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Abstract

Rapid system understanding is required in the planning,

¥/, { arie,kuipers @cwi.nl

e Estimating the maintainability of a system, for exam-
ple when deciding about accepting or issuing a main-
tenance outsourcing contract;

feasibility assessment and cost estimating phases of a sys-

tem renovation project. In this paper, we apply a number
of analyses on two large legacy COBOL systems from the
banking field. We describe the analyses performed, and
discuss possible interpretations of these analyses. Lesson
learned include: (1) The open architecture adopted is sat-
isfactory, and can take advantage of a wide range of un-
derstanding tools available; and (2) To handle inter-system
variability effectively, the flexibility of lexical analysis is re-
quired.
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1 Introduction

Rapid system understanding is the process of acquiring
understanding of a legacy software system in a short period

of time. Typical tasks that require rapid system understand-
ing are:

e Assessing the costs involved in carrying out a Euro-
pean Single Currency or year 2000 conversion;

*This work was sponsored in part by bank ABN AMRO, software
house Roccade, and the Duthktinisterie van Economische Zakébe-
partment of Commerce) via SENTER Project #/ITU95017 “SOS Resolver”.
The authors would like to thank the members of kigrating COBOL to
Object-Oriented COBOResolver task group: Hans Bosma, Erwin Fielt,
Jan-Willem Hubbers, and Theo Wiggerts.

¢ Investigating the costs and benefits of migrating a sys-
tem to an object-oriented language, in order to increase
its flexibility and maintainability;

S o Determining whether legacy code contains potentially

reusable code or functionality.

Performing these tasks should be cheap: one expects a
cost estimate of, say, a year 2000 conversion to be signifi-
cantly less expensive than carrying out that conversion. This
is where rapid system understanding differs from more tra-
ditional system understanding. Accepting a less detailed
understanding and slightly inaccurate results, a first assess-
ment can be made quickly.

We assume that the engineer who needs to acquire un-
derstanding of a legacy system has negligible previous ex-
perience with it. He may be unfamiliar with some of the
languages or dialects used in the legacy code. The systems
involved are typically large, multi language, over 10 years
old, and written by different programmers.

In this paper, we take two 100 KLOC COBOL systems
from the banking area as our starting point. We address a
number of related questions: What tools or techniques can
be used in rapid system understanding? How well do they
work for our case studies? What information can be ex-
tracted from legacy source code, and how should this infor-
mation be interpreted?

The paper is organized as follows. In Section 2 we ex-
plain what tools and techniques can be used, and how these
cooperate. In Section 3 we list the characteristics of the
two COBOL systems under study. In Section 4 we describe
the kind of information we extracted from the legacy code,
while in Section 5 we discuss the possible interpretation of
this data. In Sections 6, 7 and 8 we summarize related work,
conclusions and future work.
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Figure 1. Architecture of tool set used

2 Tool Architecture read by arbitrary relational database packages enabling us to
use SQL for querying the data extracted from the sources.
Rapid system understanding implies summarizing of These tools can also be used to generate reports, for exam-
data. In order to understand a large legacy system, it is necPle on the usage frequency of certain variables, or contain-
essary to quickly find the “essence” of such a system. Whating the fan-in/fan-out metric of sections of code.
constitutes this essence largely depends on the reasons for Many relations stored in the repository are graphs. We
trying to understand the system. use the graph drawing packadm [9] for visualizing these
Our approach is to analyze the code using generic toolsrelations.
that have no a-priori knowledge of the system. The results
of this analysis are then fed into a central repository. Inturn, 3  Cases Investigated
this repository can then be queried, printed, visualized, etc.

The querying of the repository leads to a certain degree of  ~antral in our research are two COBOL systems from
understanding of the system. We can exploit this under- ., banking area, which in this paper we will refer to as
standing by creating analysis techniques that do contain (a)ortgage andShare. The respective owners of these sys-
degree of) specific knowledge of the system. This will lead o s are in general satisfied with their functionality, but less
to data in the repository that is more suited for our specific g4tisfied with their platform dependency. They are inter-

goals. Again, this data can be visualized, queried, etc., 0ggteq in extracting the essential functionality of these sys-
gain a greater understanding of the system. This proceS§ems in order to incorporate it into a more flexible, object-

is repeated until the engineer who tries to understand the,jenteq, architecture. Thus, questions of interest include:
system has gained sufficient knowledge of it.

