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Abstract

The year-2000 (Y2K) problem affects both information systems and equipment systems. This
paper describes the work which has been done, and is currently underway, to make the information
systems of the Department of Safeguards year-2000 compliant.

1. Introduction

An information system is considered to be year-2000 compliant if the following rules [1] are
followed:

1. No value for current date will cause any interruption in operation
2. Date-based functionality must behave consistently for dates prior to, during and after year 2000
3. In all interfaces and data storage, the century in any date must be specified either explicitly or

by unambiguous algorithms or inferencing rules
4. The year 2000 must be recognized as a leap year.

2. Environment

2.1 Production Environment

The major operational information systems of the Department of Safeguards (SG) are made up
of a mixture of mainframe (IBM) and PC-LAN applications. The mainframe systems maintain
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databases using the ADABAS database management system and typically consist of a mixture of PL/I
and ADABAS NATURAL programs.

The most important of the SG mainframe systems are:

• The Accounting Data System (Accounting system), which stores and processes data received
from member States pursuant to NPT (INFCIRC 153-type) and NNPT (INFCIRC 66/Rev. 2-type)
Agreements,

• The Inspection Data System (CIR), which maintains a database of inspection results collected by
the Department's inspectors,

• The Authority and Design Data System, which maintains tables of reference data about the main
entities (e.g., Countries, Facilities, MBAs, etc.) encountered in SG work and which are referred to
by other operational systems,

• The SIR Evaluation System, which evaluates the effectiveness of safeguards inspection activities,
• The Safeguards Management Information System (SMIS), which manages and provides reports

on, for example, SG staffing, inspector designation status and inspector utilization statistics.

PC-LAN client-server systems are also widely used in the Department. These systems have
been developed with a variety of application-development tools, e.g. MS Access and Visual Basic.
The standard LAN database used for client-server applications is MS SQL Server.

One important aspect of Safeguards data processing, which complicates the year-2000 work, is
that there has been in the past a tradition of end-users making (and saving) queries and producing
reports against the mainframe ADABAS databases. Some of the more sophisticated of these queries
and reports have evolved over the years into stand-alone applications. SGIT thus faces the constraint
that any database changes which would render such user-developed applications invalid must be done
in such a way that users have sufficient advance notice to be able to update their applications in time.

2.2 Development Environment

Mainframe development is carried out in a separate environment with an ADABAS database
which is dedicated to development work, and which contains copies of all production data files. The
data in the development database is refreshed from the production database on a regular basis, or on
demand, in order to have test data which is reasonably close in content to normal production data.
Having a separate development database allows database file changes to be tested without disturbing
normal production work.

NATURAL source code libraries have access to both the production and development
ADABAS databases. For each major system there are independent production and development
NATURAL source code libraries, so that for testing and debugging purposes it is possible to allow
any combination of production/development programs to run against production/development data,
except that only production programs are allowed to update production data.

When programs written in NATURAL which reference ADABAS database fields are compiled,
they automatically update a database, managed by the Predict active data dictionary, which allows
programmers to easily generate a cross-reference listing of which NATURAL objects refer to which
ADABAS data fields.

2.3 Year-2000 Environment

Accepting that it would clearly not be possible to freeze all maintenance of the production
Accounting system programs during the period that these programs were being made year-2000
compliant, it was decided to create a separate development environment for doing the year-2000



work, so that testing of file definition changes as well as year-2000 program modifications could be
done in parallel with any normal development or maintenance work. This environment consists of
both a separate set of ADABAS database files, as well as separate Natural and PL/I source code
libraries and load libraries. To avoid confusion, we are endeavouring to keep to a minimum the
instances when parallel changes are being made to the same program module in both the development
and the year-2000 environments.

3. Background

Safeguards has always followed the IAEA standard for storing dates, i.e. in a year-month-day
order. As ADABAS does not have a native Date-Time variable type, in the 1970s and 80s when most
of the databases currently in use were designed, dates were stored either as a 6-character string or a 6-
digit number, i.e. with an implied century of'19'.

Many of the SG databases were designed to keep a history of important changes to individual
records, for example personnel data records. Such database records have, in addition to the normal
data fields, two extra date fields, typically called ValidAfter and ValidThrough, which are used to
denote the validity span of the record. To simplify selection of records valid on a given date using a
date range, and as ADABAS has only quite recently been enhanced to support the concept of null
values, mainframe databases have used the artificial value of "999999" to specify a ValidThrough
date of "for ever", i.e. there are cases where non-valid dates were stored in database date fields.

