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Reinforcement Learning with Heuristics for
Buffer-Utilized Random Bin Packing Problem
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In this paper, we propose a reinforcement learning algorithm combined with heuristics to solve the
bin packing problem (BPP) where the objects are randomly given and once placed objects cannot be
moved, but the small load buffer can be utilized. This setting resembles the loading problem which
has not been resolved despite of logistics automation. Since heuristics can be rapidly optimized by
human intuition, and reinforcement learning is highly responsive to the environment, the combined
method is highly available in the real-world industries. When the model learned through
reinforcement learning determines the optimal object among the new object and objects in the buffer,
then defined heuristics find optimal position and orientation for placement of the selected object.
Through experiments, we verified the effectiveness by comparing the loading efficiency between the

heuristic-only system and the combined system presented in this study.
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Figure 1. Reinforcement learning with heuristics

for buffer-utilized random bin packing problem model overview
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2.1 BPP(Bin Packing Problem)

a) 1D-BPP b) 2D-BPP c) 3D-BPP

Figure 2. Examples of multi-dimension bin packing problem
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a) 3-D perspective view b) 2-D top-view of depth image
Figure 3. Two objects placed on the plane
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Figure 4. The container and objects

(dotted lines denote the orthogonal rays to obtain a depth image)
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Figure 5. An example of sliding window

for the proposed heuristic algorithm for dynamic bin packing



Algorithm 1: Heuristic Algorithm for Dynamic Bin Packing

Input: W, 11, D)0, w, vy, rh, 25,0
generate grid positions G with window size w;
L
while not full do
capture depth map M, (W, 11, 0);
get next object of size w, b, d;
define list of global position candidates C;
// consider 6 orientations
for obj € {{w, h.d), (w,d, b)), (h,w,d), (h,d, w), (d, w, h), (d, h,w)} do
define list of local position candidates C,;,;:
// apply sliding window
forpe Gdo
get depth map for target region M, (1w, fi, p):
// find z limit wiolence of target region
Zmaz — 1 — (min(M{w, h,p)) —ru):
VETE — Zqar +d = 15
[/ find flatness of target region
quantize M (w. I, p) by z,;
m — mode( M, (w, h,p));
Sal + ratiolm, M(w, h,p)) = m
// find if the mode value expresses highest =z
highest + m equal to min{ M, (w, h, p));
// add acceptable position cadidate
accepl +— not overz and [lat and highest;
it accept then
simulate next depth map M (W, 1, 0);
Sp & std{M (W, 11,0));
add (p, sp) to Copys
end

end
(Prsss S;th;I +— (p. sp) € Capy which has minimum dislance(p,0)):
add (pyy;. 5., 0bi) to C:

hpubj- 4

end
(p".obj") + (p,obj) in (p, sy, 0bj) € C which has minimum sp;
if C iy empty then
| full + True
else
place object at position p* with orientation ohj*;
b1+ 1;
end
end

Algorithm 1. Proposed heuristic algorithm for dynamic bin packing
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Figure 6. An example of packing sequence using proposed heuristic algorithm
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Algorithm 2: Training Critic with Heuristic
Input: V;, heu, R,~.n
while rraining do
// gather heuristic experience
while not full do
capture depth map M and object size w, h, d:
set current state s = { M, w, h,d}:
get heuristic action a = hewu(s);
setreward r =w X h X d;
capture next depth map M’ and object size w', i/, d’;
set next state s’ = {M',w', b/, d'};
store transition {s, a,r, s’} to rollout R

end

// train critic V,; from heuristic experience
Compute target value r + yVy(s) from R;

Evaluate advantage A(s,a) = r+ vV, (s') — Vi(s);

¢ — ¢+ nVsA(s,a);

end

Algorithm 2. Training critic with heuristic
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Figure 7. Training critic to estimate future value when depth and object size are given.

The critic is trained by reinforcement learning algorithm
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Figure 8. Using trained critic to select optimal object among objects in the buffer and
newly given object. Heuristic will select the object which has maximum estimated value

from critic, and place the object with predefined algorithm
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Figure 9. Improved episode reward and final depth images
according to the training steps. As improved episode reward
grows, the final depth images are getting more dense result
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Figure 10. Box plots of episode rewards and episode steps(placed objects + 1) for different
container sizes. All results indicate that buffer-utilized with trained critic performed bin

packing more efficiently than without buffer
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Development of EFFBD-based model for urban

logistics system operation scenario verification

Uri Chael, Jaemin Hwangz, Jaedeok Lee3, Kyungho ]ang4, Joo-uk Kim®"
123 Department of Advanced Logistics System Research,
Innovative Transportation and Logistics Research Center, Korea Railroad Research Institute

*New Business Department of Seoul Metro

The COVID-19 pandemic has instigated a global surge in logistics volume, thus precipitating a
myriad of socio-economic issues worldwide. To address these ramifications, numerous nations have
embarked on research initiatives exploring the viability of urban railway utilization. However, the
conception of a integrative and tangible framework for a logistics transportation system leveraging
underground spaces remains an elusive challenge. This research undertakes the development of a
novel scenario for an wurban logistics system that capitalizes on the underutilized urban rail
infrastructure currently being developed in South Korea. The scenario development is executed
through the application of an EFFBD based model, the effectiveness of which is subsequently
validated via timeline analysis. Through this validation process, the successful establishment of initial
subsystem standards was discerned, indicating potential applicability of the model in real-world
contexts. By proposing the possibility of integrating underground spaces into logistics networks, this
research provides a critical foundation for stimulating subsequent investigations in the field of
underground logistics. The proposition of leveraging underground spaces for logistics purposes could
potentially catalyze the sustainable evolution of the logistics industry, and be instrumental in

shaping both academic and practical discourse on urban logistics systems.

