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THE COBOL PATHWAY TO RELATIONAL 
DATABASE 
 

[This is the first phase in the migration of legacy COBOL to the .NET Framework. 

The conversion of existing flat file data (ISAM or VSAM/KSDS) to a Relational 

Database Management System, along with modification to the legacy application 

code that uses it, is examined, and tools to assist the process are identified.]  
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THE COBOL PATHWAY TO  RELATIONAL DATABASE  

(© PRIMA Computing, (NZ) Ltd and Peter E. C. Dashwood.  All rights, including Intellectual Property, reserved) 
 

OVERVIEW 

aƻǾƛƴƎ ȅƻǳǊ ŜȄƛǎǘƛƴƎ ǎȅǎǘŜƳ ŦǊƻƳ άŦƭŀǘ ŦƛƭŜǎέ (ISAM or VSAM/KSDS) onto a Relational Database 
Management System is not as simple and straightforward as it might first appear. 
 
Rebuilding your data resource is traumatic enough,  ȅƻǳ ŎŜǊǘŀƛƴƭȅ ŘƻƴΩǘ ǿŀƴǘ ǘƻ ƘŀǾŜ ǘƻ ǊŜǿǊƛǘŜ ŀƭƭ ȅƻǳǊ 
ŀǇǇƭƛŎŀǘƛƻƴǎ ŀǎ ǿŜƭƭΧ 
 
CƻǊǘǳƴŀǘŜƭȅΣ ǿƛǘƘ ǎƻƳŜ ǇƭŀƴƴƛƴƎ ŀƴŘ ŘŜŎŜƴǘ ǘƻƻƭǎΣ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ǘƻΦ 
 
This document discusses the various processes, options, and difficulties which need to be kept in mind, 
when converting an existing system away from flat files, and into Relational Database. The document is 
intended to provide a basis for discussion and to help you clarify (for your specific instance) the 
άǇŀǘƘǿŀȅέ ǿƘƛŎƘ Ƴǳǎǘ ōŜ ǘǊŀǾŜǊǎŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴΦ 
The conversion falls into two broad areas: 
 
1. Data 
2. Code 
 
The attached diagram (Conversion schematic) illustrates this division, and shows the areas where tools 
should be used. For this diagram (and throughout this document where examples are provided) we are 
ƭƻƻƪƛƴƎ ŀǘ ŀƴ ƛƳŀƎƛƴŀǊȅ ŎƻƳǇŀƴȅ ŎŀƭƭŜŘ ά!ƴȅ/ƻέ ŀǎ ōŜƛƴƎ ǘƘŜ ǎǳōƧŜŎǘ of Migration to RDB. In fact, the 
processes outlined here have actually been implemented and tested in the field by real companies.  
PRIMA has developed tools to support the processes so in some cases, describing the tool, describes the 
process. 
 
You can use the information provided here as a basis for building your own tools, or you can use the 
tools provided by PRIMA. (If, after reading this document, you decide the whole process is more than 
you really want to undertake. Please contact PRIMA, who will gladly quote you on a fixed price per file 
for outsourced conversion of code and/or data. ) Either way, as much of the conversion as possible 
should be automated. Automating it provides the following advantages: 
 
1.  Valuable resources like your programming team are not tied up on laborious and error-prone 
procedures that COULD HAVE BEEN automated. 
 
2.  The shorter you can make the time needed to convert, the less impact conversion will have on your 
existing systems. Automating the process speeds up conversion time, typically reducing it from months, 
to weeks or even days. 
 
The data conversion can be fully automated quite easily, with manual intervention only needed to 
ensure that the generated Databases accurately reflect the original flat files. PRIMA provides a tool to do 
this but you could write your own: It must parse COBOL source of the file definitions, access the 
database schema, and generate DDL for each new table, with a proper definition (derived from the 
COBOL PICTURE) for each of the columns in the new table.  OCCURS and REDEFINES need to be handled, 
along with dates and group fields (see below). 
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Each generated table (and any generated sub-tables) should be checked back against the original flat file 
definitions to ensure that all fields from the flat file record have become columns on the database table 
that represents the flat file. 
 
Code conversion is a mammoth task, for reasons explained below. Automating some or most of it has to 
be a desirable goal. (Having said that, the best way to get a feel for what is involved is to do at least one, 
and probably several, manual code conversions of individual application programsΧύ 
 
¢ƘŜ ά/ƻƴǾŜǊǎƛƻƴ {ŎƘŜƳŀǘƛŎέ ǿƘƛŎƘ Ŧƻƭƭƻǿǎ ŀǘǘŜƳǇǘǎ ǘƻ ƎǊŀǇƘƛŎŀƭƭȅ ŘŜǎŎǊƛōŜ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǿƘŜǊŜ 
the tools fit in. 
 
At the top of the diagram we have the AnyCo  flat files and Application code in COBOL. It is assumed that 
COP¸ ōƻƻƪǎ ǿƛǘƘ ǘƘŜ {9[9/¢Χ!{{LDb ŀƴŘ ǘƘŜ C5κлм ǊŜŎƻǊŘ ƭŀȅƻǳǘ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ŦƛƭŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ƛƴ 
the environment. 
 
At the bottom of the diagram we see AnyCo has a Relational Database system and they are using a 
different model to access it. 
 
Data conversion proceeds down the left hand column; code conversion proceeds down the right hand 
column. 
 
¢ƘŜ twLa! aLDw!¢Lhb ¢ƻƻƭǎŜǘ ǎƛǘǎ ƛƴ ǘƘŜ ƳƛŘŘƭŜΦ LŦ ȅƻǳ ŘƻƴΩǘ ǳǎŜ ƻǳǊ ǘƻƻƭǎŜǘ ȅƻǳ ǿƛƭƭ ƴŜŜŘ ǘƻ ǇǊƻǾƛŘŜ 
equivalent functionality or simply do it manually. (For small  conversions where there are only a few flat 
files involved and a dozen or so programs, this is a perfectly viable approach; as the number of files and 
programs increases, the requirement for automation becomes more pressing. Even doing one table set 
(a base table with its attached repeating groups (see below)) manually, is tedious and error prone if the 
record has more than a few fields in it. The COBOL picture has to be correctly converted to a DB type, 
the host variable to accommodate it needs to be defined at the same time, it is all pretty tiresome and 
ǊŜǇŜǘƛǘƛǾŜΧƳƛǎǘŀƪŜǎ ŀǊŜ Ŝŀǎȅ ǘƻ ƳŀƪŜΦ 
 
The Toolset approach can be summarized as follows: 
 

1. Analyse the existing data structure and create RDB tables that can support the same, normalized 
to the highest level possible.  At the same time spin off metadata about the flat files which can 
be used downstream in the process, by other tools. [Tool=TABLECREATE] 
 

2. Use the metadata to create a Load Module in COBOL that can read the existing flat file and write 
the new DB Table Set. (It is in COBOL so it can be easily modified to do special filtering or data 
cleansing as the load progresses.) [Tool=LMG (Load module generation] 
 

3. Use the metadata to generate an all purpose Table Set maintenance component, as a COM 
server Class. This is the Data Access Layer (DAL) object for the Table Set.  [Tool=MOSTGEN] 
 

4. Amend the existing application source code to replace all flat file access with invocation of the 
DAL object. [Tool=MOSTAMD] 
 

The PRIMA Toolset is written in C# and runs under .NET 3.5, however, load modules are generated in 
COBOL so they can be easily amended for data cleansing/filtering during load, and DAL objects are 
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generated in OO COBOL and wrapped as COM components so you can see immediately what they are 
doing. (For COM components the source language is irrelevant as it is not intended that they will be 
highly maintained.) 
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Conversion schematic
Wednesday, May 06, 2009

AnyCo SYSTEM 

APPLICATION CODE

ISAM access model

AnyCo  DATA

Flat files

DATA CONVERSION 

PROCESS

(Fully Automated)

Indexed

Sequential

Access

Method

(ISAM or VSAM/KSDS)

CODE CONVERSION 

PROCESS

(Mostly automated)

AnyCo APPLICATION CODE

RDBMS  access model

AnyCo SYSTEM DATABASES

ANALYSE EXISTING FILE 

DEFINITIONS

Identifies elemental & group 

fields, Indexes, keys, 

constraints, repeating groups,

normalizes to 3NF, creates 

table DDL, metadata for LM, 

empty table, etc.

LOAD DATA INTO RDB 

TABLES

Uses the ISAM data for the 

property, and the empty RDB 

from ISAM2RDB to load the 

tables.

GENERATE LOAD 

MODULES

Uses metadata and COBOL 

templates to create COBOL 

Load Module for table. Batch 

compiles and links LMs

DATE Field identification

COBOL has no DATE type

but the RDB does. The tool

allows date fields to be

identified and flagged.

RDBMS

MS ACCESS 

(converts to other end 

point RDBMS, if 

required)

PRIMA TOOLS

TABLECREATE 

tool

LMG (Load)

LMG (Build)

DECLGEN

Generates 

Host 

Variables

CHANGE SOURCE CODE to

use DAL

DAL object invocations

replace COBOL ISAM verbs

(MOSTAMD)

DATA ACCESS LAYER

OBJECTS

General purpose Table Set

maintenance component.

Generated from Maint Object

Server Template
MOSTGEN

MOSTAMD

MOSTAMD

Data access

Group field 

triggers

Repeating 

groups

(Copyright PRIMA Computing, (NZ) Ltd and Peter E. C. Dashwood. All rights, including intellectual property, reserved)
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THE DATA  CONVERSION 

OVERVIEW 

 
This is the process of converting existing flat file datasets to RDB Table Sets. 

DEFINING A STANDARD PROCESS 

 
¢ƘŜǊŜ ŀǊŜ ŀ ƴǳƳōŜǊ ƻŦ άǘŀǎƪǎέ ǘƘŀǘ Ƴǳǎǘ ōŜ ŘƻƴŜ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ŀƴŘ ǘƘŜ ƻǊŘŜǊ ǘƘŜȅ ŀǊŜ 
done in can be significant. For example, if tables are created before date fields have been identified, the 
date fields will be hŜƭŘ ƻƴ ǘƘŜ w5. ŀǎ ƴǳƳōŜǊǎΣ ŀƴŘ ǘƘŜ ŜȄǘŜƴǎƛǾŜ ŘŀǘŜ ŦǳƴŎǘƛƻƴǎ ƛƴ {v[ ǿƻƴΩǘ ōŜ 
available.  
 
It is important that you make some planning decisions before you get down to applying the tools. 
 
