B3

RS RN H TR SR TR A GRE

MW E

J"HRK LI RZ=EIZERE, TR M 510006)
W Sl A A 10 B 4 T B, A5 R VR AR O ZE A R A ) B B R I 458, JRDLIR
ARLTREEE AT, VRGN IR IR AR T BEE R 5] 4 S A I ) SR S o BB 6 L 2R A ) SRR AR
FREERF TR R Sass, IR N S s B ROy RYE, FER AT T S AT

KEEIR): i, BRI AR TR
FE 4SS TPIS; TP311.13
DOI: 10.3969/.issn.1674-2605.2021.02.002

0 31§

21 2Pk, BEERPERR S5 RIS R R
J&, AT b EBE BON FE R A  R 1 EESRT,
WA N AR A K5 AR TR o B R e [+
I, PRAT R R RS —— AR A2 R (vehicle
routing problem, VRP) #3255 N 2ok, VRP H
DANTZING 1 RAMSER T 1959 2N, A&
AR K ) isiiigic. 40d 60 ZFEMK
JR5 PRI IR ST, FAREST H ) X AR
FKAEHA NS 7. HAl, VRP CIRHIIE H4
L B IR AR IS B — R A M A A
eI, RS S IE A A A AL I
o —AN I NP HER

BEE VRP EAFEEEAWIEI, A%
TEMARURAZ ) BRI SRR DU o 70 N RO SRS ) —
WEARRNE K, FIH ERFME R E L, BR—
I A RAEE, Wkl N AR
AR AR RREE . IR R GE R AR AT, AN TR L
FNREERZAHRI L FIR, S, %
Dy SE . (RAAETHRE AL, @AM ES /R
BE RS, B VRP BRSO, £
RS, HEVEA MBI, Reilr
fifpRax R, HEABEF R ERRIE. BRI, &N
PELL S RAF 4 RS R e T o IR G R TR R
R -

iﬁkﬁ_‘iﬂﬁg A

NEHRS: 1674-2605(2021)02-0002-07

JA R AR EEER R 5 22 1 % EBT TN 5
2RI A SCRLAFR ) VRP SCHREAT 7347 i 46
FGH VRP S AR, o gt o S8 ) S ot
ATIAGN, EHENTIRERTRES B AT et i,
FF MR R ERE T RNE A SR IO T T o

1 VRP RETH

FEA I ZE AW ERAR 1) R PR O 25 e PR 1) R A A5
i)/ (capacitated VRP, CVRP) , J&f&TA G- 4WHR1E
TR AR FIAE R SR A BRI T, Sy —ZEAR R] 2R 4
FIREN GO0 L BT 77 oK HLS K 2 oA /S B 2R
o AT EAARER AT TR BEHL A AEAN R X A, —
HENMEEH K, A HE—RES A BEAE,
JE IR A . R, R REE I
BWHES), ARG AT IR RS, HANEEX 1Y
AT ICIE . VRP HIRZ AT, FIHAHEAK VRP
(AT T i i 4

a7 I 1) T ) R MR A2 0 & (the VRP with time
windows, VRPTW) 7EZEA VRP [F2EAH_EEs 0 1 i /a]
B, R s A0 2 00 UL 5 5 YD R T ) Bt P A8 AF
B s BB 2 AL BGE B2 . 210 R 53 A R
I [B) B B 2 % A2 ) @ ( VRP with soft time
window ,VRPSTW) . 5 A i 7] & ) 4240 4% 1) @

(VRP with hard time window, VRPHTW ) FIJE A} [f]
H A28 (VRP with mixing time window,

20215 $ 2% F28 BFLEEEIRE 7



VRPMTW) 3 2. A1, VRPHTW ARérB (LT
IFTRIEIR, 4 Yan SRS TTYDURE A, L HA
DRIME P B3 PR3k 7 A A1 P B O A e i FR S ARY ¢
VRPSTW F VA I 8] EFREIR BRI HT, H2A AHM
TS, AR SR U R G o, 255 5 RiE
SN TR) G % P ot PR 45 I ROV 5 S B A R e P

K578 (mixed integer nonlinear programming, MINLP );

VRPMTW F0VFFEABIA 2 1 A 2P I 1
5y B R T 9D L2 A 12 9% P
BOUIS, WEIEERA, AT S

FIARIAIRENE, T AR L 2R )R A T 1)
WA, AR THIAEbREE .

