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ABSTRACT 

Computer-based business analysis relies on models, or algo-
rithmic representations of the business process. Real-life 
business problems can become very complex, which creates 
difficulties in generation, analysis, testing, and the actual use 
of the models. The paper discusses a proposed solution: the 
visual modeling workflow. A diagram or a group of dia-
grams represent each step within this workflow. The visual 
modeling process can be simplified by applying patterns or 
problem-solution formulas. Such modeling patterns include 
decoupling, encapsulation, visualization of user workflow, 
multi-layer visual representation of the calculation logic, and 
early identification and visualization of uncertainties. The 
patterns are applied to the visual modeling workflow, which 
include high level conceptual modeling,  using Domain 
Models and Calculation Diagrams to visualize the calcula-
tion logic, visualization of testing and consolidations, and 
visualization of results of probabilistic analysis and simula-
tion. The described methodology is used in a number of 
Schlumberger’s software application.  

1 INTRODUCTION 

Effective analysis of complex business processes requires 
powerful and easy-to-use computer-based tools. This paper 
discusses only a limited group of business  processes such 
as economic evaluation and analysis including fiscal mod-
eling, decision and risk analysis, forecasting, scheduling, 
portfolio management, quantified market analysis, and oth-
ers (Van Vliet and Hendry 2004).  

There are at least three distinct approaches to the im-
plementation of tools for business analysis. The first ap-
proach is based on spreadsheet applications. One of main 
advantages of spreadsheet approach is flexibility: Calcula-
tions can be implemented without creating a computer appli-
cation; models can be easy updated and executed with dif-
ferent data sets; modeling in spreadsheets does not required 
advanced knowledge of computer programming; data can be 

 

easy visualized in standard tabular and graphical formats. 
Spreadsheet applications can also support scripting lan-
guages, which can be used for more complex models. Fi-
nally there is a number of business analysis add-ins built to 
operate seamlessly with spreadsheet applications. 

Spreadsheets sometimes prove to be effective model-
ing tools for small and medium size business processes, but 
there are a number of problems associated with the use of 
them for complex business analysis. For instance, data and 
calculation algorithms are not presented simultaneously, 
making it difficult to understand and troubleshoot large 
spreadsheets. Furthermore, the visualization of relation-
ships between variables in spreadsheets is limited  Finally, 
spreadsheets applications have limited interface tools to 
design and present user forms for data input and output. 

Another approach in implementing business analysis 
tools is to create specialized computer application for a 
particular model or a group of models. In this case the 
model or the interface associated with the model cannot be 
easily updated without updating the application.  However, 
specialized applications are in most cases easier to use than 
spreadsheets because the user interface and calculation are 
optimized for the particular problem.  

Finally the third approach to the implementation of 
tools for business analysis is the integrated solution 
framework. Such frameworks offer a flexible environment 
where business models can be easy created and main-
tained, user interaction is simplified, and data from multi-
ple sources can be accessed seamlessly. There are number 
of large and comprehensive enterprise resource planning 
systems, such as SAP, PeopleSoft, Siebel, i2, and Oracle 
(Andersen 2003). These systems are capable of solving a 
wide variety of business problems. Such systems have a 
large number of components, which are built around a 
common framework based on common architectural con-
cept. A solution can be built using these components as 
building blocks for the particular problem using customer-
defined processes and data. Such solution frameworks are 
designed for complex repeatable processes within the or-
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ganization. However, they are sometimes not efficient 
tools for stand-alone business analysis problems, especially 
if the framework is not yet enabled across the organization.  

There is also another class of business analysis and 
simulation frameworks, which be can easy customized to 
solve different business problems. Examples of such solu-
tions include Analytica by Lumina Data Systems, Extend 
by ImagineThat Inc. (Krahl 1999), GoldSim and GoldSim 
technology group, Enterprise Optimizer by River Logic 
Inc., and others. These tools allow the user to create a 
model of the business process, create a user form to input 
data and present the output, access data in different for-
mats, and provide different kinds of simulations. These 
systems represent a significant step forward beyond 
spreadsheets and spreadsheet’s add-ins. However, there are 
a number of problems associated with such systems (Paul 
and Serrano 2003). Each of the applications uses its own 
visualization approach to represent the model and simula-
tion algorithm (Virine and Rapley 2003). Due to the lack 
of visualization standards, the modelers and the users can 
have difficulty reading and understanding the model cre-
ated by another application. Although the applications 
mentioned above are focused on different problems, the 
modeling workflow is similar. However these applications 
represent and communicate the workflow differently, often 
using non-standard terminology. Finally the visualization 
of certain workflow steps such as calculation logic, testing,  
and consolidation remains a challenge. 

