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SK\VLFDO�LPSOHPHQWDWLRQ�����

²�$PGDKO��%ODDZ��DQG�%URRNV�������
SOFTWARESOFTWARE--  Organization of Programmable 

    Storage

--  Data Types & Data Structures:
         Encodings & Representations

-- Instruction Set 

-- Instruction Formats

--  Modes of Addressing and Accessing Data Items and Instructions

--  Exceptional Conditions

1R�
� $�&RPSXWHU�DUFKLWHFW�LV�OLNH�WKH�DUFKLWHFW�RI�D
EXLOGLQJ�
² 0XVW�NQRZ�EXLOGLQJ�PDWHULDOV�SURSHUWLHV�

� WUDQVLVWRUV��FLUFXLWV��ZLUHV
� SRZHU�FRQVXPSWLRQ

² 0XVW�NQRZ�DQG�XQGHUVWDQG�FRQVWUXFWLRQ�VW\OHV
�DUFKHV��UHLQIRUFHG�FRQFUHWH��HWF���
� +DUGZDUH�LQWHUQDOV
� &RPSLOHUV
� 1HWZRUNLQJ

� &RPSXWHU�DUFKLWHFWXUH�LV�UHDOO\�6<67(0
DUFKLWHFWXUH�

� /HVVRQV�RI�5,6&��LW�LV�WKH�FRPSOHWH��HQG�WR�HQG
V\VWHP�WKDW�PXVW�VHUYH�LWV�SXUSRVH

7RGD\��EXLOGLQJ�PDWHULDOV
SUHYDOHQW

� 2ULJLQDOO\��ZRUULHG�DERXW�VTXHH]LQJ�WKH�ODVW
RXQFH�RI�SHUIRUPDQFH�IURP�OLPLWHG�UHVRXUFHV

� 7RGD\��ZRUULHG�DERXW�DQ�DEXQGDQFH
�HPEDUUDVVPHQW��RI�ULFKHV"
² %LOOLRQV�RI�WUDQVLVWRUV�RQ�D�FKLS����QP�<HDK��
² 0LFURSURFHVVRU�5HSRUW�DUWLFOHV�ZRQGHULQJ�LI�DOO�WKH
OHVVRQV�RI�5,6&�DUH�QRZ�LUUHOHYDQW

� 0RRUH·V�ODZV��H[SRQHQWLDO�JURZWK�RI�HYHU\WKLQJ
² 7UDQVLVWRUV��3HUIRUPDQFH��'LVN�6SDFH��0HPRU\�6L]H

� 6R��ZKDW�PDWWHUV�DQ\�PRUH""""



([DPSOHV�RI�´0RRUH·V�/DZ·Vµ
� 3URFHVVRU

² ORJLF�FDSDFLW\��DERXW�����SHU�\HDU
² FORFN�UDWH���������DERXW�����SHU�\HDU
² 3HUIRUPDQFH� DERXW��������SHU�\HDU���[�LQ���
PRQWKV�

� 0HPRU\
² '5$0�FDSDFLW\��DERXW�����SHU�\HDU���[�HYHU\��
\HDUV�

² 0HPRU\�VSHHG���DERXW�����SHU�\HDU
² &RVW�SHU�ELW���LPSURYHV�DERXW�����SHU�\HDU

� 'LVN
² FDSDFLW\��DERXW�����SHU�\HDU

6LPSOH�DQVZHUV�
3HUIRUPDQFH�LV�WKH�ZURQJ�PHWULF
� &RPSOH[LW\�

² PRUH�WKDQ�����RI�GHVLJQ�WHDPV�QRZ�IRU�YHULILFDWLRQ
� 3RZHU

² 3URFHVVRU�GHVLJQV�KDPSHUHG�LQ�SHUIRUPDQFH�WR�NHHS
IURP�PHOWLQJ

² :K\���RU���RUGHUV�RI�PDJQLWXGH�GLIIHUHQFH�LQ�SRZHU
FRQVXPSWLRQ�EHWZHHQ�FXVWRP�KDUGZDUH�DQG�JHQHUDO�9RQ
1HXPDQ�DUFKLWHFWXUHV"

