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Optimization Study on Weapon-Target Assignment Problem in Air-defense Operation
Based on Intuitionistic Fuzzy Hybrid Particle Swarm Optimization

MEI Hai-tao HUA Ji-xue WANG Yi WEN Tong
(Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China)

Abstract Weapon-Target assignment problem is a NP hard problem, which is a key procedure in air-defense operation.
To improve the speed and precision of WTA, an intuitionistic fuzzy hybrid particle swarm optimization(IF-HPSQO) was
proposed. Firstly, this paper established the WTA optimization model with the resource constrain by consuming the
least ammunition to intercept more threat object. Then, this paper introduced an intuitionistic fuzzy charisma function to
exploit some better individuals to participate in the updates of velocity and location. The identical factor was defined to
adjust the inertia weight and learning operator adaptively. Furthermore, the GA based on elitist reserving strategy was
developed, and was combined with PSO to search optimazation. Finally, the simulation and comparison result of IF-HP-
SO with AIA,GA and HDPSO algorithm indicate IFFHPSO performs better in optimal speed and results.

Keywords Weapon-Target assignment, Object function, Intuitionistic fuzzy set, Particle swarm optimization, Identical

Vol. 44 No. 5

factor, Elitist reserving

1 Bl

TR B S, WTA REH R HE BHR.
R CHFARHBAEAREER X, WTA RIS 4
BRI A HFER EHREEBRE B, ZBRETEHRR.
BRI RE R B 25 M RIS R P i — N IR Y, HSL Rk
LM S ALRED . WTA BT NP XERE, HE Hingg
B, FOARZS R B BOM K AR A nsh BRI 5 X
FREL SR B P T Bk . HE, B ERE stk
B8 45 B B (Genetic Algorithm, GA) . Z /> #E 4L B B
(Differential Evolution, DE) . # f#1iB k & ¥ (Simulated An-
nealing Glgorithm, SAY % B8z M H Tk WTARY, H

PR H#A.2016-03-01  3&4% H #A:2016-07-19
(2013JQ8035) ¥EHY,

A G WS — BB, I GA SRR ERE 5 W
AR EAR ; DE S5 5 B $503 B 18 B BE (K SA $RE R 72
BRERIRERE.

i F BEAE 4L (Particle Swarm Optimization, PSO) 8 5%
B Kennedy # Eberhart F 1995 £ Z S BB AG B I KITH
HE RIS A, A AL SR B SE B B SR
BEOREREBERA. SURTIRE T A EEBTHE
B R T R WTA [RBREE , B FREEE PR TR
T BRI A B H ;U8 3R i GA SR WTA,{EREE
MARAS EERAMBREE S 5 BB BE. ERENE (n-
tuitionistic Fuzzy Sets, IFS) & Atanassov T 1986 7N £
HSER E R, EERBI S AR BN T IERR B

AXZERR A RPEHS (61402517, PEIEL/EH 4 (2013M542331) , B 4 B AR E RS

HWAE1993—), B, 8+, FERFT A NE BESAESERIE, E-mail: meiht14@163. com; 4% (1966 —), B, BI#&Z, B+ 4 2 IF,
FEHRT NI ARBMENEERERASE 879, B, B+ 5/, TLESW, FERRFAANTREELHSEEIARS, X K

(1993—), B, 8+, TEHHRF R AEEE S AR ST IR,



264 it B PR

2017 &

WBE, SR EREN S AR BEE FHEE R AT
WS, TT S 0355 B o 0 D 2 VR B O B M AR

TPl HEE, R A EWERSE I FSHIESRA
BRI NBAN THERRTES ExHEA N
FRRRE WTA FREJLALERL, 1 B R IR 8 B F 8
HALE ¥ (Intuitionistic Fuzzy Hybrid Particle Swarm Optimi-
zation, IFFHPSO) . XHRrF A 938 N BE K /84T H M
L, T E S5 2 BBRA MR B B S RON BER , AR T 4B i
HEFBBRAST HAR T, U PSO MEE M BHTE
¥ XA B EM N F ROk A B RATRENEMESE
Fo DR B ok iy e S B s SR I TR RERE SR B SR e
GA B354 B PSO Bk i 5 8RB AR, It i il . | Jm e
WTA BB T AT RBEE S BB ER#T L
8, 88K IF-HPSO Bk WHGHE R SRR ER , IR
B Rk WTA RIEHHRR T —&AI1T8%.

