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######5&/O<&/( -(=($4)(J&6/ E;31>(GC#
####I# $1)$! #E89R()43'B=$(*)6&' #(=G#?#
######3()43' #(=-"()R(74%) EGC#
####I#
####3()43' #89<4%%-SINGLETON;	  
##I#
I#
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##---#
##*45%6$#2&6/ #(=($4)(J&6/ EJ63)41%K31>(#;31>(G#?#
####)!3&S #'(S #89R()43'B=$(*)' E21%4(<&/( -(=($4)(Q('(36$ E;31>(GGC#
##I#
I#

*45%6$#$%177#89R()43'B=$(*)6&' ##
###(=)('/7 #A&')3&%K%&SB=$(*)6&'#?#
##*3621)( #;6'1% #P5.($)# 3(74%)C#
I#
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##@A!6%/#*3621)( #89B=*3(776&'<&/( #36"!)<&/( C#
#
##@P2(336/(#
##*45%6$#P5.($)# (=($4)(Q('(36$ EJ63)41%K31>(#;31>(G#?#
####P5.($)#%(;)#H# %(;)<&/( -(=($4)(Q('(36$ E;31>(GC#
####P5.($)#36"!)#H# 36"!)<&/( -(=($4)(Q('(36$ E;31>(GC#
#
####6; #E%(;)# 6'7)1'$(&; #9&'"#UU#36"!)# 6'7)1'$(&; #9&'"G#?#
######)3O#?#
########3()43' #B=1$)V1)!- addExact((Long)	  left,	  (Long)	  right);	  
######I# $1)$! #ET36)!>()6$B=$(*)6&' #(=G#?#I#
####I#
#
####6; #E%(;)# 6'7)1'$(&; #9&'"G#?#
######%(;)#H# L6":')("(3- valueOf((Long)	  left);	  
####I#
####6; #E36"!)# 6'7)1'$(&; #9&'"G#?#
######36"!)#H# L6":')("(3- valueOf((Long)	  right);	  
####I#
####6; #E%(;)# 6'7)1'$(&; #L6":')("(3 #UU#36"!)# 6'7)1'$(&; #L6":')("(3 G#?#
######3()43' #EEL6":')("(3 G#%(;)G-1//EE L6":')("(3 G#36"!)GC#
####I#
#
####6; #E%(;)# 6'7)1'$(&; #8)36'"#WW#36"!)# 6'7)1'$(&; #8)36'"G#?#
######3()43' #%(;)-)&8)36'" EG#X#36"!)-)&8)36'" EGC#
####I#
#
####)!3&S #'(S #Y'74**&3)(/8*($61%6Z1)6&'B=$(*)6&' E)!67 F#---GC#
##I#
I#
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##*45%6$#P5.($)# (=($4)(Q('(36$ EJ63)41%K31>(#;31>(G#?#
####P5.($)#%(;)#H# %(;)<&/( -(=($4)(Q('(36$ E;31>(GC#
####P5.($)#36"!)#H# 36"!)<&/( -(=($4)(Q('(36$ E;31>(GC#
#
####6; #E%(;)# 6'7)1'$(&; #9&'"#UU#36"!)# 6'7)1'$(&; #9&'"G#?#
######)3O#?#
########3()43' #B=1$)V1)!- addExact((Long)	  left,	  (Long)	  right);	  
######I# $1)$! #ET36)!>()6$B=$(*)6&' #(=G#?#I#
####I#
#
####6; #E%(;)# 6'7)1'$(&; #9&'"G#?#
######%(;)#H# L6":')("(3- valueOf((Long)	  left);	  
####I#
####6; #E36"!)# 6'7)1'$(&; #9&'"G#?#
######36"!)#H# L6":')("(3- valueOf((Long)	  right);	  
####I#
####6; #E%(;)# 6'7)1'$(&; #L6":')("(3 #UU#36"!)# 6'7)1'$(&; #L6":')("(3 G#?#
######3()43' #EEL6":')("(3 G#%(;)G-1//EE L6":')("(3 G#36"!)GC#
####I#
#
####6; #E%(;)# 6'7)1'$(&; #8)36'"#WW#36"!)# 6'7)1'$(&; #8)36'"G#?#
######3()43' #%(;)-)&8)36'" EG#X#36"!)-)&8)36'" EGC#
####I#
---#
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##@8*($61%6Z1)6&'E3(S36)(P' #H#T36)!>()6$B=$(*)6&'- $%177G#
##*3&)($)(/ #%&'"#1//E %&'"#%(;)F# %&'"#36"!)G#?#
####3()43' #B=1$)V1)!- addExact(left,	  right);	  
##I#
#
##@8*($61%6Z1)6&'#
##*3&)($)(/ #L6":')("(3 #1//E L6":')("(3 #%(;)F# L6":')("(3 #36"!)G#?#
####3()43' #%(;)-1// E36"!)GC#
##I#
#
##@8*($61%6Z1)6&'E"413/7#H# [ 678)36'" [ G#
##*3&)($)(/ #8)36'"#1//EP5.($)#%(;)F#P5.($)#36"!)G#?#
####3()43' #%(;)-)&8)36'" EG#X#36"!)-)&8)36'" EGC#
##I#
#
##*3&)($)(/ #5&&%(1'#678)36'" EP5.($)#1F#P5.($)#5G#?#
####3()43' #1#6'7)1'$(&; #8)36'"#WW#5#6'7)1'$(&; #8)36'"C#
##I#
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>5)%"6B2@"5*)"*ABC$*