Here are some things to consider: 
 

1. {Ŝǘ ǳǇ ŀ άƳƛƎǊŀǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘέΦ This should be a set of related directories which can act as a 
άǎŀƴŘōƻȄέ ŦƻǊ ŜȄǇŜǊƛƳŜƴǘŀǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ ƻŦ ƳƛƎǊŀǘƛƻƴ ǘƻƻƭǎ ŀƴŘ ŎƻƴǾŜǊǎƛƻƴǎΦ 
 

2. Date fields need to be identified using the MOSTAMD tool (or a tool you wrote in-house to 
facilitate finding date fields and tagging them). This should be done before starting the 
Migration. 
 

3. ! ά{ƻǳǊŎŜ {Ŝǘέ ƛǎ ǘƘŜ {9[9/¢Χ !{{LDb and FD/01 copybook for a given Key Sequenced flat file.  
 
Source Sets are fundamental and essential to the Migration process if you are using the PRIMA 
Migration Toolset. The quality of the Source Set will determine the quality of the generated 
Table Set (Base table plus attached repeating group tables). DB tables, Load Modules, DAL 
objects, EVERYTHING, are all created from the data in, and the Metadata generated from, the 
Source Sets. 
 
Review all your Source Sets looking for things like the following: 
 

1. /ŀƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ h//¦wǊƛƴƎ ŦƛŜƭŘǎ ōŜ ǊŜŘǳŎŜŘΚ 9ǾŜǊȅ h//¦w{ ŎƭŀǳǎŜ όάǊŜǇŜŀǘƛƴƎ ƎǊƻǳǇέ 
in DB terminology) will cause an attached table to be generated on the RDB. This is a 
ƴŜŎŜǎǎŀǊȅ ǇŀǊǘ ƻŦ bƻǊƳŀƭƛȊŀǘƛƻƴΣ ǿƘƛŎƘ ŜƴǎǳǊŜǎ ȅƻǳǊ ŘŀǘŀōŀǎŜ ƛǎ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅ άǇǳǊŜέ ŀƴŘ 
has no redundant data, apart from foreign keys. If you can combine OCCURring fields you 
can increase the performance of your database. Usually, if there are just a few attached 
tables, the DAL objects will load them with a single SQL statement at the same time as the 
base is loaded, but if there are many, this becomes more problematic. Try and combine 
OCCURring fields, especially where it will make no difference to existing application code. 
 
For example: 
 
12 field - 1  pic x occurs 7.                               
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12 field - 2  pic x occurs 7.  

12 field - 3  pic x occurs 7.    Χǿƛƭƭ ƎŜƴŜǊŀǘŜ о wD ǘŀōƭŜǎΦ 

 
.¦¢Χ 
 

10 dummy - level occurs 7.  

      12 fie ld - 1  pic x.  

      12 field - 2  pic x.  

      12 field - 3  pic x.  

 

              Χǿƛƭƭ ƎŜƴŜǊŀǘŜ hb9 wD ǘŀōƭŜΣ ǿƛǘƘ ƴƻ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŀŎŎŜǎǎ ŎƻŘŜΦ (Applications will 
still reference field-1, 2, and 3 with a single subscript and the format of the data buffer is 
identical ς 21 bytes.) 
 

2. Check for GROUP fields. The RDB cannot accommodate non-elemental fields. (It will store a 
group field as a single column on the DB.) You can configure the DECLGEN tool to tag group 
fields (say, GRP-field name). They should really be removed from the DB but this may impact 
existing application code. The Load Modules will load them correctly, but after that you are 
on your own, inasmuch as the DB will not recognise any relationship between the elements 
which comprise the group field, and the group field itself. For the most part, they can be 
ignored. 
 

3. Check for duplicated names. Although COBOL can tolerate duplicate names in the same 
ǊŜŎƻǊŘ ŘŜŦƛƴƛǘƛƻƴ όǇǊƻǾƛŘŜŘ ȅƻǳ ǉǳŀƭƛŦȅ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ǘƘŜƳύΣ ǘƘŜ w5. ŎŀƴΩǘΦ 

 
4. Make sure that SELECT books are for INDEXED files before placing them in the Migration 

environment, if you are using the PRIMA Toolset. 
 
5. REDEFINES MAY occasionally cause DECLGEN to generate an incorrect length in the 

redefining group field. It should not be problematic (see point 2 above regarding group 
fields). 

 

OVERVIEW OF THE TOOLS AND WHAT THEY DO 

 

The following diagram shows how the Toolset is used to create a normalized Database and a 

corresponding Data Access Layer, comprised of objects, to get at it with.  The database is created and 

loaded with existing data, the access objects are generated, and the existing application source code is 

modified to use the access objects instead of the COBOL data access verbs. This is all done automatically 

by the tools provided.   
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TableSet 1

TableSet 2

Each ISAM file is converted AUTOMATICALLY to a 

TableSet. The TableSet is normalized to 2NF with 

repeating groups (COBOL OCCURS fields) linked as 

attached tables. Date fields in the COBOL record are 

recognised as dates and stored on the DB as date types.

A DAL object is generated to manage each TableSet. It 

can perform all possible random and sequential activity 

against the TableSet and will instantiate a separate 

instance of itself for read-only and update threads.

DAL objects can run ANYWHERE and be called from ANY 

programming language or Script that supports COM.

Relational Database Management System 

Where action is required across TableSets, a 

standard DB ñViewò can be implemented, then 

accessed using the PRIMA DAL object source 

code as a base template for a new object. The 

Data Access Layer then consists of generated 

and manually tailored objects, in a separation 

layer that isolates the data access from the 

applications.

COM server object

to manage access 

against TableSet 1

COM server object

to manage access 

against TableSet 2

The Data Access Layer (DAL)

(These objects can be used on the Web or

 Desktop, run under .NET or Mono, and can

 be called by ANY programming language or

Script that supports the Component Object 

Model (COM) or ActiveX interfaces)

The Data source for the COBOL 

apps. is switched from ISAM  to 

RDB without impact on existing 

logic. Interface to DAL is via the 

same buffers that were used for 

ISAM. Apps are recompiled to use 

DAL.

Data buffer is all that

Applications ñseeò

ISAM FILE 1 ISAM FILE 2

01 rec-1.

  12 r1-prime-key pic é

  12 r1-fld-1 pic é

  12 r1-fld-2 picé

  12 r1-fld-3 picé

      occurs 17 times.

  12 r1-fld-4 picé

       etc.

01 rec-2.

  12 r2-prime-key pic é

  12 r2-fld-1 pic é

  12 r2-fld-2 picé

      occurs 5 times.

  12 r2-fld-3 picé

  12 r2-fld-4 picé

       etc.

Legacy ISAM flat files

COBOL record COBOL record

R1-prime-key

R1-prime-key
+ index (level)

r1-fld-1

r1-fld-2

r1-fld-4

Etc.

r1-fld-3

R2-prime-key

R2-prime-key
+ index (level)

r2-fld-1

r2-fld-3

r2-fld-4

Etc.

r2-fld-2

Change Legacy 

COBOL

The PRIMA tool

MOSTAMD can

change ISAM calls in

COBOLSource into 

invokes of DAL objects,

completely 

AUTOMATICALLY!

ISAM to RDB conversion using the PRIMA Toolset          May 2009   (Copyright Prima Computing, (NZ) Ltd)
(ALL rights, including intellectual property, reserved. Do not copy or circulate without permission.)

(Compiled from source generated 

by the PRIMA Tool MOSTGEN)

(TableSets are created from COBOL source data 

definitions, by the PRIMA Tool TABLECREATE)
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WHAT YOU NEED:  

1. Existing ISAM or VSAM/KSDS data sets. 

MAINFRAME NOTE: 

The Toolset runs in a Windows environment using .NET 3.5. Mainframe sites normally have a 

mechanism to transfer text files to the workstation. The VSAM datasets will need to have sequential 

ŜȄǘǊŀŎǘǎ ŘƻƴŜ ōȅ L5/!a{ ǎƻ ǘƘŜȅ Ŏŀƴ ōŜ ƭƻŀŘŜŘ ǘƻ ǘƘŜ ¢ƻƻƭǎŜǘΩǎ ǿƻǊƪƛƴƎ 5. ǿƛǘƘ ǘƘŜ [ƻŀŘ aƻŘǳƭŜǎΣ Ƨǳǎǘ 

as if they were sequential workstation datasets.  Alternatively, the Load Module source generated by 

the Toolset can be compiled and run on the mainframe, where it will read the VSAM and write it directly 

to the new DB2 RDB. 

2. COBOL definitions of the datasets described in 1, above. 

¸ƻǳ Ƴǳǎǘ ƘŀǾŜ ǘƘŜ {9[9/¢Χ!{{LDb ǎǘŀǘŜƳŜƴǘǎ ŀƴŘ ǘƘŜ C5Χлм Řŀǘŀ ŘŜŦƛƴƛǘƛƻƴǎ ŀǎ {9t!w!¢9 ǘŜȄǘ Ŧƛƭes, 

for presentation to the Toolset. The combination of a corresponding SELECT and its matching record (01) 

ŘŜŦƛƴƛǘƛƻƴόǎύ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ ά{h¦w/9 {9¢έΦ 

3.  Relational Database Management System  (RDBMS) 

The Toolset uses an MS ACCESS database as a working set, (because it is convenient and found on most 

²ƛƴŘƻǿǎ ǇƭŀǘŦƻǊƳǎΧύ but ANY !b{L {v[ ŎƻƳǇƭƛŀƴǘ w5.a{ Ŏŀƴ ōŜ ǎǇŜŎƛŦƛŜŘ ŀǎ ŀƴ άŜƴŘ-ǇƻƛƴǘέΦ  We have 

checked that the following are compliant: 

MySQL 

postgreSQL 

SQL Server 

DB2 

There are many others, but you will need to check them yourself for compliance. In particular, check 

ǘƘŀǘ ǘƘŜ {v[ ά/h![9{/9έ ŎƻƴǎǘǊǳŎǘ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘΦ 

Whatever end point RDBMS you require, your system must have a copy of MS ACCESS on it for the 

toolset to run. 

Small business applications can run using ACCESS (up to 10 concurrent workstations perform very well 

on modern versions of ACCESS and it is easily scaled to SQL Server if required .) We have checked the 

Tools and what they generate against the Open databases, MySQL and postgreSQL , end-points without 

problem. 

  



Page 11 of 32 
  

TOOLS 

TABLECREATE -   CONVERT A COBOL FLAT FILE  DEFINITION INTO A RELATIONAL TABLE SET 
STRUCTURE 
 
This is a quite remarkable tool that effects the conversion of COBOL file structures into Tables 
(Relations) on a Relational Database. 
 
