“ | think you should be more
explicit here in step 2.”



4 Av potaya Eva LEAOC NG
H T'IpIYKITTIOOO KQI T
o T ¢ Y10 TO TTOLOV OPOLO TTPETEL
T3 ’ v A __* e Vo, TIP® Y10 TO KAGTPO Tl
v L e Oa pov éleye;

Ay

Mia mprykimooca emokénteTal Evo vinoi mov kortotkeiton and 2 euAEs. Ta puéin g piog
QLANG Aéve TAvTO 0AN0E10 EVO TOL LEAT TNG GAANG TTAVTO YEUOTO.

H nprykimooca gtdvel oe dVo povomdrtio. Oo tpemel va EEpeL Tolo povordtt Oo,
AKOAOLONGEL £TGL MGTE VO ATOPVYEL TO OPEKO OV PPioKETAL GTO Eva, LOVOTTATL KOl VOl
CMGEL TOV TPIYKUTOL 0O TNV KOKT UAY1G00 6TO KAGTPO Tov PpickeTol 6T0 AALO LOVOTATL.

XNV apyN T@V 000 LOVOTTOTIOV VITAPYEL 1 HELOG oo KAOE QULAT Y®WPIC OU®C Va. EEPEL TO10C
Aéel alnBeta kol Torog yépata. [Tola epdtnom tpémnel va KAVEL 1] TPLYKIMIoGA Yo vo. Bpet
70 OPOUO TTPOG TO KAGTPO; 7/10/2025



Kati yio va okeptouoote. ..

Kato and pia kapoowd kdBovtal 3 tomotl. O Kootikog
(K), o Ilwpixog (1) ko o Havikog (I7). Ac vmoBEcovpe
011 KoOEVOC Ao dVTOVE UTOPEl va AEEL LOVO aAnDeia 1
WELATOA.

O K Aéel, KOLOL pog EILOOTE YEVTED

O [ Aéer «cAxpiPoc Evog Agel aAnOeion

I1o10g 00 TOVS TPELS ALEL YERUTO KL TTOLOG
oA 0ero;
(UTopEL M TANPOPOPIA VO UMV ElVaL OPKETT.....)

7/10/2025



/\oviIKn

«Aoyu(ﬁ gtvou m 8mcm’] un Tov omocpocimm)v
KOVOV®V TNG OKEYNG, XOPIG TOVG OMOIOVG OV
etval ovvatov va Uﬂ:apﬁet KOTOVONGMN N
GULAAOYIGLOG.»

Immanuel Kant, 1785

«Av &va yeyovog elvan evavTio 6T KOV AOYIKT), OAAN
TOPOAQ OVTA ELLAGTE LITOYPEMUEVOL VO TO d0gyOovue
Kot va acyoAnBoovue poli tov, 1ot pobaivooue vo
aALGCovue TNV £vvola, TG KOG AOYIKNG.»

P. J Davis and R. Hersh, 1981

7/10/2025



Aoyikn — EpapuoyEC atnv
[IAnPOQYOPIKN

Aoywd kokiouato(Logic Circuits)

AOYIKA KUKAOUATO GYNUATICOVTAL LE GLVOVAG OV TTVAMV
AND, OR, NOT.

211 AOYIKTY), TPOTAGELS GLVOVALOVTOL UE GVCEVEN, 01ALEVEN,
apvnon

Kdafe xdxioua propet va yapoktnplotel amd pia tpoTacT) TOU
IIpotactakod AoyiGuov

ITpofAnuota oyedtacod KUKAOUATOV LETAPPALOVTaL GE
TPOoPANUATA EVPEGNC AVTIGTOLY®V TPOTAGE®Y KOl TOV
YEPLOUOV OVTOV

7/10/2025



Aoyikn — EpapuoyEC atnv
[IAnPOQYOPIKN

[Ipoypapuaticpog: tomotl ogoouEvav Boolean

emo&yovtal TIUEC true, false

LUTOPOVV VO GLVOVACTOVV UEG® GLVOETIKMV and, or, not Y
vo Topdyovv 6OVOETEC EKPPACELS TOV 1010V TOTOV

IT.y., N ékppaon

if (A and B) or (A and C) then ....
UmTopel va amAomonBel 6TV 16000VALN EKQPOCT
if A and (B or C) then ....

