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Text Generation from XML-DB
with Lexical Selection Based on Discourse Structure

YOHEI SEKI' and KEN’ICHI HARADA Tt

The purpose of this study is to propose a new method for the generation of reports from
databases. We implemented an XML transformation-based natural language generation sys-
tem for Japanese, English, French, and German weather forecast by using a three-stage
pipeline architecture. In order to generate human-like texts, we must determine individ-
ual sentence structures by considering the concept of “cohesion”. In this paper, we propose
the method on how to realize surface sentences with local lexical constraints on discourse seg-
ment by using DOM, SAX, and, XSLT technique. We regard this process as text generation
based on intentional structure to retrieve information from databases, and make a distinction
between the selectional process of intentional strucuture based on domain knowledge and of
linguistic structure by producing four language texts.
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Fig.1 Weather forecast generation system.
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Fig.2 Discourse structure on weather forecasts.
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Fig.3 Flowchart for three-stage pipelined NL generation
system.

DTDOOOO0OOOOO A1.30000
gobooooboobooboobbooboo
godbobobooobooooo 3oooooooo
0D®O000000300000000000000
0oOo0bOoO0oooooooooooooboooono
0300000000 oboooobobooboono
Ooooooo 30000
0000000OO0DODOODOOoOoOobOOoDoDbOOoOoooo
0o0o000o0Oo0oOooooDooobooooooooo
goooooboboooobbooobboooboog
goooobooboobbooobuoobboboo
goooooOooobooobbOboooooooo
000000000 00SAXD Simple API for XMLO
gooooooooo
Ooo0obOOooooOoOoDoOooOooooooooo
0o0do0oooooooobooboooooooo
0o0oooooboooO0obOO0ooDoOoooooooo
JdooddbOOo0bOooboDOooooooooooobo
gd0oooOoOO0O0O0O0bOO00D00obO0OobDooOooo
gdbodbooboooobbobooboboboo
gobdbooboobooboooobobbooobo
gooodboooooobobbbuoooooobooo
gooodooooooboobobooobooooo
gdoddbob0ooooooooooboboooo
go0oooooooboooo
dooooooooooXMLOODODOOOOOO
00 XSLTO eXtensible Stylesheet Language Trans-
formationsO0 000 0000000000 OOO0O



2750 goooooooo Aug. 2002
A. ooooooo
(1) oo0ooo000000000000000000O00000
(2) gooboooooOoooOooOoooOoOoOOO0O0O0OO0OOO0O0O00O0OO0OOOOOOOOOODOOD
(3) go0oo0o0o0oo0o0O00oO0o0O0o0ooOooOO0O0oO0oO0OoOooOoOooo0ono
(4) goboooobo0o0000000D0O000000O0OOO0O0DOO000C000O000O0OO00000O0
(5) gooooooooOo0OO0oO0bOO0bOOO0OOOO0b0o0OD
B. oooooooo

2
3
(4

(6
(7

(8 gooooOoooboOoOoooooo

oooooo

(1) ooooooO0o0o0O00000000D00000D0 150000000 11 000000000000000000
) o30000000000000000000O0O0OO0O0O0O0O0OOO0OOOO0COO0OO0OOOO0O0OOOO00D
) goobooooboOoooooOo0OoooOooOOoOooooooo
) goooooooo00o0ooO000oob00000000

(5) goooooooooooooooooboooooo
) o0o0ooooooo0oo0o0o0ooooooooooooo
) pgobooooboOooo0obDOoooobO0ooO0O0DO0O0O0OOO0b0000
)

9) gooooooooooOoOoOo0oOoOOoOooOOobDOoOOODOOOObOOOOO0onOO
(10) 0OO0ODOOODODOODOOODODOOODOOOO0ODDOO0 300000000000000 2000000 3000

(11) gooooO0o0ooo0o0 30000000000 1000000 200000000000

04 0O0O0O000O0DODODODOOOODOCRCODOOOODOODOOD
Fig.4 Weather forecasts example.

