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A System of systems(SoS) is defined as the result of a set or
arrangement of independent systems that are integrated
and combined. The result of this union provides unique
capabilities to users. Today’s, considering the increasingly
complex operational environment, the need and demand
for SoS is growing. This paper presents an analysis
methodology that creates a portfolio of SoS using legacy
systems. In particular, in order to improve its applicability
to the military field, the procedures for deriving
requirements, identifying capabilities and constituent
system of SoS were specified based on operational
missions.
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U]=122000 2 Y4 4T 9 1 AR E A S A ek A2
Apgo] g ek A2 WAL Al
centric warfare)& =Y 5HA HH, o]0 wet HH
S = AR7IEA %

|3t QP ol & ) 2] 755 thakgt ‘52 S (capabilities) 2 T-H| 5F=d]
TS TSl oSt 58S HIshL v S Aol T
57l Aol A0 2 G884 U SUES 250l 854 9
Al H-&-5k= i d ol k([1], pp. 10-11).

o] A Y A B thFei A7t A o 48 2 o351 sl
Aol L& ABTT AQFS 2ZEA| 7= 7E EAHA|AH

291 -2 g3t ds
oty e} ul 2l Ao thr|st7] {13t 582 75HA = Ut

522 dE meto) = g3 stol 4 L8NS B8] mEE, AEA
AR O] A H ok TR A Al S0l 2 BRI AT Y] ZFHo A o]
o] eh([2], p. 115).

2] 2= 0|23 A4 552 ukesto] Walohs R0l A g
9 g5t 98] e Ve A e Fasta (s,
p.43), BT @A 7 28 FEE BET R0 B H AL chorst &
A YT (CAS, Kill chain, KAMD 5))& 3 ] A AH S dH 7

1) CAS: close air supporting (ZE &8 &), KAMD: Korea Air and Missile
Defense (St BH021H)
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28513}
oY B AT B2 W el Bads &
B0l the 27 Zo)E 3 e,

SEAE 5Ee FUT BN AT AL dAX A
o ek 90 Bgela ot dele BEA Ade
TFA5k= A AHl(constituent system)E0| & 7|&
A 2~Hl (legacy system)EE 0| F0]2]7] wjiZo|t}. o] &
7|& A AFZ ofu] ZH4INHe] £ FA 2 A3 5] S8l
W d EEHL A= ALH R A8H V&, 28 9
el 24, -8 &7 50| AJols &5t HsliA=

SR A 2 o] AN &Sl oF St
ojof u}e} EgA] AH] Z-8}H(SoSE : system of systems
ojgt M| 22 o7} Bl-55HA H Ut 71&
9] A|AH] ZSH(SE: system engineering)©] T
S TR H=shE w e S, B

L3 1\] AH O 2L Aol & %i}:_ EX

engineering)

Hop E%w
2" Sk AN 8 ol &g X&g 85171 9
St E3FA|AH] F8 X F] (systems engmeermg guide
for system of systems)©| 31 1[4], 0] & 7|4t O 2 B3A|
A S
ATH[s],[6]. 1TRAT HLH

o= FAok] 2851
A Rotd 1UURE B HPALH

sp7b B s,
we 92 o] Wakshe AEe] 28 2 g3t
(ECEECEEER R EEE EE b
BEAAYS TS RESQ B4 WS A
34} et

2. 3T
21YEY 3 F4A(NCW)

Y E Q3 544 (NCW: network centric warfare)<
19984 1] 3l Al =91 Al B 2 A 7| (Arthur K. Cebrowski)
o 7FE A EF}(John J. Garstka) ol 2J5f| 2] & 47l ¥l o] &
o] YA F402 WHE] orpsl, 2000 Aaw

.E: |A@ EEEE'Q |=|A‘I

I (Donald H. Rumsfeld) =5-3o] Q]sf =215 A}
HE (RMA: revolution in military affairs)2] 4 5
o] = HA] FAA Z o & SHAE| A TH([7], pp. 5-6).

HEYA FAA(NCW)2 1980 FZ5HA &
A5k= A HEA17]&(IT: information technology) ¥} 9-11
Ky o) AhEA A9 A10] 0] wjet 2 o
Z=A5F A A48 o] Zo|t}

Eees Re vEYasd TS AR Bh 5
ol ailol, Rl Wt A4S FAAA, A7
£7157} 7 el AR5 71 27k Hol, 33 A0
2 RS anE 320 2 A5A|7Itk= Zolth([8],
p. 4).

n] 22 A28 AR o] 29l NCWE E9J5Ho 24 AR

ol e ] Ao, kgl 2R 410 B
oI BE A o] B0l 71505 1 5
seHEY2 24 Fe 2 sk =3

ol2ig Newe] o] 23} €121 /A FAFE] 4
&3 2 g E-o] Y E QA F5412HH (NCO: network cen-
tric operat1on) o}, v u] Q] FARREA =8 A] off
© ZWH O HGH L PG Aol et

ol 4% WLe Fejo] jeiciel WSk WS
she gEaols AR Foth YEAD B4
(NcO)E 7sh7 A Roucks Y
ko2 7 Aele] BeH4o] R 5ol FEAE A
F7IAA g5 82w 4TA iﬁ%}gﬂ]ﬁ] ol A u
E9]H S4] (net-centric) 7|9He] B3FA| A (system of
systems) ¥4 9] 51eF4] A QS A ARl 5714 719
AA &2 Agsh= A 717 ATH([9], p- 6)-

—_—

oZ: Jzi —Ll
o L A

47|15t 7182 vl of v =2 AF 2 FE7T U+
theFstal, o] 59 FAAIH L A A 5Z A& 7HET
5517 fiZof o w2t A Foll = th A 7He e Rt ‘s e
= (capabilities)' & 8| t=H S8 FIL ot thfet
Y& Hota AT B o) Ay s 1A
o atH o2 3L = Y= sHE= 2 F 584
UA tH-8-5h= 7 olTt([1], pp. 10-11).

o714 Sejolet “B4 WS UL 5 Y=
(ability)” 0.2 FA| 2 0 2 A B “¥oj 5 7+ (tasks)
£ £% ZZA(condition)s}of| A 7183t = (means) T+

1 (ways) 9] 23+ 59 @4 7| (standard) 7HA] =
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2514 ko] Q75 A3 (desired effect) S A $5H=
2¥(ability)”o|tH([10], p. GL3).

