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ABSTRACT. In this paper, we propose a natural language generation method based on au-
tomatically constructed lexical resources. Many conventional approaches in sentence gen-
eration use manually constructed templates. Therefore, the variety of available sentences
depends heavily on the quality and quantity of the templates, and the cost to construct
these templates is very high. The proposed sentence generation method uses large-scale
case frames and Google N-gram, which both are compiled automatically from Web doc-
uments. The proposed method uses words as an input. It generates a sentence from
case frames, using Google N-gram as to consider co-occurrence frequency between words.
Since we only use lexical resources which are constructed automatically, the proposed
method has high coverage compared with the other methods using manually constructed
templates. We carried out experiments to examine the quality of generated sentences and
obtained satisfactory results.
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1. Introduction. As an important step for an interface of human and robot, it is nec-
essary for the robots to use natural language. In the topic of dialogue system, the main
goal of Natural Language Generation (NLG) is to investigate how computer programs can
produce a high-quality natural language text from internal representation of information
[1]. In recent years, the increasing feasibility of human-computer dialogue systems has
prompted the need for better responses by generating diverse sentences.

Some NLG systems use grammar rules, much like parsers with semantic or syntactic
grammars [2]. An example of a rule-based system is SURGE [3]. For Japanese, there is a
dictionary TPAL [4]. In general, well generated grammar rules enable an NLG system to
have wide coverage, be domain independent, and be reusable [3]. However, a great deal
of time is required to design such a system.

Template-based approach to NLG refers to those in which the developer handcrafts a
set of templates. Therefore, the performance heavily depends on the quality and quantity
of the templates. Many dialogue systems which are domain dependent use this approach
[5-8]. Generally, this approach is not applicable and reusable. It cannot generate the
sentence that templates do not cover.

Other than these two approaches, Shibata proposed a method to select a sentence from
Web that suits the dialogue [9]. This solves the problems of the cost to design the system
and the coverage of the generated sentences. However, it is likely that the system chooses
a sentence that does not fit the dialogue. It is difficult to choose an appropriate sentence
to the dialogue’s context and atmosphere.

Other than the topic of dialogue systems, NLG technique is needed in machine trans-
lation and question answering systems, etc. Sasayama et al. [10] used Japanese-English
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bilingual corpus in translation. Bosma et al. [11] focused on question answering system,
and they applied sentence fusion to combining partial answers from different sources into
a single more complete answer. Yang et al. [12] improved retrieval efficiency in question
answering system, using classic Chinese literature’s feature. However, few researches fo-
cus on sentence generation independently, and most approaches are unable to be applied
to other topics.

One available solution to these problems is to use lexical resources which are constructed
automatically from Web documents. Lexical resources are data of speech data, lexicons,
text corpora, terminology, and various tools for language processing. In Japan, non-profit
organization Gengo-Shigen-Kyokai (GSK) [13] is distributing these data. As for America
and Europe, organizations called Linguistic Data Consortium (LDC) [14] and European
Language Resources Association (ELRA) [15] are distributing lexical resources and they
are aiming to promote the natural language processing technology.

In this paper, we propose a method that generates sentences by only using lexical
resources constructed automatically. The proposed method can reduce the problem of
the cost and coverage of the words.

Our proposed method uses two lexical resources: Kyoto University’s case frame data
[16] and Google N-gram [17]. Case frame is a data which describes what kind of noun is
related to each predicate. The case frames were obtained from approximately 1.6 billion
Japanese sentences extracted from Web. Google N-gram contains data of 1-7grams’
frequency. They are extracted from approximately 20 billion Japanese sentences on Web.
Our proposed method uses case frame to select appropriate words and case particles.
Google N-gram is used to consider the co-occurence between words.

This paper is organized as follows. Section 2 explains the case frame data we employ.
Section 3 details our proposed method. We show the experimental results to evaluate our
method in Section 4 and conclude the paper in Section 5.

