The Case for Contingency Reserve
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A Target, but no Confidence Level

COST PERFORMANCE REPORT

FORMAT 1 - WORK BREAKDOWN STRUCTURE DOLLARS IN  Thousands Pie 10f3

1. CONTRACTOR 2. CONTRACT 3. PROGRAM 4. REPORT PERIOD
a. NAME a. NAME a. NAME a. FROM (Y¥YMMDD)
US LHC Accelerator Project Office US LHC US LHC Accelerator Project Q90201
b. LOCATION {Address and ZIP Code) b. NUMBER
P.0. Box 500 1 b. TO {¥YMMDD)
MS 343 c. TYPE d. SHARE RATIO |b. PHASE (X ong) Q90228
Batavia, IL 60510 FPI 1000 1000 | x | RDTBE [« |PrRODUCTION
. CONTRACT DATA
a. QUANTITY | b. NEGOTIATED c. EST. COST AUTH d. TARGET PROFIT! e. TARGET PRICE f. ESTIMATED g. CONTRACT h. ESTIMATED CONTRACT
COST UNPRICED WORK FEE PRICE CEILING CEILING
0/oi 59,4178 0.0 0.0/D.0% B9 4178 B89, 4178 110,000.0 110,000.0
6. ESTIMATED COST AT COMPLETION 7. AUTHORIZED CONTRACTOR REPRESENTATIVE
MAMAGEMENT ESTIMATE CONTRACT BUDGET VARIANCE a. NAME (Last, First, Middle [nitial) b. TITLE
AT COMPLETION (1) Jim Strait US LHC Project Manager
a. BEST CASE 894178 . SIGNATURE d. DATE SIGNED
b. WORST CASE 894178 (YYMMDLD)
c. MOST LIKELY 89,417.8 B89.417.8 0.0 990323
8. PERFORMANCE DATA
CURRENT PERIOD CUMULATIVETO DATE REPROGRAMMING AT COMPLETION
ITEM BUDGETED COST ACTUAL VARIANCE BUDGETED COST ACTUAL VARIAMCE ADJUSTMENTS
WORK WORK | COST WORK| WORK WORK | COST WORK cosT BUDGETED | ESTIMATED | VARIANCE
SCHEDULED| PERFORMEL| PERFORMED| 5CHEDULE | COST | SCHEDULED| PERFORMED| PERFORMED| SCHEDULE | COST | VARIANCE | BUDGET
{1} 2] 3 ) 5) 5] T 8} & {10 {1 12} (13) {14} [15) g
a. WORK BEREAKDOWHN
STRUCTURE ELEMENT
1.1 - Interaction Regicns z 8215 078 BE4.0 3137 -285.2|  11,2330| a7Fo2o| 100847 24001 271E 350107 347014 12183
1.1.1 - Quadrupoles 3 4305 2735 5352 211.0 208.7| 70330 e7TTE|  T7813|  -1,2054 -BE3.T 210047 2188290 2214
1.1.1.1 - Tooling 4 1008 213 363 B2 -15.0 10708 0TE 10154 -153.1 -100.6 16084 1,554.0 524
1.1.1.2 - Cokd Mass 4 173 218 2404 45 21BE 14381 1,380.4| 24310 558 -1.050.6 4p682| 50511 084.9
1.1.1.2 - Cryostat 4 34 ] 8.1 34 &1 1238 105.8 4857 70 -380.2 a2084| 35813 362.9
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Sources of uncertainty in the project baseline...
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Activity Durations are Uncertain

The underlying statistics of each task and their arrangement in a schedule

network define the probability of the project completing by a given date. The
probabilities are not additive and must be simulated.
4
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Uncertainty — Single Activity

L

Mame Work Duration Start Finish Uncertainty Min Maost lik Max PERT
IE‘ |E| IE‘ IE‘ |E| IE‘ D ratiE| Duratio Du ratianT—| IE‘
1 Single Activity |80 hrs 10 days 5/30/12 6/12/12 High 8.33 10 12.92/10.21
Deterministic: 10 (38%)
. o)
Distribution for Single Activity/Duration (Dist.1) P E RT 10 : 2 1 (5 2 A))
1.000 50% 10.26
95%: 11.63
0600
0400
0200
8 125
5% 90% 5% |
8.7671 11863
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Uncertainty — Single Path

|

Mame Work Duratiol Start Finish Uncertainty Mi Most lik Max PE
IEI Izl E IE' |E| IE' Durati Duratio DL.IrEtiDB
1 = Single Chain 25 Activities | i 250 days 5f30/12 5f14/13 25
2 Activity 1 80 hrs 10 days 5/30/12 6/12/12  |High 8.33 10 12.92 10
] « . . |
_ _ Deterministic: 250 (8%) h
Single Path 25 Activities - Duration
0.160 PERT:255 (50%)
[ Mean=255.1713]
0.140+ 9 50%: 255 1]
0.120 95%: 261
0.100 h
0.080-
0.080-- )
0.040-
0.020+
D
0.000
244 266
5% 5% |
249.15 o o 26144 D

