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Abstract

This paper describes Vista, a visual multiparadigm language integrated within a comfortable develop-
ment environment. Vista supports fundamental software engineering principles during programming
such as adequate notation, modularization, and weak coupling. Vista augments the object-oriented pro-
gramming paradigm by signal-flow and data-flow based programming. It provides capabilities for the
construction of event-driven and data-transformation systems. In constructing an application with Vista,
visual aswell astextual means can be used. Characteristic features of Vista are especially aimed at the
combination of high-level and easy-to-use building blocks that are hierarchically organized. We intro-
duce the notion of processors and networks and discuss how a remarkable degree of compositionality
and reuse can be achieved by their employment.

Keywords and Phrases: Vista, Software Engineering, VPL-1: Environments and Tools for VPLS, VPL-
11.A.8 Multiparadigm languages, VPL-11.A.9: Object oriented languages, VPL-I11.A: Abstraction

1 Introduction

Within the past few years visual programming (VP) has been increasingly attracting
attention, mainly because of its promise to make programming easier, thus allowing
not only computer experts but also novices to solve problems with the computer. This
revives the expectations of over 30 years ago, when programming languages such as
Cobol where supposed to make the programmer obsolete by providing a new natural
way for every English-speaking professional to communicate with data processing ma-
chines. In fact, programmers did not lose their jobs because of Cobol, and VP will also
not leave them unemployed.

However, the market has already discovered the fascination of VP, and various new
programming environments have been declared to be “visual”. A closer look at some
of those products (e.g., Visual C++, VisualWorks) shows that they typically consist of
browsers for manipulating text, combined with a GUI editor and a rudimentary appli-
cation skeleton generator. Although it may be right to call such environments visual,
that is not what we mean by VP. In our understanding, VP has to offer substantially
higher expressiveness than conventional textual programming by means of software
visualization and avisual programming language. Systems such asLabView [VW86],
PARTS [Digitalk 1992], Prograph [ Gunakara 1992] and Serius [Serius 1992] fall into
this category. (For definitions and taxonomies of VP see [Ambler and Jones 1989;



Chang 1990; Glinert 1992; Myers 1986; Shu 1988; Selker and Koved 1988; Price et
al. 1993].)

This paper describes Vista, a visual multiparadigm language integrated within a
comfortable development environment. In our opinion, Vista provides substantial ex-
pressiveness at the visual layer aswell as concepts necessary to build real applications.
Vistasupports fundamental software engineering principles during programming such
as adeguate notation, modularization, and weak coupling. Vista augments the object-
oriented programming paradigm by signal-flow and data-flow based programming. It
provides capabilities for the construction of event-driven and data-transformation sys-
tems. Characteristic features of Vistaare especially aimed at the combination of high-
level and easy-to-use building blocks that are hierarchically organized. In constructing
an application with Vista, visual aswell astextua means can be used.

1.1 Visual Programming and Software Engineering

VP superbly addresses two key issues of software engineering: mastering complexity
and increasing productivity. Complexity can be reduced by offering concepts which
raise the abstraction to the visual level. Such high level abstractions reveal semantic
relationships among program entities that otherwise would remain hidden. Productiv-
ity can be improved by what Shneiderman [ Shneiderman 1983] calls the central fea
tures that produce enthusiasm in using interactive systems. “visibility of the object of
interest; rapid, reversible, incremental actions; and replacement of complex command
language syntax by direct manipulation of the object of interest”.

With regard to abstraction, building blocks like classes and modules have proven
their worth. Well specified, tested components are a prerequisite when manufacturing
high-quality applications. But in spite of thisindisputablefact, it isamisleading notion
that software systems might be built almost solely by assembling building blocks. Cap-
tivating, simplistic pictures like Figure 1 are intended to convince the observer how
easy programming could be if only the right visualization and assembly tools were
available for powerful building blocks. (It is sometimes argued that graphical user in-
terface editors, which are supposed to be usable by nonprogrammers, follow asimilar
approach. What usually remains concealed is that problems arise as soon as a nonpro-
grammer has to bring the user interface to life.)

Programming based solely on assembling building blocks is relevant only if static
structures with fixed operations are the foundation of the system under construction.
Thisisrarely true and should be called configuration, not programming. Software en-
gineers design reactive systems where components are created, changed and destroyed
at run time. The specification and implementation of the behavior of such dynamic sys-
tems is a difficult task that cannot be handled by merely plugging components to-
gether, but requires the definition of the right control structures. Even application

Text editor

Mail tool

Figure 1. A naive approach; Plugging atext editor
into amail tool.
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frameworks [Pirklbauer et al. 1992; Weinand et al. 1989] or design patterns [Gamma
1992] do not make control structures obsolete.

Object-oriented programming (OOP) as the state of the art in software engineering
provides good concepts to write high-quality programs. Nevertheless, thereisalack of
concepts and tools that help the programmer to cope with the complexity of OOP. A
few exceptions exist, e.g., the object-oriented VP environment Prograph [Gunakara
1992, Cox and Pietrzykowski 1988], which represents an exemplary step toward pro-
moting OOP by visual means. Prograph is a complete software development tool set
based on a visua data-flow language. Though the data-flow paradigm is well suited
for transformational systems and a very natural base for VP (by means of lines and
boxes), it is not appropriate when designing reactive systems. The modeling process
of reactive systems has to cover complex sequences of events, actions, time con-
straints, etc. which lead to systems with interactive behavior. By contrast, transforma-
tional systems convert data by applying functions without the notion of state or time.
Although there exist extensionsto the pure data-flow model for handling control flow,
synchronization or state (e.g., Prograph includes case windows, synchro links, and ob-
ject attributes), modeling systems solely based on the data-flow paradigmisnot always
suitable. Such inappropriateness of the modeling language induces what we call a se-
mantic break.

