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



Av potaya Evo LEAOG TNG

[10IVKITTIOOQ KQI TOMs e

g ¢ Y10. TO TTOLOV OPOUO TTPETEL
’ E »’ P Vo Tép® Yo T0 KAGTPO Tt

Oa pov éleye;

Ay

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

H nprykinicoa @tdvel oe 600 povomatia. Oa mpémel va EEpel Toto povomdtt Ha
AKOAOLONGEL £TGL MGTE VO ATOPVYEL TO OPEKO OV PpioKeETAl GTO Vol LOVOTTATL KOl VOl
CMGEL TOV TPIYKITO 0O TNV KOKT UAYIG60 6TO KAGTPO oL BpickeTol 6T0 AALO LOVOTATL.

XNV apyN T@V 000 LOVOTTOTIOV VITAPYEL 1 HELOG oo KAOE QULAT Y®WPIC OU®C Va. EEPEL TO10C
Aéel adndeia kol Torog yépata. [Towa epdTnon mpémel va KAVEL 1) TPLYKITIGoA Yo va. Bpet
TO OPOLO TTPOG TO KAGTPO; 7/10/2024



Kati yio va okeptouoote. ..

Kdatom amd pio kopvotd kdbovron 3 dvOpwmot. O

Kowotikag (K), o T'iwpikog (1) kou o Havikog (17). Ag
vrofécovue 0TL KaBEvag ammd avtovg UTOPEL Vo AEEL

Lovo aAnfeio N yeEuata.
O K Aéel, KOLOL pog EILOOTE YEVTED
O [ Aéer «cAxpiPoc Evog Agel aAnOeion

I1o10g 00 TOVS TPELS ALEL YERUTO KL TTOLOG
o 0ero;
(UTopel  TANPOPOPia Vo UV Eivon OPKETY).....)

7/10/2024



/\oviIKkn

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

Immanuel Kant, 1785

«Av &va yeyovOc elval EvAvVTIo GTT KOV AOYIKT), OAAN
TOPOAD VT EILOGTE LTTOYPEDMUEVOL VAL TO O€YOOVUE
Kot va acyoAnBoovue poli tov, tote pobaivooue vo
aALGCovue TNV £vvola, TG KOG AOYIKNG.»

P. J Davis and R. Hersh, 1981

7/10/2024



Aoyikn — E@apuoyEC atnv
[IAnPOQYOPIKN

Aoywd kokAopata(Logic Circuits)

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

211 AOYIKTY], TPOTAGELS GLVOLALOVTOL UE GVLEVET, O1ACEVEN,
apvnon

KdaBe kxdxioua propet va yapoaktnplotel amd g tpoOTacT) TOU
IIpotactoakod AoyiGuov

ITpofAnuota oyedlacod KUKAOUATOV LETAPPELOVTOL GE
TPOPANUATO EVPEGTC AVTIGTOLY®V TPOTAGEDY KOl TOV
YEPIGULOD QVTOV

7/10/2024



Aoyikn — E@apuoyEC atnv
[IAnPOQYOPIKN

[Ipoypaupoticuoc: Tumot dedouevov Boolean

emogyovron TiueG true, false

LTTOPOVV VO GUVOLACTOLV UEGH GLVOETIK®V and, or, not yio
vo, Topdyovy 6OVOETEC EKPPAGELS TOV 1010V TOTOV

I1.y., N ékppaon

if (A and B) or (A and C) then ....
UTopElL va amrAomon el 6TV 1600VVALN EKQPOCT
if Aand (B or C) then ....

H 1coovvapuia tmv 000 eK@epAcE®V OlvVETOL OTTO TA

aclopato tov [potaciokod Aoyiouov
7/10/202



Aoyikn — E@apuoyEC atnv
[1AnPOQOPIKN
Aoyikoc Ipoypapupationog
AVTOUOTOTOINUEVOC AOYIGLLOG
Teyvnt Nonuoovwn

Baoeic Acoopevav kot I'vocewv

7/10/2024



/\OVIKEC TTPOTATEIC
Aoy tpdtaon N anhd Zpotacy (Proposition-
statement):

ANA®GN amoTEAODUEVT 0O cVLUPOAN 1) AECELS Kou 1
onoia eivon gite wevornc (False) site alnbnc (True)
aAAQ OY1 KO TOL OVO

