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Abstract: Recently, many people use mobile devices such as a smart phone or
a smart watch. Necessity and importance for creating messages on a mobile
device are increasing since users on social networking service are rapidly
increasing. Users need to input text for messages with small keys because the
screen for the operation is small. In particular, it may be difficult to quickly
respond when a user creates a reply on a mobile device. We have proposed
method to automatically present multiple reply candidates. The presented
candidates correspond to different situations depending on the topic of the
received message. The reply process is completed just by selecting the
appropriate one from the candidate replies. Rapid response is possible since the
user neither needs to create nor revise a reply message on mobile phones,
facilitating smooth communication. The effectiveness of our proposed method
and its evaluation is done through experiments in Japanese.
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1 Introduction

In recent years, many people use mobile phones and smart watches. Due to availability of
the internet everywhere, the opportunity and use of communication on social networking
service (SNS) is increasing. Users for SNS such as Twitter (https:/twitter.com/) and
LINE (https://line.me/ja/) are increasing rapidly.

Since the operation screen is small on a mobile device, the key size for character
input is small. It takes time to input a message and typos are frequent. With a small
mobile device such as a smart watch, character input is even more difficult because
compared to a smart phone. Since the operation screen is small, only a limited number of
characters are displayed at a time. In particular, when creating a reply after receiving a
message via SNS, it may be difficult to respond quickly. Communication via messaging
is difficult.

To support smooth communication, usually a smart watch is equipped with input
method like voice input, pointing input, fixed phrase selection and so on. The fixed
phrase selection method does not burden the user because it can create a reply message
just by selecting a sentence from a few fixed phrases. However, it is difficult to make a
reply message that includes necessary information, such as emotions, since the presented
sentences are simple such as ‘thank you’ and ‘OK’, prepared in advance.

There is Smart Reply in Gmail (https://www.google.com/gmail/). Smart Reply uses
deep learning to make three probable replies and presents them to the user. Although it is
possible to present simple replies using this application, the replies are too simple to be
useful most of time and are without consideration of scenarios and situations for users.

In order to present meaningful responses, we have proposed a method to create
multiple candidates for replies depending on different situations of the user (Watanabe
et al., 2019). In this work, we propose a method to present multiple non-redundant reply
candidates to the user in different situations according to the topic of the received
message. By using the proposed method, it is possible to select an appropriate reply
without performing character input.

The system collects tweets in order to create reply candidates. The collected tweets
are divided into sentences, to make reply candidates simple and suitable. Since tweets
contain sentences that indicate various situations, it is possible to group appropriate
sentences as reply candidates by clustering and scoring them according to their
suitability.

K-means, which is a commonly clustering algorithm, is used in our proposed method.
K-means is chosen because it is efficient. The system based on our proposed method
divides tweets into clusters that indicate specific situations. It is possible to present users
with suitable replies in different situations by selecting messages from different clusters.
Each reply is scored using word coverage. The word coverage is a value that indicates the
degree of importance of words contained in a sentence. By scoring with word coverage, it
is possible to present the user with a simple reply candidate that contains many important
words that matches with the situation and does not contain unnecessary words.

The rest of the paper is as follows. Section 2 discusses related works. Section 3
explains our proposed algorithm. Section 4 is about experiment results and discussion.
Finally, the paper is concluded in Section 5.
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2 Related work

2.1 Rule-based response

The rule-based response is a method of outputting a response sentence by interacting,
based on some rules by Weizenbaum (1966) and Wallace (2008). The method has to
prepare a response rule for the text input by a user. For example, when the input is ‘How
are you?’, a response sentence is generated by setting a rule in advance to respond as
‘good’. The rule-based response method requires large cost because the rules have to be
set manually. It is necessary to set a large number of rules in order to present a user with
reply candidates that match the situations for various received sentences. This poses a
limitation to present appropriate reply candidates using the rule-based response method.

2.2 Statistics-based response

The statistics-based response is a method of presenting an appropriate response by
searching a database proposed in Banchs and Li (2012) and Lasguido et al. (2014). The
method has to prepare a database of pairs of input sentences and response sentences.
Among statistic-based response, this particular method is called example-based. Because
the method uses a database, it is not necessary to create rules manually. However, it is
necessary to collect dialogue data in which input and response are paired. It is not easy to
collect enough dialogue data for creating input-response pairs for every situation.

