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C
`�a 7k/-E453TYR=�3T58KLAD3672S8C ± ` °-//<[v:BMNM GTWRG6ML36C�:B583(CF=�3672S�36Y43
G
ERS8KN7R?�S8IR3uSF5@:BG
3OP58KhS8365�S8IR583�:<1RC
`�w�IR3�/B;-3658IH3�:<1*/<[�583�:<1RKN7H?eS8IR3PI�:�5@14OP:�583�G
/-ER7RcS83T58C(:B7�1s583
:<MfS8KNAD3QG
MN/_G@��/<7J3
;+3T5FW�S8I4583�:-1sCjO�KNS8G@IU:<7H10CjS8/<58KN7R?S8IR3eSF5@:<G
3QKN74[d/<58AV:�S8KN/-7,KN7_S8/*S8IH3eiRER��365uKNC�KN70S8IH3QAD3�:BCFER583
AD3672S7R/-KNCF3-`#w�I2EHC
l�S8IR3QS8/<S@:<M�/B;-3658IH3�:<1J/<[�S8IH3pKN7R[�5@:<CjSF58ERG6S8ER583�KNC(MN3
CFCS8IH:<7U�	/s`.0KN7R/<5sGTIH:<7R?-3
CDO�3T583U:<MNCF/�AV:-143JKN7XS8IH30i�/_/<SsCF3�g_EH3
7RG
3J/B[S8IR3,;2KN5FS8EH:<M�AV:<G@IHKN7R3-l�:<7H1XKN7�S8IR3JG
/21R3,S8IH:BSVG6583�:�S83
Cs;4Kh5FS8EH:<M=458/_G
3
CFCF/B58C(:B7�109-:�;<:>S8I4583�:-14C�S8/�:<=R=R58/<=R58KL:BS83
MhW�KN7HKhS8KL:<MNKN�
3�1H:BS@:CjSF58ERG6S8ER5836C
`�w�IH3J�e.�36Y2S83
7HCFKN/<7HCs:B583JG6ER5F583
7_S8MhWX:�;<:<KNML:<iRMN3,KL79<KL�-3
C#�f�Q.yÄ ± ��Å�[�58/-A¡S8IH3eIR3�:-1s/<[vS8IR3eCF/-E458G
3eSF583
3-`w�IR3P1RKNCF�QCF=H:<G
3!583
g2ERKh583�1pS8/uCjS8/<583�SF5@:<G
3!5836G
/<5@14CvKLC�:�[dER7HG6S8KN/-7/B[#S8IR3sSF5@:BG
3�5836G
/<5@1�CFKN�
3-l�S8IH3V[\583�g_EH367HG6Wm/<[uS8IR583�:<1�CjO�KhS8G@IH3
C
l:B7�1�S8IR3k72ERA*i�365V/B[>;2Kh5FS8E�:BM(=458/_G
3
CFCF/<58C
`��H/B5036YR:BAD=HMN3-luKh[�:SF5@:BG
3�5836G
/<5@1�KNC>OP58KhSFS83
7�3
;+3T5FW ± �,ADKNMNMNKLCF36G
/-7H1RCD:B7�1�:J583
G
/B5@1CFKN�
3*KLC10	0�i_W2S83
C
l�S8IH367^:s;2KN5FS8EH:<Mv=458/_G
3
CFCF/<5pOP58KhS83
C102` 02,Qi_W4S836CS8/�1RKNCF��36;+365FWVCF3
G
/<7�1�`
3.4 Discussion9<KL�-3
CQ���e.^� CQÑ�cÊS8/<c]Ò S8IR583�:<1RKN7H?V583�g_EHKh583�1k:<7k36Y2S83
7HCFKN/<7^/B[S8IR3m;2Kh5FS8E�:BM�AV:BGTIRKN7H3US8/�?+:�S8IH365k9-:�;<:rS8I4583�:-1�CF=�3
G
KhzHGone��.1R:BS@:2`�a 7D9-�e.0C�S8IH:BS!1RKh583
G6S8MhW�AV:B=D9+:�;<:QS8I4583�:-14C�S8/Q=Hw�IR583�:<1RC
lKhS>CFIH/<EHML1oi�3V=�/-CFCFKNiHMN3VS8/,?+:BS8IR3650Ü4343<Ù8á53+Ü<Ú]áJ9+:�;<:0S8IR583�:<1oCF=�36cG6KNzHGPne��.�1H:�S@:#EHCFKN7R?#S8IH3!=HAV:<=RK_MNKLi45@:B5FW�i_WpAV:<�2KN7H?�583
ML:BS8KN;+3
MhWCFKNAD=RML3>36Y2S83
7HCFKN/<7HCeS8/�583
:-1Une��.yG
/-ER72S83T58C(O�IH3
7kS8IR583�:<1RCQ:�583GT583�:BS83�1U:B7�1JS83658ADKN7�:�S83�1 `(�4/4l�KN7,S8IHKNC#583
CF=�36G6S(S8IR3*9-KN�+36C(���e.KNAD=RML36AD3
7_S@:BS8KN/-7VOP:BCuAD/B583eG
/<AD=HMN36YDS8I�:B7�KhS�ADKN?-I_S�IH:�;-3(i�3
3
7KN7�/BS8IH365�9<�Q.0C
`�n(/�O!3
;+365�l_Ñ�cÊS8/<c]Ò�S8I4583�:-14KN7H?eAV:<1R3!S8IR3�?+:�S8IRc3T58KL7R?V/<[�z�7R36ct?<5@:<KN7R3�10S83
AD=�/<5@:BM�n(�!. 1H:�S@:*[q:<Kh58MhWUCjSF5@:<KN?<I2SF[\/<5FcO�:B5@1�`�©�5836M�:�S8KN;+3
MhW*CFKNAD=RML3�36Y2S83
7HCFKN/<7>S8/�S8IH3�G
/<7_S836Y2SFc]CjO�KhS8G@IHKN7H?CF3
g2ER3
7HG63eS8/*583�:-1sS8IH3en(�!.~G