H npdtaon xetl uia uovo riun ainbeiac (truth
value)

XvuPforonds: F—¥Y-0, T-A-1

7/10/2024



[Mapaosiyuara

O ap1Opog 3 owoupet tereto Tov appo 10 (F)
O kpokddelog pumopel va metdéet (F)
21=128 (T)

KaOe dptioc apOuodc peyardtepog tov 2 Umopel va
EKQPOOTEL OC dOpoloUa OVO TPOTOV aPLOU®V
(eikaoia tou Goldbach) (F N\ T;)

7/10/2024



Acgv Bswpouvral TTPOTATEIC:

Xe N

X% =-1
ITotot etvon o1 dronpéTeg Tov 123;

Na o€iéete Tn oYEoN:

7/10/2024



2 UVOETEC TTOOTACEIC

2vvOetes (compound) mpotaecels. TpoKOHTTOVY
a0 GUVOEGT] AAA®V TPOTAGEMV UE AOYIKOVC
GLVOEGLOVC (VTTOONAMVEL LETOED TOVC GYECT)

2OVOEGLOL: AOVIKES TPACEIS V) AOYIKOL
releotég (logical operators).

O1 Aoyikég mpacelg opiCovton pe tn fonbeia
t0V mivara ainbsiac (truth table)

7/10/2024



[looraoiakn /Aoyikn

e

O Tou€nc TNC AOYIKNG TOV AGYOAELTOL LE
TPOTAGELC.

7/10/2024



2 U0leuén (conjunction)

O P Ko Eivat
OVTILETAOETIKT;

44T
— T — T O
—TTm S

O

/////////



[lapaoesiyua

I
«xnuepa etvon Iopaokeovn.»
«XNUEPQ OEV PpExe»

20 even;

7/10/2024



Aialeuén (disjunction)

pPnag

— — T1T1 O
— T < T1 O

/////////



[lapaoesiyua

I =,
«xnuepa etvon Iopaokeovn.»
«XNUEPQ OEV PpExe»

AaCevén;

7/10/2024



AtrokAgioTikn Aialeuén (disjunction)

"P M g atla Oyt kol to. 000"

P g p®q
F F F
F T T
T F T
T T F

/////////



[lapaosiyua

«xnuepa etvon Iopaokeovn.»
«Xnuepa. 0V Ppexe

Amoxieiotikn Adlevén;

7/10/2024



Novyikéc TNoaéeic: Apvnon (negation)

S o P
[Tivaxag AAnOeiog

p —p
F T

T F

7/10/2024



[lapaoesiyua

.20 4
«xnuepa etvon Iopaockevn»
«Eipol amo tov Apn.»

Apvnon;

7/10/2024



2uvemmaywyn (implication)

O «P cvveRmAyETOL TNV O»

0 «Av p 10TE O»

Ymo0eon LOUTEPUCLL

\ o
P—q

7/10/2024



Av exieym Oa

2uvermaywyn (implication) “glféﬁﬁf”g

Yno@ecm
«P GUVSTE(X’YSTOH ™mv g» DLUIEpOLG]JOL

«Av p 161€ QN p q p E q /
Eva avékdoro:. T T T
Katrolog Bewpnoe

AGBo¢ TNV 10€a OTI

CEKIVWVTAC aT1TO AGBO0C T
TIPOTACEIC NTTOPEIC VA

KATAANEEIC o€ pia T

OTTOIAONTIOTE TTPOTACN (P A Q)—q Oovue va

Kal TTPOKAAECE TOV B.
Russell va &¢i€el 611 av F F T efvau mavro a/nong
4=5 101€ 0 B.R. €ivai 0

mrarrag. Ti voyidete OTI
giTre: ‘EoTtw 4=5. Tote 1=2. 'Eyw Kal 0 TTATTAG €iNAOTE

dUO, Apa £yw Kal O TTATTAG €iNACTE V. 7/10/2024



2 UVETTAYWYN
N

p—q = (—pvQ)

/////////



Av onuepa gtvor

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

gtval Agutépal.

H ovtiotpopn t¢ p—Q givon n g—P.

H avtifetn e p—Q €tvon n —p——Q.
H avtifetoovtiotpopn tc p—( givou N

gJ——P.

