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ABSTRACT
SAS/Warehouse Administrator® is an advanced code generation tool used in building data warehouses. In this
project, the tool was used in order to support and document the development of a large actuarial system.  This paper
discusses the business decision process that led to the selection of this software product as well as the problems
that were encountered and the results of the implementation. 

INTRODUCTION
An actuarial liability valuation system is composed of
three major processes: data acquisition, liability
valuation and situation follow-up.  Each process contains
exhaustive validation steps. 

The data acquisition process is done by extracting the
data, verifying the quality and making corrective actions
on the data.  The major proportion of the process can be
taken over by SAS/Warehouse administrator as a
regular data warehouse activity.

The liability valuation process is the most complex
segment.  Each indemnity category has its own evolution
behavior, so each category must have a specific
predictive model based on a more general predictive
model.  The current system deals with three types of
annuity evaluated on an individual seriatim basis and
more than fifty indemnity categories evaluated on a
global basis.  These valuations must consider the
interdependence between categories, taxes, economic hypo

Using electronic spreadsheets to calculate actuarial liabilitie
liabilities are evaluated on a global basis rather than seriatim
proliferate and differentiate.  Therefore, a planned transition
processes and take a further step into the inevitable growing

The situation follow-up process is a more conventional busin
economic and cash flow situation.  Reports can be schedule
multidimensional data preparation.

This paper shows the experience of a government agency, w
solution to accomplish of the entire actuarial liability valuatio

CONTEXT
THE INITIAL SITUATION
The first generation system used for the actuarial liability va
developed and operated under the control of the information
system was developed in 1990 and was made of a Clipper�
calculations.  Actuaries were responsible for starting the job
programs.  This second generation system was highly regar
calculations.  These systems were used for the seriatim par
always been evaluated using spreadsheets.
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Figure 1 Global View
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The technological evolution crippled the user interface and the business needs grew quite rapidly.  Over the years,
actuaries developed a system using a large number of spreadsheets.  Maintaining such spreadsheets became an
increasingly complex task.  At this stage, the actuaries required an integrated solution automating the spreadsheet
calculations.  They were convinced that SAS could provide them with a third generation system that would preserve
as user control as possible. 

The organization’s information technology staff was a real allied group. They had well-established standards for
developing most types of applications, but the actuaries’ requirements for a large-scale SAS system represented a
new challenge.  The idea of an isolated corporate SAS system made the staff uncomfortable – they suspected that
their current development processes could not fulfill such complex requirements.  In addition, the organization for
which both groups worked was in the process of implementing a policy that demanded even greater security and
control of all new applications.

System architects were therefore hired to propose a solution.  They demonstrated to the satisfaction of both parties
that a system built exclusively with SAS software could deliver the required robustness and security, be user-friendly
and meet the most stringent software development standards. The actuarial group was committed to improving their
process.  The IT staff demonstrated a profound respect for the needs of the actuaries and was willing to adapt and
support development of the new SAS system.

RESPONSIBILITIES
The “Société de l’assurance automobile du Québec“  (SAAQ) is responsible for the Public Automobile Insurance
Plan in the province of Quebec. This plan is a no-fault  insurance regime that protects all bodily-injured victims of
motor vehicle accidents. It is a mandatory plan for all drivers and all vehicles. It covers all Quebec citizens circulating
within and out of provincial roads.  It also protects non-Quebec citizens while they are using provincial roads. The
plan is financed with driver’s license and auto registration insurance premium.

The plan offers medical insurance, death benefits and income replacement for victims during their recovery. The
plan also covers the costs of rehabilitation. The plan was put in place in 1978 and was thoroughly reviewed in 1990. 

The plan’s actuaries are responsible for accurately predicting the amount of money that must be set aside (the
actuarial liability) to cover the future needs of all victims during the rest of their life.  The actuarial liabilities are
calculated by type of indemnity grouped according to similar pattern of development across time.

Since the regime is publicly funded, actuaries must be audited by a provincial administration auditor. Actuaries must
also explain their hypotheses, their methods and in certain circumstances the reasons why their previous estimates
did not fit.  

A COMPLEXITY PROBLEM
Actuarial work is characterized by many complex calculations, depending on the use of a great number of
parameters.  By varying the values of such parameters and re-running these calculations, an even greater number of
simulations result.  The results of these simulations are what allow the actuaries to be sure their estimates and
predictions are consistant.  

Electronic spreadsheets are often used to make such calculations because they are easy to learn, very intuitive and
relatively easy to maintain.  However, spreadsheets do present some problems. Their ease of use promotes the
rapid development of multiple methods with very small differences. By doing this, lack of uniformity may occur for no
reason.  It is very easy to forget to change a formula that occurs in a corner of multiple spreadsheets, which are all
part of a single method.  Saving each version of such a multi-sheet simulation can lead to thousands of stored
spreadsheets. Comparing those spreadsheets to find minute differences turns into a very difficult and time-
consuming task.  Moreover, spreadsheet calculations tend to mix the data (a database) and the logic (a program)
into a document (a report); it becomes impossible to manage these entities in an auditable structure.

