G
£4
X

$

EOviko Metoofio IToAvteyveio

Yyoir] Hiektpoddywv Mnyovikov
Kot Mnyavik®v Y ToAoy1iotodv

Topéag Teyvoroyiag [TAnpo@opikng kot Y ToAOyIoTOV

7
\" < 1)

po "
1! .?.Q- *
[} N =
7 NpPoMHOEV S
-‘lgrlﬁl!moro

I

Yyeotaon ko YAomoinon €vog Xtatikov Xvotiuatos Torwv
T, Emkowvmvovoec Arepyaoieg

AIIIAQMATIKH EPTAXIA

AXTAAEAX MIIENETOIIOYAOX

Empiénov : Nworoog Z. [Toarnacmtdpov

Av. Kabnyntg E.M.IIL.

ABnva, Iobhog 2018






EOviko Metoofio IToAvteyveio

W

. &
=Y
Y
” POMH >
Sl
nVpPoPo

pe)

17
OEVS .

Bl

Yyoir] Hiektpoddywv Mnyovikov
Kot Mnyavik®v Y ToAoy1iotodv

Topéag Teyvoroyiag [TAnpo@opikng kot Y ToAOyIoTOV

W

Yyediaon Kol YA0oinon £vog X1atTikov Xvetipatog Toroy
T Emkowvevovoeg Aepyaoieg

AIIIAQMATIKH EPTAXIA

AXIAAEAX MITENETOITIOYAOX

EmBiénov: Nikdraog Z. [Taracmopov

Av. Kabnyntg E.M.II.

Eykpinke and v tpyueln eEetaotikn emtponn v 171 loviiov 2018.

Nuwdraog 2. [Toracmdopov I'edpyrog Zrdpov Apioteidng Iayovptlng
Av. Kafnynmc E.M.IL. Av. KaOnynmge E.M.IL. Av. KaOnyntmg E.M.IL.

ABnva, Iobhog 2018



Ayplhéac MaeveTOTOVAOG
Amhopotovyog Hiektporldyog Mnyavikdg kot Mnyavikog Ymoroyiotev E.MLIT

Copyright © AyiiAéag Mrevetdmoviog, 2018.
Me gmpoiaén mavtog sikaumdpatoc. All rights reserved.

AmayopeleTol 1 avIlypan, amodnKevon Kal JlaVopUn NG Tapovoas Epyacioc, €5 OAOKANPOL 1
TUNHOTOG OVTNG, Y10 EPTopkd okond. Emitpénetol ) avatonmon, amwobfkevor Kot S10voun Yo GKOTo
L1 KEPOOGKOMIKO, EKTALOEVTIKNG 1 EPEVVITIKNG GVONGC, VIO TNV TPoUTOOEGN VO avapEPETaL 1) TNy
npoélevong kot va dratnpeiton to Tapdv pnvope. Epotipata mov apopoldv ) xpion e epyaciog
Y10 KEPOOOKOTIKO GKOTO TPEMEL VA, ameLBVVOVTAL TTPOG TOV GLYYPUPEQ.

Ot amdyeLg Kot T0. GUUTEPACLATE TOV TEPLEYOVTOL GE AVTO TO EYYPUPO EKPPALOVY TOV CLYYPOPEN
Kol gV mpémel va, epunvevdel Ot avtimpocsmrevovy 11§ enionues B€oelg tov E6vikod Metoofiov
IToAvteyveiov.



IHepiinyn

Kwobpoaote 6A0 Kol TEPIGGOTEPO TPOG KATAVEUTUEVE TPOYPUUUATIOTIKA povTéra. Ta Tepiocotepa
GUYYPOVO GUCTHHATO AOYICUIKOV EIVOL KOTOVEUNLEVA KoL TAVTOYPOVA, TOV GNHOIVEL OTL amoTEAOHVTAL
amo dudpopo Koppdtio, to Kobéva amd To omoia extedel £va chVOAO amd “ec®TEPIKES” GE QLT
Agttovpyiec cvyypOVMG LLE TA LITOAOUTO, TN GTIYUN OLLMG TOL O TOVS eEUPTOVTAL AT £VA VTTOGHVOLO
TOV VTOAOIT®V Y10, VO TIG EKTEAEGOVV, AOYO dLaPOP®V EEAPTNOE®V. AVTO GTUALVEL OTL 1] ETIKOIVMVIO
HeTa) TOV KOUHOTIOV 0VTOV OVAYETAL G€ VO KPIGILO KOUUATL TOV GUGTHHATOG, Kol 1] 0pOdTNTa TNG
EMKOWVMVIOG AVTNG AmOTEAEL Lo amapaitnTn TpobmdBeon yio TV opBOTNTA TOV OAOV GUGTNHHOTOC.

[Mapovoidlovue €va otoTikd cuoTnuo TVTT®V cvvedpiag Yo Erlang, to onoio eAmilovpe 611 B
e&umnpetoel 61TT6 6KOTO:

e TpOTOV, Ba deiEel OTL OVLOLDOTG OTATIKOG EAEYYOG TOTWV GLVESPIOG EIVOL EQPUPHOCILOG Y10 [LoL
SLVOUIKN YAMGGO TPOYPAUHUOTIGLOD, KOt

e devtepov, Ba amotedéoel Bepéhio Yo évo epyaAeio apKETA 1oYLPO Kot YPNGILO Yo VA Yivel
TEMKA KOUUATL TNG EPYOAELOONKNG EVOC TPOYPOAULOTIOTH KOTA TN QAo avATTLENG EVOG EpYoV

A&Eerg Kheo1d

INocoec Tpoypappaticpon, THmol Xuvedpiov, Zuotiuato Tortov, Zuotiuate Emdpdoswv, Tavtoypoviopuoc.






Abstract

We are increasingly moving towards distributed programming models. Most software systems are
distributed and concurrent, meaning that they are composed of various components, each of them
performing a certain set of self-contained operations simultaneously with all the others, but all of
them relying on a subset of the others to progress with their work, due to data dependencies and the
like. This means that communication between the components is nothing less than a critical part of
the system, and its correctness therefore a prerequisite to the correctness of the system as a whole.

We present a static session type checking tool for Erlang, which we hope will serve a twofold
purpose:

o firstly, show that meaningful static session type checking is viable for a dynamic programming
language, and

e secondly, become a foundation for a tool that would be useful and powerful enough to eventually
become part of a programmer’s toolchain during a project’s development lifecycle

Key words

Programming languages, Session Types, Type systems, Effect Systems, Concurrency.
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Kepararo 1

Ewcayoyn

To kaTovEUNEVO TPOYPOLLOTIOTIKE LOVTEAD OTOKTOOV OAO KOl LEYUADTEPT) ONUOTIKOTNTA GTO
GUYYPOVO KOGUO TNG Prounyaviag mapaywyng Aoyiopucov. [ToAAd cOyypova cueTipaTe TOV TPETEL
VO OVTOTOKPIVOVTAL GE VYNAOVG (POPTOVS EPYUCIOG LLE 1OYVPES AMALTNCELS MG TPOG TNV a&lomoTio
Kot TN SOECIUOTNTA TOVG Eival KATAVEUNUEVE KOL TOVTOYPOVO, TOL GNUAIVEL OTL OTOTEAODVTOL OO
S1APOPO KOLULATLAL, TO KOOEVE, 0o T 0TTol0l EKTEAEL EVOL GVOVOAD OO e MTEPIKES” GE AVTH AELTOVPYIEC
GLYYPOVAOG LE TO VTTOAOUTA, TN GTUY LT OLLWOG TOL OAX TOVG EAPTMVTAL 0O £VOL VTOGVUVOLO TV VTOAOIT®V
Y0 VO TOVG TTOPEYOLY TATPOPOPIEG TPOKELLEVOL VO PEPOLVV TN OOVAELN TOVG E1G TEPOC LE EMLTLYIO.
AvT6 onpaivel 6TL 1) eTKoOV®Vio LETOED TOV KOUHOTIOV AVTOV AVAYETOL G £VO KPIGLLO KOUUATL TOV
GUGTAHATOG, KAl OTL 1] 0pBdTNTA TNG eMKOVOVIOG AVTAG omoteAel pia amapaitntn Tpobindeon yio
v 0pBOTNTO TOV OAOV GLGTNLATOG.

[pokeévou va kabopicovpie ta potifa exikotvoviag mov Bempobvtal arodeKTd oTo TANIGLO TOV
EPAPUOYDV Hag, opilovpe TpwToKoila emKovV®Viag, ONAadN TPOSTAHOVUE VO TPOGIIOPIGOVIE TOVG
TOTOVE TOV UNVUUATOV TOV OVTOALAGOVTOL, TOTE KATO TN O1ApKELN TNG EMKOWV®VING speavifovtat
OUTA TOL UNVOLLOTO, KO OVOUEGO GE TOL0. KOUUATIOL TOV GUGTHIOTOC OUTH OVIOAAAGOVTOL ZVVETMG,
LUTOPOVLLE VO EKPPACOVIE TNV 0pBOTNTA TNG EMKOWVMVING LETAED TOV EMUEPOVG CLGTNUATOV MG TN
OOUUOPPWEH GE OVTO TO TPWTOKOAAO OO TOVG GUUUETEYOVTEG OTNV ENKOWV®Via. O1 TOTOL GUVESPLDOV
LG EMTPETOVY VO, EKPPAGOVIE QLT TO TPOTOKOAAD ETIKOIVAOVIOG, KAB®E KOl TIC VAOTOUGELS TOVG
OTtO TOL AKPOL OVTDV, LLE i Lopen ToL TNYAlel amd T Be@pia TOT®V, KO KOT EMEKTACT) Vo Emainfedocovpe
v opBotTa TG enuovoviag epappolovrog peBoddovs amd Tov xdpo ¢ Bempiog THTWY.

g aUTNV TNV €PYACI0 SLEPEVVOVLE TIV OMOTEAEGLOTIKOTNTO EVOG GTATIKOD GUGTHUATOSG THTWOV
dvadIK®Y cuvedpLdVY Yo TV Erlang, (o yA®GGo TpoypaploTIGHLOD Y10, TV 0010 O TOVTOYPOVIGLOC
amotelel KOpLo yopaktnplotikd. Emyeipodpe va dovAéyoupe pe €vo DTOGOVOAO TNg YAMGGOG TO
o1ol0, OV Kot TEPLOPIOHEVO, Bempolpe OTL elval ovGLDOEG, amokAeiovtag LoV eEMTIKOVG EYYEVEIC
TOTOVG dedoUEVOV TNG YADGGOG, KaBMS Kol GUVOPTHGELS VYNAOTEPNG TAENS.

1.1 X160t TG TOPOVGAS EPYACLOG

YKOTOG TNG TOPOVCAG EPYACTNG EIVOL T LEAETN TMV GLGTNUATOV TOTMOV GLVEIPLAOV, KOLT) SlEPEHVNON
NG UTOTELEGLOTIKOTNTOG EVOC OTAUTIKOD GLUGTHUATOS TOTTMV dVASIKAOY Guvedpldv yio, tnv Erlang, pio
GUVOPTNGOLOKT YADCGO TPOYPULUATIOUOD UE SLVOULKO GUGTNU TOTWV, 1| OTTOio TAPEYEL 1oYLPOVC
UNYOVIGHOVS TOVTOYPOVIGLOV.

1 Biphoypapio vapyel Evog apBpog amd VAOTOUGELS HNXOVICUAV XPOVOL EKTEAECT|G Y10 TV
TapaKoAovOn o TG emKovOvioag LETAED JEPYUCIDY GE YADNCGCEG IE SUVOALIKO GUGTNIA TOTWV OTWG
n Erlang [reference to Python’s SPY, reference to Fowler’s implementation]. Xtn fdon tovg, 6Aeg
ytiCovv Tdvm ot YAwosaoa Scribble, ) onoia etvor ot DSL yia tnv meptypaon Tpo@TOKOAA®YV EXIKOVAOVIOG.
21N 1K1 1O SOVAELY, EMLYEPOVUE VO KATAGKEVAGOLILE £VOL GUCTNLO GTATIKNG OVAAVOTG, TO 0TTOi0
pmopel vau:

o Yyumepdvel TOVG TOTOVG CLVESPLDY TOV GLVUPTHCEMY OV OTOTEAOVY EVO TPOYPOLLLLA.

o Efukpifdoel T COUUOPP®GT TOVS LE TO TPOTOKOAAO TOV TPEMEL VO DAOTOLOVV.
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e EmaAnfevoel 611600 diepyocieg anotehobv TPay Lot To d00 “dKkpa” eVOG SVASIKOD TPMOTOKOAAOL
EMKOVOVING.

