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CURRENT ACTUARIAL MODELING PRACTICE
AND RELATED ISSUES AND QUESTIONS

Angus S. Macdonald*

1. INTRODUCTION

The future of the actuarial profession is a matter of
modeling and putting models into practice. One
change taking place in the profession is the realization
that all actuarial techniques are founded on models
and that it is the models, and not the techniques, that
are important for the future of the profession. In the
U.K., we recently discussed a paper, ‘‘The Future of
the Profession’’ (Nowell 1996), that pinpointed, in
particular, weaknesses in financial economics and
stochastic methods. What this really meant was that
actuaries have focused too closely on their tech-
niques—what I call computational tools—and have
not kept their eyes above the horizon where progress
has, by and large, been made by others. The U.K. has
been a little slower than the U.S. and Canada in put-
ting this to rights, but that is now happening. And
modeling is the key.

In the first part of this paper I set out a ‘‘model of
models.’’ It does not attempt to explain everything
about models in any philosophical way; it is meant
only to give an intuitive guide, so we can take an ac-
tuarial tool and recognize where it fits into a modeling
framework. Then I discuss at more length two modern
actuarial tools—profit tests and model offices—and
ask, Are these models at all? And, because I am very
interested in model offices and I believe these are just
at the beginning of their development, I discuss some
of the more down-to-earth practical problems about
creating and using them.

2. A MODEL OF MODELS

2.1 Paradigms

It is impossible to begin a discussion of modeling with-
out referring to Jewell’s address at the 1980 Interna-
tional Congress of Actuaries (Jewell 1980). That paper
applied Kuhn’s idea of paradigms in the discovery and
development of fields of thought to the evolution of ac-
tuarial science. In general, researchers work within an
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accepted paradigm, or way of thinking, until a revolu-
tionary breaks the mold and sets up a new paradigm,
usually in response to some crisis or anomaly that
cannot be patched up in the old way of thinking. A
classic example is the discovery, not of the Black-
Scholes formula, but of the Black-Scholes model, with
its riskless hedge as a new paradigm. Since then, re-
search has proceeded just as Kuhn would have pre-
dicted, embellishing the original and working out
details. Meanwhile a new revolution is awaited to
solve problems that Black-Scholes cannot, such as in-
complete markets.

That image, of cycles of breakthrough and consoli-
dation, is one of those compelling ideas that just feels
‘‘right.’’ Kuhn also described the trials and tribulations
of the would-be pioneer; breakthroughs are not nec-
essarily accepted without a fight, especially if people
have a large investment in the old ideas. Thus, real
pioneers might be described as lunatics by the estab-
lished order; on the other hand, real lunatics can take
false comfort from the few examples of genius being
ignored.

However, Kuhn’s paradigms, applied so vividly to
actuarial science by Jewell, mostly help to explain the
line that research takes, the emergence and polishing
of new ideas. And although they do intersect very
fruitfully in actuarial science, the research commu-
nity and the world of practitioners are not the same
and do not respond in the same way to ideas. Thus
the acceptance of an idea by research actuaries is not
the same as its application by practitioners, and
changes in practice are not always the result of new
ideas in the research area. (Some die-hard practition-
ers would probably say that changes in practice are
almost never the consequence of any research!)

2.2 A Simple Model

I suggest a model for the relationship between re-
search, new ideas and practice. How new ideas arise
lies outside this model.

First, what is a model? In actuarial science we are
most interested in statistical or probabilistic models
(see Figure 1). What are these? Hoem and Funck-
Jensen (1982) described them as follows:
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(a) There is a set of assumptions that define the
model. The assumptions might usefully be guided
by ‘‘reality,’’ but ‘‘reality’’ lies outside the model.

(b) By working out the mathematics within the mo-
del’s rules, we can compute some model quanti-
ties from others. For example, in the Markov ill-
ness-death model, the fundamental model
quantities are the transition intensities. From
these we can compute probabilities via the Kol-
mogorov equations and so gain access to all the
actuarial applications based on the calculation of
probabilities. Or, in the Black-Scholes model, we
start with assumptions of no arbitrage, lognormal
stock prices, and a risk-free asset, and from these
we can compute hedging strategies for deriva-
tives. These are examples of the construction,
within the model, of computational tools to solve
practical problems.

(c) Finally, there are methods of statistical inference
used to relate the model to real data. This, and
not the models’ assumptions, is the link between
the model and reality.

FIGURE 1
A MODEL OF A PROBABILISTIC MODEL

One point I want to make is the importance of re-
garding the model, or the modeling process, as a
whole, even if our interest lies mainly in one part of
it. I think we have tended not to do so in the past,
and we have, as a profession, allowed our view to be
too narrowly concentrated on that part of the model
in which we spend most of our professional lives. It
can be difficult to step back and see the whole picture.

That of itself is not surprising, perhaps just human
nature. The real danger lies in the education system
falling into the same trap, as I fear it has done in the
past. I get the feeling that our actuarial education on

both sides of the Atlantic is only now clambering out
of that particular pit.

To illustrate, I think Figures 2 and 3 help to explain
the different attitudes of life insurance actuaries and
casualty actuaries to statistics. Figure 2 shows the ca-
sualty actuary’s world. He or she is dealing with data
that change and that always need to be modeled, and
the models need to be checked against more data and
updated. This world contains both the computational
tool and the statistical analysis, and it is plain that
both ‘‘add value’’ and are in close touch.

