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Introduction Motivation @ CIKM 2021

Introduction

Subgraph querying is useful in frequent pattern mining, community
detection, question answering etc.

¥

g/}'
L'/
‘

/

P
S é§

S

FIGURE 1: GRAPH FIGURE 2: QUERY
(WITH QUERY MANIFESTATION)

Agarwal, Dutta, Bhattacharya IIT Kanpur; Huawei Subgraph Search using Chebyshev’s Inequality and Statistical Significance 2/9



Introduction Motivation @ CIKM 2021

Introduction

Subgraph querying is useful in frequent pattern mining, community
detection, question answering etc.

* Two types of matches:

— Exact matches
® \y — Approximate Subgraph Matching

Qfé
Wa‘.

&

i

FIGURE 1: GRAPH FIGURE 2: QUERY
(WITH QUERY MANIFESTATION)

Agarwal, Dutta, Bhattacharya IIT Kanpur; Huawei Subgraph Search using Chebyshev’s Inequality and Statistical Significance 2/9



Introduction Motivation @ CIKM 2021

Introduction

Subgraph querying is useful in frequent pattern mining, community
detection, question answering etc.

* Two types of matches:

— Exact matches
. \y G — Approximate Subgraph Matching

Qfé
Wa‘.

&

i

FIGURE 1: GRAPH FIGURE 2: QUERY
(WITH QUERY MANIFESTATION)

Agarwal, Dutta, Bhattacharya IIT Kanpur; Huawei Subgraph Search using Chebyshev’s Inequality and Statistical Significance

2/9



Introduction Motivation @ CIKM 2021

Introduction

Subgraph querying is useful in frequent pattern mining, community
detection, question answering etc.

* Two types of matches:

— Exact matches
. \y G — Approximate Subgraph Matching

 Similarity metric?

Qfé
Wa‘.

&

i

FIGURE 1: GRAPH FIGURE 2: QUERY
(WITH QUERY MANIFESTATION)

Agarwal, Dutta, Bhattacharya IIT Kanpur; Huawei Subgraph Search using Chebyshev’s Inequality and Statistical Significance 2/9



Introduction Motivation @ CIKM 2021

Introduction

Subgraph querying is useful in frequent pattern mining, community

detection, question answering etc.

* Two types of matches:
— Exact matches
— Approximate Subgraph Matching

 Similarity metric?
— Statistical Significance (x?)

FIGURE 1: GRAPH FIGURE 2: QUERY . o
(WITH QUERY MANIFESTATION)  Capture underlying distribution

— Chebyshev’s Inequality
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Introduction Aim @ CIKM 2021

Aim

Goal: Find top-k best approximate matches of the query in the target graph.
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VERSACHI - Vertex Neighborhood Aggregation for Statistically Significant
Subgraphs via Chebyshev’s Inequality

* Capture two-hop similarity of v € G with ¢ € Q

* Chebyshev’s Inequality
— Probability of deviation based on mean and standard deviation

* Pearson’s x? statistic

— Deviation of observed from expected underlying distribution
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VERSACHI Overview @ CIKM 2021

VERSACHI

Offline Phase Online (Querying) Phase
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VERSACHI Overview @ CIKM 2021

VERSACHI
Offline Phase Online (Querying) Phase
1. Create indexes i. Create candidate pairs (v, q)

(using indexes)
2. Neighbor similarity (1,)
ii. Symbol sequence

3. Graph characteristics (1St and 274 s neighbors)

4. Discretize values
. iii. Compute similarity of (v, q
(into category symbols, ;) P y
9 K2
(statistical significance)

5. Probability of o; ) .
(using Chebyshev) iv. Greedy expansion
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VERSACHI Offline (Steps 1-5) @ CIKM 2021

Offline Phase

Steps

vy(A) V,(B)
Q e

...... OVS(D)
4
0
VR((‘,) g/ ‘V‘_(C)
v,(B)

FIGURE 3: EXAMPLE TARGET GRAPH (G)
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Offline Phase

1.

