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Nponor

Besaecyuwve rpagsl, nAn PodkaeHue
Mn3BeCTHbIX HaMm rpadosbiX 633 AaHHBLIX

Ito 66110 B 1999 roay, Mbr paGoranu no 23 yaca B cyTku. 1o kpaiineii
Mepe, YyBCTBOBAIM ceOs1 MMEHHO Tak. Kak/plil eHb TPUHOCUIT ouepe-
HYIO HOBOCTb O CyMacIIe/illieil nujiee, TOJIbKO UTO IOJIyduBIIell huHaHCH-
poBaHVEe B MUJUTHOHBI IOJIJIAPOB. Y HAIMX KOHKYPEHTOB ObLJIM COTHU WH-
JKEHEPOB, a HAllla KOMaH/a pa3paboTynKOB COCTOsLIA Beero u3 20 yesoBex.
ITOTO GBLIIO ABHO HEAOCTATOUHO, TiprdeM 10 13 HATMX MHKEHEPOB 60JIb-
IIYIO YaCTh BPEMEHU MPOBOANIN B G0pbOE € PeIAIMOHHOI 6a30i1 TaHHbIX.

Hawm norpeboBasioch BpeMsi, 4TOOBI BBISICHUTD, TOYEMY TaK MPOUCXO-
mut. [locse TIIaTeIbHOTO aHAMN3A APXUTEKTYPBI JAHHBIX, XDAHUMBIX Ha-
UM [IPUJIOKEHIEM YIIPABJIEHUsI KOHTEHTOM, BBISICHIIOCH, YTO IIPOrPaM-
Ma JIOJDKHA He MPOCTO YIPABISATh MACCOI OTAEIbHBIX M30JMPOBAHHBIX
OUCKpemHblX DIIEMEHTOB JTAHHBIX, HO U YYUTHIBATH C8S3U MEKIY HUMIL
HecmoTpst Ha TO UTO HAIIM AMCKPETHBIE JAHHBIE JIETKO PA3MEINaINCh B Ta-
GIMIAX PEJNANMOHHON 6a3bl JAHHBIX, ¢ XPAHEHUEM CBS3CH MEXK/Yy HUMU
BO3HUKJIU CJIOKHOCTH, a 3aIIPOCHI, U3BJIEKAIOIIIE MX, BBIIOJIHSIICH YPE3-
BbIYAITHO MeJJIEHHO.

IIpocto ot oTuasmus s BMecte ¢ Voxanom u ITutepom, coyupeante-
JsIMU KoMraHuy Neo, Hauasl dKCIePUMEHTUPOBATh C IPYTUMU MOJIEJis-
MU TIPE/ICTABJIEHI IAHHBIX, B YACTHOCTH OCHOBaHHbIMU Ha Tpadax. Hac
yBJIEKJIA Wles 3aMEHbI TAGJINYHON CeMaHTUYECKON MOJIEIH JIAHHBIX Ipa-
(ho-OpUEHTHPOBAHHOI, KOTOPast MOJKHA OblIa 3HAYMTENBHO 0OJErYUTH
HABUTAIMIO 110 CBSI3aHHBIM JaHHBIM. MBI MOHSIN, YTO, BOOPY>KUBIIIICH
rpadoBoil MOJIeJIbIO, HAllla KOMAH/IA TIePeCTAHET TPATUTH IIOJIOBUHY CBOE-
ro BpeMeHu Ha 60pbOy ¢ 6a30ii JaHHBIX.

KomneuHo, Mbl IOHMMAJIH, YTO HE SIBJISIEMCST IIEPBOIIPOXOAaMu. Teopust
rpacos cymiecTByert y:ke B Tedenue noutu 300 Jiet, v ipuMepsbl ee IpuMeHe-
HUS B TIEJIOM PsAJIE Pa3HOOOPA3HBIX MATEMATHYECKHX 32/1a4 IIMTMPOKO U3BECT-
ubl. EcrecTBenHto, 10/5KHBL ObITH 1 6a3bl JAHHBIX, OCHOBAHHbIE Ha Tpadax!

Hy, Mbl 1 ipoyecasiu ¢ iomornbio AltaVista! Bech Mosofioit nreprer
U HUYero He Hai. Yepes HECKOIBKO MECSIIER GECTIOAHBIX TIOUCKOB MbI

1 3ro 6yz[eT IIOKOM JIAA MOJIOAbBIX ‘{I/ITaTeJIef/’I7 HO B UCTOPHUH HeJI0BEYECTBA OBLIO

Bpemst, korga Google He cyrecTBoBas. B Te sasnekue BpemMeHa 3emiieii paBuin
JIMHO3aBPbI 1 MOUCKOoBbIe crcTeMbl AltaVista, Lycos u Excite B ocHOBHOM nHC-
MTOJTH30BAJIHCH JIJISI TIOMCKA 9JIEKTPOHHBIX MTOPTAJIOB, TIpe/IyIaralonnx yepe3 Mn-
TepHET NPUOOPECTH KOPM IS IOMAIIHUX KMBOTHBIX.
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(cMeJI0) MPUCTYTIAIA K CO3MaHUI0 ¢ HyJist Gasbl IAHHBIX, KOTOpash W3Ha-
JaJbHO MPeHAZHAYATACH Uit pPaboThI ¢ Tpadamu. B HatieM mpejcTaBiie-
HUW OHa JI0JIKHA ObliIa COXPAHUTD BCE TPOBEPEHHBIE BpeMEHeM (DYHKITHY
peJISIMOHHOI Gasel gaHHbX (Tpansakiuy, ACID, Tpurrepsl u T. 1.), HO
TIPU 9TOM UCTIOJIB30BaTh Mojeb faHHbIX X X1 Beka. Tak pomumiics mpoexT
Neo, a BMecTe ¢ HuM TpacoBbie 6a3bl JaHHBIX, B TOM BHU/IE, B KOTOPOM OHU
WU3BECTHBI CETO/IHS.

B nepBoM fiecATHIIETHN HOBOTO THICSYEIETHS BOSHUKIIO HECKOJIBKO 13-
MEHUBIIIUX MUP KOMMEPUYECKUX MTPOEKTOB, B ToM uncie Google, Facebook
u Twitter. VIM mipucyina ojHa o611ast 0COOEHHOCTD: OHU C/IEIAJI CTaBKy
Ha rpadoBYIO MOJIEJb MPENCTABICHUS B3aUMOCBI3EH MEXKIY JAaHHBIMHU,
clleJiaB ee OCHOBOM cBoero GusHeca. VI Bot, uepes 15 JieT mocsie mosiBJie-
Hus, TpachoBast MOJIEJb UCIIOTIH3YeTCs TOBCEMECTHO.

