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Abstract: ModelSheet Authoring is an environment for busgimodels that delivers reports in conventionaasheets. It
addresses the main weaknesses of spreadsheetseatiténg a role for visual sheet layout duringhauing. ModelSheet
introduces six key design features. (1) ModelShkaptures model logic with named variables and syimiiarmulas that tell you
in natural language what they mean. (2) ModelStiefihes dimensions and time series that can bedansmany variables,
instead of relying on contiguous cell layout totcap these structures. (3) ModelSheet attachesulasto dimension nodes and
time periods, propagates formulas from higher Ieagles to lower level nodes, and applies precedeies when formula scopes
overlap. Therefore ModelSheet models usually h&se€l0% as many formulas as conventional spreadshdgtelodelSheet
automates virtually all the manual cell-level opienas in specifying model logic and sheet layob)}. §lodelSheet completely
separates authoring of model logic from authorihgheet layout. (6) ModelSheet exports fully funntl conventional
spreadsheet files as output reports. These featnadsde ModelSheet to improve model reliability,debexpressiveness, team
collaboration, and modeler productivity.

ModelSheet Authoring is the technology engine befrodelSheet’s customized templates, which arerdest at
http://www.modelsheetsoft.com/doc/whitepaper_cuogpiates.pdf

Contents
1 Introduction 2
1.1 Spreadsheets: a Landmark Innovation in Modeling andAnalysis 2
1.2 Two Kinds of Simplicity 2
1.3 Limitations of Spreadsheets 2
1.4  The Impact of Spreadsheets on Information Use in Qranizations 3
2 ModelSheet’s Solution 4
2.1 Key Features of ModelSheet Authoring 4
2.2 Benefits of ModelSheet Authoring 5
3 Basic Elements in ModelSheet Models 5
3.1 Dimensions and Time Series 6
3.2 Analysis Variables 8
3.3  Workbooks/Worksheets 9
3.4  Exported Excel Workbooks 11
4 ModelSheet Authoring in Action 11
4.1  The Modeling Workflow 11
4.2 Video Demonstrations 12
4.3  Sample Applications 12
5 Conclusion 14
m_c,_dg l SHEET® page 1 of 14 Copyright © 2008, 2009, 2010 ModelSBasware, LLC

ModelSheet and the ModelSheet logo are registeaeldmarks of ModelSheet Software, LLC.



1 Introduction

1.1 Spreadsheets: a Landmark Innovation in Modeling andAnalysis

Spreadsheets and word processors were the firet iWejY SIWYG” (What You See is What You Get) applimas of computers.
They drove the desktop revolution in business (1®@00) and, along with video games in the homebtlad adoption of early
personal computers. Spreadsheets succeeded betaug®usiness analysts prefer to author modelesepted visually as tables
and sheet layouts, instead of as pages of progode Spreadsheets thereby empowered many peofplémited programming
background to build their own models. Spreadshexafsowered decentralized innovation in businessaisal

The key design innovations of spreadsheets ar® (Epresent the logic of quantitative models Wit SYWIG sheet layouts
during the authoring process, and (2) to exprassally all relationships with formulas that arébsudinate to cell layotiand that
are expressed in terms of cell addresses.

Innovation continued. Lotus Improv pioneered pitadtles, but in a product separate from its spresgtstousin, Lotus 1-2-3. In
1993, Microsoft Excel 5.0 introduced multiple wdnkets and pivot tables. Since that time, many anbat improvements were
made in Excel: performance, macros, algorithm tiesa model size limits, optional add-ons and ofeatures. However, the basic
modeling paradigm of spreadsheets has not chamgeelthe late 1970s — to capture model logic whitkes$ layout, and to express
relationships at the cell level.

For more background on spreadsheetshiee/en.wikipedia.org/wiki/Spreadsheets

1.2  Two Kinds of Simplicity

By basing all models on cells, spreadsheets siieglihodeling: the only basic concepts you needaster are sheet layout, cell
addresses, and cell formulas.

However, spreadsheets greatly proliferate cell tdasthat relate cell addres$edost quantitative models are more naturally and
easily expressed by relationships among variabde&xampleprofit = revenue — expense, notC11 = D52 — Sheet2!E40.
Spreadsheets don't even retain the concept of naamébles, though named regions fulfill some & thinctions of named
variables in some situations.

Two competing concepts of simplicity are involveztdr An analogy with computer programming languagigsht illustrate the
differences between them.

« All computer programs can in principle be writt@rbinary machine language as sequences of zerosngsd Binary
programming is simple because it is built from fia@est elements and the basic operations possible.

» Higher level languages simplify the structure adgnams rather than economizing on basic operatitimsy support iteration
(“do loops™), conditional branching (“if statemeftssubroutine calls, and so forth as part of tmegluage. These operations
occur frequently in programs, and they map ontoathg humans think about computing problems.

The computer revolution would long ago have sloteed crawl if most programs were authored in bir@oge. For the
overwhelming majority of application programs, slifying programs and the authoring process is fararimportant than
reducing the number of elementary operations iratithoring environment.

