
NiVER: Non Increasing Variable 
Elimination Resolution for 
preprocessing SAT Instances

Sathiamoorthy Subbarayan

IT-University of Copenhagen 

Denmark

Dhiraj Pradhan

University of Bristol

UK



Resolution Inference Rule

(a+b’+c)   (c’+d)     ⇒ (a+b’+d)

(a+b+c)  (a’+b)      ⇒ (b+c)

(a+b+c) (a+b’+c’)   ⇒ (a+b+b’)

(a+b+c) (a’+d) (b’+d) ⇒ (d+c)

Subsumes (a+b+c)

Tautology

Hyper Resolution



Davis Putnam Procedure

n Original algorithm for SAT solving (1960)
n Variable Elimination Resolution (VER)
n Add all resolvents of a variable and 

eliminate the clauses with the variable
n Variable Elimination preserves

`satisfiability´



DPLL procedure

n Search based (1962)
n Basis for most of the modern SAT 

solvers
n State of the art SAT solvers augment 

clause learning, decision heuristics, etc., 
to DPLL



VER vs DPLL
Number of Iterations
n VER  – Linear (N eliminations)
n DPLL – Exponential (2N permutations)

Space Complexity
n VER  – Exponential
n DPLL – Linear

Time Complexity
n VER  – Exponential
n DPLL – Exponential



NiVER : Non increasing VER

F F’NiVER 
Simplifier

DPLL 
Solver

SAT/ 
UNSAT

Strategy : Use `linear´ VER to simplify the SAT 
problem, as much as possible without increase in 
space, then solve the result with DPLL search

nNumber of Iterations : Linear
nSpace Complexity : Linear



NiVER Preprocessing

n VER as a preprocessor to eliminate
variables

n NiVER eliminates variable by VER only if
there will be no increase in space

n Most of the real life instances have such
variables, around 50% in many cases



NiVER Example
Positive clauses of variable C        Negative clauses of variable C
(a’+ c) (a + b + c’)
(b’+ c)                                             (e’+ f’ + g’ +c’ +d’) 
(c + d’) 

Old_Num_Lits = 14
Number of clauses deleted  =  5

Added Resolvents Discarded Resolvents (Tautologies)
(a’ + e’ + f’ + g’ + d) (b’ + a + b)
(b’ + e’ + f’ + g’ + d) (a’ + a + b)
(d’ + a + b)             (d’ + e’ + f’ + g+ d)

New_Num_Lits = 13
Number of clauses added = 3

VER of ’C’ results in one less variable, reduces number of literals and 
number of clauses, by one and two respectively.



NiVER Procedure

NiVER(F)
 ∀ V∈Var(F)

Pc = {C / C∈F, v∈C},  Nc = {C / C∈F, v’∈C}
R={}

 ∀ P∈Pc .  ∀ N∈Nc
R=R∪Resolve(P,N)

Old_Num_Lits = No of literals in (Pc∪Nc) 
New_Num_Lits = No of literals in R 
if(New_Num_Lits  ≤ Old_Num_Lits)

F=F-(Pc∪Nc), F=F+R
return F



Effect of NiVER Simplifier on fifo8_400

858776 (-46.4%)#Literals-Pre :68790  (-74%)#Variables-Pre :

1601865#Literals-Org :259762#Variables-Org :

14.3 SecondsNiVER Time :         300842 (-58%)#Clauses-Pre :

707913#Clauses-Org :

Best Worst Case Upper Bounds for SAT Solving in terms of

n Number of Variables (N) :  2N

n Number of Clauses   (K) :   20.30897K

n Number of Literals (L) :   20.10299L



Effect of NiVER Simplifier
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Experimental Setup

F F’HyPre 
Simplifier

DPLL 
Solver

SAT/ 
UNSAT

F F’NiVER + 
HyPre

DPLL 
Solver

SAT/ 
UNSAT

F F’NiVER 
Simplifier

DPLL 
Solver

SAT/ 
UNSAT

F DPLL 
Solver

SAT/ 
UNSAT



Experimental Setup

n Two state of the art DPLL SAT solvers
are used: Berkmin and Siege

n Two solvers have different strategies in 
SAT solving, hence the effect of NiVER 
on them can be studied



Experiments with Berkmin
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Experiments with Berkmin
HyPre+BerN+H+BerNiVER+BerBerkminBenchMark
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Experiments with Siege
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Experiments with Siege
HyPre+SieN+H+SieNiVER+SieSiegeBenchmark
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Results Summary

n NiVER+Berkmin beats Berkmin in 23/33
instances

n In cases where NiVER+Berkmin takes more 
time, mostly the difference is negligible

n NiVER+Siege beats Siege in 30/33 instances
n In the three cases where NiVER+Siege takes

more time, the difference is negligible
n Poor performance on some instances is due 

to decision heuristics



Conclusion

n The advantage of VER was annulled by 
associated exponential space complexity

n NiVER does VER space efficiently, by not 
allowing space increasing resolutions

n Like clause learning and decision heuristics, 
NiVER can also be augmented to general 
purpose SAT solvers

n Sampling can be used to classify instances and 
efficiently solve them using proper simplifiers