Facebook, warmpumep, 6asupyercst Ha uzee, 4T0, HECMOTPST Ha 3HAUU-
MOCTb JIMCKPETHOM MH(MOPMAITNH O JIO/SIX, UX UMEHaX, TIPO(MECCHSIX U T. 1.,
etite GOJBINYIO IIEHHOCTD MPEICTABJISIIOT CBECHUS O 63AUMOCEAZAX MEKIY
numu. Ocuosaresib Facebook Mapk ITykepGepr (Mark Zuckerberg) mo-
CTPOUJI CBOIO MMIIEPHUIO, OCHOBBIBASCh HA TTOHUMAHUU MOJEJINPOBAHUS
ATUX B3AMMOCBSI3€l C TIOMOIIBIO COUUANLHOZ0 2pAda.

TouHo Tak ke ocHoBaresm KoMmmauuu Google — Jlappu Ileiipk (Larry
Page) u Cepreii Bpun (Sergey Brin) — npujymanu, Kak XpaHUTb U 00-
pabaThIBaTh HE TOJIBKO OT/EJIbHbIE BEO-TOKYMEHTBI, HO U KaK CBsI3aTh UX
Mesky coboit. Google cospana epagp Hnmepnema, 9To M MO3BOJMIO €l
CTaTh CaMOI BIIEUYATISIONIEN KOMITAHUEH TTOCTEHETO IeCATUICTHS.

Cerojast Tpadbl YCHEINTHO UCIONb3YIOTCS HE TOJbKO Thurantamu MH-
tepHera. OJIHA U3 caMbIX GOJIBIITNX B MUPE JIOTHCTUYECKUX KOMIAHUH HC-
noJib3yet rpadoByto 6asy JaHHBIX It TPOKJIAIKU B PEKUME PEATBHOTO
BPEMEHU MapIIPYTOB OTIIPABICHMUIA, BEAYIAst aBUAKOMITAHWS UCIIOJIb3YET
rpadbl 71T yIIpaBJIeHWsST METaaHHBIMU MEUAKOHTEHTA, U (DUHAHCOBBIE
CTPYKTYPBI TOII-YPOBHSI IEPEBOISIT BCIO CBOIO MH(MPACTPYKTYPY Ha Neodj.
[IpakTyeckn HUKOMY He W3BECTHBIE HECKOJBKO JIeT Ha3ajl, rpadoBbie
6asbl JAHHBIX B HACTOSIIEE BPEMsl ITHUPOKO TMPUMEHSIIOTCS B TAKUX 00-
JIACTSIX, KK 37[paBOOXPaHEHNUE, PO3HUIHAST TOPTOBJIs, Ta3oHe(Te00bIYa,
cpecTBa MaccoBOU wHMOpPMaInH, pazpaboTKa UTP U JIP., YCKOPSIs Pa3BU-
THe KaK/[01 13 HUX.

Peasmzariust aTux ujeil morpeboBaia paspabOTKH HHCTPYMEHTOB HO-
BOTO THUIIA, OCHOBAaHHBIX Ha TEXHOJOTUSX yIIpaBJeHUs OazaMu JIAaHHBIX,
VUUTBIBAIOTINX B3AUMOCBSI3U MEK/TY IAHHBIMU W TIO3BOJISTIOTITUX MBICJIUTD
KaTreropusiMu rpaoB, a 5TO UMEHHO T€ MHCTPYMEHTBI, O KOTOPBIX MbI MeU-
TaJll, My4ach ¢ PEJISIIMOHHON 6a30i naHHbIX B 1999 Tosy.



12 < [lpoaor

A Haneroch, YTO 9TA KHUTA CTAHET BAIlIUM Iy TEBOIUTENIEM TI0 TIPEKpac-
HOMY Pa3BUBAIONIEMYCSI MUPY TPa(OBBIX TEXHOJIOTUI U BIOXHOBUT BacC HA
ncrosb3oBatue TpadoBoil 6asbl JAHHBIX B BAIEM CJIEAYIOIIEM MPOEKTE,
4TOOBI BBI TOKE CMOTJIU OILYTUTH HEOOBIUAITHY 0 MOIIIb rpadoB.

Ynaun!

Imunv Suppem (Emil Eifrem),

coyupemurenb Neo4j u renepaibhbiii qupextop Neo Technology
Memnuio-ITapk, Kanudopuus

Maii 2013 roza



Npeancnosue

Cerozns penenns, OCHOBaHHbIe Ha rpadoBbIX 0a3ax JaHHBIX, OY€Hb BaK-
HBI IUIs1 BEJIeHUsT YCIIEITHOro OM3Heca: yIpaBJieHne, yYUThIBAIOIIee CII0K-
HBIE ¥ IHHAMUYHbBIE OTHOIIEHIS TECHO CBSI3AHHBIX MEK/Y COOOIT IAHHBIX,
PEeJOCTaB/IAeT IIPEUMYIIECTBO B KOHKypeHIui. Besne, rae tpedyercs
YUUTHIBATH B3aUMOCBSI3U MEKIY KIMEHTaMU, abOHEHTaMU Tesie(hOHHOTO
LeHTpa WK ceTd 00pabOTKU JAHHBIX, OPraHU3aTOPaMU MIPEACTaBIeHUI
U 3PUTENISIMU WJIN JKe TeHaMi U OeJIKaMi, CIIOCOOHOCTh BOCIIPUHUMATH
1 AaHAII3UPOBATH OTPOMHBIE TPa(bl TECHO B3aMMOCBSI3AHHBIX JaHHBIX Oy-
JIeT UrPaTh ONPEAEIAIONIYIO POJIb s KOMIAHUN, KOTOPbIE TIPEB30UILYT
CBOUX KOHKYPEHTOB B T€UEHUE CJIEYIONIETO AECITUIIETHUSI.

s panubIX 1060ro obbema u 3HauyeHus rpacoBble 6Gasbl JAHHBIX
SIBJISTIOTCSI JIYUIITAM CITIOCOOOM TIPEICTABJICHUST U M3BJICUCHUS B3aHMO-
CBA3aHHBIX JAHHBIX. B3anMOCBA3KM MeKIy JAaHHBIMU IIPEICTABJISIOT CO-
6oii jaHHbIe, ONMCAHUE U OL[EHKAa KOTOPBIX HY/KHbI HAM JIJIsl TIOHUMAaHNUI,
KakM 00Pa3oM CBS3aHbl MEkKAY COOON COCTaBJIAIONUE dIeMeHThl. JIjis
JIOCTUKEHMSI TAKOTO IIOHUMAaHUs IOTPEOYIOTCs MAeHTU(DUKALINS U KBAJIK-
(bUKaIUs B3aMMOCBSI3el MKy DJIeMEHTaMK JAHHBIX.

