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termediate Language for Pictures
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STRACT

e Intermediate Language for Pictures (ILP
ructure of an interactive graphics system,
e represented as ILP programs.

P contains elementary drawing actions, state
n modify actions, structuring functions that
tions in a directed graph structure and a mec
l referencing.

2 semantics of ILP are described very precise
? is structured in such a way (mainly by mean
ot of attributes) that it can be extended fo
>n area's and for interactive use.

(WORDS & PHRASES: Computer graphics,
Graphic language,
Picture representation.
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INTRODUCTION

1. The kernel of an Interactive Graphics System

The language defined in this report is a special pur-
ose programming language. The restriction implied by the
erm special purpose is twofold. First of all, the language
1ly serves the description of pictures *). Every construc-
ion in the language is justified by the requirement that it
qould cover a part of this descriptive function. Useful
onstructs  that might have been added because of its func-
ion as a programming language have been omitted. The
zcond restriction 1is derived from the fact that the
anguage is an 'intermediate’ langquage. This means that its
zcond function is to fill in the gap that exists between a
icture description in the form of instructions for a physi-
al drawing machine on one side and a picture description as
art of a more sophisticated language or data structure for
1 application area on the other side. The intermediate
3ngua%e may be a low level language in the sense that for
ach feature required the most simple constructions can be
1osen. All these aspects are emphasized in the name
1termediate Language for Pictures or ILP for short.

The definition and implementation of the language con-
itute the design and implementation of the kernel of an
1teractive %raphics system. The design goal of this system
as been published in [(4]. Since then two years have passed
1 which the designers have spent most of their time dis-
1ssing the syntax and the semantics of ILP. This could
1ly be justified by the fact that ILP is a major step to-
irds the wultimate design of this graphics system. ILP
lays a key role in all graphics system facilities:

- A high level graphical language 1is obtained by
embedding IL in an existing high level general
purpose proaramming language.

A picture is defined as a description of some object such that a visible image of that
Ject can be obtained from this description in a uniform way. The description may in-
ude both geometrical (shape, size) and non-geometrical (colour, weight) properties of
e object.




= The control of every drawing machine in the graph-
ics system is defined by a conversion between IL
code and device code. This is true for input as
well as output. As an important consequence full
symmetry between input and output is obtained.

-~ A picture file Sgstem is defined and organized as
a library for ILP programs in which the latter can
be stored, retrieved and classified.

With the aid of these facilities, a graphics sa-
.ellite system can be implemented containing a picture
:ditor that can produce and transform ILP programs.

\11 these modules (and others that may be added) greatly
yrofit from the conceptual uniformity provided by ILP.

+2. The design of ILP

A further function of ILP, which as such is only impli-
>itly present in the graphics system, is that it provides a
1reans of communicating about the graphics system during the

lesign phase. In the past two years the designers have
jeveloped a discipline in which every aspect of the system
.s discussed in terms of ILP. To support this communica-

-ion, a symbolic notation for ILP programs has been intro-
fuced, which makes ILP 1look like an ordinary programming
language. The success of this symbolic code was so convinc-
ng that it was decided to use the same code for the defini-
:ion of ILP in this report. Moreover, each module of the
system will be implemented in such a way that it can work in
1 state in which it communicates through symbolic ILP code.
'his constitutes a very useful testing facility and also
oroves that conceptual uniformity has been preserved.

In the period when the designers decided to work ac-
sording to the scheme explained above, they assumed overly
)ptimistic that a review of existing graphics systems would
>ither reveal an existing prototype lanquage for ILP or pro-
fuce a list of features taken from various languages togeth-
xr which make up the prototype. Neither turned out to be
he case. Most "prototype” lanquages suffered from the fact
hat they had been forced into the frame of a so-called FOR-
'RAN interface. Since the only two means of expression here
iwre  subroutine identifier and simple parameters, designers
>f these packages always argue that the number of identif-
.ers and parameters should be kept small, and above all that
he interrelation between function call's must be exceeding-
ly simple, because each structuring function (like opening
ind closing brackets) requires subroutine calls scattered
hroughout the application program.

The effect of this type of limitations is that every-
>ody choses a subset of desired features Ne two subscts




ve the same representation in ‘terms of 1identifiers and

rameters and moreover all subsets are mutually different

d declared to be the best of all possible choices (in view
the unspecified circumstances).

Given this state of affairs, the designers decided to
here to the principle that if a feature would be included
would be included completely. One of the consequences is
at a FORTRAN subroutine library is most unlikely to be a
itable representation of ILP.

More interesting material was provided by graphic
nguages that support data structures. In these cases ef-
ciency of problem representation plays a major role. Com-
icated data structures for graphics are justified by the
ct that the applications program can use the same data
ructure. In this way the problem of representing graphi-
1 data structures is generalized towards structuring asso-
ative data or towards hierarchies of cyclical data. This
pe of languages cancels itself out for the bulk of the
derate applications of computer graphics. From this ob-
rvation the designers drew the conclusion that it made
nse to try to characterize the complexity of purely
aphical information. The best way to do this seemed to be
fining a complete graphical lanquage and find the simplest
presentation for it.

The language ILP deals with four major facets of graph-
al information:

The elementary drawing actions.

Modifications of such drawing actions wunder con-
trol of state information.

Structuring (and combining) states and actions.

Specification of entry points for external refer-
ences on which interaction and association of non
graphical data can be based.

such ILP constitutes a so-called general purpose model-
ng system.

The elementary drawing actions must be understood as a
ans to visualize elementary geometrical objects. Typical
tions are to draw a point, line, contour (closed polygon)
d curve. Less typical but useful is text. In fact the
clusive (exceptiona{) function of text has caused a number

unsolved problems with respect to the orthogonality of
e design. Typical state information consists of transfor-
tions, coordinate mode (absolute or incremental) and style
nctions (line style, typographic style for text etc.).
1 non-geometrical aspects have been isolated from the ac-
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picture can be specified. Combining always involves state
1formation on one hand and actions on the other. Combining
5 used for setting up the right state.

The facilities for structuring are not allowed to pro-
ice cyclic structures. This would introduce the need for
onditions in ILP, that break the cycle. This is an example
f excluding features that are convenient for programming
it not fundamental for picture representation.

All references in ILP have the same form 3nd are
spresented by a symbolic name. All entry points for exter-
al references are represented in the same way.

3. The description of ILP

ILP is described in chapters 2 and 3. Chapter 2 gives
1 introduction to the basic concepts of ILP, by means of
imple examples. The function of chapter 2 is to provide an
verview of ILP before plunging into all syntactic and se-
antic details as presented in chapter 3. Obviously chapter
is the most important one. Here, indeed everythin? is
~ought together that concerns the basic function of ILP
e representation of pictures.

Two interesting subjects concerning ILP have been left
it of chapter 3. First of all the justification of most
nstructions of ILP is omitted. In most cases the justifi-
ition can be deduced from the fact that it contributes to
e representation of a particular construct. Moreover, it
is felt important to concentrate on a precise definition
saving aside all matters that make the definition more com-
licated (like for instance, defining alternative construc-
lons). Secondly the role of ILP in the various modules of
1€ graphics system is not further explained in chapter 3.
>art from the argument just given, this 1is also because
iy of the modules (like the picture editor) at this moment
1ly exist in the designers minds.

The fact that this report contains a preliminary
:scription means that it will be followed by one (!) final
;crsion. This version will not be published before suffi-
.ent experience has been gained with ILP and the design
>thod based on it.

The reader of chapter 3 will notice that some construc-
.ons of ILP have been specified in great detail and an at-
:mpt has been made to be very precise about them. Other
mstructions are presented rather sloppy. The detailed
>scriptions cocncern new or for ILP important constructions.
e less precise definitions have been used some times to
roid lengthy descriptions of what 1is intuitively clear
>.g. the conversion of ILP primitives to, say, a plot
le), sometimes because the details have yet to be filled




n (e.g. parameters for curves). The reason for being less
recise (or incomplete) is in most cases given in the form
f remarks, which as such are not part of the definition.
ny construction of ILP, precise or imprecise, may be sub-
ected to changes in the near future as a result of criti-
isms from inside or outside. Especially the latter will be
ery much appreciated.

ILP can be extended in two directions. New primitive
ctions and state information can be added to cover the
epresentation of other classes of pictures (e.qg. grey
cales). New constructions for structuring and building
ierarchies of states (vectors of vectors) can be introduced
o allow all kinds of manipulations (e.g. movies). For both
ype of extensions ILP must preferably constitute the ker-
el. Because in that case ILP can close the gap between
classical” and "modern” computer graphics. Chapter 4 gives
n idea of developments of ILP planned in the nearest fu-
ure.

To facilitate reading of the remainder we now give an
verview of notational conventions throughout the report.
ost basic concepts of ILP are at the same time non-
erminals of the syntax. They are denoted in a special
ont, e.g.: non_terminal. Basic concepts that are not a
yntactical category are underlined at first (and defining)
ccurrence. S¥ntactic terminals are denoted in capital
etters, e.g. TERMINAL. There is an index (Appendix 3) that
eferences the occurrences of most concepts. Footnotes and
EMARKs are used to add comments to the text in places where
t is important to separate the essential from the explana-
ory.

On the primitive level of ILP the designers have hardly
ttempted to introduce new concepts in picture description.
t is in the field of structuring graphical information that

new, more uniform frame is introduced. This frame, it is
oped, brings the large variety of elementary constructions
eeded for picture description more happily together.




AN OVERVIEW OF ILP

1. Introduction

In this chapter, ILP will be presented in an informal
3{. The chapter has a tutorial character and will heavily
2ly on short examples. No attempt has been made to cover
1€ subject exhaustively. Only aspects that are charac-
sristic of ILP and distin?uish it from other graphics
inguages get attention. n particular, standard concepts
om computer graphics (linear transformations, styles etc.)
111 not be discussed in their own right. For these topics,
> refer to the introductory texts (17 and [2].

In all cases where the examEles leave some doubt about
1at is precisely possible in ILP and what the exact seman-
.cs of ILP constructions are, chapter 3, which contains the
rrmal definitions, should provide the answers.

2. Picture elements

Picture elements are language primitives, used to
>scribe basic drawing actions. They represent lines,
yints and the like, drawn in some user-selectable Euclidean
»ace of an arbitrary dimension, called user space. How
11s space can be selected, will be described in 2.6.. Un-
1 then, in all examples a two-dimensional space, with
‘thogonal coordinate axes, is assumed.

cample |
CT ( 2 ) exl
WITH { VISIBLE ; FIXED »
DRAW <{
LINN (@S, 11, 01,01 ,(0,01);
POINT ( [ -©.5 , -1 1)
> .

A two dimensional picture (a picture that must be
‘awn in  a plane) is defined, having name ex!. The dimen-
on is specified by the number "2" "surrounded by paren-
esis, 1immediately following keyword PICT. In general,
ly positive integer may be used in this place.

The picture consists of three line segments and a
int. All elements of this picture are explicitly declared
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risible (by VISIBLE). The us
1ate pairs [ a , b 1 to be in
n user space. (The other po
2,300,

The essential elements i
>lements LINE and POINT. To
-he concept “"untransformed p
s the most recently visited
veginning of the drawing acti
jram, it is the origin of use

The picture element LINE
irawn, from the untransfor
0,01, tol 0.5, 1 1, fr
rtom [ 1 , @] to [ @, @ ].

The picture element POIN
ifrawn at [ -0.5 , -1 1. In
wmber of coordinates as its

The drawing defined by t
;+1
"
I
I
I
|

| +1
|

|

|

|

=1

|

[

iere, as well as in the folle
axes are only added for illu
1ormally part of [LP output.

Another ILP primitive is
1se is shown in example 2.

-xample 2

>ICT (2 ) ex2
WITH VISIBLE
DRAW
TEXT ("A" ,

FIXED causes all coordi-
eted as absolute positions
lity will be dealt with in

s example are the picture
ribe their effect, we need
sition”. In general, this
ion in user space. At the
pecified by an ILP pro-

ce.
es, that lines have to be

pen position, in this case
0.5, Il 1 tol I , @] and

's, that a point must be
ral, POINT too, can have a
lents.

‘ogram above locoks like:

examples, the coordinate
.ive purposes. They are not

picture element TEXT. Its

igle” )
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A triangle .

Here, the string "A " and "triangle” are drawn, start-
ng again at the untransformed pen position.

.4 Attribute classes

We have already encountered pieces of ILP programs, en-
losed between the "brackets” WITH and DRAW. These program
arts consisted of sequences of attribute class elements,
eparated by semicolons. Altributes are instruments to in-
luence the way in which a picture element is drawn, or to
ssociate non graphical information with it.

All attributes together, that are relevant for a par-
icular picture element, determine the so-called state of
hat element. This state determines, what will actually
appen, when that element is drawn. Attributes are divided
n attribute classes, each corresponding to a particular
ype of operation on picture elements. In the following,
ome examples will be given on the attribute classes coordi-
ate mode, transformation and style.

The class coordinate mode can have either the value
IXED or FREE. It operates on the coordinates of picture
lements. In the case of FIXED, coordinates denote absolute
ositions in user space, as illustrated in example |. When
REE is used, the coordinates denote increments relative to
he untransformed pen position.

xample 3
eplace in example 1 FIXED by FREE.

|
he resulting drawing is: y
|
|
|

+1 ' +2
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Note in particular, that only two visible lines are shown in
this drawing. This is so, because an increment [ @ , @ ]
represents a line of zero length, which coincides with the
end point of the second line.

Example 4
PICT ( 2 ) ex4
WITH <
FIXED ;
TRANSLATE [ 1,0 1 ;
ROTATE 45 AROUND ( [ 1,0 1 ) ;
PERIOD ( 5@ , 25 , 25 ) ;
MAP ( @.4 , CONTINUE )
>
DRAW
LINECCO b0, C 1,1 ], 00,11, I[001])

The corresponding drawing is: |

A square is drawn, rotated clockwise through 45 de-
rees, around its lower right-hand corner. This square is
translated | unit in the x-direction and @ units in the vy-
direction. TRANSLATE and ROTATE denote transformations.
(Note that the rightmost transformation is applied first!).
PERIOD and MAP denote elements of the attribute class style,
they determine line style. In this case, the style pattern,
defined by PERIOD consists of a dash, a gap and again a
dash, with respective length of 50, 25 and 25 wunits. MAP
specifies that the actual length of this pattern in user
space is 2, and that the pattern continues from one line
(element) to the next.

2.4. Data structure

ILP can be viewed as a lanquage to describe data struc-
tures, which in turn correspond to drawings.

An ILP data structure has the form of a directed acy-
clic graph. The pictures and attributes correspond to nodes
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- the graph, the references to pictures and attributes
rrespond to arcs. The acyclicity results from the seman-
c rule, that ILP programs may not be recursive. The graph
n be converted into a tree, by making copies of all multi-
y referenced nodes, and creating appropriate references to
iese new nodes.

ample 5

ppose, an ILP graph has the form:

e corresponding tree looks like:

- this tree, 2' is a copy of node 2, 3' of 3, and 4'' and
of node 4.

The drawing represented by the tree, can be produced by
process called elaboration. During this process, the tree
traversed in preorder [3], which is recursively defined

- Visit the root of the tree.

