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Hybrid Bats Algorithm Based on Customer Satisfaction for
Vehicle Routing Problem

SUN Qi, MA Liang
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Abstract: The vehicle routing problem has a good guiding significance for the reality and has attracted
extensive attention from the business community and academia since it was proposed. However, the
traditional vehicle routing problem only takes the shortest vehicle mileage as the target, ignoring the
logistics and transportation industry, and neglecting the importance of good customer experiences for
enterprises. Considering the goal of customer satisfaction, a multi-objective optimization model with the
goals of both the customer satisfaction and the shortest vehicle mileage was established. According to
the specific characteristics of the vehicle routing problem, the coding mode of the basic bat algorithm
was changed. In order to overcome the disadvantages of the basic bat algorithm, such as low accuracy
and being easy to get into local optimization, the greedy randomized adaptive search procedure was
added to improve the solution accuracy, and the virus evolution mechanism was introduced to enhance
the ability of the bat algorithm to jump out of local optimization. The results show that compared with

the basic bat algorithm, the virus evolution hybrid bat algorithm is more accurate and is an effective
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method to solve the vehicle routing problem.

Keywords: vehicle routing problem; bat algorithm; customer satisfaction; virus evolution; greedy

randomized adaptive search procedure

74 H5A% [] 181 (vehicle routing problem, VRP){E
iz FEs A AR SRR R, 8 T NP A
A R R IR T A i 4, B 5 f Dantzig
ST 1959 4F B AR RS . P T 224 A2 1)
R A R R SEBR N FH A, i m [ 42 LA
K, EolR TEMY: 2%, Kit, 48%5%.
THREHLN S5 bl 2 0 O, DR AR Lk
177 R, JEBE TIRZ R .

A I ) BT B 7 9 % 42 1) 5P vehicle routing
problem with time windows, VRPTW) & 7
Savelsbergh £, JE7E VRP [ 3Eal F % & T %
XF 4% 32 e 55 i ] 1 75 5K o AH T G2 VRP,
VRPTW BT SEBrfE B . VRPTW L)@ T NP
R, 4 )RS W O, AR ] 2 A A
AR, R0 R DL B Te R R .
REML AL i B R T, s A kY | i
R SN €01 = B < 7 U VA o= B
FJEHAS T —E B RUR

i 05 % ¥ ( bat algorithm, BA) & 1 &1 Hf K 2%
Yang""'F 2010 4F e AR tH o Bl XL O E—
HWEsE, BEINS A BE T T A2 0k b i 5A
TR T A U AR, Rk 22 MU e
A —F, iR R 5 A R AL .
Je S SAGE FE A | Ry A R AR ) 58 AE B S BT X
i B8 B Y S 2L 9 H . AR SR GRASP( greedy
randomized adaptive search procedure ) Jii & & R
Wi O R ) A A, LA v e O R 1 SRS
FE o [RIBT,  7F b @ 5k 0 B AR T 5] A B i 1k
(virus evolution, VE ) ML, {5 J5 75 H A 1 b s A AAC
Ph—Fipp Il gk Ak i 7 SR Tk, DA 5 i R 25
Pk R AR R RE ) . SR, S SRR T
IZEIE A R

1 ETERHEENFEHER DS
1.1 (e R

I TR P R Y A R AR ) LR 2 H R
VRPTW, % [0) f8UAS /S8 2 B0 26 4230 1) 47 s L

R, AREZEESHEE, BHAFIHER
FER R ik, IR L N A a.
HAEWNECE O &, YA AR TR,
A & PR MR Rl s b, 45 &R LI
FIF R B ARG E R KB o TR
PR EPR S, — WA T PRS2 A%
A, H—AE P HBER — RS d FE
FNIRFE I P ASRRG, R T R F N
T B BN PR A RS A A, ERRER T
PR 7 ) G AR 4 IS ]
12 #REIESL
121 SIARPIHERE

