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Abstract. This paper discusses a system design process using a reverse engineering. The Reverse
Engineering approach, if possible is a cost-effective and easy approach to use in a system design.
All industries use this approach consciously or unconsciously to reduce the system development
risk. It can be a part of formal process, simple requirements reuse, or adoption of industry standard.
The reverse engineering approach can be considered as an effective system design method in
immature systems engineering environments. This paper proposes a system design process using
reverse engineering which can be tailored for large complex system development projects. The
proposed process composed of two stages to product system specification generation. The reverse
engineering stage is performed to define functional and physical architecture of legacy system
used as reference model when they are not available. The reengineering stage takes outputs of the
reverse engineering stage to define the rest of logical and physical solutions.
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Figure 2 Scope of SE standards

[
f——

o
40 I

o A28 AMX|LOE Z2M2LE whatdf Cfet 7|=2 O|F0 TICh EIA-6329]
= ORFEZER 2, A28 AX L O 2lof 2Rt 1SS Requirements = F2|5t,
I RequirementE 7t0| ZAE 7|&dtd QULCL Olz{st 7| HAIOZ Qlg| Hatst
mEAA Ago| TH2 BFO Hof of2e 0| AbMO|Th matk EF| Hgo|

EO[StES 27 Requirement=2| A & =4 =}510] FE|ots HEYS AL,

2 A

J\l

IH

AIHIE  7|HISZ  EIA-6329] A|AH M ZEZMAES  FME=  ztzio
RequirementE 0| A CHE NtUESQ| SAtMD B2 M0 Mt S5, &
S2S MTSHO], AIABAIX|LOIZO| H&EX REH 2O <

L
= 2}SF L.

A




g 30|AM EO|= EIA-6322| A|AHE HA ZEMAE QFALY "o ZmZAMAQL

oY ol Z2MA F AR TR0, 27AY 2ol Z2h A0t AL 24
ZRMAol 2FAIYE HEILh 2 AF0ME IS0 =HE 77| ?le AlIL" 24
T2MAE X230 2 TE{BiCt.

Requirements Validation

Recuirements Definition Process
Process

R.25 Requirements
R.14 Acquirer R.15 Other Stakeholder R.16 System Technical Statements Validation

Requirements | Requirements Requirements
‘ l » ‘ R.26 Acquirer
requirements Validation

' R.27 Other stakeholder

requirements Validation

Solution Definition Process
R.28 System Technical
Requirements
Validation

R.17 Logical Solution R.18 Physical Salution R.19 Specified
Representations ‘ Representations ‘ Requirements R.29 Logical Solution
Representations
Validation
|

Figure 3 System Design Process
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Figure 4 Refining Requirements Definition Process

Requirements Definition Process

Identify, collect, & prioritize
system requirements

| Initial Aceguirer & Other
Stakehelder

Recuirements statements

Define System technical

Initial System Technical
Requirements

System technical

requirements

Conflict of Evicw by,
e t stakeholder &
domain specialist

group

Validated system
technical
requiraments.

Figure 5 Simply Refined Requirements Definition Process
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Figure 6 Refining Solution Definition Process
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Table 1 statistic of requirements captured by reverse engineering

system requirements 88
Vehicle subsystem requirements 251
Infrastructure subsystem requirements 142
Signal & communication subsystem requirements 112
Power subsystem requirements 157
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Abstract. This paper discusses a system design process using a reverse engineering.
The reverse engineering approach is a cost-effective and easy to use in a system design.
Most of industries use this approach consciously or unconsciously to reduce the risk
during system development. It can be a part of formal process, simple requirements for
reuse or adoption of industry standard. The reverse engineering approach can be
considered as an effective system design method in an immature environment of systems
engineering. This paper proposes a system design process using reverse engineering
which can be tailored for large and complex system development projects. The proposed
process consists of two stages to generate system specification. The reverse engineering
stage is performed to define the functional and physical architecture of legacy system
which is used as reference model when the requirements of existing system or
descriptions are not available. The reengineering stage takes outputs of the reverse
engineering stage to define the rest of logical and physical solutions.