HY 5% 51232 9] # (the pickup and delivery problem,
PDP) & FE 02475 NI L B b s 7% 21 HAth A2 T
Hopio PR, MRAEELS Sia G RIfemnsghz, WS
IS AT AR5y 5 N, Wik 1 BTN

BENLG %7298 (the stochastic VRP, SVRP)
AN FLAR I ZE A AT P R, 1T 205 ) A ) — B
HI TR, BABORAE!E. BARs284n
K2 PR,

%1 PDP E{HsutE

FFe B

RPN

FA RIS ) 22 5 42 ) 7L
(vehicle routing problem with backhauls, VRPB)

’ FAREER IR ) 22 5 42 ) 7L

Mauriciol®
XLl

Javier Belloso!”]

Andreas Bortfeldt!®]

(vehicle routing problem with clustered backhauls, VRPCB)

s AUHIRE ERERR

Henriette Koch!®

A1)
(vehicle routing problem with mixed backhauls, VRPMB)
o o Olcay Polat(!!!
4 HATR] 93 BT AEUBT 0 44 A2 [ Y
Julian Hofl'?]
(vehicle routing problem with divisible deliveries and pickups, VRPDDP)
. o Richard P!'3
5 HA [N 1) ZE 0 A2 ) L
R
(vehicle routing problem with simultaneous pickups and deliveries, VRPSPD)
#2 SVRP 7%
o 45 %k
HATBENLT K A 22508 A2 0] 5 Majid!'®!
! (vehicle routing problem with stochastic demand, VRPSD) gk Kk gL

) FATBELE 7 B4 AR R A2 )

Magdalene Marinakil'®!
Fili L1

(vehicle routing problem with stochastic customers, VRPSC)

HABEHL RN {0 4R A 1]

Rajeev Goell?"]

3 Jaren
(vehicle routing problem with stochastic demands and customers, VRPSDC)
e ) o Hossein!?2!
FA BEHUIRAT AR S5 I 5] f 2 95 2 A 1]
4 Li Xiangyong!?3]

(vehicle routing problem with stochastic travel and service times, VRPSTS)




BWE BN RREWMBEEERETHINE SR FRERGR

i B2 UL VRP HHAREAL, i —  DGEEARR A St AR ISR i k2%,

SR ANE AR . AW VRP RSB T e AR el

FNGRERE RO T IR, BIRSARA &N, Pos.

®3 TEREMBREREBICSR

THBE AR I A, a3k 3

5 4k

S 2530k

Z B FE I R A 7]
(multi-depot vehicle routing problem, MDVRP)

AR
(periodic vehicle routing problem, PVRP)
3 PRI AT B 03 1 A 1) R
(split-delivery vehicle routing problem, SDVRP)
L TERRMEE
(open vehicle routing problem, OVRP)
s BRI
(time-dependent vehicle routing problem, TDVRP)

o ETIRRIEREE
(green vehicle routing problem, G-VRP)

5 S R
(dynamic vehicle routing problem, DVRP)

o RS R
(vehicle routing problem with loading constraints, VRPLC)
o IR
(generalized vehicle routing problem, GVRP)

0 BRI
(multi trip vehicle routing problem, MT-VRP)

U RN
(truck and trailer routing problem, TTRP)

L EREMERES R
(multi-compartment vehicle routing problem, MC-VRP)

BTl 5 ) 2R A A 1) A

FITRIANA R 23]

Chen Binhui 2

LATIFFIANTI E 7]

Valeria Soto-Mendozal?8

Maha Gmiral®!

0

0

245)

Feng Liang!33

Diego Cattaruzzal®4l

Sophie N3]

Lu Chenl3]

ianil37
y (site-dependent vehicle routing problem, SD-VRP) Morteza Kiani
N=| A L AL~ P = NN N N ONLY NN P PN
2 RENTEEZE e (/NI E SRS RS RN v et i) P D N ST

VRP (FR AT B Ak R e gk RO

BRI PRGIFWNAL R S-S5 by Tl

W2 2, BEE VRP B 2y, REEReky ST RAYS. mBEN R AR, Iis ek,
we, LU T SEbRR A TR, MR RN BB KENA, WORRNR. RO EA, Wl R

20215 $2% F28 BFUEEEIRE 9



TP (REBEAE T IR N, VRP AUSGHK
K, LRFABERRE, BRAEERERARAZH
BT L RE R, EL R R AR U85S, SN Rt .
BTN GRS R B AR
HRRANRARNE, WA SRRt . RS
DA B £ R 1D g A B £ R e S 11 R S el €0
HEA ARSI . YRR T RS AR AL B b
FEH:

1) ARSI AN S B, [ 1 Bk B

2) PRI H AR, BEAGT A A

3)  $im PSO MRS R MERERIRE AL .