Our effortsfocus on how to enrich OOP by means of avisual model without causing
asemantic break. In this context we think that it isimportant to support more than one
paradigm. Because we know the potency of OOP, the strength of control-flow pro-
gramming, aswell asthe declarative power of data-flow programming, we want to har-
moniously integrate them all under a visual layer. Moreover, we are convinced that
constructing nontrivial, high quality software requires special knowledge and skills.
VP supports, but cannot replace, these human dimensions. Therefore we concentrate
our research on how VP techniques can aid software engineers, rather than on the em-
powerment of lay persons.

2 Vista—a Visual Software Technique Approach

It is our firm conviction that the design of a feasible VP environment should rely on
well-founded software engineering concepts and programming paradigms. Unfortu-
nately, too few publicationson VP have yet dealt with software engineering principles.
The assumption that pictures are natural, so VP is good per se, may be one reason for
the lack of research. We are convinced that practical software projects require the ap-
plication of principles like information hiding and weak coupling for VP as much as
for any other programming paradigm; thus strong efforts should be made to incorpo-
rate them into VP.

Our approach for a VP environment is to join object-oriented programming based
on Objectworks\Smalltalk [ParcPlace 1992a] and programming with signal flow and
dataflow. We call the model and its programming environment Vista. The name Vista
is an acronym for “VIsual Software Technique Approach”, with equal emphasis on
“visual” and “software technique’. The model together with the environment

. provides avisual language for defining signal and data networks

. supports the visual design of encapsulated and weakly coupled compo-
nents

. offersfull access to the Smalltalk class library

Draft. Do not distribute without permission.



. supports visual interaction by direct manipulation of components
. avoids visual overload by permitting text input whenever useful

Vista promotes evolutionary prototypical development of object-oriented software
systems but does not support the whole software life cycle. It is intended to be used
during the design and implementation steps. We tried to rigorously obey software en-
gineering principles for the conception of the model as well asfor the implementation
of the environment.

In the following weintroduce Vista' s programming model and explain how this ad-
heres to the basic requirements for the construction of quality software. We do not de-
scribe the visual language formally, because in our opinion that is of less value in a
truly visual environment such as Vista, where a distinction between the language and
the environment issomewheat artificial. Instead, we give acomplete examplein Section
4, showing how athermo-alarm system can be build with Vista.

2.1 TheProgramming Model

Entities called processor s constitute the central computational components of the Vista
programming model. Processors are high-level objects constructed by visual and/or
textual means. Textually defined processors (simple processors) are programmed in
Smalltalk; they establish the set of Vista primitives. Visually constructed processors
(compound processors) are implemented by direct manipulation of visible objects;
they make up the programmer-defined library of building blocks.

On the programming surface, visual and tangible representations of processors are
exposed and various access is granted by Vista depending on the intended manipula-
tion: if aprocessor isto be redesigned, the programmer has full accessto all aspects of
its structure and behavior; if a processor isto be used for construction of another pro-
cessor, only an external (black box) view of the used processor is given. Interaction be-
tween processors is carried out via messages and tokens. As usual in Smalltalk,
messages sent to processors (synchronously) activate methods and return values.

An additional communication mechanism is provided by token passing, for which
processors have input ports and output portsto receive and send tokens. Processors are
visually linked by these ports with connections. A collection of interconnected proces-
sorsiscalled anetwork. In the following we discuss each of these componentsin more
detail.

2.1.1 Processors

Processors are objects with distinguishing structure and communication facilities. Be-
fore explaining the internal structure of a processor, we discuss how processors com-
municate. This should help to understand what makes them unique compared to
ordinary objects.

A processor’ s operations are usually triggered by tokens. Generally a processor re-
ceives tokens at input ports, performs operations bound to these ports, and can emit
new tokens via output ports. Emitted tokens are passed over connections to other pro-
cessors. A token may carry event information (signal token) or data objects (data
token). Each transported item is stored in aslot from whereit can be retrieved by those
components to which the token is passed.

Before a token is handed over to a processor, it is checked by the receiving input
port. If the input port awaits event information or data objects, it searchesfor the items
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at the expected dots. If items of the right type are found, no further setup actions are
performed; if no suitable data is detected, the port substitutes default values for items
with illegal types. The programmer may override the port’s default values with an ex-
pression. This can be either asimple literal or a sequence of statements.

The fallback scheme for data acquisition (1. token-defined, 2. user-defined, 3. de-
fault) greatly contributes to the flexibility of Vista. Due to this modus operandi, arbi-
trary processors can be connected. An output port is not required to deliver a token
satisfying the expectations of the connected input ports as long as either the pro-
grammer supplies meaningful data or a suitable default value isavailable. Thisfeature
stresses the special communication mechanism of processors in contrast to common
message passing, where the sending object has to know about the services offered by
the receiver.

