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EVM Trend Tool (EVMTT)

* Programmed gratis in Excel by Michael
Butterworth, now retired from TASC, for SoCal

SCEA/ISPA (now SoCal ICEAA)
— Based on Dr. Smoker’s paper

* Available for use at no charge

* MCR has approved its use by any program only
requests that they be given credit for the
approach and that any program using the EVM
Trend Tool asks them for permission to use it

— Contact MCR CEO Neil Albert nalbert@mcri.com
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Basic Objectives of EVMTT Analysis

Utilize rate-of-growth in BCWS,,, BCWP\,,» BAC & LRE in monthly
linear regression projections

Utilize the rate of BAC growth on
— BAC projections at month of analysis & at completion
— %-Complete based on more conservative estimate of end-of-contract BAC
— Early projection of completion date
* Linear regression & Earned Schedule approaches
|dentify a contrast between EVMTT results & contractor positions for
further action e.g., apply ACEIT Integrated Cost-Risk Model (ICRM)

Provide a 25,000 foot view of program performance

— Needs complementary, WBS-level view e.g., ICRM, to identify lower-level cost-
risk impacts that may be getting hidden at program level



Research Nature of 4 Case Studies

4 Case Studies had data from beginning to near end of
development

Enables early results to be evaluated in light of results at
end of development

Smoker Case Study had continuous rate of BAC growth

3 Case Studies had early BAC growth volatility but BAC
growth diminished over time
— ‘Convergence’ effects observed

— Perhaps convergence effects were the result of program
management focusing on managing/mitigating risks as a response
to early volatility in BAC?

— Perhaps availability of EVMTT early in effort could have reinforced
other sources of risk identification and analysis e.g., Risk Register?



Main Points of EVM Trend Paper

1. EVM datais taken from the PMB’s S-curve at it’s most linear section

2. Regression equation developed to forecast BAC
—  Coefficients contain effect of BAC rate of growth up to that point

3. Ending month of contract can be forecasted using regression
equations

— BCWP,,, = BAC at contract end so set regression equations equal & solve for
months

* e.g., BCWP = BAC = 586.35M*Months = $4,970.56 + $31.76M * Months

e Then just solve for months = 91.06

— NOTE: Calculation made at month 42 - Coefficients change depending on month selected
due to amount of available EVM data increasing over time

4. Plug 91.06 months into BAC & LRE regression equations for end-of-
contract forecasts

5. EVMTT also calculates the Earned Schedule end-of-contract month
for comparison



Main Points of Paper (cont)

Earned Schedule,, = 42 + (BACpg 4, = BCWP 1 4,)/WorkRate,,
(WorkRate = BCWP,,,/Months-to-Date (42)); SO,

Earned Schedule,, =42 + (6269.68 - 3737.55)/88.99 = 70.45 mos

6. Note: Dr. Smoker’s approach does not utilize any performance
factors (e.g., CPI, SPI, SCI, Moving Averages, etc.) in making its
projections, just BAC growth

7. Conservative %-Complete can be calculated by using the BAC with
growth derived at actual month of analysis
— First, plug end-of-contract months into latest BAC regression

equation to solve for BAC;, 4,; then divide BCWP,, ..imo OY
BAC., 4, result and solve for adjusted percent complete

8. Variance at Completion (VAC) is a quantification of value of risk
that must be paid attention to in order to reduce damaging cost-

risk effects




Full 43 Months of Smoker paper EVM Data (months 25 through 67)
(from the Excel based EVM Trend Tool)

