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Abstract— End-User computing is needed in creative artistic
applications or integrated editing envir onments, where the ac-
tivity cannot be planned in advance. Following [1], Concrete
abstractions (abstractions fr om examples), are suggestedas a
new modefor function de�nition, appropriate for end-usereditor
programmability. For certain applications, the dir ect, associative,
not planned in advance character of concrete abstraction plays
a qualitati ve role in the mere ability to specify abstractions.

In this paper we propose to use concrete abstraction as
a general tool for end-user programmability in editors. We
distinguish two kinds of abstractions: value abstraction and
structure abstraction, and explain how they can be combined.
We describe a framework of historical editing that is based
on a double view, in which the two abstraction kinds are
combined. Finally, BOOMS [2], an implemented prototype for
such an editing framework is described. BOOMS is a domain
independenttoolkit, with thr eesampleinstantiations. We believe
that the proposed framework captures the conceptualization
operation that characterizes creative, associative work types,
and addressesthe needs for end-user computing in integrated
envir onments.

Index Terms— Concreteabstraction, creative applications,mu-
sic composition, end-user computing, historical editing, inte-
grated envir onments.

I . INTRODUCTION

END-USER computingis neededin domainsor applica-
tions where the activity cannotbe plannedin advance.

For example, in artistic applications,an experimentalmode
of operationis common.In that modethe artist “plays with
the material” until the “right” intentionsareformed.In music
compositiona composermight wish to abstractaway some
parametersfrom a concretepiece,generalizethe structureof
a piece,apply thesepatternson a differentmaterial,combine
and repeatpatterns,etc. Thesemethodshave the quality of
programmingprocesses,even if they are not usually termed
assuch.

Smarteditorsalsoprovide capabilitiesfor end-usercomput-
ing, sincethedesignerof theeditorcannotforeseeandprepare
proceduresfor the desired patternsof editing and of user
behavior. Modern editors function as generalcomputerenvi-
ronmentsthatcontroltheoverall rangeof activities involvedin
a human-computerinteraction.The editor is the management
systemthat supportsgeneration,update,modi�cation, testing,
running applications,providing feedback,systemintegration,
etc. As such, modern editors need to provide servicesthat
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go beyond the immediate command-reactioncharacterof
traditionaleditors.Theseobjectivesareachievedby enhancing
editorswith end-userprogrammingcapabilities.

Editor programmability can help in avoiding repetitive
operations,and ensureconsistency by abstractingcomplex
operations.In a text editor, for example,a user might wish
to make all emphasizedtext usea bold font insteadof italic
font. In a graphicaleditor, a user might wish to changethe
backgroundcolor of all squarewindows to blue. Theseare
examplesfor simpleoperationsthatshouldbeappliedto many
objects.An example for a complex operationthat shouldbe
applied to multiple objectsis: “make all grids that represent
numerical tablesuse double lines.” Although this operation
might involve only few objects, a uniform application via
abstractioncan help in preventing user errors that can be
expectedwhencomplex operationsare repeated.

Someeditorsare further strengthenedto include full pro-
grammingcapabilities.Theseinclude the ability to combine
primitive editor operationsto form compoundstructuresof
editor operations,createeditor functions (abstractions) that
apply editor operationsto documentarguments,and enable
naming. For example, Emacs usesa full programminglan-
guage(EmacsLisp), enhancedwith documentdatastructures
and primitive editor operations,that are integratedwithin a
userinterface;Word enablesusersto de�ne macrooperations,
andwrite programsin Word Basicwhich is a variantof Visual
Basic;andgraphictoolssuchasPhotoshopcancreateHTML
widgets.

Nevertheless,standardend-usercomputing requires pro-
grammingcapabilitieson thepartof theuser. In artisticappli-
cations,like music composition,as describedabove, planned
end-userprogrammingis not relevant, since the activity is
not plannedand the usersare not programmers.In powerful
editorsplannedend-userprogrammingis also unsatisfactory,
even for usersthathave programmingcapabilities.Thereason
is that most usersare occupiedwith the subject matter of
their application, and are not willing to devote the time
neededfor programmingtheir editingenvironment.SomeLisp
programmers,indeed,botherto programandpersonalizetheir
Emacsenvironments,but mostnaive userssimply repeattheir
operations,and sometimeseven do not notice the possibility
of abstraction.

The conclusion is that good end-usercomputing should
have the �a vor of “on-the-�y” computing,i.e., shouldemerge
during the activity itself, when the user desires to create
a combination/repetition/abstraction/namingconstruct,based
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on someconcretematerial.Concrete abstraction (abstraction
from concreteexamples),was�rst suggestedby YannOrlarey
and his colleaguesin [1], as a form of end-usereditor pro-
grammabilitythat is essentialfor musiccomposition.Theidea
is, roughly, to provide userswith the capability to abstracta
concretemusicpieceinto a pattern,andthenapply thepattern
to other music pieces,thus yielding new music pieces,all
admitting the samepattern.Concreteabstractionturns out to
be an extremelypowerful end-userprogrammabilitymeansin
music,sincethe abstractioncanbe appliedto differentmusic
parameters.The recentElody compositionenvironmentbuilt
in GRAME [3], [4] is centeredaroundtheconcreteabstraction
user operation. A special case of concrete abstraction is
employed,in animplicit manner, in theDMIX realtime music
compositionenvironment of Oppenheim[5]. Using DMIX ,
a composercan createa music piece, abstractits rhythmic
structure away from it, and then “slap” another rhythmic
structureon it. This way, Oppenheimcreatesexamplesof
“Jazzi�ed Bachpreludes.”

Concreteabstractionis a methodof function de�nition that
is generallynot supportedby programminglanguages.Pro-
grammersde�ne functionsin a plannedandthoughtfulmode:
they (analytically) observe the existenceof a possiblyuseful
abstractionand use special linguistic symbols for variables
rather than using world objects(or their representations)di-
rectly. Programmableeditorsdonotgenerallysupportconcrete
abstractioneither. The novelty of concreteabstractionlies in
thenew modefor functionde�nition. For certainapplications,
as well as for programmableeditors, the direct, associative,
not plannedin advancecharacterof concreteabstractionplays
a qualitative role in the mereability to specifyabstractions.

In this paper we proposeto use concreteabstractionas
a generaltool for end-userprogrammabilityin editors. We
distinguishtwo kinds of abstractions:value abstraction and
structure abstraction, andexplain how they canbe combined.
We describea framework of historical editing that is based
on a double view, in which the two abstractionkinds are
combined.Finally, BOOMS [2], an implementedprototype
for such an editing framework is described.BOOMS is a
domain-independenttoolkit, with threesampleinstantiations.
We believe that the proposedframework capturesthe con-
ceptualizationoperationthatcharacterizescreative,associative
work types,and addressesthe needsfor end-usercomputing
in integratedenvironments.

Section II brie�y introducesabstractionin Lambda Cal-
culus. Section III de�nes value and structure abstractions.
SectionsIV andV describethecombinationof thetwo abstrac-
tion kinds, and the historical editing framework. SectionVI
describesrelatedwork andSectionVII is the conclusionand
futurework. AppendixI givesa brief overview of theBOOMS
system.

I I . BACKGROUND ON ABSTRACTION

Abstraction is an act of generalization.For example, ab-
stractingthe red color from a red �o wer givesthe generalized
conceptof acolorful �o wer, whosecolor is unknown. Consider
the motif in the following Example.

