BAE SYSTEMS

Selection and Deployment of a Standard COTS Monte Carlo Software Tool
November 18, 2009

Presenter: Fred Oleson (Systems Engineering)

Contributors: Carole Doan, Debra Buswell

BAE Systems, USCS:

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009



Agenda

= Introduction and Background.

= Sample uses of Monte Carlo capability.

= Need for Monte Carlo capability.

= Need for standardization of tool.

= Formation of Tool Selection and Standardization Team.
= Tool Selection Project Organization.

= Tool Use Study to Compare Features.

= Deployment of Software

= Conclusion.

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009



Introduction

In October 2008 USCS (legacy
Ground Systems) received CMMI
level 5 Certification.

BAE Systems: US Combat Systems

BAE Systems Land & Armaments,
U.S. Combat Systems is a world-
leading developer and producer of a
full spectrum of gun systems, = Bradley Fighting Vehicle
weapon launching systems and
containers, as well as armored
combat systems, such as the
Bradley Combat System and next-
generation systems for manned and
unmanned ground vehicles.

The division has several facilities
located around the U.S. The
relevant facilities to this presentation
are: Santa Clara, CA: York, PA; -
Sterling Heights, MI; Orlando, FL;
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Background

= Early in 2008 the division’s Performance Excellence and Systems Engineering
organizations began serious investigation into the use of Monte Carlo COTS
tools with an eye towards improving the robustness of our resource and time
estimates with respect to our development projects.

= In 2008 CMMI certification as a high maturity organization was made
significantly more rigorous.

= Part of this rigor was the expectation that such an organization could develop
and utilize quantitative models that could explicitly include expected variation in
operational measures.

=  The CMMI high maturity expectation increased the focus and the scope for the
use of such a tool within the Division.
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Background

¢ |nitial Concerns with Monte Carlo tools.

How useful?

How much training required to use the tool?

How much computer network infrastructure required to use the tool?

What is the likelihood of potential proliferation of different software tools
performing the Monte Carlo function in the division?

How costly are the software licenses?
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Sample use of Monte Carlo wrt Project Management

=  How useful?
= Current State

= Currently “most people” involved with project management estimate resource
requirements using Excel spread sheets.

= They use single point estimates for key parameters.

= This technique can very easily result in the use of “all success” assumptions and
resultant in all success estimates.
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Sample use of Monte Carlo wrt Project Management

How useful?

Currently “most people” involved with project management estimate schedule
task and milestone dates using MS Project.

They use single point estimates for key parameters, especially duration.

This technique can very easily result in the use of “all success” assumptions and
result in all success schedules.
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Sample use of Monte Carlo for Project Management

= What if, instead of using single point estimators we could use a
distribution that would represent the potential variation around our best
estimate for a parameter?

= And instead of obtaining a single point forecast we could obtain a
distribution of resulting of forecasts that the potential variation in the
estimating parameters would generate?

= We could select the estimate that would place us at the desired level of
risk/robustness.
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BAE SYSTEMS

Sample use of Monte Carlo for Project Management
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BAE SYSTEMS

Sample use of Monte Carlo for Project Management
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The Generic Tool

Monte Carlo

Simulation

Application

Excel Excel
Integration (Equations used to
estimate project
resources)

Monte Carlo
Simulation
Application | MS Project Schedule
MS Project Tasks
Integration Tasks and durations

required for project
completion)
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Need for Monte Carlo Capabillity?

= Improve Robustness of Resource Estimates, and Milestone Estimates.
* |Improve communication with Customers.
* |Increase Probability of Accepted Proposals.
* |mprove potential profitability of accepted projects.

* |mprove our ability to manage projects after we receive the contract
(quantification of risk and opportunity).

* |mproved insight into impact of variability on our defined processes.

= Enhance our credibility as a high Maturity Organization with respect to
CMMI level 5 certification.

12
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Need to Standardize on a Tool?

= Once determined that a Monte Carlo
tool for project management is
needed, series of questions arise.

=  Should we standardize on a tool, or

Wb FBhom colane Baats 1 0o amd L550.000 b uies il welwrmy 021 sacsndy
let people pick their own? woowszce )
= There are a variety of software MASEE commmsm— e
applications available. e o P

Menty Carg Software
el

= From free share ware, to special o oo - hCalo Sttt
purpose analytical software. e i em—

= Prepared 1 Excel based estimation e A
model using 2 different tools.

= Realized that ability to reuse models
and analyses between facilities
depended upon use of a single
standard tool.

iy Marke Carts .
e Carla Pl ald < b L
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How much training required?

