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A b s t r a c t  
The presentation of an application program specifies 

how the da ta  and operations provided by an application 
are presented to users. Most t radit ional  techniques for im- 
plementing presentations lead to unstructured,  unmodular  
implementat ions that  axe hard to construct  and change. We 
present a model  of presentat ion tha t  identifies the depen- 
dencies between the presentat ion and functionality portions 
of an application. Based on this model,  we show how sev- 
eral implementat ion techniques can  be used to construct  
presentations in a modular  way. 

K e y w o r d s  
Graphical  User Interfaces, User Interface Management  

Systems, Semantics of Interaction,  Object -Oriented Pro-  
gramming.  

I n t r o d u c t i o n  
Separating the hnplementat ion of the user interface and 

the functionali ty of application programs into independent  
modules has many benefits. In addition to the s tandard 
benefits of modulari ty,  separation facilitates experimenta- 
tion with different user interface designs; allows the con- 
struction of multiple interfaces for a single program; sup- 
ports the construction of the user interface out of reusable 
components that  can be connected with the functionality 
port ion of applications; allows the use of declarative and 
other  techniques besides programming to specify the user 
interface. 

In practice, the inlplementat ion of a program is sprin- 
kled with calls to procedures to perform user interface tasks 

*This research was sponsored by the Defense Advanced tteseareh 
Projects Agency (DOD), monitored by the Air Force Avionics Labo- 
ratory Under Contract AFOFIt S-82-0219. The views and conclusions 
contmned in this document are those of the authors and should not 
be interpreted as representing the official policies, either expressed or 
inqflicd, of the Defense Advanced Research Projects Agency or the US 
Gov{~nment. 

Permission to copy without fee all or part of this material is granted 
provided that the copies are not made or distributed for direct 
commercial advantage, the ACM copyright notice and the title of the 
publication and its date appear, and notice is given that copying is by 
permission of the Association for Computing Machinery. To copy 
otherwise, or to republish, requires a fee and/or specific permission. 

@1987 ACM-0-89791 -213 -6 /87 /0004 /0235  $00.75 

(e.g. display an error message, display a menu of com- 
mands,  read an input  event). As a result,  interface deci- 
sions get scattered throughout  the implementa t ion  of the 
prograan. 

Consider the implementat ion of the output  port ion of a 
program. When a routine changes a da ta  structure that  is 
being displayed, all the information about  the nature  of the 
change is in tha t  routine. Hence, it appears to be "easier" 
to implement  the update of the display inside the routine, 
especially because it knows exactly what  it changed, and 
can presumably update  the image in the most  efficient way. 
Unfortunately,  this "ease" of implementat ion results in a 
complete lack of modularity. 

This paper shows that  the presentation (output) por- 
tion of an application can be implemented in a modular  
way. The paper has two parts.  The  first part  discusses a 
model  that  explains what goes on in the presentat ion of an 
application, and identifies the unavoidable dependencies be- 
tween presentat ion and functionality. The  second part  dis- 
cusses several techniques to implement  the communicat ion 
between functionali ty and presentation. The techniques are 
compared with respect to the kind of modular i ty  they pro- 
vide, and with respect to the restrictions they impose on 
the kind of information tha t  can be presented. 

T h e  S t r u c t u r e  o f  I n t e r a c t i v e  P r o g r a m s  
Interactive programs can be viewed as hav ing  the fol- 

lowing structure.  Their  functionali ty is defined by a set 
of abstract  da ta  types tha t  model  the behavior of the ob- 
jects in the user task domain. Instances of the types model  
the objects in the user domain, and the operations defined 
for the types model  the actions users can perform on the 
objects. 

Instances of da ta  types, which we simply call objects, 
are hidden from the user. Objects are represented in a 
format  suitable for implementing the operations, and must 
be converted to a format  unders tood by the output  devices 
before they can be presented to the user. Operat ions are 
not  readily accessible to users either. Events generate d by 
input devices must  be converted into requests to invoke 
the appropriate operations. Thus, the objective of the user 
interface is to make the objects and operations conveniently 
accessible to the user. 

A M o d e l  o f  P r e s e n t a t i o n  
We introduce our model  of presentat ion in stages. We 
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start with a simple definition of presentation, and gradually 
embellish it to take into account the restrictions imposed 
by the characteristics of graphical, two-dimensional inter- 
faces. For e~h  definition of presentation we record the 
information required to construct a presentation mapping 
according to that definition. Theinfonnat ion requirements 
for the final definition are used to identify the dependen- 
cies between functionality and presentation. For a different 
model of both input and output see Shaw [9]. 

