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ABSTRACT tic, meaning-preserving, structural changes to the software
Designers are frequently unsuccessful in designing for to evolve its architecture and pattern-level design of the
change using traditional modularity techniques. A modular- software so that future changes can be performed locally.
ity technique calledhformation transparencgan improve a  Our early restructuring research focused on the benefits of
designer’s ability to plan for change by revealing the inter- meaning-preserving program restructuring, what transfor-
dependence of widely dispersed program elements that musmations are needed, and how they can be automated. Later
be changed together to perform a change correctly. Unlike work focused on exploiting the latent structure in programs
information hiding, which represents modules with locality to guide restructuring changes [BG94, BG98] and other
and abstraction, information transparency represents modkinds of assistance that do not require expensive and com-
ules bysimilarity andarchitecture With these, a program-  plicated data flow analysis [GCBM96].

mer can create locality with a software tool, easing change . .
Recently we have performed a number of qualitative experi-

in much the same way as traditional modularity. Informa-
tion transparency techniques include naming conventions,
formatting style, and ordering of code in a file. Transparency
can be increased by better matching tool capabilities and pro
gramming style.
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1 INTRODUCTION

Software engineers are frequently unsuccessful in designing
for change using modularity and other change localization
techniques [Par96]. It is not difficult to anticipate that tech-
nology will advance, new industry standards will arise, and
competitors will introduce features that will draw customers
away. However, appropriately designing for these changes
can require understanding the details of these changes, which
cannot be known to the designers. Moreover, market pres-
sures dictate that effort be spent in getting the current prod-
uct to market to generate cash flow and compete with other
products, not in reducing the cost of future versions, result-
ing in a “design for release” mentality. Over time such a
scenario leads to rapid escalation of software enhancement
costs [BL76].

1.1 Experience with Program Restructuring

Software restructuring (and more broadly, software reengi-
neering) is one proposed solution to this problem [Opd92,
GN93]. Software restructuring involves analyzing the struc-
tural problems in the software relative to the current and
near-future change requirements and then making stylis-
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ments in restructuring that involved varying levels and kinds
of automation [GCBM96, BG97, Gra97, GHK97]. These
_studies revealed that meaning-preserving restructuring trans-
formations may not be as important as believed. For in-
stance, we discovered:

e Choosing an appropriate redesign for the software is

more difficult than performing the global restructuring
with standard Unix tools.

Programmers using Unix tools adopted stylistic meth-
ods to making restructuring changes in order simplify
the task and decrease the chance of making mistakes.
The change styles are similar to those automated by the
transformational tools and offer similar benefits.

e Programmers using Unix tools used time-saving short-

cuts if they knew enough about the software, since they
were not syntactically constrained by the editor. They

sometimes weakened the meaning-preserving criterion,
depending on the behavioral constraints of the code be-
ing restructured. This simplified the change and some-
times “improved” the software’s behavior.

Although “low-cost, low-tech” restructuring introduced
bugs into the software, they were easy to detect and cor-
rect, due to the stylized nature of the edits and intention
that the changes be meaning-preserving.

When performing global changes that could not be sim-
plified by mimicking transformational techniques, pro-
grammers invented change techniques exploiting the
system’s architecture and naming conventions, simpli-
fying the change and increasing the chances of its com-
pleteness and consistency.



1.2 The Information Transparency Design Principle Ada lexical analyzer and parser from the internet—giving
At the heart of these somewhat surprising successes is a noés two major components essentially for free—it was pos-

entirely new software design principle that we ¢afbrma- sible to walk through the existing code for C using the ar-
tion transparencya complement to information hiding. At  chitecture as leverage for making the global change: start-
the module level, it is the property of a module makinsj- ing in the C parser, references to HW&ILE terminal were
bleits dependence on design decisions thanhatdidderby found and copied over to the Ada parser’s use ofthde

amodule. If all modules achieve information transparency in and then modified to reflect Ada’s syntax and semantics.
a consistent way for a particular design decision they share, Then the programmer moved “downstream” in the architec-
then we say the design exhibits information transparency. ture to the AST, making any necessary changes to the AST’s
The consequence is that a programmer, using software toolswhile  statement code, as dictated by the needed actions
is able to easily recognize the connection between widely in the parser and the special characteristics of Ada. Next
dispersed program elements that require that they be changethe programmer moved downstream to the pretty printer, ac-
together in order to correct the design or otherwise globally commodating the changes to the AST code as well as mak-
modify the software while not damaging its intended behav- ing changes to reflect the differences in Ada syntax. Hav-
ior. Information transparency can be achieved through a va-ing made a complete pass over the architecture, the pro-
riety of techniques including naming conventions, format- grammer had high confidence that all relevant code had been
ting style, file naming, and ordering of code in a file. Trans- changed. Moreover, by going through the changes “in or-
parency can be increased by using tools with greater recog-der”, the programmer ensured that all design information
nition capabilities or by better matching the techniques used needed in changing a component had already been gathered.
to the tools available. If only lexical tools are available, for Such a process was simplified by the “pipeline” nature of the
example, interdependence must be lexically visible. architecture, as well as by the fact that the programmer of the

