PRIMA COMPUTING, (NZ) LTD

IT Consulting and Project Management

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
a2 @Ay @2dz2NJ SEA &G A YISAM ar BSAMIKSDE) orfoldReMtiodal Ditabade F At S & ¢
Management System s not as simple and straightforward as it might first appear.

Rebuilding your data resource is traumaticenough, € 2 dz OSNIi I Ayt & R2yQid glyid G2
FLILIX AOFdAz2ya +Fa 6Stf X

C2NIidzyl 1Stes gAGK a2YS LI IyyAy3 FtyR RSOSyid G22fa:

This document discusses the various processes, options, and difficulties which need to be keptin 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

GLI GKgleé GgKAOK YdzadG 06S GNIGSNASR Ay 2NRSNI (G2 02)
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

f221Ay3 G Fy AYFIAYEFNE O2Y LbfigratiltofRDBSRactitHey 8 / 2 ¢ | 3
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 processis 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 onlaborious 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 reducingit 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) foreach 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 flatfile 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 programsX 0

CKS &/ 2y@PBSNEAAZ2Y {OKSYIFGAO¢ gKAOK F2fft2ga | G0GSYLI?2

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, 0221a& 6AGK GKS {9[9/¢X!'{{LDb YR (GKS C5knm NB

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.

¢KS twLa! aLDw! ¢Lhb ¢22faSid airxdga Ay (GKS YARRE SO
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, thisis 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

NELSGAGADGSXYAalul1Sa NS Srae G2 YIrH{(1So
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 downstreamin 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 isin COBOL soit 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 writtenin C# and runs under .NET 3.5, however, load modules are generated in
COBOL so they can be easily amended for data cleansing/filtering duringload, 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 isirrelevant as itis notintended that they will be
highly maintained.)
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Conversion schematic

(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

¢CKSNB FINBF | ydzYoSNI 2F aidlalaé¢ GKFG Ydzald 0SS R2yS (
done in can be significant. For example, if tables are created before date fields have been identified, the R

date fieldswillbehSt R 2y (GKS w5. Fa ydzYoSNaA>X FyR (KS SEGSya
available.

It is important that you make some planning decisions before you get down to applying the tools.
Here are some things to consider:

{ SG dzLJ I & YA 3 NIThis ghélf be S s¢t@BfreNBdybineSoyids Whibh can act as a

Gadl yYRO2Eé¢ F2NJ SELISNAYSyYyGlrdAz2y FyR (SaidAy3a 2F YAI
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.

I a{ 2dzNOS {Si{¢ AaddFOj0KSpyHodk foida giverKey SefjufnceBftat 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 datain, and the Metadata generated from, the
Source Sets.

Review all your Source Sets looking for things like the following:

/'y GKS ydz¥oSNJ 2F h/ /! wNiy3d FAStRa 06S NBRAzOSRK 9¢
in DB terminology) will cause an attached table to be gene ratef:l on the RDB. Thisis a
ySOS&aal NE LI NG 2F b2NXYIFfATFGA2Y S 6KAOK Syadz2NBa @z

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
baseis loaded, butif 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. XgAft ASYSNFXrGS o wD GlFof S

e X

10 dummy - level occurs 7.
12 fie Id -1 pic x.
12 field -2 pic x.
12 field -3 pic x.

XgAtft ASYSNIGS hb9 wbD I 0t SApplicationd il y 2
still reference field-1, 2, and 3 with a single subscript and the format of the data buffer is
identical ¢ 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 fielditself. For the most part, they can be
ignored.

3. Check for duplicated names. Although COBOL can tolerate duplicate namesin the same
NEO2NR RSTFAYAUGUAZY OLINPJARSR @2dz ljdzl f A F&

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 anincorrectlength 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 objectsinstead of the COBOL data access verbs. Thisis all done automatically
by the tools provided.
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ISAM to RDB conversion using the PRIMA Toolset
(ALL rights, including intellectual property, reserved. Do not copy or circulate without permission.)

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.

