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1 Ewayoyn

2 Tomow not avadpopn

2.1 Ot ¢uowroi aptdpoi
Ot puowoi apiipol Topdyovtal artd To enoywynd oxfipa
1. to pndév eivar Yuodg apldpog, o
2. 0 emlpEVog nodevog LoD aplIpol elval YLOLKOG APLIROG.

Avti) 1) emaywywr] meprypogn tpocdiopilet Tov TOTo Nat Twv guodv aptdpdv. Te-
Vi, évag tUrog TpoodlopileTal armd éva emaywynd oo aroTeAOVUEVO aTto Pndév
1) TEPLEGOTEPEG SLODHACIES HATAOHEVNG, HadepLA AT TIG OTTOleg OVopRLeTaL prTpa
(clause) Tov emaywywoL oYNUATOG ) xaTaoxrevaoThg (constructor) Tov AVTiGTOLYOUL
tomov. Kadeti mov kataouevdletal pe tn Pordelat Twv *OUTOOKELAGTTOV VO TOTOV
ovopdleton pédog (member) avtod tov TomovL. (Kérotor dAAor dpot yia pérog eivo
otoyeio (element), xdtoixog (inhabitant) xou onueio (point) evog tomov). Ou timoL
oupPorilovrar pe xeparaio Aatvind ypappata A, B, C, ..., ko to péAY TOoug pe pinpd
AaTwvwd ypappota a, b, c, ..., x, y,z. T va dnhocovpe 0tL 10 a eivor péAog Tod
TOnoL A yphpovpe a: A.

Me awtdv Tov TuTodeWPNTWHd GUPBOALGHO, 1) TOPATAV® ETAYWYLKT] TTEPLYPOPT
TOV YUOLKOV APLIPUOV TTaipVEL Tr HOPPT

1. O:Nat,
2. g&v n:Nat, tote s(n) : Nat.

Emopévwg, o tomog Nat éxer d0o wataorevaotéc, tov 0, mov dev éxel oplopata, uorl
TOV s, 0 0TT010G £XEL £V OPLOHQ TTOV elvat pe T Gelpd Tov pédog tov Nat (omote elvart
ovodPOpOG HOTOOHELAGTAG). AvarToccovTag, PAETovpe OTL Tar péAT To Nat elvor
T

0, s(0), s(s(0)), ...,

ta omoio xohoVpe 0, 1, 2 ko Aoutd.

‘Eva pélog evog tOmov A evdéyetarl vo eEopTton Tapopetpind amd {vor péAog
100 tOmov A’ (omtdte dev mpdueiton, o Tnpd ADVTAG, yia éva péAog, alAd yio pia
owoyévelo permdv Tob A dederypévn (indexed) amd tov A, 1, otnv opoloyia mov do



viodetrioovps, yia évav petaoynuationd pehodv tod A’ e pédn tod A) yu authv TV
TEPLTTWOT) XPT)GLHOTTOLOVHE TOV GUHPOALOHO

(x:A)) t(x): A,

N o (x 1 A') t(x) edv de ocvvrpéyer Adyog avapoplg otov A. (Ze cuyrexpuéveg
TEPLTTAOOCELG, HTTOPOVHE VAL GUUTTEPAVOLE TOV A atd T poper) Too t(x).) Opoiwg, 1
Exppoor

(x1: A1, e, Xt Ap) B(X1, 0 Xp) T A

oupPorilel évav petacynuoatiopd pe n to tARdog opiopata. (Evog petooynpatiopnog
() t() : A pe pndév to mARdog opicpata dev eivan mapd éva pélog Tod A.) Emeldn)
oV TPakn avtdg o GUUPOALGHOG TOV HETACYNHATICHOV KATAVTAEL SVOYPNOTOG,
Ja eupetodlevoOpaoTe xAJE evrLPia TOL paG SIVETOL YIX VAL YPRPOUHE ATTANDG t GTN)
Jéomn 1ol (x : A) t(x), kL T0 1810 yior AANEG TEPLTTOOELG HETACYTHATIOUDV, £XOVTOG
TAVTOTE HOTA VOU OTL TTPOUELTOL YL HOLTOX PTOT).

To oplopata evOg HETOOYNHATIONOD Pitopel va elval ta idloe peTaoYNUaTIopol:
QUTO ATOTLITWVETAL OE EXPPACELG OTTWG

(x:A,(y:B)z(y): C)d(x,2): D,

OOV 0 OMUOULVOUEVOG HETAOXNHATIONOG €xeL SVO OPIOHATA, EX TWV OTOLWV TO EVX
eivon péhog Tov A xou to GAAo eivan petaoyNUaTiopdg peA®v tod B oe pédn tob C.

2.2  Avoadpopn otodg uoxovg aptdpovyg

O wOpLeg XPNOLHOTNTES TNG EMAYWYHNG TEPLYPaPNG £vOg TOmOL elval 1) da-
TOTWOT) OPLOP®V pe avadpopn xon arodeifewv pe enaywyr. Oa efetdioovpe TOpa
TNV TEPITTWOOT) TNG AVOOPOUNG* YL TNV eTaywYT) Jo eipaote o€ FEoT Vo PLAT|GOVE
HOALG EPTTAOUTICOUHE T1 YADOOO HE OLKOYEVELEG TOTTMV.

Eotw C tuxdv 10106, Aodévtwv evig ¢y : C nou evog (x : Nat, y : C) ¢s(x, y) : C
HTopovpe vo opicovpe évay petacxnpuatiopd (x : Nat) t(x) : C détovtag

t0) :=co,
t(s(n)) := cs(n, t(n)).

Aépe 6TL 0 t opileTon pe avadpourj (recursion) amd to ¢y ko cs- 1 dvvatdTnTa Sk~
TUTWOTNG TETOLWV OPLOUGV elval 1) apyr Tr¢ avadpoptis yie Tov Nat.

Qg mPpOTO TAPASELYHO EPAPHOYTG THG APXNG THG AVAOPOUNG, OG OPLOOUHE EVOV
petaoynpotiopd (x : Nat) pred(x) : Nat mov otédvel o pndév oto pndév xou nadévay
AANO PLOKS APLIPO GTOV TTPONYOUpEVO TOVL: TNV mepintwor) autr, o Tomog C elval
o Nat (o pbévog TOTTOG TOL EYOUE QLUTH] TN GTLYHT), X0 OL 0PILOVGEG OXETELG £XOLV TN
Hopon

pred(0)
pred(s(n)) :

0,

n.

IIpoxerton SNAadN ylow TO GTIYHOTUTIO TOV YEVIXOD GYXNHATOS THG AvadpOopng OTTov
TO ¢o elvor o 0 uow o ¢s(x, y) eivon To x.

Miopodpe emiong v opilovpE PETAOYXTUATIOHOVE TTOV EYOUV TEPLOCOTEPA O~
6 éva oplopata, xavovtog avadpopr o éva amnd avtd. Tétowa mepintwon eival



N mpododeon puowmdv aplIpdy, tnv omoioe Yo opioovpe pe avadpopr otov dekld
TPOCVETED, AUPHIVOVTAG TOV APLETEPD VAL LTLAPYEL WG TOLPAPETPOG:

m+0

m,

m+s(n) :=s(m+ n).

BAémovpe OtL To m + n opileton pe avadpopr) ard ta m xon (x : Nat, y : Nat) s(y).

Eviote de 9éAovpe va ddoovpe GVOUA GTOV HETXGXNHATIONO TTOL opileTon pe a-
vadpopn- avtd ovpPaiver 1. edv FEAOUHE VAL TOV ATTOTHCOUVHE QPECWS 1) OTAY
eppavileton wg dplopa wdarotov GAlov petacynpatiopo?. Emriong, yio tn petopodn-
poTer} peAéTn TG Jewpiog TOTWV eival amapaitnTo va propovpe vo SLTUTOGOLE
v apyn TG avadpopng pe TpdITo TOL var pnv mtpobmodétel Ty mpoodiun o1
YA®ooa evog oLpPOAOL Yo x&de OpLOLHO HETAOYTHATIONO. AUTO TO ETLTUYYVOUE
vrtorAILOTOVTOG THV apxr] THG vodPOpnG He TO éva ko Hovadnd oTLYILOTUTLO TNG
070 omoio Ta ISl T ¢y Mo ¢ ExOouV epdoeL pEG 6TOV GUUPOALOHO G OpiopaTaL.
Opilovpe Aowmdv Tov avadpouéa (recursor)

(z:C,(x:Nat,y: C) w(x, y): C,n:Nat) recNa(z, w,n): C

oV Nat pécw g avadpopng

recNat (z, w, 0) z,

recNat(z, w, s(n)) := w(n, recNa(z, w, n)).

O »bprog pdAog ToL avadpopéa eivor OTL prtopel va xprioipomotndel yia vo exgpootel
nade avadpopnds oplopds. O mporyoVpevog evog Yuotkol apldpov, Adyouv xapLy,
propel TOPA Vo ypapTel

pred(n) := recnae(0, (x : Nat, y : Nat) x, n),
EVQ TO AIPOLoPX SVO PLGLUOV APLIPGV,
m+ n := recNat(m, (x : Nat, y : Nat) s(y), n).

"Acunon 2.1. ‘Exovtag tnv npdécdeon, 0 TOAATAXCIAOHOS PLOHOV ApLIPdY 0-
pileton ad TNV avadpopn

m-0 :=0,
m-s(n) :=m-n+m.
Tpdjte T6 m - n ypnoyonowdvrog Tov avadpopéa tov Nat. IIpooipetind, cuveyiote
pe Too m™ o n!.
2.3 'AMa nopadeiypota tOT0V
Aloteg

Ot Aioteg ped®v evdg tomov A cuyxpotovv évav tomo List(A), o omoiog mept-
YPOYeTaAL OTTO TO EMOYWYIHO CYTHAL

1. nily : List(A), xou

2. g&v [:List(A) xon a: A, t101e cons4(l, a) : List(A),



omov nil4 eivon 1 xevi} AMioto ko cons (1, a) elvou ) mpoéutaon tng I pe tnv mpocdiun
o0 a. Xtnv mpdakn, ta subscripts da mapodeitovror dtav dev vihpyer xivduvog
o0YXUOTG OXETIUA L€ TO TTOLOG eivat 0 A.

O List(A) eivon mapadetypo TOTTOUL TTOL €EXPTATOL TTOLPOPETPLUA QIO Evay TTpO-
drapyovta oo, ‘Onwg xat otnv nepintwor tov Nat, to pédn tov Tapdyovtal od
pio Srdieacio mpoéutaong Jo dovpe apyodtepa 6TL o Nat eivon eldwnr} mepintwor
(spoiler: Iapte yio A Tov IO pe évar péAog).

H apyn tg avadpoprg yia tov List(A) éxer wg e€ng: Eav C eivou évag o-
TOLOGONTTOTE TOUTOG, AL pog éxovv dodel éva cpjj : C no €vag PETAOXNHATIOHOG
(x:List(A), y: A, z: C) ccons(x, ¥, 2) : C, oL oxéoelg

t(nil) Y= Chils
t(cons(l, a)) := ccons(l, a, (1))

opilouv évav petaoynuatiopo (x : List(A)) t(x) : C. TNa napaderypa, to prixog len(l)
pog Alotag I opileton amd v avadpoprny

len(nil) =0,
len(cons(l, a)) := s(len(l)),

eve 1) ovvévwon k + [ 8o Aotowv k, I,

k + nil =k,

k + cons(l, a) := cons(k + [, a).

"Onwg #EVOE HAL HE TOVE PLGILOVG APLIPODVS, HITOPOVIE VAL KTTOAUETAPOVUE» THV
apxn g avadpoprc tov List(A) ot évav avadpopéa

(v:C, (x:List(A), y: A, z: C) w(x, y, 2) : C, I : List(A)) recy s (a)(v, w, ) : C

opllopevo amd v avadpopn

rec is¢(a)(v, w, nil) v,

recy ist(4)(0, w, cons(l, a)) :

w(l, a, rec sy (a)(v, W, 1)),
OTOTE TO PUOG HLOG AMOTOG PItopel eVAAAOMTING VA 0PLOTEL WG
len(l) : = recy js(4)(0, (x : List(A), y : A, z : Nat) s(z), I),
%o 1) GLVEVKOGT] §V0 AGTOV,
k+1 :=recyjg(a)(k, (x : List(A), y : A, z: List(A)) cons(z, y), I).

"Acxnon 2.2. Hovvévwon cat(L) : List(A) puog Alotag L : List(List(A)) AloTdv pedov
€vOG TOTTOU A €XEL TOV VadPOLKO OPLGHO

cat(nilit(a)) := nilg,
cat(consy js(a)(L, 1)) := cat(L) + L.

Ipdjte T6 cat(L) xpnopomnoldvtag Tov avadpopéa tov List(List(A)).



Aévtpa

O 1t0mog BTree twv dvadiumv dévipwv cvulapPdveton amd To emaywywd oxnpo

1. triv: BTree,

2. g&v r:BTree xou s : BTree, t1e join(r, s) : BTree.
>tov BTree avtictouyel n €€ng apyxn avadpopng: Aodévtwv evog cyiy 1 C uon evog
(x:BTree, y:BTree, z: C, w: C) ¢join(x, ¥, 2, w): C, 6100 C givou TuXmV TOTOG, PITOpovje
vo opioovpe évav petaoynpatiopd (x : BTree) t(x) : C $étovtag

t(triv) *= CGrivs

t(join(r, s)) = cjoin(r, s, £(r), (s)).
"Acunon 2.3. Iepiypdyte T1) popPr) TOO recTree KO SLATUTOOTE TIG Opifovoeg
OY£€OCELG TOU.

To Svadud dévtpa eivan eldunr mepintwon dévipwv dedopévng drandddwong. O
tomog Tree(A) twv dévipwv pe Tomo StoAddwong A opiletor and 10 emaywywnd
GXTHaL

1. trivg : Tree(A),

2. eav (x: A) b(x) : Tree(A), tote joiny(x : A) b(x) : Tree(A).

IxNHoteG, autd mov Aéel 1 Sedtepn prTpa eivon OTL edv éxovpe éva dévtpo b(x)
yloe ke x @ A, HTTOPOVHE VAL EVOGOUHE LTR T SEVTpa pe pio xavovpyla pilor o
va gTidEovpe éva peyddo dévtpo joiny(x : A) b(x), To omoio mepiéxer Oho tar b(x)
WG Gpeca vtodévtpa. I vor emexTeIVOLpE TOV OPLOHO EVOG HETAGYTHATIGHOV ¢ GTO
joina(x : A) b(x), éxovrag 1dn dwdéoya ta H(b(x)) ywa x : A, xpeioaldpacte Evav
HETOOXNHOTIONO

((x : A) y(x) : Tree(A), (x : A) z(x) : C) join(y, 2): C
omote, poli pe éva cyiy : C propovpe va opicovpe Tov ¢ détovtog
t(triva) P= Cyrivs
t(joina(x : A) b(x)) := cioin((x : A) b(x), (x : A) t(b(x)))-

IMopatnprote 6TL 0 TOTOG A EPPAVICETOL APYNTIHA GTOV UOTACHELAGTY jOin 4,
onote avopéveron 6t to Tree(A) cvvaptdron avioarloiwta pe to A. phypoart, évog

HETACYNHOATIOHOG

(x:B)u(x): A
ETAYEL EVOLY HETACYNHATIOHO
(x : Tree(A)) Tree(u)(x) : Tree(B)

He oplopod

Tree(u)(triv4) i = trivg,

Tree(u)(join 4(x : A) b(x)) := joing(y : B) Tree(u)(b(u(y))).
"Acunon 2.4. Heprypdyte tov avadpopéa tod Tree(A), war exppdote Tov Tree(u) pe
N Pordeud tov.
"Acunon 2.5. Xtov opiopd tov List(A), o Tomog A eppoavileton Fetind. Aodévtog evog
petaoynpatiopot (x : A) u(x) : B, opicte, xpnoipomotdvtag thv apy1 THS avadpopnig
1 Tov avadpopéa tov List(A), tov petaoynpoatiopd (x : List(A)) List(u)(x) : List(B) o
ornoiog amewoviCet pice Aoto ped®v 100 A 6T AMoTa TV emdVeV TOLG HECW TOD U.



AAndoTipég

O Bool givau 0 tomog mov éxer axpifog dvo péAn false xon true- emopévwg, mepl-
YPOAQETOL OTTO TO EMAYWYIHO GYTIHO

1. false: Bool,

2. true : Bool.

H apxr) tg avadpoprig yia tov Bool exppalel To yeyovog ot tpoxetuévou va opicov-
HE VOV HETOOYNUATIONO HeA®V ToL Bool oe péln evog tomov C Sev éyxouvpe mapd vo
moVpe TL xAvel pe To false oL TL pe To true: cuyxexpipéva, SoBEVTwV evag craise : C 1ot
evog cirye : C, oL oxéoelg

t(false) :
t(true) :

Cfalse>

Ctrue

opilouv éva petaoynuoatiopd (x:Bool)t(x): C. 'Onwg mavta, £xovpe évav avadpopéo
(x:C,y:C,z:Bool) recgyo(x, y,2): C

pe opilovoeg oxéoelg

recgool (X, y, false) := x,

recgool (X, y, true) :

Fa Tapaderypo, propovpe va opicovpe tov akndomivoxa g diblevEng pécw g
ovadpopng
or(b, false) := b,

or(b, true) : = true,
1, evolomtnd, pe tn Porjdera tov avadpopéa tov Bool,
or(b, c) : = recgyol(b, true, c).
"Acunon 2.6. Opiote To0g aAndomivaxeg tng 60LeVENG KL TNG CUVETAYWYTG.

H apyr) g avadpopng p&g mapéxel Evov TpOTO OPLOHOD HETOCYNUATIONMV Qo
tov Bool. M xow oto emdpevo xepddoto da pAjoovpe yior Aoy, toptaler va
nAeioovpe TO xe@AALO TNG AVASPOUNG e HATTOLX TAPAOELYHATO HETAGYHATIOHWOV
7pog Tov Bool, dnAadn aindocuvaptricewv (aAndopetacynuatiopmy, pdAiov, otnv
opoloyia pog). Me tnv evxaupia, Jo wodpe dvo Adyto yiar ToAAaTAr) oavadpopr.

2.4 TIToAhamAn avadpoun

Méxpt todpa eidope mowmida mapadelyloto 0pLopHOD HETOCYNIUATIONMY, OL 0TTOLoL
elyav meplocoTepa amd £va opiopata, pe avadpopr ot éva ad avtd. Ymapyovv
OHWG HOTACTAGELS OTTOL Ypeldletal va udvovpe avadpopr) e dVo 1| TeEPLEGOTEP
oplopata Tavtdyxpova. Avth 1) avayun topovotdletatl, Adyou x&pLv, 6Tov axdlovdo



«oplopd» T adndoouvaptnong (x, y : Nat)isequal(x, y) : Bool tng ioétntag puowmmv
opLIpGOV:

isequal(0, 0) 1= true,
isequal(0, s(n)) : = false,
isequal(s(m), 0) = false,
isequal(s(m), s(n)) : = isequal(m, n).

H W3éa ed6 etvar va aomtAéEovpe T SutAr) avadpopri oe dbo emddAnieg (1) Stadoyueéc)
avadpopég. T va To methyovpe avtd, Ypdpoupe To isequal(m, n) wg isequal ,,(n). Me
auTOV TOV GUHUPOAGHO, OL SO TPHOTEG CYETELG

isequaly(0) @ = true,

isequaly(s(n)) : = false

amote oV avadpopind opiopd tob isequaly. Opoiwg, edv éxovpe opicel Tov isequal,,,,
ot 800 GAAeg oxEoELG

isequalg(,(0)  := false,
isequalg( ) (s(n)) : = isequal,,(n)

opilouv Tov isequaly(,y,). Aev £xovpe TOpa Tapd v Pédovpe autd T dvo pali oe
évav avadpopind oplopd Tov isequal,,, 1, EVOAAOKTIHG, VO ETLGTPATEDGOVHE TOV
VoS POpEX TV PUOLKOV APLIUGDV:

isequal,,, := recnai(co, (x, y) cs(x, y), m),
Omov

o := (n: Nat) recng (true, (z : Nat, w : Bool) false, n),
¢s(x, y) := (n:Nat) recnq(false, (z : Nat, w : Bool) y(z), n).

Iopatnpriote 6Tt €8¢ xprotpomotovpe pice StoupopeTinr] pop@er} To0 avadpopéa
o auTH TTOL £XOVHE TAPOVOLACEL, KOADMG TOGO TO SeDTEPO OPLOHA TOV €5 OGO UL
o 1810 TO recngt(co, (x, y) cs(x, y), m) eivan petaoynuatiopol. O propovoape va
YEVIKEDGOUNE TOV rec XATAAANAX OCTE Vo GUPTEPLAGPOVIE QLTY TNV TEPITTWOT):
eneldr) OHWG GOVTOR Yo ELGAYQYOUE TUTOVS GUVOPTIGEWYV, TTAPOVGLN TV 0oLV
avtdg 0 YevindTEPog avadpopéag opiletor amd Tov eldindTepo, dev Ja xpetaotel va
T0 &vovpe. Amod T oulhTnoT AUTH G XPATHOOVHE HOVO OTL HITOPOVLE, PE TOV EVal
TPOTO 1) pe TOV GAAO, var SiVOLpE 0pLoPOVG He TTOAAATTAN avadpopr.