In the world of spreadsheets, building models famihs and cell formulas is analogous to programnsim@puters in binary code;
both technologies have minimal primitive elememtd basic operations. Programming with variablesahdr higher-level
structures in ModelSheet is analogous to programmimputers with higher level languages; both tetdgies simplify programs
and the authoring process.

1.3 Limitations of Spreadsheets
Proliferation of cell-level operations is the raatuse of the four main weaknesses of spreadsheets.
« Reliability: Controlled experiments with spreadsiseadicates that spreadsheet models have segtability issues.

— In three experiments on entering information inetls; the percentage of cells with errors rangechft.1.3% to 2198>°

that is, each formula is typically assigned to oekin the sheet layout.
Conventional programming languages would use desnmaumber of array variables that contain anchaige the array elements.

3 Stephen G. Powell, Kenneth R. Baker, and Barrysom A Critical Review of the Literature on Spreadsteeors, Tuck School of
Business, Dartmouth College, December 1, 2007.
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— In one type of experiment, subjects are given advpooblem and asked to create an appropriate sgreatimodel. Cell
error rates ranged from 2% to 17%. The percenthgpreadsheets with at least one error ranged 24 to 86%.

— Audits since 1995 of spreadsheets deployed in fiplaications yield estimates that about 94% délfeeployed
spreadsheets contain errors and cell error raeEsge 5.2%.

— Another experiment tested auditing of spreadsteatshad errors planted in them. Subjects who leadss to the
numbers and formulas in the spreadsheets foundone emrors than those who could check only the rumiVhile
visual layout can help in auditing spreadsheetshtird-to-interpret cell formulas are of little el

» Expressiveness: The difficulty of changing modegiidoor layout often tips the cost-benefit tradeinffavor of “satisficing”
with a less realistic model. Cost-benefit tradeafisund in life, so this situation should not bgpssing. The key point is that
conventional spreadsheets offer a suboptimal tfhtetween costs and benefits of improvements idenately complex
models, compared to what is possible with ModelEhee

» Team Collaboration: People commonly collaboratproviding data for spreadsheet models and in uspngadsheet reports.
It is much less common for people to collaboratdwitding the formulas of a spreadsheet model. Hdwc reason for this is
that collaboration occurs at the level of cellseTheanings of cell addresses and cell formulasetatively obscure even to
the author of a model, if the model is complexif éihe author has not worked with a model for a feanths.

» Modeler Productivity: Productivity of spreadsheeidulers is reduced by the difficulty in interpreticell addresses and cell
formulas, the proliferation of manual cell-levelesations, the interdependence of model logic ayaoluta and the absence of
higher level structures like variables, dimensiarg] time series.

As a result of these limitations, much of the inaitbon in business modeling has moved from spreadslite business intelligence
(BI) systems and enterprise resource planning (Eygtems. This shift in innovation is evident ie tevenue and revenue growth
of the two product categories. Bl and ERP gened@50 billion in revenue growing at 7-10% per yeard they are expected to
continue to grow at these rates for yearstal revenue from spreadsheets is $3-4 billicthiarprobably growing at less than 10%
per year.

Bl and ERP undo some of the benefits of the desld@wgplution. They strengthen centralized qualitptcol over data and
analyses, at the expense of limiting decentralambtioc innovation. While they employ visual layousome aspects of the
authoring process, they revert to older paradighpagramming with code that makes modeling moftcdit for domain experts
who are not programmers.

These limitations of conventional spreadsheets dipeloor to a new spreadsheet authoring technaladystrikes a better
balance between visual sheet layout and programstingtures such as variables, formulas, dimensiodgime series.

1.4  The Impact of Spreadsheets on Information Use in Qranizations

Many companies regularly maintained spreadsheett®pnd analyses that are used in reporting acidide support. In a recent
research repdttThe Data Warehousing Institute (TDWI) definepeeadmart as

a reporting or analysis system running on a destttdpbase (e.g., spreadsheet, Access databaseshtodrd) that is created
and maintained by an individual or group that pem®all the tasks normally done by a data martada evarehouse, such as
extracting, transforming, and formatting data a#i a®defining metrics, submitting queries, andhiatting and publishing
reports to others.

The TDWI report summarizes the benefits and problefrspreadmarts. Our digest of their key findifug®ows.
*  Over 90% of organizations have an average of 26p88admarts.

» Spreadmarts are usually created by analysts indmamarketing, and other departments, or in fiiguservices firms, who
prefer direct control of the reports and analyses oeliance on the I.T. organization.

4 R. Panko, “What we know about spreadsheet etrdosirnal of End-User Computintp (1998) 15-21.
Revised version accepted for publicatiorDiecision Support Systen{2/2/2010) http://panko.shidler.hawaii.edu/SSR/

R. PankoWhat we know about spreadsheet erytitsp://panko.cba.hawaii.edu/ssr/Mypapers/whatkhow, accessed September 2, 2006.

