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Abstract— End-User computing is neededin creative artistic
applications or integrated editing ervironments, where the ac-
tivity cannot be planned in advance. Following [1], Concrete
abstractions (abstractions from examples), are suggestedas a
new mode for function de nition, appropriate for end-usereditor
programmability. For certain applications, the dir ect, associatve,
not planned in advance character of concrete abstraction plays
a qualitative 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 three sampleinstantiations. We believe
that the proposed framework captures the conceptualization
operation that characterizes creative, associatve work types,
and addressesthe needsfor end-user computing in integrated
ervironments.

Index Terms— Concrete abstraction, creative applications, mu-
sic composition, end-user computing, historical editing, inte-
grated ernvironments.

I. INTRODUCTION

ND-USER computingis neededin domainsor applica-

tions where the actwvity cannotbe plannedin adwance.
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
parametergrom a concretepiece,generalizethe structureof
a piece,apply thesepatternson a differentmaterial,combine
and repeatpatterns,etc. Thesemethodshave the quality of
programmingprocesseseven if they are not usually termed
assuch.

Smarteditorsalsoprovide capabilitiesfor end-usecomput-
ing, sincethe designelof the editor cannotforeseeandprepare
proceduresfor the desired patternsof editing and of user
behaior. Modern editorsfunction as generalcomputerervi-
ronmentghatcontrolthe overall rangeof actvities involvedin
a human-computeinteraction.The editor is the management
systemthat supportsgenerationupdate modi cation, testing,
running applications providing feedback,systemintegration,
etc. As such, modern editors needto provide servicesthat
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go beyond the immediate command-reactioncharacter of
traditionaleditors.Theseobjectivesareachiezed by enhancing
editorswith end-usemprogrammingcapabilities

Editor programmability can help in avoiding repetitive
operations,and ensureconsisteng by abstractingcomplec
operations.In a text editor, for example,a user might wish
to malke all emphasizedext usea bold font insteadof italic
font. In a graphicaleditor, a user might wish to changethe
backgroundcolor of all squarewindows to blue. Theseare
examplesfor simpleoperationghatshouldbe appliedto many
objects.An example for a complex operationthat should be
appliedto multiple objectsis: “make all grids that represent
numericaltables use double lines? Although this operation
might involve only few objects, a uniform application via
abstractioncan help in preventing user errors that can be
expectedwhen comple operationsare repeated.

Someeditors are further strengthenedo include full pro-
gramming capabilities. Theseinclude the ability to combine
primitive editor operationsto form compoundstructuresof
editor operations,create editor functions (abstactiong that
apply editor operationsto documentarguments,and enable
naming For example, Emacsusesa full programminglan-
guage(EmacsLisp), enhancedvith documentdatastructures
and primitive editor operations,that are integrated within a
userinterface; Word enableausersto de ne macrooperations,
andwrite programsn Word Basicwhich is a variantof Visual
Basic;andgraphictools suchas Photoshopcan createHTML
widgets.

Nevertheless,standardend-usercomputing requires pro-
grammingcapabilitieson the part of the user In artistic appli-
cations,like music composition,as describedabove, planned
end-userprogrammingis not relevant, since the actiity is
not plannedand the usersare not programmersin powerful
editors plannedend-usemprogrammingis also unsatisctory
evenfor usersthat have programmingcapabilities.The reason
is that most usersare occupiedwith the subject matter of
their application, and are not willing to devote the time
neededor programmingheir editing ervironment.SomeLisp
programmersindeed,botherto programand personalizeheir
Emacservironments but mostnaive userssimply repeattheir
operations and sometimeseven do not notice the possibility
of abstraction.

The conclusionis that good end-usercomputing should
have the avor of “on-the- y” computing,i.e., shouldemege
during the actvity itself, when the user desiresto create
a combination/repetition/abstraction/namiegnstruct, based



on someconcretematerial. Conciete abstiaction (abstraction
from concreteexamples)was rst suggestedy YannOrlarey

and his colleaguesn [1], as a form of end-usereditor pro-

grammabilitythatis essentiafor musiccomposition.Theidea
is, roughly, to provide userswith the capability to abstracta
concretemusicpieceinto a pattern,andthenapply the pattern
to other music pieces,thus yielding nev music pieces,all

admitting the samepattern.Concreteabstractionturns out to

be an extremely powerful end-useprogrammabilitymeansin

music, sincethe abstractioncan be appliedto differentmusic
parametersThe recent Elody compositionervironmentbuilt

in GRAME [3], [4] is centeredhroundthe concreteabstraction
user operation. A special case of concrete abstractionis

employed,in animplicit manneyin the DMIX 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, Oppenheimcreatesexamples of

“Jazzi ed Bach preludes.

Concreteabstractionis a methodof function de nition that
is generallynot supportedby programminglanguagesPro-
grammerde ne functionsin a plannedandthoughtfulmode:
they (analytically) obsere the existenceof a possibly useful
abstractionand use special linguistic symbols for variables
rather than using world objects(or their representationsli-
rectly. Programmableditorsdo not generallysupportconcrete
abstractioneither The novelty of concreteabstractionlies in
the new modefor function de nition. For certainapplications,
as well as for programmableaditors, the direct, associatie,
not plannedin advancecharacteof concreteabstractiorplays
a qualitative role in the mereability to specify abstractions.

In this paperwe proposeto use concreteabstractionas
a generaltool for end-userprogrammabilityin editors. We
distinguishtwo kinds of abstractionsvalue abstraction and
structue abstraction, and explain how they canbe combined.
We describea framevork 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 framewvork is described.BOOMS is a
domain-independertbolkit, with three sampleinstantiations.
We believe that the proposedframevork capturesthe con-
ceptualizatioroperationthatcharacterizesreatie, associatie
work types,and addresseshe needsfor end-usercomputing
in integratedervironments.

Section |l briey introducesabstractionin Lambda Cal-
culus. Section lll de nes value and structure abstractions.
SectiondV andV describehecombinatiorof thetwo abstrac-
tion kinds, and the historical editing framewnork. SectionVI
describegelatedwork and SectionVII is the conclusionand
futurework. Appendix| givesa brief overviev of the BOOMS
system.

Il. BACKGROUND ON ABSTRACTION

Abstractionis an act of generalizationFor example, ab-
stractingthe red color from ared o wer givesthe generalized
concepbf acolorful o wer, whosecoloris unknovn. Consider
the motif in the following Example.

