SAT Solver
COSEA419, Spring 2024

Hakjoo Oh
Due: 4/5 23:59
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type var = string
type formula =
| False
| True
| Var of var
| Not of formula
| And of formula * formula
| Or of formula * formula
| Imply of formula * formula
| Iff of formula * formula
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solve : formula -> bool
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# solve (
or (
And (Var "Q1", Var "Q2"),
And (Var "R1", Var "R2")
D)5

- : bool = true

# solve (
And (
Imply (Var "P", Var "Q"),
And (Var "P", Not (Var "Q"))
)55
- : bool = false

# solve (Or (And (Var "P", Var "Q"), Var "R"));;
: bool = true
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let solve : formula -> bool
=fun f -> dpll (convert f)

1. Fo]2 =2 A& “equisatisfiable CNF” 2 ¥3}ol= S+ convertd ZAJ5IA| Q.
convert : formula -> cnf
£} cnfi o}t Zo] Helat.

type literal = bool * var (* false means negated *)
type clause = literal list
type cnf = clause list

A& S, PA(-PVQ)A(RV-QVS)E =1 Zo] Bdd.

[[(true, "P")];
[(false, "P"); (true, "Q")1;
[(true, "R"); (false, "Q"); (true, "S")]]

@4 convert o] F2k o At the} 2k (YL YAl WSE o)F

# convert True;;
- : cnf = []
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# convert False;;

- : cnf = [[1]

# convert (Imply (Var "P", Var "Q"));;

- : cnf =

[[(true, "P(P -> Q)")]; [(false, "P(P -> Q"); (false, "P"); (true, "Q")];
[(true, "P"); (true, "P(P -> Q@ ")]; [(false, "Q"); (true, "P(P -> Q)")]]

# convert (Or (And (Var "P", Var "Q"), Var "R"));;

- : cnf =

[[(true, "P((P and Q) or R)")];
[(false, "P((P and Q) or R)"); (true, "P(P and Q"); (true, "R")];
[(false, "P(P and Q)"); (true, "P((P and Q) or R)")];
[(false, "R"); (true, "P((P and Q) or R)")];
[(false, "P(P and Q)"); (true, "P")]; [(false, "P(P and Q)"); (true, "Q")I1;
[(false, "P"); (false, "Q"); (true, "P(P and Q)")]]

# convert (And (Imply (Var "P", Var "Q"), And (Var "P", Not (Var "Q"))));;
- : cnf =
[[(true, "P((P -> Q) and (P and (not Q)))")1;
[(false, "P((P -> Q) and (P and (not Q)))"); (true, "P(P -> Q)")];
[(false, "P((P -> Q) and (P and (not Q)))"); (true, "P(P and (not Q))")];
[(false, "P(P -> Q)"); (false, "P(P and (mot Q))");
(true, "P((P -> Q) and (P and (not Q)))")];
[(false, "P(P -> Q)"); (false, "P"); (true, "Q")I;
[(true, "P"); (true, "P(P -> Q")]; [(false, "Q"); (true, "P(P -> Q")];
[(false, "P(P and (not Q))"); (true, "P")];
[(false, "P(P and (not Q))"); (true, "P(not Q)"™)];
[(false, "P"); (false, "P(not Q)"); (true, "P(P and (not Q))")];
[(false, "P(not Q)"); (false, "Q")1; [(true, "P(not Q)"); (true, "Q")11]
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let rec dpll : cnf -> bool
=fun a ->
let a = ple (bcp a) in
if a = [] then true (* empty conjunction = true *)
else if List.mem [] a then false (* empty clause = false *)
else
let x = choose a in
dpll (subst a false x) || dpll (subst a true x)

(a) 2]2H(Substitution) substE FASIA] L.

subst : cnf -> bool -> var -> cnf

d& =
# subst [[(true, "P")]] true "P";;
- : enf =[]

# subst [[(false, "P")]] true "P";;
- : cnf = [[1]

subst [[(false, "P"); (true, "Q")]] true "P";;
- : cnf = [[(true, "Q")]]

# subst [[(false, "P"); (true, "Q")]] false "P";;
- : cnf = []

# subst [[(false, "P"); (true, "Q")]1;
[(true, "R"); (false, "Q"); (true, "S")]] false "Q";;
- : cnf = [[(false, "P")]]

# subst [[(false, "P"); (true, "Q")];
[(true, "R"); (false, "Q"); (true, "S")]] true "P";;
- : cnf = [[(true, "Q")]; [(true, "R"); (false, "Q"); (true, "S")1]

(b) BCP(Boolean Constraint Propgation) 3 bcpE F+A5IA] L.

bcp : cnf -> cnf

qd& =

# bcp [[(true, "P")1];;
- : cnf = []

# bep [[(false, "P")]1];;
- : enf = []

# bep [

[(true, "P")];

[(false, "P"); (true, "Q"M)];

[(true, "R"); (false, "Q"); (true, "S")]
15
- : cnf = [[(true, "R"); (true, "S™)1]

# bcp [[(true, "P((P and Q) or R)"M)];



[(false, "P((P and Q) or R)"); (true, "P(P and Q)"); (true, "R")];
[(false, "P(P and Q)"); (true, "P((P and Q) or R)")];
[(false, "R"); (true, "P((P and Q) or R)"M)];
[(false, "P(P and Q)"); (true, "P")]; [(false, "P(P and Q)"); (true, "Q")I;
[(false, "P"); (false, "Q"); (true, "P(P and Q)")1]1;;
- : cnf =
[[(true, "P(P and Q)"); (true, "R")]; [(false, "P(P and Q)"); (true, "P")];
[(false, "P(P and Q)"); (true, "Q")]1;
[(false, "P"); (false, "Q"); (true, "P(P and Q)")1]

# bep [[(true, "P((P -> Q) and (P and (not Q)))")1;
[(false, "P((P -> Q) and (P and (not Q)))"); (true, "P(P -> Q)")1;
[(false, "P((P -> Q) and (P and (not Q)))"); (true, "P(P and (mot Q))")]1;
[(false, "P(P -> Q)"); (false, "P(P and (not Q))");
(true, "P((P -> Q) and (P and (not Q)))")1;
[(false, "P(P —> Q)"); (false, "P"); (true, "Q")];
[(true, "P"); (true, "P(P —> Q)")]1; [(false, "Q"); (true, "P(P -> Q)"™)];
[(false, "P(P and (not Q))"); (true, "P")];
[(false, "P(P and (not Q))"); (true, "P(not Q)")];
[(false, "P"); (false, "P(not Q)"); (true, "P(P and (not Q))")];
[(false, "P(not Q)"); (false, "Q")]; [(true, "P(not Q)"); (true, "Q")11;;
- : cnf = [[]1]

(c) PLE(Pure Literal Elimination) $t4 pleS @3HA| Q.

ple : cnf -> cnf

A5 =

# ple [[(true, "P")I1];;
- : cnf = []

# ple [[(false, "P")]];;
- : cnf = []

# ple [

[(true, "P")];

[(false, "P"); (true, "QM)1;

[(true, "R"); (false, "Q"); (true, "S")]
1
- : cnf = []

# ple [
[(true, "P(P and Q)"); (true, "R"M];
[(false, "P(P and Q)"); (true, "P")];
[(false, "P(P and Q)"); (true, "Q")]1;
[(false, "P"); (false, "Q"); (true, "P(P and Q)")11];;
- : cnf =
[[(false, "P(P and Q)"); (true, "P")];
[(false, "P(P and Q)"); (true, "Q")];
[(false, "P"); (false, "Q"); (true, "P(P and Q)")]]
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