The PRIMA tool

Data buffer is all that
Applications fseeo

Change Legacy
COBOL

MOSTAMD can
change ISAM calls in
COBOLSource into
invokes of DAL objects,
completely
AUTOMATICALLY!

/ Legacy ISAM flat files

~

\

/

COBOL record

COBOL record

May 2009 (Copyright Prima Computing, (NZ) Ltd)

The Data Access Layer (DAL)

(Compiled from source generated
by the PRIMA Tool MOSTGEN)

COM server object
to manage access

against TableSet 1

COM server object
to manage access

against TableSet 2

(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)

Relational Database Management System

(TableSets are created from COBOL source data
definitions, by the PRIMA Tool TABLECREATE)

R1-prime-key

ri1-fld-1 R1-prime-key
ri1-fld-2 + index (level)

r1-fld-4 r1-fid-3
Etc.

TableSet 1

R2-prime-key

r2-fld-1 R2-prime-key

r2-fld-3 + index (level)
r2-fld-4 r2-fld-2
Etc.

TableSet 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.

Where action is required across TableSets, a
standard DB fiviewocan 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.

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.
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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

SEGN} Olila R2yS o0é& L5/!a{ &2 (GKSe& OFy o6S t2I RSR
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 describedin 1, above.

. 2dz Ydzad KIFI @S GKS {9[9/ ¢X!{{LDb adriSYySyaa I yR
for presentation to the Toolset. The combination of a corresponding SELECT and its matching record (01)
RSTAYAGAZ2YO0A0 A& NBFSNNBR (G2 Fa F a{h!w/9 {9¢¢od

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
2 AYyR264a LIbutANFI2ZINA X{ov ][ O2YLX Al yi w5. alf?2 OWaka® S a LJ
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
GKIFG GKS {v][ a/h![9{/9¢ O2yaiNuzOi Aa AYLXSYSydsS

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 itis 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.
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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.

Ld dG1r1Sa GKS /h.h[ {2d2NDOS RSFTAYyAGAZ2Yya O6dzadzZ £ €& /¢t
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 tablesit has defined, and checks for foreign key dependencies on existing tables.

OC2NJ LIS2LXS ¢6K2 LXIYy (2 dzas8S 20KSNJ w5.a{ tA1S t2af
matter to export data and structure from the RDB created and loaded by the toolset.)

EDECLGEN G ANALYSE A RDB TABLE AND PRODUCE COBOL HOST VARIABLES FOR IT

B
(p))
-~/

CKAa Aada aAYAEIFN (G2 GKS G22f 2F GKS alryS yryS d
DSY SN} (2 NE D

You use DECLGEN once you have a database.

DECLGEN analyses the tables on the RDB and produces COBOL Host Variable definitions forinclusion in
your programs, which use embedded SQL to access the database

¢KS 22060 2F adNryatlraGAy3Ieé + RIEGFIolFaS O2ft dzyy RSTAY )
error prone. DECLGEN does itinstantly and gets it right.

Datefieldsg Af € 0SS | &aaA3JYSR ME/Ph CHKA ALIMGG dzNB 02T FO2WLIA y =
that Access DB tables pre-Access 2000 can have dates stored on them from COBOL. (They are held on

Accessin 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 bytesin the Host Variable. When retrieving dates

they will be storedin the Host Variable as: DD/MM/YYYY or MM/DD/YYYY depending on yourlocal

settings.Youck Y Ff a2 3IS0G FyR Llzi GKS GAYS AT @2dz YI 1S (K

OLHV-5F (0 S LIAO EdémcO @It dS GHMKNOKHANNG MoYoy

Page 11 of 32



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.

ELOAD MODULE GENERATOR (LMG) ¢ GENERATE COBOL MODULES TO LOAD FLAT FILE DATA
'INTO EACH TABLE ON THE RELATIONAL DATABASE

This is a 2 part tool.

Part 1 ¢ LMG Build

This causes metadata generated for each of the tables by TABLECREATE, to be picked up and merged

with a Source Code template, resultingin 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 spedial validations or filters are required for

loading thiscodS OF'y 0S SlFaAfée FFYSYRSR 0S7T2NbedfooneLIAf Ay I D
time loading.

