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OnwmceiBaloTCsl MpOrpaMMHbIe MHTEp(EHCHI, pa3paboTaHHBbIE IS yIpaBieHHS OOBEKTaMH
MHOT'OYPOBHEBBIX HEPAPXUUECKUX CTPYKTYpP - XpaHEHHs, U3BJICUCHMS U aHan3a NaHHbIX. [Ipen-
JIOXKEHBI PA3INYHBIE CIIOCOOBI YIPABICHUS JaHHBIMH, Pa3IMYaroInecs UCIOIb30BaHueM (hopMa-
TOB JaHHBIX.

Knroueswie cnosa: rpadsl, runepcetd, 0a3bl JaHHBIX, IPOrPaMMHBINA HHTEpdeEiic.

BBenenue. CTpyKkTypa COBPEMEHHBIX KOMMYHHUKAIITMOHHBIX ceTel (KaK TPAHCIOPTHBIX CETEH,
TaKk U ceTed nepenayu MHGOpMALMK) UMEET nepapxuueckuil xapakrep. g agexkBatHoro otooOpa-
KEHUS IPOLECCOB (PYHKIIMOHUPOBAHUS TaKUX ceTel (HampuMep, ABHKEHHUE aBTOMOOMIIBHBIX MOTO-
KOB, IIepejaya nH(OpMAaLIUN) UCTIONb3YIOTCS CIIOKHbIE MAaTEMaTHYECKHE OOBEKTHI - MOJIENIN Ha 0aze
CIlydaiiHBIX M HEYETKHUX TpadoB, rurneprpadoB, MHOTOYPOBHEBBIE CETH, B YaCTHOCTH, rurepcetu. C
MOMOIIIBIO ammapara runepcerei [ 1] BO3MOXKHO aieKBaTHOE OMMCAHUE TAKUX CIIOKHBIX CUCTEM, KaK
CTPYKTYpHUPOBAHHbIE KaOEJIbHBIE CUCTEMBI, TPAHCIIOPTHBIE CETH, WHKEHEPHbIE KOMMYHHKAIUHU.
[IpumeHeHne runepceTeBbIX MOJENIEH MPH PELICHUH PAa3IMYHbIX ONTHMU3ALMOHHBIX 3aa4 (ynpaB-
JICHHE TPAHCTIOPTHBIMU TIOTOKaMH, MOHUTOPHHT TI€pelavyi JaHHBIX U JIp.) onucaHo B [2-5]. B pabo-
Te [6] paccMaTpUBaOTCSl METO/bI XpPaHEHUSI UHPOPMAIMH O THIEPCETSIX B IOKyMEHTO-OPUEHTHPO-
BaHHBIX 0a3ax JaHHbBIX.

[Tpu pemeHNH MPUKITAIHBIX 3a/1a4 aHaIH3a (YHKIMOHUPOBAHUS MHOTOYPOBHEBBIX CETEH MpH-
XOIMTCS MOJICIMPOBATh OTIEIbHBIE YPOBHH CETEH TpaAWIMOHHBIMU rpadoBeIMU MonensMu. [Ipu
3TOM HEOOXOAMMO pa3pabaThIBaTh AITOPUTMEI, KOTOPhIE OyIyT YYHTHIBATH MEPAPXUIO YPOBHEH -
CJIOKHBIE B3aUMOCBSI3U MEXKIY BEPLIMHAMU Pa3HbIX YPOBHEH, BIIOKEHUE JIEMEHTOB rpada 0JHOr0o
YPOBHS B 3JIEMEHTHI JPYTrOro u T.1.

