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This paper is a brief report on the initial phase
of the formal development of a graphics
programming system. At this stage of the
specification, the system architecture is just
outlined and attention is focussed on the
conceptual level. The abstract notion of a graphic
'archetype' is introduced and proposed as a basis
for the style of graphics programming to be
implemented. The formal description of this
meta-concept of the system is sketched.

1.- Introduction

This paper is a brief report on the preliminary phase of the design
of a graphics programming system which we intend to wuse as a
test-bed for specification/'inferential programming' techniques
{1,2,3].

As is stressed by Partsch (4], the proper upgrading of foimal
methods for software development depends on "feedback" coming from
experience in applying the existing techniques to as diversified
branches of software design as possible. We found a stimulus for
applying formal methods +to computer graphics in the local
industrial environment (viz. Northern Portugal textile and
metallurgical industry). We are aware that automatic production
and/or computer-aided pattern design is either wunsatisfactory or
not yet implemented.

We suspect, however, that a reason for dissatisfaction with the use
of existing graphics design tools is lack of formal analysis of the
graphic objects which this kind of software deals with. Concepts
such as 'picture', 'form', 'image', etc. are usually introduced in
an intuitive way and later manipulated too informally. Exper ience
already consolidated in more ordinary environments (eg. numerical
data-types) has shown how important it is for software development
to know the mathematical essence of the objects we manipulate and
the properties which interrelate them [5]. Lack of this kind of
concern in the graphics environment has led to cumbersome and
complex tools. Not only is this software difficult to understand
and maintain but it is also time/space consuming.
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The group we belong to has been addressing t ble

the‘complexity of computer graphics softwgre?eogrggé-gngf hgigUCI?q
believe that the desired level of conciseness and efficienc m’ i
achleyed by working "top down" from a formal, rigorous bas{s a{ﬁbe
starting ﬁrom an algebraic or abstract-model characterization o
the graphic environment). On the other hand, the potential users Z§

our software are likely to require small, inexpensiv

microcomputers). ' P = RES I,
We founq this preliminary phase more difficult, and more
}ntergst;ng, than we would have thought. This text is a brief
description of our goals, of the ideas which have been around and-

of the difficulties encountered during this phase. A survey o
graphi.s  formal certification and verification literature .
presented next. ) i 1e

2.- Background

As happens in other branches of software engineering, the use of
formal methods in computer graphics programming 1is a relativel
recent endeavour. A sample of the available literature is surve eg
below. We show how it mirrors the major competing trends in currint

sof..are technology, for example wrt. the use of ‘'declarative'

'imperative' languages. °r

In the former class of languages above, 'f i i A
O 1 ] 7 unctional programming' j
advocated as being the easiest vehicle for picture ngC?iption? .

; <€d In
this kind of approach (pioneered by Henderson [6,7]) i

K . e lctures
described by sets of functional equations. The bésic igea is tﬁ;i

these equations form a purely functional ici

. T J program which ma run i
encoded in some available functional language, eg. LISP¥ Runni;;
such programs should have the overall effect of plotting the
corresponding pictures. These are regarded as elements of n

elaborated data-type which comprises o i i i
: : ° . ) perations for ict
manipulation (eg. building pictures from other pictures). ? e

This approach is followed by Ar
! ya [8] who exploits ad
features of the functional programming language HOPE [9] (suZﬁnczg

polymgrphism, abstract-data constructors, overloading, higher-order
functions, etc.) in creating and manipulating pictures. These are
regarded as hierarchical entities built by so-called ‘primitive’
constructors, 'convenience' constructors (for concise picture

description) and ‘'intelligent' constru
cto .
operators [7]). g s (cf Henderson's

In the purely functional approach a rogram i

"rupngble specification" and this complgteg the é:siéiggigggssas(i?
additional optimization is required one proceeds via
p;ogram—transfgrmation [10]). Minkowitz [11] combines these ideas
%1th constructive software development from formal specifications

The design of a graphics editor is described which developé
Hend¢r§on'§ [7] 'functional geometry'. Mathematics is used in
specifications in the same way as eg. in the Vienna Development
Methqd_ (VDM) [12] but operations on data-types are defined
expllgltly, which means that they are directly runnable
functlonql programs. (CE. the Stirling school of
prototyping' [13] advocated as ‘a means for shortening

development cycles).