Mia cuveraymyn €ivoal 1GOOVVOUT LE TNV
avtifetoavtiotpoPn te. (amddelEn ue mivaxa
aAnOeiac 1 e 1010TNTEG)

7/10/2024



looouvauia (equivalence)

«p elval looovvaun Ue q»
etvar toodvvapo ue(PAQ v (=pA—=q)=p@ — q) A (g — p)

P4 P<(

p="Eipou evlkoc”

g="Eipon >18 ypovav”

— — T T
— T = T
— 7T

7/10/2024



Ikavn kai Avaykaia 2uvenkn

H r etvon pia tkavyy covOnxy yio tnv S

«oV F TOTE S»

H r eivan pla avayrkaia covOykny yioo tnyv S

«av oYL I TOTE OYL S» «av S TOTE I

«S LOVO OV I»
[Tapaoeryua: «Av o I'idvvng €xetl otkaimuo yneov,
10TE €lvan TOLAQYLoTOV 18 ETOV.»

7/10/2024



lkavn Kal Avaykaid

[kovr) cuvOnKn Yo va €tvon 0 X dPTLOC €ival va
otapeiton amo 1o 4. Eival avaykaia;

Avaykoaio cuvOnkm yio va givon 0 X dpTiog eivorn va
otapeiton amwo to 2. Eivat tkavn);

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

7/10/2024



[lootepaiotnTa N\oyikwv TeAeoTwyv

['evikd kaBopilovpe TNV TPOTEPAOTNTA UE TIG
mapevieoelc. Otav 0gv 10 KAVOLUE OVTO TOTE Ol
TEAEGTEC UE GEPA TPOTEPAOTNTOS OO VYNAOTEPT
TPOG YUUNAOTEPT ELVOL:

Apvnon

20evin

AdCevén

2LVVETAYOYN

[coovvapia

7/10/2024



2 UVOETEC TTOOTACEIC

IIpotacelc pq, ..., Pn

Aoyucdc mpatelc 1y A\, V, )1 —

YovOeteg mpotdoeis P(p4, ..., Pr)

7/10/2024



Ao Quoikhy Nwooa

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

Aoyikn Tpotaon;

J : «umopeite va avePeite 6TO TPEVAKL TOV AOVV, TTOPIO)
I «€yxete VYOC Katw omd 1.2 uétpoay

S . «elote mapomavm omd 16 ypovavy

(r A=s) » g

7/10/2024



[livakac AAnBeiac
20vlernc lNporaonc

Otav o ocovletn TpdTOoN ATOTEAEITON
oo N ATAEC TTPOTAGELS, O TIVOKOG

aAnBeiog amoteieiton amo 2" YpoUUESG

7/10/2024



[lapaosiyua
P(p.g,r)==(pv—-Q)A(=pVvr)

pv—g |=(pv—aq) | =pvr|=(pv—g)A(=pVvr)

|
S

|
o

T T H 4 o

T =

4 4 4 4 7 T T
— 4 m M <4 4 T 7
e e 1 O 1 e s
m 71 = = T T T
-4 4 4 47 4 7 -
m T 4 4 T T T T

m T 4 4 mm 1 4 o

e B o R B I B R B
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TauroAovia kal avTieaon

Tavtoloyia (tautology):

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

Avtipaon (contradiction):

20vleTn TPOTAGT) TOV TOLPVEL GE OAEC TIC TEPIMTMGELC TIUN
aAnOeioc F

P|—=P | PVv—=P P|—P| PA=P
TIF | T T|F| F
FlT | T F|T | F

7/10/2024




Aev gtvor Aoy1kOg

,IO' Eg' ]Tpordo'glg couvoeouoc. H p =(q oev

etval Aoy Tpotoon.

0 loes n A0YIKa 1600VVaUES g

P(P1s--s Pn) =Q(Pg,--s Pn)

7 Otav o1 mivakeg aAnbeioc Tovg etvar 0101

PUETEC TPOTACELC:

7 ATOOEIKVVETAL OTL 1) 1IGOTNTO OVO TPOTAGEMV LGYVEL
oV Kol LOVO v 1 TPOTOCOT)

P(p.,.... Pn) <> Q(Py-- P,)

elval ToLTOAOYiN

7/10/2024



[apaociyua — Nouoir De Morgan

(PAQ)==(=pVv—0a)

q|pPAg PG |—=P|—0|—=PVv—q|—=(=pVv—a)
T T T |T|F | F F T
F = F| F | T T F
T - F|T | T | F T F
E - F|F | T | T T F

7/10/2024



[apaociyua — Nouoir De Morgan
(PAQ)=—(=pVv—Q)