Examplel:
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We represent noteasa pair: (hpitchi; hduration). In order
to keepwith the traditionaltonal terminology a pitch speci er
consistsof a diatonic nameand an octave speci er, suchas
G for Cin the middle octave, or G5 5 to specify the same
thing using a numerical expressionfor the octave speci er.
Note sequencindsequentiaconcatenation)is representedy
the™ ' operation.The symbolicnotationfor the overall motif
is:

(Co;2) (Eoiz) (Floiz) (Eoi3) (Eoig) (Dloil) (1)
Abstractingthis motif over the pitch "Ep' yields the pattern

(G:3) (2:3) (Floz) (255 (255 (Dloil) (2)

that functions as a motif geneator: The “hole” 2 can be
replacedby anything that evaluatesto a pitch. The motif
patterncan be further abstractedfor example over the ‘%‘
duration, to yield a new motif generatgrwith two kinds of

holes:
(Go;4) (2;4) (Flud) (253 (2:5 (Dlo;D) ()

The“hole” 4 canbereplacedby anything that evaluatesto a
duration.The modeof combinationitself canalsobe a subject
for generalizationyielding a new motif generatarwith three
kinds of holes:

(G;4) (2;4) (Flud) (2;3) (2:3 (Dl 4

The “hole” canbe replacedby arnything that evaluatesto a
motif combinationoperator

Application is the oppositeoperation— an act of special-
ization of ageneralizedtonceptby meansof substitutionsFor
example,replacing4 by % by “concatenatavithin a delay
of %” (denotedk ), and2 by Go  Eo, yields the following
motif:

Example2: The symbolicrepresentatiomf this motif is:
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(Co: D) K [(Goid) (Eoi bk (Floid) by ®)
(Goi &) (Eoid)l b [Goide) (Eoi o)l iy

(Dlo; D)

Note that the computationof this applicationrequireseval-
uation rulesfor structuredpitch speci ers (expressions).The
straightforvard replacementglictatedby the recentapplication
yields the “motif "

(Goi3) k& (Go Eoi3) k (Floi3) k
(G Eoib)k (G Eoid)k (Dloi1)

(6)



To obtain a real motif, we still needto computethe intended
notemeaningof (Go  Eo; 3) and(G  Eo; §). A reasonable
rule is: “Replaceary (N1 Nm; D) expressionby the

notesequence(Ny; 2) (Nm; 2)” 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 abstracta
composedvalue on some simple value. Conceptually
abstractinga composedvaluev from somesimple value
a means‘stripping off” the a propertyfrom v, creating
a generalizedobject — a function to be applied later.
Technically the resultof suchan abstractioris replacing
eachoccurrenceof a in v by a variable x, yielding a
function of a single parameteix.

Application is the opposite operation — instantiating an
abstractionlt takesanabstractiorfunctionf with param-
eterx, and somevalue v, and instantiategreplaces)}the
abstractiorparameteby the appliedvalue.So, while the
abstractionoperationcreatesa functionf with a param-
eterx, the applicationoperationresultsin an application
of the abstractionf on a given value v. For example,
applicationof the above colorful o weronayellow color
yields a yellow o wer. This getsus closerto the very
basicnotion of Lambdaabstractiorasde ned in Lambda
Calculus,whereabstractionon valuesis the only means
for function creation.

A. LambdaCalculus: Abstiaction & Application Formalism

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

1) Symbols(atoms);

2) Applications: hexpressiom hexpressiom;

3) Lambdaexpressions: hvariabld : hexpression.
Parenthesizings usedfor resolvingambiguities.We take as
given some built-in arithmetic primitives (such as numerals
and simple operators).

For example theexpression(+ n n)' canbeabstractedhto
the“n+ n” function™ n: (+ n n)', andthenfurtherabstracted
into the“n op n” higherorderfunction™ op: n: (opn n)".
Computationin this calculusis obtainedby application of

-expressionsto their right neighbor expressions,taken as
arguments.This applicationis calledreduction andit is done
by meansof substitution Repeatinghesereductionsas much
aspossibleis called evaluation Here are someexamples:

Theapplication'(( n: (+ nn)) 2)' reducedo “(+ 22),
which yields “4'. Similarly, *(+ (n: (+ nn) 2) 3)
evaluatesto 7'

Theapplication’(( op: n: (opn n))
((n: ( nn)) 2) whichyields 4.

2)' reducednto

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

The application™ ((f : (f  2)) (op: n: (opnnn)))’
reducesnto “(( op: n: (opnnn)) 2), thenit reduces
to’((n: ( nnn)) 2), then’( 222) which nally
yields 8.
Note that it is only possible(usingthe rules given) to create
functionsof onevariable.The way to imitate N -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: :::' canbe regardedas a
simple, two-variablefunction.

TheLambdaCalculusis a full computationamodel,having
Turing Machine equivalent power. It provides the basis for
functional programminglanguageslike Scheme,Lisp and
ML. Our interestin LambdaCalculushere resultsfrom the
explicit supportfor the operationof conceteabstiaction, and
application This obserationwas rst madeby YannOrlarey
from GRAME?. For example,the Motif generatorexamples
from the introductioncan be formalizedin LambdaCalculus,
asfollows:

Motif generator2:

Eo: ((Co: %)
(Eos 5)

Motif generator3:
7 B0 (G 3)
(Eo; 3)

Motif generatod:
i B (G %) (Eo; %) (Flo; 3)
(Eo;g) (Eosg) (Dloi1))

In the pure Lambda Calculus, there is a uniform pool of
symbols. Hence, abstractingon "Eg', on ‘%‘ and on °
are all the same.However, in realisticimplementationslike
SchemeandLisp, atomsaredistinguishednto differenttypes.
In particular thereare constantqthat evaluateto themseles)
andvariables.For example,numbersandstringsare constants
in Schemeand in Lisp. In such contets, abstractingon a
constantinvolves substitutingits occurencesbhy a variable,
since a constantcannotplay the role of a variable (cannot
evaluateto arything which is not its self-evaluating value).
For example, motif generator4 usedthe constant‘%‘ asa

variablenamé, so we replaceit by a variableandwe get:

Eo: ((Co;dur) (Eo;dur) (F]o;dur)
(Eo;3) (Eo;3) (Dlo;d)
The applicationof the last motif generatoto G Ey asan

‘Eo', to % asthe dur-ation,andto k asan” ', thatyields
motif 5, is obtainedby evaluatingthe applicationexpression:

Motif generatofb:

(Eo; 1)
(Eos 5)

(Flo; })
(Dlo; 1))

(Flo: d)

(Eo; %)
(Dlo; 1)

(Eo: 5)

: dur :

( :dur: Egp:
((Go;dur)  (Eg;dur)  (Flo;dur)
(Eo;3) (Eoi3) (Dlo;D)

k 3 (G Eo)

2Orlarey further pointsto the artistic importanceof keepingthe namesof
the original values,and not replacingthem by syntheticvariablenames.
3In theselanguages, ' and'Eq' arevalid variablesymbols.‘%‘ is not,

sinceit is a numericconstant.



and applying the simpli cation rule:

(N1 Nm;D) ! (N1; ) (Nm; 2)
Using Lambda Calculus as an underlying theory for a
concreteabstractionbasededitor, we guaranteethe correct-
nessof the implementationsemanticssince all the theoretic
machineryinvolving scoping,naming,and reductionorderis
well-understood.In the rest of this paper we will use an

intuitively relaxed LambdaCalculusnotationfor examples.

