
Numerical Program Analysis  
via Mathematical Execution 

Zhendong Su 
ETH Zurich 



Floating-point code 

§ Important:	bugs	can	lead	to	disasters	
§ Challenging:	hard	to	get	right		



Why difficult?  

q FP Math ≠ Real Math   

q Non-linear relations 

q Transcendental functions 

 sin, log, exp, … 

		

Challenging	for	all	known	approaches	



New perspective: ME  
Analyzing	numerical	programs	
•  Coverage-based	testing	
•  Boundary	value	analysis	
•  Numerical	exception	detection	
Floating-point	constraint	solving		

Mathematical	optimization	(MO)	

+ Mathematical		
Execution	(ME)	

(p,	Á)	

r	

input	x	drives	p	to	satisfy	Á			$			x	minimizes	r		



FP constraints 



Step 1 



Step 2 



Construct R 



Minimize R 



Theoretical guarantees 



Example 

+ 

+ 



XSat & results 
•  Developed	the	ME-based	XSat	tool		
•  Evaluated	against	MathSat	and	Z3	
•  Used	SMT-Comp	2015	FP	benchmarks	
•  Result	summary	

•  100%	consistent	results	
•  700+X	faster	than	MathSat	
•  800+X	faster	than	Z3	



Generalizations 

q Coverage-based testing of FP code 

q Boundary value analysis  

q FP exception detection 

q Path divergence detection 



































ME in the long run 

q Offers a new general analysis paradigm  

q Complements existing approaches 

u Random concrete execution (CE) 

u Symbolic execution (SE) 

u Abstract execution (AE) 
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