LRGN ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2023,32(10):242—-254 [doi: 10.15888/j.cnki.csa.009094] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

ETERMIER AR R EEE TMC
SR, AR, HEtE, Bk, et

(E PR, KD 410073)

BE/E#: iR, E-mail: fanchangjun@nudt.edu.cn

8 DASEBRE SRR RONBE TR 5, DA 24 0 25 35008 FTEIARAE SR PR BEAR N BES FEREXTAE R AR 2 1 AR VT4 7
ERATHEA, B S PE H —Fh 2 T DI REAE SRS ¥ IDFCS (investigation, decision, fire, communicdftidn, and support) /£
WA R A T vk SR I A B, TG SRR B RS 40 1Y) A BT R 210 R B U E R R AT 8
B FLUGRIE (R R B 142 35T IDFCS B (1 7 2R 2R DA b 1 o Sl B 5 7792, 7640 R0 AT
S BVERHE R AR HEAT < B 475 S5 0 FE 42 ) PR A e v A B [ R P 1 il R RE AR I %, O it
TRCREVERS, A BB SR (0 — R AT SR A B e S pe

X H2iR): IDFCS AR RIS fF IR RAUHE T R

b

SRR 53t 08, BB, MR, 30 A JE T {1 R0 P P R4 4 L8 FE VP A8 1 SHLR G651 1,2023,32(10):242-254. it/ /www. o-s-
a.org.cn/1003-3254/9094.html

Node Importance Evaluation of Combat System Based on Operation Loop

Y1 Xiao-Di, FAN Chang-Jun, HUANG Kui-Hua, CHEN Chao, HUANG Jin-Cai
(National University of Defense Technology, Changsha 410073, China)

Abstract: Taking the actual combat system as the research object, this work studies the modeling and evaluation methods
of combat systems theoretically based on the complex network theory and modern combat cycle theory. Firstly, an
investigation, decision, fire, communication, and support (IDFCS) combat model based on functi&nai combat model is
proposed, with its modeling method and generation algorithm introduced, which can quantitatively describe system
armament capability and combat system rules from a more realistic and detgliled perspective. Secondly, this work
introduces a system effectiveness evaluation method and armament importance evaluation method based on IDFCS model
and operation loop theory, which can quantitatively analyze the effectiveness of combat system by using the capability
attributes of armaments. Finally, the work generates the combat system sample networks of different scales with the
model’s generation algorithm and evaluatesits effectiveness, which provides theoretical support for further research of
system operations. 2§ ‘:

Key words: investigation, décision, fire, communication, and support (IDFCS) model; operation loop; combat system

effectiveness; node importance

245 TR 7 H AR FOBT A 57, BB AR R BE L0 S0 R S R0 70 i 2 A I A 1R il 2R R 47
TR PR R L PUE Retl . AR A PR R AR RIZAT U R HERR AR AN DE 4 4
B AU RE K B B i 5 Bl 1. RAEHLEN R AE A IRAUA X HU 3 ) S i, o 2 AR A
&M E BEDRKERE R VKT 0T, & RIFIVPAli 88k 1) B B T 1.

@ Wikt 1] : 2022-09-23; A& X []: 2022-10-27; SR AT [8]: 2022-12-23; csa 75 £k Hi iR I 8]: 2023-08-21
CNKI [ %% B K I []: 2023-08-22

242 i FH K Research and Development

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/9094.html
http://www.c-s-a.org.cn/1003-3254/9094.html

20234F %5324 5101

http://www.c-s-a.org.cn

i H AR SN A

VR 22797 55 B B VT AL A oV A 2R S ABE AN
FABIEFE I B 2N 25, FE AR G PR BRI % ok
H ARSRVPE AR R A EEMME. SRS R
B RE . ABE VPl 77 T ORI 90 K 22 DA SR I 2% B
FIPACAE SR AE A A N IR T . 20 tH48 70 48, X
fik [1-3] B9 T OODA (observation, orientation, decision
and action) FRLEAE ¥ 0 B2 0FAk A i 3 A 4 Sk 1
I FH. 2002 4, Dekker' 2 1! T FINC (force, intelligence,
networking and C2) BIRUGHE A4 R AT A, FHEH
FE 2 X 2% 43 BT 7 VR VAR AR A R R RE . AR AR SR AE R
B, Cares™ 1 UCK B 24 M4 B 51EIR A R @ pish
B, R T B R (information age
combat model, IACM), B4 &1 &5 43 AR AT A
YSEAT s R SRR B AR 4 Fh 2R AL, JRSRE 1R
IR, KA R R O R ISR L AR R
U35 4 PR FIAZ R 4 2K URERL, AU R PR TACM

