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"JavaScript	  has	  much	  in	  common	  with	  Scheme	  […]	  
Because	  of	  this	  deep	  similarity	  …"	  

( )



function	  bar(x)	  {	  
	  	  return	  function()	  {	  
	  	  	  	  var	  x	  =	  x;	  
	  	  	  	  return	  x;	  
	  	  };	  
}	  
	  
var	  f	  =	  bar(200);	  
f()	  
à	  200	  

function	  bar(x)	  {	  
	  	  return	  function()	  {	  
	  	  	  	  var	  x	  =	  x;	  
	  	  	  	  return	  x;	  
	  	  };	  
}	  
	  
var	  f	  =	  bar(200);	  
f()	  
!	  undefined	  
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var	  x	  =	  0;	  
var	  y	  =	  900;	  
	  
function	  baz(obj)	  {	  
	  	  with	  (obj)	  {	  
	  	  	  	  x	  =	  y;	  
	  	  }	  
}	  
	  
baz({	  y:	  100	  });	  
x	  !	  100	  
	  
var	  myObj	  =	  {	  x	  :	  0	  };	  
baz(myObj);	  
x	  !	  100	  
myObj.x	  !	  900	  
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"JavaScript	  has	  much	  in	  common	  with	  Scheme	  […]	  
Because	  of	  this	  deep	  similarity	  …"	  

No	  help	  to	  researchers	  	  
studying	  Web	  security,	  	  

building	  JavaScript	  analyses,	  	  
etc.	  



λJS	  (sort	  of)	  
on	  one	  slide	  
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JavaScript	  
program	  

λJS	  
program	  

“their	  
answer”	  

“our	  
answer”	  

SpiderMonkey,	  
V8,	  Rhino	  

definiMonal	  
interpreter	  

desugar	  

Iden%cal	  for	  
conformance	  suites	  
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What About the Spec? 
1.  The spec is embodied in the 

implementations 
2.  The spec is incomplete: e.g., SES depends 

on window.console 
3.  The spec depends on implementations! 

 If […], the behavior of sort  
 is implementation-defined. 

4.  Attackers attack implementations, not specs 
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Internal/	  
External	  
validaMon	  



TWO POSITIONS 

1.  The desugar/semantics split is vital 

2.  Tests are a form of specification 



JavaScript	  
program	  

λJS	  
program	  

“their	  
answer”	  

“our	  
answer”	  

desugar	  
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1.  Curated	  “essence”—
provides	  insight	  

	  
2.  Target	  for	  proofs	  

3.  Target	  for	  tools	  
	  
4.  Stabilizes	  quickly	  and	  

rarely	  changes	  aVer	  

5.  What	  we	  as	  scienMsts	  
should	  do	  

SpiderMonkey,	  
V8,	  Rhino	  

100	  LOC	  
interpreter	  



TESTS AS SPECIFICATIONS 
Tests are incomplete but formal 
Implementations on their own over-specify 
Tests keep up with evolution 
Tests ease the interface with specification authors 
 



THREE RESEARCH PROBLEMS 



1. SHRINKING DESUGARING OUTPUT 



x["count"]	  =	  n	  +	  1;	  

let	  (%context	  =	  %nonstrictContext)	  {	  
	  	  %defineGlobalAccessors(%context,	  "n");	  
	  	  %defineGlobalAccessors(%context,	  "x");	  
	  	  let	  (#strict	  =	  false)	  {	  
	  	  	  	  try	  {	  
	  	  	  	  	  	  %set-‐property(	  
	  	  	  	  	  	  	  	  	  %ToObject(	  
	  	  	  	  	  	  	  	  	  	  	  %context["x",	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}]),	  
	  	  	  	  	  	  	  	  	  "count",	  
	  	  	  	  	  	  	  	  	  %PrimAdd(%context["n"	  ,	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}],	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.))	  
	  	  	  	  }	  catch	  {	  
	  	  	  	  	  	  %ErrorDispatch	  
	  	  	  	  }	  
	  	  }	  
}	  



