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Introductions

Workshop Administration

IntrodUctions
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10 are We 7
Ay, are we here ?
nat are our expectations, 7 and

nat are we hoping to gaim frem this

Workshop ?
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Earned Schedule Workshoep
Objective

o previde youl the knewledge and
tools necessary to enapie you to
apply Earneadr Value andl Earned

Sehnedule Inryeur ewn! preject
Management practice

... Should'you decide to doiso
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Earned Schedule Training
Basic (Session 1)

EVM Schedule Indicators

Intreduction ter Earned Schedule
s Concept & Metries

s Indicaters

s Predictors

s [erminolegy.
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Earned Schedule Training
Basic (Session 1)

Application off Concept
s Analysisi &t Verification
s Prediction Comparisens

Exercise — Calculate ES, SV(t), SPI(t)

Statts Update

s Applications

= PMI-CPM Earned Value Practice Standara
s ES Website
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Earned Schedule Training
Basic (Session 1)

Analysisilioel Demonstration
Re-Baseline Effects
Critical Path Stuay
DISCUSSION

Wirap Up — ES Basic
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Earned Schedule Training
Advanced (Session 2)

Interpolation: Error

Network Schedule Analysis
s Impediments' /. Constraints
s Rework

EV Research
x Schedule Adherence
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Earned Schedule Training
Advanced (Session; 2)

Effective Earned Value
a Derivation
s Indicaters
s Prediction

Statisticall Prediction

s Statisticall Process Control

s Planning fior' Risk

a Periormance Indication & Analysis
s Outcome Prediction

Summary: - Advanced
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Earned Schedule Training
Advanced (Session; 2)

Statistical Preaiction

s Statistical Process Contirol

s Planning fer Risk

s Perfiormance Ihdication & Analysis
s Outcome; Prediction

Summary: - Advanced
QUlz & DIScUSsIon
Wirap Up
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Earned Senedule fraining

Basic
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Earned: Value Management

Schedule Indicators
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EVMI Schedule Indicators
Lo

T o

o
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EVM Schedule Indicators

SV & SPI behave erratically: for projects
pehind schedule

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

WhRY @does this happen?
s SV = BCWP — BCWS
= SPI = BCWP!/ BCWS

At planned completion BEWS = BAC

At actual completion BEWP = BAC
Whenractual > planned completion
= SV = BAC — BAC = $000
= SPI = BAC / BAC = 1.00
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Intreduction to

Earned Schedule
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Earned Schedule Concept:

BCWP\
SPI($) = BOWS

SPI() =%
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Isvs) =Bcwp -BCws |

ISV(t) =ES - ATI
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Projection of BCWP
onto BCWS

ES = All of May + Portion of June

Es =5 4+ BCWP(S) - BCWS(May)

BCWS(June) - BCWS(May)

AT =7




Earned Schedule Metrics

Reqguired measures

= (PMB) —
the time phased planmned values (BEWS) from
Project: start to completion

= (BCWP) — the planned value
whichi has been “earned™

. (A - the actual time duration
fromi the project beginningl te the time at
WRICH project: status IS assessed
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Earned Schedule Metrics

S the;
Number off completed BEWS timelincrements BEWP exceeds + the
fraction ofi the iIncomplete BEWS increment
Where:

C = number ofi time increments for BEWP. = BCWS
I'= (BCWP'— BCWS.) [ (BCWS,., — BCWS,)

AVAY

IS normally’ egual tor 1

cuim
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Earned Schedule Indicators

Schedule Variance: SV(t)

s Cumulatives:

s Period:

Schedule Perfiormance Inaex:

x Cumulative:
s Period:
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Earned Schedule Indicators

What happens to the ES indicators, SV(T) &

SPI(t), wheni the planned! project duration (PD)
IS exceeded (BCWS = BAC)?

ES will be = PD, while AT > PD

= SV(t) will vernegative; (time behind schedule)
= SPI(T) will be < 1.00
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SV Comparison
I i
i —

7
&
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SPI Comparison
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Earned Schedule Predictors

Can the, project be; completedtas planned?

s [[SPI = PlanRemaining /. lime Remaining

= (PD— ES)// (PD — AT)
where (PD — ES) = PDWR
PDWR: = Planned Duration o 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

Llong| time goalt ol EVIVL ... Prediction) or: total.
PIOJECt auIration. 1o Present schedulel statis

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

where PE(t) Is the Performance; Factor (time)
x| Analegous to IEAC used to predict final cost

Independent Estimated Completion Date (IECD)
s [ECD = Start Date + IEAC(t)
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Earned Schedule TTerminology.

EVM

Earned Schedule

Status

Earned Value (EV)

Earned Schedule (ES)

Actual Costs (AC)

Actual Time (AT)

SV

SV(t)

SPI

SPI(t)

Future
Work

ProMAC 2006 26 Sep 2006

Budgeted Cost for Work
Remaining (BCWR)

Planned Duration for Work
Remaining (PDWR)

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)
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Earned Schedule TTerminology.