as
'rapid
software
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From the algebraic point of view, the above corresponds to "running
the definitional axioms" of abstract-type-operators. This 1is a
principle beneath so-called ‘“runnable (algebraic) specification
languages" such as ORDINARY [14] or OBJ [2). In the former work a
completely self-contained specification is given of geometrical
constructions such as distances, lines and circles. The algebraic
approach to computer graphics formal description 1is also put
forward by Mallgren [15,16], Gnatz {17,18) and Carson [19,20].

Mallgren [15,16] describes a method for algebraic specification of

interactive graphics programming languages. Special grappic data
types are specifiea and embedded in the programming ' language
PASCAL. User interaction is specified via ‘'event algebras' (an

extension of the standard algebraic technique) which 1is suitable
for describing resource sharing.

carson |19] suggests that computer graphics systems be specified
via the techniques employed in the specification of concurrent
systems. Existing programming-language specification techniques
(some of them listed in an ANSI document [21]) are found to be
unsuitable for the specification of the semantics of computer
graphics systems 'with no formally defined syntax'. The desirable
properties of a formal specification are also pointed out and
references are made to alternative computational models which fit
into the graphics environment, namely the distributed
process-message based one (which is mathematically treatable via
Milne and Milner's 'flow algebras' [22] and via the syntactic
theory of message-passing developed by Ward and Halstead [23]). A
proposal for computer graphics formal specification is also
presented which supports the idea that the fundamental objects of a
specification must be interfaces (between graphics and high level
languages, and from graphics to graphic devices), the structure of
the graphics system and the functions it performs. A practical
example is presented which refers to interesting excerpts of the
PMIG specification [24] ana illustrates the suitability of
algebraic-based technigues for nontrivial graphics software
specification prooblems.

Both Gnatz [17,18] and Carson [28] are particularly concerned with
formal specification of graphics standards (namely GKS). Gnatz
[17,18] uses the framework for algebraic specification developed by
the Munich School [5,3]. Carson [208] adopts a similar style of
writing data type specifications. The need for such formal
standards has been felt in the approach to graphics ‘'certification
by verification', as opposed to the less reliable ‘certification by
testing' [25]. Gnatz [17,18] sketches a hierarchical, abstract-type
approach to computer graphics. An algebra of 'images' is presented
first as a semigroup and later enriched into a more elaborate
structure. Classes of models of these types are studied and it is
suggested that this study may form the basis for a taxonomy of
graphics hardware. The CIP algebraic-framework [3] is also shown to
be adequate for defining the semantics of GKS-like metafiles.

Duce et al [26], Marshall [27,28], Minkowitz 129] and Duce and
Fielding [30] have also been working on formalizing parts of the
GKS standard. However, these works have preferred the model-based
strategy to algebraic ('property oriented') specification. In
[26,30] VDM is used to describe ‘'implicit regeneration' and
‘attribute handling' in GKS. Minkowitz [29] applies the so-called
'me too' methodology to the former problem. The ‘'me too' model
(based on the VDM model) leads to a prototype straightforwardly
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dgrived from the specification. This makes it possible to observe
directly the behaviour of the system by exercising the prototype
(ie. the specification is "animated"). e

Marshall [27]) addresses the problem of specifyin raphi

apd, in particular, the problem of outpug appgox?mgtigglii ageZé§§T
picture. Encouraging results are obtained on proving that sémp
existing algorithms produce the right kind of output. Marshall [28[
studies the specification of 'workstations', a fundamental concept
in GKS. It is shown that formal specifications for a simplifisd
abs;ract GKS output workstation (as well as for two specific output
dgv;ces) are straightforwardly achieved. However, Lynn Marshall
admits that a significant amount of work is still needed to produce
a "polished specification" of the complete GKS standard.

