
➆❷❽$❶❹'❽➀$❸*❽❶❹➀+$,❹➂❽,

→ ∨ ∧ ¬

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

◗4❽+❻/❘$➅*❼➄❽➅$$➁❽❼*❽❷4➈❸$+❽,❻/
❝❸➈,

$❽➄➂❽➅➁❽➆❹+*$❘ccc◗
$❽➄➂❽➅➁❽➄/,➂$❘xxx◗
➀❿➀$n$❽➄➂❽➅$➀,$❸'❹+*$❽➆+❼$/❹❽'*➄❹➈$n/❹❽➂❹*➂$$  1 2 3

n n nf f f, , ,L( )
➀❿➀$n$❽➄➂❽➅$➀,$❸'❹+*$❽+❹❽❻$❽➆+❼$➁❽❼*❽❷4➈$n➁❽❽➂❹*➂

 1 2 3
n n np p p, , ,L( )

➁❽4,*➁❽❽❶❹➀$    ∧ ∨ ¬ →, , ,

$➁❽/➂❿∃ ∀,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

➁❽❽❹❼❽+
$➃➂❽➅➆❹+*❽❹❼❽+$❹➄❽❸$

$➃➂❽➅❸➄/,➂❽❹❼❽+$❹➄❽❸$

$➁1  t tn1, ,L$$➁➄❽❸➁❽❽❹❼❽+❹$k
nf$$➃➂❽➅$❹➄❽❸❸❽'*➄❹➈$n❽❺1$/❽➂❹*➂$

  k
n

nf t t1, ,L( )$❽❹❼❽+$❹➄❽❸
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❸❿➀❸❿$/❹❽❹➄+$/❹1❻➅❹➄
$➁1  t tn1, ,L$❹$➁❽❽❹❼❽+$➁➄❽❸k

np$$❼*❽❷4➈$➃➂❽➅$❹➄❽❸n❽❺1$❽➂❹*➂$

 k
n

np t t1, ,L( )$❸➄❽❸$❸❿➀❸❿$❸❽❹➄+$❸❻➅❹➄$/14*➄$❹❺❿$❸❻➅❹➄$$*❹➅➈
❽➂❹❼1

$❽❸/ϕ$❸❿➀❸❿$❸❽❹➄+$1❻➅❹➄$¬ϕ❸❿➀❸❿$❸❽❹➄+$1❻➅❹➄$❸➄❽❸$

$❽❸/ϕ$❽❸/❹$γ$❽❺1$❸❿➀❸❿$/❹❽❹➄+$/❹1❻➅❹➄$ϕ∧γ$$ϕ∨γ$ϕ→γ/❹1❻➅❹➄$➃➄❽❸$
❸❿➀❸❿$/❹❽❹➄+

$❽❸/ϕ$❽❸❽❹$❸❿➀❸❿$❸❽❹➄+$1❻➅❹➄$x$❸➄/,➂$➃➂❽➅$ϕx∀$❹$$ϕx∃➃➄❽❸$
❸❿➀❸❿$/❹❽❹➄+$/❹1❻➅❹➄

/❹❽'*➄❹➈$❽➄➂❽➅$➀,$➁❽❼➄➂❹❶41❸$4➈➅➂$➃❹➂❽➅$/1$❼❽➂,➄$❿❑❷+$➁❿➅❸
➁❽❼*❽❷4➈$❽➄➂❽➅❹

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



❝❸❿➀❸❿$/❹❽❹➄+$/❹1❻➅❹➄$➀,$/❹1➂❶❹❷
)2,c1(c4p

(z,y)]2p∧(z,x)2z[p∃y∀x∀

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❹❽❶❹➀❸$/❹➂❹❽➅*1❸
❝❸1+❸$/❹1❻➅❹➄❸$/'❹+*$1❽❸$/❹❽❶❹➀❸$/❹➂❹❽➅*1❸$/'❹+*

1.  α→(β→α)
2.  [α→(β→γ)]→[(α→β)→(α→γ)]
3.  (¬α→β)→[(¬α→¬β)→α]
4.  [∀ x(α→β)]→[∀ xα→∀ xβ)]
5.  α→∀ xα     (where x is not free in α)

6.  ∀ xα→α(x/t)   (where t is any term which does not contain free variables
that become bound when substituting t for x)
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/❹➂❹❽➅*1$➀,$/❹➂❿➅
$➃➄❽❸$➀❑➄❸$/❹➂❹❽➅*1❸/❹➂❿➅/❹1❻➅❹➄$➀,$

$➁❹*➂+$+❽'❸➀$➃/❽➄α β γ, ,$➀+*➀$❽❷❿$1❻➅❹➄$➀❿$instance➀,$$
❸➂❹❽➅*1❸
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❸+'❸
$$❸4❹'❸➂$/❹1❻➅❹➄+ϕx∀$❹$$ϕx∃$❸➄/,➂❸$x$❸➄/,➂$❹➄❽❸$4❹,*

$$❸➄/,➂$14*➄$4❹,*$❹➄❽1,$❸➄/,➂❽,➈❻

$❹❽❸❽$s❹$t$❽❸❽$$➁❽❽❹❼❽+$x$/1$4❽❷❶➄$$❸➄/,➂$$s(x/t)➂$➀+*/➂,$❽❹❼❽+❿$s
$❸➄/,➂❸$➀,$➆➈❹➂$➀❿$4,1❿x$❽❹❼❽++$➇➀❻❹➂$t

$❽❸/$s❹$1❻➅❹➄$t$❽❸❽$$❽❹❼❽+$x$/1$4❽❷❶➄$$❸➄/,➂$$s(x/t)1❻➅❹➄❿$
➂$/➀+*/➂,s$❸➄/,➂❸$➀,$❽,➈❻$➆➈❹➂$➀❿$4,1❿$x$❽❹❼❽++$➇➀❻❹➂$t

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©



❑❸❻❿❹❸❑$/4❷❶❸
$❽❸/Φ$❽❸/❹$/❹1❻➅❹➄$/'❹+*$α$$1❻➅❹➄$❸❻❿❹❸$➀,$α$❾❹/➂$Φ❸4❷➅$❸➄❽❸$

$❸*❽4$1➀❹$/❽➈❹➅n,...,ϕ1ϕ  ❝➁❽1+❸$➁❽1➄/❸$/1$/➂❽❽*➂❸$/❹1❻➅❹➄$➀,$

$➀❿➀$$n≤k≤1$1❻➅❹➄❸$kϕ❝❸➄❽❸$

❹1$/❽❶❹➀$❸➂❹❽➅*1$$

$+$1❻➅❹➄$$Φ❹1$

$➁❽➂❽*$$i,j < k$$,$❾❿$k→ϕjϕ=iϕ
$$$α= nϕ
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/❹❻❽❿❽❹$*➅❽❸$➀➀❿
$/❹1❻➅❹➄$➃/➄❸+,$4➂❹1❸$➀➀❿❸ϕ→ξ$❹$ϕ$*❽➅❸➀$➃/❽➄$ξ$$❹➄❽❸$*➅❽❸$➀➀❿

$1,❽4❸$*❹/❽➄$➀➀❿$14*➄❸(modes ponens)

$,$4➂1➄ α$$❻❽❿❽$❾❹/➂$Φ$$$$➃➂➅➄❹$α   Φ

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸*❽❼➄➂➅
$❽❸/U$$◗➁➀❹➆❘$➁❽➂'➆$/'❹+*$$,❹4❽➈$I➀,$➁❽4+1$❸➈➂➂❸$❸❽'*➄❹➈$❸➄❽❸$

❸➈,❸$➀,$➁❽4+1➀$❶❹'❽❸❝➃➂*➀❷❿$

$❽➄➂❽➅➁❽➆❹+*❸$➁❽➈❹➂➂$➁❽❼*❽+❹1➀➁➀❹➆+$

$❽➄➂❽➅❸❽'*➄❹➈❸$➁❽➈❹➂➂$/❹❽'*➄❹➈➀$/❹➈➂➂❸$n➁❽4+❽1$➀,$/❹❽
➁➀❹➆+$➁❽4+❽1➀$➁➀❹➆+

$❽➄➂❽➅➁❽❼*❽❷4➈❸$➁❽➈❹➂➂$➁❽➅❻❽➀➁➀❹➆+$

$4❽❷❶❸➀$4,➈1$❾❿➀$➇➅❹➄+❸➂,❸➁❽➄/,➂$➀,$❽❹➈❽➂$4➂❹➀❿$➁❽➄/,➂❸$➀❿➀$
+$➁❽4+1➀$➁❽❽,➈❻U

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

1➂❶❹❷
U={0,1,2,3,4,5,......} ➁❽❽➆+❼❸$➁❽4➈➅➂❸$/'❹+*

❝❽4,➈1$,❹4❽➈

❸➈,➁➀❹➆

$➆❹+*$➃➂❽➅1c

$❸❽'*➄❹➈$➃➂❽➅1f $+*❹➆❸$/❽'*➄❹➈,...)〉2,3〈,〉1,2〈,〉0,1〈(

$➅❻❽$➃➂❽➅1R≤
,...)〉0,2〈,〉0,1〈,〉0,0〈(
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/❹1❻➅❹➄$➀,$/➂1❸$❾4➆
$❽❸❽U$❽❸❽❹$➁➀❹➆$I❾4➆$❸➈,+$❽❹❼❽+$➀❿➀$/❹➈➂➀$➃/❽➄$$1❹❸,➀❿$,❹4❽➈$

$❾❹/➂U◗➁❽❽❹❼❽+❸$/'❹+*$➀➆$/❽+❽➅4❹*4$❸4❷❶❸❘$

$➀$1❻➅❹➄$❸➈➂➂$/❹1❻➅❹➄$➀,$❸❿4➆❸❸$/❽'*➄❹➈TRUE$❹1$FALSE4❽❷❶➄$$
$/1/➂1❸$❾4➆$V$❸❻➅❹➄$➀,$ϕ $,❹4❽➈$/❻/I❝❽+❽➅4❹*4$➃➈❹1+$

$➁1$)n,...,t1P(tϕ=❺1$/❽➂❹❼1$1❻➅❹➄$

TRUE(ϕ)=V$➁1$ P)〉∈Ι()n),...,I(t1t〈Ι(
FALSE(ϕ)=V/4❻1$

$➁1$ϕ=¬γ$❽❺1$TRUE(ϕ)=V$➁1$FALSE(γ)=V

$FALSE(ϕ)=V$➁1$TRUE(γ)=V
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$➁1$ϕ=γ∧η$❽❺1$TRUE(ϕ)=V$➁1$TRUE(γ)=V$➁❶❹$TRUE(η)=V/4❻1$

FALSE(ϕ)=V

$➁1$ϕ=γ∨η$❽❺1$TRUE(ϕ)=V$➁1$TRUE(γ)=V$❹1$TRUE(η)=V/4❻1$

FALSE(ϕ)=V

$➁1γxϕ=∀$❽❺1$TRUE(ϕ)=V➂$4+❽1$➀,$❸➂,❸$➀❿➀$➁1$$U+$x➀+*➄$

TRUE(γ)=V$/4❻1$$FALSE(ϕ)=V
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/❹*❽➈➅
$❸➂,❸❹$◗❸❽'❼4➈4❼➄❽1❘$,❹4❽➈*➈➅➂❾4➆$/➀+*➂$❸❻➅❹➄❸$➁➁1$❸❻➅❹➄$