FIGURE 2
THE CASUALTY ACTUARY’S WORLD

FIGURE 3
THE LIFE INSURANCE ACTUARY’S WORLD

The life actuary, on the other hand, can easily
spend a lifetime exercising computational tools (see
Figure 3). Such data as he or she sees are as likely to
be sales figures as mortality statistics. The profession
even contributes to this, by setting up groups of ex-
perts to do the statistical work; in the U.K., the Con-
tinuous Mortality Investigation Bureau (CMIB) will
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produce life tables every so often, so the practitioner
hardly ever needs to consider the nature of the life
table that he or she uses.

Investment models might be a little different, since
the life insurance actuary has no equivalent of the
CMIB to do the statistics, but this is an area in which
the notorious statistical method known as ‘‘actuarial
judgment’’ has been prominent. I expand on this later
in the discussion of profit-testing.

One other illustration—not to be taken entirely se-
riously!—suggests how our views of the modeling pro-
cess might be formed in our student days; see Figure
4.

FIGURE 4
THE ACTUARIAL STUDENT’S WORLD

The fact that the same computational tool can often
be derived within different models can be an obstacle
to progress, because it can obscure the benefits of a
more powerful model. For example, the oldest actu-
arial tool of all—the life table—can be obtained from
a deterministic model of mortality or from several dif-
ferent stochastic models of mortality. It is not at once
obvious why we should change from a deterministic
to a stochastic viewpoint if the computational tool
stays the same, and there has in the past been con-
siderable opposition to just such a change in the ed-
ucation system. The reason is clearer if we regard the
model as a whole, recognize it as the link between
data and applications, and realize that progress re-
quires an extension of models and not computational
tools. But it can be hard to argue that the whole pic-
ture needs to be kept in mind, when for long periods
only one part of it is directly remunerative.

2.3 A Hierarchy of Models

This can be illustrated by Figure 5, which arranges
models in a hierarchy, the more general ones at the
top and the more specialized ones at the bottom. For
a concrete example, I have stayed with the life table
and other developments in that area. As well as being

a hierarchy of models, Figure 5 depicts a hierarchy of
learning about models.

FIGURE 5
A HIERARCHY OF MODELS

The point about Figure 5, which is meant to be sug-
gestive only and by no means represents a considered
taxonomy, is that an expert in some particular area,
life tables for example, cannot take a shortcut across
the triangle to become expert in any other area, like
illness-death models. He or she must back up the tree
until reaching a suitably general model that contains
both areas of expertise.

This is why, for example, efforts to represent sick-
ness by extending life table functions, lx and so on,
adding increments to decrements, are unsatisfying
and ultimately not likely to succeed. Such efforts at-
tempt to extend a computational tool to new prob-
lems, when what is needed is a more general model.

I think this is a most compelling reason for basing
our education systems on models and not on their
computational tools, and that would be my answer to
the question posed earlier, Why move from a deter-
ministic to a stochastic approach when the compu-
tational tool is the same?

The point is made clear, I think, if we regard ac-
tuarial knowledge of financial mathematics as a model
somewhere quite far down one branch of such a hi-
erarchy and financial economics as a different branch
(see Figure 6). In the U.K., the profession started to
feel uneasy about its role and its future in the late
1980s, just about when the recession hit financial
services and financial economics really exploded. It
responded by seeking ‘‘wider fields,’’ to move actuarial
expertise into other areas.
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FIGURE 6
DIFFERENT LINES OF DEVELOPMENT

I think some actuaries imagined that we might be
welcomed with cries of wonderment as we emerged
from our castles in the sky—life offices and pension
funds—to spread enlightenment all round. Indeed, in
the U.K. we even invented an ‘‘actuarial philosophy’’
and an ‘‘actuarial scientific method,’’ which, as Gilbert
and Sullivan might have said, seemed to have been
‘‘merely corroborative detail, intended to give artistic
verisimilitude to an otherwise bald and unconvincing
narrative.’’ I think myself that the ‘‘actuarial scientific
method’’ represented a desire to cut across the learn-
ing hierarchy without backing up, especially as it was
accompanied by attempts to cut back the mathemat-
ical parts of the syllabus.

As a profession, we have quite a lot of backing up
to do! On the other hand, actuarial work has always
dealt with one area in which financial mathematics is
undeveloped: incomplete markets. Actuarial expertise
in this area is, unfortunately, a mixture of mysticism
and guesswork; such terms as ‘‘best estimate,’’ or ‘‘re-
alistic basis,’’ or ‘‘actuarial judgment’’ can still be
found in the textbooks.

It might be a good idea to formulate these ideas
more solidly in a modeling framework; for what is ex-
perience and judgment if not an unformulated model?
You will appreciate, of course, that if I knew how to
do that I would be telling you about it, not just sug-
gesting it! But with a few exceptions, actuaries are no
longer anywhere close to the level of expertise that is

quite general in the mathematics or economics com-
munities, so we should not be surprised, in future, if
others do what we cannot. We are way down in one
branch of the bigger tree of models.

That said, I find the current developments in edu-
cation encouraging, and I think you [the U.S. and
Canada] are a bit ahead of us [the U.K.].