In addition, these actuaries often find themselves working long hours and against short deadlines. A high level of
concentration must be maintained because they must keep track of their simulations in order to compare their
results.  They are obliged to present a clear but concise record of the results they have obtained.

These spreadsheets are most often linked together in a complex network to obtain a consolidated vision.  They
share primary indemnity data, hypotheses as well as intermediate and consolidated results.

A valuation system based on spreadsheets is sustained by discipline, expertise and the heroic efforts of the
actuaries who use such a system. 
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BUSINESS NEEDS
A list of major business needs can be drawn:

1) Reduce the risks of losing actuarial expertise. It is a reality of life that actuaries may leave the team and this
for different reasons.  Therefore, it is critical that every piece of knowledge and every hypothesis that is
made within a liability calculation be adequately documented and justified.  When the documentation is
important in volume, there must be some standards to follow in order to facilitate the reading and the search
into it.

2) Improve the actuary productivity.  A new system should take care of common chores.  It should also remove
quality issues that could have plagued an old system in the end. It should leave more free time for analysis,
testing new approaches, developing new measures, increasing the number of simulations, and so forth.
 

3) Control who does what.  The new system should be highly secure and robust.  As there could be political
issues, only the actuarial team should have access to preliminary results and data.  The responsibility for
each hypothesis is distributed among many people; only those who are responsible for a hypothesis should
have the right to modify the hypothesis.  The responsibilities for calculating specific results are also
distributed; only those specific people should have access to corrective actions on the original data.

4) Keep track of who does what and why.  Actuaries may do corrective actions on the data for various
reasons: there could be mistakes coming from operational systems, financial writings and exceptional
events.  Whatever the reason, the system must allow for it to be done under the condition that it is justified
by an explanation and it is possible to know who did it and when.  An audit trail report must be attached to
calculation report.

5) Control the process and check the quality of the results after each task.  It must be possible to run all
chains of jobs, but each job must be controlled for the adequacy of the results.  It should be easy to run a
job many times until the correct answer is obtained.

6) Guarantee that every step is done in the right order.  It must be sure that a job cannot be run if the
preceding job in the chain has not been run with success.  This principle must be verified at any time when
a job is run, and that every preceding job has been run in the right order, and with adequate results.

7) Secure the integrity of the calculations and the capacity to reproduce the results.  It must be easy to
reproduce the results at any time and to have access to intermediate results with confidence at all times
even for an old exercise.  Data must be frozen in a way that results and programs cannot be modified after
publication.  New exercises and new simulations should be made in a new environment or a new version.

8) Preserve the ability for the actuaries to develop their own logic.  As most actuaries know how to program
with SAS, they must be able to modify the valuation programs in order to make simulations and to generate
new valuation models.  This principle must not break the integrity of the system and it should be possible to
have a parallel environment or a partial environment where such tests could be conducted.

9) Limit the number of people involved in the operations of the system. Usually, a corporate system involves
the contribution of many IT professionals for migrating components, maintaining schedules, defining new
table, etc. In this system, the response time is critical and many changes could be made in an urgent mode.
A very small team should be available and skilled to execute all the tasks required to operate the system.

10) Build the system on a properly managed technological platform. Actuaries must not be directly involved in
the processes of maintaining the computers, the backups, the software, and all the necessary operations to
preserve the technological platform.  The IT staff must be responsible for the maintenance of their
machines and for keeping them up-to-date and running.

THE SOLUTION
THE METHODOLOGY
Because the proposed system’s predecessors were considered corporate level systems, it was essential that the
new application be a corporate level system as well. This meant that the highest standards of the SAAQ system
development methodology had to be met, with a defined process, structured documentation and a clear definition of
responsibilities.
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THE SOFTWARE PRODUCTS
With the experience of the previous generation of the system, it became clear that the user interface should be
conceived differently.  As the number of jobs multiplies, it becomes increasingly difficult to maintain a coherent menu
system for starting the jobs.  SAS/Warehouse administrator showed to be a toolbox approach.  As a new job is
defined in the metadata with dependencies, the functions to start it are already available making a menu system
obsolete.  

The preceding system was also built with many software products, which made it fragile to changes and multiplied
the number of technological platforms to maintain.  It also needed extraction interface between software products to
make them communicate together.  For those reasons, it was decided to keep only SAS software products in the
new systems, knowing that it could assume all the desired functions. 

