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Abstract	
Nowadays, many real-world problems are encoded into SAT instances and efficiently solved by 
modern SAT solvers. These solvers, usually known as Conflict-Driven Clause Learning (CDCL) 
SAT solvers, include a variety of sophisticated techniques, such as clause learning, lazy data 
structures, conflict-based adaptive branching heuristics, or random restarts, among others. 
However, the reasons of their efficiency in solving real-world, or industrial, SAT instances are 
still unknown. The common wisdom in the SAT community is that these technique exploit 
some hidden structure of real-world problems. 
  
 In this thesis, we characterize some important features of the underlying structure of 
industrial SAT instances. Namely, they are the community structure and the self-similar 
structure. We observe that most industrial SAT formulas, viewed as graphs, have these two 
properties. This means that (i) in a graph with a clear community structure, i.e. having high 
modularity, we can find a partition of its nodes into communities such that most edges 
connect nodes of the same community; and (ii) in a graph with a self-similar pattern, i.e. 
being fractal, its shape is kept after re-scalings, i.e., grouping sets of nodes into a single 
node. We also analyze how these structures are affected by the effects of CDCL techniques 
during the search.  
  
 Using the previous structural studies, we propose three applications. First, we face the 
problem of generating pseudo-industrial random SAT instances using the notion of modularity. 
Our model generates instances similar to (classical) random SAT formulas when the modularity 
is low, but when this value is high, our model is also adequate to model realistic pseudo-
industrial problems. Second, we propose a method based on the community structure of the 
instance to detect relevant learnt clauses. Our technique augments the original instance with 
this set of relevant clauses, and this results into an overall improvement of the efficiency of 
several state-of-the-art CDCL SAT solvers. Finally, we analyze the classification of industrial 
SAT instances into families using the previously analyzed structure features, and we compare 
them to other classifiers commonly used in portfolio SAT approaches. 
  
 In summary, this dissertation extends the understandings of the structure of SAT 
instances, with the aim of better explaining the success of CDCL techniques and possibly 
improve them, and propose a number of applications based on this analysis of the underlying 
structure of SAT formulas. 
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