Beyond their specia interaction, processors have a distinctive makeup, too. This
arise from the hybrid nature of Vista, which integrates a conventual class-based pro-
gramming system with the interactive manipulation of visibleand “living” objects. On
the one hand processors are objects in the sense of prototypes, with behavior modifi-
able on a per object basis. This is true for compound processors, which themselves
contain networks (behavior). On the other hand processors share characteristics with
objects of class-based, object-oriented |anguages which behave as defined by the class
they belong to. This appliesto the method interface of both compound and simple pro-
cessors. The same ambiguity concerning where behavior is defined applies for a pro-
cessor’s structure, too. Simple processors are objects with instance variables defined
by their class. Compound processors consist of inner processors which principally can
be added to and removed from each individual processor.

No principle distinction exists between typical objects and processors regarding en-
capsulation. A processor isdivided into an interface part which is accessible from out-
side and an interior part which can only be accessed by the processor itself. Figure 2
showsthe overall architecture of aprocessor with itsinterface (ports and dashed boxes)
and interior (anything else).

The interface of a processor consists of input and output ports as well as public
methods and public processors. Access to a processor is provided only viathis inter-
face.l Public processors are designated to be replaced by other processors having the
same interface. One can image the substitution of public processors like the exchange
of a chip on adigital board with a newer, better, or otherwise more suitable version.
Thisfeatureis extremely important asit allows the construction of frameworks as well
as convenient customizing (see al'so Section 3.2.2, “ Substitution”).

The interior appearance of a processor depends on whether it is ssmple or com-
pound. The interior of simple processors consists of instance variables and methods,
just as with any classin Smalltalk. This need not be discussed further. Of greater in-
terest are compound processors. Such visually defined processors encapsul ate private
processors (simple or compound), methods, and networks.

Private processors represent the constituent components of a compound processor
and therefore conform to the is-part-of relationship of objects. Installing them inside a
processor also manifests this relationship topologically. Private processors may be
considered asinternal devices used to perform the enclosing processor’ stask. To hold

L1t should be noted that the privacy of processors can be violated by low-level programming. Since we
did not make any changes to the Smalltalk language, which protects only instance variables from pub-
lic access, the notion of privacy is not recognized by the compiler. For instance, although hidden by
browsers of Vista, private methods are still accessible from Smalltalk code.
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atomic attributes such as characters, numbers and color values, private processors have
to be used, too. Thereis no other construct besides processors for this purpose.

Processors are part of inheritance hierarchies. When defining a new kind of com-
pound processor, the programmer has to subclass the general classwhichisthe root of
all compound processors. The new subclass provides an empty template for the proto-
typical instance to be defined in the sequel. Further manipulations (adding new ports,
defining networks, etc.) only affect the prototypical processor but not the class. An ex-
ception is the definition of methods; they are installed directly in the class. After
having finished the prototypical processor, the programmer generates the complete
class definition from it. Thereby the processor becomes part of the library of reusable
components. The same procedure may applied in order to subclass already existing
processors. So specialized subprocessors inherit the properties of their ancestors and
represent extensions or adaptations of them as needed.

2.1.2 Methods and Networks

Methods and networks define the behavior of processors. Methods are written in ordi-
nary Smalltalk code by means of text editors, whereas networks are graphically com-
posed in two-dimensional diagrams. As methods in Vista are the same as those of
Smalltalk, we do not explain them further but rather focus on the notion of networks.
Networks are ensembles of linked processors or other networks. Vistaprovidesonly
networks for joining components. Like processors, networks have portsto receive and
send tokens. The ports of a network are collected by terminals (input and output bars)

a b
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Figure 2. The principle structure of a processor
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which constitute the interface of the network. The interior consists of interconnected
processors and other networks, which are either locally defined objects or references
to objects defined elsewhere (aliases). Local processors and networks are internal to
the enclosing network, just like a method’s local variables. All components of net-
works have unique names which are used when sending messages to these compo-
nents.

The presence of processorsinside anetwork constitutes an important difference be-
tween networks and methods. Methods represent code. When a method is called, its
parameters and local variables are pushed on to the execution stack and removed from
therewhen control returnsto the caller. Networks represent interconnected objects, not
code. When a token arrives at an input port, these objects are already alive. The se-
guence by which objects gain control is defined by the way the token moves through
the network. When the token eventually leaves the network at an output port, the net-
work’s objects remain alive, ready to process the next token.

We distinguish two categories of networks which provide connection pointsfor the
enclosing processor’ s ports and a means of network sharing, respectively:

. X-networks link the interior of aprocessor with itsexterior. They either in-
terconnect the processor’s input ports and output ports or join internally
known entities (sources of control) with the processor’ s output ports. Ter-
minals of X-networks are dashed.

. I-networks are internal to the enclosing processor or network. They can be
used within other networks similar to subroutines. Terminals of I-networks
are solid.

The distinction between these two sorts of networks is especially important regarding
execution. Each processor may contain the source of a control flow. Via X-networks
control stemming for an internal source can be passed on to connected processors via
atoken. Thus an output port of an X-network may trigger without the preceding acti-
vation of an input port. For the purpose of network sharing it is not desirable to have
sources of control flow inside a dynamically invoked network. The input/output cau-
sality would be violated which saysthat every outgoing token must first fed into a net-
work. For this reason we introduced I-networks which ensure exactly this behavior.

To keep the model ssimple, Vista currently supports only synchronous forwarding
of tokens. If an output port is connected to more than one input port, tokens are trans-
mitted with adepth-first strategy; i.e., atoken is passed down along the chain of linked
processors rooted at the first connection before the second connection isused. Usually
the ordering of connectionsis defined by the sequence in which the programmer draws
them. Explicitly assigned priorities may alter the default order.