—(=pv—q) | (PAQ) <> —(=pVv—0Q)
T

O

n T 7T = >

m T 4 do
m 4 T o

— 4 4

7/10/2024



Kavovecg looouvauiac

Nopog IHeprypoagr)
Toavtotnrog ‘Rl
Authig dpvnong p < —(=p)
AmnoxAgicemg tpitov pv—peT
AVTIQATIKOTNTOG —(pA=p) T
De Morgan —(pAQ) e —pVv—q
=(pVvQg) <« =pA—(Q
AvtipetafeTikdTnTog PAQ QAP
pvg<qgvp
[IpoceTauploTikOTNTOG (pAQ)AT—pA(QAT)
(pPvgvreopv(@vrn
AvTi0eT1KOC (p — q) < (—q — —=p)
Emipepiotikdg pA(gvi e PAagv(pAar
pv@ane@Evagapvn
Avoaotdtaéng [p—=@—=n]<[g—(p—7r)]
Eaymyng [(PAQ) =T [p—(q—1)]

771072024




O TeXVIKOC

‘Evag teyvikog vroy1dletal 0Tt £vac 1 TEPLGCOTEPOL OO TOVS EMEEEPYAOTES EVOG
KOTOVEULEVOV GUGTNLOTOC OEV AELTOVPYOVV GOGTA.
O eme€epyaotéc, A, B xai C, eivar 6Aot og BEom va ava@Epovy TANpopopiec
GYETIKA LE TNV KATAGTAOT (AEITOVPYOVV/OEV AEITOVPYOVV) TOV ENECEPYAGTDOV TOV
GULGTNUOTOC.
O teyvikoc ogv gtvar BEPonog av Evag emeEepyaoTnC OV AEITOVPYEL TPOAYUATIKE 1 OV
10 TPOPANUO evTomileTon OTIC POVTIVEC AVOPOPAS KATAGTUCNC GE £VaV 1)
TEPIGCOTEPOVC U0 TOVS EMECEPYOOTEG.

O enelepyaotc A avaeépet 0t 0 emeCepyaoctng B dev Aettovpyel xat o
eneepyaotnc C Asttovpyet.

O enelepyaotc B avaeépel 0T 0 A Aettovpyel av ko LOvo av Aettovpyel o B.

O enelepyaotg C ava@épel OTL TOLAAYIGTOV £VOG ATO TOLS AAAOVC OVO
eENECEPYUOTEG OEV AELTOVPYEL.



[lepiTTTwon #1: loxuouv OAeC Ol
AVAQPOPEC KATAOTACONG

O eneCepyactnc A avapépel 0T1L 0 eneCepyootne B
oev Aertovpyet ka o emecepyactne C Asttovpyel.
O enelepyaotnc B avopeperl 0tL 0 A Asttovpyel o
Ko Lovo av Agttovpyet o B.

O eneCepynotn C avapEpel OTL TOVAAYIGTOV EVOG
oo TOVG AAAOVC OVO ETECEPYAUGTEG OEV AEITOVPYEL.

Av vtoBEécovue 0Tl 1IoYDOVLY OAEC O1 AVAPOPES
KOTAGTOGNC, TOLOC 1) TO101 ETECEPYACTEC AELTOVPYOVV;



[lepiTTTwon #2: Asitoupyouv
OAOI Ol ETTECEPYAOTEC

O enelepyactnc A avapépel 0T 0 eneCepyootng B
oev Aertovpyet ka o emecepyactne C Asttovpyel.
O enelepyaotnc B avopeperl 0tL 0 A Asttovpyel o
Ko Lovo av Agttovpyet o B.

O eneCepynotng C avapEpel OTL TOVAAYLIGTOV EVOG
oo TOVG AAAOVC OVO EMECEPYAUGTEG OEV AEITOVPYEL.