ES=C+ 1 number of complete
Earned Schedule Sc.um | periods (C) plus an incomplete
portion (1)

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

Indicators SChedmelr'?deeriormance SPI(t) |SPI(t) =ES/AT

TSPI(t) | TSPI®) = (PD-ES)/ (PD-AT)

To Complete Schedule

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

Independent Estimate | IEAC(t) IEAC(t)‘PD/SPKt)

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
dhalogeus mamnner torthe, EVIM Cost Indicators,

CV anal CPl
SV(t)rand SPI(t)
s Not constrained by BEWS calculation reference

s Provide duration based measures off schedule
PErformance
s Valid fior entire project, incltiding early: andtlate finish

(Using EVM with' ES)
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Application: off Concept

(Using Real Project Datay)
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ES Applied to Real Project Data:
LLate Einish Preject: SV($) and SV(t)

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

=—CVcum —#—SVcum ——TargetSV & CV —<SV (t) cum

S ATAIATEAY
kA -A—H—A-I.A:.:F
St |
R op wk 19 A ’\
N \
TN Sched wk Re-start wk 26

A\ X
N

S

1 23 456 7 8 9 101112 13 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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ES Applied to Real Project Data:
Late Einish Project Analysis

Noe EVIV data prier terweek: 11

SV($) and SV(1) shew: strong correlation until week 19
a Week 20/ (The week of tlhe project's scheaduled completion)
Client delay halied project pregress until reselution in \Week s
SV($) static at N spite of schedule delay
a Beilore trending 1o $0 at preject completion

SV/(t) correctly calculatess anal displays
a Week on week schedule delay
a Project-14 week schedule delay at completion
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Early’ Einishi Project:
SV($) anadl SV(1)

Commerical IT Infrastructure Expansion Project: Pha  ses 2 & 3 Combined

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

——Target SV& CV ——CV cum —8—SV ($) cum —<— SV (t) cum

Sched wk 25

/

/
—d

N

Dollars ($,000)

//‘
7
/
g

bttt S S

e

D PR R R 1
Re=start wk 19 \4
T

1 2 3 45 6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23 24 25

Elapsed Weeks
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Early Einishi Project Analysis

This project completed 3 weeks ahead of schedule

a I spite of exiernally iImpesed delay hbetween Weeks 16 anc/pie
SV($) and SV(1) shew strong cerrelation; over life of project

x Including the delay pernod

a SV(Drsradvantage Is calculatingl delay’ asi a measure: of
duratien

Withr Eardy EIRISIprojects

s ES metrics SV(1) and SPI(t) have behaved consistently with
thelr histeric EVM counternparts
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Prediction Comparisens
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“Further Developments”
In Earned Schedule

Schedule Puration. Predlction

Calculation off IEAC(t): short ferm
IEAC(D) = Planned Duration / SPI(t)
Planned Durationffer Woerk Remaining

PDWER = Planned Duration— Earned Schedule cum
s Analegoeus terther EVIVI BEWR

Calculation of IEAC(t): Iong form

PIDWIR }

IEAC(T) = Actual Time + [

Performance FEactor:
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IEAC(t) Prediction Comparison
Early.and Laté Fnish. Project Exarmiples

IEAC(t) Metrics at Project Completion IEAC(t) Metrics at Project Completion
Early Finish Project Late Finish Project - pre ES
Planned Duration (weeks) =~ 25 _ Planned Duration (weeks) 20
Actual Time (weeks) @ Actual Time (weeks) @

Percentage Complete cum 100% Percentage Complete cum 100%
CPlcum 2.08 CPlcum 0.52

SPI(t) cum 1.14 SPI(t) cum 0.59

SPI($) cum 1.17 SPI($) cum 1.00

Critical Ratiocum 2.43 Critical Ratio cum
22.0 _

IEAC(t) PD/SPI(t) cum IEAC(t) PD/SPI(t) cum
IEAC(t) PD/SPI($) cum IEAC(t) PD/SPI($) cum
IEAC(t) PD/CR cum IEAC(t) PD/ CR cum

IR both examples, thgre ES predictors ( )i falll ter correctly,
calculate therActual Duration at Completion!

The ES predictor, SPI(t) aloerrectly calculates the Actual

Duration at Cempletion in hothl cases
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“Further Developments™ in Earned
Schedule
Sclhieatier Puration. Predlction) (continued)

Pre ES formulaeand resulis algebraically flawed

“... there isilittle theoretical justification for EVIVI
practitioners;continuing te; use the pre ES predictors

off schedule perfermance. Conversion to and use of the
ES based technigues, is strongly. recommended.”

- Kym Henderson There’s got

to be a better
method!
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IEAC(t) Predictions using ES Technigues:
Same Early, and. Late s Project Examples

IEAC(t) Metrics at Project Completion IEAC(t) Metrics at Project Completion
Early Finish Project using ES Late Finish Project using ES

Planned Duration (weeks) 25 _ Planned Duration (weeks) 20
Actual Time (weeks) @2 Actual Time (weeks) @4 )
Earned Schedule cum 25.0 Earned Schedule cum 20.0
Planned Duration Work 0.0 Planned Duration Work 0.0
Remaining / Remaining '
Percentage Complete cum 100% Percentage Complete cum  100%
CPlcum 2.08 CPlcum 0.53
SPI(t) cum 1.14 SPI(t) cum 0.59
SPI($) cum 1.17 SPI($) cum  1.00
Critical Ratio cum 2.43 Critical Ratiocum  0.52
Critical Ratio ES cum 2.37 Critical Ratio ES cum  0.30
IEAC(t) PF = SPI(t) cum 22.0 _ IEAC(t) PF=sPicum  34.0 _
IEAC(t) PF = SPI($) cum  22.0 IEAC(t) PF=sPI($)cum  34.0
IEAC()PF=CRcum 22.0 IEAC(t) PF=CRcum  34.0
IEAC(t) PE=CREScum 22.0 IEAC(t) PF=CREScum  34.0

Use of the ES “long form? IEAC(t) formula, results@oriect

calculation off Actual Duration; at Completion
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IEAC(t) Predictions using

ES Technigues:Weekly Plots of IEAC(T)
Late Einish Project Example

Commercial IT Infrastructure Expansion Project Phas el

Earned Schedule, Independent Estimate At Completion

(time) - IEAC(t)
as at Project Completion: Week Starting 15th July x

X

—e— Planned Schedule —#— Earned Schedule cum —e—I|EAC(t) PD/SPI(t) ‘

N
(63}

P
P

/r;/./l.;n Dur wk 2
/ /’ | f

/ Re-start v

/

Duration (Weeks)
N
o

[ERN
(3]