2 WTA o)i#ig

2.1 WTA @4k sl

WTA [RIEE% O T BR B A e, B EEpe
PERRACH B/ NBP B B B9 R B/ JE AR R B RS, F
B 2 A5 A1 Bk BR BT A E R B /N i B AR R 3. i
Hm AR, T T)en MRBES (W, W,, -,
W) o8 i(i=1,2, PN PFEEETERT o TR W X
HErT; BIRGER p; G=1,-.m), 0 HBEWj HBE
. TR AR CNERRSEES DR B iR B M
WTA [ B AR B HCh -

max fi (2)=max( 54 (1= 1—py) D M
i= i=

min f; (x) xmin(igxij )] (2
B, z; =1 RR"XTBAR j BT REF 25 =0 MRRRS
Bt W& BRI L EEL 1L 2 B AR AL R, B b= (D
HOTTHER:

max f1(z),s. t. min f;(x) 3
2.2 WTA QR4 RFH

LR SRR, WTA HEE &2 MRS VEFRATE
B RFANBETCERBEESHENE E. HE SR
B8, FEE R T AR EAME.

DRBYLE  BREAZHNEBRRSEE R ., WL
jén:lxij gci ° .

2) RIS R RBHELIUNTFRE TR A RS
gagomme. 3 Ba<Ba,

DX F BRI KM B, RFS RS NREBHTER, B
W :jglej =1,

3 RfE WTA @81 IF-HPSO ¥ %

3.1 ETFXEMHEBE WTA EREK R
WTA MBS bR — MRk d ARG R AR, e
A PSO BT RN, BT RIS IR . RESREER

BRI M e BT SR SRR B 8, 1 EL 0 . WTA 4L
R LR %44

Bt —Fh B PSO FhEE aRis SRS , 4555 B A B B0H
SR EL T K2 BARHFSN S, INEER 4 7R S Be 45 %ot
N RARHMERBEENTFS, BRE i MREFPHE . BTEW
RAREHR0T -

x; () =zt (n). zF (w) )
b, 2t (W BEFR BRI S , of (0) BIBUE R R - BL 4
R BB S 0F S, il 1 Fixs.

RBETEFE 1

A/ /

(1.1,2.2,2.3,3.4)

B I5
HAEH A

Bl SKEAEHERE

E 1 rREE RS LN SRR T E 1 REES
1AB5,58 2 NS SRS FERLEE 2 ER,H 41
FREBE 3 REBN. ML HMARTNRE, KB LB H
BRR FREEMEN T TR E B RS, AT
R ORI F BB 5 R BRI B2 8]

3.2 EHHEMK PSO ME

A PSO Bl MER WS MG B REE R RA
R, ST TEERPIEROG) RO EFRT OB E
B

tia (1D =wvig (D +arr (P —x:a (D) +

o7 (P —x:a (1)) 5

Zia G+ D =z:a (O +va (&) (6>
Heb o HHENE, —BR 0€[0.4,0. 9150 # ¢ RhnE KA
F,—MB c€[0.5,2. 515 F1 r, HEEHLE T, BUEH[0,1]
FHIBEPLEG 2= (Pas Pas s P AN ERBIRALE; s =
(Pa1 s Doz v+ P ) ATHBE 2R F BB AL E . BOR FRPBEM
BN n, BT i D BEBERMNERN 2= (za 20 rzu) » B
BRo=Cu, vz, v (i=1,2,,n3d=1,2,,D),t K
LETAARKEL.