I am now going to turn to profit tests and model
offices. First, I want to try to place these in the frame-
work that I have just discussed, to help us to see the
nature of these entities and where they might develop.

3. PROFIT TESTS

Since its introduction by Anderson in 1959, the profit
test has been as interesting because of what it does
not do as because of what it does. I do not think there
would be much doubt that, in the framework just de-
scribed, the profit test is a computational tool, and a
wonderfully flexible and effective one. Figure 7 illus-
trates the position before and Figure 8 the position
after the invention of the profit test, concentrating on
the financial side. I have labeled the output of ‘‘actu-
arial judgment’’ in Figure 7 ‘‘i’’ to represent the rate
of interest, and I have labelled the output of the
‘‘econometric analysis’’ in Figure 8 ‘‘r’’ to represent
the risk premium.
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FIGURE 7
PRODUCT PRICING BEFORE THE PROFIT TEST

FIGURE 8
PRODUCT PRICING AFTER THE PROFIT TEST (I)

The interesting point, I think, is that this is not
what really happened. Instead, the computational
tool, the profit test, was more or less grafted onto the
old model, as shown in Figure 9. It was some time
before the profit test began to be placed more securely
in a proper model of the valuation of cash flows. Cru-
cial for this was a proper formulation of risk premium
and risk discount rate, which needed to draw upon
some concepts of financial economics.

FIGURE 9
PRODUCT PRICING AFTER THE PROFIT TEST (II)

I am not saying that financial economics or econ-
ometric analysis replaces actuarial judgment—far
from it. What I am saying is that actuarial judgment
has its hands tied behind its back if it cannot call
upon these concepts for guidance, given a computa-
tional tool that lives within the model framework of
Figure 8.

About 10 years ago, I was a product development
actuary in a life office that was just then adopting
profit-testing in a wholehearted way. For some years,
profit-testing was my day-to-day job. There was no
problem in deciding on the financial bases—we just
used the old actuarial ways plus sensitivity analysis—
but in common with most other actuaries, we were
much less sure about the risk discount rate. We knew
that it represented a rate of return on capital, allowing
for risk, but actuarial science gave us no tools for
measuring risk and return. Indeed, at about that time,
someone commented on the remarkable number of
offices that used a risk discount rate of 15%, which
just happened to be the rate used by Anderson (1959)
in his numerical examples! In other words, we had
the tool, but we did not have the model.

4. MODEL OFFICES

And so to model offices. Where did they come from,
and where are they heading? I think that the impulse
behind office models comes from several different di-
rections, and this has had consequences for their de-
velopment, which will continue into the future.

In the first place, it was inevitable, once profit tests
were invented, that someone would think of adding
up the cash flows to model an entire portfolio or even
an entire office. Indeed, this suggestion is contained
in some of the early papers on profit-testing. Given
this ancestry, it was not surprising that the early
model offices were profit tests writ large. In other
words, they were computational tools on a grand
scale, as shown in Figure 10.
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FIGURE 10
MODEL OFFICES: DESCENDANTS OF PROFIT TESTS

Coming from the actuarial side as they did, these
models were driven by modeling of the liabilities.
Modeling of the assets was typically no more sophis-
ticated than that for a profit test, and modeling of in-
teractions between the assets and the liabilities
depended on the intervention of the actuary, adjust-
ing the parameters of the liability model to suit the
investment scenarios.

This line of development, based on liability pricing
and using the profit test and its projected cash flows
as building blocks, provided some useful tools and
some useful insights. It is quite possible, for example,
to use such a tool to project the relatively small num-
ber of scenarios needed for dynamic solvency testing
in Canada or financial condition reporting in the U.K.

It is adequate for projecting cash flows, for example,
in the event of the sale or purchase of a life office.
Indeed, that event has probably been the primary
cause of many life offices installing modeling systems
in the first place. In such cases and in other practical
circumstances, the precise pedigree of the model, or
its theoretical adequacy, is an irrelevance. What is
needed is a set of figures to negotiate with.

Nevertheless, this approach to life office modeling,
based on profit tests and rooted in the liabilities, is a
dead end.

When we turn to asset liability modeling (Figure
11), the limitations of the model office based on
adding up profit tests are more clearly seen. If the
latter is descended from the models in Figures 7 and
9, an asset-liability model is descended from Figure 8.
It belongs to a different branch of the ‘‘tree’’ of mod-
els. Notice the addition of the word ‘‘dynamic’’ in the
model office box. The essence of an asset-liability
model is that it treats the assets and liabilities alike,

and a life office’s liabilities are certainly not static in
the face of extremely dynamic assets.

FIGURE 11
MODEL OFFICES: DESCENDANTS OF ECONOMIC MODELS

Looked at in this way, a model office is still a com-
putational tool, but in a much more comprehensive
model framework. I have not said anything about the
form of such a computational tool. At the moment it
is most natural to think in terms of computer pro-
grams, algorithms, and associated methods like sim-
ulations. An analytical model of a life office’s
operations, if one should ever be invented, would also
be a ‘‘dynamic model office’’ in Figure 11; that is, de-
spite its name, it too would be a computational tool
in a wider economic framework.

