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miweqtd aiygz.miweqt oia mixyw xe`zl zynynd dty `ed miweqtd aiygz •"xwy" e` "zn`" - zn` jxr yi weqt lkl •:miweqtl ze`nbe
 •.lbxzn `ed oel` –.wexi geld –.zay mei meid –.dtig lr zehwx dxi dll`afig –
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miakxen miweqt,"e`" oebk miibel mixywa yeniy i
i lr zeakxen zeprh bviil ozip •."f` -- m`"e ,"`l" ,"mbe":ze`nbe
 •.dixhn gw` ip` f` ,myb 
xi xgn m` –.zay mei meidy e` gezt oeipwd –.dwrf` drnyp mbe ziad libxz z` izybd –.d`vxd meid dniiwzd `l –
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miil`nxet mipniq:zeprh bviil mi`ad mipniqa ynzyp ,zil`nxet dwibela •ip
" oebk zeineh` zeprh oeivl (A,B,C, . . .) zeipihl zeize` –."hp
ehq `ed.zelertd x
q oeivl miixbeq ipniq –

→ -e "mbe" oeivl ∧ ,"e`" oeivl ∨ ,dlily oeivl ¬ :miibel mixyw –."f`-m`" oeivl:ze`nbe
 •
(A→ (B ∨ C)) –

(((¬B) ∨ C)→ (A ∧ (¬D))) –

((A ∧B)→ (A ∨B)) –
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ahid zeiepa ze`gqepmi`pzd 
g` z` zniiwn `id m` ahid diepa `xwz ϕ `gqep •:mi`ad.ineh` weqt `id ϕ ∈ {A,B,C, . . .} –,ϕ = (¬α) :miiwzne ahid zeiepa od α, β ze`gqep –.ϕ = (α→ β) e` ,ϕ = (α ∧ β) ,ϕ = (α ∨ β)
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weqt ly zn`d jxr.zn` jxr ineh` weqt lkl dni`znd divwpet `id dnyd •:iaiqxewx ote`a x
ben v dnyd zgz ϕ weqt ly V zn`d jxr •:if` zineh` `gqep α m` –

V (α) = v(α) ∗.V (β) xear ¬ ly zn`d zlah i"tr rawi V (α) if` α = ¬β m` –rawi V (α) if` α = β → γ e` α = β ∧ γ e` α = β ∨ γ m` –-e V (β) xear dn`zda →,∧,∨ mixywd ly zn`d zlah i"tr.V (γ)
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zn`d ze`lah

α β α ∨ β

T T T

T F T

F T T

F F F

α ¬α

T F

F T

α β α→ β

T T T

T F F

F T T

F F T

α β α ∧ β

T T T

T F F

F T F

F F F
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zexizqe zeibelehe`hlk zgz TRUE zn` jxr lawn `ed m` dibeleh`h `xwi ϕ weqt •.v dnydlk zgz FALSE zn` jxr lawn `ed m` dxizq `xwi ϕ weqt •.v dnyd:ze`nbe
 •zexizq zeibelehe`h

(A ∧ (¬A)) A→ A

(A ∧B) ∧ (¬B) (A ∧B)→ (A ∨B)

¬(A ∨ (¬A)) (A ∨ (¬A))

A→ (A ∨B)
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zibelehe`h dxixbmiiwzn m` (α |= β oeniq)β weqt zibelehe`h xxeb α weqt •.dibelehe`h `ed (α→ β) weqtdy

α weqt zibelehe`h zxxeb Φ = {ϕ1, . . . , ϕn} miweqt zveaw •weqtdy miiwzn m` (Φ |= α oeniq)

((ϕ1 ∧ (ϕ2 ∧ · · · (ϕn−1 ∧ ϕn) · · ·))→ α).dibelehe`h `ed
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dnly zelert zkxrnweqtd m` (α⇔ β oeniq) milewy e`xwiβ -e α miweqt •.dibelehe`h `ed (α→ β) ∧ (β → α)mixywd z` liknd ,el lewy weqt miiw weqt lkly al miyp •:ze`ad zeieliwyd itl ,
ala ¬ -e→.α ∨ β ⇔ (¬α)→ β –.α ∧ β ⇔ ¬(α→ (¬β)) –
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miweqtd aiygzl dgked zkxrnzeprh gikedl epy xyt`z xy` zkxrn zepal dvxp df alya •
eair zelrt i
i lr zip`kn dxeva miweqtd aiygza zepekp.miweqtd lr zeheyt zefexgn,(zepekpk milawn ep`y zeprh) zeneiqw` lr zqqean ef zkxrn •jezn zey
g zepekp zeprh xevil xyt`nd wqid llk lre.zeneiqw`dm`d oegale ,zeibelehe`h `evnl lkep dgkedd zkxrn zervn`a •mlerd lr r
i ozpda zeniieqn zeprh
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`yixd wezip llke zeibeld zeneiqw`dmiweqtd zveaw `id miweqtd aiygza zeibeld zeneiqw`d zveaw:d`ad

