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Abstract

This paperpresentsan overviewof the DIME environ-
ment(DIrectManipulationEnvironment)beingdeveloped
by the author. The paper presentsthe DIME vision, its
catalogueofevolutionarytransformations—programtrans-
formationsusedby programmersduring software mainte-
nance—andscenariosof how theymaybe usedby a pro-
grammerduring software maintenance.TheDIME system
will provide for programmerswhat programmersprovide
for othercomputerusers: a simple,intuitive, yetpowerful
way to transformdata with the click of a mouse. It will
placeat the programmer’sfinger-tips—figurativelyspeak-
ing—rigorous, formal transformationsfor creating, com-
posing,analyzing,andmodifyingthearchitecture of a soft-
ware system. Using DIME a programmerwill radically
overhaul thearchitectureof a softwaresystemjustbypoint-
and-click and drag-and-drop with the guaranteethat the
externalbehaviorof the systemis unchanged.

1 Introduction

Softwareis differentfrom otherengineeringartifactsin
that a newsoftware systemis createdby modifyingactual
componentsof the old systems.Thus,while the mechan-
ical, electrical,and electroniccomponentsof a new sub-
marinearecreatedfrom totally new material—ratherthan
from scavengingsimilar componentsfrom an old subma-
rine—its softwarecomponentsmost likely are scavenged
from an old submarine.

The DIME environment (DIrect Manipulation
Environment),currently underdevelopment,will provide
capabilityto modify softwareusinga mouse-based,direct
manipulation, user interface. The DIME environment
will place at the programmers’finger-tips—figuratively
speaking—rigorous,formal transformationsfor creating,
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composing,analyzing,and modifying the architectureof
a softwaresystem. Using DIME a programmerwill be
able to radically overhaul the architectureof a software
system just by point-and-click and drag-and-dropwith
the guaranteethat the external behavior of the system
will remain unchanged.

The theoreticalfoundationof DIME consistsof a cat-
alogue of evolutionary transformations—transformations
performed by programmersduring software evolution.
This catalogueof transformation,compiled by analyzing
theauthor’sjournalcontaininghis recordof programming
activitiesover a spanof threeyears,is quite similar to the
catalogueof restructuringtransformationsdevelopedear-
lier by Griswold [12, 14]. The innovationof the DIME
projectlies in attachingtheevolutionarytransformationsto
mouse-clicks.This calls for thedevelopmentof additional
formalismto infer parametersof the transformationsfrom
both the contextin which a transformationis appliedand
someminimal hints providedby the user.

The rest of this paper is organizedas follows. Sec-
tion 2 introducesthe DIME vision. Section3 presents
our catalogueof evolutionarytransformations.Section4
highlightsissuesin developingthe direct manipulationin-
terface.A comparisonof DIME with otherresearchefforts
is presentedin Section5. Our concludingremarks,which
includethestatusof theDIME project,its expectedimpact,
andsomeanticipatedchallengesarepresentedin Section6.

2 Vision

TheDIME environmentwill revolutionizetheway pro-
grammersdevelopandmanipulateprograms.By integrat-
ing the robustnessof formal methodswith the easeof use
of Internet web browsers,the Macintosh,and the Win-
dows95desktop,DIME will placesophisticatedprogram
transformationsat the programmers’finger-tips, literally
availableat the click of a mouse.

Thedesktopsof MacintoshandWindows95provide(a)
iconic representationof files anddirectories,(b) point-and-
click interfacefor moving, copying, deleting, renaming,
and printing files and directories,(c) multiple views to
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presentthe contentsof a directory, (d) point-and-clickto
navigatethroughdirectory,and (e) mechanismsto search
for files anddirectoriesbasedon variousparameters.

DIME will providesimilar point-and-clickaccessto the
componentsof a softwaresystem. The directory, source
code files, functions, variables,statements,types, make-
files, etc.—thecomponentsof a softwaresystem—willbe
representedas icons. A program componentor a rela-
tion betweencomponentsmay be presentedin different
"views." For instance,a function may eitherbe shownas
an icon or be shownby its namealong with somesum-
mary information,suchasits size,dateof lastchange,etc.
It could also be shown as its completecode. A call re-
lation may be shown as a directedgraph or as a nested
tree structure.

