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Absgraci=- We developed the Graphic Krowledge Base ( GEKB ) methodology and
implentented some shells for (his methodology. The methodclogy allows convenient
represenigtion and tetrieval of Structured and distributed knowledge, The structured
kncwledge representaricn allows Riergrchical and neywOirk repreSeniations of knrw
ledge that can be wSed in tutoring Systems, The disgributed knowledge represen-
tatian allows the deseripton of knowledge cver a pictorigl background which aggin is
Sometimes necessary for effective tutoving systems, Nesting of the same or  diffe-
rent types of kncwledge representations 15 gllowed, Implemented on the large screen,
wwltitasking Sun workstation these shells gre aqn casy o sse, powerful, and cffec-
tive tntelligent imtoring SyStem builder, We describe the graphic knowledee basc
methodology in Some detgil and illustrate it with gbbreviated examples of iutoring

syStems built with the shells that we have developed,

i.INTRODUCTION

With the rapid advances in technologys more and more seophisticated
systems have heen implemented and placed in the market. The learning
curves for the many sophisticated systems are not necessarily very high,
hut the fact that there are so very many such systems makes it rather
difficult for users to keep up-to-date and to be able to take full advan-

tages of these systems,
In recent yearss the discipline of Expert Systems have become popular
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and such systems can serve in place of human experts to dlagnose problems,
provide recommendations, and zo onf2,8.13,15.1671. There are many advan-
tages of using such exprt systems for tutoring, particularly for people fa~
cing the problems of being overwhelmed b+ pumerouns unfamiiiar equipment
and systems that they can or must uce,

Most of the expert systems for tutoring orothorwise are conversational,
The more traditional tutoring systems often follow some definite paths de-
pending on the expected answers from the users ( students ), They are not
flexible enough to allow the users to select own paths of learning at ease,
The users can not look ahead and can not conveniently select just what
they want, The more recent intelligent tutoring systems can respond to un-
expected answers and even unexpected questions, Howevery, such systems

are rather limited in their capabilities in responding to the unexpected-

ness.

People usually can understand aad remember better with a picture,
Graphic techniques are getting used more extensively in computer software
engineering, database design, and many other disciplines for this reason.
When large picture is given, people can also decide from 2 broad context
more comfortab 1y which parts are of interest and which other parts are not,
Such decisions are often best left with the peoples who has natural intel-
ligence, rather than with the computer, There is some knowledge that the
popular knowledge representation methods such as logiell, 4.10,11,142,
frame/semantic network(7,9,17), and prodaction rules (6,123 can not repr-
esent effectively, For example, one can not describe precisely a certain
tree on some mountain without showing a picture of it and its surroun-
dings. These ideas are the basis of our methodology and the shells for it,
which can be used easily and effectively for building tutoring systems.
Our approach in tutoring is some what a mixture of the traditional
frame-oriented CAIl and the modern information-structure orieated CAI as
defined by Carbonell[33.

Qur methodology provides a user-friendly approach to represent know-
ledge graphically on the computer screen., Seeing such graphics & user can
learn sophisticated systems more effctively and can choose the desired
paths or parts to learn.at will, In particulars, when implemented on 2 mul-
titasking workstation and if the object being tutored is 2 computer soft-
ware on the same computer, then the user canm even c¢xzperiment the soft-
ware simultaneously on the same computer as he is being tutored, This will

make the totoring system even more effective,
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2, THE GRAPHIC KNOWLEDGE BASE METHODOLOGY

Qur methodology includes two components, One component is the repre-
sentation of knowledge, Another component is the architecture of the sys~-
tem that supports such a representation and the corresﬁudding anpplicationd,
We describe these two components in this section, We have also imple-

mrented some shells to illustrate our methodology., They are desceibed in the
next section,