H 1coovvapio tov 000 eK@pAcE®V diveTOL OO TA

aclopato tov [potaciokod Aoyiouov
7/10/202



Aoyikn — EpapuoyEC atnv
[1AnPOQOPIKN
Aoyikoc Ipoypapupationog
AVTOUOTOTOINUEVOC AOYIGLLOG
Teyvnt Nonuoovwvn

Baoeic Aeoopévov (SQL) kot I'vooewv

7/10/2025



/\OVIKEC TTPOTATEIC

Aoy Tpdtacn N AL ZpoTacy 1) TVTOS
(proposition-statement):

ANA®GN amoTeEAODUEVT 0O cVUPOAN 1) AECELS Kou 1
onoia eivar gite wevonc (False) eite adnOijc (True)
aAAQ OY1 KO TOL OVO

H npotaion £xel pio povo iy ainbeiac (truth
value)

XvuPoronds: F—¥Y—-0 T—-A4A-1

7/10/2025



[lapaosiyuara

O apOuog 3 otopet téAeta tov aplpo 10 (F)
O kpokdde1hoc uropei vo metdéet (F)
27=128 (T)

KaOe dptioc apOuodc peyardtepog tov 2 Umopel va
EKQPOCTEL MG ABPOIGHO OVO TPOTWOV OPLOUDOV
(eikaoia tou Goldbach) (F n T;)

7/10/2025



Acgv Bswpouvral TTPOTACEIC:
_ 11

xeN

X2 =-1
ITotot etvon o1 dronpéTeg Tov 123;

Na o€iéete Tn oYEoN:

7/10/2025



2 UVOETEC TTOOTACEIC

2vvOereg (compound) Tpotdoels: TPOKVTTOVY
a0 GUVOEGT] AAA®V TPOTAGEMV UE AOYIKOVC
GLVOEGLOVC (VTTOONAMVEL LETAED TOVC GYECT))

2OVOEGLOL: AOVIKES TPACELS V) AOYIKOTL
teleotés (logical operators).

O1 Aoyikég mpacels opiCovtan pe tn fonbela
10V ivaka ainbeiog (truth table)

7/10/2025



- Noyikec pacelc

H Aoywkn piog Hpoypoppoatiotprog otn oyéon
™mG:

Avtog: «M’ayoamdc;"

Avtn: «KAAHOEX"

Avtog: «Oa pe apncelc moTeE;"

Avtn: «YEYAEX"

Avtog: «Eipon e€umvog;”

Avtn: «<AAHOEX'H YEYAEX"

Avtoc: " . !

7/10/2025



2U0Csuén (conjunction)
14

" " i
0 p Kol g Etvou
OVTILETOOETIKN;

P q
F F
F T
T F
T T

e RIS
Q)



[lapaoesiyua
R T
«xnuepa eival Iapaockeovn.»

«XNUEPO OEV PpExe»

20CEVEN;

7/10/2025



Aialeuén (disjunction)

"p TCl q"

pVq
F
T
T
T

ae MR B BRDRES:

P
F
F
T
T



[lapaoesiyua

_17_ [
«xnuepa eival Iapaockeovn.»
«XNUEPO OEV PpExe»

AaCevin;

7/10/2025



Noyikéc lNpdéeic: Apvnon (negation)

"o " p
ITivaxac AAnOeioc

D —p .
-

T F

7/10/2025



[lapaoesiyua

I
«xnuepa etvon Iopaockevn»
«Eipot amd tov Apn.»

Apvnon;

7/10/2025



2uvemaywyn (implication)
20

O «p GUVETAYETUL TNV g»

0 «Av p 10T€ g»

Ymo0eon LOUTEPACLL

\ o
P—q

7/10/2025



Av exieym Oa

2uvemmaywyn (implication) 11600 tons

Yno@ecm
«p GLVETAYETOL TNV g» Toumépacua

«Av p 161€ g» p q p E q /
Eva avékdoTo: T T T
Katrolog Bewpnoe

AGBo¢ TNV 10€a OTI
CEKIVWVTAC at1Td AGBO0C

TTPOTACEIC UTTOPEIC VA T
KATAANEEIC o€ pia

OTTOIAdNTTOTE TTPOTACN

Kal TTPOKAAECE TOV B.

Russell va dgi¢el 611 av F F T
4=5 101€ 0 B.R. €ivai o

Tamag. Ti vopiete OTI
EITTE;

‘EoTtw 4=5. Tote 1=2. 'Eyw Kal 0 TTATTAG €iNaOTE
dUO, Apa £yw Kal O TTATTAG €iNaCTE V. 7/10/2025



2 UVETTAYWYN
22 |

—q = (—pvg)
P q/ pVg

N\OYIKO «ioovy

7/10/2025



Av onuepa gtvor

Z U Vg na Vw Vr,] [Tdoya, TOTE AOP1O

gtvatl Agutépal.