I1l. 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 termedextensionaleditors?, sincethey apply
editing operationdirectly to the endproduct,i.e., extensional
document.For example, in a “numbering ervironment” in
Word, the operation “insert end-of-line” is interpreted as
adding a nev numberedentry That is, the user appliesthe
editing operationdirectly to the numberedtext (extensional),
and the editor interpretsit and performsit, basedon the
operationand the context (propertiesof the document).The
secondkind of editors can be termed intensional editors®,
sincethey applyeditingoperationdo anintendedspeci cation
of theendproduct,ratherthanto the extensionalproductitself.
For example, Emacsand IATgX-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 interpretthe userintention, and
up to the userto guessthe editor's interpretation.Work with
an intensionaleditor is, usually more demanding,since the
intensionalspeci cation might be complex to understandand
the user might be confusedaboutthe exact extensionbeing
speci ed. Yet, intensionalspeci cation is richer, and might
expressne differenceghatmaybe clutteredin anextensional
end-product.For example, a structuredvisual object, whose
componentganbe combinedby putting themonenext to the
other or behindeachother or on top of eachother might be
constructedn different orders,all yielding the sameobject.
An intensionaleditor can capturesuchdifferenceswhile an
extensionalone cannot.Moreover, theremight be intensional
relationshipsamongthe componentsof suchan object, e.g.,
specifyingthat the edgecomponentsnustbe the same.Such
a speci cation meansthat the replacementof a component
objecton one edgeimplies alsothe automaticreplacemenbf
thecomponenbn the otheredge. An extensionaleditor cannot
capturesuchdistinctionsandrelationships.

The addition of concreteabstractionto an editor raises
the questionas 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 riseto two differentkinds of concreteabstraction.

4Following the Logic terminology wherethe actualdenotatiorof a symbol
in the realworld is calledits extension

SFollowing the Arti cial Intelligenceterminology wherethe speci cation
of objectsor eventsin the real world is termedintension

Extendingan extensionaleditor with concreteabstractioncan
be termedextensionalabstiaction It was rst introducedand
implementedby Yann Orlarey and his colleaguesn [1]6. Ex-
tendingan intensionaleditor with concreteabstractioncanbe
termedintensionalabstiaction Intensionalabstractioncan be
furtherre ned into valueabstmactionandstructue abstiaction
Thesedistinctionswere rst introducedby Eli Barzilayin his
BOOMS system[2].

Value abstractionis value based i.e., it is appliedto all
occurrencef a value that appearsn the edited object. All
music examplesdescribedearlier demonstratevalue abstrac-
tions, sincethey abstractall occurrence®f the note "'Eg', or
of the duration‘%‘, or of the operation™ '. The abstraction
supportedy the Lambdacalculusis a valueabstractionValue
abstractiorcanbe usedin anextensionalandin anintensional
editor The Elody compositionervironmentbuilt recently by
the GRAME group [3], [4] is an intensional ervironment
with a value concreteabstraction.That meansthat a user of
the Elody ervironment 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 becomputed(extended),
resulting,letssay '/A B A'. Thevalueabstractioron "A'
would resultin “A: A B A', therebysuppressinghe
"A+ 2" intensionfor "B".

Structureabstractions structue based i.e,, it is appliedto
referencego structuralcomponent®f the, necessarilyinten-
sional,editedobject.For example,in theabore"A  (A+2) A’
melodicexample,the structurecaneitheridentify the rst and
lastoccurrence®sf "A' usinga singlereferencepr distinguish
them,usingtwo differentreferencesln the rst casestructure
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: ref (ref+2) A' (assuminghat
the secondcomponentusesreferenceto the rst "A').

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

A. GCalc: A Value Abstaction BasedEditor

The GCalc systemwas motivated by the wish to endav a
music compositionervironmentwith conceptualizatiorcapa-
bilities. The ideais to useon the y creationof abstractions
in anintuitive way. In orderto explore theseideas the authors
concentrate@n a simple structureddomainof coloredcubes,
where they demonstratethat adding value abstractioncan
producesurprisinglycomple results.

The domainof GCalcconsistsof structuredcoloredcubes.
The atomic valuesare cube colors: red, green, blue, white,
transparenandso on. Structuredvaluesare createdwith three

6Although they did not usethis terminology



blugyellow _ transparent

bluej yellow fransparent blugyellow

Nl

blug yellow _ yellow;j blue
ellowjblue™ blug yellow
e/Namethls ZigZag

This is too complex to describe
with simple constructions. (De-
scribedin 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 carry no identifying statessuchastheir grid

locations.Samenesi GCalcis purevalue equality Figure1

presentsseveral structuredcubes. In the example,we usethe
notation of [1] for the operators:LR is denoted2 j2, TB

is denoted% and FB is denoted2 =2 . Additional examples,
emphasizingthe power of concreteabstraction,and the full

implementationare describedn [2].

Adding concretevalue-abstractiorand applicationto the
GCalceditorresultsin an editor that can createandapply, on
the y, singleargumentfunctionsformedby color abstractions.
Figure2 presenta GCalcrunningsessionyith someconcrete
value-abstractiorand application examples.Abstractionand
applicationare conceved as two new constructorsthe “ab-
stract' operationcreategunction (lambda)expressionsandthe
“apply' operationcreatesapplication(reduction)expressions.
Application expressionsare evaluated after their creation,
yielding possibly nev expressions.In that sense,GCalc is
an extensional editor with concretevalue-abstaction The
addition of abstractionyields a newv kind of atomic values
— variables(basedon coloredcubes).

B. Domain Speci ¢ Observabilityand Sameness

The valuesof a structureddomainare formedwith domain
constructorslike the LR, TB, and FB constructorsin the
colored cubes domain. In most domains the constructors
obey certainregulationswith respectto the domain speci c
obsenation means.Consequentlydifferent structuredvalues
appearto be the same(i.e., they have the samenormal form
with respecto the commonobsenation meansthey “evaluate
visually” to the samedatavalue).For example,if a constructor
“ " is obseredto beidempotenandcommutatve, then(v v)

"The exampleis basedon a Schemeimplementatiorfor GCalc, done by
Eli Barzilay as part of the BOOMS project.

