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Spoken Dialogue Processing Method Using Inductive Learning with Genetic

Algorithm
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Table 1 Example of dialogue.
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Table 2 Causal relationship of dialogue.
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Fig.1 Flow of the process.
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<Example of dialogue>

System KA IcH F & D S—U JL—JL
User F=X F#LFT

System F=X/E FC T FED U=S =

<Rule of response statement generation>

s—Un—M (B B FEIF=X LENELEEN ]
[BE & BE(RE  BERSEER

U-s L—M [F=X LEAIF=X LS m[mns%.tr;:a&]]
[85  BE(REH B BE(BOEER

<Rule of surface statement generation>

48 & FH#B /- £ #F I DIELEEH
(&5 &5 B2 BIFA 45 B1EA BiA B RIGE B

3% An underline is an independent word.

02 000000000000
Fig.2 Example of rules acquired from dialogue ex-
amples.
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<Example of dialogue >

[System] #EXTRET DD ?
[User ] MEELET ‘

(a) Rule acquired from the le of dial
PR [ 75: B LFT
#B 1 75: F=R LFEYT

24 7 +5 (&8 &5 BH)
M LEF (25 WE 3

[BH &8 BEFE] (4B BF)
[&R &5 BE] [4H BEHE)

Bvay ] TES : 4x8—obk TER[ER £R HE] [EH HH)

*EM 7 TED AR TED
(b) Rule acquired from (a).

© @0 LFY [2E 5 05 (£8 O]

(&N 25 BH) [AEF 85

2B R [&58] (&3]

®B : F=X [&8] [&8]

Rvay o Ao8—Fuk [&:] (&5

HEE . =X [&&] (&5

@ ] 78

@ f T*S : @0 TS [(&E &5 B5 (4E o5
(c) Rule acquired from (b).

5 : LFET (5] [®HEA]

TS : TED [®yEA] [WEA)

@ @ @ : @ @ [EF %7 8F (E4E 85]

o

03 O00oooooooooboooo
Fig.3 Example of rules acquired by inductive learning.
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Table 3 Example of rules acquired by crossover.
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Table 4 Example of generation of the response sentence.
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05 ELIZAOOOOOO
Table 5 Examples of ELIZA-based rules.
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Table 6 Results of the preliminary experiment
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80% 63.0% 6.5% 30.5%
100% 40.1% 8.4% 51.5%
000

0000 (%) |0000 (%) | 0000 (%)
000 | E G E G E G
50% 10.9 25.2 3.5 11.9 12.4 36.1
65% | 22.0 15.5 12.0 11.0 23.5 16.0
80% |32.0| 70 |190| 75 |250]| 95
100% | 19.0 5.5 16.5 4.5 42.0 12.5

E:ELIZA O G:GA-ILSD

ol OOOOODO

00 ODooooooooooobooo
xJ oooooo
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Table 7 Total of the GA-IL response.
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Table 8 Example of evaluation of response.
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Fig.4 Effective response rates of ELIZA-based sys-
tem.
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Fig.5 Effective response rates of GA-ILSD system.
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06 ELIZAOOOO GA-ILOOOOO
Fig.6 Rates of the ELIZA-based response and the
GA-IL response.

09 OoOoooooo
Table 9 Results of comparative experiment.

ooooo
o O x
ELIZA O 61.6 % 8.1 % 30.3 %
GA-ILSD 57.0% 9.5% 33.5%
ooo

O O O O O O
ELIZA O | 43.3% - 23.0% - 33.7% -
GA-ILSD | 39.3% | 12.0% | 19.5% | 5.3% | 18.2% | 5.6%

010 OO0OOoOooo
Table 10 Results of multiple users experiment.

goooo

A

B

C

D

E

0 53.5%

0 51.7%

0 48.9%

0 37.5%

0 61.2%

| o

0 3.4%

0 4.6%

0 10.1%

0 13.1%

0 7.1%

X

0 43.0%

0 43.6%

0 40.9%

0 49.4%

0 31.5%

ooo

A

B

C

D

E

0 19.3%

0 21.4%

0 36.0%

0 22.7%

0 14.1%

0 13.6%

0 14.1%

0 1.4%

0 7.9%

0 1.4%

0 20.6%

0 16.4%

0 25.9%

0 14.5%

0 38.1%

0 3.3%

0 6.5%

0 2.8%

0 7.2%

0 9.4%

0 31.7%

0 26.0%

0 25.5%

0 28.8%

0 25.2%

Ooojoogog|o

0 11.5%

0 15.7%

0 8.3%

0 18.9%

0 11.7%

011 0000O00OO0000o0oOo000
Table 11 Number of independent word in multiple
users experiment.

