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Python?

• Dynamic languages are here to stay 

• People use it too: NumPy, Django 

• Concise syntax, good readability 

• Py3k is the future
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JVM, the Platform

• 100+ languages 

• Robust Memory Management 

• Concurrency support 

• Development Productivity 

• Cross Platform
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JVM, the Challenges

• Value representation 

• Tagged union 

• Boxing for numerics 

• Runtime type specialization
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Truffle Framework

Python AST Interpreter  

with uninitialized nodes

Python AST Interpreter  

with rewritten nodes

Images from [2]

[1]: S. Brunthaler, Inline Caching Meets Quickening, ECOOP 2010 

[2]: T. Würthinger et al., Self-Optimizing AST Interpreters DLS 2012
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Example Python Function

!"#$%&'()&*+,-.$
$$)/)01$2$3$
$$#/4$($(,$40,5"+,-.$
$$$$)/)01$2$)/)01$6$($
$$4")&4,$)/)01$
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AST After Parsing

7&,8)(/,9//):/!"$
$$*040'")"4%$2$;040'")"4%<#=(>"<,":/!"$
$$$$*040'")"4$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$4(5B):/!"$2$9"0!C45&'",):/!"$
$$D/!E$2$F1/8G:/!"$
$$$$%)0)"'",)%H3I$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$4(5B):/!"$2$J,)"5"4@()"401:/!"$
$$$$%)0)"'",)%HKI$2$!"#$%&'(")*+,*#-.&/0%0%&%*+%1.23"2.$
$$$$$$D/!E$2$F1/8G:/!"$
$$$$$$$$%)0)"'",)%H3I$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$$$$$4(5B):/!"$2$422/0%0%&%*+%1.23"2.$
$$$$$$$$$$$$1"#):/!"$2$9"0!@/801A,(,()(01(>"!:/!"$
$$$$$$$$$$$$4(5B):/!"$2$9"0!@/801A,(,()(01(>"!:/!"$
$$$$$$)045")$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$()"40)/4$2$A,(,()(01(>"!L0117&,8)(/,:/!"$
$$$$$$$$8011""$2$9"0!M1/D01=8/*":/!"$
$$$$$$$$$$1/0!$2$A,(,()(01(>"!@/0!C))4(D&)":/!"$
$$$$$$$$$$$$*4('04E$2$<DN"8)@()"401:/!"$
$$$$$$$$045&'",)%H3I$2$9"0!@/801A,(,()(01(>"!:/!"$
$$$$%)0)"'",)%HOI$2$740'"9")&4,:/!"$
$$$$$$4(5B)$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$$$4(5B):/!"$2$9"0!@/801A,(,()(01(>"!:/!"$
$$4")&4,P01&"$2$9"0!@/801A,(,()(01(>"!:/!"
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Specialized AST

7&,8)(/,9//):/!"$
$$*040'")"4%$2$;040'")"4%<#=(>"<,":/!"$
$$$$*040'")"4$2$?4()"@/801J,):/!"$
$$$$$$4(5B):/!"$2$9"0!C45&'",):/!"$
$$D/!E$2$F1/8G:/!"$
$$$$%)0)"'",)%H3I$2$?4()"@/801J,):/!"$
$$$$$$4(5B):/!"$2$J,)"5"4@()"401:/!"$
$$$$%)0)"'",)%HKI$2$!"#$%&'(")*+,*#-.&56*0-.3"2.$
$$$$$$D/!E$2$F1/8G:/!"$
$$$$$$$$%)0)"'",)%H3I$2$?4()"@/801J,):/!"$
$$$$$$$$$$4(5B):/!"$2$42270&3"2.$
$$$$$$$$$$$$1"#):/!"$2$9"0!@/801J,):/!"$
$$$$$$$$$$$$4(5B):/!"$2$9"0!@/801J,):/!"$
$$$$$$)045")$2$?4()"@/801J,):/!"$
$$$$$$()"40)/4$2$L011F&(1)J,7&,8)(/,Q"#0&1):/!"$
$$$$$$$$045&'",)%H3I$2$9"0!@/801J,):/!"$
$$$$%)0)"'",)%HOI$2$740'"9")&4,:/!"$
$$$$$$4(5B)$2$?4()"@/801J,):/!"$
$$$$$$$$4(5B):/!"$2$9"0!@/801J,):/!"$
$$4")&4,P01&"$2$9"0!@/801J,):/!"
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AddNode