000o000o00ooooooooXSLTroogoo
gobooooooooobooobooooooboaoo
gooooooooooboooooooooooooo
0000006 00000O0O0OOOOODOOOO
gooobooooooooooooooooboooon
goooooooooboooooboooo3nonn
000000000 XMLOOOOODOO
O00o00ooooooOoo0OooOo20000Web
gooooooooooobooobooboooobooo
gbobooooooo3oonoo2000o0o0o0o0o0a
goooooooooboodoooooooooood
0040506 00000000000000000O0O
gobooodooooobooooboorooboooooboo
gbooooooosboboobooooooboobooa
goboooooooobooooooooosoooboo
goooooooo9oboooooon

2. J00bOOoobooOobooon

gooboooooobooboooObooboomo o
ooomoobobbbooooooobooooooon
goboooboooobooooooooboooooon
gbooooooobobobooboobooooooognon
0000000000 0OWeatherEye"OODOOOO
gboooobooocboooboooo1oooooboobo
0000000000000 WinChall Version 2.10

Y http://weather.crc.co.jp/index.html0 00000 M O O
CRCOOOODOOOOOO

O0000O00O0OooooognO PerDD ActivePerlOd
Version5.6. 100 000 0000000000000
O00oooooooooooooooooooooo
o0ooooooooooooOoooooooooo
gooooooOoooo0ooooooooooooo
O0oo0oooooooooooooooooooo
0Oo0mOoomooooooooo

2.1 0J000O0O0OO0OOOOOOOO

O0000o0o0oO0oO0o0O0Oo0UooOooOoooooOo
00000000000 oooooooooooon
O00OWeatherEye 0 00 000000000000
04000000000000D000000000O
Oooooo0o0omOoooooooomoooo
0o mooooooooooooooomOo
O000mUooooooO0moooooooooo
r0ooooooooo

0000000000 00O00oO0O0ooO0o0ooooo
0000o0000o0o0o0o0o0o0o0ooooooooo
00000o0O00o00oooU0oooOoo 1000
ooXMLOOOOOOODOOOOOOOOoO400
ooooooO0ooOoooooooDooDboo 500
000000000 0OXSLTO eXtensible Stylesheet
Language TransformationsO00 000000000
oo0o0oo0o0oo0obD 400000000000000
0o0ooooooOooOoopooOooooOoooooo
ooooommoO0ooooOooUoooooooooo
ooooooo



Vol. 43 No. 8 oooooooooopooooo XMLOODOOODoOOooooooo 2751

<00 Ooo="gog™>

<0 O00="O"<00 O00="0000" 00="0000">00</00><00>0000</00><00 O00="00000000">000</0
O></0>

<0 O0O0="O"><0 O0=""><0><00 00="0000">0</00><00 00="00">0000</00><00 00="0000">0000</
00><00>00</00></0></0><0><0><00 00="000000" 00="0000000">0000000</00></0></0></0>
<0 O00="O™<00 0O00="000000"00</00><00 00="00">0000000000</00><00 Ooo="o00O0o0" oog="
0o00ooOo™000</00></0>

<0 OO0="O"<0 DO="O0"><0O><00 O00="00000" 00="00000">O00D0O</00><00 00="0000" 00="00">0
O0</00><00>00</00></0></0><0><0><00 00="000000" 00="0000000"»>0000000</00></0></0></
o>

<0 O0=tO"><00 O0="00000" 00="00000">O000000</00><00 O00="00" 00="00000">00000</0
O></0>

</00>
05 0O0ODOOOODO
Fig.5 A tagging example.
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Fig.6 Occurring time-related phrases.
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Fig.7 Occurring place-related phrases.
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01 000000000o0D0o
Table 1 Agreement rates between weather forecasts on the World Wide Web and output texts.
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<?7xml version="100" encoding="Shift_JIS" 7>
<!ELEMENT Hokkaido ( InlandAreas,theSeaofOkhotskSide,
theSeaof JapanSide,thePacificOceanSide ) >

<!ATTLIST Hokkaido Date NMTOKEN #REQUIRED >
<!ATTLIST Hokkaido Year NMTOKEN #REQUIRED >
<!ATTLIST Hokkaido Month NMTOKEN #REQUIRED >

