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Euyoptotieg

Ou fbeha va evyaplothion ohdduya tov emPBrénovta xabnynty vou, xab.
vy N. Mooy of3dxr, yio Tig atéAelnTES HPEG TOU EYEL APLEPGOEL GTN BOU-
Aeld auTh], TNV aveEdVTANTY UTOUOVY TOU ATEVAVTL TNV, TOAMES POPES, GTE-
Voxe@aAld xol To melouo uou xafoe xaL ) cuveyr| evhdppuvorn xol extuovA
Tou. Noullw 6t extédg TG avextiuntng emoTnUovixic Tou ddaoxaliag, o
Tapddelyud «tpomou {whc» Tou Uou UETEQERE elval TO oNUAVTIXOTERO XEpd0g
and auth T Stadixaoia.

O npénel va exppdow TNV evYVwUooUvr wou oto Awaraveriotnuiaxd Ipé-
yeauua Metantuyloxdyv Enouddv ot otn Aoyu, Oewplo AlyoplBuwy xat
Yroloyiopoty (uIIAY) yio v euxapla 6mouddy mou pou édwoe. Euyoplotd
Oepud 6ho to emoTNUOVLXS AhAd X0l dLowxnTiXd TPocWTLXS TTou doUAede aAAS
xaL SouvAelel yia T Aettovpyla Tou.

Yrhplav apxetol dvlpwnol mou ot Sdpxela TwY 6ToudHY Uou ue Bonon-
oAV XoL Toug EVYAELoTA 6houg. Euyapiotd tny xal. Joan Rand Moschovakis
v ) Leoth @uholevio Tng oe dudpopeg euxatpleg alld xou TLg XATd X
poUc¢ evlappuvTixég xaL eVGTOYES TOPATNPNOELS TNS GE SLAPOPES GTLYUES AUTHC
e dwadpouric. Ou meénel enlong va Eeywpelon xaL va euyaptoTiow Tov xaf.
vy Etegdvou vy v mpobuulo Tou va anavtdel oe OheC TS EPWTHOELS
uou xabde xar toug xaf. Fritz Hamm xaw David Kaplan yw 1o ypdvo mou
uov agiépwoay. Euyapiotd entong to Tu. Malnuatixdy tou U.C.L.A. vy
™ @uhoevia Tou tov Ampihto-Mdio 2005. Téhog, euyapiotd yia v ddoyn
ovvepyaota ta Uéhn e Teweholc Emtponc: xab. K. Anuntpaxdérovio xon
xaf. I'. Kokétoo xalde xar to unéhona uéhn e Entauerolc E€etaotint|c
Emtponfc: xaf. EX. Kupoton, xab. Avt. Medd, xaf. I'. Lteqdvou, xafh. Af.
TCouBdpa xar xah. Xt. Wiiho.

H Suatpi3n ouyypnuatodotifnxe ota mialowa tou EIIEAEK ané to Eu-
ponaixé Kowvovxd Tauelo xoav Efvixoic Ilépouc.

H évapin evég Sldaxtopxol dinhduatog anotehel évapln ulog nepirétetag
otnv omola o unodfigLog auurapaclpel Ywelc T S Toug Sdbecn Toug xo-
vTvoug tou avlporoug, Toug @lloug xal Ta UéAN Tng owoyévelds tou. H
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TepLRETEL AUTY YL ToV (BLo €xel Tig AUREG xan TIg Yapég TNG ARG Yo auToUg
€yeL udAhov uovo aywvia xat avdyxn v entdelén anépaving urouovic. Kd-
Tolog Uou elye el xdmote 6TL U€ypL va TehEudoeL xavelg To ddaxTopixd Tou,
€yeL doew glhoug xal owxoyévela Béhw va moTelw 6Tl autd e GUVEPRN o€
UEva.

Oo mpéneL VoL eLYAPLOTAGW AOLTHY TOUC YOVELC Lo YLaTl, EXTOHC TV GAA®Y,
noTé Uéypl thpa dev aupLofritnoay Tig emAoyES Uou aAAd, avtibeta xol oTig
duég toug amdelg modhég Qopés, ouumapacTtdlnxay oe autéc Ue GA1n Toug
Y xoedld. e 6An 1 Swadpour|, ftav ndvTa xovtd uou entong 1 adehpy| uov
7 omola dXOUYE UTOUOVETXE O ATENELWTES WPES TNAEYOVLXGY GLULNTHCEWY
ané to uouvté Cambridge ta mapdmova xal T aywvieg wov. Trng edyouon
oh6uya clvtoua vo @TdoeL xoL auTh 6To TEh0og TNG SIS TNG TEPLTETELIC.

Ae ymop® mapd va avayvwplow eniong v utouovy xou T oTheln ot
TOAAG enireda Tou cuvtpdpou pou N., cuvodowndpo oe auth T dadpout|, Tig
omoleg evyouat va Exe 0 peyarouyla va avianodden 6to uéAlov.

Télog, va euyapLotiow €va matd «piho» o onolog ue 1o xabapd Tou PAEuua
ATy TVt €TOLUOC Vo Ue axoUel «UE Tpoaoy iy va eENyd xouudtia auTtic TNe
dratpLPBric.
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Ewcayoy™

'Onwg x40 dhho clotnua cLUBOLLY, YENOUIOTOLOUUE TS EXPRACELS TN (QU-
owfic YAdooog (ta olufola) vy va «UAAGOVUE Y, va avapepbolue o€
avtxelyeva tou x6ouou yYipw uac. Emxowvwvoiue puéow uiag YAGooog av
Eépouue Tov TPéMO mou exteheltan auth N aviietolylon. O Gottlob Frege
(Evétnta 1.1) vnoothpie 6TL oL exppdoeis e Quohic YAGooas extds and
Y avagopd Toug, €youy enlong xou vonua to onolo xabopllel Tny avagopd
ahhd dev e€avTAeltal o€ aUTHY.

H tunoeq onuaoctodoyia, 6nws oprobethfnxe and tov Richard Montague
(Evétnra 1.3), envyetpel va yelethoel ) onuaoctohoyia tne puoxic YAHooog
ue Tov 8o axpBdc tedéno mou xavelg Uehetd ) onuactoloyio xdfe Tumxhc
yAGooag oty Mabnuatier Aoy, Ta anoteréouata elval poviehobewpenti-
xéc Dewplec voriuatog Tov ouvinxdy akibetas 6mou yia xdbe 6po e YAdooag
1660 T0 VONUA 660 %ol N avapoed optlovTal TUTLXd.

To rAaiow avagopdc elvar avandonacto U€pog NG XeHoNS TNS YAGGGAC.
Y10V mpogopixd 1 Tov Ypantd Aoyo, cuvilinwg epunvelouUe xaL ETOUEVLS, Xo-
TohaBalvouue TN YAGOOO we Tpog €va TAaloLo To 0molo Uog ENLTREREL VAL ATO-
ddoouue xaboplouéves avagopés ae Yhwoouwég expedocic. [ mapddeiyua,
T0 Setxtixs ey’ avagépetal xdbe popd oto drouo To onolo expépel TNV TEd-
Taor oty onola eugaviletar. Xtig tumixés Oewpleg voruatog, N avagopd evog
6pou opiletal oe éva ouyxexpluévo Thalolo evd to vonud tou xabopllel Ty
avtioTtouyn avagopd oe xdbe mhaioio.

"Eva dhho yopaxtnetotind autdy oy fewptdy elvar 6t tneolv v Apyi
¢ Xovbeone (Compositionality Principle): «To vénua evéc ouvélou elva
OUVARTNOT) TWV YONUATOY TWV UEEKY TOU Xal TOU TEOROU TOU CUVTAXTLXOU
ouvduaouol toug» (6nwe avagépetal otny Ewoaywyy tou [24]). Me autdy tov
TeoTOo, e&nyolue TdC autég Tou Wkel wia YAdooo umopel vo xataldfBer ula
xavolpyla TeOTAoT) Tou SeV €Yel ax0VOEL TOTE TELY 1) TS AUEAVETAL 1) YVHOOT
TOU Yo TN YAGGO.

H Souvkewd mou mapovsidletal ed6 avantiooetal ot Oewpla Ilpoodwopt-
ouot Avagopdc (Theory of Referential Intensions) (Evétnta 1.5). Elvar pia



2 EIXATQTH

o fewpla voruatog 1 omola evidooetar ot Ppeyxeavy napddoorn aAld
v B oy, etodyet ula eviehdg xowvolpyia Sldotaon oty TUTLXY ONUo-
owohoyia. H Baouer Wéa elvan 6t ([22])

...TO Yonuo evés dpou A umopel va aneixoviotel motd oané TOV
mpoodioptoud avapopdc tou, int(A), éva (apnonuévo, 1deatd, éxu
anopaityta vAonoufoluo) adydeiduo o onoloc uroroyilet tnv uro-
Sridwon [avagopd] Tov A.

To vonua ulag mpdtaong oe avth 1 Bewpla xabopilel ta uépn mov yenowuo-
TOLOUUE Yo VoL UTOAOYLGOVUE TNV LTOSHAWGT TNG, XwdoToLel Tov TpéTo Tou
extelelton autdg 0 unohoyloude xan, U€ow authg Tng Sladuxactog, Tpoodlopl-
Cev TV unodhhwot Tne. Auty 1 Souwxt| évvola vorjuatog Tapdyel Eva Aoyioud
avagopixnc ouvwvvuiac o onolog xdvel Aentég daxploelg uetall aviiotol-
XYWV YAOGOWOY eEXPEICEDY TOU EEMERVOUY TG avaQopés Toug 1 axdua xo
TI AVAPORES TOUG O €va oLYXEXPLUEVO TAaloto. Y11 Ocwpla Ilpoadioplouol
Avagopdc, anodidouue dvo eldn vofuatog oe ulo mpdtaon A: 1o opalpixd tn¢
vénua, dSnhadh tov akybelfuo nov vroloyilel tnv unodhhwon tne A (AlAfewa
1 Pevdog) ot xdfe mbavd nhaiolo avagopds xal To tomxd tnc vénua ot éva
mhaiolo To onolo elval o alybpiuog mou urtohoyilel Ty unodhhweon tne A oe
EVa GLUYXEXPLUEVO TAALGLO.

To npdéfinua tou avtwetonilovue oe auth T StatePr elvan 1 diepedivnon
utag €vvolag doulxol vouatog o thalolo uiag npdtacTg To onolo Vo uToho-
yilew v unodHlwon o €va ouyxexpLUévo Thalolo avagopds aneubelag and ta
avtiotolya vofjuata oe TAalolo TwV UepdV TNg TedTaoNg Tou YeeldlovTal yio
autoy Tov unoloyioud. O 6tdyog elval va oploovue ula onuactoloyr Tywn
v x&fe mpdtacy o éva TAaloLo avaPopds, TO AVILXELLEVLXS TNG TEPLEY G-
uevo (factual content) 1o onolo exppdlel Tumixd to TL Mg pia mpdtaoy
YL TOV X66U0 ot €va ouYXEXELREVO TAaiolo. 'Etol, oc éva mhalolo ava-
popdc 6mou oL Aé€eig Tdvvng’ xal ‘autdc’ avagépovtal ato (8lo Tpdowno, oL
mpotdoelc ‘O Idvvne tpéyel xau ‘Autdg teéyel’ Ha mpénel va €youv To (Slo
AVTIXELUEVLXO TEPLEYOUEVO TUPOAO TOU deV ElVOL TOTLXA GUVGVLUES antd TNV
AN uepld, av 1 éxgpact ‘o adehpdc tng Maplac’ avagépetar enlong oto (do
TPOOWTO, TO AVTLXELEVIXO TepleyOUevo TN Tedtaons ‘O adehpdc tne Maplag
Teéyel Slagépel dLoTL exppdlel Tpdoheta dedouéva yia Tov x6oUO.

Baow Wéa tng mpooéyyiong nou viofethfinxe €3 elvon o tumixde opl-
ou6g xau 1 uerétn plag évvolag Tomxdtntag (locality) n onola e&nyel Tov
Te6To 1oL GuVdLElovTal Ta vouaTa 6 TAAloLo TV Uep®dy ulag tpdtacne. H
epunvela xdfe otabepdc e YAdooug xabopllel xatd n6co 1 TWWY TNe o €val
ouYxexpLUévo mhalolo eZopTdtal Uévo and Tig TWES TOV 0pLoUdTOY TNG 6
autd 1o Thalolo ¥ and Tig TWWES Toug xaL ot Ghha mhatola. T mopdderyua,
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UTOPOVUE Vo GLYXEIVOLUE TO pud ‘TEEYw’ oL TOV TpoTaclaxd TEAEOTH ‘ava-
yxata’. O otdyog elvar oty ouvéyela va tpoodioploovue ula uéytota Tomxij
epunvela xdbe mpdtaong mou oéfetar TN CUUTERLYPORY TOTIXOTNTAS TWV GTA-
fepddv mou eugavilovtal ae authy, ahlkd Vv Bl 6TLYUY, 0 UTOAOYLEUS NG
unodNAwaeng onoloudnrote and Toug UTodEoUS TN ot éva TAalolo tepLopileTon
0TS TWES TWV 0pLOUATWY NS 68 auUTé To TAalolo doo meptoodTepo yiveTal.
'Etot, ev téhet, and ) pabnuatier thevpd, auth 1 douleld anotekel o UehéTn
e TomxénTag 6Ty Ocwpla Iposdiopiouol Avagogds.

H Swtp3r) opyavdvetar oe mévie xepdhawa wg e€hc. Xto Kegdhato 1,
rapovoidlovue ue hemtouépeta Uepwés Tumxés Oewpleg voruatog mou axo-
houvbody Ttic tpwtonoplaxég Wéeg tou G. Frege eotidlovtag Ty npocoyn wag
ot Uehétn tou vofuatog oe mhaiolo. Ewodyovue enlong tnyv tumixi| YAdooo
L., ™ YAdoou g Oewplac Tlpoodiopiouot Avagopds, 1 otola optofetel te-
YVd T0 YGeo otov onolo avartiooetol auth N doukewd. Yto Kegpdhalo 2,
eLodyovtal oL Baowéc WEeC TNS TOMXOTNTAC YL TO avTLXelueva Tne dourc
epunvetag e L) evé oto Kepdhato 3, autée ot éeq avanticoovia ot ula
UEAETN TNG CUUTEPLPORAS TOTXOTNTAC TV GpwV. e auTd To xe@dAialo, del-
yvouue entong 6Tl undpyel ula uéylota Tomxy epunvela yi xdbe bpo. Xto
Keodhato 4, opilovye tumind oty L) yio x40e bpo A éva véo bpo o omotoc
avixatontellel T ouuneplpopd TomxdtnTag tou A. Téhog, oto Kepdhaio 5,
v xdfe bpo A, yenoiwwonorolue autd 10 véo 6po LTS TNV UEYLOTA TOTUXT
gpunvela Tou v vo oploouue o avTixelevixd mepleyduevo tou A oe xdbe
mhatolo avagopds.

Enouévug, 1o Baowd avixeluevo tng dovlelds uag dev ewodyeton Tumxd
Tapd uévo 670 teheutalo xe@dhalo g drateBric. XNy mpayuatixdTnTa, av
XAl TO OVTIXELUEVIXO TEepLeyouevo elvar dtaaOntixd ula xaboph évvola yua
anhd nopadelyuoto 6T Quo YAOGoA, 0 axplBhic oplouds Tou anodelytnxe
apxeTd mepimhoxog, eWdixd, dedouévou 6Tl pekethinxe €3d ota mhalow plug
YEVLXAS £VVOLOS TOTLXOTNTAC.
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Kegpdiaro 1

Tumxég Oewpleg Norjpoatog

Yy napddoon tng Tumxrc onuactoloyiug, To VONUA OTN QUOLXT YAGOCOO
amewoviletar TUmd and dudpopeg Uabnuatixés évvoleg o U mpoondfela
va 0pLoTolv auatned ou Ppeyxecavol dpol opuacia xau vrodiiwoy. e autd
T0 xEQAAOLO, ToPOLGLALOVUE TLC EVVOLES TOU GRPULELXOY XUl TOTLX0U VOHUATOS
6noe optlovtar 6tn dovkeld tou R. Montague (Evétnra 1.3) xou o€ autrv tou
D. Kaplan (Evétnta 1.4) xafdc xou ot Oewplo Ilpoodiopiouot Avagopdc
(Evétnra 1.5). To tehevtaio autd uépoc amotehel xou to teyvixd epyaheio
e dtatpPric xL enouévewe, TopoustdleTal UE TEPLOGOTERES AENTOUERELES.

Yty Evétnta 1.2, urdpyer pla ovvtoun emoxdémnon tou A-Aoylouol ue
Tomoug o omolog elvar To Paocxd epyakelo TV Bewpldy Tou napoustdlovtal
eddd evd oy Evétnra 1.6, oyohdlovue ta Paowxd anoteréouata tou [13]
6mou optlovtar, extdg NG €VvoLag ToL GQaLeeol YOHUATOS, 300 €VVOLES VOT)-
HOTOC 0 TAALGLO — TOMXG VONUA XAl AVTLXELUEVIXS TIEQLEYOUEVO — o€ Ulal
«ahyoplbuwy enéxtaon g hoyixhic Tou Montague. e 6ho 10 xe@dlalo,
e0TLdlOVUE TNV TEOGOYN LS 6TOUS SLaQOoEETLX0US TpéTouS Tou optleTat xou
yenowonoteltal To vénua oe thalolo.

To xepdhato Zexwvd ue ula ovvtoun avagopd otig Wéeg tou G. Frege —
exel an’ émou &exivnoav oha.

1.1 Gottlob Frege: Ou Anapyég

Y10 [6], o G. Frege avtwetonilel ) guowt YAdooa wg éva avotnua cuuBo-
Moudy xau emdidxel va Ty xatavoroel 6nog Oa éxave ue xdbe diho Tumixd
oVoTnua U€ow NS Aoywric avdhuone. Autéd to eldog tne agalpeone we mpog
™ Quow YAGGGa Sev elval tpogavég ahhd dev amotelel ExTANEy yio xdmoLov
Tou onolovu To Baoixd evdlagépoy elvar 1 Aoy Beuelinon Ty padnuatixdy.

5



6 KE®PAAAIO 1. TYHIKEY OESPIEX NOHMATOX

[Mpdta an”éha, ta «caOuBohar TNG PUOLXNE YAOGGAS Y PN OLULOTOLOUVTAL AT
Toug oUTéS YL var avagepboly (refer) otov xbéouo oe 6A1 TOU TNV TONU-
mhoxotnta. O Frege woyvplletar wotédoo 6TL, extoC and TNy avagopd xdbe
ouuférou (v urodflwor tou, Bedeutung') (denotation), urdpye entone
xaw 1 onuaocia tou (Sinn, sense), «tou nepthoufdyvel Tov TEdTO TNS TAPOVCLA-
ono» ([6]: oek. 57)2. Enouévec, yia vo Savelotolue éva xhaowxd mopdderyua,
oL 8Vo gpdoec ‘o Amoomepitng’ xou ‘o Auyepvég’ €youv tnyv Bl avapopd:
avagépovtat xat oL 3o atov Thavitn Ageoditn. Qotdoo, oL dlo gpdoeig dev
€youv NV Bl onuacta, yeyovég mou e€nyel yuatl n npétaon ‘o Anoonepltng
tautiletol ue Tov Auyepvd’ Aéel xdTL un TETPLUUEVO YLol TOV XOGUO.

O yvdotne ulag YAGooog E€peL TIC ONUAGLES TWV «OVOUATWW» 1) GUUSBOAWY
xaL Ue TN UuecoldfBnon toug elvon oe Béom va mpoodloploet Tig uTOdNAHoELS
Toug (av umdpyouv). Av xou oL onuacteg dev elvan Tumxd oplouévec?, o Frege
divel éugaon oTov aviixeevixd toug poho oe aviifieon ue Tov LTOXEWEVLXS
TV adedyr. Buvodilovtag oe ula gpdon: «Eva xlplo dvoua (...) exqppdlel
onuacia Tou, dnAdvet 1 unodnidver Tyy avagopd tou» ([6]: oeh. 61).

To enduevo Briua tou Frege otn uehétn tng onuaciohoylag tne Quolxic
Yhdoooc elva ou Splwtixéc npotdoetc (declarative sentences) (npotdoels, yLo
ouvvtoula). Ipdta an’ 6ha, o Frege Oewpel 6t anotelodvron and uépn ue
Tov (3L0 TpoTo Snwe oL uabnuatixéc npotdoels unopoly va avaiuboly oe ula
ouvlpTtnomn xat To oplopatd te. Me ta duxd tou Aoy ([3]: oeh. 31)

Ot npotdoelc Yevixd, 6nwe oL LeOTNTES 1 oL ava6TnTeS aTny Avd-
Avar, unopel va pavtaotel xavels 6Tl Slaondvtal oe dUo uéen: to
éva mATipec ané Ubvo tou, xal To dAAo €yovtag avdyxn CUUTAN-
pouatog, 1 ‘un xopeouévo’. 'Etol, yia napddetyua, n mpétaon

‘O Kaloapag xatéxtnoe tn Ioadatio’
Swxondtor oe ‘o Kaloapag’ xau ‘xatéxtnoe ) I'adatia’. To deu-

Tepo U€pog elval ‘un xopeouévo’ — meplthoufdvel ula xevii Géon:
uovo otav auty n Géan ouuninewbel and éva xlplo évoua, 1 ula

Y10 [6], 0 6pog Bedeutung» petapedletor wg «vénua» («meaning») ahhd fa ypnoyio-
noujooupe €86 Tov 6po «WRodHAwoN avtl auToV, APHVOVTIS TOV 6p0 «véNU» YLa TLO YEVLXN
xeron-

Ye 6ha to anoondouata tou Topatifevion oe autd to xe@dhato, o apliuds g oehidog
Topanéunel oto avilotolyo ayyAxdé xelyevo. H anédoor tou [6] mou ypnoiuonoeitat 80
Baolletar ald dev axohoulel motd Ty eAAnvixr uetdppaot Tou wg «(NEnuo o Avopopdy,
oto Ileplodixd «Aeuxariowwr, Telyog 17, 1977.

*Eivaw towg 36Tt «8,Tu elvan Aoyixd anhé Sev unopel va €xel éva xavovxé opioud» ([5],
oel. 193).
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Exqppaon mov avixablotd éva xlplo évoua, eugaviletal ula olo-
xAnpwuévn onuaocta. Ed6 erions divw to évoua ‘ouvdptnon’ oe
AUTO TTOU AVTITPOOWTEVEL AUTO TO UT) XOPEOUEVO’ UEpog. Xe auTh]
™)V mepintwon To dpioua eivar o Kaloapas.

Aeltepov, pla mpéTacn K¢ 6UVOLo, OTWS éva «dvouar, €xel onuacia xou
avagopd. H onuaocta e elvar ula wxédmnp: «(...) dyt to unoxeyewixd
evépynua tou oxéntecton, addd TO aVTIXEUEVXS TEQLEYOUEVO TOU, TOU UTO-
el va elvar xowvé xthua noAldv avBedrwws ([6]: oek. 62). H unodhhwon tne
elvan plo T akhBerag (AlRbea  Weldoc) 1 omola pall ye ) onuacia e
aATOQEPEL YVAOT).

Ta cuoTtatind Yéen ULag TEOTAGTG GUVELGPEPOUY UE TIG UTOINADOELS TOUG
oty unodhhwon e nedtacnc. O Frege dnhdvelr pntd 6TL dtav éva uépog
ulag mpdtaong aviataotalel and ula gedorn ue v Sa utodRhweon, T6TE 7
UTOdNAWGY TS TEOTACT S TapaUéveL (dla Tapdro Tou N onuacia TN URopel va
aANGEEL.

Yndpyer ula évtovn avunapdbeon ([11], [23]) xatd nécov o Frege motelel
oe ula avdhoyn didtnra aviuxatdotaone (substitution property) yw Tig orn-
paoteg xar xatd mHcOV auth N WLOTNTA, N onold SLITUTOVETUL GUPDS YLa
Tic umodnhdoeig, ouvendyetor v Apyr tne Xovbeong v Tig urtodnidoeig
f Ti¢ onuaciec, eldxd oe oyéon ue My Apyr tou Matciov* (Context Prin-
ciple)([4]), n onola, wotéc0, Sratundinxe apxetd vwpitepa. Eivow dixaio va
TOVUE OTL M) WLOTNTA AVTLXATACTACNS YL TIS ONUAGIES SEV SLATUTDVETAL G-
(e oo [6] alhd undpyouy anoondouata éTou uTovoeital Ue xdroto TEéTo”
yio topddetypa, ([6]: oeh. 62-63)

Ay empoxeito ubvo yia ) onuacia g npétacns, tn oxéd, dev Ha
ftav avdyxn va acyoinfolue ue v unodilwon evés uépoug tng
TEOTAONS UGYO 1) onuacia, xal Gyt 1 UToOHAWCY) TOU TURUATOG,
ExeL oyéon UE TO VONUA 0AGXANENS TNS TEOTAGTS.

'Eva mpdyua mou a&ilel va avagépouyue elvat 6TL 1 avTixatdotacy evog uépoug
utag mpdtaong and ula dhAn Expeaon ue v (dia onuacia tpoinobétel btL €yel
oplotel xau ypnowonoteital xdrowou eldoug oyéong wwoduvaulag uetald Twv
onuaotdy. Autéd dev elvar Suvatdy va yivelr oto Frege w6t oL onuaocieg dev
elvol TUTXd oploUéveg, av xat SnAodvel 6TL 1) (8o onuacio uropel va exgppaotel
ue ddpopouc TpbéTouS o enoUéves, auth 1 bavétnta undpyet ([5]: oel. 46).

Y oupwva e ™y Apyn tou IMMowstou, N onola yapaxtneiletor wg TéTow ard Toug Yehe-
mtég Tou Frege xau 6yt tov (Lo tov Frege, n avagopd (unodhhwon, Bedeutung) twv AéEewv
Bo mpéner va xofoplletan oto mhalolo ulag mpdtaomng xow byl UeUovLUEVa.
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[Towog elvan 0 pdhog Tou mhaislou avagopds otn Peeyxeav onuaclohoyia;
Aev elval ebxoho vo tolue xat TEENEL xavelg Vo elval TpoceEXTLXOC 6TO VoL U7
npoonafel va Bpel anavirioec oto Frege oe cpwthioeic mov tébnxay apxetég
dexaetieg uetd ) Sovkeld tou. Ilop’ dha autd, o Frege mpolnobétel capie
6t pla mpdTaon e€etdleTal TAVTIA ¢ TPOS €va TAALGLO avapopds — cuVHBnG
T TE€yovTa onuela ypdévou, tomou xAt. H vrodhhwon ulag mpdtaong elvar
AlAfewa ¥ Weddog axpBdg eneldy) To mhalolo avagopds utovoeltal Tdvta 61
xefion e puowic Yhdooac. 'Eva ywplo oto [7] ([25]: oek. 40), av xou éyel
Yeogtel ToAD apybdtepa and to [6], elval dapwTtioTind:

Enouévoc o ypdvoc tne exqpopds elval uépos tns éxpeacns tng
oxéme. Av xdmoiog Gédel va mel orjuepa 6,11 e&éppaae yles yon-
oworoldvtas ™) AéEn ‘ofucpa’, Ba aviixataotiioel quty ™) A€En ue
™) ‘Ylec’. Av xar n axédm elvan n (i, n Aextixr} e éxppaon mpé-
et va elvan Stagopetixy) yia va axvpwbel n aldayr) tne onuaciog
n ormola Oo mporyuatoroloUvTay and Tous SLapopeTixols Ypdvous

NG EXPORUS.

Enouévwe, alugwva ue 1o Frege, n expopd tou ‘Lruepa Beéyel’ ula ouyxe-
xpévn uépa exppdler tn da oxédn (tnv dua onuacio) e Ty expopd Tou
‘X0ec €Ppege’ v enduevn uépa. ‘Eyouv, guowxd, v Sia unodhiworn alrd,
emmpoofétwe, exgpdlouvy tny Bia oxédr. O Frege otpégel v mpocoyy| tou
edd oe ula oyéon ovvwvuulag uetall dvo onuactodoyixdy Tiudy 1 onolo
elvan dranaOntind eAxvotiny xoL xovtd 6Tny euneplo Uag.

‘Eva dhho mopddetyua mou avagépetar oto [7] elvar autd uplac expopdc
Tou Tepthaufdvel To dewtind ‘eyd’. 'ivetal n obyxplor tne ue ulo aviiotolym
ex(opd 6mou avtl Tou ‘ey®d’, avagépeTtal To dvoud Tou owAnTY, dnhady ‘Dr
Gustav Lauben’. Ye auth tnv nepintworn, n oyéon ocuvwvuulag dev elval
xafohov cagrc yatl T600 1 onuacia Tou ‘ey®’ 660 xat 1 onuacio Tou xuplou
ovouatog dev tpoadiopilovtal TeTpluuéva xat TEpLhauBdvouy xat Ty avtikndn
TOU OULANTY YL AUTd.

Yuvolilovtag, ot Peeyxeavh onuasioroyia,  utodhhwon xoL 1 onuacio
utag mpdTaong egetdlovtal tdvta wg meog £va mhalolo avagopds. To evdia-
@épov tou Frege elvar xuplwg oto vénua oe mhaioo agol n AlAfewa % o
Peldoc prag npdtaomne Unopolv va xahoplatody ubvo av e€eTd60oLUE TNV Tps-
TUOT) OE £V0 GUYXEXPLUEVO TAALGLO %Ol YL VoL eExppdoouue Ty (Bl onuacio oe
dvo dapopetind mhalola Uunopel va ypelaoTtel va expépouue 8o dlapopeTinég
TPOTAOELC.
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1.2 O A-Moyiopog pe Tonoug

H yéveon tou A-hoyiouoU (A-calculus) ot dexaetio tou '30 and tov Alonzo
Church anotéieoe pépog tng avalhtnong ywr T Heueliwon twv yabnuoti-
x0v. O A-hoylouds ypnowonoieitar wg €vo YeEVXS mhaiolo UeAETNG ToV
oLVAETHoE®Y 6Tou Ul cuvdptnon dev meplopiletar oe éva oUvolo (euydv
oplouatoc—Twng aAAd avtibeta exgpdletaw and Tov TpéTo ToU TUPdYOVTAL
autd Ta Levyn. e authy Ty evotnTa, Yivetar ula ovvtourn napouciaoy tou
A-hoyiopol ot wopgt mou B yenowonownbel 16co 611 dovked Tou R. Mon-
tague 660 xou ot Oewpla ITpoadioptouol Avagopdc.

Ou tdror opilovtar avadpouxd and éva 6Uvolo Bacixdy THTOY XoL TOU
Tonou ouvdptnone oe avtolc. EJGH ol Baowxol tinol elvat: ovtétntec (e),
Twéc ahffeac (t) xot, mhavéy, xataotdoelc (s), xat, Yevxd,

T:=elt|s]|(mn1 — 1) (1.1)

YroOétovue 6ty xdfe tino, éyovue éva dnepo aplbud uetafAnTdy ue
tonoug. Av 1 elvan plo uetafBAnTy timou T, yenoiuonotodue To GUUBOALGUS

zT. Ou dpot opilovtar avadpouixd ypnotuonowdvtas Ty epapuoyy (applica-

tion) xav TNV A-apaipeon (A-abstraction)
A:=x| A(B) | Mz)(B). (1.2)
Ye xdbe 6po mpoodidouue €va TUno, Tou cuufoiilovue wg
A:7 < o tinoc tov A elvan 7
oVupwva Ue Toug axdhouvfoug meploplouoic:
o Avnx éyel tino 7 (27), T61E, WS Gpoc T : T.
o Av A: (1 » m) xu B : 1y, té6te A(B) : To.
o Av B: 1 xau x: 11, té1tE A(2)(B) : (11 — T2).

Ou eAetbepec (free) eugavioeic ulog yetaintic « oe éva bpo A optlovta

ané®:

o Ay A =z, t61e 1) eugdvion tng T elvan ehelbepn otov A.

e Av A = B(C), t6te ot eheVbepeg eugavicels e © otov A elvol avtée
e « otov B xou C.

"Tewvxd, Ba ypnowonotficouue 10 cUUBoro «=» Yo v Snhdoouue 0 ayéon LebTnTag
UETAED GUYTAXTIXAY AVTIXEWLEVOY.
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o Av A= \z)(B), xaula eupdvion tne x dev elvan ehedlepn otov A addd
oL ehevbepeg eugavioeg xdbe y # = otov A elvar autég tng y otov B.

Yy nepintwon tou A-bpou, A = A(z)(B), xdbe eugdvion e « otov A
Oewpeltar deouevuévy (bound). "Evog épog elvan xAetotde (closed) av dev
€yeL ehevbepec eugavioelc UeTafBAnTdy.

Ta tumxd cuothuata mou Oo e€etdoovue €8 eunhovtilovtol and otalbe-
péc (constants) pe timoug (tic onolec ouuPohrilovue cuvifiog ue ¢ @ 7) xou
ETOUEVWLS, YEVIXA, oL Opol opllovTal avadpouxd »g

A=z |c| AB) | Ma)(B). (1.3)

IMo xdfe 6po A, unopolue vo oploovue enlong 10 dévtpo oynuatiouol tou
(formation tree) to omolo elvow plo xatdhAnhn anewbvion tou TpdToL TOL O
6poc oynuatileta.
Mia xavovur Sour evég cuotiuatog A-Aoyiouol ue Tinoug nepthaufdvet:
(1) Mn xevéd ovvoha (oturavra) avixewwévoy aowxdy tiney (T;) xou yu
Toug TUROUS GUVAETNONS, Ta AVTLGTOLY X GUVOAL GUVIRTACEWY WS eEHC:

T’r1—>7’2 = {f | f : TTl - TTQ}'

(i) Av undpyouv otalepée, Yo xdbe otabepd ¢ : T, éva aviioTolyo avi-
xelevo tou WBlov tumou c € T,

Yuvdptnon avdbeonc (tiudv) (assignment) elvon n tuyala cuvdpton g n
ornola avtiotolyetl oe xd0e uetafAnTth x : T éva aviixelyevo oto avilotolyo ov-
unay avixewévey tou tinou 7 (g(x) € T;). Opllovue enlong v evuéowon
(update) g{x := f} ulac avébeong g wc

L _ f7 avy =z,
glz = f}(y) = {g(y% e,

Télog, oplletar oe auth T dour| ula ouvdptnon vtodhhwong tétola Hote
oe xdbe 6po A : T xou o xdfe avdbeon TV g oTic ueTABANTéS avTioTOLYEL
éva avtixeluevo oto aviiotoryo Tr. Opilouue tn cuvdptnon

den(A) : Avabéoec — T,
ue tig e€rg avadpouxés npoTdoeLs:
e den(z)(g) = g(x).
e den(c)(g) = c.
o den(B(C))(g) = den(B)(g)(den(C)(9))-
o den(A(z)(B))(g) = (f — den(B)(g{z := f})),

6mou av x : T, 10t f € T,.
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1.3 Richard Montague: Tumxy Ynuacioroyia

H Sovieid tou R. Montague otn Sexaetia Tou '60 Oeuehiwoe v tumxs onua-
owloyla tnc puoixijc yAdooag (formal natural language semantics): xivntpd
Tou fray 1 Zexdfapa Swtunwuévn nenolbnot| tou e tny onola Eexivdet to [16]:

Apvoduaw va Sextd Tov toyvploud 6tL undpyel ula onuavtixr few-
entixy) Stapopd uetall TUTLXDY XAl PUOLXGY YAWOTOY.

O Montague avantiooel xau unepaoniletal Ty nenolfner tou oe ula oelpd
epyaoldy (mou elvar ouyxevipwuéves oto [19]) tou oxond €youv vo e@odid-
oouy TNV ayyAu YAGooa pe pla onuaciohoyia teplnov 6nwg 1 onuactoloyia
utoc omowasdrrote TUTXAC YAOOGAC TNS GLUUPBOALXTC hoyixrc.

H guowt| yYhdooo petagedleton oe ula tunin) YAdooa Evtaotasxi Aoy
(Intensional Logic — IL) ye pia hentouepy daduxaotio n onola aviietoyel Toug
OUYTAXTIXOUS TNS XAVOVES GE XUTAAANAOUS XOVOVES GYNUATIOUOU 6wV TNG
IL. Emouévwe, xdbe gpdor, xdbe npdtaocn amodidetar and évav 6po e IL
n omola elvan évag A-Aoyloudg ue tomoug o omolog €yel e€OmALOTEL UE TOUG
teheotés éviaone () xo Extaonc (7). Hepunvela twv bpwv e IL e€aptdton
and 1o mhalolo avagopds, xal €Tl xdfe dpoc A unodnAdVeL TV ExTaocr Tou
(extension) oe x&be doouévo mhaiclo® n évtaon (intension) tou A elvon 7
ouvdpTnon 1 onola avTioTtolyel oe xdbe mhalolo Ty éxtaomn tou A oe autd TO
mhaloto xow Snhdveton oty IL and tov bpo " (A).

ITpwv mapoucLdcovue Aentouepng Ula Tapahhayy) TOU TUTLXO) GUGTHUATOC
Tou Montague, Go xdvouvue uepxd YeEVxd oy dAla Yo T0 LoTOPLXS POVTO AUTHS
¢ Soukeldg xou T oyéon tng ue Tig Wéeg tou Frege. O Rudolf Carnap eivar
0 TPMTOSC TOL ANEWXOVLGE TUTIXE TNV LTodHAwon o T onuacio Tou Frege ue
TNV €XTAOT, XAl TNV €VTAOT), avTioTOoLyd, X0l TOU TUTOTOINGE TNV £VVoLa Tou
mhowolov we meptypagi-xatdotaonc (state-description) ([1]: oek. 9):

Mio xAdon mpotdoewv oto St, 1 omola mepthoufdver yia xdbe
atouwxtj npétaoy eite Ty B Ty mpdTaon elte TV devnoi g,
aAdd Gy xau Tig SUo, xau xaula dAAn mpdtaoy, ovoudletol ulo
neplypapr-xatdotaons oto Sy, 06Tl npopavds Sivel ula mAren
repLypapy ulag mbaviic xatdoTaons TOU CUUTAVTOS TWV ATOUWY
WS mPog OAeg TIC OLOTNTES xau TIS oyéoels mou exppealovial ané
T xatnyopruata touv cuotiuatos. Enouévwg, ol meplypagéc-
xatdoTacnS aviirpocwretouy Tous mbavolc xéauous tou Leibniz
1} i mbavéc xataotdoels rpayudtwy tov Wittgenstein.

H éxtaon plag éxgpaorng elvar tépa 1 utodAAwor TG oe Ula GUYXEXPLUEVY
TEPLYPaQT-XaTdoTAONS XA 1) EvTaoT elval 1) cuVaETNoTN amd GAEC TLC TEPLY PAUPES-
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XATACTACEWY 0TI eXTAoE — ot xdbe mbav tétola xatdotao, n éviaon
xafopilel v avtioTolyn vrtodhhwon.

H yAdooa IL tou Montague Baoiletal oe avtéc tic Wdéeg ahhd otnpiletat
enlong xau 6ty onuacohoylo g Teomuxhc Aoyuic tou Saul Kripke 6nou
1 onuacodoyia twy nibavdy xéouwy (possible world semantics) oplleton Tu-
Txd Ue ovyxexplévo tpéro. Ou xataotdoeic (states) W deixtec (indices),
6mwe yenowonotovvtat and tov Montague, ol and 6ho to dGhha GLUGTHUOTI
Tunhc onuactoloyiog (Ue moANEC ahhd byL onuavtixés mapahhayéc), elvar
TAELAdES ToPAUETEWY EVOELENG TTOU AVTLNPOGWTEVOLY TS TOMATAES «SLooTd-
o€l evog mhanatou avapopds. Xuvibng, autée ol Tapdueteot tepthaudvouy
ahhd dev meplopilovtar anapattnta oe: éva mbavé xéouo, ula cuyxexpLUévn
Yeovixn oTiyuy), ula ouyxexpluévy tonobeota, Tov outhnth xAn. Xe xdbe ne-
plntwon, elvon Baowr tpotindheon oe tétown cuothuata (6nws autd Tou Ha
nopouctdoovue o Ha yenowonoioovue e3@) 6t doouévne ulag xoatdoto-
ong, npoadiopilovtal Gheg oL daoTdceg Tou TAALGlou avapopds TNS EXPOEAS
ulag ovyxexpluévng Exppaong.

Téhog, anotekel onuavtixr ntuyr Tou cuothuatog Tou Montague 6tu oé-
Betar mAipwe v Apyn tng Lovleone. Yty IL, n évtaor evog advletou bpou
elval oLVAETNOY TOVY EVIACE®DY TOV UEp@Y TOU XL TOU GUVTAXTLXOU GLYBUA-
ouol Toug.