TRUE❸➂,❸❸❹$,❹4❽➈❸$/❻/$

$➁❽*❹➅➈$/'❹+*Φ$/❽❶❹➀$➁❽44❹❶$*❹➅➈$ϕ❸➂,❸❹$,❹4❽➈$➀❿$➁➁1$

$/1$➁❽*➈➅➂,Φ$/1$➁❶$➁❽*➈➅➂$ϕ
$❽❑➆$/➄➂❹➅➂$/❽❶❹➀$❸4❽4❶❝$

$$$$$$$$$  ϕ  Φ
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/❹➂➀,❸$❼➈,➂
❸*❽❼➄➂➅➀$➅*❼➄❽➅$➃❽+$4,*➂$/❹➂➀,❸$❼➈,➂

❝4➂❹1$❼➈,➂❸
$❸❻➅❹➄/❽❶❹➀$/➆+❹➄$1❽❸$➁➁1$/❹1❻➅❹➄$/'❹+*➂$❸❻❽❿❽➃❿❹/➂$

 ϕ $Φ ϕ   ⇔ $Φ
/❽❶❹➀$❸4❽4❶$➀,$❸*❽❷+➀$❽➀❿$❹➄❽❷❽+$➃/❹➄$/❹➂➀,❸$❼➈,➂
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❸❻❿❹❸$/4❹❷'❹4➈
➁1❸$4➂1/$/❹1❻➅❹➄$/'❹+*❹$1❻➅❹➄$➃/➄❸+,$❸4❹❷'❹4➈$/➂❽*$➁1❸

❤/❹1❻➅❹➄❸$/'❹+*➂$❸❻❽❿❽$1❻➅❹➄❸

❹➀$1'➂/$◗❸❻❽❿❽$1❻➅❹➄❘$❼➈,➂$➃/➄❽❸+,$❸4❹❷'❹4➈$/➂❽❽*$❝❸+❹,/
❸❻❿❹❸

4❹'➆/$❹❺❿$❸4❹❷'❹4➈,$❹➄➀$❻❼+❹➂$1➀$❽❺1$❼➈,➂$❸➄❽1$1❻➅❹➄$➁1$➀+1

$$❸➄❽❸$❸❽➆+❸$➃❿$➀➆❸'❻➂➀$❸➆❽4❿$(semidecideable)
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❝❸❻❿❹❸❸$/4❹❷'❹4➈
$➀$/❹➂❹❽➅*1❸$/'❹+*$/1$➅➄❿❸$$S
$+$/1'➂➄$/,*❹+➂❸$1❻➅❹➄❸$➁1$$S❑➃❿❑$4❺❻❸$$

+$/❹1❻➅❹➄$➀➆$*➅❽❸❸$❽➀➀❿$/1$➀➆➈❸$/4❻1$$S
$$➀$/❹,❷❻❸$/❹1❻➅❹➄❸$/1$➇➅❹❸$$S

➀$4❹❺❻$$
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❸*❽❶❹➀+$➆❷❽$❶❹'❽
❝➁❽➂'➆$❶❹'❽

table(table15)
human(avraham)

$❶❹'❽/❹➄❹❿/❝➁❽➂'➆$➀,$
num_of_legs(table15,4)
hair_color(avraham,white)

$❶❹'❽/❹❽➀➀❿$/❹➄❹❿/❝➁❽➂'➆$➀,$
∀ X[table(X)→num_of_legs(X,4)]

∀ X[human(X)→num_of_legs(X,2)]

$❶❹'❽➁❽➅❻❽❝➁❽➂'➆$➃❽+$
on(glass12,table15)
parent(avraham,yzhak)
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$❶❹'❽➁❽❽➀➀❿$➁❽➅❻❽❝$

$➅❻❽$/4❷❶❸above❝➁❽➂'➆$➀,$❸+❹❶$/❼➄❽❷4❹1❹*$❽➈➀$

∀ X∀ Y[greater(z-coord(X),z-coord(Y))→ above(X,Y)]

$➅❻❽$/4❷❶❸ancestor❝❽+❽➅4❹*4$➃➈❹1+$

∀ X∀ Y[parent(X,Y) → ancestor(X,Y)]
∀ X∀ Y∀ Z[[parent(X,Z) ∧ ancestor(Z,Y)] →  ancestor(X,Y)]

$❶❹'❽/❹➄❹❿/❝➁❽➅❻❽$➀,$

➅❻❽$➀,$/❹❽+❽❼❽❺➄4❼$above❝
∀ X∀ Y∀ Z[above(X,Y) ∧ above(Y,Z) → above(X,Z)]

➇/❹,➂$➃❹➂❷*$+1$➁❽❽*$➁❽❽➄,$➀❿➀❝
∀ X∀ Y[human(X) ∧  human(Y)] → ∃ Z[ancestor(Z,X) ∧ ancestor(Z,Y)]

❸$➅❻❽$➀,$/❹❽4❼➂❽➅❽1$ancestor❝
ancestor(Y,X)]→ ¬ ancestor(X,Y)Y[∀X∀
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❸,4❹❸$/❹❽❿44❽❸$❶❹'❽
❝❸4❽,❽$❸4❹'+$➁❽❶,❹➂$➀,$/❹❽❿44❽❸$➁❽❶'❹❽➂$❿❑❷+

∀ X[restaurant_table(X)  → table(X)]

∀ X[work_table(X)  → table(X)]

∀ X[table(X)  → num_of_legs(X,4)]
restaurant_table(table15)

➃❻➀❹,❹$❸❷➆➅➂➃❻➀❹,$➃❻➀❹,$❝➁❽❶,❹➂$❸,➀,$❸,➆➂➀$➁❽4❷❶❹➂$1➂❶❹❷+
,$❸❷+❹➆❸$❾❹/➂$$❸❷❹+➆table15❹➄❽❸,$*❽➅❸➀$➃/❽➄$❸❷➆➅➂$➃❻➀❹,$❹➄❽❸$
➁❽❽➀❶4$$❹➀$,❽$➃❿➀❹$➃❻➀❹,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

➀❷❻➂$/44+$❽*➅❸
$➃❻➀❹,,$❻❽➄➄$❸+❸table15❝/❽➆'➂1$/❻1$➀❶4$➀➆+$❸❷➆➅➂$➃❻➀❹,$❹➄❽❸$

∀ X[restaurant_table(X)  → table(X)]

∀ X[work_table(X)  → table(X)]

∀ X[table(X)  → num_of_legs(X,4)]
restaurant_table(table15)
num_of_legs(table15,1)

$➀,$➁❽❽➀❶4❸$4➈➅➂,$❻❽❿❹❸➀$➃/❽➄$❸➀➆➂➀,$/❹1❻➅❹➄❸$/'❹+*➂table15$❹➄❽❸
$➁❽❽➀❶4❸$4➈➅➂,$➁❶❹$$❹➄❽❸
❸➄❽❸$➃❻➀❹,$➀,$➁❽❽➀❶4❸$4➈➅➂,$/4➂❹1❸$❸➂❹❽➅*1❸$/1$➇❽➅❹➄$➁1

❸❽'*➄❹➈❝
equal(Y,Z)]→  num_of_legs(X,Y) ∧Z[num_of_legs(X,Z) ∀Y∀X∀

$➀+*➄$❽❺1❸4❽/➅
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➀➀❿❸$➃➂$1'❹❽$/➈➅❹❸
❝1+❸$➃❹*❽/❸$/1$➃*/➀$❾4❼'➄$❸4❽/➅$❹❺❿$➆❹➄➂➀$❽❷❿

num_of_legs(X,4)]→ equal(X,table15)∧¬X[table(X) ∀

❸*❽❶❹➀+$,❹➂❽,❸$/1$/❿➈❹❸$➀➀❿❸➃➂1'❹❽$➀❿➀$❹❺❿$/➈➅❹/,$➃+❹➂❿
❽+❽❼*4❼1$1➀$❷❹1➂➀

/44+$❽*➅❸$/❹4,➈1➂❸$/❹,❷❻$/❹*❽❶❹➀$4➈➅➂$❹❻/❹➈$➃❹4❻1❸$4❹,➆+
❑$/❹14*➄$❹➀1$/❹*❽❶❹➀$$➀❷❻➂/❹❽➄❹❼❹➄❹➂$1➀❑

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸❽➆+$❶❹'❽➀$❸*❽❶❹➀+$,❹➂❽,➀$1➂❶❹❷
Whilst researching her family history, Joanne discovered that her great-grandfather had four brothers, all
of whom emigrated in their youth to various locations in the British Empire. From the clues given below,
can you work out in which year each brother was born, who went where and what career each pursued?

Clues
1 Joanne's great-grandfather, Edward, almost decided to emigrate along with his elder brother who

became a grave-digger, but in the end he stayed in England and married Joanne's great-grandmother.

2 The boy born in 1856 emigrated to Canada shortly after his twentieth birthday; his name was not
Frederick.

3 The youngest of the five brothers was Arthur.

4 One of the brothers eventually held a senior position in the police force in India in the heyday of the
British Raj.

5 Albert, who became a tax official, emigrated in 1873; he was not the eldest boy and he did not settle in
Australia.

6 The lad who became a sheep-farmer was born in 1854.

7. The names are: Albert, Aerthur, Edward, Fredrick, George

8. The occupations are: carpenter, grave-digger, policeman, sheep-farmer, Tax official.

9. The countries are: Australia, England, Canada, India, New-Zealand.

10. The years are 1850, 1852, 1854, 1856, 1858.
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❸*❽❶❹➀+$❸❷❽❻❸$❶❹'❽
1. ∀ X∀ Y∀ Z[occupation(X,grave_digger) ∧  birth(X,Y) ∧  birth(edward,Z) → greater(Z,Y)]

2. ¬occupation(edward,grave_digger)
3. country(edward,england)
4. ∀ X[birth(X,1856) ↔ country(X,canada)]

5. ∀ X[country(X,canada) ↔ emig_year(X,1876)]

6. ∀ X[birth(X,1856) ↔ ¬name(X,fredrick)]

7. ∀ X[∀ Y∀ Z∀ W[birth(Y,Z) ∧  birth(X,W) ∧  greater_equal(W,Z)] → name(X,arthur)]

8. ∀ X[occupation(X,policeman) ↔ country(X,india)]
9. occupation(albert,tax-official).
10. emig_year(albert,1873).
11. ∃ X∀ Y∀ Z∀ W(¬ name(X,albert) ∧  birth(albert,Z) ∧  birth(X,Y) ∧  greater(Z,Y))

12. ¬country(albert,australia)

13. ∀ X[occupation(X,sheep-farmer) ↔ birth(X,1854)]

14. ∀ X[occupation(X,sheep-farmer) ∨ occupation(X,carpenter) ∨ occupation(X,grave_digger), ∨
occupation(X,policeman) ∨ occupation(X,tax_official)]

15. ∀ X[birth(X,1850) ∨ birth(X,1852) ∨ birth(X,1854) ∨ birth(X,1856) ∨ birth(X,1858)]

16. ∀ X[country(X,australia) ∨ country(X,england) ∨ country(X,canada) ∨ country(X,india) ∨
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country(X,new-zealand)]

17. ∀ X∀ Y∀ Z[country(X,Y) ∨ country(X,Z) → equal(Y,Z)]

18. ∀ X∀ Y∀ Z[year(X,Y) ∨ year(X,Z) → equal(Y,Z)]

