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PE®EPAT

O0beM U CTPYKTypa AMCCEPTALMOHHOM PadoThl. [Juccepranys Coep)KUT BBeJjeHre, TpU
I71aBbl, 3aK/IF0UeHVe U OIHO INpU/IoKeHue, u3jokeHHble Ha 103 cTpaHMUIjaX MallMHOIIMCHOIO TEKCTa.
B paboTy BK/IIOUeHb! 7 PUCYHKOB, CITMCOK JINTEPATYPhl U3 23 HAaMMEeHOBaHUK. B mIpuioykeHUH mpeji-
CTaBJIeHbI OCHOBHBIe (hparMeHThbI UCXOIHOTO Ko/la peanm3aliu paspaboranHoro RPC npoTokona.

B uccnenoBanum rpoBesieH 0630p, cpaBHeHMe U aHa/IM3 IPOTPaMMHbIX CPe/ICTB, peau3yto-
IUX yZla7éHHBIMA BbI30B MpoLeyp. BoieneHsl xapakTepHble ocobeHHocTH cucteM RPC u TpeboBa-
HUSI, TIpeIbsiB/IsieMble K HUM. Pa3paboTaH acHHXpOHHBIN npoTokoa RPC Ha OCHOBe CUCTeMBI oUepe-
nent coobirennii RabbitMQ. Co3zana peanu3aliysi MPOTOKOJIA /IJIS SI3bIKOB MIporpaMMupoBanusi Go,
Python u C#. [Ipon3BefieHa o1jeHKa IPOM3BOAWUTENBHOCTH 0JIyUeHHOrO MPOTOKO/IA HA OCHOBE 3KC-
repuMeHTa.

KimoueBble c/10Ba: pacrnpe/ie/léHHble CUCTeMBI, YZja€HHbIN BbI3OB NpoLeayp, mogenu RPC,

ouepe/ib COOOILeHNH, CHCTeMa MPOBeAeH s OTUMITHA],.
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BBEJIEHUE

PaspaboTka cucTeM aBTOMatu3aluy 0bpa3oBaTebHBIX TIPOLIECCOB SIB/ISIETCS Ba)KHBIM 3Ta-
oM rHdopmaTu3auy 0011ecTBa. ITO MO3BOJISET MOBBICUTE 3 HeKTUBHOCTH 00pa30BaTeIbHOTO TIPO-
1jecca Iy TéM CHIKeHUs Harpy3KH Ha COTPYAHUKOB, UCK/TIOUeHUsI OIIMO0K U HETOUHOCTeH, 10y CcKae-
MBIX yesioBeKOM. Takyke 3TO TO3BOJIsIeT CO3/iaBaTh MPOrpaMMbl yanéHHOro o0yyeHus 6e3 Herocpe/-
CTBEHHOT'0 YuYaCTHUs MpernozaBaresis.

AsTromarusanus B chepe 0Opa30oBaHUs 3aTparMBaeT MHOXKECTBO aCIIeKTOB, OT 3/IEKTPOHHBIX
Tabesiell ycrieBaeMOCTH U paCITMCAHUM 3aHSITHH [J0 aBTOMaTH3UPOBAaHHBIX TeCTUPOBAHMH yUaI[UXCS.

HeoTbemeMoii yacTbio 06pa3oBaTeIbHOTO TpoLiecca siB/isieTcs npakThuyeckasi pabora. OHa
XapaKTepu3yeTcsl pellieHeM OIpeJie/IHHOr0 Kjacca 3a/au B rpefienax usydyaemoro Kypca. Cyiie-
CTBYIOT TPYMITBI 3aJa4, PeLIeHus /i KOTOPbIX MOTYT ObITh POBEPEHbI B aBTOMAaTUYeCKOM PeXHMe,
K [IPUMepy U3 KypCOB MPOrpaMMHOM UHXeHepuH. Cyl[eCTBYIOT CUCTeMbI, aBTOMaTHU3HUPYIOLLUe MPo-
BepKY pelleHH [T TaKKX 3a/lau, a Takke TMPOBe/ieHHs 1TabopaTOPHBIX U MPAaKTUYeCKUX pabor, co-
peBHOBaHWM M OJIMMITHAA],

C pocToM Ko/IMueCTBa T0/Ib30BaTe el TAKUX CUCTEM BO3PaCTalOT U CUCTeMHbIe TpeOOBaHMSI.
OpHuM U3 criocoboB peliieHust MPoOJieM MMPOU3BOJUTETFHOCTH SIBJISIETCS PacIipe/iesieHre Harpy3Ku
MEX[y OT/le/TbHBIMU CepBepaMH TIPOBePSIIOIIel CUCTeMbI. OTO MO3BOJISIET JOOUTHCS TOPU30HTAIbHOU
MacIITabupyeMoCTH, TO eCTb BO3MOKHOCTH YBeJTMUeHHsI MOIITHOCTH CUCTeMBbI ITyTEM yBeTMUeHHsT KO-
UecTBa y3/10B ceTH. Takasi cucTeMa yrke OyZieT IBASTbCS pacripefesiéHHoM [ 1]. []st HUX XapakTepHO
pacrnpesiesieHle (QyHKLMI U PeCypCOB MeXXy MHOXKECTBOM Y3/10B. Takrie CUCTeMbI YaCTO peaan3yroT
M30BITOYHOCTDb PECYPCOB, UTO TIO3BOJISIET UM 0CTaBaThCsI PAO0TOCIIOCOOHBIMH JJa’Ke TIPH BBIXO/Ie UaCTU
Y3/10B 13 CTPOSI.

OpHot 13 po6siem, KOTOpble He0OX0AUMO PelIrTh TIPY CO3/JaHUU TAaKOW CUCTEeMBI, 3TO KOOD-
JUHALIMS pabOThI Y3/10B CHCTEMBI U Tlepefiada pe3y/IbTaTOB BBIYMCIEHUH MeXy HUMH. [I/is1 pereHust
3TOM TIPO6IEMBbI MOXKET MPUMeHsThCs KoHLenus RPC — remote procedure call. 3ta koHieniums mo3-
BOJIsSIeT OpPraHU30BaTh MpoLecC repejjaud JaHHbIX B BUJE 3arpoC-0TBeT. Pa3/inuHble THIMbI 3al1pOCOB
U Tlepe/jaBaeMbIX JIaHHBIX CO3/]al0T He00XOAUMOCTb UCITO/Ib30BAHMS Pa3/TMUHBIX TexHooruii RPC.

Lenbro padoThl SBISETCS aHA/IM3 PA3/IMUHBIX Moziesnel ucrosnb3oBanus RPC u pa3paboTka
texHonorud RPC, kotopasi TpebyeTcst onuMnuagHoON cucTeMe, HO He UMeeT aHasIoroB, yA0B/IeTBOPSI-
OI[UX TPeOOBaHUSIM.

[t moCTvKeHUs 11e/Ti HeoOXOAUMO PeluTh CIeAYIOIIe 3a/fauH:

— uccaenoBaHue mMojesneid ucrionb3oBaHusi RPC B onummnuaaHoi cucreme BACS, a Takxke



TpeboBaHUM, TIpebsaBsseMbiX K RPC B paMKax KaXk/0¥ Mojie/ny;
— HUCC/Ie[0BaHMe CyliecTBYrOIMMX TexHonorui RPC u aHanv3 nx COOTBeTCTBUS MOMyYeH-
HBIM MOZeJISIM;

— pa3spabotka rporokosia RPC /151 onmumMIiiaHONM CUCTEeMBI,

— peasv3alys IpOTOKOJIa AJ1s SI3bIKOB MporpaMmmMupoBanusi Go, Python u C#.

O0BeKTOM MCC/IeA0BAHUS SIB/ISIFOTCS PAaCTIpe/ie/IEHHbIE CUCTEMBI.

IIpepmeTom Mcc/iej0BaHMA SIB/ISIIOTCS MEXKIIPOL|eCCHbIE B3aMMO/IeMCTBUS B pacripesieniéH-
HBIX cucTeMax rocpegctsoM RPC.

Ha 3amury BBIHOCATCA pe3y/ibTaThl pa3paboTKy U ucciieioBanust Mojeneit RPC, a Takke
pe3y/ibTaThl MPaKTUUeCKoW peanu3anyy TexHonoruu RPC.

Hayunas HoBM3Ha paboThl COCTOUT B pa3paboTke mogeseit RPC.

[pexcraBieHHbIe B AUCCEPTAL[UM MO/I€/TH OMMCHIBAIOT KaueCTBeHHbIe 0COOeHHOCTH U Tpebo-
BaHUs, Tipe/ibsiBiisieMble K RPC. 3To BHOCHUT sICHOCTB B paboTy MH)KeHepa Ipy BEIOOpe orpe/ieiéHHOM
TeXHOJIOTHH, TIPeJJOCTaB/Isisl IOHSATHBIN /151 HETO a/IFOPUTM JeMCTBUM.

IIpakTHueckas ieHHOCTh padoThl. Ha 6a3e rosmyyeHHBIX Mojiesielt pa3paboTaHa TeXHOo-
rust RPC, koTopasi no3BoJisieT OpraHM30BaTh ACUHXPOHHYIO U HaZIEXKHYO NTepe/iauy JaHHbIX C yYETOM
pacripe/iesieHHst HAarpy3Ky ¥ TOPU30HTAIbHOW MacITabupyeMocTy. [laHHasi TEXHOJIOTHSI MOXKeT ObITh
WCII0/Tb30BaHa /1 OpraHy3aliy BbIUMC/IEHWH psifia pacrpesie/éHHbIX cUcTeM, B ToM umncie BACS,
PacCMOTPEHHOM B jucCepTaLyu.

Peanu3anusa U BHeIpeHHe pe3y/IbTaToB padoThl. PazpaboTaHHast TEXHOIOTHS] BHEJPEHA B
cUCTeMy MpOBe/leHHsl COPeBHOBaHUI T10 CIIOPTUBHOMY rporpammupoBanuto BACS, pa3pabatbiBae-
MY cuiaMu cTyaeHToB VDKI'TY, u sB/isieTCss OMHUM U3 CPe/ICTB 00ecrieueHHsI 0TKa30yCTOMUMBOCTH
Y MacIITabMpOBaHUS CUCTEMBI.

IMy6ukanuu. B xoe paboThl Hafi AriccepTaliuel ObIIO MOjaHo 2 TIaTeHTHBIE 3asBKH:

— BubmoTeka rnporpaMMHbIX (GYHKIMM Jis TIOAAeP>KKH CEeTEBOTO B3aUMOZENCTBUS MeXAY

nporpammamu B cucteMe «BACS». ITpunsita 10.12.2015.
— ITporpamMMHBI MOY/Tb TeCTUPOBAHHUSI KOPPEKTHOCTH PabOThI MHTEPHET-CaliTa CUCTEMBI
«BACS». IIpunsra 18.05.2016.

O0béM U CTPYKTypa AMCCEPTAaliMOHHON paldoThl. [lriccepTaliusi COAEP)KUT BBefleHUe, 3
[VIaBbl M 3aK/IHOYeHHe, U3iokeHHble Ha 103 €. MalllMHOMMCHOTO TEKCTa, a Takke 1 npunoxkeHus. B
paboTy BK/IFOUEHBI 7 PUC., CITUCOK JIUTEPATyphl U3 23 HaUMEeHOBAHWH. B TIpUIOyKeH!U TIpe/ICTaB/IeHbI
OCHOBHBIe (PparMeHThbI UCXOAHOTO KoZla peanu3aliuy paspaboranHoro RPC nporokora.

aHa/Iu3 MEJKITPOL[eCCHBIX B3aUMO/IeHCTBHM B onuMnuagHou cructeme BACS, 0630p cyiie-

CTBYIOIIMX peasn3aLyii, aHami3 TpeOOBaHMM U ITOCTaHOBKA LN U 3a7iad PaboThI



B nepBoii r71aBe aHaIM3UPYIOTCSI MEKITIPOL|ECCHBIE B3aUMO/IeMCTBHS, [ie/1aeTCsl BbIBOJ, O Lie-
necoobpa3znoctu nipumeHeHust RPC. [lenaeTcst 0630p cyujecTByromux peanu3saiuii RPC. Ob6ocHo-
BbiBaeTcs1 BIOOP gRPC B KauecTBe cuHxpoHHOro RPC i 3ampocoB ¢ orpaHUUeHHBIM BpeMeHeM
paboTkl, 060CHOBBIBaeTCs HEOOXOAUMOCTh CO3/laHusi acCMHXpPOHHOro RPC 151 3ampocoB ¢ HeorpaHu-
YeHHBIM BpeMeHeM paboThl. @OpMYMUPYIOTCS Liey U 3a/jau paboThl.

Bo BTOpOI Ir/71aBe 110A[pOOHO PACCMATPUBAIOTCS CBSI3U MEXK/Y Y/la/IEHHBIMU KOMITOHEHTaMH
onumMIMazHou cucteMbl BACS 1 TpeboBanusi K HUM. Pa3pabaTbiBaeTcst TpOTOKO/I aCUHXPOHHOTO RPC
Ha OCHOBe CHCTeMbl ouepe/ieii COOOLIeHUH.

B TpeTheii r/1aBe paccMaTpuBaeTcs Tporjecc pa3paboTku RPC Ha ocHoBe Opokepa coobirie-
Huit RabbitMQ. OtieHrBaeTCst TPOM3BOAUTETBHOCTD pean3oBaHHoro RPC.

B 3ak/1r0ueHuH JriccepTaloHHON paboThl chOpMyTUPOBaHbI OCHOBHBIE BBIBO/ILI U Pe3yJib-
TaThl BLITIOJTHEHHBIX UCC/e/JOBaHUI U HaMeUyeHbl BO3MOXKHbIE TIePCIIeKTHBHbIE HallpaB/IeHH sl UX pas-
BUTUSL.

B npunoxeHum rpe/cTaBieHbl ()parMeHTbl UCXOJHOTO KOJa peajv3aliiy NPOTOKOoJA /IS

s3bIKOB GO, Python u C#.



1. AHAJIUTUYECKUM OB30P MEXXITPOLIECCHBIX B3AUMOJEVNCTBUI 1
®OPMVPOBAHME TPEBOBAHUI K HUM

Llenbro aHHOM I/1aBbI SIBJ/ISIETCS aHAJ/IA3 MEKIIPOLIeCCHBIX B3aUMOZEMCTBUIN B OJTUMITHAIHOU
cucteme BACS, 0630p CyIIeCTBYIOIUX pean3arivii, aHaau3 TpeOOBaHMI U ITOCTaHOBKa I1eJ1 1 3a/1au

paboThI.

1.1. OsmmnuagHas cucrema BACS

OmumnuazaHas cuctema BACS 3To pacripesiesiéHHasi cicTeMa MpOBe/ieHUsi COpeBHOBaHUM U
nabopaTopHbIX paboT Ccpeay yJaluxcs Mo AUCLUIIMHAM, CBSI3aHHBIM C MporpammupoBaHueM. Cu-
CTeMa COCTOUT U3 HEeCKOIbKMX KOMITOHEHT, CBSI3aHHBIX MeXX/y COOOM.

B onummnuaziHo# cricTeMe MOXKHO BBIIe/TUTh [iBa TUIIA CBSI3ei:

— 3arpoc CyleCTBYIOL[UX JAaHHBIX, TIPUMeP 3aripocoB Mexxay Web-uHtepdeiicoM u apxu-

BOM 3a/1au MpUBeZiEH Ha pucyHkKe 1.1. TTpu mTaTHO# paboTe crucTeMbl 00paboTKa 3armpoca
3aHUMaeT CTPOTO OTPaHUYeHHOe BpeMsl. B ciyuae c6ost 3arpoc MoXKeT 3aBUCHYTh. Heo0-
XOJIUMO TIpeKpaiaTb 00paboTKy AaHHOTO 3arpoca, UHPOPMUPYS BbI3BIBAIOII[YI0 CTOPOHY
06 omrrbOKe. Takue 3ampoChI SIBJSTFOTCS CUHXPOHHBIMHU.

— 3arpoc Ha COBepIlleHHe PecypCOEMKOM orepaiu. Takue 3arpochl TIPOUCXOJAT MEXIY
Web-uHTepdeiicom 1 cepBepoM TeCTHPOBAHUS pPellleHU: TeCTUPOBaHKe M0/1b30BaTe lb-
CKOTO pelieHus1. [InuTenbHOCTh TeCTUPOBAHMS pellleHUs 3apaHee HeU3BeCTHA, TIOTOMY
cnenyet 00ecIeunTh HaJEKHOCTh aCHHXPOHHOM 00paboTKM 3ampoca. ITpu 3ToM OTBET

Web-uHrepeiicy oTrpassieTcsi cCepBepoM TeCTHPOBaHUsI CAaMOCTOSITE/IBHO.

Web-unTtepdeiic

ApxuB 3ajau :

CepBep TeCTUpPOBaHUS

Puc. 1.1: Cesasu Mexxay komnoHeHTamu BACS

Takue CBSI3U SIB/ISIOTCS MpUMEPOM MEXKIIpOo1jeCCHOr'o B3aI/IMO,ELEI\/IICTBI/IH.



1.2.  MexXIpoleccHOe B3auMO/IelCTBHE

MeskriporieccHoe B3aumogeiictBue IPC (inter-process communication) — 3To 06MeH JjaHHbI-
MU MeXy OTZAe/bHBIMHU TpolieccaMu. IIpoliecckl MOTYT OBITH 3arylijeHbl KaK B OFHOM aJpeCHOM
MIPOCTPAHCTBe, TaK W Ha Y/aJ€HHBIX KOMITbIoTepax. ObecrieurBarOTCs Takve B3aUMOJIeMCTBHUS Kak
MOCPe/ICTBOM sifipa OMeparjuoOHHOM CHUCTeMBbl, TaK M NPY MOMOLIM MeXaHU3MOB I0/1b30BaTe/bCKOro
MPOCTPAHCTBA (K MPUMepy BHELIHUX MPOrpaMMHbBIX MOZY/IeH).

Cpenu Mexanu3MoB IPC BbIZIe/IIIOT MeXaHW3MbI 0OMeHa COOOIeHUSIMH, CUHXPOHHU3aI[|H,
paszesnieHus nMaMsATU U yzanéHHbIX BbI30BOB (RPC — remote procedure call). [Jns pacripesjenéHHbIX
CHUCTeM aKTyasbHbl MeXaHW3Mbl, He3aBUCHMbIE OT sifipa OlepaLMOHHON CUCTEeMBbI 1 [T03BOJISIIOILKE pe-
a/IM30BBIBaTh CBSI3b MEX/y Y3/aMH, 3alyIleHHbIMU TI0f, yIpaBlIeHHeM pa3/IMuHbIX OreparjuOHHbIX

cucteM. K TakuM OTHOCATCS MeXaHH3MblI 0OMeHa COO6m€HHﬂMH n y,Z[aJ'IéHHBIX BbI3OBOB.

1.2.1. O6MeH coOoOITIeHUSIMH

O6meH cooO1eHUsIMU — 3TO JopMa CBSI3U, UCTIO/b3yeMas B TIapa/ule/IbHBIX BBIUMC/IEHUSX,
peas3yeMasi TIyTEM MMOCHUIKM TaKeTOB MH(OPMAIL[UK TI0/Ty4aTe/isiM, KOTOpPble MOTYT COZlepKaTh KO-
MaH/Ibl ¥ yBe/IOMJIEHHS], a TaK)Ke JaHHbIe /171 00paboTKH.