A programmerwill perform commonly usedcomplex
operationsby just pointing-and-clicking. For instance,
renaminga functionwill beakin to renaminga file. Below
the icon of a function will be its name. To renamethe
function one will click on its nameand type in the new
name. The environmentwill automatically renamethe
function in all calls to the samefunction, basedon scope
rules.

Similarly, other mouse-basedoperations—such as se-
lect, cut/paste,drag/drop—will leadto meaningfulmanip-
ulationsof programs.Onecould extracta reusablepiece
of codehiddenwithin a big functionby selectingthe rele-
vant codefragment,draggingit, anddroppingit on a file.
The systemwill automaticallyidentify the parametersto
thenew functionandintroducea call to the new function.
Similarly, one could makea global variable into a local
variableby draggingthe variableanddroppingit into the
declarationsectionof a function.

Just as web browsersprovide mechanismsto move
through documentsby following links and traversalhis-
tory for navigationthrough the web, so will DIME pro-
vide mechanismsfor navigationthrough a softwaresys-
tem. Using architecturemodelling technologies[16, 20],
DIME will presentto the programmeran abstractview
of the system.The programmerwill navigatethroughthe
systemby clicking on objectsand relationships.Thus, a
programmermay navigatethrough a program following
task interactionpaths,or function call paths,or dataflow
paths,to namea few.

The integrationof the coarse-grainarchitectureanaly-
sis techniquesandfine-grainformal methodswill arm the
programmerwith a very powerful mechanismto radically
overhaul the architectureof a softwaresystem. For in-
stance,a programmermayfirst usethecoarse-grainanaly-
sis to identify tightly-coupledcomponents[13] and then
use fine-grain analysis to de-couple those components.
Similarly, coarse-grainanalysismay be usedto identify

repeatedpatternsof code[3] which may be replacedby
appropriatefunction calls usingfine-grainanalysis.

3 Evolutionary transformations

Themain theoreticalchallengeof this projectis thede-
velopmentof a catalogueof transformationsfor evolving
thestructure of a program.Thesearetransformationsused
by programmersin their day-to-dayactivity to reorganize,
restructure,or re-architectsourcecodewithout influencing
the externalbehaviorof the program. Such transforma-
tions may be interspersedwith other behaviormodifying
changesandareperformedto alter thedesignof a system.
Thesetransformationsarealsousedwhenoverhaulingthe
architectureof a softwaresystem.

In therestof thissectionwe summarizeourcatalogueof
transformationsfor structuralevolution. The transforma-
tions in this cataloguewere identified by analyzingabout
40,000lines journal of the author’s programmingactivi-
ties over the pastthreeyears.The programmingactivities
recordedwereundertakenin thedevelopmentof threesys-
tems,most notably the WolfPack*. That our transforma-
tions are representativeof operationsactually performed
by programmersis supportedby the fact that, in prin-
ciple, they are the similar to the restructuringtransfor-
mationspresentedearlier by Griswold [12, 14]. We use
the word transformationbroadlyasa “mathematicalmap-
ping.” While most of the transformationsactually mod-
ify a program’s structure,some of them—in particular,
wedge—onlyprovidessomeinsightinto aprogram’sstruc-
ture without modifying it.

Transformation: Fold. The fold transformationcreates
a function for a given set of statementsand replacesthe
statementsby a call to this function.

The fold transformation,alsosometimescalled lambda
lifting, was first developed by Burstall and Darling-
ton in the context of functional programming[6] and
subsequentlystudied for logic programs [30]. Gris-
wold’s extract-function transformationextendsit
to structured—single-entry,single-exit—imperativepro-
grams. We haveextendedthis transformationto arbitrary
imperativeprograms[21].