Fically, the use of logic programming in computer i

' . i graphics has b
reben;ly put forward by Pereira [31], who suggests ways to egg
graphics in PROLOG:

3.- Main Goals

As it has been pointed out above, the main goals of the project
presented here are the application of formal specification and
development methods (eg. the algebraic |2,3] and the constructive
or abstract-model based methods [1]) to the design of a graphics
softwgre environment. From the experience in exploring such
techniques we expect to draw wuseful conclusions about their
strength and applicability to this kind of software systems design.

Following experience already gained in this area [30] such
techniques are the tools we believe we need to guide us in the
rigorous dnvnlnt)lnr'nl of our graphics software gystem. This has heey
vharacter fzod WA ael o behavionynl, ;ﬂv'hll‘-w!}lbnll un:
Implemental tonal proper b bee and capalob EEETea (whileh oave o o) ia

Informal demlign spec i beat Tonm) L hnt mirel e b ved I the
overall project. For example, the tinal product should bhe able 1o
tun  on o oaome  locally  wideapread  microcomput ey ayalema, namely
MH=DUH, CP/M o1 UNJX-1llke ayalema. '

4. - The Conceptual Level

4.1 - Why Archetypes?

The physical world which surrounds us is made of imperfect, rough
things whgse geometrical appearance is far from being regular. And
yet, one is able to find some abstract geometrical structure in
most of them. The authors found in Plato's "reminiscence theory"
(whergby such abstract entities are explained to be the "archetypes
o§ things", ie. just the reminiscence of a sublime world populated
with all—pgrfect things which we remember because we all once lived
there) an interesting (also "philosophical") departure point for
the formalization of graphics objects. -

In this way, 'graphic archetypes' are regarded as th

is v 3 : S e result of
abstracting from graphic objects their roughness and imperfections.
Becagse computers deal with formal models (abstractions) of the
physical world, we found this concept likely to be useful in formal
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computer graphics.

Moreover , many centuries of research in geometry have taught us
that such "pure forms" are characterized by useful algebraic
properties. Therefore, the "archetype view" of computer graphics
seems to be very much in the spirit of modern software disciplining
tools such as data-type abstraction. For example, one may try to
"encapsulate" Plato's world of “"graphic reminiscences" in a library
(cluster or module) recording all facts about archetypes and then
reliably build graphic objects on top of such a formal knowledge.
One achieves thus correctness, modularity, structured development
and (hopefully) trims down the complexity of computer graphics as a
whole. The main difficulty resides in formally describing such a
concept of graphic-archetype.

4.2 - From Archetypes to Images

We often refer (intuitively) to geometrical objects by merely
identifying them, and no ampbiguity arises from such loose
references. This is so because in certain domains of discourse we
are not interested in the details of these entities and simple,
general properties are sufficient for characterizing them and
distinguishing them from others. For example, we freqguently refer

to square, triangular, rectangular, linear-shaped (concrete)
objects. Such geometric entities are regarded as object-attributes
and are intrinsically abstract. However, for some kind of

visualization of them to be possible, additional (pictorial)
information is needed, which is not inherent in the geometrical
entities themselves, but serves as a vehicle to a particular
representation of them.

We  must distinguish the properties of geometric abstractions
("mrchelypos") from the propertieos of some part jcular instantiation
ol L hem (ot neceaan Ely T plana by prosesa) o N the moat abattact
Vool wee el bie coneerned ondy wibhe Vhe proopen bbea thint wl el e
poanthlo g clas b blenl fon and o prouplog ol Ve I well detined
claanea. Rach claga wlll provide means o deciding whether a ylven
ohiject belonga too i) (Vhug et leving 1ta proper Liea) . Fol example,
dipcussling  equality  beltwoon \wo  Huyuares  al npuch A level ]
nonsensical, but it is possible to establish a 1lyortous distinction
between square and triangle-shaped objects (just because they are

instantiations of different archetypes (1)).

Conceptually, the archetype level must capture the syntactic and
semantic properties of the most useful (and intuitively recognized)
graphic objects, eg. points, lines, line-segments, circles,
rectangles, triangles, etc. So, our archetypes embody all usual
‘primitive graphic data types', to be specified either via
imperative constructs or by an applicative, "higher order"” approach

(1) By analogy with a common situation in strongly-typed imperative
languages, if eg. we declare two objects of type Integer, we
are (at that level) distinguishing them from all other
implemented data types. Even if throughout the code we never
check whether the two objects represent equal integer
quantities, any attempt to assign to one of them any
non-integer quantity will result in an error. However the user
may not be bothered about the integer data-type semantics.
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as described in section 5.

