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PURE ICONS IN ICONIC SYSTEM

T. Kitié¢

Abstract. This paper turn to some theoretical considerations thal are necessa
a deeper understanding of the behavior of icons in an iconic system. Only for pure
tcons the logical part he complelely recovered from the physical part. Impure icons
may cause problems when wused for person-machine communication, for building
tconic user inlerfaces and Sor writing formal specifications. So, this paper describes
purity-preserving conditions Jor iconic operators.

1. Introduection

A unifying concept for visual languages is that they all deal with different, aspects
of generalized icons [(CHA8T7]. Generalized icons consist of object icons or process
1cons. An object icon is a dual represenfation of an object, written as (@, X, Xy) =
(Xem, X;), with a logical part X, (the meaning) and a physical part X; (the image).
Visual programming language deal with objects that have logical meaning, but no
visual image.

A process icon [(H A8T] represents an action or a computational process. Lan-
guage constructs handled by a visual language are process lcons, or icons with a
logical and physical part that represents a computational Process.

An iconic system [CHA87] is a structured set of related icons. The iconic
system (7 is a formal iconic system, syntactic specification of the iconic system,
if it is represented as a quintuple G(VL, VP, S, zo, R), where VL is a set of logical
objects, V' P is a set of physical objects, S is a finite, nonempty set of icon names,
Zg s an element in S, denoting the head icon name and R is a mapping [rom
S 2VLEx VP, denoting icon rules. The icon rules £ specify icons as the dual
representation by a set of logical ebjects and a physical object, or formally:

= {(maXm,Xfr)lm = (Xm;Xi) = R}

(Given an iconic system G, we can cl
or structural.
* Elementary icon is an icon where is X,,, NS = 0. In other words, X,,, C VL,
so that z is of the form ({I(tbels},image). The labels could denote names of
objects, procedures or operators, so that the elementary icon can be an object

assify all icons as elementary, composite
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icon, a process lcon or an operator icom.

There are special elementary icons. An image icon is one where X =10, s0 2
is of the form ({ }, image). A label icon is one where the physical part is null,
so # is of the form ({labels}, ). A null icon is of the form ({ },¢).

+ Complex icon is an icon where is X NVL # 0. A complex icon points to
other icons and define icon relations. There are the following types:

a) composite icon, where Ko 11 Wl 3 B Then, the icon x is of the form

({OP,n, .-, yn }, image), where y; are subicons or logical objects, and OP 1s an

iconic operator which operates on the subicons yi,...,4n to create a new 1co.

The location attributes of the subicons will determine the order in applying the

iconic operator. '

b) structural icon, is if Xm N VL = (. The icon is of the form

{yi, > Unls image). In other words, » is related to yi, . .., Yn, but the mecha-

nism for composing = from yi, ..., ¥n is unspecified.

[conic operators are special icons which carry certain meanings based on action to
be performed. The basic actions performed by iconic operators include: construct-
ing the image of a resultant icon, synthesizing descriptions, determine the type
label of resultant icon, determine the common attributes of icons and optionally
performing evaluation.

Iconic operators are used to represent certain relationships between icons. These
relation ship could be physical relationships or logical relationships or both. lconic
operators operate on generalized icons and change either the logical part or the
physical part of an icon, or both. So, iconic operator OP(2) has two parts:

(1.1) OP = (OPm,OP;)

or OP,, for the logical operator and OF; for the physical operator.
A binary iconic operator OF [SC:90] has two arguments, X and Y

(1.2) OP(X,Y) = [0Pu(X,Y), OP(X,Y)]

and when there is no mutual dependency, that 1s when OP,, does not depend on
X; or Y; and OF; does not depend on Xy, or Yp, we can write

(1-3) OP(X)Y) = [OPm(Xm;Ym): OPi(Xth)]
A unary iconic operator O P[SC90] has only one argument X:

and when there is no mutual dependency, we can write

(1.5) OP(X) = [0Pu(Xm), OPA(X0))
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Definition 1. The materialization function MAT[SC90] is a partial function
from WL =VLUS s 2YF defined as:
: Xi: X, X;) € R
(1.6) MAT(X,,) = X (‘ ) }
undefined for other X,

Definition 2. The dematerialization function DM A[SCI0] is a partial function
tfrom V P+ WL, defined as:

{Xm; (){ms-’Yi) e R}
undefined for other .X;

(1.7) DM A(X;) = {

Definition 3. An generalized icon (X, X;) is pure, if

{ MAT(Xn) = {X:}

1.8 .
( ) DMA (_«X’.i ) = {Xrn. }

For pure icon only, the logical part can be completely recovered from the physical
part. This is possible, only when MAT(X,,) and DM A(X;) are both singletons.

In general, M AT(X,,) may yield a set of icon unages. For example, M AT(Mona-
Lisa) may be the original drawing of Mona-Lisa, or a sketch of Mona-Lisa.
DMA(X;) may also yield a set of meanings. Such Impure icons may cause problems
if used for person-machine cornmunication, specially writing formal specifications of
user interfaces. So, this paper try to give some theoretical considerations that are
necessary for a deeper understanding of the behavior of icons in an iconic systemn
and help to many writers of formal specifications to understand the notation of data
abstractions in an iconic system and writing the specification of physical part of an
icon and the specification of logical part of an icon.