5 (capability)Z A2/l 93 8 Gt A= H
S17] 1k 7}3§l ’\‘:h—]r HJ‘?QJ EE o= 1"?— =iy

2o q
o] 2003L% E] WA A B oA BFAIAH]
FHo 2 AYE /sl SH7|HHAAZ 58 &
9 kA A (JCIDS: joint capabilities integration and
development system)S 179Fs}o] 2-8-5}11 QJt}.
JCIDS= Fig. 13} o] Yol A A2 /T H A
2 740 = @A) 2 u]efo] =83 277 A (CONOP:
FAL AL
58748 71(CBA: capability based assessment) = 5
i St Al A ok ([11], p. A-2).
CBA:JCIDS9] A A A 2 571 944 (FAA), &
4@ H7HENA), 12545 (FsA) BA = A
H7hd o8 (FAA) TAL A1 G S TS

concept of operation)E 2/Jst1l, o] &

¢

=Tl &
TE FA 3, BHho] fdots 21 U g =
A EES A HS 52 A8 H7HENA) B A EE
HIS dP L AYH 52 G/T F UA=AEF

7¥oto] 5 582 Al 2R F A (FsA) HHAl=
=3 590 dof) 58 AXE AN 5= e EX
(materiel) ¥ H]EA} 4 (non-materiel) 3]2 22 733t
o o714 BE 5o tidt siad S A7+ uf Aol
H| 3| A H] 5214 32 2 (non-materiel solution)& %=

Aoz AES) &, 0, 23], TG AEEHAAR

¢

S REQ B4 Bl Uoke 5 YA 4T M 02 4
Edo =N s2H o HHE A7, SAlol 2R3
57] 9 ulg =3 eRe Aol

7|97 E B AELNAHQ A BHY QA9 2
7158 4] (ICD: initial capabilities document) 7} 24 &
Tolg F|uto 2 ¥l YEH 0 R FAS HleA A
2 /N 4= Q= 5 WA A (CDD: capabilities devel-

opment document) Y 53 AYALA| (CPD: capabilities
production document)”7} 243 F}.

2.3 59 2H

2.3.1 49 (definition)

EJMA A” (system of system)2 T-- Z THAA| A
(alarge complex system) ¥} 22 Q1 X]-Ol o] ElE]-.

HAAAH] (system)2 A| A S G/ 5f= - E(sub-
system)T O 2= AZ¢ = Q= EFT P E= Vs
= AST =+ AEF ol FAFES 2A ol ([12],

p. 268). 17| A A AR1Z T Bh= /35 (subsystem)2

AABoE Ao Bh5E AOR BY Mo 28 9 el
7] etk o So ARl e 23 Bk

A20I 254 o1 4 401 2kt ek )
2 4B ol 2BEAL, A, 5AE ZH S}
< FE2 NE E(subsystem)—g— Aststo] LAk
- 2 ABAILH N FE5E S Tl A

15 0] R A7) 9m]2 2 Fek([13], p. 328
[14], p. 112).

[¢]

FAA: study definition phase

FNA: needs assessment phase E;":’ = Xl:l
FSA: solution recommendation phase ZtE M2 M

(functional =

| —— |
area analysis)

= 7H'E (JOC/JFC/JIC)
HEAZE ZENE

(functional ~ <---~--------- e
needs analysis) .- /

segEA

sEs2M
(2009. 3. HX])

T
ot 4t SR8
(DOTMLPF) 2ot 7
24

)/
RS
ot 4

FSA (functional solution analysis)

s ot My

S2{7|2HH7}(CBA: capability based assessment)

Fig. 1. JCIDS &z}
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rH
d

R
>
I

Bl g (system of system)-2 91 2] 9] 3t 7lH

ALgte 2 =g AT o+ =S4 8 582 45

O 2 §-8&3 AH|AE A &5t Al AH

=9 F5 E= g R PAAHE 2 A4 H (super-system)
oltt([4], p. 4).

EA| AH (system of system) Q] O] & HH THAA|
2%l (system) 9)9} 217 chA] 9k AAH Wl Agk
220l 2ol 8ol Yok, BEAATE P AT
(constituent systems)2 BA|AES FAd517] )
H5 8 A Agojely ol ALY EHT BG4
2H37] 4 o] ] B 5]0] BEI= 7124 28 (legacy
system) 50| tf3Eo|ch Tabd B3 AHE AT
A 298 Bl sl e Al 28] £2 glo] AHAlRte] &
FAHAEATE o A SHA 02 -8 9 HeHh
EAAELE o] T A|IARIES UEYAR AZ4AIA

rol

=

Y

d

= 2 Al &Fl (super-system)
AR S B E
EAoA S AR A AL

o o o ox
Py HL ol

9,

o

El
T of
2 5
O‘:]i_%
B
ol —~

e o 4> rlo ot

=2,

o

i gy

o S
Tl A2t BRlgEE0] 4T Aelskel 4
Prtot A== Al AEZ AH4ITEY] EA S a5l
HEAFsH] Al =H5A o2
AL AR 2 A 7] 52 T

7| A YA AR Fig. 29} o] EFA|AH 0]
S5k 2] 9] Fotoj Ko whet FRotAY B ol
S 4= Qe & =3 Al (loosely coupling)o] & TLHTH
([15], p. 22).

of

02 71X| 7150 stz A
2 AAE(a large complex
system) & X|EGHK| 3.

SFAAH(S0S) 2 RESF AH|A
= 7152 MiSch=s AIARSO|
&5 A= S5k =X
et & & 0[2H0] 7tsE

Fig. 2. 2SIA|ARIO[2t?

= -
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2.3.2 EX(characteristics) @ = (types)

(1) E#(characteristics)

BN AT G2 o] S5 50| gl
01% 717 K H 0 % Wolgol = vo]of (Maier) ]2}
ol5 FFAA HoJst H=wi} A A (Boardman and
Sauser) Y-8 A Er}([16], p. 40).

ulo]o](Maier)= 82| =34 (operational inde-
pendence of system), &2 2] &% A (managerial in-
dependence of system), X15}4 7} (evolutionary de-
velopment), 24 3] (emergent behavior), Z| 2%
E Xt (geographic distribution) 5 5712 &4 A| A
oH([12], pp. 271-272; [17], p. 34).