Part 2 ¢ LMG Load

The .COBfiles created above are batch compiled and run. This resultsin 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 firstinspection, 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.

5

2 | L{bQ¢ L¢ {Lat[ 9K

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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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

dh/ /'w{ LINROfSYEZ | inDBf&larsd KdrefektiSg gropNNS OG (1 S NY

The RDB cannot contain group fields, and yet COBOL isintrinsically hierarchic inits data definitions,

using numeric levels to define a hierarchic data structure. [This will be referred to from here on as the
aDwh ]t LINRPOf SYEBOD

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 leastin 2NF (second Normal Form)
and can resultin a DB in 3NF (third Normal Form) ¢ 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 Y&Qable.

I N d:

(The PRIMA MIGRATION Toolset gets round this by letting the DAL object handle the rg table, and using

theexistingree NR f | @2 dzii | a GKS AYUSNFIFI OSSP ¢KAA YSIya
AYGSNFIOS YR y28 GKS ¢FotS {Si0 OFy 02y (AydzS

Iy SEFYLXS Ylée KSt LIX

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, 0 dzi F NB NBLISIFGSR ' ydzYoSNI 2F GAYSaod atLy wh.

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 datain 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 handlesit as follows:
M P ZKSY Fy hil [/} w{ A a SYOZszGSN\BFVQZ ¥ a NB
t SG4G§SNB Ly

GKS o0l &S GlofSx odzi GKS
OCCURS that were encountered in the flat file record definition.

3
N6

¢KS rdul OKSR a
LISNIFAya G2 2A u2NJ 3S @SaaSta Ay /IyFRIO® 2§

tables attachedtoA G X a-¢ 9 { 9 NBnmed . ONBHAUE{-¢!Y.R[ TINBDAJEP {
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&, Microsoft Access - [Relationships] _ [ ‘ =

“D€ File Edit View Relationships Tools Window Help

=12] x|

[DedlzZEy =R %8 X8 e R
]
FZADINGS TABLE
| e AR [ReaDING-ITEM-NUMBER
l i 3 e por e e e 1 =] = =
AGE-RE | [VESSELS-ACTIVITYFLAG \oo [LEVEL- R' E‘E A'EDIHN"GS_L' ['NmEEE' READING-POINT-CODE
VESSELS-PRIMEKEY
AGE-LO | |VESSELS-COATEDFLAG READING-RECORD-CONTEN" READING-AVERAGE-LOSS
vEARS | |VESSELS-COATINGKEY READING-PERIOD-LOSS
DATE VESSELS-CRN VESSELS-TABLEig02 READING-TOTAL-LOSS
FST-REA | [YESSELS-DESIGNKEY [VESSELS-PRESSUREKEY READING-TOTAL-LOSS-PERC
pum-Lc | [VESSELS-DRAWING Hopzinaflidrrs i READING-YALUE
mGs-c | |VESSELS-GROUPNUMBER ey LEVEL-]
R VESSELS-SUBGROUPNUMBE Moo dinaeke il Lo [LEVELX
3 VESSELS-GROUPKEY | e | READING - PRIMEXEY
F vég;g_m : VESSELS-PRESSURELINI
VESSELS-PRESSURE-TA
VESSELS-ID2 e
VESSELS-ITEM1 =)
VESSELS-PRIMEKEY
VESSELS-ITEM2
VESSELS-INSPECTIONFREQ
VESSELS-INSULATEDFLAG VESSELS-TABLEig03
VESSELS-INSULATIONKEY [VESSEL5-THICKNESSKE®
VESSELS-MANWAYFLAG VESSELS-THICKNESSSUI
VESSELS-MANUFACTURERK VESSELS-THICKNESS
YESSELS-NAMEKEY VESSELS-MATERIALKEY
VESSELS-PRODUCTIONUNIT VESSELS--EFFICIENCY
YESSELXREGL VESSELS-DIAMETER
VESSELS-REGZ VESSELS-THICKNESSLIN
T S SCHEDIEEND VESSELS-THICKNESS-T#
VESSELS-STRESSFLAG VESSELS-PRIVEKEY >
4] M :
Ready I [ ] [

EﬂSlartlH B | VNE PP D ’I (3 Exploring - isam2rdb | [&Risam2rdb - PowerC... “QMicrosoﬂ Acces... H%@i}\ﬁwo 00:35

¢KS GNB¢ GFrofSa KFEGS GKS &l YS LINAYINER 1Se& Ia
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/indexingit. 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-¢ ! KIR
OCCURS clause init.