T,*

•  >?#4%1@<4P*"Cp42)*"%&45)46P*6$51?&2133$*)$#46*

•  >58#&%1@"58*L%"?*H?133)13Q*156*K4%3*

•  U&643$*B846*N&)(*)(4*A1&38*L%1?4N"%Q*L"%*N4C*1##3&21@"58*

•  \B)*138"*B846*&5*'%1#(&28P*C&"&5L"%?1@28P*8$8)4?8P*4)2*
*

ABC$*O"'"*^!"#$%&'()*^2_*,--YP*rBQ&(&%"*W1)8B?")":*O&245846*B564%*)(4*)4%?8*"L*!%41@<4*!"??"58*;s%&CB@"5oH(1%4;3&Q4*,:X:_*
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ABC$*>?#34?45)1@"58*o*WA>*

TT*

•  >?#34?45)46*&5*!*

•  \$)42"64*&5)4%#%4)4%*

•  b4%$*8&?#34*"#@?&81@"58*t*&53&54*212(48*&5*&58)%B2@"58*

•  K%"C1C3$*)(4*83"N48)*2"??"53$*B846*&5)4%#%4)4%*)(4%4*&8*
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ABC$*>?#34?45)1@"58*o*ABC&5&B8*

T/*

•  >?#34?45)46*&5*!cc*156*ABC$*

•  D848*15*OObWoC1846*g>E*

ABC&5&B8*3"'"*2"#$%&'()*,-..*A"'4%*\121%6&):*;s%&CB@"5ou"e4%&<8*T:-*D5#"%)46*^!!*\roue*T:-_*
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ABC$*>?#34?45)1@"58*o*E"#1l*

TX*

•  >?#34?45)46*&5*AK$)("5*

•  >5)4%#%4)4%*&8*8)1@2133$*2"?#&346*)"*51@<4*2"64*<&1*!*

•  ABC$*2"64*&8*2"?#&346*B8&5'*1*)%12&5'*g>E*2"?#&34%*

K$K$*3"'"*(s#v77NNN:#$#$:"%'7**
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ABC$*>?#34?45)1@"58*o*gABC$*

TY*

•  >?#34?45)46*&5*g1<1*

•  e%&<4%*156*#%&?1%$*B84%*"L*gHA*,],*^&5<"Q46$51?&2_*B5@3*u18("%5*

•  ;HE*&5)4%#%4)4%*ow*C$)42"64*2"?#&34%*o*w*g>E*C$*gbW*

•  u"N*3""Q&5'*1)*)(4&%*"N5*>A*C4L"%4*C$)42"64*

gABC$*O"'"*^!"#$%&'()*^2_*,-..P*E"5$*K%&24:*O&245846*B564%*)(4*)4%?8*"L*!%41@<4*!"??"58*
;s%&CB@"5ou"e4%&<8*T:-*D5#"%)46*^!!*\roue*T:-__:*
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ABC$*>?#34?45)1@"58*t*gABC$cE%BF4*

TZ*

•  D848*gABC$V8*#1%84%*156*3&?&)46*#1%)8*"L*)(4&%*%B5@?4*

•  !B%%45)3$*5")*?B2(*?"%4*)(15*1*)4515)*N&)(&5*gABC$*

•  ;HE*&5)4%#%4)4%P*N%&s45*B8&5'*E%BF4*

•  U"%Q8*"5*1*5"%?13*gbW*

•  !15*&?#3&2&)3$*B84*G%113*bW*

Truffle 
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\452(?1%Q8*

T[*

•  2(B5Q$x#5'*156*#86:%C*

•  A413*2"64P*B5?"6&f46*L%"?*)(4*"%&'&513*3&C%1%&48*

•  A15'4*"L*8)$348*"L*ABC$*2"64v*
– M&'(*#4%L"%?1524*@'()*5B?4%&213*3""#8*N&)(*3"213*<1%&1C348*

–  0Cp42)*"%&45)46*2"64*8B2(*18*?4)("6*21338*156*&58)1524*<1%&1C348*

–  ABC$*6$51?&2*#%"'%1??&5'*L41)B%48*8B2(*18*y8456*
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K4%L"%?1524*"5*2(B5Q$x#5'*156*#86:%C*