Jns ynobcTBa MCnosib30BaHUs MOJIETEH ¢ MEpapXUUYECKON CTPYKTYpOoi HEOOXOAMMO Halndue
yIOOHOTO SI3bIKA - KaK JUIS OMUCAHUS BXOJIHBIX JAHHBIX, TAK U JUIS aJTOPUTMOB PEIICHUS ONITUMHU-
3alMOHHBIX 33J1a4 W OTHMCAHUS TOJYYEHHOTO pe3ynbTara. B craThe [6] ObIIH MpeaoxKeHbl HEKOTO-
pBIe CIIOCOOBI OTIMCAHUS IIEMEHTOB THIIEPCETEH, YA0OHBIE TS HCIIOIB30BAHHUS X B IPOTPAMMHOM
uHTepderice, Il XpaHeHUs dTUX JTaHHBIX. B crtathe [7] omucan pa3paboTaHHBI aBTOPOM MPO-
rpaMMHbIN komiieke Hyperman (ynpaBiieHue oObeKTaMH THIIEPCETH), KOTOPBIM peraer 3agauu
XpaHEeHHUs, U3BJICUCHUSI M aHAM3a JAHHBIX /IS MPUMEHEHHS MX B PEIICHUM 3a71ad ¢ 00BEKTaMu
MHOTOYpPOBHEBOHM CTPYKTYpHI. 3/1€Ch Jlajee MpeioKeHbl IPOTrpaMMHbIe HHTEP(ENChI A ya00HO-
ro noJib30BaHus cucremoit Hyperman.

1. Mopaenu s aHAJIM3a MePapPXHYeCKUX CTPYKTYP. byzneM ucnonbp3oBaTh ONpeneacHus U3
Teopuu rpadoB U TEOpUU runepcerei [8].

PaboTta BBIMOSTHEHA [TPU YACTUYHOW PUHAHCOBOM moaaepxke Poccuiickoro ¢onma GpyHaaMeHTaTIbHBIX HCCIIEI0-
Banuii (mpoektsl No 17-07-00775 u Ne 17-47-540977 p_a).
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Onpenenenue. ['unepcersto Ha3biBaeTcs mecrepka H=(X; V; R; P; F; W), cocrosias u3 cie-
JYIOLINX O0BEKTOB:

X= (x1, X2...,X,) — MHOXECTBO BEpIILIUH;

V= (v1, v2,..., Vg) — MHO’KECTBO BETBEIi;

R=(r, 2 ...,r;m) — MHOXeECTBO pebep;

P — otoOpakeHue, ConocTapisIoIIee KaXI0MY 3JEMEHTY Vv U3 V MHOXecTBO P(V) ero BepuivH,
T.e. oToOpaxkeHue P onpenenser runeprpad nepsuunoit cetu PH=(X,V; P);

F — otoOpakeHue, CONOCTABIIAIONIEEe KAKIOMY AJIEMEHTY 7 U3 R MHOXeCTBO F(r) ero BeTBEH.
Otob6paxenue F onpenenser runeprpad FH= (V; R; F);

W — oToOpaxkeHue, CONOCTaBIIAONIee KaKIOMY 3JIEMEHTY 7 u3 R MHoxecTtBO W(r) ero Bep-
mH. Otobpakenue W runeprpad Bropuunoit cetu WH = (X, R; W).

Ecnu nyist ka10i1 BETBH v BBINOIHEHO ycnoBHe |P(v)[=2, s kaxaoro pedpa » BHIIOTHEHO yC-
noBue |W(r)|=2, To nepBUUHas U BTOpUYHAsI ceTu runepcetd H spistorcs rpadamu. B atom ciaydae
H sBnsieTcs npocToi THIEPCETHIO.

B Gonee obmiem cityuae, korja nepBUYHasi U BTOPUYHAS CETH SBISIIOTCA runeprpadamu, uc-
MIOJIB3Y€TCS IOHATHE S-runepceTH [§].

