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Abstract

A programming tool, the Graph Design Assistant (GDA),
for a special-purpose dataflow language was designed and
implemented. The motivation for the effort was the need to
construct a robot simulation facility which will assist in
the development of effective algorithms to plan and control
robot movements.

An Evans and Sutherland PS300 graphic workstation is

used to display animated robot simulations. The Graph

o

Design Assistant was developed so that researchers could
program robot simulations on the PS300 without having to
learn the intricacies of the PS300's dataflow language.

The Graph Design Assistant was implemented on a "Lisp
machine" using a knowledge engineering tool. The result of

the effort was a prototype system to be used as the basis

for further development.
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3 I. Introduction

2

'ﬁ? This thesis describes an investigation into the

;gg methodology of computer programming. There is a critical
2% t need to increase the power of our programming tools. John
;& Backus has stated '"there is a desperate need for a powerful
:EE . methodology to help us think about programs, and no

;; o conventional language even begins to meet that need"

% (Backus, 1978:614).

ﬁik This thesis deals with a specialized problem,

;); programming a graphic work station using a special-purpose
\y. dataflow language. The result of the thesis effort was the
;EE development of the Graph Design Assistant (GDA). The system
P acts as a programmer's assistant, which guides and advises
i;ﬁ the programmer as he interactively builds a dataflow

éii program.

Although GDA was intended to solve a rather specific

ports

Ay

problem, the experience gained and the resulting system is

... -
_ﬁ
Py

applicable to many complex design tasks.

T

]
.
e
Ve

N

e
L

P
PEni
b AL LS P

o K]
- d

“a
W

*a\ Y

Catam

A ‘l\y! RECEALY T AT AT M
\ '.95.., ALY A SLG LS 06N .l‘c‘ﬂ 2 ’I'. W,

o>
4"

. \" R T T A N T T N T R
% « ooy RN Ve T e e T e L e e T T T e e e ™
AR SRy oy v RN T B SR
N e M 2 i 3 g



T TRy s, g cal vaw <ol valt can Sl balt Sall ol Salh el aale halu el Snl Shbi ol Sl Shih Sl Sbi Sl Al IRl 2l Ba ALl BRI AR . |

1.1 Background--A Robot Simulation Facility

The motivation for this thesis effort is to provide a
robot simulation facility for the Air Force Institutes of
Technology's Information Sciences Laboratory. The ability
to simulate a robot is important for the development of
robotic planning and control algorithms, the development of
new robots, and for off-line programming of existing robots.

Current robots can perform well defined tasks, but
perform poorly in uncontrolled environments (Brady 1985:80-
81). A robot simulation can be useful in the development of
robotic control and planning algorithms to deal with complex
situations.. A simulation facility would make it possible
to test algorithms without having to actually build a
physical robot.

A robot simulation facility can be used in the
development of new robots. Different designs can be tested
before the actual robot is constructed.

A simulation facility is even useful for existing
robots. Control programs for existing robots can be
developed and tested off-line (independent of the existing
robot). This capability will be important in industry

because it can prevent losses caused by removing an

expensive robot from service in order to program it

(Thomsom, 1984:335-336). In addition, because software

errors may cause hazardous situations with a real robot, a
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simulation can be used to thoroughly test new software in a

safe environment (Pinson, 1985).

1.2 Problem

The specific problem addressed by this thesis effort is
the development of a programming tool for constructing
special-purpose dataflow programs. The dataflow language is
a special-purpose language used to program an Evans and
Sutherland PS300 graphic workstation.

Thus, the objective is to allow researchers to program

a robot simulation on the PS300 without having to learn the

intricacies of the PS300's dataflow language.

1.3 Scope

The task of producing a general purpose automatic
programming system is difficult. Most of the existing
efforts are experimental and are capable of solving small
problems (Partsch, 1983: 229). One effort has been underway
for 15 years and has just recently produced an "operational
testbed" (Balzer, 1985:1257). Rather than attempting to
fulfill "that ever receding goal of automating the
programming of everything the user wants with a minimal

amount of specification'" (Kant, 1985:1371), the scope of the

Graph Design Assistant was limited in several ways.
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The product of GDA is a program in the special-purpose
dataflow language. Dataflow programs are easily represented
with graphs; therefore, a graphic representation was devised
for the user to manipulate.

The application domain has been limited to producing
robot simulations. This restriction is not unreasonable, in
fact, it has been suggested that in order for an automatic
programming system to benefit the ''computationally naive
user", the system must contain domain-specific knowledge
(Barstow, 1985:1321).

Another limitation on the scope of the effort is that
the initial version of the Graph Design Assistant is viewed
as a prototype. One view of prototyping is that its purpose
is to produce a specification for a system (Floyd, 1984:9).
As such, this effort was to produce a complete "outline" of
the system that will demonstrate feasibility and serve as a

specification for further development.

1.5 General Approach

The approach in the development of the Graph Design
Assistant was to focus on the construction of an interactive
tool that is a "mix of human and machine power" (Kant,
1985:1373). The system is was designed to fit somewhere

between the extremes of conventional compilers and fully

automatic programming systems.




In the interactive environment of the Graph Design

~Ty
k§' Assistant, the user specifies a program by building a graph

on the screen. As the graph is built, GDA checks the

rﬁ "consistency" of the graph and notifies the user of any
3!
RS problems.
) . : .
r\ With GDA, much of the programming process involves the
Yl
.\‘. . R . 2
AN selection of "plans" from a library. The term plan is used
) "'h‘b.
.
9”} to mean a "standard form" (Rich, 1981:1044). A plan is
e instantiated and then expanded (like a macro) to form a
ﬁ;; portion of the graph. At the top of Figure 1.1 is a graph
7?% network with nodes N1, N2, N3, and N5. The user has
S selected a plan PLAN-4 a placed it in the network. When the
ot
tene plan is instantiated, it "unfolds" to create the graph at
2 c:; the bottom of Figure 1.1.
KFJ There are many different approaches to the development
ﬁ}j of programming tools. Some approaches are similar but are
E;' described with different terms by their designers. What
- follows is a comparison and contrast between several
?3 approaches and the Graph Design Assistant.
s d .
2 Conventional programming tools. Conventional
o
= programming tools consist of high level compilers and
,53 interpreters, and utilities such as program editors, library
. managers, debuggers, etc. Of all the approaches that will
,{% be discussed, the conventional approach relies most on the
L .
v
}J *'
.1: user's decisions.
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Figure 1.1 Plan Instantiation Example

Compilers have been developed specifically for dataflow
computers that accept a language similar to ordinary
procedural languages (Ackerman, 1982:15-16; Veen, 1981:130).
There has been one effort to develop a compiled language
specifically for the Evans and Sutherland PS300 (Yamaguchi,
1985:48-60). Although this may benefit the user who is
familiar with the PS300, it would still require considerable
effort for a new user to learn the language. An objective

of the Graph Design Assistant is to allow a user to use the
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PS300 without having to learn the syntax of a textual
language.

Program Transformation Systems. Program transformation

systems form a broad category of programming tools.
"Transformational programming is a methodology of program
construction by successive applications of transformation
rules" (Partsch, 1983:201). The instantiation of a plan in
the Graph Design Assistant can be viewed as applying a
transformation to the functional network graph. In some of
the program transformation systems the user selects trans-
formations from libraries or catalogs (Partsch, 1983:206).

This is similar to the selection of plans in GDA.

Programmer's Apprentice. The Programmer's Apprentice

(PA) is a project developed at M.I.T.(Waters, 1985:1296).
The PA can be classified as a program transformation system
(Partsch, 1983: 224). It is included in a separately in
this section because its approach is similar to that of the
Graph Design Assistant. The Programmer's Apprentice "lies
somewhere between language-oriented programming tools one
hand, and automatic programming tools on the other" (Rich,
1978:444). The Programmer's Apprentice is designed to
interactively aid and check the work of a programmer; it

keeps track of details and frees the programmer to

concentrate on the hard parts of the problem (Waters,

1985:1296).




.......

Graph Grammars. There has been work in the theory of

graph grammars which is relevant to the Graph Design
Assistant. Graph grammar theory is uses dimensional graphs
in the same way that Formal Language theory uses one
dimensional strings (Ehrig, 1978:9). It has been suggested
that graph grammars would be useful in the generation of
programs, given that so many of the programming aids (flow
charts, structure charts, block diagrams, etc.) are in the
form of graphs (Nagel, 1979:71). In the case of dataflow
programming languages, graph grammars are particularly
appropriate because dataflow programs are easily represented
with graphs (Davis, 1982:26).

A System for Interactive Design (SID) is an example of
a system which uses a graph grammar as its basis (Kunii,
1980:33). SID has been used to design hospital information
systems (Kunii, 1980:33) and petrochemical plants (Buchmann,
1979: 732).

In the design of the GDA, an attempt was made to define
the grammar of the PS300's dataflow language as a separate
part of the system. The objective of the separation of the
grammar of the FGN language is that the GDA system could be
used for other purposes by replacing the grammar definition.

Visual Programming. A recent term which has been used

to describe some programming systems is "visual programming"

(Jacob, 1985:51). The idea is to construct programs by

creating and editing diagrams rather than text. Others have




stated that since a dataflow programs can be viewed as a
graph, it would be advantageous to do away with a text
N\ representation and directly manipulate the graph (Davis,
» 1982:27).

b The Graph Design Assistant presents the dataflow

program to the user in the form of a graph. The user

, creates and edits programs by making changes directly to the
o
v graph.
9]
o
,j 1.5 Sequence of Presentation
s
q
8 Chapter II presents the requirements definition by
3 examining the needs for a robot simulation facility, and for
- e{; the Graph Design Assistant. The system architecture and
’
A overall design of the GDA is presented in chapter III. In
! L : :
N addition the development strategy for GDA is described and
1
s justified. Chapter IV discusses the detail design and
» implementation of the Graph Design Assistant. Finally, the
o results, conclusions and recommendations are presented in
. chapter VI.
2
3
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II. Requirements and High-Level Design

The first step in the design of the Graph Design
Assistant was to define the requirements for the system.
Requirements are a description of a system to be build
(DeMarco, 1979:412).

The first section in this chapter is a description of
the general requirements for the robot simulation facility.
This provided the context for the Graph Design Assistant.
Next, the Functional Graph Network (FGN) language is
examined. FGN is the desired output of the Graph Design
Assistant; therefore, it is a major factor in the
determination of the performance requirements for GDA.
Next, the specific requirements for the Graph Design
Assistant are outlined with a series of design goals.
Finally, an example scenerio is used to make explicit the

interactive user requirements of GDA.

2.1 General Requirements for a Robot Simulation Facility

The requirements for the robot simulation facility were

driven by the anticipated users of the system. Three

different "user roles'" were defined. Each role corresponds
to a specific purpose for using the simulation facility.

The three roles are Robot Display Designer, Robot Control

10

& ;- SN R . .
nu“?‘l p .!':‘I * \;.‘- .

ey
AT 0



'~

A
A

,,-,-,
A

AL
-

- “
. & ‘:‘*:f‘r\‘
et

o
I‘.
+ 1 n
a
l')

-’.i
-

Y
2

XX
AN

b8 A

3 .
¢ F o
‘

&

. ™ D R R s B PR T e e T W
% " “ { ‘.. o4 ,;1".1‘.'\' -‘-
o 0\ bl S al

Program Developer, and Robot Model User. Figure 2.1 is a

diagram which shows the three different user roles, the
processes which comprise the system, and the output from the
processes.

Robot Display Designer. One function the robot

simulation facility must perform is to allow for the

creation of robot models. As shown in Figure 2.1 there are
two processes involved in the creation of a robot simulation
model. They are the Display Tree Design Tool and the Graph

Design Assistant.

USER ROLE PROCESSES QUTPUT
GRAPH DESIGN _ FGN PROGRAM
ASSISTANT > *ANIMATE ROBOT"
ROBOT DISPLAY
DESIGNER
DISPLAY TREE _ DISPLAY TREE
IE&G:KmL ©  ‘ROBOT TREE'
ROBOT CONTROL ADA PROGRAMMING R ADA PROGRAM
PROGRAM DEVELOPER TOOL * *CONTROL ROBOT"
ROBOT MODEL DISPLAY OF
USER ANIMATED ROBOT

Figure 2.1 User Roles in the Robot Simulation Facility
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The first process used by the Robot Display Designer is
Display Tree Design Tool. The processes allows the user to
design and edit display trees. A display tree is a data
structure which contains the three dimensional coordinate
information which defines the shape of the image. When the
display tree is loaded into the PS300, the image is
displayed on the PS300's screen. In the example shown in
Figure 2.1 the display tree is named "Robot Tree"; it
describes the shape of a robot.

The second process used by the Robot Display Designer
is the Graph Design Assistant. With the GDA, the Robot
Display Designer creates a functional graph network, named
"Animate Robot" in the example in Figure 2.1, which
controls the movements of Robot Tree.

The two products created by the Robot Display Designer,
together define the animated robot model. When loaded into
the Evans and Sutherland PS300, the display tree defines a
three dimensional image of a robot, and the functional
network controls the movement of the robot.

In the example shown in Figure 2.1, the robot model is
designed to interface to a robot control program running on
the host computer connected to the PS300. It should be
noted, however, that it is possible to design robot models
that are controlled directly through input devices on the

PS300. The assumption in the example is that the users of

12
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i&% the robot simulation facility have an interest in developing
RN RS
§V3 MO robot planning and control programs.
Robot Control Program Developer. Another role that a
user of the robot simulation facility might assume is that
;ff of a Robot Control Program Developer. In Figure 2.1, the
';z. Robot Control Program Developer is using an Ada programming
W)
e tool to develop a program named Control Robot. (The program
kf@ language Ada was choosen as an example, in fact, other
vy programming languages could be used its place.) 1In Figure
‘¢b; 2.1 the robot simulation model created by the Robot Display
o
b Designer would be used to test the program "Control Robot".
| g
T Robot Model User. The last role defined for the users
tage
.%Q: of the robot simulation facility is that of the Robot Model
¥ \\.
- i“ User. In this role the user gives high level commands to
. : "Control Robot". The process "Control Robot" gives lower
“
?53 level commands to "Animate Robot" to cause the simulated
\.I.. .. '
a3 robot’'s movements.
®)
e As can be seen in Figure 2.1 the Graph Design Assistant
T
- is part of the process used by the Robot Display Designer.
L
-,,‘:k.
e The purpose of GDA is to create a functional network which
Ty controls the movements of the animated robot. The
g
'4&: functional network is created using a special-purpose
o
‘;Ef dataflow language named the Functional Graph Network (FGN)
'iiﬁ language. The next section describes this language.
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2.2 Functional Graph Network Language

The Functional Graph Network (FGN) language is the

-Jr"l

special-purpose dataflow language which is used to program

Dl

the Evans and Sutherland PS300 graph workstation (Davis,
1984). A FGN program consists of a series of statements
which are instructions to the PS300 to construct functional
networks and display trees within the PS300's memory. Once
a network and display tree are in memory, the PS300 scans
the display tree and shows the resulting image on the
display screen (Evans and Sutherland, 1984a). The
functional network can have connections to the PS300's input
devices (tablet, dials, mouse, and function keys), and can
output data to the display tree. In this way, the
functional network allows the user to manipulate the image
with the input devices. Additionally, a host computer
connected to the PS300 can send data to the functional
network and manipulate the image.

In this section, a simple example of a display tree, a
functional network, and the FGN program which generates the
tree and network, is developed. Figure 2.2 illustrates the
functional capabilities of the "Rotate Squares'" example.

Within each of the rounded squares is an image that would

appear on the display screen of the PS300. The left most

screen is the initial image of two concentric squares.
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9 Figure 2.2 Rotate Squares Example: Functional Capabilities

Turning dial 1 causes both squares to rotate, while
e, turning dial 2 causes the inner square to rotate relative to
e the outer square. The following section explains how the
- the display tree and the functional network for the "Rotate

Squares'" example are constructed.
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2.2.1 Display Trees

A display tree is a hierarchical structure within the
Evans and Sutherland PS300. The display tree consists of
elements linked together in a tree like structure. The
elements are vector lists, sub-tree structures, and
transformation nodes. The PS300 displays an image by
constantly scanning a display tree, applying transformations
in the nodes to vector lists and displaying the resultant
vectors on the screen.

Figure 2.3 is a diagram which represents the display
tree in the "Rotate Squares'" example. Starting at the top
of the tree, the triangle is a sub-tree structure named
"double-squares". The node labeled "rot_out" (labeled nodes
are shown as two concentric circles) is a transformation
node used to rotate the outer and inner squares. The
unlabeled node (unlabeled nodes are shown as single circles)
is a transformation node used to scale the inner square.

The node labeled "rot_in" is a transformation node used to
rotate the inner square. The box labeled "square" is a list
of vectors or lines (stored as the end points of each line)
that define the 4 sides of a square.

In the display tree in Figure 2.3 there are two
"instances" of the square depicted as lines from "rot_out"

and "rot_in". The "rot_out" transformation node is designed

so that when a rotation transformation is applied to the




M SR et Rl At alhe Aaabe Ao e At Sie o ke den At s Sea B is g S dohe dach  tad a0 M an- Sl e r—v"ﬂ

node, both instances of the square (the inner and outer
squares) rotate together. The unlabeled transformation node
directly below "rot_out" contains a scaling transformation
which makes the inner square smaller than the outer square.
The "rot_in" transformation node is designed so that when a
rotation transformation is applied to the node, only the

inner square rotates.

DOUBLE_SQUARES

/\

ROT_OUT

©

) @
ROT_N
SQUARE
e
>
¢
¢
)_:.'
jrj figice 2.3 Rotate Squares Example: Display Tree
The image defined by the display tree in Figure 2.3 can
manipulated by making connections from a functional network
o to the labeled nodes. The one transformation node is
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unlabeled because the scaling transformation was designed to

remain constant; therefore, it does not need a label as a

connection point to the functional network. The next
section describes functional networks and how they relate to

,;5 display trees.

-
Toe e s 3

2.2.2 Functional Networks

re
-
-

The PS300 is programmed by constructing functional

o

ﬁg networks that reside in the PS300's internal memory. The
;3 functional networks of the PS300 can be viewed a dataflow
®

o graph (Davis, 1984:1.2). 1In a dataflow graph, the nodes of
153

- the graph are connected to each other with arcs. Data

o

A
v
[

! ‘;q tokens flow between the nodes on the arcs. Each node

:ti ° performs a function on its input data tokens and produces

?; output data tokens.

: There are many types of functional nodes used in the {
Vo PS300. Many of the nodes perform functions designed

Ea specifically for a graphic operations. For example, there
E? are functions which support matrix and vector manipulations.
jgj These are useful for the transformation of three dimensional
1; coordinate data. Other functions are more general purpose
2; in nature, allowing the construction of general purpose

':; computational structures. For example there are functional
l;i nodes which are useful in building iterative loops (Davis,
‘ 1984:2.13).
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Several types of data tokens which flow between the
functional nodes in the network. The data tokens can be
simple or composite date items. The simple data items can
be integers, reals, or boolean values. The composite data

items can be matrices or vectors.

FUNCTIONAL NET | DISPLAY TREE

DOUBLE_SQUARES

ROTATE_OUTER

DIALS F.DZROTATE
1 1 1

F.DZROTATE
1 1

SQUARE

Figure 2.4 Rotate Squares Example: Functional Network

The functional network for the "Rotate Squares' example
is shown in Figure 2.4 on the left side. There are three
functional nodes (shown as boxes), labeled "dials",

"rotate_outer", and "rotate_inner". The "dials" functional

19
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node is used to get input from the PS300's dial inputs

1::
“
.

:ﬁ Bh (Evans and Sutherland, 1984b:5). The PS300 has a set of

'\_ dials that the user can turn. If the output of a dial has
ig{ been connected to a functional network, then when the user
{%E turns the dial, a stream of real numeric data tokens are

L; sent out from the functional node. 1In this example, dials 1
;E and 2 are used as inputs to the functional network. The

é: "rotate outer" and "rotate_inner" nodes are F:DZROTATE

L type nodes. Every time a F:DZROTATE node receive a numeric
ja data token on its input, it applies a rotation about the Z
;3 axis to an internal transformation matrix. This matrix is

®

~

then sent out on output 1 of the F:DZROTATE node. Since the

I

=

*

output of "rotate_outer" and "rotate_inner" are connected to

;
B

ﬁfi nodes in the display tree, each time dial 1 or 2 is turned
the transformation matrix in the nodes "rot_out" or "rot_in"
are replaced to reflect an incremental rotation. The final
effect is to rotate the outer and inner squares when dial 1

is turned, and to rotate the inner square relative to the

- outer square when dial 2 is turned.

w

)

. 2.2.3 FGN code

s

:::

‘ In the description of the Functional Graph Network

language, the programs have been described in graphical

v

: '.d‘:"'vv-:v' oo

“~

terms. In fact, the graph structures are specified to the

PS300 using a textual program, which looks like an ordinary
o
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oS
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R programming language. Below is the code which builds the
WY ;‘v\

L
:ﬁ% B display tree and functional network used in the "Rotate
e Squares" example.

[ S
"

“‘ 3
"] 1. square := vector list
.!!' .5,.5 05,"-5 -05,-05 --5’05 05,.5;

) 2. double_squares := begin_structure
e 3. rot_out := rotate 0;

o 4, instance square;

L. 5. Scale 04’04
W 6. rot_in := rotate 0;

"N 7. instance square;

8. end_structure;

o
oY 9. rotate_outer := f:dzrotate;

2 10. rotate_inner := f:dzrotate;

o 11. connect dials<l1>:<1>rotate_outer;

P 12. connect dials<2>: <1>rotate inner;

N 13. connect rotate_outer<i>: <1>double _square.rot_out;
- 14. connect rotate_inner<1>:<1>double_square.rot_in;
‘o 15. display double_squares;

1:. }

R The program begins with the specification of the
(‘-\:

}b display tree. Line 1 defines a vector list named '"square",
E;: which is a unit square centered about the origin of the X,Y
L plane (the Z coordinates default to 0). Line 2 through line
ij 8 define a structure named "double_squares". The two
'ﬁ‘ transformation nodes "rot_out" and "rot_in" are defined with
e
-y in lines 3 and 6 with the "rotate'" statement; the initial
fig rotation is O degrees. The unlabeled transformation node

Y
;S used to scale down the smaller square is defined in line 5.
Jf Lines 4 and 7 establish the outer and the inner instances of
."j a square.
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e The functional network for the "Rotate Squares" example
A
NI is defined in lines 9 through 14. First the nodes
4
"rotate_outer" and "rotate_inner" are created in lines 9 and
Eii 10. The node "dials" is a predefined system function node.
;f§ In lines 11 through 14 the connections in the network and to
»)
0 the display tree are made.
5y
;i& The code to create the display tree and functional
e network is downloaded from a host computer to the PS300
f,)_ workstation through a serial line. 1In line 15 the statement
usﬁ "display double_squares'" causes the two concentric squares
o
e of the "Rotate Squares'" example to appear on the screen.
@
L The ultimate purpose of the Graph Design Assistant is
RS
AL to produce FGN code from a graphical specification as
WY c¥< opposed to the textual program specification shown in the
i above example. With this goal in mind, the next step is to
.o
%;{ examine some design goals for the GDA.
Y
o,
AR 2.3 Design Goals for the Graph Design Assistant
‘Eﬁ The purpose of the GDA is to allow the user to program
ng the PS300 without having to learn the intricacies of its
N dataflow language. The design goals to accomplish this 1
o ‘
:;: purpose Eollows.
e
‘\“n_t.
L
» -1:,
o
s .
S
S
e
-.".
S
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Design goal 1: Visual programming system

The GDA allows the use to create a program by build a
graph. The graph is presented to the user visually on the
computer terminal. The user enters commands by pointing to
items on the screen with a mouse. When an item has been
"moused" it displays a menu of functions that can be applied
to the item. The reason for the emphasis on visual |
programming is to free the user from having to know and
remember a specific syntax (as is required when defining a
functional network using the written text form of the FGN

language).

Design goal 2: Create and use plans

A significant problem with programming the PS300 using
the FGN language is that there is no method for defining a
"macro". If a functional network contains several identical
sub-graphs, the user has to write code to define each one
individually.

The notion of a plan is similar to a macro. Once a
plan has been defined, it can be instantiated (or called) to
produce a graph structure. A plan is different from a
macro, however, in that the plan is more flexible. A single
plan may expand to different structures depending on the

context.
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Design goal 3: Design by selecting plans from a library

3
AR

', The advantage of being able to define and use plans is
that a library of plans can be created. When the GDA is

g used in the robot simulation facility, a library of plans

y geared toward the creation of robot simulations will exist.
i This amounts to creating a higher level language which frees
: the user from the underlying details of the FGN language. -
Given a sufficiently extensive library of plans, the typical

user will be able to construct robot simulations by

selecting plans from the library.

4
.

& Design goal 4: Consistency checking
-
&

‘ In construction a functional network graph, there are
i many opportunities for a user to make mistakes. On of the
u goals for the Graph Design Assistant is to automatically

detect errors during the construction of a graph and inform
;d the user.
!
. There are different types of consistency checks can
¢

O make on a functional network. For example tests could be
i made for the following conditions: the inputs and outputs of
[ each node need to be connected, output connections must be
L)

A made to input connections that are compatible data types,
"

f and the functional network should be a "live' network.

[
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"Liveness" is a property of a well defined behaved
dataflow programs (Davis, 1984:3.2). A network is a alive
if data tokens propagate throughout the graph. Data tokens
must be available on all the input nodes of a functional
node before the node fires. A dead network has nodes which

can never fire,

2.4 User Interaction Scenario

The Graph Design Assistant is a "highly interactive"
system. The following scenerio was devised in an attempt to
define the interactive requirements for GDA.

The construction of FGN programs can be viewed as a
part of a design process. In particular, the user of GDA is

designing a graph which is a representation of the

functional graph network. The model of the design process
used in GDA is "abstract refinement" (Mostow, 1985:45). In
the abstract refinement model, a design is constructed at a
series of levels (as in Figure 2.5). The designer begins at
the top level with a few abstract components. The designer
refines components at lower levels. Each lower level
corresponds to a refined design for a higher level
component. (In conventional software engineering this
method is known as top down structured design.) Although
this method sounds simple, there can be difficulties if the

components are not completely independent of each other. 1In
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;¥ Figure 2.5 Scenario: An Example Design Hierarchy
A
:).

- the functional graph network, there are many interconnec-
.
f "--.‘ . "
L~ tions between components; GDA checks the user's design for
RS

4
:ﬂ; mistakes.
A What follows is a description of a typical session
iﬁ using GDA to design a Functional Graph Network. The purpose
Wt of this desciption was to help define the functional
e specifications for the Graph Design Assistant.
< The designer in this scenario designs a functional

graph network to animate and control a 6 axes robot arm.
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b e Figure 2.3 Scenario: Level 1 "Animate Robot"
i
10N
S
SR .
o The robot arm is controlled by 12 function keys on the
s
- keyboard of the PS300. Each axis of the robot is controlled
.
3:::- with two keys. The first key starts and stops the rotation
e
L.
j about an axis, while the second key changes the direction of
1158
® the rotation.
‘.L-
:\‘:
s Scenario: Design of level 1
M
o
The designer constructs a graph by instantiating nodes
" and making connections between nodes. The designer can
w
either choose predefined nodes from a library or create new
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sub-graph nodes. Figure 2.6 shows the design at level 1.
The designer has instantiated six copies of the plan
"rotate-axis(x/y/z)", and one copy of the display tree
description "robot-tree". 1In addition, the designer has
created a sub-graph node, "toggle-keys'", which must be
refined later.

