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Optimization of double stack car carriers transportation problem based
on branch-and-price algorithm

CHI Ju-shang, HE Shi-weit, SONG Zi-long, XUE Shou-qiang, FENG Xiao

(Key Laboratory of Transport Industry of Big Data Application Technologies for Comprehensive Transport Beijing
Jiaotong University, Beijing 100044, China)

Abstract: The double stack car carriers transportation problem of vehicle logistics belongs to a kind of combinatorial
optimization problem that needs to consider the vehicle filling problem (VFP) and vehicle routing problem (VRP),
which is called vehicle filling and routing problem (VFRP). Because the complexity of the VFP and VRP is NPC (non-
deterministic polynomial complete problem), and the objective functions and constraints of models of the VFRP and other
combinatorial optimization problems often have nonconvex structure, the linearization, the design of accurate algorithms
and the improvement of solution efficiency are always the difficulties in this field. Therefore, a VFRP model of double
stack car carriers transportation is constructed, aiming at the lowest cost of car carriers transportation. On this basis, two
linearization methods are proposed, and an improved branch-and-price algorithm is designed to solve the problem: on
the basis of branch-and-price algorithm, a branch strategy of combining the most-infeasible-branching strategy and the
strong-branching strategy, and a dimension reduction method of reducing the feasible region’s dimension, are proposed
to accelerate convergence. Finally, examples with actual data are designed, which verify the effectiveness of the model
and the algorithm.

Keywords: highway transportation; vehicle logistics; double stack car carriers transportation; model linearization;
column generation algorithm; branch-and-price algorithm
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& (5 AR U Bt S5 28 2R [R)) a5 /N BRI O 56
CGEK + 1) R HARME. 26 < OfF, RYIHE
B e A5 PR ) 3= 170 7 H A R A0 — 2B AR e 2 T
R CRAF IR, 1 7] UL M4 4R s

N M
ming = (c= 33" B, Vith ). (42)

n=1p=1

s.t.

M
SN LV, <2xt, Vk € K; (43)
neu; p=1

M
YN ViR <2xn, VkEK; (44)
neu; p=1

Vil € N,Vpe P, Vne{1,2,...,N}. (45)
Hor B, BRI 32 0] B & 2I R 52 AN A%

3 HXENMHEE

AT SC CUFF 0 i B B SR AR 1 52 2 A28 ML 3 46y
RE 0% 30 I 41 A Bl BV SR AR 11 4 M R ) ) M3 A
M4, (B 51 A 245 2 (0 N R PERLRIE (S, > 0),
3 5 S A FH VRS IE B H (S, € IN). IR, i
F A R R A5 B B LR, 10 75 Bk — 2 i
filf 9, A ST FH 43 S8 0 B e D IR
3.1 TEHMSH

Iy SCEM EIE S 53 308 FENESRAL AR AT
93 SCRE M BT s A B A R R, THERL S T
RE 7= A W AR &, 8140 SO 2 R o BT RO REBE R
I SCW IR 38 2, 5 2 11 S (] Bl 2 32 7. R R,
RS BE AR T SCHR [13-20] A, FRAEH 0-1 8%
TR ot 75 31, AR 8 0yl i — IR o 19 BV HUE,
WP 4 FToR, BIAR SCRLVECCRR [13-20] 56 E 15 31 8 5

&
0 .2 3 4 e > W[5y 351
¢ 1 1
A ) —> 53371
L@ L 1 1 1, 1 s
0y I 2 3 4

El4 TEHUETEE
ASCEET AR, BTG SOE I B DL
AT KA 2575 SCHR [21] T i G5 0775 RS R s S 7 32
SRS S AN P e 458 B3 AR S BRI 1R S o LA BT, DA AR
RS RAETVE AR T Anig s, RN 2T 2 12>
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SR S B Al TR H R A S R A v DA R AR T AT
YE R B B4R D7V, oD B2 TR R SRR A
P e SIE E

32 TRHNERERERD IR

SR S R R T 5, T LR MBI 1 B TR
SR G LA 53 SR B AN RO R
TSR P T A8 20 2 T AR 23 S H bR R R
THRL WA SO R R RIS R 5 A R A SR R e
(best-first-search strategy): & /2 1% ¢ H A5 bh 2UE fx
(R REEAT 43 3 P,