OpHUM U3 MPUMEPOB CIOKHOM CHCTEMBI, JUIsl OMUCAHUSA KOTOPOH YyJ0OHO MCHOJIb30BaTh Ma-
TEMAaTUYeCKU OOBEKT S-TUnepceTh, ABISETCS TPAHCHOPTHAs CUCTeMa Meramnojiuca. Bcro TpaHc-
MOPTHYIO0 UHPPACTPYKTYpPy T'Opo/ia MOXKHO paccMaTpUBaTh Kak B3aUMOCBA3aHHYIO CUCTEMY ceTel
pasnuuHoro Buza. [Ipu 3ToM MareMaTHueckas MOJEIb, OMUCHIBAIONIAS TAKylO CIIOKHYIO CUCTEMY,
JI0JKHA OOBEIUHSTH Bee (DaKTOpBI, BIUAIOIINE Ha ee pyHKUMOHUpoBaHue. Hanpumep, BepiimHaMu
pa3nUYHbIX IpadoB, COCTABISIIOIMX YPOBHH B HEPAPXUUYECKON CHUCTEME TPAHCIIOPTHOM CETH, MOTYT
OBbITh KaK y3JIbl YPOBHS JJOPOXKHOI'O ABMKEHHS (IEPEKPECTKH 10pOT, CTOSHKU, aBTOCTAHLIMH ), TaK U
CpeZCTBa yIpaBJICHUs JBI)KEHUEM (CBETO(OPBI, TOpOKHBIE 3HAKU U yKa3aTtenu, noctsl AIIC). Paz-
JUYHBIE YPOBHH TPAHCIIOPTHOM CETH 3aJlal0T CTPYKTYpY S-TUHEPCETH, KOTOPYIO MOYKHO HMCIOJIB30-
BaTh JJIs (DOPMarbHOTO ONMUCAHMS TPAHCIOPTHBIX MOTOKOB, JUISl PELICHUs 3a/la4d ONTHMAJIbHOIO
yHpaBieHus ABHKEHHUEM U T.J. C OMOLIbIO TAKOH MOJIENIM MOXKHO OIUCBIBATh MEpeIBUKEHNE Mac-
CaXKUPCKUX U TPY30BBIX IOTOKOB; peIllaTh 33Jaud yIpPaBJICHUs TOTOKAMHU IIyTeM pacCTaHOBKH pa3-
METOK M Pa3BsI30K; ONTUMHU3UPOBATh KOJMYECTBO M MECTa YCTAHOBKHU 3allpaBOK, CTAHIMHA TeX00-
CJTy>KHBaHUS U T.JI.

2. Hcnoab3yemble MpOrpaMMHbIe CpeIcTBAa 1JIsi padoThbl ¢ 00beKTaMH HepapXH4ecKoi
CTPYKTYPBI. /11 XpaHeHHs JaHHBIX 00 3J1eMEHTaX MHOTOYPOBHEBOM CTPYKTYphl Oblia pa3paboTa-
Ha cuctema Hyperman [7]. Ilporpammubiii uHTepdeiic peann3oBaH Ha OCHOBe (GpeiMBOpKa
Phoenix, s3pik mporpammupoBanus Elixir. Elixir sBnsercs (yHKIHMOHATBHBIM, paclpeieleHHbIM
S3BIKOM TPOTPaMMHUpPOBaHMs OOILEro Ha3zHaueHus, paboTaeT Ha BUpTyanbHOM MammuHe Erlang
(BEAM). Takoii BbIOOp MO3BOJISIET pa3pabOTaHHON CHCTEME HMCIIOJIb30BATh PEKUM MATKOTO pealib-
HOT'0 BPEMEHU M FOPU30HTAJILHO MacIITa0UPOBATHCS ITPH YBEIMYEHUH BBIYUCIUTENIBHBIX HATPY30K.

2.1. Cneyugpuxayuss JSON API. Tlpu noctpoenun API (mporpamMmmubId HHTEpDEHC TMpHUITOXKE-
HUs, UHTEp(elc MPUKIATHOTO TPOrpaMMHUpOBaHus, application programming interface, API), mst
o0ecreyeHts JIETKOCTH Pealu3allii KIIMEHTCKUX NPUIOKEHNH U ONTUMU3alUKN PAcX0A0B Ha Iepe-
naqy uHdopmaruu, ucnoias3oBanack crenudukanus JSON API. Jlannas cienudukanus aexkiapu-
pYeT, KaK JOJKHBI BBITJISIIETh OTBETHI U 3alIPOCHl K CEPBEPY OT CTOPOHHUX MIPOrpamMM IO IPOTOKO-
ay HTTP. Crneumdukanmsi Takke onpeaeseT MeTo paboThl CO CBA3SIMU OOBEKTOB, UTO HEOOXO-
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VMO TIpU OMUCAHUU MHOTOYpOBHEBBIX CTPYKTYp. JSON API ynoOeH ans MUHUMH3ALMU KOJIUYe-
CTBa 3aIPOCOB U KOJIMYECTBA IaHHBIX, IIEPEIaBAEMBbIX MEX/1y KINEHTAMU U CepBepaMH.

