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Abstract

COBOLISRE is a software re-engineering and renova-
tion environment for COBOL systems. It supports a wide
range of features such as system-level analysis and brows-
ing, program-level analysis and browsing, data model
recovery, concept recognition, and code segmentation.
COBOL/SRE is implemented on top of a distributed execu-
tion architecture to address issues of multi-user access,
performance, and openness. This paper is an overview of
the major features of COBOL/SRE and its underlying
architecture.

1. Introduction

A current problem facing many large companies is how
to deal with their legacy systems. These systems often
supported critical business functions, but the cost of their
maintenance and incremental functional enhancements
becomes high. With the advent of new computing
technologies and paradigms (LAN-based workstations,
window-based graphical user interfaces, object-oriented
languages, relational databases, distributed-computing
techniques, etc.), there is growing demand to re-develop
old systems. For example, a popular trend recently is to
migrate mainframe-based systems to client/server
architectures.

A majority of exiting software systems are COBOL-
based. It is estimated that among 200 billion lines of
existing code, 80% is COBOL [Fig90]. In many situations,
old COBOL programs cannot be easily thrown away
because they represent significant development and
maintenance investment over the years. More importantly,
they describe critical business rules that may not be
accurately and explicitly documented anywhere else. Thus,
there is a need for COBOL system re-engineering support.

COBOL/SRE is a renovation and re-engineering envi-
ronment developed at the Andersen Consulting’s Center
for Strategic Technology Research (CSTaR) as a spin-off
product of the software re-engineering research program.
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COBOL/SRE supports a wide range of re-engineering fea-
tures including system-level analysis and browsing, source
code parsing, program-level analysis and browsing, data
model recovery, concept recognition, and code segmenta-
tion. It executes on top of a distributed architecture to sup-
port group work, performance optimization, and openness.

This paper is a general overview of COBOL/SRE. Sec-
tion 2 states the requirements and describes rationales
behind the design of the environment. Major functionality
of the environment and its underlying architecture are pre-
sented 1n sections 3 and 4, respectively. Section 5 reflects
on how COBOL/SRE meets various re-engineering
requirements stated in section 2. Section 6 serves as a sum-
mary of the paper.

2. Requirements

In order to determine COBOL/SRE’s functionality, we
must understand the areas or activities in software re-engi-
neering where automated support is strongly desired. We
have identified the following areas:

¢ Dealing with source language variations. The very
first step in re-engineering is to process (or parse)
the source code into some intemnal form to facilitate
subsequent analysis. In the case of COBOL, the dif-
ficulty is that there are many dialects of the lan-
guage. In addition, COBOL programs may include
statements in other languages such as SQL calls or
operating system directives. A re-engineering envi-
ronment must be flexible enough to handle language
variations.

& Program-level viewing and browsing. Program
understanding is a major activity of almost any re-
engineering tasks. The understanding can be greatly
assisted by presenting various program views to the
user. These views, which can be graphical or textual,
should be interconnected so that the user can easily
navigate among different views based on different
relationships.



¢ System-level viewing and browsing. The user may
need to understand the relationships among system
programs and files. Views describing system objects
should be presented to the user for browsing.

¢ Automated understanding support. Program under-
standing is a very difficult and time consuming task.
It is always a plus for a re-engineering environment
to provide the ability to automatically recognize
instances of functional and data concepts.

¢ Code quality analysis. It is sometimes critical to be
able to diagnose code quality in order to make deci-
sions concerning appropriate re-engineering actions
to take (i.e., whether to completely migrate the sys-
tem to a new execution environment, to selectively
reuse the code, or to abandon it altogether and
develop new code.)

¢ Code focusing. This is another form of code under-
standing support. Old COBOL programs are typi-
cally large and complex. They are badly structured
and often mix multiple functions in a single module.
The user may want to focus on a set of program
fragments (called a code segment or slice) that col-
lectively implement an independent function.

¢ Code factoring. During system redevelopment, we
want to throw away most of the old system. But
some code segments may still be useful if they rep-
resent fundamental business functions. In order to
make these code segments reusable. they must be
extracted (factored) out of the old modules and
packaged into stand-alone modules for easy refer-
ence by other modules.