R. Panko, R. Halverson, “Spreadsheets on triglireey of research on spreadsheet ridRsgteedings of the 29th Annual Hawaii
International Conference on Systems Scielit®86) 326-335.

7 Charlie Feld, “Revenge of the Old TechieBhe Wall Street Journal Onlin®ctober 30, 2007.
URL: http://blogs.wsj.com/biztech/2007/10/30/revengehaf-old-techies/These estimates pre-date the “Great Recessia20@8-2010.

8 Wayne W. Eckerson and Richard P. SherrBamategies for Managing SpreadMarts: Migrating téanaged Bl EnvironmenEirst
Quarter 2008 TDWI Best Practices Report, Janua®820RL.: http://www.tdwi.org/research/display.aspx?ID=8874
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» Key benefits of spreadmarts are faster deploynfastier response to change, more local control @yer community, ease
of use (familiarity of users with spreadsheetajdocost, easier customization, easier prototypirg permanent system,
more realistic capture of business logic, comp#oesystems produced by I.T. organizations.

* The main risks of reliance on spreadmarts (compereeéntralized |.T.-managed solutions) are: inigiast views of data,
large time commitment by analysts and higher cdestk, of audit trail.

» |L.T.-managed reporting and analysis systems céntrelnage data and business logic in a documemtezbgs that users can
access. They provide better data integrity andistary; more freedom of business users to do thain jobs (which are not
to develop models); better documentation, audiind stability; and better scalability to largerugeups.

* Spreadmarts are at their best as one-off repodsdshoc analyses. The problems they cause areegreden spreadmarts
are used as regular business systems.

* 80% of affected analysts and 60% of affected maisagew spreadmarts as a good solution; 80% ofdrdfessionals want to
eliminate them; executives are caught in the middle

» Executive mandates to eliminate spreadmarts orlstogupport for them achieve the desired resuitg 6% of the time.
Spreadmarts satisfy real needs that are hardTfootganizations to satisfy.

2 ModelSheet's Solution

ModelSheet Authoring aims to amplify the advantaayed reduce the problems of spreadmarts by reglagreadsheets with a
superior authoring environment, while strengtherspgeadsheets as report delivery medium.

Before delving into details, this section comparesventional spreadsheet authoring with ModelSAegtoring at a conceptual
level.

2.1 Key Features of ModelSheet Authoring
Six principal features account for the benefitdlafdelSheet.

1) ModelSheet Authoring captures model logic with ndusyanbolic variables and formulas that tell youeimglish what they
mean ModelSheet’s variables contain formulas that eggrrelationships among variables ModelSheet formula can apply
to an entire variable, an individual cell, or appedn between. Therefore ModelSheet models typicalhtain 1%-20% as
many formulas as comparable spreadsheet models.

2) ModelSheet Authoring captures aspects of modettstrel with reusable dimensions and time sertemu edit a dimension or
time series once and the changes will be autontigtioaluded in the appropriate variables, and latgowill be automatically
adjusted to accommodate changed sizes of tablesa&heets capture these relationships with canigjlayouts of cells.

3) ModelSheet Authoring attaches formulas to dimensimdes and time periodk propagates formulas from higher level nodes
and time periods to lower level nodes and timequks;i and applies precedence rules when formulaesooyerlap. Therefore
ModelSheet models usually have 1%-20% as many flasras conventional spreadsheets.

4) ModelSheet Authoring automates virtually all thenonal cell-level operations in modeling and layoMiodelSheet assigns
‘accounting types’ to variables to facilitate auttion of roll-up operations over time and dimensidfor example, it knows
how to combine profit, profit %, assets, and grovettes over countries with minimal manual interiemt

5) ModelSheet Authoring completely separates modét lgd sheet layoutyou can specify model logic including variables,
dimensions and time series without specifying aingtfabout sheet layouts. Conversely, you can bethat any change you
make in sheet layout will not change the modeldoBly contrast, spreadsheet logic is inextricabtgritwined with sheet
layout through reliance on cell addresses and@etiulas. This is a major cause of “spreadshedt aedl low reliability.

6) ModelSheet Authoring exports conventional spreagistiles as output reportdlodelers work in a powerful authoring
environment, and report users get fully functioc@iventional spreadsheets complete with cell-b&s®eulas. ModelSheet
also enables you to re-import edited data from eeploExcel workbooks.

9 ModelSheet Authoring builds models from variaktest contain formulas and cells, whereas conveatispreadsheets build models from

cells that contain formulas and there are no vietatsometimes the dependence of spreadsheet &mmnulcell addresses can be mitigated
by using named regions, but this is a minor point.
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2.2

Benefits of ModelSheet Authoring

ModelSheet Authoring delivers four primary benefiitat improve on conventional spreadsheet authqmingesses.

1)
2)
3)
4)

ModelSheet Authoring improves reliability of models

ModelSheet Authoring improves modeler productivity.