Ané v dAhn uepld, omwg woyvpldtay o Frege, undpyouv mepntdoelg
6mou v va xaboploovue v unodhhwon uag tpétaong yeeralduacte, Oyl
NV unodhAwor), aAld T onuacio uag deutepedoucag mpdTAcTG, Yid TApd-
devypa, otic mpotdoeic nou exppdlovy nemolbnon (belief sentences) énwe m
mpotaon ‘O Konépvixog nloteue 61t oL tpoyée Twv mhavntdy elval xUxhol’.
Me dhha Aoy, uépog tng éxtaong ulag tétolag mpdtaong elval 1 évtaoy
¢ deutepelovoag tpdtactc ne. Enouévoc, Yo va utopéoouue va uelvouue
motol oty Apy g Xovleong, n évtaon ulag €xgpacng dev elval apxetd
va elvar uépog tng wetayrdooac (metalanguage) adhd, avtibeta, xavelc Ha
Tpénel vo unopel va avageplel oe auth xou oty yAdooa-avrixeiuevo (object-
language)®. L1y mepintwon g IL, ov teheotée évraomng xou éxtaong elvat
OL UNYAVLoUOL TOU YENOUWLOTOLOUVTOL YLa Vo 0plooVUE TUTLXE TIS avTioTolyEg
ONUACLONOYLXES TUWES GE QUTAV.

1.3.1 LIL: TA®dooa tng Evtactaxric Aoyuxerg

H I'dooa tnc Eviaciaxic Aoywjc (Language of Intensional Logic, LIL)
elvan plo mapaddayy) g IL mou elvan mo xovtd oty olyypovn avtikndn yu

H 3uéxpron uetafd yYAbooac-avitxeuévou xat puetayhdooag ogeileton otov R. Carnap
oo [1].
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N onuactoloylo Tou Montague xat tnv Sia otyur, Beloxetar otov muprva
e L2, 1 omota etvon n tumued YAdooa tne Ocwptac Ilpoodioplouot Avagpopdc
(Evétnra 1.5).

Ou tumot ot LIL opilovtar avadpouixd wg

T:=e|t]|(s—>m)|(n—mn) (1.4)

6mou ot faoixol tinol elvan: ovtdneg (e), Twéeg ahfbelag (t) xaw xataotdoels
(s). Tupatnpolue 6t 0 tinoc s eugaviletar L6vo w¢ to Gvoua Tou nedlov
TWEY TV TUTeY cuvdpThoncS.

YroBétouvue 6T undpyouv dretpeg 1o TAfog uetafAntéc xdbe thnou (nov
ovufohrilovue we 7). Ou dpor ot LIL elvar o 6poL tov A-hoyiouot (Evé-
o 1.2) pall ye toug 6pouc mou oynuatilovial and Toug TENEOTES £VTUOTS
xau éxtaong, dniadh opllovtal wg

A=a|c|AB) | A@)(B)| “(4)] “(4) (15)

6mou 1 x elvon UeTafBANTH omoloudfimote TUTOL, 1 C elvar oTabepd ue TUTO Xo
xdmotot TepLoplool aToug TUnoug mpénel va yivovtal oeactol. Ye xdfe bpo
Tpoodidetal €vag TUnog Onwe 6To A-hoyloud ue tinoug:

o Av 27, t61e wg bpog w1 T xar av 1 ¢ €yel TOmO T, TOTE C 1 T.
o Av A: (11 > 1) xau B : 11, téte A(B) : T2.

e Ay B:7m xoux: 7, téte AN(x)(B) : (11 — T2).

e AvA:(s—> 1), t6te "(4):T.

o AvA:7,1t6te “(A):(s—> 7).

Ou eAedbflepec xav deoucvuévec eugavicels 1oy UETAPANTOV oe xdbe dpo
opllovtal wg ouvifouc.

Mia dour epunvetlog tne yAdooag LIL mepihauBdveu:

(1) Lounavta avixeyévoy xdfe timou: éva un xevé ovvoho Te yia Tig
ovt6tNnTES, T0 dehés alvvoro twv Twdv alflewac Ty = {0, 1} xar avadpouxd
v xébe timo (11 — 72),

Triom ={f | f:T7 — T}

"H yAéooa LIL ypnouwonoweitor entong oto [13] (Bréne Evétnra 1.6).

%10 [8], o Gallin urootnpileL 61t 0 s Sev elvaw Tinoc dedopévou 6Tt «...n IL mpoopilovray
s ula TUTLO] Aoywa) UE evTaoLaxd YopaxTNEloTxd OTwS QUTE TWY PUOLXDY YAWCOWMY, Xal
ot puowd) YAdooo dev avagepduaote pntd ota thalowa yerons: ». O Dana Scott oto [26]
unootnpellel ue to Sto nvedua 6t «...n andvinon elvar 6Tl anAds Sev UAdue ue Uty TOV
TEOTO.».




14 KE®PAAAIO 1. TYHIKEY OESPIEX NOHMATOX

Ov petaPintéc xatdotaong xvpatvovtar oe éva un xevd olvoho Ts xar to
oUvoho Ts_,; oplleton 6nwe nupandvw.
(ii) I xdfe otabepd ¢ : 7, ula avtiotoryn ouvdptnon ¢ : Ts — T;.
Tdea, oe ula dout epunvetag tne LIL, n ouvdpetnon deny . avtiotouyet oe
xdbe 6p0 A : T 0 AVTILXELUEVO

deny(A) : Avabéoec — (Ts — T,)

xat optletat and toug axdérovhoug avadpouxoic xavoves 6mou oL a xou b elval
xataotdoelc oto Ts:

o denui(w)(9)(a) = g(a).
denui(€)(9)(a) = c(a).
denvi (A(B))(9)(@) = (denui(4)(9)(@) ) (denvn (B)(9)(a)-

deny (M(z)(B))(g)(a) = (f — denui(B)(g{z == f})(a)),

6mov av x : 0, 16T 10 f elvar onolodfrote avtixeiyevo oto Ty,

denui(“(4))(9)(a) = (denuu(4)(9)(@)) (a).
e denui(“(4))(9)(@) = (b den i (A)(g)(8)) (= denui(4)(g)).

To cuvtaxtixd xou n onuactoroyia e Yhoooog IL énwe napovsidlovtat
o7o [2] (oek. 155-162) eivar o anbhuty avahoyia ue ) LIL 6nwe napouoidle-
tat €dd. Ou dpot mou opllovtal otov (1.5) elvan anhd ov exgpdoeic ue vénua
(meaningful expressions) e IL. Xt enuactoloyio e IL, to olunav tov
AVTIXELLEV®Y ToU TUTOU T elval To o¥voho twv Montague unodprdoewy (Mon-
tague denotations) D oL onoteg optloviol 6Tme Tapandve eve oL UTOSNAGOELS
Tou Tomou s — T Yy xdbe tino T elvar ou Montague onuacies tov tUmou T
(Montague senses of type 7). Ernlong, oe xdfe un hoywt; otabepd tinov 7
npoadideton pla Montague onuacio timouv 7. Avdhoya, ula cuvdetnon avd-
feong Twdv avabétel oe xdfe yetafinth timou T éva uéhog tng Montague
unodhhwong D.

Av 16Hpa Hewprioovue 6TL xdbe xatdotaon elvon éva Ledyog and éva mhavod
%660 xat éva ypovxb onueto, (W, T, téte elvan tpogavéc 6L yia xdfe bpo
A xat x80e a € Ts:

Montague 'Extaon tov A otpv a:  [[A]]M*9 = den i (4)(g)(a)
Montague ‘Evtacy tou A:  [[A]]*9 = den i (4)(g).

7

Téhog, napatnpolue 6Tt Yo xdbe 6po A xou ula xatdotaoy a,

Montague 'Extaoy ( “(A)) otnv xatdotaon a = Montague 'Evtaon(A).



1.3. RICHARD MONTAGUE: TYIIIKH YHMAXIOAOI'TA 15

Ovéyuata, Aewtixd Mary, I, she : e

Ovotaotind man, book : e — t

Extaciaxd auetdBoata puata run :e —t

Extacwaxd yetafotind puata love,read : e — (e > t)

‘Apbpa the : (e —>t) > e
[ocodeixteg every : (e—>t) > ((e—>t) > t)
(Baowde) teheothic avoryxatbtnTog O:(s—t)>t

IMivaxog 1.1: Ytabepéc otn LIL.

1.3.2 TIapadeiypoata and tn Puocwer I'\dooca otny LIL

Me tov 6po anddoon (rendering), teplypdpoupe Yevixd tn Swadixaoio T «ue-
Tappaong EXPRAcELY TNS QUOLXNS YAGOoAg o Ula Tumixr YAGooa émwg 1 LIL.

To npdto BAua elval tdvta 1 eLoaywyr evog cuvohou otabepdy Tou «avTL-
TPOGWTEVOLY» AEEeELS NS QPUOLXTC YAGGo0S — amapTilouy To «tumxd hellhd-
YL0» ¢ P0G To onolo anodidouue Tig YAwoowés exppdoets. Xtov Ilivaxa 1.1,
TapovoLdlovta uepxég Tétoleg otabepés 6nwe 1 run 1 omola anodidel To prua
‘Teéyw’ 1) n man 1 onola anodidel To ouclaoTXd ‘dvdpag’. ‘Onwg xdbe dAhog
6poc otny LIL, o otabepéc éyouv timoug. Mtic otaliepéc mou avixouv oTny
(Sl ouvtaxT xatnyopla Tpoadidetal o Blog tinog (6ha To aueTdBato pr-
pato éyouy tono (e — t)) ahhd o dtoc timoc umopel va yenouuonownBel yia
300 BrapopeTinéc ouVTAXTIXES XaTYyoples, Yio Tapddetypa, o tonog (e — t)
Yenouonoteltal TG0 YL TO OUGLAGTIXE 660 XOL Yld To AUETSBoTo prUATA.
Cevixd, viofetolue €36 v avdbeon Tov tHnwy énwg aut] yivetar oto [13]
(Evétnta 1.6) n onola dev axohoubel motd tov Montague ([18]) aAhd elvon ap-
%1 xovtd 670 [2] (BAéne enlong ™ ovlitnon oty Evétnta 1.6, otn oeh. 28).

H Swdwacioa andédoong tne guoxiic Yhdooog oty LIL ané tov Mon-
tague elvar TohG axpBhic xau e€etdixevuévn ya xdfe xavéva: xdbe ouvtaxti-
x6¢ xavéovag aviiotoryiletal oe éva xavéva uetdgpaons o onotog xabopllel
Tov xotdAAnho xavéva oynuatiouol Gpwv. Kdbe éxgpaon avdroyo pe
ouvTaxT) TN xatnyopla ueTagedletol oe €va 6p0 GUYXEXPLUEVOU TUTOL.
Ermouévwg, and toug xavébveg uetdppaong, oL YA®GOES exppdoels anodido-
vtar o 6poug g LIL oL omolol avtinpocwnedouy xatd to udhhov A frTov
ToV Te6TO ToL XAVelS TLg avTihauBdvetal onuactohoyxd. Axoloubdvtag Tov
Frege, n e@apuoy?) cuvdptnong yenoLULoToLElTAL GTIC TEQLOGOTERES TEPLRTOOELS
xaL UTdpyouy xatomvég mpooeyyloels 6mov 1 yeron g elvon amoxheloTixy



16 KE®PAAAIO 1. TYHIKEY OESPIEX NOHMATOX

(BMéme ) oyetxn oultnom oo [10]).
A¢ e€etdoovue Ta TapoxdTe anhd mapadelyUdTd TROTACEWY TNG QUOLXTC
YAGOOUC XaL TLG aVTLOTOLYEC anoBOOELS TOUC OTNY LILY.

anodideTat

H Mopla tpéyet run(Mary) (Mr)
H Moapta dwaBéler to Biphio 222, read(the(book))(Mary) (Mrb)

H Montague 'Evtaon tng npétaong ‘H Moapla dwafdlel to BiAio’ o ulo xa-
TdoTacn a : s unoloyiletol egapubéloviag ToV 0ploUd TNG TEONYOUUEVNS EVO-
wntact?:

deny . (read(the(book))(Mary))(a)

= denL”_(read)(a) (denL”_(the)(a)(deHLlL(bOOk)(a))) (denLlL(Mary)(a))
= read(a) (the(a)(book(a))) (Mary(a)).

Enouévwe, to vénua tne npdtaone ‘H Mapla Swaf3dler to PPilo’ anel-
xoviletoar tumxd and uia ouvdptnon (Montague 'Evtaon) n onola oe xdbe
xatdotaot (xébe nhaiolo avagopdc) divel ulo T alffetag n onolo utohoyi-
Cetaw and Tic aviiotoiyec Montague Extdoeic Twv cuotatixdy Uepdv e o€
auTh) TV xatdoToo.

Ac e€etdoovue thpa TV npdTacy ‘Auth teéyel’ (Sr) oe ula xatdotaoy a
6mov Mary(a) = she(a), dnhadf, 1 dewxtuh aviwvoula ‘Autd’ unodnhdvel 1o
8o mpbowmo ue 1o dvoua ‘Mapla’. H npdtacn anodidetor ue avdioyo tpdmo
xaL 1 VTOSHAWGEN NS 6T0 a QALVETAL ToEAXATW.

Auth tpéye. 22, ryn(she)
deny . (run(she)) (a) = run(a)(she(a)).

Yy xatdotaon a, oo Montague Extdoeic tov npotdoewy (Sr) xou (Mr)
elval Quowd (oec — elval xau ot dvo elte Alrfeia elte Wevdog. Ou Montague
Evtdoeic dev elval loeg ouvaptiioeic extdc av ol auvapthoes Mary 1 s — e
xaL she : s — e elval loeg mou Quowxd dev elval 1 emBLwxduevn epunvela.
Ermouévwg, n évvola tou vofuatog o€ mhaloto ulag npdtacng oe pla xatdotaon
eCavtielton and v 'Extacy tng oe auth Ty xatdotaoy.

0L otabepéc, Tou YPNOLLOTOLOUYTAL XATd TV am6306Y, AVILGTOLXOUY TEOYAVAS GTNY
Ay YA UETAPEAOT) TWY TORASELYUATOV.
Y Tapakeimovye g avabéoeis Tuudy Sedouévou 6T 0 bpog elvar xhelstde.
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1.4 David Kaplan: n Aoywr tov Asuxetixody Exgpd-
CEWY

H douvkewd tou D. Kaplan eunioutilel onuaviixd v napddoorn tng onuacto-
Moylag tou Montague, ahhd €3 Ou meplopioovue v napousiacy Hag 6TNV
Aoyvah twy Aewxtixdy Exppdoewy (Logic of Demonstratives — LD) ([14]). O
Kaplan egiotd v mpocoyr oe uepiés mohl eviLapépouoes oNUAGLONOYLXES
draxploelg mou agopoly expopéc xal mou odnYoly oTny avdyxn yio ulo un
TeTpUévn évvola voruatoc o€ thatootl. Oa mpénel va emionudvouue 6Tt ye-
vwxd, 1 Bewplo e dueong avagopdc tou D. Kaplan ([15]) yewiletar tn yefon
TOV SeXTIXdY EXPEdoEWY %ol GANAWY EXPRACEWY TWY omolwy 1) UTodfiwon
npoodopiletar and to mAalow (dewxtixd, indezicals) ye tétolo TpéTO TOL Pi-
YVEL QWS GTOV TEUYUATIXO TOUS pOAO oL ETOUEVwS, Oa mpénel va e€etaotel
oe ula yerétn tou voruatog oe Thaloto.

H vy yYAdooa LD Baciletoar otny npwtofdbuta xatnyopnuatixi Ao-
ywn) ue wootnta xo neptypapésr. H onuaciohoyia e Baoiletar o pla Si-
yotéunom tou thatstou avawopdc (A xatdotaonc) oe dvo aveldptnta uépnl?:
oto mAalow exgopdc (context of utterance) xai otny mhavij neplotaoy (pos-
sible circumstance) 1 onola fewpeltar we TAalow anotiunonc (context of eval-
uation).

"Eva nhaioto exgopds ¢ 610 € (1o 60volo twv mhawsiwy ) tepthaufdvel:
(i) évav ohnth c4 010 % (10 6UVOLO HABV TV ATOULY),

(ii) éva ypovixd onuelo cr 670 .7 (T0 6YVOho TV PuodY aptiudy, oL onolo
fewpolvtar we ypovixd onuela),

(iii) pla Tomobeola cp 610 & (T0 GUvoho TV TonobETLHY) X

(iv) évag x6ouoc ey o100 # (10 6UVORO TV XOGUGY).

Ané v dhn uepld, éva mhaiolo anotiunong elvar éva Levyog and
(i) éva x6ouo w ot0 #

(ii) éva ypovix6 onuelo t oto 7.

Etvat mbavéy va €yovue xat dAkec mapauéteoug EVBelEng av %t dAleg «da-
otdoelgy plag meploTtaomg elval oyeTiéc UE TN CUYXEXPLUEVY TeplnTwor 6TNY
ornolo AVaQEROUACTE.

Tdea, oe ula Sour epunvetag g LD, A, npoodidetar oe xdbe dpo A e éva

"' Mia odvtoun éxBeon autdv Tev 13edv unopel va Beet xavelc xaL oto [13].

2Yrdoyer plo mopbuoto Wéo andé tov Montague oto [17] émou 1 Montague 'Evtaon
(rov anewxovilel tumxd to vémua) opiletar we npog éva Levyoc (4, j) émou To i elvon €vag
mhavéc xéouoc () évag Lebyog evic mbavol x6ouou xoL evEs Ypovixol onuelov) ot to j
elvow éva mhalowo yprions. Avagépeton 6t «To Seltepo dpioua elodyetar yia va emtpédet
VO YELPLOTOUUE, ..., TETOLX SelXTind OTwS Ol SeLXTLXES aVTWVUULES, TPdTOoU ot SeUtepou
Teoo@ToU avTwYUUles evixol aptfuol,...n.
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oLUYXEXPLUEVO Tpwerég Gvuoua (¢, t,w) ula utodfiwon (denotation) n onola
avixel o€ éva xaTdAAnho 6OVoro avTixelévevts

| A |?[c,t,w> ;

Av o 6poc A amodidel pla mpdtaoy g Quohc YAGooug, 1 utodHAwor Tou
elvar Alfbera 1) Wevdog.
O Xapaxtipac (Character) evég bpou A, dnhady 1 ouvdptno,

Xopaxtfpag tou A: € — (T x # — Ynodfhwon(A))

anewxovilel Turxd To ogaexd vénua tou A, evd 1o Hepieyduevo (Content)
Tou A oe éva ouyxexpuwévo Thalolo expopds c elval

ITepeybuevo tou A oe éva mhaioo ¢ : . T x # — Yrnodhhwon(A4)(c).
Etvar emouévog guowd ot
Xapaxthpag Tou A = (¢ — Iepeybuevo tou A 670 ¢).

[ va avagepholue oe éva napddetypa oto [14], to Ilepieybuevo tng npéd-
taong ‘Evod npooBAfinxa ybec’ oe éva ouyxexpuuévo mhaloto ci elvar Sio-
popeTixd and autd TN EXPoRds NG Blag TpdTaoYg o8 xdnolo dhho Thaiclo
2, EVO Quod oL dYo mpotdoelg unopel vo éxouv v Bt unodhhwon (yia
Topddelyua, uropel va elvar xou ot d%o ainbelc).

Mepleybuevo(‘Evd npoolhibnxa ybec’) oo ¢
# Iepleybuevo(‘Eyd npoofBhifnxa ybec’) oto ca.

H vrodhhwon twv Sewtxdy elaptdton and to mhalolo xal cuvendg, o Xa-
paxthipag ulag mpdtaong otny onola eugaviletar xdnoto Sewxtind dev elval
otabept| cuvdptnon.

Ané v dhAn uepd, o éva doouévo mhalolo ¢ 6mou 1o ¢4 elvan To dTouo
mou ovoudletar ‘David Kaplan’ xou 1 e elvon 1 21n Anpuhiou 1973, to Ilepie-
xouevo tne ‘Eyd npooPridnxa yfec’ elvan to (Swo ue to lepeyduevo tng ‘O
David Kaplan npoosBhifnxe otic 20 Anpihiou 1973’ o€ onotodhinote nhaioto ¢

Mepleybuevo(‘Eyd npooBiibnxa ybec’) oto ¢
= epleybuevo(‘O David Kaplan npooPiifinxe otic 20 Anpihiov 19737)

oto .

BOc ouvibwg, N utodHAwon xdbe Gpou divetan wg Tpog ula avdbeorn Ty otig ehetlepeg
uetaBAntés mou epgavilovtal oe autéy, oAl Topakeltovue oLWTNA AUTAY TV TTLYY €SO
YL VO EGTLAGOUUE TNV TPOGOYY) oG OE TLO ONUAVTLXES TAeLpég TN LD.
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Ou Y0 npotdoelg €xouy puod drapopeTixolc XoapaxThpeg.

Xapaxthpac(‘Eyd npooBiibnxa ybec’)
# Xapaxthpag(‘O David Kaplan npoofiifnxe otic 20 Anpihiov 19737).

Ta anotedéouota g hoywhc TV dextixdy exgpdoewy tou Kaplan Oa
oulntnhoiyv Eavd oty Evéotnta 1.6 oc olyxpion ue T 8lo évvoleg Tou vor-
uotog oe mAalolo mou elodyovtal exel, oe ula enéxtaon g Yhoooog LIL tou
Montague. Téhog, otnv Evotnra 5.2, Oa eletdoovue Eavd Tic Wéeg tou Ka-
plan ot Oewpla tou Ilpocdiopiouol Avagopds, yenoluonoldviag 1660 1o
TOTXG VONUA 6GO X0l TNY TEOTELYOUEVT) EVVOLAL TOU AVTIXELUEVLXOU TEQLEYOMUE-
You.

1.5 Oczwpla ITpocdiopiopot Avagopds: AAyoptBuxn Tu-
Xy Xnuooctoloylo

Auvth) 7 evétnra elvan pla ouvontixy| ewoaywyxr tapouciacn tng Ocwpelag
Ipoodiopiouod Avagopds 1 onola elvar to Paowuxd teyvixd mhalolo tng da-
Tppic. Hoapouoidleton hentouepdc oto [22] (BAéne enlomne to [20]) xou mopa-
x4tw, cuvodilovue To GLYTAXTIXG XAl TN onuacloloyia TNS TUTLXAS YADGGAS
L), 611y onola avanticoetar 1 fewpla.

1.5.1 Tuvtaxtixéd xa Enuactohoyio tng L),

H y \dooa L) (K) elvar évac A-hoyioude ue tomouc (Evétnta 1.2) eumhou-
Touévog ue éva avadpouxd teheot. Ou tUmor opllovtal avadpouixd and
TV

T:=e|t|s|(n > 1) (1.6)

émou, ot avtifeon ue toug tinoug oty LIL (1.4), o tinoc s Twv xataordoewy
elvan €vog xavovixds Baodg Tinog.

To olvoho K elval éva menepacuévo alvoho otabepdy ¢ : 7 ue THTOUG.
'Onwe xau oty LIL, etodyouy oty LY. (K) o uépog tou AeZihoyiou tng guot-
g YhGooag yia To omolo evdlagepduacte. Xtov Ilivaxa 1.2, napouvsidlovton
uepwés otabepéc Tou K xat ol tinol toug. Ot timoL twv otabep®dy anotehovy
éva uToevYoLo vtV Tou (1.6) oL opilovtal ard Tov

g:=(s—e)|(s—t)] (01 = 2) (1.7)

xaL Yo ouvtopia, & = (s — e) xau t := (s — t). Ioapatnpolue 61, oe
avtifeon ue Tic otabepéc oty LIL (Mivaxag 1.1), oL otabepée otny L2, éyouv
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Ovéuata, Aewtixd Mary, |, she : €
OuvoLaotixd man : & >t
Apetéfata phuata run,rise : &€ —t
Metofatixd pjuata love : € — (8 > 1)
"Apfpa the : @ >t —»¢
(Baowdc) teheothic avayxatdtnrag O:t>1t

Mivaxag 1.2: Stabepéc otn LX(K).

TUTOUC 0L oToloL Y PNOLUOTOLOYY TAfiEWS TOV TUTO TV XoTaoTdoewY (S) (BAéne
enlone ) oulftnon oty Evétnra 2.1).

Ye auth ) YAGGoo, exTéC TV LVNOLoUEVEY UeTABANTGY e TUTOUS 6TIg
omolec unopel vo egopuootel o A-tedeothic (tou ovoudlovtar anAéc (pure)),
undpyouv enione xau ov uetaPintéc avadpouric (recursive) ue éva dtaxpltd
eého mou yivetar cagrhc ot yehorn Tou avadpoulxol TEAECTY.

O bpot tne L) (K) optlovion ané tov

A:=c|z|B(C)| AXv)(B) | Ao where {p; := A1,...,pp := A} (1.8)

omou 1 x elvon pla uetaBinty anhy 1 avadpouns, N v elvar ulo amhrh uetaBAnTA
XAl oL P1, ..., Py elvan yetafBAntéc avadpourc. Ye xdbe bpo npoodidetar Evag
TUnog and autév Tov optoud xar xabopilovtar ol eAetfepec o Seouecvuévec
EUQPAVIOELS TV UETABANTOV.

e 6,7t aopd 6Tov avadpouxd 6po, GNUELGVOLUE OTL

(1) ovp1, ..., pp elvan SagopeTtinés uetall Toug UeTaBAnTéc avadpounc xou
eugavilovtol decuevuéveg e aUTOV,

(i) yio xéfe i = 1,...,n, Aj,p; : 73 xow av Ag : 7, T67€

Ao where {p1 := Aq,...,pp = Ap} 7T,

(i) xa, To ovotnua {p1 := A1, ...,pp 1= Ap} elvon un xvxdixé (acyclic)
— dnhadh, unopolue va avtetolyloouue éva guowd optbud, rank(p;), oe
%&b uetafBinTh avadpouric p; €tol bote av 1 p; eugaviletar ehetlepn otov
bpo A;, t6te rank(p;) > rank(p;).

Yty LY., optlovue t oyéon ovurtwone (congruence) wg T wxpdtepn
oyéon wooduvayulag =, uetall dpwv 1 onola 6EBeTaL TNV ahQanTier avTixaTd-
OTAOY TOY SEGUEVUEVDY, ATAGY 1) avadpounc, UETABANTAOY, TNV EQUPUOYT, TNV
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A-apaipeomn xou TN un xuxhixt| avadpour xat Tétow GoTe yua xdbe uetdbeon
m:{l,...,n} = {1,...,n}, yia xédfe avadpouxd 6po

Ag where {p1 := Ay,...,pp = Ap}
=. Ap where {pﬂ'(l) = Aw(l); o Pr(n) T Aﬂ(n)}

Téo0 1 LIL 660 xar 1 LY, elvar Tumixée Yhdooeg 6Tov Tuprva 1wV oTolwy
Beloxetar o A-hoyioude pe tinoug (Evétnra 1.2). Extéc and tic dwapopée
oe tonoug, oty LIL undpyouv 3o mpdahetol teheatés, éxtaong xau éviaong,
evéd otny L) undpyet o véog teheathc avadpourc. Xoplc vo tpoonafolue
vaL Toug GLYXpvouUE, LTEpyEeL Wia amAf Tapathpnom Tou a&ilel va xdvouue!lt.
O evrtaotaxdg tedeotric eunhoutiler 1ov A-hoyloud xotd €va Bacixd tpoémo:
ue T yenon tou, unopel xavelg va oploel tumxd otnyv LIL ) onuacioloyu
i) (Montague 'Evtaon) nov exgedletar and toug dpoug tne. Oa Solue ot
cuvéyela 6L o avadpopxde teheatric Tailet éva avdhoyo pého oty L. Auté
elva éva onUAvTIXd YopaxTneloTixd xal TwV 300 YAWGOMY XoL TEPLGGOTERO
avadewviel Tapd cuoxotilel TV ouoldTNTA TOUC.

To endueva tapadetypota elvat 6poL tne L2, ot omotot anodidouy npotdoeic
e QUOLXNC YABGGaS UE Tov (8lo axpBde tpémo 6w oty LIL. Tlapatnpolue
©61660 6TL auTol oL Gpot éyouv Tdpa TOTO T, xaL GyL t.

H Mapta tpéyer =22, run(Mary) (Mr)
H Mapta SwaBdler o Bifhio 22225, read(the(book))(Mary) (Mrb)

Téhog, Ta mapaxdte sivor Tapadelyuata do avadpopxdy bpwy oty L, mé
ue turmo t.

run(p) where {p := Mary}
read(p1)(ps) where {p; := the(pz), p2 := book, p3 := Mary}

Mia Sour epunvelag U tne LY (K) nepulauBdvet:

(1) un xevéd oluravio avixelwévey Baoxdy xat TUTWY GUVIPTAGELY,
Te, Tt %o Ts xav Tryr, = {f | [ : Tr, = Tp},

(ii) éva avixelyevo c € Ty yia xébe otafepd ¢ : 7 Tou cuvéhou K.

Etvai yprowo va unofBécovue éti undpyouv eldxd aviixelueva, ere € Te
xau ery € Ty ta onola anoteholv Ty T «Adbocr yia ovtdtnTes xan TLuéS Al
Belag, avtiotouya. Opilovtal Babutata yio 6houg Toug Tinoug, dnhady, urdpyet
éva aviixeluevo ery Y xdfe tino o, xu enouévng, uropel vo utohoyloTel 1
T e unodhiwong v xdbe 6po.

Y B)éne enlong 1 oultnon oto Téhog auThg TS EVETHTOG.
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Y doun U, opllouvue ula ouvdptnorn unodhiwong den n onola avtioToL-
xetl avadgouwxd oe xdbe 6po A : 7 xou xdbe avdbeorn g ot petafintéc 1o
avtxeluevo den(A)(g) € T;:

e den(z)(g) = g(x);den(c)(g) = c.
o den(A(B))(g) = den(A)(g)(den(B)(g)).
o den(\(z)(B))(g) = (f = den(B)(g{z := f})),

6mou av x : T, t6te T0 f elvan onoodinote aviixeluevo ato T,

° den(Ao where {p1 := A1,...,pp = An})(g)
= den(AO)(g{pl = Pl; <oy Pn = PTL})
6mov Y i = 1,....m, av Ol Dj,, ..., Dj, elvar ou uetaAntés avadpourc
ue Babud uxpdtepo and rank(p;), xdbe avtixeiyevo P; opiletar and

P = den(Az') (g{pjl =P, Dj = ij})‘

Extég and n dnhwtxr onuaciwohoyla, Ha aviiotoiyiocovue oe xdbe up
dueco bpo A : 0 OV mpoadiopioud avapopdc tou (referential intension,
int(A)) o onolog arnewxovilel Tumd 10 Goapd vonua oty L) (K),

A int(A).

Y1n ovvéyela, Oa teplypddouue ev cuvtoula ue molo 1eéTo emtteheltal auTh 1|
aviLeTolyLon.

pérov, ovopdlovye un dueoouc (proper) toug 6pouc Tou dev elval due-
oot (immediate). O duecol 6pot ot L), aviuetonilovior og yevixeuuévee
uetaPintéc xon dev mpoadidetal vonua oe avtovg. Opllovtal and

X =v; | plor,...,on) | Mut, ..., um)p(vr, ..., vp) (1.9)

6mou 7 p elval UETABANTH avadpouhic XaL OL V1, ..., Uy XAl OL UL, . . . , Uy, ELVOL
anhéc yetoPintéc. Tapatneodue dtL ue autdy Tov opLoud, Yo xdbe uetaBAnTA
avadpourc p, Té6oo 1 i 1 p (Bewpoluevn wep = A(ug, ..., um)p(u1, ..., Um))
600 xat x8Be A\-6poc g popphc A(ur, . .., um)p elvan duecol GpoL.

Aettepov, oty LY, opiletan pia oyéon avaywyic (reduction, A = B)
oToug 6poug ue déxa xavives avaywyrc (reduction rules) ou omolol mapov-
owdlovtar otov Ilivaxa 1.3. O xavéveg avaywyrhc Oewpolvral xavébves «ue-
TayhOTTIONG ot auth T Hewpla xau anodewxvietal oto [22] 6T oéBovton TV
UTOSNAO T Looduvaula, 1 epapuoY” Toug Tepuatilel TdvTa oL T AToTENE-
oud toug elvat wovadxd uéypl cluTTOONC.
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(cong) Av A=, B, 161t A= B

(trans) Av A= B and B = C, té6te A= C

(repl) Av A= A’ xa. B= B’, t61¢ A(B) = A'(B')
(rep2) Av A = B, t6te A(u)(A4) = Mu)(B)

(rep3) Av A; = B; ywai=0,...,n, 161
AO where {p1 = Al, N R An}
= B() where {pl = Bl, sy P = Bn}

(head) (AO where {p1 := A1,...,pp = An}) where

{ql = Bla' oy Qm = Bm}
= AO where {pl = Ala vy P i= A’naql = Bl; ey q1 = Bm}

(B-S) Ap where {p := (Bo where {q1 := Bi,...,qm := Bn}),
pri=A1,...,pp = An}
= Ao where {p := By, q1 := B1,...,qm := Bp,
p1i= A1, .., pp = Anl

(recap) (Ao where {p1 := A1,...,pp = An})(B)
= Ao(B) where {p1 := A1,...,pp 1= An}

(ap) A(B)= A(b) where {b:= B},av o B elvow un dueooc

(A-rule) A(u)(Ap where {p1 := Ay,...,pp = Apn})
= Au)(Ap) where {p| := X(w)(A4),...,pl, = Mu)(A4},)}

n

émou y (i = 1,...,n), n p; elvar xowvolpyLa uetafAnty
avadpouhc xou AL = A{p1 :=pi(u),...,pn =, (u)}.

Tivaxag 1.3: O Aoyiouds Avaywyic
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Opllouvye ernlong toug un avaydyove (irreducible) époug we mpog auth
N oyéon avaynYhs.

o 6pog A elvaw un avaydyiog
< vy 6houg toug Gpoug B, av A = B, téte A=, B. (1.10)

Ocedpnpa 1.5.1. (Oedpnua Kavovixrvis Moppng) I'ia xdbe dpo A, urndpyet
évac uovadixde (uéypt oUuntwonc) un avaydyiuos avadpouxdc dpoc

cf(A) = Ap where {p1 := A1, ...,pn = Ap}
tétoloc dote A = cf(A).

H xavovoe] uopgrj (canonical form, cf(A)) unopel va unoloyiotel amo-
teheouaTixd and tov A, éyel v Bl unodhiwon ue tov A, xar 1 xepadi
(head) Ag xow ta uépn (parts) e A, ..., A, xafopllovy ta Paocwxd vrolo-
YLoTXA «oTOoLyElo» TOU YEEWILOVTOL YLO VO UTOREGOVUE VoL UTOAOYIGOUUE TNV
umodHAwan Tou apyol bpou A.

Tépa, o npoodoptoudc avagopdc (referential intension) tou 6pou A elva
uta Thewdda ouvapThoEDY

int(A) = (fo, f1,---, fn)

mou oplletor and TNV xEQAAY) xoL To UERT TNS XAVOVLXHS UOPPTiC, OO
fildy, ... dy,g) =den(A4;)(g{p1:=di,....pp :=dp}) (i=0,...,n).

IDieddec ouvaptioeny énwe tapandve ovoudloviow avadpoueic (recur-
sors). Opllovtal xoL yenowonolodvtal ¢ TUTLXES ATELXOVIOELS TV (0ea-
@y adyoplfuwy (abstract algorithms) oe ulo oepd epyaoidy and tov Y. N.
Moschovakis (BAére to [21] xou tahidtepa dpbpa mou avagépoviar exelld).

I xdbe 6po A, o npocdioploude avagopds tou, int(A), anewovilel tu-
wxd to (opaipixd) vénua (global meaning) Tou A oe auvth 1 Oewpla — Tov
Weatd ahybplbuo mou urnohoyilel Ty unodhhwoy| Tou, den(A)(g). Erouyévoc,
n xavovixy uoppr tov A opilet tumixd uéoa oty yrAdooa to vénua tov A.

Spatpeéd Nomua tou A @ cf(A4).

1P Mia olvtoun ohhd Bialtepa eReEnyNUATIX ELGAYOYH AUTGY TwV BeGY utopet vo Bet
xavele xal oty Tehevtala evotnTa Tou [22].
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[ mapdderyua, to ogapxd vomua e nedtaong ‘H Magla Swofdlel to Bi-
BAlo” (Mrb) oty Oewpla Ilpoodiopiouot Avagopds opiletar and tnv xavovixth
e wopgf'°

read(the(book))(Mary)
=>cf read(p1)(p3) where {p1 := the(pz), p2 := book, p3 := Mary}.

Kabopiler 1o ouyxexpwévo Brua ue BAua» vrohoyioud mou ypeedletar vo
axolouvffcouue vy va unohoyloouvue v unodflweon tne npétacnc (Mrb).
Mapatnpolue 61t 0 TOnog Tou bpou read(the(book))(Mary) eivor T xon emoué-
Vg, 1 uTodhAwoy Tou utohoYllouue UEoW TNG XAVOVLXAC TOL UOopPHS UAS
dlver Ty T akfewag tou oe xdfe mbavh xatdotaon. To vénua yapaxtnel-
Cetar 0¢ oopxd axpB3ég eneldn exgpdlet T onuacloloyy Tyt mou Eépel
xdmotog av elval Yveotng g YAOoouS.

Mia tehueh mapathenon yio 1 60YXeLon KOS TOS TN onuacloloylo uetagd
e L), %aw Tou A-hoyiopot e tinoue. Tpdta an’ dha, n L), dev elvar Snhwtixd
TLO EXPPACTLXY| Rt TOV A-hoyLoud ue tomous. Mropel va anoderytel 6TL xdbe
bpog €yl Ty Ba uTodHAwon ue éva pnTd (ezplicit) 6po, dnhadt éva bpo 6Tov
omoto dev epgaviletar To where. Ané v dAn uepLd, undpyouy 6poL oty L,
oL ontolol dev elval avagopud ovvdvuuor ue xavévay tétoo épo. H avagopun
ouvovuula oplletar otny enduevn evotnta ahAd Pacxd autd To anotélecua
Setyvel 6L oL 6pol e LY, exqppdlouv tepiocbtepa «vofjuatar and Toug bpouc
Tou A-Aoylopol (BAére enlong g mapaypdgouc 1.7 xou 3.24-3.25 oto [22] v
oyetwxt; oulfiton).

1.5.2  Avagopuxr} Yuvevupia xar Tonxd Nonpa

Y11 Ocopla Ipoadiopiouol Avagopds, dVo dpol elvar avagopxd GuvdvuUoL
av oL tpoadlopLouol avagopds Toug elval guowd wouopguxol. Qotdco, de
YEELBLETAL VO YPNOULOTOLHGOVUE TOY 0pLOUG TOU puUaLXoU toouoppiouol (nat-
ural isomorphism) petall avadpouéwy, ahhd avti yu autéd Oo yenowwonoui-
o0VUE TOV TopaxdTw (Loodlvauo) oploud Ue BAon TS XAVOVIXES LOpYES.
Oprowdg 1.5.2. Tw dVo 6poug A xav B, o A elvar avagopixd ovvdvuuoc
(referentially synonymous) pe tov B (A = B) av xat uévo av

A = Ag where {p1 = Al, cey P = An}
B = By where {pl =By,...,pp = Bn}

étoL mov Y %80 i = 0,...,n xou x&be g, den(A;)(g) = den(B;)(g).

152 uuBorilovye anhd A =t B av xou uévo av B = cf(A).
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Enouéveg, uropolue va arogacicouye Yo 1 ouvwvuuio uetall 30o 6pev
ue Bdon Y L6OTNTA TV UTOINADCEDY TV AVTIOTOLY OV UERKY XAl XEQAADY
TOV XAVOVIXGY U0PQPGY TOUG.

H avagopur) cuveovuuia elvan ula douw oyéon teoduvauliag 1 onola uro-
el var xdvel onuaclohoyés dlaxploelg uetall exppdoewy mou €youy TNy (dla
vrodhhwon. T mapdderyua, yia tic (Mr) xou (Sr) 6nwe tapandve, dedouévou
ot Mary # she,

run(q) where {q := Mary} & run(q) where {q := she},

%t g ex toutou, run(Mary) & run(she).
Ac eZetdoouye enlone v npdtaorn (Mrb) xou v npdtaon ‘H Mapia
drafaler To wixpd BiAio’. Elval mpogavég 6t

read(p1)(ps) where {p1 := the(pz), p2 := book, p3 := Mary}
# read(p1)(p3) where {p; := the(pz), p2 := small(p4), p4 := book, p3 := Mary},

dedouévou 6TL oL dUo xavovixéc uop@éc dev €youv Tov dlo apliud uepdv. H
avie6TnTa Tou apliuod TV uepdy armoxahintel ulon onuavTixy dwpopd atov
unoloyloub TNy onota Aaufdver un’ 6y TNg N avagopw cuVLYLULA.

