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“HEHSREMERE", PFEHSRENMEBRGENFEHSRESREE
FIMTAORAH |, S ARKERE T, TN, TAMTRHAE HFEFAMKE, M
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1. 3|5

KBAROIF C R E A KT, AL RGBORBOR , HOR
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2. KZE% (big system)

ARGEMAFRCAH T, HELK ARG LV EE R 20 22 40 ~ 60 1T,
ZIE MGG AR I T — S AR, MMEZRARL, RMRKARY, TR
G, —HF 0 FR MM T AT, HHZRBERKUFFEHE R,
WRMPEERR, XEANAHP =N UEELPNRRE. THERERS
(open complex giant system) . & 4% N R4 (complex adaptive system) FI{A& R

('system of systems) ,

2.1 AMEZEZRS%
BRAEARAE 1990 FEHRI— KK RS, WP HTEMTREEMBIRELIFARIK
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gk, ENZEMLICRNRESR, EMERRERG ., NRXDREEITK
0y, SRR EZRE RS, FTEFRZHIMEE R, MRXREARRHEAL
PR ARLRAER), RGP Z [E AW i A RE RS 5, BIFictE, 1Eh
PIT, e RGRIAMAL, R, FEHAL, WHRE (4T, HFHER
$) . MERG, BRERG,

2.2 EFRENES

1994 4, 24 - F=1E (John Holland) TERIERFRFTM 74K “BRIT" M
AR, MR HART (RBP——@E R ) —H. HAER R Y
(complex adaptive systems, CAS), tHFREZERIZE (complexity science), J& 20 it
LARIGEMFITRRIE . BAGEN RIS OB —E N MG E 22t

B A N R G 0 FA AR AT LIAER AN TS . R G0 A% 80 FR o B A 8 R
) FE4E (adaptive agent), THIFRAEMA, i A EMN M, 2SR SHE
FFAb TR HAT L EAEN . FAEAEXFP R EEA R0 5 TAE I R ep, AWt
“ENr oA “HREBEZEK”, I HARESBEINSESCE A ST e, &
NEMRG N EE S, A0 reAE, MMEmEREE I, #He, &
AR, SR AR A, #R R AR N SR AR AR ORI,

HAREN R RGN EMERA B S HNS L3R, BB E
K, BT ESME R SIS R ER . HINER, AR KRR
FAGH MBI A ER AT LA AR 77 A R R BRI, 24
A2 X R 3h0 . REWZTAERM @R —inABESS, &R =
AR E, W, AR, IR, MY AERERSE . THEADLML 4Bk
SRS, MAXERGS, "MW EREFZ M ITEMEEN. £
LT, XLETES ER MM BRI B RGN — DR =4 T A &M
NS E A

BGEN RSB IR, IR T RS R b Anfar A BB 9 20 4L R
AT, 298 - 8 = AR B a0 R NG N B 4UVE R b, BIFSY ey 2
SEAF A L0 N FR SR (VA SUF HEAT A RO F I 2H PR P 0 T R SR I
JHH, R T “ERENHLN” WS, ©RIETEHSR A BA A F A
fihieh, BASHABMOIMEE AL AR B MY R RGeS, AEGS AR AR F A 1L 51 £y
118 MBS LA W R AT L, i feE B B AN H LS SR AHGE L,
B 1 Fr7s (Murray, 1994 ; Holland, 1992, 1999) .

2.3 &%

KTRBRIHRRGE M ESLE (system of systems) , MFHE—MER, H1TE
Fi— MR, HER—MER, ACR—MER, FHE—-1IER, Z2FEEM
BRIERE— AR, RERBSELFTRNWMEZR, MERBEHE LR L
B, ATRATETF A BB/ NR R
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N -F/STIvES KiER

BREHR-HERTRZEWRY, EN1H S MR O RGEHRMERIAL,
QR RGAEFEMI ), OREMY R LN, QUREH RMAIT
Ny O ARG LR (E2), #Blan, ZEAHLZ R Tt — 1
&% (& 3) (Sheard, 2006, 2007 ; Mo, 2008) .

