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Unexpected attributed subgraphs: a mining algorithm
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Key insights
Pattern mining algorithm on attributed graphs

Information-theory based filter: Unexpectedness

Explainable and concise outputs

Context & motivations

- Why graphs? Graphs are everywhere

Figure 1: Cora citation network (left) and airplane traffic network (right).

Challenges:
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- Real-world networks = large
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Figure 2: Attributed graph with node

labels and features.

» Difhicult to find information

» Even more difficult to find
“interesting” information

Goals:

- Extract subgraphs or patterns Albert Einstein

p:(G:(V,E),A) .
-
with A ={a € A,Vv € V,a(v)} and G C G that Bertran@Russell

summarize well the initial information m o
Leonarddda Vinci

- Make sure these patterns are

. . Fioure 3: Pattern with nodes shar-
“interesting’ enough °

, ) ] ing common characteristics.
- Remain computationally efficient

Interestingness measure

[nformation-theory based (simplicity theory): Unexpectedness |2)]

U = Cgen — C1desc

with Clye, the complexity to generate the event and Cyese the complexity to describe it

Example: What is the most unexpected lottery draw between the following?
41-34-15-4-28-8 or 1-2-3-4-5-6

- Unexpectedness = drop of
complexity

- Simple events appear unexpected
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Mining algorithm

Main idea: Mine patterns|1] that are unexpected on both structure and
attribute levels

Ulp) = U(G) + U(A)

nodes edges
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with b = max,ecy(deg(v)), k = |N(v)| and #a the number of occurences of a

Results

Real-world network Wikischools, |V| = 4403, |€] = 112834, | A| = 20527

- 396 unexpected subgraphs

A
ug‘tus Mark ‘1tony

1st ce‘ury BC
Cleopatra ‘I of Egypt

Juliu’aesar Cleop‘a VII

Ancier‘ Egypt
Roman‘mpi re
Helleni s.c Greece

Constdfitine I 3rd &htury
4th ‘tury

Western R‘an Empire

J‘JS Ancien‘n‘story
Midd 1@ Ages
Eastern Or.)dox Church 6th ‘ltury

CatWBlic Church

Byzanti‘ Empire Richard II'O1c England Henry IV" England

Angl‘nism

i Stephen of Englarhﬁa"s of @he Roses
Anghcan.ommumon

List of ArchbistBbs of Canterbury ) I @ England The Afarchy
enry nglan

Canterbur’Cathedral Hundred ‘ars' War

Henry II “ Englan
Prime Minister of' the United Kingdom

Richard I1@f England

Henry VI England
Cant.bury Thomad@Becket Y b ¢

John o‘ngland

Edward IV@®f England

Henry III‘1c England

Scottish EP“COPEénCWHEEn
e i i cmillan Minimum wage
Her e apedkes, o the By 30 Houda 1o} TesBaide ™
RRRRR MV Edn o pFDediih LE P England

_ Charles 119d#nengliglfPeuatandathedral . I
Morrd R dangerrr Wakysr HEdeHA0 PR Englande1Geor ge l?ffngcﬁ&]ﬁ9?an@iﬂﬁﬁﬁ%ﬁtgggsr?ggggﬂgﬁ?gm

Bre g4 Suni i
ot 3 TR che et g or R G,
Edward V g LEregiefebmmunion Parliament of the Unitedotggl'g dg -
CCCCCCCC ®f England 2
Cots!dkﬁmcﬁ%frdRrIthp'ios_gﬁpnsgloafndCanterbury g\lr@gﬁ gfo;%aﬁgl‘ f th® Unite
Thonesrvovefii:ﬁ?gtf‘arﬂﬁ E"gé b,id;e " Edward VIII of t#

m of tfe United Kingdom
am ®dington h f 41 afl izabeth 11 of the United Kingdom s
EdvardL einy e £zt MRIVREYE Wdsom castle
List of bgnarfelamesRIREImRpesi o7 co.o 8o01E%oF Yo DTVTh RenSH0ETo
Wa®es Buckinghg

r E eof tie United Kingdom
: Pathedral "VIEEBTTa of oy Ugited Kpean
Henr R i har de f3PERGEREERRLOYACRthCdral | 1o of me unitBaYRThYA%H ’

Oxford George VI of th® United Ki
Spanist® Armada

Figure 4: Unexpected subgraph: 43 nodes, 31 words ['justinian', 'antique',
'heir', 'richard', 'rome', 'throne', ---] (top). Louvain cluster sharing the

most nodes with pattern: 191 nodes, 3979 words (bottom).

Conclusion & future work
_|_

- Explainable outputs: easy-to-read - May miss patterns

subgraphs with concise summaries - Sensitive to parameters

- Hierarchy between patterns

Applications

- Ad-hoc explanations for Machine Learning outputs

- Query the graph with nodes/keywords/structures
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