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A framework for building spreadsheet based decision

models

D Mather

Monash University, Australia

Spreadsheet based decision modelling is widely used in business today. The functionality provided within the current
integrated packages allows users to develop very complex business models. Unfortunately, most spreadsheet users do not
follow any particular methodology when building spreadsheet based models. This in turn leads to many wasted hours of
debugging and re-programming and often produces models that look more complex than they need to be and are also
tedious to extend or modify. This paper presents an example of the type of framework that can be used when developing
spreadsheet based business models. The framework encourages the efficient development of more effective models that

are easy to use and easy to modify.
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Introduction

Most business organisations collect and manage data on a
MS Windows platform. With integrated spreadsheet
packages providing users with business modelling tools
that are both easy to use and effective, there is an increasing
trend in the current business environment to use a spread-
sheet platform to build decision models. The main benefits
of developing spreadsheet based business models are their
transparency and portability characteristics.

One of the factors that usually gets in the way of a
smooth model development process is that most spread-
sheet users do not follow a framework for model develop-
ment. Often, people start at the top left hand corner of the
first worksheet and cut, move and copy cells and introduce
variables and formulae as they need while developing
various aspects of the model. Whilst these approaches
invariably lead to a completed model, the efficiency of
the model development task itself and the quality of the
model produced does suffer. Although most business
related graduates learn how to use a spreadsheet and how
to model business problems, few learn any framework that
is useful specifically for building spreadsheet based busi-
ness models. A recent study of a sample of organisations
that used spreadsheet modelling reported some alarming
statistics relating to the poor quality of the models devel-
oped.! Several other researchers in this area have also
documented the very high usage of spreadsheets in business
and noted in addition the problems associated with the open
and unstructured format of spreadsheets. >~
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As in all aspects of programming, the way one chooses to
develop a spreadsheet model is very subjective. Building
decision models on spreadsheets using a structured and
systematic approach that encapsulates the whole problem
produces a model that is not only easy to use but easy to
extend, and is usually more efficient in the generation of
meaningful output. The framework presented here incorpo-
rates a mixture of existing, modified and new techniques
and has been found to be extremely effective for quantita-
tive risk analysis models and other business models that
contain a large number of variables. This is mainly due to
the fact that the approach encourages the modeller to
categorise model variables according to their function and
use a structured spreadsheet layout, which not only makes
the task of finding key inputs and outputs easier but creates
a logical platform for sensitivity and risk analysis.’

The framework

A framework for building spreadsheet based decision
models is presented below. The use of the key aspects of
the method will then be illustrated with the use of a
fictitious case study. The process is as follows:

Identify inputs and outputs

The first task is to define one or many outputs that are
required from the model in order to achieve the objective of
the task. The inputs are data and information that are
required to produce those outputs.
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Document the logic flow

Link inputs and outputs using a series of user-defined
intermediate or calculation variables. Document the flow
of information between all the variables using a graphical
representation method such as a bubble diagram or an
influence diagram.*?

Categorise the variables into the following

e Jariable inputs:
quantities that are likely to change during the timeframe
of the project. It may be that, within the scope of the
project, some quantities that may appear to be variable
should be considered as constants. Some of the variable
inputs will be decision variables. Separate the variable
inputs into:
—deterministic inputs.
—stochastic inputs.

e Constant inputs:
quantities that can be considered to be constant for the
scope of the project.

o [ntermediate variables:
variables that have been introduced into the model to link
inputs and outputs. The choice of intermediate variables
is subjective, but, as long as the processing is accurate,
the actual number of these variables is not critical, and it
is always better practice to use more rather than less. This
is because breaking down the processes into smaller steps
makes the programming easier to follow, easier to debug
and overall reduces the need to use complex formulae,
thus reducing possible sources for errors.

e Performance measures/key outputs:
model outputs central to the objective of the task.

Some general rules for programming the spreadsheet are

e There should only be a single point of entry for the values
of all variables. Other cells that require this quantity

Deterministic Input
Variables

Stochastic Input
Variables

Constant Input
Variables

Intermediate Variables

A

Performance Measures/
Key Output

Figure 1 The flow of information between the categories of
variables.

should copy the cell reference. This ensures that there is
a single location for updating values and there is no
resulting inconsistency.

e Constant values should not be used in formulae. A
formula should contain functions and cell references to
where the constant value is stored. Although this may
seem rather tedious it is a safer method to use as it makes
it easier to debug and modify the model.