To overcome the problem associated with business 
analysis and simulation frameworks, the scalable visual 
modeling workflow for business analysis problems is pro-
posed here. Each step within the workflow is associated 
with a particular visual tool or visualization method. A set 
of rules can be applied to move from one step of the proc-
ess to another. Visual modeling process can be simplified 
by applying patterns of tried-and-true solutions to model-
ing problems. Using the proposed workflow and patterns, 
the design and implementation of the models as well as the 
use for the models for analysis and simulation can be sig-
nificantly simplified. 

2 VISUAL MODELING PATTERNS 

Patterns are named problem-solution formulas that codify 
exemplary modeling principles (Larman 2002). Patterns 
also can be referred to as tried-and-true solutions to model-
ing problems expressed as best-practice principles. Patterns 
are widely used in the software development and workflow 
management (van der Aaltst and van Hee 2004) as a way 
to capture best practices for design and analysis. However, 
patterns so far are not extensively used in modeling of 
business problems.  

Some important patterns are common for different 
workflows and applications. Patterns are usually presented 
in the form of problem – solution description.  
2.1 Decoupling 

The problem is to simplify complex models. Such models 
are often comprised of multiple independent calculations, 
which are linked together and as such, are difficult to ana-
lyze and test. The solution is to analyze dependencies be-
tween calculations. It is important to know what variables 
are common between different calculations and what out-
put variables are the inputs for the next calculation. The 
number of such links between calculations should be 
minimized. Each calculation should be tested separately if 
it is possible. Decoupling is closely related to visualization: 
each calculation can be presented separately on a visual 
diagram. For example, operating cost calculation includes 
many variables but only total operating cost time series 
would generally be used for the next step in the calculation 
of project’s net present value. 

2.2 Encapsulation 

If the model has a large number of variables it complicates 
the analysis and testing. The solution is not to expose infor-
mation about intermediate variables to other calculations. An 
example of encapsulation is the calculation of product reve-
nue. Internal calculation of the revenue includes a number of 
intermediate variables. These internal variables will not visi-
ble or accessible from any other  calculations.  

2.3 User Workflow Visualization 

Another problem in the modeling process is how to sim-
plify the user interaction with the model, especially when 
model has a large number of variables with relationships to 
each other that are not obvious. The solution is to present 
the user with a system of steps which needs to be followed 
to use the model. This is a user or run-time workflow view. 
For example, the information about sequential calculation 
of sales, revenue, costs, and NPV can be presented within 
user interface in the form of a user workflow chart in the 
order that makes sense to the user. 

2.4 Multi-Layer Representation  
of Calculation Logic 

It is desirable to use visual tools to represent the calcula-
tion logic of a model. However, a single universal solution 
for simple visualization of calculation logic is not avail-
able. According to this pattern, calculation logic for one 
model can be represented by different views and each view 
can have multiple layers. Layers represent information 
which can be shown or hidden for the particular view. For 
example, a calculation algorithm with time series data can 
be represented by block diagrams in one layer and in a 
spreadsheet-type view with testing data associated with the 
calculation in another layer. 
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2.5 Early Identification and Visualization  

of Uncertainties 

Most of business processes include analysis of uncertainties. 
Identification of uncertainties and their properties is an im-
portant but complicated process. The solution is to identify 
and visualize the uncertainties on all stages of the modeling 
workflow starting from on conceptual design of the model. 
For example if it was identified, that a capital cost is an un-
certain parameter affecting net present value of a project, 
then the uncertainty in that capital cost should be visualized 
on calculation, testing, consolidation, and other diagrams. 