Keywords: Underground Freight System, Operation Scenario, EFFBD, Timeline Analysis
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1. A&

1.1 U "] ERF AR 8%

A AAA o2 g E7Fo] Figure 13} Zo] X &£H o2 Fristal 0™ (Statista, 2022), ©] F7F FA=
COVID-19 e el os] B 7Fu2A4 HJATHKILA, 2021). £33+ 28420 o)A AF2] 374 (Lee,
2021)3 A, gl =] 7= & TAsts v Al U A Ho] Bad o] HAG
(Kang and Lee, 2021; Kim and Hwang, 2021). EU(H 9 &)4] ‘EU Transport in Figures (2020)" E.3LA] <]
02w, 201335 E e EFo] ALKH o Frkstal jlon, s 22 73 % ABE 1.5%
o] 37t FAE Btk BN E 2018 7|EOE S F5F] 916%7t EE2E &3 AT, T
MM = 2013 FE 3= +FFY dAFFE S7FE0] 40%=2 FEIF F7F FAE Holal UAth(European

Commission, 2020).
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Figure 1. Global parcel shipping volume: Actual and forecast(Statista, 2023)
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Figure 2. Korean market delivery volume
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3 =el EF Y-S 20013 59.4%04 2018 146.9% 2 ¢F 248 718l on, L2819 LY E 9
AZTFEE 22 7|12 33F A 113322 <F 3487} F7138t B (Economy Chosun, 2022). E=3gF €]H] -2
22 7|1 AT EIE oF 888l (63 5> 5.7%), EFo] ¢F 1244 78t ™H(Cho and Yun, 2001; Son

et al,, 2021). ol 53] =W =5 57 %ola B & e, 22UV $AE 2019~2020d S 7]
FOZ 20% o142 F7HES HolH, 202130 % 2020 thH] 7% o)de] BEEF F71&S H U (Figure
2). = = EFAIRE A5 ALK SV FAE HoleH, 15 EReE Er%%% 2016 E(ton) 7|
= 91.1%, TFH 7E R6%BE TETH T 7P =L HES EAH(Ministry of Land, Infrastructure
and Transport, 2019). A% 3}&59 2% /ORIEs 9@ F2d] EF HAFol 02 32253 232 5
7V Y s wHEY 2016 71E 467 %(GDP«] 294% FF)Y Ao AFER/YES FAYA 7L
RoeH, 23E Fo] drdtE &FET Hrjed, 247, &5 59 WHAARE o & AR A HlE
< T A H THShim et al., 2005; Korea Transport Instltute, 2019). =4 Wl SEAEAE HE vAEA @
Aol 8 Yo g XAHFHI oW (Han et al., 2021), B4t A3 A €n] A7 2 =2 2
Age] St s 4, 71 9 As, wFAL, E2E 5 TR ARSI A Ao Ao 14

H Al ATHKim, 2021). o]o] wet tigRl= FRAME =7 A4 443 tr] &4 59 ARF 2AE
Ads7] A g A F vz mddy g4 2efs xsgin. Y A2 SAEES 28
A EF AMHlE 5 EAFAEE 83 EA EF FAAFE 2FH AT (Ministry of Land,

Infrastructure and Transport, 2022).

o

ol# g FAE tldu ;- oz}, A AAZH R A3 H(Menasce, 2014). =4 9] F 2 Yo 2 HE
Eies B Efo o5t & F0] o] FolA Y] Wi EFTF Ut wet EY o] Ft
sk, aE £ SFEZA 5 AR A Bl&o] A FUkske aHlg, HIES EF AlZdolth

1.2 S 9] ER7 AZ AR

oj 2|3k A3 F /A A olE dAsty] 97 "Fd ATVt ol FA L e, TF2NAE EE 1L
T AAE HAsH7] Al Tremfret olgh= WkE AASAT. A4 FF tram Atolol F A tramS F
Astd 457 AA 63]/F BHIZE AL, 20173 H-& AAE /Hxst 6Lt 179 st&S kst

o]
43 &3} 94 T (efficacity, 2016). L3+ &0 v 203 <l Monoprixol A& 201213 E&2¢ FF% &1
ot WEAFE £ol7] Al A=E B8l IE SFETFHOE ARSI H = AFE At AA =F9
°F 30%E HEE sttt o =33 =F2 AW 7HI7HA A7t ERlo g olFste] =4lo A
A s FEAoE d3slFa 2472~ iE S A H tH(Delaitre and Barbeyrac, 2012). =< ol A
= 2001 d EF2=npAlptol A 2] FEE =4 HE S92 -r]?FH =7 ¥ 284 3 /IS sty
A HA 2} A 2k oF 7500kg, 57t 37H-E 15,000kg7hAl AL ¢ Qe 5% 1WA IS 50km/hZ

