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Abstract

Source code plays a major role in most software engineering environments. The interface of choice between source code
and human users is a tool that displays source code textually and possibly permits its modification. Specializing this tool
for the source code’s language promises enhanced services for programmers as well as better integration with other tools.
However, these two goals, user services and tool integration, present conflicting design constraints that have previously
prevented specialization. A new architecture, based on a lexical representation of source code, represents a compromise
that satisfies constraints on both sides. A prototype implementation demonstrates that the technology can be imple-
mented using current graphical toolkits, can be made highly configurable using current language analysis tools, and that
it can be encapsulated in a manner consistent with reuse in many software engineering contexts.
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1. Introduction editor:

Programmer’s perspectivéhe editor must make read-
ing and writing source code easier and more reward-
ing.

Tool builder's perspectivehe editor must reliably
share information with other tools, for which it may
act as a user interface, and it must be packaged for

Any interactive software engineering tool that deals’
with programs inevitably displays source code for a
human to read and possibly modifyThe technology for
doing this, however, has changed little in twenty years,'
despite a compelling intuition that specializing the tech-
nology for programming languages might increase user . :
productivity substantially. In contrast, consider how word reuse (portable, highly configurable, and embeddable).

processing systems have evolved beyond simple text edi- The CodeProcessbis an experimental toollfor edit-
tors during those same twenty years. Ing source code, under development at Sun Microsystems

Extensive research, numerous prototypes, and mo'leaboratories. It is based on technology that strikes a bal-

than a few commercial attempts have failed to deliveANC€ among apparently competing requirements. It is text
oriented, but fundamentally driven by language technol-

practical language-based editing for source code. Pro- It ke its | anted tati

grammers find such systems difficult and unpleasant whe dy- 1L can make 1is language-oriented representation

compared with simple text editors. Tool builders find that configured by declarative specifications) available to
ther tools, and can be embedded in other GUI contexts.

implementations are fragile and place high demands oﬁ . L : . .
b g P g he key architectural choice is a lexically-oriented inter-

supporting infrastructure. . :
Language-based editing will only succeed in practicemed'ate representation for source code that addresses both
g_sability and integration with other tools.

when it addresses the real goal: to help programmers pr

gram in the context of existing skills and tools. This trans-

lates to two sets of requirements, often conflicting, for an

2. “CodeProcessor” is an internal code name for this prototype; it is
intended to suggest a specialization of simple text editing for source

1. We do not address purely graphical programming languages, although code, much as word- and document-processors are specialized for nat-
some of the issues are similar. ural language documents.




Experience suggests that simple usability testing, betf3][19]. In many environments, reading is still the domi-
ter GUI design, or new algorithms would not have pro-nant task for programmers, even while writing code
duced this design. Rather, it resulted from rethinking thg9][31]. Good designs for program typography are avail-
tasks, skills, and expectations of programmers, and fromable (for example the paper-based publication designs by
then finding ways to address them: using existing lanBaecker and Marcus [3]), yet rarely used.
guage technology and within the context of practical soft-  Also highly important, is special support (both reading
ware engineering tools. The result is an architecture that iand writing) for program comments. Transparent to con-
different, though not necessarily more complex, tharventional language tools, comments are tedious to format
those tried in the past. but crucial for readers.

This paper presents an overview of the CodeProcessor Although specialized enhancements are important, it is
and the design choices it embodies. Section 2 reviewabsolutely essential that they not make things worse. Any
requirements, and Section 3 discusses how previous tecintrusion on text editing must respect the “balance of
nologies have failed to meet them all. Section 4 offers gpower” between user and tool. This can be delicate even
new look at the design trade-offs needed when combiningn the simplest of cases, for example auto-indentation
text editing and language support, and shows how thisnechanisms that programmers find helpful but “not quite
analysis leads to a solution. Sections 5 and 6 describe thight.”
two complementary and mutually dependent aspects of Nowhere has intrusiveness been more problematic
the CodeProcessor’s design: architecture and user-mod#éhan in treatment of fragmentary and malformed source
Finally Section 7 reviews implementation status, followedcode. This is, of course, the normal state for programs

by related work and conclusions. under development. Unfortunately, language-based edi-
_ tors typically treat such situations as user “errors” and
2. Design goals encourage or require corrective action. The real “error” is