2.3 Input method on small device

In order to input sentences, character input methods have been proposed without real
keyboards. Boustila et al. (2019) proposed a character input method with the
head-mounted displays in virtual environments. The method uses the touch screen
keyboard in the virtual environment to input characters. Jiang and Weng (2020)
also proposed a character input method with the head-mounted displays in virtual
environments. The method uses HiPad which is leveraging a circular touchpad with a
circular virtual keyboard. The users are able to input text by one-hand with the HiPad in
virtual reality. These methods need other devices in addition to mobile phones although
they are able to be used on small devices.

Many character input methods specialised for small mobile devices have been
proposed. A method was proposed by Oney et al. (2013) to reduce tap errors, by
expanding the rough position on the tapped keyboard and then, once the intended area of
the keyboard is expanded, it enables tapping the intended key. A method was proposed
by Corsten et al. (2017) to use the finger pressure on the back of the device. Users are
able to apply various pressure levels with each fingers on the back of the device to enter
different characters. A method was proposed by Fujita (2019) to provide a user interface
equally usable for all. The proposed method is a text entry system designed for operation
with user’s dominant hand on mobile phones. Hong et al. (2015) proposed to input
characters by switching the keyboard divided into multiple areas by swipe operation.

Although each method is devised to input characters easily, it takes time to get used
to the operation, and use the input method.
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2.4  Tweet clustering

Tweets are often written in a spoken language on various topics. Since the amount of
information in a tweet is huge, it is necessary for users to select and obtain the required
information. To solve this problem, researches on tweet clustering have been proposed.
Jiang et al. (2011) proposed to cluster tweets into positive, negative or neutral groups. Go
et al. (2009) proposed to get features from emoticons used in tweets and using the
features to classify a tweet as positive or negative.

Our proposed method classifies tweets into classes that indicate specific situations.
Tweets are not dialogue data. We use unpaired tweets as data. It is easy to collect
unpaired data than to collect dialogue data.

3 Proposed method

3.1 Flow of proposed method

We proposed a method to present multiple non-redundant reply candidates to a user in
different situations according to the topic of the received sentence. The content of the
received sentence is related to questions about behaviour and emotion. For example,
when the received message is ‘How was the movie?’, the user creates different reply
sentences such as ‘good’ or ‘boring’. In order to be used by various users in different
scenarios and situations, our proposed method presents multiple reply candidates for
every situation by clustering and scoring them.

Figure 1 Processing flow

| Receive a message ‘
= =

‘ Collect tweets including topics for incoming message ‘
—= =

‘ Divide collected tweets into sentences ‘
= =

‘ Cluster divided tweets for a situation ‘
—= =

‘ Calculate tweets score ‘
- =

‘ Output the highest score tweets as a reply candidate ‘

The flow of the proposed method is shown in Figure 1. The system collects tweets which
include topics of the received message. Next, the collected tweets are divided into
sentences. Clustering is performed on sentences, obtained by dividing the tweet, to create
classes according to the situation. Finally, the system calculates the score using the word
coverage for each sentence. The score indicates effectiveness of a reply. The system
presents sentences, with the highest score in each class, as the reply candidates.

The overall system of the proposed method is shown in Figure 2. The user is able to
respond quickly by selecting a suitable reply from presented reply candidates.
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Figure 2 Overall system (see online version for colours)
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3.2 Collect tweets

In order to present reply candidates according to the contents and topics of the received
sentence, the proposed system collects tweets with nouns contained in the received
sentence. However, if all the corresponding tweets are collected, inappropriate tweets as
reply candidates will also be collected. Five filtering rules proposed by Inaba et al. (2014)
are used to eliminate inappropriate tweets as reply candidates.

1  Retweets are excluded because they have a lot of advertising texts. They are
unsuitable for reply candidates.

2 Tweets including URL are excluded because they are usually for image-only posts.
Also news-article titles are unsuitable as reply candidates.

3 Reply tweets are excluded because it is likely to be a specific for other user. Reply
tweets alone may not contain a comprehensible meaning, without its proper context.

4 Tweets including hashtag are excluded because they have a lot of advertising texts
and mostly they are inappropriate for reply candidates.

