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Earneadl Schedule Training
Basic

EVM Schedule Indicators

Intreduction te Earned Schedule
s Concept & Metrics

s Indicators

s Predictors

s [erminelegy
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Earneadl Schedule Training
Basic

Application off Concept
s Analysis & Verification
s Prediction Comparsons

Demonstration' off ES, Calculator
x V1 & V2 Calculaters

Interpolation Error
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Earneadl Schedule Training
Basic

Exercise — Caletlate £S, SV(t), SPIL)
Status Update

= Applications
x PMI=CPM Earned Value Practice Standard
s ES Website

SUmmary. - Basic

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Earneadl Schedule Training
AdVanced

Analysis Tloel Demonstration
Re-Baseline Effiects

Critical Path Study,

Network Schedule Analysis
s Impediments; /- Constraints
s REWork
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Earneadl Schedule Training
AdvVanced

EV Research
a Scheduler Adherence

Effective Earned Value
x [Derivation
s Indicators
s Prediction

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Earneadl Schedule Training
AdVanced

Statistical Prediction

s Statistical' Process Control

s Planning| for Risk

x| Perfiormance; Indication: & Analysis
s Outcome Prediction

Summany - Advanced
Oulz & DIsclssIon
Wirap Up
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Earned Senedule Training

Basic
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Earned Value Management

Schedule Indicators

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




EVM Schedule Indicators

BAC
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EVVMI Schedule Indicators

SV & SPI behave erratically: for projects
penind schedule

Schedule indicaters lose predictive ability
OVer the last third of the; project
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EVM Schedule Indicators

Why doges) this happen?
s SV = BCWP — BCWS
= SPI = BCWP. / BCWS

At planned completion BEWS = BAC

At actual completion BEWP = BAC
Whenractuall> planned completion
= SV = BAC — BAC = $000
= SPI = BAC / BAC = 1.00
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Intreduction; te

Earned Schedule
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Earned Schedule Concept
‘sp|($) =E§%| Isv® -Bcwp —Bcws |

o0 - 52 v

Projection of BCWP
onto BCWS

ES = All of May + Portion of June

ES - 5, _ BCWP(§) - BCWS(May)

BCWS(June) -BCWS(May)
AT =7

1
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
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Earned Schedule Metrics

Reqguired measukes

» (PMB) —
the time phased! planned values (BEWS) irom
project: start: te; completion

» (BEWP)I— the planneadivalue
WHICH has been “earned”

= (AP - the actual time duration
from the preject beginning to the time: at
WhHICHh| proeject status Is assessed
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Earned Schedule Metrics

S the:
Number off completed BEWS, time increments BEWP exceeds) + the
fraction of the incomplete; BEWS increment
WhEre:

C = number of time increments for BEWP: = BCWS
I'= (BCWP — BCWS,) / (BCWS..; — BCWS,)

AAT - IS hermally’ equali tor 1
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Earned Schedule Indicators

Schedule Variance: SV(t)
s CUmulative:

s Period:
Schedule Performance Index:

s Cumuiative:
= Perioad:
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Earned Schedule Indicators

What happensi to the ES indicators;, SV(t) &

SPI(t), when the planned proeject duration (PD)
IS exceeded (BCWS = BAC)?

ES will be < PD, while AT > PD

= SV(t)rwillfbe negative (time behind schedule)
= SPI(t) will be < 1.00
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SV Comparison
I T v
i —

VAN
‘&

)
Late Finish Project
= 7\
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SPI Comparison

Early Finish Project

SPI($) — & SPI)

Late Finish Project
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Earned Schedule Predictors

Can the project be completed asi planned?

s [[SPI = Plan'Remaining|/ Time; Remaining

= (PD— ES) / (PD'— Al)
where (PD — ES) = PDWR
PDWR = Plannedi Duration for Work Remaining

= TSPI = (PD — ES) / (ED — AT)

where ED’ = Estimated Duration

TSPI Value Predicted Outcome
< 1.00 Achievable
10 Not Achievable
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Earned Schedule Predictors

long| time; goal off EVIM ... Pred/ction) or total.
PIOject auration 1ol PresSent Schedule Statls

Independent; Estimate at Completion (time)
= IEAC(t) = PD / SPI(t)
s IEAC(t) = AT + (PD = ES) / PE(t)

where PE(t) is the Perfermance Factor (time)
= Analegousto IEAC used!to, predict final cost

Independent Estimated Completion; Date (IECD)
s [ECD/ = Start Date + IEAC(t)
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a@
EVM Earned Schedule
Earned Value (EV) Earned Schedule (ES)
Status Actual Costs (AC) Actual Time (AT)
SV SV(t)
SPI SPI(t)
Budgeted Cost for Work Planned Duration for Work
Future Remaining (BCWR) Remaining (PDWR)
Work Estimate to Complete (ETC) Estimate to Complete (time) ETC(t)

Variance at Completion (VAC)

Variance at Completion (time)
VAC(t)

Estimate at Completion
(EAC) (supplier)

Estimate at Completion (time)
EAC(t) (supplier)

Independent EAC
(IEAC) (customer)

Independent EAC (time)
IEAC(t) (customer)

To Complete Performance
Index (TCPI)

To Complete Schedule
Performance Index (TSPI)

PDKE & IFIENGE



Earned Schedule Terminoelogy.