In i t i a l  Mode l  
A presentation is a mapping that converts objects from 

a representation suitable for computation into a representa- 
tion understood by the output devices. Typically, presen- 
tations are implemented on top of a graphics package, or 
on top of the graphics abstractions provided by a window 
manager. Thus, presentations need not be concerned with 
the idiosyncrasies of output devices. For the purpose of 
this paper, the precise details of the abstractions provided 
by specific graphics packages or window managers are ir- 
relevant; we simply assume the existence of a type we call 
Image that represents these abstractions (we call images 
the instances of type Image). 

A presentation mapping for a set of objects is specified 
by a set of rules that associate with each object an image. 
Since the rules defining a presentation need to extract from 
the objects the information to display, a presentation has to 
be specialized according to the type of objects they present. 

Presentation mappings should be specialized to the ab- 
straction defined by types, not to their implementation. 
Consider the type Stack. It can be finplemented by an ar- 
ray, with the first element containing the index of the top of 
the stack, and the next lowest-indexed elements containing 
the entries in the stack. A presentation mapping for arrays 
cannot be used to appropriately display stacks because it 
wouldn't know to display only the active elements of the 
axray, and it would also display the first element of the ar- 
ray, which is not part of the stack. Thus, it is n e c e s s a r y  
to give up the hope that appropriate presentations can be 
constructed automatically in terms of mappings associated 
with type constructors. Only a type-specific presentation 
mapping can present the instances of a type adequately. 

The initial definition of presentation can be formalized 
as follows: 
PRESENTATION DEFINITION 1 The presentation of ob- 
jects of type T is defined by a mapping PT : 

PT : T --~ Image 
object ~ image I 

The subindex T in PT indicates that presentation mappings 
are type-specific. The information needed to construct a 
presentation mapping is the following: 
INFORMATION REQUIREMENT 1 Contents of the object 
presented. 

1The notation should be interpreted as follows: -,  specifies the do- 
main mid range of the mapping in terms of sets; ~ specifies the domain 
and range in terms of dements. 

M u l t i p l e  P r e s e n t a t i o n s  a n d  F o r m a t  
A crucial requirement of presentation mappings is the 

ability to define multiple presentations for objects of the 
same type. This requirement is illustrated by the pervasive 
use of multiple formats to display times a~ld dates, files, 
graphs, and virtually any object defined by an application. 

There are two ways to extend the definition of presenta- 
tion mapping to support nmltiple presentations. The first 
is to allow formatting information to be passed to PT via 
a parameter. The second is to define multiple presentation 
mappings for a single type. Small variations on the pre- 
sentation are defined by the format parameter (e.g. font, 
background color), while completely different presentations 
are defined by different PT (e.g. a mapping to display an 
integer as a string of digits and another one to display it as 
a bar-graph). 

In theory, all possible presentations of a type could 
be specified by a single appropriately parameterized map- 
ping. However, since radically different presentation styles 
are typically implemented by different procedures, a model 
including multiple presentation mappings captures reality 
better. 

The following is the revised definition of presentation: 
PRESENTATION DEFINITION 2 The presentation of ob- 
jects of type 7" is defined by a set of mappings 
{ P } ' , . . . ,  P~" }, where sl, . . . , sn are different presentation 
styles defined for type T.  

P~ : T x Formatp¢. ~ Image 
(object, format )  ~ image 

Type Formatp.~ represents the set of format values that c a n  
be used to control the appearance of the images produced 
by P~. Format  is qualified with the subscript P~ to indicate 
that format types are specific to individual presentation 
mappings. 

Consider type Number.  Numbers can be displayed 
in many different ways. They can, for instance, be dis- 
played as strings of digits, Or as dials. Since these two 
presentations axe so different they are considered differ- 
ent styles, and thus are defined by different presentation 

iDdlgits and Ddlal Fine con- mappings, called, let's say, . Number " Number" 
trol of the formatting is specified by the format param- 
eter. Formatpd~,,. allows the specification of attributes 

N u m b e r  
like font, precision, French or American style decimal point, 
etc., while Formateg~ib," allows the specification of at- 
tributes like digital or analog, rounded or square, scale, 
e t c .  

The additional information required to construct a pre- 
sentation mapping is the following: 

INFORMATION REQUIREMENT 2 Style and format to con- 
trol the presentation of the object. 

