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Introduction

Selection of the most important text elements

o Keyword Selection
o Top ranked terms as the most representative (TF-IDF, variations)
o Co-occurrence frequency for recognizing composite terms
o Applications: summary keywords, tags extraction, classification, retrieval

o Sentence Selection

More difficult: Rank sentences of a given text passage
Observation: Most important sentences occur in the beginning
Cohesion-based methods

Applications: text summarization, title extraction, snippet extraction, search
engines
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Motivation

Graph based ranking algorithms

o Very helpful to rank Web pages, members in a social network, authors in
bibliographic databases

o Implies the existence of explicit links between nodes (pages, members, authors)

Use of graph based ranking algorithms for selecting
the most important keywords and sentences

o Problems:
No explicit links - How to construct/weigh edges?

lhic ~nacn o]
o Laosc r

What algorithms are suit
o Proposed Solution:
Create graphs from text using implicit links based on semantic similarity

Apply modified/weighted versions of ranking algorithms to the semantic graphs

~
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Contributions

SemanticRank

o A novel algorithm for constructing semantic graphs from text and rank
keywords/sentences

o Combination of knowledge based measures of semantic relatedness employed

Modular Design

o Allows any graph-based ranking algorithm to be employed

Experimental evaluation using a variety of graph-
based ranking algorithms

o Keyword selection
o Text summarization
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FHarlier use of Semantic Graphs in NLP
(Word Sense Disambiguation )

Graph-based methods demonstrate SoA results amongst
unsupervised WSD methods [Sinha and Mihalcea 2007].

An example of an earlier approach: [Veronis and Ide 1990]
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Semantic Networks Creation

Tsatsaronis et. al. [IJCAI 2007] proposed a new method
for constructing semantic networks

o Use all of the available semantic information from WN

o Use edges weighting scheme

o Example: “If both copies of a certain gene were knocked out,
benign polyps would develop”
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Applications of Semantic Networks

Semantic similarity/relatedness [Budanitsky and
Hirst 2006]

Omiotis measure, Tsatsaronis et al. [JAIR 2010]
o Relatedness computation between:

Term pairs

Sentence pairs

Publicly available: http://omiotis.hua.qgr

Very good performance in word-to-word and
sentence-to-sentence similarity
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SemanticRank: Semantic Graphs Creation

Keyword Graphs

o Pre-processing
o stopword removal
o Composite term recognition
o Terms as nodes
o Compute all pair wise term semantic relatedness values as edges

o 2 measures used: WordNet based: Omiotis, and Wiki-based: Milne and
Witten (2008)

Sentence Graphs

o Pre-processing
o Sentence splitting

o Sentences as nodes

o Compute all pair wise sentence semantic relatedness values as edges
o Omiotis used
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Omiotis: Semantic Relatedness Between Terms

Tsatsaronts et al. (2010)
dl d2 d3 d4
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Omiotis: Semantic Relatedness Between

Sentences SR(t;t)
A SR(t,t;2) §
SR(tiith)
x(1) =argmax(4 ; - SR(t;,t;))
jel1/B]] |

. _2-TFIDF(t, A)- TFIDF(t;, B)
"' TFIDF(t, A)+ TFIDF(t;, B)

A

CAB)= 1Oy SR( L)

OMIOTIS(A,B) = %[gl(A, B)+<, (A, B)]
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‘Milne and Witten (2008)
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SemanticRank: Measure of Semantic

Relatedness
Keyword Graphs’ edges

o Combination of Omiotis and Milne and Witten
Lt =t
SRy (ti,t;),  1f 1,1, eWordNet
SRT(t;,t;) =
SRy (ti,t;), 1 t;,t; eWikipedia

0, otherwise

Sentence Graphs’ edges
SRT(s;,s;) =Omiotis(s;,s;)
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PageRank

S(Vi)

...out(V;)
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[Brin and Page 1998]

[Mihalcea et al. 2004]
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Two Modifications of PageRank for Keyword

Graphs
Averaged PageRank Weighting

Yy TF—IDF(t,,d.
APW(ti):1 WPRE) .d;)
2'WPR _~ TF-IDF,_

Priors Biased PageRank

w; -P—PR(t,)

P-PR(t)=(-4)+ 4, Y.

