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Learning of Translation
by
 the Inductive Learning System LS/1

Kiyoshi AKAMA

(Faculty of Letters, Hokkaido University, Sappro-shi, 060, Japan)

LS/1 is an inductive learning system that repeats Q-R-A
(question response and answer) interaction (AKAMA 1979) with a
teacher and learns the structure of the relation between
questions and -answers. Each message (Q,R and A) is a sequence of
words. LS/1 can be applied to the task of learning English-to-
Japanese translation without any changes in the argorithm of the
system by using a traning ,sequence which consists of English
sentences as questions and their Japanese counterparts as
answers. In this paper, we show the result of an experiment of
translation learning, and explain the knowledge representation
and the learning algorithm which is necessary to realize the
translation learning. The successfull result in acquisition of
the knowledge for translation ability suggests that LS/1 will
give a suitable research framework for the learning of
translation as well as for the learning in other gquestion-
answering processes. °
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HxzcrdvEs, FiXiE, MEARHE0
I learn %0001 ->, %s < &, I %0001 % X

English -> %0001 <- #%32§

Japanese -> %0001 <- HkZA '
KRG+ 2EEM0 1 DRRIKARER2 ehd. T, SRUES (10078940 Y) OREHE (89
X)) B3 ORI (k12E) X, BFRCGERGGT3EAREV. T, HFRE oL
BEOLBIIZ, EESMTIR, ARNAEKER OSHALBFNEAERD 2 >BFHEL tH> T 3.
eI Ys RGBT AEAIR v-root THB. BARER [1] ¢, EEWENXCFGoOHERED
Bh3ac kR, CFGHHEEM~0ERiEA R . LREOBRENSESMB~0ERdZ
Ao bDTHE. HEADKE LK, CFG AR GEoRE24E2Y Ty b
Ltaaltna.

100789 ---> 89 k2 (p v-root ((I learm $00011) (. (X $00012 % )
(p v000282 (($00011) ($00012)))

i00790 -——> 98 k1 (p v000282 ((English) (#&EH)))

100791 -~-> 98 k1 (p v000283 ((Japanese) (HZAZE)))
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LS/ 1 0MBERoRLEANRL —FViX, BESBOEEA, 5 SVEER/HEKRLEY, 73X
NOREERGAEHT 20 L 0RERFESN-FRETHSD. LS /1 RBIZTATOEH
i, chboiil—Froflitalfrics->ciThbh s,

HLVEBGEC K> THLhATOEE (3% E, thitdts 1 2OELVWHRORT)
¥ (BEeFio) RegEsMcdrmi sz, tofElit kl SXvethidsy. 3B34AR
Al v-root Th B, HIRIE, B 2OMRORTHR, '

(1 am a little girl) ----> (watasi ha tiisana shoujo da)
DHBE,
kl (p v-root ((I am a little girl) (watasi ha tiisana shoujo da))
Ent3. '
kKl SRvoFRBL-FYbEAmTehd. chid, IR,
k1 (p v-root ((I am a little girl) (watasi ha tiisana shoujo da))
EWVSkl SRUNBBZLER, ThEERTES k2 0, HIRIE,
k2 (p v-root ((I am a $1) (watsi ha $2 da)))
(p v00561 (($1) ($2)))
2B-o0 T, 2o k1l SUkHIBRL, Y
k1 (p v00561 ((little girl) (tiisana shoujo))
2BEm+szboThd.



4. 2 Ks3o—#/E7rdY XA

KD2LOOHBIADNT 2EXLD.
P1=((I am a boy) (watasi ha shounen da))
P 2 =((You are a girl) (anmata ha shoujo da))
hb2 o8 BniE,
P 3=((31 a $2) (%3 ha $4 da))
NeNB 2 O0ORBAOR7 B AX-vhY, P33 $1,$2,83, 84 e h®h,
$1=(I am), $2=(boy), $3=(watasi), $4=(shounen)
EVWSHENIEANDLP 1M, i,
$1=(you are), $2=(girl), $3=(anata), $4=(shoujo)
CVSHBERNAEAND CP2RCEBZC LA T LNTESE. T XS KEENO AN HBRIE
Exbhikrd, ThBERBEON2 -V ehb0ERERTAAR2B 2 (RS0 H#
D) —fELR. ToFIV XA, [6] eHEX. ThiE—BREHEKOMESD. LS /1
CRERLLTHONBRENY - VRFETIEROBROKCIMEL TR LRV D (HEDK
DFNHD) ERALTVS.
Co—BLo 7Y X akfEo TESBoOBELET RS> 2R TED. AR,
k1 (p v-root ((I am a little girl) (watasi ha tiisana shoujo da))
k1 (p v-root ((I am a boy) (watasi ha shounen da)))
D2o0D kl FRUHNBBLE, HEFon BRloRDO—Bbic kY,
@2 —->= ((I am a $1) (watasi ha $2 da))
2HYR}P = (($1 Qittle girl) (boy)) ($2 (tiisana shoujo) (shounen)))
2183, rofR
k2 (p v-root ((I am a $1) (watsi ha $2 da)))
(p v00561 (($1) ($2)))
B k2 SANEEBCENTES, L, VOSBIRCC CHARERShEEACH3. 20k
LR kl S vAEREETRIE, '
k2 (p v-root ((I am a $1) (vatsi ha $2 da)))
(p v00561 (($1) ($2)))
k1 (p v00561 ((little girl) (tiisama shoujo))
k1 (p v00561 ((boy) (shounen)))
0 P-(AuT ScF (-