> . Do these systems contain reusable code? What fraction of
The general architecture of our tool set consists of three o code is platform specific? Which data fields represent

main parts, as shown in Figure 1. The first part is the codey, siness entities? Which procedures or statements describe
analysis part, the second the repository, and the third they \siness rules?

tools that manipulate and present data from the repository. 116 sizes of the two systems are summarized in Figure 2.

For the codg analysis part Iexigal, syntgctic.or other Mortgage is a COBOL/CICS application using VSAM
forms of analysis can be used. The figure distinguishes lexi-fjes "It is partly on-line (interactive), partly batch-oriented,
cal,. syntactic [2], and datg flov_v ar_laIyS|s. For the purpose of and in fact only a subsystem of a larger (1 MLOC) system.
rapid system understanding, it will generally suffice to use gh4re is an IMS application which uses both DE¥/(for

lexical analysis. It can be performed faster than syntactic accessing an IMS hierarchical database) and SQL (for ac-
analysis, and is much more flexible [16]. cessing DB2 databases).

To extract a number of relatipns from COBOL_Iegacy For Mortgage, we had system-specific documentation
systems, we have developed a S|mp!e Perl [18] script calledyyailable, explaining the architecture and the main function-
recover . It knows about COBOL'S comment CONVeN- ity of the programs. The documentation marked several

tions, keywords, sectioning, etc. It can be used to searchyoqrams as “obsolete”: some of these were included in the
the sources for certain regular expressions, and to fill tables

with various relations, for example pertaining to the usage 1CICS is Customer Information Control System, a user interface and
of databases, call structure, variable usage, etc. The data eX°mmunications layer
. . 9 o . 2SAM is Virtual Storage Access Method, an access method for
tracted for COBOL is discussed in full detail in Section 4. ocords
We store the analysis results as comma-separated-value 3|Ms is Information Management System, a database and data com-
(CSV) files. Such files can be easily queried and manipu- munication system

lated by Unix tools such amwk [l] andjoin , and can be 4DL/I is Data Language 1, a database management language




[ Mortgage | no [ LOC | avg |
copybooks | 1103 49385 | 44
programs 184 58595 | 318
total 1288 | 107980 | 83

[ Share [ no ] LOC [ avg |
copybooks | 391 16728 42
programs 87 | 104507 | 1201
total 479 | 121235| 253

Figure 2. System inventory.

version distributed to us, however. Féhare, no specific
documentation was available: we only had a general “style
guide” explaining, for example, the naming conventions to
be used for all software developed at the owner's site.

4 Collected Data

In this section, we discuss how we used the tool set of
Section 2 to extract data from thdortgage and Share
sources, and how we displayed this data in a comprehensi
ble manner. The results of the analysis will be discussed in
Section 5.

System inventory The system inventory table summa-

rizes available files, sizes, types (copybook, program), and

languages used (COBOL, CICS, SQL, DL/I, ...). The copy-
book table indicates how copybooks are included by pro-
grams (a simple lexical search for the arguments of the
COPYcommand). If appropriate, for certain files (copy-
books) it can be detected that they were generated, for ex
ample if they contain certain types of comment or key-
words. The system inventory derived ftortgage and
Share was used to obtain Figure 2.

Program call graph The call relation is a first step in
understanding the dependencies between the programs i
Mortgage andShare. Deriving the call graph for COBOL
programs (see Figure 3 for the batch call graphivioirt-
gage) is not entirely trivial. First of all, the argument of a
CALL statement can be a variable holding a string value,
i.e., it can be dynamically computed. The most desirable
solution to this problem is to have some form of constant
propagation. In our case, fdfortgage it was sufficient to
search for the values of certain variables orStmare, for
strings matching a certain lexical pattern.

