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Abstract

This work addresses the problem of providing a computer-baseav@onment
to support the music composition process. One of the prominent aspe of
the composition process is the importance of structure: for a mposer, a
music piece is more than its at score; it is a structured objectand its
structure captures the expressive intention of the composer.

Existing music editors do not provide appropriate support for ampo-
sition: most only address the score editing process, but more profally,
because there is no uniform or conventional way to denote sttuce in music
pieces, it has been unclear what information a structural edit for music
should manipulate. Given this state of a air, composers must reember or
add personal annotations to their compositions to remember ¢ir structure.
As a result, the editor cannot provide support for the manipulabn of the
music piece as a structured and meaningful object.

This thesis presents the BOOMS editor intended for music compdtsn.
BOOMS supports a combination of structural and non-structuralediting
of music pieces and demonstrates the added power provided by explicit
representation of structure. The main focus of the work has been:

Developing a methodology to combine structural editing in no-structural
editors;

Investigating how abstraction mechanisms can help to turn an éahg
session into a reusable function, which captures the intentiorf the
composer;

Formally comparing direct abstraction on the music pieces baj edited
and abstraction on the history of the commands the composer useal t
build a piece.

The BOOMS system was developed as a general application franoekvfor
developing editors with support for a combination of structual and regular
editing and support for end-user abstraction as a tool to de neausable
functions without programming. The framework is implemergd in CLOS
(the Common Lisp Object System) and features a sophisticated Wdows
interface. Instantiating the framework to a speci c editing dmain is a simple
task, due to the clean object-oriented design of the framework

While the BOOMS framework is generic, it is most e ective whemstan-
tiated to domains similar to music composition, where a user inementally



builds a structured object by using a restricted set of command® ttcombine
smaller units into larger ones. The BOOMS framework was instaigited to

three domains to illustrate the support an abstraction-enabbgstructural ed-

itor can provide to end users: music composition, arithmetic expssions and
editing in a micro-world of colored cubes (GCalc).

In a BOOMS instantiated editor, the end-user interacts with tle actual
piece being created using simple editor commands. At the same &pa view
of the editing session (as an editing graph) is maintained by theditor. The
editing graph can be edited by the user to specify his intentien Abstraction
can also be performed on the editing graph, turning a sequenckedliting
operations into a new reusable function, that can be used eithia the simple
editor view or in the structural editing graph view.

A feature of the BOOMS framework is that it de nes a place whe
domain-speci ¢ knowledge can be introduced in an editor: thaeode con-
structors for the domain and the operators for each type in thdomain can
be encapsulated in well-de ned domain libraries and easilytggrated in the
BOOMS framework. In particular, the BOOMS music domain edito in-
corporates well-de ned knowledge of music notes, intervalshe arithmetics
over them. It is a promising area of future work to extend this pckage to a
more comprehensive music knowledge base.
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Chapter 1

Introduction

This work deals with the problems arising when developing cqguter music
environments to support music composition. It investigates thgeneral issues
of hierarchical editing and abstraction as an end-user prograning technique
within the context of a music editor.

The main motivation of the work is that existing music editors &e too lim-
ited in scope and functionality to e ectively support the compsition process.
The limits derive from two factors: (1) Most music editors so far &ve been
restricted to score editing and therefore only the result of theomposition
process is stored and represented, but the structure of the pietiee history
of its creation and its motivation is lost. (2) No conventionalnotation has
been accepted within the music community to denote the structa of music
pieces. The only \universal" notation for music is the at score ecoded in
the common music notation. Therefore there is no accepted way make-up
for the lack of structure support in a score editor by adding markip tags
within the at score, as is done in text editors.

Accordingly, the objective of this work is to provide a notaton to encode
structure in music pieces that can be easily used in a direct-mauilation
editor. With this objective, the work has evolved into a genel investigation
of hierarchical editing and the services a hierarchical edit can provide.

The contributions of the thesis are the development of an apgphtion
framework for hierarchical editors (the BOOMS system), the drition of a
general methodology to combine a domain speci c editor withi@rarchical
editing (through the notion of editing graphs and historicalediting) and the
study of how hierarchical editing facilitates end-user progmming through
the use of abstraction on editing graphs.

1



2 CHAPTER 1. INTRODUCTION

This generic framework has been applied to create an innous music
editor combining hierarchical and at-form editing and supprting an in-
tuitive form of abstraction de nition. The prototype editor is a promising
platform to investigate ways to introduce rich music knowledg within music
editors.

1.1 The Hierarchy Aspect in Music

Hierarchical structuring is inherent to music conception. As aacoustic phe-
nomenon, music is a stream of sounds, but it is never conceived ashsu
Hierarchy is central to any music activity | listening, analysis, composition,
tutoring, performance, typesetting and computer processingln listening,
the natural structuring performed in the listener's mind, plgs a major role
in the generation of music expectations [1]. In analysis, a majeubject in-
volves structuring of a music piece along multiple dimensionsd analyzing
the inter-relationships between such simultaneous structurgs in harmony,
rhythm, melody and dynamics [2, 3, 4, 5]. In composition, hiarchy has a
major role in the actual construction of a piece: abstractionrad generaliza-
tion in the bottom-up direction, and instantiation in the top-down direction
are essential composition approaches [6].

The need for hierarchy and structuring in the design and applition of
computer music tools is intimately interlaced in the short hisbry of computer
music [7, 8, 9, 10, 11, 12, 13, 14, 15]. Typesetting has a hielacal aspect
as well [16]. In the design of low level protocols like MIDI [J&nd Zippy [18]
the need for structure is frequently mentioned.

The work on Music Structures that motivated the BOOMS projectcon-
centrates on characterization of the ontology of structuredhusic pieces as a
semantic domain for a computer music environment. It suggestsefview of
a music piece as a temporal structure whose components are nesedporal
structures | SMP (Structured Music Piece). The hierarchical construction
starts from some primitive layer, that includes sounds (de nedby attributes
such as pitch or timbre) or atomic motives. The multiple structuing of a
single piece gives rise to multiple SMPs, all sharing a singkst music piece
that acts as their extensional normal form.

The structure of an SMP can be syntactically speci ed by variougon-
struction operators. The basic [direct] operator is generailusic-concatenation
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denoted \@". The expression
@(MPy; t; MP)

denotes the extension of the music piece denoted MP, with MP,, played

at time t, relative to MP's beginning. Two useful special case operators are
simultaneous and sequential concatenations, which are roughly de ned
as:

Simultaneous: A ] B = @(B; start (A); A)
Sequential: A B = @(B;end(A);A)

Examples of other useful operators arganspose , reverse, stretch , and
merge.

In a Computer Music Environment based on the Music Structures gw,
the operators are the construction means (value constructorsyhey express
the compositional intention of the user. Hence, the history of aaditing ses-
sion evaluates to the intended composition, and provides thedical structure
of the composition.

1.2 Introducing \BOOMS"

BOOMS is a generic framework to study and develop sophisticatebmain-
speci ¢ editors. The project is motivated by Computer-Music Erironment
needs. The eventual goal of the project is to develop a music \wstation sup-
porting multiple structured representations for a single musipiece, following
the Music Structuresrepresentation of [12]. This has led to the development
of a hierarchical editor, that manipulates hierarchical music structures rather
than the at music score: the rst stage of BOOMS Object Oriented Misic
Structures (abbreviated BOOMS).

The hierarchical structures in BOOMS are represented by an iaetnal
DAG (Directed Acyclic Graph) data structure that contains node objects.
Leaves in this hierarchy stand for \atomic" music pieces (usulgl single
notes), and internal nodes are music constructors. Playing a pe amounts
to evaluating the structured hierarchy (the DAG) | calculati ng a at value
which is the normal form of the structured music piece. All struaired views
of a music piece share the same at normal form.é., they sound identical).
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The hierarchical representation stands for the composer's enttions, and
de nes an ontological object (an actual music piece) implity: evaluation
must be used to retrieve this extension.

1.3 Thesis Plan

In an e ort to uncover the potential of hierarchical editing to end-users, the
BOOMS editor was abstracted into a generic application framork for struc-
tural editing by untangling the editor part from the speci ¢ music knowledge.
The resulting framework is described in detail in Chapter6. lincludes the
following layers:

1. Domain-independent node (constructor) management: the Me class.
These nodes compose the internal hierarchy data structure.

2. Graphic editor for hierarchy manipulations: the Icon classThis class
augments the Node class (using inheritance). The user managesects
of this class that are visualized nodes.

3. On top of these two general layers, a package mechanism laygusorts
implementation of multiple domains. This way, BOOMS can be usk
for diverse hierarchical domains.

Three speci ¢ domains are implemented | a music domain, a colczd
cubes graphical domain and an arithmetic domain.

A contribution of the work is the de nition of a general methalology to
turn a domain-speci c editor into a combined hierarchical-ttect editor. The
approach is based on the view that each command performed byetluser
in the native editor on domain values is recorded in an editqigraph. In
the editing graph, each node corresponds to a user command amanbines
domain values (the parameters of the command) into new cong values.
As the editing graph evolves, every argument is itself a node ihe previous
state of the editing graph. The editing graph therefore enc@s the history
of an editing session. This methodology is introduced in Chapt8.

In structured domains like music composition, the editing grap corre-
sponds to the structure of the music piece being constructed. Bibiecause
the editing process can evolve in random ways, the editing griagan de-
velop into a tangled web. Because the structure of the music peds of
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importance to the user (it captures his intention), the BOOMSapproach al-
lows the composer to directly edit the graph. The BOOMS frameovk thus
ful lls two needs: it implicitly de nes a language to describethe structure of
a music piece by mapping editor commands to structural constrtars, and
it provides a direct manipulation tool for the resulting strudural objects.
This is particularly important for music composition, becausehere is no
conventional way to denote structure for music pieces. The apghtion of
the BOOMS methodology to di erent domains is discussed in Chapt 4.

In addition, the BOOMS editing approach, through the rei caion of
the editing process, allows non-programmers to turn editing sgons into
new operators. Because editing actions have been turned intbjects (the
editing graph), it becomes natural to abstract a subgraph of thediting graph
into a new node constructor. This is an intuitive way to creataiser-de ned
functions. This work presents an in-depth investigation of theabstraction
process enabling such de nitions, and compares it with directostraction on
domain values which was proposed as an alternative techniqte end-user
programming in [19]. This is discussed in Chapter 5.
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Chapter 2
Related Work

This work builds on di erent disciplines and elds. The main topics ad-
dressed are: computer music environments and composition eviments;
the general editing process; abstraction and end-user programability.

2.1 Computer Music Environments

In this section we investigate two music environment applicatns that are
both advanced and widely used: DMIX and Common Music.

DMIX

DMIX [13] is a system written by Danny Oppenheim in Smalltalk. The main
concept of DMIX is an expressive user-interface which operatesmultiple
dimensions, including many visualization forms like box-grdp score, and
text representation. DMIX entails an extensive set of functios, some of
them are used via \slapping" | dragging one music piece and dropmg on
another, performing some interaction between both.

The combination of multi-dimensional representation with slpping allows
for an interesting form of abstraction in the following way: a iew can rep-
resent the pitch of a music piece, another view the rhythm of atiwer piece;
by slapping (dropping) the pitch view on the rhythm view, one an obtain a
new music piece composed of these pitch and rhythm speci cations this
operation, the rhythm dimension of the second piece has beens#iacted
into a function that has been applied to the rst piece.

7
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Although very impressive, DMIX has some disadvantages. First of all
there is no formal model for DMIX. It was developed as a privat®ol by one
musician, and extended over time to a full application. Compang DMIX
with BOOMS reveals two additional points where BOOMS provids features
that are necessary in such music environments:

There is no hierarchy information in any form (applying an opration on
a music piece yields a new one that has no connection to the anigy).

Abstraction is limited to slappability, i.e., one can only abstract a sin-
gle dimension for which a view already exists in the system | new
views cannot be created by end-users, and slappable views cdnne
combined. End-user programmability or extensibility is theefore im-
possible.

Common Music

Common Music [20] is a Common Lisp-based system written by Rick Tha.
Comparing Common music to other computer-music tools is simild com-

paring Common Lisp to other programming languages. Common Maspro-
vides a very rich set of of music primitives and types to supportlgorithmic

composition. Many useful features are implemented like streancontainers
and algorithmic music.

Compared to other computer-music applications, Common Musis more
programmer-oriented than most applications, however, it isteactive enough
to make musicians learn how to use it (a surprising point is that naicians
actually spend time to learn how in nite streams are used). Theantainers
feature of Common Music supports hierarchy in compositions, hewer, this
is similar to nested procedures: the non-trivial management obntainers and
the overhead involved prevents using this feature for constting music like
nodes are used in BOOMS (ho Common Music user will ever use a con&i
for three notes).

Common Music is very close to Common Lisp, so features like abstiiaas
are handled using Lisp. Another e ect of this is the system being we
complex, for example, many macros are used all over (workingtlout the
reference manual is an impossible task for many users). This apach makes
the usage of advanced features like abstractions not applidakfor novice
users. There is a graphical user interface implemented (Stglldut it is only
partial in the sense that many features are not accessible thraugs.
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The Common Music system demonstrates the need for programmatyili
in composition environments. One of the most interesting featas of the
system is the pervasive use of streams. BOOMS is di erent from Commo
Music by emphasizing hierarchical structure usage and making stbaction
an intuitive mechanism to support end-user programmability.

2.2 Historical Editing and Structural Editing

The Programmer's Apprentice

The objective of the Programmer's Apprenticeproject [21] is to study how

a knowledge-based editor can help automate the tasks of prograwriting,
modi cation and documentation. One of the main themes of theesearch is
that the editor must encode explicitly more information thanis written in
the text of the program in order to appropriately assist the progammer. In
the KBEmacs prototype, this additional knowledge is encoded in the form
of clickes. A clicre encodes the knowledge shared by the programmer and
an external assistant when modifying a piece of code. The follog example
shows a clicle de ned for enumerating a Lisp list:

(DEFINE-PLAN CDR-ENUMERATION

(PRIMARY-ROLES (LIST)

DESCRIBED-ROLES (LIST)

COMMENT "enumerates the elements of {the list}")

(LET* ((LIST {the input list}))

(LOOP
(IF ({NULL, the empty} LIST) (RETURN))
{{CAR, the current} LIST), the output element}
(SETQ LIST ({CDR, the rest} LIST)))))

De nitions of cliches include a body over which parametersire abstracted
and, most importantly, a set of annotations that explicitly describe the roles
of parameters and constraints over their instantiation. In tle above exam-
ple, the methods to test if a generalized list is empty is abstréed to the
annotation {NULL, the empty}, comment annotations are also introduced
which are later used to automatically generate documentatiofor the code.
Other annotations can be used to introduce constraints on panseters.

This knowledge is used by the editor to provide the followinguhction-
ality: during program synthesis, the programmer can select a cle from



10 CHAPTER 2. RELATED WORK

a library and instantiate it using explicit editor commands. The program-
mer can alternatively enter code directly and an analyzer pses the code to
recognize instances of existing clicres. In both cases, the editmaintains
an explicit representation of the clicte structure of the cod | called the
program plan| in addition to the program text. Because the program plan
is explicitly maintained, the KBEmacs editor can support modcation of
the program at a much higher level of abstraction than a charéer based
editor can. Beyond parse tree editing (as provided by syntactieditors),
KBEmacs claims to support editing at the level of \algorithmt structure”.
This translates into sophisticated support for program modi céion: if a
programmer decides to switch a CDR-enumeration through a lighto an
ARRAY-enumeration, the editor can transpose automatically thenstances
of the CDR-enumeration, and propagate this change to all vant occur-
rences.

The Programmer's Apprenticeproject illustrates the need to maintain ex-
tra information in addition to the at domain values being edted, to describe
the intention of the designer. The need for such meta-editingnbwledge is
made even more pressing in the domain of music composition, besawof the
lack of established mark-up standards in music notation.

In KBEmacs, the integration of the domain value editing and kowledge
editing is through a stage of automatic analysis and plan recomgion of the
user actions. While this approach is conceivable in the prograning domain,
where a large clicke library can be designed building on exisive results in
software engineering and programming language semantics sithuch harder
to apply in the music domain, where even a notation for structuw is missing,
and the notion of \composer intention" is much harder to graspln addition,
music creators often consciously seek ambiguity in their comptisn, and a
plan recognition mechanism would perform poorly in such conains.

The alternative approach implemented in BOOMS, is to provid explicit
editing of the editing graph, to empower the composer with th@ossibility
to specify his intention. Automatic analysis of the editing adbns is beyond
the scope of this work.

Besides this di erence, in BOOMS as in KBEmacs, the ideal plac®
introduce domain speci ¢ knowledge to introduce sophisticateservices in
the editor is in the set of editor commands. The BOOMS music knoedige
base is encapsulated in a library of editor commands, appearitmthe user
in a palette, and plays a role parallel to KBEmacs's clicte brary.
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Chimera

In the Chimera graphical editor [22], Kurlander investigated ways to auto-
mate repetitive tasks in user interfaces. Th&himera system is built using
demonstrational techniques | empowering users to \program arapplication

through its user interface.” Kurlander developed ve powetl techniques
to automate repetitions. Most relevant to this work are the tebniques of
editable graphical historiesand macros by examplduilt on top of them.

