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Boinonnena asmomamuzayusi nposepki npasuibHOCHU CREYUPUKAYUL RPOMOKONIO8
UHUYUUPOBAHUST CEAHCO8 KAK MYIbMUAEHMHOU CUCMEMbl, NPeOCmasisemMol npo-
YECCHbIMU MOOENSIMU U ONUCAHUEM MPebOBaHUll UX NPABUILHOCMU HA S3bIKE 6pe-
MEHHOU MOOANBHOU NO2UKU. A8momMamuzayuio npoeepKi NPAasUibHOCIU CReyuqu-
Kayuil NPeoioNCeHo OCYuWeCmeisinG J0SUNECKUMU NPOSPAMMAMU, NOTYHAEMbIMU C
NOMOWbIO NPeonazaemMou MemoouKku nepexooa om HpoYyeccHou Mooelu ONnUCaHus
cneyugpuxayuu u mpebosanull NPASUILHOCU HA S3bIKE MOOAIbHOU JIO2UKU K 10~
2UYECKOU Npospamme Npo8epKu NPAGUILHOCIU HA SI3bIKE L02ULECKO20 NPOSPAMMU-
posanus [IPOJIOI. Pazsumvl npunyunsl nepexoda om npoyecchvix mooenet SIP-
cneyugurayuil K 102utecKkoll npozpamMme 00 OemaibHOU MEMOOUKU NOYYEHUS. 6CeX
HeobX00UMbIX PA30el08 102UecKol npocpammul. Memoouxa npourniocmpuposana
NPUMEPOM JI02UYECKOL NPOSPAMMYL OJISL CIYUASL O8YX B3AUMOOCUCTNEYIOWUX A2eHMO8:
NONBb306AMENLCKO20 U CEPEUCHO2O0.

Knioueevie cnosa: mocienoBaTelIbHOCTHBIN TPOIECC, TMOJIB30BATEIBLCKUI areHT co
CTOPOHBI KITHEHTA, MOJIb30BATEIbCKUI areHT CO CTOPOHBI CEPBEPA, IPOTOKOI UHUIIH-
HMPOBaHUs CeaHca, s3bIK Jjormdeckoro nporpammupoBanus VISUAL PROLOG.

MULTIAGENT ANALYSIS OF SPECIFICATION ACCURACY
OF SESSION INITIALIZATION PROTOCOLS

V.V. Devyatkov, Myo Thet Naung

Bauman Moscow State Technical University, Moscow, Russian Federation
e-mail: deviatkov(@ bmstu.ru; komyothetnaung@gmail.com

Automation of validating the specification protocols for initialization of sessions as
a multiagent system, is performed. Multiagent system is presented by the process
models, as well as by description of their correctness in terms of temporal modal
logic. Automation of the specifications’ validating is proposed to be carried out by
means of logic programs obtained through the use of proposed principle of moving
from the process model of the specification description and from the correctness
requirements in terms of modal logic to a logic program of checking the correctness
in terms of logic programming language PROLOG. Principles of moving from process
models of SIP-specifications to a logic program presented are developed to the extent
of a detailed procedure obtaining all necessary program sections. Proposed method
is illustrated by a logic program example for the case of two interacting agents —
client-side agent and server-side one.

Keywords: sequential process, user agent elient, user agent server, session initiating
protocol, logic programming language VISUAL PROLOG.
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[TpoTtokon nauMIpoBanus ceancos (Session Initiation Protocol (SIP)) —
3710 npotoko, pazpadboranusiii IETF (Internet Engineering Task Force) ans
ronocoBoro uHTepHeT-npoTokosna VOIP (Voice over Internet Protocol), a
TaKKe Ui Mepeayd TeKCTa WIM MYJbTHUMEIHUa JAaHHBIX, HAlpUMep, s
cucTeM 0OMeHa MTHOBEHHBIMU COOOIICHUSMH, BH1€0 0OMEHa, UTpP B pealib-
HOM BpeMeHH u jap. Crangapt SIP onmcan Bo MHOTMX MCTOYHUKaX [1-4].
B monenu B3aumoneicTBusi OTKpBITBIX cucteM SIP sBnsercss ceTeBbIM
IIPOTOKOJIOM MPHUKIAAHOTO ypoBHs. OJHAKO JTOKyMEHTALMs, UMEIOIIAsAC
M0 TPOTOKONIY, IUIOXO CTPYKTypHpOBaHa, HeopMaabHa M HEMOIHA, YTO
3aTPyIHSET €€ HCIOJb30BaHME KaK CpEACTBAa IMPOBEPKU MPABUIBHOCTU
cnenuUKayi 11k KOHKPETHBIX NMpuitokeHuid SIP.