MHorre KpyIHbIe KOPIOPALUHU, OCO3HAB 3Ty HEOOXOAMMOCTh HEKO-
TOpOE BpeMs HaszaJl, HAuaJi CO3/aBaTh COOCTBEHHbIE 3allaTeHTOBAaHHbIE
TexHonornu 00paboTKu rpadoB, HO MBI JKUBEM B JII0XY, KOIJa JOCTYII
K TEXHOJIOTUSIM CTaHOBUTCS Bee Oostee meMokparuuibiM. Ceroztst obiie-
noctyiHbie TpadoBbie Gasbl JAHHBIX SIBJSIOTCS PEATBHOCTBIO, MO3BO-
JIis OCHOBHOI Macce I10JIb30BaTe iell UCIIbITaTh IPEUMYLIIecTBa PabOTh
C B3aMMOCBSI3AHHBIMU JIAHHBIME 0e3 HEOOXOAUMOCTH WHBECTUPOBATH
B pa3paboTKy coOCTBEHHOIT TpadoBOil HHGPACTPYKTYPHI.

ITpuMevaTeIbHBIM SIBJISIETCSI BO3POKAEHUE UHTEPECa K 0TOOPasKeHUIO
JIAHHBIX TIOCPEACTBOM rpadoB, MPUTOM UTO Teopus rpados cama 1o cebe
He HoBa. Teopus rpados ObLIa BiepBble onucana Jitnepom B XVIII Beke
U JIO CUX TIOP aKTHBHO UCCJIEYETCs M YTy UIaeTCss MaTeMaTHKaMK, COTIHO-
JIOTaMH, aHTPOIOJIOraMi ¥ APYTUMHU CIIEHUAINCTaMI-IPaKTHKaMu. Tem
HE MEHee TOJIBKO B TIOCJIeHIE HECKOJIBKO JIET TeOpHst rpadoB U IpeCcTaB-
JIeHne ¢ IIOMOIIBIO IpadOB CTaaU MPUMEHATHCA K YIIPABJAEHUIO HHGOP-
maiueil. IpadoBbie 6asbl JaHHBIX MOMOIJIM PEIIEHNUIO Ba)KHBIX TPOOJIEM
B 00JIaCTHU COIMAJIbHBIX CETel, YITPABICHISI HOPMATHBHO-CIIPABOYHOI MH-
dhopmarieii, kKaprorpaduu, 9KCIePTHBIX PEKOMEHAAIMNA 1 MHOTUX APYTHX.
Takoe MOBBIIIEHHOE BHUMaHNE K TPahOBbIM 0azaM JaHHBIX 00YCJIOBIEHO
nByM:I (haKTOpaMU: OTPOMHBIM KOMMEPUYECKUM YCIIEXOM TaKUX KOMIIAHMUI,
kak Facebook, Google u Twitter, GusHec-Mo/e/i KOTOPBIX OCHOBBIBAIOTCS
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Ha COOCTBEHHBIX 3aMAaTEHTOBAHHBIX TEXHOJOTUSX TPadOB, U MOSIBJICHUEM
06111e10CTYTTHBIX TPadOBbIX Oa3 TaHHBIX.

O BTOPOM U3A3HUN KHUMN

ITepBoe uzpanue aToil KHUrK Obla Harrcano, korga Neo4j 2.0 Haxoauics
B CTaIM¥ aKTUBHOTO Pa3BUTHS U €1l[e He ObLIN OKOHYATENIbHO 3aKPEILICHDI
(opMbI MeTOK, MHIEKCOB M OrpanudyeHuii meaoctuoctu. Ceituac Bepcus
2.x Neo4j y:ke mpocyIniecTBOBajIa YacTh CBOETO JKU3HEHHOTO IHKJa (Ha
MOMEHT HallMCaHWsl KHUTH JOCTYITHA Bepcus 2.2, U CKOPO BBIHIET Bep-
cud 2.3) 1 MbI y3Ke ¢ YBEPEHHOCTBIO MOKEM BKJTIOUUTH B TEKCT KHUTH HO-
BbIe 3JIeMEHTBI TPahOBOIT MOJIEJIN.

J1J1s1 BTOPOTO M3/IaHKs 9TOW KHUTH MBI TIEPECMOTPEJTH BCE TPUMEPHI Ha
sbike 3arpocoB Cypher, UTOOBI IPUBECTU UX B COOTBETCTBHIE C COBPEMEH-
HBbIM CHHTAKCUCOM sI3bIKa. Mbl 700aBUJIM METKHU I 3alIPOCOB M CXEM,
BKJIIOYHJTU MTOSICHEHUS JIeKJIapaTUBHON MHAEKCAIUN W JTOMOJTHUTETHHBIX
orpanndennii nengoctioctu Cypher. B npyrom Mecre Mbl go6aBuin 10-
HOJIHUTEJIbHbIE [IPaBIJIa MOAEIUPOBAHUS, IlepepaboTajy OlICAHIe BHYT-
peHHNX cBOMCTB Neo4dj B COOTBETCTBUH C MI3MEHEHUSIMUA €T0 BHYTPEHHEN
ApXUTEKTYPbl U OOHOBUJIM T€CTOBbIE IIPUMEPDI, IPUMEHUB B HUX HOBEM-
[I1Me UHCTPYMEHTDI.

O 4yeM 3Ta KHUra

Ilesb 9TOM KHUIM — IIO3HAKOMUTH PaszpabOTYMKOB, CHEIUAIMCTOB 110
6a3aM JaHHBIX U JIUII, IIPUHUMAIOIINX PelieHre O BbIOOPe TeXHOJIOTH,
¢ rpadamu 1 rpacdoBbIMU OazaMu JAHHBIX, B OCHOBHOM OPUEHTHUPYSICh Ha
MpaKTUYeCKOe TPUMEHEHUE 3TUX TeXHOJOTUH. [IpouTs aTy KHUTY, BBl Ha-
YUUTECH TPUMEHSTD rpadoBbie 6a3bl JaHHBIX HA MPAKTHKE. Mbl TOKakKeM,
Kak rpadoBast Mozesb «(DOPMUPYET» JAaHHbBIC U KaK MbI U3BJEKaeM, 060-
CHOBBIBAaeM, IIOHUMAEM ¥ 6030€UCmEyeM Ha JaHHbIE C IIOMOIIbIO rpaOBbIX
6a3 gaHHbIX. Mbl PACCMOTPUM BCe BUJBI IPOOGJIEM, KOTOPbIE JIETKO pella-
I0TCS IIPU IPUMeHeHNH rpadoBbIX 6a3 JaHHBIX, COIPOBOAUE ITOACHEH
MPAKTUYECKUMU TIPUMEPAMU, U ONUIIIEM MTPOEKTUPOBAHNE U PEATU3AITUIO
pelieHnii, OCHOBbIBAIOIIUXCs Ha rpadoBbIX Oasax JaHHbIX.

