E38EH S
2021 5 H

w4 25y A
Control Theory & Applications

Vol. 38 No. 5
May 2021

B B0 SR 1) 7 2 4 [ e e 46 B i A DAL

TEIEWIT, X wh, XUNSEE, (RS
CRHEHFIR . SEEH LR, 1T KO 116026)

FZE: 1 our A BT 75 SRATOR B4 57 0 22 [ i G 42 0% 42 4 % A 1) il (HFVRPSDDFP), 22 T 56 T AL 11 2418 A0 ) S8 i A
SRR, LAY BORAE T A5 FE B AN 42 RE IO 308 % 77 Rl BO R4, A e 7 58 SEARAL B BRI T RE A LS DL
SIE(SSAYIA E % AR B R, W IR S5 ARG 2 7 i, o) 52 JIR 55 S, SR ASOR) 1m0 A Dy 1 5 TR 1) S5 7R A e A 1)
AL(HFVRP), J# M A2, BT % A2 AR AR, G DA 2 SR A ) I, K 1 A R SR 1 P 38 <348 28 i
R, PRAUES AT IS SAod B2 AR 391 42 SR8 R A8 . JE R I I0IE 1 A SO K SRR A R

SRERIA): AP A IR AL BN 5K e B AR, R I O AR B AR AR AR I A ik

SIREE: YR, ik, RIMSRE, 55, S 60 75 RSO A 7 R 2[RI C 4R SR B A2 DAk 2 B8 5 R HT, 2021, 38(5):
661 — 675

DOI: 10.7641/CTA.2020.00376

Heterogeneous fleet vehicle routing problem with simultaneous
deterministic delivery and fuzzy pickup

FAN Hou-mingT, LIU Hao, LIU Peng-cheng, REN Xiao-xue

(College of Transportation Engineering, Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: The heterogeneous fleet vehicle routing problem with simultaneous deterministic delivery and fuzzy pickup
(HFVRPSDDFP) is solved according to the idea of pre-optimization and re-dispatch in this paper. In the pre-optimization
stage, vehicles are allocated to customers based on the credibility theory and the rule of vehicle type selecting, and the
distribution scheme in the pre-optimization stage is generated. In the re-optimization stage, the stochastic simulation
algorithm (SSA) is used to determine the customers’ pickup demand and the service strategy is formulated for the customer
points that have failed to serve. The fuzzy problem is transformed into a deterministic heterogeneous fleet vehicle routing
problem (HFVRP), and the route is re-planned. According to the characteristics of the problem, the genetic variable
neighborhood algorithm is proposed. The neighborhood design is determined by repeated tests. The adaptive neighborhood
search strategy is applied to the variable neighborhood search process in order to ensure the convergence speed in the early
iteration and the global search ability in the later iteration. The effectiveness of the model and algorithm in this paper is
verified by instances.
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. L4 5133E 47 BEH, Tt ik M 4% Hh 3L 104N,
IAMECE A, 3P EE DN K, Ky, K3,
M EMPERPIRNRRZAQ > Qs > Qs, K7
i FEpop_routef] HE 51| N3-5-8-4-6-1-7-2-9-10, M
B 3TFUEIR S, Ky, Ko RUK s (R Z8 50— Uk o] LUAR 55
% P15y ) H3-5-8-4-6, 3-5-8—-4F13-5-8(LL K, N 15
U H R %5 % 73, 5, 8, 4R16:06 20 2 I 45 1 1) &
J13,5, 8, 4FH6 M L T 75 K 2 FUAS i K 1) b vHE 25
BQ.;2) R %i(i € {3,5,8,4}), H4fE )
PN R SR RS B Cr{p;—d,;+Qijr, < Q1}
ok, € KOA/NTAEmIFEHo, IR EHES
wy > wy > wy, WHEA B EHRw, P EHE
J13,5, 8, AF6HEAT IS, 43 AW HL 42 L IR 45 I sy
LB AR
Fleet_K (1) = 1, Cus_first(1) = 1.