An important distinction between the models of
Figures 10 and 11 that is not immediately apparent is
that the dynamic nature of the liabilities in Figure 11
requires decision-making be an intrinsic part of the
model, while in Figure 10 it is not necessarily so and,
in examples of models that have evolved from profit
tests, has not usually been so. That is, the dynamic
nature of the assets, an intrinsic feature of the model,
drives the decisions made by the life offices’ manag-
ers, so in an asset-liability model, these also have to
be made part of the modeling process. It is this fea-
ture, more than any other, that puts distance between
the two lines of development of office models shown
in Figures 10 and 11.

At a purely practical level, the need to model man-
agement decisions creates a need for software much
more sophisticated than profit tests.
(1) Decisions are based on aggregated information;

for example, asset allocation will depend on the
nature and term of the liabilities in a given fund;
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bonus distribution will depend on total surplus
and so on.

(2) Decisions are applied to aggregates of policies; for
example, the asset allocation in a given fund will
determine the investment income attributable to
any policy within the fund; a uniform bonus will
be applied to each policy in a participating fund
and so on.

(3) There are global items not related directly to pol-
icy cash flows, such as unattributed surplus, free
assets (‘‘orphan surplus’’), and shareholders’
funds. These affect decisions, through solvency
and tax considerations, and therefore affect policy
cash flows, but they are not part of any policy
cash flows.

(4) There are external constraints at a global level
such as solvency regulations, risk-based-capital
requirements, and limits on asset allocation.
These also are outside any policy cash flows.

Therefore, any attempt to model an office by pro-
jecting individual policy cash flows and adding them
up is doomed to failure. It might result in an adequate
tool in terms of Figure 10, but that is a dead end.

It is surprising just how many large-scale model of-
fice projects have done just that, taken existing profit-
testing software and added up the projections. Now
that asset-liability modeling is increasingly seen as a
requirement, the vendors of these models have been
rewriting them to allow for all the dynamic features
listed above. This is a good example of the need to
backtrack if one goes too far down the wrong branch
of the ‘‘tree’’ of models!

That is, of course, a purely technical matter relating
to modeling software. A much wider issue is the fact
that there is relatively little connection between the
risk theory of financial mathematics that has devel-
oped over the last 30 years and the type of modeling
that actuaries do. It would be surprising if this body
of theory should give no insights into the intricate
web of assets and liabilities that comprise a life office,
but it would not be surprising if it was not an actuary
who made the connection.

It is interesting, however, that in financial mathe-
matics too, it is necessary to resort to computer meth-
ods as soon as decisions are introduced, in moving
from European option-pricing to American option-
pricing for example. I do not doubt that modeling soft-
ware will be needed, no matter what advances might
be made on the theoretical side!

To sum up where we are today: most practical ap-
plications of life office models are deterministic, based
on scenarios, and belong to the actuarial branch of
the ‘‘tree’’ of models, driven by the liabilities where
they are quite clearly computational tools. They are
doing a useful job there. Most research applications of
life office models are stochastic and use the models
to estimate quantities of interest by simulation. They
are thus computational tools, performing tasks of sta-
tistical inference within an asset-liability or economic
value modeling framework.

I have taken the time to elaborate on these matters
because our ‘‘life office models,’’ interesting though
they are, are essentially computational tools. That is
not a bad thing—we need computational tools—but it
does leave us to wonder whether more interesting ad-
vances will come from some other direction.

Now, having established that computational tools
are good and necessary, but having soothed our con-
sciences by admitting their subsidiary rôle in the
modeling process, let us focus on practical detail.
What issues face the designers, programmers, and
users of computer life office models?

5. MODEL OFFICES: FUTURE NEEDS

I divide future needs into two areas: the purely tech-
nical and the professional.

5.1 Technical Needs

I have already outlined the need for a model office
program to support the modeling of decisions at a
high level in the office, that is, at a level above that
of individual policies. Even if it is intended only to
carry out large-scale, deterministic projections, this is
a sign of a usable tool, rather than a cobbled-together
collection of lower level functions.

To support that sort of decision-making, a model
office has to reflect the decision-making structure of
an office. A life office is a complicated thing. Roughly
speaking, any life office can be mapped by its organ-
izational structure, which can take many forms. Fig-
ure 12 is an example. The office could be organized
by function within line of business, or the other way
round. And every time there is a change of manage-
ment, the structure flips over.



CURRENT ACTUARIAL MODELING PRACTICE 31

FIGURE 12
PART OF A LIFE OFFICE STRUCTURE

The location of the boxes in this organizational
chart usually makes it plain where decisions are being
made; for example, in the with-profits class marked *
there will be bonus rates to be declared, and (in the
U.K.) a terminal bonus policy to be decided, and so
on. So a model office program ought to locate these
decisions in that part of the model office.

That raises two questions: (1) How to do that in the
first place, and (2) how to do it flexibly enough that
the model can evolve as the office evolves?

The answer to both questions, I think, depends on
the model office software being designed primarily to
reflect organizational structure, with computation and
detailed cash-flow engines being subsidiary, organized
within that structure. I can give you a concrete ex-
ample, from my own model office program called MO.

MO has two kind of objects, classes and parameter
sets. The word ‘‘classes’’ suggests an object-oriented
approach, and there are elements of object-oriented
design in MO, although it is not, in fact, written in an
object-oriented language.

5.1.1 Classes

A ‘‘class,’’ in MO, is essentially one of the boxes in
Figure 12, but these are anonymous boxes, boxes
without identity. The first step in constructing a
model of a particular office is to bolt together a series
of boxes into the right structure and to give them ap-
propriate names.