2.1.3 Aliases

InVista, aprogramming entity isusually defined at the location whereitisseen. A pro-
grammer looking at an object sees the origina. However, sometimes we need to use
the same object severa times in distinct places. Evident examples include processors
shared among different networks or networks used like subroutines within other net-
works. For these cases Vista provides special components called aliases.

Aliases are surrogates of processors or networks. A token passed to an aliasis for-
warded to the original, and tokens emitted by the original are sent toitsaliases. Aliases
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can only reference objects of the same or an outer scope. Thisrule avoids obscure cross
references and enforces proper structuring. Aliases are tightly bound to their originals.
Manipulations on the interface of the original object are immediately reflected in its
aliases. Deleting the original object removes all its aliases, too.

2.2 Construction of Reactive and Transformational Systems

In the previous section we explained the basic entities of Vista's programming model
at arather abstract level. For amore detailed discussion we now introduce three kinds
of processors, namely signal, data and coupler processors. All these processors handle
signal or data tokens, which pass control or data from one processor to the next.

By making adistinction between signal and data processing, Vista provides thought
models for the construction of reactive (event-driven) as well as for transformational
(data-converting) systems, depending on what is more appropriate for the system
under development. Coupler processors combine these two kinds of systemsexplicitly.
Thisiscloseto reality, where reactive and transformational systems can often be iden-
tified as subsystems of larger systems. They do not exist independently but are coupled
at particular points. A radio, e.g., includes the transformational subsystems receiver
and amplifier, which make sound out of radio waves; the controlsthat switch the chan-
nels may be regarded as areactive subsystem since they react to the station selected by
the listener. A coupling point might be the electronic circuit which turns the channel
selection signal from the controls into a new frequency of the receiver’s quartz. Shell
languages of UNIX systems which integrate control and data-flow constructsin are-
ally elegant way (ignoring the drawbacks of cryptic textual languages) have also in-
spired the idea behind the multiparadigm programming aspects of Vista.

Reactive systems are preeminent in Vista, while transformational systems are con-
sidered to be part of them. We made this decision because we assumethat in most cases
looking on the problem domain from areactive point of view leads to a better model.
In our opinion this is apparent when applying object-oriented design methods. We
prefer to view an object as a mini-system with an internal state defined by itsinstance
variables and messages to this object as signals or events which change the state seems
to be quite right.t

2.2.1 Reactive Systems

A reactive system is an event-driven ensemble of cooperating components which re-
spond to a stream of internal and external stimuli. Depending on certain conditions,
these stimuli trigger actions which in turn produce cascades of new events. Examples
include traffic control systems, computer networks, operating systems and interactive
graphical user interfaces of many kinds of modern software. Harel et a. [Harel et al.
1990] state, “Common to al of these is the notion of reactive behavior, whereby the
system is not adequately described by a simple relationship that specifies outputs as a
function of inputs, but, rather, requires relating outputs to inputs through their allowed
combinations in time. Typically, such descriptions involve complex sequences of

L \We recognize the controversy of such statements. Proponents of data-flow languages might argue that
exactly the opposite approach yields more natural models. Maybe thisis aphilosophical question only;
however, we adhere to the notion of messages sent to objects instead of objects being piped through
operations (in most cases).
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events, actions, conditionsand information flow, often with explicit timing constraints,
that combine to form the system’ s overall behavior.”

A lot of effort has been invested in devel oping methods and toolsfor specifying, de-
signing and implementing such systems, among them module-oriented development
environments [Harel et al. 1990] as well as object-oriented approaches [Shlaer and
Mellor 1992; Jacobson et al. 1992]. On the one hand, a particular method for the spec-
ification and design of reactive systems should alow a very natural mapping of the
problem domain to the computer model and implementation; on the other hand, formal
means should be used to achieve secured statements about the system’ s conformance
with the requirements and the expected behavior over time.

Vista does not compete with such complex and comprehensive methods and cer-
tainly is not intended to cope with real-time embedded systems. Formal methods and
explicit modeling of concurrency or distribution were beyond the project’s present
scope (but see Section 5, “Further Work™). Instead, we designed an environment for
the quick assembly of limited reactive software systems by means of encapsulated
components. Examples of such components embrace boolean switches, number calcu-
lators, alarm clocks, document processors, e-mail servers and operating-system com-
ponents. We call these building blocks signal processors, which, as the name suggest,
are intended to react to events, called signalsin our terminology.

Sgnal processors

Signal processors send signal tokens whenever a certain task has been completed or
their state changesin away that may be interesting to the environment. We distinguish
active and passive signal processors. Active processors emit signals asynchronously at
arbitrary times. Passive processors produce signal tokens only when they receive a
message or asignal token from another processor. All activitieswhich aretriggered by
the flow of signal tokens form a process. The source of a process is always an active
signal processor or an external entity like the operating system. Multiple signal flows
may be active at the same time; thus processes conceptually execute in parallel. This
statement isimportant when considering networks, asit saysthat more than one signal
token might be on its way through a particular network simultaneously.

2.2.2 Transformational Systems

We outline a transformational system as a data-converting ensemble of components
that either generates or transforms data [Harel 1987]. The computational process usu-
ally does not depend on particular conditions but only on the available data flowing
through the system on predefined paths. Thusthe relationship of input to output of such
asystem is afunction with no side effects.

