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[ePAn [lnan

e HemHoro o Spark




FtevpAl] UTo Taxoe Spark?

* HesaBucumas, bbicTpan nnatpopma Ana pacnpesenéHHbix

BbIYMC/IEHMIN, NOAAepPKUBatOWasa 06paboTKy AaHHbIX NO
moaenn MapReduce, Pregel, GraphX

v’ XpaHeHue AaHHbIX B onepaTtuBHOM NamATU 418 BbICTPO
06pabOTKM MHTEPAKTUBHbIX 3aNPOCOB
v' MoxeT 6b1Tb B 100 pas 6bicTpee Hadoop

e CoBmecTtnm c cuctemon xpaHenma Hadoop (HDFS, Hbase,

SequenceFiles n 1. n.)




ZniPAH Moaenbs nporpaMmupoBaHus Spark

 OcHOBHaA naea: cboe-yctomymBble pacnpegenéxHHblie
Habopbl AaHHbIX (RDDs)

v PacnpegenéHHble KoMeKumm o6 beKToB, KOTopble MOryT BbITb
K3LWWMPOBAHbI B NAMATU Y3/10B K/acTepa

v' MOXHO MaHUNYAMPOBaTb C MOMOLLbIO Pa3/INYHbIX
napa/snenbHblXx onepaunm (Takmx Kak map u reduce)

v’ ABTOMaTU4eCKM nepectpamnBatotca npm cbosax

* NHTepdeunc:
v' IneraHTHbIN MHTepdelic, MHTErpMpPoBaHHbIN B A3bIK Scala
v' MoeT MCMob30BaTbCA MHTEPAKTUBHO U3 KOHCOM Scala




F@vPAH 1Ipumep: aHanmns 10T0B

1. 3arpy3uTtb coobulieHna c olMbKamm B NaMATb

2. MHTepaKTVIBHO BbINMO/IHATb 3dMNPOCbl K HUM

UcxoanHbiia RDD
lines = spark.textFile(*hdfs://...") TpaHchopmmposaHHbIA RDD
errors = lines.filter(_.startswith(“ERROR") '
messages = errors.map(_.split(*\t’)(2))
cachedMsgs = messages.cache()

cachedMsgs.filter(_.contains(“foo”)).count
cachedMsgs.filter(_.contains(“bar”)).count

Pesynerat: 3anpockl K 1 TB aaHHbIX 33 5-7¢
(npotue 170c Ana AaHHLIX Ha AUCKe)




[ePAn [lnan

* [TocTaHOBKa 3a434u




F@uPAH l1locTranoBka 3aj1aum

CreHepupoBaTb C/Iy4anHbIN rpad...

> ...KOTOpbIV byaeT yaoBneTBOPATb OCHOBHbIM
CBOWCTBAM COLMA/IbHbIX CETEU;

> ..3a npuemnemoe Bpems AaxKe U3 MUAanapaa
BEPLUUH;




FEUPAH YTO Takoe ciiydanHbId rpad?

[pad dpaewa-PeHbu:
* N BeplwuH
* Pebpo nosasaaeTcA C BEPOATHOCTbIO P




F@uPAR] YTO Takoe conuanabHBIN Tpad?

Tunbl y3108B

* [lonbzosamenu: nonsa npoduna: atTpmnbyTbl, UHTEPECHI, KOHTAKTbI
 Coobuwecmea: cNNCKK, rpynmnbl

e KoHmeHmM: coobleHns, pUCYHKN, BUAEO

USER ACTION OBJECT

Tunbl pébep ,

* CoyuasbHble c8A3U: ApY3bA, NOAMUCYUKM

* B3agumoodeucmeue ¢ KOHMEeHMOM: «KNanKn», PenocTbl,
KOMMEHTapUn




F@iPAR YUTO Takoe conmanabHBIN Irpad?