-- Traverse its descendant sub-trees in preord-
er. Descendants are traversed one by one,
starting with the leftmost subtree, then
proceeding to its rightmost neighbour and so
on, until the rightmost subtree has been
traversed.
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-xample 6

‘he nodes of the tree in example 5 are visited in the fol-
lowing order: 1 2 3 4 2° 3" 4' 4'".

At every node where, according to the ILP program some
iction must take place (drawing, evaluating of attributes
ind updating the state, subspace selection), this action is
nitiated by the elaboration process when this node is en-
rountered. Only at the picture leaves (representing picture
:lements), drawing actions are performed.

In sections 2.4.1. till 2.4.3. these data structure as-
>ects of ILP will be elucidated with the help of some exam-
les.

).4.1. Pure pictures

Pure pictures correspond to subtrees (graphs) of the
‘ull ILP tree (graph). They are characterized by the pro-
erty that they do not contain attributes. A pure picture
an  constitute a correct and complete ILP program in which
111 attributes have default values. We will ignore attri-
outes for the moment and introduce some ILP concepts using
ure pictures as examples.

-xample 7
SUBPICT (2 ) pyrl

LINE (T @©5,0.81, (1,01, (00, 01)
>UBPICT ( 2 ) pyr?2

LINE C O -t.7 , 1.2], (0 -2.4,01,[-1,01)

>ICT (2 ) egypt
{ pycl ; LINE C L -1 , @1 ) ; pyr2 > .

ICT (2 ) ex7
WITH FIXED DRAW egypt

'he tree, defined by ex7 contains a pure picture tree,
orresponding to egypt.

O




ie drawing looks like:

This last example illustrates that there are
" named pictures (pictures having a name); ro
fesignated by PICT) and sub pictures (SUBPICT).
res are the only ones that may be referred to f
e ILP program in which they are defined. The r
P graph must correspond to a root picture
ords, elaboration can only start in a root pictu

Another example of a named picture, defini
cture graph, is the following:

cample 8

JBPICT ( 2 ) toothl
LINE ([ 0.5, 21, [ @5, -2 1)

JBPICT ( 2 ) tooth?
LINE ([ -.5, -2 1, [ -0.5, 2 1)

JBPICT ( 2 ) teethl
{ tooth! ; tooth!l ; tooth! > .

JBPICT ( 2 ) teeth?
{ tooth2 ; tooth2 ; tooth2 > .

'CT (2 ) jaws
{ teethl ; LINE ( [ @ , 5 1) ;
teeth2 : LINE ( [ @ , -5 1) ¥ .

15

kinds
ctures
pic-
wutside
of an
1 other

'} pure
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he picture graph defined by jaws is

.

O

he ILP statement:

'ICT ( 2 ) ex8 WITH FREE DRAW jaws

lefines the drawing:

All elements of a pure picture are el 'ted in the
same state. The structure of example 8 can ‘efore be re-
luced (but not compactified) to a linear of LINE's.
lowever in that case the logical distinct retween tooth

ind teeth is lost.
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4.2. Pure attribute graphs and picture nodes

As with named pictures, attributes can be grouped in
med units too, called attribute packs.

cample 9

TR ( 2 ) transformpack <{
ROTATE 2@ AROUND ( [ 1 , I 1)
SCALE [ 2 , 3 1 ;
TRANSLATE [ -1 , ©@.5 ]
>

)

TR DIMLESS stylepack {
MAP ( 10 CONTINUE ) ;
PERIOD ( 10 , 3, 11 )
>

TR ( 2 ) ex9 «
{ transformpack ; stylepack > ; THICK ( 1@ ) > .

tribute pack ex9 defines a pure attribute graph of the
rm:

Cég\ gc\b

Just as named pictures, attribute packs have a dimen-
on, which is specified in the same way. This dimension is
wiously meaningful when the pack contains for instance
ansformations. In other cases (for instance for a style

wck), the pack could be used in combination with pictures

~arbitrary dimension. Arbitrary dimension is specified by
MLESS

This example illustrates another property of ILP pro-
‘ams: by means of brackets, structure can be enforced,
thout using explicit references to (using names of) ob-
cts. In example 9 the attribute node labelled "A" is ad-
:d because of the construction:
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{ transformpack ; stylepack 2
In the same way, picture nodes can be

As can be seen from the examples
WITH...DRAW construction links attri
the data structure, a WITH...DRAW node
node, i.e. at any place in the data st
ence to a pure picture graph is permis
a WITH...DRAW node is allowed as well
a structure similar to that of a pure
with the extra property, that ¢
(WITH. ..DRAW nodes) have pure attribu
cendants. In other words, a WITH...
graph, has a number of pure attribute
numper of picture graphs as its descen

The data structure defined by an
picture graph.

Example 10

PICT ( 2 ) exlO
WITH FREE DRAW {

teethl ;

LINE C T @, 5 1) ;
WITH ROTATE 180 AROUND
DRAW teeth! ;

LINE (T @, -5 1)

The data structure has the form:

)

1!

B

ed.

eady given,

; to pictures.

tself a pict
re where a ref
:, a reference
picture graph
‘ture graph,

n picture no
‘aphs also as d
node of a pict
1S, as well as

J e

program, is




This data structure containsg two WITH...DRAW node
'lled "WDI" respectively "WD2". When for teethl tn
cture defined in example 8 is taken, the drawing
sults again. The lower jaw is only subjected to t
ibute from WD1, the upper jaw comes in its anato

rrect position, because it is subjected to the ro
tribute from WD2 as well.

4.3. Combining attributes into a state

As shown in the previous examples, a variety of
tes (possibly specified in different WITH...DRAW con
ons), can influence a picture element. Clearly
cessary, to combine these various entities in unit
n be meaningfully applied to picture elements. Only
nts from one and the same attribute class will be mu
mbined (mixed), in a way that may be specific fo
ass to which they belong. Next, these combinatio
cked into the state. The combinations are applied t
re elements in some fixed order, defined by pr
les.

ample 11

CT (2 ) exll
WITH { SCALE [ | , 2 ] ; SCALE [ 2 , 1 1 %
DRAW P

A scaling is an attribute of the class transform
ansformations are simply applied one after the
arting with the rightmost one (the one, textually ¢

the picture element). Hence, this program is seman
equivalent to:

CT ( 2 ) exll
WITH SCALE [ 2 , 2 ]
DRAVW P
ample 12
CT ( 2 ) exl?
WITH SCALE [ 1 , 2 ]
DRAW
WITH SCALE ( 2 , 1 1
DRAW P

ain this program is semantically equivalent with the
ous two.

G d
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xample 13

ICT (3 ) exl1d
WITH MAP ( 3 CONTINUE )
DRAW <{
Pl;
WITH MAP ( 5 RESETLINE )
DRAW P2
>

Pl is drawn under influence of the first map specifica-
.ion, P2 wunder influence of both the first and the second.
'learly it is meaningless, to apply two map specifications
n succession, so they have to be combined into one single
@ap. In general, this mixing 1is done by concatenation
ules, which look like:

A < B -> C

here A, B and C are elements from the same attribute class.
he meaning is, that A concatenated with B, gives C. In
ase of map, this rule reads:

A <> B -> B

howing simply, that the second map definition replaces the
irst.

There exist still a third way of combining, used for a
ype of attributes which are much more complex and powerful
hen the previous two. In the present version of ILP, it is
nly used for detection (see 3.4.7.) and will be amply il-
ustrated there.

xample 14

'ICT (1) exl4
WITH { SCALE [ 3 ] ; MAP ( 2 CONTINUE ) >
DRAW P .

Here, the priority rules require, that first the
ransformation, (SCALE) and then the style element (MAP) is
pplied. This has consequences, because a transformed pic-
ure element drawn with a certain style, can look quite
lifferent from a picture element with a certain style ap-
lied to it which is thereafter transformed. (The latter is
mpossible in ILP.)
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ample 15

CT ( 2 ) exl5
WITH A,
DRAW <{
WITH A, DRAW P, ;
WITH Az DRAW P,
> .

When the corresponding data structure is traversed,
rst the collection of attributes contained in A} is en-
untered, then those in A; and finally those in Az. P; is
fected both by attributes A; and Az, P; by A; and A;. At-
ibute combination is ‘defined in such a way, that the fol-
wing efficient combination scheme can be employed:

Ay: Combine all attributes from A: in a (partial)
state SPy. SP; is identical to state S;.

Aqy: Combine the attributes from A; in a (partial)
state GSPj. Combine S; and SPj,, this gives state
Sz2. S; is applied to P;.

Az: Combine the attributes from Az in a (partial)
state SPgz. Combine S) and SPz, this gives state
Sz. Sz is applied to Pj.

Hence, attributes within one WITH...DRAW construction
ve to be combined only once during elaboration. Attributes
om nested WITH...DRAW constructions can be combined and
trieved, using a stack.

5. Default attribute, matches and prefixes

Every attribute class has a default element. If, dur-
g elaboration, a picture element is reached and the state
s not contain a fully specified element for a certain at-
ibute class, the default element is used. For instance,
e default transformation is a unit matrix, the default for
sibility is VISIBLE. Defaults release the user of the
~den to specify values for all attribute classes.

With most attribute classes, an attribute match is as-
ciated. Its function is, to switch at the picture element
vel, between the default value of the associated class and
= value specified in the program.
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xample 16

'ICT (2 ) exléb
WITH { FIXED ; ROTATE 45 AROUND ( [ 1 , @ 1)
DRAW _
LINE CT 1,01, ~TF [ 1,1 1, @,1 1, [0,¢

he drawing is:

_-———— - —

+
-

Fis the match for transformations. ~TF here sig ’s,
hat the second line element must not be rotated, b b -
ected to the default transformation (unit matrix) in 1.
Matches not only can be applied to "arguments” ( n-
tance coordinates) of a picture element, but also he
lement as a whole. This leads to the possibility WO
evels of matches. The one, directly preceding an ju-
ent”, locally replaces the match of a whole element.
xample 17

ICT ( 2 ) exl?
WITH { INVISIBLE ; FREE »

DRAW
LINE~VS ([ 1,01 ,[@11,°(1,01,
VS e,1 1, (01,01, 00,11 ,12,01,
[0,-1 1,011,061 ,VsS(0,-11, (011,
[ 0,-1 1, [0,1 1) .

ne drawing is:
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Visibility gets value INVISIBLE. The match ~VS direct-

following "LINE", replaces this class value by the de-
alt value VISIBLE, so the line as a whole is made visible.
cally, the explicit class value INVISIBLE is reinstalled
the match VS, causing some line segments to become in-
sible.

Every attribute can be prefixed either by ABS or by
L. If no prefix is present (as in all our examples until
~e), prefix REL is assumed. If an attribute has prefix
L, it will be combined with the appropriate class value,
ntained in the current state. If it has prefix ABS, the
mbination starts all over again, beginning with this at-
ibute, thereby disregarding the class value already accu-
lated.

ample 18
BPICT ( 2 ) square
LINE CC 1,0l , C 1,1, o0,1 1, I[0©01])
CT ( 2 ) exl8
WITH { FIXED ; ROTATE 45 AROUND ( [ 1 , @ 1 J ¥
DRAW <
square ;
WITH REL TRANSLATE [ 2 , © ] DRAW square ;
WITH ABS TRANSLATE [ 4.5 , © ] DRAW square ;
WITH REL TRANSLATE [ 6 , © ] DRAW square ;
WITH REL TRANSLATE [ 8 , @ ] DRAW square
T

+
N
[l

! +
—-L_ _=
'O
I
|
[

L

+6 +7 +8 +9

*
)

|
+ !
w

|
L
=
+
UTj

+1

For the first, second, fourth and fifth square, trans-
tion 1is combined with rotation, for the third square, ro-
tion is switched off. When ABS would not have been used,
e same drawing could only have been made in a much more
umsy way: either the third square should have been sub-
cted to an inverse rotation, or it should have been de-
ned outside the scope of the outermost WITH...DRAW con-
cuction.
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6. Subspace

The subspace construction is the mechanism to redefine
1e coordinate system of wuser space. It can be used to
lange axes, without changing the dimension of user space
1d to specify proper subspaces (i.e. with lower dimension)
f an envelopping space. Hence dimension can change in an
P program. The dimension of subpictures, root pictures
1d attribute packs is explicitly specified and determines
1e number of components of coordinates , matrices etc.
ance it can be statically checked, whether ILP statements
ithin the scope of a subspace selection, use elements of
1e proper dimension.

xample 19
ICT ( 3 ) exl19
WITH FIXED
DRAW <
LINE C [ 1,0,0 1 , [ I,1,01 , [ ©,1,0 1],
( 9,0,0 1 , [ ©0,0,1 1,
(o,1,1 1, 00,1,01) ;
SUBSPACE ( 2 )
ORIGIN ( [ ©.5,0,0 1 , [ 1,0,0 1 , [ ©,1,0 ]
WITH FREE
DRAW LINE ¢ [ ©.25,0.5 1 , [ ©.25,-0.5 ] )
>

e drawing is:

+1

First, squares are drawn in the (x,y) plane, resp (y,z)
lane. Then the (x,y) plane is selected as a two dimension-
1l subspace. The subspace origin coincides with the point
©.5 , 0, 0 1. Its x and y axes are identical tc those of
1e envelopping space.

In general, the first "argument” of ORIGIN specifies
e new origin, the further "arguments” specify the new axes
5 vectors in the old coordinate system. In this subspace a
~iangle is drawn. The coordinates of this triangle must

= specified by two numbers instead of three.

)
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The dimension of the root 'picture where elaboration
.arts, is defined by that picture itself. The coordinate
tes of the user space at the root (the untransformed wuser
vace) form by default a right handed, orthogonal coordinate
rstem. After all transformations have been applied to
sordinates in a picture element a position in untransformed
ser space results. This position must lie in the user unit
bbe, i.e. all its coordinate components must have absolute
slues less than or equal to one. As a consequence, there
s:ems to be a choice between using picture elements with
1ly small coordinate values, which is quite impractical, or
)plying a scale transformation at the root. The second
>ssibility is also unpleasant, because it prohibits the
se of "ABS" with lower level transformations, which would
vitch off the scale. The subspace mechanism provides a
~actical third alternative however.

cample 20
jppose, elaboration starts in the following root picture:

[CT ( 2 ) ex20
SUBSPACE ( 2 )
ORIGIN ( [ @,0 1, [ ©.0001,0 1 , [ ©,0.001 1)
"‘rest of root picture”

Immediately, a new coordinate system is introduced,
ith its origin and axes coincident with those of the two
imensional untransformed user space. The length wunit in
1is new space is ©.90! of that of the untransformed space
swever. As a consequence, the coordinate values produced

"‘rest of root pict" may have absolute values <= 1000.
arthermore, the subspace transformation, which is not an
ttribute cannot be switched of by "ABS".

xample 21

UBSPACE ( 2 )
ORIGIN ( [ 0,0 1 , [ ©.001,0 1 , [ ©.001,0.001 1)

Now, not only coordinate values are expressed in dif-
erent units, but an additional affine transformation is in-
roduced, because the y-axes of the new space coincide with
he line y=x in the envelopping space.

.7. Miscellaneous topics

In the preceding paragraphs, we have focussed attention
n the highlights of ILP and have consequently omitted other
eatures. To make the picture given in this overview more
omplete, we will very briefly discuss them now.
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The set of picture elements provided in ILP contains,
part from points, lines and text, also contours (closed po-
ygens) and generators (an elaborate library facility). On-
'y generators will be discussed here.