B crarbe [2] st npoBepku SIP-crienmdukanuii npeagaraeTcs CHONb-
30BaTh MOJIEJIb ITOCJIEI0BATEIbHOCTHBIX B3aMMOIEHCTBYIOIIUX ar€HTOB, OJ1-
HAKO JJIsl ONMcaHus crenuuKanuii, B omiMmyue oT padotsl [5], mpeanara-
€TCsl IPUMEHSTh 3HAUYUTENBHO 0OJiee BBIPA3ZUTEIBHBINA, XOPOIIO CTPYKTY-
PUpPOBaHHBIN U TEOPETUUYECKHU, KaKk (popMaibHas cucTeMa, bosiee pa3BUThIN
BapHUAHT fA3bIKa, OCHOBAHHBIM Ha MOJIEISAX B3aUMOJICHCTBYIOUIUX MOCIEI0-
BaTEILHOCTHBIX MPOIIECCOB (7M-UCUUCTCHHH [6]).

Hacrosiimas crares Takke MOCBsIIEHA NPOBEpPKE NMpaBUiIbHOCTH SIP-
cnenuUKaMiA MO TeM >Ke MPHUHIMIIAM, KOTOPBhIE M3JIOKEHBI B CTAThe
[2]. OnHako B OTIMYME OT CTAThU [2] B HACTOSAIIEH CTAaThe YIOP JIETASTCs Ha
M3JI0KEHUE JIETAaIbHON METOAMKH MEepeXoa OT MPOLIECCHBIX MOJIENIEH OMU-
canus SIP-cnenudukanuii 1 ycioBuil UX NpaBUIBLHOCTH, (OPMYIUPYEMBIX
Ha SI3bIKE MOAITBHON BPEMEHHOM JIOTUKH, K KOHKPETHBIM JIOTHUECKUM TIPO-
rpaMMam, peanu3yoluM TpoBepKy npaBuwibHOCTH SIP-cienmduxarmii.

Ipunuuner onucanusi SIP-cmenmpukanuii rpadpamm mnepexonos
npoueccoB. B Hacrosimieli crarbe, kak u B padote [2], SIP-cnienudukanum
CO3/IAI0TCSl KaK MHOYKECTBO IOJIb30BaTEIbCKUX areHTOB Ha CTOPOHE KIIM-
entoB UAC (User Agent Client) 1 MHO)XECTBO TIOJIb30BaTEIHCKUX areHTOB
Ha ctopoHe cepBepoB UAS (User Agent Server). BzaumopeicTBue areH-
TOB OCYIIECTBIISETCS ¢ MOMOIIBID OOMeHa cooOmmeHussMU. Kaxkblii areHT
SBJISIETCS MTOCJIEI0BATEILHOCTHBIM MPOILIECCOM, MapauIeTbHO (QYHKIIMOHU-
pyrommm ¢ apyrumu. [locnenoBarenbHble MPOIECCH B pAMKaX HACTOSIIEH
CTaThbU JUIsl HADJIAAHOCTU OyleM IpelICTaBiIsITh rpadamMu NepexogoB Mpo-
[IECCOB WJIM MPOIECCHBIMU TpadaMH MEpexooB, XOTsA, KaK MOKa3aHO B
cTarbe [2], B ciayyae mporeccoB (areHToB) OONbIION pasMepHOCTH rpado-
BOE MPE/ICTABICHUE CTAHOBUTCS IPOMO3IKUM U BMECTO HETO UCTIOIb3YETCS
aJIeKBaTHOE IPE/ICTABICHUE B BHUJI€ IPOLECCHBIX BBIPAKEHUN.

