Darwini: ' epeHaunAa pealNCTUYHbIX
CUHTEeTUYECKUX rpagos

W Sergey Edunov '? . DiOﬂYSiOS LOgOthetiS ﬂ Ch.eng.Wang
| Facebook | Facebook | ===  University of Houston
23‘.“4;;'{? Avery Ching .| Maja Kabiljo
i Facebook B¥' . Facebook

TR



[lpoGnema

Ham camum Hy>XHbl 6onblune rpadobl AaA TECTUPOBAHUA NPOEKLNA



[lpoOGnema:

OTcyTCTBME CTAaHOAPTHbLIX TECTOB, KOTOPbLIE 6bl 66111 OOCTYMNHbI
LLUIMPOKOMY KpYry pa3paboTymnkoB U MHTEPECHbI B MHOYCTPUN

1. BoNbWMHCTBO NYOIMKYEMbIX CTaTEN CpaBHUBAIOT pPe3y/bTaThl
c Apache Giraph

2. Bce nybnnkyemble cTaTbM OEMOHCTPUPYIOT YCMELUHbIE
yyyLlweHnA



Benchmark Graphs

Clueweb 09

Twitter research

Friendster

Yahoo! web
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Benchmark to Social Graphs

Clueweb 09

Twitter research

Friendster

Yahoo! web

L /70x larger than benchmarks!

2015 Twitter Approx.

2015 Facebook Approx. ;
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CyuwecTtByowme benchmarks

agraph500.org
- [lonck B wnpuHy (BFS)
- Kronecker graph

He uHTepeceH B FB


http://graph500.org

Run time difference (%)
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Hy>xeH peanbHbin rpadg!



Mo>keT ObITb CUHTEeTU4YeCcKuu rpadc?

Erdos Reny!
BTER

Kronecker

R-MAT LDBC

Random Walk
DK-2



Kputepuun nomcka

1. MacwTtabupyemocTb. Ecnn anroputm HEe MOXXET co3aaThb rpad

C TPUNJIMOHOM pebep, OH HaM He Noaxo4uT.

CnocobHOCTb NepenaTb pacnpeneneHmne cteneHen BepLlnH

3. CnocobHocTb NepenaTtb 601€ee BbICOKU pacnpeneneHna B
TepmMmnHax DK-cepun

4. CnocobHOCTb nepenaTb BbICOKOYPOBHEBLIE METPUKN

N



Existing algorithms vs requirements
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Darwini®

1. PaboTaeT Ha Apache Giraph, BbinosiHAETCA napansieNibHO Ha COTHAX MaLlUH

2. CnocobeH npon3BogunTb rpadbl ¢ TpunamoHamm pebep
3. CnocobeH npon3BoanTb rpadbl ¢ 3agaHHbIM pacnpeneneHnem cteneHen pebep wm

KO PMUMEHTOM KNacTepusaunm
4. Jlydwe nepenaeT BbICOKOYPOBHEBbIE METPUKI

*Caerostris darwini - nayk n3BecTHbI camMmbiMy 6ONbLUMMU B
MUpe naytTuHamu, pasmepbl nayTnH ot 900 oo 28000 cm/A2




Ncnonb3oBaHue Darwin

Original Graph Generated Graph
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Darwini war 3a warom
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CospnaTtb BEPLUMHBI
Ka)kgon BepLUMHE HA3HAYUT
»KenaemMoe KOJIMYECTBO pebep

N NOKaJ1bHbI KO3 DUUNEHT
KnacTtepusauua

[JobaBunTb criydanHble pebpa
BHYTPMW rpynn

Ob6begMHUTL BEPLUNHbI, KOTOPbIE
OOHKHbI y4aBCTBOBaTb B OAVNHAKOBOM
KOIMYECTBE TPEYroSIibHUKOB BMECTE

[1obaBUTb criydanHble pebpa mexxay
rpynnamm



Darwini: co3gaHue BepLUnH

. * Cospnatb N BeplmnH n “6pocmB MOHETY” ONA
¢ o Ka>kaou onpeaennTb CTENEHb BEPLLUNHbI U
. NoKasibHbI KO3MULUMEHT KlacTepmsaumnm