Example1:

We representa noteasa pair: (hpitchi ; hdurationi ). In order
to keepwith thetraditionaltonal terminology, a pitch speci�er
consistsof a diatonic nameand an octave speci�er, suchas
C0 for C in the middle octave, or C5� 5 to specify the same
thing using a numericalexpressionfor the octave speci�er.
Note sequencing(sequentialconcatenation),is representedby
the `� ' operation.Thesymbolicnotationfor theoverall motif
is:

(C0; 1
4 ) � (E0; 1

4 ) � (F ]0; 1
4 ) � (E0; 1

8 ) � (E0; 1
8 ) � (D]0; 1) (1)

Abstractingthis motif over the pitch `E0 ' yields the pattern

(C0; 1
4 ) � (2 ; 1

4 ) � (F ]0; 1
4 ) � (2 ; 1

8 ) � (2 ; 1
8 ) � (D]0; 1) (2)

that functions as a motif generator: The “hole” 2 can be
replacedby anything that evaluatesto a pitch. The motif
patterncan be further abstracted,for example over the ` 1

4 '
duration, to yield a new motif generator, with two kinds of
holes:

(C0; 4 ) � (2 ; 4 ) � (F ]0; 4 ) � (2 ; 1
8 ) � (2 ; 1

8 ) � (D]0; 1) (3)

The “hole” 4 canbe replacedby anything that evaluatesto a
duration.Themodeof combinationitself canalsobea subject
for generalization,yielding a new motif generator, with three
kinds of holes:

(C0; 4 ) � (2 ; 4 ) � (F ]0; 4 ) � (2 ; 1
8 ) � (2 ; 1

8 ) � (D]0; 1) (4)

The “hole” � canbe replacedby anything that evaluatesto a
motif combinationoperator.

Application is the oppositeoperation— an act of special-
izationof a generalizedconceptby meansof substitutions.For
example,replacing4 by 1

2 , � by “concatenatewithin a delay
of 1

8 ” (denotedk1
8
), and 2 by G0 � E0, yields the following

motif:
Example2: The symbolic representationof this motif is:

(C0; 1
2 ) k1

8
[(G0; 1

4 ) � (E0; 1
4 )] k1

8
(F ]0; 1

2 ) k1
8

(5)

[(G0; 1
16 ) � (E0; 1

16 )] k1
8

[(G0; 1
16 ) � (E0; 1

16 )] k1
8

(D ]0; 1)
Note that the computationof this applicationrequireseval-

uation rules for structuredpitch speci�ers (expressions).The
straightforwardreplacement,dictatedby therecentapplication
yields the “motif ”:

(C0; 1
2 ) k1

8
(G0 � E0; 1

2 ) k1
8

(F ]0; 1
2 ) k1

8
(6)

(G0 � E0; 1
8 ) k1

8
(G0 � E0; 1

8 ) k1
8

(D]0; 1)
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To obtaina real motif, we still needto computethe intended
notemeaningof (G0 � E0; 1

2 ) and(G0 � E0; 1
8 ). A reasonable

rule is: “Replaceany (N1 � : : : � Nm ; D ) expressionby the
notesequence:(N1; D

m ) � : : : � (Nm ; D
m ).” Applying this rule

for the recentapplicationyields the motif in Example2.

To conclude:
Abstraction is an operationon two values.The exact types

of values used may vary, but usually we abstract a
composedvalue on some simple value. Conceptually,
abstractinga composedvaluev from somesimplevalue
a means“stripping off ” the a propertyfrom v, creating
a generalizedobject — a function to be applied later.
Technically, the resultof suchan abstractionis replacing
eachoccurrenceof a in v by a variable x, yielding a
function of a singleparameterx.

Application is the opposite operation — instantiating an
abstraction.It takesanabstractionfunctionf with param-
eter x, and somevalue v, and instantiates(replaces)the
abstractionparameterby the appliedvalue.So,while the
abstractionoperationcreatesa function f with a param-
eterx, the applicationoperationresultsin an application
of the abstractionf on a given value v. For example,
applicationof theabove colorful �o wer on a yellow color
yields a yellow �o wer. This gets us closer to the very
basicnotionof Lambdaabstractionasde�ned in Lambda
Calculus,whereabstractionon valuesis the only means
for function creation.

A. LambdaCalculus:Abstraction & ApplicationFormalism

LambdaCalculus[6], [7] is a simple languageof expres-
sions that are generatedby juxta-positioning and Lambda
abstractions. The intendedmeaningof a Lambdaabstraction
constructis a function basedon a given pattern(expression).
The intendedmeaningof juxta-positioningis that of applica-
tion. Overall, thereare threekinds of expressions1:

1) Symbols(atoms);
2) Applications:hexpressioni hexpressioni ;
3) Lambdaexpressions:� hvariablei : hexpressioni .

Parenthesizingis usedfor resolvingambiguities.We take as
given somebuilt-in arithmetic primitives (such as numerals
andsimpleoperators).

For example,theexpressioǹ (+ n n)' canbeabstractedinto
the“n+ n” function`�n: (+ n n)', andthenfurtherabstracted
into the “n op n” higherorder function `�op: �n: (op n n)'.
Computationin this calculus is obtainedby application of
� -expressionsto their right neighbor expressions,taken as
arguments.This applicationis calledreduction, andit is done
by meansof substitution. Repeatingthesereductionsasmuch
aspossibleis calledevaluation. Herearesomeexamples:

� Theapplication`(( �n: (+ n n)) 2)' reducesto `(+ 2 2)',
which yields `4'. Similarly, `(+ (�n: (+ n n) 2) 3)'
evaluatesto `7'.

� Theapplication`(( �op: �n: (op n n)) � 2)' reducesinto
`(( �n: (� n n)) 2)' which yields `4'.

1The following explanationis highly informal. For a completeandformal
descriptionthe readeris referredto [6], [7].

� The application`(( �f : (f � 2)) (�op: �n: (op n n n))) '
reducesinto `(( �op: �n: (opn n n)) � 2)', thenit reduces
to `(( �n: (� n n n)) � 2)', then`(� 2 2 2)' which �nally
yields `8'.

Note that it is only possible(using the rules given) to create
functionsof onevariable.Theway to imitateN -ary functions
is to abstractone-by-oneon all variables,getting a function
that returnsa function.To apply this function,we again apply
it on all inputs, one-by-one.This is called currying. For the
purposeof this paper, `�x: �y : : : :' can be regarded as a
simple,two-variablefunction.

TheLambdaCalculusis a full computationalmodel,having
Turing Machine equivalent power. It provides the basis for
functional programming languageslike Scheme,Lisp and
ML. Our interest in LambdaCalculushere resultsfrom the
explicit supportfor theoperationsof concreteabstraction, and
application. This observation was�rst madeby YannOrlarey
from GRAME2. For example, the Motif generatorexamples
from the introductioncanbe formalizedin LambdaCalculus,
as follows:

Motif generator2:
� E0: ((C0; 1

4 ) � (E0; 1
4 ) � (F ]0; 1

4 )�
(E0; 1

8 ) � (E0; 1
8 ) � (D]0; 1))

Motif generator3:
� 1

4 : � E0: ((C0; 1
4 ) � (E0; 1

4 ) � (F ]0; 1
4 )�

(E0; 1
8 ) � (E0; 1

8 ) � (D]0; 1))
Motif generator4:

� � : � 1
4 : � E0: ((C0; 1

4 ) � (E0; 1
4 ) � (F ]0; 1

4 )�
(E0; 1

8 ) � (E0; 1
8 ) � (D]0; 1))

In the pure Lambda Calculus, there is a uniform pool of
symbols. Hence, abstractingon `E0 ', on ` 1

4 ' and on `� '
are all the same.However, in realistic implementations,like
SchemeandLisp, atomsaredistinguishedinto differenttypes.
In particular, thereareconstants(that evaluateto themselves)
andvariables.For example,numbersandstringsareconstants
in Schemeand in Lisp. In such contexts, abstractingon a
constantinvolves substituting its occurencesby a variable,
since a constantcannotplay the role of a variable (cannot
evaluate to anything which is not its self-evaluating value).
For example, motif generator4 used the constant` 1

4 ' as a
variablename3, so we replaceit by a variableandwe get:

� � : �dur : � E0: ((C0; dur ) � (E0; dur ) � (F ]0; dur )�
(E0; 1

8 ) � (E0; 1
8 ) � (D]0; 1))

The applicationof the last motif generatorto G0 � E0 as an
`E0 ', to ` 1

2 ' as the dur -ation, andto k1
8

asan `� ', that yields
motif 5, is obtainedby evaluatingthe applicationexpression:

Motif generator5:
(� � : �dur : � E0:

((C0; dur ) � (E0; dur ) � (F ]0; dur )�
(E0; 1

8 ) � (E0; 1
8 ) � (D]0; 1)))

k1
8

1
2 (G0 � E0)

2Orlarey further points to the artistic importanceof keepingthe namesof
the original values,andnot replacingthemby syntheticvariablenames.