The figure below explains how the key features ald@lSheet Authoring deliver these benefits.

Figure 1: How Features of ModelSheet Authoring Deli

ver Benefits

ModelSheet Authoring improves model expressiveriess more feasible to build more realistic anangdex models.

ModelSheet Authoring improves team collaboratioeas collaborate at the level of concepts and bl@sanot cells.

Key Benefits

Innovative Features

Model Reliability

Model Expressiveness

Team Collabation

Modeler
Productivity

Named symbolic variables
Fewer formulas
Readable formulas

Eliminates misinterpretation
of cell addresses

Reduces errors in writing &
interpreting formulas

Facilitates auditing

Easier to manage complex
models with named variables,
fewer formulas, more readablé
formulas.

b

Collaborate at level of
named variables, fewer arj
more readable formulas,
not cell addresses.

» Grasp meaning of

variables and formulas
faster.

Fewer manual operation
to enter formulas.

Reusable Dimensions and
Time Series

Attach formulas to nodes at
any level, not just cells.

Eliminates unnecessary
repetition of manual tasks,
hence reduces errors.

Easier to include large,
numerous, or hierarchical
dimensions in models.
Easier to include e.g. annual
sums in quarterly reports.

Easier to edit someone
else’s work in one place
than in each instance of a
Dim or Time Series.

Eliminates unnecessary
repetition of manual
tasks, hence saves time

Separates model logic, sheq
layout

L

Reduces logic errors during
modeling due to not having t
consider sheet layout.
Eliminates logic errors cause
by changing sheet layouts.

« Easier to author/edit complex

models without worrying abou|
layout.

s Easier to author/edit layout

without worrying about model
logic.

t

Easier to edit some else’s
model without worrying
about interaction of mode!
logic and layout.

Authoring/editing
complex model logic is
faster without worrying
about layout.
Authoring/editing
complex layouts is fastery
without worrying about
model logic.

Automates manual cell-levelf -

operations

Reduction on manual
operations reduces errors.

Easier to build complex mode|
due to reduction of number of
manual operations.

>

Easier to edit some else’s
work due to fewer manual
operations.

Reduction on manual
operations saves time.

Exports spreadsheets

Re-imports edits in exported
spreadsheets

No errors re-importing edited
data from spreadsheet repor

« Easier to incorporate new dat

[S.

assumptions in complex
models.

;3

Easier to incorporate edite
data from team members.

Push one button to expo
Excel workbook.
Automates listing and
importing of new data
assumptions.

3

Basic Elements in ModelSheet Models

Spreadsheet users are already familiar with theldasic elements in ModelSheet models: Analysisaliées, Dimensions, Time
Series, and Workbooks/Worksheets. Analysis Varmhbte the heart of a ModelSheet model. Howevereaemmend specifying
Dimensions and Time Series before Analysis Varmbteyou can use them when specifying Analysisales. So we will start

with Dimensions and Time Series.

mOde! SHEET"®

page 5 of 14

—



Figure 2: The Four Elements of ModelSheet Models ar e Familiar from Spreadsheets

Time Series

X

Jan 008 Feb 2009 | War 2009

l(’ REvenue 5
Froduwc! A
FroductB | ™

Total

Dimensions

COGS
Product A
Product B

Analysis Total
Variables . Gross Margin

Cpearating Expenee
Cperating Margin

Interesi Expense
IncomeTax Expense

k ot

Tnuwime Slalemenl o Balance Sheel

o /

Worksheets

3.1 Dimensions and Time Series

A dimension segments the values of variables. érfitture above, Revenue and COGS (cost of goodsyegmented by products,
and the two products form a dimension. For morermftion see also
http://en.wikipedia.org/wiki/Dimension_%28data_waoese%29

A time series specifies the time dependence ollibes. It consists of a time range (a starting tme ending time) and a time
grain (a basic time period such as month or yéathe figure above, the three months January tiitrddarch specify a time range
and a time grain, so they specify a time seffles.

Dimensions and time series are common in spreatstaels. However, in conventional spreadsheedgnansion or time series
is merely a list of similar items laid out in caqbus cells in a row or column. Spreadsheets havdata structures corresponding
to dimensions or time series.

In ModelSheet Authoring you explicitly create stures called Dimensions and Time Series, for tvesoas. First of all, you can
re-use a Dimension or Time Series in many Analysisables. Secondly, Dimensions and Time Seriesttag define the table
layout of an Analysis Variable, and thereby defime cells in the table, instead of defining thddakith cell addresses and
defining Dimensions and Time Series by contiguaysuts of cells. Freeing Dimensions, Time Seriab\ariable tables from
dependence on cell addresses is a critical pagdrating model logic from sheet layout, which iy advantage of
ModelSheet.

3.1.1 Hierarchy in Dimensions and Time Series

Dimensions and Time Series can have hierarchyekample, a hierarchical Dimension of countries amierarchical Time
Series are depicted in the figures below.

