% 32 B4 3 1 % 4 T R % ik Vol.32 No.3
2017 6 H JOURNAL OF SYSTEMS ENGINEERING Jun. 2017

RERGHFSTEMRAELS LR

Xkl ERKR>, E& MW
(1. WP EFRFZERE K2 A SCERE, AE5 100190; 2. b 55 BRIHK L5 8 H 24, B 5T 100192;
3. R EBLE B KA 5 AR, J6E 100190; 4. HEBLERBE S RGRFEVT R, 65T 100190)

T KR R AT 7 ok, 5 1981 F~2015 F R0 HR EA R, AR GA S S TAUR T AT 2P AH
K, DA RE R GAFE AU LW KIEMAL. R BT 1) BAREH L 1981 F£~2005 FHEB A %A 5T
AT AT E] T B KR, 2006 F~2015 FRFATAE;2) AFRHARL AR FZA ZFARTH L ZARLT
IR RAABMERFABSHRERE, AVERE  BEE LG AFRMRZ AR F RGO E LT X, LA
RO E R, RAMFE TAZNA AR Z NS B0 4H; 3) B3 5 BIRAF e bs, KAER L 22T 44
AR ERBAR, LERSHARMBEBRNARELA BN, REFHEZAHFE LB ER T
Freg.

KBIF): RERES THRE; BHAVFTT, Wik 5 R 8, it &
hE 535 TP273 HEAFRIRAD: A XEHS: 1000—5781(2017)03—0289—16

doi: 10.13383/j.cnki.jse.2017.03.001

Evolution and development of system science and engineering research

Liu Haiyan', Wang Zongshui*>*, Wang Shouyang?>*
(1. School of Humanities, University of Chinese Academy of Sciences, Beijing 100190, China;
2. School of Economics and Management, Beijing Information Science & Technology University, Beijing 100192, China;
3. School of Economics and Management, University of Chinese Academy of Sciences, Beijing 100190, China;

4. Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Bibliometric method is used to study the development of researches on system science and engi-
neering in China, and thirteen journals are selected as research samples and every five years as one stage from
1981 to 2015. Results show that in general, researches on system and engineering developed rapidly during
1981~2005, and stabilizes during 2006~2015. Nonlinear system, system stability, system optimization, etc.,
attracted more attention in the past 35 years; neural network, genetic algorithm, and simulation have been
widely used to solve system science and engineering problems. Comparison of domestic and international re-
searches in this field shows that international researches put more emphasis on cybernetics and system theory,
that most of the research fields coincide with domestic research and that the international influence of Chinese

scholars has significantly improved.
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Fig. 1 Statistics of the number of published articles from 2001 to 2015
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Table 1 List of partial scholars and number of published articles
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Fig. 2 The collaboration relational networks of partial authors( the first stage and seventh stage)
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Table 2 Partial research institute and frequencies classify statistics
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Table 3 The number and cumulative percentage of keywords (words frequency > 2)
B 1981~1985  1986~1990  1991~1995  1996~2000  2001~2005  2006~2010  2011~2015
K 275 736 403 520 1018 1161 1432
RiFETH% 19.341 30.936 26.575 31.782 35.796 33.650 32.343

N T 825 3 W BEEAN R BETE 78 4 2 B3R AL, Xk S B 3] A IRCREAT T et 8 70 i o B ] WK 4.
FE SIS b, AT SO A2 R M KA, IR BT I 2% A BT S A T G AR TRV 5 55, SRR R GURH AL
FHRBIE TR AL 5 K e, SR Pajek BAF2x 7 AN [FIR B HE ] 9% AR N 2% A0 18] 3(a)~ [ 3(g).

H1 T 20 20 80 FEARKIIY, B H AR ek oAb T2 20 [ Be, Bt DAFE LRI BOK T T 10 ¢ s i Mo fie /b, 2%
SER AN FR B, QB 3()fon. Horh B A | oM R A R A 1 R G SRR ] DA b s B A R
SR AU g, T EL A T R AL AL, — e R AR B I T T A 2 M G T A A DA
LR GR AR R S 5T,

FEER AN BRBUA B L RV R ST H AR R A S ) OIS SR AR R G 1 R 4t
DB [ 38 S 42 ) 45 B R B ROT I 1R AL 1 3(b) o, Hh B R UK RS 102, 2R BIFE SR — [ Bt

VET T SRR BB A 2 O T B e A X % AL 1 A0 R E 4 ) S R I 4% (S R, R A 6 e SRV, AR AR R A e s
N 104 15 A1 20, A48 B RUSZ B 200 A7 AL T 5B R/ANRIR 5 AL Z8 oo MR IR OR /DS, =9 mBOR 2 B I 268 o 1 oot FEBR 5, 2%
SR B REL A 0T 1 2 1B 55 2R, 8 2% AU REL 4 149 ) 5 % i,




294 R 4 TR ¥ #H 325

FC A ERCA B A SRR A B TR R . T3 Ah, AEWE LA S5 B BOR AR GR I — 20, T
WNZNE R G W B S R AP 5555, SR BRI LN A S T 2R, BARR 2 R Tl an & 3(a) 5
AN 1El 3(b) I LRI, Ak A 22 B H.