AN HIW A EE 6B TE UG, [R5 A H T A
G LD Y G G- L A= %
Fleet_K (2) = 3, Cus_first(2) = 6,
Fleet_K (3) = 3, Cus_first(3) = 9.
5 JE AR R BE Cus first R AR 1 B & P A B IR
0, 13 3 1 4 £Route; : 0-3-5-8-4—6-0, Route,: 01—
7-2-0, Routes: 0-9—10-0, 5¢ /R fFhS.

pop route [ 3 [5[8[4[6[1[7]2]09]10]
g [s[sa]s|r1[7]2]0] K [2]19]

g[s]s[s]4] m[i]7]a] &[2]19]
«GEL] «[0] &[]0
Wy (W>W>Ws) T Wi (Ws>W01>w,) 5 Wi (Ws>wWr>wy)
Fleet K n
Cus_first
R decode[o0[3]s[s]4a]efof1][7]2]o]o]10]0]
Route, Route, Route,

K 4 Gifeetd s =X
Fig. 4 The encoding and decoding method
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A DB TR J5 S2 P BN, o Be AR e mT 47 A, 84 T
ANRTAT G 52 IR A ] R
3.2 EFEERAE
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W BT DAR7 LB i e AR E T — A& 2R

33 XXEFERHET

TEAE SR, 238 U T IR B R =R B 1M,
BESRBEE 4 R R EE . ASCR AR AE X3S X
75 2R, MU 28 XA AT AT 2B BT AN A% 14D ] s M7 £
B AARH AT RELLE AR TS FHES. LLEIS () M, ik
1 ) A N BEAL P A2 158 XS, BLPAR R, AR BN
1, B SAR Ry FFAI3-5-T1E A TR, A1 B, B
R Ry 2Bk 55423, ST [ Hl6—4—-1-2)I P A
TR 28, FFAR TR,

AR S BT A FH O 72 A B B AN, S8 B A 4
R RS, AR SCEBE P8 5707 2, X R AR
577 AATAMAR SR BB, 8 5 4 bk e 8 a8
LA (b) i AL B, 5 Sk 8 A i SN BELE MA RS L
TR AR S 5, BT A RIS B HT MA R,

S ENEN Y N EA KN
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Fig. 5 The crossover operator and mutation operator
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|81 2 HTRL. ot oA P BH  gendor M UH, MaxGen
SREARYCHL, B 18, ]9 B4 TTBAT th, ZEZARH)
' ¢ W ST B, - n, MO G 753 1A 4T
[ falsfefsfafrfs] SR (TR L S BRBE BT 076 7 ST, e
vl Jels 4 ]s]2]7]s] SRS, SEARE ST T(B) + Ba)n , FHARIE
f — Bk, SoVRAR R B BT AT A AT
(a) Piscih FERRAR SN SRR .
!
([ = B 5 [ [l + ]
I|1|2|4|5|<>|;|;|8| =R
(b) AN
A j<59
¢ ed
e fafs]efsfefr]s] G R
— VXCAVIAME, WANATRERE, AEEX
H1I4ISIZMI;I7I8I T

(c) FISEFRA
K6 <hidiaity
Fig. 6 The neighborhood structures

Bk T AR S5 R T 2K, AR 3ah F 2 [a) [ G A2
EFFI RN B — AN EER R, 2, A
(120 &5 K 2 18] BRI g R A e B pli s N =
- AN

AR (R F% sl SR s B N AR, — Bl
RN — NS N, (BRI KN, 5 = 1,2,

o m)BHT R R, MR LR AR R, Bk
PIEERI Ny, HENABIREE ) N, BRI H i 5 — 40
WEEMIN,,,, SERRA AT ENTE. 7 —FoNE et N2
— AN EERMING, 248, B LR AL, 32 N4
WEERI Ny, 24 B B AR, S8 N AR T4
%, BEIB N, 55 — MR IR AR AR
U, 58 A BB AR sh V. it IR, A SCR 552
Bl kg, WKl 7R,

3.5 HEMBEE

H T A R RN P 208 AR A 2R i I AR
TEIEAHTH, 48/ MERIGH, PSR i & 7Rk
G, I KIE RG], $ETHFEE 2R, A
GBAN R RAL.

