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2)9?/ Purpose of Work

OOOOOOOOOOOOO

d NASA Standard for M&S, STD(1)-7009, is an interim
standard, undergoing review

d STD(I)-7009 Appendices A2 and A3 describe initial
concepts for M&S Results credibility evaluation

d A NASA Technical Working Group has been formed
with a charter to finalize this work

1 This brief describes some recent thinking in support
of that activity
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Outline

1 Reference: STD(1)-7009 Top-Level Scale for
M&S-Results Credibility

d Define: New, Augmented-AHP Method for
Credibility Assessment

L Reference: Credibility Criteria-Set in STD(l)-
7009 Appendix A3

dApply: New, Augmented-AHP Method to
STD(1)-7009 Appendix A3




CONSTELLATION

NASA STD-(I)-7009 Definitions for
Levels of M&S Results Credibility

“Levels” of M&S Results Credibility

NASA “Endorsed” 4 % one-dimensional roll-up scale of
,\SA'?DS “Production” 3 [ M&S Results Credibility, for.
()-7009 = M&S management “dashboard”
“Developmental” 2 [K indicator
2
“Research” 1 E

Level 4 — Rigorous - Credibility rigorously established for the current application.
M&S results were extensively tested and reviewed for the current application.
Uncertainty distributions were calculated. Expert users and analysts used

formally reviewed and controlled processes. The limitations of M&S were well
documented and correct usage was enforced.

Level 3 — Production - Credibility tested specifically for the current application.
M&S results were tested and reviewed for the current application. Quantitative
uncertainty bounds were calculated. The users and analysts performed

simulations using formal best practices. The limitations of M&S were well
documented and any violations were reported.

Level 2 — Development - Credibility established for simulation process.
M&S results were tested and reviewed for problems similar to the current
application. Uncertainty was estimated by expert opinion based on the current
application. The users and analysts performed simulations using informal
repeatable processes. The limitations of the M&S were well documented.

Level 1 — Research - Credibility established for model basics.

M&S results were tested and reviewed for research problems. Uncertainty was
estimated by expert opinion based on research problems. The simulations were
performed using ad hoc processes. The limitations of the M&S were not well
documented




Augmented-AHP Model Roadmap for
Assessment of M&S Results Credibility

CONSTELLATION

STD-(1)- 7009 Scale MANAGER’'S DASHBOARD SHOWS

NASA Interim
M&S NASA STANDARD EOR M&S for Levels of M&S CREDIBILITY LEVELS of M&S RESULTS
STD iy e psy oo Results Credibility, REPORTED AGAINST STANDARD SCALE
(1)-7009 - defines Levels of Credibility
- " — p ” 2 Rigorous
1 j_s-CredlblIlty rigorously established for the current application Endorsed” 4 = Pro:juc:fci)zn M&S Application Md'b'l'ty Level
S results were extensively tested and reviewed for the current application. “production” 3 5 |—.— Top-Tier
Uncertainty distributions were calculated. Expert users and analysts used — / % / \/ Developinental [2.47 omain F ’33’3.,. Credibility
formally reviewed and controlled processes. The limitations of M&S were well Developmental” 2 f _~Research riteria Flags ", | Roll-Up
documented and correct usage was enforced. “Research” 1 H .." .,

AUGMENTED AHP FRAMEWORK SPREADSHEET
PROVIDES TOP-TO-BOTTOM RIGOR OF RESULTS

Credibility Domain Scores

Level 3 - Production - Credibility tested specifically for the current application. @ KEY DOMAINS AND THEIR

M&S results were tested and reviewed for the current application. Quantitative CREDIBILITY CRITERIA
uncertainty bounds were calculated. The users and analysts performed —

simulations using formal best practices. The limitations of M&S were well
documented and any violations were reported.
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Common “Measurement Scale” for Augmented-AHP
- Indicates Desired Level or “Threshold Value” -

CONSTELLATION

P Accreditation Agent assigns

}gretﬁics"‘zf’i‘;?i'gavfgf:ﬁzho'd Criterion | Common Measurement Scale across all criteria:
Indicates Threshold Value, Achieved Score, and

Problem at hand Scale Deficiency Flag
What is the

Desired Level ? =4

Threshold > g T

The Threshold Value can
: provide guidance for the
2 : type and amount of

— = evidence to be collected
= and assessed from M&S
= : artifacts

O /

assessed achievement value

Criterion Data

Developers
Gather Criterion Evidence
| Collected and

M&S Artifact o -
() - Quantified! Criterion
'mg geq.ts Evidence from M&S
AR esigns _
+M&S Code Artifact Data
1 * M&S Data
* M&S Use
\_ _J