"Acunon 2.7. Tpomomnoidvrag tdv oplopd oo isequal opicte, pe ToAAaTAY avadpo-
un, évav petocynpoatiopod (m, n: Nat) isless(m, n) : Bool o omolog aipvel Tig TIpég true
rou false avadoyo pe to edv o m eivan 1§ dev eivon pxpdtepog tov n.

2.5 Aoxnoeg

"Acunon 2.8. H npdén (almost minus) m = n opileton amd tnv ovadpopr]

m=0 m,

m = s(n) := pred(m = n).

Tpayite TO m = n XpPrGLHLOTOLOVTOG TOV reCNyt -



"Acunon 2.9. H avtiotpogn AMotag opiletal ard tnv avadpour

inv(nil) = nil,

inv(cons(l, a)) := cons(nil, @) + inv(l).
Ipéryre t6 inv(l) pe tn Porideta Tov recy jgy(a)-

"Acunon 2.10 (insertion sort). O petaoynuatiopdc (a: A, I:List(A))insert(a, [):List(A)
TG évdeong evog péroug oe pia (takvopnuévn) Alota opiletot amd tTnv avadpopn

insert(a’, nil) := cons(nil, a’),

insert(a’, cons(l, @)) : = recgyor(cons(cons(l, a), @), cons(insert(d’, I), a), isless(a’, a)).

XpNoIHOTOLGTE QVTOV TOV HETACYNHATIOHO Yl Vo sepLtypiyete Tov alyopLdpo
takvopnong insertion sort. (IIpdxertal yior Tov adydpLdpo o omoiog, TPoreéVoL va
takvoproel pio AMoto cons(l, a), takvopei TpoTa TNV [ o petd wdvel insert to a.)

3 Owoyéveleg TOTOV ®OL ETAYOYT

370 TPONYOUUEVO HEPAALO SLATUTTOGCOYLE HATIOLEG OPXES vadpOopng, pe T Po-
el TwV 0TOiWwV PITOPOVE VO EXPPAGOVHE HETATYNHOTLOHOVG HETAED TV SLotpOpwv
TOmwv. Autd mov @pTiaEaye, €v oAiyolg, eival pio amtAr) cuvaptnowour YAoooo. Ev-
SrapepopacTe OPWG eiong Yo TIG OLOTNTEG AUTOV TOV HETACYXNHATIOHOV. 2g QUTO
TO UEPAAOLO, AL TTOAD TEPLGGOTEPO GTO EMOUEVO, Yo SOVHE TTMOG HITOPOVUE, GTO
mAaiclo tng Fewplag TOTWV, VO SIATLITOVOLE KL VO OTTOSEVDOUHE TTPOTATELS.

Ye avtideon pe dAheg podnpatéc Jewpieg now JePEADOELS TV POOHATIHOV
O6mwg 1 Fewpio sLVOAWY, 0T Fewpia TOTWV OL HOOMHATIHEG TPOTATELS, KOTDG KL OL
aodeifelg Toug, eivor HOIMUATIHG OVTIKEIHEV TTPOTNG KATNYOPLaG. Zvyreupipéva,
Ol LOOMPATIUEG TTPOTAGELG AVATTAPLOTAVTOL OO TOTTOVGE, TOV PITOPOVV VO Jewpndodv
TOALTOYPOVO LOOMHATINEG SOHES MOl POOTpHATIHOL Lo VPLOHOL, pHiot GOAANYN yvwoTh
G propositions as types. Ymd avtr] tn oxomid, to péAN evog TOTOL VooVl WG
TexpTpla Y paptupes ahndelog thg avtiotoryng tpotaons. (Mepuég popég Aéyovton
entiong amodeielc, aAA& aLTH 1) opoloyia popel va eival ToPATAQVN TN, ETOHEVWS
yevid Tnv aropevyovpe.) Mia dpeon pedodoroynr} cuvémela elvo OTL TPORELPEVOD
va det€oupie 0TL piot TpOTOGT) aAnTedel Sev £XOUHE TAPR VO EPPOVIGOVE Evar HEAOG
TOU TOTTOL 7OV AVTLOTOLYEL GE AVTH) TNV TPOTACT).

Qot600, auTh 1) oTKY oXETKA pe TG otodeifelg Sopépel oVoLWIMOG ad TN
ouvidn. O tpdTog pe tov omoio 1 Aoy yiveton avtiAnmtr] amtd n Jewpio TOTWV
elval OTL pua TpoTOao dev elvar armAwdg aAndng 1 Yevdng, aldd pdAlov propei vo
vondel wg 1 cLAAOYH OAWV TV SLVATOV TEXUN PLLV XATELXG TNG. ZOHOWVX HE QVTHV
T cOAANYM, oL arodeielg Sev elva PHOVO TO PEGO EMUOLVOVIOG TWV HATNHATIHGV,
OAAG OTTOTEAODY MaL OL 1SLeG OVTIXELHEVO HEAETNG LOOTLHO JE TTLO OLKELQ OVTIXELEVDL
O6mwg oL aptdpoi ko oL GuVapTHoELS.

3.1 Owoyévereg TOTOV

Ou PAcovpe TOpa Yo To éva ad Tar dV0 SOpHIKA OTOLYEL TWV TPOTACEWY, TaL
HOTNYOPTHATO: TO GANO, OL AOYWHEG OTADEPEG, ELVOL TO QLVTIXELHEVO TOV ETOUEVOL
nepataiov.

Mia oxoyéveia timwv (type family) eivou évag PHETAOYXTNHATIOUOG HEADY HATTOLWV
TOMWV o€ TOTOVG. e pioe owoyévela (x1 @ Ax, ..., Xn : An) A(X1, .05 Xn), OL Ag,..e, Ap



Aéyovton tOmol Sewetdv (indexing types), xot ot empépoug oot A(Xy, ... , Xp) AEyovTot
oTypoTUn (instances) TG OKOYEVELOG.

Ot owoyéveleg TOWV, TTOL emtiong Aéyovtal eEaptopevol tomol (dependent types),
foav pio awd TG onpavTdTEPEG *ALVOTOIEG TG Yewpiag TOTWY Tob Martin-Lof.
Tomud TopadelypaTo OMOYEVELOV TOTWV aTOTEAOVV Ta SLdpopa KaTYOpriHoTa
(x,y : A) x = y, (x : Nat) Prime(x) w.An. mov cvvavtdpe oto podnpotnd. Evo
OTOLYELWOES, OANG ONHOVTING, TTaApPadeLYHO OLKOYEVELOS elval 1) GTOIEPT] OLOYEVELX
(x : A) B 6mov A nou B eivon tOmor. Kou BéPonar, pia owcoyévera () A() pe pndév to
mAnY0g opiopata dev eivoun mapd évag TOTOG.

3.2 Iootnta

O atAooTEPOG TPOTOG VO OPLGOVHE it OLKOYEVELDL VAL TTPOOLOLY PAPOVTOG KoL
TOOHEVAOTEG OTA JLAPOPO CTLYHLOTUTTA TNG, OTMG HAVOHE HOL YL LEHOVOUEVOUS
TOIoVG. BOa YPrOYOTOLoOVHE AVTOV TOV TPOTO YO VO OPLGOUVHE TNV TAEOV KOV
%o TAEOV GTHOVTIHT] GXECT) OTO HOUTHATING, TNV LoOTNTA.

‘Eotw a: A, 6mov A tdnog. H ioétnra mpog a eivon 1 owoyéveln

(x:A)a=4x
70V opiletal amd T povadur) prTpa
refl,:a =4 a.

Qg ovvidwg, dtav dev vtapyel kivdvvog ovyyvong Ja mapaleimovpe to subscript
not Ja ypagpovpe amhovotepa a = b.

H wotnta npog a Aéyetou eniong Paciopévy (based) .odTnTR, S10TL TO Evar oHENOG
(to aplotepd 6TOV GUPPOALOHO pag) upaTiETon oTodepd, 08 AVTIOLGTOAY pE TNV
(aTAidq) wodTnTa TOL Yo Opicovpe 6TO EMOPEVO HEPAAALO, 1) OTTOLCL EfvOr OLOYEVELL
WG PG oppdTEPa TOL oUEAT). OL VO SLapépovv HGov apopd TN HopPr) TOL avadpopéa,
oAAG eivan LloodVvopeg: Yo Tov Adyo awtdv, dtav dev cuvtpéyel Adyog Suduepiong da
Aépe amA®OG LlooOTNTO.

SXETWA Pe TNV apyT] TNG AVAdPOpG, ToPATNPHOTE OTL 1] LGOTNTA TPOG a eival
oWwoY£éveln, 0TOTe LT TTOL Yo OPLGOUE ELVOIL HETATYNILATIOHOL TTPOG OULOYEVELEG WG
P0G TOV {810 TOTTO demT®V, KoL £TTLoNG OTL EXOUHE HOVO VOV HATOOHELAGTH], OTTOTE
opuel vou TOOE TL KAVEL EVAG TETOLOG HETAOYNHATIOROG He AUTOV. AVaALTIHOTEP, OG
Jewprioovpe 0TL pag éxovv dodei

1. pio owoyéverx (x : A) C(x) tomwv, xou
2. éva pENog crefl, T0O C(a).

Torte, ) oxéon
t(a,refly) = cref,
opilel évav petooynpatiopd (x: A,y :a = x) t(x, y) : C(x).
IMopatnpriote 0TI, o0& OYEOT HE TNV TEPUTTWOT TOV HEHOVOREVODY TOTWV, £5G)
éyoupe éva mopamdvew OpLopa, TO 0Tolo XPNoLpedEL 0TO va TPocdlopicel oe TOLo
otypdtuno Pprondpacte xade opd. ‘Evog dAlog tpdmog va meprypagel autd eivon
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Aéyovtag 0TL avTd oL opileTan e avadpopn otV LIOTNTH TPOG a elval pia Séopn

(y:a="Db)t(b,y): C(b),
(yra=b)tb',y): C(b),
(yra=b")1b",y): C(b"),

QTTOTEAODHEVT OTTO VLY PETAOYNHATIONO Yot #&de péAog To TOTTOL dettdov A.
O avadpopéag THG LOOTNTAG TPOG a ELVAL O HETATYXTUATIOHOG

(x:A,c:C(a),p:a=x)recg=x(c, p): C(x) (1)
70V opiletal atd TNV avadpopr)
recq-q(c,refly) := c. (2)

"Evag @AAog tpémog ypagrig tov (1) eivar vitd popenv xavova:

x:A c¢:Cla) pra=x

recar(e: p) C(x) ®

Avtr) 1) éuppact ovopdletan xavévag cYNUaTIopoy ToL avadpopéa TG LoOTNTAG, dL-
OTL TepLyphupeL Tov TPOTO e TOV 0Toio avTdg cuvthooetal, SAadY Tn HopYY) TV
OPLOHAT®V TOL KoL TOV TUTO (1] TOTOVG GTNV TPOHELUEVT) TTEPITTWOT]) TWV TILMOV TOU.
Avahoyol xavOveg GYNIATIONOD PITOPODY VA YPOUPTOVVY YLO TOUG GANOVG HETOCYTIHO-
TIopOUG.

"Acunon 3.1. Tpdiite To0g *oVOVEG OXNUATIOHOD TWV KATAOHELAOTGDV TOU List(A).

Edv otov (3) Bdroupe, yia Adyoug cuppetpiog, otn déomn tob x éva péhog @’ tov
A nou ®paTrioovpe HOVO TOLG TOTOVG, TALPVOUIE TOV AOYLKO HAVOVKL

Cla) a=d

4
@) 4)

yvwoto o wg indiscernibility of identicals, o omolog enppd&lel To yeyovog Ot Ta oo
potpélovron Tig idieg dLdtnteg.

‘Eva dpeco mopiopa tov xovova (4) eivar 6t n wodtnta Swatnpeitar and peto-
OXNHATIOHOVG: TPOXELLEVOL Yot Evay pHeTaoXNUATIoO (x : A) u(x) : B, To {nTodpevo
npoxvntel détovrog C(x) := u(a) = u(x). To endpevo Appa elodyel Evay Xprioio
oupPoAlopo.

Afqppa 1. Eoro (x: A)u(x): B petacynpaniopds. e orowadijnote a,a’ :Axarp:a =4 d
vmapyet Ever

ap(p) : u(a) =p u(a’)
70 omolo 1xavomoel T1) oyéon ap,(refla) = refly ).
Anddeitn. Ed®, 6Twg uan otnv mAelovotnta twv armodeifewv otn dewpio TOTOV, 1)
expavnon vrodewvoeL Tov Tpomo dpaong. Zvyxexpipéva, noxéon ap,(reflq) = refl, g
pég xododnyei va opicovpe to ap,(p) pe avadpopn oto p. Oewpolpe Aoutdv TV
owcoyévewa (x : A) u(a) =p u(x) xou to péhog refl, ;) T00 u(a) =g u(a), xou opifovpe Tov
HETOOXNUOTIONO (x: A, ¥ :a =4 x) H(x, y) : u(a) = u(x) péow g avadpopnc

t(a, reflg) := refl,(g).
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Aev éyovpe mhéov mapd va déoovpe ap,(p) 1= t(d’, p).
Evodhoxtind, propovpe vo opicovpe am’ evdelag tov ap, emivaloOpevol Tov
avadpopéa TG LodTNTOG:
ap,(p) : = recy_y (reflyq), p). O

'Onwg avapévetal, 1 ooty eivan oxéon wodvvapiog. To axdlovdo Afppo
astotelel TV TumodewpnTinr] exdoxr TG CUHHETPING.

Afqppa 2. N oowadiimote a, a’ @ A vdpyer évag ueTaoynuaTionds

(pra=d)plid=a

0 omoiog ixavomotel T oyéon refl, ™ = refl,.

Amddeitn. Bewpolpe tnv owoyévelx (x : A) C(x), émov C(x) := x = a, nou opilovpe
TOV peTacXNpatiopd (x: A,y : a = x) t(x, y) : C(x) péow g avadpopng
t(a,refly) := refl,.
TéAog, détovpe p ! 1= t(a’, p). To Sebrepo {nTovpevo eivon dpeco:
refla_1 = t(a, refly) = refl,. O
Me 1 Borjdelax Tov avadpopéa TG LIodTNTAC, TO p ' yphipeTon
1 = recyy (refly, p).

Tapatnpriote 6TL 1 OpoLdTH T TOL p~ ! pE TO ap(x : a) x(p) elvou povo pouvopevuiay: Ltn
pio TePUTTWOT) 1) OLKOYEVELX WG TTPOG TNV OTTOLX KAVOULE avadpopr elvain (x: A)a = x,
eve otV GAAN 1 (x: A)x = a. To didarypa eivon OtL elval onpovtind, dtav divovpe Evay
OpLopo pe avadpopr] 1 emuaAoVHOCTE TOV AVAdPOPEX THG LEOTN TG, VO ALVOUPEPOUVLLE
TNV OWOYEVELX TNV OTT0lL O OPLLOUEVOG HETAOYXNUATIOUOG TTOLPVEL TUEG.

T ) petaPatedtnta éxovpe to aundAovdo:

Afppoa 3. TN oowadijmote a, a’, a”’ = A vrdpyer évag petacynuariouds
(p:a=d,q:d =d)p-q:a=d’
0 omoiog ueavoroiel i oxéon refl, - refl, = refl,.

Amddeitn. Bewpolpe tnv owoyévewa (x : A) a = x, wou opilovpe TOV PETACYNHATIONO
(x: A y:d =x)t(x,y):a=x péow g avadpopr|g

t(a,refly) := p.
Télog, Yétovpe p - q := t(a”’, q). Ztnv nepintwon mov a = a’ = a”/, éyovpe
refl, - refly = t(a, refly) = refl,. O

MmopoUpe emiong vo ELPPACOLUE TO P - q XPTOLHOTOLOVTOG TOV avadpopén TG
LloOTNTAG:
p-q :=recy_g/(p,q)
T'ioe AOyoug opotopop@iag, SLTUTTOVOULE KoL TO TETPLUHEVO Afjppa TTov Stevdetel
TNV VosAACTIHOT T

Anppo 4. T omrorodijmote a: A vrdpyer éver
l:a=a

70 omoio avortoiel T oxéon 1 = refl,. O
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3.3 Ezmayoyn

H npocinun owoyeveldv tonwv otn Jewpio pég divel tn SuvatdTnTo Vo loyvpo-
TOUOOVHE TIG aPYEG VadPOUNG TOV StapOpwV TOTTWV. Oa Tapovpe WG Tapaderypo
ToLG PLoLKOVG apldpovg: H évvola evog avadpoptnod oplopod

t(0) c,
t(s(n)) := fu(t(n)),

6mov ¢: C xou (n:Nat, x : C) fr(x): C, eivan 6T 0 t prtopei va vmohoylotei oe Pripoton:

t(0) = ¢,
t(1) = fo(£(0)),
1(2) = f1(x(1)),

%o 00T KOJEENG. TYNUATIHG, OL TUEG TOV t AApPAVOVTOL «XUVIYOVTAG» TO ¢ HOTA
HAX0G TOU SLory pAHOATOG
fo h f2

C—C—C— -

H S, 0pwg, dadacio ItoAoyLopod epapproletol Kot 6To YeVIHOTEPO dLiyporpjLo

fo fi f2

Cp = €1 =5 G = -,

omov, avti yia évav tomo C, éxovpe pio owoyévelo tOnwv (n: Nat) C,. Odnyodpacte
étoL otV apylj trj¢ exaywytc ot Nat: Aodévtwv

o piag owoyévelag tonwv (x : Nat) C(x),

« £vOg o : C(0), xou

o evOg petaoynuatiopov (x : Nat, y : C(x)) ¢s(x, y) : C(s(x)),
oL O)YE0ELG

t(0)
t(s(n)) :

€0,

cs(n, t(n))

opilovy évav PeETOGYTHATIONO
(x : Nat) #(x) : C(x).

Me avéhoyo tpdTo yevirnebovTal oL apxég avadpopng twv dAiwv tomwv. H apyn
g emaywyng yioe tov BTree, m.x., Stapoppovetar wg e€ng: Aodévtwv

« pog owoyévetog (x : BTree) C(x),
o €VOG Cyiy : C(triv), nou
+ €VOG HETACYNHATIOHOD

(x:BTree, y : BTree, z: C(x), w : C(¥)) Cjoin(x, ¥, z, w) : C(join(x, y)),
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oL O)YE0ELG

t(triv) Y= Ctrivs
t(join(r, s)) := coin(7, s, t(r), £(s))

opilovv évav petaoynuatiopd (x : BTree) t(x) : C(x).
"Acunon 3.2. Awtvndote TG apyég emaywyng twv List(A) ko Bool.
Avon. Awtur®dvoupe TNy apyn eroywyng yio tov List(A): Aodéviwv
o pag owoyévelag (x : List(A)) C(x),
o £vOG cpji = C(nil), uort

« €vOg petaoxnpatiopov (x : List(A), y : A, z: C(x)) coons(x, ¥, 2) : C(cons(x, y)),

Ol G)YECELG
t(nll) i= Chils
t(cons(l, a)) := ccons(L, a, 1(1)),
opilouv évav petaoynpatiopd (x : List(A)) t(x) : C(x). O

H apyn g emaywyng tov Nat o@eilel TNV OVOpXGLX TNG 0TO OTL EPTTEPLEXEL TNV
owelor pédodo arddelng WoTHTwV TV ooV pe enaywyn: Eav ¢(x) eivon pio
WOt PLOUGV aPLIPGOY, atd pio addeln ¢ TG P(0) xon pioe amdden cs(x, y)
™G P(s(x)) amd v P(x) AopPdvouvpe, pécw TOV HETATYNHATIOHOD ¢ OV opileTal pe
emOywYN amd Tow ¢y ot Cs, pioe amddel€n t(x) To0 P(x) yro TuxOVTA PUOLKO APLIPO X.

H yevixevon tov avadpopéa yoe TNV apy ThHG eToywyng OVOUAleTon exaywyéas
xot cupPoAriletal ind- yio Tovg LGOS oPLIPOVG, EXEL TN LOPYPT|

(z: C(0), (x : Nat, y : C(x)) w(x, y) : C(s(x)), n: Nat) indNqt(z, w, n) : C(n).

Qg mopaderypa epappoyng thg apxng TS emaywyng, oG vtodécovpe OTL JéAovpe
va Sei€oupe 0TL 1) TPOGUEST) PLOUOV APLIPGV elvar avTIpeTOTETIN,

n+m=m+n,

pe emorywyn oto n. Ag’ evdg éxovpe va dei€ovpe 6TLO+ m = m+0, To onoio, dedopévou
6t m+ 0 = m, yphpetar LcodOvopo

O+m=m. 5)

A’ etépov, éxovpe va dei€ouvpe OTL e&v n+ m = m + n, ToTe s(n) + m = m + s(n), 10
oroio, dedopévov 6TL m + s(n) = s(m + n), xou AELOTOLOVTOG THV ENAYWYLKY LITOTEDT),
yphpeton .ooddvapa

s(n) + m = s(n + m). (6)

Hapatnpriote 611 ot oxéoerg (5) xon (6) eivon ov opilovoeg oxéoeig g mpdcdeong
AVTECTPOPPEVES: aLTO PaiveTon xahbTepa edv decovpe m+' n := n+ m:

m+0 =m,

m+" s(n) = s(m +" n).