T3 3} A tH(Amesh2009, 2016). L&A= 71E] Astd lzehel AFS /MFsA B o] Fd e o
E AHgst] A0 E HiFEE "9 e Fo] it APS 20109 T 23] AAA AAEien,
60kg FAS 7IEE 572 ko] A3 o] F3tH h(Kikuta et al.,, 2012).
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Figure 8. Freight transport_AGVs get off the freight train
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A Study on the Commercialization of the Joint

Logistics Platform of Urban Railway through the

Analysis of the Regional Economic Spread Effect

Sumin Hong', Heesung Yoon’?, Gyungho Jang’, Sunwoo Hwang*, Youngmin Kim*
123Transportation Policy Research Team, Seoul Metro
*Department of Systems Engineering, Ajou University
Department of Logistics System & SCM, Ajou University

'Department of Transportation Engineering, University of Seoul

Recently, with the increase in single-person households and the activation of e-commerce, small-volume
and frequent parcel delivery is rapidly increasing. In the case of the metropolitan area, which accounts for
about 70% of the national parcel delivery volume, social problems such as traffic and environmental
problems are constantly being caused due to the continuous increase in the number of cargo vehicles in
the city. Accordingly, it is necessary to establish a logistics complex located close to Seoul and introduce a
joint logistics system that prevents overlapping investments between companies. But, because logistics
continues to increase, there is a limit to the introduction of new logistics models. In this study, in order
to solve this problem, a joint logistics platform using urban railway, a new logistics model, was presented,
and an analysis of regional economic ripple effects based on direct and indirect benefits was conducted to
prove the practicality of this model. Socio-environmental costs and logistics costs, including vehicle
operating costs, operating costs, air pollution, greenhouse gas, noise costs, accident costs, and congestion
costs, were calculated as direct benefits, and inducements necessary for calculating indirect benefits
necessary for analyzing the ripple effects on the local economy The coefficient considered production
inducement effect, added value inducement effect, and employment (employment) inducement effect. As a
result, the direct benefit was about 1.1 trillion won, and the production inducement effect of Seoul was
1.26. The outputs derived from this paper can be used as a basic study to secure justification in

developing a practical business model for an urban rail joint logistics platform.

Keywords: Joint Courier Logistics Base Infrastructure, Analysis of the Regional Economic Spread Effect, Preliminary
Feasibility Analysis, Urban Railway Logistics System
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Figure 1. Estimated Sales and Delivery Volume
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Table 1. Logistics Complex In Capital Area
Group Logistic Complex Location Arealni] ;a;lfes Note
Seoul Seoul Southeastern Sonsgepoi—lgu, 560,694 100% operation
Incheon Gyeongin ARA Waterway Seo-gu, Incheon | 1,145,026 96% operation
Incheon
Yeoju Chelsea Yeoju 264,242 100% operation
Icheon Fashion Icheon 796,706 100% operation
Gwangju Docheok Gwangju 278,016 100% operation
Gwangju Chowol Gwangju 264,529 99% operation
Pyeongtaek Doil Pyeongtaek 486,062 100% operation
Anseong Miyang Anseong 136,942 100% operation
Gyeonggi Anseong Wongok Anseong 682,398 99% operation
Hwaseong Dongtan Hwaseong 460,670 100% operation
Bucheon Ojeong Bucheon 457,856 7% operation
Gimpo Gochon Gimpo 894,454 100% operation
South Yeoju Yeoju 206,955 - construction
Gwangju Opo Gwangju 191,417 - construction
Gwangju Jikdong Gwangju 571,410 - construction
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Table 2. Business Assessment Sortation

Sortation Contents

Reduction of transportation costs due to mass transportation by maintenance service

l:])jel ;Z(f:itt - Reduction of logistics costs due to automation of loading and unloading operations
- Reduction of logistics costs due to ICD creation
- Elimination of road traffic congestion

Indirect | - Reduction of traffic accidents

benefit | - Reduction of environmental costs

- Reduction of maintenance costs of road-related facilities, such as roads and bridges

Table 3. Business Assessment Sortation

Sortation Contents

- Benefits of reducing vehicle operating costs

Level 1| penefits of reducing operating costs

Direct
benefit

- Benefits of social and environmental cost

Level 2| penefits of logistics costs

- Regional Economic Impact
Indirect - Production inducement effect
benefit - Value-added inducement effect
Employment inducement effect
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31 AU 43

<Table 4>5} Zo], £ o)A 742 M AE AF AN 8@, LA E0), 171w, &
b, UG, ATH S, ER S-S LIS A BAH W EOF BRNSAS TFFA B
= AYAY AMEGARA A AT o] AW T WGstel, 2NABAANFE BAL FAY

ool

Table 4. Business Assessment Sortation

Sortation Contents Unit
Vehicle operating costs(a) 37.17 KRW
Level 1 ]
Operating costs(b) 83.05
Air pollution 82.3
Greenhouse gases 22.8
Regional ;
Economic Noise cost 6.2 KRW/ton-km
Level 2 costs(©) Accident cost 23.9
Congestion cost 46.6
Sum 181.8
Logistics costs(d) 288.3

e B ES 249, 72H7) 2kg, 5kg, 10kg, 30kg, 30kg ©13F 2 14 92 R/
—6% 3, AXFH kg TARS ZFSt AESAT dHT A A E THuVA =5 A EH < ATt

Ao A AN e AT BEks H sk olo] WE AxHe 8 A= BA =5
%9} 20%E 7|FEo g2 HEste, A AE AHAY *J A3} Z <Table 5>, <Table 6>3} Zo] UE
o},