ROy SORBE T &, A SCRIEREZ T U 2 Bl
5 SR B IR AR B R N, WA SCHE TG i
WA BT 0 MRS, 2719 1 H bR ek EUE 7T Re
AHR] (B A B SO VR AR RO )42 &) I T4 T, S
1 B 45 & 5 N > 1 (most-infeasible-branching) 2! J
543 3 (strong-branching)?! [ 43 37 5 W DA A2 512
ok, BARA BRI R W, A X R E n 51T
REWE,GAT T s, n € GAEE LT
YT AALERE (2, < |2n], 20 = [2,]), NG EIEE
Gy SN T RN S, B NPSCH bR R EUE 2,
Mz, E B R BRE Z, = min{Z,,Z; }. 4%
2 1 S H bR ek EUE A R, S0 i e sk R 32
(Zn = Z7), W, < |, K58 BT H 5 0k i1y
MEEGEERRE) ICNES D B2 A
H A BR 5B AR [R] IF, DA a8 554 7 B e e /N R 7 R
T (Rl “H2380.57 ), 1H A=A

e =z, — |z,] —0.5]. (46)

AR IR 73 SR T AR B BT 58 43 S
A H 2 AN BHE AT REAH [F] 115 100
8 J13 3 SR 4 2 ) 3 RN e LA 32, A ST
SRE LR SR B B DL T R 43 S oy SRR A5 3
IREEESR AN, T3 B ARAREFE p, B
p=(U—L)/L. 47)

Hr L AR U R B 2p < 5%BTZ0ETE
5.
3.3 PEERE

T SCUR IR 5 R 45 2 SRS K 43 S SR 1] LLORAIE
AL PE HTHE T M BVEUSIOE B (F 2 B T 93 30
W B, W AT S B R S AU
KX T8 7 E S R 3G 22, BT B2 52 06 TR) Y o
BRI ) SRR ) B AR DRI I, A SCHR H DR B 4 5 vk
AR AT AT 304 B, ok D B S5 B R

3SR B S 4 308 FRENEM AL R AE T H

g5 R, B AR T SO B e, B E T S
Vi) i A A R AR B 3 2 T A . T 4 S R
e ) 5 R TEVE R TR 53 3B AN SRR I A SR R T
SR N ) S KT — AT A5ORE. B1) AR s B v e e PR
e 250 % I L ) ¥ B T DA S8 R Al T kS 1 P R,
AR MEEHNIIT RELE RRASELE R T
HI, RO AR BEAEEX 0. DRIk, A SCHE T 9 3C0E ARV
£ 3% 43 52 5 W (pseudocost-branching strategy) &
AR (R A SO A 2 &1 50 H b ek BB W] se A 9],
P2 FA I 73 SR T ANIE &, WCR BT SCRTR 73 305
W) S B AR TRk 1)k L R 2D R 4 th — Rl R AT R R
53 345 F UL IR WS ik oy SCE i B, B
FEIRFE 43 30 R a1 R E N O AR E LA
AR B W HAB I A 0, 188 G T N FL 23 3 1% 07V
T FE 3 SO R H A INER A ) 29 3, PRAUEAE 2R 7 [ ) —
BUItE, BE W AE AN SE i is f 07 R AE AT IR N, R ik
IR
4 FENEEIPR

FRETSCC UL S8, W QAT RESY A
A AR AR, T R on MR H AR R BB N Z,,, Y, N
XYY, iR 1S B B RRER, DRl 43 SR G £ AR
HC.

step 1: FIGEA S A2 BRATUE . 4% HE 25 75 SR Hb AR AR
AT R, R R G p, DL KRB A 9t
S5 PR s, 42K RT3 FH 20000 2 2 48 ) D 0 %o &% 5
SR T FH R AT R AR, M S R oy REE G
N 02, B Hb TGV B0 Ha 1 3fe FH 42 9F N AR AT 75 5K b,
A JGARIT 75 SR U R B 3, ok B AMEAE R U ¥Ith
. %L =0,G=09,C =0g,%step2.

step2: PR FE W EFE. L2 N ITGERNRELC
R0 AV, FOHO R AR B AR B,y 45 C = @, I HHT
LY, BARBHE Z, L = Z;45C # o, WiEH ¥
OO BEARRBUE RN Z T 8 2, RN Y, P By, 5
step 3.

step3: T ETHE. HEREE 0,6 > OB,
step 4, 75 MK 7 il A AN €2 925 5 (95 13 I AH )
TR FBAIRTCR), ¥ step 4;

step 4: BRI, % j = N + Z (Bl hES
), W step 5, 73 M) j = 5 + 1, %% step 3.

step5: 733 Y TG AR B ESEIMAN G4 G
e ER s BN IS AR AN C ¥ step2. 115
Ja 228 C B AW, BUZ T S EHARREUE RN Z, =
min{Z;", Z-V, MFEE Z -, [FEEL Y, & DL B g5 )
A D . 25 D P A7 AR BB, W step 7, 4
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TCHEHR, W% step6.