el Hraes .
Bkt
. R Rz
Psr=ihE T HFT= .
’am1ﬁﬂ£§$%
o HSEnEs  Saen =
. ;. ® ey
s S LR L A )
Rl e e PR
e i el R
e CHEEETS BHAIT |
. W i
B TR AN VAN T
-
. T
-
Ficeai Tt RESC Poag “aing
= Yauazy - * el
2o (LT Fo N
e R
“ihigE LI -~
= e 3
BESIAT, = s E o omsin i
i o o i
BEG T R
- 2 B
Bzl iy
o ASLERS *ronTAn

Bl 3(a) BrER 1 KERIAXRMLE(1981 F~1985 FIRBAATHFT 10)

Fig. 3(a) Keywords relational network in the first stage(1981-1985 frequency > 10)
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Fig. 3(b) Keywords relational network in the second stage(1986~1990 frequency > 15)
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Table 4 Parts of high frequency keywords
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Fig. 3(c) Keywords relational network in the third stage(1991~1995 frequency > 10)
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Fig. 3d Keywords relational network in the fourth stage(1996~2000 frequency > 15)
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Table 5 The characteristic indicators of keywords network structure

ECEANYINEY BB BrBr2 BrBes PB4 BBEs BrBle BB

X 28 9% JiF 0254  0.251 0.112  0.146  0.138 0.116  0.090
LR AR 0472 0452 0303 0332 0334 0306 0271

M5 27.890  51.176  29.910 31.725 34290 34.324  29.685

d=2M/N(N —1), (1)

Horbr d FORMZ-V BB BE, M 3RS 46 130 8, N 2RISR 46 (757 R
W 2 5 2 2RI X 2% T 9 i EE S (Y S B AR L, 2 B X 2% RIS R 2 KT ).

2 |E(GL(v)
CCy = , 2

' = Jog(v)(deg(v) — 1) @

Han CCy ‘Boamn RAB —NEBIEISE M BERE 25, BB SR RZECT LUINSCE 5 ) 15 31 7R 2%

Y3 RO g, SR 405 05 A 0 s A 45 A 00 T b, SRR T I 45 SR P 35— b
|B(Gh (v)] R BAT— AN £ 5 20 v ABER 1 4, deg(v) B4 v (.

- 1

d= 5> deg(v), 3

veV
Horr d R W26 s sl TP B, VRIS AL &5 (R A 9 s R £, 0 T 1 M0 2%, 9 s BERE LR N
JECY RS BB 1R 25 20, SO HH B CY U HE BB 2 2800, AR S PP KD I 48 DR SO T B 32 ) A 7] R 45,

MK 4 AT DUR Y, O i ] (38 R 28 L S BRI R B AR |2 IR 3, RIS TR Z I 2
RIZW AR, — R LU IR FCA R — 20 0 B EAR U FU R At B BL T 2 AN AT S, tetn
AT e R Jie PO IE R LT R 5%« LA 2 A4 (R IIL HY AR Rl 2 SR ST T IR 5 IS (R T D % 1 4 B2
JeZe 1 T AR — Wi B B 5 i Be g BRIE G A, B 5 T AN BOZ b i TR, RSB BOWE FL A A TR
RAMEBAE ML Y T RE, X5 R GRS BIRR @S AR — 2L

4 ERFRRGHEMRALEER

4.1 HUBHIIREN
N TP T IR E R R A S E bR A SR SR S R, AR PN 3 AR I B B R E R S A,
7£ Web of Science 4 /% Fh, REFE 5 R G TR FI/E AFEA, HHL Advances in Complex Systems,
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Cybernetics and Systems, Kybernetes, IEEE Systems Journal, International Journal of Systems Science, Journal of
Systems Engineering and Electronics, Journal of Systems Science and Complexity, Journal of Systems Science and
Systems Engineering, System, Systems Control Letters, Systems Engineering, Systems Research and Behavioral
Science I Systemic Practice and Action Research + =AM E R4, —Ef2E Lis 7 R4kl 5 24 T
ST ) ] o o 44 301, S8 AR AT A0 BU R, SR ATy M il AR R IR E R SR SR KR S E PR
7T 0 57 1R AH d T B B 3 R A Sz /s A I, BT DAFE B Bl 73 R H&il 73 09 1996 £E~2005 4
552005 4:~2015 F AP EL.