5  Twitter with limited terms, such as ‘7 # = — (follow)’, ‘7 + 2 ¥ — (follower)’,
‘U 7 (reply)’ and ‘direct message (DM)’ are excluded because they cannot be used
as general reply candidates.
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Filtering is performed by using the above rules. Tweets that did not fit with the above
rules are collected as reply candidates.

3.3 Divide tweet

A tweet with many words is likely to be not focused to a single issue. Furthermore, since
the whole reply sentence cannot be displayed in a small operation screen, it is unsuitable
for a small mobile device. Tweets are collected using nouns that appear in the received
sentence. If a tweet is used as a reply candidate, redundant reply candidates that include
the same noun will always be presented. In order not to present a reply candidate
containing many characters and a redundant reply candidate, the system based on our
proposed method divides the tweets into sentence units with punctuation marks and
symbols. At that time, three filtering rules as set by Inaba et al. (2014) are provided for
removing sentences of wrong grammar (problems specific to Japanese), from reply
candidates.

1  Sentences beginning with the following parts-of-speech Bzl (particle), BhEhz
(auxiliary verb) and #2#¢7 (conjunction) are excluded because the sentence may
contain limited or typographical errors.

2 Sentences ending with the following parts-of-speech #& B/l (case particle), £%8h7
(associate particle), #E#EBhF (conjunctive particle) and 75187 (parallel particle),
are excluded because it is difficult to indicate the situation.

3 Sentences containing #B7 (final particle) other than at the end are excluded
because they may contain typographical errors and punctuation missing.

An example of filtering using the above rules is shown in Figure 3. The tweet shown in
Figure 3 is divided into three sentences by punctuation marks and symbols. At this time,
two sentences enclosed by solid lines may be considered as reply candidates. However,
the sentence enclosed by dotted lines is excluded because the part-of-speech at the end of
the sentence is ##iBh5 (conjunction particle). We removed unsuitable sentences as
reply candidates by using the above rules.

Figure 3 Example of dividing tweet

BARITENGM o= (&, T—)LITEHFET !

\4

AARMNIIILTFAIZBIERHO
Japan drew with Uruguay ©

T RREEL LS TE

. Japan seemed unlucky, (but) :

[ I—JLILEFET ! ]
(

Japan) did not allow a goal!

[ BANRYILT FAIZEIEHHO ]
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3.4 Clustering

The proposed method uses K-means clustering. The features for clustering are term
frequency-inverse document frequency (tf-idf) values of words in the sentences. The
value is high for words for which the term frequency is high and the document frequency
is low, the criterion on which tf-idf is computed. The system uses only words whose
parts-of-speech are verbs, adjectives for clustering. If the received sentence is a question
about action, clustering with verbs as the feature is effective. If the received sentence is a
question about emotion, clustering with adjectives as the feature is effective.

An example of clustering is shown in Figure 4. In adjective-based clustering,
sentences are classified to indicate different emotions. In Figure 4, sentences are
classified as ‘happy’, ‘interesting’ and ‘sad’.

Figure 4 Example of clustering

- .x\_ | ]

. ._J /o __):I Interesting |
s
-

]
Happ ﬂ Py \\ L
T LQ .I Sad | U Divided tweet union
e o ® : Sentence

Feature: adjective

A Japanese word often has different spellings even though their meanings and
pronunciations are same. For example, the character ‘£’ is different from ‘JF’, but
their meanings and pronunciations are same, both mean ‘egg’ and the pronunciations are
‘tamago’. Therefore, words are translated into Katakana characters in our proposed
method. Katakana is a Japanese phonetic character. For example, the word ‘£+ and
‘PP’ are translated into the same Katakana word ‘% ~ =’. The system is then able to
regard as the same word.

3.5 Score calculation

The best reply candidate from each cluster is presented to the user, i.e., the number of
reply candidates is the same as the number of clusters. In order to evaluate reply
candidates, the word coverage for a candidate is calculated. The word coverage WCs for
candidate sentence s belonging to class c is calculated by equation (1) as follows:

)

1
A (M

s

where W is the set of verbs, adjectives and nouns contained in sentence s. /. is a set of
important words in class ¢ to which sentence s belongs. Important words are those with
high frequency of occurrence in the class. The top N words whose parts-of-speech are
verbs, adjectives and nouns are designated as important words in the class. However,
nouns used in search queries are not designated as important words. The score for a



Situation-based reply candidate presentation method for mobile phone 327

sentence that contains many important words and few other words is high. The system is
able to present suitable reply candidates with users’ needs, by using the word coverage.