The "robot-tree" node is a description of a display
tree. In practice, this tree would be defined by some other
development tool. The tool would generate the actual dis-
€§ play tree, which is downloaded to the PS300, as well as a

description of the display tree for use in the GDA. A
display tree is a data structure that describes the image of
the robot. It consists of vector lists and transformation
i nodes. The PS300 has a display processor which repeatedly
scans the display tree, applying the rotation, translation,
and scaling transformations to the vectors to produce the
image on the display screen. The transformation nodes in
the tree can be labeled so that they can receive input from
the the function graph network.
The display tree description contains knowledge that

GDA must have to build a functional network that will

interface correctly with the display tree. The description
contains a list of transformation nodes and information
N about constraints on the nodes. The robot arm described by
: "robot-tree" (Figure 2.6) has six joints. '"Robot-tree"

contains a list of the six nodes labeled "al", "a2",..."ab6".



The description also contains constraint information about

A each node; the joints are limited in the amount they can
rotate and which axis (x, y, or z) they can rotate about.

The "toggle-keys" node is a sub-graph node. The

detailed design of this node is described later. (The system
automatically puts a notice on the agenda that design of
"toggle-keys" must be refined. The designer selects the
notice from the agenda when he decides to complete the
design.) The "toggle-keys" sub-graph allows the function
keys to act as boolean toggle switches. A boolean toggle
switch alternately outputs a '"true" then a "false" each time
the switch is pressed.

The "axis-rotate(x/y/z)" node is a plan that generates

an network which causes a transformation node on a display
node to rotate about the x, y, or z axis. The inputs to
this node are boolean values. If the "on" input is true,
then the node outputs rotational transformations until the
input changes to false. If the "clockwise" input is true,
the rotation is clockwise, otherwise it is counter
clockwise. When FGN instantiates this plan, it
automatically checks the description of the "robot-tree" to
determine which axis to rotate, and what rotation limits to
build into the network.

In the final step of the design of level 1, the
designer selects the '"toggle-keys'" node and tells GDA to

"zoom in" on this node. The window displaying the current

29

L am Bad . ad aak o oamt et el iR Bk dle Al dbe ke Sleh ok hhe AME SME b A A R A Sl S Rk ek R

D




iiﬁ graph clears and the designer begins the design of the sub-
if% N graph for "toggle-keys".

.

ﬁgs Scenario: Refinement of level 2's '"toggle-keys'"

-

‘:1. The design process at level 2 of the hierarchy is

;%E exactly the same as for level 1. The designer selects

’?F predefined nodes from the library, or creates new sub-graph
'ﬁf nodes (to be refined later). Figure 2.7 shows the final
'gg design of "toggle-keys'". The 12 identical "toggle" nodes

; E‘ could have easily been predefined nodes selected from a

,;%: library, however for the purposes of this example the

?ét designer created them as sub-graph nodes. The "fkeys'" and
e o "f:croute" nodes are primitives of the FGN language. The
Sy o "fkeys" node outputs an identifying integer each time a

ﬁgi function key on the PS300's keyboard is depressed. The

= "f:croute" function node has two inputs. Input 1 selects
T which output the data from input 2 is directed to. In this
iﬁi configuration, whenever function key 6 is depressed, a 6 is
?é? sent from output 6 of "f:croute". This in turn causes the
: "toggle" node (connected to output 6 of "f:croute") to

i toggle it's output from true to false, or false to true.

;i Next, the designer selects one of the "toggle" nodes to
;?f refine the design (since all 12 of the toggle nodes are
:i; identical, the user only has to design 'toggle'" once).

.
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Figure 2.7 Scenario: Level 2 "Toggle Keys"
Scenario: Refinement of level 3's "toggle'
Since this is the lowest level of the design, the user
n instantiates primitive FGN function nodes. The toggle
in function is shown in Figure 2.8. The "f:constant" node
. works by triggering whenever it receives data on input 1.
- When ever "f:constant" triggers it outputs the constant
ﬁf value on input 2. In this case "f:constant" outputs a true
é' whenever it receives data on input 1. The output from
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"f:constant" goes to the "f:xor'" node. This performs an

"exclusive or" operation on the input 1 (always true) and
input 2 (the last output value). The effect is that the
"f:xor" node outputs a data token that is the compliment of

the node's previous output.

o F;CONSTANT F:XOR -
1 1 1 1 -
o2¢ 2

~ Ve
h p
S // /

FALSE
z -

Figure 2.8 Scenario: Level 3 "Toggle"

The above scenario describe some of the possible
interactions between the user and GDA. Two aspects of GDA,
however, were not brought out in the scenario. One is the
means of interaction between the user and GDA. GDA uses
graphic to display the state of the design. The user uses a
mouse to point to elements on the display to carry out his
commands. For example, if the user wants to connect two
nodes, he points to the output connection of the source
. node, clicks the mouse, then points to the input connection
jﬁ of the destination node, and again clicks the mouse to
complete the connection. A line is then drawn by GDA on the

screen between the two nodes. The second aspect of GDA not

_____________________________
-------------------
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brought out in the scenario, is the constant consistency
g checking that occurs during the design process. Suppose
that in the above connection example, the output and input
nodes had been incompatible. Maybe the output produced an
integer token while the input only accepted real tokens.
GDA would detect the conflict and notify the user of the
error. In addition, it would post a notice on the agenda to
insure that the user would eventually correct the error.
The above scenerio described the creation of a
functional network using the Graph Design Assistant. The
scenario served as a functional description and was used as

a basis to begin the design presented in the next chapter.
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III. Design

The design process of the Graph Design Assistant did
not follow conventional software engineering practice.

Because of this, the first section of this chapter examines
and justifies the development strategy used in this thesis
effort. Next, the design for GDA's system architecture is
described. And finally the overall software design is

examined.

3.1 Development strategy

One way to categorize software development projects is
that they are either '"design problems" or they are
"implementation problems" (Sheil, 1983:20). Because the
requirements were not well defined, it was felt that the
Graph Design Assistant fell into the category of a '"design
problem".

In a project that is an "implementation problem", the
requirements are well understood from the start. It may be
that the project is a redesign of and existing system or
design of a system which is similar to an existing system.
This is not to say that the "implementation problems'" are
trivial; the size of many projects can make them very

difficult. There is, however, a well developed body of
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software engineering knowledge that can aid in the

development of large "implementation problems".

The "waterfall" model of lifecycle development is
useful in dealing with "implementation problems". The
software lifecycle model is a step by step approach, which
begins with requirements definition, design, code and
debugging, testing, and finally operations and maintenance
(Boehm, 1976:72). Although there may be some feedback in
the development process, steps may be repeated, the general
trend is to finish one step before proceeding to the next.
It is very important, therefore, in a lifecycle development
that the requirements are well defined before proceeding to
the development phase.

Unfortunately, in a '"design problem" type project, the
requirements are often difficult to define until the system
has been built (Floyd, 1984:2; Sheil, 1983:20). The
requirements for the system were poorly defined at the
beginning of the effort. There were no available "dataflow
programming assistant' systems to model GDA after. In an
attempt to alleviate the problems with imprecise
specifications, two related strategies, '"prototyping"
(Floyd, 1984) and "exploratory programming' (Sheil, 1983),

were used in the development of the Graph Design Assistant.
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' 3.1.1 Prototyping

The definition of prototyping in relation to software

E:i development is a problem. The literal meaning of

%é? prototype, "first of a type", and its use in other

&3 engineering disciplines does not correspond with the way it
g:: is used in software engineering. For the purposes of this
:? effort, a prototype is an "experimental prototype" primarily
o designed to enhance the specification of a system (Floyd,
“ 1984:9).

Z% It should be mentioned that prototyping is not

E% completely incompatible with the lifecycle approach to

“A,%

-,

software engineering. First, the development of a prototype

S can be viewed as the first step (requirements definition) in
- ‘. the normal lifecycle. Second, the process of developing the
E? prototype may undergo the phases of the lifecycle, although

f% the steps might not be rigidly controlled.

:3: The success of a prototyping strategy depends in a

;Ea large part upon the availability of appropriate development

&ﬁ‘ tools. Because of the possibility that the prototype may

:;: serve as a '"throwaway" learning device, it is important that
;i the prototype can be developed at a relatively low cost

;; (Floyd, 1984: 10). For this reason, "exploratory

f;: programming' is the second part of GDA's development

X2

A strategy.




e 3.1.2 Exploratory Programming

Exploratory programming has been defined as the
"conscious intertwining of system design and implementation"
using advanced programming environments (Sheil, 1983:19).

The second strategy in the development of the Graph Design

-
O
-

w-’ Assistant was to use tools developed for Artificial

3?3 Intelligence (AI) research and applications. Researchers in
‘ki AI have attempted to build large systems in order to solve
'&? poorly understood problems. Usually they are built quickly
:;i! with small programming teams. During the course of

':ﬁ development the programs undergo many modifications due the
‘E{ fact that the problems are so difficult. A consequence of
s 6:‘ the challenges of AI research have been the development of

powerful "exploratory programming environments" (Sheil,

2N 1983:22).

é;‘ Early in the design of the Graph Design Assistant the

X decision was made to such a tool developed for AI

;: applications. The Knowledge Engineering Environment or KEE

*;f (Intellicorp, 1985¢c). KEE is a hybrid development

{}- environment that combines frame-based knowledge

-

;& representation, object oriented programming, and rule-based

ke reasoning (Fikes, 1985:906; Kunz, 1984: 41).
::f» The version of KEE which was available ran on a
SN
e Symbolics 3600 "lisp machine" (Symbolics, 1985a). A feature

0 of KEE that proved extremely useful is that it allows easy

ﬁ%
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access to the underlying Symbolics development environment.
The Symbolics supports Zetalisp as its programming language
and operating system (Symbolics, 1985b). The Zetalisp
environment provides many programming tools such a syntax
sensitive editor, symbolic debugger (Symbolics, 1985c).
Most importantly for the implementation of the Graph Design
Assistant, the Zetalisp environment has many functions for
doing graphic and windows (Symbolics, 1985d:73-126), and
building mouse and menu based user interfaces (Symbolics,

1985d: 207-255)

3.2 Graph Design Assistant Architecture

The decision to use KEE in the implementation of the
Graph Design Assistant had a large influence in the design
of the system architecture. In this section, the system
architecture is examined. First, the hardware configuration
of the robot simulatio. facility is shown. Then, the

software architecture of the GDA is described.

3.2.1 Robot Simulation Facility Hardware Configuration

The hardware used in the present configuration of the
robot simulation facility consists of a Symbolics 3600
computer, a VAX 11/780 computer, and an Evans and Sutherland

PS300 graphic workstation.
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Figure 3.1 Robot Simulation Facility Hardware Configuration

Figure 3.1 shows the components and their connections.
At the present time a serial line connects the Symbolics to
the VAX (an Ethernet connection is planned) and the VAX to
the PS300.

At the bottom of Figure 3.1, the relationship between
the hardware components and the user roles (defined in
chapter 2) are shown. The Robot Display Designer develops
FGN programs on the Symbolics using the Graph Designer

" Assistant. The programs are downloaded to the PS300 through
the VAX. The Robot Control Program Developer write his

Ld control programs on the VAX, The Robot Model User interacts
e with a model through the PS300 workstation.

A crucial component of the robot simulation facility is

(3 the Evans and Sutherland PS300 workstation. This decision

L)
A’.rJ
.
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to uses this device was made because it is well suited for
A displaying animated robot simulations. The PS300 is capable
of displaying three dimensional images. The images can be
animated in real-time. The calculations to do the
rotations, scalings and translations used in the animation
of the image are made with special purpose hardware residing
in the PS300 (Evans and Sutherland Computer Corporation;
1984a; Foley, 1982:418-421)

The VAX 11/780 acts as a host computer for the PS300
workstation. The PS300 can emulate a normal terminal as
well as performing its graphic functions. Because the PS300
performs its graphic functions in local hardware, it makes
few demands on the VAX (it is likely the the 11/780 will be
replaced with a smaller model of the VAX). The VAX can

(;' «
sev-e, however, in the development and execution of planning
and control program which will interact with simulations
running on the PS300.

The decision to include the Symbolics 3600 in the robot
simulation facility was based on the availability of the
powerful, AI development tools available within the Zetalisp
environment. Since this first implementation of the Graph

- Design Assistant is a prototype, a decision might be made to
RS implement future versions of GDA on the VAX host computer.
L2
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E e 3.2.2 Graph Design Assistant Software Architecture

b :}.: ‘ 1'.:-

i \::'- T

t . The organization of the GDA was strongly influenced by

the choice to implement the system with KEE. In addition,

X the method for describing the system was affected by KEE.

3f2, It is difficult to describe the Graph Design Assistant
‘EE using documentation techniques such as a data dictionaries
'ia and structure charts. A system implemented in a
;WQ conventional programming language can be defined by the
:E? structure of the system's data and the procedural code that
:&3 operates on the data. Normally the program is conceived as
;:“ a hierarchy of procedures or modules, and the software
2%; architecture can be explained in terms of that hierarchy
?ﬁ 4o (structure charts for example).
e e Unfortunately, a system implemented in KEE is difficult
‘§§ to describe using standard software engineering graphical
;ﬂ aids. The primary component of a KEE implemented system is
Cgh a "knowledge-base". KEE's knowledge-bases combine both data
if? and procedures in a single unit, which makes it difficult to
:iﬁ describe the system with data dictionaries and structure
Fo charts.
Eﬁé The approach that has been taken to describe the Graph
_f? Design Assistant is to first describe the in general,
:: knowledge-bases and their and their relationships (in this
W,
gﬁ chapter). Then the objects which comprise the knowledge-
ﬁ@ bases are described in detail (in the next chapter).

_ .ﬁh
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figure 3.2 Graph Design Assistant Architecture

P

GDA knowledge-bases. Figure 3.2 shows the knowledge-

bases of the Graph Design Assistant and indicates the

1 relationships between them. In addition to the knowledge-
.I

- bases, the processes which comprise the user interface are
» shown.
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The knowledge-bases are depicted in Figure 3.2 as boxes
with rounded corners. They are GDA-SYSTEM, FGN-GRAMMAR, and
USER-GRAPHS. A knowledge~base contains either information
which describes the attributes of objects, or the objects
themselves. The knowledge representation scheme used by KEE
represents objects as a taxonomy of "frames'" (Fikes, 1985:
907).

Frames have any number of slots. The slots may contain

declarative or procedural knowledge. The frames are

L
.

arranged in a tree structure of object classes. A class is

T

g,

oy o

o

SN

the description of an object as opposed to the actual object

(L

.Vf“

(members). A frame inherits traits (slots) from its parent

. o

classes. The top of the hierarchical is the most general

)

M
S
[
"
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N
Y
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description of a class of objects. Lower level frames

s

refine the description of objec:, while the "leaves" of the
tree structure are memb rs of the class.
For example in Figure 3.2 the knowledge-base GDA-SYSTEM

contains the most general description of objects. The solid

line from GDA-SYSTEM to FGN-GRAMMAR denotes that there are

rer A
SRR

e

frames in FGN-GRAMMAR with are child classes of frames in

o

a

GDA-SYSTEM. In other words, GDA-SYSTEM describes 'generic"

graph elements, while FGN-GRAMMAR describes graph elements

SN AR

oA by

that are specific to the Functional Graph Network language
of the PS300. The dashed line from GDA-SYSTEM to FGN=-
GRAMMAR, indicates that some of the objects are members of a

parent class defined in GDA-SYSTEM.




S The FGN-PLANS knowledge-base contains the members of
oty VOO
ol T the plan library. Plans are structures similar to macros

which can be expanded into complex structures to use in the
building of graphs.
é?'h The USER-GRAPHS knowledge base contains only members of
. the classes defined in the other knowledge-bases. This
knowledge-base contains the functional network graphs that

- the user is currently creating and editing.
The elliptical shapes in Figure 3.2 indicate "window
A processes'". Window processes are attached to user
- interaction windows (indicated a rectangles). Windows are
ie displayed on the screen of the Symbolics 3600. The window
L processes control the interaction with the user through the
mouse or keyboard on the Symbolics 3600.

The process labeled KEE-INTERFACE was not as part of
Q&f the Graph Design Assistant development, but is a built part
;;ﬁ of the KEE system. It is shown in Figure 3.2 to indicate

that the knowledge-bases can be modified directly from KEE.

&
PR .
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The process labeled GDA-INTERFACE was, on the other

. A4 A3
R

hand, constructed during the development of GDA. 1In a sense

e

this part was developed outside of the KEE environment |

because certain graphic functions were needed which were not

A by

available within KEE. The GDA-INTERFACE controls the

x
B et et S A
4'1 [RS70F TER S W ot A A

TA

[y Sl
-~ e e’ St
. .

creation and editing of graphs within the USER-GRAPHS
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knowledge-base. The user the mouse on the graph window to
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9
:?ﬁ call up menus and execute commands which update the USER-
e GRAPHS knowledge-base.
! . The lines between the three knowledge-bases in Figure
:}j 3.2 are indications of relationships between frames within
3
N the respective knowledge-bases. The solid line indicates a
F?‘ "sub-class" relationship and a dashed line indicates a
CE? "member" relationship. A particular object is described by
}5i a hierarchy of classes; the classes are most general at the
!: top of the tree, and become more specific towards the bottom
%f of the tree. At the very bottom of a tree, the object
{3% itself is a member of a class.
E; Figure 3.3 is a closer look at the relationships
?3 between the three knowledge bases in the Graph Design
~l’.r‘
e Assistant. It shows, for illustration purposes, a few

(o
o example frames within each of the knowledge bases.
NS The object labeled DZR_12 within the USER-GRAPHS
? knowledge base in an part of a functional network graph. It
r
L is described by the class DZROTATE, which is in turn a sub-
ﬁf‘ class of PRIMITIVE, which is a sub-class of GRAPH-ELEMENT.
L The class DZROTATE is specific to the PS300's FGN language,
BN hence it resides in the FGN-GRAMMAR. The class PRIMITIVE,
3§ on the other hand, describes an element that could be in
:$ﬂ many different dataflow grammars. In other words, it is a
-
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Figure 3.3 Graph Design Assistant Knowledge Bases

more general class. The class GRAPH-ELEMENT is even more
general; it consists of all the elements which go to make up
a graph (including primitives).

The DZROTATE frame shown in Figure 3.3, in addition to
being a class description, is also a member of the GDA's

library. It's a sub-class of FGN-PRIMITIVE (a FGN specific
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class), which is a sub-class of LIBRARY (a general class

g applicable to any dataflow grammar).

In this chapter the strategy to develop a prototype
using an "exploratory programming' environment was
described. The high-level design of the Graph Design
Assistant was discussed. 1In the next chapter, the design
and implementation details of GDA are presented.
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4§ii
;n% QE‘ IV. Detailed Design and Implementation
W
'Eé The majority of the Graph Design Assistant system was
%&: implemented using the Knowledge Engineering Environment
f:; (KEE) (Intellicorp, 1985). A system is created with KEE by
ié% defining knowledge bases. Knowledge bases contain both the
;j: procedural and declarative knowledge about the system.
xfi The chapter begins with a description of the
?E representation of dataflow graphs. Next, some of the
f;x knowledge bases the Graph Design Assistant are described.
:Q Finally, the detail design and implementation of GDA's user
%g; interface are presented.
;:; )
y
o 4.1 Representation of Dataflow Graphs
3
o
u%; In the previous chapter, the "abstract refinement"
:i; model of the design process was discussed. Because of the
:EE design process, the user view of the dataflow graph is a
{E hierarchical tree structure. At the top of the tree are are
high level representations of graphs, while at the bottom of
the tree are primitive functional nodes.
Figure 4.1 shows the different design levels of a
$\{ dataflow graph as conceived by a user. The design of the
'ﬁﬁ overall graph G1 is shown at level 1. It consists of two
5%
X .{: SN
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5
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;{f Figure 4.1 User's Design Hierarchy
1 ' r‘ ey
q”u
.u? sub-graphs, G1.1 and G1.2. The the output from graph G1.1
M
L)
:i: is directed to the input of G1.2.
0 ) Level 2 of Figure 4.1 shows further refinement of the
[\ y
A
53{ design. The graph Gl.1 consists of an input connector, a
s
:ﬁ@ sub-graph G1.1.1, a primitive P3, and an output connector.
NN
® The graph G1.2, also at level 2, has an input connection,
AN
QE: and two primitives, P4 and P5. Level 3 of Figure 4.1 is a
ﬁ; refinement of the graph Gl1.1.1. It contains two primitives,
oS
L2 P1 and P2.
Sj{ The functional network graph which is produced by the
if~ hierarchical design of Figure 4.1 is actually a "flat"
:5“ g structure. The hierarchical structure is due to the user's
-":~: .:\t:
A

s
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Figure 4.2 '"Flat' Functional Network

design abstractions in the form of sub-graphs. Figure 4.2
shows the dataflow graph which consists of the primitives
P1, P2, P3, P4 and P5. The light "dotted" square outlines
show the sub-graphs that produced each part of the network.

In the designing GDA, a representation for dataflow
graphs was devised that captured the hierarchical design
information, and yet was easily transformed into a flat
functional network.

A simple two level design hierarchy was used to
explain the representation of functional networks. Figure
4.3 shows the user's view of the simple functional network.
The rectangles represent the image the user would see in the

Graph Window. The top level graph G1 (the label runs along
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f% Figure 4.3 A User's View of a Dataflow Graph
ixi the top of the window) has a primitive node P1 and a sub-
p P

. graph node G3.
o
p. G3 is a graph. The window labeled G3_G1 (G3's full
C' name) shows that G3 has an input connection, I1, which is
}
jﬁ connected to a primitive P3.

i The data structure used to represent the simple design
[t

, hierarchy is shown in Figure 4.4, There are three different
e types of elements in Figure 4.4. The rectangles are nodes
F\, =
. of the functional network (primitive names begin with a "P"
3
i and graph names begin with a "G"). The ellipse shapes are
o connectors (input connector names begin with a "I" and
e output connectors names begin with an "0"). The "lozenge"
"

=

shapes are arcs (arc names begin with an "A").
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;? Figure 4.4 Data Structure for the Dataflow Grapn
” The three types of elements in Figure 4.4 are connected
e

% with directed lines which represent different relationships
E' between the elements. Most of the relationships in Figure
]

(] 4.4 are "sub-element" relationships. For example, the graph
. G3_Gl is the SUB-GRAPH of Gl1. The exceptions to the

)

- sub-element relationships occur in conjunction with the

1Y

L arcs. Arc elements use a FROM-CONNECTOR and a TO-CONNECTOR
.[

“ relationship to show were the arc begins and ends.

;. The in the implementation of GDA, a frame-based

‘ s knowledge representation tool (KEE) was used to represent
: g

}

+
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dataflow graphs. The different types of elements (nodes,
arcs, and connectors) are represented with units. (A unit
is a frame in KEE). Units have slots which can contain
pointers to other units. The relationships shown in Figure
4.4 were represented with slots. The P1_G1 primitive unit,

for example, has a slot named SUB-OUTPUT that contains a
pointer to 01_P1 G1.

The names used for elements Figure 4.4 are longer than
the names used by the user (Figure 4.3). It was necessary
to design a naming convention to insure that each unit in
the KEE knowledge base has a unique name. The first part of
each name consists of the name used by the user, followed by
the path (following the sub-element relations) to the top of
the tree. The primitive P3 (Figure 4.3) has a long name of
P3_G3_G1 because P3 is a SUB-PRIMITIVE of G3, which is a
SUB~-GRAPH of G1.

The dataflow graph shown in Figure 4.4 is part of the
USER-GRAPHS knowledge-base. The classes, which contain the
definitions for the elements in the dataflow graph, are
contained in the GDA-SYSTEM and FGN-GRAMMAR knowledge bases.
The next section discusses the knowledge bases which

comprise the Graph Design Assistant.
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4.2 GDA knowledge bases

Ll

As was previously mentioned, the Graph Design Assistant
was implemented by building KEE knowledge bases. The two
major knowledge bases which define the Graph Design
Assistant are the GDA-SYSTEM and the FGN-GRAMMAR knowledge
bases (see Figure 3.2 and Figure 3.3). The other knowledge
base, USER-GRAPHS, is not part of GDA's definition, but
contains the dataflow graphs the user is currently editing.

This sections examines GDA-SYSTEM and FGN-GRAMMAR in
more detail. Specifically, some of the individual units
within each knowledge base are described. The purpose of
this section is to show some of the techniques used in the
implementation of GDA. It is not intended to exhaustively
describe all of the units and all of their slots. A listing
of the complete contents of the knowledge bases can be found
in Appendix A.

The GDA-SYSTEM knowledge base contains the "generic"
knowledge about dataflow graphs. The FGN-GRAMMAR knowledge
base, on the other hand, contains knowledge about a specific
dataflow language, the Functional Graph Network (FGN)
language.

One of the important classes of objects defined in GDA-
SYSTEM is a '"'graph element". The graph elements are objects
which are used to construct the representation of a dataflow

graph that resides in the USER-GRAPHS knowledge base.

54

................ P N T 2 I I I A e S . & "
e " ‘ e - - O AR S SRR A S N G At

A NS ST S L ) )

4

AT T T A e
PN A S S G TR, AT, S 5 6 St et !

L
<

P

ij:r:.-:.-




.
N
o
~
s ,
P
.
SR
s
a
:"{‘ PR —
R o
¥ A N
"

IN - CONNECTOR

sy CONNECTOR —— T - CONNECTOR
¢ JUNCTION
\ IN=-PIN
.,. 4 \'O-HN""/
238
Ej' ___— PRMmWE
]

GRAPH ~ ELEMENT

: T GRAPH——— pLAN
i N\

PR e o
N e e 0 e e T T e T e e
Al a T Ot

o e
BR
;ﬂ% Figure 4.5 Graph Element Class Hierarchy
B> '.\."
o
15& The graph elements are defined with a hierarchy of
f? classes. Figure 4.5 shows the classes used to define the
e graph elements. Each class shown in the tree is a separate
'f; unit (or frame) within the GDA-SYSTEM knowledge base. The
=
33- top unit of the hierarchy is GRAPH-ELEMENT. The lines in
@ Figure 4.5 indicate sub-class relationships. Therefore,
BN
:ﬁ} JUNCTION, NODE, and are sub-classes of GRAPH-ELEMENT.
ﬁﬁi The purpose of the hierarchy is the common properties
B 4
e can be "inherited" rather than defined separately within
) '-_.::
,ij. each unit (Intellicorp, 1985d:5.1-5.7). An inherited
:iﬁl property can be overridden by defining that property at a
l; lower level. In other words, the inherited property is a
L
-{ﬁ default, but may be replaced if necessary.
1'\4;
5% The properties of GRAPH-ELEMENT are the most general
;: £ type and defined at that level. At lower levels in the
SR
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hierarchy (to the right in Figure 4.5) the properties are
more specific to the particular type of element. For
example, all of the elements of a graph have a FIRSTNAME;
therefore, that property is defined in the GRAPH-ELEMENT
unit and inherited by all the other sub-classes. The NODE
class contains a SUB-INPUT property which is common to all
of it's sub-classes (PRIMITIVE and GRAPH), but is not
relevant the the ARC or JUNCTION classes.