2.1, Knowlebge Representation in the Methodology

A tutoring system requires that the krowledge on the -object be: repre-
sédted in some way so that' the student can easily absorb the knowledge
and ‘become versed in it, Knowledge representation in our methbdology
currently takes two forms, They are the structured Graphic Kwowledge Dase
{ 8GKS » and -the Distributed Graphic Knowleige Bgse ( DGED j represetations.,
Both of them communicate . with users using graphics represented on what
we eall a Canvas, The basic constituents of knowledge representation -in
our methodelogy include Elememts which represent objlects, Text Files
which provide detailed textual descriptions for elementsy, Arrews which
form structures in the SGKB representation, and Picforial Images which
from the Bagckgroundi of the DGKB representation, Different knowledge

bases can be interconnected disregarding their forms of represeatation.
2.1.1. Basic constituents of the knowledge representation

2.1.1.1, Elements, the basic objacts

Elements are the basic objests in the graphic k:;owkedge base that may
appear in a picture and may be described by some texts, Each element has
a name, Fach tlement may have an associated text file that _pro\nide;s the
desired description, For convenience, an eclement can be split into sewe-
ral., An element can also represent another praphic kpowledge base and a
user can proceed from an element to another graphic kaowledge base,

Elements also provide the entytles for search during tutering., A user
¢an search visually im the graphic representation of the kuowledge base or
rely on the assistance of the computer when the name of the element is pro-
vided to the shell,

The names of elements need not be unique in any graphic kpowledge
base, there may be situations in which it is more appropriate that diffe-

rent elements bave the same name, The graphie contexts andfor the associa


http://www.cqvip.com

| Stewart N.T,.Shen™: FETFAHEA M2 o ﬁE f.”ll‘) "y n

-ted textual desecriptions can differentiate these elements. Thzs s1tuatmn
corresponds to our konowledge of the real world environment, For examples
a cartain part may contain four identical screws, There istypically no need
to names: those screws differently except to show them in differcat posi-
tiens of the part, Ly

. o

2.1.1,2, Text files, the detailed descriptions of elements

_ Natural langudge is a powerful tool for representing and communicating
knowledge, . Thus we allow the use of natural language and have the desc-
ription of eloménts in natural language stored as text files, Mathematical
formulas representaf;ie as text strmgs are of course alvo allbweldl, Every
element may have a8 aSSOCIEtEd text file, With text files, 8escriptions-6f
arbitrary lengths can be afcommadated and can bd retrieved adnd'updated
convemeni!y on the co:ﬁputér with the help of a text editor, Weh ave de-
veloped some conventions for sesthetic represehtatlon and efficient search,

but they are ' somewhat suhectwe snd 1mp1ementat‘f‘on ‘dependent thus we

T ;

are not to describe them in 'hem.

2.1.1.3. Arrows, the structure formatlow ingtadlent

We use kézr'r'oirs"'_'to“'?éfin structures im the SGKH, I»n most cases, arro-
ws lead‘mg i’rom oné &ledtent to other elements indichde that these other
elements are sutme:sors of su'[ﬁcomponents in some sense. However 'weé use
horizontal arrows, ‘arréws con:ung out from ad elemedt in the graph hori~
zontally, at Yeast 1n1tlaﬂ}, tb link to other elements fhat are split from
the source element, P*,S mentmneﬂ_ before, an element can be split into se-
veral jﬁétLfor"c'ci_n%enilence.: This is typitally to highlight differeat aspects
of the Whole element, These split elements map be needed by 'the usér on
their owh, withodt netling the' dther parts of the' whole element simulta-
n:aogsl'y.'ﬁ:"'roiﬁ'sﬂ'é"ré useﬂ’én’ly*'in'ﬁ:'e SGKB, ndt 7% the DGKB,

'Thé strdetared ‘graph’of d SGKB is to be dispfayed 'to a’tzer to faci-
fitate the uter’$ ﬁﬂﬁerét&ndiﬁg'df'the problem domain and 'in his searching
the knowlétlge base' vidially £6r desired knmowledge. This is ditderent frém
many other systems such as the database management s¥stethy and the sys-
tems usmg sémantic nbtwnrks. Sucl s¥stems do atilize structures' bub the
structurés are' rot Hikplayed to the lsers for their benefit in understanding
the systems,’ Tile hypérté:':t‘l techoolog¥(63 s very powerfil and is liked by
many users, But ’it'“typically does not provide the structural view visunliy
Fo'the uder this it wéaket ifi a way than our methodology, -


http://www.cqvip.com

22 o OB R % O#® 6%

2.1.1.4, Pictorial images, the background

Pictures are more effective in representing knowledpe than any other
method in many sitnation, No one can give a very clear description of
most physical objects in practically any method without using a picture,
Thus in our methodology we include pictorial images as the backgrounds of
the DGKBs,