� (QHUJ\
² 3RUWDEOH�GHYLFHV

� 6FDODELOLW\��5HOLDELOLW\��0DLQWDLQDELOLW\
² +RZ�WR�NHHS�VHUYLFHV�XS���[�"

� 3HUIRUPDQFH��´&RVW�FRQVFLRXVµ�
² KRZ�WR�JHW�JRRG�SHUIRUPDQFH�ZLWKRXW�D�ORW�RI�SRZHU�
FRPSOH[LW\��HWF�

6KLIW�LQ�)RFXV
� +XPDQ�WLPH�DQG�DWWHQWLRQ��QRW�SURFHVVLQJ�RU�VWRUDJH�

DUH�WKH�OLPLWLQJ�IDFWRUV
� *LYHQV�

² 9DVW�GLYHUVLW\�RI�FRPSXWLQJ�GHYLFHV��3'$V�
FDPHUDV��GLVSOD\V��VHQVRUV��DFWXDWRUV��PRELOH
URERWV��YHKLFOHV���1R�VXFK�WKLQJ�DV�DQ�´DYHUDJHµ
GHYLFH

² 8QOLPLWHG�VWRUDJH��HYHU\WKLQJ�WKDW�FDQ�EH
FDSWXUHG��GLJLWL]HG��DQG�VWRUHG��ZLOO�EH

² (YHU\�FRPSXWLQJ�GHYLFH�LV�FRQQHFWHG�LQ�SURSRUWLRQ
WR�LWV�FDSDFLW\

² 'HYLFHV�DUH�SUHGRPLQDWHO\�FRPSDWLEOH�UDWKHU�WKDQ
LQFRPSDWLEOH��SOXJ�DQG�SOD\�HQDEOHG�E\�RQ�WKH�IO\
WUDQVODWLRQ�DGDSWDWLRQ�

&DVH�LQ�SRLQW�
*RDOV�RI�WKH�(QGHDYRU�3URMHFW

� (QKDQFLQJ�XQGHUVWDQGLQJ
² 'UDPDWLFDOO\�PRUH�FRQYHQLHQW�IRU�SHRSOH�WR�LQWHUDFW
ZLWK�LQIRUPDWLRQ��GHYLFHV��DQG�RWKHU�SHRSOH

² 6XSSRUWHG�E\�D�´SODQHWDU\�VFDOHµ�,QIRUPDWLRQ�8WLOLW\
� 6WUHVV�WHVWHG�E\�FKDOOHQJLQJ�DSSOLFDWLRQV�LQ�GHFLVLRQ
PDNLQJ�DQG�OHDUQLQJ

� 1HZ�PHWKRGRORJLHV�IRU�GHVLJQ��FRQVWUXFWLRQ��DQG
DGPLQLVWUDWLRQ�RI�V\VWHPV�RI�XQSUHFHGHQWHG�VFDOH�DQG
FRPSOH[LW\

² )LJXUH�RI�PHULW��KRZ�HIIHFWLYHO\�ZH�DPSOLI\�DQG
OHYHUDJH�KXPDQ�LQWHOOHFW

� $�SHUYDVLYH�,QIRUPDWLRQ�8WLOLW\��EDVHG�RQ�´IOXLG
V\VWHPV�WHFKQRORJ\µ�WR�HQDEOH�QHZ�DSSURDFKHV
IRU�SUREOHP�VROYLQJ�	�OHDUQLQJ



&RPSXWLQJ
(YROXWLRQ

%DWFK�SURFHVVLQJ
2QH�DW�D�WLPH�XVH
8VHU�FRPHV�WR�PDFKLQH

5HPRWH�-RE�(QWU\
2QH�DW�D�WLPH�XVH
5HPRWH�DFFHVV�WR�PDFKLQH

7LPH�6KDULQJ
6KDUHG�UHVRXUFHV
5HPRWH�DFFHVV

)6

:RUNVWDWLRQ
6KDUHG�VHUYHUV�
'HGLFDWHG�FRPSXWLQJ
5HPRWH�DFFHVV36

/$1

3&���,QWHUQHW
6KDUHG�VHUYHUV�
'HGLFDWHG�FRPSXWLQJ
5HPRWH�DFFHVV

,QWHUQHW
:HE
6HUYHU

0DLO
6HUYHU

,QFUHDVLQJ�)UHHGRP�IURP�&RORFDWLRQ
,QFUHDVLQJ�6KDULQJ�	�'LVWULEXWLRQ
,QFUHDVLQJ�3HUVRQDOL]DWLRQ
,QFUHDVLQJ�5DWLR�RI�&RPSXWHUV�8VHUV