Divide the worksheets

The modeller can make best use of the multiple worksheet
(page) format of spreadsheet workbooks by allocating
specific tasks to separate pages. The basic idea is to allocate
variables to workbook pages in order to create a shopfront-
backroom system.

e The Manager Page:
The Manager Page serves as an interface to the decision
model. The primary source of the decision variables of the
model should be on this page. The other types of variable
that should appear on the Manager Page are the perfor-
mance measures/key outputs. The objective of this
method is to provide a specially designed area of the
worksheet that can be used to view results and carry out
sensitivity analysis. This ensures that the user can change
the values of decision variables and immediately view the
effect of that change on the performance measures or
bottom-line, without needing to wade through rows of
intermediate calculations. By containing only the key
inputs and outputs, the Manager Page contains only,
and all of, the information that needs to be displayed.
The Manager Page can also be used for buttons that
activate macros that either carry out some processing or
display worksheet objects such as graphs and dialog boxes.

e The Constants Page
This page is used for constant inputs. This is the only
point of entry for constant inputs. In a risk analysis
model, empirical probability distributions and (constant)
parameters for theoretical distributions will also be stored
in this page.

e The Calculation Page
The Calculation Page contains all the intermediate vari-
ables, usually in the form of formulae. Input variables
used in the calculations are copied from either the
Manager Page or the Constants Page. In a risk model,
stochastic inputs will also be placed in the Calculation
Page. If the values are sampled from theoretical distribu-
tions, the parameters will be copied from the Constants
Page. Alternatively, if empirical distributions are used to
generate the variables, the formulae will sample directly
from the (cumulative distribution) tables in the Constants
Page. The Manager Page extracts or copies output values
generated in this page to display the key outputs. In a very
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large model, it may be useful to use several calculation
pages and allocate submodels to each. The Calculation
Page(s) should be documented using a rules table’ or a
similar object.
e The Graphs Page (optional)

In business models it is often useful to have dynamic
graphs, with the chart input range responding to any
changes in the worksheet simultaneously. A series of
pointers in the form of button driven macros can be
used to display specific graphs on request. These buttons
should be placed on the Manager Page.

Test and audit the model

Debugging spreadsheets can be rather monotonous and
laborious. Testing and auditing the model regularly at
various stages of its development is usually the only way
to avoid having a long-winded debugging session at the
end. The following types of tests provide a reasonable
foundation for identifying possible programming errors.
e Zero tests
Set single or groups of inputs to zero and ensure the
output values are as should be.
e Logic tests
With each input variable, increase and then decrease the
values to ensure the changes to the outputs are in the
logical direction as well as of appropriate magnitudes.
o Manual tests
Substitute a series of small, easy to manipulate, values for
the inputs and compare a manual calculation of the
outputs to those generated by the spreadsheet.

The auditing function provided on spreadsheets is a
useful tool to identify precedents and dependents of formu-
lae in order to trace the source of an error.

A worked example

The case study used below to illustrate the method is a
typical textbook example of an inventory model. A firm
that sells a particular product needs to make a decision
about the optimal reorder quantity, O, and reorder point, r,
over a period of 10 weeks. The weekly demand for the
product as well as the lead time to delivery, once an order is
placed, are uncertain. Historical data has been used to
construct frequency distributions for each of the variables.

Defining and classifying inputs and outputs

Constant inputs

Unit purchase cost

Unit storage cost

Ordering cost (fixed)

Unit shortage cost (unmet demand)

e Empirical distributions of the weekly demand
e Empirical distributions of the lead time

All these inputs will be stored in the Constants Page.

Variable inputs

Weekly demand (stochastic)

Lead time (stochastic)

Maximum order size (decision variable)
Re-order point (decision variable)

The two decision variables will be stored in the Manager
Page. The stochastic inputs will be placed in the Calcula-
tion Page.

Outputs

Total cost over 10 weeks

Average weekly costs (storage, shortage, order and total)
Total shortage cost

Total holding cost

All these outputs will be copied back to the Manager Page.