Oncea sequenceof statementsthat can be folded has
beenidentified, folding them into a function posessome
other challenges.One must not only decidewhich vari-
ableswouldbeparametersto thefunctionsandwhich vari-
ableswould beits local variables—equivalentto determin-
ing which variablesare universallyquantifiedand which
areexistentiallyquantified—butalso determinewhethera
parameteris passedby value or by reference.

* Visit http://www.cacs.usl.edu/˜arun/Wolf/
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1  Procedure Sale_Pay_Profit (days: integer; 
                        cost: float; var sale: int_array; 
                        var pay:  float; var profit: float; 
                        process: boolean); 
2   var i: integer;total_sale, total_pay: float; 
3   begin 
4      i:=0; 
5      while i < days do begin 
6           i := i + 1; 
7           readln(sale[i]) 
8      end; 
9      if process = True then begin 
10      total_sale:=0; 
11      total_pay:=0; 
12      for i := 1 to days do begin 
13          total_sale := total_sale + sale[i];  
14          total_pay := total_pay + 0.1 * sale[i]; 
15          if sale[i] > 1000 then 
16              total_pay := total_pay + 50; 
17       end; 
18       pay := total_pay / days + 100; 
19       profit := 0.9 * total_sale - cost; 
20    end; 

21  end; 

Figure1 Sample non-cohesive code. This functionusesthe sameinput to computedifferentoutputs.Its computationalsodependon
a flag passedasa parameter.This function id a representativeof codewith interleavedcomputations[27]. In the following
figuresthis function is restructuredinto a collectionof functionswith an object-basedarchitecture.Functions,representing
methods,computingdifferentoutputsareextractedusingmeaningpreservingtransformations:Wedge,Split, andFold.

Transformation: Unfold. The unfold transformationre-
placesa function call by thestatementsin the body of the
called function.

This transformationis analogousto the unfold trans-
formation in functional and logic programs[6, 30], with
the differencethat in the imperativedomainthis transfor-
mation must accountfor the various types of parameter-
passingconventions.

Transformation: Inline. The inline transformationun-
folds a function at all the placesfrom whereit is called.

Griswold’s var-to-expr andbinding-to-expr
transformationscorrespondto our inline andunfold trans-
formations,respectively[14].

Transformation: Split. The split transformationsplits a
single-entry,single-exitregion into two regions,onecon-
tainingall the computationsrelevantto a setof statements
S andtheothercontainingall the remainingcomputations.
The transformationintroducesnew variablesor renames
variablesandcomposesthe two new regionssuchthat the
overall computationremainsunchanged.When it is not
feasibleto split a regionin sucha way, the transformation
leavesthe region unchanged.

The split and fold transformationsprovide a method
for extractinginterleavedcomputations[27] into separate
functions without changingthe externalbehaviorof the

system[21]. This transformationusesprogramslicing [31]
to identify computationsthat are related.

Transformation: Move. The movetransformationmoves
a statementover the statementsbefore or after it in the
control flow, but within the samefunction.

The move transformationis analogousto Griswold’s
move-expr transformation. In optimizing compilers,a
move transformationis usedto move invariant computa-
tion out of a loop and to reordercomputationsso as to
reducethe needfor temporaryvariables[1, 23].

Transformation: PushUp. The pushup transformation
pushesa statementfrom a function to its call-sites. The
statementmay be moved either to the point before the
function is called,or the point after the completionof the
call.

To ensurethattheexternalbehaviorremainsunchanged,
the parametersof the affected function may have to be
changed,such as when a computationinvolving a local
variable is pushedup.

Transformation: PushDown. The pushdowntransforma-
tion pushesa statementfrom the call-site into the body of
a calledfunction. In sodoing,all thesitesfrom wherethis
function is called may also be affected.