PR T i PR ¢ YGER BT WTA HAR el 058 i [ R
St s HoH froan & FN froin (2l 505NN 2 A B IGE B
MEB/NERNE. BT B SHEPLERRIETZENE
ERERR TSNS RN, AERBEERAXFEHE
BB FHA BG k) . RBE p(HFERBE v(zHRR
o

ﬂ(xit):

0, f@&H)<fumlxl)
) — frin (i)
Frax (el ) — foin ()’
1, Smax (xé)<f(xF)

Srmin (el ) <f (& )< fonax (s

)
Y(zf)=
0, Swax (el )<f ()

max(xrti)_' (:Cit)
Froax (Tl — frin )’

1, SCaH)<fumnlzi)d

Snin (2l )<< f(xE )< froax (D

®



%553

MY, % BT IF-HPSO B MR =R WTA [REB5T 265

BT i et BB N E SN E R A = {((z, 1
xh) » Wz )y ERBRTFRA N G={(p,1,00} BT
i SERBRERAEBER 4. WHEARN:

d,'g-_—

«/é é[(/‘(ﬁ)—l)z+72(xé)—i-(l—#(x;,)——y(x,;i))z]

1€))

BB BT AR T4 ¢ Ao SRR ] 02 ET S B
Bd: M

Ez;%éld,-g 10
8 BG.OPH k ANSEANE, BT  FES
B EE e RBRER L BT ES:
dy €BG,E), if dp<d;

an
diy € B(i,k), else

Hit, #HEEFHARER .
Vg G+ 1) =wvg (Dt (pu—xu (t))+h632(2_ k)Cz 72

IMF(h) (pg — 2 (D) a
Hep, IMF(WDFERES BG.DHRT r WEEENRBE,
mRMTERS.

3.3 BHAEBEHEEN PSOHZE

RN E o BB BB S EE 0 e S5 B AR 8
B, 78 PSOMM, MUK 1Y o, LIHER & RIS R LS 7
JEH S R/ w, EUIGR B IR . c1yeo 2 HF] BT R4
&5 LB MR R B E AT, ERTHL, RERK
8 oo FIBUN o s MEEEBE R BE R, LIRRFB R
¥ 2RSS, IR BBKH o FEUNY o, UIBRRL F3E&A
FUBE ST R R SO

FEF AT, PRl R R B >, 3B B 2 5K TS
F0RL T8 B BE 2 IR, M M 2. XRWETF s, )
WO FRIBE SR, D BERHE o Fl e,

1

a N
147/ Elf(:cé)*f(xa’ng )

Horh,n IR F R f(2i) 5 f(ah) FRIRAERERS
¢ YOEAUP S ¢ ARLTHIE R B AN 2 R P B R BE 50=0. 1
NARERYE, BR 5. €0,D, EXFAHEFEHI,

(13)

Sp=

0., =1—cos(%sv) a4
W B 3B BRI « Y
w2+l:%mx_(a‘max_a‘min) M 651, 15

AHRLHL, B 38 BT FRR N

Al = —(F=—c™) « 6,

=g — (= —cF™) « G,
Hd,we[0. 4,0, 97,¢€[0.5,2. 5],
3.4 EXEWRES PSOMZE

PSO BARZERRVE IS BE BB, WG BE IR (BB A
BB, A PSO B ¥ 692 J5 i s 5 75 i HL Bk
R meE ), RAE TGN KA EREROREE
B3 PSO HEAML A F KM WTA [,

GANTERFEORBREE LXNER, BREHN R AE

(16>

=g MAN ER . ¥HEIAZ PSO Bk, M3
AMEHEATRE . 3 PSOBEREREBRFHLRRE pu
PRARAE pufE GA ISR, LB BB R X ER
B4, OB AL RAERT S W03 DL, B HTMERME pa FIE)R
Beflpo. WEBERBEBHBPHERNMEBEEHT
5, BB B LI B AR YR DI G .