An example of calculating score from clustering result is shown in Figure 5. In
Figure 5, it is assumed that the user received a message asking questions such as
‘RAEHES? (What do you think of Ohtani?)’. K4 means Shohei Ohtani. He is a
young Japanese baseball player now participating in US major 1eague Sentences A and B
belong to the same class because both contain the word ‘A=A (FI\>; great)’.
Therefore, sentence A and B are considered to be in the same cluster. ‘2 =1 (T2
great)’, ‘% A 7L (cycle)’, ‘& v b (hit), ‘B> = (#&TF; player)’ and ‘¥ v 1 (&
fi%; achieve)’ are selected as the set /. (important words) of the class to which sentence A
and sentence B belong when the value of N is equal to 5. In this case, we calculate the
scores of sentence A and sentence B as follows.

Figure 5 Example of calculating score from clustering result

query: K% (Ohtani)

Important words :
234 (FZLy; Great), 4441 (Cycle), Evk(Hit),
22 GEF Player), 2yt (3ZER;Achieve)

KBOFAZ)LEH
AHIZF T
(

Ohtani hits for the cycle

FARRDIZH LY
(Ohtani is great but
his fashion is unstylish)

really great)
. REFTIWNTE

U : Divided tweet union
Feature :adjective ® : Sentence

O : Highest score sentence
In sentence A, three important words ‘2 = (3~ Z\; great)’, ‘%1 7 /L (cycle)’, ‘&~ b
(hit)” appear and no other important words appear which form the set W;. Here, |W; N I|

=3 and |W, U I| = 5. The score of sentence A is 2:0.6. In sentence B, one of the

important word ‘A =1 (3 Z\»; great)’ appears and two words ‘v 7 7 (FAflk; fashion)’,
‘XA (X unstylish)’ appear in the other words which form the set W;. Here,

.1 .
[Ws N 1I| =1 and |W; U I.| = 7. The score of sentence B is 7 =0.14. Since the score of
sentence A is higher than that of sentence B, the reply candidate from this cluster is
sentence A. In this way, a reply candidate in each cluster is determined.
3.6 Output of reply candidate

The sentence with the highest score in each class is presented to the user as a reply
candidate. Because our proposed method uses clustering, each reply candidate indicates a
different situation. Like the fixed phrase selection method of smart watch, the user finally
selects the suitable reply displayed on the screen. Since multiple reply candidates are
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presented, the user finds the intended reply with high probability and communicate
smoothly.

4 Evaluation experiment

4.1 Experimental conditions

In order to confirm the effectiveness of our proposed method, we conduct experiments
using real tweets and presenting reply candidates in Japanese. Ten subjects of aged from
22 to 25 years evaluate the reply candidates presented by the proposed system. The
subjects evaluate whether the reply candidates are suitable or not. We calculate the
accuracy for the suitable reply candidates, from subjects’ evaluations.

Twelve search queries are used for collecting tweets in this experiment. Ten queries
among them are ‘HifE (earthquake)’, ‘72 CL Z (Nadeshiko)’, ‘A V> Vv 27 Fh v K
(Olympic ticket)’, \F 8 (HachimuraRui)’, =37 A U % (Copa America)’, ‘1l H A
(Yamachan)’, K% (Ohtaniy’, ‘77— (rugby)’, +HJE  (typhoon)’ and
‘77 w2 7547 — (Black Friday)’. They are referring to the trend words of Google
(https://trends.google.co.jp/trends/trendingsearches/daily?geo=JP) from June 14th to
November 22nd, 2019. We use the trend words as search queries because the trend words
are best samples of what many users talk about on SNS. The rest two queries are ‘#%3
(lecture)’ and ‘“4F3K (year-end)’. Because we consider that the two words are commonly
used on everyday life, we use the words as search queries. Thus, 12 search queries are
used in this experiment.