Steps

Create indexes

VERSACHI Offline (Steps 1-5) @ CIKM 2021

Inverted Label index (I Lg) v.(A)
— map labels to vertices
L) 0%
4
: . 0 \
Neighbor Label index (N Lg) v,(C) A
— labels of neighbors v,(B)

FIGURE 3: EXAMPLE TARGET GRAPH (G)

I Lg index

Label

A
B
C
D

Agarwal, Dutta, Bhattacharya

, Neighbors of vi = {va, v3, v4}
Vertex = 1= 02 Ve V)
{vi,vs5} — N Lg index of vy

{v2, v3} N(v1) = {A,B,B,D}
{v7,vs}

{\\4\1,}
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VERSACHI Offline (Steps 1-5) @ CIKM 2021

Offline Phase

Steps 1. Capture neighborhood overlap V.(A) v,(B)
1. Create indexes — Penalize absence of neighbor o A
2. Neighbor labels SO .V}(;) 4 oD
similarity ) 4 )
2. Done Vu,v € G :
| J
. . . V(€ \ ev. ()
3. Modified Tversky index (v = 3) [ 5= 07
V3(B)
Do = IV (w) DN ()| FIGURE 3: EXAMPLE TARGET GRAPH (G)
' [NV (u) NN (@)| + [N (@) \ N ()|
N (vi) NN (v4)
7 vy — = ~ = = > 1
Prva NV1) NN (V)| + N(va) \N(v1)|2 N(v1) = {A,B, B, D}

N(va) = {D, A, B,C, A}
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VERSACHI Offline (Steps 1-5) @ CIKM 2021

Offline Phase

Steps ¥(G): Avg. neighbor similarity v, () V,(B)
1. Create indexes ‘(\ A
2. Neighbor ‘,‘VS(D)

similarity
3. Graph O L

characteristics o v(©) & ) v,(C)

2. 6(G): Std. Dev. of similarity w(t)
FIGURE 3: EXAMPLE TARGET GRAPH (G)

3. A(G): Maximum z-score

A(9) = max { ey @l}
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VERSACHI Offline (Steps 1-5) @ CIKM 2021

Offline Phase

SIS ¥(G): Avg. neighbor similarity v,(4) v,(B)
P ¢
1. Create indexes L
(G 5 AN A) 4
2. Neighbor ¥(G) = 0.59 U :..V‘(.),/' PG
similarity &
3. Graph O ;
characteristics o (0 & VA(C)
2. 6(G): Std. Dev. of similarity b
5(G) = 0.38 FIGURE 3: EXAMPLE TARGET GRAPH (G)

3. A(G): Maximum z-score

A(9) = max { ey @l}

1, Dutta, Bhattacharya IIT Kanpur; Huawei Subgraph Search using Chebyshev’s Inequality and Statistical Significance 5/9



Offline Phase

VERSACHI Offline (Steps 1-5)

@ CIKM 2021

Steps

1. Create indexes

2. Neighbor
similarity

3. Graph
characteristics

4. Discretize values

Capture degree of matching of a
vertex pair
— based on deviation from (G)

Step size (k)
— Lower values preferred

# categories/ symbols:

7= [(A(9) - 1)/~

vy(A) V,(B)
L ]
Sy v A ,
VA() ...... v ! . (jvs(D)
v,(©) \g 8V,
V;(/“)

FIGURE 3: EXAMPLE TARGET GRAPH (G)
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Offline (Steps 1-5) @ CIKM 2021

VERSACHI

Offline Phase

Steps 1. Capture degree of matching of a v.(8) v,(B)
1. Create indexes vertex pair Qe :
— iati AN ) s
2 Neighbor based on deviation from 1 (G) D) >\il(.)/f 2v,D)
T v
similarity ) 4
2. Step size (k :
3. Graph P ( l) N d @ i
characteristics — Lower values preferre vg(©) \‘,3 - i:‘V‘.((?)
. . v,(B)
% DIz 3. # categories/ symbols: ’
FIGURE 3: EXAMPLE TARGET GRAPH (G)
7= [(A(9) —1)/k]

— Symbol set={o1,02,...,0:}
01:0< 7'77“"3(_;))(9)‘ <l+k

Gictor) s 1+ (= 1) < O 44
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Offline (Steps 1-5) @ CIKM 2021

