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This paper describes the IX system to support the development of knowledge

information systems based on the semantic network representation.
system provides IXL, which is a knowledge representation

The I

anguage based on

1
semantic networks, and the IX machine which is the parzllel hardware dedicated
s

to semantic network processing. IXL solves the problems of exi
he method of procedure additicn and th

network languages:
capability of relations themselves

representaticn method and the interpretation mechanism in IXL
As an example of IXL programming, French
design of the IX machine 1is IXL coriented to treat
declarative and the procedural knowledge.
network structure onto the processing elements of th
parallelism inherent in the semantic network processing ars utiliz
the execution time. The IX machine consists of the pyramid-sha
switching network and processing elements with associative memories.

1. Introcduction

The semantic network model in knowledge
representation has been widely used in areas
artificial intelligence [1]. However, it

difficult to develcp practical
plicaticns which  use large semantic
wetworks. There are two reascns for this:
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a lack of semantic network based
languages which can flexibly describe
various kinds of applications,

(2} & lack of ccmputers which can utilize
the parallelism peculiar to semantic
network processing in order to reduce
the processing time caused by the
large size of the semantic networks.

The authors are developing the IX system
(the pronunciaticon of 'IX' is {iks] ) in
order to solve these prcblems.

IX system provides

semanti network criented lan-
for knowledge rs -
117 [21[31, and

(2) sively parailel ted
tc semantic network pro ng ne
The objective of IX is su rt &1l the
processes of antic network infcrmation
CTOoCEesSSiry integrated <fashion: Irom
using IXL i and de tion of
semantic 1 S cwledge
base. natur c), o
am  with
wCrk rspresentation is
1 or the description of
a . In crder to support
J cus kncwledge information
o] essing, r,it is essential that

ting semantic

e description

negative knowledge. The knowledge
are discussed.

ine knowledge base is shown. The
efficiently oth the

By directly mapping the semantic
IX machine, the

1iz

both declarative and procecdural knowledge
can be described and treated efficiently.
The architecture of the IX machine and IXL
are designed to meet this requirement.

This paper discusses the advantages of
using IXL for the development cof knowledge
informaticn systems and design
consideraticons concerning he architecturs
of the IX machine.

In section 2, the main features cf IXL
are described. A graphic subsystem fo the
input and the debug of semantic networks i
described in secticn 3. In section 4,
knowlecdge base system for French wine
described. In section 5, the archi 1
the IX machine is discussed.
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2. A Knowledge Representatiocn Language IXL

The design philosophy of IXL is tco solve
the problems of existing semantic network

languages: the description capeability of

1 themselives, the methed oL

addition, and the +treatment of
mowledge.

pericrm, {1} medificaticn, (2}

d (3) description o©f knowledgs

according te semantic network

As shown in Fig. 1, IXL iz =&

language which 1locks 1like logic
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To construct a reiation:
assertion(R.X,Y).
property(R.X.Y).

To inguire about a link:
isa(X.Y).
instance(X,Y).
ako(X.Y).
source(R.X).
destination(R.Y).

To inguire about a relation:
asst(R.X.Y).
prop(R.X.Y).

on 1s

)

fine the meaning of th
) Procedural knowledge
logic-1ike expressions.

4) Knowledge can be

inconsistency by the
(exclusive is a 1ink).

ati
by 2 node in ©

To connect nodes by a |ink:

link(is_a,X,Y).
link(not_isa.X.Y)

link(instance_of.X.Y).

link(not_instaceof.X.Y) a_ind_of L
Pink(a_kind_of,[X.V,..1,2). pource. destination
link(source,R.X). ,
ink(destination.R.Y). Meanings of the variabies:

link(rute, X, ((
asst(R.X,Y)i-....
prop(R.X.Y)i-. ...
isa(X.Y)i-....
instance(X,Y):-..

Fig.l Command 1

represented noct by

rder to precisely
relation.

is described in

checked for

a kind of link

5) Negative knowledge can be explicitly

described.