Introduction

Objective & Scope. The purpose of this study is to propose a system design process
using reverse engineering approach. The proposed design process is refined through the
problems and lessons from a case study. The reverse engineering approach is a common
method for requirements reuse or specification analysis. The case of Korea where does
not support IPPT, a system engineer plays an important role to understanding target
system and carrying out alternative plans. In spite of this situation, there are not many
researches and case studies.

The scope of this study is same as case study. The case study is about development of
system requirements’ database for maglev train by computer-aided design tool.
Therefore, this case study considers all of systems that are related to maglev train
operation and support. The main job of systems engineering in this case study is to
design the system that performs requirements definition and solution definition.

4 0 )



Approach. In this study, we focus on standard analysis and case study in order to define
the system design process by reverse engineering approach. We first analyze system
engineering standards that are referred in case study, and then analyze forward system
design process which is easy to apply. By recognizing problems that would have happen
when applying to forward system design process, we explain the necessity of reverse
engineering system design approach. Additionally, we define a framework of reverse
engineering system design process based on performed activities in the case. We clarify
the lessons and problems studied from case study to refine this process. Finally, an
enhanced reverse engineering system design process is proposed.

\ \\ Case Study \\ System Design
Standard Study /

(Process Process
capture) / Refining

Figure 1 Approach

System Design Process Standard

Systems Engineering Standard. Before defining the reverse engineering process, it is
required to define a forward engineering process first. There are system engineering
standards such as EIA-632, ISO/IEC 15288, IEEE 1220 and so on. Comparison analyses
among these standards have been studied in many literatures. Referring to joint
technique committee of international standardization organization, EIA-632 covers well
from being conceptualized until being operated in comparison of details and system life
with other standards. Therefore, we choose EIA-632 standard for our case study, maglev
train system which is a large and complex system design.
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Figure 2 Scope of SE standards

Most of system engineering process is made by technique about ‘What’. EIA-632 is also
performed in a same sense that it first defines ‘requirements’ which is required
assignments for systems engineering and then, describes the relationship among
‘requirements’. Because of this descriptive way, it is difficult to identify the process
precisely compared to other standards. Hence, we show the relationship among
“requirements” in a diagram and summarize it with the purpose of applying to standards
more conveniently.

Based on case study, each ‘Requirement’ in system design process for EIA-632 has been
merged in terms of similarity and repetition of representative assignments, and deleted
the part that is difficult to apply, so that the level of application is lowered to appropriate
level for the field that is under the immature environment of systems engineering. As
shown in <Figure 3>, the system design process of EIA-632 consists of ‘requirements
definition process’ and ‘solutions definition process’. It takes into account requirements of
‘requirements validation process’ and ‘system analysis process’. As this study mainly
focuses on reverse engineering, system analysis process is less considered.
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Figure 3 System Design Process

Requirements Definition Process. The requirements definition process of EIA-632
consists of ‘Requirement.14 (acquirer requirements)’, ‘Requirement.15 (other
stakeholder requirements)’ and ‘Requirement.16 (system technical requirements)’. Each
requirement is needed to procedure ‘requirements validation process’. It includes
requirements from 25 till 28. As seen in <Figure 4>, it is first sorted compulsory
assignments from requirements of ‘requirements definition process’ and simplified by
merging repetitive assignments.

The requirements definition process described in <Figure 5> is modified from “A study on
system requirements analysis process by model- based system engineering”.

From this study, we define ‘Requirement 25’ as performance for two core assignments:
statements validation and gathering validation. Requirement 26, 27 and 28 are validation
requirements regarding each requirement of ‘requirements definition process’. These are
defined with hierarchy and category. This simplification still possesses the purpose of
core assignments in each validation requirements.
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Figure 5 Simply Refined Requirements Definition Process

The simplified requirements definition process which has been seen in <Figure 5> starts
from collecting requirements of acquirer and stakeholder. It executes ‘statements
validation’ by templates application for collecting requirements. This assignment is
‘Requirements 25'. It examines 11 elements for requirements statements. This means, as
we describe requirements properly from initial colleting process, we can minimize the
efforts for validation process. This work can be easily performed by integrated templates
application of requirements validation.

