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CHeINHAJTU3HPOBAHHBIX YCKOpHUTEJIeH HA OCHOBE
Interaction Nets

Ky6simkus E.A., CIIOT'Y, Cankt-IletepOypr st898235@student. spbu. ru,
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AHHOTaAIUA

Heperynsapuslii napauienn3m — CATyalus, KOrua CJI0KHO 3apaHee
OMpe/IeIUTh KOJIMYECTBO HE3aBUCUMBIX MOA3aa4 — BaxKHas Ipo-
6JieMa Ha ITyTH K BBICOKOW MPOU3BOJUTENLHOCTH B TAKHUX BaXKHBIX
00J1aCTSIX, KaK MCKYCCTBEHHBIH MHTEJUIEKT, aHaIN3 rpacoB, U MHO-
rux apyrux. OOQHUM U3 pelleHHi 9TOii MPOOIIeMBI SBJISETCS MOJETh
BhlumcIIeHui Interaction Nets, 11 KOTOpPO# NapaieM3M MoJoOHO-
T'O pojia eCTECTBEHEH. TeM He MeHee Ha JaHHbI MOMEHT CYIIEeCTBY-
0T TOJIBKO TIPOrpaMMHbIE peajn3aliuy JJaHHOHW cucTeMbl. B paborte
MpeACcTaBJIeH CTeH ] U1 IPOTOTUIHMPOBAHUS CONIPOLIECCOPOB, OCHO-
BaHHBIX Ha Interaction Nets: oT mporpamMMsl Ha BEICOKOYPOBHEBOM
s3p1ke 1o nporueky [TJINC.

BBegenne

IMoTpe6HOCTh B MapayieNbHON 00pabOTKe JAaHHBIX HApacTaeT. DTO CBSA3aHO
KaK C YCJIOXHEHHEM KCIONb3YEeMBIX aJITOPUTMOB, TaK U C pOCTOM 00BEMa 0Opa-
GatbiBaeMbIX JaHHbIX. OJJHAKO B psifie 3a[a4, HalpUMep, CBSA3aHHBIX ¢ 00paboT-
KO TpacoB, HICKYCCTBEHHBIM MHTEJUIEKTOM M Pa3peKeHHOM JTMHEHHOH anreOpoi,
BO3HMKaeT MpodjieMa HeperyJisspHOro napasuiesii3Ma ¢ KOTOPOH TpaJulMOHHbIE
ApPXUTEKTYPhl B BUlYy CBOEH CrielIU(PUKU CIIPaBIISIOTCS HeI(P(PEKTUBHO.

Interaction Nets [[l]] — MozeJb BbIUMCIIEHUIA, OCHOBaHHAsI HAa NIEPEITUCHIBAHUN
rpacdoB, AT KOTOPOH eCTeCTBEHEH Hepery/spHBIi mapauteusm. [IporpaMmMsl B
He PeICTaBISAIOTCS B BUIe HEOPUEHTUPOBAHHOTO MEYEHOT 0 rpada, Ha3bIBAEMO-
ro ceThio. [Iporecc BerancieHus (peLyKIum) MPOUCXOAUT 32 CUET NepEeNUChIBAHU S
noarpadoB. BaxxHbIM CBOMCTBOM CHCTEMBI SIBJISIETCS TO, UTO PEAYKIIMU JIOKAIbHBI,
YTO MO3BOJISAET IPUMEHSATH BCE JOCTYITHBIC ITEPEIChBAHUS OJJHOBpeMeHHO. Kpo-
Me TOTO U3BECTHO, UYTO MOJIeJb MOJTHA TI0 THIOPHUHTY, a pe3yJIbTaT BHUKCIICHUIA He
3aBHCHUT OT TOPSAKA PEIyKITHIA.

BaxHO OTMETHTH, YTO, MEHsIS MpaBUIa PEIyKIMA M METKU Ha y3Jax, MOXK-
HO MapaMeTPU30BaTh CETU U ONTUMHU3UPOBATH BBIYMCIICHUS sl KAKOW-TO Mpe-
MeTHO# oOmactu. Takum obpasom Interaction Nets MOKHO paccMaTpuBaTh, Kak
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KpYIHO-TpaHyJIsipHYyI0 pekoHpurypupyemyio apxutektypy (CGRA) [2]. Takue ap-
XUTEKTYPBl COYETAIOT TMOKOCTh IPOrPaMMHBIX MOJIEJIEl C BHICOKOM IPOM3BOIH-
TEJIHOCTBIO CIIEIMAIM3MPOBAHHbIX AMMapaTHBIX PEIICHUH.