<!ELEMENT InlandAreas ( Observatory+ ) >
<!ELEMENT theSeaofOkhotskSide ( Observatory+ ) >

<!ELEMENT thePacificOceanSide ( thePacificOceanEastSide,
thePacificOceanWestSide ) >

<!ELEMENT thePacificOceanEastSide ( Observatory+ ) >
<!ELEMENT thePacificOceanWestSide ( Observatory+ ) >

<!ELEMENT theSeaofJapanSide ( theSeaofJapanNorthSide,
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theSeaof JapanWestSide ) > <Weather />
<!ELEMENT theSeaofJapanNorthSide ( Observatory+ ) > </HontoDistrict>
<!ELEMENT theSeaofJapanWestSide ( Observatory+ ) > <Sakishimalslands ObservatoryNumber="2">
<Weather />
<!ELEMENT Observatory ( Time+[ODay ) > </SakishimaIslands>
<!ATTLIST Observatory Name ID #REQUIRED > </Okinawa>
<!ATTLIST Observatory Number NMTOKEN #REQUIRED > </WeatherEvent>
<!ELEMENT Day ( Pressure,AvgTemp,MaxTemp,MinTemp,Humid, <WeatherEvent Time="Today-Day">
AvgWindSpeed,MaxWindSpeed,WindDirection,Weather+ ) > <0kinawa ObservatoryNumber="7">
<!ELEMENT Time ( Pressure,Temp,Humid,WindDirection,WindSpeed, <Weather>
Weather,RainFall ) > <Rain Distribution="42%" />
<!ATTLIST Time Attribute ( 3 | 6 | 9 | 12 | 15 | 18 | 21 ) <Fair Distribution="28%" />
#REQUIRED > <Cloudy Distribution="28%" />
<!ELEMENT Weather ( #PCDATA | Element )* > </Weather>
<!ATTLIST Weather Attribute ( Night | Day ) #IMPLIED > <HontoDistrict ObservatoryNumber="4">
<!ELEMENT Element ( #PCDATA ) > <Weather>
<!ATTLIST Element Number ( 1 | 2 | 3 ) #REQUIRED > <Rain Distribution="75%">
<IATTLIST Element Modify ( While | After | AfterWhile | <Name>[ 0 00 </Name>
AfterWithIntermittent | With | WithIntermittent ) <Name>[] 00 </Name>
#IMPLIED > </Rain>
<Fair Distribution="25%">
<!ELEMENT Pressure ( #PCDATA ) > <Name>[ 0 0 O 0 </Name>
<!ELEMENT AvgTemp ( #PCDATA ) > </Fair>
e </Weather>
A.1.2 000000000000000 DTDO </HontoDistrict>
<SakishimaIslands ObservatoryNumber="3">
0 (2) <Weather>
<?xml version="10J0" encoding="Shift_JIS" 7> <Cloudy Distribution="66%">
<!ELEMENT Hokkaido ( North,East,SouthWest ) > <Name>0 0 0 0 O </Name>
<!ELEMENT North ( theSeaofJapanNorthSide,Observatory+ ) > </Cloudy>
<!ELEMENT East ( thePacificOceanEastSide,Observatory+ ) > <Fair Distribution="33%">
<!ELEMENT SouthWest ( theSeaofJapanWestSide, <Name>0 0 0 0 O </Name>
thePacificOceanWestSide,Observatory+ ) > </Fair>
o </Weather>
A.13 00000000000000 DTDOO </Sakishinalslands>
<?xml version="1[J 0" encoding="Shift_JIS" 7> </Okinawa>
<!ELEMENT Okinawa ( HontoDistrict,SakishimaIslands ) > </WeatherEvent>
<!ELEMENT HontoDistrict ( HontoNorth,HontoSouth, <WeatherEvent Time="6">
DaitoIslandDistrict,Observatory ) > <Okinawa ObservatoryNumber="4">
<!ELEMENT HontoNorth ( Observatory ) > <Weather>
<!ELEMENT HontoSouth ( Observatory ) > <Rain Distribution="50%" />
<!ELEMENT DaitoIslandDistrict ( Observatory ) > <Fair Distribution="25%" />
<IELEMENT Sakishimalslands ( YaeyamaDistrict, <Cloudy Distribution="25%" />
MiyakoIslandDistrict ) > </Weather>
<!ELEMENT MiyakoIslandDistrict ( Observatory ) > <HontoDistrict ObservatoryNumber="2">
<!ELEMENT YaeyamaDistrict ( YonaguniIslandDistrict, <Weather>
IshigakiIslandDistrict ) > <Cloudy Distribution="50%">
<!ELEMENT YonagunilIslandDistrict ( Observatory ) > <Name>[ 0 0 O 0 </Name>
<!ELEMENT IshigakiIslandDistrict ( Observatory ) > </Cloudy>
ce. </Weather>
A2 00002001090 10000000 </Hontobistrict>
<SakishimaIslands ObservatoryNumber="2">