Graphical histories encode in a comic strip metaphor the commds used
in an editing session: \Commands are distributed over a set of paedhat
show the graphical state of the interface changing over time.hHEse histories
use the same visual language as the interface" ([22, p.11]). Theaphical
history is automatically maintained as the user performs aatns on the edi-
tor. Strategies are designed to make histories shorter and f@oon signi cant
actions in the system. Declarative rules encoding regular engssions of com-
mands are used to analyze the stream of commands issued by the uset a
coalesce similar commands into a single pane of the history.

Histories serve as a basis for a sophisticated form of undo-redo whe
the user can select which section in the history to undo or redo, drhave
the editor propagate changes through the rest of the session aguiged. In
addition, histories are used as the basis for a form of abstraatianplemented
in the graphical macro by exampléechnique ofChimera. The main concept
is to abstract histories into functions by generalizing some dhe objects
manipulated in a sub-session. The abstracted sub-session is then ndraad
can be used as a new command.

The BOOMS approach is heavily in uenced by Kurlander's workin its
focus over histories (which are called editing graphs aboveJThe main dif-
ference in approach is thatChimera depicts histories in the same visual lan-
guage as the object editor, while BOOMS depicts them in a higrchical
view, focusing on their structural properties. The latter appoach is a design
decision motivated by the need to denote structure in music corogition. In
BOOMS, the di erences between the properties of the editingraph and the
values being edited is also investigated formally.
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2.3 Abstraction and End-user Programmabil-
ity

Orlarey and others in [19] propose to build a music calculus baksen pure
lambda calculus. To illustrate the use of abstraction, they delep an editor
in a micro-world of colored cubes, that can be combined arouritle three
dimensions. The main idea investigated in their system is to praile the user
with the possibility to abstract over the primitive values beirg edited. The
resulting domain includes both the colored cube values anddhfunctions
obtained as a result of abstraction.

This system is discussed at length in Chapter 4, where a reimplenten
tion is presented (the GCalc system), together with a formal argsis of the
domain and of the abstraction process. The BOOMS approach mayrdi ers
from the GCalc model in that abstracted functions are not parbf the value
domain. This di erence is parallel to that with the Chimera system | in
BOOMS, both editing graphs and abstracted functions are obgés that the
composer wants to represent and manipulate. The BOOMS hierduical view
provides a language to denote structure when no such formalisexgenerally
available in music.



Chapter 3

Hierarchical Editing |
BOOMS

In this chapter we introduce the notion of hierarchical and istorical editing.
We show that editing sessions themselves, can be characterized agcstired
expressions. Hierarchical editing is the manipulation of such sictured ex-
pressions. It is contrasted to at-form editing, where the resulof the editor
operation is always fully evaluated: hierarchical editings intensional, while
at-form editing is extensional. At last, we introduce historical editing, as
a dual editing mode, where the user can manipulate both the atorm of
his creation and edit directly the operational hierarchy ofhis editing ses-
sion. BOOMS supports a restricted form of historical editing thawe call
\Constructive Historical Editing".

3.1 Editing as a Structured Process

In this section, we develop the view of an editing session as a stwed
process, represented by some hierarchical expression. This isbded by
viewing an editor as generating a functional domain: an edit is always in
a state which is represented by a value (or values), and the usemagaerform
operations which bring the editor to other states. The valuesepresenting
the editor state are the functional domain values, and the useperations
are functions on these values.

A simple example for an editor and a corresponding domain is a g@et-
calculator. It has a state which is composed of several numberlves | at

13
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least two numbers are needed for using the simple binary funatis, and there
is usually some kind of a memory storage place. The arithmetic egtions

are functions that operate on the calculator's current vales and set new
ones. These values and the user functions attached to the caltolr keys

compose a functional domain.

We proceed to representing an editing session as an expressionanay.
This is immediate once having a functional representation f@an editor do-
main, since functional expressions are naturally viewed as & €.g., syntax
trees). Given a set of value¥ (editor states) and a set of functiond= (editor
operations), letH denote the set of hierarchical expressions ovay; Fi. The
value of a hierarchical expression is given by a function EvaH 7! V that
evaluates expressions il into the actual values inV | by applying the
corresponding functions inF .

Note that the tree representation of functional expressions ippropriate
when they are pure values. If hierarchy values are objects (iidentity)
then the representation uses DAGs (Directed Acyclic Graph).

3.2 Editing Graphs are Intensional

Editing is an operation along time. An editor that keeps trackof editing
operations along some period of time, and allow editing of therresponding
operational hierarchy, is called éistorical Editor. Such an editor generates
a functional term for each operation. These terms preserve tistory; their
evaluation yields the intended result. The generation of tki hierarchical
expression is domain-independent. It is natural for a historad editor to have
two views: one for the original [extensional value] domain arglipport direct
manipulation, and another for the hierarchical expression$at represent the
processes that created these extensional values.

In this section, we rst compare the domain of values manipul&d in the
at form editor (the original domain of values) and the valuesmanipulated
in the historical editor. As discussed in Chapter 2, it is often clened that
these two domains should be kept as close as possible, to allow tteeru
to manipulate histories in the same way as domain values. We déwe a
formal analysis of editing graphs to precisely explain how dufig graphs
di er from domain values. In the next section, we analyze a secdireason
why the domain of editing graphs and the value domain di er: ertain editing
commands are destructive, and leave no trace in the value bginonstructed.
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3.2.1 Intensionality and Hierarchy Editing

The critical di erence between domain values and editing @phs is that the
later are intensional. Indeed, a historical editor enables mict manipulation
of the operational hierarchy. The BOOMS editor supports gramcal DAGs
editing. This way, using subexpressions of the nal creation isnainherent
feature; logical subunits of our creation can be directly refenced. Another
advantage is the support of multiple top-level hierarchiesnfultiple roots),
rather than a single value.

When editing, the handling of objects (values with identity is more ap-
propriate than pure values. That is, object manipulation is dscriptively
more powerful than manipulation of values. For example, thexpression
\2 2" can use two dierent 2's, or the same single 2 object. These two
options represent di erent intentions | like calculating th e area of a 2-by-2
rectangle, or the area of a square with an edge length of 2. Wealgain the
bene t of better evaluation times, since each node in the grapis evaluated
only once. This brings us closer to the expression graphs in [23]

In the intensional approach, the hierarchical operation expssions are
DAGs: nodes represent operations, and edges represent the rielaship of a
subexpression node being an argument of a parent expression nddanipu-
lating an acyclic graph rather than a tree means that subexpssion-sharing
is allowed. Henceforth, the term \historical editing" is alwgs used in its
intensional meaning (manipulation of objects).

3.2.2 Formal Description

To precisely explain the intensional nature of the historical diting domain,
we propose a formal description of the process of maintainingehediting
graph over a at form editor.

The Functional Domain

The functional domainD = hV; Fi is a pair of the values set, and the func-
tions set, as follows:

V is any set of values.

F is a set of functions ovel:
F vn71vVv
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The Hierarchical World

The de nition of the hierarchical world W = HH;C; Evali, based on the
functional domain D, is a triplet of hierarchical values, constructor functions
and an evaluation function, as follows:

C has a constructor functionf™for each domain functionf in F (n is
used as the function's arity,f~has the same arity):
8f 2F : 9f 2 C:

f:H 7' H

H is de ned using primitive valuesV and augmented by the construc-
tors in C:

{V H

{ No other values are inH.

The Eval function gives the semantic value of the syntax valuga H:

Eval : H 78V
< X ifx2V

Eval(x) = = f(Eval(x1); Eval(xy2);:::;Eval(xy))

3.3 The Editing Graph Preserves Destruc-
tive Operations

The general operation set of an editor can be categorized intwo classes:

Constructive operations  These are the usual operations | operations
that make us \advance toward the nal goal". Most of the “interesting'
operations fall in this category, they are interesting' besuse they add
information | they create explicit combinations: applying o perator O

There are many examples for constructive operations, they avsually
domain dependent because they construct values (or compute @ue)
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speci ¢ to the domain of the values they operate on. Text writig /
pasting in a text editor and value entering / calculating on a alculator
are constructive operations.

Destructive operations  These are operations that make the editor go back
to some previous values (or state) like the "undo’ operationr produce
values that are not explicit combinations of previous onesjke the
“delete’ operation.

Note that this usage of the term “destructive' is di erent from ts use
in programming languages | changing the internal state of an dject.

These operations, contrasted to constructive operations, tend be do-
main independent for reasons explained below. Examples okttective
operations are deletion, undoing and resetting.

Surely, constructive operations should be recorded in the hasical struc-
tures created by the editing session | otherwise we will not be algd to
remember the way a value was produced.

On the other hand, destructive operations are used to recovergvious
editing state / values, so we want this feature to be re ected inte corre-
sponding hierarchical values created. This means that desttive operations
are not implemented as constructors for hierarchy values, bats functions
that map hierarchy values to other hierarchy values | these ca be consid-
ered as meta-level [destructive] operations for hierarchyaimtenance.

There can be a situation where the user wants to keep the destruwt
operations in the hierarchy | like when abstracting a sequencef operations
using their hierarchical form. Think of keyboard-macros in Ehacs which
carry a similar kind of abstraction | it can be the sequence of A{DEL{ B,
which is exactly equal to B (and the destructive information is redundant),
but it can be the sequence DEL{A where the destructive operation must be
part of the macro.

3.3.1 Example: Usage Scenario

This example demonstrates destructive operations. We use a dient editor
domain | a text editor. Text is a stream of characters with no structure
and the operations used to create it de ne the operational histy structure.
The only operations are concR for concatenating on the righand ConcL on
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the left. The text string "ABCcan be the result of
concR(concR(A; 'B); C)

or
concL(concR(B; C); A)

These two options for creating theABCtext correspond to two possible ways
for a user to generate this text | typing ~ A, ‘B and 'C, or typing ‘B, 'C
and then ‘A at the beginning.

If this editor allows destructive operations like undo, we agahave more
history expressions that generate this text, like:

concR(undo(concR(concRA&; 'B); ‘D)) ; C)

which happens when the user mistakingly enteré&BD then undoes the D
and nally adds the correct C.

3.3.2 Constructive Editing

The implementation of selective historical editing by using nta-level oper-
ations (partial evaluation of destructive editing operatims) for destructive
operations is calledConstructive Editing Approach For example, in the
above text editor domain, when the user corrects the mistake ‘charac-
ter, we get a corresponding subexpression of the form undo(corzRY )).
Such expressions can easily be identi ed and replaced by theimgiler equiv-
alent form X | this simpler expression is the result of a meta-level delete
operation.

If the constructive editing approach is to be implemented in &ierarchical
editor, then the user should be given a way to say whether he wargsich
automatic reductions or not, as there are cases (mentioned@i®) where the
destructive information should be kept.

Note: the BOOMS system does not handle editor domains that inalie
destructive operations. It allows, however, manual meta-leveperations like
deletion on hierarchy structures.

3.4 Conclusion: Historical Editing

This chapter has developed a view of editing as a constructipeocess, where
the editor automatically maintains an editing graph re ecing the actions
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performed by the user on a at form editor. This editing graph an then
be directly edited by the user. We have precisely highlighteche di erences
between the domain of values manipulated by the at form eddr and those
manipulated by the history editor: editing graphs are intenginal even when
the value domain is extensional, and editing graphs record steuctive op-
erations, and, therefore, dealing with destructive operatits in a historical
editor requires special care.

Hierarchical Editing of the operational history has the follaving advan-
tages:

Can describe any history of editing, on any editor domain.

As we've seen | any editing session can be represented by an opera-
tional hierarchy, so we do not lose any editing power. The priagan be

a loss in user-interface clarity for certain domains. This is gcussed in
Chapter 4.

Enable direct manipulation of the hierarchy using logical uits of the
creation.

When representing the history hierarchy of a normal editing sessi,

we will probably get something which is of little use. The possility of

working directly with the hierarchy allows the creation of &pressions
that are more meaningful.

For example, using a text editor example, writing the stringONE TWO
in the obvious way (from left to right) creates the expression:

(o Ny B ) T W O
Hierarchical editing can produce a more meaningful represaiion:
(o N B ) (T W 0O)

The subexpressionsONEand "TWOQcan be used elsewhere (using the
intensionality feature).

The intensional nature enables simultaneous editing of muftie hierar-
chies (the hierarchy is a DAG with possible several roots). For ample,
the calculator from the above example can have several memasils.
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The intensional visualization of the hierarchy editor enabkedirect ac-
cess to subexpressions, which encourages reusing of expressionss Thi
way a user can build truesharing of subexpressions, and distinguish

it from repetition, as in the above example of \2 2". This distinc-

tion is meaningless in a at editor, which always expands (coputes)

its values. A historical editor recording the operational hierchy of a
at-editor, can, for example, use shared subexpressions using tbepy

|/ paste operations | remembering that the two subexpressions areac-
tually the same one | and then enforce propagation of changesat its

two instances.

The creation process can proceed in all possible design directid
top-down, bottom-up and combinations.

Working bottom-up is obviously possible, this is what is createwhen
representing a " at' editing session (the possibility of holding mitiple
unrelated expressions allows the building of low-level exgsons, and
then higher expressions). Using unspeci ed arguments, it is also pos-
sible to start with the top level function expressions, working den to
more speci c expressions | thus supporting top-down method. Any
combination of these methods, like starting from the middle leal, down

to the bottom and then up to the top, is, of course, possible.

This is an obvious feature for any DAG editor, but here we have
achieved this advantage for any editor domain.



Chapter 4

The BOOMS Methodology on
Di erent Domains

The previous chapter focused on the notion of historical editg. In this
approach editing means manipulating the hierarchical struares created by
user operations. For example, as the user constructs the follogi music
piece:

the following editing graph is constructed:

=

ei@@
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We also discussed the di erences between the value domain (the r&jo
and the editing graph domain.

This chapter illustrates these di erences in greater detailby focusing on
three examples: simple arithmetics; a music composition domaitge colored
cube example introduced by Orlarey and others at the Grame cwputer-
music center in Lyon, France in [19].

These three samples demonstrates three di erent possible scenéor an
editor implemented in BOOMS:

1. A native domain can have no structure at all. This is demonsated by
the arithmetic sample, where the native values are numbers.

2. The native domain can have an intended structure that is notepre-
sented by the editing operation graph. This is the case of ediy music
pieces using a at editor: the usual way for entering a music pieds by
sequentially specifying its elements | the corresponding grab is not
meaningful, see page 19.

3. Finally, the structure of domain values can be described ugjra BNF,
and the editor commands correspond exactly to the non-terméts of
the BNF. This is the case of GCalc, where there are few ways to con
struct a given cube. In this case the editing graph will be almost
iIsomorphic to the value being constructed. Still, the editinggraph
of a value, and its structure can dier, since the editing graphs an
intensional DAG.

GCalc is the main example that is discussed in this chapter. The@lc
editor is used as an example of a at-form editor. GCalc was degsied and
implemented for the purpose of \investigating radically new pproaches to
end-user programming.” We reimplemented this system in Schen@ rst
learn on ways to integrate abstraction in user interface and tprecisely un-
derstand the dierences between the BOOMS historical editingapproach
and the GCalc \ at domain" approach. In this chapter, the GCalc domain
and editor operations are presented. Abstraction is postponed the next
chapter, where it is confronted with the structure abstractio operation in
BOOMS.
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Example

We rst illustrate the approach of viewing an editing session as aiérarchical
expression in the arithmetic domai.

We take N as the functional domain, with the simple arithmetic functims:
f+; ;g . The hierarchical world H is created, based on the functional
domain:

1. The set of valuesV, is taken as the natural numbersN. This is the
set ofH's primitive values: V = N H.

2. Foreachf 2f+; ; g, we create a binary constructor function (with
the same name) oveH | these functions create newvalues inH.

3. The evaluation function maps values itd to values inV in the obvious
way.

We compare now the values itV (the original set of values), and the values
in H:

The functional domain, V, contains only the natural numbers | N.
The result of applying a function on these values is another nuaric
value, so the three applications \2 +4",\8 2" and \2 3" produce
the samevalue | \6".

H also contains the naturals as its primitive values, but no+; ; g
are value constructors. So, for example, \2+4",\8 2",\2 3" and
\6" are all dierent values.

The evaluation method gives the intuitive mapping betweemd and V

| \Eval(2 4)", \Eval(8 2)" and \Eval(2 2)" produce the same
result | \6". (Writing Eval[2 + 4] might be more appropriate  as the
values ofH are actually syntax values).

This is similar to the expression graphs discussed in [23]. A graphrc
be viewed as a hierarchy value, and graph reduction as an ireplentation
of an evaluation function (when producing a primitive-vale result).

1This example is implemented in BOOMS as the “arithmetic' demo package.
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Historical Editing and the Music Domain

Section 1.1 describes the world of Structured Music Pieces. §htan be the
hierarchical representation of a ~ at' editor that manipulaes music pieces as
note streams (similar to a textual editor handling character stngs).

The Music Structures domain provides a natural example for &thg as
a hierarchical expression. This is so because the main concateraoper-
ators are true value constructors. A concatenation of two strigred music
pieces evaluates to a nesomposedsalue, that explicitly includes the original
pieces. This holds also when concatenating at music pieces, faugh the
resulting value is shallow-structured (concatenation of priftive elements).
The evaluation (using Eval) of a concatenated value yields aat music piece
that explicitly contains the same primitive elements.

This is di erent from the status of values in the arithmetic example due
to the evaluation function. For example, the expression \2 3" is evaluated
to the number \6", and the original expression is lost.

