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2XWOLQH

l ,QWURGXFWLRQ�	�0RWLYDWLRQ

l )LQH�*UDLQHG�&\FOH�6WHDOLQJ

l &OXVWHU�6LPXODWLRQ

l ,PSOHPHQWDWLRQ�0HFKDQLVPV

l (YDOXDWLRQ

l &RQFOXVLRQ�DQG�)XWXUH�:RUN
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+DUYHVW�,GOH�&\FOHV
l 1HWZRUNV�RI�:RUNVWDWLRQV

² :RUNVWDWLRQV�KDYH�KLJK�SURFHVVLQJ�SRZHU
² &RQQHFWHG�YLD�KLJK�VSHHG�QHWZRUN�����0ESV��
² /RQJ�LGOH�WLPH����������DQG�ORZ�UHVRXUFH�XVDJH

l 7UDGLWLRQDO�$SSURDFK��&RDUVH�*UDLQHG�
² *RDO��5XQ�UHVRXUFH�LQWHQVLYH�SURJUDPV�XVLQJ�LGOH
SHULRGV
� ZKLOH�RZQHU�LV�DZD\��VHQG�JXHVW�MRE�DQG�UXQ
� ZKHQ�RZQHU�UHWXUQV��VWRS�DQG�PLJUDWH�MRE�DZD\

² ([DPSOHV��&RQGRU�DQG�12:�V\VWHP

l ,PSURYHPHQW�"
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$YDLODEOH�&\FOHV�RQ�D�´EXV\µ�:RUNVWDWLRQ
l :KHQ�D�XVHU�LV�DFWLYH

² &38�XVDJH�LV�ORZ������RU�OHVV�IRU�����RI�WLPH�
² D�ORZ�SULRULW\�SURFHVV�FRXOG�XVH�WKHVH�F\FOHV
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+RZ�PXFK�0HPRU\�LV�DYDLODEOH�"

l ����RI�WLPH��DW�OHDVW����0%\WHV�LV�DYDLODEOH�

Available Memory (probability)
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)LQH�*UDLQ�&\FOH�6WHDOLQJ
l *RDOV�

² +DUYHVW�PRUH�DYDLODEOH�UHVRXUFHV�XVLQJ�QRQ�LGOH
PDFKLQHV

² /LPLW�VORZGRZQ�RI�ORFDO�MREV
l 7HFKQLTXH

² /RZHU�JXHVW�MRE·V�UHVRXUFH�SULRULW\
� JXHVW�MRE�FDQ�OLQJHU�RQ�QRQ�LGOH�QRGH

² 0LJUDWLRQ�LV�QRZ�RSWLRQDO
� 0LJUDWH�JXHVW�MRE�WR�VSHHG�XS�WKH�SURJUDP

l /RFDO�6FKHGXOLQJ
² *XHVW�MRE�VKRXOG�XVH�RQO\�UHPDLQLQJ�UHVRXUFHV
² :LWKRXW�GLVUXSWLRQ�WR�PDFKLQH�RZQHU
² 1HHG�6WULFW�3ULRULW\�6FKHGXOLQJ�IRU�UHVRXUFHV
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6LPXODWLRQ��*HQHUDWH�/RFDO�:RUNORDG
l &RDUVH�*UDLQ�8VDJH��7UDFHV��HYHU\���VHF�
l )LQH�*UDLQ�5XQ�,GOH�%XUVWV��6WRFKDVWLF�PRGHO

– )LQH�JUDLQ�WUDFH�GDWD�VXSSOLHV�PRGHO�SDUDPHWHUV
Fine-Grain Workload(burst)

characteristics

Workstation

Workstation

Coarse-Grain Workload Trace Fine-Grain Workload
Sequence of CPU Usage

Sequence of Available Memory

Local
Workload

Generatoer
Sequence of Run/Idle Bursts NODE 1

NODE2
4%  12%  10%  60%
12M  14M  20M 18M

Simulator
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6LPXODWLRQ�6WXG\��0LJUDWLRQ�3ROLFLHV
l ,PPHGLDWH�(YLFWLRQ��,(�

² ZKHQ�D�XVHU�UHWXUQV��PLJUDWH�WKH�MRE
² SROLF\�XVHG�E\�%HUNHOH\�12:
² DVVXPHV�IUHH�ZRUNVWDWLRQ�RU�QR�SHQDOW\�WR�VWRS�MRE

l 3DXVH�DQG�0LJUDWH��30�
² ZKHQ�D�XVHU�UHWXUQV��VWRS�DQG�ZDLW��WKHQ�PLJUDWH�WKH�MRE
² XVHG�E\�:LVFRQVLQ�FRQGRU

l /LQJHU�/RQJHU��//�
² ZKHQ�XVHU�UHWXUQV��GHFUHDVH�SULRULW\�DQG�UHPDLQ

� PRQLWRU�VLWXDWLRQ�WR�GHFLGH�ZKHQ�WR�PLJUDWH
² SHUPLWV�ILQH�JUDLQHG�F\FOH�VWHDOLQJ

l /LQJHU�)RUHYHU��/)�
² OLNH�/LQJHU�/RQJHU��EXW�QHYHU�PLJUDWH
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6LPXODWLRQ�RI�3ROLFLHV

l 0RGHO�ZRUNVWDWLRQ�DV
² KRVW�SURFHVV��KLJK�SULRULW\�

� UHTXHVWV�&38��WKHQ�EORFNV
� K\EULG�RI�WUDFH�EDVHG�GDWD�DQG�PRGHO

² JXHVW�SURFHVV��ORZ�SULRULW\�
� DOZD\V�UHDG\�WR�UXQ��DQG�KDYH�D�IL[HG�WRWDO�&38�WLPH

² FRQWH[W�VZLWFKHV��HDFK�WDNHV�����PLFUR�VHFRQGV�
� DFFRXQWV�IRU�ERWK�GLUHFW�VWDWH�DQG�FDFKH�UH�ORDG

l 6WXG\�
² :KDW�LV�WKH�EHQHILW�RI�/LQJHULQJ"
² +RZ�PXFK�ZLOO�OLQJHULQJ�VORZ�IRUHJURXQG�SURFHVVHV"
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&OXVWHU�3HUIRUPDQFH��6HTXHQWLDO�-REV

l 0HWULFV
– $YHUDJH�-RE�7LPH��PHDQ�WLPH�RI�MREV�IURP�VXEPLW�WR�H[LW
– 9DULDWLRQ��VWGGHY��RI��MRE�H[HFXWLRQ�WLPH��VWDUW�H[HF�WR

ILQLVK�
– )DPLO\�7LPH��FRPSOHWLRQ�WLPH�RI�WKH�ODVW�MRE�LQ�WKH�IDPLO\�RI

SURFHVVHV
– 7KURXJKSXW��PHDQ�RI�&38�WLPH�XVHG�E\�IRUHLJQ�MREV�ZKHQ

WKH�QXPEHU�RI�MREV�LQ�V\VWHP�LV�KHOG�FRQVWDQW

l *XHVW�:RUNORDG
– ZRUNORDG���������MREV������VHF�&38�WLPH�HDFK
– ZRUNORDG��������MREV�������VHF�&38�WLPH�HDFK
– $OO�MREV�VXEPLWWHG�DW�RQFH�
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&OXVWHU�3HUIRUPDQFH��6HTXHQWLDO�-REV
l 5HVXOWV

² /)�LV�IDVWHVW��EXW�YDULDWLRQ�LV�KLJKHU�WKDQ�//
� 6ORZHVW����-REV��//������VHF��/)�������VHF

² /)�LV�D�����LPSURYHPHQW�RYHU�WKH�30�SROLF\
² //	/)�DV�JRRG�DV�,(�RU�30�LQ�:RUNORDG��
² 6ORZGRZQ�IRU�IRUHJURXQG�MREV�LV�XQGHU����

 (Simulated Cluster: 64 workstations, 10Mbps Network, 100us Context Switch Time )
Metric LL LF IE PM
Avg. Job Time 1044 1026 1531 1531
Variation 13.7% 20.5% 27.7% 22.5%

Workload-1
(128 bg jobs

600 sec) Family Time 1847 1844 2616 2521
Throughput 52.2 55.5 34.6 34.6
Avg. Job Time 1859 1861 1860 1862
Variation 0.9% 1.3% 1.3% 1.6%

