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o= 22 SoS FotellA AHARl #A4] F stk 12y SoS
Adiet et B wize] AEA% A9 H5S ol8shke
AL offil =2 Hlgo] QH [2]. SoSE ok CSEC

o

1o

gl Weh BE 9y ojrt Bed 4 o, SP4T 3
4L 2 S5 W5 ASM o5ep] ofge Ea C

* 0| =22 20189 FRE(IEPIEFEEAR)O| MAUSE HESLAVISTISHIES| X|
2l(No. RO126-18-1101, (SW AEI2) DHl 7|Hto| XCHE 2XF A|AEH 2M L A= qW
7Heht 201739 HE(EEPISHEEAR)2| MRAoZ SHEHTART-RIMEE - AR
2 |S7UAIEe XIS Hot f-E AR (2017M3C4A7066212)

sl g

31

tt. olE siAs] Y5 EAA =29 A7 (Statistical Model
Checking, SMC)& ARgst] FEF4 SoS 3 GAS A5
[3]. SMCE ©l-83l} SoSE #HEF] flaird= AlEdo]
7Fsdt SoS HElS WHE= Qo] "gsitt v =
CSE= 79 SoSe] Ree WEs 212 2 vl82
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oF SoSe| =& G4 AT 9k ¢HrAQl nd 7wk Teele]
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& SoS AR AlHEIRE HAth SPCME AluEe Ztes
M2S0S9] SoS EAHI A AT &§ 7Fside 24sk
SoS A& A 8 AR =&Y} ol WE FAA AT =
o] oF|HAE Helth. 6olis &2 Aol AR iy
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SoS= Boardmani} Sauser®] Aojef oJ5) 57FA9] EAS 7
212 et [11]: A2 (autonomy), 424 (belonging), 1A%
(connectivity), TFgA(diversity), A (emergence). A4
ZF 4 A AR 4 B whet A 5HEAE o1
of AEAALE o =2 542 o) AagEe] ke 9
o AL A AaElEe] T4 B4t HIESF ] oR_t Av
s k= AL oujeitt. ggide 4 AlAER o]
¢ A AlaglolH, ZkgA o g PSS on|gith iz
o7 IS AlAHE 7he] AozRgoR SoSoll Z]ofsk= A
& P50 A onleith

Nielsen-2 of2] £ o2 HE SoS2] 8714 21 (dimension)©]]
tiste] FoJict [1]: AR&4d(autonomy), 544 (independence),
HAiH(distribution),  ASKevolution), 2 A7 (dynamic
reconfiguration), 52| Fd(emergence of behavior), 445.2]
Z(interdependence), “32--8"d(interoperability). 8712 2}
of tigt A2 & 1of Yehdth 2 =2 oA 7%t oy
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SoS TE7F BlwA] A1 AIAF] o] e BHSh] v

ol SoSe] HFFA Q1 AAHLS: o]5fjs} S
45 9 oFEA 7|¥o] A+tE o] gt} E3], SoS7t 2= F8.
B mdly Qdojof gtedstaizl sh= b Hol o]FFh
20099 Baldwin®} Sauser®] A7oll4= SoSe] obAl 714 EA
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H 1. Nielsen2| H[10IA Helet SoSe| 87X| XF&(dimension)

ZA(Dimension) ik

287 CS9] P2 SoS 42 Fo] of
(Autonomy) g CS ZHA19] o] s FAIE
=44 CS7} SoszHE HalElojz CSE
(Independence) +94 & o= T8S guE

Loy MY, 14 A& Tl s E
(Distribution) = A8 F/E 7FesA &

A3} SoS+= CS&] & P /o] A @
(Evolution) o] @ z&E WA 75t

4 A AZ=7] o3=2 7HSdell SJsff SoSe] +
(Dynamic Reconfiguration) | % @ F4Jo] Hg}st 4= &

FEo LA CS=9] g ol AT AU
(Emergence of Behavior) gtz Qls) WAel= B35S omlst
Ao ey SoS & HHE G5 S5l CS
(Interdependence) 7t M2 oJEsfof gt