Av vtofecovpe OTL OAOL 01 ETECEPYUGTES AELTOLPYOVV,
TO10, 1] TTOLEC AVOPOPES KATAGTAGTG EVOL WEVOEILC;



[epiTTwon #3: O1 ava@opEC KATAoTaoNG
gival aAnBeic oTav AciIToupyouv

O enelepyactnc A avapépel 0T 0 eneCepyootng B
oev Aertovpyet ka o emecepyactne C Asttovpyel.
O enelepyaotnc B avopeperl 0tL 0 A Asttovpyel o
Ko Lovo av Agttovpyet o B.

O eneCepynotng C avapEpel OTL TOVAAYLIGTOV EVOG
oo TOVG AAAOVC OVO EMECEPYAUGTEG OEV AEITOVPYEL.

Av vtoBEécovue 0T N AvaPOpPd KATAGTAGTG EVOC
emeCePYAoTN Elval aAnONC av Kot povo av o
EMECEPYUOTNG AELTOVPYEL, OO, EIVOIL 1] KOTAGTOOT KAOE
EMECEPYUOTN;




[Tivakac¢ aAnBeiacg

Edv yvaopilovpe oot enelepyactéc Asttovpyolv, Ba TPEMEL VO LTOPOVLE VO OLUKPIVOLLE TTO1EC
avapopEc sivat aAndeic. ZoumAnpmote ta kevd otov mivako pe Tnéc T/F (AAnOng/Pevdng):

O enelepyaotc A avapépel 0T 0 eneepyaotng B dev Aettovpyel kou o emeepyaotrg C
Aettovpyet.

O enelepyaotc B avapépet 611 0 A Aettovpyel av kot povo av Aettovpyet o B.

O enelepyaotg C avapépetl 6Tt TOLAGYIGTOV Evag amd TOVG AAAOVE OVO ETEEEPYATTEG OEV

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



[Tapadeiyua (a1To ECETATEIC):

(1 Movaoa)
Na ogicete 011 1] TOpAKATO EKQPOOT Elval
TOVTOAOYIO YWPIG TN YpNomn Tivako aindeiog,
avaypAPOVTOS TIS WOLOTNTEG TOL ¥PNCILOMTOLEITE OE
KdBe Prua.

((p = q) A—=q) = —p

7/10/2024



[Tapadeiyua

(Epwtnua atré Npdodo)

Ofpa 8°: (1 Movaoda) Na emré€ete T 600TI) OTAVTN G 6€ KAOE EpOTNHO.

A) ’Eoto o1 tapakdto tpotdcelc: P: «H I'oyon epyaletor péxpt apyd», q: «O Mntcog
epyaletal uEypt apyd» ko r: «Ba dve oto omity. ['a kdbe TpdTaon TOL diveTal va
KUKAMDGETE TNV AVTIGTOLYTN AOYIKT TPOTAGT).

«Av n T'oyn 1 0 Mi)to0¢ dev epyactovv HEYpL apyd TOTE B pAVE GTO OTITL.Y
o) (pvg)—=>r PB)(=pA-q) >
@A) >r - (A=)

«H TI'oy® ka1 0 MAteog ogv epyalovtol LEYPL apya.»
@~V B)—p V—q VPAq 8)p = —q

«Ba @dve oto onitt povo av N I'oyod dev epydletan uéxpt apyd.» (avoykaio cuvOnkn)
a)r = p B)—p = —r - —r O)p—>r

7/10/2024



E¢caywyn 2UdTTepAoUATOC

7/10/2024



MeBodol ATTooEIENC

Ocopnuo: Mio ONA®oN TOV UTOPOVUE VO ATodEiCov e OTL

aAnOevet.

AT00EIEN — 000 EIKTIKT oKoAovOia: To emyeipnua mov
amTOoTEAEITOL OTTO TN GEPE ONADMGEWDVY TOV YPTGLUOTOLOVUE
Y10, vo, KotaAnEove 6To Bempnua.

Allopo: YTo0EGEIC TOV YPMNGLULOTOIOVUE Y10 TNV OTOOEIEN
TOL Bewpnuaroc.

Koavoveg e€oymyNg SOUTEPUGUATOY - TUAPUYMYNS: TO UEGO,
TOV YPTNCILOTOLOVVTOL Y10, ECOYMYT GLUTEPAGUATOV UTO
dAAEC ONAmaelS (Prinata amdoEIENC)

7/10/2024



Eykupornta Amoodeiénc

Av kdBe popd Tov OAEC o1 VToBEGELS (N aiouaTa)
etval aAn0eic tote eival aAn0£EC Kol TO GLUTEPAG L.