3In theselanguages,̀� ' and `E0 ' are valid variablesymbols.` 1
4 ' is not,

sinceit is a numericconstant.
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andapplying the simpli�cation rule:
(N1 � : : : � Nm ; D ) ! (N1; D

m ) � : : : � (Nm ; D
m )

Using Lambda Calculus as an underlying theory for a
concreteabstractionbasededitor, we guaranteethe correct-
nessof the implementationsemantics,sinceall the theoretic
machineryinvolving scoping,naming,and reductionorder is
well-understood.In the rest of this paper, we will use an
intuitively relaxed LambdaCalculusnotationfor examples.

I I I . AN EDITOR WITH CONCRETE ABSTRACTION:
VALUE AND STRUCTURE

Existing editors can be classi�ed into “what-you-see-is-
what-you-get”editors,and “speci�cation-based”editors.The
�rst kind canbe termedextensionaleditors4, sincethey apply
editingoperationsdirectly to theendproduct,i.e., extensional
document.For example, in a “numbering environment” in
Word, the operation “insert end-of-line” is interpreted as
adding a new numberedentry. That is, the user appliesthe
editing operationdirectly to the numberedtext (extensional),
and the editor interprets it and performs it, basedon the
operationand the context (propertiesof the document).The
secondkind of editors can be termed intensional editors5,
sincethey applyeditingoperationsto anintendedspeci�cation
of theendproduct,ratherthanto theextensionalproductitself.
For example,EmacsandLATEX-modeis an intensionaleditor,
since the editing operationsare applied to an intensional-
structuredspeci�cation of the extensionaldocument.

The two kinds of editors have complementaryproperties.
Work with an extensionaleditor is intuitive and immediate,
but it is up to the editor to interpret the user intention, and
up to the userto guessthe editor's interpretation.Work with
an intensionaleditor is, usually, more demanding,since the
intensionalspeci�cationmight be complex to understand,and
the user might be confusedabout the exact extensionbeing
speci�ed. Yet, intensionalspeci�cation is richer, and might
express�ne differencesthatmaybeclutteredin anextensional
end-product.For example,a structuredvisual object, whose
componentscanbe combinedby putting themonenext to the
other, or behindeachother, or on top of eachother, might be
constructedin different orders,all yielding the sameobject.
An intensionaleditor can capturesuchdifferences,while an
extensionalonecannot.Moreover, theremight be intensional
relationshipsamongthe componentsof suchan object, e.g.,
specifyingthat the edgecomponentsmustbe the same.Such
a speci�cation meansthat the replacementof a component
objecton oneedgeimplies alsothe automaticreplacementof
thecomponenton theotheredge.An extensionaleditorcannot
capturesuchdistinctionsandrelationships.

The addition of concreteabstractionto an editor raises
the question as to the kind of the editor. Since concrete
abstractionis applied directly to the object on which the
editor operates,it is not surprising that the two kinds of
editorsgive rise to two differentkindsof concreteabstraction.

4Following theLogic terminology, wheretheactualdenotationof a symbol
in the real world is called its extension.

5Following the Arti�cial Intelligenceterminology, wherethe speci�cation
of objectsor eventsin the real world is termedintension.

Extendingan extensionaleditor with concreteabstractioncan
be termedextensionalabstraction. It was �rst introducedand
implementedby YannOrlarey andhis colleaguesin [1]6. Ex-
tendingan intensionaleditor with concreteabstractioncanbe
termedintensionalabstraction. Intensionalabstractioncanbe
furtherre�ned into valueabstractionandstructureabstraction.
Thesedistinctionswere�rst introducedby Eli Barzilay in his
BOOMS system[2].

Value abstractionis value based, i.e., it is applied to all
occurrencesof a value that appearsin the editedobject. All
music examplesdescribedearlier demonstratevalue abstrac-
tions, sincethey abstractall occurrencesof the note `E0 ', or
of the duration` 1

4 ', or of the operation`� '. The abstraction
supportedby theLambdacalculusis a valueabstraction.Value
abstractioncanbeusedin anextensionalandin an intensional
editor. The Elody compositionenvironmentbuilt recentlyby
the GRAME group [3], [4] is an intensional environment
with a value concreteabstraction.That meansthat a userof
the Elody environment can createa music object, e.g., an
`A � (A + 2) � A' melodic constructof three notes,where
A is a note, and `A + 2' is a note 2 half toneshigher than
A. The user can then apply concretevalue abstractionon
the A note, yielding the melodic three-elementpattern of
`�A: A � (A + 2) � A'. In an extensionaleditor, the music
object`A � (A+ 2) � A' would �rst be computed(extended),
resulting,lets say, `A � B � A'. The valueabstractionon `A'
would result in `�A: A � B � A', therebysuppressingthe
`A+ 2' intensionfor `B '.

Structureabstractionis structure based, i.e., it is appliedto
referencesto structuralcomponentsof the, necessarilyinten-
sional,editedobject.For example,in theabove`A� (A+2)� A'
melodicexample,thestructurecaneitheridentify the �rst and
lastoccurrencesof `A' usinga singlereference,or distinguish
them,usingtwo differentreferences.In the�rst case,structure
abstractionon the single referenceto `A' yields the same
patternas value abstractionon `A', while in the latter case,
structureabstractionon the referenceto the �rst `A' yields a
differentpattern:`�r ef : r ef � (r ef + 2) � A' (assumingthat
the secondcomponentusesreferenceto the �rst `A').

In this sectionwe introduce thesetwo kinds of concrete
abstraction.Value abstractionis introducedby observingthe
GCalc tool of [1] for creative experimentationwith colored
cubes.Structureabstractionis introducedusing syntheticex-
amplesthat are inspiredby the BOOMS system.

A. GCalc: A Value Abstraction BasedEditor

The GCalc systemwas motivatedby the wish to endow a
music compositionenvironmentwith conceptualizationcapa-
bilities. The idea is to useon the �y creationof abstractions
in an intuitive way. In orderto explore theseideas,theauthors
concentratedon a simplestructureddomainof coloredcubes,
where they demonstratethat adding value abstractioncan
producesurprisinglycomplex results.

The domainof GCalcconsistsof structuredcoloredcubes.
The atomic valuesare cube colors: red, green,blue, white,
transparentandsoon. Structuredvaluesarecreatedwith three

6Although they did not usethis terminology.
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blue j yellow bluej yellow
transparent=

transparent
bluej yellow

ZigZag

bluej yellow
yellowj blue= yellowj blue

bluej yellow
(Namethis ZigZag)

This is too complex to describe
with simple constructions. (De-
scribed in Figure 2 using abstrac-
tions.)

Fig. 1

SOME STRUCTURED CUBE EXAMPLES

constructors:Left-Right (LR), Top-Bottom (TB) and Front-
Back (FB). The structuredcubes of GCalc are pure data
values,sincethey carryno identifying statessuchastheir grid
locations.Samenessin GCalc is purevalueequality. Figure1
presentsseveral structuredcubes7. In the example,we usethe
notation of [1] for the operators:LR is denoted2 j 2 , TB
is denoted2

2 and FB is denoted2 =2 . Additional examples,
emphasizingthe power of concreteabstraction,and the full
implementationaredescribedin [2].

