Vector 

Memory Pipeline
Vector 

Multiply Pipeline
Vector 

Adder  Pipeline

8 lanes, vector length 32,
chaining

Scalar

-'.�)���
6OLGH���

9HFWRU�2SW�����&RQGLWLRQDO
([HFXWLRQ

� 6XSSRVH�
do 100 i = 1, 64

if (A(i) .ne. 0) then

A(i) = A(i) – B(i)

endif

100 continue

� YHFWRU�PDVN�FRQWURO�WDNHV�D�%RROHDQ�YHFWRU��ZKHQ
YHFWRU�PDVN�UHJLVWHU�LV�ORDGHG�IURP�YHFWRU�WHVW�
YHFWRU�LQVWUXFWLRQV�RSHUDWH�RQO\�RQ�YHFWRU�HOHPHQWV
ZKRVH�FRUUHVSRQGLQJ�HQWULHV�LQ�WKH�YHFWRU�PDVN
UHJLVWHU�DUH���

� �6WLOO�UHTXLUHV�FORFN�HYHQ�LI�UHVXOW�QRW�VWRUHG��LI�VWLOO
SHUIRUPV�RSHUDWLRQ��ZKDW�DERXW�GLYLGH�E\��"

-'.�)���
6OLGH���

9HFWRU�2SW�����6SDUVH
0DWULFHV

� 6XSSRVH�
do 100 i = 1,n

100 A(K(i)) = A(K(i)) + C(M(i))

� JDWKHU��/9,��RSHUDWLRQ�WDNHV�DQ�LQGH[�YHFWRU�DQG
IHWFKHV�GDWD�IURP�HDFK�DGGUHVV�LQ�WKH�LQGH[�YHFWRU
² 7KLV�SURGXFHV�D�´GHQVHµ�YHFWRU�LQ�WKH�YHFWRU�UHJLVWHUV

� $IWHU�WKHVH�HOHPHQWV�DUH�RSHUDWHG�RQ�LQ�GHQVH�IRUP�
WKH�VSDUVH�YHFWRU�FDQ�EH�VWRUHG�LQ�H[SDQGHG�IRUP�E\�D
VFDWWHU�VWRUH��69,���XVLQJ�WKH�VDPH�LQGH[�YHFWRU

� &DQ
W�EH�ILJXUHG�RXW�E\�FRPSLOHU�VLQFH�FDQ
W�NQRZ
HOHPHQWV�GLVWLQFW��QR�GHSHQGHQFLHV

� 8VH�&9,�WR�FUHDWH�LQGH[�����[P���[P���������[P



-'.�)���
6OLGH���

6SDUVH�0DWUL[�([DPSOH

� &DFKH��������YV��9HFWRU�������
,%0�56���� &UD\�<03

&ORFN �����0+] ����0+]
&DFKH ����.% �����.%
/LQSDFN ����0)/236 ���������
6SDUVH�0DWUL[ �����0)/236 ���������
�&KROHVN\�%ORFNHG��

� &DFKH����DGGUHVV�SHU�FDFKH�EORFN����%�WR���%�
� 9HFWRU����DGGUHVV�SHU�HOHPHQW���%�

-'.�)���
6OLGH���

$SSOLFDWLRQV
/LPLWHG�WR�VFLHQWLILF�FRPSXWLQJ"

� 0XOWLPHGLD�3URFHVVLQJ��FRPSUHVV���JUDSKLFV��DXGLR�V\QWK��LPDJH
SURF��

� 6WDQGDUG�EHQFKPDUN�NHUQHOV��0DWUL[�0XOWLSO\��))7�
&RQYROXWLRQ��6RUW�

� /RVV\�&RPSUHVVLRQ��-3(*��03(*�YLGHR�DQG�DXGLR�
� /RVVOHVV�&RPSUHVVLRQ��=HUR�UHPRYDO��5/(��'LIIHUHQFLQJ��/=:�
� &U\SWRJUDSK\��56$��'(6�,'($��6+$�0'��
� 6SHHFK�DQG�KDQGZULWLQJ�UHFRJQLWLRQ
� 2SHUDWLQJ�V\VWHPV�1HWZRUNLQJ��memcpy��memset��SDULW\�
FKHFNVXP�

� 'DWDEDVHV��KDVK�MRLQ��GDWD�PLQLQJ��LPDJH�YLGHR�VHUYLQJ�
� /DQJXDJH�UXQ�WLPH�VXSSRUW��VWGOLE��JDUEDJH�FROOHFWLRQ�
� HYHQ�63(&LQW��

-'.�)���
6OLGH���

9HFWRU�IRU�0XOWLPHGLD"
� ,QWHO�00;�����QHZ���[���LQVWUXFWLRQV���VW�VLQFH
����
² VLPLODU�WR�,QWHO������0RW���������+3�3$������/&��8OWUD63$5&

� ��GDWD�W\SHV������ELW�������ELW�������ELW�LQ���ELWV
² UHXVH���)3�UHJLVWHUV��)3�DQG�00;�FDQQRW�PL[�

� ö�VKRUW�YHFWRU��ORDG��DGG��VWRUH�����ELW�RSHUDQGV

� &ODLP��RYHUDOO�VSHHGXS�����WR��;�IRU��'��'
JUDSKLFV��DXGLR��YLGHR��VSHHFK��FRPP������
² XVH�LQ�GULYHUV�RU�DGGHG�WR�OLEUDU\�URXWLQHV��QR�FRPSLOHU

+

-'.�)���
6OLGH���

00;�,QVWUXFWLRQV

� 0RYH���E����E
� $GG��6XEWUDFW�LQ�SDUDOOHO�����E������E������E

² RSW��VLJQHG�XQVLJQHG�VDWXUDWH��VHW�WR�PD[��LI�RYHUIORZ

� 6KLIWV��VOO�VUO��VUD���$QG��$QG�1RW��2U��;RU
LQ�SDUDOOHO�����E������E������E

� 0XOWLSO\��0XOWLSO\�$GG�LQ�SDUDOOHO������E
� &RPSDUH� ���!�LQ�SDUDOOHO�����E������E������E

² VHWV�ILHOG�WR��V��IDOVH��RU��V��WUXH���UHPRYHV�EUDQFKHV

� 3DFN�8QSDFN
² &RQYHUW���E�²!���E����E��²!��E
² 3DFN�VDWXUDWHV��VHW�WR�PD[��LI�QXPEHU�LV�WRR�ODUJH



-'.�)���
6OLGH���

�9HFWRUV�DQG
9DULDEOH�'DWD�:LGWK

� 3URJUDPPHU�WKLQNV�LQ�WHUPV�RI�YHFWRUV�RI�GDWD�RI
VRPH�ZLGWK�������������RU����ELWV�

� *RRG�IRU�PXOWLPHGLD��0RUH�HOHJDQW�WKDQ
00;�VW\OH�H[WHQVLRQV

� 'RQ·W�KDYH�WR�ZRUU\�DERXW�KRZ�GDWD�VWRUHG�LQ
KDUGZDUH
² 1R�QHHG�IRU�H[SOLFLW�SDFN�XQSDFN�RSHUDWLRQV

� -XVW�WKLQN�RI�PRUH�YLUWXDO�SURFHVVRUV�RSHUDWLQJ�RQ
QDUURZ�GDWD

� ([SDQG�0D[LPXP�9HFWRU�/HQJWK�ZLWK�GHFUHDVLQJ�GDWD
ZLGWK�
���[���ELW������[����ELW������[����ELW������[���ELW

-'.�)���
6OLGH���

0HGLDSURFHVVLQJ�
9HFWRUL]DEOH"�9HFWRU�/HQJWKV"