[9 I f&az2 KIa FYy WNHQ G o0f Slat@eSnyisbhiskk ibdaiR T 2 N

I SNBQa GKS &2 dzND STABCEZshOSN inAHE scridel sBot abvd¥e. 5 L b D {
Ko reading2.cpy
01 Readings - table.

03 READING- record - contents.
10 READING- PrimeKe vy.

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 levelsinto the primary key. (LEVEL-J and LEVEL-K)

| SNBEQa | Of 2a$8 dzLJX

HEADINGS-TABLE [

READIMNG-ITEM-NUMBER

READING-SEQUENCE-NUMBE AEADINGS-TABLE g0

READINGPRIMEKEY
READIMNG-LINE READING-POINT-CODE

READING-RECORD-CONTEN' READING-AVERAGE-LOSS5
READING-PERIOD-LOSS

READING-TOTAL-LOSS
READING-TOTAL-LOSS-PERC
READING-YALUE
LEVEL-] ‘--\\
bo LEVELK s

o

READING-PRIMEKEY .

READING-VALUE has a subordinate OCCURS clause
in the ISAM definition and requires 2 levels.

¢CKS LINAYINEB (S@a NB akKz2gy Ay ORBIECREADE®as drehtdd &hd pfopeh Y G KA
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 ¥5Cable 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
FOGA2Yy A& NBIAANBR FTNRY (GKS LINPINIY R2AY3A GKS RSt SIS
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 WQable 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 & &) &

Although the levels are shown before the base keyin the view above, the true primary key of the rg table is READING-
PRIMEKEY > LEVEL-J > LEVEL-K.
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£ Indexes: READINGS-TABLErg01 [ X |
&= Index Name Field Name Sork Order -
_ﬁh primekey READING-PRIMEKEY Ascending
|7 | LEVEL-] Ascending
|7 | LEVEL-K Ascending
i hd
Index Properties
Primary Yes
Unique Yes The name for this index. Each index can use
Ignore Mulls Mo up to 10 fields.

Itis possible to obtain spedificdatafromthe i 6t S | f 2y3 gAGK RIFIGF FNRY GKS
LINAYEFNE (Seéd [A1S GKAAX

(The required prime key has been previously set up and isloaded into HV-primekeyX A Y KA & -nitnbediabd (1 KS
sequence number ARE the elements of the prime key0 & 2 6 S  R®join®hé tabje$ aS i already know this data),
0dzi LINBGSYR (GKS& | deBmeytaniths RERDUIMGSRABEES dzy NBf | G S

SELECT ( x. [READING- ITEM- NUMBER], x. [READING- SEQUENCENUMBER],
y. [READING- AVERAGELOSS))

INTO : HWitem,: H\W-seq-num,: HW-avg-loss
FROM [READINGS TABLE] x, [READINGS - TABLErg01]y

WHERE x.[READING- PRIMEKEY] = : HV- primekey AND
( x.[READING - PRIMEKEY] = y.[READING - PRIMEKEY] AND
X[LEVEL -JJ= 5 AND  y.[LEVEL -K]= 1)

(Note that ALL names containing hyphens must be endosed in square brackets in ACCESS SQL to avoid confusion with
YAYydza )aA3dyax

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 aJ and a K portion of its prime key.

Itis important to remember that these fields are not maintained by the system. They will be set propery by the load
module as datais loaded into them but after that if, for example, you delete a row, the numbers will not, of themselves

realign to cover the gap. (Thisis 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 refere
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.

Ifitis 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 dois 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:

M® LG YIAYGlIAyada RIEGE fS@Sfa dzd G2 &AE fS0Sfa | yR
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
ISYSNIGS&a | aDNRdzLX f S@PStf RSTFAYSR Fa / KIFENYOGSNE |
subordinate to it.

