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Background: EC funded project -

SysTest

= \ SysTest:
— Developing
& Methodology
A
o ; For Advanced
“\y Systems Testing
< G1RD-CT-2002-00683
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SysTest concepts / products

System Lifecycle

Use/Maintenance Disposal

Definition

Design

Production

| Qualification |

| Integration |

Implementation

VVT=Verification, Validation & Testing

Systems' VVT Methodology >

. Parameter | Value
Systems' VVT Modelling Cost | XX
TT™M YY
Risk ZZ

Time
To Market
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Pilot projects
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Cost of quality (systems development)
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IAI CRF DC HS TPCA | Average

VVT Cost 41.0 45.8 38.3 38.0 50.6 42.7
Failure Cost 20.3 19.0 11.3 18.0 12.3 16.2
Quality Cost 61.3 64.8 49.6 56.0 62.9 58.9
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Cost of quality distribution

60% X"vna ni'~n Ny

ltem Definition | Design | Implementation | Integration | Qualification | Total
VVT cost [%] 1.1 4.8 6.3 12.6 16.2 41.0
Failure cost [%] 0.8 3.4 5.3 5.7 5.1 20.3
Quality cost [%] 19 8.2 11.6 18.3 21.3 61.2
25
20
m Failure cost [%] t
15 @ VVT cost [%] -
-
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Definition Design Implementation Integration Qualification
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Canonical VVT Model (CVM)

—EA |
Definition L1=1
— L. = Lif I
[ WT-Vy, | Cwy [ Tvi, | Qualification Ls=5 v, = \I/(\e/c':lyca:cetivity
....................................... | WT-V51 | CV51 | TV51 | CV|J=CVM COSt
| VVT'V1 n1 | C"1 n1 | Tv1n1 | ..... .............. ’ TVi‘- = CVM Time
, : , i
v | VVT - V5,n5 | Cvs,ns | TVs,ns |
Design Lo= v 1 <1< 8
| WT-V,, | Cvy | Tv,, | Production Le=6 .
....................................... | WT-V,, | cv,, | ™., | 1 S ] < nl_
L wr-v, | cv,, | v, || | | T i
¥ | VVT - vs,ns | Cve,ne | Tve,ne |
Implementation L.=3 ,
| WT-V,, | Cwy | Tvy | Use/Maintainance L-=7
....................................... | WT _ V7’1 | Cv7y1 | TV71 |
| VVT - v3,n3 | cvs,na | TV3,n3 | .......................................
CVM Cost " S
OS C cvM Z Z Cvi,j
i=1 j=1
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VVT Strateqy Model (VSM)

A v
Definition L.=1 Qualification Ls=5 o _
X1 Xor X ; = Decision Variable
....).(.;.I;; ...... Xsn ]
A Y
Design L>=2 Production Ls=6
X2, Xe6,1
in ....... . 6n
Y Y
Implementation [ L= Use/Maintainand L7=
X3,1 X7,
z n;
— X
Strategy COSt CV VVT_Strategy {Cvla] Xla] }
i=1 j=I
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VVT risks

Primary VVT Risks

e

Appraisal Impact
Due to inherent imperfect Due to partial or no
products detected performance of a VV'T
through a VVT activity activity
X, . >0 X, <1
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VVT Appra

Pure Appraisal Risk (Xij=1)
SYS Fix Fix
System —» > —
activities ! 11 1.2
VVT N N
activities OK> 0K> T
Y Y
K$
A
Quality — I
Costs —
— []
| | | |>Time
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Appraisal Risk Model (ARM)

Definition L=1
Ca, , Ta, Pa,, D, , — - Ls=5 L, = Lifecycle
...................................................... Qualification 5= Ca = ARM Cost
Ta = ARM Time
Ca Ta, 4 Pa, ., Dy ca5.1 Ta5,1 Pas,1 D5,1 Pa — ARM PIrOb
...................................................... D, L ARM Decay
. — Ca; Taans Pa, . D; s S
Design L=2
caZ 1 Ta2 1 Pa2,1 D2 1 —
...................................................... Production Le=
caz,nz Taz,nz Paz,nz D2,n2 Casﬂ TaG"' Pa6,1 D; 4
Cag 6 Tag,6 Pag ¢ D¢ 6
Implementation Ls=3
Ca;, Ta; , Pa, D, , - - —
...................................................... Use/Maintainance L=
Ca; 3 Ta; 3 Pa; ., D; s Ca7,1 Ta7,1 Pa7,1 D7,1
z n;
|
— E S
= Ca,,*(EN,, -1}
Appraisal Cost [Cawr s \Ca, ,*(EN,,
i=l j=I
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VVT Impact