T]*

-*

,*

/*

Y*

[*

.-*

.,*
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e	  
to
	  M

RI
	  (s
/s
)	  

2(%&8841)"5:2"?7%BC$)%BF47#B8(&5'o#&R438*
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'(S\3 #H#5%('/\$!1''(% E3E5" GF#3E;" GF#>6=\1%*!1 G#
#
---#
#
/(; #>()!&/\>6776'" E>()!&/F#] 13"7 F#U5%&$0G#
##3()43'# A!4'0OD<Q++A&%&3-7('/ E>()!&/F#] 13"7 G#↩#
####6;# A!4'0OD<Q++A&%&3-3(7*&'/\)& ^E>()!&/G#
##'&3>1%E]13"7 G#
('/#
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>&/4%(#K&&#
##(=)('/#7(%;#
#
##/(; #;&&E1F#5F#$G#
####!17!#H#?1+#1F#5+#5F#$+#$I#
####1331O#H#!17!->1*#?#W0F#2W#2#I#
####=#H#1331OM_N#
####O#H#M1F#5F#$N-7&3)M`N#
####=#X#O#
##('/#
#
('/#

$%177#L13#
#
##/(;#>()!&/\>6776'"E>()!&/F#]13"7G#
####6;#K&&-3(7*&'/\)&^E>()!&/G#
######K&&-7('/E>()!&/F#]13"7G#
####(%7(#
######_#
####('/#
##('/#
#
('/#

L13-'(S-;&&E`aF#bF#cG#Hd#ee #
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ABC$H#42*

//*

-z*

,-z*

/-z*

Y-z*

[-z*

.--z*

WA>* gABC$* ABC&5&B8* E"#1l* E%BF4*

La
ng
au

ge
	  S
pe

cs
	  P
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si
ng
	  

%BC$8#42:"%'*t*)(15Q8*)"*\%&15*H(&%1&*4)*13*
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Language	  Feature	   Implemented	   Notes	  

{&R5B?*)"*\&'5B? *#%"?"@"5* ✓*

HB##"%)*L"%*S"1@5'*#"&5)* ✓*

!3"8B%48* ✓*

\&56&5'8*156*4<13* ✓* U"%Q8*L%"?*13&1846*?4)("68*

213322*156*!"5@5B1@"5* ✓* O&?&)46*8B##"%)P*)(4*81?4*18*gABC$*

{&C4%8* ✓* O&?&)46*8B##"%)P*)(4*81?4*18*gABC$*

{%1?4*3"213*<1%&1C348* ✓*

!*4R)458&"58* ✓* J1%3$*N"%QP*CB)*%B58*%413*!*4R)458&"58*

ABC$*.:]*452"6&5'* ✓*

G1%C1'4*2"3342@"5* ✓*

!"52B%%452$*156*#1%13343&8?* ✓* U4*2B%%45)3$*B84*1*G>O*

E%12&5'*156*64CB''&5'* ✓* ;3N1$8*451C346*

0Cp42)H#124* ✓* ;3N1$8*451C346*

W4)("6*&5<13&61@"5* ✓*

!"58)15)*&5<13&61@"5* ✓*

ABC$*"5*A1&38*

!(1%348*uBs4%v*qH"*r"B*U15)*)"*0#@?&l4*ABC$V*(s#v77C3"':(416&B8:2"?7,-.,7.-78"o$"BoN15)o)"o"#@?&l4o%BC$:()?3*
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Language	  Feature	   Implemented	   Notes	  
{&R5B?*)"*\&'5B? *#%"?"@"5* ✓*

!3"8B%48* ✓*

\&56&5'8*156*4<13* ✓*

G1%C1'4*2"3342@"5* ✓*

E%12&5'*156*64CB''&5'* ✓* ;3N1$8*451C346*

0Cp42)H#124* ✓* ;3N1$8*451C346*

W4)("6*&5<13&61@"5* ✓*

!"58)15)*&5<13&61@"5* ✓*

!(1%348*uBs4%v*qH"*r"B*U15)*)"*0#@?&l4*ABC$V*(s#v77C3"':(416&B8:2"?7,-.,7.-78"o$"BoN15)o)"o"#@?&l4o%BC$:()?3*
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H4)B#*