/<EH7_S83658C�/-7J36;+365FWVS8IR583�:<1�CjO�KhS8G@IO�:<C�CFE4�DG
KN3
7_S S8/uG6/-MNMN3
G6S�S8IR3�1R3
CFKh583�1p1H:�S@:4`76e:BS8IH3T58KL7R?PS8IHKNC��2KN7�1/B[#1H:BS@:J/<7o/<S8IR365>;4Kh5FS8EH:<M!AV:BGTIRKN7H3
CQS8I�:�S>1R/,7H/BS�3
AD=HMN/�W�ÑZcS8/Bc]Ò S8I4583�:-14KL7R?�O�KNMLMv=458/-iH:<iHMhW�i�3>CFKN?<7HKhz�G�:B7_S8MNW0AD/<583�1RKh�DG6EHMhSi�36G�:<ERCF3J:<=R=HMhW4KN7H?k:,CFKLADKNML:B5D1R3
CFKN?-7�O!/-EHML1�583�g_EHKh583sAD/21RKhz�G�:�cS8KN/<7HCPS8/�3
KhS8IH3T5uS8IR3e=�w�I4583�:-1�/<5(ÕQ�VS8I4583�:-1sMLKNi45@:B58KN3
C
`

4. SAMPLE USAGE

w�IHKNCJCF36G6S8KN/-7|143
AD/-7RCjSF5@:BS83
C�IH/�O¨/<ER5,36Y2S83
7RCFKN/-7HC�S8/�9-KN�+36C���e. :B583VEHCF3�1kS8/,EH7�143658CjS@:<7H1kS8IR3DML/-:-1oML:BS8367HG6W^i�3
I�:�;2KN/<5>/<[S8IH3s�4�����f�jiRi��B�-�-�Ui�3
7RGTIRAV:B58�JO�IH367o58EH7o/<7�:U�B�BctO�:
Wo=�¯<É-���/�O�3658�o�H.J�{O�KhS8Ir:kG6ML/_G@�m5@:�S830/<[ ± ` ± 6(n(�-`��4�����f�jiRi��B�-�-�3
A>EHML:BS83
C�S8IR3(ADKL1H14MN3#S8KN365�/<[v:*«BcÊS8KN365PO�:B583
IR/-EHCF3Q/B5@1R365�CjW4CjS83
AO�IH3T583Q3�:<G@I0OP:�583
IH/<EHCF3pKNC�AD/21R3
MN3�1�:<Cu:�9+:�;<:>S8IR583�:<1 `w�IH3>��/�O�3658�sKNCQ:V¯<�Bc]iRKhSeADKNG658/-=458/_G
3
CFCF/B5eS8I�:�SeG
/<72S@:BKN7HC#S]O�/=R58/_G63
CFCF/<58C�/-7o3
:<G@ImG@IHKN=f`sw�IR3D��/�O�3658�,G
/<7_S@:<KN7HCQS8IR58363�G�:<G@IH3MN3
;+3
MNC
`�w�IH3eÇ ± 1R:BS@:�G�:<G@IH3eKNC�¯B�-, Ë l4S O!/<cÊOP:
WVCF36Su:BCFCF/_G
KL:BS8KN;+3-lG
/<72S@:BKN7HC ± �	0 Ë G�:<G@IH3kMNKL7R3
C
lp:B7�1�I�:BC,:�M�:�S83
7HGTW�/<[*:<i�/-E4S,«G6W4G
MN3
C
`�w�IR3�ER7HKhz�3
1�/<7RctG@IHKN=�Ç��,G�:<G@IH3sKNC ± ` ®<. Ë l!36KL?<I_SFctO�:
WCF36S�:<CFCF/_G
KL:BS8KN;+3<lHG
/<7_S@:<KN7HC ± �	0 Ë G�:BGTIR3(MNKN7H3
C
l4:B7�1DI�:BC�:pM�:�S83
7HGTW/<[�:Bi�/-E4S ± �*G6W4G
MN3
C
`!w!O�/D=R58/_G63
CFCF/<58C#CFI�:B583p:B7,Ç���G�:<G@IH3-`!w�IH3EH7RKhz�3�1�/B��c]G@IHKN=sÇ�«QG�:BGTIR3#KNCP«-�-. Ë l43
KN?<I2SFcÊO�:�W�CF36SP:BCFCF/_G
KL:BS8KN;+3-lG
/<72S@:BKN7HC>® ± � Ë G�:<G@IH3DMNKN7H3
C
lv:<7�1^I�:<C�:0ML:�S83
7HG6W^/<[u:Bi�/-E4S ± �<�G6W4G
MN3
C
`�w�IH3QML:�S83
7HG6WsS8/�AV:BKL7�AD3
AD/<5FW�KLCu:Bi�/-ERS#«-®<��G6W4G
MN3
C
`a 7^/-E45*36Y4=�3658KNAD3
7_S�l O�3D5@:<7^[d/-E45>O�:B583
IR/-ERCF3
C>/<7m[d/<ER5>=R58/BcG
3
CFCF/B58C
l2583
CFEHMhS8KN7H?pKN7�[d/<ER5!SF5@:BG
3Pz�MN3
C
l2/<7H3P[d/B5�3�:BGTIV;2Kh5FS8E�:<MR=R58/BcG
3
CFCF/B5�`�w�IH3sI�:�5@14O�:B5830=�3T5F[d/<58AV:B7HG
3sAD/-7RKhS8/<5�G6/-EH7_S83658C�O�36583G
/<MLMN3
GTS83�1VO�IR3
7Vi�/<S8IDERCF365P:B7�1D�+36587R3
MHG
/2143#O�:<C�36Y43
G6ERS83�1�/�;+365:>�qAD3
:<CFER5836AD3
7_ST� =�3658KN/21>/B[��+�uCF3
G
/<7�1RCv[\/<5�:<MNM2[d/<ER5�=R58/_G63
CFCF/<58C
lEHCFKN7R?eS8IH3PAD3
G@I�:B7HKNCFAb1R3
CFGT58KLi�3
1*KN7s�43
G6S8KN/<7D«4` «eS8/QKL1R3
7_S8Kh[\W�S8IH3SF5@:<G630583
G
/B5@1RC*[\/<5DS8IH3s�+�kCF3