Whenever the elaboration process (the process that
raverses the ILP data structure, see 3.2.3.) encounters a
jenerator, a new data structure is obtained (in some way)

nd inserted in the place where the generator occurs.
everal types of generators exist, which differ in the way
hey produce a new data structure:

-- . symbols: correspond with a previously defined
root picture, and can hence completely be
specified as ILP program.

-- curves: correspond with a recipe to produce
picture elements according to a certain
specification (e.g., a sinus curve). The way
in which the picture elements are produced
can not necessarily be described as ILP pro-
gram. Curves can only produce data struc-
tures from a limited class.

-- templates: correspond with a recipe to pro-
duce any legal ILP data structure, which may
be produced in any way.

Templates form the most general library facility. How-
wver, this generality must be paid for, since the data
‘tructures produced by templates have to be checked dynami-
ally for correctness, while the correctness of the data
‘tructures produced by curves and symbols can be determined
tatically.

The set of attribute classes contains, apart from
ransformations and coordinate mode, also style, pen, detec-
ion and control.

Coordinate mode deals with absolute and incremental
cawing. Examples were given in section 2.3..

Transformations have, apart from a few exceptions the
leaning as normally used in computer graphics systems
(11,0[23). An exhaustive list of transformations is:

—~ rotate, scale, matrix transformation, affine
transformation, homogeneous matrix transfor-
mation all with standard meaning.

-- projection, a central or parallel projection
which does not reduce the dimension of a pic-
ture.
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--  window, viewport which’' resemble the usual
concepts of window and viewport, apart from
some additions. It is worth mentioning that
windows may be arbitrarily nested and that
the nested windows may be rotated relative to
each other.

Style determines what kind of picture elements must be
‘oduced by a drawing machine. In the preceding para%raphs
ne style (i.e., a style associated witg lines) was already
ntioned. A style can also be associated with points
oint style: determines the symbol to be wused for the
presentation of points) and text (typographic style:
termines boldness, italicity, alphabet and the 1like for
xt values).

Pen determines the reproduction method to be wused for
i visualization of picture elements. Examples are colour

id intensity.

Detection determines which parts of the ILP data struc-
re can be pointed at by devices such as lightpen and cur-
r. The result of such an operation is not simply the pic-
re element pointed at, but may be a part of the data
ructure in which the picture element 1is contained. In
1is manner ambiguities can be resolved: when pointing at a
yor-in-a-house, is the door or the house intended?

Detection illustrates the power of the attribute
:chanism. It is also possible (but not described in this
sport) to associate non-graphical information with an ILP
ita structure. The overall scheme is that during the ela-
rration process the non-graphical attributes can accumulate
formation for later use. This method imposes the restric-
.on that drawing order is the order in which non-graphical
1formation must be accumulated.




iE SYNTAX AND SEMANTICS OF ILP

Overall Structure

The complete syntax of ILP is given in Appendices |
2. In this chapter we will use extracts from it as a
2 to the discussion. No attempt has been made to ex-
2 all possible syntactical forms that have no semantic
ing. This would make the syntax extremely difficult to
. ?nstead we tried to keep it as simple as possible.

The syntax rules are grouped in such a way that the
c structure of the language is reflected as much as pos-
2. The syntax is split in two parts: the set of units

will be produced by lexical scanning and the so-called
syntax. Only the main syntax will be described in this
ter, the other part is given in Appendix 2.

The semantic meaning that corresponds with each syntac-
1 construction will be described by means of an in-
~etation process referred to as elaboration. In the
21 no distinction will be made between the semantic
ing associated with a certain syntactical construction

the result of the elaboration of that construction.

the elaboration of a particular language construction
carried out, the overall interpretation process is in
intermediate stage. This intermediate stage can be
idered as the context in which that particular language
truction is elaborated and will be referred to as
~onment. The elaboration process 1is only used as a
~iption method and is not intended as an implementation
osal.

An ILP program (picture program) consists of three dis-
t sets: a set of root pictures, a set of subpictures and
t of attribute packs:

picture program: pictstruct |

picture program pictstruct $
pictstruct: named picture |

attribute pack $
named picture: root picture |

subpicture $




picture has two properties’ that distinguish it from
ture:

-  The only pictures of an ILP program, sag I,
that can be referenced from another ILP pro-
gram, say l;, are the root pictures of I;.

-  The elaboration of an ILP program starts in a
root picture and not in a subpicture.
subpictures can only be activated via a
named picture in the same ILP program.

REMARK

t might be considered to relate these properties
listinct "pictstruct” types, like:

INPICT: a pictstruct in which the elaboration
of an ILP program can start

EXPICT: a pictstruct to which can be referred
from another ILP program

INEXPICT: analogous to the present
root picture

PICT: analogous to the present subpict

ements of the three distinct sets are:

root picture: PICT dimension pname
picture . $

subpicture: SUBPICT dimension pname
picture . $

attribute pack: ATTR dimension aname
attribute . $

ly connection between a picture and an attribute pa
means of the "WITH ... DRAW" construction, e.g.

WITH A DRAW P
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1€ resulting construction is again of type picture. The
1les for picture and attribute are:

picture: pname |
picture element |
{ pictures } |
subspace picture |
WITH attribute
DRAVW picture $
attribute: ABS basic attribute |
REL basic attribute |
basic attribute $
basic attribute: attribute class |
aname |
{ attributes 3} |
NIL $

te that a list of pictures between brackets is again a

cture and that a list of attributes between brackets is
jain an attribute.

The result of the elaboration of a picture depends on
e specification of attributes. Section 3.2. describes the
.obal organization of ILP programs and the relationship
>tween pictures and attributes.

The environment contains two groups of values:

- One ?roup the so called state, changes as a
result of elaborating attributes.

- The remainder changes as a result of two
kinds of actions namely, elaboration of
picture elements or external actions.

) initial enviromment contains unique values for the
mbers of both groups.

For every root picture, subpicture and attribute pack a
mension 1is specified. It determines the number of com-
nents of which coordinates and matrices consist, that oc-
r in these constructions. In an environment with a cer-
1in dimension, only constructions of the same dimension
y be referenced. The dimension can be changed by a
bspace selection. Dimension and subspace are described in
'tail in section 3.3..

attributes are divided into classes. [t sometimes
tters in which order attributes from the same class are
ecified. attributes from different classes are mutually
related. A complete treatment of attributes is given in
ction 3.4..

The language primitives for which some visual represen-
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ition exists  on drawing ' machines are called
cture elements. Examples are points, lines and charac-
rrs. They are described in section 3.5..

2. Graph Structure

An ILP program has no block structure. All
med pictures and attribute packs are on the same level.
wwever, each ILP program can be considered as the represen-
ition of some directed graph structure. The terminology
sed for graphs is taken from KNUTH (3]. Such a graph is
rrmed by the statical nesting of pictures and attributes.
xese objects are nested either as a result of referring to
1e object from inside another or nested textually by means
. brackets. Recursive calls are explicitly forbidden,
:nce the graph is an oriented graph without cycles. The
‘aph can be expanded into a tree by replacing all multiple
:ferenced subgraphs (namedpictures, attribute packs) by
:parate copies. Inside an attribute only other attributes
17y be referenced; this gives rise to attribute nests. At-
‘ibute nests only contain attributes. Through the WITH .
AW  construction (see section 3.1.), pictures may contain
:ferences to both attributes (attribute nests) and other
ctures, resulting in picture nests.

In correspondence with the syntax, the graph has two
rpes  of nodes namely picture nodes and attribute nodes.
lere are corresponding types of arcs namely arcs pointing
> a picture node (picture arcs) and arcs pointing to an at-
“ibute node (attribute arcs). Every root picture consti-
ites a connected (directed) subgraph. All picture nodes
>t connected to this subgraph have no meaning with respect
> an elaboration of this particular root picture. In the
>llowing we will restrict ourselves to such connected sub-
“aphs, which will be called picture graphs. If we remove
1e picture nodes and picture arcs from the complete graph,
1en for every "WITH...DRAW" node we obtain an isolated at-
“ibute graph, which contains only attribute arcs and attri-
ite nodes.

2.1, Picture nodes

The alternatives in the following syntax rule are the
»nstructions that can represent a picture node:

picture: pname |
picture element |
{ pictures ¥ |
subspace picture |
WITH attribute
DRAVW picture §

picture element (c.f. 3.5.) is an end node (leave). The
:her alternatives of the rule are nodes (but not leaves).
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Note that,
{ picture element
is a special case of
{ pictures

which is not a leave. Because a picture element may h
value NIL, arbitrary graph-structures can be specified, €
without writing down any other action than NIL e.qg.:

SUBPICT DIM(3) pn! <
NIL ;
WITH € al ; a2
DRAW NIL

>.

PICT DIM(3) pn2 <

NIL ; < NIL » ; pnl ;

WITH { a3 ; a4 ¥ DRAW pnl ; NIL
>.

The graph for this ILP program is:

[Niz]

nri] [(3] [wITH DRAW]

bIL] [{}]

a3 ad

3.2.2. Attribute nodes

Attribute nodes are represented by basic attributes
can be seen in the syntax rules:
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tribute: ABS basic attribute |
REL basic attribute |
basic attribute $
sic attribute: attribute class |
aname |
{ attributes > |
NIL $

@l nodes are attribute class and NIL. The ott
e and { attributes 2}, are the non-terminal nod
epresents a reference to an attribute pack. ’
ABS and REL have no influence on the graph str
specify how the attribute has to be mixed w
- the same attribute class (see 3.4.).

‘ersing process

sic rules

itructure explained above plays a vital role
itics of ILP programs. The description of ILP
oceeds in stages. In each stage an algorithm
simplifies the graph towards a canonical fo
semantic rules associated with the graph are

Each (maximal) subgraph containing only
attributes 1is converted into one list of
attributes (algorithm ETA, see 3.4.1.). In
this list all references to attributes
(anames) are replaced by the attributes them-
selves (algorithm RAP, see 3.4.2.1.). Hence
references to attributes are semantically
equivalent with textual insertion of the
attributes referred to. After further sim-
plification (algorithm LIN, see 3.4.2.1.),
the resulting list of attributes (called
state component, see 3.4.3.) is applied to
the picture node from which the attribute
graph is a direct descendant.

A state (a combination of state components,
see J3.4.3.) can only be applied to picture
nodes, in the way described by the following

application rule:

Application of a state to a picture node
means one of two things:

- [f the picture node is a picture element
then all attributes in the state are ap-
plied as described in 3.2.3.2..
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- It the picturer node is  not a
picture element, the state is applied to
all its direct descendants as follows:
Whenever a  descendant is  not a
picture element, the state 1is combined
with the state component (if present) of
that descendant into a new state, other-
wise no action takes place. Next this
application rule is used recursively.

s a result of this we have to define three semantic opera-
ions on attributes:

-- To combine the attributes in an attribute-
graph into one state component.

-- To combine states and state components.

-- To apply an attribute to a picture element.

The combination rules for attributes will be given in

ection 3.4.. The third operation is a special case of ap-
lying a state to a picture. This will be discussed in gen-
ral in the next section and for each type of
icture element in particular in sections 3.4.4. till
.4.10..

.2.3.2. Pictures and picture elements

When the elaboration begins, an initial state is set up
s part of the initial environment. Then the traversing pro-
ess starts in the initial root picture.

When during the traversing process a picture, which is
ot a picture element, is encountered, the following rules

pply:

-- Set up a state for that node, by combining
the state component (if present) of that node
and the previous (either parent or initial)
state.

-- Visit all descendants of the node in left-
to-right order {(which corresponds to textual
order in the ILP program).

-- Return to the parent node and restore the
original state of that node.

n terms of the semantically equivalent tree (the expanded
raph), nodes are visited in preorder.

Nodes that are picture elements, represent drawing
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perations. If these operations 'are executed by a drawing
achine the following happens:

--  The mode of the drawing machine 1is updated
according to the state. ]

--  Whenever necessary, the picture element is
changed into zero or more new
picture elements by applying the state to it.
*)

-- Each resulting picture element obtained is
used to drive the drawing machine.

Thus in addition to the combination rules for state and
tate component, the semantic operations needed in order to
laborate a picture are:

-- Restore, save and combine state( component)s.

-- Return from and call a picture.

-- Elaborate picture elements.

o the general scheme is that while traversing the subgraph
ontaining all pictures the current state is either updated

c applied to a picture element.

.4. Dimension and subspace

Pictures considered as geometrical objects are defined
n an Euclidean space with coordinate axes and a certain di-
ension. The description of a picture can be simplified by
hoosing a space of minimal dimension. In many cases, for
he user, the position of the picture with respect to the
xes 1is another means to simplify the description. The ILP
ubspace mechanism makes it possible to temporarily change
he dimension of the space in which a picture is being con-
tructed. It can reduce the dimension in order to reflect
ne inherent dimension of that picture. It can also redefine
he position and orientation of the axes. If a picture
ies, for example, in a given plane then two coordinates are
ufficient to specify a point of that picture. In this case
ne given plane can be selected by subspace and as a conse-
uence all redundant coordinates in the picture specifica-
ion must be omitted.

The subspace mechanism is an instrument for the posi-

) The result of the application of the state can partly be described by means of ILP
“imitives. When this method is used in the sequel, this does not imply, that in an ac-
jal implementation the modified picture elements must be available as ILP objects.
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ioning of individual pictures in the common space, because
t defines a mapping between its own coordinate system and
hat of the surrounding space.

.3. 1. Dimension

Before we go into the details of subspace selection,
ome attention must be paid to coordinate systems. The
oordinates in an ILP program are expressed in user coordi-
ates. ‘

By means of a subspace selection, the coordinate system
s changed. Coordinates that occur in a picture which starts
'ith a subspace, are expressed in so-called transformed user
oordinates, otherwise in so-called unit user coordinates.
ence, between the start of the elaboration of the initial
oot picture and the occurrence of the first subspace, all
oordinates are unit user coordinates.

The unit user coordinates are a right-handed Cartesian
oordinate system.

During elaboration, coordinates are transformed by
ubspace transformations, matrix transformations, and port
ransformations (see %.4.4.). In general, coordinates can
ave arbitrary real values, but there is one important res-
riction: coordinates, subjected to all relevant transforma-
ions, can be divided 1into two groups: those that pass
hrough all windows involved (see 3.4.4.8.) and those that
1e outside at least one window. The unit user coordinates
f the first group all must lie in the user unit cube, 1i.e.
ave values in the real interval (-1.9,+1.0].

Finally, there exists for each drawing machine a fixed,
levice-dependent mapping from the user unit cube onto points
n the addressing area of that device. This mapping is es-
ablished at the moment of device-selection and is
arameterized outside ILP. Because the position and orien-
ation of this addressing area relative to the user unit
ube can be chosen freely, devices with non-square (or non-
ubic) addressing areas can be handled. In this way the
apping on the physical addressing area of an actual drawing
levice has to be specified for the unit cube only.

A dimensional value is the ILP equivalent of what is
‘lsewhere known as a "coordinate pair® or "coordinates". As
an be seen in the syrtax rules:

dimensional value: [ values 1 $
values: value |
values , value $

n ILP, coordinates contain dimensional values as a special
ase. For instance, a coordinate also specifies whether the
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1lues of the dimensional values'are absolute or incremen-
11. When in the sequel the term dimensional values is used
yme meaning must be assigned to the special properties that
me  with dimensional values only. f; all other cases the
:rm coordinates is maintained.