In the follewing sections, these features

1
are discussed in detail.

2.1 Relations in IXL

Relation in IXL are

classified into

on

basic hierarchical relations
the system and general relaticons wnich are
defined arbitrarily by the user according to

aprlication programs.

supported by

As basic hierarchical relations, "is_a"
and "instance of" links are supported.
These are ~ sufficient to describe
hierarchical relaticns which appear in usual
applicaticns, although thers exist many
kinds of hierarchical lations. This is

because the other hi
such as the part
using proccedur

hisrarchical

k@

nical relation

"Instance © 1
concepts in t E] a i
the instanciztion of the cther (i.e. "¥").
In other words, X is at 2 lower abstracticn
level than Y. We call X the "instance” 1In
regard to ¥, and Y the '"class” in rsgardéd o
Z.

There iz also & hierarchy at the same
abstraction level, and "is a" is used toc
ccnnect two concepts in the case that cne
(i.e. M"XX") 1is a specialization of the
other (i.e. "YY"), or the latter is a

generalization of the

£

ormer. Every

Primitive links :
is_a. not_isa
instance_of, noti_instanceof

X.Y:concept node
R: relational nede

ist of IXL

instance of XX is also an instance cf YVY.
Concepts such as X/YY are called
subclass/superclass.

General relations ars divided into
assertions and properties. When the user
defines a general relation, the relaticn has
to be declared to which the relation
belcngs.

When a concept ¥ has a relationship R
with ¥, X i1s called the scurc =
relation and Y the destination.

A relation is called an assertion
when the relation heolds concerning  the
source concept. For example, 1if the user
reprssents the knowledge that Mr. Smith is
25 years cld, the semanti netwerk
representaticon may be that & concept "Mr. A"
and a concept "28" ars connected by a
relation "age'. The relaticn '"age" is an
assertion because "age" holds concerning thi
concept "Mr. Smith" itself

A relaticn is cal

s C

ed a property
when the relation hold n

instances o©of the source conc
ccncept "airplane” and a conc
ccnnected by & relation "can
relaticn “can” hclds ccncerni
instances cf the concept
Thersfore, "can" 1s a property
situatiocn. Howsver, if "can" is
not toc "airplane"” but to "Clark Kent", "can®
is cailed icn becau can® in
thi c v "Clari
Ken
<A -
PRGOS [Sigte)
er e rules.
An unless a
BT roperty is
i iniz, which
means i properties tTru e concept
aisc hold true with it lass A

property is inherited
"instance of" 1link in a different way.



Properties which are true with one concept

are inherited by its instance as assertions.
2.2 Representation of Relations

In the early works on semantic networks,
a general relation is represented as a mere
link which  just connects between  two
concepts. For example, "The vintage of
Chablis wine is 19756" is represented as
shown in Fig. 2.

vintage

Fig.2 An exampie of semantic network representation
In this representation, however, the
meaning of "vintags" can not be specified in

detail. Therefors, in IXL, a general
relaticn such as "vintage" is defined as =z
relaticnal cconcept: a relaticn itself is
also represented in terms of concepts (a
network of concepts). As shown in Fig. 3,
the user first defines the meaning of the

relation using source and destination links.
the knowl

knowledge "the vintage of Chablis
is 1878" is instanciated using this
initicn as shown in Fig. 4. Three 1is a
s and the instanciztion of "vintage" are
vy added.
v representing a relation itself in
of relational concepts, the meaning
be further defined in the network of
tional cconcepts. For example, as shown
ig n I

, the "vintage" relation can be
cne of the wine properties.
Though the structurs proposed here 1
. b v H
X

Fig.4 Instanciation of a relation in IXL

isi//
N s. source d: destination

Fiz.5 Representation of complicated relation

2.3 Proccedure Rddition

A procedure in knowledge representation

is assumed to be 2 zrule to infer the

existence of a relaetion  between some

concepts. From this point of view, it is

natural to express the procedure in a
1 .

logic-like form. In IXL, Prolog is adopted
to express procedural knowledge, but the IXL
ccmmands  can also be written in th
definition cf procedural knowledge as well
as Prolog predicat

If procedursa
monctonously, we
to infer some re

a procedurs to
concerns the relaticn.