ES=C+1 number of complete
Earned Schedule ES periods (C) plus an incomplete
portion (I)

Actual Time AT AT = number of periods executed

cum

Schedule Variance SV(t) |SV(t)=ES-AT

Schedule Performance SPI(t)

o SPI(t) = ES | AT

Indicators

To Complete Schedule | TSPI(t) TSPI(t) = (PD-ES) / (PD- AT)

Performance Index TSPI(t) = (PD— ES) / (ED— AT)

IEAC(t) | 'EAC() = PD/ SPIt)

Independent Estimate

at Completion (time) IEAC(t) = AT + (PD- ES) / PF(t)
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Earned Schedule Key: Points

ES Indicators constructed to) behave in an
dnalogeus; manner to the EVIVI Cost Indicators,

CV anal CPI
SV(t) anal SPI(T)
» Not constrained' by BEWS' calculation| reference

s Provide duration based measures of schedule
PEHOrMaNCE
s \Valid fior entire; project, including early:and late finish

(Using EVMIwith ES)
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Application; ofi Concept

(Using Real Project Data)
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1S Applied to Real Project Data:
L_ate: Finishi Project: SV($) and SV(t)

Commercial IT Infrastructure Expansion Project Phase 1
Cost and Schedule Variances
at Project Projection: Week Starting 15th July xx

=+—CV cum —=—S8V cum ——Target SV & CV —< 8V (t) cum

op wk 19 )
X \\
Sched wk 20 Re-start wk 26

N
o

o
|

¥ )
o o

&
o
Il

Dollars (,000)
S &

12 3 456 7 8 910111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Elapsed Weeks
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IS Applied to Real Project Data:
[_ate: Einishi Project Analysis

No EVMI data prior: to week 11

SV($) and SV(t) show strong correlation until weelk: 19

n \Week 20 (‘The'week of the: preject’sischeduled completion)
Client delay:halted project progress; until reselution In\Aeek 26

SV($) static at ini spite ofi schedule delay;
u Belore trending to $0 at project completion

SV(t) correctly calculates and displays
n \Week on week schedule delay.
x Project -14 week schiedule delay at completion

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Haxly Finish Project:
SV($) and SV(t)

Commerical IT Infrastructure Expansion Project: Phases 2 & 3 Combined

Cost and Schedule Variances
as at Project Completion: Week Starting 9th October xx

——Target SV & CV ——CV cum —#— SV ($) cum —< SV (t) cum

Sched wk 25 //

N\

%/

Re-start wk 19

Dollars ($,000)

\

12 3 456 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23 24 25
Elapsed Weeks
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Harly Finish Project Analysis

This project completed 3 weeks ahead of'schedule

i spiter o extermally nmpesed delay between weeks 161and 19
SV($) and SV/(t)'show strong correlation over life of project

x Including tnedelay perned

s SV(b)rsiadvantagerisicalclilating delay as a measure of
duration

With Early Finish projects

a ES metrics SV(t) anal SPI(t) have hehaved consistently with
thelr nisterc EVIVI counterparts
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Prediction Comparsens
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“Further Developments™

in Earned Schedule
Schedule Duration Prediction

Calculation of I[I'AC(t): shoxt form

Planned Duration for: Work Remaining

x Analegoeus to the EVMIBCWR
Calculation off IIFAC(T): long form
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IEAC(t) Prediction Comparison
Early and Late Einishi Project Examples

@22

= =

Inihoeth examples, the pre ES predictors (1n red) fail tercorrectly,
calculate the Actuali Duration at Completion!

Tthe ES predictor, SPI(t) alene correctly calculates the Actual

Duration at Completion 1n both cases

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




“Kurther Developments™

in Earned Schedule
Schedule Duration PrediCtion! (continued)

... there is little theoretical justification fior EVIM
Practitioners continuing| to Use the pre ES predictors

ofi schiedule performance. Conversion te'amnd use: ofi the
ES hasedi technigues Is strongly: recommended.’