TEFRIRAE 3 PR IR B R W 2 R ERFERREX
MR A E R TR AR R ARAMER, TR A M ]
ZEFPEE P ASE BB (B R/ DT R0 A R B, B B AR, ]
HEHERER AN

po = i)/ 3 Fat) an

I EFREAE AR po AL R SBIR A
AR RER E p EIL/NUL 08 155 Bk BSE BE
18 T AE R G5 R R R A0, 38 X428 F ] e nFh B B4, B U
FEANRERRBAR s R R S BIRF B P R R AME, B,
BB 3 ERRET .

o ) — faa ()
Pe= Pemint Pemax—pema) 7 ST L TS

=Pcm+(pcxmx_?cmin)/1(1'it) (18)
HP ) pemin 5 pome N/ XRMBRELE,

=4 o L) — fon(h)
P = P min T (Prn max p’”'“"‘)fm@é)-fm(xa)

= P min + Do max — Dom oin ) KT a9
HH s prin T O NRNERBHBAERE,

W E R R B ERNERBMMBRMERT TR
HEAEA R AR LR ME, EZRE X ERBIEZE,
FAZE S RTHEREARAE BE ME,

2 3¢ IF-HPSO Bk R i B 25 #E iR WTA [R)RE /4 2 3 fn
B 2P,

BT RFHL

&R

e =

¥
[ psosfkEmBAE RAEEMMAE HREF |

HHIMFG), £RBGH |

BN FERH

RS, RA SRR, SRR
#HE L XRBER M

HERWEX KR

| BRTRAME HFERE ALREFAAREKARENE |

| Ewranmsrnan |

‘——*‘ TR MRS R R
Y

H 2 IF-HPSO HitRERER
A 2 fia, BRI R &4 v EERRER PEE




266

it AL R

2017 4¢

RSB, W 5 o, e ATin R R LB E 5%
15 3 AR IEAE R I BB B A EARRBERE B LR
Bt @ FEMBEN KL R, R AR RIS ES
FricRAsH .

4 HESHELR

X FI RS HieR

A AL IF-HPSO B SR WTA (R M8, X 3L
BRL13] B WTA RESEHIFTWIR. KhIPITE 10 ##
FREEHR T, G=1,2,-,10, RF*XH 7T HRBEE
WiGi=1,2,-, DU FTEBITE Bi5, & RS S WA
BEl C={4,5,4,5,4,5,4} , RIBUA LB ABIEWE, &
KR EIRMBME 6 RRBTERKEBRHERE p, W0
& 1 sl

#1 FHPHERME § IREEREK p;

4.1

RE B AR #h K

Fé& 1 2 3 4 5 6 7 8 9 10
1 0.8 0.8 0.78 0.75 0.52 0.88 0.44 0.39 0.92 0.56
2 0.56 0,72 0.88 0.46 0,72 0.56 0.68 0,45 0.48 0.75
3 0.45 0,61 0,54 0.73 0.84 0.84 0.78 0.42 0.53 0.65
4 0.56 0,42 0.76 0.84 0.73 0.83 0.86 0.62 0.78 0.82
5 0.45 0.58 0.38 0.44 0.36 0.59 0.78 0,77 0.65 0.81
6 0.46 0,61 0.55 0.68 0.75 0.83 0.73 0.66 0.82 0.48
7  0.66 0.71 0.65 0.44 0.8 0.79 0.44 0.85 0.53 0.39
6 0.09 0,12 0,14 0.06 0.05 0.10 0.08 0,09 0.15 0,12

B & IF-HPSO B 3k MM HEAIE Y 100, B SR REH
500 ; RPENE 0e[0.4,0. 9], %I B F c€[0.5,2.51, %X
# p.€[0.4,0.9], 7&K p,€[0.01,0.1],
4.2 ARERREAH

LI IAIE 8 Windows 7 R 48, 8GB 7%, Intel3. 60GHz
CPU, fi|H Matlab2014 MiE S HRELH. ¥EXBEEHR
G (GA ATHEESAIAD X4 HBESRT
FHE 1 (HDPSO) 41817 50 K, KRB R N E 2 g, & 3
Sy 4 FEL L 138 B FE M M AE T 28 .