4, 3 k1 5R)1E k2 SNDT—-Y

kKl 5L e k2 SRUD=—Ti, 20 k2 VR ESTED kI SULEHEBTERV,
HEVWBRKE B2 LERENBERATAEDIRTE S, EAKE,
k2 (p v-root ((I am a $1) (watsi ha $2 da)))
(p v00561 (($1) ($2))) : ~
k1 (p v-root ((I am not a doctor) (watsi ha isha de ha nmai)))
D2o%kw—-UTBRIZ, kl Svo—ibeFAEo7IY X,
FE A —->= ((1 an $3) (watasi ha $4)) :
AT,
k2 (p v-root ((I am $3) (watsi ha $4)))
(p v00568 ((3$3) (34)))
22Y, B2 EINERV R}
xHY}P = (($3 (@ $1) (not a doctor)) ($4 ($2 da) (isha de ha nai)))
b2y =) B
k2 (p v00568 ((a $1) (32 da)))

(p v00561 ((31) ($2)))
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(u (1 am Jiro) 777 (WATASI HA JIRO DA))

(u (I am Taro) 2?77 (WATASI HA TARO DA))

(u (you are Jiro) 77?7 (ANATA HA JIRO DA))

(u (you are Hanako) 777 (ANATA HA HANAKO DA))

(u (I am a boy) 7?77 (WATASI HA SHOUNEN DA))

(u (you are a girl) 777 (ANATA HA SHOUJO DA))

(o (you are a boy) (ANATA HA SHOUNEN DA))

(u (I am a tall boy) 777 (WATASI HA SE NO TAKAI SHOUNEN DA))

(u (you are a small girl) 7?? (ANATA HA TIISANA SHOUJO DA))

(u (this is a book) 7?77 (KORE HA HON DA))

(u (this is an apple) 7?7 (KORE HA RINGO DA))

(u (that is a book) 777 (ARE HA HON DA))

(u (that is an orange) 777 (ARE HA MIKAN DA))

(u (this is my apple) 777 (KORE HA WATASI NO RINGO DA))

(? (this is my book) ??? (KORE HA WATASI NO HON DA))

(u (this is your book) 77? (KORE HA ANATA NO HON DA))

(u (this is a dog) 777 (KORE HA INU DA))

(u (that is Taro :s dog) ??? (ARE HA TARO NO INU DA))

(u (he is a boy) 77?7 (KARE HA SHOUNEN DA))

(u (she is a girl) 777 (KANDJO HA SHOUJO DA))

(u (he is my friend) 777 (KARE HA WATASI NO TOMODATI DA))

(u (she is a teacher) 77? (KANOJO HA SENSEI DA))

(o (she is Hanako :s teacher) (KANOJO HA HANAKO NO SENSEI DA))

(u (that is a tennis ball) ?7? (ARE HA TENISU BO-RU DA))

(u (it is your tennis ball) 777 (SORE HA ANATA NO TENISU BO-RU DA))
(u (I am not Taro) ?7?7? (WATASI HA TARD DE HA NAD))

(u (she is a nurse) ??7 (KANOJO HA KANGOHU DA))

(? (you are not a nurse) 7?7 (ANATA HA KANGOHU DE HA NAI))

(7 (he is not my teacher) 777 (KARE HA WATASI NO SENSEI DE HA NAI))
(u (she is not Hanako :s mother) 777 (KANDJO HA HANAKO NO HAHAOYA DE HA NAI))
(o (it is not a tennis ball) (SORE HA TENISU BO-RU DE HA NAI))

(u (it is not your desk) ?7? (SORE HA ANATA NO TUKUE DE HA NAI))

(o (it is my desk) (SORE HA WATASI NO TUKUE DA))

(o (this is not a dog) (KORE HA INU DE HA NAI))

(o (it is not an apple) (SORE HA RINGO DE HA NAI))