In addition to the above areas, there are also less-func-
tional but equally-important areas that a re-engineering
environment must support:

& Multi-userigroup work support. A re-engineering
project is typically large and involves a group of
analysts working together on a legacy system con-
currently. It is not sufficient for a re-engineering
environment to run on a stand-alone computer.
Instead, it should be able to execute on a network of
workstations and provide data sharing, security, and
data persistency services.

¢ Process support. A re-engineering environment
should not assume strong understanding of the re-
engineering process from its users in order to be
used effectively. Ideally, the process flow of the
environment should be easy and intuitive to follow.

¢ Performance and scalability. Old systems may con-
sist of hundreds of modules and hundreds of thou-
sands of lines of code. A re-engineering
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environment must be capable of dealing effectively
and efficiently with very large systems.

¢ Openness and adaptability. Different re-engineering
projects may have different requirements and objec-
tives. A re-enginecring environment should be
designed in such a way that it is easy to customize,
enhance, and bridge with external, commercial-off-
the-shelf (COTS) tools.

The next section demonstrates how COBOL/SRE sup-
ports activities in the functional areas stated above. The
following section (section 4) shows how the second group
of requirements in the non-functional areas is addressed.

3. COBOL/SRE

A high-level view of COBOL/SRE is shown in Figure 1
in the next page. As shown in the figure, this environ-
ment advocates a re-engineering process model con-
sisting of six steps: 1) system inventory, 2) system
analysis, 3) system browsing, 4) program analysis, 5)
program browsing, and 6) program segmentation.
These steps are discussed below.

3.1. System Inventory

This step allows to load the source code files of a system
(the system to be re-engineered) into COBOL/SRE. A
system consists of several types of files, such as source
programs, subprograms, copybooks, and JCL scripts.
These files are represented within the environment as
COBOL/SRE knowledge base objects. The user may create
the system source file objects one by one, by interacting
with COBOL/SRE’s dialog windows. Alternatively, the
user may provide a system description file to load and link
the files into COBOL/SRE automatically in one pass. Such
a file description specifies types and paths of all the files in
the analyzed system.

3.2. System Analysis

This step captures the relationships among programs
and data files in a system. Two types of relationships are
captured: program-to-program relationship and program-
to-file relationship. The program-to-program relationship
represents both the module execution sequencing and the
calling relationship. For batch systems the execution
sequences can be recovered automatically by the analysis
of JCL job steps. For on-line systems, however, this
information must be provided by the user. This is because
in most cases the control sequencing information of on-line
systems is stored in the control tables of their transaction
processing monitors and these tables are not easily
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Figure 1. COBOL/SRE: a COBOL system renovation environment.

available. The calling relationships can be automatically
recovered from the call statements (e.g., subprogram CALL
statements, CICS LINK statements, etc.) present in the
program source code.

The program-to-file relationship represents the system-
level data flow, A program may read from a file and/or
write into a file. A program may also create temporary files
(by SORT and MERGE commands). For batch systems this
relationship can be automatically recovered from program
file definitions (FDs), file control descriptions (SELECTS),
file manipulation statements (i.e., OPEN, READ, WRITE,
SORT, MERGE, etc.), and JCL code. For on-line systems,
transaction monitor tables must be analyzed.

3.3. System Browsing

The program-to-program relationship is presented in
the form of a matrix (Figure 2a). In the matrix a cell labeled
FOLLOWS/PRECEDES specifies that the execution of
one program follows/precedes another. A cell labeled
CALLS/CALLED BY specifies that a program calls/is
called by another program.

Cells are active objects. If a FOLLOWS/PRECEDES
cell is selected, the appropriate JCL file can be brought up
in a text window. If a CALLS/CALLED BY cell is
selected, a program browser window (described in Section
3.4) can be used to present the program section containing
the corresponding CALL statement.
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The program-to-file relationship is presented in another
matrix (Figure 2b). In this matrix, R/W denotes READ/
WRITE relationship while $/M indicates temporary files
created by SORT/MERGE operation. Cells in this matrix
are also active.