Recent versions of NATURAL, which uses ADABAS for storing and retrieving database data,
have offered a Date-Time variable type for temporary variables, which has permitted programmers a
year-2000 compliant way of making date comparisons or doing date calculations.

As SQL Server has a native Date-Time variable type, which in addition supports the concept of
null values, almost all applications maintaining dates in SQL Server databases have made use of such
Date-Time variables for storing dates, and were hence, from the very beginning, either year-2000
compliant or only needed minor corrections to become so.

In 1991 the IAEA set standards for four-character years and since then many - but by no means
all - new computer systems were written following this standard. Also in 1991, during the course of a
major revision of the CIR System, the system was made internally year-2000 compliant by storing all
dates with an explicit century, i.e. in the format yyyymmdd.

An Agency-wide Year 2000 Task Force was convened in December 1996 with the aim of
facilitating information exchange, increasing awareness, providing guidelines and reducing the
resources required to solve the year-2000 problem within the IAEA.

4. The Accounting System

The largest and most complicated of the SG information systems, the Accounting system,
maintains a very large database, which is accessible on-line, and which contains many date fields.
These date fields are used in operations involving calculating, comparing and sequencing of dates, i.e.
this system is clearly at risk from disruption due to the storage of dates without an explicit century.
One important characteristic of the Accounting system is that the information stored in the system
concerns historical events, i.e. it is not necessary to store or process dates for events in the future, and
hence the effective deadline for converting the system is December 31st, 1999.



The majority of SG information systems receive their input data from within the Department,
for example most of the data managed by the CIR system is gathered by inspectors while in the field
and entered into the system using an on-line data-input program. The Accounting system is in this
respect different, as most of the data processed by this system is submitted by member states on the
basis of legal agreements with the IAEA. There are two allowable formats for such accounting data
submissions, called respectively fixed and labelled (variable-length data items identified by tags)
format. Both formats specify currently that dates be coded using 6-digits, i.e. they are non year-2000
compliant. In order to satisfy rule 3 above, i.e. ".. .the century in any date must be specified either
explicitly or by unambiguous algorithms or inferencing rules", it will be necessary to either alter one
or both of these formats or a rule must be applied against the input data to calculate the correct
century. Of the two input formats, the only practical choice, as far as allowing the year-2000
compliant transmission of dates, is the labelled format.

Letters have been sent to member-state reporting authorities asking them what date format they
will be using in reporting state declared information to the Agency (6- or 8- digit dates), with a
deadline for responding by the end of 1998. SG is prepared to handle both 6- and 8-digit dates; but if
States who are currently reporting using the fixed format want to start reporting 8-digit dates, they
will have to switch to a new, labelled-format Code 10. For States who wish to continue to report
using the fixed format, SG will determine the correct century for reported dates, using a simple
algorithm, when loading an accounting report to the Accounting system database.

In contrast to the situation faced by many organizations, Safeguards does not have the problem
of trying to update a large inventory of programs which have little or no documentation and were
written by staff no longer working at the organization using programming languages with which
current staff are not familiar. The programs used in the Accounting system have been often modified
and enhanced, and so while the magnitude of the year-2000 problem is large, it was from the
beginning well understood which parts of the system needed to be updated in order to make the
system year-2000 compliant.

When the Accounting system was designed, one of the principles which was followed was to
store member-state submitted data in a form very similar to the form in which it is received. When
preparing data for a report, all relevant database records are first extracted, and then any necessary
calculations, for example the interpretation of correction records based on the correction principle in
effect for a given member state, are done dynamically. The overall effect of this design decision is
that while the parts of the system which store and maintain accounting data are complicated, they are
less complicated (and are made up of a smaller number of modules) than the parts of the system
involved in reporting, as each report program must include the appropriate correction-processing
logic.