Avto Tov poALg Samotdoape eivar eldur mepintwon tov ng amoteAéGpaToG.
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Ozmpnpa 5 (povadikotnta tov definiendum). Ag Jewpriocovue Tov avadpopusxd opioud

t0) :=co,
t(s(n) := co(n, t(n)),

6mov ¢y : C xau (x : Nat,y : C) ¢s(x,y) : C, xar ag vrodéoovue 6mi pag éxer dodei évag
petaoynuartiopog (x : Nat) u(x) : C pali pe ta eérjc Sedouéva:

1. éva po : u(0) = cp, xaut
2. évav petaocynpatioud (x : Nat) ps(x) : u(s(x)) = cs(x, u(x)).
Torte, vdpyel Evag PHETACYNUATIOUOS
(x : Nat) p(x) : u(x) = t(x).
Amddeitn. O opicovpe Tov p pe emaywyn. H pio pritpa 100 opiopot eivar mpopovig:
p(0) = po: u(0) = ¢ = £(0). (7)
"Ocov agopd v &AL, edv p(n) : u(n) = t(n), T6Te Tatipvouvpe
ps(n) = u(s(n)) = cs(n, u(n))
no
3By ) sy (M) : s, u(m)) = cs(m, £(m)) = £(s(m))
OTOTE PITOPODVHE VoL ETHOAEGTOVHE TN PETAPaTOTNTA TNG LOOTNTOG Mol VO FEGOVHE

PS(m)) = ps() - @P(y . ) () (1)) : u(s(m)) = £(s(m)). (®)

O p opiotnue pe emarywyr omd tig (7) xou (8). O
"Acxnon 3.3. Awtundote xou anodeiére 16 avéhoyo Tov Jewprparog 5y Motec.

"Aoxnon 3.4. TupmAnpooTe TV artddelEn g avtipetadeTindTnTAG TNG TPOoEOTC.
Svynexpipéva, opioTe, e ETAYWOYT) OTO M, HETAGYXNHATIOHOVG

(m:Nat) po(m):0+ m=m

no
(n, m:Nat) ps(n, m) :s(n) + m = s(n + m)

HOL PETE eQappoOoTe To Jewpnpa 5]yl va suptepévete, yio omotodrjmote m: Nat, Ty
OTtapEn £VOG HETHOXNHATIOHOD

(n:Nat)p(n):n+m=m+n.

3.4 Aoxnoeig

"Acunon 3.5. Acifte 611 ipdodeon MoTOV elvol TPOSETALPLOTINT, TTEPLYPAPOVTOC,
yo oowadnmote j, k, I : List(A), éva péhog to0 thmov

G+k)y+1=j+(k+1I).

[Yrodeitn: Kavte emaywyr oto 1]
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AUon. Oo uivoupe emaywyn oto . Avtd onpaiver 0Tt da XproLHLOTOLOOLHE TNV
apxn TG eoywyng Tov toumov List(A) yio va opicovpe évav petacynpatiopd

(I:List(A) t(D): G+ k) + L = j + (k + ]).
Katd mpotov, mpémel va opicovpe to
t(nil) : (G + k) + nil = j + (k + nil).
A6 TOV 0pLopod TNG TPOGIESTG, OUMG, TTAPATIPOVHE OTL
(+k)+nil=j+k=j+(k+nil),

01oTE PIopolpe va Féoovpe
t(nil) : = reflj, .

Kata devtepov, ag vrodécoupe 6t éxovpe to t(l): (G + k) + [ = j + (k + I), o IéAovpe
Vo 0ploOUHE TO

t(cons(l, a)): (j + k) + cons(l, a) = j + (k + cons(l, a)).
Ot vtoAoylopoi TV oxeA®V aUTHG TNG LodTnTAg divouv

(j + k) + cons(l, a) = cons((j + k) + I, a),
j+ (k +cons(l,a)) = j+ cons(k + [, a)
= cons(j + (k + 1), a).

Eg" 6cov t(l): (j+ k) + [ = j + (k + I), prropodpe v epappdcovpe To Arjppe [1] wat vor
Jéoovpe

t(cons(l, @) := ap(y: List(4)) cons(x,a)(t(1)) : cons((j + k) + L, a) = cons(j + (k + I), a).

Ao v apyn g emaywyng tov List(A) AapPdavoupe, yi omowdrmote Aiota
I:List(A), to pérog t(l) to0 (j+ k) + I = j + (k + ).

"Acunon 3.6. Aodévrtog evog petacynuatiopod (x @ A) u(x) : B, dei€te 611, yia omoo-
dfmorte k, I : List(A),

List(u)(k + I) = List(u)(k) + List(w)(1).

[YrodeiEn: Kavre emaywyn oto 1]

"Acoxnon 3.7 (PuowdtnTa Tou cat). Aodévrog evog petocynpotiopod (x @ A) u(x) : B,
deite 011, yio omorodnjmote L : List(List(A)),

cat(List(List(u))(L)) = List(u)(cat(L)).

[YrodeiEn: Kavte emaywyr) oto L.]
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4 Aoywn

Yrépyel otevr oxéon avapeca ot dewpio OOV xow T Aoyud, Wiaitepa
Jewpla amodeiewv. Mio mTuyn TG oxéong auTrg, 1) omoia oxtoypapiinxe dn oto
TPOTYOVHEVO HEQAAOLLO, AUPOPA TNV EPUNVELR TWV TIPOTACEWV WG TOTTWV, YVOOTH oL
wg avtiotoyio Curry-Howard. Qotdc0, e8¢0 vtoxpimtetan éva onpavtnd Bodvtepo
YEYOVOG, TTOL €XEL VO XAVEL HE TNV aviyvwoT) TG dewplog TOTwv g dewplog vorpo-
TOG TWV VAALTIKOV TTpoTAcewv. To {NTnuae Tov TPocdloploHod TWV AVOALTIHGOY
npotdoewv éxel mAovola otopia xow ovvdéetar pe Sthpopa dAAo eEonpetind ev-
Sropépovta PLAOCOPE EPWTHHATA, T) TTPAYHATELGT) TV OTolwV EePedyel amd TOVG
OXOTOVG VTMV TWV GTHELOCEWY. O TPOoTATT|GOVHE HOVO VX OHLXYPOPTICOVLE TO
oxentd ot Paon Tob omoiov owodopeitar ) oxéon peTafd Aoyng xor dewpiog
TOTOV.

4.1 H évvola Tov texpunpiov ainderog

H amodewtinn diadiwacio éxel amoldtwg xevipwr] déon ota podnportied. Ko
dwaiwg, ool eival 0 TPOTTOG e TOV OTOLO ATTOUTOVHE YVOOT) TOV HOUHATIHDV
npotdoewy. Ilowx eival, OpwG, 1 oxéon avipeco TNV atddelEn KoL T yvaor;
3o [3]], o Martin-Lof meprypaget To orodetnviely pio TpdTact ¢ wg tnv TpdoKTno
1 xotaourevn 1) cOAANYN evog texpnpiov odndeiag tng ¢. Tote, To yvwpilew tnv ¢
VoelTal g To éxelv amodeifel tnv @, SnAadn wg 1 xatoxn evog texunpiov aifideog
™mg ¢.

Mio amodeln evdéxetal, eXTOG IO GUUTEPAGHOL, VAL £XEL KOl VTTOYECELS. XTNV
TEPITWOT QLTH, 1] YVOOT) 1) omoia xoptleton elvon xatd cuvdnun. "AAAwg eumrelv, pio
arddelkn pe vodéoelg mapéyxel oe xATTOLOV OV YVwpIleL TIg LITOTETELS Evay TPOTO
Vo YVwpioel To cupmépacpa. Aodévtog 0Tl To Yvwpilelv ouvioTaTol GTNV KATOXY
evog texpnpiov aindelag, odnyovpacte oty e€ng

Awarictoon. Mia anddeiln mapioTavel EVav UETAOYNUATIONG TV TEXUNpPioV aldeiag
®dmolwv TPoTdoewv (Twv vrodéocwv) oe Texunpie adeias xdmwowag npdéracng (Tov
OUUTEPAOUATOG).

Kat" autév tov tpomo, éxovpe dievxpivicelr tn oyxéon peta€d omddeléng uan
yvoong. Mével audpo va Tovpe Tota eival Tor Texpriplae aAfdelag Twv tpotioe-
WV. ZYETWA pE QUTO, TOPATNPHOTE OTL TO TL GLVIGTR TEXPNPLO aAfdelag kadeptdg
npoTooNg elvon oaupeg 0,TL xpetdletar vor YVwpllel Kovelg TPOXEWEVOL Vo elvort
oe Jéomn 1600 va datvndver amodeifelg, 600 o v watavoel Tig aodeifelg ov
Sratumdvouvy dAAoL wg Tétoteg. AvTr, OGS, eivat 1) Aertovpyia ToO VOrjHaTog:

Opropdg 6. Amoderntind 1j Jetixnd vonuoe (1), AmAOG, VONHO) HLOG TPOTACTG OVORATETOL
TO TL CUVIOTK TEXHNPLO aAfjdelng avThG.

To ouenTed avto TOL OPLoOD eival OTL oTO PO pATL, AAAX KoL o€ vGDe GANO
nedio oto omoio 1 aodewtiny Sradwacio éxel xevtpd poAo, oL TPOTAGELS «HOVL-
BaroOv» 10 JeTd TOLG VONUX, HODOG aVTO ivat TTOL TTPocdLopilel TOVG TPOTOULG HE
TOLG 0TT0LOVG GUUHETEXOVLY G€ aTodeikels.

4.2 IIpotaciaxn Aoywn

"Oc0ov apopl ToV TPOGSLOPLOHS TOV VOTHATOG TV SLLPOPpWV TTPOTACE®V, TAPOL-
TnpnoTe 0Tt évag oplopdg eivan pio TpGEN amddoong vorfpatog oe éva cOpPolro, Evay
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6po 1 pic omoladrjote GAAT, evdexopévwg ovvIeTn, YAwoowr) éxppact). Avtd or)-
Hoivel, avtioTpo@a, OTL 1) GXECT) AVAHESH O POl YAWOGIUY EXPPOCT] KoL GTO VONIK
NG propel va elva avtixeipevo oplopol, kL avtd oxveL Wiaitepo yio npotc’xcst
AT TNV GAAN pEPLY, 0 TPOGSLOPLEPOS TOD VOTIHATOG TWV TPOTACEWV HLOG TPOUTTap-
xovoog YAwooag de pmopei va eivar avdaipetog, adAd do mpémel v otnpiletal o
pio vonpati avélvon avtig tng YAwooog. IIpoxeyévou yia tn xprnon twv Aoyt-
OV OTOTEPDOV GTA HATAOUEVACTIUA HATNHATIHG, ) OXETIKY avaAvoT) cuvoyileTo
otv epunveie Brouwer-Heyting-Kolmogorov (BHK), 1 omolia, yio Toug cuvdEGHOUG,

éxeL g e&ng:

« 'Eva texpripro afdetog g ¢ & i amoteleiton otd éva texprplo alfdelog g
¢ nou éva texprplo aifdelog g .

« Texpnpla oaAndelag g @ v ¢ eivon o Texprploe ahndelag g ¢ xodog no
exeiva tng .

o Texprpro aifidelag g ¢ > ¥ eivon €vag PETACXNHATIOHOG TOV TEXpNPiwV
oAndeog g ¢ oe Texprpla akndelag g .

o H 1 dev éxerL teupnpra adfjderog.
« HT éxel éva tenprnpro adndetog.

Téhog, 1 Gpvnor ¢ pog TPOTAoTG ¢ opileTan WG N TPOTAGT ¢ O L.

H BHK &ievxpvilel tov tpdmo e ToV 0moio oL AoyréG oTadepég Y Pr)OLHOTOLO-
VVTOL 0T KATAUOREVOO TG podnpated. To wdvel, e, avtd, TepLypdpovtog To vonpa
rnodepLdg ovVIETNG TPOTACTG CUVOPTHOEL TWV VONHATOV TV ATAOVDCTEP®VY TPO-
Thoewv and TG omoieg éxel ovvtedel. MaAlota, nodepid ad Tig pritpeg g BHK
elvan éva emaywywd oxfipa. Zvvereio ouToU, PITOPOVHE VO TTOVHE OTL TO VOT|HOL KO-
JepLdg mpodTOong elvat 0 TOTTOG TV TExpNpinv aAfdelag avtig. Avtd pog emTpénel
VOU X PT|OLHOTTOLOVHE TUTTOTEWPTTIXT] 0POAOYiQ KO TUTTOVEWPTTIKO GUHPOALGHO Oty
HIAGpE YL TPOTAOELG HETOED GAAWV, YPAPOUHE X : ¢ yiot vor SNADGOUUE OTL TO X
elvon Texpnplo adndelog g @. Oo eEeTAGOUVHE TOUG GLUVOEGHOVS HATA GELPAV.

3 0CevEn

Ytnv BHK, oi rataorevaotéc towv (texpnpiov adjdeiag tov) diopdpwv mpo-
Thoewv éxovv amociwnndel. Qotdoo, TPOg XApLv THS TLTOTEWPNTINNG TPAYRUATED-
ong, xpewleton va Touvg eppavicovpe. Etot, opilovpe tnv oOlevEn ¢ & @2 do
TPOTACEWV 1 HOlL P2 PEGW TOD HATOOHELAGTH (TEUUN PlV aADELRG)

« E&v a; : ¢1 xan ap : ¢, tOTE pair(ay, az) : 1 & o,
1, VIO HOPPNV HAVOVOL CYNHATIGHOD,

ar:dr ax:ig
pair(ar, az): 1 & do

10 6pog mpdracn avticToryet, ota ayyhind, cToug S0 dpoug sentence wow proposition, 0 TPWTOG eX TWV
OTOLWV AVAPEPETAL OTNV TPOTACT] WG YAWOTXT) EXPPACT), EVGD 0 SEVTEPOG GTO VONHA 1) TN OTHAGIO HLOG
TETOLOG YAWOO WG éxgpaocTg: L.oodvvapa, pia tpdtaon-proposition eival éva mpotaciond vonpa, kot pia
npéTacn-sentence eivat pice Yhwooud éxgpact evog téTolov vorjpartog. ‘Otav pddype yioe To vonpa 1y Tov
oplopd pag Tpdtacng evvooipe, Eenddapa, v Tpdtaot wg YAwoown éxppaot).
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IMopodeimovtag To Texprplor AAIELAG TTOLPVOUHE TOV HAVOVOL OTTOYWYTG

$1 ¢
P1 & P2

7OV enPPalel TO GTOLYXELDODEG Aoyl yeyovog OTL amd S0 mpoTdoelg PItopolpe va
oupmepavoupe Tr o0levEn Tovg. O xavoVaGg AVTOG OVOPALETAL #AVOVOS ELCAYWYTS
(introduction rule) g 60levEng, S1OTL mepLYplPeL TOV (KOVOVIKO) TPOTTO e TOV OTTOL0
pioe o0CevEn eppavifetol wg CUUTTEPACHA PG ATTOSELENG.

"Onwg 1dde thmog, 1 o0levEn wavomotel pioe apyr) avadpoprc, 1 ool Aéel o1,
d00évTog VoG PETAOCYXNUATIGHOD (X1 : P1, X2 © P2) Cpair(x1, X2) : 0, 1) OYEOM)

&1

t(pair(as, az)) := cpair(al, az)

opilel évav petaoynuatiopod (x: ¢ & ¢p) t(x) : 0. H apynf avtr ovvoyiletal oe évav
avodpopéa

((c1 = P1,x2 2 P2) 2(x1, x2) : 0, x = 1 & o) recy, g, (2, %) - 0
1, VIO HOPPTV HAVOVAL CYNILATIGHOD,

(x1: 1, x2: )

z(x1,x2): 0 x: & ¢
recg, &¢,(2, %) : 0

optlopevo amtd tn oxéon
rec¢1&¢z(z, pair(ay, az)) := z(ay, az).

E&v amd tov xavove oxnpatiopod tod recy g4, mopoeiyovpe To Texprpio o-
ANOEL0G TALPVOLE TOV XOVOVOL OTTOYWYTIG

(¢1,_¢2)

0 &
—jl % ge

5

0 omoiog exppalelL Tov TpoHTO pe TOV omoio pia oV evEn popei va xpropomondel wg
vrddeon, wow yU autd Aéyetal xavivag analoiprc (elimination rule) trg 60levEnc.

AvdlevEn
"Opota, 1) SL&leven £xel ToV eTaYOYWO 0pLoHO
ai: ¢ az : o
iny(a1): ¢1 v ing(az): 1 v gz

Ki €8 pmopovpe v mapaieipovpe Tor TEXppLo aAdelog xo vou TAPOULHE TOVG
HOVOVES eloaywYNG TG dLdlevEng

$1 ¢2 y
1V P2 1V o

1,
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oL ormtoiot exppalovv To yeyovog OTL piopolpe voo cLpTTEPAVOUpE i dtdlevén amd
enatepn Towv SolevuTéwv.
H apyn g avadpopng yio tn Staleven éxel wg e€ng: Aodévtwv dvo petaoynpo-
TIOPOV (X1 : 1) Ciny (x1) 0 o (x2 2 P2) Ciny (x2) : 6, 0L OXéoELS
t(iny(a1)) := cin, (a1),
t(inz(az)) <= ciny(az)

opilouv évav PHeTaoXNUATIOHO (x @ d1 Vv ¢o) t(x) : 6. O avadpopéag trig SilevEng éxet
TOV XOVOVOL CYNHATIOHOD

(x1:¢1)  (x2:¢2)

200): 0 20 x:divé

rec¢1v¢2(zl, Z3,%x): 0

no opileton amod TG OYECELS

rec¢1v¢2 (Zl’ 22’ inl(al)) ‘= Zl(al)a

recy, v, (21, 22,in2(az)) := z2(az).

Awrypapovtag o Texpriploe ahdelog amd Tov xavova SYXNHATICHOD TOD recy, g,
moipvoupe tov xavova araowprig T didlevEng

(¢1) (%)

6 0 v

vE
0

0 omoiog meptypdupel Tnv amddelfn pe SLbupLon TEPLTTOCEWV.

Svvemaywyn

H mepintwon g cvvenaywyng topovotdlet Alyo peyahdtepo eviiapépov. Edw,
0 OpPLOPOG EXEL TN HOPOT

« E&v o (x: @) b(x) : ¥ elval peTaoXNUATIONOG TV Texpnpiov adndelog g ¢
oe Teupplo adndelog g ¥, tote 1o A(x : @) b(x) eivon Texpnpro aindetog tng
$=>9.

H Soutepotnta tng (Rovadinig) pritpag avtod 1o oplopod elvat 0T, oe avtideon
He OAOVG TOVG EMAYWYIHOVG OPLOHOVG TV AAA®Y GULVIECHWY, ELGAYEL EVOV KOTO-
oxevaoTh, TNV A-apaipeon, o omoiog déxeTot éva OpLopa Tov dev eivor pEAOG HAITOLOL
TOmov, opd eivar To 1810 petaoNUATIONOG. AVTO AVTOVOHAGTOL KOL GTOV AVTIGTOL-
X0 HOVOVA CYNUATIGHOD, O 0TTOL0G EXEL TN HOPYPT|

(x: )

b(x): ¢
Mx: @) b(x):¢poy
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To teupn ploc adrjdelag Tev cuveraywyov ovopdlovtal cuvaptioels. Qo taiplole,
eMOPEVWC, v Ypapape function(x : @) b(x) avti yioe A(x : @) b(x), pa kot qvTd 7OV
SnAoveton ed elval pia cuvaptnon pe dpopa x ko copa b(x). Qotodco, To cOpPoro
A elvan nadepwpévo otn Aoy xou T Jewpio TOTOVY, Ko Oe Yo emiyepricovpe va
TO aAAGEOL E.

Iopaieimoviag To Texpnplo aAfdelag TAPVOLHE TOV KOVOVO ELCAYWYNG THG

OLVETOLYWYNG
(¢)

4
¢y

0 070i0G, 68 GAAEG SLATLTTOCELG TAG AOYIUTG, VAL YVOOTOG WG FeDdPTHO Aoy YNG.

H apxr) thg oavadpopng yia tn cuvemoywyr) artotelel Alyo peyadOtepn tpoduAnon,
yU avt6 T Sratvvoupe avodvtnd: ‘Eotw 6 tuxodoa tpdTact, xo og vtodécouvpe
ot pog éxet dodel évag petaoynuatiopds ((x : @) y(x) : ) ca(y) : 0 o omoiog déxeTon
WG OpLopa Evay PETATYNHATIOHO Texpnpiov aAndelag g ¢ oe texprplo aifideog
™G ¥ xou emoTpéPel éva Texprnplo aindetog tng 6. Me avtd ta dedopéva, 1 oxéon

tH(A(x = ¢) b(x)) = ¢y(b)

opilel évav PeTOOYNUATIONO (x: P> ) H(x) : 6.
'Qg ovvAdwg, o avadpopéag TG cuveraywyng Aapfdveton eppoavilovtag wg
OPLOHOL TNV TTAPAHETPO C), OTTOTE £XEL TOV KAVOVA CYNUATIGHOD

(5%)
Yy

2):0  fipoy
rec¢3¢(z,f) : 0

=y A

5

noL opileton outd ) oyéon
rec sy (2, A(x : §) b(x)) <= z(b).

Kou ahL, Sraypdpovrtag ta texpnpro aindetog Aoappdvovpe Tov xavova oarodotenig

TNG CLVETAYWYNG
;)
(5

E&v ovpPoricovpe X + 6 to yeyovog ot i) 6 émeton (sivar Aoywur) cuvémeila) twv
TPOTACEWV KO XAVOVWV TTOL AVAXOLY 6TO 60UVOAO X, 0 (o) AéeL dtLeav X u{—} I 0,

tote Zu{¢po ¢y} 0.