The number of collected tweets for each query is 1,000. The number of clusters for
K-means is set to 4. We use Python 3.5.1 for the development language and MeCab
(https://taku910.github.io/mecab/) for morphological analysis.

The top N words whose parts-of-speech are verbs, adjectives and nouns are
designated as important words in the class. The value of N is equal to 3 in this
experiment.

4.2 Results and discussion

The clustering result by K-means is shown in Table 1. After division, the number of
collected sentences for ‘HfiFE (earthquake)’ is 1,978, that for ‘72 CL Z (Nadeshiko)’ is
2,422, and so on. In addition, when we calculate the average number of appearances of
features, we can find that no single classes are formed. The average number of features in
their classes is no more than 1.0. The fact that the average number of appearances of
features does not exceed 1.0 means that the sentences which do not contain any features
are classified into one class. Such a class does not indicate a specific situation, and of no
interest to our algorithm.

A few sentences in each cluster for the search query ‘15 (earthquake)’ are shown in
Table 2. In Table 2, sentences of class A do not indicate a specific situation because the
sentences have no adjective. We can observe that the average appearance of features for
the class A is 0.15 and is not more than 1.0 in Table 1. The reply candidate is not
presented for the class whose average appearance frequency of feature does not exceed
1.0. In Table 1, the average number of appearances of features of the class A for the
search query ‘72 CL Z (Nadeshiko)’ is 0.14, that of class A for ‘4 V> v 27 F47 v |k
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(Olympic ticket)’ is 0.79 and so on. Therefore, the system presents 3 (not 4, the number
of clusters) candidates per query to the user.

Important words for each search query are shown in Table 3. ‘H#fi5E (earthquake)’ was
the trend word of Google because a large earthquake occurred in Yamagata and Niigata,
Japan, on June 18th, 2019. The result for the search query ‘Hi5E (earthquake)’ has “fiv>
(scary)’, ‘K= (big)’ and 72\ (not)’ in classes B, C and D respectively. Since they are
adjectives, it seems that each cluster represents a specific situation. In addition, verbs
‘v (3k5; come)’ and ‘x/v (25 sleep)’ are selected as important words. There are
many sentences including ‘7 /v (Ck%; come)’and ‘F*/v (&5, sleep)’ because the
earthquake occurred at night.

Table 1 Clustering result

Query Class # sentences Average appearance
#15% (Earthquake) A 1,763 0.15
B 114 1.13
C 31 1.23
D 70 1.26
72 CL Z (Nadeshiko) A 2,314 0.14
B 23 1.13
C 50 1.22
D 35 1.17
AV Frob A 1,669 0.79
(Olympic ticket) B 68 1.28
C 190 1.30
D 89 1.76
I\K 8 (HachimuraRui) A 1,700 0.13
B 198 1.05
C 33 1.24
D 29 1.07
AT AU A 1,911 0.14
(Copa America) B 20 1.10
C 91 1.21
D 35 1.31
s % A (Yamachan) A 2,079 0.23
B 92 1.18
C 67 1.52
D 96 1.14
KR4% (Ohtani) A 1,664 0.15
B 197 1.05
C 45 1.13
D 18 1.11
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Table 1 Clustering result (continued)

Query Class # sentences Average appearance

7 7' — (Rugby) A 2,083 0.18
B 85 1.14
C 50 1.12
D 64 1.11

# /& (Typhoon) A 2,278 0.17
B 106 1.08
C 36 1.19
D 17 1.24

TIvITITAT— A 1,525 0.13

(Black Friday) B 3 1.23
C 85 1.19
D 51 1.51

#22 (Lecture) A 1,856 0.92
B 24 1.75
C 43 2.02
D 81 1.52

4K (Year-end) A 1,946 0.84
B 66 1.68
C 61 1.69
D 77 1.74

Table 2 Sentences in class of ‘M17E (earthquake)’
Class Sentence

A b MRE ST LG
(Thank you, but English...)
HOH R I L SETET !
(A child is sleeping well!)
ZRRVWHLTLE S,

(I remember it.)

B WFED = 2 — AP ND TS,
(I sleep because I’'m afraid of the earthquake news.)
Z ORERFHICHENE Z 2 LEDL O LIV TT X,
(It’s scary to sleep if an earthquake occurs during this time.)
7.