2. Kyoto University’s Case Frame Data. Kyoto University’s case frame data is rep-
resented as a predicate and a set of its case filler words. For example, let us show a case
frame of the Japanese verb “tsumu” (load/accumulate):

O (tsumu: load)  {EEB(puugyonin: emplovee), K54 73—(driver), ... 1 DY (ga)
(BB (fruma - car). b2 w2 (truck), .. Z(mi)
{ﬁ*ﬁl[u:'mm.m: baggage). & (busshi : supplv)} Z(wo)

where “ga”, “wo” and “ni” are Japanese case-marking postpositions, corresponding to

nominative, accusative and dative, respectively. Such case frames have been utilized to
improve not only fundamental analyses but also NLP applications such as information
retrieval, automatic summarization and machine translation. To make practical use of
case frames, wide-coverage case frames are required.

We use automatically constructed case frames [16] for our proposed method. The case
frames were obtained from approximately 1.6 billion Japanese sentences extracted from
Web. The database has about 40,000 predicates, 13 case frames on average for each
predicate.

In Table 1, examples of resulting case frames of predicate “yaku” are shown. In this
table, ‘CS’ means a case slot of Japanese postpositions. The number is the frequency of
the noun in the case frame.

3. NLG Using Lexical Resources. This section describes our proposed method of
natural language generation. Figure 1 shows the flow of our proposed method. The
method uses a verb v and nouns w as the input to generate sentences. Figure 2 shows
an example of input words and the output. In this case, a sentence “kissaten-de juice-wo
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TABLE 1. Examples of case frame

| | CS | examples (noun:frequency) |

aku (1) ga | I:18, person:15, craftsman:10, ...
y(broil) wo | bread:2484, meat:1521, cake:1283, ...
ni | oven:1630, frying pan:1311, ...
yaku (2) ga | teacher:3, government:3, person:3, ...
(have difficulty) wo fingers:2950,
nt | attack:18, action:15, son:15, ...
9 ga | maker:1, distributor:3, ...
y(aliqur(l)) wo | data:178, file:107, copy:9, ...
ni | R:1583, CD:664, CDR:3, ...

C Input : Words )
]

| Case Frame Selection ‘
v
| Deep Case Estimation ‘

1

Phrase Frequency Search |

| Candidate Generation ‘

1

| Scoring ‘

!
( Output : Sentence )

FIGURE 1. Flow of the system

Input : B2ZE[E (kissaten - cafe), ra—RA(juice), BRE (nomu - drink)

Output : B2ZE[E Tkissaten-de : at cafe) 21— R % (juice-wo: juice) B (nomu - drink).,
Drink juice at cafe.

FIGURE 2. An example of output

nomu (Drink juice at cafe)” was generated from two nouns “kissaten (cafe), juice” and a
verb “nomu (drink)”.

In order to generate natural sentences from a verb and nouns, the following information
is required.

e Selection of appropriate Japanese postpositions (“ga”, “wo”, etc.) for each noun.

e Set words in suitable order.
e Evaluation of correctness of the sentence.

Our method uses Kyoto University’s case frame data [16] to select appropriate Japanese
postposition, and Google N-gram to set words in order and evaluate each sentence’s
correctness.

The method first selects a case frame from Kyoto University’s case frame data which
includes all input words (v, w). The selected case frame is used to generate the sentence.
In the next step, the proposed method estimates the deep case for each example noun in
the case frame, and searches the frequency of the noun using Google N-gram. This enables
us to consider the co-occurence between nouns. The method generates the candidates of
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the output, and calculates the score for each candidate. One sentence is selected from the
candidates as an output.
Each step is explained in detail from the next section.

3.1. Case frame selection. In this step, a case frame is selected to use in the proposed
method.
First, we search for the case frame z(*) which has the same verb as the input v and
includes all input nouns w. We define the case slot in the case frame as cgk), and the
(k) (k)

noun in case slot ¢; as z;;/. The frequency defined in the case frame for each noun is
expressed as fi(f;-).
In the next step, the sum of the frequency S*) will be calculated for each case frame

2®) as follows:

SO =N"N" 5% (if 2%) is included in w). (1)
i

Finally, a case frame z*) with maximum sum S® is selected to use in the next process.
We show an example of this step using the input as

(v = {nomu (drink)}, w = {kissaten (cafe), juice}).

