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'\QDPLF�&RGH�&RYHUDJH�XVLQJ
G\QLQVW$3,

0XVWDID�0XUDW�7LNLU



2University of Maryland

2XWOLQH

l 0RWLYDWLRQ
l ([WHQVLRQ�WR�G\QLQVW$3,
l 8VLQJ�'RPLQDWRU�7UHH
l &RGH�&RYHUDJH�$OJRULWKP
l &XUUHQW�6WDWXV
l ([SHULPHQWV�DQG�5HVXOWV
l &RQFOXVLRQ�DQG�&RQWULEXWLRQ
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0RWLYDWLRQ

l &RGH�&RYHUDJH�LV�XVHIXO�IRU�HQVXULQJ
EXJ�IUHH�VRIWZDUH
² LGHQWLI\LQJ�VRXUFH�FRGH�OLQHV�QRW�H[HFXWHG�LQ�D
UXQ�RU�UXQV

² PDNLQJ�VXUH�WKDW�HDFK�SDWK�LV�WDNHQ�DW�OHDVW
RQFH�GXULQJ�WKH�WHVWLQJ�SKDVH

l 8VHIXO�IRU�LGHQWLI\LQJ�ERWWOHQHFNV�LQ
EDVLF�EORFN�OHYHO

l '\QDPLF�DSSURDFK�ZLOO�SURGXFH�IDVWHU
FRGH�FRYHUDJH�UHVXOWV�IRU�ORQJ�UXQQLQJ
SURJUDPV
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([WHQVLRQ�WR�G\QLQVW$3,

l 1HZ�FODVVHV�DGGHG�WR�G\QLQVW$3,
² %3DWFKBEDVLF%ORFN
² %3DWFKBVRXUFH%ORFN
² %3DWFKBIORZ*UDSK

l $UELWUDU\�,QVWUXPHQWDWLRQ�SRLQWV
² &RQVHUYDWLYH�EDVH�WUDPSROLQH

l %DVH�WUDPSROLQH�GHOHWLRQ
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FODVV�%3DWFKBEDVLF%ORFN

l PDFKLQH�FRGH�EDVLF�EORFN
l FRQWDLQV�LQIRUPDWLRQ

² VWDUW�HQG�DGGUHVV�RI�WKH�EORFN�LQ�H[HFXWDEOH
² RXWJRLQJ�LQFRPLQJ�HGJHV�WR�IURP�RWKHU�EDVLF
EORFNV

² FRUUHVSRQGLQJ�VRXUFH�FRGH�OLQH�LQIRUPDWLRQ
² LPPHGLDWH�GRPLQDWRU�DQG�EDVLF�EORFNV
GRPLQDWHG�LPPHGLDWHO\

² GHOD\�LQVWUXFWLRQ�LQFOXGHG�LI�H[LVWV
l FUHDWLRQ�LV�PDFKLQH�GHSHQGHQW

² PDFKLQH�VSHFLILF�IXQFWLRQV�FODVVHV�IRU�PDFKLQH
LQGHSHQGHQFH
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FODVV�%3DWFKBVRXUFH%ORFN

l VRXUFH�FRGH�VHJPHQW�FRUUHVSRQGLQJ�WR�D
PDFKLQH�EDVLF�EORFN

l FRQWDLQV�VHW�RI�FRUUHVSRQGLQJ�VRXUFH
OLQH�QXPEHUV

l FUHDWHG�RQH�IRU�HDFK�PDFKLQH�EDVLF
EORFN
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$UELWUDU\�LQVWUXPHQWDWLRQ�SRLQWV

l &RGH�&RYHUDJH�QHHGV�EDVLF�EORFN�OHYHO
LQVWUXPHQWDWLRQ
² G\QLQVW$3,�XVHG�WR�VXSSRUW�IXQFWLRQ�OHYHO
LQVWUXPHQWDWLRQ�IRU�VSDUF�VRODULV

² DGGHG�DUELWUDU\�LQVWUXPHQWDWLRQ�SRLQWV�IRU
63$5&

l 0RUH�VWDWH�PXVW�EH�PDLQWDLQHG�LQ�EDVH
WUDPSROLQHV
² VDYH�UHVWRUH�FRQGLWLRQ�FRGHV�EHIRUH�DIWHU
DUELWUDU\�LQVWUXPHQWDWLRQ�SRLQWV