Lǘ ǘŀƪŜǎ ǘƘŜ /h.h[ {ƻǳǊŎŜ ŘŜŦƛƴƛǘƛƻƴǎ όǳǎǳŀƭƭȅ /ht¸ ōƻƻƪǎύ ŦƻǊ ǘƘŜ {9[9/¢ Χ!{{LDbΣ ŀƴŘ ǘƘŜ C5κлм 
definitions of the records, and builds an equivalent RDB table set from them. All of the keys and indexes 
on the original file are translated and transferred into the RDB environment, along with referential 
constraints deduced at creation time.  At the same time, normalization occurs with the removal of 
repeating groups and the setting up of separate linked tables to accommodate them. 
 
Each File conversion would normally take a considerable amount of programmer time as the fields on 
the file have to be translated into database columns and the new table has to have its indexes, keys, and 
referential integrity constraints implemented.  
 
In addition to the above, the TABLE CREATION Tool generates DDL statements to create the database on 
MS/ACCESS or SQL SERVER, generates metadata to create a load module and DAL object (see below) for 
each of the  tables it has defined, and checks for foreign key dependencies on existing tables.  
 
όCƻǊ ǇŜƻǇƭŜ ǿƘƻ Ǉƭŀƴ ǘƻ ǳǎŜ ƻǘƘŜǊ w5.a{ ƭƛƪŜ tƻǎǘƎǊŜ{v[Σ  aȅ{v[Σ hw!/[9Σ 5.нΣ ŜǘŎΧ ƛǘ ƛǎ ŀ ǎƛƳǇƭŜ 
matter to export data and structure from the RDB created and loaded by the toolset.) 
 

DECLGEN ς ANALYSE A RDB TABLE AND PRODUCE COBOL HOST VARIABLES FOR IT 
 
¢Ƙƛǎ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ǘƻƻƭ ƻŦ ǘƘŜ ǎŀƳŜ ƴŀƳŜ ǳǎŜŘ ƛƴ ƳŀƛƴŦǊŀƳŜ ŜƴǾƛǊƻƴƳŜƴǘǎΦ Lǘ ƛǎ ŀ ά5ŜŎƭŀǊŀǘƛƻƴ 
DŜƴŜǊŀǘƻǊέΦ  
 
You use DECLGEN once you have a database. 
 
DECLGEN analyses the tables on the RDB and produces COBOL Host Variable definitions for inclusion in 
your programs, which use embedded SQL to access the database 
 
¢ƘŜ Ƨƻō ƻŦ άǘǊŀƴǎƭŀǘƛƴƎέ ŀ ŘŀǘŀōŀǎŜ ŎƻƭǳƳƴ ŘŜŦƛƴƛǘƛƻƴ ƛƴǘƻ ŀ /h.h[ ǇƛŎǘǳǊŜ ƛǎ ƴƻǘ ŀƭǿŀȅǎ Ŝŀǎȅ ŀƴŘ ƛǘ ƛǎ 
error prone. DECLGEN does it instantly and gets it right. 
 
Date fields ǿƛƭƭ ōŜ ŀǎǎƛƎƴŜŘ ŀ /h.h[ ǇƛŎǘǳǊŜ ƻŦ άŎƻƳǇ-нέΦ ¢Ƙƛǎ ƛǎ сп ōƛǘ ŦƭƻŀǘƛƴƎ ǇƻƛƴǘΦ Lǘ ƛǎ ƛƴǘŜƴŘŜŘ ǎƻ 
that Access DB tables pre-Access 2000 can have dates stored on them from COBOL. (They are held on 
Access in this format). Access DBs after this have proper support for date functions through SQL, so you 
should replace the comp-2 with a string of at least 10 bytes in the Host Variable. When retrieving dates 
they will be stored in the Host Variable as: DD/MM/YYYY or MM/DD/YYYY depending on your local 
settings. You cŀƴ ŀƭǎƻ ƎŜǘ ŀƴŘ Ǉǳǘ ǘƘŜ ǘƛƳŜ ƛŦ ȅƻǳ ƳŀƪŜ ǘƘŜ I± ƭŀǊƎŜǊΧ 
 
01 HV-5ŀǘŜ        ǇƛŎ Ȅόмсύ ǾŀƭǳŜ  άнмκлоκнллф моΥоуέΦ 
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The PRIMA MIGRATION Toolset has extensive date handling routines that will detect and analyse your 
existing date fields in your existing flat files and make sure that they are presented correctly to the SQL 
Date functions. 6 or 8 character dates will be converted to and from 10 character host variables, 
automatically. 
 
 
 

LOAD MODULE GENERATOR (LMG) ς GENERATE COBOL MODULES TO LOAD FLAT FILE DATA 
INTO EACH TABLE ON THE RELATIONAL DATABASE 
 
This is a 2 part tool. 
 
Part 1 ς LMG Build 
 
This causes metadata generated for each of the tables by TABLECREATE, to be picked up and merged 
with a Source Code template, resulting in a COBOL module that can load the specified RDB table with 
data from the original flat file.  This generated program reads the flat file and writes the DB Table Set. 
The resultant module is called [Tablename].COB. If any special validations or filters are required for 
loading, this codŜ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ŀƳŜƴŘŜŘ ōŜŦƻǊŜ ŎƻƳǇƛƭƛƴƎΦ  Lǘ ƛǎ άŜȄǇŜƴŘŀōƭŜ ŎƻŘŜέ ƛƴǘŜƴŘed for one 
time loading. 
 
Part 2 ς LMG Load 
 
The .COB files created above are batch compiled and run. This results in the new DB Table Set being 
loaded with data from the corresponding flat file. 
 
Successful running of the Load Modules completes Data Conversion.     
        

THE CODE CONVERSION 

OVERVIEW 

 
The conversion of the existing application programs to access the new Relational Database (code 
conversion) is the most complex part of the overall conversion to RDB. 
 
While it appears straightforward on first inspection, it is not. It is not just a matter of detecting every 
place where a given program accesses the flat file(s). 
 
There are subtleties and complexities here that require careful inspection and thought.  These will now 
be identified and discussed. 
 

²I¸ L{bΩ¢ L¢ {Lat[9Κ 

 
Although the use of RDB brings many extra benefits over the use of flat files, they are, nevertheless, two 
different paradigms.  
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¢ƘŜ w5. Ŏŀƴƴƻǘ Ŏƻƴǘŀƛƴ άǊŜǇŜŀǘƛƴƎ ƎǊƻǳǇǎέΣ ŀƴŘ ȅŜǘ ǊŜǇŜŀǘƛƴƎ ƎǊƻǳǇǎ ŀǊŜ ŀƴ ƛƴǘǊƛƴǎƛŎ ǇŀǊǘ ƻŦ /h.h[ 
programming, implemented by use of the OCCURS clause. (By the same token, the use of COBOL 
REDEFINES is meaningless on a Relational Database.) [This will be referred to from here on as the 
άh//¦w{ ǇǊƻōƭŜƳέΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ŎƻǊǊŜŎǘ ǘŜǊƳ in DB parlance is άrepeating groupέ.] 
 
The RDB cannot contain group fields, and yet COBOL is intrinsically hierarchic in its data definitions, 
using numeric levels to define a hierarchic data structure. [This will be referred to from here on as the 
άDwh¦t ǇǊƻōƭŜƳέϐΦ 
 
Both of the above problems affect Data Conversion and Code Conversion. This section of the document 
only concerns itself with the Code Conversion aspects of them. 
 

THE OCCURS PROBLEM 
 
The TABLECREATE tool applies logic to the RDB tables as they are generated, in order to ensure they 
comply with best RDB practice. This results in a database that is at least in 2NF (second Normal Form) 
and can result in a DB in 3NF (third Normal Form) ς it depends on the keys defined in the flat file being 
converted. (The simpler the key structure, the better the Normalization.) 
 
To get to 2NF, the repeating groups must be removed from the database. TABLECREATE does this and 
creates additional linked sub-tables for them. But this means that where a field could previously be 
referenced as field(sub), now it must be referenced as a row on an ΨrgΩ table. 
 
 (The PRIMA MIGRATION Toolset gets round this by letting the DAL object handle the rg table, and using 
the existing recƻǊŘ ƭŀȅƻǳǘ ŀǎ ǘƘŜ ƛƴǘŜǊŦŀŎŜΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŀǇǇƭƛŎŀǘƛƻƴǎ όǿƘƛŎƘ Ŏŀƴ ƻƴƭȅ άǎŜŜέ ǘƘŜ 
ƛƴǘŜǊŦŀŎŜ ŀƴŘ ƴƻǘ ǘƘŜ ¢ŀōƭŜ {Ŝǘύ Ŏŀƴ ŎƻƴǘƛƴǳŜ ǘƻ ǊŜŦŜǊŜƴŎŜ άŦƛŜƭŘ όǎǳōύέΦύ 
 
!ƴ ŜȄŀƳǇƭŜ Ƴŀȅ ƘŜƭǇΧ 
 
 
The Relational Database will not tolerate Repeating Groups under the same key dependency. 
 
Tables in COBOL are implemented with the OCCURS clause, and even though this allows tables up to 3 
dimensions it suffers from some severe limitations. 
 
Tables defined within a record in COBOL suffer from the following deficiencies: 
 
1. They occupy space whether they contain data or not. (OCCURS...DEPENDING allocates the maximum 
possible space and saves nothing; it is best avoided...) 
 
2. They represent groups of data that have the same key dependency as the rest of the data in the 
record, ōǳǘ ŀǊŜ ǊŜǇŜŀǘŜŘ ŀ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎΦ όLƴ w5. ǇŀǊƭŀƴŎŜ ǘƘƛǎ ƛǎ ǘŜǊƳŜŘ ŀ άwŜǇŜŀǘƛƴƎ DǊƻǳǇέ. It 
violates Second Normal Form.)  
 
3. They cannot be expanded dynamically, and they impose an arbitrary limit on the system design. (They 
are limited to as many entries as are specified in the OCCURS clause. From a design point of view this is 
problematic. Too many entries and space is wasted; too few, and the system will blow.) 
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4. They require indexing or subscripting to retrieve the data. This can be error prone. 
 
RDB Normalization requires that Repeating Groups (RG) s be removed to separate tables, tied to the 
base table. This means they are not occupying space unless they are populated, and they only need to 
be fetched when the data in them is required. Furthermore, they can be extended dynamically without 
limit just by adding further rows.  The process of doing this is part of achieving second Normal Form 
(2NF). (See Appendix A for a full and simple description of Relational Database Normalization). 
 