Keeping the spreadsheets was seriously considered because of their number and qualities.  However, they did not
comply with development standards.  Keeping them would cause the need for an interface with SAS that was not
robust enough for the context.  Implementing the new functions needed to trace and justify the modifications in the
cells would imply new macrofunction development, which was banned by the IT standards.  In addition, some tests
were run with SAS/IML® that proved that few code was required to make the most common calculations.
Furthermore, there was no limit to SAS/IML calculations compared to spreadsheet calculations.

THE DATA ACQUISITION PHASE
The data acquisition phase was partitioned in four steps:
data extraction, data quality, data transformation and data
storage.  Those steps were recognized as a common data
warehouse process, and SAS/Warehouse administrator
was again an attractive option for that reason.  Data had to
be extracted for mainframe flat files and finally stored on a
Windows platform.  

This phase is mainly a batch process and can be run on a
scheduled basis.  As this process was monthly and
independent from other processes, it was decided to build
a monthly data warehouse and to keep such warehouses
as distinct instances that the actuaries could access for
work purposes.  Each instance kept the data, the
parameters, the metadata, the programs, the reports and
the logs.  SAS/Share® was chosen to store the data
because of the traces that are left when data is accessed,
the control over the security and a database philosophy in
accessing the data.

THE ACTUARIAL LIABILITY VALUATION PHASE
The actuarial liability valuation phase is defined by the activities of calculating how much money is to be set aside in
order to respect the financial obligations of the plan.   It is mandatory to do it once a year, but it is actually done more
often in order to give preliminary results.

THE ACTUARIAL LIABILITY CALCULATION STEP
The first step is the liability calculation step.  It is mainly a forecasting process with finance calculations.  There are
many different indemnity categories related to an insured event that occurred during the year.  Many forecasting
models exist associated with the nature of the indemnities

By themselves, those liability calculations are somewhat complicated because of the number of shared economic
hypotheses between all the indemnity categories.  If a change is made in one hypothesis or in a data table, all the
dependent calculations are to be recalculated.

Another major level of complexity comes from a common practice in actuarial science, which is to explain why the
forecast that has been made in the previous year had not accurately met what occurred in reality.  It is easy to
understand that if the inflation rate changed by only 1 percent, there could be a difference of many millions in the
liabilities.  The actuaries have to identify all the factors that contributed to any change and have to measure the
impact of those factors.  To do that, they make the stepwise liability conciliation by running the model used the
previous year and by changing only one factor at a time and gathering the resulting liability valuation.  Then they
progressively change a new factor over the previous factor and gather the resulting calculation repeatedly, until all
the differences are explained.  Using this strategy, actuaries can refine their forecasting models because of the
feedback received from the conciliation.  They can decide to adjust or change their forecasting model.  If they do

Figure 2 Data Acquisition Phase
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that, they have to separate all the factors they want
to change and the impact on the liability in the same
way they did the previous conciliation.

THE CALCULATION SUPERVISOR PROGRAM
This complexity has been managed using a concept
of a supervisor program looping into parameterized
tables and writing its results as distinct images.
The supervisor program must consider the order in
which the calculations are made and in this way, it
takes care of any dependencies between the
results.  It also has the responsibility of checking the
quality of the result before starting the execution of
the succeeding calculation.  

Each factor entering in the calculation has to be
interchangeable to support the conciliation step.
This was achieved by using the matrix language
SAS/IML.  It revealed to be very close to the
spreadsheet approach with the advantage of never
repeating a formula.

There were two main disadvantages of this supervisor approach: the parameterization process and the validation of
the results. The parameters are numerous and must be very coherent because all the calculations rely on them.  The
actuaries must be able to change them with confidence and be sure they do not break the integrity rules.  The
parameters of any calculation have to be independent from the parameters of any other calculation.  At the same
time, some changes in the parameters are to be made that will affect many calculations.  The validation of the
results is not easy because of the bulk process: approximately 500 loosely interdependent results each made of
roughly 5 data tables, 15 parameter tables and 0 to 20 specific parameters. 

THE CALCULATION MANAGER APPLICATION
To manage these complexities, two SAS/AF applications have been built: a parameter manager application and a
calculation result viewer linked to it.  The parameter manager application was made more complex when it was
charged to manage the creation and the destruction of calculations and the approval process.

The result viewer was also complex.  Under the cover of the graphical user interface, a single loop of the supervisor
program runs and most of the intermediate results are made visible as SAS tables in table viewers.  The user can
verify all the intermediate results and print them in a single report.  Some modifications in the data are allowed in a
specific protection pattern; those modifications are always attached to a justification comment.  

The combination of both applications allowed the users to run all the tests required to parameterize the calculations
and to validate the results.  Once the user is satisfied of the results, he has to indicate that this calculation is
stabilized, which means locked.  This process forces the production of a PDF document reporting the calculation and
a copy of the results.  By doing this, the next calculation in the sequence is authorized.  When all the calculations of
the indemnity category are stabilized, the liability valuation can be marked as completed for this category.  

