Discrete Event Simulation for QPM -

Can it Really be That Easy?




< Introduction
< Background
~ QPM
~ Discrete Event Simulation

< Case study
~ Using discrete event simulation for QPM



Introduction — Who we are

< Optimal Solutions & Technologies (OST, Inc)

< Washington DC-based, founded in 1999

< Core competencies
Integrated IT solutions
Managed Services

Management consulting

Research, development & engineering

< CMMI L3 (CMMI-DEV v1.2)
< 1S0 9001:2008 certified
< ANSI 748 compliant
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Background

< QPM
~ Requires PPM’'s and PPB’s
~ Most intimidating for us!

< Discrete Event Simulation
- Step-by-step or Succession of events
~ Time Matters!
~ Events are not allowed in between time units
~ Non - stochastic/deterministic



Our case study




Our business problem

< Invoices were late resulting In
~ Customer complaints
~ Financial exposure

< Possible solutions
-~ Add more staff (Implies increases overhead cost)
~ Improve the process to make it LEAN

What we found useful: (1) A Jumpstart Method for Business Goals

and Project Objectives Supporting CMMI High Maturity, Bob Stoddard,
http://www.sei.cmu.edu/library/abstracts/webinars/21aug2008.cfm




What we want to cover today?

Steps we took

Resources we used

Mapping to “requirements”
(step-by-step guide)

* Demonstration steps are captured in Appendix for your reference 5




What we did...

What we found useful:
Process Model Tutorial
http://www.processmodel.
com/support/tutorials.htmi

What we found useful: (3) A Practical Approach for Building CMMI Process
Performance Models

http:/lwww.sei.cmu.edu/library/abstracts/presentations/28apr2009webinar.cfm




Data Collection

In office - 7/27 - - o
Client o |FAA-ESVMS({lun) _ N
Generated cover sheet 2. 20-/2"72. I -
Run proj staffing & check outstanding ts report 11090 wf2re QL2 SB. o I
resolve ts issues N R o s A . - .
Generate billingreport ~ IUS 4700 e
Resolve billing report i !ssues T e - S )
Initialize invoice  Yrge,007 o ]
Populate labor i Moo L2000 L .
Generate expensereport Voep /209 I
resolve expense issues I . . o o
Populate ODCs and enter G&A expense | _ g e

Print and check (inv check reports & contract onlyj— P L;,) ,:»?J(,?.A;j " C’ ‘/',/ W.§/ il M %
Generate additionalreports ; ]
PM approval (scan send, &check for response) / 238 -7, ? - /;;112 -»49;43\ / S0 Y3y -~

S SR e LETid3) ] 7 ISR

Get Signed e e s
Redate, scan & upload, andcopy 3: R J_'/-‘i SIS hecqut)
Sent e Do ]
Notify Linda - - "\ PDT. 0,080 e 4,_,,,” gm,r o4 .
Entered into contract tracking ) " 12299 ~2'34 »q,ffym/;f,,,w o¥ gl A o j N
Marked off master chart "2 A - 38 -
Add to quarterly reporting - b o NS
INotes

What we found useful: (2) Process Performance Baselines and Models: Duh, |
Don't Get It, Diane Mizukami (Williams)

http:/fwww.dtic.mil/ndia/2007cmmi/Thursday/4amMizukami.pdf




< Minitab

< Graphical Summary

All screen shots are presented in the Appendix for your reference.




< Build as-1s model
< Collect data
< Assess data quality and integrity

< Build PPB's
~ Minitab

10



What we did...
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< Process Model

All screen shots are presented in the Appendix for your reference.
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< Run the simulation

< |dentify hot spots

< Run “What-If” scenarios
< Take Action
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What we did... 1S

Hypothesis
est
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< Hypothesis tests

All screen shots are presented in the Appendix for your reference.
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< Select the right test

< Interpret the results

< Update your model

< Evaluate results

< Repeat steps If needed
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Confidence Intervals and Prediction Intervals G OS T

< Prediction Interval (PI)
~ Expected interval for next data point

< Confidence Interval (CI)
-~ Expected interval for the central tendency (mean or median)

< Beware!! Don't use CI's to make a prediction!!

17



< Determining Confidence Intervals
< Determining Prediction Intervals

All screen shots are presented in the Appendix for your reference.
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Lessons Learned

< Start with a simple model

< Check the model with intuition

< Quantify savings in $ if possible

< Keep your stakeholders engaged
~ Share positive and negative news
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Step-by-step guide (From SEI presentations)

A

A A A A A A A A A A A A A A

1. Identify or Reconfirm Business Goals

2. ldentify the sub-processes/process

3. Identify Outcomes to Predict (y’s)

4. dentify Controllable factors (x’s) to predict outcomes
5. Include Uncontrollable x factors

6. Collect Data

7. Assess Data Quality and Integrity — Not covered today
8. ldentify data types of all y outcomes and x factors

9. Create PPBs

10.Select the proper analytical technique and/or type of regression equation
11.Create Predictions with both Confidence and Prediction Intervals
12.Statistically manage sub-processes with PPMs

13.Take Action Based on PPM Predictions

14.Maintain PPMs including calibration and reconfirming relationships
15.Use PPMs to assist in CAR and OID

20



What's missing from QPM compliance?

< Goall

-~ Objectives
~ Selecting sub processes
- Taking action

< Goal 2

~ Applying analytical techniques
~ Monitoring performance
~ Actual records

21



Questions & Answers

Any Questions?
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C
ontact Information

Nishi Narul@
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e 3000
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|

23



Thank You!
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Appendix- Tools and step-by-step guide
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Tools Used

e i

To create database
Easy to access data

Used to Plot I-MR charts,
’ Summary charts, Individual
charts

Minitab

Stat fit , creating baseline ,
plotting Hot spots , Produce
average .