As with reactive systems, we do not claim that Vista's model for transformational
systems comprises all aspects of data processing systems. Our model supports pure
data-flow semantics with no additional control-flow structures, sequential execution
constructs, or whatever augmentations else. These features are covered by the reactive
model and thus have been left out of the transformational one. Exampleswhere the ap-
plication of Vista s data-flow model seemsto bewell suited are non interactive, batch-
oriented problems like data filtering, image processing and format conversion.
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Data processors

Data processors form the basis of Vista' s transformational model. In contrast to signal
processors, data processors do not inform their environment about state changes, but
transform input data via internal machinery to output data—a style of computation
well known from many data-flow languages. A data processor can execute only if all
required data has arrived, i.e., if all its ports hold a token. When this condition is true,
the processor performs its sole data conversion operation. This behavior isfundamen-
tally different from that of signal processors, where ports are mutually independent and
trigger different actions when different signals arrive.

Unlike signal processors, data processors are always passive; i.e., they perform op-
erations only if new datacomesin. That is due to the execution model which is solely
based on step-by-step forwarding of datatokens. Active sources of datahaveto besim-
ulated by asynchronously triggered signal/data couplers.

2.2.3 Combining Reactive and Transformational Systems

A network may contain an arbitrary mix of signal and data subnetworks. Coupler pro-
cessorsare the designated link pointsfor thejoining of signal and data networks. With-
in Vista two types of coupler processors exist: signal/data couplers are triggered by
signals and produce data, whereas data/signal couplers collect data and send out sig-
nals.

Figure 3 shows examples of signal, dataand coupler processors aswell as diagrams
of signal and data networks. The left diagram shows a signal network consisting of a
timer and a speaker. When a signal arrives at port testAlarm, first the speaker is
switched on (connection 1) and second the timer is requested to count down for 10 sec-
onds (connection 2). When the timer expires, it emits asignal at port expired, which
switches off the speaker.

Theright diagram depicts a data network which performs the task of afile chooser.
If a user changes the file name pattern in order to get a new filtered list of directory
entries, the port fileNameChanged: is triggered. The given pattern is then fed into the
network, piped through the signal/data coupler fileName (which extracts the signals
token’sitem at slot 1), and passed on to the left port of the data processor matchPat-
terninList. This processor checks each element of the list at its right port against the
pattern and produces afiltered list of all matching entries. The filtered list is given to
the data/signal coupler newFileList, which makes a signal token out of it. When in-
voking file chooser for the first time, signals both on ports fileNameChanged: and
dirNameChanged: are required before matchPatterninList can start processing. Later
on, each signal token produces a new filtered directory list as old data is remembered
by ports of data processors.
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3  Software Engineering I ssues

In order to give the programmer the ability to build high-quality software, Vista's con-
cepts are based on a number of fundamental principles of software engineering. Par-
ticular determining factors in the design of Vista were the support of:

. mastery of complexity by adequate notation and modularization
. reuse of components by abstraction and weak coupling
. safety in programming by analysis of type information

In the following we give a short overview of the mapping of these principles onto Vis-
ta’ s concepts.

3.1 Adequate Notation

To enhance the comprehension of acomplex software system, the right representation
of both the system’s structure and the execution process is of central importance. Ide-
ally there should be the possibility to look at the system from different points of view;
for an outline of the overall design, a coarse-grained view would be quite suitable,
whereas detailed insights have to be provided to focus on a single component with all
its relationships.

It is not always easy to find the right visualization because different views require
different notations. As experience with visual programming has shown, the role of
graphics should not be overrated in the search for the right representation. Early ap-
proaches in visual programming which totally banned text are considered to have
failed because pure pictorial representations lack abstracting power. If the depicted
system isnot absolutely trivia, it isinevitable that important aspectswill remain in the
dark; these eventually have to be unveiled by textual means. We are convinced that
pictures alone are insufficient to promote understanding of even amoderately complex
system.

In Vistathe same rank is assigned to graphics and text. Graphicsisused for the rep-
resentation of directly manipulated objects, for overview representations, and for the
definition of high-level operations. Text isused for naming objects, for comments, and
for writing algorithms.,

Objects are depicted either asicons or in an expanded form. Icons show only atyp-
ical picture aong with the object’s name, whereas the expanded representation ex-
poses al accessible properties. Those objects congtituting the Vista programming
model can be annotated. Annotations have two parts: abrief textual comment and ahy-
pertext document. The hypertext document is a standardized form which contains the
specification of the object including examples of how to use it, a dynamically created
catalog of current instances with the ability to inspect them, cross-references to other
documents, etc.

Lines characterize various kinds of relationships among objects, e.g., hierarchical
organization or communication channels. Currently spatial relationships are not used
to convey semantics. Thusit is not important whether an object is near another object
or if two icons overlap.

Colors and grays display the state of objects (executing = green, blocked = red, dis-
abled = gray). Shadows of different brightness indicate whether an object is the orig-
inal one (dark shadow) or an aias (light shadow).
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Objects are usually kept in lists and registers. From there, objects can be dragged
with the mouse to destinations where they are needed. All visible objects are alive and
offer amenu containing generic commands such as browse, edit, inspect and annotate,
along with special operations depending on the current context.

Asaconcluding remark on the issue of adequate notation, we once again outline the
role of graphics vs. text: although Vista's visual programming language is computa-
tionally complete (offering sequential execution, conditional branching, and recur-
sion), it is not intended to be used for writing algorithms. Despite the fact that one
could define the faculty function or sorting procedures by interconnecting processors,
nobody should do so. Such algorithms can usually be found in the Smalltalk library; if
nothing from there seems to be suitable, the programmer should write an ordinary
Smalltalk method to obtain what is needed.