The dimension of a dimensional value (i.e. the number
. values of which the dimensional value consists) is not
.ctated by the syntax. On the other hand, subspace (see
8.2.) fixes, among other things, the dimension of the en-
ronment. Therefore the following semantic rule ( general
mension rule ) is required to enforce the right dimension
. dimensional values in various contexts:

In an environment of a certain dimension, the

following constructions may only occur with

the same dimension as that of the subspace:
-- dimensional value,

-= reference to a subpicture and
a root picture;

-- reference to an
attribute pack;

--  subspace selection.

» enforce this rule, a dimension specification is re-

lired for each root picture, subpicture,
tribute pack or subspace. This implies, for example,
1at in a subpicture with dimension two, only

mensional values consisting of two values may occur.
mension is syntactically described by:

dimension: DIMLESS |
dim $

dim: ( value ) |
empty $

Because some attributes (like colour and intensi-

') and picture elements (e.g. NIL) are dimension in-

pendent the dimension specification DIMLESS exists.

DIMLESS attribute pack, root picture or subpicture

'y be referenced in any environment, regardless of its
mension.

The mechanism just described is extended further
» cater for matrices of dimensional values:




matrix value: [ dimensional values 1 $
dimensional values: dimensional value |
dimensional values ,
dimensional value $

matrix value consists of a number of
nsional values equal to the dimension of the
‘ent environment.

The other constructions which must fit dimension,

subspace, rotate and homogeneous matrix. The res-
‘tions on their values are discussed in 3.3.2.,
4.1. and 3.4.4.7..

). Subspaces

With the aid of this conceptual framework, the
pace selection mechanism can now be explained.
actically a subspace is specified as follows:

subspace: SUBSPACE dim new axes $
new axes: position ( shift axes ) $
shift: dimensional value $
position: CURRENT |

ORIGIN §
axes: empty |

, dimensional values $

The elaboration of a subspace results in a new
isformed user space. The subspace construction de-
s new coordinate axes with respect to the ones,
1 valid during its elaboration. The new coordinate
em is valid during elaboration of the picture that
ns with the subspace.

The origin of the subspace follows from position

shift. In the CURRENT case, it 1is the un-
sformed picture position (PP, see 3.5.) shifted by

vector corresponding to shift, otherwise it is the
in defined by the previous subspace selection,
ted by the same amount.

In a subspace selection, two dimensions are in-
ed, the dimension of the environment in which the
'ction occurs, and the dimension of the subspace be-

selected, specified by dim. This latter dimension
mes the new dimension of the environment, during

elaboration of the picture which starts with the
pace. axes  must contain a number of
nsional values, equal to the value of dim. These
nsional values specify the direction of the coordi-
axes and the units in which coordinates are meas-

[, in the subspace. The directions are those of




he vectors defined by dimensional values, the
ollows from the rule, that those vectors ha
ength in the subspace. It should-be noted that
ot require that these axes are orthogonal, on
hey are defined by independent vectors.

The general dimension rule excludes the se
f a subspace with higher dimension than the e
ient in which the selection oCCurs.
fimensional values required to specify such a se.
rould have been of a higher dimension than the
;ion of the environment and are thus illegal.

Let the dimensional values (considered as
‘ectors) defining the subspace be extended with
it the bottom, and the result be denoted by the
)iye..3Dn. Let the column vector from the previo
/in to the new origin be extended with a one
ottom, and be denoted by D. Then the transfo
rom subspace to environment is given by the mat

(Dy, ..., Dp, D)

ic
it
do
1at
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=
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o
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o
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3.4, Attributes

The syntax rules describing the various attributes are:

attribute: ABS basic attribute |
REL basic attribute |
basic attribute $
basic attribute: attribute class |
aname |
{ attributes > |
NIL &
attributes: attribute |
attributes ; attribute $
attribute class: transformation |
detection |
stylie |
control |
pen |
coordinate mode |
visibility $

With every attribute class (except control),
corresponds an attribute match, defined by the syntax rules:

attribute matches: cmpty |
attribute matches
deny attribute match $
attribute match: TF
DT |
ST |
PN |
M |
VS §
deny: empty |
v

NOT $
Attribute matches are part of picture elements.

An attribute class is a terminal attribute node. The
attribute class values can range from simple constructs to
complex structures. For each class, however, the format of
the wvalue 1is fixed. Here we must differentiate between a
complete class value (which as such is not a syntactical ca-
tegory) and a contribution to such values by an individual
attribute class element (which is a terminal production of
attribute class).
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For some attribute classes (e.g. style and pen) the
ass value is described as an ordered n tuple of so called
oms. An atom has the following properties: It can have a
it value with respect to combining:

a * unit = unit * a = a

ch element of such an attribute class specifies precisely
e atom. Hence, for a complete class value at least n
tribute class elements are required. A unit class value
nsists of the n wunit atom values. A set of k < n dif-
rent atom values can be expanded to a class value by ad-
ng a unit value to each missing atom. In this sense each
dividual atom can also be considered as a class value

= 1),

1it values cannot (and need not) be specified. They only
rve to simplify the semantic description.

Apart from a unit value for attribute classes there ex-
its a default value for each attribute class and also for
ich atom. This value is taken when an attribute class must
> applied to a pictureelement and the unit value (for a
.ass or atom) is specified. The default value can also be
:lected explicitly as attribute class element or thiough
e attribute matches.

In the following, we will elucidate, how attributes act
on picture elements. From a semantic point of view, two
1jor steps are needed in the process of applying attributes
) a picture element.

In the first step, the attribute structure is simpli-
ed by applying combination rules for attributes, to the
‘fect that attribute nests and nested "WITH ... DRAW" con-
.ructions are removed. By this process an ILP program can
> converted into a so called basic ILP program, that con-
sts of a linear list of "WITH A DRAW P" constructions,
lere A denotes a linear list of attribute class values and

a picture element. The 1linear 1list A contains all
tributes that have been specified for P. The order of the
cture elements in the basic ILP program must be the same
5 in the picture tree when traversed in preorder. The im-
rtant reason for this is that each picture element partly
>ts the envicronment for 1its successors. subspaces and
cture elements can only be elaborated when the environment
; known. For a given picture element the major steps must
> fully completed before the same steps can be taken for
s successor. The first algorithm of the first step takes
wre of all environment specifications for the subspaces.
om there all steps can be carried out independent of any
wironment. When finally the picture element itself is
laborated, the environment is first used to complete the
icture element, next the attributes are applied, then the
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:lement is drawn and finally the ‘environment is updated. As
i1lready stated, there is a correspondence between ILP pro-
jrams and directed acyclic graph structures. For  conveni-
:nce, we will split the description of the first step in two
varts. The first part is described as a conversion of graphs

.section 3.4.1.), the second as a conversion of programs
3.4.2.).

In the second major step, the attribute class elements
‘rom each "WITH ... DRAW" construction of the basic program,
ire concatenated or combined, and then applied one after the
>ther. The general features of this step are described in
sections 3.4.2.2. and 3.4.2.3., while the aspects that are
‘haracteristic for individual attribute classes, are

lescribed class wise in sections 3.4.4. till 3.4.10..

%4.1. Decomposition of the picture tree

There exists a unique path in the picture tree (see
5.2.) from the root to each picture element, called element
»ath, For every element path, we will construct a new tree,
ralled element tree, as follows:

Algorithm ET: construct an element tree

ETl Start with a node of the form "WITH U DRAW

NIL", where "U" contains the attribute class
unit value for each class. Traverse the ele-
ment path.

ET2 Every time a subspace node is encountered,
generate the corresponding subspace transfor-
mation S (see 3.3.), wusing the subspace
specification and the value of the pen posi-
tion (see 3.3.2.), which is given in the en-
vironment. Replace in the original program
the subspace by "WITH S DRAW (so the subspace
is evaluated only once and in the right en-
vironment). Continue with the same node.

ET3 Every time a "WITH...DRAW® node 1is encoun-
tered, replace the last "NIL" of the element
tree by "WITH A DRAW NIL. Here "A" is the
attribute of the node at hand.

ET4 When the picture element is reached it re-
places the last NIL of the element tree.

A picture tree with picture elements is converted by ET
nto a semantically equivalent picture forest T , ..., Tp of
:lement trees. Tree T, contains picture element P,;, which
s the i-th picture element encountered, when the picture
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ree is traversed in preorder.

With every element tree T4, corresponds an attribute
Lj e A description in the form of a string of every A; is
roduced by algorithm ETA , and modified by algorithms RAP
nd LIN. In this and the following sections manipulations
n descriptions of picture and attribute grapns are used.
he algorithms as presented, ignore the layout characters in
such descriptions.

Algorithm ETA: compute element tree attributes

ETAl Initialize A; with "REL{". Traverse T; from
root to leave.

ETA2 Every time a "WITH X DRAW Y" node occurs, ex-
pand all attribute class elements contained
in X (see 3.4.) which results in X'. Next
append "X';" to the right of Aj.

ETAS Finally, replace the last (rightmost) ";" of
A, by "3>".
The application of algorithm ETA results in an ILP pro-
jram with body:

WITH A; DRAW Py;
WITH Az DRAW P3;

WITH An DRAW P, ;

.4.2. Attribute mixing

EEO

The process of combinin and simplifying attributes
hat will be described in 4.4.2.1. and 3.4.2.2. is called
ittribute mixing. It can be applied to any sequence of
1ittributes, whether this sequence is derived from an element
ree or not. The result of mixing is again a construction
f type attribute.

»4.2.1. Simplification of attributes

Every A; in the program produced by algorithm ETA, is
simplified in the following steps:

Algorithm RAP: remove anames, add prefix
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lists

ice all references:'to attributes in A;
heir body, e.g. for every aname substi-
the attribute from the attribute pack
that aname. Repeatedly perform this
as long as references to attributes
present (note that recursion is not al-
1.

X every not prefixed L or
bute class with "REL".

A; is converted into one list without
yute classes

LIN: linearize attribute

a construction B of form
. attributes *} or REL { attributes >
1 contains only prefixed attribute class
>nts. When no such construction can be
i, the algorithm terminates here.

the elements of B class wise, without
irbing the sub-order in each class
11lt: construction B').

/ the following substitutions to adjacent
>nts x and y of B', belonging to the same
ibute class until no further substitu-
5 are possible:

"REL x; ABS y" -> "ABS y"
"ABS x; ABS y" -> "ABS y"

>ver X is not @ subspace transformation,

x; [REL Sl,; ABS y" -»> "[REL Sln; ABS y"
x; [REL Sln; ABS y" -> "[REL Sln; ABS y"

> S is a subspace transformation.

last two substitution rules guarantee,

subspace transformations are preserved,
other transformations are invalidated by
~efix "ABS". The result of this step is
:ruction B''. As a consequence, in B'’
the leftmost element belonging to a cer-
attribute class (called leftmost class
ant), can have prefix "ABS".
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LIN4 Replace the prefix of every leftmost class
element by the prefix preceding the left
bracket. Next remove (the only and outer-
most) "ABS {" or "REL {" and "}". The result
is labelled B''".

LINS Finally, replace the original construction B
in Ay by B"'"" and continue at LINI.

As a result of algorithms RAP and LIN, the attributes
i 1in the program produced by ETA are transformed into a
imple list of prefixed attribute class elements. It should
= noted that, occurrencies of prefix "ABS" have been re-
bved.

4.2.2. Attribute types and concatenation

According to semantic properties, attribute classes are
ivided in type 1, type 2 and type 3 classes, and
rrrespondingly, attribute class elements in type 1, type 2
1d type 3 elements. Different methods are used for the
sscription of the semantics of these three types of
‘tribute classes. In fact, attribute classs of type 3 are
1© most general and allow the most powerful attributes to
2 formu?ated. As a consequence all type | and type 2
tribute classes can also be described with the description
>thod used for type 3. However, type 1 and type 2
tributes have some special properties, that make possible
considerably easier semantic description.

The formal classification, based on the semantic
>scription method, coincides with a less strict division
. attributes, according to their usage: Type | attributes
:nerally describe purely geometric information. Type 2
tributes associate information with picture elements,
1ich logically speaking, can be meaningful for an isolated
cture element, irrespective of the structure cof the pic-
ire graph it belongs to. Type 3 attribute elements associ-
.e external properties with picture elements that are not
:cessarily meaningful for an isolated picture element, but
‘eserve information about the structure of the element
ith  leading to it. These attributes will probably be used
1inly for the association of non-graphic information with
ctures.

The description of the semantics of attributes always
nsists of at least two steps:

-- describe the semantics of individual elements
from the class.
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-- describe the semantics of combining a se-
quence of class elements into an entity with
already defined semantics.

The differences in description method used in these ste
determine the classification of the attribute.

The following discussion of attribute class types w
be based on sequences of attributes, occurring in a list
produced by algorithm LIN, called a LIN list.

-- Type 1: The semantics of the attribute class
element are described by defining for every
icture element, a set of picture elements,
called the result set. The drawing (in user
space), corresponding to the result set is by
definition identical to the drawing
corresponding to the picture element with the

type 1 attribute applied to it. The
picture element "NIL" is unaffected by type |
attribute class elements. The semantic

description is extended to all attributes
from a certain type | class in the LIN list,
by the following rule: The attributes are ap-
plied one at the time, in the order in which
they are encountered when the LIN list is
scanned from right to left. In other words
each attribute class element 1is applied to
all picture elements of the result sets pro-
duced by the previous class element.

-- Type 2: The semantics of these
attribute class elements cannot be described
in terms of other ILP primitives, but must be

defined in an ad hoc manner. For type 2
classes there exists a concatenation rule of
the form:

REL A <> REL B -> REL C,

where A, B and C are elements from the same
class, and "<>" denotes concatenation. On a
sequence of attributes from the class, this
rule can be applied repeatedly, to combine
them into one attribute class value.

Hence, the semantics for all the type 2
attributes from a certain class, contained in
a LIN list, follows from the semantics of a
single class value and the concatenation
rules.




The type 2 attribute and its concatena-
tion rules are formulated in such a way, that
associativity from the left is obtained. As
will become clear in 3.4.3., this will lead
to the possibility of an implementation. that
uses a stack.

Type 3: The definition method for class ele-
ments depends on the class involved, and will
be often quite ad hoc. However, combining a
sequence of elements proceeds in a methodical
manner, which is the same for all type 3
attributes.

With every type 3 attribute class, a
so-called application universe is associated.
With (any sequence) of type & class elements,
corresponds one element from the application
universe. An application universe element is
applied to picture elements during elabora-
tion, instead of the sequence of attributes
in a LIN list, to which it corresponds. So
the semantics of collections of type 3
attributes in a LIN list is defined by:

- The correspondence between sequences of
type 3 elements and an application
universe element. '

- The semantics of every application
universe element.

= definition method for the semantics of appli-
tion universe elements depends on the
tribute class involved. The correspondence is
fined with the help of combination rules, that
~k according to the following general scheme:

With  every element from a given
attribute class, corresponds an element from
the application universe.

These application universe elements are com-
bined into one, using combination rules of
the form:

Ci < Cy -> Cgz,

where <> denotes combination, and C;, C; and
Csz are application universe elements.

The combining operator is left associative.

47
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\t present, detection is * the only type 3
ittribute class.