H avtiotpopn tmg p—¢q givau n g—p.

H avtifetn g p—¢q tvon  —p——g.
H ovtifectoavtiotpopn tnc p—q €itvor
q——p.

Mia cuvemaymyn €ivatl 1GO0OVVAUT LE TNV
avTIfETOOVTIGTPOPN TNG. (ATOOEIEN LE TTivoKo,
aAnOeioc 1 e 1010TNTEQ)

7/10/2025



Noyikn looduvauia (equivalence)

«p €lval 10ooOLVOUN UE g»
etvar 1coovvapo pe(p A q) v (—p A—q)=p — q) A (g — p)

P 4q pP<q

p="Eiuon evrilkag”

0 5 F F T
g=“Eipa1 >18 ypovev F T F
T F F
T T T

7/10/2025



Ikavn kai Avaykaia 2uvenkn

25|
H r givan plo ikavy covOnkny yio v s

«OV 7 TOTE $»

H r eivan plo avayrkaia covOnkny yio tnyv s

«av Ox1 ¥ TOTE OY1 §» «o S TOTE 1
«S UOVO OV 7»

[Tapaoeryua: «Av o I'dvvng €yetl otkoimua yneov,
10TE €lvan TOLAQYLoTOV 18 ETOV.»

7/10/2025



lkavn Kal Avaykaia

[ikovr) cuvOn KN Yo va €tvon 0 x GPTLOC lval va
otapeiton amo 1o 4. Eival avaykaia;

Avaykaio cuvOnkm yo va givon 0 x dpTiog eivorn va
otapeiton amwo to 2. Eivat tkavn);

Avaykoaio cuvOnkn yo va givon 0 x > 3 TpOTOg
etval va, un otoupeiton amod to 2. Etva tkovi;

7/10/2025



«AV Kal JOVO av»

O n? ivon meprtdc av ko wévo o 0 N Vol TEPITTOC.

Av: O n? gtvar meprttdc av o n sivon TePTTog
AMGG: Av o n givon Teptttdc ToTE 0 N? etvan TEPITTOC

Moévo ov: O n? givon mepttdg uévo av o n etvar meprttdc

AMIGOC: Av 0 n dev glvar Teprttdg tdTe 0 N dev elvon tvon
TEPITTOC

AMGOG: Av 0 n? givon Tepttdc T0TE 0 N etvan TEPITTOG

7/10/2025



[lootepaiotnTa N\oyikwyv TeAeoTwyv

['evika kaBopilovue TV TPOTEPUOTNTA LUE TIC
mapeviEaelc. Otav 0gv 10 KAVOLLE 0VTO TOTE O1
TEAEGTEC LUE GEPA TPOTEPOUOTNTOC ATTO LYNAOTEPT
TPOG YouUNAOTEPT Elva:

Apvnon

20evin

A1aCevén

2LVVETAYOYN

[coovvapia

7/10/2025



2 UVOETEC TTOOTACEIC

IIpotacelc pq, ..., Pn

Aoyicéc mpale; o Ny Vy =, €

YovOetec wpotdoelc P(pq, ..., Pr)

7/10/2025



Ao Quoikn Nwooa

«Agv umopeite va avePeite 610 TPEVAKL TOV AOVVA TOPK
av €YETE VYOG KATM® amd 1.2 pétpa, EKTOC, av €10TE
POV oo 16 ypovovy

Aoyikn Tpotaon;

g : «umopeite va avePeite 6TO TPEVAKL TOV AOVVA, TTOPIO)
r o «€xeTe LYOC Katw amo 1.2 pEtpor

s . «elote mopamave oro 16 ypovovy»

(r A=s) » g

7/10/2025



[livakac AAnBeiac
20vlernc lNporaonc

Otav o ocoveTtn TpdTOoN OTOTEAEITON
om0 1 AMAEC TTPOTAGELS, O TIVOKOG

aAinOeioc amoteAeiton amd 2" YPUUUES

7/10/2025



[lapaosiyua

P(p,q,r)=—(pVv—g)A(=pVvT)

—pVrT —|(pV—|C[)/\(—|pVT)

-p q pV-aq —(pV-Q)
T

F
T
T
F
F
T
T

T T F F
T F T F

T F F F
F T T T

F T F T

F F T T

F F F T

7/10/2025



TauroAovia kai avTiaon

Tavtoloyia (tautology):

20vOetn TpdTao™ 1) 0TToio TaiPVEL GE OAEC TIC TEPIMTMGELC
TIun oAnOeioc 7

Avtipaon (contradiction):

20vleTn TPOTAGT) TOV TOLPVEL GE OAEC TIC TEPIMTMGELC TIUN

aAndeiog F
p|l-p|pv-r
T | F T
F| T T

P|—P | PAP
| F F
F| T F

7/10/2025



Agv gtvor Loy1kOg

'Io'gg' ]Tpo ngglg couvoeocunoc. H p = g oev

etval Aoyt Tpotoo.