]

Nl

An abstractionof ZigZag
from Figure 1:
ZagB = blue ZigZag

Applying it to transparentand to
ZigZag:

(ZagB trang, (ZagB ZigZag)

Nl

FurtherabstractZzigZagB:
f= yel

Givenf , this objectis:
(f (f (f blacktrng) greern) trng

%

blue ZigZag

Namethesed & D: Repeatedlyapplying D on d up to
d= (%j Dlue ) in nity with the Y combinator:
D= Dile d (D(Dd). Y, (YD)

Fig. 2
EXAMPLES OF ABSTRACTIONS AND APPLICATIONS

is obsenably the sameasv, and (v1 V;) is obsenably the
sameas(v2 Vi). We demonstratéhe problematicnatureof
obsenable dependentquality in the two domainsgoverning
this paper the cubesand the musicdomains.

The cubesdomain: Sincethe obvious obseration

the cubesvisualization,the structuredcubes( greenreg)
red ;gree

and (greed m—rs have exactly the samevisualization:

B Similarly, (redj red), (red) (%ﬁd), etc., have the
samevisualization,a red cu e.

The music domain: The obvious, but not necessarilymusi-
cally correct,obsenation meansis the music piece,i.e.,
the timed setof notesdenotedby a musicspeci er. With
respectto this obserable,if d; andd, are durationex-
pressionghat evaluateto the sameduration,then (p;d;)
and(p; d2) denotethe samenote,usinga noteconstructor
thatinsertssomedefault valuesfor the dynamicsandthe
timbre parametersSimilarly, ((p;d) j (p;d))2 is observ-
ably the sameas (p;d). Likewise, if M1;M2;M3; My
are motif values,then (M1 j M) (M3 j My)) and
(M1 M3) j (M2 My)) are obserably the same
althoughthey carry different musicintentions.

We seethatobservablesamenesef datavaluesin adomain
dependson the available obsenation meansand on domain
speci c propertiesof the constructors.Since concretevalue

eansis

8The operationof note simultaneityis denotedby “;j".



abstractionas de ned by the Lambda Calculus is domain
independentit seemsrational for an abstractionbasededitor
to keepthe abstractiorengineindependentrom domainrules
and from obsenation meansthat presumablywill constantly
be re ned (therebyturning previously samevaluesdifferent).
The editor might assumethat eachspeci ¢ domainprovides
atotal andefciently computablenormalizationprocedureor

its values.

The normalizationprocedureshouldbe distinguishedrom
the observable-endering procedurethat is usedto actually
presentthe data valuesto the user Using an obserable-
renderingprocedureallows the editor to maintainobjectsthat
are obsered the samebut representdifferent intentions. In
the cubesdomain, the obsenable-renderingorocedureis the
graphicalrenderingprocedurdghatvisualizesa structurectube,
basedon the propertiesof the cubeconstructorsin the music
domain,the play procedurethat computesthe actualtimed
setof notes basedon the propertiesof the musicconstructors,
senesasan obserable-renderingrocedure.

Samenesand 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
happengo be 2 (e.g.,, a 2 by 2 rectangle).The printed form
looks similar in both cases,but the intended meaningis
different— a programmerwould use multiplication for the
seconctaseandsquae for the rst. Usingplannedabstraction,
the two intensionsare capturedby the Lambdaexpressions:

((x: x x)2)

((x y:x y)22)

This distinction betweenobserability and samenessloesnot
arisefrom samenesslgebraicpropertiesof domainconstruc-
tors, but from differentintensionscarried by componentof

the expression.This distinction, that the useris interestedin

preserving,cannotbe capturedby concreteintensionalvalue
abstractionlt is preciselyfor that purposethat we introduce
concretestructureabstraction.

C. Structue Abstraction

The dual structure-intensionaiompanionof concretevalue
abstractioris concretestructureabstractionValue abstraction
is appliedto uniform datavalues,while structureabstraction
is applied to intensional objects that carry, in addition to
their value, an identity. Considey for example, the “Three
Men” picturein Figure3. Supposene edit this picture using
an editor that supportsconcrete abstractions;if we try to
abstracton the hair colorsin 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 personhasthe samehair color.
Accordingly, an intension-avare abstractionof the color pat-
ternin this picture shouldseparatehe abstractioron the hair

9In the GCalcimplementationg1], [2] theimmediateescapdrom normal-
ization takes the identity function as a normalizationprocedure As a result,
GCalc cannotidentify different valueswith the sameobsenrable, as equal
values.

Fig. 3
THE “THREE MEN” PICTURE

colorof the rst personfrom the abstractioron the necessarily
identical color of the hair and beard of the third. This is

impossiblewith value abstractiorsinceall black regions have

identical color. In orderto implementthis intensionwe need
to conceve eachcolor occurrenceas an object, and identify

the hair and beard color of the third personas the same
color object. The intendedabstractionshould be applied to

the referenceto that color object.In a Scheme-like language,
this structuredview can be written:

(let  ((colorl 'black)
(color2  ‘'red)
(color3  'black))

(picture-of-men

(make-personl  ‘hair  colorl)

(make-person2  ‘'hair  color2)

(make-person3  ‘hair  color3
'‘beard  color3)))

andthe desiredabstractionis:
(lambda (colorl  color2 color3)
(picture-of-men

(make-personl  ‘'hair  colorl)

(make-person2  ‘hair  color2)

(make-person3  ‘'hair  color3
'‘beard  color3)))

Namethis abstractionThe3Men.” Applying it to the color
values“white”, “white”, “green”, i.e.,, (The3Men ‘white
'white  'green) , yields a correctanswer

Structureabstractionin the contet of the cubesdomain
canallow selectionof particularcolor occurrenceso abstract
upon.For example,in the cubeof Figure4a,if thetwo marked
black regions are intensionallyidenti ed then structural ab-
stractioncandistinguishthemfrom the otherblackregion; this
createsan abstractionthat when appliedto, say gray, yields
the cubedescribedn Figure 4b.

In music, structure abstractionallows for abstractionon
particular note occurrencesFor example, when working on
the motif in Examplel (from Sectionll), structureabstraction
canbe usedto abstracnly over the rst andthird occurrence
of "Ep', sothatwhenappliedto "Gy Ep' yields the motif in
Example3:

Example3:

(Go:7)  (Goip)

(Eo;3) (Floo )



(b) following structureab-
stractionand application

(a) anintensionalcube:the
two marked regions arein-
tensionallyidenti ed
Fig. 4
USING AN INTENSIONAL CUBE

(Eo;3) (Goid) (Eoiis) (Dlojd)

D. A Formal De nition of Structue Abstaction

Concretestructureabstractionis meaningfulif the expres-
sionsto whichit is appliedenabledistinctionandidenti cation
of occurrencesf theircomponentsThatis, expressionganbe
conceved as single origin Directed Acyclic Graphs(DAGS),
with leavesthat correspondo atomicdatavalues,andinternal
nodesthat correspondto constructors(i.e., constructorsare
appliedto expressiorreferences)DAGsrepresenexpressions:

1) A DAG that containsa single noderepresentshe data

value associatedvith this node.