&RPSXWLQJ�5HYROXWLRQ�
H;WUHPH�'HYLFHV

(YROXWLRQ

,QIRUPDWLRQ�$SSOLDQFHV�
6FDOHG�GRZQ�GHVNWRSV�
H�J���&DU3&��3GD3&��HWF�

(YROYHG�'HVNWRSV

6HUYHUV�
6FDOHG�XS�'HVNWRSV�

0LOOHQQLXP

5HYROXWLRQ

,QIRUPDWLRQ�$SSOLDQFHV�
0DQ\�FRPSXWHUV�SHU�SHUVRQ�

0(0V��&&'V��/&'V��FRQQHFWLYLW\

6HUYHUV��,QWHJUDWHG�ZLWK
FRPPV�LQIUDVWUXFWXUH�
/RWV�RI�FRPSXWLQJ�LQ

VPDOO�IRRWSULQW

'LVSOD\

.H\ERDUG 'LVN

0HP

µ3URF

3&�(YROXWLRQ

'LVSOD\ 'LVSOD\

&DPHUD

6
P
DUW

6
HQVRUV

&DPHUD

6PDUW�6SDFHV

&RPSXWLQJ
5HYROXWLRQ:$1

6HUYHU��0HP��
'LVN

,QIRUPDWLRQ
8WLOLW\

%$1*�

'LVSOD\

0HP

'LVN

µ3URF

:KDW�GRHV�WKH�IXWXUH�RI
$UFKLWHFWXUH�KROG"

� 3RVW3&�(UD�ZLOO�EH�GULYHQ�E\���WHFKQRORJLHV�
² 1HWZRUNLQJ��(YHU\WKLQJ
FRQQHFWHG�WR�HYHU\WKLQJ�HOVH

² 8ELTXLWRXV�FRPSXWLQJ
� H�J���VXFFHVVRUV�WR�3'$�
FHOO�SKRQH�
ZHDUDEOH�FRPSXWHUV

� 3URFHVVLQJ�HYHU\ZKHUH
� 6HQVRUV�HYHU\ZKHUH

² �,QIUDVWUXFWXUH�WR�6XSSRUW�VXFK�'HYLFHV
� H�J���VXFFHVVRU�WR�%LJ�)DW�:HE�6HUYHUV�
'DWDEDVH�6HUYHUV

0DMRU�(PSKDVHV�
� $GGUHVVLQJ�WKH�3URFHVVRU�0HPRU\�*DS
� 3RZHU
� 5HFRQILJXUDEOLW\
� 6$0��6FDODELOLW\��$YDLODELOLW\��0DLQWDLQDELOLW\�
� ,QWURVSHFWLRQ�DQG�G\QDPLF�DGDSWDELOLW\
� 4XDQWXP�&RPSXWLQJ��KREE\�RI�PLQH�



6RPH�3URMHFWV�
� ,5$0��´,QWHOOLJHQW�5$0�SURMHFWµ

² 3DWWHUVRQ��<HOLFN��.XELDWRZLF]
� %5$66��5HFRQILJXUDEOH�&RPSXWLQJ

² :DZ\U]QHN
� ,6725(��´7KH�,QWHOOLJHQW�6WRUDJH�3URMHFWµ

² �$FWXDOO\��,QWURVSHFWLYH�6WRUDJH�SURMHFW�
² 3DWWHUVRQ��<HOLFN��.XELDWRZLF]

� '\QD&RPS��´,QWURVSHFWLYH�&RPSXWLQJ�3URMHFWµ
² .XELDWRZLF]

� 2FHDQ6WRUH��8WLOLW\�6WRUDJH
² .XELDWRZLF]

,5$0�
,QWHOOLJHQW�5$0

'DYLG�3DWWHUVRQ��.DWK\�<HOOLFN�
-RKQ�.XELDWRZLF]