3.4.2.3. Semantics of attribute class lists

To continue elaboration all concatenations and combi-
1ations in the list of prefixed attribute class elements Aj
in the program produced by algorithm LIN are performed.
[hereafter, for every type 2 class, there is at most one
single element left in A;, and for every type 3 class, one
jpplication universe element is found, that is included in

i

The semantics of A; now follow from the priority rules:

-- first all type | elements are applied, next
the type 2 elements and type & (application
universe) elements.

-- the priority, when not fixed by the above
rule, 1is explicitly defined whenever neces-
sary. (At present, all type 2 and type 3
classes may have the same priority).

REMARK

When, in extensions  of ILP, new type 3
attribute classes are introduced, priority rules become
extremely important. It can be considered, for in-
stance, to ive certain type 3 classes priority over
certain type 2 classes. This would allow, the modifica-
tion of type 2 elements by type & elements.

As an illustration of the semantics of type l
attributes consider the ILP statement:

WITH { A ; B > DRAW P

[he meaning is, that first P is subjected to attribute B,
and then the result to attribute A. Especially when the
attributes are transformations, this application order is
different from the one mostly used in computer graphics sys-
tems.

5.4.3. State component and state

Before we describe the semantics of individual
attributes, we give definitions for the concepts of state
component and state.

If the mixing process is applied to the attribute of
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ne single "WITH...DRAW' node, the result is called a state
omponent.

Let A be a "WITH...DRAW" node in a picture tree. The
=sult of mixing all attributes encountered on the path from
ne root up to and including A, is called a state S.By de-
inition S 1is the state for all pictures corresponding to
odes that are:

-- descendants of A, and

-- not reached from A via "WITH...DRAW" nodes.

It should be noted, that state components and states
oth consist of attributeclass values and application
niverse elements.

Let, during elaboration, W; and W; be two successively
ncountered WITH...DRAW nodes. The state calculated from W;
nd its predecessors, is called the current state of the
laboration process, from the moment the attribute of W; has
een elaborated, until the start of the elaboration of Wj;.

Finally, we signal an important property. Let Sy be

he current state prior to elaboration of a picture Py. Let
i contain a "WITH...DRAW" node W and let S; be the state
omponent of W. Let P, be a picture contained in W. The

urrent state, during elaboration of P; is obtained by mix-
ng S; and S;. Clearly an efficient implementation of ILP
rograms requires an efficient stack mechanism for states.




50

% 4.4. Transformations

Transformations are type | attributes (see 3.4.2.2.).
From a semantic point of view, they are applied one after
the other, although in an actual implementation, matrix
transformations (see below), will probably be concatenated.
The result of applying a transformation T to a
dicture element P can be described as an ILP program P’ that
consists of a linear list of transformed picture elements.
All transformations except port are matrix transformations.

The semantics of matrix transformations have some gen-
esral aspects that will be discussed first.

When a matrix transformation is applied to a
coordinate _type picture element (see 3.5.1.) the resulting
ILP program P’ consists of one picture element of the same
category as the original picture element.

picture elements (text excluded), either contain a row

of coordinates (e.g. 1line) or generate a sequence of
coordinates (generator) . A coordinate contains a
dimensional value which, if the dimension of the environment
is n, consists of the row of values [vy, v;, ..., vhpl. With

such a dimensional value, the corresponds a column vector v
with n+l components, defined as:

fvyl
fvyl
I. l
v = I, |
[
| |
I I

Vn
]

In the sequel this extended form (i.e. homogeneous coordi-
nates) will be used).

With every matrix transformation either a n,n-matrix,
or a (n+l),(n+l)-matrix can be associated, where n is again
the dimension of the environment. n,n-matrices will be ex-
tended to (n+!l),(n+l)-matrices by first extending every row
with a rightmost "element with value zero, and then adding an
extra (bottom) row of n+! elements which are all zero, ex-
cept for the rightmost one, which has value one.

Hence every matrix transformation is represented by a
(n+1), (n+l)-matrix A. To vector v corresponds a transformed
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>ctor w, defined by:
w = A % v
1ere "*" denotes ordinary matrix multiplication. Because

>lumn vectors are used, the order of multiplication must be
atrix times vector.

To vector w corresponds a dimensional value
Wi W2 Wn
[~y === e, ===

Wn+t Wnet W+ |

1ich is called the transformed of dimensional value I[v;,

.+y Val. The result of applyiqg a matrix transformation to
picture element is now obtained by replacing all (generat-
1) dimensional values by their transformed

‘mensional values.

REMARK

The detailed definition of the various transformations
that will be given below, does not strictly apply to
picture elements of type text. Although it seems intui-
tively clear what is meant by, for instance, an arbi-
trary clipped or rotated char, we cannot formally tell,
which char 1is the result of the transformation.
Furthermore, it is likely that permitting arbitrary
transformations on text objects, precludes the use of
character hardware and a reasonably efficient implemen-
tation. Hence a ‘"subset” of transformations must be
defined from which an element will be automatically
selected when a general transformation is applied to
text. A further problem with text 1is the interaction
between elements from different attribute classes.
Whether, for instance, a character whose center lies
near a window boundary (see 3.4.4.8.) has to be
clipped, depends on the value of the typographic
attribute (which influences 1its shape and size).
solution might seem the choice of priorities, but this
leads to conflicts: If line style must not be
transformed, transformations must have priority over
typographic. If characters must be properly clipped at
window boundaries, their size must be evaluated before
the port transformation 1is applied, e.g. typographic
must have priority over transformations.

The attribute match corresponding to transformations is
~TF switches off all transformations or, one might say,
:places the overall transformation by the default transfor-
ation (see below). TF reinstalls the overall transforma-

-




'he transformations are listed in the following

transformation: rotate |
scale |
translate |
matrix |
projection |
affine |
homogeneous matrix |
port $
rotate: ROTATE value
AROUND invariant $
scale: SCALE dimensional value $
translate: TRANSLATE dimensional value $
matrix: MATRIX matrix value $
affine: AFFINE matrix value
dimensional value $
projection: PROJECT e%ejoosition
ON projection space $

homogeneous matrix:

HOMMATRIX homogeneous matrix _ve
port: window |

window , viewport $

. Rotation
\n elementary rotation in n-dimensional Euclides

> specified by:

-— Selection of a plane V in the n-dimension
space.

-- Selection of a point P in this plane.

-~ Definition of a rotation angle phi.

itrix R
cos phi sin phi 9 ce @
-sin phi cos phi

!
I
l Q@ 1
I
I
|
|
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=scribes this elementary rotation under the condition that
new set of coordinate axis x;, ..., X is chosen with:

-- The origin coincident with P.
-- X; and x3 contained in V.

en the matrix that transforms the original coordinate
xis into the set x;, ..., x5 is given by T, the rotation in
e untransformed coordinate system is given by

T * R » T

A rotation in n-dimensional Euclidean space can be
msidered as the product of a number of elementary rota-
ions.

In ILP, an elementary rotation is syntactically speci-
ied by:

rotate: ROTATE value
AROUND invariant $
invariant: ( dimensional values ) $

1 rotation angle is determined by value, while the rota-
lon plane and point are specified by invariant. The
wariant contains a number of dimensional values which is
12 less then the dimension of the environment. The first
‘mensional value specifies the rotation point P, the fol-
>wing define (n-2) independent vectors orthogonal to the
>tation plane. Rotation takes place clockwise (defined
lth respect to the normal from the origin to the plane),
wrough a number of degrees, specified by value.

In the two dimensional case, the set of n-2 vectors 1is
pty, in the three dimensional case it is the familiar axis
. rotation. As a consequence, in the two or three dimen-
.onal case a general rotation can be specified by one sin-
le rotate.

REMARK

It should be clear that we are confronted with a tra-
deoff here: if the dimension of the environment is less
then four, it is economical to specify a plane by its
normals, if the dimension is more then four, specifying
the plane with two vectors contained in it is cheapest.
We have chosen the first alternative.
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.4.4.2. Scale

By scaling, the values of the dimensional value of a
oordinate are changed independent of each other. Scaling
an be represented by a diagonal matrix. The syntax rule
S.

scale: SCALE dimensional value $

ach value in the dimensional value specifies a diagonal
lement of the unextended transformation matrix.

.4.4.3. Translate
A translation maps all points in user space on points
isplaced by a fixed amount. Translation is syntactically
escribed by:
translate: TRANSLATE dimensional value $

ach value in the dimensional value specifies the displace-
ent along the corresponding coordinate axis.

In an n-dimensional environment a translation, charac-

erized by dimensional value [v,, ..., vhl, 1is represented
a (n+l),(n+l)-matrix with diagonal elements of wunit
alue, the rightmost element of the k-th row (k = 1, ..., n)

ith value vk, and all other elements zero.
«4.4.4. Matrix
A matrix transformation specifies a linear transforma-

ion of the user space. A matrix transformation is syntac-
ically described by

matrix: MATRIX matrix value $
ach dimensional value in the matrix value (see 3.3.1.)
pecifies a column in the transformation matrix. As a
onsequence of the general dimension rule (see 3.3.1.), a

atrix contains a number of rows and columns equal to the
'imension of the environment.
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.4.4.5. Projection

Projection is syntactically described by:

projection: PROJECT eﬁejxxntion
ON projection space $
projection space: dimensional value |
ORIGIN dimensional value $
eye position: dimensional value |
PARALLEL dimensional value $

The space on which projection takes place, is specified
y projection space. It is a space of dimension one less
nan the environment, perpendicular to the the vector speci-
ied by dimensional value in projection space. Neverthe-
2ss, the projected image has the dimension of the environ-
ent, but there exists a linear relation between its coordi-
ates, for instance, x5 = @. If only a dimensional value
5 present in the specification of the projection space, the
>ace contains the end point of the vector defined by
imensional value. If the keyword ORIGIN is used it con-
ains the origin of the current coordinate system.

The type of projection is determined by the specifica-
ion of eyeposition. If a dimensional value is used, a
entral projection is applied, with the point with coordi-
ates corresponding to dimensional value as centre. In the
-her case, projection is parallel, to a direction defined
/ dimensional value.

Let the coordinate axis of an n-dimensional Euclidean
>ace be x;, ..., Xp. A projection with the point
<f = X2 = ... = Xpn-y = @, Xp=c) as centre, on the space
»=0 is given by the (n+l1),(n+l)-matrix P.

l

I !
l l
I . I
I % . I
I l i
) ce o 0 0|
| @ cee © -1/c 1 1
1 this matrix, constant c equals the distance from the eye
)sition to the projection space. Parallel projection is
>tained by replacing -1/c by zero. Let T, be the transfor-
ition that translates a projection space to the origin, Ty
e transformation that rotates the normal on this space to
e direction of coordinate axis Xn. The projection is then
.ven by the matrix:




-1 - .
Ti * Tz *P * Ty % T

In the following example a three dimensional environ-
is assumed, with coordinate axes denoted by x, y and z.

PROJECT { 1, 1, 1 »ON{ @, @9, 1 »
defines a central projection on the plane z=1.
With the point x=1, y=1, z=1 as projection centre.

PROJECT PARALLEL { @, @, 1> ON ORIGIN { @, @, 1
defines a projection parallel to the z-axis on the
plane z=0.

6. Affine
affine: AFFINE matrix value
dimensional value $
‘fine transformation is represented by a square matrix
-- A number of rows (columns), one more than the
dimension of the environment.

-- A bottom row with all elements zero, except
for the rightmost, which has value one.

e dimension of the environment is n, matrix value
fies a n,n-matrix A, dimensional value a column of n
:nts. The resulting affine matrix is:

<
)
l_._:

/. Homogeneous matrix

In an n-dimensional environment a homogeneous matrix
sformat ion is represented by a (n+l),(n+!)-matrix.
r element of this matrix is explicitly specified with
1elp of the following syntactical construction :
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homogeneous matrix:
HOMMATRIX homogeneous matrix value $
homogeneous matrix value:
[ homogeneous dimensional values 1 $
homogeneous dimensional values: _
homogeneous dimensional value |
homogeneous dimensional values ,

homogeneous dimensional value $
homogeneous dimensional value:

[ values 1 $

e homogeneous matrix value consists of (n+1)
mogeneous dimensional values, which each specify a column
. the matrix. Every homogeneous value consists of (n+l)
1lues, which each specify an element of the column.

4.4.8. Window and viewport

The port transformation is the only mapping from user
vordinates into user coordinates, that cannot be described
7 a matrix.

The transformation is syntactically described by:

port: window |
window , viewport $
window: WINDOW ( dimensional value |,
dimensional value ) $
viewport: VIEWPORT ( dimensional value

dimensional value ) $’

ndow and viewport select rectangular areas in user space.

The dimensional value pairs in both the window and
ewport definition, determine the end points of a principal
agonal of the window and viewport areas. As a consequence
'~ the general dimension rule (see 3.3.1.), the dimension of
window or viewport is equal to the dimension of the en-
ronment in which the window and viewport are specified.

The selected areas are fully determined by the require-
:nts that they are block shaped, and that they have their
iges parallel to the coordinate axis.

When coordinate mode (see 3.4.8.) has value FREE, the
:lative position of the ports and the free coordinates may
't be known from context. The dimensional values in port
mnote absolute positions in the current coordinate system.
:lection of a new origin at the untransformed pen position

th the help of the SUBSPACE mechanism, solves this prob-
m.

[f the port transformation does not contain a viewport,
\ly a clipping boundary is defined. Only parts of the pic-
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lie inside the window,' are preserved. Without
o detail, we summarize in the table below, for
+ of picture element the possible elements of the
(see 3.4.2.2.), if this set is not empty.

cture element result set elements

JINT zero or one POINT

NE zero or more LINE's

NTOUR zero or more LINEs or CONTOUR

icture element generator ultimately generates ele-
ntained in this table, which determines its
under the port transformation. The effect on TEXT
't been decided upon.

e port contains a viewport (which must be preceded
dow), first the window is applied, whereafter the
nsformation, that maps the window area onto the
rea is applied.

ollowing observations can be made:

The effect of the application of a number of
windows (separated by matrix transformations)
is identical to the effect of clipping to the
intersection of the leftmost window and the
(transformed) further windows.

When two window, viewport pairs are applied,
the visible part of the viewport area of the
second pair, is always contained 1in the
viewport area of the first pair.

REMARK

. useful to incorporate negative windows, i.e. win-

that remove all picture elements inside the window

ilesting of windows allows the construction of win-
areas of very complicated shapes. How inefficient
ies the clipping algorithm?

bspace and transformations

major similarity between subspaces and
1itions is that the effect of any matrix
ition (except homogeneous matrix or projection),
e achieved by a subspace transformation.




The basic differences between subspace and matri
ansformations are the following:

-- subspace transformations transform coordinate

systems and hence influence all
dimensional values in a picture that begins
with a subspace. Note that the

dimensional values wused to specify matrix
transformations are affected too.

--  Matrix transformations transform  actual
coordinates of “"objects” defined in a given
coordinate system. ence they are only ap-
plied to the dimensional values of
coordinate values. For instance,
dimensional values used to specify other

transformations are not affected.

-- A subspace can reduce the dimension.

-- A subspace ‘transformation is not affected
(switched off) by a prefix "ABS", which oc-

curs in a transformation attribute.

-- A subspace transformation is not affected by
the attribute match for transformations.




60

3,

b

o. Style functions

3.4.5.1. Introduction

Style functions describe what kind of lines, points and
characters (and in the future shades and greyscales) are to
e produced by a drawing machine. The description 1is as
nachine independent as possible. In view of the enormous
variety of drawing machines, the style-function package has
to be extendible and is inevitably incomplete.

