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Problem Set-up Localizing the Problem Nomination via Graph Matching Examples Future Work

Problem Formulation

Two large networks on overlapping, non-identical vertex sets.
Seed vertices for which correspondences are known.
There is a vertex of interest (VOI) in one network we’d like to
identify in the other.
Goal: Find vertex corresponding to VOI in the other network.
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(a) Facebook Network
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(b) High School Survey Network
Figure: Data obtained from [3].
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(a) Facebook Network

1

2
3

4

5

6
7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
25

26

27

28

29

30

31
32

33

34

35

36

37

38

39

40

41

42

43

44
45

46

47

48

49

50

51

5253

54

55

56

57

58

59

60

61

62

63

64

65

66

67
68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83 84

85

86

87

88

89

90

91
92

93

94

95

96

97

98
99

100

101
102

103

104

105

106

107

108

109

110

111

112

113

114

115

116
117

118

119
120

121

122

123

124

125

126

127

128

129

130

131

132

133
134

(b) High School Survey Network
Figure: Data obtained from [3].
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(b) High School Survey Network
Figure: Data obtained from [3].
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Challenge

Often vertex attributes alone are not enough to identify VOI
in the other network.
Networks can be too large for graph matching to be efficient.
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Problem Set-up Localizing the Problem Nomination via Graph Matching Examples Future Work

Course of Action

Localize the problem
Localize the problem
Apply graph matching techniques [2]
Nominate potential matches to the VOI

VN-LNM
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Viewing the Facebook graph with VOI at center

Figure: Facebook graph centered at VOI x = 41, with h-hop
neighborhoods in concentric circles about x .
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Creating Local Seed Set Sx (h = 1)

Figure: Local seed set Sx = {19, 24, 88} created in Facebook network
choosing seeds within a 1-hop neighborhood of the VOI.
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Creating Local Seed Set S ′x
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(a) Facebook Network with local
seed set Sx = {19, 24, 88}
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(b) High School Survey Network
with corresponding local seed set
S ′

x = {21, 27, 92}
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Creating Local Neighborhoods of Sx and S ′x (` = 2)
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(a) Facebook Network with seeds
Sx = {19, 24, 88}
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(b) High School Survey Network
S ′

x = {21, 27, 92}
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Creating Local Neighborhoods of Sx and S ′x (` = 2)

1

2

8

11

12

13

15

16

19

20

21

24

25
26

31

35

38

40

41

46

49

50
52

59

60

61

65

66

67
69

70

77

87

88

93

94

103

105

111

114
123

124

128

129

130

131

135

136

(a) Facebook Network with seeds
Sx = {19, 24, 88}
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(b) High School Survey Network
S ′

x = {21, 27, 92}

Candidate set of vertices is C ′x =
{1, 4, 9, 14, 20, 22, 24, 38, 41, 42, 49, 53, 55, 56, 57, 58, 68, 71, 72, 76,
78, 86, 96, 120, 122}, and |C ′x | = 25.
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Course of Action

Localize the problem
Apply graph matching techniques [2]
Nominate potential matches to the VOI

VN-LNM
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Applying Soft Seeded Graph Matching (SoftSGM) [2]

Dimensions: 48 x 48
V(G')

V
(G

)
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Apply Seeded Graph
Matching (SGM)
algorithm [2] repeatedly
(R times) and average
over solutions.
Obtain matrix D so that
element i , j represents
the proportion of times
vertex j in G ′ mapped to
vertex i in G .
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Course of Action

Localize the problem
Apply graph matching techniques [2]
Nominate potential matches to the VOI
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Creating Nomination List
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The most likely nominate
for the VOI is in
arg max

v∈C ′
x

D[x , v ].

Nomination list for the
VOI, x , is the list of
vertices in C ′x ordered
from highest to lowest
value in D[x , ]
Φx = ({42, 122}, 86,
{1, 55, 57}, . . .)
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VNmatch [1]

1: Input: Graphs: G = (V ,E ), G ′ = (V ′,E ′),
Seeds/Seeding: S ↔ S ′,
VOI: x ∈ V , Limits: h, `, Restarts: R

2: Step 1 : Find seeds within h-path of VOI: Sx and S ′x
3: Step 2 : Create induced subgraphs of G and G ′ generated by

vertices within `-path of Sx and S ′x — Denote by A and B the
corresponding adjacency matrices

4: Step 3 : Run SoftSGM with R restarts to get matrix D
5: Step 4 : Create a nomination vector Φx based on the

proportion of times u ∈ V ′ is matched to x according to the
vector D(x , :).

6: return Φx the nomination vector of likely matches to x .

VN-LNM
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Notation Used in Examples

Let C ′x denote the set of candidate vertices for x , that is, the set of
non-seed vertices in the induced subgraph of G ′, rank(x ′) denote
the expected rank (location) of x ′ in the nomination list, and define

τ(x ′) =
( rank(x ′)− 1
|C ′x | − 1

)
. (1)

Example: rank(42) = 1.5 and |C ′x | = 25, so
τ(x ′) = 1.5−1

25−1 = 1
48 ≈ .021.

VN-LNM
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High School and Facebook Networks [3]
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(a) Core of High School
Friendship Network based on
Facebook
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(b) Core of High School
Friendship Network based on
the Survey
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Applying VNmatch to HS core networks with VOI 27 (41)
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VN−SGM on HS data using VOI=27

VN-LNM



Problem Set-up Localizing the Problem Nomination via Graph Matching Examples Future Work

Adding unshared vertices to HS networks
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Twitter and Instagram Networks
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Figure: (left) Twitter network (right) Instagram network
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VNmatch applied to Instagram and Twitter Networks

●
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●
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0.4

0.6
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sx

τ(
x)

Effects of sx: Instagram and Twitter

Figure: Fixed VOI and fixed seed-set of size 10. For every subset of size s
(even) we run VNmatch algorithm and record the location of the VOI in
the nomination list. We plot the average and CI (mean ± 2*se) for each
s ∈ {2, 4, 6, 8, 10}.
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Future Work

Explore the effects of unshared vertices and how to address
them in more detail.
Explore how choice of seeds can be made (i.e. what makes a
good seed).
In the SBM setting, what happens when ρ is different based
on block structure?
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