The names of the classes mean absolutely nothing
to MO; they are only labels to help the user. At this
stage, the model is nothing more than a structure of
empty boxes that cannot do anything.

In fact, there are two kinds of classes: classes with
policy data and classes without policy data. Classes
with policy data live at the bottom of the hierarchy
and do the nitty-gritty work of crunching policy cash
flows. They are the nearest thing in MO to profit tests.
Classes without policy data live higher up the hier-
archy. Their purpose is to represent aggregates of
business and to give the office its structure. But at this
stage, I emphasize, all these classes are just empty,
formless boxes.

It is worth mentioning one key feature: the classes
are all empty, formless, identical boxes, apart from
the policy data/no policy data dichotomy and the con-
nections that have been made between them. MO
treats all alike, which means that, when it comes to
computation, MO has only one task to perform, pro-
cessing a class. At run time, MO moves around the
hierarchy in a defined manner, processing each class
it meets without knowing or caring what that class
represents. This is a tremendous benefit when the
model is extended, new features added, or the struc-
ture changed.

5.1.2 Parameter Sets

What gives MO its function is the parameter sets. To
control the office and define its features, we need to
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specify parameters for investment conditions, new
business, valuation and pricing bases, expenses, bo-
nus, tax, and many other things. We can think of
some desirable features of such ‘‘parameter sets’’:
• They should be changeable at arbitrary times. For

example, we should be able to change investment
conditions every year if we wish, and everything
else too.

• Some of these parameter sets model external forces,
such as the stock market. We might want the
‘‘parameters’’ that are the inputs to the model office
to be the outputs from some other model.

• Some of these parameter sets model management
decisions, which must be responsive to external
forces. In a dynamic model office, these ‘‘param-
eters’’ are not preordained numbers but algorithms,
such as dynamic asset allocation strategies.

• An important feature of these ‘‘algorithms’’ (param-
eter sets) is that sometimes an asset allocation (say)
is an input and sometimes it is an output; the same
is true of any decision that might be modeled dy-
namically. So the distinction between inputs and
outputs is blurred.
Here is what MO does. The various parameters

needed to define the business and control the projec-
tions are packaged into well-defined units, such as
market values of assets, tax rates, bonus rates, asset
allocation, and so on. Those which relate to dynamic
decision-making will include a choice of algorithms,
with all the appropriate parameters for the user to set
up.

Each ‘‘package’’ looks after all its own inputs and
outputs. Any parameter set can be changed at any
time, so the package maintains a time-stamped list of
input parameters. Some parameter sets (the dynamic
ones) also produce outputs, so each package also
maintains a time-stamped list of outputs, as shown in
Figure 13. In fact, the box marked ‘‘parameter set’’
contains little more than housekeeping routines to
maintain the list of inputs and outputs.

FIGURE 13
A PARAMETER SET IN MO

5.1.3 Building the Model

The real work of building the model is attaching
parameter sets to classes. MO allows the user to cre-
ate a new parameter set and hang it on to any class
in the hierarchy; that class then has the function be-
stowed by the parameter set.

For example, to turn an empty class labeled ‘‘with-
profit fund’’ into a functional with-profit fund, we cre-
ate the appropriate parameter sets and attach them
to that class (see Figure 14). Like the classes, the
parameter sets are identical software objects, except
in what they contain. MO does not know or care what
kind of parameter set it is dealing with, until a cal-
culation is needed.

FIGURE 14
WHAT MAKES A WITH-PROFIT FUND A WITH-PROFIT FUND

The software ‘‘units’’ defined here—classes and
parameter sets—suffice to define the entire structure
and are flexible enough that they can fulfill other pur-
poses too. For example, MO has to keep track of all
its output: assets, liabilities, profit, and so on. This is
simply done by a parameter set with no inputs (see
Figure 15), so there is no functional difference be-
tween inputs and outputs in MO.
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FIGURE 15
HOW MO STORES OUTPUTS

This is only one example; the benefits of this ‘‘black
box’’ approach are enormous. What MO actually does,
then, is to step through the sequence of events at the
end of each year, in order:
• Update assets
• Pay claims (plus expenses)
• Write new premiums
• Pay expenses
• Reinvest assets
• Valuation
• Bonus distribution.

To process each event, MO traverses the hierarchy
and interrogates each class to determine whether it
has the relevant parameters. For instance, if MO is
engaged in the final step, bonus distribution, it will
ask each class it meets, ‘‘Do you possess bonus rate
parameters?’’ If not, MO just moves on. If yes, MO
calls up the bonus routines and starts processing the
business contained in that class. If, at any stage in a
calculation, MO needs to find some other information
(for example, to compute a moving average of yields
in the middle of a bonus calculation), the hierarchical
nature of the model is helpful; MO just searches up-
wards until it locates an ‘‘ancestor’’ class that has
what it wants. In this way, the properties of each class
‘‘flow down’’ to the subclasses and ultimately the pol-
icies that they contain.

5.1.4 Where Does This Take Us?

I think this illustrates the key feature of second-gen-
eration model office software. First-generation was the
‘‘sum of profit tests’’ idea; a lot of life office modelers
made that mistake and have had to backtrack. Sec-
ond-generation models are based on the functional,
decision-making structure of a company.