) . , ) C tool had consistently named variables and other constructs
Information transparency is applicable in at least a couple..Wh“e.. WHILE, WhileStmt , etc., when working with
of ways. Ideally, the code related to a changing design de-ynawhile  C language construct.

cision is found by identifying the module (e.g., file) that

hides the design decision in question. When modularity fails, Each such change, although global, was small and inde-
however, the code must be found by other means, often bypendently testable because it was approached in a syntax-
a whole-program search using a lexical tool such as Unix directed fashion. This approach increased the number of
grep .' In effect, usinggrep “brings together” the dis-  Vvisits to files, as each pass required visiting perhaps a half-
persed code so that the programmer can plan the change “lodozen files, but the advantages of atomicity, completeness,
cally”, that is, by being able to look at all the matched code and testability fully compensate.

at once, rather than one line at a time in isolation as a text ed-
itor would afford. The ultimate change, too, can be achieved to hide all design decisions in small modules. Combined

in similar ways using an editor and its search-and-replace, ;. jytormation hiding, information transparency promises

featy res. A. rgstructunng may be desired :10 hide thehexposidto give programmers much better coverage of the design de-
32::32 gi(c:lizlig?],(;)i?;;lsr\?v%rr]iﬂnr:;?fésnr?gse tochange t %isions of interest. Moreover, when a module fails to hide a

' design decision, it is possible to opportunistically fall back
Another example arises in retargeting a classically designedon information transparency to ease the change—if the pro-
compiler or programming environment from operating on grammer can discover the underlying patterns that makes the
one language to another, albeit similar, language. We design decision visible.
faced this problem in retargeting our star diagram planning
tool [GCBM96] from C to Ada [Gra97]. We anticipated

As this example attests, it is difficult or even undesirable

In the following sections we present some basic principles

. h A hide desian decisi of information transparency and discuss the implications of

:ggﬁgﬂngi f:efe:():ce):ss bse?\f/f/vev:;e Afga ;n% Ces,lbg\llrt]hojgksﬁ?ss information transparency on the design of sowaa're.anaIysis
' tools. We argue that the transparency of a design is increased

occurred to some exten_t in the abstract syntax tree (AST) by programmers and software tool designers catering to the
classes, we found that it was best to apply most changes

thers’ bilities.
globally rather than restructure. others capabllities
2 INFORMATION TRANSPARENCY PRINCIPLES

] - ) As argued in the introduction, some design decisions are ei-
Adaloop while  statement, changes were required in all oy Gifficult to hide or are best not hidden in information-

the major components. Yet the changes—using information jging modules. A simple example is the exported inter-

transparency—were almost trivial. After downloading an 5.6 of a module itself. Although a module interface can be
L _ _ hidden with another module, the fact remains that this sec-
The Unix programgrep is a software tool that performs character- . . .

based regular-expression matching for each line in one or more ond module’s interface is then not hidden. AIthOUgh mod-

files [Aho80]. It has options for tagging output lines with their file and  ule interfaces might be intended to be stable, the fact is that
line number, printing only the file name, etc.

For instance, in retargeting the while statement to the



they often do (or should) change in response to evolutionarying loop or control _statement rather tharwhile ).
changes to the software. Another example of a commonly Another example of similarity is the consistent formatting of
exposed design decision is the protocol that the uses of ainteracting groups of statements—for example, a group of
module must adhere to, the global use of built-in program- statements satisfying a messaging protocol.

ming language data types, or a globally enforced architec-
tural rule about component interfaces such as conformity to
a pipe-and-filter paradigm.

