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Yo Takoe Node2Vec?

Node2Vec - anropntm obyyerms npeacTasneHmii BeplinH roadpa, OCHOBAHHbIA HA CIyHaHbIX
6nyxaaHuax n mogenv Skip-gram.
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 MoTueauus:
PekomeHaaTenbHbie 1 NOUCKOBLIE CUCTEMBI YACTO MCMOMB3YIOT NPEeAcTasneHus rpados. [ lostomy

NPOW3BOAMTENBHOCTb ANTOPUTMOB ODYYEHMs MPEACTABNEHUI BAXHA,

* Hawa sagaya: e o
Yckoputs 6asosyio C++ peanmsaumnio Node2Vec o SNAP: .
anroputma ot Stanford Network Analysis Project TN
[SNAP). e

. A. Grover, J. leskovec. ACM SIGKDD International Conference on Knowledge Discovery and Data Mining
(KDD), 2016.


http://arxiv.org/abs/1607.00653
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Kak nonyunts npepctaBneHus seplumH rpada?

Marus

Skip-gram monens

(Word2Vec)
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Kak pabotaetr Node2Vec?

Step 3. Tpennposka mogenu Skip-gram

u

"Io3uTmeHbIE" 3NEMEHTHI
+ —)

"Heratrehblie” anemenTsl

Embedding matrix

0.5 | -04 | 0.1
03 | 0.1 | 0.2
1.2 0.7 | -04
06 | -0.5 | 0.8
05 | -02 | 02
06 | 03 | -04

Membe ]RVXd

h - M;nbx ]
Context matrix

neg neg
0.3 1 pPos v,

02 | 08 | -09 | -06 | 0.3 0.6
0.1 021 06 | 0.1 [-04] -0.3 0.3

-0.1 | -0.5] 0.1 0.2 0.2 -0.4
0.2 dxV

Mcontext = ]R X
h € R4

y eRY

p(C = 1fu,v;*%)

p(C = 1|u, vPo%)

not computed

p(C = 1u,v,*%)

Skip-gram mogens ¢ HeraTeHOM BHIGOPKON

not computed

not computed
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* basosas peanusaups: cnyyaritbie YMCNa reHeprpyioTCs Mo Mepe HaRobHOCTY

do in parallel:
for all walks walk € walks do
for node v € walk do
Generate random integer number offset in interval [0, k)
for all nodes v € w inside the window of size 2 * (k - offset) around u do
for iter = 1 to NegSamN + 1 do
if iter == 1 then
target_node = v
Train embeddings of nodes from ”positive” pair (v, target_node)
else
Generate two floating-point numbers numl and num2
Select target_node using Alias method from the graph based on numl and num2

Train embeddings of nodes from ”negative” pair (v, target_node)



* basosas peanusaups: cnyyaritbie YMCNa reHeprpyioTCs Mo Mepe HaRobHOCTY

do in parallel:
for all walks walk € walks do
for node v € walk do
Generate random integer number offset in interval [0, k)
for all nodes v € w inside the window of size 2 * (k - offset) around u do
for iter = 1 to NegSamN + 1 do
if iter == 1 then
target_node = v
Train embeddings of nodes from ”positive” pair (v, target_node)
else
Generate two floating-point numbers numl and num2
Select target_node using Alias method from the graph based on numl and num2

Train embeddings of nodes from ”negative” pair (v, target_node)



*  ONTUMM3MPOBAHHAS PEANM3ALMS: KOXKObIMA MOTOK MMEET COOCTBEHHbIN ONOK NAMSTH, 30PAHEE HAMOMHEHHBIN
BCEMM CIYHAMHBIMM YMCIAMM, KOTOPLIE NOTPEDYIOTCS

Allocate memory RndF* and RndIx for each thread
do in parallel:
for all walks walk € walks do
Generate random float numbers and fill the RndF* memory associated with the current thread
Generate random integer numbers and fill the RndI* memory associated with the current thread
for node v € walk do
Get offset value from RndIx*
for all nodes v € walk inside the window around u do
for iter = 1 to NegSamN + 1 do
if iter == 1 then
target_node = u
Train embeddings of nodes from ”positive” pair (v, target_node)
else
Get two floating-point numbers numl and num2 from RndFx
Randomly select target_node from the graph based on numl and numZ2

Train embeddings of nodes from ”negative” pair (v, target_node)
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* basosas peannsaups: 06paboTka NO3UTUBHBIX M HETATUBHLIX SNEMEHTOB MPOU3BOAMTCS B OAHOM LMKIIE.
ObHoenenne Meontext ¥ Memp TOKXE NPOUCXOANUT B OAHOM UMKIIE.
do in parallel:
for all walks walk € walks do
for node u € walk do
Generate random integer number offset in interval [0, k)
for all nodes v € w inside the window of size 2 % (k - offset) around u do
for iter = 1 to NegSamN + 1 do
if iter == 1 then
target_node = u
Train embeddings of nodes from ”positive” pair (v, target_node)
else
Generate two floating-point numbers numl and num2
Select target_node using Alias method from the graph based on numl and num2

Train embeddings of nodes from ”negative” pair (v, target_node)



