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ABSTRACT]_^a`�`*ba`�c�dae�fhg�ikjl`�^nm�oHfpg2q,g2r'mts
m�o�mumCvavPwhfhc�m2e�fhgCiZc�mCikjl`xiPg�izy
{ `�e�`�q�|�fhiPfh}!e�fhc { da`Xe�gE|~dPw9e�f9e�^aq�`�m { fhiP�z�4]_^Pfh}BiPg�izy { `�e�`�q�|�fhiafp}O|
|�m2�
`�}(dai { `�q�}!e�mCi { fhiP��mCi {~{ `�jPda���Cfpia�X|~dPw9e�f9e�^aq�`�m { ` { s
m�oCm'm2vay
vawhfpc�m2e�fhg�ia}�m { f9��c�dPw9e'mCi { w�m2jlgCq�fhg�da}Xvzq�g<c�`�}O}�����`��OmC�4d��V��`*e�`�qOy
|�fhiafp}!e�fhc�s
m�oCm���`�vaw�m����'e�fhwhf9e��P�_^P`�whvP}�e�^P`Qda}O`�qXfhitdai { `*q�}!e�mCi { y
fhia��mCi {�{ `�jPda���Cfpia��iag�iay { `�e�`�q�|�fhiPfh}!e�fhc�s
m�oCm�m2vPvPwhfhc�m#e�fpgCiP}�j<�
{ `�e�`�q�|�fhiPfh}!e�fhc�m2wpw9��q�`�vawpm��zfhiP��e�^P`'`�bz`�c�dze�fpgCi�jl`�^nm�oHfhgCq�g2r�m�iPg�izy
{ `�e�`�q�|�fhiPfh}!e�fhc�`�bz`�c�dae�fhg�i%����i�e�^Pfh} { `�|�gz�H�_`X�Bfhwhw0vzq�`�}O`�i<eBm { `�y
jadP�C��`�q'r�gCqXe�^P`�s
mCwpm2vl`H�iPgDs
m�o�m��'fhqOe�dPmCw���m2c*^afhiP`�e�^nm2eXdae�fhwhfh��`�}
e�^a`Dq�`�vaw�m���c�mCvPmCjafpwhf9e���vaq�g#oHf { ` { j<�Z��`��Om2�6d%�>]_^P` { `�jPda���C`�q
^a`�whvP}EfhiZfh}Og�wpm2e�fhiP��iPg�izy { `�e�`�q�|�fhiafp}!e�fhc�rVm2fpwhdzq�`
�V}��,j<��rVm2fhe�^zr�dawpw9�
q�`�vaq�g { dac�fhiP�ke�^P`u}�m2|�`�`�bz`�c�dae�fhg�i�jl`�^Pm�ozfhg2qDe�^nm#eDwh` { e�gke�^a`
gCjP}O`�q�o�` { r�mCfhwhdaq�`
�V}��*�~s
m2wpmCvl`�iagDfh}Qmxs��Q��jl`�fpia� { `�o
`�whgCvl` { m#e
����� ]X�Hsz�<¡km2e�}OgCi��'`�}O`�m2q�c�^D¢J`�iHe�`*q��4]_^P` { `�jadP���C`�q_vzq�g#ozf { `�}
e�^a`�r�gCwpwhg��BfhiP��r�`�m2e�daq�`�}�£X�!¤����X`��Om2�6d { `�e�`�q�|�fhiafp}!e�fhc�m2whwh��q�`�vPwpm��z}
s�m#oCm�vaq�gC�Cq�mC|�}�¥(�§¦����'`�|�g2e�`Q�'`*¨n`�c�e�fhgCi�}OdPvavlgCqOe�}���`�ia`�q�mCw { `�y