The collected first stakeholder requirements that are divided into functional and
non-functional requirements are defined as initial system technical requirements. The
defined initial system technical requirements are examined with hierarchy, category and
gathering validation. Requirement 26 and 28 are in charge of hierarchy process. They
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form a hierarchical structure of requirements so as to secure the traceability of
requirements. The categorization is for validating the case of requirements omission.
Gathering validation is for validating repetition and contradiction among requirements.
After bearing all these validation processes including review by stakeholder and domain
specialist group, the validated system technical requirements would be defined.

Solution Definition Process. The solution definition process is the process for acquiring
regulated requirements based on system technical requirements from previous
requirements definition process. Deriving solution definition process is also implemented
by analyzing and merging the core assignments from standards, and refining for practical
application.

Solution Definition Process
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Figure 6 Refining Solution Definition Process

<Figure 7> shows simplified and refined solution definition process. The solution
definition process consists of logical solutions and physical solutions. The logical
solutions use functional analysis, object-oriented analysis, structural analysis and
information modeling for defining abstract solutions. And system technical requirements
are assigned to structural elements of logical solutions, sub-function, sub-function group,
objects and data structure. In this process, the performance requirements and constraints
derived from system technical requirements are assigned as well. At the process for
assigning system functional requirements, it generates technical requirements and
reassigns or delivers to physical solutions process for logical solution s that is not able to
validate super or sub-track. The logical solutions validation is performed by hierarchy,
categorization, statement validation and gathering validation.

Above defined logical solutions and non-assigned derived technical requirements are
assigned as conceptual object regarding as physical structural elements in the physical
solution definition process. A process for defining conceptual objects is implemented

4 0 )



simultaneously with development of physical solution alternatives. Hence, the output of
logical solutions is assigned to alternative objects.

We can draw the technical requirements by assigning logical solutions and then trace
back to system technical requirements or logical solutions. The result of physical
solutions is verified by hierarchy, categorization, statements validation and gathering
validation.

Seolution Definition Process

Validated system Legical solution representations

technical | Establish sets of lagical
Tt solution representation 1
. Assign system technical

‘ : reguirements —
I _ [Identfy, define, & validate derived

Logical
solution
nepresentations

Fepresentation

I -l
’ Validate logical solution

Derived Fhysical salution representations

technical Assign legical solution

! requirement b representation
Generate and evaluate alternative %
physical solution representations Phy 5'_“'
| — wl solution
_ Identify & define derived EEprE e aton

""""" technical requirements 1

Select & validate physical
solution representation

Specified Requirements

Design solution verification ﬂ' Specificd
reaquiraments

Specify requirements

Figure 7 Simply Refined Solution Definition Process

When the design solution is achieved by defined logical solutions and physical solutions,
it can be verified by simulation, demonstration, experiment and so on.

By verification, traceability between solutions and requirements can be investigated, and
omission and contradiction can be evaluated and revised. The validated solution is
committed to writing in terms of standard description of organization.

A Problem of System Design Process Application

Problems. The proposed system design process consists of minimal assignments that
are refined from the case study. However, there are limitations for applying to forward
engineering system design process.

First of all, a point of time that using system engineering has a problem for apply to
standard process. Systems engineering application business in Korea is still just a model
business. Therefore, it causes such problem that the business plan only considers visible
outcomes rather than achieving actual system engineering effects. In this case, the
system engineering activity is implemented with inefficient activity, suchlike arranging and
processing the description that was used for developing each component.
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Secondly, the structure of integrated product development team that plays an important
role in the system engineering activity is defective, and the structure of system
engineering team cannot have multidisciplinary characteristics. Therefore, it is difficult to
develop the perfect requirements that consider the target system’s whole life cycle and
each specific part. Furthermore, it takes longer time to analyze and investigate issues of
outcome. It is hard to solve in short time period since these problems are mostly caused
by systems engineering environment.