34|
0 Toeg ovvhetec TPOTACELG:

P(p19°°°9pn) = Q(plaapn)
o Otav o1 mivakeg aAnbeioc Tovg eivar 0101

7 ATOOEIKVVETAL OTL 1) 1IGOTNTO OVO TPOTAGEMV LGYVEL
oV Kot LOVO v 1) TPOTOoT

P(py,....p,) < QP P,)
elval TovToAOYio

7/10/2025



[Napaoeiyua — Nouor De Morgan
R
(pAg)=—(—pV—q)

P q PAQ
T T T
T F F
F T F
F F F

7/10/2025



Kavovecg looouvauiac

Nopog Ieprypaon
Toavtotnrog pp
Awmiig dpvnong p < =(=p)
AmnoxAgicemg tpitov pv—-pT
AVvVTIpaTIKOTNTOG —(pA—p)oT
De Morgan —(pAqg)e —pVv-—g
—(pVvg) o apAg
AvtetabetikdtnTag PAGGAD
pvg<qgvp
IIpocetaupioTikdOTnTag pPAg@Ar—opar(gAnr)
v vropvigyn
AvtiBeTiKoc (p — q) < (—g — —p)
Empepiotikog pAr(@gvr)o@aq)Vv(pAar)
pvgarrop@vgrpvr)
Avadideadng [p— (g =Nl lg— (@0
Ecayoyng [(prg) —r] < [p—(g—1)]

(11072025




O TeXVIKOC

‘Evac teyvikoc vroyaleton 0Tt £vag 1 TEPIGGOTEPOL UTO TOVG EMEEEPYACTES EVOC
KOTOVEUTLEVOV GUGTILOTOC OEV AELTOVPYOVV GMOGTA.
O emeCepyaotéc, A, B ko C, givar 0Ao1 6e BEom va avapEPOLY TANPOPOPTES
CYETIKA LE TNV KATAGTACT (AEITOLPYOVV/OEV AELTOVPYOVV) TV EMEEEPYATTDOV TOV
GULGTNOTOC.
O teyvikoc ogv eivan PBEPatog av Evag emeEepyacTnC OV AEITOVPYEL TPOAYUOATIKE 1) OV
10 TPOPANUA EVIOTILETAL GTIS POVTIVES OVAPOPEC KATAGTOONC GE £VaV 1)
TEPLGCGOTEPOVC ATO TOVG EMECEPYUOTEC.

O enelepyactng A avapépel 0Tl 0 emeCepyaotnc B dev Asttovpyel ko o
eneCepyaotnc C Aettovpyet.

O enelepyaotc B avaeépel 0T1 0 A Aettovpyel av kot LOvo av Aeltovpyet o B.

O enelepyaotc C ava@épel OTL TOLAAYIGTOV £VOG AmO TOLS AAAOVC OVO
eENECEPYUOTEG OEV AEITOVPYEL.



[lepiTTTwon #1: loxuouv OAEC Ol
AVAQPOPEC KATAOTACONG

O eneCepyactnc A avagépel 0t 0 eneCepyootng B
0ev Aettovpyet kal o emecepyactne C Aettovpyel.
O enelepyaotnc B avagepel 0t1 0 A Asttovpyel av
Ko Lovo av Asttovpyet o B.

O eneCepynotnc C avapEpel OTL TOVAAYLIGTOV EVOG
a0 TOVG AAAOVC OVO EMECEPYOUOCTES OEV AEITOVPYEL.

Av vtoBEécovue 0Tl 1oYDOVLY OAEC O1 AVAPOPES
KOTAGTOGNC, TOLOC 1) TO101 EMECEPYACTEC AELTOVPYOVV;



[lepiTTTwoN #2: AciITOUpyouv
OAOI Ol ETTECEPYAOTEC

O eneCepyactnc A avagépel 0ti 0 eneCepyootng B
oev Aettovpyet ka o emecepyactne C Aettovpyel.
O enelepyaotnc B avagepel 0t1 0 A Asttovpyel av
Ko Lovo av Asttovpyel o B.

O enelepyaotnc C avagEPeLl OTL TOLAAYIGTOV EVOG
a0 TOVG AAAOVC OVO EMECEPYOUOCTES OEV AEITOVPYEL.