The requirements mentioned in the introduction, andhat the tools fail to model what the user is really doing
discussed in more detail here, reflect different persped14] and cannot function usefully until rescued. Editing
tives: programmers and tool designers. Past failures resUfR0!s must function without interruption in any context.
from neglecting one point of view or the other; Sections 32 3. Access to linguistic structure

and 4 will show how they can be reconciled. Software engineering tools (for example analyzers,

2.1. No training builders, compilers, and debuggers) generally operate

All available evidence shows that programmers readVer structural source code representations such as
programs textually; they also have “structural” under-abstract syntax trees. An editing tool is most easily inte-
standing, but it is highly variable and not based on langrated with cher tool_s if it can sha}re such representations,
guage analysis [10][12]. Programmers have deeplut as Section 3.1 dlscusses_,, th_|s presents severe deglgn
ingrained work habits as well as motor-learning thatchallenges for a tool whose job is to display and permit
involves textual editing; they will only accept a tool that is medification to source code in terms of text.
familiar enough for immediate and comfortable use with-2 4. Configuration and embedding
out special training.

This need not, however, prohibit advanced functional
ity. Consider how users experienced with simple text edi

Finally, as software engineering tools evolve, empha-
sis shifts from standalone editing systems to specialized
tools that must work with other tools. A tool for source

familiar text entry and cursor commands. By analogy, Ian-G

based edii . hould be | d ful Ul component, and not demand complex support such
guage-based editing services should be fayered caretu ys a particular kind of source code repository. Reflecting
onto basic text editing behavior, imposing no (or barelyt

ticeabl rict he reality that practical software engineering involves
noticeable) restrictions. many languages, it should be easily configured via lan-
2.2. Enhance reading and writing guage specifications. In order to be used as an interface by

Additional editing services derive from specialization Many other tools, an editing tool must have a visual style

for the tasks confronting programmers. A familiar exam-that is easily configured for different contexts and tasks.
ple is automatic indentation of source code lines. This ser- .
vice is based loosely on linguistic structure, and it helps3' The design space
both reading (visual feedback on nesting) and writing At the heart of a specialized editing tool is an internal

(saving tedious keystrokes). This particular service can beepresentation for source code. Conventional choices,
delivered in a simple text editor, but it can and should bedepicted in Figure 1, are divided by a gulf between funda-
taken much further. mentally different approaches: one oriented toward usabil-

Research shows that high quality, linguistically-drivenity and one toward higher level services.

typography measurably improves reading comprehension
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Figure 1: Design choices for program editors

3.1. Pure designs cally correct and promoted back into structure.

At the far right of the diagram are “structure editors” At the left side of Figure 1 are widely used code-ori-
[4][6][8][18], so called because of internal representationgnted text editors such as Emacs [23]. These use a purely
closely related to the tree and graph structures used Hﬁxtual representation, assisted by ad-hoc regular expres-
compilers and other tools. This greatly simplifies someSion matching that recognizes certain language constructs.
kinds of language-oriented services, but it requires thal e structural information computed by simple text edi-
programmers edit via structural rather than textual comiors is, by definition, incomplete and imprecise. It there-
mands. Behind this approach is a conjecture, articulatetpre cannot support services that require true linguistic
by Teiteloaum and Reps, that programs are intrinsicalljgnalysis, advanced program typography for example.
tree structured, and that programmers understand aneimple text editors typically provide indentation, syntax
should manipulate them that way [25]. Umcortunate|y,highlighting1 and navigational services that can tolerate
years of failed attempts [11], combined with research orstructural inaccuracy. A malformed program will, at
program editing [17] and on how programmers reallyWorst, be incorrectly highlighted.
think about programs [13][22] have refuted that conjec- A few text editors perform per-line lexical analysis
ture. From a tool integration perspective, the advantagedith each keystroke, but the information has never been
of complete linguistic analysis are offset by its fragility (in fully exploited and the lack of a true program representa-
the presence of user editing) and context-dependency (ﬂ{@n leads to confusion in the inevitable presence of mis-
meaning of code in many languages depends potentialfatched string quotes and comment delimiters.
on all the other code with which it will run). Few structure 3.3, Inclusive designs

editors are in use IOd"."y . . S A more inclusive approach is to maintain both textual
At the far left are simple text editors with no linguistic