© 280 YN B LTS AT LA A

KA HHN] PN ERHOE 28
2 4 QS LA wEha] B AT
olgstEetE T AR LGBAS A5}
98] EPH 0T LGHL. ok B2 5 A4

ot
i a el
2

[o

& A AE AT 5 A

© B EYG: B LTS e 8 ae A
THe] ARR EAE A FH 5] sl A1&A 0.2 e
3 |AEL 7 TR AE 254 2 -84
OJsf) Al | A7)k AATe] G HA S
gFs71 Ash As7id #1 5 Badt 2AE0
SHH R o] FojRt

*© Ak A B AR S ot 8 A= AT
717t B2 o)71F Al&|ol L, ERE Hdshs 8
of 142 0. 2 i g-35tal #-3-3fof 517] ol H
of & o2 dshs HA LTS 7NEsH] 7} o
AL =, F8 42 7| EALE, YT E AT
2 ke AlAE, IR o] Bgshes AlAH

24 3lok 517] o] Fle] Yshe BEA AT
Arel] 7k ojelg) A4 02 Ak,
© U W) o] EAL BIA AW T &
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250 T AES SHHA YEhbE A4 ohA] 25t Q1 $74 (dynamic environment)o| A& E3HA]
Ajolt}. of7| K ZR% AL AB2E AT} B 2919 BH G A 4o AT OR NS
49300 1T SR B % FRT % WA T A2HOR g B~
% gl el §10] 313k B 2ol ujz} 2220 2 YA wAts)
C AT Bk BRAARE THHE asEe o Sl Thbet 5L WS A ATES B
el o HX] o 97 @7 BUE o2 WolA EL Qe 5 A E9, ol AN AHT A
e R L LT NEC L AR RS
5]} 2. vof A K| Alo] 1240 gk
30 2 H =M} A A (Boardman and Sauser)+= A} 2 45280 o2o] TAYsHH, g AL
&7J (autonomy), £%7}(belonging), 474/ (connec- EX AR WA -8/ ofl sl Azt AlghE
tivity), T/ (diversity), 'L/ (emergence) THHOE o} EFA|AH] Adro] A o] SHA U = EF A AH]
AATHE([18], p- 121; [19], pp. 332-333; [20], pp. 2-3). o= A et
 ChepA kA2 ES PR Al AHe A T
* A B AHIE A 5k= A A (constitu- AL A o|7|F A|AH](different constituent
ent system)-2 HA| A7 0] 242 2457 93] system)©]t}. o] 8|3t 0] 7]% A| Al So] dha]al=
A 228 Ao, 84 e 50 ek 7 V5T S Bl B ARG U5}
A 2B BN 28-S BA7] 1o] of 5] A4 Fete g Alg T
wo 54 B 4Fa] Ao SUHOR ©8 - WY FANAUY 25 B FEEE AY
W W] RS YA 7|2 A Adlo] il 2] (synergism) B3 Aol vl 4 ol st 23
ol BN AH BH G A5l 99 ST A A AEe of e B9l B 520 29 et o]
o] Y9 E= 4 (a set of action) & °J= = Ef = AA5717F o P L -85l Yebd . o 7ol =
AR BAS A 7 (EE AT FAHNA) 23A 299 28 24o] 7]ofehs o] 2e B9
233} 4= 9t} (desirable behaviors)7} Q)&= BHH wefsh= o2
© A&7E AS7S ojF LA A 9] Y (possession) £ 9] (undesirable behaviors) = 31} S| 22 3
o] HA = Q17 (acceptance) & LS ff Ay =7kt 2719 Al Esto] A ASHAY B 2ot
Sk 7ol ofd A4Sl Aelo] £)7] A sjor ey,
=45 sHRA0] QT E. 2, 4] o] 28
$ ABHL WG S glolob AT BIALABE () Fehyped)
o FHA L] BEA Ado] 2T Bd  BAAE Fe AFokaA ol £ 82 AE v}
FA o] 7FX] Q= 7] o] (valued contribution)E A U W3kslA A sHeTlel 8 B AL TAsy] Q) =
BT 2 oIoF oL, TN HHNAE BT G RN T o of= A= B
A2 24802 A0 FEL Sgatol t]  ALHS YALSH=A o] et b virtual) BEA| A, @
ArQlo] AL _2'__—]7_—5??_ } 4= QJojof it} B AH] 2 & (collaborative) E-3rA| AH] Q17 & (acknowleged)
Aol FAA A0 BHE AFoleE B2 eI AT, A4 directed) B AT 2 BRI
F5AL AT 5 AL W, TANLUL BN (4], pp. 4-5; [21], pp.17-1.9).
Ado] 2731 B4 G0 A9 2SN
A% de U adolnsl APE IV BG4 BYAAH: o] Feh BeA AT AL
Azdo] 27ehe 21 F4o] 7loE 5 gl 7 BEOR 2701 YT LGB Ho| g7, FAA
GALEE 7] B 5 7] W20l &5 RS 2A”E ] 9 BASh= 22 0] Qith T3 B4
274l a7} (benefits) 52 LIt 28-S Fohs ReE AILES & ke 91, AT
* Adag:NdHe E”} A= FAl S A o2 Ho|x| gk wAYF o3 AL FAE
2 0 2 ZASH] st dAolt:. A A" o] shEA Al E T
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Operate

ARl ARXHOT, 02, 03)= RE3H YEE K0 2
SOl T ALY ARI0JA F 0k 252| 2X0| ¢,
FHNARIS SOUTAHLOR SHEIX| SIaT), TAAAERIS AeTige

259 I2EZ(protocols) EE= HE (standards) 0f 2} O|F0{XICt.

28ok= MAE

Fig. 3. 7h S BIAIABI0A SBIAI AR} TN AE 274

Owns/ T
operate @
| /
/) Own;/
Owns/ / operate
operate ’ \

THAARIOL ARRHO1, 02, 03) &= A&7t
SHS flol FHS HABICE JZX 2= E* [AE X I*Joﬂ)d **Eléfé FH=
oict,