The visual capabilities of Vistawere designed with the task of system construction
inmind. Asarule of thumb, Vista' svisual programming capabilities are perfectly suit-
able if the collaboration of processors has to be specified; e.g., if the sum of an array
of integers is to be the result of processor collaboration, the statement sum := array
inject: Ointo: [ :s:i | s+ i] will dothejob better.

3.2 Abstraction

It seemsto be a contraction to try to incorporate abstraction into avisual programming
environment which draws its power from the objective to make all objects visible and
concrete. Distinguishing between representation of abstraction and abstraction of con-
cepts resolves this discrepancy. Vista supports three kinds of abstraction:

. separation of interface and implementation
. substitution of processors
. inheritance hierarchies

In the following we will explain each of these in more detail.

3.2.1 Separation of interface and implementation

When designing a software component, one has to decide, among other things, what
the functional level of the component should be, how much flexibility should be built-
in, and how the particular component is to communicate with other components. On
the last point, the only way communication within amodular system can take placeis
viatheinterfaces of its components. The consequence of thisisthat using acomponent
requires only knowledge about the specification of the interface; the component’sin-
ternal structure does not matter or even need not be available when referencing the in-
terface. This fundamental principleis called information hiding.

Vista strictly separates interface and interior at the visual layer. As soon as the in-
terfaceis defined, its associated component is virtually available: the programmer can
seeit, touch it, drag it out of the component catalog, and drop it onto the programming
area. Of course, nothing will happen if performance of an operation is requested from
acomponent which isnot yet implemented, but all communication connections can al-
ready be established. When the implementation eventually become available, things
start working automatically. This supports the top-down approach of system decom-
position and fits into what Richard P. Gabriel [Gabriel 1993] means by abstraction in
programming: “An abstraction facilitates separation of concerns: The implementor of
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an abstraction can ignore the exact uses or instances of the abstraction, and the user of
the abstraction can forget the details of the implementation of the abstraction, so long
as the implementation fulfilsits intention or specification.”

3.2.2 Substitution

Regarding functionality and flexibility, thereis a strong correlation between the capa-
bilities of acomponent and its range of applicationsin different contexts. In general it
can be said that increasing functionality decreases flexibility. That is because a high-
level component depends on other high-level components and a number of base mod-
ules, with the connections among them mostly hard-wired. Substitution, which also
may be called configuration or customizing, can help to overcome this dilemma.

By substitution in the context of Vista, we mean that parts of a processor may be
replaced with parts having a compatible interface. It isimportant to note that some or
all of the parts being anticipated for exchange may offer unimplemented operationsin
their interface. Such parts must be replaced in order to make the containing processor
fully functional.

Partsintended for exchange are called public processors astheir replacement is per-
formed from the outside. They should not be confused with parameters of methods as
they are more than just an object; they are full-fledged processors. Being processors,
they have the ability to directly control the flow of tokens inside the processor which
they are parts of. Controlling the receiver is not possible for ordinary objects passed to
methods as parameters.

Substitution can take place either statically or dynamically. Static substitution hap-
pens when a programmer uses a processor in a particular context and customizes this
processor in order to achieve the desired behavior. For this purpose one or more of the
processor’ s public processors are superseded. The static replacement of public proces-
sors resembles the exchange of chips on adigital board. Dynamic substitution is pos-
sible, too. Here a message is sent to the processor whose public processor is to be
exchanged. The name of the message isthe same asthat of the processor to be replaced
and the message’ s sole parameter is the substitute (see al'so Figure 7)

Because public processors can be replaced by all compatible processors and not
only by those of exactly the same type, substitution allows higher abstractions than the
simple separation of interface and implementation. Substitution abstracts from the im-
plementation of a group of classes of objects, whereas the separation of interface and
implementation hides only the implementation aspects of a single class.

3.2.3 Inheritance hierarchies

Vistaisatrue object-oriented programming environment; it offersall common features
of object-oriented programming languages like inheritance, polymorphism and dy-
namic binding. We presume that the reader isfamiliar with this basic concepts of OOP
and therefore omit a broader discussion of these terms. Furthermore, we concentrate
on Vista's inheritance mechanism, since polymorphism and dynamic binding are es-
sentially a side effect of Vista's Smalltalk-based implementation.

In object-oriented languages like Smalltalk, classes are organized in an inheritance
hierarchy. A subclass inherits attributes (instance variables) and methods from its su-
perclass. Processors of Vista are also organized in such ahierarchy. Actually thisisa
subtree of the Smalltalk classtreerooted at the abstract class CompoundProcessor (for
visually defined processors). Inheritance of a processor involves al its properties,
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namely public and private processors, public and private methods, ports and networks.
For all these properties with the exception of networks, Vista does not care about in-
heritance but relies on the standard mechanism of Smalltalk. Networks are treated spe-
cially because they implement instance-based behavior (in contrast to methods, which
are classed based). Hence we wrote our own dynamic binding mechanism, which finds
the appropriate network when atoken arrives at an input port.

Inheritance provides an excellent means for abstraction. It permits the implementa-
tion of abstract processorsthat are semifinished components. An abstract processor de-
fines a general interface of its subprocessors and factors out common behavior into
nonempty networks and methods. Empty networks and methods are placeholders for
unique behavior and have to be overridden in subprocessors in order to make them us-
able.