VERSACHI

Offline Phase

Steps 1. Capture degree of matching of a v.(8) v,(B)
1. Create indexes vertex pair Qe :
2 Neighbor — based on deviation from (G) AL :’ﬁ;)/f* 2v,D)
T A\ 4
similarity ) 4
2. Step size (k :
3. Graph Lp ( l) ferred U‘ o
characteristics It CHCIEUCS PICICTC vg(©) \‘,3 - i:‘V‘.((?)
. . v,(B)
% DIz 3. # categories/ symbols: ’
FIGURE 3: EXAMPLE TARGET GRAPH (G)
7= [(A(9) —1)/k]
— Symbol set={o1,02,...,0:} For v = 0.1,

(1.54—1) re 41
T = (ﬁ—‘ = (54| =6

01:0< 7'77“"3(_;))(9)‘ <l+k

Gictor) s 1+ (= 1) < O 44
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VERSACHI Offline (Steps 1-5) @ CIKM 2021

Offline Phase

Steps 1. Capture degree of matching of a v.(A) v,(B)
1. Create indexes vertex pair Q : A
2. Neighbor — based on deviation from ¥ (G) av,D)
v
similarity
2. Step size (k
3. Graph LP ¢ l) £ d @ ¢
characteristics It CHCIEUCS PICICTC vg(©) \‘,3 - i:‘V‘.((?)
¢
A : v,(B)
G IEEERPOVANES 3. # categories/ symbols: :

FIGURE 3: EXAMPLE TARGET GRAPH (G)

7= [(A(9) - 1)/~

—Symbol set= {c1,092,...,0:} For k = 0.1,
(1.54—1) fe A7
r = (ﬁ—‘ = (54| =6
Nuyw =% (G
o1:0< et @l g4y
| @) Myvg — Y (G) T 0.59

Q N, v—YP . - = = —0.83

Oicl2,7] * 1+(i—1)-k < Tt g(g) <l+i-k 5(G) 0.38
Symbol assigned: o1
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@ CIKM 2021

VERSACHI Offline (Steps 1-5)

Offline Phase

sligg 1. Pr(o;): Probability of symbol v.(A) v,(B)
1. Create indexes occurrence L ]

2. Neighbor ('\VS(D)
v

similarity

3. Graph 2. Using Chebyshev’s Inequality s
S _ V(€ 9 v.(C)
characteristics —Pr( \Xé | > t) < l/tQ, 8 ¢ 7

4. Discretize values V()

t>0

FIGURE 3: EXAMPLE TARGET GRAPH (G)

5. Probability of o;

1 1 1 .
Pr(o;) = = - 7= - 5 2<i<rT
2(14+G-1) k) 1+4+1i-k)
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VERSACHI Offline (Steps 1-5) @ CIKM 2021

Offline Phase

sligg 1. Pr(o;): Probability of symbol v.(A) v,(B)
1. Create indexes occurrence ‘C
2. Neighbor QVG(D)
similarity )
3. Graph 2. Using Chebyshev’s Inequality Q"' i
aracteristics _ vg(C) av.(C)
characteristics _ Pr( \Xé | > t) < l/tQ, 8 O ~ o7
4. Discretize values Vs(®)
t>0

FIGURE 3: EXAMPLE TARGET GRAPH (G)

5. Probability of o;

1 1 1 .
Pr(d,):g[(1+(i71)'ﬁ)2 Arin)? 2<i<rT
Pr(o1) =1— Y  Pr(o;)

j=2

—6
S Pr(o;) = 0.22 Pr(oc1) =1—-0.22 =0.78
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps v v,(B) ()
v,0) ,‘1(: 7 9%

. |
\A N . (© |/

\AL) & v,(C) G 1

0 d

v,(B) 4,(8)

&) (B)

FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps

B)

i. Create candidate
pairs

[ ]

=

o

c
.

)

q,(8)

(A) (B)

FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)

1. Create indexes (/ Lo, NLg)

I Lo index

Label Vertex — Neighbours of q1 = {q2, q3, q4 }
A {d1. a5} — NLg index of q
B {d2, qs}
C {q7} N(q;) ={A,B,B,D}
D {94, g6}

1, Dutta, Bhattacharya
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps v v,8) () %)
4 /Ax\‘
i. Create candidate 7N S/ \
airs (D) / [
pairs [0 y )
.v7(L)
q,(8)
(&) (B)
FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)
1. Create indexes (/ Lo, NLg) E—