/

1 2 3 4 5 6 7 8 9 10 1112 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 Technigues:Weekly Plots of
Independent Estimate off Completion; Date

Commercial IT Infrastructure Expansion Project Phase 1

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

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

28 Jul 90
-+ 14 Jul 90
- 30 Jun 90
- 16 Jun 90
02 Jun 90

-+ 19 May 90

+ 05 May 90

% HK 2-start wk | 21 Apr o0
—+ 07 Apr 90

+ 24 Mar 90

—+ 10 Mar 90

+ 24 Feb 90

+ 10 Feb 90

27 Jan 90

Stop wk

1 2 3 4 5 6 7 8 9 1011 12 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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“Further Developments™ in Earned
Schedule
Sclhieatier Puration. Predlction) (continued)

Pre ES formulaeand resulis algebraically flawed

“... there isilittle theoretical justification for EVIVI
practitioners;continuing te; use the pre ES predictors

off schedule perfermance. Conversion to and use of the
ES based technigues, is strongly. recommended.”

- Kym Henderson There’s got

to be a better
method!
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2 My Experience Summarised

Schedule Performance Indicators (for early and late finish projects):
— SPI(t) & SV(t) do portray the real schedule performance
In agreement with [1] [2]
Forecasting Duration (for early and late finish projects):
— at early & middle project stage: pre-ES & ES forecasts produce

similar results at late project stage: ES forecasts outperform all
pre-ES forecasts in agreement with [2] [3]

Assessing Project Duration (for early and late finish projects):

— the use of the SPI(t) in conjunction with the TCSPI(t) has been
demonstrated to be useful to manage the schedule expectations
application of [3]

[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 of Real Project Data,The Measurable News, Summer 2003

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

IIPMC 2005 Fall Conference Rev.2 TU Stephan VandeVOOrde




EXErciSe — Calctiate
ES, SV(t), SPI(T)
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Exercise # 1

Complete Eanly & llate Woerksheets
(Canrareas erly)k

Earned Schedule Eermulas:
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ES Exercise \Worksheet

Oct Nov Dec
2665 2760 2823
2740

75

Early Einishi Preject (Cumulative Values)

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




BSWS($)
BCWP($)
SV($)

SPI($)

Month Count
ES(cum)
SV(t)

SPI(t)

ProMAC 2006 26 Sep 2006

ES Exercise Worksheet

Year 01

Jan Jun Jul Aug Sep Oct

105 14/5=" 1805 1" 21357 2435 w2665

95 POTI™E S 6O ' IO00 o F2XS0E 22975

-10 -20 -45 -160 -195 26O -285 -390

0.905 0.892 0.892 0.890 0.883 0.854

2 3 I 5 6 7 I 9

0.900 0.913

Nov

Year 02

Dec Jan Feb Mar

2760 2823

2425 12585 22685 |F 27(0y 2023

-335 -268 -128 -53 0

0.879 0.905 0.955 0.981 1.000

| | 14

Late Einishi Preject (Cumulative Values)
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ES Exercise Answers

2740 2823
75

1.028 1.023

(Keivgcicl| 12.000

Early’ Einish Preject (Cumulative Values)
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ES Exercise Answers

BSWS($) 105 200 515 845 1175 1475 1805 2135 2435 2665 2760 @ 2823

BCWP($) 95 470 770 TU6Sw| 1315 F 1610° & 1900 2150 |F'2275 2425 »- §2555
SV($) -10 -110 -160 S99 -235 -285 -390 =335 -268

SPI($) 0.905 0.906 0.892 0.892 0.890 0.883 0.854 0.879 0.905

Month Count 13

ES(mo) 5.547 6.409 10.316 11.159

SV(t) =05 33 4 U -2.684 -2.841

SPI(t) 0.911 0.916 0.794 | 40 79K

Late Einishi Preject (Cumulative Values)
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Stattis Update
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Early: Adopters

EVIMInstrlctors
x PMA, Management Technologies ...

Boeing Dreamliner, Lockheed Martin, US State
Department, Secretary’ offthe Air Force

UK Mok — Nimrod), Tpe 45 Destroyer:

Severall Countries - Australia, Belgitim, Sweden,
UK, USA ...

Applications acrossi WEaPONS! prograns;
construction, sofitware development, ...

RanNge off project size frem very: small and short
to extremely large and' long duration
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1l M |

“Time-Based Schedule Measures An Emerging EVM Practice”
Part of the EVM Practice Standard

 Included in Box 3-1 of EVM
Practice Standard

— Describes basic principles of
“Earned Schedule”

— Provides foundation for further
development of and research
Intended to result in Earned
Schedule acceptance as a
valid extension to EVM

 EVM Practice Standard being
released at this Conference

(November 2004)

m e ourent mracios of EvM, schedule wrlance and sohedule performamcs ane bod
mesxsares of work soope, mod dme. The work b5 represemed by Bs budpeted oost =5
recorded Im e periormance messarem et baseline. The Evd sdhedule warlance ks e
differemoe badwearm wor & pe florm ed amd work sohedubed, and Fhe scheduls perio rmanoe
mides b S ravdlo of work pe formed S0 wark scheduled. For Projec EZ, (hess messunes
ndlcate Tt work ks not being sccomplished s quicily or & afickertly s plammesd

EVoEW-PY=IZ_4E=E EF=EV!/PV=I2/4E =0 ET
S work weane S0 congine &t Shils rane, Shan aill of S work of Project EE would fais 15
miondes i sooomalish nstesd of e 12 mondhs planned (12 1 0SSET - 15

