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Abstract. In this paper, an extension of Subjective Logic (SL) is pre-
sented which uses semantic information from a document to find ‘opin-
ions’ about a sentence. This method computes semantic overlap of events
(words or sentences) using Hierarchical Document Signature (HDS) and
uses it as evidence to formulate SL belief measures to order sentences
according to their importance. Stronger the opinion, more is the sig-
nificance. These significant sentences then form extractive summaries
of the document. The experimental results show that summaries gen-
erated by this method are more similar to human generated ones have
outperformed the baseline summaries on average over all the data sets
considered.

Keywords: subjective logic, opinions, evidence, Hierarchical Document
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1 Introduction

Subjective logic is a type of probabilistic logic that explicitly takes uncertainty
and belief ownership into account. In general, subjective logic is suitable for
modeling and analysing situations involving uncertainty and incomplete knowl-
edge. In subjective logic (SL) [4], first order measure of evidence is expressed
as belief mass distribution functions over frame of discernment. All these belief
measure representations in subjective logic, which are called ‘opinions’, also con-
tain a base rate parameter which express the a priori belief in the absence of
evidence. Philosophically, opinions are quantitative representations of evidence
as perceived by humans or by other intelligent agents [5].

In document computing context, SL is used by Manna et al. [I5], to find
‘opinion’ about a sentence where a sentence is regarded as a proposition; con-
sidering the fact that determining importance of a sentence from a document is
very subjective and depends on a reader’s interest and motivation. The approach
discussed in [17] is based on ‘bag of words’ concept where events are represented
by words and their co-occurrences. This is enhanced in [I4] where a theoretical
framework is proposed using the semantic information.
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Aim of this paper is to look at the practical application of the theoretical
framework presented in [14] for extracting significant sentences from a document
using the underlying semantic information of the context. Here, semantic overlap
or similarity of concepts or events are computed using Hierarchical Document
Signature (HDS) [12] and Fuzzy Word Similarity (FWS) measure [13] over simple
‘bag of words’ as in [15].

2 Measure of Semantic Similarity

Two words are contextually similar, if they share similar senses. To perform this
automatically, an online lexicon database, WordNet [I7] is required to compute
this measure. Each word can have one or more synsets based on different senses
of their existence also in different parts of speech like noun, verb, adjective, and
adverb. Same word in different parts of speech convey different meaning to the
context in which they are used. The word ‘hit’ when is a wverb, then it means
collision; again when it is a noun, then it means something popular as in cases
of ‘movie hit’ and so on. Only considering root form of any word misses out the
semantic meaning of it. To overcome this problem of ‘bag of words’ concept, a
similarity measure « is introduced in this paper for finding semantic similarity
of concepts.

Definition 1 (Semantic Similarity). Let © be a frame of discernment, and
let x,y € 29. Then for any x and y, semantic similarity is the function « :
SimScore(z,y) — [0,1] defined by

alz,y) = SimScore(z,y) x,y € 2°. (1)

where SimScore(z,y) is a function which determines the semantic similarity
measure between z and y provided the elements of x and y are in the same
parts of speech. This can be any kind of similarity score like gloss overlap [6],
path based measures [I1], [I8], edge based measures, [I3] or sentence similarity
measure [12]. A threshold « is used to define the degree of similarity. Thus,

k =1, z and y are identical

¥ <k <1, z and y are similar

0 <k <%, x and y are dissimilar, where 1) € (0, 1).

Generally £ = 0.5 is taken as a standard value for similarity scores [2]. But
in this paper, similarity of events is computed using HDS and x = 0.4 is used
throughout due to fuzzy approximations in the model and by thorough testing
on thousands of data.

2.1 Similarity Computation Using Hierarchical Document
Signature (HDS)

Hierarchical Document Signature (HDS) [12] is a special form of Fuzzy Signature
(FS) [16] meant for document analysis. For computing semantic similarity of
contexts, HDS is generally used. Its levels are based on the natural hierarchy of
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a document and can vary depending on applications. In this case, parts of speech
(POS) is a level which deals with the semantic information of the sentences of a
document. The aggregations at different level contribute to the final similarity
score. It uses Fuzzy Word Similarity (FWS) [13] at the word level to deal with
the similarity or relatedness of a word pair; which then propagates to the next
higher level using proper aggregations and continues till it reaches the document
level. In this application, sentence-sentence similarity, sentence-word similarity
are computed using HDS; which can be called as the similarity between events
where events can be either atomic or composite.