ooooooooo
A B C D B
0 682 |0 547 | 0 1054 | O 549 | O 651

gooooo

4.2 00000000 GA-ILSDOOO
000000000000 4.10000000
4.2.1 0000
00000000000000000000000
000 5000000000000000500000
000000000000000000 500000
0o0o0o0O0 ABCDEODOODD

4.2.2 00000000
00000000000000000000000
0000 100000GAILOO0OO00O0+000
000 CO00O0 10%00000000000000
00000000500000000 10%000 GA-IL
000000000000000000000000
0000000O0O0GA-IILODOO0O0OO0D00OO
000D000000000000000O0GA-ILD
000000000000000000000000
00000000000 000000000 GA-IL
00000000000000000000000
0000000000000000000 cOo0oO0O
GAIILOOODOO00040000000000000
000000000000000000000000
000 11 000000000000 CO00000
000000000000000000000000
0000000000000000000000000
0000000000000 00000000000
0000000000000 00000000000
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012 000 cOoOoOoo
Table 12 Example of dialogue by the subject C.

goo c

USR |1 | 00000000000000
SYs |2 |00000000oooooooooon
USR |3 |00000000000O0COOO
SYS |4 | 00000000000000
USR |5 | 00000O00O0O0O0O0OCOO

(Doooooooooooooo)
SYS |6 | 000000000000 00000000
USR |7 | 00000000000O0COOOO
SYs |8 | 0doooooooooooog
USR |9 | 00000000

goboooooooooooobooooooboobood
00o0ooooooooooo cooooooooo
ooooooo cCcoooooOoooooooooo
GA-ILSD 000000000000 0O00O0oooa
o000 cOoOoUuooOo GAILOODOooOooooo
00000000 12°°"0000 GA-IILOOO0O00
gooooooooooooooooboobooboooooo
012o000000000o0o000oo00o0ooo
00o0o0o0ooooooooo coooooooo
0ooo0ooo0ooooOoooooooo coooo
lo0doooooooooooooooooooo
gooooooooooooooooooooooao
gooooooooooooobooooooobboo
gooooooooooooooooooooboo
gooooooooooooobooooo

gooooooooooooooboooooboooo
gooooooooooooobooooooobboo
gooooooooooooooooooooooon
goooooooooocoooOoocoooooooon
goboooooooooooobooooooobobood
goboooooooooooobooooooobobood
ooo

4.3 0O00O0O0O0O0OOCOOO0O0O0O0O0

4.3.1 OO0OO0OO0OOOCOCOO

ELIZAODOOOOO GA-ILSDOOOOOOoOoo
goooobooooooooooboooooobboo
goooooooooooo oo0oboboboOoOonod
o0 2000000000000000000O0C0
goboooooooooooobooooooobobood
goboooooooooooobooooooobobood
goboooooooooooobooooooobobood
goooooooooooooooooooooboo
goooooooooooooboooooobboo
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Table 13 The rates of match.

ELIZA O
ooo F G H I
000 | 41.2% | 38.1% | 36.6% | 33.1%
GA-ILSD
ooo F G H I
000 | 52.5% | 65.0% | 59.5% | 52.0%

014 0DOOO
Table 14 The evaluation of the response.