The method for procedurse addition is
shown below. A "rule" 1link from a concept
node indicates a procedural node which
consists of several Prolog Horn clauses such

asst{R,X,¥):- ...

prop(R,X,¥):- ...

isal{X,¥Y):- ...

instance(X,Y¥):- ...

R is the relational ncde, ¥ is the source
of the relation and Y is the destination of
the relaticn. ach Horn clause activeted

base to the
dave rcvides

ts for

Two

this links

(i.e nk}.
Th that



cencerning their superclass. For example, as
shewn in  Fig. 6, "man" and "wcman" are
subclasses of "human" and they are exclusive

of each other. If two concepts are
exclusive, their subclasses and instances
are exclusive of each other. Therefore,

"Mr. A", which is an instance cf "man", can
not be an instance of "woman'". In IXL, the
user writes the following command tc state
this example:

link( a _kind of, [man, woman], human).

If the user attempts to state that "Mr.

A" is an instance ¢f "wcman”, the system
istency Dbecause of the
kind of link.

Fig. B Exampie of & _kind of link

"not isa” nd
to treat negative
and these ars used to describe
ex’e,-*uns cr constraints. For example,in
ig. 7, threse knowledg statements are
lared. The first knowledge statss that a
bird can fly. The seccnd states that a
ir i ird. Then it is decuced that

by these two statements,

sc, when the third statement "penguin can
not fly" 1is entered, the IXL interpreter
indicates an inconsistency. When this
relation is forced, the third statement is
represented in the semantic network by the
not_isa link.

3. raphic Subsystem

IX includes a graphic subsystem to
faci"ta»e he develcome“- of the knowledge
base. In caal icn to the tc?ﬁ‘al
description by IXL, the user can defi a

kncwledse base by drawing and cabvg;;
semantic networks directly on the graphi
display.

Fig. 8 shows the contents of the screen.
The command menu, working area, and built-in
links are displayed. Semantic networks are
drawn on the wcrking area using a mouse.
The networks drawn are converted into XL

ng
ic

format and transferred to the IXL
lntefsre+er.

The workﬂ" area on the screen is
windcw that c be used to display any part
cf the large overall virtual working area.
Therefore, the window can be moved,
expanded, or reduced to view any necessary
part of the semantic netwocrk.

This grachic system is also useful in
debugging a knowledge base. When  the

o)

textual representation in IXL treats ar
intricately tangied hierarchy, the grapt
representaticon i1s especially helpful in

grasping the irte--,latio hips.

In addition, anv part of the semanti
etwork which the user may want to check in
tail can be displaved using a color
ff nt frcm the rest of the network. For

the nodes which belong to the same
erarchy can be displayed in a
erent cclor to make them prominent.

Ho o ®

command @menu

gmpgbn

forcing this reiation

Fig. 7 Structure of properiy and negation
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D
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©
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TP 0N 0a Ca

human

built-in fink |src dst

isa iso nisa niso ako

Fig.8. Screen image of graphic subsystem



4. Inplementaticn  of French wine

knowledge base system

A knowledge base system was written in
IXL to verify its descriptive capabilities.
The system stores knowledg about French
ines. This subject was chosen because such
knowledge as types and production areas can
be described naturally in a taxonomical

b3

manner, and so this subject is suitable for
experimental representation in semantic
network.

This knowledge base treats wine types,
vintages rankings, taste, colors, etc.
Scme procsdural knowledge, such as the
suitability for meals, is &also included.
The knowledge base consists of about 350
nodes which include 40 brands of wines in
the Bourgcgne area.

The querv put to the knowledge base is

translated into IXL search commands (i.e.,
asst{age,Mr.A,X), prop(vintage,chablis wine,
X}, etc.}.