L - . and structural representations. Although this approach
support. Editing is simple and familiar, but there is no real P 9 PP

o . . romises a number of advantages [5][26], it is difficult to
specialization for source code. Integrating a simple texE

. ) ; . . eep the representations consistent and it has not been
edltor. with software engineering tools requires Com.plexdemonstrated that the cost and complexity are justified.
mappings between structure and text, but these typically
result in restrictive and confusing functionality, fragile 4 Finding the middle ground
representations (for example, where the identity of struc-

tural elements is not preserved during editing operations), S€ction 3 described a fundamental design tension:

or both [27]. It is desirable to maintain a linguistically accurate pro-
B . gram representation, updating it on every modifica-

Subsequent efforts in language-based editing can be The greater the degree of structural sophistication, the
viewed as attempts to bridge this gulf. Some structure edi- more fragile the representation is in the presence of
tors allow programmers to “escape” the structure by trans- unrestricted textual editing, and the more room there is
forming selected tree regions into plain text [21], but  for confusing behavior and inconsistency between
usability problems persist. The complex unseen relation- what's seen and what'’s represented internally.
ship between textual display and internal representatioln summary, an ideal representation would be closely
makes editing operations, both structural and text escapeglated to displayed text, but would also reflect linguistic
confusing and apparently unpredictable [27] because dftructure at all times. What's needed is a compromise
“hidden state.” Textual escapes make matters with a con-

fusing and distracting distinction between those parts of L . .
1. ‘Syntax highlighting” is an unfortunate misnomer, since pattern-

the program where Ianguage—based services are PrOV'dedmatching is considerably weaker than syntactic analysis. It would be
and those where they are not. Often language services antmore accurate to call it “unreliable keyword, string, and comment rec-

tools stop working until all textual regions are syntacti- ognition”.
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Figure 2: Additional choices for program representation and analysis

somewhere in the middle of Figure 1, where the amount Thus the lexical representation, not used in any prior
of language analysis performed is as simple (and localsystems, emerges as a promising compromise:
ized) as possible, but also as useful as possible. e |tis a stream, not a tree, and thus bears a close rela-
A compromise can be found by taking a closer look at  tionship to textual source code;
language analysis: both the internal engineering of come The analysis needed to update the representation after
pilers, and the formal language theory behind it. A typical each edit usually requires only local context;
compiler analyzes textual programs in phases, shown It is suitable for program fragments;
below. Each stage is driven by a different kind of grammare It has enough linguistic information to provide many
language-based services, including more robust imple-
lexical analysis- parsing— static semantic analysis mentation of familiar services such as indentation,
parenthesis and bracket matching, procedure or
(corresponding approximately to types 3, 2, and 1 in the method head recognition, etc.; and
Chomsky grammar hierarchy) and uses a corresponding It is a language representation suitable for integration
kind of analyzer [29]. Programming languages are often with other tools, including complete language analyz-
designed around this grammatical decomposition, and ers. Further analysis, for example parsing, could be
batch-oriented compilers benefit from the simplicity and folded into the CodeProcessor if added carefully, but
formal foundations of separate phases. at some additional cost in complexity.
This decomposition reveals additional choices, Although this approach is promising, a number of
depicted in Figure 2, for analyzing and representing prodesign questions remain:
grams being edited. Possible representations include the Can the textual display and behavior be made to look
standard products of each phase: lexical token stream, and feel familiar enough that it requires no training?
parse tree, and attributed tree respectively. Intermediate To what degree can the display be specialized for pro-
choices include partial analysis of the next grammatical grams using only lexical information?
level: regular expression matching is a partial lexical anale Can such a fine-grained typographical display be
ysis, fuzzy parsing is a partial syntactic analysis which  implemented using current toolkit technology and
recognizes only certain features of the context-free syntax made configurable?
(e.g. nested parenthesis or context-dependent categoriza- Can the lexical token representation be made robust in
tion of identifiers into function and variable names), and the presence of partially typed and badly formed
partial semantic attribution that can be used for computing tokens? In particular, how can “bracketed” tokens such
limited amounts of semantic context. Partial analyses are as string literals be managed when one of the brackets
often simpler to implement (fuzzy parsing can be per- (double quotes for strings) is missing?
formed through a simple pattern matching on the token What specialized support for comments and other,
stream) and more forgiving of inconsistencies in the rep- possibly non-textual, annotations is possible?
resentation. e How can a description-driven lexical analyzer be
An important distinction among the three analysis adapted to update the representation after each key-
phases concerns the scope of cause and effect. Static stroke?
semantic analysis (closely related to Chomsky’s contextSolutions appear in the following two sections, which
sensitive syntax) at each point in a program dependsummarize respectively the two mutually dependent
potentially upon the entire program. Parsing (context-fre@spect of the CodeProcessor’s design: architecture/imple-
syntax) depends only on the enclosing phrase, bumentation and user-model. The architecture is presented
assumes that program is well formed. Lexical analysidirst in Section 5, although many aspects were driven by
(regular syntax) depends only on adjacent tokens, makintpe user-model design described in Section 6.
it highly suitable for the inner loop of an editor.
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Figure 3: CodeProcessor Architecture
5. Architecture context (tokens) surrounding the cursor. Other actions,