.HUQHO 9HFWRU�OHQJWK
� 0DWUL[�WUDQVSRVH�PXOWLSO\ ��YHUWLFHV�DW�RQFH
� '&7��YLGHR��FRPPXQLFDWLRQ� LPDJH�ZLGWK
� ))7��DXGLR� ��������
� 0RWLRQ�HVWLPDWLRQ��YLGHR� LPDJH�ZLGWK��LZ���
� *DPPD�FRUUHFWLRQ��YLGHR� LPDJH�ZLGWK
� +DDU�WUDQVIRUP��PHGLD�PLQLQJ� LPDJH�ZLGWK
� 0HGLDQ�ILOWHU��LPDJH�SURFHVVLQJ� LPDJH�ZLGWK
� 6HSDUDEOH�FRQYROXWLRQ��LPJ��SURF�� LPDJH�ZLGWK

(from Pradeep Dubey - IBM,
http://www.research.ibm.com/people/p/pradeep/tutor.html)

-'.�)���
6OLGH���

&RPSLOHU�9HFWRUL]DWLRQ�RQ�&UD\
;03

� %HQFKPDUN �)3 �)3�LQ�YHFWRU
� $'0 ��� ���
� '<)(60� ��� ���
� )/2���� ��� ����
� 0'* ��� ���
� 0*�' ��� ���
� 2&($1 ��� ���
� 4&' ��� ��
� 63,&( ��� �� ����RYHUDOO�
� 75$&. �� ���
� 75)' ��� ��� -'.�)���

6OLGH���

9HFWRU�3LWIDOOV

� 3LWIDOO��&RQFHQWUDWLQJ�RQ�SHDN�SHUIRUPDQFH�DQG�LJQRULQJ
VWDUW�XS�RYHUKHDG�

19��OHQJWK�IDVWHU�WKDQ�VFDODU��!�����
� 3LWIDOO��,QFUHDVLQJ�YHFWRU�SHUIRUPDQFH��ZLWKRXW
FRPSDUDEOH�LQFUHDVHV�LQ�VFDODU�SHUIRUPDQFH
�$PGDKO
V�/DZ�
² IDLOXUH�RI�&UD\�FRPSHWLWRU��(7$��IURP�KLV�IRUPHU�FRPSDQ\

� 3LWIDOO��*RRG�SURFHVVRU�YHFWRU�SHUIRUPDQFH�ZLWKRXW
SURYLGLQJ�JRRG�PHPRU\�EDQGZLGWK
² 00;"



-'.�)���
6OLGH���

9HFWRU�$GYDQWDJHV
� (DV\�WR�JHW�KLJK�SHUIRUPDQFH��1�RSHUDWLRQV�

² DUH�LQGHSHQGHQW
² XVH�VDPH�IXQFWLRQDO�XQLW
² DFFHVV�GLVMRLQW�UHJLVWHUV
² DFFHVV�UHJLVWHUV�LQ�VDPH�RUGHU�DV�SUHYLRXV�LQVWUXFWLRQV
² DFFHVV�FRQWLJXRXV�PHPRU\�ZRUGV�RU�NQRZQ�SDWWHUQ
² FDQ�H[SORLW�ODUJH�PHPRU\�EDQGZLGWK
² KLGH�PHPRU\�ODWHQF\��DQG�DQ\�RWKHU�ODWHQF\�

� 6FDODEOH���JHW�KLJKHU�SHUIRUPDQFH�E\�DGGLQJ�+:�UHVRXUFHV�
� &RPSDFW��'HVFULEH�1�RSHUDWLRQV�ZLWK���VKRUW�LQVWUXFWLRQ
� 3UHGLFWDEOH��SHUIRUPDQFH�YV��VWDWLVWLFDO�SHUIRUPDQFH��FDFKH�
� 0XOWLPHGLD�UHDG\��1�
���E���1�
���E���1�
���E���1�
��E
� 0DWXUH��GHYHORSHG�FRPSLOHU�WHFKQRORJ\
� 9HFWRU�'LVDGYDQWDJH��2XW�RI�)DVKLRQ"