2. Determination of icons purity
Because, we can classify all icons in a few categories, the way of determination
their purity is different.
2.1. Elementary icons and their purity. For elementary icons, it is easy to
determine directly their purity from M AT and DM A. Here is an example.
For some image database, the formal iconic systerm is
G, ({en, ea b Apo, p1, pa, pa, pa, ps ), {20, 21, 20, T3, T4, s}, 2o, 1), where the icon
rules R are
(w0, {z1, 22}, po
(21, {2a, x4}, p1
(LLJ) (3123{ }JP2
7 ("Ij.'i’ {Cl }1 Pa
(4, {c2}, pa
(i'l?r), {CS}J Ps




G8 T. Kitié

The M AT and DM A functions are

DM A(pg) = {{z1, 221}
MAT({z1,22}) = {po} DM A(py) = {{x3, x4} }
L0 MAT({z3,24)) = {p1} DMA() =1{ )
MAT({er}) = {pa} DM A(ps) = {{e1}}
MAT({e2}) = {pa s} DM A(pa) = {{e2})
DMA(ps) = {{ea}}

Icon #5 is pure, while icons x4 and x5 are not. leon g is an image icon. It is
pure in this example, but if the iconic system has another Linage icon, xy will no
longer he pure. Since image icons are physical images without any label, we usually
do not think of them as pure icons.

If we use the partial functions M AT and DM A, then the structural icons zo and
21 are also pure. Again we usually do not think of structural icons as pure icons,
because they normally represent iconie relations.

2.2. Complex icon.
2.2.1. Complex icons and their purity.

Definition 4. A composite icon [SC0] (2, Xp = {OP,y1, ..., ¥n}, Xi) I8 com-
posed fromn subicons yi,..., Y¥n as :

{ K = OPm('Ul;- . -;'.Un)
Xi = OPFi(y1, .., n)

where OP(yy,...,Y,) I8 an n-array iconic operator.

As define before in 1.1, 1.4 and 1.5, we can state
((-‘_1) jWA-rF[()Pm(y!:---1%1)} = {OP(IVI AF( ml) . M[ ALT 'nl.“))}
(C-2) DMA[OP:(y1,--,yn)] = {OPn(DM A( ,1) L DMA(Y; )}
or condition (C-1) says that M AT(X,,), or the materialization of X, 1s equal to
the application of the operator O F; on the individual materialization of the subicons
Y,y -y Ym, . Condition (C-2) can be interpreted similarly.

The consequence of these purity-preserving conditions is state in the next theo-

rern.

Theorem 1. Ify;,...,: Yn are pure icons and the purity-preserving conditions hold,
then the composite icon z 15 also pure.

Proof. We need to show MAT(X,,) = {X;} and DM A(X;) = {Xm}.

MAT(X ) = MATIO Pyt - - ., vn)] =
= OP{(MAT[(Ym,), .., MAT (Y, )]} (because of C-1)
={0P(I%. ), v 1 Y5y }} (because Y; are pure)
={Xi}

D]'I/lr/"l()&rz) = Dx’W/‘.[()Pz(yl 5 s yn)l =
= {OP(DMA[(Y:,), ..., DMA(Y;,)]} (because of C-2)
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= {0Pu({¥m }s - -, { Y, }} (because Y, are pure)
= {JY.m}

2.2.2.  Structural icons and their purity. Structural icons can be re-
garded as composite icons with an implicit operator ST'C'. Therefore, if (2, X,, =
Wi, ..y}, Xi) is a structural icon, we have

K
X;

15‘3'"(7m(y1; . -3yn) = {.UI, ceey yn}
.S'T(_Jﬁ-(yl, .- .,yn) = ;S'TCz'i(}/;;] yas oy Y; )

n

I

It is very wmportant to remember that, we usually do not think of struct

ural icons
as pure icons, because they normally represent iconic relations.

3. Conclusion

For composite icon (z, X,,, Xi), the X, part is formally denoted by {OP y, ...
,¥n}. By thab, it means OFy(1, ..., 4y), but it will formally write {OP,y,,...
JUnt. LOPy (w1, .. 3 ¥n ), really generates a new meaning, then the composite icon ¢
becomes once more an elementary icon: that is, (z, KXm, Xi) = [2, 0Py (11, . . ., Un).
OPi(y1,-..,ya)). So, if the purity hold, this newly composed icon is also a pure
icon. The implications of the purity-preserving conditions are the following:

If we find the meanings of all subimages, then we can combine them
to find the meaning of the whole image. (C-3)

If we find the images of all the partial meanings, then we can combine
them to find the image of the whole meaning. (C-1)

It should be noted that the purity-preserving conditions also imply

{ OPm(yl vy ?-n,) = O-‘Dm(yml; vy ym“)
OFi(y1,--sn) = OP(yiy,--,%,)

or in other words,
OP(yl: ceey yn) = [Opm(_yml: ceey ymﬂ): OPi(yiU ceey y’in)]

5o, this defined the purity of individual icons. This should help us to determine
unambiguous formal specification for formal iconic system. I Is very important
characteristic of good formal specification. The materialization (MAT) and dema-
terization (DM A) operators allow representation conversion among different types
of icons and construction an image processing language with icon-assisted naviga-

tion [CHAS5], [CHS5].
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