B nporieccubix rpadax nmepexoaos, onuchiBatonmx SIP-crenmdukanmm,
Ka)XJI0€ COCTOsIHME Tpada M300pakaeTcs KPYy>KKOM, BHYTPh KOTOPOTO TIO-
MEINIAeTCs CUMBOJIBHOE 0003HAUEHUE COCTOSHUS.

JIist WILTIOCTpaliy OMMCAHUs MTOBEJACHUSI ar€HTOB MPOIIECCHBIMU T'pa-
dbamu Bocmonb3dyeMcsi mapoi npocteix areHToB UAC u UAS, B3sTOU U3
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paboTsl [2]. OnuineM ux MOBEACHUE Ha S3bIKE MPOIIECCHBIX TpadoB. AreH-
61 UAC u UAS B3aumonericTBytoT no 10 xkaHaizam, UMeHa KOTOPBIX ackc,
brpc, irpc, reqc, sakce, acks, brps, irps, reqs, saks. Kananst acke, brpc, irpc,
reqc, sakc sBnstorcs BXogHbMH Tl iporiecca UAC M BBIXOAHBIMU IS
npouecca UAS, a kanansl acks, brps, irps, reqs, saks Ha000pOT — BBIXO-
HbIMU 1171 npouecca UAC u BxoaHbsiMH it Tiporiecca UAS. Kaxnpiii u3
areHToB UAC n UAS umeeT BelIHUN KaHAJ 3allyCKa U OKOHYaHMs COOT-
BETCTBEHHO uac u uas. KpoMe Toro, Kaxaplii U3 areHTOB MMEET BHEIIHHE
KaHaJIbl U1 cooOIIeHust 00 ommnOKax B3auMoeicTBus invalidc v invalids.
[TonaraeM, 4TO Ka)KIbld U3 MPOLECCOB MOXET BBIMOJIHATH TOJBKO IIECTh
TUTIOB ACUCTBUH (IIOMUMO JIEHCTBUI 3aITyCKa U OKOHYAHHUS): invite, invsucc
(yr00o¥ M3 2nn OTBETOB HA ACHCTBUE invite), invfail (mr060# U3 3nn—6nn OT-
BETOB Ha JIeHicTBUE invite), ack, bye, byeRsp (mo6oi u3z 200 OK oTBeToB Ha
neiicteue buy). Eciam kakoe-nmubo aeiicTBue a Oepercs U3 KaHaia ¢ UMEHEM
¢, TO OHO SIBJISIETCSI BOCIIPUATHEM U 3aIlMCHIBACTCS KaK c?a, €CIH K€ OHO
BBIJIa€TCS B KaHAJ ¢, TO OHO SIBTISICTCS] BHEIIIHEH peaKIiel U 3aruchiBaeTCs
Kak cla.

[Tapa c;7a u c3la, 3anucannas B Bujae ¢;’a.cla wnm cola.cq?a, HaspiBa-
€TCsl YCIOBHEM IEepexXo/ia.

[Tpumeps! nponeccHbIX rpados nepexonos arenra UAC npencTaBieH
Ha puc. 1, a arentra UAS — Ha puc.2. Jlo Hauana pa®OThl MPOIECCHBIN
rpa¢ mepexonoB areHTa UAC HaXOOUTCS B HAYAIbHOM COCTOSIHHH, KOTO-
poe ob6o3HaueHo Uac. U3 HawanpHOTO coctosiHust Uac mpolieccHbIl rpad
MIEPEXOJI0B TIEPEXOAUT B COCTOSTHUE [nViting B pe3yibTaTe BbIJaud PEaKIINH

regs!invite nac?startc

irpstinvfailuac?end| reqd bye.brp€ bye sp

reqs! bye.brp@ bye sp

irpst invfailuac?enduac

irps!invfail.invalidc?assertf | irps! invSucc.nvalide?assert |reqs? bye.brpc?byeRsp |brps!byeRsp. invalidc?assertf