14032465 19 PerrongFrobenius R 00 R A ft
AT VPG, (5% TACM B8R, B N 223 T AR X %
PR FE A 7. R ER R 25 M IR R N - A 2
AR FR R, FERIR T 28 Fh 25 R0 A 2R A
FEFRRR LI, Tk S R SR B T 1R R A R
RURE VPl b, S T DAAE SRR H D B A A A R
W 28 B Re PR PR AT kR A 1R R e PR, SR [9,10]
A58 A B Xof A ik D) 8% R AT A8, ISR AR AR A K i
XA FRBREHEAT PRAY . SCHR [11-13] S &R Ea
VEHRIR I (R BE T RHA R AR BE AT 1 1TA.

(e

SEA SRR S SCHR AR 43T R LR B, STk [4] $2
K FINC BERUE bRk 2 LLRC AT B, Toiksn & % R 1R Ik
R & T T B PSR, W 5 SRR SR Re VARSI 14
SMEER; SCHR [5,6] AT IR UESRE T TACM A28 1) 2
PEAG TR R0, SOk [7-107 43 a7 S AR 1 il Ak 2
PO R BRI A R AR A T VA, Yo 5 R A
T RSB (8 M S BRI IR R 775 SCHER [11,12] A
YA I RE IR SCHR [13] &0 AR & B
PR RIS T A ARSI R I BOR A i 20 %
AR, T Rtk R SRR R A

1T PR ERR R 1 S R A ek 2 A

FITE NS RS FRFE Il . K JAT 36
P& RN BERA gk DA . REESEA L
&, BRI A AR BN, ARSI R
5] B A A F R B E B A KR &, 1 H RS &
W RS, SRRER R KT EHRRE,
&N A ) 57 545 B (heterogeneous information
network, HIN), 4545 WX 25 455 784 157 5 45 5 P9 24 A 7Y
ASCHENL | FE T I PP D REAE SR (1) S Jo A il Ak AR
BB AR R A i 5 X 2 Hh R S BT A, A
[ FRAE B VOB REE IR 5 W 2% o 1) SR i 3,
WAESRIR R TR%, e VEg e, BiHs
HEEARFAA . ASFBLE HEGAE R AT iR, 22
VI 1 TS, =

TERA R )2

PRI T M2

RS HZ

BT AR 2 R 2 2

Research and Development fiff 70 & 243

© TEREBIK R

http:/fwww.c-s-a.org.cn



i E R %N

http://www.c-s-a.org.cn

2023 4F 45324 H 101

R B R 2 R AE A R 3R AT I 24 A AR, [R] I
TREAAE AR R ) B 2 28 K5 PE, AR SC AT RS RE A
X G A R AR 2 0 2% 30 AT RN 43 7, 3 S ) R
VEHRAS A,

ASCXAE B AR RAETH AR AT B, K fg A
RN R AN HA R TR, PUTH—
FEARMEAT S (i #5848, K71, 8BS, i) 1T
RYE, BN G S M T e, B o Thae T A
PGS TR MR FE. e BN
ST B .

S5 56 W 2 A5 RIS P ) 2 A A AR AR R
I PP D e A s A ] 5 e

G = (Gred> Golue> Ev,yxVies T) (1)

B SUME A RO SL. XU R R

AN, o Greg = (Vred,Ered)ﬁ%?IﬁfﬁﬁJﬁE%ﬁ
W25, Gpie = (Vblue,Eblue)'f_E%Ejﬁ’fD‘IjJ AE 4%
Evy, v, JILL T TE hAE 2 IR 038 T S R4,
T 9 1E itk R A TARIRAS T RO B, Viea P Ve 5 31
FRLL T NTT HITETIRE T LT, Eroa P Eoe 731375
ST U5 70 DD RS T A 4% 1 TR A8 T R A MR MK
1 R B T RS AR B R ] 2 .