The properties of a class are represented with "slots"
A slot can contain data values, "methods" (a procedure or
function), "active values" (a combination of a data value
and a procedure) (Intellicorp, 1985d:11.1-11.7,12.1-12-8).

In order understand the complete definition of graph
element objects, it is necessary to examine the units and
slots of the classes, as well as the class hierarchy. What
follows is a description of some of the units and their
slots in the class hierarchy shown in Figure 4.5.

GRAPH-ELEMENT unit. The GRAPH-ELEMENT is the most

"generic" class description of the elements which comprise a
dataflow graph. All of the graph elements are described by
sub-classes of the GRAPH-ELEMENT unit.

One of the data slots is FIRSTNAME. This is used with
a method slot NAME-ELEMENT. An element is named by sending
a NAME-ELEMENT message to that element. The complete name
for the element is created by appending the FIRSTNAME to the
name of the element's SUPER-ELEMENT.
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iﬁ } All elements have a method slot named DRAW. If an

Ef R element receives a DRAW message, that method knows how to

%~ draw a graphic representation of itself in a window. All

gs elements inherit the DRAW slot, however, the value of the

ﬁ, slot is overridden at the lower levels because the different
a: types of elements have have different graphic representa-

;Eﬁ tions. The immediate sub-classes to GRAPH-ELEMENT,

5‘ JUNCTION, NODE, and ARC, all display themselves differently.
;1' Some of the methods defined in GRAPH-ELEMENT have to do
% with the construction and modification of the dataflow graph
f§ representation. INSTANTIATE is a method slot in GRAPH=-

_;. ELEMENT. When a class receives an INSTANTIATE messag=, it
;?E creates an instance of that class. That instance is the

“-o; graph element which becomes part of the dataflow graph.

;gf DELETE is a method slot in GRAPH-ELEMENT. When an element
?2 receives a DELETE message it deletes all of its sub-elements
K (by sending them DELETE messages), removes pointers to

r itself from its super-element, and deletes itself from the
l‘ USER-GRAPHS knowledge base.

R JUNCTION unit. The JUNCTION class describes objects

iﬁ which serve as the connection points within dataflow graphs.
g The DELETE slot in JUNCTION illustrates a variation of the
: normal inheritance mechanism. Normally when a slot value is
j: defined, its new value simply overrides inherited values.

:iz The DELETE method which was inherited from GRAPH-ELEMENT was
é applicable to JUNCTION objects, however it needed

SR
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modification to work correctly. KEE allows the definition
of "before" and "after" methods (Intellicorp, 1985:11.7-
11.8). In definition of JUNCTION's DELETE slot, a "before"
method was added to delete IN-ARC and OUT-ARC pointers.

This section of code is executed before the method inherited
from GRAPH-ELEMENT. The "before" and "after' methods allows
the modifications of procedures as they are inherited from

sub-class to sub-class.

4.3 Graph-Window and GDA-Interface

The principle means of the interfacing GDA with the
user is through a "graph-window" and its associated
"GDA-interface" process (Figure 3.2). This section
describes some of the implementation details for the graph-
window and the GDA-Interface. The descriptions are not
meant to be exhaustive (the source code is found in Appendix
B).

The graph-window appears as rectangular area on the
screen of the Symbolics 3600. When a graph-window is
created by the user, a GDA-interface process is started.
The user interacts with the graph-window by selecting menu
items with the mouse. The GDA-interface process receives
the menu selections and executes the user's commands.

The graph-window and GDA-interface were implemented

outside of the KEE environment. This is possible because
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KEE allows complete access to the underlying Symbolic's
Zetalisp programming environmment. The reason that the
decision was made to implement the graph-window outside of
KEE, is that the windows used by KEE did not support the
properties that were needed for the interface.

Graph-window interface behavior. The graph-window

interface was design to display a dataflow graphs. The user
makes enters commands to modify graph elements by pointing
to the element and clicking a mouse button. There are
actually two active buttons for the graph-window interface.
The left button always executes a default command for the
object, while the right button brings up a "pop-up'" menu of
other commands applicable to the object.

Along the top of the graph-window, run a row of menu
items that the user can select. These invoke commands which
are applicable to objects that are not visible in the window
or commands which apply to the window itself.

The Graph-window-flavor. The windows facility in the

Symbolics Zetalisp environment is implemented using
Zetalisp's "Flavors" system (Symbolics 1985d: 207-255).
Flavors is an object oriented programming system where first
the flavor, of an object is defined, then the object is
instantiated. Objects are sent messages with cause the
execution of "methods".

The graph-window was created by first defining a flavor

of window called '"graph-window-flavor". Several predefined
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Zetalisp flavors as well as an existing KEE window flavor
w-"- "mixed" to produce the graph-window-flavor. The
resulting graph-window-flavor had all of the properties
(methods and variables) of the Zetalisp and KEE windows.
In addition, the graph-window-flavor was customized further

by defining new methods.
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V. Results, Conclusions, and Recommendations

5.1 Results

This thesis effort resulted in the design and
development of a prototype programming tool for the
development of dataflow programs. The version of the Graph
Design Assistant should serve as the basis for further
development of GDA. In addition, GDA can serve as a model
for similar "visual programming" tools applied to different
programming problems.

Two specific results were the design of a represen-
tation for dataflow graphs and the development of an user
interface that can create and edit dataflow graphs.

Not all of the original goals of the effort were met.
The intention was to build a prototype that contained all of
the components of the complete GDA system (even if some of
the parts were not completely developed). The actual
implementation, however, did not contain all of the features
envisioned in the original design. There is only
rudimentary error checking of the dataflow graphs, and the

implementation of the "plan'" creation and editing capability

was not completed.
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5.2 Conclusions

The "programmer's assistant'" and the "visual
programming' approach taken by GDA appears to be a feasible
way to create dataflow program. Although, the prototype did
not implement all of the features necessary for a robust
programming tool, there did not appear to be any
insurmountable difficulties in building a complete system.

The strategy used to develop GDA was an important
factor in making it possible to implement the system in a
short time. GDA was developed with a commercially available
"knowledge engineering tool" (KEE). During the short
development time (approximately 3 man-months) a working
prototype was developed. 1In the judgment of the author, had
the development effort been attempted with a less powerful
programming environment, much less progress would have been

possible.

5.3 Recommendations

Continued development of the Graph Design Assistant.

There are several problems that were not adequately
addressed in the present implementation of GDA. The repre-
sentation of "plans" needs to be investigated. This is the
means of storing domain knowledge in GDA. Plans are

selected from the a library by the user and are instantiated
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to form parts of graphs. The representation of plans should

allow for the encoding of knowledge that affects how the

plan expands. For example, a plan that controls a joint on ‘
a robot should be able to build a network that incorporates j
constraints that apply to the joint. The joint may be

limited in the speed and the angles it can rotate. The

functional network that controls the joint can have those

limits "built in" by the plan when it is instantiated.

Evaluation of the Graph Design Assistant. At some

point, an effort to evaluate the effectiveness of GDA should
be made. This could be done by comparing the experience of
users who learn to program the PS300 directly by writing
text FGN programs with the experience of users who learn to

program the PS300 using the GDA system.

Other dataflow 'grammars'. The present implementation

of the Graph Design Assistant contains representations for
one particular type of dataflow graph. It was design
specifically for the grammar of a special-purpose Functional
Graph Network (FGN) language used to program the Evans and
Sutherland PS300. GDA was designed, however, so that the
FGN grammar could be replaced descriptions of other dataflow
languages.

One possibility for another dataflow grammar which
could be used in GDA is one that describes the robot
simulation facility. 1In the chapter 2, the requirements for

the robot simulation facility were specified with a dataflow
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diagram (Figure 2.1). It should be possible to define the

i process {(nodes of the dataflow diagram) and the data which
passes between the process as elements of the grammar. The
objective would be to allow the user to dynamically
configure the robot simulations using by editing graphs with
GDA.

An even more general dataflow grammar could be design
to configure 'real-time" systems.. Dataflow models have been
proposed as a method of specifying real-time systems
(Allworth, 1981:13-24). 1t would be interesting to see if
the capabilities of GDA could be enhanced to allow a user to

build real-time systems by editing dataflow graphs.
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N Appendix A: Graph Design Assistant Knowledge Bases

The section contains listings of the KEE knowledge
bases which define the Graph Design Assistant. Each
knowledge base listing begins with the name of the knowledge
base followed a list of the knowledge base's contents. The
knowledge base contains units. Each unit and it's slots are

listed.
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.::p. '\:::%
;:;:: knowledge Base: BDA-SYSTEM
-
- Contents:
)
ADD-ONLY~INPUTS
g ADD-ONLY-QUTPUTS
St ARC
o CONNECTOR
N CREATE-GRAPH-WINDON
. CREATE-TREE-WINDOW
. DATA-TOKEN-TVPE
Ao BDA-ACTIVEVALUES
o GDA-CONMANDS
o GDA-SYSTEM-UPDATE-COMMANDS
[l GET-L IBRARY-NEMBERS-MENU
° BRANNAR
Pr GRAPH
5 GRAPH-ELEMENT
.o INAGE , PANEL #6443
INAGES
RO IN-CONNECTOR
N IN-PIN
- 10-PIN
- JUNCTION
- LIBRARY
W METHOD. ACTUATOR#8474
1 METHOD. ACTUATORAG499
@) | METHOD. ACTUATOR#4S77
NODE
[ OUT-CONNECTOR
- oUT-PIN
e PLAN
& PLAN-LIBRAR ¥
e PRINITIVE
R PRINITIVE-LIBRARY
o UPDATE-SUB-ELEMENT-POINTER
AR
e
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Unit: ADD-ONLY-INPUTS
Mesbers: NIL
Subclasses: NIL

Own slot: AVPUT
Valueclass: NIL
Values: (LAMRDA (SELF SLOT NEWVALUE OLDVALUE UNIT SLOTIYPE)
(IF (BET.VALUE UNIT "INPUT-P) NEWVALUE OLDVALUE))

Unit: ADD-ONLY-QUTPUTS
Meabers: NIL
Subclasses: NiL

Unit: ARC
Meabers: NIL
Subciasses: MIL

Meaber siot: DEFAULT-NAME-PREFIX
Valueclass: NIL
£ Values: (R)
(VY

Meeber slot: DELETE
Valueclass! NIL
Values: ((BEFORE (LET# ({T0-JUNCTION (GET.VALUE SELF ’TO-JUNCTICNN
(FROM-JUNCTION (GET,VALUE SELF ’FROM-JUNCTION)):
(RENOVE,VALUE FROM-JUNCTION *QUT-ARC SELF!

(REMOVE. VALUE TO-JUNCTION ’IN-ARC SELFID)
|

Member slot: DRAW
Valueclass: NIL
Values: (LAMRDA (SELF WINDDW)
(SEND WINDOW :DRAN-ARC SELF))
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o
\ o
e N Mesber siot: FROM-JUNCTION
' Valueclass: (JUNCTION)
P Values: NIL
\:\,‘-
o8 Hember slot: PARENT-SUB-POINTER-SLOT
.- Valueclass: NIL
W Yalues: (SUB-ARC)
)
Nw,o Meaber slot: PATH
:Ah Valueclass: NIL
1 Values: NIL
e
v Neaber slot: TO-JUNCTION
Valueclass: (JUNCTION)
Values: NIL
o
L Unit: CONNECTOR
Tod Heabers: MIL
| J Subclaszes: (#Unit (QUT-CONNECTOR GDA-SYSTEM) #Unit (IN-CONMECTOR GDA-SYSTEM!)
1y
159 Member siot: CONNECT-POINT-OFFSET
Rt Valueclass: NIL
2t Values: NIL
. ‘e Meaber slot; (RAW
oy valueclass: NIL
s Values: (LAMBDA (SELF WINDOW
‘: (SEND WINDOW :DRAW-CONNECTCR SELF):
%
S Meaber siot: IN-ARC
P Valueclass: (ARC)
'; Yalues: NIL
N
190N
‘:',-:' Meaber slot; INPUT-F
e Valueclass: i{ONE.OF T NIL)
: B Values: Nii
e
33
1294
12388
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Hember sioti LABEL
Valueclass: (STRING!
Vajues: NIL

Member slot: LABEL-QFFSET
Yalueclass: NIL
Values: (1§ &)

Meaber slot: DUT-ARC
Valueclass: (AR[)
Values: NIL

Member slot: SHAPE
Valueclass: NIL
Values: NIL

Unit: CREATE-GRAPH-WINLOW
despers: Wil
Subclasses: Nil

Own slot: DO
Vaiueclass: (HEIHOD)
Yslupsi (LAMBDA (SELFY

Gwn slot: UNIT, [MAGE
Jalueclass: Nio
values: NIL

nite CREATE-IREE-WINDOW
Meapers: NiL
Subciasses: fjL

Own elot: 00
Valueclass: Nlu
values) tLalbun o zELF
(JECLARE (SPECIAL bE
VSETO KR NJLS
CESTCHOUEE VAR T ABLE VL LES

‘-‘.’ {START ~GRAPH-WINDUR-PRUCESS

"okl "kpowiegse Dage’ i)
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"Enter hnowiedge beze 1o dizpias )
tSLOT, GRAPH, KB kB ‘SUH-ELEMENT HIL (CREATE,EE.WINODH) * (HORIIONTAL. 1

Units CATA-1OKEN-TYPE
Members: MNiL
Subclasses: #Umit (FON-LATA-TOKEN-TYPE FON-GREHHAR-KE!)

Ura ks GEA-ACTIVEVALUES
Meaters: (#Unat (RDD-CNLY-QUTPUTS GDR-SSTEK:
$Unit (ROD-CNLY-INFUIS GDA-SYSTEN:
#lUnit (UFDATE-SUR-ELEHENT-FOINIER Gha-5¢3TEM)
$Untt (BRT-LIBRARY-MEMBERS-HENU Glw~3/8TEM::
subciassess NIL

E DU Y
e by by
et

v
-

Units GD&-COMMANDS
Headers; (#Unit (CRERTE-TREC-WINDOW GDA-SYSTEM) $Unit (CREATE-GRAPH-WINLQW GOA-SYSTEM) !
Subclasses: NIL

X

LN
’

Meaber sliot: COMMAND-MENU
Valueclass: (MENUITEM)
Values: (("CREATE-TREE-WINDOW"
$Unit (CREATE-TREE-WINDOW GDA-SYSTEM)
"Creates a window that shows & hierchical displav of araphs 1n a kb*)
{"CREATE~GRAPH-WINDOW® $Unit (CREATE-GRAPH-WINDOW GDA-SYSTEM) NIL):

deaber slot: DO
Valueclass: (METHOD!
Yalues: (LAMBDA (SELF))

Member slot: SELECT-COMMAND
Yalueclass: (METHOD)
Values: {LAMBDA (SELF:
CLET ({COMMAND-UNIT (MENU (GET,SLOT,MENU SELF *COMMAMD-MENU) i)
{F COMMAND-UNIT (UNITM36 COMMAND-UNIT *D0)):)

Heaber slot: UPDATE-COMMAND-MENL
Valueclass: (METHOD)
Vaiues: (LAMBDA (SELF)
LET® ((COMMAND-UNITS (UNIT.ALLCHILDREN SELF "MEMEER)))
‘REMOVE,ALL, LOCAL, VALUES SELF ' COMMAND-HENU)
{DOLIST (CU COMMAND-UNITS)

(g
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(LET (CTEXY (FORMAT NIL “~a® (UNIT.NAME CU2))
{VALUE CUJ
(PROMPT {UNIT,COMMENT CU2))
(ADD. VALUE SELF
* COMMAND -MENU
‘1, TEXT ,VALUE ,PRONPT))))))

Dwn slot: \IMAGE.PANEL
Valueclass: NIL
Values: (#Unit (IMAGE.PANEL#443 GDA-SYSTEM))

Unit: GDA-SYSTEM-UPDATE-COMMANDS
Meabers: NiL
Subciasses: NIL

Member slot: CREATE, INSTANCE
Valueclass: NIL
Values: NIL

Member slot: CREATE,FROGRAMMATICALLY
Valueclass: NIL
Values: CREATE.COMPQSITE,CLASS.PROGRAMMATICALL

“m¥y Own slot: GERM
Yalueclass: NIL
Valuess (NIL #lnit (IMAGE,PANEL ACTIVEINAGES)
NIL
{368 682 348 147)
{189 519 347 48)
EXPAND
NIL
{(NIL $Unit {(METHOD.ACTUATOR ACTIVEIMAGES)
NIL
(384 569 128 51)
(384 449 299 48)

EXPAND
aa NIL
- NIL
o NIL)
P )
NIL)
2
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Own slot: \IMAGE,PANEL
Yalueclass: NIL
Values: NIL

Un1t: BEY-LIRRARY-MEMBERS-MENU
Mesbers: NIL
Subclasses: NIL

Own slot: AVGET
Valueciass: NIL
Values: (LAMBDA
(SELF SLOT VALUE UMIT SLOTTyPES
{LET
({SUBITEMS (UNIT,CHILDREN UNIT "SUBCLASS)H)
{IMMEDIATE-MEMBERS (UNIT.CHILDREN UNIT *MEMBER)))
{APPEND
{MAFCAR (FUNCTION (LAMBDA (SUBITEM)
(LET ((MENU-TEXT (FORMAT NIL

an
4

(UNIT,NAME SURITEM)Y;
{VALUE-RETURNED SUBITEM)
(PROMPT-MESSAGE (BET.VALUE SURITEN
"PROMPT-MESSAGE /)
{SUB-MENU (GET.VALUE SUBITEM *MEMBER-MENU):.
"{ MENU-TEXT ,VALUE-RETLRNED ,FRONMFT-MESSAGE
(SUBITEMS ,SUB-MENW) 1))
SUBITENS)
(MAPCAR
(FUNCTION (LAMBOA (MEMBER)
(LET C(MENUTEX? (FURMAT NIL "~a® (UNIT.NAME MEMBER)))
{VALUE-RETURNED MEMBER)
(PROMPT-MESSABE (BET,VALUE MEMBEK
' PROMP [ -MESSAGE, s
*{,MENUTEX! ,VALUE-RETURNED .PROMPI-MESSAGE) )/
IMMEDIATE-MEMBERS) 1))

Unit: GRAMMAR
Meabers: i#Unit (FON-GRAMMAR FGN-GRANMAR-KE))
Subclasses: NIL
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oS Meaber slat: PLAN-LIERAR:

! Valueclass: ((SUBCLASS.OF PLAN-LIBRARY!)
oo Values: NIL
e Mesber slot: FRINITIVE-LIBRARY
Le Yalueclass: |(SUBCLASS.OF FRINITIVE-LIERARY))
(.- Values: NIL
)
.J_-.I
[ Unit; GRAPH
5 Meabers: ML
N Subclasses: (#Unit (PLAN GDA-SYSTEM))
. Heaber slot: ADD-SUB-ELEMENT
T Valueclass: (METHOD)
Rt Yalues: (LAMBDA (SELF CLASS)
T (LET® {(NEWUNIT (UNITNSG CLASS "INSTANTIAIE))
r {PREFIX (GET.VALUE CLASS ’DEFAULT-NAME-PREFIX))
B {NEWNAME (UNITNSG SELF ’GENERATE-SUB-NAME PREFIX)) |
o {PARENT-SUB-POINTER-SLOT (BET,VALUE NEWUNIT |
5 "PARENT -SUB-POINTER-SLGT) ) J
(PUT,VALUE NEWUNIT 'SUPER-ELEMENT SELF
(UNITHSG NEWUNIT *NAME-ELENENT NEWNAME)
o (ADD.VALUE SELF PARENT-SUB-POINTER-SLOT NEWUNIT)
AP NEWUNIT
‘e )}
e Meaber siot; CHECK
! Valueclass: NIL
Y Yalues: (LAMBDA (SELF AGENDA)
el (LET ((SUB-ELEMENTS (GET.VALUE SELF ’SUB-ELEMENTS) !
{DOLIST (SE SUK-ELENENTS) (UNITNSG SE 'CHECK AGENDA)))
-
o Meaber slot: DEFAULT-NANE-PREFIX
e valueclass: NIL
N Values: (S6)
o Meaber slot: DRAM-SUB-ELEMENTS
R Valueclass: (METHOD)
b Values: (LAMBDA (SELF WINDOW)
[ (LET®# ((PRIMITIVES (GET.VALUES SELF ’SUB-PRINITIVE)
e (GRAPHS (GET,VALUES SELF 'SUB-GRAFH))
(INPUTS (GET.VALUES SELF ’SUB-INPUT)
': (QUTPUTS (GET,VALUES SELF *SUB-GUTPUT))
e
o
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o
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{ARCS (GET.VALUES SELF ’SUR-ARC)))
{DOLIST (SUR (APPEND PRIMITIVES GRAPHS INFUTS GUTPUTS ARCS))
(UNITHSG SUR ’DRAW WINDOW))))

Meaber slot: GENERATE-SUB-NAME
Valueclass: (METHOD!
Yalues: (LAMBDA (SELF PREFIX)
(LET {(COUNT {1+ (GET.VALUE SELF ’SUR-ELEMENT-COLNT) D)
(PUT.VALUE SELF ’SUB-ELEMENT-COUNT COUNT:
(MAKE-SYNBOL (FORMAT NIL "~a™d" PREFIX COUNT))I))

Meaber slot: GRAMMAR
Yalueclass: iGRANMAR)
Values: (FGN-GRAMNAR)

Meaber slot: PARENT-SUB-POINTER-SLUY
Valueclass: NIL
Yalues: (SUB-GRAPH)

Meaber sict: REHOVE-SUR-ELEMENS
Yalueclass: (METHOD)
Yalues: (LAMBDA (SELF SUBELEMENI))

Member slot: SELECTARLE-1IEM-1vPE
Valueclass: NIL
Yalues: (:GRAPH-ITEM)

Meaber slot; SUB-ARC
Yalueclass: (ARC)
Values: NIL

Meaber siot: SUB-ELEMENY-COUNT
Valueclass: (INTEGER)
Yalues: (@)

Meaber slot: SUB-GRAPH
Valueclass: (GRAPH)
Values: NIL
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S Meaber slot: SUB-POINIERS
Valueclass: NIL
Yalues: (SUB-ARC SUB-GRAPH SUB-PRINITIVE)
Meaber slot; SUB-PRINITIVE
Valueclass: (PRINITIVE)
Values: NIL
Unit: GRAPH-ELEMENT
Meabers: NIL
Subclasses; (#Unit (ARC GDA-SYSTEM) #Unit (NODE GDA-SYSTEM) #Umit (JURCTIGN GDa-S855TEND)
Meaber slot: CHECK
Valueclass: (HETHOD)
Vaiues: (LAMBDA (SELF AGENDA)!}
Meaber slot: DEFAULT-NAME-PREFIX
Valueclass: NIL
Yalues: 15E)
Hember siot: DELETE
Yalueclass: (HETHOD)
Values: {LAMBDA (SELF!}
- (DDLIST (SUR (GET,VYALUES SELF 'SUB-ELEMENT)) (UNITMSG SuB "DELEYE))
Yo (LET ({PARENT (GET,VALUE SELF ’SUPER-ELEMENTI )
{IF PARENT
(LET ((SUB-POINTER-SLOT (GET.VALUE SELF *FGRENT-SUR-PDINTER-SLOTIH)
(IF SUB-PQINTER-SLOT (REMOVE,VALUE PARENT SUB-POINTER-SLOY SELF)i:))
{UNITDELETE SELF)}
Meaber slot: DRAW
Yalueclass: (METHOD)
Yalues) Niu
Meaber slot: FIRSTNAME
Valueclass: NIL
Values: NIL
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Meaber slot: INSTANTIATE
Valueclass: (METHOD)
Values: (LAMBDA (SELF)
{CREATE.UNIT (GENSYM E) NIL NWIL SELF))

Meaber slot: NAME-ELEMENT
Valueclass: (METHOD)
Values: (LAMBDA (SELF 4OPTIDNAL NEWFIRSTNANME)
LET® ((FIRSTNAME (IF NEWFIRSTNAME
NEWF IRSTNAME
(GET.VALUE SELF 'FIRSTNAME))!
(OLONAME (UNIT,NAME SELF)}
{PARENT (BET.VALUE SELF ’SUPER-ELEMENT))
(NEWNAME {(]F PARENT
{NAKE-SYMROL (FORMAY NIL
fva_e"
F IRSTNAME

(UNIT.NAME PARENT)})

FIRSTNAME) )
(COND ({NEQ NEWNAME OLDNAME)
(UNTTRENAME SELF NEWNANE)
{PUT,VALUE SELF 'FIRSINAME FIRSTHAME)

(DOLIST (CHILD (GET.VALUES SELF ’SUR-ELEMEMNI::

(UNITMSG CHILD 'NAME-ELEMENI) I
NEWNAME
M

Member slot: PARENT-SUB-POINTER-SLOT

Yalueciass: ({ONE.OF SUB-INFUT SUB-OUTPUT SUR-GRAPH SUB-FRIMITIVE SUB-ARC::

Y3lues: NIL

Meaber clot: SELECTABLE-ITEM-TYPE
Yalueclass: ((ONE.OF (PRIMITIVE-ITEM (GRAPH-ITEM :INFUT-]
Values: NIl

Meaber slot: SUB-FQINTERS
Yalueclass: NIL
Values: MNIL

Meaber slot: SUPER-ELEMENT

Yalueclass: (NQODE:
Values: NiL

TEM (QUTPUT-11EM)?
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Unit: [MAGE,PANELAG44T
Meabers: NiL
Subclasses: NIL

Own slot: BORDEF
Valueclass: NIL
Values: {2

Own slot: HEIGHT
Valueclass: NIL
Values: 111

Own slot: [MAGE.WAS.PAINTED
Valueclass: NIL
Yalues: (NIL)

Own slot: IMAGES
Valueclass: NiL
Values: (#Un1t (METHOD.ACTUATORGGST? GDA-SYSTEM)
$Un1t (METHOD.ACTUATORO®474 GDA-SYSTEM))

Own slot; OBJECT.DISPLAYED
Valueclass: NIL
Values: #kB (GDA-SYSTEM)

Own slot: REGION
Yalueclass: NIL
Values: (325 627 338 {1t

Uwn slot: TITLE
Valuec'ass: NIL
Yalues: “GDA User Coamands”

Own slot; TITLEFONT
Valueclass: NiL
Yalues: FONTSIHLI#E
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Own slot: TOPUNIT
Valueclass: NIL

Yalues: #Unit (GDA-COMMANDS GDA-SYSTEN)

Own slot: WIDTH
Valueclass: NIL
Values: 338

Own slot: WINDOW
Valueclass: NIL
Values: #<IWIN Iwin 4 16313332 deexposed’

Unit: [MAGES

Members: (#Unit (IMAGE.PANELA443 GDA-SYSTEM) #Unit (MEVHOD,ACTUATUREGE?? GDA-5vSTEM)

$Unit (METHOD.ACTUATORBB499 GDA-SYSTEM)
fUnit (METHOD.ACTUATOREG474 GDA-SYSTEM)!
Subclasses: NIL

Own slot: DELETE
Valueclass: METHOD
Yalues) DELETE.ALL.IMAGES

Own slot: DELETE.ALL, IMAGES
Jalueclass: HETHOD
Yalues: DELETE.ALL.IMAGES

Own slot: DONT.RECREATE.IMAGES,AFTER.KBLOAD
Yalueclass: (ONE.OF T NIL ASKUSER!
Values: ASKUSER

Own slot: RECREATE.ALL.IMRGES
Valueclass: METHOD

Values: RECREATE.ALL.IMAGES

Own slot: SAVE,ALL.INAGES
Yalueclass: METHOD
Yalues: SAVE.ALL.IMAGES
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- ~ Own siot: USER.DELETE.ALL.IMAGES
? Valueclass: METHOD

l} Values: USER.DELETE.ALL. INAGES
: Own slot: USER.RECREATE.ALL.IMAGES
" Yalueclass: METHOD

v Values: USER.RECREATE.ALL.TMAGES
\

r.