S t r u c t u r e d  Type s  
Many objects used in application programs are struc- 

turcd: they are aggregates of other objects. Sets, queues, 
stacks, lists, hash tables, trees, graphs axe just a sample 
of commonly used ones. In fact, by viewing an application 
as an instance of a single structured type, our definition of 
presentation mappings can be applied to complete applica- 
tions. 

236 



The presentation of a structured object is specified by 
a mapping that calls the presentation mappings of its com- 
ponents. Suppose IntStaek is a type implementing stacks 
of integers. A presentation for IntStaek that displays the 
stack as a colunm of numbers can be defined by a map- 
ping pcot~,~n that calls one of the PN~mbc, mappings (e.g. furS ' tack  
plv, li~l pdi¢it, ~ for each element of the stack. Thus. u m b e r  o r  N u m b e r ]  
the definition of ~col,m,~ has the form shown below; S and I n t S t a c k  
f represent the style and format for presenting the stack 
entries: 

c o l u m n  P~ntstack(aIntStack, format) = . . °  

. ° °  

P~m~,(""" ,f,'" ") 

S and f should be variables, not constants. If s and f 
were constants, Pzmsta¢~ would only know how to display 
the stack entries in one specific style and format. If s and 
f are variables, they can be bound to values supplied by 
the caller of PrntStack through the format parameter. The 
latter definition of PImstack is more general because it is 
parameterized with respect to the style and format for pre- 
senting the stack entries. 

Thus, the following is an additional information require- 
ment for the construction of presentation mappings: 
INFORMATION REQUIREMENT 3 Format and style for 
nested presentations (refinement of requirement 2). 

Note that since nested presentation mappings may 
themselves call on other presentation mappings and so on, 
specifying the style and format vMues for the nested presen- 
tations can be very hard. Generic types complicate things 
more. Suppose Stack is a generic definition of stacks of any 
kind of objects. Pst~k should also be generic. It should only 
present the "stackness" attributes of a stack, and call alt- 
other mapping to present the stack entries. Specifying the 
style and format values for the presentation of the entries 
is harder becanse their type is unknown. 

The presentation mappings for structured types have an 
additional information requirement. Since nested mappings 
create iniages that are parts of a larger image, a mechanism 
is needed to combine the multiple images into a single im- 
age. For instance, if Image is a bitmap, then PlntStack has 
to give PN=,,~ the coordinates of the location within the 
global bitmap where it should draw the image. If Image is 
some kind of hierarchical data structure, then P1ntsta¢~ can 
take the image produced by PN~ ,~ ,  possibly scale it, and 
then integrate it with the rest of the image. 

As the example with bitmaps illustrates, integrating the 
inlages produced by nested mappings can lead to an addi- 
tional information requirement2: 

INFORMATION REQUIREMENT 4 Portion of the complete 
image to create. 

U p d a t i n g  P r e s e n t a t i o n s  
A fundamental characteristic of interactive interfaces is 

that when the objects being presented change, the display is 
updated to reflect the changes. The presentation of changes 

2The current definition of presentation should have been modified 
to account for this requirement, but it was not. This requirement is a 
special case of state information, and the final definition takes it into 
a c c o u n t .  
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has two characteristics that are not captured by the current 
definition of presentation. 

First, since images cannot be created instantaneously, 
invoking P to recreate the complete image of an object each 
time the object changes is unreasonable. The presentation 
mapping needs to know what aspect of an object changed, 
and only update the corresponding part of the image. 

Second, updating the image of an object to correspond 
to its new state after a change might not be an adequate 
presentation of the change. For instance, suppose two el- 
ements of an array are swapped. Instead of presenting 
a snapshot with the elements in one position and then a 
snapshot with the elements in the new position, we might 
want to present an animation showing the elements being 
swapped [3]. The presentation of the change displays im- 
ages which do not correspond to any state of the object. 

A new definition of presentation is needed to capture the 
notion of change explicitly. We introduce a new mapping, 
called the update mapping U~ whose purpose is to update 
images when objects change. The definition of presentation 
is now as follows: 
PRESENTATION DEFINITION 3 The presentation of ob- 
jects o] type T is defined by two sets of mappings {P~} 
and {U~}. 

