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abstract 

This paper is concerned w i t h a new implemen
t a t i o n of a product ion system by using a r e l a t i o 
n a l DBMS and FORTRAN and i t s a p p l i c a t i o n to 
c o n s t r u c t i o n o f a n i n t e l l i g e n t m a n - m a c h i n e 
i n t e r f a c e of a speech database c a l l e d SPEECH-DB. 
Our P r o d u c t i o n s y s t e m can be v i e w e d as a 
nonde te rmin is t i c FORTRAN programming system based 
on c o n t e n t - d i r e c t d e d i n v o c a t i o n o f s u b r o u t i n e s . 
The i n t e r f ace is composed of the f o l l o w i n g three 
subsystems: Japanese Command processing Subsystem 
(JCS), which t r a n s l a t e s the q u e r i e s s t a t e d i n 
Japanese i n t o commands, Problem Solv ing Subsystem 
(PSS), wh ich d iagnoses e r r o r s and answers use r ' s 
quest ions, and MONITOR, which manages the f low of 
c o n t r o l among these subsystems and SPEECH-DB. 
Des ign p h i l o s o p b y and b a s i c mechan ism a r e 
p resen ted t o g e t h e r w i t h some examples o f the 
system performance. 

I . INTRODUCTION 

A l a r g e a p p l i c a t i o n software is apt to be 
d i f f i c u l t f o r n o n p r o f e s s i o n a l people to use and 
many compl icated commands sometimes cause misuse 
of them. Thus, a sof tware system w i t h high f u n 
c t i o n s needs an i n t e l l i g e n t man-machine i n t e r -
f a c e [ 1 ] L 2 ] wh ich a s s i s t s users in u s i n g i t . We 
have been designing such a man-machine i n t e r f a c e 
fo r a database ca l l ed SPEECH-DB[3L SPEECH-DB is a 
speech database c o n s t r u c t e d f o r a s s i s t i n g the 
r e s e a r c h o f speech r e c o g n i t i o n . I t s t o r e s a l o t 
o f sampled speech data together w i t h t h e i r a t t r i 
bu tes so as to be ab le to r e t r i e v e them under 
v a r i o u s c o n d i t i o n s . I t has a command language 
c a l l e d IQL . A l t h o u g h IQL makes i t easy t o 
r e t r i e v e data, users s t i l l need to have some know
ledge about SPEECH-DB and IQL in advance. Our 
i n t e r f a c e system of SPEECH-DB is designed to have 
the f o l l o w i n g three func t ions : 

1) To accept quer ies s ta ted in Japanese. 
2) To make it easy fo r users to learn IQL. 
3) To diagnose e r ro rs occurred whi le using IQL. 

In order to achieve these ends, the i n t e r f ace 
has s e v e r a l knowledge a b o u t SPEECH-DB, I Q L , 
Japanese sentences and so on. Our u l t i m a t e goal is 
t o c o n s t r u c t a s o - c a l l e d " m a n u a l - l e s s " sys tem. 
Such a system should have the knowledge of what it 
can do, what f u n c t i o n s i t has , how the user can 
use them, what k i n d o f t r o u b l e s the user w i l l 
meet , and so on. The system can be v iewed as a 
k ind of expert systems. 

One of the major c h a r a c t e r i s t i c s o f our 
system is t ha t most subsystems are implemented by 
u s i n g a r e l a t i o n a l database c a l l e d INQ. INQ is 
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employed fo r the purpose of s t o r i n g and r e t r i e v i n g 
p rocedures used f o r managing d i a l o g between the 
system and the user and fo r diagnosing e r r o r s . A 
product ion sys tem[4 ] [5 ] was f i r s t implemented by 
u s i n g INQ and FORTRAN. Then the above i n t e r f a c e 
was implemented by using the product ion system. 

In our c o m p u t a t i o n c e n t e r , a number of 
a p p l i c a t i o n programs have been deve loped. The 
o b j e c t i v e o f ou r p r o j e c t i s t o c o n s t r u c t a 
consu l ta t i on system about these programs as we l l 
as the use of the computation center i t s e l f . For 
t h i s purpose, we need a t o o l fo r cons t ruc t ion such 
a system. Production system is wel l -known to be 
usefu l fo r consu l ta t i on system cons t ruc t ion . The 
problem is how to implement a PS. The t o o l should 
be ab le to u t i l i z e DBMS, g r a p h i c s and o t h e r f u n 
c t i o n s o f t h e o p e r a t i n g s y s t e m o f ou r h o s t 
computer in order to cope w i t h the v a r i e t y of the 
t a r g e t p rograms. I n ou r c o m p u t a t i o n c e n t e r , 
FORTRAN is the on l y language s a t i s f y i n g these 
requirements. This is one of the main reasons why 
our PS has been implemented by FORTRAN. 

II. OVERVIEW OF THE SYSTEM 

Block d iagram o f our system is shown in 
F i g . 1 . I t i s composed o f seven database f i l e s , 
s i x of which conta in speech data and one of which 
contains several k inds of knowledge of consu l ta 
t i o n about the usage of SPEECH-DB. 

SPEECH-DB c o n s i s t e s of s i x f i l e s such as 
phoneme f i l e , CV s y l l a b l e f i l e , VCV s y l l a b l e f i l e , 
word f i l e , environment f i l e and raw data f i l e . The 
f i r s t f i v e f i l e s are ca l l ed INQ f i l e s and conta in 
a l o t of i n fo rmat ion usefu l fo r r e t r i e v i n g speech 
data. Users can r e t r i e v e speech data by using IQL 
i n t e r a c t i v e l y . IQL s e l e c t s an e x t e r n a l scheme 
s u i t a b l e f o r t he u s e r ' s que ry , so t h a t the user 
can get speech data he wants w i thout knowing the 
l o g i c a l s t r uc tu re of SPEECH-DB. 

