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,�2�:RUNORDG�

&KDUDFWHUL]DWLRQ

=DFKDU\�.XUPDV��� *HRUJLD�7HFK

NXUPDV]#FF�JDWHFK�HGX

.LP�.HHWRQ��� +3�/DEV

NNHHWRQ#KSO�KS�FRP

5DOSK�%HFNHU�6]HQG\��� +3�/DEV

0RWLYDWLRQ

❚ ,Q�WUDFHV��WKH�UDWLR�RI�LQIRUPDWLRQ�WR�ELWV�
LV�ORZ

❙ 7UDFHV�FRQWDLQ�PXFK�PRUH�GDWD�WKDQ�PRVW�
SHRSOH�QHHG

❚ 7KH�HVVHQFH�RI�ZRUNORDG�FKDUDFWHUL]DWLRQ��

❙ 'HWHUPLQH�ZKDW�LQIRUPDWLRQ�SHRSOH�QHHG

❙ )LJXUH�RXW�KRZ�WR�UHSUHVHQW�LW

❙ 9HULI\�WKDW�WKH�FKDUDFWHUL]DWLRQ�GRHV��LQ�IDFW��
FDSWXUH�DOO�WKH�LPSRUWDQW�LQIRUPDWLRQ
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&KDUDFWHUL]DWLRQ�IRU�663

❚ 663�DW�+3�LV�UHVHDUFKLQJ�KRZ�WR�RSWLPDOO\�
FRQILJXUH�VWRUDJH�V\VWHPV�IRU�EHVW��FRVW�
HIIHFWLYH��SHUIRUPDQFH

❙ :RXOG�OLNH�DQ�DQDO\WLF�PRGHO�WR�SUHGLFW�
SHUIRUPDQFH�IRU�GLIIHUHQW�FRQILJXUDWLRQV

❙ :RXOG�OLNH�D�FRQFLVH�LQSXW�IRU�WKLV�PRGHO

❙ ³,QIRUPDWLRQ´�LV�WKH�GDWD�LQ�WKH�WUDFH�WKDW�
DIIHFWV�SHUIRUPDQFH

,QWURGXFWLRQ

❚ :H�DUH�GHYHORSLQJ�DQ�LWHUDWLYH�PHWKRG�E\�
ZKLFK�ZH�OHDUQ�KRZ�WR�FKDUDFWHUL]H�
ZRUNORDGV

❙ :H�DUH�DEOH�WR�HDVLO\�

❘ 7HVW�WKH�TXDOLW\�RI�WKH�FKDUDFWHUL]DWLRQ

❘ ,VRODWH�WKH�HIIHFWV�RI�LQGLYLGXDO�FKDUDFWHULVWLFV

� WR GHWHUPLQH ZKLFK LQIRUPDWLRQ LV PLVVLQJ

❘ $GG�PLVVLQJ�LQIRUPDWLRQ�WR�WKH�FKDUDFWHUL]DWLRQV
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5RDGPDS

❚ 0RWLYDWLRQ�DQG�,QWURGXFWLRQ

❚ 'HVFULSWLRQ�RI�0HWKRG

❚ 5HVXOWV�IURP�ILUVW���LWHUDWLRQV

❚ )XWXUH�:RUN

❚ 5HODWHG�:RUN

❚ &RQFOXVLRQV

9HULILFDWLRQ

❚ +RZ�GR�ZH�NQRZ�LI�ZH�KDYH�HQRXJK�
LQIRUPDWLRQ"

❙ ,I�DQ\�ZRUNORDG�ZLWK�WKH�VDPH�
FKDUDFWHUL]DWLRQ�KDV�WKH�VDPH�SHUIRUPDQFH�
�ODWHQFLHV�

❙ ,I�ZH�FDQ�JHQHUDWH�DQRWKHU�ZRUNORDG�ZLWK�WKH�
VDPH�SHUIRUPDQFH
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❚ 3HUIRUPDQFH�FRPSDUHG�XVLQJ�&')V RI�ODWHQF\