Puc. 1. Ilpoueccuslii rpad nepexogos npouecca UAC
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uas? startuas.reqelinvite

irps?invFail

acks?ackinvalidclack edf
reqs?byeinvalidc!ackedf]
brps? bya spinvalidc! acledf

acks?ackinvalidc!acked|brps?byersp.reqc! bye

brps? bye spreqelbyersp PreEnded

uas?enduasuactenduas

(_/
acks?ackinvalidclassert t| req s?bye.brp? bye s brp! bye spnvalide? asserf

Puc. 2. Ipoueccuvblii rpad nepexonos npouecca UAS

reqs!invite n BOCHPUATHUS uac?start W, UHBIMU CIIOBaMH, MEPEXO] CO-
BEpILAETCS B PE3YJIBTATE BHIIIOJIHEHUS YCIOBUS reqs!/invite.uac?start. Ecnu
npoueccHbii Tpad UAC HaXoguTCs B COCTOSIHUM [nviting, TO TIPU BHI-
MOJIHEHUU YCIoBUst brps!byersp.invalidc?assertf oH OCTaeTCs B TOM XKe
COCTOSIHMM, TPU BBIIIOJIHEHUM YCIIOBUS irps!invsucc.ackc?ack nepexopur
B coctosinue Confirming, a TPy BBIIOJHCHUH YCIOBUU irps!inviail nam
reqs!bye.brpc?byersp nepexonut B coctosinue PreEnding. Onucanus nepe-
XOJIOB M3 OCTaJIbHBIX COCTOSIHUM rpada rnepexoaoB Ha puc. 1 u 2 aHanoruy-
HBI [IPUBEACHHOMY OIIMCAHUIO NepexonoB it coctosuui Uac u Inviting.
Yci10BMs NPABUJIBHOTO MOBEACHUS] ATEHTOB, MPEACTABJIEHHBIX NPO-
neccHbIMH rpadgamu nepexonos. B padore [2] i mpoBepKU NpaBUIIbHO-
ctu SIP-cneundukanuii, npeacTaBIeHHbIX areHTaMu, MpeJlaraeTcsl CHa-
yaja 3a7aTh UX IMPOLECCHBIMH TpadaMu MEepexoJ0B WM MPOLECCHBIMU
BBIPQXEHUSIMHU, a 3aTeM CHavaJjia c(hOpMyIMpPOBaTh yCIOBUS MPAaBUIBHOCTU
SIP-cnerudukanmii Kak BHICKa3bIBAaHUS Ha S3bIKE BPEMEHHOW MOJAIbHOU
JIOTHKH, a 3aTeM — JUIsl peaju3aliy MPOBEPKU MPaBUIbHOCTU NEPEUTH K
noruueckoit mporpamme Ha si3bike VISUAL PROLOG. B nacrosieii cra-
ThE€ YIIOp JIeaeTcs Ha NPUHLUIIBI U IPOLEAYPY MEePEXoAa OT MPOLIECCHBIX
rpaoB Mepexo/10B U MOJYYEHHBIX YKa3aHHBIM 00pa30M yCIIOBUI MPaBUIIb-
HOCTH K JiorndeckuM mporpammam Ha s3pike VISUAL PROLOG, no3so-
JSIOUIMM OCYIIECTBIATh IMPOBEPKY NMpaBMWIIBHOCTH. Bcio 3Ty mpouenypy
nepexosna K JIOTMYECKOM INPOrpaMMe B HACTOAILUECH CTaTbe M3JIO0KHM Ha
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pUMepe NPOBEPKU SITUHCTBEHHOTO YCJIOBHSI IPABHILHOCTH, HA3bIBAEMOTO
YCJIIOBHEM IPaBUJIBHOTO OKOHYAHUSA. [ OCTANBHBIX YCIOBUN IPOBEPKH
NPaBUIBHOCTH TPOLICAYPHI MEPEX0/ia, 3a UCKIFOUECHHEM HECYIEeCTBCHHBIX
OTJ'II/I‘-II/II\/'I, AHAJIOTUYHEI.

Ha s3pIke MOmanbHOM JIOTMKH YCJIOBHE TPABUILHOTO OKOHYAHUS BbI-
JISIAUT CIEIYIONTUM 00pa3oM:

O[puac(z18'y1.uac? startuac) O $Eyac(vislwy.uac?enduac) A,
Ouas(T28Tys.uas?startuas) D $&yas(ves?wy.uaslenduas)A,
Guac(P15!q1-T1€71) D Quas(P157qr. T2clts) A,
Ouas(racTto.u18!51) D Yuac(u1s?s1. 13¢7t3)].