Yevdig

To Yevdég éxeL Tov TETPYUPEVO, ) HEVO, ETTOLYWDYIHO OPLOHO TTOV SeV TTEPLEXEL HOHLLOL
phTpa: noté cuvémela dev Exel uan xavoveg eloaywynig. Eg  0cov dev éxel texprpla
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oaAndelog, n avtiotoryn apyn ovadpopng Aéel atAdg 6Tt yia xdde mpodtaot 6 opileto
évog petacynpuatiopds texpnpiov alideiog g L oe texppro aindetog tng 0, ov
elvo xan o avadpopéog

(x:L)rec,(x): 60

o0 Yevdoig: VIO HOPPTV HAVOVOL X NHATIGHOD,
x:1l
rec (x): 0

Aoty paPOVTOG ToL TEXHT PLOL OAT|IELXG TTALPVOULE TOV HOVOVEL aTtaloLprig ToV Pevudoig

Le,
6

7OV €lval YVwoTog ko wg ex falso (sequitur) quodlibet.

AAndég
To aAndég éxel Tov oplopod
o 11T,

1 povadinn priTpa ToL omoiov yphpeton emtiong

1T

rou Sivel Tov xavova eloaywyng
=y
T
7oL Aéel, amA®G, 60TL 1) T aAndeveL.

IIpoxeyévou var OploOVE EVAV HETOOYMHOTIONO TV Texpnpiov aifideiag Tov
aAndovg dev éxovpe apd va ToOE TOG VTOG dpa 6To povadind Texprplo aifidetog
11T autd onpiog exppdleton amd tnv apxn avadpopis tov aindoids: Aodévtog
evog ¢ : 0, n oxéon

t()) :=q

opilel évav petacynuoatiopd (x : T) t(x) : 6. "Etol kot o avadpopéag 100 aindoig
(x:6,y:T)recr(x,y): 0
opileton amd ™ oxéon
rect(x,!) := x.
O rect €&l TOV ®aVOV GYTUATIOHOD
x:0 y:T
rect(x,y): 0 ’

Lo TOV 0TTOL0 AUPALPDOVTOG TA TEXUTPLA AAIELOG TTAULPVOURE TOV KAVOVAL ATTOAOLPTIG
o0 aAndovg
0 T
0

TE.
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4.2.1 EwWdwol xavoveg amalorpng

Eav évag oVvdeopog éxel auplPodg évav wavova eloaywyng, o povadundg awtdg
novovag elcaywyng popei eriong va Stafactel amd udtw mpog ta enavw. Ta wpo-
iovVTa VTG TG AVTIETPOPG AéyovTat eidixoi (special) sxavoves amadowpric (nou, eviote,
ylot avTIOLGTOAT), oL @AAoL xavoveg amahotprig ovopdlovton yevixoi). Ilpoxeyévou
yta T o0lev€n, avtol eivat ot

d1 & ¢ $1 & ¢ &S

$1 2
T T cuvemaywyn €XOULE TOV XOVOVXL
29 4 ¢
4

YVwoTo o wg modus ponens. TéAog, yia to aAndég éxovpe pndév to TAndog eldinotg
HOVOVEG QTTOAOLPTIG.

T xodévoy amd Toug TPeLg Tapotdve oLVIEGHOUG, oL EL3OL KAVOVES Tt OLPTIG
eivon Lloodvvagiol pe Tov (yevind) navova astorotpnc. T va to dei€ovpe avtod yiow T
oVLevEn), JewPOVIE TOVG HETATYHATIGHOVG

x:d & o x:91 & P
pri(x) : ¢ pry(x) : ¢o

oL oroiot 0pifovTan PEGK TWV AVASPOPOV

pri(pair(ai, az2)) := a,

pry(pair(ai, az)) := as.

'Onwg now #éde GANOG peTacXNRaTIopdg mov opiletor pe avadpopr, oL pr; xo pry
HITOpODV Vo exppacTobV pe Tn Porideta Tov recy, g4, AVILOTPOPWG, O recy, &4, OPICe-
TOL QTG TOUG Pry 0L pry HEG® THG GXECTG

recg, &g, (2, x) = z(pry(x), pry(x)).

‘Acxnon 4.1. Erodndetote 0TL 0 £T0L 0pLOPEVOG recy, g ¢, WHAVOTIOLEL TIG Opilovoeg
oxéoelg Tov avadpopéa g oVLEVENG.

Tt VoL TOXTOTIOLGOUHE T CUVETTYWYT], JEWPOVUE TOV HETOLOYTHOTLOHO
fi¢oy x:4
applyf(x): ¢
0 omoiog opileton pécw NG Avadpopng
apply \(x : ¢) b(x)(@) = b(a).
O recy,y opiletou amd Tov apply péow TG oxéong
recg-y (2, f) = z((x : ¢) apply(x)).

‘Acxnon 4.2. EnaAndedote 6T 0 €101 OPLOpEVOG recy,y ttavorolel Ty opilovoa

oxéon 100 avadpopéa THG CLVETAYWYNGC.
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T v mepintwon tov aindoic, apuel vo mTapatnprcovpe OTL o rect opileto
noL xwplg oavodpop:
rect(x,y) := x.

Avtd avtavaxrd& To YeYovog OTL 0 xavovag omalolprig Tov aAndoig eival mepLtTog.

"Aoxnon 4.3. Enadndedote 6110 ét01 0pLopévog rect weavomotel tnv opilovoa oyéon
00 avadpopéa To0 aindoic.

Avvaper o0 mapambve deopipatoc, eivar xadlepopévo oTn uo aTaywy
VO XPT|GLHOTTOLODVTOL OL £1dol xarvOveg atalotprig 6mov eivan Stadéoyot.

4.2.2 Topoadeiypoarto
Qg mpdrTo maphderypa, ag dodpe mTOG otd TS ¢ > Y now ¥ o O pmopodpe va
OGUPTTEPAVOLE TNV ¢ D 6:
p=2y (9
| |4
0
$=0

>S

=X
=y A

"Onwg cuvndileton ota padnpatwd, ypdlape thv artddelén xwpic va avagépoupe
TOL TEUP PL AN TELAG TWV EPTTAEROPEVOV TTPOTATEWV. QOTOCO, AVATPEXOVTOG GTOVG
HOVOVEG OXTHATIGHOD O TOUG OTTOLOVG TTPOEPXOVTAL OL SLAPOPOL AoyLKol xavOVeC,
propovpe amod pior armddelfn vo eXHOIEDGOVE TOV HETACXNHATIOHO TOV OToil0 TTo-
ptotavel. IIpoxeyévov yiox tnv amodelén Tov Tapadelypatog, o HETACYNHATIOHOG
oLTOG elval o

(f:9=9.8:9=0)g-f,
omov
g°f 1= Mx: ¢) applyg(applys(x))
elvou 1 oOvdeon cuvaptricewy. Ydpyouv eniong TRVTOTIHEG CUVPTICELS:
G
idy ;= AMx:¢9)x:9p2¢ .

4.3 Katnyopnpatixi Aoywn
I tovg mocodeinteg, oL oxeTwég prjTpeg g BHK eivon ot e€njg:

« 'Eva texprpro adfdeiag g 3(x : A) ¢(x) amoteleiton and éva pélog a tov
TOmov A xou éva Texprpro aindeiog tng tpdtacng ¢(a).

o Texpripro andetog g V(x : A) @(x) eivan évag HETACYTHATIGHOG TTOV OUITELKO-
viler xadéva pélog a tov thmov A oe éva texprpla aAfdelag g tpdTaoNg

$(a).
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Yroprtindg mocodeintng

Eotw (x : A) ¢(x) owoyéveir mpothoewy. H mpdtaocn I(x : A) ¢(x) éxer tov
HOTOGHEVAICTT]

« E&v a: Axou b: @(a), tote pair(a, b) : I(x : A) H(x).

Xpnoomolovpe To 510 GVORX YLl TOV XUTACKEVOGTH TOV LITAPUTIHOD TOCOdEINTT)
HE QLTO TTOL XPTCLUOTOLCUHE YL TOV XATAGHELAOTH THG oVLeVENG. AuTO eivon
eoueppévo: Amd tumodewpnTinr dutoyn, 1 vaprtinn TocddelEn dev elvan Topd pic
e€aptadpevn (dependent) ovlevtn.

Qg xovdvog CYXNUATIGHOD, 1] PHTPA TOV TOPATAV® OPLGHOD YPAPETOL

a:A  b:¢(a)
pair(a, b) : 3(x : A) ¢(x) '

[Mopadeimovtag o Texpriploe cAndelog amd Tov Topamive KovOvo TALPVOLHE TOV
HOVOVAL ELGAYWYTG TOV LTLOPUTHOD TOCOdeiNTN

a:A g o
3(x : A) $(x)

0 omoiog pog Aéel 0Tl dodeiong TG P(a) yia #&ITolo a PITOPOVIE VO GUPTEPAVOULLE

v 3(x : A) §(x).
H apxn g avadpoprng tobd vmaputinod mocodeintn Aéel 0TL, dodévtog evog
HETOOXMUATIOHOD (X : A, ¥ : $(X)) cpair(x, ¥) : 0, 1) o)XEOM

t(pair(a, b)) := Cpair (@, b)

opilel évav petaoynpatiopd (w:3(x : A) ¢(x)) t(w) : 6. H apyn avt cvuvoyileton o€
évay avadpopén

((x: A,y (x) z(x, ) : 0, w) recy(x . 4 p(x)(2. W) : 0
1, VIO HOPPTV HAVOVOL CYNUATIGHOD,
(x: A y: (x))

26110 wid(x:A) g)

>

reCa(x : A) ¢(x)(% W) : 0
optlopevo amtd tn oxéon
recy(x : ) ¢(x)(% pair(a, b)) := z(a, b).

E&v améd tov xavove GYMHATIGHOD TOD recy(x : ) g(x) TOPAAEIYOLpE TO TEXPTPLOL
aAfdelag Taipvoupe Tov xavova aalolprig TOO LITAPHTIHOD TOCOdEiNTN

(x: 4, ¢(x))

0 3(x : A) $(x)
0

€.
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KodoAndg tocodeintng

‘Eotw (x : A) #(x) owmoyévewn mpotdoewv. H mpdtoon V(x : A) ¢(x) éxel tov
HUTOGHEVAICTT]

« E&v o (x : A) b(x) : #(x) eivon petaoynpatiopodc, tote to A(x @ A) b(x) eivon

Texpriplo adfdetag tng V(x : A) ¢(x).

Kot otnv mepintworn tov xadoAnod mocodeintn cupPoAilovpe TOV KOTAGHEVAOTH
OMwg Tov xataokevaoth TG cuvemaywyng: H xadoAiud mocddeln eivon n ekop-
topevn (dependent) exdoymn TG cuvenTaywYNG.

O A éxeL Tov navoOvo GYNUATIOROD

(x:4)

b(x) : p(x)
A0 A) bx) v(x: A) $x)

td TOV 0700 TALPVOULE, TAPAAELTOVTAG T HEAT], TOV KAVOVX ELCAYWYNG TOD XX~
Yoot mocodeintn:

(x:4)

& vl

V(x: A) ¢(x)
Amo hoywn} &roym, awtdg o navdvag Aéet 6t otd pia amddelén tng ¢d(x) yioe Toxdv
x : A popolpe v cupmepdvoupe Tny V(x : A) ¢(x).

H apxn g avadpopng yio Tov xodoAnd mooodeintn eival eniong yevikevon tng
avtioTolyng apyxng yio tnv cvvemaywyn: Eav n 6 eivail tuyoboa mpodTaon, xot pog
éxer dovel évag petaoynpatiopdg ((x : A) y(x) : ¢(x)) ca(y) : 0, téte 1 oxéon

H(A(x : A) b(x)) := c(b)
opilet évav petaoynpartiopd (f 1 V(x : A) ¢(x)) t(f) : 6. 'Qg cvviidwg, o avadpopéag
o0 ¥ooAoD Tocodeintn AopfaveTol epPavilovtas wg OPLOH TNV TOAPAPETPO C),
OTIOTE €YEL TOV HAVOVAL GXNHATIOHOD

(o)
y(x): ¢(x)

z(y): 0 fiv(x: A) §(x)
reCy(x : A) g(x)(%:f) : 0
ro opileton pe oavadpopn amd tn oxéon
reCu(s: 4) ga)(2 A 1 A) b(x)) 1= 2(b).

Kou AL, Srypagpovrtog to texprplo adndetog Aapfévoupe tov xavove oammolopng
00 xatdoAo0 Toc0deinTr)
()
$(x)

9 VA )
; .
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Kavoveg etoaywyrig

Kavoveg ammorowprg

(Ewduot)

(¢1,.¢2)

o P 8 & P2 & & ¢ $1 & ¢
& & ¢y 0 P 2
(915.1) (</5.2)
¢ @2 0 6 d1V P2
d1V o h1V P2 0
(v)
@) v
y 0 gy 6oy ¢
¢oy 0 4
L
0
0 T
T 0 %)
(x: Aa'sb(X))
@A §la) 0 3(x s A) ¢(x)
3(x: A) $(x) 6
(5)
(x:A) P(x)
$(x) 0 WA ) | Vx:A)PR) a:A
v(x : A) $(x) 6 $(a)
b:A ¢a) a=0D
a=a 9(b)

IMivorag 1: Kavoveg puowrg amaywyng.
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O »adolwdg mooodeintng éxel emiong évay eldnd xovdva amalolprg,
V(x:A) o(x aA
(x: A) ¢(x) vs
$(a)

0 07L0L0G, OTLWG KO GTNV TEPUTTWOT) TNG CUVETXYWYTG, AAHUPAVETOL CTTO TOV KOVOVXL
GXNHATIOHOD

>

fiv(x:A)p(x) a:A
apply(a) : §(a)

TOV petaoynpatiopot apply mov opiletal amd Tnv avadpopr

apply/l(x:A) b(x)(a) := b(a).

Ko i, ot 800 uavoveg amarotpnig eivar toodvvapol cuvereia Tod evaAlonTinod
OpPLoHOD
reCy(x: A) ¢(x)(%: f) = z((x : A) applyf(x))

00 avadpopéa To0 xodoAot mocodeintn.

IootnTa

EAéyyxeton natd mOoOV 1) lodTnTO eivor Aoywer} évvota. QoTdoo0, éxel apuetd Ao-
ywd yopartnplotind oote va Sixatoloyeital 1 9€on tng 6To ke@dAoto Tng Aoyiric.
Mo ko yio tnv 1looTnTo EXOUpE WATGEL IOT) GTO TTPONYOOHEVO HEPAALO, HTTOPOVHE
va tephoovpe an’ evdeing oto da tadTo.

H wo6tnta mpog a éxeL Tov xavova eL.oaywyng

HOUL TOV HAVOVOL ATTAAOLPTIG
b:A ¢(a) a=0b
$(b)

omov 1 (x : A) ¢(x) eivar owoyévela TPoThoEWVY.
"O)oL oL xavdveg puong aaywyng Ppiockovton cuyrevipwpévol oTov Tcivomoc

5 Zrtoyewodng dewpio tOTOV

H xathepopévn moréta tonwv g MLTT mepihapfavel, extdg amd tnv 1ooTnTa,
Sipopovg memepaocpévouvg tomovg (0, 1, xAm.), ywopeva A X B xou adpoicpato
A + B tonwv, tomovg ocuvaptrioewv A — B, adpoiopata Y (x : A) B(x) now yvopevo
T1(x : A) B(x) owoyevewdv, tomovg W, Tov TOTO TV UKDV aptdp®V, xal, xatd
TEPITTOOT), AAAOVG YELWHEVOLG TOTTOVG (TOTTOVG ALOTOV HATL.).

5.1 Iootnta

TNo v wotta éxovpe pAfoeL Ndn oe mponyolpeva xepdhowa. Topa Ja o-
ploovpe T&AL TNV LGOTNTA, AUTH TH POPA WG OLKOYEVELX (G TTPOG AUPOTEPOL TX OHEATN).
AvTOG 0 «GUHHPETPIMOC» OPLOHOG THG LOOTNTAS, HOAOVOTL elval LGOSVVOOG HE TOV
aANOV, £xeL TTEPLEGOTEPO TUITOVEWPTTILO VOT A
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Tomog IIpotao

MéAog Texpriplo aAnderag

Metaoxnpoatiopog AmddelEn

L

Ul<|& |-

(M| +| x|~

[Mivorag 2: Avtiotouyio pHeTaEd TUTTOVEWPTTILOV HOL AOYLUOV EVVOLDV.

‘Eotw A tonog. H iodtnta tov A eivar ) owoyévela

(x,y:A)x=ay
IOV €)EL TOV XA TACHEVOCTH)
(x:A)refly 1 x =4 x,
1, VIO HOPPNV UAVOVAL CXTHATIGHOD,
x:A
refly : x =4 x.

A7 Aoyw) Grtoym, o xowvovag autdg Aéet OTL 1) LlodTnTa elval oxéoT) avauAaoTin.
H apyn mig avadpoprg yia tnv iootnta éxel wg e€ng: Aodévtwv
« piag owoyévelag (x, y @ A) C(x, y), non

o evOG petaoNUaTopoD (x : A) crefi(x) : C(x, x),

1 oxéon
t(a, a,refly) := creri(a)

opilet évav petacxnpuatiopo (x, y: A, p:x =4 y) tx, y, p) : C(x, y). O wg &vw oplopodg
YpapeTot, EVOANUTINA,
(a,b.p) := recq_y(cren. ).

o€LoTTOLOVTOG TOV oXeTd avadpopéa
((x:A) y(x): C(x,x),a,b: A, p:a=4 b) recg:b(y,p) :C(a, b).
O avadpopéag avTtdg XL TOV HOVOVO CYNHATIGHOD

(x:A)
y(x):Clx,x) ab:A pia=pb

recaczb(y, p):C(a, b) ,
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0 071010G, AVAYVOOREVOG AOYd, AéeL OTL 1) LOOTNTA €lVOL 1) HIKPOTEPT] AVOHAXGTINT)
oyéon, xot opiletal pEcw TG avadpopng

recacza(y, refly) := y(a).

H o6tnta cuvodetetar eniong amd pia apyn emaywyng, n omoio Aéel 6tL, do-
Févtov

o pag owoyévelag (x, y: A, p:x =4 y) C(x, y, p), xou
o evOG peTacyNHATopoD (x : A) crefi(x) : C(x, x, refly),

1 oxéon
t(x, x, refly) = crefi(x)

opilel évav petacynuatiopd (x,y 1 A, p:x =4 y) t(x, y,p) : C(x, y, p). Exovpe évav
eMoYywyéa

((x:A) y(x): Clx, x,refly),a,b: A, p:a=4 b) indaczb(y, p): C(a, b, p),
0 07T010G £XEL TOV XAVOVX GYNHATICHOD

(x:4)
y(X)ZC(x,x,reflx) a,b:A p:a:Ab

indaC:b(y,p) :C(a, b)

ra opilovoa oyéon
indaC:a(y, refly) := y(a).

5.2 Tomotovvaproewv

Aodévtwv dbo TOmwv A xai B, o TOmog A — B twv ouvaptrioewy pe medio oplopo
A non tedio TIHOV B €XEL TOV HATAOKELAOTY)

((x+A) b(x): B) A(b) : A — B,

1, WG XOVOVAS GYXNHATIONOD,
(x:A)
b(x):B
Ab): A — B.
H apyr) emayoyrg tod A — B eiva évag TpoOmog 0pLopol HETACYNIATIOHOV otd TOV
A — B mpog owoyéveleg g popeng (f : A — B) C(f): Aodévtog evdg petaoxnpott-
opov
((x : A) b(x) : B) c;(b) : C(A(b))
1 oxéon
t(A(b)) = cx(b)
opilel évav petaoynuatiopd (f : A — B) t(f) : C(f). O opiopdg awtdg propei vo
enppootel xou pe tn Pordela Tov emaywyéo tod A — B:

Kf) :=indS_g(cp f).
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o indg_,B €XEL TN HOpPYT|
((Ge: 4) y(x): B) 2(y) : CA)). f : A — B)ind§i_, (z.f) : C(f),
1, VIO HOPPTV HOVOVOL CYNUATIGHOD,
(5655
y(x): B
2(y):C(Ay)) f:A—B
indg_ﬁ(z,f) C(f)y

ro opileton ord v ovadpopn

indS_, 5(z, A(b)) := z(b).

o recg_)B elvou 1 elduer) mepintwon tov indg_)B natd TNV omoia 1 owoyévela C eivan
otadepn.

Eimogie 6t1 o1 §00 endoxég g todTnTag TTOUL €XOULE TTEPLYpaeL elvar LoOSOVOES
peto€d tovg. To emdpevo Jewpnpo apopd tn pio xatedbduvon g teodvvapiog: O
ovadPOopEnG THG LOOTNTOG TTPOG a ELVOLL EXPPAGLIOG aTTd TOV Avad popéa THG LOOTN TAC.
(H &A\n xatedduvon eivon awtdpatn, arld de do pog amaocyxoAnoel: oto e€ng do
EYOUHE VA xVOLE POVO pe TNV LodTNTO.)

Ocdpnpa 7. Edv (x: A) B(x) oicoyéveia wau p: a =4 b, 10te vndpyer ovvdprnon
P« : B(a) — B(b).