* basosas peannsaups: 06paboTka NO3UTUBHBIX M HETATUBHLIX SNEMEHTOB MPOU3BOAMTCS B OAHOM LMKIIE.
O6Hoenenne Moontext 1 Memp TAKXKE MTPOUCXOOUT B OLHOM LMKIIE,

do in parallel:
for all walks walk € walks do
for node v € walk do
Generate random integer number offset in interval [0, k)
for all nodes v € w inside the window of size 2 % (k - offset) around u do
Train embeddings of nodes from ”positive” pair (v, u)
for iter = 1 to NegSamN do
Generate two floating-point numbers numl and num2
Select target_node using Alias method from the graph based on numl and num2

Train embeddings of nodes from ”negative” pair (v, target_node)
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Ontummsaums 3. BoipaBHUMBAHKWE NO K3LW-IMHUSM

* basosas peanusaums:
BEKTOPHbIE NPEACTABMNEHNA MOTYT PA3AENATh K3LU-
IHUM, 4TO MPUBOOMT K U3NMULLHEN HATPY3KE HA
namats (“false sharing”)

Homep

K3LW-JTMHNA

#2
#3
#4
#5

#O

Homep 4acTu Kaw-nnHmum

Part 1 | Part2 | Part3 | Part4
Part 1 | Part2 | Part 3 | Part4
Part 1 | Part 2

O Emb. #1
O Emb. #2
O Emb. #3



Ontummsaums 3. BoipaBHUMBAHKWE NO K3LW-IMHUSM

Homep yacTu Kaw-nmnHmum

* basosas peanusaups: ¢ 3
BEKTOPHBIE MPEACTABNESHMS MOTYT PA3AENTb KLU~ ~
AVHUM, YTO NPUBOAUT K M3AMLIHEN HArpy3Ke HO #1| Part 1] Part2 | Part3 | Part4
namsts (“false shoring") #2 | Part 1 | Part2 | Part3 | Part 4
omen 4 O Emb. #1
e " Part 1 | Part 2 O Emb. #2
O Emb. #3
* Optimizedimplementation: #5
KOX[I0E BEKTOPHOE NPEACTABNEHUE PACNONOXEHO HA " O Offset
SKCKNO3MBHO BHIAENEHHbIX AN HETO K3LLI-NMHMUAX, HTO v
ncknioyaet “false sharing”
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KoHTponb ToYHOCTH

1. Bbiumcnmts npencrasnenns seplunt rpada ucnonsays Node2Vec
2. Mposectut multi-label knaccudmrkaumio BepwmnH Ha OCHOBAHMM NONYYEHHBIX NPEACTABNEHM

3. Buumcnnts Micro-F1  Macro-F1 metpukn kadvecTtea



MeTpuKM Ka4ecTBA OCTANIMCh HO MPEXHEM YPOBHE

BlogCatalog Oe T.re‘nced
—— mize
(0=0,25: q=0,25) P
4]
3L
-39
T B S N
ataset o
Training rati 031050/ 0310510/ =
----m----m 7
- Reference 158 194 207 217 223 11.5 157 1/.3 18 > 13
Reference 454 489 506 518 517 76 94 103 106 11.0 Trqini )
Wikipedia raining rafio
Optimized ~ 46.0 49.1 504 51 518 80 95 10.1 105 108 25
Reference  34.2 369 378 384 388 163 199 212 221 226
BlogCatalog o%
Optimized 344 367 378 384 389 167 20.1 21.5 223 225 20
L
Salp Reference  58.6 599 60.1 60.3 604 57 59 59 60 60 é
Optimized 592 60.0 60.3 604 604 59 61 61 6.1 6.1 28 15
10

01 02 03 04 05 06 0,/ 08 09

Training ratfio
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[padbl Ans oueHKM NPOU3BOAUTENIBHOCTH

PP 3 890 /6 584
Wikipedia 4777 184 812
BlogCatalog 10 312 333 983

DBLP 51 264 12/ 968
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Wikipedia
BlogCatalog 218
DBLP
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Wikipedia
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CpaBHEHME C APYTMMUM PEATTU3ALUAMM

Habop VHRanger/ | eliorc/ shenweichen/ SNAP Hawa
LLOHHBIX nodevectors | node2vec | GraphEmbedding peanusauus
PP 21 /6 42 /6 24

Wikipedio 49 377 140 86 35
BlogCatalog 139 1366 363 218 66
DBLP 132 360 348 Q37 184

Bpems paboTs anroputma obo3HauYeHo B CEKYHAAX
Hanmenbluee Bpems paboTsl NOAYEPKHYTO B KAXKAOM CTPOKE



3akovyeHme

* Ml caenanu ontummsaumio Node2Vec
anropuTMa, koTopas yckopset paboty B 2.5-5.1 PP
pa3 No cpasHeHuio ¢ basoson C++
peanuaaumen ot

Stanford Network Analysis Platform (SNAP) Wikipedia
BlogCatal
* Kauecteo paboThl ONTUMM3MPOBAHHOTO Cg-AIAied
QNrOPUTMA OCTANIOCH HA MPEXHEM YPOBHE
DBLP Q37

bazoras

OnTYMU3MPOBAHHOS
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