In Share, we encountered further complications. Rather
than a regular CALL statement, each call is in fact a call to
some assembler utility. One of the arguments is a string en

coding the name of the program to be called, as well as the

way in which that program is to be loaded. The assembler
routine subsequently takes care of loading the most recen

Figure 3. CALL graph for the batch part of
Mortgage.

version of this program. Once we understood this mecha-
nism, it was relatively easy to derive the call graph using
lexical pattern matching.

In Mortgage, the use of CICS provides further possibil-
ities of calling programs. The first is the CICS LINK state-
ment, which is similar to a CALL statement. The second

is the CICS XCTL statement. This takes care of invoking a
program just before or after an end-user hasfilled in a screen

as presented in an on-line sessionMortgage, the XCTL
calls could be extracted by tracing the value of a specific
variable.

Observe that these special call conventions imply that
commercial reengineering tools should be sufficiently flexi-
ble to allow such organization-specific extensions. We have
fboked at two of the most advanced COBOL reengineering
tools, Reasoning/COBOL [11] and MicroFocus/Revolve
[14]. Both support call graph extraction from abstract syn-
tax trees, but neither is able to produce the on-line call graph
of Mortgage or the batch call graph &hare. They can be
adapted to produce these graphs, but that will be more time
consuming than specifying a simple lexical search, making
the latter option more attractive in a rapid system under-
standing setting.

Database usage A viable starting point for locating data
entities of interest is the data that the system reads from or

stores in persistent databases. Mortgage, VSAM files

are used, and both COBOL as well as CICS constructs to
flccess them. I&hare, VSAM, hierarchical IMS and re-
ational DB2 tables are used, and COBOL |I/O statements,



Program Section # vars

4
i RA01330U B200-UPDATE-UIT-FIB 35
g RA01230U B200-UPDATE-UIT-FIB 35
O ; RAO01010R C100-VUL-FIB 34
. RA31C R300-MBV-RELATIENR 32
] 0 H RA31 R300-MBV-RELATIENR 32
f RA20 R220-VERWERK-30-31 26
H 0 RA20 R210-VERWERK-20-21 25
, ——— RA20 R200-VERWERK10 25
§ RA35010R B300-VALIDATIE 16
g RA33010R B300-VALIDATIE 16
; O RA20 R500-SPAARHYPOTHEEK 13
g ; Figure 5. Number of record fields used per

section.

g In order to expose shared use of database fields, we col-

lect all occurrences of database field identifiers per section

] per program. From this table, we derive a list as shown
in Figure 5. InMortgage essentially 35 datafields are con-

: tained in one large table. Figure 5 shows how many of these

‘ datafields are used in each section. Of particular interest are

those sections dealing with a small number (less than, say,

Figure 4. Qraphlcal representation of the 10) of data fields only.
CRUD matrix of Mortgage. We extracted the field usage relation using lexical anal-
ysis only. From the database declarations we extracted the
SQL and DL/l to access them. field names. We then matched on section declarations to
In an SQL system, a datamodel listing all tables with find section boundaries, and identified a field usage if one
their field names and types is explicitly available. The of the lines in a section contains a field name as substring.

cover tool can be used to extract this model from the Clearly, this is an approximative method, relying on system-
source. In a non-SQL application suchMsrtgage, this atic naming conventions: the more accurate way would be
datamodel is not available. What can be derived, though, isto parse the source and do dataflow analysis to follow field
the COBOL record definition used when writing to or read- usage through the code. For the two cases studied, though,
ing from files. the results obtained by lexical analysis were sufficiently ac-

Share uses 36 different tables, with in all 146 different curate, at least for rapid system understanding purposes.
field names. The number of fields per table varies from 1
to 40 — suggesting that many tables share certain fields. Tosection call graph A last relation we experimented with
make this visible we generated a 60-pafjgX document.  was the call graph at the section and paragraph level (the
For each table we have one section listing the fields andPERFORM graph). The perform relation can be used to
their types, as well as the programs in which the table wasvisualize the calling structure of sections in individual pro-
declared. We then usedakeindex to generate anindex, grams. Since there are many programs, this is only useful if
indicating at what pages the tables, fields, types, and pro-a selection of interesting programs is made beforehand (e.qg.
grams were used. using the CALL graph).

