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/HFWXUH���
%UDQFK�3UHGLFWLRQ��'HSHQGHQFH
6SHFXODWLRQ��DQG�'DWD�3UHGLFWLRQ

3URI��-RKQ�.XELDWRZLF]
&RPSXWHU�6FLHQFH����
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5HYLHZ��9HFWRU�3URFHVVLQJ
� 9HFWRU�3URFHVVLQJ�UHSUHVHQWV�DQ�DOWHUQDWLYH�WR
FRPSOLFDWHG�VXSHUVFDODU�SURFHVVRUV�

� 3ULPLWLYH�RSHUDWLRQV�RQ�ODUJH�YHFWRUV�RI�GDWD
� /RDG�VWRUH�DUFKLWHFWXUH�

² 'DWD�ORDGHG�LQWR�YHFWRU�UHJLVWHUV��FRPSXWDWLRQ�LV�UHJLVWHU�WR�UHJLVWHU�
² 0HPRU\�V\VWHP�FDQ�WDNH�DGYDQWDJH�RI�SUHGLFWDEOH�DFFHVV�SDWWHUQV�

ª 8QLW�VWULGH��1RQ�XQLW�VWULGH��LQGH[HG

� 9HFWRU�SURFHVVRUV�H[SORLW�ODUJH�DPRXQWV�RI�SDUDOOHOLVP
ZLWKRXW�GDWD�DQG�FRQWURO�KD]DUGV�
² (YHU\�HOHPHQW�LV�KDQGOHG�LQGHSHQGHQWO\�DQG�SRVVLEO\�LQ�SDUDOOHO
² 6DPH�HIIHFW�DV�VFDODU�ORRS�ZLWKRXW�WKH�FRQWURO�KD]DUGV�RU�FRPSOH[LW\
RI�WRPDVXOR�VW\OH�KDUGZDUH

� +DUGZDUH�SDUDOOHOLVP�FDQ�EH�YDULHG�DFURVV�D�ZLGH
UDQJH�E\�FKDQJLQJ�QXPEHU�RI�YHFWRU�ODQHV�LQ�HDFK
YHFWRU�IXQFWLRQDO�XQLW�
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5HYLHZ��9HFWRU�3URFHVVLQJ
� ,I�FRGH�LV�YHFWRUL]DEOH��WKHQ�VLPSOH�KDUGZDUH��PRUH
HQHUJ\�HIILFLHQW�WKDQ�2XW�RI�RUGHU�PDFKLQHV�

� &DQ�GHFUHDVH�SRZHU�E\�ORZHULQJ�IUHTXHQF\�VR�WKDW
YROWDJH�FDQ�EH�ORZHUHG��WKHQ�GXSOLFDWLQJ�KDUGZDUH�WR
PDNH�XS�IRU�VORZHU�FORFN�

� 1RWH�WKDW�9R�FDQ�EH�PDGH�DV�VPDOO�DV�SHUPLVVLEOH
ZLWKLQ�SURFHVV�FRQVWUDLQWV�E\�VLPSO\�LQFUHDVLQJ�“ n”
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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"
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'\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��

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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'\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

-'.�)���
6OLGH��

� 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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� $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

² 7KLV�WUDQVIRUPDWLRQ�LV�FDOOHG�´LI�FRQYHUVLRQµ

� '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 -'.�)���

6OLGH���

&6����$GPLQLVWULYLD
� 6HOHFW�3URMHFW�E\�QH[W�)ULGD\��ZH�ZLOO�ORRN
DW�VRPH�RSWLRQV�ODWHU�LQ�WKH�OHFWXUH�
² 1HHG�WR�KDYH�D�SDUWQHU�IRU�WKLV���1HZV�JURXS�HPDLO
OLVW"

² :HE�VLWH��DV�ZH�VKDOO�VHH��KDV�D�QXPEHU�RI�VXJJHVWLRQV
² ,�DP�FHUWDLQO\�RSHQ�WR�RWKHU�VXJJHVWLRQV

ª PDNH�RQH�SURMHFW�ILW�WZR�FODVVHV"
ª 6RPHWKLQJ�FORVH�WR�\RXU�UHVHDUFK"

� 5HDGLQJ�IRU�QH[W�:HGQHVGD\�
² $YLQDVK�6RGDQL�DQG�*XUL�6RKL�

´'\QDPLF�,QVWUXFWLRQ�5HXVHµ
² <LDQQDNLV�6D]HLGHV�DQG�-DPHV�6PLWK�

´0RGHOLQJ�3URJUDP�3UHGLFWDELOLW\µ
² 'LUN�*UXQGZDOG�DQG�$UWXU�.ODXVHU�

´&RQILGHQFH�(VWLPDWLRQ�IRU�6SHFXODWLRQ�&RQWUROµ

� 2QH�SDUDJUDSK�IRU�ILUVW�WZR�SDSHUV��RQH
SDUDJUDSK�IRU�ODVW�



-'.�)���
6OLGH���

'LVFXVVLRQ�RI�<RXQJ�6PLWK
SDSHU

-'.�)���
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'LVFXVVLRQ�RI�6WRUH�6HWV