TABLECREATE handles it as follows: 
 
мΦ ²ƘŜƴ ŀƴ h//¦w{ ƛǎ ŜƴŎƻǳƴǘŜǊŜŘΣ ŀ άǊŜǇŜŀǘƛƴƎ ƎǊƻǳǇέ ǘŀōƭŜ ƛǎ ŎǊŜŀǘŜŘΦ Lǘ ǿƛƭƭ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ƴŀƳŜ ŀǎ 
ǘƘŜ ōŀǎŜ ǘŀōƭŜΣ ōǳǘ ǘƘŜ ƭŜǘǘŜǊǎ άǊƎέ ŀƴŘ ŀ ƴǳƳōŜǊ ŀǊŜ ŀǇǇŜƴŘŜŘ ǘƻ ƛǘΦ ¢ƘŜ ƴǳƳōŜǊ ƛǎ ǘƘŜ ǎŜǉǳŜƴŎŜ ƻŦ 
OCCURS that were encountered in the flat file record definition. 
 
¢ƘŜ ŀǘǘŀŎƘŜŘ ǎŎǊŜŜƴ ǎƘƻǘ ǎƘƻǿǎ ŀ ǘŀōƭŜ ŎŀƭƭŜŘ ά±9{{9[{-¢!.[9έΦ  όLǘ ƛǎ ǇŀǊǘ ƻŦ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ ǿƘƛŎƘ 
ǇŜǊǘŀƛƴǎ ǘƻ ƻƛƭ ǎǘƻǊŀƎŜ ǾŜǎǎŜƭǎ ƛƴ /ŀƴŀŘŀύΦ ²Ŝ Ŏŀƴ ǎŜŜ ǘƘǊŜŜ όǘƘŜǊŜ ŀǊŜ ŀŎǘǳŀƭƭȅ ŦƻǳǊύ άǊŜǇŜŀǘƛƴƎ ƎǊƻǳǇέ 
tables attached to ƛǘΣ ά±9{{9[{-¢!.[9ǊƎлмέΣ ά±9{{9[{-¢!.[9ǊƎлнέ ŀƴŘ ά±9{{9[{-¢!.[9ǊƎлоέΦ 
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2. ¢ƘŜ άǊƎέ ǘŀōƭŜǎ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ǇǊƛƳŀǊȅ ƪŜȅ ŀǎ ǘƘŜ ōŀǎŜ ǘŀōƭŜΦ .ǳǘ ƛǘ Ƙŀǎ ǘƻ ōŜ ŜȄǘŜƴŘŜŘΦ hǘƘŜǊǿƛǎŜ ǘƘŜǊŜ ŎƻǳƭŘ 
only be one row in each of the tables (primary keys MUST be UNIQUE).  In the original flat file we would have 
addressed a row by subscripting/indexing it. So TABLECREATE creates a key field which corresponds to the index 
which would have been used originally. As COBOL supports 3 levels of indexing, it is possible we could have up 
to 3 of these fields. They are created as LEVEL-J, LEVEL-K, and LEVEL-L and correspond to a three-dimensional 
COBOL OCCURS clause. 
 
The READINGS-¢!.[9 ŀƭǎƻ Ƙŀǎ ƘŀŘ ŀƴ ΨǊƎΩ ǘŀōƭŜ ƎŜƴŜǊŀǘŜŘ ŦƻǊ ƛǘΣ ǎƻ ǿŜ ƪƴƻǿ ǘƘŀǘ ǘƘŜ ƻǊƛƎƛƴŀƭ flat file must have had an 
OCCURS clause in it. 
 
IŜǊŜΩǎ ǘƘŜ ǎƻǳǊŎŜ ŎƻŘŜ ƻŦ ǘƘŜ w9!5LbD{-TABLE, shown in the screen shot above. 
 
*------------------reading2.cpy -------------------------------------  
 
    01  Readings - table.  

 

       03 READING- record - contents.  

     10 READING- PrimeKe y.  

               15 READING- Item - Number         pic 9(06).  

               15 READING- Sequence - Number     pic 9(02).  

     10 READING- line occurs 24.  

        15 READING- point - code      pic  x(04).  

        15 READING- average - loss      pic s9(04)v9(01) comp - 3.  
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        15 READING- period - loss      pic s9(04)v9(01) comp - 3.  

        15 READING- total - loss      pic s9(04)v9(01) comp - 3.  

        15 READING- total - loss - percent  pic s9(03)v9(01) comp - 3 

             15 READING- value occurs 10     pic  9(01)v9(03) comp - 3.  

 

*--------------------------------------------------------------------  
 
The 2 highlighted lines show the OCCURS clause which caused the READINGS-TABLErg01 table to be created, and the 
subordinate OCCURS clause which forced two levels into the primary key. (LEVEL-J and LEVEL-K) 
 
IŜǊŜΩǎ ŀ ŎƭƻǎŜ ǳǇΧ 
 

 
 
¢ƘŜ ǇǊƛƳŀǊȅ ƪŜȅǎ ŀǊŜ ǎƘƻǿƴ ƛƴ ōƻƭŘ ōȅ !//9{{ ƛƴ ǘƘƛǎ άwŜƭŀǘƛƻƴǎƘƛǇǎέ ǾƛŜǿΦ TABLECREATE has created the proper 
primary key on READINGS-TABLErg01, then tied it back through a referential integrity constraint to the primary key of 
the Base table.  
 
This means that no entry can be made for the ΨrgΩ table unless the READING-PRIMEKEY already exists on the base table, 
and, if the base row for this key is deleted, the rg entries for all rows with that key will be automatically deleted also. No 
ŀŎǘƛƻƴ ƛǎ ǊŜǉǳƛǊŜŘ ŦǊƻƳ ǘƘŜ ǇǊƻƎǊŀƳ ŘƻƛƴƎ ǘƘŜ ŘŜƭŜǘŜΣ ƻǘƘŜǊ ǘƘŀƴ ǘƻ ŘŜƭŜǘŜ ǘƘŜ ōŀǎŜ ǊƻǿΦ όLǘΩǎ ŎŀƭƭŜŘ άŎŀǎŎŀŘŜ ŘŜƭŜǘŜέ 
and can only be achieved by using referential integrity). 
 
All of these actions have been done automatically by TABLECREATE. There has been NO manual intervention required to 
set keys or constraints or define tables! 
 
All of the rows on the ΨrgΩ table for a given key could be obtained by opening a cursor. (Note there can be any number; 
not just the 24 originally defined.)  
 
Specific elements could be obtained by setting the READING-PRIMEKEY and appropriate values in LEVEL-J and LEVEL-K. 
(For items other than READING-VALUE, LEVEL-K will be άмέΧύΦ 
 
Although the levels are shown before the base key in the view above, the true primary key of the rg table is READING-
PRIMEKEY > LEVEL-J > LEVEL-K. 
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[ƛƪŜ ǘƘƛǎΧ 
 

 
 
It is possible to obtain specific data from the ΨrgΩ ǘŀōƭŜΣ ŀƭƻƴƎ ǿƛǘƘ Řŀǘŀ ŦǊƻƳ ǘƘŜ ōŀǎŜ ǘŀōƭŜ ōȅ άƧƻƛƴƛƴƎέ ǘƘŜ ǘŀōƭŜǎ ƻƴ 
ǇǊƛƳŀǊȅ ƪŜȅΦ [ƛƪŜ ǘƘƛǎΧ 
 
(The required prime key has been previously set up and is loaded into HV-primekeyΧ ƛƴ ǘƘƛǎ ŎŀǎŜ ǘƘŜ ƛǘŜƳ-number and 
sequence number ARE the elements of the prime key όǎƻ ǿŜ ŘƻƴΩǘ ƴŜŜŘ to join the tables, as we already know this data), 
ōǳǘ ǇǊŜǘŜƴŘ ǘƘŜȅ ŀǊŜ ƴƻǘΧŎƻǳƭŘ ōŜ ǳƴǊŜƭŀǘŜd elements in the READINGS-TABLE) 
 
SELECT  ( x. [READING- ITEM- NUMBER], x. [READING- SEQUENCE- NUMBER],  

         y. [READING- AVERAGE- LOSS])  

 

INTO  : HV- item, : HV- seq - num, : HV- avg - loss  

 

FROM [READINGS- TABLE] x, [READINGS - TABLErg01] y  

 

WHERE x.[READING- PRIMEKEY] = : HV- primekey AND  

     ( x.[READING - PRIMEKEY] = y.[READING - PRI MEKEY] AND 

      x.[LEVEL - J] =  5  AND y.[LEVEL - K] = 1)  

 
(Note that ALL names containing hyphens must be enclosed in square brackets in ACCESS SQL to avoid confusion with 
Ƴƛƴǳǎ ǎƛƎƴǎΧ) 
 
The above SQL will load the three host variables with, item number and  sequence number from the READINGS-TABLE, 
and average loss from row 5 of the READINGS-TABLErg01. 
 
Notice that every row of the READINGS-TABLErg01 table has a J and a K portion of its prime key. 
 
It is important to remember that these fields are not maintained by the system. They will be set properly by the load 
module as data is loaded into them but after that if, for example, you delete a row, the numbers will not, of themselves 
realign to cover the gap. (This is a perfect case for providing a DB procedure that is triggered by a delete and rebuilds the 
keys sequentially). 
 
(If you use the PRIMA MIGRATION Toolset this is all transparent and is handled by the DAL object.  You simply reference 
the record description) 
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SUMMARISING: 
 
Repeating groups are split out by TABLECREATE, in accordance with 2NF Normalization. This does not 
prevent the data being accessed as it always was, using cursors, singleton selects, or joins.   
 
If it is accessed through the DAL object generated from the Toolset, then fields are referenced with 
subscripts, exactly as at present, and the DAL object controls the LEVEL-n fields. 
 

HANDLING OCCURS...DEPENDING 

 
The results of using OCCURS...DEPENDING with TABLECREATE are undefined. 
 
The best thing to do is to pre-process the Source definitions and remove this clause. Replace it with a 
single field of maximum size. Existing code that accesses it will need to be adjusted accordingly, but you 
will be doing modifications to the existing code to enable it to access the database anyway. 
 

THE GROUP PROBLEM 
 
TABLECREATE recognises COBOL data structure and requires an 01 level for each record defined on a 
given flat file. The name of this 01 level will become the name of the table created on the database. As 
there is no such thing as a GROUP level on the database, the software does the following: 
 
мΦ Lǘ Ƴŀƛƴǘŀƛƴǎ Řŀǘŀ ƭŜǾŜƭǎ ǳǇ ǘƻ ǎƛȄ ƭŜǾŜƭǎ ŀƴŘ άaŜŀǎǳǊŜǎέ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘǎ ƛƴ ŜŀŎƘ ƭŜǾŜƭΦ 
 
2. It generates each element (field with a PICTURE) onto the table being created. 
 
3. When a level number not less than one or more of the levels being accumulated is encountered, it 
ƎŜƴŜǊŀǘŜǎ ŀ άDǊƻǳǇέ ƭŜǾŜƭ ŘŜŦƛƴŜŘ ŀǎ /ƘŀǊŀŎǘŜǊΣ ŀƴŘ ƻŦ ǘƘŜ ǎƛȊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ƛǘŜƳǎ ǿƘƛŎƘ ǿŜǊŜ 
subordinate to it.  
 