The CRUD — create, read, update, delete —matrixindi-  Apart from visualizing the perform graph per program,
cates how databases are manipulated by programs. As viewa|| sections of the system can also be listed and sorted ac-
ing a CRUD matrix of a large system is cumbersome, we cording to some metric. Figure 6 shows all sections with a
use the graphical representation of Figure 4. The left-handfan-in of at least 3, and a fan-out of at most 3. It can be used
column contains records read, the right-hand one recordso search for sections with an attractive fan-in/fan-out ratio.
written, and the middle column lists the programs involved. At the system level, the sections included in copybooks
An arrow from a record to a program indicates a read, andare of particular interest. These sections were designed to
an arrow from a program to a record indicates a write. be reusable, and therefore are natural candidates for further

reuse. Figure 7 lists some of these sectiondMortgage,
Field usage The database usage and datamodel provide atogether with the number of other programs and sections
rough overview of the database operations per program. Incontaining a call to that section (fan-in).
many cases, it is useful to look at the table field level as
well.
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Figure 6. Sections sorted by fan-in and fan-

out.

Section
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Y800-PRINT
Y998-HANDLE-ERROR
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Y675-STD-STRAAT
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Figure 7. Sections performed by different sec-
tions and programs.

Further experiments While finding out how to extract
the various relations from the sources, we also uged
cover as an enhanced COBOL lexer. Thecover

script contains several functions to ignore COBOL com-
ment columns and lines, to split lines into strings, numbers,
identifiers, keywords, and other tokens, to search for argu-
ments of keywords, to expand copybooks, to record infor-
mation encountered in earlier lines, and to store results into
tables. These functions were fruitfully used to acquire an
understanding of conventions used, relevant data, etc.

5 Interpreting Analysis Results

In this section, we discuss how the graphs and reports
derived in the previous section helped us to actually under-
stand the two COBOL systems under study.

Understanding copybooks Rapid system understanding

is a mixture between looking at global system information
like the call graph and looking in more detail at a specific
program in order to obtain a feeling of its particularities.
One of the aims during rapid system understanding is to re-
duce the number of programs that need to be studied in de-
tail. Having the copybook relation explicitly available will
help to avoid looking at copybooks that are in fact never
included.

For Share, 136 of the 391 (35%) copybooks were not
used; forMortgage 673 of the 1103 (61%) were not used.
These large numbers can partly be explaineMasgage
is part of a larger system: for safety, all copybooks were
included. Likewise Share relies on general utilities used
at the owner’s site; to be safe many of these were included.
We have not yet looked at other forms of dead code, such as
sections or programs never called. To detect the latter, one
should also have all JCLscripts available, which we did
not have for our case studies.

Another use of the copybook relation is to identify pat-
terns in the copybook inclusions. It turned out, for example,
that the batch and the on-line partidbrtgage use two al-
most disjoint sets of copybooks.

Call graph and reusability The batch call graph for a
part of Mortgage is shown in Figure 3. This graph shows
particularly well that we can identify:

e Programs with a high fan-out. From inspection we
know that these are typically “control” modules. They
invoke a number of other programs in the appropriate
order. In Figure 3, they are mostly grouped in the left-
hand column.

5JCL is Job Control Language, a shell-like system for MVS.



e Programs with a very high fan-in, i.e., called by most of attributes that occur in several different tables and hence
other programs. These typically deal with technical may be (foreign) keys.
issues, such as error handling. From inspection itis The second aid is the CRUD matrix, which shows which
clear that they are tightly connected to legacy architec- programs read or write certain tables. We used Figure 4,
ture, and are not likely to contain reusable code. In which shows the database usageNtrtgage, to identify
Figure 3, they are grouped in the right-hand column. databases that are only read from (for example the “zip-code
book”, shown in the top-left corner of Figure 4) or only writ-
ten to (logging, shown in in the top-right corner), databases
“used by many programs, or programs using many databases.
We also used this figure to identify those databases that are
used by most other programs. Mdortgage, there are only
three such databases. The tools indicate which (level 01
COBOL) record definitions are used to access these, and
the fields in these records we considered as the essential
For the batch part oMortgage, this categorization  business data d¥lortgage.
worked remarkably well. The third possibility aims at finding out how these data
The call graph based on CICS LINK commands (not fields are used throughout the system, using Figure 5. It can
shown) contains the remaining calls. Due to the presencehelp to group data fields based on their shared use, or to
of error handling modules, this call graph was difficult to locate sections of interest, potentially containing core busi-
understand. Removing all modules with fan-in higher than ness functionality. Again, we will use this list to select
a certain threshold (say 10), we obtained a comprehensiblesections of interest manually. Examples are sections called
layout. VALIDATIE , which contain code for checking the validity of
For Mortgage, this analysis of the call graph led to the fields entered via screens.
identification of 20 potentially reusable programs that per-