Archetypes form the most abstract level of 'pi i

whlcb is the one responsible for objegéﬁggéiatigillzgslon"
consistency. However, from "simple" primitive archetypes we e;a}l
able_go_construqt more complex ones. Some constructors will ?ﬁit g?
provided for this purpose. For instance, there must be a wa " of
deflnlng.the archetype which abstractly models the <class ofy ?f
square-circle composite-objects. All these archetype—lesei

constructgrs, , which differ from instantiation-functions
;ransfo;mlpg arcbetypes' into 'forms' by means of archet
instantiation-attributes (see Figure 1), are closed over {Ei

archetype algebra.

| ARCHETYPE LEVEL

/ \
GRAPHIC CODE

Figure 1 - Graphic-object hierarchy

?:chetype 1ns?ant1at10n %eads to a lower level which we term the
graphlc—fo;m level (Figure 1l). This level 1is made of 1
abst;act objects characterized by configurational and positioszi
aitrlbutes. The underlying model at this level may be the Cartesian
gozgginzgzge ggrm:ngayebe.regresTnted by sets of points (Cartesian
S quivalent). Congruen i
form-equality make sense at this level,gand cgth;flatéggii0§§Ch iy
symmetry) may be defined on top of equality. =g

Graphic-form constructors are avail ini
C able for defining arbitrari
complex graphic-forms. The use of a positional reference moéi{
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enables the usual operations such as rotation, translation,
juxtaposition, etc. This 1is again a closed space under these
operations, which are different from others that will map

graphic-forms on ‘images' via graphic—form-attribute instantiation.
Images are the only objects which can be directly displayed.

Figure 1 above sketches a possible scheme for these conceptual
levels. A more detailed specification will be given in [32]. New
ideas (or changes to the existing ones) are likely to arise during
formal development.

5.- Topics for Discussion

The (intuitive) notion of a ‘graphic archetype' sketched above
raises several issues for discussion. Firstly, we need to formally
define this concept. Secondly, we need to experiment with graphics
specification and development using candidate algebras for
archetypes. Practical insignt thus gained will provide useful
"feedback" which we hope will improve the concept and 1its formal
description. Finally, on exit from such.a "cycle of improvements"”
we intend to implement these ideas into our practical graphics
environment (see the appendix for a brief description of this
environment) .

We are currently working at the first and second levels above. The
first task appears to be somewhat dependent on which final graphics
programming style will be adopted by the system. 1f a procedural
style is chosen, we are led to a '"static" view of archetypes
(considered just as another kind of object within the system, and
stored somewhere in a graphics—knowledge database). By contrast, if
the functional approach (in the style of Henderson [7]) 1is to be
retained, we may use & "dynamic", higher-order approach to
archetypes. For example, consider the following excerpt of an

alyebraic gpecification of circles:

mkPoint: Real X Real -> Point
mkCircle: Point X Real -> Circle

whereby eg. the term "mkCircle (mkPoint (8,0),18)" specifies the
circle centred upon the origin of the Cartesian plane whose radius

is 1¢. What does it mean to write the expression
‘kaircle(mkPoint(ﬂ,ﬁ))'? '

We may regard it as a "higher-order" term assuming that ‘“currying”

of arguments is an admissible meta-operation of our algebraic
notation. Such an expression no longer specifies a circle, but

rather the '‘class' of all circles centred upon the origin of the
Cartesian plane. Defining

mkCircles: Real -> Circle
mkCircles = Ar.kaircle(mkPoint(ﬁ,ﬁ),r)

mkCircles (1) will specify the same (concrete) circle as above.

Now, what does it mean to simply write
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'mkCircle' (ie. 'Acr.mkCircle(c,c)')?

Since both radius and centre are "left unspecified" we are actually
referring to the broadest class of circles (namely the class of all
cincleg) - lie. the archetype 'circle'. Since higher-order functions
are "first-class citizens" in functional programming, we may rely
on the implementability of archetypes viewed in this way.