The CodeProcessor’s architecture, depicted in Figurér:mh as ?r}ser_tions and deletions, may depend not only on
3, is based on the Model-View-Controller design para-t € r-n.odn.‘|cat|0|.’1 context, .bUt also on the staler the
digm. This choice is not accidental: in addition to being amod|.f|ce‘1‘t|on,. since certain miances of the user-model
natural architecture for display and editing, it also reflectd €4UIre ch_)klng |nFo the futu.re. .

the design of the Java™ Foundation Classes (JFC To famh;gte .th's’ the Editor Kit commences & two-
“Swing” toolkit and its text framework [30] which was t.age modification process upon any potential ghange.
used to implement the current prototype. Multi-lingual First, the source code model is requested to consider the

behavior is supported by separating each of the three coﬁeﬁectS of the changithout modifying the underlying

modules into two components: one implementing the lancontent. This produces an object describing the change in

guage-independent functionality, and the other (collecIerms of a model transformation that needs to take place.
tively known as d_anguage Moduleproviding language- When the Editor Kit regains control it examines the trans-
sensitive features for a particular language. In th ormation, either discarding it, if it has no effect or is not

CodeProcessor this separation is achieved by subclassin\@"d’ or applying it to the model.

but other decompositions are also possible. 5.2. The Model
The remainder of this section describes each of the s discussed in Section 4, source code is represented

major design constituents in order. as a sequence of lexical tokens, although this representa-

5.1. The Controller tion is extended in several crucial ways. This representa-
The Controller is manifested through two closely tion allows for much-needed flexibility, as it both supports

related components: tHeditor Widge: and theEditor Kit. the rte(lqllnre_d Lljser-lmo_del,l an(j[;lts naturally with the incre-

The Editor Widget is responsible for dispatching windowmeq_r‘;’l elxu?a Ianay|3|s_a golrl Th develobed by Ti
system events and making the CodeProcessorafuInyun% € g’é'%_‘ far|1|ay3|s a?_(?t” m, teve Olfe dyd im
tional member of the JFC widget family. The Editor Kit ‘ atgnelzrd[ ] '('15 uty gegera I.t'l lsulpppr T utntounMe con-
implements the intricate editing behavior described inoXtual dependency and multiple lexical states. ioreover,
Section 6.2. incrementality can _be cre_lfted onto eX|s_t|ng batch lexers
Much of Editor Kit's functionality is language-inde- that conform tf) a simple interface. For instance, the cur-
({ﬁnt prototype’s lexer for the Java programming language

pendent; some, however, may be custom-tuned for ea . ;
particular language, for example adding keyboard short® generated by the JavaCC tool [16] from a readily avail-

cuts for inserting language constructs able lexical specification; the specification is extended to
The primary responsibility of the. Editor Kit is to include various categories of irregular lexemes created

implement user actions that require taking the context ogur:gg ed|t|‘rlwgé as TS(:#]SSEd |g_f_Se<?|on 6];1' del aft
the action into the consideration. Some actions, such as ' '94'€ epicts the moditication of a model arter

cursor movement commands, require no changes to tHgsertion of the characters=X" into a fragment contain-

source code model; their execution depends only on thi'd the four tokensd’, *+', "¢’, and %, * with cursor ini-

tially between 4’ and ‘c’. Figure 4a represents the



content immediately prior to the modification, 4b -- thethe JFC text framework, including the CodeProcessor
transformation resulting from considering given modifica-recursively. The mapping from token types to editor types
tion, and 4c -- the content after the suggested transformas performed by the Language Module; this module in the
tion has been applied. current prototype uses the standard JFC text editor for
comments and a token-based CodeProcessor editor for
strings and character literdls.