CornaweHus

B 21011 KHUTE PUHSATHI CJIeLytolue TUorpagcKkre CorameHus:

Kypcus
Brienenue nHoBeix TepmuHoB, URL-azfpecos, ajjpecoB a1eKTpOHHON
OYTHI, UMeH (ailIoB U pacuupennii aitnos.
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MOHOWMPWHHBIA WPUHT
Ucnonbayercst i opopmiieHus IIPOrpaMMHOTO Kojla U (hparMeH-
TOB IIPOTPAMMHOI0 KOjla BHYTpU ab3alleB, TAKUX KaK MMEHa Iepe-
MEHHBIX ¥ (DYHKIIUIA, TUITBI JIAHHBIX, I€PEMEHHBIE OKPYKEHHUSI, OTle-
pPaTopbI U KJIOYEBBIE CJIOBA.

X1pHbIA MOHOWMPUHHDIA WPUT
KOMaHI[bI nJjin leyI‘OfI TEKCT, KOTOpI)IfI JOJIJKEH 6I)ITb BBe/leH I10JIb-
30BaTeJIeM.

HaK10HHbI( MOHOWUPUHHBIT Wpudm
TeKCT, KOTOprﬁ JOJIZKEH 6bITI) 3aMEHEH I10JIb30BaTCJIbCKUMUN 3Ha4Ye-
HUAMUW UJIN 3HAYCHUAMU, OITpe/ICIAEMBbIMU KOHTEKCTOM.

Tak 0603Ha4aTCs COBEThI, MPEenIoXeHMs 1 NpuMedaHns obLero xa-
pakTepa.

A Tak 0603Ha4alOTCH NPEeLyNPEXOEHUs 1 NPEaOCTEPEXEHNS.

Mcnonb3oBaHe npumMepoB KOAAd

ConpoBouTebHble MaTepuaIbl (IIPUMEPBI KOJA, YIPAKHEHUS U T. II.)
MOYKHO 3arpys3uTb CO CTpaHullbl https://github.com/iansrobinson/graph-
databases-use-cases.

[lannas kHUTa IpU3BaHa OKa3aThb BaM IIOMOIIb B PellleHUU BallllX 3a-
nad. Bel MoskeTe cBOOOIHO MCIIOIb30BATh IPUMEPHI IIPOrPAMMHOI0 KOjia
13 3TOW KHUTH B CBOUX MTPUIOKEHUSAX U B IOKyMeHTAIMW. Bam He HYKHO
o6palarbCst B U3/IaTEIbCTBO 3a Pa3pelieHneM, ecJii Bbl He coOUpaeTech
BOCIIPOM3BO/IUTD CYIIIECTBEHHbIE YacTH IporpaMMHoro kojaa. Hampuwmep,
ecJi BbI paspabaThiBaeTe MPOTpaMMy WM HCIIOJb3yeTe B Heil HECKOJBKO
OTPBHIBKOB MIPOTrPAMMHOTO KOJIa M3 KHUTH, BaM HE HY/KHO 00palarhes 3a
paspernienueM. OHAKO B cjydae MPOJaKU WJIN PACIIPOCTPAHEHUS KOM-
MaKT-IMCKOB C MPUMEPAMU M3 ITOM KHUTH BaM HEOOXOAMUMO MOTYYHTh
paspemierue ot usgaresnbersa O'Reilly. Ecin Bbl oTBedaeTe Ha BOIPOCHI,
MUTUPYS AAHHYIO KHUTY WM MPUMEPBI U3 Hee, TIOJMyUeHUs pa3penieHnus
He Tpebyercs. Ho Npu BKJIIOYEHUHU CYIIECTBEHHBIX 00BEMOB MTPOrPaMM-
HOTO KOJIa TPUMEPOB 13 HTON KHUTH B BAIlTy IOKYMEHTAIIHIO HEOOXOANMO
MOJIYYUTD Pa3pelieHne u3/1aTeTbCTBa.

MbI TIpUBETCTBYEM, HO He TpedyeM M0GaBJISITh CCHLIKY Ha MEPBOUC-
TOYHUK TIpU IIUTUPOBaHWU. [1oj CChIKOI HA TIEPBOMCTOUYHUK MBI 1071~
pasyMeBaeM yKasaHue aBTopOB, usgaresabctsau ISBN. Hanpumep: «Graph
Databases by Tan Robinson, Jim Webber, and Emil Eifrem (O’Reilly).
Copyright 2015 Neo Technology, Inc., 978-1-491-93089-25.


https://github.com/iansrobinson/graph-databases-use-cases
https://github.com/iansrobinson/graph-databases-use-cases
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3a mosyYeHeM pa3pereHys Ha NCTIOIb30BaHNe 3HAYNTETbHBIX 00D-
€MOB IIPOTPAMMHOTO KOJia TIPUMEPOB M3 3TOU KHUTU OOpaliaiiTech 1o
azpecy permissions@oreilly.com.

Kak cBs13aTbCs C HaMn

C BOIIpOCaMU 1 MPEAJIOKEHUAMU, KaCalOIMIUMUCA 3TON KHHUTH, 06pamaﬁ-
TEChb B N3/1aTEJIbCTBO:

O’Reilly Media, Inc.

1005 Gravenstein Highway North Sebastopol, CA 95472
800-998-9938 (CIIA nnm Kanaza)

707-829-0515 (MesK1yHAPOIHDII U MECTHBII )
707-829-0104 (dpaxc)

Crmcok omedaTok, (haliyipl ¢ TpUMepamMy U JIPYTYIO JOTOJHUTETHHYIO
nugopMaIlnio Bbl HalijieTe Ha cTpaHuile KHury http://bit.ly/modern_php.

CBou 1oKeJIaHns ¥ BOTIPOCHI TEXHUYECKOTO XapaKTepa OTHPaBJISiTe
110 azpecy bookquestions@oreilly.com.

WNmure nac B Facebook: http://facebook.com/oreilly.

Cremyiite 3a Hamu B Twitter: http://twitter.com/oreillymedia.

Cwmorpurte Hac Ha YouTube: http://www.youtube.com/oreillymedia.

BAaroaapHocTu

Mbr xoTemu Obl MOOJATOAAPUTh HAIINX TEXHUYECKUX PEIEH3EHTOB:
Maiiksa Xaurepa (Michael Hunger), Koauna Ixxeka (Colin Jack), Map-
ka Hugxama (Mark Needham) u IIpamozna Camanara (Pramod Sadalage).

BoipaskaeM MpU3HATETBHOCTD U HJIAr0apHOCTD PEIAKTOPY TTEPBOTO U3-
nanust Harany [skericony (Nathan Jepson).