Amddeitn. H p. da oprotel pe avadpopr) oto p. Oewpolpe tnv owoyévelo TOTWV

(x,y: A) C(x, y) pe
C(x,y) := B(x) — B(y),

noL déTouvpe
(reflg)« := A(x: B(a)) x. O

H egappoyrj apply (x) tig cuvépmong f: A — B oo dpiopa x : A opileton amd
v avadpopn
apply () (%) = b(x).
Iixitepar, pe ta dedopéva Tov Jewpriparog 7] opieton o petacynpatiopog
transportB(p, x) := applyp*(x),
0 omoiog wavomotei v opilovoa oxéon (2) Tov avadpopéa g LlooTHTOG TPOG A

transportc(refla, c)=c. 9)

Katé ovvénera, to AfjppoatallH4] o amodeielg Twv omoiwv xpnoyomotodv tnv apxm
avadpopng g odtnTag mTpog a, Eoworovdodv va toxbdouy Yl TV LodTHTL.
3TO TTPOTYOOHEVO HEPAAOLLO ELYOE TTOPATNPHCEL OTL O rec4—, g Jo Prropovoe vo

oplotel pécw ToL apply. Zvyxexpiéva, o HETACYNUATIOHOG

reca ,p(z,f) := z(applyf)
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wovorotel Tnv opilovoa oxéoT oD rec4—, g,

rech_p(z, A(b)) = z(apply (1))
= z(b).

H amodmelpa eméntocng tov yeyovotog avtol otov ind4—,g Tpookpolel 6To OTL U-
TOPYEL ACVHPWVIK TOTWV:

z(applyy) : C(A(applyy)),
inda—p(z, f) : C(f).

O 1podmog v cvoyeticovps ot Toe dvo otryptdTLTa TG C pdg Tapéxetal otd To
ETOUEVO ATJPCL.

ANppa 8. Ia omowdijrore f : A — B vrdpyei éva
na—s(f) : Aapplys) = f
70 omolo weavorotei T oyéon na—p(A(D)) = reflyp).
Amddeitn. Me emoywyr oty f- edv n f elvar g poperic A(b), tote
Aapply(p)) = A(b)
(ad Tov oplopd Tov apply), omdte popovpe va écouvpe
na—B(A(D)) := reflyp). [

Svvoyilovtag, éxovpe To e€ng:

b,
I

E@’ do0v £xoupe TOV na_, B, PITOPOVE TAEOV VO FEGOLE

apply (»)
Alapplys)

ind_, p(z, f) : = transport“ (14— 5(f), 2(apply)).
Eivou ebuolo va eheyydel 61t 0 indy—, g itavomotel v opifovoa oxéon 100 ind 4, g:
inds—p(z, A(b)) = z(b).

Hopopa 9. Oindy_, g eivau opioiiog amd tovg apply xai na—,p. O

EE autiog avtov, ) cuvidng mpontnn xatd tnv mapovciaot tng dewpiog Tomwv
elvar 0 ind4—,p va amoclwratal TPog X&pwv twv apply xot H4—p. Avtd da xpn-
OLHOTTOLOVE UL gpelg oto €€ng paAoTa, Jo viodeTioovE TOV KODLEPWHEVO OT
podnpaTed cUUPOALOHO HaL Fol YPAPOUE, HATTWG HATOYPNOTWMA, atAdg f(x) ot
Yéomn tob applyf(x).

"Exovtag eynodidpooel avtdv tov cupPoAlopd, o apply; Yp&gpeton

(x: A) f(x).

Ot TYég £VOG HETAOXNHATIOHOD PWITOPOVY Var elval HEAT SLOPOPETIHDV GTLYHLO-
TOMOV HLaG Ooyévelag. Avth elvol 1) Teplntwor) pe TovG HETACYNIATIGHOVG TOV
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opilovton pe avadpopr) otnv l6OTNTA (KoL 68 0TOLdNTTOTE GAAT] OLKOYEVELR), OTTWG
XOL HE TOUG EMOAYWYELG TV Slopdpwv TOUT®V. e évov TETOLO HETOOXTHATIONO
(x: A) b(x) : B(x) avtiotoryei pia cuvaptnon f pe f(x): B(x) ywa x : A. OLcuvaptioelg
HE QUTT TN YEVIXOTEPT] £VVOLX, OL OTTOieG AEYOVTO Kol «EEAPTMOUEVEG» CUVAPTHOELS,
oUYPOTOVV Evay TUTTO, TO (eéapTdpevo) yivopevo TG owoyévelag (x : A) B(x), o omolog
oupPolrieton

TTGx: A) B(x).

O 100G VTOG €XEL TOV HATACHEVAOTT)

((x: A) b(x) : B(x)) A(b) : T](x : A) B(x),

HE HOVOVO GYTHATIOHOD
(x:A)
b(x) : B(x)

A(b)+ TT(x = A) B(x).

Eivow gavepd amd v meprypagr] tod [J(x : A) B(x) 61t 0 A — B eivar n eldwer
nepintwon otnv onoia 1 owoyévela (x : A) B(x) eivon otadepn. Ioybouv mapdpola
TPAYHATO HE TNV TEPINMTWOT] TWV WITADV GLVAPTHCE®Y: 1] apXT] THG ETAYWOYNGS, Pep’
ELTTELY, HOG ETLTPETIEL VO OPLLOV}E HETACYNHATIGHOVG THG HOPYPTIG

(f : TI(x: A) B(x)) t(f) : C(f),
omov (f : T(x: A) B(x)) C(f) owoyéveia, détovroag
HA(D)) = ca(b)

Yo xéurotov xatdAAnAo petaoxnuatiopo ((x : A) b(x) : B(x)) ¢y(b) : C(A(b)). O ena-
Yoyéag

(e 4) () Bx) 2(b) : CAB). f « TIGe: 4) Bo)) indfye. gy oy (=) C)

EXEL TOV XOVOVA CXNHATIGHOD

x:A
( b(x) : B(x) )
z(b) : C(A(b)) f+ T](x: A) B(x)

indﬁ(x : A) B(x)(z’f) : C(f) 5

xot T opilovoa oxéon
indﬁ(x . 4) By (% A(D)) = 2(b).

H epappoyn ocuvaptnong oe dpiopa opiletal OTmG Ko GTNV TEPITTWOT) TOV AUTAGOV
GUVOPTIOEWY, Xat 1oYDEL TO av&Aoyo Tov Arjppartog 8}

Afppo 10. e omowadtjmote f = [ (x : A) B(x) vadpyer éva

MG 4) B () - Alx = A) f(x) = f

70 0710i0 LxtatVOTTOLEL TN OXE0T N[(x : A) B(x)(A(D)) = refly(p). O

33



5.3 Tomot {evynv

To Cebyn ta amotehoVpeva amd éva péAog Tob Thmov A xat éva To0 TOIoL A
amote oDV évav TOmo A1 X Az, To (xapteciavi) yivdpevo twv A xou Az, o omoiog éxet
TOV XU TOLOUEVAC T

(x1: A1, X2 1 Ag) pair(xy, x2) : A1 X Ay,

1, VIO HOPPNV UAVOVAL CXTHATIGHOD,

X1t Aq X9t Ao

pair(xl, xz) 1 A1 X Asg.

ATO TNV TOPUTTAVE TEPLYPOPT] CUVAYETAL 1) EENG APXT] EMAYWOYNG Y ToV Aj X Ap:
AoBévTov oG ooyévelng
(x: A1 X Az) C(x)

1oL EVOG HETACYNHATIOHOD
(31 : A1, X2 1 A2) Cpair(x1, x2) : Clpair(xy, x2)),
HITOPODUHE Vo OpiGOLE évay PETATYNHATIONO (X 1 A X A2) t(x) : C(x) détovtog
t(pair(ai, az)) := cpair(a1, az).
A7 v apyn emaywyng AapPdveton o etaywyéog
(31 : A1, x2 1 Ag) 2(x1, x2) : C(pair(xy, x2)), x : Ap X Az) indSlez(z, x) : C(x),
HE HOVOVOL GYTHATIOHOD

(x1: A1, x0 0 Ag)
z(x1, x2) : C(pair(xy, x2))  x:A; X Ay

indfthz(z, x): C(x)
xo opilovoa oyéon
indglez(z, pair(ay, az)) := z(ay, az).
Ot poPoAég

(x: A1 X Ag) pry(x): Ay,
(x:Ap X Az) pry(x) : Ag

opilovtar amd TG avadpopég

pryi(pair(ai, az)) := ay,
pry(pair(ar, az)) := ay,

%O, AVTIETPOPWG, 0 avadpopéag Tob Ay X Ay eivon opicipog amd avtég:
rec4;xA, (2, X) 1= 2(pry(x), pra(x))-

"Ontwg oLVEPT) KO pe TOVG TUTTOVG CLVAPTHOEWY, TTPOXELEVOL VX TAPOLYE Tiow TOV
inda, xA, OTTO TIG pry xow pry XPELXCOHOGTE TO ETOPEVO TOTEAEGHA, TO OTTOLO £XEL HOIL

aveEaptnTn XpnopoTnTa.
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Anppo 11. T omowodrjote x = Ay X Az, vrdpyel éva

1A;xAz (%) : pair(pry (x), pra(x)) = x
70 0710L0 1%AVOTTOLEL TI] OYETT] 1A x A, (PaIr(X1, X2)) = reflpgirx; xy)-

Amddeitn. Me emoywyr) oto x, détovrog

UAlez(pair(xb xZ)) (= reﬂpair(xl,xz)' O

"Acxnon 5.1. Opiote, pe ) Porjdela TV pr; O a,xA,, EVOV HETACYNHATIOHO O
omoiog wavorolei TV opilovoa oxéon Tov ind 4, xA,-

"Exovpe, emniong, Tov Tomo 1 pe évo péNog, 0 0TT0log £XEL TOV HATAGHELAOTH
01:1,
%Ol TOV OO0V 0 EMAYWYEQG
(z:C(01),x:1) indf(z, x) : C(x),
0 07010G OpileTOL OO TNV EMAYWYT
ind1c(z, 01) := z,

eivo xatdr Ypnoydtepog atd Tov avadpopéa Tov.

"Acunon 5.2. T onoodfmote x : 1, vtdpyet Eva
ni(x):01 = x
To omoio wavomnolel tr oxéon 11(01) = refly,.
Avon. Mmopovpe va ypdjovpe art’ evdeiag éva pédog Tov thmov 01 = x:

mix) := ind(lx 1) 01:x(re1°l()1,x).
H Tnrotpevn oyéon eivan dyeon. O
E@" 6c0v 0 recq opiletan (xwpic avadpopr]), o indy opileton (6vo) amd Tov 11
pécw TG oxéong
indlc(z, x) := transportc(rh (x), 2).
"Acunon 5.3. Acifte 611 0 £101 oplopévog indy tavorotet Ty opilovoa oyéon tod
enoywyéa tob 1.

Ed&v éyoupe pio owoyévera (x : A) B(x), prtopodpe emiong va oxnpoartifovpe Cévyn
pair(a, b) pe a: A xon b: B(a). Avté ta {ebyn, Ta omoia eviote xahovvtal eéapraueva
Cebym, ovyrpotodv évav tomo Y (x : A) B(x), To (ekaptdpevo) ddpotoua tng (x : A) B(x),
L€ HATAOHELAOTY)

(x: A, y:B(x)) pair(x, y) : Y.(x: A) B(x),

1, LITO HOPPTV HOVOVAL CYNUATIGHOD,
x:A y:B(x)
pair(x, y) : Y.(x : A) B(x).
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duowd, edv i (x : A) B(x) eivon otodepr], avtd mov meprypdyope givar to yvopevo
AXB.
"Exovpe pio apyn emorywync, mov Aéel 0Tt Sodéviwv pLog ooyévelog

(w: X(x: A) Bx)) C(w)

%Ol €VOG HETOOXNHATIOHOD
(x: A,y : B(x)) cpair(x, y) : Clpair(x, ),

n oxéon
t(pair(a, b)) := Cpair(as b)

opilel évav PETAOYXNUATIONO
(w: X(x: A) B(x)) t(w) : C(w).
Opiletat, emopévwg, Evag eTaywyEong
(2 Ay ) 2(x, ) : Clpair(x, ), w 3+ A) B(x))ind§ . o) iy (2 W)t C(w),
0 07t0L0gG €XEL TOV HAVOVA CYNHATIGHOD

(x:A,y:B(x))
z(x,y): C(pair(x,y)) ~ w: Y (x:A) B(x)

indﬁ(x:A) B(x)(z, w) : C(w) ,

not opiletont otd v avadpopny
i”dg(x:A) B(x)(z, pair(a, b)) := z(a, b).
O poPolég TOpa ExouV TN HopYT|

(w: Y (x: A) B(x)) pry(w) : A,
(w: Y(x: A) B(x)) pry(w) : B(pry(w)),

ro opilovton OTWG uaL 6TV TEPITTOOT TOV PN eEapTOpEVOY (eLYGDV,

pry(pair(a, b))

1= q,
pry(pair(a, b)) := b.

O indy(y: 4) Bx) WOpel xou e8> vou exppactel péow twv pri, pe t Pordew tov
ETOUEVOL ATJUHATOG.

AfRppa 12. e omowodtjore w: Yy .(x : A) B(x), vrdpyer éva

7y (x : A) B(x)(W) : pair(pry(w), pry(w)) = w

70 07010 13aVOTTOLEL T1] OXEOT] 1)y (x - A) B(x) (PRIN(X, ¥)) = reflgir . y)-
AndSeifn. 'Onwg oto Mjppal[l] O
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54 Adpoiocparta

To ddpoiopa A1 + Ay 800 1OV A1 KoL Az glval To TUTOTEWPNTIHDG AVAAOYO TNG
Eévng évwong ot Jewpia GLVOAWYV, TOL GLV-YIVOPEVOD GTN Fewpiot XATNYOPLOV KOl
g dualevéng otn Aoywer. ‘Eyet dvo nataonevaotés

(X1 ZAl) in1(x1) 1A+ Ay,
(x2 0 Az) inz(x) : A1 + A,

HE HAVOVEG OYNUATIGHOD

x1: A1 X9 1 Ay
in1(x1): A1 + Ag ing(xy) : A1 + Ag.

H apyn g emaywyng yux tov A + Ay eivor 0 0plopog pe Siinplor TeputTOoEmy:
AoBévtov puog ooyévelng
(x: A1+ Ay) C(x)

HOL PETACYTHUTICPDV

(x1 : A1) 6n, () : C(ing(x)),
(%2 1 Az) Ciny (%) : C(inz(x)),

ptopolpe v oploovpe évay petaoxnuatiopd (x : Ay + Ag) H(x) : C(x) détovrog

t(in1(a1)) := cn,(a1),

t(in2(az)) := ciny(az).

O avadpopéag
((31: A1) 21 (51) : C(inq (1)), (x2 1 A2) z2(3x2) : C(ina(52)), x: Aq +Ag)indg1+A2(zl, 2, x): C(x)
OO Ap + Ay €XEL TOV HOVOVA GYNHATICHOD

(x1: A1) (%2 : A2)
z1(x1) : C(in1(x1))  z2(x2) : C(ina(x2))  x: A1+ Az

indgﬁAz(zl, 22, x) : C(x)
no opilovoeg oxéoelg
indgl+A2(zl, z2,in1(ay)) := z1(ay),
indgl+A2(Zlﬁ z2,in(az)) := za(ap).

Haparipnon. H adAnlenidpaon tov adpoicpatog pe evdexopeveg eEoptrioelg detel
v oaxdrovdn mpodudnomn: Ag dewpricovpe dVo owoyéveleg (x @ Ay + Az) B(x) non
(x: A1 + Ap) C(x), nou 800 PETAGYTHATIOROVG

(21 A1, y 2 B(in1(x1))) c1(x1, y) : C(ing(x1)),
(%2 Az, ¥ : B(inz(x2))) c2(x2, y) : C(inz(x2)),

%o oG LITOYECOVE OTL ATOTELPOUAGTE VAL OPIGOUVHE VOV HETOOYTHOTIOHO

(x:Ap + Az, y: B(x)) cx, ) : C(x)
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L€ ETAYWYT] OTO TPOTO OPLoHL:

c(ini(x1), y) == c1(x1, ¥),
c(ina(x2), y) 1= ca(x2, ).

Edv avtl yio tnv apyn g enaywyng tob A + Az eTAEYQe VO XPTCLLOTOLGOVHE
ToV ind g, 1 4,, 0 OXTOXATYOIE GE Pl EXPPACT) TG HOPPTIG
inda, +4, (%1 2 A1) e1(x1, y), (2 2 A2) c2(x2, ¥), X)-

To poPANpa e vt TNV ExPpaoct eival OTL oL petacNpatiopol (x; : A;) ¢i(x;, y) dev
elvo oA oxnpoatiopévor, S0t to y eEoptdrtar otd To X; KoL EMOPEVWG Oe pTopel
vo Aettovpynoel wg aveEaptnn mopdpetpoc. H xatdotoon eivow avéhoyn pe tnv
nepintwon g toAlanAng avadpoprs. H Adom, 6mwg wou exel, elval vo evvorjooupe
T opiopata TOL indg, 44, ©G HETACYNHATIGHOVG, OL TIEG TWV OTolwV Shvavtal va
elval pe Tn oelpd Toug peTaoynpatiopol. 'Exovrag xdvel avth tn oup@wvia propolpe
vo ypooupe

c(x, y) = inda; .4, ((x1 A1) di(x1), (xz  Az) da(x2), x)(¥),
6mov
di(x1) := (y: B(in1(x1))) e1(x1, y),
da(xz) := (y: B(ina(x2))) ca(x2, ).
Duo b, PITOPODE ETIGNG VAL XPTCLLOTOLCOVIE CUVAPTHGELS, £ OO0V TIG EXOUHE.

Yrépyel ertiong évag TOmOg 0 0L Sev el xaTaoueLaoTEG (no eTOpEvag Sev £xel
HEAN), 1 apxT) ETOywYTG TOV omoiov divel, yia omoladriote owoyévelo

(x:0) C(x)

EVOLV HETACYNHATIOHO
(x:0) t(x): C(x)

xwpig opilovoeg oxéoelg (o xo dev LILAPYEL TITOTA GTO OTTOL0 VO UTTOPEL VAL OPLOTEL).
AvTOG 0 HETOGYTHATIONOG ELVOIL XL O ETTOYWYEAS

(x:0) ind§ (x) : C(x)
700 0° 0 *aVOVaG CYNUATIGHOD TOV indg EXEL TN HOPYT
x:0
qC .
indg (x) : C(x).

E@’ 6c0v 0 0 8ev éxel xaTOoHELAOTES, TO AVTIGTOLYO AU 7 elvan TeTpLpévo:
T omotodnjote x : 0, viTapyet éva no(x) : 0. Avtd, pe TN GeLPA TOV, CTHALVEL OTL O
indg propel va oplotel amd tov recy. Ilpdypartt,

indg(x) = recg(x) (x).

O tumwdg tpodTOg Y var Seikel waveilg O0TL évog thmog A Sev éxel péln eivon va
opioel évav PHETAOYNHOTIONO
(x:A)t(x):0
(M, woddvapa, pio cuvaptnon f: A — 0): H dmoapén evog TETOLOL HETATYNHATIOHOD
onpaiver 6tL edv o A eiye éva pélog a, tote o 0 da eiye to pélog t(a), dromo.
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"Acunon 5.4. Eotw E 0 TOT0G 7OV £XEL WG HOVASIND HATAGHEVAGTH TOV
(x:E)e(x):E.

Aeikte OtL 0 E dev éxer péAn. [Ymodelkn: Awatundote mpodTo TNV op)r) ovodpopnic
00 E.]

Avon. ©élovpe va oploovpe Evay peTaoXNUaTiopd (x : E) t(x) : 0, xou yiot Tov oxomo
avtdv Ja xpetatolpe TNV apyn) TG avadpoprig Tov E: Aodévtwv

+ evog tomov C, xau
o evOg petaoynpatiopov (x 1 E, y: C) c.(x, y) : C,

n oxéon
t(e(x)) 1= ce(x, t(x))
opilet évav petacynuoatiopd (x : E) t(x): C.
E&v mépovpe yia C Tov tdmo 0, o {nToOpeVOS HETACYXNHATIONOG Pitopel va oploTel
arnd v avadpopr

te(x)) := t(x)
(&AM wg eumeiv, epappodlovpe TNV apxn THG avadpopr|g, éxovtag déoet c.(x, y) = y).

5.5 O tomog Bool

O Bool éxeL 8o nataorevaocté,
false, true : Bool.

O Bool da propovoe eniong vo optotel g o 1+ 1, aAA& elval YPrGLLO Vo TOV EXOULE
meprypael aveEaptnta. AvTioTpOP®S, PITOPOLHE va opicovpe dueAr) adpoiopata
ard to Y, o tov Bool (dounon 5.12).

Aodévtov pog owoyéverag (x:Bool) C(x), evog craise : C(false) no evOg cirye : C(true),
HITOPODUE Vo opicovpe évav petacynpatiopd (x : Bool) t(x) : C(x) détovtag

t(false) := cfaise

t(true) 1= cyrye.
AvTn 1) apyT) ETAYWYNG TAHETAPETUL GTOV EMAYWYEQ
(x : C(false), y : C(true), z : Bool) indgool(x, v,2): C(2)
o0 Bool, pe xavova oynpaticpot

x:C(false) y:C(true) z:Bool

indgool(x, v,2): C(2)

ro opilovoeg oxéoelg

indgool(x, v, false) := x,

indgool(x, y,true) 1= y.
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5.6 Aoxnosig
"Acunon 5.5. [epiypdyite pia cuvaptnon

(A1 = O) x(Az — C)) — (A1 + Az) — O).
Avon. Apuel vor opioovpe Evov HETOGYNHATIONO

(x: (A1 — C) x (A2 — C)) b(x) : (Ay + A2) — C.
[V autd, apuei vo opioovpe évay petacXNUATIoHO

(x:(A1 > O)X (A2 = C),y: A1+ A2) c(x,y): C.
"Evag té1010G ¢ ptopel va opLotel pe avadpopn ota x xat y,

c(pair(fy, f2), ini(yi) := fiyi), i=1,2,
1, LoOdOVa, XPNCLLOTTOLOVTAG TLG TPOBOAEG Ko TOV avadpopéa ToO Ag + Aj:
c(x,y) :=reca +a, (applyprl(x), applypr, (x); V).
H Tntobpevn ocvvaptnon eivor n
fi=Ax:(A — O) X (A2 — O) Ay : Ay + Az) c(x, ).

