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limited local areas
features ire

'‘production
respectively. All the

and the system finds out conflicts
low level processings. This

architecture enables us to organize smoothly the diverse knowledge required to describe the

complex structure on the ground surface.

INTRODUCTION

systems for the analysis of
photographs have been developed to locate
When

are going to get a description of the structure

on the ground surface by analysing an aerial
photograph, we find several difficulties which

are not encountered

(1)
(2)

iIn other image analysis areas:
IS very large.
photographing
Is apt

The size of a picture
As It Is Impossible to control
conditions, the quality of a picture
to change.

The sizes and the textural
objects vary quite widely.
Variation of objects in a scene entails calcu-
lation of many different features and the
diverse knowledge of the world.

There are too many situations on the ground
surface to build a general model which can
represent all possible spatial arrangements
of objects.

properties of

In order to overcome these difficulties and to

realize an efficient and
we have developed a new system based on the

reliable analysis,

production system'[A], The system consists of a
group of object-detect lon subsystems which
individually search for specific objects by

communicating with each other via a common

'‘black-

board' [5],[6],

The analysis process of this system

IS divided

into the following steps.

(1)

(2)

(3)

This paper mainly describes the control
ture of the system,
formance with experimental
algorithms of picture processing
described
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Segmentation: After noise removal, an
aerial photograph is segmented into element-
ary regions according to the multispectral
property.

Global survey of the whole scene: Regions
with characteristic properties are extracted
These are used to confine the spatial
domains of objects where object-detection
subsystems work.

Detailed analysis of focussed local
Each object-detection subsystem focuses
attention on a specific local area and
checks the existence of a specific object.
Communication among object-detection sub-
systems: All the information about the
properties of regions and recognized objects
iIs stored in the blackboard. Object-detect-
ion subsystems interface with it In a uni-
form way. The system controls the overall
flow of the analysis by managing the infor-
mation in the blackboard. It solves conflict
among object-detection subsystems, and
corrects errors by backtracking.

areas:
Its

struc-
and demonstrates its per-
results. The detailed
routines are
N

[7].



2. FOCUS OF ATTENTION IN THE ANALYSIS OF All the features used here are stable against

AERIAL PHOTOGRAPHS the change of photographing conditions, and all
parameters are automatically and adaptively
Aerial photographs we want to analyse are A band determined from the picture data under analysis.
multispectral images of complex suburban areas Therefore extracted characteristic regions can
taken from the low altitude(Fig. 1). be the reliable basis for the subsequent detail-

ed analysis.
As the size of a picture is very large, the

analysis should be done as efficiently as possi- Fig.3 shows the characteristic regions extracted

ble. If each object-detection subsystem, which from the picture of Fig.l.

IS very sophisticated and time-consuming, were

applied to the whole picture area, it would take 3. OBJECT-DETECTION SUBSYSTEM

a prohibitive time to complete the analysis. In

order to solve this problem, we adopted the An aerial photograph contains a variety of

focussing mechanism which human being seems to objects such as crop fields, forest areas, grass

use when he interprets a complex scene. When he lands, roads, rivers, houses and so on. The

sees a scene, at first he globally surveys it diverse knowledge should be incorporated to

to find the characteristic areas which attract describe the structure on the ground surface.

his interest. Then, he goes into the detailed In addition, these objects,especially Iin a small

examination of some local area to find out country as Japan, are intricately arranged with-

objects using his knowledge of the world. out definite spatial relationships.

The more intensively he focuses, the more

specialized knowledge he comes to use. Taking these conditions Into account, it seems
to be natural to divide the system into a group

In our system, several kinds of regions with of object-detection subsystems. Each of them is

prominent features(characteristic regions) are designed to find out specific objects using the

extracted by simple picture processing programs. knowledge of their intrinsic properties and the

Then, object-detection subsystems apply sophis- environments in which they are embedded. The

ticated programs only in the local areas where diverse knowledge of the world is distributed in

specific objects are supposed to exist. As the object-detection subsystems. This facilitates

time-consuming processings are applied only in the implementation of the system.

small local areas, the total processing time

can be reduced very much. Fig.2 shows the sche- The type of object-detection subsystems can be

matic drawing of this focussing process. classified into two categories according to the
information they use in selecting the candidate

Tn order to specify the spatial domains of regions of objects.

objects as correctly as possible, we utilize (1) Picture data-driven subsystem

such features as size, shape, brightness, multi-
spectral properties, texture and spatial relations

among regions. We extract seven types of char- Mject Detect bur
acteristic regions, 1i.e. large homogeneous Subsystes |

regions, elongated regions, shadow regions,
shadow-making regions, vegetation regions, water
regions and high contrast texture regions.

