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Holonic-C2 organization collaborative resource dynamic scheduling
method based on multi-objective optimization

WANG Xun'?1, JIA Fang-chao®, ZHANG Jie-yong', WAN Lu-jun®, JIAO Zhi-qgiang"

(1. Information and Navigation College, Air Force Engineering University, Xi’an 710077, China; 2. College of
Information and Communication, National University of Defense Technology, Xi’an 710106, China; 3. Sergeant
School of Air Force Communication, Dalian 116600, China; 4. Air Traffic Control and Navigation College, Air Force
Engineering University, Xi’an 710051, China)

Abstract: In order to solve the collaborative dynamic resource scheduling problem in Holonic-C2 organization, Firstly,
the emergencies on the battlefield are analyzed, and three basic types of emergencies are given, such as changes in task
attributes, reduction of available platforms, and changes in the number of tasks. We propose a collaborative mechanism
based on the Holonic-C2 organization’s two-layer structure to deal with emergencies. Two multi-objective optimization
models are built for tactical decision Holon and a kind of tactical Holon selection method is provided for operation decision
Holon. The simulation experiments show that the proposed Holonic-C2 organization collaborative dynamic scheduling
method can effectively deal with the situation of that a single tactic Holon cannot handle emergencies well, and realizes
the cooperation of multiple tactical Holons, which verifies the feasibility of the proposed method.
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PE. ARV & (1 F 55 I 18] 20 R B 08 1 DR AN 22 ¥ A I
) HE & AT 55 A BC 4R B —F &, (RS2 bR i) B E T4
HIRET SF G LA A R R, P 6 TVERAT
A TR AN B B IR 5% DRI, 5 JL56 PRAG P S $AT 2
FESS AT AT 1, #0361 & 1) Z2AE 55 P BAT R R 2 T B
IR

Mut = (MUtjnm)sxrx1- (21)
Forbmut ., N1, 2781 & PH; 04T 58 28 n ME:
% Ja AT LAHAT 5 m ME S, N0 V) € Peg, Vn,
m € Tey, |JTa.

BBAE S -1 & 0BT Ay, V& PH; K557
Be 7] &y, B M N6 PH; FITHAT AR 55 (1) 9 5
FA WM, = {ilys; = 1y € y; b, AR 8]
P HEFP JE I8 6 D M, 2 tear (v) < tSag(o1), 3
Ho RoRIEA MBI o N ISR, T B KRS
LYWW B

HmUtij/(v)Mj/(vH) =1L (22)

43 BN Holon B% BFRrALILIERY

E 55 BHIRTR 25 1 58 SRR T SRR R 7 e
%3 /& A 55 0 BT 8 IR SR B AR 5 SR (E 0 B A PR
)5 R Holon 11 &, FH SCHR [4] 77 5 40 B 5% K A AE
25155, 1y HE B ER T P B YR S A f Bk O T 5 B U
BC 45 262 0 IR O, AT 55 BE IR 25 22 29 RN BRI 2
B BR 2% A BRI AR 1R 5 7™ e 240 SR 2% A

LA % R Holon AN B8 I8 1o ) B 42 (it 58 B S A4H-T
25 FT % W T SR S 2 W% AR Holon N 7E 8 O/ SR A
125 BEIRTC 25 26 R T BRAE ) Bl -, A R P B AL
JEHTT 55 7 SR I BRI SR A, IR Bk, B2 U5 B0 25 U B B B
T e S R A R BE 29 FR W JFAT 45 i 2, LRk
PEAULLE T 55 1 B IR R B B, B Jim DAL AT 25 1 %
TRECZE B L. etk B AR T Fros:

E Zil

M =10-T R [€RTnew _ — (3
Q num + [Rm| + IRTnew|| (23)

Forh: Tnum R B 5 B RS 5 K T BME M
{15550, Rm R T G R4 R AT 55 I s B
PRI [ B A7, RTnew 7R K FAFAE 55 P & (10 82
RIS, ||| Tt HAE A TR

FAN AR Holon BHE AN 7 # 15 Dt ) B IR B A&
BRI T s
min QM"” = —QM’,
min Cost = Z Cj - Ptr;.