Produce Prediction Interval
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Process Steps

Collect Data
Phase-1
(Access)

Model Phase-1

Collect Data Phase-
2

(Access)

Model Phase-2 (IS () Acess |
. Mth
O

L) ORsc
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Process Steps

Collect Data
Phase-1
(Access)

- Check for outliers - Create baselines A Model Phase-1
‘ (Mth) ‘ (Stat fit) ‘ (PM)

)

Hypothesis .
gggg}ﬁ] 2:",\,' ! ypTest ! Check for outliers ! el De;ta HIES:
(Stat fit) (Mtb) (Mtb) (Access)

)

Model Phase-2 Prediction Interval
(PM * (@risk)
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Collect Data

Collecting
DEE!

Gather
Information

Access
Database

\ J

Lo JojE BlEjH]I]]

AN

Jet Mo T Coedredunfs

e FunFo ek el Toal 7S Tte TirBlingRepot BirgsesTota Bilng laeivo Populiel

a/wzm G i
O 1
B !
s

Store

Information

Location  ~

] In office
In office
In office
Inoffice
In office
In office
Inoffice

Date

i

5/13/2009 HUD-eGrants
5/11/2009 DHS-HSEEP
5/12/2009 DHS-HSEER
5/13/2009 DHS-HSEEP
5/14/2009 DHS-HSEER
5/22/2009 HUD-eGrants
5/26/2009 HUD-eGrants
5/28/2009 HUD-eGrants

+| Client | Month -

M
Aor
Apr
Aor
Apr
Aor
Apr
Aor

r
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Access Database

Qits easy to store and retrieve data as
UMultiple Phases can be stored

LEasy to access data using Queries

needed

)
N

Access
Data base

/

~
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Process Steps

‘ ‘ Create baselines ‘
(Stat fit)

Create new Hypothesis

baselines ? c Test ‘ Check forboutliers c
(Stat fit) (Mth) (Mtb)

«

Prediction Interval
(@risk)
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What Is outlier?

< Qutliers: Is an observation that is numerically
distant from the rest of the data points

I-MR Chart of Billing Report + Issues
I-MR Chart of Billing Report + Issues = :
P 1
30
o
% 204 UCL=22.27
>
[]
2 10
2 X=5.15

LA \
SRR L
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Check Outliers ‘:’ O S T

< This can be done by Plotting I-MR Charts.

< |-MR Chart: Is a graphical tool that displays process
variation over time. It signals when a process may
be going out of control and shows where to look for
sources of special cause variation.

33



I-MR Charts Using Minitab

1 - rge . -
J@ File Edit Data Qalcl Stat Graph Editor Tools Window Help
BH & e =seme 0 Qed ABROSE T EEE B
R i k
/] 2 ’ | X|Q[x TEO N @
3 C1-T c2D ;DE N [ c5 (8] c7 (]
Location| Date ~ T - " 7 |Rate Run Proj Staffing Check Outs
_ ooy Box-Cox Transformation. ..
1 |Inofice  |5/11/200¢ E— , 1
2 |In office  |&M12/200¢ Quizlity Todls Variables Charts for Subgroups ¥ *
Reliability Survival »
3 [nofice 5132000 ° | Veniatles Charts for Indviduas > [0
4 |In office  5/14/200¢ - Attributes Charts M o=
Time Series L4 e 2R
5 |In ofice  |5/18/200¢ = Time-Weighted Charts 3
6 |Inoffice 519/2000  Lo7es I L P Individusls...
7 |Inofice |5/20/200¢  Menparametrics 4 7 7 Moving Range. ..
8 |Inofice 5/18/200¢  EPA g - 1
9 |Inoffice 5/21/200¢  Bowerand Sample Size ¥ 5 1
10 |In office  |A/26/2009 BITS-RS Jan 2 *
11 |[Inofice |5/28/2009 FAA-ATOHR Apr 1 2
12 |In office |5/28/2003 CSC-Crown Apr 2 1
13 |In office |5/28/2009 CSC-Crown Mar 2 2
14 |[In office 6172009 HUD-FHAZ May 2 3

Select I-MR

charts
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Options in I-MR chart

Minitab - 35 &75 Merge MINITAB.MPJ - [Worksheet 1 ***]
J@ File Edit Data Calc Stat Graph Editor Tools Window Help

BH & smeoc B T AL O CRBBOIE YD B0E B

/] A&ty &+ B2l X[y TEON = LIk
+ C1-T c2D C3T C4aT c5 C6 ci ca
Location] Date Client Month Year |CoverSheet BurnRate| Run Proj 5taffing| Check
1 |In office 5”1'W 1
2 |Inoffice  |5M12 *
C2  Date » || Variables: %
3 |Inofice 513 Hce  Coversheet B _C = |
In off 5144 I€8  Run Proj Staffing averanes *
; In Dﬂ:IE:E 518 C9  Check Outstandir 5 Se eCt
n omce Slog [C10 Resolve Timeshe i
e nofice 210l [Ci1 Ovimndnoane 1 Variables to
") {lc12  Total Time
7 |Inoffice  |&/204 |C13  BilingReport 1 plot |_M R
; Z14  Bilinglssues
8 |Inofice  518) Icis  gilingReport+Iss 1 chart
g |In office |5/21) [[C16 Initizizelnvoice 1
C17  PopulateLabor
10 |In office |5/284 [C183  Initislize +Popula Scale... | Labels. .. | ’
C20 ExpenseReport
11 |In office  5/28; C21 ResolveExpense E
12 |In office  &/28) |22 ExpenseRepDrt-l Multiple Graphs... | Data Options... | I-MR. Options... | 1
13 |[In office | 5/28 2
Select |
14 |In office 61, 3
!
15 |In office B6/2, = oK | Connceld | 1
16 |In office G/2) —l 3
17 |In office 6/2/2009 FAA-SEAS May * 1
18 |In office G/2/2009 HUD-EIV3 May 2 1
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I-MR Chart

an - rge g -1
J@ File Edit Data Calc Stat Graph Editor Tools Window Help

@& i me[oc|H 1148028 ERBONE L COE B

AEET T

/] Sein e+ gzl Hlx[QkTooN = L1k
I-MR Chart of CoverSheet
8_
" "
_ UCL=6.49
5 . / \ / \ /
= \
™
oo e i S S (R S X=2:56
z
D_
_ LCL=-1.37
ll. 4|1 }:' lll) 1I3 1|6 1I9 ZIZ 2|5 ZIS
Observation
4.8 H H UCL=4.823

3.6

2.4 \

N R ] \/_\/_\ /\ MR:H%
0.0 * *— * *—4 * LCL=0
T T T T T T T

13 16 19 22 25 28
Observation

Moving Range

—
e
~J
=
(=]
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Process Steps

baselines ?

