“It may be a model, Captain, but it's highly illogical.”
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® AIAKPITA MAOHMATIKA

Koatnyopnuotikog Aoyionog




Mop@pec OewpnuaTwy

Ymapyel EVo OVTIKEILEVO OCTE VO, IGYVEL KATL.

Y nopilokog mocoogiktne 3

['o kdOe avtikeinevo 16YVEL OTL KATL.

KaBoAko¢ mocoosiktne V



Katnyopnua ctval pio tpOTOGT TOL TEPIEYEL
nenepacpéEvo mAnbog puetafAntov Kot n orwoio

YIVETAL AOYIKT) TPOTAGT 0TV O1 LETAPANTES

KGT r] YO p r,] IJ GTG avtikafiotaviol and CUYKEKPIUEVES TULES.

X >3

«T {va@ah’)repo r@

YT1rokeipevo AnAwaong Kartnyopnua n
KartnyopnuaTtikd 2UupoAo

«T0o X gtvar peyardTePO TOL 3N
P — xatnyopnua («ueyardtepo tov 3)

X — ueToPAntn TipA (T A F) g
TTPOTACIOKNAG
ouvaptnong P oTo x




KatnyopnUaTiKoC AoyIOUOC

O touéac TG AOYIKNG TOV OGYOAELTOL LE:

Katnyopnuato

ITocotikomomtecg (o€ Atlyo...)

THAT IS LJHY
THEY CALL ME
DOGBERT THE

QUANTIFIER.

I HAVE THE ABILITY
TO QUANTIFY THE
UNGUANTIFIABLE.
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O KaBoAIko¢ NoooTikotroINTAG V

VXP(X)
H P(X) elvon aAnOng yio. OAEC TIC TIUEC TOV X OTO
TEOL0 OPLOUOD T) TOUED, OVOPOPOG.

P(X) = x?>x
VX P(x) ???

(pLO1IKOVE aP1OLOVC; TPAYULATIKOVG;)



2XE0N V Kal A

VX(P(x)),0<x <4
P(x) =“x*<10”

VX(P(X)) =P(1) A P(2) A P(3) A P(4)
MéBooog T e€dvtAnon..

P(4) wevdng ko dpa eivor yevong.



O YT1rapclakocg INoooTikoTroiNTAG 3
X P(X)

Yndpyel Evo 6TO1YEI0 X 6TO TEDI0 0pLoILOD N TOUEO.
avogpopac €tol wote N P(X) va elvon aindng.

P(X) = x?>x
Ax P(x) 7?7

(pLO1IKOVE aP1OLOVC; TPAYULATIKOVG;)



2X€on 3 kail v

AX(P(x)), 0 <x <4
P(x) =“x*<10”

AX(P(X)) =P(1) v P(2) v P(3) v P(4)
MéBooog T e€dvtAnon..

P(1) aAnOn¢ kot dpa eivor aAnOng.



Acopeuon MetaBAnTwy

Aecuevuévy petafint (eCoptdron amd T0GOOEIKTN)

EJev0epny petaPinty (dev e€aptdton amd mToGo0EIKTN)

I'evika:

OAec o1 peTaPANTEG GE TPOTAGIOKT] GLVAPTNOT TPETEL VO
elval OEGUEVUEVEG EITE UE TOGOTIKOTOMNTEG 1M e avADeon

TIUNC OOTE Vo, Bempeiton Aoyik TpOTOOT).



Mepika [NapaodeiyuaTa
No detytet 6Tt IAXP(X) A AXQ(X) dev givan

Loyikd toodvvoun pe v AX(P(X) A Q(X)).

No detytet 611 VXP(X) v VXQ(X) dev givan
Loyikd ioodvvoun pe v VX(P(X) v Q(X)).



ApVvNoEIC

‘Eotm P(X)=«O X &yet kdvetl dokpitd podn otk

Tt onuaiver VX P(X);
Tt onuaiver — (VX P(X));

IIote n apvnon eivar I1ote  apvnon

Ioodovvapo AMnOng; sivor Peoongc;

—(3x P(x)) VX —P(X) Ia kabe X, n P(X) Yndpyel X étol doTE
etval Pevodng. P(X) eivoau AAnOnc.
—(Vx P(x)) Ix —P(X) Ynrdpyel X étor wote  H P(X) eivon aAnOng

P(x) eivon Wevonc. yio. OA0L TOL X.




Metagppaon atro 'Awooa o€ AoyIKN
‘Ek@paon

“KaBe potrtntmg o€ avtn tnv taén £xel mapakorovdncet Java.”