B. Man-machine i n t e r f a c e 
A l t h o u g h IQL i s d e s i g n e d f o r u s e r s t o 

r e t r i e v e d a t a e a s i l y , t h e y must know some 
s y n t a c t i c and seman t i c r e s t r i c t i o n s o f IQL. So, 
more s o p h i s t i c a t e d man-mach ine i n t e r f a c e i s 
d e s i r a b l e e s p e c i a l l y f o r n o n p r o f e s s i o n a l u s e r s . 
Our i n t e r f a c e c o n s i s t s o f t h r e e modules such as 
Problem Solv ing Subsystem (PSS), Japanese Command 
p r o c e s s i n g Subsystem (JCS) and MONITOR. PSS 
d iagnoses t he e r r o r s o c c u r r e d d u r i n g t h e use o f 
IQL and answers quest ions asked by the user. JCS 
t r a n s l a t e s q u e r i e s s t a t e d i n Japanese i n t o IQL. 
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(1) Th is query means "I want some WorDs whose 
Averaged Pi tch is greater than tha t of the speech 
of ID=11 and whose Averaged Root mean square of 
energy i s g r e a t e r than t h a t o f the speech ID=11. " 
A l though IQL p e r m i t s nested r e t r i e v a l , which i s 
ind icated by a paired brackets, it may not be used 
in p a r a l l e l . T h e r e f o r e , an error occu rs , the 
e r r o r number is de tec ted by IQL and then MONITOR 
invokes PSS. 

(2) A r u l e which has the e r r o r number in i t s 
act ion par t i s f i r e d . 

(3) MONITOR car r ies out the corrected commands. 

(1) Th is query means "I want some WorDs which 
c o n t a i n S Y l l a b l e / k u / w i t h RanK=A and S Y l l a b l e 
/ r i / w i th RanK=A." 

(2) The commands "? " is i n p u t by the user , s ince 
the r e t r i e v e d data i s s l i g h t l y d i f f e r e n t f rom 
those he expected to have. 

(3) Users who do not know the module name which 
answers h is questions can say what they want to do 
in Japanese. 

(4) The c o n d i t i o n RK1=A, w h i c h means t h e 
corresponding par t of speech is s ta t i ona ry , is the 
property not of sy l l ab le but of phoneme in SPEECH-
DB. So, PSS asks the user h is i n t e n t i o n . 

Dur ing the d i a l o g in both cases, PSS c a l l s 
JCS when necessary, so tha t users can input t h e i r 
r e q u i r e m e n t s i n Japanese . T h i s makes t h e 
i n t e r a c t i o n very f r i e n d l y . 

V. JCS 

JCS t r a n s l a t e s que r i es s t a t e d in Japanese 
i n t o IQL and a s s i s t s users in l e a r n i n g IQL by 
showing the t r a n s l a t e d IQL commands. JCS is 

designed j u s t f o r beg inne rs . The au tho rs b e l i e v e 
tha t a r t i f i c i a l command language is more e f f i c i e n t 
than natura l language once one gets f a m i l i a r w i t h 
i t . 

Semant ics-based p rocess ing o f q u e r i e s i s 
ma in l y per formed i n s t e a d o f s y n t a c t i c one. Th is 
s t y l e o f p rocess ing i s based on the f a c t t h a t 
q u e r i e s to SPEECH-DB is much r e s t r i c t e d to the 
semantics of SPEECH-DB. IQL is designed to be used 
as a ta rget language of na tura l language quer ies, 
so t h a t i t was very easy to implement JCS. For 
e x a m p l e , IQL can s e l e c t an e x t e r n a l scheme 
a p p r o p r i a t e f o r the query. Fu r the rmore , i t does 
not care about the order o f c o n d i t i o n e lemen ts . 
These char a c t e r i s e t i c s o f IQL makes t h e 
t r a n s l a t i o n easy d r a s t i c a l l y . I n the c u r r e n t 
i m p l e m e n t a t i o n , JCS can accept a lmost que r i es 
rea l i zab le in IQL and can r e j e c t queries which are 
beyond the a b i l i t y of IQL w i t h some messages 
i nd i ca t i ng the inappropr ia te par t of them. JCS has 
two k inds of d i c t i o n a r i e s . One con ta ins some 
keywords corresponding to the a t t r i b u t e names and 
t h e i r values used in SPEECH-DB. The other contains 
some words hav ing s y n t a c t i c i n f o r m a t i o n which 
are used f o r examin ing the r e l a t i o n s h i p between 
c o n d i t i o n s . JCS do not have to know any o ther 
words stored in the above two d i c t i o n a r i e s , since 
a q u e r y composed of such words can no t be 
rea l i zab le by IQL at a l l . 

V I . CONCLUSIONS 

Although the implementat ion of our i n te r face 
is based on a new p r o d u c t i o n sys tem, the whole 
model is r a t h e r ad hoc. In o rder to r e a l i z e 
the " m a n u a l - l e s s " s y s t e m m e n t i o n e d e a r l i e r , 
several problems should be resolved. 

1) To es tab l i sh a psychological model of a user. 
2) To e s t a b l i s h a theory of p roceed ing w i t h 

conversation based on the user 's model. 
3) To incorporate the resu l t s of i n t e l l i g e n t CAI 

i n t o our system. 
These are the subjects to be attacked at the next 
step in our study. 
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