❙ �&XPXODWLYH�'LVWULEXWLRQ�)XQFWLRQ�

❙ 'LIIHUHQFH�EHWZHHQ�&')V TXDQWLILHG�XVLQJ�URRW�PHDQ�
VTXDUHG�PHWULF�

❘ IDQF\ ZD\ RI PHDVXULQJ WKH DUHD EHWZHHQ WKH FXUYHV

❘ PHDQ RI VTXDUH RI KRUL]RQWDO GLVWDQFH EHWZHHQ JUDSKV

Validation Method
Original

Workload
Characterization

Workload 
Generation Tool

(Pylon)

Synthetic
Workload

Characterization 
Tool (Rubicon)

Measurement
Tool (Rubicon)

Measurement
Tool (Rubicon)

Performance Measurement
(CDF of Latency)

Performance Measurement
(CDF of Latency)

(root-mean-square)
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,WHUDWLYH�3URFHVV

Implement
Improvement

Debug Workload 
Generation Tool

Base Tools Workload Trace

Design 
Improvement*

Improved Tools

Evaluate Workload 
Generation Tool

Evaluate Workload 
Characterization Tool

* This is
the “new idea”

(Explained by
previous slide)

&KDUDFWHUL]LQJ�3HUIRUPDQFH

❚ (DFK�,�2�5HTXHVW�KDV�IRXU�SDUDPHWHUV�

❙ /RFDWLRQ��5HTXHVW�6L]H��7\SH��5HDG�:ULWH���
DQG�,QWHUDUULYDO�7LPH

❚ $�ZRUNORDG�LV�D�VHTXHQFH�RI�UHTXHVWV

❚ 3HUIRUPDQFH�RI�D�ZRUNORDG�LV�GHWHUPLQHG�E\

❙ 'LVWULEXWLRQ�RI�YDOXHV�IRU�HDFK�SDUDPHWHU

❙ &RUUHODWLRQV�ZLWKLQ�DQG�EHWZHHQ�SDUDPHWHUV¶�YDOXHV

❚ ³8VHIXO´�FKDUDFWHUL]DWLRQ�PXVW�GHVFULEH�DOO�
³LPSRUWDQW´�GLVWULEXWLRQV�DQG�FRUUHODWLRQV
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:RUNORDG�*HQHUDWRU

❚ 7KH�ZRUNORDG�JHQHUDWRU�FKRRVHV�YDOXHV�
IRU�HDFK�SDUDPHWHU�VHSDUDWHO\�

❙ ,I�WKH�JHQHUDWRU�FKRRVHV�YDOXHV�E\�UHDGLQJ�
WKHP�IURP�WKH�WUDFH�RI�WKH�RULJLQDO�ZRUNORDG��
WKHQ�WKH�V\QWKHWLF�WUDFH�LV�WKH�VDPH�DV�WKH�
RULJLQDO�

❙ %\�UHDGLQJ�VRPH�SDUDPHWHUV�IURP�WKLV�OLVW�
�WKXV��KROGLQJ�WKHP�³FRQVWDQW´��DQG�FKRRVLQJ�
RWKHU�YDOXHV�UDQGRPO\��ZH�FDQ�UHPRYH�VRPH�
FRUUHODWLRQV��DQG�WKXV��WHVW�WKHLU�LPSRUWDQFH�

5HVHDUFK�(QYLURQPHQW

❚ :RUNORDG��7UDFH�RI�2SHQ�0DLO�
❙ H�PDLO DSSOLFDWLRQ IRU ������ XVHUV

❙ 0HDQ UHTXHVW UDWH� ����� ,�2V SHU VHFRQG

❙ 0HDQ UHTXHVW VL]H� ���� E\WHV

❙ 0HDQ WKURXJKSXW� �����.% SHU VHFRQG

❚ 6WRUDJH�6\VWHP� 2SWLPXV GLVN�DUUD\
❙ 0D[ ,�2V SHU VHFRQG� DERXW ���

❙ :ULWH�EDFN FDFKH

❘ 7KXV� ZULWHV DUH ³IUHH´
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The correlations affecting 
Read/Write Type have the 
largest effect on latency.

Iteration 1

CDF of Latency when only one Generator is not a List

Latency in Seconds

The correlations affecting 
Read/Write Type have the 
largest effect on latency.