These S and SPI1 messures sre psadul indicasors and prediciors of periormances amd
resuls. Bl becsuse ey are besed on owork and not Sime, They can behawe Inoways
That are nod normally expecied of sohedule indicators and prediciors. The problsm can
be IusTated with Project EZ- Whether all of e work 15 oompleted a5 plarmed at 12
Mo of &t 15 mon s a5 predicied by She fowr-mondh SP1of 0067, 1T willl be completed
eperiuslly and &t Ten fime The work-besed sohedule variancs and periormance Imdex
willl Indicate periect periormamce. For winen e work ks completsd: BEv' = P, and 5o S
w0 amd S8 = 1.0, This ks fine e work ks being scoomplished scoording 50 plan, bl
oroblamatic HE s not. B Project B2 doss take 123 mondns, S willl nonedhebess aqual
and S sgqual 1.0, when s Clear et Projes EZ s S mondhs e and asersged only
7% efficlency

Thare ks an amanging practics i SV, whilch wses Sme-hesed massores of sohadule
wariamoe mmd soheduls parformancs s an sBemetiee o supplsmers 3o e TsdEion
work-Dased massures. TRiS mew medod syolds e probbems of T woric-hesed
madhod MesTansd aboss WWheanems S Tadiions] work-hesad mashod companss work
periormed and work schesduled & or 50 8 (0 oins In fme, e fme-head matiod companes
i actusl Hee with T planssd Hime for he work prriormasd. 0 T cane of Projec £
e wor i parformesd & ar four mondes (AT = 4 Fed & plarmed Sime of Fres mon®es (FT =
) [rader 0 Flgures 25 and 2-7). I & manmer Tt paralials e s of AC and Y I
radiionsl EVI, praciRioners ans bagining 0w sctes] fme (AT and planned Sime
(7T o compus: S and SF

VA= PT-AT=2-4 =—1maats EFNI=PT/AT=2/4 =0.78

Wiille dhe work- and Sime-besed medhods prowkde comparable resuls a0 e our-mond
polnt In Project E2, ook a7 The diflerence &t propsct complesion afber 13 momdes:

P =PT-AT=12-18=—-8 moafhs EPI=PT/AT=12/18 =087

BB =EV-PV=180-1B80=0 P =EV/PV =180/ 180=10

Rights Reserved
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Available Resources

PMI-Syaney.
a Repository for ES Papers and Presentations
Earned Schedule Website

s Established February 2006

n Contalns News, Papers, Preseniatons, £S5
[Erminoegy;, S Calcllators

s Identifies Contacts te assist with application
Wikipedia now! references, Earned Schedule
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Foreseen Uses of Earned Schedule

Enablesiindependent evaluation' of schedule estimates:
ETC(t), EAC()

Eacilitates insight: inte network schedule perfiormance

Improvement ter Schedule anal Cost: prediction

Application off direct statistical analysisi ofif schedule
PErformance
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3 Research Efforts s

Extracted results from [8]: Forecast Accuracy and the Completion of
Work
Simulation runs performed: 1 run project finish ahead of schedule, 1 run projects finish behind
Mean Percentage Error (MPE) Mean Percept_age Er.ror (MPE)
for early finish projects for late finish projects
010 &+ T om0
0,054 - I T e 0.05
000+ St ’
0,05 - m e 0,00 -
010+ nos
0151 % o 005
-0,20 -0,10
0%-30% 30%-70% 70%-100% 0%-30% 30%-70% 70%-100%
—O—PDISPI —=0—PDI/SPI(t) —O—PD/SPI —0—PD/SPI(})
Plans are made to present the research report “A simulation and

evaluation of earned value metrics to forecast the project duration” at the
22nd PMI-CPM Spring Conference 2006.

[8] Vanhoucke Mario, Vandevoorde Stephan, A simulatio _n and evaluation of earned value metrics to

forecast the project duration _, Working Paper 2005/317, July 2005, Ghent Universit y

IPMC 2005 Fall Conference - ES Workshop Final 9 Tt Stephan Vandevoorde




Demonstration of Earned

Schedule Calculator
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Earned Schedule Calculator

"l

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




Earned Schedule Calculator

"l
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Demonstration of Earned

Schedule Analysis ool
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Earned Schedule; Analysis Tool

"l
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ES and Re-Baselining
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ES and Re-Baselining

ES indicators are affected by re-baselining

s Behaviour o SV(T) andl SPI(t) Is analogous te
CV and CPI

See examples

PMB: clhiange affects schedule prediction
similarly: te; cost

Copyright © 2006
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Earned Schedule — Re-Baseline Example
REd| project data — nominal re-paseliiie

~
]
i 4
[<H)
()
s
c
=
—
©
—_
>
(@]

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

3. Re-baseline effect

2. Schedule
delay

Actual Time (weeks)

=—&—Planned Schedule ReBline #1
=>&=Planned Schedule cum CBB

—li—Earned Schedule cum

—A— [EAC(t) SPI(t)
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Earned Schedule — Re-Baseline Example
CV, SV(%) ana SV(t)

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

20
5. 1 week completion

0 1. delay on re-baselined
PMB

-20

-40

o
o
e
(]
=
<
°
o

-60 - _4 00

4. “Sawtooth” effect of
re-baselining (CV,

BT 2. Cost Overrun SV($) and SV(t)