Thirdly, the supports for tool and method are insufficient. Many of adequate
computer-aided design tool to support systems engineering have been or being
developed. However, the support is limited since the recognition and realization of
usefulness of these computer-aided design tool and methods is insufficient. According to
PMTE paradigm, if the environment, tool and method cannot support process properly, it
is hard to apply in a right way, even if the process is excellent. These problems are
directly connected to time, efficiency and cost those are an indicator of success in project.

Most of countries, excluding few of developed countries in system engineering, are
spending long time to introduce system engineering. Perhaps it is because of difficulties
of proving usefulness of system engineering application at an initial stage. In the end, it
has to be able to achieve the right results in order to improve the systems engineering
environment and grow the maturity, although the support for time and cost is limited.

Concept of Reverse Engineering. The reverse engineering approach is often used for
reducing the risk that forward engineering approach has and satisfying time and resource
constraints. Thus, it is common method for using in not only software industry but also
machinery and electronic field. We can take into account the reverse engineering
approach in order to tackle the problems of systems engineering.
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Figure 8 Concept of Reverse Engineering
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The reverse engineering approach is effective when there is existing system. Its
usefulness was proposed by Andrew P.sage. Basic reverse engineering and
reengineering process that Sage proposed is shown in <Figure 4>. One of important
goals in reverse engineering process is ‘understand of existing system standard’. Based
on this, it can develop the new system standards in the reengineering process that is able
to satisfy the new system requirements. This is kind of a benchmarking process of
existing system.

The background of reengineering development method by reverse engineering is to
effectively accomplish the major 4 goals of development period, resources, efficiency and
risk elements better than forward engineering. Moreover, as the technical environment is
rapidly changing, development environment such as time, resource and technology is
getting competitive. Sage has mentioned that it is unavoidable to develop and improve
the system by reverse engineering and reengineering in order to effectively achieve the
system requirements under the competitive development environment.

Reverse Engineering Application Case Study

Overview. The system design process that was adapted for maglev train system case
can be described as shown in <Figure 9>. Total process consists of ‘requirement
definition process’ which is included to reengineering block, ‘solution definition process’
and ‘reverse engineering block’. The reverse engineering approach that is used in case
study is closer to reengineering application. It mainly performs based on assignments of
system design process that is defined previously, and refers the structural analysis result
from existing system.
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Figure 9 Reverse engineering application Process

The purpose of reverse engineering activities is to understand better about target system
and reuse related requirements. Hence, both requirements for existing system and new
system are defined at the requirement definition process, and then it performs solution
definition process assigned by referring functional and physical hierarchical structure
through reverse engineering block.

This aims to boost understanding of target system under the situation of when the domain
specialist is absent in systems engineering team. In addition, it can carry out large amount
of requirements within a short time period and is helpful for activating brainstorming.

Reverse Engneering Block. As shown in <Figure 10>, the reverse engineering block
from the case study of maglev train carried out components by analysis of existing system
description. Based on this, it can distinguish the functions.

Finally, those functions that are required from new system are added into distinguished
functions. By this, hierarchical structure with new functions would be figured out. KJ or
DSM method can be used here too.

The reason of non-enabling carrying the hierarchical structure of components from initial
source documents is because of existing description that does not adapt system
engineering and that mostly has space-oriented physical hierarchical structure. Therefore,
we first accomplish the functional hierarchical structure and then carry out the physical
hierarchical structure.

Hereby, the derived functional hierarchical structure is referred to establishing hierarchy
of system technical requirements and logical solution for reengineering. The derived
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physical hierarchical structure is referred to generating physical solution alternatives for
reengineering.
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Figure 10. Reverse Engineering block

Furthermore, each element that composes a function and a physical hierarchical
structure can be reused as requirements in reengineering since it contains function,
performance requirements and design solutions from existing system description.

