
�

2SHUDWLQJ�6\VWHPV

9LUWXDO�0HPRU\

�&K����

0HPRU\�0DQDJHPHQW�2XWOLQH

� 3URFHVVHV� �GRQH�

� 0HPRU\�0DQDJHPHQW

± %DVLF �GRQH�

± 3DJLQJ �GRQH�

± 9LUWXDO�PHPRU\� ←←←←

0RWLYDWLRQ

� /RJLFDO�DGGUHVV�VSDFH�ODUJHU�WKDQ�SK\VLFDO�
PHPRU\

± ��� DERXW���*%�LQ�VL]H

± ³9LUWXDO�0HPRU\´

± RQ�VSHFLDO�GLVN

� $EVWUDFWLRQ�IRU�SURJUDPPHU

� 3HUIRUPDQFH�RN"�([DPSOHV�
± 8QXVHG�OLEUDULHV

± (UURU�KDQGOLQJ�QRW�XVHG

± 0D[LPXP�DUUD\V

3DJLQJ�,PSOHPHQWDWLRQ

3DJH��

3DJH��

3DJH��

�

�

�

�

�

�

�

�

3DJH�7DEOH/RJLFDO

0HPRU\ 3K\VLFDO

0HPRU\

3DJH��

3DJH��

�

�

�

�

Y

L

Y

L

9DOLGDWLRQ

%LW

3DJH��

�

�

�

�

³:KDW�KDSSHQV�ZKHQ�DFFHVV�LQYDOLG�SDJH"´

$FFHVVLQJ�,QYDOLG�3DJHV

� 3DJH�QRW�LQ�PHPRU\
± LQWHUUXSW�26� !�SDJH�IDXOW

� 26�ORRNV�LQ�WDEOH�
± LQYDOLG�UHIHUHQFH"� !�DERUW

± QRW�LQ�PHPRU\"� !�EULQJ�LW�LQ

� *HW�HPSW\�IUDPH��IURP�OLVW�

� :ULWH�SDJH�IURP�GLVN�LQWR�IUDPH

� 5HVHW�WDEOHV��VHW�YDOLG�ELW� ���

� 5HVWDUW�LQVWUXFWLRQ

1R�)UHH�)UDPHV

� 3DJH�IDXOW� !�:KDW�LI�QR�IUHH�IUDPHV"

