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Abstract—Great improvements have been made in methodolo-
gies on reengineering of legacy systems to enhance the migration
process. Unfortunately, taking into account the large scale of
these systems, the duration of reengineering process can still
be quite long which will make an impact on the business the
systems supported. In this paper we propose a parallel iterative
reengineering model to reduce the reengineering process duration.
The model uses the method of Formal Concept Analysis to process
the complex access relationship between legacy components and
shared data. An algorithm named “Bottom-Up”, which consists
of two parts, is introduced to build the parallel schedule for
the reengineering process. This model shortens the reengineering
duration and has been proven to be successful in improving the
transition system’s performance in a comparative experiment.

Index Terms—Legacy System Reengineering, Parallel Itera-
tive Reengineering Model, Formal Concept Analysis, Bottom-Up
Algorithm, Performance

I. INTRODUCTION

Legacy systems are old computer systems or application
program that continues to be used, typically because it still
functions for the users’s needs, even though newer technology
is available. After years of evolution, legacy systems have
suffered from many problems, such as outdated technologies,
decayed architectures, lack of documents and so on. These
problems make the maintenance cost higher and higher. Meth-
ods are promoted for reengineering legacy systems such as
“Chicken Little Strategy” [1] and “Butterfly Methodology” [2].
These methodologies all have deficiencies in data migration
and access [3]. Alessandro in [4] proposed an iterative reengi-
neering method to overcome these problems. This method
suggested reengineering work to be iteratively executed on
various components in different phases; during execution of
the process there will be coexistence of legacy components,
components currently undergoing reengineering, reengineered
components, and new components, added to the system to
satisfy new functional requests [5].

Although the iterative reengineering method improves the
procedure of software reengineering in a large scale, the mi-
gration process of legacy systems is still suffering deficiencies.
Firstly, the quick change of business environment for legacy
systems nowadays requires a shorter reengineering cycle, while
the heavy workloads makes it difficult to shorten project
duration. Secondly, frequent development and maintenance of
the code for transition systems will cause resources waste and

increase the complexity, especially in some ultra-large legacy
system. Thirdly, the cost on format change between old and
new data module in the interactive operation will impair the
performance of transition system. These unsatisfactory aspects
will finally impact the customer’s confidence.

Due to these problems, we proposed an enhanced iterative
model: the parallel iterative reengineering model. This model is
attractive because it allows several different components to be
reengineered in one cycle. Formal Concept Analysis, which
has strong mathematical capability of processing a group
of elements with properties [6], is used in our approach to
formalize the access relationships between legacy components
and shared data. We proposed “Bottom-Up” algorithm to sort
the concepts in the lattice of access relationships. Finally an
Iterative Cycle Reference Table is obtained to help schedule
concurrent development in reengineering process. The parallel
reengineering model can decrease the complexity of data ac-
cess and maintenance as well as make a full use of developing
resources, thus enhance the transition system’s performance.

The rest of the paper is organized as following. In section
II, the formal method used to deal with access relationships
of a legacy system is introduced. In section III, the parallel
iterative reengineering model is presented in detail, including
two parts of the “Bottom-Up” algorithm and the output in each
stage. Section IV outlines a comparative experiment to prove
the enhancement this method made in the performance of a
transition system. The last section is the conclusion.

II. FORMER METHOD

A. Formal Description of a Legacy System

The following gives the formal definitions of elements in the
reengineering process of a legacy system. The legacy system is
represented by S0, while S′ represents the target system. Then
the parallel iterative model can be described by Equation (1),
in which is the transition system after the nth iteration [7].
All systems of different states execute the same function as
the original legacy system.

S0 ⇒ S1 ⇒ S2 ⇒ · · ·Sn ⇒ S′ (1)

In system analysis work, the legacy system is divided into two
parts: the Legacy Components (LC) and the shared Legacy
Data (LD). To begin with, we will define the two factors that
will appear in every cycle [8].
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• Legacy Components: legacy system operating on a set
of recorded data

• Shared Legacy Data: the data set operated by legacy
system, used by various legacy components

LC and LD are expressed respectively in Equation (2) and
(3):

LC = {lc1, lc2, · · · lci} (2)

LD = {ld1, ld2, · · · ldj} (3)

B. Access Relationship Table

In a legacy system, dependencies between components and
data are quite complex and can influence the performance of
the transition system when components access shared data
files through Data Banker [4]. The first step to analyze a
legacy system involves identification and analysis of the usage
relationship between data files and various components. In this
paper we use the method introduced in [9] to establish the
usage relationship. A table is created to show the access de-
pendencies between legacy components and shared data. Those
table cells filled with an “X” indicate an access relationship
between the corresponding component and the shared data.
The paper will give an example of a simplified legacy system,
named System E, to make all conceptions easy to understand.
Table I is the Access Relationship Table of System E.