The target system is a large and complex system suchlike maglev train that has
subsystems like vehicle system, signal system, communication system, power system,
track infrastructure system, station building system, and vehicle station system. In the
case study, including 88 requirements from uppermost system, total 662 requirements for
5 —system has been derived by reverse engineering approach.

Table 1 statistic of requirements captured by reverse engineering

system requirements 88

Vehicle subsystem requirements 251
Infrastructure subsystem requirements 142
Signhal & communication subsystem requirements 112
Power subsystem requirements 157

However, in this case, there are constraints to use reverse engineering approach and we
have to build a functional architecture and physical architecture by computer-aided
design tool because support for tool is insufficient. Therefore, the goal of using reverse
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engineering in this case study is to study existing system and develop the reusable
requirements, generate references for logical solutions, and generate physical solution
alternatives.

Reengineering Process. The reengineering process follows requirements definition
process and solution definition process that were explained before, and performs based
on functional and physical hierarchical structure defined in reverse engineering block.
The Spec. A or Spec. B that is used as source documents in reverse engineering mostly
exists with 1~5 various levels of requirements. These requirements are assigned to the
hierarchical structure that is composed in reverse engineering block. However, when
there are no requirements for system level or there are requirements that can be changed
by new system, it has to be redefined according to requirements validation of
Requirements 25. As a result, system technical requirements that are outcome of
requirement definition process of reengineering process put in requirements of level 1
and level 2 which are system level.

The solution definition process is performed based on functional and physical hierarchical
structure defined in reverse engineering block. In the case of logical solution, it is
performed according to definition of functional hierarchical structure, while physical
solution is generated physical solution alternatives by physical hierarchical structure. This
solution definition process is performed repeatedly until system technical requirements
are assigned appropriately.

System Design Process by Using Reverse Engineering

Lesson & Learned. In this chapter, we distinguish the problems and lessons that we
learnt from system design process by reverse engineering, and refine the process more
efficient.

An advantage of reverse engineering is development of design solution. It would be better
managed all outcomes from reverse engineering and reengineering by computer-aided
design tool in order to improve this advantage. The requirements and functional and
physical architecture have to be reusable in reengineering when it is built in reverse
engineering. It should be able to achieve the architecture for new system by revising
architecture of existing system. Thus, output of reverse engineering has to be developed
in order to perform more efficiently in revising design solution and refining architecture
which is based on new system technical requirements.




Figure 11 Conceptual relation of architecture in reverse engineering and
reengineering

It is difficult to get the requirements for super system level since most documents that are
used for reverse engineering source documents, since these are composed of
requirements for subsystem. Therefore, in the reverse engineering process, it needs to
generate high level requirements by abstracting subsystem or components requirements.

In the requirements definition process of reengineering, the requirements from system
acquirer and stakeholder regarding as new system are developed by forward engineering,
in the meantime it needs efforts to develop the system technical requirements by
developing derived requirements. It is important to develop the reference model for
solution in reverse engineering block since it can provide more alternatives that can be
used in reengineering. To reflect sufficient requirements for new system in reengineering,
it needs requirements definition process of forward engineering for new system.

Conclusions

This paper proposed the reverse engineering approach in order to carry out the solutions
for system design that is performed under the immature environment of system
engineering. The purposes of using reverse engineering in the system design process
are to learn the existing system, develop the reusable requirements, generate reference
data for logical solution and generate alternatives for physical solution.

We explained what kind of relationship exists between these purposes and
reengineering and forward engineering process through the case study. In addition, we
emphasized architecture application by computer-aided design tool and connectivity to
reengineering in the reverse engineering based on lessons and problems from case
study.

Since the results show that it is useful for environmental support of systems engineering
and for initial or mature stage of systems engineering which is generally difficult to form
the IPPT. It is expected to be a transition period approach to improvement of maturity of
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systems engineering. Furthermore, as a future work, it is needed to improve efficiency of
system analysis in the system design process of reverse engineering.
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