In preparing our process model using trial software, we found a
guantitative management subject matter expert could be up to speed in
4 to 8 hours using free training available at the software vendor’s web

site.

This convinced us that training for the packages we initially looked at
would be a tractable issue and something we could use to evaluate

between competing software packages.

14
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Trade Study of Tools

= |f a standard tool for the division is to be selected need to develop.
* Criteria for Selection.
* Weighting of Criteria.
* Scoring of Candidates by Criteria.

= |f Criteria are to be listed.
* Who/what group lists the criteria?
* How is the group selected?
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15



Trade Study of Tools

= Group to do initial trade study.

* Quantitative Project
Management subject matter
experts (SMEs).

= Systems Engineering
— 2 People

» Performance Excellence
(Project Management
Office).

— 2 People

= First Cut Criteria

Monte Carlo Simulation
Excel Integration

MS Project Integration
Intuitive GUI

Learning Curve
Application is stable
Free training

Cost of single license
Cost of Annual support
Cost of Network license
Tech Support

Vendor Stability

16
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Trade Study Outcome

= 2 software packages emerged as clear leaders.
= Very close numerical result between the two (<10% difference).

= Presented results to management.
= Alternative 1.

Standardize on package that scored the highest on this “paper study”.
Aim usage at subject matter experts.

= Alternative 2.

Require a usage study to choose the standard package.

Increase the scope of desired user base to include engineers/project support people.
Form a working group from larger base of stakeholders:

Review criteria and modify.

Design the usage study.

17
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Formation of Working Group

= Formed a Workers Group (8 people, part time) to define a pilot, or trial
and complete the selection of a standard tool.

= To form the workers group, recruited 4 new people to original team of
SMEs.
* |nformation Technology Representatives: 2 people.
* Engineering Planning: 1 person.
* Engineering tool infrastructure: 1 person.
= The Workers Group:
* Organized this work as a project.

* Recruited and organized a larger Users Group (12 people) to participate in
the pilot and provide feedback.

* Ran the pilot trial.
* Selected the standard tool.
* |Implemented the standard tool.

18
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Monte Carlo (MC) tool selection
and Standardization Project

Project Goal: Improve Estimating Capability/Accuracy for Project Bids,

Project Management, Technical Performance Measures Management.

Project Purpose: Select a Commercially Available Monte Carlo
computer program that integrates with Excel and MS Project to be the
standard MC tool for the division (engineering, perf excellence).

* Study and quantify the improvements by use of such a tool.

* [f justified, prepare for implementation and support of the standard
MC tool for the division.
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This Project was managed using the competing Monte Carlo

software packages

B wicronnil Pradect - Irisd] mpp

] pe BN e et Fawar Toh Bomt Gepot Hede D L
JEd @ 4 Nhom !.p;_dei-'lpm-kﬂ s = B I EEA den |
Sl G Miorie BUR L7 T Ny
kU E SEEEES
ﬁ_mm oy Petgrets (e o 'gl-m'.mz
i - : : Pragans Scfroetior or experediers
0 e Wlopes’ [uon  @wt W
L
LF “PaiC s Ty paat ) e *
T = Aectimra fiom Spanmn A Vdad E e
L EW Exepare et L L 10 £l et MR
N P U LEW inkigreion, Wi 1o By SR AT
R
MWy Fatonche Puoget § gl Exmaly ey FLE T e A
& m = Bevelep fLued) Pepleymerns Flan P T dayy (11 mw ——
% ] 1T Bezad Baplsaresi Flas . L4 0] il R | + Foon sk well
3
m Coamure s Pan 1. ] Ty nxE:  AED j—
| g [T R "
n T et A Wen WM XEET pe— T LT
L B Bufrrnaler iy eI ST T Fdayy 3E NERTE
a Diewsiop Traews Sort Course & Nim 26, M0URT — T LT T
v
=1
i L ¥
E ey