Avon:
[Ipota amopaciCovue tov Topéa avapopdas U.

Avon 1: Av 1o U givar 6hot o1 potrtntég tne taéng, opilovue
cuvaptnon J(X) = “X éyel mapakoiovdncel Java”

VX J(X)

Avon 2: Otav to U givar Aot o1 dvBpwmot, opilovue tn cuvaptnon
S(X) = “X givar ot g TG TG TAENC” Ko petoppdovpe

VX (S(X)— J(X))

VX (S(X) A J(X)) etvou AdBoc. Tt onuaivet;



Metagppaon atro 'Awooa o€ AoyIKN
‘Ek@paon

“KAamo1o¢ o1t nc avutnc g tacng £xel mapakorlovdnoel Java.”

Avon:
ITowoc¢ gtval o topéag avagpopag U;

Avon 1: Av U givou 6401 o1 portntég e TENG
ax J(x)

Avon 2: Av U givar 6Aot o1 dvBpomot

Ax (S(x) A J(X))

Ax (S(x)— J(x)) etvou AaBoc. Tt onuaivet;



Metagppaon atro 'Awooa o€ AoyIKN
‘Ek@paon

1.«Oha To. AlovTdpla etval ayplo.»
2.«Kdmoa Atovtdpla 0ev TIvouv KapE.»
3.«Kdmoio dypro TAAGLOTO OEV TIVOLV KAPE.»

P(X) etval n 0nrwon «To X givon Aovtapt.»
Q(X) etvan n dMAwon «To X eivor ayplo.»
R(X) eivar 1 0Awon «To X wivel Kope.»
IIedio oprouov: Ola ta TAdcuota

L vx(P(X) — Q(x))

2. AX(P(X) A =R(X))

3. AX(Q(X) A =R(X))




Eu@wAcupevol [oooTIKOTTOINTEC
vx3ay (X +y = 0)

«I'a KABe X VITAPYEL KATOL0 Y £TG1 OOTE TO
dBporcud tovg va givor 0.»

VXVY(X+Yy=y+X)
AvtipueTafeTIKOG KOvovog Tpocheonc.



MeTta@paon Kal ApvNOEIC

«KdaBe mpayuoatikoc aptOuoc ektog amo 1o 0
EYEL TOAAATAOCLUGTIKO OVTIGTPOPO.

VX ((x # 0) — 3y (xy=1))

—(Vx3y (xy=1))

<

axvy (xy # 1)



[Tapaodeiyua

‘Evac ' EAAvag tebaivel amd avtokivntiotiko kabe pepa.

JEVM[O E mebaivel amd autoKivnTioTiko TNV nuépa M]

VM JE[O E nebaivel amd avtokivntiotikd v nuépa M]



[Tapadelypa
A =0la ta Eéva mopTtokdha gival dysvota. (F)
Tt onuaiver Oyt A;

A) OAla ta EEva mopToKdALo. eivon KOAQ.

B) O\La ta Eéva mopToKAALa OEV Elvarl AYELGTA.

I') Tovhdyiotov Eva EEVO TOPTOKAAL Elval EDYELGTO.
A) TovAdytotov Eva EEVO TOPTOKAAL OEV EIvVaL AYEVLGTO.

E) OLa ta viomio moptokdiio eival KoAQ.



‘Eva Akoua lNapadeiypa (1)
U = {wveipec, xoproi, toyumovpia}
F(X): X etvan yeipa

S(X): X etvai Kop1O¢
T(x): X givai Towumovpt

“Ola gtvon yeipec”

Vx F(x)



[Tapadeiyua (2)

U = {wveipec, xoproi, toyumovpia}
F(X): X etvan yeipa
S(X): X etvai Kop1O¢
T(x): X givai Towumovpt

“Kavéva ogv eitvar kop1og.”