P Units IN-CONNECTOR
. Weabers: NIL
X Subclasses: NIL

: Meaber siot: CONNECT-FUINI-QFFSET
\ Yalueclass: ML
Values: ((28 &)}

Meaber slot: DEFAULT-MAME-PREFIX
Valueclass: NIL
¢ Yalues: (1}

S Meaber slot: INPUT-P
Yalueclass: NIL
Values: (1)

[kt B )

P

-

. ‘\ Meaber slot: LABEL

K\ Valueclass: NIL

X Yalues: ("in")

&

Mesber slot: LABEL-OFFSE?

[y Valueclass: NIL
‘ Values: {4 1)}

R Meaber slot: PARENT-SUB-POINTER-SLOT
- Valueclass: NIL

Yalues: (SUB-INPUT)
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ST Meaber slot: SHAPE
! Valueclass: NIL
Y Values: t(8 8) (25 8) (28 &) (25 1) (4 12) (¢ 3
P s
b1
el
2 Units IN-PIN
o Neabers: NiL
V¥ Subclasses: (#Unit (FGN-IN-PIN FGN-GRAMMAR-KB))
.
[- .. Member slot: CONSTANT-INPUT
D Valueclass! ((ONE.OF T NIL))
*”’ Values: NIL
. Meaber slot: DEFAULT-NAME-PREFIX
(s Valueclasss NIL
A
NS Yalues: 1)
ﬁ.\ ',
‘_.*::_'." Member slot: IN-ARC
s Valueclass: iARC)
o Values: NIL
1E S
T Neaber slot! PARENT-SUR-POINTER-SLOT
;:_ " Valueclass: NIL
Sty Values: (SUB-INPUT)
EA -
] < Meaber slot: SELECTABLE-ITEM-TiFE
. Valueclass: NIL
o Values: (:INPUT-[TEM
A Upit: 10-PIN
] Meabers: NIL
ot Subclasses: (MUnit (IN-PIN GDA-3YSTEM) #Unit (QUI-PIN BOA-SYSIEM))
N Meaber slot: LEGAL-DATA~TOKENS
Valueclass: (DATA-TOKEN-TYPE)
LESEN Values: NIL
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-~ Units JUNCTION |
g Meabers: NIL
%«:‘ Subclasses: (#Unit (IG-PIN GDA-SYSTEM) #Unit {(CONNECTOR GDA-SYSTEM})
P Meaber slot: CALC-DISPLAY-HEIGHT
D) Valueclass: (METHOD)

o Yalues: (LAMBDA (SELF WINDGW))

i)

N Meaber siot: CALC-DISPLAY-WIDTH |
1S Valueclass: (METHOD)
AN Values: (LAMBDA (SELF WINDOW))
"y Meaber slot: CONNECT-POINT
iy Valueclass: NIl

2 Values: NIL

e

P Meaber siot: DELETE

® Valueclass: NIL
o Yalues: ((BEFORE (LET ((IN-ARCS (GET.VALUES SELF ’IN-ARC)}

x:' (QUT-ARCS (GET,VALUES SELF 'QUT-ARC)))

. (DOLIST (IN IN-“RCS) (UNITMSG IN °DELETE))
":f‘ {DOLIST (DUT OUT-ARCS! (UNITMSG OUT °DELETE) ).
".' (:l }

o

- Meaber slot: INPUT-POSITION ‘
.'.‘_-3 Valueclass: NIL 3
oy Values: NIL 1
wd

¢ Mesber siot: QUTPUT-POSITION |
Q Valueclass: NIL !

K- Values: NIL
l.‘:: Meaber sigt: POSITION

e Valueclass: NIL
Values: {((@ 2&))
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- Neaber slot: SELECT-ARC-FROM-SLOT
Valueclass: (METHOD)
Values: (LAMBDA
{SELF SLOT X0PTIDNAL LABEL)
(LET
{{ARCS (GET,VALUES SELF SLOT) 1)
(I¢
{1 {LENGTH ARCS))
LET
((ALIST
{HAPLAR
(FUNCTION (LAMBDA (ARC)
(CONS (LET* ((FROM (BET,VALUE ARC 'FROM-JUNCTION))
(T0 (GET.VALUE ARC *TO-JUNCTION)!
(TO-NODE (GET,VALUE 1O ’SUPER-ELEMENTI !
(FORMAT NiL
“from “a to “a,a"
(BET.VALUE FROM ’FIRSTNAME)
{GET.VALUE TO ’FIRSTNANE)
(GET.YALUE TD-NODE "FIRSTNAME) )+
ARC)))
ARCS) )
{SELECT-FROM-ALIST ALIST LABEL)}
(CAR ARCS)) )}
e
Unit: LIBRARY
Members: NIL
Subclasses: (d4Umt (PRIMITIVE-LIKRARY GDA-SYSTEM) #Unit (PLAN-LIERARY GDA-5YSTEM)!
Mesber slot: GET-MENU-ITEM
Valueclass: (METHOL)
Values: (LAMBDA (SELF)
(LET ((TEXT (FORMAT NIL "~a" (UNIT.NAME 3ELF)))
(VALUE SELF!}
(PRONPT (FORMAT NIL “Instantiate “a“ (UNIT.NRME SELF))))
*(TEXT VALUE .PRONPTIN}
Meaber slot: GET-MENU-SUBITENS
Valueclass: (NETHOD)
Values: (LAMBDA
(SELF)
(LET#
{ (SUBCLASSES (REVERSE (UNLT,CHILDREN SELF *SUBCLASS)) !
(MEMRERS (REVERSE {UNIT,CHILDREN SELF ’MEMBER))!
{SUBCLASS-ITEMS (IF SURCLASSES
(MAPCAR (FUNCTION «LAMBDA (50}
R
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(UNETMSG SC
*GET-MENU-SUBITENS) )
SUBCLASSES) 1)
{MEMBER-ITEMS (IF MEMBERS
(MAPCAR (FUNCTION (LAMBDA (SC)
{UNITMSE SC 'GET-MENU-1TEM)))
MEMBERS) })
(TEAT-VALUE-PROMPT (. (UNIT.NAME SELF) .SELF "bee sub aenu™)))
{COND {(AND SUBCLASS-ITEMS MEMBER-ITENS)
{APPEND TEXT-VALUE-PRONPT
{LIST (CONS "SUBITEMS
{APPEND SURCLASS-ITEMS MEMBER-ITEMS)))))
(SUBCLASS-ITENS
{APPEND TEXT-VALUE-PROMF]
*({SURITENS . .SUBCLAGS-ITEMS)) Y,
{HEMBER-ITENS
(APPEND TEXT-VALUE-FROMPT
“U(SUBLIENS . HEMBER-1TEM& 1 i)

Heaber slot: MEMEBER-MENU
Valueclass: (MENUITEM)
Values: NiIL

) Mesber siot: MEMBER-MENU-TES!
s X Valueclass: NIL
! Values: NiL

Meaber slot: SELECT-FROM-MENU
Valueclass: (METHOD)
Values: (LAMBDA (SELF)
{NENU (GET,SLOT,MENU SELF ’MEMBER-MENU)))

Meaber slot: UPDATE-MEMBER-MENU
Yalueclass: (METHOD!
Values: (LAMBDA (SELF)
(LET {(SUBCLASSES {UNIT,.CHILDREN SELF 'SUBCLASS))
(MEMBERS (UNIT.CHILDREN SELF "MEMBER)))
(REMOVE,ALL,LOCAL, VALUES SELF "MEMBER-MENU!
(DOLIST (SC SUBCLASSES)
tADD. VALUE SELF 'MEMBER-MENU (UMITMSG SC 'GE1-MENU-SUBITEMS)))
(DOLIST M MEMBERS)
1ADD, YALUE SELF 'MEMEER-MENU (LNITMSG M 'GET-MENU-ITEM) M)

e T e TV TS TR T VT T T ) T




S
; 4
o
-1'.:
L
Sy RA
W3 LR
I .
b
.r, Unit: METHOD.ACTUARIURDSY 4
g Members: NIL
oS Subclasses: WIL
-.:I.‘
N Own slot: BORDER
\ Valueclass: NIL
.\_.* Values: 4
i Own slot: FONI
o Valueclass: NIL
! Yalues: FONTS:HLG
\!
458 Own slot: HEIGHT
-:j Valueclass: MIL
}}: Values: I8
o
L Own slot: IMAGE.WAS.PAINTED
’., Valueclass: NIL
o Values: T
V-
:~ Own slot: ORJECT.DISPLAYED
SO Valueclass: NIL
oy (‘; Values: #5lot (DO CREATE-GRAPH-WINDOW GDA-SYSTEH (UWN)
N Own slot: REGION
::' Yalueclass: NIL
urd Values: NIL
-] ‘
.i‘\
o) Own slat: SUPER. IMAGE |
4 Valueclass: NIL ‘
P - Yalues: BUnit tIMAGE,PANELGE443 GDA-SYSTEN) ‘{
L Own slott TITLE |
o Yalueclass: NIL !
ry Values: "Create a new Graoh Window"
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Own slot: TITLEFONT
Valueclass: NIL
Values: FONTSIHLIBB

Own slot: TOPUNIT
Yalueclass: NIL
Values: (NIL}

Own slot: YALUE,WAS,SAVED
Valueclass: NIL
Values: T

Own slot: WIDTH
Valueclass: HIL
Values: 182

Own slot: WINDOW
Valueclass: NIL
Yalues: #<IWIN Iwin 8 16314876 deexposed’

Un1t: NETHOD.ACTUATORAS499
Meabers: NIL
Subclasses: NIL

Own slot: BORDER
Valueclass: NiL
Values: 4

Own slot: FONT
Valueclass: NIL
Values: FONTS:HLS

Own slot: HEIGHT
Valueclass: NIL
Yalues: 3!
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Own slot: IMAGE.WAS,FAINTED
Valueclass: NiL
Values: T

Own slot: QBJECT.DISPLAYED
Valueclass: NIL
Values: #5lot (SELECT-COMMAND GDA-COMNANDS GDA-SYSTEM MEMBER)

Own slot: REGION
Yalueclass: NIL
Values: NIL

Own slot: TITLE
Valueclass: NIL

o Yalues: “GDA-COMMANDS’s SELECT-COMMAND®
T
7o Own slot: TITLEFONT
383 Valueclass: NIL
oo Values: FONTS:HL19B
. 4
KT Own slot: TOPUNIT
D) Valueclass: NIL
- Values: INIL)
RS
o (»'; Own slot: VALUE.WAS,SAVED
o Yalueclass: NiL
Values: T
Uwn slot: WIDTH
Valueclass: NIL
Values: 199
Jwn slot: WINDOW
Jalueclass: NIL
Values: #<IWIN lwin 2 16313124 deexcosed:
Unit: METHOD.ACTUATORGES'Y
Meabers: NIL
Subciasses: NIL
® -
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Qun slot: BORDER
Valueclass: NIL
Values: 4

Own slot: FONT
Valueclass: NIL
Values: FONTS:HL!G

Own sjot: HEIGHT
Valueclass: NIL
Values: 41

Own slot: IMAGE.WRS.PAINTED
Valueclass: NIL
Values: T

Own slot: OBJECT.DISFLAYED
Valueclass: NIL
Values: #Slot (DO CREATE-TREE-WINDOW GDA-SYSTEM DuN:

Own slot: REGION
Yalueclass? NIL
Values: NIL

(‘:-. Own slot: SUFER. IMAGE
e Valueclass: NIL
Values: #Unit (IMAGE.PANELO#443 GDA-SYSIEM

Own slot: TITLE
Valueclass: NIL
Values: "Create a window of showing sub-elesent relations”

Own slot: TITLEFONT
Yalueclass: NIL
Values: FONTS:HLIGR

Own siot: TOPUNIT
Valuec)ass: NIL
Values: (NIL)
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Own siot: YALUE.WAS,SAVED
Valueclass: NiL
Values: T

Own slot: WIDTH
Valueclass: NIL
Values: 322

Own slot: WINDOW
Yalueclass: NIL
Values: B<IWIN Iwin & {8313588 deexpoced:

Unit: NODE
Meabers: NIL
Subclasses: idUnit (GRAPH GDA-SYSTEM) #Unit (PRIMITIVE GDA-SYSTEM!

Member slot: ADD-INITIAL-SUB-ELEMENT
Yalueclass: {METHCD)
Jalues: (LAMRDA (SELF FIRSTHAME CLASS SLOT-POINTER)
(ADD,VALUE SELF
TINITIAL -SUB-ELEMENT
*(,FIRSTNAME , (UNJTREFERENCE CLASS) .SLOT-POINTER)))

Member slot: CALC-DISPLAY-HEIGHT
Yalueclass: (METHOD)
Values: (LAMBDA (SELF WINuwOW}
59)

Meaber slot: CALC-DISPLAY-WIDTH
Valueclass: (METHOD!
Yalues: (LAMRDA {3ELF WINDOW)
29

Meaber slot: DRAW
Valueclass: (METHGD:
Jajues: {LAMBDA (SELF WINDCW)
{3END WINDOW :DRAW-NODE SELF)!
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feaber sjot: INITIAL-SUB-ELEMENT
Valueclass: (LIST!
Yalues: NIL

Meaber slot: INSIANTIAIE
Yalueclass: NIL
Values: (LAMBDA (SELF;
(LET ((NEWUNIT (CREATE,UNIT (BGENSYM) NIL NIL SELFI))
{DOLIST (SUB {GET,VALUES SELF ’INITIAL-SUB-ELEMENT))
{LET# ((FIRSTNAME (FIRST SUB))
(CLASS (SECOND 5UB))
{SUBELEMENT {UNITMSG CLASS *INSTANTIATE))
{SUR-POINTER (THIRD SUB))!
{ADD, VALUE NEWUNIT SUB-POINTER SUBELEMENT)
(PUT.VALUE SUBELEMENT 'SUPER-ELEMENT NEWUNIT)
{UNITMSG SURELEMENT 'NAME-ELEMENT FIRSTNAME)))
NEWUNIT

M

Meaber siot: LABEL
Valueclass: (STRING)
Values: (" ")

Meaber slot: POSITION
Valueclass: NIL
Yalues: NIL

Mesber siot: SUR-ELEMENT
Valueclass: (GRAPH-ELEMENT)
Values: WIL

Meaber slot: SUB-INPUT
Valueclass: (JUNCTION)
Values: NIL

Meaber slot: SUB-CUTPUT

Yalueclass: (JUNCTION)
Values: NIL
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Heaber slot: SUB-POINTERS
Valueclass: NIL
Values: (SUB-ELEMENT SUB-INPUT SUR-DUTPUT)

Unit: QUT-CONNECTOR
Meabers: NIL
Subclasses: NIL

Meaber slot: CONNECT-POINT-QFFSET
Yalueclass: NIL
Values: ({3 &)}

Meaber siot: DEFAULT-NANE-PREFIZ
Valueclass: NIL
Values: (0}

Meaber slot: INPUT-P
Valueclass: NIL
Yalues: (NIL)

Meaber slot: LABEL
Valueclass: NIL
Values: (“out”)

Meaber slot: LABEL-OFFSET
Valueciass: NIL
Values: ({4 2})

Mesber siot: PARENT~SUB-POINTER~SLOTY
Valueclass: NiL
Values: (SUB-QUTPUT}

Member slot: SHAPE
Valueclass: NIL
Yalues: {(f 8) (38 8) (36 1D (B 12) (3 &) (4 9))

Unit: OUT-PIN
Meabers: NIL
Subclasses: (#Unit (FEN-OUT-PIN FGN~GRANMAR-kR))
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Member slot: DEFRULT-NAME-PREFIX
Valueclass: NIL
Values: (0)

=
%

:. Meaber slot: OUT-ARC
% Yalueclass: (ARD)
» Values: NIL
o
: )::‘ Heaber slot: PARENT-SUB-POINTER-SLOT
! 3 Valueclass: NIL
..: Values: (SUB-QUTPUT)
. Meaber slot: SELECTABLE-ITEM-TYPE
N Valueclass: NIL
m‘_\.‘i Values: (:OUTPUT-ITEM)
[\ A"
X~
:" Units PLAN

Meabers: NIL

o Subclasses: MIL

) ,!‘\.‘r

-

Chs Nesber slat: DEFAULT-HAME-PREFIX

329 Valueclass: NIL
@ Values: (PLAN)

_,

S Meaber slats NIL

S Valueclass: NIL

o Values: NIL

-

PR

_ Unit: PLAN-LIBRARY

- Meabers: MIL

s Subclasses: NIL

%%

o

Unit: PRIMITIVE
Meabers: HKIL

-_::-'_' Subclasses: (MUnit (ROBOT-ARM FGN-PRINITIVE-LIBRARY-KB)
'.‘-f_::; $Unit (OFFBUTTONLIGHTS FGN-PRIMITIVE-LIBRARY-KB)
‘_C-n:: $Unit (HOSTOUT FGN-PRINITIVE-LIBRARY-KB)
(I Wnit (HCPIP FGN-PRIMITIVE-LIBRARY-KB)
L
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s Hnit (FLABELS FGN-PRIMITIVE-LIBRARY-KE)

—a #Unit tFLABEL.1-12 FON-FRINITIVE-LIBRARY-KR)
.0 BUnit (FKEYS FEN-PRINITIVE-LIBRARY-KB)

e Wnit (FFPLOT FGN-PRIMITIVE-LIBRARY-KE)

e #Unit (F,IVECTOR FGN-PRIMITIVE-LIBRARY-KB)
e #Unit (F.IROTATE FGN-PRINITIVE-LIBRARY-KE)

3 $Un1t (F.YVECTOR FGN-PRINITIVE-LIBRARY-KB)
e $Unit (F.YROTATE FEN-PRIMITIVE-LIBRARY-KB)
N Mnit (F.IVECTOR FGN-PRIMITIVE-LIBRARY-KB)
A $Unst (F,XROTATE FGN-PRINITIVE-LIBRARY-KE) |
Hnit (F,XORC FGN-PRIMITIVE-LIBRARY-KB! |
e #Unit (F.50R FGN-PRIMITIVE-LIBRARY-KB)

i $Unit (F.XFORMDATA FON-PRIMITIVE-LIBRARY-KS)
_— ¥Unit (F.WINDOW FGN-PRINITIVE-LIBRARY-KE;

- Wnit (F.VECC FGN-PRIMITIVE-LIBRARY-KB)

S tUnit (F,VEC.EXTRACT FGN-PRIMITIVE-LIBRERY-AE)
[0 $Unit (F.VEC FGN-PRINITIVE-LIBRARY-KB)

it $Unat (F, TRANS, STRING FGN-PRINITIVE-LIERARY -kE)
® BUnit (F,TINEQUT FGN-PRIMITIVE-LIBRARY-KE)
SNkt Wnit (F.TAKE.STRING FGN-PRINITIVE-LIBRKRY-KS)
b Hnit (F.5YNC FEN-PRIMITIVE-LIBRARY-KB!

‘.-'.§w tUnit (F.SUBC FGN-PRIMITIVE-LIBRARY-KB)

s Wnit (F.SUB FGN-PRINITIVE-LIBRARY-KS)

Wnit (F,STRING, TO,NUM FGN-PRINITIVE~LIBRARY-KE)

1P ¥Unit (F.SQROOT FON-PRINITIVE-LIBRARY-KE)

B Wnit (F.SPLIT FGN-PRINITIVE-LIBRARY-KE)

o #Unit (F.SINCOS FON-PRINITIVE-LIBRARY-KB)

220 HUnit (F.SCALE FEN-PRINITIVE-LIBRARY~KE)

0 $nit (F.ROUTEC FGN-PRIMITIVE-LIBRARY-KB)

»h Wnit (F.ROUTE FN-PRINITIVE-LIBRARY-KE)
D HUnit (F.ROUND FGN-PRIMITIVE-LIBRARY=KB)

o Wnit (F.RANGE.SELECT FGN-PRINITIVE-LIBRARY-KB)

: #Unit (F.PUT.STRING FGN-PRIMITIVE-LIBRARY-KSi
iyl Hnit (F,FRINT FGN-PRINITIVE-LIBRARY-KE)
oy Mnit (F.POSITION,LINE FGN-PRIMITIVE-LIERARY-KB)
Pt Wnit (F.PICKINFO FGN-PRIMITIVE-LIBRARY-KR)

$Unit (F.PASSTHRU FGN-PRINITIVE-LIBRARY-KB)
AN HUnit (F.PARTS FGN-PRINITIVE-LIBRARY-KE)
o Hnit (F.ORC FGN-PRIMITIVE-LIBRARY-KB)
e Wit (F.OR FEN-PRINITIVE-LIBRARY-KE)
s HUnit (F.NOT FGN-PRINITIVE-LIBRARY-KB!
e Bnit (F.NOP FGN-PRINITIVE-LIBRARY-kB)
L BUnit (F.NEC FGN-PRINITIVE-LIBRARY-KE)
ol Wnit (F.NE FEN-PRINITIVE-LIBRARY-KE}
e #Unit (F.MULC FGN-PRIMITIVE-LIBRAR(-KB)
o Wnit (F.HUL FGN-PRINITIVE-LIBRARY-LE)
o WUnit (F.MODC FON-PRIMITIVE-LIBRARY-KS:
Wnrt (F,M0D FGN-PRIN1IIVE-LIBRARY-KB)

. . #Unit (F HCONCATENATE FEN-FRINITIVE-LIBRARY-KB)
;5.‘,.) o fUnst (F,MATRIX4 FGH~PRIMITIVE-LIBRARY-KE)
ho fnit (F.MATRIXS FGN-PRIMITIVE-LIGRARY-KE)
b
oy,
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#Unit (F.MATRIX2 FGN-PRINITIVE-LIBRARV-KB)
#Unit (F.LTC FGN-PRIMITIVE-LIBRARY-KB)

#Unit (F.LT FGN-PRINITIVE-LIBRARY-KB)

$Unit (F.LOOKFROM FON-PRINMITIVE-LIERARY-KB)
$Unit (F.LOOKAT FGN-PRIMITIVE-LIBRARY-KB)
SUnit (F.LINEEDJTOR FGN-PRIMITIVE-LIBRARY-KB)
$unit (F.LINLT FON-PRIMITIVE-LIBRARY-KB)

fUnit (F.LENGHT.STRING FON-PRIMITIVE-LIBRARY-KE)
#Unit (F.LEC FGN-PRINITIVE-LIBRARY-KB)

Wnit (F.LE FGN-PRIMITIVE-LIBRARY-KB)

#Unit (F.LBL.EXTRACT FGN-PRIMITIVE-LIBRARY-KB!
funit (F,LABEL FGN-PRIMITIVE-LIDRARY-KB)

#Unit (F,INPUTS.CHOOSE FGN-PRIMITIVE-LIBRARY-KB)
#Umit (F.GTC FGN-PRINITIVE-LIBRARY-KB)

¥Un1t (F.GT FGN-PRIMITIVE-LIBRARY-KB)

#Unit (F.GEC FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F.GE FGN-PRIMITIVE-LIBRARY-KB)

$Unat (F.GCE FGN-PRIMITIVE-LIBRARY-KB)

#nit (F.GATHER.STRING FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F.FOV FEN-PRIMITIVE-LIBRARY-KB)

$Unit (F.FLOAT FEN-PRIMITIVE-LIBRARY-KB)

$Unit (F.FIX FGN-PRIMITIVE-LIBRARY-KR)

$Unit (F.FINC.STRING FGN-PRIMITIVE-LIBRARY-KB!
Hnit (F,FETCH FGN-PRIMITIVE-LIBRARY-FB)

$Unit (F.EQC FEN-PRIMITIVE-LIBRARY-KB!

