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Abstract As the novel web social media emerges on the web, large scale unor-
dered sentences are springing up in the forms: news headlines, microblogs, com-
ments and so on. Domain keywords extraction is very important for information
extraction, information retrieval, classification, clustering, topic detection and
tracking, and so on. Although these massive sentences contain rich information,
their loose semantic association and highly unordered semantic organization make
web users extremely difficult to capture the rich information due to the lack of
semantic coherence. Sentence ordering is a significant research area focusing on
obtaining coherent sentence orders which could assist web user to easily understand
these unordered sentences. TextRank is a common graph-based algorithm for
keywords extraction. For TextRank, only edge weights are taken into account. We
proposed a new text ranking formula that takes into account both edge and node
weights of words, named F2N-Rank. The results show our model can obtain
coherent sentence orders with higher accuracy in less iterations. The proposed
sentence ordering model can be applied in automatic text organization and
summarization.
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1 Introduction

Domain keywords can serve as a highly condensed summary for a domain, and they
can be used as labels for a domain. Domain keywords should be ordered by the
“importance” of keywords. With the boom of microblogs, massive unordered
sentences are emerging on the web as a main message passing form. Although these
sentences contain much useful information, loose semantic association and unor-
dered sentence organization make web users lost in the large scale data when they
face these massive unordered sentences. Web users normally expect these sentences
are well ordered according to their semantic coherence since coherent sentence
orders can assist them to easily understanding the content of these sentences.
However, such sentence ordering problem is burdensome computation even though
the 10 sentence scale is small.

In the study of keywords extraction, supervised methods [1–3] always depend on
the trained model and the domain it is trained on. And in unsupervised methods [4,
5], algorithms based on term frequency and based on graph are the most common
methods. Algorithms based on term frequency such as TF, ATF, ATF*DF,
ATF*DF are easy to realize but their precisions are not very high. Algorithms based
on graph, such as TextRank [1], are more effective than algorithms based on term
frequency for they take into account the relationships among words. To overcome
the above limitations, we adopt markov random field as special case of association
link network which have been widely used in many tasks from learning tech-
nologies to knowledge discovery. Compared with association link network, markov
random field has stronger ability in representation and inference since it implies
association relation distribution and can make inference on the distribution. More
importantly, our markov random field incorporates three cognitive logical structures
which respectively guide sentence ordering model to link different sentence con-
ditioned on different cognitive structures. What is more, we develop sound cog-
nitive mechanistic for fast sentence ordering such as decision making process on
cognitive logical structure, keywords spreading process and sentence activation
process working on markov random field for ordering sentences.

TextRank is a common graph-based algorithm for keywords extraction. For
TextRank, only edge weights are taken into account. We proposed a new text
ranking formula that takes into account both edge and node weights of words,
named F2N-Rank. The results show our model can obtain coherent sentence orders
with higher accuracy in less iterations. The proposed sentence ordering model can
be applied in automatic text organization and summarization.

2 Problem Formulation

Markov random field is a basic undirected probabilistic graphic model with out-
standing abilities in semantic representation and inference. Inspired the above
outstanding abilities of Markov random field, we propose semantic Markov random
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field which is built by the limited number of association relations in power serials
presentation represent and can inference the whole distribution of association
relation in sentences to be order. In this paper, we can regard semantic Markov
random field as a special case of association link network, which is constructed by
association relations under different cognitive structures.

Sentence ordering task can be regarded as restrictive writing, since the content of
sentences is known and the sentence order is unknown. The human beings’ task is
to order these sentences for well semantic coherence. Based on cognitive process of
writing [6–8], writing can be characterized as a “journey of discovery”. On this
journey, association knowledge is continually activated and spreads to generate a
coherent sentence order. Spreading activation model assumes that specific key-
words distribute on semantic link network [9–13] and spreading activation process
is a semantic processing on semantic link network, where keywords are continually
spreading their influences into relevant keywords and these keywords can activate
relevant sentence. Figure 1 shows sentence ordering process in restrictive writing,
which spans on three memory modules: (1) long term memory, (2) short term
memory and (3) working memory as follows.

(1) Long term memory contains the relatively stable entities and relations. These
entities and relations are stored by semantic link network. Besides, some
cognitive logical structures are stored in this module. Keywords can spread
towards different directions on semantic link network under different cognitive
logical structures.

(2) Short term memory contains cognitive logical structure schema and a word
activation window with m activated keywords since Millers Law pointed out
that the number of objects an average human can hold in short term memory is
seven, plus or minus two. These keywords are activated from semantic link
network by spreading activation process. Which keywords to be activated are
conditioned on three different cognitive logical structures.

Fig. 1 The sentence ordering process
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(3) Working memory contains a newly generated sentence closely associated with
activated keywords and a sentence order to be adjusted by spreading activation
process. The spreading activation process will link all the unordered sentences
toward well semantic coherence.