In the first step, two case frames (") = (nomu (1)), 2® = (nomu (2)) in Table 2 are
selected. By using Equation (1), each sum is calculated as SV = 1493, S® = 147. Case
frame (") will be chosen for the next step to generate sentence.

TABLE 2. input (v = {nomu (drink)}, w = {kissaten (cafe), juice})

| | CS | examples(noun:frequence) |

wo | juice:974, ...
de | cafe:491, juice:10, ...
nomu (1) ni | cafe:2, ...
no | cafe:10, juice:6, ...
wo | juice:135, ...
nomau (2) de | cafe:12, ...

3.2. Deep case estimation. The technique to estimate the deep case is based on [18-
20]. The deep case takes a different semantic role by the verb [21]. Table 3 shows the
kinds of deep cases we employed in the proposed method.

Since Japanese uses case particles to underestimate the semantic role of the word, this
approach matches each case particle with the candidate deep cases.

Deep case is estimated for each noun in the selected case frame. Table 5 shows an
example of deep case estimation with case frame Table 4. By using this technique, even
“hitobito (people)” in case slot “ga” will be estimated as an Agent role. In the case of
“kissaten (cafe)” and “izakaya (bar)” in case slot “de”, these two segments “kissatenn-de
(at cafe)” and “izakaya-de (at bar)” will be estimated as a Location role.

3.3. Phrase frequency search. In this step, we use Google N-gram to search co-
occurence frequency between nouns. The process will be carried out as follows.

Step 1: Express each noun by segment s by connecting noun with a case particle.

Step 2: Connect two segments s,,, s,, and search for the frequency of phrase s,,s,
with Google N-gram.

Step 3: Continue this step to all words in the case frame.
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TABLE 3. Deep case and semantic role [18-20]

Deep Case Role of Deep Case
Agent Person or thing who is doing the event
Patient The surface object of the verb

Instrument | Inanimate thing that an agent uses to im-
plement the event

Location Location or spatial orientation of a state or
action

Goal Place to which something moves or thing
toward an action is directed

Source The place of origin

Time Temporal placement of an event

Cause What caused the action

Modification | Other deep cases

TABLE 4. An example of case frame

CS Example(noun:frequency)

A A (hitobito:people):40,
Ffk(kodomo:child): 72, ...
B TE (kissaten:cafe): 491,
gL le 894 (rock): 186,

(nomu:drink) | | B3BRE (izakaya:bar): 166,
a7 (cup): 163, ...

74 A% —(whisky): 1891,
U a—2R(juice):9746, ...

ga

wao

TABLE 5. Estimation of deep case

Deep case Example(noun:frequency)
Agent A2 D¥(hitobito-ga:people): 40,
© FHED (kodomo-ga:child):72. ...
. &8 B T(izakaya-de:atbar): 166,
Location | on5c S . 1
R (1) B2 JE T (kissaten-de:at cafe):491. ...
(nonu:drink) Instrument 04 T(rock-de:on the rock): 187,
Y7 T(cup-de:by cup):163, ...
Patient ) 4 2 —% (whisky-wo:whisky): 1891,
) D a—RA%(juice-wo:juice): 9746, ...

An example is shown with the case frame “nomu (1) (drink)” in Table 4. First, each
noun is expressed as a segment s. Noun “hitobito (people)” is expressed as a segment
“hitobito-ga” , by connecting the case particle to the end of each noun. In the next step,
frequency is searched for each phrase s,,s,. For example, frequency of two phrases as
shown below is searched in Google N-gram.