The ssarch strategy in the executicn of
IXL search commands is as follows:

(S1) The IXL intsrpreter searches for the
answers wnich are explicitliv described in
the knowledge Dbase. This process 1is the
same as in usual database systems.

(sz)y 1If S1 fails, the interpreter
attempts to deduce the answers by examining
the superclasses and by using inheritance
rules.

(S3) If both Sl and 82 faii, the
interpreter deduces the answers using the
procecdural knowledge written in Prolog and

Fig. 9 an example of

"Please describe

is
. The query
chablis wine”

t
&
(]

O 0no

the color of is translated
an IXT command,

The command
network in

BT ke
B oH D

tuuestion > P the color of

describe

(has _color.chablis arez wine.greenv gold)

Dialogue(l) with wine database

The execution process is as follows. The
(S1) search fails because the fact abcut

color is not described explicitly concernin

the  "chablis wine" node in Fig.10.
Therefore, the (S2) search is activated.
The interpreter examines the superclass of
the '"chablis wine" node and finds the
"chablis area wine" node whose color is
explicitly described as greeny  gold.
Therefore, the color of "chablis wine" is
deduced as greeny gold according to th

inheritance rule. The rules wused for the

inference can be displayed for the user's

convenience.

The dizaleg in Fig.ll shows an example of
a search using procedural knowledge (i.e.
type (S3)). The gquery "Does petit chablis
wine go with oysters?" is translated intc
the IXL command prop{go with,

th
cyster), and the
whether this command

petit chablis wine,
interpreter examines
holds true or not.

The (S1) search fails along with the (S2)
search, although it can be deduced using
inheritance that petit chablis wine goes
with food. Next, the search using
procedural knowledge is activated.
Procedural knowledge directed by a rule link
from a "go with" node is as follows:

propi{go_with,X,Y):-prop(go with,X, W),
isa(Y,w).

The two predicates in the body are IXL
ccmmands. According toc the gquery, X is
"petit_chablis wine" and Y ‘'cyster". The

firs IXL ccmmand, prop(go_with,
petit chablis wine, W), examines whether or
not an instance cf a relaticnal ncde
("go_with") exists between a node
(represented by variable W) and any node
which is the superclass ct
"petit_chabiis wine".
prop(go with.X.,Y):-
prop(go with.x.W).isa(v. W),
color wine —
d : S S

! |

i |

! ;

. !

greeny gold —O— chablis_area wine—_— sea food

i s — s d -

3

chablis premier cru wine

Fig. 10  An example of wine database



{?-question.

fouestion > Does petit_chablis _wine go with

2]

oysters 7
¥inswer >
yes
Fig.11 Dialog(2) with wine database

In this case, an instance of "go with"
exists at the '"chablis area wine" noce w'nic‘
is the superclass of Trpetit chablis_wine"
Thersfcre, assigning "sea food" to W, the
flrs+ IXL command holds true.

The second IXL ccmmand, isa{cyster,W),
holds tru if nodes exist which are
superclasses of '"oyster”. In thi case,
both "shellfish" and "sea food" can be W.

When both the first and the second IXL

commands hold true, prop(go_with,
petit _chablis_wine, ocyster), which
corresponds to the query, is proved to be
true. Therefcre, when ‘'"sea food” is
assigned tc W, the answer of the query

becomes 'yes'.

The dialog in Fig. 12 is another example

of -«ye (S3). The gquery "Is Lyon to the

sout of Beaujolais 2" is put to the

semantic network in ig. 13. The IXL
command translated from the query is:

as**(sou*“_p‘ lyen, Deau*ﬁla*s;.