² +DUG�WR�VD\���0DQ\�LUUHJXODU�ORRS�VWUXFWXUHV�VHHP�WR�VWLOO�EH�KDUG�WR
YHFWRUL]H�DXWRPDWLFDOO\�

² 7KHRU\�RI�VRPH�UHVHDUFKHUV�WKDW�6,0'�PRGHO�KDV�JUHDW�SRWHQWLDO� -'.�)���
6OLGH���

9HFWRU�6XPPDU\
� 9HFWRU�PRGHO�DFFRPPRGDWHV�ORQJ�PHPRU\�ODWHQF\�
GRHVQ·W�UHO\�RQ�FDFKHV�DV�GRHV�2XW�2I�2UGHU�
VXSHUVFDODU�9/,:�GHVLJQV

� 0XFK�HDVLHU�IRU�KDUGZDUH��PRUH�SRZHUIXO
LQVWUXFWLRQV��PRUH�SUHGLFWDEOH�PHPRU\�DFFHVVHV�
IHZHU�KD]DUGV��IHZHU�EUDQFKHV��IHZHU�PLVSUHGLFWHG
EUDQFKHV������

� :KDW���RI�FRPSXWDWLRQ�LV�YHFWRUL]DEOH"
� ,V�YHFWRU�D�JRRG�PDWFK�WR�QHZ�DSSV�VXFK�DV
PXOWLPHGLD��'63"

-'.�)���
6OLGH���

3UHGLFWLRQ�
%UDQFKHV��'HSHQGHQFLHV��'DWD

1HZ�HUD�LQ�FRPSXWLQJ"
� 3UHGLFWLRQ�KDV�EHFRPH�HVVHQWLDO�WR�JHWWLQJ�JRRG
SHUIRUPDQFH�IURP�VFDODU�LQVWUXFWLRQ�VWUHDPV�

� :H�ZLOO�GLVFXVV�SUHGLFWLQJ�EUDQFKHV��GDWD
GHSHQGHQFLHV��DFWXDO�GDWD��DQG�UHVXOWV�RI�JURXSV�RI
LQVWUXFWLRQV�
² $W�ZKDW�SRLQW�GRHV�FRPSXWDWLRQ�EHFRPH�D�SUREDELOLVWLF�RSHUDWLRQ��
YHULILFDWLRQ"

² :H�DUH�SUHWW\�FORVH�ZLWK�FRQWURO�KD]DUGV�DOUHDG\«

� �:K\�GRHV�SUHGLFWLRQ�ZRUN"
² 8QGHUO\LQJ�DOJRULWKP�KDV�UHJXODULWLHV�
² 'DWD�WKDW�LV�EHLQJ�RSHUDWHG�RQ�KDV�UHJXODULWLHV�
² ,QVWUXFWLRQ�VHTXHQFH�KDV�UHGXQGDQFLHV�WKDW�DUH�DUWLIDFWV�RI�ZD\
WKDW�KXPDQV�FRPSLOHUV�WKLQN�DERXW�SUREOHPV�

� 3UHGLFWLRQ�⇒�&RPSUHVVLEOH�LQIRUPDWLRQ�VWUHDPV" -'.�)���
6OLGH���

'\QDPLF�%UDQFK�3UHGLFWLRQ

� ,V�G\QDPLF�EUDQFK�SUHGLFWLRQ�EHWWHU�WKDQ
VWDWLF�EUDQFK�SUHGLFWLRQ"
² 6HHPV�WR�EH���6WLOO�VRPH�GHEDWH�WR�WKLV�HIIHFW
² -RVK�)LVKHU�KDG�JRRG�SDSHU�RQ�´3UHGLFWLQJ�&RQGLWLRQDO
%UDQFK�'LUHFWLRQV�IURP�3UHYLRXV�5XQV�RI�D�3URJUDP�µ
$63/26�¶������,Q�JHQHUDO��JRRG�UHVXOWV�LI�DOORZHG�WR
UXQ�SURJUDP�IRU�ORWV�RI�GDWD�VHWV�

ª +RZ�ZRXOG�WKLV�LQIRUPDWLRQ�EH�VWRUHG�IRU�ODWHU�XVH"
ª 6WLOO�VRPH�GLIIHUHQFH�EHWZHHQ�EHVW�SRVVLEOH�VWDWLF
SUHGLFWLRQ��XVLQJ�D�UXQ�WR�SUHGLFW�LWVHOI��DQG
ZHLJKWHG�DYHUDJH�RYHU�PDQ\�GLIIHUHQW�GDWD�VHWV

² 3DSHU�E\�<RXQJ�HW�DOO��´$�&RPSDUDWLYH�$QDO\VLV�RI
6FKHPHV�IRU�&RUUHODWHG�%UDQFK�3UHGLFWLRQµ�QRWLFHV�WKDW
WKHUH�DUH�D�VPDOO�QXPEHU�RI�LPSRUWDQW�EUDQFKHV�LQ
SURJUDPV�ZKLFK�KDYH�G\QDPLF�EHKDYLRU�



-'.�)���
6OLGH���

'\QDPLF�%UDQFK�3UHGLFWLRQ

� 3HUIRUPDQFH� �¦�DFFXUDF\��FRVW�RI�PLVSUHGLFWLRQ�
� %UDQFK�+LVWRU\�7DEOH��/RZHU�ELWV�RI�3&�DGGUHVV
LQGH[�WDEOH�RI���ELW�YDOXHV
² 6D\V�ZKHWKHU�RU�QRW�EUDQFK�WDNHQ�ODVW�WLPH
² 1R�DGGUHVV�FKHFN

� 3UREOHP��LQ�D�ORRS����ELW�%+7�ZLOO�FDXVH�WZR
PLVSUHGLFWLRQV��DYJ�LV���LWHUDWLRV�EHIRUH�H[LW��
² (QG�RI�ORRS�FDVH��ZKHQ�LW�H[LWV�LQVWHDG�RI��ORRSLQJ�DV�EHIRUH
² )LUVW�WLPH�WKURXJK�ORRS�RQ�QH[W�WLPH�WKURXJK�FRGH��ZKHQ�LW
SUHGLFWV�H[LW�LQVWHDG�RI�ORRSLQJ
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� 6ROXWLRQ����ELW�VFKHPH�ZKHUH�FKDQJH�SUHGLFWLRQ
RQO\�LI�JHW�PLVSUHGLFWLRQ�WZLFH���)LJXUH�������S�
����

� 5HG��VWRS��QRW�WDNHQ
� *UHHQ��JR��WDNHQ
� $GGV�K\VWHUHVLV�WR�GHFLVLRQ�PDNLQJ�SURFHVV

'\QDPLF�%UDQFK�3UHGLFWLRQ
�-LP�6PLWK�������

T

T NT

NT

Predict Taken

Predict Not 
Taken

Predict Taken

Predict Not 
TakenT

NT
T

NT
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%+7�$FFXUDF\

� 0LVSUHGLFW�EHFDXVH�HLWKHU�
² :URQJ�JXHVV�IRU�WKDW�EUDQFK
² *RW�EUDQFK�KLVWRU\�RI�ZURQJ�EUDQFK�ZKHQ�LQGH[�WKH
WDEOH

� �����HQWU\�WDEOH��SURJUDPV�YDU\�IURP���
PLVSUHGLFWLRQ��QDVD���WRPFDWY��WR����
�HTQWRWW���ZLWK�VSLFH�DW����DQG�JFF�DW����

� �����DERXW�DV�JRRG�DV�LQILQLWH�WDEOH
�LQ�$OSKD��������
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&RUUHODWLQJ�%UDQFKHV
� +\SRWKHVLV��UHFHQW�EUDQFKHV�DUH�FRUUHODWHG��WKDW�LV�
EHKDYLRU�RI�UHFHQWO\�H[HFXWHG�EUDQFKHV�DIIHFWV
SUHGLFWLRQ�RI�FXUUHQW�EUDQFK