I Fr Dl g AR ff s 2
A mn ™
® 4 G A o
" -A: = L =l ." _;A
m . e ¢

-z -
A mn.
TR R LI R
OEEA® OmEAS®
W77 B H T RE T AL 2177 B BT RET R

=TT BRI R —— L0757 RIS R—— LT RER R R
2 HEFIhBE R A
1.1 TIhEET SR
fEr 48 FINC A RUAE A SR, A SCEE ST | IDFCS
B AR B R R I C DR 1T RN 5 2K, il 2
AT AT AT (intelligence, 1) FEFE T &1 (decision,
D). KII¥T &35 /5 (fire, F)« 854855 £ (communi-

244 W5t JF K Research and Development

+ ,

cation, C) FN=Z R AR 15 (support, S). JCIIEET mH
J M ) B W] R A
EquipmentID, Identity, NodeType, Level,
v = Capability, SupplyDemand, Defence, 2)
Timestamp, Geographic, extend
Horb, EquipmentID 9% TG RE T R T 1) 2 46 E— A
W ID, Identity N1 RS 3 h5iR: Identity ::= R|B, R N
2175, B NWE T ; NodeType N7 iKY NodeType ::=
IID |F |C |S; Level JNARYE 1T x££ I FUd 5] o f) 5 22
PR R4 R 28 Level=(0, 1,2, 3}, Level=0 1%
AN, Level‘=1 RE— B Level=2 REFHEIE,
Level=3 AR Y HemE B, AN 7 1715 s a0 15 A1)
‘fi?ﬁ“ﬁﬁlﬁ?ﬁI%l%ﬂ‘%ﬁ@%’éﬂ%ﬁﬁﬁzi@%lﬁﬁﬁg;
Capacity Jy 45 S RE AT, For 5 & AE I B 4L
AR B S B &AM E, &R R 1
BN AL T AT VER; SupplyDemand SN 55BN 75
K Defence 377 BT e J1 1) 55 Timestamp A A&
R Y ECIRA RIS (818, Geographic N7 MW =5 (6] (5
SRR, AE W RA R 4R Ik R R extend
N R e P 1A
(1) T RiBe I
TUTE T RE T U BE 1 )

Capability i = <Radius,Accuracy, DetectRate,> 3)

HavestRate, Eﬁi{iiency, extern
HH, Radius i N 12, Acicul;acy FKon bRl
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Step 1. 25 € 3 %40 51 RECE I LA equip_prob,
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FNAL network_scope, 17 RJB 173 node_attribute, 17 FiAF
TEMEZ T node_prob, UAFAEMEZEF- M connection_prob.

Step 2. Y HT R G [AE N &5 58 Timestamp
ZHY; IRH node_prob FAE A F 4L X7 & KA
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fi, 4525 W — A1 B0 EquipmientID {1, T304 5 5 5
il £ 4= Y 5 1 BquipmentID BEAT Lo, i S K LA
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T R R R T S A A ) A Y Rl BE AL
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R IR IR K AT 4 Fh IR IR RRIRFR b e
{5
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e 11K
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FER 648 % (DFS) Sk, AR WA 1.

BV L SRR e R Bk

N ARSI RMEE G.

i HFRTT A5 target_nodes, {EZIF 513K operation_loops.
WIa1k:

target_loops=set(#H 8 & X 45 Rtk iT £ H

target_nodes=[]

for each node € G.node
if node[ ‘Identity’]==1
target_nodes.append(node)
def dfssearch(G, trace, start)
bool is_unique=True 5 -
bool hasinotifuflgl\"rue :
if start in trace ’
if ‘start in target_nodes
tmp=trace F1 M\ start B J5 — N TT R A FIFR
if len(tmp)>3
if fE IR A S AN B AR A
is_unique=Fales
i FF PR o A 5 R vk A 2 DR o
has_not_fuel=False
if is_unique and has_not_fuel
target_loops.add(tmp)
return
trace.append(start)
for each node € start [J—Hk T 15 2%
dfs(G, trace, node)
for each node E target nodes

dfs(G, [], node) g

LA R U BT B
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SR I PR (ER1 9 1 AR o (146 42 i 3 4E St
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EENC A KRR, % 8 AR 5 P LK. 383 0
AR P 05—, A5 A 26— 51 [0, 1] X TR Py, Y4
A R B S R B 2 R
AR EERE— B R (12). 5K (13).

0» I< Imin
I — 1y
z= m, Inin <1 < Ijax (12)
Imax _Imin
1 I 2 Imax
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1, I< Imin
Tax — 1
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Imax _Imin
0, I > Inax
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(2) EF X BAME SRR 2L RE 1T 5

B 5B IR HE 2 N0 A PERRIR R AT AR
W Z FE R IR, REEAS H SR H AR
MR, F R SR RN R AR R B, A SO &3t 17
— AR AR S T R ML BRI R BT R A TR R

© TEREBIK R

http://www.c-s-a.org.cn



20234F 5324 %101

http://www.c-s-a.org.cn

i H AR SN A

RS ISR A, TR SRR N R &R
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53 R F DTSRI RO IIASURR V2 P o 3R 7 3% 17 i %
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