OO6bIYHO 0OMEH COOOIIEHUSIMU PeaT3yeTcsi aCUMHXPOHHO, COO0IIIeHHe MOXKeT OBbITh 10CTaB-
JIeHO HeompeJie/IEHHOMY KpYTy Iojyuaresiei, B TOM UHC/Ie He3aBUCHMO OT OTIIPaBHTeIs], eC/IM UC-
TI0JIb3YeTCsI IporpaMMa-TiocpeJHHK — Opokep. Hamiurie Gpokepa ¢ 0fiHOM CTOPOHBI TPUBO/UT K L{eH-
Tpav3alii CUCTEMBI, C IPYTOH M03BOJISIET YIIPOCTUTH apXUTEKTYPy. Bpokep xpaHuT coobiieHus 0

MOMEHTa [JOCTaBKH, YBeZIoM/IsieT 00 oIMOKax, peaan3yeT MapIIpyTU3aLUi0 COOOIIIeHHA.

1.2.2. RPC

YanéHHbIN BLI30B TIPOLIEAYP — 3TO K/I1aCC TeXHOJIOTUM, MO3BOJISIIOLUX TTPOMU3BOJUTh BbI30B
MpoLeAyp OJJHOM KOMIIbIOTEPHOW ITPOrpaMMbI U3 a/IpeCHOr0 MPOCTPAaHCTBA Apyrou. Kak nmpaBuso pe-
amm3aiuu RPC 1o3BosisitoT abCTparupoBaThCsl OT ZieTajield CeTEBOTO B3aUMOZEUCTBUS, (haKTHUeCKU
CTHUpasi pa3HULY MeXXJy BbI30BOM YyZIa/IEHHOMN U JIOKAJbHOM NPOLeAYPhI.

Texuonorun RPC yg06HO NMPUMEHSTH /11 OPraHU3allM BBIUMC/IEHUH B PacIipe/|eIéHHBIX
cucreMax. B si3pIkax mporpaMMHpOBaHUs BEICOKOTO YPOBHSI KOMaH/ia €CTh BbI30B IpoLeyphl. B pac-
Tipe/le/IEHHBIX CHCTeMaX TakKuM 00pa3oM KOMaH/ja eCTh yZa/léHHbINA BbI30B rpoleaypbl. RPC ro3Bo-
JisieT TepefiaBaTh CTPYKTYPUPOBAHHbIE JaHHBbIe HEeOObIIOro 00béMa (JecsiTKA MerabaiT). Tak Kak

WCIIOJTb3YHOTCS TUIIbI JAHHBIX SI3bIKOB ITPOrPaMMHUPOBaHUs BLICOKOTO YPOBHSI, IPOMCXOJUT MPO3pay-
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Hasl MUHTerpaLys pa3/IMyHbIX YacTeil CUCTEMBI.

JTrobast rexronorust RPC coctout 13 iByx uacteii: mpotokosa RPC v peanv3aiiyu poToKo-
71a [/ KOHKPeTHBIX SI3bIKOB MporpaMmupoBanusi. CrielyeT oOpaTuTh BHUMaHUe, UTO 71t OOMbIINH-
CTBa S13bIKOB IPOrPaMMUPOBAHUS CJIeZlyeT CO3/laBaTh OT[Ee/IbHYI0 pean3aliyio (B HEKOTOPBIX Cyvasix
00EPTKY K CYIIIeCTBYHOLL[eH), TaK KaK B KaXK/IOM sI3bIKe eCTh CBOU XapaKTepHble 0COOEHHOCTH CTHJIS
paboThI, UTO TMO3BO/ISIET CZeaTh Peaar3alyio MaKCMMaabHO TIPUOIMKEHHOU K SI3bIKY W TTOHATHOU
I10/1b30BaTe/IsAM.

[Tporokon RPC c apyroit CTOPOHBI siB/isieTCsl OOIIMM, OH eWH /71l BCeX peanu3alyil. JTo
TM03BOJIsIeT 00BEIUHATH PA3/IMUHbIE Y3/IbI PACIIPEe/IEHHON CUCTEMBI, pealn30BaHHbIe Ha Pa3/IMYHbIX
AA3bIKax [POrpaMMUPOBAHUSL.

[Tpotokon RPC 06bIuHO siB/IsSIeTCS BYXYPOBHEBBIM. YPOBeHb NPe/ICTaB/IeHus JAHHBIX OTIpe-
JleJisieT MeToZibl KOAAMPOBaHUs MHGOpPMaLMK, Takie Kak 0aiiToBoe Tpe/iCTaB/eHHe YhCesl U [IPYTUX
MPOCTBIX TUIOB [JaHHBIX, MACCUBOB, CTPOK, CTPYKTYP. TPaHCMOPTHBIM YPOBEHb ONpe/ie/sieT MeXaHU3-
MBI T1epe/jauM y ke 3aKOIMPOBaHHbIX 0alT 1o ceT. YacTo UCIob3yeTcst Kakoi-11bo Cyiiie CTBYIOLIMIA

IMPOTOKOJI B Ka4e€CTB€ TPaHCIIOPTHOI'O.

1.3. TpeboBanwus K TexHojoruu RPC

Cpenu TpeboBaHuid, mpeabsaBsieMbiXx K RPC, BBIZ/ISIOT:
— TepeHOCHUMOCTb JaHHBbIX;

— Ha/|E>KHOCTB;

— TIPOU3BOZUTEIbHOCTb;

— TIePCUCTEHTHOCTD;

— [MarHOCTHKA HeHCIpaBHOCTeMN.

1.3.1. IlepeHOCHMOCTb JJAHHBIX

Pa3sHbie YaCcTH CHCTeMbI MOT'YT OBbITh 3aMyIlleHHbI Ha Pa3/IMUHbBIX M1aTopMax. ITO BK/IHOUaeT
B ce0st KaK pa3/IMuHbIe apXUTEKTYPhI MPOL[eCCOPa, OMePALIMOHHbIE CUCTEMBI, TaK U SI3bIKU MTPOTpaM-
MHPOBaHUs U UHTeprpeTaropsl. IlpeacTaBieHye JaHHbIX Ha pa3/IMUHbIX /IaTPOpMax MOXKET Cylije-
CTBEHHO OT/IMUATbCsl, K TPUMEpY, pa3/MuYHbIM TOPSIKOM OaiiT, BhIpaBHUBaHUEM, pa3MepoM yKasa-
Tessl, peZiCcTaB/ieHueM CTPOK M MaccuBOB. IIpocToe KomvpoBaHue Tpe/iCTaBleHus JaHHbIX U3 Orle-
PaTUBHOM TIAMSITH He TT03BOJIUT B3aUMO/[eMCTBOBATh Pa3IMYaIOIIMMCS YacTsM crcteMbl. Heobxomum
MeXaHH3M Cepuaau3alyy B I1aT(opMo-He3aBUCUMOe TpeJcTaB/eHre [/ oC/ieiyIolei nepeaauu

B JIPYTYIO YaCTb CUCTEMBI.
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Insi cuctembl BACS sToT KpuTepuii siBisieTcst 00si3aTe/IbHbIM, TakK Kak OJHUM K3 OCHOBHBIX
KaueCTB CHUCTEMBI SIB/IIETCSI MOAYIBHOCTh. DTO 03HAYaeT 3aMeHsieMOCTh KOMIIOHEHT 0e3 M3MeHeHUst
vHTepdelica, a 3HAUUT BO3MOXKHOCTb 3aMeHbI K IPUMepY si3blKa NIPOrpaMMKPOBaHUs B OTZe/IbHbIX

KOMITIOHEHTax.

1.3.2. HapéXHOoCTb U IPOU3BOAUTE/ILHOCTh

OtaenbHBbIe KOMIIOHEHTBI MOTYT OBITh 3aMyIlieHbl Ha Pa3/IMUHbIX cepBepax. Coou rpu pabote
CeTH, TeXHUUeCKHe paboThl Ha cepBepe (Aa)ke KpaTKOBPeMEHHbIE), MOMEHThI ITUKOBOW Harpy3KH C
BpPeMEeHHBIM 0TKa30M OT 00pabOTKM HOBBIX 3allpOCOB, — BCE 3TO MOXKET MPUBOJUTH K HEIOCTYITHOCTH
WA MeZIJIeHHOM paboTe OT/e/IbHBIX Y3/I0B CUCTeMbl. [Ipu 3ampocax K 3TUM y3/1laM OCTajibHbIe Y3JIbl
JIOJDKHBI a/IeKBaTHO pearvpoBaTh Ha UX HEJOCTYIHOCTh, KOPPEKTHO OTpeiessisi 3TO B MpUeMieMoe

BpeMsi, TTOBTOPSIsI 3aIpOC MPU HeOOXOAUMOCTH.

1.3.3. IlepcucTeHTHOCTb

B aCMHXPOHHBIX CBS3SIX JIaHHBIE SIBJISTFOTCS O0Jiee 1ieHHBIMH, UeM B CHHXPOHHBIX. JTO CBsi3a-
HO CO CTOMMOCTBIO UX TO/TyueHus: 00paboTka aCHHXPOHHOTO 3aripoca MOYKET 3aHUMaTh CyIIieCTBEHHO
OostbIlle BpeMeHH, TIOTOMY >KeJlaTesIbHO u30eraTh MOBTOPEHUS 3arpoCcoB Oe3 KpaliHel Ha To HeobXo-
JUMOCTH. JTa rnpobieMa pelaeTcs PY MOMOIIY TIePCUCTEHTHOTO XPaHEHUsI 3alipOCOB U OTBETOB,
YTO ZIaéT BO3MOXKHOCTh ITOJTyYeHHsI OTBeTa Ha 3arpoc, Jake ey 06paboTurK yrke peKpaTus CBOO
paboTy, WM OTIIPAaBKH 3arpoca Ipy OTCYTCTBUM CBOOOIHBIX 00pabOTUMKOB.

Hu ofHa 13 paccmotpeHHbIXx RPC TeXHO/IOTHE He peann3yeT 3To TpeboBaHue. [/1s1 ero pea-

NU3a1[ui HeoOX0 UM TIPOMEKYTOUHBINA CepBUC — Bpokep.

1.3.4. [InarHOCTHKa HeHUCIIpaBHOCTeH

I[Tpu 06paboTKe 3arpoCOB MOT'YT BO3HUKATh OMIMOKH. Ba)kHO Kak MOXKHO 00J1ee TIO/THO Tiepe-
JlaBaTh MHGOPMAIHIO 00 3THX OIMMOKAX /15 TOC/IeAYIOIIel MarHOCTUKY CUCTEMHBIMU aZIMUHUCTPa-
TOpPaMHU WK pa3paboTurKamMu cUcTeMbl. B nHbopmaliyio 06 oinMbke MOXXeT BXOJUTb CTEK BbI30BOB,

BpeMsi BbI30Ba, JIaHHbIe 3arpoca, WAeHTU(PUKATOPhI BbI3bIBalOIIel ¥ PUHKMMAIOLLei CTOPOH.
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1.4. O630p cymecTBytoMx TexHomoruit RPC

1.4.1. XML-RPC

Ucmonezyer XML st ipefcrasneHys AaHHbix, HTTP B KauecTBe TPaHCIIOPTHOIO TPOTO-
KOJIa.

[Tpumep 3anpoca:

<?xml version="1.0"?>
<methodCall>
<methodName>examples.getStateName</methodName>
<params>
<param>
<value><i4>41</i4></value>
</param>
</params>

</methodCall>
[Ipumep oTBeTta:

<?xml version="1.0"?>
<methodResponse>
<params>
<param>
<value><string>South Dakota</string></value>
</param>
</params>

</methodResponse>

CuUNbHBIMU CTOPOHaMM TEXHOJIOTMU SIBJISIFOTCSI MCK/TFOUMTEIbHAsA NPOCTOTAa U PaclpocTpa-
HEHHOCTb Cpe/Ii A3bIKOB MPOrpaMMHUpOBaHusi. HelocTaTkamMu IBASIFOTCS HA3Kas TPOU3BOUTETBHOCTh
1 U30BITOYHOCTD TIPE/ICTaB/IeHUS AaHHBIX (HegoctaTok XML). [TocsieHee BeUéT 3a coOo upe3mep-
HYI0 Harpy3Ky Ha CeThb TpY 3HauUMTeTbHBIX 00BEMaxX TMepeiaBaeMbIX JaHHBIX. B cydae e ec/u rpe-
obsazaroT OMHApHBIE JaHHbIe, OHU KOAUPYIOTCS B base64, crierriaibHOM KOAMPOBKe /1711 TIpe/iCTaBe-
HUS1 OMHAPHBIX JJAHHBIX B TEKCTOBOM BHzie. OCOOEHHOCTbIO IaHHOM KOZIMPOBKHU SIB/ISIETCS YBE/TMUEHHUEe

pa3Mepa nepejiaBaeMoii nHhopmarmu Ha 33% [13].
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1.4.2. JSON-RPC

Texunosnorus ananorunuda XML-RPC, 3a uckmoueHrem rcriosib3oBanust JSON BMecTto XML.
YnobHa asist peanu3aiyy B Web BBUy pactipocTpanéHHocTH rogaepkku JSON B 6pay3epax. Cusib-

HbIe U c1a0ble CTODOHEI Te >Ke.

1.4.3. D-BUS

Cucrema py1g opranmusaiuu RPC B npefiesiax ofHOM OrepaljuoHHOM crcTembl. OniepupyeT
KOHLIeMNLMel CepBUCa: KaXKJj0e CepBepHOe NPU/IoXKeHNe MPY 3allyCKe pernCTpUpyeT CEPBUC C 3apaHee
13BeCTHBIM UMeHeM. KitneHThI OyyT oOpalljaTbCsi K CepBUCY TPU MOMOIIY JaHHOTO UMEeHHU.

Coo01ienust B D-Bus ObIBatOT YeThIPEX BU/IOB: BHI30BBI METO/IOB, Pe3y/IbTaThl BEI30BOB Me-
TO/IOB, CUTHAJIbI (IIMPOKOBeIIlaTe/TbHbIe COOOIeHNsT) U OIIHNOKH.

HWcnonb3yeTcsi coOCTBeHHBIN OMHAPHBIN IIPOTOKOJI IMpe/[CTaB/IeHNs JaHHbIX. B KauecTBe TpaHC-
TOPTHOTO MPOTOKOJIA MCITO/TB3YeTCs KaK MpaBwuiio foMeHHbIH cokeT UNIX, HO MOXXeT ObITh IPUMEHEH
u TCP.

Cu/IbHBIMH CTOPOHAMM SIBJISIFOTCSL BBICOKAsi CKOPOCTh PabOThI U LIIMPOKast TIOA[eprKKa B s13bI-
Kax TpOrpaMMUpPOBaHus1. Tak Kak TeXHOJIOTHSI OpPUeHTHPOBaHa Ha paboTy B Ipejiesiax OFHOTO KOM-

TMbIOTEePA, AJ1s pacrpesie/IEHHbIX CUCTeM He TIOJXOJUT.

1.4.4. Java RMI

Java remote method invocation — nmporpaMMHbIi UHTep(eNC BbI30Ba Y/laIéHHBIX METO/IOB B

a3bIKe Java.

import java.rmi.Remote;

import java.rmi.RemoteException;

public interface RmiServerIntf extends Remote {

public String getMessage() throws RemoteException;

171 KopUpOBaHUs JAaHHBIX UCTIO/Ib3YeTCsl BCTPOeHHAs B 13bIK TEXHOJIOIMs Cepranu3anyu. B
KaueCTBe TPAaHCTIOPTHOTO MPOTOKO/IA Hcmonb3yetrcss TCP ¢ pean3oBaHHBIM TIOBEPX HETO COOCTBEH-
HBIM OMHApHBIM TPOTOKOJIOM.

CuIbHBIMH CTOPOHaMHU SIBJISIFOTCSI BHICOKAsi CKOPOCTb PaboThl U OecilioBHast MHTerpalus C
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KOJI0M Ha s3bIKe Java. HepmocraTkom — nozziepskka Tosibko riatgopmel Java. [TocieiHee He mo3BossieT
Co371aBaTh MO-HACTOsIILIeMYy Kpocc-TiiatopMeHHble HHTep(deiichl B pacripe/ie/IEHHbIX MPUI0KEHUSX,

€CJ/IM TOJIBKO [1JId pa3pa60TKH He MCII0/Ib3yeTC A UCK/IFOUUTE/IbHO Java.

1.4.5. SOAP

Simple Object Access Protocol — mpocToii MpOTOKO/ A0CTYyTIa K 06beKTam. IB/sieTcs paciiiu-
peariem XML-RPC. OH siBnsieTcst 60/iee THOKUM, HO TakxKe J00aB/sieT M CBOU HeJoCTaTKu K XML-
RPC: cy1ecTByrOT HeCOBMeCTHUMBIe peaivu3ariuy poTokoia. Texnosorus, kKak 1 XML-RPC, cHmkaer

CKOpOCTb paboThI 3a CUET repesiaur AaHHbIX B hopme XML.

1.4.6. Apache Thrift

3T0 A3bIK OMUCaHUsl UHTep(heCoB /71 oTIpeJiesieHHst U CO3aHus C/TyKO Ha pa3/IMuHbIX S13bI-
Kax rnporpammupoBanus. fsnsetcs gpeiimBopkoM RPC. CozepkuT reHepatop Koza /sl TaKUX 53bl-
kOB Kak C#, C++, Cappuccino, Cocoa, Delphi, Erlang, Go, Haskell, Java, OCaml, Perl, PHP, Python,
Ruby 1 Smalltalk.

[Mopep>KuBaeT MHOXeCTBO (hOPMaTOB Tiepeiau ¥ KOJMPOBaHUS JAHHBIX, CpeIi HUX OUHAap-
HbIe U TEKCTOBbIE, B TOM YMCJIe OT/IaJ04YHbIN (JIeTKO uMTaeMbli yesioBekoM), JSON.

[Topmep>xuBaeT pa3nvyHble TPAHCIIOPTHBIE TIPOTOKOJIbI, B TOM UHMCJIe CeTeBBIE.

CWIbHBIMH CTOPOHAMU SIBJISTFOTCSI THOKOCTh, PaClpOCTPaHEHHOCTD pear3aliyil AJ1s pa3/iny-
HBIX SI3bIKOB TIPOTPAMMHUPOBAHUS U COBMECTUMOCTh MEXK/Iy HUMH, BbICOKasi CKOPOCTh paboThl. Oc-
HOBHBIM HeJJOCTaTKOM BbI/Ie/ISIFOT HU3K0e KaueCTBO JOKyMeHTali. Kpome 3Toro TexHOI0rus cepua-
JIU3al|MM JJaHHBIX HEOT/AearuMa OT (peliMBODKa, OTOMY eé MCIOIb30BaHue [Jisi COXPaHeHHs JaHHbIX
HarpuMep Ha )KECTKUH TUCK MOXKET OBbITh 3aTPYHUTETBHO.

TexHosorus MMPOKO MpruMeHsieTcst KommaHuel Facebook /1715t mocTpoeHust pacripe/ie/iéHHbIX

CHUCTeM.

1.4.7. gRPC

gRPC — BBICOKOIPOM3BOAUTE/bHBIN (PPeMMBOPK /ISl TIOCTPOEHUsS] CEPBUCOB W KTMEHTOB.
PaspabatbiBaeTcst Komrianuei Google, HAXOAUTCS B OTKPBITOM JIOCTYTIE.

TexHonorus ucrosns3yer Google Protocol Buffers B kauecTBe TexHOMOrUM TIpeCTaB/IeHNUS
JlaHHBIX. JTa TeXHOJIOTHsI IIMPOKO pacripoCcTpaHeHa Cpe/iy pa3/inyHbIX S3bIKOB POrPAMMUPOBAHUS.