Mia avéroyn oyéon cuvwvuulag otny LIL Oa e&éppale todtnta uetall v
avtiotolywv Montague Evidoewy twv npotdoewy. Ta Souxd yapaxtnpiotixd
TWV TPOTACEDY OTWS AUTA TOU TEELYRAPNXAY Topandve dev enneedlouy au-
T0U Tou eldoug TN ouveyvula. Autd elvon éva yapaxtnelotixd tng Oswplag
Ipoadiopiouol Avagopds To onolo anotehel ula cagr otpo@n 6TOV TE6TO TOU
ueketdvTal xoL avartiocovial ot fewples voriuatoc ue auvlrixec alrbelac.

Ac eZetdooupe thpa TV mpdTaoy (Mr) énwe auth exgpépetal oe €va ou-
YXEXPLUEVO Thalolo avagopds, oTtny xatdotaon a : s. H unodhilwot| tne,

den(run(Mary))(a) = run(Mary)(a),

elvar AMffewa 4 Weldog, avdhoya ue to av npdyupatt n oviétna Mary(a)
Teé)EL 0TV xatdotaoy a. LT Oswpla [lpoadiopiouot Avagopdc, unopolue
val 0plooulE YL Toug Hpoug TUTou T, exTég and TV UTOSHAWOT, éva N TETEUL-
uévo tomxd vonua (local meaning). I'a va To xdvovue avto, elvar Boixd
va euniouticovue ) YAGooo Ue ula mopduetpo @ tnv omola avtioTolyolue
oe x40 xatdotaon a tétown Hote yia xdbe avdbeon g, den(a)(g) = g(a) = a.
Tdea, optlovue

Tomwxéd Nénua tou A : t oty xatdotaon a == int(A(a))

xaL TV avtiotolyn oyéon Tonxic ouvwvuulag:
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OpLowég 1.5.3. TI'a 3o bpoug A xav B, o bpog A oty xatdotaon a elvol
tonuxd ouvévuuoc (locally synonymous) ue tov B oty xatdotaon b av xo
uovo av

A(a) = Ap(a) where {p1 := A1,...,pp = Ap}
B(b) = Bo(b) where {p1 := Bi,...,pn := By}

étou ou Yy x80e g, den(Ap)(g)(a) = den(Bo)(g)(b) xoaw yia xdbei = 1,...,n,
den(4;)(g) = den(B;)(g).

To tomwxd vomua tng mpodtaons ‘H Mapla xowdta’ oty xatdotaon a
exppdleton and Tov 6po

sleep(q)(a) where {q := Mary}.

Ané tov oploud, elval Tomixd cuvedvLuTn Ue TRV ExXQopd TNg tpdtacns ‘H Mogla
Eexovpdletar’ oty Bl xatdotaon a, dniadt,

sleep(q)(a) where {q := Mary} = relax(q)(b) where {q := Mary},

av xat wévo av yua xdbe avdbeon g,

sleep(g(p))(a) = relaz(g(p))(a),

dnhadr, av 10 6UVORO TWV ATOUWY TOU XOLUATAL 6TNY XATdoTacT a elval To
{8Lo ue t0 oUvoro TwV atdULY Tou EexovpdlovTal oty Bl xaTdoTAOT.

Ac vnoféoovye tdpa 6tL 6TV xatdotaoy a, Mary(a) = she(a), xau og
fewprioovue Zavd tic exopéc Ty dYo npotdoewy (Mr) xou (Sr). Mnropolue
Vo GUUTERAVOLUE OTL oL BUo exopég elval Tomxd ouvévuueg; H andvinon
elvon apynTund),

run(q)(a) where {q := Mary} & run(q)(a) where {q := she},

dedouévou 6t Mary # she. Tlopatnpolue 6Tt 0 TomxdS TPOGBLOPLEUOS V-
popdc TV 300 exopdy e€apTdtal and To opalpxd Vonua ey otabepdy Mary
xau she. Tevixd, n Tomue cuvwvuula uetald dVo expopdy oe xdnola xautd-
otaon elvar ulo Souwxy évvola ouvwvuuiag Tou dev Teploplletal oTNY LGOTNTA
TV UTOSNAGOE®Y TWV AVTIOTOLY WY UEE®Y GE QUTH TNV XATACTAOT).

H avéyxn ylag npdabetng évvolag vorjuatog n onola vo haufBdver v’ 6y
NS TNV LoOTNTA TV UTOBNADCEDY TOY UEEMV NG XAVOVXAS UopPhc EVOC
6pov o€ xdrowa xatdoTacT) odNYel TN UENETY TOU AVTIXELUEVIXOU TEQLEYOUE-
vou mou elvar to aviixelyevo authc e datpBric (Bhéne tnv Ewsaywyh xou
0 Kegdhato 5 yio oyetint| oulftnon). Autéd npooeyyiletat €86 6yl wg ou-
UTATPOUA 6TO TOTXG VONUA aAAE Gay €vvola oudroYn o€ auTd ue 6Tdyo Ula
ohoxhnpwuévn fewpla Tou voruatog oe mhaiolo.
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1.6 Avo 'Evvoieg Norpatog oe ITAaloro

Ye authy v tedevtata evotnTa Tou xegahatlov, Bu e€epeuvicouue T Suvato-
™nTa va eumhovtioovue ) YAGooo Tyz, éva A-hoyiouéd ue 8o elddv timoug
Tou tapovotdletatl 6To [8], ue Tov TeheoTh avadpounic, Vo oploouue TpoodlopL-
oUOUC AVAUPOPAC OE AUTAY XOL GTY) GUVEYELN, VU EXUETAANEVTOVUE TOUS TUTOUG
TV 6pwV aUTAS TNS YAGGGIS YLo Vo 0ploouUE, EXTOS TOU GQALELXOU XAl TOU
TOTLXOY YORUATOS, Lo U1 TETPLULUEVT VVOLOL aVTXELUEVLXOU TepleyouévoulT.

H yAdooa Tys oynuatiletar and tn uetdgpaot xdbe épou A tng LIL xau
xébe petafintic xatdotaong u o éva 6po AY tou (Slou THTOU bTLC oTN
LIL, é6mov, ©vot600 , 1 UETABANTH XATAOTAGTS U AVAPERETAL PNTHS,

A7 xon pla petafhnth xatdotaong u s AU T,

Y1n ovvéyewa, dev Oa eoTidoouue TNV Tpocoyn wag oty UeTdgpact, ahhd Hu
Tapoucldoovue aneubelag T véa auth YAdooa xou Ha T ouyxplvovue ue Tig
LIL »ou L.

O turot g Ty elvar ou tomow tne LY, (1.6), dnhadh, oe avtifeon ue v
LIL, ou xataotdoeig anoteholy éva Paowxd tino. 'Onwe oty Evotnra 1.2, o
dpot opllovtar wg

A=z || AB) | Mz)(B). (1.11)

Ynuacohoywd, epunvedovue toug bpouc e Tyz (ou omolol amotehodyv
UTOGYVORO TV 6pwy TN L) ot pla Sour epunvetac 6mwg auth e L, ue
oLVEpTNEY uTodHAwong va opiletal we ouving. Enouévoe, avtibeta pe v
LIL, ou 6poL oty Tys elvan tétolol dote yio xdbe 6po A : 7 xaL xdbe avdbeon
oV g otig uetaBhntéc, den(A)(g) € T;.

Ag e€etdoouvye topa Eavd Tig otabepéc tng LIL mou napovsidotnxay oTov
[Mivaxo 1.1. Ioapovoidoaue exel uoévo otalepés mou elvan extaclaxés yio va
UTOPEGOVUE Vo ECTIAGOVUE TNV TRocoy T Uog o1 dadixacia arnédoorng ahld
autég oL oTabepéc dev elvar Tapd ubvo éva utosivolo TV 6Tabepdy TNE YuUOL-
xhc Yhdoooc. O Montague nioteve, oTny mpayUaTixdTnTa, OTL TO EVIAGLUXG
(POALVOUEVA ATOTEAOUY TOV XAVOVA XaL YU AUTS HELOE TNV EQUPUOYT GUVAPTNOTNG
uéon tnc Montague évtaong tou oployatoc. Aev axolovbolue auth Ty tdéa
otnv LIL adld mpotiwolue va Slvouue Slagopetixotc tinoug oTig oTabepéc
cUUQOVY UE ToY TéT0 Tou yewpllovia Ta oplopatd touc!®. T mopdderyua,
Tapatneelote Tov TUno g otabepdc rise otov Iivaxa 1.4.

T Auth 1 Souleld mopoucidletar Aentopepde oto [13]. Exiong, to [12] anotelel pla 66-
vtoun avaopd oe authy pall ue xdrow tpoxatapxtixd anotehéoyoata auths g dtatpBis.

8 Aev elvon T ahifera 6L oL otabepée g tdlac cuvtaxTinc xatnyoptac éyouv buoLoug
TUTOUG.
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Extaciaxd auetdfoto puata run :e —t

Evtacioxd auetdBata puata rise : (s >e) >t

Extaotoxd yetafatind puota love : e —> (e > t)

(Baowébc) teheathic avayxatdtnrag O:(s—>t)—>t

«de dicto» tpomixde TeheoThS Yesterday : (s > t) >t

«de re» Tpomxde TENEGTYC Yesterday; : (s > (e > t)) — (e > t)

[Tivaxag 1.4: Ilepioodtepeg otabepés otny LIL.

Tdpa, yia xdfe otabepd ¢ : 7 otny LIL, etodyouue oty Typ v cFisor

1 omola elvar tétowr Gote den(c”) = c. H Gallin-yetdgpacn xéfe otabepdc
c: 7 oe ula xatdotaon u oty Ty etvar 0 c%(u) : 7, dote yio xdfe avdheon
g tétow ote g(u) = a,

den(c%") (g{u = a}) = den(c(w))(g{u = a}) = c(a) = denpiL(c)(9)(a)-

Fevixd, vy xdbe 6po A @ 7 g LIL, AGU T o v wdBe avébeon g tétow
&Hote g(u) = a,
den(A%*)(g) = denpi (4)(g)(a)-

H o etvar 61L vy xdfe A xan xdbe xatdotaon a, 1 Gallin-uetdppacy tou
AU opiler tumixd otny Tya v vrodifiwoy tov otyy LIL oty a.

YymuatiCouue tohpa TNV La:© ue Ty mpoahixn otnv Tys drelpwv To Thibog
LeTABANTOV avadpourc yia xdle TOno T, xaL UE TNV ENEXTACT TOL OPLEUOY TV
bpwVv Ue TNV Teoalnixn Tou avadpoulxol tTelesTh K¢ €N

A=a|p| ¥ AB) | Nz)(B)
| Ag where {p1 := Ay,...,pp:= An}. (1.12)

/ AG / / ,

Na onuetwbet 611 1 Loz~ ouyfBorileton oo [13] anhd og L St 1 apyuxt,

YAGooa L), (Evétnta 1.5) dev napovoidletar exel. Eisdyouue autd to véo

ovufohioud Yo vo anogiyouue omowadrote cUyyvon av xat Ho mpénel va

elva gavepd 6T, av e€atpéoovue Toug TUToug Twv oTabepdy, oL 8Uo YAdooeg
elvon Baowd ol (diec.

7 /. ’ A G e 7 z

Mropotue tépa va oploovue oty Lap " yua xdfe dpo A g LIL, extéc

and T0 6PALEXO XAl TO TOTXG Tou Vonua, éva tpdcleto vonua oe thalolo, To

avTixeluevixs tou nepteyduevo (factual content). "Eyouvue %81 emonudver 6t

Y %éfe 6po A g LIL, n Gallin-yetdppact tou A9 we mpog wla petafAnTh
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xatdotaong u opilel Tumxd Ty vodhlwon Touv A oe pla xatdotaon. Tdea,
n agaipeon wg neog dheg Tig xataotdoels Tng Gallin-uetdgpaong Tou A opilel
UG TNV UTOSHA®GT Tou A xaL emouévwe, 1 xavovixy| Lop®i| autod Tou 6pou
opilet Tov alydpibuo mou uroroyilel Ty urtodHiwon tou A. Anhady,

Ypatpixd Nonua tou A : cf(A(u)AG’“).

'Onwg oty Evétnra 1.5.2, ue egapuoyt|, éyovue anhd ywr xdbe dpo A 1ng
LIL »ou pla xatdotoon a

Tomx6 Nénua ¢ A oty xatdotacn a:  cf(A(u) (AG’“)(EL)).

Hapatnpolue 6tL autég 0 oplouds oylel Y 6poug g LIL omolouddmote
TUTOL XA O)L U6VO Yo bpoug Timou t 6nwg avagépetal oty Evétnta 1.5.2.

Aedouévou 6TL 1 B-avaywyt| dev Statneel TV avagopx cuvwvuula, Ye-
vid

Mu)(A") (@) A AT u = a},

1 xavovur wopeh tou ASH{u = a} = A9® opiler pio evahhaxtied évvola
vofjuatog oe thaiolo tou A o1y L€,

Avtixeyevnd Tlepiey6uevo tou A oty xatdotaon a:  cf(A9Y).

[ topdderyua, oty neplntwon e anhic npdtaons (Mr) we épo g LIL, o
TEELS €VVoLleg VOUATOS 0pllovTal amd TLC TopAXAT® XAVOVIXES UOPPES:

Yoopud Nomua : A(u)(runG(u)(q(u))) where {q := A(u)Mary® (u)}
Tomxé Nénuo atny a : /\(u)(runG(u)(q(u)))(d) where {¢ := A(u)Mary% (u)}
Avtuxewevind llepieyduevo oty a : run®(@)(¢’) where {¢' := Mary®(a)}

Av oe pla xatdotaon a, she®(a) = Mary®(a), auth 1 évwold ToU aVTLXELUEVL-
%00 TEPLEYOUEVOL (TOPAYEL TNV AVAUEVOUEVY GLVWVUULN UETAEY TV EXPORMDY
oy (Mr) xat (Sr).

run®(a)(¢') where {¢’ :== Mary® (@)} = run“(a)(q’) where {¢' := she®(a)}.
Ioy el wotéc0 Eavd 6Tl oL BV0 expopéc Sev elvol TOMXd GUVGBVUUES
)\(u)(runG(u)(q(u)))(a) where {¢ := A(u)Mary% (u)}
+ )\(u)(runG(u)(q(u)))(&) where {q := A(u)sheG(u)},

yeyovég mou cuugwvel ue ) Salobner yoag 6tL autég oL dYo mpotdoelg xoul-
{ouv RV [Brar mAnpogopia yia Tov x6ouo GE aUTH TO GLUYXEXELWEVO TAalGLO
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avaopds alhd o uroloytoudc autic Tn¢ mAnpogopiac neptAaufdver dtapope-
Tied Baouxd vrodoyiotixd otouyela.

Ag e€etdoouue thpa to TO evdlapépoy mapddetyua ‘Evd mpooBAninxa
yfec’ ané tov Kaplan. Yty LIL, anodidetor wc!?

Evd npoofBhifinxa yfec "2 Yesterday, ( ~(be_insulted))(l)

o6mov be_insulted : e — t. To npotelvouevo avtixeluevixd nepleyduevo oe xdbe
xatdotooyn a oplletar and

Yesterday,“(a)(p)(¢q) where {p := \(u)be_insulted(u), ¢ := 19(a)}

xaL, av o plo xatdotaon b, expépetol and éva Stapopetiné Tpdcwro (I9(a) #
IG(b)), téte

Yesterday,“(a)(p)(q) where {p := M(u)be_insulted” (1), ¢ := 19(a)}
A& Yesterday, % (b)(p)(q) where {p := \(u)be_insulted® (u), ¢ := 19(b)}.

Ac vnoBécouue 6tu v DavidKaplan : e elvan pia otafepd oty LIL 1 onola
unodnidvel Tov David Kaplan xow 0 on20April1973 : ((s —» (e > t)) — (e > t)
elvow évag evtaotaxds tehectic mou mpoodiopilel To ypbdvo. Elvoar tetplu-
uévo O6TL av o ypbvog otny xotdotacn a elvol 1 21n Anpikiouv 1973 xou o
outAnthc elvon o David Kaplan, téte oe onowdfirote xatdotaoy b, émou 7
DavidKaplan® (b) urnoSn\ével tov David Kaplan,

Yesterday,“(a)(p)(q) where {p := \(u)be_insulted” (u), ¢ := 19(a)}
~ on20April1973%(b)(p)(¢) where
{p := Mu)be_insulted® (u), ¢ := DavidKaplan®(b)}.

Extéc ané tov Kaplan xou tic Wéec tou oe 6,TL agopd 6T0 vénuo oe
mhaloto, oto [13] undpyer uia mo yevixh oulAtnon Y T oyéoelg Uetall
TOV TELOY EVVOLGOY VOHUATOS ou €youv oploTel Yyl toug 6poug otnv LIL.
Ou emotpédouue oe Uepxd and autd ta Béuata oto Kegdhato 5 yia toug
bpoug g L2, xar ue tn Porifela T1g TROTELVOUEVNC EVVOLAC TOU AVTIXELUEVLXOD
nepteyouévou mou Ha opiotel exel.

Y9H MéEn ‘ybec’ amodidetar €3 amé T otabepd Yesterday, xou 6yu amé tn Yesterday
dedouévou 6t n Vnopén tou dewxtixol ‘eyd’ uag avayxdlel va ypnoluonoicovue Vv «de
re» exdoyn TNS.
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Kegdhato 2

Tomuxdtnta TV Avtixelyévey
ue TUroug

Ye autd 10 xeQdAaL0, ELGAYOUUE TIS PAOLXES EVVOLES VLo TNY TOMXOTHTA TWV
avieévey ot Sour spunvelag tne yYhdooag L) (Evétrra 1.5.1). Ko’ ap-
x4, tpoadlopilovue ta avtixeiueva Tou epunvetouy poug oL ontolol anodidouv
EXPPAGELS TNG PUOXTIC YADO OIS XL ETOUEVWS, ATOTEAOUY TA AVTLXELUEVO TOV
oTolwy 1 GLUTEPLPOPd TomXETNTAC Uag evdlagépel. Yty L, autd ta avri-
xelyeva €youy timoug 6mwe otov (1.7) xou autéd npoodioplletar ue axplPela
oty Evotnra 2.1.

Yy Evétnta 2.2, opilovue ta tomxd aviixelueva — ol TUIES TOUG O€
UL X TdoTAoT) EEUPTAOVETOL UOVO Ao TIS TWES TOY 0pLOUATWY TOUS OE AUTHY
Vv xatdotacn. Xopaxtnellovial and T Tomxd ouvapelc GUVIRTAGELS TWV
onolwy Tig WLdTNTES Tapoustdlovue £586.

Yty Evétnta 2.3, oL €évvoleg TV TponYoUuevey EVOTATOY YEVLXEDOVTOL
yur Oho Tal AvTLXElUEVO TV p®Y TOL TEOEpYovTal and T1 PuoLXY YAOGoA
XAl ) TOTXOTNTA AVATTUGGETAL 68 AN TNG TNV Tohumhoxdtnta. Ewsdyovron
oL OeixTeC TOMXOTNTAC — OUUPONOGELRES TTOU XOBLXOTOLOUY T1] GUUTEQRLPORA
TOTXOTNTOS TWY OVILXELWLEVWDY — XoL UE TN yeRomn Toug, 1 évvola uog (Yevl-
xhc) ouvvagols ouvdptnong evOg AVTXELUEVOU.

2.1 Ou EZouptdpevol anéd tny Katdotaon Torot tng L),

Ou ténoL tne YAbooag LY, oplotnxay ané tov (1.6) oto Kepdhowo 1 anéd v

avadpoutn
T:=e|t|s]|(m — 7). (2.1)

33
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[ va oploovye Ty TomxéTnTa, Oo €0TIAGOVUE TNV TROGOY T UAS O UepLxd
eVOLAPEPOVTA UTOOUYOAA aUTGHY TwY THnwy. Ipdta an’ 6ha, ou ardol (pure)
fi eAeUbepor xatdotaonc (state-free) tomoL elvaw ou timoL tng LY, yoplc To
Baowd Tiro s,

o:=el|t] (o1 > 09). (2.2)

Aev elvar acuviifiloto va yenowonotel xavele autodc Toug THMOUE GTNV
anédoom TV EXPRACENY TNS PUALXTC YAMOOoUS Uia xaL oLy vé Bewpeltat dedo-
UEVo OTL OTOLABNTOTE epuUTNVEld TPAYUATOTOLELTAL OE Ulol GUYXEXPLULEVT XAT-
otaoT, TNV «Tpéyovoa xatdotaory (BAéne enlone Ty unoonuelwon 8 oty oe-
ABa 13). O tinot mou ypnowuornotel o Montague Bacilovtow o auth v Wdéa
xaL 0 TUnog s eugaviletal uévo oe Timoug g nopefhc (s — 7) oL onolot ypr-
owonowlvton yu va optotel  Montague ‘Evtaor evég 6pou ot LIL (BAéne
tov (1.4) otnv Evétnra 1.3).

Ané v dhhn uepld, o elaptduevor and tyv xatdotaoy (state-dependent)
tomoL e L), mov opilovral atov (1.7), elvar oL om0l dha ta uépn TV onolwy
eCUPTOVTAL AN TS HATAOTACELS.

g:=(s—>e)|(s>t)| (01 — 02). (2.3)

Auté ta 300 vrostvola Twy THTeY e L) oyetilovior Told mo otevd
an’ 6t gatveton ye v mpdtn wotid. O enduevog amhog UETAGYNUATIOUOS
TpocléteL xaTaoTAOE OUOLOUOpHA GTOUS amholg TUTOUC EVE 0 avTioTEo-
(PO UETACYNUATLOUOSC apatpel xataoTdoels and Toug eEapTOUEVOUS and TNV
xatdotaoy tonoug. [ xdfe anhé timo o, aviioTolyolue avadpouxd €va
eZopTdUEVO and TNV xotdoTaon TUno 7 Ue

e:=(s—e)
t:=(s—>t), xu
av o = (01 — 02),161€ 0 = (01 — 02).

T mopdderyua, av & = (8 — 1) — (€ — 1), t61e 0 avtioTolyog anhég tinog o
elvar (e = t) — (e — t). Kow av yia napddeiypa, 0 = (t > t) — (e = (e = t))
o avtioTolyog tinog & elvan (t —» 1) —» (€ — (8 —1)).

Ou otafepéc g YhGooac LY(K) otov Hivaxa 1.2 éyouv eZaptduevouc
and Ny xatdotact tomoug. Ou pol mou anodidouv exgpdoelc NG QUOLXTHC
YAOooag oynuatilovtol and autés T otabepés xaL eToUévwe, oL TUTOL TOUG
elvat axpBde ou TimoL 6tov (2.3). Oua yivel Tpogavéc 6TIC ETOUEVES EVOTNTES
autoV Tou xegahatlou 6Tl 1 uekéty yac O neploplotel o cuvapTRoels eEapTH-
uevwy and v xatdotacn Tiney (xat oto Kegdhato 3 o€ bpouc e avdhoyoug
THTOUS).
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Téhog, wc ouvibug, opllovue yia xdbe tono otov (2.1)
TL X Ty —> T3 : =7 — (To — T3)

70 0T0l0 UTOPOUUE VoL YEVIXEUGOUUE Y10, omoLodhTote cptfud Torwvl. Me Bdon
aUTO, UTOPOUUE EVAANXTIXG VA 0ploOLUE TN YEVLXY UOPYPY| EVOS OpOU T TN
YAGooag L), wc

TETI X ...XTp =T

6TOV T1, ..., Ty elval onowadiinote ool xau o = e | t | s. Exlong, avtiotor-
YoVuE éva puoxd apliud, to eninedo (level) tou T (level(T)) oe xdbe tino T,
wg egfic

level(e) = level(t) = level(s) = 0

level (11 x ... x 7, = 79) = max (level(ry),...,level(r,)) + 1.

Ye 6,TL agopd 6Toug eEUPTAOUEVOUC AR TNV XATAGTAGT TUTOUS, N YEVLXT
Toug Uop®n elval

G=01X...0, >0 Omoudy:=28|t (2.4)

OmoV 1, . . ., Op, elvon e€apTduevol and v xatdotaon tinot. O Bacixol e€up-
Téuevol ané v xdtactacy timol etvor emnédou 1 (level(®) = level(t) = 1)
eV® Yo xébe tino 01 — 0o, 1eve1(51 — 52) > 2.

2.2 Tomxd Avtixeipeva

Mo ouvdptnon f : 01 X ... X0y — 0o €0PTOUEVOL ATO TNV XATACTAGY) TUTOU
unopel va yapaxtnelotel and 1o xatd nécov N wuh e f(fi,. .., fn,a) oc wa
xatdotoon a s eZaptdtal 1 Oyl and TG TUWES TV oploudTtwy e fi ¢ 0;
(t=1,...,n) oe xatactdoelg dagopetinés and Ty a. Ou deilouue 6L auth
elvan plo anth évvola Tomuxotytag (locality) xou npdta, Ha eZetdoovue o
auth TNV evéTNTa TNV TEpinTwoT 6mou N T TS f oty a dev e€aptdtol and
TLC TWIES TWV 0PLOUATWY TNS 6 JAAES XATAOTAGELS SLUQPORETIXES ATO TNV a.

! Auti elvor 1) péBodog Schénfinkelization # Currying olugwva pe v omota pio n-uelic
ouvdptnon uropel va avaylel oe ulo ouvdptnon tng onolag ta oployata elvar ovouekeis
ouvapthoels. Xpnowonoteltar oty anédoorn s guowxhc Yhdoooag (Bréne [10]) yio va
UTOPEGOUUE VOl EXPPACOVUE UE TLO GUEGO TEOTO TO GUVTAXTIXG. XE AUTH TNV TEOGEYYLOY),
Bo exuetahhevtodue v ooduvaula twy dVo Bewphoewy xau Ba yenowonolodue cuvhing
o aviixelpeva oty xavovi ot e La, wg ouvaptioec ToAAGY uetaBAnTéy Tov onolwy
oL TLég elvan avtixelueva Baouxdy Tinwy.
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Mapdderypa 2.2.1. ‘Eoto 1o avuxeluevo love : € X € — t nou epunvelel
otnv L), 1 otabepd love. T omowadhnote d0o avixelpeva fi, fo @ & xo
omowadinote xatdotaoy a : s, 1 ouvdpTnomn love opiletal wg

love(f1, f2,a) =1 < o/n f2(a) ayand tov/mv fi(a) oty xatdotaon a.

'Onwg elvar guowd, o vroloyioude e twhc e love(f1, fo,a) yeewdleta
uévo Tig TWES TV f1 xau fo oty xatdotaon a. Me dAho Adyia, yia xdbe
300 Levyn oploudtov (f1, f2 : €) xou (f], f5 : €) xou xdbe xatdotaon a, av

fi(a) = fi(a) xou fa(a) = fi(a), téte love(f1, f2,a) = love(f], [}, a).

To avtixeluevo love elval udvo €va TapdSELYUN TOTXOU AVTLXELLEVOU XAl
o yapaxtnetouds autdg Ha yivelr avotneds ue T yeRon g Tomxd ouvagols
oLVAPTNONS.

Optopés 2.2.2. (Tomuxd Tuvagrs Xuvdptnon evés Avtixelpwévou) I
xd0e f : 7, opllovue L onualvel yia ™) oLVdETNOT

flis—o

va elvan tomuxd ouvagric tyc f (local associate) avadpouixd 6to eninedo tov &.
(1) Av f : 5o, té1e 1) f' elvan Tomxd ouvaghc cuvdpTnom e f av xat uévo
av f = f.
(i) Av f: 01 X ... X 0y — 0p, T6tE N [/ 15 X 01 X ... X 0 = 0 elvan
TomXd ouvaPhs cuvdpTnon TNg f av xat uévo av vy xdbe f; 1 04, a : s,

FUfrs fura) = f'(a, fi(a),..., f(a)

6mov yw i = 1,...,n, x84 f! : s — o; elvar Tomxd ouvaghc cuvdptnom
™me fi-

‘Eva aviuxelyevo f 1 ¢ elvow tomxd (local) av éyer plo tomxd ouvagt
oLVAETNOT.

O opLoude e ouVdpTNoNC love ToL TAPOUGLICUUE TAPATEVE OUGLUGTLXS.
TepLypdget Ty Vrtaeén ulag Tomxd GuUVIYOUS GUVERTNONS YA AUTHY XL ETOUE-
Vo<, To avixeluevo love elvol tomxd. Elvou enlong npogavéc and tov oploud
671 6ha T avTixeleva Timou & xou t (aviietpeva tomou eminédou éva) elval
TOTXE XL OTL EYOLY UOVASLXES TOTLXY GUVAPELS GUVIPTHOELS.

IMopdderypa 2.2.3. Enlong, dAa tetpiuuéva Tomxd aviixelyeva Ue otolou-
dfmote emmédou timo elvan ol otafepéc cuvapTthoelg, dnhady, xdbe cuvdpTtnom
f 01 x... x0T, = dp ol Gote Yo xd0e fi,. .., fr, xatdhiniov Tinwy
xoL yio x&be a : s,

f(fl:"'af?’ua) =b
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v xénowo b : og. H ouvdptnon f/ s x 01 x ... x 0 — 0p €100 BOTE YLOL
xdBe g1, ..., gn €ATEAANADY TUTOY XaL x40 a : s,

f/(aagla"'agﬂ) = b
elvon mpogavde Tomxd cuvaghc g f.

Av 1 f elvan Tomxd ouvagic 1660 g f1 660 xat g fa TOTE OL GUVETH-
oewc fi xou fo elvan loeg o€ dha To Tomuxd oplopata. And Tnv dAAn, 0 oploudg
¢ ToTXd oLVIPolS cuvdptnore dev opllel Ty f' 1 s — 0 — anhde xabopllel
uepwés and Tig Twwég g, O opouds autdg dev Bétel xavéva Teploploud oTig
twwéc e f' oe oplopata to onolo dev elvan xl autd TUES TOTIXE GUVAPEHY
OLVAPTACERY TV oploudtwy e f. Devixd, éva tomuxd avuxeiyevo f: 0 ue
level(G) > 2 éyel moAAég Tomd ouvagelc ouvapTHOES TOV onolwy 1 oyéon
TepLypdgeTar oty axdhoudn npogavi tedTaoT.

IMpétaon 2.2.4. Av o fi1 xar fo elvar tomxd ovvapeic ouvvaptioet T1¢
f 101 x...x0, > 0o, 10T, yia xdbe a : s xat yia onotadirnote Tomixd
avrixelueva g; @ 0; xau Tomxd ouvagelc Touc ouvaptioeis g, i s — oy, (i =
1,...,n),

f1(a,6)(@), .., gh(@) = fola. (@), .. ghp(a)-

Ac dolue tépa éva napdderyua un tomuxod (non local) avtixeyévou.

Hoapdderypa 2.2.5. To mo tpogavéc eivar o Tpotaclaxée teheotrhic [1:1 — T
Tov onoto epunvelouue we «vayxale ndvtar, Snhadh vl x&be f 1 T xon xéhe
XATAOTACT) @ : S,

[({f,a) =1 < Vb:s, f(b)=1.

I va odnynfodue oe avtigaon, ag unobéoovue 6TL undpyel ula cuvdpetnom
fisxt—ttérow dote vy xdbe f: T xaw x40e a : s, CI(f,a) = f'(f(a),a).
'Eotw enlong dVo avuxeluyeva fi xat fz, tétow dote otny xatdotaon a,
fila) = fa(a) = 1 add& O(f1,a) = 1, (f2,a) = 0 yuti undpyer uia dhkn
xatdotaon b : s tétowa dote fa(b) = 0.

Toea, eved f'(fi(a),a) = f'(f2(a),a), Ba npénel va oyler f/(fi(a),a) =1
xat f'(f2(a),a) = 0 1o onolo elvar dromo.

Anodellaue 611 To avixeluyevo [ Sev elval tomxd ypnowwonoldvrag ula
Wéa 7 omola umopel va yevixeutel xau yenouuonoleital 6To TopaxdTe Afuua
Yuvlixne Tomuxdrnrac (Locality Condition).

Adppa 2.2.6. (XuvOhxrn Torxdtnrag -LC) Eva avtixeiuevo f: 01 X ... X
On — 0g elvar Tomxd av xar uévo av toyver n ekijc owvbiixn: I'a Vo n-
ddec (f1,---yfn) xat (g1,...,9n) TOMXGY aVTIxXEWEVWY XaTEAADAWY TUTWY
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xau avtlotolywy tomxd ouvagdy ouvaptioewy (fi, ..., f1) xau (g}, ..., 4}),
xau yia xdbe a s, av, yia i =1,...,n, f/(a) = g.(a), té1e

f(fla"'afnaa) :f(gla"'ug’ﬂna)'

ANIOAEIZH. H andédeln elvar ye enaywyt oto eninedo tou tinov g f.
(=) 'Eotw 6n 1 f/ elvar tomxd ouvaghc ouvdptnon tou tomxol avt-

xeweévou f 101 X ... x dy — d9. Tote, yia x80e a : s xau yio onolesdfinote
N-48eC TOMXMY AVTLXEWEVODY XATIANAWY TOToY (f1, ..., fn) xat (91, .- ., 9n)
xaL Tomxd ouvagelc toug ouvapthoews (f, ..., f1) o (¢, ..., g),) tétolec
dote ywi=1,...,n, fl(a) = gi(a),
f(fla s 7fn7a) = f/(aaf{(a)a s 7f7l7,(a))
= f/(aagi(a)a s 7.941(61)) = f(gh -1 9n, a)'

(=) Av f:01 x...x 3y — 00, optlovue y f':sx 01 X ... X 0p —> 09
wg e€hc

f(fi, -, fnya), avywwi=1 ... n, vrdpyouy Tomxd
f(a,by, ... by) = aviuxetyeva fi,..., fr €tow Oote
fila) = bi,
€To0, AAALOC.

H ouvdptnon f/ elvar xahd optouévn, agod and v vrdbeor, axdua xal av
Y xdmoto 7, undpyouv dYo Tomxd avtixelueva f; xat g; xoL Tomxd cuvagelc
Touc ouvapthoels f! xa g) avtlotouya, tétolec Hote by = f/(a) xou b; = gi(a)

Yl Xdroto a, Loy veL 6TL

f(fl;"';fia"'yfnaa) :f(fla"'ygia"'afHJG’)‘

H ouvdptnon [’ elvon mpogavdc tomxd ouvagic e f xa enouévoc, 1 f elvar
TomLXY). =

Fevixd, oL Tlwég Twv Tomxd oUVAPHY CUVIPTHCEWY EVOS TOTLXOU AVTLXEL-
uévou f umopolv va Swagépouv uévo oe oplopata Ta omola dev elvar Tuég
TOTUXE GUVAPGY GLYVARTAGEDY TV 0ploUdTwY TN f. Av ddoovue uia ouyxe-
xpuévn T oty f oe autd ta oplopata, t61e UnopoUue va oploouue Ulo
Waltepn, «mpotiuntéa» Tomxd cuvagt cuvdptnon g f.

Optowdg 2.2.7. Av 1 ouvdptnon f : & elvar Tomxr], ula Tomxd cuVAQhS TnNe
fx 18 = 0 elvaw pla mpotiuntéa tomxd ouvaglic ouvdptnon tne f (preferred
local associate of f) av xou u6vo ov
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(i) Av f : 00, T6T€ fr = f.

(i) Av f : 01 X ... X Ty = 00, TOTE T fs 1S X 01 X ... X 0y — 00 ElVOL
Tétol Hote yua xdbe a 1 s xou vy x80e by : o1,..., by 1 0y, av Sev UTdpyOLY
Tomxég ouvapThoELS fi © 0; Ue Tomxd ouvagelc f! tétoec Gote by = fl(a),
161e

fela, b1, ... bn) = erg,.

IMpbtaom 2.2.8. Av n f : 0 elvar tomxy, tote et uia povaduxy npotiuntéa
TOmLd ouvapy ouvdpTnol.

ANOAEIZH. H anédelln elvon ye enaywyr oto level (7).
(1) Av f : 09, tote fr = f xau Tpogavéc elvor Lovadixy.

(ii) 'Eotw 6t n f' s x 01 X ... x 0y — 00 elvan plo Tomxd ouvaghc
ouvdptnon evdc Tomxol aviixewévou f 1 o1 X ... X o, — 0g. Optlouue T
\

ouvdptnom

f(a,br,. .. by), av, ywi=1,...,n, urtdpyouyv TomxéS

o z / / —

felayby, ... by) = fi,..., fn tét0EC HOTE f](a) = by,

€50, aAALOC.

H ouvdptnon fi elvon tomxd ouvagrc tne f agol yia onoladrnrote tomxd
aviuelyeva fi,. .., fn xotdAAnhoy tnwy ye tomxd ouvagelc f1, ..., fl xou
v %&be a : s,

f(fla"'afnaa) = f/(aaf{(a)v"'vfrlz(a)) = f*(a’af{(a)a' i 7fTIL(a))

Enlomng, énetar dueca and tov oploud 6tL 1 cuvdptnom fi elval mpotiuntéa
Tomxd ouvaghc e f.

'Eoto tdpa 6TL 1 fl 1S X 01 X ... X 0y — 00 elvon plor AN TpoTiuntéa
Tomxd ouvagrg ouvdptnon e f. Eletdlouue Tic mapaxdtew mepntdoelg
oyetd Ue o oplouata Twv fi xat fi.

Il xd0e a : s xaw x&be by, ..., b, xatdhhnhov tOnwY téTola HGOTE LTdE-
YOUV TOTXEC OUVAPTAGELS f1, ..., fn XL TOTXE ouvagelc avtdy f1,..., f1,
avtiotoya, tétoec dote f(a) = b, ywi=1,...,n,

fala,by, ..., by) = f(a,b1,...,by)
:f(fla"'afnJG)
= f:lk(aaf{(a)avalz(a)) = f;(aablv'--abn)v

duotL ) fL elvan Tomxd ouvagfic e f.
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And v &y, v xd0e a @ s yio xdbe dhha by, . . ., by xaTIAANALY TOTOY,
fela,by, ... by) = eryy = fila,by,... by),
duotL ) fh elvan mpotiuntéa Tomxd ouvaghc e f. —

Téhog, To enduevo OGedpnua cuvolilel uepxés Paoixés WBLOTNTES TOV TO-
TUXOV OVTIXEWEVWY X0l TWV TOTXE GLYAPOY TOUS GUVIPTHOERDY.

Ocdpnpa 2.2.9. (i) (Ilpoford) Av n f : 01 X ... x 0y — 0; elvaw ula

ouvdptnon npofolijc Tétoia dote

f(fla"'afn) :fi7

téte ) f elvar tomxf xaw p f s X o1 X ... X op — 0y ov oplleTar yia xdbe
a:s wc
Fla i, yn) = yi
elvat tomxd ovvagnc te.
(ii) (Egopunoy?) os Tomuxég Tipég) Avor f 1 TiX...XTy, = 0 xatyy : 71,
cyYn 1 Ty elvar tomixéc ue tomxd ouvagelc foxar Y, ...y, aviiotoiya,

téte 0 f(y1,...,yn) elvar enlonc tomwe xaw n (f(yi,...,un))
opiletat yia xdbe a:s w¢

/!
(f(yr,- - 9m)) (@) = f(a,41(a), -,y (a))
elvat Tomxd ovvagnic Tc.
(iii) (X0v0eon) Avorg: 01X ... X0y X0 > pxath:01X...X0p > 0
elvar tomxéc ue tomxd ovvagelc ¢ xaw b avriotorya, xat

.S — 0 mov

flzy,. .. zn) = g(x1, .. xn, h(z1, ... 2p)),

téte n f elvaw enlonc tomxy xaw n ouvdptnon f 1 s X 01... X 0p — p TOU
oplletar yia xdbe a : s w¢

f,(a’ayla s 7yn) = gl(aa Yty .- ;yn;h,(a;yL s 7y’n))

elvat tomxd ovvagnc te.
(iv) (A-apaigeom) Av n f:01 X ... X0y XT — p elvar tomxy ue tomixd
ouvagy f' xa
g(x1, ... xn) = M) f(z1, ..., 2n, 2),
téte 9 g elvar Tomxy xar n ouvdptnon g’ 1S X 01 X ... X oy — (T — p) 7OV
oplletar w¢
g (a,hi,... hy) = Xh)f'(a,h,... ¢y, k)

elvat tomxd ovvagnc t™c.
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ANIOAEIEH. (i) 'Eotw f: 01 % ... x 0y — 0; ula ouvdptnon npoBolfc, tétowa
GOTE YW f1, ..., fn xaTEANNAY ooy, f(f1,..., fa) = fi-

‘BEotw 61 6; = &} % ... x 6™ — &F. Apxel va delfouvue, olugova
ue tov Optoud 2.2.2, 6Tt yia omowadnnote Tomxd aviixelueva T1,..., Ty,
Tpgls- - Tngm UE TOTUXE GUVOQELS OUYOPTAGELS TOUS Th, ..., T0, T1iqs - - -
Ty o X80 a : s,

f(xla <o Tns Tptly -+ s Tntm, (I)
= f/(aa xll(a)a s 7I;L(a)7x;z+1(a)a s 7$;z+m(a))'
To {ntoluevo woylel agob
!/ !/ / ! !
f (a7 xl(a)a s 7mn(a)7 xn+1(a)a s 7xn+m(a))

/ ! !