step 6: 19 U . MR AR A S 1 R RN, i 4%
D Z, s/ N AR SR S L = Z,. &5 D
FEAEZ AN HFRA R e /ME B R, D HRCHG o ) )
e 5/ R AR A 43 S, FEZ T BN R 3 SCAT RO
ANLIRESR CY = Y, HR 8y 32 B fifg
HHTE A0 AZ & 1E N 0, % step 5.

step7: LK M. i p < 5%, B Z, NiZEEAR
i, T JE 2 b 25, TS e B RV U = 7,
fREEY = Y, % step 8; 4 ANl 2 L BRI U =
Z,  step 6.

step 8: iz 2l FH L4z il H Y o SR F R 2%
FIHh ER 45 PR B HE T, SR IR B8 S AH R K #is 2
FEARIr MR, T DL AR EL IR BT 12 2 Fh 2 LA
2o, R AR P8 3l H 28 S B A i is ZE B BB A B o,
THE SRR N AT R, W g NAEIR G AR ER
e H ZEH & M g; ik e () R AR A &4l Y
— e HY 4, R R 205 (2) 1 (3) BT HE N, ke —
FZEAR, ZE AR A FH BB R 20 RN, BT 5. e,
WIS AR B S N s

5 HEISH

SR AE Visual Studio2019 °F & S2 8, 18 ] C# 15
T AT g B, L 4 1t B A 7] B8R B ILOP . Cplex
12.9 3R fif, - iv] 7K H 8 74 FURI K i, CPU A Intel(R)
Core(Tm) i9-9800H CPU @2.30 GHz, N 1£32G.
51 ZWHERERSHR

DN ORAIE S5 P 1L S, AR S LA v s 4 J ke
RS W 2 S B, Herp s E R E N
Pt ) = 2R 18 25, nT A R P AR, nT e s K FE R
18 100 mm PA &% 13 750 mm.
511 5SREHXTL

i SC 0 R AT (R RS 1 2 B, AR 10 3R
il 2 25 SR 5 AR SR HA IR S0t 4y S M VR A RO

LU, 9 ORIE B0 45 SR I 0 S, A1 o 7 SR AL B
e SR B B IR B Solomon U 5, 1% 7 5K S Mg
T RS R ANR 2 PR, Foh SR g 2 A REAL BE 5 ~ 15
AT R b R 1) A

®2 SKEREBRILL

ok . o3 EM . RARES
e CEM Kfpasm
K JEATIFIE] /s AT /s
5 145 55.5 143 913.1
10 372 81.0 359 1124.0
15 426 132.1 402 1520.7

HH Xof Bl &5 AT L, AR ST H 1) 40 S0E A SR A
LR R4 4 R AR I, R A8 19 2030 MR, TSR AR 8 11 5
B B)3E p T 20 SCE M RRIE AT I ), HLBE A ) A
(17 7N 0 55 4 v, SRR 2 T B B T PR B v e P K,
I 50 A v 3] 15 A 75 SR M DA i), SR A 88 TE 7R
12 I R, T 2R B AR SO BV AE SRR AR AR TR A
i, BEIE Ab FR R HIAE ) R EL e 05 143 2135 7= A
5.1.2 HiEMEREST

7t T SR A7 B R TR SR, LRI T A5 A S
5 SR Hboxt AN [ 3fe B 242 1 75 SR AN [F), HL % 0 75 SR b
AN 52 (R >R A7 B 277 A AR L), Rk, AR SC S )
eI FH 22 5 SR B R 4% 7 SR M A7 B A BB L B 4 R ofe
M TR TR0~ 505, % 75 K A7 B 7E 100 kmx
100 km X 355 P4 B8 B A B, 70 VR 49038 2276 7R 25 20 km LA
W 7 SR 2 (R EAT 22 DN ZE A b

AR S B 1 Ol R Il R AR, HXS s A
%, 10 ~ 250 75 SR 7 Sl EAT VB DL R OR B T
SvERE, IR 5 IR 5 AR YE ek TAR A 3wt i B
R AT U8 R R E R RIE T — 79 52 i B 0
H, N2 & TR aN) 34T 5 . 07 (8 44T, tF B 45 R
T NS e L7105 e S S o o R ) G S (= - W= RS
H bR A — 2 3@ Bk B b )8 & UEVE B ARME,
TREE /NS SR 3 07, TS R NR 3 FTR.