B kauectBe npoToKo/a Iepejauu AaHHbIX ucrions3yercs HTTP/2 — coBpeMmeHHass Bepcus
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nipotokosia HTTP. OHa oT/ivuaeTcst oJiep>KKO napaJijie/ibHOM Tepe/ilauM JJaHHbIX B paMKaX OJ[HOTO
COoeIUHEeHNs.

gRPC umeet peanu3zauuu gjs C, C++, Java, Go, Node.js, Python, Ruby, Objective-C, PHP
1 C#. OyinyaeTcs BbICOKOM CKOPOCTBIO pabOThI i COBMECTUMOCTBIO MeXKy peanu3anusmu. K Hezo-
CTaTKaM OTHOCST C/JI0’KHOCTb aHa/iM3a 3aKOJJMPOBAaHHbIX AaHHBIX. Takxe Cjie[yeT UMeTb BBHU/ly UTO B
HaCTosI[ee BpeMsi MHOTHE PeasTU3alivy SIB/ISTIOTCS HOBBIMU M He TTO/TyUH/IN I0CTaTOYHOM CTabUbHO-

CTU paboThI.

1.5. TlocraHoBKa 1je/ U 3a/ja4 paboThI

Cpeau paccMOTpeHHBIX TexHosioruii RPC syuiiie Bcero yjoBIeTBOPSIIOT TPeOOBaHUSIM CHH-
XPOHHBIX CBsized onumnragHou cuctembl gRPC u Apache Thrift. O6e TexHOMOTHMM UMEIOT peasu3a-
LU0 /17151 OOJIBIIMHCTBA TIOMYJISPHBIX TUIaT()OPM U S13bIKOB TIPOrpaMMHUpPOBaHus. I[IpeamouTteHue oT-
naHo gRPC 1o npuurHe nyyiliell MOAY/IbHOCTH: BO3MOXXHOCTb MCII0/Ib30BaTh O/IMHAKOBBINA (popMaT
JIaHHBIX 17151 XpaHeHUs u repegaur. gRPC ucnone3yer Google Protocol Buffers, kotopbiit ygo6HO
TIPUMEHSITh TIPU COXPAHEeHWH JAHHBIX Ha >KECTKUMN JUCK.

Cy1iecTByeT BTOPOM THUI CBSI3M — aCUHXPOHHBIN. [I/151 aCHHXPOHHOM CBSI3W Ba’KHa TepCU-
CTEHTHOCTb, TO €CTh BO3MO)KHOCTb TPO/IO/DKUTE 006pabOoTKy cooOIIeHus fjake B Cydyae BpeMeHHOU
HEe/IOCTYTITHOCTH OTTIPaBUTEIsI WK TIoTydaTesis. ITa BO3MOKHOCTb OOBIUHO peari3yeTcs TPy IMOMO-
11 TIPOME>KYTOYHOTO cepBepa — Opokepa coobrmennii. Hu ofHa U3 pacCMOTPeHHBIX TEXHOJIOTUIN He
YZAOB/IEeTBOPsieT TPeOOBaHUIO TIePCUCTEHTHOCTH, TaKUM 00pa3oM HeobxoJuMo pa3paboTaTh JAaHHYIO
TeXHOJIOTHIO.

Pa3paboTka BeIETCS B [iBa JTaria:

1) pa3paboTka mpoTOKOJIa, HE3aBUCUMOTO OT I/1aT(OPMBI (OTepaLiiOHHOM CUCTEeMBI UT! 513bI-

Ka MporpaMMHpOBaHUs);
2) pa3paboTKa K/IHWEHTOB /IS Pa3/MUHBIX T1aTdopM, /s OJUMITHAAHON cucteMbl BACS

BakHbI Go, Python u C#.

1.6. BriBogpsl

B omumnuagHoi cucteme BACS ecTh pasnvuHble BU/bI CBsI3ed MeX/y y[aJléHHBIMU KOM-
roHeHTaMH. [171s1 peany3aljiy CHHXPOHHBIX CBsi3eli IPUMeHUMBI CYIL[eCTBYIOIIe TEXHOIOTHH, BEIOOD
octaHoB/eH Ha gRPC. B ciryuae )ke ¢ aCHHXPOHHOM CBSI3bI0 I10Ka3aHO, YTO HeT MOAXOAALLeHN peanrsa-
uuu RPC, notomy cTaBuTCs 3afiaua pa3paboTku acMHXpOoHHOM TexHooruu RPC Ha ocHoBe Opokepa

COO0O0II[eHUH.
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2. PA3PABOTKA MOJIEJIEM UCITO/Tb3OBAHNSA RPC

B m1aBe nmoipo6HO pacCMaTpHBAIOTCS CBSI3U MEXKAY ya/TéHHBIMU KOMITIOHEHTaMH OJTUMITH-
agHol cuctembl BACS u TpeboBaHust K HUM. Pa3pabaTbiBaeTcsi TIPOTOKO/ acMHXpoHHOro RPC Ha

OCHOBe CHCTEMbI ouepe/ieli COOOIIIeH .

2.1. Cunxponssle RPC

ApxuB 3a/lau sIBJISIETCS OJHUM U3 Ba)KHEUIIIMX KOMIIOHEHTOB OJMMITMAJHON cucTteMbl. OH
COZIEP>KUT BCe 3aJjauM, KOTOpble WMCTOMb3YIOTCS /il TIPOBe/leHUsi cCopeBHOBaHUM. be3 3ajau pabora
CUCTeMbI He UMeeT CMbIC/Ia.

3asiaua mipesicTaBssieT U3 cebst HAOOp (aiisioB B orpeieIEHHOM opMare, ApXUB MPeJoCTaB-
nsieT yHUPUIIMPOBaHHbIN UHTepdeic AoCTyma K 3a/jlauaM BHe 3aBUCUMOCTHU OT hopmara. Pa3mmuHbIM
YyacTsIM OJTMMITHAZIHOW CHCTeMbI Ba’KHbI pa3Hble KOMITOHEHTHI 3a/lauM, B 4aCTHOCTH Web-uHTepdeiicy
HeoOX0[UMO 3arpalliBaTh MeTanH(OPMaLUIO: UMsI 3a/1auH, TlapaMeTPhl TeCTUPOBaHUs, aBTOpOB. [1o-
no0Hast ”HGOPMaILUs UMeeT Psifi XapaKTePHbIX 0COOEHHOCTEMH:

— pasMep CHU/IBHO OrpaHUYeH, 0ObIYHO /10 1 MerabaiiTa;

— TIPUCYTCTBYET y KaXK/IOM 3a/jaudl BHe 3aBUCUMOCTH OT (hopmara;

— B CJIy4ae oOHOB/IeHHsI He0OOXOMMO He3aMeyTUTeTbHO 0OHOBIIATE JaHHbIe Web-nHTepdetica,

BbI/1aBaTh IM10/Ib30BATE/IFO YCTapeBIIMe JaHHbIE HENOITyCTUMO.

2.1.1. UWnurepdetic ApxuBa 3ajau

Nurepdetic ApxuBa 3alau COCTOUT U3 ABYX YacTel. [lepBast yacTh 3TO MHTepdeic aamMu-
Huctparopa. OH M03BoJIsieT A00aB/ISATh, U3MEHSATh U CKAUMBATh 3a/jauil. BTOpast uacTh 3TO 3arpochl,
KOTOpbIe 00BIYHO MHULIMKPYIOTCSE Web-uHTepdelicoM crcTeMbl: TIOyueHWe CIUCKA BCeX 3ajad, To-
ZIpoOHOM 1 KpaTKoW WH(opMaLuu 00 omnpezie/IéHHBIX 3afiayax. B 060ux ciydasx Ba)kHa MPOW3BO/IU-
TeJILHOCTB KaXKJ0T0 3arpoca. Ecm >ke OTBeT Ha 3arpoc He MOXeT OBbITh I0CTaB/IeH, TO He0OXoAUMO-
CTH MOBTOPSATH MOMBITKY HeT, TaK KaK CKOpee BCero JJaHHbIe yCTapesid, M0 3TOM MPUYMHE IepCUCTeHT-

HOCTB He [ABJ/IAeTCA Tpe60BaHI/IEM.

2.1.2. O6ocHoBanue gRPC

[Tpu nobaByieHNH 3a/jauk B apXUB TiepeiaéTcst 60/TbIII0e KOIMyeCcTBO OMHAPHBIX AaHHBIX. [1o-

3TOMY UX KOJJUPOBaHHe B TEKCTOBBIX IpeJCTaBAeHUsIX He siaseTcst 3¢pdekTrBHbIM, XML-RPC nnu
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JSON-RPC npumeHsiTh He cienyet. Beibop 6611 ocraHoBneH Ha gRPC. Orta peanu3saiusi RPC no3so-
nsieT 3¢ppeKTUBHO OpraHU30BaTh Nepefady JaHHbIX, a TAK)Ke UX XpaHeHHe 0e3 W3MeHeHHs Mpe/iCTaB-

nenus ripu nomoiiu Google Protocol Buffers.

2.2.  AcunxpoHHble RPC

B otnnuwme ot 3dllpOCOB K APXI/IBy 3aa4, IIpy TeCTUPOBAHWH pellIeHUSA 0CO0eHHOCTHU paGOTBI

CyLLeCTBEHHO OT/INYarOTCSl.

user web worker
S o) [V (o] s N >

a2 SOlUtiON Pl

status update

status update

current state

status update

< verdict

< verdict,

Puc. 2.1: Pemutenuie B cucteme BACS

Ha pucyHke 2.1 nipeficTaB/jieH pyuMep TOBe/IeHHs TI0/Ib30BaTesst U CUCTeMbI P 00paboT-
Ke pellleHUs. B npeficTaB/ieHHOM ClLieHapyy I10/1b30BaTe/Ib OTIIPaB/sieT B CUCTEMY pelleHue, KOTopoe
niepefaércsi Web-rHTepdeiicom Ha cepBep npoBepku. BpeMsi TecTUpoBaHUs pellieHUs] HEU3BeCTHO,
MOTOMY TI0/Ie3HO MH(MOPMUPOBATh TI0/Tb30BaTe/Isl O TEKYIIIEM COCTOSTHUM MPOBepKU. [1py 06HOB/IeHUH
CTPaHULIbI 110/Ib30BATe/b YBUAUT UTO MPOUCXOJUT C ero pellieHueM B JaHHbI MOMEHT BpeMeHH.

Heob6xoquMo MMeTh BBUY, UTO T10/Tb30BaTe/iell MOXKET ObITh HeorpeZie/iEHHOe KOJIMYeCTBO,
a 3HAYMT MHOXXECTBO peLleHUN MOXXeT HaXOAUThCSl Ha MPOBepPKe B OJJMH MOMEHT BpeMeHH. [Tomumo
3TOTO, IPOBEPKA PEIIIeHUs] MOXKET 3aHMUMaTh HeOTIpeZie/IEHHOe BPeMsi, 0ObIUHO /10 HECKOTbKMX MUHYT.
BhIzieniATh Ha KaXKZ0To 10JIb30BaTesisi OTZe/bHbIN Mmpoliecc 00paboTKu pelieHusi B Web-uHTepdeiice
Heljesiecoobpa3Ho, ITOTOMY TTPUMeHeHe CUHXPOHHBIX RPC He TpeicTaBisieTCcst BO3MOKHbIM. Heo0-
xoaumMa peanu3anust RPC, KoTopasi OyzieT KOHTPO/IMpOBaTh Tiepe/iauy AaHHBIX B (DOHe — aCHHXPOHHO,
TIPY 3TOM /IOTyCKasi BpeMeHHYI0 HeZIOCTYITHOCTh y3/10B (Web-uHTtepdelica win cepBepa NpoBepKH),
yT0OBI peCypCOEMKHEe OTepaljiy He TIPUXOJUIOCH TIOBTOPSAThH 3aHOBO, TO €CTh MMesla CBOMCTBO Tep-

CHUCTEeHTHOCTH.
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B xoze aHa/iu3a MoKa3aHo, YTO HU OJJHAa M3 PAaCCMOTPeHHBIX peanu3auuii RPC He peraer
nipobsieMy TiepcuCTeHTHOCTU. B aHHO#M paboTe paccmarprBaeTcsi peann3ariyisi aCHHXPOHHOTO ITepCH-

crentHoro RPC mipotokora.

2.3. Pa3spaboTka MpoToKo/a

2.3.1. TpeboBaHMs K IIPOTOKOITY

s omummagHOM cucteMbl BACS Heo6xoarMo pa3paboTaTh IPOTOKOJ TTepejaul coooIrie-
HUMH, KOTOPBIN OyzeT 006/1a7iaTh CIeyIONUMHA CBOMCTBAMMU:

— Ha/I&KHOCTb U MePCUCTeHTHOCTh: eCJIv 3arpoc He ObuT 00paboTaH, B TOM UKC/Ie TIO TIpU-
YKMHe 0TKa3a MPUHUMAOLLeN CTOPOHBI, a TAK)Ke eCJIM OTBET Ha 3aripoC BpeMeHHO He MOYKeT
OBbITb ZIOCTaBJIEH, TIPOTOKOJT OJKEH TIOBTOPSITD TIOTBITKY;

— ACWMHXPOHHOCTbB: B OJUH U TOT )K€ MOMEHT BPeMEeHU MOXKeT 00pabaThiBaThCsl HEOTpe/ie-
JIEHHOe KOJIMYeCTBO 3allpOCOB, OTBETHI Ha HUX BO3BPAIIlAlOTCS TI0 Mepe BBITTOJIHEHUS 3a-
MPOCOB (HO COXpaHeHHe MOopsiZika HeBaXKHO);

— TIePEHOCUMOCTD: TIPOTOKOJI 0JDKEH UMETh BO3MOXXHOCTh OBITh peaii30BaHHBIM JIJIs pa3-

JIMYHBIX l'IJ'IaTCl)OpM " SA3BIKOB IIPOI'PAMMHUDOBAHMA;

OaslaHCHUPOBKa Harpy3Ku: MPOTOKOJ JO/DKEH TO//IePyKUBATh 1y O/IMKaL[|I0 CEPBUCOB,;

[MarHOCTHKA HEMCTIPaBHOCTEH: MPOTOKOJI [IOJDKEH COZlepKaTh MeXaHU3M Jjist 00paboTKH
OIITHOOK.

Hab6op TpeboBanuii kK RPC 1103B0JIsSIeT B KaUueCTBe OCHOBBI /IJIsl peai3allii MCI0/Ib30BaTh
cucTeMy ouepeziei coobirieHHid. Ouepe/ib COOOIIEHUH MTO3BOJISIET ITepeiaBaTh COOOIIEHUS MEXKY pa3-
JTMYHBIMU KOMIIOHEHTaMH pacIipe/ie/IEHHON CUCTeMbl, 6epst Ha cebst 3a60Ty 0 COXpaHHOCTH JJAHHBIX U

HUX NOCTABKHU.

2.3.2. Bribop ouepeau coobireHui

[Tpu BBIOOpE OUepenu COOOIEHN Ba)KHO YUMUTBIBAThH TOIMY/SIPHOCTb W CTaHJAPTU30BaH-
HOCTb peanu3anuu. [1pu aHaimM3e ObUTM paCCMOTPEH C/IeyIOIe ouepeid COOOIIeHHM.

Apache ActiveMQ — 5710 6pokep co001IeHHI C OTKPBITHIM UCXOAHBIM KOZIOM, Peai3yOLHM
Java Message Service. ObecrieurBaeT KacTepU3aIvi0 U XpaHeHHe COOOIIeHUI B Pa3/IMUHBIX 0a3ax
JTAHHBIX, K3IIMPOBaHUe, BefIeHHe KyPHAJIOB.

Apache Kafka — 310 pacripegienéHHbiii Opokep coo01eHHH, CTIPOeKTUPOBAHHBIHN [171s BHICO-

KOM MacITabupyemMoCTH.
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RabbitMQ - 3to nyiatdopma, peanmu3ytoiijasi 06MeH cO0OIeHUIMU MeX/1y KOMITOHEHTaMH1
CUCTeMBI Ha OCHOBe mpoTokosia AMQP [15]. imeeT MHOXeCTBO OMOJHMOTEK Ha pa3/MUHBIX I1/IaT-
(dopmax U s13bIKax POrPaMMHUPOBAHUS [Jist IOCTyTa K 6pokepy coobienwmii: C++, Java, .NET, Perl,
Python, Ruby, PHP, Go. [ToaaepxuBaeT ropu3oHTa IbHOE MacIITabupoBaHue.

Bri6op 6b11 octaHoBieH Ha RabbitMQ 1o npuunHe Gonbliieli pacripocTpaHéHHOCTH [16],
WCI0/1b30BaHus NpoTokoia AMQP, a 3HauuT nyuniei rapaHTUM NMOAJEP>KKH UK POCTOTHI 3aMeHbI B

Oyayiiem 6pokepa COOOIIIEeHH.

2.3.3. Mogens RPC

[Tpotokos RPC cTpouTCcst Ha OCHOBe cucTeMbI ouepeeit coobmienunii. Kaxkapiii RPC gBa oc-
HOBHBIX COOOII[eHMSI: 3aIPOC U OTBET, a TAK)Ke OII[MOHa/IbHbIE CTAaTyCHbIe COOOIIeHHs — KpaTKHe OITH-
CaHUsI TEKYII[ero COCTOSTHUSI.

[TpoTtokos RPC menutcs Ha ZiBa yPOBHSL: TIpe/ICTaB/IeHHe JaHHbIX U TPAHCIIOPTHBIN. Ha ypoBHe
TIpe/ICTaB/IeHuUs JAHHBIX TiepelaéTcst cayxeOHast uH(hopMaLvs, Takasi Kak HHGopMaIys o ToyJare-
JIe ¥ OTIIPaBUTeJIE, TI0/Th30BaTeTbCKUH 3arpOC WA OTBET, HH(OopMariyst 00 yCIeITHOCTH BITTOTHEHUS
3arpoca wiv omubKu. TpaHCMIOPTHBIN YPOBEHb CTPOUTCSI HA OCHOBE CUCTeMbI ouepesieid COOBIIeHHIA.

B pamMKax JaHHOTO TIPOTOKOJIAa KaK OTTIpaBUTE b 3arpoca, Tak U ero Tojyyaresib siBJIskoT-
Cs1 K/IMeHTaMHU T10 OTHOIIIeHHI0 K Opokepy coobiieHuii. TeM He MeHee /it yA0OCTBa UMEHOBAHUS
paccMaTpHuBaeTCsl BeCb MPOTOKO/ B 11eJIOM, TIOTOMY OTIpaBUTe b 3aripoca Ha3bIBaeTCsl KIIMeHTOM, a

T0/TyYaTesib — CePBUCOM.
2.3.3.1. Ocob6ennoctu RabbitMQ

[Tnardopma RabbitMQ ob6sasaet psijoMm ocobeHHOCTeH, KOTOpble He0OX0JUMO YUHUThIBATh
TP MCTI0/Ib30BaHHH B KaueCTBe TPAHCIIOPTHOTO YPoBHS. [IpaBM/IbHBIN BEIOOP IMTapaMeTpoB ouepesieit
Y CaMHX COODIIeHHH M03BOJIsIeT ZOOUTHCS BBICOKOM HaIEXXHOCTH U 3(PHEeKTUBHOCTH.

[7isi KaXk/10T0 K/TMeHTa BbI/IeNseTCsl [iBe MIOCTOsTHHbIe Ouepeu Ji/Isl TIo/TyueHHst pe3y/bTaToB
1 coo011IeHNH 0 KpUTHUeCcKHX olnbkax. Bropast ouepeab HeobxozrMa /1S TEX CydaeB, KOryja repe-
nada coobrenns 06 oumbke HeBO3MOKHA MTOCPEZCTBOM TepBoi ouepesy. K mpumepy, eciy cepBuc
He CMOT" paCKOJJMPOBaTh 3aripocC M3-3a OLIMOKK KOJUPOBAHUS UM HeCOOTBeTCTBUs ¢opmara. B Takom
ciiyyae ipobsieMa MoyKeT ObITh CBsI3aHa C HECOOTBETCTBHEM BepCHii CcepBHca U K/IMeHTa, U HHpOopMa-
L[Usl 1O/DKHA OBITh TIepefjaHa MaKCHMa/IbHO HaJIé)KHBIM CII0cOO0M — B BH/le TeKcTa 6e3 Mcronib30Ba-
HUSI TTPOTOKO/I03aBUCUMOTO Tipe/icTaBsieHusi. [Togo6HOro posia KpuTryeckue OmrMOKY He MOTYT ObITh

06pa60TaHbI MPOTOKOJ/IOM aBTOMATUYECKU U IPeAIo/iaraeTcd BMellaTe/IbCTBO U3BHE [JI UX YCTPaHe-
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HUS, K IPUMEPY CUCTEMHBIM aZIMUHHUCTPATOPOM.