Create new
(Stat fit)

\ 2

Check for outliers

»

(Mtb)
¥
Hypothesis Check for outliers
Test Q (Mth) Q
(Mth)

Prediction Interval

(@risk)
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Stat Fit using Process Model

@ File Edit View Insert Format Arrange Simulaton Window Help
DS % | & @Y | oV soeling. F7 ?
—| in | = Protect Document. .. B
[::i." — 1 1
— Import Data...
=L _ Export Data...
= B Project
2 _ “ PrE'p @ Export Diagram... rDJE':
-|...u ¢ SimBF.unner REpDI’t
. | osewst
ﬁ‘" License, ..
+5 | —-
L Switch to Live Process Mapping
?ﬂ Customize. ..
COptions...
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Stat Fit

File Edit Input Statistics Fit Utlities View Window Help

DS H| ¢ RS = h| w7 (e e .
Auto Fit
Intervals:l 6 Foints: I 14

1 - 1. i
2 :rﬂ.
3 1.
4 Z28.
5 2.
5] 2.
7 3.
g 0.
oo | Data points from
11 g . .
12 7 Minitab
13 3.
14 14.
15
-]

For Help, press F1
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Fit of Distribution

tat::Fit - ument1: Automatic Fitting
x| File | Edit Input Statistics Fit Utlities View Window Help - g x
DEE & BRe S = u | Wik o G b s

Auto::Fit of Distributions

distribution rank acceptance

LogLogistic[0., 1.29, 3.91] 94.7 do not reject

Inverse Gaussian([0., 3.11, 10, 66.8 do not reject

Pearson 6[0., 9.2be-002, 25.1, 0.95] 65.1 do not reject

Pearson 5[0., 0.936, 2.22] 62.3 do not reje

Inverse Weibull[0., 0.984, 0.419] ha. do not reje

Lognormal(0., 1.49, 1.33) hi.8 do not reje

Weibull[0., 0.712, 8.9] 36.3 do not reject

Beta[0., 1.58e+006, 0.627, 8.42e+004) 14.1 do not reject

Gammal(0., 0.735, 13.6) 12.1 do not reject

Power Function[0., 70., 0.362) 1.19 do not reject

Exponential(0., 10.) 1.08 reject

Erlang(0., 1., 13.5] 7.e-002 reject

Chi Squared(0., 5.38) 2.83e-003 reject

Triangular[-1., ¥5.7,-1.] 0. reject

Uniform[0., 70.) 0. reject

Rayleigh(0.. 15.8] 0. reject

Pareto no fit reject

Johnson 5B no fit reject
For Help, press F1 , I_ A

Select do not reject
variables to get time
interval 40



Distribution Graph

Stat::Fit - [Document1: Automatic Fitting]
File Edit Input Statistics Fit Utlides Wiew \Window Help

| D | B | S & e | W bk || e e | b || -

Auto:Fit of Distributions D bl Cl' k 't
distribution rank acceptance Ou e IC I
LogLogistic(0.. 1.29. 3.91 [do not reiccilill " d
Inwverse Gaussian[0.. 3.11. 10.] 66.8 do not reject WI pro uce
Pearson G[0.. 9.25e-002, 25.1. 0.95) 65.1 do not reject
Pearson 5[0.. 0.936. 2.22) 62.3 do not reject -

Inwerse Weibull[0.. D.984. 0.41 9] 59, do not reject FO”OW|ng gra h
Lognormal(0.. 1.49, 1.33) 58.8 do not reject
YWeibull[D.. 0.712. 8.9) 36.3 do not reject
Beta[0.. 1.58e+006. 0.627, §.42e+004) 141 do not reject
Gamma([0.. 0.735. 13.6) 121 do not reject
Power Function[0.. 70.. 0.362) 1.19 do not reject
Exponential[0.. 10.) 1.08 reject
Erlang[0.. 1.. 13.6] F.e-002 reject

Chi Squared([0., 5.38) 2.83e-003 reject
Triangular[-1.. F5.7, -1.] o. reject
Uniform([0.. 70} o. reject
Rawyleigh[0.. 15.8) o. reject
Pareto no fit reject
Johnson SB no fit reject

For Help, press F1

Document1: Comparison Graph

Fitted Density

1.60

Esponential

Famma

|rverse Gaussian
[Frverze Webul D

Jnhrznn SR Thn b

A

Loglogistic

Input Values
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Export data to text file

Edit Input Statistics Fit Utliies View Window Help

Mew Cirl+M J ars 0\ |k J P |J |Ruto:rir| | Expoer | J b F
Cpen. .. Ctrl+0

Close L W

Save Cirl+5 E]@. oe
Save As...