Av vtobecovue OTL OAOL 01 ETECEPYUGTES AELTOLPYOVV,
TOl0L 1] TOLEG AVOPOPES KATAGTUOTG EIVOL YEVOELCS;



[epirTwon #3: O1 ava@opEC KAaTaoTaong
gival aAnBeic oTav AciIToupyouv

O eneCepyactnc A avagépel 0ti 0 eneCepyootng B
oev Aettovpyet ka o emecepyactne C Aettovpyel.
O enelepyaotnc B avagepel 0t1 0 A Asttovpyel av
Ko Lovo av Asttovpyel o B.

O enelepyaotnc C avagEPeLl OTL TOLAAYIGTOV EVOG
a0 TOVG AAAOVC OVO EMECEPYOUOCTES OEV AEITOVPYEL.

Av vtoBEcovue 0T 1] AvaPOpPd KATAGTAGTC EVOC
emeCePYAoTN Elval aAnONC av Kot povo av o
EMECEPYAGTNC AEITOVPYEL, OO EIVOL ] KATAGTOOT KAOE
EMECEPYUOTN;




[Tivakac¢ aAnBeiacg

Edv yvaopilovpe oot enelepyactéc Asttovpyolv, Ba TPEMEL VO LTOPOVLE VO OLUKPIVOLLE TTO1EC
avopopEg etvar aAndeic. XvpumAnpaoocte ta Kevd otov mivaka pe Tipéc T/F (AAnOng/Pevdnc):

O enelepyaotc A avapépel 0T 0 enelepyaoctng B dev Aettovpyel kou o emeepyaotng C
Aettovpyet.

O enelepyaotc B avapépet 6t 0 A Aettovpyel av kot povo av Aettovpyet o B.

O enelepyaotg C avapépetl 0Tt TOVAAYIGTOV EVaC oo TOVG AAAOLG S0 emelepyaoTéC OEV

Aettovpyet.
OA OB OocC Avagopd | Avagopd | Avagopd
AeiToupyei | Aeitoupyei | Asitoupyei | Tou A TOU B ToU C
T T T F T F 21 Epwrnon
T T F F T F
T F T T F T 3" Epwnon
T F F F F T
F T T F F T
F T F F F T
F F T T T T 1" Epwtnon
F F F F T T



[Tapadelyua (aTTo ECETATEIC):

(1 Movaoa)
Na ogicete 011 ] TOPAKATO EKQEPOCT ETVOL
TOVTOAOYIO YWPIC TN YpNoM Tivaka aindeioc,
avVaypAPOVTOS TIS WOLOTNTEG TOL ¥PNGILOTOIEITE OE
KaBe Pua.

((p = q)A—q) = —p
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[Tapaodelyua

(Epwtnua atré Npdodo)

Ofpa 8°: (1 Movaoa) Na emré€ete T 600TI) 0TAVTI G 6€ KAOE EpOTNHA.

A)’Eoto o1 tapakdto npotdcelc: p: «H I'oywn epyaletor péxpt apyd», g: «O M1tcog
epyaletal uEypt apy» ko 7: «Ba dve oto omitwy. ['a kabe TpdTaon TOL diveTal va
KUKAMDGETE TNV AVTIGTOLYTN AOYIKT TPOTAGT).

«Av n T'oyn 1 0 M11te0og dev epyactovy HEYptl apyad tote Ba ave 6To omitl.»
o) a(pvg)—=>r PB)(=pA-q) >
@A) >r - (A=)

«H TI'oy® ka1 0 MAteog ogv epyalovtol LEYPL apya.»
@~V B)—p V—q VPAq 3)p — —q

«Ba ave 6to omitt povo av n F'oyo dev epydaletal péxpt apyd.» (avaykoio cuvOnKn)
a)r = p B)—p = —r - —r O)p—>r
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n [TpoTaCIaKOC AOYIOUOC

ECaymyn Xvoumepaopotog

7/10/2025



MeBodor ATTodeIEnc

Ocopnuo: Mio OA®oN TOL UTOPOVLE VO atodeiEovue 0Tl

aAnOevet.

AT00EIEN — 000 EIKTIKT oKoAovOia: To emyeipnua mov
amoTEAEITOL OO TN GEPE ONADGEWDY TOV YPTGLULOTOLOVUE
v1o, vo, KotaAnEove 6to Bempnua.

Allopo: YTo0EGEIC TOV YPNGLULOTOIOVUE Y10 TNV OTOOEIEN
TOL Bewpnuatoc.