Property | Characteristic Regtlon |

Property Objact Detection
Subsyates 2

Characterinti« !gllun 3

Orillnnl Ficture

Property N

Ob ject Dataction N

of a complex suburban Subsystea N

area Charactertatic Reglon W

Coarse Description Detajled Analysis

Fig.2 Focussing mechanism of the system

611



The present system
subsystems for eight kinds of objects:

forest,
Fig.4 shows
of these objects.

Each object-detection subsystem
the common data base,
to test conditions for activation and

The subsystems of this type check the ex-
istence of the local areas with specified
properties by combining characteristic
regions. If there are such local areas, they
examine them in detail by activating special
purpose feature extraction programs.

(2) Model-driven subsystem

The subsystems of this type pick up the
candidate regions by using the spectral
spatial relationships with already recog-
nized objects. For example, it is very diffi-
cult to detect cars by a simple knowledge
that they are rectangular unless we impose
the condition that they are on the roads or
the parking lots. Therefore the subsystem
for the detection of cars entails the recog-
nition of roads or parking lots.

and

has thirteen object-detection
crop field
bare soil(crop field without plantation),
grass land, road, river, car and house.
intermediate results of detection

THE STRUCTURE OF THE BLACKBOARD

interfaces with
the blackboard, in order
to write
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in the result of the analysis. All the communi-
cations among object-detection subsystems are

made via this blackboard. Fig.5 shows the sche-
matic drawing of the structure of the blackboard

The blackboard contains global parameters as
well as the properties of regions and objects.
They denote the global properties of the picture
data, that is, photographing conditions of an
aerial photograph such as the direction of the
sun, threshold values for checking the similari-
ty of multispectral propreties and so on. From
these global parameters, each object-detection
subsystem gets the information of the quality of
the picture data under analysis. Therefore, it
can successfully find out objects in spite of
unstable photographing conditions of aerial
photographs.

In this system, elementary regions, which are
segmented according to the multispectral proper-
ty in segmentation, are considered as the basic
units for all higher level processings. Their
fundamental properties( the average gray level
In each spectral band, size, location and some
basic shape features) are stored in the property
table in the blackboard(Fig.5).

We store LABEL PICTURE
order
among elementary

In the blackboard in
to denote the spatial
regions. It

relationships
Is the symbolic

(a)
(b)
(c)

large homogeneous region
elongated region

shadow region(enclosed by
black lines) and shadow-
making region(black regions)
vegetation region

high contrast texture region

(d)
(e)

Fig.3 Characteristic regions



(a) crop field
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(d) grass land
Fig. 4

(b) bare soil

(e) house

Intermediate results of object detection:

Several reglions are recognized as different objects.
These conflicts are solved by the system(see Sec.H).

LABEL PICTURE

Bate Su
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(c) forest

(f) road and car
(denoted by ''C'")

CATEGORY OF OBJECT

OBJECT

CHARACTERISTIC REGION

ELEMENTARY REGION

............

k s e e ———
— i e e a———

P L S -r--+r- V- it ity

Ifil s[4

PROPERTY TABLE Fig.>

Structure of

the blackboard



iIn an elementary region
region number(

picture where each pixel
Is labeled with the same unique
Fig.6). The reason for this is:
The spatial relationships among regions used by
object-detection subsystems are very different
and depend on the properties of objects they
want to find out. Therefore it is not economi-
cal, and iIs even sometimes impossible to calcu-
late- all spatial relationships in advance. For
example, when we want to estimate the location
of a house by using the regurality of the
spatial arrangement of already recognized ones,
it will take a long time to find a candidate
region of a house if we do not use the two-
dimendional image.

in LABEL PICTURE contains an unique
region number,we can easily get the properties
of the region to which it belongs. On the other
hand, the location of a region in LABEL PICTURE
is denoted by the two coordinate pairs,(BX,BY)
and (EX,EY), in the property table(Fig.7). When
one wants to calculate a new feature of a region,
one only has to scan within the rectangle area
specified by these coordinate pairs(Minimum

Bounding Rectangle). This is very useful to save
the processing time of picture processing programs.