Ha, kgLl B, @A 2 St
D BAHHMEE T 2 RAHMIERES, WK1
PR o

| R B |
[

|ﬁéﬁ%ﬁf%ﬁﬁ| |ﬁ%§@ﬁ%ﬁ&%ﬂﬁ|
A\ 4

wrET | | sk G2 A i

CXET || ik 445 JEAL B 7%

wRer | | e 2y BB K

K1 RER T HEARE B

2.1 SREBHUEFRISEH

EBERHART Z508UAG M 22 5505 | N ARHERL TS
2%, FERAE A A SUSRAR R F RR TR A TR RE
BEAT LU, 49 HA TG 2 b 3B A B P R b 1
RAGPERE, MITTFIETR MG T RBET. JE e
TEIEAT A FRIE B — 4R RT, 2l SRHERCE
MGIRTFREENE, IR RE P A X
R ET, SR, R AR TR R = Y
PRI )1 R L AL 5100 - KENNEDY 514005 -
AT TR/ EFIREPERT, BRhr R —tefb gty
E, BRI T A AR oL TR L . S EE
SRR ARSI KL T RE, (EARIRAELRAS IS
PRAZ IR 7 TH LSO B B R 4 . ANGELINE™

10

B IR I AR A 1, PG AR
FERNE, MRARE RN AE IR, R 22 i) — ok 7
K, ORERZERLT I MARE, $REEER 2R R
AE 5 K5 S . MENGWISELLAE XA ZRAE AL,
FEHUBMAS AR R TRERE, 2 iRl A
T3 AT ANE A XA, AEAF— AR S R
FEfi, KA AR R b T A AR &R e ),
AP X ZRAF, A AR TR EZ
FEVE, I HA2 b s R i A T B, K
SIREEREKH, 5 R 2 HHAEH R TR AL,
AT SORL BRI A AR R e
22 REHEHMEBREENNUH

B s SRR R SR K, 1)
PR B IS A i B0 2 55 U ST VRPTW A
B, HUSEUFROR . S5 S0 FBORIBE N LI (1)
TSR ORI BN E M, A5 SR SRR R R
VRPSPD. 42 A3 i 4 (B SRR 1T S5 A5
IR KBRS A, X DVRP TR AR, S04
RO B HORL TSR AT ety 55| XU R ERiE R
HR TN R D, SRR AR R AR R
VRPSC, IEM] TR AR T HERENA 2 . The Jin Ai
SR TR RIS T X, a5 ARLR KL
X CVRP BT @45 b, I 2 FhASRIgnps 77 o0t
PASE R FEN . MIRHASSANIUSITERAD 7737 LA RS
PRI A B, S — MR E AR AR T
FERVEMF R OVRP, ZENEERATHERME N, S84
L2542k . Yannis Marinakis“l fe 48 R o
W L TR FHERE, £PXF VRPSD #EATRE, H5
ZE oy A SRR R AT L, B AR o
Du Jiaoman®U%5 5 7% F& f R AT R} R 75 SRAITE 7E B
Peth 4 ML T BN AR AR TR, R TAE
B IR B 20 FEVDR R R AT 0 R, ZEFFEe)
TR PEAFERAC A RERAT I R R, (AN E REAN A 7Y 5
FAisiaee /), B RUZBERENE, SER A
5%F PVRP Fll VRPLC $2 A8k, Ak
PEAF AR AL TS



BRE FHES: BREMBEEEEETRNE SR TREERSRR

3 VRP MBERFEEOIRIANEEE

VRP A RIZIFF T EHH AR . A
SCEIRFTAIEST VRP ASTRAUR VKL —F . SEBRM A
W, BT AR I S LR, AATAR B
FEEr SRR RO, TASRAERT T B brid T B84k,
A E A S/ Nk AR B k. A, FIR R AT
BICAEMSIAFIER, AFAEE &P WA &,
AR VALE TSR, AR T3 — MR
B, BEEYIAIR R, VRP BEINE A, Mt
KRR, ARSI Z R R S, BR A
2R AT