\l
g
W
o Ofm
=°.=
x
- 02
9,_
o

Fig. 4. 2% SBAAH0A 2

o
>
>
o
it
1
X
>
>
-
i
-l

systems)< &-&5f0] Aot Bk ] R
g2 A 02 54 °]'7IE‘:]"C -
She 54 24T 5 A IFH S F=2 PARI

HEA|AH ZEZ3|Q HA

Contractual
~._relationship
(SLA)

D|rected
operatlon

O1= SAAR XFR0IM T EHAIARIS S50 28 HEhe FAGHXILt
T 7|80ll= THEAIAR ARXHOZ, 03)2t 45 X 1A (I S
BHo|M XHY: service level agreement)% *Eﬁgﬁ,_H:r_ 012 02 2 037}

ARE PHAIA(S2, S3, S4)01 ol ZRIE0! SHECH= 2isrRie
XE o"AI’ H:,I‘
Fig. 5. Q18| SEAIAHOIN ZEAAHT TYNAY 2]
ANE BGAAE: FAH 55 B A S ]
916} 725 B YA AT o] A Frho] BEAI A
DS 4T L 2] 919 BeA| e 2l

=
(o]

oA
oM FALE S Y EA 2= HEstaL B4

ek weh FHALTE BYHo2 8T 4
glovh, Bt Adlo] YT A 9L 9o B

AFE SRR
HA 2&HH

4, 032] A AR S22+ S3)0i| CHaH
7HurMop)dx-| o2 52 aoHA|-3_ T} O1= FREA AR CHol A3
SHAISIHA 2251}

o

Fig. 6. XIA|IEl ZEA| A0

I

AL YA AR 2

2.4 B9k
eering)

l>
OI-J
_10
Py
wn
o
n
lTJ
(2]
<
[%2]
ct
[¢]
8
@]
-
(2]
<
[72]
=
[¢]
8
2]
[¢]
=]
Q.
?

NP wo}owu}([zz] 1),
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BIAAE L U] EAY|50 G AH Q9] SBEAH(PM: project manager) & AR U

S EA T A mo] 20 MU S FHEEE B A LS AWL 5 AwS FEAA ASTEE

YT A LT 2 ESe| o Aol BY 22T ek

S E} o714 BRI A AL 2 AT ARG, 0B R whelo] BAAYS B A Auek ole} o)

SR EFA A B3 B D APAT YRS ARG, 50] FHA AT FA|o] Belsy] uj2o] BelH ol
GAR7E T Tk BE ol A S-S AlE s e

2.4.1 BAAIAH Ak o] 11, B3t A1 H S 5tg Tl et A Eo] AT 28 9
A flolvt TS 280 ERIAIAR Ao 52 og
EQR AR e 2 ddA A" A Te g Bofshal, AR ol B BEE AAE 4= Qi o= 0
gt Zto]o] QUet. Table 12 GUAART QA E (ac-  SHFARFY Thget WS 48513 B 517] 7 vi§- of
knowleged) BFA|AE| 9] AurebA S Wt 1 golct e 3ok,
([4], p-13; [23], pp. 222-224). A THe] 2L B AE T LA AH0] HE
H#] 2] (management) 2 7F=(oversight) ZHOj| TAEe] WS A B JRIE(YLFH U 37
A B EFAATLE GLAAH AL ofu] olsfFAbR F 318) 55 $ok, EFAAE ALoA HE T4
(stakeholder) 9] o] H&= W AFAE o] B0 7= AFY AAH E5-2 A4 O & wfofstal A5 | = o et
-3 (governance) 7 g 5t wehA] o] 3t Abg] RS A L BEEA AF 2 ele] 4
SAA A A o= TAE ol FAAE BES T3} A AE Q] FLAo] oL AT F&S A 5tw
A A 7551, Fojw A2 Ho|n g oA B A LS B3 24 9 o4 2 A% (governance)
Mg olsfstar &=t Golsirh AFGHE A A o] Bastth

Hl

0.

Table 1. HHUA| AR SHIAAR JHUSHA H W

Aspect of
environment

Acknowledged system of systems

Management & oversight

Stakeholder at both system level and SoS levels(including the system owners),
Clearer set of stakeholder with competing interests and priorities: in some cases, the system stakeholder has
no vested interest in the SoS: all stakeholder may not be recognized.

Stakeholder
involvement

Added levels of complexity due to management and funding for both the SoS and

Governance Aligned PM and funding individual systems: SoS does not have authority over all the systems.

Operational environment

Operational Designed and developed to Called upon to meet a set of operational objectives using systems whose objectives
focus meet operational objectives may or may not alige with the SoS objectives.

Implementation

Aligned to ACAT Milestones, Added complexity due to multiple system lifecycles across acquisition programs,
Acquisition documented requirement, involving legacy systems, systems under development, new developments and

SE with system engineering plan technology insertion: Typically have stated capability objectives upfront which may

(SEP) need to be translated into formal requirement.

Testing is more challenging due to the difficulty of synchronizing across muliple
system’ life cycles: given the complexity of all the moving parts and potential for
unintended consequences.

Test & evaluation of the system is

Test & evaluation .
generally possible

Engineering & design considerations

Focus on identifying the systems that contribute to the SoS objectives and enabling
the flow of data, control and functionality across the SoS while balancing needs of
the systems.

Boundariesand  Focuses on boundaries and
interface interfaces for the single system.

Performance and  Performance of the system to meet  Performance across the SoS that satisfies SoS user capability needs while
behavior specified objectives. balancing needs of the systems.

Journal of the KNST 2022; 5(1); pp. 57-75 63
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T HAE 28 % H(operational focus)o|A] x}o|7}t
ULt

TAAAH S & A olH RS E 7|W o2 &3t
BEN FEHE L QFAGS S50 = L,
o|H R A2 B4 AlA'lo] /i && A7 = 7ot
73 SHA] AL A5k AL jheh

i A AR GUAA” 0 & AFS 4 gl A
B2 58S A=07] A5l o Al A’ o] ik di
o A AR P W=t Tt & HHE = T4
A 2”9 2-GEHE 112 5ho] o3 A A7 sfioF ettt

Al = %)= (acquisition) 737} H 5 (test & eval-
ution)£ofo|t},

SAAAE L A2 AN A A SHE 5
1A 8 A (system engineering plan)E 7|40 & 74t E
I, A 2 g7 AA" RS dE JEste] A E

=59 9T FYOIRE BFT 45 Ut

2
r

23187 B A TRA AT FRH O 01T
A H B7E AAE dBH o E /LS| ko X
SHAlE TEfelo] YU 0T SR,

upx]uko 2 S (engineering) @ A7 (design)A] 1L
S{Apatol .

