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Figure 1 shows a fragment of the definition of a Smalltalk class for Spaceship. The
fragment shown indicates that instances of Spaceship understand messages that simulate motion
and collision and that each instance carries its own private state regarding its position and
velocity.

Class new title: Spaceship
superClass: Obhject “class Object is the root of the superClass hierarchy."
declare: ’allSpaceships’ "a class variable --shared by all instances"
fields: ’position velocity’ “instance variables -- each instance has private versions of these"

Moving “methods are divided into ‘protocols’ -- this one is called Moving"

accelerate: dv "dv is the argument of the method with selector accelerate”
[velocity «velocity +dv]

move [position «position+ velocity. “points understand the message +"
self crashes => “self refers fo this instance. =) indicates a conditional expression”
[t self explode] "if condition is true, move returns with value of self explode"
self display. "done if condition is false -- display is a message this instance understands"|

Collisions “another protocol”

crashes | ship “ship is a local variable for the activiation”
"This assumes that all ships are of unit size, and collide only when at the same point”
[for; ship from: allSpaceships do: [ ship collideAt: position =>[ttrue]].*false]

collideAt: place
"a method to test if I collide with another object at place."”
[position=place =>[ttrue] tfalse]

Figure 1: Partial Definition of a Smalltalk class

We chose Smalltalk over Lisp, the usual vehicle for Al research, because Smalltalk has
a superior set of interactive display facilities. DLISP [Teitelman, 77] provides enough
capabilities we believe, but was not available on the same fast hardware. These interactive
display facilities were of critical importance to allow the functionality of the design environment
to be delivered to a user. No matter how powerful the design tools, no experiments would
have been possible with an interface based on an inadequate communication channel. Using
Smalltalk, however, has required that we reimplement machinery common to such Al languages
as FRL [Goldstein & Roberts, 77] and KRL [Bobrow et al, 77]. This has proved
straightforward because the object oriented structure of Smalltalk is congenial to the frame-
based viewpoint of a Al representation languages.



22 REPRESENTING DESIGN ALTERNATIVES

3, The PIE Environment

To describe Smalltalk code, we created a class of Smalltalk objects called nodes.
Nodes are analogous to KRL units, or FRL frames: they consist of a set of attribute value pairs
with support for attached procedures, the use of defaults, meta-descriptions and inheritance.

PIE provides convenient ways of viewing relationships between nodes, and viewing
and changing the properties of nodes. One can automatically create nodes which describe
existing pieces of the Smalltalk system, and conversely, make the system congruent with a
description of it. Node23 in Figure 2 is a description that might have been been computed
from one method of the Smalltalk code shown in Figure 1.

Node23 ,
class Nodel? "Nodel7 is the node describing the class Spaceship”
selector ’crashes "This is a unique string - like a Lisp Atom"
localVariables (’ship) "This is a set of unique strings"
variablesUsed  (’ship ‘allSpaceships ’position ’'mySize)
methodBody “This is an editable paragraph”

[for: ship from: allSpaceships
do: [ ship collideAt: position =>[ttrue]].tfalse]
comment
"This assumes that all ships are of unit size, and collide
only when at the same point’

Figure 2. A node describing the method for crashes

In PIE, changing the values of any of these attributes does not automatically change
the object being described by the node. The node describes an intended object in the system,
not necessarily the version that exists in the system. This is worth emphasizing as one of the
principles characterizing our point of view towards the design process.

* The Description Principle: In a system there should exist a descriptive level at
which objects can be described without actually affecting the objects themselves.

4. Representing Alternative Designs

Using node structure, there are two distinct ways to have alternative descriptions of
the same object: coreference and context. We have explored both, with our current preference
being for the use of contexts.

Coreference uses separate nodes to describe separate alternatives. In Figure 3, Node25
is a description of an alternative version of crashes. The intended identity of the Node23 and
Node25 (they are both are describing the same object) is made explicit with the coreferentNodes



REPRESENTING DESIGN ALTERNATIVES

attribute.

Node25

class Nodel8 “Nodel8 is the node describing the class Spaceship which differs

Jrom Nodel7 in having an additional instance variable -- mySize”

selector ‘crashes
localVariables ('ship)
variablesUsed  (’ship ’allSpaceships ’position 'mySize)
methodBody “a different method body"

[for: ship from: aliSpaceships

do: [ ship collideAt: position off mySize =>[rtruc]].tfalse]

comment ’Uses mySize for cach ship to determine overlap’
coreferentNodes (Node23)

Figure 3. An alternative method for crashes

However, coreference has certain difficulties. The first is that it does not represent the
manner in which two descriptions may differ on some attributes but otherwise be identical.
The second is that the coordination of the choice of Node23 vs. Node25 and other choices in
the system for consistency is not expressed. For this reason we have chosen to explore another
way of expressing alternatives. ‘

In this second method, all descriptions (values of attributes) of any node are relative to
a context. Context as we use the term extends the notion of context as used in Conniver
[Sussman & McDermott, 72], and has certain similarities to the vistas of partitioned semantic
nets [Hendrix, 75]. ’

* The Context Principle: All attribute-values in the system are relative to a
context, and alternatives in a system are expressed by alternative contexts.

- When one retrieves the values of attributes of a node, one does so in a particular
context, and only the values assigned in that context are visible.

5. Incremental Design

Design involves more than the consideration of alternatives. It also involves the
incremental development of a single alternative. Every programmer is aware that software has a
life cycle: following its birth, it undergoes progressive refinement in response to changing
external requirements. PIE supports the incremental modification of a design by providing a
finc structure to contexts that we have not, as yet, discussed.

A context is structured as a sequence of layers. It is these layers that allow the state
of a context to evolve. The assignment of a value to a property is done in a particular layer.
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Thus the assertion that a particular procedure has a certain source code definition is made in a
layer. Retrieval from a context is done by looking up the value of an attribute, layer by layer.
If a value is asserted for the attribute in the first layer of the context, then this value is
returned. If not, the next layer is examined. This process is repeated until the layers are
exhausted.