4.1 GCalc Domain Description

The purpose of GCalc is to demonstrate how to build a programmgnlan-
guage on top of a structured world via abstraction and investiga abstrac-
tions as means for conceptualization. The GCalc domain is gite, structured
and can be supported by o -the-shelf graphic visualization tdo It is bet-
ter suited than a straightforward textual domain. The implematations are
simple but powerful, and can produce surprisingly complex regsl

The data values of GCalc are colored cubes. An informal desciiph
follows (a formal description is given in Section 4.3):

There are primitive cubes which are uniformly colored with aingle
color. These can be colored with any color, and a transparentloois
usually very handy.

There are three ways of combining cubes to generate compouoites
| Left-Right, Top-Bottom and Front-Back. Each of these is a bi nary
constructor. The visualization of a compound cube is always ait-
struction of two cubes (using the constructor's axis) of equal ®z|
that is, the two sub-cubes are shrunk in half to t their part of the
compound cube.
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There are de nitions for an abstraction and an application oprations.
This is the most important aspect of GCalc. It is discussed rigoraly
later in Chapter 5 (Section 5.2).

Note that cubes in GCalc are data values and not objects. This raes
that each cube value is unique, for example, there are no two etent red
cubes. Cubes should be thought of as cube-concepts being cphealy
constructed, and not as physical cubes.

4.2 The GCalc Flat-Form Editor

The implementation of the GCalc editor is an example for a sini¢ and
intuitive user-interface. It is a at-form interface for the structured domain
of cubes. A brief description of the interface of the Scheme itepentation
(which is similar to the Grame implementation) follows:

The workspace is divided into three panéq the work areg the primitive
colors paletteand the storage Each pane is a grid of cells. Almost all
operations are performed by drag-and-drop between the paneells. Utility
operations like naming a cube, saving and loading, are not dissed (the full
documentation for the Scheme implementation can be found Appendix C).

The Primitive Colors Palette

The grid of primitive colors palette contains cells with theprimitive cubes. It
is used as a supply of basic cubes for dragging. An extra operatperformed
on this pane is abstraction.

The Storage

The storage is a grid of empty cells that can be used for storingtermediate
results. Constructed objects can be dragged to and from the stg@ This is
a necessity as construction is bottom-up (thus some way for savidpjects
must exist or else operations can only be performed on the curteube and
a primitive cube).

2See page 28 for a screen snapshot
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The Work Area

The work area pane is the most important one | it is the application main
window. This is the place where the \current cube" is being w&ed on, the
place where all of the work is done. It is a grid of 3 3 cells as follows:

Back Top Apply (func)
Left Selected Right
Apply (arg) | Bottom Front

Selected This is the selected cell that holds the cube the user is currdyt
working on. This cube can be dragged to any storage cell for ¢atuse,
and any cube from the storage pane or the primitive colors pate can
be dragged here for more editing.

Note that this cube can be dragged like any other cube, so it caisa
be placed in one of the operation cells described below.

Left This is the cell that generates Left-Right constructions. Whe a cube
is dragged here, a Left-Right construction of this cube and thselected
cube is created and the result is placed in the selected cube.

Right This is the opposite cell for the \Left" cell, it will create a Left-Right
construction of the selected cube and the dragged cube (same bew,
but with the arguments swapped), and place the result in the salteed
cube.

Top This creates a Top-Bottom cube, similar to the \Left" cell.
Bottom The opposite of \Top".

Front This creates a Front-Back cube, similar to the \Left" cell.
Back The opposite of \Front".

Apply (arg) / Apply (func) The Abstraction and Application are the
important operations of the GCalc system. They are discussed late
but the user interface is brie y described here.

Creating an abstraction can be done only on a basic colored cube
the primitive colors palette, by right-clicking on the cole to abstract.



4.2. THE GCALC FLAT-FORM EDITOR 27

Applying an abstraction is done by dragging an object to one ohe
\Apply" cells: the \Apply (arg)" is for dropping argument value s for a
function in the selected cell, and the \Apply (func)" is for drgpping a
function to be applied on an argument in the selected cell.
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Session Sample

The session sample given here is taken from a running session of theeSte
implementation. No abstractions are used in this sample.

GCalc: Untitled [Unnamed] _draw
c| o
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The initial GCalc screen and oating windows

GCalc: Untitled [Yellow] _draw

Dk EIIIEI
Dk Yello
Dk Cianl

Dropping an initial yellow cube
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GCalc: Untitled [Unnamed] _draw

Dropping a red box on its left

] ]
Save the result and build the mirror-image object
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I
Saving this object as well, and put the two one
on top of the other

Save that, and nally: construct another
object and put it behind. View the nal result
on the zoom pane.




4.3. GCALC'S FORMALS, PART |: COLORS 31

4.3 GCalc's Formal De nition, Part I:
COLORS

The GCalc domain is formally de ned in three parts. Part | is gven here,
and Parts I{lll that deal with abstractions, are described in Sections 5.2.1
and 5.2.3. The whole de nition can be found in the documentain section
of the GCalc Scheme le.

The rst part de nes the simple colored cube ADT world | named
\COLORS". These are the de nitions for the values, and the simdrity equiv-
alence relation which de nes the visualization properties | similar objects
looks identical (although they may actually be composed di®ently), and
behave identically.

4.3.1 Values

The GCalc ontology (real-world elements) is the intended sem@cs behind
the syntax. This is de ned rst to motivate an intuitive approa ch to the rest
of the description. The ontology section contains the valuesd constructors
given here, and selectors that are de ned in the next section.

1. C | anin nite set of colors and color constructs and a special \undef'
value which is an absorbing value for all functions.

2. B | a non-empty subset of C,
the subset of primitive basic elements (color concepts).

3. Cons | a set of constructors which are functionsC C 7! C B
de ned by:
Cons= f LeftRight; TopBottom; FrontBackg
8F 2 Cons: F is a strict constructor:
8x1:%X, 2 C:
X1;X2 2 C f undefy =)
F(Xi;x2)= X0 X =Fyuy2) " X1 =y1" X2 = Y2
X1 = undef_ X, = undef=)
F (X1;X2) = undef

4. C is composed of its basic corB, and extended by the constructors in
Cons
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(&) undef2 C

(b) c2B=) c2C

() c;6,2 C;F 2 Cons=) F(c;;)2C
(d) No other values are inC

4.3.2 Selectors

Six selectors are de ned | two for each constructor. For exampé, the rst
selector de ned for a LeftRight construction is LeftPart:
LeftPart: C 78C

X if ¢ = LeftRight( x;y)
% TopBottom(LeftPart( x); LeftPart(y))

if c=TopBottom( x;y)

FrontBack(LeftPart( x); LeftPart(y))
% if ¢c=FrontBack( x;y)

undef if c2 B or c = undef

This should be done for all six selectors. The process is geneedidy
two selector generators | higher order functions Selectl and&elect2 de ned
as follows:
Selectl Select2 :Cons7! (C 7! C[f undeD)
8F 2Consc2C: g
X ifc=G(xy)"F=0G
_ G(Selectlf)(x); SelectlE)(y))
Selectlf)(c) = 5 if c= G(xy)" F 6 G

3 undef if c= undef_c2 B
y ifc=G(xy)"F=0G
G(Select2f )(x); Select2€ )(y))
ifc=G(x;y)"F 6 G

undef if c= undef_c2 B

Call this property: Distribution of the selectors over the costructors in
Cons.

Naming convention | if the above F's name is AaaBbb, then we use
these names for the selectors:

LeftPart(c) =

Select2f)(c) = 5

Selectl(AaaBbb) | AaaPart

Select2(AaaBbb) | BbbPart
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so the six selectors we have now are: LeftPart, RightPart, TopPa BottomPart,
FrontPart and BackPart.

Examples:

TopPart(TopBottom(LeftRight( Red Blue);
LeftRight( Blue; Red))) =
LeftRight( Red Blue)

LeftPart(TopBottom(LeftRight( Red Blue);
LeftRight( Blue; Red))) =
TopBottom( Red Blue)

LeftPart(TopBottom(LeftRight( Red Blue); Green)) = undef

4.3.3 Similarity

The GCalc ontology is intensional in the sense that its values stds for
equivalence classes over a similarity relation (). This relation de nes the vi-

sualization (\real-world" implementation) properties. As a gneral principle,
all values in the same similarity equivalence set will look id¢isal (although

they may actually be composed di erently), and behave identally for all

functional combinations. The intuition for this is the existence of values that
are built di erently but look the same and are indistinguishabeg, like

TopBottom(LeftRight( X; Y ); LeftRight(Y; X))

and
LeftRight(TopBottom( X;Y ); TopBottom(Y; X))

Note, however, that \X " is not similar (and certainly not equal) to the
construction \LeftRight( X; X )", so these two values are visualized di erently.
The similarity equivalence relation is de ned as follows:
: C C such that

fhb;i2 B B jb = by
fhe;;i2 (C B) (C B)j

= Fxy)”"

SelectlfF)(c;) SelectlfF)(c) M

Select2fF)(c,) Select2fF)(cy)g
(Note that hundef undef 62 .)
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Examples:

TopBottom(LeftRight( Red Blue); LeftRight( Greer Yellow))
LeftRight(TopBottom( Red Green);
TopBottom(Blue; Yellow))

LeftRight(Red Red) 6 Red

[ We can de ne an extensional ontology | in terms of equivalene classes
over the similarity relation and nd a normal form for all values. This is not
done here since it is more complex, and we want this ontology tepresent
the actual implementation. |

4.3.4 Syntax

The GCalc syntax is a context free grammar, that is used to repsent the
ontological values. We use capitals for syntactic categoriesichlower case
for terminals. The syntax is equivalent to the ontology, therore no semantic
function is de ned | it should be simple ( e.g, the syntax \LeftRight( RedBlue)"
means the result of applying the LeftRight constructor funcon on the Red
and Blue values).

1. COLOR! BASIC j COMPOSED

2. BASIC! ‘red'j ‘green’j ‘blue'j ‘yellow'j ‘white' j "black'j ...j
“transparent'

3. COMPOSED! ‘LeftRight' (COLOR , COLOR) j
“TopBottom' ( COLOR , COLOR) j
“FrontBack' ( COLOR , COLOR)

Note that di erent symbols derived from BASIC require di erent objects to
be contained in B, this restriction is implied by the semantic®f GCalc. In
the Scheme implementation, the basic colored cubes are simpfpresented
by a number composed of three values for RGB, except for the trgparent
cube which is represented by a symbol. So the above syntax is a sounat
simpli ed version of the actual rule used:

BASIC ! N j ‘transparent'
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4.4 Implementing GCalc in BOOMS

The GCalc domain is structured by a few primitive values and tfee binary
constructors. In BOOMS, the three binary constructor operatinos are im-
plemented as operation nodes and the basic colors as leaf rdEor each
binary constructor, its dual operation (the right-left opemation is the dual
operation of a left-right construction) is implemented by a nde that applies
the constructor on its swapped arguments.

BOOMS is an intensional editor, which manipulates objects ther than
values. Hence, the implementation of GCalc as a package of BOGNMreats
cubes as objects | it allows two di erent red cubes. In this respect, the
BOOMS implementation di ers from the at-form GCalc editor. Obviously,
the BOOMS implementation of GCalc lacks the extensional usénterface.

When actually using the BOOMS hierarchy editor to play with cipe ob-
jects, itis clear that this interface is better for organiziig cube ideas and play-
ing with them, i.e., testing various possibilities. Nevertheless, it is equally
clear that the at-form editor provides a more intuitive, direct user-interface.
The at-form editor allows working in the domain while the hierarchy editor
forces a hierarchical abstraction on the creative process. Thisual represen-
tation of nodes, is the only link between the BOOMS editor andre concrete
GCalc domain.



36 CHAPTER 4. BOOMS ON DIFFERENT DOMAINS

4.4.1 Session Sample

The session sample given here is taken from a running session of the(B(s
implementation. No abstractions are used in this sample. This arple is
actually identical to the one in Page 28. Comparing the two sessis it is
clear that the at-form native editor is much more intuitive .

2l T ‘

CEEEb BEaEE

Booms! | E—

Starting BOOMS | selecting a document
type to create

[ BN =N R B

Dropping a yellow leaf constant from the
classes palette
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Building the right-left construction

73 800M:

Flo Edt_pbutict_Cisses Widows Oplions Hob

AOE
T

The nal object, viewed in the window that
pops on evaluation

Note that this working method naturally supports top-down corstruction
which is impossible in the at-form editor.
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Chapter 5

Abstractions

Up to now we used only simple domains, all functions were built-ifunc-
tions de ned in the domain of the editor. In this chapter we dscuss user-
de nable functions | abstractions. Two types of abstractions are discussed
| at-form abstractions which are performed on a " at' value, and structure
abstractions which are performed on intensional hierarchy pressions.

5.1 Introducing Abstraction & Application

What are abstraction and application? A brief explanation igjiven here, for
an excellent introduction of this idea see [19].

Abstraction is an act of generalization which is done on two vaés, the
exact types of values used may vary, but usually we abstract a cpmsed value
on some simple value. Conceptually, abstracting a composed valuon some
simple valuex means \stripping o " the x property from v, creating some
general object | a function to be applied later. For example,abstracting the
red color from a red ower gives a generalized, colorless oweTechnically,
the result of such an abstraction, is the valuer with each occurrence ok
replaced by a variable | a hole for later lling.

Application is the opposite operation | instantiating an abstra ction. It
takes an abstraction and some appropriate value, and instantes (replace)
the abstraction's variable by the applied value. The obviousemantics for an
abstraction is a function, and application can be described dke result of
applying this function. For example, application of the abwe colorless ower
on a yellow color yields a yellow ower.

39
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5.1.1 The Power of Abstraction

In an editor, abstractions are usually very useful. In fact, someomplex
objects have an explicit representation which is so complexydt abstractions
are necessary for an understandable description. Having abstracts in an
editor is powerful because it means we have the power of a pragmming
language. An example of the power one gets having an editor adybe of
abstracting can be found in [22]. The abstraction and applicain operations
are simple enough that they can be merged into any domain (speailly |
any editor domain), this is one of the main ideas of [19] (demstrated by
GCalc).

BOOMS implements at-form and hierarchy abstractions. Flatform ab-
straction is used to abstract some value which is a component of at-form
creation. Hierarchy abstraction is more like the keyboard mac facility in
Emacs | abstracting on the operational hierarchy means we reard some op-
erations to be used on other values later. These abstractionsegperformed
on the operation DAG, so they can select the variable part of thabstraction
intensionally.

5.2 Flat-Form Abstractions

Flat-form abstraction is a direct implementation of lambda #straction (see
[23, Chapter 2] for a description of lambda calculus). The at &lues of the
domain are compositions of simple values; the composite valudsstiacted
on the simple values. This is done by replacing all occurrenceka simple
value in the composite one by a variable, producing an abstrach value.
Thus we need new objectsabstractionsand variables

Abstractions are created using a constructor that is given a variable and
an object, this means that we also need a function that will dohe
actual replacement of the abstracted value by a variable.

Variables are an in nite set of values distinct from the domain values. Tis
set should be in nite since a new abstraction uses a new variabler fo
avoiding the problem of name capturing.

As an example, take the character concatenation domain frone&ion 3.3.1.
The at-form domain is the strings domain, with values that are character
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concatenation. No hierarchy structure is used, the stringABCis simply a
concatenation of A, ‘B and C. The value of "Twice' in

Twice := Abstract(" A; 'AA)

iIs an abstraction (a function) that takes some value (a string Jae) as an
argument, and returns this value repeated twice:

Apply(Twice; ABQ = ABCABC

Abstraction is possible on another abstraction to create multigl argument
functions (the arguments are "processed' one-by-one, thicaled \Currying"
| [23, Section 2.1.1]):

ABBA := Abstract(" B; Abstract("A’; "ABBA)

Apply(Apply( ABBA ; "ABQ : 'ABL) = * ABDABCABCABD

As seen in this example, the abstraction and application opelans are sim-
ilar to search and replace operations performed separatelithvthe addition
of variables and scoping rules.

The nal part of this discussion handles visualization of abstraen val-
ues. When writing an abstraction on paper it is easy to use sometlgrike

ABBA =

which is conventional. When visualizing such an object, the glous (and
intuitive) way for visualizing this is using the domain operaions with \vari-
able objects" placed in the abstracted value. The text examplmakes the
usage of special characters ("and ~ ') a possible solution based on the
correspondence between simple values and variables' feplacing B). The
visualization method used in GCalc solves this by using a variabket that
have variables corresponding to simple values (and therefaran be visualize
as variations of such). A simple variable seV based on the simple value
domain N can beV = S N, using this, and the representationX, “X, ...
as the variables corresponding to the characteK, then we have the above
ABBA represented as:

ABBA = BA "ABBA'

(The initial variable declaration is still needed for identfying an abstraction
value as well as specifying the variables and their order.)
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5.2.1 GCalc's Formal De nition, Part II:
FCOLORS

This is the functional extension for COLORS (compare with therst part
in Section 4.3). It extends the COLORS world with lambda abstction and
application objects, and an Eval function which implementshe reduction
rules. It contains various functions that are used for handlig the lambda
calculus.

5.2.1.1 Values

1. C | is extended with abstraction and application values generded by
the new constructors and the variables de ned below.