R:/!"LB(1!4",+S$
$$R:/!"LB(1!+T01&"$2$U1"#):/!"UV$)E*"$2$;:/!"W810%%-V$$
$$R:/!"LB(1!+T01&"$2$U4(5B):/!"UV$)E*"$2$;:/!"W810%%-X-$
*&D1(8$0D%)408)$%)0)(8$810%%$C!!:/!"$"Y)",!%$;:/!"S$
!
$$R=*"8(01(>0)(/,+4"Z4()"<,$2$C4()B'")(8[Y8"*)(/,W810%%V$/4!"4$2$3-$
$$%0&82"70&.-.#9%0&8+.:&;8%0&8#%-'&<8=8
8888#.&>#08?@*)&A*&'B*22?@*)&9+.:&;8#%-'&<C8
88D8
!
$$R=*"8(01(>0)(/,+/4!"4$2$K-$
$$F(5J,)"5"4$!/F(5J,)"5"4+F(5J,)"5"4$1"#)V$F(5J,)"5"4$4(5B)-$S$
$$$$4")&4,$1"#)W0!!+4(5B)-\$
$$X$
HWWWI$
$$RM","4(8$
$$<DN"8)$!/M","4(8+<DN"8)$1"#)V$<DN"8)$4(5B)-$S$
$$$$)B4/Z$;EW]E*"[44/4+U&,%&**/4)"!$/*"40,!$)E*"+%-$#/4$6.U-\$
$$X$
X
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Python AST Interpreter  

with rewritten nodes

Partial Evaluation

Images from [1]

[1]: T. Würthinger et al., One VM to Rule Them All Onward! 2013

Compiled Python program

!10



Example Python Function Specialized

(,)$%&'J)A*+(,)$,-$S$
$$(,)$)/)01$2$3\$
!
$$#/4$+(,)$($2$3\$($^$,\$(66-$S$
$$$$)/)01$2$)/)01$6$(\$
$$X$
!
$$4")&4,$)/)01\$
X$
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Machine Code for the Loop

$$$$$$N'*$@_$
!
@`.$$$'/T$$$$$$$"8YV$"!Y$
$$$$$$*22$$$$$$$"8YV$"D*$
$$$$$$E"$$$$$$$$@a$
$$$$$$'/T$$$$$$$"!YV$"D*$
$$$$$$(,81$$$$$$"!Y$
$$$$$$'/T$$$$$$$"%(V$"D*$
$$$$$$'/T$$$$$$$"D*V$"!Y$
$$$$$$'/T$$$$$$$"!YV$"8Y$
@_.$$$8'*$$$$$$$"0YV$"D*$
$$$$$$N1"$$$$$$$@b$
$$$$$$N'*$$$$$$$@`$
@a.$$$8011$$$$$$!"/*)('(>"+-$
!
@b.
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Performance of Our Example

!"#$%&'()&*+,-.$
$$)/)01$2$3$
$$#/4$($(,$40,5"+,-.$
$$$$)/)01$2$)/)01$6$($
$$4")&4,$)/)01$

CPython 2.7 110 sec.

CPython 3.3 147 sec.

PyPy 2.1 4.0 sec.

ZipPy 3.8 sec.

50,000 invocations of sumitup(50,000)

Peak performance after warmup runs, so that method is compiled
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Call Graph

Image from [1]
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[1]: T. Würthinger et al., One VM to Rule Them All Onward! 2013

spam

ham

egg



Call Inlining

Image from [1]

!15

[1]: T. Würthinger et al., One VM to Rule Them All Onward! 2013

spam

ham

egg

egg



Example with Call

!"#$0!!+1"#)V$4(5B)-.$
$$4")&4,$1"#)$6$4(5B)$
!
!"#$%&'()&*+,-.$
$$)/)01$2$3$
$$#/4$($(,$40,5"+,-.$
$$$$)/)01$2$0!!+)/)01V$(-$
$$4")&4,$)/)01$