1.2 Xovoyn ¢ gpyoaciog

Y10 ke@aroto 2 mapovoidlovpe ™ YAdooa Erlang, kot OAeg Tig TANpOQOpieg TOL Elval AmapOiTNTES
Y TNV KATOVON o Tov TpdTov Agitovpyiog Tov cvoTiratdg pag. EEnyodue T eivan n Erlang, o
Yl TO10 AOYO €va GUGTNHO TOTT®V GLVEDPIOG £xEL Wtaitepn aio 6Ta TAMIGLO VTNG TG YADGGOG.
KaBbg o ovumepacudc omwov cvvedpiog Paciletor d1aitepa 6T0 GVGTNHO TOTOV TNG YAOOOWS, Oa
TPOYLOTOTOUGOVLLE 10 TOPOLGiaoT avTob, kafmg kot Tov Dialyzer, tov epyaieiov (uépog tov OTP)
TO OTLO{0 YPTGLLOTOLOVLLE Y10 TOV GUUTEPAGILO TOV TUTMV OEOOUEVOV TOV TPOYPUUUATMV TTOV OVAADOLLLE.

270 KEPAANLO 3 TPOAYLLOTOTOLOVLLE L0 TOPOVGINGT] T®V GUGTNUATOV TOTTMV Kot EMOpAcemV (type
and effect systems), To. 0moi0, ATOTEAOVV 10 ETEKTOOT] TOV KAUOCIKOV GUGTNUAT®OV TOT®MV UE VOV
TPOTO TEPLYPAPNG TOV TOPEVEPYELDY TOV EVOEYETOL VAL EXEL EVOL KOUUATL KOOUKAL.

Y10 kepaAato 4 mapovoidlovpe ™ Bewpia Kot TNV VEEPYOVGH SOVAED THG® and TO. GLOTALOTO
TOnwV cuvedploc.

270 KEPAAOLO 5 AVAADOVLLE TO GVUGTLLO TTOV VAOTOGALLE, KO TOPOVCIALOVE LLEPIKH TOPASETYLOTOL
YPNONG TOV GLOTHLOTOG Hoc. Ta TapadelyoTo CVTE ATOTELOVVTOL TOGO OO GYETIKA ATAOVGTEVUEVA
TPOYPALLLOTO, TO OTTOT0 VO TVTOTOMUEVE GT1 OXETIKN BLpAloYpapio, aALd Kot TOpASETYILOTO TPOGAPLOGHUEVOL
070 VO avadEIEOVV TOL TPOTEPN AT THG DAOTOINGNG LS.

Télog, 010 KEPAANLO 7 TPOGPEPOVUE LEPIKO CUUTEPAGLOTO TOV TPOEKVLYOV A0 TNV VAOTOINGN

TOV GUGTHLOTOG QL TOV, OAAG KO TO. TEPAUaT poc. EmmAéov, ekBétovpe pepicég 10€ec yio LEAAOVTIKT
OOVAELA TAV® GTO GUYKEKPIUEVO OVTIKEILEVO.
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Kepaiaro 2

To svotnna Erlang/OTP

2.1 H yloooa npoypappaticpov Erlang

H Erlang &ivai pia cuvaptnolok YAOGGo TPOoYPAULOTIGLO, 1 0TToi0 GYESIACONKE TN dEKUETIN
tov 1980 o0 Epyactipio Exotung YroAloyiotmv g Ericsson. Apyid tpoopiloTay Y10 TPOYPUUUATIGUO
GUGTNUATOV KOl EPAPUOYDV GTOV TOUEN TOV TNAETIKOVOVIDV, KOL KOTO GUVETELD ETPETE VOL OVTATOKPIVETOL
OTIG OTTOLTIHOELG LTINS TNG Propnyaviog yio Ty avarTuén KOTOVEUNUEVOV GLGTNLATOV LVYNAOD ETTESOV
TAPOAANAG OV, TO OTtO 10 EMOEKVOOLY VYA avoyn o cpdipota. Extote 1 ypiion g Exet dtodmbel
Kot o€ Propnyavieg Tov potpdloval Tig i31e¢ AEITOVPYIKES AMALTHOELS, OTMG 1) TPOTElIKT, Ol EMKOVOVIES
Tpaypotucov xpovov (WhatsApp), ka.

To OTP &ivor pia. cuAdoyn epyoireiov, Bifiodnkdv, middleware kot apydv oXEO10GLOD Y10 TPOYPAUUTO
Erlang. Eivar avomdonooto koppdtt tng dtovoung eredbepov kadiko g Erlang. Mepwd and ta
mEPLEYOLEVE TOL Efvat:

e 'Eva chomnpa xpovov ektéheonc (eucovikny unyovn), o BEAM
o 'Evag HeTayA®TTIOTG 08 KOS UNYAVIG

e 'Eva gpyaieio ototikig avdivong, o Dialyzer, 6to omoio 6o avapepBovpe Tapokdatm

2.2 O perayrottiotis ™ Erlang

M epappoyn o€ Erlang dopeitoan oe modules, To onoio petayAmttilovrol aveEapTnta Kot popTdVOVTL
670 GUGTNUA XPOvoL exTéreons. O petayilwttiotg g Erlang petayiwttilel tov mnyaio kddwka og
KOJIKO koviKng pnyovig (bytecode), o omoiog extereiton and Ty gikovikn unyaviy BEAM.

O petaylottiotg o petappaletl amevbelag Tov Tnyoio KOIKO TOV TPOYPUUUATOV GE KMOKO
unyovig, oAAG Tp®TO G o EVOIAUEST] avamopdoTaot, Tov ovopdlietar Core Erlang. Avti elvan
L0 GUUTTAYNG, VYNAOD ETUTESOV OVATAPAGTAGT] TOV TPOYPEULATOS, LE L0 APKETO OTAOVGTEVUEVN
YPOLUOTIKY], Kot EEKAOOPOVE OGNUAGIOAOYIKOVG KOVOVEG,.

To xbp10 kivnTpo Ticw 0md T0 oyediacuod tng Core Erlang fitav to va avartuyel o avorapdotaon
apoypappdtov Erlang mov va kafiotd edkoin Ty avantuén epyoleimv mov Tpénet va datpéEovy Kot
va emeéepyonotody mpoypappata Erlang, 6o amoc@aAlatotés, epyoleio oTaTIKNAG OVAAVONG KTA.
Kértitétoro dev ftav epuctd anevbeiog o anyaio kodika Erlang, Adym ¢ GUVTOKTIKNG TOAVTAOKOTNTAG
G, Kot 01 TPooTAOElEG AMAODGTEVONG TNG YADGSAS 001 ynOnKayv oe aodté&odo.

To OTP moapéyet ™ duvatdtnto o onotodnTote Tpoypoupa Erlang va dtafdcet v Core Erlang
avamapdotaoct evog ototovdnmote Erlang module. Xe avtod to yapaxtmpiotiké Paciletor To cOoTnud
LOG Y10 TV OVAADOT) TOV TPOYPOUUUAT®OV oL ToL divovial g gicodog. optdvel ta modules 610
ocvoTnua ¥povov ektéleongs, kal amoond to Core Erlang Agnpnuévo Aévopo Zvvtaéng avtov oe
popen evdg cuvoroL amd eyypag<g (records, eyyevig Tomog dedopévmv g Erlang), 6mwg avtd opilovton
oto otp/lib/compiler /src/core_parse.hrl.
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2.3 To ”cvotnpo Torewv” ¢ Erlang

H Erlang sivon puo yAdooa pe Suvopukd et TOToV. AvTé onpaivel 6Tt 0 LETAYAMTTIOTNAG TG
YADGGOC OEV TPOYUATOTOLEL EAEYYO TOTOV KOTA TN LETOYADTTION €VOC TpoYypaupatos. To cuotnua
xpbvoL ektéleong etvarvmevBuvo yia va eyyonBei v ac@aieilo TOTWV, LLE TO VO, EAEYYEL TNV TANPOPOPin
TOT®V TOL EIVOAL GUGYETIGUEVN e KAOE KOUUATL SESOUEVDV EVOC TPOYPAUUATOS KOTO TN SIAPKELL TNG
ekTéLEDG.

"Eva koppdtt dedopévav o Erlang ovopdletor 0pog (term). O T0mog evog 6pov pmopei va eivat
gite k@molog amd Tovg evoopatopévovg Tomovg ¢ Erlang, eite évag tOmog mov €xel Tpocdiopicet o
ypnotne. Ot evempatopévot tomot g Erlang ivat:

e Pid

e Port

e Reference
e Atom

e Bitstring
e Float

e Fun

e Integer
o List

e Map

e Tuple

e Union

Omnotocdnmote 6pog g Erlang pumopei vo amote écel To TEPLEYOUEVO TV UNVVUATOV TTOV AVTOALIGCOVY
depyaciec LeTa&d TOVG.

2.4 To gpyaireio Dialyzer

O1 xopPor tov Core Erlang Aévdpov Apnpnuévng Zovtaéng e dabétovv mAnpopopieg THnwv
dedopévov. Le 0pIoUEVES " ATALS” TEPIMTMOGELS, OTMG OTAV £YOVLE KUPLOAEKTIKOVG OPOVE GTOV KOOIKOL
7oV avaAvovpe (Yo mapdderypo z = 42), pmopodpe va fpodpe Tov THTO TV OpmV YPNCILOTOUDVTOS
cuvaptnoels PiAodnkng g YAdoscoc. IIpokelpévou vo TparyLlaTomO GOV LE OTOLNONTOTE OVCLHON
avVAALGON GYETIKG LLE TOVG TOTOVE GVVESPLDV GE £va, TPOYPALLLLD, Ypelaletatl va yvwpilovpe Tovg TOHTOVS
TOV 0ESOUEVOV TTOV TEPIEYOVTAL GTO UNVOLOTO TTOV OVTOAAGGGOVTOL LETOED JEPYACLDY. LUVETMG,
ypewldpaote évo epyaieio to omoio, dobBévtog evog mpoypdppatog oe Erlang, va mpayuatomroet
CLUTEPAGHO TOTOV OESOUEVDV.

O Dialyzer (DIscrepancy AnalYZer) givat €vo GOGTNLO TOV TPAYLLOTOTOLEL [LLOG LLOPPTG OTATIKO
type checking oe Tpoypdppata Erlang. e mpmtn edon enelepyaletat éva mpodypappa Erlang, Tpoxeipévon
va e&diyel Ta Aeydueva success typings. Ta success typings €ivail ot TOTOL TOL TPEMEL VAL EYOLV Ol
oLVopTHoELS (ONA0dN 0 GLVOVOAGHOG TV TUTMV TV OPICUATOV UG CUVAPTNONG, KOl TOV TOTOL TOL
OTOTEAEGLOTOC TTOV QLTI 1] GLVEAPTNON EMGTPEPEL) TPOKEUEVOL VO e£AGOAMOTEL OTL 1] GLVEAPTNON
0¢ B0 TaPOVCLACEL KATOW0 GOPAALN XPOVOL EKTEAECTC OV OPEIAETOL GE KAMON OGVVETELD, GTOVG
tomove. 1o mapddetypa, 6to KOPPATL KOdKA TOV oyNatog 2.1 10 vo KOAECOVUE TN GLVAPTNON
foo/log foo(”Hello”) 6o 0dnyoDce 6 GOALUA Y POVOL EKTELECT|C, KOODG 0 TEAEGTNG + d€ Hmopel va
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epapuootei o€ éva Opiopo Tomov List oe Erlang. Avto odnyei to Dialyzer 610 vo Gupmepaivel TOTTOLVS
HE €vay GLVTNPNTIKO TPOTO: 01 TOHTTOL TOV KAVEL assigh GE GLVOPTIOELS, KOl Ol OTOI0L OTOPPEOLY AT
TOVG TOTTOVG TOV OTTOOIOEL GTAL EMUEPOVG TUNLATA OEGOUEVMY GTO GO, TOV GUVOPTHGEDV, OTOTELOVV
£V VITEPGVVOAD TMV TPAYLATIKAOV TOT®V TV OEOOUEVOV LLOG GUVEAPTNONG. 2TO 1010 KOUUATL KOOIKA,
0 thmog mov Ba cuumépave o Dialyzer yio ) cuvaptnon foo/1 eivar Number — Number.

Listing 2.1: Simple receive
foo(X) —>
X + 42.