'HVLJQ�SUREOHP��LPSURYH�DQVZHU

-'.�)���
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&6����3URMHFWV

� ,5$0�SURMHFW�UHODWHG
� %5$66�SURMHFW�UHODWHG
� '\QD&203�UHODWHG��RU�,QWURVSHFWLYH�&RPSXWLQJ�
� ,QGXVWU\�VXJJHVWHG�0,6&

-'.�)���
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,5$0�9LVLRQ�6WDWHPHQW

0LFURSURFHVVRU�	�'5$0
RQ�D�VLQJOH�FKLS�
² RQ�FKLS�PHPRU\�ODWHQF\
����;��EDQGZLGWK�������;

² LPSURYH�HQHUJ\�HIILFLHQF\
�;��;��QR�RII�FKLS�EXV�

² VHULDO�,�2�����;�Y��EXVHV
² VPDOOHU�ERDUG�DUHD�YROXPH
² DGMXVWDEOH�PHPRU\�VL]H�ZLGWK
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Bus

D R A M

$ $
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D R A M

I/OI/O

I/O
I/O

Bus
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$SS�����,QWHOOLJHQW�3'$�������"�
� 3LORW�3'$
�WRGR�FDOHQGDU�
FDOFXODWRU�
DGGUHVVHV�����

��*DPHER\��7HWULV������
��1LNRQ�&RROSL[��FDPHUD�
��&HOO�3KRQH��3DJHU��*36�
WDSH�UHFRUGHU�
79�UHPRWH��DP�IP
UDGLR��JDUDJH�GRRU
RSHQHU�����

��:LUHOHVV�GDWD��:::�
��6SHHFK��YLVLRQ�UHFRJ�
���6SHHFK�RXWSXW�IRU
FRQYHUVDWLRQV

– Speech control of all devices 
– Vision to see surroundings, 
    scan documents, read bar codes, 
    measure room -'.�)���

6OLGH���

$SS�����´,QWHOOLJHQW�'LVNµ�,',6.��
6FDOHDEOH�'HFLVLRQ�6XSSRUW"

  6.0 
GB/s

� ��,5$0�GLVN���[EDU
��IDVW�VHULDO�OLQN�Y�
FRQYHQWLRQDO�603

� 0RYH�IXQFWLRQ�WR�GDWD
Y��GDWD�WR�&38
�VFDQ��VRUW��MRLQ�����

� 1HWZRUN�ODWHQF\� 
I�6:�RYHUKHDG��
QRW�OLQN�GLVWDQFH

� $YRLG�,�2�EXV
ERWWOHQHFN�RI�603

� &KHDSHU��IDVWHU��PRUH
VFDODEOH
�ö��������;�SHUI�

…

cross bar

… …

…

IRAM IRAM

IRAMIRAM

…
… …

…

IRAM IRAM

IRAMIRAM

  75.0 
GB/s

…

…cross bar

cross bar

cross bar

cross bar
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9�,5$0����������P��)DVW�/RJLF���*+]
���*)/236���E�����*236���E�����0%

Memory Crossbar Switch
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Vector Registers

x

÷

Load/Store

8K  I cache 8K D cache

2-way
Superscalar Vector
Processor

8 x 64 8 x 64 8 x 64 8 x 64 8 x 64

8 x 64
or

16 x 32
or

32 x 16

8 x 648 x 64

Queue
Instruction

I/O
I/O

I/O
I/O

Serial
I/O

-'.�)���
6OLGH���

Ring-
based
Switch

C
P
U
+$

7HQWDWLYH�9,5$0���)ORRUSODQ

I/O

■ 0.18 µm DRAM
32 MB in 16 banks x
256b, 128 subbanks

■ 0.25 µm,
5 Metal Logic

■ - 200 MHz MIPS,
   16K I$, 16K D$

■ - 4 200 MHz
FP/int. vector units

■ die:      - 16x16 mm
■ xtors:   - 270M
■ power: -2 Watts

4 Vector Pipes/Lanes

Memory  
(128 Mbits / 16 MBytes)

Memory  
(128 Mbits / 16 MBytes)
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%UDVV�9LVLRQ�6WDWHPHQW
� 7KH�HPHUJHQFH�RI�KLJK�FDSDFLW\�UHFRQILJXUDEOH�GHYLFHV
LV�LJQLWLQJ�D�UHYROXWLRQ�LQ�JHQHUDO�SXUSRVH�SURFHVVLQJ�
,W�LV�QRZ�EHFRPLQJ�SRVVLEOH�WR�WDLORU�DQG�GHGLFDWH
IXQFWLRQDO�XQLWV�DQG�LQWHUFRQQHFW�WR�WDNH�DGYDQWDJH�RI
DSSOLFDWLRQ�GHSHQGHQW�GDWDIORZ��(DUO\�UHVHDUFK�LQ�WKLV
DUHD�RI�UHFRQILJXUDEOH�FRPSXWLQJ�KDV�VKRZQ
HQFRXUDJLQJ�UHVXOWV�LQ�D�QXPEHU�RI�VSRW�DUHDV�LQFOXGLQJ
FU\SWRJUDSK\��VLJQDO�SURFHVVLQJ��DQG�VHDUFKLQJ����
DFKLHYLQJ�������[�FRPSXWDWLRQDO�GHQVLW\�DQG�UHGXFHG
ODWHQF\�RYHU�PRUH�FRQYHQWLRQDO�SURFHVVRU�VROXWLRQV�
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