jEPCk

7
z; = min (Z leyij/Rila 1)§
=1

k k
0< Z Yi; S Cp, Yi; € Z;
jEPcy

0< z:

i€Tc, J Ta

k k
Yi; S ¢ty € Z;

(Yij - t8i — Yarj - tewr) - (Yij - t€; — yirj - tsyr) > 0;

H mut;ag; (o) M,/ (v+1) = 13

st { Z Zil

lERTnew
QM’ =10 - Tnum + |[Rm|| + ————;
IR T new|
L/IRT ||
QT, = ( H Zu) , Vi € Tey;

leERT;
QTZ > QTthresholcU Vi e Tck;

Ptr = f(y*,y*");

STnew

a. STCk new
ST 11 _ [ ] , ST — [Rnew,tnew].

(24)
5530k [4] HPA YA B, PR A E bR R A SR K
HIES TR IRAE LS %, R FHMES N BHIR LS %
S L AN BRI 2 FE ) SRS 3. AR Y A T
FREBEARAT S5 (BLHE R & R 52 5 AT 55 RN 32
SR LA AT 5% ) B IC T 26 1) fe KAk, T 2 7
TRIUE S 5B AT 5% (B °F & 1 28 52 52 (14T 5%) 5%
VSR 2R 2 I B B Bt b, RO AT S5 4%
3 TONIIAe/ Y
44 ZBIRMEUKBREE
AR B B R 20 R TR S B AR 2 P R )
] /1, BAME S ) 2 B AR A SRR AR 0 X AR Y AT
SKAR A, BT 1) v P B O, A B A A LA
SRR G R 5 AR AT AT B, 1X 2 A5 R b 2 e B
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IRIISTUERE . PRk, Do m A SR R SR AR AR
SCHFH SCHR [4] 7 st i) 2 H Ar A6 5 (improved
multi-objective evolutionary algorithm, IMOEA) X .
Holon £ H AR AR FE47 3K .

5 ZdkR Holon 8] K HMENLE
5.1 1 EERAR Holon BYIEHE

% K Holon JG 7 &b B 98 & F 1 B, % 1% R 56
Holon % & H Ath 5 AR Holon WM 5 1k 28 & FHAFAT 55,
N T HIR G R AT 5 R 56 i, L e 18 B 6 30
AHXT 4 % [ di% AR Holon /E A HIME .

B 1 1% AR Holon TH, 14T 55 505 NT, 7T LA %
K & 2E A NP, W TH, P& TURFEMN T frs:
NP,
NT,

127 & TUAR FE B i 2K X % R Holon #E47 HEFF,
1% A% R 5K Holon 42 I 7 & A2 HIME.
5.2 1MEEAR Holon BYIEHE

Holonic-C2 2 2R i X 58 IR 2 245 1 5 v FE 2l
47,

RE; =

(25)

FERII X HoAth

. A Holon WA DR
it S 1451 Holon
i [Pt |
TR G 3 B AR
Holon

guk e
t% A Holon

B A

POEFEN
AR

Holon

4 Holonic-C2 HAMMER FRENZSBERIZ

6 PiEER

ARSI FE Intel(R) Core(TM) 3.5 GHz & 25K
_FFI ] Matlab R2009a 17 H 8 AF3E47 5256
6.1 HEZRH

F - WA 30 U5 Bl A R AR A B IR 1 L R 1
AN AS U ), sl A R AT S, R E A 3G
It — 2 BHIR O TR A 1F T BN R Holon BE 64
ST HE S L, R SR A T TR AR T BN R
Holon /A~ g 437 1 #2H AT 3@ ik £ MR Holon P 5¢
B B I I, = B R B = R I 2 AN R A

Holon PE 58 B 1 H (1) 475 0. A 3C 3 B2 50f 28 2 Fh iy
L B S FEAT 1 L AE, R T Bl A LA RS A (R R (1)
G TCVFEARAE R IR W —Fiv IR o0, 1 17 eV A 40
AR 5925, BRIk, AR SC IR B T AH X BB 47 3 %R
AT S50 30 IE

9T PR AIE SIS SR 0 () 2 W1, g e Bl B AR R
%) S 56 i 48 ok = 092, DL SCHR [20] A A A 9 45 ik
e A E A, % E 2 3 B F AT 3 40 (maritime
operation centers, MOC) $i& fit ff) fii diy 2 451, B % =
() LS. BN AR E b, P B BRI R T MR AN
L = 12455808 n = 11, RS EEE Bk
1 jfi7n; Holonic-C2 H AR 6 FEm = 12,7 & 4l
A B 5T RE /15 B 4134 2 iR, Holonic-C2 4H 4373 4
3% A Holon, £ /M# A Holon BT J& (4T 45 #1°F- & 15
BNl 5 .