3m1ech

Puac(T18ly1.uac? startuac), &yqe(v1 8wy uac?enduac),
Puas(T2sTys.uas? startuas), Euqs(v2s?wy . uaslenduas),

Qouac<p13!q1- Tlc?tl)a Puas (plS?q1- T2C!t2) )
Ouas(T2C7t2.u18181), Puac(u18781.73¢73)

— MpeauKaThl, UCTUHHBIC, €CJIM B KaHabl startuac, enduac, startuas,
enduas TOCTYNAIOT COOTBETCTBYIONIME BOCIPUITHS WINM PEaKIIMK U KaHa-
7B reqc, reqs, irps,brps,brpc TpaBUIBHO B3aUMOJIEHCTBYIOT.

Jlanee Ha mpuMepe yCIIOBUS IPAaBUILHOIO OKOHYaHMSI PACCMOTPUM, KaK
dopmupyercs Ha si3pike VISUAL PROLOG koHKpeTHasi Torudeckas mpo-
rpaMma €ro IpoBEpKHU.

ITepexomom u3 cocTosgnus b; B cocTosHHE b; B pe3y/abTaTe BBIIOIHEHHS
ycnoBus nepexosa c;?a.cpla HazpiBaeTcs Tpoika (b;, ci?a.cola, by). Iytem
Ha rpade, BEIyllEM U3 COCTOAHMA b; B COCTOsSHME b;, Ha3pIBaeTcCs IO-
CIIEZI0BATENBHOCTD IIEPEX0I0B, BEYIIUX U3 COCTOSHUS b; B COCTOSIHUE b;.
Ecnn u3 coctosnus b; BeneT KakoH-1u00 MyTh B COCTOsHME bj;, TO Oyaem
TOBOPHTB, YTO COCTOSIHUE b; MOCTMIXKMMO U3 COCTOSIHUS b; DTHM ITyTEM.
Cocrosinue b;, ¢ KOTOPOro HauMHAETCs BBHIMOJIHEHUE TMpollecca, MpeacTa-
BJICHHOTO TE€M WJIM WHBIM TPOILECCHBIM T'pad)oM IMEepPexo/I0B, HA3BIBACTCS
HavaJlbHBIM COCTOSHHMEM rpada, a cocTosHue bj, B KOTOPOM BBINIOJHEHHE
Ipolecca 3aBepuiaeTcs, Ha3bIBaeTCsl KOHEYHBIM COCTOSIHUEM.

IIepexon or mpoueccHoOro rpaga nepexonaoB M yCJa0BUM NMPABUJIbHO-
cti SIP-cnenudgukanuii Kk Jorudeckoi nporpamme B sisbike VISUAL
PROLOG. Ananuz npasunsHocTH SIP-cienudukaruii onucanus mpoTo-
KOJIOB C ITOMOIIIBIO JIOTMYECKUX ITPOrPaMM Ha SI3bIKE JIOTUYECKOTO TPOrpaM-
mupoBanus VISUAL PROLOG cBoauTcst K TOUCKY CBOMCTB MPOLECCHBIX
rpad)oB MEpexo/0B, HAIWYME KOTOPBIX TapaHTUpYyeT NpaBUIbHOCTH SIP-
cnenudukanmii. Hampumep, 3T0 MOXXET OBITh HadWuue MyTeH, KOTOpbIE
JIOJKHBI IMETh CBOMCTBA OIPEIEICHHOTO PO/Ia, UCKITIOYAIOIINE HEKOPPEKT-
HOCTH.

B cunrtakcuce VISUAL PROLOG kaxmoe coctosiHue b; mpeacTaBisieT-
csl KOHCTaHTOU bi. IlepemenHbIe, 00IaCTbIO 3HAUCHUN KOTOPBIX SIBIISIOTCS
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COCTOSIHUS, 0003HAYAIOTCS MPOIUCHBIMU CUMBOJIAMH B ¥ UHICKCUPYIOTCS,
€CJIM 3TO HEeOoOXOAMMO, HapuMep, Kak Bi. YCIoBHUsS mepexoaa c;?7aq.calas
WIN Colag.ci?ay mpeacraBistoress GpyHkTopamu. [Toka coOTBETCTBYyOIIHE
¢yHkTOpHl OyaeM 00o3Ha4arh Kak f(z), rme x — 310 c¢1?aj.colay wnm
colas.c1?ay. Ucnonb3ys BBelEHHBbIE 00O3HAYCHHS JJIsi TOrO, YTOOBI BBE-
CTH CTPYKTYPY HCIIOJIb3yeMbIX JOTHYCCKHX MporpaMm Ha sizbike VISUAL
PROLOG, BBeneM cienyroliue npeaukaTbl U MpaBuiia;