Adding concretevalue-abstractionand application to the
GCalceditor resultsin an editor that cancreateandapply, on
the�y , singleargumentfunctionsformedby colorabstractions.
Figure2 presentsa GCalcrunningsession,with someconcrete
value-abstractionand applicationexamples.Abstractionand
applicationare conceived as two new constructors:the `ab-
stract'operationcreatesfunction(lambda)expressions,andthe
`apply' operationcreatesapplication(reduction)expressions.
Application expressionsare evaluated after their creation,
yielding possibly new expressions.In that sense,GCalc is
an extensional editor with concretevalue-abstraction. The
addition of abstractionyields a new kind of atomic values
— variables(basedon coloredcubes).

B. DomainSpeci�c Observabilityand Sameness

The valuesof a structureddomainareformedwith domain
constructorslike the LR, TB, and FB constructorsin the
colored cubes domain. In most domains the constructors
obey certain regulationswith respectto the domain speci�c
observation means.Consequently, different structuredvalues
appearto be the same(i.e., they have the samenormal form
with respectto thecommonobservationmeans;they “evaluate
visually” to thesamedatavalue).For example,if a constructor
“ � ” is observedto beidempotentandcommutative, then(v� v)

7The example is basedon a Schemeimplementationfor GCalc, doneby
Eli Barzilay aspart of the BOOMS project.

ZagB

An abstractionof ZigZag
from Figure1:
ZagB = � blue: ZigZag

Applying it to transparentand to
ZigZag:
(ZagB trans) , (ZagB ZigZag)

f

FurtherabstractZigZagB:
f = � yel: � blue: ZigZag

Given f , this object is:
( f ( f ( f black trns) green) trns)

d D

Y

Namethesed & D:
d = ( red

blue j blue
green) ,

D = � blue: d

Repeatedlyapplying D on d up to
in�nity with the Y combinator:

(D (D d)) , Y, (Y D)

Fig. 2

EXAMPLES OF ABSTRACTIONS AND APPLICATIONS

is observably the sameas v, and (v1 � v2) is observably the
sameas (v2 � v1). We demonstratethe problematicnatureof
observable dependentequality in the two domainsgoverning
this paper, the cubesandthe musicdomains.

The cubesdomain: Sincethe obvious observation meansis
thecubesvisualization,thestructuredcubes( redjgreen

greenjred),

and ( red
greenj

green
red ) have exactly the samevisualization:

. Similarly, (red j red), ( red
red), ( redjred

red ), etc.,have the
samevisualization,a red cube.

The music domain: The obvious, but not necessarilymusi-
cally correct,observation meansis the music piece,i.e.,
the timed setof notesdenotedby a musicspeci�er. With
respectto this observable, if d1 and d2 are durationex-
pressionsthat evaluateto the sameduration,then(p;d1)
and(p;d2) denotethesamenote,usinga noteconstructor
that insertssomedefault valuesfor the dynamicsandthe
timbre parameters.Similarly, ((p;d) j (p;d)) 8 is observ-
ably the sameas (p;d). Likewise, if M 1; M 2; M 3; M 4

are motif values,then ((M 1 j M 2) � (M 3 j M 4)) and
((M 1 � M 3) j (M 2 � M 4)) are observably the same,
althoughthey carry different music intentions.

We seethatobservablesamenessof datavaluesin a domain
dependson the available observation meansand on domain
speci�c propertiesof the constructors.Since concretevalue

8The operationof notesimultaneityis denotedby “ j”.
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abstractionas de�ned by the Lambda Calculus is domain
independent,it seemsrational for an abstractionbasededitor
to keepthe abstractionengineindependentfrom domainrules
and from observation meansthat presumablywill constantly
be re�ned (therebyturning previously samevaluesdifferent).
The editor might assumethat eachspeci�c domainprovides
a total andef�ciently computablenormalizationprocedurefor
its values9.

The normalizationprocedureshouldbe distinguishedfrom
the observable-rendering procedurethat is used to actually
present the data values to the user. Using an observable-
renderingprocedureallows the editor to maintainobjectsthat
are observed the samebut representdifferent intentions. In
the cubesdomain,the observable-renderingprocedureis the
graphicalrenderingprocedurethatvisualizesastructuredcube,
basedon the propertiesof the cubeconstructors.In the music
domain,the play procedure,that computesthe actualtimed
setof notes,basedon thepropertiesof themusicconstructors,
servesasan observable-renderingprocedure.

Samenessand intensionality: Considera concretearith-
metic expressionlike 2 � 2. A user might wish to express
explicitly that 2 is to be multiplied by itself, (e.g., expressing
the areaof a square),or by anothernumberthat, incidentally,
happensto be 2 (e.g., a 2 by 2 rectangle).The printed form
looks similar in both cases,but the intended meaning is
different — a programmerwould use multiplication for the
secondcaseandsquare for the�rst. Usingplannedabstraction,
the two intensionsarecapturedby the Lambdaexpressions:

� (( �x: x � x) 2)
� (( �x: �y : x � y) 2 2)

This distinctionbetweenobservability andsamenessdoesnot
arisefrom samenessalgebraicpropertiesof domainconstruc-
tors, but from different intensionscarriedby componentsof
the expression.This distinction, that the user is interestedin
preserving,cannotbe capturedby concreteintensionalvalue
abstraction.It is preciselyfor that purposethat we introduce
concretestructureabstraction.

C. Structure Abstraction

The dual structure-intensionalcompanionof concretevalue
abstractionis concretestructureabstraction.Valueabstraction
is appliedto uniform datavalues,while structureabstraction
is applied to intensional objects that carry, in addition to
their value, an identity. Consider, for example, the “Three
Men” picturein Figure3. Supposewe edit this pictureusing
an editor that supportsconcreteabstractions;if we try to
abstracton the hair colors in this picture we get something
like � black: � grey: OriginalPicture.

However, supposewe realizethat the hair and beardcolor
of the third personareintensionallyidenti�ed, while it is just
a coincidencethat the �rst personhas the samehair color.
Accordingly, an intension-aware abstractionof the color pat-
tern in this pictureshouldseparatethe abstractionon the hair

9In theGCalcimplementations[1], [2] the immediateescapefrom normal-
ization takes the identity function as a normalizationprocedure.As a result,
GCalc cannot identify different valueswith the sameobservable, as equal
values.

Fig. 3

THE “ THREE MEN” PICTURE

color of the�rst personfrom theabstractionon thenecessarily
identical color of the hair and beard of the third. This is
impossiblewith valueabstractionsinceall black regionshave
identical color. In order to implementthis intensionwe need
to conceive eachcolor occurrenceas an object, and identify
the hair and beard color of the third person as the same
color object. The intendedabstractionshould be applied to
the referenceto that color object.In a Scheme-like language,
this structuredview canbe written:

(let ((color1 'black)
(color2 'red)
(color3 'black))

(picture-of-men
(make-person1 'hair color1)
(make-person2 'hair color2)
(make-person3 'hair color3

'beard color3)))

and the desiredabstractionis:

(lambda (color1 color2 color3)
(picture-of-men

(make-person1 'hair color1)
(make-person2 'hair color2)
(make-person3 'hair color3

'beard color3)))

Namethis abstraction“The3Men.” Applying it to the color
values“white”, “white”, “green”, i.e., (The3Men 'white
'white 'green) , yields a correctanswer.

Structureabstractionin the context of the cubesdomain
canallow selectionof particularcolor occurrencesto abstract
upon.For example,in thecubeof Figure4a,if thetwo marked
black regions are intensionally identi�ed then structuralab-
stractioncandistinguishthemfrom theotherblackregion; this
createsan abstractionthat when applied to, say gray, yields
the cubedescribedin Figure4b.