= {EZ((I) (xn—i-l(a): v 7xn+m(a))

= x’i(wn+17 -y Tntm, a)

= f(wh -y Tn; Tntly - - -5 Tntm, a)'

(ii) 'Eotw 610 = 01 X... X Ty — 0p. Apxel va delouye, alugpwva ye tov
Optoud 2.2.2, 6L yiot onoLadmoTe TOmXd AVTXEUEVA T 1, . . . , Ty XATIAAAWY
TOnY ot Tomxd cuvagelc cuvaptioels Toug o, . .., x,, %ot xdfe a : s,

(f(yl,...,yn))(xl,...,xm,a) = (f(yl,...,yn))'(a,xll(a),...,x;n(a)).

To {ntoluevo woylel agob

(f(y1s- - ym)) (@, 21 (a), . . 2, (a))
= (f'(a,91(a), ..., yp(a)) (1 (a), ...,
= f'(a,41(a), ..., yn(a), 21 (a), ..., 2} (a))
= (Y1, Yn, L1, -, Ty, Q)
= (f(yl,...,yn))(xl,...,xm,a).

3\
—~
S
~—
N—

(i) 'Eotw 6t p = p1 X ... X pm — po. Apxel va delZovue, odupwva
ue tov Optoud 2.2.2, 6t yia omoladnnote tomxd aviixelueva 1, ..., Ty,
Tty Tngpm UE XATEAANAOLS TUTOUE XaL TOTUXS GUVAQELS CUVAPTHGELS TOUG

I ! I} / ’ .
XYy Ty, Ty gy Ty XL %80 @ s,
f(xla <o Ty Tty - - 7xn+ma)

= fl(aa xll(a)v s ,1‘;1(a),x;1+1(a), s 7x;1+m(a))'



42 KE®PAAAIO 2. TOIIIKOTHTA ANTIKEIMEN()N

Xpnowonowdvtag v meplntwon (i) avtol tou Hewphuatog, to {nroluevo
Loy Vel apou

fl(aaxll(a)i Tt ;1+m(a‘))

= gl(a7 *Tll(a)a tet (a‘)7 hl(a‘ '1"1( ) e 7$;1(a))7 x'InJrl(a); Tt x'Iner(a))
!

= g/(aaxll(a)a st a ’ ( T1y---, l‘n)) (a)vx;z—i-l(a): e 7x;L+m(a))

= g(z1,-.. ,xn,h(ml, ), Tl - s Tntm, @)

= f(T1, -, Tny Trtly - oy Tnpm, ).

(iv) 'Eotew 6TL p = p1 X ... X P — po. Apxel va delouue, olupwva
uE TOV OpLopé 2.2.2, 6TL v onowdnnoTe TOMXE avTIXElUEVA T1,. .., Tp,
T, Tpad,-- xn+m XATIAMNA®Y TUTWY XAl TOTLXE GUYVAPELS GUVIPTHOELS TOUG
o, xl o x) L o xdbe a s,

g(xla co T, Ty 41y - - -5 Tntm, Cl)
= gl(aa :Ell(a)a cee 7*7:;1((1)7 xl(a)a x;’b+1(a)7 v 7$4L+m(a))

To Inroduevo oy lel agpov

g'(a,71(a),... .7y (a), 2'(a), 7)1, (a), .. n+m(a))
= (Mh)f'(a, 2} a),... a),h) )(51?'(@): Tpy1(a), s Ty (@)
= f'(a,21(a), ..., 25(a), 2 ( )T 41(a), .. n+m(a))
= f(T1,.  , Tn, T, Tptl, -y Tntm, @)
=g(T1,. ., Tn, T, Tptly -« oy Ty, @). —

H evotnra tehewdver pe éva mpogavég mopLopa Tng meplntwong g A-
agaipeonc Tou Bewpruotoc.

Il

IIégropa 2.2.10. Av 5 f

i . 0q,

elvar tomxyj ue tomxd ovvagy f'oxar yia

g=Axz1) ... XMzn)f,

téte n g elvauw enlone tomxl xar n ouvdptnon §' S X 01 X ... X Op — T OV
oplletar yia xdfe a: s w¢

g'(a) = Az1) - A(z) (f'(a))

elvatr Tomxd ovvagic Tc.
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2.3 Acixteg Touxdtntog Tov Thnov o

Tao tomuxd aviixelueva elval uévo UEPIXd and T AVTLXEUEVR TOU EQUNVEUOLY
otafepés g Quowtrc yAwoooug. ‘Onwg n ouvdptnon [, undpyouv @uoixd
TapadElYUATA AVTLXELWEVWY Tou dev elval Tomxd xot unopel axdéuo ot va
TapousLdlouy SlapopeTixy) cuuTepLpopd TomxdTNTag ot xdfe éva and Ta opl-
ouatéd Toug.

To Baowd yapaxtneoTixd Tng TposgYYLoNg TNg TomXOTNTAG Tou utofe-
teltan €06 elvar 6TL dev mpolnobéter xaula ouoibuopyn, tomuxy 1j un Tomxy,
OUUTEQLPOPA TWY QVTIXELUEVWY 1] AXOUX XAl TWY OPLOUATWY E€VOS AVTIXEL-
uévou. BLVETOS, LTdpyeL M aviyxn ulag xatdAAning meptypapric authc g
ovunepLpopds 1 onola Ha oplotel aueTNEd, xaTd TEOTO TUEOUOLO UE AUTOY TV
TOTXOVY avTelWévey g Evotnrag 2.2

Mopdderypa 2.3.1. 'Eotw 1 cuvdptnon former : (8 > 1) x € >t 1 onola
epunvevel T otabepd former. Tua xdfe f1: &€ — T o fo : & xan yio xdbe a : s,
n ouvdpTnon auth opiletal wg e€hg

former(fi, f2,a) =1 < o/n/70 fa(a) éxeL v WSibéta f1 o€ xdnow

xatdotaot b, mpoyevéatepn 670 ypdvo NS a

[ mapdderyua, 1 tpdtact ‘O I'dvyng elvar tpdnv utovpy o’ arodidetar oTny
L), ue Tov 6po former(minister, John). H urodflwot| tng oe xdnola xatdotaoy
a : s eaptdton and TV unodhhwon tng oTtabepds minister oe dhheg xATAGTA-
oelg oL onoleg umodewviouy ula ypovixt| oTiyur, oto tapeAldv oe oyéon ue
™Y a eved oty Teplntworn g urodhiwong tng otafepdc John, ypeidleton
uévo 1 T TS oTNV xATdoTUoT a.

O tomog (8 = 1) x & — T ¢ ouvdptnong former exppdler Tumxd 6T 1
GUVEETNOT AUTH TEpUUéVeL To TPGTO dpLoud Tne va elvar THmou (& — t) evé To
devtepo tinou €. Optlouue, otn cuvéyela, évav avtioTtolyo QopuaAoud Y
x&0e tino, évay xAetotd Selxtn tomxdrnrac tou tUnou 0, tétolo HOTE, YLd
Toeddetypa 6Ty TeplnTwon g ouvdetnong former, vo ex@pdlel To YEYO-
véc 611 omolodhnote Gploua tinou (€ — 1) yenowomnoteiton and v former
un tomxd, to onolo cuuPoiilovue ue to Ynplo 1, eved xdbe dproua TimOL €
yenowonoteltar Tomxd, xor to cuufolilovue ye 0. O Seixtng g former
exppdlel enlong Tov TpOTO UE TOV 0TOlo OTOLOBNTOTE TPMTO NS dpLoUd YpT)-
owornotel ta dxd Tou oplopata TUmOU € — TEpLYPAPEL, ETOUEVLS, TAHPWS TN
OUUTEQLYPOEE TOTIXOTNTAS TOU AVTLXEWEVOL.
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t, € l
tot UNORANY
ExEot AL0,IL0Y, AL 1,15 1),

ALLILOY, dLO0,IL 1)

-t xe>1 ULOHLOILO, L1HLILILI
{L1LO0,IL0Y, L 0YL 1,1 0)
{ALOYLO0IL T, L 1YL1IL 0
L1 LO LT, LLOYL1,IL1)

[Tivaxag 2.1: Ioapadelyuyata xAetoTdV dexT®Y TOTXOTNTAS ELGASOU.

Opiowds 2.3.2. (Khewotég Acixtng Tomxdtntag tou Tirou &) 'Evog
xAetoto¢ Selxtne tomuxdTyTac Tov TUNOU O (closed locality index of type o)
elvan pla axohovbio Tng wop@rc

CLt

dVo avelapThitwy uepdv: evég xAetotol Seixty tomxotnrac etoédov L Tou
tUnou & (closed locality input index of type &) xo. evég xAetotol delxty To-
mxdtnrac e€6dou (closed locality output index) t.

‘Evog xhewotéc delxtng tomuxdtnrog e€68ou ¢ elval ulo otafepd Selxty
(index constant) n onola opiletal we

t:=0]1.

"Evoc xhelotég delxtng tomxdtnrag eto6dov £ tou timov o oplletar ue
avadpout| oto level(d) we efic:

Av 0 =0, ¢ :=1, 6mou to [ elvan éva otalbepd alvufolro.

Av G =01 x ... x 0y — 0p, évac xhewotdg delxtne tomxdTnTaC EL66S0UL ¢
Tou TUTou o elvan ula Exppaon

EZE<£1 Lty,..., 0 |_>tn>

omou £y, . .., Ly, elvan xhetotol delxteg TomxdnTag L6630V TOY TUNWY T, . . ., Oy
avtiotouya xat tq, ..., t, elvar otabepéc delxtn.

Yrov Ilivaxa 2.1, napovsidlovtal 6ol o mbavol xhewotol deixtec TomL-
%x6TNTAC EL6GOOV UEPXGY TUTWY UE Yaunio eninedo.
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Erlong, yevixd, mapatneodue 6t olupwva Pe tov Tpéno mou avithauSa-
VOUUGTE To AYOOUATOL,

ULty Lty L= L, Lty by Lty Lt

Télog, undpyouy xdrolol xhetotol Selxteg eldixol evdLlagépovtog Yo xdbe
7
Toro.

Oprowds 2.3.3. Av bhec ou otalepéc Selxtn evog xhelotol delxtn TomxdtnToC
(eto6dov) elvar loeg pe 1, téte 0 delxtne ovoudletar xavovixdc (standard)
evd av 6Aec oL otabepéc Selxtn elval loeg ue 0, o delxtng ovoudletan Tomxdc
(local).

Tdpa, elvar Quoxd va Yevixeloouue Tov 0ploUd Tou XhelaTol delxty To-
TXOTHTAC UE TN YpRon Suadixdy UeTaSANTY.

Oplowés 2.3.4. 'Evoc deixtne tomuxdtnrac tou tunov o (locality index of
type &) opiletal 6nwe otov Oploud 2.3.2 bmou o delxtne Tomxbtnrac e€680u
t elvan tdpa éva oluforo Selxty (index token) o onolo opiletal we

t:=0]1]b
6mou b elvan uetafAnty delxy (index variable).

‘Eneton 611 av aviixatasticovue onoladhinote eupdvior xdbe puetaSintic
delxtn b oe éva delxtn tomxdnrac ¢ tou tinou ¢ e T otabepéc 0 1 1, n
ovuPolooelpd mou Hu oynuatiotel elvar évag xAhewotdg delxtng TOomUOTNHTAC
Tou Btou tUnou. Tumxd,

Opiowés 2.3.5. Aviuxatdotaoy (substitution) elvaw 1 tuyala cuvdptnon
p : {Metafintéc Aelxtn} — {0, 1} U {Metopintéc Aelxtn}.

Enextelvovye amhd v p(f) avixabiotdvtag dheg tic yetaPfintés delxtn b
mou eugaviovtol ot éva delxtn Tomxbtnrag ewoddou £ ue p(b). Avtiotouya,
arotiunon (evaluation) p’ elvon ula elduxh neplntwon avixatdotaong tétow
OoTE

P {Metefhntéc Aetxtn} — {0,1}.

T x&be tomo &, undpyel évag delxtne Tomxdtnrag ue wetafintés delxty
Tétoloc Bote xdle delxtne TomxbTNTAC ALTOY TOoL TUTOL UTopel va Tapary Hel
and ulo avixatdotoon Ty eTaBAnTdy delxtn mou eugaviCovtal oe autdv.
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Avdppa 2.3.6. (ITapapetpixds Acixtng Tomuxdtntag) [ia xdbe tino 7,
vndpyet évag Selxtne tomxoTnTac (etoddov), o omoloc ovoudletar napaue-
Towxo¢ (generic), tétowg dote dAa ta oUufora deixty nov eupavilovrar oe
autoy elvar uetafAntéc xar xaulo uetafinti dev eupaviletar meptoodtepo
and ula gopd. EmimAéoy:

(1) Kdbe delxtnc tomxdryrac (etoddou) tou tinov & unopel va napaybel
ané Tov mapaueTEix6 Selxtyn and ula xaTdAApAn avrixatdoTtaon Twy uETA-
BAntév Tou.

(ii) Eivar uovadixdc uéypt adpafntixijc napaldayic twv uetafintdy dei-
xtn mov eupaviloviar oe aUTOY.

(ili) Kdbe dAloc deixtne tomxdryrac (etoddov) tou tUnov & mou Exer Ty
bty (i) elvar ula arpafnroc rapaddayy tov.

ATIOAEIEH. H anédeiln elvon e enaywy? oto level().

Av 0 = 7y, t61€ 0 TapaueTpXds delxtng TomxoTNTAS Elvan 0 £ Ly b 6mou b
elvar yetafBAnty delxtn.

Avo =01 x...x 0y, — 0p, €00 6TL L1, ..., L, elvon TapapeTtpixol delxteg
TOTXOTNTAS ELGOBOL TV TUTWY 01, ..., 0, aviloTolya ue Zévec uetall Toug
uetafantéc delxtn. O noupauetpixds delxtng Tomxdtnrog tou tinou o elval

0=l Lby, .. by b)Y L b

6mou ot by, ..., by, b elvan Slagopetinéc uetall Toug xaivolpyleg UeTaSANnTég
delxt.

[ va Sel&ovue v WBiétnta (i), apxel va Hewprioovue yio xdfe delxtn
tomuxétnrog (U L ty,..., 0 L ty) L ¢ Tou tinou O pla avixatdotaon p
wérow Gote p(l;) = L, p(b;) = t; xou p(b) =t (i =1,...,n). H p elvar xakd
oplouévr STl xdbe petafinty delxtn epugaviletar udévo ula popd.

Tt va delovpe v Widtnta (i), éotw dtio /= W) L by, ... 0, L by LY
elva évag dhhog mapauetpnds delxtng TomxdtnTag Tou tinou o. Elval npo-
pavéc 6Tl 1 avixatdotaoy p tétow Gote p(f) = £ elvan pla ahgofntid
uetovouaoio Twv UETABANTOY delxtn Tou L.

Tt va del€ovpe v Widtnta (iil), éotw 6ol = Lt ... 0 Lty Lt
elvan évag delxtng tomuxdtnTog Tou THTOU G YL Tov omolo oylel M WLoTnTa
(i). Téte, undpyer pla avixatdotaoy p tétow dote p(f) = L. Tdhpa, apol
oy el N Wiotnta (1) yia o delxtn £, undpyer ula aviixatdotaon p’ tétow dote
p'(£) = 0'. Enouévoce, woylel 6t p(p'(£)) = L. Anhadi, 1 p elvar n avilotpopn
e p e emopévoc, o delxtne £ elvan akgafntind napakhoyf tou L. —



2.4. YYNA®HY YXYNAPTHXH (¥ IIPOX AEIKTH 47

2.4 Xuvaghg Xuvdptnom evog AvTxeldévou ®¢ TPOg
éva Kiewotd Acixtn Tonuxdtntag Eweddou tou Ti-
TOL TOU

"Eotw 6t (I L by,l L by) elvan o napapetpixde delxtne tomxdtntog eloédou
evég aviixeyévou f 1 € x & — t. Ntov Mivaxa 2.1, gaivetor 611 undpyouy
técoeplc mbavol xhelotol delxtec TomxdTNTAC ELGOBOL Yl AUTG TO avTLxel-
uevo. ‘Onwg €yovue avagépel, oL dVo dwagpopetinés otabepés Selxtn, 0 xau 1,
ouuPBoAilovy v Tomxh xou un Tomxy yeromn, aviloTolya, Tou oploUaTog TO
ornolo Guvodelouy.

I nopddetypa, to aviuxeluevo f, av 1o Bewprioovue wg Tpog ToV XAeLGTO
delxtn TomuxbdTog etoddou (I L 0,1 L 1), yenowonotel 1o tpdto tou bploua
ue delxtn TomxdtnTac elobdou [ (ULa xat €yel TOTO ETLTESOU €var) TOTLXE %o
T0 devtepo un tomwxd. Koabévag and toug tpelg dihoug miblavoic xheloTtolg
delxteg TomxdTNTOg €L6630L Tou f exppdlet Ula SLa@opeTiny GUUTERLPORE TOU
f w¢ mpog Tov 1péTo ToU 0 UTOAOYLEUOS TOU GE Uld GUYXEXPLUEVY XATAOTAOT
a yenowonolel Tig TWES TV 0pLoUITOY O BLAQOPETIXES XATACTACELS ATO
v a. Av f = love, t61e 0 delxtng TomxdTHTAC ELGHdOL Tou Ou €mpene va
YENOUWOTOLAGOVUE YLA VA EXPRACOVUE TN GUUTEPLPORE TOTUXOTNTAS TOU OTWg
v nepLypddoue oto Hapdderyua 2.2.1, elvar guowd o (I L 0,1 L 0).

Ou deilxteg TomxoTnTAC €L06B0UL elvan mo meplmhoxol av eEeTdoouUe avTL-
xeluevo ye tomo eninedou yeyalitepou and dVo. O napoauetexds delxtng to-
Tx6TNTAC £L6630U ToL TOToL (& — ) — T elvon ((I L ba) L by) xou éva anéd ta
xhetotd otyuétund tou elvar o (I L 0) L 1). O Selxtng autéc unodewxviel
6TL éva avtixelevo autol Tou TUTou yenoLdonotel To TedTo (XL Uovadixd)
6pLoud Tou Un tomxd aAld uévo 6tay 1o (So To dploua ypnoluonotel To duxd
Tou 6popa tomxd. 'Eva dAAo xAewoTé oTLYULOTUTO TOU TUQUUETELXOU TOU
deletn TomudnTog etoddou elvon to (I L 1) Ly 1) 1o onolo exgpdlel tn un
TomxY| YeHon Tou TPATOL 0ploUATOS TOU AVTIXEWEVOL 6Tay, avTifeta, To (BLo
T0 bploua yenordonotel To dixd Tou dpLoud UT TOTLXA.

Ou delxteg TomxdtnTag eLoddou meplypdpouy TN GUUTEPLPOPE TOTLXOTY-
TOS TV AVTIXEWEVOY XL TV 0pLoUATLY Toug Ywels va npolnobétouy xaula
dedouévn uetayelpion onowadrrote eldoug. 'Ohol ou dagopeTixol cuvduacuol
EMLTPENOVTAL OE ULd TPOOTAOEL VO XATAVONGOUUE TNV TOTXOTNTA 660 XAAD-
Tepa yivetat. Yty Evétnra 2.2, oploaue ta tomxd aviixelueva pe tn yeron
TV TomXE GLUVAPAY GUVAPTAGEWY Xal Toeda, Hu oplocovue ula yevixeuuévn
EVVOLLL oUVAPOUS OUVEPTNONS EVOS UVTIXELUEVOL WS TPOSC €VOL XAELGTSH delxTy)
TomX6TNTAC €L0630u Tou tinou tou. Ilpdta, Ou ypelaotodue éva amhd ue-
TooYNUATIOUS Ue Tov omolo avTioTolyolue oe xdfe eaptduevo and tny xa-
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€ l s—e

Exe¥ot dL0,IL0) exe—t)
dL1,IL1) ExXE—ot)
AdL0,IL 1) exe—t)

-t xe€-t LOLOILO
WALDLLIL Y
U L0YL1,1L0)

(e—>t)xe—ot)
(s> E 1) xE—1)

s— (
s— (
s— (
s—(
s— (
S—)(( —>(e—>t))><e—>t)

S
S

Mivaxag 2.2: Topadelypoata ouvapdy TOHToY.

Tdotaon TVno 0 xou xdfe xhelotéd Selxtn TomxdTNTAUC EL6OS0U £ TOV ouvapr
TUmo (5)i o ornotog fa elvar o tomog e WS e avtlotolyng cuvagolg

ouvdpTnong oc Ula xatdotao.

Optowdg 2.4.1. T %xdbe timo o xa xdfe xhewotd delxtn TomxdnTaC EL-

0680u ¢ Tou Tinou 7, opllovue avadpoulxd oto eninedo level(d) tov ouvaps

tuno (associate type) (5)i wc e

(o) =09

(&1 X ... X Op — 30)glL’t1""’£”L’t"> =T X ... X Ty — 00,
~ 0
o) t;, = 0

omou T; = ( l)*L ‘ XVt
s— (07),, avt; =1

Ytov Ilivaxa 2.2, napovoidlouue pgeptxols TUTOUS XL TOUS AVTloTOLY0Ug
TOTOUG NS LopPhc (S — ouvagric TUTOG) WS TPOC GUYXEXPUIEVOUC XAELGTOUC
delxteg tomuxdtnTag ewdédou. Ilapatnpeiote 6t xdbe popd av o xhewotdg
delxtne TomuxdTNTAC €L66d0U £ elval 0 ToTmxdS, TOTE

~\E
(U)* =0.

Ané v dAAT yepLd, Yo Tov xavovixd delxtn TomxdTnTaC EL6Hd0U OTOLoUdT -
TOTE TUTOV, UNOPOVUE EUXOAA Vo amodelEoVUE TNV TAUPUXITL TEOTACT.

Ipdtaoy 2.4.2. ['a xdbe tino o, av { elvar 0 xavovixos xAetotdc Selxtne
TOMXOTNTAC ELOGOOU ToU, Xal

14

ERl

Stand(c) :=s — (0)
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T0TE

Stand(&o) = 50

Stand(dy X ... x 05, — 0p) :=s x Stand(d1) % ... x Stand(5,,) — 0p.

I nopdderypa, deite Toug ouvagelc TOHTOLUC WS TEOS TOUG XAVOVIXOUG
delxteg mou nopovaidlovtat otov Ilivaxa 2.2.

Oplopés 2.4.3. (Zuvagric Xuvdptnon evog AVTLXELREVOU S TPOS Eva
Khiewot6 Acixtny Evo6d0ou tou Tonov tov) ' xdbe f : & xou xdfe xhewotd
delxtn TomxdTNTag €16630u £ Tou TUTOL Tou, opllovue avadpoulxd wS TEOg
70 enlnedo Tou ¢ T onualvel Yo TNV

f'os— @),

va elvaw ouvagric e f we mpoc tov £ (associate of f with respect to {).

(1) Av f: 0o xou £ =1, 161 1 f' 1 s > 0p elvar ouvaghc ouvdpton g f
av xat uévo av ' = f.

(i) Av f : 01 x ... x0Ty > dgxo £ = {1 L by, ..., 0, L ty), T6TE 1)
flis— (51 % ... x &y — 50)" elvon ouvaghc suvdptnen e f wc mpoc Tov £
av xat wévo av yio xdfe f; @ 0; xau xdfe a : s,

f(fl,.. . ,fn,a) = f’(a,FI,... ,Fn),

omou, yw i =1,...,n,

F, .= fz:(a‘)7 av t; = Oa

i) avit; =1

oL fz’ 1S — (5i)ff elval ouvaghc ouvdptnon tTne fi ©g Tpog Tov 4;.
'Evac xhetotdg delxtng tomuxbnroc ewodédou £ tou timov & elvon évog
XAeLOTOC SelxTne TOMXOTNTAC €L06B0U eVvHC avTixelévou f @ 7 av oL uévo

av undpyel ulo ouvaghc ouvdptnon e f wg mpog Tov L.

Enouévee, ye autév tov opioud, éva aviixeluyevo f @ 0 elval Tomxd av
xaL Uévo av €yel ulo ouVaQr GLVEPTNOT WS TEOS TOV TOTXG XAELGTH delxTy)
TOmXOTNTAS £L6630U Tou O

Tdpa, oL ouvagelc cUVAETHOELS EVOC AVTIXEWEVOU WS TEOS TOV (8Lo XAeL-
076 delxtn TomxéTNTaC €L0bddou oyetilovial dTWS XaL GTNHY TERINTWOY TWV
TOTUXOV.
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IMpétaoy 2.4.4. ‘Eotw to avrixeiuevo f: 01 X...X 0y — 0 Xt 0L OUVAPELS
tou ouvaptioeic fi xat fo we mpoc tov debxtn £ = Uy L ty, ..., 0y L ty).
Téte, yia omowadimote avuxeiueva fi,..., fn tétoia dote yia i =1,...,n,
n fl elvar ouvagric ouvdptnon T fi we mpoc tov U xat xdbe a : s,

fl(aaFla"'aFTL) :f2(a7F17"'7Fn)7

émou

!/ —
i avti:l.

/ —
F— {fi(a), avt; =0,
o vo e€etdoouye av éva aviuxelyevo €yet ula ouvagh cuvdptnon g
Tpog éva TuYOVTA XAewoTéd delxTy TomxdTNTAS ELG6Bd0U Tou TUROU TOu, YeTN-
owornowolue ula mo yevu exdoyr) tou Afuuatoc Luviixne Tomuxdtnrag

(Afuyo 2.2.6).

Adppo 2.4.5. (Tevixdy TuvBhxn Tomxdtntag - GLC) Eva aviixeluevo
f 01 x...x 0, = 09 Eyer ula ovvapl ouvdptnon wc mpog Tov SelxTy
0=ty . by s tyy av xar udvo av toyver n €€fic ouvbixn: La dvo
n-ddec (fi,...,fn) xat (g1,...,9n) xar avtiotoiyec ouvagelc ouvaptlioelc
oo fr xae gh, ... g, térotec dote yia i = 1,...,n, ot f] xau g, elvau
ouvaQelc oLVaPTHoELS TwY f; xat g; w¢ mpog Tov deixty {;, avrioTtolya, xat
via xdfe a s, av yia i = 1,...,n, elte fl(a) = gi{a) (av t; = 0) elte
fl=g (av ti=1), w6 f(fir- . fr@) = F(g1,- - s ).

ATIOAEIZH. H anédelln elvar ye enaywyy oto enlnedo tou timou tou f.

(=) 'Eotw 6t 10 avixelyevo f @ 01 X ... X 0y — G €Yl ouvagh
ouvéptnon wg mpog tov deixtn £ = (U L ty, ..., 0, L t,). 'Eoto exlong 61
ywi=1,...,n, 1o f; elvan éva avtixeluevo mou €yetl ulo ouvaQr GuVAETNOT

J] wc mpog tov £;, TéTE Yo xdbe a xS

F = {f{(a), av t; =0,

1 o
i av t; = 1.

Avédoya, optlovue xow ta Gy ywe i = 1,...,n. Av n f/ elvon plo ouvagiic
ouvdpTnoN Tou f e mpoc Tov ¢, toTE, Yo xdle a 1 s xau Yl onolesdfmote

n-4dec oavTeWévey (fi,..., fn) xat (g1,...,9n) x0TIV TinLY TéToL
Oote v ¢ = 1,...,n, Ta f; Xl g; €YOLY GUVIQELC GUVAPTHOELS WS TEOC
Tov £,

f(fl,...,fn,a) :f'(a,Fl,...,Fn)
:f'(a,Gl,...,Gn) = flg1,---,9n,0)-
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(=) A f:01 x...x0, > 0gxu L =1 L ty,...,.0, L ty), 0T 1
ouvdptnon f':s — (01 x ... X Ty — 50)1, nou oplletar wg

f(fi,-ooy fnya), avywi=1,...,n, utdpyouy
UE AVTLOTOLYEC GUVAQELS
Fa,by,... by) = /i f” , ,X ¢
ouvapthoels tétoec dote by = F;

€To AANLDG.

H ouvdptnon f' elvar xakd opropévr, agol, and tnv urdbeon, axduo xt
av YL xdmolo 4, undeyouv 300 dwapopeTixd avixelueva f; xau g; T€Tol HoTe
b; = F; xou b; = G; ywu xdmowo a, t6te

f(fla"';f’i;"';fnya) :f(fla"'agiy"'afTLJa)'

Tetpwuéva, 1 f elvan pla ouvaghc ouvdptnon tou f wg tpog Tov L.

e 6,TL agopd 6ToV xavovxd delxTn TOTXOTNTAS EL6ABOU EVHS AVTIXELUE-
vou, dev yeewdletan va yenowuonotioovue to Afuua Ieviede Yuvbrxng Tomi-
xétnTog yatl oy el To axdloubo.

IMpétaon 2.4.6. (i) [a xdbe avrxeiuevo f : &, vndpyer ula povadixij ou-
Vagic ouvdpTnon ToU WS mpog TOV Xavovixs SelxTy TomxoTnTAC ELOGEOU TOU
TUnov Tou.

(ii) o xdbe f': s — (5)?k onov € elvar 0 xavovixoc Selxtne tomxoTnTag
etoddou tou TUrov O, undpyet éva uovadixd avuxeluevo [ tévow dote n f’

elvar ovvagprjc tou f w¢ mpog tov L.

ATIOAEIZH. H anédelln elvon ye enaywyr oto level(7).

Av ¢ = 09, n npdTaoy elvar TETELUUEVT.

'Eotw 6110 =01 X ... X0, 2> 0gxatéotw 6Lol={ 1 L 1,..., 0, L 1)
elvar 0 xavovixdg delxtng TomxdtnTag ewwddou tou. llapatnpoldue 6TL vy
t=1,...,n, 0 delxtng {; elvar o xavovixdg delxtng TomxdTNTAC ELGGS0U TOU
Tonou 0; aviloTolya.

YroOétovue 6t vy 7 = 1,...,n, wylel n npdtacyn. Ankady, yua xdbe
fi © 0, umdpyer plo povadxh cuvaghic ouvdptnon f] we Tpog Tov £ xat yio
x&Be f! : Stand(o;) undpyel éva povadixd avixeluevo f; tétowo dote 1 f]
elvaw ouvaghc ouvdetnon Tou f; wg Teog Tov 4.

(i) Opllovue v f' :'s x Stand (o) x ...Stand(d,) — oo v f1,..., [}
XATIMNALY TOTLV 0 e€hc

fl(aafia"'vfil) :f(fla"'vfnaa)
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6mov yw i = 1,...,n, t0 f; elvor 10 yovadixé aviuxelpevo tétolo dote 1 f]
elval  ouvagrc ocuvdptnon tou f; wg mpog Tov ;.

Hpogavde, n ouvdptnon f elvar cuvagrc tou f g tpog tov .

‘Eotw tédpa 6t undpyet ula dhAn ouvagrc ouvdetnon g tou f »¢ meog
Tov £ xou 6Tt undpyel ulo n-ddo (fy, ..., f},) Tétow Gote

fl(a/Jf{J"'7f’[{L) ;ég(a7f{7"'7f7{L)'

Enouévog, Oo mpénel vo Loy vet

g(avfiv"'vfrlz) '_'éf(fla”-:fn:a)

6mov yw i = 1,...,n, 0 f; elvar 10 yovadixéd avixelpevo tétolo dote 1 f]
elval 1 ouvaphc cuvdptney Tou we Tpoc tov ¢;. Aedouévou 6Tl yia xdle f;
urdpyet ula uovadixr ouvaghc cuVEETNOT WS TPOC ToV ¢; xaL 1) g elvol GUVAPTC
oLVdETNoY Tou f »¢ TEog Tov £, €youuE avtigao).

(i) Opilouue 1o avuxelyevo f : G1 X ... X Gy — 00 Y& f1,- .., fn XATEA-
AV TOTeVY xat T Hovadxéc ouvagelc Toug ouvapTAceELS f1,. .., f1 ©S TPOC
Toug {1, ..., Ly, aviloTolya, g

f(fh'";fnaa) :fl(a;f{;---,frll).

To avtxelpevo f elvon xahd optouévo xau 1 f elvar suvagric cuvdptnorn Tou
[ o¢ mpog tov /.
Yrofétovue 6tu undpyel éva dhho avixeluyevo g tétowo wote 1 f elvan

ouvagnc ouvdptnot Tou wg mpog tov L. Tote, yw xdfe fi, ..., fr xa g
ouvagelc Toug ouvapthoes f1, ..., f1 ¢ tpog ta l1,. .., L, aviioToya,
g(fl;"'afnaa) = f,(aaf{w"afrlL) = f(fla"'afnaa)‘ =

Y11 oUVEYEL, YEVIXEVOLUE TNV €VVOLL TNG TROTIUNTERS ouvapols ouvdp-
TNONS EVOC AVTIXEWEVOL WS TIPOC Eval XAELoTO SelxTn TomXGTNTAC ELGGBOL XaL
anodewxxviouue GTL elval yovadixt.

Ipdtaom 2.4.7. Ay to avuixeiuevo f : G Eyet ouvag) ouvdptnon ws neog éva
xAetoté Selxty tomxdtnrac etoédouv £ tou TUROU TOU, TOTE Exel ula uovadixi
ouvagy ouvdptnon fi (rou ovoudletar mpotiuntéa ouvagic ouvdptnon wc
mpoc tov U (preferred associate with respect to €)) tétoia dorte:

(i) Av f : &y, té1e fL = f.

(i) Av f: 01 x ... x0p = 00 xat £ =y L ty,.... 0y L ty), ToTE 7
flis— (Fy x...x 0y — 50)i elvar ula ovvagic ouvdptnon tov [ w¢ mpog
tov { Tétota dote yia xdbe a 1 s xat xdfe by, ..., b, xatdAAniwy tinwy, av
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autd elvar tétota dote yia i = 1,...,n, Sev vndpyovy f; 1 0; ue ovvagelc
OUVAPTIOELS fZ’ w¢ mpog touc ¥; tétotec dote

{fz-’(a), avit; =0,
bi =

avt; =1,

1618
fha, by, ... by) = ery,.

ATIOAEIZH. Av f: 0p, té61e 1) npdTacn Loy vel TeTpLUUéVA.

'Eotw 6t 1 [ elvow ouvagic ouvdptnon tou f : 01 X... X Ty — 00 C TR0
éva xhelotéd delxtn tomxdtnrag ewoddov £ = Uy L ty, ..., 0y s ty). 'Eotw 6Tu
i =1,...,n, n f elvar plo ouvaghc ouvdptnon evég avixewévon f; : 0
©S TEOg Tov xheloTéd delxty elo6dou TomxdTnTog £; xon n Fy elvar, v xdfe

a:s
F = {fi’(a), av t; =0,

!

i av t; = 1.

OpiZouyue v f£ we

f(a by, ..., by), av,ywi=1,...,n, urdpyouv f; tTétow
ff((l,bl,...,bn): ©OOoTE b’L:E
€50, aAALOC.

H ouvdptnon f£ elvar tetpyupéva pia cuvaghe ouvdeten tou f wg Tpog
Tov £ agol Y fi,. .., frn xaTdAANALY TUTOY UE aviioTolyeg ouvagelc cuvap-
Thoelg xau xdbe a : s,

f(fla"'7fn7a) :f/(a’aFl;"';Fn) :ff(a‘aFla"an)'

Aré tov oploud tne, n fL elvan emione pio mpotyuntéa cuvagic GuVdETNON
Tou f.

Tépa, éote 611 gh elvar pio Ak mpoTiuntéa cuvagrc cuvdptnoy Tou f
o mpog tov Selxtn L. Toéte, woylel elte 611

fﬁ(a‘abla"':bn) = €lgy = gﬁ(a7b17"'7bn)7
glte OTL

fila, by, .. by) = f'(a,by,... by)
:f(fl,...,fn,a):gﬁ(a,bl,...,bn). —
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Télog, oL WLOTNTES TWY GUVAPDY CUVIPTHCEWY TEPLYPAPOVTAL 6TO ENOUEVO
Bedpnua 1o onolo anotekel yevixeuorn touv Osweruatog 2.2.9.

Ocdpnpa 2.4.8. (i) (IlpoPor) Av to f : 01 X ... X 0 — 0; elvar TéTO0
dote

f(fla"'afn) :fia

xar 0 deixtnc €=Uy Loty . 0 bty .o Uy U by, 4y) elvar évac xAetotde
Selxtne tomxdtyrag etoddov tou tUmou tou, téte n ' n onola opiletar yia
xdfe a ;s wc¢
f/(a’azla"'azn):{zu =0
zi(a), avt;=1
elvar ovvagprc ouvdptnon tou f w¢ mpoc tov L.

(ii) (Eqapwoy®) Av n f' elvar ouvagijc ouvdptnon tou f 1 TiX. .. XTp — 0
w¢ mpoc tov {my Ls S1,...,my s sk, £ xau yia i =1,...,k, y, elvar ouvagiic
ouvdpTnon Tov y; 1 T; w¢ mpoc Tov m4, toéte 1 ouvdptnon (f(yi,...,yx)) mou
oplletar yia xdfe a : s w¢

(f(’yl, .. -;yk))l(a) = fl(a7Y17 . '7Yk)

émou
yi(a), avs; =0,
Yi=q _
Y ay §; = ]-7
elvar ouvaglic ouvdptnon s f(yi,...,yk) w¢ meog tov L.

(iii) (¥0vBeom) Eorw du

flz1,...,x5) = g(z1, ..., zk, bz, ..., 28)),
Omov g : 01 X ... X0 XF — pxarh:F x...x0 — 0 xat éotw ot n g elva
ouvagic ouvdptnon tne g we mpoc tov {m1 L S1,...,mg L sk, lo L to, £) xat
n b elvar ouvagiic ouvdptnon tnc h we mpoc tov {my L s1,...,my Ls sg, lo)
fotw enlone o yia j =1,...k, to < 85, xat éotw 5 ovvdptnoy f' p onola
oplletar yia xdfe a: s w¢

flla,21,...,26) = g (a, 21, ., 2, H(21, - -5 21)),

omou
h(a,z1,...,2,), avityg=0

H(z,... %) =
(=1 %) {(b»—)h’(b,zl,...,zk)), av ty = 1.

Téve, n ' elvar ouvagric ouvdptnon tne [ w¢ mpoc tov delxty

(m1 L s1,...,my s g, £).
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(iv) (A-agaipeon) Av n f' elvar ovvagic ouvdptnon tou avtixeyévou
101X ... %x 0y, x0T = p w¢ mpog tov{m1 s S1,...,Mp L Sp,m Ls s,0) xau
g(z1,....xn) = M) f(z1,..., 20, T),

téte n ovvdptnon g mou opiletal wg
g (a,z1,...,20) = XN2)f(a,21,. .., 2n, 2)
elvar ouvagic ouvdptnon Tn¢ g w¢ mpog tov SelxtTy
mi L s1,.ooymp L Sp,m L s, 0).

AIOAEIZH. (i) Hopatneolue 6ty j = 1,...,n, av t; =0, to1€ 25 : (5j)ij
evhavtj=1,z:5 — (5j)ij. 'Eotw 61l =Uni1 Ltnit, oo sk b tyyk)-
YroOétovue 6TLTA 1, ..., Tjy o oo, Ty Tt 1y - - - Typk ELVOL OVTIXELUE VA XO-
TNV TOTOV XL oL T, . . . ,x;Hk elval ouvagelc GUVIPTAHBELS TOUC WS RO

toug delxteg {1, ..., Uy, avilotoiya. 'Eotw 6tuyw j =1,...,n+k,
= zi(a), avt; =0

/

xy, avt; =1

Apxel va del€ovue 6T
flx1, . Togk,a) = fl(a;Xl, s Xntk)-
Av t; = 0, té1e T0 {nToduevo oy el apol
fa, Xq,...,2i(a), ..., Xn, Xag1, -+, Xngw) = 25(a) (Xng1s oo, Xpsk)

= xi($n+17 oy Tk, a’)

f(xla"'axia"'aanrk)'

Av t; =1, opolwcg,

f/(a’7X17 ce ,l‘;, v 7X7’L7Xm+17 s 7Xn+k?) = x;(a)(Xn-‘rl? e 'JXTLJrk)

= xi(xn-‘rh -y Ttk a’)
= f(xl, N TR ’mn+k).

(ii) 'Botw 0 =01 X ... x0p 2 09 xo L =W Lity, ..., 0y L ty).