Oy T4 A5 —%(rock-de whisky-wo : (drink) whisky on the rock): 20
Aw9 T a—2R% (rock-de juice-wo : (drink) juice on the rock) 0

From this result, it is obtained that the segment “rock-de (by rock)” is likely to co-occur
with segment “whisky-wo (whisky)”, rather than with segment “juice-wo (juice)”.

The result of frequency search with case frame nomu (1) (drink) in Table 4 is shown
in Figure 3. In this figure, frequency is expressed with directed line segment. If two
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Locatio EERT BEET
cation (izakava-de:at bar) (kissaten-de:at cafe)
i i
e TS Fns
get (hitobito-ga:people) (kodomo-ga:child)
i __‘-'___________
Instru- ayJT OyyT
ment (cup-de:with cup) (rock-de:on the rock)
i .
- Ua—R%E AR E—%
Patient - s _ -
(juice-worjuice) (whisky-wo:whisky)

FIGURE 3. Result of frequency with case frame nomu (1) (drink)

‘ Case Particle Selection ‘

|

NO k
l Start/End Segment Selection ‘

| Candidate Generation |

FiGURE 4. Flow of candidate sentence generation

segments s,,, s, are connected with a line segment, this means that the phrase s,,s, has
more than 0 frequency in Google N-gram.

From the next process, the method mainly uses this case frame with frequency infor-
mation to generate sentence.

3.4. Candidate generation.

3.4.1. Owerview. This section illustrates the process to generate candidate sentences. Fig-
ure 4 shows the flow of this step. First the case particle for each input word is selected.
The selected case particle is used in the sentence generation. Then, the method selects two
segments among the input words. The segments are used as the start and end segment
in the sentence. Finally, it generates the candidate sentences.

3.4.2. Case particle selection. At first case particle to use for each input word w; is se-
lected. The selection is based on the frequency in the case frame database. We define
this frequency of noun wyj in case slot ¢; as fi(’l;). This frequency means how important the
segment is, in the case frame. Therefore, the case particle ¢; with maximum frequency
for each noun is selected.

We show an example of this step with case frame nomu (1) (drink) and input words
as w = {kissaten (cafe), juice)}. In this case, the noun “kissaten (cafe)” is included in
three case slots “ni, de, no”. However, the case slot with maximum frequency is “de”.
Therefore, case particle “de” is chosen for the noun “kissaten (cafe)”. As for the noun
“juice”, case particle “wo” is selected.
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3.4.3. Second segment selection. If there is only one word in the input w, the second
segment is selected to use in the sentence. The selected segment has to be a different
deep case with the input w and the co-occurence must be high.

In order to find second segments, co-occurence score L is calculated for each segment
in the case frame. This score L of two segments s,,, s, are calculated as:

SmySn
F
L = ma S SnSm ) 2
SmySn m X{Fsm +an7 Fsm +an} ( )
where F . 1is the frequency of phrase s,,s, searched in Google N-gram.

Co-occurence score L between input segment s,, and all other segments in case frame
is calculated. The segment with highest co-occurence score is selected as the second
segment.

Table 7 shows an example of score L with the input w = {kissaten (cafe)}. In this
case, the co-occurence score with “juice-wo (juice)” is the higher than with “beer-wo
(beer)”. Therefore, segment “juice-wo (juice)” is selected as the second segment to use
with “kissaten-de (at cafe)” in sentence generation.

3.4.4. Start/End segment selection. This step selects two segments from the input as
Start/End segment of the sentence to generate. The selection is carried out in the following
rules.

e If there was Patient (deep case) segment, select it as End.
e If there was Agent (deep case) segment, select it as Start.
e Other than that, choose Start/End segment with higher frequency fs.

TABLE 6. Example of case frame nomu(1) w ={cafe, juice}

CS example(noun:frequency)
[Z(niy | BRETE (kissaten:cafe):2, ...
T(de) | BRZEIE (kissaten:cafe):491, ...
#(wo) | L a—ZR(juice):974, ...

B [E (kissaten:cafe): 10,
L a—Z(juice):6, ...