Hammu xosutern u3 Neo Technology BHecn ¢Boit BKJaj B HarucaHue
JTON KHUTH, TIOTPATUB Ha 9TO Maccy BpeMeHU u cuil. B wactHOCTH, cria-
cubo Aunepcy Hasposy (Anders Nawroth) s3a ero HeoleHUMyI0 IIOMOIIIb,
Anpipecy Teitopy (Andrés Taylor) 3a momoris Bo BceM, uto Kacaercst Cy-
pher, u @wiunmy Pacau (Philip Rathle) 3a ero momesubie coBeTsr.

Bosbmioe crmacubo Bcem ujieHam Neo4j-cooOliecTBa 3a OrPOMHBII
BKJIAJ B pa3paboTKy rpadoBoit 6a3bl JaHHBIX.

OTembHOe cmacubo HAIMNM CeMBSIM 3 UX JI0O0Bb U TOIEPKKY: JIoT-
tu, Turep, dnmmor, Kat, Busiu, Majsien u Hoomu.,

ITO BTOPOE U3JIaHNE CTAJIO BO3MOKHBIM Oarogaps pabore Kpuctuubt
Ackanant (Cristina Escalante) u Maiikia Xanrepa (Michael Hunger).
Cmac60 BaM 0601M 32 BallTy HEOTEHNMYTO TOMOTITb.


mailto:bookquestions@oreilly.com
mailto:bookquestions@oreilly.com
http://facebook.com/oreilly
http://twitter.com/oreillymedia
http://www.youtube.com/oreillymedia
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BBeaAeHVe

BoJibiast yacTh KHUTK MOCBsIeHa rpadOBbIM MOZEISAM JAaHHBIX, HO OHA
He pacckasbiBaetr 0 Teopuu rpacdosl. [lJst ucnosb3oBanust rpadoBbix 6a3
JIaHHBIX HE TPEOYIOTCS TIYOOKHE TEOPETHIECKUE TIO3HAHNUS, IOCTATOUHO
HaJIM4us OOLIMX HpecTaBieHuil o rpadax. laBaiite 0CBeKMM HALIKU CBe-
JeHus o rpadax.

YT1o Takoe rpag?

Dopmasbao rpad — 910 HAOOP Gepumn U pebep, Wi, roopsa Oojee
IIPOCTHIM SI3BIKOM, HA0OD Y3106 U 63auM0Ccési3ell MeKay HiuMu. B rpadax
OOBEKTHI TIPEACTABJIEHbBI y3JIaMH, a CIIOCOOBI, KOTOPBIMEU 3TH OOBEKTHI
COEMHEHbI MEXKIY c000il, — B3AaUMOCBA3SIMU. JTa YHUBEPCAIbHAS U Bbl-
pasuTesibHAd CTPYKTYpa 1O3BOJIIET MOJEJIUMPOBATHL BCEBO3MOKHBIE Clle-
HapuH, OT TTOCTPOMKN KOCMUYECKOH paKeThl /0 CTPOUTETbCTBA CUCTEMbI
JIOPOT, OT MOCTABOK TPOAYKTOB MU TAHUSI 10 UCTOPHUET OOJIE3HU HACETIEHS,
U MHOTOE JIPYTOE.

Mpadbl noBCclOay

padbl YpesBbLIYANHO MOME3HbI NMPU aHANM3€e CaMblX PasHbiX HAOOPOB AaH-
HbIX B TakMx o6nacTsx, kak Hayka, rocyfapCTBEHHOe yrpasfieHne 1 6usHec.
PeanbHbIn MUp, B OT/IMYME OT OCHOBAHHOW Ha LabioHax ycTapesLUeli MOAenmn
penaunoHHbIX 6a3 OaHHbIX, Pa3HOOOPa3eH N B3aMMOCBSI3aH: B OOHUX MEC-
Tax paBHOMEPHO M YyNopsao4eHo, B APYrMxX ClyyYaiHO 1 HeperynspHo. Nocne
ocBOeHus rpadoB Bbl HAYHETE 3aMeyaTb X MPUCYTCTBME NOBCIOAY. apTHep
(Gartner, http://www.gartner.com/id=2081316), Hanpumep, BblAenseT B M1pe
6u3Heca NaTb BUOOB rpadoB: coumnanbHbIA, LeneBon, NoTpedneHns, nHte-
pecoB 1 MOOWIBLHOCTU — U YTBEPXAAET, 4TO CMOCOOHOCTb NCMONB30BaTb 3TN
rpadbl 06ecneynBaeT «yCTONYNBOE NPENMYLLECTBO B KOHKYPEHTHON cpeae».

! Undopmaruio o teopun rpadoB MOkHO HaiiTu B KHurax Puuappa /Ix. Tpyne

(Richard J. Trudeau), «Introduction To Graph Theory» (Dover, 1993) u Iap-
pu Yaprpanz (Gary Chartrand), «Introductory Graph Theory» (Dover, 1985).
O npumeHeHun Teopun rpadoB JJisk aHAIN3A CJIOKHBIX COOBITUI 1 OBEIEHNS
MOKHO y3HaTh u3 kauru [lssuga Wcmu (David Easley) u [Isxon KueiinGepr
(Jon Kleinberg) «Networks, Crowds, and Markets: Reasoning about a Highly
Connected World» (Cambridge University Press, 2010).
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Hampumep, nannbie B Twitter terko mpezictaButh B Buje rpacda. Hapuc. 1.1
n3obpakena HeOOITbIast CeTh mosb3oBareseit Twitter. Kakaprit yaen mome-
YeH KaK «I10Tb30BaTeby, C YKA3aHUEM €T0 POJIM B CETH. Y3JIbI COC/TITHEHDI
B3aUMOCBSI3SIMHU, OTIPEJICIISTIONIUMHI JIOTIOJTHUTETBHbBIN CeMaHTUIECKUI KOH-
TeKCT, a IMeHHO: bryumn ciezyet 3a lappu, a Iappy, B cBoto ovepess, cemyeT
3a brim. Pyt m lappn Tax ke ciieyfoT pyT 3a IPYTOM, HO, K COKaJICHUTO,
xotst PyT crietyer ¢ b, B (1Toka) He 0TBeTHIT B3aMMHOCTBIO.

FOLLOWS
FOLLOWS

Puc. 1.1 « Manbin coumanbHbin rpad

Koneuno e, peanbubiii rpad Twitter B cOTHI MUJLIMOHOB pa3 GoJIbIILe,
yeM u3o0paxkeHnblii Ha puc. 1.1, Ho paGoraer 110 Tomy ke nmpuHuiy. Ha
puc. 1.2 MbI pacimpuan rpad, BKIIOYUB B HETO COOOIIEHMsI, OMyOINKO-
BaHHbIE PyT.