A% i ] 32 IR 55 TR B R (ETL LT3,
PR B 0 B3k & 0 i Y IER] A ¢, 76 R S 1R] B
TR AR In) R BEOR TR, R ) DAAMA
RS HEZ MG . MELRY RS , B
SR BT W) ASTE I ) 7 P9 238 11 L A 5 iR E PR
W, (AR T XAEEA — AL E, B
OB i ST B N R = 923 2 (AN N
SCAE JEA I (A 1 Y SRl b R ORI R R, R
FURBHEZ S5 M i BT R ETY, 4232 IR 55 1 i
WeRs [ LT/ o S UARAEET;, LTAN B3k, &7
R 7 B e R 100, FERFTA] % 2 Ah, (HAE(ETY,
LT/ VW EIGL, BARE RS R0 F s, M
TR 52 IR 55 o WA FE AR ASERY B 1) 7 114 2%
TR AN 1 BT, KR R R R N X
(DR

100

ET; ET, LT, LT, &

B1 BRHEE
Fig.1 Customer satisfaction



162 o TR 2 R 2019 4 5 41 &
P T PR min Z=wP; — (1 —w)P, (10)
ti— ET/ -x100, t€ [ET/,ET;] AP, wERRHIE, we 0,1)5
ET; - ET;
wip={ 0 SR SREBE TR PR RN R E
T X100, € [LT; LT/ 18] 3 i) & iR R IR T
0, ti ¢ [ET/,LT/] s
P 21 HEABIEEE
122 Bl S 50 2 51 ) 9 8 I 7 (0 %
H 3 bR LS T A O 5089 Bl O L0 B R o A
m“ﬂ=§w (2) g ROV . WK, B
N HAR AT
min P2 = %%;f"ﬂﬁk (3) a. Bl FE 7 B T
i€eM jeM ke
I AR P 9 e A S B B RS 30 2
KIS FBI At L AT 2 0 O 2 S
2w <0 VkeK (i m PR T2 R 7 D 418 5
‘ P IS OB 7 1 2R o A 0L
ZYik= 1, YieN (5) W
keK °
injk = Vit VjEN,VkE K (6) fl ={min+(fmax_fmin)ﬁ ( 11 )
ieM v =i+ (X=X fi (12)
Zﬁw;m, Vie N\Yke K (7) X = Xt (13)
= S FOR PRI KRR
2w SIS VKEK(8) e R BB A RO ML
- o BR— BB R, LG B e 0,11 v 3%
ET/ <tiewi LTV, VIEN (9 youginie . s 540 R RIIEE o0 0 R 8
LH:. M={0,1,2,-- ,n}?%ﬂ?}iﬁﬁ%ﬁ%%, Hop [Fi] B 5 A e 0 20 v PR 9 T 3 S e BB A R AT
0 FRARALE L s N={1,23, - A E AL K= N, TR —AHEVLEL randl, BT LA randl A0k

(1,23, .m0 R IRk
BER; dFRE TR R
P cp M i BIE IR w, R
BEARAER S | WSETER S5 it ) 5 S R 40 22 A Tl i
B, ISCHERG S AL A TS AN XM
Vi AR 1
L HEks e
xwk—{o, il
B A PR 9 A=k 2 e S R L S 59
y*‘{o, 75
2 (2) A2 (3) 43 31 Fe R BRI I ALK 7
o RE AR /MU B A TR R AR R K (4)
NERRFERRS; X (5) . K (6) MR (7)PRUERA
B PR HAIR S — K, BAE R R H
—W AR SE R K (8) BRI g 2L (9) gt
] B 240 5 o AR SOR FH A A WA AR e Ak
HE R, B

RS ry, 45 rand1>r;, R4 (14) 78 4707 F A
ff A R I — A e I W i, EATREMLIL B, M
FEE— AN E

Xnew = Xold + €A’ (14)
K s Xpew T8N B MG B URIR AT B 5 Xog T8 BB
AT BRIE AT B 5 e e [1L I —BENLEL; A %R
HTEF 20 BT A S i r 1 24 2
b. B 055 M) 0k v e A 26 BT
W W 7 PR BN S WD, S REAR B B 04 I )

I ELIG 0 Jok wp e A ) JBE R bk A A R A BE LA
TAIET R

Al = oAl (15)

’+1 = ri[1—exp(—y1)] (16)

