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VEND: Vertex Encoding for Edge Nonexistence Determination

|£%M%M% TG AR 7

n edge queries (vertex pairs)

A A

n edge queries (vertex pairs)

' - p’ - p no-result

edge queries flltered I

______________________________________

Edge Query Executor

Graph Storage

______________________________________

(a)n executions for all edge
queries without VEND

(b) n(1 — p’ - p) executions for all edge

Edge Query Executor

Graph Storage

queries with VEND

1

Li et al. 2023
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Encoding Function f :

® Given a dimension number k, each vertex is assigned with k-dimension
vector, denoted as f(v).
® Kk is usually small

Nepair NE(G) :

® givenagraph ¢ = (V,E) and v{,v, € G , there is no edge connecting

V1,V ING
NE(G) = {(v1,v2) | v1 # v2 A (v1,v2) & E} @ Q
NEpair Determination Function F (NDF): e
® A function to determine the NEpairs

F(f(v1), f(v2)) =1, 5 @ G



I VEND 47 5 A= 2] 22 & 3L

VEND Score:

The proportion of NEpairs that can be detected by F.

Yoy eViwpev (F(f(v1), f(v2)))

Scoreg i (f, F) = INE(G)

Problem Definition:

Design an encoding function f and an NDF F
Score(f,F) is as high as possible

f can be updated efficiently when edge updates
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lteratively remove vertices with degree <k

fa(v) — [Ti7v17v27 "o av|NGi(U)|]

F*(vy,v2) = (v2 & f*(v1))

N ERNEIEEG, IR
EE I EGCHK-CoreZ M A
@ L, A AIEK-CoreZfHrBHF

= 2 A

SES IR MR

Figure: A data graph example and the core subgraph
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Range-based Encoding

Neighbor list after k-core: Ncg (v) = {vy, v, -, V¢ }

Choose the first k consecutive neighbor IDs (neighbor block ) as encoding
vector .
Forany v' <= v,, v’ is either an item in the vector (Neighbor), or v’ and v

are of no edge
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Range-based Encoding

_ Leftmost: f%(6) = {1,2,4}
k=3 _
Rightmost: f*(6) = {2,4,7}
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Range-based Encoding

Neighbor list after k-core: Ncg (v) = {vy, v, -, V¢ }

® Choose the first k consecutive neighbor IDs (neighbor block ) as encoding

vector . X

® Choose the block with higest VEND score \
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Optimized Range: Consider sequence s = {—00, V4, Uy, , V|n, (v)[, ©}
ARERESRANMER, M RIEPEHEAD

Basic Range Improved Range

fE1) =12,3,4} f*(4) ={1,3,6} = f*(1) ={4,6,00} f*(4) = {1,3,6}
F42) ={1,3,6} f*(6) ={1,2,4} = f*(2) ={1,3,6} f*(6) ={2,4,7}
fa<3) — {17274} fa(7) — {27374} fa(g) — {476700} fa(7) — {476700}

\ 4 ¥

Detectable (2’ 4) (4’ 2) (17 7)(77 1) NEpair: Fifi 2%
NEpairs (3.6)(6.3) (2,4)(4,2)
. - 3 Y Y]
within C¢, (3,6)(6,3)

Figure: Basic range VEND V.S optimized range VEND
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Hash-based Encoding

Neighbor list after k-core: Ncg (v) = {vy, v, -, V¢ }

® Hash every neighbor IDs into a k-dimension vector

® Set the corresponding hash slot to 1.

frest)[vy %k] = 1
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—EIBbit= ELGSeE AL, T TEIEAhashig

An example for Hybrid VEND

f"b(6): ® Set {4,7} for range , remaining {1,2} for hash

NDF: @ Determine if the target within the range, otherwise examine the hash



| nommu i Ruhmins
iIncorporating range and hash based ideas

® Encoding with k" dimension for range

® Remaining k — k' for hash

How to determine the best range block ?
® Set VEND score as metric

® Dynamic block selection
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Dynamic Block Selection 1=|B|=k

® Consider all t-size blocks

® Sliding-window approach (avoid duplicate computation)

When |B| = 2

NG(U):{_OO) Ul) vz, v3; U4_, vS) U6,°'°’Ut,00}

By
\ ;BZ . B3
Y Y
For Range _ For Hash
\ Cons = :

(]
)

VEND score
Time Complexity : 0(k? - [Ng(v)| - 1) =32
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Optimizations

® Encoding compression

® Indicating infinite flags with only two bits
® SIMD

Efficient Maintenance ] 9
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® CPU : Intel(R) Xeon(R) Silver-4210R 2.40GHz

® Main memory :128G

® C++
Datasets Vertexs Edges Degrees
As-Skitter 1,696,415 11,095,298 13
Wiki-topcats 1,791,489 25,444,207 28
Uk-2005 39,454,463 783,027,125 40
Gsh-2015 988,490,691 25,690,705,118 52
Orkut 3,072,441 117,185,083 76

Table: Summary of Datasets
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Methods:

SBF : Standard Bloom Filter

CBF : Counting Bloom Filter

BBF : Blocked Bloom Filter

LBF : Local Bloom Filter

Range : Range-based VEND (our baseline)
Hybrid : Hybrid VEND (our final solution )

Evaluation:

® VEND score
® Edge queries acceleration
® Maintenance efficiency

k=6,8,10
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Figure: VEND Score over Different Datasets on Randomly
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Bk ¢ s 60% o Hybrid »SBF & CBF - ] )| e 60% |
z -— e g ool ATeew 2 30% B i S £ 30% o Hybrid »SBF & CBF =
3 40%! 8 | 5 40% _o— A T - BBF e A ~-BBF —-Range%LBF = 409 -o-Hybrid »SBF 8- CBF
n —10/(( =2 ( B K2 2()% BBF —<-Range-*-LBF o 2()(% - A( &-BBF —¢-Range -+ LBF
P
20% o Hybrid»SBF -5-CBF | 20% 10%} / ] 10% | : 20%F o— :
---BBF —-Range*LBF B/B—f//_{]
0 , 0 ‘ 0 0 : o I - .
0% =6 =8 =10 0% =t k=3 =10 0% =5 =8 k=10 0% =6 =8 k=10 0% 25 k=3 =10
(a) As-Skitter (b) Wiki-topcats (c) Uk-2005 (d) Gsh-2015 (e) Orkut

Figure: VEND Score over Different Datasets on Vertex Pairs
of Common Neighbor
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We propose a new and important problem for determining
no-result edge queries (VEND).

We formally define an important measure (VEND source)
to precisely evaluate the performance of VEND solutions

We propose an effective VEND solution and design efficient
update algorithms over the hybrid version.

Various experiments indicate that our VEND solution can
explicitly improve the corresponding system performance
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