2. B | is the same as B in COLORS.

3. Vars= B N |is an in nite set of variables that derive from the set
B. This means that each variable is associated with some basic c¢olo
in B, this is because we want to keep the abstraction variable's ool
when visualizing it. We use a short form | Red, instead of hRed Oi.
Equality of variables is de ned as:
8Xi;y; 2 Vars :

Xi=y 0 x=yri=]j

For example, Redy and Red, are two di erent variables which derive
from the Red color. In general we have in nitely many variables with
an attached color.

4. BV = B[ Vars | the set of simple (non composed) values.
5. Cons| is the same as in COLORS.

6. FCons | the two lambda-calculus constructors | a set of strict (see
Consabove) functions inC  C 7! C BV is de ned by:
FCons= f Abstraction; Applicationg

These constructors are used by the Lambda and Apply functions de-
scribed below to generate Abstraction and Application values.

Note: the approach of having some value for an abstraction rathe
then building a value was taken here because of the GCalc emnment
which handles abstraction values like all other values.
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7. CCons= Cons[ FCons| the set of all constructors.

8. C is composed of its basic corB, and extended by the constructors in
CCons
(@) undef2 C
(b) c2BV=) c2C
() c1;,2 C;F 2 CCons=) F(c;c)2C
(d) No other objects are inC

5.2.1.2 Selectors

All previous selectors are maintained. There is no distributimover the FCons
constructors. All COLORS selectors evaluate to undef for varidds and
Abstraction / Application values:

Selectl Select2 :Cons7! (C 7! C[f undeD)

8F2Consc2C: g
g X ifc=GXy)"F=0G
G(Selectlf )(x); Selectlf)(y))
Selectlf)(c) = ifc=G(x;y)"F 6 G G2 Cons
E undef if c= undef_c2 BV _
8 (c= G(x;y)™ G 2 FCong)
% y ifc=G(Xy)"F =G
G(Select2f )(x); Select2f)(y))
Select2f)(c) = ifc=G(x;y)"F 6 G G2 Cons
E undef if c= undef_c2 BV _
' (c= G(x;y)™ G 2 FCong)
For example:

LeftPart(Abstraction( Redy; LeftRight( Redy; Green))) = undef

5.2.1.3 User Ontology Functions

These functions are used to construct abstractions and performpalications.
The auxiliary functions used here are de ned in the next sectig this includes
the Eval function that de nes the semantics of abstraction andapplication.
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1. Lambda function:
This function creates abstraction values (in analogy téambda forms
that create closure values).

Lambda:B C7!'C
8b2 B;c2C:
Lambda(b; 9 = Abstraction( b ; Replace€; b; b))
whereh 2 Vars does not occur inc (that is, : Occur(c; k) | we can
choose the minimal).

For example:

Lambda(Red LeftRight( Red Green)) =
Abstraction(Red; LeftRight( Red,; Green))

[ See Occur and Replace function de nitions below. ]

2. Apply function:

This function is a mere wrapper around the Eval function whic eval-
uates applicable functions | does the beta-reductions.
Apply:C CT7!'C
8c;2 C:
Apply(cy; ¢) = Eval(Application( ¢;; ¢;))

For example:

Apply(Abstraction( Redy; LeftRight( Redy; Green)); Blue) =
Eval(Application(
Abstraction(Red; LeftRight( Redy; Green));
Blue)) =
LeftRight( Blue; Green)

Apply(Red Green) =
Application( Red Green)

[ See the Eval de nition below. ]

5.2.1.4 Auxiliary Functions

This section de nes functions used for the ontology functionand the evalu-
ation semantic function.
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1. Occur function:

This function checks if its second argument occurs (is a sub ual of
the rst argument.

Occur:C BV 7! Bool

8c2 C;b2 B:
True ifc=0Db
w _ Occur(cy; b) _ Occur(cy; b
Oceur(c; = 3 if c6 b c= F(c;;)» F 2 CCons

False if c6 b” c2 BV
For example:

Occur(Abstraction(Red; LeftRight( Redy; Green)); Red) =
False

Occur(Abstraction(Red; LeftRight( Redy; Green)); Red,) =
False

Occur(Abstraction(Redy; LeftRight( Redy; Green)); Redy) =
True

2. Replace function:

This function replaces all occurrences of the second argurhém the
rst argument by the third argument.

Replace:C BV C7!C
8c2 C;b2BV;xg C:
x ifc=Db C
F (Replaceg;; b; X); Replacet;; b; X))

ifc6 x;Mc=F(c;¢)N F 2 CCons
c ifcéxy”"c2BV

Replace€; b; X = 3

For example:
Replace(LeftRight(Red); Green); Red Blue) =
LeftRight( Red,; Green)

Replace(LeftRight(Red); Green); Redy; Blue) =
LeftRight( Blue; Green)

Replace(LeftRight(Red Green); Red Redy) =
LeftRight( Red); Green)
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3. Eval function:

This function evaluates expressions. It is applied immediatelon ap-
plication constructions, as implemented by the system. This cahe
modi ed, however, for example to obtain a system with a functioal
meaning to an application of a basic colored cube. It is de nedsing
an algorithm | the reduction rules algorithm:

Eval : C --> C
Function Eval(c)
if ¢ in BV
return c
else if ¢ = Abstraction(v_i,b)
return c
else if ¢ = Application(cl,c2)
let x1 = Eval(cl), x2 = Eval(c2)
if x1 in BV or x1 = Application(yl,y2)
return Application(x1,x2)
else if x1 = Abstraction(v_i,b)
return Eval(Replace(b,v_i,x2))
else
return Application(x1,x2)
else
c is F(c1,c2) for some F in Cons
return F(Eval(cl),Eval(c2))

For example:

Eval(LeftRight( Red Green)) = LeftRight( Red Green)

Eval(Application(LeftRight( Red Green); Red) =
Application(LeftRight( Red Green); Red)

Eval(Application(
Abstraction(Red,; TopBottom( Redy; Green));
Blue)) =
TopBottom( Blue; Green)
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5.2.1.5 Similarity

The FCOLORS similarity is an extension of the COLORS similarity The
new similarities are:

Variables are treated likeB values.

An Application value is similar to another Application with similar
components.

An Abstraction value is similar to another Abstraction with variable
based on the same color, and similar body when using the same vari-
able. Note that this is not functional equivalence.

The new similarity equivalence relation is rede ned as follows:
: C C such that

fhb;i2 B Bjb = by
fhvi;vji2 Vars Varsju; = vig[
fhe;;i2 (C BY) (C BV)j
ca=F(Xy"F 2 Cons"
Selectlf)(c,) Selectlf)(c) M
Select2fF)(c,) Select2fF)(c)g |
fhe;i2 (C BY) (C BV)j
¢, = Abstraction( u;; by) * ¢, = Abstraction(v;; ) *
u;v; 2 Vars®u= v~
Replacef;; ui; wx)  Replacef; v ; wi) »
for somewy 2 Vars such that
: (Occur(ly; wy) _ Occur(by; wi)) g [
fhe;i2 (C BY) (C BV)j
¢ = Application( x1;y1) N ¢, = Application( X,; y») *
X1 X2™y1r Y0
For example:

Application(LeftRight( Greer Red);
TopBottom(LeftRight( Red Blue);
LeftRight( Green Yellow)))
Application(LeftRight( Green Red);
LeftRight(TopBottom( Red Green);
TopBottom(Blue; Yellow)))
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Abstraction(Red,; Application( Red,; Green))
Abstraction(Red;; Application( Red,; Green))

5.2.1.6 Syntax
1. COLOR! BASIC j COMPOSED

2. BASIC! ‘red'j ‘green’j "blue'j “yellow'j "white' j "black’j ...]j
“transparent’

3. COMPOSED! ' LeftRight ( COLOR , COLOR) ]
“TopBottom' ( COLOR , COLOR)) |
“FrontBack' ( COLOR , COLOR ) j
“Lambda’ ( BASIC , COLOR )
“Apply' ( COLOR , COLOR )

Note that Abstraction and Application are not included in the syntax |
Lambda and Apply are used instead.

5.2.2 Generalizing GCalc's Abstractions

The at-form abstraction de ned for GCalc is generalized in wo directions
| making it generally applicable for any editor domain and having the ab-
straction values (objects) behave like the editor domain nate values.

Flat-form Abstractions for Any Domain

The GCalc at-form abstractions demonstrate a powerful featte that can
be implemented in other domains as well. This is used in BOOMSrfcreat-
ing a general program interface that implements at-form abtractions when
provided with simple search and replace operations (these opgons depend
on the domain simple data values and compound values).

Itis implemented in the arithmetic and the music packages, tharithmetic
implementation is awkward because the arithmetic expressiomase used for
the abstraction, while the at-form is actually a number. TheGCalc package
is the only one with a visualization for abstractions, the othepackages do
not implement a at-form editor so there is no need for such visdaation.
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Flat-Form Abstractions as Domain Native Values

The goal of having a functional domain on top of the native doain is
achieved by merging the functional objects into the domainmaking them
behave like domain values. This is further emphasized by an abus question
a user asks when playing with GCalc: \What will happen if I'll atach two
abstractions?" An answer to this question speci es how abstractiovalues
interact with the host domain.

Merging at-form abstractions into the domain is an inherenty domain

dependent job | what needs to be specied is the semantic meanig to
constructions of abstraction values. The GCalc speci cation isatural: a
left-right construction of two functions is a function that when applied gives
the result that is a left-right construction of the left function on the left half
of the argument and the right function on the right half (this is de ned in
Section 5.2.3 below).
The music and the arithmetic packages in BOOMS do not handle taform
abstraction constructions. This can be easily added to the musiapkage,
following the guidelines of [19] | having a \Music Lambda Calculus” imple-
mentation.

5.2.3 GCalc's Formal De nition, Part Ill:
GCALC

This is the nal stage, where we have only the extension of FCOLRS to
handle functional meaning of constructions of functions.

All that is done here is adding the T-Selectors and the rede tiobn of
the Eval function to handle Applications of Abstraction constrictions. The
intuition for this extended evaluation rules are activatirg part of the operator
on corresponding parts of the operand.

The Values, Ontology Functions, Similarity and Syntax versios are the
same as the FCOLORS de nitions. They are part of this de nition but not
rewritten here.

5.2.3.1 Selectors

All FCOLORS selectors are also GCALC selectors. For each FCOLORS
selector Sel, there is a new GCALC selector TSel that gives the samesults
as Sel except foBV values, which TSel returns the argument opposed to Sel
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which returns undef The intuition is that these selectors will always return
the requested part, “splitting' the argument when needed.
The TSelectl and TSelect2 are higher order functions similéo Selectl
and Select2:
TSelectl TSelect2 :Cons7! (C 7! C[f undef)
8F 2 Consc2C:
X ifc=GXy)"F =G
G(TSelectlF )(x); TSelectlF )(y))
ifc= G(x;y)"F 6 G G2 Cons

c if c2 BV
undef if c= undef_

(c= G(x;y) ™ G 2 FCony)
y ifc=GXy)"F=0G
G(TSelect2F )(x); TSelect2F )(y))

ifc=G(x;y)"F 6 G G2 Cons

C if c2 BV
undef if c= undef_

(c= G(x;y)™ G 2 FCong)
The names of the generated selectors are the same as those geeerby
Selectl and Select2, pre xed with a \T".
For example:

TSelectlF)(c) =

AN 00 " WA AR ©O

TSelect2F)(c) =

LeftPart(TopBottom(LeftRight( A; B); LeftRight(C; D))) =
TopBottom(A; C)

TLeftPart(TopBottom(LeftRight( A;B); LeftRight(C;D))) =
TopBottom(A; C)

LeftPart(TopBottom(LeftRight( A;B); C)) = undef

TLeftPart(TopBottom(LeftRight( A;B);C)) =
TopBottom(A; C)

5.2.3.2 Functions

Same as FCOLORS auxiliary functions, except that the Eval fuction is
rede ned to handle applications of abstraction constructios.

Eval function:
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This function evaluates expressions. It is de ned using an algtrm
| the reduction rules algorithm:

Eval : C --> C
Function Eval(c)
if ¢ in BV
return c
else if ¢ = Abstraction(v_i,b)
return c
else if ¢ = Application(cl,c2)
let x1 = Eval(cl), x2 = Eval(c2)
if x1 in BV or x1 = Application(yl,y2)
return Application(x1,x2)
else if x1 = Abstraction(v_i,b)
return Eval(Replace(b,v_i,x2))
else
x1 = F(sl1,s2)
return
F( Eval(Application(s1,TSelectl1(F)(x2))),
Eval(Application(s1,TSelect2(F)(x2))))
else
c is F(c1,c2) for some F in Cons
return F(Eval(cl),Eval(c2))

For example:

{ Eval(Application(LeftRight( Red Green); Red)) =
LeftRight(Application( Red Red); Application( Green Red))
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5.2.4 Session Sample

We have seen the object from It is now abstracted on the red
previous examples, call it \A" color, call this function \ B"
This is the result of applying B And again | applying B to

to A the last result, name this \c"
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This is the identity function |
((V)Y)

When this functional
composition is applied on an
object, its right half remains

the same, but the left one
disappears

And this is a constant function
that will always return an
invisible cube | a \hole"

This is the result of applying
this on C

53
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This one is called a \slicer"

And this is really nice!
(176 simple constructors should be
used to achieve this with no
abstractions)
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5.2.5 Flat-Form Abstractions in BOOMS

Flat-form abstraction is an intuitive operation, that can be conceived as
being part of the domain rather than being anoperation performed on the
domain. Indeed, this is how at-form abstractions are implementedn the

BOOMS environment. The two operations of abstraction and agjation

become part of the operational hierarchy, since they are tresd as domain
operations.

5.3 Structure Abstractions

Using at-form abstractions we can only abstract on the expliciform of the
value. For example, given the arithmetic hierarchical exgssion\2 3+2 4"
one cannot abstract only on the rst or on the second \2" above, oon the
\2 3" subexpression. One must abstract on a primitive value, and the
abstraction applies to all occurrences of that value. Struate abstractions
can distinguish between occurrences of the abstracted valuelm applied to
complex subexpressions.

A structure abstraction is an abstraction on a hierarchical intnsional
expression. The process can be described roughly as selecting @spiession
of an expression, and making it the abstraction variable. When sh an
abstraction is applied on an expression argument, this expressis replaced
for the abstraction variable. Generally speaking, structurelsstractions are
viewed as meta-operations, abstracting edit operations | preiding similar
power to that of macro languages found in many modern applitans.

Structure abstraction is like visually drawing a box around a attern of
operator applications thereby turning it to a compound funton. This means
we can still use the at-form abstraction / application machiney for structure
abstraction, except for the equality test marked with aC' in the Replace
function de nition on page 45 above. This should compare obges rather
than values (useeq instead ofequal). For example, if the DAG representing
the expression \2 3+2 4" contains two di erent \2" leaf objects, then
each one can be abstracted alone. Another option is abstraction the whole
\2 3" object: each subexpression is itself an object.

A formal de nition of structural abstraction and application can be de-
ned similarly to the addition of at-form abstraction on top o f GCalc.
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5.3.1 Structure Abstraction in BOOMS

Structure abstraction can be implemented the same way as the t-form
abstraction implementation | have an "Abstract' and an "Apply' o perations
that are merged into the domain, becoming part of the operainal hierarchy.
Implementing structure abstraction in the same way will be vergimple, the
main change is using the Lispeq function instead of equal’ ((eq X y) is
true only if x and y are the sameobject while equal is used to compare
values.

However, as already said, we view structure abstraction as mdtrel op-
erations. This means we don't have such operatioms the domain, we rather
have these operations worlon the hierarchical structure | the structure
abstraction mechanism is therefore di erent from the at-fom abstraction
implementation.

The most important di erence is that a structure abstraction results in
a new operation type that can be used | this makes structure abstaction
a tool for creating user de ned functions (that encapsulate a fusession).
Since abstractions create new operation types, they are absttad on any
number of variables at once. The abstraction object cannot besed for
further abstraction, i.e., Currying (the method used for multiple argument
at-form abstraction) is impossible.

Another di erence from at-form abstraction appears when dening what
happens if we abstract on an object that has multiple occurrees of the
same object as arguments. Using the search operation with objecjuality
testing, we get a single variable that replaces all occurrersceSuch behavior
is sometimes unwanted, since the intensional argument specit@a may be
expected to behave as if there are no subexpression repetitidrhe solution
to this problem is having a user option that speci es the desiretehavior.
In any case, an identity node is provided to allow for both behaors, this is
demonstrated by the following diagram:
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1. The rst abstraction, created by abstracting A; alone, can have two
variables, for the two A, arguments or one variable for the singl®,
object. This should be resolved by the user option setting.

2. The second abstraction, created by abstracting, and ID, will always
have one argument | there is a single external link to a single ofect.

3. The third abstraction, created by abstractingAs alone, will always
have two arguments | there are two external links to two di er ent ID
objects.

Note: there is a limitation on the abstracted expression | its subgaph
may be connected to other nodes only as arguments to the subgindeaves or
the root being an argument of other nodes. Other connectionseaprohibited
since abstractions are used for zooming out (replacing the subgh by an
abstraction node), and there is no intuitive solution to visuaring such links.
See the next section for more detalils.