ELIZA O

oooo F G H 1

O | 44.2% |80.4% | 73.4% | 42.7% | 39.2%
22.1% | 14.1% | 10.1% | 20.6% | 25.1%
0| 33.7% | 5.5% | 15.1% | 34.7% | 35.7%
GA-ILSD
oooo F G H 1

0| 57.0% |73.5% | 83.5% | 64.5% | 42.5%
23.0% |20.0% | 0.5% | 20.5% | 29.5%
0| 20.0% | 6.0% | 15.5% | 14.5% | 27.5%

O

O

300000000 100004000000000
00 F,GHIOOODOO0OO00O0000004.1.10
oooooo

4.3.2 00000000

0 13000000000000000000040
0000000000D00000000000000
0000000000D00000000000000
0000000000 4000000000000
000000D0000D00000000000000
000000000000000000000000
004000000000000000000000
40000000000000000000000
44.2%0 ELIZA 000 66.5%(GA-ILSD) 00000
000000D0D000D00000000000000
000000D0D000D00000000000000
000000D0000D00000000000000
O0O0O0OOELIZAOO GAIILSD DOO00000
000D0D0000O0GA-ILSDODOO0000D0000
O000O0OO0O0ELIZADDODOODOOOOOOOO
0000000000000000000
000000000000000000000000
00000066.3%(ELIZA O)0 76.1%(GA-ILSD)0
0m1000 000000000 00066.3%(ELIZA
0)080.0%(GA-ILSD)00 00000000000

00200000000000000000000000O000000
000b0O0o0o0O0oo0oOoooOoooooa
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0 15 0OO0O00O0ooOooooobooo
Table 15 Correct use rates of erroneous keyword.

gooooooooono

A B C D E

ooo 75 98 28 47 21

oooo 72 82 17 37 17
0000 |96.0% | 83.7% | 60.7% | 78.7% | 81.0%

gboobooobobooboooooooboooboobooo
goooooooooooooooD 14000040
000000000 oOoooooooooGA-ILSD
0 83.6%0ELIZAOD 76.4%000007.2%000
O000GA-ILSDOOO0OO0OO0OOOODooono
goboooooooooooobooooooboobood
00 HOODOOODELIZA 00O 80.8%0 GA-ILSD O
832%0 0000000000000 UOUDLUODO
gbooobooobobooboooooooboooboobooo
gbooooobooboobooooboo

4.4 O g

4.4.1 0OO0OOO0OOO
gooooooooosbobobooon2,soo0nod
goooooobooboooboooobo 26900
gboobooobobooboooooooboooboobooo
goooooooooooo soo0obocooooo
gbooboobooboooooooboooboobooon
gobooooooooooooooooooobood
goboooooooooooobooooooobobood
goboooooooooooobooooooobobood
ooobooooooOoboooOOooOoOo BOoOOOOO
goboooooooooooobooooooboobood
gboobooboobooooboobooon
gbooboooooobooboooboooooboooboo
gboobooobobooboooooooboooboobooo
gboobooobobooboooooooboooboobooo
gobooooooooobooooboooooobood
goboooooooooooobooooooboobood
goboooooooooooobooooooboobood
goboooooooooooobooooooboobood
goboooooooooooobooooooboobood
gboobooobobooboooooooboooboobooo
gboobooobobooboooooooboooboobooo
gboobooobobooboooooooboooboobooo
goooooo

4.4.2 ELIZAOOO
ELIZAODOOOOOOOODOOoOOOOoOoooo

0 16 ELIZAOOOOOOOOO
Table 16 Classification of erroneous ELIZA-based
response.

A B C D E
° 9.6% | 6.3% | 2.6% | 9.7% | 10.9%
0 0.6% | 1.7% | 1.2% | 0.8% | 1.6%
x 21.5% | 18.0% | 21.7% | 18.3% | 12.7%

00 |{31.7% | 26.0% | 25.5% | 28.8% | 25.2%

o0 ODODODODO

00 0000o0ooooooooo

x0 00000

017 ODO0O0O0OO0O0O0OO0O
Table 17 Repetition of the same response.

USR| 1|000000

SYS| 2|000000000

USR | 3|0000000000O0O
SYS | 4|0000000

USR | 5 |00000000000O0O0O
SYS| 6|0000000000
USR | 7|00000000000O00O0
SYS | 8|000000000O0O0O
USR| 9|000000O00O0OCOO
SYS |10 | 000000000

000000 16 000ELIZAODOOODOOOOO
gooooooooooooooboooooobood
OELIZAOOODOOOOOOOOODOOOELIZA O
gobooooooooooooboooooooboOod
O000ooO0ooooDO0oO0oODOO0OD0O0OGA-ILOOOOO
gooooooooooooobooooooooboo
ODOELIZAOOUOOOOOOOODOOUOOoOoOoooO
ELIZADOOOOOOOUOOOOOOOoOooooo
goooooooobo 1vobooooooooooo
goooooooooooooboooooooboo
gooooooogoooo