Bra(1)

(nonudrink)

D(no)

TABLE 7. An example of co-occurence w ={cafe}

Segment s F,
BEET N
(kissaten-de:at cafe) 379,340
Ya—RE 705.689
(juice-wo:juice)
E—IL#% s
(heer-wo:beer) 1,678,505
Segment A Segment B Fz | L[1/1,000]
BAZET La1—R%E 151
(kissaten-de:at cafe) (juice-wo:juice) ) 0.139
L e
Sa—2% BRET )
(juice-wo:juice) (kissaten-de:at cafe)
BIZIET E—L%E 192
(kissaten-de:at cafe) (beer-wo:beer) ' 0.0933
. ]
E—IL%E BERIET 0
(beer-wo:beer) (kissaten-de:at cafe)
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The order of the words in Japanese is not strict in general. For example, two sentences
with different order as below have the same meaning. However, it is said that Agent

ﬂ}ﬂé% E Tl kissatenn-de) Ta—2R E‘( jiice-wo) ﬁf(d'_.‘( oo
D a—R%& (juice-wo) BRZE [E Tkissatenn-de )8R (nomur)o
Drink juice at cafe.

segment is likely to come to the head of the sentence and Patient segment to be near the
verb at the end of the sentence [22-24]. From the grammatical knowledge, we adopted a
rule to select Agent and Patient segment as the Start/End segment.

Table 8 shows some examples of the selection of Start/End segment using case frame
shown in Table 4.

TABLE 8. Examples of start/end segment

Segment Begin End
FHHEA Ua—RA%E FHEM Ta—R%E
(1) | (kodomo-ga: (juice-wo : (kodomo-ga : (juice-wo :
child) juice) child) juice)
FHEM BEIET FHEA BRET
(2) | (kodomo-ga: | (kissaten-de: | (kodomo-ga: (kissaten-de :
child) at cafe) child) at cafe)
ay7T BERIET ayIT BRET
(3) (cup-de : (kissaten-de : (cup-de (kissaten-de :
by cup) at cafe) by cup) at cafe)

(1): “kodomo-ga (child)” is an Agent and “juice-wo (juice)” is a Patient. Therefore,
each segment is selected as Start/End segment.

(2): “kodomo-ga (child)” is selected as Start segment, and the other segment “kissaten-
de (at cafe)” is End segment.

(3): Neither “cup-de (by cup)” nor “kissaten-de (at cafe)” is Agent/Patient. Each
frequency in the case frame is feup-ge = 163, frissaten-de = 491, so the segment with
higher frequency “cup-de (by cup)” is selected as the End, and the other “kissaten-de
(at cafe)” is selected as the Start segment.

3.4.5. Candidate generation. In this step, the method generates sentences from case frame
with frequency (Figure 3). The candidates require to satisfy the condition below:

(1): Start with the Start segment s 4.

(2): End with the End segment sp.

(3): Use all input segments sy, S, - - -

(4): The number of the segment that constructs the sentence is less than maximum
lmax-

(5): There is no segment with same deep case.

(6): There are co-occurence frequencies between two continuing segments.

Start/End segments s4, sg in (1) and (2) are selected in the previous section. The
input segment i, o, - -+ in (3) is selected in Section 3.4.2. We define the condition (4) so
as not to generate sentences too complicated. (5) comes from the definition of Fillmore’s
Case Grammar theory. (6) means there are more than 0 frequency in Section 3.3.

For example, we illustrate the generated sentence with the case frame nomu (1) (drink)
in Figure 3. When the input words are w = {kissaten (cafe), juice)}, and the selected
Start/End segments are s, = kissaten-de (at cafe), sp = juice-wo (juice), the generated
candidates are as follows:

o ‘“kissaten-de juice-wo nomu (Drink juice at cafe)” (Iynax = 3) (Figure 5)



e “kissaten-de kodomo-ga juice-wo nomu (A child drinks juice at cafe)” (I = 4)

(Figure 6)

e “kissaten-de kodomo-ga cup-de juice-wo nomu (A child drinks juice with cup at

cafe)” (Inax) (Figure 7)

3.5. Scoring. In the previous section, it is likely that the sentences with low co-occurence
frequeny are to be the candidate. Therefore, a score for each candidate sentence is calcu-

lated in this step.