In addition to the matrix form, there are also graphical
views. An example showing program-to-file relationship is
given in Figure 3. In this view, programs are represented as
program-listing icons, data files as pen-and-ink icons, and
their relationships as directed lines.

3.4. Program Analysis

Syntactic and Semantic Analysis

This step computes and stores the syntactic and
semantic information of the code in preparation for
subsequent analysis and browsing activities. The step is
divided into the following sub-steps:

¢ Parsing. The source code of a program is parsed into
an internal knowledge base representation, called an
abstract syntax tree (AST).

¢ Cross reference analysis. Cross-reference links are
established among data declarations, paragraph/
section names, and their references.

¢ Data layout analysis. COBOL encourages data
aliasing (through record fields, group items,
redefinitions, and renamings). This analysis
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Figure 2. System-level relationship matrices.
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Figure 3. Graphical representation of program-to-file relationship.

establishes a memory mapping among aliased data
_structures.

¢ Control flow analysis. Control flow links (created by
general program sequencing, iteration, and
branching) and calling links (created by PERFORM
statements) are generated. The control flow analyzer
is intelligent enough to handle many unstructured
behavior of COBOL language (e.g., ill-formed
PERFORM ranges).

¢ Data flow analysis. Reaching definitions and

reachable uses are computed [ASU871.

+ Control dependence analysis. This step determines
whether the reachability of a statement depends on
the evaluation of a conditional statement. A formal
definition can be found in [FOW87].

Code Quality Analysis

In this step control flow anomalies caused by ill-formed
PERFORM ranges are recognized and reported. In some
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dialects of COBOL the return addresses may be overridden
or misused when the ranges of two PERFORM statements
overlap, A standard complexity analysis based on McCabe
and Halstead methods [McC76, HC87] is also performed in
this step.

Data Model Recovery

The understanding and consolidation of data models is
a primary objective of many COBOL system re-
engineering projects. The data layout analysis only
identifies the static memory mappings among the program
data objects. The data model recovery goes a step further;
it also recognizes dynamic data mappings caused by data
assignments (MOVE, SET, or COMPUTE statement). The
step generates a virtual data model and presents it in the
form of a report. The report suggests how record structures
and names should be consolidated and rationalized to make
data declarations more consistent and comprehensive. The
report may also reveal data anomalies, for example, moving
data among records of different sizes and types.

Concept Recognition

Program understanding is recognized as the most time-
consuming task in systems maintenance and re-
engincering. Concept recognition is a knowledge-based
technique that has been developed at CSTaR to automate
the recognition of functional code patterns. The analyst is
responsible for specifying the recognition knowledge
encoded in the form of plans. Plans describe parts of
concepts and constraints on and between them. A plan for
recognizing an error-handling concept, for example, might
have to specify two parts: (1) an assignment (MOVE or
SET) to set an error flag, and (2) another assignment to send
an error message to a screen field. Moreover, this plan
needs to specify a constraint to require the two parts to
appear on the same control flow path. More details about
concept recognition can be found in [Nin89, KNS92].

3.5. Program Browsing

A majority of activities facilitating program understanding
involve cross referencing, browsing, and analyzing various
views of a program. In COBOL/SRE, these activities are
supported within a program browser. The browser is a
syntax-directed editor based on the AST representation of
a program. A sample view of a program browser will be
shown in a later part of this paper (Figure 6).

Cross Referencing

Using the browser the user can conveniently follow the
cross-reference links between declarations and their
references. If a variable reference is selected, for example,
the user may use the Where Declared button under the
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View option to localize the variable declaration.

Data Layout, Calling, and Control Flow Graphs

A data layout graph of data record WS-TRANS-
RECORD is shown in the front window in Figure 4. Data
objects in the graph can be traced back into the source
browser by using the Where Declared menu option
(background window in Figure 4). A call graph of a
program  describes PERFORM relations among
paragraphs/sections (upper-right window in Figure S5).
Selecting a node in the graph will highlight corresponding
paragraph statements in the program browser (lower-right
window in Figure 5). The control flow view of a node can
be generated from the call graph window (upper-left
window in Figure 5).