19.  ∀ X∀ Y∀ Z[occupation(X,Y) ∨ occupation(X,Z) → equal(Y,Z)]
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❸❽'❹➀❹❺4
$➁❷❹*$❹➄41❽/,$❸❻❿❹❸❸$/4❹❷'❹4➈$$❸➀❽➆❽$❸➄❽1

$❸4❹❷'❹4➈$$❸➀❽➆❽$4/❹❽$❸❼❹,➈❹❸❽'❹➀❹❺4❸$❸➄❽❸$,❹➂❽➂➀$4/❹❽$

$$/❹1❻➅❹➄$➀,$❽➄❹➄*$❸➄+➂$➀➆$/❿➂/➅➂$$CNF
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Conjuctive Normal Form
( L11 ∨    L12  ∨   ..... ∨    L1n1 )  ∧
∧
.
 ( Lm1 ∨    Lm2  ∨   ..... ∨    Lmnm )

$4,1❿ Lm1/1❺❿$1❻➅❹➄❘$❽➂❹❼1$*❹➅➈$/➀❽➀,$❹1$❽➂❹❼1$*❹➅➈$1❹❸$
$/14*➄➀4❼❽➀◗

$/14*➄$➀❑➄❸$/❹4❹,❸➂$/❻1$➀❿/❽*❹➅➈$(clause)➀❑➄❿$1❻➅❹➄➀$$$
➁❽➀4❼❽➀$/'❹+*❿$➁❽➅❻❽/➂$/❽*❹➅➈$➀❿➀❹$/❹❽*❹➅➈$/'❹+*❿$➁❽➅❻❽/➂

 }mmnL,..... m2L ,m1  },...,{L11nL,..... 12 ,L11{{ L
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◗➁❽➄/,➂$1➀➀❘$❸❽'❹➀❹❺4❸$➁/❽4❹❶➀1
❻❽❿❹❸➀$❸'4➄$❸/❹1$1❻➅❹➄❸❹$/❹➂❹❽➅*1❸$❽❿$❸➀❽❻/$❻❽➄➄$/❹❼,➈$➁,➀

➁❽➄/,➂$/❹4➅❻

➃❹/➄$$/❹➂❹❽➅*1$/'❹+*$$❝A$1❻➅❹➄$$P❻❽❿❹❸➀$➁❽'❹4$❸/❹1$

$$/1$❾❹➈❸$$P¬¬¬¬     ∧∧∧∧A  $$/❹❽*❹➅➈$/'❹+*➀$$E

$$$➀❻/1$$E←←←←D
❝4,1$❷➆$❾,➂❸$$

❹1$$$◗❸*❽4$/❽*❹➅➈❘$❸4❽/➅$❸1'➂➄$$1

❹1$$$❾❽,➂❸➀$➃/❽➄$1➀$$+

❹❿4'➄$❹1'*❹❸,$➁❽+1,➂❸$$❶

+$/❹❽*❹➅➈$❽/,$4❻+$$D❝❸4❹'❸➂$

  A A A L B B B Ln m= { } = ¬{ }1 1, , , , , , ,L L
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$$  D D A A B Bn m← ∪ { }{ }1 1, , , , ,L L



❘$❑➃❿❑$4❺❻❸$❸4❽/➅$➀➀❶+$❸4'➆$❸4❹❷'❹4➈❸$➁1$1 P$➂$/➆+❹➄$A◗
$/❹4,➈1$4➅❹❻➂$❸4'➆$❸4❹❷'❹4➈❸$➁1$+❘$❑1➀❑$4❺❻❸$❾❽,➂❸➀P❸➄❽1$

➂$/➆+❹➄A◗
$4➅❹❻➂$❸1'❹/❿$❸4'➆$❸4❹❷'❹4➈❸$➁1$❶1➀❑$4❺❻❸$+❹,❽❻$❽+1,➂

❑➆❹❷❽

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❹4➆❸
$❾❽4'$❸*❽4$/❽*❹➅➈$➀+*➀$❽❷❿D$/❹❽*❹➅➈$❽/,$➀❽❿❸➀${L}$❹$L}¬{➁1$$

/❽*❹➅➈$➆❹❷➂$4❹4+$❸❽'*➄❹❽➄❹*+$➃❸❽➄❽+$/❹4,❹*➂$/❹❽*❹➅➈❸$➀❿$❽❿$4❹❿❺➄
❸4❽/➅$➀➆$❸❷❽➆➂$❸*❽4

$❸❻❽❿❹➂$❸❽'❹➀❹❺4❸$/4❹❷'❹4➈❸➀❽➀,❸$❾4❷+/➀❽➀,,$❸❻❽❿❹➂$1❽❸$$
❸4❽/➅➀$❸1❽+➂$❼➈,➂❸

➀➆$4➂❹,$1❹❸,$❸14➄$$❤*➅❽❸$➀➀❿❿$❸❽'❹➀❹❺4❸$➀➀❿+$,➂/,❸➀$➃/❽➄$➆❹❷➂
/❹➄❹❿➄

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸❽'❹➀❹❺4❸$➀➀❿$/❹➄❹❿➄
$❾❹/➂,$/❹14❸➀$❸'4➄L)¬ ∨ (B ∧ L) ∨((A  $*❽➅❸➀$➃/❽➄ B∨A 

-$,$❻❽➄➄L)¬ ∨ (B ∧ L) ∨((A ➃❹❿➄$

,$➃1❿➂ L)∨(A $➁❶❹$➃❹❿➄$L)¬ ∨(B ➃❹❿➄$

$➁1A$❼4➈+$❽❺1$➃❹❿➄$ B∨A ❹➄4➂❶❹$➃❹❿➄$

$➁1A$❽❺1$➃❹❿➄$❹➄❽1$L$➃❿➀$➃❹❿➄$/❹❽❸➀$+❽❽❻$L¬❹$➃❹❿➄$❹➄❽1$B➃❹❿➄$

$➁1B$❼4➈+$❽❺1$➃❹❿➄$ B∨A ❹➄4➂❶❹$➃❹❿➄$

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



❸❽'❹➀❹❺4❸$❾❽➀❸/$❽+❶➀$➁❽❼➈,➂
❘$/❹1➄$1❹❸$❸❽'❹➀❹❺4❸$❾❽➀❸/sound/'❹+*➂$❸4❺❶➄,$/❽*❹➅➈$➀❿$$◗

$/❹❽*❹➅➈D➂$/❽❶❹➀$/➆+❹➄$❸❽'❹➀❹❺4❸$❾❽➀❸/$❽❑➆$D
$❹➄❽❸$❸❽'❹➀❹❺4❸$❾❽➀❸/refutation complete/'❹+*$➁1$4➂❹➀❿$$$

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$/❹❽*❹➅➈D➂$4❹❺❶➀$➃/❽➄$❸*❽➈➅$❸➄❽1$D❸*❽4❸$/❽*❹➅➈❸$/1$

➁❽➄/,➂$➁➆$❸❽'❹➀❹❺4
➁❽➄/,➂$➁❶$/❹1❻➅❹➄❸$❹➀❽❿❽$❽➀➀❿❸$❸4*➂+

4/❹❽$❾+❹➅➂$❹➄❽❸$➁/❽4❹❶➀1❸$➀,$$❷➆'$❸❺❿$❸4*➂+

$➁❽➀4❼❽➀$❽➄,$,➈❻➀$➁❹*➂+➁❽❸❺➃➂❽➅$➁➆$➆❽➈❹➂$➁❸➂$❷❻1$4,1❿$
$➁❽➀4❼❽➀$❽➄,$,➈❻➄$❹➄1$❸➀❽➀,➃/❽➄,$❽❑➆$➁❽❸❺➀$➁/❹1$❾❹➈❸➀$❸+'❸

❸➂❽1/➂

$➁❽➀4❼❽➀❸$/1$❾❹➈❸➀$➃/❽➄$1➂❶❹❷➀father(avraham,yzhak)❹$father(X,Y)
$❸+'❸❸$❽❑➆$➁❽❸❺➀X/avraham, Y/yzhak

$➁➀❹1➃❽1$$➁❽➀4❼❽➀❸$/1$❾❹➈❸/,$❸+'❸$father(avraham,yzhak)
❹father(X,X)➁❽❸❺➀$$

$➁❽14❹*$➁❽❸❺➀$➁❽*❹➅➈$❽➄,$/❿➈❹❸,$❸+'❸$1'❹➂❸$❾❽➀❸/➀❸❷❻1❸
(unification)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸❽'❹➀❹❺4
,,◗/❹➂❹❽➅45,➁❶,/❹584➄,❸❿➀❸❿,/❹❽❹➄>,/❹5❻➅❹➄❘,/❹❻➄❸,➇➅❹5,➃/➄❸>n,...,A1A➃/➄❸>❹,

,❼➈E➂T❻❽❿❹❸➀,❸F8➄,❹/❹5,

,,,5❻➅❹➄❸,/5,❾❹➈❸T¬ ∧n  A∧... ∧ 1A ,➀E,➇➅❹5➀/❹❽4❹➅➈,}m,...,C1{C

,,/❹❽4❹➅➈,➇➅❹5,➁➆,➀❻/❸}m,...,C1P = {C

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

,❸5>❸,❸5➀❹➀❸,/5,➆F>

,/❹❽4❹➅➈,,8❻>,}k,...,D1={Dk}, Ch,...,L1={LhC,➁❽➂❽4E,❾❿,¬ψ= iLϕ, =jD8E5❿,,

ψ,ϕ,,➁❽➄/❽➄,❸❷❻5❸➀,❸>F❸,➁➆,Θ
,,❽❸/,,Θ}]j,Di-{Lk C∪ h= [CnewC

>,➁❽➄/E➂❸,/❹➂E,/5,➇➀❻❸,newC,>,➁❽➆❽➈❹➂,5➀E,➁❽E❷❻,/❹➂E➀,P

,}new {C∪P ← P 
,❝8E5,❷➆,,❸5F➂➄,❸4❽/➅◗❑❻❿❹❸,❼➈E➂❸❑,8❺❻❸❘,◗❸4❽8,/❽4❹➅➈❘,

,❹5,❾❽,➂❸➀$➃/❽➄$1➀,
◗❑❸❻❿❹❸➀,➃/❽➄,5➀,❼➈E➂❸❑,8❺❻❸❘

,❹5,➁❽+1,➂❸,,❹F4❹❸E,❹❿4'➄
◗❑➁❽F4❹➂❸,➁❽>5E➂>,❸❻❿❹❸,❸5F➂➄,5➀❑,8❺❻❸❘

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



❸❽'❹➀❹❺4❸$❾❽➀❸/+$/❹4❹❷'❹4➈
/❹4❹❷'❹4➈$,❹➀,$❼4➈➀$❹➄❽➀➆$❸❽'❹➀❹❺4❸$❾❽➀❸/$/1$,➂➂➀$/➄➂$➀➆

❝❾❽➀❸/➀$/❹'❹❻➄❸

$/❹❽*❹➅➈$/'❹+*➀$1❽❸,➀❿$1❻➅❹➄$/❿❽➈❸)CNF(

$❸+'❸$/1❽'➂/❷❻1➂◗❸❽'*❽➈❽➄❹❽❘$

$/❽❶❼4❼➅1$/4❷❶❸,❹➈❽❻$❷➆'+$4❻+➄$❶❹❺$❸❺❽1$$

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❹❽*❹➅➈$/'❹+*➀$❸❽'➂4❹➈➅➄4❼
/❹❽*❹➅➈$/'❹+*➀$➁❽*❹➅➈$/'❹+*$➀❿$/❿❽➈❸➀$❸❼❽,$❸14➄