B Sicront Project | WOWE Schesdule 08 100% il L msn

lg!! bl e et Poma  fub Pemel  Deee i e LR ]
JEW B0 4090 8 e K 8 FiE e hgon RS EEE A g
Bl g wivwora- S48 us T hy
TS SEEERS s
Bt Pty eyt P el _.‘.llaraur«-:.a_i
- " P AT 3
- —
O i [ [ i Freh B | anlW ko
TRCTTFTE N T WITIF T
L] :. A0 dgn e AL
L B Srgamta Ly o = ] BAE0N  GORGE 101 MG
el
L T borem Lo mon Tepndy ' S e HEL Eim Ve R
LR Litary W e e beemtads af o coer Lommied L L onin vl |8
Wy Frepes drvnaTEe S i e P S A P 0 e Vi e N AL
T o Firl Privionitr 1 Spatinss T /1 g R TS —
LS | M PP | iy [T ] E70 T
sz 4
L | s o e L ™ | iy L
¥ et e ol G, 1or O i W 1wy " (Lot G G I
a NTorrmemn L O v P LT T e B F ROSDN. P i 0N
m harw 19 B o0 e 1D R 00 L L] ngE(e  ESUEQYERTHINR:
o
Lo} L AR D Wi [ T
% Ly Base Fums Tarby ehvess = ] U CE T
1 Ly L luseatatinn Ceenglite § ild e L] Ll L L R w8
L st Conpbete 4 Ol L0 1 by (S0 ] um .
-
-
B k

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009

20



Group Charter
Change Proposal Plan
Schedule

Risk Register

User Group Log Book
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It is a Monte Carlo Simulation Integration.
Allows Integration with Excel.

Allows Integration with MS Project.
Intuitive Graphical User Interface.

“Short” Learning Curve (goal=4 hours).
Application run time stability.

Free Training Available

Cost of single user license.

Cost of annual support for single license.
Availability of network license.

Initial cost of network license.

Annual cost of support for network license.

Network license allows usage data collection.

Helpful and available tech support.
Vendor stability.

User Centric
Criteria

IT Centric
Criteria
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Prior to implementation of the Usage Study a final

paper analysis of criteria with the expanded worker’s group.

To take into account the continuing uncertainties in our ranking of criteria, the criteria matrix was recorded in Excel/ MC Tool and set up as a

Monte Carlo simulation. Green cells indicate a value was put in as a distribution and not as a single point estimate. Blue cells indicate that
the resultant value was collected across 1,000 simulations. The “Comparison” cell records the “winner” of each simulated ranking.

Numbers shown are samples
only, not actual data.

Index . . Max=1. Max=1,
Number Criteria Vendor A Vendor B Max=5, Min=-0 Min=0 Min=0
Weight Vendor A [ Vendor B Vendor A Vendor B
1 Monte Carlo Simulation XXX XXX 5 1 1 5 5
2 Excel Integration XXX XXX 5 1 1 5 5
3 MS Project Integration XXX XXX 4 0.5 1 2 4
4 Intuitive GUI XXX XXX 5 1 0.8 5 4
5 Learning Curve (Hours) XXX XXX 5 1 0.7 5 3.5
6 App Stable XXX XXX 4 1 0.9 4 3.6
7 Free Training XXX XXX 4 1 0.7 4 2.8
8 Cost of Single License XXX XXX 3 0.8 0.6 2.4 1.8
9 Cost of Annual Support XXX XXX 3 0.8 0.8 2.4 2.4
10 Network Licence Available XXX XXX 3 0.7 1 2.1 3
11 Cost of 1 NL XXX XXX 3 0 0 0 0
12 Cost of annual support for NL XXX XXX 3 0 0 0 0
13 Network Licgnse Use Data XX XX 3 0 0 0 0
Available

14 Tech Support XXX XXX 4 1 0.9 4 3.6
15 Vendor Stability XXX XXX 2 1 0.9 2 1.8

Total 42.9 40.5

Comparison Comparison AB -2.4
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User Study to Compare Applications.

Recruit User Group.
* Representation by facility.
* Representation by type of use.
* Representation by type of project.

= Gain Cooperation of Vendors (licenses, training)
= Design and Distribute Log Book.
= Train User Group.

= Tutor and meet with user group members, collect information.

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009
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Study Method (1)

= Study to confirm usefulness of Monte Carlo use in project estimation,
risk analysis and scheduling tasks.

= Study to compare ease of use and performance of:
* Vendor A and Vendor B applications

= Study Period from 11/13/08 through 01/09/09.

= Both vendors provided software licensing for study team for 100 days.

= Both vendors provided 1 WebEXx based training session.