5.3.2 Hiding Details

Using a hierarchical editor, it is usually desired to have a way fdzooming
out" unwanted details. This means the user can hide parts of thhkierar-
chy that are not currently relevant to the editing process. Forexample, a
composer might want to design the overall structure of a music e after
creating all of its basic parts, or improving a basic music compent that is
already placed in the global composition. This approach of aming-out is
di erent from geometrical approaches, where the zooming ishieved using
graphical representation (for example | [24]).
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The essence of such a \zoom out" operation is similar to abstracgn
In both cases details are hidden | in the zoomed out expression,ran the
abstraction body. With this similarity in mind, the structure abstraction
mechanism was designed to provide also zooming-out capabilityrhis is
achieved by allowing the creation of unnamed abstractions. lhat case the
abstraction is immediately instantiated (a node is created)and it replaces
the original abstracted expression, hiding its details insidehe abstraction
body. This eliminates the need for two separate mechanisms: tB®OOMS
user interface does not mention any \zoom out" option, only umamed ab-
stractions.
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5.3.3 Session Sample

From left to right:

1. This is from the previous example on page 4.4.1, we want tp
abstract the selected icons (all but the bottom two).

2. The abstraction has been performed | this is the zoom-out
operation.

3. Now it is given a name | the name also appears on the classe
palette. This is learning a new user operation.

1°2)

4. Finally, we apply this new node on black and transparent.

Mixing both abstraction methods can lead to confusing situatios | like
Lambda(RedRed j Green) and [structure] abstract this on the Red cube:
applying this on Green creates a di erent function. This happens because
structure abstractions are doneon the hierarchy, and at-form abstractions
are part of the hierarchy.
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Chapter 6

System Outline

BOOMS provides a general framework for hierarchical editgn This includes
an intensional DAG data structure with node elements, a builta structure
editor that handles this structure, and hierarchical abstration facility. The
system supports multiple editing domains having a separate pade im-
plementation for each, three sample packages are provided. | Alterface
functions are specialized in the domain package, allowing itiple editing
interface implementation | for example, having a at-form v iew alongside
the structure view.

BOOMS is more appreciated by programmers than by end-users. &h
main goal is to develop an extendible system that can serve as aodgoba-
sis for more editing domains on one hand, and an elaborate useterface
on the other. The system is largg therefore only the guidelines principles
are presented here | see the Appendix for a complete documentain and
program listings.

6.1 Nodes

Nodes are the building blocks of the intensional DAG structureEach node
represents some subexpression | the node type denotes (intensidlya an
operation constructor. Each node has links going upwards amtbwnwards:
a downward link points to an argument of the constructor, and & upward
link means the node is an argument of some other node. Intensidity is

1The application contains 40 les, 8 packages, 154 classes and 872 macros / furmtis
/ methods, all this in about 13,000 lines of code.
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provided by the fact that nodes are objects and links are pdirs to nodes:
one node can be a shared argument of more than one other node.

In the standard-iconic graphic environment, nodes are catlécons’. These
two terms are used equivalently from now on.

Node Features

Node objects are instances of classes, each representing an editar
main operation. Nodes have argument lists that can be of thregpges:

1. A xed number of arguments, each one has a distinct symbolic
name.

2. An argument accepting a list of values (node links).
3. No arguments | this case represents a leaf node.

Nodes with list arguments are useful for many operations. Thesedes
can evaluate with no arguments connected, representing a fué inten-
tion to Il this node. (Fixed argument nodes can usually be evaated
only when all arguments are full.)

Argument links are pointers, and because nodes avbjectswith change-
able state-value variablesthe intensional behavior is automatic. For
example, when the arguments of a node change, the at-formaduation
result of all parent nodes will change. This also enables subeggpsion
sharing.

Usually, the arguments of a node will be links to other nodes, hewer,
there is an option for having simple value arguments. This simpgs

editing, for example, if there is a general "stretch’ musicaperator: we
don't want to force the user to manipulate number leaves whewer this

node is used. The number can be a direct argument of the node fusi
the node edit dialog box).

The node link mechanism includes a simple type-checker. Eachde
has an “evaluation' function with a declared output type, ad each
argument of a xed-argument-node, or the single one of a listrgument-
node, is declared to accept some type. This applies to typeslwked
nodes as well as types of simple value arguments.

2The “lcon' class is a subclass of the "Node' class.
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The type-checker allows an argument slot to accept only valseof its
declared types, or subtypes of it (in CLOS this includes subclas3e
This is a basic approach, similar to specialized method argumdists
in CLOS, but it is enough for considerably improving the hierachy
consistency.

Almost all node-related functions are methods, allowing speti@ation
on all node behavior aspects | from argument handling to type tieck-
ing and evaluation.

This allows a customizable node graphic user interface managant |
colors, fonts, events and specialized property sheets. A good myde
for this is the text icon which is quite di erent from standard nodes |
it cannot be linked to any other nodes, and it looks di erent.

Nodes interact with other nodes by means of message-passing. This
Is also using specialized methods | like \evaluate" messages owg
down the hierarchy and \forget-value" messages owing up.

Nodes use memoization for optimizing evaluation | nodes nevepget

evaluated unless their value is actually needed, and this va is cached.
This, however, cannot be calledazy evaluation the current implemen-
tation evaluates during evaluation of some parent node evaition, forc-

ing it to get all of its sub nodes values recursively. This is aapplicative

order evaluation method.

A minor modi cation to this evaluation scheme is to get the vale
of some sub node argument only when this value is actually used |
enabling normal-order evaluation This is e ectively equivalent to the
graph-reduction methods in [23]. This is implemented in BOMS as
an optional argument to the node class declaration. Usually, spte
domains that are meant to be used by novice users are implemethie
BOOMS, so such a feature is not important: it takes a sophisticate
computer-theoretic user to catch BOOMS in an in nite loop usig only
abstractions. . .

Structure abstraction is probably the most powerful feature fohier-
archical editing. These are fully described in Section 5.3. r8tture
abstractions are extensively used in BOOMS; many supporting ntec
anisms are provided for a powerful, yet intuitive user interfee on one
hand, and simple, reusable program implementation on the othkand.
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These abstractions are used a several ways:

{ The main usage of structure abstractions is the capability of va
ing user-de ned nodes. This is the usage intended in the rst
place. The graphic user interface supports this by having absit-
tions named and placed on the node class palette for later usage

{ Another usage for structure abstractions is zooming out | the way
users focus on some part of the hierarchy, not having too much
extra visual distractions. This is supported by the graphic system
by allowing unnamed abstractions to be created and immedidye
replace the original icons. Actually, named abstractions belia
the same, but having unnamed abstractions is useful for zooming
out.

{ Itis sometimes desirable to have a useful group of icons named so
creation of more copies of this group is possible. Abstractionarc
be used for this | abstracting the icon group, then instantiate
the new class in other places and exploding it (explosion is the
opposite operation of abstraction). However, This is a misuse of
the abstraction feature: there was no intention for abstractig on
the rst place, all that was needed is a name for this icon group
and the possibility to have more copies of its structure. Neither
minimization of the group to an icon nor naming this icon as a
user-de ned operation is needed. Another disadvantage of this
method is the fact that only node groups with a speci c limited
form can be used for creating an abstraction, see Section 5.3.1)

This usage is provided by thenamed copiedeature. This is basi-
cally identical to the copy / paste facility, except that the copied
set of icons can be given a string label for later pasting. No ab-
straction is created in this process, and the label appears in a
special (\named-copies") section of the node class palette.

6.2 Document Types

The BOOMS framework provides support for more than one editgpdomain
implementation. This is enabled by the document-type mecimsm | there
are several packages implemented, each de nes a separateiegitomain.
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Document Type Features

Each document-type package de nes a whole domain. This incles
an implementation of a set of domain dependent node classes that
represent the intensional equivalence of editor operations.

User de ned classes are associated with their original documentps.
This means that abstractions and named copies are availablalyp in
documents of their original type.

Window functions are methods that are specialized on docunteygpes.
This is convenient for having specialized evaluation visuahtion, dif-
ferent node menus and node properties etc.

Another possible use for this is having a di erent user-interfacen-
plementation | such that uses the double view approach describe in
Section 6.3.

There are currently three built-in packages implemented ithe BOOMS
system:

Arithmetic  This sample package handles intensional representation
of simple arithmetic expressions, it is described in page 23. The
at-forms handled in this domain are natural numbers.

GCalc This package fully implements the GCalc domain described in
Chapter 4 with abstractions from Section 5.2. Flat-form valas are
conceptual cube values. This is the only package that implemts
a dual-view editor ( at-form / hierarchical).

Music This is an implementation of the original motivating domain
| the music domain. The at-form values of this domain are at
music pieces, and "visualization' is done by audio playing thesge.
As a music editor implementation, this package is extremely sin
ple | only very basic constructors and functions are implemened.
Many more features can be implemented, as seen in computer
composing tools that exist today.

6.3 Multiple View Editing

BOOMS provides the needed basis for implementing a multipleéexw editor.
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Multiple-view editing means having several editing windowsxisting si-
multaneously for the same data. Dierent windows can represerdata in
di erent ways, and operate using di erent user-interfaces. Tls supports a
selective view, and enables coexistence of a graphic, textuahd acoustic
user interfaces. Multiple view editing is demanding, since itequires inti-
mate interaction between a view and its underlying data | there is a need
for thoughtful separation between knowledge levels.

Implementing multiple views is simpli ed by the \Document-View" ap-
proach. This was developed in the 1980's in Smalltalk as a wayorganizing
graphic user interface programs [25]. It is best implementedsimg object-
oriented programming. The central idea is having two objestinteracting
one with the other:

Document This object represents the actual data. Operations on data
should be implemented as methods of this object.

View The view object de nes the graphic user interface to the docuemt.
The methods de ned for view objects are graphic input/outpti meth-
ods | visualizing the data, and graphically perform operations on it.

The document object can be thought of as implementing the ookogy, and
a view object as a syntactic tool for accessing it.

The document-view approach has many organizational benet one of
them is the simplicity of having multiple views representing tie data object.
Each view visualizes the data objects in some way, and changeghe data
objects are re ected to all of its views. This allows having te di erent
view windows opened side-by-side, and working in one windowhserving
the changes in the other.

This is used in BOOMS to integrate at-form editing with hierarchi-
cal editing | BOOMS has an internal data structure which is the opera-
tional hierarchy, and a built-in hierarchy editor. The GCat package uses
the extendibility of BOOMS to incorporate a second view whicls an imple-
mentation of the GCalc at-form editor. Work is therefore passible in the
hierarchical world of operations as well as in the GCalc nag editor.

The Re ection of the history of at-form editor operations in the BOOMS
hierarchy allows for “users education'. The natural editorof a beginner will
be the at-form editor, which supports intuitive work. As work advances, the
user might explore from time to time the hierarchy created, upo the stage
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he understands it. At that point, the user can start reorganizig hierarchical
expressions to re ect his intentions (like sharing subexpressi®or having the
hierarchy based on logical subunits). Finally, when becominghaadvanced
user, one should use the at-form editor only for brief sessions, etéeng the

\building blocks" for more complex creations. The musical doma equivalent
of this is using the keyboard for entering very short pieces andorking with

the musical hierarchy combining them into larger pieces.

6.4 Miscellaneous

There are many more features in BOOMS, many of them are dedted to
an implementation of a smooth user-interface (see Section 6&)d program-
interface (Section 6.6). Few of these features are describeeldw.

BOOMS uses an extensive graphic user-interface. This includése
usage of many Windows features like con gurable graphic noda-
tributes, right-button menus, palette, tool-bar and status-ba.

There are utility node classes that are used in all document tygd
like identity nodes (for intensional abstractions), text labé&nodes (for
graph decorations) and Lisp-value leaves.

Copy / paste operations are implemented. These handle the sulagh
de ned by the selected set of icons, including its internal link and
excluding its external links.

Saving and loading operations are also implemented. A full doment
hierarchy is saved with its used named abstractions (a documeobn-
taining several named abstractions can be used as a user-de nedd-
tions library), and the window attributes (location, size et.).

Finally, BOOMS was developed for the nal goal of implementig music
editing, therefore it has built-in MIDI support. A MIDI drive r (in the
form of a DLL) written in C and a Lisp interface to this driver are
implemented.
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6.5 User Interface Considerations

BOOMS was designed around the main concept of being a generditer

that allows hierarchical manipulation of creative domains.This emphasize
usage by creative people, which are usually novice computer tsse There
are, of course, creative people that are used to do their work ancomputer,
but the majority needs intuitive user-friendly editors.

[26] is a good source for user-interface discussions. A major subgéc¢his
book is \direct manipulation” which means that a good user-iterface should
provide direct manipulation of the work domain. In BOOMS, wamnanipulate
both the at-form domain and the structure representing the useintentions
| by having the native domain editor merged into an environment that
supports structure (historical) editing.

Another aspect is having an \Extreme User-Friendliness" philosogh|
as demonstrated by this quotation:

When an interactive system is well designed, the interface
almost disappears, enabling users to concentrate on their work,
exploration, or pleasure. Creating an environment in whichasks
are carried out almost e ortlessly and users are \in the ow"
requires a great deal of hard work from the designer. [26, pa@k

6.5.1 Expectations Detection

A reliable user-interface is crucial for an editor to be accegd by users. A
good example is the demand for bug-free commercial softwavehen working
in the commercial software industry, it is often the case that ampplication
is presented for sale before all bugs are wiped out. When a usecamters
such a bug he will usually regard this software as unreliable, dmot use it
even after the bug he encountered is xed. This will make mostsers stay
with the application they are used to. Creative users that use aaputers for
the rst time will probably abandon the whole idea of computerediting.

An important aspect of having a reliable user-interface is expstions
detection. This means that if something is expected by the usethen the
system ful lls this expectation. One of the implications of ths is having
appropriate defaults whenever needed | the system will provié a default
behavior when it is expected. An example of this is the operath of linking
nodes: usually, a line should be stretched from one node's sockeanother,
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but the system guesses the destination socket when the line is dregpon an
icon body (this is using the speci ed argument types declarains for nodes).
However, defaults are not used excessively. For example, a possibser-
interface implementation can use automatic graph layout facon placement.
BOOMS takes the opposite approach of having the user use his oweferred
layout | icons are placed by the user. This seems like a better iterface for
users that use di erent placement schemes as another expressivaehsion.
Another aspect of expectation detection is having the system ng into
the graphic environment. Users of a graphic windowing envirament tend
to get used to standards in this environment, and take any feata that is
not standard as annoying. In the BOOMS case, the graphic envinment is
Microsoft Windows, so many features are implemented. Some ofeth are:
pull-down menus, pop-up context sensitive menus, tool-bar, stad-bar and
standard accelerator keys. These are described in the next segtio

6.5.2 GUI Usage

Graphic User Interfaces such as Windows have a critical role whenaking a
software package available for novice users. This means thatevhdesigning
such applications, the GUI should be used as much as possible | this Eso
the case of the BOOMS system.

BOOMS uses Microsoft Windows as the user interface environmerkhis
environment is designed to provide users with convenient andestdard appli-
cation environment | there are many conventions that Windows applications
follows. The BOOMS system is no exception for this | the implemenation
uses as many standard features as possible. A detailed list is give

Menus are the basic way for a user to send command to a Windows
applications. There are menus of two kinds | pull-down menus ad
pop-up menus. Pull-down menus are the standard menus that aré a
tached to the top of the window, these contain all BOOMS commais.
BOOMS also uses context-sensitive pop-up menus, described in the
next item.

When the right mouse button is clicked, a context-sensitive mernpops.
This is a standard feature in Windows that is implemented in BOMS.
There are di erent menus for the BOOMS window, document windws
and nodes.
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Node menus are chosen using a specializable method, so these menus
contain node speci c operations.

A tool-bar is also used in BOOMS | this is a small bar on the top
part of the BOOMS window that displays some buttons and contral
that provide convenient shortcut to frequent commands.

The status-bar is a display area at the bottom of the BOOMS window
which is capable of displaying relevant messages to the user. 3berves
several purposes:

{ Help messages are presented for menu items and tool-bar buttons.
{ Provide visual feedback for long operations like load / save.

{ Various informative messages are presented, such as error mes-
sages and a description of the current node / socket the mouse
pointer is located at.

Accelerator keys are used as yet another way of shortcuts to corom
commands. These include several key combinations that are usadll

window applications (Control-S, Control-O etc.) and otherkeys that
are speci c to BOOMS.

A common feature among modern applications is property sheetBOOMS
enables node editing through edit dialogs that resemble prefy sheets.

The edit dialog mechanism allows de nition of edit panes thatwill
operate on node properties (these might be specic to the padea
used). Then, a node method can choose the pages available fooden
Two standard pages are implemented | the node edit page (editig
node arguments using a dialog) and the colors edit page.

The management of nodes and sockets means that the user should
know what socket or icon he is manipulating. This can be uncle@an
some situations, where there are a lot of icons crowded in a smatge.
BOOMS makes this easy by indicating the current icon and sockéat

the status-bar as well as a graphic indication | the node which § under
the mouse pointer (if any) is highlighted, as well as the sockebinted.
This is not confused with the highlighted icons that are the setted
icons for the next icon-group operation.
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Floating palette windows are very useful in applications thiaprovide
selection of a tool from several available, like selecting theagphic tool

to use in a drawing software. In BOOMS, such a selection is made of
the node class that is used for creating instances. This is maderr a
oating palette that contains a tree of selectable node classames. This
tree is not based on node classes inheritance trees, but on a hieng
de ned only for this user interface.