9 Activity 8 80 hrs 10 days 9/5/12 9/18/12  High 8.33 10 12.92 10




Merge Path Bias adds Uncertainty

r..'m"”"”
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Uncertainty — Merging Paths

Name Work Duratiol Start Finish PERT Ur
[=] [=] E [=] [=] [=] Mar|Apr|Mav|JuicilJ2ul [ Aug | sep [ Oct [ Nov | Dec I Jan [ Feb [Mar[ Apr [Man
@ |~ Ten Parallel Chains 19,632 hrs 245.4 days 5/30/12 5/8/13 250.61 o =]
1 + Chain 1- 25 Activities 1,963.2 hrs 25.4days 5/30/12 5/8/13 250.61 o v
27 * Chain 2 - 25 Activities 1,963.2 hrs 25.4days 5/30/12 5/8/13 250.61 W v
23 * Chain 3 - 25 Activities 1,963.2 hrs 245.4 days 5/30/12 5/8/13 250.61 L "
73 * Chain 4 - 25 Activities 1,963.2 hrs 245.4 days 5/30/12 5/8/13 250.61 W "
105 * Chain 5 - 25 Activities 1,963.2 hrs 245.4 days 5/30/12 5/8/13 250.61 '—,
131 * Chain 6 - 25 Activities 1,963.2 hrs 245.4 days 5/30/12 5/8/13 250.61 ‘—’
157 + Chain 7 - 25 Activities 1,963.2 hrs 2a54days  5/30/12 5/8/13 250.61 )
183 * Chain 8 - 25 Activities 1,963.2 hrs 25.4days 5/30/12 5/8/13 250.61 v o
209 + Chain 9 - 25 Activities 1,963.2 hrs 25.4days 5/30/12 5/8/13 250.61 v v

Distribution for Ten Parallel Chains/Duration | Deterministic: 245 (0%)
0.160 PERT:251 (0.1%)
50%: 258
95%: 263

270
5% |




Risks add More Uncertainty
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Uncertainty - Program with Risks

13

AukaEeale Mame Frogram with
Distribution for Program with risk branches/Duration Task U
Mlinimum 101067
0.080 T Pean 1037163
Magimum | 107387
Mean=1037.163 1N 1~ (o)
1 Deterministic: 982 (0%!) StdDew | 1454105
0 Wariance 2114421
0.050— PERT:1 , 002 (O A)) Skewness | 08547
Kurtosis 2530817
o/ .
SOA)' 11037 Mode 1071.26
o/ . Left 1020.1
2 osol 95%: 1,064 T
Fight ¥ 1054 56
Fight F 5%
Diiff. 3 44 46003
0.030— Diff. F a0
Atk Pere. 10201
96tk Pere. | 1064.56
#Errars a
0.020— Filter Min
Filter Max
#Filtered a
0.010—
0.000
1010 1024 1038 1052 1066 1080
[ 5% | [«

10201 1064.56




B

The critical path is not static, it changes constantly

It is highly dependent on the stochastic behaviors of the
task completion times that emerge from the underlying
probability distributions

It is also dependent on the dynamics of the interactions
of the network nodes

Critical path is frequently meaningless at the
program/contract level. Monte Carlo simulations
provide a much more useful view of the likely
duration and remaining uncertainty.



Establishing Cost and Schedule
Buffers
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BUFFERS PROTECT THE PROJECT COST AND SCHEDULE
TARGETS.




Monte Carlo Simulations Establish Confidence Levels
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Poor Estimates Lead to Poor Results

Nonlinear penalty
due to planning 4 A
errors, upstream Linear penalty
defects, hzgh—rzsk due to Parkinson’s
L practices ) Law

- C . Overestimation —
Underestimation

P / ‘
<

<100% 100% > 100%
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Review of Schedule Terms

B

Due Date
(Milestone)

| Margin |
(Per DCMA EVC 106)

1.  Schedule Margin is the difference between our deterministic schedule date and
the customer due date (aka No Later Then date).

2.  Schedule Buffer is the amount of additional time required to achieve a given
confidence level. Schedule Buffer can only be determined through simulation,
most commonly by Monte Carlo analysis.