(I’m scared...)
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Table 2 Sentences in class of ‘#fif (earthquake)’ (continued)
Class Sentence
C TRINIEMRE o T,
(It was quite big...)
RO HHERE W

(Niigata prefecture has big earthquake.)
DR Y RE P2 I H T2 N TLRL T,
(I was worried that it was pretty big.)

D B O ZEHIT ET LR
(I have no choice but to live in the sky.)
B L2720,
(I am scared.)
22 Lonzaus
(I have to prepare.)

Table 3 Important words

Query

Class Important words

1% (Earthquake)

B av A (ffivy; scary), 7 /v (k%; come), ®/V (#5; sleep)

C FAXA (K& big), 7 /v (k5; come), & 41 (#75; damage)

D FA (% not), AE Y (J 5 think), =271 (ffivy; scary)

72T L = (Nadeshiko)

B ¥4 (FLVy; severe), 7~ v a ¥ (IkF; final), h—7 A |k (tournament)
C F A (72\; not), 777 A (WE; decision), 2 ¥ (47%; love)

D A4 (B\; good), # > b7 (7, coach), & v = (3#F; player)
gV Fv |k (Olympic ticket)

B ARV (S D) lose), B 7 (4; all), €7 =2 (1 Lidte; apply)
C 7 AV (4755 win), &k (A; people), 7~ > a v (k#; final)

D Tv v ah (LAt apply), 74V (%725 win), 71 (72\; not)
/#1422 (HachimuraRui)

B A FA (#\; great), v A A (#§45; nomination), K7 7 k (draft)

C F A4 (Z2\; not), K7 7 k (draft), = v R T (AAA; Japanese)

D A4 (B good), 77 v = (K4f; figure), £ = (G#F; player)
27 % J % (Copa America)

B v a4 (5 strong), U (Chile), Lo < (GE#Hi; consecutive victory)
C F A4 (7Z2\; not), A€ ¥ (&5 ; think), /v (JL5; look)

D a4 (B good), A€ v (&9 think), 1 ¥ (5 5 say)
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Table 3 Important words (continued)
Query
Class Important words
115 v A (Yamachan)
B g4 (R good), B 7 v (&5 interview), 7 v = > (54F; marriage)
C A4 (B great), 4 (OF; well), 7 v =22 (& #5; marriage)
D A4 (B, good), U1 7> (&K; interview), & & (A; people)
A% (Ohtani)
B A A (B great), 1 7L (Y1 7 L; cycle), & |k (hit)
C F4 (72 not), £ U (5 9, say), /> o8 (s fragment)
D AT A (FE S Lvyswonderful), %1 7 b (cycle), £ v = (&F; player)
Z 2" — (Rugby)
B A4 (W great), T4 (FLD; look), %/ 7 (#EH; yesterday)
C FET A (1 HVY; interesting), /L (f.2; look), &/ v (#:H; yesterday)
D F A4 (72\; not), IV (K55 look), & K (A; people)
Z/ (Typhoon)
B F4 (72\>; not), & H A (#5F; damage), 7/ (& % ;exist)

C 2 (HEVgreat), b A A (#1755, damage), = # 1 (4[] this time)

D Y34 (R1F; dangerous), =1 ¥ 3 v (%4 influence), = > (IU; four)
77 w2 7 Z4 7 — (Black Friday)
B
C
D

F4 (72\>; not), # v (H 9; buy), Z—/u (sale)
Y AA (% cheap), # 7 (H 5; buy), 7 =/\ (JF %; return)
Ay A (BkLwvy; want), 74 (720 not), 7 v (E 9 ; buy)

1723 (Lecture)

B U A1V (43h%; understand), 1 ¥ (5 9 say), 1 A (R\; good)
C 7V (1% go out), A v (5 think), & b (A; people)

D AU (b %; end), ~NYA (R early), 3 ¥ (4 H; today)
47 (Year-end)

B TV (B %; exist), v = (A front), £ ¥ (5 9 ; say)

C 717 (8 5;buy), ¥+ & (jumbo), 1 7 (17<; go)

D 17 (17<; go), = I/ (comic market), 37 1 (F&;schedule)

The result for the search query ‘72 CL Z (Nadeshiko)’ has words ‘&> A (i LV>;
severe)’, ‘A (72); not)’ and ‘1 1 (E\>; good)’ in classes B, C and D respectively.
‘72 CL Z (Nadeshiko)’ is a nickname for the Japan women soccer team. Since the words
are adjectives, each cluster shows a specific feeling. In addition, ‘%7 v 2 7 (P
final)’, ‘% v 74 (BRJE; decision)’ and ‘&> = (#F; player)’ are selected as important
words. There are many sentences about soccer games because the World Cup was held,
clustering the period.