A5 o9x SoS7t vhefet o dde] CSEE &
(Interoperability) o 5 S e ot

o]Z2Ql WAl gHle] rdl= B OH o5 ThARt A
Z18434ct [10]. SoSe] A-g4d & xIg}of
ANSE (Designing for Adaptability
Evolution in System of Systems Engineering)®] =4 A
SoSE EEEsH] 9t AEA AlME (formal semantic)S <]
Skl Ak 718 (contract—based) o] HT WS &8st
[17]. 1 o, 2% SoSE st DoDAF (DoD Architecture
Framework)= SoS¢e] ¥ 7|9Hviewpoint—based) 47} A7
£ QI8 oFIEIAE Aolotdar [20], AMADEOS I& <A
7 715ke] BAS efotal AlElolde] 7hsRt FEje] R
= 913k SysML 715te] of7[dly 9 wefdlS ARt [21].

COMPASS Tzl 275t ©E 78k SoS o] ==qio]
m2H F 117k 22 76t 719 97ARRS Aot 1
Z 7P S83F QAR SoSe| RElF} of7|Hx7} o]F<]
(heterogeneous) AAElIEC] A4S AAEo] 5aE 4 s
dd 7Y 2 opF|EIAE 2| YslioF qtthk= Zolot [22].
Al 2703 Nielsen®] Aol theket Bdls 7|Hi} of7|E 4
of thgt E& EAE 3otqlen, SoSe] EbHQl mElgy} of
719 E QoAM= 87HA] Akdel o F-Estal EAjs] Hig=
= lofof Skal SoSe] EAS RHERt f<tt oF|dlA Alge]
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2] EAoz Qg 7] ol dutAQl Bdl 7§t
HE H8ol= dlof AP mEnh AHA olf= SoS9]
Hek(set of states)o] Fi¢- F7| whEe] HEH1 2E A7)
2t AS F8o] ofgth= Hol A1, EAE SoSE °olF =
2 CSE9] A&y 534402 Qo) ufle- vjag%olx 25
ot PAE BHY & Q7] wiEolth
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AHlol = BAA e 7] (statistical model checking) AS 719
o] 2 &g, ol 7 AFol 7IHet 7H o2 A, AJAH
< &5 29 (probabilistic model)oltt H]ZAA PF-S ESH
nEl2 gdcky vHEAQl AlEYeld 3 Bl A &S40]
TEE= Zof| thet FFA AaE =&t (4], SAE A2
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SoSE e 1Yz #dsty EX GAAES HAST It ok
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U AR AR 9 sigS de otk Aluge ZdE 24
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BA F H] 75 QAR 2400 HiRt At ABESIE [T
FSE HAA A2HloA o] i B FF Sole Alu e 718t
w4 Ho] A8E et [18]. & =2 FAIAS] SoS ARl Al
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3. M2SoS: SoS HIE}ZH

2 Aol bA 7B SoS HEREES: M2SoS (Meta—model
for System—of-Systems)o|H, 2E=2] FA o2 /T thd SoS
E xgAog sk RYYT 4 QL= 2| Ytth M2SoSE
JNEFslr] 18l E A= SoS ®E Z|Ht 5 7|¥o] ZHEof o
Yl 712 8AKRRS REEAIE 4 Qs AAISHITE A, 29
4 e 594E 2= CSE S0t 4% SoSE RE=sh ]
QYA = SoS 55 84 (SoS—level entities)2} CS 5 84(CS—

level entities)”} A 02 JLEE|ojof qirt, &4, SoSe] G4
Q) Rl 9 7% 4ol SRS SoS - B, R7A,
Az, WES WAHoR AojEln A o] P mdd
% S vekRo] A9 4 Glolof gk, A, Sosg A7)
sl 24987] Slake RS 2 nceraing) S ZHSH
SoS 45 W Q4B vlekRdol BAHoR Hola B
g 4 Qlofof itk YA, SoS 4= CS 52| ALRY/AZE
ot FAEe] FERE olsfell 7Het epptaE B ot B
S Qs R EHQl AAe BT 4 Qs RER
2] 948 257 Jolof ek

A el U] 1A AR vlgo R ofgolit
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UML) 22l tholol 11 olgslo] viehdls) wjsgion, &
227 G402 7} 40} TS Hojslrk M2SoS SoS 4
= 840t CS 4% 848 PAHOoR F-E510] Aolstal, SoS
T SH, QAR ML, 9 58 BAR R BddoR
W 2t gass YAlske ol 282 4 Utk EE SoS =
4 848 Aol Al 7HA] fReR ERIth npAHeR,
M2SoS= 19 13 o] 2E=2] FAe] vERdz =,
M2SoSE 7[Rtz 54 Alvz|e EdEshy] et ZiAlet B
€ w0l AT 7 e el=iles &8 4 ok (WA
29l M2SoS 1 =] ).