In music, structureabstractionallows for abstractionon
particular note occurrences.For example,when working on
themotif in Example1 (from SectionII), structureabstraction
canbeusedto abstractonly over the �rst andthird occurrence
of `E0 ', so that whenappliedto `G0 � E0 ' yields the motif in
Example3:

Example3:

(C0; 1
4 ) � (G0; 1

8 ) � (E0; 1
8 ) � (F ]0; 1

4 )�
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(a) an intensionalcube:the
two marked regions are in-
tensionallyidenti�ed

(b) following structureab-
stractionandapplication

Fig. 4

USING AN INTENSIONAL CUBE

(E0; 1
8 ) � (G0; 1

16 ) � (E0; 1
16 ) � (D]0; 1)

D. A Formal De�nition of Structure Abstraction

Concretestructureabstractionis meaningfulif the expres-
sionsto which it is appliedenabledistinctionandidenti�cation
of occurrencesof theircomponents.Thatis, expressionscanbe
conceived as single origin DirectedAcyclic Graphs(DAGs),
with leavesthatcorrespondto atomicdatavalues,andinternal
nodesthat correspondto constructors(i.e., constructorsare
appliedto expressionreferences).DAGsrepresentexpressions:

1) A DAG that containsa single noderepresentsthe data
valueassociatedwith this node.

2) A compositeDAG with origin v and directedarcs to
nodesv1; : : : ; vn , representsthe expression

exp[v] = constructor[v](exp[v1]; : : : ; exp[vn ])

Note that the nodesv1; : : : ; vn are not necessarilydistinct.
Two arcs that lead to the samenode capturethe intended
identicalnessof theargumentsof theconstructorof v (like the
third person's hair and beardin Figure 3). Clearly, different
DAGs canrepresentthe sameexpressionsincereferencesare
lost in theabove translation(recall thediscussionon sameness
andobservability). The meaningof a DAG in a given domain
is obtainedby domain-speci�c evaluation of the expression
representedby the DAG. Figure 5 shows two DAGs that
representthe sameexpression.The expressionevaluatesto
the cubein Figure4a. Now we are in a position to introduce
structureabstractionandapplicationwhich arethe two major
constructorsenablingconcretestructureabstraction.

Structure abstraction is a two argument constructor(an
internal node), that acceptsa DAG — the abstraction body,
and one of its nodes — the abstraction node. A DAG
whoseorigin correspondsto the abstractionconstructoris an
abstraction DAG (seeFigure 6). The nodesin the sub-DAG
of the abstractionnode(including itself) are called bound in
the abstractionDAG. In an arbitraryDAG, nodesthat arenot
boundarefree. Thatis, givena DAG G anda nodev in G, v is
boundif andonly if v is an abstractionnode,or a descendant
of one, in an abstractionsub-DAG of G.

An abstractionDAG G is valid if its abstractionnode
is free in its body, and is the origin of a DAG G0 whose
nodesare not externally referenced.That is, except for the
abstractionnode, the nodesof G0 are referencedonly from

Black Black Black Black

Black

Fig. 5

TWO CUBE-DAGS THAT EVALUATE TO THE CUBE FROM FIGURE 4A

Structure abstraction

Abstraction body

Abstraction node

Bound nodes

l

Fig. 6

AN ABSTRACTION DAG

nodesin G0. In particular, in nestedvalid abstractions,the
outermostabstractionnodecannotbe within the sub-DAG of
theinnerabstraction.Figure7 demonstratesa valid andinvalid
abstractionDAGs.Note thatanabstractionDAG standsfor an
intensionalabstraction,i.e., a function on DAGs. Therefore,
an abstractionDAG doesnot representan expression(it is
meaninglessoutsidethe DAG domain).

Application is also a two argument constructorintended
to apply an abstractionon an argument.The argumentsare
labeled the application operator DAG, and the application
argument DAG. A DAG whose origin correspondsto the
applicationconstructoris anapplicationDAG. A redex DAG is
anapplicationDAG whoseoperatorDAG is a valid abstraction
DAG and is disjoint from the applicationargumentDAG.

A reductionof a redex DAG is demonstratedin Figure8.
The reductionrule follows:

Let v; v1; v2 be the origins of the redex DAG, its
operatorDAG, and its argumentDAG, respectively.
The reductionof this redex DAG is:

v � ! body(v1)[v2=abs(v1)]

wherebody(v1) standsfor the origin of the abstrac-
tion bodyof v1, abs(v1) for its abstractionnode,and
x[y=z] is theDAG obtainedfrom x by replacingthe
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l

l

l

l

l

l

A exampleof a valid abstraction.
An invalid abstraction:the internal abstrac-
tion node'sDAG is externallyreferencedand
the externalabstractionnodeis not free.

An invalid abstraction:the externalabstrac-
tion node's DAG is externally referencedby
the internalabstractionnodearc.

Fig. 7

ONE VALID AND TWO INVALID ABSTRACTION DAGS

l

ap

x

y

z

x

z

v1

v

body(v1)

abs(v1)

v2

Fig. 8

REDUCING AN APPLICATION.

sub-DAG rootedin z by the onerootedin y10.
Note that sincev1 is the origin of a valid abstractionDAG,
its applicationdoesnot leave “dangling references”,resulting
from externalreferencesto nodesin theabs(v1). Theintended
DAG functionof a valid abstractionDAG is implicitly de�ned
by this reductionrule.

The structureabstractionand applicationrules introducea
DAG-basedanalogueof theLambdacalculus.It is well de�ned
due to the above restrictions— valid abstractionDAGs and
disjoint reductionarguments.Moreover, sincethe expressions
areDAGsthis formalizationis simplerthanLambdaCalculus.
In particular, there are no problems with bound and free
occurrencesof symbols,con�icting substitutions,anddifferent
reductionorderings.

DAG evaluationis obtainedby applyingreductionsuntil no
moreredex DAGsareavailable,thenevaluatingtheexpression
that correspondsto the resulting DAG. Rememberthat in
case the �nal redex-free DAG still containsabstractionor

10This presentationdoesnot copewith replacementformally — one way
to handlesuchside effects is to say that the whole DAG is copied,making
the necessarymodi�cations.

applicationnodes,then it doesnot representan expression,
so its evaluationis unde�ned.

The computationalpower of valueandof structureabstrac-
tions is the same,since structure abstractioncan simulate
value abstraction,and structureabstractioncan be simulated
with plannedlambdaabstractions.The differencelies in the
concreteabstractionmode.In the plannedmode,the sharing
and distinctionsamongmultiple occurrencesof a value are
capturedby sharing abstractionvariables,or distinguishing
among them, as demonstratedin the 2 � 2 example in
subsectionIII-B. However, in the concreteabstractionmode,
valueabstractioncangenerateonly the �x: x � x abstraction,
while structureabstractioncan createboth, sincethe sharing
intensionis kept in the DAG expression11.

E. Structure Abstraction in an InteractiveEnvironment

The formalizationthat waspresentedin SectionIII-D only
handlesa staticmathematicalworld. Whenwe get to a “real-
world” interactive environment,we mustconsiderside-effects
in the form of substitutionsthat change the DAG. This is
dangeroussinceabstractionsthat weremadecanchangetheir
functionality or even becomeinvalid due to changes.

This means that a slightly different strategy should be
employed to cope with thesechanges:when an abstraction
is made, its DAG is copied to an abstractionenvironment.
This environmentis an associationlist that bindsnameswith
stored abstractions;it forms a read-only memory for these
abstractionswhich meansthat they cannotchange.If a valid
abstractionis made, referring to it using its name always
returnsa copy which is the sameas the original one12.

11An idea that was suggestedby Orlarey is the conceptof generalized
abstractions, wherea simpleabstractionover someconstructioncantake any
valueasan argument,andapplicationwill take the form of pattern-matching
and substitution.The structureabstractionspresentedherecan be viewed as
a muchsimpli�ed form of generalizedabstraction.

12Note that this does not contradicta mechanismto deletebindings or
rede�ning them — the only guaranteewe needis that storedDAGs never
change.
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Using this approach,abstractionsare not useddirectly in
DAGs: a new kind of nodeis introducedthat is a namerefer-
ence.Theapplicationreductionrule is changedaccordingly, a
redex hasa valid namereferenceasits operator, andreduction
is performedusing the abstractionDAG referencedby this
name.This is similar to the way BOOMS is implemented13,
seeAppendix I for moredetails.