SAA A2 AR] O R} 9, g F1H] IE H|o] &, 2k

55 71e8A 8RN FHE &

b A

+ d
A 272 3 Ao 7] ofshe /A

1[1
rr
=
=)
s
o

Translating
capability
objectives

Orchestrating
upgrades to
\ SoS
\
~—
Understanding
systems &
relationships

N

Addressing
requirements &
\{ solution options

~—————

=

Monitoring &
assessing

changes
\\—g/

External environment

Fig. 7. E2tH|= 2% (trapeze model)
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01ZX, SEAAH ZES2)O £4

A AE AN A A| A o] Egskar, 7Tt
of] &5kl s sfordt thdRt Aol 'AYRITY. Fig. 7
< o|=Rt TeE S st A BAAEE Adst
= “Egtd| = 4 (trapeze model)”o]th([4], pp. 29-30).
o] REl 2 EJAAH FoZ poYst=t At 7719
4] &5 (core element) ¥} o] 7H] A E HofFl
AT HH E52 O sEBH R Ve Y= FHE
FE el A AR QFARY) E& (translating

SoS capability objectives into high-level SoS require-
ment over time), @ E3AAH Q ZARFS A5
St A2 A2 8 35 7ke] P4 o) (under-
standing the constituent systems and their relation-
ships over time), @) %A AH 50| 53 BEHE of
L J27tA] FZ2A7]0L J+=A] H7}(assessing extent
to which SoS performance meets capability objectives
over time), @ HAIAH 9] 21514 2], TEE2] Q
Q7o e, R Wel 5 B S Qe B
A|2H] o}7|Hl A 7i 2 2] (developing, evolving and
maintaining an architecture for the SoS), & E3tA| A
g 75 % 50l 9T S Ue AAE A (7
73 Ho}, /A7 W72 A 5) 41 H 3B 7Hmoni-

toring and assessing potential impacts of changes on

New SoS
SErole

Assessing
performance to
capability
objectives

Persistent
SoS overlay
framework

Developing &

evolving SoS
architecture

SoS
Upgrade
process

External
influences
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SoS performance), ® E3A|AE Q FARG B4 9 o]
off th3lk o2 tiQt A E (addressing SoS requirement
and solution options), D AR H HAS 1L 5% +=
EIMA|AH] 7f (orchestrating upgrades to SoS)°]t}
IS 09I BAR A BT 200 aaﬁ~gﬂ
EEYR titE =E&5] Hs8) 7719 gl
2 4 Q@wol ok ol Yo 54 2ol ¥
20| TSI ANHE 0 5 BE B o] o]of o
T EdE A o 7 B A5
A gt EgtH| = 2 E (trapeze model)2 7l g & o] o]
H T2AAR 48]0l Agto] o] HetAl Ad 7
WA} (practitioner) 7} “EA| AH] Ho] B (iterated vee
model)”& Fig. 83} Zro| 735t tH([4], pp. 31-32). ©
592 A9 A A8 Fhe] “Ho| 1 (vee model)”
TFARSEAL, ERtE 2 RE Y @), ®), D HH B = A
stelsich
o] Tule By~ Foto] FHNAHE Aol
SotH T WA S5 ofof - FZ5}

(e FLT ok
lo““1

1 o I
osL'rlr

0‘1

EIIAAHE] Q AL LA SH(Specify SoS requirements),
A LA A8 A (Extract CS candidates), 3THA|
A AE] AlUE] @ 4 (Compose SoS scenario), 4%
EIA|AH AL+E] @ 3 7H(Assess SoS scenario), 5

A 3714 3} &8 (Use assessment results) 0] TH5].

B. Mokhtarpour+= BIA| AHI0] 25 BH =Y
.‘%_Té—lé“a]- ] HOH ?-A‘]/\]/\Eﬂ /\‘]7(—1 ol Eol—/\]/\Eﬂ q]?_%
=& o 3-8 H7H4 E (decision factors)E Z3H3H
AH P ES 6xHA ASEAT BAL 1A B
A AH] QI F 7] (describing SoS mission), 2HA] &
B A]AH A (identifying candidate systems), 3T

AH] A% (selecting feasible candidate
systems), 44| B3FA) AH] fjQF 41H (determining SoS
alternatives), 5T+ E3A| A" ot H7}(Evaluating
SoS alternatives in terms of decision factors), 6HA| &
FAIAH TiQF A7 (Selecting the preferred SoS de-
pending on the situation)©|t}[6].

Al AHE 3l o
2 BYAAY ATAFS NET ERHSEZNFO] 25488
o BT FAA A8 o] o] o] x| o]t}
@7 o2 VINIOE BIAAY QTAG L FHAL  BRAADS ARAAYORL THT S Yk B
9L SE5H PUE A7 AUt 28582 F2) 91 o7 % Al2g e FET 5 9
Jac-Hong Ahn& BEAAH THALGIL TS § A AZTE AAHo|th BEA LG L HH B Tk
35BS AT U, N ZAN IR 5 AL 2 AT 54 WA 3 S U eto.
0 ZRE SYY/t RAL GFFL, Ao |G /I 2B D gl et 27 SrhEx At
o) A5t 2 P HAE sTHA = ARMAT DAl = 194 JFEA N ERAAF] AP EFAAH0] Zhe 55
[@ Understanding systems ]
/ & relationships \
/ ®-1:  Recommend rqfs
@ Translating capability ® Monitoring & @ Developing & evolving for this increment
objectives assessing changes SoS architecture ®-2: Identify candidate systems
N\ u/v/""""z o to support functions
- - ®-3:  Assess options
[ ® Addressing requirement & ] ®-4:  Negotiate with systems
solution options )
[@Assessing performance ] ®-5: Develop plan
to capability objectives
: @/®-1: Coordinate, monitor and
facilitate systems’
dpgrades 0 >0 development, test and
evaluation
@/®-2: Integrate sets of systems
SoS @ @/@-3: Verify sets of systems
0 @/®-4: Validate sets of systems
_______________________________________ @/®-5: Assess SoS capabilities &
Systems ﬁ limitations
Fig. 7. 23IA|AR 50| 22 (iterated vee model)
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S EA T TRt FHIE Al EAA A H TR A

o] EX Eastal, ol ot
o|d o] f- & EFAIAT TS ASHE 7MY 225}
H iehS =E57] Hoh= 2430l 85743 A tS
T AT kS A ETEF o] & 2-85HHA R H o2 X
SHA7| = FeHls Tl
o] et 7l 2+ 2 L2t HA| AH] FSH(SoSE) B
47 Egty = 2 d(trapeze model) ¥} o] & 7H A5 £
A|~H] B o] d(iterated vee model) 0] 7H = Qi Lt. o]
270 BEAATUS BREOR AT T B
A AE QAR W A AT Ao Bk E
F7} o] ROl HAR BUH 0 2 FAop H517] 9]