Listing 2.1: Simple receive

[pokeévou o Dialyzer va ptdcel oTa success typings, TPOYLOTOTOEL VOV GUUTEPAGHO TOTWOV
Yo OA0 T EMPEPOVG terms wov eppavifovtal HEcA 6Ta GMpTA TV cvuvaptioewy. H ékdoon tov
Dialyzer mov dnpocievetol wg pépog tov OTP dev amobnkedel avtiy v TANpoPopio yio OAn
dlapreln TG avdAvong, aAld LOVo Yo 660 ¥petdleTal yio TV eKAoToTE GLVEAPTNON. [0 TOVE GKOTOVE
™G O1KN G pog avaivong, ypetdletat va yvopilovpe toug Tomovg dedopévav towv Erlang terms o€ ké0e
ypapupn mnyaiov kadiko evog Erlang module. [Tpoxepévov va eEaopalicovpe vty v TAnpogopia,
npoPrKape oty tpomomoion tov Dialyzer e 6K0md TV AmOGTOAN THG TANPOPOPING TOT®V OESOUEVEOV
07O GUGTNUA pag KoTo T d1dpkela TG ektéheong Tov dataflow analysis loop tov.

2.5 Tavrtoypovionog o Erlang

"Eva woyvpd yopaxtnprotikd g Erlang sivor n vmootpién g yo tavtoypovicpo. [oapéyet otov
TPOYPOAULOTIOTH €va GOVOAO amd primitives yio, T dnpovpyia dlepyucidv, Kot T dtoyeipton g
emKovoviag petald avtdv. Avtég dev givar dlepyacieg o€ eMinedo AEITOVPYIKOD GUGTNUATOS, OVTE
OLLMC KOl VAHOTO, OAAG ATOTEAOVY OVTOTNTEG TIC OToieg dtoryelpiletal 1 EIKOVIKY UNYavY] EKTEAEONC
¢ Erlang, o BEAM.

Oidiepyaoiec o Erlang 6¢ potpalovtot amobnkentikd ydpo. O Hovadikdg UnyovIGHOG TOV TOPEYETOL
GTOV TPOYPOULUOTIGTH Y10 TNV DAOTOINGT) TG EMKOWVAOVING Kol TNG OVTOALAYHG TATPOPOPIDV LETAED
QVTAV TOV d1EPYACIOV Elval T achyypovn aviaAilayn unvopdtov. Kabe diepyacio dwabétet éva kovti
ELGEPYOUEVAOV”, L0l OVPA OO UMVOLLOTO TOV £xEL AdPeL amd dAdes diepyaoies. [o va kaTavaAdoet Eva
WVOLO 0Td QUTHY TV 0VPAd, O TPOYPUUUOTIOTNG YPTOLOTOLEL TV EKQPACT| Teceive, e TV OTOoid
TaipvEL Eva LVLLLOL 0TTd TV KEQOAT TN OVPAC, KL TO GUYKPIVEL LE Lol 6EpA amd potifa (patterns) ta
07010l AVTIGTOLYOVVG GTO UIVOUOTO TOL TEPLUEVEL OTL TO TPOYPAUUE TOV Ba AdPel ot cuykekpyévn
@aon g ektéleong. Otov Lo cOyKpLon TETOYEL 1 dlepyacia cuveyilel TNV EKTEAEST TNG.

Listing 2.2: Simple receive

foo() —
receive
{num, Sender, N} —> io:format(”Got a number ~p from ~p\n”, [N, Sender]);
{atom, Sender, A} —> io:format(”Got an atom ~p from ~p\n”, [A, Sender]);
42 —> io:format(”Got 42\n”)
end .

Listing 2.2: Simple receive

Y10 listing 2.2 goaiveton évo Tapadery Lol Leg GUVAPTNONG TOL TEPIUEVEL VO S10BACEL O TO KOUTi
EICEPYOUEVOV TNG:

e Mo mAeldda Tinav (tuple) mov amotereital and Eva atom, va pid Kt Evav apOuod

e Mia mhelddo TIL®Y oL amoteAeital amd £va atom, £va, pid Kt Eva atom
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e 'Evav ano apBuo

Av o dlepyooio mov EXKOWVMVEL LE VTNV TG 0ooTeilet éva pivopa g popeng {num, 42},
101 M foo/l de Ba 10 “katavordoer” woté. Avtictoyya, av kapia Siepyocio dev amooteilel ot
depyacia mov extehel Tov kddKa Tov listing 2.2 KATO0 UNVLHO TOV VO AVTIGTOLYEL 6 éva amd TaL
potifa g evioAg receive, 1 eKTéAEOT] Ba “KpeUAoEL” €T’ AOPIGTOV. e OLTHV TV TTEPinT®OT Bl
glyape €va TPOPANUATIKO GEVAPLO, TOV TPOKLATEL OO TN UN-GUUUOPE®OT VO €K TV dVO UEPDV
NG EMKOWVOVIONG GTO OVOLEVOUEVO TPMTOKOALO.
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Kepaiaro 3

YVOTINOTO TOTOV KoL ETOPAGEMY

[ToAAEC YADGGEC TPOYPUUUUTIGLLOD DAOTOLOVV VO GTATIKO GUGTNLLO TOT®V, TPOKELEVOD Va. yyunfovv
OTL TehecTEC eQapuOlovTal HOVO GE TEAEGTOIOVG TNG KATGAANANG HOPPNS, dNAAOT TOL KOTAAANAOL
gidovc. [N'a mapddetypa, Eva KAAoo1Ko cuatnua THnwv Ba anéppurte 1o Tpdypappa 3.1 (Yypoupévo og
pio vofeTikn YA®ooa), Kabmg 1 Tpaén tng aeaipeong (—), 0ev £yl vonuo 0T papproleTal oe pia
ovpporocelpd kat Evav aptBpd (vmwobétovpe OTL N YADGGO OV TOPEYEL TI dVVATOTITO VITEPPOPTOCNC
TEAECTAV).

Listing 3.1: Acvupartol Teheotaiot
begin
print (’Hello, world!’ — 42)
end.

Listing 3.1: AcouPotol Teleotaiot

3.1 Klooo1kd cvoTHaTo TOTMOV HE CUUTEPUCNO

To Tpdta otatikd cuotiuota THnov Pacilovtay e type annotations ta onoio Tapeiye o xpHoTNG.
AVTd fTaV ETIKETEG TOL GLVOSELOV TIC INAMGELS LETOPANTMOV KOl CUVOPTNCEWDY, KAl TEPIEYPOUPAV TOV
TOmO oV AVTEG Oa TEpielyav (oTNV TEPITTOON UETAPANTAOV), 1] TOVG THTOVG TOV OPICUATOV KOl TG
TEAKNG TIUNG TOVG (OTNV TEPIMTMOOT GLVOPTICEMV), KOL VIINPETOVCAV O 00N YIEG TPOG TOV LETAYAMTTIOTY.
Katd to ypovo petayAdttiong, avtdg nrov vrevhuvog va cuykpivel Tov dNAmOEVTa TOTO pog HeTafAnTig
1 GLVAPTNONG LLE TOVE TPOGOOKOLEVOLS TOTOVG GTO GTIELO TTOL AWTA TO constructs ¥PNGILOTOIOHVTOL
o€ £va TPOYPAULO, TPOKELEVOD VA SLOTIOTOCEL AV VILAPYOVY OGVUPOVIEG TOTOV.

[Ipoxepévou va eEaderpOel n avérykn yia T XEPOVIKTIKE ONAMGN TOV TOTTMV TUNUAT®V ded0UEVEOV
G€ EVOL TPOYPULLLLOL, AVATTOYONKOY GUGTHLOTO TOTWV LLE AV TOLOTO CUUTEPUGLO TUTMV, OTTME OVTO TMV
Hindley-Milner (] aAAicd¢ Dammas-Milner), pe v yAdcoca ML va givot n tpdtn mov vAomoinoe éva
T£T010 GUGTN 0.

H mpocéyyion tov cvompdtov tonov eivar va cucyetiCovv tomovg pe mpoypappota. Ot Tomot
TEPLYPAPOLY TO €100¢ TV 0ed0UEVOV Ta omoin peTayepileTor To Tpdypappa. O GVoYETIOUOG AVTOS
yivetol péc® EVOC GUVOLOL KAVOVMOV GUUTEPAUCLOV, LE fAom Tr cVVTAEN TOL TPOYPAULOTOS, KAVOVTOG
yPNOM EVOC TEPPAAAOVTOG TOTWV, TO OTTOL0 OVTIGTOLYEL TIG EAEVDEPEC LETAPANTEG EVOG TPOYPAILOTOC
e Tovg TOmoLg Tovg. H avtiotoiynon avth ekepdleton pe pa oyéon tov tomov I'| — e : 7, dmov:

o [ givar 10 mepipaAiov TOm®V
e e glval to TPOypappo vd eEETaom

e 7T givol 0 TOTTOG TOL TPOYPAUUATOS €, SEQOUEVMV TMV ~TEPLOPIGUMY” TOV TIDEVTOL GYETIKG [E
TIc eElevBepeg petafAntég mov epeaviloviotl 6To oo Tov e omd 1o Tepiaiiov I’

O1 TPOKANGELS TOV GYESIAGOD EVOG GLUGTILOTOS GUUTEPAGLLOD TOTMV EVAL:
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e To chomua THTOV va gival onpacioloyucd opfod

e To ovotnpo tHnOV va gival OTOEAVOLIO, TO 0oi0 onpaivel 0Tl TPEmeL va gival duvatog o
oYEdOUOG EVOC alyopiBLov o omoiog va TeppratTilel Kot va EAEYYEL TIG 1O1OTITEC TOV GLUGTILLOTOG

3.2 XvoTHUOTO TOTOV NE ETIKETES

Mo TpoGEYYIoN Y10 TV EXEKTACT TNG EKPPACTIKOTNTAG EVOC GLOTHHATOC TOTWV Elval 1 TPOoHNKN
ETIKETMV GTOVG TOTTOVG L€ OMOTEAEGLO. TNV TOPOUETPOTOINGT TOVG. ZTOYOG AVTHG TNG EMEKTACTG Eva
TO VO KOTOOTEL EPIKTO VO GUVOAO GTATIKMY OVOAVCEMY, OTTMG:

o Avdivor ypdvov deGIATOG, KOTO TNV 0TTOi0 TPOSTOOOVE VO TPOAYLOTOTOT GOV LE H10 S1AKPLO
avapecso o€ avTd Oe00UEVO TMV OTOIMY 1) TN €lval YVOOTN KATO TO YPOVO HETAYADTTIONG
(oTatiKd), Kot 6€ VT TO OO0 OTOKTOVY TN KOTOL TNV EKTEAECT] TOV TPOYPAUUATOS (SUVOULKE).
Av100 TOV TOTOV N AvdAVoT amoTeLEl TN PACT TNG LEPIKNG OTOTIUNGONG TOL TPAYLLOTOTOLOVY
HETAYADTTIOTES

e Avdlvon ypnoewv, Katd v onoio 0EAovue va pdbove TOGEG POPES YPNOILOTOLEITOL 1] TIUN
LG EKPPOOTG 0TN OLAPKELD TNG EKTEAECTG EVOG TPOYPALUATOS. AV amo@ovOodLE OTL O yiveTan
TOTE YPNOT LLOG TIUNG, O LETAYAMTTIOTNG O€ Ypetdleton vo mapdéel kddka yio avthyv. Eniong,
oV 0L TUUN (P OLUOTOIELTAL LOVO Lol OPE, 1) LETAPANT TTOL TNV TTEPIEXEL UTOPEL VO GLAAEYET
OO TOV GLAAEKTY] GKOVTLOLOV TOL TEPPAALOVTOG EKTEAEONC AUECHS LETA T YPNON TNG.

e Avdlvon pong eléyyov, Katd tnv omoia tpoonabolye, GuVHBWOC GE YADCGCEG e CLVOPTNONG
VYNAGTEPNG TAENC, VO GUUTEPAVOVLE TTO1EG GUVAPTNOELS Eivan TBAvol amodEKTES” oG KA oG
o€ £va TPOYPOLLLE, ONANOT TOLEG GLVAPTNOELS €ival TBAVO Vo AmoKTAGOVY TOV EAEYYO €VOG
TPOYPALUATOG (TO OToio dev gival TAVIA EUEOVEG GE YADCGCES TETOLOV TOTOL and TOV TNYaio
KOOWKE TOVG).

3.3 XvoTHUHOTO TOTOV KOl ETOPAGEMY

O 616Y0¢ TN TPOSHN KNG TANPOPOPIOS EMOPAGEDY GTA KAOUGGIKE GUGTHUATO TOTWV ELVOLT) ETEKTACT)
TOVG DOTE VL EKPPALOVY EMTAEOV 1LOTITEG TTOL TPOKVILTOVV OTO TOLG G LLUGLOAOYIKOVG KAVOVES EVOG
TPOYPAULOTOC.

To cvotipate THTOV Kol EMOPACEDY ATOTEAODV OVGLUCTIKG L0 TAPOAANYT] TOV GUGTILATOV
TOTOV E ETIKETEG GTO OTTOL0, AVOPEPOMKAE TAPATAV®, OAAG LE Ui SLOPOPA: Ol ETIKETEG GE QT TOL
GLGTALATO TOTTOV TEPIEXOVY TANPOPOPIO, CYETIKA LLE TIV CUUTEPLPOPE TOV TPOYPAULOTOC KUTA TOV
YPOVO OTOTIUNONG KoL EKTELEGT|G TOV.