Cumm Raw 3¢ Adjusted 2 Adjusted
Month BOWS Cumm BOWP  Cunnm ACWP BAC LRE EAC CPl SPl Complete Complete 2% Spent 2 Spent Cost Var SV PC
25 & 203400 5 1893200 5 ZOM7O0O0 5 575000 % 575000 0 OO9B562221 097738446 034573913 0258711 0.350783 0.262485 -20 .00 -6 00 0317082
26 5 215000 S5 209500 S5 214200 5 577500 5 5776500 097205720 09744186 D 36270776 02726536 0370845 |0 27B752 -47.00 -55.00 0.334148
27 % 224700 5 219100 S 224300 % 578500 % 578500 097:B1676 09750778B D.37B73B12 0.285129 0.387727|0.291896 -52.00 -56.00 0.34945
2B 5 235758 S5 27204727 5 2357254 5 582204 5 5832300 097523148 097315697 039400605 0288580 0404013 0.306151 -5 27 -63.28 0.355932
29 & 247660 5 239973 5 245222 5§ 587055 5 587100 097464361 0 9580841 0 40B75637 0312300 0419391 0320424 -52.43 -76.81 0382751
30 % 253573 % 250116 % 2565083 % 590654 % 5917.00 097507917 09572756 D.42345579 0.3254592 0.434278 0.333811 -63.92 -84 62 0.358929
31 % 270461 % 261652 §5 289375 % 596116 F 5597200 097132991 096742966 D.43B92736 0.340504 0.4518835|0.350555 -77.25 -8B.09 0.4173259
32 5 281672 5§ 272884 5 2831733 5 {00022 5 H017.00 096857158 096E73921 0 45478992 0355121 0469547 0366644 -BRSS -B7 BB 0.435244
33 % 2592087 % 282775 % 2593170 T 6083819 T 614500 095454204 096211804 046446406 0.367993 0.481538|0.381520 -103.95 -03.12  0.451019
34 % 303839 5 2893865 % 305113 % 616093 5 6 350.00 0.9631353 096717246| 047697770 0.382425 0.495234 0.397063 -112.4B8 -09 74| 0.458708
35 % 31519 5 304663 5 3168930 5 615654 5 634400 095129393 0 9565808 0 49485978 0395477 0514785 0412441 -122 67 -10534 ) 043543
36 % 32452% % 313793 % 327430 % 613215 % 635200 095835289 0965691B83 051171791 0.408359 0.533956|0.426105 -136.37 -107.36| 0.500493
37 % 335969 5 325800 5 340715 5 621173 F 6401.00 095622324 096685276 0.52448704 0.4235934 0.548499 0443394 -149.15 -111.70 0.519543
38 5 347942 5§ 337257 § 353533 % 617373y % 6358300 095394787 096927473 054627271 04328594 0572644 | 0460082 -16281 -10691| 0.537318
39 % 357885 % 346961 % 365502 % 611834 % 6396.00 0049038 09594762 056708334 0.451522 0.597535|0475768 -1B6.31 -1009.24| 0.553345
40 % 366676 % 355412 5 357116 5 614590 % 642400 099522928 096927945 D.57B29077 0462520 0.581063 0464737 -17.04 -112.65 0.555874
41 % 3768517 5 3646868 5 388945 5 623216 5% & 570.00 09424745 O096B57724| 0 57958702 0. 4745235 0614964 0503556 -22259 -118531| 0.581668
472 % 386574 % 3T73T55 % 397210 % 626962 % 654200 093952974 096583819 D.59613042 0.48539%1 0.634499 0517696 -24056 -128.20| 0.59613
43 % 400211 5 385993 F5 413309 % 632504 % 66503.00 093595342 096677665 D0.61185013 0.503625 0.653448| 0537865 -263.11| -132.13
44 £ 410945 S 388035 5 4727133 5 §32504 5 §603.00 093147356 0963911 0.629209934 0517988 0.675305 0555856 -29009 -120.11
45 % 421325 5 403274 % 439225 % 652365 % 630200 092912819 09683922 D.6258B3605 0.531313 0.673281|0571592 -30952 -130.51
46 % 433186 5 419805 5 452541 % 654124 5 T141.00 092726099 09693096 D.64178159 0.5456319 0.691826| 0588920 -327.36 -133.81
47 5 442741 5 429270 5 464765 5 654124 5 T.141.00 092321308 096940131 065625162 0558637 0.710517 0.604B30 -35406 -13471
48 & 452169 5 4338390 5 475500 % 652430 % T,124.00 092046 097046874 0.6727008B8 0.571155 0.730500| 0620230 -377.10) -132.79
49 % 463499 5 4495584 5 483403 % 663265 F T,233.00 091821925 096981595 D.677B3415 0.585072 0.737869 0.636892 -398.19 -139.15
50 § 488262 S5 431144 5 500825 % §885848 5 7,26850 0912139835 098533395 0.68045876 0626143 0.71BB45 0.6518B5 -197.81 -71.24
51 % 513037 & 512704 | 5 51244 5 7,30428 & 7,30400 1.00050437 0.99934618 0.70192250 0667214 0.701570| 0.666EB7D 257 -3.34
52 % 523133 § 521749 5 521477 5 7,231.42 5 7,231.00 1.00052469 0.99734227 0.72150285 0673936 0.721126|0.67B631 272 -13.84
53 % 533811 % 531537 % 531147 % 723177 5 7,23200 100073716 099572002 073500215 0691723 0.734463 0691216 390 -22.74
54 § 542722 5§ 540143 5 540951 5§ 732252 5§ T7,32300 099849366 099522603 073764565 0.702922 0.73B750|0.703974 -8.08 -25.79
55 % 554333 % 550106 % 55282% % 737159 % 7T,37200 099505187 099233935 0.74621400 0.715838 0.749908 0.719431 -27.25 -42 27
56 % 563455 5 559420 § 563346 5§ 743020 F T, 430.00 099300059 0992B0726 D.747E6E1D 0.723009 0.753116 0.733118 -39.26 -40_35
57 % 572150 5% 567470 5% 572?61 % 751643 % 751600 099159156 099178373 075497271 07324285 0.761346 0744719 -479091 -46 80
58 % 58081 2 578012 % 581640 5 754040 % 7T,723.00 099028317 099170462 0.76390142 0.74%502 0.771364 0.756925 -56.27 -47 97
59 % 5883561 % 583467 §5 591400 5 FTE2442 F T,507.00 098653014 099130808 D.76526146 0.759303 0.775665|0.769626 -79.32 -50.94
&0 % 598360 5 591184 5 G00416 5 764654 5§ 7,33000 098455957 099128431 077313856 0.765345 0785212 | 0781360 -92.32 -51.76
6l % 605334 % 59867 % 610934 % 743505 % 7,618.00 098181083 099093001 D.B06EO02Z 0.780645 0.B21694 0.795047 -110.67 -54 68
62 % 611787 5% 6068615 % 619595 % 760373 % 7,737.00 O97B96533 099151156 079778110 0.789427 0.B14852|0.8BD6319 -129.80 -51.72
3 % 613082 5 613742 5 627650 %5 753782 5% 777100 097775238 099133905 0 B0BE5155 0708702 0B2Z7181|0B16801 -139.08 -55.40
& % 624415 % 619252 % 634850 % 754159 % 7, 72500 097534339 099170787 0.B82112419 0.205820 0.B41798 0.826171 -155.92 -51.57
65 % 630627 % 625323 5§ 643163 % 761553 F T,7/33.00 097214518 099155474 0.82111477 0.813772 0.8B44548 0.B36996 -178.46 -53.05
6 % 6389568 5 631505 5 651362 5 7644095 5 T 328300 09633975 0993140808 0 BZ2604152 0221818 0.B52015|0.B47659 -19857 -54 51
&7 % 642881 % 63699 % 653925 % 770925 % 209500 095659773 099081516 D.B2627364 0.222962 0.B54721| 0857502 -21926 -58 82