Koavoveg e€0ymyNg SOUTEPUGUATOV - TUAPUYMYNS: TO UEGO,
TOV YPTNCILOTOLOVVTOL Y10, ECOYMYT GLUTEPAGUATOV UTO
GAAEC ONAmGElS (Prinata amOoEIENC)
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Eykupornta Ammoodeiéng

Av kd0e popd Tov OAec 01 vTobeselc (1 aStouata)
etval aAn0eic tote eival aAn0£EC Kol TO GLUTEPAG L.

A€ilte 0Tl N TOPOKATW OTOOEICH OEV EIVOL EYKVPN IUE
Tivoxo ainbeiog:

p >NV —r
q > DPDANF

Sp =

7/10/2025



To INpoPAnpa pe Touc MMivakeg
AANBcgiac

Ortav &yovue ToAAQ TPOTOCLOKA GOUPOAN TOTE O
TIVOKOC YIVETUL TEPACTIOE

[lpotooioxoc Aoyiouog: IopEyel KavOveg yio TOV
YEIPIGUO TPOTAGEWVY 6T GLUPOAIKT AOYIKN
Kavovec Icoovvapiog

BaciCovial o€ AOYIKEC 1GOOVVAUIES (01 TPOTAGELC Elval
1GOOVVOLLEC)

Kavovec ECaymync Zoumepacuatmy
Kavovec mapoaymyng aclevéstepmv TpotAcE®V Amo
LoYVPOTEPES TPOTACELS
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Kavoveg looouvauiac

(tou¢ gidaue nodn)

Nopog IHeprypoagr)

Toavtotnrog pp

AtMig Gpynong p < —(—p)

AmnoxAgicemg tpitov pv—-p—T

AvTipaTIKOTNTOG —(pA=p)eT

De Morgan —(pAq) > —pV g
—(pVv @q) > —pA—q

AvtipetafeTikdTnTog DPAGeGAD
pvgoqgVvp

[IpoceTauploTikOTNTOC PAgyAr—pa(gAar)
pvgvreopvgvr)

AvT10eTiKdg p—q) < (—g— —p)

Empeproticdc pAr(@gvr)o@aq)Vv(pAar)
pv@gAar o @V APV

Avoaotdtaéng [p = (g—1r)]o[qg— p—r)]

Ecaywyng [(pArqg) o rlo[p—(g—0)]

(11072025




Kavovac ATooTraonc
(modus ponens)

PApP—q)—qn
pP—q
p
C.q

[Hapaoeryua:

«Av onuepa yrovicel 10te Oa KAVOLUE GKL.»
«XNUEPO YLOVICEL M

Apa: «®a Kavovue oKLY
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MéBodoc Apvnonc

(modus tollens)
g |

(—gA(p—q)——ph
P —(q
—d
%

[Hapdoerypa:

«Av 0 Alag gtvar dvOpwmog, tote 0 Alog eivon Bvntdc.»
«O Atac ogv givon Ovntoc.»

Apa: «O Alog ogv gival avOpmmToc.»
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Karrolor Kavoves Eéaywync 2uutrepaouarog

(o1 5 Tpwrol gival ApKeTOI)

p—(@Vvq IIp6cBeon (yevikevon)
pAg)—p Amionoinon (gwikevon)
((P) A (@) = (P Ag) XuCevdn
pA(p—9q)—q Modus Ponens
(—g A (p—q) — —p Modus Tollens
—>gOnr(g—or)— (p—or YnoBetiko¢ ZvAloyiopnd
(p—=@nrlg—1)— (p—71) - YIGHOG
(Metopatikotnto)
(pvg)A—p)—q A1aCevKTIKOC ZVALOYIGUOC
(Amaroipn)
(V@) A(=pVvr)—(gVvr) Awxopiopog
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Kavovec looduvauiac Evavti Kavovwyv
E¢aywynNg 2UupTTepAoUATOC

+ Ot kavoveg 16o0VVauLiog Eivol aVTIGTPEYUOL, EVM 01 KOVOVEC EEAYMYNG CLUTEPAGLATOG

Ae1TovpyovV UOVO TPo¢ pio katevbovvon.