B’Hk] ;?-A}—Al-p:kg_ _}7_?,'21 o]-Oq 7k _u_i/(ﬂ/\ oc]_ e iy
= QA A 2 Q51T = AHQle] Adggozy

sl 22 240l 2.

utebA 71E A H ARG A o)A F= AARE S
o Thofst FAFAIS O HE A o 2 A 8349l =
(acknowleged) E3HA| AEIO] L EZ ] 0 5 B Asl=1}

o] ol A A5k st

ool & AFoM = STAT 2 AR SR E S
QI5t7] oAl BHEA o] 11 ] &A Q1 HF (A& ol &
A9 5) lngo] 8 E = A7t okt HotA Al Tt
NEAIARITE B 7PEAI AR A2 & o] F0]
W= g9 % A= (governance) H I -2 AFY ] 2
O 52 33 A1 2 AT, UXH (acknowleged) &

A2Ee] QTG D FHALYS BT S

.

tlo mok

3. BgAl AT ZEST 0 By

315 49 YHG T

SOl 7H-3t - (means) I} B (ways) S 7H]

[e]
3 AR Ao Q7 EE 7 (rask) & FHFO M W
ATt 3l A U ALA Y B AR AAEH

214:317] 9J9] Sy w =
U1e) 5 2Ajolh, RAROIIA U H2 o

FE AF o] Yo A8 AANdo2 Y =&2H
o 582 o]t AP S YL 5= AU =FE A st= =
282, 582 U3 sh7] e FrIAALt 22 =2
(materials)d 4t (means) ¥ A E] 53 42 H| =
A2 g1 (ways) o] 878t Fig. 92 582 4Est=
Zoltf([2], p. 122; [3], p. 46).

S/SCH S/SC2 S/SC3 S/SC4

==

M1

S/SC: strategic/scenario, M: mission, Op: operation,
C: capability, Sys: system

Fig. 9. 534l 12

5244 9 7 5L AR e 2 Basn Bt
St 4 QI B &5 25 910f(common language) Q1 $F
55 Y Y (JCA: joint capability area) ¥} S5 A 5=

(JTL: joint task list) W o}7] &l 4] (architecture) & zzel-_g_

(1) FE5T 99 (CcA) D IETA =2 (TL)

2 F9(ca): =7hEe] AhofA Bt
E 53 (capability) & S 9 = Qlo] =E=g
I AT EFAAR 58S B7loked 7]
EES AT, ZE A0 I YA 5 S
zpotshal W e 4= QA STt
c FEFAEZ(TL): 27t D ZANSEEE 7138
ol Yol A FEFHAARTAE FEL
2 glo] 7158 A4 22 0 & A8}t B A o]t
IHA (task) = Z 2oL} 7 Qlo] DA sjofF 3 Q& @
7150 2 o 7]9l IA| S P51 QAT S A=A
B} BAE B7HE = Qs A7 23EE o] 9T

¢

2 M (#5%): §I12 018 E= 2ME0IS
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AS5LPA ()T FEAA =S

S £ (JTL)+= Fig. 107+
2ol 45 wgHEh([24], p. 12).

1=

M M2 M3 M4 M5 M6 M7 ME .. fun

SEUHSZTL)
& SFHHE (CONOPS) fﬂ o
& #ss2=0CA) [ -
= la| O
d ar
P LT, 7 il
= Ug
| !
Py L POPEEY z
(JMETL) =

( 3 5 M
HEUNSE g, HEsAd
Op.1.1.1 A Tier2
iJ@A Tier3
5 s JcA
4 Tier 1 ;
avas o452 se
Tier 2
=i
[ SRS - (task) - Tier 3 ]
YE/AYSE ESIVPIEEN Seiges oA
IMETL
- J

Fig. 10. 31552191} St ntH|22 70| ¥y

(2) o711 A (architecture)

o7 |8l A&t “EgA| A o] 27 Qtoll A s A Al S 714
2.4 PA8L 7] B AA ] 94 2 Aska 5

= TASR Y = 54702 ([25] AFAL=, pp. 2-4)
AP 8 A o]k, o} 7] B 4 9] 82 52 418 U
w7} ol 2ol = Thab ol s ALAYS] T 28 2 SJAL
5, Fe-8Ad B, A LE Aol et A A
£ ANk Q) A AT} &2 Belohd] M 8HT

ol

3284 E%

o
Z4A =t (means) 2} B EX}4] 1 (ways)
AES A

LEECLEFHEA

=l Ea
Apg1o] 4] o] oj7lct. o] Gz FHAATo] B

KNST

& Ao T 5 S AT 5 A BsT A=
984 52 Bske $olth ® THA LYY EES
o Aduels 2028 XEZY QS FAN] U
B3t 2 AN FHA L] Z 7]of T S S
B PASHE ANHA QA AT oleh. @ PN AH

=4l EOL/\]gL}.iE%agg = ‘_%L:L;G oz

(51mulat10n M&S,

olF & ATl E @,

>
ZEERQ
#s

@ FEAAE
A5/EE A

© TYAAEH A ZEEDR
Atz

oxxg 1] S e ”
: s3A8 ”
&/ /

Fig. 11. SAIAR J5t & Y T2MA

3.2.19lE] Zafo] = Q& A1
Qe afo] 29] Qg Aal] YaAL WA A
o 48 % WA Y E A AYYH 5L AH 02 of
Sfotar = tots IS Al oF gt 43910 A H 7}
FA o= gF2 o2 F7T 352 F3(the collective
goal) o]&j= QlgjZLejo| 27} A ST SR,
A% Y, U Y S B 5 9k IR

B7HA & 5ol 7|& 5 o] At
ER7F AR o5 AF 51| Y5 AR o E 43
Sk S

D S919] A 4] R 2 Fig. 128} o] A F o =

SH}([3], pp. 46-472; [13], p. 325).

