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A new approach to swarm intelligence: role-matching labor division of a wolf pack

WU Husheng', XIAO Renbin’

(1. College of Equipment Management and Support, Engineering University of PAP, Xi’an 710086, China; 2. School of Artificial In-
telligence and Automation, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A novel role-matching labor division method is proposed, inspired by the labor division behavior of a biolo-
gical wolf pack. First, through in-depth analysis of the biological behavior of natural wolves, the three typical character-
istics of the labor division behavior of a wolf pack, i.e., the specialization of individual tasks, the plasticity of individual
roles, and the balance of task allocation, are summarized and analyzed in this paper. The bionic mapping relationship
between the labor division behavior of a biological wolf pack and the universal task allocation is established. Second,
from the perspective of the interactive mode of “individual-individual” plus “individual-environment,” the individual
role transformation and task adjustment mechanism of the role-matching labor division of a wolf pack are analyzed
deeply in this paper. The flexible role-matching labor division mechanism of a wolf pack is studied, and a new swarm
intelligence method is proposed, i.e., the wolf pack role-matching labor division method. Finally, the wolf pack role-
matching labor division model, ant colony stimulus-response labor division model, and bee colony activation-inhibition
labor division model are compared and analyzed, the proposed method has extensive application prospects in many
fields.

Keywords: swarm intelligence; wolf pack; labor division; task allocation; self-organization; role-matching; activation-
inhibition; stimulus-response

P ———— (AR T, 9534 TILRBIAE T L. R
gﬁlﬁa:ﬁg}iguﬁ;glzooggff;g;/\ﬁ%ﬁ%fg%gg% g ﬂx%’i %ﬁi%i%ﬁiﬁqﬂﬁnﬁ%‘ fﬂ%ﬂt} :%ZJJ 5
869125)02@523%)% @ﬁ%ﬁ%?%ﬁfﬁﬁ% 2EOJ%04113_3$)K£_§§_ 8 Ji\f?'f‘;ff, J\ AR TS b I % N
TR HE R T8 3 4 35 ] (WJIY201922). T RS B 2 AR Z IR 9 3 T 5 P
BE1EE M AW, E-mail: rbxiao@hust.edu.cn. 'ﬁf, Eﬂﬁfﬁﬁigﬁﬂﬁﬂgg%ﬁ%mo


https://doi.org/10.11992/tis.202007043
mailto:rbxiao@hust.edu.cn

<126 ¢ O R

NN
N

S %16 %

WEM S, R AFE RS GEE RN A
o ARRY AR A T TN 25 ) — s TR T AR
() AT 55 54T 55 14, HORB AR A B sl 4T 45 A8
b 30 2 I8 AT 55 4 LT R [T 55 19 A 1R #1
A, DT A A o] Bsf 220 3 46 A 55 08 e 4 O A7 s $4
17, T B— R A AT 55 30 i 43 L A e B X, X
RS R Ry 55 3 oy T2 95 3h 4y T At &k
YRR AE TH W 52 2% P05 B B = AT 55 PR SR R 8 O
Frth A )P EE R R, W AEWRHA T A 4
AR A A RS Y Rl . 57 3 o TAT iR
2 i€ (swarm intelligence, SI) i) B Z R IIE L, A
A SLIY—ARRAE, A 20 UMENE  FRE vk .
O AR A EE R | AR R A R iy B AN AT S5
LA AT Sy F At 22 55 B 73 AT Bl T HAB AR fE
T3 1 0 3 R A, B0 A P D S R I
A8 55 L i A B A A3 B b A A (R AT 55 2Z 18] )
e, P m TAE S PATROR . AT R T AR
AR A AT A B 55 LA N 5 A B AR AR A Y fig
T A o A EL A A 3l P ik S AR 25 i BRI
FP A H SR A AR IE R