Ye éva GVOTNUO, TOTOV Kol ETOPACENDY, 1 AVTIOTOLYLON EVOC TPOYPAULATOS LE £VOV TOTO KOl [0l
enidpaon yphoetoar og I'| — e : 7; ¢, mov onpaivel 6Tt 610 TEPPaArov I', to mpdypappa e gppaviCel
L ETLOPOOT @, KOt €V TEAEL EMOTPEPEL LU0l T TOTOV T
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Keoaiaro 4

Tomor Xvveoplog

1o, dikTva, pio cuvedpia elvar pio AOYIKN ovIOTNTA AVIOAAAYNG TANPOEOPLOV LETOED dVO N
TEPIEGOTEP®V TTPOKTOPV. O KVPLOg GKOTTOG piag cuvedpiag gival to va eykabidpicel To OEpa g
EMKOWVMVING, 0AAN KOl TO TTEPLEYOUEVO KoLl TNV KATEHOLVOT TOV UNVUUATOV TOV AVIOAAGGOVY Ol
TPAKTOPES TNG EMKOVOVING.

Y10, [] égovpe TOVG TPDOTOVE POPUAAMGHOVE TNE EMKOWVOVING TOPAAANA®MY JEPYUTIDV GE OPOVG
€VOC KAUGGIKOD GLUGTILOTOG TUTIMV.

3710 [] éyovpe pia TP®TN OTOTEPO POPUAAICLOD TNG EMKOWVOVING TUPAANA®Y SIEPYOCIDV, LE
NV EI00YOYN TOV OEUEMDIGV AEITOVPYLDV EMKOWVOVING:

o klz, dnAadn amooTtoAn oG TIUnAGg  HEC® TOV KAvVaALoD k.
o k7x, OnAad ANy LG TIUAG & LECH TOVL KOVAALOD k.

To kovah emkovmviag k dnpiovpyeitol pntd amd Tovug 00 TPAKTOPES [LE PACT LU0 KOWVAOC 0T0dEKTN
BVpa otV apyn TG EXKOWVMVING, UE YPNoT 600 GAL®V BEpeEM®ODY AEITOVPYIDV

e request(a, k), mov amotehel éva aitnua eykafidpoong evog kavollol enkovoviag k pEcw g
Bvpag a.

e accept(a, k), mov amotedel amodoyn evog aitna ykadidpuong evog Kavailov enkovoviag k
puéom g Bvpoag a.

"Exovpie emiong v e1cay@yn g £vvolog evog typed kKavoAlol entkotvaviag, onAadn tnyv amddoon
€vOG THTOV GTO KOVAM EMIKOWV®VIOG e BACT) TOVG TOTOVG TWV OEOOUEVMV TOV OVTOAAACCOVTOL LECH
ovTov, Kol TNV Kotevbuvor e TV omoia avTd ’péovy” HEG® TOV KUVOALOD.

Av1d TpoKTIKA onpaivel 0Tt éva KavdAl emkotvaviog propel va €xel Tov TOTO

a1 int | int
mov onuaivel 6Tt i diepyacio wov yproonotei T BOpa a yio va emtkovovel Ha:

e oteidel pa Ty Tomov akepaiov (int), o omoio cvuPoiiletan pe T, Kot akolovbwg Oa

e Adfet puo Ty TOmov akepaiov, To onoio cvpPoAileTon pe |

EmaxdéAovbo tov typing evOG KAVOALOD ETKOVOVING, EIVOL 0 OPIGHOC TOV CPUAUATMV ETIKOVOVIOG,
7ov Swywpilovtal og Gueca oPAAuATa, SNAAOT CEAAUATO OUOLN UE AVTH KAUCGIKOV GUGTNUATOV
TOTWV OOV £YOVLLE EPOPLLOYT TEAEGTOV GE TEAEGTAIOVG AAOOC TOT®V, Kol TPOPANUATO AGLUPBATOTNTOC
TOV OTOEIMODV TPAEEDY ETIKOVMVIOG TOV TPOYUOTOTOIOVV 0VO, TACH GTIYUT Ol 000 TPAKTOPES.
Av16 10 €160 TpoPANpaTog eppavileTarl OTav ol TpdEelg avTéc dev lvarl cuUTANp®pATIKES. ALloonpeimTo
€0 eivar 6t 01 Takeuchi et al. dev aoyolovVTOL LE TN GUUAANPOUATIKOTNTO OG TPOG TOV THTO TMV
dedopévov mov avtorldocoviol (dnAadn| o depyacio vo oTéAvEL Evov aKEPALo Kal 1 dlepyacio
LE TNV 0ol EMKOIVOVEL VO TEPIUEVEL EVOV 0KEPALO), OALL LOVO MG TTPOG TO €100G TG TPAENS (Ha
dtepyacio va otédvel, evd 1 GAAN TepIEveL va AGPeL ta T omd To KOvOAL).

O 110 TPOGPATOC POPUAAMGUOG TV THTMOV GLVESPLDV KAVEL SIAY®PIGUO AVAUESH OE Lo KAOOAMKT
KOl U0 TOTKN TTEPLypaen g emkovavioc. 1o [] avaivovtar dvo dAyePpeg Paciouéveg oe pia
EMEKTOOT TNG T-GAYEPPOC KAl TV TOTWOV CLUVEIPLDV:
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e H mpd givar n dAyePpa mov amoterel T0 QOPUAAIGHO TNG KOBOAIKNG TEPYPOPNC. ZE VTV
UTopEl va TEPLYPOPEL 1] GAANAETIOPACT] TOV TPUKTOPMVY TNG EMKOWVOVING GE VOl APTPNUEVO
eminedo, povo cav pio oAiniovyio and evépyelec petal&d cuppeTeEYOVIOV

e H debtepn gival 0 popLoAoIOG TNG TOTIKNG TEPLYPAPNS. ZE AVTNV TEPTYPAPETAL 1] EXKOVOVIDL
oo TN OKOTLA EVOG GUUUETEXOVTO GTIV ETKOWVAVia, (EVOG TPAKTOPO,)

O1 800 dhyePpeg cvvdéovtar peta&d Tovg Ue o oxéon TpoPoing, n omoia pe Paon v kaborkm
TEPLYPOPT TNG EMKOWVOVIAG (TN YOPEOYPUPiD), TAPAYEL TNV TEPLYPAPT] TOV AVTIGTOLYEL OTO SLAPOPA
endpoints ovtNic.
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Kepararo 5

"Eva 6TtaT1K0 ovotn o TOTeV ovvedpiog e Erlang

Ot tomot cuvedpiog eivat Evag amd Tovg POPUUAMGHODE TTOV €xovV TPoTadel Yoo TV dOUNnoT Kot
™V avaAvon g oAANAETidpaog LETOED dlEPYACLDV.

5.1 To cvotnua OOV

To annotations OV ATOTEAOVV TNV EMEKTACT] TOV VIAPYOVTOG GLGTHLOTOG TOTTWV TG Erlang pe
TIG EMOPACELS £YOVV OG EENG:

sestype 1= monosestype
| sestype

monosestype = (datatypes,...,datatype,) —
datatype; ¢

%]

sesaction. ¢

po. ¢

(no.¢).¢

datatype; ' datatype

datatyper; ? datatypes

& < datatypey; ¢1, ..., datatypen; ¢n >
@ < datatyper; ¢1, ..., datatypen; dn >
o

¢

sesaction

pid|process]
Type
sestype

self

datatype

process

| PE,P | SE,o

O tomog T'ype otov opiopod Tov datatype givar o Tomog evog Erlang term, 0nmg owtd meptypdpetan
oto Erlang TypeSpec.

Q¢ ¢ opilovpe v enidpaon pag Ekppaong e o€ Erlang.

Ta mepifdiiovta TOT®V pog ivot To eENg:

e DFE 10 mepifdrhov tov Levydv (z,t), 0mov x £éva Erlang Term, kot ¢ o THmog T0L

e PE 10 nepipdAdrov twv Levydv (n, p), 6mov n 10 dvopa evog process, OTmg avtd GuvavTaTol
GTO TPOYPOLLLE, KAl P 1) O1e00vVeT ¥pOVOL ekTELESTG TNG dlepyaciag.
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e SE 10 mepiddrov tov Cevydv (f, st) omov f to dvopo pag cuvaptnong, kot st 0 TOmog
ovvedplog ng.

Opilovpe o' = {DE, PE, SE} v tp1dda mov pog divet ta type schemes.
O1 kavoveG GUUTEPOGUOD THTTOV aKOAOLOOHV:

I' ey : pid[process|; ¢1 T F ea : datatype; po
I' ey les : datatype; do, ¢, PT¢*Sdatatype

(send)

I' ke : datatypee;nothing DE'; PE'; SE & S : datatype; ¢S(

- recvy)
I' F receivee — Send : datatype; 7datatypee, g

I' - e; : datatype.,;;nothing DE'; PE'; SE & S; : datatype;; ¢s,
I + receive e; — S;" €N end datatype?e{l"N}& <?datatype; . ¢1,. - .,
Tdatatypen . oN >

(offer)

Pref(d)éE{l”N}) = Pdatatype
I = S; : datatype;; ¢; | nothing

e} ;6{1"1\[}; D<P1,..., 0N >

(choice_case)

I' Fcaseeofp; — S; end : datatype

I' F Expr : datatype.; sesaction I' = ExprSequence : datatype; ¢

- (sequencing)
I' b Expr, ExprSequence : datatype; sesaction, ¢

O koavovag send TepLypapel TNV EXIOPOCT HUIOG 0T0GTOANG UNvopatog. Kabhe tpdta amotipumvron
OLTIHEG TMV €3 Kal €1, Ol EMIPATELS TOVS Ba TapatnpnBovvV TpdTES. O TOTOC TOV APIGTEPOV TEAEGTAIOV
™G EKQPOOTC ATOGTOANG TPEMEL TAVTA Vo givor 1) dtevBvvon pog diepyaciog. O THTOG Tov PNVOUATOG
umopet vo ivarl omolosdnmote £€ykvpog Tumog dedouévav evog Erlang term. 1o téAog, mopatnpeiton
KO 1] EXOPACT] TNG OTOGTOANG TOV UNVOHOTOG €3.

O kavovag recv meptypdeel TV emidpaot Hiog Ayme unvopoToc, otav pia dlepyosio ’akovet”
UOVO Yo Uy LT EVOG CLYKEKPLUEVOL TOTOL datatype.. e Erlang, to pattern Tov unvOopatog mpénet
va givat éva amho term, pe amotédeoua moté va, unv etvon effectful, eov ko n enidpaot| tov (nothing).
Katd v anotiunon tov cdpotog tov receive clause, ypnoponowovpe to nepipdirovl” = {DE’, PE', SE},
omov to. DE’ xau P E' npoxdmrovy and to. D E kou P E npocOitoviag Tuydv petoffAntég mov mepiéyoviat
070 receive pattern.

O xavéovag of fer meprypdoel TNV enidpaom piog AYng UVORATOC, 6Tav pio Slepyacio akover”
Yo UNVOLOTO S1opopeTiKaY popemv. Kat edm ta patterns givon effectless.

O kavovag choice_case TePYPAPEL TNV EXIOPOOT] IO EKPPOACTG TOV TPOKAAEL S1AKAAO®GT) OTNV
EKTEAEDT], O€ TEPIMTOON TTOV Ta cdpoTa TV clauses givon effectful, kot o1 emdpdoelg Tovg Egxvodv
OAeg e éva send action.

O kavovag sequencing TEPLYPAPEL TNV EXLOPUCT EVOC GLVOAOD A0 EKPPAGELS, O1 OTTOIES ATOTILMVTOL
LE U0 YPOUUIKT GEPA. AVTOG gival 0 kavovag Pe BAcT TV 0moio CLUTEPAIVOVLLE TOVG THTTOVG Kot
TIG EMOPAUCELG CLVOPTICEWDV.