THE VALIDATION PROCESS
Two levels of validation remain: the mandatory audit process and the bulk supervisor program.  In the mandatory
audit process, a senior colleague uses the graphical user interface to copy the calculations from the first actuary and
runs the calculations for himself; he may conduct additional validation and sensibility tests.  Once this is done, a final
approval is delivered for this specific indemnity category.  

The bulk supervisor program can run anytime and it allows an immediate control over the stability and the evolution
of the liability valuation process.  The program loops into the sequence of calculation and executes them again.  For
each loop, it compares the results obtained versus the results retained in the stabilization step.  If there is a
difference, a report is printed.

NEW MEGASETS
SAS/Warehouse administrator delivered great services in this liability valuation phase.  The bulk supervisor
calculation program has been modified to receive subset parameters.  This way, many trigger programs have been
dispersed into the hierarchy of the jobs in order to divide the approval process and reduce the dependencies
between jobs and the interdependence between the actuaries. 
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Moreover, it was proven that, if the actuaries agreed to reach a synchronization point, the entire calculation
environment could be duplicated including the data, the programs, the journals and the metadata.  These sets are
made of all the libnames, the SAS tables, the SAS catalogs and all the directories, and can be named a megaset.  

Those megasets can be managed as entities.  They represent a complete actuarial simulation environment.  They
can evolve, be used for simulation, or be thrown away.  Administration tools are used to manage these operations.

Those simulation environments are very adequate to sustain complex data calculations in a coherent economic
climate.  Specific programs can be made to compare specific facets of the results.  However, it is clearly less
interesting for making progressive simulations, while difficult on very specific factors, like obtaining a regression line
for a set of progressive changes of interest rates.

THE SITUATION FOLLOW-UP PHASE
Once the actuarial liability valuation phase is finished, actuaries tend to follow the evolution of the economic situation
and the automobile accident behavior.  They try to find indices of tendencies that could have profound impact on the
liability of the organization.  This could need specific short-term actions and alerts within the organization.

The phase is also a typical business
intelligence problem and SAS/Warehouse
administrator is very helpful in this context.
Automatic reports can be added at the end of
the data extraction process to compare what
is observed versus what was planned and
automatic alerts can be implemented.  

Extracted data can also be structured in such
a way that it is easy to explore without making
formal reports like with summarized tables
and multidimensional databases. 

During the year, actuaries can test new
methods, prepare new legislation, make new
management proposals or simulate an
economic trend.  The simulation
environments are always available to do
those tasks. 

While the data quality issues are considered
important at the beginning of the actuarial
liability valuation, a continuous data quality
process could be implemented to resolve them
as soon as they appear during the year when
possible.

CONCLUSION
An actuarial liability valuation system shares many characteristics with a departmental data warehouse and business
intelligence platform.  Knowing that, it can be assumed that the data warehouse model could be used and extended
to support a very robust and secure environment.

Adding SAS/Warehouse administrator to the set of software products opened the possibilities and eliminated the
need for an evolving menu application.  It revealed adaptable enough to support the different tasks needed by the
actuarial chain of calculation and data quality control.  Extensions have been developed to support the link with the
formal documentation and to control the interdependence between the tasks.  Even an HTML task report (a report
that was made on the task rather than the provided HTML data report) has been programmed.  It allowed us to
document a complex system and helped us to maintain this documentation up-to-date.  The software has greatly
simplified our system development processes and made our documentation available to anyone who needs access
to this information.

While operating the system, the software product is not used only as a simple menu feature for starting the jobs.
Rather, it encapsulates each job.  The prolog prepares the environment, sets the objectives of the results, and
checks the up-stream task dependencies.  The automated code generator rebuilds the resulting data table allowing
keeping a complete control on the data structure.  The epilog is used to check the success of the job and the validity

Figure 4 Situation Follow-Up
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of the results of the job versus the objectives, to make a control report and to write a log.  We also used it to scan
the SAS log to interpret the potential uncontrolled problems

So many possibilities were interesting, but the sound architecture of the software product allowed us to support the
multiple simulation environments, and similarly, the ability to keep historical traces on what was done in the life of
each simulation environment.  This way, at any time, all the historic results can be recalculated to the original
precision.  The details can be audited to reveal past flaws or unexpected phenomenon.  Those environments can be
restored to test new hypotheses in the past, in a ‘what-if’ fashion.

Not all features of SAS/Warehouse administrator were used, particularly the add-in tools, but we are confidant that
this choice is a durable one that will survive over the next versions in the future.
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People interested in insurance and particularly in automobile insurance in Canada can consult the following site:

The Canadian Institute for Actuaries: http://www.actuaries.ca
“Société de l’assurance automobile du Québec (SAAQ)»: http://www.saaq.gouv.qc.ca/
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