Table 5. Calculation Results of Benefits by Vehicle Base(Target Volume 5%)

) Fulfillment Center Joint Courier Logistics Center
Sortation Total
A-1 A-2 A-3 A-4 B-1 B-2 B-3 B-4 B-5 B-6
(@ | 113.6 | 57.2 | 1128 | 95.8 7.5 5.2 22.6 13.6 7.7 19.4 | 4555
(b) | 2538 | 127.8 | 252.1 | 214.0 | 16.8 11.7 50.5 30.5 17.3 43.2 11,0177
sun | 367.3 | 185.1 | 365.0 | 309.7 | 24.3 17.0 73.0 44.1 25.0 62.6 |1,473.2
(© | 1232 | 62.1 | 1224 | 1039 8.2 5.7 24.5 14.8 8.4 21.0 | 494.2
(d | 1954 | 98.4 | 194.1 | 164.8 | 13.0 9.0 38.9 234 13.3 33.3 | 783.6
sum | 318.6 | 160.5 | 316.6 | 268.6 | 21.1 14.7 63.4 38.2 21.7 54.3 |1,277.8

Total sum | 686.0 | 345.6 | 681.5 | 578.4 | 45.5 3L.7 | 1364 | 823 46.8 | 116.9 |2,751.0

Lv.

Lv.
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Table 6. Calculation Results of Benefits by Vehicle Base(Target Volume 20%)

) Fulfillment Center(A) Joint Courier Logistics Center(B)
Sortation Total
A-1 A-2 A-3 A4 B-1 B-2 B-3 B4 B-5 B-6
(a) | 454.3 | 228.9 | 451.3 | 383.0 | 30.1 21.0 90.3 54.5 31.0 774 |1,821.8
(b) |1,015.1| 511.4 |1,008.5| 855.9 | 67.3 469 | 201.9 | 121.8 | 69.2 173.0 |4,070.9
sun | 1,469.4| 740.2 |1,459.9 |1,238.9| 974 67.8 | 292.2 | 176.3 | 100.2 | 250.4 |5,892.7
(©) | 492.9 | 248.3 | 489.7 | 4156 | 32.7 22.7 98.0 59.1 33.6 84.0 |1,976.6
(@ | 781.6 | 393.8 | 776.6 | 659.0 | 51.8 36.1 | 155.4 | 938 53.3 | 133.2 |3,134.5
sum | 1,274.5| 642.1 |1,266.3 |1,074.6 | 84.5 58.8 | 2534 | 1529 | 86.9 | 217.2 |5111.1

Total sum |2,743.9 |1,382.3|2,726.1 | 2,313.5| 181.9 | 126.6 | 545.6 | 329.3 | 187.0 | 467.6 |11,003.9

Lv.

Lv.

3.2 x| AHA

AFAFEH L HFF Lo HE(ev F2 FAho] 4 4k o] A Fo v .33 dgans
AZstes Aolth S8 HEo = I3 AAA AFadtes BE A 7HA, &, A4k R Es, 2
frdad, 18 9@ HAY FEEH A Fergith. BUPHA] R ERE oA RUPHAE FAESE 3
EEE A7t fREaRE Us 5 Ak B d79 AL A A2 (Input-Output Model) 3} #
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o] AdHE LB AA wet A Ity FAAAE ¥ AFIABRYE S 3 FIHEAE O
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7)14, alle L A Aol HAFF87F 199 S710E A9 L AY 4ol mixE A4 FEASS
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B =RoAE BAEE FEER FYUE 483 fste, A9AAGFES 4 FPFAT. dA
A A G <Table 4>2F Zo], Z47+e] GAEE A E A FL Y1 E(a), &FH &(b), h71&d, 24712, &5
H &, AbH g, EFH S-S 293 AFS] 34 v & ()F ERYIE(d)S AFHN R HEH o, A
AATEES E4 Dad HEe A Bagt FdAFe AL FLES, ROk fRaEd, 18
(H4) FrEads 1yt AGAgARR BE AFgel AdHE Fato] AGAARFEAE B
A3 A= <Table 7>3 o] =&HoH, 4 BE 52 HEHE 2 A5 &5 F &3
otk AAS] A4 T ERE 1.2586, FUHHAl R EdE 04271, ALE(H Q)
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Q] AL fFEEIE= 1.0947, BU7HA] R E S 02942, AL
AAAATGFES B4 RE &FoA AHLA U7t AT 3

Table 7. Analysis results using Regional Inter-Industry Table

Sortation Production inducement | Value-added inducement | Employment inducement
effect effect effect
Seoul 1.2586 0.4271 9.8088
Except for Seoul 1.0947 0.2942 2.8640
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Myungsung Kim', Youngmin Kim*
"Department of Systems Engineering, Ajou University

’Department of Logistics System & SCM, Ajou University

Urbanization and the expansion of the e-commerce market in modern society have promoted the
increase of e-commerce among modern people. It has caused an increase in the demand for urban
logistics, resulting in large amount of freight vehicles into the city. Fundamentally, the existing
system for transporting goods using transportation means using an internal combustion engine is
operating without solving the problem of road traffic congestion and environmental problems caused
by exhaust gas. To solve this problem, in Korea, an urban railway logistics system that can
transport logistics within the city center using urban railways is currently being developed. This
underground urban railway logistics system is a new concept logistics system, and since it is
operated at the station through the underground urban railway infrastructure, a standard operating
procedure based on the subway system that can respond to emergency situations occurring during
operation should be prepared. In this study, basic requirements for emergency manuals for

establishing standard operating procedures for urban railroad logistics systems were proposed.