- Kym Henderson There’s got

to be a better
method!
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IEAC(t) Predictions using ES Techniques:
Same Early and [Late Einish Preject Examples

-

Use of the ES “long form™ IEAC(t) fiermula; results in

calculation off Actuall Duration at Completion
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IEAC(t) Predictions using

ES Techniques: Weekly Plots of IEAC(t)
|_ate Einish Preject Example

Commercial IT Infrastructure Expansion Project Phase 1

Earned Schedule, Independent Estimate At Completion (time) - IEAC(t)
as at Project Completion: Week Starting 15th July xx

—&o— Planned Schedule —#&— Earned Schedule cum —e— IEAC(t) PD/SPI(t) ‘

Plan Dur wk 20

4
/
Re-start wk 26

Duration (Weeks)

Stop wk 19

/

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Actual Time (Weeks)
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IECD Predictions using

ES Techniques: Weekly Plots of
Independent Estimate ofi Completion; Date

Commercial IT Infrastructure Expansion Project Phase 1

Earned Schedule, Independent Estimates of Completion Date (IECD)
as at Project Completion: Week Starting 15th July xx

—e&— Planned Schedule —#— Earned Schedule cum === Planned Completion Date ==ie==|ndependent Estimate of Completion Date ‘

[ _PlanDurwk20 28 Jul 90
Stop wk(|19 »~ Compl Apr 7

- 14 Jul 90
- 30 Jun 90

P G G G ¢

MR - 16 Jun 90
‘A—y - 02 Jun 90
- 19 May 90

- 05 May 90

Re-start wk 2 - 21 Apr 90
- 07 Apr 90

- 24 Mar 90
- 10 Mar 90
- 24 Feb 90
- 10 Feb 90
27 Jan 90

1 2 3 4 5 6 7 8 9 1011 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Actual Time (Weeks)
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IEAC(t) Predictions using
ES Techniques:

“\Whilst assessments ofi the: predictive utility of the ES
calculated |EAC(t) and the relative mexits of tsing the
Variousiperionmnance factors avaianle are matiers for
fUrther researchrand empiric validation,, the
theoreticall Integrity off ES new: seems confimed.

- Kym Henderson There IS a
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2 My Experience Summarised

Schedule Perfermance Indicators (for early: and late finish projects):

Forecasting Duration (fox early and late finish; projects):

Assessing| Project Duration| (fox early: andi Iate finish: projects):

[1] Lipke Walt, Schedule is Different, The Measurable News, Summer 2003

[2] Henderson Kym, Earned Schedule: A Breakthrough: Extension to Earned Value Theory? A
Retrospective Analysis off Real Project: Data, lihe Measurable News, Summer 2003

[3] Henderson, Kym, Further Development ini Earned! Schedule, The Measurable News, Spring
2004

IIPMC 2005 Fall Conference Rev.2 T Stephan Vandevoorde




Demonstration of Earned

Schedule Calculator
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Earned Schedule Calculator
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Earned Schedule Calculator
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Interpoelation: Exrror
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Interpolation Error

The PMBiis an S-Curve:. Deges the; linear:
Interpolation Intreduce; large ES' error?

Is errerlarger where the S-Curve Is
steepest:?

What affiects the accuracy: of the ES
calculation?
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Interpolation: Error

I/Imo=p/q
I =(p/qg)+*1mo

b = BCWP = BCWS,
q = BCWSC+1 == BCWSC

BCWP — BCWS,

% 1Mo
BCWS,.,, — BEWS,

May | June | July
Time
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Interpolation: Error

ES = Number of whole months (C) +
Increment oni curve (F)

= € -k
ES(calc) = C + calculated
increment (1)
Error (6) =1 -F
| 5 |
% error =
— 1 C+F
. —d s error Example = .05 / 8.12 = 0.6%
' As C = larger
© | C+1) - 9% error = smaller
May |  June | July - ES(calc) = more accurate

Time
Weekly EV make ES more accurate
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Interpolation Error

After al fiew: montns of status (€ > 4)

What about central portion oif PMB;, Where
S-Curve'is steepest?’ Is error greater?
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Other Sources of Error

Partial Moenthl — 1st menth

s MUchrmore significant than: interpoelation error
s Effor’ decreases as € becomes larger

s Correctable — adjust calculator output

Earned Valte recorded

s Low accuracy. for EV = inaccurate ES
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Exercise — Calculate
ES, SU(1), SPI(T)
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Exercise # 1

Complete Early & LLate Worksheets
(Canraneas eniy):

Earned Schedule Eormulas:
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ES Exercise - WWorksheet

I I

Early Einish Project (Cumulativer\/alues)
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ES Exercise - Worksheet

I

[—ate Einishi Project (Cumulative \VValues)
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ES Exercise - Answers

Early: Einish Project (Cumulative \/alues)
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ES Exercise - Answers

[_ate Einishi Project (Cumulative \VValues)
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Statlis Update

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Early: Adepters

EVIM Instructors

x PMA, Managenment Technologies ...