However, we wish a more flexible functional-processor with respect
to "currying". Such a framework should take isomorphism laws such
as

~

C 1T(AxB) 2CT(B x a)

ie. A -> (B ->C) B -> (A -> C), into account. This will make

highgr-order terms such as 'mkCircle (10)' (cf. "all «circles whose
radii are 10") also valid in an immediate, elegant way. In summary,
our algebraic framework must encompass the notions of "incomplete

(higher-order ) term" and argument-ordering-independent "currying".

The design of a graphics editor which supports arch > as
described above) will be discussed in %231. This eig?%gr (TZ
pa;ameterized wrt. the algebra chosen for specifying the graphical
objects to be edited (this will make it easier for us to experiment
with alternative algebras for graphics). This editor is also

syntax-orjiented, ie. it is governed by the signature of ite
parameter<in a way such that only valid terms of t(he word-algelna
c¢an be bullt.

We are currently stodying the  Tormal fmplleat Tona of I he Fleing
skelched above. We do nol wanl to commlil oureselves Lo a pan b beulan
programming style betore we dwell a bit longer on  theoe  problemy.
The formal components of our project are still in their infancy and
further research is wecessary in order to "polish" the ideas
sketched in this preliminary report.

Appendix - Outline of the AGSYS Architecture

The AGSYS graphics system under design will provide the user with
"intelligent", interactive graphic pattern design tools. Its main
components are the NUCLEUS, the GRAPHICS EDITOR, the DATA BASE, the
IMAGE PROCESSOR and the DISPLAY SURFACE (Figure 2), cf. [32] for a
more elaborated description.

The core of AGSYS is the NUCLEUS which represents the user's actual
york]rq context during any stage of a picture design. The NUCLEUS
is initially empty. This means that, at the starting stage of a
pattern design process, no graphical objects have yet been defined.
However (optionally) it may be "bootstrapped" with some "initial
knowledge" resulting from previous sessions.

i..e  NUCLEUS may contain three distinct classes of graphical
entities, corresponding to different stages of a picture generation
process. These entities are archetypes (the "geometric knowlegde"
of the system), abstract forms (the representation of the
geomet;ical features of each graphical object) and abstract images
(grzphically well defined objects which represent pictures to be
visualized).

The EDITOR provides the user with
commands for creating, retrieving o BoEL
fact, the system's overall "intelligence is
this editor [33].

At a lower level, the NUCLEUS must be‘supported by
with) a graphic-knowledge DATA BASE. The 1n
means of predefined cqmmands.
pe invoked to initialize a new nuclgus
predefined graphics-manipulating functions,
etc.

The user work :
way via the EDITOR. Alternatively, high-level languages (HLL) may

GRAPHICS PROGRAMMING WITH ARCHETYPES 409

high-level conver§ational
r composing such entit¥¢s. in
partly provided by

(and interact
teraction is realized by

" ap" ds may
For example pootstrap" comman
—y with a useful set of

models, forms, images,

s over the NUCLEUS and the DATA BASE in an interactive

serve as an interface. Whilst editing graphic opjects theliser @ii
visualize them on a display device. Thxs'helps in controlling
evolution of the objects that will constitute the pattern.

| DATA BASE | | IMAGE PROCEDLOR |

| INTERFACE  MODULLES | ) BleELRE BURPACE )
| IM1 | IM2 | IM3 | IM4 |
| | | | i
| | | I
|DV1| |DV2]| |DV3| |DV4 |
Figure 2 - AGS5YS Architecture

nd to minimize the device—dependepce of the generated code
by means of the definition of a single ylrtual (abstract) dev1ce£
The IMAGE PROCESSOR generates graphic-code fo; this abstrgg
device. This code will produce .pic;ures on dlfferengn grag éi
devices provided that adequate device interface-modules ave ee
implemented. Additional device.interface—modules may be pluggei m%E
the system, adding power w1thout' sacrificing ghe systen
portability. We are also concerned with the source-coae portability
and so the final system will be written 1n a widespread language

(we believe C to be a sensible choice).

We inte
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