I onowdrrote avixelyeva x1,. .., T, XATIANALY TOTOV Ue GUVAPELS
ouvapthoe o), ..., &, ¢ mpog toug delxtec (1, ..., Ly aviloTtouya, xou yio
x40 a : s, av, yia x&fe i =1,...,n,

z(a), avt; =0,
Xi=+}
x;, avt; =1,
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T6TE

(f(yla'"7yk))($17"'7$n7a) = f(yla"'aykaxla"'ax’naa)
= f,(aayla-"aYkaXla"'aXn)

= (flyt,--,yx)) (a, X1,..., Xp).

Yougwva pe tov Optoud 2.4.3, 0 (f(y1,..-,yk)) elvar ouvaghc ouvdptnon
e f(y1,...,Yk) ©< Tpog Tov L.

(iii) Iopatnpodue 6ty j = 1,...,k, av s; =0, t61€ 25 : (0;5),7 evd av
s;=1,z 15— ()09,

Topa, €60 6TL P =p1 X o X pp = po x L=y Lty oo by L tp).

'Eotw enlong 6t ta hy, ..., hg,x1,. .., 2, elvor aviixelyeva xatdhAniwy
Tinwy ue ouvagels ouvapthoes b, ... ki, o, ..., &, ©¢ mpog Toug delxteg
mi,...,mg,l1,. .., 0h avtiotoryaxatéotw 6TL Yyt = 1,... ,nxay =1,... K,

X, = {wg(a); av t; =0, o Hj = {h;(a), av s =0,

/ — !/ —
x;, avit; =1 h;, av s = 1.

Av tg =0, t61e, Yot x80e a : s, ypnowonoudvTac Ty neplntwon (ii),

fl(a‘aHlJ-"7Hk7X17"'7Xn) =

_gl( H(H17"'7Hk)7X17"'7Xn)
=9
=g

a?
"(a,h'(a, Hy,. .., Hy), X1,...,Xy)
a,(h(h1,...,ht)) (a), X1,...,X,)
=g(hz1,. .., hg, (h(h1, ..., hg)), 1, ..., 2y, a)
= f(h1,...,hg, 21, ..., Ty, Q).

(
i

Avtyp=1, ey j =1,...,k, s; = 1, xou yenowonoidvroag avd tny
neplntoon (ii),
fa, by, o b, X, X))
=g (a,hy, ... b, b B'(b, B, ... kL), X1, ..., X))
=g'(a,h),... b}, b— (h(hy, ... h)) (b), X1,. .., Xp)
=g'(a,h), ... by, (h(h1,. .. b)), X1, .., Xp)
=g(h1,...,hi, h(h1,... ,hg),x1,...,2p,a)
:f(hl,...,hk,,xl,...,xn,a).

Kot o7ic dvo nepintdoets, and tov Optopd 2.4.3, n f/ elvar ouvagihc ouvdptnon
e f wg npoc tov delxtn (my Ls s1,...,mg L S, ).
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[Topatnpolue 6tL 0 teploplouds to < s; elvan anapaltnTog yua va oploouue
v ' oty neplntwon mou tp = 1. Awwebnuxd, n f' oplleton oty a ané
™ olvheon twv ¢’ xou A xow av tg = 1, ypetdletar va uvnohoyloel ) ouvagh
ouvéptnon (h(z1,...,zx)) xoa dev apxel n Twwh e oto a. Enouévoc, v
xdfe z;, ypewdleton TNV ouvaQR TOu GUVAETNON XAl OYL UOVO TNV T NG
GLVAPOUS BTNV XATACTACT] a.

(iv) Tapatnpolpe 6ty j = 1,...,m, av s; = 0, t61€ 25 : (7). evd
Y s; =1, 25 05 = (65)07, xawav s =0, t6te 2 : (7)) evéd av s = 1, t61e
z:s— (0)).

'Eotw 6t p=p1 X ... xpr = po xow b=y Lty ... 0 L tp).

Tdpa v x40 y1,...,Yn, ho, b1, ..., by x0TdAANAOY TOTWY UE GUVAPELS
OUVAPTAGELS U, - - ., Yn, B, B, - o, B, o mpog Toug my, ... Mg, £q,. . Ly avTi-
otoya, avj=1,....nxut=0,...,k,

/ — ! —
Y, - yi(a), avs; =0, H - hi(a), avt; =0,
Yis av s; = 1, h, av t; =1,

g(a, Y1, ..., Yo, Ho, Hy, ..., Hy) = (A\(2)f'(a, Y1, ..., Yn, 2))(Ho, Hy, ..., H)
f'(a,Yy,..., Y, Hy, Hy, ... Hy)

= fy1,---,Yn, ho, h1,- .., hi,a)

=9(y1, -, Yn, ho, h1,- .., hi,a).

Erouévwe, n ¢’ elvar ouvaghc ouvdptnon e g wg tpoc tov delxty etoédou
m1 L s1,...,mp L sp,m L s, ). —

To rapaxdte moépioua arotehel yevixeuon tou Iloplouatog 2.2.10.

Ilépiopa 2.4.9. Av g f' elvar ouvagijc ouvdptnon e f: T w¢ mpog Tov m
xar yia x; : 0y,

g =AMaz1) - Alzn)f,

xar 0 0=y Lty .. Uy L by, m) elvar évac xAetotdc Selxtne tomxdTnrac
etoddou tou timou t¢, TdéTE N ouvdptnon ¢ mou oplletar yia xdbe a: s w¢

g'(a) = A(z1) - - A(zn)(f(a))

elvar ula ovvagrc ouvdptnon ¢ g w¢ meog tov L.
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Kegpdhoro 3

TomxotnTar "Opwv

Yto Kegdhawo 2, teprypdaue ue auotned 1pom0 1 GUUTERLYPORH TOTUXOTNTAS
TV avTXeWévey Ue tTirtoug. e autd To xe@dhato, fa yenowwonouioouue
AUTES TLG £VVOLES YL VO UEAETHOOUUE TOV YARAXTARA TOTXOTNTIS TWV SpmV
e YhGooag L)

Yty Evétnta 3.1, opllouue toug Tomxolc 6poug xaL TN oyECT TOUG UE
To Tomwxd avixelueva. Tt Toug yevixolg dpoug, 0 0plousS TG GUVAPOUS
ouvdpTnong tng urnodihwong evog 6pou A 1 0 wg mpog €va xheloTéd delntn
TomxéTnTag €Lo6dou dev elvar mpogavhg wa xar Oo mpénel va AdfBovue ur’
oy pag tig addnieloptioeg TomxoTnTag UETAE) TV LTOGEKY Tou A. XNV
Evétnta 3.2, auté yivetal ouyxexpluévo ue ) ypron 1oV xietotdy anodellewy
Tomx4TnTag mou elvor dEVTpa oY NUATIONOU 6pmY UE XATIAANAY ofuavoT,.

Yty Evotnra 3.3, Swatundvouue xar anodewxviouue to Baoixd teEYixd
anotéleoua g StatplPrc, v Umapdn ulag uéytota Tomxyc xAelothc anddel-
&ne Tomxb6TNTag evog bpou A 1 onola avTLTpOGKTEYEL TNV Lo TOTX T SuvaTH
ovuneplpopd tomxdTnTag Tou A, Ou yenowonouioouvue autd To ATOTEAE-
oua oto Kegdhawo 5 yia va oploouue to aviixeluevind nepleyouevo oe xdfe
xaTdoTAoT) TOu bpou A.

3.1 Tomuxol 'Opot

H dnwtuch onuactoloyia tne L, avtiotouyet éva avtixeiuevo den(A) € Ty
oe xdfe xhewot6 bpo A : 7. Ou frav apxeTd va yapaxeloovue wg TomXoE
Toug 6poug TV omolwy 1 utodhhwor elval éva Tomxd avixeluevo; Av xou
Seheaotinh), n Wéa auth Sev elval owoTH — 6hoL oL bpot TOTou T oL omotol
anodidouv npotdoelc e uoxc YAbooag Ha ftav Tomxol clupova ue au-
6V 10V «oploudy. Omoladhnote UEAETH TNG TOMXOTNTAC TOY 6pWV TOU JEV

99
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umopel va xdvel Siéixplon petalt Ty 6pwv run(John) : t xor (J(run(John)) : T
elvat, xatd éva ouoLaoTnd TeOTo, Mg xou dev unopel va el onowadhmote
YenowoéTnTa.

Ou otabepéc Tou ouvérou K anoteholy Tov Tuphva ToV 6pY NG YAGG-
GoC L;‘r(K) mou anodidouy exgpdoeic Tng uoxhic YAbooag. Ot cuureplpopéc
TomX6TNTAC TV oTabepdy divovtal and v epunvela Toug xar auTég, UE T
oelpd Toug, yapaxtneilovy TN cuUUTERLYPoRd TWV 6prY GTOUC OMoloug EUGAV-
Covtar. Autd exgpdletol 6TOV TapaxdTw oploUd xal dixatoloyelton and 10
AMjuuo Tou Tov axoloufel.

Ogtowée 3.1.1. (Tonxds "Opog) 'Evac bpoc A elvar tomxde (local) av
1 vrtodRhweon onolaedfrote otabepdc mou eupaviletal 6e avTéy elvar Tomxd
AVTUXELUEVO.

Tougova ue autév tov oploud, o 6poc run(John) elvar tomxde evid o
6pot ((run(John)) xau former(minister, John) dev elvor. Anéd tnv dhhn pepd,
évag 6pog ywelc otalepés elvar mdvta Tomxds — ula tepintwon mov €xel Aiyo
evdlagépov yia T SouAeld pag e36.

IMpétaoym 3.1.2. Av évac dpoc A : 0 elvar Tomxds xar o1 edevfepec ueta-
BAntéc tou elvar oty Alota k1 : G1,..., %y 1 Op, TOTE ) OUVEETNON

falhi, ... hy) =den(A)(g{z1:= hi,..., 2y := hp})
elvar Tomixo avrixeluevo.

ATIOAEIZH. H anddelln elval pe enaywy 6T0UC XAVOVEC GYNUATIOUOY TOV
bpwv e L) xau ypnowonotel Tic BLETNTES TOY TOMXAOY AVTIXEWEVLY 6TO
Ocdhpnua 2.2.9.

(1) A=c. Tére,

fe(ha, ... hy) =den(c)(g{z1 := h1,..., 2y := hy}) = c.

Agot 1o c elva Tomxd, and to Iépiopa 2.2.10, to aviixeiluevo fe elvol enlong
TOTLXO.

(2) A= :07, 6nou 7 x elvon petaAnth anhif # avadpourc. Av x = z;,
TéTE

folht, . ) = den(@)(glon = h, .., 3 = b0 1= n}) = hi.

Ané 1o Oedpnua 2.2.9, oL cuvapthoelc TpoBoAfic elval TOTXES, XL ETOUEVKS
n fo elvan Tomu.
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(3) A = B(C). 'Eotw 61 o ehetilepec uetafintéc tov B xav C elvon
oty xowh Mota 1, ..., Ts. AT Ty enaywywr undbeon, n ntpdtaoT Loy lel
vy ta B xaw C, dnhadn, o fp xau fo elval tomxée, xou

fB(C)(hla"')hn) = fB(hla"'7hn7fC(h17"')hn))'

Ylugwva pe Ny nepintwon g oOvleonc oto Oewpnua 2.2.9, 1 fp(c) elvon
TomLXY).

(4) A = AMv)(B). 'Eotw 6t ou ehelbepeg petofhntéc tou B elval ot
MoTa 21,...,%,,v. A6 Ty enayoyw| undleon, n fp elvar Tomuy, xau

f)\('u)(B)(hly ceey hn) = den()\(v)(B)) (g{xl = hl, e, Lp 1= hn})
= (h — den(B)(g{x1 := h1,...,x; == hj,...,zp := hp,v := h}))

Ylugwva ue Ty mepintwon g A-agalpeons oto Oedpnua 2.2.9, 0 frw)(B)
elvon Tomuen.
(5) A = Ap where {p1 := Ay,...,pp := An}. 'Eoto 61L oL ehelfepec

UETAPANTES OV TV A; elvar TNy X0V MeTo TV Z1, ..., Ty XOL DL, - . ., Dp-
Ané v emaywywr unébeon, n tpdtac Loy lel yia Toug bpoug Ag, Ag, ..., Ay,
dnhadh, ou fa,, fa,,- .-, fa, elvan Tomuée.
[ onowdrirnote aviixetlueva hy, ..., by x0tdAANAY TOTOY
fa(ha, ... hm)

= den(Ao)(g{xl = hl, A hm,pl = Pl, N Pn})
= fag(h1,- s hm, Pr,..., Py),

émou xébe P; opiletar avadpouxd oto Pabud rank(p;) 6mwe oty Evétnra 1.5.1.
Xenowonodvtag ulo mo yevx wopgt| tng neplntwong g oVvbeong tou

Ocewpruatog 2.2.9, 1 fa elvon Tomuer) av ta avtixelueva P, ..., P, oc cuvag-
oS TV hi,. .., hy elval tonxd. Oua anodellovue e emaywyy oto Pabud
rank Tou p; 6Tl 1) ouvdpTtnon P; elvon Tomue.

(1) rank(p;) = 0. Téte, yia %80e hy,. .., hy xaTEANAGY TOTOY

Pi(h1, ... hm) = fa,(h1, ..., hy)
n omota elvon Tomx and Ty emaywY undbeon Tng TedTaGTS.
(ii) rank(p;) = k > 1. And v enaywywi| unébeor, 6hec oL ouvapThoeLc
Pj ..., Pj, 6mou oL Babuol 6AwY TwV pj,, ..., pj, elval uxpdtepol and k, elvor
tomwée. Tote, ywa hy, ..., hy XATIAANAGY TOTWV

Pi(h, ... hn) = fa. (b1, b, Py, Py,

xau emouéveg, 1 P elvar enlong Tomun, oVugwva ue ty mepintworn g olv-
feomnc Tou Oewphuatog 2.2.9. —
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3.2 Khiewotég Anodeilerg Tonuxdtntog

Yy neplntwon Twv YEVOV dpwv, Ho eetdoouvue o auth TNV EVOTNTA TOV
TEOTO OV 7 GLVAPHS CULVARTNCT NG UTOSHALONS evHg dpou A wg Tpog éva
%AeloT6 delxTn TomXOTNTAC ELGOS0U £ Tou TUTOL ToL e€aETATOL ATO TLS GLUVA-
Pelc OLVAPTACELS TWY UTOGELY Tou. Oa mpénet va xatardBouue Tig eéapTijoetc
TOMXOTNTAC TV SETGY TOTXOTHTAS TOU o€BovTal xoL axohouboly Toug xa-
vévec oynuaTionol Tev 6pey tne L.

Mopddetypa 3.2.1. ‘Eotw o xhewotéc 6pog former(president) : & — T xou
o xhewotéc delxtne tomxbnroc ewwbédov £ = (I L 0y tou timou tou. Av
O =Lty L 1,0 xa by = {1 L t3) elvan xhewotol deixtec TomuxdTnTag
€L6630V TOV avIXeWévey former xau president, avilotolya, téte, av ewpr-
OOVUE TLS AVTLOTOLYES GUVAPELS TOUG GUVAPTACELS, GUUQPWVA UE TNV TERITTWOT)
epapuoYhc Tou Oewpruatog 2.4.8, Yo xdbe a : s

£ £

*

(former(presz’dent)) (a) = (former), (a, (pTesident)iQ).

Enouévwc, Oo mpénet va oylel 1 = t3 xau o delxtng tomuxdtntag e€680u Tou
president Oa npénel va elvan {oog ue 1. O neploploude elvar apxetd Quotxog
agol to (I L t1) elvar o xouudtt Tou {1 to onolo mepLypdpeL Tov TP6TO TOU
T0 TP®TO GpLoua Tou former yewplletal To Sixd Tou GploUd Xal ETOUEVKS, Oa
mpénet va tautileton ue 1o lo.

Tétolol neploplouol uluolvtal xatd €va TedT0 ToUS TEELOPLEUOUS TOVY TU-
TV oL oTolol ePapUElOVTOL GTOUC XAVEVES GYNUATIONOY TwY Gpev THg L.
Oa ypnoLwonoloouue Ta SEVTPU OYNUATLOUOU TV OpWYV UE XATIAANAES ETLXE-
TEC WG EPYUAELX YL TNV XWOLXOTOINGT AUTHOY TWV TEPLOPLOUGY UE €V TPOTO
o omolog fa elvar xovtd ot Swalchnot| vag v autoic.

I xd0be 6po A xou 10 3évTpo oYNUATIONOU TOU, TEPLYRPAPOVUE OTN GU-
véyewa ploe ofuaver| tou (xAetotrj anddeiln tomxdrnrac tov A) tétown Hote
x&fe unodpoc cuvodeletar and €va xAelotd delxtn TomxdTNTAC ELGHIOL TOU
Tonou Tou. XtV meplntwon ulag otalepds ¢ @ 0 mou eugaviletar 6Tov bpo
A, evdilagepbuaoTe UGVO YLo TOUS XAELGTOUC delxTEC TOMXOTNTAC ELGAOOL TOV
TUTOV TNE S TEOS TOUS 0TOLoUC 1) UTOSHAWGT TN € €YEL GUVAQT GLVAETNOT,.
Avutol ou deixtec ovoudlovtal xAetotol Seixtec TomxdtnTac etoédov ¢ oTa-
fepdc c.

Opiopds 3.2.2. (Kherot Anédedy Tomuxdtntag evég ‘Opov) Kieiory
anddeln tomxdtyrac (closed locality proof) (I14) evéc bpouv A elvon 1) mo-
palhayy) Tou dEvTpou oynuaTioUoy Tou TéEToln GoTe 1 eTéta xdbe xéufou
elval Tne wop@rc

ALt
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6mou A’ elvon évag 6poc, o ¢ elvan évag xhetotde delxtng Tomxdtntog ELo6Gd0U
tou t0mou tou A’ xou t elvan pla otafepd delxtn. Aéue 6t o A’ éyer Tov
Seixtn £ Lt oty 11 4.

Mio xhetoth) anddelln TomxdtnTag evég bpov A opiletar egapudlovtag
Touc axdhovlouc xavdvec:

(LP-CON) Av A = ¢, xau 0 £ elvan évag xhelotdg delxtng tomuxdnroc eLod-
dou e ¢ xou t elvar omoladritote atabepd deilxty, T6TE 1

[Me:=c:l Lt
elvon ulo xhewot) anddelln tomxdTNTOS TNG C.

(LP-VAR) Av A = z énou n & elvon ulo anhf yetafinth f pla petafint
avadpounc, o £ elvar évag xhewotdg delxtng TomxdTNTAC ELGHIOL TOU TUTOU
e = xou t elvan onowadrnote otabepd delxtn, to6TE 1N

I, =z: 0Lt
elvon ulor xhewoth) anddelln tomxdTNTOC TNS 2.

(LP-APP) Av A = B(C), o IIp xou Il elvon anodeiec tonuxdnroc tov
B xou C avtlotouya xat t' elvon otabepd delxtr, téte 1)

IIp IIc

B2<£1 |_>t1,£2>|_>t C:€1 L)tl
B(C): by Lt

elvan plo wheot an6deln Tomxdtnrag tou 6pouv B(C) av woylouy ta eZfc:

HB(C) =

1. Kdbe petafSintd, anhn ¥ avadpouric, mou eugaviletal ehetlepn xal 6Toug
3o 6poug B xar C' €yel Tov (8l0 xhetotd delxtn TomxOTNTOC XAl 0TS
dvo anodellewc g xau Ile.

2. Av ylo yetafinth z, andf 1 avadpouns, n onota eugaviletar ehelbepn
otov B(C) éyeL tov delxtn by L t, oty lpe), 161e t < t,.

(LP-A-INTRO) Av A = A(v)(B), n lIp elvar anddeiln tomxdtnrag tov B,
0 Ly Ls to elvon évac xhetotde delxtng Tomxdtntog Tou tinou e v xau t’ elvan
otafepd deilxtn, toTE 1)

IIp

B:EL)t
AW)(B) : by L to, ) Lt

Mywy(B) =
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elvar plo xhewoth anddeln Tomuxdtnrag tou A(v)(B) av woydouy ta e&hc:

1. Av n yetaBinth v eugaviCetar ehelbepn otov B, t6Te €yel Tov delntn
by L to oty anddelln Ilp.

2. Av ylo yetafintd x, andy 1 avadpounc, n onota eugavileton ehelbepn
otov A(v)(B) éyel tov Selxtn £y L by oty My (p), T6Te t/ < 1y

(LP-REC) Av A = Ap where {p; := Ay,...,pp := Ap}, 4y, ay,..., 14

n

elvan anodetlelg TomxdTnTaC TRV G0V Ao, A1, ..., A, avilotolya, téHTE N
14, 114, I4,
M. = Ag:lbo bt AL 0Lty ... A, 0, Lt,
A=

Ao where {p1 :=Ay,...,pp = An} b Lt

elvat pla xhetoth anddelln tomxdtntac tou Ag where {py := Aj,...,pyp 1= Ap}
av oyvouy Ta e€hc:

1. Kdbe yetaint, anhy % avadpourc, mou eugavileton ehetlepr oe me-
plocotepa amd €va Ay, ..., A, €xel Tov (8L xheloTo delxtn TomxdTnTAC
oe Ghec TLC eUPavioels g ot aviioTolyeg anodellelc TomxdTnTAC.

2. Tw xdbe @ = 1,...,n, n yetoPrnty| p; €xeL tov delxtn {; L, t; oc omola-
drnote an6deln 114, oty onola epgavileton eredbepn.

3. Av ylo yetafintd x, andy 1 avadpounc, n onota eugaviletor ehelbepn
otov 6po A éyel tov delntn £y L t; oty anddeln Il 4, t161e ¢ < 1.

Av IT4 elvan plo xhewotr anddelln tomxdtTnTag Tou bpou A, 16te 0 xéufog
ue ewwxéta A @ £ Lt elvon v plla (root) tng anddellng xav n A @ £ Lt
elvow 1 etwxéra pilac tne. Av A" 1 0/ Lt/ elvan 1 eTixéra evég x6uPou otny
anédelln Iy, n xhewoth anddeln tomxdtnrac pe enxéta pllac A" : 0/ Lt
elvaw 1 umoanddeiln (subproof) tou 6pou A’ n onola opiletar and vy 14
(SupBohoude: T14).

Elvan ypfowo va xdvovue uepuxée napatnefioelg xar vo SGGoLUE Ueptxd
Topadelyuata anodellewy TOMXOTNTAG UE OXOTO VO ATOCAPNVIGOUUE TOV OpL-
oud %ol va eENYRCOVUE TOUC TEPLOPLOUOUS OV ENLBAANOVTOL UG AUTOV.

[odta an’ 6ha, oe avtifeon ye dhoug touc dhhouc xavdves 6mou o del-
xtne e€680u e enxérag pllog dev mpoadlopiletal, otov xavéva (LP-REC),
o deixtng e€6d0u Tou avadpoutxol dpou tautiletal ue Tov delxtn e£680L NG
xepoahnic. Tevixd, o delxtng e€680ou evog Gpou xwdixonolel Tov Tomxd N un
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a:{IL1LLO z:IL1
and : I L0,IL0YL O ci(z): 1L 0 o:{IdL1LLO z:IL1

and(ci1(z)) : I L O0YL O cz): 1L 0
and(ci(x),co(z)) : 1L O
A(z)and(ci(z),c2(z)) : I L 1)L O

Eyhua 3.1: Mia xhewoth anddelln tonuxdtnrog tou 6pov A(z)and(ci(z), ca(x))

Tomx6 Tedéno e tov onolo Oa yenoworowmbel. Ag unofBécouue btL o Bdelxntng
e€680u evog avadpouxol dpou elvan toog ue 1 evd o delxtng e€ddou tng xe-
paknic Tou elvan loog ue 0. Téte, napdho mou o uTohoYLoudS TG UTOSHAWOTNS
evog avadpoutxol bpou oplletal and Tov UTOAOYLOUS TNE UTOSHAWONG TN XE-
pakfic Tou, o deltepog ypnowwonoleital Tomxd EVE 0 TEMTOS YenouLoToLElToL
un TomLd.

Agltegov, and ula amdf) eTLOXOTNOY TWV XAVOVLDY %o e, and Toug
neploptopolc mou emBdihovton and touc (LP-APP) xauv (LP-REC) ebugova
ue toug omoloug xdfe ehelbepn eupdvion ulag yetafAntic otic avtiotolyeg
unoanodellelg €yet Tov (8lo xhetoTéd delntn TomdTNTOg, Loy lel 6T

Ipéraon 3.2.3. Ve ula xAetotyj anédeién tomxdtnrac evic dpov A, bAec ot
elevfepec eupavioeic ulag anAic uetafintic 1§ uiac uetafintic avadpoujc
x €yovy tov (810 xAetoTé delxty TomxdTHTAS.

Mopdderypa 3.2.4. 'Eotw 61t A = A(z)and(ci(x), ca(x)) elvar évac dpog
6mov and : T x T — T xaL ot otafepéc ¢ xau o elvat ot ot 8Vo tinou € — t.
'Eotw 6t ¢1 éyel uévo éva xhewotd deixtn tomxdnrag ewebdov, (I L 1),
evd 1 C2 €xer xan toug dUo (I Ls 0) xou (I Ls 1) xou 1 otabepd and elvan tomueh.
Y10 Yyfua 3.1, mapouoidleton ulo xhewoth| anddelln tomxdtnrog tou A 1
ornola oéfetat toug doouévoug xhelotolc delxteg TOMXOTNTAS ELGHSOL TOV
otafepdv.

HMapatnpodue btu eneldr 1 otabepd ¢ €yet delxtn (I L 1), 6hec oL ehetibe-
peS eupavioels e z 6tov uodpo and(ci(x), co(z)) Ba npénel va éxouv delxtn
TomxétTnTag [ L 1 %l emouéveg, mpénel va yenoludonoljoouue tov Selxtn el
o6dou (I L, 1) yu ) otafepd co. AMNG yatl n uetafSinth « mpénel va €xyel
Tov Bt delxtn xou ot dUo eugavioeg tneg; H andvinon elvon apxetd amhn
— av 7 x elvat ula amhr UeTaBANTY, Yid Vo UTOopEGOUUE VA EQUPUOGOVUE TOV
xavévo (LP-A-INTRO) oe éva 6po A otov onolo eugaviletar, Hu npénet va
urdpyet évag uovadixog Selxtng yio auTthy o dheg T eupavices g otov A.
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love : I L0,/ LO0YLO p:lLO
love(p) : (I L 0) L O p:lL0
love(p,p) : 1 L 0 John: 1L O
love(p, p) where {p := John}: 1L 0

EUyfua 3.2: Mia xhetot anddelln tomxdnrag tou avadpoutxol 6pou
love(p, p) where {p := John}.

Autéc o delxtng xafopilel Tov delxtn tou mpdtou oplouatog Tou véou bpou
A(x)(A) xau olyovpa e&optdtal and Tov 1pémo nou 1) Bla N = ouuTEpLpépeTaL
660V aQopd TNV TOoTXOTHTA 6ToV A.

Ag unoBéoouue tdpa 6TL N p elvan ula yetaints avadpouns. Toéte, avd-
hova, 1 p mpénel va €yl Tov (8l Selxtn ylol Vo UTOPEGOLUE Vo EQUPUOGOVUE
tov xavéva (LP-REC) o onolog 8eoyetel tic eupavices trne.

IMapddetypwa 3.2.5. Ac egetdoovue tov 6po love(p,p) where {p := John}
xaL TNV XAeLoTH anddelln Tomx6TNTAC Tou Tou Tapoustdletal oTo Myhua 3.2.
Lougpova ye tov aviiotouyo nepoptoud tou xavéva (LP-REC), 1o uépog tou
avadpoulxol épou John mpénel va €yel tov dLo xhelotd Selxtn TomxdTNTAS
ue Tt YetaPAnth p agol 6tov avadpoulxd bepo €youue tny avdleorn p := John.
Enouévoe, dtav Ba yperaotel va egapudoovue tov xavéva (LP-REC), n ue-
TafAnth p meénel va £yel Tov (dlo delxTn oe Oheg TIg eUQavicES TG — OF aUTO
To mapdderypa, Tov I L 0.

Ye avtifeon pe tic peTaBAnTég xon Toug delxTeg TOUg TOU TEELYPAPOVTAL
oty lpétaon 3.2.3, av ula otabepd c eugaviletar oe dVo Slagopetind or-
ueta oe éva 6po A, téte umopel va €xel dUo drapopetinols xhewotolg delxteg
TOTXOTNTAS EL6OS0L Tou TUTOL TNg, apxel va elval xat oL Vo tétolol HoTeE 1)
UTOBNAWGT TNG € Vo EYEL GLUVAPT CUVAPTNOT WS TEOS AUTOUG.

Moapdderypa 3.2.6. Y10 Lyfjua 3.3, tapouvoidletal To tapddelyua evog pou
o onolog ypnouonoldvias «ouvtovioud» (co-ordination) énwe napovotdletol
oto [22], anodidel tnv mpbtacn ‘H fepuoxpacia xat 1 uypasia auidvovia’!.
Ye autr Ty anddelln, n otabepd the £yel dlo Slagpopetinolc delxteg Tomxs-

TNTAS ELGHS0L.

'Yrobétouye 6L 1 otafepd temp : € — t anodidel T MéEN ‘Bepuoxpactia’ xau n otabepd
humid: 8 > t ™ MEN ‘uypaota’.
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the: (UL 0YL 1YL 0 temp:{lL 0) L, 1

z:{IL1LO the(temp) : [ L, 1 the : (L 0Y)LO)LO humid:{ILO0)LO
and : I L 0,l L 0YL 0O x(the(temp)):1L 0 z:{IL1)LO the(humid) : I L 1
and(z(the(temp))) : (I L 0) L O z(the(humid)) : 1 L 0
and(z(the(temp)), z(the(humid))) : [ L, O

)
A(z)and(x(the(temp)), z(the(humid))) : (I L 1)L 0) L O rise: {{ L 1)L 0
A(z)(and(z(the(temp)), z(the(humid))))(rise) : { L, 0

Syfuo  3.3: Mio  xhetoty oamédelln  tomxéTHTAE  TOUu  GpOu
A(z) (and(z(the(temp)), z(the(humid)))) (rise).

Tdpa, napatnpeiote 6t xou otoug Tpewg xavéveg, (LP-APP), (LP-A-INTRO)
xat (LP-REC), undpyet évac xowvdg neploptopdc:

Hpéraoy 3.2.7. ‘Olec ot eAelbepec eupavioeic uiac anAic uetafintic 1
ulag uetafAntic avadpouric © o€ ula xAetoty anédelln tonxdTnTac Tou dpou
A ue enxéra pilag A UL 1 €youy Selxtn tomxotnrag e€édou 1.

ATIOAEIZH. 'Ereton dueca and yia anhy) ETNLOXOTNCT TV XAVOVOVY. —

H onuaoctia autol tou neplopiouol e&nyeltal oTny Teplntmon Tou xavova
(LP-APP) oto napdderyua mou axoloubet.

IMopdderypa 3.2.8. Aceetdoouue THY xAelo T LTOATEIEEY TOTXOTNTAS TOU
6pov rise(the(z)) nov mapouctdletar 6to Lyhua 3.4. Aedouévou 6Tt T0 avTL-
XEUEVO TiSe YENOLULOTOLEL TO TEMTO TOU GELOUN U1 TOTUXA, O UOVOS XAELGTOC
delxtne tomxdnTac ewe6dou g otabepdc rise elvar o (I L 1). H eqopuoy
tou xavéva (LP-APP) oto onuelo (x) enBdilel o delxtng Tonuxdtnrac e€6-
dou tou the(z) va elvar to 1. Tdpa, n yetafintd = eugoaviletor ehevbepn
oty unoanddelln tou the(z) xar olu@wva Ue TOV TEPLOPLOUS TOU XAVOVA
(LP-APP), o deixtng tomxdtnrag e£6d0u g Ha npénet eniong va elvan loog
pe 1.

H W¢a elvar anhh — 1 uetaBAnth = elvow otny euféhela evog un tomxol
uno6pou Tou A (o€ authy TV nepinTtwon Tou rise) xat autd onuaiver GTL dev
elva Suvatév m Bl n = va «qapaxtneotelr ue tétowo TeéTo mou cuufohrilel
) Tomn yerion tne. Av enplXELTO VO SEGUEVGOLUE TNV EUPAVLEY| TNC EQop-
uélovtog Tov A-tekeatt], o véog bpog Ha mpénel va ypnouuonolel To TpdTo TOUL
bptoua un tomxd. Enouévec, o bpog A(z)rise(the(z)) éyel deixtn Tomuxdtnrac
ewoédou (I L 0) L 1).
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the : (ILOOLLLO z:{ILOYL 1
rise: IL 1)L O the(z) : I L 1
rise(the(z)) : 1 L 0
A(x)rise(the(z)) : (I L OYL 1)L O

()

Yyhua 3.4: Mio xhetoth anddelln tonuxdtntoac tou 6pou A(z)rise(the(x)).

O mheng teyvinds pdhog TwV TEPLOPLOUGY Tou emBaAlovTaL and Aoug
Toug xavoveg Oa yivel axdua mo cagrhc ato Kepdhato 4 6mou ol xhetotég ano-
detéeg TomxodtnTag Ou ypnowonomboldy yio va oploovue TURLXE T GUVAQELS
OLYVIPTAHGELS TNS LTOdNAWOTE eVOS Gpou A.

‘Eoto tdpa 6t 1 I14 elvon ula xhewoth anddelln tomxdtnrag evég épou A
ue etwéta pllag A : £ L t. To epdtnua mou éneton elvar amhd: 1 GUVAETNON
unodhhweong Tou A €yel cuvagy cuvdpTnon Kws Tpog Tov delxtn 5 Yougwva ue
Tov opLoud TN xhewoThc anddellng TomxdtnTac evég bpou A, av ula otabepd
c eugaviletal otov A, oe xdbe andédelln tou 6pov, €yl delxtn eo6dou tétolo
OoTe 1 LTOdAAWOT TNG €xEL ocuVAQY) GUVAPTNOY WS TEOg auToy. Enouéveg,
ouolwg Ue Vv meplntwon TV TomXdV 6pwYy, N ardvinomn elvor Betued xon
autéd amodexvietal 6To TapaxdTtw Oedpnua To onolo anotelel yevixeuon g
[Tpétaone 3.1.2.

Ocedpnpa 3.2.9. (Xuvagric Xuvdptnom tns Yrodhiwong evig ‘Opou wg
npog wio Khetoth Anddeln Tomxbtntag) Eotw ot n Il elvar uia xiet-
ot andédelln TomxoTyTac evéc dpov A ue etuéta pilac

Al Lt
Av o1 edetlepec uetafAntéc tov A elvar oty Alota x1 @ C1,...,Tp : Op XU
viai=1,...,n, nx; éyet delxtn l; L t; otypv 114, TéTe 5 ouvdpTnoy [ mou

opiletal w¢
f(hi,... hy) =den(A)(g{z1 := h1,...,2n 1= hp})
€xeL ovvagy ouvdeTnon WS TEOS TOV XAELOTS SelxTy TOoMXOTNTAC ELOGHOU
WLty Loty 0.

ATIOAEIEH. H anddelln elvar ue enaywyh otov A xau ypnowonotel g 3i6-
TNTES TWV CUVAPKY GUVAPTACEWY 6T0 Oedpnua 2.4.8.



3.2. KAEIXTEY ATIOAEIZEIY, TOIIIKOTHTAXY 69

(1) A=c. Téte,av e =c: 0 L t,
fe(hi, ... hy) =den(c)(g{z1 :=h1,...,2p := hp}) =¢

xaL and v undleon xon 1o Ioploua 2.4.9, 1 cuvdptnomn auth €xel cuvapn
ouvdptnom s Tpoc tov delxtn (U Lty ..., 0y L ty, £) 6nov vy i =1,...,n,
o {; elvan évag xhetotocg delxtng TomxdnTac €L6Hd0U TOU TUTOL NS ;.

(2) A=z : 7 6énou n x elvon ula ok uetaPAntd A uetofinti avadpourc
%ol Yo xdmow 1, x; = . 'Eotw 6t lly, =z : 0L ¢, xou

fz(h1,. .., hy) =den(z)(g{z1 := h1,...,2; = hi, ..., Tp := hyp}) = h;.

Tougova ue tny tepintwon (i) tou Oewphuatos 2.4.8, av, ywwi =1,...,n,
o {; elvan €vag xAelotog delntng TomxoTNTAC EL0680U TOu TUTOL NS T, 1) fz
el plo ouvagh ouvdptnon we npog tov delxtn (L ty, ..., 0y L by, 0;).

(3) A = B(C). 'Eotw 61t ot B xou C éyouv xat oL 8o ehelbepec ueta-
PAntéc oty xowvh Mota 21, ..., 2y, 'Ectw exlone 6t 1 gy elvar xhewoth
anédelln tomxdtnToac tou bpouv B(C) ue enxéta pllac B(C) : £ Lt/ xou yia
i =1,...,n, x40 petafinth z; éyel delxtn 4; L ;.

IIp IIc

) B:{yLty, )Lt C:lylLst

II :
B(4) B(C): (0L ¢
Yougova e v enaywyw uvnéleorn, o U1 L ty, ... 0y L ty, by Ls to,0)
elvan évag xheotdg delxtng ewoddou e fg, xaw o (U1 L t1,..., 0, L ty, lo)

elvan delxtne tne fo, xau

feey(ha, - hn) = fe(ha, o b, fo(ha, o hy)).

Ané v Ilpbdtaoy 3.2.7, mhnpolvtal 6Aec ou unoféceg g meplnTwong tng
oOvleong tou Ozwpriuatog 2.4.8 xu emopéves, netan 6t N fpc) éxer wla
oLVt cuYAETNOY WS TEog tov delxtn (U1 L t1, ..., 0y Ls tp, 0).

(4) A= Av)(B). 'Eotw 6t n Il p) elvon plo xhetoth anddelln tomi-

x6tnTag tou 6pou A(v)(B), v i = 1,...,n, x8be x; €xel delxtn 4; L t; o€
authy xau av 1 v eugaviletar ekevbepn oty Ilp, t61e €xel delxtn £ Ls .
IIp
Mw)(s) = Brlld

A©)(B) : lo L to, 0y L t/
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Ané v emaywywd undéleon, o (U1 L ty, ..., 0y L ty, Lo Ls to, £) elvon xhetotoc
delxtng TomxdTNTAC EL6OS0L NS fB, XAl

Iy (M, - hy) = den(A(v)(B))(g{z1 := h1,...,2n = hyp})
= (h > fo(ha, ... hn, ).

Enouévwg, olugunva ue tnyv neplntwon tng A-agalpeong tou Oewpruatog 2.4.8,
N fa@)(B) EXEL CLVAPT GLUVEPTNOT) BS TPOS TOV XAELGTO dElXTN TOTIXGTNTAC EL-
66d0v (1 L ty,. .. by Ls ty, o Ls to, £).

(5) A = Ap where {p1 := Ay,...,pn := Ap}. 'Eoto 6Tt oL ehelbepec

uetafintéc Ghwv Twv A; elval ot MoTd T1, ..., Ty, P1, .- ., Pp XOL €0TO OTL
ta 7, k xupaivovtal otic Twég 1,. .., nxaw 1o j otic 1,...,m. 'Eotw étun 14
elval ula xheloth anddelln tomxdTnTag Tou A.

II4, IT4, I4,

Ag:lo bt A1 Lt... Ayl Lty
Ag where {p1 = Ay, py = An} lo Lt

II4 :=
[ xd0e hy, ..., hy xatddAnhov tOTwY,

falh, oo hm) = fag(hy, ..o b, Py, Pr)

6mov xdbe P; opiletar avadpouxd oto Pabud rank(p;) wg ouvdptnomn tov
hi,..., hy 61w oty Evétnta 1.5.1.

Av x8be x5 exeL Selntn Ly, L ty;, T0TE and MV enaywyw undbeon, 1 fa,
€xer ouvagh ouVaETNoY wg Tpog To delxtn (Uy; Lty , b L i, lo). Lougwva
ue pla o yevixt| wopgt tng neplntwong tng oVvbeorng touv Oewpruatog 2.4.8,
apxel va del€ovue 6TL xdfe P éyet ula ouvagy ouvdptnon wg mpog Tov del-
wtn ey b te;, bk b ty, ;) 6mou rank(py) < rank(p;). H anéden eivon ye
enaywyt) otov rank(p;).

(i) rank(p;) = 0. 'Eneton dueca and v enaywywxi| unébeon tou Bewpr-

uoTog.
(ii) rank(p;) = 1. 'Eoto 6t ou uetaBANTéc ppy,y ..., Pr, €x0UY PaBud ui-
xp6tepo and tov rank(p;). Téte, and v enaywywd undébeon, ov Py, ..., Py,

€y 0Ly oLVAPeElc GUVIPTHOELS WG TPOS XATdAANAoUG deixteg TomxdTNTag. ToTe,
v x&6e hq, ..., hpy

Pi(h, .. b)) = fa, (b1, hny Pryy o Pry).