Boeingl Dreamliner®), Lockheead! Martin, US State
Department, Secretary: of the Air' Force, UK MoD

Severall Countries - Australia, Belgitm, Sweden),
UK, USA ...

Applications acioss WEapPONSI Programs,
constrtiction, sofitware development, ...

Range off project: size firom: very: small and short
to extremely large and Iongl duration
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PMI-CPM EVM Practice Standard

Inclusion off Emergingl Practice .
Insert into PMI - EVIMIPractice EETETEI T I N TN

pErizrTATIE MAsSLETeTT Dassine The SV snesue v b e

[ . o wior e scheduled, .:rr:l e schedule periormanos
ta n a r oy & o ork schedulsd. For Project EZ, thess messunes

lsed &5 quickly of &5 efficlently as planned:

= Dr. John Singley, VP of CPM . N

Included ini Box 3-1 off EVM T——
Practice Standard

s Describes basic principles of: SmE DR
“Earned Schedule™ e
s Provides foundation for s e T E“Z‘L””w:? e

performed and wo rk scheduled &t

dCCEptance as a valid =

30 [reter E 7 r| & maner e n:rﬂlr:b

extension to EVM Tmions) Sl e  segnnng 1 et s T
EVM Practice Standard e ot s e oo e 35058 et e o i

podnt I IProjasct E2, hook & e diffarancs &t pro) phasion afar 15 months:

released at 2004 IPMC S
Conference Shnev_Pui_ass aediseviev=ion a=d
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Available Resources

PMI-Sydney.
a Repository fior'ES Papers and Presentations
Earned Schedule Website

s Established! February: 2006

a Contalns News, Papers, Presentations, £S
[ErmnoIogy, ES Calculators.

a Identifies Contacts torassist with application
Wikipedia now! references Earned Schedule
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Foreseen Uses of Earned Schedule

Enables independent evaluation of schedule estimates:
ETC(t), EAC(t)

Eacilitates! insight: Inter netwoerk schedule; performance

Improvement to Schedule and Cost prediction

Application off direct statistical analysis ol schedule
PErfermance
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Extracted results from[8]: Forecast Accuracy and the Completion of
Work

Simulation runs performed: 1 run project finish;ahead of schedule; 1 runiprojects finish behind

Mean Percentage Error (MPE) Mean Percentage Error (MPE)
for early finish projects for late finish projects

0%-30% 30%70% 70%100% 0%-30% 30%-70% 70%100%
—0—PD/SPI —3—PDI/SPI(t) —0—PD/SPI —0—PDI/SPI(t)

Plans are made to present the research report “A simulation and
evaluation of earned value metrics to forecast the project duration” at the
22" PMI-CPM Spring Conference 2006.

IPMC 2005 Fall Conference - ES Practice Symposia Final 9 n Stephan Vandevoorde




StUmmary. - Basic
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Summary. - Basic

Derived from EVMidata; ... only.
Prevides;time-based! scnedule indicators
Indicators do; not: fall fior late finishi projects
Application Is scalable upj/down, just asiis EVIV
Schedule prediction;is better thanrany: other EVIV
method! presently tsed

s SPI(t) behaves similarly: to CPI

s [EAC(TL) = PDi/ SPI(t) behaves similarly to
IEAC = BAC / CPI
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Summary. - Basic

Schedule; prediction — muchs easier and pessibly,
petter than| “bettems-up: schedule analysis

Application IS growing| in: beth small and large
0)(0)[SES

Practice recognized as - Emerging Practicer

Reseurce availability:enhanced withr ESTwebsite
and Wikipedia

Research indicates/ ES superior to other methods
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Earned Senedule Training

AdVanced
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Analysis Tieol Demonstration
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Earned Schedule Analysis Tool
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ES and Re-Baselining
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ES anal Re-Baselining

ES indicatorsiare; affiectedl by re-baselining

s Behaviour off SV(t)rand SPI(t) 1s analegous te
CV and CPI

See examples

PMB' chiange; afifects schedule prediction
similarly: o) cost
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Earned Schedule — Re-Baseline Example
REd| project data — nominal re-paseliie

—
)
X
[
()
3
c
o
=
©
S
=]
(@]

1. Nominal Re-plan 02 July
Cost and schedule overrun

3. Re-baseline effect

2. Schedule
delay

Actual Time (weeks)
——6—Planned Schedule ReBline #1
—>Planned Schedule cum CBB

——Earned Schedule cum
—A—IEAC(t) SPI(t)

EVA-11
Jun 12-17, 2006

Copyright 2006
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Earned Schedule — Re-Baseline Example
CV, SV(%) and SV(t)