IV. COMBINING THE TWO ABSTRACTIONS IN A SINGLE

TOOL

In theprevioussectionwe have seenthatconcretestructure
abstractionis more powerful than concretevalue abstraction
since it usesidentities to expresssharingof subcomponents
in an intuitive way. In this sectionwe argue that, neverthe-
less, it cannotbe usedas a replacementfor concretevalue
abstraction.This seemingly contradictory argument results
from thetruly contradictorynatureof concreteabstractionand
a fully structuredintensionalobject. Concreteabstractionis
intendedto support a creative spontaneousmode of work,
where abstractionsarise in an associative manner, out of
concrete(extensional)objects,e.g., a cube,a musicpiece,or
a document.Manipulation of a structuredintensionalDAG
object,on theotherhand,mustbeplanned,sincethecomplex
structureusuallyclobbersthevalueof theexpressionto which
it evaluates.Hence,it is hard to comeup with associatively
createdabstractions.

Consider, for example,the DAG in Figure9 that represents
the intensionalcubefrom Figure4a.Theactualcubeintended
by this DAG expressionis quite obscure.Consequently, al-
though the intensionalDAG structureidenti�es the �rst and
third occurrencesof blackandenablesconcreteabstractionon
them, it is unlikely that a userwill comeup with that idea,
unlessit wasplannedin advance— but in that caseconcrete
abstractionis not necessaryin the �rst place.We seethat the
straightforwardgeneralizationof elementsin concreteobjects,
which is the essenceof concreteabstraction,is not possibleif
the userinteractsonly with the structuredobject.

We claim that both forms of concreteabstractionare nec-
essaryfor supportinga creative, associative mode of object
development.Concretevalue abstractionis the naturalmode
of operation,while theintensionalstructureof themanipulated
objectsarisesfrom the history of object development.If the
managementenvironmentkeepsboth the concreteobjectand
the history of its development,then abstractionscan emerge
in a naturalway from theconcreteobject,but bere�ected and
performedin its associatedintensionalobject. For example,
Figure10 presentsa dual simultaneousview of thecubefrom
4a,andits intensionalDAG structurefrom Figure9. TheDAG
mighthavebeendevelopedduringtheconstructionof thecube.
If userscansimultaneouslyobserve thecubeandits DAG, then
they might realizethat the �rst andthird occurrencesof black
are basedon a single object, and that an abstractionon this
object is desirable.Similarly, in music, a composerwishes,
typically, to work with the actualmusicpiece,in a bottom-up
mode.Usinga structure-enabledtool, theintendedstructureof

13Sucha storeis alsousefulfor namedobjectsthatallow namedcopy-paste
operations.

Fig. 9

THE STRUCTURE OF THE CUBE FROM FIGURE 4A

Fig. 10

A DUAL EXTENSIONAL-STRUCTURAL VIEW OF THE CUBE FROM

FIGURE 4A

thecomposedpiececanbemaintainedtogetherwith thepiece,
andstructureabstractioncanbeappliedto theDAG structure,
by observingtheactualpieceandits structuresimultaneously.
Themain point is that this abstractionis possibleandfeasible
only if both the extensionaland the intensionalobjectsare
equallyaccessibleto the user.

Theabovediscussionleadsto theconclusionthatapowerful
concreteabstractionrequiresa double-view historical editing
tool, that provides smoothintegration of the extensionaland
intensionalviews of an object in a singleend-usertool. Such
an interface should give the “look and feel” of an exten-
sional editor, keepinga structuralrepresentationthat is held
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Fig. 11

STRUCTURE EDITING IN BOOMS.

internally. The tool shouldenablethe user to switch, easily,
to a structureediting mode,expressingintentions.Moreover,
we claim that the intensionalstructureof the object being
developed can emerge from the history of user operations
during object development.That is, certain operationscan
be viewed as having indication for intentions.For example,
a copy-pasteoperationusually meansthat the newly created
subcomponentcopy is actuallyidenticalto the�rst in aninten-
sionalsense.BOOMS is a prototypetool thatsupportsdouble-
view editing. Figure 11 demonstratesa BOOMS sessionfor
editing the intensionalstructureof the cubefrom Figure 4a:
�rst, a structureabstractionwas madefrom the given DAG
and named“foo”, then a red cube replacedthe �rst black
cubeand�nally aninstanceof this abstractionwascreatedand
givenwhite andgraycolorsasarguments.In thenext section,
we describea model for a double-view editor that integrates
the extensionaland intensionalviews of objects,and enables
smoothinteractionsbetweenthe two modes.

Still anotherbene�t of a double-view developmenttool has
a �a vor pf educatingusers.The vision is that such a tool
allows beginnersto work in a purelyextensionalenvironment,
and switch to the structuredview from time to time for
exploring the structurethat is being created.In later stages,
userslearn the meaningof the structureand its usefulness
— they casuallystart editing the structureto betterrepresent
their intendedstructure.Eventually, they fully exploit the two
views, switchingasneeded.

V. AUGMENTING END-USER PROGRAMMING

IN EDITORS WITH CONCRETE ABSTRACTION

Enduserprogrammingaimsatgiving theusertheoptionfor
doinga complex sequenceof operationsonce,thenabstracting
it into a “reusableoperation” that can be applied later on in
different contexts. It can be viewed, in itself, as an editing
domain whosevaluesare stored in buffers, and are created
by constructorsthat are primitive edit operationslike create,
compose,delete, select, copy, change attrib ute. The exact
nature of values vary, of course. In Notepada value is a
sequenceof characters,in Paintbrusha value is a bitmap, in
Word a value is a sequenceof charactersand objectswith

attributes.Abstractionin this domainyields templatesof the
domainvalues.

The main dif�culty with which end-userprogramminghas
to copeis thata “standard”naive useris primarily interestedin
gettingsomedocumentdone,andis not willing to put efforts
into improving the editing process.Therefore,end-usertools
should have an associative, immediate�a vor, that doesnot
requireplanningon theuser's part.Concreteabstractionseems
like a natural mechanismsince it emerges in an associative
way within the editing session,ratherthanbeinga plannedin
advanceactivity.

The kinds of possibleconcreteabstractionsin an editing
domaindependon the natureof the valuesbeingstored.The
richnessof the editor buffer hasdirect impact on the power
of theconcreteabstractionsthat it cansupport.We distinguish
four levels of valuedomains:
Extensional values: Domain values are fully computedat

eachprimitive editing operation.Such editors keep no
structureat all, for example,PaintBrush.

Intensional structur ed values: Domain valueskeep the in-
tendedstructure,asin thecubesor themusicdomains,but
have no commitmentto thestructureasenteredduringan
editing session.For example,a normalizationprocedure
canbe usedto optimizethe structuredvaluesandreduce
theminto someobservablebasedcanonicalform.

Intensional historically structur ed values: Domain values
keepthe intendedstructure,asenteredduring an editing
session— no information on cloning and destructive
operationsis kept. The GCalc editor as well as many
moderneditorslike XFig, MacDraw andCoreldraw keep
bufferedvaluesof this kind.

Intensional identity-based historically structur ed values:
Domain valuesare DAGs, called edit graphs, that keep
the intended structure, as entered during an editing
session.BOOMS keepsvaluesof this kind, Windows'
OLE provides a similar but restricted capability for
applications— embedded“links” to objectsallow users
to specifysharingof the sameobject.

Thekind of valuesthataneditor storesis a designdecision
taken by the implementationdesigner. Extensionalvaluesare
probablythe easiestto manipulate,but supportweak editing
operations:An undo operationrequiresstoring snapshotsof
buffer states;a redo operationis not possible.Intensional,
normalizedstructuredvaluesmay be optimal, free of redun-
dancies,and enablecomparisonof valuesthat were built in
different ways. However, such values can support concrete
value abstractionon the normalizedstructurealone,and not
over the sequenceof useroperations.Intensional,historically
sensitive,structuredvaluescansupportconcretevalueabstrac-
tion on useroperations,as demonstratedin GCalc. Still, the
structuredvaluesare pure values,and keepno identities for
their components.In particular, they do not keep track of
cloning and of destructive operations.A delete operationis
fully computedandremoved from the editing history.