Example:
X

12 group - levell.
15group - level2.
18 elementl pic x(5).
18 element2 pic x(3).
15group - level2l.
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
Elementl 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-levell 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

1SSLI GKSY 61a 0SAy3a G(GKS fS3aSNI2F (62 SOAfaxood L7
GaAdzo 2NRAYF (0S¢ AGSYa S@OSNE ( KMHrmée? o wlll Bedd@®K 2 NJ & NX G €
updatetheY S @SNE (GAYS 2yS 27T sthénged. Obiicrly2HR prefty tédiSus, TA St Ra

so itis 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

F2N) SIFOK 2F GKS 3ANRdzL) YR dadzo2NRAYIF iS¢ FTAStERaod !
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 forinclusion 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 recommendationis 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 thatif you decide to keep one of these fields, you
check the size is correct.

THE IMPORTANCE OF KEYS

The necessity of Keysin 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
spedific key. (For example, the Customer Master will be keyed on CustomerlID, the Product Master on
ProductlD, and so on. Furthermore, these datasets may implement other keys to enable processing in
altemate 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 keysin the data can be built and maintained by the RDB
system.

TABLECREATE detects any keys presentin your record definitions (both Primary and Altemate) 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
altemate 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,
VSAMY/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 ¢ WHAT IS IT?

Itis 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 definitionsin it.

The Toolset implements this as aninternal template which it modifies to support a given Table Set on

7 A
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from languages other than COBOL, and able to runin any environment. The Component Object Model
YSSia GKSaS ONRGSNRAIF a2 Ad YIF(1Sa aSyasS 02
OSIFasSa o0SAy3a I GaCRsRwhthSah instanfidte mbilSpld ebeS é itself and is
capable of multithreading each copy.
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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 itinvokes 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 itis capable of
using the DAL object, then replaces all of the flat file references withinvokes of methodsin the DAL
object.

SOME IMPORTANT CONSIDERATIONS

a. Tryto 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
(S0 LT GFrofSa R2y Qi NBF{SOGU (KSaSz GKSy NB3I

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

d. Do NOTembed SQL directly into your applications. (This breaks encapsulation and removes the
advantages of tier separation). Invoke DAL objects. If you need a spedcific access thatis not
provided by the existing DAL object for the table set (forexample, you might want to join tables
or access a subset of columnsinarow), ONB I 4S | &Gl yRIFENR RIGlI 0l &S agd
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

G1y201 2yé SNNEBEN&E 6KSYy YIAyGFrAYAy3d O2RS Ay (K

e. LGQ& LINBGGe SaaSyidaAalrt GKI @2dz RS@St2LI I [/ hb{]
3SG Ayidz I-VN\EdleYSAézdgff Eléu EQSNJ?KS:irdYSR o0&
GRNRAffE YR 2dzald 1SSLI R2AYy3 AGX{2YSGKAYy3I fA1S

If you are NOT using the PRIMA toolset (converting manually) do the following:
a. Review source code and look for flat file access.

b. Convertto embedded SQL.
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¢. When the basic access is working, check through for subscripted references to external fields.
d. / 2y @SNl GKSY G2 WNHQ | O0Saao

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& G NA @S & (2 3ISG @2dz Iy 2LIWGAYAT SR REGI
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:

L. ! fF@SNIOKFGO RSEFEA AGK dzASNI Ay GSWitiOA Yy 3D ¢ KA
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

AGNBIFYZ 2N FyedKAy3a StasSs 2L¢l h!¢ OKFy3aAS (G2 Gl
220 £ 1@SNJOKIG LINRPOS&aasSa GKS REGEF FNRY (GKS LINBA:
layeNJ 6 SOF dzaS A G GeLRAOlrtfeée AyO2NlLRN}GSa |ttt GKS

system must comply with.
3. Alayer 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 othertwolayers. ¢ KAa Aa OFftfSR G4KS 451Gl 1 00Saa [ &SN

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 layeris accessed by aninterface. This means that it presents the same face to the world
consistently. It then follows that what goes on in a given layer cannot affe ct the otherlayers and
this simplifies maintenance.
2. ho2S0la gAGKAY SIFEOK fF8SNJ Oy 6S aNBdzaSR¢ | yR
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. Forexample a single DAL (Data Access Layer) Class can be servidng requests

simultaneously from different subsystems 6 2 NJ S@Sy GKS &l YS &ddzwaedaidSyX(

different instances of itself running on different DB connections.