Common “Measurement Scale” for A ugmented-AHP
- Indicates Criterion Scores -

CONSTELLATION

Criterion | €ommon Measurement Scale across all

Problem at hand Scal criteria: Indicates Threshold Value, Achieved
: cale Score, and Deficiency Flag

What is the

Accreditation Agent assigns
the Acceptability Threshold
for this criterion for the

Desired Level ? —4l—

Threshold > p—
V&V Agent assesses

el < | % M&S criterion

achievement value data
and determines scores

iy What is the Achieved
Value ?

assessed achievement value

Criterion Data

Developers
Gather Criterion Evidence
Collected and

N
Qi Quantified! Criterion
* M&S Reqts .
oM&S Desi Ew_dence from M&S
+M&S Code Artifact Data
* Mé&S Data
*Mé&S Use
. J




Common “Measurement Scale” for A ugmented-AHP
- Indicates Deficiency Flags -

CONSTELLATION

Accreditation Agent assigns
the Acceptability Threshold
for this criterion for the
Problem at hand

What is the
Desired Level ?

R

Criterion
Scale

Threshold > \ |

)=
-r

S

GAP

)%
/-

X
1

Common Measurement Scale across all criteria:
Indicates Threshold Value, Achieved Score, and
Deficiency Flag

Deficiency “Flag” Determination

- = Deficiency Flag Type

OK to use
0.0< Gap=<0.5

Use with Caution
0.5<Gap=s1

. . V&V Agent assesses
Criterion Score @2\—&\\ ME&S C?iterion Do Not Use

: Gap > 1
achievement value data
and determines scores

Deficiency “Flag”

What is the Achieved
Value ?

assessed achievement value

Criterion Data

Developers
Gather Criterion Evidence
Collected and

In

S
M&S Artif o -

RETIEL Quantified Criterion
'm&SReq.tS Evidence from M&S
* M&S Designs :
» M&S Code Artifact Data
* M&S Data
* M&S Use
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_ Common “Measurement Scale” for A ugmented-AHP
JEA - Uses AHP Weighting Factors to Calculate Aggregate Scores -

Accreditation Agent assigns
the Criterion Weighting of this
* criteria compared to other

domain

criteria within this criteria Criterion Weight R =8 Weighted Score |__é:>

How Important is

this Criterion ?

What is the
Desired Level ?

Accreditation Agent assigns
the Acceptability Threshold of

this criterion for the Problem
at hand

Criterion
Scale

Common Measurement Scale across all criteria:
Indicates Threshold Value, Achieved Score, and
Deficiency Flag

(Domain Sub-Scores)

M&S Fit
Intended
Use?

Deficiency “Flag” Determination

. . Threshold [GH S = il
Ex7] Deficiency Deficiency Flag Type
“Flag” OK to use

o 0.0< Gap=<0.5
V&V Agent assesses M&S D0.5N< Gjp =1
criterion achievement value data OGOt >S1€
and determines criterion scores ap

= What is the
Achieved Value ?
=6F L

assessed achievement value

Criterion Data

Develope
ﬁ %Gather Criterion Evidence

rs

F_

Q M&S Artifacts | | Collected and Quantified

* M&S Reqts Critenion Evidence from
* M&S Designs M&S Artifact Data

* M&S Code

» M&S Data

* M&S Use




Basic Model for Augmented-AHP Criterion “ Scale”
- Augmented AHP in not compensatory (7) -

CONSTELLATION

Criterion Common Measurement Scale across all criteria:

_— Indicates Threshold Value, Achieved Score, and
* Accreditation Agent Scale Deficiency Flag

assigns the Criterion
Weighting of this criteria

compared to other criteria /ofgfe-YeTlsMWEII oIl X =8 Weighted Score

within this criteria domain .
(Domain Sub-Scores)

How Im po rtant —4 () no credit for scores above threshold !!
IS It ?

Used
Right ?

M&S Fit
Intended
Use?

score exceeds threshold

Threshold > g Deficiency “Flag” Determination

: - = Deficiency Flag Type
What is the - OK 1o use
Desired Level ? e 0.0< Gap < 0.5
- _ V&V Agent assesses M&S SR SRl

Accreditation Agent assigns criterion achievement value data Do Not Uge_

tE_e Ac_cep_tablflltv ;hVISSthI"j of and determines criterion scores Gap > 1

this criterion for the Problem — o

at hand 1 What IS the

Achieved Value ?
=€F  _L
NOTE assessed achievement value
() If the achieved criterion value exceeds Developers
the threshold value, no extra credit is ﬁ Sather Criterion Evidence
given beyond the threshold value — more (O MEEENhECSyy || Collectied andiQUianiified
value than is required of any criterion e SISO VIO S OS]
5 T g+ MaSDESHE M&S' Artifact Data
does not provide extra credibility for the - Mss e
aQ ata
problem at hand + M&S Use
L J
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Example Credibility Score-Aggregation
to Demonstrate Augmented-AHP Method