Concept Browsing

As we have described before, the concept recognition
process identifies instances of programming and domain
concepts in the code. The recognized concepts can be
inspected in a source browse window. In order to see ail
instances of a concept recognized by a plan, the user must
select the plan in a plan browse window. Code fragments
corresponding to the recognized instances are highlighted
in the program browser.

3.6. Program Segmentation

Old COBOL programs are often large and unstruc-
tured. Commonly, multiple functional units interleave each
other inside a single module making them difficult to com-
prehend and reuse without breaking the module down into
smaller, more functionally-cohesive units. Program seg-
mentation is a re-engineering technique that developed at
CSTaR to help user recognize, understand, document, and
extract functionally-related code pieces [NEK93]. This
technique enhances comprehensibility, maintainability,
portability, and reusability of old code. There are two
major steps in program segmentation: focusing and factor-
ing.

3.6.1. Focusing

Let us call a piece of code consisting of program state-
ments a segment or a slice. It is not necessary for state-
ments in a meaningful segment to be localized
(syntactically adjacent to each other), as long as the state-
ments contribute to a common function. An example of a
functional segment in a banking application would be sec-
tions of code implementing credit checking logic.

Focusing is a program understanding technique. It pro-
vides meaningful ways for the user to isolate statements
that may not be syntactically adjacent but are semantically
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related. There are five program focusing operations listed
under the Focus button in the program browse window.
They are described below.

Select Statements

This is the least constrained form of focusing designed
to give the user maximum freedom in creating segments.
The user uses simple mouse clicking to include arbitrary
program statements into a segment. But the syntax-sensi-
tive nature of the program browser guarantees that only
complete statement objects can be selected. If the user
attempts to select a non-statement object (e.g., a data divi-
sion object), a warning message will be posted. The
selected statements are highlighted (in reverse video) on
the screen.

PERFORMed Statements

The program calling hierarchy usually reflects a func-
tional decomposition of a program. Semantically, the PER-
FORM statement in COBOL is similar to the procedure

MOVE ~

Q
TO

call statement in C or Pascal. Its target (called the PER-
FORM range) is one or a set of consecutive section(s) of
code (called SECTIONs or PARAGRAPHSs). The user
may simply select a PERFORM statement in order to
include all statements in the range of this PERFORM into
a segment. If there are any PERFORM statements within
the range, the process will continue to select statements in
the ranges of these PERFORMs. All the selected state-
ments are highlighted and put into a segment. Figure 6
shows the situation when 9 statements were automatically
selected caused by the user selection of PERFORM 2800-
PRINT-ONE-LINE.

Condition-Based Slicing

Business functions are sometimes structured along
conditional tests. An automobile insurance application, for
example, may discriminate among different policy calcula-
tion methods based on factors such as Age, Sex, Area,
Auto Type, etc. It may be useful, therefore, to identify
areas of a program reachable under a globally specified
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PERFORM 1900-READ-TRANS-FILE.
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Figure 6. COBOL/SRE program browser and its focusing functions.
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conditional expression such as:
STATE-ID = ‘ILLINOIS’ AND AGE > 30.

In condition-based slicing, the user |specifies a logical
expression and optionally a slicing range (in terms of
where to start and end slicing in the program). Then, all the
reachable program statements along control flow paths for
which the given expression is true will be automatically
included in a segment and highlighted.

Forward Slicing

Business functions often process input values. It is thus
interesting to find out areas of code that depend on values
of input variables.

Forward slicing . (also called ripple-effect analysis
[Liu88]) retrieves statements in the range that can be
affected by a variable. A variable may affect a statement in
terms of data flow [ASU87] if the statement uses a value of
the variable. A variable may also affect a statement in
terms of control dependence [FOWS8T] if whether the
statement can be reached depends on the evaluation of the
variable (normally, the variable is a [part of a logical
expression in a conditional branching statement). Forward

IEADER-LINES

slicing is transitive in that when a statement is included in
the slice all the variables set in this statement will be
repeatedly used as new slicing variables.