Figure 4 shows a layer C containing some coordinated changes to the spaceship class
of Figure 1. This layer contains those changes necessary to allow the class to use size
information in determining collisions. In a context which contained this layer dominating those
containing the information implicit in Figure 1, the changes would be visible. Those attribute-
values such as the superclass of Spaceship that are not contained in layer C would be found in
less dominant layers.

Nodel7 "the node for the class Spaceship”
ficlds: (position 'velocity ‘'mySize) "a change in a declaration”
methods (... Node23 Node27...)

Node23 "the node for the method crashes”
methodBody
[for: ship from: allSpaceships
do: [ ship collideAt: position of: mySize =>[ttrue]}.tfalse]

Node27 "the node for the method that tests for a collision"
selector "collideAt:of:
methodBody
[(position + mySize>place-size)and:(position-mySize<place + size) =>[ttrue]
tfalse]

Figure 4. Layer C, containing coordinated changes to use mySize

Figure 5 shows several spaceship nodes in which the values of attributes have not
been filtered by a context sensitive lookup. Instead, we see the underlying data structure, which
is an association list of layers and values. Layer B is the base layer in which all the nodes were
presumed to have been originally defined for this example.



REPRESENTING DESIGN ALTERNATIVES

Nodc17 "the node for the class Spaceship"
fields: LayerB (’position 'velocity)
LayerC (position ‘velocity ‘mySize)
Node23 "the node for the method crashes”
methodBody
LayerB
[for: ship from: allSpaceships
do: [ ship collideAt: position =>[ttrue]].tfalse]

LayerC

[for: ship from: allSpaceships
do: [ ship collideAt: position of: mySize =>[ttrue]].tfalse]

Figure 5. An unlayered view of node structure

Extending a context by creating a new layer is an operation that is sometimes done by
the system, and sometimes by the user. The current PIE system adds a layer to a context each
time the context is modified in a new session. Thus, a user can easily back up to the state of a
design during a previous working session. The user can create layers at will. This may be done
when he or she feels that a given groups of changes should be coordinated. Typically, the user
will group dependent changes in the same layer.

Given the existence of layers, a complex design developed over many stages can be
summarized into a single new layer. The old layers, reflecting past choices, can then be deleted.
Thus, the designer, if he wishes, can compress the past, achieving a more compact
representation at the price of no longer representing the dynamics of the design.

6. Coordinating Designs

So far we have emphasized that aspect of design which consists of a single individual
manipulating alternatives. A complementary facet of the design process involves merging two
partial designs. This task inevitably arises when the design process is undertaken by a team
rather than an individual. To coordinate partial designs, one needs an environment with these
properties: (1) non-interference. Two designs may overlap. It must be possible to examine the
overlap without the designs overwriting one another. (2) incompleteness. It must not be
necessary for a design to be complete before it is examined. (3) merging. "It must be
convenient to create a common design from the individual contributions. It was encouraging
for us to learn that the context/layer machinery created to manage alternatives lent itself well to
meeting these requirements for coordinating partial designs.

25
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Non-interference between the overlap of two partial designs was accomplished by
adopting the convention that different designers place their contributions in separate layers.
Thus, where an overlap occurred, the divergent values for some common attributes were
separated by distinct layers. Handling incomplete designs of software was facilitated by the
distinction between intensional node descriptions and the actual code definitions. Since the
node descriptions were not installed code, they could be partial and hence non-executable with
no difficulty.

Merging two designs can be viewed as a process that creates a new layer into which
arc placed the desired values for attributes as selected from two or more competing contexts. It
is hence very much like the summarization process described earlier, but it is relative to more
than one context and requires user interaction. For complex designs, the merge process is, of
course, non-trivial. We do not, and indeed cannot, claim that PIE climinates this complexity.
What it does provides is a more finely grained descriptive structure than files in which to
manipulate the pieces of the design.

Understanding how to merge two designs is facilitated by examining commentary
supplied by the designers regarding the rationale of their choices. But this raises the classic
software problem of coordinating documentation with design. Fortunately no additional
machinery is required in PIE to address this problem. Commentary such as the rationale of a
procedure, or its dependencies on other procedures, can be stored as attribute value pairs within
the node describing the procedure in question. A request to be informed of the rationale of
some change is answered by fetching this information from the same layer as the one which
records the change, thus keeping them coordinated. Figure 4 shows how the rationales of
various method definitions are recorded in the layer along with the altered definitions.

7. Complexity.

We claimed in the introduction that PIE copes with problems several orders of
magnitude more complex than those previously represented in Al systems such as Conniver.
By complexity we mean both the size of the data base in the system, and the variety of
operations done on contexts. The Conniver database was never efficient enough to implement
any useable subsystems. McDermott’s [McDermott, 74] examination of the Monkey and
Bananas problem within Conniver exercised it to its limit.

PIE is able to build a context sensitive description of any class within Smalitaik.
Thus, it can be applied to any programming problem that a Smalltalk programmer undertakes.
This is analogous to using Conniver to build a programmer’s interface to Lisp. Attacking
problems of this size is, in part, possible because we have more computational resources than
were available in the early 70’s. PIE runs as a stand alone job on a processor with. at least the
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power of a KA10. However, it is also possible because we have implemented machinery to
allow the programmer to move between context sensitive and context free descriptions at will,
Thus, there is a more congenial marriage between PIE and Smalltalk than there was between
Lisp and Conniver. This is discussed in the next section.

An interesting side effect of PIE’s ability to describe any code within Smalltalk is that
it can and has been used to describe itself. Thus, PIE’s present capabilities have passed the test

of being sufficiently powerful to support its own development, for example, by allowing us to

examine alternative implementations of the PIE user interface within PIE.

8. Efﬁcienéy versus Flexibility

PIE allows the user to trade flexibility for efficiency. At one extreme, the user can
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employ standard Smalltalk mechanisms for defining new code. If this route is chosen, then no

evolutionary history is maintained, and no context overhead is paid. However, if the user
wishes to pay the price of some decrease in efficiency of storage and retrieval time, then he can
first build a set of nodes describing Smalltalk code, then continue his development in a context
structurcd fashion. From this point forward, the evolutionary history is maintained. If the user
reaches the point where he once again prefers efficiency to flexibility, the context definitions
can be converted to pure Smalltalk and the layers deleted. If desired, the user can first store
the layers remotely, preserving the ability to recreate the context description later. All these
facilities are curently implemented.

