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To discuss and encourage the application of a new

method of schedule analysis derived from Earned

Value Management, termed “Earned Schedule.”
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So, what’s the problem?

Traditional schedule EVM metrics are good at beginning of
project

— Show schedule performance trends

But the metrics don'’t reflect real schedule performance at end

— Eventually, all “budget” will be earned as the work is
completed, no matter how late you finish

« SPI improves and ends up at 1.00 at end of project
« SV improves and ends up at $0 variance at end of project

— Traditional schedule metrics lose their predictive ability over
the last third of project

» Impacts schedule predictions, EAC predictions

Project managers don’t understand schedule

performance in terms of budget
— Like most of us!
Rights Reserved
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Building professionalism in project management.

Project Management Institute

College of Performance Management C ) St an d S C h Cc d u l c V a ri ances

CV =BCWP - ACWP SV =BCWP - BCWS

-O'CV w D.~
-7/ SV

Note: Project completion was scheduled for Jan 02, but completed Apr 02.
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Cost and Schedule Performance Indices

CPI - BCWP SPI — BCWP
ACWP BCWS
w 1.5 Q
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>
X
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Note: Project completion was scheduled for Jan 02, but completed Apr 02.
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SEI SW-CMM Level 4 achieved Nov 1996
Level 4 (Quant Mgmt) evolved < SPC

SPC < Defect Prevention (Level 5)

SPC applied to EV indicators

Several applications of statistics created

SPI flaw became intolerable

Solution needed to save statistics applications
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'Earned Schedule Concept

‘SPI(S}) _ BCWP

BCWS

‘ SPI(t) = Ei

[svs) = Bcwp - Bews |

BCWS

kv = s - at|

Projection of BCWP
onto BCWS

L Pl ES = All of May + Portion of June
e ES _ 5.+ BCWP($) - BCWS(May)
L’ BCWS(June) - BCWS(May)
< AT =7
J F A M S O N

11



y r

The Formulae
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e EScum is the:

Number of completed BCWS time increments BCWP
exceeds + the fraction of the incomplete BCWS increment

* ES,.,, = C + I where:

C = number of time increments for BCWP > BCWS
I=(BCWP -BCWS,)/ (BCWS,,;, —BCWS,)

 ESperiod(n) = EScum(n) — EScum(n-1)
= AES,

12
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e The Schedule Indicators

* Schedule Variance (time):
- SV(t) =ES,,,, — AT .1
where AT = actual time

period = AEScum — A‘ATcum
normally AAT,,,, =1

- SV(t)

* Schedule Performance Index (time):
— SPI(t) = ES,,,,, / AT
— SPI(t) =AES,,,, / AAT

period

13
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e Key Points:

— ES Indicators constructed to behave in an

analogous manner to the EVM Cost Indicators,
CV and CPI

— SV(t) and SPI(t) are not constrained by BCWS
calculation reference

— SV (t) and SPI(t) provide duration based
measures of schedule performance

14
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~ ES vs EVM Schedule Indicators

Earned Schedule

Earned Value

SV(t) and SPI(t) valid for
entire project, including early
and late finish

SV ($) and SPI($) validity
limited to early finish projects

Duration based predictive
capability analogous to
EVM’s cost based indicators

Limited prediction capability
No predictive capability after

planned completion date
exceeded

Facilitates Cost — Schedule
Management (using EVM
and ES)

EVM Management focused to
Cost

17
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SV($) versus SV (t)

BCWS

2

"""""""" « Earned schedule metrics relate
work performed to actual time, not
work scheduled

LN - Retain utility over time
Farned Schedule (ES) Sv) | « Only return to 0 or 1.00 where

“on time” completion achieved
| Actual Time I

Rights Reserved 18
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Earned Schedule Terminology Parallels EVM

EVM

Earned Schedule

Earned Value (EV)

Earned Schedule (ES)

Actual Costs (AC)

Actual Time (AT)

Status
SV SV(t)
SPI SPI(t)
Budgeted Cost for Work Planned Duration for Work
Future Remaining (BCWR) Remaining (PDWR)
Work Estimate to Complete Estimate to Complete (time)
(ETC) ETC(t)
Variance at Completion Variance at Completion (time)
(VAC) VAC(t)
.. Estimate at Completion Estimate at Completion (time)
Prediction

(EAC) (supplier)

EAC(t) (supplier)

Independent EAC

(IEAC) (customer)

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

Rights Reserved
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St;itus of Earned Schedule

* Inclusion of Emerging Practice Insert into PMI -
EVM Practice Standard

— Dr. John Singley, VP of CPM

 Launch of PMI-CPM Research
— Valid for large scale DOD projects?
— AFIT Master’s student: 1Lt Scott Smith
— Research oversight: Dr. David Christensen
* Evidence of “early adopters” including in EVM
practice
— Incorporation of ES into EVM Instruction
— Requests for information and ES calculator
— Tool vendor interest