-80

-120 R
3. Schedule delay >

-140
29 Jan |26 Feb |26 Mar |30 Apr 28 May 25Jun 02 Jul 3

Actual Time (weeks) 400 | 800 | 12.00 | 17.00 | 21.00 | 25.00 | 26.00
——CV cum (12.14) | (23.70) | (42.92) | (87.31) |(108.61)|(121.43) 6.96
—=—SV($) cum (0.41) | 6.65 | 6.73 | (1.42) | (22.07) | (46.48)| (8.60)
—&—Target CV and SV 0.00 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00
—8—SV(t) cum (0.16) | 0.60 | 056 | (0.13) | (3.55) | (7.41) | (0.09)
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Critical Patih Stuay,
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Critical Path Study Outline

The Scheduling Challenge

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

Schedule approach
Earned Schedule; vs Critical Path predictors

Real Scheduler Management with' Earned
Schedule

s Initial experience and ebservation
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The Scheduling Challenge

A realistic project schedule isidependent on
multiple; ofiten complex factors Incltding
dccurate:

s Estimation of the tasks required,
s Estimates of the task durations

s Resources required to complete the identified tasks

lIdentification and modelingl o dependencies
Impacting| the execution ofi the project
s [lask dependencies (e.g. F-S process flows)

s “Dependent” Milestones (internal and external)
= Other logic”
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The Scheduling Challenge

From small proejec

S INtor large projectsiand

programs, schedu

NGl reguirements DECOMES

exponentially: moere complex

Integration

s Of schedules between “master” and! “suboerdinate

schedules

s Often across multi
Activities and
Organisations

'//

ple tiers of

contributing ter the, overall programi off Worik
Essentiall for producing ar useful integrated

master schedule

ProMAC 2006 26 Sep 2006
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To further compound
schedule complexity

Once; ani initial schedule baseling; has been
established progress monitering inevitably.
esults in changes

silask and activity’ duratiens change becaulse “actual
PErformance” dees not confiormi torplan

s Additional Unfereseen activities: may: need to; be addead

sl.0gic changesias a result of corrective actions to
contain slippages; and

slmproved tunderstanding ofi the work BeIng
undertaken

= Other “planned changes™ (Change; Requests) also
contribute to schedule modifications over time
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Wouldn't it be nice. ....

Tio be able to explicitly: declare; “Schedule Reserve™in
the proeject “schedule ofi record™

a Protect committed key: milestone delivery dates
1o have, schedule macrorlevel Indicators anadl prediciors

s [deally, derived separately firom the, network schedule!
s Provides aimeans for comparisoniand validation: of the

measures, and predictors provided by: thernetwork schedule

s An independent predictor off project duration weulaibe a
particularly: usertl metric

“On time~ completion of projects usually’ considered
Important

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




Case Study: Project

Commercial sector sofitware development:

and enhancement: project:

m 10rweek Plannedr Duration

m Needed te support Iaunchl of
ievenue generating marketing campaign

s Costi budget: 100% labour costs

Mixture of:
s 3 tier client server development
Mainframe, Middleware, \Workstation

s 2 tier client server development
Mainframe to) \WWorkstation direct
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The EVM and ES Approach

Microseft Preject 2002 schedule

sResource leaded for time phased efifert and cost
estimation

s (Controll Account — Werk Package views develeped in the
schedule

s Actuall Coests captured in SAP time recording system

Limited" (actlal) cost — schedule integration

sContingency: (Management Reserve) manaded outside the
schedule

s /op level Planned! Values cum = copiedl and' pasted™ Into
Excel EVIM and ES template

High! level off cost — schiedule integration achieved
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Schedule Management:

Weekly' schedule updates from week 3 focusing on:
s Accurate task level percentage; work completion Updates

s/ihe project level percentage work completion (cumulative)
calculated by Microsofit Project

Percentage work complete; transferred to the EVIM and ES' template
to derive the progressive; Earmed! Value (cumulative) measure

Schedule review! fectising o criticall path: analysis

s Schedule updates eccurredias needed with
s Revised estimates off task duration and
sChanges te network schedule logic

particularly: when needed to facilitate schedule based
COrrectve action

Actuial costs entered! into the EVM and ES template as
they became available (weekly)
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An Integrated Schedule Analysis Chart
Critical Path, IECD, SPI(t) and SPI($) on one; page

10 Oct
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==
=1}

30 Sep

=
=4

20 Sep

=
Poud

10 Sep

=
SPI{t) & SPI($)

31 Aug

w
-
@
=
=
S
=
E
=
=

=)
o

21 Aug

=)
o

11 Aug

=
=

01Aug

s PR Wiz Coem plad boor Dade
Bl 2 L - ]

gy C7 2] Fadh Comnpibn
e BFN ) 0T

=== 5l &) c0mm

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




Schedule Analysis

Initial expectation

x [lhe critical path’ predicted completion date; would be
more pessimistic than the IECD

A fact

s The ES IECD trend line depicted a “late finish” project
WILh Improving schedule perfiormance

s [he criticall path' predicted completion dates showed an
“early finishi project™ with: deteriorating schedule
PErformance

Became, the, “criticall guestion™ in Week 8
a ES IECD improvement: trend reversed

s Continued! deterioration In the critical pathr predicted

completion| dates
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Schedule Analysis Resuit

IECD the moere credible predictor in this Circumstance
= \Work was noet beinglaccomplisned at the; rate plannea

s N6 adverse contribution by: critical: path fiactors

e.d. Externally: imposed delays cauised by “dependent
milestone

Twe weeks schedule;delay: communicated: to
Management
a\/ery late delay of schedule slippage a very: sensitive issue

Corrective action was immediately: Implemented

= Resulted in two weeks progress injone week based on IECD
Improvement in week 9

s Proeject substantively delivered to the revised delivery date
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The

IECD! vs Critical Path Predictors

Network schedule updates dornot: usually: factor

past (Critica

IFpath) task perfiermance; iInto: the; fiuture

s(Generally’ concentrate; on the current time Windew,

Trask up

dates

Corrective action to try and contain slippages

s /Critical pat
calibrated

1 predicted completion date isinoet usually
oy past actiial schedule; perfermance