For this case, the membership functions of the fuzzy sets to compute FWS
as used in [12] are further tuned. In [I3] it is seen that triangular membership
functions performed better than trapezoidal at the output. Here after tuning it is
seen that trapezoidal can also be used at the output and it also gives reasonably
good results. The new membership functions for the input and output are:

Table 1. Co-ordinates of trapezoidal membership functions of input and output fuzzy
sets used here

INPUT low  (0,1) (0.2, 1) (0.3, 0)
INPUT medium (0.2, 0) (0.3, 1) (0.4, 1) (0.5, 0)

INPUT high (0.4, 0) (0.5, 1) (1, 1)

OUTPUT low (0, 1) (0.1, 1) (0.3, 0)
OUTPUT medium (0.1, 0) (0.3, 1) (0.5, 1) (0.7, 0)

OUTPUT high (0.5, 0) (0.7,1) (1, 1)

Besides the membership functions, similarity threshold is determined to be
0.4 after repeated experiments.

3 Extension of SL Belief Measures Using Semantic
Information

In this section, extension of subjective logic formulation for document analy-
sis using semantic information. The equations of [I5] are redefined using the
similarity score as computed in ().

Definition 2 (Belief Mass Assignment). Let © be a frame of discernment.
If with each substate x € 2° a number me(x) is associated such that:

1. mo(x) >0

2. me(@) =0

8. Y peso mo(x) =1

then meg is called a belief mass assignment in @, or BMA for short. For each
substate x € 29, the number mg(x) is called the belief mass of .

The states/substates are also called events. In this paper, events can be atomic
or composite depending on whether they are single words or a sentence (as a
sentence is composed of many words).
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3.1 BMA Calculation

BMA is explained in def2l Now, for a document, BMA for each event is calcu-
lated by,

mw) =", @

where F(z) = Zi\;l fa., where N is the total number of sentences in the docu-
ment, x € 29, and f,, is the frequency of occurrence of event x in sentence k. In
words, it is the total frequency of that event in all the sentences (or the whole
document).
Z=Y F(x), zec2° (3)

VrA£)

fa70
Z is the total frequency of the all the existing events whose frequency is non
zero. In calculating frequency of atomic states, the POS of words are considered
instead of root form as in [I5]. For example, suppose the word ‘crash’ is in two
different pars of speech (POS) in two different sentences, so these are considered
to be two separate atomic events. Likewise, for the word ‘plane’ when it occurs
in two sentences in the form of noun then a total count of 2 will be considered
for that state.

Definition 3 (Semantic Belief Function). Let © be a frame of discernment,
me be a BMA and a be semantic similarity on © respectively. Then the belief
function corresponding with me and alpha is the function b° : 2 — [0,1)
defined by:
W)= Y. mely), wye2® yCua (4)
Vyla(z,y)<1

Definition 4 (Semantic Disbelief Function). Let © be a frame of discern-
ment, mg be a BMA and o be semantic similarity on © respectively. Then the
disbelief function corresponding with me and o is the function d® : 2© — [0,1)
defined by:

d)= Y alzy) mely), wzye?2°. (5)

a(z,y)<k

Definition 5 (Semantic Uncertainty Function). Let © be a frame of dis-
cernment, mg be a BMA and o be semantic similarity on © respectively. Then

the disbelief function corresponding with me and o is the function u® : 2 —
[0,1) defined by:

u’(x) = Z oz, y) me(y), x,y € 2°. (6)
1>a(z,y)>k
In this situation, the Semantic Belief Function will no longer hold strict

additivity like ( [I5]) and is thus expressed as:

bo(x) + d(z) +u(z) <1, z€29 x#0. (7)
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Definition 6 (Semantic Relative Atomicity). Let © be a frame of discern-
ment, let z,y € 29, and let a(x,y) be semantic similarity of x and y. Then for
any given y # ) the relative atomicity of = to y is the function a : 2° — [0,1]
defined by:

SLVEL alai,yy)

3 z,y S 29 ) a(xuy]) Z Y (8)

where z; and y; are atomic elements of x and y respectively.

Definition 7 (Semantic Probability Expectation). Let © be a frame of
discernment with BMA meg then the semantic probability expectation function
corresponding with me is the function E : 2 — [0,1] defined by:

E*(z) =Y me(y)a’(z/y), =zye2°. (9)

Thus semantic Opinion about a proposition can be written as,
w*(x) = (b°(x), d*(z), u’(z), a®(z)). (10)

A sentence is considered significant if it has stronger opinion. In other words, if it
has greater probability expectation and lower uncertainty, more it is significant
in the document.