— Evidence of use
Rights Reserved
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“Time-Based Schedule Measures -- An Emerging EVM Practice”
Part of the EVM Practice Standard

 |ncluded in Box 3-1 of EVM
Practice Standard s =T

ifanamoe Dty yaor i e rlorm sy amd wor ks soiedubed, mnd e soedule | Derio rmenos

— Describes basic principles of R I
11 L) . - . o o I . _
Earned Schedule e ok e o e s e 10T o =g 2 w1 13
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ES Applied to Real Project Data:
Late Finish Project: SV($) and SV(t)

Dollars (,000)

- ¥ ¥ ¥

o & & A D N

& ©6 & ©o © o o
Il Il

-120
-140
-160

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 —<SV (t) cum ‘

—
Stop wk 19
- i »R\\ k 26
Sched wk 20 e-start w
e

1 2 3 45 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
Elapsed Weeks

-10
- =12
- =14
-16

Weeks

Rights Reserved
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ES Applied to Real Project Data:

Late Finish Project Analysis
 No EVM data prior to week 11

« SV($) and SV(t) show strong correlation until week 19

— Week 20 (The week of the project’s scheduled
completion) Client delay halted project progress until
resolution in Week 26

« SV(9) static at -$17,500 in spite of schedule delay

— Before trending to $0 at project completion

« SV(t) correctly calculates and displays
— Week on week schedule delay
— Project -14 week schedule delay at completion

« Conclusion

— SV(t) provides greater management utility than
SV($) for portraying and analyzing schedule
performance

Rights Reserved
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Early Finish Project: SV($) and SV(t)

[

Dollars ($,000)

-25.0

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

55.0
45.0 -
35.0
25.0
15.0
5.0
-5.0

-15.0

Sched wk 25

Stop wk 16

S

l\\ N

)

Re-start wk 19 —

1 2 3 456 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25
Elapsed Weeks

Rights Reserved

26



4 4 A
Early Finish Project Analysis

This project completed 3 weeks ahead of schedule

— In spite of externally imposed delay between weeks 16
and 19

SV($) and SV(t) show strong correlation over life of project
— Including the delay period

— SV(t)'s advantage is calculating delay as a measure of
duration

With Early Finish projects

— ES metrics SV(t) and SPI(t) have behaved consistently
with their historic EVM counterparts

Conclusion

— SV(t) provides greater management utility than SV($)
for portraying and analyzing schedule performance

Rights Reserved 27
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“Further Developments” in Earned Schedule

Schedule Duration Prediction Techniques

 Calculation of IEAC(t): short form
IEAC(t) = Planned Duration / SPI(t)

®

* Planned Duration for Work Remaining

PDWR = Planned Duration - Earned Schedule cum
— Analogous to the EVM BCWR

« Calculation of IEAC(t): long form
PDWR

IEAC(t) =Actual Time +
Performance Factor

Rights Reserved
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“KFurther Developments” in Earned Schedule

Schedule Duration Prediction Techniques (continued)
« |IEAC(t) long form formula
— Provides full alignment to the EVM IEAC($) predictor

— Allows performance factors other than SPI(t) to be
developed and utilised for predicting final schedule
outcomes

* Including non EVM based formulae (i.e. schedule based PF)

— PDWR resolves to zero at project completion

« |IEAC(t) formulae overcome flaws in pre-Earned
Schedule, schedule predictive techniques using EVM

— e.g. Planned Duration / SPI($)

Rights Reserved
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Pre ES, Schedule Prediction Techniques

Pre ES, schedule prediction techniques using EVM
iIndicators have been developed and published:
— Described in “Earned Value Project Management Method

and Extensions” Prof. Frank T Anbari, PhD, George
Washington University) [Published PMI Journal, Dec 2003]

— EVM: Earned Value Management Handbook, Japanese
Society for Project Management, 2003

These pre ES IEAC(t) formulae use SPI($) or a

combination of factors including SPI($) as performance

factors. e.g.

— Planned Duration / SPI($) or Critical Ratio (CR)
CR defined as product of CPI * SPI($) [Anbari]

Rights Reserved 31
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TEAC(t) Predictions using pre ES Techniques:
Early and Late Finish Project Examples

IEAC(t) Metrics at Project Completion

Early Finish Project

Planned Duration (weeks)

Actual Time (weeks)

25
(2

Percentage Complete cum

100%

CPIl cum

2.08

SPI(t) cum

1.14

SPI($) cum

1.17

Critical Ratio cum

243

IEAC(t) PD/SPI(t) cum

22.0

IEAC(t) PD/SPI($) cum

21.4

-

IEAC(t) PD/CR cum

10.3

IEAC(t) Metrics at Project Completion

Late Finish Project - pre ES

Planned Duration (weeks)

Actual Time (weeks)

Gy

Percentage Complete cum

100%

CPIl cum

0.52

SPI(t) cum

0.59

SPI($) cum

1.00

Critical Ratio cum

0.52

IEAC(t) PD/SPI(t) cum

34.0

IEAC(t) PD/SPI($) cum

20.0

IEAC(t) PD/ CR cum

38.7

* In both examples, the pre ES predictors (in red) fail to
correctly calculate the Actual Duration at Completion!