α→ (β → α) .1

(α→ (β → γ))→ ((α→ β)→ (α→ γ)) .2

(¬α→ β)→ ((¬α→ ¬β)→ α) .3`gqep lk aivdl ozip .miweqt ly zenikq opid l"pd zeneiqw`d.zitivtq dneiqw` zgqep lawl i
k lirl α, β, γ mewna:(Modus Ponens) `yixd wezip llk `ed miweqtd aiygza wqidd llk

α α→ β

β.β wiqp α→ β -e α -ny `id llkd zernyn
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dgked`id Φ jezn α ly dgked .weqt α idie miweqt zveaw Φ idz •dwix `le ziteq dx
q

ψ1, ψ2, . . . , ψn:mi`ad mi`pzd ipy z` zniiwnd miweqt ly:k = 1, . . . , n lkl –e` ;zibel dneiqw` ψk ∗e` ;Φ -a `gqep ψk ∗.ψi = ψj → ψk -y jk i, j < k miniiw ∗
ψn = α –
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zenlyde zeze`pd ihtynonqpe Φ jezn giki α ik xn`p ,Φ jezn α ly dgked zniiw m` •.Φ ⊢ α:zibelehe`h dxixb oial zegiki oia il`iaixh-`l xyw miiw •xyt`y dn lk ,xnelk .Φ |= α mb if` Φ ⊢ α m` :zeze`pd htyn –.oekp `ed gikedloekpy dn lk ,xnelk .Φ ⊢ α mb if` Φ |= α m` :zenlyd htyn –.gikedl xyt`z` mieedne diwhpnql qwhpiq oia xyw miwtqn l"pd mihtynd •.zeprh zepekp zriawl ilkk dgkeda yeniyl dw
vdd

14



mihwi
xtd aiygzzepekz lr miakxen miperih beviil dty `id mihwi
xtd aiygz •.mlera minvr lyzepekze minvr :miaikxn ipy yi mihwi
xtd aiygza miperihl •.(miqgi) mihwi
xt ze`xwp zepekzd .mdl miqgiiny:`nbe
l •.miaedv mipenild lk –.hp
ehq ixe` –
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(xiagz) mihwi
xtd aiygz:dlikn dtyd

c1, c2, c3, . . . mireaw ipniq .1

x1, x2, x3, . . . mipzyn ipniq .2

fn
1
, fn

2
, fn

3
, . . . :zeinewn-n zeivwpet ipniq ly dveaw irah n lkl .3:miinewn-n mihwi
xt ipniq ly dveaw iaeig irah n lkl .4

pn
1
, pn

2
, pn

3
, . . ..∨,∧,→,¬ :miibel mixyw .5

∀, ∃ :miznk .6
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jynd - (xiagz) mihwi
xtd aiygz:dtya (miiehia) mvrd zeny sqe` z` xi
bp.mireaw •.mipzyn •if` ,zinewn n divwpet oniq fn
k -e mvr zeny t1, t2, . . . , tn m` •.mvr my epid fn

k (t1, t2, . . . , tn):ze`qepd sqe` z` xi
bp,inewn n hwi
xt oniq `ed pn
k -e ,mvr zeny md t1, t2, . . . , tn m` •.`gqep pn

k(t1, t2, . . . , tn) if`.ineh` weqt z`xwp l"pk `gqep.`gqep ¬α if` ,`gqep α idz •.ze`gqep α ∨ β, α ∧ β, α→ β if` ,ze`gqep α, β eidi •.ze`gqep ∃x : α, ∀x : α if` ,dpzyn x idie `gqep α idz •17



davd:zex
bd.znk mr `gqepa ritend dpzyn - (bound) xeyw dpzyn •.∀x : Apple(x)→ Red(x) :`nbe
.xeyw epi`y dpzyn - (free) iyteg dpzyn •.Apple(x)→ Red(x) :`nbe
.miiyteg mipzyn da miriten `l m` weqt `xwz `gqep •mvrd myk s(x|t) z` xi
bp ,dpzyn x idi ,mvr zeny t-e s eidi •.t -a slgen x dpzynd ly rten lk xy`k s-n lawznd`gqepk α(x|t) z` xi
bp ,dpzyn x idi ,mvr my t-e `gqep α idz •mya slgen x dpzynd ly iyteg rten lk xy`k α-n zlawznd.t mvrd
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zeibeld zeneiqw`d:`id mihwi
xtd aiygz ly zeibeld zeneiqw`d zveaw