4.1 Year-2000 Options

4.1.1 Outsource?

One of the first decisions which had to be made was whether or not to use outside assistance for
the work necessary to make the Accounting system Y2K compliant. As the system has been under
more-or-less continuous maintenance since it was written, and as the system's maintenance team is
highly-experienced in the programming languages used in the system, i.e. PL/I and ADABAS
NATURAL, it was understood that there was no necessity to call on outside assistance. Using in-
house staff for Y2K work has, in principle, one clear drawback, in that it may severely impact the
resources available for necessary development work. It was however decided to use the in-house
maintenance team to do the Y2K work for two reasons:
• It was felt that, while the Y2K work was being carried out, other development or maintenance

work on the system should in any case be frozen (unless an emergency arose).



As the Accounting system is quite complex, it was felt that the cost of using external staff (in
particular staff not familiar with PL/I) might be unacceptably high due to the expected long
learning curve, i.e. the time necessary to become familiar with the system, for an outside
contractor.

4.1.2 Upgrade or Replace?

Those organizations which recognized the magnitude of the Y2K problem early enough were,
in some cases, able to plan to replace their legacy systems, which were not year-2000 compliant, with
new modern client-server systems. In so doing, in addition to having systems with improved
functionality, they hoped to be able to look forward, in the long run, to benefiting from reduced
maintenance costs in comparison with their existing legacy applications.

Due to the amount of work involved in maintaining the reporting part of the Accounting
system, a project is underway in SGIT to make use of a data warehouse to simplify the logic of
individual report applications by creating, for example, a series of summary inventory tables which
can be used for most, if not all, reporting requirements. The processing of the often very complicated
business rules involved in accounting applications will be done within the data warehouse, during the
construction of the summary tables, rather than in each application. Use of a data warehouse will
bring with it the added benefit that individual end-users, where authorized, will be able, for the first
time, to browse summary accounting data themselves to help answer any specific questions they
might have.

Initially it was hoped that if the data warehouse could be ready in time, that it would make
obsolete a large part of the Accounting system program inventory, and hence would greatly reduce the
magnitude of the work necessary to make the system year-2000 compliant. SGIT management
however felt that this option would introduce an unacceptable risk in that if the data warehouse
project, which is a very ambitious undertaking, should be delivered late, that there would be
insufficient time available to carry out the necessary work to update the reporting applications.

4.1.3 Techniques for specifying the century for a given date

Rule 3 in Section 1 above specifies that "the century in any date must be specified either
explicitly or by unambiguous algorithms or inferencing rules." The second of these two options, i.e.
calculating the century "on the fly" was ruled out, due, among other reasons, to the need to support
ad-hoc queries in as simple a way as possible.

Having chosen to explicitly specify the century in all dates stored in SG databases, we
investigated three possible ways of doing so:

1. Increase the size of existing date fields in the database from 6 to 8 digits, run a one-time
program to concatenate the constant '19' in front of all dates, and then immediately convert all
programs which access the database to correctly process the now 8-digit date fields.

2. Extend existing date fields to 8 digits, giving the 8-digit long date field a new field name and
defining a 6-digit sub-string of the date field with the current field name. For example the 6-
digit date field ValidAfter, which contains the date '980101', is first extended to 8-digits, and
updated to become '19980101'. This 8-digit field is given a new name, e.g. ValidAfter-L, and a
sub-field, defined as the last 6-digits of this field, is given the old name ValidAfter:

' 1 9 9 8 0 1 0 1 ' <-data storage
A A A"""A / V <-field ValidAfter-L

A A A A A A <- field ValidAfter



All programs making updates to the database must be simultaneously converted to fill the
"new" 8-digit date fields. Any programs which only read date fields can then be converted on a
application by application basis, as they will continue to work up until the time the first dates in
the 21st century need to be stored in the database.

3. Add completely new 8-digit date fields, one for each existing 6-digit date field, to the database,
run a program to fill the new date fields by copying the values of the corresponding 6-digit date
fields concatenated in front with '19', and simultaneously update all programs which make
updates to the database to fill in both sets of date fields. As with option 2 above, it is then
possible to convert any programs which only read data from the database on an individual
basis, as they will continue to correctly retrieve valid 6-digit dates.

Option one above, a complete conversion of all programs accessing a given database, is only
practical where the number of programs involved is relatively small, and where one can be absolutely
certain all affected programs have been identified and converted. Once the database has been
changed, any program expecting only a 6-digit date will get an invalid date, e.g. instead of the desired
'980101' it will read '199801'. As the Accounting system database files are also accessed by a
significant number of end-user queries, this option had to be ruled out.