[EHA] SoS £ 8 24 9|
M2SoSellAi= SoSE olF= Ul 7H] 8 4 845 ofiet
o] AoJopH, 7t T8 4 84 AFACR TRl ofp] F
d 9A4F 2T
e SoS-level Target Problem: 7HE(H) SoS7 CSE2] daka
Ao g sidstalzt she A9 w2l wAIE 711719, SoS
i 2 299 HH(Goa) 2 A== 24
¢ SoS-level Infrastructure: SoS7} SoS—level Target Problem-2 |
Astl 9] 0] FRE D] Sfoll AR 71 Aol
o, T0] CSE S H(integrate)stal 274 9 2]%(orchestrate)
Sh= I8 S5k 94 SoS9] ZdAl(boundary)E A5k
A& ohH, CSE9] o285 9% HIERA 59 Al
ARgsh= 94
* Constituent System (CS Organization): SoSE o5+
E AAH”S] 7]E thejo]r, SoS 7 AHIAZ AlFSH] 9
HEAQl IS ol 84 CSe A= 7Hdd Alagt
oju] ZAsl= HAA] Al2Hl(legacy system)= 25 SIS,
#] = A(managerial  independence)™ 24 =HA
(operational independence)= 7HAl= 84
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e SoS-level Environment: SoS-level Infrastructure 2J5-ofjA
SoSe} 2 ARgsh= EedoAY 7Moo s EAloh= 84
[2EHA]] SoS F 2A(SoS-level Entities) ZO|
M2SoSellM= SoSE st A9l % 84F SoS o<
4>(SoS—level Entity)=tal AoJshH, SoS < 84 th2] CS
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SoS level Stakeholders

505 level Requirements SoS level Goal

1

SoS level

Communication
Channel

Emergent Capabilif Q

| +stakeholders role defined hi
——
elicited from efined to achieve
1 -
+implemented as
+requires | |+achieves
+communicate
with
1
¢
505 level Managing Team 505 level Infrastructure 505 level Service
01 1 i -
1 ¢
ssyst +demonstrated by
systemize +structured
1 SoS level Capability
System of Systems
SoS level Target Problem ST

+is addressed by +SoS type

Tl

CS level Capability
+possesses

+demonstrated by

+highly depends on

SoS level Domain|
+related to

+is affected by

CS level Service

+requires
—
—

“decided by

+provided via

CS level Interface

CS level Role

1o
SoS level
Resource

SoS level
Physical
Environment

SoS level Society
I

+resource type

+env type

CS level Goal
+guides
operations
to achieve

CS level
Decision
Making

CS level Environment

+influenced by

e sgstons A9 4204 HolslAt Bk sl a
AES T,

* SoS-level Goal: t==] CSE2] A= &l GAstat st
SoS 9] F& HHoIH, dukow Al CS7t /st
7] ol <o) EnE A%

¢ SoS-level Requirements: SoS 5= E3(SoS-level Goa)E &
sl ffell A=l aARIelH, % 87ARY
(operational requirements), 7H&F Q-AFHrequirements),
Al @7 FHdesign requirements) .2 251 A 2] 75

* SoS-level Service: CSE°] HY= Sl A== A%l 2
ABIAE oJufehs, A1 (sequential), A¥F (resultant), %
T4 (emergent) FF0] AH|AR O] 71E

* SoS-level Capability: CSE2] g2 &l 438 7Fsgh SoS-

S5 4= Q= SoS o= AF

¢ SoS-level Communication Channel: ¢]&] CS&
WAL 7t FA4kS Aoks Hloll ARgER= B4 AE

* SoS—level Managing Team: dAAQ] SoSE 2|5t SoS &+
goll lof FeH4 ol & sifdsh] f1gh " 9