OcnoBoii JSON API siBnsiercs pecypc, T.e. HEKOTOPBI 0OBEKT C ONPEAeIEHHBIM KOJINYECTBOM
aTpuOyTOB M CBsI3eH, KOTOPBIM MOJIJEPKUBAET OAMH MM HECKOJIBKO U3 CIEAYIOIIHUX METOOB:
Create (cozmanue pecypcoB), Index (momyuenus cnmcka pecypcoB), Show (Bo3BpalaeT pecypc 1o
yHUKalIbHOMY uaeHtudukartopy), Update (oOHOBNsIeT naHHbIe pecypca), Destroy (ynanser pecype
M0 YHUKAJIbHOMY HIEHTU(DUKATOPY).

Ha ocnoge cnenmdukaruu JSON API Obutu peann3oBaHbl MECTh PECYpPCOB, KOTOPbIE Mpeaoc-
TaBJIAIOT BO3MOXKHOCTh MAHUIYJUPOBATh JAHHBIMU 00 MEPapXUUECKUX CTPYKTypax, B YACTHOCTH,
00 00beKTe TuIepceTh: TUIepceTh, rpad, BepiIuHa, pedpo, oToOpaxeHue pedep, oToOpakeHue
BEpILIUH.

2.2. Cmanoapm GraphQL. GraphQL — 3T0 cTaHIapT JeKIapupOBaHUs CTPYKTYPHI TaHHBIX U
Croco0OB MOJIy4eHUs JaHHBIX ¢ cepBepa. B ommuum ot pabotsl co cneuudukanueidr JSON API,
KJIMEHT, KOTOPBIA B3aUMOJICHCTBYET C CEpPBEPOM, JIEKIapUpyeT Te JaHHbIE, KOTOPbIE OH XOYeT I0-
TyuuTh. Ecm He0OX0IUMO MOTYUYUTh TOJBKO MIEHTH(PUKATOPHI BceX BepunH, To yepe3 JSON API
c/ienaTh 3TO HET BO3MOXHOCTH, OyayT MOJIY4YeHbI Bce JaHHbIE 000 BCEX BEPILIMHAX, YTO B HEKOTO-
pBIX citydasix siBisercst u30bTouHbIM. Ilpu padore co cranmaprom GraphQL mosb3oBatens B 3a-
IIPOCEe MOKET yKa3aTh HEOOXOUMBbIE JaHHBIE U CEPBEP JODKEH OyAeT MO 3TO MOACTPOUTHCS.

B crannapre GraphQL ecTh ABa MOJHOCTBIO OTAEIEHHBIX APYT OT Jpyra MOHSTHUA: TUI 3aIpo-
ca ((opMat maHHBIX O HeM) U crocod ero nmoaydeHus. B ommune ot JSON API, GraphQL nmaer
M0JIb30BaTeNI0 Oosiee yA0OHbIe BO3MOXHOCTH 1O BbIOOpY AaHHBIX. IIpu popmupoBanuu 3ampoca
M0JIb30BaTENb BIIPABE CaM peIIaTh, KAKME UMEHHO JIaHHBIE U B KAKOM BHJIE €My HEOOXOJIUMBI, T.€.
BO3HHMKAIOT MPEUMYIECTBA, KOTOPbIE MOKHO HCIOJb30BaTh NPU NPOEKTHPOBAHUH AJITOPUTMOB
peleHus MPUKJIAIHbBIX 3a/au.

3. PazpaGoTranHble NporpaMMHbIe CpeIcCTBa XPaHeHHs 00bEeKTa runepceTb U U3BJIeYeHUs
Heo0X0AUMBIX JaHHBbIX. B pabore [7] mpuBoauTcs omucaHue pa3pabOTaHHOTO MPOTrPAMMHOIO
KOMILIEKCa, KOTOPBIM pelIaeT 3ajjauyd XpaHEeHUs, U3BJICUCHUS U aHaJIM3a JJaHHbBIX JUII MHOTOYpOB-
HEBBIX CTPYKTYP.