Backward Slicing

Business functions normally produce results. It is thus
interesting to find out areas of code that contribute to val-
ues of output variables.

Backward Slicing (or simply slicing [Wei84]) takes a
variable and a slicing range and retrieves statements in the
range that can effect the value of the variable. Again, a
statement may affect a variable because of data flow or
control dependence. Backward slicing process is also tran-
sitive.

3.6.2. Operations on Segments

The intention behind creating segments is to isolate
functionally-related statements. Applications of individual -
focusing operations described above may not produce
desired results. For example, in order to isolate the logic
that reflects how an input variable affect an output vari-
able, results from forward slicing and backward slicing
may have to be combined. We have developed operations
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OMMON-~PRINT-RECORD.

NE.
ADD-MESSAGE.

T0 NUMBER-OF-LINES.
COMMON-PRINT-RECORD AFTER

% This segment of code prints a
% line of transaction report.

Figure 7. Segment management functions.



for managing and combining segments. These operations
are listed under the Segment menu button and are shown in
Figure 7.

Management Operations on Segments

The segment management operations help user under-
stand, document, modify, delete, and save segments:

Create - allows to name and store a segment.
Select - retrieves a previously stored segment.

Localize/Expand - extracts a segment into a localized
region or expands it back into the program.

Edit - adds or removes statements in a segment.

Comment - attaches free-format explanation text to a
segment (see Figure 7).

Trace - helps navigate among statements in a segment.
Delete - deletes a previously created segment.

Highlight All/Highlight Commented - highlights state-
ments in all segments/all commented segments.

Save Segments -persistently saves currently created
segments into the COBOL/SRE’s database.

Set Operations on Segments

Set operations (Union, Intersection, and Difference)
have been designed to support composition of segments.
Each operation takes two segment objects as arguments
and produces a new segment. For example, a segment

resulting from a Union includes all the statements (without
duplications) in the two argument segments.

3.6.3. Factoring

Focusing localizes functional code regions and creates
segments. Factoring, on the other hand, extracts code seg-
ments and packages them into independent COBOL sub-
programs ready for reuse. The factoring functions are
listed under Factor button in the program browser. Details
of how subprograms are generated are outside the scope of
this paper due to the space limit. However, they can be
found in [NEK93].

4. COBOL/SRE Execution Architecture

The underlying execution architecture of COBOL/SRE
has been designed to meet the non-functional requirements
stated in section 2. From the architecture point of view,
COBOL/SRE is a collection of processes shown in Figure
8, that can run in a distributed, multi-workstation environ-
ment. These processes can be divided into the following
two groups:

¢ Function-support processes. These are the processes
that implement the COBOL/SRE functionality
presented in the previous section.

& Architecture-support processes. These are the main
subject of this section and are illustrated by shaded
boxes in the figure.

File System

Database I

Top- System System S
ystem Program| | Program
IV\(;‘i\r/\?jlow In)\l/entory A%alysis Browsing| | Analysis | | Browsing

Resource Manager

Figure 8. COBOL/SRE execution architecture.
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The architecture is built around the Software Bus pro-
cess [Rei90a)l. The bus used in COBOL/SRE implements
the publish-subscribe message distribution protocol and is
based on the Brown University’s bus also used in the
FIELD system [Rei90b]. All COBOL/SRE processes send
and receive messages exclusively through the bus. How-
ever, for performance reasons, large amounts of data are
not send in the form of messages but are stored and
retrieved directly in/ from the database.

The second component of the architecture is the Pre-
sentation Service (also called U/l Server). Presentation
Service is a process that is a specialized layer between all
processes that require communicating with the user and
the X11 windowing environment. The process is internally
composed of a number of modules that implement the fol-
lowing functions: 2D graphics editing and presentation,
syntax-directed source code browsing, encapsulation of
the standard Motif widgets, presentation (and editing) of
data in the matrix form, and standard ASCII file editor.