Darwini: o6beanHeHue BepLIvH B

coo0OLeCTBE
e . Cei = Cidi(d; — 1)
=T @ BepLuHbl, 06begyHAEeMble B COOBLLECTBO,
@ byoyT yd4aBCTBOBaTh B OAMHAKOBOM

KOJINHeCTBE TPEYroJibHNKOB

OrpaHnymnm pasmep Kaxxaoro coobulectsa Tak, YTobbl HE MPEBbLICUTbL MaKCMasibHOE
KOJIN4ecTBO pebep

n < min(d;) + 1 = np max
1€ B



Darwini: co3gaHue TpeyrosibHUKOB

Pebpa co3galoTcA criydanHo Mexxay Kaxkgoun

napow BEPLUWH, C BEPOATHOCTHIO:

3/ cidi(d;—1)
Pe i (n—1)(n—2)

[locne aToro wara, Mmbl 0yoemMm MMeTb OCTaTO4YHOE KONMMYECTBO TPEYrosibHNKOB,
4YTOObI MNOJTIY4YUTb NPaBUNbHbIN KOIPMPULIMEHT KnacTepusaunm



Darwini: co3pgaHue pebep mexay
coobLllecTBaMmn

[1nAa Ka)xoou BepLMHbI, BbiIbupaTbcA apyran
cflydanHaA sepwinHa. 1 ecnn y gpyrov

BEPLUMHBbI HE XBaTaeT pebep, TO Mexay
HUMW co3paeTcA pebpo

[Tpobnema: TAXXeno HanTn NapTepPoB O/1A BEPLUUH C 60bLUIMM KOMYECTBOM pebep



[lo6aBneHue cny4vyamHbix pebep B Apache
Giraph

1. He BCcA nHMopmaumAa 4oCTynHa Ha KaXaoM KOMNbloTepe,
nony4vyeHne nMHdopmaumm MOXKET noTpeboBaTb OTNPaBKU
COOOLLEHNA

BblnoNHeHMe OO0/IHKHO NMPOUCXoOonThb B napansesb

. TOYHOE KoNMM4YecTBO pebep He Bcerga Heobxoanmo
YncTo cnydyanHoe gobaBrieHne pebep nckaxkaet
pacnpeneneHmne cteneHem CMeXXHbIX BEPLUNH
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Darwini: co3pgaHue pedep ANA BEPLUUH C
BbICOKUMU CTENEeHAMMW

1. B Ka)xgon ntepaunm BepLUnHbI
clydanHbiM obpa3oM 06beoMHAKTCA BO BCE
bonee n 6onee KpynHbie rpynnbl

2. [1nAa Ka>kgon napbl BEPLUMH BHYTPWU
rpynnbl pebpo co3naeTcA ¢ BEPOATHOCTLIO:
__ [d[i]=d[j]|
PaccmaTpuBaloTCA TONbKO BEPLUMHDI P = dlt]|+d|j
Y KOTOPbIX HE O0CTAaTO4YHO pebep. HTOo

rapaHTUPYET OrpaHNYEHHbIN pasmep rpynnbl




Pe3ynbTtaTthbl



Pe3ynbTaTbl: pacnpeneneHna cTerneHem v
Koa(hpumumeHTa Knacrtepusaumn
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Pe3synbTaTtbl: pacnpeneneHue crteneHeun
CME)XHbIX BepLUuH
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Pe3ynbTaTbl: page rank
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K-Core npekomMmno3vuusa

Pe3ynbTaThbl

shell index
Kronecker
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Run time difference (%)

Pe3ynbTaTbl: NPOU3BOAUTENIBHOCTb
NPUT0XKEHUMN
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Darwini: cCKopocTb padboThbl
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[ pad ¢ TpunamoHom pebep bbiN1 co3agaH 3a 7 YacoB



Cnacu6o0 3a BHUMmaHue!