Systems of Systems Definitions emi vitenmiumsystoms

5. Complex systems
(nonlinear, multi-agent,
evolving, emergent...)

1. Typical SE SOS:
(Maier SOS)

1. Operational Independence
2. Managerial Independence
3. Evolving

4 Emergent thavior

5. Geographic Dispersion

a. DOD SOS

(CJCSI 3170.01E)
(e.g. combat aircraft)

3b. DOD FOS
Family of Systems

/ (e.g. set of systems to

help frack maving targets)

4. Enterprises:
=7 Mitre: Bigger than SOS
(and many others)

2. Typical Computer

Science SOS

Inter-networked Computers %.Amrgnium
3 *Also called Maier/Sage/Cuppan 5!

B2 (KRAEX

3. KM% (big network)

EmRPAALRGE UM, WsGEN, EFEMY, LFERHTL
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Army SOS slide

&3 RREEF

EO O AN K 0 25 H B, 4% ) MR R R Bk, A B G R R B 4%, BRI
TR AT A0 | Tth B — S Rk R ORI , 00N B R 9
HAF, WYIERGIN S, ArtaMYg . EYMY . SR M%%E,

MALFR R 28 F B A 22 W 45 4381 (complex network analysis, CNA), ME}
[ AL E A AR (dynamic network analysis, DNA), MBUAIPE & %
FEAMLEINLE (network of networks) W 4% (super network ) . [E N 4h R
MR Z A B S. FHREHN T HEEESE .,

4. KE#E (big data)

4.1 XEEEE

FH 1 L0 BRI R R B MK 28, A 7 A gl = A AR e R ) 548, A
1 PB=1024 TB=1048 576 GB, 1 EB=1 024 PB=1 048 576 TB ¥ 1 ZB=1024 EB=
1048 576 PB, #EEAEAERE YB %, MREBIRMFHETN T, ARTIEB “4v”,
7 (volume ), B8 B9 K/h; FIE (variety), BHEISH M 2R M:, HE
(velocity ) , RAFEAABAOBEE ; MME (value) , S FHIE KRR, AN REATAE
M (variability) X ESEME (veracity) 55,

RBAE G R BUEANTE ST B B R fnin TA , I & & R Al
BHE R B PESE, T8 T ANTTRE B (A e 1], % B 1 AT ARk o 4 )
SEEATHSCE, B, EEEL LI R ADVISE RGN, L 1FRT
BRAF4n Starlight &40, In—-Spire Rk a5 2 EHE, I H R BB 77 7 ok
HAbXT 22 28 B, Wl PR EAE MR (K4, ES) |
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K 4  Starlight R4 5 1In-Spire &40

4.2 ¥IEF}F (data science)

OB & TR R 18— i R R R (LR BEER A A PR A BHR A A K
BE, B4 /NEE, AR R U REAREEE, A N TEEE ALK B 3
FEAREIF PR AR, A UR L AT W B S BE o VR e S0 X BE R
HELZMHNA (Gu and Zhang, 2014, 2015) .,

4.3 NEIEEZHEEIEREZHE

FIFABAEZI (data mining) AT AR 42 A I RIR, BEfE SCA il
AT A4, PR SCARTSHE (text mining) , FHERMATE AR M 0] LIZHE, )2 )
JEMM G B =AM ARG, #oM E4ZER (web mining) . Hi T X 4845
) R BORAR A, ARA AL B B0 42 i 5 5 A A 5 S U ) T
B, kM TEMERALE, FMRE T LFIEM (expert mining) , X %X
WEEAEEALR, BT/AEEE, I TS n] et mE A W £ v ey, a]
ISP RE AR L, (PP, B T SE RN 2R X Tl 4L
kA e, A FEHASIERNUAEE, XMERANTWASKRE (i
%, 2009b, 2014) .