FONPAH| (CBOMCTBA COLIMAJILHBIX CETEU

* CTeneHu BepLUMH pacnpeaeneHbl No CTeNeHHOMY 3aKOHY:
P(x) « x~ P

* Manbin 3pdPEeKTUBHbLIN ANAMETP:
In(N)

In(In(N))

D =~

* [lonb30BaTeE/NIN KNACTEPU30BaAHbI B NepeceKatoLwmecs
coobulecTBa




FOUPAH MortuBanus

» Pa3mepbl coBpemMeHHbIX CoLManbHbIX CeTeN AOCTUTatOT COTEH

MUNTTUOHOB BEPLUUNH.

» Heobxoanmbl anropntmbl aHanmn3a ceten, Ybsi 3GPEeKTUBHOCTb

NOKa3aHa Ha bonbwmnx rpadax.

» Cb6op peanbHbiX AaHHbIX 6O/bLLINX Pa3MepoB 3aTPYAHEH

BC/1IeACTBME BPEMEHHbIX U PECYPCHbIX 3aTparT.




[ePAn [lnan

* RGG: rpadbl be3 coobulects




RGG: rpadsr 6e3 coO0IIECTB

* CTeneHu BepLMH pacnpeaeneHbl No CTeNeHHOMY

3aKOHY:
P(x)~x"F

* Manbi 3pdPEeKTUBHbLIN ANAMETP:
In(N)

D~ nn(v)

e CTpyKTypa coobLiecTs




FehiPAl] RGG: BXomHbIC mapaMeTphl

* N; — KONM4eCTBO BEPLUUH
Amean — CPEAHAA CTENEHDb

° ,8 — 3KCMNOHEHTAa CTerneHHOoro pacrnpeageneHumnA




F@iPAl] RGG: ocHOBHBIC mIaru

1. TeHepauua HaTypanbHbIX YMcen (cteneHem BepPLUMH) No
CTENMEHHOMY pacnpeaeneHuto

2. Moacyét KonmyecTsa HeobxoaAMMbIX A5 reHepaunm peébep

3. Bbibop nap uncen — pébep — (i,j) NponopLUNOHaNbHO UX
cTeneHaAm




F@uPAH RGG: pacmmpenus

* HanpaBneHHada peann3auusa
* [eHepauuna AByAONbHOro rpada
e ATpuUOYTbI, TEKCTbI, KNAUKUN»

e CoobllecTtBa




PAHl UTO Taxoe cooOI1mnecTBo?

I aCEbOOk December 2010




Y10 Takoe cooOI1mecTBo?

PAH

friends under the same advisor

CS department friends

college friends
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* CKB: rpadbl c coobuiectBamm




CKB: rpadsl ¢ cooOmecrsamu

* CTeneHu BepLlKMH pacnpeaeneHbl No cteneHHomy
3aKOHY:
P(x)~x"F

* Manbi 3pdPEeKTUBHbLIN ANAMETP:
In(N)

D~ nn(v)

* CTpyKTypa coobuiecTs




FeurPAl CKB: BxomHble mapamMeTphl

* N; — KONMYeCcTBO BEepLUUH

* dyean — CPEAHAA CTENEHDb |

* [lapameTpbl CTENEHHOTO pacnpeaeneHuns: MUHUMabHOE U
MaKCMMaJibHOe 3Ha4YeHUA, MOKa3aTe/lb CTEeMNeHM

°* @,y — ABE KOHCTaHTbI, onpeaenaroume BepoATHOCTb pebpa

e & — BEpPOATHOCTb pebpa mexKay rnosib3oBaTe/ I IMuU
6e30THOCUTENIbHO COObLLLECTB




[fenPaE  CKB

OCHOBHbIe wWarwu:

1. leHepauna AByaoAbHOrO rpada
BEPLUMHA-CO0DOLLECTBO

2. leHepupytoTca pébpa BHYTPU coobliecTs

3. leHepupytoTCca p€bpa meXay NoAb30BaTENAMMU
6e30THOCUTENBbHO COObOLLLECTB




FeipAl] CKB: BepmmHa-cooO1iecTBo

* Konunuectso coobuiects N, Bbiunucnaerca ns* -
N, - E[X1] =N, - E[X,]