!16



AST After Parsing
7&,8)(/,9//):/!"$
$$*040'")"4%$2$;040'")"4%<#=(>"<,":/!"$
$$$$*040'")"4$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$4(5B):/!"$2$9"0!C45&'",):/!"$
$$D/!E$2$F1/8G:/!"$
$$$$%)0)"'",)%H3I$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$4(5B):/!"$2$J,)"5"4@()"401:/!"$
$$$$%)0)"'",)%HKI$2$7/4?()B@/801]045")A,(,()(01(>"!:/!"$
$$$$$$D/!E$2$F1/8G:/!"$
$$$$$$$$%)0)"'",)%H3I$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$$$$$4(5B):/!"$2$/0%0%&%*+%1.2F*++!>0)&%"03"2.$
$$$$$$$$$$$$8011""$2$9"0!M1/D01=8/*":/!"$
$$$$$$$$$$$$$$1/0!$2$A,(,()(01(>"!@/0!C))4(D&)":/!"$
$$$$$$$$$$$$$$$$*4('04E$2$<DN"8)@()"401:/!"$
$$$$$$$$$$$$045&'",)%H3I$2$9"0!@/801A,(,()(01(>"!:/!"$
$$$$$$$$$$$$045&'",)%HKI$2$9"0!@/801A,(,()(01(>"!:/!"$
$$$$$$)045")$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$()"40)/4$2$A,(,()(01(>"!L0117&,8)(/,:/!"$
$$$$$$$$8011""$2$9"0!M1/D01=8/*":/!"$
$$$$$$$$$$1/0!$2$A,(,()(01(>"!@/0!C))4(D&)":/!"$
$$$$$$$$$$$$*4('04E$2$<DN"8)@()"401:/!"$
$$$$$$$$045&'",)%H3I$2$9"0!@/801A,(,()(01(>"!:/!"$
$$$$%)0)"'",)%HOI$2$740'"9")&4,:/!"$
$$$$$$4(5B)$2$?4()"@/801A,(,()(01(>"!:/!"$
$$$$$$$$4(5B):/!"$2$9"0!@/801A,(,()(01(>"!:/!"$
$$4")&4,P01&"$2$9"0!@/801A,(,()(01(>"!:/!"
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Call Inlined
7&,8)(/,9//):/!"$
$$*040'")"4%$2$;040'")"4%<#=(>"<,":/!"$
$$$$*040'")"4$2$?4()"@/801J,):/!"$
$$$$$$4(5B):/!"$2$9"0!C45&'",):/!"$
$$D/!E$2$F1/8G:/!"$
$$$$%)0)"'",)%H3I$2$?4()"@/801J,):/!"$
$$$$$$4(5B):/!"$2$J,)"5"4@()"401:/!"$
$$$$%)0)"'",)%HKI$2$7/4?()B@/801]045");90,5":/!"$
$$$$$$D/!E$2$F1/8G:/!"$
$$$$$$$$%)0)"'",)%H3I$2$?4()"@/801J,):/!"$
$$$$$$$$$$4(5B):/!"$2$L0117&,8)(/,:/c"EZ/4!J,1(,"!:/!"$
$$$$$$$$$$$$8011""$2$9"0!M1/D01Q(4"8):/!"$
$$$$$$$$$$$$$$1/0!$2$@/0!<DN"8)C))4(D&)":/!"$
$$$$$$$$$$$$$$$$*4('04E$2$<DN"8)@()"401:/!"$
$$$$$$$$$$$$#&,8)(/,9//)$2$70+%0.2!>0)&%"06""&3"2.8
88888888888888G*#*H.&.#I8J85*#*H.&.#IK:L%1.,M"3"2.8
8888888888888888G*#*HN8J8$#%&.(")*+70&3"2.8
888888888888888888#%-'&3"2.8J86.*24#->H.0&3"2.8
8888888888888888G*#*HO8J8$#%&.(")*+70&3"2.8
888888888888888888#%-'&3"2.8J86.*24#->H.0&3"2.8
88888888888888P"2Q8J8R+")S3"2.8
8888888888888888I&*&.H.0&ITNU8J8!#*H.6.&>#03"2.8
888888888888888888#%-'&8J8$#%&.(")*+70&3"2.8
88888888888888888888#%-'&3"2.8J842270&3"2.8
8888888888888888888888+.:&3"2.8J86.*2(")*+70&3"2.8
8888888888888888888888#%-'&3"2.8J86.*2(")*+70&3"2.8
88888888888888#.&>#0V*+>.8J86.*2(")*+70&3"2.8
$$$$$$$$$$$$045&'",)%H3I$2$9"0!@/801J,):/!"$
$$$$$$$$$$$$045&'",)%HKI$2$9"0!@/801J,):/!"$
$$$$$$)045")$2$?4()"@/801J,):/!"$
$$$$$$()"40)/4$2$L011F&(1)J,7&,8)(/,Q"#0&1):/!"$
$$$$$$$$045&'",)%H3I$2$9"0!@/801J,):/!"$
$$$$%)0)"'",)%HOI$2$740'"9")&4,:/!"$
$$$$$$4(5B)$2$?4()"@/801J,):/!"$
$$$$$$$$4(5B):/!"$2$9"0!@/801J,):/!"$
$$4")&4,P01&"$2$9"0!@/801J,):/!"!18