let	  (%context	  =	  %nonstrictContext)	  {	  
	  	  %defineGlobalAccessors(%context,	  "n");	  
	  	  %defineGlobalAccessors(%context,	  "x");	  
	  	  let	  (#strict	  =	  false)	  {	  
	  	  	  	  try	  {	  
	  	  	  	  	  	  %set-‐property(	  
	  	  	  	  	  	  	  	  	  %ToObject(	  
	  	  	  	  	  	  	  	  	  	  	  %context["x",	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}]),	  
	  	  	  	  	  	  	  	  	  "count",	  
	  	  	  	  	  	  	  	  	  %PrimAdd(%context["n"	  ,	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}],	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.))	  
	  	  	  	  }	  catch	  {	  
	  	  	  	  	  	  %ErrorDispatch	  
	  	  	  	  }	  
	  	  }	  
}	  

try	  {	  
	  	  %set-‐property(	  
	  	  	  	  %ToObject(	  
	  	  	  	  	  	  %context["x",	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}]),	  
	  	  	  	  "count",	  
	  	  	  	  %PrimAdd(%context["n"	  ,	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}],	  
	  	  	  	  	  	  	  	  	  	  	  	  	  1.))	  
}	  catch	  {	  
	  	  %ErrorDispatch	  
}	  



try	  {	  
	  	  %set-‐property(	  
	  	  	  	  %ToObject(	  
	  	  	  	  	  	  %context["x",	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}]),	  
	  	  	  	  "count",	  
	  	  	  	  %PrimAdd(%context["n"	  ,	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}],	  
	  	  	  	  	  	  	  	  	  	  	  	  	  1.))	  
}	  catch	  {	  
	  	  %ErrorDispatch	  
}	  

%set-‐property(	  
	  	  %ToObject(	  
	  	  	  	  %context["x",	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}]),	  
	  	  "count",	  
	  	  %PrimAdd(%context["n"	  ,	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}],	  
	  	  	  	  	  	  	  	  	  	  	  1.))	  



%set-‐property(	  
	  	  %ToObject(	  
	  	  	  	  %context["x",	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}]),	  
	  	  "count",	  
	  	  %PrimAdd(%context["n"	  ,	  {[#proto:	  null,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #class:	  "Object",	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  #extensible:	  true,]}],	  
	  	  	  	  	  	  	  	  	  	  	  1.))	  

x["count"]	  =	  n	  +	  1;	  

1.  Dead-code elimination 
2.  Constant propagation 
3.  Type-driven specialization 



2. LIFTING DESUGARING 
    THROUGH REDUCTIONS 



L	   λL	  
desugar	  

λL	  

λL	  

λL	  

λL	  

L	  

L	  

Three key properties: 
 
1.  Emulation 

Desugaring a re-sugared term 
yields the same desugared term 

2.  Abstraction 
Re-sugaring does not show terms 
introduced by desugaring 

3.  Completeness 
Doesn’t skip expected steps 



3. REDUCING EFFORT 
    PER SEMANTICS 



Ar%fact	   Effort	   People	  

Cisco	  IOS	   1y	  x	  2	   1	  PhD,	  1	  MS	  

EcmaScript	  3	   3m	  ×	  2	   1	  PhD,	  1	  UG	  

EcmaScript	  5	  Safe	   5m	  ×	  4	   1	  PD,	  2	  PhD,	  1	  MS	  

DOM	  Events	   7m	  ×	  4	   1	  PD,	  1	  PhD,	  1	  MS,	  1	  UG	  
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Abstract
We present a small-step operational semantics for the Python
programming language. We present both a core language
for Python, suitable for tools and proofs, and a translation
process for converting Python source to this core. We have
tested the composition of translation and evaluation of the
core for conformance with the primary Python implementa-
tion, thereby giving confidence in the fidelity of the seman-
tics. We briefly report on the engineering of these compo-
nents. Finally, we examine subtle aspects of the language,
identifying scope as a pervasive concern that even impacts
features that might be considered orthogonal.