$Unit (F.EQ FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F,EDGE.DETECT FEN-PRIMITIVE-LIBRARY-KR)
$unit (F.DIRQTATE FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F.DYROTATE FGN-PRIMITIVE-LIBRARY~KR)
$Unit (F.DXROTATE FGN-PRIMITIVE-LIBRAKY-KB)
#Unit (F.DSCALE FEN-PRIMITIVE-LIBRARY-KER)
$Unit (F.DIV FEN-PRIMITIVE-LIBRARY-KR)

funit (F,OIFC FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F.DELETA FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F.CVEC FGN-PRIMITIVE-LIBRARY-KB)

#Unit (F,CSUB FGN-PRIMITIVE-LIBRARY-KB)

$Un1t (F.CSCALE FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F.CROUTE FEN-PRIMITIVE-LIBRARY-KB)
$Unit (F.CROTATE FGM-PRINITIVE-LIBRARY-KB;
$Unit (F,CONSTANT FGN-PRIMITIVE-LIBRARY-KE)
$Unit (F.CONCATENTATEC FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,CONCATENATE FGN-PRIMITIVE-LIBRARY-KR)
#Unit (F.COMP.STRING FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,COLOR FGN-PRIMITIVE-LIBRARY-KB)

$Un1t (F,CMUL FON-PRIMITIVE-LIBRARY-KB)

$Unit (F.CLTICKS FGN-PRIMITIVE-LIBRARY-KR)
#Unit (F,CLT FGN-PRIMITIVE-LIBRARY-KB)

$Un1t (F,CLFRAMES FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F.CLE FGN-PRINITIVE-LIBRARY-KB)

#Unit (F.CLCSECONDS FBN-PRIMITIVE-LIBRARY-KE)
#Unit (F.CHARMASK FGN-FRIMITIVE-LIBRARY-kB)
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VIR Mnit (F.CHARCONVERT FGN-PRIMITIVE-LIBRARY-KB) —_—
’ $Unit (F,CGT FGN-PRINITIVE-LIBRARY-KB)
e Unit (F.CELING FEN-PRINITIVE-LIBRARY-KE)
g;:- Unit (F,CDIV FGN-PRIMITIVE-L1BRARY-KB)
o #Unit (F.CCONCATENATE FGN-PRIMITIVE-LIBRARY-KB)
8 MUnit (F.CBROUTE FBN-PRIM]TIVE-LIBRARY-KE)
oy Unit (F.BROUTEC FGN-PRINITIVE-LIBRARY-KE)
) $Unit (F.BROUTE FEN-PRINITIVE-LIBRARY-KB)
L $Unit (F,BOOLEAN.CHOOSE FGN-PRIMITIVE-LIBRARY-KB)
;:‘;2 $Unit (F.AVERAGE FBN-PRIMITIVE-LIERARY-KS)
b $Unit (F.ATSCALE FGN-PRIMITIVE-LIBRARY-KB)
Eo BUnit (F.AND FGN-PRIMITIVE-LIBRARY-KB)
N Hnit (F.ADOC FGN-PRINITIVE-LIBRARY -KB)
$Unit (F.ADD FGN-PRIMITIVE-LIBRARY-KE)
o JUnit (F.ACCUNULATE FON-PRINITIVE-LIBRARY-KS)
I $Un1t (DTREE FGN-PRIMITIVE-LIBRARY-KE)
o #Unit (DLABEL.1-B FGN-PRINITIVE-LIBRARY-KE!
Cfed #Unit {DIALS FGN-FRINITIVE-LIBRARY-KB)
L $n1t (CURSOR FGN-PRINITIVE-LIBRARY-KB)
®. BUnit (CLEAR,LABELS FGN-FRIMITIVE-LIBRARY-KB)
Unit (BUTTONSIN FGN-FRIMITIVE-LIRRARY-KE)
N $Unit (TABLETOUT FGN-PRINITIVE-LIBRARY-KS)
- #Unit (TABLETIN FEN-PRINITIVE-LIBRARY-KB)
- Unit (SPECKEYS FGN-PRIMITIVE-LIBRARY-KB)
Unit (PICK,LOCATION FGN-PRIMITIVE-LIBRARY-KB)
| #Unit (PICK FGN-PRINITIVE-LIBRARY-KE)
T $Unit (KEYBOARD FSN-PRINITIVE-LIBRARY-KB})
:{-} Meaber slot: DEFAULT-NAME-PREFIX
s Valueciass: NIL
O Values: (P)
KA
oY Member slot: DEFINE-PRINITIVE
Yalueclass: (METHOD)
Yol Values: NIL
'('\,-",
_ Meaber slot: LABEL
1,958 Valueclass: NIL
Ay Yalues: (“"duaav*)
e
b Meaber slot: PARENT-SUB-POINTER-3LOT
e
"'_::I Valueclass: NIL
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Hesber slot: SELECTABLE-ITEM-TYPE
Valueclass: NIL
Values: (JPRIMITIVE-ITEM}

Unit: PRIMITIVE-LIBRARY
Meabers; NIL
Subclasses: (#Unit (FEN-PRIMITIVE-LIBRARY FGN-PRIMITIVE-LIBRARY-KR))

Unit: UPDATE-SUB-ELEMENT-POINTER
Meabers: NIL
Subclasses: NIL

Own slot: AVPUT
Valueclass: NIL
Yalues: (LAMBDA (SELF SLOT NEWVALUE OLDVALUE UNIT SLOTTYPE)
(DOLIST (NEW NEWVALUE)
(JF (NOT {MEMBER NEW OLDVALUE)) (ADD.VALUE UNIT ’SUB-ELEMENT NEW)))
{(DOLIST (OLD OLDVALUE!
{IF (NOT (MEMBER OLD NEWVALUE))
(REMOVE, VALUE UNIT "SUB-ELEMENT OLD) )
NEWVALUE)
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i Knowledoe Base: FGN-GRANMAR-KE
[ Contents:
»)
e ANY-TYPE-INPUT
o BOOLEAN~NFUT
e BOGLEAN~-QUTPUT
2 C-BOOLEAN- INPUT
"y CONSTANT=INPUT
FGN-DATA=TOKEN=T¥PE
el FGN-GRANMAR
ool FEN-IN-PIN
X Y EGN-0UT-PIN
g INPUT-DETERMINES-QUTPUT
BLa MATRIX
® 1,20
= 1,252
10N 1.3
e r.3x3
- 1.4
§ r.4x3
» o 1,414
b T.B0OLEAN
o0 T.CHARACTER
1 T. INTEGER
e T.REAL
5 T.STRING
et VECTOR
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Unit: ANY-TYPE-INPUT
Meabers: NIL
Subclasses: NIL

Unit: BOOLEAN-INPUT
Mesbers: NIL
Subtlasses: NIL

Member slot: LEGAL-DATA-TOKENS
Valueclass: NIL
Yalues: (T,BOOLEAN)

Unit: ROOLEAN-DUTPUT
Meabers: NIL
Subclasses: NIL

Meaber slot: LEGAL-DRTA-TOKENS
Velueclass: NIL
Values: (T,BOOLEAN}

Unit: C-BOOLEAK-INPUT
Meabers: NIL
Subclasses: KIL

Unit: CONSTANT-INPUT
Mesbers: NIL

- Subc)asses: (4Unit (C-BOOLERN-INPUT FEN-GRANNAR-KE) )

oy

ad

4 , .

£ Unit: FGN-DATA-TOKEN-TYPE

e Meabers: (Wnit (T.STRING FGN-GRAMMAR-KE) Unit (T.REAL FGN-GRAMMAR-KE)
By $Unit (T, INTEGER FGN-GRAMMAR-KB)
ot #Unit (T,CHARACTER FGN-GRAMMAR-KB)
o #Unit (T,BOOLEAN FGN-GRAMMAR-KB) |
L"’,\

Subciasses: (MUnit (VECTOR FGN-GRAMMAR-KB) #Unit (MATRIX FGN-~GRAMMAR-KE))
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Unit: FGN-BRAMMAR
Meabers: NIL
Subclasses: NiL
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Own slot: PRIMITIVE-LIBRARY
Valueclass: NiL
Values: (FBN-PRIMITIVE-LIBRARY}

Unit: FGN-IN-PIN
Members: NIL
Subclasses: (#Unit (CONSTANT-INPUT FGN-GRAMMAR-KE) #Unit (BODLEAN-INPUT FGH-GRAMMAR-KR)
$Unit (ANY-TYPE-INPUT FGN-GRAMMAR-KB1)

Unit: FGN-QUT-PIN
Meabers: NIL
Subclasses: (4Unit (BODLEAN-QUTPUT FON-GRAMMAR-KB)
$Unit (INPUT-DETERMINES-OUTPUT FGN-GRAMMAR-KB)!

Unit: INPUT-DETERMINES-OUTPUT
Members: N[L
Subclasses: NIL

Unit: MATRIX
o Heabers: (#Unit (T,4X4 FGN-GRAMMAR-KB) #Unit (T,4X3 FON-GRAMMAR-LR)
(i;' $Unit (T.3X3 FGN-GRAMMAR-KB)
flnit (T.2X7 FGN-GRANMAR-KB!)

Subclasses: NIL

Unit: 1,20
Mesbers: NIL
Subclasses: NIL

Units T.2X2
Members: NIL
Subclasses: NiL

Units T.3D
Members: NIL
Subclasses: NIL

- ,.~.'<'.'-'.'.'.‘.'.'. D T L N
B i e T A ST S IC A RTINS
“a ™y . oM e e N et (\ \ -
T T N N e ey A o N T AT I e I TN _..‘r_.'\. ad

N sokt inh menls ST onn Blond iancy

LR LSRN

i‘i‘_‘~"h- j;_‘-.’ .)‘

-




A e g md e e e i a e Candh it A ALl - Bl Bt it b g A Bad cob 2ok b sk sk ook Bl ani aem sl —al o) .1-‘v-s.r~..|—'v—s-—vv,ﬂ

Unit: 7.3%3
Meabers: NIL
Subclasses: NIL

Unst: 1.4D
Heabers: NIL
Subclasses: NIL

Units T1.4X3
Meabers: NiL
Subclasses: NIL

Unit: T.4x4
Meabers: NIL
Subclasses: NiL

Unit: T,800LEAN
Meabers: NIL
Subclasses: NIL

Units T.CHARACTER
Mesbers: NIl
Subclasses: NIL

Unit: T.INTEGER
Meabers: NiL
Subclasses: NIL

Unit: T.REAL
Meabers: NIL
Subclasses: Nil
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Unit: T.STRING
0 Meabers: NIL
Subclasses: RIL

P
PR

\ Unit: VECTOR
| Meabers: (d#Unit (T,4D FGN-GRAMMAR-KR) #Unit (T,30 FGN-GRAMMAR-KB)
$Unit (7.20 FGN-GRAMMAR-KR))

.

L

Subclasses: NIL
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3 Knowledge Rase: FGN-PRIMITIVE-LIRRARY-KR
4 Contents;
]
o ARITHMETIC-AND-LOGICAL
2 BUTTONSIN
e CHARACTER-TRANSFORMAT 10N
R CLEAR. LABELS
"] COMPARISON
CURSOR
% DATA-CONVERSION
N DATA-SELECTION-AND-MANIPULATION
: DIALS
K3 DISPLAY-TREE
! DLABEL.1-3
e DTREE
+ F.ACCUNULATE
<. F.ADD
s F.ADDC
= FLAND
- “’ F.ATSCALE
F.AVERAGE
o £ . BOOLEAN. CHODSE
N F.BROUTE
- F.BROUTEC
: F.CBROUTE
X F.CCONCATENATE
F.COIV
3 F.CELING
F.C8T
b F.CHARCONVERT
S F.,CHARMASK
‘( F.CLCSECONDS
- F.CLE
'S F.CLFRAMES
-1 F.CLT
7 F.CLTICKS
Iﬁ F.CMUL
F.COLOR
. F,COMP.STRING
;‘. F.CONCATENATE
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F.CONCATENTATEC
F.CONSTANT
F.CROTRTE
F.CROUTE
F.CSCALE
F.CSUB
F.CVEC
F.DELETA
F.DIFC

F.OIV
F.DSCALE
F.DIROTATE
F.DYROTATE
F.OIROTATE
F.EDGE.DETECT
F.EQ

F.EQC

F.FETCH
F.FINC.STRING
F.F1X

F.FLCAT

F.FOV
F.GATHER.STRING
F.G6CE

F.GE

F.6EC

F.6T

F.6TC

F. INPUTS.CHOOSE
F.LABEL
F.LBL.EXTRACT
F.LE

F.LEC
F.LENGHT.STRING
F.LINIT
F.LINEEDITOR
F.LODKAT
F,LOGKFROM
FolT

F.LTC
F.MATRIX2
F,MATRIX3
F.MATRIXA
F.MCONCATENATE
F.MOD

F.H0DC

F.MuL

F.MULC

F.NE

F.NEC

F.NOP

FIL PEL "
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F.NOT
F.OR
¥ F.ORC
\ F.PARTS
. F.PASSTHRU
R F.PICKINFO
k", F.POSITION,LINE
' F.PRINT
F.PUT,STRING
F.RANGE.SELECT
F.ROUND
F.ROUTE
N F.ROUTEC
F.5CALE
F.SINCOS

8 F.SPLIT

o F,SQROOT
:} F.STRING. 70, NUM
X F.SUB

¢ FLSUBC

- F.SYNC
b F.TAKE.STRING
it F. TINEOUT
) F.TRANS,STRING
1 F.VEC
. F.YEC.EXTRACT
: F.VECC
F.HINDOW
F.{FORMDATA
F.XOR
’ F.YORC
F.XROTATE
z F.XVECTOR
F.YROTATE
. F.YVECTOR
W F.IROTATE

A F,IVECTOR
N FFPLOT

. FGN-PRIMITIVE-LIBRARY
3 FKEYS
FLAREL.1-12
FLABELY
FUNCT 10N-NODE
HCPIP
d HOSTOUT
INITIAL-STRUCTURES
INPUT-FUNCTIONS |

s

KEYBOARD

MISCELLANEQUS-FUNCT IONS
RS 0BJECT- TRANSFORMAT 10N
A OFFBUTTONLISHTS

B
e
e
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QUTPUT-FUNCTIONS
PICK

PICK.LOCATION
ROBOT-ARM

SPECKEYS

TABLETIN

TABLETOUT

TINING
VIEW-TRANSFORMATION
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Meabers:
#Unit
$nit
$Unit
$Unit
#nit
$Unit
$Unit
$ni t
$Unit
$Unit
it
$tn1t
$Unit
$Unit
$Unit
$Unit
#Unit
$Unit
$Unit
$tnit
#Unit
$Unit
$Unit

Unit: ARITHMETIC-AND-LOGICAL

(#Unit (F,XORC FGN-PRIMITIVE-LIBRARY-KR)
{F.XOR FGN-PRIMITIVE-L1BRARY-KB)
(F.SUBC FGN-PRIMITIVE-LIBRARY-KB)
{F.SUB FGN-PRINITIVE-LIBRARY-KB)
(F,SQROOT FGN-PRIMITIVE-LIBRARY-KR)
{F.SINCOS FGN-PRIMITIVE-LIBRARY-KB)
(F.ROUND FGN-PRINITIVE-LIBRARY-KR!
{F.ORC FEN-PRINITIVE-LIBRARY-KE)
{F.OR FEN-PRINITIVE-LIBRARY-KS)
{F.NOT FGN-PRIMITIVE-LIBRARY-KE!
(FMULC FGN-PRIMITIVE-LIBRARY-KB)
(F.MUL FGN-PRIMITIVE-LIBRARY-KB)
{F.MODC FGN-PRIMITIVE-LIBRARY-KR)
(F.MOD FGN-PRIMITIVE-LIBRARY-KB!
{F.DIV FGN-PRIMITIVE-LIERARY-KR)
(F.OIFC FGN-PRIMITIVE-LIBRARY-KB!
(F.CSUB FGN-PRIMITIVE-LIBRARY-KR)
(F.CMUL FEN-PRIMITIVE-LIBRARY-KR)
(F.CDIV FGN-PRIMITIVE~LIBRARY-KB)
(F.AVERAGE FGN-PRIMITIVE-LIBRARY-KE)
{F,AND FGN-PRINITIVE-LIBRARY-KR)
{F.ADDC FGN-PRIMITIVE-LIBRARY~KB!
(F,ADD FEN-PRIMITIVE-LIBRARY-KB)
{F.ACCUMULATE FBN-PRINITIVE-LIBRARY-KB))

Subclasses: NIL

Untt: BUTTONSIN
Mesbers: NIL

Subclasses: NIL
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~ Unit: CHARACTER-TRANSFORMATION

e Neabers: (AUnit (F,CSCALE FGN-PRINITIVE-LIBRARY-KB)
e #Unit (F,CROTATE FGN-PRINITIVE-LIBRARY-KB))
n Subclasses: NIL

\

o Unit: CLEAR.LABELS

- Neabers: NIL

- Subclasses: NiL

o Unit: COMNPARISON

> Meabers: (#Unit (F,NEC FGN-PRINITIVE-LIBRARY-KB:
- $Unit (F.NE FGN-PRIMITIVE-LIBRARY-KB)

i Rnit (F,LTC FGN-PRINITIVE-LIBRARY-KR)

» Mnit (F,LT FEN-PRINITIVE-LIBRARY-KB)

) Mnit (F,LEC FGN-PRINITIVE-LIBRARY-KB)
b $Unit (F.LE FEN-PRIMITIVE-LIBRARY-KE)

Xy $Unit (F.STC FEN-PRINITIVE-LIBRARY-KB)

Y AUnit (F,GT FEN-PRINITIVE-LIBRARY=KB)

23 Wnit (F,GEC FGN-PRIMITIVE-LIBRARY-KB)

Wnit (F.GE FGN-PRINIIIVE-LIBRARY-KB)
— fUnit (F,GCE FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,EQC FEN-PRINITIVE-LIBRARY-KB)

: Mnit (F.EQ FEN-PRINITIVE-LIBRARY-KB)

‘ $Unit (F.CONP.STRING FGN-PRIMITIVE-LIBRARY-KB)

: $Unit (F,CLT FGN-PRINITIVE-LIBRARY-KB)
~ $Unit (F.CLE FGN-PRIMITIVE-LIBRARY-KB)
e Wit (F.CGT FGN-PRIMITIVE-LIBRARY-KR))
Subclasses: NIL

’_
(= f
.

7y Unit: CURSOR

L Mesbers: NIL

e Subclasses: NIL

- Unit: DATA-CONVERSION

(- Meabers: (#Unit (F.IVECTOR FGN-PRINITIVE-LIBRARY-KE)
7 HUnit (F,YVECTOR FGN-PRINITIVE-LIBRARY-KB)
. MUnit (F,XVECTOR FGN-PRINITIVE-LIBRARY-LE)
I~ #Unit (F,XFORMDATA FGN-PRIMITIVE-LIBRARY-KB)
< fnit (F,VECC FGN-PRINITIVE-LIBRARY-KR)

- fUnit (F,VEC FGN-PRINITIVE-LIBRARY-KB)
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$Unit (F,TRANS,STRING FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,STRING.T0.NUM FEN-PRIMITIVE-LIBRARY-KR)
B $Unit (F,PRINT FGN-PRINMITIVE-LIBRARY-KR)
$Unit (F,PARTS FON-PRIMITIVE-LIBRARY-KB)
$Unit (F.MATRIX4 FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F.MATRIXI FEN-PRINITIVE-LIBRARY-KB)
$Unit (F,MATRIX2 FGN-PRIMITIVE-LIBRARY-KB)
! $Unit (F.FLOAT FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F.FI¥ FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F.CVEC FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F,CHARCONVERT FON~PRIMITIVE-LIBRARY-KB)

$Unit (F,CELING FGN-PRIMITIVE-LIBRARY-KB))
Subclasses: NiL

" 0]

-

PR s i A

3
Aty Ty
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-

Unit: DATA-SELECTION-AND-MANIPULATION
Meabers: (#Unit (F.VEC.EXTRACT FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F.TAKE,STRING FGN-PRIMITIVE-LIBRARY-KR)
$Unit {F,SPLIT FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F.ROUTEC FGN-PRIMITIVE-LIBRARY-KR)
fUnit (F,ROUTE FGN-PRIMITIVE-LIBRARY-KE)
- $Unit (F,RANGE.SELECT FGN~-PRIMITIVE-LIBRARY-KB)
w #Unit (F,PUT.STRING FGN-PRIMITIVE-L IBRARY-KB)
o ) BUnit (F.PASSTHRU FEN-PRIMITIVE-LIBRARY-KB)
hoo ‘ii; $Unit (F, MCONCATENATE FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F,LINEEDITOR FGN-PRIMITIVE-LIBRARY-KS)
$Unit (F,LINIT FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,LENGHT.STRING FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,LBL.EXTRACT FGN-PRIMITIVE-LIBRARY-KS)
$Unit (F.LABEL FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,INPUTS,CHOOSE FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F,GATHER,STRING FGN-PRIMITIVE-LIBRARY-KB!
$Unit (F,FINC.STRING FGN-FRIMITIVE-LIBRARY-KR)
$Unit (F.DELETA FGN-PRIMITIVE-LIBRARY-KB)
JUnit (F.CROUTE FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F,CONSTANT FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,CONCATENTATEC FGN-PRIMITIVE-LIBRARY-KB)
$Un1t (F,CONCATENATE FEN-PRIMITIVE-LIBRARY-KE)
$Unit (F.CHARMASK FGN-PRIMITIVE-LIBRARY-KB)
$Un1t (F.CCONCATENATE FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,CBROUTE FGN-PRIMITIVE-LIBRARY-KB)
e $Unit (F.BROUTEC FGN-PRIMITIVE-LIBRARY-KB)
b $Unit (F,BROUTE FGN-PRINITIVE-LIBRARY-KE)
$Unit (F.BOOLEAN.CHOOSE FGN-PRIMITIVE-LIBRARY-KB!
! $Unit (F,ATSCALE FGH-PRIMITIVE-LIBRARY-KE))
k) Subclasses: MIL
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r".-\. e vr'vr'nT
'f’::;
) Unit: DIALS
" Meabers: NIL
v Subclasses: NIL
Unit: DISPLAY-TREE
Mesbers: (BUnit (ROBOT-ARM FGN-PRIMITIVE-LIBRARY-KE)
1 $Unit (DTREE FGN-PRIMITIVE-LIBRARY-KB))
1- Subclasses: NIL
- Unit: DLABEL.I-8
Tt Meabers: NIL
gy Subclasses: NIL
‘_*Z}E«:
o Unit: DIREE
- Meabers: NIL
}'.' Subclasses: NIL
2o
o Unit: F.ACCUMULATE
e~ Mesbers: NIL
3 Subclasses: NiL
- Uniti F.ADD
o Meabers: NIL
Subclasses: NIL
.‘.:f Unit: F.ADDC
S Meabers: NIL
s Subclasses: NIL
1 Unit: F.AND
e Meabers: NIL
2 Subclasses: NIL
e
e
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Unit: F.AISCALE
) Meabers: NIL
. Subclasses: NIL

L Unit: F.AVERAGE

o Meabers: NIL

3 § Subclasses: NIL

N

Wy Unit: F.BODLEAN,CHOOSE
. Mesbers: NIL

D Subclasses: NIL

N Unit: F.BROUTE

® Heabers: NIL

Subclasses: NIL

- Unit: F.BROUTEC
Neabers: NIL
_ ““; Subclasses: NIL
o
0
» Unit: F.CBROUTE
\ .
3 Meabers: NIL
N Subclasses: NIL
;_.
L
- Unit: F,CCONCATENATE
s Neabers: NIL

Subclasses: NIL

Unst: FLCDIV
Meabers: NIL
Subclasses: NIL
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5 Unit: F.CELING
- Meabers: NIL

3 Subclasses: NIL
%
A
x.
. Unst: F.CET

Heabers: NIL

-\.' Subclasses: NIL
N

Y

*I

A Units F.CHARCONVERT
. Meabers: NIL
‘Q Subclasses: NIL
L

A Unit: F,CHARMASK
) Members: Nil
‘ Subclasses: NIL
\:.

N Unit: F.CLCSECONDS
T j Mesbers: NIL
& Subclasses: NIL
)

<, Unit: F.CLE

' Meabers: NiL

Subclasses: NIL

b Unit: F.CLFRAMES
':; Mesbers: NiL
: Subclasses: NiL
,‘
% Unit: F.CLT
- Meabers: NIL
: Subclasses: NIL
e
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3 \
5
\1":"
2
Y
AP, L
Khy
o -
Units FLELTICKS
Mesbers: NIL
1 Subclasses: MNIi
») tnit: F.CHUL
AR Meabers: NilL
o< Subclasses: Nib
:;'.:
s
Lo Unit: F,COLOR
Mesbers: NIL
i - Subclasses: NIL
N
o Unit: F.COMP.STRING
o Mesbers: NIL
o Subclasses: NIL
L0
S5
_.::\, Unit: F.CONCRTENAT
:’J Meabers: NIL
oI (;J Subclasses: NIL
: J_.{::
;':;-' Unit: F,CONCATENTATEC
N Meabers: NIL
o Subclasses: NiL
* -
7
N Unit: F.CONSTANT
K- Meabers: NIL
o Subclasses: NIL
e
bR Meaber slot: INITIAL-SUB-ELEMENT
DA Valueclass: NIL
'f'::- Valuess (0§ #Umit (INPLT-DETERMINES-QUTFUT FGN-GRAMMAR-KB) SUB-OUTPUT)
"‘:'»- (12 #Un1t (ANY-TYPE-INPUT FGN-GRAMMAR-KB) SUE-INPUT)
:;3-:‘{ (11 $Unit (ANY-TYPE-INPUT FGN-GRAMMAK-KR) SUB-INFUTI)
)
: ~
v
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Member slot: LABEL
Yalueclass: NIl
Values: ("¢iconstant”)

nit: F.CROTATE
Members: NIL
Subciasses: NIL

Unit: F.CROUTE
Meabers: NIL
Subclasses: HiL

tnit: F,CSCALE
Meabers: NIL
Subclasses: NIL

Unit: F.CSUB
Mesbers: NIL
Subclasses: RIL

‘e Unit: F.CYEC
Heabers: Nil
Subclasses: NMIL

Unit: F,DELETA
Meabers: NIL
Subclasses: NIL

Unit: F.DIFC
Mesbers: NIL
Subclasses: NIL
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Unsts F.DIV

Mamhnvret M1
DTWMETT 2¢ 1YiW

Subclasses: NIL

Unit: F.DSCALE
Meabers: NIL
Subclasses: NilL

Unit: F.OXROTATE
Meabers: NIL
Subclasses: Nil

Uniz: F.GYROTATE
feabers: NIL
Subclasses: NIL

Unit: F.DIROTATE
Neabers: HIL
Subclasses: NI

Unit: F.EDGE.DETECT

Meabers: NIL
Subclasses: NIl

Unit: F.EQ
Members: NIL
Subclasses: NiL

Unit: F.EQC
Meabers: NWIL
Subclasses: Nil
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S Unit: F.FETCH

ST, Heaberss Nil

e Subclasses: ML
t) Unit: F,FINC,STRING
- Meabers: NIL
& Subclasses: NIL

Unit: F,FIX
s Members: HiL

Subclasses: HIL
o

Units FuFLOAT
M Members: NIL
. Subclaszes: ML
o Unit: F.FOV

-'.ft" . Hesberss NIL
Sl Subclasses: NIL

[ Unit: F.GATHER. STRING
=S Meabers: NIL
-7 Subclasses: NIL

v Unst: F.GCE
Meabers: NIL
Subclasses: Nib

- Unit: F.GE
- Meabers: NiL
Subclasses: MIL
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o
AN Unit: F.GEC
)y Mesbers: ML
b Subclasses: NIL
18
e
AT
) Unit: F.67
[ Meabers: NIL
! g Subclasses: NIL
3
¥ bnit: F.GTC
) Meabers: HIL
Ny Subclasses: NIL
Lo
s Unit: F.INPUTS,CHOOSE
by Members: MIL
® Subclassess MIL
e
ks
S
- Unit: F.LABEL
-2
W . Meabers: NIL
Lol Q:L Subclasses: NIL
N Units F.LBL.EATRACT
- Meabers: NIL
Subclasses: NiL
0 Units F.LE
a Members: NIL
'~) Subclasses: Hit
T
SO
®
Unit: F,LEC
h Neabers: NIL
L Subclasses: Wil
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Y.

' . Unit: F.LENGHT.STRING
o Meabers: NIL
3y Subclasses: NIL

) Unit: FLLINIT
N Neabers: MIL
A2 Subciasses: NiL

Lo Unjt: F.LINEEDITOR
Meabers: NIL
Subclasses: Wil

Units FLLOCKFROM
“eabers: HiL

"" - Subclasses: NIL
LW '
1390
S
N dnsty FLLT
L
o Members: il
-'.*"{ Subelasces: NIL
Y n '-. )
;:.r-] Units FLLTS
ot Meaters: NilL
> Subciasses: Nil
N e

0

Units b, 408D

e Members: NiL
L Subrlaszes: MiL
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R Untt: F.MalRL2
j.f-' Meaberss NiL
f:ﬁ Subclasses: Bl

-f.

-

?
' ), Uit FONAIRITS
o Meabers: ML
L Gubclasses: KIL
i

¥

Rl Units FMCONCATENATE
", Heabers: NIL
e Subc!asses: MIL
“.:':.
-

g, . "

oy Unjts F,HED
e

: : Mesbers: Wil
T Subclasses: NIL
\

\

Unit: F.HORC
Meabers: NIl
Subclasses: Ni.