F£2 HEMHEBIE
% AIA GA HDPSO IF-HPSO
&AM 0.9525  0.9470  0.9742  0.9957
&R BEM  0.9102  0.9030  0,9218  0,9912
FHM 09313 0.9250  0.9480  0,9935
ML 3,27 2.16 2.66 1.71
ME/s BAkHE 3.96 2.96 3.12 2. 44
FHE 3,62 2.56 2. 89 2.08
ER K 131 23 104 73
RRREAELK 16 9 21 30
LT e h
T
095 s e
09 { “ ‘:
P
08 frrmmmsmfr e
075 0 00 200 500

200 300
#RAK

B3 4 FhE RS BB E AL B 2R

MK 2EH, IFHPSO B FME R MEE SRS
HLF AIA #1 HDPSO H ¥: , RE GA %55 23 B 248 &7

T & REh B H I3k MR H B AR ; iesh , IF-HPSO Fii8 &
ZE . RAREBEFHA 3 #E S, $L IF-HPSO B i
HoRfEeE A E SR . ik HDPSO Bk, IF-HPSO &
EIAT B SRa BEF A E F ROk BEM Y PSO&E
EWREREMEI R, B RER RS E LR
BIMBEFHSETR; 5 ABER I ERN RGBS
% IF-HPSO B33k th R AR AR 13 2R B AR 7 T Ak st
TH%E . 7£E 3 9, IF-HPSO B3 7 19 18,30 18,73 by 2
R AT AU — . GABBEHM TRARAAE
MEVETF, HEARREML, REBARMKE. AIAEE
AMEM SR BN W B R E TR 1.

ST 3 AR AL B £R , IF-HPSO & B 78R8 Bt et iy
Sy gk 3 o). HARAR R4 R8T & o i Rz
PRI, T L R R A BAR (A 9,3, 1O I T B E MR
ARHEFTEEER, W R B MR R IR R

#3 IF-HPSOEFHR

E DPEARBTEF
L1 L2 1.3 L7 2.1 2.5
2.6 3.2 3.2 3.6 4.4 4.4
gi’é 5.3 5.6 5.6 6.1 6.2 6.6
7.3 7.4 7.4 85 8.5 8.7
9.1 9.3 9.6 10.2 10.3  10.4

GRiE WTAMEREZHF¥FRAN NP ERE. %
TR S B AR e LA RSB h  SE  E RR IE  B
RoARE T —METEREN IR SR FREAEE,
TR ER AL BB R T, 2
SR B F R R AR ) GA Skt e R A R E
BALFI R RS bR TSR . DF SRR, AR
) TF-HPSO B35 i e 508 B2 B SR S0 BE 85, itk WTA
[MBERR T — KT8,

2 % X W

(1] LIJJ,CONG R,XIONG J G. Dynamic WTA optimization model
of air defense operation of warships’ formation[]]. Journal of
System Engineering and Electronics,2006,17(1);126-131.
BOGDANOWICZ Z R. A new efficient algorithm for optimal as-
signment of smart weapons to targets[ ] ]. Computers and Mathe-
matics with Application, 2009,58(4):1965-1969.

WANG L,NI M F, YANG K S, et al. Direct Comparison-Im-
proved Combined Chaotic Genetic Algorithm for Solving Weapon-
Target Assignment Problem[J7. Journal of System Sirmulation,
2014,26(1):125-131.