This palette aid the user in three ways:

1. The user can choose a node class to create instances of.

2. The palette provides a visual indication of the current set¢ed
class.

3. An optional, sometimes more convenient use of the classes palet
is for both selecting a class and instantiating it | by clicking on
a class name, and dragging it to the document.

The Windows standard \Document-View" approach is used by BOOMS
(this is described in Section 6.3). This has an e ect mainly othe pro-
gram structure, the e ect on user interface is that it is genendy easier
to implement standard Windows behavior, like multiple views.Using
this approach in BOOMS, adding more Windows features like king
several windows for the same document can be added.

Graphical Ethics / Esthetics

Another aspect of GUI usage is that it should be \well-behaved". Tis is
demonstrated by several points:

"A ordance' | this means that the way graphic objects should be used
should be obvious by their visualization. For example, the agarance
of a button is enough for saying \Push me!" to the user. Example fo
this in BOOMS is the visualization of node icons that makes lking

them a natural operation.

A di erent point is the graphical ethics | everything should b e conve-
nient enough for a novice user. This generally means that theqgram
should be complete in the sense that all details were worked onhi$
is demonstrated by having a movement threshold for triggering drag
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operation (a system that moves objects on every random clickhgghly
annoying), or by having the load operation restore the windoywosition,
size and state that were actual when it was saved.

6.5.3 Visualization Considerations

We discuss now the visualization that is used in BOOMS. Good visuztion
relies on a good system design | the system should be implemented in a
way that is faithful to the ontology domain. There is a tricky point that
should be fully understood here: when using at-form editing,tte ontology
is the domain objects, a hierarchical structure de nes some daim objects
implicitly . However, when using the structure editor for manipulation offtis
hierarchy, the ontology is the historical operation structues | a hierarchical
structure is an explicit object in this domain.

Direct Manipulation

An system that uses \Direct Manipulation"? is a system that enables working
with a direct [visual] representation of its domain values. TH is especially
important when using editing systems. A good example is the fublage
display editors. Such visual editors improved the world of texéditing when
they replaced the line-oriented text editors that were onceommon. The
di erence is that using visual editors, one can immediately sed¢ result of
his work | the screen re ects the nal text le. Using a line edito r a print
command should be issued in order to see the result.

Most editors cannot be as direct as visual text editors. The repsentation
used by a visual text editor is truly direct | the screen shows exatly what
the printer will print. Other editing domains settle for some vsualization
which is as close as possible to the domain. Using direct maniputat makes
an improved system | the system is more intuitive thus easy to learnand
master.

The implementation of direct manipulation in BOOMS is doubé-faced.
We have a at-form editor, which naturally uses a visual represeation of
the domain object. The hierarchical editor should also impleant direct
editing of hierarchies. Using a visual DAG representation made atonic
nodes is ideal for this purpose | this is the natural way for uses to think of

3Direct Manipulation is described in length at [26, Chapter 5].
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hierarchies. Other approaches like windows-inside-windowsarne diagrams
and HyGraphs tend to be more complex for users (and programmerg§ome
of these other approaches can be found at [27].

Conceptualization

BOOMS is an editing environment that should support the concepf hierar-
chical editing. Programming such an environment is simpli edvhen concep-
tualize in the \right" way. Here the term “conceptualization refers to the way
the program represents its real-world / user-interface. The BOMS project
uses CLOS classes for this purpose (see Section ADVANCED-PROGRAMMING-
LANGUAGE). The program is well formed into separate layers, eachepre-
sented by several classes. Two important layers are the internatd struc-
ture layer and its visualization | this is built as a stand alone class that is
used to add the GUI capabilities to the internal object (using iheritance).
This results in a stable user interface, for example | user de nedfunctions
behave like any other node class.

6.6 Program Interface Considerations

One of the main goals of the BOOMS project is to serve as a basigéipation
that can be easily expanded by other programmers, for implemary more
domain editing packages. The system should therefore be \Prognaner-
Friendly" | the application should be:

smooth The program should be well-structured, it should be layered, oe
tain independent layers using a well-de ned interface and fctions
should be short and understandable. Bad programming makes frus-
trated programmers that will not use it as a basis for their extesions.

robust A system that is meant to be extended should stand to major shocks.
Bad systems usually demand total rewrites when some basic featuse
to be added or modi ed. A good example for such a property is Ema
Lisp programs | the hooks facility is commonly used to provide acode
that can be customized without rewriting it. Object-Oriented program-
ming is another technique that can be used for code customizati,
especially when implemented in a functional language (manifating
functions as rst-class objects). BOOMS uses CLOS which is verich
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in this area (for example,:before , :after and :around methods for
customizing methods).

powerful BOOMS should provide enough power, so people will actually
want to use it as an editor. There is no point having this whole prof
if the nal editor is so poor that people don't like using it. A good
example is one of the rst versions of BOOMS that was so slow that it
could not be used for any purpose other than demonstrating a vagu
general idea.

extendible Finally, the system should lend itself to external programmers
wishing to extend it. In general, every part of the program wadesigned
with a thought of usage by other programmers. General mechanism
were implemented all over, a thing that made the program hugdut
very powerful: many features can be used as a basis for many athe
programs, not only structure-editing applications.

These features should make the application have a longer lifgcte. The
main advantage is having a well-designed program. This can lsempared
with the Java programming language, that is a well designednguage that is
intended to serve as a common extension language: more and niostitutes
teach Java today as a rst language, instead of the outdated Baslanguage.

6.6.1 Advanced Programming Language

The selection of a programming language is important when pgoamming
any application, but it can be a major issue for an applicationhat is to
be extended. Imagine a programmer reading the BOOMS sources imple-
menting some structured editor, now imagine the sources contaassembly
code...

An advanced high-level language is needed for ful lling therpperties we
want BOOMS to have. The language chosen for implementing BOOB/is
Common Lisp, the Lisp version is Franz Common Lisp for Windows. Lisp
was chosen due to many reasons:

Common Lisp is one of the most advanced programming languages
that can be used to write GUI applications. It features CLOS, an
object oriented extension that is the rst ANSI standard for an obgct-
oriented language. The language contains many useful feagdsr the

o cial speci cation is extremely long, see [28].
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In the same time, Lisp can be used for low-level optimizations | &-
amples are macro expansion and system calls. The code is compiled
using built-in incremental compilation facility.

Lisp supportsrapid application developmenby allowing the program-
mer to focus on global, top level programming rather than gog down
to local, system details (using C++ one always bumps to system lelve
issues). This is compensated by having a slower application, butoik
ern computers, and careful programming solve this problem.

Using CLOS is a big advantage. The implementation is fully obg
oriented: classes ad methods are constantly used, so every aspéct o
BOOMS can be customized. This enables many of the features we
require.

The code is kept in mostly small self-explained functions. This aimed
at allowing external programmers to answer most of the questisrhat
arise by simply reading source les. Building large applicatios from
small functions is conventional in Lisp.

Functional programming for extension language | functions & rst
class objects. Useful for a future music library | implementing a an
algorithmic nodes, containing Lisp code.

6.6.2 Technicalities

Lisp applications usually su er a certain amount of performane de ciency.
This is shown both in two aspects:

Runtime Lisp programs tend to be slower than C-dialect programs. Some
of the reasons for this are:

Runtime type-checking is very slow compared to compile-time
checking.

A garbage collector makes life simpler, and program hang-ups
this is highly annoying during interactive operations.

Using powerful tools for performing a simple taskse(g, using
equalp instead ofeq).

Using many small functions with no in-lining is slow.
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Appearance Lisp GUI programs have a general tendency to look less pol-
ished than C++ programs. This is due to the language focus on cen
ceptual matters rather than concrete system oriented programing |
Lisp programmers are generally less aware of low level / oparag sys-
tem issues (this a ects runtime performance as well).

BOOMS, being an interactive GUI application, cannot a ord bal re-
sponse time, or a amateur user interface, so these problems are spaity
handled. (The many advantages of Lisp make the solution of usirg++ less
attractive.)

E ciency

As said above, Lisp code can be heavily optimized. Here we encaird con-
ict: optimized Lisp code makes it lose its clarity which is anther feature we
want to have. The \golden path” that is used in BOOMS, is optimgzing the
code without using declarations. Two important issues are hedyiattacked:

1. The redrawing mechanism is crucial for interactiveness. An iaver-
sion of BOOMS that was programmed on MCL (Macintosh Common
Lisp) was a failure as an interactive system due to very bad redsa
time. The manipulation more than of 10 icons took about one secd
redraw time per icon | a fact that made it useless as an interactve
editor.

A lot of e ort was therefore invested in the current implemenation.
This involves geometrical functions, and Windows speci ¢ fustions |
delaying redraw events, and drawing on a part of the screen. BOLS
can can handle now hundreds of icons with acceptable redraime.

2. GC is a general problem of functional languages, and Lisp i® ®@x-
ception. Avoiding unnecessary GCs was mainly achieved by usingep
allocated objects and destructively modifying them. This iglone by
heavily using the W#." Lisp construct (see [28, Section 22.1.3] for a
formal de nition). A code example demonstrates this beét

(defun NNBOX-TOP-LEFT (box)
(let ((pos #.(make-position 0 0)))

4These examples use two Allegro Lisp data types:position and box. Their usage
should be obvious.
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(nmake-position pos
(box-left box) (box-top box))))

(defmethod ICON-SET-POS ((icon icon) (pos position))
(let ((offset #.(make-position 0 0)))
(ncopy-position offset pos)
(nposition- offset (icon-center-pos icon))
(dolist (box (icon-box-list icon))
(nbox-move box offset)))
(set-modified (icon-doc icon)))

The rst function returns the top-left corner of a given box value which
is a position object, but each invocation of this function returns the
same [modi ed] object. This can be dangerous | for example, one
expression cannot use two calls to this function. The second fuion

hold a single preallocategosition value, and modify it on every call.

This is the general approach used, especially in interactiverfctions
like the mouse-move event handler and the drag-and-drop meatism.

Graphics

Much work was invested in making a smooth user interface. This mues
that although the main focus is on the conceptual level, therpgram is never
\too clean to get into system details”. This help achieving the lpbal goal
of having users believe in the system (Windows users will not taleay non-
standard application as reliable).

This includes working around bugs found in the Franz Lisp intéace
code, and code fragments that handle things that does not lkomportant
(like event handlers and menu functions). A good example is ehcolor-
box button widget: there was a need for some dialog widget useat fcolor
selection. Using a standard button does not allow visual indicatn of the
current color, making bad interface, so a whole new Lisp widgetas designed
and implemented.
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Chapter 7

Conclusion

Hierarchical editing and structure abstractions are the maindatures of the
BOOMS application framework. Hierarchical editing enablesdirect manip-
ulation of structured objectswith an operational meaning. Hierarchical ab-
straction is a user-interactive way for creating new function These can be
compared with keyboard-macros that are used in text editors,rste both are
created by naive users during an editing session. Both create ebfs that are
recordings of edit operations for later reusage. Using BOOMS stbactions
is more powerful since it allows recording of operatiopatterns rather than
at sequences BOOMS supports explicit management of operation patterns,
allowing editing of abstractions.

The BOOMS project shows that the multiple views approach canésused
to design robust user editing environments. The interaction beteen di erent
modes ( at-form and hierarchical) confronts di erent expressions of concep-
tual operations. In BOOMS we saw that with respect to the abstradbn
and application operations: they were treatedli erently in the at-form
and in the hierarchical editor. The interaction resulted in mteresting ne
distinctions.

The extension of the at-form editing with the BOOMS system was el-
atively smooth, due to the clean separation between levels ofidwledge in
BOOMS. In particular, the strict separation between visualizdon and inter-
nal structuring proved essential. The demanding music applicain played
a crucial role in the development of BOOMS, since it was not pob$e to
give-up hierarchy, intuitive visualization, or abstraction

Of the three package implementations in BOOMS, the music paage is
the only one that can have concrete usage. Indeed this packageserves
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extensive enhancements.

7.1 Future Music editing Development

BOOMS is far from being a musical editor that composers will cluse as
a working tool. The music package that is currently implemerd is only
a demonstration | this should serve as a basis for a fully functioml music
editing package.

Here is a list of features that can be added for an implementahaf such
a package:

Rich Musical Libraries A rich musical library is found in all music editing
tools used today. Such a library should include many useful futhens
and data types. It should allow more than simple MIDI music and ma
than a single visual representation of music pieces. A good exam s
[13]. A CLOS music knowledge base for fundamental concepts onal
harmony, based on a concise arithmetic for notes and intervails the
tonal system, is also in preparation.

Musical Flat-Form Editor As discussed in Chapter 4, a at form editor
is important for novice users. Such an editor should be implemeal
as part of a functional music editor | it can be based on any existng
conventional editor.

Multiple Views for Music Editing Views other than the hierarchical and
the at-form views can be useful to implement. Each is conveent for
di erent type of editing. The view types can contain:

1. A BOOMS hierarchy view (the built-in editor).

Flat form editing, based on a score view.

Procedural representation | Lisp or Scheme code.

DMIX-like bar graphs.

MIDI event editor.

Music lambda calculus [19].

o gk W

Streams Streams are very useful data types for computer-music composi-
tions. A good example for good stream usage can be found in the Gom
mon Music editor [20] and also in the editor implemented at Graej14].
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Algorithmic Nodes  Nodes with a function attached, these can be useful
for creating algorithmic music | allowing usage of loops, randen notes
conditionals and more. Scheme will be perfect language fdnig.

Real-Time Having real-time editing | use the system as a performance
tool.

Attribute Management The idea, presented in [29], is decorating musi-
cal nodes with various attributes to enhance expressiveness. €He
attributes propagate through the hierarchical DAG in severbways:

Timbre attributes propagate up.
Author and performance directives propagate down.
Velocity is accumulated going upward.

Tempo-setting attributes have a side-e ect whenever reachetlr-
ing playing of music pieces.
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Appendix A
BOOMS Users Manual

A.1 Platform

BOOMS was written on Franz Allegro Common Lisp for Windows. It isnot
a stand-alone application, so Lisp should be purchased and ins&ll The
program uses a lot of Windows functions so porting it to other agrating
system is not possible. The project was written and tested under bfiosoft
Windows 95, no other Windows versions were tested, but gendyait should
work on any 32 bit Windows.

The recommended environment includes:

A PC with 8Mb RAM or more and fast CPU are preferred features.
Windows 95.

Allegro Common Lisp for Windows | version 3.0 and above.

Video resolution of 1024 768.

BOOMS does not require much disk-space (Allegro Lisp does that).
A.2 Getting BOOMS
FTPing The whole system can be found at

ftp.cs.bgu.ac.il:/pub/people/eli/booms.exe
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This is an ARJ self-extractor le. Here is a sample session for getgn
BOOMS (user input in bold face):

mycomputer> ftp ftp.cs.bgu.ac.il

Connected to lace.cs.bgu.ac.il.

220 lace FTP server (Version wu-2.4(7) Wed May 1 20:16:54 GMT +0200 1996)
ready.

Name (ftp.cs.bgu.ac.il:eli): anonymous

331 Guest login ok, send your complete e-mail address as pass  word.

Password:

230 Guest login ok, access restrictions apply.

ftp> cd pub/people/eli

250 CWD command successful.

ftp> bin

200 Type set to I.

ftp> get booms.exe

200 PORT command successful.

150 Opening BINARY mode data connection for booms.exe (563818 bytes).
226 Transfer complete.

local: booms.exe remote: booms.exe

563818 bytes received in 1.4 seconds (3.8e+02 Kbytes/s)
ftp> quit

221 Goodbye.

mycomputer>

If any problems occur, send mail teeli@cs.bgu.ac.il

Extracting The system should be extracted to some (preferably new) di-

rectory, this is done by running the self-extractor. For examle:

C:\> cd allegro

C:\ALLEGRO>md booms

C:\ALLEGRO=>cd booms

C:\ALLEGRO\BOOMSecopy a:booms.exe
1 file(s) copied

C:\ALLEGRO\BOOMSbooms.exe
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A.3 BOOMS Loading / Compiling / Run-
ning

First thing you should make sure that the valid le types variabk, *load-pathname-types*

is bound to'(#p".fslI" #p".Isp") (this is useful anyway), and that*default-pathname-defaults*
is bound to the directory containing BOOMS. Changing the Lispvorking di-

rectory is another thing you would probably want to do. This an be done

by having these three lines:

(setf *default-pathname-defaults*
#P"C:\\ALLEGRO\BOOMS\\")

(setf *load-pathname-types* (list #p".fsl" #p".Isp"))

(set-current-directory "C:\ALLEGRO\BOOMS")

added inC:\ALLEGRO\STARTUP.LBRassuming this is the Lisp installation
directory).

Once you've got this done, loading, compiling, and running BOMS is
simple, each operation is performed by loading a le indicatein this table:

Loading _LOAD.LSP
Compiling _COMPILE.LSP
Running _RUN.LSP

If the system is already loaded | the function "boom&can be also used for
running it.

Note that Allegro Lisp for Windows automatically compiles loaéd func-
tions, so compilation has a ects only load-time, not run-time

A.4 Using BOOMS

This section provides a brief description of using the system. Tis based
on the assumption that the reader is already familiar with the kerarchical
editing ideas as described in this work. Speci cally, these sjdets should be
clear:

DAG representing an editing session operational hierarchy.
Management of such a DAG.