Oco6eHHOCThb MOCTOSIHHBIX ouepezield B RabbitMQ sBisieTcst X COXPAHHOCTH TPH TTepe3a-
nmycke Opokepa coobirieHui wiu ero knveHTa. CoobirieHue, Oy1yun COXpaHEHHBIM B OU€Pe/ib, I0/DKHO
OBITH TIepejaHo A1J1s1 00paboTKY MpH MepBOi BO3MOKHOCTH. BpeMeHHast HeIOCTYITHOCTh CeTH, K/THeH-
Ta WM caMoro Opokepa He ZI0/HKHO MPUBOUTH K 1oTepe cooOieHus. Kaskzast U3 oCTOSIHHBIX 04epe-
Jle¥ ¥ cooOIIIeHrH B HUX ITOMevaroTcsi mapameTpoM durable=true, KOTOPBIi TapaHTUPYyeT WX XPaHEHHE
B TIOCTOSIHHOM MaMsITH KomribtoTepa. [Tpu uteHn# coo0IIeH it U3 3TUX oUYepeield UCIO/b3yeTCs PEXKUM
C TIoATBepyKAeHreM 00paboTky coobiieHnii noAck=false. ITocsie Toro, kak coobirieHue 66110 06pabo-
TaHO W, K TIPUMepY, COXpaHeHO B Oa3e JaHHBIX KJTHeHTa, OPOKep J0/DKeH TOyYUTh TIOATBEPIKIeHHe.
Tonbko mocsie 3Toro coobirieHue OyzeT yzaneHo U3 odepeau HaBceraa. Ecim ke oATBepKieHNe He
TIO/Ty4eHo, TO TOC/Ie OTK/IIOUEHHsI KJIMeHTa OT OpoKepa coo0l1ijeHre TIOMeIIlaeTCs B OUepe/ib 3aHOBO.
3T0 1103BOIsIET He 6eCITOKOUTHCSI 0 COXPAHHOCTH COODIIeHHH B C/Tyyae aBapUMHOTO 3aBepILeHNs K1~
eHTa.

[ToMurMO ABYX MOCTOSIHHBIX OYepeZiell KIMeHT CO3AaéT BpeMeHHY0 ouepesb ctaTycoB. Cra-
TYC — 3TO CIelUanbHOe CO0DIeHre, KOTOPOe COIEPKUT MH(OPMAIMIO O TEKYILEM COCTOSHUU BbI-
TIOJTHEHHS! 3arpoca. XapaKTep MCII0/b30BaHMSI OYepeid CTaTyCOB KapJWHAIBHO OT/IMYAeTCs OT UC-
TI0/Tb30BaHUs TTIOCTOSIHHBIX OUepeZieli. 31ech B TIePBYIO Ouepe/ib BaKHAa He COXPAHHOCThb COODIIeHHH,
a CKOpOCTb MX focTaBKW. CTaTyc He BMsET Ha JIOTUKY pabOThI CHCTeMbI U OBICTPO ycTapeBaeT. B
TIepBYI0 ouepe/ib OH HeoOXO[UM [I/is TIO/Tb30BaTeJIsi, KOTOPhIN XOueT UMeTh BO3MOYKHOCTh HabJTrojaTh
COCTOSIHUE BBITIO/THEHUS 3aripoca. MoXXKHO 3aMeTHTb, UTO XPAaHUTh OOJIbIIIE OJHOTO COCTOSTHUSI CMbIC-
na HeT. TakKe ycTapeBIlve COCTOSTHUSI He UMEIOT CMbIC/Ia, TIOTOMY Ouepe/ib, KaK U BCe COODIIeHus
B Heli, momMeuatoTcsi mapametrpom durable=false, a Takxke [y ouepeau yCTaHaB/IUBAETCS MapameTp
autoDelete=true, KOTOpbIi yKa3biBaeT, yTo Opokep OyzeT yzansTh ouepe/ib NP OTK/IHOUYEHUH KJTH-
eHTa. [lombITKa ZOCTaBUTHL COODIIEHNe B HECYIIIECTBYIOIIYIO Ouepe/ib BeIET K ero y/laleHHI0, UTo U

TpebyeTcsi /i BpeMeHHbIX COO00IIeHuH.
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2.3.4. Mogesb poTOKO/IA

Bpokep RabbitMQ

QOuepentb pe3ynbTaToB

T

Ouepenb cTaTyCcoB

[Tonmyyarens 1

A

OtnipaBuTesnb

Ouepeb 3a1aHUM [Tonyuarens 2

/

Ouepe/ib OMIMO0K

Puc. 2.2: Mopens TIpoTOKOJIa

ITpoTOKO/ IpelyCMaTpHBaeT HaTMUKMe HEeCKOTbKMX CEPBHUCOB B CUCTEME OJHOBpeMeHHO. Kax-
JIbIF CePBUC UMeeT YHUKAbHOE MMs1, HO TIPH 3TOM CEPBUC MOXKET ObITh MPoAyO/MpoBaH Aist obecrie-
YyeHHs1 HaJIE&XHOCTh B Ciydae cO0si OJJHOM WJTM HECKOJIBKUX ero Komuid. [Tpu c6oe HeoOxoaumo mepe-
HarpaBUTh BCe HeoOpaboTaHHbIe cO00IIeHNs Ha paboTarolye KONy cepBrca. JTa 3ajiaua periaeTcs
TIPY TIOMOIL[Y MCIO/Tb30BAHKUS OIHOM TIOCTOSIHHOW ovepeau Ha cepBrc. OHa CO3AaéTCs TIPU TOAKITIO-
YEeHUH TIepBOM U3 KO U UCTI0/Ib3YeTCsl BCEMH MOC/IeIYIOIIMMU KOTTUAMU. [1py UTeHUH 13 ouepeu
CoO0OIIIeHUsT PACIIPeIe/ITFOTCSI PABHOMEPHO MeX/y CepBHUCaMU. AHa/JIOTUYHO K/IUEHTY, IMOCTOSTHHAs
odepezib U Bce cOODIIeHMs, TTOMelljaeMble B Heé TIoMeuaroTcst napamerpom durable=true, a s ure-
HUSI COOOIIeHUH UCTTIoNb3yeTcst pexkuM noAck=false, To ecTb HeOOX0AUMO MTOATBEPKJeHHE 00paboT-
KU cooOieHus. Tak Kak pe3y/bTatoM 00pabOTKHM COOOILeHHs sSIBISIeTCs OTIIPaBKa OTBeTa Ha HETO,
TOATBEPXK/JaTh 00pabOTKy C/ieflyeT TO/IBKO TOC/Ie TIOMELIeHHUs] OTBeTa B Ouepe/b Pe3y/bTaToB WM
oumbok. CriefyeT 3aMeTUTh, UTO BO3MOXXEH CLieHapuH, PU KOTOPOM COO0OIIIeHHe MOXKeT ObITh 0Opa-
O0TaHO HECKO/ILKO Pa3, OTBET OTIPAB/IEH HECKOIBLKO Pa3, HO MOATBEpKAeHre 00paboTKH 3arpoca He
ormnpasyeHo. [ToaToMy 3a/jaueii K/iMeHTa SB/SIeTCs KOPPeKTHast 00paboTkKa MHOXKe CTBEHHBIX OTBETOB
Ha OfIVH Y TOT e 3arpoc. JTa npobsieMa siB/sieTCsl paClpOCTPaHEHHOMW B pacripe/ie/IEHHBIX CHCTeMax
Y KOppeKTHast 00paboTka MHOKeCTBEHHBIX OTBETOB U/TM UCIIO/h30BaHUE W/IEMITOTEHTHBIX 3allpOCOB,

TO €CTb TaKHX, BBIIIO/IHEHKME KOTOPBLIX MOBTOPHO HE IMPUBOAUT K M3MEHEHHUIO COCTOSHMSA, ABIAECTCA
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TOBCEeMeCTHOM MpaKTUKOM [1].
2.3.4.1. CopepkaHue co00IeHHI

B pamkax riardopmbl RabbitMQ coobiiieHre 3To MacCHB OalT ¢ JOTIOTHUTETbHON MeTanH-
dopmaryeit, copepskalieii mapaMeTpbl XpaHeHHs co001eHus1. Tak Kak B MPOTOKOIe TpeOyeTcst mepe-
Jlaya Z0TIOJTHUTeTbHON MH(OpMaLY, K TIPUMepY, UMeHa ouepe/ielt K/IMeHTa [ijisi OTBeTa, HeobXoqum
METOJ, KOJUpOBaHUS MH(OPMAI[UK B MacCHB 0AMT. ITOT MpoIjecc Ha3biBaeTCsl cepranm3arueit. Ce-
puanu3anyeli B IpOrpaMMHUPOBAHNY Ha3bIBAOT MPOLIECC TTePeBo/ia KAaKOH-TH00 CTPYKTYPHhI JaHHBIX B
ToC/IeJ0BaTeIbHOCTh OUTOB. TIporjecc BOCCTaHOBIEHUS 3aKOJUPOBAHHOTO COOOIIIeHUs U3 TIOCIez0-
BaTe/IbHOCTH OWUTOB Ha3bIBaeTCs JleCcepraiu3aliie.

Ilj1s cepranv3aliiy M Jiecepraiv3alyy BeibpaHa 6ubmroreka Google Protocol Buffers. Boi-
bop cBsizaH C eé ucronb3oBaHueM coBmecTHO ¢ gRPC B apyrux vactsax cucremsl. Google Protocol
Buffers — Bktouaet B ce0st s13bIK OMUCAHUSI CTPYKTYP [JaHHBIX, KOTOpbIe MOTYT ObITh CepUaM30BaHbl
Y Jlecepyau30BaHbl.

55t yno6cTBa M13MeHeHUs CTPYKTYPhbI pa3/ie/ieHbl Ha [iBa YPOBHsI. [1epBbIii ypOBEeHb 3TO He3a-
BrcuMoe 0T RabbitMQ mpecraBneHre JaHHBIX CaMHMX 3allpOCOB M OTBETOB, BTOPOM ke ypOBeHb
BKJIIOYAeT BCIIOMOrare/bHy0 HH(pOopMaLuio, crieluprynyto s RabbitMQ.

3aripoc omnuckIBaeTcsi cTpykTypout Task (3azaHue), KoTopasi CoZiep>KUT Ha3BaHUWe CepBHCa
worker, ©UMsi Mofy/isl 3TOrO cepBHca package, KOTOPBIH OTBeuaeT 3a 00pabOTKY KOHKDETHOTO THTIa
3ampoca, a TakKe caM 3arpoc B moJe data.

Craryc (cTpyKTypa Status) Co/iep>KUT 1je/IOUMC/IeHHbIN KOf, COCTOsIHUS code, UCIOMb3yeMblii
JI7Is1 KOAVUPOBAHUS TUTA COCTOSTHUSI, KpaTKoe OMMCaHKe TUIa COCTOSIHUS Ieason, a TakyKe BCIoMora-
TesibHas UH(popMauus data.

Pesynbrar (cTpykTypa Result) cogep>xutr Tur pesysbraTa B ToJjie status, ero KpaTkoe OIu-
caHUe B T0JIe reason, pe3y/abTaT paboTkl B 1osie data ecyiv BBITIOJTHEHHE 3arpoca 3aBepIiivioch 6e3
ombok (status=OK), 1 )KypHas BBITIO/THEHHS 3aripoca B 1ofie log.

Buzibl cocTosTHUIA pe3y/ibTaToB:

— OK — BbINoJTHEHUE 33/laHus TIPOILLLTIO YCTIELHO;

— ERROR - nipou3oriia Hem3BeCTHast OIIMOKa TTPH BBITIOJTHEHUH 3a/]aHUS;

— PROTO_ERROR - omnb6ka cBsizaHa ¢ 06paboTkoit Google Protocol Buffers;

— WORKER_ERROR - ormibka cBsi3aHa C CEPBUCOM,;

— UNKNOWN_WORKER - cepBuC HEHU3BECTEH;

— INCOMPATIBLE_PACKAGE — moay/b cepBuca HeCOBMeCTUM;



[

©

11

13

15

17

19

21

23

25

27

29

31

33

PACKAGE_ERROR - ommmbka Moy/si CepBHCa;

PACKAGE_NOT_FOUND — moaynb He Haii/ieH;
PACKAGE_BUILD_ERROR - ommb6ka WHUIMAIM3aUXA MOAY/IS;

EXECUTION_ERROR - or16Ka BbITIOTHEHUS] MOJY/IsT;

— EXECUTION_TIMEOUT — npeBebillieHO BpeMsi BBITIOJIHEHWS MOAYIIS. .
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syntax = "proto3”;

package bunsan.broker;

option go_package = "broker”;

message Task {

/* required */ string worker = 1;
/* required */ string package = 2;
bytes data = 3;

}

message Status {

int32 code = 1;
string reason = 2;
bytes data = 3;

}

message Result {
enum Status {
OK = 0;
ERROR = 1;

// proto errors
PROTO_ERROR = 100;

// worker errors
WORKER_ERROR = 200;
UNKNOWN_WORKER = 201,
INCOMPATIBLE_PACKAGE = 202,

// package errors
PACKAGE_ERROR = 300,
PACKAGE_NOT_FOUND = 301,
PACKAGE_BUILD_ERROR = 302;
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35
// execution errors
37 EXECUTION_ERROR = 400;
EXECUTION_TIMEOUT = 401,
39| }
Status status = 1;
41| string reason = 2;

bytes data = 3; // if status == 0K
43 bytes log = 4;

"CTPYKTYpbl AaHHbIX"”

1715 iepejauy OTMCAHHBIX BBILIE CTPYKTYP JJaHHBIX UCIIO/Ib3YIOTCS AOTIOTHUTE/IbHbIE CTPYKTYPhI-
00EpTKH, cofeprKalue cay>xeOHy0 nH(opMalivio A MapuipyTu3aiuu B RabbitMQ.

5151 CTPYKTYpBI-3aiaHust 100aBSIFOTCS MAEHTUPUKATOP COOOIeHMS, JOTIOTHATE/IbHBIE Orpa-
HUYeHUsl Ha CePBUC, a TAK)XKe UMeHa ouepe/ieii /i1 OTBeTa.

Jlnist CTPYKTYp CTaTyca U pe3ysbTaTa Ao0aB/iseTcst TObKO UeHTU(PUKATOpP COOOIIIeHUs.

syntax = "proto3”;

package bunsan.broker.rabbit;

4|option go_package = "rabbit”;

6|import ”"bunsan/broker/connection.proto”;

import “bunsan/broker/protocol.proto”;

message RabbitTask {

10| string identifier = 1;

Task task = 2;

12 Constraints constraints = 3;
string status_queue = 4;

14| string result_queue = 5;
string error_queue = 6;

16|}
18| message RabbitStatus {
string identifier = 1;

20 Status status = 2;

22
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message RabbitResult {
24| string identifier = 1;
Result result = 2;
26|}

"CTPYKTYpbl AaHHbIX Ansa RabbitMQ”

2.4. BrIBOBI

1) Ilpoananu3upoBaHbl CMHXpOHHBIE RPC, nprMeHsiemMble py B3auMozeiicTBur Web-rHTepdeiica
1 ApxuBa 3a/jau, TIOCTPOEHa UX MOJie/b, 000CHOBaH BbIOOP gRPC /151 peasv3ariyuy npe-
CTaB/IEHHOM MO/IeJIH.

2) TIpoananusvpoBaHbl acMHXpOoHHbIe RPC, npumeHsieMble npy B3auMoelicTBUU Web-UHTepdeiic
Y CUCTeMbI TeCTUPOBaHUs, IOCTPOEHA UX MO/ieJlb, IPeZIJIOKEH IIPOTOKOJI JJ1s peaanu3alun
TIpeJiCTaB/IeHHOM Mojiesii, 06ocHoBaH BeIOOp Google Protocol Buffers u RabbitMQ s

peasM3alyy TpeJIoyKeHHOTO TIPOTOKOJIA.
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3. PA3PABOTKA RPC HA OCHOBE BPOKEPA COOBIIIEHUN

B aHHOI r71aBe paccMarpuBaeTcs rporjecc pa3pabotku RPC Ha ocHoBe 6poKepa Co00IIeH i

RabbitMQ. O1jeHrBaeTCs MPOM3BOAUTE/ILHOCTb peanu3oBaHHOro RPC.

3.1. Peanusanus RPC
3.1.1. OO6ujast apxuTeKTypa

[Tpu peamu3arun RPC f1/11 KOHKpeTHBIX 1171aT(hOPM Ba’KHO NPH/EP)KUBAThCS CTUJIS TTPOrpaM-
MUPOBAHUsI, IPUHATOTO B paMKax caMmoi myiatopmbl. Tem He MeHee MOYKHO BBIJI/IUTE Psifi 0COOeH-
HOCTeH, CBSI3aHHBIX C OPOKEPOM.

BakubiM focTouHcTBoM npoTokosia AMQP [15] siBnisieTcst ero nomy/asipHOCTb, M Kak CJief-
CTBUe, CYIIIeCTBYeT CyllleCTBeHHOe KOTMYeCTBO ero peanu3saiuii. B pabore npezcraBieHa peanu3anys
ripotokosia RPC asist Tpéx rnardopm Go, Python u C#, Ho B ciiyuae peanu3aiiuu IpOTOKoJ/a Jj1sl ApY-
rux miaThopM C UMIIepaTUBHBIMU $13bIKAMU MPOrPaMMUPOBaHUSI PEKOMEH/yeTCsl TIPU/IeP>KUBaThCs
aHaJIOTUYHOW apXUTEKTYPBI.

3a 0CHOBY peann3aiuu O6epércs cyiiectByomasi ounbmmoreka AMQP, a Takke 6ubmroTeka
Google Protocol Buffers. Vicrionb3ys 3Ti 1Be OGUOIMOTEKH CTPOUTCS JIOTMKA PAOOTHI C TIOAK/TIOUEHH-

MU K Opokepy, 00paboTKa U repechiyika COO011[eHH, CM. PUCYHOK 3.1.

Google Protogf AMQP g

\@\ E@M

Puc. 3.1: YcrpoiicTBo 6ubmmuoTek




Connection

& 1sClosed(): bool
& Close(): void
& Reconnect () : void

ClientBase

m Close(): void
= Dispose(): void

ClientlListener

ClientSender

= Listen(callbacks...): void

= Send (task): void

Puc. 3.2: YctpoiicTBo 61bmmoTek

[Tpu pa3paboTke OMOIMOTEK BhIZIe/IIeTCS OOLI[HI KOMITOHEHT — MeHepKep ToAKroueHust. OH
OTBEUaeT 3a YCTaHOBKY W BOCCTaHOBJIEHWe coefuHeHus1 ¢ Opokepom. Takasi Ipoc/ioiika TO3BOJISIET

YTIPOCTUTH JIOTUKY pabOoThI BhIIEeCTOSIMX 00beKTOB, Ha 0CHOBe MeHe/pKepa MOJK/TIOUeHHsT COo3/1a-

FOTCS KJTaCChl OTITPABUTEJISI M TTO/TydaTesist COOOIIeHHi, CM. puc. 3.2.

