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xdef ipei x”c :dvxn •

oihiiv zhiy 1

:oldlck B dgqep xevip .A dgqep idz
xy`k ,pA ∧

∧
C∈sub(A) E(C) dgqepd zeidl B z` xicbp .pC ycg dpzyn xicbp A ly C dgqep zz lk xear

:jk zxcben E(C) -e A ly ze`gqepd izz zveaw `id sub (A)

E(C) =



CNF (pC ↔ C) C is variable

CNF (pC ↔ true) C is true

CNF (pC ↔ false) C is false

CNF (pC ↔ ¬pD) C = ¬D
CNF (pC ↔ (pC1

∧ pC2
)) C = C1 ∧ C2

CNF (pC ↔ (pC1 ∨ pC2)) C = C1 ∨ C2

CNF (pC ↔ (pC1 → pC2)) C = C1 → C2

CNF (pC ↔ (pC1
↔ pC2

)) C = C1 ↔ C2

CNF (p ↔ C) =



(¬pC ∨ C) ∧ (¬C ∨ pC) C is variable

(¬pC ∨ true) ∧ (false ∨ pC) C is true

(¬pC ∨ false) ∧ (true ∨ pC) C is false

(¬pC ∨ ¬PD) ∧ (pD ∨ pC) C is ¬D
(¬pC ∨ pC1

) ∧ (¬pC ∨ pC2
) ∧ (¬pC1

∨ ¬pC2
∨ pC) C is C1 ∧ C2

(¬pC ∨ pC1 ∨ pC2) ∧ (¬pC1 ∨ pC) ∧ (¬pC2 ∨ pC) C is C1 ∨ C2

(¬pC ∨ ¬pC1 ∨ pC2) ∧ (pC1 ∨ pC) ∧ (¬pC2 ∨ pC) C is C1 → C2

(¬pC ∨ ¬pC1
∨ pC2

) ∧ (¬pC ∨ pC1
∨ ¬pC2

)∧ C is C1 ↔ C2

(pC ∨ ¬pC1
∨ ¬pC2

) ∧ (pC ∨ pC1
∨ pC2

)

miaiygz 2

:DPLL aiygz .1

.vM -a xcben `l var(ℓ) j` F -a riten var(ℓ) xy`k
(M,F,D)

(M :: ℓ, F,D ∪ {ℓ})
:Decide llk (`)

.vM |= ¬C -y jk F -a C ziweqt yie D = ∅ xy`k
(M,F,D)

Fail
:Fail llk (a)

.N ∩D = ∅-e vM ::ℓ::N |= ¬C -y jk F -a C ziweqt yie ,ℓ ∈ D xy`k
(M :: ℓ :: N,F,D)

(M :: ℓ, F,D \ {ℓ})
: BT llk (b)

.vM |= ¬C-e vM -a xcben `l var(ℓ) ,F -a ziweqt `id C ∨ ℓ-y jk C yi xy`k
(M,F,D)

(M :: ℓ, F,D)
:UP llk (c)

:xy`k
⟨MℓN,F,D⟩

⟨Mℓ′, F,D ∩M⟩
:BJ llk .2

1



ℓ ∈ D (`)

vMℓN |= ¬C -y jk F -a C ziweqt yi (a)

:y jk ℓ′ lxhile C ′ ziweqt yi (b)

(C ′ ∨ ℓ′ z` mb zwtqn F z` zwtqny dnyd lk :xnelk) F ⊢ C ′ ∨ ℓ′ .i
vM |= ¬C ′ .ii

F -a riten ok j` M-a riten `l var (ℓ′) .iii

:CC aiygz .3

jk s ∈ Y ,t ∈ X mvr zeny yie X,Y ∈ M m`
(M,F )

(M \ {X,Y } ∪ {X ∪ Y } , F )
:Top − Level llk (`)

.t = s ∈ F -y

,Z ∈ M dveaw ,f divwpet oniq miniiwe X,Y ∈ M m`
(M,F )

(M \ {X,Y } ∪ {X ∪ Y } , F )
:Congruence llk (a)

.f (z′) ∈ Y -e f (z) ∈ X -y jk z, z′ ∈ Z mipzyne

.t1 ̸= t2 ∈ F -y jk t1, t2 ∈ X-e X ∈ M yi m`
(M,F )

Fail
:Fail llk (b)

:`ad wqidd llk ztqed ici lr DPLL-n lawzn DPLL (UF ) aiygz .4

:xy`k
(M,F,D)

([], F ∧ φM , ∅)
:UF llk (`)

DPLL qgia dieex (M,F,D) .i
dpan-Σ s` ici lr dwitq dpi` tr−1 (φM ) .ii

.zeiweqt ze`gqepl oey`x xcqn dwibela ze`gqepn lre r”gg divwpet `id tr .iii
.φM = ℓ1 ∨ . . . ∨ ℓn-e φM = ℓ1 ∧ . . . ∧ ℓn f` M = [ℓ1 . . . ℓn] m` .iv