jadP�C��fhiP�Qr�daiPc�e�fhgCinmCwhf9e�fh`�}_}Odac*^�m2}J}O`�eOe�fhiP��jzq�`�mC�Hvlg�fhi<e�}��<`�bam2|�fpizy
fhia��e�^P`Evzq�g��Cq�m2|©}!e�m2e�`���m2i {�{ `�e�`�c�e�fhia� { `�m { whg<c��z}�¥6m2i { ��ª��Qm
« �'�Jvzq�g2oHf { `�}'m2i�fhi<e�dPf9e�fho
`QmCi { `�m2}!��e�g,dP}O`Qfhi<e�`�qOrVm2c�`��

1. INTRODUCTION¬ `�q�o
`�q�} { f9­F`�q_|�m#q��
` { wh�~r®q�gC|¯c�whfh`�i<eBmCvavPwhfhc�m2e�fhg�ia}�fhi�}O`�o�`�q�mCw
q�`�}Ovl`�c�e�}�� ¬ `�q�o
`�q�}�m#q�`�dP}OdPmCwhw9��whgCiP��`*qOy§q�daiPiafpia�a��|�g2q�`D^afp�C^Pw9�
e�^zq�`�m { ` { ��m2i { ^nm�o
`��2q�`�m2e�`*q�}Oc�mCwpmCjafpwhf9e��°c�g�iac�`�q�ia}�� ¬ `�q�o�`�q�}
|~dP}!e6q�`�}Ovlg�i { e�g�q�`�±<dP`�}!e�}�±<dafpc��Hw9�<�HgCr®e�`�ix�Bf9e�^Pfhi�`�bzvPwhfhc�f9e_e�fh|�`
whfh|�f9e�}��P`�o
`�i�e�^ag�da��^�e�^a`�iHdP|~jl`�q_g2r�c�whfp`�iHe�}�m2i { q�`�±Hda`�}!e�}�|�m��
jl`�fh|�vlg�}O}OfhjPwh`Be�g�vaq�` { fpc*e���]_^P`�}O`�vaq�gCvl`�qOe�fh`�}_c�gCiP}Ovafhq�`Be�g�|�mC�
`
}O`*q�o
`�q�vaq�gC�Cq�mC|�|�fhia� { f9��c�dPw9e��
¬ `�o
`�q�m2w(r�`�m#e�daq�`�}Qg2r�s
m�oCm�|�m2�
`~f9e�m#eOeOq�mCc�e�fho
`�r�g2q�}O`�q�o
`�q { `�y
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o
`�whgCvP|�`�i<e��_fhiac�whd { fhia���
m#q�jnmC�C`�c�g�whwh`�c�e�fhg�i>m2i { m�}Ofh|�vawp`DjPdae
`�­F`�c*e�fpo�`�e�^zq�`�m { fpia��|�g { `�wV�X³6`�e�}O`*q�o
`�q { `�o
`�whgCvP|�`�i<e�q�`�|�mCfhiP}
eOq�g�dajPwh`�}OgC|�`�jl`�c�m2dP}O`�gCr�e�^P`´c*^PmCwhwh`�iP�C`�}tgCr { `�jadP�C��fhiP�Z|,dawhy
e�f9e�^aq�`�m { ` { c�g { `�fhi>��`�ia`�q�mCw�m2i { }O`�q�o
`*qtc�g { `´fhi>vnm2qOe�fhc�dawpm2q��
¬ `*q�o
`�q�}~m2q�` { f9��c�daw9e~e�gtfh|�vPwh`�|�`�iHe�c�gCqOq�`�c�e�w9��jl`�c�mCda}O`�gCrBe�^P`
}O^P`�`�q�}Oc�m2wh`�gCr�|,daw9e�fhe�^zq�`�m { fhiP�kc�gC|�vnm2q�` { e�gµc�whfh`�i<etm2vPvawpfhc�m#y