Aedouévou 6TL 1 fa; €YEL GUVIYT GUVAETNOY WS TPOS TOV XAELOTO delxTn
Wy bty by bty oo by b by, £y, Zavd oOu@ove ue Ty Tepintwon tne
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former : (I L 0Y)L 1,1, 0) L0 minister: (I L0y L 1
former(minister) : ({ L 0) L 0 John: 110
former(minister, John) : I L, 0

Yyhua 3.5: Mia xhetoth anddelln tonxdtntag tou former(minister, John).

ovvleong Touv Oswpfuatog 2.4.8 xau Ty enaywywr unéleon Y g Py, . .., Py,
n P; el ouvagr ouvdptnon wg mpog 1oV (Uy; L ty;, 4).

[Mapatneovue 6tu 1 [lpdtacn 3.2.7 eacpakilel xL ed36 bt unopolyue mpdy-
MOTL Vo EQapUb6oouUe TNV TEepintwor g olvleong tou Oewpruatoc 2.4.8 oe
OAEC TLC TEQLNTMOELS. —

Youpwva ue autd to Hedenua, Soouévny xAELGTOY SEXTGOY TOTXOTNTAC
eLo680u £¢ Yo xdfe otabepd ¢ mov eugavileton oe éva 6po A, av xataoxeud-
oouue ula xheloth anddelln TomxdtnTag Tou A tétola HGote oL otalepéc Eyouv
Toug doouévoug Selxteg, TéTE M cuVdETNoN LTodAwore Tou A €yel cuvapn
OLVAPTNOY WS TPOS TOV XAELoTH BelxTn TomXdTNTIS EL6doL TN eTinéTag pl-
Cog. Me dhha Adyua, to Bedpnua meplypdgel éva xpithplo Bdoel Tou onolou
1 GuUTERLPORd ToTOTNTUS EVOS bpou A xaboplletal and v ouunepLpopd
TomXOTHTAC TV 0Tabep®dy tou eugavilovTal oe auTHV.

Mopdderypa 3.2.10. 'Eotw o 6pog A = former(minister, John) : t. To yeyo-
v6g 6TL undpyet Ula cuvaghic ouVdpETNon ws Teog Tov delxtn [ dev dlvel xaula
TANEOPORLa YAl TN GUUTERLYPOEY TOTXOTNTAS AUTOL Tou bpou. Ag unobécouyue
6t ow otabepéc Tou bpou €xouv toug e€tig Selxteg: former : (I L 0) L, 1,1 L, 0),
minister : (I L, 0) xou John : 1. Xto EyAua 3.5, dilvetar uia xhetoth anddelln
TomxéTnTag Tou A W Tpog autolc.

Emnpoctétng, olugova ue 1o Osdenua 2.4.8, Eépovue axplBdg ue molo
160 unohoyileta 1 ouvagtc cuvdptnon Tou den(former(minister, John))(g)
and TG CUVAPELS GUVIPTHOELS T®Y UTOSNAGOEWY TwV UT06P®Y Tou. Av Bewpr-
OOUUE TLC AVTLOTOLYES TEOTUINTEES LOOBVVAUES GUVARTHOELS, Yia xdle avdbeon
g oL yio xde a : s,

- !
(den (former(minister, John)(g)), (a)
= formeri<lL’0>L’l’lL’O> (a, mimsterilL’O>, John® (a)) :
Téhog, ohoxAnpdvouue auth TV evoTHTA Ue Ula dUEST GUVERELX TOU OpL-
ouol g xAelothg anodeténe tomxotnTog xou tng Ipdtaong 2.4.6.
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former : (I L 1)L 1,1, 0) L0 minister: I L 1)L 1
former(minister) : {{ L, 0) L, 0 John: 1L 0
former(minister, John) : I L, 0

Eytuo 3.6: Mia evalhaxtind) xheloth anddeln tomxdnTag TOU 6pOU
former(minister, John).

IMégropa 3.2.11. T'ia xdfe dpo A, vndpyet ula xAetoti anédetén TomxdTy-
tac (mou ovoudletar xavovixy, standard) tétota dote Aot ot unodpor €yovy
TOV XaAVOVIXG OelXT) TOMXOTNTAS TOU TUTOU TOUS OE QUTHV.

3.3 H Méywota Tomxh Kherot) Anddeigy Tomxdtntog
evog "Opou

I xdBe 6po A, unopel va undpyouy tohhéc xhelotég anodellelg TomxdTnTAC
mou unopel va dwapépouv oe évay 1) teploadTepoug delxteg oL onolol eupavi-
Covtat oTIg ETWETES TV XOUBwY Tou.

IMapdderypa 3.3.1. Ac eZetdoovue Eavd tov 6po former(minister, John) (Ila-
pddetyua 3.2.10) xou v xhetoth anddelln TonxdTNTds ToU ToL ToPOVCLAlETOL
oto Xyhua 3.5. Auth 1 anddelln dev elvar povadixr — ula evakhoxtixt| xhet-
ot an6delln TomxdTNTAC AuTol Tou dpou galvetal 6to Lyrua 3.6. Kau o
dVo otabepéc former xaL minister éyouv dwagpopetixols deixteg oe auTHV TNV
anddelln and autolg mou €youy oty anddelln oto Xyfua 3.5. Ilapbdro mou o
delxtng TomxoTNTaC €L6bd0u g eTixétag pllag elvan o (8log xau ot dvo, o
UTOAOYLOUOS NG LoodVVaUNS GUVARTNOTS TS LTOSHAWGCNS TOU 60U WS TEOG
TLS L00BUVAUES GUVAPTAGELS TWY UT0Op®Y elval SlapopeTixdc.

Télog, mapatnpolue 6Tl axdua xaL yia Soouévoug xhelotols delxteg To-
TxéTnTag £L06d0ou Twv otalepdy mou eugavilovial oe éva 6po A, av undpyel
uta anddeln tou A wg mpog autols, uTdpyEl N TERTTWOY VoL UTAPYOUY TEPLO-
obtepeg and ula.

Tdea, elvar guowd va avapwtnbel xavele av unopolue va cuyxplvouue
3o tuyolvoeg xhelotéc anodellelg TomxdTnTAg EVOC Gpou A xal xatd ndoo
uTdpyEL TEOTOC VoL EXPRAGOLUE GAES TLS XAELGTEC amodellels TomxdTNTAC EVOC
6pou A ue xatdAAnhn ofuaven tou dEvipou oynuatiouol Tou. Amdvinom
070 TP®TO ep®dTNUA anotelel o oploude ulag uephic dudtaing petadl Twv
xheloT@V anodeléeny tomxdTnTag evég 6pou. Baolletoar oty guowxy| Sudtaly
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Twv dVo otabepdy delxtn 0 xon 1, Snhadr ™ 0 < 1, xaw oty avtiotolyn uepwxt
dudtaln yetadd dvo dewxtdy TomxdtnTag Tou dlou Tinou tou axoloubel.

Optowés 3.3.2. T dYo xhewotolg delxtec tomxdtnrac ¢ xar £ tou (Sou
tinou 7, o £ elval uixpdtepos and 1 (ooc ue (less than or equal to) tov ¢’
(<) (ol elva mo tomxde and (more local than) Tov ') av:

(1) Av o =09, I Lt <1 Lt av xo ubvo av t <.

(ii) Ay 6 =01 X ... X o — 0,
(bt by bt <G L)LY
av ot uovo av £y Lty <O Lot lo < Uy xou t <t

T napdderyua, avo =€x€ > t, 0 = L0l L 0)yxouw by = L 1,1 L 0),
téte 01 < . H W3¢ elvan 6TL yia onotodhnote aviixeluevo f tou tinou g, av
To f éyel To delxtn £, TOTE 1) GUUTERLPOEE TOTXOTNTAS TOL eXPRAEleL AUTOS
o delxtng elvan «o oy and authy tou exgpedletol and tov fo. H ouvdg-
o f und tov delxtn £ yetayepileton neplocdtepa oployoata tomxd (¥ oe
dhheg mepintdoels, to oplouatd e uetayetpllovtal o Suxd toug oplouota
mo tomxd x.A.m.) an’ boa 1 B cuvdptnon petayeplletar und Tov Llo.

[Mopatnpodue 6tL 1 dudtaln petadd dewxtdy TomxdTNTAS TOL (SLlou THTOU
Tou oploTnxe Tapandve elvar pepu — av, Y tapdderyua, 61 = L 0,1 L 1)
xa o = L 1,1 L 0), 161€ oUte {1 < Uy olte lo < .

H pepunr| Sudtadn uetadl dewtdy yevixeletar oe ula peput| Sudtaln uetadd
300 xhewoT®dV anodellewy TomxodtnTag 11y xau Iy evég dpou A: I < Il av

7 2 7 7 ! !
xaL uovo av o xdbe x6ufo, av o x6uPoc atny Iy elvoan A’ : 1 Ly ¢ xan otny
Iy, o avilotowyog x6uPoc elvar A" 1 ly Ly to, téte €1 L t1 < lo L ta. O
TUTLXOS OploUbS Slvetat avadpoulxd:

Opropds 3.3.3. T'a d%o xhewotée anodellelc tomxdétntac I xau Iy evéc
6pou A, n IT; elvan mo tomxs and (more local than) tny Iy (II; < Ip) av
xaL U6VOo oy

()AvA=c Ih=c:lLtxullhy=c: VLt tworelLit<lLt.

({)AvA=z, =z lLtxullh=c: 0Lt 6 lLt<LL T,

(i) Av A = B(C), n ewéta pllac g Iy elvow B(C) : £ L ¢ xau n
etwéta pilac e Iy elvar B(O) : €' L ¢, téte TIP < TIE, Y < 11§ »a
(Lt<l Lt

(iv) Av A = A(v)(B), n ewwéra pilac e I elvan A(v)(B) : £ L  xow 1
etwxéta pilac tne o etvar A(v)(B) : £/ L/, t6te TIP < TP w0 Lt <O/ L #.

(v) Av A = Ag where {p; = Aj,...,pp = Ay}, n enxéta plloc g
I elvar A @ 0 L ¢ xou m etxéta pllog g Iy elvar A = ¢/ L #/, t61e v
i=0,...,n I ST s 0Lt <O Lt
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the: (L O)LOLO z:{ILOYLO
y:dL0,1L 1)L 0 the(z) 15 0
y(the(z)) : I L 1YL O

the : (UL OYLOYLT z:{UL0OYL O
y:{L1LILO0YLO the(z) : I L 1
y(the(z)) : IL0OYL O

Eyhuo 3.7: Abo xhewotés anodellelc tomxdtntoag Tou bpou y(the(z))

Enmouévwg, av v d0o xhewotée anodellelg tomxdtnrag Il xon Iy evég
6pouv A, II1 < Ily, téte n 11 exqpdlel ula «mo tomx» oUUTERLPOEE TOTLXO-
ntag tou A an’ 6t i Ilx. "Eyouvue %d7n dev 611 1 ouunepipopd tomixdtnTag
Tou A émwg exgpedletol and pia xheloth anddelln tomxdTnTog eloptdTon and
Toug delxteg TomOTNTAC ELGGd0L oL €youv oL aTabepéc Tou eupavilovTal oe
autov. Enouévwc, Eépovue %81 611 av ula otabepd ¢ €yel dVo delxteg Tomxd-
TNTAS EL6630L ToL dev elvan cuyxplowol wg TPog NG oyéon ‘UxpEdTEROS aTd
1 loog ue’, téte oL avilotolyes xhelotéc anodellelg TomxdTTAC TOu A elvan
un ouvyxpelowes wg mpog TN dtdtadn ‘mo Tomxn and’.

Tdea, ag unobécovue dtu e€etdlovue Udvo Tig xheloTég anodelelc TomL-
x6TNTag evog 6pou A mou oynuatilovial wg TEOg GUYXEXEUIEVOUS XAELGTOUS
delxteg TomuxbTnTag ew0édou twv otafepdy nou eugavilovial oe autéy (1
axdua wg mpog ouyxplowoug delxteg). Aev elvan ev tovtolg alffea dtL uno-
polue mdvTa vo Slatdgovue autég Tig anodellelg wg Tpog TN oyéom ‘UxpdTERT)
and 1 lom ue’ (Selte, yio mopdderyua, tic d%o xhetotés anodellels TomxdTnTaC
oto Yyfua 3.7).

ITap’ 6ho autd, Oo delovue 6Tl UNS oplouévec uaxéc ouvbrixeg, uno-
polue va mpoadiopioovue ulor xheloth anddelln tomxéTnTag evog bpou A 1
ornola elval yéyiota tomxr, dnhady mo tomixr) and OAeC TS XAELGTEC ONO-
dellelc TomuxéTNTac Tou. T va To xdvouue autd, Ha npoonabrcovue tpdTa
VOl ATOVTHCOLUE 6T0 GAAO EpGOTNUN TOU SLATUNGOOAUE 0T oehida 72 — d7-
Aodt|, undeyet ula xatdhhnhn ofuaven tou dévipou oynuatiouold Tou A tou
expedlew dheg tig mbavég whetotég anodellelg TomxdtnTAC TOU A;
Optopés 3.3.4. (Adypappa Anédeing Tomxbtintag evég ‘Opov) 'Eva
Stdypauua anddeiéne tomxdryrac (locality proof schema) tou A elvan éva
Cebyog

(T'4, CONDy)

TETOLO OOGTE
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run:<l|_>b1>|_>b2 z:lL bs

(0: L bsyLs bg run(z) : L Ls by
T: ()
C(run(x)) : 1 L by

()

COND = {b; = b3, b5 = 1,by = bs, by < b3, by < b3}

EyAue 3.8: Adypapua andédeline tomxétntag tou bpou [l(run(z)).

1. to T4 elvar 1o dévtpo aynuatiouol tou A tétolo Gote xdbe unodpog
ouvodeletal and xoTEAANAY eTéTa ToU TepLhaUPBdvel €va delxTn TomL-
x6tnTag Tou Tinou Tou. Ta adufola delxtn elval dha yetaBAnTéc delxty
xan xapta petafinty Selxtn dev eygaviletol neplocdtepo and ula gopd.

2. 10 CONDj4 elvan éva (nenepaouévo) 6Uvolo LGOTHTOY XaL AVLGOTATWY

NS wopprc
biij, b, =1, bi<bj

6mou ol b;, b; elvan yetaPintéc delxtn mou epgavilovtar 6o Ty, xou

3. T xdbe anotlunon p : {MetaPintéc Acixtn} — {0,1}, av n p -
vorotel Tig 1o6TnTeS XA TLg aviootnteg tou cuvohou COND 4, t61e TO
dévtpo p(Ty) elvan plo xhewotr anddeln tomxdnrog Tou A.

HMapatnpodue 6t to p(T4) elvar o dévtpo mou oynuatiletar av eQopus-
OOLUE TNV p o€ OAeg T UeTafBAnTég delxtn mou eugavilovtal oto T4.

IMopdderypa 3.3.5. Ac¢ egetdoouye To Sudypauua anédetlng TomxdTnTag T0U
6pou O(run(z)) (SyAue 3.8). Ou deixtec Tomxdtnrag mou cuYOSEVOUY TOUS
UT06POLS TOL 6pou €xouv Uévo uetaPintéc Seixtn. Ou ouvbrxeg elvar Tétoleg
Hote expdlouy Toug Baoixolc TepLloplonols o emBdihovtal and Toug avti-
OTOLY0UG XAVOVES TWV XAELOTAY aATOSEIEEWY TOTXHTNTAS IOV YE1NOLLOTOLOUUE.

Enopévwe, n epapuoyt tou xavéva (LP-APP) oto onueio (x) emfBdidet
g ouvlrxeg {b1 = b3, by < b3} evd 670 (*x) N egapuoyh Tou (Brou xavéva
emPddhel g {bs = bs,by < bz}. H wotnra {bs = 1} emPBdiheton and tov
xavéovo (LP-CON) yuwr ) otafepd [0 Xtnv nepintwon tne otafepds run,
de ypetdletan xaplo wétnra bt 1600 o I L 0) boo xav o (I L 1) elvon
xhewoTol Selxteg TomxdTNToC ELGddou Tne. Elval enouévog cagéc 6t yio xdbe
arotiunon p : {b1, ba, b3, ba, bs, bs, b7} — {0,1} tétowx dote 1 p avornotel to
COND, 7o dévtpo p(T) elvan pla xhelot anddelln tomxdtntag tou [J(run(z)).
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C:<l|_)b1,l|_>b2>|_)b3
COND. = {b; =1} or CONDg = {by = 1}

Yyfuo 3.9: Awypduuata anddellng tomxdtnTag g €

I'evixd, to abvoro 1wy auvlinxody COND 4 tou tepuypdgovtal 6Tov oploud
Tou Saypduuatog anddeling TomxoTnTag evog 6pou A elvon mdvta icavonolt-
owo and ToLAdyLoTov TNV anotiunoyn mou avabéter Ty T 1 oe Gheg Tig
uetafAntés mou eugaviCovtar 6to aviiotolyo dévipo Ty. Eivaw tetpiuuévo
6t ula tétowa amotiunon woavonolel xdfe tétolo olvoho ouvlnxdv xatl to
avtioTolyo 3évipo elval amAd 1 xavovixr xAeloTh anodelln TomxOTNTAC TOU
6pouv A. Elvan enlone npogavéc 6tu yia xdbe A undpyer Touldytotoy €va did-
Yeauuo anddelng TomxdTTAC — To didypauua To onolo elvar TETolo BoTE
undpyet ula wétnra {b; = 1} oto ovvoho twv ouvbnxdy COND yio xdbe
uetaBAnTA delxtn b; mou eugaviletar oto T.

Fevixd, évag bpog A dev €yel éva povadixd Sudypauuo anédeléng Tomxd-
ntag. To dévtpo T4 elvan uoxd povadixd uéyer ahganTixic uetovouasiag
TV LeTABANTOY delxtn mou eugpavilovtal oe autd, alld T0 GUVOAO TWV GUV-
Onxdv unopel va drapépet.

IMapdderypa 3.3.6. Ac Oewphoouye, yia mopddetyua, pioa otafepd ¢ @ € x
€ — T mou éyel Tpelg xheloTolg delxteg Tomxétntog ewwédou: (I L 0,1 L 1),
L 1,15 0) xou puowxd, I L 1,1 L 1), ¥to EyAua 3.9, tapoveidlovton dbo
and to mbavd Siaypduuata anédelng TomxoTNTAS TNS C.

I va anavticovue 6710 opyixd pag epdTnua, ypetdletal va enthéEovue
éva dudypoaupa (774, COND4) tou A tétowo dote v x&be 114, 1 p elvan ula
arotiunom tétow Gote p(Ta) = 4 av xat uévo av 1 p wavonotel to COND 4.

Oplowés 3.3.7. (Ilapapeteixd Adypappa Anédegng Tomxbtntag evég
"Opov) 'Eva napauetoixd Sidypauua anddeiéne romxdrnrac (generic locality
proof schema) tou A elvon éva Sudypauua anddelng tomxdtnrag (174, COND 4)
Tou A tétoo Gote xdfe xhewoTh| anddelln TomxbétTnTag Tou A tautileton ue
10 p(T4) Yo xdnota anotiunon p nou avornotel 1o CONDy.

[Todta, yenowuonoolue autéy Tov 0ploud atnv axdhoudn tetpluuévn npd-
TaOT).
IMeétaon 3.3.8. Eotw ot 1o (Ta,COND,) elvar éva napauetpixd Sid-

veauua arédeiéne tomxdtnrac tou A, Tote, ula xietoty anddeln tome-
xorprac I tov A elvar mo tomxrj and tpy o (II) < Ilo) av xaw udvo
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av, Sobévtwy anotiufocwy p1 xat py ot onolec txavorowdy to CONDy xat
p1(Ta) =111 xat pa(Ta) = 1la, yia xdbe uerafinty delxtn b nov eupavileta
oto T, p1(b) < p2(b).

Agltepov, Sev elvar mdvta alfifewa 6t évag dpog A €yel éva TapaUeTELXd
didypapuo anddellne tomxdtntag (delte yio mopddelyua 1 otabepd ¢ oto
Moapdderyua 3.3.6). To Oedpnua 3.3.11 nepiypdgel und Tolec ouvbfixes évag
6pog A €yel mapaueted Sidypauuo aAAd oTn ouvéyewa, Oa delfovue mpdta
otL xdfe bpog A €yel to TOAY Eva.

Oprowds 3.3.9. Ado clvora LooTHTWY XAl AVIGOTATLY, dTws autd atov Opt-
ou6 3.3.4, COND; xar COND32 néve oto (8o (uéypl algafntixic uetovoua-
olac) olvoho uetafintdy delxtn elvar toodvvaua (equivalent) av, v x8be
arotiunon p, n p wavorolel To CONDy av xou uévo av ula ahgafntue no-
parhayy) tng p wavornolel to CONDao.

T mepddetypae, o 300 obvoha {b; = bj, b = 1} o {b); = 1,0} < by} elvou
Loodivoyua.

IMpétaom 3.3.10. Kdbe dooc A : G Exer to moAd éva (uéypr arpafnrixijc
uetovouaoias oy UeTafAntdy Selxty xar uéypt toodvvauwy ovvéiwy ouvln-
x&v) mapauetpixd didypauua anédeléne TomxoTyTAC.

ATIOAEIZH. 'Eotw 611 0 6pog A €yel 800 mapauetpind Sioypduuato anddet-
&nc tomuxotnrog: (T4, CONDy) xou (T, COND',). Téte, 6nwg éxovue h3n
ava@épel 6ToV oploud Tou dlaypduuatog anddelng tomxdTnTag, To Ty %o
T, elvan tautéonuo uéypel ahgoupnuixic UeTovouaolag Twy UETUBANTGY delxtn
mou eugavilovtal oe auTd.

Topa, to oUvoha COND 4 xoaw COND'y uropet vo nepthaufévouy dago-
PETWEG LOOTNTEC XL AVLOOTNTEG, TOU EUTEPLEYOLY aXOUA XUl dLaPOPETLXES
uetaPntéc delxtn. Ou dellouue woT6G0 6TL AUTd elvar Loodvvaua.

'Eotw 611 p elvon pla anotiunon twv uetaBintdy delxtn tou Ty tétow
&Hote 1 p wavoroel 1o COND 4. Enouévoc, p(Ta) = 114 6mou n 114 elvon
ula xhewoth anddelln tomxdétnTag tou A. Ydugwva ue tov oploud, undpyel
ulo amotiunon p’ tev yetafintdy delxtn tou TV tétowa dote wxavoroel To
COND/, xau p'(T)) = I4. —

"Eyouue emonudver 181 61L 1 cuunepLpopd TomxdtnTag evég 6pou A e€ap-
TdTAL and TS GUUTEPLYPORES TOTXOTATAS TwV aTalepdy mou eugavilovial e
autov. T vo uropécouye emouévme va xatardBouue ndte évag 6pog EyeL ma-
paueTELXd didypauua anddeling TonuxdtnTag, Bo npénet va Eextvicouue dlepeu-
voOVTag xatd 600 xdfe otabepd ye eCoptiduevo and v xatdotacy N0 6To
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oVvoho K éyel éva tétowo ddypauua. 'Eyovue deu %01 oto Haupdderypa 3.3.6
6t aut6 dev ouuPalvel ot yeviny| nepintworn. Me dhha Aéyia, unopolue nd-
vta va npocbéocouue uia otabepd oto K 1 omola va unv €yel mopouetpixd
dudypauua xt emouévwe, va dufedoouue xdbe tétolo LoyupLoud.

And tnv dAAn ueptd, O tpénel vo tapatnerioouue 6Tl Evag XheloTog Selxntng
elob6dou £ ulag otabepds ¢ : 0 dev mpoadidetal o authy avbalpeta. Eivol xhet-
076¢ delxtng TomxéTNTAC ELGOd0U TNG LTOdAWOTC TN ¢ — dnhady), clupwva
ue 1o Kegdhaio 2, 1 ¢ €xer ouvagr ouvdptnon g npog autdv. Enouévog,
oty neplntwon tng otabepds oto Iapdderyua 3.3.6, avil twv dewtdy, Ha
€npene Vo elyaue TPOGOLOpLoEL T GUVAETNOT UTOSHAWGAS TNS XL GTYN GUVE-
Yew, va elyaue anodeilel 6TL auTh €YEL GLUVAYPT GUVERTNON WS TPOS TOUG TEELS
doouévoug Selxteg TomxdTnTAC ELGOSOL.

Tevixd, n epunvela Twv otafepdy tou ouvéhov K tne yhdooac L) (K)
oLVBEETAL UE T OLUTIERLPORd TomxdTNTdg Toug. Elval n unodhiiworn tng ota-
fepdc rise : &€ — T mou xabopilel T un Tomxh UeTayelplon Tou oplopaTés TN
1 onola «xewduxonoteltow otov delxtn ewoddou g (I L 1). To napauetpind
dudypauua anddellng tomxdtnTag e otabepds rise elval

Trise = rise : <l (N b1> L b2, CONDrise = {b1 = 1}

H un tomut| yetayelpion evég oployatoc tne unodhlwong g otabepds, 1 ue
GAha AOYLAL, O EVTAGLAXOS YARAXTHRACH TNG, ELVaL €V YVAPLOUA TOTLXOTNTAS
mou TN yopaxtnellel xol oe éva mopaueTewd Sdypouua, autd exppdletal
and g ouvlrxes e wopphc b; = 1. Avtibeta, 1 tomxy uetayeipion tou
oplopatog evég avtixelévou, dev «emBdihew v un tonxy]. Enouévee, 1o
TopaueTES Sudypauua anddellng TomxétnTag tng former elvan

Tiormer = former : {({I Ly b1) Ly ba, 1 L b3y s by, CONDsormer = {bg = 1}.

Ag e&etdoouue thpa €va mapdderyua ulag otafepdc tng omolag To ma-
pauetEwd didypauua anattel TN yprhon avicoTATeY UeTalld TV UETABANTOVY

Setxtn. 'Eotw 6t 1 otafepd eval : (8 — 1) x & — T elvar tétowa dote yua
fi:€—>t fo:€a:s,

eval(fi, fo,a) =1 < f1(f2,a) = 1.

[ mopdderyya, Hewpelote Ty unodhhwon Twv dpwv eval(rise, the(temp)) xou
eval(run, John). To napauetpnd didypouuo anddeline TonxdTnTac auths TNe
otabepdc elvan

Teyal = eval : <<l L b1> Ly bo, I Ly 63> L by, CONDgya = {bl < bg}.



3.3. H METIXTA TOIIIKH AITOAEI=ZH TOIIIKOTHTAX 79

Eivaw avouté {htnua xatd néco ol atabepés 610 alvoho K mou anodidouv
EXPPACELS TIC YUOLXTS YADGGUS ElVOL TETOLES BOTE 1) CUUTERLPORH TOTXOTNTAS
Toug Umopel va tepLtypagel TAHows Ue TN yxehon Ty cuvinxdy tou eledyovtol
ed6. Elvon duwg goavepd 1L autd umopet va yivel TouldyLotov yia Gheg auTég
TIOU TPOERPYOVTAL 0N GYETXA QUOLXE TapadelyUaTd.

Téhog, napatneovue entong 6Tt oL LGHTNTES XAl OL AVLGOTNTES UETAEY TRV
LeTAPANTOV delxtn mou meplhaufBdvovTal 6T cuvirixes evog TaEAUETELXOU
draypduuatog anddeling TomxOTNTAS YENOLLOTOLOUVTIUL EXLONG VLo VAL EXPEA-
070UV OL TepLoploUol TV anodellenwy TomxdTnTaS.

Ocdpnpa 3.3.11. Eotw 61t xdbe otabepd nov eupaviletar otov dpo A €ye
napauetelxd Sudypauua anddeiéne tomxornrag. Tote,

(1) 0 A éyet napauetpixd Sidypauua anddeiéne tomxdTnrac, xat

(ii) 0 A éyet ula uéytota tomuxy xAetotlj anddelén tomxdrnrac.

ANOAEIZH. (i) H anddelln elvan ue enayoyr otov A.

(1) A =c. Ioylel ané v unéheon tou Hewpriuatoc.

(2) A=z Tetpyuéva, 1o napaueteixd ddypouua anddeling TonxdTnTag
e = elvan anhd éva Lebyog (T, COND,) énov Ty =z : £ L t, érov o £ L, t
elvon o mapauetpixds delxtng tomxdtnTag Tou tinou g & xow COND, = (.

(3) A= B(C). 'Eotw 6t (T, CONDpg) xa (T, COND¢) elvan to mopor-
uetpwd Staypduuata anddeling tomxotnTag Twv dpwv B xat C aviloTtouya,
ue dagopetixée petadl toug uetafintéc delxtn. Av o 45 L, b elvon o mopa-
uetpeos delxtng Tomuxdtntag tou B(C) ue xowvolpyieg vetafintée delxtn,
t6TE

Tp Tc

_B:<€1|—>b1,€2>|—>b Cﬁlll_)bll
TB(C) = / 7
B(C): 05, L b

XaL T0 6UVOAO TV GLUVONXGY elval

CONDB(C) = CONDB U CONDC
U{€1|—>b1 =€’1 |_>b/1}u{€2=€'2}
U{ly L by =0, LY, | yia x40 = tétowo Gote nx i by L by
eugaviletal ehetlepn oto T xau
Nzl L b, oto Tc}
U {b' < by | yio %8B 2 mou epgaviletan ehedfepn oto Tp(cy)

ue delxtn e€680u by }.
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[Mapatneovue 6TL xdbe gopd, o meploplouds Tou emBAAAeTaL ATd TOV XA-
vova exgppdletol and Eva 6Uvoho ouvbnxey tou tepthapfdvoviar 6o CONDg(cy.
D apdderyar, yLo vor Uunopéoouue va éyouue lo = U, tpoobhétouue éva o0-
VoLo 0OTATOVY UeTall ToV aviioTolywy (euydv ToV YetafAntdy delxtn mou
eugavilovtal otoug lo xau 0.

To Ledyoc (Tp(cy, CONDp(c)) elvon Sidypappa anddeilng tomxbtnroc
tou B(C) agol oL lodtnieg xat oL aviedtntes nov npootifevial 6to olvolo
CONDp(c) avixatontpllouv Touc meplopiopols tou xavéva (LP-APP) s
enopéveg, xdbe arnotiunon p mou Tig eavorotel elvan tétola dote N p(Tg(cy)
elvar plo xhewoth anédelln Tonudtnrag tou 6pou B(C).

Aelyvouue o1n ouvéyela 6TL autd To Sdypauua elvar tapaueted. 'Eotw
o xhetoth anddeln tomxdtnrag Hpey Tov B(C) xa éotw 61t oL Ilp xou
II¢ elvon ov unoamodeilelc Twv B xal C avtiotorya nou opilovtar and authyv.

g Tlc

B:{{Lt, Lt C:lLt
BC): 'Lt
Ané v emaywywr| unébeon, LTdpyOULY ATOTWAGELS PR XAL PC TOU LXAVO-
motovy T CONDp xoaw COND¢ avtiotouya, tétoec wote pp(Tp) = llp xou
pc(Tc) =1lc.
‘Eoto tdpa 1 arotiunon po twv uetaBAntdy delxtn tne etwétog pllog
Tou Tg(c) TE€TOLL HOTE

HB(C) =

po(ly LYYy =0 L.
Ioyvpléuaote 6TL 1 anotiunon
p=pB\YPCY PO

elvat tétowa dote p(I'p(c)) = gy xou N p wavoroel to COND (. Autd
€neton queca and to axoAovha:

o Acgdouévou 6t ta Ty, To xan Uy Ly b €éxouv duagopetixés uetall Toug
uetaPBintéc Selxty, oL amOTWAOELS pB, pc XAl po dpouy ot Eéva UeTall
Toug oUvoha UeTaBANT@Y Selxty.

o Aedopevou 6t n Il gy elvon pla xhewoth anddelln Tomxdnrog Tou 6pov
B(C), o pp xav pc wavorooty 1o COND gy, dnhad,
o pp(li L b1) = po(p) L b)) =L L B,

eavnx:ly L by eugaviletar 6to T xou 1z : ), Ly b, eugoaviletol
oo Tc, t61€ pp(ly L by) = po (€ L b)) xou téhog,
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e av Ly L by epgavileton ehetbepn oto Th(cy), 1€, av Yl
ropdderyua, eugaviletal eevbepn oto B, po(b') < pp(by).

o H pp dpa uévo oe xawvolpyleg uetafAntég xau anid mpoohéterl Tig Lo6-
tnteg mou emBdhovton and v po(ly L V') = €' L t') % emouévoc, €€
oploloY, cefetan o ohvoro CONDp.

(4) A = AMv)(B). 'Eotww 61 10 (Tg,CONDpg) elvan éva napapetpxd
dudypauua anbdeling tomxétntog tou B. Av o (0, L by, ') L b elvan évac
TopOUETEXOS delxTng TomxOTNTAS TOL TUTOU Tou A(v)(B) e xouvolpyleg ue-
ToPhntéc delxty, tote

Ty

B:ébb
AW)(B) : by L by, LY

XaL T0 6UVOAO TV GLVONXGOY elval

Thwyn) =

COND,\(y)(p) := CONDp U {¢ = ('}
U{ly L by =0, bl | av vl L b)) eupaviletor ehedbepn
oto T}
U b < by | v xdBe = mou eugaviletar ehetbepn 070 Thy)(p)

ue delxtn e€6dou by }.

Ou woétnreg xau oL aviodtnteg tou npootifievtal 610 COND () gy avitxa-
tontpllouvv Toug neploptouolc Tou xavéva (LP-A-INTRO) xu etouévos, xdbe
anotiunon p mou Tig avorotel elvar tétowa bote N p(Tapyy(p)) elvan pio xhel-
oth anddelln tomxdtntag tou A(v)(B).

‘Eotw 6t n I,y elvar plo xdewoth) anddelln tomxdtnrag tou A(v)(B)
xat €6t 6T N I g elvon 1 xherot unoanddelln TonxdTnTaC ToL B Tou opiletol
and auThY.

I

B gl L tl
A)(B) : {lo b to, 1) L T

Av n pp elvon pa arnotiunon tétow dote pp(Tp) = lp xav n po elvan
Tétow Hote

My\@yB) =

po({ly b by, ) L V') =y s to, 1) s £,
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éretal eUXOAA OTL
(pB L o) (Try(B)) = Mrw)(B)-

(5) A= Ag where {p1 := Ay,...,py := Ap}. 'Eoto 6w ywwi=0,...,n,
ta (T4;, CONDy,) elvon napopetpuxd dtaypduuota anddelEng TOTXOTNTAS TV
A; ye Sragopetinég petadl Toug petaPintéc Selxtn. Av o £ Ly b elvon évag na-
paueTEog delxtng TomxdTnTag Tou TUmou Tou A ue xavolpyleg UeTaBAnTég
delntn, toTE

Ty, Ty, Ty

n

Ag:lo b Al Lby ... A,:l, LD,

Ty :=
A Ap where {p1 := A1,...,pp = A} LY

xaL T0 6UVOAO TV cuVONX®Y, avdhoya, elvor

COND, := CONDy, U... uCONDy, U {lo L b =€) L, '}

U {ly L by = £, L bl | yia x40 = tétowa Gote L by
eugaviletal ehelbepn oe xdmolo Ty,
woun x: Ly L b, oe Tay}

U{lp;, L by, =4; L by | avnp; i by, L by, epgavileton ehetbepn
oe xdmoo Aj}

U {b < by | Yo %80 = mou epgavileton ehetlepn oo T

ue delxtn e€6d0u by}

'Onwe xaL 6TLS TEONYOVUEVES TEQLITMOELS, Elval TETELUUEVO OTL OTOLAdY-
note anotiunor p nou wavonolel 1o COND 4 elvan tétoa dote 1 p(Ta) elvon
xhelot) anddeln TomxdtnTac Tou A xu enouévec, to Levyoc (T4, COND4)
elval éva Sudypauua anddeling TomxdtnTag Tou A.

‘Eotw tédpa 6t n 114 elvar pla xheroth anddeln tomxdtnrog tou A xou
4, ..., 114, elvar ou xhewotéc anodeilelc TomxdTNToC TRV Ay, ..., Ay avil-
oTolya, Tou opllovTtal amd aUTHYv.

HAo HA1 114

n

Ag L Lty AliéllL)tl Ana@'—)tn

114 =
A Ag where {p1 := Aq,...,pp = An} L Lt
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Av, yia i =0,...,n, pa,(Ta,) =4, xau 1 po elvor tétowx Gote
,0(](66 Ls b/) =/ Ls t(],
gnetol avdioya OTL

(P2 V- U pa, Upo)(Ta) = 4.

(ii) ©éhovpe va anodellouue 6TL undpyel Ula xheloth anddeln TonxdTnTag
tou A, 1 Ilp, Tétowa dote v xdbe xhewoth anddeiln tomuxdtntag II4 tou A,
Iy < 1Il4.

'Eotw 6t 10 (T4, COND,4) elvol éva napauetpnd didypapuo anddeting
Tomx6TNTag Tou A, é0Tw 6T To V elvar To mEnepaouévo GUVOAD TWV UETA-
BANTéHY delxtn mou eugaviovtal 6to Ty xou éotw 6TL to W elvan, apywxd, to
xev6 ovolo.

Oa mepiypddouvue ulo Swadcacio olugwva ue ™y onola Ha apapolue
uetaPhntéc delxtn and to V' xou Oa tic Tonobetoldue oto W e xpitiplo to
xatd m660 Ou mpénel va Toug ddoouue ¥ oyt Ty Ty 1.

Koat’ enavdindm, xdvouue to e€hc:

1. T xdfe b e V, av {b = 1} € CONDy, evnuepdvovue to oUvola wg
e€fic: V = V\{b} xou W =W U {b}.

2. T %xébe b e V, av {b = b/} < CONDy4 # {0/ < b} < CONDy 6rou
b e W, ta obvoha evruepdvovtat wg e€hic: V = VA\{b} xan W = W v {b}.

[Mapatneodue 6tL 1 Swadixacio tepuatiler agold to clvoro V' elval nerepa-
OUEvo.

Tdpa, tetpuuuéva, xdfe arotlunomn p mou wavoroel 1o CONDy mpénet
va elvar tétowa dote v xdfe b € W, p(b) = 1. Ac Bewphoouue tdpa Vv
anotiunon po tétola HoTE

po(b) =

1, avbeW
0, avbeV.

Iedra, 1 po weavornotel to COND 4. Apxel va napatnericovue 6T Yio xdbe
b eV, dev undpyel wobtnta g wopyhic b =1, 0 = b A b < b brnov b € W,
%L ETOUEVWS, TETELUUEVA, av avabéoouue Ty Tt 0 oe 6heg Tig uetafAntéc oL
d00UEVES LOOTNTES XAl AVLGOTNTEG LXOVOTOLOUVTOL.

Aceltepoy, Y xdbe p tétolan dote wavonoleitar to COND 4, yia xdfe b,
po(b) < p(b). Emouévwe, av n Iy elvon tétowa dote po(Ta) = I o n II
elvan tétowa dote p(Ty) =11, téte Iy < I1. =
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Auté elvar 1o Baowd teyvid anotéheoua g dwatpfPric olupuva Ue To
onolo yw xdbe bpo A, 1 uéylota Tomxt| xAewoT anddelln TOTXOTNTAS TOV
A avtinpoowrelel TN GLUUTEELPORE TOTUXOTNTAS TOU GEBETAL TN CUUTERLPOR
TomXOTNTAC TV 6Tabepdv mou eugavilovtal 6tov A xau 1 onola AoyPdvel
ur’ 6Ly Tig e€upTHOELS TOMXOTNTAC UE TETOLO TEOTO HGTE OL UTOAOYLGUOL TOU
nepthauBdvovtal va elvar 660 mo tomxol yivetol.



Kegdhato 4

Tunmxég Xuvagels YuvapTHoeLS
‘Opwv

Y10 Kegdharo 3, oploaue tic xhetotés anodellelg TomxdtnTag xdbe bpov A : &
€toL dote av 1) eTwéta pllag elvan A : £ L ¢, 16T undpyel oLVAPTC GUYVAETNOT
e unodflwong tov A wg npog tov delxtn L. O amodellelc tomuxbtnTag
evog 6pou A hauBdvouv ur’ éduy toug Tic alAAeCapTHOELS TOTXOTNTAS TOVY
UT06pWY TOU XaL yapaxTnellouy T oUUTERLYPORE TOTXOTNTAS Tou. e autd
To xepdhato, yio xdfe 6po A, xdbe xhewoth anddelln TomxdéTnTag Il tou
A e etuéta pllag A @ £ Lt xou ylo yetaPintd) xatdotaong u, opllovye,
UEGL EVOS XATAAANAOU GUVTAXTIXOU UETACY NUATIOUOY, TOV ouvagl 6po AI*T’Z
o onolog opllel Tumxd ula cuvagn cuvdptnorn e utodHiwons Tou A wg npog
Tov (1.

