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[Abstract]

"Mosaic Warfare" introduces a novel theory of warfare that centers around the integration of distributed combat resources
through networking, allowing for rapid adaptation to the evolving demands of the battlefield. To achieve this, the development of
an advanced distributed real-time system becomes imperative. This paper introduces the concept of the Distributed
Realtime-Mosaic Warfare System (DR-MWS), wherein combat resources, represented as service nodes, from various regions
collaborate through a network to efficiently engage identical targets, known as serviced nodes, for swift processing.
Simultaneously, other resources in the operational area are responsible for handling feasible targets, collectively enhancing the
overall target processing rate. The paper demonstrates the utility of DR-MWS through a simple example, highlighting its efficacy

in addressing the dynamic and evolving needs of combat scenarios.
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Table 1. Task scheduling methods

Category Contents Note

Tasks are performed in their arrival order

FCFS (FCFS : First Come First Service)

Perform the tasks taking the shortest time
in advance
(SJF : Shortest Job First)

SJF

Perform the earliest deadline first
(EDF : Earliest Deadline First)

Existing
scheduling
method

EDF

Perform the tasks having the shortest
cycle first
(RM : Rate Monotonic)

RM

Scheduling Algorithm Considering Cyber
and Physical Elements
(ELST : Effective Least Slack Time First)

ELST

Perform the tasks having the earliest
deadline in advance by collaborating with
other computing resources

(P-EDF : Postponed Earliest Deadline
First)

Proposed
scheduling
method

P-EDF
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Table 2. Key differences between the existing system and
DR-MWS.

Existing Systems

(PCW, NCW) Siatlls

Category

Target information Target information

Shooting —shooter
—command &control
process . (command &control
shooter o
automatization)
Information In order of obtained Real-time
processing information(FIFO) scheduling(P-EDF)
Shooting Real-time system
system People—oriented (considering
discretion postponed deadline)

Flexible according to
situation
(skill, environment)

Much faster than

Shooting hour i
existing system

Available to use

Coalition and Used mainly with own
) o assets
Alliance military assets . i .
in other military units
Real-time

Low High

processing rate

http://dx.doi.org/10.9728/dcs.2023.24.10.2337

2340

ZX|(J. DCS) Vol. 24, No. 10, pp. 2337-2343, Oct. 2023

3-2 N AH 21 At
dso ds1 dsz dss
d d d |
@) ®
et : o,
) H _ (7
o | 2—1T 8 28
@ W N 02 i
r i
S
[ A

—_
<Shoo(er 1 ) ( Shooter 2 > ( Shooter 3>
t" . & & network

&RT '

&RT

(M) Distributed & RT
38 2. DR-MWS?| ZHHz| 7idx
Fig. 2. Concept of target processing in DR-MWS
219 2% DR-MWSS] WS relsh B4 992 veeat
gk FEEolth. DR-MWSe| A8 #i4== o}gjje} 2t}

* Shooter i : FHRE AAIF F78 5 e F71AA
* Ti @ F7EI7F AARE A glsliof k= o)53ke 34

3} 2= o]

e dsi @ FFEI7F AARE A 5 Sl 2y AN e s =
AAYA . ol F 5o] FE 1€ dsO A ds] Abole]

AL AEd & 9l

AL

* A4d(Reject) :

= ¥4

717 2% DR-MWSe]
ﬂwﬂokh MeE HefFar 9l
Ae] A el W

J+&= 1

or%
:L i,
NI

X

&

o
2

[l
lo
N F‘i

—~
tlo

|

©
=]
_m

(

o ™z Jn oY
N
N
r\r
o
ox. off
o

&
:[o
31_‘

T

q
K
H
[
3
e
— Lo

rﬁ %o,
BN
£
it

N
-

a
e

g o ok ox .
4 e
tilo

I
>
)

r
=3
)

i
o

offt

P‘L
2=y
[

=3

)

il

ﬂ@ﬁ%‘fﬂ #-g-o] fé?ﬂ oF
g, mato] 3 HA AdelAs g, AR, 1 e
A5 71 FrElEo] dste] AAIREOE wizk AJTE ol
TA dis A HEE AdT 5 Sk
DR-MWS2 %4 A& g ~AE WL 7P whe vl
T AIRE 71 A4S WA AEekaL, L vhgelle o vzt
Ag, A vt ARES 711 7

s 8 AAztez Atk 7E 18 d=
DR-MWS?] %4& A /Mde At 78 19 o2
% AAE 7 vz AR dslolth wizk ARk arefshd,
ﬁ‘EH Al 7HA] 4 F T3Rko]

jud

X o o

- =

=

=

NZHE FHA7
_ITE.E_ E3

= [e)