± WHUPLQDWH�SURFHVV��RXW�RI�PHPRU\�

± VZDS�RXW�SURFHVV��UHGXFHV�GHJUHH�RI�PXOWLSURJ�

± UHSODFH�DQRWKHU�SDJH�ZLWK�QHHGHG�SDJH

± 3DJH�UHSODFHPHQW

� 3DJH�IDXOW�ZLWK�SDJH�UHSODFHPHQW�

± LI�IUHH�IUDPH��XVH�LW

± HOVH�XVH�DOJRULWKP�WR�VHOHFW�YLFWLP IUDPH

± ZULWH�SDJH�WR�GLVN

± UHDG�LQ�QHZ�SDJH

± FKDQJH�SDJH�WDEOHV

± UHVWDUW�SURFHVV



�

3DJH�5HSODFHPHQW

3DJH��

3DJH��

3DJH��

�

�

�

�

�

�

�

�

3DJH�7DEOH

/RJLFDO

0HPRU\ 3K\VLFDO

0HPRU\

3DJH��

3DJH��

�

�

�

�

Y

L

Y

L

3DJH��

�

�

�

�

YLFWLP

���

���

���

3DJH�7DEOH

Y

�

�

�

�

Y

L

���L

����

���

3HUIRUPDQFH�RI�'HPDQG�3DJLQJ

� 3DJH�)DXOW�5DWH��S�

��� S ���������QR�SDJH�IDXOWV�WR�HYHU\�UHI�LV�D�IDXOW�

� 3DJH�)DXOW 2YHUKHDG

 ZULWH�SDJH�LQ���XSGDWH���UHVWDUW

± 'RPLQDWHG�E\�WLPH�WR�ZULWH�SDJH�LQ

� (IIHFWLYH�$FFHVV�7LPH
 ����S���PHPRU\�DFFHVV����S �SDJH�IDXOW�RYHUKHDG�

3HUIRUPDQFH�([DPSOH
� 0HPRU\�DFFHVV�WLPH� �����QDQRVHFRQGV

� 3DJH�IDXOW�RYHUKHDG� ����PVHF

� 3DJH�IDXOW�UDWH� �������

� ($7� ����S���������S������PVHF�

 ����S���������S������������

 �������������������S

 �������������������������� ����PLFURVHFRQGV�

� :DQW�OHVV�WKDQ�����GHJUDGDWLRQ

����!�������������������S

���!��������������S

S������������RU���IDXOW�LQ�����������DFFHVVHV�

� 1HHG�JRRG�SDJH�UHSODFHPHQW DOJRULWKPV

3DJH�5HSODFHPHQW�$OJRULWKPV

� (YHU\�V\VWHP�KDV�LWV�RZQ

� :DQW�ORZHVW�SDJH�IDXOW�UDWH

� (YDOXDWH�E\�UXQQLQJ�LW�RQ�D�SDUWLFXODU�VWULQJ�
RI�PHPRU\�UHIHUHQFHV��UHIHUHQFH�VWULQJ��DQG�

FRPSXWLQJ�QXPEHU�RI�SDJH�IDXOWV

� ([DPSOH�������������������������

)LUVW�,Q�)LUVW�2XW��),)2�

�

�

�

��)UDPHV���3URFHVV

�����������������������

)LUVW�,Q�)LUVW�2XW��),)2�

�

�

�

��)UDPHV���3URFHVV

�����������������������

�

�

�

�

�

�

��3DJH�)DXOWV

+RZ�FRXOG�ZH�UHGXFH�WKH�QXPEHU�RI�SDJH�IDXOWV"
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2SWLPDO

� 5HSODFH�WKH�SDJH�WKDW�ZLOO�QRW�EH�XVHG�IRU�
WKH�ORQJHVW�SHULRG�RI�WLPH

YV�

�

�

�

��)UDPHV���3URFHVV

�

�����������������������

2SWLPDO

� 5HSODFH�WKH�SDJH�WKDW�ZLOO�QRW�EH�XVHG�IRU�
WKH�ORQJHVW�SHULRG�RI�WLPH

YV�

�

�

�

��)UDPHV���3URFHVV

�

��3DJH�)DXOWV

� �

�����������������������

+RZ�GR�ZH�NQRZ�WKLV"