initial (Bi) — OIHOMECTHBIN TpenuKaT, UICTUHHBIN, KOT/Ja aBTOMAT
HAXOWUTCS B HAYAIBHOM COCTOSIHUU Bi;

final (Bj) — OTHOMECTHBIN MPEAUKAT, HCTUHHBIN, KOT/Ia aBTOMAT Ha-
XOJUTCS B KOHEYHOM COCTOSTHUH By,

transition (Bi, f (x), Bj) — TpexMecCTHbIE NPEIUKAThI, Ha3bIBACMbIC
nepexoAaMu M UCTHHHBIC, €CIIM Ha MPOLECCHOM rpade MmepexooB
HUMEIOTCS IIePEeXO/bl U3 COCTOSHUSA Bi B COCTOsHUE Bj, yCIOBUAMU
Nepexoaa KOTOPHIX, SBIISIOTCS COOTBETCTBEHHO X;

accessible (Bi, [X], Bj)) — AByMECTHBIN MpEIUKAT, HICTUHHBIN, €CIIN
COCTOSIHHE Bj JNOCTHIKMMO M3 COCTOSHHs Bi B pe3yibTare I0oCIeno-
BaTEJILHOTO BBIMOJIHEHUS YCIOBHI nepexoaa u3 cnucka [ X | (Hanuuus
Ha MPOIECCHOM Tpade Mepexoa0B MyTH, BEAYIIEM U3 COCTOSIHUA Bi
B COCTOSIHHE Bj, yru KOTOPOTO IMOMEYEHB! YCIOBUSIMH Tepexosia 3
cnucka [X]);

accessible (Bi, X, Bj): — transition (Bi, X, Bj) — HepeKypCcUBHOE
IIPaBUJIO JOCTUKUMOCTHU COCTOSIHUSA Bj U3 cOoCTOsHUSA Bi;

accessible (Bi, [X|Rest], Bj): — transition (Bi, X, Bk), accessible (Bk,
[Rest], Bj) — peKypCUBHOE IPABUJIO AOCTHKHMOCTU COCTOSHUS Bj
U3 COCTOsIHUA Bi.

Jlormueckass cxema mnporpammbl (miceBmokon) Ha si3eike VISUAL
PROLOG 5.0 nns nmpoBepku IMpaBUJIBHOTO OKOHYAHMS AJis Mapsl rpagos
UAC u UAS Oyznet conmepxarb CIEIYyIONINE pa3iaeiibl:

domains, omichIBaOIMI CTPYKTYpy GyHKTOpoB [ = f(2), mpen-
CTaBJISIOIINX TEPEXO/bl X U CTPYKTYPY CIHMCKA U3 3TUX MEPEXOJ0B
list = f*,

predicates, ONUCHIBAIONINHN MIPEAUKATHI TIepexona transition (symbol,
list, symbol) Mex 1y COCTOSIHUAMHU TpadoB U MPEAUKATHI JOCTUHKUMO-
ctu accessible (symbol, list, symbol) omHUX COCTOSHUN U3 APYTHUX;
clauses, conepsxaluii onrcaHue Bcex nepexoaon ((hakToB) U MPaABHI
JOCTH)KUMOCTH;

goal, KOTOpBIN CTaBUT 3a/lauy MPOBEPKH YCIIOBUI MPaBUIIBHOIO I10-
BE/ICHUS areHTOB.

Jlornyeckasi mporpamMmma nposepku npasuiabHoctu SIP-cnenmndu-
Kauui (Ha mpuMepe NMPOBEPKH YCJIOBHSA NMPABWUJIBLHOIO OKOHYAHUS).
PaccmoTpum B kauecTBe nmpumepa mpocThie rpadpl, MoKazaHHbIE HA puUC. 3

u 4.