Searches (S1) and (S2) are attempted in

th of them fail. Then, the

knowiedge  attached to the

node is attempted. However,

e is no rule 1link from this

perclass of "south cf", which is

e, is examined. There,

1g procedural knowledge exists:

Y): n )
=

- prop(inverse cf,R,RR)
st(R
this iS
olai
held tzue,
es 'ves'.
e first command instanciated as
inverse of,scuth of,RR) holds true if
sxists & relational nods (i.e. ERR)
iz the inverse of ‘"socuth cf". In
+c hold true, the "south of" node must
B scted by the source link frcm e
in ce ncde ( of the "inverse of” node ),
znd node (RR) has t be directed by the
Cest tion link.
ki s Lvon to ?
AN >

Fig.12 Dialog(3) with wine database

| asst(R.X.Y):-
prop(inverse of \R.RR),
asst(RR.Y.X).

ril e—

symmetric_relation

O | B |

north of pP—s—_F—d— south of

Beaujolais ~s

Fig. 13 Precedural knowledge in wine database

Actually, however, although "north cf" is
described toc be the inverse of "*o"th cf" in
Fig. 13, the "south of" node is directed
nct by the source l1ink but by the
destination link. Therefore, prop(
inverse of, scuth of, ncrth of) can not hold

by (Si1).

However, the procedural knowledge exists
which is attached to the superclass of the
"inverse of" node. This procedursl knowledge
is "symmetric relation" which means that
prop(inverse of, scuth _of,north cf) hel
true if "4nv=rce_or is a symmetTic re1a+icn
and prop(inverse of, north of
holds true. “Therefore, g
knowledgs, prop(inverse of, south of,
north of) holds true because
propl;nverse_or south of, north of) i
explicitly described in Fig. 13. Thus, the
first IXL ccmmand in the body of knowiedge
at "relaztion” holds true, thus assigning
"north of" to & wvariable RR. Then, the

— -
cecond IXL  co mand is

GeSCI‘l
At

e~ e

processing

HOOo®D

not
oache nap
IS TWCTK ne
cToces s}
O e [51] be
performed with the les

proportional to th d
even in the case of lar

e o]
ge semantic networks.
In the £

machines o this approach,



declarative knowledge is treated efficiently
by utilizing the parallelism.

In crder to describe and  execute
application programs of practical use,
nowever, it 1s essential that procedural
knowledge be also treated as efiiciently as
declarative knowledge. If only declarative

kncwledge 1is executed in parallel, the
procecdural part will beccme a precessing
bottleneck.

The main objective of IX hardware design

is to process beth types of  knowledge
effi:iently. This can be realized by
designing the architecture to execute IXL
commands in parallel, because in IXL,
procedural knowledge is ﬂeeﬁ*'bec easily 1
terms of IXL commands, which are also useful
in the description of declarative knowledge.
Therefore, the architecture design is IXL
oriented in order to execute IXL command
fast.
The basic cperaticns in semantic network
processing for declarative knowledge are,
- association,
- set cperaticns, and
- marker proragations.
The associaticn and the set operation can
be performed in SIMD mode on the assumption
that semantic networks are directly mapped

on the hardware.

The marker propagation is wused to mark

all the nocdes in el which meet a
particular cnditicn. or example, the
ncdes which belong to is_a hierarchy eare

marked in parallel by the marker
DI pacat-cu. As semantic networks often
tal the shape of a trse, the marking
start the rcot node of the trse and
prcpa ates downward in a radial manner. The

b

the nodes may be
th of the tree.
Thus, the marker prcpacat*ﬁﬁ contains the

ic network

basic thres
peraticns ar
the procedura

B O

i ncy of solutions, and
lstion cf inks.

iC

Pt

£hr

2

ot

> O

We have implemen ster
in P::log on s a
scl an IZL i
Cn the other hand

"

written in IXL r:”n_ﬁ instructicr
will run on the IX machine, can de
lot of solutions of an IXL

command
simultaneously, because semantic networks

are directly mapped onto the IX hardware.
In this viewpcoint, the IX machine may be
regarded as a parallel logic machine.