25
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Log Book Usage Detall

BAE SYSTEMS

B Microsaft Fxcel  MOWE M5 IROILET oo Boeirde 1 Surwiey] 1] =is

1S ple EM Wew Jrest Fgmal  ods  Osta  Window  Heb T
TRV = WEWE TR W - W A O S O A e RN LR 2 = - |
- &
B ) (5 I ] E E =
| arlo Simulation Tool Evaluation Log (MS Project)
2 FPro,
3 —Evaluator's Name
4 Filot Project Mame:
5 E Tashk: -
B Reason for Tool Usage:
7
B | Mates:
I
10 2. Broak down the usagpe for Rigk Netwark License (M35 Project Integration with Cne Concurrent Liser wia Metwork)
1} a) Multipts peopls (2=4 paople) with defarent time o day
LI b} Exst Coast: marning 1 3048 -1 30FM
15 c) Wesi Coast' mfternaan 11 30088 - 11-30Pm
14
15 Sitar Daio gRECERG LRELL R LRI
16 Simulation Tool Evalusied: CETV T EEY _‘y_nmlm B L =
17 Total Usage Timae fin Hours)
18
19 Foal Evali i Ciitmiio Usor Hesponsa User Respaonss User Response
M Human Interface
21 lintuitive Graphical Lizer inedace T 1 1
2 Pearformance & Reliability
1 I
= | Apphoation Fun Tims Robuatness & Stabiity
24 Lmarning Toma (n Hours)
25 NGOl o len (0 g dhg ook Ja tha flune?
Flagas provids your justification f your snewer s 1 -
.-} 1'N-n ‘tothe above Dussiion 7
o Training & Tech Support
m |Helpiul snd Axasable Tach Suppon
2 (Helphy Fres Training (Eithar onbing ar build-ing
a0 Reporting Feature
i I
3! (Rapart Toal Pafamancs
3 (Raport Toal provided 1o creale cusiam rapaie? ol
CIE I H“ After Trawirsg Survey [ Genaral_infn f Critesis_Defenmion ) Usage 1 Usicge 2 7 Usige 3 { Ussge €_Prefered_Tool / [ ¥ |
D= o ﬁ,u!q#m"\'ﬁl:lt.'l:.lcd-!:?ﬁﬁ;-ﬂ'h'ﬂ'EEEidl
Ry T

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009

27



Study Method (2)

= Total Study Group 20 people (8 core team, 12 user group).

= In their study log book provided by the core team, the participating user
provided weighted rankings of the vendors applications based upon
user centric criteria.

= The participating user also provided comments.

28
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Study Method (3)

= Study Group Included 2 representatives from BAE IT.

= The IT reps obtained technical and cost information from the 2 vendors
about their applications.

= The IT reps also worked with others in the IT community to compare the
characteristics of the vendor applications against BAE IT operating
characteristics.

= The IT Reps prepared an analysis for the core team which ranked the 2
vendor applications by IT centric criteria and cost.

29
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Study Method (4)

= The User and IT Rankings were then integrated by the project leader.
= These rankings were discussed by the core team and approved.

= To the rankings were then factored comments from the users and other
non quantitative factors to develop the final recommendations and path
forward.

30
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Study Findings Comparison of Applications(1)

= We found that the subject matter experts planned to use both the MS Excel and
MS Project Monte Carlo capabilities in their work.

= We found that members of the larger user group either had an interest in the
MS Excel MC capalbility, or the MS Project MC Capability but not both.

= A majority of our large user group were only interested in the MS Excel
application.

= The data showed that the users of the Excel MC application scored Vendor A
the highest.

= The data showed that the users of the MS Project MC application scored
Vendor B the highest.

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009
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Study Findings (2)

= The vendor with the strongest MS Project application (Vendor B) was
adamant that their applications for Project and Excel were independent
pieces of software and were priced accordingly.

= Qur BAE Systems IT representatives determined that both applications
were compatible with our division’s IT infrastructure.

= |T felt they could make cost and operating accommodations with either
vendor. Therefore IT would support the selection based on the user
group scores.

= The Core team recommended that Vendor A be selected for MS Excel
Monte Carlo application, and Vendor B be selected for only the MS
Project Monte Carlo application.

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009
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Project Path Forward (1)

= Qur Management accepted the core team’s recommendations that
Vendor A would supply the standard Monte Carlo tool for MS Excel
applications, and Vendor B would supply the standard Monte Carlo tool

for MS Project applications.

* |nitial License Recipients.
= Only those in the user group who had shown they would use the
application would receive an initial license.

¢ Additional Authorized Users.

= New requests for access to the MC application would be
accompanied by explanation of intended use, and potential

savings.
— However there was no mandatory savings threshold.

Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009
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Project Path Forward (2)

= Training

* Adivisional training course would be provided for each
application.

* Providing this in house training course was to mitigate the

registered risk of “garbage in-garbage out”. (Prevent abuse of an
easy to use tool).

= Economic Justification

e All users would be asked to track their use of the tool, estimate
savings, or cost avoidance.

* Designated members of the MC core team would periodically
follow up with license holders to obtain savings estimates.

= Proposed Life Cycle Cost Management best practice:
* Provide Confidence Level for Early Phase Reviews.