formed a well-defined, relatively small task. Reusability assessment In the preceding sections, we
For Share, only 50% of the programs were contained in have discussed how certain information can be extracted
the call graph; the remaining programs are called by JCL from COBOL sources using lexical analysis methods (Sec-
scripts, which we did not have available. Therefore, for tjon 4) and how we can use this information to understand
Share further ways of identifying reusable code will be re- the legacy system at hand (Section 5). Does this acquired

quired. understanding help us to answer the questions posed in Sec-
At a finer granularity, analysis of theERFORMgraph tion 3?

will be an option. In principle, the same categorization
in control, technical, and potentially reusable code can be e Do the systems contain reusable codg&sed on the

e Programs with a fan-in higher than their fan-out, yet
below a certain threshold. These programs can be ex
pected to contain code that is reusable by different pro-
grams. In Figure 3, they are mostly in the middle col-
umn. These programs form the starting point when
searching for candidate methods when trying to extract
an object-oriented redesign from legacy code.

made. The derived table of Figure 6 can help to find sec- call graph several programs and sections were identi-
tions of an acceptable fan-in. Clearly, this list is rather large, fied which, after inspection, turned out to contain well-
and not all sections will be relevant: we decide to inspect isolated reusable functionality.

the code of a section based on its name. For example, we ) ] ] .
could probably ignor€LOSE-FILES but should take a look  Which data fields represent business entitieShe
at VERTAAL-GROOT-KLEINS, especially since this section too[s help to identify those data fields tha.t are written
occurs in three different programs. to file ar_ld used by most programs: the mdexgd rep-
Analysis of the sections included in copybooks as shown resentation helps to browse these fields and filter out
in Figure 7 will proceed along the same lines: based on certain fields that are perceived as “non-business”.
the number of perform statements and the name of the sec-
tion (for exampleSTD-STRAAT, indicating processing of a
STRAAT, i.e., street), we will inspect code of interest. Sur-
prisingly, Share does not use any sections defined in copy-

e Which statements describe business rules? in-
ventory of the data fields used is made per section:
those dealing with several fields are likely to describe
business-oriented procedures.

books.

e What fraction of code is platform-specifi€# the 340
Understanding data usage The tools provide three ways sections oShare 177 (approximately 50%), refer to at
to understand the data usage. The firstis the index of tables, ~ least one data field. Thus, an initial estimate is that the
attributes, types and programs derived from SQL data defi- ~ other 50% is likely to contain platform-specific code.

nitions. This index can be used to detect, for example, sets ~ For Mortgage, 510 of the 2841 sections (only 18%)

6Dutch formap-upper-lower



refer to the data items stored on file. Thus, 82% ap- Finding reusable modules Part of our work is similar in
pears to be platform-oriented rather than business ori-aims to the RE project, in which candidature criteria have
ented. Inspection of the functionality shows that this is been defined to search for functional abstractions, data ab-
the case: a large part dlortgage deals with CICS-  stractions, and control abstractions [7]. The?Ripproach
specific details (implementing a layer on top of CICS). has been applied to COBOL systems by Batdl. [5, 4].
Neighbors [17] analyzes large Pascal, C, assembly, and
Evidently the answers to these questions are approxima+ortran systems consisting of more than a million lines of
tive. If a full reuse, reengineering, or re-implementation code. One of his conclusions is that in large systems, mod-
project is to be started, this project will require a more de- yle names are not functional descriptions, but “architectural
tailed answer to these questions. In order to decide to emmarkers”. This agrees with our observation that we could

bark upon such a project, fast answers, such as those disnot use module names to locate reusable code, while sec-
cussed in this section, obtained at minimal costs, are re-tion names proved helpful in many cases.

quired.