Similarly, the result for the search query ‘4 VY >ty 2 F/4 v I (Olympic ticket)’
has words ‘~AX LV (4hi1%; lose)’, ‘7 # v (%7-%; win)’ and “Ev > 2k (1 LiAde;
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apply)’ in classes B, C and D respectively. Since they are verbs, it seems that each cluster
shows a specific action. There are many sentences including them because tickets for the
Olympic Games in Tokyo 2020 were on sale.

Table 4 Reply candidates, scores and accuracies (‘HiZE> ~ ‘|[LiH 2 A7)

Query, feature

. Accuracy

Class Reply candidates Score %]

#4% (Earthquake), adjective

B HEEM§ & 72872 (Earthquake too scared to sleep.) 0.67 100

C B OWENKEL 2D FHALHIC, (Do not increase the damage  0.50 90
of Tsunami.)

D HIFER L= Z &7 < T LA o7z (It was nice not to have a big 0.33 100
carthquake.)

72 CL Z (Nadeshiko), adjective

B COFEERELRB M—F AL MIE L% 9 72... (The final tournament 1.0 100
seems to be tough if left unchecked.)

C 72 TL ZREN S X, (Nadeshiko is too decisive.) 0.67 100

D WWEEE7S, (He is a good coach.) 0.67 70

G ey T4 b (Olympic ticket), verb

B FYV vy 75y hafstniz (1ost all Olympic tickets.) 0.67 100

C EIRBY =P Y47 o7- 5 Ly w (Apparently the soccer 0.50 100
final was won.)

D 1Y 72 2 D A LB b 1 LidATuauy, (I didn’t apply 0.75 90
because I don’t think I could win.)

NF142 (HachimuraRui), adjective

B JRERZ 7 N 1 KAEAE U LE#ETE S .. (The first round 1.0 90
nomination of Hachimura Rui on the draft is so great.)

C HIELAARANDRT —TiL720 (His power is no longer Japanese.) 0.50 100

D 71w 2nze~! (That’s cool!) 0.67 100

27 % U % (Copa America), adjective

B a7 AV 2 EEPOF Y ILFA 5D 72) (Chile, who has won 0.75 70
Copa America for the second consecutive year, was really strong!)

C XX BARIT AT AV B ERD TS LB Thihn2n 0.50 70
(After all, it seems that Japan is licking Copa America.)

D BOiGiZoz & g3 X, (I think it was a good match.) 0.50 100

1154 (Yamachan), adjective

B ETHRWEIRS RLIZ o 7272 ... (It was a very good marriage 1.0 100
interview.)

C %A & FIHEOFEMFITA L1279 2V 72~ (The marriage between 0.75 100

Yamachan and Yu Aoi is really amazing.)
D s 2 ADE RV WAL (Yamachan’s interview is good.) 0.67 100
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Table 5 Reply candidates, scores and accuracies (‘X4 ~ “4EXK’)

Query, feature

. Accuracy

Class Reply candidates Score %]

A2 (Ohtani), adjective

B P47k y MI#ENTT R, (The cycle hit is great.) 1.0 100

C RAEFAFH-8572 v - T (Shohei Ohtani is so great.) 0.67 100

D AAEFEPOYA 7 e v RS LT &% (Japan’s first cycle hit 0.75 100
is too wonderful.)

Z 2"k — (Rugby), adjective

B WER RL7=Z 7 v —#h o772 % (The rugby I saw yesterday was 1.0 100
great.)

C WEHDZ 7 e —RIED T Db b HE WV (I started watching 0.75 90
rugby yesterday but it was really interesting.)

D it T 7 e =85 Lavauvods (Thave no choice but to watch 0.67 100
rugby.)

=/ (Typhoon), adjective

B ZHbITRAOHEFIL o7, (There was no typhoon damage 0.67 100
here.)