LA

o
- Umit: FoMUL
Meabers: Nil

Subclazses: NiL

oy Ungt: FLNE
§¢- Meabers: NIL
4= Subclasses: NiL
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Units FUNED
Yeabers: NIL
Jubclasses: NIL
Unit: F.NOP
Members: NiL
Subclasses: Kil
Units FLNOT
Meabers: NIL
hd Jubclasses: NIL
2 Umt: F.oR
iy Heabers: Nt
d Subclasses: NIl
>
" nrts FLURC
Meabers: NiL
“»; Subclasses: NiL
Unit: F,PRRIS
feabers: NIL
Subclasses: NiL
Units F,PASSTHRU
Meabers: NIL
Subclasses: NIL
Unit: F.PICKINFG
Meabers: NIL
Subclasses: NIL
o
d
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. Unit: F,FOSITION.LINE
e Heabers: NIL
3 Subclasses: MNIL
't
) Unit: FLPRINT
-4 Weabers: NIL
§. Subclasses: NIL
by
g Unit: F.PUT,STRING
Meabers: NIL
- Subclasses: NIL
e
o Unit: F.RANGE,SELECT
" Meabers: NIL
o Subclasses: NIL
L
"-‘
b Unit: F.ROUND
&8 4 Meabers: NIL
- \.; Subclasses: NIL
o
- Unit: FLROUTE
™ Meabers: NIL
g\._, Subclasses: NI
i'“
Pl Unit: F,ROUTEC
) :} Members: NIL
N Subclasses: MIL
:
x Unit: F,SCALE
'C: Meabers: NIL
e Subclasses: NIL
A
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Unit: F,SINCOS
) Mesbers: NIL
. Subclasses: NIL

Unit: F,SPLIT
Meabers: NIL
<. Subclasses: NIL

Unit: F.SQROOT
Heabers: NIL
Subclasses: NIL

J"'

iy Unit: F.STRING. TO.NUM

Mesbers: NIL
® Subclasses: Mil

e

)

A Unit: F.SUB

o . Meabers: NIL

Y Subclasses: NIL
PJ

-t Unat: F.SUBC

r Heabers: NIL
S Subclasses: NiL
: Unit: F.SYNC

o Meabers: NIL
N Subclasses: NIL
o

Unit: F,TAKE.STRING
XN Meabers: NIL
: Subclasses: NIL
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Unit: F.TIMEOUT
Meabers: NIL
Subclasses: NIL

Unit: F.TRANS,STRINB
Mesbers: NIL
Subclasses: NIL

Unst: F.VEC
Meaders: NIL
Subclasses: ML

Unsts F.YEC.EXTRACT
Heabers: NIl
Subclasses: NIL

Unit: F.VECC
Meabers: NIL

i;‘ : Subclasses: NIL

Unit: F.WINDOW
Meabers: NIL
Subclasses: NIL

Unit: F.XFORMDATA
Members: NIl
Subclasses: ML

Unit: F.XOR
Meabers: NIL
Subciasses: NIL
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T
- Meaber slot: DEFAULT-NAME-PREF]X
Valueclass: NIL
o Yelues: {(10R)
SN
i Mewber slot: INITIAL-SUB-ELEMENT
W Valueclass: NIL
%{& Yalues: ((Of #Unit (ROOLEAN-OUTPUT FGN-GRAMMAR-KB) SUB-QUTPUT!
: ) (12 #Unit (BOOLEAN-INPUT FGN-GRAMMAR-KR) SUB-INPUT)
"o {11 #Unit (ROOLEAN-INPUT FON-GRAMMAR-KR) SUB-~INFUT))
i .0
:: Meaber slot) LABEL
W Yalueclass: NIL
A Values: (“fixor")
s Umit: F.XORC
3::::- Neaters: NiL
A Subc)asses: NIL
o
45 Unit: F.IROTAIE
T Neabers: NiL
.-';_.5 Subclasses: NIL
e ‘e Un1t: F,XVECTOR
Iy Mesbers: NIL
R Subclasses: NIL
o
g Units FLYROTATE
et Meabers: NIL
bl Subclasses: NIL
\.".
o Unit: F.YVECTOR
" Mesbers: NIL
o Subclasses: NIL
'.-"
1
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e
L&
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.
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)
K i
W
N
.‘”. Unit: F.IROTATE
N Meabers: NIL
- Subclasses: NiL
>
Wy
0 Unit: F.IVECTOR
& Mesbers: NIL
::]: Subclasses: MIL
31
LA Unit: FFPLOT
. Meabers: NIL
[ Subclasses: NIL
- Unit: FGN-PRINITIVE-LILRARY
A Mesbers: NIL
._ Subclasses: (MUnit (DISPLAY-TREE FON-FRIMITIVE-LIBRARY-KR!
: $Unit (FUNCTION-NODE FGN-PRIMITIVE-LIBRARY-KB):
Meaber slot: MEMRER-MENU
_ Valueclass: NIL
“-' Values: ((FUNCTION-NODE
$Unit (FUNCTION-NQDE FGN-PRINITIVE-LIBRARY-K&)
g *See sub meny”
AN {SUBITENMS
o (ARITHMETIC-AND-LOGICAL
;-\ $Unit (ARITHMETIC-AND-LOGICAL FGN-PRIMITIVE-LIBFARY-KR)
: "See sub meny’
- (SURITEMS ("F,XOR® #Un1t (F,XOR FON-FRIMITIVE-LIBRARY-KB)
- "Instantiate F.XOR")
-',- {"F,ACCUMULATE™ #Unit (F,ACCUMULATE FGN-PRIMITIVE-LIBRARY-KB}
7, “Instantiate F,ACCUMULATE®}
-:j (*F.ADD" $Unit (F,ADD FGN-PRIMITIVE-LIBRARY-KB!
iy *Instantiate F.ADD*)
) {"F.ADDC" $Unit (F.ADDC FGN-PRIMITIVE-LIBRARY-KB)
. *Instantiate F,ADDC")
: {"F.AND® #Unit (F.AND FGN-PRIMITIVE-LIBRARY-KB)
A 'Instantiate F.ANDY)
] -2 {"F,AVERAGE" #Unit (F,AVERAGE FGN-PRIMITIVE-LIGRARY-KR)
; "Instantiate F,AVERAGE®)
b (*F,CDIV" #Unit (F,CDIY FGN-PRIMITIVE-LIYRARY-KB)
}. *Instantiate F.CDIV")
.. T'FLCMUL" SUnit (F,CMUL FGN-PRIMITIVE-LIBRARY-KE)
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AN

I *Instantiate F.OMUL")
! {*F.CSUB" #Unit (F,CSUR FGN-PRIMITIVE-LIBRARY-KH)
N "Instantiate F,C5UB"}

- (*F.DIV* #Unit (F,DIV FGN-FRINITIVE-LIBRARY-KE)
o *Instantiate F,DIV")

*-_‘; ("F,DIFC" $Un1t (F,DIFC FGN-PRIMITIVE-LIBRAFY-KE}
£ "Instantiate F,DIFC")

L ("F.NOD" #Unit (F.MOD FGN-PRIMITIVE-LIERARY-KB
.‘ : "Instantiate F.MOD")

9} (*F.NODC" #Unit (F,MODC FON-PRIMITIVE-LIBRARY-KR)
P2 “Instantiate F.HODC")
L ("F,MUL" #Unit (F,MUL FGN-PRINITIVE-LIBRARY-KB?
o *Instantiate F.MUL')
- (*F.MULC" #Unit (F.MULC FGN-PRIMITIVE-LIRRARY-KR)
e *Instantiate F,MULC™)

'_.“.. (*F.NOT" #Unit (F,NOT FGN-PRIMITIVE-LIBRARY-KE!
.~ "Instantiate F.NOT*)

o (*F.OR* MUnit (F.OR FGN-PRINITIVE-LIBRARY-KB)

o “Instantiate F.OR")
.. (*F,ORC* #Unit (F,ORC FGN-PRIMITIVE-LIBRARY-KR)
LN *Instantiate F,ORC")

- {"F,ROUND" #Unst (F,ROUND FGN-PRIMITIVE-LIBRARY-KB)
o *Instantiate F.ROUND")

.“ . {"F.SINCOS” #Unit (F.SINCOS FGN-PRIMITIVE-LIBRARY-XB}

\"" "Instantiate F.SINCOS™)
{"F,50R00T" #Unit (F,SQROOT FGN-PRIMITIVE-LIBRARY-KB)
“Instantiate F,SQRCOT™)
(“F,SUR" #Unit (F,5UR FGN-PRINITIVE-LIBRARY-KE)
‘Instantiate F,SUR")
(*F.SUEC" #Unit {F,SURC FGN-PRIMITIVE-LIRRARY-KR)

. ll ‘l"‘

Pl 2

-

"Instantiate F.SUBC"!
2 {*F.XORC" 8Unit (F,YORC FGN-PRIMITIVE-LIBRARY-KR)
N *Instantiate F,XDRC™)))
Y {CHARACTER-TRANSFORMATION
f-‘: $Un1t (CHARACTER-TRANSFORMATION FGN-PRIMITIVE-LIBRARY-KR)
:; *See sub menu”
" (SUBITEMS (“F,CROTATE" $Unit (F,CROTATE FGN-PRIMITIVE-LIBRARY-KB)
- *Instantiate F,CROTATE®)
L (*F.CSCALE" #Unit (F,CSCALE FGN-PRIMITIVE-LIBRARY-KB)
- “Instantiate F,CSCALE")))
= (COMPARISON
( $Unit (COMPARISON FGN-PRIMITIVE-LIBRARY-KE)
] *See sub meny”
A {SUBITEMS ("F.GCE" #Unit (F.GCE FGN-PRIMITIVE-LIERARY-KB)
:_3 *Instantiate F.6CE")
e, {"F.CGT" dUnit (F,COV FGN-PRIMITIVE-LIBRARY-KE)
. *Instantiate F.C6T")
:f {"F,CLE" #Unit (F.CLE FGN-PRIMITIVE-LIBRARY-KB)
¢ *Iastantiate F.CLE™
::.' ‘ {*F,CLT" SUnit (F.CLT FGN-PRIMITIVE-LIBRARY-KB}
o *Instantiate F.LLT™
b
9
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- {"F,COMP,STRING" #Unit (F,COMP.STRING FON-PRIMITIVE-LIERARY-KB)
"Instantiate F,COMP.STRING")
{"F,EQ" #Unit (F,EQ FGN-PRIMITIVE-LIFRARY-KB)
"Instantiate F.EQY)
{"F,EQC" #Unit {F.EQC FGN-PRIMI1IVE-LIBRARY-KE)
*Instantiate F,EQC")
{"F.GE" #Unit (F.GE FON-FRIMITIVE-LIBRARY-KE)
“Instantiate F.GE*}
(*F.GEC" #Unit (F,GEC FGN-PRIMITIVE-LIBRARY-ER:
"Instantiate F.GEC")
(*F.GT" #Unit (F.GT FGN-PRIMITIVE-LIBRARY-KE)
"Instantiate F.G6T")
("F.BIC" #Unit (F.GTC FGN-PRIMITIVE-LIERARY-kA}
“Instantiate F,6TC"!
{"F.LE" #Unit (F.LE FGN-FRIMITIVE-LIBRARY-KE)
"Instantiate F.LE")
{*F.LEC" #Unit iF,LEC FON-FRIMITIVE-LIDRARY-KE)
"Instantiate F,LEC*)
("F,LT" #Unit (F,LT FGN-PRIMITIVE-LIBRARY-KB}
"Instantiate F.LT"
(*F.LIC" #Unit (F,LTC FGN-PRIMITIVE-LIERRRY-KB)
*Instantiate F.LTC")
{*F.NE" #Unit (F.NE FGN-PRIMITIVE-LIERARY-¥B)
"Instantiate F,NE")
- {"F,NEC" #Unit (F.NEC FGN-PRIMITIVE-LIERARY-¥B)
“Instantiate F.NEC")))
(DATA-CONVERSION
#Unit (DATA-CONVERSION FGN-PRIMITIVE-LIBRARY-KB)
"See sub menu”
(SUBITEMS
{*F,CELING" #Unit (F,CELING FON-PRIMITIVE-LIBRARY-KB!
“Instantiate F.CELING")
{“F,CHARCONVERT" #Un1t (F,CHARCONVERT FON-PRIMITIVE-LIERARY-5B)
“Instantiate F.CHARCONVERT™)
("F,CVEC" #Unit (F,CVEC FGN-PRIMITIVE-LIBRARY-KB) "Instantiate F.CVECY)
("F.FIX" BUnit (F,FIX FGN-PRIMITIVE-LIBRARY-KB) "Instantiate F.FIX")
("F,FLOAT" #Unit (F.FLOAT FGN-PRIMITIVE-LIBRARY-KB)
"Instantiate F.FLOAT")
("F.MATRIX2" $Unit (F.MATRIX2 FGN-PRIMITIVE-LIBRARY-KB!
*Instantiate F,MATRIX2"™)
("F.MATRIX3" $Unit (F.MATRIX3 FGN-PRIMITIVE-LIBRARY-KR
*Instantiate F.MAIRIXI")
{"FLMATRIX4A® SUnit (F.MATRIX4 FEN-PRIMITIVE-LIBRARY-KB/
“Instantiate F.MATRIX4")
("F,PARTS" MUnit (F.PARTS FON-FRIMITIVE-LIERAR(-KR!
“Instantiate F,PARTS™
("F,PRINT" BUnit (F.PRINT FGN-PRIMITIVE-LIBRARY-KR:
*Instantiate F,FRINT")
{"F,STRING, TO.NUM* 8Unit (F,3TRING.TO,NUM FGN-FRIMITIVE-LIRRAR-KE.
-, "Instentiate F,STRING, TG, NUK*
N {"F,TRANS,STRING" BUnit (F,TRANS.STRING FEN-PRIMITIVE-L{GRAKY-KB!
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(N B "Instantiate F,TRANS,STRING")

! ("F,VEC" #Unit (F,VEC FGN-FRINITIVE-LIBRARY-K8) "Instantiate F,VEC®
5 (“F,YECC" WUnit (F,VECC FON-PRIMITIVE-LIBRARY-KE) “Instantiate F,YECC™)
:{j ("F,XFORMDATA" #Unit (F.XFORMDATA FGN-PRIMITIVE-LIBRARY-Ki

N "Instantiate F,IFORMDATA™)

$xj {“F.XVECTOR" #Unit (F,XVECTOR FGN-PRIMITIVE-LIBRARY-K8}

> “Instantiate F.XVECTOR")
l‘:) {"F,YVECTOR" #Unit (F,YVECTOR FGN-PRIMITIVE-LIBRARY-KE!
"Instantiate F.YVECTOR")

LI
.I

a {("F,2VECTOR® ¥Unit (F.IVECTOR FGN-PRIMITIVE-LIBRARY-KE!
N "Instantiate F.IVECTDR")))
[ (DATA-SELECTION-AND-MANIPULATION
V% #Unit (DATA-SELECTION-AND-HANIPULATION FGN-PRIMITIVE-LIBRARY-KB)

. “See sub menu”

(SUBITENS

e {"F, INPUTS,CHOOSE" #Unit (F,INPUIS, CHOOSE FGN-FRIMITIVE-LIERARY-KE)
“Instantiate F.INPUTS,CHOOQSE")

{("F,ATSCALE" #Unit (F,ATSCALE FGN-PRIMITIVE-LIBRARY-KB}

¥ "Instantiate F.ATSCALE")

!:: (*F.BOOLEAN, CHOOSE" #Unit ¢F,ROOLEAN,CHOCSE FGN-PRIMITIVE-LIBRARY-KH)

-:}1 *Instantiate F,BOOLEAN.CHOOSE")

:'t ("F,BROUTE" #Unit (F.BROUTE FGN-PRIMITIVE-LIBRARY-kR)

. "Instantiate F,BROUTE")

k:; ) R (“F.BROUTEC" #Unit (F,BPOUTEC FGN-PRIMITIVE-LIBRARY-KR)

B 2,000,
[ .
;. it

o "Instantiate F,BROUTEC")

- {"F,CBROUTE" #Unit (F.CRROUTE FGN-FRIMITIVE-LIERARY-KB)

.,:-_' "Instantiate F.CBROUTE")

S ("F,CCONCATENATE" #Unit (F,CCONCATENATE FGN-PRIMITIVE-LIBRARY-KB)
o *Instantiate F,CCONCATENATE")

o ("F.CHARMASK® #Unit (F,CHARMASK FGN-PKIMITIVE-LIBRARY-KR)
‘ *Instantiate F.CHARMASK™)

yreed {"F,CONCATENATE" $Un1t (F.CONCATENATE FGN-PRIMITIVE-LIBRARY-EB)
Ny "Instantiate F,CONCATENATE®)

0 {"F,CONCATENTATEC" #Unit (F,CONCATENTATEC FEN-PRINITIVE-LIFRARY-KE;
LY *Instantiate F.CONCATENTATECY)

- {"F,CONSTANT" #Unit (F,CONSTANT FBN~FRIMITIVE-LIBRARY-KR)

." "Instantiate F,CONSTANT")

{"F,CROUTE" #Unit (F.CROUTE FGN-PRIMITIVE-LIBRARY~KR)

e "Instantiate F.CROUTE")

e {"F,DELETA" #Unit (F.DELETA FGN-PRINITIVE-LIBRARY-KB)

.:j.:'_ "Instantiate F.DELETA")
("€, FINC.STRING" SUnit (F.FINC,STRING FGN-PRIMITIVE-LIERARY-KR)
73 "Instantiate F.FINC.STRING")

o~ (“F.GATHER,STRING" #Unit (F,GATHER,STRING FGN-PRIMITIVE-LIBKARY-KE;
> *Instantiate F.GATHER.STRING")

o (*F,LABEL" #Unit (F.LABEL FGN-PRIMITIVE-LIBRARY-KB)

73y *Instantiate F.LABEL™)

5 {"F,LBLEXTRACT" #Un3t (F.LBL.EXTRACT FGN-PRIMITIVE-LIBRARY-FB)
.' “Instantiate F.LEBL.EXTRACT™)
e ‘"F,LENGH!,STRING* #Unit «F,LENGHT,STRING FEN-PRIMITIVE-LIBRARY-KR)
AN *Instantiate F.LENGHT,STRING")
R

126

Y Y
. L 8




-.“
h-‘-»
-.\
~ 3

Eial - de 4™ “gh Sah Gkiares gt gl saad Al R Akt Riabe S

CFLLINITY #Unit (FLLINIT FON-PRIMITIVE-LIBRARY-KB)
*Instantiate F,LINIT®
("F,LINEEDITOR" #Unit (F.LINEEDITOR FGN-FRIMITIVE-LIERARY-KB!
*Instantiate F,LINEEDITOR™}
{("F.MCONCATENATE" BUnit (F.MCONCATENATE FGN-PRIMITIVE-LIBRARY-KR)
*Instantiate F.MCONCATENATE™)
{"F,PASSTHRU" #Unit (F.PASSTHRU FGN-PRIMITIVE-LIBRARY-KB)
“Instantiate F.,PASSTHRU")
{(*F.PUT.STRING" $Unit (F,PUT.STRING FGN-PRIMITIVE-LIERARY-KE)
“Instantiate F.PUT,3TRING")
{*F,RANGE.SELECT* #Unit (F.RANGE.SELECT FGN-PRIMITIVE-LIRRARY-KH)
"Instantiate F.RANGE.SELECT™)
("F.ROUTE" #Unit (F.ROUTE FBN-PRIMITIVE-LIBRARY-KE)
"Instantiate F.ROUTE™
("F.ROUTEC" #Unit (F.ROUTEC FGN-FRIMITIVE-LIBRARY-kB)
"Instantiate F,ROUTEC")
{"F,SPLIT" #Unst (F.SPLIT FGN-FPRIMITIVE-LIBRARY-KB)
"[nstantiate F,SPLIT")
("F.TAKE.STRING™ #Unit (F.TAKE.STRING FGN-FPRIMITIVE-LIBRARY-KR!
“Instantiate F,TAKE.STRING®)
("F,YEC.EXTRACT" #Unit (F,YEC.EXTRACT FGN-PRIMITIVE-LIBRARY-KE)
*Instantiate F,VEC.EXTRACT™) )
{RISCELLANEDUS-FUNCTIONS
$Unit (MISCELLANEQUS-FUNCTIONS FGN-PRIMITIVE-LIBRARY-KE)
"See sub menu”
SURITENS
(*F,COLOR" #Unit (F,COLOR FGN-PRIMITIVE-LIBRSRY-KE)
“Instantiate F.COLOR™)
{“F,EDGE.DETECT" #Unit (F,EDGE.DETECT FGN-FRIMITIVE-LIBRARY-KR!
*Instantiate F,EDGE.DETECT")
{*F,FETCH" #Unit (F.FETCH FGN-PRIMITIVE-LIBRARY-KB)
*Instantiate F.FETCH™
J"FLONOPC SUnit (F,NOP FON-PRIMITIVE-LIBRARY-KB) “Instantiate F.NOP“!
{"F.PICKINFG" #Unit (F,PICKINFO FGN-PRIMITIVE-LIBRAKY-kE!
*Instantiate F,PICKINFO")
{“FLPOSITION.LINE" SUmit (F,POSITION.LINE FGN-PRIMITIVE-LIERARY-RB)
“Instantiate F.POSITION,LINE®)
"FLSYNC" #Unit (F,SYNC FGN-PRIMITIVE-LIBRARY-kBI “Instantiate F.SYNC*i))
{ORJECT-TRANSFORMATION
$Un1t (OBJECT-TRANSFORMATION FGN-PRINITIVE-LIBRARY-KR)
*See sub senu”
‘SUBITEMS ("F,DSCALE” #Unit F,DSCALE FON-FRIMITIVE-LIBRARY-KE;
*Instantiate F,DSCALE™:
t"FLOXROTATE™ $Unmit (F,DXROTATE FGON-FRIMITIVE-LIBRARY-LE)
Instantr.%e F.O3ROTATE":
(FLOYROTAIE" wunit ¢F.LYROTARIE FEN-FRIMITIVE-LIERARY-LE:
*Instantiate F,D/ROTATE™:
(*F.DIRQTATE" #Unit (F,DIROTRIE FGN-PRIMITIVE-LIBFARY-LE:
"Instantiate F.DIROTARTE"!
C*FLXRNTATE" $Unit (F,(ROTATE FGN-PRIMITIVE-LIBRAR:-bE:
"fnstantiate F,RROTATE™
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{"F.YROTATE" $Unit (F,YROTATE FON-FRIMITIVE-LIERARY-KE)
"Instantiate F,YROTATE"!
{"F.IROTATE" $Unit (F,IROTATE FGN-FRIMITIVE-LIBRARY-iE)
“Instantiate F.IROTATE"!
{"F,SCALE" #Umit (F.SCALE FGN-FRIMITIVE-LIBRAR?-KE)
"Instantiate F.SCALE®) )}
LIIMING
$Unit (TIMING FGN-PRIMITIVE-LIBRARY-KB)
"See sub aeny”
(SUBITENS {"F,CLCSECONDS" 4Unit (F.CLCSECONDS FON-PRIMITIVE-LIURARY-KR)
*Instantiate £, CLCSECONDS")
(*F.CLFRAMES" #Unit (F,CLFRAMES FGN-FRIMITIVE-LIERARV-iB)
"Instantiate F,CLFRAMES*)
{"F,CLTICKS" #Unat (F.CLTICKS FGN-FRIMITIVE-LIDRaRY -kt
"Instantiate F.CLTICKS™)
("F,TIMEOUT" #Unit (F,TIMEQUY FGH-PRINITIVE-LIRRARY-KB
"Instantiate F,TIMEQUT") )
{VIEN-TRANSFORMATION
#Unit (VIEW-TRANSFORMATICN FGN-PRIMITIVE-LIBRARY-KE)
“See sub menu”
{SUBITENS (*F.FOV® #Unit (F,FOV FGN-PRIMITIVE-LIBRARY-KB)
"Instantiate F,FOY")
{"F,LOOKAT" $Unit (F.LOOKAT FGN-PRIMITIVE-LIBRARY-KR)
"Instantiate F.LOOKAT")
{"F.LOOKFROM* #Unit (F,LOOKFROM FGN-PRIMITIVE-LIBRARY-KB!
*lnstantiate F.LOOKFROM®
("F HINDON" $Unit <F,WINDOW FGN-PRIMITIVE-LIBRARY-KR)
"Instantiate F,WINDOW"))}
{QUTPUT-FUNCTIONS
¥Untt (QUTPUT-FUNCTIONS FGN-PRIMITIVE-LIBRARY-KE)
“3ee sub menu”
{SUBITENS
{"CLEAR,LABELS" #Un1t (CLEAR.LABELS FOH-PRIMITIVE-LIBRAKy-£E!
*Instantiate CLEAR,LARELS")
{"DLABEL.1-8" #Unit (DLABEL,1-8 FEN-PRIMITIVE-LIGRARY-KE)
"Instantiate DLABEL.1-8")
("FFPLOT" #Unat (FFPLOT FON-PRIMITIVE-LIGRARY-KB) *Instantiate FFPLOT®)
"FKEYS" BUnit (FKEYS FGN-FRIMITIVE-LIBRARY-KE) "Instantiate FLEYS")
("FLABELE" #lni1t (FLABELE FGN-PRINITVIVE-LIBRARY-KR)
“Instantiate FLABELY")
("FLABEL.1-12" #Unit (FLABEL.1-12 FON-PRIMITIVE-LiBRARY-KE)
*Instantiate FLABEL,1-12"}
{"HCPIP" $Un1t (HCPIP FGN-PRIMITIVE-LIBRARY-KB) “lnstantiate HCPIF"
("HOSTQUT" #Unit (HOSTOUT FGN-PRIMITIVE-LIDBRAR(-KB}
“Instantiate HOSTOUT"!
{"OFFBUT{ONLIGHTS" #Unst (OFFBUTTONLIBHTS FGN-FRIMITIVE-LIERARY-kB:
*Instantiate OFFRUTTONLIGHTS")))
LINPUT-FUNCTIONS
$Unit (INPUT-FUNCTIONS FGN-PRIMITIVE-LIBRARY-KE)
"See sub menu"
(SURITEMS ("BUTTONSIN® #Unit (BUTTONSIN FON-FRIMITIVE-LISRARY-ER)
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* "Instantiate BUTTONSIN®)
{*DIALS" #Unit (DIALS FGN-PRIMIVIVE-LIBRARY-KB)
*Instantiate DIALS")
("KEYBOARD" #Unit (KEYBOARD FEN-PRIMITIVE-LIBRARY-KR)
"Instantiate KEYBCARD"}
("PICK" #Unit (PICK FGN-PRIMITIVE-LIBRARY-KB)
"Instantiate PICK*)
("SPECKEYS" MUnit (SPECKEYS FGN-PRIMITIVE-LIBRARY-KB)
*Instantiate SPECKEYS")
{*TABLETIN" #Unit (TABLETIN FSN-PRIMITIVE-LIBRARY-KD:
“Instantiate TABLETIN®}
(*TABLETOUT" #Unit (TABLETOUT FGN-PRIMITIVE-LIBRARY-KB)
“Instantiate TABLETQUT®)))
{INITIAL-STRUCTURES
$Unit (INITIAL-STRUCTURES FGN-PRIMITIVE-LIBRARY-KR)
“See sub seny”
{SUBITENS
{"CURSOR" #Unit (CURSOR FON-PRIMITIVE-LIBRARY-KB) "Instantiate CURSDR")
{"PICK,LOCATION® #Unit (PICK.LOCATION FGN-PRIMITIVE-LIBRARY-KR!
"Instantiate PICK,LOCATION")))))
(DISPLAY-TREE
#Unit (DISPLAY-TREE FGN-PRIMITIVE-LIBRARY-KE)
“See sub amenu’
{SUBITEMS ("DTREE" #Unit (DTREE FGN-PRIMITIVE-LIBRARY-KR)
o, "Instantiate DTREE")
) ("ROBOT-ARM" #Unit (ROROT-ARM FGN-PRIMITIVE-LIBRARY-KR)
“Instantiate ROBOT-ARM“))))