Only the DAG-basedvalues can store the full scale of
editingoperations.An edit graphcansupportstructuresharing
amongits components,asdemonstratedin the introductionof
concretestructureabstraction.This way intensionaldependen-
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ciesamongobjectsthat imply that changingthe propertiesof
oneobjectcanchangeits occurrencesin othercontexts canbe
guaranteed.For example,a copy operationimplies structure
sharingbetweenthe sourceand the target objects.Similarly,
a grouping operationimplies structuresharingbetweenthe
objectsbeinggroupedto thegroupobjectitself. Thefollowing
exampleemphasizesthe valueof structuresharing:

(define A (+ (+ 1 2) 3))
(define B (+ 1 2))
(define C (+ B 3))

Although `A' and `C' evaluateto the samenumber, an inten-
sional,identity-based,historically structurededitor shouldnot
optimize `C' to be internally equal with `A' becauseit then
losesthe structuresharingwith `B'.

SinceDAG valuescan supportconcretestructureabstrac-
tion, they enablefull concretestructureabstractionof user
operations.This is important,especiallyfor supportingeditor
operationslikeundo, redo. If theeditorkeepsa fully historical
edit graph then concretestructureabstractioncan be used
to de�ne redo abstractions.That is, take a sequenceof edit
operationslike group, copy, paste, apply abstractionto any
of its components,and thenapply the abstractedsequencein
a differentcontext, to differentcomponents.

We suggestto use the doubleview approachdescribedin
SectionIV to implementa historicaleditor. Theedit graphcan
evolve internally, asa resultof useroperations.The usercan
interactwith a regularextensionaleditorbuffer, but canconsult
thestructuredview for morecomplex editingoperations.redo
abstractions canbe de�ned asan end-userstructureabstrac-
tion applied to the edit graph. Thesecapabilitiesare partly
implementedin BOOMS, which is describedin Appendix I.

VI . RELATED WORK

A. ComputerMusic Environments

CommonMusic : BOOMS is inspiredfrom musiccompo-
sition environmentsand from graphicaland historical editors
in general.In compositionenvironments,the needto support
creativity requiresthe userto be endowed with programming
capabilities.CommonMusic [8], for example, is a powerful
andpopularenvironmentfor algorithmiccomposition.It pro-
vides a rich set of music primitives, types, and operations,
including advancednotions such as music streams,and hi-
erarchy supportingcontainers.CommonMusic is embedded
in CommonLisp, and the usercan programthe composition
using the notions supportedby the system.A professional
usageof CommonMusic requiresfull programmingskills.

DMIX : A different approachfor supporting creativity
in music compositionis employed in real time composition
environmentslike DMIX [5] and Elody [4], that replace(or
extend)plannedprogrammingwith direct visual composition.
DMIX [5] has an expressive user-interface that operatesin
multiple dimensions,including many visualizationforms like
box-graph,score,and text representation.DMIX entails an
extensive set of functions.Someof them are usedvia “slap-
ping” — draggingonemusicpieceanddroppingon another,
performingsomeinteractionbetweenboth. The combination

of multi-dimensionalrepresentationwith slappingyields an
interestingform of abstractionin thefollowing way. Oneview
can representthe pitch of a music piece, anotherview the
rhythm of anotherpiece; by slapping (dropping) the pitch
view on the rhythm view, one can obtain a new music piece
composedof thesepitch and rhythm speci�cations. In this
operationthe rhythm dimensionof the secondpiecehasbeen
abstractedinto a function that has beenapplied to the �rst
piece.

Elody : The Elody environment of Orlarey [4] supports
true concreteabstraction,asdiscussedin detail earlier in this
paper. Elody can be viewed as a visual functional language
that is groundedin the musicdomain.Furthermore,following
the pure functional tradition, Elody doesnot distinguishdata
from functions.Consequently, compositionalprocessescanbe
appliedto high-orderfunctions,so to yield high-orderscores,
and music objects can be consideredas functions as well.
Accordingto its designers,Elody canbe viewed asan active
musicnotation,sinceits programsarealsoscores.

B. Historical and Structural Editing

Chimera : The double-view historical editor that we
propose is in�uenced, to a great extent, by the Chimera
graphicaleditor of Kurlander[9]. The aim of Chimerawasto
investigatewaysto automaterepetitive tasksin userinterfaces.
Chimera lets the user “program an application through its
user interface.” Five powerful techniqueswere developed
to automaterepetitions;the most relevant to this work are
editablegraphical historiesandmacros by example.

Graphical histories encodein a “comics strip” metaphor
the commandsused in an editing session:“Commandsare
distributed over a set of panelsthat show the graphicalstate
of the interface changingover time” [9, p.11]. The graphi-
cal history is automaticallymaintainedas the user performs
actions on the editor, and strategies are designedto make
historiesshorterandfocuson signi�cant actionsin thesystem.
Declarative rules encodingregular expressionsof commands
are usedto analyzethe streamof commandsissuedby the
userandcoalescesimilar commandsinto a singlepaneof the
history.

Historiesserve asa basisfor a sophisticatedform of undo-
redowherethe usercanselectwhich sectionin the history to
undoor redo,andhave the editor propagatechangesthrough
the rest of the sessionas required.In addition, historiesare
used as the basis for a form of abstractionimplemented
in the graphical macro by example techniqueof Chimera.
The main conceptis to abstracthistories into functions by
generalizingsomeof theobjectsmanipulatedin a sub-session.
The abstractedsub-sessionis thennamedandcanbe usedas
a new command.

TheBOOMS approachis heavily in�uencedby Kurlander's
work, in its focus over histories (which are called editing
graphs).The main differenceis that Chimera depictshisto-
ries in the samevisual languageas the object editor, while
BOOMS, motivatedby the needto denotestructurein music
composition,depictshistoriesin a hierarchicalview, focusing
on theirstructuralproperties.Thatis, Chimeradepictshistories
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assequencesof “cartoon-like” pictures.Eachpictureshows a
sequenceof operationsasa snapshotof theeditorwith graphi-
cal annotationsthat indicatewherethemodi�cation happened.
In contrast,in BOOMS,historiesappearin a hierarchicalview.
Eachoperationis depictedby an iconic node in a tree with
arcs pointing to the parametersof the operation.The visual
languageusedfor historiesis, therefore,quite different from
the one usedin the editor itself. It is a graphicalrendering
of the proceduresapplied during the editing session.This
depictionhighlights more clearly the structuralpropertiesof
the resultingobjects:for example,it shows whenan element
in the editor is sharedby several operations(the samenode
is reachedby several arcs).It providesan easierbasisfor the
type of abstractionwe are advocating,but it is lessreadable
thanthe Chimeraapproach.We believe that a combinationof
the two visual languagescanoffer the “best of both worlds.”

The Programmer'sApprentice : Anotherhistoricaleditor
that is somewhat relevant is the Programmer's Apprentice
project[10] whoseobjectiveswereto studyhow a knowledge-
basededitor canhelp automatethe tasksof programwriting,
modi�cation and documentation.One of the main themesof
the researchis that the editor must encodeexplicitly more
information than is written in the text of the program in
orderto appropriatelyassisttheprogrammer. In theKBEmacs
prototype, this additional knowledge was encoded in the
form of clichés, which encodesthe knowledge sharedby
the programmerand an external assistantwhen modifying
a piece of code.De�nitions of clichés include a body over
which parametersare abstractedand,most importantly, a set
of annotationsthat explicitly describethe rolesof parameters
andconstraintsover their instantiation.

