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Abstract

Softwarereengineering for object-oriented rearchitectur-
ing offers an exciting opportunity in migrating old legacy
systemsto evolvable systemsin a disciplined manner. Inthe
twofol d-strategy software reengineering for object-oriented
rearchitecturing, one of theproblemsto be solvedistoderive
a proper object—oriented model from the output of reverse
engineering and the output of forward engineering. In gen-
eral, the outputs of forward and reverse engineering can
be inconsistent in their abstract levels, the amount of de-
sign information, naming conventions, and structures. In
this paper, we present an Object—oriented model Refine-
ment Technique(ORT) to build a final object model in the
twofold-strategy software reengineering. We first organize
the information gained from reverse engineering into spec-
ification information tree, and then compare the entities in
the specification information tree with the information from
forward engineering using tree-structured data dictionary to
produce the final model. We demonstrate the usability of
ORT by an example.

1. Introduction

There are many legacy systems still in use even nowa:
days. Thesesystems, developed many yearsago, areusually
large, unstructured and poorly understood. However, it is
not desirableto throw them away and rebuild the whole sys-
tem because such rebuilding would require so much cost in
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terms of time and effort, and the users of the systemswould
suffer from the temporal absence of the services during the
development of new systems.

Software reengineering offers an exciting opportunity to
resolvethese problems, by offering an approach to migrating
a legacy system to an evolvable system in a disciplined
manner. Softwarereengineeringistheprocessof creatingan
abstract description of a system, reasoning about a change
at a higher level of abstraction, and then re-implementing
the system[8]. In recent years, the object-oriented paradigm
hasbeen adoptedin many softwareindustriesfor developing
new products. Accommodating with the trend, the software
reengineering for object-oriented rearchitecturing has been
gathering much attentions for reducing development costs
and to facilitating the software maintenance.

Many reengineering research groups have reported that
domain knowledge plays a critical role during the software
reengineering process [1][2][4]. The domain knowledge
can be helpfully used in the form of patterns of informal or
semi-formal information such as a model, a program or the
human individual himself. Such knowledge can be defined
as conceptual abstractions[2]. Softwarereengineering pro-
cessthat contains conceptual abstractionsas oneof itsinputs
for the process of refining amodel from reverse engineering
is defined as twofol d-strategy software reengineering[6]. In
order to reflect domain knowledge to design information
recovered from reverse engineering in the twofol d-strategy
software reengineering, a systematic refinement processis
necessary to guide the process of reflecting the useful infor-
mation from forward engineering into the information from
reverse engineering.

In software reengineering for object—oriented rearchi-
tecturing, domain knowledge is usualy represented as an



object model. During the refinement process, two object
models from different origins, one from reverse engineer-
ing(RooAM, Reverse generated oo Application Model[4])
and the other from the domain knowledge(FooAM, Forward
generated oo Application Model[4]), should be compared.
Due to the fundamental difference in their origins which
each model was built from, there are inherent differencesin
their abstraction levels, naming conventions, design infor-
mation, and structures in the RooAM and the FooAM[1][4].
In order to build an optimal final object model out of these
two models, effective comparison and refinement of the
two models are essential. In this paper, we introduce a re-
finement technique that overcomes the previous mentioned
differencesin the two models, RooAM and FOoAM.

We cal this technique Object—oriented model
Refinement Technique(ORT). The rest of this paper is or-
ganized as follows. In Section 2, we review related works
including the concept of twofold-strategy software reengi-
neering and its validity. In Section 3, we will explain in
detail suggested data structuresfor ORT, their construction
steps, and how they are used in ORT. Then we will present
the process steps of ORT. Section 4 reports the prelimi-
nary results of ORT with an example. Finaly, Section 5
discusses the proposed technique and the future work.

2. Related Works

In this section, we summarize the current major reengi-
neering researches.