<?xml version="1.0" encoding="Shift_JIS"?>
<Weather>

<Fair Distribution="50%">

<Set Object="Weather" Year="2001" Month="9" Day="1">
<Name>[ 0 0 0 0 </Name>

<WeatherEvent Time="3">

</Fair>
<0kinawa ObservatoryNumber="4"> /Fair
</Weather>
<Weather> y
</SakishimaIslands>
<Fair Distribution="50%" /> o akishimalslands
</0ki >
<Cloudy Distribution="50%" /> inawa
</WeatherEvent>

</Weather>

<WeatherEvent Time="9">
<HontoDistrict ObservatoryNumber="2"> eathertven me

<0kinawa ObservatoryNumber="7">
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<Weather>
<Rain Distribution="42%" />
<Cloudy Distribution="42%" />
<Fair Distribution="14%" />
</Weather>
<HontoDistrict ObservatoryNumber="4">
<Weather>
<Rain Distribution="75">
<Name>[] (] [] </Name>
<Name>[] [J </Name>
</Rain>
<Cloudy Distribution="25%">
<Name>[] [ 00 O 0 </Name>
</Cloudy>
</Weather>
</HontoDistrict>
<Sakishimalslands ObservatoryNumber="3">
<Weather>
<Cloudy Distribution="66%">
<Name>[ 0 0 00O 0O </Name>
<Name>[] (0 00 00 O </Name>
</Cloudy>
<Fair Distribution="33}">
<Name>[] (0 0 0 O </Name>
</Fair>
</Weather>
</SakishimaIslands>
</0Okinawa>
</WeatherEvent>
<WeatherEvent Time="12">
<0Okinawa ObservatoryNumber="4">
<Weather>
<Fair Distribution="75%" />
<Rain Distribution="25%" />
</Weather>
<HontoDistrict ObservatoryNumber="2">
<Weather>
<Rain Distribution="507%">
<Name>[] (0 0 0 O </Name>
</Rain>
</Weather>
</HontoDistrict>
<Sakishimalslands ObservatoryNumber="2">
<Weather />
</SakishimaIslands>
</0Okinawa>
</WeatherEvent>
<WeatherEvent Time="Today-Night">
<0kinawa ObservatoryNumber="5">
<Weather>
<Cloudy Distribution="80%" />
<Fair Distribution="20%" />
</Weather>
<HontoDistrict ObservatoryNumber="2">
<Weather>
<Fair Distribution="507%">
<Name>[] (0 00 00 O </Name>
</Fair>
</Weather>
</HontoDistrict>
<Sakishimalslands ObservatoryNumber="3">
<Weather />
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</SakishimaIslands>
</0Okinawa>
</WeatherEvent>
<WeatherEvent Time="15">
<0Okinawa ObservatoryNumber="7">
<Weather>
<Cloudy Distribution="57%" />
<Fair Distribution="28%" />
<Thunder Distribution="14%" />
</Weather>
<HontoDistrict ObservatoryNumber="4">
<Weather>
<Fair Distribution="25}">
<Name>[ 0 0 0 0 </Name>
</Fair>
</Weather>
</HontoDistrict>
<SakishimaIslands ObservatoryNumber="3">
<Weather>
<Thunder Distribution="33%">
<Name>[ 0 0 0O 0 O </Name>
</Thunder>
<Fair Distribution="33}">
<Name>[] (0 00 00 O </Name>
</Fair>
</Weather>
</SakishimaIslands>
</0Okinawa>
</WeatherEvent>
<WeatherEvent Time="18">
<0kinawa ObservatoryNumber="4">
<Weather>
<Cloudy Distribution="50%" />
<Rain Distribution="25%" />
<Fair Distribution="25%" />
</Weather>
<HontoDistrict ObservatoryNumber="2">
<Weather>
<Rain Distribution="50%">
<Name>[] [ 00 O 0 </Name>
</Rain>
<Fair Distribution="50%">
<Name>[ 0 0 0 0 </Name>
</Fair>
</Weather>
</HontoDistrict>
<Sakishimalslands ObservatoryNumber="2">
<Weather />
</SakishimaIslands>
</0kinawa>
</WeatherEvent>
<WeatherEvent Time="21">
<0Okinawa ObservatoryNumber="5">
<Weather>
<Cloudy Distribution="60%" />
<Thunder Distribution="20%" />
<Fair Distribution="20%" />
</Weather>
<HontoDistrict ObservatoryNumber="2">
<Weather>
<Thunder Distribution="50%">
<Name>[ 0 0 O 0 </Name>
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</Thunder>
<Fair Distribution="50%">
<Name>[ 0 0 O 0 </Name>
</Fair>
</Weather>
</HontoDistrict>
<SakishimaIslands ObservatoryNumber="3">
<Weather />
</SakishimaIslands>
</0Okinawa>
</WeatherEvent>
<WeatherEvent Time="Tomorrow-Day">
<0kinawa ObservatoryNumber="7">
<Weather>
<Cloudy Distribution="57%" />
<HeavyRain Distribution="14%" />
<Rain Distribution="14%" />
<Fair Distribution="14%" />
</Weather>
<HontoDistrict ObservatoryNumber="4">
<Weather>
<Rain Distribution="25}">
<Name>[ [ O </Name>
</Rain>
<Fair Distribution="25}">
<Name>[ 0 0 O 0 </Name>
</Fair>
</Weather>
</HontoDistrict>
<SakishimaIslands ObservatoryNumber="3">
<Weather>
<HeavyRain Distribution="33}),">
<Name>[ 0 0 0O 0 O </Name>