/Z*

•  "6) #$%&'(#!))*7+,, "6)!45-$&> , .345O, .345O-"6) #

•  $/# .345O#

•  ?<5*#12Q1'4*

•  0%*pB8)*G""'34*qp%BC$*)%BF4*N&Q&V*
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{&R5B?*)"*\&'5B? *K%"?"@"5*

/[*

•  K6='4> *t*fR46*&5)4'4%v*!*6')ca\) *"%*g1<1*%&'"#

•  L6"'4> *t*1%C&)%1%$*&5)4'4%v*!*>*Z\) **"%*g1<1*L6":')("(3 #

•  K6='4> *"<4%S"N8*)"*L6"'4> #

•  L6"'4> *B564%S"N8*^|_*)"*K6='4> #

•  J5@%43$*6&}4%45)*2318848*t*#%"'%1??4%*215*)433*)(4*6&}4%4524*

•  D53&Q4*g1<1H2%&#)*156*K$)("5*
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!3"8B%48*

/]*

•  ;5"5$?"B8*LB52@"58*)(1)*21#)B%4*1*34R&213*82"#4*

•  !13346*qC3"2Q8V*&5*ABC$*t*(&'(4%*"%64%*?4)("68*

=#H#`a#
#
>O\1331O#H#M`F#eF#fF#aN#
#
>O\1331O-(1$! #/&#W'W#
##*4)7#=#X#'#
('/#
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!3"8B%48*

X-*

•  ;5"5$?"B8*LB52@"58*)(1)*21#)B%4*1*34R&213*82"#4*

•  !13346*qC3"2Q8V*&5*ABC$*t*(&'(4%*"%64%*?4)("68*

=#H#`aC#
#
>O\1331O#H#M`F#eF#fF#aNC#
#
>O\1331O-(1$! E;4'$)6&'E'G#?#
##$&'7&%(-%&"E=#X#'GC#
IGC#
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\&56&5'8*156*J<13*

X.*

•  \&56&5'v*'4)*15*45<&%"5?45)*18*15*"Cp42)*

•  4<13v*18*$"BV6*4R#42)P*138"*34)8*$"B*8B##3$*1*\&56&5'*

#
#
/(; #;&&#
##1#H#`#
##5#H#e#
##56'/6'"#
('/#
#
*4)7# ;&&-%&$1%\213615%(\"() E+1G#
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\&56&5'8*156*J<13*

X,*

•  \&56&5'v*'4)*15*45<&%"5?45)*18*15*"Cp42)*

•  4<13v*18*$"BV6*4R#42)P*138"*34)8*$"B*8B##3$*1*\&56&5'*

1%617#+7($3()\56'/6'" #+56'/6'"#
#
/(; #;&&#
##1#H#`#
##5#H#e#
##7($3()\56'/6'" #
('/#
#
*4)7# ;&&-%&$1%\213615%(\"() E+1G#
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W4)("6*156*!"58)15)*>5<13&61@"5*

XT*

•  ABC$*34)8*$"B*64f54*?4)("68*t*q?"5Q4$*#1)2(&5'V*

$%177#K6='4> #
##/(; #]E5G#
####7(%;#X#5#
##('/#
('/#
#
*4)7#`a#]#e#Hd#`c#E'&)#ebG#
#
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$%177#K6='4> #
##/(; #]E5G#
####(21%#[#
######$%177#P5.($)++K6='4> #
########/(; #,E5G#
##########7(%;#g#5#
########('/#
######('/#
####[#
####7(%;#X#5#
##('/#
('/#
#
*4)7#`a#]#e#,#a#Hd#`e#E'&)#a#&3#hG#
#
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E%12&5'*156*e4CB''&5'*

XX*

•  7()\)31$(\;4'$ *133"N8*$"B*)"*&58)133*1*?4)("6*)"*C4*%B5*"5*
4<4%$*3&54*

•  \4(&56*1*t64CB'*S1'*&5*gABC$P*5")*8B##"%)46*&5*ABC&5&B8*

7()\)31$(\;4'$ #*3&$#?#W%6'(F#56'/6'"W#
##*4)7#ij(k3(#1)#%6'(#'4>5(3#l?%6'(Im#
I#
#
=#H#`##Hd#ij(k3(#1)#%6'(#'4>5(3#cm#
O#H#e##Hd#ij(k3(#1)#%6'(#'4>5(3#hm#
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inactive 

active 

Compile: produces 
partially evaluated 

machine code 
from specialized 

AST. 