Unit: FKEYS
Members: NIL
Subclasses: NIL

Unit: FLABEL,1-12
Mesbers: NIL
Subclasses: NIL

Unit: FLABELD
Meabers: NiL
Subclasses: NIL

Unit: FUNCTION-NODE
Members: NIL
Subclasses: (dUnit (DATA-SELECTION-AND-MANIPULATION FGN-FRIMITIVE-LIBRARY-KR}
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$Unit (DATA-CONVERSION FGN-PRIMITIVE-LIBRARY-KB)

$Unit (COMPARISON FGN-PRIMITIVE-LIBRARY-KB)

$Unit (CHARACTER-TRANSFORMATION FOM-PRIMITIVE-LIBRARY-KB)
$Unit (ARITHMETIC-AND-LOGICAL FGN-PRIMITIVE-LIBRARY-KE)
$Unit (VIEN-TRANSFORMATION FGN-PRIMITIVE-LIBRARY-KR)
$unit (TIMING FGN-PRIMITIVE-LIBRARY-KB)

$Unit (QUTPUT-FUNCTIONS FGN-PRIMITIVE-LIBRARY-KB)

$Unit (DBJECT-TRANSFORMATION FGN-PRIMITIVE-LIBRARY-KB)
$Unit (MISCELLANEQUS-FUNCTIONS FGN-PRINITIVE-LIBRARY-XB)
$Unit (INPUT-FUNCTIONS FEN-PRINITIVE-LIBRARY-KB)

Junit (INITIAL-STRUCTURES FGN-PRIMITIVE-LIBRARY-KR))

Unit: HCPIP
Meabers: NIL
Subclasses: NIL

Unit: HOSTOUT
Members; NIL
Subclasses: NIL

Unit: INITIAL-STRUCTURES
Meabers: (#Unit (CURSOR FEN-PRIMITIVE-LIBRARY-KR)
$Unit (PICK.LOCATION FGN-PRIMITIVE-LIBRARY-KR))
Subclasses: NIL

Unit: INPUT-FUNCTIONS

Meabers: (#Umit (DIALS FEN-PRIMITIVE-LIBRARY-KB)
$Unit (BUTTONSIN FGN-PRIMITIVE-LIBRARY-KR)
$Unit (TABLETOUT FGN-PRIMITIVE-LIBRARY-KR)
$Unit (TABLETIN FGN-PRIMITIVE-LIBRARY-KR)
$Unit (SPECKEYS FBN-PRIMITIVE-LIBRARY-KE)
$Unit (PICK FGM-PRIMITIVE-LIBRARY-KB)
$Un1t (KEVBOARD FGN-PRIMITIVE-LIBRARY-KB))

Subclasses: NIL

Unit: KEYROARD
Nembers: NIL
Subclasses: NIL
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X Unit: MISCELLANEOUS-FUNCTIONS
.:} Meabers: (#Unit (F.SYNC FGN-PRINITIVE-LIBRARY-~KB)
; $Unit (F.POSITION.LINE FGN-PRIMITIVE-LIBRARY-KB)

!
; fnit (F.PICKINFO FGN-PRIMITIVE-LIBRARY-KB)
™ $Unit (F.NOP FGN-PRINITIVE-LIBRARY-KB)

\ $Unit (FLFETCH FGN-PRINITIVE-LIBRARY-KB)

;§ $Unit (F,EDGE,DETECT FGN-PRINITIVE-LIBRARY-KB)

\ $Unit (F,COLOR FGN-PRIMITIVE-LIBRARY-KB)!
'y

' Subclasses: NIL

"

) Unit: OBJECT-TRANSFORMATION

P Meabers: (#Unit (F,IROTATE FGN-PRIMITIVE-LIBRARY-KB)
y Mnit (F,YROTATE FGN-PRIMITIVE-LIBRARY-KB)

X $Unit (F,XROTATE FGN-PRIMITIVE-LIBRARY-KR!

:j $Unit (F.SCALE FGN-PRIMITIVE-LIBRARY-KB)

$Unit (F,DIROTATE FEN-PRIMITIVE-LIBRARY-KR)

$Unit (F.DYROTATE FGN-PRIMITIVE-LIBRARY-KB!

. $Unit (F.DXROTATE FGN-PRIMITIVE-LIBRARY-KR!

#Unit (F,DSCALE FEN-PRIMITIVE-LIBRARY-KB))
Subclasses: NIL

©/ Unit: OFFBUTTONLIGHTS
Mesbers: NIL
Subclasses: ML

Unit: QUTPUT-FUNCTIONS
Meabers: (#Unit (OFFBUTIONLIGHTS FON-PRIMITIVE-LIBRAKY-KK)
$Unit (HOSTOU! FGN-PRIMITIVE-LIBRARY-KB)
o $Un1t (HCPIP FGN-PRIMITIVE-LIBRARY-¥B!
- $Unit (FLABELA FGN-PRIMITIVE-LIBRARY-KB)
BUnit (FLABEL.1-12 FGN-PRIMITIVE-LIBRARY-KB)
. $Unit (FKEYS FGN-PRIMITIVE-LIBRARY-KB)
$Unit (FFPLOT FGN-PRIMITIVE-LIBRARY-KB)
$Unit (DLABEL.1-8 FGN-PRIMITIVE-LIBRARY-KB)
$Unit (CLEAR,LABELS FGN-PRIMJTIVE-LIBRARY-KB))
Subclasses: NIL

.
s . »

o

!: Unit: PICK
i) Meaders: NIL
. Subclasses: NIL
3
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Unit: PICK.LOCATION
Meabers: NiL
Subclasses: NIL

Unit: ROBOT-ARM
Meabers: NIL
Subclasses: NIL

Unit: SPECKEYS
Mesbers: NiL
Subclasses: NIL

Unit: TABLETIN
Meabers: NIL
Subclasses: NIL

Unit: TABLETOUT
Meabers: NIL
Subclasses: NIL

Unit: TINING
Hembers; (#Umit (F.TINEQUT FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F.CLTICKS FGN-PRIMITIVE-LIBRARY~KB}
$Unit (F,CLFRANES FGN-PRIMITIVE-LIBRARY-KR)
$Unit (F,CLCSECONDS FGN-PRIMITIVE-LIBRARY-KB))
Subclasses: NIL

Unit: VIEN-TRANSFORMATION
Members: (#Unit (F.WINDOW FGN-PRIMITIVE-LIBRARY-KB)
$Unit (F,LOOKFROM FGN~PRIMITIVE-LIRRARY-KR)
$Unit (F,LOOKAT FGN-PRIMITIVE-LIBRARY-KE)
$Unit (F,FOV FGN-PRIMITIVE-LIBRARY-KB!:
Subclasses: NIL
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o Appendix B: Graph Design Assistant Source Code
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The section contains listings Lisp code used in the
Graph Design Assistant. There are three files. Each file

starts with a file header and a listing of the file's

s — | o

contents.
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- $34 -#- Mode: LISP: Packaoe: KEE: Rase: 19 -+-

v : Filenaae: gda.lisp

> i Prosect: bragh Desian Assistant version 8

" i Dates Deceaber 3. 1985

v i Author: Alan J. Black

2 i Description:

] ; Contains aisc. lisp functions used by the the graph design assistant,
4 )

.'_-" i  Contents:

o : shost-dirs variable

e i toda-kbst variable

‘i i gda functiens

' load-qda-kbs function

- : save-qda-kbs function

s H select~froa-alist function

. ' cet-confirmation tunction
W’ ;

‘f‘ :\N'v‘&ﬂ’h‘v‘\:ﬁ’v'\\l‘i'\v‘iﬁ’iﬁ'\rﬁ'ﬁMNQMN~~~’HN~~'\-~~~N&~NN"\r
A-j i GDA global variables

o i

)2 ' thost-dirt - host directorv for GDA svstea

: tgda-kbs* - list of KEE databases in the GDA svstem

N i

- {defvar #host-dir® ">blackiada’”)

:j {deévar *oda-kbsk

o 1y

¢ gda-svstes

- tan-ar aamar -kb

- fon-primitive-library-kb

= )

.t‘ l‘l*ﬁ~~~~~~~~~~~~~~‘~~~V~~~~~~~~~~~~N~~~~~~"~N'\’
, ' gda () function

d Initializes 6DA. Loads files and knowledoe bases. Sets KEE variables.
A {defun ada ()

. (load ":black:odaiaraph-window"}

SR {load ">black>ada>interface-manager")

1

y
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{load-oda-kbs)
{(princ "Graph Desian Assistant loaded")
{setq valueclasscheck ’strict))

BN TN Y YN Y YN A Y YA NN Y Y AYY YN Y Y YA Y YY Y Y YN A Y Y NN

$ load-qgda-kbs
H Loads the 6DA knowledoe bases
(defun load-qda-kbs ()

{dolist (kb #gda-kbst)
{kbload (string-append #host-dire (get-pname kb)))))

L I e I A N R I L 2. . L I T R VR T R S L T T R Y

H save-gda-kbs

Save the GDA knowledoe bases

. we 4a

F!p_ {defun save-gda-kbs ¢)
. {dolist (kb tgda-kbs¢)
a (kbsave kb nil #host-dir#)))

Y %N M AN Y A Y A MY Y Y Y A AR Y Y Y Y e YN Y Y Y Y Y Y A Y Y Y Y Y A A AN Y Yy

VS
3 select-from-alist (alist Yoptional label)

digplays a list of avajlable units and allows the user to choose
fram the list,

The available-units-list is an association list forsated as tollows:

f("label 1* , value-1)
("label 2* . value-2}

]
.

A}
.
Al
.
'
.

'
.
¥
.

1)

Al
.
]
.
L)

defun select-from-alist (alist koptional Jabel)
{declare (special aenu-window menu-list)) !
(setq senu-list nil)
(setq senu-window
(tv:make-window
"tvidvnamic-somentary-aenu
‘borders 2
‘default-font fontsihliy
slabel label
.deexposed-tvpeout-action iperamit
v1tes-list-pointer eenu-list))
(setq menu-}ist alist)
Ao (send smenu-window :choose))
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H
i get-confirmation (prompt!

'

i Displays a meu and asks the yser to confirm a gending action
\

{

defun get-confirmation (proaspt)
{declare (special confirm-window confira-alist))
{setq confira-alist nil}
2 tsetg confirm-window
* (tvimake-window

- ?tv:dvnaaic-mosentarv-senu
2 sborders 2
y tdefault-font fontsihilg

;13bel "CONFIRM:®

:deexposed-tvpeout-action ioersit
; iitea-list-pointer 'confira-alist))
" {setq confirm-alist “{(,prompt . .t) ("abort" . .nil}))
i {eend confira-window :choose))




aethod
sethod
acthod
sethod
sethod
aethod

wethod
pethod
method
aethod
aethod
aethod
aethod

.'\ ]
oy
S o
,‘-11 f":’:‘
! l'a dl
S
N
- L i3i -#- Mode: LISPi Base: 183 Package: KEE -¢-
) H File name;  graph-window.lisp
f:t: ' Praject: 6raph Desion Assistant, version 8
o i Date: Deceaber 3, 1985
N i Author: Alan J. Black
s i Description:
_ i Contains the definition for the graph-window-flavoer and its
'f«:; i associated sethods. The graph-window-flavor is the tvoe of
T : window which is used to edit graphs in GDA,
o ;
[0 i Contents:
hY :
.r H araph-window-flavor flavor definition
9 d tvoeout-window-flavor flavar definition
i : icalc-box-size graph-window-f1avor
2 ; sdraw-arc graph-window-fiaver
:ﬂj? . } 1graw-box graph-window-£1avor
v (:;J : idraw-connector graph-window=-flavor
™ : tdraw-line-between-points  graph-window-flavor
1 ] idraw-node graph-window-flavor
'S : draw-io-pair function
E:; ; aake-io-pair-list function
S : talc-box-width function
:)‘ : calc-box-height tunction
3 H 1draw-selectable-string araph-window-flavor
Ry : tget-instantiate-location  graph-window-flavor
e : :1abel -or aph-window graph-window-flavor
ixi : update-path graph-window-flavor
ot : : show-aeny araph-window-¢1avor
¥ : supdate araph-window-flavor
T : Tuser-msessage graph-window-§]avor
:Ii\ : initial-gw-iten-list function
::.ﬁ H nake-or aph-window function
T i nake-tvoeout-window function
e ]
h‘ ;Nﬁ\-’vﬁﬁH‘M~~~~~~~Nﬁﬁlv‘b\v‘\l~i~~~~~~ﬁ~~~~~~N~~'\"v~'\/N
Pt i araph-window-flavor
ARt H
' t{: +  Flavor definition, "kikwin® is the window flavor used bv kEE. mixing in
iii.; {  oives the grach-window-flavor similar properties,
\
s ::E{J {detflavor oraph-window-flavor 1)
0 L3 :
o
e
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(tvibasic-souse-sensitive~iteas
tvimindow-with-tvpeout-aixin
tviselect-mixin
k:kwin)

‘gettable-instance-variables
rsettable-instance-variables)

A A A A A A A R R R EEEEEEEEEE Y

v tvpeout-window-flavor
+  This window will allow for errors to tvpe out
(

deftlavor tvpeout-window-flavor ()
(tv:teaporary-tvpeout-window
tviselect-aixin)i
i soee constants that affect the oraphic fioures displaved in
t the araph-window

(defconst l.ne-space 12)

{defconst v~connect-point-offset 5)
(defconst box-top-margin 2)
{defconst box-bottom-margin 2}
(defconst ain-box-width 38)
(defconst min-box-height 1)

LA EE B AR L B B B L B L B N B A B R R B I . T T R L B T T

' tcalc-box-size {node)

H

' Calculate the size of a node box
{

detsethod (graph-window-flavor :calc-box-size) (node)
{lets

{{input-units (get.values node 'sub-input))
(output-units (get.values node ’'sub-outout)!}
{in-firstnases (mapcar ¥’ ({lasbda (s} {(get,value u 'firstnaae)) input-units))
(out-firstnames (mapcar ¥ (lasbda (u) (aet,value u 'firstname)) output-umits))
(label (get.value node ’'label})
(box-width (calc-box-width self label in-firstnames out-tirstnames))
{box-heiaght (calc-box-height in-firstnaaes out-firstnases!))

‘{,box-width .box-height))}

MY MY MY A Y YN AN Y Y Y Y A NN VY A Y VY Y Y Y Y A Y Y Y YN A Y Y Y Y Yy

idraw-arc (arc)

Draw an arc

—— #e *e we e we

defmethod (araph-window-flavor idraw-arc) iarc)
(lets
{(from (get.value arc ’'froa-junction))
{to toget.value arc "to-junction))

e e e el e vl el e m " - o
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{pl  (oet,value froa 'output-position))

(p2  foet.value to  ’input-positions)

{path (get.values arc 'path)}!

(if
path
{send self idraw-line-between-points *(.p! ,@path .p2i)
{cend self idraw-line-between-points ‘(,p! ,02))))}

L I R N T R T I T O O I T I I I T I I O R o e . A T I . T T L e

idraw-box {x v height width alu)

' Draw a box
{defeethod (graph-window-flavor :draw-box) (x v height width Yoptional {alu tvialu-ier))
{lett
(¢ x)
irt (+ % width))
ftop v)
tbat (+ v heighti})
{send self idraw-lines alu !f top rt top rt bot If bot 1+ too)d
{send self :set-cursorpos x v!)

(defun xpos (position) {first position))
{defun vpos {position) f(second position))

Co
AW 4 N v v w A Y YN AN N AN A YN Y YN Y e N Y Y A AR AN Y Y VY v Y MY N Ay

1
' (draw-connector (coanector input-p}
:

(detmethod (oraph-window-tlavor idraw-connector) (connector)
tlets
({pos (get.value connector "position)!
{x {xpos pas)}
(v tvpos pos))
{firstname (get.value connector "firstname))
(input-g (get.value connector ’input-p))
(shape (get.values connector ’shape))
{connect-point-offset (get.value connector ’connect-point-offset))
(connect-point “{,{+ x {xpos conpect~point-offset))
+(+ vy (ypos connect-point-offset))))
(label (get.value connector 'label))
{label-offset (get.value connector 'label-offset))
(points
{mapcar ¥ (lasbda (point) “(.(¢ x (xpos point)) .+ v (vpos point))))
shape))
{line-args '(.tvialu-ior ,@(flatten points)}))
(i
input-p
{put.value connector ’output-position connect-point)
(put.value connector ’input-position connect-point)!
. {send self iset-cursorpos x (- v line-space))
(send self :dram-selectable-string

.
s

Vol
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{forsat n1]l ““a" firstnase!

{1t 1nput-p :in-connector-itea jout-connector-i1tem) connector)
{lexpr-send self idraw-lines line-args)
{send self iset-cursorpos (+ x {xpos label-oféset)) (+ v (ypos label-otfset)))
{send self :string-out label}))
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H
' idraw-line-between-points (point-list koptional (alu tvialu-ior)}
H
(

defmethod {graph-window-flavor :draw-line-between-points!
{point-list %optional (alu tvialu-ior))
{let
{{line-args "(,alu ,8(flatten-point-list point-listi)))
(lexpr-send self :draw-lines line-aras)))

(defun flatten-point-list (point-list)

{if
point-list
(lete
({pl fcar point-list)))
{it
pl
{let
({x {first o))
AN (v (second pl)))

{cons x f{cons v (flatten-paint-list {cdr point-list)))))
(flatten-point-list fcdr point-list))))))

:‘\v‘ﬁ‘\"'H~~~~~N~‘|N~\NN~‘V~~~N’vhhﬁﬁﬁ\ﬁ~~~~~~~~~\~~~

; idran-node (node!}
i Draws a node with labels and io-pins

(defmethod taraph-window-flavor :draw-node) (nade)
(lets
{(position {get,value node 'position})
(x (first position))
(v {second position))
{1nput-units (get.values node 'sub-input))
toutput-units (get,values node ’sub-output})
(in-firstnasmes (mapcar ¥ (lasmbda (u) {(get.value u 'firstnase)) input-units))
{out-firstnames (mapcar #’ {laabda (u) (get,value u 'firctnamel) cutput-units)
(node-firstname (cet.value node ’firstnamel)
‘Jabel f(get.value node 'label))
tbox-width (calc-box-width self label in-firstnames out-firstnames))
(box-height (calc-box-height in-firstnames out-firstnames)}
{itestvpe  (get.value node 'selectable-ites-t.pe)))
(send self idraw-box » v box-height hox-width]
(send self :set-cursorpos x (- v line-space))
(send self idraw-selectable-string
(foraat nil "*a" node-firstname) iteatvpe node)

.y
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(send self iset-cursorpos x (setq v {¢ v box-top-aarginl)!
{if label
{let#
(t1abel-length (send self istring-lencth labei})
(1-x {+ % {// (- box-width label-lenath) 2)}))
tcend se}¢ iset-cursorpos l-x ¢!
fsend self istring-out label:
(sgtg v {+ v line-space))))
tdolist
{iopatr t(aake-io-pair-list input-units output-units))
tdraw-10-pair % v box-width iopair self)
(setq v (¢ v line-spaceli}i)

{defun draw-10-pair {x v box-width io-pair window)
{let
tiin-unit (car 10-pair))
(out-unit fcdr 1o0-pair)})
(if in-unit
(let
{{1n-name (oet,value in-unit ’firstname))
(connect-pos '{.x . (+ v v-connect-point-offset)))!
iput.value in-umt ’input-position connect-pcs)
(send window :set-cursorpos » v)
"3"" (send window :draw-selectable-string
ttormat nil * “a * in-name) iinput-i1tes 1n-urrtit)
(1¢ out-unit
(let+
(tout-name iget.value out-unit ’firstname))
(out-string (format nil " “a " out-name)!
tout-lenoth (send window :strinc-lenoth out-strino))
{out-x-offset (- box-wigth out-lenath))
tconnect-005 ‘(. i+ x box-width) .+ v v-connect-point-ctéset) i)
{put.value out-umit 'outout-position connect-pos!
{zend window :set-cursorpos (+ x out-x-cffcet! i
{send window :draw-selectable-string
out-string ioutput-ites out-uniti)) i

{defun make-ig-pair-list lin-list out-list)
{cond

(tand {npull in-list) (null out-list)) n1l)

(inull in-list)

{cons (cons nil {(car out-list)) (aake-1c-pair-list nil {cdr out-last))))
{{null out-list)

{cons (cons (car in-list! nil) (aake-1o-parr-list (cdr sn-list) niltt)

1 é

tcons fcons (car in-list) (car out-list))

{make-io-pair-list (cdr in-list) (cdr out-list)In))

e tdefun calc-box-width (window }abel in-firstnaaes out-firstnames)
. (lete




{{io-pairs f{pairlis tn-firstnames out-t1rstnaaes))
(pair-widths
(mapcar
¥ (lanbda tio-pair!
(lete
{{1n-name (car io-pair}!
{out-nase (cdr i0-pair))
{out-width (if out-name
{send window :string-length (foraat nil " “a * out-name)’
8}
{in-width (if in-naae
{send window :string-lenoth (forast nil " 3 " in-name!)
ér)
{+ out-width in-wigth)i}
10-pairs})
(max-io-pair-width (if pair-widths tapplyv 'max pair-widths) 21!
(label-w1dth tsend window :string-{ength (format n1l * *a * label):n
{pas max-10-pair-width label-width ain-box-wmidth)))

igefun calc-box-hesght ( in-firstnames out-tirstnames!
{lets
{faax-names {max (lenoth in-tirstpames) (length out-firstpamesi )i
(max ain-box-height
{+ box-tep-margin line-space (* max-names line-spacer))i)

“' ;‘\t‘b’v‘l~’¥’v‘;MN’V\-&&‘\M‘\&"\-'&\‘\'\‘\.-\N\:N'vv’MN‘\tﬂl\"N\t"c\t'\r’v‘\v'\

: ‘draw-selectable-string (string itestvpe 1tes)

i Draws a selectable string and adds the item to the
t 1tes alist,

‘defmethod (graph-windon-flavor idraw-selectable-string) (string iteatvpe 1tea)
(et (k8 v x1 v1!
(aultiple-value (x9 vd) (send self :read-cursorpos)!
(send self istring-out string)
{multiple-value (x1 v1) (send sel¢ iread-cursorpos)
(send self iprimitive-itea 1temtype item x8 vd <1 (« v )
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ioet-instantiate-location

A
i
: rllows user to eove point to & wosilien ip the window with the aouse,
'
: Returns, coordinates (. v), or nil i# user aborts
tdefaeethod laraph-window-flavor get-location! (wjdth hejghti
{send selt :expose!
tvimouse-wart)
S {tviwith-mouse-grabbed-on-Sheet ()
’ fdo
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G
S
::‘ {{x {= tvimouse-x 8) (- tvieouse-x 8))
N {v (- tvimouse-v 24) (- tvimouse-y 24)]
- {b tvimouse-last-buttons tvimcuse-last-buttons))
{f (tneq b @) (if {=b ) tlist x v} nilM)
- (draw-locate-box self x v width height)
[ {send self iuser-message {format nil "Lilocate, RiAbort x:4d vi*4d" x v)!
v {tv:mouse-wait)
- {dram-locate-box self x v width height))))
- {defun draw-locate-box (window x@ vB width height)
- (et
- (ind (¢ xd width))
: (vi {¢ vi# height)))
. {send window idraw-lines tvialu-xor x@ vi x1 v8 x1 vi 28 vl %8 v@)))
R
)
|
,,'( ;~~.~~~~~~~4v~~~~~~~~~~~~~~~~~~~w~~~~~~~~~~-\.\.-\.\-»
' i :label-araph-windon current-graph
N {defaethod (araph-window-flavor :label-graph-window) (current-graph)
. (let tgraphnase kbname)
N {cond
o .. {current-graph
~ “*, {seta graphnase (unit.name current-oraph))
. {setq kbname {kb.name {unit.kb current-graphli})
S {t
. (setq oraphnase “not assigned”)
- (setq kbnase  "not assigned“)))
- (send self :set-label
7 {format nil "graph: “a kb: “a" araphname khnamel)!!)
«‘ : update-path (ol path p2)
'« idefmethod (araph-window-flavor :update-path) (pl path p2}
¢ {send self :expose)
i {send self idraw-line-between-points "(.pl dpath ,p2) tvielu-xor!
) {tv:with-nouse-grabbed-on-sheet ()
. {tviaouse-wait)
v, (do
::: (lquit nil)
] {new-path nil)
T (1 (first pi))
- (vl (second pl))
3: {(x {- tvimouse-x 8) (- tvimguse-x B/}
F. (y {~ tviaouse-v 24) {- tvimouse-v 24))
i b tvimouse-last-buttons tviacuse-last-buttons))
¢ fouit
‘B S {send self :draw-line-between-points ‘(,p! ,@new-path ,pl):
. new-path)
e 143
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N

:::J

K ¢: ,.:-"

e ) (selectq b

M {1 {send self idramw-line-between-points ‘{,pl ,@new-path) tv:alu-xor!
i (setq new-path (append new-path “(L,x ,v))))

'_:}:' {send selé idraw-line-between-points *(,p! .@new-path) tvialu-xor)
K. {setq x1 x)

X {setq vi v))

"'- (2

V) (setgq new-path (butlast new-path))

.:{.'_ {14 new-path

el {let

o ((last-point (first (last new-path))))

y {send self idraw-line-between-ooints

" *(,last-point (,xI ,v1}) tvialu-xor)
A {setg x! {(tirst last-point))

fr Y (setq v! (second last-paint)))

3 > {progn

e (send self idraw-line-between-points

.,-:-_: YGpt Gxl vl tyvialu-xor)

Dotat {setg x1 {first pl))

® (setq v! (second p1))}))

s {4 (setg quit ©)))

':E:f( isend self idraw-line-betmeen-0o1ats “({.xi .v1) tos ov} (02} tyiabu=xor!
5,\ {send self luser-message

pnd - iformat ml

e -Q’,—.“ ‘Lradd-point Lidelete-last-point Riexit (*44,%4d) 1™d4d,"4d)° =) of 5 o))
i (tvinouse-wait)

:_xf_- (send self :draw-line-between-points “1i,xf 1} fon o) L02) tvialu-wor)
i

s
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C) ! set-cyrsorpos-rel

P i

S ‘defeethod (oraph-window=flaver iset-cursorpos-rel: d-x d-)

.;;::?_- et 1x v

e taultiole-vaiue x v! {send selt iread-curscrpos))

.:;':;: (send self iset-cursorpos (+ & d=x! i+ v d-y)iN:

N '

S d P3NGH-REIU

’_-jf:-' : Urites the list of #enu 1tems across the tor ot the #indow

.{r.‘: H

(. Sdetasthad ‘orash-sindow-tideor Lchow-senu! )
b= 7~ 'send sel+ iset-cursorpos S L.

el 3aocar

o ¥ llasbda tarc.