Hecmorpst ma cBoto mpoctory, puc. 1.2 neMoHCTpUpyeT BbIpa3UTeNh-
HYI0 MOTIb TPachoBOTO MOIeTMpoBaHus. V13 Hero Jlerko NoHATh, 4To PyT
oImyOIMKOBajIa IOCAeN0BaTEIbHOCTD coobiennii. Ee camoe mociegnee
coobuieHre MOKHO HaiiTH 110 B3aUMOCB:31, ToMedeHHol kak TEKYIEE. /Ta-
Jiee cIenyioT coobmenus Pyt, nomeuennbie kax MPEJbIAYLEE.

Mopaenb rpadpoB ¢ METKAaMU 1 CBOMCTBaAMM

Mpu 06cyxaeHnn puc. 1.2 Mbl HepopManbHO NPEACTABUIM CaMyto NOonynsp-

HYI0 rpacd OBy MOAENb — rpagoByO MOAESb C METKaMU 1 CBOKVICTBaMM (B Npu-

noxeHun A 6onee noapobHo 6yayT pacCMOTPEHbI aJiTEPHATUBHbIE rpadoBble

mogenn). NpadoBas mogenb C MeTKAMN MMEET CNeAyoLME XapakTePUCTUKAL

® COAEPXMUT y3Jibl U B3aMOCBS3U;

e Y y3/10B €CTb CBONCTBA (Naphbl K/IOY-3HAYEHME);

e y3Jbl AO/MKHbI ObITb MOMEYEHbI OAHOWN UK Bonee MeTkaMu;

e B3aMMOCBS3M MMEIOT UMS 1 HanpaBneHne, AN HUX BCeraa onpeaeneH Ha-
YasbHbINA U KOHEYHbIN y31bl;

* Y B3aMMOCBS3€EN TakXe MeloTCs CBONCTBA.

BonblWwWNHCTBO cuuTaeT, 410 rpadosBas MOAesb CO CBOMNCTBAMU SBNSETCHA

NPOCTON U MHTYUTUBHO NOHATHOM. HO, HECMOTPS Ha CBOKO NPOCTOTY, UMEHHO

OHa MCMNoJIb3yeTCs B NOAABNSIOLLEM OONbLUMHCTBE Clly4aeB Npu NPUMEHEHUN

rpacdoB A1 0TO6PaXeHNs faHHbIX.
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FOLLOWS
FOLLOWS

CURRENT

content: ...

PREVIOUS

PREVIOUS

id: 99
content: ...

Puc. 1.2 < OnybnnkoBaHHble COOOLLEHMUS

0630p obnactenn npumeHeHUs rpados

B mocJjieJHre roAbl MOABUJIOCH MHOKECTBO ITPOEKTOB 1 TOTOBBIX peH_[eHI/Iﬁ
ISt yripaBsienust, 06paboTku u anamnsa rpadoB. OrpoOMHOE UX KOJIMIECT-
BO 3aTPY/HSET MOHUTOPUHT MHCTPYMEHTOB M Pa3jIMunuil MeXay HUMHU,
JlasKe VIS TeX, KTO aKTHBHO WIMH TIOJIb3YETCS. DTOT Pas3les COAEPIKHUT
0600IIEHHY0 UX KJIACCU(PUKAINIO, UTOOBI TTOMOYb C(HOPMHUPOBATD MTPE]I-
craBjieHre 06 00JTacTsIX TpUMeHeHUst TPadOB.

C BBICOTBI ITUYBETO TI0JIeTa 00JIACTU IIPUMEHEeH I rpahOB MOKHO pas-

JICJINTD Ha /IB€ 4aCTU.

1) mexnonozuu opeanusayuu Mpan3aKyUOHHIX ZPaPoBbIX XPAHULUL,
KaK npasuio, UCNOIb3YEMblX 6 PelCUME PeabH0Z0 BPEMEHIU Heno-
CPEOCMBEHHO U3 NPULONCEHUS. TU TEXHOTIOTUHN HA3BIBAIOTCS 2pAPO-
sviMU bazamu OanHvLX, U UM B 3TOM KHUTE Oy/IeT yIeJEHO OCHOBHOE
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BHuMaHue. OHU SIBJISIFOTCST aHAJIOTOM «HOPMAaJIbHOI» 00paboTKu
TpaH3akIuii B Maciirabe peasbHoro Bpemenu (On-Line Transac-
tion Processing, OLTP) pensiroHHbIx 6a3 JaHHBIX.

2) mexHon0zUU ABMOHOMHOZ0 AHAIU3A 2PAPO8, OOBIUHO PEATUIYIOUUE
cepuu naxemuvlx wazos. ITH TEXHOJOTUN YaCTO Ha3bIBAIOT Mexd-
Husmamu evruucienus epagos (graph compute engine). VIx MOKHO
OTHECTH K TOW JK€ KaTETOPHH, YTO U JPYTHE MIPUEMbI aHAIN3a 00b-
e€MHBIX JIaHHBIX, HAPUMEDP WHTEJJICKTYaJbHBIH aHaIu3 JTaHHbBIX
U aHaJMTHYeCcKass 0O6paboTKa JaHHBIX B pealibHOM BpemeHu (On-
Line Analytical Processing, OLAP).

CyLecTByeT 1 ele oanH cnocob knaccudurkaumm NpUMeEHeHUs rpa-
®oB, OCHOBaHHbIN Ha BUAaax rpadoBbix Moaenen. Mimetotca Tpu oo-

= MuHupylowme rpadoBblie Mogenu: rpadbl CO CBOMCTBAMMU, TPUMNEKCHI
cxem onmcaHus pecypcoB (Resource Description Framework, RDF)
1 runeprpadbl. OHM NOAPOBHO PacCMOTPEHLI B NpusioxeHun A. Bonb-
was 4acTb MonynspHbix rpadoBbix 6a3 [AaHHbIX, NPeACcTaBAEHHbIX
Ha pbIHKE, MCNonb3yeT rpadoBbie MOAENM CO CBOMCTBAMU, MOITOMY
VIMEHHO 3Ta MOJAENb 1 OyAET MCNONb30BaHa B OCTaNIbHOW YacTu 3TOM
KHUT .