« The ES predictor, SPI(t) alone correctly calculates the
Actual Duration at Completion in both cases

Rights Reserved
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“Further Developments” in Earned Schedule
Schedule Duration Prediction Techniques (continued)

®

 Pre ES formulae and results algebraically flawed

“... there is little theoretical
Jjustification for EVM practitioners
continuing to use the pre ES predictors
of schedule performance. Conversion to
and use of the ES based techniques 1is
strongly recommended.”

- Kym Henderson

There’s got
to be a better
method!

Rights Reserved
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IEACﬁ(t) Predictions using ES Techniques:

Same Early and Late Finish Project Examples

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

Planned Duration (weeks)| 25

Earned Schedule cum| 25.0

Actual Time (weeks)| (22 §

Planned Duration Work
.. 0.0
Remaining

Percentage Complete cum| 100%

CPl cum| 2.08

SPI(t) cum| 1.14

SPI($) cum| 1.17

Critical Ratio cum| 2.43

Critical Ratio ES cum| 2.37

IEAC(t) PF = sPI(t) cum| 22.0

IEAC(t) PF =sPI($) cum| 22.0

IEAC(t) PF=CRcum| 22.0

IEAC(t) PF=CRES cum| 22.0

-

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

Planned Duration (weeks)

20
Actual Time (weeks)| (34) |

Earned Schedule cum| 20.0

Planned Duration Work
.. 0.0
Remaining

Percentage Complete cum| 100%

CPl cum| 0.53

SPI(t) cum| 0.59

SPI($) cum| 1.00

Critical Ratio cum| 0.52

Critical Ratio ES cum| 0.30

IEAC(t) PF = sPI(t) cum| 34.0

IEAC(t) PF = SPI($) cum| 34.0

IEAC(t) PF=CRcum| 34.0

IEAC(t) PF=CREScum| 34.0

« Use of the ES “long form” IEAC(t) formula, results in
correct calculation of Actual Duration at Completion

Rights Reserved
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IEAC(t) Predictions using ES Techniques: (continued)
Weekly Plots of IEAC(t) - Late Finish Project 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

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

i Plan Dur wk 20
g saseases= 0 - o

15

Duration (Weeks)

10 Stop wk 19 Re-start wk 26

5//

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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Weekly Plots of Independent Estimate of Completion Date

®

IECD Predictions using ES Techniques:

Commercial IT Infrastructure Expansion Project Phase 1

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

—&— Planned Schedule —#— Earned Schedule cum ==¢=Planned Completion Date ==¥=Independent Estimate of Completion Date

25

- N
(3] o

-
o

Duration (Weeks)

Stop wk 19

Plan Dur wk 20 .
Compl Apr 7 1

28 Jul 90
- 14 Jul 90
- 30 Jun 90
- 16 Jun 90
- 02 Jun 90
- 19 May 90

Re-start wk 26

- 05 May 90

1 21 Apr 90

RO ROEOR

- 07 Apr 90
- 24 Mar 90
- 10 Mar 90

- 24 Feb 90
- 10 Feb 90

27 Jan 90

12 3 4 5 6 7 8 91011 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Actual Time (Weeks)

Rights Reserved
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IEAC(t) Predictions using ES Techniques:

« ES formulae and results are algebraically correct

“"Whilst assessments of the predictive
utility of the ES calculated IEAC(t)
and the relative merits of using the
various performance factors available
are matters for further research and
empiric validation, the theoretical
integrity of ES now seems confirmed.”

- Kym Henderson
There IS a
better
method!

Rights Reserved
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“Further Developments” in Earned Schedule

(continued)

« Analogous forward looking” Earned Schedule indicator to
the CPITO GO is calculated as:

Planned Duration - ES cum
SPI(t) To co =

Planned Duration - Actual Time

* The ES analogous To compLETE CPI indicator is
calculated as:

Planned Duration - ES cum

To coMpLETE SPI (t) =
EAC(t) - Actual Time

« Achieves full ES parity with EVM indicators for cost

Rights Reserved
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* Derived from EVM data ... only

* Provides time-based schedule indicators

* Indicators do not fail for late finish projects

* Application is scalable up/down, just as is EVM

* Schedule prediction is better than any other EVM
method presently used
— SPI(t) behaves similarly to CPI
— IEAC(t) = PD / SPI(t) behaves similarly to
IEAC =BAC/CPI

—40
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Earned
Schedule Calculator
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e “Schedule is Different,” The Measurable News,

March & Summer 2003 [Walt Lipke]
 “Earned Schedule: A Breakthrough Extension to

Earned Value Theory? A Retrospective Analysis of

Real Project Data,”

The Measurable News, Summer 2003 [Kym Henderson]

* “Further Developments in Earned Schedule,”

The Measurable News, Spring 2004 |[Kym Henderson]

 “Connecting Earned Value to the Schedule,” The
Measurable News, Pending [Walt Lipke]

http://svdneyv.pmichapters-australia.org.au/

Click “Education,” then “Presentations and Papers” 42
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