Deoptimize: 
transfers control 

from the machine 
code back to the 
AST interpreter. 

Replace: the 
inactive node with 
an active node to 
install the debug 

action 

Compile: produces 
new machine code 
from the modified 

AST and the installed 
debug action. 

Debug action 
installed by user Inactive assumption 

check completely elided 
in compiled code 
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0Cp42)H#124*

X[*

•  0Cp42)H#124*133"N8*$"B*)"*45B?4%1)4*133*3&<4*"Cp42)8*

•  \4(&56*1*S1'*t~c0*&5*gABC$*

•  M"N*)"*f56*133*3&<4*"Cp42)8*&5*1*gbW|*

P5.($)8*1$(l(1$!\&5.($) #/&#W&W#
##*4)7#&#
('/#
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U%1#*D#*

X]*
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G4)*>5<"3<46*

Y-*

•  u"N*&8*1*'%41)*@?4*)"*'4)*&5<"3<46*&5*E%BF4*156*G%113*

•  K4%8"513*"#&5&"5v*>V6*3&Q4*)"*844*)(4?*&5*gen*]*&5*1C"B)*,*$41%8*

•  ;%418*"#45*L"%*%4841%2(v*2"52B%%452$P*#1%13343&8?P*
(4)4%"'454"B8*"F"16P*315'B1'4*&5)4%"#4%1C&3&)$*

•  \B&36*$"B%*315'B1'4*%4841%2(*"5*)"#*"L*E%BF4*156*G%113*

•  >?#34?45)*1*315'B1'4v*M18Q433P*J%315'P*HN&•P*!3"pB%4P*KMK*

•  e48&'5*156*&?#34?45)*15*45@%43$*54N*315'B1'4*
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G4)*>5<"3<46*

Y.*

•  (s#v77"#45p6Q:p1<1:54)7#%"p42)87'%1137*

•  '%113o64<I"#45p6Q:p1<1:54)*

•  e"2B?45)1@"5*16?&s463$*1*3&s34*C&)*3&?&)46*8"*L1%*

•  O""Q*1)*HO*156*ABC$*

•  2(%&8:841)"5I"%1234:2"?*

•  I !(%&8GH41)"5*
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W15$*#4"#34*C4(&56*E%BF4*156*G%113*
Oracle	  Labs	  
e15&3"*;5813"5&*
e15&434*\"54s1*
O1B%45)*e1$5€8*
J%&Q*J2Q8)4&5*
W&2(143*M1B#)*
W&2Q*g"%615*
K4)4%*n48834%*
!(%&8)"8*n")843&6&8*
e1<&6*O4&C8*
E"?*A"6%&'B4l*
A"3156*H2(1)l*
e"B'*H&?"5*
OBQ18*H)1634%*
W&2(143*b15*e4*b15)4%*
!(%&8@15*U&??4%*
!(%&8@15*U&%)(*
W1%&"*U"32lQ"*
E("?18*Uh%)(&5'4%*
O1B%1*M&33*^W151'4%_*
*
Interns	  
H(1?8*>?1?*
H)4#(45*n433*

G%4'"%*A&2(1%68*
A&L1)*H(1%&$1%*
*
JKU	  Linz	  
K%"L:*M158#4)4%*Wi8845Ci2Q*
G&3348*eBC"82k*
W1s(&18*G%&??4%*
!(%&8@15*M•BC3*
g"84L*M1&64%*
!(%&8@15*MB?4%*
!(%&8@15*MBC4%*
W15B43*A&''4%*
\4%5(1%6*D%C15*
;56%418*Uij*
*
University	  of	  Manchester	  
!(%&8*H41)"5*
*
University	  of	  Edinburgh	  
!(%&8)"#(4*eBC12(*
gB15*g"8‚*
{B?4%"*;3L"58"*
A15p44)*H&5'(*
E""?18*A4??43'*

LaBRI	  
{3"%‚13*W"%1561)*
*
University	  of	  California,	  Irvine	  
K%"L:*W&2(143*{%15l*
!"6%B)*H)152B*
GB3L4?*H1<%B5*r45&24%&*
U4&*ƒ(15'*
*
Purdue	  University	  
K%"L:*g15*b&)4Q*
E"?18*n13&C4%1*
K4)%*W1p*
O4&*ƒ(1"*
*
T.	  U.	  Dortmund	  
K%"L:*K4)4%*W1%N4643*
M43451*n"s(1B8*
>5'"*n"%C*
*
University	  of	  California,	  Davis	  
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