As each pixel

Each characteristic region in the blackboard is
represented by a characteristic region node which
denotes a group of elementary regions. Two-di-
mensional images of characteristic regions can
also be constructed from LABEL, PICTURE. These

are very useful in locating clusters of ele-
mentary regions such as forest and residential

dareas.

recogni/es
generates an object node in the

the object node and its consti-
elementary regions are connected by part/
relations. |If the recognition of an object
the properties of already recognized
recognized object s

When each object-detection subsystem
an object, it
blackboard,
tuent
whole
depends on
ones,

and

the node of a new

LABEL PICTURE:
each pixel in

an elementary
region(enclosed
by black lines)
is labeled with
an unique region
number
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linked with those of old ones(Fig.5). By storing
the history of the. recognition process, the

system c give back the state of the blackboard
to the correct one when it finds out an error in

It.
3, CONTROL MECHANISM OF THE SYSTEM

As each object-detection subsystem recognizes

objects independently of the others, the system
incorporates the mechanism to solve conflicts
between these subsystems.

the field where each
returns one of the

The property table has
object-detection subsystem

following recognition statuses: "unanalysed",
"recognized", "irregular shaped" and "rejected”,
the system checks this field, and if some ele-
mentary region is recognized as different objects
oy multiple subsystems, it evaluates the relia-
bility value of each object to which that region
belongs. Then the objects nodes except the most

and the corresponding
region are changed

reliable one are deleted,
recognition statuses of the

from "recognized" to "rejected".
If there are other objects which have been recog-
nized in connection with rejected objects, the

system also deletes those object nodes by tra-

versing the dependency links from rejected
objects. In this case, the recognition statuses
of their constituent regions are given back to

they might be recognized by
the other objects of

"unanalysed", for
using the properties of
same Kkind.

the

In segmentation are also repaired by the
Object-detection subsystems checks vari-
ous properties of regions to recognize objects.
They returns the recognition status, "irregular
shaped"”, if the shape of a region is not suitable
for an object while all the other properties

Errors
system.

Minimum
Bounding
Rectangle

f't'{l;u'l'[ T b )

8 X IY!EXiEV | p
| ‘ | , P

Y

Specification of the location of an
elementary region in [LLABEL PICTURE

Fig.7



are satisfactory. Then, the system re-analyses
that region by applying the split/merge program.
If the region has the bottle-neck as shown in

Fig. 8, it is divided into small regions. If the
boundary of the region is very rough and irregular
(Fig. 9), neighboring small regions with the
similar color are merged with it. These newly
generated regions are added in the blackboard as
temporary regions and analysed by object-detection
subsystems. If a temporary region is successfully
recognized, it is registered as a new elementary
region in connection with its related object, and
the original region is deleted from the blackboard
If the result of the recognition of the new region
contradicts with that of the original one, the
system deletes one of them depending on the reli-
ability. When the temporary region is not recog-
nized, it is removed from the blackboard, and the
corresponding recognition status ot the original
region is changed to "rejected”.

In the case of Fig. 8, the bottle-neck results
from the error of mismerging two adjacent houses.
When this region is splitted into two regions,
the house detection subsystem comes to recognize
them successfully. The region in Fig. 9 corre-
sponds a crop field, but it is not recognized
because of the irregularity of the boundary.
After the merging process, it comes to take the
smooth boundary, and is recognized as a crop
field.
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Fig.8 Splitting a region with a
bottle-neck
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By the benefits of the above-mentioned control

mechanisms of the system, each object-detection
subsystem can use the properties of already rec-
ognized objects without considering the results
of recognition by the others. The system stops
the analysis when no new objects are recognized.

Fig. 10 shows the final result of the analysis.
Although white regions with no marks are left
unanalysed, we can see that almost all objects
which belong to clear semantic categories are
successfully recognized. (As we do not have the
ground truth data, the evaluation of the result
iIs done by visual inspection.)