Kb AROREE W ARALE ¢ I 20 00 ik o AR R
@ € (0, DRI B R L,y > ORIk ip & AR
HWINRE. oSy¥hEE, @ide5ylMT, N



%24 N Ar, S HETE IR A R R AR R R AR S W R 163

7 35 3] P 4 AR 1 4 SR A8 R R R .
22 RAREEZX
2.2, AR W i AL RS 1 T S g

R A W 0 B e ) 4 R i DR 1 2 3 8 pR B
oA, 7 1 X B R LA P I R, FEAR
W e S AR ME R, T AR S B ) R
W57 B %) Ay X A R B R AT T A X AR S
{8 % SCHR[18], T IH B (HD ) A X i A7 58
S, IR g g = LA TN E
RN R AR R BUCR ), Sl S B S anF

X1 =[1352476]
X, =[1122233]

RS R N 3, o, B 1%
e 0—1—3—0; Zffi2 % 0—5—2—4—0;
B 3 AR 0—7—6—0,

W g R A TR AR A =X (17) R (18)
7R -

vt = HD(X!,X,) (17)

X+ = (x!, vl 2-opt) (18)
U IR B8 2 W 0 S 7 B R TR Y 25 B, 28
BT .
X;=[1352476]
X, =[1253746]
DU L 5] v, 224 7 8 A i £ A7 B =2 ] A I
%ﬁ%ﬁ4oﬁ$i¢ﬁwﬁﬁﬁ:&Mbg
e X 224 7 407 5 L R KXo 67 A EA T 2-opt
Pl b, HD<g, O A i s 24 737 5 o R AL 2 B
— XX B AT 2-opt FRAE
2.2.2 GRASP Ji % s A0 1 0 b i
GRASP J3 % #5578 G Wil 2 — Fh ok i
APk ) B A SO, B H A B B L,
539 2 K 2 B B R SRy A Y B . FE AL A B B
i 1 A B AL AR P B 90 Bk AT R 06 R A
B, B EA OO R BENL R AR I e SR
R B, i R A 2R X 3 B B T A
T e, DR . A SRR
R B I R B JR 45 R SR 2-opt 7k, 7R
B R 0.8N(N R FRE BB ) WA i, TRIAY I
T E 9 e A7 D0 £ BREATL SR WS A
2.2.3 GIAJEEEHEALALEI
R H R A — R A, BB R
(IR e MELRE 1. TR R
B — 7 LR AR ST, W A B fE B ALk

AN Sy —TJrndE A S ELRE ST,
fid A RBGR 7 BAL AR SOk s A B gt fL
5E, MR EIBEA R H . e dE Rk i A
PRBLH AR P

a R G 5 77 3 R RE AR (vires ) 2
MG EAE (host) i —5E i Be, KEES 16 EME
WEF—EI 0 n, LR TE DA PO R FEAT <*

B

* * * *

3 7

B2 BmENEHD

Fig.2 Virus individual coding

b AT AR . T RE IR LA Pingec LR
OB AE EAR, AR R A L SR R BOR
Hofi EAREED B B MR 42 W R AR 1 SEBR
oL, TR AR R RSO, R R E
S B AR HE DR B e i R R R A
B, PR TR R fE BRI S B S
T T FH oA 4 1) 2 DR i A1) i B b AT 5 #fe, AT
PR HT A AR, BARERAENIAL 3 BTAR

e[ [3]*]*[7]*

ik [3[2[4]7]s5[1]6] == [4]2]3]7]5]1]6]
3 IRERIRE
Fig.3 Virus infect operation
e TEMAIE I E . — MR MR RIS 2
P B AR 365 N7 PR RS A AR I, 3 7 A (i)
FEAE R ARG i AR R R A8 1
Kk, BBHE EMEAES N, W i SR TER
3 BTN
‘ﬁﬂﬁzzz(ﬁﬂﬁ—thﬂ
jeN
K, fieHy,  firH o3 on2on i £ AR S A
WL AT (43 1 R (L
d. R RE A9 S B AT - e T o A R AR
EA R N LI R Peopy E il B A B P, LU
PRI E A RO AT B R R A . TERD IR L
7 3 R ) I A0 B AL 08 BB 2 R 2 52 Tl R A
AR EE MR RIRIIR FIRE, BARERAENIA 4 FT7R