The Main Regression Equations?

1
(1) BCWSyg = $89.12M * Months
(0.7525) T-stat= 118.44 R*=0.9988

(2) BCWPyg = $86.35M * Months
(0.6925) T-stat= 124.68 R?=0.9989

(3) BAC;g = $4,970.56M + $31.76M * Months
( 86.92) ( 2.56) R?=0.9056
T-stats 57.19 12.39
(4) EACis = $4,393.13M + $52.62M * Months

( 106.65) ( 3.15) R?=0.9459
T-stats 41.19 16.73

 Additional, non-linear regression Earned Schedule Formula

IEAC(t) = Actual Time'+ (BAC — BCWP)/WorkRate'

Workrate,, $ 88.99
RawCummBCWP,, $ 3,737.55
RawCummBAC,, $ 6,269.68

118 months of data used for development of all equations (months 25-42) and above equation coefficients are
the result of developing them from data points at month 42



VAC as a Measure of Risk

* Risk is measured in EVM terms as any deviation from

the original baseline
— That s, risk is anything that results in a variance

 Therefore, VAC is the basic measure of risk
encountered by the end of the contract effort

— Whether the risk is rooted in opportunity with a positive
variance

— Or, isrooted in issues related to planning of scope,
estimating, scheduling, or technical criteria that are
identified during testing and generally associated with a

negative variance



4 Case Studies

Differences in BAC Growth Per Cases

Smoker |DAU LAR
Case Case =i =

Study Study Case #1 | Case #2

BAC ($M)|BAC (3M) |BAC ($M)|BAC ($M)
RANGE | RANGE | RANGE | RANGE

oo | woe |

Growth =|Growth =| Growth Growth

$1,959M $6.9M over 85 | over 46

(43 Mos) | (37 Mos) mos = mos =
34% 11% 30% 4.3%

» Differences in BAC growth will determine the rate of BAC growth reflected in the

coefficients of the linear regression equations for projecting BAC values over the period of
analyzed months

The greater the range BAC growth from the beginning BAC and ending BAC in the data analyzed,

at a steady rate of growth, the greater the linear regression equations will project growth in the
BAC

The timing of when spurts of growth occurs also affects the BAC projection values

If very little growth occurs across the months of BAC data analyzed, the BAC projected by the
linear regression equations will be close to the BAC reported on the CPR



EVMTT Results Table

Dr. Smo

ker Case Study Data

SCI-DERIVED |SCI-DERIVED EAC

MONTHLY EVMITVAC (CPR EAC (BCWR = (BGNR = EVMTT Earned Earned Schedule | Eamed Schedule

EVMTT EMITT EMIT EVMIT | eynarr PERCENT | ADIUSTED BAC_Rpt Mo~ |EVMTT BACEnd | LRE End Mol- |Schedule (IEAC | IEACY Using EVMIT [[EAC/ Using EVMITT