The ES IECD

s (Cannot directly’ take; into account: critical path Infermation
s BUIF does' calibrate the prediction based onr NIsteric

schedule p

erformance as refiected in the SPI(t)
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Further Observations

Much has been written about: the conseguences ofi
et achieving work at the EViMirate planmned
s At very least, incemplete work needs torbe rescheduled ...

s Immediate critical Vs nen criticall path Implication reguires
detaileal analysisioff the network schedule
s Sustained iImprovement in schedule; perfiormance IS a
difficult challenge
SPI(t) remainediin the .7 to) .8 band fox the entire project:!
In; spite; off the corrective action and! recovery: efifort

s Any task delayed eventually: becomes critical path i not
completed
SPI(t)ra very usefulfindicator off schedule perfermamnce

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

We know: that ES isiscalablejas isi EVM
m[Ssues of scale did noti arise; due to small size off the project

Detailed analysis of the, ES metrics s required
s [he same as EVM for cost

s/[[le “masking™ or' “washout™ efiect ofi negative and
positive ES variances at the detailed level can beran issue

s [ he same as EVM for cost

v Earned! Schedule to the Controll Accounts and

APP
Wor

K Packages on the critical path

s And “near critical path activities

nJust as EVM doeesn't replace a bottom up ETC and EAC

Copyright © 2006
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Real Schedule Management with
Earned Schedule

ES s o considerable benefit in analysing and
Manading schedule perHormance

The “time critical™ dichetomy. of reporting optimistic
predicted! task completions and! setting and reporting
iealistic;completion dates Was aveided

1/

s ES metrics provided an Independent means off sanity,
checking the critical pathr predicted completion date
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Final Thoughts

ES is expected be off considerable value to the
schiedulermanagement fior'large scale proejects and
Programs

s ExXponential increase ini the network scheduling
complexities

sUnaveidable and mecessary on these programs and So
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SUmmary. - Basic
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SUummary. - Basic

Derived fom EVM data; ... only
Provides;time-based schedule indicators
Indicators de; not: failifor 1ate finishr projects
Application Is scalable up/down, just as isi EVM
Schedule predictioni s, better than any: other EVM
methed presently tsed

s SPI(t) behaves similarly: te CPI

s [EAC(t) = PD/ SPI(t) behaves similarly to
IEAC = BAC / CPI
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SUummary. - Basic

Schedule prediction'— much easier'and pPoessIbly.
petter than “bottoms-up* scheaule analysis

Application Is growing ini both small and large
DFOjects

Practice recognizedi as “Emerging Practice

Reseurce avallability enhanced with: ES website
and Wikipedia

Research indicates’ ES superior ter other methods
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Earned Scnedule Training
Basic

[DISCUSSIoN
Wirap Up — ES, Basic
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~| LI |

rFaried . Sceredu/e Emerading
Practice Workshop
Session 2

Instructors

Walt Lipke Kym Henaerson
EdUcation: Director

PMI Sydney, AustraliarChapter

Kym.henderson@iroggy.com.au
61 414 428 537

waltlipke@cox.net
1 (405) 364-1594
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Earned Schedule Training
Basic (Session 1)

EVM Schedule Indicators

Intreduction ter Earned Schedule
s Concept & Metries

s Indicaters

s Predictors

s [erminolegy.

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




Earned Schedule Training
Basic (Sessioni 1)

Application off Concept
s Analysisi &t Verification
s Prediction Comparisens

Exercise — Calculate ES, SV(t), SPI(t)

Statts Update

s Applications

= PMI-CPM Earned Value Practice Standara
s ES Website
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Earned Schedule Training
Basic (Sessioni 1)

Analysisilioel Demonstration
Re-Baseline Effects

Critical Path: Study:
DISCUSS/0/
Wirap Up — ES Basic
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Earned Schedule Training
Advanced (Session: 2)

Interpolation: Error

Network Schedule Analysis
s Impediments' /. Constraints
s Rework

EV Research
x Schedule Adherence
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Earned Schedule Training
Advanced (Session: 2)

Effective Earned Value
a Derivation
s Indicaters
s Prediction

Statisticall Prediction

s Statisticall Process Control

s Planning fior' Risk

a Periormance Indication & Analysis
s Outcome Prediction

Summary: - Advanced
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Earned Schedule Training
Advanced (Session: 2)

Statistical Prediction
a Statistical Process Control
s Planning fer Risk

s Perfiormance Ihdication & Analysis
s Outcome Prediction

Summary: - Advanced
QUlz & DIScUSsIon
Wirap Up
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Earned Senedule fraining

AdVanced
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Interpoelation’ Error
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Interpolation: Error

e PMB'is an S-Curve. Does the linear
Interpolation introduce large ES' error?

Is error larger where the S-Curve;is
steepest?

Wihat affects the accuracy: off the ES
calculation?
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Interpolation: Error

[/1mo=p/qg
I =(p// g) H1"mo

b = BCWP — BCWS,
q = BCWSC+1 E BCWSC

1mo —

ES BCWPR — BCWS,.