(19)

mE[3]2]4]7]5]1]6]

i ([ [*[*[7[*] == [A[*[4]*[*]7]*]
B4 REEHHRE
Fig.4 Virus copy operation




164 o B TR 2 2 R

2019 4 5 41 &

e JRHEEAY BT UIHRAE . R RE LA Peu AR AT B
DIFRAE, RO A FE A A A R 22 I v 1y A 2
FrBE, B UIERAE 00T SR T3l o 0D A R TR Y
ANBOR AR B AR AR 2 AL I RE ) o LR HRAE
e s i o

* * *

ﬁ§|1 3 7

* * * * *

ﬁ%|1 7

5 REIRIE
Fig.5 Virus cut operation

fRIERNAAT )] BN A H O iy
J1(Life), MA:Ax J1/hTF O B, REMRE 9% B £ 458
T2, W 2 AR A B R e R s R RE R
BRI N

Li(t+1) = 0L;(t) + fitV; (20)

K (20) IR i DIRTELE +1 BEZI A R4 T,
K, 0O, DI EERY A=A J1 s IR AL
23 REWIEEXIET

AR SR X R A W o B 1 1 Ry B DA B 2 I
I BARTE L, 51 GRASP Ji & U532 M
BEAEARAILTR] ,  XoF 5 AS Wh  B5 9 v R DA R Ao
BT AT E B L, $E 1 T GRASP-VREBA %
B, AR AR

Step 1 #Ith 1k GRASP %540, & L5135 b
B, 38 2 A 1 B B R R A 2R A B B A 2 8
0.8 N WG AR, F 43000 1k ik DU R BB ATL A 1)
IrikreAe

Step 2 K4 A Wl 0 7 R B A A0 AE L 1 2
B, ALHE U R B v, MR BE AL BRIP4 T
FERW AR Mo KRRy, DL SO
e ZHIFI IR (Pintects Peopys Pew) « JRTELE
A IR R 0%, IFE R B IR AR B
PRI LRFIRE 5

Step 3 ARHE L (10) T334 Wt I 149 345 10 B 1L
HED il , 8 o Ao DA Wi 8 P 5

Step 4 HHATHR IR FEFVEFAY LIRS, AR E
BE SO FE A T A, HEAT W 0 07 A
BB, I AR

Step 5 N — 95 B X T AT Wt R E A 7 R e
VB, FFh 5 b i 04 35 N B R AN AE A T, AR )
/NT 0, WIBEMLZERE—1E AR T 2 2 45
VB, A N 8 AR BEAT BT U, SR A

JINT 0 W, 38 T T AR R T 5
Step 6  FIWHE A e KIEUREEE B &
KB EALAE, AR [ Step 3 4kLLiE1T .

3 hEXBEHSM

31 HEIERSHE

ST B UE S A A RO, AR SO SCHER [8]43: 441
PT84, 3R SO & P A2 IR 55
(1) Foc BRI [R] 47 Ji S 76 LIk ] 7 A 2l 1 3R AT 20%,
R A] 2 5% MR 45 W i M R ] 47 JR A A DR 1] 77 A1
bl I 2EK 10%.

B, £SBANT . FRREER N 8¢,
M P R IR IR Sy, SR PR R 1
B s B4 0 O 40 ke/h, 01 2R AR 0 4 A 2
TR S 1 2 0] 45 A2 R 55 B ) 0 s S5 A PT R AT Al
%o AR P HIRS CER)R, Prikga s ek
N EREATR BERED, B EE
Ko AR E I w=0.2.

x1 BEHRLEERLER
Tab.1 Distribution center and customer data

BB S mK LI s
95 An/km  bRkm Ht ET/ ET; LT; LT/ A ] /h
0 70 70 0 0 0 0 0 0
1 107 77 34 12 15 35 38 02
2 109 139 08 24 30 550 605 02
3 120 2 39 16 20 50 550 02
4 48 47 19 12 15 50 550 04
5 116 2 32 16 20 55 605 02
6 12 133 14 32 40 80 880 05
7 86 40 22 12 15 30 330 04
8 121 124 21 20 25 50 550 02
9 61 57 35 36 45 80 880 02
10 40 113 23 16 20 35 38 02
1 129 24 18 20 25 55 605 04
12 12 84 16 1.6 20 45 495 04
13 44 116 27 24 30 60 660 02
14 102 52 15 28 35 55 605 02
15 41 36 13 32 40 70 770 02
16 132 138 24 24 30 60 660 04
17 104 139 29 24 30 50 550 02
18 104 54 13 08 10 35 38 04
19 2 104 L1 16 20 45 495 04
20 46 133 07 16 20 45 495 04