10" You can think of a time series as a special kihdimension for which you can do interval arithnsethat is, you can subtract two dates and
get a number (a number of days in ModelSheet).
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Figure 3: A Hierarchical Dimension Figure 4: A Time Series Hierarchy
Dimension “Countries” Time Series “Model Time”
« Eastern Hemisphere « 2009
Africa Q1
Algeria January
Asia Q2
China April
Australia Q3
Europe July
Austria
Q4
* Western Hemisphere October
North America
Canada « 2010
South America
Brazil

If this Dimension segments an Analysis Variablecbyntry, then ModelSheet Authoring’s default bebais to roll up values for
countries to show subtotals for each continentplicup values for continents to show subtotalsdach hemisphere, and to roll up
values for hemispheres to show a global total.

Similarly, if the Time Series above segments anlysig Variable by time, then ModelSheet Authorirgeoll up the months to
show subtotals for quarters, and roll up the qusitie show subtotals for each year, and roll upydes to show a total for the
entire Time Series. ModelSheet Authoring’s defaelhavior is to show values for only one time grgimy must choose to display
values for two time grains if desired.

3.1.2 Roll-ups (Subtotals)

In Figure 2 above, Revenue and COGS roll up vdluethe two products and report total values. M&thelet Authoring computes
the roll-up values for each Analysis Variable auatioally, once you specify the “Accounting Type't @her roll-up properties)

of the variable. Here are some examples of howewifft Accounting Types translate the concept df-tng” into different
arithmetic operations.

« For an Analysis Variable that contains revenuexpeases, ModelSheet Authoring rolls up productesloy adding them.
e For an Analysis Variable that contains prices, M8teet Authoring has two methods for rolling updarct prices.

The first method is to compute the unweighted ayeia the product prices. This is the neutral @nilla’ method that
ModelSheet Authoring can implement without any othéormation from the modeler.

The second method is to allow the modeler to specibll-up formula, such &rice = Revenue/Sales_Units. This
method yields the correct average selling price tive product line, if the modeler provides theuiegd data.

Time Series also have roll-up operations. For exanwe can roll up values for January, Februaryagdch to get a value for the
first quarter. Different Accounting Types transladd-up over Time Periods into different arithntetiperations. Here are some
examples.

« For an Analysis Variable that contains revenuexpeases, ModelSheet Authoring rolls up values tiveg by adding them.

« For an Analysis Variable that contains assetsiliies or equity, ModelSheet Authoring rolls uplwas over time by taking
the last value. This assumes the usual converiatrthese quantities are measured at the end bftieae period, so that the
closing assets for March are the same as the glasisets for the first quarter.

» For an Analysis Variable that contains prices,imgllup over Time Series can be done with the sareartethods as rolling up
over Dimensions: unweighted averaging and a forraufmlied by the modeler (suchRgce = Revenue/Sales_Units).

1 For Analysis Variables that contain starting valiretime periods, ModelSheet has an AccountingeTogdled “Stock Start” that rolls up

over time by selecting the value for the first tiperiod, for example the starting value for Janusithe same as the starting value for the
first quarter.
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» For an Analysis Variable that contains growth deiiast rates, rolling up over time is accomplishgdompounding the rates.

Modelers have the option to suppress the roll-upbier for a Dimension or Time Series.

3.2 Analysis Variables

Analysis Variables are the heart of a ModelShealehdl'ypically there is one Analysis Variable f@ch key concept in the
model (for example profit, revenue and expensele&isheet users are familiar with Analysis Variglale tables of values with
the same conceptual meaning. However, conventsprabdsheets define variables as tables formedbgtguous layout of
cells, and not as a structure that can be used/asable in formulas.

3.2.1 Attributes of Analysis Variables

Analysis Variables in ModelSheet combine most efkRy attributes associated with variables in eheraatical or programming
model.

e The name of the variable (ideally) clearly commatgs the meaning of the values in the variable.

« Dimensions and Time Series are associated withreayAis Variables to specify how to segment it byeshsions and time.
Examples: Products Dimension, Geographic Locatiingension, Model Time (a Time Series that applembst variables
in a model). An Analysis Variable can have any nandif Dimensions, but it can have only zero or ©imee Series. The
dimensions and Time Series together define thdaymut of the table for the variable.

» Each data value or formula specifies the valueainat in a cell or region of cells in the variatable.

3.2.2 Data and Formulas define cell values inside Analy&iriables

Data and formulas can be attached to any Dimemside or cell in a variable table. Data and formolfasarrower scope (i.e. that
apply to fewer Dimension items and fewer time pasjatake precedence over formulas of broader scope.

The following example illustrates these ideas lpresenting the impact on profits of different taiedifferent countries.

» The formulaProfit = Revenue — Expense defines profit globally in all time periods; it &ssociated with the “Total” node in
the variable table.

» A 5% sales tax in Europe for all time periods migatrepresented by a formiaofit = 0.95*Revenue — Expense that is
associated with the node for Europe in the Locatidimension. This formula overrides the global falanin Europe.