"Acunon 5.6. Ilepiypdyite pia cuvaptnon

f:Il(x:Ar + Az) [(Z(xl P A1) ing(x1) = x) + (X(xz 1 Az) ing(o) = x)]
"Acunon 5.7. Opiote pio cuvéptnon
f: (Z(x 1) A(x)) — A(0q)

1) oroia wavomolel Tn oxéon
f(pair(01, a)) = a.

"Acunon 5.8. Xpnowomnotfote TOV indgyg Yo vo opioete pio cuvéptnon
f: T](x:Bool) (false = x) + (true = x)

pe f(false) = inq(refleyse) o f(true) = ing(reflirye).

Avon. BOa prtopoloayie va GUPTTEPAVOUpE TNV DapEn oG TETOLG GLUVAPTNOTG ATTO
T1g 800 ponyodpeveg aouroels, Al 86 pag {nteitan va tnv opicovpe art’ evdeiog.
Oewpovpe TNV owoyévela (x : Bool) C(x) pe C(x) : = (false = x) + (true = x), xou Tt

Cralse © = in1(reflease) : C(false),
ing(reflyye) : Cltrue),

Ctrue *
pe tn Porpdela Twv omoiwv oxnpartiletal n cvvéptnon

A(x : Bool) indgool(6f3|se, Cirue, X).
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"Acoxnon 5.9. Xpnoyonowote thv f g Tponyodpevng doxnong yio va opicete TV
indggols #0tL eEAEYETE OTL O HETAOYNUATIOHOG TTOL oploate wavorolel tnv opilovon
oyéon Tov.

Avon. IpoTa opilovpe o
ind]gool(cfalse: Cirues X) : C(x),

6mov 1 (x: Bool) C(x) eivor oweoyévelo TOTWV, Craise : C(false), cyrye : C(true) ko x : Bool.
OewpPOVILE TOV HETOCYTHATIONO

(y: (false = x) + (true = x)) t(y) : C(x)
70V opileTa atd TNV avadPopr
t(in1(p)) := transport"(p, craise),
t(ina(q)) := transportc(q, Ctrue)s

no Yétovpe
- C
indg oo (Cfalses Ctrue, X) 1= 1(f(x)).

EAéyyoupe 6TL itavortoteitan 1) opilovoa oyéon Too indgger:

t(f(false))

t(in1(reflraise)) (opiopog f)
tranSportc(reﬂfalse’ Cfalse) (opiopdg )

Cfalse @

%o OpoLa Yl TO true.

"Acunon 5.10 (Axorovdia Fibonacci). Opiote évav peTooyNHaTIopo
(x : Nat) fib(x) : Nat

0 omoiog wavorotel Tig oyéoelg fib(0) = 0, fib(1) = 1, xou fib(n + 2) = fib(n + 1) + fib(n).
"Acunon 5.11 ([6, ‘Aoxnon 1.4]). Mia eldue epintwon tov oplopod pe avadpopn
otov Nat eivar 0 oplopog pe exavaAnyn (iteration):

t(0) :=co,

t(s(n)) := cs(t(n)),

6mov C tomog, ¢p : C o (x : C) cs(x) : C. Avtol ot opiopol prtopotv, evorlontind, vo
ex@pactoLv pe T o delx tTov iterator ot Nat, o omoiog opiletal amd Tnv emavaAnym
iterNat(co, ¢s,0) 1= co,
iterNat (co. ¢s, s(n)) == cs(iterNat (co, ¢s, 1))

Aodévtwv evog tomov C, evdg pédovg ¢ o0 C, nol €VOG HETOOYNHOATIOHOD
(x:Nat, y: C) cs(x, y) : C opioTe, YprOLOTOLOVTOG TOV iterNae OVTL TOD recna, VoV
petaoynportiopd (n:Nat) r(n) : C o omoiog wavomolel Tig oxéoeLg

r0) = co,
r(s(n)) = cs(n, r(n)),
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%L GUPITEPGAVETE OTL yiow omtolovdnote Puowd apdpd n, r(n) = recnai(co, cs, 1)-
[Yrodeitn: Mpota xpnotpomotote TOV iterNa YO VAL OPLOETE EVALY PETACXNHATIONO
(x : Nat X C) t(x) : Nat X C, nou ev ovveyeia epoppoote {ebyn xow mpoPforéc yio va
mapete Tov r. T tn dedtepn odTnTO, KAVTE ETOYWYT) 6TO n. TEAOG, YproLoToLioTE
76 dewpnpa]]

"Acxnon 5.12 ([6, "Acxunon 1.5]). E&v 1 (x : Bool) A(x) eivou oweoyévela, deifte oL
o tomog Y (x : Bool) A(x) ovpmepupépetal wg to ddpoiopa twv A(false) won A(true):
Oplote petaoxnpatiopoig ing, ing ot ind, ko emadndedote Tig oxetnég LOOTNTES.

"Acunon 5.13 ([6, 'Aoxnon 1.6]). E&v n (x : Bool) A(x) eivon owoyévela, opiote
HOUTOAAANAOUG HETATYTUATIGHOVG

(xraise : A(false), xirye : A(true)) pair(xraise, Xirue) * H(x : Bool) A(x),

nolL

(v : TI(x: Bool) A(x)) pry(y) : A(false),
(v : TI(x : Bool) A(x)) pry(y) : A(true),

no emadndedote OTL Lavomolovy Tig tpofAentopeveg opilovoeg oyéoels.

6 XOpmavia

Se pio TPOTN AVAYVWGT), TO GOUITAVTO ELVOL YL TOVG TUTTOVG O,TL OL TUTTOL GLVALP-
TNOEWV YL TOVG HETACYNUATIOHO0G. Tor péAn evOg TOITOL GUVOPTHCEWV KWIHOTTOLO-
0OV KAITOLOVG HETATYNHATLGHOVG, KOL T} (ITOXWILKOTIOLNOT) TPOYHATOTIOLELTAL OTTO TOV
apply: ta péAn evdg cOPTAVTOG #WAKOTOLOVV KATTOLOVG TOTTOUG, KOL 1] QITOXWALKO-
moinon mpaypatomoteital amd éva xatnyopnpa T. Qotdco, 1 avaroyio Tedelwvel
1oL €80. Oa EEULVGOUNE pe HATTOLOL TTPAYROLTAL TTOL HTTOPOVHE VO XAVOUE, ) da
Jélope va propolpe vor ®&voue, 6T Jewpla TOTTWV.

6.1 Meydin avadpoun

H apyn avadpoprg evog tomov pag emtpénel va opilovpe HETAOYTHATIOHOUS
o€lomoldvtag OV TPOTO He TOV OTolo T PEAT TOV TTApAYovTOL otd TOvg dLdpo-
pouvg rataoxevaotés. Timota de xpnoipomoteital oo, 1) mpobvmotideton yix, To
7edio TIHOV TOL 0pLLOHEVOD HETAOYNHATIONOD. MTTOopOUe, ETOPEVOG, VO APOLE TOV
TEPLOPLGHO OTL TO 7edI0 THOV eivar €vag TUTOG, KOl VO JeEWPTICOLHE YEVIXOTEPES
pop@éc petacyNuatiopdy. Eva eidog petacynpatiopod mov pog evdiogépel sivot ot
owoyéveleg Tomwv. Ot avadpopiég mov opilovv owoyéveleg ovopdlovTon «peyaAec»
(“large”) avadpopéc. Ztnv mepintworn Tov Bool éxovv v e€fg popen: Aodévtwv dvo
TONWV Crylse O Cirye, OL GXECELG

C(false) := Craises
C(true) := Ciryes

opilouv pio owoyévewa (x : Bool) C(x). Avtr n avadpopr} cuvoyiletal 6Tov Aeyopevo
«peyaho» avadpopéa Recgyol, pe opilovoeg oxéoelg

Recpoo1(Cralses Cirues false) 1= Craises
Recpool(Cratse» Ctrue, true) <= Cirue.
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H &ounon xapoxtnpilel ta péAn tod Bool xatd to fuov: ndde pédog o0
Bool givou ico pe éva ex twv false xou true. E@' 6cov éxovpe otn Siddeon pog tnv
HEYGAN avadpopr], PITOPOVHE VO CUITTANPOGOLHE QUTH TNV exdva deiyvovtag OTL
avtd T dvo dev elval oo peTad Toug.

Osopnpa 13. Yrdpyer petaoynuatiopuog
(p : true = false) t(p) : 0.
Emouévawg, true # false.
Amodeitn. OewpolpE TNV OLKOYEVELD
(x : Bool) C(x)
70V opiletal atd TNV avadpopr)

C(false) := 0,
C(true) := 1.

O {nrtovpevog petacxNHATIGHOG elval o
(p : true = false) transportc(p, 01). O
Amd 0o mapamdve Jedpnpo HITOpovHE VoL GLVAYGYOUHE OAEG TIG OVOUEVOUEVEG
QVIEOTNTEG: Yio TTapAdEeLypa,
Iopropa 14 (40 aEinpa Tov Peano). I omoiovdijmote uoixd apidud n, s(n) # 0.

Amddeitn. Bewpolpe TOV PETAOXNUATIONO TTOV 0pileTon amd TNV avadpopr

t(0)  :=false,
t(s(n)) := true.

E&v ywo uérotov n, s(n) = 0, tote true = false, &romo. O
Emiong, pmopotpe va opicovpe tnv owoyéveln (n : Nat) F, Twv menepacpévov
TOMWV, 670V 0 TOTOG Fy €xel anpidg n péAT, pécw TG avadpopng

Fp =0,
Fs(n) L= Fn +1,

] XpNooToLOVTog TOV peydho avadpopéa tod Nat:
Fp 1= Recnat (0, (X, Y) Y + 1, n).

To emodpevo mopaderypor Exel Aoyind evilapépov, kol do pag odnynoeL GTO aVTL-
KelpeVo Tov xe@oaAaiov. Ag vodésoupe OTL JéAOLLE va TTepLypaovpe Evay TOTO, TaL
HEAN TOU 0TTOLOL AVATTAPLOTOVVY TIG TPOTACELS THG YADCOOG THG HATIYOPTHATIHNAG
Aoyug pe wootnTa. Qo ypelaotel TpdTo ot OAa var dtevdeticovpe To Fépa TV
petaPAntov (individual variables). X1ig yAwooeg mpdng TdEng, ot petafAntég éxovv
medio Stondpavong, Ta Aeyopeva sorts. Zuvrjdwg vtdpyel povo éva sort, omdTe avTd
ATOCLOTATOL, XOXJWG de cuVeElGPEPEL #ATL oTn StatOtwon. H dewpia Twv Stavuopa-
TIHOV XOPOV, OHwG, £xel dVo sorts, to Scalar yio ta oToLyeior TOO COUATOC, KOl TO
Vector yix o ototyeio Tob Stavuopatinod xwpov. Epeig edo da mpoypoatevdodpe T
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yevnr) epitwaot, omdte do Jewprjcovpe 0Tt pag éxel dodei évag thmog Sort, To péAn
ToV omoiov eiva T cUPPOA TNG YADOOWG YLt TO SLAPOPAL SOTtS, KO ETLTAEOV, YO
na&de k : Sort, évag tomog Tseri(k) mov eivon to medio Sraxdpavong Twv petaPAntdv
to0 sort k. Avtd da pog emrpéfer va meptypdjovpe TIg mpotdoelg ot evdeiag,
xpnoporoldvrog tov dradéoo pnyaviopd g mepipaiiovoag Jewpiag TOTWV yio
VO AVOLTTALPOLG TG OVHE TIG POPHOVAES WG HETATYNHATIGHOVG,.

Toe voo punv tporAndel cbyyvon pe v wootnta g dewpiog TV, N LI0OTNTA
g yAwooog Yo cupPorileton eq. O thmog Sent TV TUTKAOV TPOTACEWY £XEL TOVG
HATAOHEVACTEG

« (r,s:Sent) r & s: Sent,

« (r,s:Sent) rvs:Sent,

« (r,s:Sent) ros: Sent,

o 1:Sent,

« T:Sent,

o (k:Sort, (x: Tgort(k)) t(x) : Sent) V(k, t) : Sent,
o (k:Sort, (x: Tgort(k)) t(x) : Sent) 3(k, t) : Sent,
o (k:Sort,a,b: Tgo(k)) eq(k, a, b) : Sent.

Yrépyouvv moAr& mpdypato mov dor PITopoVGoE VAL KAVOUE |E TNV TTAPOITAVE®
mepLypagr). Qot660, 0 oroTdg pag 80 dev elvan va wdvoupe Aoywnr]. AvTd TTOL pog
eVOLOPEPEL TTPWTIOTWG Elval 1) eppnVveia TV TLTIUOV TPOoThoewy. Opilovpe Aoutdv
TNV 0XoYEVela TOTTWV, 1) XATYOPNHQ,

(s : Sent) T(s)

HéoW THG avadpopr|g
T(r&s) := T(r) X T(s),
T(rvs) :=T(r)+ T(s),
T(ros) :=T(r) — T(s),
T(L1) :=0,
T(T) :=1,

T(v(k, 1)) = [I(x: Tsore(K)) £(x),
T@E(k, 1) == X(x : Tsori (k) t(x),
T(eq(k,a, b)) :=a=g, (kb

To T amoteel avddeon texpnpiov alfdelng, 1 ard6d00m VONHATOG, GTLG TUTTIKEG
npotdoelg. e o mapadociomny grioco@uer] opoloyia, xow Aoppdvovrag v Gy
OtL oL thmoL givan avayvaopor wg (eppnvevpéveg) mpotdoelg, to T(s) pmopel vo
vondei ©g 1 Tpoypater] TpdTaoT) TOL EXPPALEL TIC GLVIKEG XA TELAG TNG TUTTKAG
npdToong s. ot tov Adyo awtdv, o’ dtov eorydn amd tov Tarski oto [5], to T
ovopadetol To xarnydpnue ¢ aAfdeiag Tov Sent.
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6.2 Xopmavtoa xotd Tarski

Ooa Félayte vou PUNTOVHE TNV TAPOITTAVE® HATOGHELT] YLOL VXL 0picOUpE £vay TOTO
U, o péAn tob omoiov da avamapiotovy, pe tn Porjdeia evog xatnyopipatog T,
1AITTOLOVG atd Tovg TOTTOLG. Twpa dev vtdpyel N Sbiupion petad Sort kot Sent, xor
o U nan T yperdleton vo oplotody artd to pndév. Autod €xeL 6oV OTTOTEAECHOL VOL NV
eivo AoV epueTdg 0 SroywPLopdg ovapesa otov oplopd tov U xan exeivov tov T.
To Tapadelypa, 0 ®OUTOOHEVAGTHG OV AVTLOTOLYEL GTO eEQPTAOHEVO YLVOHEVO EXEL
™ popery

(a:U,(x:T(a)) b(x): U)n(a, b): U,

1 WG XOVOVAS GYXNHATIONOD,

(x: T(a))
a:U b(x):U
n(a, b): U

6mov paiveton Eenddapa 6TL Tporeévou va oxnpaticovpe To n(a, b) mpémel 1dn va
yvopilovpe to T(a). Hapopoix eivar  vatdotaoT e TO eEAPTOPEVO GTPOoLoaL Mo
v wootnTa. O TARpng apoPaiog opiopdg twv U xou T éxel T popen

(a,b:U)sum(a, b): U T(sum(a, b)) := T(a) + T(D),

zero: U T(zero) := 0,

one: U T(one) :=1,
(a:U,(x:T(a) b(x): U) n(a, b) : U T(n(a, b)) := [1(x : T(a)) T(b(x)),
(a:U,(x:T(a)) b(x):U)o(a,b): U T(o(a, b)) :=Y.(x: T(a)) T(b(x)),

(a:U,b,c:T(a) eq(a, b,c): U T(eq(a, b, c)) := b =1y c

K&de pritpa To0 mapastéve oplopod amoteleitor amd évav xataouevaotr) To0 U xot
v opilovoa oxéon To0 T TOL AVTIGTOLXEL GE AVTOV TOV XATACHEVAGTH, ELG TPOTTOV
»ote oL xataourevaotég To0 U va propoidv va avagépovton gtov T. OLopiopol authg
NG popeng ovopdlovion enaywyoavadpopxol (inductive-recursive) oplopol, xou to
Cetyn (U, T) mov opilovtal pe avtdv tov TpdTo ovopdlovton oturavra xard Tarski.
Katd ) cuvhdn padnpoat tpoxtny, da avagepopoacte otov U wg T0 oOpmay,
ovti tov (U, T).

Eava:U pe T(a) = A, Mépe 6TLTO a eivou 1) avdxAdaon To0 A oto U, non (edv vapyet
Tétolo a) 6t 0 A avaxddrai oto U. Eto mopaderypa, oL TOTOL TTOL AVOHAMVTOL GTO
ovpmay eivon ta adpoiopata (avarAaopévev) Tomwv, oL Tumot 0 kot 1, To e€aptdpeva
ywopeva xot adpoiopata, ot ol lootnteg. Ioodvvaypa, Aépe 6tL To cOpmay glval
#AEIOTO G TPOG TOLG TOPATTAV® TPOTTOVG CYNHATIGHOD TOTWV.

H emloyn) Twv TOT®V 6TOV Tapartdve oplopd eival evdetiny. Oo pItopodoaye,
@ep’ eumelv, va TpocIEGOLpE Eva HEAOG TTOV VAL AVOUITAPLETE TOLG PLOWODE aptdpoic:

nat: U T(nat) := Nat.

Mmopovpe entiong va avorddoovpe éva ovprov U péoa oe éva (evpitepo) cOpmay
U’, evtdooovtag otov oplopd tov U’ n prtpa

u: U’ T'(u) :=U.
Me awTdV TOV TPOTTO PITOPOVIE VO GXNHOTICOVHE [ict OAOKAN P axolovdia

Up, Ut, U, ...
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oLUTTAVTOV, Kodéva amd ta omola avoxAd OAo to mponyolpeva. Ev cvveyeia,
HITOPODVHE VO VOHAXGOVHE TO 1810 TO GYHHo

v

oe éva ooprav U, To omolo, atd cuvvémela, oavorAd oo ta Uy, Ko dev vméapyet
AOYOG v 6TOPATAGOUHE €86.

6.3 Xopnmavta xotd Russell

Eivou eEoupetind Ppornd, otnv mpdkn, va mopadeimovpe to T xou var ypdpovpe
o’ evdeiog
AU

ovtl ya
a:U,pe T(a) = A.

E&v avtd 1o udvoupe cuoTnpatind, 0dNYyoOHaoTE 6TV £Vvola TOD CUUITOVTOG Kot
Russell: ‘Eva otumay xatd Russell eivou évog tomog, Toe péAn tod omoiov eivon tomot.
Sy mepinteon auty, yia Adyovg dibiuplong, XpToIHoToloUpe To xaAhypopind U
'Onwg ot Yewplo 6uvOAwY, Sev prropolpe va éxovpie Evo oOpTtoY Ve TTOL VO TTEPLEYEL
6Aovg ToVG TOTTOVG, GLHTEPLAApPaVOEVOL TOD eovTOD TOU (Vo : U'n): ATL TETOLO
Ja 0dnyotoe oe mapddoka (ko alcing, dev vapyel TpdITOG Vo opLotel Eva TETOLO
oOpmav). Avt autod éXOUpE, OTMOG OTNV TEPINTTWOT TV SUPTAVTWV xortd Tarski, pio
lepapyio
U'(]ZU'l ZU2: KRN

6mov e copmav Uy eivor pédog tov emdpevov oopmovtog U'pe1. EmumAéov, Je-
wpovLpe OTL 1) tepapxia vty eivon ovoowpevting, dnAadr wdde pélog Tod Uy elval
eniong péAog To0 U'piq. Auto pag amoponpivet amd v xadapr Jewpia tonwv (ov-
preptiopPovopé v Twv oupmdvtev xatd Tarski), omov dev tideton dHépo éva pérog
evog TOmoL va eivan emtiong péAog udotov dAAov TOTTOL, aAAG Stevrodbvel Thpo
TOAD TIG SLXTLTTOCELG KL, Ge wGde epinTWOT), PITOpPovpE, av FEAOUNE, vor TO doVpE
WG o) xotéypnon ovpforiopov. Eniong, da propodooape vo mpoerteivovpe tnv
Lepapyio 0To vIEpPTETEPAGHEVO, FEWPOVTAG Eva cOuTOY Uy, TTOL VoL TTepLEXEL OAOL TOL
Uy w0, 0AAG avTd givon i ecwteped Fepa g Fewpiog TOTWVY XwpLg TpoTix
xpnowotnta. ‘Otav dev éxel onpacio o€ o0 COUTAV avaPepOpacTe, do Aépe amAd
U nou Ja evvooope xautoto artd toe U',.