e�fhg�ia}��°¶agCqxfhiP}!e�mCiac�`���e�^a`um#o�`�q�mC�C` « �X�E`�|�vawhg#�z}X��dP}!e�m�r�`*�
e�^aq�`�m { }��C�B^Pfhwh`�m�}O`�q�o
`�q4c�m2iE}Ovnm��Bi { g���`�ia}�dPi { `�q�`�o
`�iE|�g { `�qOy
m2e�`�whg
m { �4· {a{ e�gQe�^Pfh}6e�^a`�c�g�|�vnm#q�m2e�fho
`�w9�,wpg���gCjP}O`�q�oCmCjafhwpf9e���gCr
}O`�q�o
`*qJjl`�^Pm�ozfhg2qJo
`*q�}OdP}4m « �X���
vPwhda}4e�^a`�iPg�i { `�e�`*q�|�fpiafh}O|¸e�^nm2e
dP}OdPmCwhw9�xc�g�|�`�}_�Bf9e�^�|~dPw9e�f9e�^aq�`�m { fhiP�z�amCi { e�^P` { `�jadP���CfhiP�,e�m2}O�
jl`�c�gC|�`�} { mCdPi<e�fhiP�z�µ¹XgCi { `*e�`�q�|�fhiPfh}O|�fh}�m#q���dPmCjPw9�µe�^P`x|�g�}!e
c�^nmCwhwh`�ia��fhiP��vaq�gCjPwh`�|ºjl`�c�m2dP}O`Bf9e4fp} { f9��c�dPw9e6e�gX`�o
`�i,q�`�vl`�m2e4e�^P`
rVm2fhwpdzq�`Qe�g { `�jadP�z�
¡�`,vaq�`�}O`�i<e�e�^P`,fpi<e�`��2q�m2e�fhg�ikg2rB}O`�o
`�q�m2w6c�g�|�vlg�ia`�i<e�} { `�o�`�w9y

g�vl` { m2eBe�^P`Q�����©]X�nsa�P�'`�}O`�m2q�c�^u¢J`�i<e�`�q�£4e�^P`�s
m2wpmCvl`<�iagxs
m�o�m
�Xf9qOe�dPmCw���m2c*^afpia`��Fe�^P`���`��!mC�4d { `�e�`�q�|�fhiafp}!e�fhc�q�`�vPwpm��<�%mCi { �'`*y
|�gCe�`B��`�¨n`�c�e�fhg�iEr�g2q_vl`�qOe�dzq�jnm#e�fpgCiay�r®q�`�` { `�jPda����fhia�a�4]_^P`�q�`�}Odaw9e
fh}Dm�vlg��J`�qOr�dawXvPwpm#eOr�gCq�|»r�g2qDjlg2e�^ { `�o
`�whg�vafpia�k|,dawhe�f9e�^zq�`�m { ` {
vaq�gC�Cq�m2|�}6}Odac*^�m2}J}O`�q�o
`*q_m2vPvPwhfhc�m#e�fpgCiP}JmCi {�{ `�whfho
`�q�fhiP��e�^a`�vl`*qOy
r�g2q�|�mCiac�`Xe�^P`*�xq�`�±Hdaf9q�`��4]_^P` { `�jPda���C`�qBfhiPc�whd { `�}Bm « �'�6jPmC}O` {
g�iµs�m#oCm ¬ �BfhiP�´m2i { vaq�g#oHf { `�}�jlgCe�^kwhg��¯wh`�o�`�w�mCi { ^Pfh��^kwh`�o�`�w
}!�z|,jlgCwpfhc { `�jPda���Cfpia�a�

2. Jalapeño JAVA VIRTUAL MACHINE·_e,e�^a`xr®g�dPi { m#e�fpgCi¼g2r'e�^afp},vPwpm2eOr®gCq�|½fh}�s
m2wpmCvl`<�iag�¾ ¦H��¤�¿���m