Creating and using a structure abstraction.
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Anyway, this is just a brief description of BOOMS operations avéable to
the user, it is not a replacement for actual experimenting.

A.4.1 General Hierarchy Editing

The BOOMS hierarchy editor manages operational hierarctsebased on an
editor domain. Each document in BOOMS (a le) contains an opmtional
hierarchy DAG consisting of nodes.

Nodes

A node is represented by a small rectangular icon with socketsahcan be
used as links to other nodes. Nodes are created by double clickia clear
spot on a document window, or by dragging a node-class name frt¢ime class
palette (see below).

Manipulating nodes is as simple as manipulating icons in anyastdard
Windows applications. Selection is done by clicking nodes by selecting a
surrounding rectangle. If the shift key is held down, then the $ected icons
are toggled rather than selected.

When the mouse pointer is over an icon, indicative text is pried on the
status-bar, such as the node type, arguments and value. The ic@ also
highlighted to make sure that close nodes are not confused.

Double-clicking a node causes it to evaluate, this is visuadid in some
way that depends on the document type. Right clicking pops aaue menu,
that often contains operations speci ¢ for this node. Using tlsi menu, or
clicking the node with the Control key down pops up a node eddialog that
is used to modify the node properties.

Sockets

Nodes have sockets near the top edge and near the bottom edgehaf icon.
The top socket is the output-value socket and the sockets on thetbom are
input argument sockets. There are three types of argument sot&déor nodes:

1. A node can have a xed number of arguments. An unconnected setk
remains visible, and the node cannot there are any.

2. A node can have a list of arguments. Such a node can always be
evaluated. When a link is deleted, its socket is deleted. Thaimber of
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visible sockets is always one more than the actual argumentsoected:
the extra socket is used for connecting new node arguments.

3. Finally, a \leaf" node is a node with no sockets at all | it is b ound to
appear at the bottom of the DAG.

Sockets are typed: the top socket determines the node evaligat value
type, and the bottom argument sockets have types that determeé what
output sockets can be linked to them.

Manipulating argument links is simple: connecting two nodess per-
formed by dragging a line from one node input (output) socketa the other
node output (input) socket. If the link is dragged to the sockebody, then
some appropriate socket is selected by a default method. Whenetimouse
pointer is over a socket, the socket is highlighted indicating link drag op-
erations can begin, and the descriptive node description liren the status
bar is modi ed to show extra information on this socket. Deletig a link is
done by clicking its top socket to a clear document part (the ktom socket
cannot be used for this as it is an output socket and a new link wibe created
instead).

Finally, an alternative way of modifying node arguments is Y using the
node edit dialog box. This is the only way to specify constant jEp] values
as being node arguments.

A.4.2 Document Types

A document type package is an implementation of some speci c igat do-
main, meant for hierarchy editing implementation in BOOMS.Each docu-
ment type package de nes a whole environment. The main de tions are
for speci c node types, with some additional customized code é&kspecic
menus and edit panes. Three document types are de ned:

Music

This implements a simple hierarchical music editor. It is basedn the Music
Structures approach. This package is intended to demonsteathe possibility
of a music editor implementation, much work should be investedtmake this
an editor that can attract composers.
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The node classes de ned in this package are simple music concatens,
and some basic functions. Flat values are at music pieces | dould-clicking
an icon visualize this by playing the music piece on a MIDI charah

GCalc

The GCalc package implements the cube world de ned at Chaptel, based
on [19]. This package is the only package in BOOMS implemengj a dual
editor: there are always two views connected to the same docent, one of
them is a \ at-form editor", and the other is a hierarchical editor.

Node classes are cubes constructors, at-form abstractions andpdipa-
tion. Double-click visualization is done by displaying a windw with the cube
drawing.

Arithmetic

This package implements the arithmetic example from Secho4. It is a
simple example of a package implementation in BOOMS, that cape used
as a basic template for implementing more packages.

Node classes are arithmetic expression constructors. Evaluatiohtese
nodes yields an integer number, which is displayed in the staitbar upon
double-click evaluation.

Shared Icon Classes

There are several shared node classes that are available in atdment types:

Identity Nodes These are icons that output the same value connected to
their input. They are useful for structure abstraction | when it is
desired to have the opposite behavior of the \Same-Node-SamegAr
option:

When an icon list that is about to become an abstraction have one
argument connecting in more than one place, the Same-Nodenga
Arg option will determine the result. If this option is on, thena single-
argument abstraction is created, otherwise each occurrencél\wave a
corresponding argument socket.

An example will make this clear: if the expression 2 + 2, having #h
same 2 object connected twice to a binary plus node, is abstradton
the single 2 object then the result will be:
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X +Y if Same-Node-Same-Arg is 0, and the two argument sockets
X andY are connected to the 2 object.

X + X if Same-Node-Same-Arg is on, and the single argument
is connected to the 2 object.

The intelligent reader can see that an identity node can be usédboth
cases to have the opposite behavior.

Lisp Value Nodes Constant nodes contains a single Lisp value that is used
as the value of the node. They can be used only by a user that is aea
of the underlying Lisp implementation and data types used.

Flat-Form Abstractions / Application These node types implement the
at-form abstraction and application operations. They are aailable
only when the document-type package de nes the needed seaid
replace operations.

Text Nodes These are non-conventional nodes that cannot be part of the
operational hierarchy. They are used as text labels for de@iing the
hierarchy with short, descriptive messages.

A.4.3 The Class Palette

The class palette is a small oating window that is placed at rigt side of the
screen. The palette shows all available node classes, hieraraltycordered in
a collapsible tree. The hierarchy is not determined by intelad aspects such
as class inheritance, it is only for user-interface convenian

The palette is used in three ways:

1. It gives a visual indication of the current node class selecte

2. Clicking on a class name makes it the current node class (ddet
clicking will create instance of this class).

3. The two operations of selecting a class and then creating amstance,
can be compacted into a single click-a-class and drop-an-inst& op-
eration.

The classes menu is a equivalent to the classes palette and can bedu
instead.
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A.4.4 Abstractions

Abstractions are created by selecting some icons and performiag abstrac-
tion operation. This icon groups must stand in these conditions:

The icon list compose a connected subgraph.

This subgraph have a single root node (for determining the abstttion
type).

All external links (going from nodes in the icon-list to other vdes) are
either from the root node upward, or from leaf nodes downwar(leaf
nodes in the selected subgraph).

The abstraction created is an icon with the same output type ashe root
node of the abstracted icon group. This node contains argumedinks that
correspond to the external nodes that were connected as argemts to the
group icons. If the Same-Node-Same-Arg option is set, then eadig@ament
object will have a matching abstraction input socket. If it is ot set, then
each link will have an argument socket | if the same object has tw links to
the group icons, two argument sockets will be created.

The created abstraction icon immediately replace the origal group, and
its input and output sockets are linked correctly so the DAG ha®asically
the same values.

If the abstraction is named, its name will be added to the nodelass
palette, under the user-de ned label. In this case, more instaes of this
abstraction can be created. Named abstractions are labeled Hyeir names,
so they appear as a user de ned function (abstraction names shduhdicate
their operation).

Abstractions can be exploded by the user. This means the originaode
subgraph will replace the abstraction (with arguments correly linked). This
can be done for an unnamed abstraction as well as on a named one.

This facility might be misused as a way for naming a subgraph foater
using it (as a subgraph, not as the function it performs). This ibetter done
with the named-copy mechanism. This allows selecting a groug @ons
and giving it a name that will appear in the named-copies sedctn in the
class palette. This name can be later dragged to a document foreating
another copy of the original group. This is better for the pypose of naming
a subgraph and having more copies of it because:
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Named copies can be created from any group of icons.
No need to abstract rst and then explode.

The operation is simple and quick | no tests are made.

A.45 Menu Commands
File Menu
File management operations:

New Create a new document. This will be done only after inquiringhe
user for the new document type | selecting from the three packags
currently implemented.

Open Open a saved document. BOOMS will automatically identify the
document type and auto-load all named abstractions to the ciaes
palette.

Close Close the active document. O er to save the document if it was
modi ed.

Close All Close all documents. O er to save modi ed documents.
Save Save the current document. The saved information will incluet

1. Document type.

2. Current DAG graph.

3. Named abstractions used

4. Window location, size and state.
5. Option settings.

If the document is saved for the rst time, then the user is prompgd
for a new name.

Save As Save the document under a new name.
Save All Save all documents.

Exit Exit BOOMS (o er to save modi ed documents). This will only exit
the current BOOMS session, not the Lisp application.
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Edit Menu

When reading the documentation of clipboard operations, theeader should
note that BOOMS holds a separate clipboard for each documenjge.
Icon editing operations:

Cut Cut the selected icons to the BOOMS clipboard (for the currentype).
The icons are copied with their internal links (links betwee members
of the selected icon list); external links are deleted.

Copy Copy the selected icons to the BOOMS clipboard (for the currén
type).

Paste Paste the icons in the BOOMS clipboard (for the current type).
Delete Delete the selected icons.

Edit icon Edit the current icon using the applicable edit pane list (see baw
for description of icon edit panes).

Grab style Grab (store) the current icon style. The icon style includes its
colors (background, foreground and highlight) and its fontThe font is
e ective only for text label nodes.

Apply Style Apply the current grabbed style to the selected icons. This
means that the selected node[s] will have the grabbed style. Thent
style only applies only to text messages (only if the current ghdoed
style was taken from a text node).

Select All Select all icons in this document.

Clear All Delete all icons in this document. Warn the user rst!

Abstract Menu

Abstractions operations:

Create Icon Iconify the selected icons to a single abstraction. This creae
an unnamed abstraction | the selected icons are abstracted to an
abstraction icon that replace them. No class name is added in tieon
class palette.
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Explode Explode the selected abstraction[s] to the original component
This applies both to named and to unnamed abstractions. The @inal
nodes will replace the abstraction nodes, scattered around itscation.

Name Name the selected abstraction | add it in the icon-class palette ad
menu. If multiple icons are selected, an abstraction is createrst and
then it is named.

Unname Unname the selected abstraction[s] | the selected hamed abstrac-
tion icons are turned into unnamed abstractions.

Named Copy Create a named copy | copy the selected icons to a special
named register that appears on the icon-class palette. Thisrcae later
used for pasting instances of this selection. The conventionatdpy"
operation is identical to this operation when the name is \gbboard".

Remove Current Remove the selected user-de ned abstractions or user-
named-copy from the palette / menu. Removing a named-copy &ano
e ect other than removing the selected entry, but removing a amed-
abstraction will unname all of its instances in all documentstljis re-
quires user-con rmation).

Remove Unused Remove unused abstraction entries from the palette /
menu for this type. This will scan all named abstractions curirly
available for the current document type, and remove the ents for the
unused abstractions. An abstraction is not used only if no document
(of the current type) contains an instance of it.

Remove Copies Remove all named copies from the palette / menu for this
type. Note that named-copies cannot be used in a document.

Classes Menu

This menu holds all icon-classes. It is equivalent to the icorass palette.
Only the sub-menu corresponding to the current document types iavailable.

Windows Menu

This menu contains two sections, one for toggling panes (showgin hiding
them), and one for selecting a document window:
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Toggle Palette Toggle the icon classes palette.

Toggle Status-bar Toggle the BOOMS Status-bar.

Toggle Toolbar Toggle the BOOMS Toolbar.

Document Window Selections  These entries, one for each active docu-
ment, select one them.

Options Menu

Various BOOMS options | these are general operations, and optin setting
for the current document:

Same-Node-Same-Arg This determine BOOMS behavior when abstrac-
tion to be created has an argument appearing in several placdsthis
is turned on, then each appearance will create another argemt slot,
and if it is o, then each single node argument will produce asingle
slot.

Dialog create Toggle creating an icons with a dialog | whenever an icon
Is created, an edit dialog box immediately pops up for editqnthe new
icon. Pressing the \Cancel" button will undo the icon creation

Grid Toggle grid placement for icons | if this is on, then icons canonly be
placed on grid locations, making it easy to organize icons \nt'.

Refresh Refresh the screen | redraw the whole screen in case of mess due
to bugs (this should not happen).

Stop Music Stop playing MIDI music | clear the current MIDI music
bu er.

Garbage Collect Run a Lisp garbage-collection.

Help Menus
General information menu, there is no \real help" here.
Welcome Hello from BOOMS...

About BOOMS  This pops up a dialog box showing the contents #OOMS.TXT
containing the BOOMS abstract.
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Context Sensitive Menus

Context-sensitive menus are activated on a mouse right-cliceration. There
are three context-menu types:

1. Right-clicking the application window (the pane availake between doc-
ument windows) pops up a menu with these options:
Create a new document.
Open a document.
Close all documents.
Save all opened documents.
The whole Windows menu is also available.
2. Right-clicking a document area (not inside an icon) pops up menu
with these options:
Save this document.
Close this document.

The whole Classes menu is also available.
3. Right-clicking an icon pops its own specialized menu, thintain:

Evaluate, which is equivalent to double-clicking the icon.
Edit, which pops up the edit-icon dialog.

More options are available, according to the speci c node typ
These options are part of the document-type package.

A.4.6 Keyboard / Toolbar Shortcuts

Accelerator keys and toolbar buttons are a standard GUI featureThe Win-
dows operating system has a lot of conventional acceleratorykbindings,
many of them are used in BOOMS.

A list of all accelerator keys is given below. \C-" means holdg the
Control key, \S-" means holding he Shift key and \A-" is the Alt key.
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| Key | Operation | Key | Operation |
C-N New Document C-O Open Document
C-w Close Document C-S Save Document
C-F4
A-X Exit BOOMS C-X Cut

SDel

C-C Copy Cc-v Paste
C-Ins S4ns
Del Delete A-Enter Edit Node
C-Del
C-G Grab Style C-P Apply Style
C-A Select All C-l Create Abs.
C-E Explode Abs. C-M Name Abs.
C-SC Named Copy F10 Palette Togg.
F11 Status-bar Togg. F12 Toolbar Togg.
S-CD Dialog Create Togg.| S-CG Grid Togg.
C-R Refresh Screen M-F4 Close Lisp
Arrows Move Icons S-Arrows Fast Icons
C-Arrows | Scroll Window C-S-Arrows | Fast Scroll
C-Tab Next Document

The BOOMS toolbar provides many useful shortcuts | just point the
mouse to a button and a message describing its operation will agwenear
it, and at the status-bar. The is one operation that is availal® only from
the toolbar, volume setting (the right track-bar).

A.4.7 Node Edit Panes

A useful feature that is standard in Windows is attribute panesThese exist
for many objects and can be popped by choosing properties freemmenu
(usually the right-button menu associated with the object) or g pressing
\Alt+Enter". A property dialog box is mostly made using a tab control to
switch di erent pages, each is used for some di erent attribute ltanging.

In BOOMS, the node edit dialog contain property edit panes. Tis feature
is fully customizable by package implementations | each nodecan have its
own set of property pages.

Here is the list of current edit pages and their usage:
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node This is the most important edit page. It allows editing of nodear-
guments | linking node arguments, or disconnecting them. Thisalso
provides the only possible way for lling an argument socket wit a
Lisp value.

This page is available to all nodes (not to leaves).
leaf This page is available to all leaf nodes. It controls the leaflue.

colors This page is available to all nodes. It is used to determine thelors
used for nodes. The colors are the foreground and backgroundocs
used to draw icons with, and the selection highlight backgrouhcolor.

text This page is only for text message nodes. It controls the text megga
displayed, its font and its color.

notated This page is for editing notated triplets naming pitch or inerval
values in the music package.

sound This page is for editing a sound node in the music package.

factor This page is for editing music package factor values (real nioar
between 0 and 1).

g-color This is used in the GCalc package by primitive cubes | selecting
the cube color. Note that it is available to the general cube onstant-
color cubes cannot change their colors.

arith-name This is a general page for all nodes classes in the arithmetic
package. These nodes have a \name" that can be modi ed using hi
page. It is not very useful, but it is for demonstration purpose.

operator The arithmetic package de nes general operator nodes, thato
have one of several Lisp functions available. This page is usedchange
this operator.
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Appendix B

BOOMS Programmers
Reference

These appendix is not complete yet, currently there is only # les docu-
mentations.

B.1 Document Type and Icon Class Addi-
tions

As written in this work many times, BOOMS is designed to make addons
of editing domain packages very easy. The arithmetic packagaplementa-
tion le, ARITH.LSPRis provided mainly as a template for learning how new
packages should be implemented. See the detailed documeittatfor this
le.

B.2 Lisp Code Explanations

B.2.1 The Files

This is a list of BOOMS les and a brief description of each. The ext
sections contain full explanations for the important les | t he les marked
with a 2.

HEADERHhis is a simple header le for the whole system, providing the go
and date on the self-extractor le and on after the system is loaatl.
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FILELIST This is the list of all les, used only for creating the compressed
le.

ARJBOOMS.BATis is a small batch- le that creates the compressed le.

BOOMS.TXThis is the BOOMS short abstract that is displayed when using
the \About Booms" menu command.

BOOMS.TEKe source of this work.

B-FILES.LSP ? This de nes the load and compile mechanisms. It provides
‘make le' mechanisms for reload / recompile when needed. Theeed
for such a le arise as this Lisp version does not contain théefsystem
facility.

_LOAD.LSPWNhen this le is loaded, the whole system is loaded | if this was
already done then only modi ed les will be reloaded.