®3 BHEAUELS

i R I E Gy SCEM R ;;Eﬁ%ﬁ/q J8 KA & E HAJL ;ﬁ /s PR
10 182 81.0 210 19.0 0.099
40 635 323.1 699 374 0.092
70 879 5827 971 40.3 0.095
100 1678 834.4 1863 45.2 0.099
130 2008 1098.3 2272 54.1 0.116
160 2831 1499.5 3230 66.3 0.124
190 3443 1790.2 3921 823 0.122
220 4013 2251.6 4809 101.6 0.167
250 4479 2754.8 5437 123.2 0.176
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H13% 3 45 AT i, A SCRIR eI A2 — 5 I TR) 4 Ak
BRIV iz 42 32 i ) B, B RIS AT I Tl 1
e IR AR () FBUJ T Jo U P v 5 il A, SR KA
A 1) 7L )32 4T IS ) ] LA 32 R R REVE IR 5 0 3
SE M S AR RO LS DL I 1 5 iR (5.3 /N R A
SCHR RN SIS 2 75 AT RO AT X EE 7 ).

—— BN “10.17
PRI (- i g2
i) — fRARTE
= 4 0.15
m B
= 3t %
= {013 S
N o2F = S
s 0 10.11

0 - s s s 0.09

0 50 100 150 200 250

R A
5 NIXEMBSRENEIILL

X b AT W AR SRR R R AR R
SE P s T ALK KT (LI 5) i 75 Sk b £ i 1) 38
M4, JRIRTE T3 R NS VE A 2 75 SR Hh 1R 8 71 8¢
O3 SO B 22, 5 M2 2R A0, A [ I Ak FE R AN
5 SRt DAL f il R, T2 (R IE R B A, UL b
Xif bR B, AR SCELVRAR L s R 2R BE % T 1 b A 3
Brig s vl i, FLIE F T 35 R 5
52 S5EEEZEXLE

DAAEHF 90 CUUE B 1 8 e VA A LT MO i 45
B AR, WA T W AR SC LS SCHR [11] i 42
TEHLR A A n] )38 A% SR AT R b, AR B A
BRSBTSk [11] & RN RS IR
SEAT, A T B 28, AR SR L R Beit Ty ik

D)W AT Hria 235 0 U2 B,

2) K SCHR [11] 45 3 OWHEFRE 2 E AR A AN
LS

3) R SCHR [11] Hh 75 SR AL B BT 75 SRR

4) FZ IR SCHR (1] T A1 S B0 A SO T 4 %
Bz RS 24

5) AZEARASE Bl g LA D9 5 SR B, TR SR
(11 S5 48] o A5 P £ P 2R ZE AR O R AR B A G, 0
R MR 4 .

x4 HERIEE

SRE KA

L P Rt LA
Iy SCEM 21 27 180.3
buidid 24 36 452.0

S ATHHAN 5, BARR 4 ARSI e
VRIGAT IR [A] /DT R (B G Bk, AR SCRE IS AT
WEAR TR B FE IS AT IR B, RS o AR A 12 17 B 1)
X USRI AR B, AE AR SCHRE HH P SR0v mT DA FH >
LB, BB R S ARos AT i [ AN T4 R 5
Pt RS RS, A SRS R EE
RS HRE D R B3 5 . 0 SCHR [11] R B g 1
53 BT AT 60, A7 AR K B AN B8 i 7 & (1 D TR R
FEAET SR [12]). 7T WA SCHEEARALE T X e 4
FEAT T ZMRA AT HE R, 133 T EAR IR £,
B ia 2R T /D 45 1 iR, AR SCROAE b 3 —
A 1] RS, LA 38 A7 R ) T 42252 4 SEHERA XA 05
53 fNiRZREEBR A

ALV T B AR AT AT A 1 R4 D ik, I DAL
SCRE 43 358 A BVE LU Ig IS S Ay 56 I 12 3R 5
(A 251, AR R 8 AR B BT SCE MR I AT 4 R, 12
746 TR BB 24 SR s () %ok B o A R R IR 4 T
SR M E AT S, X L g SR S B, b &k
i BB IR A A R IEAUG, 19 B0 e sk AR m AL

HH.

x5 BRMEBREEISL

ok R H RAETTIE TeR e A RRUETTIR TEREYETT % BRIk TR
HE LiES i I fét BATHIE /s IBATHITE /s HIETT HREL #ik T R
5 147 147 185.8 89 143
5 10 319 311 191.9 131 252
5 15 470 463 183.4 5714 149 357
10 5 337 336 150.9 880.2 329 420
10 10 751 746 480.7 1888.4 370 622
10 15 980 974 998.2 2868.8 557 820

HI 3% 5 ) 1 A3 AR SO (0 B4 T R RES (A%
G0y SCEAN L BB b, BE — 0 P S PR AIK 40 % A2
i 1 4% 38 7 TRHLLA I 66 o (113 AT I 8] TH L 45 SR 5
AN P B 4 7 VR 45 RARE, T Z B AN KT 1 %. A

2% B AR SCHR IR R 4 D5 R itk — 2D B BRIC AR
T 5, W e AL EH T, A0 6 P (B PR
W77 REURIRAEA T BRI 00N, Tl 7 5K
M (iR 47 05 R ED.
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