c�gC|�vPfhwh`�y§g�iPw9�´s
m�oCmx�'f9qOe�dnmCw6��m2c*^afpia`���s����t��r�g2q�^Pfh��^´vl`�qOr�g2qOy
|�mCiac�`4}O`�q�o
`�q�}��(¡�q�f9eOe�`�i�fpi~s
m�oCmz��s
mCwpmCvl`<�iPgQjzq�fpia��}0e�^a`Jjl`�ia`�ÀPe�}
gCr4e�^P`�s
m�oCm�g�jH�!`�c�e�|�g { `�w%e�gx}O`*q�o
`�q { `�}Ofh��i´mCi { fp|�vawh`�|�`�i<e�m2y
e�fhg�i��Bf9e�^PgCdae�}�mCc*q�fhÀPc�fhiP�uvl`�qOr®gCq�|�mCiac�`��D�JwhdaqOq�fhiP��e�^a`�jlg�dai { y
m2qO�Djl`�e��J`�`�itm2vPvawpfhc�m#e�fhg�iuc�g { `~mCi { q�dPi<e�fh|�`�}O`�q�oHfhc�`�}'wh`�m { }�e�g
}O`�o
`*q�mCw%m { o�m2iHe�m2��`�}��4¶(f9q�}!e��PmCvavPwhfhc�m2e�fhg�i�c�g { `'c�mCi�c�mCwhwlq�dPi<e�fh|�`
|�`�e�^ag { } { f9q�`�c�e�w9�Q�Bf9e�^Pg�dze4mCi<�Qg#o
`�q�^a`�m { e�g'm { m2vae(e�g�e�^P`6}!e�mCc��
mCi { c�mCwhwhfhiP��c�g�iHo
`�i<e�fhg�ia},gCrXm { f9­F`�q�`�i<eEwpm2iP��dPmC�C`�� ¬ `�c�g�i { w9�<�
s
m2w�m2vl`<�iag�gCvae�fh|�fh��fhiP��c�gC|�vPfhwh`�q�fh}�r�q�`�`�e�g�fhiPwhfhiP`Eq�daiHe�fh|�`E}O`*qOy
oHfhc�`�} { fhq�`�c�e�w9��fhiHe�g�m2vPvPwhfhc�m#e�fpgCi�|�`*e�^Pg { }�� ¬ dPc�^�fhiPwhfhiPfhiP��`�whfh|�f9y
inm#e�`�}_mQ|�`�e�^ag { c�m2wpwlg#o
`*q�^P`�m { mCi { |�m��~`�bzvlg�}O`�g�vavlgCqOe�dPiaf9e�fp`�}
r�g2qEr�dzqOe�^P`�q,g�vze�fp|�fh��m#e�fhg�iG�k¶(fpiPmCwhw9�<�6e�^a`�}�m2|�` { �zinmC|�fhc�g�vze�f9y
|�fh��m2e�fhgCiP}�e�^nm2e�e�^a`xgCvae�fh|�fh��fhiP��c�g�|�vPfhwh`�q,mCvavPwhfh`�}�e�gum2vPvawpfhc�m#y
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3. DEJAVUÔ Ç�ÕOÈ2Ö6×xØ ÙzÚ
Û2ÜzÃCÝFÇ�Ð�Ñ�È�ÑOÃ�Ëh×aÁ�ÂhÃ�Ä~Á�Ã�Á�ÌaÇJÊaÐ�ÃCÉPËhÇ�Í¸Ã2ÒFÆaÇ�ÉP×PÏCÏ�ÂhÄPÏ
ÂhÄxÁ�ÌPÇXÒ�ÈCÅ�ÇQÃ2Ò�ÄPÃCÄnÆaÇ*Á�Ç�Ð�Í�ÂhÄPÂhÑOÍ�Ó�Þ�Á_ÊaÐ�Ã#ßHÂ�ÆzÇ�ÑBÆaÇ*Á�Ç�Ð�Í�ÂhÄPÂhÑ!Á�ÂhÅXÐ�Ç�à
ÊaËpÈ�áZÃ2Ò�È�ÄaÃ�ÄnÆzÇ�Á�Ç�Ð�Í�ÂhÄPÂhÑ!Á�ÂhÅDÇ*âaÇ�Å�×aÁ�ÂhÃ�Ä�ÑOÇ�ã<×PÇ�ÄaÅ�Ç�Ú_ÈCËhËhÃ#äBÂhÄaÏµÈ