Keywords: Logistics, SOP, Underground Logistics Systems, Emergency Manuals
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Figure 3. Major Equipments of Underground Logistics Systems
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Tasks to derive direction for the safe operation of Underground logistics systems
by review the existing SOP standard manuals

STER3

. Review relevant laws and Analysis and definition
SOP Manuals i ot : regulations problems
(Related about exsting SOP) i ((vVier 0 go

*SOP : Standard Operating Procedure
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Table 1. On-site Emergency Manual for Analysis

On-site Emergency Manual (Ver. 2021)

No | Sub No | Dept Details Title

1 1-1 Control Tower No. 1 On-site Emergency Manual(Tower No. 1)
1-2 tower Tower No. 2 On-site Emergency Manual(Tower No. 2)
2-1 Construct On-site Emergency Manual(Office of Construct)
2-2 Tram On-site Emergency Manual(Office of Tram)
2-3 Mechanic On-site Emergency Manual(Office of Mechanic)
2-4 Elevator On-site Emergency Manual(Office of Elevator)
2-5 Signal On-site Emergency Manual(Office of Signal in Daelim)

2 2-6 Irf(flf)g’ Equipment On-site Emergency Manual(Office of Equipments)
2-7 Electric On-site Emergency Manual(Office of Eletric in Dongdaeun 1)
2-8 Electronic On-site Emergency Manual(Office of Eletric in Dongdaeun 2)
2-9 IT On-site Emergency Manual(Office of IT in Dongdaeun)
2-10 Civil On-site Emergency Manual(Office of Civil)
2-11 PSD On-site Emergency Manual((Office of PSD)

3 3-1 Service Seg (s On-site Emergency Manual(Office of Dongdaemun)

Dongdaemun

4-1 Jonggak Station | On-site Emergency Manual(Jonggak Station)
4-2 Gangnam Station | On-site Emergency Manual(Gangnam Station)
4-3 Gyodae2 Station | On-site Emergency Manual(Gyodae2 Station)
4-4 Gyodae3 Station | On-site Emergency Manual(Gyodae3 Station)
4-5 Seocho Station | On-site Emergency Manual(Seocho Station)
4-6 Modify Tram On-site Emergency Manual(Modify Tram in Seocho)
4-7 Bangbae Station | On-site Emergency Manual(Bangbae Station)

4 4-8 21It)iirr1_ Naksungdae Station| On-site Emergency Manual(Naksungdae Station)
4-9 Seoul univ. Station | On-site Emergency Manual(Seoul univ. Station)
4-10 Bongcheon Station | On-site Emergency Manual(Bongcheon Station)
4-11 Sillim Station On-site Emergency Manual(Sillim Station)
4-12 Sindaebang Station | On-site Emergency Manual(Sindaebang Station)
4-13 Gudi Station On-site Emergency Manual(Gudi Station)
4-14 Daelim2 Station | On-site Emergency Manual(Daelim2 Station)
4-15 Daelim7 Station | On-site Emergency Manual(Daelim7 Station)

5 5-1 Train Shinnae vehicle | On-site Emergency Manual(Shinnae vehicle)

Ast BAAE BF AW 29 919 S0P £ N AE 3 ¥eH £FL 98 theol w9 29
I o]l AFE FYa e, HE 9 78] AEE 719 SOPo| MEA 4842 A3t EANEE £/ A
~8 Bd AFe Aty A Age Adstn goet AFH o A5 mALE e

Lol 71432 SOPe MA | A
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Table 2. Analysis and Drive Direction for Underground Logistics Systems

Analysis and Drive Direction for Underground Logistics Systems

No Process Details
1 Amialysis SOP. MEnuals Existing SOP manual review .a.nd analysis-based problem
definition
9 Analysis Related Review of related laws and regulations for SOP application of
statutory regulations underground logistics Systems
3 Analysis and Definition Problem definition and analysis, related laws and system
Problem of Exist Manuals definition-based requirements

Derivation of SOP requirements for safe operation of urban

Target logistics system using underground space
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Table 3. Review of the existing SOP standard manual for the operation of underground logistics system

Review of the existing SOP standard manual for the operation of underground logistics system

Type Standard Operating Procedure | On-site Emergency Manuals Emergency Scene Scenario
(Control Tower No 1, 2) (Service Office in Dongdaemmn) | (Service Office in Dongdaemun)
The types of situations It describes in detail the
that can occur in the situations that can occur
operation of urban in vehicles, routes and
railroads are divided into | sections rather than
Type . . .
Emcroency c‘olhslons, delrallment;, standard operatmg
Situation flfes, casual.tlfes, vghlcle prqcedufes, and‘lfs '
failures, facility failures, | divided into collisions, Based on the accident
and natural disasters derailments, fires, classification, it consists of
according to each field casualties, and facility the emergency type code
and site. and vehicle failures. classification system, priority
Iy Control report according | selection and results (risk
Definition of dﬂflle ¢ to the accident situation | assessment), and the
Accident Zig}ldiﬁesiiaﬁog? t?la'[ based on the flight application of standard
flow chart may oceur during service office and Operating ‘procedures. The
operation description of possible appendix includes the
' countermeasures. command system and
Organized to return to It consists of passenger reporting system in case of
normal operation by . an emergency, the passenger
. flexibly and smoothly evacuation and control emergency evacuation system,
Achent J responding to the repo.rt, dqmage and emergency response.
Flr.St occurrence situation confirmation anq Defines information on
aC“OI? according to the time reCOYery accordmg t0 announcement and support
scenario configuration after the the time comp051t10n system, main facilities and
accident, centered on after t.he accident, ) equipment status, individual
the control center. centering on the cabin. mission card, and emergency
. . Record each role and contact network.
It consists of operation .
L action related to the
control, situation control, response of an accident
Individual | and other control, and

action task

divides the roles of each
control center in
response to accidents.