BB R B B2 DAL LB i P B T 432
T VRP 55, (ES—42HE, A=A VRP K&
HAFTLARIG A A VR AR B A TSR AR, 18R
5 HE Y RS BUR A B A E A T
SRR RS, 0T IHA e R SN 2 A 1 R 1)
i ML VRP T BB BRI Hesh, KT
FEEFARRA AR T, AR . VR FARIE I
e MEBW R TR REFFEREL R, LA
ANEFNE T, AT R BT 5 S0 A A e R 1) )
B, ki RER SRR, TR A S EAT
TRAXTB R A IR AN . HEMIT 2, £S5 HAD
RGN, FELERREIRYLER, RE %
RGN, fEE VRP SRR, ZE Rl
FERR G CBONES, ZMREEEATAEH
SR I R 2Rk 2, 75 22 B SR R R
HIATAT I
4 £hiE

NS 3 X SR T 4 A R A 1] A ) S 2 i
170007, RSS2 R H AT IEAERT SRR . [0SR
SRR ATIRR AR I ) 2 AR HEAT X EE, 45 HH R AR
27 HATBO S B, JF 51— R LR &
k. AEMEEG B U SR REEOUER, TR o)
B gl VIR SRR AR R N A
T5 R IR A 1) R DA R TR R T SRR IR A )

LR ke, RV I AR Ly R SRR
TERI B LS BAT RN AT RS

SE 30

[1] DANTZIG G B, RAMSER J H. The truck dispatching problem
[J]. Management Science, 1959,6(1):80-91.

[2] Yan Liying, Grifoll Manel, Zheng Pengjun. Model and
algorithm of two-stage distribution location routing with hard
time window for city cold-chain logistics[J]. Applied Sciences,
2020, 10(7):2564.

[31 il ;o e 22, B A5 A S ) 2 1 ) I B0 B A=A
A2 R FE 0] ol T7%,2020,23(5):75-81.

[4] TN IR, AR A A R TR N TR B RO 2 5 38 22 0
AR BRI L S 507 1FE,2016,44(5):838-842.

[5] Mauricio Granada-Echeverri, Luis Carlos Cubides, Jésus
Orlando Bustamante. The electric vehicle routing problem
with backuals[J]. International Journal of Industrial Enginee-
ring Computations, 2020, 11(1):131-152.

[6] X%, T ol e5Ei H ") VRPB {RALHTFL[D]. HE
R JE TRERSA,2013.

[7] Javier Belloso, Angel A Juan, Enoc Martinez, et al. A biased -
randomized metaheuristic for the vehicle routing problem with
clustered and mixed backhauls[J]. Networks, 2017, 69(3):241-
255.

[8] Andreas Bortfeldt, Thomas Hahn, Dirk Mannel, et al. Hybrid
algorithms for the vehicle routing problem with clustered
backhauls and 3D loading constraints[J]. Eur J Oper Res, 2015,
243(1):82-96.

[9] Henriette Koch, Maximilian Schlogell, Andreas Bortfeldt. A
hybrid algorithm for the vehicle routing problem with
three-dimensional loading constraints and mixed backhauls[J].
Journal of Scheduling, 2020, 23(9):71-93.

[10] ZEB, dclife, R 2. L7 16 35 A0 N 2 T P A iR &y
(] g B B 4 9 it A4 1) 0. T B 2 R K o 41
2020,37(4):90-96.

[11] Olcay Polat. A parallel variable neighborhood search for the
vehicle routing problem with divisible deliveries and
pickups[J]. Computers and Operations Research, 2017,85:
71-86.

[12] Julian Hof, Michael Schneider. An adaptive large neighborhood

search with path relinking for a class of vehicle - routing

2021 & 2% 28 BELSEEIRE 1



problems with simultaneous pickup and delivery[J].
Networks, 2019,74(3): 207-250.

[13] Richard P Hornstra, Allyson Silva, Kees Jan Roodbergen, et al.

The vehicle routing problem with simultaneous pickup and
delivery and handling costs[J]. Computers and Operations
Research, 2020,115.

