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IHepiinyn

Kwobpoaote 6A0 Kol TEPIGGOTEPO TPOG KATAVEUTUEVE TPOYPUUUATIOTIKA povTéra. Ta Tepiocotepa
GUYYPOVO GUGTILLOTA AOYIOUIKOD VOl KATOVEUNEVO KOl TOVTOYPOVO, TOV CNUAivEL OTL ATOTEAOV-
vtot omd S1ipopa. KOUUATIO, TO Kaféva amd To omoia ekTeAel £Eva GUVOLO amd “ECMTEPIKES™ G€ aVTA
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

INwooec mpoypappatiopnon, Tomor Xvvedpiov, Zvotiuata THnwv, Xvotuota Emdpdcemv, Tavto-
YPOVIGLOC.






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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Kepaiaro 1

Ewcayoyn

To kaToveUNUEVO TPOYPOULOTIOTIKGE LOVTEAD OTOKTOOV OAO KOl LEYUADTEPT ONUOTIKOTNTA GTO
oLYYpovo KOGHO TG Propnyaviog Tapaywyng Aoyiouikov. [TIoAAd cOyypove GLGTN AT TOVL TPETEL VAL
OVTOTOKPIVOVTOL GE VYNAOVG POPTOVG EPYACIAG LLE IOYVPES ATALTGELS WG TPOS TNV a&lomoTio Kot T
SBECILOTNTA TOVG VO KATOVEUN LEVO KL TRVTOY POV, TTOV OT|LLAIVEL OTL OTOTEAOVVTOL OO Sépopa
KOMPATLO, TO KaBEVa amd To omoia ekTeLel Eva cHVOLO 0o “ecTEPIKEC OE aVTO Aettovpyieg cuyypo-
VOG WE TO VITOAOITA, TN OTIYUN OU®G TOV OA0 TOVG eEAPTAOVTOL OO VO VITOGHVOAO TMV VTOAOITMV
Y10 VO TOVG TTOPEYOLV TATPOPOPIEG TPOKELLEVOL VO PEPOLYV TN SOVAELS TOVG €15 TEPOS LE EMLTLYIA.
Av16 onuaivel 0TL 1 ETKOVOVIO, LETAED TV KOUUATIOV QUTOV VAYETOL GE £VO KPIGILO KOUUATL TOV
GLGTHHOTOG, Kot OTL 1] 0pBOTNTA TNG EMKOVOVING QLTS amoTeErel o amapaitntn Tpodndbeon Yo
v 0pBOTNTO TOL OAOL GLGTHUATOG.

[pokeévou vo kabopicove Ta potifa entkovoviog Tov Bempovvtal amodekTd oTo TAIGLO TOV
EQOPLOYDV pog, opilove mpwToroilo emkovmviag, ONAndT TPooTabole Vo TPOGIOPICOVIE TOVS
TOTOVG TOV UNVUUATOV TOL OVTOAAGGOVTAL, TOTE KOTO TN SIIPKELD TG EMKOWV®Viog epeavilovron
oVTE TOL UNVOLATO, KOl OVALESO GE TOL0L KOUUATLO TOV GUGTHHOTOG ALTE AVTOAAAGOVTOL. ZVUVETHG,
UTOPOVLE VO EKPPAGOVLE TNV 0pBOTNTA TNG EMKOVOVING HETAED TOV EXUEPOVS GUOTNUATOV OG TN
OOUUOPPOTN GE OVTH TA TPMOTOKOALD OO TOVG GUUUETEXOVTES GTNV EMKOV@OVia. O1 TOTOL GLVEIPLOV
LLOG EMTPETOVY VO, EKPPOACOVLE OVTE TO TPOTOKOAAN ETIKOIVAOVIOG, KAOME KOl TIC VAOTOIGEL TOVG
0o TO GKPO QLTOV, LE o, LOpPR TToL Tyalel and tn Bewpio TOTOV, KOl KOT ETEKTAGT VO, ETOATN-
Bgvcovpe TV opBoOTNTA TNG EMKOV@Viog epapproloviag HeBddove amd Tov Ympo TG Bewpiag TOT®V.

e aUTNV TNV €PYACI0 SLEPEVVOVLE TNV OMOTELEGUOTIKOTNTO EVOG GTOTIKOD GUGTHUATOSG THTWOV
dvadtkdv cuvedpidv yio v Erlang, pio YA®cco Tpoypappaticpol yio Ty omoic 0 TOLTOYPOVI-
oudG amoteAel KOPLO YOPOKTNPIOTIKO. Emyeipovpe vo Soviéyovpe pe £va DVTOGHVOLO TNG YADGGOG
TO 07010, OV KOl TEPLOPIOUEVO, BE@POVLLE OTL VAL OVGLDOESG, ATOKAEIOVTOG LOVO eEMTIKOVG EYYEVELG
TOTOVG dedoUEVOV TNG YADOGOG, KaBMS Kol GUVOPTHGELS VYNAOTEPNG TAENS.

1.1 X160t TN TOPOVGAS EPYACILOG

YKomog TG Tapovcas epyaciag eivar 1 pHeET TV cuotTnudtov TOHTOV GUVESPLOV, Kot 1) Ote-
PEVVNOY| TNG OMOTEAECUATIKOTNTAG EVOC GTATIKOD GLUGTHILOTOG TUT®MY SLASIKOV GLVEIPLDV Yo TV
Erlang, pio cuvoptnolok YA®GGo TPOYPUUUATIGUOD HE SVVAUIKO GOGTNIO TOTWOV, 1 OO0 TAPEYEL
1GYLPOVE UNYAVIGLOVG TOVTOYPOVIGLOV.

>t BPproypoeio viapyet Evag aptOproc omd VAOTOMGELS NYAVICUOVY XPOVOD EKTELEGTC YIO TNV
mapaKolovOno g emkovaviog Letabd SlEPYUCSIDY G€ YADCGEG IE SUVALUKO GUGTNIA TOTOV OT®G
n Erlang [Neyk13, Fowl16]. Zmn Bdon tovg, dAec ytilovv v otn YA®coca Scribble, 1 omoia eival
pio domain-specific language (DSL) ywo tnv weptypapn Tp®TOKOAA®V EMKOWVOVIOG. XT1 61K oG
OOVAELA, EMLYELPOVLLE VO KATACKEVACOVUE £V, GOGTN L0 GTATIKNG AVAAVOTG, TO OTTOI0 LITopEl va:

o Zuumepavel TOLE TOTOVG GUVESPLDY TOV GUVAPTNGE®DY TOV ATOTEAOVV VAL TPOYPOLULLT.
o Efukpifdoel T COUUOPP®GT TOVS LE TO TPOTOKOAAO TOV TPEMEL VO DAOTOLOVV.
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e EmaAndevoel 611 300 diepyocieg amotelovV Tpayuatt Ta 300 “AKpa” eVOg SLAGIKOD TPMTOKOA-
AOV eMIKOWVOVIOG.

1.2 Xovoyn ¢ gpyoaciog

Y10 kepdAaio 2 Tapovctdlovpe tn YAdooa Erlang, kot 6Aeg Tic mAnpogopieg mov givar amopai-
TNTEG YO TNV KATAVONGT TOV TPOTOL AELTovpyiag Tov cvothiuatdg pag. EEnyovue i eivon | Erlang,
KOl Y10 TO10 AOY0 €va cvoTtnuo THnov cuvedpiag €xel Wilaitepr atia ota TAaiclo AVt TS YADG-
cac. Kabdc o cupmepaouodg tommy cuvedpiag faciletar diaitepo 610 cHOTNO THTWV TG YADGGOC,
0o TpaylaTOTOMCOVHE Lo TOPOLGinoT avTov, Kabmg kot Tov Dialyzer, Tov gpyaieiov (LEpog TG
VAOTOINGNG TNG YADGGOC) TO OO0 YPNGUOTOLOVLE Y10 TOV GUUTEPACHO TOV TUT®V OEOOUEVAOV TOV
TPOYPULULATOV TOV OVOADOVLLE.

3T0 KEPAALO 3 TPOAYLLOTOTOLOVLLE LU0 TOPOVCINCT] T®V GUGTNUATOV TOTMV Kot EMOpdcenV (type
and effect systems), To. omoiot 0OTEAODV [10L ETEKTAGT] TOV KAAGGIKM®Y GUOTNUATOV TOT®V UE EVaV
TPOTO TEPLYPOPNG TOV TAPEVEPYELDY OV EVOEXETAL VUL EXEL £VA KOLLATL KOOUKA.

1o kepaiato 4 mapovctalovpe T Bewpia kot TV VLAPYOVCA dOVAELL TOW® OO TO. GLCTHLATO
TOTOV cuvedpiag.

210 KEQPAAOL0 5 OVOADOVLE TO GUGTILLO. TTOV VAOTOUCOLE, KOl TOPOVGLALOVUE UEPIKA TOPAOELY-
pata xprong tov cuoTHRaTdHS pog. Ta mapadelypato avtd amoTeEA0VVTUL TOGO OO GYETIKA ATAOVGTEL-
LEVOL TPOYPALLLLOTOL, TO OTTOla Elval TVTOTONUEVA 6T OXETIKN PiAloypapio, 0AAE Kot TopadelypoTa
TPOGOPLOCUEVO GTO VO, AVadEIEOVY TOL TPOTEPNLATA TNG VAOTOINGNG LLOG.

TéLog, 010 KEPAANLO 6 TPOGPEPOVLE LEPIKH CUUTEPAGLOTO TOV TPOEKLYOV A0 TNV LAOTOIN oM

TOV GLGTHLLOTOG AVTOV, OAAG KO TO TEWPAATA pag. EmmAéov, exBétovpe Lepiicég 10£€G Yo, LEAAOVTIKT
OOVAEL TAV® GTO GLYKEKPILEVO OVTIKEIEVO.
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Kepaiaro 2

H yAooca Erlang kot 1o cvotqua OTP

2.1 H yloooa npoypappaticpov Erlang

H Erlang &ivai pia cuvaptnolok YAOGGo TPOoYPAULOTIGLO, 1 0TToi0 GYESIACONKE TN dEKUETIN
tov 1980 oto Epyaotipio Emotiung Ynoloyiotdv g Ericsson. Apyikd Tpoopildtov yio Tpoypoyl-
LOTIGHO CUGTNUATOV KOl EPAPUOYDV GTOV TOUEN TV TNAETIKOIVOVIMV, KOl KATO GUVETELN ETPETE VOl
OVTOTOKPIVETOL GTIG OTOLTAGELS CVTHG TG Plopnyoviog Yo TV avanTuén KoTaveUnUEVOV GUGTN G-
TOV VYNAOD EMTEOOV TOPUAANMGHOD, T OTOl0 ETOEIKVOOVY VYNMAN ovoyY| o€ oeaipata. Extote 1
xpNon g xel dradmBel Ko og Propnyavieg mov porpdlovtat Tig id1Eg AEITOVPYIKES OMATNGELS, OTMG
N Tpamelikn, o1 enuovavieg Tpaypatikod ypdvov (WhatsApp), Ka.

To Open Telecom Platform (OTP) givat pia cuidoyn epyareiov, Bipriodnkmv, middleware Kot op-
YOV oxedoouov yuo tpoypaupte Erlang. Eivat avoardctaoto koppdtt tg dtovopung eAevfepov koo,
¢ Erlang. Mepikd omd ta meplexopeva tov sivat:

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 dopeitor og modules, o omoia petayiwmttifoviot ovedptnta Kot popTo-
VOVTOL 6TO GVOTNHA XpOvov ekTéheonc. O petaylmttiotig g Erlang petaylottiCel Tov mnyoio k-
dKa og KMdKa ekovikng unyavng (bytecode), o omoiog ekteieitan amd v ewovikn punyoviy 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 kvpio kivpo micw omd 1o oyedooud g Core Erlang tav T0 va avamtuyel po ovamopd-
otoon tpoypappdtov Erlang mov va kabiotd gvkoAn v avdmtuén epyaleiny mov Tpémel va dtotpé-
Eovv kot va emegepyaotodv Tpoypappata Erlang, 6nwg amoc@aipatotéc, epyaieio 6TATIKNG AVAAD-
ong, Kth. Kati tétoto dev Ntav epiktd amevbeiog og mnyaio kddwka Erlang, Adym g cLVTOKTIKNG
TOAVTTAOKOTNTAG TNG, KO Ol TPOCTAOEIEG ATAOVOTELGNG TG YADGGAG 00Ny ONKay 68 0d1EE0d0.