0RRUH·V�/DZ�YV
3URFHVVRU�0HPRU\�*DS

�3URF
����\U�
��;����\U
�
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��;���
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'5$0

CPU

19
82

3URFHVVRU�0HPRU\
3HUIRUPDQFH�*DS�
�JURZV�������\HDU�

3H
UI
RU
P
DQ
FH

7LPH

´0RRUH·V�/DZµ

´/HVV·�/DZµ

,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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Memory Crossbar Switch
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Vector Registers

x

÷

Load/Store

16K  I cache 16K D cache

2-way
Superscalar

Vector
Processor

4 x 64 4 x 64 4 x 64 4 x 64 4 x 64

4 x 64
or

8 x 32
or

16 x 16

4 x 644 x 64

Queue
Instruction

I/O
I/O

I/O
I/O

Serial
I/O

Ring-
based
Switch

C
P
U
+$

7HQWDWLYH�9,5$0���)ORRUSODQ

I/O

■ 0.18 µm DRAM
16-32 MB in 16
banks x 256b

■ 0.18 µm,
5 Metal Logic

■ ¡  200 MHz MIPS
IV,
   16K I$, 16K D$

■ ¡  4 200 MHz
FP/int. vector units

■ die:      ¡  20x20 mm

■ xtors:   ¡  130-250M

■ power: ¡ 2 Watts

4 Vector Pipes/Lanes

Memory (128 Mbits / 16 MBytes)

Memory (128 Mbits / 16 MBytes)
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%5$66
�%HUNHOH\�5HFRQILJXUDEOH

$UFKLWHFWXUHV�
6RIWZDUH�DQG�6\VWHPV�

www.cs.berkeley.edu/projects/brass/

-RKQ�:DZ\U]QHN

%5$66

� '(&�35/�3$0�DFKLHYHV�IDVWHVW�56$�LPSOHPHQWDWLRQ
EHDWLQJ�RXW�VXSHUFRPSXWHUV�DQG�FXVWRP�,&V

� 65&�6SODVK�SHUIRUPV�'1$�VHTXHQFH�PDWFKLQJ�DW
���;�&UD\��VSHHG��DQG����;���.�&0��

(DUO\�VXFFHVVHV�RI�)3*$�EDVHG�FRPSXWLQJ�PDFKLQHV�

'HQVLW\�DGYDQWDJHV��DQG�G\QDPLF�UHFRQILJXUDWLRQ�
KDV�PRWLYDWHG�D�QHZ�LQWHUHVW�LQ�)3*$V�DV
FRPSXWLQJ�GHYLFHV�
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%5$66�3URMHFW�0RWLYDWLRQ
:KDW�ZRXOG�PDNH�D�UHFRQILJXUDEOH�GHYLFH�D
JHQHUDO�SXUSRVH�FRPSXWLQJ�SODWIRUP"
� 'HYLFH�PXVW�VROYH�WKH�HQWLUH�SUREOHP��QRW�MXVW