CONSTELLATION

Example DOMAIN-LEVEL CREDIBILITY SCORE & FLAGS Levels of
RIGOROUS 4 Assessment
—w—> PRODUCTION >%= STANDARD
¥ Domain CREDIBILITY -
DEVELOPMENTAL 24 DETEIEmeY LEVELS T
ag E
RESEARCH =5 8
]
— o
m | |:| TOTAL AHP- weighted score and flag count from lower level E
k=n o
@ means 2 (weight, ) X (score,) [ AHP- Method ] =
Accreditation Agent
provides guidance
Accreditation Agent acts [ AHP- Y Rule ]
on behalf of the . : : : -
accreditation authority " -> X : X : x = - Weight 1, = 1.00
and provides guidance [ o6 ][ 12 ][ o072 | [0 ]| 20| [ 20 | [[03 ]| 26 | [ 048 | Score ., =4.00 [
for all lower levels for =
importance weighting 4N Ba Ba Q
factors, threshold values, Criterion =
credibility assessments, i L _ Threshold i Deﬂcnency &)
and scoring galculations Aa ggfti%rig)nncy A Threshold | %' “Flag” .
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Key Domains for M&S Results Credibility Assessment

CONSTELLATION

USER DOMAIN

M&S Used
Right ?

@@
M&S Fit M&S Built

Intended Well ?
Use?

ANALYSIS DOMAIN

M&S DOMAIN

Credibility of M&S Results = Cr = [>Fit Intended Use (IU), and
[>Built Well (BW), and
[>Used Right (UR)

12



Domain Criteria
for Assessing Credibility of M&S Results (C))

CONSTELLATION

Key Domains and Criteria for C,

Levels of Credibility
UUUUUUUUUU For M&S Results

M&S Used

“Rigorous”
“Production”

Credibility (Cr)

for
“Developmental”

M&S Results

RNEE

M&S Fit M&S Built “w Researchu
Intended
ANALYSIS DOMAIN M&S DOMAIN USER DOMAIN
| M&S Fit Intended Use ? | | M&S Well Built? | | M&S Used Right? |
| Right Entities ? | [ Verified Code ? Problem Defined ?
| Right Functions & Interactions ? | [Numerical Accuracy ? Correctly Set-Up ?

| validated Outputs ? Correctly Executed ?

| Right Scope, Scale, & Detail ? |

| Development Process Maturity ? Analysis Traceable to Results ?

| | |
| | |
| | |
[ Uncertainty Measurement ? | | Correctly Analyzed ? |
| | |
| | |

| Required “ilities” Addressed ? Operator / Analyst Qualified ?

13



NASA STD-(I)-7009 Apdx A4 Credibility Assessment Example:
Calculated Using Augmented AHP

CONSTELLATION

| Rigorous |
| Production |
J [ Developmental |
| Research |

Credibility Level of M&S Application

. Top-Tier
2.47 Domain Fi
4— I Domain Flags Credibility

\I Criteria Flags Roll-Up
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Example of Augmented-AHP Scoring for
M&S Credibility Criterion from NASA STD (I)-7009

CONSTELLATION

v
|
|

EXAMPLE SCORING FOR A
“BUILT WELL?” CRITERION

ginty Measurement ?

M&S Fit
Intended
Use?

Verified Code ’>|
v
Numerical Accuracy ?
A y
1
Validated Outputs ?
A
b
A
1

Development Process Maturity
I

Required “ilities” Addressed ?
]

Uncer

[ Abstract - Credibility Criterion Definitions from NASA M&S § ard STD-(1)-7009 ]

Table 5—Built-Well Credibility Criteria, Definitions, gnd Credibility Levels DO NOT USE-

BW Credibility | BW Criterion Definitions CrediBility Levels LU
. i T for the intended use
Criteria W Criterion
4 R ired Score

An assessment of the degree to which the Level 4- Validated by test of the
Deficiency Flag:

Red Deficiency Flag Means:

Validated Outputs?
model or simulation outputs are an specified range of use
accurate representation of the real
world from the perspective of the
intended uses of the model or

simulation. Level 2- Some process formalization

Level 3- Peer reviewed for underlying
correctness

Level 1- Working, in progress

4 Assessed Score
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SUMMARY
Augmented-AHP Model Roadmap for Assessment of Credibility of M&S Results

CONSTELLATION

NASA Interim STD-(I)- 7009 Scale MANAGER’S DASHBOARD SHOWS
for Levels of M&S CREDIBILITY LEVELS of M&S RESULTS
M&S NASA STANDARD FOR M&S orLevels o
STD A 2 LAINDARD s Results Credibility REPORTED AGAINST STANDARD SCALE
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