E

24 %4

3
o



AgHAT). 71E2] ARl A= T13 T2 340l thgk AHA o]
AGE A RE DR-MWSOl| A AR]-, AR, 12]al 352 A
& 7KL FrElEol g]dste] vt Al SE5AA o Sl

£ HE0l 245 AdE 5 k. 5, T1L v
Aste] 178 3o] AgstaL, B4 T2% 78 271 A3,
A A ES P B3 T6AF vES A <
Al frElS0] d]iste] Ao F-E ARtete], dARto R &
e AT s A 7T AdE SHske] 7T 24
off gk th-g-A171S BAsh= 7)s s 3kt

[e5

dso ds7 ds:
| d=10 a-70 |
(8,8) 12 4
L 9
(5.4) M
= o
8.8) @
/@ netv:'ork /@

\
\_1® oistributed & RT\ (5.

dso dss dsz
d=10 d =10

(3.8)T2) @

L g |
(10,4) o)
e ‘o

\\
v @\ net\york P@ v

~ \_®_oistributed & RT_®
dsﬂ ds’ d- 52

d=10 d=10

10,8)43 ()
i'(J 990

D)
wp ™
- )]
N [sstec\  petwork a2\ hd
\\!/‘Jinrihutod & R*\\t_./
dso dss dsz

d=10 : d=10

P em@ 89
£ W

l
1
1
1

N U "
v /3‘“/“,;-‘-\ fistwork fAhaster2 é

\\3/,6istrlbut-d art o /

dso d$7 dsz
d=10 : d-=10
10,9

7
0
B

’
’

v - V Sratord J!
[Swesterl)  petwork (Shogter)

\_1® bistributed & RT._ 1@

38 3. DR-MwWSe| EXMX{z| of
Fia. 3. Example of taraet processina in DR-MWS

|'O

o
=]
~
=
\J
N
e
Hr
[pa
>
~
H
>
=)
|
[l
02
>
[>
oz

Aol A FFEIE 270R BAbAAIZE gelste] B4S A

2 &
« Ti @ 77EI7F AARE AEaljof el o]Edhs T4, o

Aol A AL Foll A -2, §-ollA H=Z o] FslH, 34
< FE7F Agshsd 285 AdARk v A
HE 7Rt dE Bo] AFZAT FHA 13elA
T2(8,8)& 7rH 10] %% 25 2|t v A&7k} v}
AR o3t
dsi @ FFEI7F AARE AP 4 s Fg- eAlx e &)
AAAAAQL. Aol 78] 17} 78] 29] 23914
o] AFAY F2 1002 FUgh

7 32 delA] et 1o ® Wishe AJke] S
w2} DR-MWS7}F 348 5314 Agshs A8 Al
o= EABIG

DR-MWSE 19 39 et 3 WA TdolA] B AAH
T1(5,4), T2(8,8), T3(8,8) 370¢] ¥4 ARE FAlo 35
a1, B} FoERE 2432 AdE T4 ARE g5k
7rE 1, 27} BARAAIRE f9dste] T3 24S Aelsta(EA
22 Ags% @), T13} T2+ 78] 200 A A3},

DR-MWST 19 39| et Fala] 1ol B RAAH,
T1L 78 27} Agjgtezn 1002 Agd vpa|zke] o]
g o] At

DR-MWSTE 1§ 39] et AliAl 13} vjiA] 1ol
A B AAE, T1S Aelshs 2F T2(10,8)2 T4(9,9)&
F7H o2 Helsfobshs 4S &53te], T1 Ag ¥ T2
= A3t