3.1.2. Peanu3aijus Ha s13bike GO

B kauectBe 6ubmioreku AMQP ncrnonb3yercs streadway/amgp [18]. Takxke ncrone3yercs
ourmansHas peanusanus Google Protocol Buffers [19].

VcxonHbIN KOf, Ie/TUTCS Ha 2 MaKeTa:

— service — 06paboTKa 3apoCoOB U OTBETOB;

— worker — 3anyck MozyJeil.

3.1.3. Peanu3sanus Ha si3pike Python

B kauectBe 6nbmoTek AMQP ucnionb3yetcs pika [20]. Takke ucronb3yeTcst opuiivasbHast
peanmu3anust Google Protocol Buffers [21].

VcxoHbIM KOZ, 1e/TUTCS Ha 2 MakKeTa:

27
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— service — 06paboTKa 3arpoCoB U OTBETOB,

— worker — 3aryck moayei.

3.1.4. Peanu3anus Ha si3blke C#

B kauectBe 6ubmoreku AMQP ucronb3yetrcst RabbitMQ .NET client [22].
Taxxe ucronb3yeTcs HeoduiMaabHas peanu3aius Google Protocol Buffers [23]. Bribop

00yCJIOB/IeH UMOMaTHUeCKOW pean3alivell CO3ZlaHusl CTPYKTYP JIaHHBIX, UTO YTIPOIIaeT CO3JaHue

T0/Tb30BaTe/TbCKOr0 UHTepdetica 61MOIMoTeKH.

3.2. TIpumeHeHMe pa3pabOTAHHBIX IPOTPAMMHBIX PelleHHH

Paspaboransbiii RPC ycrelHo npuMeHsieTcs B ouMnuazHoi cucreme BACS. OH ucrosb-
3yeTCsl B CepBHUCe TeCTUPOBAHUS pellleHUH [/ lepe/jauk 10/1b30BaTe/IbCKUX pellleHNH B K1acTep cep-
BepoB /151 00paboTku. Kaxkzoe peliieHre TeCTUPYETCs TP TIOMOILM CIIelaIbHBIX MOJY/IeH, co3/iaBa-
eMbIX aBTOMaThueCKHU /11 K&K 0W MMeIoLIelicsl B chcTeMe 3ajaur. Moyny reHepyupyroTcst ApXUBOM
3a/jau Ha OCHOBe JJaHHbIX CAMMX 3a/jau ¥ roMelatoTcs B periosuropuii. Cepsucekl BACS ckaunBaroT
MOZY/IA U3 Pero3UTOpus IpY TomoIy 6ubnvoreku bunsan::pm [17] v npUMeHSIIOT UX /7SI TECTHUPO-

BaHuUs 3a71au. OO1iast cxeMa paboOTHI CUCTEMBI TIPeCTaBlIeHa Ha PUCYHKe 3.3.

Web-unTepdeiic

T

\
1
|
|

ApxuB 3ajau

Bpokep coobirjeHnit Peniosuropuit mopynei
*

\
\

l

|

I
1
!

L

CepBUC TeCTUPOBaHUS

Puc. 3.3: Cepucel cucreMmsl BACS
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3.2.1. TIpou3BOAUTENBHOCTb CepBHCA TECTUPOBAHUS PeLleHUH

OCHOBHBIM TOKa3aresjeM 3(QQeKTUBHOCTU CepBHCa TeCTHPOBaHUS pelleHUM SIB/ISIeTCS ero
MpOM3BOAUTENBHOCTh. OHA M3MepseTcs B CpefiHEM KOIWUYEeCTBEe MPOBEPEHHBIX pelleHU B CeKyH-
ny. st OLIeHKY MPOM3BOIUTETbHOCTH OB TPOBE/IEH SKCTIepUMEHT. Llebio SKCTiepuMeHTa SIB/ISIeTCS
OLIeHKAa TPOM3BOAUTENBHOCTU pa3paboranHoro RPC, nist aToro Obuia Mcronb30BaHa KaaccHueckKast
o/MMNMaHas 3a1ada “A+B”, cocTosias B C/I0XKeHHH [IBYX uuces. BpeMsi TeCTHpOBaHus pelleHnH
T0 3TOM 3ajjaue NpeHeOpeKUMO Masio, MeHblile 100Mc, fanee OyzeT rMokKa3aHo, YTO STUM MOXKHO Tpe-
HeOpeus.

B xoze skcniepumenTa 6b110 cziesiaHo 10000 3ampocoB. [Iis Kax0ro 3arpoca Obiio u3Me-
pPeHo BpeMs MeXX/ly OTIPaBKOM 3arpoca 1 /10 Moay4yeHus oTBeTa Ha Hero. Ha pucyHke 3.4 nprBeieHa
CXxeMa pacripeiesieHrsi BpeMeHU BbINOHeHUs 3arnpoca. CpesiHee BpeMsi BBIITOIHEHUS OIHOT'0 3anpoca
COCTaBJISIeT [ = ZN% = 1.975 cekyHz, cpelHeKBaJpaTUYHOE OTK/IOHEHUEe 0 = 1/ W =
0.229 cekyng. IlonyyeHHasi cxema COOTBETCTBYeT HOPMaJIbHOMY pacrpefieJIeHUI0 C rapameTpaMuy
= 1.975 cexyng u o = 0.229 cekynz. Vicxons U3 NOMyUeHHBIX JaHHBIX BpeMs IPOBEPKU PelleHus
0.1 cekyH[BI 3TO 5% OT Cpe/iHero BpeMeHH paboThl, a cpejHee OTK/IOHeHHe 12%, a 3HaUUT BpeMeHeM

TIPOBEPKU PeLIeHus] MOXKHO TIpeHeOpeub.
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1800

1600 [~ -

1400 — .

1200 [~ -

1000 [~ .

800 [~ -

600 [~ -

400 — -

200 [~ -

Puc. 3.4: [Ipou3sBoAUTE/IBHOCTD

3.3. BreiBoabl

— IlpencraBneHa apxuUTeKTypa peanu3alidyd CO3[JaHHOTO BO BTOPO# I1aBe npoTokosia RPC.

— TToka3aHbl 0COOEHHOCTH peasr3alliy ITPOTOKOJIa /it KOHKPeTHBIX ardopM: Go, Python
u C#.

— IlpencraBneHsl pe3ynbrarhbl OLeHKU Npou3BoauTenbHOCTH RPC. [TonyyeHbl ync/ieHHbIe

pesy/bTaThl, MPOU3BE/IEH UX aHa/M3.



31

4. 3AKJ/IFOYEHUE

B xopne nipojeniaHHoM paboThl Oblsa IOCTUTHYTA TIOCTaB/IeHHas 11eJib U BBITO/IHEHbI Cllefly-
17001115 (SEEVIETIZH
1) UccnenoBansl Mmogenu ucnonb3oBanusi RPC B onumnuagHou cucteme BACS, BbieneHsbl
nipeabsiBasieMble K RPC TpeboBaHusi B paMKax KaXk[J0M MOJIe/H;
2) uccieoBaHbl CyljecTByoIMe TexHosoruu RPC, cienaHbl BBIBO/IBI O TOM, UTO [/Isl CUH-
xpoHHBIX RPC ¢ orpaHrueHHBIM BpeMeHeM paboThl 3arpoca CieyeT UCTosb3oBaTh gRPC,
a asist acuHxpoHHbIX RPC 6e3 orpaHnueHuii Ha BpeMsi 00paboTKM 3arpoca 060CHOBaHa
HeoOX0JUMOCTh CO3/laHusi COOCTBEHHOM peasn3aljii;
3) pa3paboTaH aCHHXPOHHBIM TTPoTOKo/1 RPC Ha OCHOBe CHCTEMbI ouepejieli COOOIeHU
RabbitMQ;
4) TpOTOKO/ peanu30BaH 1 S3bIKOB ITporpammupoBanust Go, Python u C#, npescraBieHa
orieHKa 3¢ (eKTUBHOCTH MPOTOKO/Ia Ha OCHOBe 3KCIeprMeHTa.
Ha ocHoBe peanmu3oBanHoro RPC MOryT co3/aBaThCsi Ha/IEXKHBIE U MacIITaOUpyeMble pacIipeziesé-

HbIe CUCTEeMBI.
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TTPUJIOXKEHUE 1
VICXO/THBIN KO/I

1.1. Peanmsainus Ha si3bIKe MporpaMmMupoBanus Go

package protocol

type EventReader interface {

ReadEvent () (Event, error)

bunsan/broker/worker/protocol/reader.go

package text

import (
"pufio”
"encoding/base64”
"fmt”
"io"”

"strings”

type rawEventReader struct {

reader *bufio.Reader

func NewRawEventReader(r io.Reader) *rawEventReader {

return &rawEventReader{bufio.NewReader(r)}

3

func (r *rawEventReader) ReadRawEvent() (RawEvent, error) {
line, err := r.reader.ReadString(’\n")
if err !'= nil {

return RawEvent{}, err
}
line = strings.Trim(1line, " ")
tokens := strings.Split(line, " ")
if len(tokens) !'= 2 {
return RawEvent{}, fmt.Errorf(”invalid number of tokens: "+
"expected 2, got %d”, len(tokens))
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}
data, err := base64.StdEncoding.DecodeString(tokens[1])
if err != nil {
return RawEvent{}, err
}
return RawEvent{
Name: tokens[0],
Data: data,
}, nil
}

bunsan/broker/worker/protocol/text/raw_reader.go

package text

type RawEvent struct {
Name string
Data []byte

bunsan/broker/worker/protocol/text/raw_event.go

package text

import (
"fmt n

” -

10

”

"github.com/bunsanorg/broker/go/bunsan/broker”
"github.com/bunsanorg/broker/go/bunsan/broker/worker/protocol”

"github.com/golang/protobuf/proto”

type eventReader struct {

reader *rawEventReader

func NewEventReader(r io.Reader) protocol.EventReader {

return &eventReader{NewRawEventReader(r)}

func (r *eventReader) ReadEvent() (protocol.Event, error) {
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13

15

var status broker.Status
var result broker.Result
re, err := r.reader.ReadRawEvent()
if err !'= nil {

return protocol.Event{}, err
}
switch re.Name {
case "status”:

err = proto.Unmarshal(re.Data, &status)

if err != nil {

return protocol.Event{}, err

}

return protocol.Event{&protocol.Event_Status{&status}}, nil
case "result”:

err = proto.Unmarshal(re.Data, &result)

if err !'= nil {

return protocol.Event{}, err

}

return protocol.Event{&protocol.Event_Result{&result}}, nil
default:

return protocol.Event{}, fmt.Errorf(”unknown event name %q”, re.Name)

36

bunsan/broker/worker/protocol/text/reader.go

package text

import (
"bufio”
"encoding/base64”

"iO”

type rawEventWriter struct {

writer *bufio.Writer

func NewRawEventWriter(r io.Writer) *rawEventWriter {

return &rawkEventWriter{bufio.NewWriter(r)}
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func (w *rawEventWriter) WriteRawEvent(event RawEvent) error {

_, err = w.writer.WriteString(event.Name)
if err !'= nil {
return err
}
err = w.writer.WriteByte(’ ')
if err !'= nil {
return err
}
_, err = w.writer.WriteString(
base64.StdEncoding.EncodeToString(event.Data))
if err !'= nil {
return err
}
err = w.writer.WriteByte('\n")
if err != nil {
return err
}
return w.writer.Flush()
}

37

bunsan/broker/worker/protocol/text/raw_writer.go

package text

import (
Ilfmtll

IIiOII
"github.com/bunsanorg/broker/go/bunsan/broker/worker/protocol”

"github.com/golang/protobuf/proto”

type eventWriter struct {

writer *rawEventWriter

func NewEventWriter(w io.Writer) protocol.EventWriter {

return &eventWriter{NewRawEventWriter(w)}
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11

func (w *eventWriter) WriteEvent(event protocol.Event) error {

var revent RawEvent

var err error

switch ev := event.Kind. (type) {

case *protocol.Event_Status:
revent.Data, err = proto.Marshal(ev.Status)
revent.Name = "status”

case *protocol.Event_Result:
revent.Data, err = proto.Marshal(ev.Result)
revent.Name = "result”

default:
return fmt.Errorf(”invalid event oneof”)

}

if err !'= nil {
return err

}

return w.writer.WriteRawEvent(revent)

38

bunsan/broker/worker/protocol/text/writer.go

package protocol

type EventWriter interface {

WriteEvent(event Event) error

bunsan/broker/worker/protocol/writer.go

// Code generated by protoc—gen—go.
// source: bunsan/broker/worker/protocol/event.proto
// DO NOT EDIT!

/*

Package protocol is a generated protocol buffer package.

It is generated from these files:

bunsan/broker/worker/protocol/event.proto

It has these top—level messages:

Event
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*/

package protocol

import proto "github.com/golang/protobuf/proto”
import fmt “fmt”
import math “math”

import bunsan_broker “github.com/bunsanorg/broker/go/bunsan/broker”

// Reference imports to suppress errors if they are not otherwise used.
var _ = proto.Marshal

var _ = fmt.Errorf

var _ = math.Inf

type Event struct {

// Types that are valid to be assigned to Kind:
// *Event_Status
//  *Event_Result
Kind isEvent_Kind ‘protobuf_oneof:”Kind”’
}
func (m *Event) Reset() { *m = Event{} }

func (m *Event) String() string { return proto.CompactTextString(m) }
func (*Event) ProtoMessage() {}

type isEvent_Kind interface {

isEvent_Kind()

type Event_Status struct {

Status *bunsan_broker.Status ‘protobuf:”bytes,1,opt, name=status,oneof”’
}
type Event_Result struct {

Result *bunsan_broker.Result ‘protobuf:”bytes,2,opt,name=result,oneof”’

func (*Event_Status) isEvent_Kind() {}

func (*Event_Result) isEvent_Kind() {}

func (m *Event) GetKind() isEvent_Kind {

if m !'= nil {

39
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return m.Kind

}

return nil

func (m *Event) GetStatus() *bunsan_broker.Status {

if x, ok := m.GetKind().(*Event_Status); ok {
return x.Status
}
return nil
}

func (m *Event) GetResult() *bunsan_broker.Result {
if x, ok := m.GetKind().(*Event_Result); ok {
return x.Result

}

return nil

// XXX_OneofFuncs is for the internal use of the proto package.
func (*Event) XXX_OneofFuncs() (func(msg proto.Message, b *proto.Buffer) error,
func(msg proto.Message, tag, wire int, b *proto.Buffer) (bool, error), []
interface{}) {
return _Event_OneofMarshaler, _Event_OneofUnmarshaler, []interface{}{
(*Event_Status)(nil),
(*Event_Result)(nil),

func _Event_OneofMarshaler(msg proto.Message, b *proto.Buffer) error {

m := msg.(*Event)
// Kind
switch x := m.Kind. (type) {
case *Event_Status:

b.EncodeVarint(1<<3 | proto.WireBytes)

if err := b.EncodeMessage(x.Status); err != nil {

return err

}

case *Event_Result:

b.EncodeVarint(2<<3 | proto.WireBytes)
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if err := b.EncodeMessage(x.Result); err != nil {
return err
}
case nil:
default:
return fmt.Errorf(”Event.Kind has unexpected type %T”, X)

}

return nil

func _Event_OneofUnmarshaler(msg proto.Message, tag, wire int, b *proto.Buffer)
(bool, error) {
m := msg.(*Event)
switch tag {
case 1: // Kind.status
if wire != proto.WireBytes {
return true, proto.ErrInternalBadwWireType

}

msg

new(bunsan_broker.Status)

err b.DecodeMessage(msg)
m.Kind = &Event_Status{msg}
return true, err
case 2: // Kind.result
if wire != proto.WireBytes {
return true, proto.ErrInternalBadwWireType

b

msg

new(bunsan_broker.Result)

err b.DecodeMessage(msg)
m.Kind = &Event_Result{msg}
return true, err

default:

return false, nil

bunsan/broker/worker/protocol/event.pb.go

package worker

import (
Illog"




11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

"runtime”

n SynC”

"github.com/bunsanorg/broker/go/bunsan/broker/service”

type WorkerPool interface {
// Add new worker, can be called any time.
Add(worker Worker) error
// Process requests from channel.
DoAll(requests <—chan service.Request) error
// Finish all consumed requests, do not process new requests.
Cancel() error
// Abort everything now, drop consumed requests.

Abort() error

type requestsChannelwaiter struct {

requestsReady *sync.Cond
requests <—chan service.Request
}
func NewRequestsChannelwWaiter() *requestsChannelwWaiter {

return &requestsChannelwaiter{
requestsReady: sync.NewCond(&sync.Mutex{}),

requests: nil,

func (r *requestsChannelwWaiter) Get() <—chan service.Request {
r.requestsReady.L.Lock()
for r.requests == nil {
r.requestsReady.Wait()
}
r.requestsReady.L.Unlock()

return r.requests

func (r *requestsChannelWaiter) Set(requests <—chan service.Request) {

r.requestsReady.L.Lock()

42
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if r.requests != nil {

panic(”\"requests\” is set twice”)

=

.requests = requests
r.requestsReady.L.Unlock()

r.requestsReady.Broadcast()

type workerPool struct {

workersWaitGroup sync.WaitGroup

workers [ ]JWorker
requests *requestsChannelwaiter
canceler chan struct{}
closeFirstWorker sync.Once
firstWorker chan struct{}

}

func NewworkerPool() WorkerPool {
return &workerPool{
workers: make([Jworker, O, runtime.NumCPU()),
requests: NewRequestsChannelwWaiter(),
canceler: make(chan struct{}),

firstWorker: make(chan struct{}),

func (p *workerPool) do(worker Worker, request service.Request) {
err := worker.Do(request)
if err !'= nil {

log.Print(err)

func (p *workerPool) run(worker Worker) {

requests := p.requests.Get()
for run := true; run; {
select {

case <-—p.canceler:
run = false
default:

43
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select {
case request, ok := <-requests:
if tok {
run = false
continue
}
p.do(worker, request)
case <—p.canceler:

run = false

3

p.workerswWaitGroup.Done()

func (p *workerPool) Add(worker Worker) error {
select {
case <—p.canceler:
panic(”Called Add() after Cancel()”)
default:
}
p.workers = append(p.workers, worker)
p.workersWaitGroup.Add(1)
go p.run(worker)
p.closeFirstWorker.Do(func() { close(p.firstWorker) })

return nil

func (p *workerPool) DoAll(requests <—chan service.Request) error {
p.requests.Set(requests)
<—p.firstWorker
p.workerswWaitGroup.wWait()

return nil

func (p *workerPool) Cancel() error {
close(p.canceler)
p.closeFirstWorker.Do(func() { close(p.firstWorker) })

return nil
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func (p *workerPool) Abort() error {
err := p.Cancel()
if err !'= nil {
return err
}
for _, worker := range p.workers {
werr := worker.Abort()
if werr != nil {
// FIXME returns some error

err = werr

}

return err

45

bunsan/broker/worker/worker_pool.go

package driver

//go:generate bunsan—-mockgen —gofile=$GOFILE

import (
Ilfmt n”
n SynCII
"github.com/bunsanorg/broker/go/bunsan/broker”
)
var (
driversMu sync.Mutex
drivers = make(map[string]Driver)
)
type Task struct {
BrokerTask *broker.Task
WorkingDirectory string
StatusWriter chan<— broker.Status
}
func (task Task) ReadDriverName() (string, error) {
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if task.BrokerTask.Worker == "" {
return ””, fmt.Errorf(”empty driver name”)

}

return task.BrokerTask.Worker, nil

type Driver interface {
// Execute prepared task.
// Run does not close task.StatusWriter.