4 Experiment

This section presents the experiment and evaluation results from evidence based
subjective logic model discussed above. The significant sentences are extracted
and then they are compared with human generated summaries provided with
the dataset. As a benchmark, baseline summaries are also provided, which are
compared in the same way with the human assessors and difference of results
are noticed.

4.1 Data Set

In this experiment DUC2001 data set [I] is used for evaluation. The documents
are grouped based on a specific topic. DUC2001 comes with human generated
summaries and baseline summaries, providing a good platform for evaluation.

4.2 Generation of Summaries

Summaries are broadly classified into text extraction and text abstraction [9], [7].
For text extraction, sentences from the documents are used as summaries and for
text abstraction important pieces of information are extracted and then stitched
together to form summaries following some linguistic rules. This evidence based
model can be used as a text extraction as the original sentences are used for
summary generation.
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Semantic evidence based model (SPEU): Section Bl describes how to compute
opinion about a sentence. All the SL belief measures are computed for each
sentence. Then the sentences are arranged based on their descending order of
semantic Probability Expectation (SPE) and ascending order of uncertainty (U).
Then 30% [3] of the top ranked sentences are extracted and formed extractive
summary of the document.

4.3 Evaluation by ROUGE

ROUGE [§] stands for Recall-Oriented Understudy for Gisting Evaluation. It
includes measures to automatically determine the quality of a summary by com-
paring it to other (ideal) summaries created by humans. In this experiment,
the result with ROUGE-1 (n-gram, where n=1) at 95% confidence level are pre-
sented. ROUGE is sensitive to the length of the summaries [10]; hence the length
is fixed to 100 words for the evaluation.

4.4 Results

DUC2001 dataset is used for this experiment. Among different document sets,
the evaluation with ‘daycare’, ‘healthcare’, ‘pres92’ and ‘robert.gates’ data sets
are presented. Our method (SPEU) and baseline summaries (denoted by LP)
with two different human assessors are compared. For each set the assessors are
different. The average table. 2l results show that our method out performs the
baseline summaries which is rather good.

Figures [ to M illustrate per document wise comparison for each data set. It
is known that human judgements are subjective, whose evidence is seen through
the summaries generated by human assessors. For daycare data, SPEU performs
better than LP. Though in some documents, the results varied slightly.

For healthcare data similar results are noticed except for assessor j, where
SPEU generated summaries are not as good as baseline summaries.

Again, for figures[Bland[d SPEU performs better than LP for most of the cases
showing higher similarity with the human generated summaries. For some doc-
uments, it is seen that SPEU’s performance dropped. The main reason for this
is the coverage pitfall of the WordNet used. If a document has lots of unknown
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Documents

(a) Comparison with Assessor g
Now, in table[2] the results are averaged over the whole data sets. Here SPEU

words, and if they are not found in WordNet, then SPEU cannot function prop-
shows higher similarity with human assessors than LP.

erly as HDS and FWS are WordNet dependent for its semantic analysis. Besides
this, it is also noticed that POS tagger which is used here failed to tag properly
in many cases, as a result of which it affected HDS’ performance, which directly

affected SPEU method described here.



Enhancement of Subjective Logic for Semantic Document Analysis 305

Table 2. Summary of all four sets of results (ROUGE-1 Recall)

LP-A 1 LP-A 2 SPEU-A 1 SPEU-A 2

daycare(d,i) 0.19 0.26 0.29 0.31
healthcare(b,j) 0.27 0.35 0.28 0.27
pres92(c,f) 0.20 0.19 0.24 0.29
robert.gates(g,h) 0.40  0.29 0.33 0.25
Average 0.26 0.27 0.29 0.28

5 Conclusion

This paper presented a semantic extension of Subjective Logic for document
analysis. To formulate this, HDS was used to compute similarity between com-
posite events. Using the semantic information, it is noticed that the opinions
about a sentence are more subjective and similar to human decisions. The eval-
uation of the highly opinionated sentences when compared with baseline sum-
maries of the DUC data set shows that they are more similar to human assessors.
The possible reason is the use of semantic information for formulating. Noise en-
tered in the model while using the NLP tools at the same time less coverage
of information by WordNet have influenced the performance to a greater extent
for some documents. Thus as a future work, these aspects needs to be taken
care of by using fuzzy methods to reduce noise in using HDS, at the same time
membership functions of FIS needs tuning at word level for further refinement
of the fuzzy outputs using different machine learning methods.
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