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Abstract

Knowiedge Engineering is still in its young phase, but is growing steadily. At
Hitachl, a Japanese firm, a lot of R&D activities are being carried out in this
fast growing field as many other major industries in the world. In this paper we
first oberview some of these activities and then discuss three representative
systems in some detail.

LONLI is an extension of Prolog and has interfaces to other languages such as
Fortran and PL/1. It is being used widely within the firm as a system description
language.

Machine Translation is one of the most important applications of Knowledge
Engineering and is more so in Japan becausé of its language barrier. We are
developing English to Japanése and Japanese to English systems. Their
translation processes will be described with the emphasis on the analysis of

English and Japanese texts.



1. R&D Activities at Hitachi

I.I Architecture

Research projects are being carried out to build Prolog and LISP machines
on both microprocessors and large scale computers. Both sequential and
parallel types are being investigated.

1.2 Soltware Systems for Knowiedge Engineering
{1} LONLI (Logic OrieNted Language Inferencer)

LONLI is an extended Prolog system and will be described later.
(2) S-LONLI (Super-LONLI}

S-LONLI is an end user language for knowledge representation based on
LONLI and is an amalgam of object oriented language, logic programming
language and frame type language. The emphasis is put on “writability", the
ease with which a user can define his knowledge. The 5-LONLI processor is
written in .LONLI and converts a source program into LONLI,

(3) KBMS (Knowledge Base Management System)

KBMS is a knowledge base manager that manipulates three types of
knowledge, logical, generalization-tierarchy, and dictionary type knowledge.
The system's features are summarized as follows:

a) Insertion and retrieval of knowledge in the knowledge ba;'»e are easily
periormed with & simple knowledge manipulation language.

b) The self-associative retrievai function makes it possible to locate desired
information even when the knowledge available for query is very limited.

The system is written in LONLI and uses a relational database for knowledge

storage.

1.3 Application Softwlware

A wide variety of application systems are being developed. See Table |.



2. LONLI-A Language for Knowledge Engineering

The word "LONLI" is coined from "Logic OrieNted Language Inferencer” and
its pronunciation quite resembles that of the Japanese word jor "logic".
Language specification of LONLI is based on DEC-10 PROLOG [8], but our
aim to develop another type of PROLOG is to build a practical Janguage, a
language with which large application programs can be developed. Wihth this
aim in mind, we added the following features.
(1) Handling of katakana and kanji {Chinese characters)
{2) Handling of real numbers and arrays
(3) Interface to other languages (Fortran, PL/1) and to relational data base
(RDB1)

() debugging facilities

Let us take the interface to Fortran as an example (See Fig.l). Two methods
are provided.
{a) Argument copy interface

Arguments of a predicate are copied (1)and handed down to subroutine to
Fortran (fsub 1) (2). After processing by fsub 1,the value is unified with other
arguments (3).” Relations between Predicate names and subroutine names and
the arguments t}pes are predefined (A).
(b) Arguments share interface

Global area is defined in LONLI (B) and the address of the area is handed
down to subroutine to Fortran (fsub 2) (4). LONLI supplies special predicates
to refer and up-date variables in the area. When performance is important,
the second method is used.

An interpreter of LONLI has been implemented on VOS3 and its processing



speed is currently about 10 KLIPS on HITAC M-200H. Our image of problem

solving using LONLI is shown in Fig. 2.

3. English to Japanese Trasiation System

Our English to Japanese (E-J) system is based on a syntax directed parser

10, 11 and a syntactic transier mechanism. The translation process is as

follows. (See Fig. 3 and Fig. 4)

Input English Sentence

-

Lexicon Retrieva)

Morphological Analysis

-

Syntactic Analysis

Semantic disambiguation

-

Tree/Link

Transformation

-

Sentence Generation

 Morphological Synthesis

L

Output Japanese

Fig.3 E-J system

The lexicon is consulted with the help ot
morphological analysis. Idiomatic collocations are
also entered in the lexicon.

Syhtactic analysis is important and will be

described iater.

Clausal elements and phrasal elements are taken
apart to word elements and their word order is
changed so as to fit in a.Japanese sentence.

Post positions that are peculiar in Japanese text
are added. Proper Japanese eguivalents are
selected from the lexicon and predicates are

conjugated,

Now let us Jook into the syntactic analysis and semantic disambiguation.

(See Fig. 4).

(1) After the lexicon is consulted, part of speech for each word is decided.



When a word has several candidates, the words before and after it will be
checked.

(2) Phrasal elements {PE) are constructed from word elements (WE) and
Clausal elements (CE) from PE and WE. During this process, syntactic roles
are assigned to each element. This process is repeated unfil finally a |
sentence is constructed.

(3) In deciding a syntactic role, we classify verbs into a dependency pattern
which is a simplified version of Hornby's [12]. See Table 2 and 3.