* An additional 1% income tax surcharge in Francehiiige represented by a formiteofit = 0.99*(0.95*Revenue —
Expense) that is associated with the cell for France. Thisula overrides the European formula in France.
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Figure 5: Formulas of Narrower Scope Override Formu  las of Broader Scope

imodelSHEET)
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N o Continents Countries Q1 2009 | Q2 2009 | 03 2009 | Q4 2009
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Time Series +| 4
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This use of Dimensions and Time Series, and prexsdeiles for formulas of different scopes, supptwb beneficial features of
ModelSheet Authoring:

* ModelSheet models usually have fewer formulas twarventional spreadsheets. This Analysis Variabigains three
formulas whereas the analogous spreadsheet modé Wwave 15.

* Visual layout helps modelers to keep track of thepe of formulas in Analysis Variables. Most spstabt modelers usually
prefer to use visual layout where possible to ustdexd models.

3.2.3 Relationships between Variables, Formulas, andsCell

In ModelSheet models, variables, formulas, andsdahe relationships that differ from those in @mtional spreadsheets.

« In ModelSheet, Analysis Variables contain cells fordhulas. The formulas define relationships amAnglysis Variables.
ModelSheet provides lists of precedent and depdndeiables of a given variable.

» In conventional spreadsheets, cells contain forsyaad cell layouts define variables. Formulaseapmressed in terms of cell
addresses and they define relationships among Galsventional spreadsheets provide lists of preceand dependent cells,
not variables, because there are no variables,catily and cell addresses.

Business models are most powerfully expressediatsoreships among variables, (suchPasfit = Revenue — Expense), not
relationships between cells. These basic desiderdifces have a large impact on the modeling esspesi

3.3  Workbooks/Worksheets

3.3.1 Model Logic and Worksheet Layout

ModelSheet Authoring has web workbooks that contah worksheets. At any time, usually when the rhadeompleted, the
author can push a button and export Excel workbtiwkishave the same worksheets, layout and cell bgyModelSheet
Authoring’s web workbooks.

The most basic difference from conventional sprieaess is that ModelSheet Authoring completely setearmodel logic from
sheet layout.

modelsSHEET"
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» The relationships among the Analysis Variables MaglelSheet model are determined by the symbofimdtas in the model.
Only when you ask for an Excel workbook does Motek& Authoring translate these relationships ietbformulas based
on cell addresses in order to create a conventgprabdsheet file.

* By comparison, the relationships among cells (@otables) in conventional spreadsheets are detediy cell formulas that
are built of cell addresses. This method intimaiedgrtwines the representation of model logic ahdet layout.

Separating model logic from sheet layout improvesdntire authoring process. When you are editiodahlogic, you don’t have
consider sheet layout; and when you are editingtdagout, you can’t accidentally or intentionadlyange model logic. This
change in process improves model reliability, egpreeness, and productivity.

ModelSheet Authoring retains the advantages ofgugisual layout during authoring in two ways: (Ljatains the table layout for
each Analysis Variable; and (2) worksheet layootsvey groupings of variables, as they do in corieeat spreadsheets.

3.3.2 Semi-Automatic Sheet Layout

Modelers specify worksheet layouts in broad tesush as which Analysis Variables to include, whiahiables are above/below
or left/right of others, titles, and title formatdodelSheet automatically specifies most of theaieimg details of sheet layout.
You can specify more layout details if you choasesh as the number or rows or columns that sepeaaitibles, tables and titles
from one another.

In conventional spreadsheets, the author mustfgpeei cell addresses for each table and title. k& exception to this rule is
pivot tables, where Excel chooses actual cell adeefor information based on the sizes of fildd§ and their logical
arrangement (for example, which fields are in #fedr top header).

3.3.3 Automatic Layout Adjustment

When you add, delete or resize Analysis Varialdhegt layouts automatically change to accommodtiatedw information. You
can make further manual adjustments to the layouu choose.

In conventional spreadsheets, when you add a ngablato a worksheet or change the size of a tgble must manually adjust
the layout at the cell level to avoid collisionstalbles and other layout problems.

3.3.4 Examples of Web Workbooks

The figure below shows the layout schematic (ortt@an”) that the modeler used to lay out revenygeeses profit in a simple
income statement.

Figure 6: Worksheet Layout Schematic and resulting layout of a simple income statement

Layout Schematic Resulting Worksheet Layout

The figure below shows the layout schematic thattiodeler used to put sales units to the righewémue, and headcount to the
right of expenses.
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Figure 7: Worksheet Layout Schematic and resulting layout tha t places some variables to right of existing variab les

Layout Schematic Resulting Worksheet Layout

3.4  Exported Excel Workbooks

ModelSheet Authoring can export a model or parta ofodel to one or more Excel workbooks, with thetpof a button. Report
users get the familiar Excel environment. They hawaevay to distinguish an Excel workbook exportgdindelSheet Authoring
from one that was manually constructed; exceptggesiby stylized layouts and the “Formulas” worksh&kre Formulas
worksheet shows all the symbolic formulas expresgdunamed variables in the ModelSheet model dip lusers understand the
model. The symbolic formulas are not executablgxcel.