Inheritance together with substitution provide an excellent means to build object-
oriented frameworks. Thisisa superior technique that codes common patterns of acer-
tain problem domain into highly reusable abstractions [Stritzinger 1991]. Vista's sup-
port for the construction of frameworks is perhaps its greatest strength besides the
visual facilities.

3.3 Weakest Coupling

Bertrand Meyer [Meyer 1988] defines the weak coupling or small interfaces principle
asfollows: “If any of two modules communicate at all, they should exchange as little
information as possible.”

He justifies this principle in particular by the criterion of continuity and protection,
which demandsthat changing asmall part of amodul€’ sinterface should result inlittle
modification of other parts of the system. But that is not the only advantage. Weak cou-
pling also ensures the composability of software components, because asmall commu-
nication channel increases the probability of finding components that are able to
participate in communication. An example is the toolbox of UNIX commands. A lot
of UNIX commands can work on astream of bytes; they read bytesfrom adefault input
channel, process them, and write them to a default output channel. These channels
form a very narrow interface. Consequently UNIX commands adhering to this stan-
dard can be combined in thousands of ways.

The UNIX toolbox example shows that there is something beyond weak coupling,
which we call weakest coupling. Using the terminology of Vista, we outline the
weakest coupling principle asfollows: “For asignal processor to inform any other pro-
cessors about anything, it should not address these processors explicitly but broadcast
asignal together with a minimum amount of related data’.

With this principle we expect to obtain maximum composability even for building
blocks that were never planned to work together. There is a good chance that unfore-
seen combinations of building blocks are possible if 1) data received or transmitted is
simple and 2) sender or receiver of information need not be known in order to process
data.

The elegance of data-flow languages is founded on point two of this observation.
Theimplementor of afunctional block for adata-flow language hasto think only about
the input/output channels, whereas the user of such blocks may combine them in arbi-
trary ways, provided that data types match.

It was an incentive for us to apply the principle of weakest coupling for an object-
oriented visual language that encourages the combination of high-level building blocks
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instead of focusing on algorithmic aspects. The search for an appropriate construct
eventually led to Vista' ssignal processor, an object that mainly communicateswith the
environment through signal tokens instead of sending and receiving messages (see
Section 2.2.1, “Reactive Systems”).

Observance of weakest coupling leads to one-way communication relationships
where the sending processor need not care about the receiver and the receiver may
react to the signal without being aware of where it comes from. Vistais not the origi-
nator of such interobject communication. The change-and-update mechanism of
Smalltalk [Goldberg and Robson 1983] is based on a similar concept. One difference
between Smalltalk’s mechanism and Vista's signal metaphor is that the change-and-
update mechanism isused for certain design patterns only, e.g., within the MV C archi-
tecture, whereas in Vista one would not program without signals. Another difference
is that change-and-update relationships are invisible, whereas in Vista signal connec-
tions are concrete and visible objects.

We cannot predict how much productivity can be increased using weakest compo-
nent coupling or what the penalty will be in terms of performance or efficient use of
resources. Empirical resultswill emerge over time and with the construction of larger,
nontrivial software.

3.4 Analysisof TypeInformation

Preferencesfor static or dynamic typing fuel anever ending dispute among committed
proponents of the respective points of view. In object-oriented languages like C++ and
Eiffel [Ellisand Stroustrup 1990; Meyer 1988], the compiler can detect whether ames-
sage sent to an object isrecognized by thisobject (i.e., if the object isof theright type),
whereas in languages like Smalltalk and Self [Ungar and Smith 1987] this can be de-
termined only at run time.

Both kinds of type checking have their advantages and disadvantages. Dynamic
type checking offersamaximum of flexibility and simple declaration of variables, with
the drawback of some uncertainty, unreadability and inefficiency of programs. Static
type checking restricts polymorphism and may force the programmer to perform ob-
scure type casts. Nevertheless, static typing supports documentation and maintenance,
offers safety guarantees, and contributes to efficiency of message passing.

Vista follows a best-effort strategy with regard to type checking according to the
motto: “Never let the user provide information the system already knows.” It uses all
availableinformation to detect and prevent actions which would obviously lead to type
incompatibilities, but does not guarantee that every operation specified is type clean.
The advantages of static type checking are reflected in Vistaas follows.

. Readability. Since every object of Vista's programming model is visible
and alive, the programmer can always recognize the type of a certain object
by either looking at its representation (layout, icon, ...) or by inspection.

. Efficiency. Message passing in Vistais done exclusively by the underly-
ing, dynamically typed Smalltak system. Here efficiency is not im-
proved.

. Safety. Actions by the programmer concerning substitution of public pro-
cessors with other processors are type safe. When such an operation takes
place, Vistaautomatically checks whether the surrogate processor is com-
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patible with the public processor. If thisis true, the substitution is carried
out; otherwise an error message is reported.

Although Vista's support of type checking is more ad hoc than rigorous, it helps the
programmer to avoid unintentional errors without any modification of the Smalltalk
language.

4 A Complete Example

Explaining and understanding visual programming without pictures is amost impos-
sible. In this section we give acompl ete exampl e of asimple application built with Vis-
ta. Wewant to demonstrate how the various conceptsfit together at the visual layer and
reveal how Vista cooperates with athird-party user interface builder.

