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dynamic take-out delivery routing problem
centered on business districts*
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Abstract In the take-out food industry, improper path planning by couriers of-
ten leads to low delivery efficiency. Most of the existing VRP research focuses on the
optimization of express delivery and other industries, and there is a lack of optimization
algorithm research for the food delivery with real-time characteristics. Aiming at the
Online to Offline (020) take-out delivery routing optimization problem, this paper takes
a comprehensive consideration of its dynamic delivery requirements, cargo differentiation
and other characteristics as well as constraints such as time windows and cargo capaci-
ties, and establishes an O20 dynamic route optimization model of the take-out delivery
personnel, in which the business districts are regarded as a delivery centre, and the num-
ber of delivery personnel and the total travel time by the delivery personnel are taken
as the minimization targets. Using the method of periodically processing new orders,
the resultant dynamic adjustment problem of the delivery personnel’s route is converted
into a series of static TSP sub-problems and thereby a phased heuristic real-time delivery
routing optimization algorithm framework is designed, and a concrete algorithm and a
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numerical example are given. A set of test cases centered on business districts is gen-
erated on the basis of a number of widely used VRP instances, the algorithm is tested
through simulation experiment and compared with other algorithms. The results show
that the algorithm proposed in this paper can make full use of the delivery personnel
near the location of the new orders to conduct the delivery, optimize the corresponding
delivery route, and effectively reduce the number of delivery personnel for delivery and
the total travel time by the delivery personnel.

Keywords NP-hard problem, vehicle routing problem, genetic algorithm, KNN
classification algorithm, dynamic delivery demand, business district
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d) RSB R N TR ARgs R, s Ekm R = ee 7, I 7K
AT 48 R 7% (Large Neighbourhood Search, LNS)['6l, AR¥EE A, £ EH
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while ¢ <G
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while m <M
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do HRHEIE BB DA LG 5 MM R et 2 AN
BEALIE H 2 AN
if random()< Pc then
XX 2 AMAMEBIAT AR
if random()< Pm then
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end

end
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FEBEANICE I AR T, PR 03 1) BN AS T BE R ANWTgEAT 1K), A SC LA — IR BE 5 447 i
o FE T IS0, BT BN 1% B2 75 SR U BRI () B 53 41 TR BCIs, IR A RE RE 4 0 A ok
IFCIE AR, AN PRI 53 iR 5 B BC IR AT 55 7= A R

FEARSCIR M IAESE T, 75 ZA RSB BT Bk AT — Fh & P 40 BL . (RIS, BLSk
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B3R FE T4 H BB S bl ASCEFMH K &4 (K-Nearest
Neighbor, KNN) 73 B B 1T 50 BUABLER, SRS BT 47 40 it . KNN
LT DB AR AR s s R B 00 R R e B 45 R T BT A RATE R R G P =
{(z1,y1,21), (T2,92,22), -+, (T, Yny 20) } VENFFAERE TR, oA (25, 95) € R2 AT A E
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TR AL (2,y), AR IREE B TR TR S S A A 1 AU A EE S
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z = arg max Z H{zi=35}i=12- n;j=1,2-- mo (12)

(zi,yi) ENk (z,y)

FAFLE Z AN PE S FE A 5 T0E X 4y, WAL Ze 1T B 40 IO 45 30 75 R AT I 719 RUi
RIS G, A IE— R R BN, DLSPET RIS D3 2 TR AR &, (At R R 1h 4t
N T B AR TR K, T 2 RE R AES 5 B E TR . AIX
FUIUAE ATy SRARSE, DR BB AL 40 BiC 1) 77 v« BARSRE RS WX 2.

Bk 2. BT KNN [T #00 Fo 2
HIN: BREZEE] P, FOT BN (a,0), FT R (e, d), SBIEANEL k
it g BRI RS 0 e S
(z,y) « (<, 59)
for (z;,y;) in P
si ¢/ (z = i) + (y — i)

end
Nk(l’,y) = {(‘T’L?yl) | lEEI_‘X/J\EI(J k /I\ 51}
z = argmax > Kz, =35},i=1,2,--- ,n;5=1,2,---,m

