
 
 
 

Motivation  
A flaw in TurboTax may have caused thousands of retired  

federal employees to overstate their medical deductions and  
unwittingly underpay the Internal Revenue Service.1  
Toyota has recalled more than 8 million vehicles around the 

world since October for problems including braking software 
glitches.2  

Software plays an integral role in our lives. Its reliability and accuracy is  
invaluable to us. Operations are complex and depend on complicated data 
handling.  

Formalizing a programming language interactively with a computer  
provides a solid basis for software development. 

1 Kocieniewski, David. Taxpayer could have kept the $600, but he put his country first. The New York Times. April 6, 2010. 
2  The Associated Press. Toyota promises prompt response on quality issues. The New York Times. March 30, 2010. 

Why Formalize SASyLF? 
A formal definition provides a foundation for 

 Building a community for users 
 Proving properties of the language and programs written in the  

language. 

It is essential to  
 A complete understanding of the behavior of the language 
 Convincing others about soundness of design 
 Improving reliability of any compiled program in the  

language. 
SASyLF is a programming language used to teach computer science  

concepts at the graduate level. 
Formalizing SASyLF shows that a proof in SASyLF is a valid proof.  

Goal 
 

Show relationship between SASyLF and a representation of its underlying 
logic, M2

+.  

Create a translation system between the two languages. 
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Conclusions 
 Formal proof that SASyLF is based on a sound logic, M2

+. 
 Basis for further development of SASyLF 

 More features 
 Added robustness. 

 Formal proof of the reliability of SASyLF.  
 Suitable for use in teaching graduate-level computer science concepts.   
 Possibility of future formalization of SASyLF in other logic systems such as Beluga and  

Delphin. 
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terminals z s 
 
syntax 
 
 
n ::= z 
   |    s n 
 
 
judgment sum: n1 + n2 = n3 
 
------------ sum-z 
z + n = n 
 
n1 + n2 = n3 
------------------------- sum-s 
s n1 + n2 = s n3 
 
 
theorem sum-z-right: forall n 
exists n + z = n. 
 
d1: n + z = n by induction on n: 
 
case z is 
 d2: z + z = z  
 by rule sum-z 
end case 
 
case s n’ is 
 d3: n’ + z = n’   
 by induction hypothesis on n’ 
 d4: s n’ + z = s n’  
 by rule sum-s on d3 
end case 
end induction 
end theorem 

Process 
Write down the abstract syntax of SASyLF, a representation of all programs 
written with SASyLF. 
Compare it to the abstract syntax of M2

+.  
Write down equivalence between the two. 
 But, SASyLF is semantically too different from M2

+ to write down such  
equations directly (see red highlights in examples). 

So, we introduce a Core Calculus that acts as a transition between SASyLF 
and M2

+. 

Core Calculus is semantically similar to SASyLF and syntactically  
similar to M2

+. 

The example below declares natural numbers, the inference rules necessary to prove properties about them, and a theorem that shows that n + 0 = n, for any natural number n. These 
concepts are demonstrated side-by-side as they would look on paper as well as in SASyLF, the Core Calculus, and M2

+ . The gradual evolution  is shown, and the differences between them 
are highlighted.  

Proof on paper Core Calculus M2
+ 