Ha naHHBI MOMEHT CYIIECTBYIOT TOJIBKO ITPOTrpPaMMHbIE peann3anuy Interac-
tion Nets [3], m03TOMY HaM XOTeJIOCh Obl U3YYUTbh MOXKHO JI YCKOPUTH HEKOTOPbIE
aJIrOpuTMbI B TOMOIIIBIO comnpoiieccopa Ha Interaction Nets.

Hean v 3apaun

JJis vicctefOBaHUsl TaHHOM TUIOTE3bl HAMU OBLT HaYaT MPOEKT Lamagraphﬂ,
LEJII0 KOTOPOTO SIBJISIETCS] pa3paboTKa MapaMeTpU3yeMOro MHOTOSIIEPHOTO BbI-
yuciauresist Ha ocHoBe Interaction Nets.

HJ’I?[ eé JOCTUXKCHUA 61)[.]'[1/[ BbIJACJICHBI cneuyxoume TaIllbl.

1. Coznanne MUHUMAJbHOW MHQPPACTPYKTYPHI AJIs CO3/IaHUs CIeIUATU3UPO-
BaHHBIX BbIYMCUTENEH Ha ocHOBe Interaction Nets.

2. Pazpabotka eDSL s crietiucpukarum Interaction Nets.
3. JloGaByieHre MONICPKKI OJHOBPEMEHHOU PEAYKIIUM B YCKOPUTETb.

4. TIpoBeneHue cpaBHUTEIBbHBIX SKCIIEPUMEHTOB Ha 3aJa4ax pa3pekeHHOM JIN-
HeliHoii anreOpsbl, aHaM3a rpaoB U UCKYCCTBEHHOTO MHTEJUIEKTA.

Ha naHHBIE MOMEHT MPOEKT HAaXOJUTCS Ha MEPBOM 3Tarle: CO3[JaHUe MUHU-
MaJIbHOTO paboyero OKpy:KeHUsl s POTOTUIMPOBAHMU I BBIYUCITUTENICH U pabOThI
C HUMH, KOTOPBIA COCTOUT U3 CJIEIYIOIIUX MMOIIIArOB.

1.1. Peaynm3anusi BLICOKOYPOBHEBOTO sI3bIKa MPOrPaMMHPOBAHUSI.
1.2. Pa3paboTka TpaHCJISTOpa U3 BHICOKOYPOBHEBOTO s13biKa B Interaction Nets.
1.3. Peamusauus unreprperatopa Interaction Nets.

1.4. Pa3paboTka reHeparopa nporumBKy Berarcatesst aist [TJIAC.

Tpebosanus k nepogomy smany

IepBeiil 3Tan IaBHBIM 00pa3oM Co3MaET (pyHIAMEHT IS JasbHEMInei pas-
paboOTKH U KCTIepUMeHTOB. Tak 4To (POKYC CMEIEH B CTOPOHY CKOPOCTH pa3pa-
GOTKU U aHAJIU3a PE3YJIbTATOB JIJIs1 BO3MOXHOCTHU OIIEPATUBHO MTPOBEPATH paboure
runote3bl. VICX0/1s1 U3 3TOro, K MPOEKTY ObUIH BBICTABIIEHBI ClleyIoNIre TpeOOBa-
HUSL.

'Perio3UTOpUH MpoeKTa JOCTYIHSI 10 cebuike: https://aithub.com/Lamaaraph
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Tomorennocts. Vcrnosnb3oBaHue eIUHOTO CTeKa TEXHOJIOTHI MO3BOJISET YIIPO-
CTHTb CO3J/IaHVE U OAJIEPKKY MPOrpaMMHO-AIITAPaTHOTO CTEeKa, a TAKXKE IIEMOYKY
00pabOTKHU JTaHHBIX.

IlesoctHocTh. [lomyyeHue MoMHO(MYHKIMOHANIBHOTO MPOTOTHUIIA, COAEpIKalle-
r'0 BCE KOMITOHEHTHI, BaXKHee, YeM AeTallbHasi MpopaboTKa KaKoro-To OTAEIbHOTO
KoMHoHeHTa. Ha 1aHHOM 3Tare Heo6X0IMMO B MIEPBYIO OUepeib BHICTPOUTH B3au-
MozieiicTBIE Meky KOMIOHEHTaMH, a TaKkKe YBUJIETb, KaKhe CI0KHOCTH BO3HH-
KaIOT HE TOJIbKO NPU PEaM3alnK OT/IEJIbHBIX KOMIOHEHT, HO U TIPH MHTETPaLin
MEX/ly HUMU. DTO MO3BOJISIET OBICTPEE BHIABIIATH U UCTIPABISTH HEYAaYHbIE apXH-
TEKTypHbIE PEIIeHUS.