*®1 ESZHEMER

114 T1 Tg T3 T4 Ts T T7 Ts Tg Tio Ti1 Ti2 tsi tpi
7 5 050 0 00 OS5 O O O O 30
T, 5 01214100 0 012 0 4 0 O 30
T3 3 0 8 8 7 00 0O 6 0 4 0O O 30
7, 2 0 0 0 OOOOO0O 5 0 0 0 30
Ts 2 0 0 0 00O 50 4 0 0 6 10
Te 5 0100 8106 05 5 0 0 26 4
T 2 0 0 0 8 0000 5 0 0 0 24
Ts 2 55 0 0 0 0 0 0 O 2 3 0 24
Ty 2 3 0 0 00O OO O O 3 0 30
T 2 8 50 0 00 OO0 O O 5 0 18
T, 27 0 0 000 OO 0 5 7 0 30
xR2 FENTRENER
RRE Ty T2 T3 T4 Ts Te T7 T's T9 Tio T11 Ti2
PH, 56 5 025215 5 2 5
PH, ~ PHj3 3587 6 43 37 5 0 0
PH, ~ PHg 2 58 7 6 43 3 6 4 0 O
PH; ~ PHg 03 00O0S5 4 21 3 1 0
PHo~PH;; 1 0O O O O 6 2 0 0 6 0 3
PH;, 00 0O0O0OOO0OS4O0O0 0O O
PH;3~PH;y, 5 0 5 0 0 O O O 8 3 1 0
PH;5 300 0 0 0 O0O0OO0 1 6 3
PH¢ 00 0O0OO0OO0OO0OOU 03 2 4 3
PH,, 20 0000 O0O0O4 3 3 2
PH;s~PHy s O 0 O O O O O O O 1 5 5
PHy, 575 00100 4 1 3 3
( TH: N ( TH: N ( TH: )
1%  FaH £% P& 1% F&
T, 5
Tl T | [ ompine| | | | 72 || PP
I, PH;s R PHs PHu Ty | pyss Ph
; PHi: i PH; PHr 10 | | PrLs
PHis T6 PHs
N J \ AN J

5 BN HolonHIES . FERBXRAR

FRPE SCHR [20], 3 T IR S5 BRI 6 E B AE
B4R TR R B T S ank 3 iR,
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£4 PH, PH, PH; PH, PH; PHs PH; PHg PHo PHyo PHy; PHy PHy3 PHyy PHys PHy PHyp PHyg PHyo PHao PHay RVERCZS T /%

n 0 o0 o0 o O O o0 o0 o 0 0 0 1 0 0 0 0 0 0 0 0 100.00
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. 0 O O O O 0 o 1 0 0 0 0 0 0 0 0 1 0 1 0 0 100.00
T™; 17 0 0 O O O O O 0 O 0 0 0 0 0 0 1 0 0 0 0 1 96.22
To O 1 o o0 o0 O o0 o o 0 0 0 0 0 0 0 0 0 0 1 0 88.91
6.2 SCIGLER ESEFN

ISR BE R AT 55 B3 7 R K SR I T AT,
BEHLIG 0 — NME S5 9 R K A AT 1 B 5. Bl
BUP= A B4 58— 43 1] DA BH BN R OR Holon 40 28, —
43 ) 75 B 42 A R Holon 22 7] f W E 58 i, 4 52
AT 9T SN R Holon TG 72 Ak 37 389 4T 45 (1) 45 100
(BB 384T 55 TR 45 26 o ik 08 B ), e i 1)
fE45 )8 A R*=[0,0,2,0,0,0,0,0,3,2,3,1], "V =
[0, 30], B YA e 25 e S K B ¥ B R 0.7, % AE 55 KA
E THy (1) i Bl R F A ST AT S S 28 K SR A 07 32
AT 2 B bR, THo 3R15 8008 SR FE AT 1 B 6 .

