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HIDO-VRP for Logistics Operations : Vehicle Routing Optimization
with Lexicographic Reclustering and Geometric Constraints

Hanna Kang* Deukhwa Kim**', ]unghun Kim**, Jihoon Jun***, Changhoon Jeong**’,
Yongjun Choi***, Hyoungjae Jeong**’, Jeongju Kim***, and Daekwan Kim**’

of A7 20249 AR(FAAYA, 7S TATR WAV 100 Z2AHE 7] S/PER 84 LA
AgoR 7)1 eUEAT20 AL wol £ I79LRA0203
2 o

% F 9 T2 o FATt
w48 oyl 39 ERANAE F23
2 Qs 2 4% HIDO-VRPE A|9t 6&
© 34 Ads L9t = ukE
g3tk AMu 2w dole e} CVRPLIB 2l
%ML =5 Alﬂ ki x}% F Ao} A S BASGT o) FAZ A ttE daf2oA
f‘fMﬂ% oF 43% TEstR o, FA Aok Fi= QlxE 2 we} AolE BT

oft
o
e
)

L

111
@
e Ml ot

_t_,

m ot b1 LW
N i
a=) o,
i
= o r{r

Abstract

The Vehicle Routing Problem is a combinatorial optimization problem that must consider working hours, vehicle
capacity, fleet size, and road-network travel time in real-world delivery and logistics environments. These operational
constraints are also important in defense logistics. This paper proposes HIDO-VRP, which consists of initial clustering,
hybrid route optimization, and lexicographic reclustering. Vehicle routes are improved using SA, 2-Opt, and LNS, while
geometric constraints are applied during reclustering,. A travel-time matrix cache is also used to reduce repeated
road-network travel-time calculations. Experiments using real-world delivery data and CVRPLIB benchmarks show that
reclustering corrects working-time violations and fleet-size overestimation. The travel-time cache reduced execution time
by approximately 43% for large-scale instances, while the effect of the geometric constraints varied across instances.
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Algorithm 1. @ HIDO-VRP pipeline

Input = Delivery locations U, depot O,

vehicle constraints, and clustering strategy
Output : Set of vehicle routes R
C < ClusterFirst (U, strategy)

1:

20 foral C, € C in parallel do

3 7, OptimizeRoute(C,) [> SA+2-Opt+LNS
4: end for

5 S <—A{(C, =)}

6: if dynamic reclustering is enabled then

7: S < LexicographicReclustering(S)

8 end if

9 return BuildRoutes(S)
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Algorithm 2. @ lexicographic reclustering

Input = Current solution S,
Maximum number of rounds R

Output : Improved solution S*
19 §* < S
20 forr =1t R do
31 P < collect nodes from overloaded vehicles
4:  move feasible donor nodes to underloaded
receivers

optionally dissolve the shortest donor vehicle

reinsert pooled nodes into nearest feasible
receivers

2 o1

7 S’ < locally reoptimize affected routes

8 if @(S’) is lexicographically better than @ (S*)
then S* « S’

9 else break

10:  end for

110 retun S*
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Algorithm 3. ® anti-snaking candidate gate

Input : receiver cluster C and candidate node u
Output = accept/reject and P,
11y < Centroid(C)

2. 0 < RobustRadius(C)

3 (0, g,) < CircularStats(C)

4 if lu—pll /o> p,,, then

5 retumn reject

6. end if

7 if lwrap(Qu—60")1> ¢4, then
8 return reject

9 end if

10 if min, o llu—7 I > 0p,, then

11 return reject

120 end if

13- retun accept with 2, .
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# 1. HDO-VRP 2 mzjolg Mg (ZE 7[F)
Table 1. Main parameter settings of HIDO-VRP
(Based on the implementation)

Category Parameter (Symbol) Setting
Working time l\/IaX|mumTwork|ng time (34?]0?:2)
Working time Work start time 540 (09:00)

Break Lunch reference time 720 (12:00)
Break Standard/short break |60 min / 20 min
, = Maximum weight W, .. | - 1,000 kg