FET LA, RSO T BN 2R G SRS
ARSI R, B s BERIIR (4, 5) i 2 20(19)

A={(1,7) [ lij < i} U{(1,7) | lij < s}, (19)
e 1;3R0R (6, ) ISR, Do BE B 46 B L AT 0
FABMNBIKII T HES 2 513 BIRHERE, o MR
B D AT 5 s N, Horb s T 2 20(19a)

G
S= 16 ntfeon- (e (%)

j:l’XzX':
=0

1<S8 ?
i

K7 ARiga] R Bl
Fig. 7 The move strategy in the neighborhoods

3.6 BEHUBEIL(SSA)
TEA ST 58 1 ) /5 25 1 1R 4 B 75 SR 2 R 11,
N T ISR TR A B B A7 1) SR AN R I R E AL
TR I RE, SR FH SSABE USSR & & 15
PR W& P mERTERp = (pa, pio, pis)» 1E
[Di1, pis) 36 B P BE AL A B — 7 o, v 5 H SR 8
0 — Pi1

(o) = Z7P0 B e[, 1) BEHLAE R BN,

i3 — Pi1
LA u(o) = N, WAHLAE & PR H R Ao,
AN R (o) = N, W E B AE o M, B (o) AN,
HEFHLu(o) > N\, FiEE " milER T Ro.
4 EHBI5Hr

H 1674 HFVRPSDDEP [ i ) 5451, Rl AR S
1% VRPSDPFIHFVRPSDP 11| 56 11F 50355 1 A 2%k,
A2 ICHFVRPSDDFPEL 1], DAL iF AR 28 A B3 1 A 2%
PE. g FE T B F ] TMATLAB R2016a, #:1E 2% N
Windows 10, H fii N 7% 58.00 GB, CPU ANlntel Xeon
E5-1630, 34 42.80 GHz. £, A 555
WHEINN: i KIEAR R EMaxGen= 100 ~ 3000; F
FE R PopSize= 30 ~ 100; 2 X % p, = 0.5; L 57
MFp, = 0.05; 383, =05~0.8,8,=0~0.5;
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e K AR A IR IR EMax S, = 1000; 4638048 & Vs
Sy = 20 ~ 30; FthfifdE 2 A ot B R I EMaxNum
=30 ~ 50.
4.1 fhEZIVRPSDPH I

UG 1 SCHR (2910 [R] I BOAR B A= s 42 v itk
APHEIE, [FIASCHE 7L T HFVRPSDDFP il AN ] 2 Ak
FET, STHR (291 - RIF 5 i REFRTIE « 4 B 2 259 D9 i 7 1Y,
S AR S 7 AIHFVRPSDDFPI 3L At il 31, K] 1 AR 5L
TSIk FESCHR (201 I SAGI ASCREEAT AIE. 42
SCHR 291 VRPSDPS, % 1 KA 20, & —4
Beik oy, AR IR £ IRENE2 ¢ N, PR
DA 10 54, BRI EE B YR8 ¢ BT I — IR
RERES 950 km. 2145 H oo OREDGR K B (simu-
lated annealing, SA)PY . [ & N R B 5% (adaptive
particle swarm optimization based on swarm delivery,
SDAPSO)B! ., i 2 4 (ant colony system, ACS)F12—

opt4 A FLEB2 Py [F R 7 BE-BLHLE K BV (PSO-
SA)YBIDL Ko AR SC (1 38 4% AR 4R 48 5V (GA-VNS) 3K fifk
10R 45 8. Herp: “Best” R on SRR 107K 1 B 0 AR,
“Avg” FORRIE10RBIFIME. HERITT LA H, &
PEARTT T, ARSI AR SRR SR AT B B UA# 100.5 £
SAIE T 13.4%, ELSDAPSOMUEE 70.6%, Lk ACS 5
2—opt&h A L NGE 1 7.3%, 11 H R H104 45 5 4
#B 9 B A M. PSO-SAHUAS | b 5451 (1) >4 Wi e A A
100.3, B A B H0E 17 0.2, (HPSO-S A ] 4240 %5
FEAR S 22— 4, ZEE A8 FH AR [ e BAR, 18 i
FEFRBN A, B LAN D A . 53 FPSO-SA
THE 10X B 3ME104.6 2255 T A SCHEE1)100.5. 55
UE T A SCRIE A B A AR e . 8L HE T A SR
Ff ) B R R AR AR AL R A B, AT DU AR SR g S T
PATER A IR AR P9 R SR, RN R i
PLBT, AT PRIk SR E L, BA R RS Re.