1. Nominal Re-plan 02 July
Cost and schedule overrun

5. 1 week completion
delay on re-baselined
PMB

o
S
e

&
o
°
(=]

4, “Sawtooth” effect of
re-baselining (CV,
SV($) and SV(t)

BT 2. Cost Overrun

-120

3. Schedule delay

-140

29 Jan | 26 Feb | 26 Mar | 30 Apr |28 May | 25 Jun
Actual Time (weeks) 4.00 8.00 12.00 | 17.00 | 21.00 | 25.00
—4—CV cum (12.14) | (23.70) | (42.92) | (87.31) [(108.61)|(121.43)
——SV($) cum (0.41) | 6.65 6.73 (1.42) | (22.07) | (46.48)
—A—Target CV and SV 0.00 0.00 0.00 0.00 0.00 0.00
—8—S8SV(t) cum (0.16) | 0.60 0.56 (0.13) | (3.55) | (7.41)
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Criticall Patiar Study;
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Critical Path Study Outline

The Scheduling Challenge

Case Stuay: Project
s [he project
s [he EVM, Earned Schedule and Network

Schedule appreach
Earned Scehedule vs Critical Path predictors

Real SchedulerManagement With! Earned
Schedule

s Initial experience and ebservation

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




The Scheduling Challenge

A realistic project schedule isidependent on
multiple, ofiten complex factors including
dCCUrate:

s Estimation of the tasks reguired,
s Estimates off the task durations

s Resources reguired to complete the identified tasks

ldentification and modeling of dependencies
IMpacting the execution of the project
s [lask dependencies (e.g. F-S process flows)

n Dependent” Milestones (Intermaliand extermal))
= Other logic”
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The Scheduling Challenge

Frem smalll prejects; inte: large proejects and
programs, scheduling requirements; becomes

exponentially: mere complex

Integration
s OF schedules between " master™ and “subordinate

'//

schedules
s Often| across multiple tiers of
Activities and
Organisations
contributing terthe overall program off Work:
Essentiall for producing ar useful integrated
master schedule
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To further compound
schedule complexity.

Once; ani initial schedulerbaseline has been
established progress monitorng inevitably
results in chamnges

sillask and' activity’ durations change becaulse actual
PEferMance” does Not conferm to: plan

s Additionall Uniioreseen| activities may: need: torbe added

sl_0gic changesias a result of corrective actions to
contain slippages; and

s mproved understanding of the work being
undertaken

= Other “planned chandes” (Change Reguests) also
contribute tor schedule; modifications over time
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Wouldnt It be nice ....

Tio be able to explicitly declare, "Schedule Reserve™ in

the project ‘schedule of record™
s Protect commitied key milestone delivery dates

1l have schedule macro level indicaters and predictors

a [deally, derivedi separately fiom the network schedu
s Providesia means fior comparison andlvalidation of

el

e

measuresi andl predictors, provided by the network schedule

s An Independent predictor off project duration wouldlbe a
particularly: useftl metric
“On time™ completion ofif projects, usually: considered
Important
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Case Study: Project

Commerciall sector sefitware development

and enhancement project

- 10" week Planned Duration

= Needed' tor support launch: of
feVenue deneratingl marketing campaign

s Cost budget: 100%: labour costs

MixtUre; ofF
s 5! tier client: server' development
Mainframe, Middleware, Workstation

s 2 tier client server development
Mainframe to Workstation direct
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The EVM and' ES Approeach

Microsofit Project 2002 schedule

s Resource loaded for time; phased efifert and cost
estimation

s(Control Account — Work Package views developed in the
schedule

s Actual Costs captured in SAP time; recerding system

Limited (actual) cost — scheduleintegration

s(Contingency: (Management Reserve) managed outside the
schiedule

s/lop level Planned Values cum' “copied and pasted into
Excel EVMiand ES template

High! level of cost — schedule integration achieved
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Schedule Management

Weekly: schedule; updates, from Week 3 flocusing on:
s/ Accurate task level percentage work completion: updates

s [[he project level percentage work completion (cumulative)
calculated by Microsofit Preject

Percentage work complete transfierred to the EVIMiand ES template
to derive the progressive Earned Value (cumulative)r measure

Schedule review fecusing on critical pathranalysis

s Schedule updates eccurred as needed with
s Revisedl estimates) of task duration and
= Changes te network schedulerlegic

particularly: Whnen needed to; facilitate schedule based
Corrective action

Actual costsientered into the EVM and ES template as
they became available (weekiy)
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Schedule Analysis

Initial expectation

s [lhe critical path’ predicted completion date would be
more; pessimistic than the TECD

In fact

s [he ES IECD trend line depicted a “late finish™ project:
With Impreving schedule performance

s [he critical path’ predicted completion dates shiewed an
“early finish’ project™ with deteriorating schedule
PErferMance