+ T'e avtov T0v AOYO YPMNOULOTOLOVUE TO < Y10, 1000LVAUIEC KOl TO = Y10,

GUUTEPAGLLOTOL.
loobuvapia Ovopaoia
pS-p Sumhr apvnon
p=qe-pVg GUVETTaYWYT|

—lpAgl=-pVg
—lpVgle=-pA-g

Tou De Morgan

pvVgeqvp
pAgEqAp

petabetkéTnTa

pAlgAri=(pAg)Ar
pvVigvriepvaglVvr

TPOCETAPIOTIKOTITA

Efaywyn cuunepaopartog Ovopaocia Tou kavova
p :
0 } =pAq auleuvtn
P }z}q modus ponens

p—q

™ }=>—|p modus tollens
p—q

pAhg=p amhomoinon
p=pvg npoctnkn




[apaodeiyua — Eival EykKupo,

«Agv EYELNAL0 GNUEPO TO OTTOYEVLA KAl EYEL TEPLOGOTEPO KPLO OO YOEC.»
«Av &xel A0 onuepa TO amOYELUO TOTE B0l KOADUTGOVLE. »

«Av dev Ba koAvummoovue, T0te Ba TALE LE TO KOVO.»

«Av Qo mépe pe o kavo, Ba yvpicovue omitt pe To nAtoaciiepo.»

" « Oa yvpiocovue omitt e 10 nAMoPacilepo.»

To cvunépacua ogv gival £ykvpo.
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[apaodeiyua — Eival EykKupo,

«Agv EYELNAL0 GNUEPO TO OTTOYEVLA KAl EYEL TEPLOGOTEPO KPLO OO YOEC.»
«Av dgv £xel NA10 TOTE 0V Bol KOALUTNIGOVLE. »

(Oa koAvumnoovue LOVO av EXEL HAL0)

«Av dev Ba koAvummoovue, T0te Ba TALE LE TO KOVO.»

«Av Qo mépe pe o kavo, Ba yvpicovpue omitt pe o nAtofaciiepo.»

"« Oa yvpicovue omitt pe 10 nAMoPaciiepa.»

To cvumepacua tval £yKvpo.

7/10/2025



[Toio va Avoicw; — To XpwoTtaw

YT1oB£éoeic:

1. Mia kail govo pia atrod TG dUOo TTPOTACEIS gival aAnBniG.

2. 'Eotw 611 TO O£VTOUKI PTTOPEI Va €ival o€ pia aTTd TIG TPEIG KATAOTACEIG: AdEIO, YENATO uE Onoaupod Kal
YEMATO PE OKOPTTIOUG

| —' O 403
PortForwar



NovikEC TIAQvec

2QPAALO KOTA TOV GUALOYIGUO TTOVL LOC 00N YEL 6€ AABOC
GUUTEPAGLLAL.

2PAALO OVTIGTPOPOV:

«Av o0 Kootog avtrypaoet, 1ote kdBeton oty teAevtaioa oelpd.»

«O Kootog kéeton otnv tedevtaio oelpd.»

" «O Kootog avtrypdeet.»

2QAAL0, ovTIOETOVL:

«Av 10, emtoKio, avénbovv, ot TG 6To ¥pNUATIGTPO B TEGOLV.»

«Ta emrokio dev avEdvovtat.»

- «Ot Tipég oto ypnuatiotplo dgv Bo TEGouvv.»

7/10/2025



O KwarTikac, o lNwpikac kai o
[lavikac...

['a kdBe Ovoua pio boolean petafAntn £T01 OOTE
av Agel yéuata va gtvar 0, av Aéel aAnbela va givat
1

H npotaon P=«Orotl poc Aéue yEpotoy eival n
P=K'T"II".

H npotaon Z=«AxkpiPoc Evac Acel aAndeion eival n
>=KI'II'+K'TTI'+K'TII.

dtidyvovpue Tov mivaka aAndeiog yio OAOLE TOVG
cuvovacuove PX(KT), P X(K'T), P2 (K'T),
PX(KI™). Av vapyetl Eva 1 AvOnke aAAlng ...

7/10/2025



AAAOC Tpormo¢

‘Eotm 011 0 K Aéel aAnOero.

" Ohot Aéve yépata (amd avuto mov Aget o K)
" Avtipaon: O K Ager aAndeia kol yépata

". HondBeon eivon ecpaipévn

" Apa o K Aéel yepata

7/10/2025



[Tol0¢ OKOTWOE TOV AOPOO
Lordaton;

«O Aopoog Lordaton, to B0pa, okotwbnke and ytumnUo 610
KEPAA e Eva UmpoLTCIVO KNPOTNY10.»

«Eite n Aaion Lordaton gite n vanpétpia Sara, 1tav 6T0
KoO1GTIKO TNV PO TOV POVOL.»

«Av N payeiptooa Ntov oTNy Kovliva TNy Mpo Tov OVOL, TOTE
0 UmATAep okOTMGE T0 AOPoo Lordaton pe pia popaio 0don
GTPLYVIVIG.»