I'panyasipHoctb. Ha kaxgom mare paboThl MpOrpaMMHO-aINapaTHOTO CTEKa
€CTb PE3y/IbTAT UCTIOIHEHU S IPOrpaMmbl. Takol MOAX0 MO3BOJIAET TECTUPOBATD
KaK KaX[yI0 OT/IE/IbHYI0 KOMIIOHEHTY, TaK U Cpa3y HECKOJIbKO.

Peanmzanus

B kauectBe ocHOBHOTO s13bIKa ObLT BeIOpaH Haskell u3-3a ero ynooctBa 1ist pa-
GOThI BHICOKOYPOBHEBBIMU a0CTPAKIMSIMU, JTETKOCThIO B co3aannu DSL (u eDSL)
n Haymuun HDL, ocHoBaHHOTO Ha HEM.
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Puc. 1: JluarpaMma B3auMOJIEHCTBHsI MOJIb30BATENsI C MPOrPAMMHO-AMIAPATHBIM CTEKOM
Lamagraph.
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B3aumooeiicmeaue ¢ noav3osame.nem

Bxonanas nporpamma Ha LamagraphML cHavana TpaHciaupyercs B o0oraméH-
HOE \-MICUMCJIEHHE; Jajlee TO MPEACTAaBIEHUE MOXHO CTPAHCIMPOBATh B CETh B
TEKCTOBOM TIPEJICTABJIEHNH, /ISl KOTOPOTO peajn3oBaHa abCTpakTHasI MaIlIMHA; U
U3 TEKCTOBOT'O NPEJICTABIEHNsI MOKHO IOy4uTh 00pa3 namsity aist [1JINC u mo-
JIy4uTb NMpommBKy. Ha kKax oM starne MOXHO UCTIOJHUTH MPOrpaMMy M HIOJIyIUTh
CTAaTUCTHKY U Pe3y/IbTaT UCMONHEHNs. Bech mporpaMmHo-anmapartHslii CTEK Mpea-
crapnensl Ha Puc. [l Boino pelrieHo pasaenuTh mpoeKT Ha TpH GOINbIIME YacTH,
Jajiee OHU OyayT ONMUCaHbl 0ojiee MOgPOOHO.

Humepnpemamop LamagraphML

Muorue peaymzanuu Interaction Nets NpuIyMbIBalOT COOCTBEHHBIE S3BIKH
nporpammupoBanus (Hanpumep, [4] wm Bendf]), koTopbie He MPUBBIYHBI TPO-
IPaMMUCTY, TIOCKOJIBKY IBITAIOTCSI TEKCTOBO OMUCHIBaTh rpad. Lamagraph pema-
eT JAaHHYI0 IpobJeMy, IIOCKOJbKY B HamleM npoekTe Interaction Nets ncrons3y-
€TCA B KaueCTBE MPOMEKYTOYHOTO MPECTABIIEHHA, a MOJIb30BATEIIO IIPEJOCTaB-
JISIETCST OTHOCUTEJILHO MPUBBIYHBINA BBICOKOYPOBHEBbIH ML-MIONOOHBINA S3bIK —
LamagraphML. ®yHKIIMOHAIBHBIHA S3BIK BHIOpaH M3-3a HAJIWYMS CXEM TPaHCJIs-
mn A-ucumcienus B Interaction Nets. ITocne paboTsl (ppoHTEH1a MBI ITOTyYaeM
NporpaMMy B BUjie 0OOTAIEHHOTO A-MCYMCIIEHHS], KOTOPYIO MTOTOM MOKHO JIHOO
MHTEPIIPETUPOBATD, IMOO TpaHCIMpPOBaTh B Interaction Nets.

Humepnpemamop Interaction Nets

CranpapTHBIM nipeicTaBienreM A Interaction Nets siBisietcs rpacdoBoe, of-
HAKO ¢ HUM (Kak U ¢ JoObIM rpaom) TpyaHO paboTaTh B (PYHKIIMOHATBHBIX SI3bI-
Kax MporpaMMHUpoBaHus. TeM He MeHee CyIeCTBYyeT TeKCTOBOE IpeCTaBJICHUE
ceteii [5], ma kotoporo paspadoraHa abctpakTHast MamuHa [6]. TTosTomy st
peay3aruy ObUTO BEIOPAHO UMEHHO OHO.

B nporiecce peamm3anuu Tpancisatopa B Interaction Nets Obuta oOHapyskeHa
npo0JieMa: CyIIECTBYIOIINE CXEMbl TPAHCIIALUK PA0OTAIOT TOJNBKO C YUCTBIM \-
ucyucsaeHueM. IToNnpITkY paclIMpUTh CXEMY TPaHCIISLMHU IIPeAIPUHUMANNCS B [[1],
OJIHAKO TaKOil MoAXo/ TpeOyeT MCHOIb30BAaHNE IMHAMUYECKOro 0a3uca areHToB.
Ho nockosnbky Bbrumcimrens npommsaetcst Ha [TJIMC, To 6a3uc areHToB JOKeH
OBITh (PUKCHPOBaH, U MOIXO TIPeIJIOKEHHHIN B CTaThe HaM He roaxoauT. [1oato-
My TpaHcysaums B Interaction Nets KOHCTPYKITHiIf 06OTAIIEHHOTO \-UCUHCICHAS —

2Peno3utopuii ipoekrta: https://github.com/HigherOrderC0/Bend
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npeIMeT AabHeilell padoThI.