G
/<7�1�=�3658KN/21 `X©�S8/<S@:<M�/B[Q�<°2l É+® ±SF5@:<G63e583
G
/<5@14CPO�36583QG
/<MNML36G6S83�10/<7�S8IH3(��=R58/_G
36CFCF/<58C
l�G6/-7HCFERADKN7H?�2` ®D.0i_W2S83
C
`w!O�3672S]W2c]/<7H3�9+:�;<:VS8I4583�:-14C#O�3T583*G6583�:�S83�1U1RE458KL7R?DS8IH3p36Y43
G
E4cS8KN/-7 l+z�;+3!i2WpS8IR3�:<=H=RMNKLG
:BS8KN/-7V:B7�1*CFKhY2S83
3
7�i_WpS8IH3!�Q.^`_w�IR3�:<=4c=HMNKNG�:�S8KL/<7*S8IR583
:-1RC�:�583�S8IH398�Ü<Ødå>S8IR583�:<1��t.J:<KN7���:B7�1p[d/-E45:.�Ü<Ù8á�;
< ß<Û2â6áeS8IR583�:<1RCe�d}�ne��S8I�:�SP=�365F[\/<58A¡AD/-CjS�/<[�S8IR3e:<=R=HMNKNG�:BS8KN/<7f� CG
/<AD=HERS@:�S8KN/-7f`sw�IR3V�Q.yG6583�:�S83
C>:=3+Ü<Ù�>@Ü�3_á0à8ß-ÝdÝLáFà6ÚqØÊß<å�S8IR583
:-1��6Q�P��[d/<5u3�:BGTI,;2Kh5FS8E�:BMf=458/_G
3
CFCF/B5�l�CF/�S8I�:�S�CjS8/-=RcÊS8IR36cÊO�/<58ML10G6/-MhcMN3
G6S8KN/-7mG�:<7^/_G
G
ER5�KN7m=H:B5@:BMLMN3
Mq`�w�IH3*�Q.Ð:<MNCF/,G6583
:BS83
C�:<7rØÊäRÝLáS8IR583
:-1X[\/<5J3
:<G@I�=R58/_G
3
CFCF/B5�l#O�IRKNGTI�IR3
MN=HCVMN/+:-1�iH:<ML:<7RG
3k9+:�;-:S8IR583
:-1RCPO�IR3
7,:*;2Kh5FS8E�:BMf=458/_G
3
CFCF/<5#KNC�K�14MN3-`�©#C�AD3
7_S8KN/-7H3
1s3�:�5FcMNKN365�S8IR3P�Q.�:<MNCF/QG6583�:�S83
C�:uSF5@:<G
3POP58KhS8365!S8I4583�:-1��Êw!}���[d/<5�3�:BGTI;2Kh5FS8E�:<MP=458/_G
3
CFCF/B5DS8/USF5@:B7HCj[\365DSF5@:<G
3s583
G
/B5@1RC*[�58/-A�S8IR3�iRER��365S8/J:Dz�MN3-`*w�IH3>ML:<CjSQ[d/<ER5QS8I4583�:-14Cp:B583>5836M�:�S83�1kS8/sS8IH3*:-1H:B=RS8KN;+3/-=4S8KNADKL�
:BS8KN/-7ZCjW4CjS83
A�Ä ®�ÅÊ`{w�IR3�ßTÞ�ÚqØ�8>Ø@?�Ü<ÚqØÊß<å�S8IR583�:<1��tÕe��w��=�365F[\/<58ADC�/-=RS8KNADKN�
3�1>G
/-AD=RKLML:�S8KL/<7HC�/<[�AD36S8IR/21RC�CF3
MN3
G6S83�1�i_W�S8IH3à8ß<åHÚqÙjß-ÝdÝLáTÙuS8IR583�:<1��t�!/<72ST�Tl<O�IHKNG@I�=R58/_G
36CFCF3
C�/<7HMNKN7H3P=458/<z�MN3P1R:BS@:583
G
/B5@1R3�1Vi_W�S8IH3)8VáTÚ < ß�ä�âTÜ	8#Þ�ÝLáTÙeS8IR583
:-1U�t.,�H�T`4w�IH3*Ü+ä+ÜTÞHÚqØd×<áØdåHÝ ØdåHØdåA3(S8IR583�:<1��Ê©#aj�f=R58/_G63
CFCF3
C�14W47�:BADKLG�G�:<MNMRCFKNS83!C8:<AD=HMN3
C�:B7�1EHCF36C!S8IHKNCPKN7R[\/<58AV:BS8KN/<7sS8/�CFEH?<?-3
CjSP[\ER5FS8IH3T5PKN7HMNKN7HKN7H?>G�:<7H1RKL1H:�S83
C
`��KN?-E4583D��?-KN;+3
C#S8IH3�iR583�:B�R14/�O�7k/B[!GTWRG6ML36Ce36Y43
G
E4S83�1Ji_WJ3�:BGTI/<[PS8IR3�S O!3
7_S W2ct/-7H3>S8IR583�:<1RC
`0w�IH3D;+365FS8KNG�:BM�:�YRKNC�AD3�:<CFE4583
CQS8IH3=�3658G
3672S@:B?-3�/B[HS8/BS@:<M2G6W4G
MN3
C�:<GT58/-CFC�:<MNM2;2KN5FS8EH:<M2=R58/_G63
CFCF/<58Cv[d/B5vS8IH3AD3�:BCFER583
AD3
7_SQ=�3T58KL/21�l�:<7H1kS8IR3�IH/B58KL�6/-7_S@:<M!:BY4KNC�KL143
7_S8KNzH3
CQS8IH39+:�;<:VS8I4583�:-14C
`Q©¥i�:�5(583
=4583
CF3
7_S8Ce:DS8IR583�:<1JS8I�:BS(I�:BC(36Y43
G
E4S83�1/-7r3
KhS8IH3T5�/-7R30/B5DAD/<583s;2KN5FS8EH:<M�=458/_G
3
CFCF/B58C
`�©¡A>EHMhS8Khc]CFIH:-143�1i�:�5(KN7H1RKNG�:BS836C#S8I�:�S#S8IR3QS8IR583�:<1JI�:<Cu36Y43
G
E4S83�1J/-7,A>EHMhS8KN=HMN3Q;2Kh5FcS8E�:BM(=458/_G
3
CFCF/<58C