«Av 1 Aaion Lordaton Ntav 6to KaO1oTIKO TNV MpA TOL EOVOU,
TOTE 0 GOPEP OKOTMGE TOV AOpoo Lordaton.»

«Av 1 payeipiooa 0gv oV 6TV Kovliva tnv mpo Tov POVOU,
TOTE M| Sara ogv Ntav 610 KOOIGTIKO OTAV OOTPAYTNKE O
POVOC.»

«Av n Sara Ntov 610 KafoTIKO TNV OPA TOV POVOV, TOTE O

oepPrtopog okdTMGE T0 AOpoo Lordaton.»
7/10/2025



O AmrooaTtoAoc Kai o1 Kavvif3aAol

Ot kavvifarol Emacav Eva amOGTOAO TNG
eKKAnotac Ko 0ELovv va tov edve. Ilptv tov
QAVE OLUMC Y1, VO, GTTACOVV TTAAKO TOV AEVE VAL
TEL pia Tpotoon Kot av avtn eivalt AAHOHX
101€ O TOV BpAcovv aAA®OG av ivor
YEYAHX Oa tov ynioovv. Tt npénel va el o
ATOGTOAOG UNTTMOS KUl TNV YAVTWOGEL;
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What is Sudoku?

Played on a n xn board.

A single number from 1 to » must be

111 121s put in each cell; some cells are pre-

319 11| 4 filled.
4 Board is subdivided into

- I A > 1 Vn x vYn blocks.

3 6 8 9 Each number must appear exactly

once 1n each row, column, and
> |4 21 block.
50 |3

Designed to have a unique solution.



Puzzle-Solving Process
_ & |

SAT Puzzle
Puzzle Sol'n Sol'n

—_— Encoder ~—— | SAT Solver | — Decoder —_—

@)
Z
T

Mapping of SAT
variables to
Sudoku cells



Naive Encoding (1a)

29

7 Use n? variables, labelled “x00” to “x,....".

o Variable x, . ; represents whether the number d is in the
cell at row r, column c.



Example

of Variable

N | =] W
Wi A=

Encoding

AhITWIN| -~
= NS

r1,1,3 = true, ri 22 = true,
T2 1,4 = true, Ts 21 = true,
r3 1,1 = true, r32 4 = tIrue,

T412 = true, r423 = true,

[ L All others
digit

column

row

Variable x;.. 4
represents whether
the digit d 1s in the
cell at row 7,
column c.

13,1 = true, Iy 44 = true

T2 32 = true, T2 43 = true

r3 33 = true, I3 42 = true

T434 = true, T4 41 = true

are false.



Naive Encoding (1b)

Use n3 variables, labelled “xg0,0” to “X;u."-

Variable x,.. ; represents whether the number d 1s in the
cell at row r, column c.

“Number d must occur exactly once in column ¢”
= “Exactly one of {x1¢d, X2c.d, ---» Xn,c,d} IS true”.

How do we encode the constraint that
exactly one variable in a set is true?

66
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Naive Encoding (2)

How do we encode the constraint that
exactly one variable 1n a set 1s true?

We can encode “exactly one” as the conjunction of “at
least one” and “at most one”.

Encoding “at least one” is easy: simply take the
logical OR of all the propositional variables.

Encoding “at most one” is harder in CNF.
Standard method: “no two variables are both true”’.

|.e., enumerate every possible pair of variables and
require that one variable in the pair is false.
This takes O(n”*2) clauses.

| Example on next slide ]
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Naive Encoding (3)

Example for 3 variables (x1, x2, x3).
“At least one 1s true”:
xI vx2vXx3.
“At most one 1s true’:
(~xIv ~x2) & (~xI v ~x3) & (~x2 v ~x3).
“Exactly one 1s true”:



Naive Encoding (4)

The following constraints are encoded:

Exactly one digit appears 1n each cell.

Eac]
Eac]
Eac]

N g

N g

1g1t aj
1g1t a)

N C

bpears exact.

ppears exact

'y once 1n eac

'y once 1n eac

1g1t aj

ppears exact

1 TOW.

h column.

'y once 1n eac

h block.

Each application of the above constraints has the form:
“exactly one of a set variables is true”.

All of the above constraints are
iIndependent of the prefilled cells.



Every Line Contains all Numbers
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Problem with Naive Encoding

We need »° total variables.
(n rows, n cols, n digits)
And O(n%) total clauses.

To require that the digit “1” appear exactly once in the
first row, we need O(#?) clauses.

Repeat for each digit and each row.
Forn=9 (9 x 9), the naive encoding 1s OK.
For large n, it 1s a problem.

71
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