Options two and three are similar, in that once all file maintenance programs have been
converted and tested, they can be put into production and then conversion of the remaining report
programs can be done individually, keeping in mind, however, the ultimate deadline of December 31st,
1999 (or shortly after). This is an important advantage given that there is a great deal of work
involved in converting the reporting applications. All else being equal, option two is theoretically
more attractive in that it uses less storage space in comparison with option three, unless at some point
in the future the old 6-digit date fields could be deleted (not a trivial task) and the databases
compressed. Tests with sub-fields, however, brought out some cases (a sub-field defined on a
multiple value field) where there were problems which would cause reporting programs to fail.

It was initially hoped that if option three was chosen, that the task of changing all update
programs so that both the old 6-digit and the new 8-digit date fields are updated at the same time
could be greatly simplified by the use of "triggers", that is small programs running in the database
itself which would automatically update the new date field when an update was made to the
corresponding old date field. Tests with such triggers, however, showed the overhead of having to
separately retrieve the new date fields so they could be updated was unacceptably high.

4.2 Year-2000 Approach

The approach decided on to make the Accounting system year-2000 compliant is option 3
above, i.e. to do the work in two steps:

1. Add a duplicate, i.e. redundant, set of year-2000 compliant date fields (using 8 digits to store
the dates) to the database files, and to fill in the values of the new date fields knowing that for
all current records the century is a simple constant, i.e. '19'. All programs which make updates
to the database files will then be modified to maintain the new date fields in synchronization
with the existing 6-digit date fields.

2. Convert all programs involved in reporting from the database to use the new 8-digit date fields.
This work can, in general, be done on an application by application basis without any
disruption to end users. When converting reporting programs, priority will be given, of course,
to fixing year-2000 relevant problems, e.g. selection or comparison of dates, over making
cosmetic changes to the report formats, that is the displaying of dates, as several of the existing
reports will require possibly extensive layout changes in order to display the century for all
dates.



Once the complete Accounting system has been made year-2000 compliant, it will, of course,
be possible to remove the old, no longer needed, 6-digit date fields, but in an ironic contrast to the
situation which led to the use of 6-digit date fields in the first place, the at-the-time high cost of data
storage, disk storage devices are now so inexpensive that the extra cost of storing these redundant
fields is no longer a serious problem.

3. Other Year-2000 activities

5.1 Other Mainframe Systems

Other SG mainframe systems, for example for the processing of Authority data (e.g., tables of
Facility information) as well as the SG Management Information System (SMIS) are being converted
in a similar manner. The SMIS conversion work is being done by a former SGIT staff member on a
temporary assistance basis; otherwise all other Information System year-2000 work is being done by
in-house staff.

5.2 End-User Software

As soon as the most urgent conversion work has been successfully completed, an inventory of
end-user applications will be made to see which of them require work to change references from the
old 6-digit date fields to the new year-2000 compliant date fields. As these applications are written in
NATURAL, such an inventory can be quickly produced from the Predict data dictionary which allows
creation of a field-name vs program-name cross-reference list.

5.3 PC Systems

The majority of the SG PC LAN-based information systems were already developed to be year-
2000 compliant, and have required only isolated changes. A few DOS-based applications, e.g. written
in Clipper, still in use are scheduled to be replaced by Windows versions of the applications.

5.4 Mainframe Environment

Before the end of the Ist quarter of 1999, year-2000 compliant versions of the mainframe
operating system (OS/390) and the ADABAS system software will be in place. This ensures that, for
example, archiving of data will record the full 8-digit date when the archive was made.

5.5 PC Hardware and System Software

It is expected that a certain percentage of the (desktop and laptop) PCs in the department will
fail to either recognize the year 2000 or realize that it is a leap year. A test program is available from
NSTL which checks the level of year-2000 compatibility of PCs. A recent inventory of SG desktop
PCs showed 70 Intel 486 models which are known to have a problem, as the first time they are re-
booted after 1 January 2000 the system date will typically show the year 1980. Once the year has
been manually reset to 2000, however, the PCs will function thereafter correctly.

6. Conclusion



According to the current schedule of the year-2000 project, all conversion work will be
complete before the end of the second quarter of 1999, allowing ample time to be sure that the
converted systems are carefully tested before the end of the year.
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