2.1. COREM

COREM! is a process and framework developed
a Vienna Univ. of Technology for reuse-oriented
reengineering[4]. COREM realizes the extraction of cap-
sulessimilar to objectsfrom an existing systemimplemented
in a procedural language. In the COREM process, human
intervention is naturally recommended for improving the
quality of the object—oriented model developed through the
reengineering process. COREM is considered as a repre-
sentative framework with a twofold strategy and a reuse-
oriented reverse engineering method for extracting reusable
components from existing programs. Also the concept of
application-semantic was defined first in COREM[4]. On
the other hand, it does not address the i ssues encountered in
the object refinement process systematically, such as differ-
encesin abstraction levels, naming conventions, amounts of
designinformationand structures. Inthispaper, wefocuson
these problems, and propose an approach to resolve them.
Figure 1 showsthe overall framework of COREM.
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Figure 1. Overview of COREM framework

2.2. Rigi

Rigi is a system for analyzing evolving software sys-
tems through the reverse engineering technique developed
at Univ. of Victorig[11]. The main goal of the Rigi system
isto extract abstract information from software representa-
tions for software engineers in order to facilitate software
evolution. Its focus is on summarizing, querying, repre-
senting, visualizing, and evaluating the structure of large,
evolving software systems. Rigi hasbeen used inthediscov-
ery, reconstruction, and evaluation of subsystem structures
in existing software systems in the investigation of spatial
and visual relationships among software artifacts for pro-
gram understanding[7]. It has been proven to be successful
during demonstrations at several software engineering con-
ferences around the world. In this paper, we also use Rigi
for the reverse engineering of our C source code example.
Rigi 5.4.3 can be obtained from public domain.

3. Object—Oriented Model Refinement Tech-
nique

In this section, we explain ORT process in detail. In
Section 3.1, we introduce the specification information tree
suggested to resolve possible inconsistencies of abstraction
levels between the two object model S(RooAM and FOoAM).
In Section 3.2, we explain the tree-structured data dictio-
nary, developed for resolving the naming inconsistencies
between the two object models. In Section 3.3, we integrate
these data structures into ORT steps, and explain al the
stepsin ORT.

3.1. Building a Specification Information Tree
The concept of information tree was originally invented

for effective checking of completeness and consistency be-
tween given requirements statements and its obj ect-oriented



requirements specifications(lOORS)[12]. Information tree
is built from formal specification written in a formal spec-
ification language. The specification information tree(SIT)
is an extended form of the information tree to represent the
application-semantic, while preserving the original proper-
tiesof theinformationtreefor completenessand consistency
checking.

Among the data structures used in a software system,
some of them are more important than others. Most of the
data structures are used for local purposesand not crucial to
understand the software globally. We believe that the data
structures used globally among modules are moreimportant
than those used locally in terms of understanding the soft-
ware under reengineering. Those important data structures
are defined as application-semantic[4].

Thefollowing stepsare performedin constructingan SIT

step 1 Make class specifications from RooAM.

step 2 Createaroot nodethat representsthe whole sys-
tem. Thisroot node formsthe level O of the tree.

step 3 Attach class nodes to the root node. Each class
node correspondsto a classin the system. These class
nodes form the level 1 of the tree. Each classis rep-
resented as a circle with the corresponding name for
each.

step 4 In the level 2, attach method nodes to the corre-
sponding class node. In this step, the special method,
main() is drawn as a rectangle to distinguish main()
from other methods.

step 5 In the level 3, attach the attribute nodes to the
corresponding method node. Each attribute identi-
fied as an application-semantic through identification
heuristicsis denoted by adoublecircle. Child nodes of
arectangle node(main()) are also drawn as double cir-
cles because the distance between data structures and
main() function can beafactor for application-semantic
identification.

step 6 For each class node in level 1, examine if it has
any double-circled nodes as its child in the level
3. Change the arc between such class node and root
node into bold type. Such classes become application-
semantic.

step 7 If thereareconstraint conditionsfor nodesin the
level 3, they arerepresented in the level 4 with cir-
cles.

step 8 If any two classesin level 1 arecommunicatewith
each other, add dashed arcs between the classes
in the level 1, by examing a call-graph or other

documents that can be used for system’s dynamic
behavior[12].