A€ICTe 0TI N TOPOKATWD OTOOEILH OEV EIVOL EYKVPN
q—=pAIT

SP—r

7/10/2024



Kavovac Amoommaonc

(modus ponens)

(PA(p—0)—q7
P—gq
P
g

[Tapaoeryua:

«Av onuepa yovicel 10te Oo KAVOLUE GKL.»
«XNUEPA. YLOVICEL Y

Apa: «Oo KAVOuuE OKL.»

7/10/2024



MéBodoc Apvnonc

(modus tollens)
40 |

(—aA@P—0q) — —p7
P—¢q
—(
S

[Hapdoestypa:

«Av 0 Alog eivar avBpwmoc, 1ote 0 Alag etvon Bvyntdc.»
«O Atag ogv givon Ovntoc.»

Apa: «O Alog ogv glval avOpmmTOc.»

7/10/2024



Karrolol Kavoveg

(o1 5 Tpwrol gival apKeToi)

p—(pvaQ) [1p6c0eon (yevikevon)
(pAQ)—p Amlomoinon (e1dikevon)
((p) A (Q)) = (P~ Q) >0Cevén
Prlp—d)—q Modus Ponens
(-aA(—0a)——p Modus Tollens
(—=PA(@—1)— @P—T) YmoBetikdg ZuAloytoudg
(Metofatukotnra)
((Pva)A—p)—gq AroCevKTIKOG XVALOYIGOG
(Amalowpn)
(pva)a(=pvn))—(qvr) Aloympiopdg

7/10/2024




Kavovec looduvauiac Evavti Kavovwyv
E¢aywynNg 2UupTTepAoUATOC

+ Ot kavOveg 1600VVaULiaG Efval OVTIGTPEYILOL, EVD 01 KAVOVEC EEAYMYNG CLUTEPAGLOTOG

Ae1tovpyohv UOVO TTPog Ui katevbovvon.

+ T avtov 1ov AOYO YPMNOULOTMOIOVUE TO < Y10, 1000LVAUIEC KOL TO = Y10,

GUUTEPAGLLOTAL.
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 EYEL A0 GNUEPA TO OTTOYEVULA KOl £YEL TEPLOGGOTEPO KPVO OO YOeC.»
«Av €xel A0 onuEPA TO OTOYELUO TOTE 0L KOAVDUTT|GOVLE. »

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

«Av Qo e pe o kavo, Ba yvpicovpe omitt pe o nAtofaciiepo.»

" « Oa yvpicovue omitt e 10 nAMoPacilepo.»

To cvunépacua oev gival £yKvpo.
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[apaodeiyua — Eival EykKupo,

«Agv EYEL A0 GNUEPA TO OTTOYEVULA KOl £YEL TEPLOGGOTEPO KPVO OO YOeC.»
«Av dgv £xel A0 TOTE 0V Bl KOALUTNIGOVLLE. »

(®a koAlvumnoovpe Hovo av £xel NA10)

«Av dev Ba koAvumnoovue, T0te Ba TALE e TO KOVO.»

«Av Qo e pe o kavo, Ba yvpicovpe omitt pe o nAtofaciiepo.»

"« Oa yvpicovue omitt pe 10 nAMoPaciiepa.»

To cvumépacua tval £yKvpo.

7/10/2024



[Toio va Avoicw; — To XpwoTtaw

YToB£oeic: &

1. Mia kal pyévo pia atrd TIG dUO TTPOTACEIG €ival aAnOnG.

2. 'EoTw OT11 TO OEVTOUKI PTTOPEI VO €ival o€ Pia atrd TIG TPEIG KATAOTAOEIG: AdEI0, YENATO uE Onoaupo Kal
YEMATO PE OKOPTTIOUG

| —' O 403
PortForwar



Novikec [Aavec

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

2PAALO OVTIGTPOPOV:

«Av 0 Kdotog avtiypdost, Tote KABeTOU 0TV TEAELTOLN GEPA.»

«O Kootog kéeton otnv tedevtaio oelpd.»

" «O Kootog avtrypdeet.»

2QAAL0 avTIOETOVL:

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

«Ta emrokio dev avEdvovtat.»