(4) Semantic Disambiguation. Te select proper meaning of a word, we are
trying several method. we classify nouns into several semantic categories
such as Time, Place, Abstract Concept, Instrument and so on. We have
written rules for selecting proper meanings by the combination of a verb
pattern of a transitive verb and the category of its object. We have also
developed rules for the combination of prepositions and its object. Although
this approach is primitive and its efiect is limited, it works well in some cases.
For more powerful semantic analysis, we need more extensive research, E-J
system is written in P}.li. And the dictionary has about 70,000 entries. Test
translation is under way using articies on economics such as Wall Street
Journal, and Business Week and augmentation of ru@es and the dictionary is in

progress. See Fig. 5 for sample translation.
4. Japanese to English Translation System

Japanese language is rather difficult to analize by a syntax oriented parser
because of its ambiguous usage of function words and word order flexibility.
To overcome this difficulty, we have decided to adopt semantics directed

approach and to use Conceptual Dependency Diagram (CDD) as an



intermediate representation[13] The translation process is shown in Figure
6.

Japanese sentence is not distinctly separated into words as can be seen in
sample translation (Fig. 8). So, the first step is to identify words with the help
of morphological analysis.

Then after syntactic and some semantic analysis, a CDD is formed. The
idea of CDD is similar to the dependency grammar defined by Hays [lu] and
Robinson {15} Predicate phrase nodes (PPN) play important roles in the CDD
and nominal phrase nodes (NPN) are connected to PPN according to their
"case". Post positions in Japanese sentences usually represent the case of
their predecessor and are important clues to the analysis.

A CDD is a complete representation of a Japanese sentense. However,
because of the structural. difference between English and Japanese texts,
direct translation from a CDD (Japanese style} does not usually produce good
English. One reason is that Japanese sentences are usually passive or static
while English is an active or dynamic la.nguage. So, a CDD of Japanese style i¢
transformed to one of English style. See Fig. 7.

Phrase structure :is generated from an English style CDD and after
morphological synthesis, an English sentence is output. |

J-E system is also written in PL/1. The dictionary and the rules are being
augmented. Technical documents such as patents and manuals are main
objects of J-E system. Sample transltation is shown in Fig. 8,

One of the major problems of J-E systern is the frequent ellipsis and
functional multiplicity of Jﬁpanese languages. So we feel that controlled

Japanese or sub-Japanese language should be constructed and this is the target

of further study.



5. Concluding Remarks and Acknowledgement.

I have reviewed Hitachi's R&D activities in Knowledge Engineering and I am
afraid they are not ajways systermatic. But in this young and fast growing
field, the approaches from both sides, i.e. basic technologies and application
systems are necessary and important. Also international collaboration will be
important, and [ hope this paper will be stimulating and of some heip to this
end.

The authors would like to acknowledge the continuing guidance. and
encouragement of Dr. Kawasaki and Mr. Ihara of SDL. Thanks are also due to

Mr. Nitta of ARL who has lead the research on machine translation.
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Table iI. Application Systems

Field System Comments . |Lab.
Natural ATHENE(Machine Transiation)} PL/1 SDL
Language Japanese to English Technical documents
English to Japanese News about economics
NL interiace to DBMS PL/! & LONLI SDL
QA, DA Layout of computer rooms LISP, LONLI SDL
TSS Operastion Guidance HRL
Logic circuit conversion SDL -
Software Re-usable software LISP/PROLOG SDL .

Engineering| engineering

Industry WPAC{Project Management} | LISP SDL
Diagnosis of Nuclear Reactor ERL
Fuzzy control of subway Fortran & PL/1 “|SDL
trains
Pattern Speech understanding CRL
Recognition Vision understanding CRL,
SDL
Robotics Intelligent Vehicle ' ‘ MERL,
PERL

CRL : Central Research Laboratory

HRL : Hitachi Research Laboratory

SDL : Systems Development Laboratory

MERL : Mechanical Engineering Research Laboratory
ERL : Energy Research Laboratory

PERL : Production Engineering Research Laboratory




Table 2 Syntactic Roles

To-infinitive

Code Rele
SUBJ Subject '
0BJ Object
TO0BJ Object in Te-infinitive Form
NAPP Noun in Apposition
GOV Governing Verb
TOGOV Governing Verb in To-infinitive Form
ENGOV Governing Verb in Past Participle Form
ADJV hdjectival
ENADJ Adjectival in Past Participle Form

- ADVL Adverbial
SENT Sentence

Table 3 bependency Pattern of Verb
Code Verb Pattern Exanples
V1 Be + - be
V2 Vi ( # Be ) + Complement, get, look
It/There + Vi + --

V3 Vi [ + Adverbial Modifier ) rise, wvalk
V6 Vt + To-infinitive intend
V7 Vt + CObject begin, vield
V8 Vt + that + - agree, think
vi4 Vt + Object { + not ] + know, bring
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Fig.l Interface to Fortran
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Ve must provide more food for Tthem.

- | L]

PRN AUX v7 s b | wo PRE PRN
SUBJ

VP7 NPO PNAL

) GOV OEJ | ADJ
Parts of Speech
SENT Syntactic Role

SUBJ Gov |
PNAL V7 AUX
PRN PRE

22 @ ES0 znovs<o £9(%) SKL nohEBLRL.