� 7ZR�SRVVLELOLWLHV��&XUUHQW�EUDQFK�GHSHQGV�RQ�
² /DVW�P�PRVW�UHFHQWO\�H[HFXWHG�EUDQFKHV�DQ\ZKHUH�LQ�SURJUDP
3URGXFHV�D�´*$µ��IRU�´JOREDO�DGGUHVVµ��LQ�WKH�<HK�DQG�3DWW
FODVVLILFDWLRQ��H�J��*$J�

² /DVW�P�PRVW�UHFHQW�RXWFRPHV�RI�VDPH�EUDQFK�
3URGXFHV�D�´3$µ��IRU�´SHU�DGGUHVVµ��LQ�VDPH�FODVVLILFDWLRQ��H�J��3$J�

� ,GHD��UHFRUG�P�PRVW�UHFHQWO\�H[HFXWHG�EUDQFKHV�DV
WDNHQ�RU�QRW�WDNHQ��DQG�XVH�WKDW�SDWWHUQ�WR�VHOHFW�WKH
SURSHU�EUDQFK�KLVWRU\�WDEOH�HQWU\
² $�VLQJOH�KLVWRU\�WDEOH�VKDUHG�E\�DOO�EUDQFKHV��DSSHQGV�D�´Jµ�DW�HQG��
LQGH[HG�E\�KLVWRU\�YDOXH�

² $GGUHVV�LV�XVHG�DORQJ�ZLWK�KLVWRU\�WR�VHOHFW�WDEOH�HQWU\��DSSHQGV�D
´Sµ�DW�HQG�RI�FODVVLILFDWLRQ�

² ,I�RQO\�SRUWLRQ�RI�DGGUHVV�XVHG��RIWHQ�DSSHQGV�DQ�´Vµ�WR�LQGLFDWH
´VHW�LQGH[HGµ�WDEOHV��,�H��*$V�
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&RUUHODWLQJ�%UDQFKHV

������*$V�SUHGLFWRU
² )LUVW���PHDQV�WKDW�ZH�NHHS
WZR�ELWV�RI�KLVWRU\

² 6HFRQG�PHDQV�WKDW�ZH�KDYH��
ELW�FRXQWHUV�LQ�HDFK�VORW�

² 7KHQ�EHKDYLRU�RI�UHFHQW
EUDQFKHV�VHOHFWV�EHWZHHQ�
VD\��IRXU�SUHGLFWLRQV�RI�QH[W
EUDQFK��XSGDWLQJ�MXVW�WKDW
SUHGLFWLRQ

² 1RWH�WKDW�WKH�RULJLQDO�WZR�ELW
FRXQWHU�VROXWLRQ�ZRXOG�EH�D
������*$V�SUHGLFWRU

² 1RWH�DOVR�WKDW�DOLDVLQJ�LV
SRVVLEOH�KHUH���

Branch address

2-bits per branch predictors

PredictionPrediction

2-bit global branch history register

� )RU�LQVWDQFH��FRQVLGHU�JOREDO�KLVWRU\��VHW�LQGH[HG
%+7��7KDW�JLYHV�XV�D�*$V�KLVWRU\�WDEOH�

(DFK�VORW�LV
��ELW�FRXQWHU
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4,096 entries: 2-bits per entry Unlimited entries: 2-bits/entry 1,024 entries (2,2)

$FFXUDF\�RI�'LIIHUHQW�6FKHPHV
�)LJXUH�������S������

4096 Entries 2-bit BHT
Unlimited Entries 2-bit BHT
1024 Entries (2,2) BHT
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5H�HYDOXDWLQJ�&RUUHODWLRQ

� 6HYHUDO�RI�WKH�63(&�EHQFKPDUNV�KDYH�OHVV
WKDQ�D�GR]HQ�EUDQFKHV�UHVSRQVLEOH�IRU����
RI�WDNHQ�EUDQFKHV�
SURJUDP� EUDQFK�� �� VWDWLF �� ����
FRPSUHVV ��� ��� ��
HTQWRWW ��� ��� �
JFF ��� ���� ����
PSHJ ��� ���� ���
UHDO�JFF ��� ����� ����

� 5HDO�SURJUDPV���26�PRUH�OLNH�JFF
� 6PDOO�EHQHILWV�EH\RQG�EHQFKPDUNV�IRU
FRUUHODWLRQ"�SUREOHPV�ZLWK�EUDQFK�DOLDVHV"
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1HHG�$GGUHVV
DW�6DPH�7LPH�DV�3UHGLFWLRQ

� %UDQFK�7DUJHW�%XIIHU��%7%���$GGUHVV�RI�EUDQFK�LQGH[
WR�JHW�SUHGLFWLRQ�$1'�EUDQFK�DGGUHVV��LI�WDNHQ�
² 1RWH��PXVW�FKHFN�IRU�EUDQFK�PDWFK�QRZ��VLQFH�FDQ·W�XVH�ZURQJ�EUDQFK
DGGUHVV��)LJXUH�������S������

� 5HWXUQ�LQVWUXFWLRQ�DGGUHVVHV�SUHGLFWHG�ZLWK�VWDFN

%UDQFK�3& 3UHGLFWHG�3&

 "

3&�RI�LQVWUXFWLRQ
)(7

&+

3UHGLFW�WDNHQ�RU�XQWDNHQ
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� $YRLG�EUDQFK�SUHGLFWLRQ�E\�WXUQLQJ�EUDQFKHV
LQWR�FRQGLWLRQDOO\�H[HFXWHG�LQVWUXFWLRQV�

� LI��[��WKHQ�$� �%�RS�&�HOVH�123
² ,I�IDOVH��WKHQ�QHLWKHU�VWRUH�UHVXOW�QRU�FDXVH�H[FHSWLRQ
² ([SDQGHG�,6$�RI�$OSKD��0,36��3RZHU3&��63$5&�KDYH
FRQGLWLRQDO�PRYH��3$�5,6&�FDQ�DQQXO�DQ\�IROORZLQJ
LQVWU�

² ,$����������ELW�FRQGLWLRQ�ILHOGV�VHOHFWHG�VR�FRQGLWLRQDO
H[HFXWLRQ�RI�DQ\�LQVWUXFWLRQ

� 'UDZEDFNV�WR�FRQGLWLRQDO�LQVWUXFWLRQV
² 6WLOO�WDNHV�D�FORFN�HYHQ�LI�´DQQXOOHGµ
² 6WDOO�LI�FRQGLWLRQ�HYDOXDWHG�ODWH
² &RPSOH[�FRQGLWLRQV�UHGXFH�HIIHFWLYHQHVV�
FRQGLWLRQ�EHFRPHV�NQRZQ�ODWH�LQ�SLSHOLQH

x

A = 
B op C

3UHGLFDWHG�([HFXWLRQ
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'\QDPLF�%UDQFK�3UHGLFWLRQ
6XPPDU\

� 3UHGLFWLRQ�EHFRPLQJ�LPSRUWDQW�SDUW�RI�VFDODU
H[HFXWLRQ�
² 3UHGLFWLRQ�LV�H[SORLWLQJ�´LQIRUPDWLRQ�FRPSUHVVLELOLW\µ�LQ�H[HFXWLRQ

� %UDQFK�+LVWRU\�7DEOH����ELWV�IRU�ORRS�DFFXUDF\
� &RUUHODWLRQ��5HFHQWO\�H[HFXWHG�EUDQFKHV�FRUUHODWHG
ZLWK�QH[W�EUDQFK�
² (LWKHU�GLIIHUHQW�EUDQFKHV��*$�
² 2U�GLIIHUHQW�H[HFXWLRQV�RI�VDPH�EUDQFKHV��3$��

� %UDQFK�7DUJHW�%XIIHU��LQFOXGH�EUDQFK�DGGUHVV�	
SUHGLFWLRQ

� 3UHGLFDWHG�([HFXWLRQ�FDQ�UHGXFH�QXPEHU�RI
EUDQFKHV��QXPEHU�RI�PLVSUHGLFWHG�EUDQFKHV