Documenting the flow of logic/information

This documentation is done using a representation similar
to an influence diagram. Four different shapes of ‘bubbles’
are used in order to differentiate between constants, vari-
able inputs, intermediate variables and key outputs. A ‘D’
is used to identify a decision input, a tilda or ‘~’ to identify
stochastic inputs and an asterisk ‘*’ to indicate a link to a
previous or future time period. The shapes are shown in
Figure 2.

These conventions are used in the influence diagram of
Figure 3. This diagram depicts the logic flow for the
example in a typical week n of the weeks covered by the
model. The intermediate variables that calculate the total
weekly costs for week n, are then used as inputs to calculate
the average weekly costs.

Note the following assumptions:

(a) The deliveries are received and accounted for at the start
of a week.

Variable inputs
- Deterministic

Intermediate

variables

~  Variable inputs
- Stochastic

Figure 2 Shapes used for classes of variables.
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Figure 3 Documentation of the flow of information for the n'
week.

(b) The orders are placed at the start of a week, based on the
inventory after deliveries are received, including
outstanding orders. An order is placed if this inventory
level is below the order point.

(c) The lead time to delivery is not influenced by the order

quantity.

The model documentation looks at a typical week in the ten-
week period. The spreadsheet calculations will consist of ten
columns corresponding to the ten weeks. The link(s)
between the columns are identified in the diagram with an
asterisk. If the model had links that went beyond one time
period, or links between different sub-models, these could
be flagged using appropriate user defined symbols. Once
again, the shapes and symbols used are entirely subjective;
the only requirements are clarity and consistency.

The spreadsheet layout

The variables are distributed between the Manager, Calcu-
lation and Constants Pages as described earlier. This is
quite easily done using the flow diagram as all variable
types are clearly identified. The extracts below show these
pages with some arbitrary values assigned to the inputs.
In the Manager Page, the values of the deterministic
inputs (re-order quantity, re-order point) are changed
manually by the user. The stochastic inputs (weekly

demand, lead time) are generated by the spreadsheet
using built-in statistical functions.

The deterministic variables and, parameters and prob-
ability distribution functions of the stochastic variables, are
listed in the Constants Page (see Figure 4). All these values
are copied onto the Calculation Page using their cell
references.

The formulae contained in the Calculation Page (see
Figure 5) take values from both the Manager and the
Constants Page. Examples of such formulae are

cell F8 ‘IF(F6 + F5<Manager!$D$5, manager!$D$4,0)
and
cell C20 ‘IF(C15=0,0,Constants!$D$8*C15)

The outputs displayed in the Manager Page extract infor-
mation from the Calculation Page. For example, the aver-
age shortage cost is calculated using row 18 of the
Calculation Page as ‘AVERAGE(Calculations!C18:L18)’.
To make best use of a model with stochastic variables, it is
necessary to simulate through a number of repetitions and
sumarise the bahaviour of the output measures, as in a
typical risk analysis model. The Manager Page in Figure 6
is shown displaying results from a single simulation.

Conclusion

The case study presented above illustrates the general use
of the proposed framework. Dividing the variables into
different parts of the workbook, with no duplication and
having these linked through formulae, makes the model a
very efficient sensitivity analysis tool for the user. Any
changes made to the input values, take place on the
Manager Page and the resulting change in the key outputs
is evident immediately without needing to move around
looking for relevant variables. The Manager Page effec-
tively acts like the ‘shop-front’ whilst the Constants and
Calculation Pages provide the ‘back-room’ support.

As stated previously, there is no right or wrong way to
build a spreadsheet-based model. Any model that works, in
so far as that it provides the required output, is obviously an
effective model. Frameworks, of the type presented in this
paper, play an important role in making the model building
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Figure 4 The Constants Page.
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Figure 5 An extract from The Calculation Page.
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Figure 6 The Manager Page with results from a single simula-
tion

process more efficient and guard against programming
disasters. However, it should be noted that the framework
assumes that the underlying model is a good enough
representation of the situation. The process of classifying
the variables and documenting the logical structure of the
model is, itself, often a very rewarding exercise. The
systematic approach used here is an excellent way of
identifying missing information, loopholes and other
problems early in a project. This is because the develop-
ment of the spreadsheet model and the resulting program-
ming does not begin until the complete model structure,
listing all the information that is required for the exercise, is
identified and documented.
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