WKH�FRPSXWDWLRQDO�NHUQHO�
� 0XVW�JUDFHIXOO\�KDQGOH�KHDY\�PHPRU\�EDQGZLGWK

DQG�FDSDFLW\�GHPDQGV�
� 0XVW�VXSSRUW�D�FRQYHQLHQW�SURJUDPPLQJ

HQYLURQPHQW�
� 6RIWZDUH�PXVW�VXUYLYH�KDUGZDUH�HYROXWLRQ�

$QVZHU�
� +\EULG�3URFHVVRU

� 5HFRQILJXUDEOH�DUUD\���038�FRUH���PHPRU\�V\VWHP
� JLYHV�EHVW�RI�WHPSRUDO��038��YHUVXV�VSDWLDO��5&
DUUD\��RUJDQL]DWLRQV

� FRQYHQWLRQDO�UXQWLPH�HQYLURQPHQW��26��HWF��
� FRQYHQLHQW�GHYHORSPHQW�SDWK

� &RPSXWH�0RGHO��´DUFKLWHFWXUHµ�
� FULWLFDO�IRU�

� DSSOLFDWLRQ�ORQJHYLW\
� UDSLG�LQVHUWLRQ�RI�QHZ�KDUGZDUH
� KDUGZDUH�UHVRXUFH�YLUWXDOL]DWLRQ

$UFKLWHFWXUH�7DUJHW
� ,QWHJUDWHG�5,6&�FRUH��
PHPRU\�V\VWHP��
UHFRQILJXUDEOH�DUUD\�

� &RPELQHG�5$0�/RJLF
VWUXFWXUH�

� 5DSLG�UHFRQILJXUDWLRQ
ZLWK�PDQ\�FRQWH[WV�

� /DUJH�ORFDO�GDWD
PHPRULHV�DQG�EXIIHUV�

� 7KHVH�FDSDELOLWLHV�HQDEOH�
² KDUGZDUH
YLUWXDOL]DWLRQ

² RQ�WKH�IO\
VSHFLDOL]DWLRQ

128 LUTs

2Mbit

6&25(��6WUHDP�RULHQWHG
FRPSXWDWLRQ�PRGHO

� &RPSXWDWLRQV�DUH�H[SUHVVHG
DV�GDWD�IORZ�JUDSKV�

� *UDSKV�DUH�EURNHQ�XS�LQWR
FRPSXWH�SDJHV�

� &RPSXWH�SDJHV�DUH�OLQNHG
WRJHWKHU�LQ�D�GDWD�IORZ
PDQQHU�ZLWK�VWUHDPV�

� $�UXQ�WLPH�PDQDJHU�DOORFDWHV
DQG�VFKHGXOHV�SDJHV�IRU
FRPSXWDWLRQV�DQG�PHPRU\�

*RDO��3URYLGH�YLHZ�RI�UHFRQILJXUDEOH�KDUGZDUH�ZKLFK�H[SRVHV
VWUHQJWKV�ZKLOH�DEVWUDFWLQJ�SK\VLFDO�UHVRXUFHV�



,6725(��,QWHOOLJHQW�6WRUDJH

'DYLG�3DWWHUVRQ
.DWK\�<HOLFN��-RKQ�.XELDWRZLF]

,6725(�+DUGZDUH�9LVLRQ
� 6\VWHP�RQ�D�FKLS�HQDEOHV�FRPSXWHU��PHPRU\�
UHGXQGDQW�QHWZRUN�LQWHUIDFHV�ZLWKRXW
VLJQLILFDQWO\�LQFUHDVLQJ�VL]H�RI�GLVN

� 7DUJHW�IRU�������\HDUV�
² EXLOGLQJ�EORFN������
0LFUR'ULYH�LQWHJUDWHG�ZLWK
,5$0
� �*%�GLVN�����0%�VHF�IURP�GLVN
� FRQQHFWHG�YLD�FURVVEDU�VZLWFK

² ��������QRGHV�ILW�LQWR�RQH
UDFN�

,6725(���+DUGZDUH�3URWRW\SH
� +DUGZDUH�DUFKLWHFWXUH��SOXJ�DQG�SOD\�LQWHOOLJHQW

GHYLFHV�ZLWK�LQWHJUDWHG�VHOI�PRQLWRULQJ��GLDJQRVWLFV�
DQG�IDXOW�LQMHFWLRQ�KDUGZDUH
² LQWHOOLJHQFH�XVHG�WR�FROOHFW�DQG�ILOWHU�PRQLWRULQJ�GDWD
² GLDJQRVWLFV�DQG�IDXOW�LQMHFWLRQ�HQKDQFH�UREXVWQHVV
² QHWZRUNHG�WR�FUHDWH�D�VFDODEOH�VKDUHG�QRWKLQJ�FOXVWHU

'LVN ,QWHOOLJHQW
'LVN�´%ULFNµ

&38��PHPRU\��GLDJQRVWLF
SURFHVVRU��UHGXQGDQW�1,&V

,QWHOOLJHQW
&KDVVLV�
VFDODEOH�
UHGXQGDQW
VZLWFKLQJ�
SRZHU�

HQY·W�PRQLWRULQJ

[��

,6725(�6RIWZDUH�$SSURDFK
� 7ZR�SURQJHG�DSSURDFK�WR�SURYLGLQJ�UHOLDELOLW\�

���UHDFWLYH�VHOI�PDLQWHQDQFH��G\QDPLF�UHDFWLRQ�WR
�H[FHSWLRQDO�V\VWHP�HYHQWV
� VHOI�GLDJQRVLQJ��VHOI�PRQLWRULQJ�KDUGZDUH
� VRIWZDUH�PRQLWRULQJ�DQG�SUREOHP�GHWHFWLRQ
� DXWRPDWLF�UHDFWLRQ�WR�GHWHFWHG�SUREOHPV