FIGURE 5. “kissaten-de juice-wo nomu (Drink juice at cafe)”

FIGURE 6. “kissaten-de kodomo-ga juice-wo nomu (A child drinks juice at cafe)”

FIGURE 7. “kissaten-de kodomo-ga cup-de juice-wo nomu (A child drinks
juice with cup at cafe)”

NLG USING LR

Location BRRIET EBET
(kissaten-de:at cafe) (izakava-de:at bar)
e TS Fns
gel (hitobito-ga:people) (kodomo-ga:child)
Instru- avyJT OyyT
ment (cup-de:with cup) (rock-de:on the rock)
ot Ta1—2R% IARF—%
Patient o N
(juice-wozjuice) (whisky-wo:whisky)

Location BRFRIET EBET
(kissaten-de:at cafe) (izakava-de:at bar)
I 4
A TS FHent
get (hitobito-ga:people) (kodomo-ga:child)
Instru- ayJT OyyT
ment (cup-de:with cup) (rock-de:on the rock)
ot Ta1—2R% IARF—%
Patient o N
(juice-wozjuice) (whisky-wo:whisky)

Location BRFRIET EBET
(kissaten-de:at cafe) (izakava-de:at bar)
I v
Acent AR D FEA
get (hitobito-ga:people) (kodomo-ga:child)
. T
Instru- =l & OyyT
ment (cup-de:with cup) (rock-de:on the rock)
i
ot Ta1—2R% IARF—%
Patient -
(juice-wozjuice) (whisky-wo:whisky)
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We define candidate sentence C; and the score S;. As shown in Figure 8, when the

candidate sentence C; consisted of segments sy, So,-- - , 5, score S; is calculated as follow:
n—1
F, ..
Si=y —I— (3)

As shown in Figure 8, F .., is the frequency from Google N-gram of the phrase of two
continuing segments s;, sjy1. Fy; is the frequency from Google N-gram of the segment
Sj-

3.6. Examples of output. Tables 9 and 10 show the examples of the ouput sentences.
segment max m in the tables is the parameter of the sentence length in Section 3.4.5.
Table 9 shows the output when the input is

(v = tobu (fly), w = {hakuchou (swan)}).

In this case, the second segment other than the input “hakuchou(swan)” is selected to
generate sentence (Section 3.4.3). “jyoukuu-wo (in the sky)” is selected, and by changing
the sentence length parameter n, four sentences are generated by the method.
Table 10 shows the output when the input was
(v =yaku (grill), w ={sumibi (charcoal), sakana (fish)}).

Four sentences, according to the length, have been generated using one verb and two
nouns as the input.

FiGUrE 8. Candidate centence C;

TABLE 9. input (v = tobu (fly), w = {hakuchou (swan)})

[ - Output
BEMN EZZE R
3 (hakuchou-ga jyoukuu-wo tobu :
A swan is flving in the sky.)
BEA MO LZEE RS
4 (hakuchou-ga ike-no jyoukuu-wo tobu :
A swan is flving over the pond in the skv.)
HEMNFAD &3 LZEZF HeAH
5 (hakuchou-gawatashi-no youni jyoukuu-wo tobu
A swan is flying like me in the sky.)
BREMNAD £5I12AYT LZE RS
6 (hakuchou-gawatshi-no youni heri-de jyoukuu-wo tobu
A swan is flying like me in the sky with helicopter)
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TABLE 10. input (v = yaku (grill), w = {sumibi (charcoal), sakana (fish)})

f Output
BN T A%
3 (sumibi-de sakana-wo yaku
Fish s grilled over charcoal.)
KT AO BF 5]

4 (sumibi-de shunn-no sakana-wo yaku :

Seasonal fish is grilled over charcoal.)