luO�IH3T583k3
:<G@I�;4Kh5FS8EH:<M(=458/_G
3
CFCF/B5JKNC�KL143
7_S8KNzH3�1i_Wr:m14KN��3T583
7_SDCFI�:<1R3-`Z.0/-CjSV/B[eS8IH3�G6W4G
MN3
C,�t°-�	/���:B583JCF=�3672SKN7^S8IR3�:<=R=HMNKNG�:BS8KN/<7HCQOP:�583
IH/<EHCF3�S8IR583
:-1RCD�d}Zn ± l�}�ne�2l }�ne«2l}�n#�_�Tl+O�IR36583#3
:<G@I�OP:B5836IH/-ERCF3u58ER7HC�/-7s:Q1RKNCjS8KN7HGTS�;2Kh5FS8E�:<MR=R58/BcG
3
CFCF/B5�`o©ui�/-E4S��B«B/¨/<[�S8IH3VG6W4G
MN3
C*:B583VCF=�3
7_S>KL7oS8IR3V?+:B58iH:<?<3G
/<MLMN3
GTS8KL/<7XS8I4583�:-14C0��6Q� ± lC6Q�P�2lC6Q��«k:<7�1D6Q�!�+�T`�w�IH3s/-7RMhW/<S8IR365uS8IR583�:<1�S8I�:�S#S@:B�+3
Cu:�7H/BS8KLG63�:<iRML3�72EHA>i�365�/<[�G6W4G
MN3
C>�Ê«B/��KNC�S8IH3e/<=RS8KNADKN��:BS8KN/<7�S8IR583
:-1U�tÕe��w��T`Hw�IH3e/<=RS8KNADKN��:BS8KN/<7�S8IR583
:-1KNCV7H/<SVi�/<EH7H1rS8/o:^=�:B5FS8KNG
ERML:B5s=R58/_G
36CFCF/<5�§eKhSs36Y43
G
E4S83
CD/-7Z:<MNM=R58/_G63
CFCF/<58C(:<C�KN7�1RKNG�:�S83�10i_WVS8IH3eA>EHMhS8KhctCFI�:-143�1Vi�:B5�`�w�IR3�/BS8IH365S8IR583
:-1RC
�HG
/-A>iHKN7H3
1�G6W4G
MN3
C�583
=R5836CF3
7_S(:�CFAV:BMNMf[\5@:BG6S8KN/-7��FE�«B/*�/<[�3TYR36G
ERS8KN/-7sS8KNAD3-`Çf/-:-1mML:�S83
7HG6W^KNC�:<7oKNAD=�/<5FS@:B7_SQAD36SF58KNGD/<[P=�3T5F[d/<58AV:B7HG
3Di�3Tc
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CFCF/<5�`9i(/Dz�MhS83658KN7H?VKNCe14/-7R3�[\/<5eS8IRKLCu?<5@:B=HIk:<7H1JW_36SuS8IH36583:B583�[d36Ob/<ERS8MhW4KN7H?V=�/-KN7_S8C
`��4KN7RG
3�S8IR3>CFKN7R?-MN3*OP:�583
IH/<EHCF3*:<MhOP:
W4CCFEHG6G
3
CFCj[dERMNMNW|/-iRS@:BKN7HC^:ZML/_G@��O�KhS8IR/-ERSkG
/<7_S83
7_S8KL/<7fl�S8IHKNCUCFEH=4c=�/<5FS8C�/-E450I_W4=�/<S8IR3
CFKNC�S8I�:�S�S8IR3U/-ERS8MhW4KN7H?�=�/-KN7_S8C�:B583^1REH3,S8/CjW47HG@IR58/<7HKN��:BS8KN/<7RctKN7�1RERG
3�1oW4KN3
ML1RC
`�a]7X:<1H14KNS8KN/<7fl�O�307R/<S83sS8I�:BSS8IH3p3
CjS8KNAV:�S83�1JMN/+:-1UML:BS83
7RG6WJKNC(1RKNCjSF58KNiHERS83
1J/B;-365(S8IR3�7H:B5F58/�O�3T55@:<7R?-3Q/B[�:<i�/-E4S(�<�>S8/V�B«4`

5. RELATED WORK}o3^iR58KN36ÆRW{143
CFG658KNi�3o36Y4KNCjS8KN7H?ZCF/B[\S]OP:B583oS8/_/<MNCkS8IH:BS,G
/<MNML36G6S:<7H1o:<7H:<MhW4�
3VI�:�5@14OP:�583V=�365F[d/B58AV:<7HG63sG6/-EH7_S8365>1R:BS@:4`�}o3V:BMLCF/=R5836CF3
7_S�5836M�:�S83�1*O�/B58�>S8IH:BS�EHCF3
C�IH:B5@14O�:B583�G
/<EH7_S8365!1H:BS@:uS8/QEH7Rc1R3T58CjS@:<7�1�9+:�;-:>ADK�1R1RMN36O�:B583p:<7H1�CF3658;-365#:<=H=RMNKLG
:BS8KN/-7RC
`
5.1 AccessingHardwareCounters�436;+365@:<MvMNKNiR5@:�5FWU=�:BGT�<:<?<3
CQ=R58/�;2KL1R3>:<G
G
36CFCeS8/�IH:B5@14O�:B583�=�3T5Fc[d/B58AV:<7RG
3�G
/-ER72S83T5�1R:BS@:4lBKN7HG6MLEH1RKN7H?�S8IR3�ne��.¥S8/_/<ML�2KhS�Ä ±<± ÅÊl<� ©#��avÄ 0�Åtl:<7H1D�!��Ç�Ä °�ÅÊ`�w�IR3
CF3#MNKNiR5@:�58KN3
C!=458/B;2KL1R3P[d:<G
KNMNKhS8KL36C�S8/QKL7RCjSF58EHAD3
7_S=R58/<?<5@:BADC
l�583
G6/<5@1�I�:B5@12OP:�583JG
/-ER7_S8365D1R:BS@:4l!:<7H1X:B7�:BMNW4�
3sS8IH3583
CFERMNS8C
`�}o3k36Y2S83