It might have been the impulse towards stochastic
asset-liability modeling that drove home the need for
second-generation models, but it is worth emphasiz-
ing that they can do all that first-generation models
can, better and more easily, with less trouble for the
user.

The issue for designers and users of model office
software therefore is this. How well does the model
map the functional, decision-making structure of an

office? And just as important, how easy is it to change
when a new management comes in and the structure
turns around? Or when a major new line of business
must be added?

I do not think existing software is very close to
meeting this criterion. I should add that MO is a
small-scale research tool—a testbed for ideas about
modeling—I have not seen the same techniques fully
reflected in industrial-scale models.

There are a lot of first-time users of model office
software out there. Most of them have bought a pack-
age from a vendor such as a consultant and have dis-
covered the overhead of allocating highly skilled staff
to the task practically full time or else forking out
consultancy fees. If they discover, over the next 10
years or so, that their models do not evolve in step
with their businesses, without expensive rewriting, re-
designing, and reimplementing, they are going to re-
gard their software as part of the problem, not part of
the solution. All this at a time when changes in reg-
ulations, in the direction of dynamic solvency testing,
mean that an office without an adequate model is
more and more like a ship without a radar.

Second-generation models will undoubtedly come,
I know more about the U.K. than the U.S.; perhaps
you have them already. But as things stand, they will
emerge piecemeal. Some vendors will write good
software; some, not-so-good software, and nowadays
the effect on their clients could be non-ignorable.
That brings me to the second matter: professional
issues.

5.2 Professional Issues

At some point, I think the profession will have to in-
terest itself in the qualities and capabilities of office-
modeling systems. Partly this is because such systems
are often sold by consultancies as part of an actuarial
service; they thus fall indirectly under the profession’s
jurisdiction. Partly this is because of the likelihood
that they will play an increasing role in regulation.
Even if they do not displace the actuarial certificate
as the arbiter of solvency, they will in one way or
another influence the attention that the supervisors
pay to an office’s business.
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As yet, there is no accepted wisdom about what a
model office system should be able to do, or how well
it must do it. Different systems from different vendors
are in competition, and differences between them are
generally presented as marketing points, rather than
raising questions in the minds of the professional on-
looker. There is a good deal of ‘‘trade secrecy’’ about
the workings of model office systems, and often a good
deal of prior commitment to purchase is needed be-
fore much can be learned about any system. I have
known cases in which a model office system has been
sold to top management, and it has been some time
before the more junior staff detailed to operate it have
discovered what it can and cannot do.

Some of the issues facing a potential purchaser of
model office software are as follows:
• Transparency. How easy is it for the purchaser to

identify the algorithms that the model uses? This
can be summed up as, what are the possible inputs,
what are the possible outputs, and what happens in
between? It is important to be able to form a judg-
ment about this in deciding whether any system is
suitable for a particular purpose in a particular com-
pany.

• Flexibility. How easy is it to update a model as the
office evolves, management changes, and new prod-
ucts emerge? Can this be done with a moderate
commitment from the office’s own resources or will
the model really remain the property of the vendor?

• Verifiability. Any model will make assumptions and
approximations. High on the list for most model of-
fices is some form of condensation of the business
into model points and discretization of cash flows.
How accurate are these aspects of the model? In a
dynamic model, with decision-making included,
there are many more questions of this nature. Even
if the model offers the capability of doing what the
purchaser wants, there is still a question over how
accurately it can do it.

• Comparability. How do different models from dif-
ferent vendors compare when posed the same task?
Benchmarking is universal elsewhere in the retail
software industry, why not in the actuarial software
industry? This one area that ought to be of concern
to the profession and to supervisors alike.

All these issues take on a more serious aspect the
more the commitment of a business to one system
from one vendor influences its financial future and its
standing with the regulators.

Some of these decisions can reasonably be left to
the individual actuary to make, provided the individ-
ual actuary has enough information. This is by no

means ensured at present. However, vendors are not
restricted from selling their wares in territories that
do not have the actuarial systems of scrutiny and con-
trol that we have in the U.K. and the U.S. and Canada,
so there might still be an issue here.

When the vendor is an actuarial consultancy, it
might be assumed that professional control will be ex-
erted at the design and marketing stage, and I am sure
that actuaries concerned with the design and instal-
lation of model office systems do approach it in a pro-
fessional manner. Professional standards must confer
a significant benefit here; however, they place a duty
on the profession as a whole as well as on individual
members.

Also, asset-liability modeling for long-term institu-
tions, in which model office-type software and simu-
lation is currently a key tool in the actuarial world,
may converge with asset-liability modeling for short-
term institutions, in which modern financial mathe-
matics is a key tool in the nonactuarial world. It might
therefore be helpful if the actuarial profession were to
develop a clear view of the methodology with which
it might make a major contribution to such a devel-
opment.

So although the profession will probably prefer to
keep watching and see how matters develop, I think
it should be making some modest plans to contribute
its views as regulatory changes move towards a posi-
tion in which (1) greater reliance is placed upon mod-
eling and (2) the choice and quality of a model begin
to have direct financial consequences, much as the
choice of valuation basis has today.

One possible way forward might be for a task force
(or in the U.K., a working party) to look at the follow-
ing areas:
(1) The current use of modeling software
(2) The likely future use of modeling software, espe-

cially in connection with regulations
(3) Possible guidelines for actuaries in the position of

assessing modeling software for use in a given in-
stitution

(4) Possible benchmark standards for key projections
over given periods of time.