Capaclty | _ \jaimum volume Viex | —50m°
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Category Parameter (Symbol) Setting
Initial 1.2 ;
Clustering Relaxatlgn factor rangteeg.%)d 5150 ;
max. 6 updates
- SA initil temperature 7" 500
Route |- SA Cooling rate 09995
optimization | - SA minimum B 0'01
temperature 7., ‘
Rgute_ Optimization time limit 3 sec
optimization
Route Number of removed nodes clamp
optimization in LNS ¢ (L2101, 1,9
Penalty Apl Ayl Ay | B, 10?80//52(())/
Reclustering Maximum nun;eber of rounds 0
Reclusteringl Underload threshold 6, | - 60min
9 - Target gap ¢ - 20min
. Number of receiver
Reclustering candidates & 3
- Estimated insertion
Reclusterin 25 km/h
9| - Removal speed Vg m
| - Base parameter - 130
Ge?lrtnetrlo - Radial threshold o,,,, | - 2.0
et - Angular threshold @, | - 1.0
- Maximum cache size B
- Miss—ratio threshold 2,000,000
Cache . - 030
- Maximum number of ful | _
250
calls

42.1 Phase 3 &3}

¥ 2+ Phase 3 A& AFY AF o Hot £
73 AFCV)E ¥ud Aol K-Means
e Al 2’2~ BF A g79F CV7F 7HAste]

2 24394, CVE 0576014 0.128%2 Srolx(th
HhH YR Centroid, Sweep 2 Basic-NN Z71 9| A
+ Phase 3 A& & AF T CV7F 718
23 B4 A3, &g 219 27] dle Hd 2F
AZE 54085 233 A E71s d19.2™, Phase
= AFS FUret At AgS IEIEE e
w783t WEbA Phase 3w AbF 4 AR ofY
g} 271 &9 Aok futs dAshe A BA o
AZ 758

SR

F 2. Phase 3 onfoff H|x : AMH|A DB QIAEA
Table 2. Comparison with and without phase 3 on
real-world delivery database instances

Instance | Strategy (\é?frlfl)ens) (offC—\>/on)

n =100 K-Means 6—5 0.426—0.204
n =200 Centroid 5—5 0.432—0.190
n =200 K-Means 7—6 0.310—0.161
n =200 Sweep 5—>5 0.247—0.220
n =200 Basic-NN 4 — b 0.061—0.0%4~
n =82 K-Means 6—2 0.576—0.128
n =82 Centroid 2 — 3 0.284—0 581+
n =8 Sweep 2 — & 0.262—0.609+
n =82 Basic-NN 2 — 3 0.287—0.703

* Phase 3 added vehicles to correct infeasible solutions
exceeding the 540-minute working-time limit
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ol
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E 3. FSMz} OR-Tools = M2F b|wm Z3}
Table 3. Repeated quantitative comparison results between
FSM and OR-Tools

Distance ) .
improvement Time |Speed ratio
Depot| » [Runs a improvement| (OR-Tools

) vs. e | Fom)

OR-Tools)

23 | 25| 6 [7.62+2.58%(1.38+0.52%(15.2+10.0 X
26 |100| 6 |7.2740.52%|1.86+0.12%|38.5+10.5 X
29 (200 14.41+ 3.17%| 1.59 +0.39%| 26.7 + 3.2 x
32 | 8] 6 [21.2+4.22% [0.50+0.13%/0.42+0.07 X

* Improvement rates indicate the reduction of FSM relative
to OR-Tools. The speed ratio is defined as
OR-Tools/FSM execution time; values greater than 1
indicate that FSM is faster

47) A2E A B0 A FSMO| £ o]F A ¢} o]
SA17ke] OR-Tools®Eth #A Uesth Azl NdE&
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Table 4. Summary of scenario Interpretations

. Priority Observed .
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Table 5. Sensitivity analysis results of lexicographic priority and weighted-sum decision rules

Depot n Scenario n_veh nOver cvTime MaxTimeMin
LEXICOGRAPHIC /

B | 2 BALANCED / 17171 0/0/0 0-0‘/)00/080000 367 / 367 | 367
EFFICIENCY_FIRST :
LEXICOGRAPHIC /

% | 100 BALANCED / 4/4/4 0/0/0 0-4§70Qg7427 504 | 504 | 505
EFFICIENCY_FIRST :
LEXICOGRAPHIC /

» | & BALANCED / 3/3/2 0/0/1 0-55/310{2&58‘ 504 / 504 / 585
EFFICIENCY_FIRST :
LEXICOGRAPHIC /

29 | 200 BALANCED / 5/5/5 0/0/3 0-“/930/45)?‘93 539 / 530 / 584
EFFICIENCY FIRST :
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E 6. |20 ZE] onjoff H|W
Table 6. Comparison with and without the anti-snaking filter