The purpose of introducing the Presentation Service is
two-fold:

1) From the application developers point of view, it
raises the U/l primitives to a higher level of
abstraction by encoding many of the standard look-
and-feel of the interfaces.

2) From the architecture point of view, it allows many
processes to communicate with the same
Presentation Service or one process to communicate
with many Presentation Service units. This in turn
allows for: a) building an interface in which the user
is not aware of where and how many processes are
running, and b) two or more users to simultaneously
operate (see each other’s actions) on the same
software object graphically presented to them by
different Presentation Service processes.

The last critical component is the Resource Manager.
Resource Manager is a process responsible for allocating
and running other processes at workstations available to
the environment. At least the following processes must run
simultaneously for COBOL/SRE to work: the Bus, the Top
Level Window, the Presentation Service, the Resource
Manager, and as many Local Process Managers as the
number of workstations used at the time.

Assume now, for example, that the user requests to per-
form parsing and basic analysis on a new program. This is
done by the Program Analysis process that can run concur-
rently with all other processes on a workstation registered
with COBOL/SRE. A workstation is registered with
COBOL/SRE if there is a copy of the Local Process Man-
ager running on it, A Local Process Manager monitors the
activities of its workstation and reports them to the
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Resource Manager. When the time comes to run the Pro-
gram Analyzer, the Resource Manager does the following:

¢ analyzes the usage patterns of all workstations
available (registered with) to COBOL/SRE

¢ selects one that has the most resources (most
memory, least processes running, lowest usage level)

¢ sends a message to the Local Process Manager on the
selected workstation to load and start the Program
Analyzer

The Resource Manager uses a simple opportunistic
strategy to allocate resources to processes. A number of
copies of the Program Analyzer can run concurrently on a
number of workstations and communicate with one or
many Presentation Service processes (one or many users).
Also, the same group of workstations can be allocated to
multiple active instances of COBOL/SRE with their own
sets of underlying processes. The process in one instance
of COBOL/SRE are naturally grouped around its bus
instance.

COBOL/SRE is written in C and runs under UNIX on
Sun-4 and Sun-SPARC workstations. The modules of the
function-support processes utilize the object management
system from ProKappa [INT91]. The object management
system was extended further internally to accommodate
the locking mechanism in order for COBOL/SRE to work
in a multi-user environment. The ProKappa interpretive
and interactive environment was used to develop the code.

The Presentation Service has been written internally
and it is based on Motif and X11. As we mentioned before,
the bus has been taken from the Brown Workstation Envi-
ronment libraries [PRB85] which are in public domain.
The COBOL language parsers have been generated from
the language specifications by a lexer/parser generator
developed for CSTaR by Reasoning Systems Inc. and inte-
grated with the ProKappa object management systems.

5. Meeting the Requirements

This section presents how and why the functional and
architectural features of COBOL/SRE meet the require-
ments for software re-engineering support identified in
section 2.

Dealing with Source Language Variations

The main parsing unit of the Program Analysis process
has been designed to accept all major dialects of COBOL
including: COBOL OSVS, COBOL VSC2, ANSI COBOL
74, ANSI COBOL 85, and COBOL II. The unit also cails
parsers for SQL and CICS commands to cope with embed-
ded, non-COBOL code. All the parsers were generated
from specifications and can be easily modified/adapted.



Program-Level Viewing and Browsing

The COBOL/SRE supports many forms of program-
level viewing and browsing including: syntax-directed
program browsing, cross referencing, data layout graphs,
calling graphs, and control flow graphs.

System-Level Viewing and Browsing

Understanding of the system-level execution flow is
supported by browsing of the program-to-program rela-
tionship matrices and graphs. Understanding of the sys-

tem-lével data flow is supported by browsing of the:

program-to-file matrices and graphs. The cells in the matri-
ces and objects in the graphs are active can be selected by
mouse-clicking to view related program source code and
JCL scripts.