Machine Code for the Loop

$$$$$$N'*$@_$
!
@`.$$$'/T$$$$$$$"8YV$"!Y$
$$$$$$*22$$$$$$$"8YV$"D*$
$$$$$$E"$$$$$$$$@a$
$$$$$$'/T$$$$$$$"!YV$"D*$
$$$$$$(,81$$$$$$"!Y$
$$$$$$'/T$$$$$$$"%(V$"D*$
$$$$$$'/T$$$$$$$"D*V$"!Y$
$$$$$$'/T$$$$$$$"!YV$"8Y$
@_.$$$8'*$$$$$$$"0YV$"D*$
$$$$$$N1"$$$$$$$@b$
$$$$$$N'*$$$$$$$@`$
@a.$$$8011$$$$$$!"/*)('(>"+-$
!
@b.

Same as the version without call
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Performance of Our Example

!"#$%&'()&*+,-.$
$$)/)01$2$3$
$$#/4$($(,$40,5"+,-.$
$$$$)/)01$2$)/)01$6$($
$$4")&4,$)/)01$

without call with call

CPython 2.7 110 sec. 305 sec.

CPython 3.3 147 sec. 330 sec.

PyPy 2.1 4.0 sec. 4.4 sec.

ZipPy 3.8 sec. 3.8 sec.

50,000 invocations of sumitup(50,000)

Peak performance after warmup runs, so that method is compiled

!"#$0!!+1"#)V$4(5B)-.$
$$4")&4,$1"#)$6$4(5B)$
!
!"#$%&'()&*+,-.$
$$)/)01$2$3$
$$#/4$($(,$40,5"+,-.$
$$$$)/)01$2$0!!+)/)01V$(-$
$$4")&4,$)/)01$
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Running Benchmarks

1 1 11.
7

0.
8

1.
33.
2 11

12
0

8.
2

3.
5

58

0

20

40

60

80

100

120

140

binarytrees nbody spectralnorm

CPython 3.3
Jython 2.7
PyPy 2.1
Truffle (ZipPy)

Speedup relative to CPython 3.3
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ZipPy

> hg clone https://bitbucket.org/ssllab/zippy 

> cd zippy 

> ./mx.py build 

> ./mx.py python graal/edu.uci.python.benchmark/src/micro/for_range.py 

> ./mx.py ideinit
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https://bitbucket.org/ssllab/zippy


Thank You
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ZipPy

> hg clone https://bitbucket.org/ssllab/zippy 

> cd zippy 

> ./mx.py build 

> ./mx.py python graal/edu.uci.python.benchmark/src/micro/for_range.py 

> ./mx.py ideinit
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Oracle Labs is looking for summer intern 2014 

Christian Wimmer  

<christian.wimmer@oracle.com>

https://bitbucket.org/ssllab/zippy
mailto:christian.wimmer@oracle.com