TABLE I
ACCESS RELATIONSHIP TABLE OF SYSTEM E

Shared Data

ld1 ld2 ld3 ld4 ld5 ld6

L
eg

ac
y

C
om

po
ne

nt
s lc1 X X X

lc2 X X

lc3 X X X

lc4 X X

lc5 X

lc6 X X X X X

lc7 X

C. Building the Concept Lattice of Components and Data

Formal Concept Analysis (FCA) is a branch of lattice theory
used to identify meaningful groupings of elements that have
common properties [10]. The concept, defined as a pair of sets:
a set of elements and a set of properties (X , Y ), is used to
represent a relationship between a component and a shared
data set in this paper. The set of all the concepts of a given
context forms a complete partial order, thus it can constitutes a
concept lattice [11]. Concept Lattice reflects relations of super-
concept and sub-concept. Every node in the lattice represents
a concept and the node at a higher level is the super-concept
of underside nodes which have edges to it. So the top node
has all objects of discussion, and the bottom node has the all
attributes. Assuming there’s an access relationship between lci

and ldi, we can call (lci, ldi) a concept. Based on the access
relationships in Table I, we can build the concept lattice of

system E using the Lattice Build Algorithm [10], as shown in
Fig.1.
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Fig. 1. Concept Lattice of System E

The theory of formal concept analysis and concept lattice
guarantees the uniqueness of access relationships between
legacy components and shared data in the access relationship
lattice. Therefore we can avoid extra work on determining the
optimal one among kinds of possible solutions.

III. PARALLELED ITERATIVE REENGIEERING MODEL

Parallel method allows various components and data to be
operated in one cycle during the reengineering process. Its
main idea is to analyze the concepts in a relationship concept
lattice applying “Bottom-Up” algorithm. Based on the concept
lattice obtained in last scenario, developers can already draw
the schedule plan according to project’s resources. However
the workloads can be very heavy providing a complex lattice.
Hence the relationships in concept lattice need further process.
“Buttom-Up” algorithm is designed to meet this requirement.
The algorithm consists of two parts: the Concept Partition
Algorithm and the Recursive Sorting Algorithm. An Iterative
Cycle Reference Table (ICRT) is delivered at the end to help
schedule the iterative cycles.There are four stpes in total to
fulfill the parallel iterative reengineering model. The whole
process, including access relationship analysis and conception
lattice building, is shown in Fig.2.

ICRT contains all optimized information of the access
relationships in the legacy system. Each role within it covers
the essence information of a node in the concept lattice,
including elements of priority, name of the access concept,
the legacy components and data that need reengineering. In
the following paragraphs we will introduce the detailed theory
of how “Bottom-Up” algorithm creates ICRT.
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Fig. 2. Four Steps in the process of Parallel Iterative Reengineering Model

A. Concept Partition Algorithm

Based on the concept lattice of a legacy system, Concept
Partition Algorithm works on partitioning the access concept
into different layers according to their distance from the
bottom. In this method, Li is a set of concept, L0 presents the
bottom of the concept lattice, and L1, L2, · · · , Li respectively
present the layers above in order. Edge {Cj → Ci} stands for
the relationship Cj that is the sub concept of Ci .There are
three rules in detail for the partition algorithm.

• Ci is in L1 if it directly connect to the bottom;
• Ci is at least in Lk+1 if Cj is in Lk and edge {Cj → Ci}

exists;
• If Ci has several sub concepts in different layers, the layer

of Ci depends on the one with the highest layer.
The detailed Concept Partition Algorithm is described in

Fig.3. Table II shows the partition result of the access concept
lattice in System E

TABLE II
CONCEPT LAYER OF SYSTEM E

Layer Concept Set

L1 {C0, C5}

L2 {C1, C1, C3, C8}

L3 {C4, C6, C7}

B. Recursive Sorting Algorithm

Once the table of concept layer is generated, we will use
the Recursive Sorting Algorithm to form ICRT. The concepts
are sorted uniquely according to four rules:

• A concept in lower layer has a priority in sorting;
• Once a concept is sorted, those who share the same super

concept has a priority in sorting;
• A concept has a priority in sorting when all its sub

concepts are sorted;
• A concept should be sorted after all its sub concept
Because Li is a set, concepts in Li are out-of-order.