This discussion suggests how a central design facility can serve as the nucleus of a
network of remote servers that provide current packages to users. Periodically, the design server
can release new layers to these servers with updates to particular designs. The servers can then
generate new Smalltalk versions and release these designs to clients. Clients who wish to know
what has changed, can get a description from the new layer.

9. Interaction

PIE’s ability to represent non-trivial alternative designs raiées deep problems refated to
the user interface. How can we make available this powér in a useable form? What are the
cognitive requirements of the prcgrammer? Presently we are employing an interface modelled
on the standard Smalltalk interface for examining and altering code. This interface, called the
browser, displays a hierarchy of descriptions of Smalltalk code to the user. The user can
examine any method by a process of selection that specifies first a category of classes, then a
particular class, then a protocol of methods within the class, and finally a particular method.
This scheme of organizing code into a four-level taxonomy has been adopted in PIE to
minimize the overhead for a Smalitalk user learning to employ the PIE environment. However,
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PIE makes this classification. context dependent. As with the standard Smalltalk browser, the
user can alter the decfinitions of any object viewed. But these alterations are made in the
dominant layer of the associated context, and do not affect the Smalltalk kernel itself, whereas
making changes with the standard Smalltalk browser forces immediate incorporation of any
changes.

Research is needed to explore whether this interface is adequate given the increased
complexity of a context structured environment. In Smalltalk, the hierarchy of code definitions
is the primary structural organization. In PIE, this hierarchy is now context dependent. Has
this additional complexity made the Smalltalk organization inadequate? Will we need a
classification scheme with more levels of division, or will some other kind of organization be
appropriate?  Just one of the problems that we will have to consider is that in a design
environment, there is no need for a particular method description to be associated with only a
single class, even though the actual Smalltalk system requires that the method be separately
compiled for each class to which it belongs. Hence, a strict hierarchy is obviously inadequate.

9. Conclusions

This paper presents only a sketch of the PIE system; our research is reported in
greater detail in Goldstein & Bobrow [80]. We have not discussed here issues in the design of
the user interface, although a successful interface is critical to delivery of these capabilities to
the user. We only suggest here that layered networks are applicable to more than software: an
extended example in cooperative writing of a document is given in the larger work. Finally, the
system has as yet had only limited use. We do not know which features will be used most,
which need to be automated to be helpful, and which may prove to be too complex to be
useful. Recording and analyzing this experience is an important part of our research program.

A major theme of Artificial Intelligence research has been the development of
languages to describe complex evolving structures. In general, these structures have been the
belief structures of an artificial being about some subject matter (e.g., the SRI consultant’s
[Hart, 75] beliefs about the state of a water pump being constructed, or SAM’s [Schank et al,
75} beliefs about what went on in a story it just read). We have been exploring the premise
that these techniques can be used to describe the complex evolving structure of a software
system, and as such can provide aids to the designer of such a system. One use of artificial
intelligence is to amplify human intelligence. We suggest that the (recursive) application of Al
techniques to AI can have a powerful effect on the development of the field.
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BROWSING IN A PROGRAMMING ENVIRONMENT!

1. Introduction

A browser is a software development tool that supports the incremental examination of a
system by accessing some kind of information network. A user starts at a canonical place in this
network, and selects entities that represent parts of the system. This causes the browser to display
the substructure of the system connected to the sclected entity, and some information about that
entity. In this manner, a browser can be employed to engage in a hierarchical examination of a
system by procecding level by level from subsystem to module to sub-module, until the terminal
structure—possibly individual procedure definitions—is reached. In addition, the browser allows a
user to add or alter structure at any point in this examination process.

Most programming environments allow a user to retrieve and manipulate different parts of a
software system, if the programmer knows their exact name and location; but do not support well
the examination of structure whose exact description the programmer does not know. In such
situations, the programmer will frequently be reduced to examining file directories, hoping that the
file names reveal the contents of the file. A browser seeks to ameliorate this difficulty by allowing a
user to examine different regions of a software system based on their general classification. Thus,
the underlying database imposes an organization on the software system analogous to the
organization imposed on a library by the Dewey decimal system. The browser provides an
electronic analog of moving from a general classification to the stacks, and then subsequently
browsing there.

Browsers were intr’oduced into Smalltalk by Larry Tesler in 1977, and have since become a
mainstay of the Smalltalk programming environment. (The general nature and goals of Smalitalk
are described in Kay [77]; the 1976 implementation in Ingalls [78]; and the Smalltalk browser in
Goldberg and Robson {79].) In recent research, we have extended the simple, hierarchical system
model provided by Smalltalk and developed a gencralization of the Smalltalk browser to manipulate
these richer descriptions [GoldsteinBobrow80a,b,c; BobrowGoldstein80]. We have dubbed this
extended environment PIE, an acronym for Personal Information Environment.

In the next two sections, we describe the Smalltalk system model and its associated browser.
This is followed by two sections that describe the PIE system model and its browser. The following
nine questions are used as a framework for comparing the functionality of these two browsers.

1 Published in the Proceedings of the 14th Hawaii Conference on System Science, January 1981
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1) Overview. How much of the information network can the user see at one time?
2) Path: What pért of his path to the current position is visible to the user?

3) Presentation: What should be displayed on the screen for each selection?

4) Operations: What operations can be performed on the view for each selection?

S) Multiple Views: Can more than one view of the network be seen? Are they all of the
same form?

6) Consistency: What guarantees of consistency are there between multiple views?

7) Alternative Access: Can the user find a known entity in the system without tracking
through the network?

8) [Integration: Is the data environment integrated with the operational environment of the
underlying system?

9) Changeability: Can the user change the format in which information is displayed?