by dividing it into crew
(engineer, conducton),
crew office, and crew
system department.
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Table 4. Definition of Problems for Application of SOP in Underground Logistics Systems

Definition of Problems for Application of SOP in Underground Logistics Systems

No Type Contents

It is necessary to define the types of emergency situations
related to underground logistics systems.
It is necessary to establish an accident flow chart according to

1 | Type Emergency Situation

2 Accident flow chart Lo L
emergency situations related to underground logistics systems.
3 Accident / It is necessary to establish an accident /First action scenario
First action scenario related to underground logistics systems.

It is necessary to establish an individual action task related to
underground logistics systems.
Need to define and add related matters to support underground
logistics systems operation.

4 Individual action task

5 Appendix
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Table 5. Requirements for Application of SOP in Underground Logistics Systems

Requirements for Application of SOP in Underground Logistics Systems

No Problems Requirements
Lack of analysis based on system Underground logistics-related system
configuration definition definition-based analysis required
9 Lack of analysis based on operational Underground logistics operation scenario-based
scenarios analysis required
3 Scenario-based events, lack of accident Underground logistics scenario-based incident,
definition accident definition required
4 Lack of underground logistics accident Establishment of code classification system for
classification code underground logistics SOP application
5 Lack of underground logistics incidents A response scenario is required to apply the

and accident response scenarios

underground logistics SOP

Lack of definition of departments related

Need to define departments and institutions for

6 to underground logistics underground logistics operation

7 Lack of definition of an underground Define an organization related to the operation of
logistics support organization underground logistics required

8 Lack of definition of manpower related Relevant Stakeholders required for underground

to underground logistics logistics operation
9 Lack of cargo transport related matters Underground loglstlcs—.related laws need to be
reviewed.
10 Lack of logistics facilities Need to review laws for un@erground logistics and
transportation

_67_



ba gloml, Qe tekrt BEH

S

U BRAYL A8 WEe) vee] BHoR A&How 27}

5. &

N
No

o

4o
of

ofu

ofu

4
of

)
—
o

oo

ofu

o

71&4] A
Ha Aot oo =4 W &4

-

R

3}

9

N2

Azgoleks oo uH

~

;OL

o
y

gl

A
0

I
fral

)

oy

Bo

3o,

S

pul

gk FEo] g

= 9 el o
g ojg&o] lew, ol &

1

R

]_

S

145 &9 Wi7rds auz 48

} Aol

gl

k<)

g7 He

=
=

I =AM Ao A3

LS|
s

i

o

N

oy
H°

Bo

TH

<]

M
el
M
JJ)

—
o

&+

ofu

gl 7o st

-

R

3=

TE 71E SOP &

= vl

o

K

)

—_
o

i

=i}
=

% 2HA 289 SOP

A5k =
, 71Eol] TEEof

o

=
=

al

59] A A3l

o ~r
= i

3}

874

o

o

oo

Ak sopP A

N

—_
o

_68_

g 714

R

L

],

<

whel

=

=

27



N

IR |

Chang, C-H and Cheung, C-5.(2021), A Study on Integration of Railway Emergency Response Plan Based on
ISO 22301, Proceedings of the Conference of the Society of Disaster information, 145-146.

Hwang, SW., Kim, J-W., Kim, M-]., Kim, Y-M,, Jo, M-T. Park, J-M. and Lee, S-M.(2021), A study on derivation
of operating concept for the realization of underground urban railway logistics technology, Proceedings of the
Conference of the Korean Society for Railway, 272-272.

Lee, H-J. and Kim, M-Y.(2019), Socioeconomic Status, Housing Outcomes and Residential Assessment of Young
One-Person Households, Journal of the korean housing association, 30(4), 55-64.

Lee, ] and Lee, H-S. (2014), Disaster Response System and Management Plan of Urban Railway Accidents:
Focusing on Human Error and Emergency Quick Response Manual, Study report from The Korea Transport
Instituteol, Daehanjungbo Inswe, Sejong, Korea.

Lee, M-G and Park, J-H.(2016), A study on Logistics and Home delivery service for Electronic Commerce in
Korea, Korea Logistics Review, 26(3), 15-24.

Lim, K-K and Kim, 5G.(2005), Scenarios for Developing Standard Operation Procedure against Railroad
Emergency Incident/Accident, Proceedings of the Conference of the Korean Society of Transportation,
463-470.

Lim, K-K and Yoon, G-C.(2016), Diagnosing railway incident response manuals and their improvement,
Proceedings of the 19th Conference of the Korean Society for Railway, 698-707.