alal]+[]cCcT;

6. Functionality and user-model

This section presents an overview of the CodeProces-
sor’s functional behavior as well as the user-model experi-
enced by the programmer.

b) replace from

to ( with +=1 XC

c) a += 1| XC ; 6.1. Advanced program typography
The CodeProcessor is visually distinguished by its
advanced typographical “styles,” implemented by the
] ) _ view architecture described in Section 5.3. These styles
The source code model is also responsible for add'”ﬁpproximate designs by Baecker and Marcus [3] and are
and removing “separators,” special non-linguistic tokeng,pgated with each keystroke as the source code is being
whose role in the user-model is described in Section 6.3ncrementally reanalyzed. Alternate styles for each lan-
Other non-linguistic tokens include comments, linegyage can be selected dynamically, either to suit individ-
breaks, and other layout directives. ual preference or as required by particular tools driving

A significant advantage of the model, from the per-he display. The style appearing in Figure 5 is configured
spective tool integration is that it enabktablereferences

to source code structure: during any kind of editing, the - o Covmresiioe MBIk
identity of unaffected tokens is guaranteed. e, 10 Sl el Db
5.3. The View oo ou ¥ AN Th ok RUmaph: Ll G
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Figure 4: Example model update
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accordance with the requirements outlined in Section 6.1
The typographically-enhanced display is facilitated by
assigning stylistic properties to each token by means o
the Styler component. The Styler lends itself to being
automatically-generated, although the current implemen
tation uses hand-written Stylers.

Stylers can also be used to export human-readabl
source code from the CodeProcessor by rendering into
character stream, dropping stylistic information that can-
not be represented. Appropriate formatting can be
achieved by Stylers optimized for text output.

5.4. Representing embedded structures

Programming languages commonly include embedde(
syntactic structures that have distinct lexical rules, mosi
notably comments and strings. Embedded structures ar
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supported by nested editors with transparent boundaries
(behavioral considerations are presented in Section 6.3).
The only requirements for this support, easily met by all

Figure 5: Example CodeProcessor display

embedded language structures we have encountered, dxe 123 token categories to which are assigned 61 separate
that they have well-defined linguistic boundaries and thatoken styles® Each token style specifies type face, size
their contents be tokenized as a single entity by the lanrelative to a base, style (plain, bold, italic), foreground and

guage lexet.
This architecture permits utilization of any editors in

2. Both strings and character constants afford a simple lexical descrip-
tion that recognizes character escapes such as \n, \t, etc. This lets us,
for example, highlight legal escapes so that they are distinguishable

1. If the nested editor is, in fact, another instantiation of the CodeProces- from the rest of the text, as well as indicate which ones are invalid.
sor, the contents of an embedded structure may be further tokenized3. Much of the stylistic detail is required as compensation for the
by the nested lexer. absence of type faces suitable for programs [3].




background colors, baseline elevation, and both left and@his behaves somewhat like a “smart space” in a word
right boundary specifications used to compute displayrocessor: no more than one can be present between adja-
spacing between adjacent tokens. Token styles can alsent lexical tokens. The cursor can rest on either side of a
specify alternate display glyphs, for example to displayseparator; deleting a separator is treated as a request to
ligatures. join surrounding lexical tokens (if they could not be
In a departure from the Baecker and Marcus designgpined, there would have been no separator present). Sepa-
which require well-formed programs, CodeProcessorators often come and go as the lexical categories of adja-
styles reveal that certain tokens are lexically incompleteent tokens are changed by editing, but since they are
(for example 0x ") or badly formed (for example(8”), behavioral rather than visual, this is not distracting.
based on lexical grammars extended to include such String literals and comments receive special treatment,
tokens. The CodeProcessor treats such tokens as legitis described in the following section. Additional subtleties
mate in every other respect. in the user-model, beyond the scope of this paper, are
Although the Baecker and Marcus designs require fulrequired so that “the right thing” appears to happen at all
program analysis, a surprising amount of the visual detailimes.
can be aphieved using pnly lexical information. Indentg-6_3_ Nested editors
tion requires fuzzy parsing in the style of many text edi- . ) )
tors. More visual features could be added through other 1he user-model for editing programs described in the
kinds of fuzzy parsing, for example adjusting operatorPr€Vious section is inappropriate in certain regions. The
spacing based on expression depth. contents of string literals obey different grammars than