8VH�DV�EHQFKPDUN

/HDVW�5HFHQWO\�8VHG

�

�

�

�

�����������������������

� 5HSODFH�WKH�SDJH�WKDW�KDV�QRW�EHHQ�XVHG�IRU�
WKH�ORQJHVW�SHULRG�RI�WLPH

/HDVW�5HFHQWO\�8VHG

�

�

� �

� �

�����������������������

� 5HSODFH�WKH�SDJH�WKDW�KDV�QRW�EHHQ�XVHG�IRU�
WKH�ORQJHVW�SHULRG�RI�WLPH

�

�

��3DJH�)DXOWV

/58�,PSOHPHQWDWLRQ

� &RXQWHU�LPSOHPHQWDWLRQ
± HYHU\�SDJH�KDV�D�FRXQWHU��HYHU\�WLPH�SDJH�LV�
UHIHUHQFHG��FRS\�FORFN�WR�FRXQWHU

± ZKHQ�D�SDJH�QHHGV�WR�EH�FKDQJHG��FRPSDUH�WKH�
FRXQWHUV�WR�GHWHUPLQH�ZKLFK�WR�FKDQJH

� 6WDFN�LPSOHPHQWDWLRQ
± NHHS�D�VWDFN�RI�SDJH�QXPEHUV

± SDJH�UHIHUHQFHG��PRYH�WR�WRS

± QR�VHDUFK�QHHGHG�IRU�UHSODFHPHQW

� �&DQ�ZH�GR�WKLV�LQ�VRIWZDUH"�

/58�$SSUR[LPDWLRQV

� /58�JRRG��EXW�KDUGZDUH�VXSSRUW�H[SHQVLYH

� 6RPH�KDUGZDUH�VXSSRUW�E\�UHIHUHQFH�ELW
± ZLWK�HDFK�SDJH��LQLWLDOO\� ��

± ZKHQ�SDJH�LV�UHIHUHQFHG��VHW� ��

± UHSODFH�WKH�RQH�ZKLFK�LV����QR�RUGHU�

� (QKDQFH�E\�KDYLQJ���ELWV�DQG�VKLIWLQJ
± DSSUR[LPDWH /58



�

6HFRQG�&KDQFH

� ),)2�UHSODFHPHQW��EXW�«
± *HW�ILUVW�LQ�),)2

± /RRN�DW�UHIHUHQFH�ELW

� ELW�  ���WKHQ�UHSODFH

� ELW�  ���WKHQ�VHW�ELW� ����JHW�QH[W�LQ�),)2

� ,I�SDJH�UHIHUHQFHG�HQRXJK��QHYHU�UHSODFHG

� ,PSOHPHQW�ZLWK�FLUFXODU�TXHXH

6HFRQG�&KDQFH�

�

�

�

�

�

�

�

�

1H[W

9LFLWP

�

�

�

�

�

�

�

�

�D� �E�

,I�DOO����GHJHQHUDWHV�WR�),)2

(QKDQFHG�6HFRQG�&KDQFH

� ��ELWV��UHIHUHQFH�ELW DQG�PRGLI\�ELW
� ������QHLWKHU�UHFHQWO\�XVHG�QRU�PRGLILHG

± EHVW�SDJH�WR�UHSODFH

� ������QRW�UHFHQWO\�XVHG�EXW�PRGLILHG
± QHHGV�ZULWH�RXW��³GLUW\´�SDJH�

� ������UHFHQWO\�XVHG�EXW�³FOHDQ´
± SUREDEO\�XVHG�DJDLQ�VRRQ

� ������UHFHQWO\�XVHG�DQG�PRGLILHG
± XVHG�VRRQ��QHHGV�ZULWH�RXW

� &LUFXODU�TXHXH�LQ�HDFK�FODVV��� �0DFLQWRVK�

3DJH�%XIIHULQJ

� 3RRO�RI�IUDPHV
± VWDUW�QHZ�SURFHVV�LPPHGLDWHO\��EHIRUH�ZULWLQJ�ROG

� ZULWH�RXW�ZKHQ�V\VWHP�LGOH

± OLVW�RI�PRGLILHG�SDJHV

� ZULWH�RXW�ZKHQ�V\VWHP�LGOH

± SRRO�RI�IUHH�IUDPHV��UHPHPEHU�FRQWHQW

� SDJH�IDXOW� !�FKHFN�SRRO

7KUDVKLQJ

� ,I�D�SURFHVV�GRHV�QRW�KDYH�³HQRXJK´�SDJHV��
WKH�SDJH�IDXOW�UDWH�LV�YHU\�KLJK

± ORZ�&38�XWLOL]DWLRQ

± 26�WKLQNV�LW�QHHGV�LQFUHDVHG�PXOWLSURJUDPPLQJ

± DGGV�DQRWKHU�SURFHVV�WR�V\VWHP

� 7KUDVKLQJ LV�ZKHQ�D�SURFHVV�LV�EXV\�
VZDSSLQJ�SDJHV�LQ�DQG�RXW

7KUDVKLQJ

GHJUHH�RI PXOLSURJUDPPLQJ
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�

&DXVH�RI�7KUDVKLQJ

� :K\�GRHV�SDJLQJ�ZRUN"

± /RFDOLW\��PRGHO

� SURFHVV�PLJUDWHV�IURP�RQH�ORFDOLW\�WR�DQRWKHU

� ORFDOLWLHV�PD\�RYHUODS

� :K\�GRHV�WKUDVKLQJ�RFFXU"

± VXP�RI�ORFDOLWLHV�!�WRWDO�PHPRU\�VL]H

� +RZ�GR�ZH�IL[�WKUDVKLQJ"