MONTH REPORTED | RESULTS | REPORTED | RESULTS | CPR | EVMTT | CPR | LREgy | End | EVMTT | EVMIT | COMPLETE | PERCENT | (PR |EVMTT |EVMTT | EVMTTIRE End |Mol-REPORTED| REPORTED | UsingCPRBAC | enomonnBAC& | erononnBACK CPR
NUMBER | DATE | BCWSyyy |BCWScyy | BCWgyyy | BOWPcyy |BACuuyio| BACkwo | REggwo | wo | MOPth | BACG " | LREgssy | (CPR DATA) COMPLETE VAChstvo|VAChstvo [VACerane Mo) BCWPCUM) | BCWPCUM) (& CPRBCWP,y| EVMTTBCWPG, |  BCWPg,
0 | reb97| B86 | 33| 738 3627 | $6270 | 6305 | $6548 | 6603 | 91 | $7863 | 9184 | 60% w% | S8 | %9 | 6130 | 5915 $8,519 59,048 7 9 8
8| Mar97| on | B8 | B80 376 | %635 | 6334 | $6603 | 6645 | 0 | $7830 | 908 | 61% o | S8 | B | S8 | -m $8510 $8.955 0 90 8
a | 97 | 109 | B399 | 3980 3806 | $63%5 | $6,358 | $6603 | 6,680 | 8 | $7761 | 893 | 6% 5% | -8 | ;| SLa0n | 50638 $8.463 53821 0 8 8
5 | Mayo7 | @3 | 03 | 4083 $39%6 | $6524 | 6413 | $6802 | 6743 | 91 | $7908 | 9088 | 6% 5% | -8 | -$330 | -$1,180 | -$ase 58,642 58945 7 9 8
6 |97 | @3 | w7 | 4198 4007 | S6541 | S6462 | STl | 6853 | 91 | $8000 | 9312 | 64% 5% | %600 | 301 | 137 | 52830 58757 59,204 7 91 %
a | | A | s | s 127 | $6541 | $6503 | a1 | S697| 91 | 8032 | 956 |  66% 3% | 600 | -3 | sae | 62,985 53826 %9377 7 91 8
8 | A7 | s | w3 | 4389 207 | $652 | $653% | snam |0 | 91 | ssom | 9563 | 67% s5% | 600 | -8 | 61558 | 63039 $3813 59,416 7 91 8
09 | Sep97| 4635 | 466 | $449% 437 | $663 | $6570 | 3 | stas| 91 | 8045 | 9% | 68% 6% | 600 | S5 | el | 30 $3,8%0 59,502 7 91 8
50 | Oct97 | 488 | wsm | sl saam) | $6968 | Seee6 | 57260 | 78| 9 | 837 | 982 | 6% 8% | 8300 | S5 | S5 | 5284 58909 $9,519 69 % 8
51| Nowd7 | $5130 | 4699 | $5127 4569 | $7304 | ¢6,788 | S7304 | 151 | B | $8em | S10079 | 70% 58% 0 | e | S3m | Ssm 58,800 $10,175 68 % 8
52 | Decd7 | 5231 | 4819 | $s17 6% | 731 | 685 | 731 | 30| 100 | o | Sw03m | 7% 57% SO S A O A 59,17 $10,298 69 101 9
53 | Jan98 | $5338 | 497 | %5305 sie | 7230 | 690 | 723 | 346 | 103 | $9346 | S10360 | 7% 57% o | -9 | o | -$318 $9,357 $10337 69 103 £
54 | Feb98 | $5427 | 5054 | Ssd01 4936 | 733 | 105 | $7383 | 3% | 105 | $9575 | S104% | 7% 56% 0 | -0 | -6 53,114 59,609 $10410 7 105 %
55 | Mar98 | $558 | 71 | $ss01 $5055 | §737 | 7138 | S73m | S5 | 106 | $o764 | S10489 | 7% 56% 0 | 7 | S 317 59,845 $10446 7 106 %
56 | Apr98 | $5635 | 65,86 | 3559 072 | 7480 | 124 | S7480 | 7502 | 108 | $o97 | S10583 | 7% 56% 0 | s | s 53,103 510,076 $10,542 7 108 10
5 | May98 | 572 | 539 | $56% 85287 | 7516 | $7305 | $7516 | S75%6 | 109 | 10137 | S04 | 7% 56% o | S5t | $s0s 3125 $10,260 $10,5% B 109 )
58 | Jun98 | $5808 | 5511 | 5760 ssd00 | 7540 | 37380 | 7B | smewm| 10 | Swoas | S1076 | 76% 6% | 183 | -sus | -8t 63186 §10,384 $10677 7 110 13
59 | k98 | $5886 | 56 | $5,8% $550 | ST | 7455 | S7s07 | n0| 111 | Swo3w | Sw08n | 7% S6% | -S183 | St | -$e0 53,197 510,53 $10,770 75 1 105
60 | Aug9 | 5%t | %79 | S5 560 | STe47 | 1506 | S7830 | 767 | 111 | St | Swgm | % 6% | -S183 | S | -Sao 53,005 §10,635 $10818 76 1 106
61 | Sep8 | $6053 | 586 | 3599 5730 | 743 | 7567 | S7618 | 67806 | 109 | $10276 | S10,689 | 81% 5% | -S18 | 939 | - -$3,254 §10,506 $10633 7 109 104
62 | Oct98 | $6118 | 594 | 6,066 $583% | STe04 | 62 | S7787 | 88| 109 | S10231 | S0 | 80% 8% | 518 | 37 | 9% -$3,000 510,486 $10570 7 109 105
63 | Now98 | $6191 | 6045 | 6137 $5940 | §7588 | 7668 | 771 | 7903 | 108 | Sioad6 | S10520 | 81% 0% | -S18 | 3 | - 5293 510,412 $10,465 79 108 104
64 | Dec98 | $6244 | 6146 | 3613 604 | 754 | 7706 | S775 | 67938 | 106 | S10016 | $10373 | &% 60% | 518 | 530 | -$3%6 52831 510,302 $10319 80 106 104
65 | Jan99 | 36306 | 645 | 36283 6140 | S7616 | 7747 | S7798 | 9% | 105 | S99 | S10263 | &% 6% | 18 | 530 | -4 52,648 510,239 $10,208 81 105 103
66 | Feb99 | $6370 | 6342 | %6315 5620 | ST | 7787 | $788 | 8016 | 104 | $983¢ | Siol6l | &% 6% | 18 | S8 | -8 52,516 510,176 $10,104 81 104 103
67 | Mar99 | $6429 | %6438 | 36370 6336 | 1709 | 7809 | $8095 | ssora| 103 | 978 | S005 | 8% T I T 5416 §10,138 $10,063 8 103 )