The pictorial images may be drawn by 2 teacher, or the creator of
the tutoring system, with a mouse or other devices with the help of the
graphic packages of a computer system, They may also be the products of
some digitizers, Eaxmples of the pictoral images are the sketch of a bunil-
ding and a digitized photo of an antomobile,

Pictorial imapes are used to serve as the backgrounds and elements dis-
tributed over a background form a DGKB, We allow appropriate backg-
rounds to be superimposed to form another background, As ao example, a
background of the outline of a house may be superimposed with another

background of the windows of the house to form a new background,

2.1,2.The Structured Graphic Knowledge Bases

The first type of knowledge representation in our metnodology is the
SGKB. QOur philosophy in here corresponds to a cognitive model of the com-
munication process which explains that reading is taking the linear stream
of text comprehending it 1s by structuring the concepts hierarchically, and
absorbing it into long-term memory is in the form of a network, Thus the
representation of knowledge in the structured form is very easily under-
stood by humen and is casy for them to remember. It is very suitable for
tutoring systems,

The basic building blocks of the graphic knowledge bases are elements,
Every element is graphically represcoted by a box in this type of knowl-
edge representation, Inside the box is the element’'s name, The detailed
description of an element is given in its associated text file, An element
may be expanded to one or several other graphic knowledge bases, either
structured or distributed,

The structure of 3 SGKB is formed by using arrows to link the boxzes,
The structure takes the form of networks, The interpretation of a met-
work is left to the tutoring system creator and the user. However, in our
methodology we recommend to represent successors, subcomponents, spe-

cial cases, and so on 25 the descendants of ap element and typically draw
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them a little lower than the parent in the graph.

1f a SGKB is represented as we recommend then the knowledge associated
with a parent and its split twins are generally considered the generic know-
ledge and the knowledge associated with the descendanis are specific know-
ledge, In case of 2 conflict, the specific knowledge supersedes the gene-ric
knowledge., We give an example of such representation in Figure 1.

The example in Figure 1 illustrates part of a SGKB which is part of
a tutoring system teaching users about how to prepare a lechnical paper
using the troff, table, picture, etc, facilities in Unix, For example, in it
we illustrate that a paper has four types of components, Each section of
a paper again contains four types of componeants, In support of each ele-
menty there is an associated text file that describes the knowledge, in this
case, the instructions about the corresponding element Spacings, Size, and
so on are highlighted and¥they are generally applicable to all the com
poaents of the element Paper,

For aesthetic reasons or for overcoming system limitations an element
cap have its “descendant subgraph” constructed physically in another part
of the canvas, or on another canvas asadifferent graphic knowledge base,
Tt Figure i, the element Paper® has two trailing asterisks in the name.
It illustrates that this element is the expansion of another element named
Paper®, same name with a single asterisk, somewhere else on the same can-
vas, The clement Picture® has a single wrailing astervisk, It illustrates
that this element is expanded into somewhere else at Picture®®, We dis-
cuss in more detail the intercomnection among graphic knowledge bases in

a scparate section below,

2.1.3;The Distributed Graphic Knowledge Bases

A DGKB is meaningfu) only when it is matched with a compatible
background, We mentioned earlier that appropriate backgrounds may be
superimposed together, Multiple compatible DGKBs can be matched with

a single background simultaneously.

2.1.5.1, A Distributed Graphic Knowledge Base and ifs compatible backgrounds

A DGKD consisis of elements that are built over a given background
and we call this background the Source Background of the DGKD so created,
The elements are to identify the objects in the source background.