¢ SoS-level Domain: 722 SoS7F &3l9)=
olH, Trf|Ql kel 55 2R3t gl 2|4

o SoS—level Stakeholders: SoS 45 AH|AE
FFe W= BE QL 2 E 24

level Service25-E]

[3EHA]] CS £F 2A(CS-level Entities) Xl
M2SoSellA] Zgefet CS 4= 24(CS-level Entity)= CS7F 2E

34

21 1. SoS £F RA(SoS-level Entities)2t CS & QA (CS-level Entities)E Eat6H0 721 E3IE M2S0S

1

—

oo

] = A(managerial independence)®} -2
(operational independence)& FE&s}7] 95l SoS 4=
T-2sto] FeE Bagtk a4l 7|4 CS < 84 CS
S glon], SoS T

5 Bl ofs) B4 2 s 249 4
2t 9 Fakare] Al HE W 2] B % 9ok
o CS-level Goal: CS7F =807 71 71Z0] A|AH] BnE
ofnlstm, CS 4% B SoS 4 Fao} thEA g
=35F A

o= T

Y|

[} KN
=1

o CS-level Role: CS7F SoS Z2]of| B=HA] SoS
L Slol Foje g

* CS-level Capability: CS7} 5°88 715t 7153} AJn] AR HE]
TE 7t g%

* CS-level Service: CS2] 7|54 QAR} 7= &l 38 7t

e AHIAR, CS < J5HE G5 flof +3H 84

o CS-level Interface: CS7} tF2 A|AE] W 9F Sy} EAISH
7] £1eh Zast QIEHo|AZ HolH 52 HAdsh] flof A
|E= 84

o CS-level Decision Making Mechanism: CS7} SoS =% & 4
9 =9 ABIAE ARl 38t =HAoE Uel= oA 4
Aol "Hast miAYE ojEHoz BDI  (Belief-Desire—
Intention) E&lo]ut CBA(Cost Benefit Analysis) 5= €& 715

e CS-level Stakeholders: 7]&2] CS 2] Qo] CS = 531
£ o] SRt 87 REE Aololr, CS9] 9ol Fka
= 2E U, OE 2 2

* CS-level Domain: CS7} &l QIS SlnshH, o]

AN Z
_I’TE"E‘

E

rr
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So8 4 oI} O 5 g
o CS-level Lifecycle: CS 4+<=9] =
A1z, A S Al A s 2
& B 9t a4
¢ CS-level Environment: CS7} Z12}e] AH|IAZ Algsh= dlofl
ool GG W RE 92 4

ol
X,
(o]

[4THA] SoS = EH(SoS-level Environment) 2|
thro] CS7F S&ERAA FA4E SoSe= A9l =ollA =84
ol 34 QAE 7XHER, M2SoSolA+ o5 SoS & 34
(SoS-level Environment)o]gtr HA|ZH o2 Aolsl} o= SoS
= Qe Aeakg oF 4= Qls BE SoS o] 84AE 7t
27|10, 24, AR, =28 o 94 55 AT & ok
* SoS-level Resource: SoS 5 3 84 = SoS9] -] &
|2 & Sl okt A a4=x, 1F Ae(Human
Resource), A]2~El ZFA(System Resource), =742 2
(Monetary Resource) 52 olsl] 9J3l WAlGH= 84
o Resource State: A 7Ms AFY(Available Resource)xt &+
A2 ZFA(Potential Resource) 22 FESH] T
¢ SoS-level Society: SoS == ¥4 5 AR &2 oJF 24 4
A 2ES Aofsl] ol BAllok= 84

Il

0|

=

A

¢ SoS-level Physical Environment: SoS 5 24 84 & =€
Hog SoSll FFE T SoS7t HHE FEsfof ske &