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
LLOG Y10 TNV OVAALGT) TOV TPOYPALUATOV TOV TO divoviat w¢ eicodoc. Poptavel ta modules 6to cv-
oTNUA ¥POVOV EKTELESTG, Kot amoomd To Core Erlang Apnpnuévo Aévdpo ZHvtaéng avtol og popen
evOg cuvOLoL amd eyypaés (records, eyyevig THmog dedouévav g Erlang), dnwg avtd opifovror oto
otp/lib/compiler/src/core_parse.hrl.
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2.3 Ovtimor oedopévary tng Erlang

H Erlang givon plio YA®GG0o aoQoAnc o TPog Tovg TOTOVG (type safe), aAld e Suvapkd et
TOT®V. AVTO OTUOIVEL OTL O UETAYAMTTIOTNG TNG YADGGOS OEV TPAYLUATOTOLEL EAEYYO TOTMV KUTA TN
petayAmtTion evog mpoypappotoc. To cuotnpa ypdvov ektéleong ivatl vmehBuvo yia va gyyombel tnv
0oQAAELD. TOTWV, LLE TO VO EAEYYEL TNV TANPOPOPID TOTMV TOV EIVOL GUGYETIGUEVT UE KAOE KOUUATL
OEQOUEVAOV EVOG TTPOYPALOTOS KOTO TN SIUPKELD TG EKTELEOTG.

"Eva koppdtt dedopévav o Erlang ovopdletor 0pog (term). O 10mog evog 6pov pmopei va eivat
gite kdmo1og amd Tovg evoopatopévovg Tomovg ¢ Erlang, ite évag tOmog mov €xel Tpocdiopicet o
ypnotne. Ot eveopatopévot tomot g Erlang ivat:

Pid: 10moc¢ Slakpitikdv depyaoidv

e Port: TOmog Srokpriikdv pag B0pog Erlang

e Reference: T0m0¢ 0pmV OV €ival LOVASIKOL GTO GUOTNLA ¥POVOL EKTEAEONG
e Atom: TOTOG KUPLOAEKTIKOV dpwv, 6TOOEPDV

e Bitstring: TOT0OG L0 TEPLOYN LVIUNG, TO TEPLEXOUEVO TNG OTTO10G OEV £XOVV KATOIOV GUYKEKPL-
pévo Tomo

e Float: T0m0og aplBudv KvnTig LVITOSIGTOANG

e Fun: tOnog cuvapticemv

e Integer: TOmog axepaimv aplOumv

e List: tOmog pog afpoiotikng dopng dedopévay, pe petaPintd tinog ototyeimv

e Map: tomog pog aBpotoTikng Soung dedopévav, pe LETaPANTO TAN00G ovTioTot iceE®mV KAEO100-
NG

e Tuple: tomog pog afpoiotikng dopng dedopévay, pe atabdepd TAnbog otoyeimv

Omnotoodnmote 6pog g Erlang pmopel va anotedécel To TepleyOLEVO TV UNVUUATOV TOV OVTUA-
Adooovv diepyaocieg pnetald toug [AB].

2.4 To gpyareio Dialyzer

O koppot tov Core Erlang Aévdpov Apnpnuévng Zovtaéng de drabétovv mAnpopopieg TV de-
doUévav. Le OpIoUEVES “AMAEC™ TEPITTAOGCELS, OTMG OTAY EXYOVE KVUPLOAEKTIKOVG OPOVG 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
OVAALGON GYETIKA LE TOVG TOTOVES CLVESPLDV GE Evo TPOYPAULA, ypelaletatl vo yvmpilovue Tovg To-
TOVG TOV OESOUEVAOV TTOV TEPLEXOVTOL GTA UNVOLOTO TTOL OVTOAAAGCOVTOL LETAED JlEPYUGIDV. ZVVE-
g, yperalopacte Eva epyareio 1o omoio, d00EvTog evac Tpoypdupatog og Erlang, va mpayuatorotet
CLUTEPAGHO TOTOV OESOUEVDV.

O Dialyzer (Dlscrepancy AnalYZer) givat éva gpyodeio mov avalvel mpoypdupata Erlang, kot
avaAvTTEL S10popEg (discrepancies) avALESO GTNV OVOUEVOUEVT YPTOT] GUVOPTHGE®V, KOL GTNV TPUY-
LTIKY TOVG ¥pNo1 (6Twg ovth YIVETOL 0O TOV TPOYPALLATIOTH) GE OPOVG TUTTMV SEGOUEVOV. XVYKE-
Kpéva, Tpaypartonolel type inference mpokepévou va e&dyel ta Aeyoueva success typings [Lind06],
Kol o€ 0e0TEPT PAOT GLYKPIVEL T SUCCEss typings TV GLUVAPTHCEMY LLE TOVG TOTOVS TWV OEGOUEVOV
OV TOVG TOPEXOVTOL OG OPIGLOTA, TPOKEWEVOL VO, SIOTIGTMOGEL TUYDV AGVVETELES.

o Tapaderypa, 6To KOPPATL KOdKe Tov oyfpotos 2.1 1o va karéoovue ) cuvaptnon foo/1
g foo("Hello”) Ba 0dnyodce 6e 6@AAUO XPpOVOL EKTENEOTC, KAOMG O TEAEOTNG + O¢ pmopel va
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1

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
£€va VTEPGHVOLO TOV TPAYHOTIKOV TOTOV TV 0eS0UEVOV HL0G CUVAPTNONC.

210 {810 KOUUATL KOKA, 0 TOTOG TTov o cuumépove o Dialyzer yio ™ ovvaptnon foo/1 givon
Number — Number.

foo(X) —>
X + 42,

Listing 2.1: Simple receive

[pokeévou o Dialyzer vo ¢Tdcel 6Ta success typings, TPOYLOTOTOLEL VOV GUUTEPAGHO TOHTWOV
yio OAQ T EMUEPOVG terms ov eppavifovtal L€ 6To GMUTA TV cuvaptioewy. H ékdoon tov
Dialyzer mov dnpoctievetar og pépog tov OTP dev amobnkevel avtyv v TANpPoPopia Yo OAN T
SLapKeLd TG ovaAvoNG, OAAG LOVO Yo 660 ypeldleTal ylo TNV €KAGTOTE cuvapTnot. ' Tovg oko-
TOVG TG OIKNG oG avaivong, ypetaletat va yvopilovpe Toug Tomovg dedopuévev tv Erlang terms
o€ KB ypouun mnyoiov kodika gvog Erlang module. TTpoxeévou va easpaiicovpe avtiv v
TAnpopopia, Tpofrkape otnv tporonoincn tov Dialyzer pe 6Komd v amoctoA Tng TANpoPopiag
TOTWV SGOUEVOV GTO GUOTNUA LLaG KoTa TN dtdpKeln TG eKTéELEoT g Tov dataflow analysis loop Tov.

2.5 Toavtoypoviopdg oc Erlang

"Eva 1oyvpo yapaktnpiotiko g Erlang sivol n eyyevig vmoot)pién g yio tavtoypoviopo. [apé-
YEL OTOV TTPOYPOUUUATIOTH £V GOVOAO 0O primitives yia T onpovpyio Siepyoacidv, Kot Stayeipion
™G emKovoviag petald avtdv. Avtég dev gival depyacieg oe Mimedo AEITOVPYIKOD GLGTNILOTOG,
00Te OU®G KOl VARLOTO, OAAG 0TOTEAODY OVTOTNTEG TIG OTOieg dtoryElpiETAL 1) EIKOVIKY] UNYOVT EKTE-
Aeong g Erlang, o BEAM.

O UNYOVIGHOC TOV TOPEYXETOL GTOV TPOYPOLLOTIOTH Y10 TNV DAOTOINGT TNG EXIKOVOVIOG KoL TNG
OVTOAAOYNG TANPOPOPLOV HETAED TOV SIEPYUCIDV TOV TPOYPALUATOS TOV EIval 1 AcVYYpPOVN OVTOA-
Aayn umvoudtov. Kabe diepyacio dtabétel Eva “Kouti €16epOUEVOV”, Lo OVPE OO PNVOLLOTO TTOV
éxel MaPet amd dAleg diepyaoiec. [a va koTavaAdoeL £€va VOO OT0 ALTIHV TNV 0LPA, O TPOYPULL-
LOTIGTAG XPNOLOTOLEL TNV EKQPACT| Teceive, WE TNV OToi0l TAiPVEL EVOL VOO OO TNV KEQOAT TNG
0VPAG, KO TO GUYKPIVEL L (o ogpd arnd potifa (patterns) to omoio avTiGTOLOVV GTO UIVOUOTO TOV
TEPYEVEL OTL TO TPOYPOUUE TOV Ba AAPel oTn cuyKeKpLEVN Pdom TG ekTéEAEoN. Otav pia cVYKpLon
netOyeL, 1 diepyacia cuveyilel Tnv ektéleon G.

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 —> jo:format(”Got 42\n")
end.

Listing 2.2: Simple receive

Y7o listing 2.2 @aivetat Eva TapaoetypLa [iog GUVEAPTNoNG Tov TEPUEVEL va. dLoPAGEL 0d TO KOUTI
EICEPYOUEVOV TNG:

o Mia tpidda Tipmv (tuple peyéboug 3) mov amoteleitan amd To atom num, €vo pid KL Evav aptOpo.
o Mia Tp1dda TV Tov amoTeAEiTal amd To atom atom, Eva pid Kt Evo aKOuT oToLKElD.
e Tov axépato 42.
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Av o diepyooio mov EXKOWVMVEL HE VTNV TNG 0mooTeilet éva pivopa g popeng {num, 42},
161 M foo/1 8¢ Bo 10 “kaTOVIADGEL TOTE. AVTO dev amotedel mpOPAnpa and povo Tov, Ak 1 amwo-
GTOAN TOAADV UNVOUATOV GE oL SIEPYACIA, TO 0TOi0 QLT OEV KOTOVAADVEL, UTOPEL VAL ATOTEAEGEL
TPOPAN U SuvNTIKE, KOOMG eVOEYETOL VO 00N YNCEL G€ EEAVTANGT TNG LVIUNG TOV GLGTHLATOG XPOVOL
extédeong g Erlang, kot katd GuVEREL GTOV TEPUATIGUO TG EKTEAEOTG EVOG KOUPBOL TOL CLGTN LA
t0¢. AvticTotya, av Kapio diepyacio dev anooteilel 61N depyacio mov ekTeAel TOV KOIKA TOL listing
2.2 KOTO10 PAVVLO TTOL VO, AVTIOTOLKEL 6€ €va amd To HoTifa Tng eVIOANG recetve, 1 eKTéAEST Oa
“kpepdoet em’ aOPLoTOV. Le otV TNV TEepintwon Ba elyape Eva TpofAnpaTiKd GEVAPLO, TOL TPOKV-
TTEL OO TN UN-GUUUOPPMCT] TOVAGYIOTOV EVOG EK TV 3VO0 LLEPDOV TNG EMKOVOVIONG GTO OVOUEVOLEVO
TPOTOKOAAO.
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Kepaiaro 3

YVOTINOTO TOTOV KoL ETOPAGEMY

[ToAAég YAMDGGEC TPOYPULLOTIOUOD EVOOUATMVOUY VO GTATIKO GUGTNLUA TOTMV, TPOKELLEVOL
va gyyun0ovv 01t tehectés epappuolovial povo o€ TeElecTaiong TG KOTAAANANG LOPPNS, dNAadT TOV
KatdAAnAov gidovg [Pier02, Pier04]. I'a mapdderypo, v KAACOIKO GOGTNO TOTOV B0 améppinte
t0 TpoYpappa 3.1 (ypappévo o pa vrobetikn yAdooa), kabog n Tpdén e aeaipeong (—), dev
&xel vonua 6tav epappoletat og po cupforocelpd kot Evay aptBpd (vrobétovpe 6TL 1 YA®GGO dev
TOPEYEL TN SVVATOTNTO VIEPPOPTWOOTG TELEGTAV, LLE TNV OO0l £Vag TPOYPAUUATIOTHS B pTopodoe
va dMOOEL... VOO 6 QVTHY TNV TPEEN).

begin
print(’Hello, world!’ — 42)
end.