Save Input... Auto::Fit of Distributions

distribution rank

|_ Export Empiricgl

Frint... crl+® N LogLogistic(0., 1.29, 3.91) 94.7 d
Prf"'tpre“”e"" Inverse Gaussian[0., 3.11, 10] 66.8 d
Print Setup... Pearson 6[0., 9.25e-002, 25.1, 0.95] 65.1 d
Print Style... Pearson 5[0., 0.936, 2.22) 62.3 d
i Inverse Weibull[0.. 0.984, 0.419) hA. d
Default Directory Lognormal(g., 1.49, 1.33) 58.8 d
Recent File eibull[0., 0.712, 8.9) 36.3 d
ot Betall., 1.58e+006, 0.627, §.42e+004] 14.1 d
Al [ P W ) | n 7O 4% M 4m 1 a1
T | .
12 7. \
13 3 —
14 14, x
15
Application Fitted Distribution
Processhdodel ;I I Loglogizstic ;I
Cutpuit
o o
Precizion |3_ ~ Eilllpl:unard
€ Direct

3ATLAN AUDE OS]0 1.23)

Help 42




Time Interval

Save as

Save in: I Deskiop R ==k
Myj Documents

a My Computer

EME Metwork Places

File name: IData‘.t:-:t Save I
Save 3z type: ITe:d Files{” ) ;I Cancel |

2

File Edit Format Wiew Help

r{1.., 4.71, 27.83

Text file

Copy this value

and paste it in
Process Model
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Process Steps

Create new
baselines ?

(Stat fit)

Check for outliers
(Mtb)

\ 2

Hypothesis
Test
(Mtb)

Prediction Interval

(@risk)

»

p

Create baselines
(Stat fit)

Check for outliers
(Mtb)

Model Phase-1

44



Process Model

SuaR= Prepare Project OL'?t:tsaorll\élen ResEive Bl ini
Prepare Cover —» Sta':fin e Jort — e Andg » Report And +— Billing_Report
Sheet 9 P P Issue __Extra
- Issues n
Invoice (=) [} S = [

Initialize And
Populate — Ramp Up
Invoice .o

.......................................... *
Resolve
Expense

Report And
Issues

Populate ODC
And Enter GA

v S

Print And Additional
< Check ’ Reports
_________________________________________________________________________ S Scan Send -

Check for app

Get Signature

¥

Redate Scan
Upload Copy

v

Send

v

N O Notify Linda

v

Enter into
HARREAE (=] contract
tracking

v

Update master
tracker - END

!
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Update time interval in to particular Process

File Edit Format Wiew Help
1., 4.71, 27.9)

Activity: STARTPrepare_Cover_Sheet B i
General | Batching | Action | Cost | Shift | Submodel | ]
Neme:  [STARTPpaeLCOvErSE® fnput Cueue Cap 555 L | |
Capacity: |1— [w Statz on Output Queue Cap.: I{I'— ﬂl -
Time: IBI{-L 0.583) Imin LI Object type: Im

4
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Phase-1 Summary

ENTITY SUMMARY (Times in Scoreboard time units)

Average Average
Cycle VA

ENTity Qry Time Time Average
Mame Processed (Minutes) (Minutes) Cost
Invoice 63. 66 19467, (Average)
Invoice 3.82 1236 (5td. Dev.)
Invoice 5& 17259.7 {Min)
Invoice 7 22512.6 (Max)
Invoice 62.23 19005. 8 {95%% C.I. Low)
Invoice 55.09 19928, 8 (95% C.I. High)
HardInvoice 16.33 20359. 8 (Average)
HardInvoice 3. 82 1441. 94 (5td. Dev.)
HardInvoice 8 18085.7 {(Min)
HardInvoice 24 23480.9 (Max)
HardInvoice 14,90 19821.4 {(95%% C.I. Low)
HardInvoice 17.76 20898.2 (95% C.I. High)

Average time

for Phase-1
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Process Steps

Check for outliers Create baselines
‘ (Mtb) ‘ (Stat fit) ‘

Create new . Hypothesis Collect Data Phase-

baselines ? Q Test Q Checkfl\(;trboutliers 5
) (Mtb) (o) (Access)

\ 2

& Prediction Interval
‘ (@risk)
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Collecting Phase-2 data & Check Qutliers

< Repeat asin Phase 1

50



Process Steps

‘ Check for outliers ‘ Create baselines ‘
(Mth) (Stat fit)

Create new

baselines ? c

‘ Check for outliers c
(Mtb)

(Stat fit)

«

Prediction Interval
(@risk)
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Hypothesis Test using Minitab

< Retrieving data from Access database
< Plotting charts such as

I-MR charts

Summary Charts

Individual Charts (For difference in phases)

< These Charts are plotted to check for P-value for
further analysis to check for Normality and Equal-
Variance

52



P-Value G OS T

< The P-value is the probability of obtaining a test
statistic at least as extreme as the one that was
actually observed, assuming that the null
hypothesis Is true.

< All tests are run at 95% confidence limit.
< 2 Independent samples

53



Decision Tree

< As per SEI's Job Aid
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Test to be performed

Appropriate Analysis: Types of Hypothesis Tests
JW‘ - Interval or Ratio Ordinal 1 )
aia Type tParan:gti_c Tests) (Non-Parametric Tests) "“_':'“ﬂl Proportion
# Samples ~ Mean Variance '|” Median  Variance/Fit |* Similarity |" Similarity
(Data groups) 1
>2 cells )
ﬂ-'_’ 1-zamgle 1sample Kaolmogorov- Chi- 1 Proportions
1 1-sample t test Chi-Sguare fest | Wilcoxon Signed Smirmov M,-bmm test
Sample Ranks test Gmd'rt;i;sanit Sign Test
L =2 cells
1 = Medians o
2 2-sample Siegel- | Fisher Exact test
Samples tiest -Fukey.:ea\ HW&NWAJ; 2 Proportions
v Paired " Moses WL
e | P~ L Current
Paired |- & Medians S ampl e
ANOVA (1 & 2 way een ANOM data
14 |ANOVA Balancea ';:“’“ ' *f‘;;';?“"’?"ﬁ‘" Van der Chi-Sauare test | (Analysis of
Samples ANOVA GLM) e ANOVA .- Fredmianl Waerden Means)
MANCVA, (General e HLE'H'E .~ 2way | Mormal scores test
& Balanced) ANOVA
NorNomet}. paired
i So E . . I . ( I\‘l' ll Kevin Schaaff, Robart Stoddard
! T Rusty Young, Dave Zubrow
=== Software Engineering Institute | CarnegieMellon e o

58]