Justlike the pushuptransformation,this transformation
mayinfluencetheparametersof thecalledfunctionin order
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1  Procedure Sale_Pay_Profit (days: integer; 
 cost: float; var sale: int_array; 
 var pay:  float; var profit: float; 

                         process: boolean); 
2   var i: integer;total_sale, total_pay: float; 
3   begin 

4    i := 0; 
5    while i < days do begin 

6           i := i + 1; 
7       readln(sale[i]); 
8      end; 
9      if process = True then begin 
10      total_sale:=0; 
11      total_pay:=0; 
12      for i := 1 to days do begin 
13          total_sale := total_sale + sale[i];  
14          total_pay := total_pay + 0.1 * sale[i]; 
15          if sale[i] > 1000 then 
16              total_pay := total_pay + 50; 
17      end; 
18      pay := total_pay / days + 100; 
19      profit := 0.9 * total_sale - cost; 
20    end; 

21  end; 
 

1.2a

1.1

SDC

Seed

1  Procedure Sale_Pay_Profit (days: integer; 
 cost: float; var sale: int_array; 
 var pay:  float; var profit: float; 

                         process: boolean); 
2   var i: integer;total_sale, total_pay: float; 
3   begin 
4    i:=0; 

5      while i < days do begin 
6          i := i + 1; 
7       readln(sale[i]); 
8     end; 
9     if process = True then begin 
10      total_sale:=0; 
11      total_pay:=0; 
12      for i := 1 to days do begin 
13          total_sale := total_sale + sale[i];  
14          total_pay := total_pay + 0.1 * sale[i]; 
15          if sale[i] > 1000 then 
16              total_pay := total_pay + 50; 
17      end; 
18      pay := total_pay / days + 100; 
19      profit := 0.9 * total_sale - cost; 
20   end; 

21  end; 

1.2b Wedge

(a) (b)

Figure2 Selection of code to be extracted into a function. (1.1) The userselectsthe seed.(1.2a)The systemhighlights the two
SDCsof the seed.EachSDC definesa single-entry,single-exitregion in which to boundthe slice. The userselectsone
SDC. (1.2b) The systemidentifies the statementsinfluencingthe seedwithin the regiondefinedby theSDC. In this step,the
userselectsthe readlnstatementas the seedwith the intent to separatethe userinterfacefrom the computation.

to ensurethat the externalbehaviorof the systemremains
unchanged.

Transformation: Rename. The renametransformation
changesthe name of a program component,such as a
function,a variable,a type,or a file. It changesthe name
at thedefinitionof thatcomponentandalsoatall theplaces
wherethat componentis referenced.

The renametransformationis analogousto Griswold’s
rename-variable transformation[14].

Transformation: Reorder. The reorder transformation
changesthe order of the parametersof a function. The
reordering is applied to the function definition and the
call-sites.

Transformation: Rescope. The rescopetransformation
changesthe scopeof a variable, for instance,it changes
a global variable into a parameter.The rescopetransfor-
mation may influencethe parametersof a function both
whena global variableis convertedinto a parameteror a
local variable;or whena parameteror a local variableis
convertedto a global variable.

The reorderand rescopetransformationin Griswold’s
cataloguemay be performedby using his move-expr
transformation.His cataloguedoesnot haveexplicit trans-
formation for this operation.

Transformation: Group. The group transformationcol-
lectsa setof variablesinto a structure(record).

The group transformationwould be most valuable in
migrating FORTRAN IV programsto FORTRAN 9X or
to other procedurallanguages.The transformationwould
alsobe valuablefor re-architectingC andC++ programs,
especiallythose written by domain-expertswho are not
trainedcomputerscientists. The group transformationis
analogousto thevectorfy-bindings andlistify-
bindings transformationsof Griswold [14].

Transformation: Ungroup. The ungrouptransformation
decomposesa structureand createsa variable for each
of its fields. The ungroup transformationmay be used
to decomposea structurewhen it does not representa
cohesivegrouping.