Listing 3.1: Acvupartol TeAeotaiot

3.1 Klooo61Kd cvoTNOTO TOTMOV UE CUUTEPUGNO

To tpdTO 6TOTIKA GVoTHMATO TOTOV Paciloviav o€ emtonUEIdoELS TOTOV (type annotations) Tig
omoleg Tapeiye 0 ¥PHOTNG. AVTEG TAV ETIKETES TOV GLVOIELAV TIG ONADGELS LETAPANTAOV KOl GLVOP-
TNOE®V, Kol TEPLEYPUPAY TOV TOTO OV avTEG Oa mepieiyay (oTnV TepinT®on HETAPANTOV), 1| TOVG
TOTOVE TOV OPICUATOV KoL TNG TEAKNG TIUNG TOVS (GTNV TEPITTOGT CLVAPTNGEWDY), Kol VN PETOV-
oav oG odnyieg mpog tov petaylmttiot. Katd to ypdvo petoylmTTions, avtdg oy vrevbuvog va
ovyKpivel Tov SNAwOEVTO TOTO oG LETABANTAS 1] GLVAPTNONG LE TOVG TPOGOOKOUEVOLS THTTOVG GTO
ONUELO OV AVTEG YPNOLLOTOLOVVTOL GE EVOL TPOYPULLLE, TPOKEWEVOD VO SIUTIGTMOGEL OV VITAPYOLV
ACLUQ®VIEG TOT®V.

[Ipoxepévou va eEarelpBel n avaykn yio Tn YEPOVAKTIKN ONA®ON TV TOTOV TUNUATOV d€d0-
UEVOV G€ EVOL TPOYPOLLOL, OVOTTOYONKOY CUGTALATO TUTOV LE QVTOUOTO CUUTEPACUO TOTWOV, OTMG
ovté tov Hindley-Milner (1] aAMdg Dammas-Milner) [Dama82], pe v yhddocsa ML va givar 1 mpdtn
vl TNV omoio, vAomomOnke £va T£T010 GVGTN L.

H mpocéyyion tov cvomudtov tonov eivar va cucyetifovv tomovg pe mpoypdappota. Ot Tomot
TEPLYPAPOLV TO €100G TV 6ed0UEVOV Ta 0Toin peTayepileTor To Tpdypappa. O GVoYETIOUOG AVTOG
yivetal pEc® EVOC GUVOLOL KOVOVMOV GUUTEPOUCHOV, LE fdomn Tn cUVTAEN TOL TPOYPAULOTOC, KAVOVTOG
¥PNOM EVOC TEPPAAAOVTOG TOTWOV, TO OTTOL0 OVTIGTOLYEL TIG EAEVDEPEC LETAPANTEG EVOG TPOYPALOTOC
LLE TOVG TOTOVG TOVG,.

H avtiotoiynon avt ekepaletal pe pio oxéon tov tomov I' - e : 7, dmov:

o I sivar 10 TepIfariiov TOT®V
e ¢ gival to Tpoypappe Vo eE€taon

e T givOl 0 TOTTOG TOL TPOYPAUUATOS €, SESOUEVOV TOV TEPLOPIGUMY” TOV TIDEVTOL GYETIKA [E
TIc eElevBepeg petafAntég mov epeaviloviotl 6To oo Tov e omd 1o Tepdiiov I’

O1 TPOKANGELS TOV GYESIAGOD EVOG GLUGTILOTOS GUUTEPAGLLOD TOTMV EVAL:
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e To chomua THTOV va givol onuocloroyucd opho.

e To chomnua TOHTOV Vo givol amopAavelo, To 0Toi0 onpaivel OTL TPETEL va. Elval SuVOTOG O GYE-
oo pog evog adyopiBov o omoiog va TeppaTilel kot va EAEYYEL TIG IO1OTNTES TOV GLUGTILLOTOG,

3.2 XvoTHUOTO TOTOV NE ETIKETES

Mo TpoGEYYIoN Yo TNV EMEKTACT] TNG EKPPUCTIKOTNTOS EVOG CLGTNHIOTOG TOTMV Eival 1 TPo-
oONKN ETIKETOV GTOVG TOTOVG LLE AMOTEAEG L TNV TOPUUETPOTOINGT TOVG [S0lb95]. ETdy0g crvThg TGS
EMEKTOOMNG ELVOL TO VO KOTAOTEL EPIKTO VOl GUVOAO GTATIKMY OVOADCEMVY, OTTMG:

e Avdivon ypévov deoipatog (bind-time analysis), kata tnv omoia TpocTabodE va TpoyUaTo-
TOGOVLLE 10, SLAKPLOT OVAUESO GE 0VTA T OEGOUEVA TV OTTOI®V 1) TIUR €lval Yoot Katol
70 XPOVO PETAYADTTIONG (OTATIKG), KoL GE 0T TO OTTO{0L AITOKTOVV TIUY] KOTO TNV EKTEAEST TOV
TPOYPALaTog (SUVOUIKAE). AVvToD TOL TOTOL M AvEALGN OmOTEAEL TN PACT TNG LEPIKNG ATOTI-
UNONG TOL TPUYUOTOTOIOVV UETUYAMTTIGTEG

e Avdivon ypnoewv (usage analysis), katd v omoio Bélovpe va pabovpe mOGES POPES XPMOL-
pomoteitan 1 TN HOG EKPPOONG 6T OLEPKELD TG EKTEAEONG EVOG TTPOYPALLATOS. AV AITOQaLV-
BovLe OTL O€ YiveTOL TOTE YPNON LG TIUNG, O LETOYAMTTIOTNG O€ YPELaeTal Vo, TapAEEL KOJIKOL
Y0 QLT V.

e Yvlhoyn okovmdudv (garbage collection): av o T xpnoonoteitol Lovo Lo Gopd, 1) LETA-
BAntA mov v mepi€yetl pmopel va GLAAEYEL OO TOV GUAAEKTN CKOLTISLDY TOL TEPPAALOVTOC
EKTELEOTG AUECMOG LETE T YPTOT TNG.

e Avdlvorn pong eréyyov (control flow analysis), kotd v omoio mpoomabovpe, cuvnbwe oe
YADGGEC [LE GUVOPTNHGELG VYNAOTEPNC TAENC, VO GUUTEPAVOVLE TTOLES GLUVAPTNOELS Eivat TBavol
7OmOOEKTES” oG KANONG 0 €va TPOYPapLiLa, dNACST] TOLEG CLUVOPTNOELS Elval TBAVO Vo ao-
KTHOOLV TOV EAEYYO EVOG TPOYPAUIOTOS (TO 0010 gV ElVaL TAVTO EPPAVES GE YADGGES TETOL0V
TOTOL AT TOV TNYAI0 KOJIKE TOVG).

3.3 XvoTHuoTe TOTOV KOl ETOPAGEMY

O 016Y0¢ TG TPOSHNKN S TANPOPOPING EMOPACEMY GTA KAOUGGIKG GLGTNLOTA TOTWOV Elval 1) emé-
KTOOT] TOVG MOTE VO, EKOPALOVV EMTALOV O10TNTES TOV TPOKHTTOVY ATTO TOVS CTUAGLOAOYIKOVG KO-
voveg evog mpoypdppatog [Niel99, Heng94].

Ta cuoTNHOTO TOTOV KOl EMOPACEDV ATOTEAODY OVGLOCTIKA L0 TAPUAAAYT TOV GUGTNUATOV
TOMWV PE ETIKETEG OTO OTO10 OVOPEPONKOUE TOPATAV®D, QALY LLE Ll O10POPdL: Ol ETIKETEG GE AVTA TOL
GLGTIHLOTO TOT®V TEPIEYOVY TANPOPOPIOL GYETIKA LE TNV CLUTEPLPOPA TOL TPOYPAUUATOS KATH TOV
xPOVO amoTiUNoNG Kot EKTEAEGTG TOV.

Ye évo oVOTNUO TOT®V KOl ETOPACEDV, 1) OVTIGTOTYION EVOG TPOYPALLLOATOS LLE £VOV TOTO KoL Lo
enidpoaon ypapetar ¢ I' - e : 7; ¢, mov onuaivel 6t oto mepipdArov I', 1o Tpodypappa e epeovidet
Lo ETLOPOOT ¢, KOt EV TELEL EMOTPEPEL LULOL T TOTTOV 7.

O avoyvdotng UTopel vo oKEQTETUL TIG EMOPACELS EVOC TPOYPEUIATOS GOV TIG TUPEVEPYELES TOV
UTOPEl VO TPOKOAESEL GTO TEPIPAALOV TOL GOV ATOTEAEGLO TG EKTEAEOT|G TOV. [0 Tapadetya, Exovv
avanTuyHel GLGTHHATO TVTOV KL EMOPACEDV TOL AVTILETOTILOVV TIg TPOGPAGELS (EYYPAPT Kol OVEL-
YVOOT)) GTN VI 0td TPOYPALLLLOTA MG ETOPACELS TOV TPOYPUUUATOV, TIG OTOIES KO KOOKOTO100V
[Pier04].
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Keoaiaro 4

Tomor Xvveoplog

>ta, dtkTva, pio cuvedpia givat pio AOYIKN OVTOTNTO AVTOAAAYNG TANPOPOPLDV HETAED 60O 1| TTe-
pPLocoTEP®V TPaKTOP®V. O KOPLOG GKOTOG UG cuveEdpiag Eival To va eykabidphoel To BEpa TG EmtKot-
voviag, 0AAN KoL TO TEPLEYOLEVO KOl TNV KATEDOLVGT TOV UNVOUATOV TTOL OVTAAAAGOLY O TPAKTOPES
g emKovaviog.

Ot tomot cuvedpiag etvar mTeEPLYPAPEG TPOTOKOAAMY EMKOWVMVING, TOL SAYPAPOLY TIC EXITPETO-
peveg axolovbieg unvopdtov, poli pe Toug TOTOLE TOV UNVUUATOV TOL AVTEALAICCOVTOL AVAUESH
GTOVG GUUUETEXOVTEC. MO TOPEYOLV EYYVNGELS GYETIKA LLE YOPOUKTNPIOTIKE TNG EMKOWVOVING, OTWC
TNV TO10TNTA KoL TNV AGPAAELY TOVG. 'Eva KAADS 0pIGUEVO (O TTPOG TOVG TOTOVS TPOY PO OTOKAET-
gton va oteidel 1 va AdPel pvopa tov AdBog Tomov.

O1 0101 GVVESPLOG LOVTEAOTOLOVV TNV EMKOIVOViK LETAED dVO 1) TEPLOTOTEP®Y OVTOTHTMV. Opi-
Covtal oG pia Gepd amd Aettovpyieg 10000V/e£050V, 01 0TTOIEG TEPLYPAPOVY TOVG THTOVS TOV UNVL-
UATOV TOL AVTOAAGGGOVTOL. TN GUYKEKPILEVT] EPYOGIN, OTAGYOAOVLOCTE LOVO LE GUVEDPLEG LETAED
00 GUUUETEYOVTOV.

1o [Take94] &yovpe o TPAOTN ATOTELPO POPLOAIGHOD TNG EXIKOWVOVIOG TapdAANAwV diepya-
OldV, LLE TNV EI0AYOYN TOV DEPEAM®ODV AELTOVPYIOV ETIKOVOVING:

o klz, dnAadn amooTtoAn oG TIUAG  HEC® TOV KavaAloD k.
o k7x, OnAad ANy oG TIUAG  LECE TOV KOVAALOV k.

To xavait emkovoviag k& dnpovpyeitar prtd omd Toug S0 TPAKTOPES e Paon Hid KOOGS 0ro-
dekTh BOpO oTNV apPYN TS EMKOWVOVIAG, e ¥p1IoN dV0 AAA®DV BEUEAMWDOIDY AEITOVPYLOV

e request(a, k), mov amotehel éva aitnuo eykaBidpvong evog Kavoilol emkovovias k HEG® TG
0vpoag a.

e accept(a, k), mov anotehel amodoyn VoG aTAATOG £YKAOISPLONG EVOS KAVAAOD ETKOVOVING
k péow g B0pag a.