</HeavyRain>
</Weather>
</SakishimaIslands>
</0Okinawa>
</WeatherEvent>
</Set>
A3 00002001090 100000000
gooood

<?xml version="1.0" encoding="Shift_JIS" 7>
<Set Object="Weather" Year="2001" Month="9" Day="1">
<WeatherEvent Tense="Present">
<Time>0 0 3 00 </Time>
<Place Name="0OOOOOOO">
<Weather>
<Phrase modify="0O0 00" weather="0" />
<Phrase modify="O0O OO " Rhetoric="0O0" weather="
anr />
</Weather>
</Place>
</WeatherEvent>
<WeatherEvent Tense="Future">
<Time> 0 0 </Time>
<Place Name="0O O OOOOO">
<Weather>
<Phrase aux="0OO0OOOO " weather="[J" locations="
gooooogn />
<Phrase aux="0OOO0O0O0O" weather="" Rhetoric="
00" locations="000O0000OOOODO" />

goooooooo

Aug. 2002

<Phrase aux="UJOOOOO " weather="[J" locations="
goooooogn />
</Weather>
</Place>
</WeatherEvent>
<WeatherEvent Tense="Future">
<Time>[ 0 0O </Time>
<Place Name="0OOOOODODO">
<Weather>
<Phrase modify="000 " weather="0O" />
<Phrase aux="0O0OOO0O0O" weather="[" Rhetoric="
00" locations="000OO0OOO" />
</Weather>
</Place>
</WeatherEvent>
<WeatherEvent Tense="Future">
<Weather>
<Phrase modify="0O0000 " weather="[J" locations="
gooooo" />
<Phrase modify="0O00000 " weather="[J" Rhetoric="
00" locations="0000O0O" />
<Phrase modify="0O 000" weather="[" locations="
gooooa" />
</Weather>
</WeatherEvent>
<WeatherEvent Tense="Future">
<Time>0 00 </Time>
<Place Name="0O O OOOOO">
<Weather>
<Phrase modify="00 00" weather="0" />
<Phrase aux="JOOOOO " weather="[J" Rhetoric="
O0O" locations="0OOOOO" />