Normality Test — Summary chart Minitab Tool

Minitab - 35 &75 Merge MINITAB. MPJ - [Worksheet 1 ***]
J @ File Edit Data Calc | Stat Graph Editor Tools Window Help
J = | = | X B2 Basic Statistics b | X- Display Descriptive Statistics. .. 5 g |
J I - Regression L Es Store Descriptive Statistics. .. L— T =
— ANOVA, » | Graphical Summary. .. :
+ C1T | C2D c8
DOE >
Location| Date comtral Charte . 12 1-Sample £... Run Proj §
In office |5/11/200¢ ~ it Tool . 1t 1-Sample t...
In office | 5/12/200¢ Q“I_a':_ E | |2t zsemeig t...
In office  |5/13/200¢ oiabiity/Surviva £t Paired t).
Multivariate 3
In office 514520008 - :
In office |&/18/200¢ Tims series »| 1P 1 Proporfion...
In office 5/19/200¢ Tables b | 2P 2 Proporfions...
In office |5/20/200¢ Monparametrics »| s'p 1-Sample Poisson Rate...
In office /182000 EDA »| s 2-Samplg Poisson Rate...
In office /21,2008 Power and Sample Size » | o2 1 variange...
In office /2652009 BITS-IES Jan “Eng 2 Variandes...
In office /2872009 FASA-ATOHR Apr = orrelation
In office |5/28/2009 CSC-Crown Apr
ovariangce. ..
In office /2872009 CSC-Crown Par — —
In office 6/1/2009 HUD-FHAZ May & Normality Test...
In office 6/2/2003 |HUD-EIV3 Apr xz Goodness-of-Fit Test for Poisson. ..
In office G/2/2009 | DHS-S&T Mlay =
Ln e o EAMNNG  FaAs SE S | =T *
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Summary Graph

Minitab - 35 &75 Merge MINITAB.MPJ - [Worksheet 1 ***]
J@ File Edit Data Calc Stat Graph Editor Tools Window Help
[SEH & sae o B L0028 | CEBBOHEY: @FE B | A
il [y &+ 2]l | X[Q [ TS\ » 1k
+ C1-T C2-D C3.T c4T c5 C6 c7 c8 q
Location Date Client Mg - fing| Check Qutsi
1 |Inofice |5/11/2008 HUD-eGrants | Apr [—rapmical Summary X 1
2 |In office |5/12/2009 DCLB Apr| [c2 Date s variables: -
3 |Inoffice |5/13/2009 FEMAIT Apr |l |22 mun proj 5ta1 Coversheet] -
4 |Inoffice |5/14/2009 HUD-FHAZ Apr || |52 %heesﬁvgﬁi *
5 |Inofice | 5/18/2009 FAA-ASDEX Apr | |c11 outstanding 2
6 |Inofice 519/2009 FAA-ATOHR  Mar| |13 [S=0me By variables (optional: 1
7 |Inofice  |5/20/2009 HUD-SAGIS2 Apr | |14 Bilinglssues 1
C15 BilingReport
8 |Inofice |5/18/2009 HUD-SAGIS2 Mar| |15  InitislizeTnve 1
9 |Inofice |5/21/2009 FAA-UCS Apr || |E17 PopuateLab 1
10 |In office |5/26/2009 BITS-IRS Jan C20 ExpenseRep Confideryce level: 5.0 ®
11 |Inoffice  5/28/2009 FAAATOHR | Apr| |S35 Ceooreener(w] 2
12 |In office |&/28/2009 CSC-Crown Agpr 1
13 |In office &/28/2009 CSC-Crown Mlar Select | z2
14 |In ofice | 6/1/2009 HUD-FHAZ May] 3
15 |Inoffice | 6/2/2009 HUD-EIV3 Apr Hep | [ o ] Cancel 1
16 |In ofice = 6/2/2009 DHS-S&T May] 3
17 |In office | 6/2/2009 FAA-SEAS May - 1
18 |In ofice | 6/2/2009 HUD-EIV3 May 2 1

Select variable to plot summary

graph

o7



Summary Graph

in - rge MPJ - [Summary for CoverSheet]
J+ Eile Edit Data Calc Stat Graph Editor Tools Window Help

[ BH & i melo- @B 1 AfCed | GBI AN EOE B

5|22 ki | ¥ L] 2

I SleEn < 2]l Sl % [Q[h TOON = L1k
Summary for CoverSheet
Anderson-Darling Mormality Test
A-Squared 4.81
P-value < 0.005 —___|
Mean 2.5185
StDev 1.5534
Variance 24131
Skewness 2.09035
Kurtosis 3.87361
e M 27
Minimum 1.0000
1st Quartile 2.0000
Median 2.0000
T T r T T T r 3rd Quartile 20000
1 2 3 4 3 6 7 Maximum 7.0000
95% Confidence Interval for Mean
* * kg #* 1.9040 3.1330
95% Confidence Interval for Median
2.0000 2.0000
95% Confidence Interval for StDewv
95% Confidence Intervals 1.2733 3 1789
Mean o | - |
Median - *
20 2.2 204 26 2.8 EX 3z
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Variance Test — 2 Variance Test