WANG S L, CHEN W Y,GU X F. Solving weapon-target as-

signment problems based on self-adaptive differential evolution

(2]

[3]

(4]

algorithm[ J]. Systems Engineering and Electronics, 2013, 35
(10):2115-2120, (in Chinese)

FEAOE GEL, AR AENESHLBEERESZLEER
F[ERSEEEL] RATRSBTHAR,2013,35(10):2115
2120.

WU P, LIANG Q Simulated Annealing Algorithm for Weapon-
Target Assignment Problem[]], Computer Engineering and Ap-
plications, 2006, 39(4) : 87-90. (in Chinese)

R, 2%, RE-Hir0 R ARLHE KB HEILT

(5]



5 5 3

MgMg o5, % . BT IF-HPSO B E:MIP 25 1B WTA [RIZERF 5T 267

B 58, 2006,39(4) ; 87-90.

[6] ZHANG S H,OU J P. BP-PSO-based intelligent case retrieval
method for high-rise structural form selection[J]. Science China:
Technological Sciences,2013,56(4);:940-944.

[7] QU ZB,LIU Y J,XU X F. Discrete particle swarm optimization
for solving WTA problem{ J]. Journal of Harbin Institute of
Technology, 2011,43(3) :67-69. (in Chinese)
MZES, XIER , B K. BB TRMAHERE WTA |E
BT ], maREE Lol K4, 2011,43(3) 1 67-69.

[8] WANG B,LIU X L,HU L, et al. Antiship Missile Distribution
Based on Improved Genetic Algorithm[J], Fire Control & Com-
mand Control, 2015,40(8) : 90-93. (in Chinese)

EIL XN R, B, BT REER AR N RS 3K 4R
BT, K hFEE 5HH, 2015,40(8) - 90-93.

[9] WANG Y,LIU SY,ZHANG W,et al. Intuitionistic fuzzy simi-
larity measures reasoning method based on inclusion degrees
[T]. Systems Engineering and Electronics, 2014, 36 (3): 494-
500. (in Chinese)

FELXZME, %% £ TS EWEREEERERY
] RETR SR FHA,2014,36(3):494-500,

[10] WANG Y X, QIAN L J,GUO Z, et al., Weapon target assign-

ment problem satisfying expected damage probilities based on

ant colony algorithm[J]. Journal of Systems Engineering and
Electronics, 2008,19(5) : 939-944.

[11] TAN G Z,BAO K,RICHARD MAINA R. A composite particle
swarm algorithm for global optimization of multimodal functions
[J]. Journal of Central South University, 2014, 21 (5); 1871-
1880.

{121 CAO K,CHEN G H,JIANG H,et al. Guided Self-adaptive Evo-
lutionary Genetic Algorithm[J7]. Journal of Electronics & Infor-
mation Technology, 2014, 36(8) :1884-1890. (in Chinese)

YL, BRE R, T, %, BENG SRR AT 56
B2, 2014, 36(8) : 1884-1890.

[13] RUANM Z,LI Q M, LIU T H. Modeling and optimization on
Fleet Antiaircraft Firepower Allocation[J]. Acta Armamentarii,
2010,31(11);1525-1529. (in Chinese)

R, ERR, XK. 5P E K2 BB R R T
BFee[]]. BRI ¥#,2010,31(11):1525-1529.

[14] YE W,ZHU A H,OUYANG Z H,et al. Multi-UCAYV Coopera-
tion Mission Assignment Based on Hybrid Discrete Particle
Swarm Optimization Algorithm{ J]. Acta Armamentarii, 2010,
31(3):331-336, (in Chinese)

P30, RBLL, BFEEHE, S ETRAEHBE THARNETA
YERR LA B354 BE ()], R %4, 2010,31(3):331-336.