I[J'ISI BBIIIOJIHCHHA YCJIOBUSA IMPABUJIBHOI'O OKOHYAHUA OJIA KaXXI0T'O
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regslinvite uac?startuac
reqgs?invite uaslstartuas

irpsti ? )
impstinvsucc. ackc?ack irps?invsucc.ackclack

irpstinvfail.reqc?bye

brps?byersp .regelbye irps?invfail.reqcloye

regs!bye.brpc?byersp regs?bye brpclbyersp I

o
brpsibyersp uac?end brps?byersp .uastend

Puc.3. Tlpocroii rpad mnepexoaos
UAC Puc. 4. IIpoctoii rpad nepexonos UAS

nyta rpada UAC (cMm. puc.3), Beaymero M3 HadyajJbHOTO COCTOSIHHSI B
ero gunanpHOE cocTosinue, Ha rpade UAS (cm. puc.4) — momkeH cyiie-
CTBOBATh IyTh, BEIYIIN U3 €r0 HAYAIBHOTO COCTOSIHUS B €ro (pUHAJIbHOE
coctosinue. Kaxaplii mepexom 3Tod mapbl myTed Ha rpade (cm. puc.3)
nomkeH uMmets Bun (by;, xsly.vc?w, by;), a Ha rpade (cM. puc.4) — BUA
(bok, zs?w.vcly, by). D10 03Havaet, urto mepexon (by;, xsly.vc?w,by;) u3
m000T0 cocTosiHUA by; Ha Tpade (CM. puC. 3) OCYIIECTBISIETCS B pe3yJIbTaTe
BbIJIaY B BBIXOAHOM KaHan s areHta UAC peakiuu |y ¥ MOCISIYIOMIETO
MIOJTyYEHUS BO BXOJTHOM KaHae vc BocpusaTus ‘w. B cBoro odepesnp, mepe-
xon (bag, zs?w.vcly, by) w3 moboro cocrosiaus by; Ha rpade (cMm. puc. 4)
OCYIIECTBIISIETCA B PE3yJIbTAaTe MOJIYUYEHHUS B €r0 BXOJHOM KaHAJIe XS arcH-
ta UAS BocnpsaTus 7w W MOCIEAYIOIEH BBIIaYH B €r0 BBIXOJHON KaHa
ve peakiyn !y. ETMHCTBEHHBIM OTIIMYMEM OT 3TUX YCIIOBHI SIBISOTCS TIe-
PEXOIbI U3 HAYAIBHBIX COCTOSIHUM M TEpeXo/bl B (PUHAIBHBIE COCTOSHHUS.
31ech BOCHPHATHS SBISIFOTCSI CTAPTOBBIMU U MOCTYIAIOT B CHELUATIbHbIE
KaHaJIbl Uac M uas, COOTBETCTBYIOLIUX areHTOB.

B cootBeTcTBUU C mpeABIAyIIMM pa3aesioM OyleM UMETh CIIEIyIONTYI0
noruueckyto nporpammy Ha s3bike VISUAL PROLOG, no3Bossroniyto
MPOBEPATh MPOCTEHIIee yCIOBUE MPABHIBHOTO OKOHUYAHUS JUIS arcHTOB
UAC u UAS, npexacrasneHHbIx rpadamu Ha puc. 3 u 4.

domains

f =f(symbol, symbol, symbol, symbol)

list = f*

predicates

nondeterm transition(symbol, list, symbol)
nondeterm accessible(symbol, list, symbol)
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clauses

transition(b1 1, [f(regs,invite,uac,startuac)], bi2).
transition(b12, [f(irps,invsucc,acke,ack)], bl3).
transition(b13, [f(brps,byersp,reqc,bye)], bl4).
transition(b13, [f(irps,invfail,reqc,bye)], bl3).
transition(b14, [f(regs,bye,brpc,byersp)], bl5).
transition(b15, [f(brps,byersp,uac,end)], b16).
transition(b21, [f(regs,invite,uas,startuas)], b22).
transition(b22, [f(irps,invsucc,acke,ack)], b23).
transition(b23, [f(brps,byersp,reqc,bye)], b24).
transition(b24, [f(irps,invfail,reqc,bye)], b23).
transition(b24, [f(reqs,bye,brpc,byersp)], b25).
transition(b25, [f(brps,byersp,uas,end)], b26).

accessible(Bl1, [X], B2) : — transition(B1, [X], B2).
accessible(B1, [X|Rest], B2) : — transition(B1, [X], B3), accessible(B3, Rest, B2).

goal

accessible(bl1,[ f(_,invite, , ), f(_,invsucc, , ), f(_,byversp, , ), f{_,bye, , ),
(. byersp, , )], b16),

accessible(b21,[ f(_,invite, , ), f(_,invsucc, , ), f( ,bversp, , ), f{_,bye, , ),
f( byersp, , )], b26) .