DR-MWS+= 28 39| vix|at a-dojA] BHi= A", T4
= 97E 1917 desie] 7 vpazke] o] 1S T3l 4rH
1o] A sict.
P} ool A HE A DR-MWSE 713¢] EDF 27
g o s £ gl 409 84S 2F Ais
o1k &= 9tk 5 DR-MWSO A%< dukst B7te}7]
& =84 A ) AlEYel S e 2 -84
3717} a8}

o fgh N

B A DR-MWSES AlRksle] Aol 2L A4l A%
Sejsiels WHe QTa e dAE Fa

ARkR A 2swlo] TAA 2 Ko o BIGL 1 §

o 53], 7] Aswe) A age] BAA e &

T AN S A A A 2Ele] TS HE

http://www.dcs.or.kr



0% AL ST FF AT Ak Alo] Tk
& WAl 2L A A|go] o A 8T F AR

= -
FaL, 53] W SHelM 2 235 d 5 e e

y T
e
-
o -

o B
Ir
o

= Aol Z A4 ol&e) 2w olals) A
S30, Al AR Ae) Bk WEA g

v% L
9= o aahHol s foiek AkS AT Aol
O )
=

-

229

[1] N. A. O’Donoughue, S. McBimey, & B. Persons,
“Distributed Kill Chains :
Warfare from the Immune System and from the Navy,”
United States Department of Defense, pp. 3-8, 17-26, 2021.

[2] J. Jang, “A Study on the Prediction of Future Warfare
Changes and the Development Direction of the R.O.K.

Drawing Insights for Mosaic

Army: Focusing on the Relationship between War
Components and Forms of War,” Korean Journal of
Military Arts and Science, Vol. 78, No. 3, pp. 3-25, 2022.

[3] J. Ellman, L. Samp, and G. Coll, “Assessing the Third
Offset Strategy,” A Report of the CSIS International
Security Program, 2017.

[4] H. R. Park, “An Introduction to the Third Offset Strategy of
the U.S. and Implications for South Korea,” pp. 3-25, 2015.

[5] S. Park et al.,, Patent No. 1014216030000, ‘“Real Time
Scheduling Method of Cyber Physical System,” 2014.

[6] S. Park et al, Patent No. 101421601000, “Real Time
Scheduling Method of Cyber Physical System,” 2014.

[7]1 R. Cohen, N. Chandler, S. Efron, B. Frederick, E. Han, K.
Klein, ... and Y. Shokh, “The Future of Warfare in 2030:
Project Overview and Conclusions,” Santa Monica: RAND,
pp- 5-9, 2020.

[8] D. Nam, T. Im, D. Lee, and S. Cho, “Mosaic Warfare of the
Fourth Industrial Revolution U.S. Military Innovation
Direction and Implication for the ROK Military,” JAMS,
Vol. 63, No. 3, pp. 141-147, 2020.

[9] S.-H. Park and J.-H. Kim, “Real-time NCW Systems Using
Distributed Processing,” Korea Computer Congress, Vol.
36, No. 1, pp. 245-249, 20009.

[10] S-H. Park, J-H. Kim, and C.-H. Han, “The

Extended-military ~ Multimedia
Real-time Scheduling Scheme,” Journal of the Institute of

Systems Based on

http://dx.doi.org/10.9728/dcs.2023.24.10.2337 2342

Electronics Engineers of Korea 48-Ci (1), Pp. 26-32, 2011

[11] S.-H. Park, J.-H. Kim, C.-H. Han, and K.-S. Kim,
“Effective  One-to-One Correspondence Method of
O(N2Log(N)) Complexity Between Distributed Units,”
International Journal of Advanced Robotic Systems, Vol.
9, pp. 1-7,2012

[12] P. T. Mitchell, “Network Centric Warfare and Coalition
Operations (The New Military Operating System),” pp.
1-8, 14-17, 20009.

[13] D. A. Lanbert and J. Scholz, “A Dialectic for Network
Centric Warfare,” pp. 2-8, 2005.

[14] D. S. Alberts, J. J. Garstka, and F. P. Stein. “Network
Centric Warfare: Developing and Leveraging Information
Superiority,” pp. 2-16, 1999.

[15] E. A. Smith, “Network-centric Warfare: What's the Point?.
Naval War College Review,” pp. 7-20, 2001.

[16] Office of Force Transformation. “The Implementation of
Network-centric Warfare. Department of Defense,” pp.
7-12, 2005.