4  ModelSheet Authoring in Action

4.1  The Modeling Workflow

The structural differences between ModelSheet Airtigoand conventional spreadsheets cause the MoeetSvorkflow to be
different. We recommend performing the main stephé order indicated below. The modeler can atealbthese steps into
pieces, for example define some Dimensions firdtraturn later to define more.

« Build supporting structures like Time Series anchBiisions. You will need them to fully specify ArgilyVariables.

» Define Analysis Variables, typically one AnalysiaiNable for each key concept in the model. Ins@gheAnalysis Variable,
enter the formulas that determine the cell valdgb@variable, and that define the relationshipsveen variables.

» Define workbooks and worksheets. Lay out workshe#ts Analysis Variables, titles, text formats, asphcing. Building
guantitative model logic is separate from specgysheet layout.

»  Export Excel workbook(s) from the model and disitéto report users.

» Re-import changes in numerical inputs that repsersi enter in exported Excel workbooks.
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Figure 8: The ModelSheet Authoring Workflow

4.2 Video Demonstrations

A narrated video is worth thousands of words inl@xing the actual use of the product. We recommaeding the following
videos (and new ones that appear from time to tameftp://www.modelsheetsoft.com/videos.aspx

» Editing Models with ModelSheet Authoring

This video demonstrates how to debug and refinmpls pre-existing financial model of a businesg.urhe largest benefits
of using ModelSheet Authoring accrue when explaradjting and debugging models that are already. bui

This is true of all CAD (Computer Aided Design) #ipations — and ModelSheet is “CAD for spreadsHedtsises more
structural information about models than converati@preadsheets do, just as CAD applications use structural
information about engineering designs than mecladiawing packages do.

e Building a Model From Scratch with ModelSheet Auihg

This demonstration shows every gesture neededilh dsimple income statement containing six vddabnumerical data
and formulas that express relationships amongahiables.

e Managing Time in ModelSheet Authoring

Demonstrates ModelSheet Authoring’s facilitiesfitainaging time in models: changing time range, tjnaén; adding annual
sums; displaying time as calendar dates, absdidal fdates, or relative fiscal dates.

4.3  Sample Applications

Readers who have ModelSheet Authoring user accaantexplore the prebuilt models. Readers who ddvanee a ModelSheet
account can explore Excel workbooks exported froenModelSheet models at
http://templates.modelsheetsoft.com/browser/braassx. However, the advantages of ModelSheet — suclamed symbolic
variables, readable formulas and far fewer formwasomation of manual cell-level operations — hlagen removed in the
process of translating the models to Excel workisook

We recommend examining the following prebuilt mad&ou can examine either in a ModelSheet modalModelSheet user
account, or Excel workbooks exported by ModelSlresh the models. You can download a free workingdtxvorkbook
derived from each of the models described belowhEd the links below goes to a web page wherecgruget customizable
spreadsheet templates built from the corresporndiodelSheet model.
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4.3.1 Financial Analysis

Financial Plan for a Businedstp://templates.modelsheetsoft.com/modelsheetimegfinancial-plan-templates.aspx

This model is a prebuilt financial plan with finaglcstatements, ratio analysis, and valuation mode¢ revenue model
includes list prices, actual prices, sales unitsywth rates, sales returns. It tracks expensespgntinent, and has accounts for
headcount, labor, facilities and other expenses.lance sheet tracks several kinds of assdisities, and equity. The
advanced version has many additional optional feattsuch as recruiting expenses, untagged alesetss, corporate bonds,
capitalized development spending, production |eayeiffects.

Cash Flow Modelhttp://templates.modelsheetsoft.com/modelsheettemtash-flow-templates.aspx

Includes sources and uses of cash, entry of rddewand payables by account, and Excel databassaléried and hourly
employee expenses. The advanced version inclugesficredit with asset borrowing base, optionatdtxiatabases that
track receivables and payables by invoice, andoptibank checking account cash float.

Investment Project Financial Analyslgtp://templates.modelsheetsoft.com/modelsheetteminvestment-project-
templates.aspx

Computes investment, working capital, discounteshdbows, earnings, various measures of returnvahehtion for an
investment project. The model tracks several rdlaté-projects that each has its own investmenuaimnetart date,
depreciation method and life, working capital regqoients and so forth. It has an optional CAPM fdanfior discount rate.

Capitalization Tablehttp://templates.modelsheetsoft.com/modelsheettegcapitalization-table-templates.aspx

Tracks investments, common shares, and multiplesef preferred shares, options, and notes througtiple rounds of
financing of a company. Tracks liquidiation prefezes of senior securities and their effect on pesyfor different valuations
of the company. The model allows you to enter cogiva and exercise decisions, and tries to estineggonable default
decisions from its estimate of the prices of défersecurities.