Iteration 1

CDF of Read Latency when only one Generator is not a List

Latency in Seconds

(Latencies of
Reads only)
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There is a strong correlation between 
Read/Write Type and Location.

Because of the write-back cache
writes have a much lower 
latency than reads.

Therefore, we modified our 
tools to collect separate data 
for reads and writes.

CDF of I/O Locations

Location of I/O (bytes)

In this iteration, the 
correlation within location 
has the largest effect on 
latency.

Notice that the effect of 
Interarrival Time is now 
magnified.

Iteration 2

CDF of Latency when only one Generator is not a List

Latency in Seconds
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In this iteration, the 
correlation within location 
has the largest effect on 
latency.

Notice that the effect of 
Interarrival Time is now 
magnified.

Iteration 2

CDF of Read Latency when only one Generator is not a List

Latency in Seconds

(Latencies of
Reads only)

The original workload has many more 
small jumps than the synthetic workload.

Therefore, we must consider jump 
distance when generating locations.

PDF of Jump Distance

Jump Distance (bytes)
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-XPS�'LVWDQFH

❚ 7ZR�VLPSOH�DQG�QDLYH�DWWHPSWV�IDLOHG�

❙ &KRRVLQJ�ORFDWLRQ�EDVHG�RQ�D�GLVWULEXWLRQ�RI�
MXPS�GLVWDQFH�UDWKHU�WKDQ�ORFDWLRQ��DQG

❙ &KRRVLQJ�D�VSHFLILHG�SHUFHQWDJH�RI�ORFDWLRQV�
IURP�WKH�MXPS�GLVWDQFH�GLVWULEXWLRQ�DQG�WKH�
UHVW�IURP�WKH�ORFDWLRQ�GLVWULEXWLRQ�

❚ %HFDXVH�PDQ\�WKUHDGV�DUH�ZULWLQJ�WR�HDFK�
GLVN��ZH�VXVSHFW�WKDW�D�SHU�SURFHVV�MXPS�
GLVWDQFH�GRHV�QRW�DFFXUDWHO\�DFFRXQW�IRU�
WKH�REVHUYHG�VSDWLDO�ORFDOLW\�

)XWXUH�:RUN

❚ 'HYHORS�D�EHWWHU�PHWKRG�RI�JHQHUDWLQJ�
ORFDWLRQV

❚ :H�VXVSHFW�WKDW ,QWHUDUULYDO 7LPH��
EXUVWLQHVV�ZLOO�EH�WKH�QH[W�ELJ�LVVXH�

❙ 0XFK�RWKHU�UHVHDUFK�LQ�WKLV�DUHD

❚ 7HVW�RXU�PHWKRG�RQ�PDQ\�GLIIHUHQW�
ZRUNORDGV
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5HODWHG�:RUN

❚ 0DQ\�SHRSOH�KDYH�VWXGLHG�RQH�RU�WZR�
SDUDPHWHUV�

❙ *DQJHU��� /RFDWLRQ�DQG�,QWHUDUULYDO�7LPH

❙ )DORXWVRV �� ,QWHUDUULYDO�7LPH���%XUVWLQHVV

❙ *RPH]�DQG�6DQWRQMD �� /RFDWLRQ

❚ :H�ZLOO�FRQVLGHU�KRZ�WR�LQFRUSRUDWH�WKHVH�
UHVXOWV�LQWR�RXU�IUDPHZRUN�

&RQFOXVLRQV

❚ :H�SUHVHQWHG�D�QHZ�PHWKRGRORJ\�IRU�
FKDUDFWHUL]LQJ�D�ZRUNORDG�

❚ 8VLQJ�WKLV�PHWKRGRORJ\�ZH�FDQ�HDVLO\

❙ 9HULI\�WKDW�WKH�FKDUDFWHUL]DWLRQ�KDV�FDSWXUHG�
DOO�WKH�³LPSRUWDQW´�LQIRUPDWLRQ

❙ ,VRODWH�WKH�HIIHFWV�RI�LQGLYLGXDO�SDUDPHWHUV

❘ DQG�GHFLGH�ZKHUH�WR�PDNH�LPSURYHPHQWV

❙ ,PSURYH�WKH�FKDUDFWHUL]DWLRQ