² 6SDUF�DUFK�VXSSRUWV�XVHU�PRGH�FRQGLWLRQ�FRGH
ZULWH�UHDG�IRU�YHUVLRQ�Y�SOXV�DQG�ODWHU
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8VLQJ�GRPLQDWRU�WUHH

l 'HILQLWLRQV
² $�GRP�%�LI�DOO�SDWKV�IURP�HQWU\�WR�%�JRHV
WKURXJK�$

² $�LGRP�%�LI��&�� �$��DQG��&�GRP�%��LPSOLHV��&
GRP�$��IRU�DOO�&

² GRPLQDWRU�WUHH�EXLOW�XVLQJ�WKH�LGRP�UHODWLRQ
l )DFW

² H[HFXWLRQ�RI�OHDI�QRGH�LQ�GRPLQDWRU�WUHH
JXDUDQWHHV�H[HFXWLRQ�RI�DOO�EDVLF�EORFNV�DORQJ
WKH�SDWK�IURP�URRW�QRGH
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Executed:1, 2, 3, 5, 6, 7 Unexecuted: 4

,QVWUXPHQWLQJ�OHDI�QRGHV

* instrument basic blocks that are leaf nodes in dominator tree
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Incorrect : Executed : 1, 4, 5   Unexecuted: 2, 3

Correct : Executed : 1, 2, 4, 5   Unexecuted: 3

22

&)*�����������������������������������������������'RPLQDWRU�7UHH

,QVWUXPHQWLQJ�QRQ�OHDI�QRGH

* instrument basic blocks that have outgoing edge(s) to basic blocks not dominated by them
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&RGH�&RYHUDJH�$OJRULWKP

l 3UH�5XQ�3KDVH
² EXLOG�&)*�IRU�HDFK�IXQFWLRQ
² ILOO�GRPLQDWRU�LQIR�IRU�&)*�JUDSK
² FKRRVH�EDVLF�EORFNV�WR�LQVWUXPHQW
² DVVLJQ�D�ERROHDQ�YDULDEOH�WR�HDFK�EDVLF�EORFN
² DW�HQWU\�SRLQW�WR�&)*�VHW�DOO�YDULDEOHV�WR�IDOVH
² DW�WKH�EHJLQQLQJ�RI�HDFK�EDVLF�EORFN�VHW�LWV�IODJ
WR�WUXH

² XVH�H[LW�FDOOEDFN�WR�UHFRUG�UHVXOWV
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&RGH�&RYHUDJH�$OJRULWKP�FRQW·G�

l 3RVW�5XQ�3KDVH
² DW�SURJUDP�WHUPLQDWLRQ�IRU�HDFK�EDVLF�EORFN
LQVWUXPHQWHG
� UHDG�LWV�YDULDEOH
� SURSDJDWH�WKH�YDOXH�XS�GRPLQDWRU�WUHH

² SULQW�WKH�VRXUFH�FRGH�OLQH�QXPEHUV�IRU�WKH
H[HFXWHG�EDVLF�EORFNV
� ZRUNLQJ�RQ�DQ�LPSURYHG�8,
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'\QDPLF�'HOHWLRQ

l (DFK�%ORFN�5HTXLUHV�
² DQ�LQVWUXPHQWDWLRQ�SRLQW�ZLWK�D�EDVH�WUDPSROLQH
² HDFK�LQVWUXPHQWDWLRQ�SRLQW�KDV�D�PLQL�WUDPS
² MXPS�FDOO�LQVWUXFWLRQV

� IURP�PXWDWHH�DGGUHVV�VSDFH�WR�EDVH�WUDPS
� IURP�EDVH�WUDPS�WR�PLQL�WUDPS

l 7KLV�LV�H[SHQVLYH�IRU�KRW�EORFNV�
l 2QFH�D�EORFN�UXQV��GRQ·W�QHHG�WKH�FRGH
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,QVWUXPHQWDWLRQ�&RGH�'HOHWLRQ�3ROLFLHV

l 3RVVLEOH�SROLFLHV
² DW�IL[HG�WLPH�LQWHUYDOV�JLYHQ�DV�SDUDPHWHU
² ILUVW�WLPH�LW�LV�H[HFXWHG
² EDVHG�RQ�D�FRVW�PRGHO

� LI�LQVLGH�D�ORRS��KRZ�PDQ\�WLPHV�LW�ZLOO�EH
H[HFXWHG��ZKDW�WKH�QHVW�LV��HWF�

� FRVW�RI�GHOHWLRQ�YHUVXV�FRVW�RI�H[HFXWLRQ
l :H�GHOHWH�DW�IL[HG�WLPH�LQWHUYDOV

² VWRS�WKH�H[HFXWLRQ�RI�PXWDWHH
² SURSDJDWH�LQIRUPDWLRQ�DQG�GHOHWH
LQVWUXPHQWDWLRQ�FRGH�IRU�H[HFXWHG�EDVLF�EORFNV
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&XUUHQW�6WDWXV