KT EO AT A0 A%
(sumibi-de me-no mae-de shunn-no sakana-wo yaku
Seasonal fish is grilled in front of me over charcoal.)
BT BORITE #ICAE 5]

6 (sumibi-de me-no mae-de mina sama-ni sakana-wo vaku
Fish is grilled for evervone in front of me over charcoal.)

h

YR & #AT Bis%E I RIEL -,
(ribhon-wo musunnda huusenn-wo sora-ni tohashita :
Released a balloon with a ribbon tied to the sky.)

FIGURE 9. Sentence in text book

TABLE 11. Examples of dataset

verb (v) noun (w)

i -
=P
(muusubu : tie)
ESE

(tobasu : release)

1)7R>(ribbon)

B Mg (huusenn - balloon). ZE(sora : sky)

TABLE 12. Extracted datasets (v, w)

| number of extracted noun w | 1] 2]
| Total [274 130

4. Experiment. We carried out experiments to evaluate the quality of the generated
sentences.

4.1. Datasets. The input data for the experiment were extracted from Japanese text
books for elementary school students. We used Japanese syntactic parser CaboCha [25]
for each sentence in the text book. From the result of parsing, we obtained datasets of a
verb and nouns related to the verb.

Figure 9 shows an example of the sentence in the Japanese text books, and Table 11
shows the examples of the extracted dataset from that sentence. In this case, two datasets
for input have been obtained.

We executed this process on 430 sentences in the Japanese text books. Table 12 shows
the total for each number of noun. These datasets were used for the experiment.

4.2. Condition. The conditions of the experiment were as below:
e Used dataset as shown in Table 12 for input.

e The maximum length of the sentence n was changed among 3,--- ,6. This means
four kinds of sentences can be generated from one dataset (Examples in Table 9 and
Table 10).

e Evaluated by 18 Japanese subjects.
e Evaluated 160 generated sentences randomly selected (20 for each number of ex-
tracted noun w = {1,2} and maximum length [;,.x = {3, - ,6}).



408 N. ITO AND M. HAGIWARA

e Evaluation Item
1. Understandable.
2. Commonsensical.
3. Grammatical.

In order to evaluate how robust the method acts to the variation of the parameter, we
compare evaluation result for each parameters as follow.

e sentence length [y, = {3,---,6}
e the number of input words w = {1, 2}

Table 13 shows the example for each evaluation item.

TABLE 13. Evaluation example

C
Output A B
uipu Cc1]c2]c3
SFEONETEHESD
(shashinn-no naivou-wo dekiru : X X X X X
Picture’s matter is available.)
BEHNEEGEICES
(kuruma-ga jitennsha-ni noru @] X O | O O
Car is on the bicycle.)
FETRTTAL
(kazoku-de rvokou-de iku : @] @] X O O
Go to a trip with family.)
BLDEEFLHS
(zoi-no michi-wo aruki : @] @] (o] X @]
Walk the street on the banks of)
BEH DS
(hakuchou-ga miziumi-no tobu : | O @] (o] (@] %
Swan lake’s flv.)
KON END
(tairinn-no hanabi-ga agaru - @] O O] O O
Large fireworks is shot off.)

4.2.1. A: Understandable. We asked the subjects to judge whether or not they could un-
derstand the meaning of the sentence. In the example of Table 13, “shashinn-no naiyou-wo
dekiru (Picture’s matter is available)” was judged to be hard to understand. We asked not
to estimate the grammar and the common sense of the sentence in this entry. This means
that if the sentence was understandable with different word order, the subjects should
judge the sentence understandable. For example, the sentence “hakuchou-ga mizuumi-no
tobu (Swan lake’s fly.)” can be understandable if the order was “mizuumi-no hakuchou-
ga tobu (Swan by the lake flies.)”. Therefore, we asked the subjects to evaluate these
sentences as understandable.