���SURDFWLYH�VHOI�PDLQWHQDQFH��FRQWLQXRXV�RQOLQH�VHOI�
�WHVWLQJ�DQG�VHOI�DQDO\VLV
� DXWRPDWLF�FKDUDFWHUL]DWLRQ�RI�V\VWHP�FRPSRQHQWV
� LQ�VLWX�IDXOW�LQMHFWLRQ��VHOI�WHVWLQJ��DQG�VFUXEELQJ�WR
GHWHFW�IODN\�KDUGZDUH�FRPSRQHQWV�DQG�WR�H[HUFLVH
UDUHO\�WDNHQ�DSSOLFDWLRQ�FRGH�SDWKV�EHIRUH�WKH\·UH�XVHG



5HDFWLYH�6HOI�0DLQWHQDQFH
� ,6725(�GHILQHV�D�OD\HUHG�V\VWHP�PRGHO
IRU�PRQLWRULQJ�DQG�UHDFWLRQ�

6HOI�PRQLWRULQJ
KDUGZDUH

6:�PRQLWRULQJ

3UREOHP�GHWHFWLRQ

&RRUGLQDWLRQ
RI�UHDFWLRQ

5HDFWLRQ
PHFKDQLVPV

3URYLGHG�E\�,6725(�
5XQWLPH�6\VWHP

3URYLGHG�E\
$SSOLFDWLRQ

� ,6725(�$3,�GHILQHV�LQWHUIDFH�EHWZHHQ�UXQWLPH
V\VWHP�DQG�DSS��UHDFWLRQ�PHFKDQLVPV

3ROLFLHV

,6725(�$3,

� 3ROLFLHV�GHILQH�V\VWHP·V�PRQLWRULQJ��GHWHFWLRQ�
DQG�UHDFWLRQ�EHKDYLRU

3URDFWLYH�6HOI�0DLQWHQDQFH
� &RQWLQXRXV�RQOLQH�VHOI�WHVWLQJ�RI�+:�DQG�6:

² GHWHFWV�IODN\��IDLOLQJ��RU�EXJJ\�FRPSRQHQWV�YLD�
� IDXOW�LQMHFWLRQ��WULJJHULQJ�KDUGZDUH�DQG�VRIWZDUH
HUURU�KDQGOLQJ�SDWKV�WR�YHULI\�WKHLU�LQWHJULW\�H[LVWHQFH

� VWUHVV�WHVWLQJ��SXVKLQJ�+:�6:�FRPSRQHQWV�SDVW
QRUPDO�RSHUDWLQJ�SDUDPHWHUV

� VFUXEELQJ��SHULRGLF�UHVWRUDWLRQ�RI�SRWHQWLDOO\
´GHFD\LQJµ�KDUGZDUH�RU�VRIWZDUH�VWDWH

² DXWRPDWHV�SUHYHQWLYH�PDLQWHQDQFH
� '\QDPLF�+:�6:�FRPSRQHQW�FKDUDFWHUL]DWLRQ

² XVHG�WR�DGDSW�WR�KHWHURJHQHRXV�KDUGZDUH�DQG
EHKDYLRU�RI�DSSOLFDWLRQ�VRIWZDUH�FRPSRQHQWV

'\QD&RPS�

7KH�%HUNHOH\
,QWURVSHFWLYH�&RPSXWLQJ

3URMHFW
-RKQ�.XELDWRZLF]