P~ : T x Formatp6 -* Image 
(object, format) ~-~ image 

U~ : T × Formatp~ × Changesp~ - ,  Image 
(object, format, change) ~ image 

The P mapping creates an image corresponding to the cur- 
rent state of the object, and it is called whenever the image 
should be recreated from scratch. The U mapping is called 
whenever the image should be updated to reflect a change. 
Type Changesp~ is the set of changes to objects of type T 
that the presentation can display. Since different presen- 
tations of a single object can display completely different 
views of the object, the set of changes relevant to each pre- 
sentation can be different. Thus, Changes is qualified with 
the P~ subscript to indicate that the Changes set can be 
specific to the type of object andthe presentation mapping. 

Let us return to the stack example. The set 
Changesps,o, ~ could be defined to contain two elements, 
push and pop. The behavior of Ustoc~(aStaek,pop) would 
be to erase the top of the stack, and the behavior of 
Ust~ck(aStaek, push) would be to query aStack for the top 
entry, and call the presentation mapping for the stack en- 
tries to display the entry. 

The following are other examples of the use of the 
Changes type and the U mapping: 
ChangcsT = (true) The presentation only wants to know 

whether an object has changed. The U mapping can 
bc defined to hLvoke the P mapping to regenerate the 
image from scratch. 

ChangesT : {begin_opi,end_opl ] opl E T} The presenta- 
tion cares about operations being invoked or ending. 
U can be defined to highlight a~t icon corresponding to 
the operation when it is invoked, and to un-highlight 
it when it ends. 

1987 

237 



CHI + GI 1987 
ChangesA...~ = {swap(to, f r om) ,  store . . . .  } 

When invoked with swap(to, from) as a parameter,  
U shows an animation of the corresponding elements 
of the array being swapped. When invoked with store 
the image of the corresponding element is updated. 

INFORMATION REQUIREMENT 5 Set of relevant changes. 

F i n a l  M o d e l  
The implementation of the U mappings require that  pre- 

sentation mappings save state. For example, Ust~.k needs to 
know the location of the images corresponding to the stack 
entries, their size, the format information used to create 
them, etc. Hence, instead of thinking about presentations 
a s  mappings it is better to think of them as objects. The 
state of presentation objects stores the information neces- 
sary to construct and update the connection between an 
object and an image. This is the information that  we de- 
scribed as information requirements. The operations of pre- 
sentation types are called to construct or update images. 
They correspond to the P and U mappings of the last def- 
inition. 

FINAL PRESENTATION DEFINITION The presentation of 
objects of type T is defined by a presentation type Tp. 

T h e  state of a presentation type can be modelled as if 
stored in four variables: 

Object A reference to the object presented. 
Image A reference to the part  of the image the 

presentation is responsible for. 
Format The formatting information used to 

display the object. The formatting infor- 
mation is initialized when the presenter 
type is created, and is used by the U map- 
ping to update the presentation.  

Local state Presentation specific state. For in- 
stance, presentations for structured ob- 
jects keep references to sub-presentations 
and a record of the way they are organized. 

Presentation types provide two opera¢ions: 
P Recreates the contents of the image from 

scratch. 
U Takes as paJ:ameter a specification of a 

change, and updates the state and the im- 
age to reflect the change. 

Also associated with the definition of Tp are the types 
FormatTr and Changesa,p as defined in presentation defini- 
tions 2 and 3. 

The presentation of an object is an instance of a pre- 
sentation type. Presentations are created by instantiating 
and initializing a suitable presentation type. Multiple pre- 
sentations of a single object are created by making multiple 
instances of, possibly different, presentation types.  

A nice property of modelling presentations as types is 
that  presentation instances are objects like any other ob- 
ject, and hence subject to be presented using presentation 
types. For instance, a presentation of a presentation p could 
display a menu with the format values to control p. Such 
a menu can be used to let the user dynamically select the 
format values: 

The following summary of the information requirements 
of presentation types shows that  only information require- 
ments 1 and 5 refer to information that  comes from the 
functionality. The other information comes either from the 
state of the presentation or is supplied as part  of the defini- 
tion of the presentation, and hence does not create depen- 
dencies between the functionality and presentation mod- 
ules. 

1. Oontents of the object presented. 
2. Style and format to control the presentation of the 

object. 
3. Portion of the complete image to create. 
4, Format and style for nested presentations (refinement 

of requirement 2). 
5. Set of relevant changes. 

I m p l e m e n t a t i o n  Techn iques  
In this part  of the paper we discuss techniques for im- 

plementing the communication between the functionality 
and the presentations of an application. We compare these 
techniques with respect to the amount of modulari ty they 
provide, and with respect to the restrictions they impose 
on the kind of information that  can be communicated. 