Example: 
 
Χ 
 
12 group - level1.  

     15 group - level2.  

          18 element1    pic x(5).  

          18 element2    pic x(3).  

     15 group - level21.  

           18 element3   pic s9( 12)v99 99 comp- 3.  

           18 element4   pic x(9).  

           18 element5   p ic s9(15)v9(3) comp.  

 
This will result in the following sequence of elements on the database table: 
 

Table element name Table data definition 
  

Element1 Text(5) 

Element2 Text(3) 
Group-level2 Text(8) 
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Element3 Currency 
Element4 Text(9) 

Element5 Double 
Group-level21 Text(35) 

Group-level1 Text(43) 

 
The GROUP items are NOT supposed to be on the database.  
 
They are placed there so that you have the option to decide whether you want to support them or not. 
If it would be a major problem amending existing code that references these fields, you MAY decide to 
ƪŜŜǇ ǘƘŜƳ όŀǎ ōŜƛƴƎ ǘƘŜ ƭŜǎǎŜǊ ƻŦ ǘǿƻ ŜǾƛƭǎΧύΦ LŦ ȅƻǳ ŘƻΣ ȅƻǳ ǿƛƭƭ ƴŜŜŘ ǘƻ ƭƻŀŘ ǘƘŜƳ ǿƛǘƘ ǘƘŜ 
άǎǳōƻǊŘƛƴŀǘŜέ ƛǘŜƳǎ ŜǾŜǊȅ ǘƛƳŜ ȅƻǳ ŦŜǘŎƘ ƻǊ ǿǊƛǘŜ ǘƻ ǘƘŜ ŘŀǘŀōŀǎŜΦ Furthermore, you will need to 
update theƳ ŜǾŜǊȅ ǘƛƳŜ ƻƴŜ ƻŦ ǘƘŜ άǎǳōƻǊŘƛƴŀǘŜέ ŦƛŜƭŘǎ ƎŜǘs changed. Obviously, this is pretty tedious, 
so it is much better to simply get rid of them, if you possibly can. 
 
(If you decide that you really MUST keep a given GROUP item, one approach you could take to 
automating the synchronization described above, would be to code a Database procedure and trigger 
ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ƎǊƻǳǇ ŀƴŘ άǎǳōƻǊŘƛƴŀǘŜέ ŦƛŜƭŘǎΦ !ƴȅ ŎƘŀƴƎŜǎ ǿƻǳƭŘ ǘƘŜƴ ōŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǊŜŎƻƎƴƛǎŜŘΣ 
and the fields synchronized, without it having to be done in application code.) 
 
Remember, unlike COBOL, where the subordinates are included in the structure, these are actually 
SEPARATE fields on the database. 
 
You may also notice that when counting the size of your fields for inclusion in the group, all numeric 
fields are considered to be display. This is to ensure that different platform specific formats, which can 
occupy different amounts of space on different platforms, are eliminated and a field that is large enough 
to hold all the subordinate fields is provided. If this field turns out to be more than 255 bytes (the 
maximum size of a Text field on ACCESS) it will be stored on the RDB as Memo. This means it cannot be 
indexed. 
 
The recommendation is to simply remove these fields from the database, but it will depend on how 
much existing code references them and how difficult it is to change it. For most conversions the initial 
aim is to minimise changes to the existing code. If you have the luxury of a system still in development, it 
would be best to remove the group levels from the RDB. 
(Again, if you access through the DAL object, it will take care of group fields for you and they can be 
treated as normal) 
 
TABLECREATE is able to flag group fields with a prefix so they can be easily identified 
 
NOTE: In some cases where REDEFINES and OCCURS are involved, the size of these fields MAY not 
accurately reflect the total subordinates. Make sure that if you decide to keep one of these fields, you 
check the size is correct. 
 

THE IMPORTANCE OF KEYS 
 
The necessity of Keys in data to enable random access, is well established. 
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The Keyed Datasets you are converting to a Relational Database represent groupings of data around a 
specific key. (For example, the Customer Master will be keyed on CustomerID, the Product Master on 
ProductID, and so on. Furthermore, these datasets may implement other keys to enable processing in 
alternate or different sequences, as well as randomly.) 
 
Although the Relational Database could be implemented without any indexing whatsoever, performance 
is improved significantly if indexes to the keys in the data can be built and maintained by the RDB 
system. 
 
TABLECREATE detects any keys present in your record definitions (both Primary and Alternate) and 
ensures that the new database table (Relation) has the same keys and that they are indexed by the RDB 
system as data flows across them. 
 
You should ensure that every table built on your database has at least a PRIMARY KEY.  (It can have 
alternate Keys also but these are less essential, and too many of them will seriously degrade 
performance.) 
 
This is achieved by presenting ONLY keyed dataset definitions to TABLECREATE. (ISAM, VSAM/KSDS, 
VSAM/ESDS WITH KEYS).  TABLECREATE will recognise non-indexed datasets presented to it and throw 
error messages. This may interrupt the flow if you are generating batches of tables onto a Database. 
 

TOOLS 

 

MOST ς WHAT IS IT? 
 
It is possible to create an access module that can emulate every possible flat file access, for a relational 
DB. COBOL verbs such as OPEN, READ, WRITE, READ PREV etc. could then be replaced by calls to this 
module. Obviously, the general form of this module would always be the same, but it would have 
different table definitions in it.  
 
The Toolset implements this as an internal template which it modifies to support a given Table Set on 
ǘƘŜ w5.Φ Lǘ ƎŜƴŜǊŀǘŜǎ ŀ ǎǇŜŎƛŦƛŎ ŎƻǇȅ ƻŦ ǘƘŜ ŎƻŘŜ ōȅ ƳƻŘƛŦȅƛƴƎ ŀƴŘ άŦƛƭƭƛƴƎ ƛƴέ ǘƘŜ ƛƴǘŜǊƴŀƭ ǘŜƳǇƭŀǘŜΦ 
 
However, ǿŜ ǿŀƴǘ ǘƘƛǎ ƳƻŘǳƭŜ ǘƻ ōŜ ŀǎ άŦǳǘǳǊŜ ǇǊƻƻŦέ ŀǎ ǇƻǎǎƛōƭŜ ŀƴŘ ŎŀǇŀōƭŜ ƻŦ ōŜƛƴƎ Ŝŀǎƛƭȅ ŎŀƭƭŜŘ 
from languages other than COBOL, and able to run in any environment. The Component Object Model 
ƳŜŜǘǎ ǘƘŜǎŜ ŎǊƛǘŜǊƛŀ ǎƻ ƛǘ ƳŀƪŜǎ ǎŜƴǎŜ ǘƻ ǿǊƛǘŜ ǘƘƛǎ άƳƻŘǳƭŜέ ŀǎ ŀ /ha ŎƻƳǇƻƴŜƴǘΦ !ǘ ǘƘƛǎ Ǉƻƛƴǘ ƛǘ 
ŎŜŀǎŜǎ ōŜƛƴƎ ŀ άƳƻŘǳƭŜέ ŀƴŘ ōŜŎƻƳŜǎ a Class which can instantiate multiple copies of itself and is 
capable of multithreading each copy. 
 
ah{¢ ǎǘŀƴŘǎ ŦƻǊ άaŀƛƴǘŜƴŀƴŎŜ hōƧŜŎǘ {ŜǊǾŜǊ ¢ŜƳǇƭŀǘŜέΦ 9ŀŎƘ ƛƴǎǘŀƴŎŜ ƻŦ ƛǘ ƛǎ ŀ ƳŀƛƴǘŜƴŀƴŎŜ ŦŀŎƛƭƛǘȅ ŦƻǊ 
the Table Set it was generated for. 
 
This generated MOST object contains dynamic SQL which can do all standard actions against the Base 
table and its attached repeating groups. It knows and understands all the key structures, referential 
constraints, and indexes on the Table Set. It can access all rows of a repeating group with a single SQL 
call, and it decomposes the passed record layout to derive Base and RG rows when writing, and re-
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assembles the passed record layout when reading. It is coded to be high performance and automatically 
instantiates two copies of itself (separate threads); one for GET actions and one for PUT actions. This 
code took over a year to design and write and many previous incarnations of it were scrapped and 
rebuilt. 
 

MOSTGEN 
 
This is the Tool which generates the maintenance object described above. The collection of all these 
objects constitutes the Data Access Layer for the system. These objects are therefore frequently 
referred to as DAL objects in this document. 
 

MOSTAMD 
 
Having generated a DAL object it is then necessary to amend the application code so that it invokes it, 
instead of issuing a COBOL data access verb. MOSTAMD scans existing COBOL or PowerCOBOL and 
updates it to support the DAL object. It inserts OO housekeeping and wraps the code so it is capable of 
using the DAL object, then replaces all of the flat file references with invokes of methods in the DAL 
object.   
 

SOME IMPORTANT CONSI DERATIONS 

 
a. Try to minimize impact on existing application code. The less you change it the less chance of it 

not performing correctly. 
 

b. Remember that the Authority for your new Databases is the existing flat file definitions (Source 
{ŜǘύΦ LŦ ǘŀōƭŜǎ ŘƻƴΩǘ ǊŜŦƭŜŎǘ ǘƘŜǎŜΣ ǘƘŜƴ ǊŜƎŜƴŜǊŀǘŜ ǘƘŜ ǘŀōƭŜǎΦ  

 
c. If you want to change structures on the database, change the Source Set and re-run 

TABLECREATE. 
 
d. Do NOT embed SQL directly into your applications. (This breaks encapsulation and removes the 

advantages of tier separation). Invoke DAL objects. If you need a specific access that is not 
provided by the existing DAL object for the table set (for example, you might want to join tables 
or access a subset of columns in a row), ŎǊŜŀǘŜ ŀ ǎǘŀƴŘŀǊŘ ŘŀǘŀōŀǎŜ άǾƛŜǿέ ǘƘŜƴ ŀŘŘ ȅƻǳǊ ƴŜǿ 
view into the existing DAL object code as a new method, and invoke it from the application the 
same as you would any other DAL object method.  Maintain separation and you will  avoid many 
άƪƴƻŎƪ ƻƴέ ŜǊǊƻǊǎ ǿƘŜƴ ƳŀƛƴǘŀƛƴƛƴƎ ŎƻŘŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ 

 
e. LǘΩǎ ǇǊŜǘǘȅ ŜǎǎŜƴǘƛŀƭ ǘƘŀǘ ȅƻǳ ŘŜǾŜƭƻǇ ŀ /hb{L{¢9b¢ ŀǇǇǊƻŀŎƘ ǘƻ ŎƻŘŜ ŎƻƴǾŜǊǎƛƻƴΦ LŦ ȅƻǳ ŘƻƴΩǘ 
ƎŜǘ ƛƴǘƻ ŀ ǊƻǳǘƛƴŜ ȅƻǳΩƭƭ ƎŜǘ ƻǾŜǊǿƘŜƭƳŜŘ ōȅ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǘŀǎƪΦ ¢ƘŜ ƛŘŜŀ ƛǎ ǘƻ ƘŀǾŜ ŀ ǎǘŀƴŘard 
άŘǊƛƭƭέ ŀƴŘ Ƨǳǎǘ ƪŜŜǇ ŘƻƛƴƎ ƛǘΧ{ƻƳŜǘƘƛƴƎ ƭƛƪŜ ŀ Ψ{ǘŀƴŘŀǊŘ hǇŜǊŀǘƛƴƎ tǊƻŎŜŘǳǊŜΩΦ 

 
If you are NOT using the PRIMA toolset (converting manually) do the following: 

 
a. Review source code and look for flat file access.  

 
b. Convert to embedded SQL.  
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c. When the basic access is working, check through for subscripted references to external fields.  

 
d. /ƻƴǾŜǊǘ ǘƘŜƳ ǘƻ ΨǊƎΩ ŀŎŎŜǎǎΦ 

 
e.  (Optional) Locate references to important external group fields. Write a DB procedure and 

trigger and apply this to the DB. Better still, if at all possible, remove group fields. 
 

f. Parallel test the new DB version against the old flat version on the same data. Tick the box!  
 