[14] S¥a55, 15057, FREEI, 55 AN RE 7] I HUIS 7 2 AP A2 1] e 2
R HEEART )] 8% 55 2,2018,27(12):73-83.

[15] Anirudh Subramanyam, Panagiotis P Repoussis, Chrysanthos
E Gounaris. Robust optimization of a broad class of
heterogeneous vehicle routing problems under demand
uncertainty[J]. INFORMS J Computing, 2020,32(3):72-80.

[16] Majid Salavati-Khoshghalb, Michel Gendreau, Ola Jabali,
etal. A rule-based recourse for the vehicle routing problem
with  stochastic ~demands[J]. Science,
2019,53(5):26-31.

[17] SKAKME. HHENLTR R ALk ainn 2 Hbafuie i Eut 7t D).
b5 EF K 22,2020

[18] Magdalene Marinaki, Yannis Marinakis. A glowworm swarm

Transportation

optimization algorithm for the vehicle routing problem with
stochastic demands[J]. Expert Systems With Applications,
2016,46: 145-163.

[19] Bk, 206 — SR BUALIBTA 42 s 1 )l S LBV 0] /e
TR K E5441,2010,42(4):521-525.

[20] Rajeev Goel, Raman Maini, Sandhya Rani Bansal.
Corrigendum to “vehicle routing problem with time windows
having stochastic customers demands and stochastic service
times: modelling and solution” [J]. Journal of Computational
Science,2019,35: 111.

[21] JAIRLL SRIERTEE BEHL AR K N 5 REIBUA SRS AT 9 A TS AR
TEIRME[T). RS H2A441,2019,28(2):277-284.

[22] Hossein Hashemi Doulabi, Gilles Pesant, Louis-Martin
Rousseau. Vehicle routing problems with synchronized visits
and stochastic travel and service times: applications in
healthcare[J]. Transportation Science, 2020,54(4):30-40.

[23] Li Xiangyong, Tian Peng, Leung Stephen C H. Vehicle
routing problems with time windows and stochastic travel
and service times: models and algorithm[J]. International
Journal of Production Economics, 2010,125(1): 137-145.

[24

—

Raafat Elshaer, Hadeer Awad. A taxonomic review of

metaheuristic algorithms for solving the vehicle routing

12

problem and its variants[J].
Engineering, 2020,140.
[25] FITRIANA R, MOENGIN P, KUSUMANINGRUM U.

Computers & Industrial

Improvement route for distribution solutions MDVRP (multi
depot vehicle routing problem) using genetic algorithm[J].
IOP Conference Series: Materials Science and Engineering,
2019, 528(1) 70-81.

[26] Chen Binhui, Qu Rong, Bai Ruibin, etal. A variable
neighborhood search algorithm with reinforcement learning
for a real-life periodic vehicle routing problem with time
windows and open routes[J]. RAIRO - Operations Research,
2020,54(5): 1467-1494.

[27] LATIFFIANTI E, SISWANTO N, FIRMANDANI R A. Split
delivery vehicle routing problem with time windows: a case
study[J]. IOP Conference Series: Materials Science and
Engineering, 2018,337(1):012042.

[28] Valeria Soto-Mendoza, Irma Garcia-Calvillo, Efrain
Ruiz-y-Ruiz, etal. A hybrid grasshopper optimization
algorithm applied to the open vehicle routing problem[J].
Algorithms, 2020,13(4) :55-62.

[29] Maha Gmira, Michel Gendreau, Andrea Lodi, etal. Tabu
search for the time-dependent vehicle routing problem with
time windows on a road network[J]. European Journal of
Operational Research, 2021,288(1): 129-140.

[30] B, 250, R, 55 2 45 SR R0 idt R B s SR SRR SR S
Ak ER 0 R R B AT 0] [J]. B 34 24 DOIL:10.16383/j.aas.
¢190872,2020:1-16.

(317 JASER, EH, FTT % A Zh A R AR 17 R R Uk i
R SEHET ] 7205 P ,2019,34(3):449-458.

[32] MR, AR LT A AR AR LA i BRI 75 REH D).
VU279 LR, 2016.

[33] Feng Liang, Zhou Lei, Gupta Abhishek, et al. Solving
generalized vehicle routing problem with occasional drivers
via evolutionary multitasking[J]. IEEE transactions on
cybernetics, 2019.