2. The Smalltalk System Model

Smalltalk is an object oriented programming system, where behavior arises from the
transmission of messages between objects. Objects are grouped into classes, all of which have
identical internal structure, and respond to the same set of messages. An object is like a simulation
of a computer; it can respond to set of instructions, maintaining its statc between invocations.
Smalltalk generalizes Simula67 [Birtwistle73] and is related to the Actor languages developed by C.
Hewitt [Hewitt73].

The Smalltalk information network partitions all classes into categories for ease of access.
These categories are not mutually cxclusive, although multiple category membership is generally
avoided. (Since classes are stored in files corresponding to their category, multiple category
membership gives rise to redundant storage and possible inconsistencies between versions.) A
method is the code which implements the class specific response to a message. The set of methods
of each class is partitioned into mutually exclusive groups called protocols. Neither categories nor
protocols has any significance for the Smalltalk interpreter; rather they are artifacts of the desire to
browse through the system.

There is a subclass hierarchy in the Smalltalk system that does have semantic significance. A
class can inherit behavior and structural description from another class called its superclass. All
instances of a particular class contain the fields specified in the superclass. If the subclass has no
specialized behavior (method) for responding to a particular message, it will request that its
superclass respond to the message. This inheritance is a very powerful way of sharing behavior.
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3. The Smalltalk Browser

Figure 1 shows a sequence of views of a Smalltalk browser as a user sclects a path through the
network. The browser is a rectangular region on the display screen called a window and is built
from 6 sub-windows called panes. The top pane is the title pane and shows the label *Smalltalk
Browser’. Below it is a row of four /ist panes that display, from left to right, categories, classes,
protocols and methods. The lower pane is a text pane that displays text associated with the most
recently selected item.

Figure 1a shows the browser in its initial state with the leftmost list pane displaying part of the
list of categories defining the Smalltalk system. The pane can be scrolled to view other categories in
the list. The browser enters the state shown in Figure 1b in response to the user selecting the
category Data Structures. A selection is made by moving a cursor over the item to be selected and
depressing a button on the device controlling the cursor. Selections appear in inverted video in the
actual system, but are shown in boldface in the figures. The most recent selection is in bold italics.
The sclection of Data Structures causes the classes of this category to be displayed in the second list
pane and a template for defining a new class to appear in the text pane. In Figure lc, the user
selects Set, a class whose instances provide the behavior of sets by appropriately manipulating an
array. This selection causes the class’ protocols to be displayed in the third list pane and the
definition of the class to appear in the text pane. The user can edit this definition to modify the
title, superclass, or fields of the class. In Figure 1d, the user selects the Access protocol, causing its
methods to appear in the last list pane and a template for defining new methods to appear below.
In Figure le, the user selects the has: element method and its definition appears in the text pane.
Figure 2 shows the path that the user has traversed in the system taxonomy. (This particular
graphic view is not generated by Smalltalk.)

The organization entries under categories and protocols are not actually items of that type, but
rather data structures that can be edited to alter the taxonomy. For this reason, the organization
entries are not shown in Figure 2. Changing the category organization by selecting it and editing
the text that appears below can move existing classes to different categories. The protocol
organization serves a similar function for its class.

3.1 Overview

The browser shows a slice of the four level system taxonomy that extends through all four
levels but is of limited breadth. Figure 2 shows this slice relative to a graphic view of the
taxonomy. At his discretion, the user can select any element in the displayed slice of the taxonomy.
To see other elements on a given level, the user must scroll that pane, thereby changing the slice of
the tree seen in the pane.
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3.2 Path

Since the hicrarchy is only four deep, the user can sece the cntire path from the root. The user
cannot see, and the brows~r does not maintain, a history of other nodcs that have been selected
before, but are not on the path.

3.3 Presentation

Seclection causes text and sub-structure to be displayed. Sub-structure is displayed in the list
pane to the right. Text consisting of cither templates or definitions is displayed below. For
categories and protocols, a template is shown for defining new classes and methods respectively; for
classes and methods, their definition appears. The rcason for this difference is that categories and
protocols have no semantic significance other than grouping a set of subordinate elements.

3.4 Operations

For cach of the list panes, operations are defined for deleting, printing and filing the sclected
clement. These commands ar¢ available from a menu that is not shown.

Insertion is not an explicit menu command. Instead, it occurs in two differcnt ways. New
classes and methods are inserted in their respective categories or protocols as a side effect of
compiling their definitions. Old classes and methods can be rearranged by manipulating the table
that the browser presents when the organization entry is selected in the catcgory or protocol pane.
Manipulating this table is also the mechanism for creating new catcgorics and protocols.

A limitation is that the browser does not permit the creation of partially defined classes or
methods. A class or method must be compilable to be successfully included in a category or
protocol; this is a result of the browser assumption that the data structure it is viewing is the one
currently installed in the system. This has undesirable consequences for program design when the
designer wishes to delay certain decisions. In this respect, thc marriage betwcen the browser and
the software environment is too intimate.

3.5 Multiple Views

Several browsers can be brought to the screcn at oncc and can overlap. Commands are
provided to move a browser to a new region of the screen and to view an obscured browser. The
result is that the display screen is like a desktop with multiple browsers representing different picces
of paper.

This browser provides a command to spawn additional text windows that display the sclected
mcthod. These windows maintain a constant view of the method, allowing the user to browse to
other regions of the network. They arc incomplete views of the method, however, in that they do
not display its class or protocol, and hence these attributes of the method cannot be altered through

this window.
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~ The hardcopy format of Smalltalk code represents a third view of the system. This view is a
depth first listing of the tree. Users occasionally prefer this view to the browser in order to obtain a
perspective on a segment of code. The hardcopy format cannot be manipulated within the system.

The browser does not support other taxonomic views of the system such as an cxamination of
the class/subclass hierarchy.

3.6 Consistency

; The view scen on one browser is almost completely independent of that seen on a second,
even if they are both looking at the same method or class definition." This means that if a method is
changed using one browser, the definition seen on the screen for the other is not altered because
that browser is unaware that the underlying model it is viewing has changed since it fetched the
definition. Only if an explicit request is made to fetch the definition again is the underlying model
queried, thereby ensuring that the view is consistent. !