3 OVERVIEW OF VISUAL MODELING 
WORKFLOW 

The proposed visual modeling workflow, the design of 
which is based on the above patterns, is presented in Figure 
1. The workflow to create a model includes three main 
steps.  Extra steps are required for analysis and simulation 
of the model and depends on the particular problem. Each 
step is represented by the series of views. Each view can 
include one or more diagrams. 

The first step is the high level modeling of the business 
process. The step includes: identifying problem and oppor-
tunities, asserting the business situation, generation creative 
alternatives, and providing a high level modeling of the 
situation (Howard 1988, Skinner 1999). The step can be rep-
resented by at least 3 views. 

The conceptual view represents relationships between 
different calculations (processes) and simulation methods. It 
can be generic (high level relationship between processes), 
hierarchical (showing sub-processes and sub -models), time-
based (for time related processes), and/or location-based (for 
location related problems). The data source definition view 
(DSDV) includes graphical representations of data sources, 
high level definitions of input and output variables and their 
relationship with calculations and simulation methods. Data 

 

sources can include databases, spreadsheets, application data 
inputs, and the results of previous calculations. 

There are two types of workflow views: the modeling 
process workflow view, and calculation and simulation 
workflow view. The modeling workflow view is the map-
ping of the general workflow to the particular business proc-
ess. This is the workflow for the modeler. The calculation 
and simulation workflow view is intended to be for the user 
of the model (see user workflow visualization pattern). 

The second step in creating a model is the detailed 
modeling of the business process. This step can be repre-
sented by at least three views: a calculation script, a calcu-
lation diagram, and a domain model. 

Some advanced business analysis and simulation 
frameworks use scripting languages to define calculation 
algorithms using easy-to-use notation. Scripting languages 
provide access to model variables and functions. 

A domain model provides a structural decomposition of 
the model. It separates the model into its calculations and 
presents input and output variables for each calculation.  

A calculation diagram is one of the most important 
concepts of visual modeling workflow. It is intended to 
visualize a calculation algorithm and its associated data. 
The domain model and calculation diagram will be dis-
cussed in more detail in Section 4. The third step of the 
workflow is the visualization of testing and analysis of the 
model. This steps includes two views: the testing process 
view (related to DSDV for the particular testing process), 
and sensitivity chart to ranges of input testing data together 
with ranges of outputs. 

4 VISUALIZATION OF CALCULATION 
ALGORITHM 

4.1 Domain Model 

The most time-consuming step in the modeling process is 
the visualization of calculation algorithm. The domain
High Level Modeling of
The Business Process

Workflow View

Conceptual View

Data Source Definition View

Modeling of Calculation
Algorithm

Domain Model

Calculation Diagram

Calculation Script

Sensitivity Charts

Testing Process Diagram

Model Testing and
Analysis Modeling of Consolidation

Consolidation Diagrams

Decision, risk analysis,
and other simulation tools

Sensitivity Analysis Visual Tools

Decision Analysis Tools (Decision Trees)

Forecasting Tools
Monte Carlo Simulation Tools

Discrete Simulation Visualization

Tools to represent other Simulation Tools  
Figure 1: Visual Modeling Workflow 
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model is one of the views that is useful in this step. It is 
represented by a diagram with a number of boxes. Making 
use of the encapsulation and decoupling patterns, each box 
represents a calculation, global parameters, or inputs used 
in calculations. Each calculation box has two or three col-
umns. The left column show calculation inputs, the right 
column show calculation outputs, and the middle column is 
optional and can show intermediate variables. Particular 
calculation formulas are not represented within a domain 
model. An example of a domain model for the economic 
evaluation of oil reserves is presented on Figure 2. 
 