% 1 VRPSDP|F| A ¢yt H 45 %
Table 1 The results of VRPSDP

SA SDAPSO ACS#12-opt PSO-SA GA-VNS
BEE R HAE Tk SRR PR SRR B BEE FHM
1 119.1 4 104.9 4 — — 107.1 4 100.5 3
2 118.6 4 101.8 4 — — 102.0 4 100.5 3
3 122.0 4 105.1 4 — — 104.3 4 100.5 3
4 118.9 4 103.9 4 — — 106.1 4 100.5 3
5 112.9 4 104.7 4 — — 106.7 4 100.5 3
6 125.2 4 102.5 4 — — 104.1 4 100.5 3
7 118.8 4 101.2 4 — — 106.7 4 100.5 3
8 116.0 4 102.7 4 — — 103.7 4 100.5 3
9 128.7 4 101.1 4 — — 100.3 4 100.5 3
10 125.5 4 102.6 4 — — 107.1 4 100.5 3
Best 116.0 4 101.1 4 108.39 3 100.3 4 100.5 3
Avg 120.6 4 103.0 4 — 3 104.6 4 100.5 3

i SCHR [32] RS H BHRAE LR T A “—7 R,
125 T T T T T T T T T

120

115

110

AL ARE / km

105

IOO 1 i 1 1 L 1 T
0 10 20 30 40 50 60 70 80 90 10

RS/
K 8 mgir iy

Fig. 8 Change trend of the shortest route

4.2 HFVRPSDPHH

SEEG 2 EFESCHR (341 FTHFVRPSDP R X A%
SCEEIAT IR, Z BB E TR IE RO A1

5 t, A ZEBG P, BEERUG WRN. R2J9ACiHE
RIS SR A 10 EE R, 23 M9z T
SCHR [34] HH 38 1% 59k (GA). 25 5 48 R 53E (tabu
search, TS)45 B & 18 £ B 7% (hybrid genetic algorit-
hm, HGA) I 2 ST I8 A% AL 41 8 S VA (GA-VNS) T 5.
10 KSR g LA I LG IE R 26 27T LA H,
AL AR FH B 183 4% AR R SR SR AT 1) 45 SR 34 4
H 3%, 2280 A —40, 2281 B A, S tiiid )y
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134.61 km, = B F2 ) 22 {H 9135.80 km, i Z it N
138.37 km, {X L EAAHRZ22.79%, 545 B NFaE.

% 2 GA-VNSK#HFVRPSDP= A it 2%
Table 2 The results of solving HFVRPSDP with

GA-VNS
e GA-VNS
WRREmm A me
1 134.61 1 2
2 135.59 1 2
3 134.61 1 2
4 134.91 1 2
5 137.51 1 2
6 136.36 1 2
7 138.37 1 2
8 136.81 1 2
9 134.61 1 2
10 134.61 1 2
TEME 135.80 3
bRz 1.39 0

18
16
14
E 12
!
1l
=5
R
5
p
2 4 6 8 10 12 14 16 18 20
MRS / km
(a) GA
18 T T T T T T T ! I
(17, 10, 16) (16, 13, 18)
16‘(11,2,15) (15,15, 15)
14
E 12
= 104
a
=
B
2
4

10 12
8 A B / km
(b) TS

14 16 18 20

38 3
i
o
B
x|
0 2 4 6 8§ 10 12 14 16 18 20
e R / km
(c) HGA
i
=
=
=
>

M / km
(d) GA-VNS
0.5mm] K 9 GA, TS, HGARIGA-VNSR i ffe 2k &
Fig. 9 The best routes of GA, TS, HGA and GA-VNS