4 Accessing evolutionary transformations
using the mouse

The DIME project’s major innovation is in providing
accessto rigorous, formal transformationsat the click of
a mouse.Thus,an importantcomponentof the project is
how to associatethe transformationswith mouse-clicks.
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   Procedure Sale_Pay_Profit (days: integer; 
      cost: float; var sale: int_array; 
      var pay:  float; var profit: float; 
      process: boolean); 
    var i: integer; 
           total_sale, total_pay: float; 
     begin 
       Read_Input(days, sale); 
        if process = true then begin 
        total_sale := 0; 
        total_pay := 0; 
          for i:= 1 to days do 

           begin 
3.1             total_sale :=total_sale + sale[j]; 
                   total_pay := total_pay + 0.1 * sale[j]; 

                   if sale[j] > 1000 then 
2.1                 total_pay  := total_pay + 50; 

           end; 
4.1      pay := total_pay / days + 100; 
5.1      profit := 0.9 * total_sale - cost; 
        end; 

   end; 

Procedure Read_Input(days: integer; 
     var sale: int_array): int_array; 
var i: integer; 
begin 
     i := 0; 
     while i < days do 
     begin 
          i := i + 1; 
          readln(sale[i]) 
     end; 

end; 
 

2.2,3.2,4.2,5.2

1.3New function

Figure3 Completion of function extraction, and input for subsequent steps (1.3) The codeselectedin Figure2 is extractedand
convertedinto a function. The selectedcodeis replacedby a call to this function. Sincethe selectedcodedid not interleave
with any othercodethe decisionaboutwhereto placethe call wasstraightforward.Userselectedfor steps2, 3, 4, and5
and the SDC selectedfor theseseedsareshown. The next figure containsthe resultof thesesteps.

Procedure Sale_Pay_Profit (days: integer; 
 cost: float; var sale: int_array; 
 var pay:  float; var profit: 

float; 
                         process: boolean); 
begin 
     Read_Input(days, sale); 
     if process = True then begin 
         pay := Compute_Avg_Pay(days, sale); 
        profit := Compute_Profit(cost, sale); 
     end; 
end; 
 
Procedure Read_Input(days:integer; 
     var sale: int_array); 
var i: integer; 
begin 
     i:=0; 
     while i < days do begin 
          i := i + 1; 
          readln(sale[i]); 
     end; 

end;  

Function  Compute_Pay(days: integer; 
          sale: int_array): float; 
var  total_pay: float; 
         j: integer; 
begin 
     total_pay := 0; 
     for j := 1 to days do 
     begin 
          total_pay := total_pay + 0.1 * sale[j]; 
          if sale[j] > 1000 then 
               total_pay := total_pay + 50; 
     end; 
     return (total_pay); 
end; 
 
Function Compute_Sale(days: integer; 
         sale: int_array): float; 
var  total_sale: float; 
        j: integer; 
begin 
     total_sale := 0; 
     for j := 1 to days do 
     begin 
          total_sale := total_sale + sale[j]; 
     end; 
     return (total_sale); 

end; 

Function Compute_Avg_Pay 
     (days: integer; sale: int_array): float; 
var total_pay: integer; 
       pay: float; 
begin 
    total_pay := Compute_Pay(days, sale); 
     pay := total_pay / days + 100; 
     return (pay); 
end; 
 
Function Compute_Profit 
     (cost: float; sale: int_array): float; 
var  total_sale, profit: float; 
begin 
     total_sale := Compute_Sale(days, sale); 
     profit := 0.9 * total_sale - cost; 
     return (profit); 
end;

1

2

3

4

5

Figure4 Final result of restructuring program in Figure 1. The annotations1 to 5 indicatethe restructuringsteps,with respect
to previousfigures,in which the function was created.To createfunctionsin steps2 and3 required
separatinginterleavedcomputations.This wasachievedby duplicatingsomecodesegment.

The mouse-basedoperationsof Macintosh and Win-
dows95desktopsmay be classifiedinto two categoriesas
follows:

• Selection: Selectan object; add to selection;unselect
an object

• Action: Move, Cut, Paste,Drag-Drop, User-defined
operation
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Bothtypesof operationsareperformedusingeithermouse-
clicks or menuselection.Theactionoperationsoperateon
objectswhich areidentifiedusingtheobjectsin thecurrent
selection.