4.4 MEHEEFIEE (data-information-knowledge- wisdom, DIKW)

HAE 20 t 40 K, Zeleny F1 Ackoff 43 % #2 i DIKW /73 (Kl 6), {HE
Ackoff FH|HZ T —~ U (understanding) , WK 7 Bz (Ackoff, 1989) ., 1F &
XA U A TS 5038 08 A (LA R A 2 22 AN R, e I T R B Hh iy
a4V, HSmyUR B, RS AR, — el 3 AL R
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MR ARE A T o5k, U—FaRmEAF1E, 1RGN
RWR—FEZOFRR, SR FTEDREN 1R R R SRR RN, B
QU%O

M .

E 6 DIKW
data information knowledge understanding wis.dom
description: instruction: explanation: what is
what how to why best
\ J b=t
" .

doing the
doing things right right things

past future

El7 DIKUW ( Ackoff)

HS: ADVISE RGERFHAATL 7 MELHE | (5 B3 AR 2, BiEd L
SRR FH R4 B A EAE R . (EE RS — R A A0 B A2 B R R4 1 24
] (& 8),

5. Xf##r (big analytics)

REIRERA L, BATEFWRT KRR E T, Xl T REAK SR
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compatible
interfaces fo]r )
viewing,analysis, : :
insi creating chains
&insight of relat%onships
b:ftween disjoint
information
scalable,adaptive
interface to ontology
disparate data =
sources with [ 2 information interface L E—
unique sensors = o et & . )
. — . = = Imagery
- -; ~; B S N\ P e
- - —
- organizations L networks /

SEeNnsors ———

[#l8 ADVISE %% 45+

AL AT T EAL R o, e 2 B A ok L, 3k
W= o e

B-RE5HEFEAX, GERITE, FIOHES BR55%EA
x, FAEZ 4R EHT (multidimensional scaling) 3 58 =285 M E A G, UG
BRI, SIS T, BRI, BRSSP EEEERIITEA
XK, WHGTRE, MR, B#T (meta-analytics) ; K REFFITEA
X, WNRNE, . B RGEE; HAKSMATEA X, nisER, Bl
K WOHEEAE . RLTFREUALE R SR LR S EHEAX, WAL, £
FHRGESE, MROFGELITHEMITE, MFESRTTE, il KRN IHE
M AR K

6. X7Ai%iL (big methodology)

3 s, BEEERE Ik, Fikie ok o R ORI
YAL ., ARNEFEMMWEIE N AN REIL, EARG RS REREE
SMBRG TRNI L, Kb i a0 27E 20 tHha 50 ~70 FERANTH H B0 E
IRRG TGP, #EA 20 40 80 4R A& B R F 89 T 18 A 1R K= B
AR, TR T #EHNINES, BT XA, AMHELIATL EZE LY
B RGN E W RIS RE R G ke, M EAEZ AR EENN RS
ARG ek, mHEMITRREE R T —KHt, AEFRGELEE (VSM),
KRG ITERIE (SSM), Mg BiIRRA L 5K (SAST), Gtk (1P), &
WP A SR S 40T (SODA) , ARG L (CSH), fREEESE (SC), Mg
AR (PSM), BMAZRGTHI (TSI), #XT3K (hypergame ), WEXJ5K ( metagame)
(B3R, P, 2006, JBIREA, 2009a),