4➂❹➀❿$$/❹*❽➈➅❽1$➀➆$4➂❹,$❸4➂❸❸$❾❽➀❸/,$4➂❹1❸$❼➈,➂$➁❽❽*
❽4❻1$❸*❽➈➅$1➀$41,/$❸4➂❸❸$❽➄➈➀$❸*❽➈➅1➀$❸/❽❸,$➁❽*❹➅➈$/'❹+*

❸4➂❸❸

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

$/4❹'➀$/❹1❻➅❹➄$/4+➆❸CNF
❝1➂❶❹❷

$(s,t)]⊆→(x,t)]  ∈→(x,s) ∈[x∀t [∀s∀

$$❸4❽4❶❸$❽➄➂❽➅$/1$4➅❸$→$/❹➀❽4E>,E➂/E❸

,,,Β∨Α →Β ≡ ¬Α

(s,t)]⊆→(x,t)]  ∈→(x,s) ∈[x∀t [∀s∀

⇓

(s,t)]⊆∨ (x,t)]  ∈∨(x,s) ∈[¬x∀¬t [∀s∀

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❜1/15/02➉❽+❹*4➂$➀❹1,©

,,/❹➀❽➀,❸$❻❹❹❼$/1$➃❼*❸➁❽❽➂❹❼5,➁❽4❹➅➈➀,

❝/❹❽❹➀❽4E>,E➂/E❸

¬(¬Α)  ≡ Α

¬(Α ∧ Β) ≡ ¬Α∨¬Β

¬(Α ∨ Β) ≡ ¬Α∧¬Β

¬ ∃ X[P(X)] ≡ ∀ X [¬P(X)]

 ¬ ∀ X[P(X)] ≡ ∃ X [¬P(X)]

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



(s,t)]⊆∨ (x,t)]  ∈∨(x,s) ∈[¬x∀¬t [∀s∀

⇓

(s,t)]⊆∨ (x,t)]  ∈∨(x,s) ∈¬[¬x∃t [∀s∀

⇓

(s,t)]⊆∨ (x,t)] ∈¬ ∧(x,s) ∈[¬¬x∃t [∀s∀

⇓

(s,t)]⊆∨ (x,t)] ∈¬ ∧(x,s) ∈[x∃t [∀s∀

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$➁❽➄/,➂❸$/❹➂,$/1$❸➄,➀,➂➀$$➁❽/➂❿$❽➄,+$➁,$❹/❹1$➆❽➈❹❽$1➀,$❾❿$
1❻➅❹➄❸

$$x Q(x)∀∨ x P(x) ∀ ❾❹➈❸/

$➀$y Q(y)∀∨ x P(x) ∀

$1❻➅❹➄❸$/➀❽❻/➀$➁❽/➂❿❸$➀❿$/1$4+➆❸➁/➆➈❹❸$4❷➅$➀➆$❸4❽➂,$❾❹/$

(s,t)]⊆∨ (x,t)] ∈¬ ∧(x,s) ∈[x∃t [∀s∀

⇓

(s,t)]⊆∨ (x,t)] ∈¬ ∧(x,s) ∈[[x∃t ∀s∀

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$➁❽❽,❽❸$➁❽/➂❿❸$/1$4➅❸❘$∃$❾❽➀❸/+$◗❸❽'❺❽➂❹➀❹*➅❝

$❽❸❽$$1n➁➆$1❻➅❹➄❸$$❽,❽❸$/➂❿➀$➀1➂,➂$➁❽➀➀❹❿❸$➁❽/➂❿❸$4➈➅➂$
$❻❹❹❼+$/1'➂➄$❽,❽❸$/➂❿❸n$❹❽❸❽$$➁❽/➂❿❸$x1,...,xn➀,$➁❽➄/,➂❸$

❹➀➀❸$➁❽/➂❿❸

❸,❷❻$❸❽'*➄❹➈+$❽,❽❸$/➂❿❸$➀,$❸➄/,➂❸$➀,$/❹➆➈❹❸❸$➀❿$/1$➇➀❻❸$$+
$/➀➆+$$◗4❻1$➁❹*➂+$➆❽➈❹➂$❹➄❽1,❘$,❷❻$1❹❸,➀❿$➁,$/➀➆+n

$➁❽❼➄➂❹❶41x1,...,xn$/14*➄$❸❽'*➄❹➈❸$$➁➀❹*➅$/❽'*➄❹➈$Skolem
function)$*❹➅➈❸$1➂❶❹❷➀$$◗$  ∀ ∀ ∃ [ ]X X Y p Y X Xn n1 1L L( , , ,➀,❾❹➈❸❽,,

∀ ∀ [ ]X X p f X X X Xn n n1 17 1 1L L L( ( , , ), , ,,8E5❿,f17E❷❻,➁E,❹➄❽❸,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$/➀➆+$❸❽❸/$❸❽'*➄❹➈❸$➀1➂,➂$➁❽➀➀❹❿$➁❽/➂❿$➁❽➂❽❽*$1➀$➁1+$$❶
$/14*➄❹$➁❽❼➄➂❹❶41➁➀❹*➅$➆❹+*

(s,t)]⊆∨ (x,t)] ∈¬ ∧(x,s) ∈[x∃t ∀s∀

⇓

(s,t)]⊆∨ (F(s,t),t)] ∈¬ ∧(F(s,t),s) ∈[[t ∀s∀

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



$$➁❽➀➀❹❿❸$➁❽/➂❿❸$/1$4➅❸➁❽➀➀❹❿$➁❽/➂❿$*4$➁❽➂❽❽*$❹❽,❿➆$$
➁❽➀➀❹❿$➁❽/➂❿$➀,$➁➄❽❸$➁❽➄/,➂❸$➀❿,$➁❽4❿❹❺❹$➁/❹1$➁❽4❽➅➂

(s,t)]⊆∨ (F(s,t),t)] ∈¬ ∧(F(s,t),s) ∈[ t ∀s∀

⇓

 (s,t)]⊆∨ (F(s,t),t)] ∈¬ ∧(F(s,t),s) ∈[

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$1❻➅❹➄❸$/1$❾❹➈❸$➁❽❼*➄❹❽➅❽❷$➀,$❸❽'*➄❹❽➄❹*➀$❝/❹➀❽*,+$,➂/,❸,(Α
)C ∨ ) ∧ (ΒC ∨≡ (Α C ∨∧ Β) 

(s,t)]⊆∨ (F(s,t),t)] ∈¬ ∧(F(s,t),s) ∈[

⇓

 ∧(s,t)]  ⊆∨(F(s,t),s) ∈[

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

(s,t)]⊆∨ (F(s,t),t) ∈¬[

$❸❽'*➄❹❽➅❽❷$➀❿➀$14*$$❛clause$$➁❽➄/,➂$/❹➂,$❸➄,$➀❿+,$❾❿$clause❹❽❸❽$
$➁❽4❻1$/❹➂,,❝/❹➀❽*,❸$➀➆$❾➂/➅➂
$  ❘NX◗QOX ∧∀❘NX◗POX ≡∀ ❘NX◗Q∧❘X◗POX ∀

 ∧(s,t)]  ⊆∨(F(s,t),s) ∈[
(s,t)]⊆∨ (F(s,t),t) ∈¬[

⇓
 ∧)} 2,x1(x ⊆,) 1),x2,x1(x1(F∈{

)}4,x3(x⊆, ) 4),x4,x3(x1(F∈¬{

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸+'❸
$❸+'❸$/❹❶❹❺$➀,$➇➅❹1$1❽❸$}n/tn,...,x1/t1{x$4,1❿$it $❹$➁❽❽❹❼❽+$➁❸ix➁❸$

❝➁❽1+❸$➁❽1➄/❸$➁❽➂❽*/➂❹$➁❽➄/,➂
$ix ≠j x$➀❿➀$j≠i
$ix$➁❽❽❹❼❽+❸➂$❷❻1$➇1+$➆❽➈❹➂$❹➄❽1$n,...,tit

$➃/❽➄$➀❽➆➈❸➀$❸+'❸$σ$1❻➅❹➄$➀➆$ϕ➀❿$/➈➀❻❸$❽❑➆$❸,❷❻$1❻➅❹➄$➀+*➀❹$
/1$➁❽➄➂➅➂$$➁❽➂❽1/➂❸$➁❽❽❹❼❽++$❸+'❸+$➁❽➆❽➈❹➂❸$1❻➅❹➄+$➁❽➄/,➂❸

+$,❷❻❸$❽❹❼❽+❸ϕσ◗❸+❽/❿❸$➀,$❾❹➈❸❸$4❷➅➀$+➀$❹➂❽,❘$$

❝1➂❶❹❷$,P(x,x,y,v) {x/A,y/F(B),z/w}=P(A,A,F(B),v)➀❿,$+➀$❹➂❽,
$➀,$➁❽➆➈❹➂❸x$❹➈➀❻❹❸$v ➇➀❻❹❸$1➀$➃❿➀$❸+'❸+$➆❽➈❹➂$1➀

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©



/❹+'❸$➀,$❸+❿4❸
$❽❸/$σ$❸+'❸+$➁1$$❸+'❸$τ$❸+'❸+$❾4➆$➁❽➀+*➂❸$➁❽➄/,➂$➁❽➆❽➈❹➂$1➀$σ

$/1$4❽❷❶❸➀$➃/❽➄❸+❿4❸❸$➀,$τ$➀➆$σ$❸4❹'+$/+/❿➄❸$στ+➀$❹➂❽,$+❹,❘$
◗❸+❽/❿❸$➀,$❾❹➈❸❸$4❷➅➀

$❽❸/$}n/tn,...,x1/t1{xσ=$❽❸/$τ❝❽❺1$➀❑➄❿$❸+'❸$

 ∪ τ}τn/tn,...,xτ1/t1{xστ=

$/1$➁❽➀❽➆➈➂$4➂❹➀❿$τ$➀,$➁❽❽❹❼❽+❸$➀➆$σ➁❽,❷❻❸$/❹❶❹❺❸$/1$➁❽➈❽➅❹➂❹$

$➀,$/❹❶❹❺➀τ❝1➂❶❹❷$$

{w/G(A,B), x/A,y/B,z/C}{w/G(x,y)}{x/A,y/B,z/C}= 

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❜1/15/02➉❽+❹*4➂$➀❹1,©

◗❸❽'*❽➈❽➄❹❽❘$❸❷❻1❸
$❸❷❻1❸$1❽❸$➁❽❽❹❼❽+$❽➄,$➀,$❸+'❸$➁/❹1$/❿➈❹❸❸$➁❽❸❺➀

$➁❽❽❹❼❽+❸$1➂❶❹❷➀$P(A,y,z)$❹$P(x,B,z)❸+'❸❸$❽❑➆$❸❷❻1❸➀$➁❽➄/❽➄$
{x/A,y/B,z/C}

P(x,B,z){x/A,y/B,z/C}=P(A,B,C)

P(A,y,z){x/A,y/B,z/C}=P(A,B,C)