n | Gate |Self-intersections| Convex-hull ratio
25 1 On 5.73+2.08 1.662 % 0.059
25 Off 7.33+1.99 1.671+0.078
100 | On 3.46 +1.00 1.334+0.008
100 | Off 3.51+1.34 1.339+0.010
200 | On 15.04+3.02 1.470+0.019
200 | Off 14.16 +2.17 1.468 +0.018
82 | On(3) 17.0+4.53 1.93540.037
82 | Off(2) 15.242.49 2.439+0.038

« For the » =82 instance, the numbers of vehicles used
with and without the filter were three and two,

s stk

webd @4 Al BHE AV AT B
st Zgoleplnt, ATYS HNA FHAL
2 NAQsEE TR o5 AP HEY I
B2 45k 2ol AFst afRdiE AL
A 2k Aol Uehont, F1 FRAHE Hol
} A9y e EE 2AdAE A% A% 7}

oy
bt d
Y
i)
i)
N
N
=3

{ l"-ll:]
o
fru
e
4
%0
v

* 8 CtE|Alold ZE g Waknt MR ME
7to| =22l
Table 8. Practical guidelines for the anti-snaking filter

[ee]

respectively, making it difficult to attribute the difference in Observed
the number of self-intersections solely to the filter effect Scale result Effect | Setting Note
) Apout 18% Improvement
T3 e H& oFd mE Ar|war £ & smal | reduction i; Keep on| observed,
0]% 7&%‘6‘]—71 '?’]‘_S-H ZJl- ?_]./_\-E’j‘.}_\-oﬂ I‘H—EH WelChch t- (n§50) self-intersecti |m0ve|’nent dekf);/un Stk;;ltst:;gt”
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(50<n On/Off at difference default empirical
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79| Welch -4 Zz} limited
Table 7. Welch's t—test results for the number of Consider
self-intersections with and without the anti-snaking filter Large | About 6% | On with | disabling if
m— /Dense | Increase in Possible 00St performance
epetitions _ self-intersecti | degradation| ~~>" | degradation
Instance t df value
(on/off) P =10 ons at n=200 montorng| repeatedly
n =25 20/ 20 -1.662 379 0.104 observed
n = 100 40 / 40 0.262 76.2 0.7% Statistical
n =200 50 / 50 1.672 88.9 0.098 Additional Reevauate| validation is
n =82 5/5 0.779 6.2 0465 Further | repetitions Un with required
Vaication|  required | determined | additional | before setting
. n>150 data a fixed
HEE 3= 1=25,100,200,820 41 22+ 20, 40, 50, threshold
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Table 9. CVRPLIB benchmark results based on the
centroid strategy

Vehicles
Instance | Customers (BKS/Real) Gap
A-n35-k5 31 55 12.53%
A-n33-k5 3?2 55 11.29%
A-nd6-K7 45 7/7 14.13%
A-n60-k9 59 99 6.77%
A-n80k10 79 10/11 7.46%
B-n50-k7 49 77 10.60%

v 7 27 238 S nag A,
Centroid®] ¢ gap°] 7F& Y3k, Basic-NN,
Sweep, K-Means =02 UEMHTE K-Means= Phase
35 A8 ¥ A BE A=’ 24 BKSE
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Bt gapol 27.07%0AH 2045%% Zaskdeh o=
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T Ao e A 23RS YHEth ® 10
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239 Bt gapd M FLS Hlwgk Asfolnt

# 10. CVRPLIB M2f & Phase 3 H|u
Table 10. Comparison of CVRPLIB strategies and phase 3

Strategy | Off gap On gap Gain(pp)

K-Means 27.07% 20.45% -6.62

Centroid 10.47% 10.12% -0.35

Basic-NN 13.10% 13.02% -0.09

Sweep 17.91% 17.91% -0.003%
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Table 11. Effect of the travel-time cache with and without
caching

Mean without| Mean with | Reduction
Amount cache cache rate
n =100 185ms 155ms 16%
n =1000 8547ms 4865ms 43%
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