± :RUNLQJ�6HW�0RGHO

± 3DJH�)DXOW�)UHTXHQF\

:RUNLQJ�6HW�0RGHO

� :RUNLQJ�VHW�ZLQGRZ�:  �D�IL[HG�QXPEHU�RI�

SDJH�UHIHUHQFHV

± WRWDO�QXPEHU�RI�SDJHV�UHIHUHQFHV�LQ�WLPH�7

� 7RWDO  �VXP�RI�VL]H�RI�:¶V

� P  �QXPEHU�RI�IUDPHV

:RUNLQJ�6HW�([DPSOH

� 7  ��
� �����������������������������������������

: ^�����`�������: ^�����`���: ^���`

± LI�7 WRR�VPDOO��ZLOO�QRW�HQFRPSDVV�ORFDOLW\

± LI�7 WRR�ODUJH��ZLOO�HQFRPSDVV�VHYHUDO�ORFDOLWLHV

± LI�7  !�LQILQLW\��ZLOO�HQFRPSDVV�HQWLUH�SURJUDP

� LI�7RWDO !�P  !�WKUDVKLQJ��VR�VXVSHQG�D�SURFHVV

� 0RGLI\�/58�DSS[ WR�LQFOXGH�:RUNLQJ�6HW

3DJH�)DXOW�)UHTXHQF\

� (VWDEOLVK�³DFFHSWDEOH´�SDJH�IDXOW�UDWH

± ,I�UDWH�WRR�ORZ��SURFHVV�ORVHV�IUDPH

± ,I�UDWH�WRR�KLJK��SURFHVV�JDLQV�IUDPH

LQFUHDVH

QXPEHU�RI

IUDPHV

GHFUHDVH

QXPEHU�RI

IUDPHV

XSSHU�ERXQG

ORZHU�ERXQG

3
DJ
H�
)
DX
OW
�5
DW
H

1XPEHU�RI�)UDPHV

2XWOLQH

� 'HPDQG�3DJLQJ�,QWUR��GRQH�

� 3DJH�5HSODFHPHQW�$OJRULWKPV��GRQH�

� 7KUDVKLQJ��GRQH�

� 0LVF 3DJLQJ

� :LQ17�����

� /LQX[

� ³$SSOLFDWLRQ�3HUIRUPDQFH�6WXGLHV´

3UHSDJLQJ

� 3XUH�GHPDQG�SDJLQJ�KDV�PDQ\�SDJH�IDXOWV�
LQLWLDOO\

± XVH�ZRUNLQJ�VHW

± GRHV�FRVW�RI�SUHSDJLQJ XQXVHG�IUDPHV�RXWZHLJK�

FRVW�RI�SDJH�IDXOWLQJ"



�

3DJH�6L]H
� 2OG�� 3DJH�VL]H�IL[HG��1HZ��FKRRVH�SDJH�VL]H
� +RZ�GR�ZH�SLFN�WKH�ULJKW�SDJH�VL]H"��7UDGHRIIV�

± )UDJPHQWDWLRQ

± 7DEOH�VL]H

± 0LQLPL]H�,�2

� WUDQVIHU�VPDOO����PV���ODWHQF\���VHHN�WLPH�ODUJH����PV�

± /RFDOLW\

� VPDOO�ILQHU�UHVROXWLRQ��EXW�PRUH�IDXOWV
± H[�����.�SURFHVV������XVHG�����IDXOW������N�����.�IDXOWV���E\WH

� +LVWRULFDO�WUHQG�WRZDUGV�ODUJHU�SDJH�VL]HV
± &38��PHP IDVWHU�SURSRUWLRQDOO\�WKDQ�GLVNV

3URJUDP�6WUXFWXUH

� FRQVLGHU�
int A[1024][1024];

for (j=0; j<1024; j++)

for (i=0; i<1024; i++)

A[i][j] = 0;

� VXSSRVH�
± SURFHVV�KDV���IUDPH

± ��URZ�SHU�SDJH�

±  !�����[�����SDJH�IDXOWV�

3URJUDP�6WUXFWXUH

int A[1024][1024];
for (i=0; i<1024; i++)

for (j=0; j<1024; j++)
A[i][j] = 0;