7�1�S8IR3k[\EH7HGTS8KL/<7�:BMLKhS]W�/<[>36Y4KNCjS8KL7R?XMNKNiR5@:�58KN3
CS8/D/-i4S@:<KN7,I�:�5@14O�:B583�=�365F[d/B58AV:<7HG63>1R:BS@:�KN7U:�;2Kh5FS8E�:<MfAV:<G@IHKN7H3<`�4=�36G
Khz�G�:BMLMhW_l_O!3(36Y2S83
7H1D9-KN�+3
C��f�Q.�S8/�G
/<MLMN3
GTS�S8IR583�:<14ctCF=�3
G
KhzHG-lS83
AD=�/B5@:<MNMhW^zH7H36ct?<5@:BKN7H3�1mIH:B5@12OP:B583VG
/<EH7_S8365>1H:�S@:0KN7�:<7��H.J�3
72;2Kh58/-7HAD3672S�`w�IH3j�eKN?-KhS@:<M��!/<72S8KN72EH/<EHCp�v58/<zHMLKN7R?0a 74[\5@:BCjSF58EHG6S8E4583*=R58/�;2KL1R3
C:*=�/�O�3T5F[dEHM CF36Su/<[�S8/_/-MNCPS8/D:<7H:<MhW4�
3p:<7H1�G
/<MLMN3
GTS#IH:B5@12OP:B583Q=�3T5Fc[d/B58AV:<7RG
3(G
/<EH7_S8365�1R:BS@:p/-7�©#MN=HIH:Q=R58/_G
3
CFCF/B58CpÄ �BÅÊ`�w�IH3(CjW4CjS83
AKN7HG
MNEH1R3
CPS8/_/-MNCuS8/�G
/-MNMN3
G6Se:<G
G6ER5@:BS83p=458/<z�MN3p1R:BS@:*O�KhS8IJ;+365FW�MN/�O/�;+3658IR3�:-1�:<7H1mS8/k:<7�:BMhWR�63�S8IH3V=458/<z�MN3�1H:�S@:kERCFKL7R?UAV:<7_Wm=�3T5Fc[d/B58AV:<7RG
3#AD3TSF58KLG6C
`�w�IH3#CjWRCjS836AG6/-MNMN3
G6S8C�S8KNAD3�i�:<CF3
1VIH:B5@12OP:B583G
/<EH7_S8365�C8:<AD=RMN3
CP/<[�=R58/-?B5@:<A¡G
/<EH7_S8365�;<:<MNEH36C
`�w�IH3eKN7R[�5@:<CjSF58ERG6cS8ER583uO�/B58�4CP/<70ER7HAD/21RKhzH3�1D36Y43
G
ERS@:BiHMN3
C!58ER7H7RKL7R?>/<70A>EHMhS8KN=R58/<c

¯



G63
CFCF/<58C
`��ew�ER7H3mÄ ± 0BÅ(:<7�1X�4=�363�1��2IH/-=�Ä ± É�Åe:�5830CFKNADKNML:B5DS8/_/-MNC[�58/-A�a 7_S83
M�:B7�1s�d6(a�AV:<G@IHKN7R3
C
l+583
CF=�3
GTS8KL;-3
MhW_`�Õ(ER5�O�/<58�V14Kh��3658CKN7*S8IH:BS�O!3�:B583PKN7_S836583
CjS83�1�KN7*G
/B5F583
ML:BS8KN7H?eS8IR3�I�:�5@14OP:�583PG
/-ER7_S83651R:BS@:(S8/QIRKL?<IRctMN3
;+3
MR=R58/<?<5@:<AbG
/<7HCjSF58ERG6S8C
l_CFEHG@ID:BC�9+:�;<:#S8IR583�:<1RC
lS8/(1RKNCjS8KN7H?<EHKNCFI�S8IR3!36��36G6S8C�[\58/<A{S8IH3��Q.�:B7�1pEHCF365�:B=H=RMLKNG�:�S8KN/-7HC
lKN7,:B7U�H.J��3
72;2Kh58/-7HAD3672S�KL7J:>S83
AD=�/<5@:BM�AV:<7H7R365�`©uADAD/-7RC*36S�:<Mq`�G
/<5F5836M�:�S83UI�:B5@12OP:�583,=�365F[d/B58AV:<7HG63JG
/-ER7_S8365KN74[d/<58AV:�S8KN/-7DS8/e[\583�g_ER3
7_S8MNW>36Y43
G
E4S83�1*=458/-?<5@:BAb=�:BS8IRC#Ä «�Åt`�w�IR36WERCF3�Æ�/�OPc�:<7�1�G
/-7_S836Y2SFctCF3
7RCFKNS8KN;+3�1H:BS@:�cÊÆ�/�OX:<7�:BMhWRCFKNC�S83
G@IH7HKLg_EH36CS8/kG
/<MLMN3
GTSVI�:B5@12OP:�5830G
/<EH7_S8365D1R:BS@:k:<MN/-7R?m=458/-?<5@:BAy=H:BS8IHC>KN7RcCjS83
:-1D/<[4�jERCjS!KN7�14KN;4KL14E�:<MHCjS@:BS83
AD3
7_S8C�/<5!=R58/_G
3�14ER583
C
`v©#MhS8IH/<EH?-IS8IRKNC�=R58/�;2KL1R3
C�z�7R36ct?<5@:BKL7R3�1(KN7R[\/<58AV:�S8KL/<7fl�S8IH3�/�;+3658IR3�:-1e/B[_583
G
/B5@14cKN7R?(I�:�5@14O�:B583�G
/<EH7_S8365�1R:BS@:u:<MN/-7R?(S8IH3�=�:�S8IHC�KN7HGT583�:<CF3
C�58ER7_S8KLAD3i_Wp:B7�:�;-365@:<?<3!/<[�°<�-/s`�w�IR3�/�;+3658IR3�:-1Q/B[HG
/<MNML36G6S8KN7H?e:B7�1QCjS8/<58KN7R?/<ER5une��.ÃSF5@:<G
3ezHMN3
C�KLC�MN3
CFC�S8I�:B7,�-/�KN7J/<ER5��e.^`