Each element has a name aund may be associated with a text file which

provides the detailed description of the element, On the canvas. an ele
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ment is represented by any of the available icons provided by the shell,
The icons are typically rather small and the name of an element is disp-
layed only when a user presses a button when the cursor of the mouse is
pointed at the icon. ot to display ihe element names continuously is to
enhance the clarity of the background,

A DGKB is said to be compatible with its source background, A DGKB is
also said to be compatible with any background that is created by super-
imposiag its source background and other appropriate backgrounds, We al-
low that a DGKPB be matched with different compatible backgrounds to

ephance the power of the system,

2,1.3.2. Superimposed Distributed Graphic Knowledge Bases

We also allow multiple DGKBs to be superimposed on one background,
as long as the background is compatible with all these DGKBs,

When multiple DGKBs are superimposed on one background, only. oge
of them is acttwe at 8 time, Oply the aetive one can be used by the user as
usual, The inactive ones serve as a pseutdo background which may assist
in the visual understanding by the user of the problem environment, For
examples, we may have a background of a paval ship, Several DGKBs such
as oue for fire power systems, ope for ammunition storage systems, and one
for fuel storage systems may all be superimposed on the same background,
An officer may see the distribution of other systems over the same back-
ground while being tutored on any one of them,

The limitation of haviog only one active DGKB at a time is for effi-
ciency and effectiveness, The icons of the active one cover those of the
inactive ones in case of overlapping, We allow the activation of any sup-
erimposed DGKD at the clicking of a button. Thus tﬁis limitation only

provides more eonveoience,

2.1.4, The Interconnection Within and Among Graphic Knowledge Bases

Elements within a2 knowledge base may be interconoected in different
ways. lo the DGKB, elements may be connected symbolically, not physi-
cally, only, The text file associated with ao element may specify how to
conneect to other elements either in the English ( natural ) language or use a
shortened notation which is simply to follow the names of the other ele-
ments by single asterisks enclosod in pairs of parentheses, With the gi-
vefl names, & user can request the system to search for the coanected ele-

ments, The section on the Elements List Frame given below further clari-
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fies the aspect of searching, For the DGKBs: we zenerally use cueway lin-
kage even though linking backwards is aiso possible.

The SGEKB uses the same method above and alio the physical arrows
shown in the graph far this parpose. Additioonlly: aa element uame may
be followed by a single asterisk to indicaie linkinpg ( expanding ! to some
other place or may be followed by double asterisks to indicate limkiap
{ expanded ) irom some other place as illustrated in Figure 1 carlier,

A Graphic Konowledge Base needs oot to ead on one canvas, An element
in any Graphic Knewledge Base canm be expanded into ancther ome also
through the description in the associated text file, In other wordsy the
text file of any element can provide the mecessary iaformniion to allow the
loading of another Graphic Knowledge Base, possibiy with g new back-
ground, This intercoanection can be done from a Graphic Kpowledge Base
of any type to another in any, the same or a differeut, type.

Thus an element in the SGKB may be extended to or deseribed by ano-
ther SGKB or DGKB. The same is also true ifor an element in the DG-
KB, This interconnection can be done to zmy level., Hence knowledge re-
presentation io our methodology has full flexibility. As an example, we
can find an element from the graph of an airplane: Lhen get into the struc-
tured description of how to inspedt this section of the airplane, and fur-
ther get into the graphic description of the details of certain part of that

sectiony and this process can continue on as necessary.

2.2. The Architecture of the Graphic Knowledge Base Sysiem

The overall architecture of the Graphic Knowledge Base System con-
tains three parts., Ope part i the user interface which contains the facili-
ties for the system to ccmmunicaté with the users, Another part is the
shells ased to carry oul the processes of buildingy updating and wetilizing
the knowledge bases. The third part is the database that contains the fi-
les for the knowledge bases and the backgrounds,

2,2,1. Shelis for the system

We propose that separate shells should be ysed to implement this me-
thodology. QOne reason for doiag so is that each of the shells is powerfui
enough for a broad field of applications, The different shells can be used
for purposes other than tutoring.

