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Vanguard SoftwareVanguard Software

• Founded in 1995 to develop business Decision Support 
System s (DSS) Software

• Specialists in collaborative planning, analysis, & autom ation

• Based in North Carolina’s Research Triangle area
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Vanguard SoftwareVanguard Software
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CustomersCustomers

• O ver 2,000 com panies

• 60 countries

• 33 of the Fortune 100

• 50% of sales outside U.S.

• M ajor industries:
– M anufacturing
– Aerospace
– Pharm aceuticals
– Financial services
– Consulting
– IT / IS
– Legal
– Governm ent / M ilitary
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Parametric vs. GenerativeParametric vs. Generative

Conceptual Design  >   Prelim inary Design  >   Detail Design

Prediction
Uncertainty

Param etric 
M odeling

Generative 
M odeling
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Correlation 
of .96 

WW2 Aircraft; Cost vs 
Empty weight 

Parametric Cost EstimationParametric Cost Estimation
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Generative Cost EstimationGenerative Cost Estimation

Wing Total C

7,472.96 $

Material C

2,126.63 $

Fabric

1,047.8 $

Area

261.95 ft^2

Span

40.3 

Chord

6.5 ft

Fabric Cost Per Area

2 $/ft^2

Raw Materials

Component

Wood

1,038.83 $

Stick Length

340.6 ft

Wing Frame

80.6 ft
Span

Ribs

260 ft

Number of Ribs

40

Span

Rib Spacing

1 ft
Chord

Wood Cost per Le

3.05 $/ft
Raw Materials

Fasteners

40 $

Build Hours

178.21 hr

Number of Ribs

Rib Build Time

3 hr

Area

Area Build T

0.22 hr/ft^2

Hour Cos

30 $/hr
Raw Materials
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Generative Cost EstimationGenerative Cost Estimation

Wright Flyer

Material Cost:=Aircraft.Material Cost

8,220.23 $
Aircr

Wing

Component

Fuselage

Component

Elevator

Component

Rudder

Component

Propeller

Component

Engine

Component

Labor:=Aircraft.Build Hours

983.76 hr
Aircr

Total Cost:=Aircraft.T

37,732.9 $
Aircr
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Modeling and SimulationModeling and Simulation

Im portant-An essential process in m odern business m anagem ent. 
Becom ing a Strategic Initiative.

Pervasive–Usually spreadsheet based.  Every spreadsheet built to 
run the num bersis a m odel.

Expensive-Com panies invest significantly in m odeling, and invest 
even m ore by shaping strategy around the results m odels 
generate.

Disorganized -Rarely any standards on tools, no infrastructure for 
collaboration, no m odel interactivity, no validation, no version
control, high error rates
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Vanguard SystemVanguard System

Operational
Management

Executive
Management

Decision-
Support
Models

CEO

Suppliers

Customers

Other
Data

Finance

Operations

Sales & 
Marketing

Expert
Knowledge

Vanguard
System

Data Warehouses/
Enterprise Systems

Historical
Data
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Living ModelsLiving Models

Product Cost
Model

Product Cost
Model

Assembly AAssembly A Assembly BAssembly B Assembly CAssembly C

Part B.2Part B.2Part B.1Part B.1 Part B.3Part B.3

Time

C
o

st
 E

st
im

a
te High

Low

Typical

Decision
Point
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Open, Transparent ModelsOpen, Transparent Models
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Monte Carlo SimulationMonte Carlo Simulation
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Time-Based Monte Carlo SimulationTime-Based Monte Carlo Simulation
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Grid-Based Monte Carlo SimulationGrid-Based Monte Carlo Simulation

Vanguard
Server

End User

Grid Host

Grid Host
(other users’
Computers)

Grid Host

Grid Host

Grid Host

Upload
Job
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Grid-Based Monte Carlo SimulationGrid-Based Monte Carlo Simulation

Vanguard
Server

End User

Grid Host

Grid Host
(other users’
Computers)

Grid Host

Grid Host

Grid Host

Distribute
Job

Distribute
Job
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Grid-Based Monte Carlo SimulationGrid-Based Monte Carlo Simulation

Vanguard
Server

End User

Grid Host

Grid Host
(other users’
Computers)

Grid Host

Grid Host

Grid Host

SimulateSimulate
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Grid-Based Monte Carlo SimulationGrid-Based Monte Carlo Simulation

Vanguard
Server

End User

Grid Host

Grid Host
(other users’
Computers)

Grid Host

Grid Host

Grid Host

Results Results
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Grid-Based Monte Carlo SimulationGrid-Based Monte Carlo Simulation

Vanguard
Server

End User

Grid Host

Grid Host
(other users’
Computers)

Grid Host

Grid Host

Grid Host

All
Results
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Sensitivity AnalysisSensitivity Analysis
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Web-based “What-if” AnalysisWeb-based “What-if” Analysis
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Web-based ReportingWeb-based Reporting
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Knowledge PortalKnowledge Portal
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Vanguard System ComponentsVanguard System Components

Vanguard Studio

M ethods Add-ins

Vanguard Server

W eb Browser

Base M odeling Tool

Add-ins
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Vanguard System ComponentsVanguard System Components

Vanguard Studio

M ethods Add-ins

Vanguard Server

W eb Browser

Add Specialized 
Functionality to 
Studio/Server

Add-ins
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Layered AnalyticsLayered Analytics