Py ilesor-seng sei¢ acd

T ssend selt istringecet 1™
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2 )
’ ivitea ;menu-3oenda “agenda®)
{i1tea [eenu-gragh “gragh”:
{ritea iaeny-alan "alan"
{¢item imenu-priaitive "arimitice"!
{iitem aenu-sunction “yunction™)
it}
: T
; iuodate graoh kb
i
tdeteethod (oraph-window-flavor ;update) {current-oragh)
{cend self iclear-windaw)
tsend celé ;show-aenu)
{send self :label-graph-window current-graphl!
;N"\‘t'V'v\l~~’V~'~’H~"~~~'V\l~~V'\N~~~~\~~~Y'v‘l~!"'U'VV\-\:
' (user-message ‘sessade string)
i
H Displavs the message in the lower lett corner of the window
i
‘defaethod {graph-window-flavor iuser-aessage) (message-string)
(send self thome-down)
. {send selt iclear-rest-pé-line)
f:fi fsend selt istring-out message-string))

44"N¥-~~"s-\‘\vNNNM&‘MN’M’\-‘\'NM‘:‘"‘:N‘\I&‘NNNVVNNN~~’~~\N~‘\1V~

3 imtial-gw-itea-alist

}

i This tunction initializes the item alist for the graph-window
{

detun initial-gw-1tem-alist ()
{let tfow-1tem-slist nil))
{tv:add-tvpeout-item-tvpe
gw-item-alist
s aenu-zoom-out
"zoom-out"”
:1o00a-out

+
.

"loom out and view parent of this graph™

>

3
.
»

---= peny-window iteas ----

«
s

{tviadd-tvpeout-itea-tvpe
aw-itea-alist
:aenu-window
"3ss1gn-graph”
1assign-graph
nil
"Assigns a oraph to this window")
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{tviadd-typecut-1ten-tvpe
gw-ites-alist
(@enu-window
*update-window"
supdate-window
t
*Redraw the window")

---< aenu-agenda iteas ----

{tviadd-tvpeout-itea-type
ow-itea-alist
;aenu-agenda
"describe-agenda-itea”
:describe-agenda-itea
nl
“Shows a description of an itea that is on the acenda")

{tv:add-tvopeout-ites-tvoe
gw-ites-alist
imenu-agenda
"delete-agenda-1tes”
1delete-agenda~ites
nil
*Deletes an item from the agenda without executing 1t™!

{ty:add-tvpeout-1tes-tvpe
gu-item-alist
aenu-agenda
“select-agenda-1tea”
iselect-agenda-ites
t
“Selects an 1tes from the agenda to execute”)

---- penu~qgraph itess ----

{tv:add-tvpeout-ites-type
gu-ttea-alist
Laenu-graph
*create-graph”
icreate-graph
ntl
"Create a araph. independent of the oraph assigned to this window")

ityiadd-tvpeout-itea-tvpe
gw-item-alist
(aenu-graph
"create-sub-graph”
icreate-sub-graph
t .
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*Create a new graph as a child of the graph assioned to this window®)

---- genu-plan itess ----

{tviadd-tvpeout-1tea~tvpe
gw-itea-alist
taenu-plan
“describe-plan®
sdescribe-plan
nil
“Shows & description of a plan in the plan librarv')

{tviadd-tvoeout-itea~tvpe
ou-1tes-alist
iaenu-plan
"instantiate-plan"
‘instantiate-plan

t
"Gets a plan froa the librarv and instantiates 1t as the child of the sssigned graph™)

~=-- genu-primitive itess ----

{tviadd-tvpeout-itea-type
gw-iten-alist
seenu~primitive
"describe-priaitive”
idescribe-priattive
nil
"Shows a description of a priaitive in the prisitive librarv")

{tviadd~typeout-1tea~-type
gw-item-alist
cmenu-priaitive
"instantiate-primtive”
iinstantiate-primtive
t
“Gets a library primitive and 1nstantiaties as the child of the assicned grach™)

-=-= senu-junction ----

{tviadd-tvpeout-itea-tvpe
gu-1tea-alist
Taenu-junction
“instantiate-junction®
sinstantiate-junction
t
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"Instantiate 4 junction for external conmections")

-

===+ graph-ites ---

{tv:add-tvpeout-1tea-tvpe

gw-item-alist

soraph-itea

“label-graph"

:1abel-graph

nil

"Assign a label to this qraph (displaved inside box)“)

{tviadd-typeout-itea-type
gw-item-alist
rgraph-itea
"renase-araph”
‘renaae-elesent
nil
“Renames this graph node™!

{tviadd-tvpeout-itea-tvpe
gw-1tem-alist
‘graph-ites
"delete-graph"
‘delete-elesent
nil
*Deletes this graph node ard all it’s children®)

(tviadd-tvpeout-itea-tvpe
gw-item-alist
igraph-ites
“z008-in"
12008~in
t
*loos 1n on this araph node")

-==- prinitive-ites ---

{tviadd-typeaut-itea-tvpe
gw-item-alist
rpriaitive-itea
*delete-prinitive"
1delete-element
nil
‘Delete this primtive noge"!
(tviadd-tvpeout-1ten-tvoe

ow-1tem-alist
orisitive-iten

N N Y R S SR IR TR I e S
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“renase-orimtive’
irenane-elesent
- nl
X "Renase this primitive node”)
:k : ---- in-connector-itea ---
}. ttv:add-tvpeout-1tea-tvpe
y gw-itea-alist
Py s1n-connector-1tes
B *renase-gut-connector’
W irenane-el ement
i il
: *Renase this in-comnector")
o
fi {tv:add-tvpeout-1tea-type
Xy gw-1tem-alist
.j iin-connector-1tes
'. “delete-connector”
sdelete-element
k nil
:2 "Delete connection node”)
%)
(N (tviadd-typeout-ites-type
Y] gw-1tem=alist
Ay sinput-ites
2 “delete-out-arc”
tdejete-out-arc
nil

*Delete an out arc™}

(tviadd-tvpeout-itea-tvoe
ow-item-alist
tin-connector-itea
"aodifv-out-arc-path"
1a0d1 fy-out-arc-path

9 nil

‘Change the path of the arc”)

{tviadd-tvpecut-1tea-type
gw-1tes-alist
- vin-connector-ites
[ ] “arc-start”
carc-start
t
*start a connection arc"y

.;-

] : ---- gut-connector-item ---
NS

- i ttsiadd-tvpeout-1tea-tvoe

\

‘

"

-
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gw-itea-alist
vout-connector-ites
"renane-put-connector”
irenane-glesent

nil

"Renase this out-connector”)

{tviadd-tvpeout-ites-type
gw-itea-alist
tout-connector-itea
*delete-connector”
tdelete-eleaent
nil
*Delete connection node")

(tviadd-tvpeout-itea-type
gw-ites-alist
tout-connector-ites
"arc-cosplete”
iarc-complete
t
*Start a connection arc")

---- input-ites ---

(tviadd-tvpeout-iten-tvpe
gu-ites-alist
rinput-itea
"renase-input”
irenase-elenment
nil
"Renase this input")

{tviadd-typeout-ites-tyoe
ge-ites-alist
vingut-ites
“arc-complete”
varc-cosplete
t
*Complete a connection arc”)

=--- gutput-ites ---

{tviadd-tvpeout-itea-tvpe
gw-itea-alist
toutput-ites
*rename-output®
irenane-element
nil

Rt ARacl tas Al A Rac A e Al At A e Jhe A
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“‘Renaae this cutput”)

{tviadd-tvpeout-itea~type
ow-ites-alist
soutput-iten

’ *delete-out-arc”
‘delete-out-arc
nil
“Delete an in arc®)

itv:add-tvpeout-iten-tvpe
gw-itea-alist
ioutput-1tes
"apd1 fy-out-arc-path”
iaodifv-gut-arc-path
ail
*Change the path of the arc";

(ty:add-tvpeout-ites~tvpe
gw-1tea-alist
soutput-ites
“arc-start®
1arc-start
t
“Start a connection arc")

-=-- gnd of tvpeout 1tem tvpes ~---

-

w-tten-al1st)
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sake-graoh-window

2t

“w "2y

A

Ly
.
Ca
.
- ¢ 2

Creates a new graph window an starts a graph window grocess,

returns: eta window object

~— e we a4y ee e L. e

f?~f‘}' (defun make~-graph-window {item-aljst)
iy {tvimake-window

}{*" "oraph-window~§1avor

LA ilabel *Grash Window®
vedges-froa :mouse

.expose-p ¢

vsave-hits t

iblinker-o nil

vitea-tvpe-alist itea-alist))

.
o
[ S A

s o

Pata

sake-tvoeout-window

/
R A 2 e e e I A T e T T I R T T T I I ¢ f

. .
i Yy
o
- aa -

151

T R A R T S R A N s
2 Lalaldals A’

T
AL N




L T
h S
) 1“1’1'5
Ceteey {2

r LSS

*:
.

d
2

e’ a
DY

4

..' s, 8y a’

N P
L JRR FOE S T T |
AERCRENE RN

. ° =

S
W
= (defun make-tvpeout-window (superior-window!
{tvimike-window
'tvpeout-window-flavor
isuperior superior-window)!
(cong1le-flavor-sethods oraph-window-flavor}
tconpile-flavor-eethods tvoeout-window-flavori
'jn.,'.‘:
T
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File nase: interface-sanager,lisp

Project: Bragh Design Assistant, verszion 8
Date: Decesber 3, 1985

Author: Alan J. Black

Description:

Containts the mouse handler orocess which defines the user interface
to a graph-window,

Contents:
start-oraph-window-process tunction
graph-window-orocess function
check-for-terainal-1o tunction

Functions that execute user commands:

src-cosplete function
arc-start tunction
assian-graph tunction
create-graph function
create-sub-~araph function
delete-eiesent function
delete-out-arc tunction
instantiate-sunction function
instantiate-primtve function
#odifv-out-arc-path function
renaae-eleaent tunction
update-graph-window function
z0om-in tupction
tooa~out function
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start-graoh-window-process

Starts a graph window grocess

.
Al
.
A
.
Al
]
+
.
Al

defun start-graoh-window-process i)

i’ il {process-run-function " {iname "gradh-window-orocess")
o 4’ oraph-window-process

.-::u ) ))

-~ -, . .'_.

e S

. ‘: '
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X
SN
s {detvar ®gw#) i Contains the current graph-window obiect, for debugging purposes
A ;~~~~‘\ﬁ~~~‘\~~"~~~\~~~~‘I~~~~Q~'ﬁ‘l~~'¥~ﬁ‘\a~~'\~‘\N'ﬂ‘\l'i
o i oraph-window-process
;
.\__J; H The process which handles apuse inputs for a window.
¥
' ; The function is & loop which reads in 3 apuse "Bblip”,
u i decodes it. then calls the function reguested by the user.
».'M H The loop is endless, however, the user can kill the process by
N : closing the window {a KEE window propertvi,
‘TN :
. tdetun araph-window-process ()
»..‘. {{et*
S {toragh nil)
o {current-out-yunction nil)
‘:-.‘ {item-alist (initial-gw-ites-alist))
fos (uindow {make-qgraph-window ites-alist})
?_ {terainal-i0 {make-tvpeout-window window)})
- {tviwindow-mouse-call (window :deactivatei
::-'. iseto tgw# window) i for debuoging
‘. tokg-goto 'kee)
o ) (update-oraph-window window graph)
N “‘ S (error-restart-loop {(svs:abort) “Restart graph-window-process’ nil)
. {check-for-terainal-io terainal-ic}
- (let#
:».:: {{bl1o (send window sanv-tvi))
- {command {second blip!})
o fobject (third blip)))
{send w#indow :‘user-message " ")
X (1t (and current-out-iunction (nea command :arc-cospletel)
N (sete current-out-junction ntll)
:: tselecto command
:s.‘ {:arc-cosolete
.*.* {setq current-out-sunction
e tarc-coaplete window graph obiect current-cut-junction!))
. {iarc-start (setq current-out-junction (arc-start window gragh object::!
o {iupdate-window
e fupdate-graph-window window graph))
- :assign-orach
1 (setq graph {assign-graph window oraph)i!
| {:create-graph
S (setq graph (create-graph window graph)!})
- {:create-sub-graph
,.":: icreate-sub-araph window graph))
‘o (;gelete-elesent {delete-element window graph object)!
o {:delete-out-arc
"' (delete-out-arc window oraph obrect))
:J 0N {i1nstantiate-sunction (instantiate-junction window graph)!
-.:j - (;1nstantiate-primitive {instantiate-primitive window oraohi)
>
4
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timpdify-out-arc-path (modifv-out-arc-path window obrect))
{(irenase-eleaent (rename-element window object graph))
{izoom-1n (setq oraph {(zoom-1n window obiect)))
{(;200e-0ut (setq graph (zoos-out window graohi!}
(otherwise
{send window ;user-messape
{format nil "Command not iaplemented: “s" blip)))))iiy)

check-current-grash {window gragh!

Check to see 1f graph unit exists, tf not display sessage In
window and return nil

e e gm " ge ws we am

defun check-current-graph (window graoh}
{cond
iinull orapn!
{send window suser-sessage iforaat mil “A graph is not assioned te this window"'))
{{nyll (unitreterence+ graph):!

7
Eiq‘: {send window user-message (foraat nil "errror: s 1s not & graeph?" graph)))
S5 it graghi}))
A
L %A
\'.-. ;‘:'vhﬁv-‘u‘\'v‘\N’v‘\v"‘\-'MN'v‘\rN\-‘\‘\Y‘v\r’vﬂt"(‘v'\l\1'-N'v‘\v'~'~'v“.'\<\u‘;
ALY s “
o H Check tc see tf anyv tvoe out has occurred on the tvoeout window,
bl : 1f 1t has. wait until the user 15 readv to continue.
.',.'» H
: {

defun check-tor-terainal-i1o (Lio)

KN (cond

e ({send tio :exposed-p)

N tsend tio istring-out (format mil "“%click aouse on window to continue"))
isend t1g ranv-tvi)

L {send tio ideexpose)))!
¥ A
o
S
:’.:_;. :N1«-»~~~~~~~~~~~~~~~~~~v~~~~~~~~~~~~~~~\.~~~~\.~
"‘ i arc-complete (window graph in-junction current-out-iunction)

. A
o i Completes an arc.

e ;
e : Creates an ARC element and places pointers in

e : 14’5 FROM-JUNCTION and TO-JUNCTION siat of the arc unit,
i;i :

- - : Flaces pointers in the OQUT-ARC slot of the out sunction, and the IN-ARC
0 : slot of the in iunction,

: ;

tdefun arc-complete (window araph in-junction ciurrent-out-wunction)
(1%
tpull current-out-junction!
e {send window iuser-message "Start arc an an outeut ot a node™
. (et
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{arc funitasg graph ’add-sub-element ’(arc pda-svstem))))
iput.value arc 'froa~junction current-out-junction)
{put,value arc 'to-junction im-junction)
{add.value current-out-iunction 'out-arc arc!
{add,value in-junction ’in-arc arc)
{update-araph-window window araph)})

pil}

L I . T L I I T T T O I T " e T e . T T R e R

arc-start iwindow graph out-junction)

Al
'
'
; Sends the user 2 message that he has started an arc,
;
H Feturns the out junction,

;

1]

idefun arc-start (window oraph out-sunctioni
(let+
{tout-pin-name (aet.value out-junction 'firstname))
loarent-node {(get.value out-junction 'suoer-elesent)!
(node-name (get.value parent-node ’firstname)))
{send window user-eessage
(farmat nil "Arc started from “a, “a" out-pin-nase node-name)!
out-iunction))

YA N Y YA AN Y Y Y YY Y Y Y Y Y Y YA YA A Y YA Y Y Y Y Y Y Y MY Y Y Y Y e e

assign-graoh (window current-graph)
Assions the araph that 1s to be displaved in the graph-window,

The user 15 presented with a pop-up aenu where he can fill in
the nase of the graph and the knowledge base that contains the graoh.

Returns the upit.reference to the oraph unless there 15 an error. then
ail is returned,

s 4a e v 4e ®e we wa we g W=

‘defun assign-graph (window current-graph)
tdeclare {special graoh-nase kb-naase))
tcond
{{null current-graph)
(setq graph-nawe nil!
{setq kb-name nil))
{unitreference® current-graphi
(seto graph-name tunit.name current-graghil
{seto kb-name (kp.nase {unit.kb current-graphis}).
‘tvichoose-variable-values
'{{graph-name "Graph ")
(kb-name  "Knowledde base")!
‘label "Assign graoh to window "}
icond
{{setq current-graph (unitreterence¢

L,arach-naae ,kb-name)))
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o tkbooto kb-name)

. {send window ilabel-oraph-window current-uraph)
ooy current-araoh)

S0 (t
s (send window suser-aessage
'ﬁ:-:. {format
Ty nil
') "Unit “a, knowledoe base “a, does not exist or 15 not & oraph umit®
.-.} graph-nase kb-naael)

r e {send window :label-graph-window nil)

el ntld)

V)

)‘-.J :~~~~~m~~~~~~~~~~~~~~4«.~~~~~«~~~~~~~»\r~~~\.~\l.~~\
. H create-oraph (window graph!

1/ »

'?J ’

e i {reates a new graph that is not 3 sub-graph,

Y :

A
“ﬂ i Asks user for name of a knew oraph and sends an INSTANTIATE sessage to
e i to the class definition of a graph-- ' (GRAPH GDA-SYSTEM).

L J H
o i Returns the new araph’s unit.reference.

l‘u“":' H

o .

e (defun create-oraph (window current-graph)

_..:‘, . ideclare {(special oraph-name kb-nage):

oy {.‘)_“, {cond

- P
{{null current-oraph)
{seto graoh-name nil!
(setg kb-name nil)}
{{unitreference® current-graph)
{seto kb-name (kb.rame funit.kb current~graph)i)!)
{setq qraoh-nase nil)
(tvichoose-varisble-values
“({araoh-name "Grapgh ")
{kb-nane “Knowledoe base"))
:label "Create a new gragh ')
{cond
((kbreterence* kb-nase)

-2, (kbaoto kb-name)

o (seto current-graph
L funitesg ’(graph oda-svstem) 'instantiate))

L\~ (unitesg current-graph 'name-elesent oraph-nase)

o ; 1l
SOy {send window :lsbel-oraph-windaw current-graph)

“'E_ (update-graph-window window current-graph)

o current-graph)

N (t
(send window iuser-aessaoe
e (format
S nil
“‘#—' ‘Unit “a. knowledoe base “a. does not exist or is not 2 arach upit”

R araph-name kb-nase))

::;-': et {send window :1abel-oraph-window ni1l)

‘::4_-

A “‘:
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:“c\"~\"t~"‘4~~~~~~~~’\'~~~~~~N~~~~~~~'¥~"~~~~~~vV‘V‘(
H create-sub-graoh {window parentoraph)
: Creates a new graph which is a sub-graph of the graph which is
: currentlv being edited. The new oraph is given a3 default name,
' The user is shown an outline of the graph node and acked to pesition
: the araph somewhere within the graph-window.
: The araph is created bv sending an ADD-SUR-ELEMENT sessace to
: the class definition of graph--’ (GRAPH GDA-SYSTEM).
{

defun create-sub-graph (window parentarach)
(1f
{or (null parentgraph)
{null {unitreferencet parentgraph))!
{send window :user-message
*Cannot create child graph until a parent graph is assigned to windew”)
(lett
{subgraph (unitasg parentaraph ’add-sub-element ’(graph gda-svstes)))
(height  (unitesp subgraph ’'calc-disslav-height window))
(width {unitasq subgraph ’'calc-displav-width window)!
{location (send window :qet-location width heighti )
{cond
{location
{put.value subaraph 'position location)
{update-graph-window window parentgraphi)
it
{unitasa parentgraph 'remove-sub-element suboraphi})
1)
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delete-elenent (window graoh ejesent:
Deletes an element,

"Element” 15 the object the user is pointing to when he selects
this function,

A 0op-up aenu appears and asks for 4 confiraation ct the delete
tunction,

& elesent 15 deleted bv sending a DELETE wessace to the elenent,

. WA ge e 4% 4n we ee au B e ws =

defun delete-element (window araph element)
lif
{get-contiraation (format ml "Delete “a" tunit.nase element):
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W {proon

; (unitasg elesent ’delete)

T {update-graph-window window oraph)!};

." ;~~~\~s~~~~~uil‘\yw""»\\'vs'»yw~\.~«»».~~~'-~.~~.~~~~.\.u-‘»A,
::::'. i delete-out-arc twindow arach out-sunction

G s ;

") i Deletes an output arc.

'-:.: H

*{ : There sav be aultiple arcs that esinate from a sinole

:‘_-4 } wnction, therefore a SELECT-ARC-FROM-SLOT message 15 sent

.}‘: i to the out-junction. This displavs a menu of all of the
f ' d output arcs and allows the user to select which one he wants to deiete.
. '

-':‘ {defun delete-out-arc (window graph out-junction)

ro (lete

2R .
o ({arc (unitasg out-iunction 'select-arc-from-slot "out-arc "Select arc to delete'!)
A ito f{oet,value arc 'to-junctioni))

; {1¢

_‘.. iget-confirmation {(format nil "Delete arc to “a" (unit.name to)))

e iproon

o (unitasq arc 'delete)

] {update-graoh-window window graph)) /)

\..b .‘J..;‘_ :~~f‘~~~~~‘d~\'~~~‘~~~~':VNNV'V’\N'\t'\‘\v“‘\'V'\-ﬁ\'v’;‘:'h'h\’v“l\'\
: instantiate~-sunction (window araoh)

" H

4o !

-s'..:- i freates « new instance of a iunction,

1.: ' A pop-up Aenu asks the user to select either an input or
: output iunction,

.: i The user is ask to position the junction in the grasph-window,
v i

4, } The new junctions 1s created by sending a ADD-5UB-ELEMENT aessace
e : to the graph.

d .

o {defun 1nstantiate-junction (window graph)

P (it

L - {check-current~graph mindow araph)
- (lets
By {tavail-classes '({inout-iunction (1n-connector gda-systea))

2 3 {output-junction (out-connectar ada-svstes))))
‘tlass {select-from-alist avail-classes "Input or ouput?)))
o (if

- class

2 {lets

,:-} {{junction (upitasa graph ’add-sub-element (unitreference ciass))}
¢ {location (send window ;get-location 28 )}
A (cond

f:‘ {location

¥
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(put.value junction 'position location)
{update~graph-window window graph)i
(t

{unitasg graph ’'remove-sub-elesent junction))})i)))

VA AT A YN AN AAAN Y Y AN AN Y Y AN YN AN YN Y AN YA Y A Y Y A A

instantiate-primtive (window graph)

Displav’s a aenu of the priaitive librarv sembers for this tvpe
of oraph, 1f the user selects a aeaber., an instance of that
H class of primitives is created,
{defun instantiate-primitive (window graph)
{if
{check-current-graph window graph)
{let
({oramsar {get,value graph 'grammar))
{librarv (get,value grasmar 'prisitive-librarv))
inewclass (unitasa librarv 'select-fros-menu)))
(i
newclass
(lett

}; {{newunit (unitmsg graph ’add-sub-element newclass))

H
H
'
i Creates an new instance of a prisitive.
H
H
H

{location (send window iget-location 34 46)))
{cond
{location
{out.value newunit "position Jocation)
(update-graph-window window oraphi)
{t
(unitasg graph 'reacve-sub-eleaent newunit))})) 1)}

NN R Y R AR YN AN NN AN AN AN N AN A YR AN ANN NN YA YN YN AN Y A YN

modify-out-arc-path (window from-junction)

Allows the user the change the path of an arc. (The path is the visual
' representation of the arc. an arc’s default path is just a straign linel,

'
»

{defun modifv-out-arc-path (window éros-junction)
(let
ifout-arc (unitaso from-junction 'select-arc~from-slot ‘out-arc "Select arc to aodity" i)
(it out=arc
{lete
{ito-iunction (get,value out-arc “to-iunction))
{pl {get.value froa-junction 'output-position))
{p2 (oget,value to-junction ’input-positiont)
told-path (get,values out-arc ’path))
{new-path (send window :update-path ol old-path od)))
{out.values out-arc ’path new-path)
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{send winduw iuser-messade
{format nil "Moditv arc, old path: “s, new path: “s" old-path new-path))))))

N AAN YA AN RN AN AN DAY A NN A ANAY Y NN AN Y Y Y YY YYD Y Y

renage-eleaent (window eleaent graph)

. v @» ee

Allows a user te renase an element. All new units are given a default
nase when thev are created. this function allows the unrit to give
aore meaningful names.

Displavs a file in pop-up meny that allows the user to enter
the new nase,

- ®e e we 4.

The name of the element is chanoed By sending a NAME-ELEMENT asessege
to the eleaent. This renames the unit and all of the sub-eleaents of
the unit,

e~ wm ®e pa we

defun renase-element (window 2lement graph)
(declare (special name))
(setg nase (get.value element ’firstnase))
(tvichoose-variable-values
"{(name “Elesment name")}
:label "Rename element ")
{if
“ nase
{(progn
(unitaso eleaent 'name-elegent naae)
(update-graph-windew window graph)
{send window luser-message (format nil “New nase “3" name)))
(send window user-sessage "No new name"}})

AN Y Y R AR Y A YL YA Y Y YA Y Y Y Y YA A Y Y Y e Y A Y Y T Y Y Y Yy Y Y N

3 update-graph-window {window graph)
H Redisplavs the oraph-window
{

defun update-graph-window (window araph)
{send window iclear-window)
(send window :show-menu!
{send window :label-graph-windaw graph’
(14
graph
{unitnsg graph 'draw-sub-elesents window)))

;&~NN~-¥~NNN~~N‘\~N~NNNN~N~~~~~~~~~~~5‘4’&’\‘\&'\‘&‘\\\
" i zo08-in (window newgraph-abiect)
‘ :
A : Returns the neworaph-obiect to the graph-window, This allows the user
4 kSO '

to edit sub-qraphs.

-
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i i

’ ’

. tdefun zoom~in (window neworaph-object)
(. {update-graph~window window newgraph-obiect!
B newgraph-object)
+14

: ;~~~~~~~~~~~~~~~~'q~~~~~~~~~~~~~~~~~~\.~~v~\'~~~\«
1 } Toom-out  window oldgraph
) I
3_ i  Returns the parent graph (SUPER-ELEMENT), The super-e]esent
. : becomes the new gqraph assigned to the grash-window.
1S H

v (defun zo0a-out (window cldoraph)

(it
{check-current-graph window oldoraph)

: {let

(- {{parent {oet.value pldoraph ’super-element))}
.] {cond
N> {parent

: {uadate-graph-window window parent}

- parent}

bS

- {t
p {send window ;user-message

\ {forsat nil "Can’t zoom-ocut, “a 1s st the top”

ii*a {aet.value oldoraph 'first-nasel))
oldaraoh!))})
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