" Based on the EVMTT-generated completion month at that month

“Based on the EVMTT-generated End-Month BAC

3220th month s not the final end month. It just the last month of reported BAC in data provided



Dr. Smoker Case Study

BAC Growth Linearity Trend Over Time

CPR BAC;,;: mo
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As-of Month
e Dr. Smoker’s BAC data was linear

* This enabled the linear regression approach



Dr. Smoker Case Study
EVMTT Completion Month Trend

EVMTT End Month# vs As-of Month
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As-of Month

EVMTT end month projection increased one year from Mar 01 to Mar 02

Comparing the EVMTT initial end month projection (Mar 01) vs the Earned
Schedule initial end month projection after the first 18 months of data analyzed
(Jul 99) to the EVMTT completion month projection (Mar 02), the increase was a
little more than 2.5 years



Dr. Smoker Case Study

Earned Schedule Completion Month Trend Comparisons

3 Earned Schedule

Calculations
» 1 Maroi- Mar 02—
g o5 Dec 00 e Mar 02
=
Qo /S Jun 00
QD Jul9g
o
| .
o 35
..'C., 15
c
o -5 ~ ~ ~N ~N ~N ~ ~N ~N ~N ~N ~ 0 -] (<] ] =] 0 -] <] 0 (=] 0 0 (<)) [=2] [<)]
S 9 ¢ 3 3 3 FJJFI I Y G I A G JAA QGG S
S 582553383 :c85:2521332788:858E%¢
T As-of Month

= Earned Schedule (IEACt) Using CPR BAC & CPR BCWPCUM
—Earned Schedule (IEACt) Using EVMTT End Month BAC & EVMTT BCWPCUM
Earned Schedule (IEACt) Using EVMTT End Month BAC & CPR BCWPCUM

Whenever the EVMTT BAC;, 4 niontn WOs substituted for BAC ., , Earned Schedule projected
a later program end month (red & green lines)

Not shown is EVMTT’s linear regression projection of end month — it was identical to the
Earned Schedule projection using EVMTT’s end month projection (red line)



Dr. Smoker Case Study
CPR vs EVMTT BAC Projection Trends

EVMTT BAC;,q vo VS CPR BACg,; mo VS EVMTT BAC; wio
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Equal report-month projections due to same incremental BAC growth rate

Higher EVMTT BAC End-Month projections are due to plugging EVMTT End
Month estimates into monthly BAC projection equations



Dr. Smoker Case Study

%-Complete Comparisons

MONTHLY %-COMPLETE vs ADJUSTED %-COMPLETE
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As-of Month

———=MONTHLY PERCENT COMPLETE (CPR DATA) e ADJUSTED PERCENT COMPLETE2

Monthly %-Complete = BCWP,,,/BACpr = 83% in Mar 99
Adjusted %-Complete = BCWP ., /BACeypirr end month 64% in Mar 99
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Dr. Smoker Case Study
CPR LRE vs EVMTT LRE vs SCI EAC