➁❽❽❹❼❽+$❽➄,➀$❷❻1$◗❸+'❸❘$❷❻1➂➂$4/❹❽$➃❿/❽$,,$❷❻1➂γ$➁❽*❹➅➈$➀,$ϕ$➃$ψ
$14*➄4/❹❽+$❽➀➀❿❸$❷❻1➂❸❘$most general unifier$❷❻1➂$➀❿➀$➁1$◗σ❽➄,$➀,$

$❸+'❸$/➂❽*$➁❽❽❹❼❽+❸δ,$❾❿$,ϕγδ=ϕσ=ψγδ=ψσ

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸❽'*❽➈❽➄❹❽➀$➁/❽4❹❶➀1
❘2L1L◗UNIFY

$4❺❻❸$➁❽❹,$➁1NIL

$➁11L❝❸➄/,➂$1❹❸$,,$+$➆❽➈❹➂$➁12L$4❺❻❸$$FAIL  $4❺❻❸$/4❻1)2/L1(L

$➁12L❝❸➄/,➂$1❹❸$,,$+$➆❽➈❹➂$➁11L$4❺❻❸$$FAIL $4❺❻❸$/4❻1)1/L2(L

$➁1$$1L$$❹1$$2L❝➁❽➆❹+*$,,$4❺❻❸$➁❽❸❺$$➁1NIL $4❺❻❸$/4❻1FAIL

$$+$➁❽❽,14❸$◗/❹❽'*➄❹➈$❹1❘$➁❽❼*❽❷4➈❸$❽➄➂❽➅$➁1$$1L$$❹$$2L4❺❻❸$➁❽➄❹,$
FAIL

$$➀$➁1$$1L$$❹$$2L$4❺❻❸$❸➄❹,$➁❽❼➄➂❹❶41$4➈➅➂$FAIL

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$➀❻/1$$SUBST $➀NIL

$➀❿➀$$i➁❽❼➄➂❹❶41❸$4➈➅➂$❷➆❹$➂$➀❻❸$

$1❘❘i2L◗arg❘i1L◗arg◗ UNIFY←S 

$➁1$$+S$$1❹❸$$$FAIL$4❺❻❸$FAIL

$/1$➀➆➈❸$$❶S$$/❽41,$$➀➆$1L$$❹$$2L

$$❷❘SUBSTS◗ APPEND←SUBST 

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$4❺❻❸$$❛SUBST



❸❽'❹➀❹❺4$/❹❽❶❼4❼➅1
,❸❽F❹➀❹❺8❸,❾❽➀❸/,➀➆,➀❿/➅❸➀,➃/❽➄,,,❹➈❽❻❿

,,+'➂/❹❽4❹➅➈,➇➅❹5,5❹❸,

,,❽/➀❻/❸$+'➂/❽➀➂8❹➄,❸8❹F>,❼➈E➂❸,/➀❽➀E,❚,/❹➂❹❽➅45❸,➇➅❹5,,❝

,,❽➈❹➅$+'➂❸4❽8❸,/❽4❹➅➈❸,/5,❸➀❽❿➂❸,/❹❽4❹➅➈,/F❹>4,➀❿,❝

,4+➆➂❸$/❽'*➄❹➈,>F➂,➃/➄❸>,❝❸❽F❹➀❹❺8❸,➀➀❿,5❽❸,S,5❽❸,➁❽5>❸,➁❽>F➂❸,/F❹>4,,}ir

,❾❹/➂,/➀>4/➂S,❸❽F❹➀❹❺8,❽❑➆,|i rU{S 

,,❸❽➆+➀❹❷❶,❷❹5➂,➇❹➆❽➅,➁❷4➂,,❷❹5➂,➀❹❷❶,➁❽>F➂,>❻8➂,,❝

,➃❹4/➈E❹➈❽❻,/❹❽❶❼8❼➅❽5>,E❹➂❽E,,❝

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$❸4➅❸$/❹❽❶❼4❼➅1$❘deletion strategies◗
,❸4➅❸$/❽❶❼4❼➅1/8F❹➄E❿,❷❽➂,/48❺➄,/❹➂❽❹➅➂,/❹➄❹❿/,/➀➆>,/❽4❹➅➈,❸>E,❸4❽➄❿❼,❝

➁❽8❹❸❼,➁❽➀8❼❽➀,/❹➀➆>,/❹❽4❹➅➈,/8➅❸❝

,4❹❸❼$➀4❼❽➀➁❽➀E➂,❹8❹>➆,➃❽5E,➀8❼❽➀,5❹❸,

,❸8❽➅❸➀,➃/❽➄,➃❿,➀➆,❸8❽/➅➀,5❽>/,5➀,8❹❸❼,➀8❼❽➀,/➀➆>,/❽4❹➅➈

,/❹➀❽❿➂❸,/❹❽4❹➅➈,8❽➅❸➀,4❽➈➅➂,➃❿,➀➆,➁❽8❹❸❼,➁❽➀8❼❽➀,➁❽8F❹➄,5➀,❸❽F❹➀❹❺8,➃➂❺>
❾❽➀❸/❸,/➀❽❻/>,➁/❹5

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❝1➂❶❹❷
∀ X∀ Y∀ Z[brother(X,Y)∧ parent(Y,Z)→uncle(X,Z)]

∀ X∀ Y∀ Z[parent(X,Y)∧ parent(Y,Z)→grandparent(X,Z)]
brother(lot,avraham)
parent(avraham,yzhak)

,,❝❻❽❿❹❸➀,❸F8➄uncle(lot,yzhak)

➀,8❽>➆➄CNF❝,
{¬ brother(X1,Y1),¬ parent(Y1,Z1), uncle(X1,Z1)}

{¬ parent(X2,Y2),¬ parent(Y2,Z2), grandparent(X2,Z2)}
{brother(lot,avraham)}
{parent(avraham,yzhak)}
{¬ uncle(lot,yzhak)}

$$➀4❼❽➀❸$➀➀❶+$❸❽➄,❸$/❽*❹➅➈❸$➀➆$4/❹❹➀$➃/❽➄grandparent(X2,Z2)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❹❽❶❹➀❹❼❹1❼$/4➅❸
❸❽❶❹➀❹❼1❼➀❷❹➂,➀❿>,❸➄❹❿➄❸,5❻➅❹➄,❸➄❽❸,

,,➁❽➂❽➀E➂,➁❽➀8❼❽➀,❸➀❽❿➂❸,/❽4❹➅➈,5❽❸,❸❽❶❹➀❹❼❹5❼,/❽➄❹➄4,❸8❹F>,/❹❶F❹❽➂❸,/❹5❻➅❹➄>

,,,,❝➀E➂➀Q(Y), Q(Y)}¬{P(X), 

,,/❹❽❶❹➀❹❼❹5❼❸❽'❹➀❹❺4❸$❾❽➀❸/$/1'❹/$➀➆$/❹➆❽➈,➂$➃➄❽1➃8❽➅❸➀,➃/❽➄,➃❿,➀➆,

,/❹❽❸➀,➁❽>❽❻,➁❽➂❽➀E➂❸,➁❽➀8❼❽➀❸,,➁❽❸❺/❻/,➁❽❹❹E,➁❽➂❽➀E➂,➁❽➀8❼❽➀,,➃➂❽➅,❽❷❿,❷➆,
❸❽❶❹➀❹❼❹5❼,➁❽❹❹❸➂,➁➄❽5,❸❷❻5❸

❝/❹❽4❹➅➈❸,➇➅❹5➂,5➂❶❹❷➀p(b)}}¬ p(a)},{p(a)},{¬ ,{{p(x) 

➃/❽➄,5➀,❸➄❹E58❸,/❽4❹➅➈❸,5➀➀,❾5,❸8❽/➅➀,➆❽❶❸➀,➃/❽➄

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



/❹➆+❹➄$/❹❽*❹➅➈$/4➅❸
,,/❽4❹➅➈m,/➆+❹➄,(subsumed by),/❽4❹➅➈➂,n,❸>F❸,/➂❽❽4,➁5,Φ,,,,,❸8❹>➆, mΦ ⊆ n

❸❽F❹➀❹❺8❸,❾❽➀❸/,/5F❹/,/5,/❹➄E➀,❽➀>➂,/➆>❹➄,/❽4❹➅➈,8❽➅❸➀,➃/❽➄

5➀E,❷➆,/❽4❹➅➈>,➁❽➀8❼❽➀❸,➀❿➂,➁❽8❼➈➄,❹➄5,❸❽F❹➀❹❺8❸,❾❽➀❸/>,,,/❽>❽❼❽5❹❼➄❽5
➃❿E,➀❿,5➀,➁❽➀8❼❽➀,/F❹>4➂,8❼➈❸➀,➀❿❹➄,➁5,,◗❸4❽8,/❽4❹➅➈,➁❽➀>4➂❘,8/❹❽,➁❽8/❹➄

❸➀E,❸F❹>4,//➂,8❼➈❸➀,➀❿❹➄

,,❝5➂❶❹❷{p(c1),q(c2),r(Z)},➂,/➆>❹➄,{p(X),q(Y)} //➀,❸❽➄E❸,/5,❾❹➈❸➀,➃/❽➄E,➃❹❹❽❿,
,❝❸>F❸❸,❽❑➆,❸➄❹E58❸,➀E,❸F❹>4{X/c1,Y/c2}

4❹❷>➀,❽5❷❿,➃❿,➀➆,❸❽F❹➀❹❺8❸,❾❽➀❸/,➃➂❺>,8F❹❹❸➀,/❹➀❹❿❽,/❹➆>❹➄,/❹❽4❹➅➈❹,/❹❽❶❹➀❹❼❹5❼

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸❽F❹➀❹❺8❸,❾❽➀❸/,➃➂❺>,❹➀5❿,/❹❽4❹➅➈,8❽➅❸➀❹

$❸❷❽❻❽$/❽'❹➀❹❺4❘unit resolution◗
,❸➄❽❸,❸❽F❹➀❹❺8❸,➀➀❿,➀➆➈❹➂,➃❸❽➀➆,/❹❽4❹➅➈❸,❽/E➂,/❻5,/❹❻➈➀,❸>,❸❽F❹➀❹❺8,❽❸❹❺

❸❷❽❻❽$/❽*❹➅➈,(unit clause)❷❻5,➀8❼❽➀,/➀➆>,/❽4❹➅➈,

,,,➁❽➀8❼❽➀,8➈➅➂,/➀➆>,/❽4❹➅➈,/8F❹❽,❸❷❽❻❽,/❽F❹➀❹❺8➃❼*❹❺,➃❿,➀➆❘,❸8❹❸❸,➀E,❸❺➂,
◗,❾8❹5>,/❽4❹➅➈,➀❽❿➂,❽➈❹➅,>F➂,❝➃❹❿➄❸,➃❹❹❽❿➀,/➄❹❹❿➂E,❸4❽❼➅❽8❹❽

❸❷❽❻❽,/❽F❹➀❹❺8,➆F>➄,❷❽➂/,❸>,❸❽❶❼8❼➅5,❸➄❽❸,❸❷❽❻❽❸,/❽F❹➀❹❺8,/❽❶❼8❼➅5

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

❸❷❽❻❽❸$/❽'❹➀❹❺4$/❹➂➀,❽1
,,❸❷❽❻❽❸,/❽F❹➀❹❺8,/❽❶❼8❼➅5❸➂➀,$❸➄❽1❝/❹❽4❹➅➈❸,/F❹>4,➀E➂➀,,P,Q},¬{P,Q}, {

Q}¬P,¬Q}, {¬{P, /❽4❹➅➈➀,/❽➀➀❿,❸❽F❹➀❹❺8,/8❺➆>,➆❽❶❸➀,➃/❽➄❘,❸4❽➈➅,❸➄❽5,,
➃❹8/➈➀,➀❽>❹❽,5➀,❸❷>➀,❸❷❽❻❽❸,/❽❶❼8❼➅5>,E❹➂❽E,➀>5,◗❸4❽8❸