210 GUOTNUO TOTOV Kol EXOPACEDY OGS, Ol LOVEG EKPPACELG TOV £XOVV KATOL0. ENidpaon givar
OLTT TNG OTOGTOANG UNvOpaTog (1), Kot avti) TG Aymg unvopatog (receive...end). Oheg o1 vmOLOTES
Erlang sxepdoeig eivon effectless.
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Server ! {num 1, self(), 17},
Server ! {num 2, self(), rand:uniform(100)},
receive
{num sum, Server, X} —> X
end.
recursive_client(Server, 0) —> ok;
recursive client(Server, N) —>
Server ! {foo, self(), N},
recursive client(Server, N — 1).
13 foo () —>
receive
{foo, P, 42} —
receive
{foo, P, 17} —>
P ! {foo, self(), 42 + 17},
foo ()
end
end.
3 bar (Foo) —>
Foo ! {foo, self(), 42},
Foo ! {foo, self(), 17},
receive
{foo, Foo, X} —
Foo ! {foo, self(), 42},
Foo ! {foo, self(), 17},

5.2 Ylomoinon

5.2.1 Tuqpora

KaBoAn m dibpkela avtig g evOTnNTaS, ol Yp1GIULOTOI0VUE TO ATAS TPOYPOLLLLO TOV QAIVETOL
610 oynua 5.1 og Bdon yia va eENyRoovpE T AELITOVPYIN TOV GUGTHUOTOC LLOC.

Listing 5.1: AnA6 mapdderypo

spawn (fun () —> server() end),

run() —>
ProcServer =
Foo = spawn(fun() — foo() end),
Biz = spawn(fun() —> biz() end),

spawn( fun () —>
spawn( fun () —>
spawn (fun () —>
spawn ( fun () —>

server () —>
receive
{num 1,
receive
{num 2,
Proc

baz(Biz) end),
bar(Foo) end),
simple client(ProcServer) end),
recursive client(ProcServer,

Proc, X} —>

Proc, Y} —

! {num sum,

server ()

end ;
{foo,
end .

simple client(Server) —>

Proc, X} —> server ()

rand :uniform (100)) end).

self (), X +Y + 42},
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receive
{foo, Foo, X} —> X + 42
end
end .

baz(Biz) —>

Biz ! {foo, self(), 42},
Biz ! {bar, self(), 17},

baz(Biz).
biz () —>
receive
{foo, Pid, X} —>
receive
{bar, Pid, Y} —
receive
{foo, Pid, X} — biz ()
end
end
end .

Listing 5.1: AnA6 mapddetypo

To cvotTnud pog arotedeiton omd Ta €EMG EMPUEPOVES KOUUATLOL:

To KopUdTL TOV GUUTEPAGHOD TOV TUT®V CLUVESPLDV TOV TPOYPAUUOTOS TOV OEXOLUACTE MG
glcodo

To KOpWATL TOV EAEYYXOV TV TOTOV TOV GUUTEPAVE TO GUGTN LA LLOG LLE TOVG TOTTOVG TOV TOPEYOVTOL
a0 TOV YPNOTN MG 0 “TPOSLUYEYPAUUEVOS” TOTOG GLUVEDPLOG EVOG TUMLOTOG TOV TPOYPELUIOTOG

To KOpUPATL TG GVYKPIONG TV TOTMV VO GUVOPTHOEMV TPOKELUEVOL VO, S1omcTmOEL av amoTelovy
T, ’aKpa”’ VOGS TPOTOKOAAOD EMKOVOVIOG

‘OLoL o TPOYPALLOLTO TTOV TAPEXOVTOL TPOS OVAAVGT| "TEPVAVE” Ao TO TPdTO Koppdtt. To devtepo

KOl TO TPito evepyomolovvtal e Pdon v eicodo Tov ypnot.

5.2.2 Zvumepaopog Tomov Zovedprav

Onwg &ovpe avaeépet kot mponyovuévac,  Erlang sival pio Yadooa pe duvapukovg tomovg,

TPAYLLO TO OO0 GTLLOIVEL OTL HEV VTLAPYOVY TANPOPOPIES TOTMV Y10 TO, SEGOUEVA EVOC TTPOYPAUUATOS
KATA TO YPOVO LETAYADTTIONG.

210 KeEPAAOLO 4 €ldaple OTL GTOVG TOTOVG cLVEdPIaG, Eva BepeldOeg KOUUATL TG avaAlvong ivat
1N YVOOT TOV TOUIOV SESOUEVOV TOV TEPLEYOVTOL GTO UNVOUOTO TOV aVTOAAGCcGOVTOL PETOED TV
EMKOWVMVOVOHDV JIEPYOUTIDV.

[pokeévouy vo aToKTGOVE AVTAY TNV TANPOPOPIN Y10, TOVS GKOTOVG TNG O1KNG HOG OVAAVGOTG,
a&lomotovpe tov Dialyzer. Me autdv 1oV TpOTO, 0 GUUTEPAGLOC TOTWV GVVESPLOG TOL GUGTHUATOG LLOG
TpaypatonoEital og 600 QACELG:
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nwepBdArov I' pe TG avtioToynoelg LeTafANTdV e TOHTOVC.
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5

INo o avédoon tov tpdmTov e Tov omoio dovdedel o Dialyzer, o avayvOOTNG TAPATEUTETOL GTA
(1.

Xpnoyomolovpe e €kdoor tov Dialyzer Baciopévn og avtyv mov mepi€yetar oty €kdoon 19.0
tov Erlang/OTP, eha@p®dG TpOTOTOMUEVT] Y10 TOVG CKOTOVG oG, MOTE Vo, dloTnpel TRV TAnpopopia
7oV oyeTileTat e Tovg TOTOVG dedOUEVOV TV emuépovg Erlang terms kafOAn T didpketo TG avaAvong,
Kol akoAoVO®E va T PETASIOEL 6TO CVUGTNIE [LOC.

Mo orokinpwBei n avdivon tov Tpoypdupotog amod tov Dialyzer, tpéyovpe T o1K1 LG ONUAGIOAOYIKT
avaivon ndve oto Core Erlang AST tov kdbe module, amodidovtag og ke koppo Eva effect, pe fdon
TOVG KOVOVEC GUUTEPUGLOD TOV TEPTYPAPNKOAY TOPATAV®.

O1 k\og1g ouvaptioemv Piprodnkng g Erlang, népav tov !(send), ivon effectless.

Katd v avédivon tov cuvapticeny evoc module, givatl moAd Thovo vo GuVavVTHCOVLE KANGELG
o€ GALEG, OPICUEVEG OO TOV YPNOTN, GLVOPTAGELS VIO Tov module (1] kot péoa og dAha modules
TOV TPOYPAULOTOC), VIO TIG OTOTIEG OLWOC OEV £YOVUE KO SLUBESIUN TV TAN PN TANPOPOPIL GYETIKA
LE TOV TOTO cvvedpiag Tovg, eite emedn Ba avoivbovv og peTémerta YPoviKn GTIYUn, €iTe EmedN Kot
exeiveg mepieiyov KANon o€ Kdmowo dAAN cuvapTnon.

Katd ™ @don tov cupmepacpod tommv, ot B€on g enidpaong TG KOAOVUEVNG GUVAPTNOTG
Balovpe pa tun placeholder, v {unavailable, { M odule, Function, Arity}}, 6mov Module to
module 6to omoio opileTorn kaAovuevn cuvaptnon, Function to 6vopa TG KAAOVUEVIG GUVAPTIONG,
kot Arity n TOAOTAOTTA OVTHG.

310 Téh0o¢ TG avdAivong Tov modules Tov TPOYPALLATOS, TPOUYUATOTOOVUE Eva iteration TAV®
o€ OAEG TIG OPLGUEVEC GUVOPTICELG, Kol KAVOVUE resolve OAES TG EMOPAGELC TTOL deV NTAV SL0OECES
Katd ) dibpketa avtig. Edd, resolution onpaivel n aviatdotaon tov placeholders {unavailable, { M odule, Frunct
e TO TANPEG session type NG KOAODUEVNS GUVAPTNONG GTO session type Tng KoAovoogs.

AVTOG glval Kot 0 AOYOS oL d€ LTOPOVLE VO S0 EIPIOTOVLE APLOPAine avadPOLUKEG GUVAPTIHCELC.

H mAnqpng avamtuén tov session type tng piog oto session type g aAAng Ba odnyovoe o€ éva undecidable
TPOPAN L.
INa to Tapdderypa tov oyAUaTog 5.1, T0 GOGTNUA oG CUUTEPAIVEL TOVG EENG TOTTOVG GUVESPLDOV:

Listing 5.2: Inferred session types

{server ,0} : "u (4). Of<any; ?(atom x {atom, pid, (atom x atom)} x number). ?(atom x {atom, pid, (atom x atom)} x number).
pid(1) !(atom x pid x number).rec(4).,any; ?(atom x {atom, pid, (atom x atom)} x number).rec(4).>."
{simple_client ,1} : ”pid(1) !(atom x pid x integer). pid(l) !(atom x pid x integer). ?(atom x pid x any).”
{recursive_client ,2} : ”u (1). pid(1) !(atom x pid x integer).rec(1).”
{foo,0} : "u (5). ?(atom x {atom, pid, (atom x atom)} x integer). ?(atom x {atom, pid, (atom x atom)} x integer).
pid(1) !(atom x pid x integer).rec(5).”
{bar,1} : ”pid(l) !(atom x pid x integer). pid(l) !(atom x pid x integer). ?(atom x pid x number).
pid(1) !(atom x pid x integer). pid(l) !(atom x pid x integer). ?(atom x any x number).”
{baz,1} : "u (2). pid(1) !(atom x pid x integer). pid(1) !(atom x pid x integer).rec(2).”
{biz,0} : "u (3). ?(atom x any x any). ?(atom x any x any). ?(atom x any x any).rec(3).”

Listing 5.2: Inferred session types

5.2.3 ’'Eleyyog og oyéon pe to specification

H Erlang mapéyet ) duvotdmta 61OV TPOoYPapIaTioT!] va TpocBécet annotations oto modules
TOV TPOYPUUUATOV TOV, TO 07010 Eivol S100EGIUA KATA TN PAGCT) TNG LETOYADTTIONG.

Ewdyovpe éva véo tétoto annotation, —sestype(). Ilapéyovpe 6ToV TPOYPOUUATIOTH £VOL GOVOAO
07t6 Macros, pLe BAcT) To 0Toio UTOPEl VoL TEPTYPAWEL TOV OVOLEVOUEVO THTTO GUVEIPLOG Y10l Lol GLVAPTN O,
omog paivetat oto oyfua 5.3. Ta annotations avtd avtiotoyodv oTig cuvaptioelg server /0, simple_client /1
Kot recursive_client /2 tov oyfuotog 5.1.

Listing 5.3: -sestype() annotation

—sestype ({{server, 0},
?f rec_tag(l, [?sa_offer_tag([{?dt_any_tag, [?sa_recv_tag(?dt_any_tag,

31



E ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
4 ?sa_recv_tag(?dt_any tag,

5 ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
6 ?sa_send_tag(l,

7 ?dt_tuple_tag ([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
8 ?sa_rec_tag(1)]},

9 {?dt_any_tag, [?sa_recv_tag(?dt_any_tag,

10 ?dt_tuple_tag ([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
11 ?sa_rec_tag(1)I}1)1)}).

13 —sestype ({{simple_client, 1},

14 [?sa_send_tag(1l, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),

15 ?sa_send_tag (1, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),

16 ?sa_recv_tag(?dt_integer_tag,

17 ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag]))]}).

19 —sestype({{recursive_client, 2},
20 ?2f rec_tag(l, [?sa_send_tag(l, ?dt_tuple tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])), ?sa_rec_tag(l)])}).

Listing 5.3: -sestype() annotation

[N kaOe TéTo10 annotation TOL £XE1 YPTCULOTONGEL O TPOYPOUUUUTIOTHS, TO EPYUAEIOD UG GVYKPIVEL
TOV TOTO GLVEDPIOG TOV GUUTEPAVE, UE AVTOV TOV TEPLYPAPETOL GTO annotation.

H ovykpion peta&d antdv Tomv THRmV cuvedplog Kol TV CUUTEPACUEVMV YIVETOL KATAVIADVOVTOG
éva-évo To, session actions Kot 0td TOug dVO TOTOVG, KOl EAEYYOVTOG:

e Ot ta actions mov weptypdpovv givar idia

e ‘O11 10 datatype tov user annotation yio. T0 GLYKEKPLUEVO action givan voTuTog Tov inferred
session type Tomov.

To dedTEPO KPITHPLO EIVOL OLTO TOV KAVEL TO CUGTNUA oG TANPES: TOTE e Bo amoppiyel Eva
oWOTO TPOYPULLLLOL.

Avayvopiloviog Toug TEPLopIooHS TOL UVTILETOTILOVIE GTO GUUTEPUGLO TV TOTWV SESOUEVOV,
TO VO, OTTOLTOVLLE Ol GUUTEPOCLEVOL TOTOL SEQOUEVMVY VO EIvail TAVTOTE aKPIPMG 1d101 Pe 0 TOVG TOV
Tpocdlopilel 0 ypnotg ota —sestype() annotations Oa 0dny00cE GE AMOPPLYN OPKETOV COCTOV
TPOYPAULAT®OV, AOY® mismatch.