ÊzÐ�Ã�Ï2Ð�ÈCÍåÁ�ÃDÉlÇ~Ð�Ç�Ç�âzÇ�Å�×zÁ�Ç�Æ´Ð�Ç�ÊlÇ�È2Á�ÈCÉaË9á<Ó�æ_ÌH×PÑ�ÈxÉP×PÏ�Í�È�áuÉlÇ
ÂhÑOÃCË�È#Á�Ç�ÆxãH×aÂhÅ*çHË9á<Ú<È2ÄnÆEÂ9Á�ÑJÅ�È2×PÑOÇ�Ñ_ÈCÄnÆEÇ*ÝFÇ�Å�Á�ÑJÃCÉPÑOÇ�Ð�ß�Ç�Æ,Ð�Ç�ËhÂpÈCÉPË9á<Ú
äBÂ9Á�ÌaÃ�×aÁ�ÆaÂhÑ�ÈCÊaÊlÇ�È2Ð�ÂhÄPÏ�ÂhÄ�Ã�ÄPÇ�ÃCÐ_Í�ÃCÐ�ÇBÇ�âzÇ�Å�×zÁ�ÂpÃCÄPÑ�Æz×PÇ�Á�Ã�ÄPÃ�Äzà
ÆzÇ�Á�Ç�Ð�Í�ÂhÄPÂhÑOÍ�Ó
Ô Ç�ÕOÈ2Ö6×EÐ�×aÄPÑ�ÂhÄEÁ�ä_Ã�Í�ÃHÆzÇ�Ñ�è0Á�ÌaÇ�éBêOë�ìCíOî,ïEì�î<ê�Å�ÈCÊaÁ�×zÐ�Ç�ÑJç�Ç�á

ÂhÄzÒ�ÃCÐ�Í�È#Á�ÂhÃ�Ä�Ò�Ã2Ð'Ð�Ç�ÊPËpÈ�á<ÚPäBÌPÂhËhÇQÁ�ÌPÇ~éBê�ðlñhòCó�ï�ì�î
ê�ÆzÇ�Á�Ç�Ð�Í�ÂhÄPÂhÑ!Á�Â9à
Å�ÈCËhË9á�Ð�Ç�ÊaËpÈ�ázÑ_Ç*âaÇ�Å�×aÁ�ÂhÃ�Ä�×PÑOÂhÄPÏ�Á�ÌPÇ'Å�ÈCÊzÁ�×aÐ�Ç�Æ�ÂhÄaÒ�Ã2Ð�Í�È2Á�ÂhÃ�Ä%Ó6ôJÇ�à
Å�ÈC×PÑOÇ�Á�ÌPÇ�Å�×aÐOÐ�Ç�ÄHÁ6ß
Ç�Ð�ÑOÂhÃCÄxÐ�×aÄPÑ4Ã�Ä�È�×aÄPÂhÊaÐ�Ã<Å�Ç�ÑOÑOÃCÐ_äBÌaÇ�Ð�ÇXÃCÄPË9á
ÃCÄPÇDÁ�ÌzÐ�Ç�È�ÆZÅ�ÈCÄµÐ�×PÄ�È2ÁxÈuÁ�ÂhÍ�Ç�Ú_ÊzÐ�Ç�ÑOÇ�Ð�ßHÂhÄPÏ�Ç*âaÇ�Å�×aÁ�ÂhÃ�Ä�ÃCÐ�ÆzÇ�Ð
ÂhÑ�È~Í�È#ÁOÁ�Ç�Ð_Ã2Ò�Å�È2ÊaÁ�×aÐ�ÂhÄaÏ~Á�ÌaÐ�Ç�È�Æ�ÑOÅ*ÌaÇ�Æa×aËpÂhÄaÏ,ÂhÄaÒ®ÃCÐ�Í�È2Á�ÂhÃCÄ�Æa×zÐOà
ÂhÄaÏXÐ�Ç�Å�Ã2Ð�ÆaÂhÄPÏQÈ2ÄnÆ�Ç�ÄaÒ®ÃCÐ�Å�ÂhÄaÏ�Á�ÌPÇJÑ�È2Í�ÇJÁ�ÌaÐ�Ç�È�Æ~ÑOÅ�ÌPÇ�Æa×PËhÇ�Æz×aÐ�ÂhÄPÏ
Ð�Ç�ÊPËpÈ�á<Ó
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ÆHÐ�Âhß
Ç�Ä,É<áQázÂhÇ�ËpÆzà§ÊlÃ�ÂhÄ<Á�Ñ(ÂhÄPÑOÇ*ÐOÁ�Ç�Æ,É<áQÁ�ÌPÇ6Å�Ã�Í�ÊaÂpËhÇ�Ð4È2ÄnÆ�Á�ÂpÍ�Ç*Ð�ÂhÄaà
Á�Ç*ÐOÐ�×PÊaÁ�Ó Ô Ç�ÕOÈCÖ4×´ÂpÄ õ ÈCËpÈ2ÊlÇHöÄPÃt×zÁ�ÂhËpÂhÎ�Ç�Ñ�Á�ÌPÂhÑ�ã<×nÈCÑOÂ9à§ÊaÐ�Ç�Ç�Í�ÊaÁ�Âhß
Ç
Á�ÌzÐ�Ç�È�ÆµÑOÅ�ÌPÇ�Æz×PËhÂhÄPÏ�Á�Ã´Ç�÷�Å�ÂpÇ�ÄHÁ�Ë9áZÅ�È2ÊaÁ�×aÐ�ÇDÈCÄPÆµÐ�Ç�ÊaËpÈ�ákÁ�ÌzÐ�Ç�È�Æ
ÑOÅ�ÌPÇ�Æa×PËhÂhÄPÏzÓZøPÃCÐEÇ�ß
Ç�Ä<Á�Ñ~Á�ÌPÈ2ÁEÈ2Ð�ÇDÄaÃCÁEÐ�Ç�ÊaÐ�ÃHÆa×aÅ�ÂhÉPËhÇ�Ú6ÑO×PÅ�ÌZÈCÑ
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È2ÄnÆtÑ!Á�Ã�ÊtÉlÃ2Á�ÌtÁ�ÌPÇ�ÈCÊaÊPËhÂhÅ�È2Á�ÂhÃ�Ä´È2ÄnÆ�Á�ÌPÇ õ Ö�ú�ÈCÑ�Á�ÌPÇ�á�Ð�Ç�ÊPËpÈ�á
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