,❸❷❽❻❽❸,/❽F❹➀❹❺8>,E➂/E❸➀,➃>❹➂❿,➃/❽➄❸*❽❼➅❽4❹❽❿❸❷❽❻❽,/❽F❹➀❹❺8,➆F>➄,8➂❹➀❿,,
❸❷❽❻❽,/❽4❹➅➈,➀❽❿➂,❹➄❽5E,/❹❽4❹➅➈,❶❹❺,8❻>➄,/8❻5,8E➈5E❿

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❜1/15/02➉❽+❹*4➂$➀❹1,©

$➃4❹❸$/❹❽*❹➅➈❘Horn Clauses◗
,➃4❹❸$/❽*❹➅➈8/❹❽❸,➀❿➀,❷❻5,❽>❹❽❻,➀8❼❽➀,/➀➆>,/❽4❹➅➈,5❽❸,

,,,5❽❸,❸❷❽❻❽❸,/❽❶❼8❼➅5,❽❿,/❹58❸➀,➃/❽➄❝➃4❹❸$/❹❽*❹➅➈$/'❹+*$❽+❶➀$❸➂➀,5❽>/,5❽❸,
❸4❽➈➅,❸➄❽5,/❹❽4❹➅➈❸,/F❹>4,➁5,48❹,➁5,❸4❽8❸,/❽4❹➅➈➀

1.{¬ brother(X1,Y1),¬ parent(Y1,Z1), uncle(X1,Z1)}

2.{¬ parent(X2,Y2),¬ parent(Y2,Z2), grandparent(X2,Z2)}
3.{brother(lot,avraham)}
4.{parent(avraham,yzhak)}
5.{¬uncle(lot,yzhak)}
---------------------------------
6. {¬ parent(avraham,Z3), uncle(lot,Z3)}   (1 & 3)
7. {uncle(lot,yzhak}  (4 & 6)
8. {}  (5 & 7)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



$❼➀*$/❽'❹➀❹❺4(input resolution)
$$❾❹/➂$/❹❽❸➀$/+❽❽❻$/❹❽*❹➅➈❸➂$/❻1❼➀*❸$/❹❽*❹➅➈/❹❽*❹➅➈❸$4➂❹➀❿❘$

◗❻❽❿❹❸➀$➁❽'❹4$❹/❹1$❼➈,➂❸$/➀❽➀,❹$/❹➂❹❽➅*1❸➂$❹4'❹➄,

❸❷❽❻❽❸$/❽'❹➀❹❺4$/❽❶❼4❼➅1❹$❼➀*❸$/❽'❹➀❹❺4$/❽❶❼4❼➅1,$/❹14❸➀$➃/❽➄
$➃➄❽❸/❹➀❹*,➃/❽➄$➁➁1$/❻1❸$/4❺➆+$❼➈,➂$❻❽❿❹❸➀$➃/❽➄$4➂❹➀❿$$

❸❽➄,❸$/❹➆'➂1+$❹/❹1$❻❽❿❹❸➀

❾1$❽➀➀❿❸$❸4*➂+$❸➂➀,$❸➄➄❽1$❼➀*❸$/❽'❹➀❹❺4$/❽❶❼4❼➅1$➁❶,$➃1❿➂
$❸➄❽❸➃4❹❸$/❹❽*❹➅➈$➀,$❸4*➂+$❸➂➀,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$/❽41➄❽➀$❸❽'❹➀❹❺4❘Linear resolution◗
$$❸➄❽❸$/❹❽*❹➅➈❸➂$/❻1❸➄❹4❻1❸$/❽*❹➅➈❸❸4'❹➄,$

$❸➄❽❸,$❹1$❼➀*❸$/'❹+*➂$/❽*❹➅➈$❸➄❽❸$❸❽➄,❸$/❽*❹➅➈❸ancestor➀,$
❸/❶❹❺$/+

$/14*➄/❽41➄❽➀$❸❽'❹➀❹❺41❽❸,$❸❻❿❹❸❸$➀,$/❽41➄❽➀❸$❸4❹'❸$➀➀❶+$

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❝/4'❽➂

{P,Q} {¬P,Q} {P,¬Q} {¬P,¬ Q}

{Q}

{P}

{¬Q}

{Q}

{}

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❹4➆❸
/❻❿❹❸$➀➆$+4$➃➂❺$➁❽❺+❺+➂$❹➄1$❸➀❽❶4$❸❽'❹➀❹❺4+$❝❸❼❽,❸$❽4❹❻1➂$➃❹❽➆4❸

❼➈,➂➀$/❹4❹,*$➃➄❽1,$➁❽❽➄❽+$/❹1'❹/

$❸➄❽❸$❸❼❽,❸reutation complete❸❻❿❹❸$❸/4❺➆+$1❹'➂➀$➃/❽➄$4➂❹➀❿$$
❹❺❿$/➂❽❽*$➁1$❸➀❽➀,❸$❾4❷+

$❸➄❹❽➀➆❸$/❽*❹➅➈❸$/14*➄$/4,4,+$❸➄❹,14❸$/❽*❹➅➈❸(top clause)
/➀❽➀,$➁1❹$❸4❽/➅$/4➅❻$/❹➂❹❽➅*1❸$/'❹+*$➁1,$/❹14❸➀$➃/❽➄
/❽*❹➅➈❸$❸+$/❽41➄❽➀$❸❽'❹➀❹❺4$/➂❽❽*$❽❺1$❸4❽/➅$/44❹❶$❼➈,➂❸

❼➈,➂❸$/➀❽➀,$❾❹/➂$❸❻❹*➀$❸➄❹❽➀➆❸

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



$❸❿❽➂/$/'❹+*$/❽'❹➀❹❺4Set of Support
,,,/❹❽4❹➅➈,/F❹>4A /❹❽4❹➅➈,/F❹>4,8❹>➆,❸❿❽➂/,/F❹>4,❸❹❹❸➂,,  B  ,,➁5,,B - A

❸4❽➈➅

❸➄❽5,➃❿➀❹❘,❸8❽/➅➀,/➂8❹❶,❸➀❽➀E❸,/❻➄❸E,❻❽❿❹❸➀,➁❽➅➄➂,❹➄5,❸❽F❹➀❹❺8❸,❾❽➀❸/>E,➃❹❹❽❿
❸❻❿❹❸❸,❾❽➀❸/➀,/❽➄❹❽❻,❸❿❽➂/,/F❹>4,◗❸4❽➈➅

,,➀➀❿,➀➆➈❹➂,➃❸❽➀➆,/❹❽4❹➅➈❸,❽/E➂,/❻5,/❹❻➈➀E,/>❽❻➂,❸❿❽➂/❸,/F❹>4,/❽❶❼8❼➅5
❸❿❽➂/❸,/F❹>4,➀E,/❽5F5F,❹5,❸❿❽➂/❸,/F❹>4,❾❹/➂,❸❽❸/,❸❽F❹➀❹❺8❸

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

,,/➀❽➀E>,E➂/E❸➀,➃/❽➄,❽❺5,◗❸8❽/➅,/8➅❻❘,/❽>4➆,❸➄❹/➄❸,/❹➂❹❽➅45❸,/F❹>4,➁5
❸❿❽➂/❸,/F❹>4❿,❻❽❿❹❸➀,➁❽F❹8,❹➄5,❹/❹5,❼➈E➂❸

❹❺➀,➁❽➄❹❹❿/➂,❹➄5,❸❿❽➂/❸,/F❹>4,/❽❶❼8❼➅5,➁❽8➂❹5,❹➄5,8E5❿,❸5➀❸❹,❸/➆➂
❸❿❽➂/,/F❹>4❿,❼➈E➂❸,/➀❽➀E>,/E➂/E➂❸

,,➃❹❹❽❿,❼➈E➂❸,/➀❽➀E,/5,>8➆➀,/>❽❻,❸8❽/➅,,❝❸❿❽➂/❸,/F❹>4,/❽❶❼8❼➅5,❽8❻5➂,➃❹❽➆8❸
/❹❽>4➆,/❹➂❹❽➅45❸E

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

1➂❶❹❷
❷➆'❸$➃❿,$❸❿❽➂/$/'❹+*$/❽'❹➀❹❺4+$/,➂/,➂$❸➄❽1$❸1+❸$❸❻❿❹❸❸

/❹➂❹❽➅*1➀$/❹❿❽,❸$/❹❽*❹➅➈$❽/,$➀➆$❸❽'❹➀❹❺4$➆'+➂$❸❻❿❹❸+$➃❹,14❸
1.{¬ brother(X1,Y1),¬ parent(Y1,Z1), uncle(X1,Z1)}

2.{¬ parent(X2,Y2),¬ parent(Y2,Z2), grandparent(X2,Z2)}
3.{brother(lot,avraham)}
4.{parent(avraham,yzhak)}
5.{¬uncle(lot,yzhak)}
---------------------------------
6. {¬ parent(avraham,Z3), uncle(lot,Z3)}   (1 & 3)
7. {uncle(lot,yzhak}  (4 & 6)
8. {}  (5 & 7)

$❝❸❿❽➂/❸$/'❹+*$/❽❶❼4❼➅1+$/,➂/,➂$❸1+❸$❸❻❿❹❸❸$❹❺$/➂❹➆➀
6. { ¬brother(lot,Z3), ¬parent(Y3,yzhak)}   (1 & 5)

7. {¬ parent(avraham,yzhak}  (3 & 6)
8. {}  (4 & 7)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

❸4❹❷➅$❸❽'❹➀❹❺4
$❸➄❽❸$/❽*❹➅➈$➀❿$❹➀❽1❿$/❶❸➄/➂/❽41➄❽➀$❸4❹❷➅$❸'❹+*➁❽➀4❼❽➀$➀,$

/❹❽*❹➅➈$➀,$➁❽➄❹,14❸$➁❽➀4❼❽➀❸$➀➆$*4$❸❽'❹➀❹❺4$➆'+➀$4/❹➂

➁❸❽4❹❸$➀'1$❹➂❿$4❷➅$❹/❹1+$➁❽4❷❹➅➂$➁❽➀4❼❽➀❸$❹❽❸❽$❹➄*➅❸,$/❽*❹➅➈+
➁❽➂❷❹*$❽+❹❽❻❸$➀4❼❽➀❸$/➀➆+$/❽*❹➅➈❸➂$➁❽➆❽❶➂,$➁❽➀4❼❽➀❸$4,1❿