2) A compositeDAG with origin v and directedarcs to

Two arcs that lead to the same node capturethe intended
identicalnes®f the agumentsof the constructomnf v (like the
third persons hair and beardin Figure 3). Clearly, different
DAGs canrepresenthe sameexpressionsincereferencesre
lostin the above translation(recallthe discussioron sameness
and obsenrability). The meaningof a DAG in a given domain
is obtainedby domain-speci c evaluation of the expression
representedby the DAG. Figure 5 shavs two DAGs that
representthe same expression.The expressionevaluatesto
the cubein Figure4a.Now we arein a positionto introduce
structureabstractionand applicationwhich are the two major
constructorenablingconcretestructureabstraction.

Structue abstiaction is a two argument constructor(an
internal node), that acceptsa DAG — the abstaction body;
and one of its nodes — the abstaction node A DAG
whoseorigin correspondgo the abstractionconstructoris an
abstiaction DAG (seeFigure 6). The nodesin the sub-DAG
of the abstractionnode (including itself) are called boundin
the abstractionDAG. In an arbitrary DAG, nodesthat are not
boundarefree Thatis, givenaDAG G andanodev in G, v is
boundif andonly if v is anabstractiomode,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 G° whose
nodesare not externally referenced.That is, except for the
abstractionnode, the nodesof G° are referencedonly from

=) &) ()
)

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

Structure abstraction

Abstraction body

Abstraction node

<N N Bound nodes

Fig. 6
AN ABSTRACTION DAG

nodesin G In particular in nestedvalid abstractionsthe
outermostabstractiornode cannotbe within the sub-DAG of

theinnerabstractionFigure7 demonstratea valid andinvalid

abstractiorDAGs. Note thatan abstractiorDAG standsfor an
intensionalabstraction,.e., a function on DAGs. Therefore,
an abstractionDAG doesnot representan expression(it is

meaninglesoutsidethe DAG domain).

Application is also a two amument constructorintended
to apply an abstractionon an argument. The algumentsare
labeled the application opelator DAG, and the application
argument DAG. A DAG whose origin correspondsto the
applicationconstructoiis anapplicationDAG. A redex DAG is
anapplicationDAG whoseoperatorDAG is avalid abstraction
DAG andis disjoint from the applicationagumentDAG.

A reductionof a redex DAG is demonstratedn Figure 8.
The reductionrule follows:

Let v;vy; Vv, be the origins of the redex DAG, its
operatorDAG, andits agumentDAG, respectiely.
The reductionof this redex DAG is:

v | body(v;)[vo=abgvi)]

wherebody(v;) standsfor the origin of the abstrac-
tion bodyof v1, abgv,) for its abstractiomode,and
x[y=2z] is the DAG obtainedfrom x by replacingthe
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An invalid abstractionthe internal abstrac-
tion nodes DAG is externallyreferencednd
the external abstractiomodeis not free.

A exampleof a valid abstraction.

An invalid abstractionthe external abstrac-
tion nodes DAG is externally referencedy
the internal abstractiomodearc.

Fig. 7
ONE VALID AND TWO INVALID ABSTRACTION DAGS
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Fig. 8
REDUCING AN APPLICATION.

sub-DAG rootedin z by the onerootedin y?°.

Note that since v, is the origin of a valid abstractionDAG,
its applicationdoesnot leave “dangling references”resulting
from externalreferenceso nodesin theabgv;). Theintended
DAG functionof avalid abstractiorDAG is implicitly de ned
by this reductionrule.

The structureabstractionand applicationrules introducea
DAG-basedinaloguenf the Lambdacalculust is well de ned
due to the above restrictions— valid abstractionDAGs and
disjoint reductionarguments Moreover, sincethe expressions
are DAGsthis formalizationis simplerthanLambdaCalculus.
In particular there are no problemswith bound and free
occurrencesf symbols,con icting substitutionsanddifferent
reductionorderings.

DAG evaluationis obtainedby applyingreductionsuntil no
moreredex DAGsareavailable,thenevaluatingthe expression
that correspondsto the resulting DAG. Rememberthat in
casethe nal rede-free DAG still containsabstractionor

10This presentatiordoesnot copewith replacemenformally — one way
to handlesuchside effectsis to say that the whole DAG is copied, making
the necessarynodi cations.

applicationnodes,then it doesnot representan expression,
soits evaluationis unde ned.

The computationapower of valueandof structureabstrac-
tions is the same, since structure abstractioncan simulate
value abstraction,and structureabstractioncan be simulated
with plannedlambdaabstractionsThe differencelies in the
concreteabstractionmode. In the plannedmode, the sharing
and distinctionsamong multiple occurrencesf a value are
capturedby sharing abstractionvariables, or distinguishing
among them, as demonstratedin the 2 2 example in
subsectionll-B. However, in the concreteabstractionmode,
valueabstractiorcangenerateonly the x: x x abstraction,
while structureabstractioncan createboth, sincethe sharing
intensionis keptin the DAG expressiof?.

E. Structue Abstractionin an Interactive Environment

The formalizationthat was presentedn Sectionlll-D only
handlesa static mathematicalvorld. Whenwe getto a “real-
world” interactve ervironment,we mustconsiderside-efects
in the form of substitutionsthat change the DAG. This is
dangerousinceabstractionghat were madecan changetheir
functionality or even becomeinvalid dueto changes.

This meansthat a slightly different stratgyy should be
employed to cope with thesechanges:when an abstraction
is made,its DAG is copiedto an abstractionervironment.
This ervironmentis an associatiorlist that binds nameswith
stored abstractions;t forms a read-only memory for these
abstractionavhich meansthat they cannotchange.f a valid
abstractionis made, referring to it using its name always
returnsa copy which is the sameasthe original one*2.

11An idea that was suggestecby Orlargy is the conceptof generlized
abstractions wherea simple abstractiorover someconstructioncantake ary
valueasan argument,andapplicationwill take the form of pattern-matching
and substitution.The structureabstractiongpresentechere can be viewed as
a muchsimpli ed form of generalizedabstraction.

12Note that this does not contradicta mechanismto delete bindings or
rede ning them — the only guaranteewe needis that stored DAGs never
change.



Using this approach abstractionsare not useddirectly in
DAGs: a new kind of nodeis introducedthatis a namerefer
ence.The applicationreductionrule is changedaccordingly a
redex hasa valid namereferenceasits operatorandreduction
is performedusing the abstractionDAG referencedby this
name.This is similar to the way BOOMS is implemented?,
seeAppendix| for more detalils.