_COMPILE.LSRVhen this leis loaded, the whole system is recompiled. Only
new les will be compiled

_RUN.LSPWhen this le is loaded, the whole BOOMS system is loaded and
the application is launched.

PACKAGES.LSMDe nitions for the packages, symbols imports and symbols
exports.

NETWORK.LSP his is the main core of BOOMS. It de nes the basic "Node'
class that compose an operational hierarchy DAG.

BOOMSAPP.L3H he main Windows application de nitions.

BOOMSDOC.LB8Rhe "‘Document' class de nition. When speaking of the
"Document-View' approach, this le is actually the hierarclical view
implementation and NETWORK.LiSEhe real document.

ICONS.LSP? De nitions for the “lcon' class which is used to add GUI meth-
ods for nodes and create the “Iconic-Node' class.

LEAVES.LSP This de nes GUI leaf nodes.

ABSTRACT.LSPDe nitions for visual hierarchical abstractions. The actual
abstraction mechanism is iINETWORK.LSP
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SHARED-I.LSP? The shared icon classes are de ned in this le.

CLASSPAL.LSP The de nitions for the icon classes palette, and the mech-
anism for run-time addition of classes.

ICONEDIT.LSP? This de nes the icon edit dialog mechanism, supporting
customizable property edit pages.

COLEDIT.LSP? De nitions for the icon color edit pane.
SAVELOAD.LSPSaving and loading BOOMS documents.

MUSIC.LSP? The music sample package.

ARITH.LSP? The arithmetic sample package.

GCALC.LSP The implementation of the GCalc double view editor.
MISC.LSP? Miscellaneous useful de nitions.

GR-MISC.LSP? Miscellaneous GUI de nitions, like the color-box widget.
GEOMETRY.L3R5eometrical e cient functions.

CONSTANT.LSPAIl constants are de ned in this le. This can be modi ed
to make the application look di erent.

DIALOGS.LSP Several common dialogs that are used in BOOMS are de ned
here.

BITMAPS.LSP Bitmaps for the toolbar buttons.

MIDI-LIB.LSP ? This is the Lisp interface to the MIDI driver.
MIDI-LIB.DLL This is the MIDI driver DLL.

MIDI-LIB nMIDI-LIB.H The header le for the MIDI driver library.
MIDI-LIB nMIDI-LIB.C ? C functions that implement the simple MIDI driver.
MIDI-LIB nMIDILIB.MAK MsDev automatically generated make le.

MIDI-LIB nMIDILIB.MDPMsDev project le.
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ICONS.DLUcons that used in BOOMS | for node icons and the window
icons.

LOGO.BMPhe bitmap that pops when BOOMS is started.
INTRO.WAVYhe wave le for the logo pop-up.

NETWORK.EXAhis is an example of using the bare BOOMS core (RETWORK.)SP
with no Graphic User Interface.



Appendix C

The GCalc Mini System

C.1 Scheme Implementation

This system is written in Scheme, the implementation used is JarKozak's*
Scheme version of SCM (by Aubrey Ja €). The system was written on top
of bitmap.scm which is a simple object-oriented extension to the Windows
Scheme that makes life simple (written by the author).

This should work for any true 32-bit Windows, but due to some unien-
ti ed bug, it works only on some Windows 95 versions (on some, itavks
but it does not actually draw anything).

C.2 FTPing, Extracting, Running

The GCalc system is at the same FTP site as BOOMS and getting the |is

done exactly like getting the BOOMS le, see Section A.2. The ¢ name is
gcalc.exe , it is also an ARJ self-extractor that should be extracted at the
root of the \C" hard-disk (the whole system is about 5Mb).

Running the system is simple, no compiling is needed. The batche
scm\gcalc.bat will run the system.

likozak@cix.compulink.co.uk
2jaffer@ai.mit.edu
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C.3 System Documentation

This documentation is from the Scheme le. Itis onlyATEX-ized, so it might
not follow the overall style of this work.

C.3.1 General Description

The basic description language is composed of simple basic olgesmd con-
structors that compose more objects. The word “object' can mislé the
reader to think of a world of objects with identities. This is ot the case |
and the word object should be read as values that are represestey GUI
objects.

The basic objects are solid colored cubes. The exact colors haee
importance, a transparent cube is usually useful.

All objects are cubes, and composing them using the constructone¢
ates new objects which are also cubes.

There are three constructors which correspond to the three axeLeft-
Right, Top-Down and Front-Back constructions. Each construgbn
takes two objects and produces another | the result is a cube siil
into two halves containing the two original objects.

This world is perfect for the purpose of demonstrating lambdaatculus
since it is on one hand very simple, and on the other hand graphso a visual
interface is perfect here.

C.3.2 FRunctional World

In order to make this description language into a functionaldnguage we
need to implement functions and the rules for handling themThis is the

important step here. Two operations are added | lambda abstration and

application (beta-reduction). Lambda abstraction means tiing an expres-
sion and making one of its components a variable, and applitam means
taking a lambda abstraction's body and replace each occurrem of the vari-
able by the application argument.
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C.3.3 Visualization

The visualization of basic objects and simple constructions di¢m is straight-
forward | we use a simple three dimensional cube that is the exactube to
be drawn. The two other cases are a bit more complex.

Basic cube: Simply draw this cube as a three dimensional obje®ote
that this can also be the case for variables | we have to draw vaable
components of expressions as the original object. See exptares
below.

Construction: Draw the two parts of the construction in the twohalves
de ned by the constructor's axis.

Application: Note that an application does not appear too ofte, since
in most cases it is immediately evaluated (= reduced) | this follows
from the evaluation rules below. There are only two cases wieean
application can “survive' evaluation | one is the application of a basic
cube, which has no meaning except the application itself, sodte's
nothing to do but to leave this application in place, this camlso occur
when applying such an application again on another object. Enother
case can happen as a result of applying some function to an objgft
this function is of more than one variable (curried), then tle result will
be the simple substitution result | no re-evaluation of the body. An
application object is visualized as the object being appliedehind its
argument, in the same dimension size relation so it can't be cosked
with a front-back construction.

Lambda Abstraction: An abstraction is simply shown as the body of
the abstraction with a little circle which represents the varmble object.
A lambda abstraction inside another will be drawn as having twoircled
variables (or more) one next to the other.

There is something that should be said here on variables | | can't
use the substitution model without renaming, so the renaming | use
preserve the object that was turned into a variable. This way he
variable object can have a color, and the body is still visuakzl the
same. See an explanation below for why the substitution model stu
be used.
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C.3.4 System Description

The system is very simple and follows exactly the principles ab®. There
are three windows | main window and two oating toolbars.

The main window provides the \work-space”, it has a cell for th "selected
object' which is being worked on, and eight surrounding cellsDragging
an object to the center cell just put that object instead of whatwas there
before. Dragging an object to the other eight cells performan operation
| three cells create a construction, and three more construct a “opposite'
constructions (switching the rst and second arguments). The agjzation
cells constructs an application (one way or the opposite) thas immediately
being evaluated | all other applied objects are reduced.

The other two panes are the "Basics' pane and the "Objects' pan€he
Basics pane contains the basic objects that are used to build abmpound
objects | all color cubes and the transparent cube. This pane annot be
modi ed and it is created once on startup. An important role of his pane is
for constructing lambda abstractions | when a basic object is rght clicked
the selected object will be abstracted using the basic color e as a vari-
able. The Objects pane is a store place to save objects that areeded in
the ow of work. Objects can be dragged to the objects pane aruhck.

Learning how to work with the system is easy | it is a simple, small tool.
There are few useful operations that are all speci ed below.

"H' Shows a help screen that describes these operations.

Left-mouse drag n' drop  This is for dragging objects to store locations
or to the selected cell. It is also used to drag objects to the acti cells.

Right-mouse click Use this to zoom-in an object. All objects are actu-
ally drawn on the zoom pane, so viewing a zoomed object means no
additional processing. Another important use of a right click (seci-
ed above) is constructing a lambda abstraction | this happens when
clicking a basic object, which will be used as the variable fohé new
abstraction. There is also a minor operation for a right buttorclick |
on an action cell it will negate the action, for example on thétop' cell
it'll only leave the bottom part etc.

"N' This tends to be very useful for demonstration purposes | it will name
the selected object, so objects can have a descriptive name.
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‘D' This toggles visual drawing on/o . Usually the objects are draw visu-
ally, this helps sometimes understanding the visual object'srsicture
but slows evaluation.

"C' This will clear the selected object. It is useful only for savinges |
loading will reevaluate all expressions so it can be useful to d&d ob-
jects. The cleared cell is such that can be dragged to the Objegtane
so other cells can be cleared.

'S' This will save a le with all objects on the Objects pane and theselected
cell.

‘L' This will load a saved le. Note that loading means reevaluatig all
objects to draw them, so this operation might take a while | the
visual drawing can be turned o for speed.

'R’ Restarting the system | clear the Objects pane and the selected die

"Esc' Quit.

C.3.5 Building Expressions

The system description above implies that objects are built stepy step.
This means that the Objects pane must be used from time to time tstore
intermediate result while building some complex objects. Ano#r important
feature of the system is that all applications constructed aremimediately
evaluated | reduced. One important result of this is that we can't use the
extended application rules specied in the Grame paper | the wles that
assign functional meaning to basic objects.

These rules give all objects a functional meaning, for exaneplthe red
cube can be used as the ‘reddish' operator | the application ofed on white
producing a pink cube. However, using these rules in this system ams we
cannot construct abstractions that contains applications sice these appli-
cations will be immediately reduced | when we'll try to build something
like \( (red) (red whitg)", we'll get instead \( (red) pink)". This is
because we must construct the red-white application, and we dohave any
way of preventing this application from being evaluated. Sethe \functional
extensions" section below for further discussion.



108 APPENDIX C. THE GCALC MINI SYSTEM

C.3.6 The Evaluation Model

The rst question that should be asked when implementing this syste is
what model will be used for evaluating expressions. There are twomediate
options here | the substitution model and the environment modd. When |
started working on the system | rst tried using the environment malel |
it looks as if it is much more e cient using it.

Using the environment model leads to many problems. The rst prob
lem is that our objects should have some kind of a visual represation for
objects. It is not a general problem, but it makes other probhas get worse
since it makes visualization unnatural. Another problem is wire should the
expressions be evaluated | an abstraction should produce a closey and
this closure should contain some kind of an environment. This o@®@s as a
problem considering the nature of this system, that is, the stepybstep con-
struction of objects. When we'll want to construct a two variabé lambda
abstraction like:

( (red) ( (yellow (left-right red yellow))

we will have to rst construct the inner expression | in the global environ-
ment, so when later the whole expression is applied, the outerriable will
not be bound in the inner one's environment. A possible solutiowill be to
not evaluate lambda abstraction, but then the environment mdel advantage
is lost and the results will not be visualized properly.

The other option is a lot more reasonable here | the substitutionmodel.
It is more natural, since this is the way we actually think of usig lambda ab-
stractions | what we expect to see as a result of applying an abstretion like
\( (red) red)" on\ green is indeed \greenr' and not \ red" in an environment
that binds it to \ greerf. This means that using the environment model will
just be an attempt to simulate substituting with the wrong model. There is
only one problem to solve here | avoiding variable capturing,this requires
renaming. But | names here are basic colored objects, and they sluld be
later visualized, so the original variable should be kept | so to epresent a
variable | use a list that contains the variable name and some nuar. This
means that not all information is shown on the screen so confusisguations
can arise, like the result of applying

( (red) ( (green (left-right red greer)))
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on green will be visualized like
( (green (left-right green greei)

but the rst green of this construction is a green cube, and the send is a
green variable.

C.3.7 Reduction Rules

The last thing (and the most important one) to specify is the redation rules
used. The syntax of the GCalc system is very simple, but there shoukk
an exact speci cation of the semantics | object evaluation rules.

This is quite simple, and it's best demonstrated by theeval-expl func-
tion's simplicity (just 17 lines). Note that this function is usedonly on an
application operation.

Note that these rules do specify the extended reduction rulesahgives
a meaning to a construction of abstractions. This means that a figtion can
be composed of several parts, and applying such a function will bene by
applying each part on the corresponding argument's part. Sebke rules for
exact de nition of this.

The rules follow:

Simple expression Just return the expression. These expressions include
both basic objects and variable objects.

Construction expressions  These expressions are simply evaluated recur-
sively, formally, the expression \(left-right x y)" will be evaluated to
\(left-right x°y9" when x°and y®are the evaluations of andy respec-
tively.

A gquestion can be asked here | is this really needed? Well, in most
cases it is not needed, we can simply return the expression as it is.
However, there are some rare occasions where the result of an &japl
tion returns an object which is a construction of applicatios, such as
applying this function on identity (for example, \( (green) green)":

( (red) (left-right ( red yellow (red cyan)))

The result of the substitution would be:

(left-right ((  (green green yellow) (( (greer) green yellow)
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But this should be further reduced to:
(left-right yellow cyarn)

This can happen only as a result of an application, which imm@s a
possible optimization | use a simple version ofeval-expl for all ex-
pressions, and make the application evaluation use another vensithat
will actually evaluate constructions. This can be simpli ed bynot using
eval-expl for any expressions except applications. This is the cause
of the conditional call in eval-exp .

Lambda Abstraction expressions Abstractions are also returned as they
are, these expressions does not have to be evaluated | they arevgn
a variable when rst constructed and only change when applied\ote
that this case can be considered the same as the construction esgr
sions above | we might want to compute the body of a function as
soon as this is possible, however, this is not wanted since the étion
should be applied again sometimes to get a nal result (not a fution),
So it is not necessary to do the evaluation. This is actually a kéhof a
normal-order evaluation | where function bodies are not evduated ex-
cept when needed. This alone is not enough for normal ordeaéyation
since other rules should do a similar thing (see below).

Application Expressions  This is where there is some job to be done. Note
that we wouldn't have to use the evaluation function recursivg unless,
during some applications, there will be more [nested] applidgahs that
can be evaluated now. We now split into cases based on the evakdt
version of the object being applied:

Simple expressions There's nothing we can do with these expres-
sions, so they are returned as they are (this would be the place to
add the extended evaluation rules).

Application expressions  This is also treated as a simple expression
with nothing much to be done, since the expression is anyway
something that is not a simple (non-function) object.

These expressions could be further evaluated in case of a substi-
tution, and not doing this creates the normal order e ect | see
the rule for reducing lambda abstractions above for furtherxe
planations. For example, this enables us to enter this expressi
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without getting into an in nite loop (however, evaluating its ap-
plication on a function will get us into the unavoidable loop:

( (red) ( (blug (red (blue blug))
( (blue (red (blue blug)))

Abstraction expressions  Here we replace the application argument
for the abstraction variable in the abstraction body, and retun
the evaluation of this substitution result (calling the evalusion
function recursively).

Construction expressions  This is the special extension of a function
object. This extension gives functional meaning to construicins
of functions. What is being done here is applying a function pa
on the corresponding argument's part. For example, the resudtf
this application:

((left-right f, f,) obj)

would be:

(left-right ( f; (left-part ob)))(f, (right-part obj)))

And now the formal generalization of this example should be ob-
vious now. This operation must be done only when the object is
constructed in the correct direction, therefore, it is used othe
result of a split function that will make the object a construct n
the correct size (splitting it if it is not already split in the correct
direction). Note that this evaluation rule is really powerfd | it
enables the usage of \cubes of functions" on other cubes. There
is little meaning to cubes of abstractions with di erent \lambda
lengths" (objects like half functions and half basic colors), ut
there is no error checking.

[Last remark | following this rule exactly explains why the Gr ame's
\Spenger Sponge" won't work as shown in their paper, see the last
section below.]

C.3.8 Functional Extensions

Now that we've seen the GCalc de nition we can spend a thought orhée
extensions. The one extension | have implemented is the constioa of
functions, which is taken as a function that does something ome half and
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another on the other half. This is quite natural to understangdand very useful
when using the system for tricky demonstrations. This extension rkes the
GCalc world more consistent in the sense that the new objects inotduced
| abstraction and application, can be taken like all other objects, so it is
possible to use them with constructions.

The Grame paper speci es another extension | we have our new olefts
behave like any other object by now, what we want is the otheray | have
simple objects behave like functions when they are applied. his was not
done in Grame's system as well as in this system for two main reasons:

1. Implementing this means there should be a mechanism that Wspecify
when we actually want to evaluate an expression. This is because
(as already said above) the expressions are built piece by pidoam
the inside parts to the outside. This will prevent us from buildhg
some expressions as speci ed above (\building expressions"” seclioh
solution for this will very easy to implement, simply have some ewt
like a key-press or double-click evaluate the selected objetiut it'll
make the system somewhat too complex to be fun | keeping in mind
that expressions should get evaluated sometime.

2. This meaning of basic objects as functions (red as a reddisimétion
etc.) is the most natural choice, however, it is not natural esugh to
make a user mad about not having this feature.

So, to conclude, this extension was not implemented for the sakf keep-
ing this a \toy system" that will be fun to play with. This has caused the
evaluation function to look a bit messy (when trying to dig insi@ it and see
what do get evaluated and what not | see the above section), but he result
is worth this. A serious implementation would have this featu, but then
again | what serious things can be done with this cube world?

C.3.9 Formal De nition of GCalc

The formal de nition of the GCalc system is given at Sections 8, 5.2.1 and
5.2.3.
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