MpadoBble Oa3bl JaHHbIX

Cucmema ynpasienus ezpagosvimu basamu dannvix (nanee zpagosvie
6asvt dannvix) nopgep:kuBaer Meroibl cosmanusi (Create), ureHus
(Read), usmenenus (Update) u ynanenus (Delete) (CRUD), ocHoBaH-
Hble Ha rpadoBoii Mojesn JaHHbIX. [padoBbie 6asbl JAaHHBIX, KaK [TPABU-
JI0, TIOJIIEP’KUBAIOT CUCTEMY TpaH3akiuil peasbHoro BpeMenu (OLTP).
CoOTBETCTBEHHO, OHU ONTUMU3UPOBAHBI JIJIs1 BBIMTOJTHEHWS TPAH3AKIIIA
U CIIPOEKTUPOBAHBI C YYETOM TPAH3AKIIMOHHOW IEJIOCTHOCTU U OTiepa-
TUBHOCTH.
Nwmetorest ase ocobeHHocTH rpadoBbix 6as JaHHBIX, KOTOPble HE0OXO0-
JIUMO YYUTBIBATD IPU PACCMOTPEHUU TIPUMEHSIEMON UMY TEXHOJIOTHH:
1) npuniun xpanenusi. Hekoropsie rpadosbie 6asbl TaHHBIX HCIIOJIb-
3YIOT CREUUATUSUPOBAHHBLE XPAHUIUWA 2Pagh08, TIPETHAZHAUYEHHbIE
1 ONITHUMU3HUPOBAHHBIE [JIsI XPAaHEHU U 06pabOTKI UMEHHO IpadoB.
Ho Takyio TeXHOJIOrMIO XpaHeHUs UCTIOJb3YIOT He Bce rpadoBbie
6asbl gaHHbIX. HekoTopbie ceprannsyoT rpadbl U pasMeIlaoT ux
B PEJISLIUOHHON, 00hEKTHO-OPUEHTUPOBAHHOM MM KaKOH-TO Apy-
roii Gase JaHHBIX WK XPAHUJIHUIIE;
2) mopsimok 06paborku. Hekoropbie omnpepeserust TpedyIOT, 4TOObI
rpadoBas 0Oasa JAaHHBIX HCIIOJb30BAIA CMENICHOCML 0e3 unoecos
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(index-free adjacency), 1. e. GU3NIECKOE COCTUHEHIE Y3JI0B JPYT
¢ apyrom'. Mbr mpuzepRuBaeMcst 6osiee IMUPOKUX B3TJISIIOB: JIFO-
Oyto Gasy JIAaHHBIX, KOTOPasi ¢ TOYKU 3PEHUsI MOJIb30BATESI 6edem
cebst Kak rpadoBast (T. . TIpelocTaBIIsieT rpad OBy MO/ JAHHBIX
yepes CRUD-omneparin), KBamuduiupyercss Kak rpadosas Oasza
JMaHHBIX. HO MBI TPU3HAEM 3HAUNTEIBHbBIE TPEUMYIIECTBA B TPOU3-
BOJAUTENLHOCTH IIPU UCIIONb30BAHUM CMEKHOCTH O€3 UHAEKCOB U,
CJIEIOBATEJIBHO, UCIIONB3YeM TEPMUH CHEUUAIUSUPOBAHHAS 00pa-
6omxa epagos nist rpadoBbIX 6a3 JaHHBIX, HCTIOJIB3YOIINX CMEK-
HOCTb 0e3 HH/ICKCOB.

Q BaxHO OTMETUTb, Y4TO MPUHUMMBI CNeunanM3npoBaHHOro XpaHe-
HUS rpadoB 1 cneunann3mMpoBaHHo 06paboTkm rpadoB HE XOpPOoLUKU
= 1 He NJIOXM — OHW NPOCTO SABASIOTCS KIACCUYECKMMUN UHXEHEPHBIMMN

KoMnpomMuccamu. NpenmMyLLLecTBO CrneLmann3mpoBaHHOr0 XpaHeHUs
rpacdoB — B TOM, YTO OHO MpenycMaTpuBaEeT CTeK, CreunanbHo pas-
paboTaHHbIN 4715 NOBbLILLIEHNS NPOU3BOAUTENBHOCTU 1 MacLuTabupye-
MocTu. MpenmMyLLLECTBOM HECTELMANN3NPOBAHHOMO XpaHeHUs rpados
SBNSIETCA WUCMOJIb30BaHME 3penbix HerpadoBbiX MHTEPGENCOB (Ha-
npumep, MySQL), 0co6eHHOCTN KOTOPbIX XOPOLLO 3HAKOMbI pa3paboT-
ynkam. CneumanmsupoBaHHas obpaboTka rpadoB (CMeXHOCTb 6e3
VHAEKCOB) AEMOHCTPUPYET JyHLLYIO NPOM3BOAUTENBHOCTL 06X04a, HO
HEKOTOPbIE 3anpOoChl NPUBOAAT K UCMNOSIb30BaHMIO 60JbLLMX 06 EMOB
namMsaTu.

BsaumocBssu B rpad0oBOii MOJETM JAHHBIX SABJIAIOTCS TPakIaHAMK
MEepPBOTO COpPTa. 3/1ECh K HUM OTHOCATCS HE TaK, KaK B APYTUX CHCTEMaX
ynpassiennst GazaMu JaHHbIX, T/e s 0TOOPasKeHUs B3aNMOCBSA3EH T1pH-
MEHAIOTCA TaKME MEXaHNU3MbI, KaK BHCIITHWE KJIIOYM NJIN BHENTHNE OIIepa-
i, Harpumep MapReduce. Cobupast abeTpakiiny y3/10B M B3aMOCBSI-
3ell B CBSI3aHHBIE CTPYKTYPHI, rpadoBast 6asa JaHHBIX MO3BOJSAET CTPOUTD
MOIesIn JIIOO0M CITOKHOCTH, JIyUlle BCETO OTPaKaloNIne MPeMEeTHYIO 00-
nacTh. [ToTydeHHbIE MOIEN TIPOTIE U B TO K€ BPEMsT HaIJIsiZHEE, YEM Te,
9TO CO3JAI0TCA C IMMOMOMIBIO TPAJUITMOHHBIX PEIAITMOHHDBIX 63.3 JTAaHHbBIX
nn apyrux NOSQL-xpaHumm.

Ha puc. 1.3 npuBeseH rpapudeckuii 0630p HEKOTOPHIX TPadoBbIX Ha3
JAaHHDBIX M3 TIPEACTAaBJICHHBIX CETOAHA Ha PbIHKE, OCHOBAHHDBIX HAa PAa3HBIX
MOJIEJISIX XpaHeHus 1 00paboTKH.

! Bousee moppobHyio mHGOPMAINIO MOKHO HaiiTH B cTaThe Pompureca Mapko

A. (Rodriguez Marko A.), Ilutepa Heybayap (Peter Neubauer) «The Graph
Traversal Pattern». 2011 (http://arxiv.org/abs/1004.1001), B c6opruke «Graph
Data Management: Techniques and Applications», noa pen. Ilepuda Capka
(Sherif Sakr), Opuka [apuene (Eric Pardede), 29—46. Hershey, PA: IGI Global.


http://arxiv.org/abs/1004.1001
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HecneumanuanposaxHas TexHonorus CneuvaniavpoBaHHas
XpaHeHus rpagos

Puc. 1.3 < 00630p rpadoBbix 623 AaHHbIX

MexaHn3mbl BbluucneHns rpagos

Mexanusmol evruucienus zpagoé NO3BOJAIOT BBIIOJIHATH II00ANbHbIE
rpaOBbIE BBIYUCIUTETBHBIE AJTOPUTMBL JJist GOJIBIINX HAOOPOB JaH-
HpIX. OHU TIpeTHA3HAYEHBI IS PEIeHUs TaKuX 3a/1a4, Kak uaeHTudu-
Kalys KJIacTePOB JAHHBIX WJIU MOJydeHUE OTBETOB HA TaKWe BOIPOCHI,
Kak: «CKOJIBKO BCETO B3aWMOCBSI3€H, CKOJIBKO WX B CPEIHEM, TTOJIHA JIN
COIMAJIbHAS CETh?»