IV. COMBINING THE TWO ABSTRACTIONSIN A SINGLE
TooL

In the previous sectionwe have seenthat concretestructure
abstractionis more powerful than concretevalue abstraction
sinceit usesidentitiesto expresssharingof subcomponents
in an intuitive way. In this sectionwe argue that, neverthe-
less, it cannotbe usedas a replacemenffor concretevalue
abstraction.This seemingly contradictory algument results
from thetruly contradictorynatureof concreteabstractiorand
a fully structuredintensionalobject. Concreteabstractionis
intendedto supporta creative spontaneousnode of work,
where abstractionsarise in an associatie manner out of
concrete(extensional)objects,e.g., a cube,a music piece,or
a document.Manipulation of a structuredintensional DAG
object,on the otherhand,mustbe planned sincethe complec
structureusually clobbersthe value of the expressiorto which
it evaluates.Hence,it is hard to come up with associatiely
createdabstractions.

Considey for example,the DAG in Figure9 thatrepresents
theintensionalcubefrom Figure4a. The actualcubeintended
by this DAG expressionis quite obscure.Consequentlyal-
thoughthe intensionalDAG structureidenti es the rst and
third occurrencesf black andenablesoncreteabstractioron
them, it is unlikely that a userwill comeup with that idea,
unlessit was plannedin advance— but in that caseconcrete
abstractionis not necessaryn the rst place.We seethatthe
straightforvard generalizatiorof elementsn concreteobjects,
which is the essenc®f concreteabstractionjs not possibleif
the userinteractsonly with the structuredobject.

We claim that both forms of concreteabstractionare nec-
essaryfor supportinga creative, associatie mode of object
development.Concretevalue abstractionis the naturalmode
of operationwhile theintensionaktructureof the manipulated
objectsarisesfrom the history of object development.If the
managemenénvironmentkeepsboth the concreteobjectand
the history of its development,then abstractionscan emege
in a naturalway from the concreteobject,but bere ected and
performedin its associatedntensionalobject. For example,
Figure 10 presentsa dual simultaneouwiew of the cubefrom
4a,andits intensionalDAG structurefrom Figure9. The DAG
might have beendevelopedduringthe constructiorof thecube.
If userscansimultaneouslybsene thecubeandits DAG, then
they might realizethatthe rst andthird occurrencesf black
are basedon a single object, and that an abstractionon this
objectis desirable.Similarly, in music, a composerwishes,
typically, to work with the actualmusicpiece,in a bottom-up
mode.Usinga structure-enabletbol, the intendedstructureof

13gycha storeis alsousefulfor namedobjectsthatallow namedcopy-paste
opemtions
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A DUAL EXTENSIONAL-STRUCTURAL VIEW OF THE CUBE FROM
FIGURE 4A

the composegiececanbe maintainedogethemwith the piece,
andstructureabstractiorcanbe appliedto the DAG structure,
by observingthe actualpieceandits structuresimultaneously
The main pointis that this abstractioris possibleandfeasible
only if both the extensionaland the intensionalobjectsare
equally accessiblgo the user
Theabove discussiorieadsto the conclusiorthata powerful

concreteabstractionrequiresa double-viev historical editing
tool, that provides smoothintegration of the extensionaland
intensionalviews of an objectin a single end-usettool. Such
an interface should give the “look and feel” of an exten-
sional editor, keepinga structuralrepresentatiorthat is held
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STRUCTURE EDITING IN BOOMS.

internally. The tool should enablethe userto switch, easily
to a structureediting mode, expressingintentions.Moreover,
we claim that the intensionalstructure of the object being
developed can emepge 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
subcomponentopy is actuallyidenticalto the rst in aninten-
sionalsenseBOOMS is a prototypetool thatsupportdouble-
view editing. Figure 11 demonstratess 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 abstractiorwascreatedand
givenwhite andgray colorsasarguments. In the next section,
we describea model for a double-viev editor that integrates
the extensionaland intensionalviews of objects,and enables
smoothinteractionsbetweenthe two modes.

Still anotherbene t of a double-viev developmenttool has
a avor pf educatingusers.The vision is that such a tool
allows beginnersto work in a purely extensionalervironment,
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, switching as needed.

V. AUGMENTING END-USER PROGRAMMING
IN EDITORS WITH CONCRETE ABSTRACTION

Enduserprogrammingaimsat giving the userthe optionfor
doinga complex sequencef operationonce,thenabstracting
it into a “reusableoperation”that can be appliedlater on in
different contets. It can be viewed, in itself, as an editing
domain whosevaluesare storedin buffers, and are created
by constructorghat are primitive edit operationdike create,
compose,delete, select, copy, change attrib ute. The exact
nature of valuesvary, of course.In Notepada value is a
sequencef charactersjn Paintbrusha valueis 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-usemprogramminghas
to copeis thata “standard’naive useris primarily interestedn
gettingsomedocumentdone,andis not willing to put efforts
into improving the editing process.Therefore,end-usertools
should have an associatie, immediate avor, that does not
requireplanningon the users part. Concreteabstractiorseems
like a natural mechanismsinceit emegesin an associatie
way within the editing sessionyatherthanbeinga plannedin
adwanceactity.

The kinds of possibleconcreteabstractionan an editing
domaindependon the natureof the valuesbeing stored.The
richnessof the editor buffer hasdirect impact on the power
of the concreteabstractionghatit cansupport.We distinguish
four levels of value domains:

Extensional values: Domain values are fully computedat
each primitive editing operation.Such editors keep no
structureat all, for example,PaintBrush.

Intensional structur ed values: Domain valueskeepthe in-
tendedstructure asin the cubesor themusicdomains put
have no commitmentto the structureasenteredduringan
editing sessionFor example,a normalizationprocedure
canbe usedto optimizethe structuredvaluesandreduce
theminto someobsenable basedcanonicalform.

Intensional historically structured values: Domain values
keepthe intendedstructure,as enteredduring an editing
session— no information on cloning and destructve
operationsis kept. The GCalc editor as well as mary
moderneditorslike XFig, MacDrav and Coreldrav keep
buffered valuesof this kind.

Intensional identity-based historically structured values:
Domain valuesare DAGs, called edit grapts, 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— embeddedlinks” to objectsallow users
to specify sharingof the sameobiject.

The kind of valuesthat an editor storesis a designdecision
taken by the implementationdesigner Extensionalvaluesare
probablythe easiestto manipulate,but supportweak editing
operations:An undo operationrequiresstoring snapshotsf
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 supportconcrete
value abstractionon the normalizedstructurealone, and not
over the sequencef useroperationslntensional historically
sensitve, structuredvaluescansupportconcretevalueabstrac-
tion on useroperationsas demonstratedn GCalc. Still, the
structuredvaluesare pure values,and keep no identities for
their components.In particular they do not keep track of
cloning and of destructve operations.A delete operationis
fully computedand removed from the editing history.