l )XOO\�LPSOHPHQWHG�RQ�VSDUF�VRODULV
SODWIRUP

l :RUNV�IRU�H[HFXWDEOHV�FRPSLOHG�ZLWK
JQX�&�DQG�QDWLYH�&�FRPSLOHUV

l 7HVWHG�RQ
² 3RVWJUH64/�REMHFW�UHODWLRQDO�'%06
² 63(&���&,17�VSHF�EHQFKPDUN�LQ�&

� ����JR�����P��NVLP�����JFF�����FRPSUHVV
� ����OL�����LMSHJ�����SHUO�����YRUWH[
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3RVWJUHV�ZLWK�FUDVK�PH�EHQFKPDUN
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3RVWJUHV�ZLWK�ZLVFRQVLQ�EHQFKPDUN

0

20

40

60

80

100

120

140

160

180

ex
ec

ut
io

n 
tim

e(
se

c)

or
ig

in
al

pu
re

co
v 0 1 2 5 10 15 25 50

deletion interval(sec)

execution time for postgres

all basic blocks

dominator info

coverage  for postgres

0

5

10

15

20

25

1 8 15 22 29 36 43 50 57 64 71 78 85

time(interval)

pe
rc

en
ta

ge

percentage



18University of Maryland

63(&�������JR�UHVXOWV
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7RWDO�	�,QVWUXPHQWHG�%DVLF�%ORFN�&RXQW

l 8VLQJ�GRPLQDWRU�LQIRUPDWLRQ�UHGXFHV
WKH�WRWDO�QXPEHU�RI�EDVLF�EORFNV
LQVWUXPHQWHG�E\�������

,QVWUXPHQWDWLRQ�FRXQW�� 7RWDO�QXPEHU�RI�
%DVLF�%ORFNV� /HDI� 1RQ�OHDI�

5HGXFWLRQ�
3HUFHQWDJH���

3RVWJUHV� ������ ������ ����� �����
����JR� ������ ����� ����� �����
����P��NVLP� ����� ����� ���� �����
����JFF� ������ ������ ������ �����
����FRPSUHVV� ���� ���� ��� �����
����OL� ����� ����� ���� �����
����LMSHJ� ����� ����� ���� �����
����SHUO� ������ ����� ����� �����
����YRUWH[� ������ ����� ����� �����
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&RQFOXVLRQ

l 8VLQJ�GRPLQDWRU�WUHH�LQIRUPDWLRQ
² UHGXFHV�QXPEHU�RI�LQVW��SRLQWV�E\�������
² IUHTXHQWO\�RXWSHUIRUPV�SXUHFRY·V�H[HFXWLRQ

� SXUHFRY�VORZV�GRZQ�H[HFXWLRQ�XS�WR����WLPHV
l 8VLQJ�DOO�EDVLF�EORFNV�DOVR�RXWSHUIRUPV
SXUHFRY·V�H[HFXWLRQ�IRU�VRPH�YDOXHV�RI
GHOHWLRQ�LQWHUYDO

l 'HOHWLRQ�RI�LQVWUXPHQWDWLRQ�FRGH
SURGXFHV�IDVWHU�FRGH�FRYHUDJH�UHVXOWV
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&RQWULEXWLRQ
l '\QDPLF�FRGH�LQVHUWLRQ�DQG�GHOHWLRQ

² H[LVWLQJ�FRGH�FRYHUDJH�WRROV�XVH�VWDWLF�FRGH
HGLWLQJ�GXULQJ�DIWHU�FRPSLODWLRQ

² LQVWUXPHQWDWLRQ�FRGH�LV�H[HFXWHG�HYHQ�WKRXJK
QR�H[WUD�LQIRUPDWLRQ�LV�SURGXFHG

l 8VDJH�RI�GRPLQDWRU�WUHH�WR�UHGXFH
QXPEHU�RI�LQVWUXPHQWDWLRQ

l )DVWHU�FRGH�FRYHUDJH�UHVXOWV�IRU�ORQJ
UXQQLQJ�SURJUDPV

l /HVV�RYHUKHDG�IRU�SURJUDPV�ZKLFK�KDYH
² 0DQ\�LQIUHTXHQWO\�H[HFXWHG�SDWKV
² 0DQ\�IUHTXHQWO\�H[HFXWHG�SDWKV