Techniques for self-documented code, in particular naming
and formatting conventions, are already in wide use in in-
dustry, but these are usually adopted for reasons other than
Information transparent design is related to module information transparency, and so may notimprove a design’s
guides [PCW84]. To cope with the problem that not every transparency as much as desired. Most are intended to ease
design decision can be hidden in a small module, Parnas in-the readability of code by humans, not tools.

troduced the concept of designing with nested modules doc-

umented with a tree-structured module guide. By allowing ; . .
was designed to inform or remind a programmer of how a

some “big” but relatively stable design decisions to encom- variable is to be used. especially when the tvpe svstem is
pass several subordinate, smaller, and less stable design d%\'/eak For example a\,/ariari)le na)r/ne (AT Vlﬁget))(lan—
cisions, it is possible to limit the cost of making changes ) P'e, ey

to a complex system. The module guide lowers the cost of codes the structure of the object (i.e., a setimplemented as an

changes by directing programmers to the submodules thatCPen hash table of pointers to AST class objects). If a global

are affected by a particular design change. Information trans-ggi\r/‘gr?tige:gg/r?z:guugi Ezeiﬁfeofrra:;ttli%ur:i::\htsh?et:f n&rg;gg
parency effectively encodes the module guide into the soft- P Y-

ware by using similarity and architecture, thereby allowing gg;iﬂcﬁseusgrst ?g;l:r?gar:gnrgﬂ:ﬁ:gnclgﬁlzg: f:)n da:adnd(;ifr:r?(la
tools to aid in identification of interdependent code and also P P Prog

o I . : . variable’s role (e.g.deletedASTpVHSet ). Hungarian
permitting non-hierarchical relationships amongst modules. notation can be adapted to the needs of information trans-

The desire to achieve fast and accurate identification of theparency by adding parts to an identifier to denote the re-
code related to a global change leads to the three primarylationships (i.e., design decisions) that it shares with other
principles of information transparency: variables, types, etc., in the system. Consequently, a tool like
grep can find all identifiers necessarily involved in a global
change by searching for the tag that denotes the design de-
cision of interest, achieving the goal of similarity. Likewise,
e Program elements unlikely to be changed together identifiers not related to a particular change should custom-
should look different. arily notinclude that tag in their names, thereby achieving

. . . . . differentiation.
e Similar code must be identifiable using available soft- _ _ _ o
ware tools. A peculiar example of information transparent design is

) ) . copy-paste programming, or what has been cakese of
The effect is that widely dispersed program elements can be,segRC93]. In particular, a programmer who lacks a com-
easily and quickly brought together into a single view, in ef- pjete understanding of a complex system but needs to make
fect achieving a localized module-like view of the related g extension can identify an existing feature that is analogous
elements. Although the modification itself is dispersed, au- g the planned feature, copy its code, and then modify the
tomation here as well can provide the benefits of locality. Al- ¢opy minimally to achieve the desired effect. Given such a
though the changes may not be isolated to the initially iden- coging style, it is trivial to recognize related code using soft-
tified code, the cascading effects can also be handled withyare tools. The insight here is that similar code sequences
information transparency. The vital role of tools is consid- should be formatted similarly to make tool recogpnition eas-
ered in the next section. ier, perhaps even eschewing changes in indentation and vari-

The Hungarian variable naming notation is a convention that

e Program elements likely to be changed together during
a complete and consistent change should look similar.

Simultaneously achieving similarity and differentiation is able names.
non-trivial and sometimes counterintuitive. Programmers 3 TooLS

frequently reuse variable names or add meaningless prefixeShe information transparency of a design depends on the
or suffixes to diStingUiSh identifiers. In Object-oriented Sys- ab|||ty of programmers to app|y tools to qu|ck|y and reli-
tems itis common to reuse method names across classes evedbly recognize implicit design information encoded into the
when the classes are not related by type. In the introduction,spftware. Paradoxically, then, the quality of a software de-
the designers of the star diagram planning tool were care-sign is dependent on the environment in which the software
ful (or lucky) to choose names across components that re-js maintained.

flected the details of the concrete syntax associated with the ) ) ) ) )
conceptual object being manipulated. For purposes of lan-Most environments contain a mix déxical and syntactic

guage neutrality, the conceptual interface of the abstract syn-{00IS. Lexical tools have recognition powers associated with
tax tree (AST) could have been much more generic (e.g., us-regular expression matching. Syntactic tools are capable of



context-free parsing and can accurately recognize syntacti-Searching tools. There are two challenges to making a
cally recursive structures such as nested expressions or comsoftware system’s globally shared design information visible
pound statementsSemantidools employ techniques such to tools. First, most large systems are implementedutti-

as data flow analysis or higher-order inference. These toolsplelanguages, implying that a tool must be able to recognize
are typically complicated to build, computationally slow, and the encodings across those languages. Historically, this has
require enormous machine resources to apply to an entireled to a dependence on lexical tools, which are largely insen-
program [AG96]. Moreover, the scope of their application sitive to the syntactic details. Second, because the encodings
tends to be narrow (e.g., a tool employing data flow analysis areimplicit design information, the tool has @opriori way
might be capable of only slicing). Because of these limita- to reliably recognize these encodings. Few tools are flexible
tions, they are generally reserved for occasional but critical in this regard—RMTool is a notable exception.

applications of increasing information transparency. Even a
semantic tool can benefit from information transparency be-
cause the behavior of code is most easily inferred from the
names of constructs and the infrastructure used to implemen
the behavior.