Run(task Task) (broker.Result, error)

func Register(name string, driver Driver) {

driversMu.Lock()
defer driversMu.Unlock()
if driver == nil {
panic(”worker: Register driver is nil”)
}
if _, dup := drivers[name]; dup {
panic(”worker: Register called twice for driver ” + name)
}
drivers[name] = driver
}

func Run(task Task) (broker.Result, error) {
driverName, err := task.ReadDriverName()
if err !'= nil {
return broker.Result{}, err
}
driversMu.Lock()
driver, ok := drivers[driverName]
driversMu.Unlock()
if lok {
return broker.Result{}, fmt.Errorf(
"worker: unknown driver %q”, driverName)

}

return driver.Run(task)
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bunsan/broker/worker/driver/driver.go
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package driverutil

//go:generate bunsan—-mockgen —gofile=$GOFILE

import (
Ilfmt n
IIiOII

"os/exec”

type StdoutParser func(stdout io.Reader) error

type StdoutRunner interface {

Run(cmd *exec.Cmd, p StdoutParser) error

type RunnerError struct {
ExecErr  error

ParserErr error

func (e *RunnerError) Error() string {
return fmt.Sprintf(”parser error: %v; exec error: %v”,

e.ParserErr, e.ExecErr)

func NewStdoutRunner() StdoutRunner {

return &stdoutRunner{}

type stdoutRunner struct{}

func (r *stdoutRunner) Run(cmd *exec.Cmd, p StdoutParser) (err error)
stdout, err := cmd.StdoutPipe()
if err != nil {
return err
}
if err := cmd.Start(); err != nil {

return err
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defer func() {

stdout.Close()

werr := cmd.wWait()

if err == nil {
err = werr

} else if werr !'= nil {
err = &RunnerError{

ExecErr: werr,

ParserErr: err,

3

10
return p(stdout)

48

bunsan/broker/worker/driver/driverutil/runner.go

package driver

import (
"bytes”
IIiOII
Illog"
"os/exec”

"pathll

"github.com/bunsanorg/broker/go/bunsan/broker”
"github.com/bunsanorg/broker/go/bunsan/broker/worker/driver/driverutil”
"github.com/bunsanorg/broker/go/bunsan/broker/worker/protocol”

"github.com/bunsanorg/broker/go/bunsan/broker/worker/protocol/text”

// FIXME should not be placed here
func init() {
Register(”bacs_single”, &TextDriver{
Executable: path.Join(”bin”, "bacs_system_single_worker”),

Runner: driverutil.NewStdoutRunner (),

1)

type TextDriver struct {
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Executable string

Runner driverutil.StdoutRunner

func (d *TextDriver) Run(task Task) (broker.Result, error) {
var wlog bytes.Buffer
var result broker.Result
executable := path.Join(task.WorkingDirectory, d.Executable)
cmd := exec.Command(executable)
cmd.Dir = task.WorkingDirectory
cmd.Stdin = bytes.NewReader (task.BrokerTask.Data)
cmd.Stderr = &wlog
err := d.Runner.Run(cmd, func(stdout io.Reader) error {
reader := text.NewEventReader(stdout)
event, err := reader.ReadEvent()
for ; err == nil; event, err = reader.ReadEvent() {
switch ev := event.Kind.(type) {
case *protocol.Event_Status:
task.StatusWriter <— *ev.Status
case *protocol.Event_Result:
result = *ev.Result
default:

log.Fatal(”Unknown event type (oneof extended?): %v”,

}
if err != i0.EOF {

return err

}
return nil
1)
if err !'= nil {
if exitErr, ok := err.(*exec.ExitError); ok {
err = nil
result.Status = broker.Result_EXECUTION_ERROR
result.Reason = exitErr.Error()
}
}

result.Log = wlog.Bytes()

return result, err

event)
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bunsan/broker/worker/driver/text_driver.go

package worker

//go:generate bunsan—-mockgen —gofile=$GOFILE

import (
"errors”
"fmt”
"1og”
"github.com/bunsanorg/broker/go/bunsan/broker”
"github.com/bunsanorg/broker/go/bunsan/broker/service”
"github.com/bunsanorg/broker/go/bunsan/broker/worker/driver”
"github.com/bunsanorg/pm/go/bunsan/pm”

)

var ErrAborted = errors.New(”worker was aborted”)

var ErrCantAbort = errors.New(”worker can’t be aborted: not supported”)

const (
numberOfBufferedStatuses = 100

type Worker interface {
Do(request service.Request) error

Abort() error

type worker struct {
repository pm.Repository

dir string

func NewwWorker(repository pm.Repository, dir string) Worker {

return &worker{repository, dir}

func (w *worker) do(request service.Request) (broker.Result, error) {

err := w.repository.Extract(request.Task().Package, w.dir)
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if err !'= nil {
return broker.Result{
Status: broker.Result_PACKAGE_ERROR,
Reason: err.Error(),
}, nil
}
statuses := make(chan broker.Status, numberOfBufferedStatuses)
done := make(chan struct{})
go func() {
for status := range statuses {
err := request.WriteStatus(status)
if err !'= nil {

log.Printf(”Unable to write status: %v”, err)

3

close(done)

10

defer func() {
close(statuses)
<—done

10

return driver.Run(driver.Task{
BrokerTask: request.Task(),
wWorkingDirectory: w.dir,
StatusWriter: statuses,

1)

func (w *worker) Do(request service.Request) (err error) {
defer func() {
if r := recover(); r !'= nil {
switch t := r.(type) {
case error:
err = t

case string:

err = errors.New(t)
default:

err = fmt.Errorf("”%v"”, t)
}
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if err !'= nil {
log.Printf(”Unable to finish request: %v”, err)
request.WriteError(err)
request.Nack()

} else {
request.Ack()

}

10

result, err := w.do(request)
if err != nil {
return
}
err = request.WriteResult(result)

return

func (w *worker) Abort() error {

return ErrCantAbort

52

bunsan/broker/worker/worker.go

// Code generated by protoc—gen—go.
// source: bunsan/broker/rabbit/connection.proto
// DO NOT EDIT!

/*

Package rabbit is a generated protocol buffer package.

It is generated from these files:

bunsan/broker/rabbit/connection.proto

It has these top—level messages:
RabbitTask
RabbitStatus
RabbitResult

*/

package rabbit

import proto ”“github.com/golang/protobuf/proto”
import fmt “fmt”
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import math “math”
import bunsan_broker “github.com/bunsanorg/broker/go/bunsan/broker”

import bunsan_brokerl "github.com/bunsanorg/broker/go/bunsan/broker”

// Reference imports to suppress errors if they are not otherwise used.

var _ = proto.Marshal
var _ = fmt.Errorf

var _ = math.Inf

type RabbitTask struct {

Identifier string ‘protobuf:”bytes, 1, opt,name=identifier”

json:”identifier, omitempty”’

Task *bunsan_broker1.Task ‘protobuf:”bytes, 2, opt, name=task” json:
"task,omitempty”’
Constraints *bunsan_broker.Constraints ‘protobuf:”bytes, 3,0pt, name=constraints
" json:”constraints,omitempty”’
StatusQueue string ‘protobuf:”bytes, 4, opt, name=
status_queue” json:”status_queue,omitempty”’
ResultQueue string ‘protobuf:”bytes, 5, opt, name=
result_queue” json:”result_queue, omitempty”’
ErrorQueue string ‘protobuf:”bytes, 6, opt, name=error_queue
" json:"error_queue,omitempty”’
}
func (m *RabbitTask) Reset() { *m = RabbitTask{} }
func (m *RabbitTask) String() string { return proto.CompactTextString(m) }

func (*RabbitTask) ProtoMessage() {}

func (m *RabbitTask) GetTask() *bunsan_brokerl.Task {
ifm I= nil {
return m.Task

}

return nil

func (m *RabbitTask) GetConstraints() *bunsan_broker.Constraints {
if m !'= nil {
return m.Constraints

}

return nil




55

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

54

type RabbitStatus struct {

Identifier string ‘protobuf:”bytes,1,opt,name=identifier” json
:"identifier,omitempty”’
Status *bunsan_brokerl.Status ‘protobuf:”bytes, 2, opt,name=status” json:”
status, omitempty”’
3
func (m *RabbitStatus) Reset() { *m = RabbitStatus{} }

func (m *RabbitStatus) String() string { return proto.CompactTextString(m) }
func (*RabbitStatus) ProtoMessage() {3}

func (m *RabbitStatus) GetStatus() *bunsan_brokerl.Status {
if m !'= nil {
return m.Status

}

return nil

type RabbitResult struct {

Identifier string ‘protobuf:”bytes,1,opt,name=identifier” json
:"identifier,omitempty”’
Result *bunsan_brokerl.Result ‘protobuf:”bytes,2,opt,name=result” json:”
result,omitempty”’
}
func (m *RabbitResult) Reset() { *m = RabbitResult{} }

func (m *RabbitResult) String() string { return proto.CompactTextString(m) }
func (*RabbitResult) ProtoMessage() {}

func (m *RabbitResult) GetResult() *bunsan_brokerl.Result {
if m !'= nil {
return m.Result

}

return nil

bunsan/broker/rabbit/connection.pb.go

// Code generated by protoc—gen—go.
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// source: bunsan/broker/connection.proto

// DO NOT EDIT!

/*

Package broker is a generated protocol buffer package.

It is generated from these files:
bunsan/broker/connection.proto

bunsan/broker/protocol.proto

It has these top—level messages:
Credentials
ConnectionParameters
Constraints
Task
Status
Result

*/

package broker

import proto ”“github.com/golang/protobuf/proto”
import fmt "fmt”

import math "math”

// Reference imports to suppress errors if they are not otherwise used.

var _ = proto.Marshal
var _ = fmt.Errorf
var _ = math.Inf

type Credentials struct {

55

Method string ‘protobuf:”bytes, 1,opt, name=method” json:”method,omitempty”

Username string ‘protobuf:”bytes, 2,0pt, name=username” json:”username,
omitempty”’

Password string ‘protobuf:”bytes, 3,0pt, name=password” json:”password,
omitempty”’

Certificate []byte ‘protobuf:”bytes,4,opt, name=certificate,proto3” json:”

certificate, omitempty”’

Key [Ibyte ‘protobuf:”bytes,5,opt, name=key,proto3” json:”key,omitempty

ni
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func (m *Credentials) Reset() { *m = Credentials{} }
func (m *Credentials) String() string { return proto.CompactTextString(m) }

func (*Credentials) ProtoMessage() {}

type ConnectionParameters struct {

// required
Identifier string ‘protobuf:”bytes,1,o0pt, name=identifier” json:”
identifier,omitempty”’
Credentials *Credentials ‘protobuf:”bytes, 2,o0pt, name=credentials” json:”
credentials, omitempty”’
Host string ‘protobuf:”bytes, 3, opt, name=host” json:”host,
omitempty”’
Port int32 ‘protobuf:”varint, 4,opt, name=port” json:”port,
omitempty”’
VirtualHost string ‘protobuf:”bytes, 5, opt,name=virtual_host” json:”
virtual_host, omitempty”’
3
func (m *ConnectionParameters) Reset() { *m = ConnectionParameters{} }

func (m *ConnectionParameters) String() string { return proto.CompactTextString(

m) }

func (*ConnectionParameters) ProtoMessage() {3}

func (m *ConnectionParameters) GetCredentials() *Credentials {
ifm !I= nil {
return m.Credentials

3

return nil

type Constraints struct {

Resource []string ‘protobuf:”bytes, 1, rep, name=resource” json:”resource,
omitempty”’
}
func (m *Constraints) Reset() { *m = Constraints{} }
func (m *Constraints) String() string { return proto.CompactTextString(m) }

func (*Constraints) ProtoMessage() {3}
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bunsan/broker/connection.pb.go

// Code generated by protoc—gen—go.
// source: bunsan/broker/protocol.proto
// DO NOT EDIT!

package broker
import proto “github.com/golang/protobuf/proto”
import fmt “fmt”

import math "math”

// Reference imports to suppress errors 1if they are not otherwise used.

var _ = proto.Marshal
var _ = fmt.Errorf
var _ = math.Inf

type Result_Status int32

const (
Result_OK Result_Status = 0
Result_ERROR Result_Status

Il
[N

// proto errors

Result_PROTO_ERROR Result_Status = 100
// worker errors

Result_WORKER_ERROR Result_Status = 200
Result_UNKNOWN_WORKER Result_Status = 201
Result_INCOMPATIBLE_PACKAGE Result_Status = 202
// package errors

Result_PACKAGE_ERROR Result_Status = 300
Result_PACKAGE_NOT_FOUND Result_Status = 301
Result_PACKAGE_BUILD_ERROR Result_Status = 302
// execution errors
Result_EXECUTION_ERROR Result_Status
Result_EXECUTION_TIMEOUT Result_Status

400
401

var Result_Status_name = map[int32]string{
0: "0K",
1; "ERROR”,
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100: "PROTO_ERROR”,
200: "WORKER_ERROR”,
201: "UNKNOWN_WORKER"”,
202: "INCOMPATIBLE_PACKAGE”,
300: "PACKAGE_ERROR”,
301: "PACKAGE_NOT_FOUND”,
302: "PACKAGE_BUILD_ERROR”,
400: "EXECUTION_ERROR”,
401: "EXECUTION_TIMEOUT”,

}

var Result_Status_value = map[string]int32{
"OK" : 0,
"ERROR” : 1,
"PROTO_ERROR" : 100,
"WORKER_ERROR" : 200,
"UNKNOWN_WORKER" : 201,
"INCOMPATIBLE_PACKAGE”: 202,
"PACKAGE_ERROR" : 300,
"PACKAGE_NOT_FOUND" : 301,
"PACKAGE_BUILD_ERROR”: 302,
"EXECUTION_ERROR”: 400,
"EXECUTION_TIMEOUT"”: 401,

}

func (X Result_Status) String() string {

return proto.EnumName(Result_Status_name, int32(x))

type Task struct {
// required
wWorker string ‘protobuf:”bytes,1,opt, name=worker” json:”worker,omitempty”’
// required
Package string ‘protobuf:”bytes, 2, opt, name=package” json:”package,omitempty””’

Data []byte ‘protobuf:”bytes, 3, opt, name=data, proto3” json:”data,omitempty”’

func (m *Task) Reset() { *m = Task{} }
func (m *Task) String() string { return proto.CompactTextString(m) }
func (*Task) ProtoMessage() {}
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type Status struct {

Code int32 “‘protobuf:”varint,1,opt, name=code” json:”code,omitempty”’

Reason string ‘protobuf:”bytes, 2,o0pt, name=reason” json:”reason,omitempty”’
Data []byte ‘protobuf:”bytes, 3, opt, name=data,proto3” json:”data,omitempty”’
}
func (m *Status) Reset() { *m = Status{} }

func (m *Status) String() string { return proto.CompactTextString(m) }
func (*Status) ProtoMessage() {}

type Result struct {
Status Result_Status ‘protobuf:”varint,1,opt, name=status, enum=bunsan.broker.

Result_Status” json:”status,omitempty”’

Reason string ‘protobuf:”bytes, 2, opt, name=reason” json:”reason,
omitempty”’
Data []byte ‘protobuf:”bytes, 3,o0pt, name=data, proto3” json:”data,
omitempty”’
Log []byte ‘protobuf:”bytes, 4, opt, name=log, proto3” json:”log,
omitempty”’
}
func (m *Result) Reset() { *m = Result{} }
func (m *Result) String() string { return proto.CompactTextString(m) }

func (*Result) ProtoMessage() {}

func init() {
proto.RegisterEnum(”bunsan.broker.Result_Status”, Result_Status_name,

Result_Status_value)

bunsan/broker/protocol.pb.go

package main

import (
"flag”
"io/ioutil”
"1og”
"os"
"os/signal”

"strings”
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"syscall”

"github.com/bunsanorg/broker/go/bunsan/broker”
"github.com/bunsanorg/broker/go/bunsan/broker/service”
"github.com/bunsanorg/broker/go/bunsan/broker/worker”

"github.com/bunsanorg/pm/go/bunsan/pm”

var url = flag.String(”url”, """, "Example: amqgp://guest:guest@localhost/")
var jobs = flag.Int(”jobs”, 1, “Number of parallel jobs”)
var constraints = flag.String(”constraints”, ""”, "”,—separated list”)
var repositoryConfig = flag.String(”repository—config”, "”,
"bunsan::pm configuration file”)

var tmpdir = flag.String(”tmpdir”, ""”, "Temporary directory for workers”)

func abortonSignal(

reader service.RequestReader,
workerPool worker.WorkerPool) {
sigCh := make(chan os.Signal, 1)
signal.Notify(sigCh, syscall.SIGINT, syscall.SIGTERM)
go func() {
sig := <—sigCh
log.Printf(”Received signal %q, aborting”, sig)
reader.Close()
workerPool.Abort()
10
}
// scope
func run() error {

constraints := broker.Constraints{

Resource: strings.Split(*constraints, ”,”),

}
repository, err := pm.NewRepository(*repositoryConfig)
if err !'= nil {

return err

}

defer repository.Close()
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workerPool := worker.NewWorkerPool()

for i := 0; i < *jobs; i++ {

dir, err ioutil.TempDir (*tmpdir, ")
if err !'= nil {
return err
}
defer os.RemoveAll(dir)
worker := worker.NewwWorker(repository, dir)

workerPool.Add(worker)

reader := service.NewRequestReader(*url)
defer reader.Close()
abortonSignal(reader, workerPool)
tasks, err := reader.Read(constraints, *jobs)
if err != nil {
return err
}
log.Print(”Processing tasks...”)

return workerPool.DoAll(tasks)

func main() {

flag.Parse()

if *url == "" {
log.Fatal(”Must set —url”)

}

if *constraints == """ {
log.Fatal(”Must set —constraints”)

}

if *repositoryConfig == """ {

log.Fatal(”Must set —repository—config”)

err := run()
if err !'= nil {

log.Fatal(err)
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bunsan/broker/bunsan-broker/main.go

package service

import (
"github.com/bunsanorg/broker/go/bunsan/broker”
"github.com/bunsanorg/broker/go/bunsan/broker/rabbit”

"github.com/streadway/amqgp”

type StatusWriter interface {

WriteStatus(status broker.Status) error

type ResultWriter interface {

WriteResult(result broker.Result) error

type ErrorWriter interface {

WriteError(err error) error

type rabbitStatusWriter struct {
correlationId string

writer ProtoWriter

func NewStatusWriter(

channel *amqgp.Channel, queue, correlationId string) StatusWriter {

return &rabbitStatusWriter{
correlationId: correlationId,
writer: &bytesProtowWriter{
&rabbitBytesWriter{
Channel: channel,
DeliveryMode: amgp.Transient,
Destination: gueue,

CorrelationId: correlationlId,

iy
iy
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func (w *rabbitStatusWriter) WriteStatus(status broker.Status) error {
return w.writer.WriteProto(&rabbit.RabbitStatus{
Identifier: w.correlationId,

Status: &status,
1)

type rabbitResultWriter struct {
correlationId string

writer ProtowWwriter

func NewResultWriter(

channel *amgp.Channel, queue, correlationId string) ResultWriter {

return &rabbitResultWriter{
correlationId: correlationId,
writer: &bytesProtowriter{
&rabbitBytesWriter{
Channel: channel,
DeliveryMode: amgp.Persistent,
Destination: queue,
CorrelationId: correlationlId,
+
+

func (w *rabbitResultWriter) WriteResult(result broker.Result) error {
return w.writer.WriteProto(&rabbit.RabbitResult{
Identifier: w.correlationlId,

Result: &result,
1)

type rabbitErrorWriter struct {

correlationId string

63
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writer BytesWriter

func NewErrorWriter(

channel *amgp.Channel, queue, correlationId string) ErrorWriter {

return &rabbitErrorWriter{
correlationId: correlationId,
writer: &rabbitBytesWriter{
Channel: channel,
DeliveryMode: amgp.Persistent,
Destination: gueue,

CorrelationId: correlationId,

iy

func (w *rabbitErrorWriter) WriteError(err error) error {

return w.writer.WriteBytes([]byte(err.Error()))