Pure Impact Risk (Xij=0)

System — SIS

activities
Em @ Y En @ Y
VVT

activities l N N
M$ >

-
A
Quality —
Costs — I
| » Time
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Impact Risk Model (IRM)

Definition L+=1
1<i<L: 1<j()<n; k=12,.. ificati Ls=5| ( N
<1 J@<n, Qualification L, = Lifecycle
' 1<i<L; 1<j()<n; k=12,.. R. . =IRM Risk
; ) o [0 [ prak ; i i
Risk  RUPNCESON TN Pl J | Ci;; = IRM Cost
. (5.k) (5.k) (5.k) (s, k)J T = IRM Time
Risk  R;7V|\CETVNTET | P P =IRM Prob.
Design L2= \ .
1<i<L; 1<j@)<n; k=1,2,.. Production Ls=6
! 1<i<L; 1<j@)<n; k=1,2,..
Risk  RZY| Cii2 | Ti%" P(“)J
i,] i,] i, i,] T
. (6,k) (6,k) (6,k) (6,k)
Risk R VN\CE T || Piy J
1 | I |
Impact e
Ci _ {C(lk)*Pl(lk)*(l X )}
lVVT_Strategy L, i,j
0S i=1 j=1 I=i k=1,2..

Total
|Cost
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Cost Validation
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VVT Optimization Process Flow

Develop
Systems VVT cost, risk and time
methodology & Model

Collect "Anchor"
VVT Cost / Time

Data
l Generate model
Compute Develop parameters
/Harmonize model Computer

data / output data Program
<—@T strat@
* Probability lJ 4

* Fuzzy
Validate Model i
Optimize VVT strategyg@® |
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VVT cost modeling - Monte-Carlo simulator

£ ¥¥T Multi Stochastic Simulation -10] x|

—WT Parameter
Strategy: IStrategr_.rl ;I # of [terations: I 3000 # af Bins: I B0 Frag:l 100 g Fiun Simulation ‘
—Simulation Mode———Risk Cost —Total Cost
+ By Strateqy ¢~ Impact Cost " Actual Cost + Impact Cost
-  Appraizal Bizk Cost  Actual Cost + Appraisal Risk Cost
" By Optimization = Impact Cost + Appraisal Risk Cost {* jActual Cost + Impact Cost + Appraizal Risk Cost!
7.8% Total
. Strategy Cost VVT cost
s Cost density
522 distribution
4 4%
3.5%
2 B%
1.8%
0.9%
343 455 BB 579 791 903 1015 1127 1239 1351 1463
| Total Cost by Strategy |T.Range: 659 - 1504 | T.Mean: 877 |T.StdDev: 106 | T.¥aR95%: 1126 | T.ActCost: 343 | T.CWM: 1419
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VVT cost components

Cost categories Simulation
Sim [CU] [%]
VVT activity cost 343 39.1%
Mean VVT appraisal cost 62 7.1%
Mean VVT impact cost 472 93.8%

Mean total VVT cost

877 100.0%

CVM 1419 161.8%
STD-DEV 106 12.1%
VaR95% 1126 128.4%
1400
1200 @ Sim [CU]
1000
800
600
400 -
200
O l I I I
VVT activity cost Mean VVT Mean VVT impact Mean total VVT CVM
4 appraisal cost cost cost
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Probabilistic VVT cost model validation

COSt. Definition Design | Implementation | Integration | Qualification Total
categories
VVT activity 33 67 49 88 106 343
VVT appraisal 2 12 11 12 25 62
2/3 VVT impact 10 23 27 135 121 315
Total model cost 45 102 87 235 252 720
Total anchor cost 23 101 143 224 261 751
% 97.6% 0.5% -39.2% 4.7% -3.6% -4.2%
Statistical correlation: 0.9944
800 —
600 O Total model cost m Total anchor cost
400
e B | |
oA Definition Design Implementation Integration Qualification Total
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Optimization
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Example-1: VVT cost optimization

Minimizing loss function
(Mathematical analysis)

Original & optimized VVT strategies

—e— Perform —a— Optimized Value
1.0
os A 4
e \
06 | \/ l ]
o5 | \/ | I
04 | & " / A \ \ 1/ \\
02 |
0.1 [\ /
0.0 et B W W
7 1 3579111315171921232527293133353739414
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Example-1: VVT cost optimization (Cont.)