� �����SDJH�IDXOWV

� 6WDFN�YV��+DVK�WDEOH

� &RPSLOHU

± VHSDUDWH�FRGH�IURP�GDWD

± NHHS�URXWLQHV�WKDW�FDOO�HDFK�RWKHU�WRJHWKHU

� /,63��SRLQWHUV��YV��3DVFDO��QR�SRLQWHUV�

3ULRULW\�3URFHVVHV

� &RQVLGHU
± ORZ�SULRULW\�SURFHVV�IDXOWV��

� EULQJ�SDJH�LQ

± ORZ�SULRULW\�SURFHVV�LQ�UHDG\�TXHXH�IRU�DZKLOH��

ZDLWLQJ�ZKLOH�KLJK�SULRULW\�SURFHVV�UXQV

± KLJK�SULRULW\�SURFHVV�IDXOWV

� ORZ�SULRULW\�SDJH�FOHDQ��QRW�XVHG�LQ�D�ZKLOH

 !�SHUIHFW�

� /RFN�ELW��OLNH�IRU�,�2��XQWLO�XVHG�RQFH

5HDO�7LPH�3URFHVVHV

� 5HDO�WLPH
± ERXQGV�RQ�GHOD\

± KDUG�UHDO�WLPH��V\VWHPV�FUDVK��OLYHV�ORVW

� DLU�WUDIILF�FRQWURO��IDFWRU�DXWRPDWLRQ

± VRIW�UHDO�WLPH��DSSOLFDWLRQ�VXFNV

� DXGLR��YLGHR

� 3DJLQJ�DGGV�XQH[SHFWHG�GHOD\V
± GRQ¶W�GR�LW

± ORFN�ELWV�IRU�UHDO�WLPH�SURFHVVHV

9LUWXDO�0HPRU\�DQG�:LQ17�����

� 3DJH�5HSODFHPHQW�$OJRULWKP
± ),)2

± 0LVVLQJ�SDJH��SOXV�DGMDFHQW�SDJHV

� :RUNLQJ�VHW

± GHIDXOW�LV���

± WDNH�YLFWLP IUDPH�SHULRGLFDOO\

± LI�QR�IDXOW��UHGXFH�VHW�VL]H�E\��

� 5HVHUYH�SRRO
± KDUG�SDJH�IDXOWV

± VRIW�SDJH�IDXOWV



�

9LUWXDO�0HPRU\�DQG�:LQ17�����

� 6KDUHG�SDJHV
± OHYHO�RI�LQGLUHFWLRQ�IRU�HDVLHU�XSGDWHV

± VDPH�YLUWXDO�HQWU\

� 3DJH�)LOH
± VWRUHV�RQO\�PRGLILHG�ORJLFDO�SDJHV

± FRGH�DQG�PHPRU\�PDSSHG�ILOHV�RQ�GLVN�DOUHDG\

9LUWXDO�0HPRU\�DQG�/LQX[

� 5HJLRQV�RI�YLUWXDO�PHPRU\
± SDJLQJ�GLVN��QRUPDO�

± ILOH��WH[W�VHJPHQW��PHPRU\�PDSSHG�ILOH�

� 5H�([DPLQH�IRUN���DQG�H[HF��
± H[HF���FUHDWHV�QHZ�SDJH�WDEOH

± IRUN���FRSLHV�SDJH�WDEOH

� UHIHUHQFH�WR�FRPPRQ�SDJHV

� LI�ZULWWHQ��WKHQ�FRSLHG

9LUWXDO�0HPRU\�DQG�/LQX[

� 3DJH�5HSODFHPHQW�$OJRULWKP
± ORRN�LQ�UHVHUYH�SRRO�IRU�IUHH�IUDPHV

± UHVHUYHV�IRU�EORFN�GHYLFHV��GLVN�FDFKH�

± UHVHUYHV�IRU�VKDUHG�PHPRU\

± XVHU�VSDFH�EORFNV

± HQKDQFHG�VHFRQG�FKDQFH��ZLWK�PRUH�ELWV�

� ³GLUW\´�SDJHV�QRW�WDNHQ�ILUVW

$SSOLFDWLRQ�3HUIRUPDQFH�6WXGLHV

DQG

'HPDQG�3DJLQJ�LQ�:LQGRZV�17

0LNKDLO�0LNKDLORY

*DQJD .DQQDQ

0DUN�&OD\SRRO

'DYLG�)LQNHO

:3,

6DTLE�6\HG

'LY\D�3UDNDVK

6XMLW .XPDU

%0&�6RIWZDUH��,QF�

&DSDFLW\�3ODQQLQJ�7KHQ�DQG�1RZ

� &DSDFLW\�3ODQQLQJ�LQ�WKH�JRRG�ROG�GD\V

± XVHG�WR�EH�MXVW�PDLQIUDPHV

± VLPSOH�&38�ORDG�EDVHG�TXHXLQJ�WKHRU\

± 8QL[

� &DSDFLW\�3ODQQLQJ�WRGD\

± GLVWULEXWHG�V\VWHPV

± QHWZRUNV�RI�ZRUNVWDWLRQV

± :LQGRZV�17

± 06�([FKDQJH��/RWXV�1RWHV

([SHULPHQW�'HVLJQ

� 6\VWHP
± 3HQWLXP�����0+]

± 17�6HUYHU����

± ���0%�5$0

± ,'(�17)6

± 17�Y����

• clearmem

� ([SHULPHQWV

± 3DJH�)DXOWV

± &DFKLQJ

� $QDO\VLV

– perfmon

'RHV�17�KDYH�PRUH�KDUG�SDJH�IDXOWV�RU�

VRIW�SDJH�IDXOWV"



�

3DJH�)DXOW�0HWKRG

� ³:RUN�KDUG´

� 5XQ�ORWV�RI�DSSOLFDWLRQV��RSHQ�DQG�FORVH

� $OO�ORFDO�DFFHVV��QRW�RYHU�QHWZRUN

6RIW�RU�+DUG�3DJH�)DXOWV"

&DFKLQJ�DQG�3UHIHWFKLQJ

� 6WDUW�SURFHVV
± ZDLW�IRU�³(QWHU´

� 6WDUW�perfmon

� +LW�³(QWHU´

� 5HDG�����.�SDJH

� ([LW

� 5HSHDW

3DJH�0HWULFV�ZLWK�&DFKLQJ�2Q
+LW�5HWXUQ

EXWWRQ

5HDG

��.%
([LW

6WDUW
+LW�5HWXUQ

EXWWRQ

([LW

5HDG

��.%