The given functions are all specified in such a way
that the same style functions produce similar results on all
drawing machines, that is, if they are expressible in terms
of the existing hardwvare. However no functions exist in
ILP to express the quality required of the result of appli-
cation of a style attribute. *) When necessary an extra
software layer has to be provided to produce or approximate
styles for which no direct hardware functions are available.
Since style has more to do with taste and clearness of ex-
oression than with accuracy, it will cause no trouble when
style is not defined with mathematical precision (as would
oe the case with, say, transformations).

The three classes of style functions that exist so far,
2.g. lIDG’STYle, point style and typographic are mutually
unrelated he syntax for style is:

style: line style |
point style |
typographic $

style is a type 2 attribute class Its class value is
12-tuple with atoms represented by PERIOD, MAP, THICK, FONT
SIZE, ITALIC, BOLDNESS, POINTSTYLE FONT, POINTSTYLE SIZE,
POINTSTYLE ITALIC POINTSTYLE BOLD, POINTSTYLE token. Let
iy +e.y Cyz and C, ooy Cyat denote style class values.
Then the concatenation rules for style are:

#*) It can be considered to parameterize quality outside ILP by providing a quick-and-
dirty, and a high-quality mode for the representation of the same style.
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REL(Cy, ..., Cy2) <> REL(Cy', ..., Ci3') >
REL(C1ZCy "y, .o., Cy2%Cy2 ")

where <> denotes concatenation and % is defined by:

Ci%Cy ' ->Cy, when C;' is a unit atom,
Ci%C; '->Cy ', otherwise.

lence in the "ABS" case, style 1is completely redefined,
artly by wunit atoms. In the "REL" case, only explicitly
pecified atoms are changed.

»4.5.2. Linestyle
Line style conforms to the syntax:

line style: PERIOD ( period description ) |
MAP ( value reset ) |
THICK ( value ) $

ine styles are applied to picture elements of type LINE.
hey are also applied when the LINE is produced indirectly,
hrough a contour, or a generator

The line style determines what will be drawn along the
traight lines that connect the successive positions of the
icture elements.

The line style can produce a large variety of dotted
nd dashed lines. The definition of such a pattern goes in
wo steps.

+4.5.2.1. Perioddefinition

PERIOD describes a basic pattern which 1is repeatedly
roduced going along the line.

period description: dash |

dash , gap |

dash , gap , dash $
dash: DOT |

value $
gap: value $

he period is defined on a straight line piece of 100 units
n length, which is filled out by:

dash; gap dash; gap 2

ence dash; + gap; + dash; + gap; = 100. Gap; through gap;
ay be omitted, implying that the first missing one adds up
o 10@. Gap; always is omitted. If dash has value DOT, a
oint is produced on the spot with has a length of @ units
ith respect to the period. This concept DOT is the same,
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1s the one used in point style, see 3.4.5.4..
-xamples:

’ERIOD (100) Solid line. ,

’ERIOD (DOT) One point at the beginning of each period.

’ERIOD (0,100) Blank (invisible) line.

’ERIOD (50) Dashed line with gaps equal to dashes.

’ERIOD(25,50) Dashed line with gaps equal to dashes.
It starts however, with a half dash.

The value of MAP specifies the actual length of the
vattern described by period description. This length is de-
‘ined in user unit coordinates, valid at the root. A pat-
cern of the given actual length is rolled along the line, to
rroduce the style.

reset: RESETCOORDINATE |
CONTINUE |
RESETLINE &

'he three different values for reset tell, whether the
veriodic pattern has to be continued from one LINE to the
iext (value: CONTINUE), to be reset at the start of every
iew LINE (value: RESETLINE) or to be reset whenever a new
roordinate within a LINE is encountered (value:
ESETCOORDINATE) .

REMARK

It might be considered to link the length unit, used in
the style attribute to the metric of the subspace in
which this attribute is used. This will lead to com-
plications for non-orthogonal subspaces, however.

4.5, 2.3 Thickness

The value of THICK determines the linewidth, when draw-
ng LINEs. It is expressed in the same unit as used in the
1ap definition for linestyles (see above). Thick lines are
ylindrical. They are drawn with constant diameter. Thick
lines are not modified by projection transformations, 1i.e.
hey do not become conic.

REMARK

Is it a good decision to use the same unit for period
description and thickness?

The connection method for thick lines and the visual




63

representation of their end points is not yet defined,
but several problems may be exspected in this area.

.4.5.3. Typographic style

The typographic style is in fact nothing else than a
eans to specify a given character set out of the available
ets.

typographic: TYPFAULT |
font |
size |
italic |
bold $

haracters are grouped in sets of at most 256 tokens, called
basic set.

A basic set can contain tokens of any kind, up to com-
lete pictures. In ILP they will, however, be considered as
haracters. Their internal structure is inaccessible and
an therefore not be manipulated.

A font consists of a basic set plus a description how
he character data are to be interpreted, and what the ef-
ect of size, italic and bold is, on the individual tokens.
n view of the use of typographic for pointstyles also a de-
ault token for DOT must be given. A font is selected by
he font attribute. The tokens can be modified, by expli-
itly specifying size, italic and bold.

It is clear, that the typographic attribute, allows the
pecification of an wunlimited collection of characters.
YPFAULT is shorthand for selection of font, size, italic
nd bold. Its effect 1is device dependent. It denotes a
haracter set, whose elements can be drawn as efficient as
ossible on the device at hand, if necessary disregarding
igh quality demands (see 3.4.5.1.).

.4.5.4. Point style

The syntax rules for point style are:

point style: DOT I
POINTSTYLE typographic |
POINTSTYLE marker $

marker selects a token from the font specified by
OINTSTYLE font. This token is modified by POINTSTYLE size
tc. At point positions, this token is displayed, drawn in
centered fashion. It will be drawn in the x;, x; plane of
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he current coordinate system, with its "bottom line"” paral-
el to the x; axis. When the alternative DOT is used, a
levice dependent "point" will be displayed. DOT is shorthand
or a device dependent character set (typographic) and for a
pecific token (the point) out of this set. When only
'OINTSTYLE typo%raphic or POINTSTYLE marker is specified,
he other atom of point style has 1its default value (see
o4.12.).

»4.6. Pen functions

Pen functions determine the reproduction method to be
ised when a picture element is drawn. As a consequence, pen
unctions influence only the final appearance of a drawing

ut do not affect the structural information contained in
t. The effect of pen functions can not be described in
erms of ILP primitives. pen 1is a J3-atomic type 2

'ttribute, its concatenation rules are analogous to those of
tyle.

The syntax for pen is:

pen: PENFAULT |
contrast |
intens |
colour $

Just as in the case of TYPFAULT, PENFAULT selects dev-
ce dependent values for contrast, intens and colour.

»4.6.1. Contrast
The syntax of contrast is:

contrast: CONTRAST ( value , value ) $

It is assumed, that any physical drawing device can
fraw with a minimal and a maximal intensity, which are the
nd points of its physical intensity range. (The maximal
ntensity always represents “light”, the minimal "dark”,
.e. on a plotter, these two intensities are determined by
he reflectivity of the paper, respectively the blackness of
he ink.)

For every device a mapping must be defined from the in-
erval [0,100] (the contrast range) to the physical intensi-
.y range. contrast specifies a subrange of the contrast
‘ange, i.e. fixes indirectly the lowest and highest physical
ntensity, that can be used.
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xamp les:

ONTRAST ( @ , 100 ): highest possible contrast.
ONTRAST ( 50 , S@ ): no contrast, one intensity.

4.6.2. Intensity
Intensity is syntactically described by:
intens: INTENS ( value ) $

1d determines the brightness of the registration method.
alue may have as value a real number from the interval
2,100]1. The corresponding physical intensity used b the
~awing device is determined as follows. There is a {inear
apping from the intensity range [0,100], to the contrast
ange [a,b] (@ <= a <= b <= 100), specified by contrast.
>, a value in the intensity range determines a value in the
ontrast range, which determines the physical intensity, via
e mapping from the contrast range to the physical intensi-
y range.

xamp les:
NTENS(100) = maximal intensity
NTENS (@) = minimal intensity

There is an important distinction between invisible
ines (i.e. lines  drawn with value INVISIBLE for
isibility) and lines with zero intensity. In the former
ase the order in which the invisible lines are drawn is not
=fined and consecutive invisible lines may even be replaced
y one invisible line. In the latter case the drawing order
5 completely defined and the kind of optimizations just
2ntioned are not allowed.

4.6.3. Colour

On a mono colour (black/white) drawing device,
ontrast and intensity are sufficient for the specification
[ the different shades of "grey" in the drawing.

xamp les:

NTENS ( 100 ) white.
NTENS ( 50 ) grey.
NTENS ( @ ) black.

[hese examples assume a contrast range with length not
jual toc zero.)

On a multi-colour device, the contributions of the
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4.7. Detection

In this section it will be shown how attributes can be
sed to model the characteristics of a detection mechanism.
2tection provides external references to parts of the
icture. It divides the picture in units that may be sub-
ected to further manipulations.

REMARK

The detection attribute provides the bridge between the
interactive and not interactive parts o ILP. It is
clear that this bridge should be designed carefully and
that it affects both parts of the langua?e. At this
moment, only the not interactive part of LP is de-
fined. Major problems are involved in the design of
this bridge if the interactive function of ILP in a
computer graphics system is taken into account:

-- A labelling or addressing scheme must be
designed to allow selection of any part
of the ILP graph structure.

-- Modification operations on the ILP graph
structure must be defined, which result
in a compact representation of the
modifications (design goal).

-= A description method for moving pictures
must be designed.

-= The above requirements must be recon-
ciled with the concept of i/o symmetry
(design goal).

ne important facility of picture manipulation must be
esigned with the help of ILP primitives. We want to apply
LP to structure this part of the graphics system just as it
tructures the basic graphics operations. In accordance
ith the overall functions of ILP, it is therefore required
o solve these problems in such a way, that an ILP graph
tructure can be manipulated inside ILP itself. At present
nis is not the case. Some manipulation on these graphs
an, however, be described in this report through the
escription method for the semantics of ILP, for which an
informal) metalanguage is used. More general manipula-
ions, like for example edit operations, can be described
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1either inside ILP, nor in the metalanqguage. One could in-
sent  another metalanguage for that purpose. It is far
>etter however, to extend ILP with appropriate construc-
ions to achieve i/0 symmetry. The detection mechanism,
nly solves the first of the four problems: An addressing
scheme for picture nodes is given.

Three entities are required to describe detection. A
Jetector is an external process (which for example can in-
/olve lightpen, tracking cross or even some combination of
hese), that is used to select nodes in the ILP data struc-
-ure. A detector has a name which is part of the environ-
nent when this detector is active. Nodes in the data struc-
:ure must define by which named detectors they can be
selected and for each of these, which identification string
nust be returned to the wuser if selection occurs. Thus
jetectors with different names can be used to search the
Jata structure. The remaining entities are the detectant
set and possibly a detectant.

Only picture elements can be pointed at. Nevertheless,
1ll nodes on the path from root picture to this particular
yicture element must be potential candidates for selection.
[he detectant set is a subset of these nodes, and the detec-
.ant (if defined) is a preferred element of this subset.
[hey are formed by applying combination rules to the
letection attributes (see below). Whenever a node is
jetected, the string associated with it (for the currently
ictive detector) can be returned to the user. This provides
1im with a facility for identification of the various detec-
-ion points. During elaboration the detectant set and
letectant are constructed, and preserved in the state.
'heir value can be returned to the user or to the applica-
ion program, when, during elaboration of a picture element,
‘his element is subjected to a selection action. Initially
letector and detectant are undefined and the detectant set
.S empty.

The detection attribute has the following syntax:

detection: DETECT detector proper string |
SETDEL detector proper string |
UNDETECT detector $

detector: empty |
dname $

‘he proper string is the label returned to the user when the
i1ode is detected. Fach detector is identified by a name
dname). There is a common detector which has no name.
witching from one detector to another is possible by exter-
1@l action which consists of selecting a new name or the
rommon detector.
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In a short-hand notation, and disregarding dnames and
"gper_strings, the value of the detection attribute at each
yde can be any of the following six:

AD absolute detectable

RD relative detectable

AS absolute detectant set element
RS relative detectant set element
AU absolute undetectable

RU relative undetectable

We will call these values the principle values of the
:tection attribute. The absolute/relative value originates
‘om the prefix that can be attached to all attributes. As
11 be seen from the following, prefixing a detection
tribute at a node with ABS, acts as putting up a fence at
1at node: when pointing at some picture element, all nodes
cyond the fence on the path from picture element to
ot picture are undetectable for all detectors.

Detection 1is a type 3 attribute. The application
1iverse elements are collections of pairs (DS,DT), where DS
; an arbitrary detectant set and DT is either empty or an
cement from DS, in which case DT is the detectant. The de-
wlt application universe element is the pair:

(empty detectant set, empty).

1e unit application universe element is 1identical to the
:fault  element. The application universe element
rresponding to a single detection attribute class element
mnsists of a detectant set containing only a reference to
e node where the attribute occurred, and a detectant which
; either empty or has that same reference as value.

The combination rules work as follows. The LIN list is
-anned from left to right. Whenever a new detection
‘tribute is encountered, the corresponding application
iiverse element is combined with the application universe

.ement, obtained from its predecessor in the list. The
mbination rule actually taken depends on the principal
1lue of the new attribute as listed below. This process

.arts, using the unit application universe element.

AD the node is detectable and becomes the detec-
tant and only element of the detectant set,
for the detector specified in the attribute.
The detectant sets of all other detectors are
made empty, and the detectants are made unde-
fined.




AS the node is detectable and becomes the only
element of the detectant set of the detector
specified. The node 1is however not the
detectant of that set. The detectant sets of
all other detectors are made empty and the
detectants are made undefined.

AU the node is undetectable. The detectant sets
of all detectors are made empty and the
detectants are made undefined.

RD the node is detectable and is made the detec-
tant of the current state for the detector
specified. It supercedes as detectant any
ancestor which was specified as such before.
All other information remains unchanged.

RS The node is detectable and is added to the
detectant set of the current state for the
detector specified, without becoming the
detectant. Everything else remains as it
was.

RU The node is undetectable for the detector
specified and so are all its ancestors.
Detectant sets and detectants of all other
detectors remain as they were.

It should be noted that, in accordance with the general
ntics of prefixes, the use of "ABS" leads to the reini-
ization of the detectant set and the detectant, whereby
previous values (even of other detectant sets) are to-
y disregarded. The effect of principle value "RU" may

Relatively Unexpected, because it can modify the effect
reviously encountered detection attribute class el=ments
here on an element path. detection is the only
ibute class discussed so far, where "REL" can have this
erty. This 1is caused by the fact, that it is the only

3 class, encountered in this report.

ple:
ider the following ILP graph, in which nodes | through 4

WITH...DRAW nodes and nodes S5 through 7 are
ure element nodes.
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RS dname

AS dname;

node - I
I dname I dname? I
- e |
| det set | detectant | det set | detectant|

———————— il B I Tl el [N ———
! |  empty I none | empty I none I
2 I 1 I ! I 1 I 1 |
3 I I 2 I 2 I 12 I 1 I
4 123 I 2 I 12 I l I
S [ 4 I none | empty I none |
———————— e e Tl ) [Py
REMARK

So far we have not related the pointing action to visi-
bility aspects. Apart from detectable, each primitive
can also be visible or invisible. Many hardware point-
ing devices (e.g. lightpen) identify detectability and
visibility. We have deliberately " chosen for the
separate concepts, because we can give a meaningful in-
terpretation for each combination of (in)visibility and
(un)detectability. For instance, in order to change an
invisible move, one must first identify it.
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4.8. Coordinate mode

The coordinate mode attribute class is specified by the
/mtax cule:

coordinate mode: FIXED !
FREE &

ien the coordinate mode has value FIXED, positioning infor-
ation represented by a dimensional value is taken to mean
1 absolute position. When it has value FREE, the absolute
b>sition is found, by adding the dimensional value to the
1transformed pen position (see 3.5.1.). coordinate mode is
type 2 attribute, which is concatenated according to:

REL CM; <> REL CM; -> REL Mj,

tere CM; is not the unit element. (Remember, that at the
ime of concatenation, all remaining attributes have prefix
REL"). In other words, at any time during elaboration, the

art of the state, representing coordinate mode, has simply
1e value that has last been encountered.