EVMTT LREg, g v, Vs SCI-DERIVED EAC vs CPR LREg, v
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= CPR LRERpt MO =——=EVMTT LREEnd Mol SCI-DERIVED EAC (BCWR = EVMTT BAC End Mo1-REPORTED BCWPCUM)

EVMTT LRE_End Mo & SCI-Derived EAC converge due to increasing BAC
rate of growth trend even though EVM performance increased

From the FYO05 President’s Budget, final program development
cost projected to be = $12.8B to occur in MAR 09



SMC Example #1:
BAC Growth Linearity Trend Over Time

BAC vs MONTHS
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Graph indicates non-linearity in BAC growth until about Sep 2010

Therefore, linear regression analysis only appropriate after Sep
2010

BAC rate-of-growth very modest post-Sep 2010



SMC #1 EVMTT Completion Month Trend

EVMTT End Month# by As-of Month
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As the months increase from left to right on the X-axis one month at a time, it represents an
additional month’s EVM data added to the database upon which the EVMTT’s calculations are
based

In Feb 12 the projection for completion was Jan 20; the changes in the BAC stabilized in Mar 14
where the completion month projection became Apr 16 until the last month

If EVMTT had been available in Feb 12, the initial end month projection of Jan 20 would have
motivated program management to investigate why; perhaps other indications of risk were
available (e.g., Risk Register) and did motivate the PM

Contract schedule end of development is Mar 16; current contract PoP is through Sep 18 (EVM
data does not support that so reconciling difference requires further action - e.g., ICRM)



SMC #1 EVMTT vs Earned Schedule End Months

EVMTT vs Earned Schedule End Month Projections
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——EVMTT End Month#
——Earned Schedule (IEACt) Using CPR BAC
Earned Schedule (IEACt) Using EVMTT End Month BAC

EVMTT,, 4uox @and Earned Schedule using EVMTT BAC, 4\, are identical

Diminishing changes in BAC over time reduced the projected end month
in EVMTT projections



SMC #1 EVMTT BAC Comparisons

EVMTT BACgq o VS CPR BACg; o VS EVMTT BAC,; o

As
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Equal report-month projections due to same incremental BAC growth rate

EVMTT BAC,,, 1, decreases over time due to low BAC rate-of-growth
essentially converging with report-month projections in May 15

Apr-15
May-15




SMC #1 %-Complete Comparisons

CPR %-Complete vs Adjusted %-Complete
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——MONTHLY PERCENT COMPLETE (CPR DATA) —ADJUSTED PERCENT COMPLETE2

Due to diminishing BAC increases over time, a convergence

happens between traditionally calculated %-complete and
EVMTT-adjusted %-complete



#1 SCI-Derived EAC Trend
(EAC.., = ACWP,,,+ BCWR/SCI)
SCI-DERIVED EAC vs EVMTT LRE;, o VS CPR LREg, o
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time due to diminished BAC rate of growth which drove continually decreasing projected End Month
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SCI-DERIVED EAC

(Used EVMTT BACq,4110)
EVMTT LRE, 4y, @and SCI-Derived EAC using EVMTT BAC,,4u, are basically identical and decrease over

Nov-14

Dec-14

Jan-15

Feb-15
Mar-15

There has been an increase in the CPl from 0.97 @ Feb 2012 to 0.99 @ May 15, i.e., better EVM

performance

Apr-15

This positive change in EAC trend is consistent with other findings, that is, as the

program’s growth in BAC subsided along with better cost performance, final cost

projections converged closer to plan

May-15



#1 Projected VAC Decrease Over Time

CPR VACRpt Mo VS EVMTT VACRpt Mo VS EVMTT VACEm| Mo
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Relatively large increases in the BAC over Sep-Oct 2010 established a large VAC projection

between EVMTT BAC., 4o and EVMTT LRE, 4\, initially but decreased over time as the
program stabilized

Lack of BAC increases reduced the projected EVMTT VACs



Conclusions

Dr. Smoker case study EVMTT results projected steadily increasing
end months and increasing EACs due to ever-increasing BAC

— Actually understated both but would have given PMs early warning to
identify risks for mitigation

SMC Example #1 had minimal BAC increases over time so EVMTT

results converged to planned outcomes

— However, contractor proposed end-month projections conflicted with
EVM data performance

— A further investigation is warranted into what is driving the
contractors to propose extended schedules that are unjustified by

current EVM data analysis

— Recommend an application of a WBS element-level risk and
cost-risk analysis using the ACEIT-based Integrated Cost-Risk
Model (ICRM)



What ICRM in ACEIT Brings

In latest ACEIT versions ICRM capability is enabled with the new
Probability of Occurrence column