Activity-Based Budgetinghttp://templates.modelsheetsoft.com/modelsheet@emhctivity-based-budget-templates.aspx

Computes expense budgets for cost centers, basadtivity counts for expense drivers and specifaibs (operating
expense) / (activity count). The model estimatgseage-per-activity ratios from historical datacdh handle multiple expense
accounts per cost center, many expense accounty,antvity drivers, and numerous drivers per exggeaiccount.

4.3.2 Marketing and Sales Analysis

Sales Planning/Forecastirgtp://templates.modelsheetsoft.com/modelsheeteembkales-plan-templates.aspx

Combines managers’ input targets for revenue ecsedl market segments with trends extracted fratotical data to
forecast revenue and sales units in the future.d@embine managers’ targets for revenue of prodselss channels, customer
industries, and total revenue in a consistent way.

Product Profitability Modelhttp://templates.modelsheetsoft.com/modelsheet@ewproduct-profitability-templates.aspx

Computes contribution margins for a line of producbm revenues, cost of goods, and operating esgeetxpenses are
segmented by department (marketing, product dewsop customer support) and by cost factors (maepoasts, program
costs and overhead costs).

Marketing Program Effectivenedsitp://templates.modelsheetsoft.com/modelsheettaeginarketing-programs-
templates.aspx
Computes marketing program contribution marginslbycating revenue to marketing programs that tedch customer

within a specified time before each order. Reveailezation and contribution margin (also known eettirn on marketing
investment”) constitute a significant advance irrkeéing management methods in the past decade.

Price Elasticity and Optimal Pricinbttp://templates.modelsheetsoft.com/modelsheet@embrice-elasticity-templates.aspx

Interprets results of pricing tests to help setgsithat optimize revenue or profitability. The gien model analyzes a single
product, a more complex version analyzes multipleracting products that have cross-elasticities.

page 13 of 14



4.3.3 Operations Analysis

» Operations Process Flow Analydigtp://templates.modelsheetsoft.com/modelsheettembperations-process-flow-
templates.aspx
Tracks flows of units and costs through businessrmaanufacturing process flows, using transitioesdietween stages, yield

rates, scrap rates, rework rates. Tracks unitspaftj work-in-process, and finished goods; totat @nd cost per unit for
input, processing, and output for each stage. éssalodel and finished goods inventory targets dripeoduction model.

4.3.4 Other Management

» Decision Supporittp://templates.modelsheetsoft.com/modelsheeti@empbecision-support-templates.aspx

Ranks alternative courses of action based on nmiiéipaluation criteria. You can specify the altéirreacourses of action, the
evaluation criteria, the relative weights of thiéeria, and the score for each alternative on eaitérion. The Advanced
version optionally includes a risk analysis of #iternatives, and provides a version of scorestéhas into account the
uncertainty in quality of outcomes and your risletance / risk aversion.

« Employment Candidate Evaluatibiip://templates.modelsheetsoft.com/modelsheetemjob-candidates-templates.aspx

Tracks and scores candidates for an open employmositton using your evaluation criteria, criteriorights, and ratings for
each candidate. It is particularly useful as a cachgvay to organize assessments of the candidates.

The most unique aspect of these models is thevattsahich modelers can author, understand, aadi, customize them.

5 Conclusion

The conventional spreadsheet paradigm, though eetahas remained essentially the same sincetéh&930s. Survival of the
design concepts for three decades, with as listeédochange as spreadsheets have seen, is a tdlibeestrength of the
spreadsheet concept. The spreadsheet paradigneeiadispenhanced by pivot tables — remains exceftama wide range of
reporting tasks. However, conventional spreadsdetioring environments lag behind the requiremiemt®sed by larger and
more complex applications for which spreadsheeiaw used.

ModelSheet Authoring defines a new paradigm fohatihg quantitative models. The root change is MhatlelSheet combines
programming and sheet layout in a more productiag i the authoring process. Formulas are expraagedms of named
variables, not cell addresses. Formulas in Analjaisables are attached to regions that are detayeldimensions and Time
Series. ModelSheet automates roll-up and splittipgrations using information about the “types” afiables. Separating
authoring of model logic from authoring sheet layfees each authoring process to be unconstrdipdide other. ModelSheet
makes no changes in report delivery; instead & ayt web workbooks and translates them into fiepbrts using the polished and
familiar reporting medium of conventional spreadshe

Named variables, symbolic formulas, time seriesdintensions have appeared in other products teat@rsins of spreadsheets.
Just as new recipes use old ingredients in a diftavay, ModelSheet Authoring combines old ideassome new ones to make
an advance in spreadsheet modeling.

© 2008 - 2010 ModelSheet Software LLC. All righeserved. ModelSheet is a trademark of ModelShefev&e LLC in the United States and/or other
countries. Microsoft, Excel, Internet Explorer, &@hart, and PivotTable are trademarks of Micro€aftporation. All other trademarks are propertyhefir
respective owners.
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