[TpeioskeHHOE pelIeHne COCTOUT U3 CIEAYIOLUINX KOMIIOHEHT:

— IOKyMEHTHO-OpPHEHTUPOBaHHas 0a3a JaHHBIX A7 XpaHeHus nHpopmarmu (MongoDB);

— BeO-IpUIIOKEHUE JJIs U3BJICUEHUS JaHHBIX U3 0a3bl U MpeoOpa3oBaHMsl UX B NMPUBEICHHBIC
BbILIE (POPMATHI;

— OaJaHCUPOBILMK HArpy30K I pacipeeseHHs 3aIIpOCoB.

s cpaBHeHMs pa3paOOTaHHOTO METOJa XPAaHEHHs JaHHbBIX C CYILECTBYIOUIMMH METOAaMH,
OTMCHIBAIOLIUMH CJIOKHBIE HEPAPXUUECKUE CTPYKTYpbI, paCCMOTPUM MOJENb, MPEAJIOKEHHYIO B
pabote [9]. ABTOpBI ONUCBHIBAIOT MHOIOYPOBHEBYIO MOJIEIIb, 1€ JAHHBIE XPAHATCS B BUJE JPEBO-
BHJIHOM (ME€papXUUeCKON) CTPYKTYPHBI, COCTOSAIIEH U3 O0BEKTOB Pa3IMUHbIX YPOBHEH. Mexmy o0b-
eKTaMM CYLIECTBYIOT CBSI3H, KaKIbIl OOBEKT MOXKET BKIIIOYATh B €0 HECKOJIbKO MM HU OJHOTO
00BeKTOB O0Jiee HM3KOTO ypoBHs. Takass MOACNb SBJISICTCS XOPOIIEH OCHOBOW ISl aHAJIU3a CJIOXK-
HBIX CTPYKTYp, HO HE MOXKET OBbITh IPUMEHEHA I BCEX BO3MOKHBIX TUIIOB HEPAPXUUECKUX OOBEK-
TOB, @ TOJIBKO JIMIIb JUII HEKOTOPBIX KOHKPETHBIX cilydaeB. Hampumep, B Heil Henb3s JeKIapupo-
BaTh TUIIBI CAMUX CBS3EH, YTO SIBJIAETCS HEOOXOAMMBIM B 3a/a4axX ONTHMMHU3ALUU TPAHCHOPTHBIX
CETEH.
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Jlis coznanus Gosee afieKBaTHOTO crioco0a XpaHeHMs U U3BJICUEHUS JaHHBIX HEPAPXUUYECKUX
CTPYKTYp TpeJylaraeTcs MCIOJIb30BaTh pealn3allii NPUBEACHHBIX Bbllle crenudukamuii JSON
API u GraphQL. Kpome HuzkoypoBHeBbix API, 115 paboThl ¢ MHOrOYpOBHEBBIMH O0BEKTAMU pas3-
paboTaH npeaMmeTHo-opueHTHpoBaHHbIN s13bIk DSL - Domain-specific language. DSL sBnsercs
paclIMpeHueM s3bIKa MPOrpaMMHMpOBaHUs 00LIero HazHadeHus ruby. CrenoBaTellbHO, OH COAEp-
XKHUT Bce 0a30Bble KOHCTPYKLUH ruby, a MMEHHO: YCJIOBUS, LIUKIbI, 00paOOTYMKHM OLIMOOK U T.A.
Kpome 3T0ro, 536K ruby umeer cTaHIapTHYIO OMOIMOTEKY, KOTOpasi COJAEPKHUT MHOTO IOJIE3HBIX
(GbyHKUMH, BKIIOYas ynoOHyto paboTy ¢ ¢aitnamu. [Ipu o6beaunenun ¢ npencrasieHHbM DSL, 310
naet OOoJIbIINEe BO3MOKHOCTH KCIOPTA JaHHBIX U3 BEO-IPUIIOKEHUS B Hy X HbIe (hOpMaThl, 4TO He-
00X0AMMO MPU UCTIOIB30BAHUU PA3IUYHBIX AJITOPUTMOB.