Workload-2
(16 bg jobs
1800 sec) Family Time 1896 1925 1925 1956

Throughput 15.0 14.7 14.5 14.5
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3DUDOOHO�'60�$SSOLFDWLRQV

l 6LPXODWHG�WKUHH�VSODVK�EHQFKPDUN�DSSOLFDWLRQV
– 8VHG�&90�VLPXODWRU�SOXV�/LQJHU�/RQJHU�VLPXODWRU��/)�SROLF\�
– 9DULHG�ORFDO�ORDG�E\�VHOHFWLQJ�ZRUNORDG�SDUDPHWHUV
– (DFK�DSSOLFDWLRQ�UDQ�RQ�HLJKW�QRGHV

1 non-idle node 8 non-idle nodes4 non-idle nodes
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2XWOLQH

l ,QWURGXFWLRQ�	�0RWLYDWLRQ

l )LQH�*UDLQHG�&\FOH�6WHDOLQJ

l &OXVWHU�6LPXODWLRQ

l ,PSOHPHQWDWLRQ�0HFKDQLVPV

l (YDOXDWLRQ

l &RQFOXVLRQ�DQG�)XWXUH�:RUN
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/RFDO�6FKHGXOLQJ�0HFKDQLVPV

l &RQVWUDLQWV
² *XHVW�MRE�VKRXOG�XVH�RQO\�UHPDLQLQJ�UHVRXUFHV

� &38�F\FOHV��PHPRU\�DQG�,�2�EDQGZLGWK
² :LWKRXW�GLVUXSWLRQ�WR�PDFKLQH�RZQHU

l 6XSSRUW�9HU\�/RZ�5HVRXUFH�3ULRULW\
² FXUUHQWO\�DYDLODEOH�"
² +RZ�KDUG�WR�H[WHQG�NHUQHO�"
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,V�8QL[�´QLFHµ�VXIILFLHQW�"
&38�SULRULW\�LV�QRW�VWULFW

² UXQ�WZR�HPSW\�ORRS�SURFHVVHV��JXHVW��QLFH����
OS Host Guest

Solaris (SunOS 5.5) 84% 15%

Linux (2.0.32) 91% 8%

OSF1 99% 0%

AIX (4.2) 60% 40%

1R�PHPRU\�SULRULW\
² UXQ�WZR�ODUJH�PHPRU\�IRRWSULQW�SURFHVVHV

Policy and Setup Host time
(secs)

Guest time
(secs)

Run serially (host then guest) 82 164

Started at the same time, run
w/ equal priority > 5 hours > 5 hours

Host starts at 0, guest at 10 89 176

Guest starts at 0, host at 10 > 5 hours > 5 hours

l $QVZHU�LV�12���� !�H[WHQG�WKH�NHUQHO
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6WDUYDWLRQ�/HYHO�&38�6FKHGXOLQJ

l 2ULJLQDO�/LQX[�&38�6FKHGXOHU
² 5XQ�WLPH�6FKHGXOLQJ�3ULRULW\

� QLFH�YDOXH�	�UHPDLQLQJ�WLPH�TXDQWD
� 7L� ������QLFHBOHYHO�������
�7L��

² 3RVVLEOH�WR�VFKHGXOH�QLFHG�SURFHVVHV

l 0RGLILHG�/LQX[�&38�6FKHGXOHU
² ,I�UXQQDEOH�KRVW�SURFHVVHV�H[LVW

� 6FKHGXOH�D�KRVW�SURFHVV�ZLWK�KLJKHVW�SULRULW\
² 2QO\�ZKHQ�QR�KRVW�SURFHVV�LV�UXQQDEOH

� 6FKHGXOH�D�JXHVW�SURFHVV
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3ULRULWL]HG�3DJH�5HSODFHPHQW

l 1HZ�SDJH�UHSODFHPHQW�DOJRULWKP

High Limit

Low Limit

Priority to Host Job

Priority to Guest Job

Based only on LRU
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² 1R�OLPLW�RQ�WDNLQJ�IUHH�SDJHV