<Phrase aux="OOOO0OO" weather="O0O" locations="

goooogr />
<Phrase aux="0OOOO0O0O" weather="" Rhetoric="
00" locations="000" />
</Weather>
</Place>
</WeatherEvent>
</Set>

A4 0O0O0OD2001090 1000000000

A41 ODOODOOO

00 300000000000000000000000000
ooooo

goooOo0oo0ooo0oO0ooOoOoob0O0o0O0OoooOo0ooooo
000000000000 00O00000O000O0OOO00O0DODOO

goobooooooOoOooo0OO0oOOOO0OOOOOOO0OO0OOO
000000000000 0O000O0000oO0O0O00oOo0ooo
0000000000 000000000O0O0000000000O0
gooo0oobOoooo

gooo0oO00oO0oboO0o00OO0oOooOoOoOo0ooOoOoo0oOoooonoo
O0obo0o0oo00000000000D0000D0O000O0O0O000O0
gooooooOooooaoo

A4.2 OOO0OO

The weather at three o’clock in Okinawa is generally fair
and cloudy.

Today’s weather will be partly cloudy over the Yaeyama
District, but partly fair over the Daito Islands, and Miyako
Islands. There will be partly rain on the Kume Island, and
Honto.

Tonight’s weather will be cloudy, but partly fair over the
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Daito Islands. There will be showers on the the central
South part of Honto, and thunder over the Yonaguni Is-
lands. There will be thunder over the the central South
part of Honto at night.

The outlook for tomorrow in Okinawa is generally cloudy,
but partly fair over the Daito Islands. There will be partly
rain on the Kume Island, and locally heavy rain over the
Yonaguni Islands.

A43 OO00O00OO0OO0OO

Le temps a trois heures dans zone de I’Okinawa est tres
bien et est nuageux généralement.

D’aujourd’hui temps dans zone de I’Okinawa sera
nuageux en partie dans zone de Yaeyama, mais sera par-
fait en partie dans Tles de Daito, et fles de Miyako. Il sera
pluvieux en partie dans ile de Kume, et Honto.

Ce soir temps dans zone de I’Okinawa sera nuageux, mais
sera parfait en partie dans Iles de Daito. Il y aura de ton-
nerre dans lles de Yonaguni, et il y aura de tonnerre dans
la piece de mi-sud de Honto. Il sera pluvieux dans la piéce
de mi-sud de Honto en soirée.

Les perspectives pour le demain dans zone de I’Okinawa
sera nuageux, mais sera parfait en partie dans fles de Daito.
Il sera pluvieux en partie dans Ile de Kume, et sera forte
pluie localement dans Iles de Yonaguni.

A44 OOODDOOO

Das Wetter um drei Uhr in Okinawa ist es im Allge-
meinen sonnig und wolkig.

Heute regnet es ortlich auf der Insel Kume, und dem
Honto, und ist es ortlich wolkig iber dem Bezirk Yaeyama.
Es ist ortlich sonnig {iber den Inseln Daito, und den Inseln
Miyako.

Heute abend es wird wolkig, aber ortlich sonnig {iber den
Inseln Daito. Am Abend gibt es Duschen auf dem zentrale
Siidteil von Honto, und wird Donner {iber den Inseln Yona-

guni. Es wird Donner iiber dem zentrale Stidteil von Honto.

oooooooooopooooo XMLOODOOODoOOooooooo 2763

Morgen in Okinawa wird es im Allgemeinen wolkig, und
wird Ortlich Regen auf der Insel Kume. Es wird ortlich
sonnig iiber den Inseln Daito, aber wird vereinzelt schwerer

Regen iiber den Inseln Yonaguni.
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