This knowledgeis usedby theeditor to provide the follow-
ing functionality: during programsynthesis,the programmer
can select a cliché from a library and instantiateit using
explicit editor commands.The programmercan alternatively
entercodedirectly andan analyzerparsesthe codeto recog-
nize instancesof existing clichés. In both cases,the editor
maintains an explicit representationof the cliché structure
of the code — called the program plan — in addition to
the program text. Becausethe program plan is explicitly
maintained,the KBEmacs editor can support modi�cation
of the program at a much higher level of abstractionthan
a characterbasededitor can. The Programmer's Apprentice
projectillustratestheneedto maintaininformationbeyondthe
editedextensionalobject,in orderto describethe intentionof
the designer.

In KBEmacs, the integration of the domain value editing
andknowledgeeditingis througha stageof automaticanalysis
(plan recognition) of user actions. While this approachis
conceivablein the programmingdomain,wherea large cliché
library can be designed,it is much harder to apply in the
music domain (or any other creative domain),whereeven a
notationfor structureis missing,andthe notion of “composer
intention” is muchharderto grasp.In addition,musiccreators
often consciouslyseek ambiguity in their composition,and
a plan recognitionmechanismwould perform poorly in such
conditions.Thealternative approachimplementedin BOOMS
is to provide explicit editing of the editing graph,to empower

the composerwith the possibility to specify his intention.
Automaticanalysisof the editing actionsis beyond the scope
of this work.

Besidesthis difference,in BOOMS, as in KBEmacs, the
ideal place to introduce domain speci�c knowledge to in-
troduce sophisticatedservicesin the editor is in the set of
editor commands.The BOOMS music knowledge base is
encapsulatedin a library of editor commands,appearingto
the userin a palette,and plays a role parallel to KBEmacs's
cliché library.

C. Double-View Editing

Double-view editing is importantfor any editor that stores
and operateson non-extensionalvalues. Therefore,the ex-
tensionof LATEX tools with the “Xdvi” tool, which extends
the editing sessionwith an extensionalview, was a major
improvement to LATEX documentediting. Yet, in the LATEX-
Xdvi combinationonly the LATEX view is editable.

Lilac: [11] is a true double-view document editor. It
consistsof a page view which is a “What-You-See-Is-What-
You-Get” editor and a source view which is an intensional
editor, that describesthe documentas a programwritten in
the Lilac documentlanguage.This languageenablesthe user
to de�ne new documentstructures.Both views aremaintained
by hierarchicaldatastructures:The sourceview by a syntax
tree which representsthe parsingof the document,and the
pageview by a display list which representsthe hierarchical
geometricalrelationshipsof the syntacticalcomponents.The
editor supportstwo way mappingrelationshipsbetweenthe
pageview imageto the display list, betweenthe display list
to the syntax tree and betweenthe syntax tree to the source
view. Therefore,both views areeditable.

Theauthoradmitsthat95%of thetime hespenton thepage
view alone,while the sourceview is usedmainly for editing
complicated structures,for global styling, or for creating
new stylesand constructs.The BOOMS approachis clearly
in�uenced from Lilac — the DAG object of BOOMS corre-
spondsto Lilac's hierarchicallymaintainedsourceview; the
threedifferentapplicationscorrespondto threedifferentpage
view applications.In that sense,BOOMS generalizesLilac
into a domain independentdouble-view editor, and usesthe
two forms of concreteabstractionasa main programmability
means.However, BOOMS is differentfrom Lilac in two major
aspects:

� thestructureview is a graphicicon-basedstructureeditor
ratherthanLilac's sourcetext view,

� Thereis no relation to abstractionin Lilac.

VI I . CONCLUSION

In this paper we proposeto use concreteabstractionas
a unifying tool for extending editors with end-userpro-
grammability, in a domainindependentway. It is appropriate
for creative domainswhere abstractionsare not plannedbut
emerge from concreteexamples,andfor helpingusersto deal
with repetitive tasksor de�ne new primitive operations.We
have shown that concreteabstractioncanbe usedfor creating
templatesof structuredobjectsin the editor subjectdomain,
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andof sequencesof useractionsandbehaviors. We arguethat
concretestructureabstractionthat is basedon an edit graphis
particularlysuitablefor historicaleditor programmabilitythat
includesundo andredo operations.

Our approachcombinesthe concreteabstractionof GCalc
that enablespowerful end-usercomputingwith the historical
editing of Chimera and the double-view editing mode of
Lilac. It extendsthe concretevalueabstractionof GCalcwith
concretestructureabstraction,it extendsthehistoricalview of
Chimerawith hierarchy and structuresharing,and it extends
the double-view architectureof Lilac to generaldomains,not
necessarilytext documents.

BOOMS is a working initial prototypefor a double-view
historical editor that featuresconcreteabstractionas a major
end-usercomputing means.The generality of BOOMS is
demonstratedby three different applications in the music,
graphicsandsymbolicarithmeticdomains.

Futurework in this directionis required.On the theoretical
level, concretestructureabstractioncanbe furtherstudiedand
possiblyextended,to allow for abstractionsthat arecurrently
restricted.On the empirical level the integration of the two
views in BOOMS should be further developed.In addition,
thehistoryedit graphcanbefurtherstudied,andsimpli�cation
algorithmsanda normal form shouldbe developed.

APPENDIX I
BOOMS

The BOOMS project,describedin [2], addressesthe prob-
lem of providing a computer-basedenvironment to support
the musiccompositionprocess.Oneof the prominentaspects
of the compositionprocessis the importanceof structure:for
a composer, a music piece is more than its �at score; it is
a structuredobject, and its structurecapturesthe expressive
intention of the composer. Structure is, therefore,a major
motivation behind BOOMS, following [12]. Existing music
editors do not provide appropriatesupport for composition:
most only addressthe scoreediting process.Given this state
of affair, composersmust add personalannotationsto their
compositionsto remembertheir structure.

BOOMS presentsaneditorintendedfor musiccomposition.
It supportsa combination of structural and non-structural
editing of music piecesand demonstratesthe addedpower
provided by an explicit representationof structure.The main
focusof the work hasbeenon:

� Developinga methodologyto combinestructuralediting
in non-structuraleditors;

� Investigating how abstractionmechanismscanhelp turn-
ing an editing sessioninto a reusablefunction, which
capturesthe intentionof the composer;

� Formally comparing direct abstraction on the music
piecesbeingeditedandabstractionon the history of the
commandsthe composerusedto build a piece.

TheBOOMS systemwasdevelopedasageneralapplication
framework for developing editorswith supportfor a combi-
nation of structuraland regular editing and supportfor end-
userabstractionasa tool to de�ne reusablefunctionswithout
programming.The framework is implementedin CLOS (the

Common Lisp Object System)and featuresa sophisticated
Windows interface.Instantiatingthe framework to a speci�c
editing domain is a simple task, due to the clean object-
orienteddesignof the framework.

While the BOOMS framework is generic,it is mosteffec-
tive when instantiatedto domainssimilar to music compo-
sition, wherea user incrementallybuilds a structuredobject
by using a restrictedset of commandsto combine smaller
units into larger ones. The framework was instantiatedto
threedomainsto illustrate the supportan abstraction-enabled
structuraleditor canprovide to endusers:musiccomposition,
arithmeticexpressionsandGCalc.

In a BOOMS instantiatededitor, theend-userinteractswith
a hierarchicaleditor that managesediting histories.The �nal
goal is to have a full double-view editor that will allow stan-
dardeditingoperationwhile, at thesametime, thehierarchical
view is maintained.The editing graph can be edited by the
user to specify structuralintentions.Abstractioncan also be
performedon the editing graph,turning a sequenceof editing
operationsinto a new reusablefunction.

A featureof the BOOMS framework is that it de�nes a
place where domain-speci�c knowledge can be introduced
in an editor: the node constructorsfor the domain and the
operatorsfor each type in the domain can be encapsulated
in well-de�ned domain libraries and easily integratedin the
BOOMS framework. In particular, theBOOMS musicdomain
editor incorporateswell-de�ned knowledge of music notes,
intervals, andarithmeticsover them.It is a promisingareaof
future work to extend this packageto a more comprehensive
musicknowledgebase.
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