T 45 0 FRIL Ly 1~20 FoRE



%24 N Ar, S HETE IR A R R AR R R AR S W R 165

32 RO

A 3N Matlab R2014a Xif & AR s 5 550 7% |
GRASP-BA #¥: . GRASP-VEBA 1% 47 4 15 52
P, X 3 Fh B 7L B FE Intel Core i7-7700 3.6 GHz
(8.00 GB RAM) . ¥:fE R4 K Winl0 (355 T iz
7o 3MBEILMNSHEEWN T =095, y=0.95,
WA BE A € [0, 115 FIER K A58 rg € [0, 115 Bt B
FIEEEL n=100, Fe RIEIRIRECH 600, 7F A Ui f
Bk b, b iR FRE M 300, GRASP-VEBA %92
v, R B FPORE B H virus num=0.3n; Peopy= 0.2
Pinfec= 0.2, Pex = 0.1, GRASP-BA fil GRASP-
VEBA B3k, ®{Ha=0.3

3P EEBMELEAT 15K, Ribgs E gk 2
JIT7R o FEAS W B SR M B R B AR T, B
TR AR 1207.2 km, fREFIHEE R 1524.3;
GRASP-BA Bk ok th iy fe i A2 b, 4240 AT
AR 1 148.8 km, e K& Pl & E N 1524.3;
GRASP-VEBA B iR i A2, 440 B AT
BN 1 064.8 km, FeKZ FEE R 15243,
AT L S ) i 0 A P T A R AR . R
7E GRASP-VEBA %1, AT BA 5281 GRASP-
BA BT K B0 At 10%, 53510 16.9%
N 12.2%, 3% 70 2R B 4 o 3.1% A
1.9%, Bk TR WA Stk ffs e v

R2 3MEFEUHHELERIER

Tab.2 Comparison of the calculation results of three algorithms

(RS EMEAKE kM  BEEEESWEE BEREKEAn BEBREEPWHEE PHKEAn  CFHEHERE
BA 1207.2 15243 131458 14243 1358.9 14756
GRASP-BA 1148.8 15243 13432 14714 1286.0 1492.6
GRASP-VEBA 1064.8 15243 1230.7 15243 1129.0 1521.9
RO EINE 6 i, mAUEEA R L WG SEER, # 5T 2% 5 S B S ks

HEE N
i1 0—18—5—11—14—0

2. 0—15—4—9—0
WG 3. 0—12—19—13—6—0
%4 4. 0—3—7—0
5. 0—20—10—17—2—0
K 6: 0—1—16—8—0
10T 6 20 2 416
IRV N W S A
iloo- 19 o
*?* 12 WX T
E 60 A N 18
aor A5 A
20 ) ) ) ) L s301
20 40 60 80 100 120 140
IR AV A AR
Ee mMARKEZE
Fig.6 Optimal scheme routes
4 &

AR SCAEAL GE B0 F b 2 0 e A2 TR ) 1 8
TN P R R R F AR, (8 4 00 e A ) el o

)RR Y, BT R, A R A Wit B B0 ) Rl
I GRASP Ji3 % x5 1 4 36 40 i ik R 75 1A
B BEAT PR R RE AL, it HoR g 2 H bs i A2
[ RLF) T W B 0, I HHCOR A R B o SR A
LR R WIBIE A RNE, RENS BT M IR Kb LA B
W 5 SR WIS 8 | B = A AR TR R L
EHIARE

SE k-

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

[2] SAVELSBERGH M W P. Local search in routing
problems with time windows[J]. Annals of Operations
Research, 1985, 4(1): 285-305.