A 7F5SHmeasurable) 84,

4. HEl=ZHS| HE 7159

A
&4

= (=]
-.L-&-'E

$st ALz
41 CI= Al CHE SoS (MCI Response SoS)
411 AR AL 71 ¥ 7Y

o= g2 40] APgte} mjsirprt WAt o 9 X 2]
o] Bt ARE oJulgict [13]. MCIZF HA¥ehe thEZl ¢
Jlog= iy Ak, 2k sl Fol lrk MCI thg Alue| =
g Ak 1A Azt WS A A = AlARE
ot HESt o= 9 x2S A Pste] BAIE aidsh=
Al et

o5 4 AL g SoSIMCI Response SoS, MCIRSoS)&
SoS =, o] g AARIES CSE AJzeitt CSE2
At ZAAgE AU, A= OE 58, 5
A5ttt MCIRSoS+= CSEX @7 AAoh= 552 &
Ao, HEE 2ol] et 83 GS 7t 3 2HF
lxel =3 AHAES 7HA|AL Qlck

MCIRSoS AUtz 2olA MCIRSoSE & mhd A|AH] AHF
AAEL S o= AAE D o]E AARL olg AIARICR A
"ot X w1 AL BxE Al JRE T 2 #ElE
Aol A AR B2 2 9 SEE it 35 <

Tl
s e

Rok 5%

-0 —
2 26 9 o A2 B4 83 A7 2 olbE Tl

35

H

S5 AARE 22 A5E Fof 2] A fAE FEE
=4

MCIRSoSE= 8 95% oAt 1%, 80% olike] Ee-e =x
2 it} E5h S 2, 1A A, B2 3, EX] & o
P =t}. MCIRSoSoll= t8-& A¥sh= He|do] &5t
o, A2 F5E A AFUACIA Ad 5= 7 Atk
MCIRSoS AR Alve]ee] AgteE Hol7] fsff SoSe 8714
Aloz Bajste] B 20 Aelstor.

4.1.2 CtE &4 At S SoS ALIZ|2 Of|A|

AROA 1 AE] 27t SIS v &4 AL TS
SoSMMCI Response SoS, MCIRS0S) 9] H3#= 22t 95% o=
TZ01L, 80% oY AEL 7 Sl 7= B A=E AlFcke A
olet. MCIRS0S9] 2|9] A= 74 AlARe] JFE wHiRit
@A MCIRSoS= 1719] 5 o A|2HlL 57H9] A7) Al |l
2719 S& o= AlAEl B o]F AlXHL 1719] Olm AARoR

rot

Fuo] 73 2 A9 5T A

U e A2gke shdst, o

a

BEE
e

AR 25 she
Aty 7R A AlLEe]
e B8 Fxska 2] 2 o
ik
Aol SR SF AXE AT
st et AeFEe oa ALdoR A0 oS |
It 270 8 o= Al2F B ol AlAFlo] EAfstne Zizt
1 0] axiet AelFels opadich A AAgoRRE L
28 L FEAE Folol 87 AAE Ayoin] ol
2Vl 27t ol B, LAFEE ol8ste] g 7
sto] S5 AAE APop o). ofF A2HS ofm AlX
dit SAlete] g AlAR0] 48 S wE & BE ok
Ik 7Phe ARe] g AAFY] g FElo] RET B
§o] 753t o AaRoR ofddin) 3 2]9] AE A o]
& A2glo] HEsiria wehd o Alado] 7hd 4 ik,
om AlLEE 8 59 ol B 5851, 817t &
Zof| disto] 2ol JeiE wAste] AEe AwE Alstith
A 1749] oz Alage] EAIRR, S olm A2 -8
e 2T A e 782 5 stk ol A A% Al
Hollde o= Alade] Fht o 2ge aeste] o B
olg A2ge Fgotolof gk
4.2 H7El SoS (Research Team SoS)
421 A ALz 7He ' 7Y
=4 ike]

A8 Ay ([Research Team SoS, RTSoS)+= =7 TS
ol AEEe] FYsh= IS yehd Auke] ol RTSoS

=
O

T ol

ol
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H 2. NielsenO| Holst 87tX| X} (dimension)

1

Ofl (2 SoS Al AlLi2|2 24

2} (Dimension) MCI g SoS (MCIRSoS) A= SoS (RTSoS)
27 2A719] CS5E 1RE RGP o SEE of/] | GTAES Aol d7ef oAl Hofdhd] ~hm 245
(Autonomy) 91l o] o] wet 5o] BAEne Agde 7kl | B 2% uAURS 495k a4 71
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