Yy Evétyra 4.1, napovoidlouye ula enéxtaot tne yAbooag L), tnv L)

otnv ornola fa oploToly oL véou auvageic dpol. Ntn ouvéyeia, opilouue To ue-
TROYNUATIONS TOTUXTC ouvdpelas YL Toug Tomxovs 6poug (Evétnta 4.2) xo
Tov avilotowyo uetaoynuatioud ovvdgeiac Yo Toug Yexols 6pous (Evé-
mta 4.3). 1o Kegdhawo 5, Oa ypnowwonoifoovue tov ouvagh 6po tou A
oe ula xatdotaon @ wg TEOS TN UEYLOTA TOTLXY| ATOSEEY TOMXOTNTAS TNS
XAVOVIXTC TOU UOpPHC YLo VA 0plOOUUE TO AVTIXELUEVIXG TEPLEYOUEVO TOU A
oTny a.

T cuvtouta, Ba Aépe 6L ula ouvagfic cuvdpTnon e UTodHAWONS ToU A WS TPOS ToV
delxtn £ elvan amhd ula ouvaghc ouvdptnon evég dpou A wg tpog tov .

85
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4.1 Mia Enéxtaon tng Lﬁr

'Onwg oty nepintwon tng LIL ye toug tedeotés évtaong xal €xTaomng xoL Tng
L) e tov tekeot avadpouic, fu eurmhovticouye Ty L), yio vo utopécouye va
0ploOVUE TIS CUVAQELS CUVAPTACELS TV OPWY TUTLXY OE AUTH TNV ETEXTETAUEVT)
, %
Y\Gooa, L)) .
I x80e otabepd ¢ : 0 € K xau xdfe xhewotéd Seintn TomndtnTag L6630
{ 7ou ¢, ewdyouue oty Lo (K) ule véa otafepd cf @ s — ()" 1 omola
UTOBNAGVEL TNV TEOTWUNTEA GUVAQPY) GUVARTNGY TOU ¢ WS Tpog Tov £, dnhady),

den(cf)(g) = ¢; = (den(©)(9)),.
[ x@0e tomo 0 xat x&be xhetotd delxtn TomxdTNTag €Loédou £ Tou 0, El-
odyouvye enlong, v euxolla, drewpec to mhibog véeg petafAntée, amnhéc A
avadpoung,
«f,pf 15— (9)S

Téhog, elodyouue €va véo xavéva oynuaATIoNoU Spwy, TNV EQaEUOYT OUVE-
petac (associate application) 1 onolo ovunepLpépetol axpBns 6nws 1 cuvniL-
oUEVT) EQapUOYT cuVaPTNoNS ahAd ypnoluomoteital Uévo Yo TLg veoeloaydel-
oec otabepéc xau uetaPfintéc. Enouévwe, ol dpol tng emexteTauévng Yhdooug,

* '
L)', opllovtan avadpouixd wg:

A:=cla|c/fu] [27[u] | B(C) | Mv)(B)
| Ap where {p1 := A1,...,pn = An} (4.1)

6mou M x elvan UeTaBANTY), anAf ¥ avadpournc, oL u oL v elval aniéc uetaBAnTég
XAl OL D1, ..., Pp elvar petafintéc avadpoutc. Ilpoodidouvue tinoug dnwg yia
Toug bpoug otov (1.8) otnv Evétnta 1.5.1 xau dedouévou 6tL 1 eQopuoYth
oLVAQELAS CLUUTEPLPERETAL OTWS 1 cuVNOLoUEVT eQapuoYT),

£

av i s — (5): xow w s, wote cilu] : (5)Y,

av zy 1S — (5)i xaL u : s, téte wy[u) : (5)&.

Hopatnpodue 6t 1 u epgaviletar ehedbepn otov bpo cj[u] xaL 1660 1 u 660
xou n o eugavilovran ehellepeg otov oy ul.

Ye 6,7 agopd ot St onuactoloyia e L, 1 Souh epunvetag etvar
enlong n U — 7 douh epunvetag tne LY, mou oplotnxe oty Evétnta 1.5.1. H
oLVdpETNoT LTOdHALGNG oy oplleTar o auTH TN dour| YL Toug VEoug 6poug
e eQapUoYc ouvdgetag dlvetatl and

den(cf[u])(g) = ¢ (g(u))
den (27 [u])(9) = g(z7)(g(u))
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ITpwv oploouue Ty xavovixt| Loppr TV GpwYV TNG ENEXTATEUEVNS YADGGAC,
npénel va enaveZetdoouye Toug duecoug bpoug g L. 'Eotw oL axéhoubol
6pol mov opilovtol and TNV e@apUoYY cuVAQELXS Yo ubo amh UeTaBANTH v xo
uta ueTaBAnTH avadpouric p émou o £ elvan €vag delxtng TomxdtnTag £L6HI0L
xatdAknhou tinou:

v Tul xa pf[u].
Ocewpolvion we yevixevuéves uetafintéc (generalized variables) (amAéc xou
avadpousic, avtiotolya) mou onuaiver 6L oL ducoot Gpo. e LY elvan o

X =V [PV, Vi) | AL, 0 ) (P(VA, .., Ve)) (4.2)

Vii=wi | vl uil,  P:=p|p;lul

6TOV OL W4, VY, U1, . .., U, U, U Elval amAEC UeTABANTES Xow oL p xau pj elvon
bid 2
uetaPhntéc avadpourc. T mapdderyua, ol napaxdten 6pot elval duecoL:

pelul(vpul), pi(u; vplul), AMuw)pg (v, vplul)-

[Mapatneodue étLav oL v : & — T oL w : & elvon anhég uetaintée, evéd o
6poc v(w) dev elvan duecoc oty L, 0 bpoc vy [u] érov u : s elvan duecoc oty
L)Y H WDéa elvar 611 1 eqapuoyr ouvdgeias Ba yenowonombel oe Wiaitepeg
TEPLITAOOELS YLOL VO UTOAOYLOTEL 1) TLUY| EVOC AVTIXELUEVOU GE Ul XUTAOTAOT),
XaL ETOUEVWG, OTwS 6TNY Teplntwon epapuoydy 6nee 1 p(w) érou 1 p elvon ula
uetaPAntr avadpounc, Ha mpénel va extelelton ywplc «wmoloyiotind x66T0C»
070 Aoyoud Avaywyhc e YAdooag Lé‘:

O Aoywoude Avaywyhc tng Li‘: elvan axpBde Brog we mpuy (Ilivaxag 1.3),
xaL EMOUEVLS, oL bpot eapuoYric cuvdgelag cf[u] o xj[u] elvar un avoryd-
YUUOL.

ITpétaom 4.1.1. (Oedpnua 3.12 oo [22])

(a) Ot otabepéc xar ot dueool dpot elvar un avaydyuuot.

(b) Ot bpot epapuoyiic ouvvdgerac cjlu] xar xjf|u] elvar un avaydyuo.

(¢) 'Evac dpoc epapuoyiic B(C) elvar un avaydywos av xat uévo av o
dpoc C elvar dueoo¢ xat o B elvar pntéc xar un avaydyog.

(d) ‘Evac A-dpoc AN(u)(B) elvar un avaydyiuos av xat uévo av o époc B
elvat pnTtéc xaw un avaydyog.

(e) 'Evac avabpouixiéc dpoc Ag where {p1 := Ay,...,pn 1= An} elvau
Un avaydyoc av xat uévo ay oAa ta uéen Ao, ..., Ap elvar un avaydyor
deot.

ATIOAEIZH. H rnepintwon (b) elvon mpogavic and tny emoxdnnem towv xavoveny
AVAY WYTC. 1
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Hapatnpodyue enione 6t 1 oyéon oluntwong elvon 1 S énwe ey (oe-
AMBa 20) xon dedouévou 6Tt oL bpol egapuoyhc cuvageLag elval un avayGYLLoL,
€Y OLUE

cf(cf[u]) = cf[u] where { }
cf(z}[u]) = }[u] where { }.

To Oedpnuo Kavovixric Mopgiic (Oedpnua 1.5.1) enextelvetat e8¢ ywplc
ahhayéc, mou onuaivel 6Tl o1 LY, yu xébe 6po A vmdpyel évag povadixde

(U€xpL oVumtwong), un avaydyyos avadpouwxds bpog cf(A), tétolog Gote
A = cf(A).

4.2 Tumxég Tonxd Xuvagelg Yvvaptioeig Tomxov
"Opwv

Ye auth Ty evotnTa, 0pllovUe TOV UETROYNUATLOUG TOTLXNC OUVAPELAS TOL
z /7 * Z. 7 7 ~

avitatouyel éva bpo A*Y 1 g otn L) o xdfe tomxé 6po A 1 F oty L) %o

o€ xdfe uetaAnTh xatdotaong u : s mou dev eugaviletal ehetbepn otov A,

A:0,u:s— A" : 0.

Autée o véoc bpog opller oty LY ula ouvag cuvdetnen tou apyixol Geou,
dnhadn, av oploovue yia xdbe xatdotaon a : s,

AR = A%y = al,
t61E,
7 (a — den(A™%)(g)) elvar Tomuxd cuvaghc ouvdptnon e den(A)(g).

ITpwv oploovue to YetaoyNUATIOUS TOTXHS GuVAgELag, O anhorotijcouue
10 ouufoloud e mponyoluevng evotntac. ' xdfe otabepd, c: 0 € K, av
o £ elval 0 Tomxdg xAeLGTOC BelXTNS TOMXOTNTIC ELGGOOL TNS, TOTE ATAL TOV
rapaeinovue, dnhady|, opllovue
* . %
C =¢
Avédoya, av o £ elvar 0 Tomxdg xhelotdg delntng TomxdTNnTAS ELGEd0U TOU
TUnou g uetaPintic x : 7, opilovue
¥ =y
Ou Aue 6T 1 eupdvion evég unodpov z*[u] (1 ouolws, xj[u]) émou n =
elvar pla yetaPintd, anhf | avadpounic, elvon eAetiflepn (free) oe éva 6po A av
ot eugavioelg oL Twv dVo petaBintdy ¥ (f x)) xau u elvon ehellepeg otov A.
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Ilpétaom 4.2.1. (Metaoynuatiowés Tomxrc Yuvdgpeiag - Local As-
sociate Transformation) ['ta xdfe tomxd dpo A : G xar xdbe xazvou’pyta

petafAnty xatdotaonc u s, undpyet évac dpoc A* 1 o oty L), térowoc
doTe:

(1) Av o A éyet eAevbepec uetafAntéc oty Alota x1 : 01, ..., Ty : Op, TOTE
o A" 1 o éyer edevlepec uetafAntéc oty Alota 1™ s o1, ..., 2% top,u S,

(ii) I xdfe uerafAnti x, n x eupaviletar eAcibepn otov A av xar uévo
av o unodpoc x*[u] eupaviletar eAedbepoc otoy A™M.
(iii) Ioyvouv ot e€ric ouvliixec:

(1) c™* = c*|u]
(2) =" = x*|u]
(3) (B(C)™" =B*m(C*")

4) (A@)(B))™" = M) (B*“{v*[u] = v’}) émou n v’ elvar ula xavolpyia
om/lr) uetafAnty (Swv timov ue tov v*|ul
(Ao where {pl = Al, . ;pn = A })*u

= (Ag)""{pi*[u] :=qi | 1 <i < n} where
{ql (A)""{pi*[u] = qi | 1 <i < n},

gn = (An)""{pi"[u] :=q; | 1 <i <n}}.

omov yta vt =1,...,n, n q; elvar ula xarvovpyta uetafAnty avadeouijc (Siou
tUmou ue v pi*lul.

ANIOAEIZH. H anddeln elvan ye ula mpogavy| enaywyr otov A.

IMopatnpodue 6t oL avixataotdoelc oe xdfe nepintwor elvar ehelbepeg
dedouévou btu xdbe popd oL uetafntéc v’ xou g; elvol xawvodpytec.

Av o A elvar avadpouxds bpog, abugpmve pe ty (ii), yu k = 0,...,n, uw
uetaBhnty p; eugaviletal (ehelbepn) otov Ay av xoL u6vo av 1 g; eppaviletol
(ehevbepn) otov (Ag)™". 'Enetor 6ty ¢ = 1,...,n, rank(p;) = rank(g;)
X0l ETOUEVELS, 0 A™™ elval avadpouixds 6pog. —

I mopdderyua, av ou g,z @ e elvan xowvolpyleg petafintée,

(A(@)love(z,z))™" = Ma")love*[u](2’, 2"),
(run(p) where {p := John})™" = run*[u](q) where {q := John*[u]}.
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Ocdpnpa 4.2.2. Av 0 dpoc A : 0 ue eAevbepec uetafintéc oty Alota x1 :
O1,...,%y : Op lvat Tomxde, n ouvdptnon fa 101 X ... X o0 = 0 oplleTan
w¢

falfr, ., fn) =den(A)(g{z1 := f1,.. ., xn := fn})

xar n ouvdptnon faxu 18 X 01 X ... X 0y = 0 0plleTal WG

fA*,u (a, hl, ce 7hn)
= den(A™"{z,*[u] ;== a!,..., 2, [u] == 2},})

(9{z] :=h1,... @) = hp,u = a}),

omou ot T o, ..., @, oy elvar xawvolpyiec uetafAntéc, téte n ouvdptnon

faxw elvar ouvagprc ovvdptnon e fa.
Eiéuxdrepa, av o dpoc A elvar xAetotdc, 101 yia xdbe xatdotaon a : s,
n owvdptnon (a > den(A*%)) elvar tormwxd ouvagic ouvdptnon tyc den(A).

ANOAEIZH. H anédeiln elvar pe enaywyh otov A. Oa elvan ypriowo va yen-
owonoloovue T axdlovbeg ouvtouevoeLs.

g{l‘i = fz} = g{xl = f1,...,®p 1= fn}
g{xl == hi} = g{z) == hy, ..., 2], = hy}

(1) A=c. An\d, fc(f1y.-y fn) = ¢, xou
fera(a, b, ..., hy) = den(c*[u])(g{z} := hi,u := a}) = c*(a).

Enouévwe, obugpova ue to Iépioua 2.2.10, 1 fex.n elvar Tomxd cuvaghc ou-

véptnon e fe.
(2) A=z. 'Eoto 61 yo xdnoto j, x; = .

fo(f1, ..., fn) = den(z)(g{z; := fi}) = f;, xu

fm*,u (CL, hl, ey hn)
= den(a*[u]{z;*[u] := 2})(g{x] := hi,u = a}) = hy.
Lougova ye v nepintwon (i) tov Oswphuatoc 2.2.9, N fr.u elval Tomxd
oLVAPNS oUVETNOT NS fr.

(3) A = B(C). 'Eotw 6T oL ehetbepec uetaffintéc tov 6pwv B xaw C
elvat oty Mota @1 : 01, ...,%p : Op.

fBey(f1,- .-, fn) = den(B)(g{z; := f;}) (den(C)(g{z; := fi}))
:fB(fla---7fn7f0(f17---7f7’b))'
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faeyyrn(a,ha, ... hy)
= den(B*"{z1*[u] :=2),...,2,"[u] = 2},})(g{z} := hs,u := a})
(den(C*’“{xl*[u] =a), . w u] =2l ) (g{al = hiyu = a}))
= fpra(a,h,. .. hy, forau(a,ha,. .. hy)).
Ané v enaywywr unébeon, ov fpxu oL foxu elval Tomxd cuvagelc Guvap-
Thoelg TV fp xau fo aviloTouya, xol eETOUEVLS, UGV UE TNV TEPTTOOT

¢ o¥vieans Tou Oewpriuatog 2.2.9, 1) ouVaETNEY f(p(cy)y*u Elval TOmXS oU-

vanc ouvdptnom tng fB(C).
(4) A = AMv)(B). 'Eotw 6t oL ehetlepeg yetafhntéc tou bpou B elvon
ot Mota 1 : 01,...,%py 1 Op,V 1 0.

D) s fa) = (f = den(B)(glwi := fi,v:= f}))
= (£ folfie s fu ),

f()\(v)(B))*,u(a, hi,... hy)
= den(A(v") (B*"{v*[u] :== v'}){z1*[u] :== 2], .. 2, [u] == 27,})

(9{z} == hi,u:= a})
= (h — den(B*"{v*[u] := v, 21" [u] ;= 2, ..., 20 [u]})

(gfat := hiyu = a,0" o= h}))
= (h = fprala,hi,... ho,h)).

Ané v emaywywr| unbbeon, 1 fpru elvor Tomxd cuvagrc ouvdetnomn g
fB, xau emouéveg, olugonva ue Ty Teplntwon g A-agalpeong Tou Oswer-
watog 2.2.9, 0 ouvdemon fiy)p)yse Elvon Tomxd ouvagrhc ouvdptnon tng

Ir@w)(B)-

(5) A = Ap where {p1 := A1,...,pm = Ap}. 'Eoto 6TL o ehelbepec
uetafhntéc tou 6pou A elvon ot Mota 21, ..., Ty XL ETOUEVLS, oL eEAeVbepEg
uetaPAntéc xébe bpou A; (1 = 1,...,m) elvar 6T MoTA 1, ..., Ty D1y - - -y D

falfi,..., fn) = den(A)(g{z; := fi})
= den(Ag)(g{z; := fi,p1 := P1,...,pm = Pn})
= fAO(fl,...,fn,Pl,...,Pm),
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6mov vyt i = 1,...,m, xé0e

Pi :fPi(fla"';fn)

optletan avadpouxd oto Pabud rank(p;) :
F)Z' = fAi(fla"'7fTL7P7‘17---;PTk)

6TOV OL Py, ..., Pr, Elvon oL petaPhntéc ue Pabud < rank(p;) (BAéne entomne
v Evétnra 1.5.1).
Enione, avadpouwxd oto Bafud rank(g;), éotw 6T

Qi = fo.(aha,. o ha) = foayen(ashy, oo b, Qryy e Q)

Eilvar onuoavtind va nagatnerioovue €360 6T, olugwva ue tny [pdtaon 4.2.1,
v %80 i = 1,...,m, rank(p;) = rank(g;).
Adupa. Twoxdber =1,...,n, 1 fo, elvar Tomxd ouvagrc ouvdptnon tne fp,-
ANIOAEIZH. H anddeln elvar ye enaywyy oto rank(p;).
(i) rank(p;) = 0. 'Eneton tetpiupéva agol fp, = fa, xou fg, = feagywn-
(ii) rank(p;) = 1. 'Eote 6t v 6hec ¢ UETUPANTES Drys ..., D, TE-
Toleg Gote rank(py;) < rank(p;), oylel n enayoyw unébeorn. To {nroduevo
énetat eVxola and Ny neplntwon e ovvbeong Tou Oswpruatog 2.2.9, dedo-
uévou 6t

fe(frfn) = fa(fryes fus fo (e fu)s oo fo (fr o f))

prgeih

fQi(a, hl, - ,hn)
= f(Ai)*’u (a, hl, Ceey hn, fQTl (a, hl, - ,hn), Ceey fQTk (a, hl, - ,hn)) —
Tdépea, and my enaywywd unébeon, n ouvdptnon fiy,yxu elval Tomxd
oLVAPTc oUVAETNOT TNS fa, XAl
fA*,u (a, hl, ey hn)
— den(A** {o1*[u] = 2}, ..., w0 [u] = 2 }) (gl = ho,u = a})
= den((Ao)™"“{p1*[u] == q1,....pm"[u] = gm, 21"[u] =2, ... 2 [u] = 27,})
(g{:[,‘; = hiaql = Q17 coyqm = Qm;u = (1})
= f(AO)*,u(CL, hl, e ,hn, Ql, e ,Qm)

Enouévwc, and v nepintwon tne 6bvleonc tov Oewpruatos 2.2.9, 1 fas.u
elval Tomxd ouvagrc ocuvdptnon g fa. —
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H tomuxd ouvagrc ouvdptnon tng xavovixig wop@hc tou Tomxol 6pou
A : 7 yenowonoteital oto Kepdhato 5 yio va 0ploovUe TO aVTIXELUEVLXO TE-
plexouevo tou 6pou A otny xatdotacn a. Téhog, ohoxhnedvouue Ty evoTnTa
ue éva anhé AMuua mou Ha yenowwonoticouye 6e exelvov ToV 0plaUo.

Afupa 4.2.3. Av o A : 0 elvar évag Tomxoc Uy avaywyz,uog dpoc oty LY\,
T6T€ 0 dpog A®Y 1o elvar un avaydyoc oty Ly,

ATIOAEIZH. H anddelln elvon ye ula tpogavi enaywy? otov A, yenowuonold-
VTOG TOV GUVTAXTXG 0pLoUsb TwV U avaydywey épwv (llpbtaon 4.1.1). Mé-
e0g NG omé&aing elvar va deuytel 6tL av o X @ 7 elval évac Tomxdg dueoog
6p0g o'm L), T67€ Yo xdfe petafihnTh xatdotacnc u ks, o X elvon duecog
ot L), 10 onolo enlong elvor mpogavéc and T mapoxdte.
(1) Av X = 2 6nou n & elvan yetaPintd, anhi § avadpours, téte ™% = 2*|u).
(2) Av X =p(v1,...,vn), 101E

(p(v1, ... ,Un))*’u = p*[u](vi*[u], ..., v, *[u]).

(3) Av X = A\vy,...,vn)p, TéTE ()\(vl, . ,vn)p)*’u = A21, ..., 20)P" U],
OTOU OL 21, . . ., 2y, ELVAL X0LVOURYLES AAES UETABANTES XATIAANAWY TOTWY.
(4) Av X = XNwy, ..., wy)p(v,...,vn), T6T€

()\(wl, cenw)p(v1, ,vn))*’u
= A21, -5 2m) (P [u] (v *[u], - . op*[u]) {wr *[u] = 21, . we *[u] = 2},

OTOL OL 21, . . ., Zp, ELVAL XOLVOUPYIES ATAEC UETARANTES XATAAANALY TUTWY.

4.3 Toumxég Yuvagelg Yuvaptioeig I'evixdv "Opwv

‘Eotw 6t 0 A : 7 elvan évag 6pog tétolog Gote 1 unodHhwor| Tou €yel ula
oLVAYT, GUVAETNOT WS TEOS Eva XAELGT delxTn TomxdTNTAC ELbddou L. YTo
Kegdhowo 3, dellaue 6t ouvtaxtind autd emBeBardvetar and tny Vropdn ulag
xhewothc anddeling tomxotnrog ue etxéta pilac A @ £ L, t. I'evixd, o 6pog
A €yer molanhéc xhewotég anodellelg TomxdtnTag Ue Tov (dlo Selxtn Tomi-
x6tnTag eweodou ot pllec Toug. Ou amodellerg autée mepLypdpouy Slagpope-
TXE OTLYULOTUTIO GUUTERLYPORPMY TOTUXOTNTAUS TWV LTodpwy Tou A ta omola,
©01600, cUYXAvouv 6ToV (B8Lo xheloTéd delxtn TomxdTnTag ELGHI0U Tou A.
Ou amodeilelc tomuxdénTac Oo amodelytoly avaVTLXATAGTATES GTOV Opl-
oud Tov AvIloTOLYOU UETAOYNUATIONOU OUVAPELRS YLO TOUS YEVLXOUSC 6pOUC
dedouévou 611, OTwe Pdvnxe otV TEPITTWOT TOV TOTXGY dpwv, elval évag
OUVTAXTIXOC UETAOYNUATIOUOE 0 omolog haufdvel un’ 6y Tou Tig eCupThoELg
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TOTXOTNTAC TOY UT0pwY eveg 6pou. Emouévwg, doouévng uwag xhelotig
an6deling tomxdtnrag Iy evég 6pouv A : 7 e etinéra pllag A : L L ¢, avti-
otoyolue otov A xou og onowdinote UETABANTY xaTtdoTaong u @ S Tou dev
eugavileton ehetbepn otov A, éva ouvaglj dpo (associate term) A;’Z, dnhadt,

()" avt =0

A:&,HApssTLxéwp'LCagA:EI_)t,u:s._>A1”jf1::{ 0 o
av t =

~\
s — (9),,

o onolog opllel (xatd xdnoto Tpémo) ula ouvagr cuvdptnon tou A wg tpog Tov L.
ITpétaoy 4.3.1. (Metaoynuatiowés Xuvdgetas — Associate Transfor-
mation) I'ia xdbe dpo A : & oty L), xau ula xdetotyi anddeiln tomxdryprac

IT4 ue erxéra pilac A : U L t xar onotadiimote uetafAnty xatdotaons u = s
mov dev eupaviletar eAeilepn otov A, vndpyel évag dpog

~\{ —
A*,u . (O’)*, avt=0
My - ~
A s> (0),, avt=1
T€T0l0¢ BOTE:

(1) Av o A éyet edevbepec uetafAntéc otn Alota x1 1 01,...,%n : Op Xl
viei =1,...,n, nx; éyet tov Selxtp m; L s; oty 4, av t =1, téte 0
A;’Z Exet edevbepec uetafAntéc oty Aota i, -, Ty, EVE av 1 =0, o1
eAedlepec uetafAntéc Tov elvar oTn AlOTA T 1y ooy Ty g, U

(ii) Avt =1, téte n x; eupaviletar eAedbepn otov A av xat uévo av g
x¥  euwaviletar eAelbeon ooy ALY

1,m; uy en Il

(i) Avt = 0, tdte n x; eupaviletar eAevbepn otov A av xar uévo av
elte s; =0 xat o zf . [u] eupaviletar eAevbepo ov AGY, elte 8; = 1 xau
i = im; 5% T po¢ ot 2 ELTE 8¢ =

* / ’ *®,U
N T eupaviletar eAevbepn otov Apy .
(iv) IoyUouy ot napaxdtw ouvlixec:

(1) Av llc =c: L L t, tdte

o {cj[u], avt=0

C ==
e Cys avt=1
(2) Av Il =x: L L t, t0te

#*,U
Ty

{mz‘[u], avt=0

xy, avt=1



4.3. TYHNIKEY YYNA®EIY XYNAPTHXEIY I'ENIK()N 'OP{)N 95

(3) Av
IIg IIo
I _ B: bt by Lty C:li Lty
B©) B(C):la st
Tét1E

Bﬁ’g (Cﬁf), avt=0,tp=0

(BO) = Bff[’g(u, CF[(“), avt=0,tg=1

RGN )\(u)(BF[’; (C;[’;L ) avt=1,tp =0

)\(u)(BE’g (u, Cﬁ’g)), avt=1,tp =1

(4) Ay
Iip
_ B: é Lt/
11 =
AWE) = NN B) < o b to, 0 L ¢
T0tTE
r)\(v’) {UﬁoL»to = ) avt=0,t'=0
!/ — = —

pom)s = OB, = M) avi=ar=
A(v)(B) Mu) (U/) {Ufobto : }) avt=1,'=0
\/\ u)A(v') HB(U){UZOL,to = }), avt=1,t'=1

émou n v elvar ula xawvolpyia ardy uetafinty (Swv tirov ue tov
*,U
véobto

(5) Av

I14, 114, HAk

Ag:lo Lty A0 Lty ... Ayl Lty
Ag where {p1 := Ay, ...,px = A} : o L to

Iy =
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T0TE
#,U
(AQ where {pl = Al, B e Ak})
I

= (Ao ()i, = |1 <i <k},

where

{ar = (AR AT, = @ | 1< <),

Q= (Ak)i’&’jk{(pz’)Zﬁti =q |1<i< k}}.

ornov yta v =1,...,m, n g elvar uia xarvolpyia uetafinty avadpourc
{Biou tUmov ue tov (pi)Zﬁti‘

ATIOAEIZH. Anodewxviouue tavtdypova Tig nepuntdoels (i)-(iv) ye enayoyh
otov A. Tlapatnpovue 6t 10 uévo mou ypetdletar va eAéyZouue elvar 6tL oL
uetaoynuatiopol mou opllovtar anéd tig cuvlixeg (1)-(5) oty neplntwon (iv)
nopdyouy bpous. Av A =c 1 A =z, to {ntoluevo elval tpopavée.

(3) A = B(C). Avt =1, t6te obugova ue v llpétaon 3.2.7, yu
i=1,...,n,nx; éeL tov delxtn m; L 1, xau enouévecg, (alcz);';jjL>1 =},

Av t = 0 xau av, vy Tapdderyua, n x; eugaviletal ehetbepn otov B, t61e
and v enayoywd vrébeon, av to = 1, t6te 5; = 1, xou n z7,, eugauvile-
ToL ehevlepn av xoL u6vo av 1 z; epgaviletal ehelbepn xal av, and TNV Ak
ueptd, so = 0, and v enaywywed vndheon, o bpoc xf,, [u] eupavileton ehed-
fepoc oTov BE’Z av o Yovo av 1 z; eugaviletar ehetbepn otov B. Ioytouv
avéhoyol Loyvplouol oty Teplntwen mov 1 x; eugaviletal ehetleen otov C.

(4) A = AMv)(B). 'Eotw 6t z; # v. Avt = 1, 161 tetpiuuéva yio
i=1,...,n, z; : mj L 1 o enouévee, Nz}, eugaviletor ehedbepn av
xoL u6vo av n x; eugoaviletan ehelbepn. Av t = 0 xou t' = 1, téte and
Vv enayeyw undbeon yw tov B, 0z}, eugaviletan ehedbepn. Av i = 0
xou t' = 0, t61e ané My enaywyw) urébeon, o époc xf,, [u] eppaviletar
ehevbepoc.

(5) A = Ay where {p1 := A1,...,pg := Ag}. O oyuplouol elval avdho-

you xou dev toug emavalauBdvovue e8@. I'evixd, av yua xdrowo ¢ = 1,... K,
t; =1, t61¢ (pi)zﬁl = pj,. ev6, av t; = 0, téte, av n p; eugavileton ehel-
Oepn oe xdmowo A (j =0,...,k), téte and v Llpbdtaon 3.2.7, oy el enlone

6t t; = 0. Emouévog, and v emayonywr urébeor), xou ol Yo uetafintéc

tou (p)," = i [u] epgavilovran ehedbepec av xaw ubvo av 1 p; eppavile-
7 >

ta ehevbepn. ‘Emeton 6y xdbe i, rank(g;) = rank(p;) xou enouévec, o

avadpoulxdec 6pog AI*T’Z elval xaAd oy nuaATIoUEVOS. —
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Av n II4 elvon pla xhewoth anddelln Tomxdtntag tou A ue etuéta pllag
Al Lt téte evalhaxtixd ouuPBoAiilouue T0 ouVAPT Tou 6p0 WS TPOC AUTHY
xaL ©¢ Tpog Ulo UeTaBANTH xatdotaonc u : s tou dev eugaviletal ehetlepn oe
AuTOV OC

U AFU
A, = A0
Autég o ouufBolouds Ba yenowornoeitar btav Ha elvar cagéc mola elvan n
xhewoTh) anodelln tomuxoTnTag xaL avtl authc, Béhouue va eoTidoovue TNV
Tpocoy | wag oTtov delxtn g etwétag pllac.

Ocdpnpa 4.3.2. Botw o or edelbepes uetafAntés tou A : 0 elvar oty
Mota xy : C1,..., &y 1 Op Xxat ) oUVdETHON fA 1 01 X ... X0y — 0 oplleTal &g

falfi,-. ., fn) =den(A)(g{z1 := f1,..., 20 := fu}).

(1) Av p 114 elvar pla xletoty anddeiln tomxdrnrac tov A ue etuxéra
pilac A: 0L 0 drov yia i = 1,...,n, nx; et Tov Selxtn m; Ls s; xat n
ouvdpTnon

Foe i x { (s = (E0)7") } . { (s = (#n)7") } ey

05,0 (@1),

oplletat yia a:s w¢

fAz‘L’:‘O ((]/, hla s 7hn)

= den (A ({(z)n s, =2, (@)t = T,))

(g{x’l = hi,.. .0 = Ry, u = a}),

TOTE 7 fAsz,:g elvar ovvagic ouvdptnon TN fa w¢ mpo¢ Tov xAetoTé delxTy
m1 L s1,...,mp L sy, 0).

(i) Av pIl4 elvar ula xdetoty anédelln tomxdryrac tov dpov A ue eti-
xéta pilac A: 0L 1 drov yra i =1,...,n, nx; éyet tov debxrn m; Ls s; (ue
si = 1) xau n ovvdptnon fAZ_’,ul s (s — (F1)3) x...x (s = (Fn)7") = (),
opiletar yix a s w¢

fA;‘L’:‘l (a7h17 s 7hn)
= den(AZfl{ximl =a,... ,mflymn = 1:;1}) (g{x’l = hy, ..., T = hn}) (a),

TOTE 7 fAm elvar ovvagrc ouvdptnon TN fa w¢ mpo¢ Tov xAetoTd delxTy
mi L 1,...,my L 1,0).
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Eidixorepa, av o A elvar xdetotoc dpoc xau n Il elvar uia xAetotsj and-
Seiln tomxdtnrag tou A ue etxéra pilac Al L t, Téte 5 ovvdpTnoy

(a — den(AZ:LO)(g{u = a})), avt=0, 7

den(A;"), avt =1

elvar ouvaglic ouvdptnon ¢ den(A) wc mpoc tov L.

ATIOAEIEH. Amodewviouue pall ta (i) xou (ii) ye emayoyr otov épo A xou
emoholuevol Ti¢ Baoixég WLoTnTeg Tou Oewpfiuatog 2.4.8 6TwC EMXAAECTT-
xaue to Oedpnua 2.2.9 oty anddelln Tou avtictoryouv Oewphuatog 4.2.2.
Yy npaypatiedtnTa, 1 anodelly anotehel faoixd dueor yevixeuorn tng ano-
deténg tou Oswphuatog 4.2.2, xar cuuneptlauPdvouue €3 Tig AenTOUEPELES
ubévo ydpelv TAnedTNTAC.

[ xdfe bpo A, 1 ouvagrc ouvdpetnon tou A oe autriv v anddeln, av
dev dlveton pntd ulo anddelln tomxdtnTag, Bewpeitar ot e€etdletal wg npog
T anodellelc TomxdTNTaC oL avagépovtal otny Ilpdtacyn 4.3.1. Oa elvat
enlong yenowo va yenowwonolfioovue Tig axéiouvlec ouvtoueioelc:

gz = fi} = glz1:= fr,.. . 20 = fo}
g{wi = hi} = g{a = ha, ...z 2= By}

(1) A=c. Tore, fe(f1,---,fn) =c. Avt=1,
fcz’i(aa h17 B 7hn) = den(cz)(g{x; = hl})(a) = Ci(a)v
xat, av t =0,

foral(a,ha,. .. hy) = den(ci[u])(g{z} == hi,u = a}) = ci(a).

Lt

Enouévwe, obugova ue to Ildpioua 2.4.9, xau otig 8lo mepintdoeig 1) fczkl;ut

elvat ouvaghic ouvdptnon g fe wg Teog tov (M L S1,..., My L Sy, £).
(2) A=z 'Eoto 61 yio xdnoto j, x5 =z xou I, =z : my L s5.

fe(f1s- -5 fn) = den(@)(g{wi = fi}) = f;-

- . 5 \m;
Av s; =1%o hj s — (05).,7,

Fopo, (@i ha) = den(a, {oh, = 2} (glal = hi}}) (@) = hy(a)

mj
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xon, av 55 = 0 xow by (05)07,

f(m)::njugl (a, hl, Ceey hn)
= den(el, [ul{as, [u] = 2} (gle} := hi,u = a}}) = hy.

Lougova e v nepintwon (i) tov Oewphuatoc 2.4.8, xal 6T duo Tept-
TTOOELS ) f(m)*,ul-) elvol ouvaghc ouvdptnon g fr ¢ mpog Tov delxtn
™,

i

M1 L ost,...,mjLosj,...,my L Sy,mj).
(3) A= B(C). 'Eotww 61 ou ehelbepeg uetafintéc towv B xal C elvon ot
Mot 1 : 01,...,Tp : On.
fB(C)(fla"')fn) :fB(fla"'afnafC(fla"'7f71))'
Avt=0xatg =0,

f(B(C’) *,u (a‘ahla"';hn)

Hp(c)
= den(B{(z1) s =215 (@n)pe gy = T })(g{a] = hiyu = a})
(den(OA ()5, = 2o ()0, = D)ol i= hiyu = a})
Fpru (a,hl, By foen(a, b, .,hn)>, oav i, =0,
_ g 2%

fB;"I’];‘ ((a,hl,---,hn, (a'_)fcfklg(aahla"'ahn)))a av tp = 17
avt =0 xatg =1,

f(B(C))*’u (a, hl, A 7hn)

g

(a > fB;,;(a, hi, ... ,hn)) (a, fo_kI,(i; (a,hi,-.. ,hn)>, av t1 =0,
(a — fB;,g(a, hi,... ,hn)) (a, (a — fcf_k[g(a,hl, .. ,hn))), av t; =1,

avit=1xa tg =0,

f(B(C) > (a,h17. ,hn)

Moy

fgrula,hy, ... hy, foxu(a,hy, ... hy)), av t; =0,
g o

fg#u (a,hl, ety by, (a > fewu(a, hy, .. .,hn))), av t] =1,
Mg iy
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oL téhog, avt =1 xaL tg =1,

f(B(c))*’" (a,h1,. .. hn)

Hpc)

(a — fB;"I’;‘(a7h17 .. ,hn)) (aafc;‘}g(a7h17 .. .,hn)), av t; =0,
(a — fB;“I’];(aahlw .. ,hn)> (a, (a — fcﬁg(a, hi,... ,hn))>, av t; = 1.

Ané v ermaywyw undéleon, 7 fB;_k[,u elvol ouvaghc ouvdptnon e fp g
B
mpog tov {m1 L S1,...,mp L sp, 01 L t1,02) xou 1 fcfgl,u elvol ouvagrg
c

ouvdptnon e fo wc mpog tov {(my L s1,...,my L Sy, l1). Enouévoc,

oluQwva Ue TV meplntwon g ovvleong tou Oewpruatog 2.4.8, xaL oTig

TEGOEPLC MEPLTTWOELS 1) f(B(C))H elvar ouvaghic ouvdpon S fp(c) ©C
B(C)

mpog Tov {m1 Ls S1,..., My Ls sp, l2).

[Mapatneovue Eavd 6Tt Thnpovvtal ou unobéoeig Tng meplntwong g oUv-
feong tou Oewpfuatog 2.4.8 Moyw g Ilpdtaong 3.2.7.

(4) A = AMv)(B). 'Eoto 6tL oL ehetlepec yetafintéc tou bpou B elval
ot Mota 1 : 01,...,%y 1 Op,V 1 0.

Hhoye - ) = (= f(f1, - fa 1))

Avt=0xaut =1,

f()‘(v)(B))HA( )(B) (CL, hy, ... 7hn)
= den(A\(v") By Pu)fogl, =0 @) = (@), = zh})
(g{x; = h;,u = a})
(h = den (B! (u){vp, =0 (@) yh g = ah e (@)t = Tn))

(9{a} == hi,u = a,v' = h})),
- (h = (b Fazalh hl,...,hn,h))(a)).

Avt=0xaut' =0,
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Jhi, ... hy
fowmgs, o (a, )
= den(A\(v') By o, =V @) =T (@) = z})
(g{x; = hy,u = a})
= (h = den (B {vp!, =0 (@)l = (@), = 20))
(9{a} = hi,u:= a,v’ := h})
_ (h HfBﬁg(a,hl,...,hn,h))
xaL av t =1, ouolwg,
f v *,u (a‘ahla"'ahn)
@B, ()
_ (b'_) (h'_) (b'_)fBl’_"Ig(bahla 7h’nah))(b)))(a)7 av t,E]-)
(bH (h = Fagon(b.hy. s h) ))(a av ' = 0.
Ané v emaywywr vrndleon, 1 fB;_k[,u elval ouvaghc ouvdptnon e fp g
B
mpog Tov {my Ls s1,..., My Ls sy, £) xou enopévwe, and my neplntwon e A-
agalpeamne Tou @swpnparog 248, 0 fowyB )k elvol ouvaghc ouvdptnon
A(v)(B)

™S fa)(B) @S TPog Tov (M1 Ls 81,..., My b 8p, Lo L to, £).