* PacnpegeneHmna KoNmM4yecTBa BXOXAEHUM
BEPLLMH B coobuiectBa (m;) u pasamepa
coobuwecTts (x.) reHepmpyeTca no ctTeneHHoMy
3aKOHY C 3KCMNOHEeHTamu [ n 3,

 Co3pnaétca rpadoBasa peannsauma 2
nocnenoBaTeibHOCTEN CTENEHEN NYTEM CAYyYaUHOU
NOMNapHON KOMBUHALMN BEPLUMNH N3 Pa3HbIX A0/EN

D-

*E[X1] v E[X,] — cpeaHne 3HaueHUA yncia BXOXKAEHMIA NOAb30BaTeNA B COOBLWECTBO M pa3mepa COobLIECTB COOTBETCTBEHHO



FeuPAll CKB: renepamnus pédep

* Pébpa B coobuecTBax reHepPUPYHOTCA C
BEPOATHOCTbIO™:
x
Pc = —y
xC
rae xX. — pa3mep coobulectaa
 Pébpa mexay nonb3oBatenamm 6€30THOCUTENbHO %
COODOLLECTB reHePUPYHOTCA C BEPOATHOCTbIO ™ *:

Pout — €

*Yang, J., and Leskovec, J. Structure and overlaps of communities in networks.
**Yang, J., and Leskovec, J. Community-affiliation graph model for overlapping network community detection.



FeuPAll CKB: renepamnus pédep

 KonunyectBo pébep B coobulecTse:

x.(x, — 1) a)

o 4
2 X/

MC~Bin(

* Konunuectso pébep mexay nosb3oBaTeNsiMm

6e30THOCUTENbHO COODOLLECTB:
Ni(N; — 1)

2

M,~Bin( , €)




PAHl CKB: peanuzanus Apache Spark

Cleeren > a=»

FeHepauma ABYX CTeneHHbIX
nocnenoBaTensHOCTEN

OTnpaeka nocnepoBaTeNnbHOCTEN
Ha CN3MBbl

FeHepauwnna pébep Noneb3oBaTenNb-

coobuiectso v v v
3annce coobLecTs \
8 HDFS
CoobuwecTsa

YTeHne coobuiecTs -
13 HDFS ‘f_,___«—’—"
PacnpeneneHwve coobuwecTs
Mex Ay CnaneBammu
eHepauwn pébep
B coobuiecTBax v v v
3anuce pébep \
8 HDFS i

— Pébpa
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* TectTupoBaHue




F@IPAH| (CpaBHEHUE C pealIbHbIMU JJAHHBIMU

KonnyecTso BepLumH ~4 - 10° ~4.72-10°
Konnuectso pébep ~34.6-10° ~38.2-10°
Brepumniter 2.14 2.15
e, 2.22 2.26
[ F— 2.15 2.15
MeanaHa pacnpegeneHua paamepos coobuiects (x.) 10 8
MeaunaHa pacnpegeneHna Konmyectsa BXOXAeHUA 2 2
BEPLUMH B coobuiecTtBa (m;)
Jona sepwunH cm; > 1 63% 66%
CpeaHun KO3pPUUMEHT KnacTepusaunm 0.3538 0.1034
P PEKTUBHbBIN ANAMETP | 6.4 5.16



F@IPAH| (CpaBHEHUE C pealIbHbIMU JJAHHBIMU

CKB

Konnuectso BepLUMH ~1.1-10° ~1.1-10°
Konnuectso pébep ~3-10° ~3-.10°
Breermmrmenn 2.36 2.41
e 2.83 2.95
L erenenu 2.53 2.45
MeanaHa pacnpegeneHma paamepos coobuiects (x.) 3 4
MeauaHa pacnpegesieHnA KonnyecTtsa BXOXK4eHUA BEPLUUH B 2 2
coobuwectBa (m;)
[donasepwumH cm; > 1 38% 68%
CpeaHun KOadPULUMEHT KnacTepmsauum 0.1723 0.1066
9bdEKTUBHLIN AnaMETP _ 6.5 6.2



reipAl Cpasuenwne YouTube u CKB

YouTube CKB

le+4 . le+6
- lets T
e+ m
0 - %) "u
QL le+3 = (1] L
E : =
g - % le+4
]
E - -
8 le+2 _l_. 8 le+3
I o ‘5
) . o le+2
-E le+l =
= " =
- = Z et
HE EEE N EBR
[ | | | [ [ ]
I
le+0 - LI EE = le+0 I
le+0 le+l le+2 le+3 let+4 le+0 le+l le+2 le+3 le+4