kA 20 40 80 AR FN 90 4ERP), HTHA, MES -MRFZRAES
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EEWMEL TWART ORMRG AR, WHIR LRIV kRS T kit
(shinayakana system approach) (Sawaragi, et al. , 1987), 2R H M MR
EE G AN RS /5L ( meta-synthesis system approach) ( Qian et al. ,
1990) , SZAUATAYREmBAE K MRS S R I W PR AR R G J7 518 (wuli- shili-
renli system approach) (Gu and Zhu, 1995) , F ¥z 42 R e A HEZE L H (spiral
principle) ( Wang, 1992), F Ak §C 42 th # 2 %K ( meta decision) ( Wang,
1991), 7k LHEHEH i-system ( Nakamori, 2004 ), X — K7L HE/A
FOAME SN WM, BENE—SGETEIANY, B LUEERHFRI KA
GHEIE. AR E—-DTHERE “EEAQLLM” TR, fK “Mo”
approach,, “ U 41 kLI FLIR—Fh el € LR OUR T oo w4 T
BT 1T 2 2 ) B2t i ke, B, HESEMAER I —4, 3
fErh e LR M TR R S Z I Z B 7%, YRIEN—-NTB A TBNRE
TR A A TAEB A, (ER At i J2 [ 450 5 46 40 DA S B8 v i A 1) B A A
i e E O S (M, 2013 LKk, 2014) , BT EFEIE
16 B20 IO yFrh 2] A1 “BIE AL, REEMECE IR, K
R, JEIMART pEf A E X, “RE A" LW —Ff
A (trial and error) , FRATE S SAAEIRER, BB LORC LB AP
A Ak, YRUANALEABX, ARHERE, &, ANBA RS
fr—2e2 g, HERMNBUSHELERR, TH-BNRETEREZHRE
(BiEE%, 2014)

7. X132 (big psychology)

EARARG RN RMHB L HRHZEBEREZERHTAHANS S, LREE
AL, REAOESEZWMANIN FEY AL E, B TEREA
ZH5RGEMEER, BT ANOCHEOTFARSERKRERN, HEX THENO
SRR, XBFFRATA A i &R0 B, 56 HR &AM B 3 48 R E
SR, G5 K B BT N A AR B A o AR ) M T B B R R RO AR
P, e E TR R E et R AN R R = wH g, K
BHl AR B, MR vk, BT 2R Ei RS
X, mEKR, B -wEEERSANHELZMER (23), ME (35), KE
(41), ¥[E (62), IE (82) \HA (90), EPEE (125), W% MW (167) %
( University of Leicester, 2006)

TEFt SR, X XA LIRS B S A EE, 40T
HEXHAE OB ER, B, EUFIE 2016 FEINARRAEM Rl
H:H" B, o/ R NIHIE T B E 8O IR RUE . ARAE M 4% (5 B 12 T

@ B20 Bl business 20, ¥4 20 EHEH TRFES .
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N “HERFM" KA 2016 463 H ., T T ik i o i pe i
AN, BORBOFM Rt p b, BEARAER LR R T ALEN, 43000/l 5t
WHEH S ORI B9 X R HE (F9) o B E R AT RS BRI A1
AR, TR IR =40 B,

P9 2016 4¢3 H 18 ~24 HILZR “HEfiadil” B AR HE K05 A [ By BE X)L HEAR E]

BB 3 H18 H, SHURFEKEEMN “EHHM", —LML% A BE “5
VR PR (BULTTEE AR A 18 Ay S A ——IL K B
PR, SEEDGIRBEIEHE, RIS R F MM (75500 3.08 ~3.93), &
BFE, B CWREN" B, AARMNREEERE SRk HEPEA
meam B EWEA T, BREZERKT .. BUFAEN,

BUKE: 3 A2 HER, —RNE=F0NHE M%) #Eilfifig
&, ENLZEIGEK G EISE, SRR E, SEMKTSHEBARIK
(F6%0R 2.99), NHERIE, KX T RHEH, RN, 5 0EERE R AR
ARG EE AR, 3B, M “BH2Z%" OEFEEME, DAt BYE,
BEEAE, EE, ZEOERENERTG BT 2RSS, MRHERERE (18
¥ H4.48)

MR SutRIE, BOFHSCHREERRI 14r2y &/, i IE Al B 0] 1 4 BE i
. RIS R A =R ShSr A B s (], S Y B I LR R A AR,
PRI R, RAJFIR BN, 25T thEte (38500 4.35 f14.26)
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(“BEET M BEEITE TR H X E ) .
8. KXfTA (big behavior)