(5) A = Ay where {p1 := A1,...,pr := Ar}. 'Eoto 611 oL ehelbepec
uetaPhntéc tou 6pou A elvon otn Mot 21, . . ., Ty XAl ETOUEVLS, oL eEAeVbEpES
uetaPintéc xébe A;(i = 1,..., k) elvar ot Mota 21, ..., %n, p1, - - ., Pk-

falfr, - fn) = Fao(f1s- o fu, Pry o P),
omov ywu i =1,...,k, x40e
Py = fp(f1,---, fn)
optletan avadpouixd otov rank(p;):
Pi=fa,(fu, - fui Bryseo Bry)

6TOV OL Py, ..., Pp, Elvon ou uetafintéc ue Bafud < rank(p;) (Brére enione
otny Evétnra 1.5.1).
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Ané v dhhn uepd, dedouévou 6Tl ou A xou Ag €youv tov (So Selxty
e€bdov, elte tg = 0 elte tg = 1,

fAI"f[‘:(aahla"'ah'ﬂ) :f(AO)I"f[: (aahla"'vh’nana"':Qm)
0

6mov, oe xdbe mepintwon, ta hy, ..., h, utopel va elvol dapopetinol tHnoU
xaw x80e Q; oplletan avadpouxd otov Babud rank(g;) we

Qi = fQi(aahla s 7hn) = f(Ai)Z:-tt-(ath’ - '7hn7Q7‘17 R 7Q7‘m)-

Etvat onuavtind va napatneroovue Zavd 86 6Tt oVugwva ue tny Ipdtaon 4.3.1,
v i =1,...,k, rank(p;) = rank(g;).

H anédelln ohoxhnpdvetal and ula evxoln enaynyh oto Pafud rank(p;),
Yenowonoldvtag Ty nepintwon g ovvleong tou Oswphuatog 2.4.8, olu-

pova ue ™y onola Yy @ = 1,...,k, n fo, elvaw ouvagrc ouvdetnon g fp
0¢ mpog Tov ;. Ilapatnpodue 6TL 0 teploplouds Tou Oewpfuatog eCac@ali-
Cetaw and v Ipbtaon 3.2.7. —

Téhog, to mapaxdte Muua yevixeler to Afuua 4.2.3 tng mponyoluevng
evOTNTAC.

Adupa 4.3.3. Av o A: 0 elvar évag un avaydywos dpos xar n Il elvar uia
xAetoti] anddelln tomxotyrac tov A ue etuxéra pilac A: U L t, téte 0 dpog
AI*]’Z elvar un avaydyuoc épog.

ATIOAEIZH. H anddeiln elvor pe ulo tetpruuévn, ahhd apxetd «<xovpaoTixhp,
enaywyn otov A. -



Kegpdlowo 5

AhlyoplBuixd Avtixeiuevixd
Ilepeybuevo

O otéy0g g dovheldg mou mapousLdoTnxe e auth TN dtateLr elvar va opt-
otel o1 Oewplo ITpoodiopiouot Avagopdc ula évvola Soutxol vofjuatog to
onolo va avTinpoomnelel autd Tou uid TEOTACT ENLXOLVOVEL Yl TOV XOGUO
ot €vo oLYxEXpLEVO Thalolo avagopds. Kevtpu Wéa tng mpooéyyiong mou
vtofethbnxe ed Aoy 1 UENETN TNG OUUTERLPOPAS TOTIXGTNTAC TWV AVTLXELUE-
VOV 1) oTolo x0duonolelTal and ToUg xActoTolUs delxTeC TOMXOTHTAC ELOGOOU.
Y10 Kegdhawo 2, Sellaue 6tL av €va avtixeluevo f: 0 €yel ula ouvagrj ouvde-
TNon wg TPog éva xhelotéd delxtn TomxdTNTAg ELe6doL £ Tou TUToL Tov, TOTE
N ouumepLpopd Tou yapaxtnelletal Thhpwe and avthv. Xto Kegdhawo 3, me-
pLypddoue TN GUUTERLPOPE TOTXOTNTAS TWV EEAPTNUEVODY ATO TN XATAOTAGT
bpwv e YAGooag L) ue t yphon tov xletotdy anodeifewy TomxdtpTac
xau delaue 6Tl yua xdbe bpo A, 1 ouvunepLpopd TomxdTNTdS Tou xabopileTon
and 11 cuuTepLpopd TomxdTNTAC TwY oTafepdy mou eugaviloviol o AUTOY.
To Baocuxd teyvind arotéhecua authc g Stateydfic ntapovodotnxe enlong oe
autd To xe@dialo: Yl xdfe dpo A, undpyetl ula UéyLoTta TomxY| XAeLoTY and-
dein tomuxdtnrag. o v axpifBewa, v xdfe 6po A o onolog elvar tétolog
OOTE 1) OLUTEPLPOPE TOTXXOTNTAS TwV oTabepdy Tou eugavilovTal e AUTOVY
«epLypdpetol we éva xavovixd Tpénor (and éva tapaueTolxd Stdypauua and-
Seténc tomxdryrac), undpyel ula cuunepLpopd s uTodKAwong Tou A ue Bdon
v onola 0 utohoylouds NG ot ula xaTdoTAoT YENOLLOTOLEL TIC TWES TOVY
UTOBNAGDGEDY TOV LTOGRWY GE AUTH TNV XATACGTACT) 600 TEQLOTOTERO YIVETAL.
Y1n ouvéyela, oto Kegdharo 4, yia xdfe 6po A xau uto xhewoth anddelln tomt-
x6TNTog Tou A, oploTnxe TUTIXE UE TN YPHOT TOU UETAOY NUATLOUOU CUVAPELXS
oe ula eméxtaon tne L) 1 ouvaghc ouvdptnon tou A wg mpog wia Soouévn
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an6delln TomxdTNTaS.

Ye autd 10 TeEheuTalo xePdiato NG SLatElBhc, YENOULOTOLOVUE TNV TUTLXT
ouvagy auVdpTnom evog 6pou A wg Tpog TN UéyloTa Tomx XAeloTH anddelln
TOTUXOTNTAC O ULXL XATAGTAGT @ YLl VO 0plGOUUE TO AVILXELEVLXO TEQLE-
¥opevo tou A oty a (Evétnra 5.1). Opilovue enlone tny avTixelhevix
cuvevuia xal yenotuorotovue Tapadelyuata yia vo plfouvue Gug 6To pdAo
TOV VEWV AUTGOV EVVOLOY VORUATOS 611 onuactoloyla Tng guoxic YAOoouS.
Yy Evétnta 5.2, ouyxplvouue Tig TROTELVOUEVES £VVOLES UE TLS AVTIOTOLYES
Wéeg ot Aoyuer Twv Aewctindyv Exgpdoewy xat téhog, otny Evétnta 5.3, na-
pouatdlovue uepxés Wéeg yia Tn Lelhovixr) SoUAeld oe auThY TNV TERLOYT.

5.1 Avtuxceipevixr) Kavovixry Mopgn xat Avtixeigevixn
Yuvevuula

Ytn yhGooa L), 1o Tomxéd vénua xar 1 tomxh cuvevuuia opilovial uévo

Y 6poug tHTOL t, dNAadh, dpoug oL onolol anodidouv tpoTdoelg TG QPUOLXTC
yhdoooac (Evétnra 1.5.2). Opilouye €dd avdhoya TO AVTIXELUEVLXO TEPLE-
YOUEVO Yl 6houg Toug 6poug TUmou A 1 0 XAl TO YENOoLUOTOLOVUE VLo VL
eZETACOUUE TN GUYWVLULL TWV EXPORDY.

Optowés 5.1.1. (Avtixetpevixé Ilepieyduevo evég ‘Opou A : Gy ot wia
Katdotaon a) ‘Eote 61t o A 1 §y xou uio xatdotaon a @ s ot L), elva
TETOLOC OOTE

A =cf A() where {pl = Al, ey P = An}

Av 1 II4 elvan n yéyrota tomuer anddelln tomxdtnrog g cf(A) e etérta
pllag cf(A) : 1 L 0, téte 1 avrixewevixy xavovixyj uopyl tov A oty xatd-
otaon a (factual canonical form of A at a) elvow 7

fcf(A,a) := (Cf(A))lﬂifj

X0l TO QVTIXELUEVIXG Teptexduevo tov A oty xatdotaon a (factual content
of A at a) elvar o mpoodioplouds avapopds TG AVTXELUEVLXAS XAVOVIXTG
uopphc Tou A oty a, dnhady,

Avtixewevixd Iepieyduevo tou A otny xatdotaon a := int(fcf(A, a)).

Q¢ ouvifog, Oa yenouwonoloVUue TNV OVTIXEWEVLXT XAVOVLXT Uop®Y) TOU
A otV xatdoTtacn a yur Vo WAGUE YL TO AVTIXELUEVLXO TEQLEYOUEVO TOU
OUVTOXTLXY.
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'Onwg elvar QuUoLXd, 1 AVTIXEWEVIXT XavovixT| Lop®T eVeg Tomxol 6pou
A : 5y oy xatdotaon a elvar anhd

fef(A, a) := (cf(A))*".

Enione, otugova pe 1o Afupa 4.3.3, 0 6poc (cf(A))5* elvar un avaydyipog
; , , ; .
XUl ETOUEVWS, 1) XOVOVLXT) TOU Uop®T GUUTIRTEL UE AUTOV.

Aettepov, mapatnpolue 6TL yia xdfe 6po A : 7, o deixtng €680L TN eTL-
xétog pilag tne wéytota Tonuic anddelne tomxdtntdc tou elvan 0. ("Eneton
elxoha dedouévou 6T, ue enaywylh otov A, unopolue va deilouue 6TL av o
A €yel whetot| anddelln tomxodtnTog pe etwéta pllag £ L 1, t6te undpyel
enlong pla xhetoth anddelln tomxdrog Tov A ye etxéta pilac £ L, 0.)

H évvowa tng avixelwevixfic ouvovuulag opiletal elxoha wg avagoptxn
oLYLYLUL LETAEY AVTLXELUEVIXGDY XAVOVLXGY UORGYHOV.

Optowés 5.1.2. (Avtixeipevixr Suvevopia) T xdbe dvo 6pouc A @ 5y
xav B : 79, 0 A oty xatdotaon a elvon avrixeuevixd ouvévuuoc (factually
synonymous) ue Tov B otny xoatdotoon b av xoL ubvo av

fcf(A, a) ~ fcf(B, b).

Hopdderypa 5.1.3. Ac egetdoouue o didonuo tapddolo, Tou napovcldletol
oto [22], v Tic exgopéc ‘Autég elvar o Scott’ xar ‘O Scott elvar o Scott’
oe ulo xatdotaoy 6mou mpdyuatt ol Aé&elg ‘autdg’ xar ‘Scott’ avagépovion
670 3o Tpbowno. Oewpolue wio Tomxh otafepd id : € x € — t 1 onola
avTitpoowrelel v Toutdtnta Uetall dpwv TUROL €, xal emoUéves, oL dUo
npotdoel anodidovtar oty L) ané toug tomxolc dpouc

id(he,Scott)  xav  id(Scott, Scott).

Tao avtiotolya aviixeldevixd TepleyOUEVE TOUS 6TV XUTAGTACT, @ 61U Loy UEL
6t he(a) = Scott(a) opilovtar and Tic aviloTolyes Xavovixés Loppéc xat 1
AVTIXEWEVLXT] GUVLYLULL TOUC émeTol EUXONA.

id*[a](p, q) where {p := he*[a], q := Scott*[a]}
~ id*[a](p, q¢) where {p := Scott*[a], ¢ := Scott*[a]}.

[apatnpolue 6t ot dradixacio TEoGdLopLEUOY TNG AVTIXEWELXTHC CUVWVU-
utag yenowonoolvtal évo oL TWWES Twy LTodNAGoewy he xal Scott oe auth
TN GUYXEXPLUEVT xaTdoTaoT), axplBte eneldy| oL aviiotolyes otabepéc elval to-
mxéc. O 800 exqopéc emxolvmvoly To (8lo YeYovdc Yo Tov x66Uo, Tpdyud
mou e€nyel yiatl tepuuévouye xavels vo Tig weTayelplleTal WS «GUVHYLUED.



106 KE®PAAAIO 5. ANTIKEIMENIKO IIEPIEXOMENO

former : (UL OYL 1,ILOYLO p1:dLOYL 1
former(p) : I L 0) L, O p2:lL0
former(p1,p2) : 1 L0 minister : ({ L 0) L 1 John: [ L, 0

former(p1, p2) where {p; := minister, ps := John} : I L, 0

Syfua 5.1 H yéywta tomuxr anddeln tomxdtniag Tou  6pov
cf(former(minister, John)).

Ané v dAAn yepld, N aviixeevixy ouvevouia Toug Baciletal 6TV Lo6-
e Letall dbo urnodnhdoewy (he*[a] = Scott*[a]) xau Eemepvd T YVvdon e
yYhdoooac. Anottel yvdon tou eEnteptol (LETAUPLECUEVOV) XGOUOU, YEYOVOS
mou e€nyel v mhavdénTa Tou T €yl xavelc SLUPOPETIXES OTAGELS ATEVOVTL
og aUTEC — Yla TapddeLyua, vo miotelel T ula oL vor uny mtetedel TNy dAT.
Yto [22], e&nyelton enlong 6Tt autéc oL Vo mpotdoeLs, oL onoles, PuoLxd, dev
elval avagopxd cUVGVLUES, dev elval OUTE TOTXE GUVAVUUES GTNY a,

id(p', ¢')(a) where {p’ := = he, ¢’ := Scott}

#id(p’, ¢')(a) where {p’ := Scott, ¢ := Scott}.
Auté 1o anhd mapddelyua Selyvel 6Tl TO AVTIXELUEVIXOS TEQLEYOUEVO Ulag EXPO-
pdc dev unopel va arotehel to avixeluevo g temolinotc woag av xoL wg €v-
vola vouatog oe mhatoto elvar mpogavie uvrodigLo i xdt tétoto. Lta [22]
xau [13], npotelvetan 6TL lowe to Tomxd vofuata elvol neploabtepa xatdAAnAa
v autd 10 pdro. Elval mo onuavtind ©»otdéeo Vo ETLeNUIVOLUE TO YEYOVOS
611 oty L), undpyouy téhpa dGo évvoleg vorjuatog o TAaloLo Tou exppdlouy
éva StapopeTixd alydplbuo unohoyiouol g unodhhwong evég Gpou oe ula
XATAGTAGT) XA ETOUEVLS, UTOROVY TLHAVGS VO GUVELGHEPOLY GTNY XATAVONOT)
TpoTdoewy Tov exppdlouv TN 6Tdom Uog anévavTtt 6€ GAAES TpoTdoELS (Propo-
sitional attitudes).

IMopdderypa 5.1.4. Ag e&étacouue dAho éva mapddelyuo Ue To detxTixd ‘ou-
T6¢” %o o enifeto ‘mpdNY’, TV OnolwY TN CLUUTERLYORd ToTXOTNTAS EEN-
yhoaue nodhéc gopéc (Hapadelypata 2.3.1 xau 3.2.10), otic dVo expopéc ‘O
[évyne elvar mpdnv urtovpyds” xau ‘Autédg elval mpdny utovpyds’ oty xdTa-
otaon a 6nou John(a) = he(a). H yéyiota tomx| anédelln tonxdtnrag tne
xavovuxnic wop@tric Tou former(minister, John) napovoidletar oto Xyfua 5.1. H
uéylota o anddelln e xavovixhc wopghc tou former(minister, he) elvol
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Yesterday : (I L 1) L0 p:IL 1
Yesterday(p) : I L, 0 itrains: [ L 1
Yesterday(p) where {p := it_rains} : [ L, 0

Yyfua 5.2: H péyiota tomxr xhetot| anddelln TomxdTnTasc e Xavovixic
uop@tic Tou Yesterday(it_rains)

anoA)TOS AvVEAOYY AdL ETOUEVWS, ERETAL OTL

formery os,1,,0y[@] (P: @) where {p := ministery, . q := John/[a]}

= former(, oy 1,05 [@](p, @) where {p := ministery, oy, ¢ := hej[a]}.

Avutéc oL dYo expopéc dev elval Tomxd cuvdVLUEC aAAd TO YeEYOVHS bTL
\

elvol avTIXELUEVIXd GUVAVLUES LUK VEL Eavd ue 1 dlalobnoy pog 6Tl autég

oL dVo exgopéc xouilovy Ty Bla TAnpogopia yia Tov xéouo. To mapadely-

poto Ta omolo apopoUy dexTixd unopolv va eEnyfoouy Ty avdyxr Vnop-

&ne ulag évvolag avtixeluevixic cuvovuulag xoL 6Tty cuvéyela, Ho eCetdoouye

axoOUaL EVaL.

Hoapdderypa 5.1.5. Awatundvouue oty L, 10 anhé Ppeyxeavé nopdderyuo
mou €youue avagépel KON oty Evétnra 1.1 oto onolo mepihaufBdvovtol Ta
deuxtind ‘XOec” xau ‘YAuepa’. Mia exqgopd tng npdtaonc ‘Lruepa Beéyel oe
uta ouyxexpluévn uépa, otny xatdotacn a, Oo yetapepbel wg ‘Xbeg éPpele’
v enbuevn uépa, oty xdtactacn b. Ou avtiotouyol 6pol ot LY. xou ol
XAVOVIXES TOUC UOPPES Elval oL siﬁgl.

Yesterday(it_rains) = Yesterday(p) where {p := it_rains}
Today(it_rains) =¢ Today(p) where {p := it_rains}

H uéyiota tomxr) anddelln 1omxdtnTag e Xavovxhic Lop@hc tne ned-
taong ‘Xbeg €PBpele’ mapovoidletar oto Xyrua 5.2. Av Oewpricouvue 6tL 1)
otafepd Today éyel enlong uévo tov xhewotéd delxtn tomxdnroag (I L 1),
t6te N avilotolyn anddelln tng xavovixic wopprc tng ‘Lruepa Beéyel elvar
axeBaée 7 Buo av amhd aviixatactiocovue T otabepd Yesterday ue tnv Today.
Ou 3%0 exopég elvat avTIXEWEVXE GUVEVUUES

'Ou otafepéc Yesterday : t — t xou Today : t — t Hewpolvion oe auté 10 TUPESELYUA WC
npotacloxol teheotéc (BAéne enlong tn xerion Tou ‘Xbec’ otic Evétntes 1.6 xon 5.2).
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Yesterdayy;, 1,[b](p") where {p’ := it rains}"}
~ TodayJ, 1y[a](p’) where {p’ := it_rains]'}
U6 TOV 6p0 OTL

= Yesterdayy, [b](p') = Today,,,;,[al(»")
1o omolo émetal, dedouévou 6TL aVUPLVA UE TN LV epunveld AUTGOY TLV
otafepdv

= Yesterday(p')(b) = Today(p')(a).

Ané v dAkn uepld, av Bewproovue 6t 1 otabepd Today elval tomuxy,
oL 3o exqopéc dev elvor aviixeluevixd ouvdyvues. Na onueinbel 6tL ol dvo
EXPOPES ELvaL TOTUXE GUVEVLUEC.

TFevixd, o mhdyLog Adyog, 6nwe 610 Topandvw Topddetyua, lvol €vo Qal-
VOUEVO TOU UTAlVOLUE 6TO TELRAGUS Vo avaAUGOUUE UE TN Xprion TNG avTL-
xewevinic ouvovuulag. Iapatnpolue wotéc0 dTL N aviixelwevixy| cuvwvuula
(6mwe N avagopwt) xou 1 Tomxy cuvevuulia) elvar Souxt, Yeyovég mou on-
ualvel 6t ula TpdTaon oTov TAdYLo AoYO O elval avTIXEWEVIXE GUYVGVLUT UE
TNV aEy) LOVO OV To GLGTATLXY TNG UEPT UETAPEPOVTAL AVTLOTOLY WG,

IMapdderypa 5.1.6. Ohoxdnpdvouue auty 1 6eLpd TAPASELYUATOY UE TO did-
onuo Tapdderyua tne Partee ([18]) to omolo tpoonafolue va avahioovue ue
™ yehon e TomoTNTag 6nwe avantvocetal e3¢0. H xavovued poper| tng
mpétaong ‘H Oepuoxpactio elvar evevivta Pabuol xaw avgdvetal’ elvor
A(z) (and(rise(z), ninety(z))) (the(temp))
=t A(z) (and(r1(z), m2(2))) (p) where {r1 := A(z)rise(z),
ro := A(x)ninety(z),
p = the(q), q := temp}.

H péyiota tomuxd xhewotr anddelln tonuxdtntde e (Lyrfua 5.3) napou-
oldleTon £36) Lol VAL UTOREGOVUE VO XATAGTHOOUUE GAPES TWS O «GUVTOVLOUOC?
Twv rise and ninety emBdihouv ) ypfion tou delxtn (I L 1) e tomxhc otabe-
pdc ninety (BAéne enione 1o [apdderyua 3.2.6). To avtixewwevind nepleyduevéd
NS OTNY XATAOTAGY @ ELVOL

Aa") (andgy 0,10l (r1 ('), ro(2)) (')
where {r} := \(a")risef;s[a](z"),
Th 1= )\(:E')ninetyz‘lbw[d] (2),
p' = Multhely oy 1 [ul(d),
q' = tempyy s}
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r{dL1LYLO z:1L1

and : L0,/ L 0YL O ri(x): 1 L0 ro:{IL1YLO z:IL1
and(r1(x)) : I L 0YL O ro(x) : 1L O
and(r(x ) 2(x)) : 1L O

I M) (and(r1(z),r2(2))) : <lL>1>L>0 p:lLl

A -
’ A(z)(and(r1(z),72(2)))(p) : 1 L 0

rise: I L1)LO z:1L1 ninety : (L 1)LO z:IL 1

My, - rise(z) : L L O My, - ninety(z) : [ L, 0

Az)rise(z) : (I L 1)L, 0 Alz)ninety(z) : (I L 1) L0
the : {ULOYLI)LO ¢g:ULOYL 1

a4 :
e the(q) : 1 L 1 Iy, : temp:{ILOYL 1

M4, M4, D4
A

T2 HAP HAq

Yyfua 5.3: H yéyiota tomnh) xhewoth anddelln tonuxdtntag Tou dpov A =
cf(A(z) (and(rise(z), ninety(z))) (the(temp))).

Enouéveg, 1o aviixeluevind g nepleyouevo oe xdfe xatdotaorn a eCaptdton
ané MV ouvagr ouvdptnorn tou unobpou the(temp) xal 6yt uévo and TNV
W g otV a. Autd ouvdyetar e3¢ and Ty avdhuon TNg GUUTERLYPORAS
TOTXOTNTAS TNS OUYXEXPLUEVNS TpoTaomS ey emBdihetal and emthoyég mou
yivovtat xatd v andédoon g TedTACTC 6TNY TUTLXT YAGGOA.

H avdlvon tng ouuneppopds tomxdtnrog tng neotacne ‘H Oepuoxpo-
ola elvar evevivta Babuol xau auth avidvetal’” av yenoLULOoTOLiGOVUE «XOLVA
déouevon (co-indexing) 6nwc oto [22] Bo ddoel anohitng avdhoya anoTtehé-
GUATA YL TOV LTG0 the(temp)?.

*H npétocn auth dev elvon Séxiun ota elnvixd alhé mapouctdletol e3¢ wg Uetdgpaon
e ayyAuhc npdétaong ‘The temperature is ninety and it is rising’ ue oxoné va anotehéoel
Tapdderypa «cowvic Séaueuong.
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H Bepuoxpacio elval evevivta Babuol xal auth avgdvetal

anodideTat

and(p, q) where {p := ninety(p1), q := rise(p1),
p1 := the(pa), p2 := temp}.

Ané v dhhn uepld, N avdALGT GUUTEPLPORAS TOTUXOTNTAS TNG TEOTAGNS
‘H Oepuoxpacio elva evevivta Babuol xou 1 Oepuoxpacio avdveton’ e€etdlel
¢ dVo eugavicels Tou utobpou the(temp) aveZdptnra.

and(ninety(the(temp)), rise(the(temp)))
=t and(p, q) where {p := ninety(p1), q := rise(q1), p1 := the(pz), p2 := temp,
q1 := the(gz), g2 := temp}.

Y uéyrtota Tonu anddelln tomx6tnTac autol Tou bpou o utodpoc the(temp)
el StapopeTixolg delxteg e€6dou. I'evind, ula otabepd 1 omola epgaviletal
oe dVo uéprn oe éva 6po A umopel va €yel SlapopeTind delxtn TomxdTNTAS
oe xobeula and Tig euavicelg g 6T UEYLOTA TOTLXY anddelln TOMXOTNTAS
Tou A.

5.2  Avtuxelpevixd Ilepieydpevo xal n Aoyixn tov Act-
xTx®vV Exgedoemy

e auth T oUvtoun evétnta, e€etdlovue uepnd napadelyuato To omola £YouuE
avagépet K01 oty Evétnta 1.4 émov napoucidotnxe npdtrn opd 1 Aoy v
Aewtixédv Exgpdoewy. Elval evdiagépov va ouyxplvouue TNy avIlUeToOmLo
AUTGOY TV Tapudelyudtoy otny LY, ue auth oty Tyz T0U TopoucLEcTIXE GTNHY
Evétnta 1.6.

Mapdderypa 5.2.1. Ag Bewprioovue Ty exopd tng tpdtacns ‘Eyd npooBiy-
Onxa ybec’ oe do xataotdoeg a xal b 6mou o oukntic Swagépel. O Kaplan
0phd vrootneilel 6Tl oL avtiotolyeg expopéc dev €youv Tto Wio Ilepieyduevo
og QUTEC TIC XATACTAGELS, AV XAl OL UTOdNAGOELS Toug umopel va elvar (Sieg.
Yty L), 0 xavovixd popgh Tou bpou oy anodidel Tnv mpbTac siva

Yesterday; (be_insulted, I) = Yesterday, (p, q) where {p := be_insulted, g := I}

XL 1) AVTIXELUEVLXY XAVOVLXT| Uop®T| TNG 0€ Ula xatdoTaoy a tou unoloyile-
ToL and TN YéyLoTta Tomy) anddelln TomxdTNTAC TOU ToU ToEOUGLAlETAUL GTO

Eyfua 5.4 elvon

(Yesterdayy) (i, 0,1,,05[@](P; @) where {p’ := be_insulted7;, o, q" := I/ [a]}.
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Yesterday; : ({ L)L 1,ILOYLO p:{ILOYL 1

Yesterday; (p) : { L 0) L 0 q:1L0
Yesterday;(p,q) : [ L 0 be_insulted : ({ LOYL 1 1:1LO
Yesterday, (p, ¢) where {p := be_insulted,q:=1} : 1 L 0

Yyfua 5.4: H péyiota tomxr) xhetoty| anddelln TomxdTnTac TNg XAVOVIXNS
uopghc tou Yesterday, (insulted, I).

Etvow mpogavée 6t av # I¥[a] = 1#[b], tée

(Yesterday1){qi,0,1.0,05[@](P; @) where {p’ := be_insultedy, o, " := I/ [a]}
# (Yesterday) ., 050,1.0,05[0] (0", ') where {p’ := be_insultedy, o, q" := I} [b]}

Mrogel va detytel 611 autéc oL 300 expopéc dev elvar ToTé TomXd GUVAOYULUES
av 1 a dev toutileton ye v b.

Hopdderypa 5.2.2. Tdpa, éotw ula xatdotaon a énou 1 nuepounvia elvor
n 21n Ampuiov 1973 xav o owAntic elvon To dtouo mou dnhdvetal and To
6vouoa ‘David Kaplan’. Téte n exgopd g ‘Evéd npoaBhibnxa ybec’ otnyv xa-
TdoTaoy a elvat aviixeluevixd ouvedvuun ue Ty exgopd tng ‘O David Kaplan
npoafBAiinxe otic 20 Anpihiov 19737 oe omoladrinote xatdotaon b, dedouévou
6t m otabepd DavidKaplan] urodnidver otnyv b to o dtouo,

(Yesterday1){qi,0,1.0,05[@] (P, @) where {p’ := be_insultedy, . " := I/ [a]}

~ (on20ApriI1973)2‘<ZL)0>L>UL>0>[b] (p',q") where
{p’ := be_insultedy, . q" := DavidKaplanj [b]}.

O Kaplan vrootneller 61l guowd, ol 300 autéc mpotdoelg dev €youv Tov
(3o Xapaxtipa. Ytny L, autol oL 8%o bpot dev elvar avagopixd cuvévudoL
ahhd entong ot dVo expopéc oTic xataoTdoE a xat b avtioTouya, dev elvon
Tomxd cuvdvuuee. Enouévwg, n tapathpnon tou Kaplan 6t n npétaon ‘Eyo
npoaBAAlnxa y0ec’ oty a «..Ou Eyel éva nepieyduevo meplnou toodUvauo ue
[autd]..» ([14]) g exgopds ‘O David Kaplan npooBAfinxe otic 20 Anpihiou
1973’ oe onowdrinote xatdotacy xablotatal 36 anohiTwg axplBhc.

Télog, Oa mpénet va emonudvouye Eavd To YeEYOVOS 6TL 611 Oewpla TTpoo-
dtopLopol Avagopdc 1660 TO aVTIXELUEVIXG TEPLEYOUEVO GGO XL TO TOMXO
vomua elvon douwée €vvoleg vorjuatos. Emouévec, 1 exgopd tng npdtaocng
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‘Evd npoaBiibnxa yec’ otnv xatdotaon a dev Oo elvar aviixeluevixd ou-
vovuun Ue omowadhmote exgopd tng npdtacmng ‘O dvdpag ue to yxpL xanélo
TpooPAfnxe yOec’ oty Ba xatdotaon axdua xt av 0 ouANTAS TUYalVEL Vo
elval 0 yovadixds TaploTdUEVOS dvdpag Tou Qopdel YxpL XATENO.

5.3 MeAlovtixy) Aovield

H Ocwpla ITpoadopiouot Avagopds anotehet pia pabnuoatied anewxdévion g
onuactoloylag Tng puoxic YAOaoag 1 omola Exel Tipa e€onhiotel ue ula npd-
obetn évvola vorjuatog o€ ThaloLo — TO AVTLXEWUEVLXS TEPLEY OUEVO. YTdp)y 0oLV
dudpopeg mAeLpéS TOU TOU Elvol APXETA EVOLAPEQOUTES BOTE Vo UeAeTnHoVY
TepaLTépw Xat emouévwe, va uag Bonfioouy va xatavofioouue xalltepa To
PALVOUEVA TNG PuoXTic YADGoAC.

[Tpdtov, To aviixewevixd nepleyduevo evég 6gov A oe ula xatdotaoy a
oplletaL ye ) ¥pron TS TUTIXTS CUVAQOUS GUVERTNOTS TNG XAVOVIXNS LOPPTC
Tou A avtl g Tumeic cuvagolc cuvdptnong tou Blou tou A. Av o A elval
Tomxdg bpog, unopel va detytel 6TL 1 xavovix Uop@r Tou TomXd GUVIPOUS
6pou tou A oe pla xatdotaon a cLUTinTEL UE TOV TOmXd ouvagr 6po NG
xavovixhc Yoppnc Tou A otny a. X1 yevixt| neplntwon, o Tpocdloplouds g
axpBolc oyéong uetadl Ty dUo Gpwv elval aviixeluevo nepaltépn UEAETTS.
Mépog tne molumhoxdtntag Tou tpoAiuatos autol elvat 1 6UyxeLon Uetall
e UéyLota Tomxhg anodeldne tomxdtnTag Tou A xau tng uéylota Tomxhg
an6delgng TOmXOTNTAS TNG XAVOVIXTC Lopphc Tou A.

Aettepoy, ag Bewproovue dVo 6poug A xar B o onolol anodidovv npotd-
oelg TNg Quoxis YAOooag. Av elvar avagopxd cuvdvuuol, toTte elval Tomxd
ouvhyuuol o xdbe xatdotaon a (BAéne enlone to [13] v avdhoya anote-
Aouata oTNV Li‘r’G). To epdtnua Tou xatd ndécov ov dvo bpot elvar entong
AVTIXELWEVLXE GUVOYUUOL oE xdbe xatdotaon a dev €yel Tpogavy andvIno.
To aviixewevind mepleyduevo 6mwg oplotnxe €36 exppdlet évav alydelbuo
mou Poaoiletal oty YEYLOTA TOTLXY epUNVElX TOY UERKY VO bpou. Amd tnv
GAAn uepld, To Tomxd vonua exgpdlet éva dlapopeTind ahydpliuo o omolog
unohoyilel to (do avixeluevo ahhd dev mpolnofétel tinota Yo T ouunepl-
popd TOMXOTNTAG TWV Uep®V Tou Gpov. Emouéveg, to gpdtnua elvar otny
TpayUaTixéTNTa o Teplinhoxo, xal Ty S otiyur, mo evdiagépoy, an’ ot
QalveTol UE TNV TN LTI,

Teltov, xavelg unopel va yeketrioel To pého Tou vorjuatog mou oplletal
av Oewprioouue TN cLVEETNON WS TEOC TLS XATAGTAGELS TOU OVTIXELUEVLXOU
TepLeyoUévou evog 6pou A oe uia xatdotaon xal tdg autd oyetiletol ye To
opopLxd vénua oy éyel apyxd oplotel oty L.
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Téhog, motedovue 6TL 1 évvola Tng TomxdTNTaS Tou elofyln €3 xau 7
avIAUGT, OS TEOS AUTHY TOU ETLTUYYAVETAL and TN UEYLoTA TOTXY AmOdEl
TomxoTNTAC UG TpdTaong umopel va elvar éva yprowuo epyakelo oty xo-
Tavéner adlagavedy TEpBahhOVInY xal oYETX®Y Oeudtwy mou agopolyv TNV

Apyn tne Xovleone.
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indexical dewxtixd
intension €vtaon
irreducible un avaydyuuog
local Tomuxdc

locality tomuxétnTa
input index delxtng etoédou
output index deixtne e€6d0u
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proof schema Sudypapua anddel-
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meaning vonua
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object-language yAdooa-aviixeluevo
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recursive construct teAeotrig avadpo-
RS
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reduction avaywy?
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synonymy cuLVGVLUL
denotational dnhwTixt

referential avopopLxt|

transformation uetaoynuatioudg

associate cuvdgeLag

term 6pog
explicit pntéc
head xeq@alt
proper un duecog
type tumog
basic Paocuxdg
level eninedo
pure anAég
state-dependent eEaptduevog and
NV XATACTAOT)
universe oUunay

utterance exqopd

variable uetafint

bound occurrence ecueguuévn eu-
pavLom

free occurrence ekeVfepn eugd-
VLo

fresh xawvolpyLa
generalized yevixeuuévn
pure oAt

recursive avadpourc



Evpetriplo "‘Opwv

IL, evtacioxr hoyuwer, 11

A-agatpeon, 9

A-hoyioudg, 9

L), 19

LD, oy tov dexTix®dy exgpd-
oewyv, 17, 110

LIL, yAdooa tne evrtaciaxric Aoyl

xhe, 12

dueococ 6pog, 22
avébeon Ty, 10
evnuépwon, 10
avaywyr, 22
XUVOVES, 22
Aoyiouog, 23
avadpougag, 24
avadpour, un xuxhuxr, 20
avadpouxds teheotrc, 20
avogopd, 1
avagopxr cuvwvuula, 25
avixatdotao, 45
OLVTLXELULEVLXT
xavovu| woppt, 104
ouvevuula, 105
AVTIXEWUEVLXS TEpLEYOUEVO, 2, 104
otnv LIL, 30
anh) wetaBinty, 20
amA6g TUTog, 34
arotiunom, 45
anddelln TomUOTNTOC
dudypauua, 74
TopAUUETELXO, 76

xAewo Ty, 62
xovovixy, 72

uéylota Tomuxy, 74, 79
To tomuy) and, 73, 76
ptla, 64

anddoor, 15

apy) Tng obvleong, 1

apyh tou [Mowslov, 7

Baowode tomog, 9

yevuer) auviixn TomwétnTag, 50

YEVIXELUEVT UETABANTY, 22, 87

YAGooa g evraclaxnic Aoyurc, LIL,
12

yAdooa-avtixeluyevo, 12

dévtpo oynuatiouol 6pou, 10
delxtng, 12
delxtng (tomuxbnrag), 45
XAVOVLXOG, 45
xhewotog, 44
elo6dou, 44
e€6dov, 44
uetafinti, 45
uwpeoTEpOg amd 1 toog ue, 73
TopAUETEXOS, 46
Lo ToTXOg and, 73
otabepd, 44
olufolo, 45
Tomxbg, 45
deuxtuint| éxgpaon, 17



122

hoywr Ty, LD, 17, 110
dewetind, 17
dnhoTixtd tpdtact), 6
ddypapua anddellng TomxétnTag, 74

éxtaor, 11
Montague, 14
eupdvion (uetaPintic)
deouevyévn, 10
ehetlepn, 9
évtaor, 11
Montague, 14
evtaotoxt] hoyua, IL, 11
e€apTOUEVOS antd TNV XATACTACT) TU-
nog, 34
eninedo tumov, 35
egpapuoY, 9
ouvdgeLag, 86

fewpla mpoadiopiouol avagopdce, 1,
19

toodvapa (olvola ouvlnxdy), 77

xavovu| xhelo T anddelln tomxo-
nTog, 72
xavovuxy uope, 24
avtixeluevixt|, 104
xavovixdg delxtng tomxdTnTag, 45
xAVOVES avaywYng, 22
xatdotaot, 12
xepahy (6pov), 24
xheloth) anddelln TonunoTnTAC, 62
*AELGTOC
delxtne (tomuxbnrag), 44
elabdov, 44
e€édou, 44
6poc, 10

Aoyt
YAGooa g eviactaxic, LIL, 12

EYPETHPIO 'OP{2N

evtaouaxy, IL, 11
TV SewTdY exgpdocwy, LD,
17, 110
roylouog avaywyhe, 23

uéylota Tomuxr anodelln TomxXoTN-
Tag, 74, 79
uépoc (6pou), 24
uetafinti, 9
avadpouns, 20
anhy, 20
yevixevuévr, 22, 87
delxtn (tomxdinTac), 45
eupavLom
deoueuuévn, 10
ehevlepn, 9
ueTayAdooa, 12
UETAG Y NUATLOUOG
ouvdgelag, 94
Tomxhg auvdgeLag, 89
un dueocog bpog, 22
un avay@dywog 6gog, 24
un xuxAue avadpour, 20
un tomxd avixeluevo, 37
uxpbtepog and 1 loog ue (delxtng
TomxéTNTOg), 73

vonua, 1
opaews, 24
oty LIL, 30
ToTXO, 26
oty LIL, 30

6p0g, 9
duecog, 22
AVAPOELXE GUVOYVUOG, 25
AVTLXELLEVLXE ouviVuUog, 105
dévtpo oynuatiouoy, 10
xhelotée, 10
un duecog, 22
un avaydywog, 24



EYPETHPIO "OP2N 123

entocg, 25 ouVaPhC
ouvagrg, 94 tonog, 48
Tomxd ocuvévuuog, 27 6pog, 94
Tomxog, 60 ouvaghc ouvdptnorn, 49
{ 8u S TpoTwunTéd, 52
TApAUETELXO Bidrypaia amd elng To- ~omuxd, 36
mxéTnTag, 76 ,
H¢ delxtng TomuxdTnTAC TeOTRTTE, 38
napapsrigog ’ Tumxt], 88
/ ; Tumxn, 93
neplotaom, mbavy, 17 ; i
, . ouvOixn TomuxdnTac, 37
neplypapn-xatdotaong, 11 )
, yevudr, 50
TEPLEY OUEVO }
AVTIXEWEVLXS, 2, 104 oLVLYUILA ,
oty LIL, 30 avaopuxth, 25
oty LD, 18 avtuxeevixt, 105
mo Tomxt| and (anddelln TomudTN- 'com’xr'],, 21
<), 73, 76 oo vonua, 24
o Torx6g and (delxtng TomxbTn- oty LIL, 30
zac), 73 oVuPoro deixtn (tomuxbnroc), 45
nhaiolo oburay, 10
anotiunong, 17 oluntwon, 20
apyh Tou, 7 oUvleo), apyh g, 1
expopdg, 17
TpoadLoplouds avapopdg, 2, 22, 24 TeheoTHC
TpoTNTEN éxtaong, 11
ouvagrg, 52 évtaong, 11
Tomxd ocuvaghc, 38 avadpoulxods, 20
npoTAoN, 6 Tomuxt cuvevoula, 27
dnhwTixt, 6 Tomxd vénua, 26
otnyv LIL, 30

plla (anddeing TomxdnTac), 64

6¢, 36
entoc 6pog, 25 TOTXOS,

delxtne (tomuxbnrac), 45

onuaacta, 6 6pog, 60
onuactohoylo, Tumxd, 11 ToTLXOTNTY, 2, 35
otabepd, 10 ouvi¥xn, 37
delxtn (tomxdnrag), 44 yevuy, 50
oLVAPELL TUTLXTY onuacLohoyia, 11
epapuoYY), 86 torog, 9
METAGYNUATXOS ToTXTS, 89 anhég, 34

uetaoynuaTiouds, 94 Baowoe, 9



124

eZopTAOUEVOS a6 TNV XUTAGTACT),

34
eninedo, 35
ouvaptc, 48

unoanddely, 64
urodhiwaon, 6, 10

yapaxthpoc (otny LD), 18

EYPETHPIO 'OP{2N