Theneedto accesstransformationsusingthemousein-
troducesa needfor additionalformalismthatis not needed
in otherusesof formal transformations.To beeasyto use,
DIME shouldnot require the user to specify all the pa-
rametersto a transformationcompletely.Instead,it should
infer theparametersbasedon somehintsor seedsprovided
by the user. Additional formalism is neededto identify
theseparametersautomatically. The next transformation,
an exampleof suchformalism,hasbeendesignedexplic-
itly for the purposeof identifying parametersfor split and
fold [21].

Transformation: Wedge. The wedge transformation
boundstheslice in a single-entry,single-exitregioncalled
a singledefinite control (SDC) (See[8, 21] for details).

Figures1 through4 showtheabovetransformationsin-
teractivelyextractinginterleavedcomputations.The orig-
inal function, given in Figure 1, hasa very low cohesion
[28]. In subsequentstepsthis functionis restructuredusing
a sequenceof Wedge,Split, andFold transformations.At
eachstep,the computationsrelatedto a setof seedstate-
mentsare extractedand convertedinto a function. The
final programhasan object-basedarchitecturein that the
computationfor eachdatais hiddenin a singlefunction.

A restructuringstepin Figures1 through4 consistsof
the following activities:

1. The userselectsa setof seedstatements.
2. With the help of the system,the userselectsthe com-

putationto be extractedin a function:

a. The system highlights the SDCs of the seed
statements.The userpicks an SDC.

b. The systemselectsthe computationto be ex-
tractedby applyingthewedgetransformationon
the seedand the SDC.

3. The systemreplacesthe selectedcodeby a call to this
new function.

The seedstatementsneednot be contiguouscode. If
the selectedcode is interleavedwith any other code, the
systemmay haveto duplicatesomecode. In sucha case,
the systemgeneratesthe parametersof the new function
andplacesthe function call suchthat externalbehaviorof
the function is not changeddueto theduplicationof code.
If the systemcannotguaranteethat the externalbehavior
will remainunchanged,thesystemdoesnot createthenew
function call.

Figures2 (a) and(b) showthedetailsof performingthe
aboveactivitiesonce.Theuserselectsthereadlnstatement

astheseedandtheprocedureentryastheSDC.Theresult
of thewedgetransformationis shownin Figure2(b). This
examplehasbeentaken from Deprez[8]. Details about
the intermediatesteps and the formal definition of the
transformationsmay be found in his thesis.

5 Related works

Therehasbeensignificantamountof work in theuseof
programtransformationsfor the developmentof program
from specifications[10, 24], for evolutionof specifications
[11, 18, 19], and for specification-directedevolution of
programs[9, 22] . All theseworksrequirethespecification
of a programto be explicitly represented,usually in some
formal language. The transformationswe proposemay
be classifiedas structural evolution transformation. Our
transformationsoperatedirectly on the program. Since
these transformationsdo not modify the behavior of a
program,they treat the programas its own specification.
The focus of the structuraltransformationis the structure
of a program.

Structural evolution transformationshave previously
beenstudiedby Griswold and Notkin [12, 14], Bull [5],
Datta[7], andtheREDOproject[4]. GriswoldandNotkin
studiedthesetransformationsfor Scheme,an imperative,
yet structured, language. Bull, Datta, and the REDO
project have developedgeneral frameworks to describe
such transformations. Theseframeworksare quite sim-
ilar to SoftwareRefinery (now called Reasoning5Code
BaseManagementSystem,CBMS [25]†). They provide
capabilityfor expressingreengineeringtransformations.

Jain hasformalizeda methodof constructingcomplex
logic programsby annotatingthe control flow of simpler
programs[17]. He proposesa softwareenvironmentfor
constructingandmaintaininglogic programsusinga cata-
logueof simpleprogramsanda list of “behaviorpreserv-
ing” transformations.Thesetransformationspreservehow
a programcomputesbut alter what it computes.In con-
trast,we preservewhat a programcomputesbut mayalter
how it is computed.

Since we operateon the structureof a program, our
work is relatedto researchin syntax-directededitors[26,
29]. The structuraloperationsprovidedby such editors,
while awareof a program’sstructure,arenot sensitiveto
its semantics.Thereinlies thedifference.Eventhoughour
transformationsareorientedtowardsa program’sstructure,
theyareactuallysemanticsdirectedbecausetheyareaware
of the semanticsof the program’sstructure.