4.2.2. B: Commonsensical. This entry evaluated whether the meaning of the sentence was
commonsensical. The second example in Table 13 “kuruma-ga jitennsha-ni noru (Car is
on the bicycle)”, may be judged to be understandable but the meaning was unlikely from
a commonsense point of view.

4.2.3. C: Grammatical. As for the grammatical evaluation entry, we asked the subjects
to check the three items as follows:

C-1: Case particle is natural
C-2: Used words are natural
C-3: Word order is natural
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C-1 checked the case particle for each noun. The third example in Table 13 was judged
to be unnatural because the same case particle “de” was used.

C-2 evaluated whether the words used in the sentence were natural. The fourth example
“z0i-no michi-wo aruku (Walk the street on the banks of.)” lacked the information of “on
the banks of (where)”. Therefore, this item was judged to be unsuitable.

C-3 was the entry to check the word order. The fifth example “hakuchou-ga mizuumsi-
no tobu (Swan lake’s fly)” was understandable if the order was “mizuumi-no hakuchou-ga
tobu (Swan in the lake flies.)”. Due to this, this sentence was evaluated as unsuitable.

4.3. Evaluation result. When we defined “Perfect Sentence” to be evaluated all five
entries to be suitable, the result of the prefect sentence generated from the proposed
method is summarized in Table 14. The result rate shows that more than 40% of the
sentences generated are perfectly natural sentences, in terms of grammar and the meaning.

Figrue 10 shows the rate of perfect sentence by the length of the sentence n. From
these results, it is observed that the shorter the generated sentence is, the more natural
sentence is likely to be generated. Also, from Table 14 and Figure 10, it is observed that
the more nouns we use as the input, the more perfect the sentence is likely to be.

Table 15 illustrates the result rate for each entry. More than 80% of the generated
sentences are understandable.

Figure 11 and Figure 12 are the result rates by sentence length n. Figure 11 is the
result of the generated sentence from two input nouns w. Figure 11 is the result of the
generated sentence from one input noun w. From these results, we can see that the entry
of C-2 (Used word) changes the most when the sentence is longer. Comparing between the
number of input nouns, the result with two inputs is higher in all entries. This tendency
is observed especially in the entry C-3 (Word order). The difference was caused by the
selection of second segment (Section 3.4.3).

5. Conclusions. As a novel approach for natural language generation, we proposed a
method to generate sentence using only automatically constructed lexical resources, which
has no cost to construct manually, and the coverage of the word data is very high. We
used two lexical resources: Kyoto University’s case frame and Google N-gram. Case

TABLE 14. Rate of perfect sentence

| Number of input noun w | Rate of Perfect Sentence [%] |

2 48.9
1 41.2

mi=3 nl=4 m]=5 mI|=6
— 100
90
80
70
6l
50
40

30

20
10
0

1 2
Number of input words

Rate of perfect sentence[%

FiGUurE 10. Rate of perfect sentence by length [
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TABLE 15. Rate for each evaluation entry

. C [%]
Number of input noun w | A [%] | B [%] CI]C2[C3
89.7 | 81.9 |73.9|65.8|80.8
1 80.6 | 69.4 |69.5|58.9|63.4

H[=3 F]l=4 E|=5 H]=6
100

8
60
40
20
0 - - - -
A B C-1 c-2 c-3

Evaluation entry

Rate of suitable[%]

FIGURE 11. Result rate by sentence length [ (“number of input noun w” = 2)

H[=3 F]l=4 E|=5 H]=6
100

80

60

40

20
0 - - - -
A B C-1 Cc-2 C-

Evaluation entry

Rate of suitable[%]

-
3

FIGURE 12. Result rate by sentence length [ (“number of input noun w” = 1)

frame enabled us to generate a sentence that has meanings, and Google N-gram enabled
to consider co-occurence between words.

The experimental results show that the method can generate natural sentences even it
is only using lexical resources that are automatically constructed. About 40% are perfect
sentences, and more than 80% are understandable.

In our future work, we plan to apply the proposed method to a conversational system.
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