However, the scluticns of the IXL
ccmmands which appear in a clause must be
consistent. For example, the solutions of X
of the first IXL command (i.e.
prop(gc_with,X,W))}, should be the same as
the solutions of X in the third IXL cocmmand.
Thus, the checking the inconsistency of
the sclutions must be made in the processing
of the "*ocedural knowledge

After the solutions ars determ;ne
links are established between the nod
the example above, new links are esta
between the nodes of X and the nodes o©

IX machine architecturs is design
proccess above six operations effective

a
e
o)
at

5.2 Cverview cf the IX machine

. 14 shows the overview of +the IX
machine. ts main compenent re the
-shaped packet switching network and
sing elements with associative

s. Fig. 15 1is shown as seen from
c
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— -
D P B
s
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= = =
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The cross section of the IX machin i
shown in Fig. 16. The node processor of the
bottom laver of the pyramid-shaped nestwork
ccnnects cur processing elements. Each
upper node processcr c©f the pyramid-shaped
network is connected to four lower node
processcrs of the network. Therefore, i1f
the processing elements are arranged in 16 X
15, then the bottom laver of the network
ccnsists of 64 node processors. The second
layer node processors.

he € connected to  the

command procesds

s first, an IXL

is the controller.

The command is executed in each processing
element in SIMD mode.

O3
"y ek

17

Execution of aniXL command

3

8

Pyvramid-
—— shaped
Network

= [P PIIPIP

A large semantic network is divided intc
sub-networks and distributed among
processing elements.

The IXL in that is a collecticon
cf subroutines written in the IX machine
instruction set, 1is also lccatsed in each
processing element.

5.3 Prccessing element

The processing element consists of three
main ccmponents:
the semantic
memory {(SNAM)
the instructicn associative
memory (IRAM)

network associztive

4
Lo

2.

3. the control processcr (CP).

SNAM is +the storage for the divided
semantic network (sub-netwcrk). The basic
semantic network cperations such as
association and set operations are executad
in paraliel utilizing this tive
memery.

Fig. 18 shows the organizat
and how the sub-networks ars e n
SNAMs. The semantic netwcrk in £ix =
is divided into twoc sub-networks stored
in twc processing elements. Notice that 2
link in the semantic netwcrk occupies two
words of SNAM. Therefcre, we conly have <*o
add twe words i T to t sw
lirk. The overhead ery e
with the circuit switchin

Th8 storags

RAM is

-
fetch

instructicns

s the procedure execution whicrt
is enevitable for practical applications.

Arithmetic expressions are processed by CP.
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amid-shaped network plays three
he first one is the packet
ions between processing elements.
used mainly for the marker
n. The seccnd one is the
ng of IXL ccmmands and  their
from the host contreller. The
is the egquivalence node Ifunction.
ivaience node function have been
to treat with the nodses which
many connection links. As
arlisr, a link in the semanti
occupies two words of SNAM.
if a node has toc many links,
of SNAM are reguired and the
necessary words may exceed the

division of the semantic network and
M
i

In orcer toc realize these functions, each
node processor of the pvramid-shaped network
ontains an asscciative memcry and th
routing control logic. The asscciat
memory is used to look up the members of

guivalence nodes guickly.

6. Cocnclusion

This paper described an cverview of +he
IX system which supports the semantic
network based pplications from the

description to the parallel execution.
The knowledge representation language IX
is effective in describing the meaning of

b

s
the relaticonship itself between entities,
procedural knowledge and negative knowledge.
Through the experience cf French win
knowledge base, it is found that the
facility of procecdurs additicon is very
useful in the descripticn of practical
applications. For exam , co&pl;cated

s \ I
L in . 19

Fig. 19 Packet transfer using equivalence node



inference rules or exception handling can be
flexibly described.

In order to execute IXL programs
ficientlv, the IX machine is bein
signed IXL coriented. The most cutstanding
ature of the IX machine is that the IX
chine can execute in parallel not only
c
o)

Hy O (D

[erg=]
® D OO Hh

)

-
dge. The distinctive features of the
cture are the pyramid-shaped network
processing element with associative
s. The pyramid-shaped netwcrk can
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