"Exovpe emiong v eicaymyn e évvotag evog typed KavaAlov entkovmviag, SnAadn tnyv arddoon
€VOC TOTOV GTO KAVAAL ETKOWVOVING e BAGT) TOVG TOTOVG TOV SESOUEVAOV TOV OVTOAAAGCOVTOL LECH
oVTOV, KoL TNV KotevBuvon pe TNV omoia avtd ’péovy” HEG® TOV KOVOALOD.

AVt TpoKTIKG onuaivel 6Tl £va KavAaAl ETKOvoviag prnopei va £xel Tov THTO

a1 int | int
OV oTuaivel 0Tl o dlepyacio TOv ¥PNOLLOTOLEL TN BVpa a Yo vo emtkovmvel Ha:
e oTeilel Ui TIUR TOTOL aKepaiov (int), To omoio cupPforiletar pe T, Kot akoAovOmg o
e Adfet o Tun tHmov akepaiov, To omoio cvuPfoiileTon pe |

EmakolovBo tov typing evog kavoilol emkovoviag, ival 0 opiopds TV COOALITOV ETIKOL-
voviag, mov daywpifoviol o dueca cedApaTa, dSNA0ST CEAANATE OO0 E AVTE KAOGGIKOV GL-
CTNUATOV TOTOV OOV £YOVLE EPOPLOYN TEAECTOV OE TEAECTUIOVC AGOOG TOTMVY, KUl TPOPAN LT
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ACLUPUTOTNTOG TOV GTOWEIMIDV TPAEEMV EMKOIVOVING TOV TPAYUATOTOODV (VO TAGO GTIYUN Ol
dv0 pakTopec. AvTd TO €100¢ TPOPANLATOG ERPAVICETOL OTAV Ol TPAEELS AVTES OeV €Vl GLUTANP®-
potikéc. Agroonpeioto £3d eivan 6t o1 Takeuchi et al. dgv aoyorovvtar e TN GUUTANPOUATIKOT T
WG TPOG TOV TOHTO TV OedOUEVAOV TTOV avTOAAdocovTal (OnAadn pia depyacio va oTEAVEL Evav aké-
pOLo Kot 1 dlEpyacio E TNV OTOi0 EMKOWVOVEL VoL TEPIUEVEL EVOV OKEPALD), OAAG LOVO MG TPOG TO
€100¢g ¢ Tpa&ne (pia diepyacio va oTEAVEL evd 1 GAAN TepUével vo AaPet ol Ty amd To KavEaAL).

Axorob0mg oto [Hond98] £xovpe pio enéktaon tng dovAieldg tov [ Take94], otnv omoia mAéov emi-
TPEMETAL 1] TEPLYPAPT] OVUOPOKADV TOTWV GLVEIPLOG, TPAYLLO TOV EXEKTEIVEL TNV TPUKTIKT EQAPLLOYT|
g Bewpiag TV TOHTWV GUVESPLDV.

Méypt TpdoQOTO, 1| EPEVVA ETIKEVIPOVOTAUY GE TOTOVG GLVESPLDV OV0 GUUUETEXOVI®V. AVTEG
ntav og B€om va, TEPLYPAPOVY EMKOVOVIL LE TOAMATAOVS CUUUETEXOVTES, OLLMG TA, EXULEPOVG TPWOTO-
KOAAQ ETPETE VO APOPOVY HVO GUYKEKPIUEVOVS GUUUETEXOVTEG Kal Vo, givar ave&dptnta peta&d tovg.
YUVETELOL VTOV EIVaL OTL TOL GLUGTHLOTA OVTA O UTOPOVV VO “TIEPLOPIGOVV 1| VO dCPAAGOVY TN
oEPa e TNV om0l AVTOAAAGOVTOL UIVOUATH GE 000 SLOPOPETIKA TPOTOKOALA.

Y10 [Hond16], ot Honda et al avontocoouy éva GOGTNLA Yo VO KAVOLV reason yio. cuvedpieg
TOAUTADY GUUUETEXOVIMV.

e autnVv ™ dnpocievon avaivovtol dVo dryePpeg PACIGUEVEG GE 0 ETEKTACT TNG TT-OAyePpag
KoL TOV TOTOV GUVESPLOV:

e H mpmtn ivan n dryePpa mov amoterel T0 QOPUOMGHO TNG KOUOOAKNG TEPLYPOPNS TNG EMIKOL-
voviag. Xe autnv pumopel va Teptypapel 1 GAANAETIOPUCT) TOV TPAKTOP®V TG EMKOIVOVING G
£va, apnpnuévo enimedo, LOVO oav o oAANAovyia and evépyeleg LeTAED GUUUETEXOVTOV.

e H de01epn lvat 0 pOPHOAMGLOC TNG TOTIKNG TEPLYPOUPTG. 1€ VTNV TEPLYPAPETOL 1) ENIKOIVMVIO,
oo TN OKOTLA EVOG GLUUETEXOVTO GTNV EMKOWVOVia (EvOG TpdKTOpaL).

O1 800 dhyePpeg cvvdéovtar Peta&d TOVg Le pia oxéon TpoPoing, n omoia pe Paomn v kaborkn
TEPLYPOPT TNG EMKOWVOVIAG (TN YOpEOYPAPin), TAPAYEL TNV TEPTYPAPY] TOL AVTIGTOLYEL OTO SLAPOPO
endpoints ovTnG.

4.1 Tomow Xvveopiog kot I'hdooeg [Ipoypappatiopov

Ye TpoxTiKd eminedo, &yl vIapEel pia TANOOPA EPOPLOYDV TG Bewpiog TV TOT®V GUVESPLDV,
KOl L€ SLOPOPETIKEG PIAOGOPIEC.

ApyKd, VILAPYEL O SLOYWOPICUOG AVALESH GE GTATIKE, SUVOLLKE, Kot VPPIKE CVOTHHATA TOTMV
GUVESPLDV.

e 'Evo 6T0TIKO GUGTN O TOTOV GUVESPLDOV TPOYUATOTOLEL GAOVG TOVG EAEYYOVG TOL KATA, TO POVO
petayAmtTiong evog mpoypappatog. Omoladnmote mapdfacn Tov TpmTOKOALOL B avapepOel
TPV TNV EKTELEGT TOL TPOYPAUIOTOG.

e 'Eva duvopkd cUGTNHE TOTTOV GLVESPLDV TAPUKOAOLOEL TNV EMKOIV@VIO OVALEGH GTO EMUE-
POVG TUNHATO EVOG TPOYPappatos. Ot Tumol cuvedpiog petaoynpatiloviol 6 Unyoveg Tenepa-
GUEVOV KOTAOTAGE®Y, KoL TO LIVOUATE TOV ovTOAAGGovTOL ETainbgvovtal pe faor ovtéc.

e 'Eva vfp1otkd cvotnuo TOHT®V GLVESIPLOV ENMAANDeDEL OpIoHEVEG 1O1OTNTEG TG EMKOVAOVIOG
(61mg T oEPd AVTOALAYNG UNVUUATOV) GTOTIKG, KOTE TN LETAYADTTION, Kot GAAES (OT®G TN
YPOLUIKOTNTO TNG EMKOWVOVIOG, 1] TOVG TOTOVG TMV OVTUALAGGOUEVOV UNVOUATOV) KATO TO
XPOVO EKTEAEGNC TOV TPOYPALLUATOG.

EmimAéov, mapatnpovpe Kot S10popég MG TPOG TOV TPOTO LE TOV OTOI0 TOL GUCTHUATO TOTWOV GU-
VESPLOV TOPEXOVTOL GTOVG TPOYPOUUATICTES.

o Yndpyovv yAwoaoeg, 6nwg 1 MOOL [Barr04] kou 1 SePi [Fran14], mov mapéyovv toug THmoug
ouvedplmv mg built-in primitives.
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e Y& GAleg viomomoelg, 6mwe oty Multiparty Session C [Ngl2] /| otn Session Java [Hu08]
€YOLLLE TNV VAOTOINOT] TOL GUGTHUATOG GUVESPL®OV HECH oG PPAodnKng xpovov exTédeoNC,
LLE TNV OTtoia UTOPEL O TPOYPOUUATIGTNG VO, GUVOEGEL TO TPOYPOUUY TOV.

e Téhoc, vapyovv eEmtepikd epyaieio Ta omoia ovaAHOLY TOV TNYOi0 KOOKO EVOG TPOYPALLLLO-
TOG TPOKEYLEVOLV VO TPOYLLALTOTOGOVY TNV avdAvon og eninedo Tomwv cuvedpiag. Eva mopd-
SeLy oL EVOG TETOLOL EPYOAEIOV TTEPYPAPETAL GTO EMOUEVO KEPAANLO TNG TOPOVCUG EPYAUCING.

25






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 avéAvon g oAinienidpaong peta&o depyasidv. [apovoidlovpie Evo cOGTN O TOT®V GUVESPIOG
EKPPOCUEVO GOV VA CUOTNLO TOTOV KL EMOPACEMVY, EUTVEVCUEVO OO GYETIKT SOVAELL GTOV TOUEN
[DOrcl16].

5.1 To cvotnpo OOV

To annotations oV amOTEAODV TNV ETEKTACT] TOL VITAPYOVTOG GLOTHLOTOG TOTTV TG Erlang pe
TIG EMOPACELG EYOVV OG EENC:

sestype monosestype

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

datatype

process n= self
| P

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

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

Ta mepifaiiovta TOT®V pog ivor To eENg:

e DFE 1o nepifdArov tov Levydv (x, t), omov x éva Erlang Term, kot ¢ 0 THm0G TOL

e PE10mepipdrhov tov (evydv (1, p), OTOv n 1o Gvopa VOGS process, Ommg GuTd GLVOVTATOL GTO
npdypapua, kot p n dtevbovvon ypdvou extédeong g diepyaciag. To mepiBdAlov avtd opiletan
G

PE = ©
| PE,P
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e SE 1o nepifdihov tov Levydv (f, st) omov f to dvopa pog cuvaptnong, kot st 0 THTog cuve-
dplag g. To mepifaiiov avtd opileTor wg
SE = O
| SE,o
Opilovpe o' = {DE, PE, SE} v tp1dda mov pog divet ta type schemes.
O1 kavdveg GUUTEPAGUOD THTOV 0KOAOVOOHV:

I' ey : pid[process]; 1 T F eq : datatype; po
I' ey les : datatype; do, ¢1, P datatype

(send)

I' e : datatypee; nothing DE'; PE'; SE + S : datatype; s
I' F receivee — Send : datatype; ?datatype., ¢g

cv)

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

(offer)

Pref(¢2€{1"N}) = Pdatatype
I' - S; : datatype;; ¢; | nothing
I' - caseeofp; — S €N eng datatype§6{1"N}; B < P1,..., 0N >

(choice_case)

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

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

O kavovag send TEPLYPAPEL TNV EXIOPACT| LLOG OTOGTOANG Unvopatoc. Kabmg tpdta amotipndvot
OLTIUEG TOV €2 KUl €1, 01 EMOPACELS TOVG Ba mapatnpnbodv Tpdtec. O TOTOG TOV 0PLoTEPOD TEAEGTAION
NG £KPPOONG ATOCTOANG TPEMEL TAVTO VO givart 1 SievBvvon piag diepyaciag. O THTOG TOV PUNVOLOTOG
umopel va givat 0mo1060MToTE £YKVPOG TOTOG dedopévav evog Erlang term. Xto téhog, mopatmpeiton
KoL M EMLOPOOT) TG UTOGTOANG TOV UNVOLATOC €o.

O kavovag recv TEPLYPAPEL TNV EMIOPOOT LI0G ANYNG UNVOLOTOG, OTaV [ dlepyacio ’akover”
LUovo Yo unvopaTa evog cuykeKpévou Tumov datatype.. Xe Erlang, To pattern tov unvopatog mpémnet
va gtvat cav évo amdo term (UE T Slpopd OTL EMTPENETOL VAL TEPLEYEL LETAPANTES TTOL dEV EXOVV
ocvoyetiofel akdun pe kdmota tiun), pe omotédecua moté vo uny sivon effectful, e£ob ko n emnidpacn
tov (nothing). Katd v amotipnon tov cdpotog tov receive clause, ypnoiponotodpe o meptfdiiov
I"={DFE',PFE',SE}, émov 1o DE’ kow PE' mpoxbdmtovv and to. DE ko PE npocbitoviag tuydv
UETAPANTEG TOL TEPIEXOVTAL GTO receive pattern.