3.5 —a—
X:-548 | | |

L e e
8 R

o S S S s Sy
3 I

& 20f

i | i i | *
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1stobjective
6 TH, XHHTEIES % B ALINIARIERDE

1) %K Holon TH, fE AL Ex.

HRAE 2 3 BT B B2 8 FE 1 H R, TH, 7T 2 5 3T
% Kb BE IS4 A PH, « PH3. PHg. PH,. PHg. PHyo.
PH;;.PH,.

TDH,, HR #8545 53 %% 2 28 AR A B4 O 40732 3% iy
SHEAT U A S AR N TH, R 58 5 10 V5 53 7 5
R, HAREACAE A (—54.8,3.451) (MR HE4T 23 #7465 1
AMEAL B FRAE N —54.8, TH, H 5 A 19 5 M 55 1 RE
125 38 % YR £ S B0 M1 B 5 5R,, THL 1 82 Ji5 (1 5 U5 1
JE 77 SRS R AT 55 4R A 4 Fh BR YRR AL, BTG AT 5%
(1 B2 6P B e 45 2 0.8; 55 2 M4k H AR 2 7 &
NG UE VR (RN A 3.451. A AR 1) B U I T

*4 MEAMESMINHFRARSR

{£% PH, PH, PHo PH; PHy PHyo PH,y PH. o TEURACZA /%

Ty o 0 0 1 0 O 1 0 79.37
T o 1 0 0 0 O 0 0 90.85
Ts 1 0 0 0 0 O 0 0 100.00
Ts o 0 0 0 0 1 0 1 73.68
T 1 1. 0 0 0 1 0 0 100.00
Thew 0 0 1 0 1 O 0 0 -

U0 7 B, e SR N R WA TR A
1R IR LSS 3 AE NSS4 At T #4820 P s i) 8%
IR, T E AR AR Holon P A 2 HIAE 55 3 HE AT 55
HH B IR R A A2 (K 3, W R P

RneW’ - [070;0707030707070707370]' (26)
120
<100
£ s0
2 60 = ViR
@ 40 .1ﬁ?§)é
&R
=20
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115545
WENERESHNERI AR

2) %1% % 5 Holon T A B X

RIER 3P IS AR SPAT K RE B T E S
AR A Holon [1)°F & TUAR FE, TH, 10 BF & 40 4,
£ 555050 3, TH3 I H 27 G 80N 5,48 55 500 3, i 4
X (25) THH AT 13 %% R Holon [f1°F- & TUR £, RE; =
1.33,REs = 1.67, 0551k 3% THs /E 8 AL 55 1 I E
fi% K Holon.

3) &K Holon THj.

3% 3 P & AR S5 34T % 245 S AT &N, TH;
A {8 B (1) °F- & 4 PHy6, PHi7, PHig, PHao, PHa1, 3K H
3 (24) W H7 15 Y 3R 47 SR AR, 3RAF 1 iE 2 RV a0

&7



1480 # % 5

xR %36%

K8 .
1.6
14
2 12 | | | |
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o | ! ! |
O R G 177 & A N S
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17 S R
w w w Lo
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st objective
8 TH; XIS ESE % BFrtE AR RITAIE

®5 TH;HHEFRARASR

f£%5 PHie PHi; PHi9 PHao PHpy HWUERCZZE/ %

Ty 0 1 0 0 0 100.00
Th1 1 0 0 0 1 96.22
Tio 0 0 0 1 0 88.91
T 0 0 1 0 0 100.00
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TH; " 1) TDH; 4 $6 4% 52 (1 2 B RAT AT
HH O B T AR AR D SRR R T R R e kB8
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FAHMAA T TH; H I TURF & PMELLFE TH, 58T
AT 55, H TH, A TH; 00 45 S R 0, %08 B AF 2%
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PR T 3T 2 H R P 25T 5 R ) B A I
FEAE AT T LR RO F A al B 85 7 2 Hiw
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