Paznen goal conepuT 3amady HAXOKIEHUS IBYX MyTeH, BEMyIIHX
W3 Ha4aJIbHOTO cocTosiHus bl1 B QuHanpHOE coctosiHMe b/6 rpada Ha
puc. 3 ¥ U3 HaYaJIbHOTO cOCTOsiHUS b2 ] B mHambHOE cocTostHUE b26 Tpa-
da Ha puc. 4, comepkanux OJUHAKOBBIC MMOCIICOBATEIILHOCTH PEaKIUi U
BOCHIpUATUN. Pe3ynbratom paboThl JaHHOH MPOrpaMMbl SBISIETCS OTBET
“yes”, o3HavaroImMii Hanuue Ha rpade (cM. puc. 3) yTH /invite, linvsucc,
!byersp, !bye, !byersp, a Ha rpade (cMm. puc.4) nytu Zinvite, ?invsucc,
?byersp, ?bye, ?byersp, Benymux U3 HaYaJIbHOTO COCTOSHUS B KOHEYHOE
Ha COOTBETCTBYIOIIUX Tpadax.

3akawouenne. 1. PaccmoTrpena mposepka npaBuiibHOCTH SIP-crenu-
¢bukanuii, IpeacTaBICHHBIX MOJENISIMHU IOCIEI0BATEILHOCTHBIX B3aHMO-
JEHCTBYIONIMX areHToB. B ominumne oT Ipyrux B HacTosiued padbote miis
OMKCAaHMUSI areHTOB UCIOJIb3YETCsl XOPOIIO CTPYKTYPUPOBAHHBIA M Pa3BU-
TBIA BapUaHT S3bIKA, OCHOBAHHBIM HAa MOJENIAX B3aUMOAECHCTBYIOLIUX I10-
CJIEZIOBATEIbHOCTHBIX MPOLECCOB (7T-UCYUCICHUH), SI3bIK BPEMEHHOU MoO-
JAIbHOM JIOTUKM JUIs OMHMCaHHs TpeOOoBaHMUM K creuu@UKanusM U S3bIK
norudeckoro nporpammupoBanusi VISUAL PROLOG g npoBepku Ipa-
BUJILHOCTH CIICIIU(UKAITU.

2. M3noxkeHbl MPUHIMIBI Tepexofa OT MpolecCHbIX moneneid SIP-
crenuguKaniii K JIOTHYecKOoW mporpamMme M OT TpeOOBaHUI Ha fA3bIKE
MoOJanbHOM JoruKku K ¢popmynuposke nenu Ha s3pike VISUAL PROLOG.

3. IlpuBeneH npuMep JIOTUYECKOM IPOrpaMMbl U PE3YNbTaThl €€ pa-
OOTBHI.
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4. B nanpHeieM mpeanoaraeTcs cosarh OMOIMOTEKy TpeOoBaHMN
NPaBUWIBHOCTH CHieUU(UKAIMNA Ha S3bIKe MOJAIILHON JIOTUKU M aBTOMAaTH-
3MPOBAHHYIO CHUCTEMY IMpPOBEpKH NpaBuwibHOCTH SIP-cienmdukanuii, mo-
3BOJIIIOILYI0 HEIOCPEICTBEHHO IO IPOLECCHBIM MOJEISAM M ONUCAHUIO
TpeOOBaHUIl Ha SA3bIKE MOJAIbHOM JIOTMKH aBTOMAaTHUYECKHU MEPEXOJUTh K
JIOTUYECKHUM IIpOorpamMmaM M OCYLIECTBIATh MPOBEPKU MPABUIBHOCTH.
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