 If you ARE using the PRIMA MIGRATION Toolset: 
 

a. Generate the DAL object with MOSTGEN.  (And compile it to a COM .DLL, using the Toolset!) 
 

b. Change the application source with MOSTAMD. Re-compile the amended application. 
 

c.  Parallel test the new DB version against the old flat version on the same data. Tick the box!  
 

HOW THE TOOLSET DEALS WITH CODE CONVERSION 

THE DATA ACCESS LAYER 
 
The PRIMA Migration Toolset ǎǘǊƛǾŜǎ ǘƻ ƎŜǘ ȅƻǳ ŀƴ ƻǇǘƛƳƛȊŜŘ ŘŀǘŀōŀǎŜ ƛƴ оbCΦ .ǳǘ ƛǘ ŘƻŜǎƴΩǘ ǎǘƻǇ ǘƘŜǊŜΦ 
The modern approach to system Architecture is to use Objects and Layers. Tiered design enforces 
separation and encapsulation of function. Typically, a modern system will incorporate three tiers or 
layers: 
 

1. ! ƭŀȅŜǊ ǘƘŀǘ ŘŜŀƭǎ ǿƛǘƘ ǳǎŜǊ ƛƴǘŜǊŦŀŎƛƴƎΦ ¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ ǘƘŜ άtǊŜǎŜƴǘŀǘƛƻƴ [ŀȅŜǊέΦ Usually it is 
implemented as a series of GUI forms with GUI controls on them that GET and PUT information 
to and from users of the system. (But it COULD implement voice recognition, a text based data 
ǎǘǊŜŀƳΣ ƻǊ ŀƴȅǘƘƛƴƎ ŜƭǎŜΣ ²L¢Ih¦¢ ŎƘŀƴƎŜ ǘƻ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ƭŀȅŜǊǎΧύ 

2. ! ƭŀȅŜǊ ǘƘŀǘ ǇǊƻŎŜǎǎŜǎ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ƭŀȅŜǊΦ ¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ά.ǳǎƛƴŜǎǎ [ƻƎƛŎέ 
layeǊ ōŜŎŀǳǎŜ ƛǘ ǘȅǇƛŎŀƭƭȅ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀƭƭ ǘƘŜ ά.ǳǎƛƴŜǎǎ wǳƭŜǎέ ǘƘŀǘ Řŀǘŀ ƎƻƛƴƎ ƛƴ ŀƴŘ ƻǳǘ ƻŦ ǘƘŜ 
system must comply with. 

3. A layer that deals with data. It serves as an interface to the data repository and manages all the 
data access for the system, ensuring that data is provided in the right form at the right time to 
the other two layers. ¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ά5ŀǘŀ !ŎŎŜǎǎ [ŀȅŜǊέΦ 

 
In the usual COBOL approach these lines are blurred. Integrated, monolithic programs interact with a 
user, process data and update the data files. But the layered approach has many advantages. Here are 
some of them. 
 

1. Each layer is accessed by an interface. This means that it presents the same face to the world 
consistently. It then follows that what goes on in a given layer cannot affect the other layers and 
this simplifies maintenance.  

2. hōƧŜŎǘǎ ǿƛǘƘƛƴ ŜŀŎƘ ƭŀȅŜǊ Ŏŀƴ ōŜ άǊŜǳǎŜŘέ ŀƴŘ ƳǳƭǘƛǇƭŜ ƛƴǎǘŀƴŎŜǎ ƻŦ ǘƘŜƳ Ŏŀƴ ǎŜǊǾƛŎŜ ŘƛŦŦŜǊŜƴǘ 
requests asynchronously, even running on separate cores (if available and possible), and the OS 
supports it. This provides far superior performance than can be obtained in a monolithic 
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approach. For example a single DAL (Data Access Layer) Class can be servicing requests 
simultaneously from different subsystems όƻǊ ŜǾŜƴ ǘƘŜ ǎŀƳŜ ǎǳōǎȅǎǘŜƳΧύΣ ǳǎƛƴƎ ǎŜǾŜǊŀƭ 
different instances of itself running on different DB connections. 

3. .ƻǘƘ ǘƘŜ ƭŀȅŜǊǎ ŀƴŘ ǘƘŜ ƻōƧŜŎǘǎ ǿƛǘƘƛƴ ǘƘŜƳ ŀǊŜ άŜƴŎŀǇǎǳƭŀǘŜŘέΦ  ¢ƘŜȅ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘǊƻǳƎƘ 
their own interfaces. These interfaces remain consistent. Adding a new column to a DB table 
affects ONLY the objects in each layer that deal with the new column, nothing else. Regression 
testing can be minimized or even obviated completely. 

4. There are many advantages of a tiered architecture that are not immediately obvious. 
Performance bottlenecks can be addressed in the DAL without any impact on the Business Logic, 
encapsulation of DAL objects means that if data structures are changed the effects are localized 
ŀƴŘ Ŏŀƴƴƻǘ ŎŀǳǎŜ άƪƴƻŎƪ ƻƴέ ŜǊǊƻǊǎ ŀƭƭ ƻǾŜǊ ǘƘŜ ǎȅǎǘŜƳΣ ƳŀƛƴǘŜƴŀƴŎŜ ƻǊ ŎƘŀƴƎŜǎ ǘƻ ōǳǎƛƴŜǎǎ 
logic are also localized, the whole RDBMS can be replaced or changed without impact on the 
applications, and the same with the presentation layer. The system is no longer tied to a specific 
technology.  

5. Migration to the .NET framework (or Mono for the LAMP environment) is facilitated by 
separation layers as described. This means that objects and scripts written in different languages 
can run alongside and interact with, COBOL. You are no longer limited to COBOL as your major 
ŘŜǾŜƭƻǇƳŜƴǘ ƭŀƴƎǳŀƎŜΣ ōǳǘ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ to throw all your COBOL away, either. 

6. ¢ƘŜ ǘƛŜǊŜŘ ŀǊŎƘƛǘŜŎǘǳǊŜΣ ǿƛǘƘ ŜŀŎƘ ǘƛŜǊ ŎƻƳǇǊƛǎŜŘ ƻŦ ƻōƧŜŎǘǎΣ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ άƎǊŀƴǳƭŀǊƛǘȅέ ƻŦ ǘƘŜ 
ǎȅǎǘŜƳ ƛǎ ǎƳŀƭƭΦ ό¢ƘŜ ǎȅǎǘŜƳ ƛǎ ōǳƛƭǘ ŦǊƻƳ ƳǳŎƘ ǎƳŀƭƭŜǊ άōƭƻŎƪǎέ ǘƘŀƴ ƛǎ ǘƘŜ ŎŀǎŜ ǿƛǘƘ ƳƻƴƻƭƛǘƘƛŎ 
programs.) This minimizes the risk of change.  You can rewrite a component entirely (if you have 
ǘƻΧǳǎǳŀƭƭȅ ȅƻǳ ǿƻƴΩǘ) in less time than it would take to pore through thousands of lines of code, 
find the right code to change, change it, debug it, then regression test it, only to find that 
ǎƻƳŜǘƘƛƴƎ ŜƭǎŜ ƴƻ ƭƻƴƎŜǊ ǿƻǊƪǎΧ {ƻƳŜǘƛƳŜǎ ƳŀƛƴǘŜƴŀƴŎŜ ƴŜŎŜǎǎƛǘŀǘŜǎ ƳƻǊŜ ƳŀƛƴǘŜƴŀƴŎŜΧ 
Smaller granularity means smaller risk. (online performance is often improved by smaller run 
units also, because the system can load them faster, and manage them with more flexibility than 
it can with large monolithic programs.) 

 
Overall, a system comprised of small objects όάƎǊŀƴǳƭŀǊƛǘȅέ Ґ ǎƳŀƭƭύ organized in the tiers described, is 
much more flexible and easier to maintain than systems that implement large monolithic programs with 
thousands of lines of code. 
 
The PRIMA Migration Toolset creates an object to handle each Table Set on the database. (Recall that a 
Table Set is a Base table, with its entire repeating group tables attached.) This object is implemented as 
a COM server Class and can therefore run anywhere. The same database access object can be 
embedded in a web page or run on the Desktop.  The DAL object for a given Table Set is generated from 
an internal template embedded in the Toolset, ŎŀƭƭŜŘ άah{¢έ όaŀƛƴǘŜƴŀƴŎŜ hōƧŜŎǘ {ŜǊǾŜǊ ¢ŜƳǇƭŀǘŜύΦ 
The tool, MOSTGEN, creates COBOL source for a COM server that can carry out all possible access to a 
given table set. It can fetch (randomly and sequentially), add, change, and delete data in the base and 
attached RG tables. In fact it can do all the things that are possible with ISAM, using the standard COBOL 
verbs, but it does them against the Relational Database. 
 
So using the Toolset not only creates your database and loads it, it also provides a Data Access Layer of 
objects to get at it with. 
 