5.2 Profiling Java Workloadsw�IR3(9-:�;<:p�(Kh5FS8E�:BM�.J:<G@IHKN7H3(��58/Bz�MN365Pa]7_S8365F[q:BG
3>�Ê9<�Q.J��aF��1436czH7H3
C�:o?-367H365@:BM(=HE458=�/-CF3UAD3
G@I�:B7HKNCFAÐS8/�/-i4S@:<KN7�=R58/Bz�MN3k1H:BS@:[�58/-A¢:X9+:�;-:r�Q. Ä ± °�ÅÊ`¨w�IR3m?-/-:<M�/<[�9-�Q.J��a0KNCJS8/r3
7�:BiHMN3S8/_/<M�;-3
7�14/<58C(S8/�G6583�:BS83*=R58/<zHMNKL7R?�S8/_/<MLCQO�KhS8IH/<ERSQG@I�:B7H?<KL7R?�S8IR3�e.^`v9-�e.J��aQCFER=H=�/B5FS8C*������S8KNAD3D=R58/Bz�MNKN7H?0[\/<5*S8I4583�:-14C�:<7�1AD3TS8IH/21RC
l�IH3�:B=�=R58/<zHMNKL7R?Rl�:B7�1mAD/<7HKhS8/<5�G
/<72S83672S8KN/<7�=R58/<zHMNKL7R?R`9<�Q.J��a>=�365F[\/<58ADCV�����¡S8KNAD3�=458/<z�MNKN7H?kEHCFKN7R?k36KNS8IR365DCjS@:�S8KLCjS8KhcG
:<M�C8:<AD=HMNKN7H?0/<5�G
/21R3*KL7RCjSF58EHAD3
7_S@:�S8KL/<7f`sÕ(E45QO�/B58�^14Kh��3658CpKL7S8IH:BS>O�3s:B583�KL7_S8365836CjS83�1oKN7�KL74[\5@:BCjSF58EHG6S8E4583sS8IH:BS�AD3
:<CFER5836C�S8IR3:�58GTIRKhS83
G6S8ER5@:BM�MN3
;+36Mf=�365F[\/<58AV:B7HG
3Q/B[�9+:�;-:*:<=H=RMNKLG
:BS8KN/-7RC
`9-:�;<:(ADKL1H14MN36OP:�583P:<7H1>CF3658;+3T5!:B=H=RMLKNG�:�S8KN/-7HC�:�583�:<7�KNAD=�/<5FS@:B7_SG6M�:BCFC(/B[�3
AD3658?-KN7R?*O�/B58�4MN/-:-1RC
`���Y4KNCjS8KN7H?*5836CF3�:B58G@I,EHCF3
C�CFKNA*ERML:BcS8KN/<7U:<7�1HÈB/B5(IH:B5@14O�:B583p=�365F[\/<58AV:<7RG
3QG
/<EH7_S83658C�S8/DGTIH:B5@:<GTS83658KN�
3S8IR3
CF3eO�/B58�2ML/-:-14C
`��:BKN7|36Sk:<Mq`#3
;<:<MNE�:�S83mS8IH3^=�365F[d/B58AV:<7HG63o/<[V:X9+:�;-:XKLAD=RMN36cAD3672S@:�S8KN/-7m/B[PS8IH3DwP����cÊ} i�3
7HG@IHAV:�58�U:<7�1kG
/-AD=H:B583�S8IR3*5836cCFERMhS8CpS8/,�R���!��O!3
i�É<É,:<7�1m�R���!�f� iHi��<�-�<�oÄ ± �BÅÊ`�w�IH3VwP����cÊ}i�367HG@IHAV:B58�pAD/2143
MNC�:B7�/-7RMNKL7R3�i�/_/-�2CjS8/<583-l_:<7�1�S8IH3�9+:�;<:eKLAD=RMN36cAD3672S@:�S8KN/-70KNCu:*G
/<A*iRKL7H:BS8KN/-70/<[�9+:�;<:D�43T58;4MN36S8CPS8IH:BS�G
/<ADA*EH7RKhcG
:BS83�O�KhS8Ir:U1H:�S@:<i�:BCF30CjW4CjS83
AçEHCFKN7H?^9-� Ë �#`���:<KN7X3TSD:<Mq`�ERCF3IH:B5@12OP:B583#G
/-ER7_S83658C�S8/pAD3�:BCFER583�S8IH3�=�365F[\/<58AV:<7RG
3u/<[�S8IH3u3
7_S8Kh583i�367HG@IHAV:B58�U/<7�:<7oa Ë . A*EHMhS8KN=R58/_G63
CFCF/<5�O�KhS8Io3
KN?-I_S>�e�4¯<�<ctaFaFa=458/_G
3
CFCF/B58C
`bw�IH36W�:<MNCF/�EHCF3,CFKNA>EHML:BS8KN/-7XS8/�36Y4=�3658KNAD3
7_SDO�KNS8I7R36O�:�58GTIRKNS836G6S8ER5@:BM�[d3�:�S8ER583
C
`!Õ(ER5!KN7R[\5@:BCjSF58EHG6S8E4583(3
7H:<iRML36C�EHC!S8/14KNCjS8KL7R?-ERKLCFIJS8IR3Q=�365F[d/B58AV:<7RG
3Qi�36S O!3
3
70S8IR3Q;-:�58KN/-EHC�S8IR583
:-1RC�/B[S8IR3p�Q. :<7�1,:B=H=RMLKNG�:�S8KN/-7fl�/<7U1RKh��36583
7_S#=R58/_G
36CFCF/<58C
l :BS#583
?-ERML:B5S8KNAD3eKN7_S83658;<:<MNC
`Ç EH/r:<7H1�9-/-IR7�36;-:BMLEH:BS83m�R���!�f� iHi��<�-�<��:B7�1���/<ML:<7H/+.J:B58�/<7J:>��3
7_S8KLERA�aFaFa�=R58/_G
36CFCF/<5uEHCFKN7H?�S8IH3#a 7_S83
M�I�:�5@14O�:B583e=�365F[\/<5FcAV:B7HG
3#G
/-ER7_S83658C(Ä ± �BÅÊ`P�23
CFI�:<1458KqlR9-/-IR7fl4:<7H10.03T58KLG