Let S be the specification information tree for an object
model. We can define various operationson S asfollows:

1. asDS(S) : return a set of application semantic data
structuresin S

2. Uncertainties(S,e;) If an entity(attribute or
method) e; in S has uncertainties for its membership,
return all classes that it belongsto. It returns one class
in case of no uncertainty. Uncertatinties mean the sit-
uation such that an entity are decided to belong into
several classes due to the lack of design information.
This can happed in case that the object-oriented re-
quirementsspecification aregenerated from thereverse
engineering.

Figure 5 in Section 4 shows an example of SIT.
In the case shown in Figure 5, asDS(S) is the
set of {NUM,ID, Name, Month, Date, Read, pages}
and Uncertainties(S,RetrieveT'itles) is the set of
{tagRECORD,ITEM}.

3.2. Building a Tree-structured Data Dictionary

In ORT, two object models, RooAM and FooAM, are
used as the input for the process of building a final object
model. We propose atree-structured data dictionary, called
TsDD, for combining data dictionaries of those two object
models(RooAM and FooAM). The following steps are per-
formed in constructing the TsDD :

step 1 Identify all entities appeared in RooAM.

step 2 List theidentified entitieswith tag C for the class
entities, M for themethod entities, Afor theattribute
entitiesin thelexicographic order. Each entity, iden-
tified in this step, becomes root for each sub-tree. We
do not give descriptionsto each entity because we have
little knowledge about the source code.
step 3 Underline entities that are identified as
application-semantic.

step 4 |dentify all entities appeared in FOoAM with the
sametag types mentioned in step 2.

step 5 Makeeach entity identified in step 4 a child of the
lexicographically closed entity prepared in step 2.
If there are many lexicographical-closed entities, map
the entity identified in this step to the one of the candi-
datesthat has the same tag. Programmersare likely to
nameentitiesinthesimilar stylethat hassimilar seman-
tics. For example, person, perlnfo, pers,



pl t emare used for peopleinformation. Thus, we ar-
range entities identified in step 4(from FOOAM) near
the lexicographically closed entities prepared in step
2. Eventually, many trees, that have entitiesin step 2
astheir roots, will be made.

step 6 Give a textual description to each child
node(entities in step 4) in TsDD. It can be easily
done because the leaf nodes originate from the domain
knowledge.

step 7 If there are entities that have similar semantics
between trees, connect these entitieswith an arc(i.e.
customer andclient).

step 8 Finally, group entities with the same pre
fix(postfix). Thisis due to the fact that entities with
the same prefix(postfix) are likely to do functionali-
tiesin the same categories. For example, the function
names that begin with Conp in one system, may have
functionalities such as computer something.

An example of TsDD isgivenin Figure 2.

Person(C) — Perltem({C) : description1
\ PerSta(C) : description2
\\ — PerRel(C) : description3
ld{A) Id_Find{M) : description4
Id_Find{M} : descriptiond
ld_Update(M) : descriptiont
Use(M) UseriC) : desription7

Figure 2. Example of TsDD

Let aTsDD generated fromaSIT S and an object model
O beDZ,. A rootentity and A child entity in DS are denoted
by r;, c;, respectively. The followings are the operations
defined on DJ,.

1. Ren(r;,cj) : Renaming entity »; with ¢;. Child en-
tity ¢; is based on domain knowledge and usually has
semantics.

2. Map(D3,r;): Amongchildrenof r; inD$, choosean
entity that is capableto refine r;, and return the entity.
If there are several candidate entities that can be used
to refine r;, we combine those entities to make a new
entity that hasreasonable semantics, and returnit. This
decision can be made with the help of domain know!-
edge(FooAM), and the understanding of source code

through SIT. To perform operation Map , one must
know the characteristics of r,. We can get such infor-
mation by performing the operations, Uncertainties
andasDS onS.