INTERFACE TO THE DAL OBJECTS 
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¢ƘŜ ǎƛƳǇƭŜǎǘ ŀƴŘ Ƴƻǎǘ ƻōǾƛƻǳǎ ƛƴǘŜǊŦŀŎŜ ƛǎ ǘƻ ǳǎŜ ǘƘŜ ŜȄƛǎǘƛƴƎ άrŜŎƻǊŘέ formats (01 level definitions) as 
the data interface to/from the DAL objects. This means that existing code can access the new database 
ŜȄŀŎǘƭȅ ŀǎ ƛǘ ŀŎŎŜǎǎŜŘ ǘƘŜ άƻƭŘέ Ŧƭŀǘ ŦƛƭŜΦ Lǘ ǎƻƭǾŜǎ ǘƘŜ h//¦w{ ǇǊƻōƭŜƳ ǿƛǘƘƻǳǘ ǊŜǉǳƛǊƛƴƎ ǎŜǇŀǊŀǘŜ 
interfacing for repeating groups and base tables. In effect, the existing application continues to run as it 
always has, but it now uses a difŦŜǊŜƴǘ άŘŀǘŀ ǎƻǳǊŎŜέ. The DAL object decomposes the record format to 
the base and rg tables  when writing, and re-assembles it from the base and rg tables on reading. 
 
¢Ƙƛǎ Ƙŀǎ ƳŀƧƻǊ ƛƳǇƭƛŎŀǘƛƻƴǎ ǿƘŜƴ άǎŀƭǾŀƎƛƴƎέ ƭŜƎŀŎȅ ŎƻŘŜΦ ¢ƘŜ ƻƭŘ ŎƻŘŜ Ŏŀƴ ŎƻƴǘƛƴǳŜ Ǌǳƴƴing, even 
ǿƘƛƭŜ ǘƘŜ ǎȅǎǘŜƳ ƛǎ ōŜƛƴƎ ŎƻƴǾŜǊǘŜŘ ǘƻ ƻōƧŜŎǘǎ ŀƴŘ ƭŀȅŜǊǎΧ 
 
However, this is NOT a good database solution. Databases are designed to access only the data that is 
ƴŜŜŘŜŘ ŀǘ ŀƴȅ ƎƛǾŜƴ ƳƻƳŜƴǘΤ ŀŎŎŜǎǎƛƴƎ ŀ άǊŜŎƻǊŘέ (even when it is a single row on a single table) is not 
what they are really intended for. ό¦ƴƭŜǎǎ ǘƘŜ άǊƻǿέ Ƙŀǎ ōŜŜƴ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ǘƻ Ŏƻƴǘŀƛƴ Řŀǘŀ 
elements that are almost always accessed together. This is where the key dependency of Normalization 
comes into its own. Elements that share a key dependency (see 3NF) ARE likely to be accessed together, 
ǎƻΣ ŀǘ ƭŜŀǎǘ ŦƻǊ ŀ оbC w5. ǘƘŜ άƛƴŜŦŦƛŎƛŜƴŎȅέ ƻŦ άǊŜŎƻǊŘέ ŀŎŎŜǎǎ Ƴŀȅ ƴƻǘ ōŜ ŀǎ ōŀŘ ŀǎ ǘƘŜƻǊȅ ƳƛƎƘǘ 
ǎǳƎƎŜǎǘΧύ 
 
Nevertheless, with the power of modern processors and RDBMS most of the data buffering is in memory 
and the inherent overhead is easily and transparently absorbed by the RDBMS.  
 
¢ƘŜ 5![ ƻōƧŜŎǘǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ǘƻƻƭǎŜǘ ǇǊƻǾƛŘŜŘ ŀ ǳǎŜŦǳƭ άǘŜƳǇƭŀǘŜέ ŦƻǊ ȅƻǳ ǘƻ ŀŘŘ ŜȄǘǊŀ ƳŜǘƘƻŘǎ 
that deal with specific RDB views if you want to manually amend the DAL layer. They are written in 
COBOL, so can be easily understood and modified or added to, if required. 
 
It is very hard to write off a system with say, 100 ISAM files, and start from scratch. (It is also very costly 
and time consuming, plus you now have to go around the learning and debugging curve again, and so 
may your users if the presentation layer was integrated with the program code.) 
 
Using the MOST approach you can convert to RDB with minimal trauma, and salvage most of what you 
already have. 
 

CHANGING THE EXISTIN G APPLICATIONS 
 
Now you have a very modern Data Access Layer that is implemented as Object Oriented code. 
 
But your existing applications know nothing about it. 
 
The job of changing existing code to replace all flat file access with invokes to the DAL objects is a 
daunting task. 
 
There is a huge variety of programmer coding style, dynamic access, skip-sequential access, get previous 
ŀƴŘ ƎŜǘ ƴŜȄǘ ŀŎŎŜǎǎΣ ƘǳƎŜ ǾŀǊƛŀƴŎŜǎ ƛƴ ǘƘŜ ǿŀȅ Ŧƭŀǘ ŦƛƭŜǎ ŀǊŜ ǊŜŦŜǊŜƴŎŜŘΣ ŘƛŦŦŜǊŜƴǘ ŀƴŘ άǳƴǳǎǳŀƭέ ŀŎŎŜǎǎ 
constructs and modifiers.   
 
Differences in the way existing procedural code is implemented and the interfacing to the new OO 
ƻōƧŜŎǘǎ ǊŜǉǳƛǊŜǎ ŜȄǘŜƴǎƛǾŜ άƘƻǳǎŜƪŜŜǇƛƴƎέ ŀƴŘ άǇƭǳƳōƛƴƎέΦ Lǎ ƛǘ ǊŜŀƭƭȅ ǇƻǎǎƛōƭŜ ǘƻ ƎŜƴŜǊŀǘŜ ŎƻŘŜ ǘƘŀǘ 
can meet all of these criteria? 
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Yes it is. 
 
The Toolset does it with a Tool called MOSTAMD.   
 
MOSTAMD will scan the source code and replace all access to indexed files with invokes of the 
appropriate DAL object, automatically ensuring that existing (NOT) AT END and (NOT) INVALID KEY code 
ƛǎ ǇǊŜǎŜǊǾŜŘΣ ŀƴŘ ŎƻǊǊŜŎǘƭȅ ŘŜǘŜŎǘƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ άƴŜǎǘŜŘέ ŦƛƭŜ ŀŎŎŜǎǎΦ MOSTAMD also includes all the 
housekeeping (Object References, object instantiation, etc. ) into the right places in the application 
program. 
 
MOSTAMD uses a Tree View with context menus on the right mouse button. All of the indexed files 
referenced in code appear on the Tree View. Every point in the code where these files are referenced is 
ǘŀƎƎŜŘ ŀƴŘ Ŏŀƴ ōŜ Ƴŀƴǳŀƭƭȅ ƻǊ ŀǳǘƻƳŀǘƛŎŀƭƭȅ άǘǊŀƴǎŦƻǊƳŜŘέ ŦǊƻƳ Ŧƭŀǘ ŦƛƭŜ ŀŎŎŜǎs to RDB access through 
the DAL object. 
 
MOSTAMD also has a second TreeView which identifies every field in the record layouts used by the 
program, which COULD be a date field. (It uses fuzzy logic to identify the fields). These fields are 
presented in a check boxed Tree View and you can confirm that they are in fact date fields or not. If you 
tick the box by a field, itǎ ƴŀƳŜ ǿƛƭƭ ōŜ ŎƘŀƴƎŜŘ ǘƻ ƘŀǾŜ ǘƘŜ ǎǳŦŦƛȄ ά-5!¢9έ ŀŘŘŜŘ ǘƻ ƛǘ, and every 
reference to it in code will be amended to the new name. 
 
All of this would be a very laborious manual task. MOSTAMD does it in seconds. 
 
IŜǊŜΩǎ ŀ ǎŎǊŜŜƴ ǎƘƻǘ ƻŦ ǎƻƳŜ ǘȅǇƛŎŀƭ άǘǊŀƴǎŦƻǊƳŀǘƛƻƴέΧ  

 

 ό¸ƻǳ Ŏŀƴ ȊƻƻƳ ǘƘƛǎ ƛƳŀƎŜ ǘƻ ǎŜŜ ǘƘŜ ŘŜǘŀƛƭΧ ¢ƘŜ ƭŜŦǘ ǇŀƴŜ ǎƘƻǿǎ ǘƘŜ ƻǊƛƎƛƴŀƭ /h.h[ ŎƻŘŜ ŀƴŘ ǘƘŜ ǊƛƎƘǘ ǇŀƴŜ ǎƘƻǿǎ ǘƘŜ 
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changes made by MOSTAMD. Blue background are inserted lines, green background are changed lines. Legacy code has 
been commented out in accordance with a user option. You can also have it removed altogether.) 
 

TYING IT UP 
 Now you  have a DB and your applications are still functioning you can use the new database to 
generate reports, optionally, open up the data resource for user access via SQL, inter-program  audited 
access, transactional processing with auto commit and rollback, and these are all standard features 
provided by the RDBMS. 
 
If the original flat file ǎȅǎǘŜƳ ǿŀǎ ƎƻƻŘΣ ȅƻǳǊ w5. ǎȅǎǘŜƳ ǿƛƭƭ ōŜ ƎƻƻŘΦ LŦ ƛǘ ǿŀǎƴΩǘΣ ǘƘŜƴ ǘƘŜ ŜȄŜǊŎƛǎŜ ƻŦ 
Migrating provides a golden opportunity to improve it. Cut out unneeded files, rationalize record 
layouts, clean up and trim down. 
 

SELECTING A STRATEGY 

THE OPTIONS 
 
There are several strategies that COULD be used to effect the migration. 
 
¢ƘŜ ǘǿƻ Ƴŀƛƴ ƻƴŜǎ ŀǊŜ άƻƴŜ-step-at-a-ǘƛƳŜέ ŀƴŘ άŀƭƭ-the-data-all-the-ŎƻŘŜέΦ 
 
Combinations of the two are also possible. 
 

ONE-STEP-AT-A-TIME 

 
This would isolate a specific sub-system, identify the programs in it and the files they access, then 
convert each program and its data files as independent άƳƛƎǊŀǘƛƻƴ ǳƴƛǘǎέΦ 
 
When all programs for the sub-system were complete, the next sub-system would be identified, until 
eventually the entire system was converted. 
 

ALL-THE-DATA-ALL-THE-CODE 

 
This uses the Batch conversion facility of TABLECREATE to convert all of the data files and load them, 
before starting to convert the code. Once the data conversion was complete, the code conversion would 
begin. The data conversion can be completed very quickly so the total focus would be on the code 
conversion, which is much more difficult. 
 

PROS AND CONS 

 

GENERAL 
 

1. Both solutions are low risk as neither is dependent on live data. Migration can be carried out 
independently of the current system, but the quicker it is done the better. This is because two 
systems must be maintained until Migration is complete, and parallel testing has succeeded. If it 
takes say, six months to migrate the system, then all of the changes to data and code during that 
time must be applied to both systems. This could be quite traumatic where databases have been 
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built and manually had group fields stripped off, then need to be regenerated because the flat 
file source has changed. 
 