The real meat of these suggestions would be in (3)
and (4). In the U.K., the result of (3) could be given
some real force by including guidance in the duties of
the appointed actuary; otherwise its effectiveness
would, of course, depend on the position of the ac-
tuary. In any case, these suggestions are meant to be
by way of a helpful push in the right direction, not
strong prescription.
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There is one final matter of some professional con-
cern, although secondary. Many research papers are
beginning to use stochastic model offices as estima-
tion tools, in studies of solvency and so on. In cases
in which the research is carried out by using a very
complicated piece of software that has not been sub-
ject to professional peer review, I think that the aca-
demic standards of the journals that carry these
papers are undermined. Perhaps the publishers and
editors of such journals should consider the use of a
different category of paper, such as ‘‘workshop’’ or
‘‘non-refereed,’’ unless the author is willing to subject
the software to the same peer review as the article.

6. CONCLUSION

I think that modeling, which in much of the profession
means software, is approaching the point at which
some involvement on the part of the profession is in-
dicated. The key issue that I think will emerge with
second-generation software is how to design models
that are flexible enough to evolve with the institutions
they represent. I hope I have indicated, by example,
the sort of approach that I think would be useful.

But we must not forget that cash-flow modeling is
part of a wider universe, and we should keep firmly
in mind its place as a computational tool in the model
of models, and ensure that the profession is expert in
modeling in the wider sense, as well as in the highly
specific applications that make up the current source
of the actuary’s remuneration!
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Discussion

STEPHEN J. STROMMEN*
Professor Macdonald has provided an excellent in-

troduction to many of the issues facing the actuarial
practice of modeling. I would like to highlight several
of his points from a practitioner’s point of view.

When I have mentioned a conference on modeling
to my colleagues, most have assumed that the main
emphasis would be on model offices and other ‘‘com-
putational tools.’’ Professor Macdonald correctly points
out that such a focus would be far too narrow. Model-
ing, in a more abstract sense, means the development
of theoretical frameworks for problem analysis. And
much work needs be done to add breadth to the variety
of theoretical frameworks employed by actuaries.

Nevertheless, there are far more actuaries applying
computational tools to real world problems than there
are developing new theoretical frameworks. To most
practicing actuaries, ‘‘modeling’’ means developing or
applying the computational tool. And as these tools
get more and more complex, issues of education,
training, and professional standards arise.

We need to respect both views of modeling as
equally valid and not subjugate one as ‘‘mere com-
putational tools.’’ Particularly when the large body of
practicing actuaries works more closely with those
tools than with abstract theory, we need to be sure
that the profession does not fail to focus on tool-
related issues.

I would like to put the discussion of computational
tools in a slightly different perspective. As I see it,
computational tools are the practical implementation
of theoretical models. They are the technology con-
nected with the pure science of theoretical models.

Technology is important, not just in actuarial prac-
tice, but in other professions as well. Physicians do

*Stephen J. Strommen, F.S.A., is Associate Director, Financial Plan-
ning, Northwestern Mutual Life Insurance, 720 East Wisconsin Ave,
Milwaukee, WI 53202.
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not simply learn biochemistry; they learn to use the
x-ray machine and CAT scan for diagnosis. They learn
this in school, not just on the job. Engineers do not
simply learn physics; they learn about the materials
that are available to them for construction of practical
devices. They learn this in school, not just on the job.
In the same way, actuaries should not just learn the
mathematical theory of actuarial science; they should
learn about the computational tools that allow them
to apply that theory to real world problems.

In my opinion, our educational system has been
weak in that regard. An important issue is how to go
about removing that deficiency.

Here’s another look at the relationship between the-
oretical models and computational tools. Everything
begins with a practical problem that faces the prac-
ticing actuary. Consider the need to understand the
distribution of aggregate claims for a line of business
in an insurance company. The actuary must make fi-
nancial arrangements to protect the company from
the upper tail of the distribution where too many
claims could put the company in financial difficulty.
But how does one estimate the upper tail? For many
decades there have been theoretical frameworks
rooted in risk theory for evaluation of this problem.
However, it has only been in the last couple decades
that work involving ordinary generating functions and
the Laplace transform has led to much more practical
computational tools to compute the tails of the dis-
tribution of aggregate claims.

Or consider the need to put a value on interest-
sensitive options like the option to prepay a mortgage
with no penalty. Without theoretical models of the
term structure of interest, stochastic calculus, and the
theory of low-discrepancy sequences, we could not
have the computational tools we have today to put a
value on such options.

The point here is that these three things must al-
ways come in order. First, there must be a practical
problem, then a theoretical framework, and then a
computational tool. The computational tools of the
future will never evolve without new or more devel-
oped theoretical frameworks. This, I believe, is one of
Professor Macdonald’s central messages, and I concur.

Now let’s turn to model offices. Professor Macdonald
spent a fair amount of time discussing the difference
between first-generation and second-generation
model offices. The key difference is the dynamic na-
ture of the calculations in a second-generation model
office, and the interdependence of assets and liabili-
ties in the simulation that is carried out.