We propose to have two shells for the SGRDUs and two olher shells for
the DGKBs, For each type of the knowledge bases, We use one shell for
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creating or updating knowledge bases aad another shell for the users to con-
sult the knowledge bases when being tutored. Even though the shells for
building and updating knowledge basescanbe very simple aad user-frisadly,
the shells for ordinary users used during tutoring sessions caa be so ex-
tremely simple and easy to use that truly no trainiag taking more than =a

few minutes can enable any user to be on his owa,

z2.,2.2, User interface

Even though we recommend using separate shells for the system, we
propose that the user interface for the differeat shells should have com-~
mon basic facilities so that switching from one shell to another should sot
cauyse any problem for the users, The commands in different shells should
be similar or identical wheaever possible, In fact in our plans, the next
phase of the system would pravide an additional command ina DGKB shell
to call a SGKB shell and wice versa.,

The user interface is proposed to contain three basic types of facilities,
the Graphic Knowlvdge Base Frame, the Element Description Frame, and the Ele~

ments List Frame,

2.2.2,1. The Graphic Knowledge Base Frame

The Graphic Knowledge Base Frame contains three parts, The major
part is the Graphic Knowledge Base ('gnvas Window, This window is used to
disptay the grephic knowledge base and the backpground; incase qf the DG-
KB, It is scrollable in both horizontal and vertical directions, Thus the
canvas on which a Graphic Knowledge Base is displayed is not limited hy
the size of the screen,

Another part is the Commands Pgnel. This panel contaias the bullets for
the commands to be used for working with this frame, and the commands
to create the other two types of frames, A command can be executed simply
by pressing the left button of the mouse when the cursor is at the bullet,
Help information for any command is available when the right button is
pressed instead, For some commands; & pull-down menu may come up allo-
wing the selection of a subcommand,

The last but net least is the Messages Panel, This paanel provides the
relevant information such as the current directory, the names of the know-
ledge base and the background, Warning messages and status iotormation

are provided through this panel too,

P e T o el R ERTEEME + A rAAr T W Ry =T P e
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2.2,2.2.Tha Element Description Frame

Cne or more Element Description Frames may be requested by a user.
This frame includes a Commands Panel for the bullets of available com-
mands for this frame, and it alsc has a scrollable text window. The text
window allows the display and update of the text file of the associated
element and it should accommodate a powerful text editor,

A frame is created at the clicking of a button. The last created Ele-
ment Deseription Frame is the actfve irame until another is created or so-
me pther one is activated by the user. In other words; only one of them
may be active at a time, The inactive frames kecp histarical data while
the active one is associated with whichever clement that is selected as
the current element by the user, The user can select a current element at
the clicking of a button and can delete or activate any of the frames in
existence as desired in the same way,

Allowing more than one Element Description Frames to coexist provides

the opportunity for the user to examine different elements simultaneously,

2,2.2.9.The Elements List Frame

The user can optionally create the Elements List Frame by clickiag
a button, The frame also contains a Commands Papel and a scrollable text
window. The text window provides the list of names of all be elements
in the active knowledge base inp lexicographic order, After clicking ihe
left button at any selected name by a user, the Canvas Window in the
Craphic Knowledge Base Frame will automatically be scrolled so that
the selected element will be approximately centered in the window and
the element will blink for attention, The element so selected also beco-
mes the current element and its associated text file is displayed in the
active Element Description Frame., This facility allows prompt search
when the name of the desired element is known exactly, approximately,
or vagualy,

We allow different elements in the same knowledpe base to have the
same name as explained earlier., In utilizing the Elements List Frame,
if a user continues to select the same name for which more than one ele-
ment exists then these elements will be selected in a circular order, This
facility is very useful, particulirly in DGKBs when the uwscer knows the

name but does not kuow the location of the elements over the background,
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2,2,83.The Database

A database is to be organized to store all the files for the system im
plemented in our methodology., The structure of the database is implemen-

tation dependent thus we do mot give any further description of it,

3., EXAMPLE GRAPHIC KNOWLEDGE BASE SHELLS

A few shells have been implemented to illustrate our methodology.
They are all implemented on the Sun workstation using Sunview faciliti-
es under the Unix operating system,

The choice of the environment for our implementation is based essen-
tially on the sophistication of the environment and the large screen om the
Sun workstations, With the many tools available from the Sunview, we
gained a lot of power with a moderate amount of progremming efforts,