34
Approved for Public Release, Distribution Unlimited, BAE Systems Communications Department, October 2009



Tool Deployment (1)

= Reached detailed agreement on how many authorized users for each
Monte Carlo application for major projects, sites, and departments.

= Developed a detailed deployment plan and schedule.

* The hard work of the IT organization was especially important during this
phase.

= Prepared justification documentation and obtained Authorization for
Expenditure.

* Required referencing the study results and support from all study
participants, particularly the IT group.
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Deployment (2)

= The Core Team:

* Tracked preparation of purchase orders against the project deployment
schedule.

* Receipt of the licenses against the project schedule.
* Developed 3 divisional on line Monte Carlo training courses for new users.

* Contacted initial authorized users and kept them informed of the scheduled
“Go Live” date.

= The IT reps on the core team:
* Obtained final technical approval from IT organization.
* Trained their field reps in the new applications.

* Developed a detailed paperwork methodology for users to request license
installation.
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Deployment (3)

= The Core team drove to a defined
“Go live” date.

* The team had been quoting an 80%
probability “Go Live” date.

* We actually began installations on
users’ machines a few days early.

= After the “Go live” date the original
group of 4 subject matter experts
became the “Application Trustees”
for this application.

e A Monte Carlo User Web Site was
established.

* Tasks embodied in the project’s
communications plan were
implemented.

/= Home - Monte Carlo Tiool Center. of Excellence - Windows Internet Explorer E‘E|

v,
@k /1' ‘ghttp://teamsites‘\ma‘us‘baesystem5‘com/s\tes/BusMgt/USCSPE/MAGNCTOOL/defau\t.aspx V|'7 A | |ﬂ

Fle Edt View Favorites Took Hep

w &

& Home - Monte Carlo Tool Center of Excell., [

h-B

- - j Page ¥ <L) Tooks »

View All Site Content

Documents

* Shared Documents

® Tool Knowledge Base

Lists

* Calendar

" Tasks

* Monte Carlo Toal
Training

® Authorized User List

Discussions

® Team Discussion

Sites

People and Groups

Site Hierarchy

/&) Shared Documents
3] Tool Knowledge Bas
&1 Announcements
[ Authorized User List

i Calendar

§i4 Monte Carlo Tool Center of Excellence

Business Management > USCS Performance Excellence > Measurement & Analysis Group > Monte Carlo Tool Center of Excellence

Welcome Zhang, Jenny (US SSA) + )

All Sites v

‘P‘ Advanced Search

Monte Carlo Tool Center of Excellence

It is the web site for Monte Carlo Tool User's Community

Announcements

Site Group name: MCWG Core Group
by Zhang, Jenny (US SSA)

Currently all MCWG core members (Site Group name: MCWG Core
Group) can confribute content to this SP site. The site group “MCWG
Core Group™ has been assigned with Contributor role with the
following rights. It is a great portal for Monte Carlo fraining...

5/15/2009 1:21 PM

How to avoid the crash of @RISK for Project 5/15/2009 1:20 PM

by Zhang, Jenny (US S54)

Please only open one desired MS Project file to run @RISK for MS
Project simulation in order to avoid the crash of application or frozen
of @RISK window

B Add new announcement

Calendar

There are currently no upcoming events. To add a new event, click "Add new event"
below.

B Add new event

Site Actions -

1/
Llﬂ

Windows
SharePoint Services

Links

a Link from EDE (Mante Carlo
Tool)

a @RISK for MS Project (Palisade,
the vendor's Web Site)

o Oracle Crystal Ball Web Site

= Add new link
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Summary of Results (1)

On line training classes have been established in the division.
The MC software has been installed and is in use.

An MC User group and web site have been established.
There are Monte Carlo software users at all division sites.
Process models have been written and shared across sites.
Subject matter experts use the application consistently.

The authorized users have expanded beyond the original individuals
iInvolved in the study user group.
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Summary of Results (2)

The tool has been used on a major project to supply information
requested by the customer.

The tool has been used on a LEAN project to predict expected cost
avoidance, given a proposed process change.

Use of Monte Carlo has been very beneficial in managing stakeholder
expectations of schedule and cost.

The application trustees have not encountered any problems with
complaints about the wrong tool being selected.

The IT organization have not encountered any problems with requests
to purchase other MC tools.
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Conclusion

= This project of selection, standardization and implementation of a Monte
Carlo software application has been counted as a success.

* The expectation is that data for quantitative justification of the tool will come
mainly by records kept by the subject matter experts.

* The more general and infrequent users will see the Monte Carlo application
as an additional tool to improve the likelihood of business winning and
customer satisfaction.
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