(L2 234 W)

[3] NICHOLSON T A J. Finding the shortest route between two
points in a network[J]. Computer Journal, 1966,9(3) : 275-280,

[4] DANTZIG G B. Linear Programming and Extensions[J]. Un-
dergraduate Texts in Mathematics,1963,34(136) ;242-243,

[5] HART P E,NILSSON N J, RAPHAEL B. A Formal Basis for
the Heuristic Determination of Minimum Cost Paths[]]. IEEE
Transactions on Systems Science & Cybernetics, 1968, 4(2);
100-107,

[6] GUTMAN R J. Reach-Based Routing: A New Approach to Shor-
test Path Algorithms Optimized for Road Networks[C] // Work-
shop on Algorithm Engineering & Experiments, 2004;100-111.

[7] LIUJ M,MA S F,MA S Q Computation method of the dynamic
shortest path based on improved-Dijkstra algorithm[]]. Systems
Engineering-Theory&Practice,2011,31(6) :1153-1157, (in Chi-
nese).

XE %, K, D4, 2T Diksra WM S5 RE
By (1] RETHEER 5L, 2011,31(6):1153-1157.

[8] ZHANG D Q,WU G L, LIU D F. Accelerated and optimized
method of Floyd algorithm to find out shortest path[J]. Com-
puter Engineering and Applications, 2009,45(17):41-43,46, (in
Chinese)

ML, BB, XM, B BRI Floyd fn s H 3 5Hh4k
(7] $HAAL TR 5 R , 2009, 45(17) : 41-43, 46.

[9] LINL,YAN C G,JIANG C J, et al. Complexity and Approxi-
mate Algorithm of Shortest Paths in Dynamics Networks[ J].
Chinese Journal of Computers, 2007, 30(4); 608-614. (in Chi-
nese)

PRI, SN, HEEMS, % AN REREEN SR SRR
F(I0. HHEHFEM , 2007,30(4):608-614.

[10] LONG G Z, YANG ] J. Improved Algorithm of Short-Cut[J].
Systems Engineering and Electronics, 2002, 24 (6):106-108, (in
Chinese)

R, GRE. BN REREE ] RETR SR TFHER,
2002,24(6);106-108.

[11] ZHENG S F,CAO J D, LIAN X M. Sector Dijkstra algorithm
for shortest routes between customers in complex roa networks
[T]. Journal of Tsinghua University (Science and Technology)
2009,49(11) ; 1834-1837, (in Chinese)

g, 2R, E/MR BEREMTEE P HREHENS T
Dijkstra B[], HHKF2ER (HRB2ERRD 2009,49 (11,
1834-1837.

[12] HOFFMAN W,PAVLEY R. A Method for the Solution of the
Nth Best Path Problem[]]. Journal of the ACM, 1959, 6(4);
506-514.

[13] XU T,DING X L,LI J F. Review on K shortest paths algo-
rithms[ J]. Computer Engineering and Design, 2013, 34 (11).
3900-3906. (in Chinese)

%, THR 28R K REREREER ] HHEILIRYS
#it,2013,34(11); 3900-3906.

[14] WANG L X,GAO W. Optimization on mutiple shortest path al-
gorithm[J7. Sci/Tech Information Development & Economy,
1999(2); 22-23. (in Chinese)

IHE,. B LABEREEORLI]. HEERFAESE
TF,1999(2):22-23.

[15] WANG Z J, HAN W Y, LI Y J. Shortest path problem with
multiple shortest paths[]]. Journal of Harbin Institute of Tech-
nology, 2010,42(9) ; 1428-1431. (in Chinese)

EERR, S5, 2R A4 SLARERENBERREL].
W /RBE Tk K34 - 2010,42(9) : 1428-1431,

[16] WANG S X,LI A Y. Multi-adjacent-vertexes an Multi-shortest-
paths Problem of Dijkstra Algorithm[J]. Computer Science,
2014,41(6):217-224. (in Chinese)

FRT,ExH. Dikstra BEPHELES S5 ZRBERER
BT ML, 2014, 41(6) 1 217-224,