3. 20K GKS fFr8SNAR IyR GKS 202S00a ¢gAdKAY (KS
their owninterfaces. These interfaces remain consistent. Adding a new column to a DB table
affects ONLY the objectsin each layer that deal with the new column, nothingelse. Regression
testing can be minimized or even obviated completely.

4. There are many advantages of a tiered architecture that are notimmediately 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

FYR OFyy2id OFdas aly20] 2yé SNNENE Fff 2@8SNI Gl

logic are alsolocalized, 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 spedific
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
RS@St 2SSy f Iy 3dztdtkaw albyadricoBdiZaday, RtBey. Qi K| @S

6. tKS GASNBR I NODKAUGSOUdNBEZ A GK Sl OK GASNI O2 Y LIN
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programs.) This minimizes the risk of change. You can rewrite a component entirely (if you have

0 2d%a dzI £ @ )iRledsdimedhBnyft@aduld take to pore through thousands of lines of code,
find the right code to change, change it, debug it, then regression testit, only to find that
A2YSGKAY3 StasS y2 t2y3aSNI g2Nyax {2YSGAYSa
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 6 & I NJ Yy dzf | biBariz&dén the tied dedcriboeid, s
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 isimplemented as

a COMserver 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, O f f S daan{A¢y 6 Sy yOS ho2aSOi
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, butit 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 atit with.

INTERFACE TO THE DAL OBJECTS
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the data interface to/from the DAL objects. This means that existing code can access the new database
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interfacing for repeating groups and base tables. In effect, the existing application continues to run as it
always has, butitnow usesadif¥f S NB y U & RThdiDAL oldet debbldwses the record format to
the base and rg tables when writing, and re-assembles it from the base and rg tables on reading.
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However, this is NOT a good database solution. Databases are designed to access only the data that is
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elements that are almost always accessed together. This is where the key dependency of Normalization
comesintoits own. Elements that share a key dependency (see 3NF) ARE likely to be accessed together,
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Nevertheless, with the power of modem processors and RDBMS most of the data bufferingis in memory
and the inherent overhead is easily and transparently absorbed by the RDBMS.
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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.

Itis 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 EXISTING 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 changingexisting code to replace all flat file access with invokes to the DAL objects is a
daunting task.

Thereis a huge variety of programmer coding style, dynamic access, skip-sequential access, get previous

FyR 3S0G ySEG I 00Saaszr Kdz3S JINxAFyOSa Ayé 1IKSO%a a

constructs and modifiers.
Differences in the way existing procedural cog{e is implemented and the interfacing to the new OO
202S00a NBIljdZANPA SEGSYyaAardS aK2dzaS1SSLIAy3I¢E | YR

can meet all of these criteria?
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Yes itis.

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
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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
referencedin code appear on the Tree View. Every point in the code where these files are referencedis

Gr33SR
the DAL object.
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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
presentedin a check boxed Tree View and you can confirm that they are in fact date fields or not. If you

tick the box by afield,itd Yy I Y S

oAttt

reference toit in code will be amended to the new name.

All of this would be a very laborious manual task. MOSTAMD does it in seconds.
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START ARPTRN KEY IS NOT LESS THAN ARPTRN-IDX

INVALID REY
NOVE O TO FOUND-TRANS
GO TO P-1259-)XIT
END-START.