[3] URSANI Z, ESSAM D, CORNFORTH D, et al. Localized
genetic algorithm for vehicle routing problem with time
windows[J]. Applied Soft Computing, 2011, 11(8):
5375-5390.

[4] GHOSEIRI K, GHANNADPOUR S F. Multi-objective
vehicle routing problem with time windows using goal
programming and genetic algorithm[J]. Applied Soft
Computing, 2010, 10(4): 1096-1107.

[5] DING Q L, HU X P, SUN L J, et al. An improved ant

colony optimization and its application to vehicle routing


http://dx.doi.org/10.1287/mnsc.6.1.80
http://dx.doi.org/10.1007/BF02022044
http://dx.doi.org/10.1007/BF02022044
http://dx.doi.org/10.1016/j.asoc.2011.05.021
http://dx.doi.org/10.1016/j.asoc.2010.04.001
http://dx.doi.org/10.1016/j.asoc.2010.04.001
http://dx.doi.org/10.1287/mnsc.6.1.80
http://dx.doi.org/10.1007/BF02022044
http://dx.doi.org/10.1007/BF02022044
http://dx.doi.org/10.1016/j.asoc.2011.05.021
http://dx.doi.org/10.1016/j.asoc.2010.04.001
http://dx.doi.org/10.1016/j.asoc.2010.04.001

166 o TR 2 R 2019 4 5 41 &

problem with time windows[J]. Neurocomputing, 2012, 98: (NICSO 2010). Berlin Heidelberg: Springer, 2010: 65-74.
101-107. [14] LIN J H, CHOU C W, YANG C H, et al. A chaotic levy
(6] 5K EE. JE T Bk mOHE S e ) T e 2% A I AL i BT 55 0. flight bat algorithm for parameter estimation in nonlinear
FEHI T AR, 2015, 22(2): 252-256. dynamic biological systems[J]. Computer and Information
(71 A /N, D BL . 7 i ] 7 4 00 I A0 [ A P - OB B0 Technology, 2012, 2(2): 56—63.
). R TR S, 2013, 33(5): 1255-1261. [15] NAKAMURA R Y M, PEREIRA L A M, COSTA K A, et
(8] Xz, Tk H. 22 H bRy B [A] 7 (10 2 40 5 4 1) L 17 B0 al. BBA: a binary bat algorithm for feature
I8t A 1R A WUTE B0 0], 2% % S aE B, 2016, 33(6): selection[C]//Proceedings of the 2012 25th SIBGRAPI
95-100, 106. Conference on Graphics, Patterns and Images. Ouro Preto,
(o] i, AR, 2 TR K oK i VRPSPDTW [R] Brazil: IEEE, 2012: 291-297.
1. RG05HA0E, 2014, 26(11): 2618-2623. (161 XAV, A5 B . HAT R o 480 2 SR s i1y s 8 0 P 5k K
[10] MARINAKIS Y, MARINAKI M, DOUNIAS G. A hybrid PERE (G B [J]. R G005 H 44, 2013, 25(6): 11831188,
particle swarm optimization algorithm for the vehicle 1195.
routing problem[J]. Engineering Applications of Artificial [17] SH4EN, KRS, Th R W Sy e 4 i e 26 ZE R AR
Intelligence, 2010, 23(4): 463—472. Ak 0] R G R[], 22 00 52 e 50, 2015, 45(24):
110 IR, e, JE TR AR HE R R 00 2 H AR R B8 A2 80-86.
52 (9], TR LR WU R 4T, 2007, 13(3): 573579, [18] BRAE, TR ELES . B A 6 4% i 4 00 K A2 ) S O IR
584. R 0], TN FH, 2017, 37(12): 3602-3607.
[12] i A, P T B HOR T E B0 DB IR] 24217 [19] FEO T A, RESENDE M G C. Greedy randomized adaptive
R[] AR, 2011, 28(1): 149-153. search procedures[J]. Journal of Global Optimization,
[13] YANG X S. A new metaheuristic bat-inspired 1995, 6(2): 109—133.
algorithm[M]//GONZALEZ J R, PELTA D A, CRUZ C, et
al. Nature Inspired Cooperative Strategies for Optimization (G%g: T4LZ)

DD EDAIECIECIECIECIECIEIEC DI EC I CIECIECDIEC D CDECIECIEIECIECIECIEIECIEIEIEIECICIECDIEC D CDIECIECIEIECIECIECIEIECIECIECIECIEICICDIECDECICDIECDIECDIECDECIE

(3% 159 )

Sk 30(1/2): 21-24.
[7] GUNDERSEN G G, YANG L Z. Entire functions that

share one value with one or two of their derivative[J].