Fig., 4 E-J Translation



(1) PRESIDENT REAGAN ANNUAL ECONOMIC REPORT FEARS THAT THE
FEDERAL-RESERVE BOARD MAY IMPEDEZ THE STRONG GROWTH
PROJECTED FOR THE REST OF THE 19805,

V=AU RERDERBEHNEL. RSERNWEBELHFEND1980
EROBYVOEDIHEI N -EM2BREGT 2D LA ENWSZ
EERETS. -

(2) THE PRESIDENT BLAMED THE FED FOR THE LENGTH AND SEVERITY OF
THE 1981-82 RECESSION.
KRERAL., EXMEMEEXS Y 1081 -8 1 XN B RAOEEZLNL
I DOWTIERL X,

(3) THE PRESIDENT'S COUNCIL OF ECONOMIC ADVISERS RECOMMENDED
SOME TECHNICAL CHANGESIN FED PROCEDURES FOR SOMEWHAT
GRZATER MONEYY SUPPLY GROWTH.

BRIV RELTR - - TS M OBRROEDILARBEHFHOBRKFEAER
il ARMANEBESOFEROW 22 EERLEBEL .

-

(4) THZI DOLLAR CONTINUED HIGHER AGAINST MAJOR FOREIGN
CURRENCIES AFTER THLZ WEST GERMAN CENTRAL BANK FAILED TG
INTERVENE IN FOREIGN-CURRENCY TRANSACTIONS ASTRADERS HAD

EXPECTED.
Pl—F—HFPELELINBRSA VOPRPREBTHATSIBORS L
AT2I L &MUEEBFENVE, ZEL2ARIBLTIVE(BEVE,

(5) THE DOLLARROSE TO A 12-YEAR HIGH AGAINST THE WEST GERMAN
MARK AND A RECORD AGAIRST THET FRENCH FRANC.

. BRA YOI TR LTI2EREBETISVATZS VILHL

(6) IT EASED SLIGHTLY, HOWEVER, AGAINST THE SWISS FRANC AND
JAPANESE YEN.

AL A 75 EBERBICHLT. LALLARS, Fhiz, HTDMILTF
irr=.

Fig.5 Sample translation (E-J)



Japanese English
Sentence Sentence
] Lexicon
Morphological English
Analysis et Synthesis
Word -Morphological
Identification Synthesis
Grammatical
Rules
Syntactic/ Phrase
‘Semantic Structure
Analysis Synthesis
Construction Pattern
of CDD y Jransform
L
—
¥
—-—> |\Transformation
of CDD

Fig. ©

J-E Trnslation Process




input Japanese : F—2R—X 2y UILLo THRGLERBSTMELD

CcCDD 23>
(Japanese become
style) o 1 C

<z F—45 '<—2> O (o

T
Processing  Database Possible
M Machine
' O : Object
CHREyLe> ~ 1 : Instrusent
Efficient C : Conclusion
. M : Modifier
cDD G B> A hgent
(Englisb enable
Style) / \
A A — Z (ﬂ@
Ty T
HMmergiad
Phnrase Structure Sentence

VARWAN
N

_ ADJ N
Qutput English : - i |
Database Hachine enables efficient Processing.

Fig.7 Conceptual Dependecy Diagranm



(1) BXEXEEXOMILIE, REEPRRAOERLFXIL. RECPEREOHE
LRETIXRERLRBENY Yy o 7HRHBVET. CO¥ Yy TEMBT I
. BEBRLEBONKNBMKRERBRTRLVWEBRETFVER A RARLE
L. +TORE. BEBRORAAORELABSh XL E.

Ther is a large structural gap that originates from difference in way of
thinking and point of view together with difference in notation ang word-order
between Japanese sentences and English sentences. We developed the new
language model that expresses semantic reilationship between Japanese and

Englisn 1o resolve this gap. As 2 resul.,.prospec: for realization of machine
translation was cbtained.

(2) FWAA AT LOPDRIBTINEOEE

The effect of failure about the efficiency of multiple processing system

(3) HEMBEOBELEARo FT—JTF VBT SR TEEMS
x

Approximate response time distribution in the ¢losed queuing network model
of computer efficiency

(4) LRI BIISPseudo—ParabolichHEBIAOR
ILoWTHEERE

Onthe solutionof Fseudo—Parabo '1 ic eguationin g RN B
space [ Initial value problem

(5) FERALDILET. —BHF—S €y hADALIRBORESNEL
¥35.

Viual input/output improves the efficiency of input/output processing 1o
temporary data set.

(6) [ B ] #RBREERAROTRUVANAR, F=8XX:S[HL., 7F¥TS

PNLTHRERIERL. SXREBO 0/ S0 TLH-TET
KLARF—5 et RYRH. TORBENETS

(purpose] To lead out address bus and data bus in device to be testec, o
connect 1t o test device via adapter, to take each address and date in

acordance with the running ¢of the program of device to pe tested and o
discriminate the state.

Fig. 8 Sample Translation (J-E)