Assume EVM analysts are not proficient ACEIT users but can work
with cost estimators proficient in ACEIT in

— ldentifying probabilistic PF-driven WBS-level EACs

— Producing WBS-level Risk Register-driven cost-risk
distributions

Integration of both probabilistic WBS EVM performance factor-
based WBS-level EACs and WBS Risk Register likelihood-based
distributions



What ICRM Brings (cont)

e Statistically sums probabilistic WBS EVM performance factor-
based WBS-level EACs and WBS Risk Register likelihood-based
distributions through monte carlo simulations in ACEIT
producing an overall EAC cost-risk distribution

* Enables prioritization
— By WBS elements most cost-impacted by risks, and
— By risks causing the most significant cost impacts

* These results provide the basis for an ongoing meaningful
dialogue that is not happening today between the EVM
analysts, technical risk management teams, cost estimators,
schedule analysts, project officers and, ultimately, the program
managers based on cost impacts caused by risks



ICRM Model Structure lllustration

Risk Register Risk Inputs (ID WBSs impacted; Cost Consequences; Likelihoods)

Performance Factor Range Impact Calculation (Range * affected WBS items)

EAC Calculations Based on Single Performance Factor (PF)




DAU EVM 201 LAR Risk Assessment
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Reduce Wheelbase
Increase Maneuverability
Ruggedize LAR

Lower Infrared Profile
Reduce LAR Noise
Shrink LAR Visible Profile
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RISKS ASSOCIATED WITH WBS ELEMENTS ALONG WITH LIKELIHOODS AND IMPACTS

Likelihood 61-80% 51-20% B1-80% 8153 81499 8153 8154 8149 8153 £1-20 2140 1140 2140
Impact 15-20% 15-20% 15-20% 1328 1318 3-8 1328 1318 1328 510 510 15-20 1520
1 2 3 4 5 & 7 3 5 10 1 12 13
. . LAR engine’s, . [AuztAuto Sub Sys Function
::3(“;:‘ ::I:J LAR vehicle | LAR vehicle  LAR vehicle LAR vehicle L.ﬂfa::::cle ezhaust’s and LT:;:I:;Ie Failures) Changes to No prototype | OFf-the-shelf
. lacks cannot still too visible LAR vehicle’s . cooling’s . . surrounding subsystems can  history of LAR | components
helicopter ] L tooloudto | ) generate  LAR vehicles . integration test . . .
necessary withstand in infrared o visible profile complezity too cause internal LAR AUSIAUTO  vehicle overall |  not meeting
- because . disquise . enough torque  top speed too ) of armament . . . . . -
YBSICES Description . maneuverabilit | ezpected rough  speetrum too high high for electrical and electronic integration | stricter militar
wheelbase is : . presence . for expected  low (Increase T system ;
. y(Increase | enemyterrain  [Shrink LAR [Shrink LAR reliability subsystems; on-board testing (Fil = standards
too wide - ) (Reduce LAR |- . performance on  LAR Speed) components ) . .
(Reduce Maneuverabilit!|  (Ruggedize Infrared Noise] Yisible Profile) hills Torgque (Decrease Pwr (First Uit Integ diagnosticsfprognostiecs  LAR Full Integ | [OTS Parts
] LAR) Profile) Pkg system; fire extinguisher system  Test Failure) Failure)
Yheelbase) Inerease) . Test) .
Complezity) and controls; chassis mounted
14+ Frime Yohicle
141 Frame T T T T T
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113 Fouer Fackage
1.1.3.1-Enqine x z x I x
11.310- Conling Syrkem T T
1138-Exhaurt Sprtem T T T
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114~ Ruziliary Ruta T T
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116 -EodyCab T H T
14.7- Commurization x
118+ Inkeq & Arrembly T T H T T H H
1.2= FyrtemProgram Mgt
1.2.1- Froject Manaqement
12,2 yrkeme Enqincoring T T H T T T T H H
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131 Rezeptanze TartFlan
132701 Turting
133 -Mock-Upr
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1.d=Training T
18- Fprteme Data
151~ Engineering Data T H
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» Affected WBS elements inherit risk likelihoods and cost consequence impact percentages
 EVMTT/ICRM complementarity: EVMTT BAC projection can be apportioned to affected WBS
element BACs IAW Risk Register and Risk Management Team’s recommendations
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DAU Light Assault Reconnaissance (LAR) Vehicle
BAC Linearity Growth Trend Over Time

BAC vs As-of Month
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e Graph indicates good linearity over whole span of time
of data provided

* Applicable for EVMTT linear regression approach



DAU LAR Vehicle

End Month Projection Comparisons

EVMTT,, smoz VS 2 CPR-Based ES Projections
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== EVMTT End Month# = Earned Schedule (IEACt) Using CPR BAC & CPR BCWPCUM