—(3Ix S(X)) Me 11 eivan 1600HvaLO;
VX — S(X)



[Tapadeiyua (3)
U = {wveipec, xoproi, toyumovpia}
F(X): X etvan yeipa

S(X): X etvai Kop1O¢
T(x): X givai Towumovpt

“Olec o1 yeipeg etvar koproi”

VX (F(X)— S(x))



[Tapadeiyua (4)
U = {wveipec, xoproi, toyumovpia}
F(X): X etvan yeipa

S(X): X etvai Kop1O¢
T(x): X givai Towumovpt

“Mepikot Koptot eivon toumovpia”’

Ax (S(x) A T(X))



[Tapadeiyua (5)

U = {wveipec, xoproi, toyumovpia}
F(X): X etvan yeipa
S(X): X etvai Kop1O¢
T(x): X givai Towumovpt

“Kavévac koptog ogv eivan Toiumovpt’”

—(3IX (S(X) A T(X))) Me ti givar 1600VVOUO;
VX (—S(X) V —T(X))



[Tapadeiyua (6)
U = {wveipec, xoproi, toyumovpia}
F(X): X etvan yeipa

S(X): X etvai Kop1O¢
T(x): X givai Towumovpt

“Av kamola yelpa givan Koplog TOTE £1val Kol TGIUTOVPL

VX ((F(x) A S(x))— T(x))



2.€1pa [NoooTikoTTOINCEWYV
AXVy (X +y =0)

Avt n TpoTaon gival aAndng N yevongc; L ati;

vx3ay (X +y =0)

Avt n Tpotaon etvar aAnOng 1 wevong; Iati;



[Tapaodeiyua

‘Eot®m U 10 60OVOAO TOV TPpayLOTIKOV aplOpmv
P(x,y) : x-y=0
[Towa eivon np Tyun aAnBeiog tov:

VXVYP(X,y)

Yevong
vk HP(X,y)

AnbOnNg
VY P(XY)

AnOnNg
K Ty P(x.y)

Anbng



Metappaon lNpotadoewyv o [ Awooa

Hoapdocrypa: VX (C(x) vV Iy (C(y) A F(X, y)))
C(X) = “X &xer H/'Y” xan F(X,y) = “X xou Y elvon pidor” kot o
TOUENC avVOPOPAS Yo T X Kot Y €fvot OAOL 01 POITNTEC TOV
TUNLOTOC.

Kd&Be portntc oto tunua £xet H/'Y 1 €xer oirdo mov &yel H/Y.
Hapdaosrypo: IXVYVZ ((F(X, YA F(X,2) A (y £2))—F(y,2))

Y ndpyet ortnTnc ToL 0MO10V KOVEVAC PIAOC dev glvor IAOC ue
TOVC LTTOAOITOVE PIAOVG TOV.



(2 Movadeg)

A.’Ectm 011 0 TOUENC avapopds Eivor OAOL Ol TPy LLOTIKOL
apdpot kat éotm N SMrwon P(x,y) = "y? = x". Na
QLTIOAOYNGETE GYETIKA LE TO OV Elval aANONC 1 WeLONC N
e&nc MMiwon: VxIy P(x,y).

B. Na dci&ete 011 ) Loyikn TpoOTaoT — ((‘v’x(Q(x) A

P(x))) A (EI y(—lP(y)))) gival TovtoAoYia.



(2 Movaosg)

a) [lowa and 11g mapakdT® TPOTAGELS avaeEPEL OTL av €vag apBudg eival Oetikdg kot vag deVTEPOG
aplOuog etvor peyaddtepog amd tov apyko aplfuod Tote kol 0 deVTEPOS aplOuog sivar OeTikoG.
1. Vx3y((x > 0) » (y > 0))

2.VxVy (((x >0 Ay > x)) - (y> 0))
3. ‘v’x‘v’y((x >0) Ay > x))

4.Vx3y ((x >0 - (y>0)Al > X)))

B) 'Eotm 6t P(X,y) ivor éva katnydpnua 6mov o topéag avaeopds yio to X kou Y eivon to {1,2,3}.
Emmhéov, éot® Ot tOo Kornyopnuo sivon AAnBéc udvo otig eénc mepimtwoeig: P(1,3), P(2,1), P(3,1),
P(3,2), P(3,3). Na avapépete moto, amd TIC TopakAT® AOYIKEC TPoTaoelg eivar Yevong.

1. IxVyP(x,y)

2.Vx3yP(x,y)

3. AyVxP(x,y)

4. Vy3axP(x,y)

y) Eoto m mpétaon: Iyvx(C(x) » =C(x,y)), oémov C(X) onuaivet «O X givoaw @outnTig
[TAnpogopikncy», C(X,y) onuaivel 0Tt «o X TEAEI®GE TNV Y» Kol 0 TOUENS OVOLPOPAG TNG X €lvat OAoL ot
eortntéc ko G Y elvar 0Aeg o1 acknoels. Ilowa and 11 ToPaKATO TPOTAGELS AMOTEAEL TNV LETAPPACT
G€ PLGIKN YADOGGO ALTNG TNG AOYIKNG TPOTACTG;