6. CONCLUSIONS

The system for the structural analysis of com-
plex aerial photographs has been presented. The
major conclusions on this system are the follow-

Ing:

(1) The focussing mechanism realizes the ef-
ficient analysis and successfully isolates
objects. Table 1 shows the efficiency of this
focussing mechanism.

(2) The production system architecture gives us
the following benefits.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Fig.9 An irregular shaped region:
the central large region is
merged with neighboring samll
regions,



A. Modularity required to

Diverse knowledge

describe the structure of the ground surface
can be individually Implemented in object-
detection subsystems.

B. Model-driven analysis:
ties of already recognized objects
to analyse unrecognized areas and
out contextual-dependent objects.

to find

C. General control mechanism: The system takes
the maintenance

the full responsibility for
of the blackboard. It solves the conflicts
among object-detection subsystems and
corrects the errors in segmentation. |If
necessary, it undoes the content of the
blackboard to remove
These mechanisms of the system integrate
mutually independent object-detection sub-
systems.

iImplemented on a large computer,
CPU time was about 150

This system is
FACOM M-190. The total

sec. in the picture of Fig.l. Experiments on
several different aerial photographs have shown
that this system works fairly well.

e

We can use the proper
In order

the effects of errors.

SCAN AREA CANDIDATE REGION

[ TIME (sec.)

_F

_*

in MBR¥* large homogeneous regions_# 0.14
whole area I;;gemﬁomogeneous regiongi 0.39
in MBR¥* all regions 0.84
whole area all r;gions ' - 28.95

Table 1 Efficiency of

Time denotes the processing time for

subsystem to calculate straightness of
large homogeneous regions,

we focus only on
ing time very much.
* MBR denotes a minimun bounding

the focussing mechanism:

the crop field detection
region boundaries.
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wWe can save process

rectangle(see Fig.7)

Fig.10 Final result of the analysis:

White regions without mark are un-

recognized (20% of the whole picture area)

BS: bare soil
(crop field without plantation)

CF: crop field

G : grass land

F . forest

RD: road

R : roof of a house

C : car

r . misrecognized roof
(these regions have similar multi-
spectral properties to that of true
roof)
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both semantic networks and recently developed Al

procedures into our network notations as FRL and KRL do.

languages.

Jun-ichi Tsujili

Department of Electrical Engineering
~aculty of Engineering

Kyoto University

Kyoto, JAPAN

The S-Net is a descendent of
We are willing to introduce
However, these languages have a

serious disadvantage that the programmer should specify, explicitly by using indicators such

as WHEN-FILLED, TO-F1LL etc., when the attached procedures are invoked.
restriction of system's abilities of solving problems.

always pay attention to the overal control issues during the coding of his procedures.
new formalism, the explicit specification is not necessary.

This results Iin the
To avoid this, the programmer should

In our
The problem solver based on the

S-Net dynamically determines which procedure is invoked when, according to the problem solving

situations, not to the pre-specified indicators.

inheritance through hierarchy.

Is also given.

"« INTRODUCTION

In this paper, we discuss a graphical notation
called S-Net, which results in a foundation for
recently developed Al languages. S-Net is a
descendant of both semantic networks and recent-
ly developed Al languages. Semantic networks
have been developed since the mid-sixties as a
formalism for the representation of knowledge.
Though the original idea of semantic networks

Is intuitively attractive, the recent formalisms
of networks seem to lose the advantages which
the researchers initially conceived. G. Hendrix
[1975], L. Schubert[1976] and others have tried
to formalize their networks based on predicate
logic. As a result, their notations have become
graphical analogues of logical formula. On the
other hand, since the appearance of 'Frame'
[Minsky 1975], great efforts have been made to
develop programming languages and systems which
realize the frame idea [Winograd 1977, Bobrow
1976, Goldstein 1977, Davis 1978]. They all
have a certain data structure into which various
sorts of knowledge, including both procedural
and declarative ones, are integrated. However,
their data structures are based only on the vague
iIdea 'Frame', and, more seriously, lack rigidly

We also discuss the problems of property
The inheritance mechanism provided so far is so restrictive
that the programmer should do all things in his procedures.
inheritance is further augmented by the 'explicit path specification’.
tion of the problem solver, which performs both forward

In the S-Net, the property
The detailed construc-
and backward reasonings appropriately,

defined semantics. Especially, the technique
'procedural attachment', though it is powerful
tool for describing knowledge, makes the situa-
tion chaotic. There are no general mechanisms
for managing the attached procedures appropriate-
ly. In most languages, the programmer must spec-
ify explicitly when an attached procedure should
be invoked. Moreover, most aspects concerning
the control of the interactions among the attach-
ed procedures are also left to the programmer.
As a result, the programmer must always pay at-
tention to the overall control issues during the
coding of his procedures. We present in this
paper a framework called S-Net on which descrip-
tions and operations of these languages can be
appropriately founded.