4.9. Control
The syntax for control is:

control: MACHINEDEPENDENTCONTROL proper string $

ontrol is an instrument for the specification of drawing
achine dependent control information, 1like paper feed,

lear screen and so on. In general nothing can be said
bout the oddities of machine typical control information.
ence only a, further unspecified, proper string, is

ransmitted to the drawing machine.

The concatenation rule for control amounts to string
oncatenation.

.4.10. Visibility

The attribute visibility has the syntax:

visibility: VISIBLE |
INVISIBLE $

hen the state of a picture contains value INVISIBLE for the
isibility attribute class, this picture will not be drawn
uring elaboration. Nevertheless it will be elaborated, to
pdate the environment properly. The current pen position
see 3.5.1.) must be updated, and the detection
ttribute class elements must be evaluated, since invisible




Jares

The

Vi
not

Uy (

rected.
tion rule
REL V5 ->

> visibili
element.

lass «




75

.4.11. Attribute matches

How attribute matches contribute to a state has formal-
y been described in 3.4..

Conceptually, attribute matches are a primitive form of
he WITH. . .DRAW construction, operating on the
icture element level. They inhibit or permit the effect
f all elements of their class that lie on the element path
f the picture element. If an inhibiting match is used,
hese elements are replaced by the default element of the
ttribute class (see 3.4.12.). picture elements may contain
wo levels of attribute matches. The matches of the first
evel are written directly following the picture element tag

e.g. LINE). The matches of the second level are written
irectly preceding picture element values like
imensional values, curve values etc. The first level of

atches apply to all picture element values unless a second
evel match of the same class is specified. In that case
nly, the picture element value directly following has the
econd level match for that class. All attribute matches
ot specified on any of the two levels are taken to be non
nhibitive, i.e. those that leave the current state un-
hanged. In this way, the concept of a global state with
ocal exceptions 1is also realized at the picture element
evel.

The correspondence between  attribute matches and
ttribute classes is given in the following table:

match class

TF transformation
DT detection

ST style

PN pen

M coordinate mode
VS visibility

.4.12. The default attribute

With every attribute class corresponds a default ele-
ent, according to the following table:




default value

‘ormation unit matrix transformation
ion UNDETECT, i.e. undetectable
1 MACHINEDEPENDENTCONTROL " ",
i.e. the empty string
PENFAULT
nate mode FIXED, i.e. abs. positioning
line style PERIOD (1@@),1i.e. solid line
MAP(1, RESET)
THICK(THICKFAULT)
typographic TYPFAULT
point style DOT
lity VISIBLE

art from style values, the defaults are self explana-

The defaults for style are as follows. Default
yle is a solid line, when however the period is speci-
explicitly, default map is such, that the pattern is
for every new LINE. The default for THICK is denoted
[ICKFAULT, which stands for the most convenient thick-
available on the device, on which the drawin def ined
e ILP program 1is to be drawn. Hence, THI%KFAULT is
> dependent. The default value for typographic is
JLT  which is discussed in 3.4.5.3.. However,
‘aphic has the atoms font, size, italic and bold. When
n atoms are specified, but others not, the latter

take device dependent values. The default for
style 1is DOT, which denotes a device dependent spot.
:fault value for POINTSTYLE typographic is the same as
rrdinary typographic. The default POINTSTYLE token
Is on the selected font, but will be a 'point' when the
contains one. The default for pen is PENFAULT (see
). If only one atom of pen is specified, the other
assumes a device dependent value.
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.O. Picture Elements

A picture element is a language primitive of ILP. Each
LP-program eventually specifies a list of picture elements
end nodes of the graph represented by the ILP program). A
icture element is syntactically described by:

picture element: coordinate_type |
text |
enerator |
IL$

We will now discuss the various picture _elements.

,O. 1. Coordinate type

The syntax rules for coordinate_type picture elements
re:

coordinate _type: type attribute matches
( coordinates ) $

uch a picture element consists of a type, attribute matches
nd coordinates, in conformity with the syntax rules:

type: POINT |
P LINE |
CONTOUR ¢
coordinates: coordinate |
coordinates
, coordinate $
coordinate: attribute matches

coordinate value |
attribute matches
( coordinate values ) $
coordinate values: coordinate value |
coordinate values |,
coordinate value $
coordinate value: dimensional value |
PP | :
EP &

The attribute matches in the syntax rule for
oordinate type are the first level matches. Those in the
ule for coordinate are the second level matches.
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PP and EP are special coordinate values, defined as
ollows.

At any moment during elaboration, the most recently
isited point in the unit user space (see 3.3.1.) is called
he transformed pen position. *) The transformed pen posi-
ion 1is stored 1in the environment as a dimensional value.
he untransformed pen position, which is also part of the
nvironment, 1is defined as the result of applying to the
ransformed pen position, the inverse of every matrix
ransformation and subspace transformation contained in the
urrent state. Hence, whenever during elaboration of a
icture, the untransformed pen position is wused (implicitly
r explicitly), it has the coordinate value compatible with
he coordinates occurring in the picture.

With the help of the untransformed pen position, two
pecial coordinates are defined: EP and PP. EP is mnemonic
or element position PP for picture position. During ela-
oration of a picture element, EP denotes the value of the
ntransformed pen position just prior to the elaboration of
his element. PP denotes the value of the untransformed pen
osition just before the start of the elaboration of the
mallest picture enclosing the picture element in which PP
s referenced.

Before the elaboration of a root picture starts,
ransformed pen position, untransformed pen position, PP and
P all have as value the unit cube origin coordinates. Each
ime a subspace selection occurs, transformed pen position
s set to the value of the subspace origin in wuser unit
pace coordinates. Untransformed pen position, PP and EP
hen have the subspace origin in subspace coordinates as
alue. This effect is similar to the effect of coordinate
ransformations. For this reason subspaces can be converted
o coordinate transformations (which can not be inhibited,
ee 3.4.2.1.). PP allows among other things the specifica-
ion of subpictures that leave the pen position where it was
t the start, by adding a picture like

WITH INVISIBLE DRAW POINT PP
s the last element to the subpicture.

Upon return from subspace picture, the transformed pen
osition remains where it is left by the picture. The un-
ransformed pen position is expressed in terms of the re-
tored coordinate system and PP is restored from the en-
ironment. EP needs not to be restored at all. It can only

) The untransformed pen gosition (as well as the other pen positions) are abstract enti-
ies, corresponding wit a point in user space, and not with a physical object like a
lotter pen. This difference is particularly important when port transformations are
sed, or the visibility attribute class has value INVISIBLE.
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> used inside picture elements. Hence, it will be copied
~om the most recent untransformed pen position at the be-
inning of that picture_element.

The primitive action embodied ég a coordinate type
icture element can be described as follows. First of all
1e row of coordinates specifies a series of positions. The
>sitions are found in either of two ways, depending on the
alue of the coordinate mode (see 3.4.8.):

-- In the FIXED-state, the coordinate values are
absolute values with respect to the current
origin.

b In the FREE-state, the coordinate values are
offsets from the untransformed pen position
(incremental mode).

1is series of positions is the same for all types. The type
5 used to specify a "polygon”, that contains these posi-
ions as vertices. The first and last vertex of the polygon
>wever are different for different types. Let the un-
~ansformed pen position before the elaboration of some
icture element be x. Let the series of positions be

spresented by cy, c3, ..., cp. Then the polygon to be drawn
-- In case of type POINT: cy-cz- ... -cq
== In case of type LINE: x-cy- ... -cp
-- In case of type CONTOUR: ci-c;- ... cp-Cj

1e possibility x-cy- ... -ch-X, can be obtained by adding

1e special coordinate denoted as EP to the head of the row
[ coordinates of type CONTOUR. This produces a closed po-
/gon with the original pen position as the first (and last)
alue, e.qg.:

WITH FREE DRAW
CONTOUR CM (EP;i@, 11301, @1;(@, -11)

>ecifies a square that begins and ends in the untransformed
>n position, valid at the start of the elaboration of this
icture. If we negate CM in this example, we also get a
losed polygon which starts and ends in the pen position.
>wever, we cannot say what the shape will be until we know
e pen position.

Next all transformations of the current state are ap-
lied to the dimensional values of the coordinates. This
stablishes which positions the pen will visit while a

JINT, LINE or CONTOUR 1is elaborated. What is actually
~awn, and what route is actually taken, going from one po-
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sition to the next, depends on the type and the attributes.
he attribute class visibility, and its match VS specify,
rhether anything will be drawn at all. In the state
NVISIBLE, the route is followed as a sequence of invisible
oves. In the state VISIBLE, it depends on the value of the
ittribute classes style and pen, and their matches ST and
'N, how the moves will actually be drawn.

There is, apart from the initial vertex, a second fun-
famental difference between POINTs and LINEs. For LINEs the
‘oute between  successive positions defined by the
‘oordinates is always a straight line, which will be drawn
iccording to the current style functions. The route between
'OINT positions is undefined. For this reason it is impos-
sible to apply an{ line style function to the route between
hese points. t is not defined in which order the posi-
.ions have to be visited, with the exception of the last
ne. Hence the only style functions for POINTs are those
hich specify by which symbol (centered around the ‘“point"
oosition), the POINT will be represented. On the other
iand, it is possible to specify a line style for LINEs which
shows the positions as points. In that case the initial un-
ransformed pen position is always included. With respect
.0 style functions the CONTOUR behaves in a LINE-like
\anner .

In the next example the same row of coordinates is
frawn as POINT, LINE, CONTOUR and EP-contour respectively.

n each case the initial pen position, marked as O is the
;ame .

4®

LINE CONTOCR POINT

REMARK

A contour has the property that its beginning and end
coincide. The coordinates of a contour are not neces-
sarily coplanar. Is it useful to add contours which
consist of coplanar points?
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It might be advantageous to add a precision specifica-
tion to coordinates. The denotation of values remains
the same for all precisions but their implementation
may be different (floating point, long and small in-
teger etc.). In this manner values which 1lie in a
given range can be stored more efficiently. Precision
is at present not a part of ILP.

.5. 2. Text

Objects with type TEXT enable the production of texts
s part of a picture. The syntax rules are:

text: TEXT attribute matches
( strings ) $
strings: string |
strings , string $
string: attribute matches proper string |
attribute matches
( proper strings ) $
proper strings: proper string |
proper strings , proper string $

The value of text is a row of strings, which are build
p from tokens. Tokens are selected from fonts. Each font
ontains at most 256 tokens. If the size of the character
et of some device is smaller than 256, a device dependent
'scape mechanism is required to provide token values in the
ange [0-255]. Change of font is possible by means of the
ypographic style attribute. In principle an unlimited set
f fonts can be used in an ILP program.

REMARK

At present the font selection mechanism and the escape
mechanism contain some questionable choices. Some un-
solved problems are:

-- Should the escape mechanism be incor-
porated in ILP or is it better to leave
its specification to an implementor of
ILP, or even to the implementor of the
conversion routine from ILP to a specif-
ic device? In the latter case the as-
sumption is made that token values from
@ to 256 can be represented symbolically
by characters in an ILP program. This
can be solved for binary ILP-files, but
how is portability of symbolic ILP-files
achieved?
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--  Should ILP be extended with a facility
to compose tokens and fonts?

An important aspect of text values is the way they are
>ositioned, since nowhere in a text value, a coordinate can
be specified, the position must be deduced from the current
environment. No explicit page or layout attribute exists.
text values are always positioned parallel with the x-axis
and relative to the pen position. No limit is set to the
naximal size of text values. Layout characters have a mean-
ing, relative to the pen position (EP) of the current text
value or relative to the current line of text. If text and
other picture elements are mixed, layout characters can not
nave a meaning, relative to previous text values.

The above characterization of text is still primitive.
-xtensions of the text mechanism can be expected.

5.5.3. Generator

So far we have encountered primitives with explicit
values. The remaining three types are generators of values.

A generator is syntactically described by:

generator: symbol |
curve |
template $

The semantics of a picture element of type generator
are defined as follows.

Each generator contains a number of gnames. When a
jenerator is encountered by the elaboration process, this
orocess activates some external mechanism for every gname of
the generator. Each mechanism generates an I[LP graph,
corresponding to a picture, whereafter these graphs are com-
bined in a new graph of the same type. This graph replaces
the picture node corresponding to the generator, after which
the elaboration process continues with the subgraph just in-
serted. The picture generated, however, is considered as
one indivisible action. This means that manipulations can
only be defined for that picture as a whole. In particular
Jetection of parts of the elaborated picture is impossible.

REMARK

[f one removes the requirement of indivisible action,
the generator no longer constitutes a picture element,
but a new type of picture. The possibility to intro-
duce a more dgeneral picture construct, together with
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the (orthogonal) concept of declaring any picture as
indivisible is still under investigation.

To guarantee, that the result of the replacement is
jain a correct graph, two demands must be met:

-= The generated ILP graph must be complete,
i.e. it may not contain references to unde-
fined nodes. To facilitate statical checking
of this property, the following rule must be
obeyed. The picture corresponding to the
graph may not contain pnames or anames of ob-
jects, defined in the pictureprogram that
contains the generator, unless these refer-
encec (pnames or anames) are passed as
template parameters (see 3.5.3.2.2.).

-- In the picture describing the  generated
graph, all generated dimensional values,
matrix values etc. must have dimensions in
accordance with that of the environment and
eventually generated subspaces.

generators provide a library facility. Because the na-
ire of the library elements is not defined inside ILP, they
e implementation, and application dependent. Neverthe-
>ss, the interface between the library and ILP (the
snerator) is defined inside ILP, and hence does not depend
1 a specific implementation.

REMARK

Apart from the library aspect, generators form, togeth-
er with the detection mechanism, the connection between
the interactive part of future ILP versions and the
current ILP. Because the detection mechanism (to be
used, among other things for picture identification),
cannot reach below picture element level, a generator
is an instrument for creating parts of pictures with
highly controlled detection and hence modification pos-
sibilities. For instance, a library element that
does not contain a detection attribute, can be con-
sidered as a "frozen" picture part.




84

»S.3. 1. Symbol
The syntax

symbol:

gnames :

Every gnam
n a previous
icture graph 1

Every gnam
2. If the
ure graphs are
ode, having
left-right) or
extual order
hat all gnames
iension.