H »wdpra xpnopdtnTa Twv CUPTAVTOV lvol OTL HOG ETLTPETOUY VO XAVOUHE JE
TOIOVG 0,TL PIopovpe va wdvovpe pe Too péAn evog tomov. o mapdderypo, pio
OWOYEVELX PITOPEL VOl YPAPTEL WG HETATYTHATIOHOG

(x:A)B(x): U

He TYEG o€ éva oOpTTay. Mmopovpe entiong vor dewpoljie 0oyEVeLeg el evOG GOpTTO-
VTOG, TT.X.,
(ALB:U)A+B:U.

H owoyéveia F, tov nenepacpévev tOnwv propel tdpa va optotel pe tn Pondeia
Tou (Lrpov) avadpopéa Tov Nat:

F, := rec}\ﬁt(o, (x:Nat,y:VU) y+1,n).
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Mropovpe entiong vo oXNHatilovpe YIVOHEVE KoL XD POLCHOTA TETOLWMY OLLOYEVELDV:
T0 ddpolopa OA®V TV TOTWV TTOL AVKOULY o€ éva oOpTaY U ypapeTon

SA:V)A

(o, yioe Tnv mepintwon mov vapyet ap@ipolric, dev eivon pérog tob V).

7 Opotomun Fewpia tOnwW]

H xevtpwn 8éa otnv opotomny Jewpia TOTWV glval OTL PHITOPOVUE VO QLVTL-
Angdolpe tovg TOTOVG WG XWPOLG 0T Jewpla opotomiog. XNV xAaocwr] Jewpio
opotoriag, évag xwpog X avortapiotatot artd éve aOVOAO oTpeiwv eQodlaopévo pe
pio TomoAoyia, ko éva povordtt peTo€d Twv onpeinv x xow y Tov X avaroapiotaTot
arnd pio ovvexn amewovion p: [0,1] — X, 6mov p(0) = x xou p(1) = y. Amd moAAég
amdyelg, 1 avotnpr (dnAadn, xaT& onpeio) LGOTNTA HOVOTATIOV elval LITEPPOALKK
Aemty oxéon. Ta mapddetypa, propel xavelg va opioel Tig TpdEelg TG CLUVEVWOTG
HOVOTIALTLOV (CV TO P €LVOLL HOVOTIATL QIO TO X GTO Y KOIL TO G ELVOLL HOVOTIATL OLTtO TO
0710 z, TOTE 1) GUVEVWOT] P+ g ELVOL HOVOTIATL OUTO TO X OTO Z) KO TNG OVTLOTPOYPTIG (TO
p~ ! eivau povorétt amtd To y 610 x). QoTOHG0, LTAPXOLY PLCLKES EEIGOGELS HETAED
aUTOV TV TPGEEnV 1oL dev LoYDOLY Yia TNV avoTnph wootnta: T Tapdderypa, To
povom&ti p-p~ ! (o omoio Tyaivel atd To x 6TO Y xa AL Ticw) Sev eivan ava TP
o0 e To oTodEPO HOVOTIATL GTO X.

H Abon eivar va Jewpriocovpe pia adpotepn vvola LGOTNTOG HOVOTATLOV TTOV
ovopdleton oporormic. Mia opotortio petad twv cuvex®v amewovicewy f: X3 — Xo
rnot g: X1 — X elvan pioe ovveyng amewovion H : X3 X [0,1] — Xp pe H(x,0) = f(x)
now H(x,1) = g(x). Ipoxeyévou yix 800 povomatia p xot g ad 10 x 6T0 Y, pia
opotortia eival pia ovveyxng amewovion H : [0,1] X [0,1] — X pe H(s,0) = p(s) nou
H(s, 1) = q(s) ywa 6Aa T s € [0,1]. Ze autrjv Tnv mepinTtwon amattodpe eniong Ot
H(0,t) = x xat H(1, 1) = y ywx 6o o t € [0, 1], 00twg dote yio wéde t 1) amewdvion
H(_, t) va elval xouw téd povomdtt amd 1o x 670 y- pia opotomioc avtov Tov eidovg
AMpe 0TL diatnpel Tar dnpa. Aedopévou 6T to [0, 1] X [0, 1] eivon SididoTarto, pddpe
entiong ywx v H wg ddiiotato povomdr: petaty provomaticiv.

T opéderypa, emeldn) to p- p~ 1 pedyel o emoTPéQel xaTé pixog g iSiog
Sradpoprc, Yvopilovpe OTL PITOPODHE VO GLPPILVAGOVHE GUVEXADS TO P - p~ L 6TO
otadepo povordti—de Yo maotel, yia mopdderypa, yopw amd pic tpOIO 6TOV XMOPO.
H opotomia eivon oxéon woodvvapiog, kot TpdEelg OTWG 1 GLVEVKOGT), 1] AVTLOTPOPT),
w A v céfovtor. EmumAéov, ov kAdoelg 1ooduvapiog Twv opoTtomney Bpdxwv
(loops) o€ udmowo onpeio xp (d6mov dvo Ppdyor p xou q e€lo@vovTon dTaV LITEPXEL
pio faociopévn opotoria peta€d touvg, dnAadn pic opotomioo H 01wg mopastdve mov
wavorotel emumAéov H(0, t) = H(1, t) = xp yio Oha ta t) oxnpoatifouvv pio opdda mov
ovopdleton Jepehicddng opdda. Avth 1 opdda eivon pia adyefpuxti avaddoiwtn evog
X®pov, 1 omoio popel vo xpnoomoindei yix v Stepevvndel edv dvo xopot eivar
OpOTOTTIA 1008VVaI0L (VAP OLY GUVEYELG ATTELLOVIGELS EXATEPWIEV, OL GUVIECELS TWV
OTOlwV elvaL OHOTOTWMEG TTPOG TIG TOWTOTIKEG), €eldT] OL LGOSVVApOL XDPOL £XOLV
LoOpopPIEG FepeAddelg opddeg.

Emeldn) oL opotorieg eiva ot idieg éva eidog SididotaTtov povomatiot, vtdpyel pio
QLo EVVOla TPLOLACTATNG OUOTOTTIOG HETAED OUOTOMIAV, HAUL, GTI) GUVEXELX, OHOTO-
Triorg peTat opotomiay ety opoTom@V, xol 00T xadeEng. Avtdg o drtelpog TOPYOG

2To wepdharo avtd Pasileton oe peydro Padud oo [6] xepdhauo 2].
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OTHELWV, HOVOTIATLOV, OHOTOTLOV, OLOTOTLOV HETOED OHOTOTLAV, . . ., EPOILUGHEVOS
pe odyePpuéc mpakelg Omwg 1 FepeAddng opdda, eivor otrypLdTuIo piog ahyePpinnic
Sopng ov ovopdleton (aodevég) co-ouadoeldés. "Evor co-opadoeidég ammotedeiton amd
piot GLANOYT] OVTIKEPEVWVY, Pict GUANOYY) HOPPIOY PETAED OVTIKELEV®OVY, KL OTT)
GUVEXELQL LLOPPLOUDV PETAED LHOPPIOUY, KoL OVT® HOTEENG, EQOSLACHEVWV HE HATTOL
nepimhonn alyePpnn dopr): évag popPpLopdg oto entinedo k ovopdleton k-popPLopoc.
Orpopogropoi o udde emimedo £XOUV TAVTOTIHOVG, CUVIEGT] HOL AVTLOTPOPT], TX OTTOLX
elvor aodev) pe tnv évvola OTL LkavoTToLovV Toug VOpOoUG ToV opadoetdoig (1 obvieon
elvoll TPOGETALPLOTIIT, OL TOAVTOTLXOL eivat 0LIETEPX oTOLYElX YIOX TN oVVTEDT), TX -
VTIoTPOPa ATTAOTTOLODVTOL) HOVO KOTA TTPOGEYYLOT) HOPPLOUMY GTO ETOHEVO ETTITTESO,
no avto dnpovpyel tepartépw dopn. T Tapddetypar, emeldn n TpoceToPLETUOTN-
T TNG oOVIeoNG HOPPLop®dVY p-(q-7) = (p - q) - r eivan 1 ISt HOPPLOPOG AVAdTEPNG
dwotaong, xpetdlovron tpdodeteg mpdéelg mov v cvoyetilovv Tig dibpopeg ato-
Seikeig mpooetoupioTindtnTag: Ot Sikpopol TpdmoL cuoyeTiopot o0 p-(q - (7 - s)) pe
o ((p-q)-r)-s dnuovpyodv To mtevtaywvo tov Mac Lane.

Stnv opotonnt] Jewpio TOTWY, x&de TOITOG €xel TN dopr| evog co-opadoeldovc.
Ouundeite 6TL Yo omotovdrjmote TOO A 1o omowadnmorte x, y : A éxovpe évav tOmo
looTNTAG X = Y. AoYd, PITOpolE VO GHEPTOVHE T PEAT TOV X = Y OG TEXUNPLX
Ot ta x xon y elvan oo 1) wg Tawticelg To x pe to y. EmumAéov, 1 dewpio tOTOV
(o€ avtideon, ag moOpE, pe TN Aoywr] TPATNG TAENG) HAG emLTpénel vo DewPrjGOupE
Ta PEAN) TOO X = Y €MIONG WG ATOU TTOV UTTOPODV VO ELVOIL OVTIKEILEVO TTEPALTEPL
npotdoewv. Emopéveg, pmopodpe va emavalddfovue tmv wootnTor Mmopolpe va
OXNHATICOVE TOV TONO P =x=y ¢ TWV TAVTICEWV PETOED TWV TALTICEWY P KL g,
XL TOV TOTOL I =p=_ ¢ S, xou 00T xodefrg. H dopr awtod tod mopyov wwotrtev
ovTIoTOLXEL aUpLPOG OE AUTH TWV GLVEXDOV HOVOTTATLOV XAl (AVOTEP®V) OLOTOTILOV
HeTaED TOVG O Eva XDPO, 1) o€ Evar 00-0padoeLdEG.

‘Etol, do avapepOpocTe oLxvé oe éva pEAOG P 1 X = Y G HOVOTTATL otd TO X 6TO
Y* HOAOVHE TOL X %Ol Y TEPATK TOV HOVOTTATIOD. ADO HOVOTIATI P, G : X = Y HE T
idior mépator Aéyetou OTL elvon Tap&AANAc, oOTE Vo PENOG 7't P =x=y  PITOPEL VO
vondei wg opotomior Ja To avapépouvpe ocuy v wg Sidtdotato povordrt. Iapopoing,
01 =p=,_,q S €lvo 0 TOTOG TV TPIBIACTATWVY HOVOTATLOV PeTAED 300 TopAAANAY
Lo TATOV HOVOTTATLOV, KoL 0UTK KodeEng. Edv o thmog A elval «civoro», 61twg o
Nat, avtot ot emavolopPovopevol Tomol todtnTog de dou Exovy evilapépov, cAAE o)
YEVIHT] TTEPLTTWOT) HITOPOVV VO AVOTTOPLETOVV [T TETPLUUEVOVG TUTTOVG OPOTOTTLNG.

Mio onpovter] Stopopd petad g opotomurg dewpiog TOTWV ko TNG kAo
Jewplag TG opotomiog eivor 6TL 1) opoTtominy dewpio TOTWV TapéeL pia cuvIeTisdf
TEPLYPAPT) TWV XOPWV, e TNV eENG évvola. H cuvdetinn yewpetpia eivor ) yewpetpio
070 6TVA ToL Evrdeidn: Eexnvd amd udmoleg Pacinég évvoleg (onpeia xou evdeieg),
rotoonevég (pio evdeior Tov cuvdéel dvo onpeia) ko a€idpata (OAeg oL opdég yw-
vieg eivon ioeg), not ouvayel TIG Aoywég Tovg ovvémeleg. Avtd avTidlaoTéAAeToL
HE TNV avaAvTinn YeoHeTpia, OTOL évvoleg Omwg onpeio ko evdeieg eppunvedovton
GUYKEUPLPEVA X PTCLHOTOLOVTOG KAPTEGLAVEG CLVTETAYHEVEG oTOov R —01 evdeieg e-
ivar oOvora onpeiwv—rol oL Paouéc KOTAOKEVEG Kol OELOUATO GLVAYOVTOL ATTd
autiv v avortapdotaot. Evo n xhaown Jewpio trig opotomiag eivor avaluting
(oL yodpot xot T povormdTior atoteAobVTOL otd oTpEie), 1) opoToTKT] Jewpia TOTWV
eivor cuvdetnn: ta onpeia, T HOVOTATIAL XOL TA HOVOTTATIO PETOED HOVOTTOTLOY
eivon Poaonég, adlaipeteg, apyiuég Evvoles.

EmuAéov, éva atd To HUTOTANUTING TIPAYHATO GYETMA HE TNV OLOTOTTLKY dewpia
TOMOV elvor OTL OAeg Ol POCIHEG HATAOUEVES HOL OELOUATO—OAT 1] ovidTEPT dopn
opad0ELOOVC—TTPOHDITTEL AVTOUATA ALTTO TNV ALPXT) ETAYWYNG YL TNV LloOTNTA. AUTH)
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N apxn emaywyng epodidlet kade tomo pe tn dopn evog oo-opadoeldong, xot ndde
HETAOYNHOTIONO PETOED 300 TOMWV pe T1 Sopr evog HopPLopoD PeTaED 800 TéTolwY
opadoed®v. Autd eivon evdiopépov atd podnpatinr] dtoyn, emedn divel évav véo
TpodTO epyociog pe co-opadoedn. Eivow evdiagpépov amd tumodewpntinn duwoyn,
emeldn amoualOmTeL véeg TpaEelg wov cuvdéovton pe uhde TOHTO HOL HETATYNHOTIGHO.

7.1 H dopn opadoerdotg tov TOTOV
Oupndeite (Afjppara2H4) 011 évag omotoodrmote Tomog A géper Tnv e€rig Sop:

o T x: A, évarefly : x = x. KahoOpe to refly 10 oradepd povondr: (constant path)
OTO X.

e T x,y: Axat p:x =y, éva pl 1y = x pe (refly) ™! = refl,. KoloOpe to p~! To
avtioTpogo (inverse) Tov p.

cTwx,y,z: A, p:x=ynonq:y =z éva p-q:x = z pe refly - refly = refly.
KadoOpe 1o p - g TNV ovvévwon (concatenation) Twv p not q.

To mapostdve Tpoéxvav artd tnv arnddelén 6tL n wotnta tov A eivon oxéon toodv-
vapiag. Qotoéoo, de do peivovpe o avtd. And opotominr doym, oL TpaEelg avTég
aoTeEAOVV TO TPHOTO eminedo NG dopng opadoeldovg Tov A—ypelaldpacte emiong
ouvinueg ovvoyrg (coherence conditions) yw tig tpdkelg avtéc, xaddg xor aviho-
Yeg mpaEelg oe avadtepeg daotdoelg. o mopadetypa, dehovpe va EEpovpe OTL TaL
otadepd povordTia eivat 0LSETEPA WG TPOG CLVEVWGT, OTLTO p~ ! elvou avTicTpoPo
TOV P WG TTPOG GLVEVWAT), KOl OTL 1] CLVEVWGT) ELVOL TTPOCETALPLOTIHT].

Afppoa 15. Eotw A timog.
1. T omowadrjrrote x, y: Ao p:x = y, refly - p = p xou p-refly, = p.
2. T orowaStimote x, y: A pix =y, p-p L = refly xar p™' - p = refly.
3. Lia omowdijrrote x, y, z, w: A, pix=y,q:y=zxaur:z=w,(p-q)-r=p-(q-r).

Amodeitn. Se Oheg TIG TEPUTTOOELG DO EMLGTPATEDCOVHE TNV apXl] ETAYWYNG THG
LGOTNTAG TPOUEWHEVOD VO ALVALYXLYOUHE TO YEVIXO QITOSEXTED GTO €LOMO GTO OTOlo
n@Irolx 1) OAaL ToL HOVOTIATLO Elvail GTadEPAL.

1. Aelyvoupe tnv tpotn wootnta. IIApwg Statvmwpévo, to {ntodpevo eival va
opioovpe éva
lu(x, y, p) : refly - p = p.

Bewpotpe v owoyévelx (x, y: A, p:x = y)C(x, y, p) pe C(x, y, p) :=refly-p = p.
Tore,

C(x, x, refly) (refly - refly = refly)

(refly = refly).

Enopévwg, propovpe va opicovpe to lu(x, y, p) e enaywyr oto p, détovrog
lu(x, x, refly) := reflyef .
"Opoia opileta éva

ru(x, y, p) :p-refly = p.
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2. T v mpdTn WwotnTa, Jewpovpe tnv owmoyéveln (x, y: A, p:x = y) C(x, y,p)
pe C(x,y,p) i=p-p~* = refly. Tore,

(refly - (reflx)f1 = refly)

(refly - refly = refly)

(refly = refly).

C(x, x, refly)

Emopévag, prropotpe va opicovpe éva
ri(x, y. p) : C(x, y, p)

HEC® TNG ETAYWYTG
ri(x, x, refly) = reflees .

H Sevtepn 1o6tnTOr aemodetevieTon Tapopoiwg.

3. Oa xovoupe dladoxHd ETAYWYN OTA T, ¢, XL p. Oewpolpe TNV owoyEvela
(x,y:Ap:x=y,z:Aq:y=z,w:Ar:z=w)C(x,y,p,2,q, W, r) e

Clx,y.p.z.qw,r) :=(p-q)-r=p-(q-7)
Kot apyég éxovpe

(refly - refly) - refly = refly - refly = refl,

nou
refly - (refly - refly) = refly - refly = refl,

HOL ETTOHEVWG
reflie), : C(x, x, refly, x, refly, x, refly).

MropoUie eTOpPEVOG VO OPLGOUYLE, e ETAYWYT] OTO F, EVa
u(x, w, r) : C(x, x, refly, x, refly, w, r)

e
u(x, x, refly) : = refleg, .

Ev cuvexeia opilovpe, pe emaywyn 6To g, éva
u(x,z,q,w,r): C(x, x,refly, z, q, w, 1)

HE
o(x, x, refly, w, r) := u(x, w,r).

TéAog opilovye, e ETAYWYT) GTO P, TOV EMIVUNTO HETATYNHATIOHO
assoc(x, y, p,z,q, w, 1) : C(x, y, p, z,q, W, 1)

pe
assoc(x, x, refly, z, q, w, r) 1= v(x,z,q, w, ). O

Mmnopobtpe va ddcovpe Toug e€NG yevinoDg oplopods amd Tn yeviun dewplo opoTomiog:

Opopdg 16. ‘Evag timog pe Sianenpiévo onueio (pointed type) eivan évag tomog A
poli pe éva onpeio a: A, To omoio xoheiton faoixd onueio (basepoint) ccvto?. O
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Aodévtog evog obpmavtog U, yphpoupe
U.:=)A:V)A

YLot TOV TOTIO TV TOTWV pe Souexpiévo onpeio tov U
Opopog 17. O tUmog twv Ppoywv (loop type) evog tomov pe Stomeupipévo onpeio
(A, a) elvan o TOTOG e Sronenpylévo onpeio

Q(A, a) :=(a = a,refly).

To onpeio tov ovopdlovton fpdyor (loops) oto a. O n-0otdg TOTOC TV PPodYWV TOD
(A, a) opileton amd Tnv avadpopr

A, a) 1= (A a),
Q™A a) = QQ"(A, a)). O
To emdpeVO ATTOTEAECHN TTPOEPYETOL OTTO TNV KAXG U] FEWPLOL OPOTOTTLOLG, KO EXEL
WG Paod TOPLop OTL OL AVOTEPES OPADEG OPOTOTILG EVOG XWPOUL eivar affeALavég.

Oedpnua 18 (Eckman-Hilton). Xrov Setizepo timo twv fpdywv Q*(A, a), n mpdén tic
CVVEVWOTG povoraTichy eivar avripetadeting: a-ff = B-a yia omowadinote a, B Q*(A, a).

Andédeitn. (6, dewpnua 2.1.6]. O
'Onwg Pavep®dVeL TO TOPATTAVE Fedpnpa, 1) GAYEPPA TV TOT®V HOVOTOTLOV
avoTepng didotaorg dev e€avtAeital ot dopr) opadoedovg ot wade didotoom.
Suveyilovtag, Yo e€eTOOVE TN GLUTEPLPOPE TWV CLVUPTHCEWDY OTO HOVOTTATLAL.
Oa Sovpe OTL OTLWG OL TOTTOL ELVOLL AVTOPATKOG (00-)opad0ELdT, £TOL KA OL GUVAPTHOELS
elvar auTopdTwG opopop@iopol opadoedov. Ilpota mpémel va opicovpe Tov TpdTO
pe Tov omoio pic cuvapTnomn dpa el evOg HOVOTATLOD.

Opopodg 19. Eotw f: A — B ovvaptnon. H dpdon g f eni evdg povomatiod
p:a=botov A opiletal wg To povoTaTL

f®) 1= apappy, (p) : f(a) = f(b)

otov B. O

Avotnpd pAevtag, o cUPPoAopOg auTdg elval Sipopopevog, aAAd yeved dev
npoxadei ovyyvorn. Axolovdel Tnv xadiepwpévn ot Jewplo xaTnyopLOdV ITPOrTIKg
NG XPYoTg To0 dLov GUHPOAOL YLt TNV EPAPUOYT] EVOG CLVAPTITH] GE AVTIKEIHEVAL
1O GE HOPPLOHODG,.