B AR DA A L PP RRE 25 =

€ 4831, @ o8 A Ash 202 4
9] o B o]—o]—]q—

1_4
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Fol2 JAI FET F FRA] ABRL 1] Jrol
M TUAGS G5 AU AP £ L HFed

o
b
b o
o .
S g
jil
o ©
2L

In
o)
(o
it
b

o=
LB E 27 B FHE E S Uk o] A%
T2AAE YPT H o= o] 3 & ZLH O R 7|
&3 A Y YA 9 22 A B3 A L ES A
HH4 0 & o|ofigh & A A9 Hik U P T A9 2hd
AFE 43l
X AHYPAE 7oz Qg &4 d g
& T E FHATol7] ol A A&t 2o A &
e AA 9 SRS A5k, FRo) 7] ZASHE
Ao FEAES Q1o o] F XA Tt & A5kl o]
£ 2A517] Yt FAAHA A A H AR =AE
A g oy & 2k, B. g WA 24, €. A
S48 Ig E o]F 24, D. FHa o o, 4143 )l
2 U AGAHS ftEF HE g FA 2 5o
EEEd At
(2] (49l xEe]
1.1 49 Jeee
=H1
1.2 491 "xielR
2.1 49 AR
=87 2.2 49 EYUR
2349 BHYS
Fig. 12. 2HS} XFYS X
322 QAR =S
QAR FAFERI SO A B A1) A AR
£ 2/35H7] o 2|5t #635%‘:— AA 9 Y 2
2 7+ (task) I E-5-(activity) 0| t}. o] &= 4919 2HA Y
& B4oto] Z&EH o] H‘ESH FANE S ok
St A7 2 AR L ARE ot A 2 FAE
A &glE0] o DA H-EE =R & metet 4= QA st
ol gt 2N E-2 ol AH AR TAH LA,
Al

B
i
)
lo
fru

AL 7o R So] TA A TAt

_1)4
BN

3] ']0 7(])3

3 TRAAO| BHL D FHO| O BHE o T20) U= I
T ZOIE A, @ onmw A BYS 22| U ORI
EE 2190z o], @ +20] s B0 28| (018 5ol 37|
Saa 5) 54 S0/ lCt

X, SEAAH ZES2O £4

(task) T} &5 (activity)& Fig. 133} o] E=&3H}.([3],
pp. 48-49).

(a9l BHYL] (Theiat &S]

- 1.1.1.1 & (activity)

1.1.1 2+ (task)
1.1.1.2 &= (activity)

1-1. el =t o B
(=HA 71'E) o 1.1.2.1 3 (activity)
1.1.2 2k (task) 1.1.2.2 & (activity)
O 1.1.2.3 2 (activity)
Fig. 13. ZXQIRet niy/2E 7%

B4 A3 O 33 AYRe gy 2ak, 2
A %] (OPLAN) 5 3FaLsto] JFpadol 2-8-5= 2t
ANEE T&otal @ o] & I (task) T S5 (activity)
o7 Zgvtth

o Sol 4919 FAYT FolA ‘C. B2AHY QI
dl o]& ZA 250 Q LEL ZAMA ZIARFS A1

517] 98 WA 12 AA AEE AR Y S Fxa)
o] 24 7 d (operational concept)& 743+ & Fig. 143+
Zro] 9] (task) I &5 (activity)4) 0.2 E83IThH([26],
pp. 82-85, 93-142).

1.1 SHHYUS 2/ 8 2.1 8% B TA2A
12xEReeY o 2.2 A M9 IR/ AEf Bl
5 237 L 2t BT/

14482 20 L osH
AN st

ErEE T

3.1 SBEHRM(ZR, 5 4.1 A= M} HEX| Mo b=t
ZENAZ| ) 4.2 0|21 HEX]Moff F et

435XXZ 02l

4.4 TS S Ao B/t

I
@
—
E
i)
18

(task) 2t &= (activity) Al GilA|

4) FRAMO| JHE, ut L BE2 0|72 LR SHHef HHE
=2 (Christopher D. Addington, 2008)-2 & 2350 24 50|
A 7| &5t Of2{%t 1t 2 &5 (OV-5:288s2E)2
OF7|HIXE 42510 AHINE (OV-1: 28 C 22 =28 4
QLY.
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& (activity)=

071 58 A8t TR T
Q3
1 O

Qe (ca)e
.%oflﬂﬂﬁ%%ﬂdﬂ%%ﬁ¢%ﬂi%
sFo] 483ITH(3], p. 49).

24 GARE O 91 T (task) T B35 (activity) &
Fohied] 8751 7158 Fig 157} 20] 425 F of
£ ZolH 2AL SAR 7152 A BRG ohe([27],

pp. 14-15) @ 55 I G (CA)oNA dTd 7|5 3
o} Fig. 163} Zro] 4= W P BA & A7 5to] =&t

& Eof ‘C. YEAE}F QI o]& 24’ 9] 71 (task)

9 &5 (activity) FOl|A] 3. AYF T (task) ol L5 +=

7158 Table 28} ZFo] =&t 4= 9}

o|FA| T&3 7|52 Table 39t o] 559

(ca)2 sEEFAANA AEH 7|5 AAS v gst
Y AT gk S EFA A CIA F&5] Al

A) 92 ok ¥ ghslo] LA T,
324 FANAE A%

TN 2E A

v o

Mo
el
>,
>.
o,
19
!
|m
Pﬁ
ic
o
é
P

| N 25 |

4.3.27s

1.1.17ls
S
1.1.17|s

Fig. 15. 7|5 A€ Ext

[SEERAATE]

Capability area

Tier 1 Tier 2 Tier 3
Planning
Battlespace Observation
awareness
Situational
Cc2 awareness
Force Op movement
application
Protect
Protection personnel
Info transport
NCOE

Fig. 16. 53 AlH =X}

[S2IRSAAIt GIRHEl 7St o]