O kavovag offer meprypdpet tnv exidpacn pog ANyng wnvouatog, étav o diepyocio “oakover”
Yo UNvOpoTo S1opopeTikav popepmv. Kot edm ta patterns givon effectless.

O kavovag choice case TePyPAPEL TNV EMIOPACT LLOS EKPPOACTG TTOV TPOKOAEL dStokAdSwor otV
EKTEAEDT], O€ TEPIMTOON TTOV TO. cdpoTa TV clauses givon effectful, kot o1 emdpdoelg Tovg Egxvodv
OAEG e éva send action.

O kavévag sequencing meptypaOeL TNV ENLOPACT EVOG GUVOLOL AT EKPPACELS, Ol OTTOTES ATOTULM-
VTOL PE I YPOUUIKT] GEPA. AVTOg eivat 0 kavovag pe Baon Tov onoio GLUTEPAIVOVLE TOVG TOTOVG
KoL TIG EMOPACELS CLUVOAPTNCEWDV.

270 GUOTI O TOT®V KoL EMOPACEDV LLOG, 0L LOVES EKPPAGELS TTOL £XOVV KATOL0 T PACT) ELvOL ov-
Té¢ NG 0mooToAng (1) kot g Aqyne (recetve...end) punvopatog. OAeg ot vmolowneg Erlang exoppdoeig
etvan effectless.
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5.2 Ylomoinon
KaBoAn m dibpkela avtig g evOTnNTaS, B0l Yp1NGIULOTOI0VUE TO ATTAS TPOYPOLLLLO TOV QAiVETOL
010 oynua 5.1 og Bdomn yio vo eENyNoovLE T AEITOVPYIN TOV GUCTHUOTOC LLOC.

I run() —>
2 ProcServer = spawn(fun() —> server() end),

Foo = spawn(fun() — foo() end),
4 Biz = spawn(fun() — biz() end),
5 spawn(fun() — baz(Biz) end),

6 spawn(fun() — bar(Foo) end),
7 spawn(fun() — simple_client(ProcServer) end),
8 spawn(fun() — recursive_client(ProcServer, rand:uniform(100)) end).

10 server() —>

11 receive

12 {num_1, Proc, X} —>

13 receive

14 {num_2, Proc, Y} —>

15 Proc ! {num_sum, self(), X + Y + 42},
16 server ()

17 end;

18 {foo, Proc, X} —> server()

19 end.

21 simple_client(Server) —>

2 Server ! {num_1, self(), 17},

23 Server ! {num_2, self(), rand:uniform(100)},
24 receive

25 {num_sum, Server, X} — X

26 end.

28 recursive_client(Server, 0) —> ok;
29 recursive_client(Server, N) —>

30 Server ! {foo, self(), N},

31 recursive_client(Server, N — 1).

)

g foo() —

34 receive

35 {foo, P, 42} —>

36 receive

37 {foo, P, 17} —>

38 P ! {foo, self(), 42 + 17},
39 foo()

40 end

41 end.

42

43 bar(Foo) —>

44 Foo ! {foo, self(), 42},

15 Foo ! {foo, self(), 17},

46 receive

47 {foo, Foo, X} —

48 Foo ! {foo, self(), 42},

49 Foo ! {foo, self(), 17},

50 receive

51 {foo, Foo, X} —> X + 42
52 end

53 end.
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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: AtA6 mapdderypo

5.2.1 Tuqpora
To cvoTud pag arotedeitat omd Ta €ENMG EMUEPOVE TUNILATOL:

e To TunAUO TOV GUUTEPUCHOD TMV THTMV GLUVESPLDY TOL TPOYPAUUATOS TOV SEXOUACTE OG Ei-
G000.

e To TN TOV EAEYYOV TOV TUTM®V TOV GLUTEPAVE TO GUGTILA LAG LE TOVG TOTOVE TOV TOPEYO-
VIOl 07O TOV YPNOTN OG 0 “TPOodayeYPOUUEVOS TOTOG GLUVEDSPLOG EVOG TUNLLOTOG TOV TPOYPLLL-
HOLTOG,.

e To Tunpa g GVYKPIONG TOV TUTOV dVO CLVUPTICEDY TPOKEUEVOL VO SIMIGTMOEL oV amote-
AOVV Ta, “axpa’ VOG TPOTOKOAAOV EMKOVOVING.

‘O)a 0. TPOYPAPLOTO TOV TOPEYOVTOL TPOG AVAALGT TEPVAVE 0o TO TPp®TO TPNHa. To devtepo
Kol To Tpito evepyomolovvtal pe Pdomn tnv €i60d0 Tov XPHoTN.

5.2.2 Zvumepaopog Tomov Zovedprov

Onwg &ovpe avaeépet kol mponyovuévac, n Erlang sival pior Yhddooo pe duvapukovg tomovg,
TPAYLLO TO OO0 GTLUOIVEL OTL OEV VTLAPYOVY TANPOPOPIES TOTMV Y10l TO, SEGOUEVA EVOC TTPOYPAUUATOS
KATA TO YPOVO UETAYADTTIONG.

Y10 KePAAao 4 gidape OTL 6TOVG TOTTOVG GLVEdPiag, Eva BepeMdOeg KopUUATL TG avaAvong &i-
VoL 1 YVOGON TOV TOT®OV OEO0UEVOV TOV TEPLEYOVTOL GTO UNVOLOTO TOV OVTOAAACCOVTAL LETAED TV
EMKOVMVOVOHDV JIEPYOUCIDV.

[Tpokelpévou vo AmOKTHCOVIE QVTHYV TNV TANPOEOPIa Y1 TOVG GKOTOVG TNG OIKNG HOG OVOIAL-
oG, aE0TOL0VLE TOV GUUTEPUGLO TOTT®Y Tov Dialyzer. Me avtdv Tov TPOTO, 0 GUUTEPAGLOC TOTOV
ovvedPlOG TOV GLOTHHOTOC LOG TPUYUOTOTOLEITOL G 0V0 PACELS:

e XNV TpOTN QAcT, divovue TO TPOG avaAvon TPoOYpape g icodo otov Dialyzer. Metd to
TENOG TNG EKTEAEOTG TOV, EXOVILE CUUTEPAVEL TOVS TOTOVS TV SEOOUEVMV TOV TPOYPELLLLOTOG,

o Y11 0evtepn @Ao, emaveneEepyalOUOOTE OO TO TPOYPOLLLA, KOl CUUTEPAIVOVLE TOVG TOTOVG
GLVESPLOV TMOV GLUVOPTICEMY TOV UE PACT TOVG KOVOVES TNG TPOTYOVUEVIG EVOTNTAG, Kot a&lo-
TolOVTOG TNV TAnpoopia mov e€nyaye o Dialyzer, Tnv omoia ¥p1GIULOTOMGALE Yio VA, “Yepi-
covpe” To mepPdriov I Le TIG AVTIGTOYNOELG LETAPANTMV LLE TOTOVG,.

[N e avaivon tov tpdmov pe tov omoio dovAevet o Dialyzer, o avoyvdoTng TOPATEUTETOL GTO
[TLin06].
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> NN SO0

Xpnoyomolovpe e €kdoor tov Dialyzer Baciopévn og avtyv mov mepiéyetat oty £kdoon 19.0
tov Erlang/OTP, eha@p®dG TPOTOTOMUEVT Y10 TOVG OKOTOVG oG, MOTE VO, dloTnpel TNV TAnpopopia
7ov oyetiletal pe Tovg TOTOLVG dedouévav TV empépovg Erlang terms kaBoAn tn Sidpkeia g ava-
AvomG, Kot aKoAoVOmG Vo T HeTAdIdEL 6TO GVOTNUA LLOG.

Mot oAokAnpwbei  avdivor tov Tpoypdupatog omd tov Dialyzer, tpéyovpe ) dikn pog on-
pactohoyiky avéivon tave oto Core Erlang AST tov ka0e module, amodidovtag oe kaOe kKOUPO Eva
effect, pe fdon Tovg Kavoves GLUTEPAGLOD TOV TEPLYPAPTKAY TOPATAV®.

O kMoelg ovvaptioemv Pifaodnikne g Erlang, tépav tov !(send), eivar effectless.

Katd v avédivon tov cuvapticeny evoc module, givatl mold Thoavo vo GuvavTHCOVIE KANGELG
o€ GANEG, OPICUEVEG OO TOV YPNOTN, GLVOPTAGELS €vTOc Tov module (1] kot péoa og dAha modules
TOV TPOYPAULOTOC), YO TIC OTOIEG OUWOC OEV £YOVUE KON SIUBESIUN TV TAN PN TANPOPOPIa GYETIKA
LE TOV TOTO cvvedpiag Tovg, eite emedn Ba avoivbovv cg peténeita yPoviKny GTIyUn, €ite emeldn Kot
exeiveg Teplelyov KANon o€ Kdmowo dAAN cuvapTnon.

Katd ™ @don tov cupmepacpod tonmv, ot Béon g enidpaong TG KOAOVUEVNG GUVAPTNOTG
Balovpe pa tun placeholder, v {unavailable, { M odule, Function, Arity}}, 6mov Module to
module 6to omoio opiletor n KahoOpeVT cuvaptnon, Function 1o dvopa TG KAAODUEVTG GUVAPTN-
ong, kot Arity 1 TOAMATAOTNTO TNG.

Y10 téA0G NG avéAvong tov modules Tov TPOYPALLOTOC, TPAYUATOTOLOVLE £Val iteration TAV® G€
OAEG TIG OPIGHEVEC GUVAPTIGELS, KOl ETEKTEIVOVUE OAEG TIG EMOPACELS TTOL OEV NTOV SLODECIUEG KATA
) ddpketo avtig. ES®, resolution onpaivel ) avtikatdotaon tov placeholders

{unavailable, { Module, Function, Arity}}

LLE TO TANPES session type NG KOAODUEVNG GUVAPTNONG GTO session type Ttng KoAovoas.

AOY® TOV TPOTOL LE TOV 0010 S EPILOUACTE TIG EMOPACELS CLVOPTHCEWMY TOV OEV EYOVLE AV
ADGEL AKOUT), TO GOGTNUA GUUTEPAGHOD TOTMOV Hag 08 pmopel va dtoyelptotel apolPoimg ovadpopkeg
ocuvaptioelc. H mAnpng avdmtuén Tov session type tng Log 6to session type g dAAng 6o odnyovos
og éva undecidable TpoPAno.

[N To Tapddetypa Tov oynpatog 5.1, To GVOTNUA LG CLUTEPAIVEL TOVG EENG TOTTOVG GLVESPLAOV:

{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(1) !(atom x pid x integer). ?(atom x pid x any).”
{recursive_client,2} : "u (1). pid(1) !(atom x pid x integer).rec(1).”
{foo0,0} : "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(1) !(atom x pid x integer). pid(1) !(atom x pid x integer). ?(atom x pid x number).
pid(1) !(atom x pid x integer). pid(1) !(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).”

v {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 ’'E\eyyog og oyéon pe to specification

H Erlang mapéyet ™ dvvotdtrta 61OV mTpoypapatioty va tpochécet annotations oto modules
TOV TPOYPOUUATOV TOV, TO 0010 EIvOL 100G KATA TN OAGCT] TNG LETOYADTTIONG.