Became the “critical guestion™ in Week 8
s ES IECD improvement trend' reversed

s Continued deterioration in| the critical path predicted

completion| dates
EVA-11 Copyright 2006
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Schedule Analysis Result

IECD; the, more credible; predictor ini this Circumstance
s \Work was not being accomplished atithe rate planned

s Noradverse; contribution: by criticall pathl factors

e.d. Externally impoesedi delays caused by dependent
milestone”

Tworweeksiscnedulerdelay. communicated to
Management
n\Very late; delay oifschedule slippade a Very: sensitive Issue

Corrective action was immediately implemented

= Resulted! in two weeks| progress in one week based! on IECD
Improvement in week 9

s Project substantively: delivered to the revised delivery date
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The IECD. vs Critical Path Predictors

Netwoerk schedule Updates  dernot usually actor
past (Criticall path) task perfermance: Inte; the future
s(Generally’ concentrate on the cukent time Window,
Jlask updates
Corrective action te; tiy and contain slippages
s Critical path' predicted completion date;is not usually:
calibrated by past actiial scheaule perfermance
The ES IECD
=(Cannot directly’ take interacceunt: criticall path! Infermation

= BUIF doges| calibrate; the! prediction based on histoeric
schedule performance: as reflected in the SPI(t)

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Further Observations

Muchi has been written about: the consequences, ofi
MOL achieving work at therEVIM rate planned
s At very least, incomplete work needs torbe rescheaduled ...
s Immediate’ criticalivsi nen: critical pathl implication reguires
detailed analysisi of the network schedule

s Sustainedl improvement in schedule perfiormance s a
difficult challenge

SPI(t) remained in the .7 tor.8 band for the entire project!
Nl spite off the; corrective action and recovery: effiort

= Any task delayed eventually' becomes; critical pathiiff net
completed
SPI(t) a very: userul indicator off schedule performance

s Especially’ Iater in the project when SPI($) was resolving
to 1.0
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Questions of Scale

We know! that ES is scalable as;is EVIM

s [Ssues|ofi scale did net arise due to small size of the; project
Detailed analysis of the ES' metrics s reguired

x [he same as EV/M fior cost

s/[e; " masking™ or “Washeut™ efifiect off negative and
pPosItive ES variances at the; detailed levellcan be an issue

m [he same as EVM for cost

Apply: Earned Schedule te the Control Accounts and
Work Packages on the critical path

sAnd “near critical pathl activities

s Just as EVM doesn’t replace a boettom up ETC and EAC

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Real Schedule Management with
Earned Schedule

ES IS off considerable; benefiti in analysing and
Manading schedule perfiermance

The “time critical™ dichotemy: ofi Feporting) optimistic
predicted task completionsiand setting and reporting
iealistic completion datesiwas avoided

[/

s ES metrics provided an IndeEpendent: means of Sanity,
checking the critical pathi predicted completion date
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Final Thoughts

ES IS expected be; of considerable value to the
schedule management for large scale projects and
Programs

s EXponentialfincrease in the networik scheduling
complexities

sUnaveidable and necessary on these programs and so
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Network Scheaule; Analysis
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Schedule Analysis withy EVIM?

Tihe general beliefistEVMI cannot be: tised
o predict schedule;duration

Most practitioners analyze; schedule firom
the bettem| uprusing the netweorked
schedule....

s Analysis off the Schedule; is everwhelming

s Critical Pathris used: torsherten: analysis
(CPY/s Jorgest: patii of: trie schiedulé)
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Schedule Analysis withy EVIM?

Puration prediction; using Earned Schedule
provides a macro-method similar to) the
method fior estimating Cost

But, there'st more that ES facilitates: ....
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Earned Schedule
priages EVIV to. Real-Schedulé
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How Can This Be Used?

flasks benind — possibility’ off Impediments or
constraints can: beidentified

Jlasks ahead = a likelihoeod! of future rework can
pe identified

The identification isiindependent:irem schedule
efficiency.

Tihe identification can be automated
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Farned Value Research
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Farned Value Research

IMost researchi conducted since: 1990
s Resultroff cancellation off Navy: A-12 Avenger

s Primary. researcher, Dr. David Christensen,
Southern; Utah University.

x| Cost studies using very: large; DOID! projects

EVMI Literature on Dr. Christensen’s
website
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Results from EV Research

Dr. Christensen’s & associates: findings
s CPI stabilizes @ 20% complete
s CPI tends te worsen as EV = BAC
s |CPI(Tinal) — CPI(20%)] < 0.10
= JEAC = BAC / CPI < Final Cost
Wien. Percent Completes: 20%: < 70%
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Discussion of EV Research

CPI tends to worsen as EV. = BAC
IEAC = BAC / CPI < Final Cost

when' Percent Complete is = 20%

Rationale supporting CPI tendency.