Capability area

Planning Capl
Battlespace Observation
awareness
Situational Cap?
c2 awareness
Force Op movement Cap3
application
Protect
Protection personnel
Info transport Cap4
NCOE
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Table 2. 7|5 AE 0flA|

582 —
A 31234 58 v v
3.1.3 349 K& L Ms v
3142FEEY 2HeElr v
3.2 321 AZ2HS YR|AE v v
TEMet
Holx| 3.2.201% 9Ix|2 Ol
3.2.3 2 QIR ZH/QX|
3.3 3.3.1 USRI 20t 45 v
QI Es3H
3. SEHA 3.3.2YolisE ME v v
& 3.3.3 42 A7 v
A4S HA ST S v
3.4 3.4.1 23 MEQLR/EH| Lot v
QIUFEH|
3.4.2 QIURH| MR| v
3.4.3 33 MAUQE/HH| 3l5 v
3.5 351 $Z2HS QY v v
QU1
3.5.2 O Metof Exy v
3.6 3.6.1 AN FE v
Tleti5it-
Z4Tp /&I 3.6.2 SARMALS} B 1/} v

olr
)
Mo
I,
o
>
2
oL
L
(=)
@]
5
av)
o
kI
L
BX
»
_1?1

(0]
fo
)

QALY A1) T BAPE e (M: ) S 2 85to]
319t 4714 58 TR w1 B e

31, ghok ul B A Q] e
Sere A gt

o) 2F FYALHL RRIC R FFHAE 72T ZYED| W2
Of SAO|IA 4T TYAIARE HAHY YA AR 4 UCH THEE
= ATME S Y-S Lot | 2lall A0l 0= Aot
AL

BAAH BEZ2Q 24

Tier 1 Tier 2

Z | O
O
O

]
O
O
O
3

|

FE2AEA  S5d

FEOIA| K221 (OO m 05} Cap2
+BEFEY 544(00-000 m) -

ATMEI ATYEE HA| Cap3
X|&1SH|
i A2 (O0OOE 03t Cap4
251/01%
SLZ2(O00E 0|4) Cap5
KA (OO m 0I5} Cap6
FIoN 4400 -000 m) -
AH(OOO m 04) -
rzios A8MEHOOOE Ofot) -
F5iMuH (000 -
o] St .
oe! 0,000%) Cap?
CH&MEHO,O00E 04) -
QI AAX| RRYEF Cap8
7I1s
s Cap9
MeEWEt
£4 S Cap10

A (availability) & HHSE & Table 48} o] dh5-52 %
F(cAa)ol FFetrt.

o ol “Al3 A}e0: BEAEe] FFo] OO0
£0]3, % 917 $:400] OO mole}w o] ejgt 24 &
AstolA ‘. BBAE Q1 % ol S A B 3. AY T
% (task) & UL A U 4= Qi Tl Al 0l 2
2 AN, BA SUSHE ARYT L Hulge 5
2 nejste] 83 T FF LG (oA) o Bt

(2) T8 A2 7R ALY 4

o BAGIA L SRR AP TR A AT FoIA 2
AL A48 A FRILS ARG T 0lF HAl
of |28 AT o2 S5 7HEE A 2FSo] of
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Table 4. S EA|AH U O] AlE Of|A|

Capability area

Tier 2 Tier 3
system1,
az K52 (OO m 03} Cap1 platform1,
=5 SsU1
X 5400 -000m) - -
A (OO0 m 0JA) - -
Xt
oInl system1,
T az XMH(OOmols Cap2  platform1,
a7 SSUT
= E+H(00-000m) - -
A (OO0 m 0JA) - -
., = systemd,
;l;: olA] MR HA| Cap3 oystems
SAsD = ls platform2,
2151/ 432 (O00E 05t) Cap4 olatform3
oIy platform?2
=22 = 0JAF /
=22 (0O00E 04 Cap5 olatform3
system1,
K= (OO molat) Cap6  SSUT,
P SSU2, SSU3
S4+4(00-000 m) - -
2y (OO0 m o) - -
28 2MEHOOOE 0[st) - -
E5MEH(O00 - Capy  Platformd,
ael O,0008) P platform5
CHEMEHO,O00E _ B
O[4)
ol0F O%| OX|/FA system6,
7|g |_|o ‘I"le ‘ITxl/—l—o Cap8 System7
system8,
TASH Cap9  system9,
?’:3 system10
EM NTLES)
o AZEA system11,
&5t Cap10 system12
e s IEsokst=AE B = A= AR A

o] @ g st}
B AR O FHAA K
%@@ﬂl@%ﬂ%%ﬂ%wuﬂgéﬁﬂw

* HIAE AR

YI7HA #= ol | A9 AU 24, JHE UEhd &
UL, ofH PO i T= AEFS T A= 5
St Y B E B G3foF ghet([28], p. 5-18). 58 F7HA | =

|

KNST

AAYROA F7oHe o AVHE F25H7] 915 A9
e A g B ~EE 2T 9A B
AW D72 DA 202 BYH BES Y

==
SHo) QERE TN BAT 4 Sl AN @ %
4,4 4% 5) 52 485, T2 AR Wt
o % QA 15T AR o Mgl B4 FAET
(%%&1%%%)%?%a%ﬂ@mM@ﬂﬂ%m%

oo | st = 24
P (GeoE, X2, AS) XY OO m oA
o 51 OOE OOE
Cap I (]Il'_l Alx'l :) ﬂ%@. Ol)g Olg
208 RT4F0| 25T FHAAYS GO
A

1R (risk) 2 B7}aH}. o] = Wskol Bebalst ZAg)
7 (dynamic and uncertain operational environment)

o &6 854 WA B L jST 4 Ak THALY

2 A Sigolth. Bk FuAAEY AEY Sz

S 45 v Wste] S2jo] 4 At AT B 5ot
WA o717 28 ] el ot % FRY S U
A1 wekstol e,

Table 6. /Y= TWIt 7|

= 71E
Sty dE iy ¥ = <« » &5
5754 1 0

3 Wk 4] ()3} 2o] A%
2 B3 gho.z AL,

2 W7k S W7t

b

% W7l = A5 WAT x JRE WA (1)
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% glol BHA 2 B E L EA A3, A AN 52
Farstel 4
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