in - rge - - [Wo
J @ Ele Edit Data Calc | Stat Graph Editor Tools Window Help
| S W S| 4 By @l Bseswsts ¥ Rg Display Descriptive Statsics... ) 4 Iy
J I = Regression 3 %5 Store Descriptive Statistics... ._ T =
— ANOVA » g; Graphical Summary... L
4 C1T c2D DoE , Ci
Location| Date 12 1-Sample Z... Run Proj
Control Charts r
1 |Inoffice  |5/11/200¢ o Toul , 1t i-Sample t...
2 Inoffice  512/200¢ Q”I_a':;_ o= o, 2t zsemeet.
3 |Inofice  513/200¢ Re'l'a —iEeE t4 pairedt...
Multivariate k
4 |Inoffice |5/M147200¢ = .
5 |In office | 5/18/200 Time Series 3 1P 1Proportion...
Bl I office £/19/200¢ Tables 3 2P 2 Proportions...
7 |In office 5/20/200¢ Monparametrics [ 3 E1|:| 1-Sample Poisson Rate. ..
8 |Inofice |&/18/2000 EPA b| 5 ZSample Foson Rate. .
9 |In office |5/21/200¢ Power and Sample Size ¥ | 42 1 yariance...
10 |Inoffice  5/26/2009 BITS-RS N — Variance Test
11 |In office | 5/28/2009 FAA-ATOHR Apr = Correlation
12 |In ofice  5/28/2009 CSC-Crown Ap —
ovariance. ..
13 |In office | &/28/2009 CSC-Crown Mar — =
14 |In office G/1/2009 |HUD-FHAZ May A hormality Test...
15 |In office 6/2/2003|HUD-EIV3 Apr xz Goodness-of-Fit Test for Poisson...
16 |In office B/2/2009 DHS-S&T May =
17 |In office B/2/2009 FAA-SEAS May *
18 |In office RE2Z009 HUD-FIW3 [awv Z
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Variance Test

Minitab - 35 &75 Merge MINITAB.MPJ - [Wnrksheet 1 """] Minitab - 35 &75 Merge MINITAB.MPJ - [Worksheet 1 ***]
| J@ File Edit Data Calc Stat Graph Editor Tools Window Help
. 2|
2 Variances X sl @ smeo- B 1 1AL Q2 | B
& Dale — (" Samples in one column ?EJ ] Bl A= =
C6 CoverSheet Samples: + | C1T c2D C3T Cc4-T c5 Cé
CB F'!.L"-l F'r|:|J Sta1 erl-r-aﬁnn Dato Clicot I anth Yoar -I"ruu::rshee‘]
C9  Check Outstz Subscripts; | | 1 || 2Variances X 2
C10 Resolve Time 2 lIn {~ Samples in one column 3
C11 Qutstandng  {* Samplesin different columns Cov{i | 3 i e E;fﬁé!;%@ sarmples: [ ]
C12 Total Time . — | C47 BridgeBornR . 5
C13 BilingReport First: 4 |In gﬁ EIIEHFEIISISEED?;'E Subscripts; |
C14 Ei"il‘lQISSLIES d 5 |In Ca3 Cu:u'-.-'ersh_eet_ {* Samples in different columns 2
€15 BilingReport Second: || 6 [In S22 Fombrel ,ﬁi’;E‘ First: [Covershest 3
ot 7 |In i 2
Ci6 Inibalizelve = g o ized data | CS6 ResoheTSY Second:  [Govershest_t ]
C17 Populatelab . . 8 |Inj |57 Outstan+Re
C18 Initialize +Po Samplesizer  |Variance: 9 [In| |ce5 Resohe 1sa. ¢ Summarized d q
o EIpEI‘ISERED@ Fitst: I I 10 |In Eﬁ ?il!i;g:_ReIpur-@ - IS.a/ e size: 'I-.-'ariance: 3
nraalize Inw Irsts
11 |In 1
Second; | Second: | |
12 |In Selech 2
Select | ceee |
13 |In Options... | Storage... | 2
Optionz. .. Storage... 14 |In 2
15 |In Help | / (014 I Cancel | 7
Help | oK Cancel 16 |In . i
17 |In office G/2/2009 |FAA-SE May ;
18 |In office G/2/2009  HUD-ElN May 2
11 [Inofice | 3/Z6/2009 FAA-ATURR - Apr 19 |Inofice | 6/4/2009 FAAESVMS  Apr 7
12 Inoffice | 5/28/2009 CSC-Crown Apr
CIC 0 CO 0 DE alllpied 10



Variance Test Graph

in - rge . - r Equal Variances for . 1]

J+ File Edit Data Calc Stat Graph Editor Tools Window Help
ECIE R =Y Y R EE = R E T
/] e ¢+ 2l =l x|ql[y TooN = M|

Test for Equal Variances for CoverSheet, Coversheet_1

F-Test

Test Statistic 4.90
CoverSheet - f o ! P-Value 0.000

Levene's Test

Test Statistic 1.01
s ] . . P-Value 0.321]
Coversheet_1 1 f -

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25
95% Bonferroni Confidence Intervals for StDevs

CoverSheetH & ‘ # * ¥

coveseot 1| ———— I

61



Non-Parametric Test for Median

in - rge . - [Wo
J@ Fle Edit Data Calc | Stat Graph Editor Tools Window Help

Jﬁn|%|$‘3g Basic Statistics ’ﬁ|®?EJ*@@®E

Regression 3
J I = AMOVA, 3 ;I | x | Q Jﬁ
+ Cc1-T c2-D DOE 5 I c5 ce ci
Location Date Enntral Charts , h Year |[CoverSheet BurnRate
In office | &/11/200¢ - S R 2
LIall ools

In office | &5M2/200¢ e 2
In office £/13/200¢ Reliability /Survival 3 .
In office | 5/14/200¢  utvariate g

Time Series 3

2
2
7

W o=@t k=
=]

Mas ! 0
s o S Nonparametric
In office | 5/20/200¢ Monparametrics ¥/ 7% 1Sample Sgn.. test
In office  &/18/2008  EPA P AW 1-5ample Wilcoxan. ..
In office  5/21/200¢  Rower and Sample Size b MY menewhiney..
10 |In ofice  5/26/2009 BITS-IRS Jan -
11 |Inofice | 5/28/2008 FAA-ATOHR  Apr e Kruskal-walls... Mann-Whitney test
12 |Inofice | 5/28/2009 CSC-Crown Apr  mar Moods Median Test...
13 |In office  5/28/2008 CSC-Crown Mar Eriedman...
14 |In office | 6/1/2009 HUD-FHAZ May |o= munsTest
15 |In ofice | 6/2/2009 HUD-EIV3 Apr
16 |Inofice | 6/2/2009 DHS-S&T May A PErse AVErages..
17 |In office | 6/2/2009 FAA-SEAS May B F‘E‘f”"fse Codle B
18 |In ofice | 6/2/2009 HUD-EIV3 May |
19 |Inofice | 6/4/2009 FAA-ESVMS  Apr 7
20 In office G/5S2009 DT Lottery Iay 2
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Select particular data sample to be tested