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




CPI & IEAC Behavior

CPlcum versus IEAC Behavior
Percent Complete
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Schedule Adherence
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Schedule Adherence

EV isn't connected! to) task sequence

s Hypothesis: Completion sequence of tasks affects
PErformance Efficiency,

Incorrect task sequencing 0ccurs When there Is..
s Impediment or constraint
a POOFK proecess discipline

IMproper performMance SEqUENCE May: CaUSE ...
s Overleading off constraint
s Performance of tasks wjo complete inputs
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Schedule Adherence

Result from! improper performance SEqUeEnce ...

Schedule lengthens

Cost Increases while waiting (When ether EV available is
severely limited)

Schedule lengthens

Cost escalates
Constraint problem & Rework appear: [ate
causing ...
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Schedule Adherence

Schedule Adherence measure Is Used to enhance
the EVM measures

s Propesed MeasUre;: 1 accordance, with. the project plan,

GELermife. e tlasks WIHICH. SHOUIA DE  COPIELEd. OF Stalted. 1or:
e auratorn. dssociaed Wit ES: Compare. e a5506/ated 12V wilhi

the EV or the tasks WilcH GIrectly,. COesporid. Calctigte tie
rauoy
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Schedule Adherence

Characteristics of the P’ measure

Prused to compute effiective earned value {EV(e):
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Effective Earned Value
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Effective Earned Value

Etfective LV

SEV, < PV. @ ES

Total £V

M

YV {(x)is periormed at risk of creating rework
Portion colored  lisiusable
Portion colored 1S unusable
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Effective EV: Relationships

P=-Factor (or P) = XEVjl /[ 2P\Vj = XEVj / EV
EV(p)iis portion of EV consistent with the plan
EV((r) is; portion off EV with anticipated  rework

EV(r) = EV — EV(p) = EV — P * EV
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Effective EV: Relationships

Rework proportion (R%) = 1i(r) / fi(p)
i(r) = firactioni off EV(r) unusable
(p)I = fractionroff EV(r)r tisable
f(r) + f(p) = 1
Portion: of EV(i)rusable
i{(p) * R%) + 1(p) = 1
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Effective Earned Value

Effective earned! value Is a function; off EV, P, and
REWOIK:

EV(e) = EV(p) + (firaction usable) = EV(Tr)
=PxEV+(1/1+R%)=*[(1-P)=*EV]
Generall equationi for Effective Earned Value

Special case, when R% = 50%

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Effective Earned Value

Effective ES isicomputed using EV(e)
{r.e., Es(e)}
Effective; EV. and! ES' indicators are. ...
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Graphs off CPI, CPIi(e)
& P o FaCtOr (notionall data)

1.2

1.0

@
=
©
>
X
)
T
=

0.9
P — Factor

0.8

0.7
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Percent Complete

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Graphs off CPI & SPI(t)
withi the P'- Eactor
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[Forecasting: with

Effective Earned Value
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[Forecasting with
Effective Earnedi Value

SehEaUIErPrEdICtioNn IEAC(te) = PD / SPI(te)

Cost Prediction IEAC(e) = BAC / CPI(e)
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Schedule & Cost Prediction

Cost Forecast Comparison Schedule Forecast Comparison

$1,250

$1,150

$1,050

BAC = $1,000,000

$950 . | .
02 04 06 08 1.0 - 0.4 0.6 0.8 1.0

Percent Complete Percent Complete

PD = 36 months
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Summary:
Effective Earned Value

Lack off adherence; to the schedule; causes; EV to
MISFEPresent pProject progress

Prindicator introduced tor measure schedule

adherence

Effective EV' calculable from P, R% and EV.
ieported

EVA-11 Copyright 2006
Jun 12-17, 2006 Lipke & Henderson




Statisticall Prediction
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Statistical Prediction

Statisticall Process Control
Planning fier' Risk

Perfermance Indication; & Analysis
Outcome Prediction
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Application Proeblems

Distribltions off periodic values off CPI &« SPI(T)
are right-skewed

Research indicates CPI tends to Worsen as
EV = BAC
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Statistical Process Control

SPC s a Quality: methed used! ter identity,
anomalous behavier off the process

For application ter CPI andl SPI(t), SPC is/used to
[dentify, anomalous PErIOdIC PEHOMance

s Clarifies “true” performance

s Allows better analysis

» Improves prediction
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Statistical Process Control

In(SPI)
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Planning for Risk

Risk mitigation = Schedule Reserve
Datarneeded
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Planning for Risk

In SPI(t),!
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Perfermance; Indication & Analysis