2 RELATED RESEARCH WORS

Among others, FRL [Goldstein 1978] and KRL
[Bobrow 1977] are the better known examples of
recent Al languages. Because these two have
both the advantages and disadvantages of recent
attempts, we will consider them as typical exam-
ples and compare them with the S-Net notations
throughout this paper.



As Goldstein said, FRL is a programming syster,
rather than a language. It lacks the overall
control mechanisms. It only provides a data
structure and a programming package for manipu-
lating it. The data structure, a frame system,
consists of a set of mutually related knowledge
units called *frame'. A frame, in turn, is an
aggregation of descriptive data and procedures.
The core of a FRL frame is a property list. FRL
generalizes the LISP property list in the follow-
ing ways:

1. FRL supplies a mechanism for inheritance
of properties through a generalization hierarchy.
2. The property value in a frame can be a
procedure which knows how to get the actual value.

3. Procedures can be associated directly with
frames. The programmer is required to specify
explicitly, by using facet indicators such as
$IF-ADDED, $1F-REMOVED, $IF-NEEDED etc., what
sorts of operations on the frames will invoke
the associated procedures.

In short, the essential features of FRL are

1. Inheritance of properties through a
hierarchy.

2. Procedural attachment.
Though these two ideas are intuitively attractive,
there remain a lot of difficult problems before
they can be realized. We will consider these
problems in this section. Note that because we
restrict the discussion in this paper to the
topic of problem solving mechanisms and their
foundations, we will neglect many characteristic
features of FRL or KRL which are very interesting
in their own right.
2.1 Property Inheritance Through a Hierarchy
Fig. 1 shows an example in [Goldstein 1977].
The frame MINSKY inherits the properties STREET,
CITY, STATE and ZIP from the frame MIT-AI. In
FRL, 'the AKO (A Kind OF) link establishes a
mapping by which properties of one frame may be
distributed to related frames. Semantically,

the mapping can represent a set/subset, part/
whole, or other relationships[Goldstein 1977].
(FASSERT MIT-AI
(STREET (BVALUE ( /545 Technology Square/ )))
(CITY (SVALUE ( /Cambridge/ )))
(STATE (SVALUE ( /MA/ )))
(ZIP (SVALUE ( /02139/))) )
(FASSERT MINSKY
(AKO (SVALUE ( MIT-Al )))
(OFFICE (BVALUE ( 821 )))
Fig. 1 Description of an AKO Hierarchy in FRL.
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This approach seems very promising and appropri-
ate. However, some properties can be inherited
through set/subset relations but not through
part/whole relations and vice versa. From the
view point of logic, property inheritance is a
specific mode of inference associated with a
predicate. In a extreme case, for example,
children may inherit their second names from
their parents but not any other properties.

This inheritance rule is associated with a pred-
icate, say, CHILD-OF. In FRL, there are no ex-
plicit provisions for representing such a kind
of restricted property inheritance. The only
possible solution is to embed such a rule in a
procedure (Fig. 2). This solution is not a real
solution of the problem. The programmer should
do all things iIn his procedures. Because prop-
erty inheritance through hierarchy provides only
a very restricted inference mechanism, we need
additional frameworks for supporting other kinds
of inheritance mechanisms.

(FASSFRT HIMAN
(SECONU~-NAME  (SVALUE ! (Get-Name) ))
1_4,-_ —— et e
This procedure will search the parent of the
current Human and get their second name, L
Fig. 2. Restricted Property Inheritance Embedded

iIn a Procedure.