Horizontal spacing between tokens is computed fronsurrounding code, and the contents of comments are not
the source code, not affected by presses on the space bapalyzed atall. _ _ ,
This improves legibility and saves keystrokes, much inthe SUch regions receive special support in the CodePro-
same way that conventional auto-indentation works at th&€SSOr, beginning with behavior that preserves their
beginning of each line. We anticipate adding a tab-likgPoundaries during all normal editing. This has the flavor

mechanism to the current prototype that gives programc-’f structure editing, but it solves a number of traditional
mers some ability to impose vertical alignment. problems with boundary confusion; potentially confusing
behavior can smoothed over with careful design.

6.2. Editing behavior Having guaranteed boundary stability for these
The CodeProcessor behaves like a code-oriented terégions, the CodeProcessor can then provide specialized
editor in most respects. Where it differs, the behavior haehavior in a straightforward way. Specialized editors are
been designed so that it appears to do the right thing whesimply embedded to match the model: one kind for
used as a text editor. Preliminary experience with thestrings, another for character literals, yet another for plain
CodeProcessor’s user-model suggests that programmeext comments. More can be added, for example to sup-
find descriptions of the behavior confusing, but the behavport HTML or graphical comments. Although this has
ior itself unremarkable. something of the flavor of a compound document system,
Some behaviors are completely conventional. Indentait is specialized for source code and designed so that the
tion is automatic. Line breaks are explicitly entered andboundaries are no more obtrusive than absolutely neces-
deleted by the programméfTyping text within comments sary. For example, the text cursor moves smoothly across
and language tokens (especially string literals) is likewisdooundaries between code and embedded structures.
conventional, with the notable exception that program-

mers can easily type multi-ine comments (and perhaps . . )
eventually strings), as shown in Figure 5. The net result of these behaviors is by design an edit-

Non-standard behavior appears in and around tokelng experience that is visually rich but otherwise unobtru-
boundaries. To first approximation, token boundaries argVe- Nearly all familiar keystroke sequences have their

determined purely by the lexical analyzer. When the curintended effect, with the added bonus of fine-grained

sor rests between two tokens it is displayed midwa))’isual feedback. Time wasting efforts at whitespace man-

between them; pressing the space bar silently does notR9ement, for example deciding where to insert spaces and
ing. how to align multi-line comments, become as unnecessary

However, not all boundaries can be unambiguously?S manual indentation. This frees the programmer to con-

computed, for example between keywords. Here th&entrate more completely on the task at hand: understand-

CodeProcessor automatically inserts a “separator” toket!9 and writing code. F_grthermore, the rich disP'ay engi_ne
creates new opportunities for tools to present information

by modulating the source code display to suit the task at

.4. The Programmer’s Experience

h
1. The CodeProcessor does not break lines, but it would be helpful to add
a linguistically driven mechanism for “wrapping” lines wider than the
available window.



7. Implementation status attention to usability, adoption of advanced typesetting,
nd the choice of a token-based representation [20].
RED, the Desert editor, performs language analysis via
integration with the FrameMaker document processing
System [1]. This limits FRED's ability to support fine-
grained language-based behavior due to the lack of appro-
priate abstractions in the Frame Developer’s Kit API [2].