:<C�EHCF3uI�:�5@14cO�:B583p=�365F[\/<58AV:<7RG
3QG
/<EH7_S83658C�S8/�G@I�:�5@:<G6S83658KN�
3QS8IR3Q=�365F[d/B58AV:<7HG63/B[v�4�����f�jiRi��B�-�-�>:<7H1���/<M�:B7H/+.J:B58��58EH7R7HKN7H?Q/<7DS O�/���/�O�3T5@�!�:�58GTIRKhS83
G6S8ER5836C#Ä ± ¯�ÅÊ`�w�IH3�[d/_G6EHC�/<[�i�/BS8I�CjS8E�14KL36C�OP:<C�S8/eG
/<AD=�:�5839-:�;<:UCF3658;+365�:<=H=RMNKLG
:BS8KN/-7RC�S8/kS8IR3J�4�����!KN72ST�B�-�<�^i�3
7RGTIRAV:B58�2C
lO�IRKNGTI*:B583!OP58KhSFS83
7�KN7D�#`<w�IH36Wp/<iRS@:BKL7*:<?<?<583
?-:BS83PG
/<EH7_S8365vKN7R[\/<5FcAV:�S8KN/-7�/�;+365�:(CFKN?<7HKhz�G�:B7_S�=�/B5FS8KN/-7D/<[HS8IH3Pi�3
7RGTIRAV:B58�2C�58EH7R7HKN7H?:#CFKL7R?-MN3P=R58/_G63
CFCF/<5�`!Õ(ER5�KL74[\5@:BCjSF58EHG6S8E4583P/-iRS@:BKN7HC�I�:�5@14OP:�583P=�365Fc[\/<58AV:B7HG
3p1R:BS@:*/<7JA*ERMNS8KN=RML3(=R58/_G
3
CFCF/B58C(/<7J:�=�365PS8I4583�:-10iH:<CFKNC:�S�583
?-ERM�:�5(KN7_S83658;<:<MNC
`
,p:�58MNCFCF/-7r36S�:BMq`�GTIH:B5@:<GTS83658KN�
3�S8IR3sAD36AD/<5FW^=�365F[d/B58AV:<7HG63�/B[9-:�;<:�CF3T58;+365p:B=H=HMNKNG�:�S8KL/<7HCQERCFKL7R?s583
:<M�I�:�5@14OP:�583�:B7�1k:sCFKNA*ERML:BcS8/B5,Ä ± «�Åt`Xw�IR36W�AD3�:BCFER583VS8IH30=�3T5F[d/<58AV:B7HG
3s/<[Q�R���!�f� iHi��<�-�<�:B7�1^�!����365F[�/<7o: ± ¯�=458/_G
3
CFCF/<5��4ER7m��7_S83658=R58KNCF3V¯<�-�-��CF3658;+365�`

,p:�58MNCFCF/-7�36S�:BMq`-ERCF3�S8IH3!IH:B5@12OP:B583PG6/-EH7_S83658C�S8/#AD3�:<CFE4583�G
/-:B58CF36c?B5@:<KN7H3
1J3
;+3
7_S8C
`Pw�IR3Q583
CFEHMhS8C#:B583Q[d/B5#S8IR3�3TYR36G
ERS8KN/-70/<[vS8IH3Q367RcS8Kh583,i�3
7RGTIRAV:B58��l!:<7�1�S8IH3TW�14/m7R/<Ss1RKNCjS8KN7H?<EHKNCFI�i�3TS O�363
7XS8IR3

�Q. :B7�1kS8IR3V:<=R=HMNKNG�:BS8KN/-7 `,Õ(E45pKN7R[\5@:BCjSF58EHG6S8E4583D3
7�:BiHMN3
C�EHCeS8//-i4S@:<KN7,z�7R36ct?<5@:<KN7R3�1J=�365F[d/B58AV:<7RG
3pAD3�:<CFE4583
AD3
7_S8C�KL74[d/B58AV:BS8KN/-7KN70583�:BM S8KNAD3-`

6. FUTURE WORKw�/s=R58/�;2KL1R3pS83
AD=�/<5@:BMv1H:�S@:4l�S8IH3�CjW4CjS83
A¦G6ER5F583
7_S8MhW,EHCF36C(S8IH3G
/<72S83TY4SFctCjO�KhS8G@IHKN7H?,:BAD/-7R?U9+:�;-:�S8I4583�:-14C*:BC�S8IR3V1R3
MNKNADKhS8365p[d/B5G
/<EH7_S8KN7H?�KN7_S83658;<:<MNC
` Ë 3
G�:BEHCF3QS8IH3(CjS8/-=RcÊS8IR36cÊO�/<58ML1s?+:B58iH:<?<3�G6/-MhcMN3
G6S8/B5D=R583
;-3
7_S8C>S8IR583
:-1�CjO�KhS8GTIRKL7R?kO�IRKNML30KNS*KNC�36Y43
G
E4S8KL7R?Rl�S8IH3G
E45F583
7_S�KN7R[�5@:<CjSF58EHGTS8ER583(;2KN36O�CP:p?+:�58i�:B?-3eG
/<MNML36G6S8KN/-7fl4O�IHKNG@IVG�:<7i�3QMN/-7R?-365#S8I�:<7 ± �BADC
l�:<C#:�CFKN7H?<ML3QSF5@:BG
3Q583
G
/<5@1�` Ë 36G�:<ERCF3>KhSuKNC1R36CFKN5@:BiHMN3!S8/#=R58/�;2K�143�zH7H365�?<5@:<72ERM�:�58KhS Wp[d/B5��Q.�/<=�365@:BS8KN/-7RCvS8I�:BS1RKNC8:BiHMN3PG
/-7_S836Y2SFctCjO�KhS8GTIRKN7H?Rl<O�3P=RM�:B7*S8/e36Y4=RML/B583�S8IH3P:<1H14KNS8KN/<7�/<[:�CF3
=H:B5@:BS83QSF58KN?-?<365([\/<5#G�:<=4S8ER58KN7H?Dn(�!.~KN7R[\/<58AV:�S8KL/<7JS8I�:�SuO�KNMNMi�3QKN7036��36G6Su3