* The exception is that browsers do check whether the list of classes has changed whenever they are
reactivated. If a class has been added or deleted from this list, the browsers reenters its initial state,
No check is made for changes to the definitions of existing classes, protocols, or methods.

The reason for the inconsistency is two-fold. First, the view in the browser is just that, a
computed view, and changes to that view are not reflected immediately in the model. Only when
the method is compiled is the underlying system model altered. This is desirable since the user
should be able to complete a set of changes to a proccdure before it is altered permanently.
Otherwise compilation might be attempted on an inconsistent state. Second, when a change does
occur to some software object, there is no way for that objcct to inform the appropriate vicws since
the underlying system model has no knowledge of existing views.

There are at least two solutions to this problem. One is to give each object responsibility for
updating views of itself, using a "notification protocol™; for example, a class whose method changes
would notify all browsers which have informed it of their current interest. A sccond solution is to
give each view the responsibility for keeping itself updated, and to provide a way for it to check
what the last time an object it is viewing changed. Then any time a viewer becomes active, it can
compare its last update time with this list to see if updating is required.

3.7 Alternative Access

The only means to move through the network is by progressive selection of displayed objects.
No browser commands exist to select an object via a partial description or even by specifying its
name.

3.8 Integration

The browser does not support access to other kinds of data such as manuals, primers, and
system specifications nor does it support cxamination and manipulation of instanccs of classes.
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The browscr is integrated in a limited fashion with a history list of changes in the sensc that
defining or redefining mcthods affects this list. However, dcleting a method has no effect on the
history nor can the history list be cxamined through the browser. No distinction is made between
different kinds of modifications such as the difference between adding a breakpoint and making a
permanent change made to the code. '

3.9 Changeability

The user can change the size, number and position of browsers on the display screen by
invoking commands supplied by the browser, but no commands are supplied to alter the relative
widths of various panes.

The user can alter the behavior of the browser in two ways. He can redefine methods in the
browser (using the browser itseif), although bugs in these changes could make the interface
inoperative. Or he can subclass the classes used to define the browser and make whatever changes
he wishes in these subclasses. This is a safer strategy, since old style browsers are unaffected, but all
behavioral changes must be programmed in Smalltalk itself. It is cqually parsimonious in that
subclasses inherit all of the behavior of their superclasses, except for messages that they define
directly.

The browser docs not support idiosyncratic behavior for particular objects of a given type: all
classes, for example, are treated identically.

4. Summary of Smalltalk Browser Strengths and Weaknesses
4.1 Strengths

The Smalltalk browser provides an excellent way of cxamining and editing the Smalltalk
system code as evidenced by its universal adoption within the Smalltalk community and relative
stability. 1ts browsing capabilities and the associated system architecture of a taxonomy of
constructs serve a useful documentation role. Users often familiarize themselves with new software
by browsing through new categorices in a system release. The browser provides a uniform way to
examine and manipulate the software, and guides novices with templates for creating new entities.

4.2 Weaknesses

The Smalltalk browser keeps no history of its interactions except for the names of methods
that have been changed. It only reflects the current state of the world; there is no way to go back
and forth between different consistent states. The system does not help a user to maintain any
design constraints other than the ones implicit in the programming language. For example, a
programmer cannot indicatc that two methods in a class are dependent, and that subsequent
modifications to one should be checked for compatibility with the other. There is no incremental
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way of modifying the behavior of the browser by attaching your own procedure to provide a
specialized function in the interface; for example, one cannot provide specialized templates for new
methods of a particular class.

The Smalltalk browser also reflects deficiencies in the underlying system model. Smalltalk
provides for comments for classes and methods but not for categories of classes or protocols of
methods. Class comments are separatcly manipulable from the class definition; method comments
are not. Storing a method comment requires that the procedure be recompiled.

5. The PIE System Model

PIE was motivated, in part, by the goal of providing a more complete and more integrated
representation for Smalltalk systems. It provides a network structured database whose nodes
describe all the entities in the system and employs techniques developed for describing entities in
knowledge representation languages like KRL [BobrowWinograd77].

Nodes provide a uniform way of describing entitics of many sizes, from a small piece such as
a single procedure to a much larger conceptual entity. For example, nodes are used to describe
code in individual methods, classes, catcgories of classes, and configurations of the system to do a
“particular job. Sharing structures between configurations is made natural and efficient by sharing
regions of the network.

The uniform use of node structure extends to software documentation., Manuals and
specifications can be embedded in the network using nodes represehting the chapters, sections and
paragraphs of the material and can be cross-linked to the relevant software. Because software and
documentation coexist in the same environment, it is easier to develop them in a coordinated
manner.

Nodes are distinct from the system objects that they represent. Changing a node does not
immediately alter its corresponding software object. For example, the node representing a class can
be created and a partial definition supplied. This node can be stored, examined and edited. It does
not affect the underlying Smalltalk environment, however, until its description is compiled.

Attributes of nodes are grouped into perspectives. Each perspective reflects a different view of
the entity represented by the node. For example, the structuralSpec of a Smalltalk class defines the
structure of each instance bby specifying the fields it must contain; the proceduralSpec defines the
protocols; the interfaceSpec defines the set of messages required by external clients, and the
documentSpec describes the implementation and its use.

Perspectives may provide partial views which are not necessarily independent. For example,
the proceduralSpec and the interfaceSpec both describe certain methods of the class. Attached
procedures are used to maintain consistency between such perspectives.
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Each perspective supplies a set of specialized actions appropriate to. its point of view. For
example, the print action of the structuralSpec perspective of a class knows how to prettyprint its
ficlds and class variables, whereas the proceduralSpec perspective knows how to prettyprint the
methods of the class. These actions arc implemented directly through messages understood by the
Smalltalk classes defining the perspective.

'All values of attributes of a perspective are relative to a context. Context as we usc the term
derives from Conniver [SussmanMcDermott72]. When one retricves the values of attributes of a
node, onc does so in a particular context, and only the values assigned in that context are visible.
Therefore it is possible to create alternative contexts in which different valucs are stored for
attributes of various nodes. For nodes representing software, these contexts typically describe
alternative designs. One can compare and test alternatives without leaving the design environment.