α→ (β → α) .1

(α→ (β → γ))→ ((α→ β)→ (α→ γ)) .2

(¬α→ β)→ ((¬α→ ¬β)→ α) .3

(∀x : (α→ β))→ (∀x : α→ ∀x : β) .4(α -a iyteg epi` x xy`k) α→ ∀x : α .5miiyteg mipzyn `ll mvr my epid t xy`k) ∀x : α→ α(x|t) .6(x mewna eze` miaivn xy`k mixeyw zeidl miktedy`gqep lk aivdl ozip .ze`gqep ly zenikq opid l"pd zeneiqw`d.zitivtq dneiqw` zgqep lawl i
k lirl α, β, γ mewna
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dwihpnq.(mler) minvr zveaw U idz •ly mixai`l dtyd ly mixai` dtnnd divwpet `ed I yexit •:`ad ote`a beviid.mlera mihwiiae`l mitenn mireawd .1mixai` ly zei-n oia zeni`znd zeivwpetl zetenn zeivwpetd .2.mlera mixai`l mlera.mlera miqgil mitenn mihwi
xtd .3mixai`l miiytegd mipzynd ly ietin `id mipzynd lkl dnyd •.U-a
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ze`gqep ly zn`d jxr:FALSE e` TRUE-l `gqep dtnn ze`gqep ly dkxrd zivwpet •:iaiqxewx ote`a x
ben I yexit zgz α `gqep ly V zn`d jxr •:if` zineh` `gqep α = P (t1, t2, . . . , tn) m` –.V (α) = TRUE if` ,I(P ) 〈I(t1), I(t2), . . . , I(tn)〉 m` ∗.V (α) = FALSE ,zxg` •.V (β) xear ¬ ly zn`d zlah i"tr rawi V (α) if` α = ¬β m` •i"tr rawi V (α) if` α = β → γ e` α = β ∧ γ e` α = β ∨ γ m` •.V (γ) -e V (β) xear dn`zda →,∧,∨ mixywd ly zn`d zlah:if` α = ∀x : β m` •f` ,V (β) = TRUE lawp x-a U-n xai` ly dnyd lkl m` –.V (α) = TRUE.V (α) = FALSE ,zxg` –.¬∀x : ¬β :l lewy ∃x : β :dxrd •21



zewitq`gqepd m"m` `gqep miwtqn V dnyde (interpretation) I yexit •.dnydde yexitd zgz TRUE jxr zlawndnyde yexit lk m"m` α weqt zibel zxxeb Φ miweqt zveaw •.Φ |= α :onqp .α z` mb miwtqn Φ z` miwtqnyze`gqep zveawn zibel zraep `gqep :zenlyde zeze`pd ihtyn •:okezn dgiki `id m"m`

Φ ⊢ α⇔ Φ |= α

dwihpnql qwhpiq oia mixywn zenlyde zeze`pd ihtyn •.zibel dxixb zwi
al ilk miynyne
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(Knowledge Representation) r
i bevii:minvr bevii •
Table (my desk)

Car (my suzuki) :minvr ly zepekz bevii •
Num of legs(my desk,4)

Color (my suzuki, silver) :minvr ly zeillk zepekz bevii •
∀x : [Table(x)→ Num of legs(x, 4)] :minvr oia miqgi bevii •
Parent (avraham, izak)

On (coffee glass, my desk)
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jynd - r
i bevii:miillk miqgi bevii •:minvr ly daeb zh`pi
xe`ew itl Above qgi zx
bd

∀x∀y[Greater(z coord(x), z coord(y))→ Above(x, y)]:miqgi ly zepekz bevii •:Above qgi ly zeiaihifpxh

∀x∀y∀z[Above(x, y) ∧Above(y, z)→ Above(x, z)]:zeikxxid bevii •
∀x : [Work Table(x)→ Table(x)]

∀x : [Table(x)→ Num of legs(x, 4)]

Work Table(my desk)
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`nbe
 - r
i bevii:ibel beviil mi`ad mihtynd z` exind

• Jack owns a dog.

• Every dog owner is an animal lover.

• No animal lover kills an animal.

• Either Jack or Curiosity killed the cat, who is named Tuna.

• Did Curiosity kill the cat?

25



dgked zxe
vext.dgked el `vnz (dgiki `gqep) htyn ozpiday dxe
vext •!xevrz efk dxe
vexty epl ghaen `l if` htyn dpi` `gqep m` •:dxe
vextd.S ← ∅ .1.zeneiqw`d ly idylk dipn itl S -l dneiqw` sqed .2.S-a ze`gqep lr wqidd illk z` lrtd .3.S-l zey
gd ze`gqepd z` sqed .4."ok" xfgd ,S-a z`vnp zyweand `gqepd m` .5.2-l xefg ,zxg` .6
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