3.3. Object—Oriented M odel Refinement Procedure

ORT basically follows the similar style of object model
building procedure in OMT[10]. However, while the ob-
ject model building procedurein OMT is done on the basis
of the knowledge from domain analysis, the building proce-
durefor the object model in ORT considersboth the domain
knowledge and the information from the reverse engineer-
ing. ORT is performed using the following steps :

step 1 Builda SIT S from RooAM Oy, .

step 2 Preparean empty data dictionary from SIT. This
step isthe same as step 1 ~ step 3in TsDD building.

step 3 Identify objects and classes from problem state-
ments.

step 4 Identify associations(and aggregations) between
objects.

step 5 Identify attributes of objects and links. Through
step 1 ~ step 5, we can build an FooAM which could
have similar abstraction level to O with the help of
SIT. Let an object model of such an FooAM be Oz
comparing to general instance of FooAM. We call a
general instanceof FoOoAM as O . INnCOREM, domain
knowledgeis modeled as O .

step 6 Preparea TsDD. This step isthe same as step 4 ~
step 8 in TsDD building procedure. Let a TsDD built
fromaSIT Sand O be D .

step 7 Compare two entities connected by an arc in
Dy, f there is an arc in the prepared TsDD, a
comparison process can be started from that arc. The
comparison process needs other documents from re-
verse engineering, such as a cal graph, a data flow
diagram(DFD), and a source code to understand the
entitiesfrom Ox . Inthisstep, thereengineer can reuse
the componentsin Oz, employ new componentsfrom
Oz, or modify the two components, onein Or and
the other in Oz (new relationship etc.). Comparing
process will make afinal object model Opr 7.
Initially, Opr7 isan empty set. Let »; be aroot in
D%F . Inthis step, We can get O+ asfollows:

Oort = Oort UU.—; Ren(r;, Map(D‘g)F )
(n isthe number of rootsin D3 )



step 8 Iterateand refinethe model. There can be entities

. . .y . tagRANK
in Oz not corresponding to the entitiesin Or. We o
can examine the classes that have relationships with o
the classes that were already mapped to O and the Das
related classes in Opr 7. This decision needs human T oo
intervention and will be infeasible to be fully auto- © T SompareFunc2
mated. Figure 3 shows the execution flow of whole i | |0 oot
ORT ﬁepS. LoadAllasesq Month ‘IE: CompareFuncPost)
Date o CurnpareFuncPages()
Read Name main”Q
1 Pages Month
RooAM d ass specifications RetrigveTitles™() ale
@ I dentify ! MakePosStLISt) ze‘ad
appl i cation-senmantic CompareFunc) Pages
candi dat es main’y RetrieveTitles™)
Tr ee-struct ur ed F Figure 4. Object identified in BBS analyzer

data dictionary

. { specification through reverse engineering
information tree

cPerformthe
refinefent:

can find that tagRank structure plays an important role
in the BBS anadlyzer. SIT for BBS analyzer is shown
in Figure 5. By applying ORT steps for Oz, we get
an object model shown in Figure 6. Figure 7 shows a
final refined object—oriented model (O 7) and Table
3 and 4 show the refining procedures when applying

Figure 3. The execution flow of ORT

ORT.

4. The Results of ORT
| Heuristic | Variable list |

To explain and demonstrate ORT we proposed, a BBS Distance between Rec(tagRecord)
Analyzer exampleis used. Thiskind of application is ADT and main() Rank
usually used among real BBS providersto find out the TempRank(tagRank)
statistic information of their BBS system. The BBS Pointer member Rec(tagRecord)
analyzer chosen in this paper has statistic size shown in structure Rank
in Table 1. For reverse engineering of the example TempRank(tagRank)
program, we used Ri gi 2 system, and we employed Usedin1/O tempRank
the type-based method[9]. Figure 4 showsthe O3 for function Rank(tagRank)
BBS analyzer.