MFRIFAEIORT LAE HH, SRART 77 T, AN SCHZ:
XTI SR AREEAT T ek, B JEAA SCRRSR 1S 1 B
fiR 52 10.037 %, TESR Mg e M5 T, A SCEEM
HGAYRAZ4R AL, 1 B A SRR 19 45 R
[ E 22 41.39, 43 MK THGATI1.49. GARI2.24
FITSHI2.52, BoilE | AL A Rk,

% 3 GA, TS, HGAF=GA-VNS H & b5
Table 3 Comparison of GA, TS, HGA and GA-VNS

B BUEREAm RIS EROAREZE
GA 137.59 3 2.24
TS 140.51 2 2.52
HGA 134.66 4 1.49
GA-VNS 1346l 4 139
S 3 P Aveil R AR R %04, %

J 10~ 100 HFVRPSDPIIR B 451 6445 H!
T ICHR 1617 HE R A R FHE 2 502 (hybrid local
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search, HLS)F 7 S [ 188 4% A8 47 45 5V (GA-VNS)
TEISN B IZAT 1O IR g o, Horb: “Cou”
Fm% S, “Veh” NEREL, “CPU” AHEIE
ITHIRTE], “%Dev” Fon MR [FFME R E.

H R4 7] LUE W, TESR AR (8] 77 10, 4% 7 s
TE10~ 150, AR S8 % A8 A0 4 B2 B AR B4R T-HLS
B, M PR 20~ 1000, 28 SC 8 I E L
HLSH%24.2 s~49.1 s, 4% A% N 150~2008
A SCHVE B LWHLS 509 £ 138.8 s~254.1 s, [ifi

R 2 A SO RE T S AL RO B
PR A8 SRAAE T B3 T, AN S AR AR AR RAG
12 S AR, HLSSL VR AF H A LIS SR AL, A
SCER BT HLS B3k AESRAFASRE 17 TH, AL
AR AL IR SRAT (17 B fE LU B DR~ 28 A vy
1.69%, MTHLS 73R 15 (101 {E 22 Le e e A 125
1952.09%, A SCHIRSE VE 4T, T, A SCHEAE R]
FAZ IS TR) Y B P A 1 0 SRR ], {ER AR5
FEE AL HARE VE 5.

% 4 HLSA»GA-VNSH ikt
Table 4 Comparison of results of HLS and GA-VNS

HLS GA-VNS
HAl  Cou Veh

Best Avg %Dev  CPU Best Avg %Dev  CPU
1 10 2 620.2  620.2 0.0 172 620.2  620.2 0.0 14.0
2 10 2 588.5  588.5 0.0 147 588.5  588.5 0.0 15.6
3 15 3 445.1 4451 0.0 2277 4451 4451 0.0 214
4 15 4 4371 4371 0.0 245 4371 4371 0.0 18.3
5 20 3 494.0 4989 1.0 27.1 4674 4674 0.0 31.5
6 20 4 542.7 5519 1.7 26.7 5489 5559 1.3 30.9
7 35 3 1108.2 1123.4 1.4 56.6 11134 11513 33 71.6
8 35 3 1586.5 1601.2 0.9 547 1622.6 1644.6 1.3 79.4
9 50 3 9644  990.2 2.7 914 9459  980.1 35 100.6
10 50 2 1197.7 12286 2.6 958 1181.2 1216.2 29 103.7
11 75 3 16422 16739 1.9 143.8 1601.8 1627.9 1.6 160.9
12 75 2 973.1  1002.5 3.0 1649 9731 10015 2.8 177.2
13 100 2 12995 13535 42 2285 13039 1329.7 1.9 252.8
14 100 2 1658.2 1678.2 1.2 3103 1561.0 1585.4 1.5 359.4
15 150 3 14994 1624.5 8.3 5925 1548.1 15854 @ 2.6 731.3
16 150 3 21448 21525 0.4 5489 21827 22714 3.9 696.5
17 200 3 3673.1 3688.8 0.4  831.6 33814 3422.6 1.2 1023.8
18 200 2 24853 26825 7.9 9194 2211.2 2269.1 2.6 1173.5