Ewdyovpe éva véo tétoto annotation, —sestype(). Ilopéyovpe 6ToV TPOYPOUUATIOTH £VO, GOVOAO
a6 macros, e Baon to onoio UTopel va TEPLYPAWEL TOV AVOUEVOUEVO TOTTO GLVEDPIOG Y10 Lol GUVAP-
™mon, 6nwg eaivetol 6to oxnua 5.3. To annotations avTd AvVTIGTOLXOLV 6T CLVOPTHGELS server /0,
simple_client/1 kou recursive_client /2 tov oyfpotog 5.1.
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sestype Annotations

?sa_recv_tag(DTI,
DT2)

?sa_send tag(P,

DT1: TOTOG
dEJOUEVOV TOV M-
HOTOG TOL receive
clause

P: pid reference

DT?2: tomog dedo-
UéEVeV ov Bo Kavel
match pe to receive
clause

DT tomog dedopé-

Action Tag First Argument Second Argument | Explanation
T: fix reference Heprypager oV
) ., | E: session type T tomo cuvedpia
?f rec_tag(T E) OTNV  OVOOPOLUKT ooviong type mg ac (XVOL5p0|.1?KT']§
ovv/on GLVAPTNONG

Session Type &vog
receive clause

Session Type evoc

V@V TOV HIVOUOTOG

, send clause
OV OTTOCTEAETOL

DT) TOV TOPUANTTN

Session Type
evdg multi-branch

L: Aot pe session

?sa_offer tag(L) types Tov receive | -

clauses receive statement
Session Type
evog branching

L: Mot pe session execution oMoV

?sa_choice tag(L) | types 1tov send | - TO TPMOTO session
clauses action kd6e branch
glvar  éva.  send

clause

Session Type oava-

dpopikng  KAnomng
cuv/ong

T': reference ¢ [
? tag(T, -
sa_rec_tag(T) avadPOLIKT GUV/oN

| —sestype({{server, 0},

2 ?f_rec_tag(1, [?sa_offer_tag([{?dt_any_tag, [?sa_recv_tag(?dt_any_tag,

3 ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag,
— 2dt_integer_tag]l)),

4 ?sa_recv_tag(?dt_any_tag,

5 ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag,
<~ ?dt_integer_tag]l)),

6 ?sa_send_tag(1,

7 ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag,
— ?dt_integer_tag]l)),

8 ?sa_rec_tag(1)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)131)1)}).

13 —sestype({{simple_client, 1},

14 [?sa_send_tag(1, ?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]))1}).

18

19 —sestype({{recursive_client, 2},

20 ?f_rec_tag(1, [?sa_send_tag(1l, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tagl)), ?
— sa_rec_tag(1)])}).

Listing 5.3: -sestype() annotation

IN'o kaOe této10 annotation TOL £YEL YPNGLUOTOUGEL O TPOYPULULUOTIGTIS, TO EPYAAEIO LOG GLYKPI-
VEL TOV TOTO GLVESPIAG TOV GUUTEPAVE, LLE OLTOV TOV TEPLYPAPETOL GTO annotation.

H ovykpion petaé&d autdv Tov TOrmv cuvedpilag Kol TMV CUUTEPUCUEV®V YIVETOL KOTAVOAMDVO-
vtog éva-€va, To, session actions Kot 0md Tovg dVO TOTOVG, KOl EAEYYOVTOG:

e ‘Ot ta actions mov wePLypapovv givor idto
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e Ot 10 datatype Tov user annotation yio T0 GUYKEKPIHEVO action €ivol VTOTHTTOG TOV GLUUTEPDL-
GUEVOL TOTTOV OEGOUEVOV.

To dgvtepo KPITNPLO €ivol AVTO OV KAVEL TO GOOTNUE oG TANPES: ToTé g Ba amoppiyel Eva
oWOTO TPOYPULLLLOL.

Avayvopilovtog Toug TEPLOPIGHONVE TOV AVTIUETOTILOVIE GTO GUUTEPUCUO TOV TOTOV OEOOUE-
VOV, TO VO, ATOLTOVUE Ol CUUTEPOUCUEVOL TOTTOL OEdOUEVAV VO glval TavToTE aKpIP®S 10101 e avTovg
1oV TPoodopilel 0 ypiog ota —sestype() annotations Oo 031 YOVOE GE ATOPPIYT OPKETOV COCTMOV
TPOYPOUHATOV, AOY® mismatch.

INo va Eemepdoovpe avtd 10 TPOPANLL, ETITPETOVIE GTOVE TOOVE OV TOAPEYEL O YPNOTNG VL
glvat TOLAGYIGTOV TOGO GLYKEKPIUEVOL (LE TNV £vvola TOL subtyping) 6GO 01 TOTTOL TOV GUUTEPAIVEL
o Dialyzer. Av o mapeyouevoc tHmog dev gival LTOTHTOG TOL CLUTEPUCUEVOD, CTUELDOVOVLLE EVOL EITOT
GTNV VAOTOINGT TOV TPOTOKOAAOV EXIKOVMVIOC.

[ Tapddetypo, oo mpdTo clause g simple _send/3, av o xpnotng gixe ddoet

—sestype({{server, 0},
?f_rec_tag(1, [?sa_offer_tag([{?dt_any_tag, [?sa_recv_tag(?dt_any_tag,
?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag,
<~ ?dt_integer_tag]l)),

Listing 5.4: Type mismatch

0 éheyyog Ba eiye amotiyel, KoBMG T0 any amoteAel TOV LAEPTLIO OAMOV TOV TOTMV FESOUEVOV TNG
Erlang.

5.2.4 ’"Eleyyog peers

[Tépav tov —sestype(), elodyovpe Kot GAAO £va annotation: —peers(). Xpnoponoldvag oo,
0 TPOYPOUUATIOTNG LTOPEL VO VTTOOEIEEL GTO GVGTNUA oG TG TPEMEL VO EAEYEEL OTL OO GUVAPTNOELS
amoTEAOVV T 600 AKPO EVOC TPMTOKOALOL eMKOvmViag. Avto onpoaivel 0Tt Tpémet va eAeyyOel av ot
TOTTOL TOVG EIVOL GUUTATPOLOTIKOL.

AV0 cLVOPTAGELG Eivol communication peers oV, KATavoADVOVTOS TOVG TOTOVE TOVG Eva-£va action,
Kké0e {evyog omd avTd £ivol GUUTANP®UOTIKO, KOt EAV KATO10G TOTOG e&avTtAnbel mpdmpa, 0 TOTOG TG
GAANG cuvapTNONG HEVEL GE U0 KOTAGTOGT 1 omoia uropel va BewpnOel tepuotiky.

O AlyopiOpog Movtelomolovpe Tovg THTOVE GLVESPLDY TNG KABE cuvapTnong w¢ éva (TBAVAC
KuKkAKO) karevbuvopevo ypagpnua G(V, E). Kdbe kopven oto V' avaropiotd £va action. Mo akpn
e = (u,v) onpaivel 6Tt T0 action oL TEPLYPAPETAL 0O TN v aKOAOLOEL VTO MOV TEPLYPAPETOL ATO
TN © GTOV TOTO GLVEIPLOG TNG GLVAPTNONG.

1 input: graph G;, graph Gs

2 output: list of successful routes

3 begin

4 S = { {root(Gy), root(G2)}}

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[G2])):
14 res.push(current route)

15 else:

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

17 if valid(recursive criteria(Pair[G1])):
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18 res.push(current route)

19 else :

20 if valid(recursive criteria(Pair[G;1])) and
21 valid(recursive criteria(Pair[G2])):

2 res.push(current route)

23 else:

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

27

28 return res

29 end

Algorithm: 1. Session Type Matching

To cvvolo avalitmong S eivar o ovpd amd Cevydpilo KopuYHOV, TV OOV TIG TPAEELS TPOCTA-
Bovpe va eléyEovpe g TPog T cvumANpopatikoTnTa. Kpatde to povomrdtt To omoio pog 0dnynoe
010 K40 (evydpt KOPLE®V, TOGO MG TPOG TO OO TOEG KOPLOES TEPACHLE, OGO KOl O TPOG TOV TOTTO
cuvedplog e ToV 0moio PTAGOLE OTIC TAPOVGESG TPUEELS.

O ahydp1Ouo6g pog Eekva pe to va mpocBétet ta {evydplo TV KopuEOV-pIl®V ToL KAOE Ypoen-
Hatog 6to ohvoro avalitnong S, Omos eaiveTal otn ypapun 4 tov mapardve adyopibuov. Kabe
YPAPN O UTOPEL VO EYEL TEPLOTOTEPOVS TOL EVOG OPYLKOVE KOUPBOVE, GE TEPMTMGELS OOV TO TPHDTO
action givau éva choice M éva of fer. Xvveyilet pe to va Byalet and v ovpd to TpdTo {EVYAPL KOPV-
@OV, KOl VO, CLYKPIVEL Ta actions Tov avamoplotobv. Av Ta actions Tovg 6gv €ival COUTANPOUATIKG,
101 BepodiLe OTL TO TOPOV LOVOTATL 0moTELEL Eval un emiTuyEG match, Kot TPOY®PALE GTO ETOUEVO
Levyog kopvedv. Av To actions Tovg £ivol CUUTANPOUATIKE, EAEYYOVLE TO GUVOLO TV EEM-YEITOVDV
g ka0e Kopveng. Edv kat Ta 600 glvar ddeta, TOTE KATAVOADGOLE TANPOS KO TOVG dVO TOTOVG, Kol
LUTOPOVLLE VO, KPATHCOVLE TO HOVOTATL TOV OKOAOVONGALE GTO GUVOAO TMV EYKLPWOV AKOAOLOLDV.

Edv omowodnmote amd ta 300 cvvola dev givar ddeto, eAéyyovpe To 100G TV EE®-YEITOVOV [E
TOV OAYOp1OLO:

1 input: graph G, vertex v

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 w:

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(u))
13

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

15 return {true, []}

16 else:

17 return {false , res}

18 end

Algorithm: 2. Out-neighbour criteria

AvTog 0 0dlyop1Bpog eLEYXEL OAOVG TOVG EEM-YEITOVES LG KOPVONG U, KO LOG AEEL OV OAOL TOVG
OTOTEAOVV TNV TPAOTN KOPLON HI0G 0VadPOUKIG akolovBiag, katl av val, To eAdyioto “Bdbog™ g
avadpounc. Edd opilovpe d¢ T0 eminedo eppdrevong g avadpopkng akorovdiog, kabdg oe Eva
session type UTOPOVE VO EYOVILE OVOOPOLIKES VITOAKOAOVOIEC.

[No Tapddetypa, oTov TOTO cLVEdPING
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uo.pid(1) ! atom x integer.
pid(1) ! atom x sel f x integer.
(1.7 atom x integer.¢).

g

1 KOPLPN TOL AVTIGTOLXEL oTNV TPMTN send Aetrtovpyia £xel Babog 1, kabmg dev eival epemAgvpévn.
H receive Aettovpyio evtog g avoadpoukng viroakoiovdiog £xetl fdbog 2.
O1 cuvOnKeg evag emTVYODS TAPLAGHOTOG Efvat:

o Agv vrdpyovv dArol EEm-yeitoveg, ONANOT eEAVIANGALLE TO SVO YPOPTLOLTAL.
e ‘OlLot o1 £Em-yeitoveg elval apyIKEC KOPLPES AVASPOLKDY 0KoAOLOIDY Babovg 1.

Edv vrapyovv éEm-yeitoveg o1 omoiot gite dev gival apykég KOPLPES OVASPOMIKDOV AKOAOLOIDV, giTE
glvar apyKéG KOPLPES AvadpoUK®Y akoAoLOidV pe Babog peyaldtepo tov 1, 1§ amotelodv Evay Guv-
SVOGUO O APYIKESG KOt U1 KOPLOES 0vadpoKdv akolovbidv Babovg 1, Tig onoieg dev €yovpe emi-
okePBel, Tt TpocBitovpe OAa T, (evydpla £Em-YEITOVMVY 6TO TEAOG TOL GLVOAOL Ooval)TNONG, TPO-
KEWEVOL Vo, Ta. EAeyEovE GTO HEALOV.

AxoiovBobv pepikd peer annotations yio 1o TpoOypoppa 5.1,

—peers([{{server, 0}, [1}, {{simple_client, 1}, [13}]).

;—peers([{{server, 0}, [1}, {{recursive_client, 2}, [13}1).

C NIV NN

—peers([{{foo, 6}, [1}, {{bar, 1}, [1}]).