7 Conclusions
6 Related Work

Rapid system understanding, in which fast comprehen-
Lexical analysis of legacy systems Murphy and Notkin  sjon is more important than highly accurate or detailed un-
describe an approach for the fast extraction of source mod-erstanding, plays an important role in the planning, feasi-
els using lexical analysis [16]. This approach can be usedpility assessment and cost estimating phases of system ren-
for the “analysis” phase (as showed in Figure 1), in stead of gvation projects.
recover . Murphy and Notkin define an intermediate lan-  System understanding tools require an architecture in
guage to express lexical queries. Queries composed in thisyhich it is easy to exploit a wide range of techniques. The
language are generally short and concise. Unfortunatelyarchitecture discussed in Section 2 distinguishes analysis of
the tool was not available, so we were not able to use thissource code, a central relational database to store analysis
tool for our COBOL experiments. results, and various forms of presenting these results such

An interesting mixture between the lexical approach of g report generation and graph visualization.

AWK and matching in the abstract syntax tree is provided  The datamodel used by the relational database, and the
by the TAWK language [10]. Since TAWK is not (yet) in-  analysis and visualization techniques used, depend on the
stantiated with a COBOL grammar, however, we could not rapid system understanding problem at hand. The paper

use it for our experiments. discusses an instantiation for identifying reusable business
logic from legacy code.
Reengineering tools There are a number of commer- Lexical analysis, using only superficial knowledge of the

cial reengineering tools that can analyze legacy systems]anguage used in the sources to be analyzed, is sufficiently
e.g. [14, 11]. They are either language-specific (mainly powerful forrapid system understanding. An important ad-
COBOL), or otherwise based on lexical analysis. Lexical vantage is its flexibility, making it possible to adapt easily
analysis provides a level of language independence hereto particularities of the system under consideration. (See,
and makes the system easier to adapt to new languages arfar example, the derivation of the call graph lhare as
dialects. discussed in Section 4).

The COBOL specific reengineering tools have built-in In order to assess the validity of the architecture pro-
knowledge of COBOL: They work well if the application posed, the emphasis on lexical analysis, and the instanti-
at hand conforms to the specific syntax supported by tool,ation used for identifying business logic from legacy code,

usually the union of several COBOL dialects. we studied two COBOL case studies from the banking area.
Examples of language-independenttools are Rigi [15] or The two case studies show that (1) lexical methods are well-
Ciao [6]. suited to extract the desired data from legacy code; (2)

Many papers report on tools and techniques for analyz-the presentation forms chosen help us to quickly identify
ing C code. We found it difficult to transfer these to the business data fields and chunks of code manipulating these
COBOL domain and to apply them to our case studies. fields; (3) the proposed approach is capable of finding an-
COBOL lacks many C features, such as types, functions,swers to the reusability questions posed in Section 3.
and parameters for procedures. Moreover, approaches de- We consider the results of this case study to be encour-
veloped for C tend not to take advantage of typical COBOL aging, and believe the approach to be viable for a range of
issues, such as the database usage for business applicatiorsg/stem understanding and reusability assessment problems.

The limitations of our approach are:



¢ Lexical analysis cannot take advantage of the syntactic As a last remark, the present year 2000 crisis may be
structure of the sources. In our cases, for example, itisan ideal opportunity to experimentally verify the validity
difficult to extract those variables that are used in, say, of cognition models for rapid system understanding. Many
conditions of if-then-else statements. “year 2000 solution providers” start by performing a “quick
o ] ) scan” in order to determine the costs of the year 2000 con-
* Identification of business data is based on the assumpyersjon project, and almost all of these scans are based on
tion that this data is stored in databases. lexical analysis. A successful cognition model should be
Identification of data field usage is based on textual 20€ to describe most of the methods used by these solu-
tion providers, and might be able provide hints for improve-

searches for the field names. This works on the as- A >
ments for methods not taking advantage of this model.

sumption of systematic variable naming. A more ac-
curate, yet also much more involved, method would be
to follow the database field usage through the dataflow. References
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