M3-3a cBOell HAMPABJEHHOCTH Ha TJIOOATBHBIE 3aITPOCHI MEXAHU3MBI
BBIUUCICHWS TpadOB, KaK MPABUJIO, ONTUMUZUPOBAHBI JIJISI CKAHUPOBAHUS
U T1akeTHOU 06paboTKy 6OIbIIX 00BEMOB UH(DOPMAIUK, 1 B 9TOM OTHO-
MEHUW OHU TIOXOKW HA JIPYTHUE TEXHOJOTUU TAaKETHOTO aHaIn3a, TaKue
KaK MHTEJIEKTYaIbHBINA aHan3 gaHHbIX (data mining) win aHajiuTHye-
ckast obpabotka B peanbHoM BpeMenu (OLAP), ucrosbdyembie B peisi-
1MOHHOM Mupe. HeKoTopble MEXaHU3MbI BBIYHMCIEHUST BKIIOUYAOT B ce0sT
U cpezicTBa XpaHeHust rpados, a apyrue (GONBITHHCTBO) 3a60TATCS TOJb-
KO 00 00pabOTKe JaHHBIX, MOJYIAEMbIX U3 BHEITHETO UCTOUHWKA, A 3aTEM
BO3BPAIIATOT PE3YJIBTATHI JIJIT COXPAHEHUS B [PYTOM MECTe.

Pucynox 1.4 nnmocTpupyeT TUTIOBYIO apXUTEKTYPy Pa3BePTHIBAHUS
MEXaHU3MOB Bbruuc/ieHus rpados. OHa BKIIOUYAET B ceOsT CHCTEMY 3allUCH
(System of Record, SOR) 6asbl ganubix co csoiicrBamu OLTP (nanpu-
Mmep, MySQL, Oracle wiu Neodj), kotopast 06CTy;KUBAET 3aIIPOCHI U OT-
BeuyaeT Ha 3aIPOCHI, TIOCTYTAIOIINe OT MPUJIOKeHWH (1 B KOHEYHOM cueTe
ot nosib3oBaTeseit). [lepuoguuecku 3ajaHus Ha U3BAEYEHKE, IIPeoOPa3o-
BaHwue u 3arpysKky gAanubix (Extract, Transform, Load, ETL) nepemerator
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W3eneyenue, npeobpa3oeanue

W 3arpy3ka gaHHbIX
4 A MexaHu3Mm BblHUCNEHUS

rpacdos
( 06paboTka B namsti ]
( (DevictayioLiee J

XPaHWUNMLLE)

Cuctema 3anucu

Puc. 1.4 < YKpynHeHHas cxema TUNNYHOM cpeapl
LBUXXKOB pacyeToB rpados

JIAHHBIE M3 CUCTEMbI 3a1Iicy 0a3bl JJAHHBIX B MEXaHU3M BbIYKMCICHUS IPa-
(hoB /17151 BBITIOJIHEHKST aBTOHOMHBIX 3aIIPOCOB U aHAJIN3A.

CyIiecTBYIOT pasHble TUITBI MEXaHW3MOB Bbruucsenus rpacdos. Hau-
6oJiee U3BECTHBIMI U3 HUX SIBJISTIOTCS o0HoMawunnvle (in-memory/single
machin), Ttakue kak Cassovary (https://github.com/twitter/cassovary),
upacnpeoenenole, TAKNE Kak Pegasus (http://www.cs.cmu.edu/~pegasus/)
u Giraph (http://giraph.apache.org/). B ocHoBe GoJIbIITMHCTBA pacripe-
JIeJIEHHBIX MEXaHU3MOB BbIYHMCJIEHUST rPadOB JIEKUT Uesl, U3JI0KeHHast
B cTathe «Pregel: a system for large-scale graph processings, ony6iiko-
BaHHOIT Ha caiite Google (http://dl.acm.org/citation.cfm?id=1807184), ko-
TOpast onmKchkiBaeT ABMKOK Google /st kimaccuduranum cTpanuil,

9Ta KHUra nocesleHa ToNbKo rpadoBbIM 6a3aM AaHHbIX

B npepplaywiem pasgene b1 npreeneH obwmin 063op obnacTten npumMmeHe-
Hus rpacdoB. OcTanbHas YacTb 9TOM KHUMM OyAET NOCBSLLEHA NCKTIOYNTENBHO
rpadoBbiM 6a3amM AaHHbIX. [lanee peyb NOMAET O KOHUenumy rpadoBbix 6a3
naHHbIX. [py HEOBXOAUMOCTU UX PACCMOTPEHNE ByaeT WIOCTPUPOBATLCS
npumMepamu, B3sTbiMU M3 COOCTBEHHOIO OMbiTa pa3pabdoTkn peLleHnii ¢ 1Uc-
nonb3oBaHMeM rpadoBo MoAen ¢ MeTkamMu 1 CBOMCTBaMU, 1 6a3bl AaHHbIX
Neo4j. HezaBncmmo oT Toro, kakas rpadoBasi Mmogesnb unm 6asa gaHHbIX Uc-
Monb30BaHa B NpUMepax, WIIIOCTPUPYEMbIE MU MAEVN NMPUMEHUMBI U K APY-
rum rpadoBbiM 623aM AaHHbIX.

MpenmyulectBa rpadosbiX 633 AaHHbIX

HecmoTp4 Ha TO YTO IIPAaKTUYECKN BCe MOXKHO IIPE/ICTaBUTDL B BUjie Tpada,
MBI JKUBEM B MIPArMaTiYHOM MUPE OI0/KETOB, TIPOEKTOB € SKECTKUMU Tpa-
(buxamu, KOPHOPATUBHBIX CTAHIAPTOB U KOMMepueckux npasui. [Ipeno-
cTaBJsieMblil TpaOBBIMEI Ga3aMU JIAHHBIX HOBBIF MOIIHBII METOJ MOjie-
JIMPOBAHMUS JIAHHBIX CaM 10 cebe He SIBJIAETCS JOCTATOYHBIM OCHOBAHUEM
JUUIST 3AMEHBI YCTOSIBITUXCST M MOHSTHBIX MIaT(hopM 06pabOTKY JAHHBIX — OT
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