T E R R R E, LA Web of Science 48 B N B4R IR, LAs & 2114 SO = (Advances in Complex
Systems) OR SO = (Cybernetics and Systems) OR SO = (Kybernetes) OR SO = (IEEE Systems Journal) OR SO
= (International Journal of Systems Science) OR SO = (Journal of Systems Engineering and Electronics) OR SO
= (Journal of Systems Science and Complexity) OR SO = (Journal of Systems Science and Systems Engineering)
OR SO = (Systems Control Letters) OR SO = (Systems Engineering) OR SO = (Systems Research and Behavioral
Science) OR SO = (Systemic Practice and Action Research), H[E]4&K X 15 & “4(2005 OR 2004 OR 2003 OR 2002
OR 2001 OR 2000 OR 1999 OR 1998 OR 1997 OR 1996), & — AN BLHI D #6155 4 685 MR, H A
W B W12 o 2 A5 21 8 570 2% 45 2R, 48 i i 2 BR AL A 8 0 < 4 22 48 5 3000 0 D A5 SR ABL A A B — B BLAS
| 4 584 FiSCHR, 55 BB 2 8 419 Je SCHR, 7EECE F5E R Bew R AR B B

R R SCE S, ARSI 5 FR, 7TUUE H, B BTN B R SCR A BURRIAR AL, SR
B 2006 ST 46 5 SCR DUBUR I PG, 2008 EIZ 0 T R85, £ % BB SO T AR AL R 8
N AB SR TR ARG AR — B TR E, RIFAE — € HIYEH P 3).
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Fig. 5 The number of published articles of international journals from 1996 to 2015
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TE T I B 5% 1] 199 285 428 i) 1 (cybernetics) A B A i iy I AR, HABKL T 28 iz O 7 B, 5 &%
(1) D E TR B vy, HAR IR IROK, R AW B B P [ bR _ R G R 52 SR DG 5 2 AR I8 %O 1), TEAN [
(RN T) B B e FE R — Bk, 3 4k, FE BN BL b, B — B BRI &, 32 2 s O B i) B A R i — Bk, (H
A& LT R O B B H R, W1 Z AR EE R Si(multi-agent systems), FR 2 HH (fuzzy logic), # # R 4i(switched
systems) UL f R Gt 5] /1% (system dynamics) 25 A S 5T 1) 45 18 5

* 6 MRS RFMX R

Table 6 Partial representative keywords of the two stages

Jag it B 2

T ORETE ik BibEA%  RETR i BitE %
1 cybernetics 740 6.6859 cybernetics 709 1.9299
2 stability 68 7.300 3 systems theory 149 23355
3 nonlinear systems 65 7.887 6 nonlinear systems 139 27138
4 systems 62 8.447 8 stability 129 3.064 9
5 modelling 56 8.9537 modelling 102 3.3426
6  complexity 45 9.360 3 linear matrix inequality 99 36121
7  stabilization 43 9.748 8 systems thinking 93 3.8652
8 systems theory 43 10.137 3 LMI 92 41156
9  controllability 41 10.507 8 decision making 90 4.360 6
10 nonlinear control 39 10.860 1 multi-agent systems 88 4.600 1
11 automation 39 11.2125 adaptive control 86 4.8342
12 robust stability 37 11.546 8 simulation 79 5.0493
13 linear systems 37 11.8811 action research 74 5.2507
14 systems thinking 36 12.206 4 complexity 72 5.4467
15  learning 34 12.513 6 switched systems 70 5.6372
16  adaptive control 34 12.820 7 systems engineering 64 5.8114
17 information 34 13.1279 fuzzy logic 63 5.9829
18  action research 33 13.426 1 optimal control 63 6.154 4
19  optimal control 33 13.724 3 system dynamics 62 6.3232
20  research 32 14.013 4 stabilization 58 6.4810
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Fig. 6(a) Keywords network in the first stage (frequency > 10)
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Fig. 6(b) Keywords network in the second stage (frequency > 20)
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Fig. 7 Collaboration network of two stages
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43 REFEERREMNINEN
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Table 7 The keywords network structure characteristic indicators

Fabrir B BB 1 B 2
] &4 5 g 0.123 0.165
HRARH 0317 0.387
IR 2~ 35] Ji§ 31.016 35.383

*8 MORKMEE

Table 8 Parts of representative authors

¥ BB 1 BB 2
5 fEE ok BitEatt%  (EE ik BibEa %
1 Rudall BH 71 0.8930 Lin Y 64 0.293 5
2 Cherruault Y 71 1.716 3 Andrew AM 57 0.5549
3 Andrew AM 60 24122 Rudall BH 54 0.802 6
4 LinY 34 2.806 4 Szczerbicki E 54 1.0502
5 Flood R L 32 3.1775 Wang L 49 1.2749
6  Szczerbicki E 25 3.4907 Mulej M 48 1.495 1
7  Lam] 24 3.780 6 Zhang Y 38 1.669 3
8 Lee,ET 20 4.0589 Wang Y 35 1.8299
9 LeeTH 20 4.2909 LiL 29 1.9629
10 OuYangSC 19 4.5228 Liu SF 29 2.0958
11 van GigchJ P 18 4.743 1 Sanin C 28 22243
12 Sontag ED 18 4.9519 Jiang B 27 23481
13 Adamatzky A 17 5.160 6 Wang J 27 24719
14 Ostermark R 16 5.3578 LiuY 26 25911
15 ChenSM 16 5.5433 Chen J 26 27104
16  Savkin AV 16 5.728 9 Wang W 25 2.8250
17 Jackson M C 15 13.1279 LiuJ 24 29351
18 LinZL 15 13.426 1 Shi P 24 3.0452
19 LimJT 15 13.724 3 ZhaoJ 24 3.1552
20  Billings S A 14 14.013 4 Zhang QL 24 3.2653
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