» 9.3 2. Curve ar

The gener
emplate can b
icture graphs
he mechanism
oration proces
le to it. The
n the structur

To facilit
templates,
generate [

symbol 1is:

SYMBOL gnames $
gname |
gnames , gname $

a symbol corresponds with a root picture
fef ined ILP program. In this case, the
lerated as follows.

resents a picture graph, as defined in
I contains more then one gname, all pic-
yined into one, by creating a picture
these graphs as direct descendants. The
f the descendants corresponds to the
1 gnames. In this case it is necessary,
‘espond to root pictures of the same di-

plate

1 mechanism activated by a curve or
arbitrary nature, as long as it produces
ie correct kind. The only demand is, that
1y program that can be invoked by the ela-
{ generates an ILP picture graph accessi-
nction between curves and templates lies
the picture graphs they produce.

REMARK

rogramming of curves and especially of
et of basic tools must be designed, that
nstructions in a standardized manner.
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9.3.2. 1. Curve
The syntax for curve is:

curve: CURVE type attribute matches
( curve generators ) $
curve generators: curve generator |
curve generators , curve generator $
curve generator: attribute matches
curve determinator |
attribute matches
( curve determinators ) $
curve determinators: curve determinator |
curve determinators

, curve determinator $
curve determinator: gname |
gname ( interval ,
curve parameters ) |
8name ( curve parameters ) $
interval: NIT |
( value , value ) $
curve parameters: curve parameter |
curve parameters

, curve parameter $
curve parameter: value |

dimensional value $

The semantics of curves will be described in terms of
ements from ILP programs rather then in terms of the
rresponding graphs. This will lead to a clearer descrip-

on. In case of a curve , an object of type
mensional values corresponds to every gname. In other
rds, every gname represents a mechanism for the generation
 dimensional values. These dimensional values, ~ together

th the attributematches of the curve determinator con-
iining the gname can be combined into an object of type
ordinate. Then, using the attribute matches (if present)

the curve a picture element of type type can be formed
't of these coordinates. The order of the coordinates in
e picture element corresponds to the textual order of the
ames. The picture element thus constructed, is equivalent
th the generated picture graph, that will replace the
nerator node.

The parameters of a curve can be (at most) one

terval, and a number of values or dimensional values. If
ere is an interval, we have a parameter curve. The
terval is the  domain  of a parameter t. The
mensional values of the generated picture element,

rrespond to different values of t, when t steps through
e interval. The stepsize can be calculated by the curve
self, can depend on a given device, or can be a parameter
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.0 the curve (a value). * The other parameters
curve parameters) are either values or dimensional values.
heir number and meaning is specific for each particular
mame . dimensional values could for instance be used, to
lefine some fixed points on-, or tangents to the curve.

The syntax for template is:

template: TEMPLATE ( template generators ) $
template generators: template generator |
template generators
, template generator $
template generator: gname |
gname ( template parameters ) $
template parameters: template parameter |
template parameters
, template parameter $
template parameter: value |
dimensional value |
pname |
aname |
dname $

A template generator may produce an ILP picture graph
f arbitrary structure. Because of the fact, that this pic-
.ure graph not necessarily represents a plcturf?element the
syntax rules for template do not contain attrlbuteznatches

Fach gname identifying a generation mechanism has its

Wn specific set of parameters, described by
‘emplate generator. pnames or anames used as parameters
wst correspond to root pictures, sub pictures or
ittribute packs defined in the ILP program containing the
emplate. These  parameters specify the references
orresponding to pnames and anames, allowed in the generated
jraph. Name conflicts must be avoided by using unique
1ames .

The picture graphs generated, (one for every gname) are
rombined in one single picture graph, in the same way as is
lone for symbols.
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Design goals and evaluation

In this chapter, the design criteria of ILP are con-
.dered and an analysis is given, to show whether and if so,
>w the stated goals are achieved.

1. Design goals

Five major design goals can be distinguished:

--  Compactness of picture representations, to
reduce the enormous amounts of data which are
normally required for the representation of
pictures.

--  Mutual independence of attributes, to isolate
the effects of individual attributes and for-
bid side effects caused by attributes from
one class on attributes from another class.

-= Symmetry of input and output, which obviates
the need for separate languages for input and
output descriptions.

-= Embedding, which allows the incorporation of
ILP in  other (high level) programming
lanquages.

--  Self modification of ILP programs, which al-
lows the description of changes in a picture
in ILP itself.

Compactness of picture representations can be achieved
1 several ways:

--  Multiple occurrences of the same subpicture
are included only once in the data structure.

--  Only necessary coordinate values need to be
specified, i.e. in a two dimensional space
two numbers are sufficient to determine a
coordinate value.

-- Coordinate values are packed, i.e. a priori
knowledge of the range in which coordinate
values lie is used to determine the most com-
pact representation of coordinate values.
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n ILP only the first two methods are used explicitly. The
'irst is realized via the subpicture, root picture and at-
ribute pack mechanisms. The second is realized with the
subspace mechanism. Note that the dimension of each coordi-
iate value can be determined statically. The third method
‘an be applied by an optimizing compiler.

Apart from the influence of these explicit methods, the
LP attribute mechanism has the beneficial effect of factor-
ng out common subpictures, since the same subpicture can be
frawn in contexts with completely different attribute
alues.

Independence of attributes restricts the ways in which
ittributes can influence each other. This restriction has
ieveral advantages:

-- The semantics of individual attributes can be
studied in isolation, thus obviating the need
to consider complex interactions between at-
tributes.

-- The attributes are easily extensible, since
new attribute can (by definition) not influ-
ence the already existing attributes.

he restriction of attribute independence seems to be justi-
ied, if the already considerable complexity of the seman-

.ics of independent attributes is taken into account. On
he other hand certain useful applications of attribute in-
eraction are forbidden by this restriction. Line style

hat adapts itself to transformations is an example.

Symmetry of input and output, means that the same in-
ermediate representation is used both for drawing and read-
ng pictures. The advantage of this method is obvious: only
ne intermediate representation is required. As simple as
his criterion can be formulated, so difficulty can it be
chieved. Especially on the input side, a completely new
et up is necessary, if input can only be provided in the
orm of [LP primitives like picture elements, primitive at-
ributes or references to pictures.

Embedding means incorporation of ILP in existing pro-
ramming languages. In other words, ILP can be used as a
odel for a graphics system, which can be incorporated in an
xisting programming language. Though the embedding methods
ay be different, the various user interfaces and the under-
ying model graphics system remain the same. Algolé8G is an
xample of such an embedding, in which Algolé8 serves as a
ost language. A major consequence of this embedding stra-
egy is that many features (variables, locp constructions)
eed not be included in ILP since the host language provides
uch facilities.
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1dix | Syntax

The syntax rules are given in BNF. Non terminals are

.ed in the form non_terminal. The syntax is context
The non terminal that is defined in a rule is
‘ated by a colon (:). Alternatives are separated by a

1. The end of a rule is marked with the symbol ~$.
.nal symbols are either special single characters from
‘ollowing list:

() <>, .

hey are delimeters denoted in bold capitals e.q.
NAL. The non terminals not defined in this syntax are

lefined in Appendix 2. They constitute the so called
al units.

The syntax as presented is directly fed into the parser
‘ator for ILP. For this reason usual notational conven-
; to make the syntax look more compact, have been omit-

picture program: pictstruct |
picture program pictstruct $

pictstruct: named picture |
attribute pack $

named picture: root picture |
subpicture $

root picture: PICT dimension pname
picture . $

dimension: DIMLESS |
dim $

dim: ( value ) |
empty $

subpicture: SUBPICT dimension pname
picture . $

attribute pack: ATTR dimension aname
attribute . $




cture: pname |
picture element |
{ pictures 1} |
subspace picture |
WITH attribute
DRAW picture $

ctures: picture |
pictures ; picture $

cture element: coordinate type |
text |
enerator |

IL $

ordinate_type: type attribute matches
( coordinates ) $

ordinates: coordinate |
coordinates
, coordinate $

ordinate: attribute matches
coordinate value |
attribute matches
( coordinate values ) $

ordinate values: coordinate value |
coordinate values |,
coordinate value $

ordinate value: dimensional value |
PP |
EP §

nensional value: [ values 1 $
nensional values: dimensional value |
dimensional values ,
dimensional value $

trix value: [ dimensional values 1 $

lues: value |
values , value $

e POINT |

LINE |
CONTOUR &

>space: SUBSPACE dim new axes $




new axes: position ( shift axes ) $
shift: dimensional value $

position: CURRENT |
ORIGIN &

axes: empty |
, dimensional values $

generator: symbol |
curve |

template $
symbol: SYMBOL gnames $

gnames: gname |
gnames , gname $

curve: CURVE type attribute matches
( curve generators ) $

curve generators: curve generator |
curve generators , curve generator $

curve generator: attribute matches
curve determinator |
attribute matches
( curve determinators ) $

curve determinators: curve determinator |
curve determinators
, curve determinator $

curve determinator: gname |
gname ( interval ,
curve parameters ) |
gname ( curve parameters ) $

interval: UNIT |
( value , value ) $

curve parameters: curve parameter |
curve parameters
, curve parameter $

curve parameter: value |
dimensional value $

template: TEMPLATE ( template generators ) $

template generators: template generator |
template generators
, template generator $




>late generator: gname |
gname ( template parameters ) $

blate parameters: template parameter |
template parameters
, template parameter $

blate parameter: value |
dimensional value |
pname |
aname |
dname $

ke TEXT attribute matches
( strings ) &

ings: string |
strings , string $

ing: attribute matches proper string
attribute matches
( proper strings ) $

ber strings: proper string |
proper strings , proper string $

~ibute matches: empty |
attribute matches
deny attribute match $

/e empty |
v
NOT $

~ibute match: TF
DT |
ST |
PN |
CM |
VS $

~ibute: ABS basic attribute |
REL basic attribute |
basic attribute $

ic attribute: attribute class |
aname |
{ attributes 2} |
NIL §

~ibutes: attribute |
attributes ; attribute $




attribute class: transformation |
detection |
style |
control |
pen |
coordinate mode |

visibility $

transformation: rotate |
scale |
translate |
matrix |
projection |
affine |
homogeneous matrix |

port $

~otate: ROTATE value
AROUND invariant $

invariant: ( dimensional values ) $
scale: SCALE dimensional value $
translate: TRANSLATE dimensional value $

natrix: MATRIX matrix value $

affine: AFFINE matrix value
dimensional value $

orojection: PROJECT eye position
ON projection space $

projection space: dimensional value |
ORIGIN dimensional value $

eye position: dimensional value |
PARALLEL dimensional value $

homogeneous matrix:
HOMMATRIX homogeneous matrix value $

homogeneous matrix value:
[ homogeneous dimensional values 1 §

homogeneous dimensional values:
homogeneous dimensional value |
homogeneous dimensional values ,
homogeneous dimensional value $

homogeneous dimensional value:
[ values 1 $




~t: window [
window , viewport $

1dow : WINDOW ( dimensional value |,
dimensional value ) $

swport: VIEWPORT ( dimensional value ,
dimensional value ) $

rle: line style |
point style |
typographic $

1e style: PERIOD ( period descriptio
MAP ( value reset ) |
THICK ( value ) $

PENFAULT |
contrast |
intens |
colour $

-~
X

~iod description: dash |
dash , gap |
dash , gap , dash $

sh: DOT |
value $

ol value $

set: RESETCOORDINATE |
CONTINUE |

RESETLINE $
1trast: CONTRAST ( value , value ) $
tens: INTENS ( value ) $
lour: COLOUR ( value , value , value
>ographic: TYPFAULT |

font |

size |

italic |

bold $
1t FONT ( value ) $
ze: SIZE ( value ) $

3lic: ITALIC ( value ) $




BOLD ( value

le: DOT |
POINTSTYLE ¢ty
POINTSTYLE ma

MACHINEDEPEND

.e mode: FIXED
FREE &

y: VISIBLE |
INVISIBLE $

12 DETECT detec
SETDEL detect
UNDETECT dete

empty |
dname $

$

phic |
$

INTROL proj

roper stri
‘oper strir




%
1]

alue:

nsign

=cima

xpone

nsign

name ;
name :
name :
name ;

ame .

~oper

etter

igit:

arker

9

cal units

nsigned value |

- unsigned value |

- unsigned value $

lue: unsigned_integer |

lecimal fraction |

insigned_integer exponent part |

lecimal fraction exponent part $

ction: unsigned_integer . unsigned_integer !

rt: e + unsigned_integer |
> - unsigned_integer $

teger: digit |
nsigned_integer digit $

name $
name $
name $
name $
etter |
\ame letter |

:ame digit $

ng: " any _sequence of symbols not containing.

A

g
[ n |
u

— T 8 Hh

i
1
)
r
\
I
)
4

c20

| l l
| I l
I [ l
I l l
| I l
| l l
I I l
l l $
I 6 |

|
I
I
l
l
|
I
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ABS, 23
affine, 56
AFFINE, 56

Algol68G, 88
algorithm ET, 42
algorithm ETA, 43
algorithm LIN, 44
algorithm RAP, 43
aname, 33

application universe, 47,69

AROUND, 53

atom, 41
attribute, 40
attribute arc, 3l

attribute independence, 87

attribute mixing, 43
attribute node, 31,32

attribute class value, 40

attribute match, 21,40
attribute matches, 75
attribute pack, 17,28
axes, 38

basic ILP program, 4l
cold, 63

M, 75

COLOUR, 65
combination rules, 47
compactness, 87
concatenation rules, 20
CONTINUE, 62

contrast, 64

control, 73
coordinate, 36,77
coordinate pair, 36
coordinate, 36
coordinate mode, 26,73
coordinate type, 77
cvordinate value, 77
S, 75

CURRENT, 38

current state, 49
curve, 26,84

_URVE, 84

curve determinator, 85
curve generator, 85

arve parameter, 85
ash, 61

=fault element, 21,75
=fault value, 4l
=TECT, 68

=tectant set, 68
=tectant, 68
=tection, 27,67
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imension, 30
imension, 17,30,35
imensional value, 36
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sneral dimension rule, 3
snerator, 26,82

1ame, 84
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MMATRIX, 56

omogeneous matrix, 56
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1terval, 85

wariant, 953
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new axes, 38
NIL, 32

contour, 79
ORIGIN, 24,38,55

PARALLEL, 55
pen, 27
pen, 64
PENFAULT, 64
PERIOD, 12,61
PICT, 15

picture arc, 3l
picture element, 9
picture graph, 3l
picture node, 3I
picture position, 78
picture element, 31,77
picture program, 28
PN, 75

POINT, 10,79
point style, 63
oort, S%V

position, 38
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oriority rules, 48
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~otation, 352
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self modification, 87
SETEL, 68

shift, 38
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state component, 33,49
state, 11,33,49

style, 27

style, 60

SUBPICT, 15
subpicture, 28
subspace, 35,38,58
>UBSPACE, 38

symbol, 26,84

MBOL, 84

ymmetric i/o, 87
yntax denotation, 8
yntax, 92

emplate, 26,84,86
EMPLATE, 86
emplate generator, 86
emplate parameter, 86
ext, 8l

EXT, 10,81

F, 51,75

HICK, 62

ransf. user coordinate,
ransformation, 26
ransformation, S0
-anslate, 54

!ANSLATE, 12,54
~aversing process, 33
ype, 77

'pe | attribute, 46
ype 2 attribute, 46
ype 3 attribute, 47
YPFAULT, 63
vpographic, 63
\DETECT, 68
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