Pa3paOoTanHblil A3bIK Oa3upyeTcs Ha CEMH OCHOBHBIX KJaccax, KaKAbI U3 KOTOPHIX OTBEYaeT
3a OIpeieIeHHbIE OTEepaLUu:

1. Hypernet — onepanuu ¢ runepceTsiMu

2. Graph — onepauuu c rpadamu

3. Node — oneparuu ¢ BepIImHaAMH

4. Edge — onepanuu ¢ pedbpamu

5. Mapping — onepauuu ¢ 0TOOpakeHUSIMU

6. NodeMapping — onepanuu ¢ 0ToOpakeHUsSIMU BEPIIUH

7. EdgesMapping — onepatiuu ¢ otroOpakeHueMu pedep

Kaxiplii n3 3TUX KJIACCOB UMEET CIIECAYIOLINE METOIbI:

— METOJ1 CO3JIaHMsI FK3EeMIUIsIpa C COXpaHEHHEM Ha cepBepe (create);

—METO/]I ToUcKa B 0a3e JaHHBIX (query);

— METOJ] TOMCKa 00beKTa Mo YHUKaIbHOMY HieHTHuukaropy (find);

— MmeToq ynanenus (destroy);

— MeToJ1 OOHOBIIeHUs AaHHBIX (update);

— METOJl COXpaHEeHHUs JaHHBIX Ha cepBep (save).

Kaxplii 00BeKT MepeunciieHHbIX KJIACCOB COACPKHT BCe aTpHOYTHI M BCE CBSI3U, IOCTYIHbIE
yepe3 JSON API.

JlaHHBIi A3BIK pa3zpabaThIBaJICS INIABHBIM 00pa3oM Ul TOT0, YTOOBI AaTh MOJIb30BATENIO YEJI0-
BEKO-TIOHATHBIA U BBIPA3UTENIBHBIA CIIOCOO OMMCAaHUS MOJENIel MHOIOYPOBHEBBIX CTPYKTYp. Tak-
&Ke, OJHON W3 1eneil Obula MHKAICYJISAIUS CeTEBOr0 B3aMMOJAEHCTBHS. J[Is1 TOro, 4ToObl MOJIB30-
BaThCs MpuBeAeHHbIME Bbilie cranaaptamMu JSON API u GraphQL, HeoOxoIuMsbl orpeneaeHHbIE
MIO3HAHUA B 00J1aCTH BEO-TEXHOJIOTUH, T.€. OJIb30BATENb JIOJKEH OyJIeT MCII0JIb30BaTh HEKOTOPYIO
O6uOIMOTEKY Ui B3aMMOJEHCTBHMN 1O ceTu. PazpaboTaHHBIN NpeaMETHO-OPUECHTUPOBAHHBIN S3bIK
DSL uHKancyiaupyer Bce ceTeBble B3aUMOICHCTBUS U JA€T MOJIb30BATEN0 TOJIBKO ONpeIeIeHHbIN
Ha0Op 00BEKTOB U (PYHKIHMI, HEOOXOIUMBIX Ul aHAJIN3a MHOTOYPOBHEBBIX CHCTEM.

3akiouenue. Pa3paboranHble CHIOCOOBI B3aMMOJICHCTBHUS TOJB30BATENsT C web-cucreMon
YIPaBJICHUs XPAaHEHUEM OOBEKTOB HMEPAPXUUECKUX CTPYKTYp JAIOT IOJIb30BATENI0 BO3MOXKHOCTb
paboTaTh C MHOrOYPOBHEBBIMU MOJEISAMH U PelIaTh IPUKIIAJHBIE 33Ja4l C Y4ETOM MEXXYpPOBHEBBIX
CBSI3eH B CJIOKHBIX OOBEKTaxX. DTO aKTyaJIbHO AJIS pelleHMs 3ajad aHaiu3a (PyHKIMOHHPOBAHUS
COBPEMEHHBIX CIIOXHBIX CHCTEM, MOJICIUPYEMBIX HEPAPXUUECKUMHU CTPYKTYpaMH - TPAHCHOPTHBIX
CeTel, ceTel nepeaayu JaHHbIX U T.J1.
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