}
vay | dune | BEWS,., , — BCWS,

Time

Mmoo
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Interpolation: Error

k ES(calc)

«— [ ——>!
' _h 5« €rror

. e |
(© | (C+1)

May | June |July
Time

ProMAC 2006 26 Sep 2006

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

=1 € 4=k
ES(calc) = C + calculated
increment (1)
Error (8) =1-F
| |
% error =
CHEE
Example = .05/ 8.12 = 0.6%
As C = larger
- % error = smaller
- ES(calc) = more accurate

Weekly EV make ES more accurate
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Interpolation: Error

Afteral fiew: montns of status (€ > 4)

What about! centrall portion: off PMB, where
S-Curve Is steepest? Is error greater?
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Other Sources ofi Error

Partial Moenthi— 1st month

s Muchrmore significant:than; interpolation: error
s Error decreases) asi C becomes larger

s Correctanle;— adjlst calctiator'eoutput

Earned Valle recorded

s Low accuracy for EV = Inaccurate ES
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Network Scheaule Analysis
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Schedule Analysis with EVIM?

The generall beliefrisi EVM cannoet be; tsed
o predict;schedule duration

Most practitioners analyze, schedule from
the bettem up;using the; netwerked
schedule ....

= Analysis ef the Schedule isfoverwhelming

s Criticall Path 1s' Usedl ter shorten analysis
(CP'/s! /ongest patii or: the schedule)
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Schedule Analysis with EVIM?

DPuration prediction using Earned Schedule
provides al macre-method similar'te the
methed fer'estimating Cost:

But, there’s more that: ES facilitates: ....
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Earned Schedule
pridges VIV tor Real- Scheaule

,

COpyfm:@zooes

nde
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How! Can This Be Used?

lasks belind — possibility’ of Impediments; or
constraints can be identified

lasksi ahead — a likelihood of future rewerk can
pe identified

The identification IS Independent: from| schedule
EfficIency

Tihe identification; can be autemated
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Earned Value Research
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Earned Value Research

Most riesearch conducted since 1990
s Resultroff cancellation off Navy A-12 Avenger

s Primary: researcher, Dr. David Christensen,
Southern: UtahrUniversity

s Cost studies usingi very: large DOD) project

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

Dr. Christensen’s & associates findings
s CPI stawilizes @' 20%) complete
= CPI tends to worsen as EV = BAC
s |CPI(final) — CPI(20%)| < 0.10
= JEAC = BAC / CPI < Final Cost
wihen. Percent Complete /s 20%: = 70%
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Discussion of EV. Research

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

wheni Percent Complete is = 20%

Rationale supperting CPI tendency
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CPI & IEAC Behavior

CPIlcum versus | EAC Behavior
Percent Complete

0.00 —
02 04 06 08 Z

1.06 -
1.04
1.02
1.00
0.98

0.96 |
02 04 06 08 10

Percent Complete Percent Complete

-0.04

R4
‘/
L
;.0.0‘0‘0"“

Percent Difference
(IEAC - Find Cost) / Final Cost
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Schedule Adherence
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Schedule Adherence

EV isnft conmnected! to task seguence

a Hypothesis: Completion sequence of tasks affiects
Performance efficiency,

Incoerrect task segquencing occurs When there Is..
» Impediment or constraint
a Poor process discipline

Improeper performance SEqUENCE May: Cause. ...
s Overloading off constraint
n Performance; of' tasks wje complete inputs
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Schedule Adherence

Result fromi Improper performance Sequence ...

Schedule lengthens

Cost Increases while waiting (When other EV availableris
severely limited)

Schedule lengthens

Costiescalates
Constraint problem: 8« REWorK appear late
CausSing ...
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Schedule Adherence

Schedule Adherence measure! is Used torenlance
the EVM measures

s Propesed Measure: Il accordarce with the) project: plan,

GELermine. the lasks WIcH SHoUIA e ColpIEled. Of: Stalited 10/
e auraton) associgted Witll £5: Compare. the associated. Py witii

triel EV. oritiie tasks Wilc/ Giectiy, correspord. Calctlate tie
rauoy
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Schedule Adherence

Characteristics of the: P measure

Prused to compute effective earned valte {EV(e)’:
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Effective Earned Value
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Effective Earned Value

Effective EV.

ZEV. [ PV @ ES

Jotall EV.

EV(r) Isperfoermed at risk ofi creating rework
Portion colored 1susable
Portion colered Isunusable

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




Effective EV: Relationships

P-Factor (or P) = 2EVj [ 2PVj = XEVj [ EV
EV(p) is' pertion off EV' consistent with the plan
EV(r) IS portion off EV-With anticipated rework

EV(r) = EV.— EV(p) = EV.— P. HEV.
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Effective EV: Relationships

Rework: proporition (R%) = () / ()
() = fraction of EV(1r) unusable
i(p) = fraction off EV(r) Usable
i(r) + fi(p) = 1
Portion of EV(r) usable
f(p) DR% + f(p) = 1
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Effective Earned Value

Effective earned value; is a function off EV, P, and
REWOork:

EV(e) = EV(p) + (fraction usable) [HEV(Tr)
= P HEV + (1 /1 + R%) (1l — P) ZEV]
General eguation for' Effective; Earneal Value

Special case, when R% = 50%
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Effective Earned Value

Effective ES Is computed: using EV(e)
{l.e., ES5(e)}
Effective EV and ES indicators are. ...
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Graphs of CPI, CPI(e)
& P > FaCtOI‘ (notionall data)
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Graphs of CPI & SPI(t)
with the P/ - Factor

M CPI

CPlI(e)
W SPI(t)
SPI(te)
P- Factor

@
e
T
>
X
@
T
£
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Percent Complete
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[Forecasting; with

Effective Earned: Value
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Forecasting with
Effective Earned Value

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
IEAC(e) IEAC(te)

$1,150 R -

IEAC IEjitLv/

BAC = $1,000,000

$9m I I |
02 04 06 08B 1.0 . 0.4 0.6 0.8 1.0

Percent Complete Percent Complete

$1,050

PD = 36 months
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Summary:
Effective Earned Value