Contexts are themselves nodes in the network. This allows a description of the rationale for
the set of changes to be stored in the context node in the network, in the same way that
descriptions for for a mcthod node contain comments on their purpose.

In any system, there are dependencies between different elements of the system. If one
changes, the other should change in some corresponding way. We employ contracts between nodes
to describe these dependencies. These contracts are themselves nodes with specialized behaviors.
These behaviors include installation of procedures to' maintain consistency of simple constraints
expressed in a formal language, and notification to the user when changes have been made to
contract participants. Use of contracts raises a number of questions which we have just begun to
explore; e.g. when should one check agreements and still avoid seeing temporary states of
inconsistency during the process of change. ‘

Finally, the PIE system provides perspectives which allow the system to describe itself.
Perspectives themselves are described in the system, and small modifications to the behavior of a
particular perspcctive can be made by manipulation of the network structure. Nodes can be
assigned meta-nodes whose purpose is to describe defaults, constraints, and other information about
their object node. Infom'latvion in the meta-node is used to resolve ambiguities when a message is
sent to a node having multiple perspectives. ‘

6. The PIE Browserv

The PIE browser was constructed as a generalization of the Smalltalk browser, in order to
minimize the overhead of Smalltalk users immigrating into the PIE environment. It is shown in
Figure 3a. Two additional panes have been added in the middle of the browser. The left pane lists
the perspectives of the most recently sclected node while the right pane lists the attributes of the
selected perspective. The title pane shows the node at which the browsing/begins and the context
from which the network is being viewed.
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In Figure 3b, the usecr has seclected the node representing the Data Structures category. This
causes the two perspectives of this node to be displayed. The first is the perspective describing
categorics: it includes a classes attribute and additional attributes describing the most recent file and
modification dates to classes in the category. The second is the description perspective, common to
many nodes, that specifies a title and optional text for the node. In this case, the text attribute is
employed to store a comment regarding the category, and this comment is displayed in the text
pane.

In Figure 3c, the user has sclected the category perspective and its attributes appear in the
attribute pane. In Figure 3d, the classes attribute is selected and its value, a list of nodes
representing the classes of this category, appears in the sccond list pane. The attribute is used as a
label for the pane. In Figure 3¢, the user has sclected the Sct node, and its perspectives appear
below. Thus, moving from one node to the next in the nctwork requires sclection of a node, then a
perspective, then an attribute. Figure 4 shows a graphic representation of the PIE network and the
path traversed by the user.

6.1 Overview

As with the Smalltalk browser, the user can see a slice of the network. In addition to nodes
surrounding previous sclections, this slice includes the perspectives and attributes of the current
selection. We have explored browsers that show the perspectives and attributes of every node in the
path, but these trade breadth of view for increasing complexity on the screen.

The labels on the four upper list panes are dynamic and computed from the sclection. The
Smalltalk browser employed static labels since the same attribute was always displayed in a given
list pane.

6.2 Path

The PIE network is not restricted to a depth of four. However, the PIE browser contains only
four list panes, a constraint derived from the size of the screen. To go deeper into the network, the
user can shift the view to the left. In Figure 5, the user has moved the view one to the left. The
origin of the browser is now the Data Structures category and the rightmost pane is available to
show subordinate nodes linked to the has: element method. In this case, the user is examining
nodes representing constraints on the definition of the mecthod. If the user tried to see substructure
which would. logically be to the right of the fourth pane, PIE blinks the browser to indicate that it
cannot show the requested information in the current browser configuration. The user can then
shift the view as described, or spawn a new browser rooted further down the tree, and continue.

The PIE browser does not maintain a chronological history of selections. Hence, it is limited,
like the Smalltalk browser, to displaying only four steps in the path to the current selection. An
unfortunate consequence of this lack of historical information is that while the view can be shifted
to any node in the network, the browser cannot recreate selections made from that node. Hence, a
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shift to the right, for example, from the Data Structures node back to the Code node, would require
that the user remake his selection choices to again be examining the has: element method.

6.3 Presentation

To minimize the interactions required by the user, the browser can operate in a mode in
which it makes various default decisions on its own initiative. These decisions are based on
additional descriptions provided in the network. For example, the network contains desériptions
that specify that the category perspective should be selected by default over the description
perspectivé and that its classes attribute should be displayed. As a result of these default
specifications, the selections of Figures 3c and 3d are made by the system and selecting the data
structures category in Figure 3b produces the display of Figure 3e immediately. Hence, the user
need not engage in any more interaction with the PIE browser than with the Smalltalk browser to
conduct similar actions. The user can override these defaults by making explicit perspective or
attribute selections. '

The specification of the default display behavior of a node is described in meta-nodes linked to
perspective types and to particular nodes. In the former case, the meta-node applies to all instances
of the perspective. In the latter case, its advice is idiosyncratic to a particular node. These meta-
nodes can be examined and edited from the browser.

Templates for creating new nodes of a particular type are available upon request and are
stored in the meta-node of the perspective. They are shown automatically only if they are specified
to be the default display information. Many perspectives, not just those for classes and methods,
have templates.

6.4 Operations

The PIE browser supplies four standard operations: insertion, deletion, filing and printing.
Insertion consists of adding a node to the list and assigning it a perspective. Default knowledge is
employed to supply a particular perspective when the list is constrained to be a set of nodes of a
particular kind. For example, the classes attribute of the category perspective has the default
description that all of its elements have a class perspective assigned. Descriptions of nodes can be
stored without having to compile them. Therefore partial descriptions of methods can be left in the
network and returned to later.

Insertion of nodes of arbitrary type eliminates the need for an organization entry. Categories
and protocols are created by adding nodes with those perspectives. Rearranging an old organization
is accomplished by moving nodes from one attribute set to another.

The PIE browser also differs from the Smalltalk browser in that special actions specific to
perspectives at a node can be invoked by the user through a special menu. This menu is computed
from the selected node, using default description that specifies a subset of the messages of a
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perspective to be user commands. The PIE browser can view nodes with arbitrary perspectives in
any pane. Hence, the ability to interrogate the perspective for its associated commands was
necessary. Since the Smalltalk browser views only four kinds of objects and thesc objects are tied to
particular panes, this generality was not included.