3 The Proposed Algorithm

TextRank algorithm only focuses on the relationship among nodes, and node
weights are not taken into account. Equation (1) integrates TextRank formula with
the node weight F Við Þð Þ.

FS Við Þ= 1− dð Þ *F Við Þ+d *F Við Þ * ∑
Vj ∈ In Við Þ

wji

∑Vk ∈ Out Vjð Þ wjk
FS Vj

� � ð1Þ

There are several formulas can be used to calculate the value of F Við Þ, such as
TF, ATF, ATF*DF. ATF*DF is the most suitable of the three formulas because it
takes into account both term frequency and document frequency. However, the
simple combination of ATF and DF does not account for their proportions. Here,
the idea of F-measure is introduced for calculating F Við Þ. The formulas are given as
followings:

F Við Þ= 1+ β2
� �

*ATF Við Þ *DF Við Þ
β2 *ATF Við Þ+DF Við Þ ðβ=2Þ ð2Þ

ATF Við Þ=
∑jDj

ni, j

∑k nk, j

jfd: ti ∈ dgj ð3Þ

DF Við Þ= log
jfd: ti ∈ dgj

jDj ð4Þ

The main steps of extracting domain keywords using F2N-Rank algorithm are as
followings (Fig. 2):

Step 1 Identify words (nouns, adjectives, and so on) that suitable for the task, and
add them as nodes in the graph.

Step 2 Identify relations that connect such words, and use these relations to draw
edges between nodes in the graph. Edges can be directed or undirected,
weighted or unweighted.

Step 3 Calculate the weight of nodes in the graph.
Step 4 Iterate the graph-based ranking algorithm until convergence.
Step 5 Sort nodes based on their final score. Top T words are the domain

keywords.
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Cognitive decision making is a core module of cognitive memory-inspired
sentence ordering model (CM-SOM) since: (1) cognitive decision making module
decides which cognitive logical structure and (2) different cognitive logical struc-
tures decides different sentence orders. As such, how to learn an optimal policy for
cognitive logical structure decision making is an important issue for the cognitive
decision learning model since such policy decides how to the logical structures shift
during sentence ordering. To build the above ordering model and obtain a coherent
sentence order, we propose the modules as follow.

(1) Cognitive logical structure learning module. This module proposes three logical
structure and construct cognitive logical structure based markov random field.
Different cognitive logical structures and corresponding markov random filed
shift in sentence ordering procedure;

(2) Spreading and activation computation module. When a cognitive logical
structure is selected, this module mainly makes keyword spreading and sen-
tence activation based on makov random field, which is similar to the semantic
association ability in human memory.

(3) Cognitive decision making learning module. This module learns the decision
making policy for shifting cognitive logical structure and such policy can guide
which cognitive logical structure to develop sentence before a new sentence is
linked.

Domain documents dataset

Word segmentation

Calculate ATF(Vi) and 
DF(Vi)

Calculate F(Vi) using F2-
measure(ATF,DF)

Calculate word ’ s score 
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Fig. 2 The flow chat
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4 Experiment and Results

We collect 2 datasets which consist of Reuters news as dataset 1 and paper abstracts
as dataset 2. Domain data is used to learn logical structure and construct semantic
markov random fields under different logical structures; training data is used to
learn the decision making policy of cogitative logical structures. Test data is used to
test the sentence ordering results generated by sentence ordering model. For each
dataset, we will randomly select 50% texts as domain knowledge; 25% as texts as
training data; 25% texts as test data from each dataset.

Dataset 1 includes 60,000 pieces of news for which each piece of these news has
average 15.67 words and these news are crawled from Reuters website from March
2009 to August 2009. These news are about three domains including health,
environment, internet. Dataset 2 includes 50,000 paper abstracts for which each one
has average 13.27 words and these papers are from Association for Computing
Machinery-digital Library. These papers cover 10 different categories including
data mining, machine learning, algorithm and so on.

To evaluate the performance of ranking Tibetan religious keywords, we con-
ducted a performance measurement using precision. Now, we discuss the evalua-
tion of three different ranking algorithms. We compared algorithms which are:
F2N-Rank, TextRank and ATF*DF. Results are shown in Fig. 3 by measuring the
precision for top N keywords. We can see that F2N-Rank clearly outperformed both
TextRank and ATF*DF. For F2N-Rank, TextRank and ATF*DF, the average
precision are 78.6, 62.2 and 49.2%. The improvement over TextRank is around 16%
in average precision and 29% over ATF*DF. Using F2N-Rank for domain key-
words extraction has showed better results.

Fig. 3 Algorithm Comparison in Precision
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5 Conclusions

Domain Keywords extraction is important for many applications of Natural Lan-
guage Processing. TextRank is a common graph-based algorithm for keywords
extraction. For TextRank, only edge weights are taken into account. We proposed a
new text ranking formula that takes into account both edge and node weights of
words, named F2N-Rank. The results show our model can obtain coherent sentence
orders with higher accuracy in less iterations. The proposed sentence ordering
model can be applied in automatic text organization and summarization.
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