4.3 HFVRPSDDFPH.f

US4 ASCE I FENLAR R A bR 55 R S
R (719 RS S, Wk R — MR G
IR 3R R, 5 X 1004 R A e e 1R
SRIZ AT IR 5%, 2240 MNBCIZE o0 1, RS
SERUGE IR [FIRCE G, BR R i FURIBCIE K 2%,
15 58 IR S5 I RATAR. N T A 7 S B R
, Dethloffl34& i B #1 7= 4 VRPSDP ] #f Hh 7%
IRC SRR B 7 B AR B 7 R d; BEALAE
%, Hdidp, = (0.5 + ry)di PSR T R, Hfr
BEMLAE B, - BAEIX ][0, 1] 3551504 /£ Dethloff
PEH IR VE SRS b, A G

Pi = (1 = v)pi, i, (1 +7)pi)

R P B AR TR 7R oK, Horby = 0.25. fiFE
€ (0, 1], 3K filt i 2 oA M FEO. 134 3. 545 1 T
HFVRPSDDFPH I T AL Bt H 25K St 1T 4L
PEAEL oy KA 2
ST L, B AE BT S48 1A 25 35 /N, D W
GA-VNSH.7%: 3R it HEVRPSDDFP [ S5 I} 1 14 i
E. TN, IRIFAE T EUEA [, 2 FHORMSS R
75, RS AT LUE H, fEa = 0.2 IS s i
4718 24 18/ NT- M 4840.84, Fitid o it BUE 1% 5 1Y
K, FLI% A B HTHE I, 1% & KA M B30, Yesk
Fo ] T OR S, R TR AT BRI e I A, FE TIAC
EM B R E AR E AL RS E 2 E S, §
HMAR S R, [k E @ T B AL, ik
RIG AR SZ B T8, SOV ZEARTE R ] RE 2 1R 55
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38 3

B, FEURARIK.

9 T % B2 ik 5] 5 B fEHFVRPSDDEFP 1] &
HHRIR I, 70 TR A% G0 R rst IR [ SRS SRk [23]%
T R 32 (] SRS 2 TR T et 3R [ S S R A S R UL R
JIR 5% 50 3 F #/HFVRPSDDFP A 7] . {H J2& 7F 5k
I A FE R ORI, 4% G S I A IR (R SR R S
R SR [ SRS B B I E B, FER A RSB
TUARER, 1 A2 RN AR SC LR #2e e BAN A ZE B 1Y) 42
9, ZEI R E IR BROKR, VAR R A BN, M4
596 1 55 BR) 5 1A T 2 1) R T 7 SR KT iE B 75 SR I
TRZY 5 F BRI A Bl 2 & 4 0 75 =R IR 55 %
e, o A% EERIANE P IR SS R , AT 2 i3E 4T

ARAT RS 5 (R 0] 2237y, 221 Jm S AH [F] 2240 B R 4%
JRFOEA BL 35 TH R AT BC I, 5 BRI a2 I
BOAIE T A G i A ISR (] SR S AR 2R st T et 3R (] 55
W& ANIE T A SO AL THFVRPSDDFP ) 8

Kot T FEIRA R o B LT AL 7 &
XF 2 VAT LI, AU P SR LR SC R M i 45 o
W )T S W 2 (ST iR [23 13 [ 55 e )T (14 T 36 e 4. ]
DL BILEAS [ (1) A0S, SR AR 45 A B 2 1) 22 ).
HEE2E v = 1 B IR AL 5408.07 Fll e /N 35 4E
5737.26, K& 1 fE o = 0.4 B U AR f#5215.42, o
= 0.28 /N 21 N5315.47, 43 ) B SR mg 28 it 1
2.72%F16.76%.