Oil production

Number of
wells,

Oil Rate

Oil Volume

Operational Cost Calculation

Oil Fixed
Opex

Oil Variable
Opex

Oil well cost

Op. Cost
Time Series

Capital Cost

Oil
Exploration,

Oil
Development

Oil Facilities

Capital cost
Time Series

Discounted Cash Flow
Calculation

Oil Volume
Oil Price
OpCost

Capital Cost
Tax

Disc. Rate
Time Frame

NPV
IRR

Rayback
ROI

Global Parameters:

Tax,
Discount Rate

Oil Price
Project Time Frame

 
Figure 2: Domain Model Diagram 

4.2 Calculation Diagram 

The calculation diagram represents the calculation algorithm 
by combining the advantages of flow charts, spreadsheet 
representations, and scripting languages. It presents both the 
calculation algorithm and associated testing data together. 
The data within and calculation diagram is the testing data 
and used by the modeler to determine if the calculation algo-
rithm is defined correctly. Calculation diagram also includes 
relationship between variables in form similar for block dia-
gram. Because this is primarily an intermediate diagnostic 
tool, the end user may not necessarily see this view. Instead 
the user form or a dashboard can be used.  

The calculation diagram can become very crowded, so 
the information can be separated into three layers (accord-
ing to the “Multi-Layer Representation of Calculation 
Logic” pattern):  

 
1. Calculation algorithm layer: Variables and calcu-

lation expressions 
2. Variables relationship layers: Precedents and de-
pendent arrows between input, output, and in-
termediate variables. 

3. Data layer: Data associated with variables 
 

Each layer can be presented separately or together with 
other layers.  

The calculation diagram is designed to operate with dif-
ferent data formats, or data shapes. Data shapes, as distinct 
from data types (discussed below) can include scalars, vec-
tors, and matrices. Business analysis applications operate 
mostly with scalars and time series (vector) data shapes.  

In business modeling definition of data types is much 
broader then in computer programming, where data type can 
be double, integer, etc. Data type in business models repre-
sents the nature of the variable. For example data type can 
be costs, revenues, prices, taxes, dates, etc. It is required as 
an additional level of control for the model. For example, if 
the modeler makes a mistake and adds units sold to a cost, 
the modeling framework will easy identify the problem as 
long as the units sold variable and the cost variable have dif-
ferent types. Data type analysis can be very important when 
consolidation of results of business analysis from different 
sources is required. Available data types can be predefined 
for the model or the group of the models.  

Another characteristic of variables is that they can be 
input, output, or intermediate. Input variables do not  have 
precedents. Output variables do not have dependants. Inter-
mediate variables have both precedents and dependants, and 
are not presented to the user within a user interface form.  

The process of the generation of a calculation diagram 
includes the following steps: 

 
1. Define the global calculation parameters. This 

could include units, currencies, periodicity, tax 
rates, discount rates, etc. In the example of the 
calculation diagram shown in Figure 3, the calcu-
lation parameters are “Start Date of Historical 
Data”, “End of forecast”, and the quarterly perio-
dicity. These parameters are used to define the 
time frame of the calculation, which is used for all 
subsequent calculations.  

2. Define the input and output parameters. The pur-
pose of the calculation shown on Figure 3 is to cal-
culate total profit based on number of units sold, 
unit price, and cost per quarter. The calcula tion 
uses one-year of historical data plus forecasted 
data. Properties (such as external name of variable, 
internal name of variable, shape, and data type) for 
each variable must be assigned. Static elements of 
the diagram, such as rectangles with the external 
name of the variables can be defined. Input, output, 
and intermediate variables can be represented by 
different colors. 

3. Define the calculation algorithm. The calculation 
is performed using standard and/or custom func-
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Units Sold DeltaNumber of Units Sold

Q1,2003 Q2,2003 Q3,2003 Q4,2003 Q1,2004 Q2,2004 Q3,2004 Q4,2004 Q1,2005 Q3,2005

7 37 12 6

Unit price $400.00 $450.00 $450.00 $510.00

Cost per Quarter $200.00

Unit Price at the end of
Forecast

$570.00

8

Number of Units Sold (with
Forecast)

7 37 12 6 14 22 39 38 46 54

Number_of_Units_Sold LinearIncrement ( Number_of_Units_Sold[Last], Units_Sold_Delta)

Start Date of Historical Data Q1,2003

Unit Price(with forecast) $520.00 $530.00 $540.00 $550.00 $520.00 $570.00

Unit_Price LinearPath (Unit_price[Last], Unit_Price_Forecated)