Decision Analysis MethodsDecision Analysis Methods

ForecastingForecasting

Monte Carlo
Simulation

Monte Carlo
Simulation

Decision Tree
Analysis

Decision Tree
Analysis

Financial 
Modeling
Financial 
Modeling

LP/IP
Optimization

LP/IP
Optimization

Rule-based
Expert 

Systems

Rule-based
Expert 

Systems

AHPAHP

Sensitivity
Analysis

Sensitivity
Analysis

Delivery and User InterfaceDelivery and User Interface

Collaborative
Modeling

Collaborative
Modeling

Web-based
Applications
Web-based
Applications

Vanguard      
Studio

Vanguard      
Studio

Basic Analytic CapabilitiesBasic Analytic Capabilities

Statistical
Analysis

Statistical
Analysis

Complex
Numbers
Complex
Numbers

Units of
Measure
Units of
Measure

Numeric 
Calculus
Numeric 
Calculus

List/Matrix
Processing
List/Matrix
Processing
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Vanguard System ComponentsVanguard System Components

Vanguard Studio

M ethods Add-ins

Vanguard Server

W eb Browser

Add-ins

• Licensing Server
• Application Server
• Library Server
• Knowledge Portal
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Vanguard System ComponentsVanguard System Components

Vanguard Studio

M ethods Add-ins

Vanguard Server

W eb Browser Search for/View/Run 
M odels

Add-ins
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Vanguard System ComponentsVanguard System Components

LAN

Vanguard
Server

Add-ins

Studio Client
(SME’s)

Studio Client
(Model Builders)

Web Browser
(End Users)

Web Browser
(End Users)

Internet
Firewall

Web Browser
(End Users)
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Web-based DevelopmentWeb-based Development

W eb-based M odels and Sim ulations
End Users
No specialized knowledge required

Specialized Area M odels
M odel Builders
Detailed business knowledge with 
basic point-and-click m odel building skills

Higher-level Business M odels
System s Integrator
System  specific knowledge

Reusable Com ponents
Com ponent Builders
Specialized m odeling skills
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System IntegrationSystem Integration

Can be integrated with other applications via:

– Databases (O DBC)
– M icrosoft Excel (com ponent links) 
– W eb Services (SO AP / W SDL)
– W eb connections
– XM L
– Flat files (tab-and com m a-delim ited, text, RTF)
– Low-level TCP socket connection
– O LE
– DDE
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Vanguard
Gateway

Vanguard
Gateway

Vanguard
Server 1

Vanguard
Server 1

Vanguard
Server 2

Vanguard
Server 2

Scalable NetworkScalable Network

Vanguard
Server N
Vanguard
Server N

Backup 
Gateway

Primary
Connection
Primary

Connection
Backup

Connection

• Secure

• High-availability –autom atic failover

• High-capacity –load balanced

Presented at the 2008 SCEA-ISPA Joint Annual Conference and Training Workshop - www.iceaaonline.com



© 2007 Vanguard Software Corporation.  All rights reserved.

Case Study:  Rolls-RoyceCase Study:  Rolls-Royce

Com pany

• Rolls-Royce -Global provider of aerospace power system s

• Annual sales: $15.9 billion

• Em ployees: 38,000 people in 50 countries

• Custom ers: 600 airlines, 4,000 corporate/utility aircraft and 
helicopter operators, 160 arm ed forces, and m any others

• Gas turbines in service worldwide: 54,000 
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Case Study:  Rolls-RoyceCase Study:  Rolls-Royce

Background

• Business m odel has changed for gas turbine m anufacturers

• Long-term , fixed-cost contracts with perform ance guarantees

• Guarantees entered into early in design phase

• Spare parts becom ing com m odities

• Design for perform ance and reliability…  and now cost

• Design com m its 70% of life-cycle cost

Fundam ental Q uestion

• How can we forecast life-cycle costto optim ize product 
design?
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Case Study:  Rolls-RoyceCase Study:  Rolls-Royce

CM &S Solution

• Prim ary software: Vanguard System , CAD, PLM , CAPPe

• Collaborative (concurrent) m odel developm ent

• Reusable com ponent library

• Costing at m ultiple levels of design

• Transparency and auditability

• Units of m easure

• M onte Carlo sim ulation

• Sensitivity analysis

• “Future proof” system
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Case Study:  Rolls-RoyceCase Study:  Rolls-Royce

Results

• Central com ponent library (1000’s of com ponents & growing)

• Hundreds of “users”

• New engine designs costed in 1-2 days (vs. 5 weeks)
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Case Study:  Rolls-RoyceCase Study:  Rolls-Royce

Next Steps: Design O ptim ization
Find the m inim um  cost geom etry that satisfies the structural 
constraints

M inim ize: Cost(r,t)

subject to:
120 ≤  r≤  1200

10 ≤  t ≤  50
Von M isesStress ≤  200 M Pa

Note: r, tare geom etry DVs 

being optim ized from  the 

CAD m odel
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Software Details
– http://www.vanguardsw.com

Global Knowledge Portal
– http://wiki.vanguardsw.com

Contacts
– Brian Lewis, PhD
– + 1-919-859-4101 x166
– brian.lewis@ vanguardsw.com

Questions?Questions?
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