2. If migration can be effected in a matter of weeks, rather than months, then the dual 
maintenance  problem outlined above, is eliminated. In fact, the entire data conversion could be 
done in a few days, because it is fully automated. (It is a matter of deciding what sub-systems 
are required and creating an empty database for each, then organizing the flat file source 
definitions for each sub-system into a directory, and running Batch TABLECREATE against that 
source directory and that sub-system DB.  
 

3. The data conversion can be fairly easily automated because it deals with known things (the 
definitions of records and fields); the code conversion has to deal with COBOL code written by 
Humans and therefore subject to variations and differences in style. Nevertheless, the Toolset 
automates code conversion with better than 95% success.  The main manual effort is testing and 
checking generated code and making minor amendments to it where necessary. We know there 
are three main processes for code conversion: 
 

a. Detect and change all flat file I/O verbs. This has been automated completely. 
 

b. Detecting subscripted references to OCCURS data fields in flat file records, and changing 
ǘƘŜƳ ǘƻ ΨǊƎΩ ǊŜŦŜǊŜƴŎŜǎ. This has been obviated by using the record definition as the 
interface to the DAL objects. The DAL object handles all of this. 
 

c. Detecting Date field definitions and references. MOSTAMD does this but requires 
interaction with a human, so it is not fully automatic.  

ONE-STEP-AT-A-TIME PROS: 
 

1. Migration is done on άŀǎ ƴŜŜŘŜŘέ ōŀǎƛǎ, with prioritization of sub-systems. 
2. DƛǾŜǎ ŀ ŎƘŀƴŎŜ ŦƻǊ ƳƛƎǊŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜǊǎ ǘƻ ōŜŎƻƳŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ άŜƴŘ-to-ŜƴŘέ ǇǊƻŎŜǎǎ 

 

ONE-STEP-AT-A-TIME CONS: 
 

1. In theory it will take longer, as the benefits of things like batch data conversion and DAL object 
generation are not realised. However, this is probably only marginal.  You can generate all or 
some of data conversion, for example, in almost the same time. The generation time difference 
is probably not significant. 

2. Focus is switched between data and code conversions. This MAY be confusing for people doing 
it. 

 

ALL-THE-DATA-ALL-THE-CODE PROS: 
 

1. Theoretically  the fastest alternative, although, in practice, there may be little time saved. 
2. Gets  economies of scale with Batch processing. 
3. No switching of focus; do the data then the code. 

 

ALL-THE-DATA-ALL-THE-CODE CONS: 
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1. /ŀƴΩǘ ǘŜǎǘ ǊŜǎǳƭǘǎ ǳƴǘƛƭ ŜǾŜǊȅǘƘƛƴƎ ƛǎ ƳƛƎǊŀǘŜŘΦ 
2. Does not provide programmers with a true end-to-end experience 

 
 

CONCLUSION 

 
In this document I have tried to put together something that gives a clear direction towards conversion 
of COBOL applications away from flat files towards RDB, and identifies the difficulties and ways of 
addressing them.  
 
However this is only part of what should be a much bigger picture. 
 
Apart from batch processing, where it excels, procedural COBOL is generally not a viable programming 
language for the 21st century. (OO COBOL is better, but it suffers by comparison to most other OO 
languages.) 
 
The long term aim has to be to move off COBOL. 
 
BUT nobody wants to throw the baby out with the bathwater, and there is a considerable investment 
remaining in COBOL Legacy code. 
 
The goal should be to refactor this code into objects which can be deployed with other languages. This 
means wrapping the existing code to make it portable.  
 
The PRIMA Toolset steps in the right direction by providing a modern, component based, Data Access 
Layer that is wrapped exactly like this and is virtually άfuture proofέ.  Using COM objects ensures they 
can run on the web or the desktop and releases the functionality from being tied to a specific platform 
or technology that is likely to become obsolete. DAL objects can run alongside, and interact with, other 
objects written in other languages. You are no longer tied to COBOL. 
 
But, conversion to RDB is only the first phase. You need to get your business logic and presentation 
layers into the same architecture, so you can easily lever the facilities available in frameworks like .NET 
and Mono. 
 
Only when the complete refactoring of the existing codebase has been achieved can Migration be said 
to be really complete. 
 
Pete. 
March, 2009 
 

APPENDIX A -  DESCRIPTION OF NORMALIZATION 

 
Normalization is the process of organizing data in a database. This includes creating tables and 
establishing relationships between those tables according to rules designed both to protect the data and 
to make the database more flexible by eliminating two factors: redundancy and inconsistent 
dependency.  
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Redundant data wastes disk space and creates maintenance problems. If data that exists in more than 
one place must be changed, the data must be changed in exactly the same way in all locations. A 
customer address change is much easier to implement if that data is stored only in the Customers table 
and nowhere else in the database.  
 
What is an "inconsistent dependency"? While it is intuitive for a user to look in the Customers table for 
the address of a particular customer, it may not make sense to look there for the salary of the employee 
who calls on that customer. The employee's salary is related to, or dependent on, the employee and 
thus should be moved to the Employees table. Inconsistent dependencies can make data difficult to 
access; the path to find the data may be missing or broken.  
 
There are a few rules for database normalization. Each rule is called a "normal form." If the first rule is 
observed, the database is said to be in "first normal form." If the first three rules are observed, the 
database is considered to be in "third normal form." Although other levels of normalization are possible, 
third normal form is considered the highest level necessary for most applications.  
 
As with many formal rules and specifications, real world scenarios do not always allow for perfect 
compliance. In general, normalization requires additional tables and some customers find this 
cumbersome. If you decide to violate one of the first three rules of normalization, make sure that your 
application anticipates any problems that could occur, such as redundant data and inconsistent 
dependencies.  
 
NOTE: The following descriptions include examples.  
 

FIRST NORMAL FORM 
¶ Eliminate repeating groups in individual tables.  

 

¶ Create a separate table for each set of related data.  
 

¶ Identify each set of related data with a primary key.  
 
Do not use multiple fields in a single table to store similar data. For example, to track an inventory item 
that may come from two possible sources, an inventory record may contain fields for Vendor Code 1 and 
Vendor Code 2.  
 
But what happens when you add a third vendor? Adding a field is not the answer; it requires program 
and table modifications and does not smoothly accommodate a dynamic number of vendors. Instead, 
place all vendor information in a separate table called Vendors, then link inventory to vendors with an 
item number key, or vendors to inventory with a vendor code key. 
  

SECOND NORMAL FORM 

¶ Create separate tables for sets of values that apply to multiple records.  
 

¶ Relate these tables with a foreign key.  
 



Page 30 of 32 
  

Records should not depend on anything other than a table's primary key (a compound key, if necessary). 
For example, consider a customer's address in an accounting system. The address is needed by the 
Customers table, but also by the Orders, Shipping, Invoices, Accounts Receivable, and Collections tables. 
Instead of storing the customer's address as a separate entry in each of these tables, store it in one 
place, either in the Customers table or in a separate Addresses table.  
 

THIRD NORMAL FORM 

¶ Eliminate fields that do not depend on the key.  
 

Values in a record that are not part of that record's key do not belong in the table. In general, any time 
the contents of a group of fields may apply to more than a single record in the table, consider placing 
those fields in a separate table.  
 
For example, in an Employee Recruitment table, a candidate's university name and address may be 
included. But you need a complete list of universities for group mailings. If university information is 
stored in the Candidates table, there is no way to list universities with no current candidates. Create a 
separate Universities table and link it to the Candidates table with a university code key.  
 
EXCEPTION: Adhering to the third normal form, while theoretically desirable, is not always practical. If 
you have a Customers table and you want to eliminate all possible inter-field dependencies, you must 
create separate tables for cities, ZIP codes, sales representatives, customer classes, and any other factor 
that may be duplicated in multiple records. In theory, normalization is worth pursuing; however, many 
small tables may degrade performance or exceed open file and memory capacities.  
 
It may be more feasible to apply third normal form only to data that changes frequently. If some 
dependent fields remain, design your application to require the user to verify all related fields when any 
one is changed.  
 

OTHER NORMALIZATION FORMS 
Fourth normal form, also called Boyce Codd Normal Form (BCNF), and fifth normal form do exist, but are 
rarely considered in practical design. Disregarding these rules may result in less than perfect database 
design, but should not affect functionality.  
               ********************************** 
                 Examples of Normalized Tables 
               ********************************** 
 
 Normalization Examples: 
 
 Unnormalized table: 
 
    Student#   Advisor   Adv - Room  Class1   Class2   Class3  

    -------------- -----------------------------------------  

    1022       Jones      412      101 - 07   143 - 01   159 - 02 

    4123       Smith      216      201 - 01   211 - 02   214 - 01  

 
First Normal Form: NO REPEATING GROUPS  

 
Tables should have only two dimensions. Since one student has several classes, these classes 
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should be listed in a separate table. Fields Class1, Class2, & Class3 in the above record are 
indications of design trouble.  
 
Spreadsheets often use the third dimension, but tables should not. Another way to look at this 
problem: with a one-to-many relationship, do not put the one side and the many side in the 
same table. Instead, create another table in first normal form by eliminating the repeating group 
(Class#), as shown below: 
 
       Student#   Advisor   Adv - Room    Class#  

       ---------------------------------------  

       1022      Jones      412       101 - 07 

       1022      Jones      412       143 - 01 

       1022      Jones      412       159 - 02 

       4123      Smith      216       201 - 01 

       4123      Smith      216       211 - 02 

       4123      Smith      216       214 - 01  

 
Second Normal Form: ELIMINATE REDUNDANT DATA  

 
Note the multiple Class# values for each Student# value in the above table. Class# is not 
functionally dependent on Student# (primary key), so this relationship is not in second normal 
form.  
 
The following two tables demonstrate second normal form: 
 
    Students:   Student#    Advisor   Adv - Room 

                ------------------------------  

                1022        Jones       41 2 

                4123        Smith       216  

 

    Registration:   Student#    Class#  

                    ------------------  

                    1022        101 - 07 

                    1022        143 - 01 

                    1022        159 - 02 

                    4123        201 - 01 

                    4123        211 - 02 

                    4123        214 - 01  

 
Third Normal Form: ELIMINATE DATA NOT DEPENDENT ON KEY  

 
In the last example, Adv-Room (the advisor's office number) is functionally dependent on the 
Advisor attribute. The solution is to move that attribute from the Students table to the Faculty 
table, as shown below: 
 
    Students:   Student#    Advisor  

                -------------------  

                1022        Jones  

                4123        Sm ith  
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    Faculty:    Name    Room    Dept  

                --------------------  

                Jones   412     42  

                Smith   216     42  

 

END OF DOCUMENT 
 
 