However, sorting concepts in the same layer can help to decide
the priority in the reengineering cycle. The rule is that the one
in the front of the queue will be reengineered first. Recursive
sorting Algorithm is as shown in Fig.4. Table III is the ICRT
of system E after sorting.

Concept Partition Algorithm
C is the set of concepts in lattice except for bottom and top
ci ∈ C, i = 1, 2, . . . N
1. for all ci ∈ C do
2. If ∃{bottom → ci}
3. L1 ← Li ∪ {ci}
4. C ← C − {ci}
5. End if
6. End for
7. Repeat:
8. for all cj ∈ Lx do
9. for all ci ∈ C do
10. If ∃{cj → ci}
11. Lx+1 ← Lx+1 ∪ ci

12. If ((ci ∈ Lk)&&(k < x + 1))
13. Lk ← Lk − {ci}
14. End if
15. End if
16. End for
17. End for
18. If (Lx = ∅)
19. goto Exit
20. End if
21. x = x+1
22. Goto Repeat
23. Exit

Fig. 3. Bottom-Up: Concept partition algorithm.

TABLE III
ITERATIVE CYCLE REFERENCE TABLE OF SYSTEM E

Priority Access Concept Legacy Component Shared Data

1 C0 lc1 ∅

2 C1 lc2 ld1

3 C5 lc6 ∅

4 C3 lc4 ld5

5 C8 ∅ ∅

6 C7 ∅ ld2

7 C2 lc3 ld4

8 C6 ∅ ld6

9 C4 lc5, lc7 ld3

C. Build the Iterative Schedule Table

During a project process, allocating the development re-
sources will be influenced by project manager’s experience as
well as the recognition of the resources and legacy compo-
nents. Also, four rules are described to conduct the resource
allocation:

• The legacy components in ICRT should be transformed
from top to bottom;

• When a legacy component was arranged to be reengi-
neered within an iterative cycle, the related shared data
should be migrated in the corresponding cycle;

• Legacy components in the same access concept should be
arranged in the same iterative cycle for the parallel reengi-
neering; If it is the case that the remainder development
resources can not satisfy the reconstruction requirements
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Recursive Sorting Algorithm
L is the set of all layers
Li ∈ L, i = 1, 2, . . . N ; N stands for the total number of layers
Li.F stands for the first concept in Li

Li.c is the concept in Li

ICRT stands for Iterative Cycle Reference Table
1. For (i = 1toN)
2. While(∃Li.F )
3. L1 ← L1 − Li.F
4. UpSort(L1.F, 1)
5. End while
6. End for
7. Exit
function UpSort(c,i) // c is a concept, i is the layer number of c
1. if (i+1>N)
2. return
3. End if
4. For (all Li+1.c that c → Li+1.c) do
5. DownSort(Li+1.c, i + 1)
6. UpSort(Li+1.c, i + 1);
7. End for
8. return
9. End function
function DownSort(c,i) // c is a concept, i is the layer number of c
1. if (i-1<1)
2. return
3. End if
4. For (x = i:2)
5. For (all Lx−1.c that Lx−1.c → c) do
6. If (x==2)
7. add Lx−1.cto ICRT
8. Lx−1 ← Lx−1 − Lx−1.c
9. Else
10. DownSort(Lx−1.c, x − 1)
11. End if
12. End for
13. End for
14. Add c to ICRT
15. Lx ← Lx − {c}
16. End function

Fig. 4. Bottom-Up: Recursive sorting algorithm.

of all legacy components in an access concept, two
options can be taken for the task scheduling:(1)put all
reconstruction work of these legacy components in next
iterative cycle (2)Continue the data migration work, and
defer the reconstruction of the legacy components with
lowest priority until next iterative cycle;

• At the end of a iterative cycle, if the next access concept
in next cycle contains only shared data, two options can
be taken for the data migration: (1) Migrate the data in
current cycle if the concept is the super set of former
concept; (2) Otherwise, delay the migration until next
iteration cycle

Applying these rules on the ICRT of system E in table III,
the iterative schedule can be generated, as shown in TableIV.