Anppoa 20. H Spaon trjg f : A — B ota povoratia To0 A eivou opopop@ixt:
L f(p-q) = f(p)-f()
2. f(refly) = refly(y),

3. £ = fp).
Anédeifn. Kot apydg mapatnpriote OTL, ylo x : A,

f(refly) = apapp|yf(reflx) = reflapp|yf(x) = refly(y).
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1. M7mopoUpe Vo XAVOULE ETAYWYT) G€ OTTOLOONTOTE ATTO TAL P KL ¢, 1] OE CPPOTE-
por otV TEAevTAio TTEPITTWOT), OV eivan xaL 1) evdedetypévr, Jewpolpe Tnv
owoyévew (x, y: A, p:x=y,2:A,q:y =z) C(x,y,p, 2, q) pe

Clx.y.p.z.q9) == f(p-q) = f(p)- f(9)
"Exovpe
frefly - refly) = f(refly) = reflg(,

no
J(refly) - f(refly) = reflz(y) - refly() = reflg()

HOL ETTOHEVWG

refl C(x, x, refly, x, refly).

reflf(x) :
"Apo prtopodpe vo opicovpe, Y x, 21 A non g X = z, éva
u(x, z, q) : C(x, x, refly, z, q)

LE TNV ETOYOYN

u(x, x, refly) := reflreﬂf(x).

Ev ovuveyxeia opiloupe, pe emaywyn oo p, éva
'U(x, y’p’ z, q) : C(x9 Y»P; z, q)

Yétovtag
v(x, x, refly, z, q) := u(x, z, q)

70V eiva ot To {NTovHEVO.
2. 'Apeoco.

3. Oewpovpe v owoyévela (x, y: A, p:x = y) C(x, y, p) pe

Clx,y.p) :=flp™") = f(p)~".

Ot vrtoloyiopoi divovv

f(refl;l) = f(refly) = reflgy),
nou
f(refly)™! = reflj?(lx) = reflr(y),

oTOTE EXOULE
reflreﬂﬂx) 1 C(x, x, refly).

MmopoOypie ETOHEVKOG VO OPIGOVHE EVal
t(x, y, p): C(x, y. p)

Jétovtag
t(x, x, refly) := reflreﬂf(x),

70V eivan To {ntovpevo. O
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To emopevo AMfppa PePorwvel 6TL 0 Tapamdvew oplopodg g dpaong g f ota
HOVOTLATIO elvarl «ouvapTnTOS». Ag dupndolpe TG Paonéc HaTyopnég TpaEeLg
HETOED GLVAPTHOEWV:

idg 1= Ax:A)x,
gof = Ax:A) g(f(x)).
Adppo 21, 1 ida(p) = p,
2. (gf)(p) = g(f(p)).

Amddeitn. Me emaywyn oto p, apuel va eAéyEouvpe nodepio amd TG 1odTnTEG GTNV
nepintwaon wov to p eivan TG popeng refly. T tnv mpoTn €xoUpe

ida(refly) = reflig,(x) = reflx,
eve yia tn dedtepn,

(geof)(refly) = refl(gof)(x) = reflg(f(x)),
g(f(refly)) = glreflp(y) = reflg(s(x)- -

H petagpopd xatd prixog tg cuvévmong d00 HOVOTATIOV eival 1) cVUVIEST) TV
ETMHEPOVG HETOPOPOV:

Afppa 22. Eotw (x: A) B(x) oucoyéveia. Edv p:x = yxauq:y = z otov A xaw w: B(x),
tére transport®(p - g, w) = transportB(g, transport®(p, w)).

Amddeitn. Me emoywyn ota p xai g, To {ntovpevo meplopiletar oo vo Sei€ouvpe, yio
onowodnmote w : B(x),

transportB(reflx -refly, w) = transportB(refIx, transportB(refIx, w)).

Avto opwg eivon dpeon ovvéneia g oxéong (9). O
To emdpeva amotedéopato da pag XpeLaoTovy TaApoUAT®.

Afppo 23. Edv (x: A) B(x) owoyéveia sou (x” - A') t(x”) : A peracynuariouds, dewpotue
v ooyévewa (x”: A') B/ (x”) pe B/ (x’) := B(t(x')). Edv p:x" = y' otov A’ xou z: B'(xX'),
707¢ transportB/(p, z) = transpor‘tB(apt(p), 2).

AndSeitn. E@’ 6c0v ap,(refly) = refl, (), éxovpe 6Tt

transportB/(refIx/, 2)=2z
no
transportB(apt(refIx/), 2) =z
To {ntolpevo TPorOITEL TAEOV [E EMAYWYT] GTO P. O

Anppo 24. Na a: A Jewpotpe Ty oixoyéveia (x : A)B(x) pe B(x) := a=x. Eavp:a=>
nan q: b = c, Tote transportB(q, p) = p - q.

Am6deién. Kéavovpe emayoyn oto . E@’ écov transportB(refly, p) = p, To {nTovpevo
QVAYETOL GTO

p = p-refly,
70 omoio yvepilovpe 18 (Arfjppc[15). O
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7.2 Oportomia

Oplopog 25. Ag dewprioovpe pio owoyévela (x : A) B(x) sar dvo cuvaptioelg
f.g: T1(x: A) B(x). Mia oporormiar amtd v f oty g eivon éva pélog tod thmov

f~g =110 A) (f(x) = g(x)) 0
ANppoa 26. H opotoria eivar oyéon ioodvvapiog.

Amddeitn. H avouhootindTnTa ivon Tpo@ovig:
Alx: A) refley  f ~ f.
T'o ™ ovppetpio: Eav H: f ~ g, tote
Ax:A)YHx) g~ f.
Téhog, yia T petafatinodtnte, eav H: f ~ guon l: g ~ h, totTe
AMx:A)H(x) - I(x):f ~ h. O

Opopodg 27. Avriorpopn pag ovvaptnong f : A — B eivou pia tpudda (g, a, f)
amoteAovpevn amd pio cvvéptnon g : B — A nou opotomieg « : fog ~ idp uo
B:gof ~idg. O

Soxva da ovopepoacTe oTNV g wg v avtictpogn tng f. O TOTOg TV avTL-
oTPOPV pag cuvaptnong f : A — Belvar o

qinv(f) := X(g: B— A) [(fog ~ idg) X (gof ~ ida)].

Mia ocvvaptnor mov éxel avtioTpoPrn AéyeTon LWoopopPLopds. O Tomog Twv Loo-
HopPLop®V amtd Tov A aTtov B elvan o

A= B :=Y(f:A— B)qginv(f).

O woopopPLopdg THTTLV eival oxéor toodvvapiog:
Afppo 28. 1. H avtiotpopn trig id 4 eivau nid 4.

2. Eavn g eivau avtiotpopn g f, 10te n f eivar avriotpopn s g.

3. Edv n g eivar avrictpoen g f, nou n g’ eivau avriotpoen e f’, xau opileran n

ovvdeon f'of, Tote ny gog’ eivau avriotpopn g f'of . O

7.3 Xoaportnplopog tng 1ooTnTog
Tonor {evydv

Ag dewprjoovpe 10 xopteclavd ywvopevo A; X Az 8o tomwv A; wow Az. T
onowdinote X, y: A; XAz xan p:x = y happévovpe povoratiaapy,, (p):pri(x) = pri(y)
o apy, (p) : pra(x) = pray(y). Opiletou emopévwg covéptnon

fi(x=y) — (pri(x) = pri(¥)) X (pra(x) = pra(y)

pe
f(p) = pair(ap,,, (). app, (P))-
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Ozopnpa 29. I omowadiimote x,y : Ay X Az, 1 f eivan ioopop@iopog.

Amodeitn. Avvéper g apyig emaywyng ywe to Ay X Az, apuel 1 avtiotpoen va
OPLOTEL OTNV TEPUTTWOT KATA TNV OTOLXL APUPOTEPX TA X KOl Y eivar wdworo Levym
pair(xy, x2) xou pair(yi, y2) oavtiotoryo. Xpeialdpaote emopévmng pia

g+ (x1 = y1) X (x2 = y2) — (pair(x1, x2) = pair(y1, y2))-
T z1 0 x1 = 1 wow 22 @ X2 = Yo opllOLHE, e ETAYWYT) 0T 21 KO 22, TO
Cpair(21, 22) * pair(x1, X) = pair(y1, y2)
Jétovtag
Cpair(refly,, refly,) := reflpair(xlm). (10)
Me tn Porjdela TOV Cpair 0pilovpe, Yix z: (x1 = y1) X (x2 = Y2), TO
t(2) : pair(x1, x2) = pair(y1, y2)
HEC® TNG ETAYWYNG
t(pair(z1, z2)) := Cpair(zl, z2). (11)
H {ntodpevn cvvéptnon da eivou n)
g = Mz:(x1 = y1) X (x2 = y2)) 1(2).
Amo Tig noiL TOLPVOUHE TN XXPAKTNPLOTIXT LOLOTNT TNG &:
g(pair(refly, , refly,)) = reflogix, x,)- (12)

"Exovpe onedpn vo deiovpe ot oL f xou g eivon avtiotpogeg peta€d tovg. IMapotn-
priote xat apxdg 6TL N f wavorotel T oxéon

F (el 1)) = PPy, (16l s @Ppr, (i )
= pair(refly, , refly, ). (13)
[Ipoxewévov yuo tny f(g(z)) = z, pe emaywyr oto z aprel va dei€ovpe dTL
f(g(pair(z1, 22))) = pair(z1, z2).
Mio odpo emoywyr) oTa 21 xot zz avayet to {nTovpevo 6To
f(g(pair(refly, , refly,))) = pair(refly, , refly, ),

T0 omoio eivou aueon amdppola twv (12) xou (13). Twx va dei€ovpe 6TL g(f(p)) = p
HAVOUE TPOTA ETOYWYT GTO P, 0TOTE TO {NTOVUEVO TTEPLOPILETOL BTNV TEPITTWOT)
7oL TO P eivon To refly,
g(f(refly)) = refly,
®o PHETd 6TO X, 0TOTE PITOPOLE Vo Fewprioovpe OTL TO X eivon éva Levyog pair(xy, x2),
g(f(reﬂpair(xl,xg))) = r'(:"ﬂpair(xl,xz)'

AvTO TPOXDTTEL TAPOHOLWG ATTO TIG won (12). O
Tnv avtictpoen g f mov opicape propoidpe va T cupPoricovpe

pair™ : (pry(x) = pri(y)) X (pra(x) = pra(y)) = (x = y).

Ewdudtepa, edv décovpe x : = pair(pry(y), pra(y)), maipvoupe éva péhog

Pairz(reﬂprl(y)’ reﬂprg(}/)) s pair(pry (), pra(y)) = y-
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‘Acunon 7.1. Aei€te ot pair™(refly, (1), reflyr () = 14,4, (Y) (Xﬁppa.

Ev ovveyeia do yoportnpicovpe tnv lodTnTO 6TOVG TOTOUG EEQPTOUEVODV LELYOV.
Eg' boov 10 e€aptidpevo Gpolopa eival yevixeuor Tov xopTecloavol yLvopévou,
QVOPEVOLHE OTL TaL HOVOTTATLL G évay TOTTO Y. (x : A) B(x) da eivou {edyn povomatiov
OTWG TAPATTAV®, QAN X peldleTal AlyT ouéYn yio va SOCOVIE TOVG GOGTOVG TOTOVG
QUTOV TV LOVOTTUTLOV.

E&v 1o p: w = W’ eivan povomdri oto Y, (x : A) B(x), tdTe AapPdrvovpe, 6mwg mpLy,
TO HOVOTLATL @p,,,, (p) : pri(w) = pri(w'). Qotd00, 8¢ pmopolpe vo pwTHoovHE ApéSKS
€& to pry(w) eivan ico pe o pry(w’) apod avtd ta dvo de Ppiorovron amapaitnto
070 1810 oTiyptdTUTOo TNG (X : A) B(X). Mmopolpie OpwG VoL HETAQEPOVHLE TO pry(w) *aT&
HI*OG TOU HOVOTALTION ap (p), nou avtd pag diver éva pélog Tov idov TOTTOL pe TO
pry(w’). Me enaywyn oto p AapPavoupe éva povordTt transportB(p, pry(w)) = pry(w’).
Haparhpyon. E&v éxovpe x @ A won u, v : B(x) obtwg dote pair(x, u) = pair(x, v),
Sev émeton 0t u = v. To POVO TTOL PITOPOVHE VO CUUTTEPAVOLHE ELVaL OTL LITAPYEL
pix = x obTwG Gote transport?(p, u) = v. Avt eivan i yvwot Ty chyxvong
YLt TOUG VEOELOEPYOHEVOLG 0T Jewplar TOTWV, XAAL €xeEL VONUX OO TOTOAOYLX
aroym: 1 vmap€n oTov oAKd XDOPO eVOG PoVOTaTLOD pair(x, u) = pair(x, v) peTo&d 8o
onpeiwv mov Tuyaivel va Bpiorovtar oto ido vipa de cuverdyetal tnv Vtapén evog
povomatiol u = v ov PpioreTon €€ oAoxA}pov evTOg wTOD TOL VIHATOG.

To emdpevo Jewpnpo Aéer 6t ) Sradieosio avtr] eivor avtioTpéyuun.

Oehopnpa 30. Aodévrwv puag ooyéveiag (x : A) B(x) nar w, w': Y (x : A) B(x), vrdpyer
LOOLOPPLOLOG

(w=w) = 3(q:pri(w) = pr;(w)) transport®(g, pry(w)) = pry(w).
Andbeifn. T p:w = w Jewpolpe T0
b(p): X(q: pri(w) = pry(w)) transport®(q, pray(w)) = pra(w’)
70V opiletal pEcw THG EMAYWYT|G
b(refl,y) := pair(reflprl(w),reflprz(w)). (14)
O dei€ovpe 6TL ) cLVAPTNON
A(b): (w = W) — T(g: pri(w) = pri(w")) transport®(q, pry(w)) = pra(w’)
elval loopopPlopdc. ‘'Onwg 1o 6TV TEPUTTWOT) TOL KAPTESLAVOD YLVOUEVOD, 1] AVTE-
otpogn do opiotel dtav Tar w o w’ etvar xdomoa Ledyn pair(wy, wo) xon pair(wi, wh).
T g wy = wi au r : transportB(q, wp) = wh opiCoupe
Cpair(q, ) : pair(wi, wz) = pair(wi, w3)
HE ETOYWYT] 0T g HaL T,
Cpair (refly, reflyy) <= refloginy wy)- (15)
Ev cuveyeia Sewpodpe, yix z: Y(q: wp = wi) transportB(g, wp) = wh, o

t(z) : pair(wy, wp) = pair(wf, wh)
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70V opiletal amd TNV ETAYWYT)
t(pair(g, 1)) := Cpair(qs r). (16)
Amé g peds émeton OTL

t(pair(refl,,, , refl,,,)) = refl (17)

pair(wi, wz)*

Méver va deikovpe OtL N A(t) eivon avtiotpogn g A(b). Ilapatnpriote otTL, yio
wi, Wit A, wo : B(wy), o wh : B(wh), 1) divel tn oxéon

b(reflpair(wl,w)) = pair(refly, , refly,,). (18)
H oxéon b(t(z)) = z mpoudmrel, pe emoywyn oTo z, ad v
b(t(pair(q, r))) = pair(q, ),
1) OTTola TPOUVTTEL, PE EMAYWYT OTA g XL T, IO TNV
b(t(pair(refl,y,, refl,y,))) = pair(refl,,, , refl,,, ). (19)
H oyxéon t(b(p)) = p avéyetou, pe emaywyrn 6To p, 6TV
t(b(refly,)) = refl,,,

1) oTola aVAyeTaL, e ETAYWYT OTO W, GTNV

t(b(reﬂpair(wl,wz))) = reﬂpair(\/vl,wz)' (20)
Apgotepeg ol nau (20) cuvayovton amd Tig wau (17). O

Kot ot TETPIUPEVES TTEPLTTHOGELS EXOUV XOULK POPA TT) CTHAGI TOVG.
Ocopnpa 31. La onowdmote x,y: 1, (x = y) = 1.

Amddeitn. Bewpoipe Tn cTodepr) GLVAPTNOT)

f=Mp:x=9)01:(x=y) > 1

[Ipoxeyévouv v opioovpe pioe ovvéptnon otnv avtidetn xoatedYvvon PITOPOLUE,
eMUAAODHEVOL TNV apXT] ETOYWYNG TOV 1, va UITOFECOUHE OTL APPOTEPXL TOL X HOL Y
etva o 01, otnv omola mepintwon Yétovpe

g = Mz:1)refly, :1 — (01 = 01).

H pio oxéon mov éxovpe va Sei€ovpe eivarn f(g(z)) = z, n omola, avarttdcsovtog Tov
oplopd g f, ypopetor 01 = z, 0TOTE KO WTOSEWMVOETAL HE TETPLUPEVT) ETAYWYT] OTO
z. Twoe tnv AN, €dv p: x = y, éxouvpe va dei€ovpe otL g(f(p)) = p, dSnradny g(01) = p.
H apxn emaywyng tng LoOTNTOG HOG EMLTPETEL VX TEPLOPLOTOVHE GTNV TEPITTWOT)
7T0V TO P eiva To refly, 0TOTE, e pic TEPAUTEP® ETAYWYT] GTO X, PG HEVEL VL OelEOVE
ot refly = refly. O
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Adpoiocpata
Avopévoupe 6t éva ddpolopa Ag + Ay amotedeital amd Eéva petad toug onpLpn
avtituma Twv Ap xou Az. Emopéveg, da mpémel va éxovpe
(inl(al) = inl(bl)) = (a1 = bl),
(inz(az) = inz(b2)) = (a2 = b2),
(in1(a1) = inz(az)) 0.

1R

T va del€ovpe T Toportdve, da oploovpe pic owoyévelo oOYxpLoNG
(x,y: A1 + A) Code(x, y)
pe avadpopn ota x ol y:

Code(in1(x1),in1(y1)) = (x1 = 1),
Code(ini (x1),in2(x2)) := 0
Code(ina(x2),in1(x1)) := 0,
Code(inz(xz), inz(yz)) i= (x2 = yz)
Ocopnpa 32. La omowadrmote x,y : A1 + Az, (x = y) = Code(x, y).
Amddeitn. Etn pio xatevdvvon: Ipdta opilovpe, yia x : Ay + Az, éva
crefi(x) : Code(x, x)

€ ETAYywYT OTO X,

Creri(ing (7)) 1= reﬂxl,

crefi(in2(x2)) = refly,.
Metd opiloupe, yia x, y: Aj + Ag o p:x = y, éva
t(x,y, p) : Code(x, y)

JE ETaywyT oTO P,
t(x, x, refly) = crefi(X).

Télog, détouvpe
encodey,y := A(p:x = y) t(x,y,p): (x = y) — Code(x, y).
Ynv GAAn xatevduvvor): Opilovpe, Yo x, y : Ay + Az, 10
decodey, y : Code(x, y) — (x = y)

HE EMAYWYT) OTO X HOL Y,

decodej,

o

(c: Code(ing (x1), in1(y1))) apin, (),
( ), in2(2x2))) reco(c),
(c : Code(ing(xz), in1(x1))) reco(c),
(c: Code(inz(x2), in2(y2))) apiq, ().

x1)in1(y1) -

decode;q ( : Code(iny(x), ing

o

x1),in2(x2) *

deCOdeinz(xz),im(xl) :

1}
P

o

deCOdeinZ(xz),iHZ(.VZ) :
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Méver va ei€ovpe 011 yioe omowadrimote x, y : A1 + Ay oL cLVaPTHGELG encodey, ) HoLl
decodey, y eivan avticTpogeg peTaEd Tovg. A evog FéAovpe, Y p: X =,

decodey, y(encodey, ,(p)) = p.
H apyn emaywyng g lodtntog avéyel 7o {NTodpevo oTnv e0pect evOg HOVOTATLOD
decodey x(encodey x(refly)) = refly.
Me emaywyn o010 x, T0o {ntodpevo omdel oe SVO TEPITTOOELS,

deCOdeim(X1),inl(X1)(enC°dein1(X1),inl(xl)(reﬂinl(xl))) = reflin, (x;)»

decodein, (xy),iny (x,) (€NCOd8in, (xy),iny () ("€fliny (x,))) = 1€fliny (),

TTOL TPOUVTTTOVY ApPOTEPEG ATTd TOLG OPLoROVG TwV encode ot decode. Ag’ eTépov
Jéhovpe, ya ¢ : Code(x, y),

encodey, y(decodey, ,(c)) = c.

Awaxpivovpe mepintooeig: ‘Otav o x xan y épyovral amd Tov idio mpocdetéo, éxovpe
vo dei€ovpe Tig

enCOdeinl(xl)sinl(}/l)(deCOdeinl(xl);inl()’l)(c)) =6

enCOdeing(xz),inz(yz)(deCOdeinZ(xZ)’ir‘Z(yZ)(c)) =c

Me emaywyr) oto ¢, opxel vo eAéyEovpe OTL

encodein, (x,),in; (y;)(d€COd€in, (x;)in; (y1) (reflx;)) = refly;,

no
encodein, (x,).inx(y,) (48COd€in, (x,) iny(y,) (reflx;)) = refly,,
7ov eival Gueon amdppola Twv oplopdv. Otav ta x xou y épyovral ord dwa-
popetinovg mpoodetéovg, tote Code(x, y) = 0, omdte amodewvibovtal ta mThvTa,
OUPTEPLACPPBAVOPEVOL TOD ATTOSELLTEOD. O
H ox6lovdn tetpyupévn mepintwon dev éxel xopud Wxitepn onpacic, xow tnv
QVOLPEPOULE YLt AOYOUG TTANPOTNTAG.

Oesopnpa 33. o omowadijmore x,y: 0, (x = y) 2 0. O
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