Mo va Eemepdoovpe avtd 10 TPOPANLL, ETITPETOVIE GTOVE TOOVE OV TAPEYEL O YPNOTNG VOl
glvat TOLAGYLGTOV TOGO GLYKEKPIUEVOL (e TNV £vvola TOL subtyping) 6GO 01 TOTTOL TOV GUUTEPAIVEL
o Dialyzer. Av o mapeyopevoc tHmog dev gival LTOTHITOG TOL CLUTEPUCUEVOD, GNUELDOVOVLLLE EVOL EITOT
GTNV VAOTOINGT TOV TPOTOKOAAOV ETIKOVMVIOG.

I nopadetypo, oto npdTo clause g simple_send/3, av o ypnotg eiye ddoet

Listing 5.4: -sestype() annotation

—sestype ({{server, 0},
2 ?2f rec_tag(l, [?sa_offer_tag([{?dt_any_tag, [?sa_recv_tag(?dt_any_tag,
?dt_tuple_tag ([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),

Listing 5.4: -sestype() annotation

0 é\eyyoc Ba glye amotiyeL, KOBMG TO any anotelel TOV LLEPTUTTO OA®V TV TOTTOV HEGOUEVAV TNG
Erlang.
To type lattice diveran oto oyfua 5.X.

5.2.4 ’"Eleyyog peers

[Tépav tov —sestype(), elcdyovpe Kot GAAO £va annotation: —peers(). Xpnoponoldvag oo,
0 TPOYPOUUATIOTNG UTOPEL VO VTTOOEIEEL GTO GVOTNUA oG TG TPEMEL VO EAEYEEL OTL OO GUVAPTHCELS
OTOTEAOVV Ta HVO AKPO. EVOG TPMTOKOAAOL EMKOVOVING. Avtd onpaivel 6tL Tpémetl vo eheyybel av ot
TOTTOL TOVG EIVOAL GUUTATPOLOTIKOL.

Avo cuvapTAGELG Eivol communication peers ov, KATavoADVOVTOG TOVG TOTOVG TOVG £va-£va action,
ké0e Levyog amd avtd £ivol GUUTANP®UOATIKO, Kot EAV KATO10G TUTOG £€avTtAnOel mpdwpa, 0 TOTOG TG
GAANG cLVAPTNONG LEVEL OE Lo KaTAoToon 1 ortoia pmopel va OempnBei teppatikn.
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O AkyépiOpog MovteAOTOI0VUE TOVG TOTOVG GLVESPLOV TNG kdbe cuvaptnong g éva (TBavVaOS
KukAK0) katevbuvopevo ypapnua G(V, E). Kabe kopuen oto V' avomapiotd £va action. Mo akpn
€ o TNV KOPLON U TNV KOPLEN v OTHaivel OTL TO action TOL TEPLYPAPETAL Ao T ¥ AKOAOLOEL QLTO
OV TTEPLYPAPETOL OO TN U GTOV TOTO GLVESPLAG TNG GLVAPTNONG.

Algorithm: Session Type Matching

input: graph G;, graph Ga

1

2 output: list of successful routes

3 begin

4 S = { {root(Gy), root(Gz)}}

5 res = []

6 while S not empty:

7 Pair = S.pop()

8 if complementary(Pair):

9 if next(Pair[G;]) is empty:

10 if next(Pair[G2]) is empty:

1 res.push(current route)

12 else:

13 if valid(recursive criteria (Pair[Gz2])):

14 res.push(current route)

15 else:

16 if next(Pair[G2]) is empty:

17 if valid(recursive criteria(Pair[G1])):

18 res.push(current route)

19 else:

20 if valid(recursive criteria(Pair[G;])) and
21 valid(recursive criteria(Pair[G2])):

2 res.push(current route)

23 else:

24 foreach v in recursive criteria(Pair[G1]):
25 foreach u in recursive criteria(Pair[Gs]):
26 S.push({u, v})

27

28 return res

29 end

Algorithm: Session Type Matching

To cvvoiro avalptnong.S eivat o ovpd amd (evyapia KOpLE®V, TOV 0TOi®V Ta actions Tpocmadove
va ehéyEov e oG TPOG T cVUTANpopaTIKOTHTO. Kpotdie To povomdtt To omoio pag 0d1ynoe 6to kdbe
Cevydpt KopLE®OV, TOGO MG TPOG TO OO TOLEG KOPVPEG TEPAGULE, OGO Kol OG TPOG TOV TOTO GLUVEIPLOG
Le Tov omoio “pTdoape” oTa TapoOVTa actions.

O aAyop1Budc pog Eexva pe to va mpocBétel ta (evydpia Tov Kopue®dVv-piidv Tov KABE Ypop1LoTog
670 oOvoro avalnmong S, 6nwg eaivetal ot ypouun 4 tov mapoarave adyopifuov. Kabe ypaenuo
UTOPEL VOl EYEL TEPIGGOTEPOVS TOV EVOG PYIKOVS KOUPBOVE, GE TEPUTTOCELG OOV TO TPMTO action sivat
éva choice | éva of fer.

Yvveyiler pe to va Pyalet amd v ovpd 10 TPp®TO (ELYAPL KOPLPDV, KOl VO GVYKPIVEL TO, actions
OV AVOTOPLETOVV. AV T0 actions Tovg dev £ival GUUTANPOUOTIKE, TOTE Bempov e OTL TO TAPOV LOVOTATL
amoteAet Eva pn emttuyéc match, Kot Tpoympdape oto endpevo (Hyog KOpuemV.

Av to actions Tovg €ival GUUTANPOUATIKE, EAEYXOVUE TO GUVOAO TOV EE®-YELTOVOV TNG KAOE
KopvenG. Edv kat to 800 glval ddela, TOTE KATOVAAMDGOLLE TANPOE KOL TOVS dVDO TOTOVGE, KO LTOPOVLLE
VO KPOT|COV|LE TO HLOVOTATL TOV 0KOAOVONOUUE GTO GUVOLO TOV £YKVP®YV OKOAOVOIDV.

Edév omotodnmote amd ta dvo chvora dev glvar GO0, EAEYYOVIE TO 100G TV EE®-YEITOVOV g
TOV aAyop1po:

Algorithm: Out-neighbour criteria
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NCNEVANS

input: graph G, vertex v

1

2 output: list of out—neighbours of v which are not
3 starts of recursive sequences

4 begin

5 res = []

6 min_depth = inf

7 foreach out—neighbour u of wv:

8 if u not (start of recursive sequence or

9 unvisited start of recursive sequence):
10 res.push(u)

1 else:

12 min_depth = min(min_depth, depth(uw))

13

14 if res == [] && min_depth == 1:

15 return {true, []}

16 else:

17 return {false , res}

18 end

Algorithm: Out-neighbour criteria

AvTog 0 alyop1Opog elEyEL OAOVG TOVG EEM-YEITOVES LLOG KOPVONG U, KO oG AEEL OV OAOL TOVG
OTTOTEAOVV TNV TPAOTN KOPLON HI0G 0VadPOIKIG akolovBiag, katl av val, To eAdyioto “Bdbog” g
avadpounc. Edd opilovpe d¢ 10 eminedo epupdrevong g avadpopkng akoiovdiog, kabog oe éva
session type UTOPOVLLE VO EYOVLLE OVOOPOIKES VITOAKOAOVDIEC.

INao mapddery o, 6Tov TOTO GLUVESPIOG

uo.pid(1) ! atom x integer.
pid(1) ! atom x sel f x integer.
(.7 atom x integer.¢).

g

1N KOPLE1 TOV aVTIGTOLKEL 6TV TPpDTN send Aettovpyia Exet PdOog 1, KabBag dev etvar epemAgLHEVT.
H receive hertovpyia evtog tng avadpopikig vrookoiovdiog éxetl fébdog 2.
Ot cuvOnKeg evog emTLYOVG TAPLAGLLATOG iva:

o Agv vrdpyovv dArol EEm-yeitoveg, ONANOT eEAVTANGULLE TO SVDO YPOPT|LLOLTOL
e ‘OlLot o1 éEm-yeitoveg glval apyIKEC KOPLPES AVASPOLKDY 0KOAOLOIDY Babovg 1.

Edv vrapyovv éEm-yeitoveg o1 omoiot gite dev givar apyIKEG KOPLPES OVASPOHIKDOV AKOAOLOIDV, EiTE
glvar apykég KopuPEG avadpouK®V aKkoAovbidv pe Bdbog peyodvtepo tov 1, N amotelodv Evav
GUVOVOAGHO Amd aPYIKEG KOl [T KOPUPEG AvadpOK®OVY akolovbidv Baboug 1, Tig onoieg dev Exovpe
emokePBel, TotE TpocsHETovpe OAa Ta (evydpla EEm-yerTdvmV 610 T€A0G TOL GuVOAOL avalnTnong,
TPOKELUEVOD VO TO EAEYEOVLE OTO UEAAOV.

AxoAiovBobv pepikd peer annotations yia 1o TpoOypoppa 5.1,

Listing 5.7: -sestype() annotation

—peers([{{server, 0}, []}, {{simple_client, 1}, []}]).
—peers ([{{server, 0}, []}, {{recursive_client, 2}, []}]).
—peers([{{foo, 0}, [1}, {{bar, 1}, [1}]).

—peers([{{biz, 0}, [1}, {{baz, 1}, [1}]).

Listing 5.7: -sestype() annotation
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Tyqpa S.1: server/0

v1: 7 atom x pid x integer

v0: 7 atom x pid{1) x integer

v2: 7 atom x pid(1} = integer

v3: pid(1} ! atom x self x integer

Ac avalvcovpe ta 600 tpmta (evydpilo annotations. To katevOLVOUEVA YPOPLOTO TOV TOTWOV
ovvedpiag Tov cvvaptioemv server /0, simple client/1 kou recursive_client/2 @oivoviol ot
oynpata 5.X g 5.Y.

Zv avadivon mov akolovbel, Ba avapePOLACTE GTIV KOPLPT| U TOV YPUPT|LLATOS TTOV OVTIGTOTYEL
ot ovvapon f/a og f/alv].

Apykd TpocmaboLLE VoL GUOYETICOVLLE TOVG TUTTOVG GuVEdpiag TV server /0 kat simple_client /1.
ZOpQva e ToV aAyOptBpo Tov TePLypaonKe TPLY, TO apyikd cOVoAo avalnTnong £xel og eéng:

S = {{server/0[vo], simple_client/1[vg|}, {server/0[vi], simple_client/1[vo]}}

BePOVLLE TO TPAOTO €K TV dVO {evydv. O EAeyY0C TG YPAUUNG 8 givat eMtTUYNC, KAODS Ta session
actions TOL AVOTOPIGTOVV Ol dVO KOPLPEG Eivarl cupmAnpopatikd. Kavéva ard ta 600 cuvoro Em-
yerwdvav dev givor Gdew: 0 chvoro out Y TNV Kopuen server/0[vy] givar {server/0[vs]}, evd
v v simpleclient /1[vg] givon to {simpleclient/1[v1]}. KaBdg OAeg 01 KOPLPEG TTOV AVAKOVY GE
oVTE TO GOVOAD OTOTLYXAVOUY GTOV EAEYYO TV YPappdV 20 Kot 21, TpocshETovpe To KOPTESLAVO TOVG
YWOUEVO GTO TELOG TOL GLVOAOV aval)TNONG, LLE ATOTEAEGUA VO, EXOVUE MG VEO GUVOAO avol)TNOTG
T0

S = {{server/0[vi], simple_client/1]vg|}, {server/0[va], simpleclient/1[v1]}}
Extelmvtag tov adydpiBpo yia yia to de0tepo (Hy0g KOPLOHOV TOV apyIKoL GLVOAOL avalnTnong,
KoL TOAL £XOVLE EMTVYIC TOV EAEYYOV TNG YPOUUNG 8 KaBMG Ta session actions givatl GUUTANPOUOTIKA.