Initial design of the CodeProcessor was carried out ag
Sun Labs by the first author in the Spring of 1993. A pro-
totype using C++, thdex analyzer, and the Interviews
graphical toolkit [15], was demonstrated later that year a
part of a larger programming environment project. An

evolution of the first prototype, using the Fresco toolkitlvI i izable d i .
[7] (itself an evolution of Interviews) was completed and Oreover, refiance on a sizable document processing sys-

demonstrated in early 1995, at which time work ceaself™ reduces the likelihood of embedding FRED else-

with the conclusion of the project. The design was theﬁNhere'
she_lved, awaltlng more suitable infrastructure than Wag ~onclusions
available at that time.

The second author commenced a reimplementation of We have designed and prototyped source code editing
the CodeProcessor design during a summer internship gchnology that addresses the full spectrum of require-
Sun Labs in 1998, adding recent improvements in increments faced by designers of software engineering tools.
mental lexing technology and adapting the recently develThis technology matches programmers’ skills and expec-
oped text framework from the JFC swing toolkit [30]. tations, and brings to bear the power of language-based
This prototype, which will be subject to further refinementtechnology in support of both the people and other tools in
and evaluation, is substantially complete, with the excepthe environment. Meeting these often conflicting require-
tion of automatic indentation and other services not part ofents required both a new user-model for its behavior as

the core design. well as a new architecture. Its construction stretches the
limits of the existing infrastructure.
8. Related work History tells us that less ambitious designs will fail.

dSome language-oriented technology can be grafted onto
simple text editors, but insufficiently rich representations

behavior and text coloring via pattern matching, but the))'m'tS their power and accuracy. Some usability compro-

fall short of the CodeProcessor’s requirements. Weal?qiseS can be made to Ianguage-oriented structure_gditors,
encapsulation of its internal representation, as well aQUt the fundamental architecture dooms their usability.

insufficient model-controller separation, makes reliable . A Iexmql-based arc:nlecturl% byf|ftself wouldf ?rI,SO'JaII'f
representation and manipulation of structural informatiorp''c€ & Nalve user-model would sulter many ot the 1lis o

difficult, if not impossible. Language analysis is limited to tree-oriented editors. Likewise, the new user-model by

(unreliable) regular expression matching of fewer than tel5tseh‘ would fail, since the mismatch between it and exist-

lexical constructs. Rendering and layout, even in the mor&'9 representations would preclude adequate implementa-

recent XEmacs [32], does not meet the CodeProcessor¥"S: L
demands. The editors embedded in many commercial, The CodeProcessor performs enough linguistic analy-

integrated development environments have basic text edip’S 0 permit useful tool integration, as well as useful lan-

ing and display functionality comparable to Emacs. guage-based services such as high-quality on-the-fly

Numerous structure editors, mentioned in Section 3.1t’ypography. At the same time its fundamental behavior is

were built in research environments, for example Centauﬁexmal’ permltyng easy adoption by brogrammers, and it
includes specialized support that simplify and extend

[6], Gandalf [18], Mentor [8], and PSG [4]. All had o
comment management significantly.

acknowledged usability problems [11]. Desianing tools that both ful and effective i
The commercialized Synthesizer Generator [21] is a}j.ff. elflgnlr:jg trc])os a a}{e OI pﬁ"‘;ﬁr ut ar|1 t(:\ ective 1s
notable example of the modified structure editors imecult, an e more “low ‘eve € tool, ‘the more

described in Section 3.2, but was still plagued by Confusgjemandlng are the user requirements. Starting with these

ing behavior [27] and by restrictions on editing. requirements, however, and _empracmg the not|on.that
The Pan system [5] is characteristic of the inclusiVepowerful tools must above all fit with programmers skills,

designs described in Section 3.3. It permitted unrestricte§*Pectations, and tasks, gives hope that benefits Of. soft-
text editing, performed full incremental language anaIysiéNare Qevelopment technology can actually make a differ-
on demand, and provided semantic feedback. AIthougﬁnce in the way people work.
some attention was paid to usability [26], the implementa—l
tion was enormously complex and offered no language-
related advantages during textual editing. Important fea- The reimplementation of this design was made possi-
tures such as comments received no special support at &l by support from Mick Jordan, Principal Investigator of
Several elements of the CodeProcessor’s design subsée Forest Project at Sun Microsystems Laboratories.
quently appeared in the Desert environment, including/uval Peduel made helpful comments on early drafts of

Emacs [23] is an augmented text editor of the kin
described in Section 3.2. Its editingodesadd specialized
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