Only the DAG-basedvalues can store the full scale of
editing operationsAn edit graphcansupportstructuresharing
amongits componentsasdemonstratedh the introductionof
concretestructureabstractionThis way intensionaldependen-



ciesamongobjectsthatimply that changingthe propertiesof

oneobjectcanchangeits occurrencedn othercontexts canbe
guaranteedFor example, a copy operationimplies structure
sharingbetweenthe sourceand the target objects.Similarly,

a grouping operationimplies structuresharing betweenthe
objectsbeinggroupedto the groupobijectitself. Thefollowing

exampleemphasizeshe value of structuresharing:

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

Although “A" and"C' evaluateto the samenumber aninten-
sional,identity-basedhistorically structurededitor shouldnot
optimize "C to be internally equalwith A" becauset then
losesthe structuresharingwith "B'.

Since DAG valuescan supportconcretestructureabstrac-
tion, they enablefull concretestructureabstractionof user
operationsThis is important,especiallyfor supportingeditor
operationdike undo, reda. If theeditorkeepsafully historical
edit graph then concretestructure abstractioncan be used
to de ne redo abstractionsThat is, take a sequenceof edit
operationslike group, copy, paste apply abstractionto ary
of its componentsand then apply the abstractedsequencen
a differentcontet, to differentcomponents.

We suggestto usethe double view approachdescribedin
SectionlV to implementa historicaleditor The editgraphcan
evolve internally asa resultof useroperationsThe usercan
interactwith aregularextensionakditorbuffer, but canconsult
the structuredview for morecomplex editing operationsredo
abstractions canbe de ned asan end-userstructureabstrac-
tion appliedto the edit graph. These capabilitiesare partly
implementedn BOOMS, which is describedn Appendix|.

VI. RELATED WORK
A. ComputerMusic Ervironments

CommonMusic : BOOMS s inspiredfrom musiccompo-
sition ervironmentsand from graphicaland historical editors
in general.In compositionervironments,the needto support
creatvity requiresthe userto be endaved with programming
capabilities. CommonMusic [8], for example,is a powerful
and popularervironmentfor algorithmic composition.It pro-
vides a rich set of music primitives, types, and operations,
including adwancednotions such as music streams,and hi-
erarcly supportingcontainers.CommonMusic is embedded
in CommonLisp, andthe usercan programthe composition
using the notions supportedby the system.A professional
usageof CommonMusic requiresfull programmingskills.

DMIX : A different approachfor supporting creatvity
in music compositionis employed in real time composition
ernvironmentslike DMIX [5] and Elody [4], that replace(or
extend) plannedprogrammingwith direct visual composition.
DMIX [5] hasan expressie userinterface that operatesin
multiple dimensionsjncluding mary visualizationforms like
box-graph,score,and text representationDMIX entails an
extensve set of functions.Someof them are usedvia “slap-
ping” — draggingone music pieceand droppingon anothey
performing someinteractionbetweenboth. The combination
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of multi-dimensionalrepresentatiorwith slappingyields an
interestingform of abstractiorin the following 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 obtaina new music piece
composedof thesepitch and rhythm speci cations. In this
operationthe rhythm dimensionof the secondpiecehasbeen
abstractednto a function that has beenappliedto the rst
piece.

Elody : The Elody ervironmentof Orlarey [4] supports
true concreteabstractionas discussedn detail earlierin this
paper Elody can be viewed as a visual functional language
thatis groundedn the musicdomain.Furthermorefollowing
the pure functionaltradition, Elody doesnot distinguishdata
from functions.Consequentlycompositionaprocessesanbe
appliedto high-orderfunctions,soto yield high-orderscores,
and music objects can be consideredas functions as well.
Accordingto its designersElody canbe viewed asan active
music notation,sinceits programsare also scores.

B. Historical and Structual Editing

Chimera : The double-viev historical editor that we
proposeis inuenced, to a great extent, by the Chimera
graphicaleditor of Kurlander[9]. The aim of Chimerawasto
investicatewaysto automataepetitve 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 historiesand macios by example

Graphical histories encodein a “comics strip” metaphor
the commandsusedin an editing session:*Commandsare
distributed over a set of panelsthat shov the graphicalstate
of the interface changingover time” [9, p.11]. The graphi-
cal history is automaticallymaintainedas the user performs
actions on the editor, and stratgies are designedto make
historiesshorterandfocuson signi cant actionsin the system.
Declaratve rules encodingregular expressionsof commands
are usedto analyzethe streamof commandsissuedby the
userand coalescesimilar commandsnto a single paneof the
history,

Historiessene asa basisfor a sophisticatedorm of undo-
redowherethe usercanselectwhich sectionin the history to
undoor redo, and have the editor propagte changeghrough
the rest of the sessionas required.In addition, historiesare
used as the basis for a form of abstractionimplemented
in the graphical macio by example techniqueof Chimera
The main conceptis to abstracthistoriesinto functions by
generalizingsomeof the objectsmanipulatedn a sub-session.
The abstractedsub-sessiotis then namedand canbe usedas
a nev command.

The BOOMS approachs heaily in uenced by Kurlanders
work, in its focus over histories (which are called editing
graphs).The main differenceis that Chimera depicts histo-
ries in the samevisual languageas the object editor, while
BOOMS, motivatedby the needto denotestructurein music
composition,depictshistoriesin a hierarchicalview, focusing
ontheir structuralpropertiesThatis, Chimeradepictshistories
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assequencesf “cartoon-like” pictures.Eachpictureshavs a
sequencef operationsasa snapshobf the editorwith graphi-
cal annotationghatindicatewherethe modi cation happened.
In contrastjn BOOMS, historiesappeatin a hierarchicalview.
Each operationis depictedby an iconic nodein a tree with
arcs pointing to the parameterof 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
depiction highlights more clearly the structuralpropertiesof
the resultingobjects:for example,it shavs when an element
in the editor is sharedby several operations(the samenode
is reachedby several arcs).It providesan easierbasisfor the
type of abstractionwe are adwocating,but it is lessreadable
thanthe ChimeraapproachWe believe that a combinationof
the two visual languagesan offer the “best of both worlds”

The Programmer's Apprentice: Anotherhistorical editor
that is somavhat relevant is the Programmes Apprentice
project[10] whoseobjectveswereto studyhow a knowledge-
basededitor can help automatethe tasksof programwriting,
modi cation and documentationOne of the main themesof
the researchis that the editor must encodeexplicitly more
information than is written in the text of the programin
orderto appropriatelyassisthe programmerin the KBEmacs
prototype, this additional knowledge was encodedin the
form of cliches which encodesthe knowledge sharedby
the programmerand an external assistantwhen modifying
a piece of code.De nitions of clichés include a body over
which parametersre abstractecand, mostimportantly a set
of annotationghat explicitly describethe rolesof parameters
and constraintsover their instantiation.