(wi,yi) ENg (w,y)
if FEZA 2 L ERAS, WRES Z;
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if fFEZA 2 e ERAK, WES 2,
z =random(z), z € Zy
return z
PRI L RO BT S, AT R RS R, LA B AR AT BEAN P2 SR I B
1%, e ERT PSR R ERAAREAT E L. X T B0 B Ak R O i B R, T RL
AHEEE, ¥ E—fr s GORTTE IS AU 58 Bo B 01 VNI RS, S
RIS L R BRAS o BRI RSP 51 R BR AR DAL A 2 — > TSP, AT AT BT A% SR
KA, PBARERAE SHIIRERAZRAEAH R, FARGRE WA 3.
BiE 3: MUkt sem A An s
BN ARG R SPNEREBES, AR P, p PB4 L,
p B el A AR K,
Wit A RIS IR B AT
PATEE 1

p«0 /s IR
while p< P
10 AR RS
do while [ <L,
kK, / /I AT FH R O

do while £>0
PATEE 2
if PR AR R LR %A then
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if k>0 then
FEPIS 51 £ A HERR I PRI 51
k+—k+1
continue

else

return R 7S
break
end
l—1+1
end
p+—p+1
end

3 MEXBRSERS

3.1 BIEKRFESEWRE

T AR SR i o) A R R R, S D ARV B A RN ], AR SCHE T The VRP
Web '8! ¢4 H [ 9 T 22 Bt O ZE 843 1e) R 8 AN S5 pro1 < prO2+ pro3- pro4. pro5-
pr06+ pri4 Al pri5 BEATACH, 4 SIS B ARG 1T A5 2, RN SE 5 B AL A
BT 8 AT B R A Y 8 N LI SR 23 31 iCAF Pro1 Pro2. Pr03. Pr04. Pr05.
Pr06. Pr14 fl Pri5. HAAGHR AR AT Kl sef b et h OB R X R, R AE
PR R BN R MNE &G PR AR, B% P R BLs Res 78 i eI s, [N
WA H R B E RN S AR — AR A BT RN E A E ., H
TS TA] | 1T B BRI 8] B 20 RIS IR ) 43 A1, BEALAE R IT 5o SR AL 777244 2 H
FrRURI e 4o 50 B AR IR, 3% 2 S BLSeEs B3 7 240 ASUE A MATLAB2020a
5 Python3.7 w527, 121755 N Windows10 £:/E R4, Intel(R) Core(TM) i7-8750H
CPU 2.2 GHz, 16G WAFHITHE L.

* 2 AR SHEE

ZH BMFEHFRE BRREE/kg  BATHWRFAAE  PudRAERE
B 50 150 1 20

3.2 MELRSHH
PRI 2 B I S8 0 A SC R AT 0 S S oo, BAAEIINASE B Pro2 34T (1
P ECSRI Y, o E A A R 8 SR e R i R B S B R W o ¥ 5B 4E Pro2 rhkik

WIS, B P AREHLA R 8 MBI SR =, Wik 3 From o syl shateTy 4 4>
ik oA 48 AR Rl (IS 1 RERE RATIG AR, BRI 4 Fror, 4 AN
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B AMER T 40 34 4 3 MRS B 5 J9SRAFRIIR AR FLE RIS AR, TR
BB, WIAG AR SRR L RR

%+ 3 Pr02 FARMEITH
WHGS &/ HWBUNE /min FEE/min - TEERE kg IREZ M

1 (—37,66) 11 [318,323] 17 3
2 (=71,27) 13 [317,331] 16 3
3 (37,23) 12 [162,169] 6 2
4 (45,59) 3 [401,405] 22 2
5 (—37,42) 23 [248,258] 9 3
6 (—81,98) 18 [279,303] 3 3
7 (—68,—24) 17 82,85] 12 4
8 (—45,75) 12 [356,379] 2 3
1001
80+
60F
40t
~ 20
ok
ol
a0l
Ot D
~100 -80 60 —40 20 0 20 40 60

X
B 4 Pro2 MBS G yahEa R

i KNN SR BOHiT 8, 8 DM s ficss 76 MR 0, AR EE TR R
Po HA RIS 8 BB T 3 ANHT R, HoptRid A BCE - MT . R 4 iR
SUAE S BCHTVT BRI AR TR BR AR o FEIX A7y BE AT, BT 1T SR SR (R ARSI ] Jl AR
BUNo [AIIS, PRI% G 3 ARG 5Y 5 B BeR) 1A E TR AT SR AT L, 1 BRI 51
Foik R AL ALK, ATRE S I — DA R 2 5 — Al . ASCHILRE SR
TR IR B R AR AN [ P 7 Rl TRDREAT VT B 20 T, DA DRiPs 7o BT S BC ) i A, AT
DR O3 SEELSE N A BT B

RASCRIENS Bk g RIS B REAT e, FIIEAT 20 I fRRIS5 R IR
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