(o (you are not Taro :s friend) (ANATA HA TARO NO TOMODATI DE HA NAI))
(o (you are not a teacher) (ANATA HA SENSEI DE HA NAI))

(u (you are his friend) 77?7 (ANATA HA KARE NO TOMODATI DA))

(u (he is her teacher) 777 (KARE HA KANOJO NO SENSEI DA))

(o (she is not my teacher) (KANOJO HA WATASI NO SENSEI DE HA NAID))
(o (that is not your dog) (ARE HA ANATA NO INU DE HA NAI))

(u (this is Hanako :s piano) 77?7 (KORE HA HANAKO NO PIAND DA))

(u (that is my new piano) 7?? (ARE HA WATASI NO ATARASII PIANO DA))
(u (I am an American) 777 (WATASI HA AMERIKA-JIN DA)) -

(u (you are a Japanese) 777 (ANATA HA NIHON-JIN DA))

(o (Taro :s friend is an American) (TARO NO TOMODATI HA AMERIKA-JIN DA))
(o (Hanako :s teacher is not a Japanese) (HANAKD NO SENSEI HA NIHON-JIN DE HA NAI))
(u (this is a small car) 7?7 (KORE HA TIISANA KURUMA DA))

(u (it is an old car) 777 (SORE HA HURUI KURUMA DA))

(o (that is a new car) (ARE HA ATARASII KURUMA DA))

(o (it is not my new car) (SORE HA WATASI NO ATARASII KURUMA DE HA NAI))
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(p v-root ((I am $00230) (WATASI HA $00231 DA))) (p v00525 (($00230) ($00231)))
(p v-root ((you are $00252) (ANATA HA $00253 DA))) (p v00525 (($00252) ($00253)))

(p v-root (($00674 is $00675) ($00676 HA $00677 DA)))

(p v00672 (($00674) ($00676))) (p v00525 (($00675) ($00677)))

(p v-root ((I am not $02338) (WATASI HA $02339 DE HA NAI)))

(p v00525 (($02338) ($02339)))

(p v-root ((you are not $02840) (ANATA HA $02841 DE HA NAI)))

(p v00525 (($02840) ($02841)))

(p v-root (($03237 is not $03238) ($03239 HA $03240 DE HA NAI)))
(p v00672 (($03237) ($03239))) (p v00525 (($03238) ($03240)))

(p v00298 ((tall $00339) (SE NO TAKAI $00340))) (p v00298 (($00339) ($00340)))

(p v00298 ((small $00373) (TIISANA $00374))) (p v00298 (($00373) ($00374)))
(p v00298 ((new $08433) (ATARASII $08434))) (p v00298 (($08433) ($08434)))
(p v00298 ((old $11289) (HURUI $11290))) (p v00298 (($11289) ($11290)))

(p v00298 ((girl) (SHOUJOD)))

(p v00298 ((boy) (SHOUNEN)))

(p v00298 ((dog) (INU)))

(p v00298 ((book) (HON)))

(p v00298 ((apple) (RINGOD)))

(p v00298 ((orange) (MIKAN)))

(p v00298 ((friend) (TOMODATI)))

(p v00298 ((teacher) (SENSEI)))

(p v00298 ((tennis ball) (TENISU BO-RU)))

(p v00298 ((nurse) (KANGOHU)))

(p v00298 ((mother) (HAHADYA)))

(p v00298 ((desk) (TUKUE)))

(p v00298 ((piano) (PIANOD)))

(p v00298 ((American) (AMERIKA-JIN)))

(p v00298 ((Japanese) (NIHON-JIN)))

(p v00298 ((car) (KURUMA)))

(p v00525 ((an $00697) ($00698))) (p v00298 (($00697) ($00698)))

(p v00525 ((my $00762) (WATASI NO $00763))) (p v00298 (($00762) ($00763)))
(p v00525 ((your $00899) (ANATA NO $00900))) (p v00298 (($00899) ($00900)))
(p v00525 ((a $01031) ($01032))) (p v00298 (($01031) ($01032)))

(p v00525 (($01175 :s $01176) ($01177 NO $01178)))

(p v00525 (($01175) ($01177))) (p v00298 (($01176) ($01178)))

(p v00525 ((his $06300) (KARE NO $06301))) (p v00298 (($06300) ($06301)))
(p v00525 ((her $06713) (KANDJO NO $06714))) (p v00298 (($06713) ($06714)))
(p v00525 ((Hanako) (HANAKD))) '

(p v00525 ((Jiro) (JIRD)))

(p v00525 ((Taro) (TARO)))

(p v00525 ((it) (SORE)))

(p v00525 ((she) (KANDJO)))

(p v00525 ((he) (KARE)))

(p v00525 ((this) (KORE)))

(p v00525 ((that) (ARE)))
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(she is not Hanako :s mother)
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