Kot a kavéva amd 1o cOVOAR TOV EEM-YEITOVOV TV dV0 KOPLO®OV OeV ivat AOE10, 0TOTE KOTOAYOLLE
Vo TPOGOHETOVE TO KAPTEGLOVO YIVOLEVO TOV GLVOA®V OVTOV GTO GUVOAO avaliTnong, To omoio
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Yypa 5.2: simple_client/1

v0: pid(1} ! atom x self x integer

vi:pid(1)! atom = self x integer

v2: 7 atom x pid{1) x integer

onuaivel 6TL o€ AVTAY TN EAon avTd aroteheitar amd Ta €ENg Levyn KOPLEDOV:

S = {{server/0[va], simple_client/1[v1]},
{server /0]v1], simple_client/1[v1]}, (5.1)
{server/0[vy], simple_client/1]v1]}}

Exteddvtag to Bpoyo tov ypopupudv 6-26 tov aiyopifuov péxpt va e£0vtANGOLUE TO GUVOLO
avalitnong, Bpiokovpe dtt Tpdypatt ot cuvapmoels server /0 ko simple_client /1 amotehodv communication

peers, Kol T0 GUUTANPOUTIKA session sequences HeTadD Tovg givar to:

{server/0[vo], simple_client/1vo|}} —
— {server/0[vs], simple_client/1[v1]}} — (5.2)
— {server/0[vs], simple_client/1[va]}}

Kavéva sequence mov Eekvaet omd to Cevyapt {server/0[v1], simple_client/1[vo]} dev odnyet

0€ 1oL ETLTLYN oLVEdPiaL.
[poywpaye oty emkowvovia peta&d tov server /0 ko recursive_client /2. To apykd 6OVOAO

avalnnong eival to

S = {{server/0[v], recursive_client/2[vo]}, {server/0[vi], recursive_client/2[vo]}}

Kat ta 600 {evydpio amoteAodvTal amd COUTANPOUOTIKG LeTaED TOVE actions, 0TOTE AoV EYOVV
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Yyqpo 5.3: recursive_client/2

vO: pid(1) ! atom = self x integer

katavolmbel amd To cbvoro avalitnong, avto Ba €xel dtapopewdel mg e&ng:

S = {{server/0[va], recursive_client/2[vo]},
{server/0[v1], recursive_client/2]vo]}, (5.3)

{server/0[vy], recursive_client/2]vo]}}
E&avtAdvtog Kot TaAt To cuvoro avalntnong, PAEmovpe 6TL To {evydpt session actions
{server/0[v1], recursive_client/2[vo]}}

ko010t 11 server /0 kau recursive_client/2 communication peers.

Mpotoxkoira [Horraridv Toppeteyoviov O mopamdve oiyopiBpog Bempel 6tL vdpyovy povo
OV0 GUUETEYOVTEG GE KATOL0 GUVESPLQ. e TEPIMTOON TOL BEANLLE VO ETEKTEIVOVLE KO VOL YEVIKEDCOVLE
oV 0AYOP1B0 avTd MOTE VO SOVAEVEL Y10 TOAAATAOVG GUUUETEXOVTES, O EpYOLOGTOV OVTILETMOTOL
TOAD YP1YOpO LE TO TPOPAN LA TNG GLVILOCTIKNG £KpnéNg (combinatoric explosion).

Eav vroBécovpe 0TL TpocmafoiiLe Vo TGEKAPOVLE TV EMKOWV®ViR LETAED N dlEPYUCIDV, TOTE GE
KkaOe Prpa Bo Empene vo Bewpovpe Emg Kot (g) Cevydpro. Kt tét010, v koL apyod, icmg va gival
EPIKTO HOVO Y10 IKPEG TIES TOV M, KOL Y10 GYETIKA GOVTOHOVS KO 0TAOVG TUTTOVG GLVESPLAOV.

5.3 Iopdostypa viomoions: Arithmetic Server

2V mopovca evOTNTA, TOPOVCLAlovpE £va KAUGGIKO TAPASELYLO GTNV OVAALGT GUGTILATOV
TOTOV cLvEdPLOY. To Tapddetypa avTd OmOTEAEL Lo VAOTOINGT TOV ovadpopkov arithmetic server
IOV TPWOTOTEPLYPAPNKE GTO [], He pia drapopd: Exovpe eEalelyel T €vvola TOL “KOvOAoL” HECH
TOV 0moiov évag client amocTéELEL GTOV SIOKOULOTN TO O{TNILA TOV, KO TO OTTO10 OMLIOVPYEITOL KOTA TO
aitnua.

To mpodypappa Tov vAomotel Tov arithmetic server, kabmg kat clients mov attovvtal Tpacelg amd
avTtov, £xel g eENG:

Listing 5.8: Arithmetic Server Implementation

run () —>
Server = spawn(fun server/0),
process_flag(trap_exit, true),
spawn_link (fun() —> sum_client(Server, rand:uniform(10)) end),
spawn_link (fun() — neg_client(Server, rand:uniform(10)) end),

spawn_link (fun() —> sqrt_client(Server, rand:uniform(10)) end),
await_termination(Server, 3).
await_termination(Server, 0) —> Server ! {quit, self()}, ok;
await_termination(Server, N) —>
receive
{’EXIT’, _, _} —> await_termination(Server, N — 1)
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end .

server () —>
receive
{sum, Pid} —>
receive
{sum_ol, Pid, Opandl} —>
receive
{sum_o2, Pid, Opand2} —>
Pid ! {res, self(), Opandl + Opand2},
server ()
end
end;
{neg, Pid} —>
receive
{neg_o, Pid, Opand} —
Pid ! {res, self(), — Opand},
server ()
end;
{sqrt, Pid} —
receive
{sqrt_o, Pid, Opand} —>
Pid ! {res, self(), math:sqrt(Opand)},
server ()
end;
{quit, _} —>
exit(normal)
end .

> —spec sum_client(pid(), non_neg_integer()) —> ok.

sum_client (_Server, 0) —> ok;
sum_client (Server, N) —>
Opl = rand:uniform(1000),
Op2 = rand:uniform(1000),
Server ! {sum, self()},
Server ! {sum_ol, self(), Opl},
Server ! {sum_ o2, self(), Op2},
receive
{res, Server, _Res} —>
io:format(”sum_client: Sent ~p and ~p, received ~p\n”, [Opl, Op2, _Res]),
sum_client(Server, N — 1)
end.

—spec neg_client(pid(), non_neg_integer()) —> ok.
neg_client(_Server, 0) — ok;
neg_client(Server, N) —>
Op = rand:uniform(1000),
Server ! {neg, self()},
Server ! {neg_ o, self(), Op},
receive
{res, Server, Res} —>
io:format(”neg_client: Sent ~p, received ~p\n”, [Op, Res]),
neg_client(Server, N— 1)
end .

sqrt_client(_Server, 0) —> ok;
sqrt_client(Server, N) —>
Op = rand:uniform (1000),
Server ! {sqrt, self()},
Server ! {sqrt_o, self(), Op},
receive
{res, Server, _Res} —
io:format(”sqrt_client: Sent ~p, received ~p\n”, [Op, _Res]),
sqrt_client(Server, N— 1)
end .

Listing 5.8: Arithmetic Server Implementation

Kat axoAovBovv T annotations Tpo¢ 10 cOGTNUA LAG, TOV TEPLYPAPOVY TO TPWOTOKOAAO TOL
TPENEL VoL akoAovBeita amd TV vAomoinon Hog.

Listing 5.9: Arithmetic Server Implementation

—sestype ({{server, 0},
?7f rec_tag(l, [?sa_offer_tag([{?dt_atom_tag, [?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([])),
?sa_recv_tag(?dt_integer_tag , ?dt_tuple_tag([])),
?sa_recv_tag(?dt_integer_tag , ?dt_tuple_tag([])),
?sa_send_tag(l, ?dt_tuple_tag([])), ?sa_rec_tag(1)]},
{?dt_atom_tag, [?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([])),
?sa_recv_tag(?dt_integer_tag , ?dt_tuple_tag([])),
?sa_send_tag(l, ?dt_tuple tag([])), ?sa_rec_tag(l)]},
{?dt_atom_tag, [?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([])),
?sa_recv_tag(?dt_integer_tag , ?dt_tuple tag([])),
?sa_send_tag(l, ?dt_tuple_tag([])), ?sa_rec_tag(l
_recv_tag(?dt_atom_tag, ?dt_tuple_tag([]))]1}1])

)1}
{?dt_atom_tag, [?s D).
—sestype ({{sum_client, 2},
?f _rec_tag(l, [?sa_send_tag(l, ?dt_tuple_tag([])), ?sa_send_tag(l, ?dt_tuple_tag([])),
?sa_send_tag (1, ?dt_tuple_tag([])), ?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([])),
?sa_rec_tag(1)])}).
—sestype({{neg_client, 2},

?f _rec_tag(l, [?sa_send_tag(l, ?dt_tuple_tag([])), ?sa_send_tag(l, ?dt_tuple_tag([])),
?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([])), ?sa_rec_tag(l)])}).
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—sestype ({{sqrt_client, 2},
24 ?2f rec_tag(l, [?sa_send_tag(l, ?dt_tuple tag([])), ?sa_send_tag(l, ?dt_tuple_tag([])),
25 ?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([])), ?sa_rec_tag(l)])}).

Listing 5.9: Arithmetic Server Implementation
Ta contracts avtd pog Aéve to e&Ng:

e H ovvapton server/0 apyd mepyével va Adfet po todmia, 1 omoio anoteleiton and Eva
atom (10 omoio, OTS PoiveTal omd TOV KMOKA, TEPLYPAPEL TNV apdunTikny Tpdén mov o client
Béhe1 va exTeAETTEL EK LEPOVG TOL OO TOV Server), Kol éva pid, To 0010 AVTIGTOLYEl GTO process
tov client. To endpevo Pripa, aoy€tmg pe Ta mepieydpeva T ToOmAag mov Ba AdPet, Ba elvan
VoL TEPLUEVEL KOl TAM VoL AAPeL pa TovTAa, 1 ool amoteAeital amd éva atom, T0 pid TOL
éafe Kol 6TO TPONYOVUEVO UNVUNA, KOl Evay aptOpd, 6Tig 600 TEPITTOCELS OKEPAIOV TOTOV.
To enduevo Prpa e€aptdtar oo to path mov Exovpe SavOCEL MG TOPOL:

— Ymnapyel nepintwon o client va aiteita mpdén avTioTpoeig TPOocLov, oTdTE E0M O server
0o amooteilel pia amdvinomn oto pid tov client, 1 omoio amwoTELEITOL OO LU0 TOVTAQ TOV
mepE el €va atom, To pid TOV Server, Kot T0 AmOTEAEGHO TS TPAENS

— Av amd Vv GAAn o client arteiton ektédeon Tpaéng evpeong teTpaymvikig pilag, T0TE 0
server kot TdA1 Ba amooteilet pio tovmAa 6Tov client, 110V TOTOL e LTIV TNG TPOTYOVLEVNG
TEPIMTMOONG.

— Xg mepintmon mov To aitnpa eivat yio afpotor aplBumv, 10te o server Oa mepiuével Eval
axoun uivopa omo tov client, pe tov dgvtepo teAectaio g mpaéng. Molig AaPet ko
aVTOHV, B0l EMGTPEWYEL [LL0L TOVTTAN OVTIGTOLYN UE TIC TPOTYOVEVES 5VO.

Koat o115 Tpelg meptdoeLg, 1 eKTEAEST TOL server cvveyiletal Pe TNV avadpoLukyn KANon g
server /0.

e H ovvapmon sum_client /2 viomotei évav client o omoiog atteiton povo npaéeig dbpotong and
TOV server. XTEAVEL Tpio UNVOLLITO OTT GEPAQ, EK TOV 001V TO TPOTO TEPLEYEL Eva atomsum,
KoL TO pid TOV, KOl TO EMOLUEVO dVO TTEPLEXOLV £va atom, TO pid TOV KOl oo £VOV aKEPOLO, KOl
TePUEVEL va AAPeL Tiow (o ToOvTAa oV TEPLEYEL Eva. atom, GTNV TPOKEWEVT TO T'es, TO pid
TOV Server, Kol T0 amoTéEAEGH TNE TPAENG TOL authOnke. AKoAoVO®E, KaAEiTaL aVaSPOUIKE 1)
sum_client /2.

e H cvvapmon neg client/2 viomotei évav client mov arteiton cuvexds TPaEels oviloTpoPng
TPOGTLOV ATt TOV server. ATOGTEAEL GTIV apy1] £VO. VU0 TOV TEPLEXEL TO atomneg, aKoAOVBOVLEVO
amod to pid Tov negation client, Kot 6T GLVEYELO ATOGTELEL [LL0L TOOTTAO. TTOL TTEPLEYEL EVOL atom,

70 pid TOL, Kot TOoV aplBpd mov Ba tedécel ypén tedeotaion. AkolobOmG, TEPYEVEL ATAVTNOT
pe éva atom (10 res), 10 pid TOL server, Kol TO GMOTEAECUO TNG TPAENC, TPOTOV KOAEGEL
AVOOPOUIKA TOV E0VTO TNG.

e H ouvaptmon sqrt_client /2 copunepipépeton pe axpipag tov idlo tpdmo onwgn neg client /2,
L T S1opopd OTL 0mocTéAEL £va, atomsqrt avTi yio neg 6To TPMTO TNG UAVULLOL.

>t oynuata 6.1 £0¢ 6.4 eoivovtol ol TOTTOL GVVESPING TMV TOPATAVE® GUVOPTNCEWDY, GE LOPON
YPAPTHLATOG.