Considegrep , atool not designed specifically for program-
ming. Many programmers need to search for references of
pne identifier near another identifier (e.g., in the same state-
ment), but it could well be on another line. Unfortunately,
grep is strictly line based. Another common task is spec-
Maintenance programmers can often find a basis for simi- ifying a pattern within a word, bugrep ’s definition of a
larity and differentiation even when it is not designed into word is fixed and not appropriate for popular scripting lan-
the program. If every module involved with a design deci- guages such as Tcl. Finallytep has a fixed definition of a
sion achieves information transparency in a different way— successful match. In many cases it would be helpfyitéip
compromising a design’s overall transparency—a program-were to let a programmers know that there were some near
mer’s ability to make the necessary inferences will be excel- matches that could be of interest. The tsohe , which per-
lent, although slow. A programmer, then, is looking to im- forms token-level regular expression matching [MN95] suf-
prove the time-quality tradeoff of such analyses. A program- fers from similar problems and makes character-level match-
mer’s inclination, is to seek consistent information trans- ing difficult.

parency and to use fast tools to discover the basis for trans~rpe ¢ star diagram planning tool. CStar can help a pro-

parency, if necessary, and then extract the information. Al- grammer (a) understand how a program data structure is ma-

though fast tools_are often less powerful than desired, anq NOthinulated, (b) explore possible restructurings to better encap-
knowing the basis for transparency can also slow extraction, g |ate that data structure, (c) record a plan for such a restruc-

several related queries can be performed quickly to acquirey,ing and (d) to carry out that restructuring [GCBM96]. It
the desweq mformathn without too many false matches. One .o 2iso be used analogously for carrying out other kinds of
approach s to start with an overly general query, whose falsegIobaI changes. Because the tool parses, its recognition of

matches suggest refinements to the pattern, and so forth. Irgy o ctic structures is precise. Type information is easily ex-

this way, fast tools permit a programmer to trade time for ac- 5 ted (and exploited in constructing “type” star diagrams),
curacy by applying (perhaps gradually acquired) knowledge 5,y gata flow analysis can be used (but is currently not) to
of naming conventions, formatting, and location of code to provide more meaningful star diagrams.

narrow the query result to just the required elements.
Although popular with users, the tool has been criticized by

Inferential tools. Much recent work in software engineer- for lacking features that relate tp mfplrmanon transparency ’
For example, users have noted inability to control the tool's

ing tools has been focused @eengineering which con- node-stackin licy to represaheirid fwhat is similar
cerns redocumenting, redesigning, and in some cases reim- ode-stacking palicy to repres caofwhatls simia

plementing an application’s software because of its unmain- (e.9.,myprintf  nodes should be stacked wilprintf

tainable state. Much of this work relates to information trans- ngdes because bo.th perform output)_. Some users have
parency. In particular, a number of techniques and tools wished that a star diagram could be built for all code match-

are concerned witferring relationships amongst program ing a user-specified pattern; currently the supported patterns

components because they are no longer readily visible ingrist?r?]e'vi”ible'?f:n? lsame-ty?tet-ast:n?eﬁ% |rr1]1;cI;Im;a
the code. RMTool is unique in that it permits the engi- on transparency principles assert thatt of an identifier's

neer to suggest an architecture. RMTool takes an engineer’é;"’:jrggi orr] thgizseignptrﬁgtrggjrg?)%%?:uzzzggg?;ge;:%?: l:;anf
proposed mapping of an application’s low-level constructs 9 gram.

to a higher level conceptual architecture, and provides a4 CONCLUSION

gualitative, graphical report of the congruence of the map- Designers are frequently unsuccessful in designing for
ping [MNS95]. Consequently, if a user of RMTool has a change using traditional modularity techniques. Trfer-
sense of the application’s information transparency coding mation transparencgnodularity technique can improve a de-
conventions, convergence to a sensible architecture and itsigner’s ability to plan for change by revealing the interde-
mapping to source code can be accelerated, reducing thependence of widely dispersed program elements that must
need for bottom-up inference. be changed together to perform a change correctly. Unlike
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