Original & optimized VVT costs

0 (I

oA VVT activity cost Mean appraisal cost Mean impact cost

categg;:; A Original [CU] | Optimized [CU] | Change [CU]| Change [%]

VVT activity cost 343 263 80 23%
Mean appraisal cost 62 52 10 16%
Mean impact cost 472 362 110 23%
Mean total cost 877 677 200 23%
CVM cost 1419 1419 0 0%
STD-DEV 106 36 70 66%
VaR95% 1126 736 390 35%
800 @ Original [CU] m Optimized [CU]

600 -

400 |

Mean total cost
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Example-1: VVT cost optimization (Cont.)

Optimized VVT cost histogram
-loix]

—W'T Farameter
Strateqy: IStrategr_.rl ll # of lterations: I 3000 # of Bins: I a0 Frag:l 100 *g Fun Sirmulation
—Simulation Mode——Risk Cost —Total Cost
™ By Shategy i Impact Cost " Actual Cost + Impact Cost
- = Appraizal Bisk Cost " Actusl Cost + Appraisal Risk Cost
& By Optimization ¢ Impact Cost + Appraizal Rizk Cast ¥ ctual Cost + Impact Cost + Appraisal Risk Cost:
B.0%
B4%
VVT cost
48% 4
ol density
16% distribution
3.0%
24%
1.8%
1.2%
0.6%
! ¥
/ | 263 a7 433 GO3 F23 338 953 1063 1183 1293 1413
@ J|Tntal Cost by Optimization |T.Range: 542 -795  |T.Mean: 677 |T.StdDew: 36 | T.¥aR95%: 736 | T.ActCost: 263 |T.CUM: 1419
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Example-1: Original cost distribution
(Total 877 [CU])

¢ Lifecycle Cost Graph -10] x|
[ @ 5T Activiey B WWT Appraizal O YT Impact ||

& ) € | A === RN | E—
a0 §--- ' '

=| [ VVT Activity

220 4
g 1 B et T e 1 I S
=1 B N T ! I S
[ =1 B T I N T L T L
140 4
120
100 4

Definition Deszign Implementstion Integration Cualitfication

Cost Data e
Phases VYT | VVT Appraisal | VVT Impact| Total CVM LJerulhiian st
Definition 32,00 3.03 14.42 49,45 254.00 ©Bufhaleqs O By Dptimization
Desian 6,00 12,19 3521 11540 455,00
Implementation 49,00 10,02 59,55 05,57 224,00 Strateqy: |5trategy1 ;l
Inteqration 55,00 11.57 203.65  303.52  189.00
Qualification 106,00 75.14 179,45 31059 317.00 % Computs ‘2 Report
bl Total | 343.00| 62.25 472.28| 877.53| 1419.00|
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Example-1: Optimized cost distribution

¢ Lifecycle Cost Graph

(Total 677 [CU])

=10] x|

120 4

100

a0

B0

40 1

Definition

[ @ T activiy B YYT Appraisal O WVTImpact ||
{5V IEEEEE e e | [ e
1 u u 1
oy I VVT Activity | | | .
140 F----mnv-- T T T T L e s ——----

Des=ign

Implementation

Phases YVT VYVT Appraisal | VYT Impact Total CvYM
Definition 116.00 12,01 349 131,50 254.00
Design 63,00 22,15 9,65 94,80 455.00
Implementation £9.00 14,73 31,27 115.00 224,00
Integration 11.00 z.74 181,30 195.04 169,00
Qualification 5.00 0,71 135,76 141,47 317.00

Total 254.uu| 52.34 361.47 5??.31| 1419.uu|

LT e I
Ny e
_____ _. PR -
e pRa—v |
Integration cigalification
F
Calculation rode
© By Stateqy & Hy Uplimizafion:

[

Strateaqy: I Strateqyl

4% Compute izs  Report

J-—I-Hfl'l'l-l'l—w.au.
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Example-2: Optimized prolect duration

Zoom|

I VVT Definition
| WVT Design

T | WVT Implementation

¢ Timing Project Schedular 10| =

S

———

S

T || WVT Integration  —
- | WVT Qualification e |
il 44 88 132 176 220 264 308 352 396 440
Time Calculation 1 =
VVT Phase Duration | Early Start % | Start Time |End Time | 4] [ Caleulation mode i

Expected SSGA optimized time & cost

Original | Optimize | Change | Change [%]

|Cost [CU]

877 798 79 9%

Time [Days]

539 441 98 18%
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Pointers

VVT model description: Sygtems
Engineering

Engel A. and Barad M.,
“A Methodology for Modeling VVT
Risks and Costs”,

Systems Engineering Journal, Volume 6,
issue 3, pp 135 - 151, 2003

SysTest Website:
Systems Engineering Center

of Excellence (SECOE)
(http:/Isecoe.org/0105.htm)
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The End
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