Categories and Subject Descriptors J.3 [Life and Medical
Sciences]: Biology and Genetics

Keywords serpents

1. Motivation and Contributions
The Python programming language is currently widely used
in industry, science, and education. Because of its popular-

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than ACM
must be honored. Abstracting with credit is permitted. To copy otherwise, or republish,
to post on servers or to redistribute to lists, requires prior specific permission and/or a
fee. Request permissions from permissions@acm.org.
OOPSLA ’13, October 29-31 2013, Indianapolis, IN, USA.
Copyright © 2013 ACM 978-1-4503-2374-1/13/10. . . $15.00.
http://dx.doi.org/10.1145/2509136.2509536

ity it now has several third-party tools, including analyzers
that check for various potential error patterns [2, 5, 11, 13].
It also features interactive development environments [1, 8,
14] that offer a variety of features such as variable-renaming
refactorings and code completion. Unfortunately, these tools
are unsound: for instance, the simple eight-line program
shown in the appendix uses no “dynamic” features and con-
fuses the variable renaming feature of these environments.

The difficulty of reasoning about Python becomes even
more pressing as the language is adopted in increasingly im-
portant domains. For instance, the US Securities and Ex-
change Commission has proposed using Python as an ex-
ecutable specification of financial contracts [12], and it is
now being used to script new network paradigms [10]. Thus,
it is vital to have a precise semantics available for analyzing
programs and proving properties about them.

This paper presents a semantics for much of Python (sec-
tion 5). To make the semantics tractable for tools and proofs,
we divide it into two parts: a core language, �⇡ , with a small
number of constructs, and a desugaring function that trans-
lates source programs into the core.1 The core language is a
mostly traditional stateful lambda-calculus augmented with
features to represent the essence of Python (such as method
lookup order and primitive lists), and should thus be familiar
to its potential users.

1 The term desugaring is evocative but slightly misleading, because ours is
really a compiler to a slightly different language. Nevertheless, it is more
suggestive than a general term like “compiler”. We blame Arjun Guha for
the confusing terminology.







NOT JUST “LANGUAGES” 
Environments, APIs, event models define behavior 
 
Where do we get the next 700 semantics? 



P	  
program	  

λP	  
program	  

“their	  
answer”	  

“our	  
answer”	  

P	  evaluator	   interpreter	  

desugar	  

want	  it	  to	  be	  idenMcal	  
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Assume:	  
	  

P	  parser	  (ripped	  out)	  
Candidate	  λP	  
λP	  evaluator	  



P	  
program	  

λP	  
program	  

desugar	  

	  	  

	  	  	   	  	   	  	  

	  	  

	  	  

	  	  

	  	  

	  	  

	  	  

Learn	  this	  using	  
machine	  translaMon	  

techniques	  



Important Differences 
MT Tree Alignment needs: 
•  Lots of sentences of input language (easy) 
•  Lots of sentences of output language 

(easy) 
•  Lots of examples of translations (oops!) 

Typically at least 1mil, preferably 10mil 
 
But MT also lacks something we have… 



P	  
program	  

λP	  
program	  

“their	  
answer”	  

“our	  
answer”	  

P	  evaluator	   interpreter	  

desugar	  
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These	  represent	  
ground	  truth	  



Current Status 
We’ve tried four different approaches: 
•  Naïve tree matching 
•  Tree transducer by Gibbs sampling 
•  Genetic programming 
•  Sketching 
None has yet succeeded beyond  
toy examples 



Summary 
•  The purpose of a semantics is insight,  

not only matching execution behavior 

•  Decomposing into desugaring and a  
core semantics offers room for flexibility 

•  Desugaring deserves more respect in 
semantics research 

•  Tests are underutilized in semantics 



The Modelers’ Hippocratic Oath 
Emmanuel Derman and Paul Wilmott 

I will remember that I didn't make the world, and it doesn't satisfy my 
equations. 
 
Though I will use models boldly to estimate value, I will not be overly 
impressed by mathematics. 
 
I will never sacrifice reality for elegance without explaining why I have 
done so. 
 
Nor will I give the people who use my model false comfort about its 
accuracy. Instead, I will make explicit its assumptions and oversights. 
 
I understand that my work may have enormous effects on society and 
the economy, many of them beyond my comprehension. 

hbp://www.wilmob.com/blogs/eman/index.cfm/2009/1/8/The-‐Financial-‐Modelers-‐Manifesto	  