AvoAdovTag TNV LAOTOINGT oUTH LE TO GUCTNUG LOG, TOIPVOVUE OPYLIKG TOVE CUUTEPUCUEVOVG
TOTOVG SlEPYOCIDV TOV GLUVOPTIGEWDY TOV OTOTEAOVV TO TPOYPOLLLLOL:

Listing 5.10: Inferred Session Types of Arithmetic Server

I {server,0} : ”u (4). Of<any; ?(atom x {atom, pid, (atom x atom)}).

2 ?(atom x {atom, pid, (atom x atom)} X number).
3 ?(atom x {atom, pid, (atom x atom)} X number).
4 pid(1) !(atom x pid x number).rec(4).,any;
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Tyqpa 5.4: server/0

w3: ? atom x pidi1) x inleger wB: 7 atom x pid(1) x number vB: ? atom x pidi1) x inleger

v8: pid{1) ! atom x self x number

w7 pid(1) | atom x self x number

w4: ? atom x pid{1} x integer

¥5: pid(1) ! atom x self x integer

?(atom x {atom, pid, (atom x atom)}).

?(atom x {atom, pid, (atom x atom)} X number).
pid (1) !(atom x pid x number).rec(4).,any;
?(atom x {atom, pid, (atom x atom)}).

?(atom x {atom, pid, (atom x atom)} x number).
pid (1) !(atom x pid x float).rec(4).,any;
?(atom x any).>."

{sum_client ,2} : ”u (3). pid(l) !(atom x pid).
pid(1) !(atom x pid x integer).
pid(1) !(atom x pid x integer).
?(atom x pid x any).rec(3).”

{neg_client ,2} : ”u (2). pid(1) !(atom x pid).
pid(1) !(atom x pid x integer).
?(atom x pid x any).rec(2).”
{sqrt_client ,2} : ”u (1). pid(1) !(atom x pid).
pid (1) !(atom x pid x integer).
?(atom x pid x any).rec(l).”

Listing 5.10: Inferred Session Types of Arithmetic Server

KaBdg dev epoaviotnike KAmTolo SOAALLN KATA T GUYKPLoT TOV TOTMV TOL TO GUGTN LA LLOC CUUTEPAVE
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Tyfqpa 5.5: sum_client/2

v0: pid(1) ! atom x self

v1: pid(1} ! atom x self x integer

¥2:

id(1) ! atom = self x integer

v3: 7 atom x pid(1) = integer

Yo Tig VAOTOMOEIoEG GUVAPTACELG HE TOVG TOMOVG OV TAPEIXE O YPHOTNG HES® TV —Ssestype()

annotations, dLOTIGTOVOVLE OTL OL GUVAPTNHGELC TPAYLOTL VAOTOLOVV TO EXOVUNTO TPOTOKOAAO.
Axorob0mg, Tpocmabolie va 0VUE av OVTOG UTOPEL VO S1OOPAUATIOTEL EMLTVYNG EXKOVOVID

avapeoa oto endpoints pog. Apyikd, xovpe Tov server pe tov client dOpowong, sum_client /2.

Listing 5.11: server/0 and sum_client/2

{server ,0} and {sum_client,2} are peers
The matching sequences are:
[{{recv ,any, {tuple , [atom, {union, [atom,pid, {tuple, [atom,atom]}]}]}},
{send, {other_proc ,1},{tuple,[atom,pid]}}},
{{recv ,any, {tuple, [atom, {union, [atom, pid, {tuple , [atom,h atom]} ]} ,number]}},
{send , {other_proc ,1},{tuple,[atom,pid,integer]}}},
{{recv ,any, {tuple, [atom, {union, [atom, pid, {tuple , [atom,hatom]} ]} ,number]}},
{send, {other_proc,1},{tuple, [atom, pid, integer]}}},
{{send, {other_proc,1},{tuple, [atom, pid ,number]}},
{recv ,any, {tuple, [atom,pid,any]}}}]

Listing 5.11: server/0 and sum_client/2
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Tyfqpa 5.6: neg_client/2

i pid(1) ! atom x self

v1: pid(1} ! atom x self = integer

v2: 7 atom x pid(1} x integer

Onwg Ba énpene, o cOoTNUG pog Ppiokel Eva TapAdely o EMITVYOVS EMKOVAOVING LETAED TMV
000 GLUVAPTHGE®V, TaPOLGIALOVTAS Hog To (EVYAPLO TOV SVIKAOV TPAEEDY EMKOVOVING.
To mpdypota yio tovg neg_client /2 xou sqrt_client /2 givon EAo@p®OS SL0POPETIKA.:

Listing 5.12: neg_client/2 and sqrt_client/2

{server ,0} and {neg_ client ,2} are peers
The matching sequences are:

[{{recv,
{send,
{{recv,
{send,
{{send,
{recv ,
[{{recv,
{send,
{{recv,
{send,
{{send,
{recv,

any , {tuple , [atom, {union, [atom, pid, {tuple , [atom ,atom]}]}]}},
{other_proc,1},{tuple, [atom,pid]}}},

any , {tuple , [atom, {union, [atom, pid, {tuple , [atom ,atom]}]} ,number]}},
{other_proc,1},{tuple, [atom,pid,integer]}}},
{other_proc,1},{tuple, [atom,pid, float]}},

any , {tuple , [atom, pid ,any]}}}]

any , {tuple , [atom, {union, [atom, pid, {tuple , [atom,atom]}]}]}},
{other_proc,1},{tuple, [atom,pid]}}},

any , {tuple , [atom, {union, [atom, pid, {tuple , [atom,atom]}]} ,number]}},
{other_proc ,1},{tuple,[atom,pid,integer]}}},

{other_proc ,1},{tuple,[atom, pid ,number]}},

any , {tuple , [atom, pid.,any]}}}]

{server ,0} and {sqrt_client ,2} are peers
The matching sequences are:

[{{recv,
{send,
{{recv
{send,
{{send,
{recv
[{{recv
{send,
{{recv,
{send,
{{send,

42

any , {tuple , [atom, {union, [atom, pid, {tuple , [atom ,atom]}]}]}},
{other_proc ,1}, {tuple, [atom, pid]}}},

,any , {tuple , [atom, {union , [atom, pid, {tuple , [atom ,atom]} ]|} ,number]}},

{other_proc ,1},{tuple, [atom, pid, integer]}}},
{other_proc,1},{tuple, [atom,pid, float]}},

,any , {tuple , [atom,pid,any]}}}]
,any, {tuple , [atom, {union , [atom, pid, {tuple , [atom ,atom]}]}]}},

{other_proc,1},{tuple, [atom,pid]}}},

any , {tuple , [atom, {union , [atom, pid, {tuple , [atom,atom]}]} ,number]}},
{other_proc,1},{tuple, [atom,pid,integer]}}},
{other_proc,1},{tuple, [atom,pid,number]}},
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Yyfqna 5.7: sqrt_client/2

w0 pid(1) ! atom x self

wi: pid(1} | atom x self = integer

v2: 7 atom x pid{1} x number

{recv ,any, {tuple, [atom, pid ,any]}}}]

Listing 5.12: neg_client/2 and sqrt_client/2

Haporo mov (cwotd) To cHoTNUE pog aropaiveton 6Tl Ta (evydpia TV 6vo clients pe Tov server
elvarl TPy LoLTL ETAPOL ETIKOVOVING, ECPAUAUEVA DTTOAOYILEL 5V0 EVOAAAKTIKA EMLTUYN ~OEVAPLY’ ETIKOIVAOVIOG
v KGBg évav amd Tovg dvo clients. Avtd opeidetal 6To YEYOVOG OTL KOTA TNV 0vaALOT] AapuPdvoupe
VEOYV HaG LOVO TOVG TUTOVG TMV GToLyElwV dedopévav, kat oyt Tig TG Tovg. Kabmg Ta povondrtia
EMKOVOVIOG Y10l TIC TEPUMTMOGELG TG OVIIGTPOPNG TPOGTUOV KOL TOV VTOAOYIGUOD TETPOYWOVIKNG
pilag eivar 0o 1660 WG TPog o PpaTa, OGO Kol GTOVG TOTOVG OEOOUEVAOV TOV UNVUUATOV TOV
OVTOAAACOOVTOL AVALESH OTOVG clients Kot Tov server, To cOGTNA oG To. Bewpel £ykupa, VD TNV
TPOYHOTIKOTNTO, POV TO €va amd Ta. 000 givarl £ykvpo yia kaOe client.

Mo mBavi Aon Y1’ owto 1o TpoPAanua Ba pmopovoe va sival to va Bewpovcape to ke literal
atom oToV KMO1KA, TOV TPOYPOUUATOV TOV aVOADOLE Gav £va singleton type, KoTo TopoUoto TpOTo

ommg avtiueTonilovpe Ta pids.
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Kepararo 6

YOUTEPAONATO KO LEALOVTIKN £PEVV,

e aUTHV TNV €PYOCia TOUPOVGLACUUE £VH GTATIKO GUOTNUO TOT®V CLVESPIAG Yo TN YAGGGH
Erlang. [Tapovcidcape TV opyITEKTOVIKT TOV, KO TIC 0pYEG TO® OO TNV AVAALGT] TOL TPAYLOTOTOLEL.

Katd v avantuén Kot xpiomn Tov v AOY®m GUGTIIOTOS, SIUMIGTMOGAUE OTL VITAPYEL EVO. GOVOAO
TpocHnkdV Kot oAAaydv o Ba Empene va Yivouv 6€ auTd, TPOKEWUEVOD Vo Umopel voL ypnotponon el
OTTOTEAEGLOTIKA Y10 TNV OVAALGT] VITAPYOVCWOV PACEDV KMOKO, 0ALY Kol ™G Evo BondnTikd epyaleio
OTOCPUAUATOGCNG KOTA TN GACT TG AVATTUENG VEDV EPUPUOYADV.

JuyKekpLEVaL:

o To mapdv cvoTNO TOTOV HoG OeV Elval 6E BEGT VA LOVTEAOTOMGEL QLY DG AVAOPOUIKES GUVOPTICELS.

e To session type annotations Tov pmopei va g1odyel kaveig oto modules Oa Empene va mapéyovran
He €vay TpOmo O PIAMKO TPOG TOV (PN OTY], OTMG, Y10 TUPAOELYLL, GOV [0l GUUBOAOGEPE TOV
LO1ALEL TEPIGGOTEPO LE TNV TEPLYPOPT TOV Session types LE TOV TPOTO TOL QUTH CLVOVTATOL

ot Biproypaopia.

o O unyovicpdc emainBevong Tmv peer session types emd€yeTol coPapdv PeATicTomom|cE®V,
KUPIWG 6€ TEPITTAOGELG OOV AVTILETOTILOVIE OVASIPOUIKOVG TOTOVG,.

o O punyavioudg emainfevong Twv peer session types pmopei va emektabel dote va emaindevet
TN GUUUOPPMOT GE TPOTOKOALN EMIKOWV®MVING Gg Tepintmon multiparty sessions, onAad| oe
MEPUTTMOELS OOV Ol GLUUETEXOVGEG dlepyacieg Eemepvoiv Tig 600 og apBpd. O VEIGTAIEVOG
UNYAVIGHOG OTNV Tapohoa Tov Hoper 0g umopel va vmootnpi&el avalntioelg o £va TEToo
search space. H eilcaywyn teyvikdv mov &xouvv ypnopomoindet pe emttvyio otny nepintmon Tov
stateless model checking [], kabdg emiong kot epappoyn peboddwv ETEKTOOTG KATEVOVVOLEV®DV
KUKAMKOV ypapnpdtov umopel vo amodeyBovv 10witepa amoTeEASCUATIKEG Yo TV €MiTELEN
QVTOV TOL GTOYOV.

e O uNyoviopog cCVUTEPACHOD TUTT®V dedoUEVAOV amEyel amd To va, gival o BéATIoTOg duvaTdc,
opmg dev givar EgxdBapo to g Bo pmopovoe vo PelTimbel, dESOUEVOV TV TEPLOPICUDV TMV
YAOGG®V TPOYPUUHOTIGHOD e SUVOLUKE GUGTHLOTO TOTWV.

e H gnéktoomn tov cueTUOTOg MGTE Vo gival oe Béomn vo, dayeplotel kot THTOVG SESOUEVOV
0p1IoUEVOVS OO TOV ¥PNOTN.
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Biphoypaoia
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Hopaptnpo A

Evpetipro coppforopmv

A — B : ovvaptnon oand to nedio A oto medio B.
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Hopaptnpo B

Evpetipro yYAOGo@V

Haskell : ) yAdooo ¢ (g pov.
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Hopaptypa C

Evpetmipro aprOumv

42 : life, the universe and everything.
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