[34] Diego Cattaruzza, Nabil Absi, Dominique Feillet, et al. A
memetic algorithm for the multi trip vehicle routing
problem[J]. European Journal of Operational Research, 2014,
236(3): 833-848.

[35] Sophie N Parragh, Jean-Frangois Cordeau. Branch-and-price
and adaptive large neighborhood search for the truck and



BNE

BE: MREWMBEREEATFIE SN TR EAGE

trailer routing problem with time windows[J]. Computers and
Operations Research, 2017,83: 28-44.

[36] Lu Chen, Yang Liu, André¢ Langevin. A multi-compartment
vehicle routing problem in cold-chain distribution[J].
Computers and Operations Research, 2019,111: 58-66.

[37] Morteza Kiani, Hany Seidgar, Iraj Mahdavi. Scheduling
multi-skilled manpower with considering teams replacement
and site-dependent vehicles routing[J]. Int. J. of Mathematics
in Operational Research, 2017,10(1): 49-68.

[38] EBERHART R C. Comparing inertia weights and constriction
factors in particle swarm optimization[C]// Proceedings of the
2000 IEEE Congress on Evolutionary Computation, La Jolla,
CA. IEEE, 2002.

(391 JaI5ih, # 5 J) B T iR A b AR AR B Ok =2
P 1 6 42 0 R (0] W VLB K S R (A AR
hi),2020,43(6):823-830.

[40] KENNEDY J. Bare bones particle swarms[C]/ Swarm
Intelligence Symposium. IEEE, 2003.

[41] 00,04 83 TR AR TR AR 2 AR I AR AR ).

[ A LTI BR,2015,34(12):30-34.
[42] ANGELINE P J. Evolutionary optimization versus particle
swarm  optimization:
differences[J]. Springer, Berlin, Heidelberg, 1998,27:50-54.

[43] MENG A B, LI Z, YIN H, et al. Accelerating particle swarm

Philosophy and  performance

optimization using crisscross search[J]. Information Sciences,

2016,329: 52-72.

[44] 57 SR, B 80 5 AR BT VI 4 s A2 ) AUk b
BRI A RN 5 845,2011,28(7):69-71,151.

[45] 4 276 R AR T R REAE S A5 2R 1) B2 vh 0 B2 A (0], 64k
HHEARH,2020,17(7):155-157,165.

[46] Ffishh, T 56— ZBBEN LT K VRP FIR A R T RESIEDT ).
ARG TS HTHAR,2006(2):244-247.

[47]1The Jin Ai, Voratas Kachitvichyanukul. Particle swarm
optimization and two solution representations for solving the
capacitated vehicle routing problem[J]. Computers &
Industrial Engineering, 2009, 56(1):380-387.

[48] MIRHASSANI S A, ABOLGHASEMI N. A particle swarm
optimization algorithm for open vehicle routing problem[J].
Expert Systems with Applications, 2011,38(9):11547-11551.

[49] Yannis Marinakis, Georgia-Roumbini lordanidou, Magdalene
Marinaki. Particle swarm optimization for the vehicle routing
problem with stochastic demands[J]. Applied Soft Computing
Journal, 2013,13(4):1693-1704.

[50] Du Jiaoman, Li Xiang, Yu Lean, et al. Multi-depot vehicle
routing problem for hazardous materials transportation: A
fuzzy bilevel programming[J]. Information Sciences, 2017,
399:201-218.

[51] ZERIVE. 25 RE 2 42 1 2 F U A7 AR L AL E T [D]. K&
RIEUFHR,2020.

A Survey of Hybrid Particle Swarm Optimization Algorithm for
Solving Vehicle Routing Problem and Its Variants

Yang Guanfu Cai Yanguang
(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Through the analysis and summary of vehicle path problems, the paper concludes that heuristic algorithm has
advantages in solving vehicle path problems. And it also describes the application of hybrid particle swarm optimization in different
VRP deformation problems in detail. Finally, the shortcomings and trends of vehicle routing and hybrid particle swarm optimization
are pointed out. It is emphasized that the problem and algorithm have good expansibility and have a broad application prospect in
logistics field.

Key words: vehicle routing; heuristic algorithm; hybrid particle swarm optimization
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