,QWURVSHFWLYH�&RPSXWLQJ
� %LRORJLFDO�$QDORJV�IRU�FRPSXWHU�V\VWHPV�

² &RQWLQXRXV�DGDSWDWLRQ
² ,QVHQVLWLYLW\�WR�GHVLJQ�IODZV

� %RWK�KDUGZDUH�DQG�VRIWZDUH
� 1HFHVVDU\�LI�FDQ�QHYHU�EH
VXUH�WKDW�DOO�FRPSRQHQWV
DUH�ZRUNLQJ�SURSHUO\«

� ([DPSOHV�
² ,6725(����DSSOLHV�LQWURVSHFWLYH
FRPSXWLQJ�WR�GLVN�VWRUDJH

² '\QD&RPS����DSSOLHV�LQWURVSHFWLYH
FRPSXWLQJ�DW�FKLS�OHYHO
� &RPSLOHU�DOZD\V�UXQQLQJ�DQG�SDUW�RI�H[HFXWLRQ�

Compute

Monitor

Adapt



,QWURVSHFWLYH�&RPSXWLQJ
� 7ZR�KLJK�OHYHO�JRDOV�

² 3HUIRUPDQFH�
� VTXHH]H�ODVW�RXQFH�RI�SHUIRUPDQFH�WKURXJK�RQ�
OLQH�FRPSLOHU�DQDO\VHV

� %HWWHU�DGDSWDWLRQ�WR�H[WUHPHV�RI�SHUIRUPDQFH
� %HWWHU�XVH�RI�SDUDOOHO�UHVRXUFHV��G\QDPLF
SDUDOOHOLVP�

² 5HOLDELOLW\��0DLQWDLQDELOLW\�
� $XWRPDWLF�UHFRJQLWLRQ�RI�KDUGZDUH�IODZV
WKURXJK�XVH�RI�SURRI�FKHFNLQJ��VXFK�DV�3&&��DQG
UHGXQGDQF\

� $GDSWDWLRQ�WR�´FRPSLOH�DURXQGµ�SUREOHPV

,QWURVSHFWLYH�3URWRW\SH

� 0XOWLSURFHVVRU�RQ�D�FKLS���VRPH�VXSSRUW
IRU�PRQLWRULQJ

� +LHUDUFKLFDO�&RPSLOHU�WHFKQRORJLHV�
² &RPSLOLQJ�FDQ�RFFXU�DW�GLIIHUHQW�WLPHV�DQG�DW
GLIIHUHQW�OHYHOV�RI�FRPSOHWHQHVV

2FHDQ6WRUH�
7KH�2FHDQLF�'DWD�8WLOLW\�
*OREDO�6FDOH�3HUVLVWHQW�6WRUDJH

-RKQ�.XELDWRZLF]

8ELTXLWRXV�'HYLFHV�⇒
8ELTXLWRXV�6WRUDJH

� &RQVXPHUV�RI�GDWD�PRYH��FKDQJH�IURP�RQH�GHYLFH�WR
DQRWKHU��ZRUN�LQ�FDIHV��FDUV��DLUSODQHV��WKH�RIILFH��HWF�

� 3URSHUWLHV�5(48,5('�IRU�(QGHDYRXU�VWRUDJH
VXEVWUDWH�
² 6WURQJ�6HFXULW\��GDWD�PXVW�EH�HQFU\SWHG�ZKHQHYHU�LQ�WKH
LQIUDVWUXFWXUH��UHVLVWDQFH�WR�PRQLWRULQJ

² &RKHUHQFH��WRR�PXFK�GDWD�IRU�QDwYH�XVHUV�WR�NHHS
FRKHUHQW�´E\�KDQGµ

² $XWRPDWLF�UHSOLFD�PDQDJHPHQW�DQG�RSWLPL]DWLRQ��KXJH
TXDQWLWLHV�RI�GDWD�FDQQRW�EH�PDQDJHG�PDQXDOO\

² 6LPSOH�DQG�DXWRPDWLF�UHFRYHU\�IURP�GLVDVWHUV�
SUREDELOLW\�RI�IDLOXUH�LQFUHDVHV�ZLWK�VL]H�RI�V\VWHP

² 8WLOLW\�PRGHO��ZRUOG�VFDOH�V\VWHP�UHTXLUHV�FRRSHUDWLRQ
DFURVV�DGPLQLVWUDWLYH�ERXQGDULHV



Pac
  Bell

AT&T

Canadian
OceanStore

� 6HUYLFH�SURYLGHG�E\�FRQIHGHUDWLRQ�RI�FRPSDQLHV
² 0RQWKO\�IHH�SDLG�WR�RQH�VHUYLFH�SURYLGHU
² &RPSDQLHV�EX\�DQG�VHOO�FDSDFLW\�IURP�HDFK�RWKHU