6.5 Multiple views

There are three different senses in which multiple views are available to the user of PIE. The
first is similar to that of the Smalitalk browser. There can be more than one instance of a browser
on the screen at a time, viewing different parts of the Smalltalk system.

A second kind of multiple view comes from the notions of context embodied in the PIE
network. The value of any attribute is context dependent. The user can change the view seen in
the browser by changing the context associated with that particular browser. This causes the
browser to recompute all fields seen.

The third arises from the fact that the user can request an outlinc view to be generated of the
substructure of the selected node. A portion of the subtree descending from the selected node is
shown in an indented outline format. The default perspective and attribute of each node is used to
determine which part of the subtree to display. For class Set, this outline would include the Set
node, the protocol nodes of its structuralSpec perspective, and the method nodes of each protocol.
This outline is very close to the standard hardcopy view of Smalltalk code—a fact that is not
accidental. The defaults have been chosen to make this view the preferred one.

6.6 Consistency

As with the Smalltalk browser, there are no backpointers from nodes to views. This means
that a change made to the network through one browser is not reflected in another browser’s view
computed earlier. One approach to solving this problem is presently being .introduced into
Smalltalk by providing backpointers from software objects to their views. A separate control
process is assigned responsibility for maintaining consistency. Another approach that we are
considering is to describe the browser itself in the PIE network in order to take advantage of the
contract machinery provided by PIE to maintain consistency between descriptions. However, this is
still an unexplored area.

6.7 Alternative Access

A browser provides one way to get access to a node in an information network. Sometimes it
is useful to shift the point of view of the system to a node which matches a given description
without having to browse through one level at a time. This is provided in PIE. A user can specify
the perspective type and some distinguishing features of a node. For example, he can search for
classes entitled Set, any class that is a subclass of these classes, or even any class whose comment
includes the substring ’set’.  PIE engages in a a search and causes the view to be shifted to the
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selected node. If more than one node matches the description, PIE offers the user all matches.
Selection of a match causes the view to be shifted to the selected node.

Some indexing facilities are provided to limit the potential candidates for a match: each
perspective maintains a list of the nodes to which it has been assigned. This is a very simple
scheme, but the present size of the Smalltalk system—consisting of several hundred classes owning
several thousand methods—does not require anything more eclaborate.

One novelty of our scarching machinery with respect to traditional database design is that no
gencral set of indices are maintained. Rather, each perspective has its own matching protocol.
Thus, if a perspective receives a description like ’set’ without a specification of the attribute of the
perspective to which this description must match, the perspective itself decides which attributes can
be used as the basis of a match. For example, the structuralSpec perspective checks the title and
superclass attributes, but not the field variable or class variable declarations. This is in contrast to
most data base environments where entitics are matched against a pattern by a standard algorithm
which matches the values of attributes, perhaps using range tests. Because PIE is integrated in the
Smalitalk system, each entity can run its own idiosyncratic program to test whether it matches a
description.

6.8 Integration

The PIE browser integrates the examination of data, code, documentation, and system
description since all of this information is uniformly described in the network. The browser also
integrates the computation of views of the database with the underlying programming language. In
most data bases, "views" are supported which compute virtual relations from real ones that exist in
the data base. However, the programming language to compute these views is impoverished,
usually being restricted to expressions in the relational calculus. The advantage of this language is
that it makes the update problem easier by providing an expression calculus with no side effects for
specifying how to compute a view each time. In PIE, the full power of the Smalltalk language is
available, but we must provide notification and time stamp mechanisms to help with the update
problems.

6.9 Changeability

In addition to the ways that the Smalltalk browser can be altered, the behavior of the PIE
browser is affected by changes to the information network. A user can alter the default display
behavior of perspectives by editing the meta-nodes involved. For example, the user can change the
meta-node to cause the default text displayed when a class is selected to be the comment describing
the class rather than the class definition.
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7. Summary of PIE Browser Strengths and Costs

7.1 Strengths

Some strengths of the PIE browser arise from the improvements in the PIE system model over
the standard Smalltalk model. The network database that the browser manipulates is arbitrarily
deep, allows multiple perspectives and context-sensitive description, integrates the representation of
text and software, and supports search and matching behavior. Other strengths arise from the
availability in the network of interface-specific description. This includes description of default
perspectives and attributes for display, and idiosyncratic behavior of particular entities. This self-
description minimizes the user’s workload for expected actions.

7.2 Weaknesses

The PIE browser shares a number of wecaknesses with the Smalltalk browser. For example, it
does not maintain a history of user interactions and it does not provide any means to maintain
consistency betwcen multiple views. However, the PIE model provides a possible solution to both
of these weaknesses. Nodes can be employed to represent the history of a design and to represent
contracts between multiple views. This solution has the appeal of building upon existing machinery
and maintaining a highly integrated system model. These are current research issues for us.

Another potential weakness common to both the Smalltalk and the PIE browsers is that they
do not present the network in a two dimensional graphical notation such as the one shown in
Figures 2 and 4. Indeed, since those figures were used to elucidate the network structure being
examined by the browsers, one might very well ask why it is not the format actually generated by
the interfaces. The answer, of course, is that the pane-oriented structure of both browsers is simpler
to implement than a general two-dimensional layout program. However, a research issue is whether
this implementation simplicity comes at a serious cost in comprehensibility to the user. Experiments
need to be performed with users of different levels of .expertise to investigate which graphical
nietaphors are most useful in clarifying the presentation of a network description of software.

8. Conclusions

PIE reflects a natural evolution of the Smalltalk system model to provide a more extensive
description of an evolving software design. The PIE browser has evolved in parallel. An
unexpected result is that the boundaries between the two have become fuzzy as the network
describing the software system is employed to describe the desired display behavior. Spéciﬁcations
of system semantics do not usually include such descriptions. However, the availability of more
powerful machines, coupled to the increasing complexity of software, makes their inclusion both
possible and necessary.
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The PIE system and its associated browser is largely independent of the semantic details of

Smalltalk. It is based on the existence of a network description of a software system. It could be
the basis for programming environments for other software languages, to the extent that those
languages supported display facilities and a network database which can hold representations of
code easily accessible by the language processors. Experiments reported in [Catteli80] are planned
for exploring these ideas in a programming environment for Mesa, a PASCAL-dcrived systems

programming language.
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~CATEGORIES~
Organization
Data Structures
Windows

~CLASSES~
~CLASSES~

~PROTOCOLS~
~PROTOCOLS~

~METHODS~
~METHODS~

Fig. 1a. The browser is in its initial state, displaying a list of categories.