² +LJK�/LPLW��
� 0D[LPXP�SDJHV�JXHVW�FDQ�KROG

² /RZ�/LPLW���
� 0LQLPXP�SDJHV�JXHVW�FDQ�KROG
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0LFUR�7HVW����
l /DUJH�0HPRU\�)RRWSULQW�-RE�5HYLVLWHG

² :LWK�0RGLILHG�&38�6FKHGXOHU�DQG�3DJH�5HSODFHPHQW

Policy and Setup Host time
 (secs)

Guest time
 (secs)

Host
Delay

Host starts then guest,
    Guest niced -19 89 176 8.0%
    Linger priority 83 165 0.8%
Guest starts then host
    Guest niced -19 > 5 hours > 5 hours > 200
    Linger priority 99 255 8.1%

² (DFK�MRE�WDNHV����VHF�WR�UXQ�LQ�LVRODWLRQ
² +RVW�WKHQ�JXHVW��5HGXFH�KRVW�MRE�GHOD\����WR�����
² *XHVW�WKHQ�KRVW��6HULDOL]H�WKH�H[HFXWLRQ

� 6ZLWFK�IURP�JXHVW�MRE�WR�KRVW�MRE
� JXHVW�MRE�UHVXPHV�DIWHU�KRVW�MRE�ILQLVKHV
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$SSOLFDWLRQ�(YDOXDWLRQ���6HWXS
l ([SHULPHQW�(QYLURQPHQW

² /LQX[�3&�&OXVWHU
� ��SHQWLXP�,,�3&V��/LQX[�������
� &RQQHFWHG�E\�D����*ESV�0\ULQHW

l /RFDO�:RUNORDG�IRU�KRVW�MREV
² (PXODWH�,QWHUDFWLYH�/RFDO�8VHU

� 086%86�LQWHUDFWLYH�ZRUNORDG�EHQFKPDUN
� 7\SLFDO�3URJUDPPLQJ�HQYLURQPHQW

² &RGLQJ��&RPSLOLQJ�DQG�'HEXJJLQJ

l *XHVW�MREV
² 5XQ�'60�SDUDOOHO�DSSOLFDWLRQV��&90�
² 625��:DWHU�DQG�))7

l 0HWULFV
² *XHVW�-RE�3HUIRUPDQFH��+RVW�:RUNORDG�6ORZGRZQ
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$SSOLFDWLRQ�(YDOXDWLRQ���+RVW�6ORZGRZQ
l 5XQ�'60�3DUDOOHO�$SSOLFDWLRQV

² ��+RVW�:RUNORDGV�����������������&38�8VDJH�
² +RVW�:RUNORDG�6ORZGRZQ

² )RU�(TXDO�3ULRULW\�
� 6LJQLILFDQW�6ORZGRZQ
� 6ORZGRZQ�LQFUHDVHV�ZLWK�ORDG

² 1R�6ORZGRZQ�ZLWK�/LQJHU�3ULRULW\
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&RQFOXVLRQV�	�)XWXUH�:RUN
l 0RUH�(IILFLHQW�8VH�RI�$YDLODEOH�5HVRXUFHV

– ����LQFUHDVH�LQ�WKURXJKSXW
– 6WLOO�YHU\�OLPLWHG�ORFDO�MRE�VORZGRZQ��D�IHZ�SHUFHQW

l 3RWHQWLDO�IRU�3DUDOOHO�MREV
– $FFHSWDEOH�VORZGRZQ�ZLWK�/LQJHU�3URFHVVHV
– 3HUIRUP�EHWWHU�WKDQ�5HFRQILJXUDWLRQ�LQ�VRPH�FDVHV

l 6LPSOH�NHUQHO�PRGLILFDWLRQV�LPSURYH�LVRODWLRQ
² &38�VFKHGXOLQJ��JXHVW�SURFHVV�SULRULW\
² 0HPRU\�3ULRULW\��ORZHU�XSSHU�OLPLW�RQ�JXHVW�PHPRU\�SDJHV

l &XUUHQW�:RUN
² ,�2�	�&RPP��3ULRULWL]DWLRQ
² *OREDO��FOXVWHU��VFKHGXOLQJ�SROLFLHV
² ,QWHJUDWLRQ�ZLWK�&RQGRU
– (YDOXDWLRQ�RI�SURWRW\SH�LPSOHPHQWDWLRQ