41 Task

A thermo-alarm processor (TA) is to be built that receives temperature values, com-
pares them with a given lower and upper limit and triggers an alarm device if the tem-
perature is out of range. The limits specifying the temperature range can be changed.
TA isto maintain the constraint that the lower limit never goes beyond upper limit. The
alarm device hasto be substitutable. TA triggers whenever the temperature goes out of
range and when temperature is normal again. The left side of Figure 4 shows TA’sin-
terface with public processors max, min and alarmDev for upper and lower limit, and
the alarm device. Below this picture TA’ s iconic representation is shown.

For testing purposes we need a user interface that looks like the prototype at the
right side of Figure 4. The diders Temp, High and Low modify the corresponding
valuesthe TA should watch. Temperature values are displayed numerically below the
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Figure 4. Thermo-alarm processor (left) and user interface prototype (right)
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dliders (in degrees Celsius and Fahrenheit). The arealabeled Alarmisacolored region
that is green if the temperature is within the limits, else blinking red. Thisregionisin-
dependent of the exchangeable alarm device, which actually is an invisible speaker.

4.2 Buildingthe User Interface

Vista does not provide a user interface builder itself. We use VisualWorks [ParcPlace
1992b] for building user interfaces of Vistaprograms. VisualWorksis built on Object-
works\Smalltalk. It provides an integrated environment for operating system indepen-
dent application development. A VisuaWorks application consists of

. auser interface built with a set of common widgets like windows, sliders,
push buttons and list panes

. an application model, which coordinates the effect of user input and links
the user interface to the underlying domain model

. adomain model, which defines the essentia structure and behavior of the
application (in our case, thisisthe TA processor)

Figure 5 shows this layered architecture applied to our thermo-alarm system. The ap-
plication moded is between the user interface on top and the domain model at bottom.

O s R e >

User interface

green|| alarmRegion

tempF / - onChangeDo: [ ... ] Application model

lowC ,j
/ lowF ,tl

T ow
onTriggerDo: [ ... ] Tt 1
A

iy o

- 1

e
Mmoo @

= ,.@;3?/? ==t
AN A T P
W R pa Domain model

ey BB W A /

.=

i
PR e

Figure 5. The layered architecture of VisualWorks
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It consists of a number of elements that are either value holding objects for the user
interface widgets (tempF, lowF, lowC, alarmRegion) or connectors to the domain
model (onChangedDo, low, onTriggerDo). The application model is sketched only
partialy in order to avoid clutter. Before explaining the construction of a TA proces-
sor, we show how a particular TA is connected to the application model.

Thelight gray arrowsin Figure 5 depict the principle flow of control when the user
movesthe slider for adjusting TA’s minimum temperature limit. Any movement of the
dlider changes lowF which stores the current lower limit. This value holder forms the
glue between two more objects, namely its (unnamed) visual display at the user inter-
face and lowC that holds the limit converted to Celsius. These two objects depend on
lowF. So, whenever lowF changes, they are updated, too. In the case of lowC, a con-
version function is triggered that assigns the result of the formula (lowF-32)*5/9 to
lowC. Thisin turn updates lowC’ s visual representation on the user interface.

Although we have not engaged Vista so far, the thermo-alarm systemis already par-
tially functional. Moving the sliders updates the number displays accordingly, and ed-
iting any of the numbers updates the corresponding slider as well as their Celsius and
Fahrenheit display.

Theaarmregionisstill dead, asthe necessary logic is not connected yet. Thisleads
us to Vista and to the embedding of TA. First, we create a new TA from class Ther-
moAlarm (see 4.3.1, “Defining the Interface”). Then we link TA’s public processors
with the related objects of the application model. As TA expects processors at its in-
terface, we have to convert the value holders lowF and highF into number processors.
We do this by sending them the message asProcessor. Figure 6 shows the situation
after the message has been sent to lowF which currently holds the value 32.

The underlying mechanism that creates the object relations shown in Figure 6 does
the following: First, it instantiates the number processor low from class Number Pro-
cessor, which belongs to the set of Vista's primitives. This processor does not directly
store the associated number, but maintains a reference to the value holder lowF.
Second, the created processor is added to the list of objects dependent on lowF. Thus
the value holder lowF automatically informs the processor low about changes.

The number processors high and low are plugged into the corresponding slots max
and min of TA. In addition TA’s abstract alarm device is replaced by a concrete
speaker object.

Now we send the value holder tempF the message onChangeDo:, thus connecting
TA’s input port newTemp to tempF. The block parameter supplied by the message
specifies that whenever tempF changes the current temperature is passed to newTemp.
Linking TA’ soutput portswith theaarm regionisthefinal actionin order to fully con-
nect TA to the application model. To achieve this, the message onTriggerDo: with a
block parameter is sent to portsalarmand ok. Each time one of these portstriggers, the
statementsinside the blocks are executed, thus updating the alarm region. Figure 7 out-

lowF y 1"53 rdl low

\
dependents

Figure 6. Interconnection of avalue holder and a number processor
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ApplicationModel subclass: #TATester

initialize

ta := ThermoAlarm new
min: (self lowF asProcessor);
max: (self highF asProcessor);
alarmDev: (Speaker new).
tempF onChangeDo: [
ta newTemp: self tempF value].
taalarmonTriggerDo: [
self alarmRegion startBlinking.
self alarmRegion color: #red].
ta ok onTriggerDo: [
self alarmRegion stopBlinking.
self alarmRegion color: #green].

Figure 7. Initialization of the thermo-alarm processor

lines the method initialize of class TATester that is necessary for proper initialization
of TA.

Now the user interface has been built and the code to couple it with TA has been
written. The next step isto implement TA itself by means of the visual part of Vista

4.3 Building 