I Smalltalk Browser l

~CATEGORIES~
Organization
Data Structures
Windows

~CLASSES~
Array
Dictionary
Set

~PROTOCOLS~
~PROTOCOLS~

~METHODS~
~METHODS~

Class new title: '"Name OfClass’
subclassof: Object

fields: 'names of instance variables’
declare: 'names of class variables’

Fig. 1b. The user has selected the Data Structures category.

The classes of this category appear in the classes pane
and a template for defining new classes appears in the text pane.
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~CATEGORIES~ ~CLASSES~ ~PROTOCOLS~ ~METHODS~
Organization Array Organizaticn ~METHODS~
Data Structures Dictionary nitialization ~
Windows Set Access

Class new title: ’Set’
subclassof: Object
fields: 'array n "The set is stored in the first n elements of
the array.” ’

Fig. 1c. The user has selected the class Set.
The protocols of this class appear in the Protocols pane
and the definition of the class appears in the text pane.

Smalltalk Browser I

~CATEGORIES~ ~CLASSES~ ~PROTOCOLS~ ~METHODS~
Organization Array Organization delete: element
Data Structures Dictionary nitialization has: element
Windows Set Access insert: element

Message name and Arguments | Temporary variables
"Comment” :
[Method body]

Fig. 1d. The user has selected the Access protocol.
The methods of this protocol appear in the Methods pane
and a template for defining new methods appears in the text pane.
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Smalitalk Browser

1 to: n dog

~CATEGORIES~ ~CLASSES~ ~PROTOCOLS~ ~METHODS~
Organization Array Organization delete: element
Data Structures Dictionary nitialization has: element
Windows Set Access insert: element
has: element

"Use sequential access to determine if element is in the set”
[fors i from:
[ifs (element = (array lookup: i)) theng [return: truell.
return: false]

The user has selected the has: eLémem method and its definition

Figure 1e.
appears in the text pane.
Array delete:
p Data Initialization
Structures
Dictionary has:
Access
~ Windows Set , = insert:
™ - Printing
= Vector = size
™ Numbers
= Filing
= String
Categories Classes Protocols Methods
Fig. 2. A tree representation of the Smalitalk taxonomy. The path selected

in the browser is shown in boldface. The slice of the taxonomy
visible in the browser is shown in italics.
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PIE Browser. Origin: Code. Context: SetRedesign. l v

~CATEGORIES~
Data Structures

Windows

| Numbers
~PERSPECTIVES~ ~ATTRIBUTES~
~PERSPECTIVES~ ~ATTRIBUTES~

Fig. 3a. PIE browser viewing network with origin at Code.

PIE Browser. Origin: Code. Context: SetRedesign. l

~CATEGORIES~
Data Structures

Windows

Numbers

~PERSPECTIVES~ ~ATTRIBUTES~
Category ~ATTRIBUTES~
Description

~PERSPECTIVES~

This category contains classes that define abstract
data types.

Fig. 3b. The Data Structure node is selected and its perspectives appear.
The comment is the text attribute of the aesrrtptwn perspective and is
displayed by default.
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~CATEGORIES~

Data Structures

Windows

Numbers

~PERSPECTIVES~ ~ATTRIBUTES~
Category classes
Description file
~PERSPECTIVES~ . modified

This category contains classes that define abstract
data types.

Fig. 3c. The category perspective is selected and its attributes appear.

PIE Browser. Origin: Code. Context: SetRedesign.

~CATEGORIES~ ~CLASSES~

Data Structures Array

Windows Dictionary

Numbers Set

~PERSPECTIVES~ ~ATTRIBUTES~
Category classes
Description filed
~PERSPECTIVES~ modified

This category contains classes that define abstract
data types.

Fig. 3d. The classes attribute is selected and the list of classes appears.
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~CATEGORIES~ ~CLASSES~

Data Structures Array

Windows Dictionary

Numbers Set

~PERSPECTIVES~ ~ATTRIBUTES~
StructuralSpec ~ATTRIBUTES~
ProceduralSpec

DocumentSpec

Fig. 3e. The Set node is selected and its perspectives appear.

=~ Structural

Array
classes
Category Dictionary
filed =~ Procedural
Set
pm Data modified
Structures L
Vector Document
b istion title
escriptio
P _[ String
™~ Windows text = Interface
=~ Numbers
nodes perspectives attributes nodes perspectives

Fig. 4. A graphic representation of the PIE network. The path selected
in the browser is shown in bold, the visible slice of the network in italics.
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Fig. 5a.

~CATEGORIES~ ~CLASSES~ ~PROTOCOLS~ ~METHODS~
Data Structures Array nitialization delete: element
Windows Dictionary Access has: element
Numbers Set Printing insert: element
~PERSPECTIVES~ ~ATTRIBUTES~
Method definition
Description message
~PERSPECTIVES~ contracts

has: element

"Use sequential access to determine if element is in the set”
[forg i from: 1 to: n dog
[ifs (element = (array lookup: i)) theng [return: truell.

return: false]

PIE Browser. Origin: Data Structures. Context: SetRedesign.

The user is four levels deep in the PIE network.

]

~CLASSES~
Array
Dictionary
Set

~PROTOCOLS~
Initialization
Access

Printing

~METHODS~
delete: element
has: element
insert: element

~CONTRACTS~
representation
initialization
~CONTRACTS~

~PERSPECTIVES~
Method
Description
~PERSPECTIVES~

* ~ATTRIBUTES~

definition
message
contracts

Fig. sb.

the user to view the network one level deeper.

The origin has been shifted to the Data Structutres node, allowing
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