;+3
7sO�IH3
7sS8IR583�:<10CjO�KhS8GTIRKL7R?�KNC(14KNC8:<iHMN3�1�`Õ#S8IH3T5�CFIR/<5FSFcÊS83658A¥[dE4S8ER583�14KN5836G6S8KN/-7HC�KN7HG
MNE�143 ± ��1R36S83T58ADKL7RKN7H?S8IH3�14KLCjSF58KNiRERS8KN/-7,/B[�MN/-:-1RCuS8/�S8IH3p14KN��3T583
7_S(MN3
;+36MLCuKN7JS8IH3pAD3
A�c/<5FWrIRKL3T5@:B58G@I2W_l��-�>SF5@:<G@�2KN7H?o/BS8IH365VIH:B5@14O�:B583,3
;-3
7_S8C
lPCFEHG@IZ:BCKhctG�:<G@IH3VADKNCFCF3
C
lvCjW47HG@IR58/<7HKN��:�S8KL/<7fl�:B7�1mi45@:<7HG@ImADKNCF=4583�1RKNG6S8KN/-7 l/-7��4�����f�jiRi��<�<�-�r:<7H1�/BS8IH365�i�3
7RGTIRAV:B58�2C
l#«+��143
;+3
MN/<=HKN7H?�:?<5@:B=HIRKLG
:<M�S8/_/<M!S8/J7H:�;2KN?+:�S83DS8IH3*SF5@:BG
3Dz�MN3
C
l�:B7�1m�+�Q3TYR=RMN/<58KN7H?IH/�O�/<S8IR365une��.¨AD36GTIH:<7HKNCFADC
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Ä ± �BÅa�!ER3QÇfER/�:<7H10Ç KL�TW^,QE458K�:B7J9-/<IH7 `H}o/B58�2ML/-:-1GTIH:B5@:<GTS83658KN��:BS8KN/-7,/B[�A*ERMNS8KhS8I4583�:-143�1�9-:�;<:*CF3658;-3658C
`Ha]7
xPÙjß�àTá8áFä<ØdåA3<â>ßF�eÚ < á1�Q�-�B�`lF���V��l@åHÚ]áTÙ@å�Ü<ÚqØÊßBå�Ü-Ý
pHã�8(Þ4ß<â8ØdÛM8¦ß<å^x#áTÙ$�
ß<Ù�8DÜBå�à@áftuå�Ü-Ý ã<â8ØdâQßF�fpHãBâ@Ú]á�8>â>Ü<å�ä
p�ßF�TÚ".�Ü<ÙFáTl�=H:<?-36C ± �	0 sH± «<¯4l�w�ERG
CF/-7 l�©9�vl�i(/�;+36A*i�365u�B�-� ± `

Ä ± ®�Å>��:BS8I_W0.J:�W_lH��1,�4KNMNI�:2lH�uKNGT���4KNAD=RCF/-7flR:B7�1�n(:<7R�}�:B5F58367f`V~ < á{x�ß	.!áTÙFxav�tuÙjà < ØdÚ]áFà6ÚqÛ2Ù8áT`f.0/B58?+:<7
,p:<ER[\AV:<7R70��EHiRMLKNCFIR3658C
l�a]7HG-`Nl��R:<70�R5@:<7RG
KNCFG
/Rl���:<MNKh[d/B587HKL:4l± É-ÉB�R`

Ä ± ¯�Å��v:BSFS@:<iRK��23
CFI�:<1458KqlHÇfKN�6W09-/-IR7flH:<7�1�©#MN36YJ.03658KNG�:<C
`}o/<58�2MN/+:<10G@I�:B5@:BG6S83658KN��:�S8KL/<7,/<[�9+:�;<:*CF3658;+3T5u:<=H=RMNKLG
:BS8KN/-7RC/-70S]O�/D��/�O�3T5@�!��=R58/_G
36CFCF/<58C
`�a]7=x�ÙFß�à@á8á8äBØdåM3<â�ßF�QÚ < á
~ < ØdÙFä�tuåHåRÛRÜ-Ý�tuÛ2â8ÚqØdåDv�áTåHÚ]áTÙV�
ßBÙ9tuä<×BÜ<å�à@á8ä�pHÚqÛRä<ØtáTâ
v�ß<å4��áTÙFáTå�à@áTl�©uEHCjS8KN7flHw�ª>lH�H3
i458E�:�5FW��<�-�-�2`

Ä ± °�Å1�*`H�#KNCjOP:<7H:BS8IH:<7,:B7�1J��`�Ç KL:<7H?4`�9-:�;<:*�#KN5FS8EH:<M�.J:<G@IHKN7H3��58/Bz�MN365ua 7_S8365F[d:<G
3-`ulnmCoqpHãBâ8Ú]á�8*â1r2ß<Û2Ù@å�Ü-Ý lH«-É4� ± �T£ 0+� s É+®_l�H3
iR58EH:B5FW0�<�<�-�2`
Ä ± 0�Åpa 7_S83
M��ew�ER7H3e=�3T5F[d/<58AV:B7HG
3p:B7�:BMNW4�
3T58C
`I2SFS8= £ È-È�OPOPOQ` KN7_S83
Mq` G
/-AsÈ�CF/<[\S]OP:�583�ÈB=458/21REHGTS8C@ÈB;_S8EH7R3-`
Ä ± É�Å>.J:B58G
/2��:<?<I�:4l Ë 58/-7H10Çf:B58CF/-7 l��_S83
;+3Qw�E4587H365�lR:B7�1,.J:�5FS Wa]S8�
�+/�O�KhS8�-`H��365F[d/B58AV:<7RG
3p:<7H:<MhW4CFKLCuEHCFKN7R?*S8IH3p.0a �!�� ± �-�-�<��=�365F[d/B58AV:<7RG
3QG
/-ER7_S83658C
`Ha]7=x�ÙFß�à@á8áFä<ØdåM3<â>ßF�eÚ < á

�-�B�A�jt)v�o2�QlF���V�Uv�ß<å4��áTÙFáTå�à@á*ß<å#pRÛBÞRáTÙjà8ß	8(Þ�Û2ÚqØdåA3<l
i(/�;+3
A>i�365 ± É<É-¯2`
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