—peers([{{biz, 0}, [1}, {{baz, 1}, [1}1).
Listing 5.7: -sestype() annotation

To dpropa Tov —peers() annotation givan pua Aioto, ototyeio TG onoiag givar tuples peyébovg 2,
TOL OTO10L ALVOTTAPLGTOVV TIG GLUVAPTHOELS TOV OTOIMV TOLE TOTOVG GLVESPLG BELOVLLE VO GUYKPIVOLLLE.
YuyKekpiuéva:

e To mpdto oTOLYElO TOV tuple elvar emiong éva tuple peyéBoug 2, mov Tpocdiopilel Ty cuvapTnon
TOV HagG EVOLOPEPEL, o€ LopPn { function_name, arity}.

o To devtepo ototyeio givar po Mota, Tov ENTPETEL GTOV TPOYPULLLATIGT] VO TOPUUETPOTOUCEL
N ovyKpilor. O TPOYPUUUOTIOTAG UTOPEL VO SDGEL GUVOVUCUO TOV ETIAOYDV

— total, pe v omoio. 0 TPOYPOUUATIGTNAG LaG AEEL OTL Y10 VO EIvVOL EMLTUYEG TO TAAPLAGHLO,
TPEMEL 0 TOTOG GLVEDPLOG TNG CLVAPTNOTG VA KATOVOA®MOEl TANPOC.

— user_type, € TNV 0010 O TPOYPOUUUOTIOTNS HOG AEEL VOL LUT] PTCUYLOTOUGOVLE TOV TUTO
ovvedpiog TOV GLUTEPAVALLE, AALA TOV TUTO OV LG TOPELYXE 0 1010¢ LESM TOL -sestype()
annotation.

Ag avaidoovpe ta dvo mpmdTo (guydpla annotations tov listing 5.7. Ta katevBuvopeva ypoen-
pato TV IV cvvedpiog Tov cuvaptoemy server /0, simple client/1 kou recursive_client /2
eatvovtat ota oynuata 5.1 €wg 5.3.

2tV ovdlvon Tov akolovbet, 0o avapePOUAGTE GTIV KOPLEN ¥ TOL YPUPTLLOTOS TOV OVTIGTOLYEL
ot ovvapmon f/a og f/alv].

Apyikd tpoomafoliE Vo GLGYETIGOVLLE TOVG TOTOVG cLVESPiag TV server /0 kot simple_client/1.
SOpeovo Pe ToV 0AYOPIOLO TOV TEPLYPAPNKE TPV, TO OPYIKO cOVOAO avalitnong Exel og e&Ng:

S = {{server/0[vy], simple_client/1[vo]}, {server/0[v1], simple_client/1[vo]}}
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Tyqpa 5.1: 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

BOewpovue 10 TPMOTO €K TV dVO (evymv. O €leyyxoc ¢ Ypapuuns 8 Tov aiyopiBuov 1 sivon emi-
TUYNG, KoBMG Ta session actions TOL AVOTAPIGTOVY 01 dVO KOPLYES ivarl cupmAnpopaTikd. Kavéva
and Ta 300 cOvora E@-yertoveV dev ivar Gdeta: T0 GHVOAO out Yo TV kKopuen server /0[vg] givar
{server/0[va]}, evd yo v simple_client/1[vg] eivar o {simple_client/1[v1]}. KabBbdg Okeg ot
KOPLPEG TOV AVIIKOVY GE OVTA TA GUVOAD OTOTLYYEVOUY 6TOV EAeYY0 TV Ypapupav 20 kot 21, wpo-
GOETOV|LE TO KOUPTESLOVO TOVG YIVOLEVO GTO TEAOG TOL GLVOAOL OVOLNTNONG, LLE OTOTEAEGLLOL VOL EYOVLLE
®¢ véo ohvolo avalitnong o

S = {{server/0[v1], simple_client/1]vg|}, {server/0[ve], simple_client/1[vi]}}

Exteddvtag tov adyopifpo yio yia to dg0tepo (e0yoc KopuemV ToV apyLkod cUVOAOL avalNTnong,
KoL TAAL £XOVLE EMTVYIO TOL EAEYYOV TNG YPOLUNG 8 KOOMG Ta session actions ivoil GUUTANPOUOTUKAL.
Kat mé kavéva amd o chvora TV EEm-YEITOVOV TV 000 KOPLE®V Ogv €lval Adelo, 0TdTE KATOAN-
YOULE VO TPOGHETOVLE TO KAPTESIAVO YIVOUEVO TMOV GLVOA®Y CVTAOV GTO GUVOLO 0V TNOTG, TO 0010
onuaivel 6TL o€ ATV TN Aon avTd aroteheitar amd Ta €ENg Levyn KOPLE®OV:

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

Extelmvrtag to Bpodyo tov ypapupudv 6-26 tov adyopiBupov 1 péypt va eEaviAGovEe T0 GOVOAO ava-
&ong, Bpiokovpe OTL Tpdypatt ot cuvaptoels server /0 ko simple_client /1 anotehovv communication
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Tyqpa 5.2: simple_client/1

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

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

v2: 7 atom x pid(1) ® integer

peers, Kol T0. COUTANPOUATIKE session sequences PETOED TOVG elval Ta:

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

Kavéva sequence mov Eekwvaet and to Levyapt {server/0fvi], simple_client/1[vg]} ev odnyet
o€ o emTuyn ovvedpia.

[Tpoympaype otnv emkovovia petaé&d tov server /0 kon recursive_client/2. To apyikd chHvoro
avannong gival to

S = {{server/0[vo], recursive_client/2[vo|}, {server/0[v1], recursive_client/2[vo]}}

Koat ta 600 {evydpio amoteAodvTal amd COUTANPOUOTIKG LeTalD TOVC actions, 0TOTE AoV EYOVV
katavodlmOel amd to chvoro avalitnong, avto Ba €xel dtapopewdel mg e&ng:

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

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

ka0t T1G server /0 kot recursive_client/2 communication peers.
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Yyqpo 5.3: recursive _client/2

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

powtoxkoira [Morramidv Toppeteyoviov O mopamdve odyoplBpog Bempel 6tL vTdpyovy Hovo
00 GUUUETEXOVTEG OE KAMOL0 GLUVEDPiQ. L€ TEPINTMON TOL BEAOUE VO ETEKTEIVOVLLE KOl VOL YEVIKED-
GOVLE TOV AAYOPIOLLO 0VTO MGTE VO SOVAEVEL Y10 TOAAATAOVG GUUUETEXOVTES, B0l EPYOLACTOV OVTILE-
TOTOL TOAD YPIYOPO LE TO TPOPAN LA TG CLVIVACTIKNG Ekpnéng (combinatoric explosion).

Eav vroBécovpe 0Tt TpocmafoiiLe Vo TGEKAPOVLE TNV EMKOV®VIN LeTAEd N dlEPYUTIDV, TOTE GE
ka0e Prpa o émpeme vo Bewpovpe Emg Kot (g‘) Cevydpila. Kart tétoro, av kot apyod, icwg va givar
EPIKTO LOVO Y10 PIKPEG TILES TOV M, KOL Y10 GYETIKA GOVTOHOVE KOl 0TAOVG TUTTOVG GLVESPLAOV.

5.3 Hoapdaoerypo viomoions: Arithmetic Server

2V Tapovca EVOTNTO, TOPOVGIALOVUE EVO KAOGGIKO TAPASELYIO, GTIV OVAALGT] GUGTNUATOV
TOT®V cVVEdPLOY. To Tapddetypa avtd OmOTEAEL Lo VAOTOINGT TOV ovadpopkov arithmetic server
7OV TTPAOTOTEPLYPAPNKE 6T0 [Gay99], ue pia dapopd: Exovpe eEokeiyel TV €vvola TOL “KOvOALOD
pHécm Tov omoiov évag client AmOGTELEL GTOV SIOKOULOTH TO OiTNUE TOL, KAl TO OToio dnpovpyeiTat

KOTO TO OATNLOL.
To mpdypappa wov viomotel Tov arithmetic server, kafog kot clients Tov attovvton TPAEeLg amd

avToV, paiverol oto listing 5.8.

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)
end.

server() —>
receive
{sum, Pid} —
receive
{sum_o1, Pid, Opandli} —>
receive
{sum_o2, Pid, Opand2} —>
Pid ! {res, self(), Opandl + Opand2},
server()
end
end;
{neg, Pid} —>
receive
{neg_o, Pid, Opand} —>
Pid ! {res, self(), — Opand},
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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),
0op2 rand:uniform(1000),
Server ! {sum, self()},
Server ! {sum_o1, self(),
Server ! {sum_o2, self(),
receive
{res, Server, _Res} —>
io:format(”sum_client: Sent ~p and ~p,
sum_client(Server, N — 1)

Op1},
0p2},

received ~p\n”, [Op1,

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,
neg_client(Server, N — 1)

received ~p\n”, [Op, Res]),

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,
sqrt_client(Server, N — 1)

received ~p\n”, [Op, _Res])

end.

0Op2, _Res]),

’

Listing 5.8: Arithmetic Server Implementation

Y7o listing 5.9 paivovtot ta session type annotations oL TEPLYPAPOVY TO TPMTOKOAAO TOV TPETEL

va okoAovBeital amd TV VAOTOINoT).

—sestype({{server, 0},
?f_rec_tag(1, [?sa_offer_tag([{?dt_atom_tag, [?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_send_tag(1,
?dt_tuple_tag([?dt_atom_tag,
?sa_rec_tag(1)13},
[?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_send_tag(1,
?dt_tuple_tag([?dt_atom_tag,
?sa_rec_tag(1)]},
[?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_recv_tag(?dt_atom_tag,
?dt_tuple_tag([?dt_atom_tag,
?sa_send_tag(1,
?dt_tuple_tag([?dt_atom_tag,
?sa_rec_tag(1)]13},

{?dt_atom_tag,

{?dt_atom_tag,

{?dt_atom_tag,

?dt_pid_tag])),
?dt_pid_tag, ?dt_integer_tag])),
?dt_pid_tag, ?dt_integer_tag])),

?dt_pid_tag, ?dt_integer_tag])),

2?dt_pid_tag])),
?dt_pid_tag, ?dt_integer_tag])),

?dt_pid_tag, ?dt_integer_tag])),

?dt_pid_tag])),
?dt_pid_tag, ?dt_integer_tag])),

?dt_pid_tag, ?dt_number_tag])),

[?sa_recv_tag(?dt_atom_tag, 2dt_tuple_tag([1))1}1)1)}).
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7 —sestype({{sum_client, 2},

?f_rec_tag(1l, [?sa_send_tag(1, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag])),
?sa_send_tag(1, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag]l)),
?sa_send_tag(1, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
?sa_rec_tag(1)])}).

—sestype({{neg_client, 2},

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

‘ ?sa_send_tag(1, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag])),
?sa_rec_tag(1)]1)}).

—sestype({{sqrt_client, 2},

?f_rec_tag(1, [?sa_send_tag(l, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag]l)),
?sa_send_tag(1, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_integer_tag]l)),
?sa_recv_tag(?dt_atom_tag, ?dt_tuple_tag([?dt_atom_tag, ?dt_pid_tag, ?dt_number_tag])),
?sa_rec_tag(1)])}).

Listing 5.9: Arithmetic Server Implementation

Ta contracts avtd pog Aéve to e€ng:

e H cuvaptnon server/0 opykd mepytével va AaPet pio thetddo, 1 omoio amoteAeitar and v

atom (1o omoio, 6mw¢ PaiveTal oo ToV KMOKa, TEPLYPAPEL TNV aplOunTikny Tpdén mov o client
0éhel va exTEAETTEL EK LEPOVE TOL OO TOV Server), Kal éva pid, TO 0010 AVTIGTOLYEL GTO process
tov client. To emdpevo Prpa, acyETmg Ue To TEPIEYOUEVA TG TAELAd0C Tov Ba AdPet, Oa givan
Vo TEPIUEVEL Kot TAAL v AaPel o TAlada, 1 omoia amoteleitol amd £va atom, 10 pid TOL
€\ofe Kot 6TO TPONYOOUEVO VDU, Kot Evay aplBpd, 6TIg dV0 TEPITTMGELS OKEPAIOV TOHTOV.
To emduevo Prpa egaptdrar amd to path wov Exovpe S1avHGEL OC TOPA:

— Ymnapyel mepintwon o client va aiteita mpdén avTioTpoPig TPOGH LoV, OTOTE E0M O server
0o amooteidel o amdvtnon oto pid Tov client, n omoio amotedeitol amd Uiot TOLTAO TOV
mepLE el €va atom, To pid TOV Server, Kot T0 AmOTEAEGHO, TG TPAENG

— Av amd Vv GAAN o client auteiton ektédeon Tpdéng evpeong teTpaymvikig pilag, T0TE 0
server Kot TdAlL Oo amooteilet P mAgdda gtov client, id10v TOTOL pe AVTHV TNG TPOTYOL-
HEVNG TEPIMTMOOTG.