2.2 Procedural Attachment

One of the difficult problems in procedural

attachment is how to decide when a procedure is
evaluated, In most of the Al languages, the
programmer should explicitly specify this.
DAY Frame
Year
Monrh
Day- Number WHEN-FILLED
(CHECK-RELATION day-number, month)
Day-of-Week TO-FILL
(APPLY calender-lookup
TO year, month, day-number)
(APPLY anchor-dnte-method
TO year, month, day-number)
ASCIlIl-form* WHEN-FILLED
(FILL year, month, day-number)

* ASCIlIl-form for July 4, 1978 la 780704.

Fig. 3. Description for 'Day' in KRL.
$IF-ADDED in FRL and WHEN-FILLED in KRL indicat
ors are used to indicate that the attached pro-
cedure should be invoked when a certain value

iIs stored in the slot. However, this ;tyle of



specification is often inadequate. Some proce-
dures should be triggered when more than one

slot is filled. Fig. 3 is an example by Winograd
[1975], The procedure Check-Relation, which
checks the consistency between the Day-Number and
the Month, will be triggered when the Day-Number
slot is filled. Tf the Month slot has not been
filled when the Day-Number is filled, the execu-
tion of the procedure should be suspended, and
resumed again when the Month slot is filled.
The control of such suspension and resuming of
procedures may become very complicated, if it
implemented without any clear formalization.
Moreover, the specification of TO-FILL and WHEN-
FILLED indicators results in the restriction of
the system's abilities. Consider a simple exampl
iIn which we have two procedures which compute the
slot-B's value from the slot-A's value, and the
slot-C's value from slot-B's value respectively.
There are four possibilities to embed such proce-
dures by using TO-FILL and WHEN-FILLED indicators

1S

(Fig. 4]. In the first three, the slot-C's value
can be obtained when the slot-A's value is given.
However, it is not the case iIn the last represen-
tation.
Slot-A Slot-A Slot=-A Slot-A
TO-FILL WHEN-FILLED |WHEN-FILLED TO-FILL
Slot-b Slot-B lot-B lot-B
TO~-FILL WHEN-FILLED |WHEN-FILLED EN-FILLED
Slot-C Slot-C Slot-C Slot~C
Case-1 Case-2 Case-3 Case-4

Fig.4 Explicit Pre-specifications of Invocation

To avoid this, we should carefully distinguish
the two different kinds of knowledge: what logic
al or conceptual relationships the attached
procedure embodies, and when the procedure will
be invoked. It is often known beforehand that
the evaluation of a certain procedure requires
much more resources (time or space) than the
others or that a certain direction of searching
often leads us to success. These sorts of knowl
edge are called 'heuristics' and the programmer?
have been encouraged to embed them in their rep-
resentation. However, it iIs our contention that
such heuristics are only heuristics, i.e., they
may be reflected on the problem solving process
only to the extent that they will not restrict
the system's abilities. TO-FILL (WHEN-FILLED)
indicators not only recommend the backward
(forward) usages of the attached procedures but
also inhibit their forward (backward) usages.

e

619

In short, the pre-specification of the usages of
attached procedures is too restrictive.

Our problem solver based on the S-Net alternate-

ly performs backward and forward reasonings. In
that process, an attached procedure will be

utilized either in forwards or backwards, accord-
iIng to the problem solving situations. In order

to accomplish such mechanism, we introduce the
concept of 'partially instantiated relationships'
in the S-Net, which are dynamically created
during the problem solving process [See 4.1 and

4.2].

3. S-NET REPRESENTATION

S-Net consists of several types of nodes and
links. The node types which are used in the
S-Net are shown in Fig. 5. The Disjoint node
and the Condition node play the role of logical
connectives. They are used for augmenting the
generalization hierarchy (3.1). A property or

a slot is represented in the S-Net by a node
called Property node. All variable nodes in the
S-Net are typed by certain data types. The def-
inition of a type plays a central role in the
S-Net.

A

[[] data tvpe definition node for type A

@ rclation node

A() variable node typed as A

@ disjoint node

O condit lon node

[> property nodse

. constant node or {nstance node

@ partially fnstantiated relation nnde

Fig. 5. Node Types in the S-Net.