$400.00 $450.00 $450.00 $510.00

End of Forecast Q3,2005

Quarterly Revenue $520.00 $530.00 $540.00 $550.00 $520.00 $570.00$400.00 $450.00 $450.00 $510.00

Number_of_Units_Sold_with_forecast  * Unit _Price_with_Forecast

Quarterliy Profit $320.00 $330.00 $340.00 $350.00 $360.00 $370.00$200.00 $250.00 $250.00 $310.00

Quarterly_Profit = Quarterly_revenue - Cost_Per_Quarter
If ( Quarterly_Profit <  0 ) Then Quarterly_Profit = 0

Total Profit 3080.00

Sum(Quarterly_Profit)

Start of Forecast Q1,2004

Time Frame

GenerateTimeFrame ( Start_Date_Historical_Data, End_Forecast)

 
Figure 3: Calculation Diagram 
 
tions. Standard functions are commonly used cal-
culations and manipulation.  Custom functions are 
developed by the user using a scripting language. 
The relationship between variables is represented 
using connector lines with arrows. Connectors in 
current examples are used to represent the genera-
tion of the time frame based on three input dates.  

4. Test the calculation algorithm. Because testing 
data and the calculation algorithm are presented 
within one calculation diagram, the analysis and 
testing of the algorithm is simpler. Each change in 
the calculation algorithm can be automatically re-
flected in the test data output. By graphing inter-
mediate and output data from the calculation dia-
gram the modeler can more easily identify the 
potential problems. 

5. Generate user interface form (the dashboard). One 
of the main advantages of the calculation diagram 
is that user input form can be generated semi-
automatically. The modeler generates an input 
form using calculation diagram by hiding the cal-
culation algorithm, intermediate variables, and 
possibly connectors which represent relationships 
between variables. Also some input controls can 
be moved or updated to simplify user input. Static 
text and charts can then be added to the control. 

 
To summarize, here are some advantages of the calcu-

lation diagram: 
 
1. The calculation diagram presents data, calcula-

tions, and relationship between variables on the 
different layers within the same document. It sim-
plifies the analysis of the model. 

2. The calculation diagram is not a completely new 
way to represent the model. It is based on combi-
nation of standard flow chart format and spread-
sheet-style data representations. These modeling 
techniques are familiar for most modelers. It sig-
nificantly reduces a learning curve. 

3. The calculation diagram significantly simplifies 
the operation with time series data, which are very 
common in business analysis. 

4. The user input forms can be easily generated us-
ing the calculation diagram. 

5 BUSINESS MODEL TESTING  

One of main challenges in the modeling of the business 
problems is to provide the modeler testing and data analy-
sis tools. Even with very advanced visual modeling tools, 
the modeler may have problems with the capturing of user 
requirements or make an error in the modeling process. 
Most business models can be very complicated which sig-
nificantly increases the chance for errors. Such problems 
sometimes cannot be detected using limited sets of testing 
data. Analysis of multiple different combinations of input 
parameters is required. 

Testing of the model can be presented using the testing 
process diagram which includes data sources and data 
ranges for all variables.  

To test the model, the business analysis solution frame-
work should provide calculations for all requested combina-
tions of inputs ranges. An example of the results of a simple 
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testing process is shown on Figure 4.  The project NPV is 
calculated based on different data associated with variable 
“All Capital”. All other variables will have base value. 
Known solution is presented as a red dot on the chart. The 
spike in the chart may be associated with an error in the 
model. Because possible number of requested calculations 
for all variables can be huge, the chart does not need to be 
always generated. But solution framework can inform the 
modeler about any unexpected non-linearity in the depend-
encies between input and output variables. 

 

 
Figure 4: Results of Testing Process 

CONCLUSIONS 

This paper describes a proposed visual modeling workflow, 
which is a process of defining a model and calcula-
tion/simulation process through a sequence of steps, each of 
which is visualized by views. These views include a set of 
diagrams that represent model data, calculation algorithms 
and parameters, and the relationships between different cal-
culations. Each step in the modeling process informs the 
next step in a way that increases the ease or creation and re-
liability of the resulting models. The workflow is based on 
modeling patterns or best-practice principles.  

This methodology is being used in the development of 
new products in Schlumberger Information Solutions. 
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