— ZXg mepintmwon mov To aitnpa eivat yi afpotor apBuadv, 10te o server Oa mepiuével £va
axoun puivopa omo tov client, pe tov dgvtepo teAecTaio TG TPAEng. Molig AdPet kot
avTdV, Bo EMGTPEYEL oL TAELAO0 OVTIGTOLYN E TIC TPOTYOVLEVES 5VO.

Kot o115 1peig mepumtdoelg, n extéheon tov server cuveyiletal pe v avadpopuky KAnon mg
server /0.

H cuvapmon sum_client /2 viomotei évav client o omoiog auteitar povo npaeig abpoiong and
Tov server. LtéAvel Tpio unvOpaTa 6T GEPQ, EK TMV 0TOIMV TO TPMTO TEPIEXEL EVa atomsum
KoL TO pid TOV, KOl TO, EMOLEVO dVO TTEPLEYOLV £va atom, TO pid TOV KOl oo EVOV aKEPOLO, KOl
mePUEVEL v AAPeL oo o TAEAd0 ToL TEPIEYEL Eva atom, GTNV TPOKEWEVN TO T'ES, TO pid
TOV Server, Kot To amotéAecua TG Tpdéng mov aitndnke. AkoAovBwg, Kaheitarl avadpopikd n
sum_client /2.

H ovvaptnon neg client/2 viomotet Evav client mov arteitan cuvexdg TPEEels ovTloTpoPNg
TPOGT OV 0t TOV server. ATOoGTEAEL GTNV apyN £vO LVLLO TOV TEPLEXEL TO atommneg, 0KOAOL-
Bovpevo amd to pid Tov negation client, Kol 6T CLVEYELN ATOGTEAEL UL TAELAOO TTOV TEPLEYEL
éva atom, 1o pid Tov, Kol ToV aplBud Tov Ba teElécel ypén TerecTtaiov. AkoAoVBwC, TEPIUEVEL
amavtnon e évo atom (To res), 1o pid TOL Server, Kol To OMOTEAEGHA TNG TPAENS, TPMOTOV
KOAEGEL OVAOPOULKE TOV EQVTO TNG.

H cuvéptmon sqrt_client /2 copunepripépeton pe axpipag tov idlo tpdmo onwgn neg client/2,
pe T dtapopd 6Tl amoctéreL Eva atomsqrt avti yio neg 6To TPAOTO TNG VUL

Yt oynuata 5.4 £0¢ 5.7 eaivovtol ot TOTOL GVVESPLNG TMV TOPATAVE® GLUVOPTINCEWDY, GE LOPON
YPaPNATOS.
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Tyqpa 5.4: server/0

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

w3: ? atom x pidi1) x inleger

w4: ? atom x pid{1} x integer w7 pid(1) | atom x self x number v8: pid{1) ! atom x self x number

¥5: pid(1) ! atom x self x integer

AvoAdovTag TNV LAOTOINGT aVTH LE TO GUCTNUG LOG, TOIPVOVUE OPYLIKG TOVG CUUTEPUCUEVOVG
TOTOVG SlEPYOCIDY TOV GUVOPTIGEWDY TOV OTOTEAOVV TO TPOYPOLLLLOL:

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

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

4 pid(1) !(atom x pid x number).rec(4).,

5 any; ?(atom x {atom, pid, (atom x atom)}).

6 ?(atom x {atom, pid, (atom x atom)} x number).
7 pid(1) !(atom x pid x number).rec(4).,

8 any; ?(atom x {atom, pid, (atom x atom)}).

9 ?(atom x {atom, pid, (atom x atom)} x number).
10 pid(1) !(atom x pid x float).rec(4).,

11 any; ?(atom x any).>."
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Tyfqpa 5.5: sum_client/2

v0: pid(1) ! atom x self

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

v2: pid(1} ! atom x self x integer

v3: 7 atom x pid(1) = integer

13 {sum_client,2} : "u (3). pid(1) !(atom x pid).

14 pid(1) !(atom x pid x integer).
s pid(1) !(atom x pid x integer).
16 ?(atom x pid x any).rec(3).”

18 {neg_client,2} : "u (2). pid(1) !(atom x pid).
19 pid(1) !(atom x pid x integer).
20 ?(atom x pid x any).rec(2).”

» {sqrt_client,2} : "u (1). pid(1) !(atom x pid).

23 pid(1) !(atom x pid x integer).
24 ?(atom x pid x any).rec(1).”

Listing 5.10: Inferred Session Types of Arithmetic Server

KaBdg dev eppaviotnke KAmolo eaAo Katd T cOYKPLoN TOV THTOV TOV TO GCUGTNA LLOG CUUTE-
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Tyfqpa 5.6: neg_client/2

i pid(1) | atom x self

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

v2: 7 atom x pid(1} x integer

POVE Y10l TIG VAOTONBEIGEG GUVAPTHGELG HE TOVG THTOVG TOV TAPEIYE O XPNOTNG LECH TV —sestype()

annotations, SLOTIGTOVOLLE OTL OL GUVAPTNHGELC TPAYLOTL VAOTOLOVV TO EXOVUNTO TPOTOKOAAO.
AxoroO0mg, Tpocmafolpe va 60VUE av OVTOG UTOPEL VO S1OOPAUATITEL EMLTVYNG EXKOVOVID

avaueoa oto endpoints pog. Apyikd, xovpe Tov server pe tov client dOpowong, 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,atom]} ]} ,number]}},
{send, {other proc,1},{tuple,[atom,pid,integer]}}},
{{recv ,any, {tuple , [atom, {union, [atom, pid , {tuple , [atom,atom]}]} ,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

Onwg Ba énpene, 10 cOOTNUE pHog Ppiokel Eva TOPASELYUO ETITVYOVG EMKOWVOVIOG HETAED TOV
dV0 cVVAPTNGEDVY, TAPoVoLAlovTag Hag To (EVYapLe TV SVIKOV TPAEEMV EMKOVAOVINS.
To mpdypota yio tovg neg_client /2 xou sqrt_client /2 givon EAo@P®OS S0POPETIKA.:

{server ,0} and {neg client,2} are peers

3 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, atom]}]} ,number]}},
{send, {other_proc,1},{tuple,[atom, pid,integer]}}},
{{send, {other_proc ,1},{tuple,[atom,pid, float]}},
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9

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

{server ,0} and {sqrt_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, atom]}]} ,number]}},
{send, {other_proc,1},{tuple,[atom, pid,integer]}}},
{{send, {other_proc,1},{tuple,[atom, pid, float]}},
{recv ,any, {tuple , [atom, pid ,any]}}}]
[{{recv ,any, {tuple, [atom, {union, [atom, pid, {tuple, [atom,6atom]}]}]}},
{send, {other proc,1},{tuple,[atom,pid]}}},
{{recv ,any, {tuple , [atom, {union, [atom, pid, {tuple , [atom,atom]}]} ,number]}},
{send, {other_proc,1},{tuple,[atom,pid,integer]}}},
{{send, {other proc,1},{tuple,[atom, pid,number]}},
{recv ,any, {tuple, [atom, pid ,any]}}}]

Listing 5.12: neg_client/2 and sqrt_client/2

Haporo mov (cwotd) To cHoTNUE pog aropaivetar 6Tl Ta {gvydpila TV 6vo clients pe Tov server
glvan TpaypaTt eTaipot exikovaviog, es@aipéva vroroyilet 000 evarlhakTikd exiTvyr| “oevaplo’” emt-
Kowvoviag yio kibe €vav amd toug dvo clients. Avtd opeidetarl 6To YeYovog OTL KATA TNV ovaAvoT
AopBAavovpe VIOYLY LG HOVO TOVS TUTOVS TMV GTOLXEIMV dedouéEvmV, Kot Oyt TS TéEG Toug. Kabdog
TOL LLOVOTIATLOL ETIKOLVOVIOG Y10 TIG TEPUTTOCELS TNG AVTICTPOPNG TPOCT|LLOV KOl TOL VITOAOYIGLOD TE-
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Tpayovikng pilag ival idla 1000 MG TPOG Ta PIHATO, 0G0 Kol GTOVG THTOVG SEGOUEVMY TOV UNVOUATOV
IOV OVTOALAGGOVTOL OVAUESH GTOVG clients kail TOv server, To GUGTNIA Hog Ta Bewmpel Eykupa, evd
GTNV TPAYUATIKOTITO, LOVO TO £va otd To, 000 givar £ykvpo Yo kabe client.

Mo mBavi) Aon Y1’ owtd 1o TpoPAnpa Ba propovoe va givor to va Bewpovcape to ke literal
atom oTov K®J1KA TOV TPOYPOUUUATOV TOV avOADOLUE Gav £va singleton type, KoTo TopoUoto TpOTo
omwg avtuetonilovpe 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. [Tapovoidoope Ty opyLTEKTOVIKT TOV, Kol TI§ OPYEG TOW® GO TV OVOALGT TOL TPAYLLO-
Tomotel.

Katd v avantoén kot prion Tov €V A0Y® CLUGTHUATOS, SOTICTOCUUE OTL VTTAPYEL EVO GUVOLO
TPOCHNKAOV Kot dALAY®dV oL Oa Empene va Yivouy o€ auTtd, TPOKEWEVOD Vo, LTopel va ypnoipomotn el
OTTOTEAEGLOTIKA Y10 TNV AVAALGT VTTAPYOVoWV PAcE®V KMOKA, 0ALG Kot ¢ Eva fondnTikd epyaleio
OTOGOUALATMOONG KATA TN QAGCT TNG OVATTUENG VED®V EQUPLOYDV.

2UYKEKPLUEVAL:

e To mapov cOGTNUO TOTOV HOG OEV Elval 6€ BECT VO LLOVIEAOTOMNGEL OULYDS OVAIPOUIKES G-
VOPTHGELS.

e Ta session type annotations mov propei va glodyel kaveig ota modules Oa Enpene va mapéyovTon
pe €vay Tpdmo To PIAMKO TPOG TOV PN OTY], OTMG, Y10 TUPAOELYLO, GOV [0l GUUBOAOGEPE TOV
LO14LEL TEPIGGOTEPO LIE TNV TEPLYPOPT TOV Session types LE TOV TPOTO TOL QUTH CLVOVTATOL
ot Biproypaopia.

o O unyavicpog emodndevong Tmv peer session types emd€yetol Gofop®dv PEATIGTOTOMGE®Y,
KLPIWG G€ TEPITTAOGELG OOV AVTILETOTILOVIE OVASPOUIKOVG TOTOVG,.

o O pnyavioudg erainfevong Twv peer session types pmopei va emextabel dote va emaindevet
TN CLUUUOPP®OT) GE TPMOTOKOAAN EMIKOWVOVING o€ mepintwon multiparty sessions, onAad1| o
MEPUTTMOELS OOV Ol GLUUETEXOVGES dlepyacieg Eemepvovv Tig 600 og apBpd. O vEIeTaIEVOG
UNYOVICUOG OTNV TOpoLGH TOV Hopen ¢ umopel vo vrootnpitel avalnmoelc og va T€T010
search space. H gicaywyn teyvikdv mov &xouvv ypnopomoindel pe emttvyio oty nepintmon Tov
stateless model checking [], kabmg emiong Ko 1 epappoyn HeBOdwV enékTaonc katevduvope-
VOV KUKMKOV YpaenUATOV UTopel va amoder o0y 10104TeEpa amOTEAEGUATIKES Y10, TNV EMITEVLEN
QVTOV TOL GTOYOV.

o O uNyoviopOg CLUUTEPACHOD TUTT®V dedOUEVAOV amEyel amd To va, gival o BéATioTog duvaTdc,
opmg dev givar EgxdBapo to g Bo pmopovoe vo PerTimbel, dESOUEVOV TV TEPLOPICUDV TMV
YAOGG®OV TPOYPUUHOTIGHOV e SUVOLUKE GUGTHLOTO TOTWV.

e H enéktaon Tov GVGTARATOC MGTE Va gival o€ BEom va dlayeptoTel Kot TOTOVS SESOUEVOVY OpL-
GUEVOLG OO TOV YPNOTH.
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