64

bunsan/broker/service/response_writer.go

package service
import (
Illog”
"SynC”
"time”
"github.com/bunsanorg/broker/go/bunsan/broker”

"github.com/streadway/amqgp”

const (

retryTimeout = time.Second

type taskReader func(connection *amqgp.Connection) error

type RequestReader interface {
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Read(constraints broker.Constraints, jobs int) (<—chan Request, error)

Close() error

type rabbitRequestReader struct {
url string
aborter chan struct{}
abortOnce sync.Once

tasks chan Request

func NewRequestReader(url string) RequestReader {
return &rabbitRequestReader{
url: url,

aborter: make(chan struct{}, 1),

func (r *rabbitRequestReader) maintainConnection(reader taskReader) error {
working := true
errCh := make(chan error, 1)
for working {
log.Printf(”Dialing %q broker...”, r.url)
conn, err := amgp.Dial(r.url)
if err !'= nil {
log.Printf(”Unable to connect to broker %q: %v”, r.url, err)
log.Printf(”Retrying in %v”, retryTimeout)
select {
case <—r.aborter:
log.Printf(”RequestReader is canceled”)
working = false
close(r.tasks)
case <—time.After(retryTimeout):

}

continue
}
log.Printf(”Connected %q broker”, r.url)
go func() { errCh <— reader(conn) }()
select {

case <—r.aborter:
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log.Printf(”RequestReader is canceled”)
working = false
conn.Close()
err = <—errcCh
if err !'= nil {
log.Print(err)
}
close(r.tasks)
case err = <—errcCh:
if err != nil {
log.Print(err)
} else {
log.Print(”Disconnected from %q broker”, r.url)

}

conn.Close()

}

return nil

func (r *rabbitRequestReader) Read(

constraints broker.Constraints, jobs int) (<—chan Request, error) {

r.tasks = make(chan Request, jobs)
go r.maintainConnection(func(connection *amqp.Connection) error {
var consumers sync.WaitGroup
channel, err := connection.Channel()
if err != nil {
return err

}

defer channel.Close()

err = channel.Qos(jobs, 0, false)
if err !'= nil {
return err
}
for _, resource := range constraints.Resource {

queue, err := channel.QueueDeclare(
resource, // name
true, // durable

false, // delete when unused
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false, // exclusive
false, // no—wait
nil, // arguments
)
deliveries, err := channel.Consume(
queue.Name, // queue
e, // consumer
false, // auto-ack
false, // exclusive
false, // no—local
false, // no—wait
nil, // args
)
if err != nil {
return err
}
consumers.Add(1)
go func() {
for delivery := range deliveries {
request, err := NewRequest(channel, &delivery)
if err !'= nil {
// note: error is reported by NewRequest()
log.Printf(”Unable to read request: %v”, err)
continue
}
log.Printf(”Received request %q”, delivery.CorrelationId)
r.tasks <— request
}
consumers.Done()
10
}

consumers.Wait()
return nil

1)

return r.tasks, nil

func (r *rabbitRequestReader) Close() error {
r.abortOnce.Do(func() {

close(r.aborter)
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1)
return nil
}
bunsan/broker/service/request_reader.go
package service

//go:generate bunsan—-mockgen —gofile=$GOFILE

import (
Ilfmt n
Illogll

"github.com/bunsanorg/broker/go/bunsan/broker”
"github.com/bunsanorg/broker/go/bunsan/broker/rabbit”
"github.com/golang/protobuf/proto”

"github.com/streadway/amqgp”

type Request interface {
StatusWriter
ResultWriter
ErrorWriter
Task() *broker.Task
Ack() error

Nack() error

type rabbitRequest struct {
task rabbit.RabbitTask
statusWriter StatusWriter
resultWriter ResultWriter
errorWriter ErrorWriter

delivery *amqp.Delivery

// Create new request object, return and send error if it is not possible.
func NewRequest(

channel *amgp.Channel, delivery *amqp.Delivery) (Request, error) {
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r := &rabbitRequest{
delivery: delivery,
errorWriter: NewErrorWriter(
channel, delivery.ReplyTo, delivery.CorrelationId),
}
err := proto.Unmarshal(delivery.Body, &r.task)
if err !'= nil {
r.errorWriter.WriteError(err)
return nil, err
}
if delivery.CorrelationId != r.task.Identifier {
err = fmt.Errorf(
"invalid task: correlation id %g does not match task id %q”,
delivery.CorrelationId, r.task.Identifier)
r.errorWriter.WriteError(err)

return nil, err

r.statusWriter = NewStatusWriter(

channel, r.task.StatusQueue, r.task.Identifier)
r.resultWriter = NewResultWriter(

channel, r.task.ResultQueue, r.task.Identifier)

return r, nil

func (r *rabbitRequest) Task() *broker.Task {

return r.task.Task

func (r *rabbitRequest) WriteStatus(status broker.Status) error {

return r.statusWriter.WriteStatus(status)

func (r *rabbitRequest) WriteResult(result broker.Result) error {

return r.resultWriter.WriteResult(result)

func (r *rabbitRequest) WriteError(err error) error {

return r.errorWriter.WriteError(err)
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func (r *rabbitRequest) Ack() error {

log.Printf(”Acknowledging request %q”, r.delivery.CorrelationId)
return r.delivery.Ack(false)

}

func (r *rabbitRequest) Nack() error {

log.Printf(”Negatively acknowledging request %q”,
r.delivery.CorrelationId)

return r.delivery.Nack(false, false)
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bunsan/broker/service/request.go

package service

import (

"github.com/golang/protobuf/proto”

type ProtoWriter interface {

WriteProto(message proto.Message) error

type bytesProtoWriter struct {
bytesWriter BytesWriter

func (w *bytesProtoWriter) WriteProto(message proto.Message) error {
data, err := proto.Marshal(message)
if err !'= nil {
return err

}

return w.bytesWriter.WriteBytes(data)

bunsan/broker/service/proto_writer.go

package service

import (

"github.com/streadway/amqgp”
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type BytesWriter interface {
WriteBytes(data []byte) error

type rabbitBytesWriter struct {
Channel *amgp.Channel
Destination string
DeliveryMode uint8

CorrelationId string

func (w *rabbitBytesWriter) WriteBytes(data []byte) error {
return w.Channel.Publish(

., // exchange
w.Destination, // routing key
false, // mandatory
false, // immediate
amgp.Publishing{

Body: data,
DeliveryMode: w.DeliveryMode,
CorrelationId: w.CorrelationlId,

1)

71

bunsan/broker/service/bytes_writer.go

1.2. Peanusauys Ha si3blKe MporpamMmmupoBaHusi Python

import argparse
import logging

import logging.config

from bunsan.broker import connection_pb2
from bunsan.broker.service import consumer
from bunsan.broker.worker import worker

from google.protobuf import text_format

def main():
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parser = argparse.ArgumentParser(description='"Server’)
parser.add_argument(’—1logging’, required=True,
help="Logging configuration file’)
parser.add_argument(’—connection’, required=True,
help='Proto—encoded ConnectionParameters’)
parser.add_argument(’'—constraints’, required=True,
help="Proto—encoded Constraints’)
parser.add_argument(’'—jobs’, type=int, default=1,
help='Number of jobs to run in parallel’)
parser.add_argument(’'—repository—config’, required=True,
help='Configuration for bunsan::pm::repository’)
parser.add_argument(’—tmpdir’, default='/tmp’,
help='Temporary directory for task execution’)
args = parser.parse_args()
logging.config.fileConfig(args.logging)
_logger = logging.getLogger(__name__)
connection_parameters = connection_pb2.ConnectionParameters()
constraints = connection_pb2.Constraints()
text_format.Parse(args.connection, connection_parameters)
text_format.Parse(args.constraints, constraints)
_logger.info(’'Creating consumer’)
with consumer.Consumer(connection_parameters=connection_parameters,
constraints=constraints) as cns:
_logger.info(’'Creating worker”’)
with worker.Worker(jobs=args.jobs,
tmpdir=args.tmpdir,
repository_config=args.repository_config) as wrk:

cns.listen_and_wait(wrk.callback)

l4 I .

if __name__ == '__main__"':

main()
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worker/cli.py

from concurrent import futures
import importlib

import logging

import tempfile

import traceback
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import bunsan.pm

from bunsan.broker.worker import sender

from bunsan.broker import protocol_pb2

import bunsan.broker.worker.imp

_THREADS_PER_JOB = 3

class WorkerError(RuntimeError):

pass

class UnknownWorkerError(WorkerError):

pass

class Worker(object):

def __init__ (self, jobs, tmpdir, repository_config):

self._logger logging.getLogger(__name__)

self._tmpdir = tmpdir

self._repository = bunsan.pm.Repository(repository_config)
self._executor = futures.ThreadPoolExecutor (

max_workers=_THREADS_PER_JOB * jobs)

def _extract(self, status_sender, tmpdir, package):
status_sender.send('EXTRACTING')
self._logger.debug(’Extracting to %s...’, tmpdir)
self._repository.extract(package, tmpdir)
status_sender.send(’'EXTRACTED")

def _get_actual worker(self, worker):
if worker.find(’'.’) !'= —1:
raise UnknownWorkerError(’Worker name should not contain ”.”")
imp = importlib.import_module(’bunsan.broker.worker.imp.’ + worker)

return imp.Worker(executor=self._executor)

def _execute(self, status_sender, worker, tmpdir, data):

self._logger.debug(’Running’)
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return worker(status_sender=status_sender,
root=tmpdir,
data=data)

def callback(self, task, send_status):
self._logger.debug(’task = %s’, task)
result = protocol_pb2.Result()
status_sender = sender.StatusSender(send_status)
try:
with tempfile.TemporaryDirectory(dir=self._tmpdir) as tmpdir:
self._extract(status_sender=status_sender,
tmpdir=tmpdir,
package=task.package)
try:
actual worker = self._get_actual_worker(task.worker)
except Exception as e:
raise UnknownWorkerError() from e
result = self._execute(status_sender=status_sender,
worker=actual_worker,
tmpdir=tmpdir,
data=task.data)
status_sender.send('DONE")
except UnknownWorkerError:
self._logger.exception(’")
result.status = protocol_pb2.Result.UNKNOWN_WORKER
result.reason = traceback.format_exc()
except WorkerError:

self._logger.exception(’"’)

result.status protocol_pb2.Result.WORKER_ERROR

result.reason traceback.format_exc()

except bunsan.pm.Error:
self._logger.exception(’"’)
result.status = protocol_pb2.Result.PACKAGE_ERROR
result.reason = traceback.format_exc()

except Exception:
self._logger.exception(’")
result.status = protocol_pb2.Result.ERROR
result.reason = traceback.format_exc()

return result
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def cleanup(self):

self._executor.shutdown()

def __enter__(self):

return self

def __exit__ (self, type, value, tb):
self.cleanup()

75

worker/worker.py

from bunsan.broker import protocol_pb2

class StatusSender(object):

def __init__ (self, send_status):

self._send_status = send_status

def send(self, reason, code=None, data=None):
status = protocol_pb2.Status()
status.reason = reason
if code is not None:
status.code = code
if data is not None:
status.data = data

self.send_proto(status)

def send_proto(self, status):

self._send_status(status)

worker/sender.py

import base64
import logging

import subprocess

from bunsan.broker import protocol_pb2

_EXECUTABLE = ’'bin/bacs_system_single_worker’
_MINUTE = 60
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_TIMEOUT = 10 * _MINUTE
_KiB = 1024

_MiB = 1024 * _KiB
_MAX_LINE_SIZE = 50 * _MiB

class SolutionRunner(object):

def __init__ (self, status_sender, data):
self._logger = logging.getLogger(__name__)
self._status_sender = status_sender
self._data = data

def write_data(self, stdin):
stdin.write(self._data)

stdin.close()

def read_data(self, stdout):
status = protocol_pb2.Status()
result = protocol_pb2.Result()
for line in stdout:
tokens = line.split()
if len(tokens) != 2:
self._logger.warning(
"Invalid number of token: expected 2, found %d’,
len(tokens)
)
else:
command, data = tuple(tokens)
data = base64.decodebytes(data)
if command == b’status’:
status.ParseFromString(data)
self._status_sender.send_proto(status)
elif command == b’result’:
result.ParseFromString(data)
else:
self._logger.warning(’Invalid command: %s’, command)

return result

def read_log(self, stderr):
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return stderr.read()

51

53| class Worker(object):

55 def __init__ (self, executor):

self._logger = logging.getLogger(__name__)

57 self._executor = executor

59 def __call_ (self, status_sender, root, data):

runner = SolutionRunner(status_sender, data)

61 with subprocess.Popen(args=[_EXECUTABLE],
cwd=root,
63 stdin=subprocess.PIPE,

stdout=subprocess.PIPE,
65 stderr=subprocess.PIPE) as proc:
status_sender.send( EXECUTING’)

67 self._executor.submit(runner.write_data, proc.stdin)

69 log_future = self._executor.submit(runner.read_log,
ret = proc.wait()

71 if ret !'= 0:

result = protocol_pb2.Result()

73 result.status = protocol_pb2.Result.EXECUTION_ERROR
status_sender.send('FAIL’, code=1)

75 else:
result = result_future.result()

77 status_sender.send('DONE’)

result.log = log_future.result()

79 return result

proc.stderr)

77

result_future = self._executor.submit(runner.read_data, proc.stdout)

worker/imp/bacs_single.py

worker/imp/__init__.py

worker/__init__ .py

1| import logging

import pika

from bunsan.broker.rabbit import connection_pb2
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class Sender(object):

def __init__ (self, channel, queue, identifier, durable=False):
self._logger = logging.getLogger(__name__)
self._channel = channel
self._queue = queue
self._identifier = identifier
self._properties = pika.BasicProperties(
correlation_id=identifier,

delivery_mode=(2 if durable else 1),

def send(self, body):
if self._queue:
self._logger.debug(’Sending message to %s’, self._queue)
self._channel.basic_publish(exchange="",
routing_key=self._queue,
body=body,
properties=self._properties)
else:

self._logger.debug(’No queue to route message’)

def sendmsg(self, format, *args):

self.send((format % args).encode('utf8’))

class ProtoSender(Sender):

def send_proto(self, proto):

self.send(proto.SerializeToString())

class StatusSender(ProtoSender):

def _ init_ (self, *args, **kwargs):

kwargs[’durable’] = False

super (StatusSender, self).__init__ (*args, **kwargs)
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def send_status(self, code, reason=None, data=None):

status = connection_pb2.RabbitStatus()
status.identifier = self._identifier
status.status.code = code
if reason is not None:

status.status.reason = reason
if data is not None:

status.status.date = data

self.send_proto(status)

class ResultSender (ProtoSender):

def __init_ (self, *args, **kwargs):
kwargs[’durable’] = True

super (ResultSender, self)._ _init__ (*args, **kwargs)

def send_result(self, status, reason=None, data=None):

result = connection_pb2.RabbitResult()
result.identifier = self._identifier
result.result.status = status
if reason is not None:

result.result.reason = reason
if data is not None:

result.result.data = data

self.send_proto(result)

class ErrorSender(Sender):

def __init__ (self, channel, properties):

super (ErrorSender, self).__init__ (channel=channel,

gueue=properties.reply_to,

79

identifier=properties.correlation_id,

durable=True)

service/sender.py

1|import logging

import pika

3|import threading
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import time

from bunsan.broker.service import sender

from bunsan.broker.rabbit import connection_pb2

_RETRY_TIME = 5

class Consumer(object):

def

def

__init_ (self, connection_parameters, constraints):

self._logger = logging.getLogger(__name__)
connect = dict()
if connection_parameters.host:
connect["host’] = connection_parameters.host
if connection_parameters.port:
connect[’port’] = connection_parameters.port
if connection_parameters.virtual_host:
connect[’virtual_host’] = connection_parameters.virtual_host
if connection_parameters.HasField(’credentials’):
connect['credentials’] = pika.credentials.PlainCredentials(
username=connection_parameters.credentials.username,
password=connection_parameters.credentials.password)
self._logger.debug(’Opening connection’)
self._connection_parameters = pika.ConnectionParameters(**connect)
self._connection = None
self._constraints = constraints
self._callback = None
self._thread = None

self._logger.debug(’Created consumer’)

listen(self, callback):
Args:
callback(task, send_status(Status)) —> Result
self._logger.info(’Start asynchronous consuming’)
self._callback = callback

self._thread = threading.Thread(target=self._start_consuming)
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self._thread.start()

def listen_and_wait(self, callback):
Args:
callback(task, send_status(Status)) —> Result
self._logger.info(’Start synchronous consuming’)
self._callback = callback

self._start_consuming()

def wait(self):
self._thread.join()

def close(self):
self._logger.info('Closing connection to RabbitMQ’)
if self._connection is not None:
self._connection.close()
if self._thread is not None:

self._thread.join()

def _connect(self):
while self._connection is None:
try:
self._logger.info(’'Connecting to RabbitMQ’)
self._connection = pika.BlockingConnection(
self._connection_parameters)
self._logger.info(’'Connected to RabbitMQ’)
except pika.exceptions.AMQPConnectionError:
self._logger.exception(
"Unable to connect to RabbitMQ, retrying’)
time.sleep(_RETRY_TIME)

def _start_consuming(self):
while True:
try:
self._connect()
channel = self._connection.channel()
channel.basic_qgos(prefetch_count=1)

self._logger.debug(’Start consuming’)
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def

def

for queue in self._constraints.resource:
self._logger.debug(’Consuming queue=%s’, queue)
channel.queue_declare(queue=queue, durable=True)
channel.basic_consume(queue=queue,

consumer_callback=self._consume)
channel.start_consuming()
except pika.exceptions.AMQPConnectionError:

self._logger.exception(

"Broken connection to RabbitMQ, retrying’)

self._connection = None

_consume(self, channel, method, properties, body):

"m"only commit logic, does not throw”””
try:
self._do_consume(channel, method, properties, body)
self._logger.info('Acknowledging: %s’,
properties.correlation_id)
channel.basic_ack(delivery_tag=method.delivery_tag)
except Exception:
self._logger.info(’Not acknowledging: %s’,
properties.correlation_id)
channel.basic_nack(delivery_tag=method.delivery_tag,

requeue=False)

_do_consume(self, channel, method, properties, body):

"""Actual consume implementation, may throw exceptions”””
self._logger.info(’Received task: %s’, properties.correlation_id)
error_sender = sender.ErrorSender(channel, properties)
rabbit_task = connection_pb2.RabbitTask()
try:
rabbit_task.ParseFromString(body)
except Exception as e:
self._logger.exception(’Unable to parse task proto’)
error_sender.sendmsg(’Unable to parse task proto: %s’, e)
raise

status_sender = sender.StatusSender(channel,

rabbit_task.status_queue,

rabbit_task.identifier)

result_sender sender.ResultSender (channel,

rabbit_task.result_queue,
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def

def

self._logger.debu

def send_status(s
rabbit_status
rabbit_status
rabbit_status
status_sender
try:

result = self

self._logger.

except Exception
self._logger.
error_sender.
raise

try:
rabbit_result
rabbit_result
rabbit_result
result_sender
self._logger.

except Exception
self._logger.
error_sender.

raise

__enter__(self):

return self

__exit__ (self, ty

self.close()

rabbit_task.identifier)

g(’Running callback’)

tatus):

= connection_pb2.RabbitStatus()
.identifier = rabbit_task.identifier
.status.CopyFrom(status)

.send_proto(rabbit_status)

._callback(task=rabbit_task.task,
send_status=send_status)

debug(’Completed callback’)

as e:

exception(’Unable to complete callback’)

sendmsg('Unable to complete callback: %s’, e)

= connection_pb2.RabbitResult()

.identifier = rabbit_task.identifier
.result.CopyFrom(result)
.send_proto(rabbit_result)

info('Sent result’)

as e:

exception(’Unable to serialize result proto’)

sendmsg('Unable to serialize result proto: %s’, e)

pe, value, tb):

83

service/consumer.py

service/__init__.py

__init__.py
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Peanu3ans Ha s3bike mporpamMmMupoBanus C#

using System;

using System.Text;

using System.Threading;

using NDesk.Options;

namespace Bunsan.Broker.ClientExample

{

class Program

{

static int Main(string[] args)

{

var connection_parameters = new ConnectionParameters();

var constraints = new Constraints { Resource = new[] { "resource” }
i

var task = new Task();

int interval = 5000;

int number_of_messages = 10;

Action ensure_credentials = () => { if (connection_parameters.
Credentials == null) connection_parameters.Credentials = new
Credentials(); };

var options = new OptionSet

{

{"identifier=", "”, identifier => connection_parameters.
Identifier = identifier},

{"host=", ""”, host => connection_parameters.Host = host},

{"port=", """, port => connection_parameters.Port = int.Parse(
port)},

{"virtual-host=", """, vhost => connection_parameters.VirtualHost
= vhost},

{"username=", ""”,6 username => { ensure_credentials();
connection_parameters.Credentials.UserName = username; } },

{"password=", """, password => { ensure_credentials();
connection_parameters.Credentials.Password = password; } },

{"resource=", "", resource => constraints.Resource[0@] = resource
+

{"worker=", """, worker => task.Worker = worker},

{"package=", """, package => task.Package = package},

{"data=", "", data => task.Data = Encoding.UTF8.GetBytes(data)},
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{"interval=", """, interval_str => interval = int.Parse(
interval_str)},

{"number=", "”, number => number_of_messages = int.Parse(number)

3

3
try
{

options.Parse(args);
+
catch (OptionException e)
{

Console.WriteLine(”Argument error: {0}"”, e.Message);
}

var listener = new ClientListener(connection_parameters);
var sender = new ClientSender(connection_parameters);
listener.Listen((id, status) =>

{
Console.WriteLine(”Got status: id = {0}, status = [{1}, {2}] {3}

”
4

id, status.Code, status.Reason,
status.Data != null ? Encoding.ASCII.GetString
(status.Data) : "null”);
}, (id, result) =>

Console.WriteLine(”Got result: id = {0}, result = [{1}, {2}] {3}

”
4

id, result.Status, result.Reason,
result.Data != null ? Encoding.ASCII.GetString
(result.Data) : "null”);

}, (id, error) =>

Console.WriteLine(”Got error: id = {0}, error = {1}”, id, error)
1);
for (int id = 0; id < number_of_messages; ++id)
{

sender.Send(constraints, id.ToString(), task);

Thread.Sleep(interval);
3

listener.Close();
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sender.Close();
return 0,
}
}
}
Bunsan.Broker.ClientExample/Program.cs
using System.Reflection;

using System.Runtime.InteropServices;

// General Information about an assembly is controlled through the following
// set of attributes. Change these attribute values to modify the information
// associated with an assembly.