" «Ot Tipég oto ypnuatiotnplo dgv fo TEGouvv.»

7/10/2024



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

['lo k60e dvouo pio boolean petafint 101 wote
av Agel yEuata va etvan 0, av Aéel aAnbela va gival
1.

H npotaon P=«Orot poc Aéue yEpatoy eival n
P=K'T"II".

H npotaon Z=«AkpiPoc Evac Acel aAnBeion ivou n
>=KI'II'+K'TTI'+K'TII.

Otidyvoopue tov wivako aAnOeiag yioo OA0VE TOVC
cvvovacuovg PX(KI), PX(K'T), P X(K'T),
PX(KI"). Av vrtdpyet Eva 1 AOOnke aAlag ...
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AAAOC Tpormo¢

‘Eotw 011 0 K Aéel aanoeua.

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

". Hondbeon etvon ecpaipévn

" Apa o K Aéel yepata

7/10/2024



[ToI0C OKOTWOE TOV AOPOO
Lordaton;

«O Aopdoc Lordaton, to Odua, cxkotdONKE 0O YTOTN U GTO
KEPAAL LE £vO, UTPOVTLIVO KNPOTNY10.»

«Eite n Aaion Lordaton gite n vanpétpio Sara, nrov 6to
KoO1GTIKO TNV PO TOV POVOL.»

«Av M paygipieoa NtV 6TV KouCiva TNy dpa ToL eOVOoL, TOTE
0 umdtAep okoOT®OE TO0 AOpdo Lordaton pe pio popaio d06on
GTPLYVIVIG.»

«Av n Aaion Lordaton ftav oto kabiotikd thv dpo Tov pOHvov,
101€ 0 GOPEP oKOTMGE TOV AOpdo Lordaton.»

«Av 1 payeipiooa 0gv oV 6TV Kovliva tnv @po ToLv POVOU,
TOTE M Sara doev NTav 610 KAOGTIKO OTOV OTPAYTNKE O
POVOC.»

«Av 1 Sara nrav 610 Kaf1eTIKO TNV OP TOV POVOVL, TOTE O

oepPrtdpoc okdTMGE TOo AOpdo Lordaton.»
7/10/2024
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What I1s Sudoku?

Played on a nxn board.

A single number from 1 to n must be

T 151 put in each cell; some cells are pre-

319 1 | a filled.
4 Board is subdivided into

8 I A 7 1 vnx+n blocks.

3 |e| |8] |9 Each number must appear exactly

once in each row, column, and

>| 4 9|1 block.

/715 312

Designed to have a unique solution.



Puzzle-Solving Process
6t |

SAT Puzzle
Puzzle Sol'n Sol'n

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

@
Z
il

Mapping of SAT
variables to
Sudoku cells
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Nalve Encoding (1a)

Use n3 variables, labelled “Xpg0” to “Xnnn”.

Variable X, 4 represents whether the number d iIs in the
cell at row r, column c.



Example

of Variable

N R, W
Wi PSP IDN

Encoding

ArITWIN|F
I |D

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

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.

Variable Xy ¢ g
represents whether
the digit d is in the
cell at row r,
column c.



Nalve Encoding (1b)

Use n3 variables, labelled “Xgg0” t0 “Xnnn”.

Variable X, 4 represents whether the number d iIs in the
cell at row r, column c.

“Number d must occur exactly once in column ¢’
— “Exactly one of {X1 ¢cd, X2.c.d, ---» Xn,c.d} IS true”.

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

64
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Nalve Encoding (2)

How do we encode the constraint that
exactly one variable in a set Is 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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Nalve Encoding (3)

Example for 3 variables (x1, x2, x3).
“At least one 1s true”:
X1 v X2 v X3.
“At most one 1s true”:
(~x1v ~X2) & (~x1v ~X3) & (X2 v ~X3).
“Exactly one 1s true’:
(XpV XV X3) & (=X ~X5) & (=XpV ~X3) & (=X,Vv ~X3).



Nalve Encoding (4)

The following constraints are encoded:
Exactly one digit appears in each cell.

Eac
Eac
Eac

N C
N C

N C

Igit ap
Igit ap
Igit ap

pears exactly once in eac
pears exactly once in eac

pears exactly once in eac

N FOW.
N column.

N 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
68
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Problem with Naive Encoding

We need n3 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(n?) clauses.

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