2. Form Candidate Pairs
I'Lg index Candidate vertex pairs(v, q

Label Vertex — Neighbours of q1 = {q2, q3, q4 } vEG qE Q
A {a1. 95} — N L index of q1 A: (v1,q;), (v1,95),
N {92, a3} V5, C V5 (‘
C {q7} N(q;) ={A,B,B,D} 5> A1/5 15,5
D {94, g6}

C: (v7,97),(vs8,q7

1, Dutta, Bhattacharya
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps v v,(B) ()
i. Create candidate v.(A) »
pairs AU o oV
N . |
ii. Symbol sequence pe A 1 |
o N\ . (©) |/
V() & ) K
L/ g
v,(B) 5%
(A) (®)

FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)
For all vertex pairs (v, q)

1. Compute 7y, q

V1,9, 1
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps v5(A) v,(B) q,(n) q/Z{ B)
X AN
i. Create candidate SN f \
airs Vo) \
pairs oY L
ii. Symbol sequence
07O
q,(B)
(A) (B)
FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)

For all vertex pairs (v, q)

1. Compute 7y, q — 2. Compute 274 order neighbor similarity ~— 3. Assign Symbol
(Greedy best mapping based on 7 values)

TN1,q; 1 Neighbour pair ~ Symbol
V2,(qy a2
\! o
1 (“ 1 V3, Ll_; g3
V4,qy o4
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps vt “®
i. Create candidate N
pairs e
ii. Symbol sequence
07O
q,(B)
(A) (B)
FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)

For all vertex pairs (v, q)

1. Compute 7y, q — 2. Compute 274 order neighbor similarity ~— 3. Assign Symbol
(Greedy best mapping based on 7 values)

V1,41 1 Neighbour pair ~ Symbol Vertex Symbol Sequence:
V2, (g- (o 2
. . 2,2 2 ()\H‘ ={o1,02,03,04}
1 (“ 101 1
V3, Ll_; g3
V4,qy o4
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps 1. Compute similarity (X?v q>)

i. Create candidate

airs (v, () Ev ()]2
p X?v i :Z [Oq (@ v.9)

- Oy oy (2

ii. Symbol sequence Vi <x.q>( )

iii. Compute
similarity of 2. O<v’ a) (@) - Observed count of o B, q) (%) - Expected count of o;
(v, q)
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps 1. Compute similarity (X?v q>)

i. Create candidate

airs (v, () Ev ()]2
p X?v i :Z [Oq (@ v.9)

- Oy o) (2
ii. Symbol sequence Vi <x.q>( )
iii. Compute
similarity of 2. Oy, gy () - Observed count of o35 E, ¢ (4) - Expected count of o;
(v, q) ‘
3. Oy g {01,02,03,04}; Lengthof O, 341 1

V1,41
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Querying Phase

VERSACHI Online (Steps 6-9) @ CIKM 2021

Steps

i. Create candidate
pairs

ii. Symbol sequence

iii. Compute
similarity of
(v, q)

S E(v,q) (Z) =1- Pr(ai)

—1=lengthof O

Agarwal, Dutta, Bhattacharya

q)

1. Compute similarity (X?v q>)

x2 :Z[ () — E(Vq()]2
ea) Vi O(v. q) (L)
2. Oy, gy () - Observed count of o35 E, ¢ (4) - Expected count of o;

3. O {01,02,03,04}; Lengthof O, 3+1 1

V1,91 1,91

1 _ 1
1+ (i-1)-x)?> (14i-r)°

Pr(o1) =1- Y Pr(o;)
i=2

FIGURE 4: PROBABILITY CALCULATION
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VERSACHI Online (Steps 6-9) @ CIKM 2021

Querying Phase

Steps 1. Compute similarity (X%v q>)

i. Create candidate

vy () ~ Biugy ()]
pairs X?v,q) :Z[ q)\* (v.q) ]

- Oy,
ii. Symbol sequence Vi <x.q>( )
iii. Compute
similarity of 2. O<v’ a) (@) - Observed count of o B, q) (%) - Expected count of o;
(v, ) ‘
3. ()\\m {01,02,03,04}; Lengthof O, 3+ 1 1

V1,d;

S E(v,q) (Z) =1- Pr(ai)

P;v(m):%[(l*»(’;jl)_ )2—(1+? ik 2<i<T
-1 =length of O o " "