ERARFZGSANEHTHEANS Y, WREZEANGOH, Hif—P4&5
AR BT R, FERR—E 0178, filin, FFERS HENE % & %
AHEDTHOIRN, EERSKRSFITARMN (K 10), sRE%ESFRE, 5%
HETEE, ERRRESANHET KK, 1w HA TR ARIMRS, XA
fITATRE SR FIAAUAIAT N o FAE— RBEA B BHAT T VB [ERAT 5T, HRAR
AIFHBN, WpdEatigAg], REAWMRZE, HBFU—RABHHA FORF
(B 11) , FRATEWIFELL 2010 4E Lt R S B HEBN T R, Wy e B Hi A 18 1
AT RF S W% 20 i A-E /AT A, EEH T3 enT gy, Kk EE
A EA AN, (EEHIEE, FEENAHEE TR (K 12), BT 092 H
FHIB MR A BRBEAT A, 40 2010 48 “TEEE RHMA"  (F 140 TAE
¥, T 19 A, #i300 £ A) #12014 46 « BigshmEsoE” (KA 31 H
A, BT 36 A, 549 A) (F 13, FE14), HIEAMRFT ARSI R LL 2= 4
SATRAEAT LUBFIE ), — A& 2 Rt , BT LU A e 2R 4
> B3 (habitual domain) R AMNT2FKBAT AT A, FFHRGFIFREITH,
AT DU H A HT = A £ ) 18P T2¢  (kansei engineering) SEPFIN A A{TXF
—SepE g RS, DAREAE PR H AT G, Bl LR BEAA WL K 5 [ IR iR 5 4R
AL (neuromanagement) FIFFZEER (neuromarketing) , FIFA& # T4 Xt
i 2 g T LASE B AATIXS AR P AT R B AT i T AT AR R, A AN
(R AT AT AR SERRAT A, b R By K2 B AT #1352 BE SR s A 9
A E B AP XS0 L RS S0 A, KBELRE. LI E
WANE A DR ZOF AT A8 1283047 AGE B AT It AT, B AR ATFT
FARE ZH Bt A TP .

10 RAFFEIBA P11 BESTAGSZ BRIFRBA J5 A
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P12 S ESEE P AIEA

B 14 2014 4 12 H 31 B A& A BR s Se

. KLEEER (big meta-synthesis)

AT o B e R AT — 5 T AT DASE RS BB B (5 B AT R, S —TF
M E AR FmEL, EX, )lﬁUKH‘HJNJ\i A (o) 8, P4 7273 0 4 th %
’F’T‘(I M, Horp s S A L FE (meta-analySIs , TEEE S F R

. B ﬁm%ﬁmx_/l‘?‘bi;m?ﬁi i Bt — 2R M IATE ik, IRt

Mﬂfr’}fﬂéﬁ% R B, B T meta-synthesis (422, 1990)

ﬁ%‘mﬁl’]%?ﬁj‘ﬂdhﬂkﬁtﬁﬂ'ﬂﬁfé % H — Loz H I PEEE T AR
}&&LTJH$&Mﬁ% P NI ) I S c S R s S | Ve =R 99
( qualitative meta synthesna) ( Sandelowski and Barroso, 2007 ) . Kk 8 X SL4EXf &
ZEWW A BIEFER, MAIHT 45 Ak & K A Wy
( structured expert judgment,. SJE) , &z KXY 3 [F] {4 P4 A4S W T J& 45 FhA € SIE 19
FARSVOREEXABA, 010 BEERAERNMRRZ M E, KA
SEFEZE (uncertainty) fRK, RUFFALETA LT RHE, RENZMEHAS
itk K AW, LA W (Cooke, 1991; Wittmann et al. , 2014)

e PR O DUE T B i 25 B R U e A O EB*”E%*L%HE F8
FR, BER ERSME BTG AER, R uEE. BRx, £8)7 El’]
e, RN AR AT EER Tk, BRT B3 i35 047
LRI WAL, VEH TR TE %%?”'ff’ﬁliﬂlﬂ%ﬁﬁﬁlﬁ%ﬂtﬂ{’ﬁTglﬁ?]ﬁf’ﬁ
(B %, 2010; Gu, 2011; F3EA%, 2014) .