TI'enepamop evtuucaumens

S3pikom niporpammupoBanwsi [1JIVC 6b11 BeiOpaH Clash [§] — HDL, ocHoBan-
Hblil Ha Haskell, koTopblii notom TpaHcaupyeTcsi B TpaguuuoHusle HDL. Takoe
pelieHre MpOAUKTOBAaHO MIPOCTOTOM, B CpaBHEHMM ¢ TpaguironHsiMu HDL, co-
3JIaHUs1 U pabOThI C BRICOKOYPOBHEBbIMH a0cTpakuusamu. Clash nmo3BossieT onuch-
BaTh KOMOMHAIIMOHHBIE CXEMBI IMOUTH Kak 0ObruHblid Haskell ko, 4To OTKphIBaeT
BO3MOXKHOCTb NUCaTh MOAYJIbHBIE U Jake property-based TecTsl. Bonee cioxHble
TI0CJIe/I0BATEIbHOCTHBIE CXEMBI K€ MOXHO CHUMYJIMPOBATh C MTOMOIIBIO CUMYJISITO-
pa Clash u nucatpb a1 Hux test bench gaiiel.

Jn3aiiH BBIYUCINTES ClieJIaH TAKMM 00pa30oM, YTOObI SIBHO OT/EJIUTh Pa3HbIE
STanbl BHIMOJHEHUS PeAYKIMH: padoTa ¢ MaMsThio, IPUMEHEHUE MPaBUIa PeayK-
MM ¥ BCTPaMBaHUE JIOKAJBHBIX W3MEHEHHUil B IIOOAJIBHYIO CETh. DTO MO3BOJIH-
JIO OCTaBUTb MPOCTPAHCTBO I JaJbHENIINX onTUMuU3anuii. Takxe Takoe pere-
HME TIOMOTJIO BBIHECTH peasn3anuio crierdukanmy Interaction Nets modry mos-
HOCTBIO Ha yPOBEHb NMPOrPAMMHPOBAHUS Ha THIAX, YTO 3HAYUTEJBHO YIPOIIACT
OTJIaJKy Y MHTETPaLMIO C OCTAJIbHBIMU KOMIIOHEHTAMU CUCTEMBI.

3akJiroyenne

[To utoram paGoThl HAJ MEPBBIM STANOM, MOKHO CKa3aTh, YTO MOTYYHIOCH
CO3JaTh IOJHBIA NPOrpaMMHO-AIIAPATHBIA CTEK pa3paOOTKH BBHIYUCIUTENS, OC-
HoBaHHOTo Ha Interaction Nets: oT mporpaMmsl Ha BHICOKOYPOBHEBOM SI3bIKE 10
npoumBky [TJIMC. Bonee noxpoOHO, HA OCHOBE aHaM3a MPEAMETHON 00JacTH
¥ OGIEro BUICHbs NIPOCKTA, ObUTH BBIICICHB! KITIOUEBbIe TPeOOBaHNs (FOMOreH]
HOCTH, [1e;J0CTHOCTH ¥ FPaHY/IAPHOCTH), ¥ B COOTBETCTBHE C HUMH PEan30BaHbI
ClieIyI0IIie KOMIIOHEHTHL.

* Nurepnperarop sizbika LamagraphML, nonaepxuBaioniuii HEB3aUMHYIO
PEKYpPCHIO U BCTPOEHHbIe anreOGpanyeckue Turbl JanHbix 1ist u option.

* Tpancnarop u3 unctoro A-ucumicenus B Interaction Nets B crpareruu Call-
by-Value.

* TlonHoueHHbI uHTEpIIpeTaTop s Interaction Nets Ha ocHOBe aGCTpaKT-
HOI1 MalllvHBI.
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* I'eHepaTOp NpOIIMBKY OHOSIIEPHOTO BBHIUMCIIUTEINS Ha ocHOBe Interaction
Nets, noaepX1BaIONIXil MapaMeTPU3aLUI0 areHTaMy U IPaBUIaMH PeayK-
LIUH.

Takke yHasoch BBISBHTH Y3KOE MECTO B BHJEC TPAHCISAIHMK OOOTAMIEHHOTO A-
ncuncyienns B Interaction Nets.
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