4 5 HFVRPSDDFPH |69 Tt 45 R
Table 5 The pre-optimized results of the example of HFVRPSDDFP

oy SEHREE R

IR A RS

1 2

3

4

5

6

7

8

9 10

Best

Avg  Dev/%

0.1
0.2
0.3
0.4
0.5
0.6
0.7

4853.59
4832.86
4829.84
4904.69
4866.95
4737.18
5004.81
0.8 4954.64
0.9 4920.19
1 5012.73
4891.75
4737.18

Avg
Min

4879.73
4761.55
4890.34
4852.44
4839.72
4865.00
4842.67
4881.98
4972.98
4893.45
4867.99
4761.55

4821.47
4893.50
4975.48
4885.34
4853.34
5016.28
4899.65
4899.35
4934.38
4985.54
4916.43
4821.47

4922.95
4872.95
4961.93
4980.70
4813.41
4899.23
4823.90
4918.64
4914.25
4989.68
4909.76
4813.41

4854.62
4854.42
4953.14
4771.29
4835.16
4992.98
4927.87
4897.46
4982.21
5056.72
4912.59
4771.29

4851.57
4882.92
4832.94
4845.95
4892.76
4912.70
4957.68
4939.10
4909.90
4991.97
4901.75
4832.94

4911.55
4718.24
4899.93
4946.42
4975.52
4831.46
5009.87
4982.59
4901.68
5092.37
4926.96
4718.24

4870.46
4860.18
4771.10
4962.51
4844.58
4839.77
4961.40
4909.18
4896.41
4998.19
4891.38
4771.10

4870.37
4941.29
4876.64
4810.86
4849.62
4872.14
4911.50
4947.78
5005.36
5037.22
4912.59
4771.29

4822.35
4877.39
4907.24
4878.00
5080.32
5021.37
4968.58
4932.61
5025.28
5141.91
4965.51
4822.35

4821.47
4718.24
4771.10
4771.29
4813.41
4737.18
4823.90
4881.98
4896.41
4893.45
4812.84
4718.24

4864.29
4840.84
4897.51
4879.86
4883.69
4910.89
4932.43
4921.30
4943.95
5021.93
4909.67
4840.84

0.88
2.53
2.58
222
1.44
3.54
2.20
0.80
0.96
2.56
1.97
0.8

% 6 i3 T ERAMKATT LT 69 B A

Table 6 Total costs on different pre-optimization schemes under « increasing

LR & Hig1

HAZERI(8 1) & FRIK 1

HZERI(16t) & FEI& 1

LR & HEME2

Best Avg

Best

Dev/%

Avg

Dev/%

Best

Dev/%

Avg

Dev/%

Best

Dev/%

Avg

Dev/%

0.1
0.2
0.3
0.4
0.5
0.6
0.7

5255.16
5248.34
5246.78
5215.42
5266.46
5338.09
5310.88
0.8 5326.72
0.9 5272.73
1 5261.17
5274.17
5215.42

5422.62
5315.47
5348.60
5353.11
5425.68
5451.66
5399.03
5482.06
5408.11
5349.31
5395.56
5315.47

Avg
Min

5524.70
5519.78
5662.58
5534.46
5598.39
5718.47
5770.22
5578.93
5694.46
5584.03
5618.60
5519.78

4.88
4.92
7.34
5.76
5.93
6.65
7.96
4.52
741
5.78
6.13
5.51

5653.91
5689.15
5742.73
5741.45
5761.76
5843.09
5861.80
5860.09
5858.44
5772.71
5778.51
5653.91

4.09
6.57
6.86
6.76
5.83
6.70
7.89
6.45
7.69
7.33
6.63
5.99

5870.92
5876.18
5910.41
5957.65
5922.36
5942.38
5923.50
5879.38
5879.38
5945.95
5910.81
5870.92

10.49
10.68
11.23
12.46
11.07
10.17
10.34
9.40

10.32
11.52
10.76
11.14

5967.85
5980.78
6015.52
6078.67
6117.76
6040.84
6112.17
6056.95
6119.03
6068.91
6055.85
5967.85

9.14

11.12
11.09
11.94
11.31
9.75

11.67
9.49

11.62
11.86
10.90
10.93

5780.49
5956.62
5959.14
6031.06
6021.95
6058.52
5956.09
5749.84
5570.32
5408.07
5849.21
5408.07

9.09
11.89
11.52
13.52
12.55
11.89
10.83
7.36
5.81
272
9.72
2.72

6098.28
6368.64
6171.12
6261.49
6248.36
6490.63
6226.68
6111.67
5773.04
5737.26
6148.717
5737.26

11.08
16.54
12.36
14.51
13.17
16.01
13.29
10.30
7.35

6.76

12.14
6.76
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