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M&S Verification, Validation and Accreditation Research
Direction Considering the Characteristics of Defense M&S

Junghoon Kim + Seungmin Jeong - Illhoe Hwang + Hyunju Cho - Daeyoung Kim - Young Jae Jang
KAIST Industrial and Systems Engineering

In this paper, we first present an in-depth survey of the research on Verification, Validation and Accreditation
(VV&A) applied in various areas. Then we introduce the characteristics of the military and defense Modeling
and Simulation (M&S) and propose the direction of method for VV&A with the identified characteristics. The
M&S has been widely used in many different applications in the military and defense area including training,
analysis, and acquisition. Methods and processes of VV&A have been proposed by researchers and M&S
practitioners to guarantee the correctness of the M&S. The idea of applying the formal credibility assessment in
VV&A is originated from the Software Engineering Reliability Test and Systems Engineering Development
Process. However, the current VV&A techniques and processes proposed in the research community have not
utilized the military-and-defense specific characteristics. We identify the characteristics and issues that can be
found in the military and defense M&S. Then propose the direction of techniques and methods for VV&A
considering the characteristics and issues. Also, possible research direction on the development of VV&A is
proposed.
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Figure 1. Modeling and simulation verification and validation challenges(Pace, 2001)
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Figure 2. Framework of V model(BMDO Directive 5002, 1994)
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Table 2. Defense model : categorization of abstraction level(Jang et al., 2012)

Abstraction level System Modeling Method Domain knowledge State transition property
state
Military science
. maneuver
. (strategic/ .
Campaign . wait detection
operational
doctrines, etc.) \
> time
/ (day-wegk)
A
state
. DEVS Military science
Discrete . :
formalism+ (strategic/ f ‘ _\n
Event . ' '
Lanchester tactical | |
System . . ' !
equation doctrines, etc.) ' '
el : — time
Mission/ / (minuteg\—hour)
Battle/ y
Engagement 3y . <tate
Military science
(engagement, etc.) " '
or ; L -
(optimization, etc.)
: — > time
/seconc‘kmmute)
. . state
Engineering
. . Continuous Differential (Physics, Electronics, '
Engineering . . . P\
Sysyem Equation Mechanics, Aeronautics, A
Energetics, etc.) VA
(second) time

A& zteth

o F¥(train)

o X/ 54 E(analysis)

e 3 5(acquisition)

HA FH] &E 542 AF
& Adste Aojth o2 &
AR A oA 9] A,
RS Slg A4 T #Ax

491 BAIE AT 5 Sl oA &
12290 8459 B A 402 %
E4 54 F syt

PRARO 2 S M&SE 5%
7t B8 RE M&STFEA

A
WM& B AA B o] Al 7HA] A0 E B

g
3

pul

THTE 2 2a%7) AFEA 285 Prlshe Aot
PHA e, AA S AT, A

2 459 &§ 532, 77
2 A, 2 AdE7E A
T} (Air University, 2000).

41 2o £ZE VV&A 23

T M&S+= <Figure 4> A9} o] Bo] F+FHE F8h
(engineering), 1% (engagement), 15/ F(mission/battle), 27+
(theater/campaign) § 2.2 U= 4= vk 2l A 9] 714 sl
A FEFY AS A 5 AU Frpt ks gl 7
g9 By s S7HE Q&) A o Bkt A
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B7ht 7hs et =3 stElAe AA A8e F Al
Aolurt HFo] 7hs ARt 4] AR 22t AA
P AR Brbsslth 2R BRI M&S ] 7h ol
U2 AESHE VVEAS Zdsteiof 3T, o] of, 38+ M&S
e Bt Fsta A A HolHE §3 VV&ATt
A st

N 2 o

Analysis Function of the . .
Level Simulation Model ~ Models & Simulations
Qualitative
Analysis
Effectiveness
measurement,
Training.
Requirement
analysis
Mission/Battle
(Groups of Systems
B
Acquisition
Cost analysis,
Logistics system
development, Engagement
Technical requirement
Analysis
Quantitative Engineering
Analysis

Figure 4. Defense M&S classification by abstraction level
(Kim et al., 2007)
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3o ozl At A=, &AL} A 2F 9] FRel wet o
2 <Table 3>3} Zo] A(live) Al & 0|4, 7H(virtual) Al &2
o)A, 74 (constructive) Al E @ o] .2 7 g & it} o] &
AlEgolde 78 el wet 47] bE E4s Ay
Jorg AlEg ol R B AR 54 nEe Ads
VV&A 4] 280 FQ 3}t

Functional/Operational requirements analysis
Modeling legic specification

"

Domain Engineer ; Manual(FM, TM)

* Engagement.
training
experience

- Physics,
engineering,
etc.

Military science
Electronic engineering
Mechanics/Aeronautics
/Navel architecture
Physics

Simulation operation
User interface

+ Database

+ Modeling

+ Simulation technique
+ Simulator Coordination
+ Statistical analysis

* Programming Technique
* S/W Engineering
+ Networking

M&sS Engineer
methodology

* M&S Engineering
(Multi-disciplinary training)

Design model
Simulator implementation

Platform Engineer

+ Computer science
A | *+ Telecommunication

Figure 5. Cooperative Participation in the Engagement Level M&S Development(Jang et al., 2012)
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Table 3. Categorization of M&S Simulation, (US Defence
Science Board, 1992)

Method Operator | System Examples
Live Real .. .
. . men Real Training Excercise

Simulation System

Virtual
Virtual A Training using Flight
. . men System )
Simulation simulator(H/W)
(hardware)
. . Virtual

Constructive | Virtual ) )

i : System Wargame Simulation

Simulation men

(software)
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