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Reachability

One of the simplest verification problems: 

Given a set of bad states, can a program/system 
reach one of these states during its execution?

It is a decision problem.



Propose a trivial algorithm 
for reachability...



Depth First Search!



State Space Exploration

A program with 100 Boolean variables can have up 
to 2100 different reachable states.

Representing these individually is not feasible. 

Symbolic representation accommodates 
representing sets of states more compactly.



Formally ...



Logical Connectives as Set Operations



How do we solve 
reachability symbolically?



High Level Idea



First Attempt







Let’s build a better 
reachability algorithm!



Property-Directed 
Reachability



Setup

Clause: disjunction of literals


Cube: conjunction of literals


Each frame  is a CNF formula. 


But now, it is an over-approximation of the 
set of reachable states in j steps.


: set of clauses in CNF formula F.

Rj

CL(F)



Invariants





The Algorithm







The Algorithm



Wrap up