1. Yrdpyer pia doknom mov Kavevag dev TEAEIMGE.

2. Yrdpyet pio doxnon mov koavévae eortntg g [IAnpoeoptkng dev tereimoe.

3. Kdmotog ortnmg ITAnpoeoptkng dev tereimoe Kopio Aoknon.

4. KaOe portmg [TANpo@optknc amétuye vo, TEAEIMOEL TOLANYIGTOV io AoKNoM.



KANONEZ EZArQrHz
2YMMEPAZMATQN rIA
© MNOozOTIKOMOIHMENEE AHAQZEIE
®




Kavovec Ecaywyng ZUUTTEPACUATWY
via [TogoTikotroinuEvec AnNAWOEIC

Kaboiikn apecotnta:
VXP(x) — P(c)
Omov C avbaipeto HEAOGC TOV TEOTOV OPIGLLOV TNG X.

KaboAwn I'evikevon:
P(c) yia owBaipeto ¢ — VXP(X)




KaBoAIK} ZUveTTaywyn

Koboikd Modus Ponens:

VX(P(x) — Q(x))

P(a) yia cuykekpiuévo a

- Q(a)

KaBoiwkoé Modus Tollens:
VX(P(x) — Q(x))
—Q(a) yio ovykekpuévo a



Kavoveg via [ToooTIKOTTOINUEVEC
AnAwaoEIC

YnopSiokn Apecotnra
AXP(X) — P(c) yio xdmoto C
OTOV C GLUYKEKPIUEVO LEAOG TOV TTEOLOV OPIGLOV TNG X.

Ynrop&roxn I'evikevon:
P(c) yia kdmoro otoryeio ¢ — IXP(X)



[Mapdadeiypa Ecaywyng
2 UUTTEPACMATOC

1.«cOLa T AlovTapla elvor dypio.»
2.«Kdmowa Atovidpilo d0gv Tivouy KopE.»

3.«Kdmnowa dypla TAAGUOTO OEV TIVOLV KOUPE.»

P(x) eivou 1 d0nhwon «To X givail Aovtapt.»
Q(X) etvanr 1 dMMAmwon «To X givan Gypro.»
R(X) eivou 11 d0nhwon «To X mivel KapE.»

[Tedio opropov: Ola ta TAdo AT

1. VX(P(x) — Q(x))
2. AX(P(X) A =R(X))

- 3AX(Q(X) A =R(X))



[Tapaodeiyua

Noa deytel 01 01 tpodmobecelc: 1.« Evag omovdactng otny taén avtr) dev €xel
Swfacet To BiAio.» ko 2.«0 kabévag oty TAEN 0T TEPUCE TO TPADTO

Oy dVIGUOLY» GLVETAYOVTOL «KATO10¢ TOL TEPAGE TO TPMTO OOLYDVIGLLO, OEV EXEL
owfacet To BipAio.»

AX(C(X) A =B(x)) I[IpotmdOeon
C(x): «O X givar oty 148N QwTN.» C(a) A =B(a) Yrap&oxn Apecdmrto and 1
B(X): «O X éxet doPdoet to Biprio.» C(a) amhomoinon amd 2

VX(C(x) — P(x)) IIpotmdHeon

C(a) — P(a) Kaboiwn aupesotnto ond 4
P(a) Modus Ponens 3,5

—B(a) amhomoinon amd 2

. P(a) A =B(a) Z0levén 6,7

. AX(P(X) A —=B(X)) Yrap&lokn I'evikevon amd 8

P(X): «O X mé€pace TO TPDTO SLOYDVIGLLOL)

1. IX(C(X) A =B(X))
2. VX(C(x) — P(x))
s 3AX(P(X) A =B(X))

© 0 NOUA®WN R



2. paAua AvTioTPO®OU

«Olot o1 gykAnuatiec tnc TOANC cuyvalovv oto umop H
dwoid e Kotaoy.
«O T'iavvnc ovyvalel oto umoap H @oird tne Kotaoy.

«O T'avvnc gtvar €Evog amd ToVC EYKANUATIES TNG TTOANG»

Oumc av (Tpomog oKEYNC YIUTPOV, UNYOVIKOV KTA.):

VX(P(x) — Q(x))
etvor oAnOnc kou n Q(a) eivor aAnONC yoo cvykekpluEVO a
tote ) P(a) umopei vo. eivar AnoOnc.

AVTN €WVOL M TEYVIKY TGS ATTAYWYHG.
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