Minitab - 35 &75 Merge MINITAB.MPJ - [Worksheet 1 ***]
J@ File Edit Data Calc Stat Graph Editor Tools Window He
BERE s o @B T L AL O
/| Heve tpz|l

+ C1-T c2-D C3T CAT Cc5

Location] Date Client Month Year
1 | Mann- ney |
2
3 First Sample: I Coversheet Se I e Ct
4 Second Sample: | 'Coversheet 11 — || Sam P | esto
5 be tested
3]

Confidence level; I 25.0|

T
a8
q Alternative: ||'||:|t ECILIEI' - I
10
11
12
13 | ek |
14 Help | oK I Cancel
15
16 |In office B/2/2009 DHS-S&T May

63



Session Screen

Test for Equal Variances for CoverSheet, Coversheet 1

Mann-Whitney Test and Cl: CoverSheet, Coversheet_1

N Median
CoverSheet 27  2.000 Check for P
Coversheet 1 24 2.000
value
Point estimate for ETRI1-ETRAZ is -0.000
95.1 Percent CI for ETRI1I-ETRZ2 is (-0.001,0.000) //////’
W = 8&8.5

Test of EIRZ]1 = ETAZ w2 EIZ1 not = ETAZ isz significant &t 0.5334
The test is significant at 0.4425 (adjusted Ior ties)
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Stacking two Columns for Checking Non-Parametric Variance

J@ File Edit| Data Calc Stat Graph Editor Tools Window Help
J = | = L subset Worksheet. .. t 1 M | QR J A |
J— £ split Worksheet... oo “ =
g Merge Waorksheets, . - —
+ C1T1 CA-T (] CB
Locatic ~ S°PY g Month Year |CoverSh
1 |In ofice ¥ Unstack Columns. . Apr Stacking
2 |Inofice | St
3 |In office % Transpose Columns. ., i+ Blocks of Columns. . COlumnS
4 |In office 8] sort... 51 Rons...
5 |In office 31, Rank.. e
6 |In office Mar
7 |In ofice 27 DeleteRous... Apr
2 |In office %r Erase Variables... Mar
9 |In office Code y| A
10 |In office Change Data Type y| dan
11 |In office Extract from Date/Time  # Apr
2 |
14 |In office Display Data... May
15 |In office 6272009 HUD-ENG Apr
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Select columns to be stacked

Minitab - 35 &75 Merge MINITAB.MPJ - [Worksheet 1 ***]

J@ Fle Edit Dats Calc Stat Graph Editor Tools Window Help

BE & st v @B I ALO?H ABRBOE SackCoomns &

Stack the following columns:
- | e - ||
J I _I ||T & + [:3 - || _I | i | q J CoverSheet 'Covershest_1'
+ C1-T c2D C3-T C4T Cc5 Ck ci
Location] Date Client Month Year |CoverSheet BurnRat

(" 1
gEEIE Es[“mm E Store stacked data in:
1 Location Stack the following columns: = Mew warkshest

C2 Date Mame: I (Cpkiomal)
C3 Client

C4 Month f+ Column |of current worksheet: |
C&  Covershest

C8  Run Proj 5tal L .
| Store sybscripts in: I (Optional)
€8 Check Outstz Store stacked data in:
Resolve Time
C11 Qutstanding % Mew worksheet [+ Use variable names in subscript column

C12 Total Time :

M ! Opti [
€13 EilingRepart ame: | (Optional) Select |
C14 Billingl=sues .
C15 BilingReport " Column of qurrent worksheet: I Help | ITI Cancel
C16 Initializelnve o :
C17 PopulateLab Stare subsdripks in: I [ptimnaly

gl =R =R R RS R S S
(]
=

12 || lciz mitialize+Pal¥

13 [ Use variable names in subscript column

14 Select |

13 Help K Cancel 0

p _ e | I Selection of
17 |In office G/2/2009 FAA-SEAS May * COlumn

18 |In office 6/2/2009 HUD-EIV3 May 2

We can select required

column to be stacked 66



Result

ComboCoversheet| SubComboCovershee

wersheet Phase 2

_oversheet Phase 2
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Non-Parametric Test for Variance

1 - rge . -
J@ File Edit Data galcl Stat Graph Editor Tools Window Help
[ BH & e BEms Mg Qed | CBBOEE
Regression L4 11w | q Jl—
I [ = N
L OBNOVA k| g Onedway.. -
+ T c20 DIOE ] AI One-Way (Unstacked) o
Location| Date B hRate R
1 |In office &/11/200¢ Control Charts ' Twa-Way...
> lin office 5} 1 2.!2[][]; Quality Todls b = Analysis of Means. ..
3 lin office 5} 1 3}2 UU; Reliability Survival b | ADV Balanced ANOVA...
4 |In office 5.”4.“,2[]0; Multivariate 3 @ zeneral Linear Model...
& |In office |5/18/200¢ Time Series » [% Eully Mested ANOVA...
6 |Inofice 5/19/200¢  1edles ’ & Balanced MANQVA...
7 |Inofice |5/20/200;  Monparametrics "| M General MANOVA... )
8 |Inofice 5(18/200¢ EPA 4= Equal Variance
9 |Inoffice |5/21/200t  Power and Sample Size ¥ ﬁ_ Test
I
10 Inoffice  5/26/2009 BITS-RS Jan L Interval Plt...
11 |Inofice |5/28/2009 FAA-ATOHR  Apr [ MainEffectsPlat...
12 |In office |5/28/2009 CSC-Crown Apr P Interactions Plet...
13 |In office |5/28/2003 CSC-Crown Mar 2
A4 Ly offie e EAMON0 LD FH AT il ST b
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Select particular data point for Variance test