Acces s ing  I n f o r m a t l o n  to  C o n s t r u c t  P r e s e n t a t i o n s  
Techniques for accessing the information to be displayed 

can be divided into two classes: 
External The presentation type is implemented as a stand 

alone type, separate from the type of the object be- 
ing presented. Exaanples of systems that  use external 
representations are: Smalltalk [4], Scofield's UIMS [8] 
and MacApp [2]. 

Internal The presentation type i s part  of the type of the ob- 
ject being presented. Examples of systems that  use 
internal representations are: "tradit ionar '  program- 
mint  techniques, Wallis [14] and Descartes [10]. 

The difference between the two classes is that  internal im- 
plementations are part  of the implementation of the type of 
the object being presented, and hence have direct access to 
all the information about the object. External implemen- 
tations have to use the operations provided by the type to 
Access the information. 

G e n e r a l i t y  
Internal inlplementations are more general than exter- 

nal ones because types may not provide enough operations 
to access the information needed for display; they may only 
provide the operations that  define the abstraction embod- 
ied by the type. For instance, typical definitions of type 
Stack provide operations push, pop and is_empty, which 
are not appropriate to access all the entries in a stack. An 
iterator is needed to access all the stack entries without 
popping them. 

We don' t  view the requirement of extending types with 
operations to access information needed for display as a 
great disadvantage of external inlplementations. Such op- 
erations provide a clean interface for interacting with the 
information in the type instances. 

Rnntime overhead is not a good argument against ex- 
ternal representations either. All clients of a type pay the 
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same overhead when interacting with objects via the type 
operations. If the overhead is too large for display purposes 
then it is probably too large for the other uses of the object, 
and the given implementation of the type would be useless 
anyway. 

M o d u l a r i t y  
From the point of view of modularity external imple- 

mentations are better than internal ones. All the usual 
benefits of information hiding are valid here. The follow- 
ing are properties of external implementations that internal 
ones don't have (or have to a lesser degree): 

1. The implementations of the functionality types and 
the presentation types are hidden from each other. 
The dependency of the presentation on the function- 
ality is explicit, since it is defined by the set of oper- 
ations used to access the relevant information. 

2. It is possible to experiment with different presenta- 
tion types without having to change the code that 
implements the functionality. This is the most im- 
portant advantage from the point of view of easing 
the implementation of user interfaces. 

3. A single presentation type can be used with different 
implementations of a functionality type. 

4. Different implementation languages can be used for 
the implementations of the functionality and the pre- 
sentation types. For instance, the functionality can 
be implemented in Pascal or C, and the user inter- 
face, or part of it, can be specified with an interactive 
language like that of the Macintosh resource editor 
[1]. 

5. External hnplementations provide better support for 
sharing code among presentation types. The presen- 
tation types can be organized in a hierarchy [8] with- 
out forcing the functionality types to be in the same 
hierarchy 3. 

6. The state of the presentation is in a different object 
from the state of the functionality, and hence is more 
amenable to migration across machines. Thus, exter- 
nal implementations provide better support for archi- 
tectures in which the user interface and the function- 
ality of an application run on different workstations. 

7. Presentation types can be implemented in isolation, 
i.e., without being associated with any other type 
(e.g. a presentation type defining a map of the US). 
Such isolated presentation types can be customized to 
access the information to display from a large num- 
ber of unrelated types (e.g. the information to display 
about each state could come from any type that pro- 
vides operations to access information about states). 

8. Presentation types can have identical programming 
interfaces (i.e. operations with the same name). 
Thus, different presentation mappings can be at- 
tached to an object without the object knowing which 
mapping it is talking to. The different mappings can 
be tailored to different classes of users and to different 
output devices (even hardcopy and files). 

SThe advantage is not a~ strong if multiple inheritaame is provided. 
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I n t e r e s t i n g  C ha nge s  

In this section we discuss techniques for tying the U 
mappings with the functionality. The goal is to call the U 
mappings with the appropriate parameters when the rele- 
vant changes occur. 

Once again, we distinguish between two classes of im- 
plementation techniques: 
Announcement The functionality calls routines to an- 

nounce changes of interest to the presentation. We 
distinguish between two classes of announcements: 

Indirect The announcement is an element of the 
Changes type. A registry mechanism is used 
to bind the announcements to the U mappings. 
Examples of systems that use indirect announce- 
ments are: Balsa [3] which uses what its authors 
call interesting events, and Smalltalk [4] which 
uses what is called the changed: message. 