:(|| ly miccvd ipyn cg` z` xegal yi ,dxifb jeza reduce llk z` milirtnyk) A aiygz .5

.dwitq X-e X-a riten `l w oniqd m`
X

sat
:sat (`)

.dwitq X-e X-a riten `l w oniqd m`
X

unsat
:unsat (a)

ici lr X-n lawzn Y ,X-a r (w (a, i, e) , j) dxevdn r”y yi m`
X

Y ∪ {i = j} ∥Z ∪ {i ̸= j}
:reduce (b)

r (w (a, i, e) , j) ly mirtend lk ztlgd ici lrX-n lawzn Z -e e-a r (w (a, i, e) , j) ly mirtend lk ztlgd
.r (a, j)-a

zexehpbiq 3

:y jk (FΣLA
, PΣLA

, aΣLA
) dxehpbiqd `id ΣLA .1

FΣLA
= {+,−, 0, 1} (`)

PΣLA
= {≥} (a)

aΣLA
(+) = 2, aΣLA

(−) = 1, aΣLA
(0) = 0, aΣLA

(1) = 0, aΣLA
(≥) = 2 (b)

:y jk ΣBV = (SBV , PBV , FBV , aBV ) .2

SBV = {BVn | n ∈ N+} (`)

PBV = {<n| n ∈ N+} (a)

∼n,+n, ·n, <<n, >>n,&n, |n,⊕n :FBV -a miriten mi`ad mipniqd n ∈ N+ lkl (b)

.s ∈ FBV ,n jxe`a s mihia zfexgn lkle n lkl (c)

.FBV -a mipniq cer oi` (d)

.n jxe`a s lkl aΣBV
(s) = BVn .aΣBV

(∼n) = (BVn, BVn) :n lkl (e)

.mireawde ∼n-n ueg opn ∈ FBV lkl aΣBV
(opn) = (BVn, BVn, BVn) ,aΣBV

(<n) = (BVn, BVn) (f)

aΣA
(r) =-e PΣA

= ∅ ,FΣA
= {r, w} ,SΣA

= {A, I,E} da (SΣA
, FΣA

, PΣA
, aΣA

) dxehpbiqd `id ΣA .3
.aΣA

(w) = (A, I,E,A) ,(A, I,E)
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zewitq 4

:m` LRA dpan `xwp v ΣLA dpan .1

Dv = R (`)

ietvk miyxetn mipniqd lk (a)

:m` LIA dpan `xwp v ΣLA dpan .2

Dv = Z (`)

ietvk miyxetn mipniqd lk (a)

:n ∈ N+ lkl lkl m` BV dpan `xwp v = (Dv, Iv) ΣBV dpan .3

.n jxe`a mihiad zeniyx lk zveaw `id Dv (BVn) (`)

lk dtnn N xy`k ,N (a) < N (b) m` wxe m` (a, b) ∈ Iv (<n) :n lceba a, b mixehwe-hia ipy lkl (a)
.ix`pia beviia el mi`znd irahd xtqnl xehwe-hia

Iv (a) = a ,a xehwe-hia lkl (b)

.miqt`a mi1-d lke 1-a miqt`d lk ztlgd ici lr a-n lawzn Iv (∼n) (a) ,a xehwe-hia lkl (c)

:n jxe`a a, b mixehwe-hia lkl (d)

.·n-e −n dnec ote`ae ,2n elecen xeaigk yxetn +n (e)

.oini cvn miqt` N (b) ztqede miil`nyd eixai` N (b) zwign ici lr a-n lawzn Iv (<<n) (a, b) (f)

.l`ny cvn miqt` N (b) ztqede miipnid eixai` N (b) zwign ici lr a-n lawzn Iv (>>n) (a, b) (g)

ly i-d mewna mbe 1 yi a ly i-d mewna m` wxe m` 1 yi i-d mewnay jk xehwe-hia `ed Iv (&n) (a, b) (h)
.|n,⊕n dnec ote`a .0 ,zxg` .b

:ze`ad ze`gqepd z` wtqn v m` A dpan `xwp v dpan-ΣA .4

∀a∀e∀i.r (w (a, i, e) , i) = e row1

∀a∀e∀i∀j.i ̸= j → r (w (a, i, e) , j) = r (a, j) row2

∀a∀a′.a ̸= a′ → ∃i.r (a, i) ̸= r (a′, i) ext

.E beqn dpzyn e-e I beqn mipzyn i, j ,A beqn mipzyn md a, a′ xy`k

z`xwp dgqep :X ∈ {LIA,LRA,BV,A} xear .dze` wtqny edylk dpan yi `id m` ”dwitq“ z`xwp dgqep .5
.dze` wtqny ”X dpan“ yi m` ”dwitq-X“
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