C AEZNZTOWETHEATLOEFEN & 72, (Itis great that this 0.75 100
damage has been done this time.)

D B FETHAENEERIIZIEA TTRIEWY (Rice field is dead 0.33 100
due to typhoon.)

77 w2 7 74 7— (Black Friday), adjective

B Amazon 77 v 7 7547 —RIZH 5 b O (Amazon’s 0.67 100
Black Friday has nothing to buy.)

C DR N B DONDONE S TLE S ... (I’'m sure they’re cheapsol  0.50 90
just buy them.)

D AMER L & E b 7Zpv &l (have to buy what I really want.) 0.67 100

1723 (Lecture), verb

B EZITES T2 B0 Wb AN B> TE ... (I came back 0.40 100
because I don’t know where to sit.)

C BETOHTRVWOICHEME S & 85T 0? (Do you think you will - 0.50 50
get credit even if you don’t have classes?)

D WO LY B FREKD o T2 (Classes ended earlier than usual.) 0.67 100

47 (Year-end), verb

B ZOVZIFEREERATY— RdH 0 £ Lz4 (Yes, there was a 0.40 70
word the year-end bonus.)

C RV ¥ U AREFB S 272 (I will buy Year-end jumbo lottery.) 0.67 80

D FHERTAIFIAT o TERIZRAICT 21T L, (Well, attheend of  0.50 90
the year we go to Comic Market for a special day.)

Total 0.66 93.1
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Table 4 and Table 5 show the reply candidates presented to the user, their scores and
accuracies evaluated by subjects. In all search queries, the system outputs reply
candidates that indicate different situations, emotions or actions. All reply candidates
include different important words and are non-redundant. The number of important words
is three and fixed in this experiment, i.e., N = 3. We need to confirm that the number is
appropriate because it is decided empirically.

The accuracy of the reply candidate in class C for the search query ‘#3 (lecture)’ is
50%, the minimum accuracy in Table 4 and Table 5. The evaluation is low since the reply
candidate is an interrogative sentence. We need to work further to improve this, e.g., the
system does not collect the tweets which include an interrogative sentence or decreases
their scores and so on.

The content of the reply candidates for the search query ‘X% (Ohtani)’ is biased. The
meaning of the words ‘%> (great)’ and ‘FHi§ 5 LV (wonderful)’ in the sentences is
similar. The system is able to present unbiased candidates if the clustering is done using
other features. Therefore, we will do experiments with different features in future.

The total accuracy rate is 93.1% from all results in Table 4 and Table 5. Thus, it is
proved that our proposed method is effective. We consider that smooth and rapid
response could be facilitated using our proposed method.

5 Conclusions

In this paper, we have proposed a method to present multiple non-redundant reply
candidates to a user in different situations and time, appropriate to the topic of the
received message. The system collects tweets including topics of the received sentence
when receiving a message. Next, the collected tweets are divided into sentences.
Clustering is performed on the tweets on divided sentences, to create clusters with
different characteristic features. Then, the system calculates the score indicating the
effectiveness of a reply candidate using the word coverage for each sentence. Finally, the
system presents the user sentences with the highest score in each cluster. The number of
reply candidates is approximately the number of clusters. The reply process is completed
as the user selects one from the reply candidates.

In order to make simple and suitable reply candidates, the collected tweets are divided
into sentences because a tweet contains sentences that may be redundant. It is possible to
choose only appropriate sentences as reply candidates by the division of sentences.

The features for clustering are verbs, adjectives. A cluster represents a specific
situation, emotion or action. Reply candidates are outputted from each class by evaluating
the word coverage. The word coverage for sentences that contain many important words
and no other words, is high. It is possible to present simple reply candidates indicating
specific situation by eliminating redundancy.

Our proposed method is proved to be effective by the evaluation experiment.
However, not complete messages but only keyword/s from the messages is used in the
experiment. We need to consider how to decide and extract proper keyword/s as the topic
of the message, evaluating our whole system to assess the efficacy of the topic extraction
concept. In this experiment, the number of important words is three and fixed. We are
going to continue experiment by dynamically adjusting the number of important words
depending on the received message. Moreover, we consider applying re-clustering for
presenting unbiased reply candidates.
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