Ja & T YRR e, L rh &R A T 55 &R
ge, b EAFHLAS N RS T ADLER RG %,
FE TR 2 — B Qi fe] 368 0k R B R B AR 1 Ry R A
AR A S REAT O, IR 55 R G AT
T RS A A AT 551 AT 55 43 i (task alloca-
tion, TA) J& & 241155 R G5 1 LAl 1) B, 8 41>
A T AeT 2 B8R LA S8 I8 — RPN 21T 1 5 A+ AT
51, HET, LA T T AL B9 5 i (mar-
ket-based approaches) Fl1 3 F L4k i 77 1% (optimiza-
tion-based approaches)™ . R # J& LA WM i 32 X o0
it 1 43 A 2XAE 55 40 BL O 125, anda sz m G el )
AR, A T E MR R TN AT 55 R
e o A AOR M, AT R M S R Ly, (B
fHEIFR A B R, 5 #H D — R IV Ak
Ja & B B AR SR AR, st L B (genetic
algorithm, GA)"' ki F#£54 1% (particle swarm op-
timization, PSO)!'"!, M B 54 ¥ (ant colony optimiza-
tion, ACO)'"*!, R BE 4 % (wolf pack algorithm,
WPA)! 4 TR o S SRR JE L Y TR
R E LAl %8, (A BT e 2 AR S0 K
fiff JEL I, A S B R B0 25 I R SR AR R A iR
NI s R A,

HEIREIR Y 557 3l 4 T A T BRAE 55 40 L, %
TAEYRR S 54T 5 280 G AL A
Y T NHUERE RGEAE) T2 ) APk | Jm) 7l
SEEH A A AR o A A5 R REBE 1T B

ST T A ARARLPETY, B AR L, T A5 %555 3h A TAL
WIS AT 55 RGN R AT 55 40 e I ik o JRJE—
Ny o HAH L™ % it e m s, 1%
85 25 Wb 19 55 2 43 10T LASE 8 2 0 DRI A | T
B A R — R BB AE 2 X
PRTE b, AN [ A 6 AR A AR DS E A7 A W] 13 4
%, W B R 5 fb it RE R 2 [ 5 A 5, R
R, RE L B ASIE N R IE . BT AR g
170 B R R 00 A0 B s AN W B, G R R B 1k
(wolf pack algorithm, WPA)"", JK R4k (grey wolf
optimizer, GWO)"' ", ZF AR 45775 (coyote optimiz-
ation algorithm, COA)!"™ 45, JC A WK H AR B fiE
14 LRk Ty RS AN o SR, — 7 Tk 26 3 T
ARFER BE MO0 AL 58 el W AT R R AR L SIS
B PR AN i A (), T A R GEAT 55 D
P BB TR L B O AR 5 — i, 1
B AL 55 53 L 0] R B AR B 55 301 43 TN ZEALEEFNIE X
A AL, 1 R DL B A 5 e 0

AR SCHE T X AR 0 A= W) 2 AT R oA, G T
A A8~ VT BCAR B 55 801 43 T AR 007 3 FUT: 55
PEREALE], BESE T ARBE AR AT 55 VT I 1Y 2 M 55
B4y TALH, B TARMEESY 2h oy TREAY, $& T
At -VCRCARBE 57 34y T4k . &, it i
ST, R TR A DTG | I e,
TR R — 4] 3 AR BB 97 30 40 TR AU 1 W] AR ()
PR 25 Sk, JF R - DL e AR JF 55 3
o3 T2 W RS

1 B AT A AT

1.1 £YEES

AR — it 7 7 A 5 B BE JE Bh A, KA R
P PMERL & SE I m B 55 840 T, THFkR—H
BT EYEE T . — MRS, B VLRERI A 5
H SRR BB S AHVC R A B — o, Xt T
TRBERGE At SR S5 . 4> THHG . f5 B
AT Sl AR AR A B R A T
FEAE SR 1 5T KR AR R A S AT 8, HARAS
ARG F B A AT 5 Z VC B AT 55 o I
. H RO SR AR R AR B RAE S SRR, SRR
A B | Sy T =2 TR ) A5 45 TS B 1 A0 5
B, JERA ST B B g iE S Y. 3R
SEARAE A D BORS B, SRR AT I T,
TR A PR B ORI SR . SRR TR
R Y, el Dy, BT P SR R LR
Yo A EURSEARAE S Y A i) B 2 R i 3



51

RPENE, 55 HER BRI M IR R IR 57 3 0 T <127

o g, MR [ AR @A R R LR, R

B
e

TrRmEE

[N

T e RS YT AR EE A%, WAL 1 s o

B1 REFHSIIHNRERS

Fig. 1 Labor division and role differentiation of wolf pack
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Fig.2 Perception and interaction mode of wolf pack
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