Earned Schedule (IEACt) Using EVMTT End Month BAC & CPR BCWPCUM

*  EVMTT 4uox Projects a one-month early finish
* Earned Schedule calculations project later finishes, 3-months & 4-months
* Reason: ES projections rely on EVM performance and not just BAC changes



LAR Earned Schedule

Earned Schedule Comparisons
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End Month Projections
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As-of Month

= Earned Schedule (IEACt) Using CPR BAC & CPR BCWPCUM
—— Earned Schedule (IEACt) Using EVMTT End Month BAC & EVMTT BCWPCUM
Earned Schedule (IEACt) Using EVMTT End Month BAC & CPR BCWPCUM

e EVMTT-based ES projects lowest end month due to focus on BAC growth rate

* Both more CPR-based ES projects higher end months due to incorporating more
current EVM performance



LAR BAC Comparisons

EVMTT BAC;q mo VS CPR BACy, vio VS EVMTT BACq,; wio
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* Not much difference between CPR and EVMTT
projected ending BACs due to low rate of BAC growth



DAU LAR Vehicle

%-Complete Comparisons
MONTHLY %-COMPLETE vs ADJUSTED %-COMPLETE
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== MONTHLY PERCENT COMPLETE (CPR DATA) ——ADJUSTED PERCENT COMPLETE2

EVMTT %-Complete calculations are based on CPR BAC vs EVMTT, 41, BAC

Since there were so few BAC increases, the two %-Complete calculations
were practically the same over the EVM data provided



SM

LAR EVMTT, CPR & SCI-Derived LRE/EAC

EVMTT LRE;, g v Vs SCI-DERIVED EAC vs CPR LREg, v
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—CPR LRERpt Mo ——EVMTT LREEnd Mol SCI-DERIVED EAC (BCWR = CPR BAC - CPR BCWPCUM)

EVMTT LRE;, 4\, Projects only modest LRE increase since it is based on stable BAC

SCI-Derived EAC projects 8.5% increase over both EVMTT LRE,, ,,,, and CPR LRE due to
being based on EVM cost performance vice growing BAC



SMC Example #2:
BAC Growth Trend Over Time

BAC Growth Over Time
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e Span of data used for EVMTT analysis was Jun 11-Apr 15

* Graph indicates good linearity over time, magnitude of
the increases well within bounds for linearity



SMC #2 Completion Month Trend

EVMTT End Monthi
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The initial Completion Month projection in Nov 12 was month #220 (April 15), peaked in Oct

13’s projection at month #231 (Mar 16) and decreased in Apr 15’s projection to month #228
(Dec 15)

In contrast, the contractor’s end month is now Apr 17 which is not supported by
EVM data



SMC #2 Earned Schedule Comparisons

EVMTT vs Earned Schedule End Month Comparisons
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——EVMTT End Month#
——Earned Schedule (IEACt) Using CPR BAC & CPR BCWPCUM
——Earned Schedule (IEACt) Using EVMTT End Month BAC & CPR BCWPCUM

EVMTT . yuox Projections spanned Apr 15 — Dec 15
ES using only CPR BAC & CPR BCWP_,,, projections spanned Jan 15 —Jan 16

ES using EVMTT BAC ¢, 4 110 & CPR BCWP_,,, projected the highest end month spanning Mar
15 - May 16



SMC #2 BAC Comparisons

CPR vs EVMTT BAC Comparisons
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* Despite initial jump in BAC in EVMTT End Month BAC, over time a lack of

BAC growth allowed the EVMTT projection to converge near the level of
CPR reported BAC



SMC #2 %-Complete Comparisons

CPR %-Complete vs Adjusted %-Complete
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Early BAC increase volatility which gave way to convergence over time



SMC #2 SCI-Derived EAC Trend

LREs vs SCI-EACs
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There has been a decrease in the CPl from 0.98 @ Nov 12 to 0.95 @ Apr 15

EVMTT LRE_,,,,, and SCI-Derived EAC using EVMTT BAC;, ., as well as the CPR

LRE and SCI-Derived EAC have increased over time thus indicating potential
problems



SMC #2 Projected VAC Decrease Over Time

Report Month vs End Month VAC Comparisons
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There has been a negative trend observed in the CPR monthly Variance at
Completion (VAC) along with a corresponding EVMTT VAC projections

This is direct EVMTT evidence of some growing problems and is consistent with
the contractor’s latest completion month estimate



Conclusions DAU LAR & SMC Case
Study #2

 DAU LAR case study data had minimal BAC increases
so EVMTT-based results showed minimal differences
with CPR-based reports

— However, when EVM performance-based methods were
used, end month and EAC projections were higher

e SMC Example #2 also had minimal BAC increases over time
but decreasing cost performance trends showed up in ever
increasingly negative VACs

— Plus, the contractor is proposing end month projections beyond what
would be expected