4.4.3 GA-ILOO

ELIZADOOOOOOOOOOOOoODOO0OO00o0o
ooooooS-vuooooU-SOoOoooooo
gb03.21000000000000000O0CO0
000ooo0o0ooouU-SOo0uon ELIZAODOOO
0000000000000 0o00O000OoOGA-ILO
O0OO0OO0OO0OELIZAODOODOOOOOODOODOOOOO
gobooooooooooooooooooobood
000o0UuU - SO0000000000000000
gooocooooboOonoi1sooooooooood
O GA-ILOOOODOODOO0OUODO0OOOO0ODOOELIZAO
gobooooooooooooboOoooooobood
00000000 DOO0ELIZAODODOOOOOOO
O00O000OGA-ILSDOOOO0OOOOODO 50000
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Table 18 Classification of the GA-IL response.

ELIZAOOO |A| B |C|D | E
0 GA-IL ood 8 | 34 | 4|14 4
0 GA-IL od 67| 40 | 3 |25| 3
0 GA-IL ooo 6 | 17 | 11|26 |31
0 GA-IL od 12| 17 | 3 |10 |15

GA-ILOOOO0OO0O 93108 | 21|75 |53

019 O0O0OO0O0OoOoooooood
Table 19 Example of the representation used by a
user.

USR |1 000
SYS |2 | 00000000000

020 OO0OOO0OO0OOODOOCOD
Table 20 Example of the response adapted to the
time.

USR |1 (0000000000000
(0bOoooOoooOoooOoOoooon)
Sys (2 (000000

USR |3 |000000000O0

0000 2.80102% 000000000 0GA-ILSD

goboooooooooooboo

ooooooooooooooboboodoo 19000

gooooooooooooobooooooobooboOod
gbooooono 2c000000000000000
oob012000000000000000
g210o00ooooooooooooooooon
coooooooooooooooooooooon
0000000000000 UUOODOELIZAOOO
gobooobooooooooobooooooboobod
gobooobooooooooobooooooboobod
gbooocoooobo 20000000000000
goboooooooooooobooooooboobood
goooooo oobo0ooooboooooood
goooooooooooboooobooooono oo
00000 0 0oo0ooooooGADOOoOoO
gooooooooooooooboooooobboo
%0 0000000000000O0D0UOLODO
goooooooooooOooOo ooo oo 0o 0d
gobooooooooooooooooooobood
goboooooooooooobooooooboobod
0000000000 OO0O0O0OO0ELIZADDOOO
goboooooooooboooooooooobod
gooooooo
goooooooooooooooooboooooo
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021 00000000
Table 21 Example of the response of the paraphrase.

USR |1 00000000000
(booooooooooon)
SYS |2 000000000000
USR |3 00000000000

SYS |4 |00

022 0 0 0
Table 22 The examaple of dialogue.

U ooooooooao

S ooooooooooao

U ooooooooooooooo
ooood oo o oo 0o oo

023 000000000000
Table 23 Response containing erroneous recognition
result.

SyS |1 (000000000000 C0CO000000 000
USR |2 |000000O000OO00O0OO0O

gboobooobooboobooooboobooo
gboobooobooboobooooboobooo
gbooobobooooooboobooobooobo
4.4.4 0OO0OOOOOOOO
gboobooooooboboobooooboooboo
gboooboooobooboobooooboobooo

gbobooobooboobobooooobooooona

gooooboooooooooooooobobooo
gooooooooooodoooono 2300000
goooooooooooooboooooooboOod
goooooooooooooboooooooboOod
gobooooooooooooooboboOooooom
gbobooooobooboooooooooooooog
gooooooooooooobooooooooboo
goooooooooooooobooooo

5.0 0O O

gooooobooooooooooboooooooo
goooooooooooooboooooooboo
goooooooooooooboooooooboo
gooooooooodooooocdoobooooooa
gobooooooooooooboooooooboOod
gobooooooooooooboooooooboOod
gooooooooodooooocdoobooooooa
gooooooooooooooooooooooon
ooooOooOooooo 761%0000000000
0000000000 ELIZAODOODOOOODOOO
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