Community size Community size




[i{81PAH
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reipAl Cpasuenwne YouTube u CKB

YouTube
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revpAal Cpasuenue LiveJournal vs. CKB
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revpAal Cpasuenue LiveJournal vs. CKB
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[i{81PAH

Cpasuenne LiveJournal vs. CKB

LiveJournal
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MacmradupyeMoctb: RGG

Scalability by nodes
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[i{81PAH

MacmradupyeMoctb: RGG

Scalability
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F@iPAl] Macmraoupyemocth: CKB

. JIoKanbHO
[MapameTpbl reHepaunmn Ana OUEHKU
MacLTabupyemocTu: %0
* f1=p2=25 4o

e a=4y=0.5
 min{m;} =1
* min{c;} = 2

e max{c;} = max{m;} = 10* 10

30

Time (sec)

20

0
50 100 150 200 250 300 350

Number of nodes (- 103)




F@iPAl] Macmraoupyemocth: CKB

. JIoKanbHO
[TapameTpbl reHepaunun ana oUeHKu
MaclTabunpyemocTu: 50
* p1 =P, =25 40

e a=4y=05
 min{m;} =1
* min{c;} = 2

e max{c;} = max{m;} = 10* 10

30

Time (sec)

20

0
50 100 150 200 250 300 350

Number of nodes (- 103)




F@hiPAl] Macmraoupyemocth: CKB

[TapameTpbl reHepaummn ANA OUEHKM

MacLITabnpyemocTu:

* fr=p2 =25

e a=4y=05

 min{m;} =1

* min{c;} = 2

e max{c;} = max{m;} = 10*

Time (sec)

Amazon EC2
1200
2*
1000
800
4*
600 ¥
*
400 8
16*
200 v
0

o 05 1 15 2 25 3 35 4 45
Number of nodes (- 10°)

*Yycna Ha KoHUe MHKUIA 0603HaYaloT KonmyecTso mawunH ml.large** B Knactepe, UCNO/1b30BaBLUIMMCS AN FeHepaumu.

**m1l.large — TMn mawunHbI Ha Knactepe Amazon EC2 (2 vCPU, 7.5 GiB memory, 2x420GB instance storage).



[ePAn [lnan

* BbiBOADbI




I{OIPAH] BBIBOJIBI

OnucaHHble MHCTPYMEHTbI CO3Aat0T peasibHble CETU N UMEOT paa
NPeNMyLLECTB:
* [padbl CO CBOUCTBAMMU COLIMANIbHBIX CETEU

* JInHeMHaa macwTabmnpyemocTb

* [eHepaumna mmnamapaHoro rpada 3aHMMaeT NPUEMIEMOE BpeMs
(55 (150) mmnnyT Ha 80 (150) mawmHax ana RGG (CKB))

* [MbKoCcTb moaenu




F@1PAH] OTKpPBITHIE BOIIPOCHI

* TecTUpOBaHME PaA3NNYHbIX aNTOPUTMOB NOUCKa coobLLLECTB
* [lopaeprkKka Bapuaunm KosppuumeHTa Knactepmlaumm
* B3BeweHHaA n nepapxmyeckaa moamdmKkaumm

* [eHepauunmn coobulecTB NOsIb30BaTENIEN HA OCHOBE aTPUDBYTOB U
KOHTEHTA




FIONPAH 3aKIIOUYCHUE

Bornipoceoi?

chykhradze@ispras.ru