Minitab - 35 &75 Merge MINITAB.MPJ - [Worksheet 1 ***]

|l e Edt Data Calc Stat Graph Editor Tooks Window Help

/] =[x o + 2] =] x/a |l
+ C1-T c2-D C3T CAT c5 Ch ci
Location] Date Client Month Year |CoverSheet BurnRate

f— 1

IEE 'ar !qua[ 'ﬂﬂﬂl’ICE'S E

C2 Date .| Response: I-L“u:umbu:uCDvershP‘ _
s Cuuersheet - Phase 1

C8 Run Proj 5tal ,
CS  Check Outstz Factors: SubComboCovershest

Resolve Time
C 1 1 Oumtandlng
C12 Total Time Phase 2

C13 BilingReport
C14 Bilinglssues
C15 EilingReport

W= | B a2
[
=

C16 Initializelnve Confidence level: a5.0

C17 PopulateLab
10 || |c1z Initislize+Po .
11 C20 ExpenseRep Title:

C21 ResolveExpe
12 22 ExpenseRep
13
14 Seleck | Storage... |
13 Help | Ok I Cancel |
16
17 |In office B/22009 FAA-SEAS Way *
18 |In office B/2/2009 HUD-EINV3 May
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Result For Equal Variance

* |E'St Iur qu.lill UﬂﬂiII'IOE'S IOF EmMr'leE
Test for Equal Variances for ComboCoversheet

- F-Test
ﬁ Test Statistic 0.20
E Coversheet Phase 14 | * | P-Value 0.000
2 Levene's Test

Q "

] Test Statistic 1.01
= P-Value 0.321 Check for P
8 CoverSheet Phase 2 - I + |

g Value
@

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25
95% Bonferroni Confidence Intervals for StDevs

)

0

i)

N

% Coversheet Phase_1 |

-

0

Q

0

=

8 CoverSheet Phase 24 # # ¥* ¥

n

3

m T T T T T T T

1 2 3 4 5 7] 7
ComboCoversheet
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Test for Individuals Graphs

i - rge n -
J@ File Edit Data Calc| Stat Graph Editor Tools Window Help
|ZH 8 spe B=eems G Q24 CBRBOHE T EEOEE
Regression »
v - X R N
/| E , i x|alliyTooN
i Cc1T c2D DOE ; [ Cch CE ci c8
Location| Date ~ EEC . "7 |Rate Run Proj Staffing Check
_ oy Box-Cox Transformation. ..
1 Inofice  5/11/200¢ S— , 1
2 |ln office  &/112/200¢ I:_]__u.a|t.5-'. ad _ Yariables Charts for Subgroups  » *
3 nofice 530 SRRV e 7 e
jivari b
4 [nofice 5142000 MR attrbutes Charts I
Time Series k i 2R
5 |Inoffice | 5/18/200¢ = Time-Weighted Charts » S | | d d |
6 |Inofice |5/13/200: Lebies g Multivariate Charts b ﬂ_l— € eCt ndividua
7 |inofice |5/20/200¢  Monparametrics ’ 7T %= Moving Range... to Plot charts
8 |Inofice 5182000 EPA g . 1
9 |Inofice 5/21/200!  Bowerand Sample Size b 5 1
10 |In office | 5/26/2009 BITS-IRS Jan 2 ®
11 |In office  |5/28/2009 FAA-ATOHR Apr 1 2
12 |In office |5/28/2009 CSC-Crown Apr 2 1
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Select data point for Individual Chart

m

Cah
ca7
Caé
Cas
c91
C93
€95
c97
c99
cim
€103
C105
c1a07
C109
Cli1
€113

MasterChart_1

Total (Minutes)
Total (Hours)
ComboCovershe
ComboRunPrajst
ComboEilingRep
ComboIntlizePor
ComboExpenseR
ComboPrintChec
ComboScansen:
ComboRedateS:
ComboSend
ComboMotifyLin
ComboContract
ComboMasterCh
ComboOutstanc

Yariables:
ComboCovershest
Scale... Labels. .,
Multiple Graphs... Data Options. ., I Chart Options. ..

Select

Help
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Individual chart

5

uats

0

T ]

(SRRl e RN NN EE NN
[ T T N S W
L I e JL R L (RN CR L SN

[

[
(=T}
m
Lh

T
m
m

Variables:

viduals rt -

ons

N\

CombaoCoversheet

Scale. .. Labels...

Multiple Graphs. ..

Data Options...

Select

Help

Cancel

Parameters I Estimate | 5 Limits | Tes

C1
c2
C3
c4
Co
C3
c9
C10
c11
Cl2
C13
C14
C15
Clo
C17
C13

Location

Date

Client

Month
CoverShest

Fun Proj Staffing
Check Qutstandir
Resolve Timeshe
Cutstanding +Re
Total Time
BilingReport
Billinglssuss
BilimoReport+1sz
InitializeInvoice
Fopulatelabor
Initizlize +Fopula

Select |

Stages |Box-Cox I Display | Storage I

Define stages
I SubComboCovershes

groups) with this variable:

hen to start a hew stage
% with each nelw value

" With the first becurrence of these values:

-

Help

Cancel

Stages gives the option to select sub

stage of data point
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Individual Chart

I Chart of ComboCoversheet by SubComboCoversheet

CoverSheet Phase 2 Coversheet Phase 1
1

) %

o [
..
..
;-
x

i_________

E - | UCL=4.062
1)
S /Y
S ' ﬂ X=2.333
E 24 = seee L e buses (¥ & . '
- |
E 1 |
— - | LCL=0.605
0- :
1] i
S |

1 7 13 |19 25 31 37| 43 49 55
Observation

Difference between Phase-1 & Phase-2
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Process Steps

‘ Check for outliers ‘ Create baselines ‘
(Mtb) (Stat fit)
-

4 APEEE 4 Check for outliers 4
- est - (Mth) -
(Mtb)

e
-

Prediction Interval
(@risk)
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