[17] B. Briscoe, A. Odlyzko, and B. Tilly, “Metcalfe's Law Is
Wrong-communications Networks Increase in Value as
They Add Members-But by How Much?” IEEE Spectrum,
pp. 5-16,2006.

[18] J. Brauer, K. Hartley, and S. Markowski, “Rethinking
Augustine’s Law: Armament Costs and Evolving Military
Technology,” New Frontiers in Conflict Management and
Peace Economics: With a Focus on Human Security, Vol.
29, February 2021.

[19] N. R. Augustine, Augustine's Laws, pp. 102-117, 1997.

[20] T. H. Chung, Offensive Swarm-enabled Tactics (Offset),
Darpa, 2021.

[21] S. Park, J.-H. Kim, and G. Fox, “Effective Real-time
Scheduling Algorithm for Cyber Physical Systems
Society,” Future Generation Computer Systems, Vol. 32,
pp. 253-259,2014.

[22] B. Gerkey, S. Chitta, M. Beetz, and L. E. Kavraki,
“Real-time Guidance under Mri, IEEE,” Engineering in
Medicine and Biology Magazine, Vol. 29, No. 2, pp.
78-86, 2010.

[23] C. Dominguez, H. Hassan, and A. Crespo, “Real-time
Embedded Architecture for Improving Pervasive Robot
Services,” International Journal of Sofiware Engineering
and Its Application, Vol. 2, No. 1, pp. 79-90, 2008.

[24] W. H. Yuan and K. Nahrstedt, “Energy-efficient Soft
Real-time CPU Scheduling for Mobile Multimedia
Systems,” in Proceedings of the Nineteenth ACM
Symposium on Operating Systems Principles, Vol. 37, No.
5, pp. 149-163, 2003.



[25] C. L. Liu and J. Layland, “Scheduling Algorithms for
Multiprogramming in a Hardreal-time Environment,”
Journal of the ACM, Vol. 20, No. 1, pp. 46-61, 1973.

[26] A. Burns, A
Review,” Sofiware Engineering Journal, Vol. 6, No. 3, pp.
116-128, 1991.

[27] Z. R. M. Azmi, K. A. Bakar, M. S. Shamsir, W. N. W.
Manan, and A. H. Abdullah, ‘“Performance Comparison of

“Scheduling Hard Real-time Systems:

Priority Rule Scheduling Algorithms Using Different Inter

Arrival Time Jobs in Grid Environment,” International
Journal of Advanced Science and Technology, Vol. 4, No.
3, pp. 61-70,2011.

[28] J. W. S. W. Liu, Real-time Systems, Upper Saddle River,
NJ: Prentice Hall, 2000.

[29] T. Ferrari and L. Gaido, “Resources and Services of the

Infrastructure,” Journal of Grid

Computing, Vol. 9, pp. 119-133,2011.

Egee Production

0|5 (Soon-Seung Lee)

20174
20234

g Aol o) o}
L A g ol W o5}

71 A& 8 F (SHAH

(A&

<l

al
nl

ﬂHLEﬂ =]

44 ¥ (Jeong-Won Park)

2022 @ At A & o &FaL(EFAL)

~2022d:

2017 T *}Olﬂ%ﬂizﬂ A&
} ]3]

(ACMI/EWTS, #
A B

20239 ~4 T
A4

WEAH R G
FAL A Al H] 3l

SRR $EAE, ST

rJ

2343

y 2016\ : S E st (shA})

20161 ~202240: T AHEA G
(T, +F5ALT)
2022 ~8 A TE WHAHR FTSFEAT
AL ALY
wPA Rok 1 $F A, HEN %
ut&s (Sang-Hyuk Park)

.”
)]

20134 : o} F
2000 ~2020%3: tj sk
20194 ~2020: o}

2020 ~20211:

ohF TSt A9 WA T A
SOEER)
2021 ~2022'd: Sim-net FHEAAEA AP AT
224 ~A A FE WEARY FISFEAGW
AR DAL ZEA B 7H2)
PR BA-AAE A 2R, mAela A4, AFAS,
EERY

http://www.dcs.or.kr



	연장마감시간 기반 분산-실시간 모자이크전쟁 시스템
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 연장 마감시간을 고려한 DR-MWS
	Ⅳ. 결론
	참고문헌