Determining Buffer in the Schedule

B

| June July | August
5/27 | 6/3 | 610 |67 [6/24 | 711 | 78 |75 [ 7022 [ 729 | B/5 | 812 [ 8t

Buffer Baseline —

The blue activities are in the deterministic schedule. Simulation
modeling shows that there is zero chance of accomplishing the project
within this time period. The green buffer is added to increase likelihood
of success to an acceptable confidence level, such as 90%. Note that the

size of the buffer can only be determined through simulation modeling;
it cannot be calculated directly!
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Contingency Reserve in the Budget

B

Project Cost Base

Performance Measurement Baseline

/’—~\
o
\5-—’

Distributed Budget

/ SLPB Control Accounts

Contingency Reserve
as a class of UB?

Planning
Work Packages E

MR = Management Reserve; UB = Undistributed Budget; SLPP = Summary
Level Planning Packages
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4/26/2012



Cost and schedule buffers represent the
difference between the base point estimate
and the estimate required to achieve the
desired confidence level. They cannot be
allocated to individual baseline elements
because they represent the pooled
uncertainty of the entire project.



Using Schedule Buffer and Contingency
Reserve in Program Execution

__________________________________________________________________________________________ 19

ADJUSTING EVM METRICS AND SCHEDULES TO ACCOUNT
FOR THE EXISTENCE OF RESERVE IN THE BASELINE




First Post-Award SRA — Buffer Exceeded

(B

| June July | August
W20 | 5/27 | 6/3 | 6/10 | G/17 | 6/24 | 711 | 7/8 | 7115 | 7722 | 7/29 | &/5 | 8M2 | 8119 | &
5300 ' ' 8i22
' 613

530 =

o Buffer Eorecast > Baseline  —
7113
7127

We run the SRA again every quarter. Each new SRA takes into account the fact
that some activities are completed (no uncertainty), and that the uncertainty
about future activities and risks has changed. Typically, we know more as we go
along, and are less uncertain. The diagram shows that our forecast tasks (in blue)
are slipping relative to the original plan (in black). However, the forecast buffer
(red) is smaller than the original buffer because of the reduced uncertainty. Still,
we are behind because we see the end of the forecast with the red buffer is past

the original finish date as shown by the green buffer.




Second Post-Award SRA — Buffer Intact

L

| June July | August
120 | 527 | 6/3 | 6110 | 617 | 6124 | 711 | 7/8 | 715 | 7/22 | 7/29 | &5 | 812 | 819 |1
B30 . . 8120
' 613

530 == .
o Buffer FQrecast < Baseline —

2

about the project as we get through PDR and toward CDR. Our forecast activities
(blue) are still finishing later than our baseline (black), but the project is now
forecast to finish early because of the reduced need for buffer to get to the
target confidence level.

If we did not have the buffer, we would be viewed as being late. This is a false
variance that will trigger a host of negative behaviors, reducing productivity and

decreasing trust with the customer.




What about the budget?
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Sample Performance Report

L

Metric Value
Deterministic BAC (not including Contingency Reserve) 1,050
Contingency Reserve (CR) 150

BCWS 800

BCWP 800

ACWP 9500

CV =BCWP - ACWP -100

CV% = CV/BCWP -13%

CPI = BCWP/ACWP

Project simulation reveals that the confidence of achieving the BAC of 1,050 is less
than 10%, so a contingency reserve of $150 is added to increase the chance of
success to 80%. Red status indicates CPI less than 0.9.
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Accounting for Available Contingency Reserve
(A

Planmed Completion Percentage= BCWS/BAC = 800/1050 = 76%

Using this ratio we determine how much of the contingency reserve is available at this point in time to

account for known uncertaintv:

Available CR = CR x Planned Completion Percentage = [530x 70% = []14

Avwailable CF. represents the amount of variance predicted bv the simulation model at our target

confidence level at this point during the project. Bv comparing this number to the Cost Variance we get
Feserve Margin:

Reserve Margin = Available CR + CV = 114 -100 = 14

A positive Eeserve Margin indicates that variances are within the expected level predicted by the Monte
Carlo simulation for the desired confidence level. A negative Reserve Margin would indicate that the

Cost Variance is exceeding the abilitv of the Contingencv Reserve to protect the cost baseline.

This approach also supports a simple metric to determine contingency reserve erosion:

Reserve Erosion Index (REI) = (dvailable CR - Reserve Margin)/Available CR = (114-14)/100 = .88
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Sample Performance Report — With Reserve Metrics

Metric

Deterministic BAC (not including Contingency Reserve) 1,050
Contingency Reserve (CR) 150

BCWS 800

BCWP 800

ACWP 900

CV =BCWP - ACWP -100

CV% = CV/BCWP

CPl = BCWP/ACWP

Available CR = CR * (BCWS/BAC)

Reserve Margin = Available CR + CV

Reserve Erosion Index = (Available CR — Reserve Margin)/ Available CR
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Questions or Comments?
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Please direct questions or comments to:

Eric Christoph, PMP, EVP
eric.christoph@I|-3com.com
(703) 434-4651
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