Performance Window: Indicator
s Combines CPI' & SPI(t) onto; one; chart
s Depiction Is Invariant tor project size

s Providesivisual off perfermance inirelation te: Plam &
Negotiated reguirement

s lllustrates diminishing opportunity. for rECoVerY.

s Provides Propapiiity, o Stccessiseparately for Cost &
Schedule
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Performance Indication: & Analysis

-7,/;7//////////////////////////////[/@%””””&
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jeen - —an SPIt,,, = 1.0, CPIT, = 1.0

Cost distribution Yellow - Reserves

0.5 1.5 p) ( 3
Ti me Note: Graph axes scales are multipliers of
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EVA-11 Copyright 2006 Performance (Time).
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Outcome Prediction

Apply: SPC to) establishi true™ performance for
CPI & SPI(t)

s Residuall Cumulative value
s Standard Deviation of periodic pEHOrMance

Computerthe adjustment fier'accomplished
POrtion of project

Compute; adjusteal Standard Deviation| of the
Means ()
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Outcome Prediction

Usingl the results ...

s Determine for'the
Perfermance Windew: — e.d., 95% confidence
....that is,

s Calculate for bothl Cost
& Schedule; separately
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Summary. - Advanced
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Summary. - Advanced

Proeject analysisitool [EVi 8t ES application]
Re-paseline; impacts SPI(t) similarly: ter CPI

Duration prediction fiom ES much easier than
Using Critical Pathranalysis:...and may. be better

INetwork schedule analysisiennanced by ES
s [dentifies future problems & today’s impediments
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Summary. - Advanced

ES connects EV to the schedule

Statistical technigues provide facility to Improve
planning, analysis, and outcome prediction
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QUlz & ISCUSSION
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Question #1

Whatiis the problem withrthe EVM
scheadule indicators, SV and SPI?

ey measure; scnedule; perfermance ini $$
Iey SOmeLIMES| are erreneous

1ey/ can be Poor! Predictors) off outcome
L= All of the above
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Question #2

Why: doe, SPI" & SV fall ter provide; reliable
schiedule; information; ?

EVIM measures schedule; performance in'$$
TPV & EV are constrained to) BAC

Tihey are not related to) the, networked
schedule

All of the above
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Question #3

What' elements are requiredl te; compute
Earned Sehedule?

AT & EV
AC & PMB
EV- &L PV
LEEV & PMB
All off the above
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Question #4

What does Earned Schedule measure?

Iime; atiwhich Actuall Cost appears on PMB

L elimer atiwhichr Planned Valuereguals Earned
Value

Time; at which Earned Value)is reported
None off the above
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Question #5

Tihe equationrior Earned Schedule;|s
ES. . = C + L. How'is I calculated?

I'must be determined graphically,
I=EV/PV

eI = (EV = PVo) [ (PVey — PVG)
I = AEV / APV
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Question #6

What s/ the largest source, off error for the
Earned Schedule measure?

L tEarned Value reported
Interpolated portion| of the ES value
Earnedi Valte accounting practice
Crediting first moenthras a fullfmoenth
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Question #7

Earned Schedule camibe Used tor provide
Infermation abeut fltlre rewerk and
project;constraints and Impediments.

L Ehrue
Ealse
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Question #8

What fundamental elements are needed to
predict the completions date for a project?

Date + AC, EV, PV
Date + AC, AT, PMB
Date + PMB, EV, AT
Date + PV, PMB, AT

#+Date + ES, AT, PD
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Question #9

What' dees the! P-Factor help: usf understand
aboULt project; performance?

IHOW! clesely: the, project Is fellowing its plan

Why perfermance has the tendency: to
pecome less efficient as EV: = BAC

Improves analysis of tile project
dccomplishiment

LAl of the above
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Question #10

IHow: does Effective Earned Value differ
firom Earned Value?

Effective EV. < EV

Effiective EV accounts fior rework

Allews! for earlier prediction: off final preject
outcome

LEAllFelr the above
None of the above
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Wirap Up

Derived from EVMidata; ... only.
Prevides;time-based! scnedule indicators
Indicators do; not: fall fior late finishi projects
Application Is scalable upj/down, just asiis EVIV
Schedule prediction;is better thanrany: other EVIV
method! presently tsed

s SPI(t) behaves similarly: to CPI

s [EAC(TL) = PDi/ SPI(t) behaves similarly to
IEAC = BAC / CPI
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Wirap Up

Schedule; prediction — muchs easier and pessibly,
petter than| “bettems-up: schedule analysis

s [dentification off Constraints /. Impediments and
REWOrk

s Calculation off SchedulerAdherence
s Creation ofi Effective Earned Value
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Conclusion

\Whatever can be done; using EVM for
CostiAnalysis canialse be done using
Earned Schedule for'Sehedule Analysis™

Earned Schedule

EVA-11
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