IBM

8WLOLW\�EDVHG�,QIUDVWUXFWXUH 2FHDQ6WRUH�$VVXPSWLRQV
� 8QWUXVWHG�,QIUDVWUXFWXUH�

² ,QIUDVWUXFWXUH�LV�FRPSULVHG�RI�XQWUXVWHG�FRPSRQHQWV
² 2QO\�F\SKHUWH[W�ZLWKLQ�WKH�LQIUDVWUXFWXUH
² 0XVW�EH�FDUHIXO�WR�DYRLG�OHDNLQJ�LQIRUPDWLRQ

� 0RVWO\�:HOO�&RQQHFWHG�
² 'DWD�SURGXFHUV�DQG�FRQVXPHUV�DUH�FRQQHFWHG�WR�D�KLJK�
EDQGZLGWK�QHWZRUN�PRVW�RI�WKH�WLPH

² ([SORLW�PHFKDQLVP�VXFK�DV�PXOWLFDVW�IRU�TXLFNHU
FRQVLVWHQF\�EHWZHHQ�UHSOLFDV

� 3URPLVFXRXV�&DFKLQJ�
² 'DWD�PD\�EH�FDFKHG�DQ\ZKHUH��DQ\WLPH
² *OREDO�RSWLPL]DWLRQ�WKURXJK�WDFLW�LQIRUPDWLRQ�FROOHFWLRQ

� 2SHUDWLRQV�,QWHUIDFH�ZLWK�&RQIOLFW�5HVROXWLRQ�
² $SSOLFDWLRQV�HPSOR\�DQ�RSHUDWLRQV�RULHQWHG�LQWHUIDFH�
UDWKHU�WKDQ�D�ILOH�V\VWHPV�LQWHUIDFH

² &RKHUHQFH�LV�FHQWHUHG�DURXQG�FRQIOLFW�UHVROXWLRQ

,QWHUHVWLQJ�,VVXH�
5DSLG�8SGDWH�LQ�DQ

8QWUXVWHG�,QIUDVWUXFWXUH
� 5HTXLUHPHQWV�

² 6FDODEOH�FRKHUHQFH�PHFKDQLVP�ZKLFK�SURYLGHV
SHUIRUPDQFH�HYHQ�WKRXJK�UHSOLFDV�ZLGHO\�VHSDUDWHG

² 2SHUDWH�GLUHFWO\�RQ�HQFU\SWHG�GDWD
² 8SGDWHV�VKRXOG�QRW�UHYHDO�LQIR�WR�XQWUXVWHG�VHUYHUV

� 2FHDQ6WRUH�7HFKQRORJLHV�
² 2SHUDWLRQV�EDVHG�LQWHUIDFH�XVLQJ�FRQIOLFW�UHVROXWLRQ
² 8VH�RI�LQFUHPHQWDO�FU\SWRJUDSKLF�WHFKQLTXHV��1R�WLPH�WR
GHFU\SW�XSGDWH�UH�HQFU\SW

² 8VH�RI�REOLYLRXV�IXQFWLRQ�WHFKQLTXHV�WR�SHUIRUP�WKLV
XSGDWH��IDOOEDFN�WR�VHFXUH�KDUGZDUH�LQ�JHQHUDO�FDVH�

² 8VH�RI�DXWRPDWLF�WHFKQLTXHV�WR�YHULI\�VHFXULW\�SURWRFROV

&RQFOXVLRQ�

� &RPSXWHU�$UFKLWHFWXUH�5HVHDUFK�LV
WDUJHWLQJ�SUREOHPV�RI�WKH���VW�FHQWXU\
² 7KH�1HWZRUN�LV�&HQWUDO

� 8VHUV�PDWWHU��QRW�KDUGZDUH
� +DUGZDUH�,VVXHV�

² &RPSOH[LW\��3RZHU��$YDLODELOLW\��)DXOW�7ROHUDQFH
� 6RIWZDUH�,VVXHV�

² &RPSOH[LW\��$GDSWDELOLW\��$YDLODELOLW\�
0DLQWDLQDELOLW\��6FDODELOLW\