◗❸❽'❹➀❹❺4+❘$❽➀❽➀,❸$➀4❼❽➀❸$/➀➆+$/❽*❹➅➈❸$➀,$❹➀1➀

$❸➄❽❸$❸4❹❷➅$❸❽'❹➀❹❺4refutation complete 1➀$➁➀❹1$➃4❹❸$/❹❽*❹➅➈$❽+❶➀
❽➀➀❿❸$❸4*➂+

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©



❸4❹❷➅$❸❽'❹➀❹❺4$❸➆'❹+$➁❷❹*$❹➄❽14,$1➂❶❹❷+

1.{¬ brother(X1,Y1),¬ parent(Y1,Z1), uncle(X1,Z1)}

2.{¬ parent(X2,Y2),¬ parent(Y2,Z2), grandparent(X2,Z2)}
3.{brother(lot,avraham)}
4.{parent(avraham,yzhak)}
5.{¬uncle(lot,yzhak)}
---------------------------------
6. {¬ parent(avraham,Z3), uncle(lot,Z3)}   (1 & 3)
7. {uncle(lot,yzhak}  (4 & 6)
8. {}  (5 & 7)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❜1/15/02➉❽+❹*4➂$➀❹1,©

/➄❹❹❿➂$❸❽'❹➀❹❺4
❼➈E➂❸❹,/❹➂❹❽➅45❸,/8❹F,➀➆,❸➀>❶➂,➁➆,❸8❹❷➅,❸❽F❹➀❹❺8

,,➁❽❽>❹❽❻,➁❽➀8❼❽➀,➀E,❸❽F4➄❹❽➄❹4,❹➄❽❸,❸❻❿❹❸➀,❼➈E➂❸

,,,➃➀❹❿,/❹➂❹❽➅45❸/❹➄❹❹❿➂$/❹❽*❹➅➈,➀5➂E➂,➆❽➈❹➂,❽>❹❽❻❸,➀8❼❽➀❸,➃❸>,➃8❹❸,/❹❽4❹➅➈,❝
➃❽➂❽➂,❹5

,,48,❸❽F❹➀❹❺8➀,E➂/E❽❸➀,8/❹➂,,➁❽➀8❼❽➀,➀E,❸8❹❷➅,❸F❹>4❿,/❽4❹➅➈,➀❿➀,➁❽➅❻❽/➂
8/❹❽>,❽➀5➂E❸,➀8❼❽➀>

,,➀➀❿>,E➂/E❸➀,➃/❽➄,, Q∨P ¬  ≡ Q  →P ❸5❽84,❸8❹F>,/❹❽4❹➅➈❸,/5,>❹/❿➀,❽❷❿,
❝5➂❶❹❷➀

,➃8❹❸,/❽4❹➅➈S}¬R, ¬Q, ¬{ P, ,,❝>/❿/, Q, R, S←P 

❸➄>❸➀,❸➀4❹,❸➀❽➆❽,5❽❸,/➄❹❹❿➂,❸❽F❹➀❹❺8>,❸❻❿❹❸,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

1➂❶❹❷
male(john)
parent(sara,john)
parent(sara,mary)
parent(mary,bob)
sibling(X,Y) ←  parent(Z,X), parent(Z,Y)

uncle(X,Y) ← male(X), sibling(X,Z), parent(Z,Y)
_______________
uncle(john,bob) ❻❽❿❹❸➀,➁❽F❹8
_______________
male(john),sibling(john,Z), parent(Z,bob)
sibling(john,Z), parent(Z,bob)
parent(Z1,john), parent(Z1,Z), parent(Z,bob)
parent(sara,mary), parent(mary,bob)
parent(mary,bob)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❽➀4❹❷'❹4➈$❸❽'❼4➈4❼➄❽1
❝/❽➀8❹❷F❹8➈,❸❽F❼8➈8❼➄5,/➄❹❹❿➂,❸❽F❹➀❹❺8>,❸❻❿❹❸❸,❾❽➀❸/➀,//➀,➃/❽➄

➀E,❸8❹❸,➀E,❻5,5❹❸E,❻❿❹❸,❿❑❻5,8❿❺,5❹❸,➃❹N❶E,❻❿❹❸,>❹>,➀E,❷❹❷,➃❹N❶E,❻❽❿❹❸➀,❽❷❿
N❹❿❹,>❹>

,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



$❶❹➀❹4➈❘Prolog◗
,,➀➆,/❿➂/➅➂❸,➁❽>E❻➂,/➈E,5❽❸,❶❹➀❹8➈/➄❹❹❿➂$❼➀*$/❽'❹➀❹❺4

,➃❽➂❽➀,➀5➂E➂,4➂❹➆➀,E❹➈❽❻>,❸❽F❹➀❹❺8,➆F>➂,❶❹➀❹8➈

,,➀E,❸F❹>4,5❽❸,❶❹➀❹8➈>,◗➁❽➄❹/➄,➅❽➅>❘,/❽➄❿/➃4❹❸$/❹❽*❹➅➈

,❸8❹F>,/❹>/❿➄,/❹❽4❹➅➈❸ Q, R, S←P  E58➂,>❿8❹➂,4❹❻,➀❿,8E5❿,❑➁❽4❹❻❑,/❹584➄❹,

(P),>➄❺❹,(Q,R,S),➁❽584➄,>➄❺❸,❽8>5,,subgoals

➁❸➂,❷❻5,➀❿❘,➁❽➀8❼❽➀,➀E,❸❽F4➄❹❽➄❹4➂,>❿8❹➂,5❹❸❹,5/➀❽5E,584➄,❸❻❿❹❸➀,❼➈E➂
,584➄subgoal◗

,❽5❹➀,/❹➆➈❹/,❽➀➆>,➁❽❼4❽❷8➈,❸➀,❹➈❽➅❹❸,/❹➄❿/,/➈E➀,❶❹➀❹8➈,/5,❾❹➈❸➀,❽❷❿(side
effects)

,❼4❽❷8➈❸,5➂❶❹❷➀write(X),❷❽➂/,❸❽❸❽,true➅➈❷❹❽,❹/❹5,❻❽❿❹❸➀,❸➅➄➄,8E5❿,❾5,
,❸➄/E➂❸,➀E,❾8➆❸,❽5❹➀,/➆➈❹/❿X

❸➈❹8❽5>,/❽/❹❿5➀➂❸,❸➄❽>❸,❽84❹❻,➀➆,/➈❷➆❹➂❸,/❹➄❿/❸,/➈E,5❽❸,❶❹➀❹8➈

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$➁❽*❹❻$/❹❿4➆➂$/❹➆'➂1+$❶❹'❽❘Prodcution Systems◗
,,4❹❻(rule),❝,➁❽4➀❻,❽➄E➂,>❿8❹➂,,❽5➄/,(Condition),❸➀❹➆➈,(Action)

,4❹❻❸,/5,➀❽➆➈❸➀,➃/❽➄,❽/➂,➆>❹4,❽5➄/❸

,➀➆➈❹➂,➃❿5,4❹❻❸❹,❸❷❽➂>,❸E➆❽,❸➂,/85/➂,❸➀❹➆➈❸

if

symptom(no_start) and symptom(no_noise)

then

add(system(electrical)) and add(no_power)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

$➁❽*❹❻$/❿4➆➂❘Prodcution system◗
❝➂,/>❿8❹➂,➁❽4❹❻,/❿8➆➂

➁❽4❹❻,/F❹>4,

➆❷❽,➅❽➅>,

➆❹>4,➆❷❽,➅❽➅>,

,❽➄➂❺,➆❷❽,➅❽➅>,(Working memory)

,❸84>,/❽❶❼8❼➅5,(Control strategy)

,❸➀❽➆➈➂,/❽➄❿/,(Rule interpreter)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

➁❽*❹❻$/❿4➆➂$➀,$/❽➅❽➅+❸$❸1➀❹➀❸
,➁❽8❹❺❻➂>,/➀➆❹➈,/❿8➆➂❸

,8❹❺❻➂,➀❿>

➆❷❽❸,➅❽➅>,/➂❹➆➀,➁❽4❷>➄,➁❽4❹❻❸,❽5➄/,

➁❽➀➆➈❹➂,➁❽➂❽5/➂❸,➁❽4❹❻❸➂,8/❹❽,❹5,❷❻5,

❸➀❽➀❻,8❺❹❻❹,,◗❽➄➂❺❸,❿❑❷>❘,➆❷❽❸,➅❽➅>,/5,❸➄E➂,❸➀➆➈❸❸,

,/❿8➆➂❹,➃❿/❽,❼➀*◗❽➄➂❺❸❘,➆❷❽❸,➅❽➅>,/5,❸➄E/,

,/❿8➆➂❹,➃❿/❽,❼➀➈➆❷❽❸,➅❽➅>>,/❹5F➂➄,/❹➂❽❹➅➂,/❹❽➄>/,8E5❿,➀➆➈/,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©



/❹❽➆+$4/❹➈❿$➁❽*❹❻$/❿4➆➂
,,➁❽4❹❻,/❿8➆➂,➀➆,➀❿/➅❸➀,➃/❽➄/❹❽➆+$4/❹➈❿,(Problem solver)

,◗❽➄➂❺❸❘,➆❷❽❸,➅❽➅>,❽❑➆,85❹/➂,>F➂

,>F➂➀,>F➂➂,❹➄/❹5,➁❽8❽>➆➂E,➁❽8❹❼8➈❹5❸,➁❸,➁❽4❹❻❸

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ 1/15/02➉❽+❹*4➂$➀❹1,©

/❽➄4❹❻1$❸*➅❸$/➂❹➆➀$❸➂❽❷*$❸*➅❸
,/❽➄8❹❻5,❹5,❸➂❽❷4,/❹➄4➅➂,4❽➅❸➀,➃/❽➄,/❹❽➆>,8/❹➈,➀❿>,❹➂❿

,/❽➄4❹❻1$❸*➅❸+,(Prolog)4❹❻❸,➀E,❸➀❹➆➈❸,4➀❻,/➂5/❸,/❹>4➆>,/❽E➆➄,➁❽4❹❻,/➀➆➈❸,
,/❹8❼➂,➀❽❿➂E,➆❷❽❸,➅❽➅>➀(goals)

,❸➂❽❷*$❸*➅❸+➆❷❽❸,➅❽➅>➀,➁❽5➄/❸,/➂5/❸,/❹>4➆>,/❽E➆➄,➁❽4❹❻,/➀➆➈❸,

,,/❹❿8➆➂,/❹➂❽4/❹+➀,➂❸/❽➄8❹❻5,❸4➅❸,➁➆,❸➂❽❷4,❸4➅❸,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

$❸➂1/❸❘Matching◗
,➃➂❺,❸>8❸,❾❹8F➀❹,/❿>❹➅➂,/❹❽❸➀,❸➀❹➀➆,❸➂5/❸❸,/➀❹➆➈

,,/❹E➂/E➂,/❹>8,/❹❿8➆➂,❸➂5/❸,➃➂❺>,❾❹➅❻➀,❽❷❿➅*❷➄❽1+

,,➀➆,➅4❷➄❽5>,/❹E➂/E➂,❶❹➀❹8➈,/❹❿8➆➂➁❽❼*❽❷4➈❸$/❹➂,➀➆,➅4❷➄❽5>,➁❶,❿❑❷>❹,
➃❹,14❸$❼➄➂❹❶41❸

,,➁/❽8❹❶➀5RETE➁❽4❹❻,➀E,➁❽5➄/,➃❸,❸❽/➂FE,/E8,❸➄❹>,

,/❻5,➁➆➈,48,>E❹❻❽,❷❻5,4❹❻➂,8/❹❽>,➆❽➈❹➂E,❽5➄/

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❜1/15/02➉❽+❹*4➂$➀❹1,©

$❸4*+$➆❷❽❘Control knowledge◗
,➁❽❹➅➂,➁❹❻/,➀➆,➆❷❽,/❷❷4➂,➁❽4❹❻,/❿8➆➂

,8❹>➆➀,➃/❽➄,➁❽>F➂,❹➀❽5➀,❝>❻8➂❸,➀E,❸❽❶❹➀❹➈❹❼❸,➀➆,➆❷❽,❹❸❺E,8➂5➄,➁❽>F➂,>❻8➂,❽❶E❹➂>
>F➂,➀❿➂

,>F➂,➀❿➀,>F➂,➀❿➂,➆❽❶❸➀,/➆❷➀,❽❷❿,4❽➈➅➂,/❹❽❸➀,8❹➂5,❸❺,➆❷❽

,➁❽➀❹❷❶,➁❽>❻8➂,➀➆,8❹❹❽➆,E❹➈❽❻,E➈❻➀,➃/❽➄,5➀,/❽E➆➂

,,584➄,>❻8➂>,➁❽➀❹➀➅➂,/8❽❻>,➀➆,➁❽❹➅➂,8❷➅,➆❽F➂❸,➆❷❽❸4*+$➆❷❽,(Control
knowledge)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©