D. Schedule New Components’ Development

For most of the time, the development of new components
in a reengineering project is based on new business require-
ments. So their schedule which is defined at the beginning

TABLE IV
ITERATIVE SCHEDULE OF SYSTEM E

Iteration Migration of Legacy Components Development

Cycle Shared data to Remold Resource

1 ld1

lc1 X

lc2 Y

lc6 Z

2 ld2, ld3, ld4, ld5, ld6

lc4 X

lc3 Y

lc5 Z

3 lc7 X

is impossible to adjust with the parallel model. Only when
developers has the full right to schedule new components, they
could be added into the parallel schedule. The whole process
is simple. We can just make a few improvements in ICRT
according to the access relationships between new components
and shared data. Actually we just take the new components as
legacy ones in ICRT. Assuming there’re two new components
nc1 and nc2 to be developed in System E. nc1 has relationships
with ld1 and ld5 and nc2 has the relationships with ld1, ld2,
ld6. The ICRT with new components after adjustment is as
shown in table V.

TABLE V
ITERATIVE CYCLE REFERENCE TABLE OF SYSTEM E

Priority Access Concept Legacy Component Shared Data

1 C0 lc1 ∅

2 C1 lc2 ld1

3 C5 lc6 ∅

4 C3 lc4,nc1 ld5

5 C8 ∅ ∅

6 C7 ∅ ld2

7 C2 lc3 ld4

8 C6 nc2 ld6

9 C4 lc5, lc7 ld3

The time complexity of the “Bottom-Up” algorithm based
on the concept lattice is O(n3). Actually in the practical
application, the total number of components in general legacy
system is under 100. Thus the schedule result can be calculated
in some reasonable time. Therefore we can draw the conclusion
that the parallel iterative reengineering model is feasible. A
premise to be clear is that the parallel iterative reengineering
model mainly focuses on the relationships between compo-
nents and data. The final goal of components extraction with
any methodology is to get a system division in which the
components are of strong cohesion inside and week coupling
between each other. So the dependencies between components
are already weak enough. Even if there is data transmission
between components, it is much less uncomplicated than that
between components and data.
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IV. COMPARATIVE EXPERIMENT

The parallel solution talked above has been applied to a
fund accounting system named FE. The system which has a
history of nearly 20 years involves more than 1,000,000 lines
of source code and is developed by various languages. Parallel
iterative reengineering model have been applied to schedule
the migrating cycles and control the performance of transition
system in the past three years development. To compare the
effectiveness of parallel model and traditional model, a formula
is introduced to qualify the Performance Effect.

Suppose the performance from legacy system to target
system is proportional to the amount of legacy components to
be remolded, the effect of transition system by data migration
is qualified as Performance Effect Percentage (PEP):

PEPi =
1

N
·

N∑

j=1

PR(i,j)

(PTj − PLj) ·
NCi

TotalC
+ PLj

(4)

where N represents the total number of all cases in the stress
testing, PLj and PTj respectively represents the performance
of the jth case of legacy system and target system, PR(i, j)
represents the performance value of the jth test case at the end
of the ith iterative cycle, NCi represents the total number of
transition components that have finish reconstruction in the
ith iterative cycle, TotalC represents the total number of all
legacy components in the system.

To generate the simulated the data in traditional iterative
reengineering project without parallel model, we made some
control in the reengineering process. At the end of each
iterative cycle, we made some adjustment to some components
to make sure that they still access old database through the data
agent. Then three access relationships are randomly picked up
after adjustment and the average value of experiment results
is obtained to calculate PEP. Fig.5 is the comparative result
in graph. The blue line is the PEP of the migrating process
in parallel iterative model. The red line shows the PEP of the
process in original reengineering model which is simulated by
control. The x coordinate stands for performance percentage
value and y coordinate stands for the iterative cycle. The total
number of iterative cycles in the reengineering process is six.

Fig. 5. Results of comparative experiment on PEP in six cycles

In the project above, we can get that the performance
of transition system in FE has been improved significantly
by 10% around. By analyzing these data, we can draw the
conclusion that with the same order of reengineering, the
parallel model of iterative reengineering has improved the
performance of the transition system.

V. CONCLUSION

Rapid reengineering process and full use of development
resources are main challenges for reengineering of legacy
systems. Parallel iterative reengineering model proposed in
this paper is designed to satisfy these requirements. It allows
several components and shared data to be migrated in one
cycle according to their access relationships. Also, the Iterative
Cycle Reference Table built by “Bottom-up” algorithm helps
developers to allocate developing resources according to the
reengineering schedule, which can make a full use of resources
in some extent. As shown in the comparative experiment, the
performance of transition system has been increased compared
to that of iterative reengineering model.

In future, we will take into account the access strength
in the access relationships between legacy components and
shared data. To gain a more effective solution, threshold of
access strength would be one of the main focuses in building
the access relationship table. Furthermore, we will focus on
the system structure and seek for solutions to enhance the
performance of transition system in the reengineering process.
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