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EUPhony

• Q. What does Euphony use as behavioral constraints? Structural constraint? Search 
strategy? How are they different from EUSolver? 
• Logical formula capturing input/output examples 
• Probabilistic Higher Order Grammar (PHOG) 
• A* variant for weighted top-down search.



EUPhony

• Q. Consider Fig 2b, where the synthesizer is unrolling the sentential form Rep(x,"-",S). 
When the search is guided by a PHOG, it considers the weighted productions shown 
in Fig 2a (top). What would these productions look like if we replaced the PHOG with 
a PCFG? With 3-grams? Do you think these other probabilistic models would work as 
well as a PHOG? 

• For this question, we missed one of the important topics, so I will cover that in the 
next class.



EUPhony

• Q. Consider Theorem 3.7. Give an example of sentential forms $n_i$ , $n_j$ and set 
of points pts such that n_i and n_j are equivalent on pts but not weakly equivalent.

only P2 < n2 is \epsilon



Last lecture on 
Verification

5



Roadmap

• Previously 
• PL 
• SAT Solving  
• FOL 

• Today 
• Overview FOT 
• Satisfiability Modulo Theories



Semi-decidability of FOL



Motivation FOT

• FOL is very expressive, powerful and undecidable in general 

• Some application domains do not need the full power of FOL. 

• First-order theories are useful for reasoning about specific applications 

• We have structure in mind while reasoning about certain problems. 

• e.g., programs with arithmetic operations over integers  

• FOT formalize these structures to help reasoning about them. 

• Specialized, efficient decision procedures!



First-Order Theories I



First-Order Theories II



Fragments of Theories



Common first-order theories



Theory of Equality  I 𝖳E



Theory of Equality   I I𝖳E







Motivation
Prove the equivalences of these two programs

In general 
undecidable, here 
bounded loops.



Equivalence of programs a and b

• A key observation, only bounded loops,  
• Possible to compute their input/output relations 

• Steps for i/o relation. 
• Remove the variable declarations and “return” statements. 

• Unroll the for loop. 

• Replace the left-hand side variable in each assignment with a new auxiliary variable. 

• Read (referred to in an expression), replaced with auxiliary variable  

• Conjoin all program statements.



Equivalence check

Replace some functions with “Uninterpreted” functions









Decidability of Peano Arithmetic



















Note: the behavior of car and cons on atoms is not specified



is F ,  valid?TE
𝖼𝗈𝗇𝗌







Demo CVC5

• https://cvc5.github.io/