Pr(o1) =1- Y Pr(o;)
i=2

—1.44 FIGURE 4: PROBABILITY CALCULATION

Agarwal, Dutta, Bhattacharya 1T Kanpur; Huawei
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VERSACHI Online (Steps 6-9)

Querying Phase

@ CIKM 2021

Steps v v,(B)
i. Create candidate N
pairs / v
ii. Symbol sequence
iii. Compute L X
similarity of 48
Sl ) (®)
e @heedly eqrmsion FIGURE 4: EXAMPLE (A) TRAGET GRAPH (G) AND (B) QUERY GRAPH (Q)
« Expand the candidate vertex pair greedily based on x2 similarity.
— Neighbour pairs of (vi,q;): {(v2,9s), (v3,q3), (V4,q4)}
— Choose vertex pair with highest similarity - (v, ¢,
— Add it to the candidate answer - { (vi,q,), (va.qy)}
— Repeat (explore neighbors of candidate answer) - { (vo, q5). (v3,ds), (v5,q5). (v8,q7) }
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Experiments Setup @ CIKM 2021

Experimental Setup

e Human, HPRD, Protein:
Biological Networks

Dataset # Vertices #Edges # Unique Labels

Human 4,674 86,282 44
HPRD 9460 37,081 307 e Flickr: Social Interaction
Protein 43471 81,044 3
Flickr 80,513 5.9M 195 e IMDb: Knowledge Graph
IMDb 428,440 1.7M 22

TABLE 1: REAL-WORLD DATASETS

Query and Accuracy:
e 6 Types of Queries: exact + 5 noisy
* Noisy: edge addition/ deletion, vertex addition/deletion, modified label
¢ Query vertex sizes: 3,5,7,9, 11, 13 (20 each)
e Total queries: 6 X 6 x 20 = 720

e Accuracy: fraction of edges of Q present in answer

Subgraph Search using Chebyshev’s Inequality and Statistical Significance 719
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Results @ CIKM 2021

Experiments

Performance

Dataset / Accuracy

Algorithm Human HPRD Protein Flickr IMDb
VELSET [1] 0.42 0.65 0.37 0.75 0.53
G-Finder [2] 0.45 0.12 0.47 out of memory
VERSACHI 0.90 0.81 0.67 0.84 0.87

TABLE 2: OVERALL ACCURACY

e Accuracy averaged across query types and sizes.

e > 20% accuracy improvements

¢ VERSACHI: substantial accuracy gain against slight increase in compute time

[1] Dutta et al. 2017, WWW. 1281-1290.
[2] Liu et al. 2019. IEEE BigData. 513-522.

8/9
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Experiments Results @ CIKM 2021

Performance

Performance on Barabasi-Albert graphs (|V/| = 50K, Avg. Degree = 50, x = 0.001)

1 1 —y
> 08 > 0.8
g 06 g 06
g 04 g 04
< 0.2 -+ |N=2 -= |[|=500 < 0.2 =+ |[=2 - |I=500
0 2 |M=50 — |M=5K 0 - [[=50 -~ [[|=5K
Z 3 = 65
10 2 o //
£t £ e —————%
£ g 1 — .
g 01 5 o1
=001 — M2 - [7=500 €00 ~ 2 - |=s00
: > M=50  —= [Mj=5K : >[50~ |M=5K ]
K 5K 10K 50K 100K 5 10 5 50 100 250
Number of Vertices Average Degree
FIGURE 5: EFFECT OF GRAPH SIZE FIGURE 6: EFFECT OF AVERAGE DEGREE
1 —
Z 08
£ 06
S 04
< g2} = IN=2 - |j=500
oF % [M=50  — [M=5K
Z 10
P
E 1
z 01
~0.01 - =2 - |=500
¢ =50  —= |M=5K
0.001 51T 2 4

0.01 0.1 0.
Value of Step Size (K)

FIGURE 7: EFFECT OF STEP-SIZE (k)
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Conclusion Contributions @ CIKM 2021

To summarize . . .

* Chebyshev’s inequality - underlying graph distribution

* Statistical significance - capture deviations

* High accuracy across datasets and noisy queries

* VERSACHI : approximate labelled graph querying

— scalable and accurate

The source code of VERSACHI is available from https://github.com/shubhangiat/VerSaChl
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https://github.com/shubhangiat/VerSaChI

Thank you !!

Questions?
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