Interestin syntax-directededitorshasresurfaceddueto
the WWW phenomenon.The NetscapeComposereditor
is an exampleof a syntax-directededitor. Programming

† Visit http://www.reasoning.com
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environments,suchasVisual Basic,Visual C++, the Java
DevelopmentKit, and SymantecCafe, also provide rudi-
mentarysyntax-directedediting usingthe mouse.Though
thesetools give an appearanceof drag-and-dropediting,
similar to what we propose,the operationsthey provide
do not haveany semanticcontent.

Simonyi’s effort in IntentionalProgramming(IP) at the
Microsoft Researchis directedtowardsdevelopinga new
paradigmof programming[2]. Insteadof encodingactions
in the rigid syntax of a programminglanguages,as one
currently does,a programmerwill encodeintentionsin a
syntax-freestructure.Thestructureis syntax-freein that it
may not correspondto any externalASCII representation.
A programin the IP paradigmis a hierarchyof intentions.
The higher-levelintentionsare definedin terms of other
low level intentions.Thelowestlevel of intentionsmapto
thenotionof statementsin traditionallanguages.In the IP
paradigm,sincetheintentionsareexplicitly modelled,they
also provide a traceof a programmer’sdesigndecisions.
To move existing code to the IP paradigmwill require
identifying andencodingits hierarchyof intentions,a task
that would requiresignificanteffort.

Our structuralevolution transformationscorrespondto
transformingintentions in the IP paradigm. Our evolu-
tionarymodelmay thereforeprovidea bridgebetweenthe
currentparadigmand the IP paradigm. Using our trans-
formationslegacycodemay be movedto the IP paradigm
incrementally.

6 Conclusions

The DIME environmentwill aid in reengineeringthe
designof existingsystemsandalso in extractingreusable
componentsfrom existing systems.DIME’s architectural
transformationswill enableprogrammersto surgically op-
erateon legacysystemsand reengineerthem into object-
orientedarchitectures.For example,using DIME’s drag-
and-droptransformationsa programmerwould first sepa-
rate the kernelof a softwaresystemfrom its (user)inter-
face. Then using similar transformationsshemay collect
the codesegmentsoperatingon the samedatastructures.
Thenthe programmermay throw awaythe old userinter-
faceandpackagethe kernelasa reusablecomponent.

TheDIME environmentis currentlyunderdevelopment.
Besidesthe work presentedin this paper,we haveso far
developedthe algorithmsnecessaryfor performingsome
of the transformations[8, 21].

There are severalchallengesin the path of executing
the vision presentedin this paper. The most formidable
challengeis in developingalgorithmsfor performingcon-
trol anddataflow analysisof programsin reasonabletime
and with reasonableprecision. This is further madedif-
ficult by the needto incrementallyupdatethe analysisas

the programis modified. Facedwith theseissues,Gris-
wold andNotkin developeda formalismfor incrementally
updatingthe analyses[14] anddevelopedan architectural
designthatreducedthecostof keepingthevariousanalyses
consistent[15]. Yet, theyhaveconcludedthat theanalysis
cost for a large systemis prohibitively expensive. They
arenow developinga tool thathelpa programmerin plan-
ning the restructuringtask, but that doesnot perform the
restructuringitself [13].

The DIME project is investigatinga compromisebe-
tweenprovidingno automatedsupportandfully automated
support.In theapproachbeingpursued,wesplit thetestfor
thefeasibility of a transformation—that the transformation
will notchangemeaning—intotwo parts: localandglobal.
The systemwill actually verify whethera transformation
is feasibleusing local information—typically information
within a procedureor a function. It will not verify, but
only developthe constraintsthat shouldbe satisfied glob-
ally, i.e., using informationoutsidethe function, in order
for the transformationto be feasible. The unsolved,but
may be simplified, global constraintswill be presentedto
the programmerto verify.
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