I prefer to think of this as an implementation of
control theory. A life company, or any other financial
institution for that matter, must operate within
certain bounds and is subject to various external
shocks. When the institution is represented as a
model office system, the problem at hand is to create
a control mechanism that will keep the system within
stated bounds, given a set of initial conditions and
possible external shocks. Can the company remain vi-
able under reasonably adverse sets of conditions?

The point is that, while most actuaries agree that
dynamic models are essential, we tend to focus on
refining our models without reframing the problem as
one of control theory. That is why profit-testing sys-
tems continue to be used as the basis for model offices
when a much different architecture is needed to im-
plement a control mechanism. Second-generation
models, as defined by Professor Macdonald, are mod-
els that implement that different architecture.

Professor Macdonald describes a design for model
offices that has a great deal in common with one that
I describe in my paper ‘‘An Object-Oriented Design
for Dynamic Simulation Models’’ (p. 38). The high
points, as I see them, are as follows:

First, the system implements a controller, which
simulates management decisions based on the state
of the enterprise at points in time. This is the basic
definition of a second-generation model.

Second, the system uses the concepts of an object-
oriented design by making use of ‘‘polymorphism.’’
This refers to the way various blocks of business such
as life insurance and pensions can be plugged in to
the model as modules, each with exactly the same
software interface to the rest of the system.

As I said, I describe a model design approach that
shares these traits in more detail in my paper. Leaving
that aside for the moment, then, there are some prac-
tical issues Professor Macdonald raises that deserve
repeating.

First, commercially available model office systems
are very complex pieces of software. While vendors
have lately been working to improve their system doc-
umentation, there are still areas in which some tech-
niques are not clearly disclosed. And sometimes users
don’t even know enough to be able to ask the appro-
priate questions.

For example, the two most widely used model office
systems in North America use fundamentally different
algorithms to implement some kinds of dynamic be-
havior, such as when interest credited on the liabili-
ties depends upon the earnings of an associated
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investment portfolio. Both systems will arrive at what
is for practical purposes the same answer, but get
there in very different ways. I believe it is important
for users of such models to understand the difference,
because it affects the way other kinds of dynamic be-
havior can be added to the model.

How should the profession address this issue? Is it
an issue at all? The American Academy of Actuaries
sets standards for areas of practice that use these
models. Are the existing standards sufficient?

I believe that the existing standards are sufficient.
The burden is on the practicing actuary to understand
the tools he or she uses. Vendors who fail to disclose
their methodology will find it difficult to sell their soft-
ware. I think we can trust the integrity of the practi-
tioner to keep the vendors in check here. At the same
time, there are some trade secrets that simply speed
up an approximation process without changing its
fundamental nature. I am perfectly comfortable leav-
ing such secrets in the hands of vendors, thereby en-
couraging them with the profit motive to find new
ones.

Another issue is the possibility of involvement by
the profession in development, testing, and measure-
ment of performance standards for model offices and
other computational tools. Any actuary who has had
to choose a third-party modeling system for the com-
pany understands how much work is involved in com-
paring systems. Simply evaluating one system can
require months of testing. Having some sort of impar-
tial third-party review of such systems would be of
value.

As Professor Macdonald mentioned, a ‘‘working
party’’ or ‘‘task force’’ could set up a battery of stan-
dard problems and publish evaluations of how each
commercial model addresses them and the results it
provides. Elsewhere in the software industry it is com-
mon for competing packages to be compared by
checklists of features; perhaps that could be done
here as well. Creating and staffing such a testing body
poses a problem, however. First, the amount of time
required would be substantial, making it difficult to
carry out as a purely volunteer effort. Second, many
of the most qualified people are employed by the ven-
dors themselves and thus could not be counted upon
to be impartial.

One could take this a step further and commission
the development of some sort of standard software
modeling framework. This would of course step on the
toes of the vendors and tends to imply that they are
not adequately meeting the profession’s needs by
themselves.

Is that the case? Is there a need for involvement by
the profession here? I think the answer varies by
practice area. In North America the property/casualty
insurance area has perhaps been less well served than
the life insurance and pension practice area. What-
ever the case, this deserves more discussion.

A final issue is the use of computational tools for
research. When analysis in a peer-reviewed paper is
done using software that is not fully and completely
documented in the paper, the ‘‘black box’’ syndrome
results. This kind of situation can be handled by peer
reviewers simply pointing out the lack of documen-
tation of the technique being used.

Sometimes, however, the technique in use is fully
documented but is very complex. In such cases it
could be of value for the peer reviewers to have access
to the software used by the author of the paper to
carry out the analysis. In fact, it could be of value for
all readers of such papers to have access to such soft-
ware. This is true any time the effort needed to im-
plement the software is nontrivial (that is, takes much
more time than reading the paper).

Should authors be required to make their compu-
tational tools available to reviewers and/or readers of
their published papers? As a practitioner, I would find
this a very valuable service.

To close, I once again thank Professor Macdonald
for his excellent summary of the state of actuarial
modeling practice. My main thought is that the use of
model offices has risen to a position of great impor-
tance among practicing actuaries. Yet there is very
little literature on the subject of the appropriate de-
sign and construction of such models. This is a very
fertile area for research. I hope that the papers from
this conference will stimulate more work in this area.

Additional discussions on this paper will be ac-
cepted until January 1, 1998. The author reserves the
right to reply to any discussion. See the Table of Con-
tents page for detailed instructions on the prepara-
tion of discussions.