Lack off adherence to' the schedule causes, EV to
MISKEPresent pProject progress

Prindicator introduced tormeasure: schedule

adherence

Effective EV calculable firom P, R% and EV
ieported
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Statistical Prediction
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Statistical Prediction

Statistical Process Control
Plamning|fier Risk

Perfiormance Indication: &t Analysis
Outcome Prediction
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Application Problems

Distributions off periodic values off CPI & SPI(t)
are right=skewed

N
Research indicates) CPI tends tor Woersen as
EV = BAC
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Statisticall Process Control

SPC isia Quality:method used to identily
anomalous behavier of the, process

For application to) CPI and SPI(t), SPC is tised to
[dentify, anemalols PERBAIC PEHOManCe

s Clarifies “true” performance

a Allews better analysis

s Improves prediction
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Statisticall Process Control

[ anomaly )

aé’ <In&PIlt >,=0.994

1 0=0.266

+3

1.5

In(SPI)

1 2 3 4 5 6 7 8B 9 1011 12 13 14 15 16 17 18 19 20

Months
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Planning for Risk

Risk mitigation = Schedule Reserve
Data needed
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Planning fior Risk

In SPI(t)_!

In Schedule Ratio

3
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o
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=
@
=
=
@
-
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w
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Means (In SPI(t),, ")
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Perfiormance Indication & Analysis

Performance Window! Indicator
s Combines CPI & SPI(t) onto one chart
n [Depicuon IS/ Invariant te preject size

s Previdesvisual off performance; in: relation| to) Plan’ &
Negotiated reguirement

s [llustrates diminishingl epportunity: fer recovery

s Provides! Propapiiity, o Stceessiseparately for Cost &t
Schedule
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Performance; Indication & Analysis

.sz?yzry/////////%///mfffiﬂffffzzz;;fnrnn i

~ 50% Complete

Performance - Plan and 50% Complets
reen - —an SPIH_, =10,CPM_ =10
- = = :

Cost disttibution Yellow - Reserves
0.5 15 Y.

Time

Note: Graph axes scales are multipliers of
Budget at Completion (Cost) and Period of
Copyright © 2006 Performance (Time).
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Outcome Prediction

Apply: SPC to establish “trle™ performance for
CPI" & SPI(t)

s Resjduall Cumulative valte
s Standardi Deyviation ofi periodic perfermance

Compute; the adjustment: for accomplished
POrtIGN Off project:

Compute; adjusted Standardl Deviation of the
Meansi(op)
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Outcome Prediction

Using the; results; ...

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

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

Preject analysis tool [EV- & ES application]
Re-paseline impacts SPI(t) similarly: ter CPI

Duration prediction fromi ES much’ easier' than
Using Critical Pathranalysis ...and may: be; better

Netwerk schedule analysis enhanced by ES
s Identifiesifiuture problems
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Summary. - Advanced

ES connects EV to the schedule

Statisticall technigues proevide facility tor Impreve
planning, analysis, and outcome prediction
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QUz. & [DISCUSSION
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Question #1

Wihat is/the problem| with the EVIV
scheadule indicators, SV and! SPI1?

1ey measure schedule performance; in $$
1ey SOmMELIMES alé Erreneous

-
-
They: can bel poeor predictors) ol outcome
L+ All of the abeve
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Question #2

Why de: SPI' & SV fiall to previde reliable
schedule Infiormation: ?

EVIM measures;schedule performance in $$
Lt PV & EV are constrained to BAC

They: are; noti related to) the networked
schiedule

All of the above
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Question #3

What' elements are reguired to compute
Earned Schedule?

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

What dees Earned Schedule measure?

ime; atwhichrActual Cost appears on PMB

L e lime at whichrPlanned Valtie egualsi Earned
Value

Time at which Earned Value is reported
None of the, above
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Question #5

The equation for’ Earneadl Schedule is
ES., = C + I. How is/I calculated?

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

2t = (EV = PVo) [ (PV.q — PVe)
I = AEV /| APV
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Question #6

What Is the; largest source ofi error fior the
Earned Schedule measure?

L tEarned: Value reported
Interpolated! portion of the ES value
Earned Value accounting practice
Crediting first month as a full month
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Question #7.

Earned Schedule canl be; tised! to previde
Infermation about futlre rework and
project constraints and impediments.

LElrue
False
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Question #8

What fitndamental elements are needed to
predict the, completion: date; fior al preject?

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

#+Date + ES, AT, PD

Copyright © 2006
ProMAC 2006 26! Sep 2006 Lipke and Henderson




Question #9

\Whati dees the' P-Factor helprus Understand
abOUL project: perermance?

IHow: closely: the! project is following Its plan

Wiy performance has the; tendency: to
become less efficient as EV. = BAC

Improves analysis, of true; project:
dccomplishment

Lt All of the above
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Question #10

IHow: does Effiective Earned Value diffier
from’ Earned Value?

Effective EV. < EV

Effiective’ EV accounts fior rework

Allews for earlier prediction of final project
outcome

T £AllFel the above
None of the above
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Wirap Up

Derived fom EVM data; ... only
Provides time-based schedule indicators

Indicatorside: not fail for Iate finish project:

Application| isiscalable; up/down, just asiis

S
EVM

Schedule predictioni s, better than any: other EVM

methed presently tsed

= SPI(t) behaves similarly: to CPI

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

Schedule prediction'— much easier'and pPoessIbly.
petter than “bottoms-up* scheaule analysis

a [dentification off Constraints /' Impedimentsand
REWork

s Calculation off Scheduler Adherence
m Creation of Effective Earned Value
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Conclusion

SWhatever canibe done using) EVIV fer
CostiAnalysis can also be; dene using
Earned Schedule; for Schedule Analysis™

Earned Schedule
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Contact Infermation

KyimGIENAErson
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