Automated Understanding Support

Knowledge-based techniques are used to provide two
forms of automated code understanding support: concept
recognition and data model recovery. The concept recogni-
tion recognizes functional concepts implemented in the
code and data model recovery recognizes data concepts.

Code Quality Analysis

COBOL/SRE identifies and reports control flow anom-
alies. It also performs McCabe and Halstead code com-
plexity analysis.

Code Focusing

The user can conveniently slice or segment a program
by selecting arbitrary statements, by selecting PERFORM
ranges, and by slicing on logical conditions, and input and
output variables.

Code Factoring

Code fragments can be extracted to form stand-alone
modules suitable for reuse.

Multi-User and Group Work Support

The COBOL/SRE environment supports a group of
analysts working on a system concurrently.

Process Support

A re-engineering process model has been encoded in
COBOL/SRE. Under this process model a function (e.g.
program parsing) cannot be invoked before its required
preceding functions (e.g. system inventory) have been
completed. This is controlled by presenting to the user
only the menu options available at a given time. In some
cases, COBOL/SRE will allow the user to invoke certain
functions and will automatically decide additional func-
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tions to be performed without user's intervention. For
example, invocation of the control flow analysis will trig-
ger execution of the cross referencing, if it has not been
done so already.

Performance and Scalability

The COBOL/SRE’s architecture has been developed
primarily to meet the performance, scalability, and open-
ness requirements. However, the extent to which we could
distribute the COBOL/SRE functions has its limitations.
The main limiting factor is the size of the complex objects
that are processed. For example, knowledge base objects
representing an AST of a 10 KLOC program is on the
order of 10 MB. Moving such a large object into and from
the address space of a process is an expensive (time con-
suming) operation. Therefore, many functions had to be
packed into one application process to work in the same
address space. For example, functions that have been sepa-
rated from the Program Browser are the parser with all ini-
tial program analyzers, Plan Parser, and Concept
Recognizer. This was done to allow for: (1)multiple pro-
grams to be parsed at the same time and (2) multiple con-
cept libraries be matched against a program at the same
time.

The performance of the environment in most areas is
satisfactory. For example, parsing of COBOL programs
and generation of their ASTs can be done at a speed of
between 35 to 50 LOC per second. This is comparable
with the speed of an average COBOL compiler running on
the same workstation. Also, the behavior of the user inter-
faces is very much what the users of a high-end worksta-
tion would expect.

Openness and Adaptability

The openness has been achieved on two levels. First,
due to its bus-centered architecture, COBOL/SRE can be
easily integrated with other tools. Secondly, COBOL/SRE
is itself an object-oriented environment whose parts are
generated from specifications. Special care has been given
to the design and configuration management so that
COBOL/SRE’s components are relatively easy to adapt.

6. Summary

The COBOL/SRE project has been a major undertak-
ing. During its three years of research and development
period more than ten people have been directly involved in
it. The current version of COBOL/SRE consists of more
than 300 source files containing over 240 KLOC. These
source code files were written in a number of languages
including C, ProKappa C, C++, a domain modcling lan-
guage, and lexer/parser specification languages. The
COBOL/SRE environment is able to accept and process



input files written in 9 different languages: COBOL, CICS,
SQL, ICL, plan language (for concept recognition),
domain modeling language, and a system file description
language (for system inventory).

The COBOL/SRE represents a major advance in soft-
ware re-engineering and renovation technology. It provides
many unique features that are not available in similar re-
engineering tools such as VIA/Renaissance™ [VIA91]
developed and marketed by VIASOFT and REFINE/
COBOL™ developed by Reasoning Systems Inc. The
unique features of COBOL/SRE are summarized below:

+ system-level analysis and browsing

¢ full parsing capability

¢ complete program control flow, data flow, and
control dependence analysis capability

4 data model recovery

¢ knowledge-based program concept recognition

¢ program focusing based on a variety of slicing
techniques

¢ intelligent program factoring

¢ distributed execution architecture supporting group
work, performance optimization, openness, and
adaptability

Currently COBOL/SRE is being tested on real-life re-
engineering and renovation projects to evaluate its practi-
cal utility and performance.
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