Rho, H-S, Kim, D-H., Lee, T-H. and Shin, S-J.(2021), A study on the underground logistics system for the
advancement of the future logistics environment, Study report from The Korea Transport Instituteol,
Kyungsung Moonhwasa, Sejong, Korea.

Shin, J-B., Chang. Y-S., Choi. Y-G., Lee, D-C,, Kim. C-S,, Kim. S-G., Park. M-K. and Lee J-S. (2012), A Study on
Development of Railway Emergency Response System on Railway Operation Organizations, Proceedings of
the Spring Conference of the Korean Society for Railway, 2305-2311.

Shin, J-H., Kim, K-S. and Kim, S-G.(2008), An Establishment of Emergency Response Scenarios For Railroad
Emergency Accident and a way to derive appropriate activities from the train operator, Proceedings of the
Spring Conference of the Korean Society for Railway, 2305-2311.

Wang, H-] and Kim, S-G.(2007), An Establishment of Emergency Response Scenarios For Developing Standard
Operations Procedures (SOP) against Urban Railroad Incidents —Focused on Fire Accidents-, Proceedings of
the KSCE Journal of Civil Engineering, 27(1), 131-140.

_69_



sz

B
i

3oy

1)

2~ A

A8k} o] 7

sy
—a

AT ARE] ol A £

ol
e

2 BAs )

o] &

o

o

)

=

f, &

1] 98

3f| 4 3§

A=

Els

I A ol

o
R

H=Z

}6]'

Els

P

I

S

3}

A

=
o

Wy

il
®
ﬁo
o

;OL

71722 <l
= of] A

T AIZ"E AT Fol

A
M
el
M
J))

ox

A
ol
oy

miw

SR RS

3]

2E 5

IR ES IR

3

b EAds

AME EF Al2HOER, AE
A== va
o},

AL o) 717 &AL

el

Bo
op

N
B

|
o

]

3
pal

gol b

Fakell of

3

ks

Tl &8 =

3

J = 7] o

Sis

ARA7} vhdE oof

A tsHA .

=] O
¢S

Pyl
JE

b=/ 0 oS

S

FAlo]. & 7F,S0P,A

_70_



V2V (Vehicle to Vehicle) T3} = v 3] A 2

AAAE e A 2R EA

&
Hl
oot
okt
=
)
Rl
oot
oft
Bl
oft
e
|
)
A

Cyclic Trunk Line Routing Problem in
V2V (Vehicle to Vehicle) Pickup and Delivery System

Dongjin Jeong', Keyju Lee?, Junjae Chae™

123School of Air Transport, Transportation and Logistics, Korea Aerospace University

The speed and efficiency of pickup and delivery of e-commerce products have become important in
customers’ choice. Recently, a vehicle to vehicle (V2V) pickup and delivery system was suggested by
a company that guarantees same-day delivery at a lower rate than the conventional courier service
or point to point (P2P) delivery service. The V2V system may operate on relatively small
infrastructural investments as the products are transferred from vehicle to vehicle that are
continuously circulating trunk line routes. This study proposes a way of creating the circulating
routes by formalizing the cyclic trunk line routing problem (CTLRP). A mixed integer programming
approach is provided, and the model is solved using CPLEX. Then, the study provides examples of
implementation on some major cities in South Korea. The analysis on the case studies shows that
the V2V system can significantly reduce the delivery distance (time) required per an item compared
to the P2P system.

Keywords: Vehicle to Vehicle Delivery, Public Logistics Network, Parcel Delivery, Courier Service,

Trunk Line Routing Problem

A - 20221008, =EFAHY - 2023.05.23.  AAEAHY : 2023.06.07.
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28l &S X HAAGAY ol &Eo] AFHORE FUhetal glom, §3] COVID 19 ©l8& &
&< 7HEAIZATHAlfonso et al., 2021). tH3RI= S A% (2021)° &8t =W =utd £ A2 2020
129 11.1Z2YolA 2021 12€ 13.6FHO0=E 229% Fodor, €3 33 o) 2ejle=z EXS o
Sk 4Bl Ak Bl &L 20194 39.3% A 2021 49.7% 2 °F 26% Z7F3Th Tl EFS A FHT 5
Ue Lz}l £ de 2y 28] £33 159 3 F wiEAA "t EF 78 ARt Zolrt A
o T AAGARNE ALty A s} 2 uiSAAE xR o2 i) AH|xef EIWE

(fulfillment) AR]2=2 & 5 Aot ol Ar]2=9t FHUE AH| e Gt 7|iA 2 2471 A H
olok F}(ShippingNewsNet, 2021). 53] &ul| AH| == EE2 o i EA7F Ao 2 e = v
EA dAg e sEEuE R H3tE & AZujslof st T4 v EEo] AT =4 7H7tel -‘Hi]
g Hulde B3l vidste EEHE AHl e WA GH] Hgo] gu] AuH| 2o vl Fow 179 F

ESps!
< dZFd Axe vEg Bfsiof dvhe TRle] Ao

FUlE AHl2=GA Fdlo|(Today, 2022)= A 7|9kA]do] Qs FOoHAE BELQd /5
= F4sta, Qs v BieHA Fot= ﬂ“ﬂ ojFAtE B3I FLEY FAZ AXEH= HE A