JeIN(t;) ZkeOUT(tj)ij
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Inspec Database

o 500 abstracts, mean number of
assigned terms: 7.63

SemanticRank
performs better by
almost 10 p.p. In

F-Measure

APW and P-PR seem
to be more appropriate
for ranking keywords

Experimental Evaluation: Keyword

COLING 2010, August 23-27, Beijing, China. “SemanticRank: Ranking Keywords and Sentences Using
25-Aug-10 Semantic Graphs", Tsatsaronis, Varlamis, and Nervig.

—‘ [ ]
A Xtraction

| Method | P | R | F
WPR_ ] 0396 | 0.121 | 0.1853
S s WHITS | 0.348 | 0.088 0.14
em (k=3) APW | 0556 | 0.185 | 0278
P.PR | 0.639 | 0226 | 0337
WPR | 0.368 | 0.2463 | 0.296
- WHITS | 0.335 | 0.133 | 0.195
Sem (k=10) APW | 0498 | 0331 | 0.398
P.PR | 0524 | 0352 | 0.422
WPR | 0371 | 0364 | 0.36%
- WHITS [ 0355 | 0241 | 0287
Sem (k=15) APW [ 0449 | 0442 | 0.446
P.PR | 0451 | 0441 | 0.446
- WPR | 0376 | 0.466 | 0417
Sem (k=20)  \winTs (0374 | 0312 0.34
APW [ 0421 | 0.532 0.47
P.PR | 0413 | 0514 0.46
- UPR | 0.057 | 0.046 | 0.048
USem (=3 yiprs [0.061 | 0.053 | 0.055
B UPR 006 | 0.102 0.07
USem (k=10 11 T 006 [ 0108 | 0.072
B UPR | 0052 | 0.116 | 0.069
USem (=15 irrs [0.054 | 0.123 | 0.072
- UPR | 0.052 | 0.4 0.074
USem (720)  1iirs 0053 | 0151 | 0.076
Michalcea (2004) 0.312 0.431 0.362
Hulth (2003) 0252 | 0517 | 0.339
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Experimental Evaluation: Text Summarization (1/2)

DUC Data
o DUC 2001, and 2002 single document summarization task
Svstem F-Measure System F-Measure
e  WPR [ 0.40096(0.39067 — 0.4202) Sem WER ) 0.4971(0.4799 — 0.5164)
WHITS | 0.3651(0.3435 — 0.33600) WHITS | 0.3836(0.3815 — 0.4047)
Us UPR | 0.2051(0.2727 — 0.3105) USem PR U-?{?ﬁﬂirﬂ-ig?-?-ﬂﬂﬂﬂfi
M ymEITS [ 0.3132(0.2001 — 0.3375) UHITS | 0.2851( 0.2735-0297)
T 0.4131(0.3922 — 0.434) TexRonk -
P 0.4030(0.3843 — 0.4226) e 30T
0 0.3005(0.3663 — 0.4132) 53 0450
v 0.3885(0.368 — 0.4085) 9 04560
Q (. 385T7(0.2616 — 0.4020) 520 0.4681
Baseline 0.3549(0.3320 — 0.3756) Baseline 04770

SemanticRank performs comparably to the top-5
participating systems for both data sets

Weighted versions perform always much better
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Experimental Evaluation: Text Summarization (2/2)

DUC Data
o DUC 2007, multi-document summarization (update task)
Svystem F (R-2) | F (R-SU4)
Sem WPE 00093 0.133
WHITS 0075 0.115
USem UPR 0.031 0.069
UHITS 0025 0.062
S40 0.111 0.143
555 00095 0.135
S45 () (06 (0.132
S44 00093 0.136
S47 00093 0.130
Baseline 0085 0.122

Same observations as in the single-document
summarization

Baseline method In this case is different
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Conclusions

A novel algorithm for ranking keywords and sentences has
been introduced

Semantic graphs are created based on the semantic
similarity between keywords and sentences

Experimental evaluation shows that SemanticRank can
select very successfully the most central keywords and
sentences

Weighted versions of graph ranking algorithms perform
always better in all examined cases compared to the
unweighted
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Future Directions

Examine more graph-based ranking algorithms (e.g.,
personalized PageRank, or other variations)

Embed the algorithm into more concrete applications
o Sentiment analysis

o Opinion mining

Semantic Social Networks
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(Questions

Thank you very much for your attention!

Questions/Comments?
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