(17 A0, R, V40 ek B —PEER M. dbat: BR2
Jitt, 1995.

[2] HAYMAN W K. Meromorphic functions[M]. Oxford:
Clarendon Press, 1964. ) ) )

(3] 5. (A8 B FLBTRTAE M. JE 5 Bl b ikt 1982, [8] YU K W. On entire and meromorphic functions that share

Journal of Mathematical Analysis and Applications, 1998,
223(1): 88-95.

(4] J7 25 5 T 143 2 T2k 10 07 4 B BT — e 0], small functions with their derivatives[J]. Journal of
HEZ, 1995, 24(3): 244-249. Inequalities in Pure and Applied Mathematics, 2003, 4(1):
[5] RUBEL L A, YANG C C. Values shared by an entire 21
function and its derivative[M]/BUCKHOLTZ J D, (9] XUALEE, 22 EEZE. W20 o 55 FL A 22 =43 10/ R 4R
SUFFRIDGE T J. Complex Analysis. Berlin: Spring 4 I — P [J]. P R TS K22 2 4 (B SR RE2E i), 2006,
Verlag, 1977: 101-103. 31(6): 11-14.

[6] BRUCK R. On entire functions which share one value CM
with their first derivative[J]. Results in Mathematics, 1996, (Zmid: A BO)


http://dx.doi.org/10.1016/j.neucom.2011.09.040
http://dx.doi.org/10.3969/j.issn.1000-6788.2013.05.021
http://dx.doi.org/10.3969/j.issn.1002-0268.2016.06.015
http://dx.doi.org/10.1016/j.engappai.2010.02.002
http://dx.doi.org/10.1016/j.engappai.2010.02.002
http://dx.doi.org/10.3969/j.issn.1006-5911.2007.03.026
http://dx.doi.org/10.3969/j.issn.1002-0268.2011.01.028
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3602
http://dx.doi.org/10.1007/BF01096763
http://dx.doi.org/10.1016/j.neucom.2011.09.040
http://dx.doi.org/10.3969/j.issn.1000-6788.2013.05.021
http://dx.doi.org/10.3969/j.issn.1002-0268.2016.06.015
http://dx.doi.org/10.1016/j.engappai.2010.02.002
http://dx.doi.org/10.1016/j.engappai.2010.02.002
http://dx.doi.org/10.3969/j.issn.1006-5911.2007.03.026
http://dx.doi.org/10.3969/j.issn.1002-0268.2011.01.028
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3602
http://dx.doi.org/10.1007/BF01096763
http://dx.doi.org/10.1016/j.neucom.2011.09.040
http://dx.doi.org/10.3969/j.issn.1000-6788.2013.05.021
http://dx.doi.org/10.3969/j.issn.1002-0268.2016.06.015
http://dx.doi.org/10.1016/j.engappai.2010.02.002
http://dx.doi.org/10.1016/j.engappai.2010.02.002
http://dx.doi.org/10.3969/j.issn.1006-5911.2007.03.026
http://dx.doi.org/10.3969/j.issn.1002-0268.2011.01.028
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3602
http://dx.doi.org/10.1007/BF01096763
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3602
http://dx.doi.org/10.1007/BF01096763
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.1007/BF03322176
http://dx.doi.org/10.1006/jmaa.1998.5959
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.1007/BF03322176
http://dx.doi.org/10.1006/jmaa.1998.5959
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.1007/BF03322176
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.11845/sxjz.1995.24.03.244
http://dx.doi.org/10.1007/BF03322176
http://dx.doi.org/10.1006/jmaa.1998.5959
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.1006/jmaa.1998.5959
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002
http://dx.doi.org/10.3969/j.issn.1673-9841.2006.06.002