Direct Announcements are made by directly calling 
the U mapping with the relevant parameters. 
The built-in output facilities of most traditional 
programming languages use direct announce- 
ments: printf in C [5], format in Lisp [11], etc. 

Recognition Changes are recognized by the presentation 
types thbmselves. The idea is that the presentation 
types can watch the behavior of the functionality and 
recognize when a change of interest to them has oc- 
curred. Some techniques that can be used to recog- 
nize changes are: 

Active values When a value is made active any at- 
tempt to access or store it triggers the invocation 
of a routine (e.g. Descartes [10] and Loops [12]). 
The presentation recognizes changes by making 
the relevant objects active values 4. 

Daemons Daemons are defined by wrapping code 
around the type operations so that each time the 
operation is executed other routines are called, 
before and/or after (e.g. Flavors [6]). The pre- 
sentation recognizes changes by installing dae- 
mons on the operations that make the relevant 
changes. 
A technique similar to daemons is used in 
MacApp. Operations are invoked from com- 
mand objects, which are part of the user in- 
terface. The command object announces the 
changes done by the corresponding operation by 
calling a routine specifying the portions of the 
display that need to be updated s [2]. 

Generality 
Announcement is more general than recognition. Any 

change can be announced by inserting a call to a routine 
that makes the announcement in the right place in the func- 
tionality, and supplying it with the appropriate parameters. 

4The implementation of active values is technically an indirect an- 
nouncement. However, since they axe impl~ncnted at a very low level, 
programs don't need to invoke the announcements explicitly. 

50f course, these "daemons" won't be invoked if the operation is 
not called from a command object. Nevertheless, the method works 
well for the implementation of interactive applications. 

1987 
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Recognition techniques based on active values have the 

following shortcomings: 
• Active values can only recognize changes in the state 

of objects. However, in many cases the complete 
state of the routines is not represented as objects, 
and hence active values cannot recognize changes in 
it. For instance, active Values cannot typically recog- 
nize invocation and termination of operations. 

• With active values it is difficult to recognize changes 
at the right level of abstraction. The problem is sim- 
ilar to that  of trying to specify the presentation of 
a type based on the presentation of the type con- 
structors: active values recognize changes in the da ta  
structures that  inlplement the abstractions; they do 
not recognize changes from the point of view of the 
abstraction embodied .by the type. Consider again 
the implementation of Stack based on arrays. Up- 
dating the array cell containing the index of the top 
of the stack, and the cells containing the stack entries 
should not be considered separate changes. From the 
point of view of the stack abstraction they are both 
part  of a single change. 

Recognition techniques based on daemons have the fol- 
lowing shortcomings: 

• Changes that  occur during the execution of an opera- 
tion cannot be recognized. Operations are viewed as 
atomic (except if they call another operation). For 
instance, daemons do not provide adequate support 
for the implementation of progress reports [7]. 

• Detailed descriptions of changes cannot be recog- 
nized. With  daemons it is possible to recognize that  
an operation was invoked and that  it terminated, but 
it might not be possible to recognize what it did. For 
simple operations, the parameters with which an op- 
eration is called may be enough information about 
the change it will perform, but  that  is not always the 
e a s e .  

M o d u l a r i t y  
Announcements are not modular  because their imple- 

mentation require changing the functionality implemen- 
tation. Announcements have the following disadvantages 
with respect to recognition: 

1. It is necessary to find the appropriate places in 
the functionality implementation from where the an- 
nouncements should be made. This can lead to the 
common error of some routine changing a displayed 
object, but forgetting to call the relevant update rou- 
tine. 

2. If the functionality code is sprinkled with calls to pro- 
cedures to make announcements the same code can- 
not be used in contexts where the announcements are 
not necessary, or in contexts where different kinds of 
announcements are necessary. 

However, indirect announcements axe more modular  than 
direct. At least the identity of the U mapping is not wired 
down into the implementation of the functionality. 

F i n a l  Remarks 
According to our model and our analysis of implemen- 

tation techniques, presentations should be implemented us- 
ing external imylementations of the presentation types, 
and if possible changes should be implemented based on 
recognition. There are cases when indirect announcements 
are necessary (e.g. Balsa program animations), but  di- 
rect announcements and internal implementations should 
be avoided. 

Finally, a more detailed description of the model pre- 
sented here, a model of input and a description of a proto- 
type UIMS based on these models can be found in [13]. 
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