This knowledgeis usedby the editorto provide the follow-
ing functionality: during programsynthesis the programmer
can selecta cliché from a library and instantiateit using
explicit editor commands.The programmercan alternatvely
entercodedirectly and an analyzerparseshe codeto recog-
nize instancesof existing clichés. In both cases,the editor
maintainsan explicit representatiorof 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 programat a much higher level of abstractionthan
a characterbasededitor can. The Programmes Apprentice
projectillustratesthe needto maintaininformationbeyondthe
editedextensionalobject,in orderto describethe intention of
the designer

In KBEmacs the integration of the domainvalue editing
andknowledgeeditingis througha stageof automaticanalysis
(plan recognition) of user actions. While this approachis
concevablein the programmingdomain,wherea large cliché
library can be designed,it is much harderto apply in the
music domain (or ary other creatve 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.The alternatve approachmplementedn BOOMS
is to provide explicit editing of the editing graph,to empaver

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

Besidesthis difference,in BOOMS, asin KBEmacs the
ideal place to introduce domain speci ¢ knowledge to in-
troduce sophisticatedservicesin the editor is in the set of
editor commands.The BOOMS music knowledge baseis
encapsulatedn a library of editor commandsappearingto
the userin a palette,and plays a role parallelto KBEmacss
cliché library.

C. Double-\few Editing

Double-viev editing is importantfor ary editor that stores
and operateson non-etensionalvalues. Therefore,the ex-
tensionof IATEX tools with the “Xdvi” tool, which extends
the editing sessionwith an extensionalview, was a major
improvementto IATEX documentediting. Yet, in the IATEX-
Xdvi combinationonly the IATEX view is editable.

Lilac: [11] is a true double-viev 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 documentstructuresBoth views aremaintained
by hierarchicaldatastructures:The sourceview by a syntax
tree which representghe parsingof the document,and the
pageview by a display list which representsghe hierarchical
geometricalrelationshipsof the syntacticalcomponentsThe
editor supportstwo way mapping relationshipsbetweenthe
pageview imageto the display list, betweenthe display list
to the syntaxtree and betweenthe syntaxtree to the source
view. Therefore,both views are editable.

Theauthoradmitsthat95% of thetime he spentonthe page
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 objectof BOOMS corre-
spondsto Lilac's hierarchicallymaintainedsourceview; the
threedifferentapplicationscorrespondo threedifferentpage
view applications.In that sense,BOOMS generalized.ilac
into a domainindependentouble-viev editor, and usesthe
two forms of concreteabstractionasa main programmability
meansHowever, BOOMS is differentfrom Lilac in two major
aspects:

the structureview is a graphicicon-basedstructureeditor
ratherthan Lilac's sourcetext view,
Thereis no relationto abstractionin Lilac.

VIlI. CONCLUSION

In this paperwe proposeto use concreteabstractionas
a unifying tool for extending editors with end-userpro-
grammability in a domainindependentvay. It is appropriate
for creatve domainswhere abstractionsare not plannedbut
emepe from concreteexamples,andfor helpingusersto deal
with repetitve tasksor de ne new primitive operations.We
have shavn that concreteabstractiorcan be usedfor creating
templatesof structuredobjectsin the editor subjectdomain,



andof sequencesf useractionsandbehaiors. We arguethat
concretestructureabstractiorthatis basedon an edit graphis
particularly suitablefor historical editor programmabilitythat
includesundo andredo operations.

Our approachcombinesthe concreteabstractionof GCalc
that enablespowerful end-usercomputingwith the historical
editing of Chimera and the double-viev editing mode of
Lilac. It extendsthe concretevalue abstractiorof GCalcwith
concretestructureabstractionijt extendsthe historicalview of
Chimerawith hierarcly and structuresharing,and it extends
the double-viev architectureof Lilac to generaldomains,not
necessarilftext documents.

BOOMS is a working initial prototypefor a double-viev
historical editor that featuresconcreteabstractionas a major
end-usercomputing means. The generality of BOOMS is
demonstratedby three different applicationsin the music,
graphicsand symbolic arithmeticdomains.

Futurework in this directionis required.On the theoretical
level, concretestructureabstractiorcanbe further studiedand
possiblyextended,to allow for abstractionghat are currently
restricted.On the empirical level the integration of the two
views in BOOMS should be further developed.In addition,
thehistoryeditgraphcanbe further studied andsimpli cation
algorithmsanda normalform shouldbe developed.

APPENDIX |
BOOMS

The BOOMS project,describedn [2], addresseshe prob-
lem of providing a computetbasedervironmentto support
the music compositionprocessOne of the prominentaspects
of the compositionprocesss the importanceof structure:for
a composera music pieceis more thanits at score;it is
a structuredobject, and its structurecapturesthe expressie
intention of the composer Structureis, therefore,a major
motivation behind BOOMS, following [12]. Existing music
editors do not provide appropriatesupportfor composition:
most only addresghe scoreediting processGiven this state
of affair, composersmust add personalannotationsto their
compositiongo remembettheir structure.

BOOMS present@n editorintendedfor musiccomposition.
It supportsa combination of structural and non-structural
editing of music piecesand demonstrateshe added power
provided by an explicit representatiomf structure.The main
focus of the work hasbeenon:

Developing a methodologyto combinestructuralediting
in non-structurakditors;

Investigating how abstractiormechanismganhelp turn-
ing an editing sessioninto a reusablefunction, which
capturegshe intention of the composer;

Formally comparing direct abstractionon the music
piecesbeing editedand abstractionon the history of the
commandghe composelusedto build a piece.

The BOOMS systemwasdevelopedasageneralpplication
framework for developing editorswith supportfor a combi-
nation of structuraland regular editing and supportfor end-
userabstractiorasa tool to de ne reusablgfunctionswithout
programming.The framawvork is implementedin CLOS (the
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Common Lisp Object System)and featuresa sophisticated
Windows interface. Instantiatingthe framework to a specic

editing domain is a simple task, due to the clean object-
orienteddesignof the framework.

While the BOOMS framawork is generic,it is mosteffec-
tive when instantiatedto domainssimilar to music compo-
sition, where a userincrementallybuilds a structuredobject
by using a restrictedset of commandsto combine smaller
units into larger ones. The framewvork was instantiatedto
threedomainsto illustrate the supportan abstraction-enabled
structuraleditor canprovide to end users:musiccomposition,
arithmeticexpressionsand GCalc.

In a BOOMS instantiateceditor, the end-useinteractswith
a hierarchicaleditor that manage<diting histories.The nal
goalis to have a full double-viev editor thatwill allow stan-
dardediting operationwhile, at the sametime, the hierarchical
view is maintained.The editing graph can be edited by the
userto specify structuralintentions. Abstractioncan also be
performedon the editing graph,turning a sequencef editing
operationgnto a new reusablefunction.

A feature of 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 eachtype in the domain can be encapsulated
in well-de ned domain libraries and easily integratedin the
BOOMS framawork. In particular the BOOMS musicdomain
editor incorporateswell-de ned knowledge of music notes,
intervals, and arithmeticsover them. It is a promisingareaof
future work to extend this packageto a more comprehense
music knowledgebase.
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