➁❽*❹❻$/❹➆'➂1+$❸4*+$➆❷❽$➀,$➁❹,❽
,❝➁❽5>❸,➁❽❶❹➅❸➂,/❹❽❸➀,➀❹❿❽,❸84>,➆❷❽

,,➀➆,➆❷❽➁❽+'➂$/➈❷➆❸➁❽8❻5,❽➄➈,➀➆,

,,➀➆,➆❷❽➁❽*❹❻$/➈❷➆❸➁❽8❻5,❽➄➈,➀➆,

,,➀➆,➆❷❽➇❷➆❹➂$4❷➅◗➁❽5➄/,/➂5/❸➀,❹5❘,/❹8❼➂❽//,➆❹F❽>➀,

,➀➆,➆❷❽,/❹14,4,➀❽➆➈❸➀,❽5❷❿E,➁❽4❹❻,➀E,

,➁❽4❹❻,/❹➆F➂5>,❶❹F❽➀,➁❽➄/❽➄,➆❷❽❸,❽❶❹➅,➀❿

,,➁❸,❸➀5❿,➁❽4❹❻➆❷❽$➀➆,➁❽584➄,➁❸,➃❿➀,◗➁❽8❻5,➁❽4❹❻,➀➆,➁❽8>❷➂,➁❸❘,➀➆❽*❹❻
meta-rules

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

/❹1❷❹$❽1+$/❹➄*➅➂$/*➅❸
,,48,➁❽5➄/,/❹➄❹❿➄,➁❽➆❷❹❽,❹➄5,➁❽/➆➀+❹4❽*+◗/❼➀❻❹➂,5➀,/❹5❷❹>,❹5❘,

,/❼➀❻❹➂,5➀,/❹5❷❹❹>,/❹➄4➅➂,4❽➅❸➀,❸F8➄,❹➀5❿,➁❽84➂>

,/❽/❹8>/➅❸,/❹➄4➅➂,/4➅❸➀,/❹❼❽E,8➈➅➂,/❹➂❽❽4

,/❹5❷❹❹,❽➂❷4➂,(Certainty factors)

,➅❽❽>,/❹/E8,(Bayesian networks)

,8➈E8❼➅➈➂❷,/❽8❹5/, (Depmpster-Shafer theory)

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

$❸❻➂❹➂$/❹❿4➆➂❘Expert Systems◗
,,❝❸8❷❶❸❸❻➂❹➂$/❿4➆➂❽❑➆,➀➀❿,❾8❷>,/❹➆F❹>➂❸,/❹➂❽E➂,/➆F>➂❸,>E❻➂,/❽➄❿/,5❽❸,

❽,❹➄1$❸❻➂❹➂

❸❻➂❹➂,/❹❿8➆➂➀,/❹❽➄❽➈5,/❹➄❹❿/
,/❹➀➆>,❽➈❽'➈➅$➆❷❽8F,➁❹❻/>,
,/❹➂❿,❸➀❹❷❶➆❷❽,➀E,❷5➂,

,/❹E8❷➄,➁❽4❽❸➂$❸*➅❸$❽➄❹➄❶➄➂➀
,/❹E8❷➄,4❽+➅❸➀$/➀❹❿❽➀➃❸❽/❹>❹E/,❽8❹❻5➂,❑➃❹❽❶❸❸❑,/5,

>E❻➂,❽E➄5,➁➄❽5E,➁❽❻➂❹➂➀,/➄>❹➂❸,❸8❹F>,❶F❹❽➂,➆❷❽,
,❽4➀❹❷❹➂$➆❷❽➆❷❽,4❹❻➂➀❹,➇❽➅❹❸➀,➀4,,

,❽❑➆,➀➀❿,❾8❷>,/❹➂E❹❽➂,➁❽*❹❻$/❹❿4➆➂

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

❸❺❼➄❽➅$/➂❹➆➀$❸❺❽➀➄1
,,/❹➆F>➂,❸❻➂❹➂❸,/❹❿8➆➂,>❹8❸❺❽➀➄1❹❿❹,/❹➀4/,➃❹❻>5,/❹➀❻➂,➀E,❸❺❹➄5❽❷,,

,/❹❽❹8E➈5,➀E,❸➀❹❷❶,❸F❹>4,➁➆,/❹➀❽❻/➂,/❹➂'➂'➂❹❸/❹5,

,,/❹➆F>➂❸,❸❻➂❹➂,/❹❿8➆➂,/❹➂❽4❸❺❼➄❽➅

,➁➆,/❹➀❽❻/➂,➃❽➄+$❽➄+1➃❹/➄,❸➄>➂,/➀>4➀,➃/❹5,/❹>❽❿8➂❹,

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©



Mycin
,/❹❽➂❹❸❽❺,/❹➀❻➂>,➀❹➈❽❼,➀➆,❸F❽➀➂➂❹,❸➄❻>5,/➆F>➂❸,❸❻➂❹➂,/❿8➆➂

,,/E➂E➂/'➆❹❽❿/❹❽➂❹❸❽❺,/❹➀❻➂>,❸❻➂❹➂,❹➄❽5E,5➈❹8➀,

,/❹5❷❹,❽5>,/❹➄4➅➂,/4➅❸>,❾❹➂/➀,❽❷❿,/❹5❷❹,❽➂❷4➂>,/E➂/E➂

,❸➈❹8/,5❹F➂➀,❽❷❿,➁❽➄➈➀,❸4➅❸>❹,➁❹❸❽❺❸,8❹4➂,/5,/❹➀❶➀,❽❷❿,8❹❻5➀,❸4➅❸>,/E➂/E➂

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

MYCIN❝❹➂❿,➁❽4❹❻,/❹➆F➂5>,➁/❹5,/❻/➄➂❹,❸❷>➆➂,/❹4❽❷>,/E4>➂,
IF

1. The gram stain of the organism is gramneg, and
2. The morphology of the organism is rod, and
3. The aerobicity of the organism is anaerobic

THEN
There is a suggestive evidence (0.6) that the identity of the organism is bacteroides

MYCIN❝➃❹❶❿$➀❹➈❽❼$➀➆$❸'➀➂❸➀$➁❽*❹❻$➁❶$❸➀❽❿➂$
IF

1. The therapy under consideration is one of:cephalotin clindamycin erythomycin lincomycin vancomycin, and
2. Meningitis is an infactious diseas diagnosis for the patient

THEN
the therapy under consideration is not potential therapy for use against the organism

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

$❽➆❹'❽+MYCIN
$MYCIN➁❽❽1❹➈4$➁❽4*➂$➀,$➀❹❷❶$4❻+➂$➀➆$❸➄❻+➄$

❽,❹➄1$❸❻➂❹➂$❽➆❹'❽+➀$➁❽➀❹*,$❹❽❸$/❿4➆➂❸$❽➆❹'❽+

➁❽1➈❹4❹$❸1❹➈4$❽❷❽➂➀/$❽➆❹'❽+➂$❸+4❸+$➁❽+❹❼$❹❽❸$/❿4➆➂❸$❽➆❹'❽+
➁❽❽➀➀❿

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛1/15/02➉❽+❹*4➂$➀❹1,©

$➀,$❸❽'*14❼➄❽1➀$1➂❶❹❷MYCIN
 1. Patient's name: (first-last)
**FRED BRAUN
2. Sex
**M
3. Age
**55 (Questions 1-3 request background patient data.)
4. Are there any cultures for Fred Braun which may be related to the present illness, and from which

organisms have been grown successfully in the microbiology laboratory?
**Y
------CULTURE - 1------
5. From what site was the specimen for CULTURE - 1 taken ?
**BLOD
= BLOOD (System correct typing error)
6. Please give the date and time when CULTURE-1 was obtained. (mo/day/yr time)
**Jun 20, 1977

The first organism isolated from the blood culture of 20-JUN-77 (CULTURE-1) will be referred to as:
------ORGANISM-1------
7. Enter the laboratory-reported identity of ORGANISM-1:
**UNKNOWN (Typical identity is not yet known.)
8. The strain (gram or Ziehl-Neelsen acid-fast) of ORGANISM-1:
**NEG (Preliminary lab results give some clues.)
9. ls ORGANISM-1 rod or coccus (etc.)
**ROD

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛❛1/15/02➉❽+❹*4➂$➀❹1,©

10. What is the form of the individual organisms (e.g.,lancet-shaped for cocci, fusiform for rods, etc.)?



**FUSIFORM
(... more questions follow in order to gather sufficient information to infer the identity and significance

of the infecting organisms...)
23. What is the suspected portal of entry of the gramneg rod from the blood culture of 20-JUN-77

(ORGANISM-1) into this sterile site?
**GI(6) (User indicates the uncertainty of his response.)
24. Is Fred Braun a burn patient?
**N
25. Is Fred Braun a compromised host (e.g. alcoholic, sickle-cell disease, immunosuppressed)?
**N
26. Is Fred Braun febrile?
**Y
(... after about 50-60 questions, MYCIN prints the diagnostic hypotheses on which therapy will be based

...)

My therapy recommendations will be designed to treat for organisms that are either likely or, although
less likely, would have a significant effect on therapy selection if they were present.  It is important to
cover for the following probable infection(s) and associated organism(s):

INFECTION-1 is BACTERMIA

<ITEM-1>  E.COLI[ORGANISM-1]
<ITEM-2>  KLEBSIELLA[ORGANISM-1]
<ITEM-3>  ENTEROBACTER[ORGANISM-1]
<ITEM-4>  KLEBSIELLA-PNEUMONIAE[ORGANISM-1]

T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❛❜1/15/02➉❽+❹*4➂$➀❹1,©T➆❷❽$❶❹'❽$$/❽/❹❿1➀➂$❸➄❽+➀$1❹+➂$ ❜1/15/02➉❽+❹*4➂$➀❹1,©

❘XCON◗ R
,❽>E❻➂,➀E,/❹❽F8❹❶❽➈➄❹4,➃❹➄❿❽/➀,/❿8➆➂,VAX

>➀E,❽8❻5,>➀E,/❿8➆➂,❸>❽❿8➂,,❸❺❼➄❽➅,/➆F>➂,

➁❽➄➈➀,❸4➅❸>,/E➂/E➂,

,/5,/E➂E➂,DEC❸➀E,/❹❿8➆➂❸,>❹8,/>❿8❸➀,❽E➆➂,➃➈❹5>,

➁❽4❹❻,,❸➀❽❿❸,❜❛>,
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