Table 2. Application-semantic for BBS ana-
| Metric | Value | lyzer
Lines of Code 1325
Global variables 3

Functions 11 In Table 3, italic entities are reused in Opr 7.
Types(user-defined) 4

Therefinement stepsin COREM arefocused onresolving
uncertaintiesin Or. Thus COREM refinement steps have
little capability to change the O itself. Figure 8 shows
afinal object model when COREM refinement steps were
used. The uncertainties on methods RetrieveTitles() and
main() can be resolved by domain knowledge. The new
relationships between objects can also be made by domain
2We have used Rigi 5.4.3, the Rigi system circa 1996. knowledge.

Table 1. Statistic size of source code for BBS
analyzer

In Table 2, it is shown that the results of applying the
application-semantic heuristics to BBS analyzer. We




Figure 5.

Board

SIT for BBS analyzer

Transaction

hoard_form_info
board_spec_info
board_kind

print_board(

guery_kind

Find_Total_Writer()
Find_Total_Pages(
Find_Total_Inquiriesd
Find_Best10_Many_Unloader()
Find_Best10_Long_Uploader)
Find_Best10_Good_lUploader)
Find_Best10_Cansistent_Uploader()
Find_Best10_Many_AtOnce_Uploader(

Analyzer

fuery_kind
guery_status
guery_ID

Make_guern)

Figure 6. FooAM for BBS analyzer

Board Transaction
board_spec_info query_kind
board_kind Find_Total_riter()
print_boardg Find_Total_Pages()
Find_Total_Inquiries()
<% ORT-Steps. Find_Best10_any_Uploader):
Board_Form Find_Best!0_Long_Uploader(:
nurn Find_Best! 0_Good_Uplaader)
[ Find_Best! 0_Consistent_Uploader(
Naime Find_Best! 0_any_AtOnce_Upladerd
Marth
ORT-Step7: Date
Read
Pages
origlp Analyzer
board_ID aquery_kind RANK_list
Insert_item() queny_statls List_Nurn
Delete_itemg quen_ID List 1D ORT-Step9
Update_itemi) Make_guen) print(:
Figure 7. Object model Opr 7

| RooAM |

FooAM

00AM |

tagRANK

Num board_form Num
(board_form class)
ID board_form ID
(board_form class)
Name board_form Name
(board_form class)
Month | board_form Month
(board_form class)
Date board_form Date
(board_form class)
Read board_form Read
(board_form class)
Pages | board_form Pages
(board_form class)
ITEM, RANK _List

(combined class)

Table 3. Mapping list for BBS analyzer

| Stepsin ORT |

Actions |

8

Combine ITEM
and tagRANK (RANK _List)

9

| dentify the attribute
board_form as a part of
Board(aggregation)

Table 4. Changes of models in ORT

tagRANK
Hum
[s]
Hame
Days
Pages
lanaLIas Read
o tagRECORD
CompareFunc2(
Qriglh Num
o CompareFuncRead(
FindorigNarned Nams CompareFuncDays()
LoadAliases) ITEM CampareFuncPast)
Wanth Mum
CompareFuncPages(
Date D
ain’|
Read Mame
Pages Manth
RetieveTiesti | Date
MakePastList) Read
CompareFunc( Pages
main*{ RetrieveTitles™(

Figure 8. Object model Ocore



5. Conclusions and Future Works

In this paper, we proposed ORT as a systematic object
model refinement technique for the twofold-strategy soft-
ware reengineering. As realized by many software engi-
neering community, the human interventions required dur-
ing the object-oriented reengineering process is one of the
most critical obstacles. To reduce the amount of human
interventions, and to guide engineers in more systematic
manner, ORT provides the new refinement mechanism us-
ing SIT and TsDD that we have described so far. In ad-
dition, our approach has theoretical background in many
perspectives, such as graph. We found that the productiv-
ity of FOOAM played a critical role in the twofold-strategy
reengineering because reengineering is quite different from
redevel opment.

We have developed a graphic user interface supporting
various document formatsin ORT, and are currently in the
process of integrating them together. We plan to perform
more experiments on large-scale programs with the support
of the ORT tool.

In order to support theoretical assurance of our approach,
we haveto study the verification stepsfor refinement process
using SIT, in depth.
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