Gur shells-are fally integrated with the Sunview facilities thus the
user ¢an move frames, resize them, move texts from windows to window,
and so on with only the clickings of buttons. The shells mre very easy to
lean, and our experience tells us that most people can be taught in a few

minutcs,

3.1,7The. SGKBSA and the SGKBSB

The shells for the SGKBs are called SGKBSA, the Sunctured Graphic
Knowledge DBase Shell A, and SGKBSB, the Structuyred Graphic Knowle-
dge Base Shell B, SGKBSA has the full capabilities and is good for kpow-
ledge cngineers or the creators of the tutoring systems, SGKBSE is basi-
cally a subset of SGKBSA and is used by ordinary users for comsulting
during tutoring only,

Io both shells, exactly the Graphic Knowledge Base Frame, the Ele-
ment Description Frames; and the Element List Frame as described earlier
auare used for user interface,Figure 2 illustrates the frames in SGKBSA witha
SGEKB shown, As mentioned before, the example illusirates part of a tu-
toring system that teaches users to uwse the troif, picture, table, ete,. fa-
cilities in the Unix operating system to prepare a techmical paper,

The major part in the figure is the Graphic knowledge Base Frame,
The lower left corner of the figure shows an Element Deseription Frame,
and ahove it is the Elements List Frame, In the figure, the current ele-
ment is “title” thus the Element Deseription Frame shows the toxt file of

that element. Notec that many terms in the text file are followed by aste-

B L e i e e LY R T L T L] ~m e
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risks enclosed in parentheses, They indicate to the user that to find more
information on them the user just needs to look into those elements, The
user only needs to select the appropriate element name in the FElements
List Frame by clicking the mouse and the Canvas Window in the Craphit
Knowledge Base Frame will automatically be serolled so that the selscted
element is situated approzimately in the center of the window and the co-
rtesponading box blinks a few times for attention) and the element will be-
come the current element, Both text windows in the figure are dcrollable,
All the frames can be moved and resized,

3.2.The DGKBSA and the DGKBSB

Distributed Graphic Knowledge Base Shell A, DGKBSA, and Distribu-
ted Graphic Kidowledge Base Shell B, DGKBSB,; are the two shells for the
DGKBs, Again, DGKBSB is basically a subset of DGKBSA and is particu-
larly easy to use, They again use the three types of frames for nder in-
torface described ni the methodology section eaplier, DGKBSA also uses an
additional frame, called the Element Name Frame, just to allow the know-
ledge engineer to specify names of the elements to the shell.

Figure 3 illustrates the DGKBSA, Only two frames bearing most impor-
tant information about our example are shown., The background shows a
photo of the planet Saturm and its six major satellites, The triangular
icons are placed next to the elements to be described, In the example, the
current element is Saturn and its associated text file is displaysd in the
Elament Description Frame,

4, CONCLUSION

We have been using our methodelogy to ercate tutoring systems to teach
people to use the troff in the Unix system, the Sunview - facililiss, the
Emacs text editor, and other software packages. We ¢onsider our tutering
systems to be also intelligent tutoring systems due to their fiexibility in
responding to user peedsy, We also bave used it to store the knowledge of
how io use miscellaneous simple systems, These systems allow and require
the wsers to utilize their own intellipence and comnion sease while being
tutored. We believe this approach is more challenging to the users and
helps them remember better what they have learned, Imwaddition to using it
as & tutoring system builder; we have used it to create systems to keep
irack of research and project activities, YWe alse used it to build systems

to tell ourselves what to do in cases ol different expected activities.
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Qur experieaces with this methodology have been very pleasant,

Qur methodolegy is a good intelligent tutoring systems builder, Yet the

potential applications of our methodology are not limited to building tuto-
ring systems but are extremely broad, Together the SGKBs and the DGKBs,

can be used to store efifectively existing expert knowledge, describe fluently

knowledge on new systems or phenomena, and instruct lucidly most subject

mattersy; We can develop Graphic Kpnowledge Bases for disgnosing and

repairing equipment, instructing the cperation of sophisticated systems or

facilities, describing the organizations or compositions of systems, helping

people find locations on a map, and so on so forth,
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