A Type Definition node describes the basic-
behaviour of a data type. It corresponds to an
atom in LISP. In LISP, an arbitrary character
string identifies an atom, and all occurrences
of the same character string in LISP programs
and data are represented internally by a pointer
which points to the atom. The behaviour of an
atom is described by the property list attached
to the atom. According to this convention, a
data type in the S-Net is identified uniquely
by its name, and there is one type definition
node for each data type.

3.1 Augmentation of Generalization Hierarchy

Data types can be organized in a hierarchical
structure. We use the term SORT, instead of



AKO or ISA, to refer to the link. In our problem
solving procedure, the hierarchy of data types
plays the central role for distributing proper-
ties, though explicit path specification (See
3.3) will further augment the inheritance mecha-
nisms. When a problem description is given, the
instance nodes of the corresponding data types
are created. Because each instance in a problem
description has its own data type name, the ini-
tial position of the instance in the hierarchy
Is determined by its name. However, the posi-
tion should be determined not only by its type
name but also its whole descriptions. For exam-
ple, the instance

(OBJECT-1  NAVE = ALCOHOL

(! TEMPARATURE) - 28°C) )

iIs identified with the data type ALCOHOL by its
type name. Moreover, because ALCOHOL is a sub-
sort of MATERIAL and because an instance of
MATERIAL whose temparature is between the boiling
point and the congelation point is an instance
of LIQUID, it should be identified as an instance
of LIQUID. All properties of LIQUID should be
distributed to this instance. In order to accom-
plish such an identification process, we need a
framework in the S-Net for specifying when an
instance is located lower in the hierarchy. For
this purpose we introduce in the S-Net a new link
SUBSORT and a new type of node Condition Node
(See Fig. 6). A SUBSORT link is a link from a
higher data type to a lower one. A Condition
Node holds a condition when the transition from
the higher to the lower data type is permitted.
Moreover, because new information about an
instance may be derived during the problem solv-
iIng process or accumulated through the dialogue
with the user, the position Identification may
be performed during the problem solving process.

We often find the following type of declarative
sentences.

Material

Boiling-Point

SUBSORT

BETWEEN

Linuid

Fig. 6. SUBSORT Links with Condition Nodes.
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Acid which dissolves copper is either
Hydrochloric-Acid, Nitric-Acid or
Sulphuric-Acid.

These statements describe mutually exclusive
relationships among sets. A data type and a set
do not necessarily correspond but they are close
ly related.

We call a set of data types 'Disjoint Set', if
the data types in the set satisfy the following
conditions:

1. If an instance is a certain data type in
the set, it can never be other data types in the
set.

2. We can determine the data type of an in-
stance by determining which data type it is not
equal to, i.e. by elimination.

In the S-Net, we represent a disjoint set by a
node called Disjoint Node (Fig. 7). Disjoint
nodes are often useful to inhibit semantically
irrelevant information from entering into the
search space. By combining the Condition nodes
and Disjoint nodes, the generalization hierarchy
in the S-Net becomes very powerful.

DISSOLVE

D Copper
Strong-~Acid
DISJOINT~NODF,
SORT
SUB-SORT
Hydrochloric- Nitric-Acid Sulphuric-
Acid Acid

Fig. 7. DISJOINT-NODE.

3.2 Relation Nodes

A relation node in the S-Net expresses a certain
dependency relationship among the slots, and also
functions as entrance to some external procedures
from the S-Net. Based on the dependency rela-
tionships, the S-Net problem solver determines
how to solve a problem. For each relation node,
a bunch of procedures is internally defined.

The procedures embody how to utilize the relation
In the problem solving. The problem solver
decides which internal procedures is invoked,



based on both the dependency relationships and
the problem solving situations.

Logical predicates of certain kinds, arithmetic
operators, external data bases and procedures in
general are all equally represented in the S-Net
by relation nodes. , A relation node essentially
corresponds to a logical predicate. A logical
predicate extentionally specifies a set, possibly
infinite, of tuples which satisfy the predicate.
We assume that external data bases are construct-
ed according to the relational data model. It
consists of the tuples which satisfy a predicate
or relationship, while a procecure in general
expresses the mechanism for computing those
tuples.

The description of a procedure in a relation node
consists of two parts: Declaration part and Proce-
dure body. The declaration part shows in which
direction the procedure utilizes the relation-
ship. This part, as demonstrated below, is
fairly simple:
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