[assembly: AssemblyTitle(”Bunsan.Broker.ClientExample”)]

[assembly: AssemblyDescription(”")]

[assembly: AssemblyConfiguration(””)]

[assembly: AssemblyCompany(”")]

[assembly: AssemblyProduct(”Bunsan.Broker.ClientExample”)]

[assembly: AssemblyCopyright(”Copyright © 2015")]

[assembly: AssemblyTrademark(””)]

[assembly: AssemblyCulture(””)]

// Setting ComVisible to false makes the types in this assembly not visible
// to COM components. If you need to access a type in this assembly from
// COM, set the ComVisible attribute to true on that type.

[assembly: ComVisible(false)]

// The following GUID is for the ID of the typelib if this project is exposed to
CcoMm
[assembly: Guid(”69f070dd—14c2—-4327—ablc—clea741b9f59”)]

// Version information for an assembly consists of the following four values:
//

// Major Version
// Minor Version
// Build Number
// Revision

//

// You can specify all the values or you can default the Build and Revision

Numbers
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// by using the ’*’ as shown below:

// [assembly: AssemblyVersion(”1.0.*”)]
[assembly: AssemblyVersion(”1.0.0.0")]
[assembly: AssemblyFileVersion(”1.0.0.0")]
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Bunsan.Broker.ClientExample/Properties/AssemblyInfo.cs

using ProtoBuf;

namespace Bunsan.Broker.Rabbit

{
[ProtoContract]
class RabbitStatus
{
[ProtoMember(1, IsRequired = false)]
public string Identifier { get; set; }
[ProtoMember (2, IsRequired = false)]
public Status Status { get; set; }
}
}

Bunsan.Broker/Rabbit/RabbitStatus.cs

using ProtoBuf;

namespace Bunsan.Broker.Rabbit

{

[ProtoContract]

class RabbitTask

{
[ProtoMember(1, IsRequired = false)]
public string Identifier { get; set; }
[ProtoMember (2, IsRequired = false)]
public Task Task { get; set; }
[ProtoMember (3, IsRequired = false)]
public Constraints Constraints { get; set; }
[ProtoMember (4, IsRequired = false)]
public string StatusQueue { get; set; }
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[ProtoMember (5, IsRequired = false)]
public string ResultQueue { get; set; }

[ProtoMember (6, IsRequired = false)]

public string ErrorQueue { get; set; }
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Bunsan.Broker/Rabbit/RabbitTask.cs

using ProtoBuf;

namespace Bunsan.Broker.Rabbit

{

[ProtoContract]

class RabbitResult

{

[ProtoMember(1, IsRequired = false)]
public string Identifier { get; set; }

[ProtoMember (2, IsRequired = false)]
public Result Result { get; set; }

Bunsan.Broker/Rabbit/RabbitResult.cs

using System;

using System.Threading;

using RabbitMQ.Client;

using RabbitMQ.Client.Exceptions;

namespace Bunsan.Broker

{

public class Connection : IDisposable

{

private readonly ConnectionFactory connection_factory;
protected bool running = true;
private IConnection connection;

protected IModel channel;
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protected object Lock { get { return connection_factory; } }

public IModel Channel

{
get
{
lock (Lock)
{
reconnect();
return channel;
}
}
}

public bool IsRunning

{
get
{
lock (Lock)
{
return running;
}
}
}

public bool IsClosed { get { return !IsRunning; } }

public event Action<IModel> OnConnect = delegate { };

public Connection(ConnectionParameters parameters)
{
connection_factory = new ConnectionFactory();
if (parameters.Host != null) connection_factory.HostName =

parameters.Host;
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if (parameters.Port != @) connection_factory.Port = parameters.Port;

if (parameters.VirtualHost != null) connection_factory.VirtualHost
parameters.VirtualHost;
if (parameters.Credentials != null)

{

var credentials = parameters.Credentials;
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if (credentials.UserName != null) connection_factory.UserName
credentials.UserName;
if (credentials.Password != null) connection_factory.Password

credentials.Password;

public void Close()

{
lock (Lock)
{
running = false;
if (connection != null && connection.IsOpen)
connection.Close();
3
}

private void connect()

{
connection = connection_factory.CreateConnection();
channel = connection.CreateModel();
OnConnect(channel);

}

private void reconnect()

{
if (!'running) return;
while (connection == null || !connection.IsOpen)
{
try
{
connect();
}
catch (BrokerUnreachableException)
{
Thread.Sleep(5000);
}
}
}

90
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// Connect if necessary, i.e. not closed and not connected
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public void Reconnect()
{
lock (Lock)
{
reconnect();
}
}
public void Dispose()
{
Close();
}
}
}
Bunsan.Broker/Connection.cs
using ProtoBuf;

namespace Bunsan.Broker
{
[ProtoContract]
public class Status
{
[ProtoMember (1, IsRequired = false)]
public int Code { get; set; }
[ProtoMember (2, IsRequired = false)]
public string Reason { get; set; }
[ProtoMember (3, IsRequired = false)]
public byte[] Data { get; set; }
}
}

Bunsan.Broker/Status.cs

using ProtoBuf;

namespace Bunsan. Broker

{
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[ProtoContract]
public class Credentials
{
[ProtoMember (1, IsRequired = false)]
public string Method { get; set; }
[ProtoMember (2, IsRequired = false)]
public string UserName { get; set; }
[ProtoMember (3, IsRequired = false)]
public string Password { get; set; }
[ProtoMember (4, IsRequired = false)]
public byte[] Certificate { get; set; }
[ProtoMember (5, IsRequired = false)]
public byte[] Key { get; set; }
}
3
Bunsan.Broker/Credentials.cs
using System;

using System.IO;

using System.Text;

using System.Threading;

using Bunsan.Broker.Rabbit;
using ProtoBuf;

using RabbitMQ.Client;

using RabbitMQ.Client.Events;

namespace Bunsan.Broker

{

public class ClientListener : ClientBase

{
private delegate void MessageCallback(BasicDeliverEventArgs message);
private delegate void ReconnectCallback();
private class Listener : DefaultBasicConsumer
{

private readonly MessageCallback message_callback;
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private readonly ErrorCallback error_callback;

private readonly ReconnectCallback reconnect_callback;

public Listener(IModel model,
MessageCallback message_callback,
ErrorCallback error_callback,

ReconnectCallback reconnect_callback)

base(model)
{
this.message_callback = message_callback;
this.error_callback = error_callback;
this.reconnect_callback = reconnect_callback;
}

private void call message(object message_object)

{
var message = (BasicDeliverEventArgs)message_object;
try
{
message_callback(message);
}
catch (Exception e)
{
try
{
error_callback(message.BasicProperties.CorrelationId, e.
ToString());
}
catch (Exception) { /* ignore */ }
}
}

private void call reconnect(object ignored)

{

reconnect_callback();

public override void HandleBasicDeliver(string consumerTag,
ulong deliveryTag,

bool redelivered,
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string exchange,

string routingKey,
IBasicProperties properties,
byte[] body)

{
var message = new BasicDeliverEventArgs
{
ConsumerTag = consumerTag,
DeliveryTag = deliveryTag,
Redelivered = redelivered,
Exchange = exchange,
RoutingKey = routingKey,
BasicProperties = properties,
Body = body,
}
ThreadPool.QueueUserWorkItem(call message, message);
}

public override void HandleModelShutdown(object model,

ShutdownEventArgs reason)

ThreadPool.QueueUserWorkItem(call_reconnect);

}i

private class ListenerFactory

{
private readonly StatusCallback status_callback;
private readonly ResultCallback result_callback;
private readonly ErrorCallback error_callback;

private readonly ReconnectCallback reconnect_callback;

public ListenerFactory(StatusCallback status_callback,
ResultCallback result_callback,
ErrorCallback error_callback,

ReconnectCallback reconnect_callback)

this.status_callback = status_callback;

this.result_callback result_callback;

this.error_callback = error_callback;
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this.reconnect_callback = reconnect_callback;

public Listener MakeStatusListener(IModel channel)

{

return new Listener(channel, message =>
{
// we don’t care about error handling of Status messages
using (var stream = new MemoryStream(message.Body))
{
var status = Serializer.Deserialize<RabbitStatus>(stream
)i
// note: message was already acked, exceptions can be
ignored
status_callback(status.Identifier, status.Status);

}

}, error_callback, reconnect_callback);

public Listener MakeResultListener(IModel channel)

{
return new Listener(channel, message =>
{
try
{
using (var stream = new MemoryStream(message.Body))
{
var result = Serializer.Deserialize<RabbitResult>(
stream);
result_callback(result.Identifier, result.Result);
}
3
catch (Exception)
{

// message is either invalid or can’t be processed by
result_callback

// exception will cause error_callback to be called

// we do not want to requeue message since it may cause
infinite try—exception loop

channel.BasicNack(message.DeliveryTag, false, false);
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throw;

}

// commit phase
channel.BasicAck(message.DeliveryTag, false);

}, error_callback, reconnect_callback);

public Listener MakeErrorListener (IModel channel)

{
return new Listener(channel, message =>
{
error_callback(message.BasicProperties.CorrelationId,
Encoding.UTF8.GetString(message.Body));
// commit phase
channel.BasicAck(message.DeliveryTag, false);
}, error_callback, reconnect_callback);
}

private ListenerFactory listener_factory;

public ClientListener(ConnectionParameters parameters)

base(parameters)

connection.OnConnect += rebind;

~ClientListener()

{

connection.OnConnect —= rebind;

private void rebind(IModel channel)

{
if (listener_factory == null) return;
var status_listener = listener_factory.MakeStatusListener(channel);
var result_listener = listener_factory.MakeResultListener(channel);
var error_listener = listener_factory.MakeErrorListener(channel);
channel.QueueDeclare(queue: StatusQueue, durable: false, exclusive:

false, autoDelete: true, arguments: null);
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channel.QueueDeclare(queue: ResultQueue, durable: true, exclusive:
false, autoDelete: false, arguments: null);

channel.QueueDeclare(queue: ErrorQueue, durable: true, exclusive:
false, autoDelete: false, arguments: null);

channel.BasicConsume(queue: StatusQueue, noAck: true, consumer:
status_listener);

channel.BasicConsume(queue: ResultQueue, noAck: false, consumer:
result_listener);

channel.BasicConsume(queue: ErrorQueue, noAck: false, consumer:

error_listener);

public void Listen(StatusCallback status_callback,
ResultCallback result_callback,

ErrorCallback error_callback)

{
listener_factory = new ListenerFactory(status_callback,
result_callback, error_callback, connection.Reconnect);
// force rebind for existing connection
rebind(connection.Channel);
}

Bunsan.Broker/ClientListener.cs

using System;

using System.IO;

using Bunsan.Broker.Rabbit;

using ProtoBuf;

using RabbitMQ.Client.Exceptions;

namespace Bunsan. Broker

{

public class ClientSender : ClientBase

{

public ClientSender(ConnectionParameters parameters) : base(parameters)

{3

public void Send(Constraints constraints, string id, Task task)

{
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var rabbit_task = new RabbitTask

{

Identifier = id,

Task = task,

Constraints = constraints,

ResultQueue = ResultQueue,

StatusQueue

H

StatusQueue,

byte[] data;

using (var stream = new MemoryStream())

{
Serializer.Serialize(stream, rabbit_task);
data = new byte[stream.Length];
stream.Seek(0, SeekOrigin.Begin);
stream.Read(data, 0, data.Length);

}

if (constraints.Resource.Length != 1)
throw new NotImplementedException(”Supports only single resource

constraint”);

for (; ;)

{
try
{

3

var properties = connection.Channel.CreateBasicProperties();

properties.ReplyTo = ErrorQueue;

properties.CorrelationId = id;

properties.DeliveryMode = 2; // persistent

if (connection.IsClosed) throw new InvalidOperationException

("Already closed”);

connection.Channel.BasicPublish(exchange: "”,

routingKey: constraints.
Resource[0],

basicProperties: properties,
body: data);

break;

catch (AlreadyClosedException)

{

// retry
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Bunsan.Broker/ClientSender.cs

using ProtoBuf;

namespace Bunsan.Broker

{

[ProtoContract]

public class Task

{

[ProtoMember (1, IsRequired = false)]
public string Worker { get; set; }

[ProtoMember (2, IsRequired = false)]
public string Package { get; set; }

[ProtoMember (3, IsRequired = false)]
public byte[] Data { get; set; }

Bunsan.Broker/Task.cs

using ProtoBuf;

namespace Bunsan.Broker

{

[ProtoContract]

public enum ResultStatus

{

[ProtoEnum]
OK = 0,
[ProtoEnum]

ERROR = 1,

// proto errors
[ProtoEnum]

PROTO_ERROR = 100,
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// worker errors
[ProtoEnum]

WORKER_ERROR = 200,
[ProtoEnum]

UNKNOWN_WORKER = 201,
[ProtoEnum]
INCOMPATIBLE_PACKAGE = 202,

// package errors
[ProtoEnum]
PACKAGE_ERROR = 300,
[ProtoEnum]
PACKAGE_NOT_FOUND = 301,
[ProtoEnum]

PACKAGE_BUILD_ERROR = 302,

// execution errors
[ProtoEnum]
EXECUTION_ERROR = 400,
[ProtoEnum]
EXECUTION_TIMEOUT = 401,

[ProtoContract]

public class Result

{

[ProtoMember (1, IsRequired false)]
public ResultStatus Status { get; set; }

[ProtoMember (2, IsRequired false)]

public string Reason { get; set; }

// if status == 0K
[ProtoMember (3, IsRequired = false)]
public byte[] Data { get; set; }

[ProtoMember (4, IsRequired = false)]
public byte[] Log { get; set; }

100
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Bunsan.Broker/Result.cs

using ProtoBuf;

namespace Bunsan.Broker

{
[ProtoContract]
public class Constraints
{
[ProtoMember(1, IsRequired = false)]
public string[] Resource { get; set; }
}
}
Bunsan.Broker/Constraints.cs
using ProtoBuf;

namespace Bunsan.Broker

{

[ProtoContract]

public class ConnectionParameters

{
[ProtoMember (1, IsRequired = false)]
public string Identifier { get; set; }
[ProtoMember (2, IsRequired = false)]
public Credentials Credentials { get; set; }
[ProtoMember (3, IsRequired = false)]
public string Host { get; set; }
[ProtoMember (4, IsRequired = false)]
public int Port { get; set; }
[ProtoMember (5, IsRequired = false)]
public string VirtualHost { get; set; }

}

Bunsan.Broker/ConnectionParameters.cs
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1|using System;

3| namespace Bunsan.Broker

{
5 public abstract class ClientBase : IDisposable
{

7 public string StatusQueue { get; set; }
public string ResultQueue { get; set; }

9 public string ErrorQueue { get; set; }
protected readonly Connection connection;

11

public ClientBase(ConnectionParameters parameters)

13 {

connection = new Connection(parameters);

15 if (string.IsNullOrEmpty(parameters.Identifier)) throw new
ArgumentException(”Expected non—empty Identifier”);

StatusQueue = ”client.” + parameters.Identifier + ”.status”;

17 ResultQueue = "client.” + parameters.Identifier + ".result”;

ErrorQueue = “client.” + parameters.Identifier + ".error”;

19 }
21 public delegate void StatusCallback(string id, Status status);
public delegate void ResultCallback(string id, Result result);
23 public delegate void ErrorCallback(string id, string error);
25 public void Close()
{
27 connection.Close();
}
29

public void Dispose()

31 {
Close();
33 }
}
35|}

Bunsan.Broker/ClientBase.cs

1|using System.Reflection;

using System.Runtime.InteropServices;
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// General Information about an assembly is controlled through the following
// set of attributes. Change these attribute values to modify the information
// associated with an assembly.

[assembly: AssemblyTitle(”Bunsan.Broker”)]

[assembly: AssemblyDescription(””)]

[assembly: AssemblyConfiguration(”")]

[assembly: AssemblyCompany(””)]

[assembly: AssemblyProduct(”Bunsan.Broker”)]

[assembly: AssemblyCopyright(”Copyright © 2015")]

[assembly: AssemblyTrademark(””)]

[assembly: AssemblyCulture(””)]

// Setting ComVisible to false makes the types in this assembly not visible
// to COM components. If you need to access a type in this assembly from
// COM, set the ComVisible attribute to true on that type.

[assembly: ComVisible(false)]

// The following GUID is for the ID of the typelib if this project is exposed to
comM
[assembly: Guid(”a927d6c3-b4d8—-4330—ab0b—82dea8bffc42”)]

// Version information for an assembly consists of the following four values:
//

// Major Version
// Minor Version
// Build Number
// Revision

//

// You can specify all the values or you can default the Build and Revision
Numbers

// by using the ’"*’ as shown below:

// [assembly: AssemblyVersion(”1.0.%*”)]

[assembly: AssemblyVersion(”1.0.0.0")]

[assembly: AssemblyFileVersion(”1.0.0.0")]

Bunsan.Broker/Properties/AssemblyInfo.cs