P-1320
READ ARPTEN MNEXT RECORD NO LOCK
AT ENR
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Legacy code retained as requested,.,
START ARPTRN KEY IS NOT LE3S THAN ARVTAN-IDX
INVALID KEY
HOVE O TO FOUND-TRANS
GO TO P-1255-3IT
ERD-STANT,
mwove Y>=% o MOET-relavion of ARPTEN-dazabiook-JET
mave T1% to NOST-which-kmy of ARPTRN-datablock-GET
move ARFTRN-REC to NOST-data-bufrer of ANPTIN-datob look-GET
invoke obIDAL-ARVTEN-Strean-GET “ARPTRNMTScars"™
using ARPTRN-NCAT-inzerface-blook~GET
end-invoke
wove BOAT.data-burfer of ARPTPN-datablock~CET to ARPTIN-PEC
wove BOGT-File-Status of ARPTRN-datablock-GET to ARPTRN-TD

12 DOST-SOLSTATE of ARPTRN-dacablock-GET = '02000'
MOVE O TO POUND-T

wnd-t e

1220,
Legacy code recained as reguested,.,
READ ARPTRH NEXT FECORD NO LOCK
AT END
NOWE O TO FOUND-TRANT
GO TO P=1259-XIT
END~-EEAD
wove ARPTREN-KEC to NOST-data-buffer of ANPTREN-datub 10cR-GET
invoke ob)IDAL-ARPTRH-Strean-GET “ARFTRNNTOetNext™
uning ARPYEN-NOIT-intetfuce-block-CLT
end-invoke
mwove NOST-data-buffesr of ARFTRE-datablock-GET to ARPTHN-REC
move BIST-File-Status Of ARFTIN-datablock-O0ET to ARPTRN-FS
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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 flatflea @ 8 GSY 61 & 3J22RT &2dzNJ ws5. &dé&adasSy gAtf 068
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.
CKS (G662 YI A Vsteaf-SA T IND -tiie/@RAS-thdé02 RS ¢ @

Combinations of the two are also possible.

ONE-STEP-AT-A-TIME

This would isolate a specific sub-system, identify the programs init and the files they access, then
converteach program andits data files asindependentd YA ANJ GA 2y dzy A &€ @

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 itis done the better. Thisis 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.

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 itis fully automated. (Itis a matter of deciding what sub-systems
are required and creating an empty database foreach, then organizing the flat file source
definitions for each sub-systeminto a directory, and running Batch TABLECREATE against that
source directory and that sub-system DB.

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:

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

Detecting subscripted references to OCCURS data fields in flat file records, and changing
0KSY (2 WNHShasKdsnokibkEd ySng the record definition as the
interface to the DAL objects. The DAL object handles all of this.

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

. ONE-STEP-AT-A-TIME PROS:

Migrationisdoneond | @ Yy S S RuitR#ioritdzdtién Af ub-systems.
2. DAPSE | OKIFYyOS F2NJ YAIANIGA2Y LINBINRYYENR OF2 40

. ONE-STEP-AT-A-TIME CONS:

1. Intheory 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.

EALL—THE—DATA-A LL-THE-CODE CONS:
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2. Does not provide programmers with a true end-to-end experience

CONCLUSION

In this document | 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 thisis 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 21* century. (OO COBOL is better, but it suffers by comparison to most other 0O
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 stepsin the right direction by providing a modern, component based, Data Access
Layer that is wrapped exactly like this and is virtually éfuture proofé. 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 otherlanguages. 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 fadilities 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. Inconsiste nt 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 nomal form." Although otherlevels 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 fieldsin 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.
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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 addressis 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 itin one
place, either in the Customers table or in a separate Addresses table.

| THIRD NORMAL FORM
9 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 fieldsin 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
storedin 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 tablesfor 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
oneis 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.

3k 3k 3k 3k 3k sk 3k %k 3k sk 3k %k 3k %k ok sk ok %k sk 3k >k ok sk ok ok 3k ko%k kok sk kkk

Examples of Normalized Tables
sk sk sk sk sk sk sk 3k sk ok sk sk sk sk sk ok sk ok sk ok sk ok 3k ok sk sk sk ok skosk sk sksk ok

Normalization Examples:

Unnormalized table:

Student# Advisor Adv - Room Classl 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 dasses, these classes
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should be listed in a separate table. Fields Class1, Class2, & Class3in 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
(Classtt), 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: Studentt 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
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