A3t V2V(vehicle to vehicle) 33} 2 v EAAE A Al ’3]—9&\3}(KoreaLogisticsNews, 2022). V2V A A
Figure 10 Uebd npe} o] Az wde F 7o) B5S T EFS St vl
v A% VE otk HFERT B o Ed= V2V AAle 45 A A
so Tl FAAR ol A= HFTRTH Folddth ISl ot V2v AAVE 758 AdddAXE =
o A3tz RE wE7FA w2 3AIZE o FL Hell &5 5 Advh V2ave FY, A, ai$
3TAE FRAY. FRFl o) == =AM (trunk line)# A xpeFo] o3k 2| o = (feeder
line)& WHE-AQl =3-& 93 A =27} vjg] AAHo] om, ¥ L HlF(pickup and delivery)X}&2] 7

dd

Wide-area Stop

Local Stop

Pickup or Delivery Stop
Trunk Line

Feeder Line

Pickup and Delivery Route

Figure 1. Public logistics network

= V2V 3} gl FA A el EActs S EYD 729 21e wYsty, s 18T
A =2 AAE A (cyclic trunk line routing problem, CTLRP)E 2 &3}tz ghet. V2V Al A
o Ay WiFAFEEdr AAEAE LiEQd AL EA (traveling salesman  problem)(Flood,
E= 274 Z & A (vehicle routing problem)(Laporte, 1992) WH 2 &85 o] 7Ms3ith 18
AAEA ] A5 JBAEA 2 AFEZEAdE EA Aodn Fded Al 2

AEAANAE ZF ApeFo] 24¢ 3 AA H(depot) == FEAHCE ALLT FI9AA S v AAS A &
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. B F9AH Tole =79 &5c] dZ2E 5 dofok M, FAAH I EFNA A
= = FHE 7HACk &1 13] &8l 285 =
Gl

=
59 WESE Hudolo B

A 8] 3k CJul % 2(CJ Logistics, 2022)- 2697] A B EmdE 3}
o BF3 F Al 74 A9 MEHPEE By wjEdle SBALE

(hub-and-spoke) A& AHERITE B} AH| 2o A= AEA| &} wjEA 7 A F o2 ZHsHeE o

~

Aol slEEvdR f3td F A s, It o s dus =Fo] TFLEREH HE7HA 1dolA
82 dth FuUY oA FF(Coupang, 2022) 0.2 EEH = FLUE Mul2Es 143 7}

o 3Yel A7 B

7 B4 B 2o EUHEAEHE Fo] &nzte] FE w24 o35ty ml$Ate gEgg It
Zog ZUHEE Y % MU2E A TS

= Fa ok yoprt, w2 vl BulE(Woowa Brothers Corp.,
2022), £2lEY 2EE=9(Olive Young, 2022) T Hl¥ AQAZHS 1 UE d=AZ] nfo]l 223
™ E (micro-fulfillment) Fej2] AU 2E A F3th vfe|AZEIHEE A2 HIAZE 49 FLUUE A4
22, EAR S 1A 65 77k ol X AR (Progressive Grocer, 2021). 8] AH] =9} I HE
o2 "oig 7IRkAIAE A5 A ZE 311 (ShippingNewsNet, 2021), T2 ]| &2& o] &
e ol 2 EUHUEE G wigy 22 Aoz Q) sy Aests EA7F At JoongAng,

4
>

2
=
3

Vv A8 2 il SAAE Hate BE 9 84 AMTS ol gatn, T4 T2 AP 7 SE <A
FA4 S S FelAe shAe) gUuE A s

o Mu| oA TS GAI9L &8-S WISk Figure 29 o] YERd 4 U

Arrive at Depart from Arrive at Depart from Arrive at Delivery
Aoty £708 SWb TSN Sub TN Hub 27T Hub (77 swb 7T Pty
O] £ D {3 { Ay {5 {6 {7 {80
Courier Yo " NP Yoot Yo Vo Noin? L
service . . s . — . . 5
Consolidation Transportation  Sorting Transportation  Sorting Transportation Sorting Customer
work
—
Max 24H Max 24H
e Delivery i
/ ’ Ay
1] ——— 7
N,
. -~ ~-
Fulfillment
Consolidation Customer
work
—
Max 14H Max 7H
Arrive at Arrive at Arrive at Wait for Delivery
, = ~localstop, - ~ Wide stop, - ~ Local stop, = ~ LM truck , = ~ EeTy P ¥
[ L . L { k . + { k . |
\\—I \\" \\" \\—I \\5—' \\6"
V2V
Consolidation Transfer Transfer Transfer Transfer Customer
work (LM Locall (Local Wide) (Wide Local) (Local LM)
-

Max H 3 ~ 9H(depends ondistance)

Figure 2. Comparison of courier, fulfillment, and V2V service
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EE THERUeER B8H, 52 F(public transport) o]
AFNA AT 4—% Z& Atk dFuE ®oke] =4 A8 F A= Dubois et al.(1979)l 2] 3| Eﬁgﬁiﬂl

O ZF Q1A (transit route network design problem, TRNDP)2} A o= Ao m, 3 Aol A= Ao
Fo ARA el =e AFAe] A4 (°]F) } e HA =S AT I—Iasselstrom(1981)«] AT
FAAEY OARJMTAY FEEHS A, o] F Agrawal & Mathew(2004)= F 3183 &%
189 &oz Ao = AA| v &S HAFsH7] -r] gt 2y S AASATE Yang et al.(2007)> T3 A H

(=AY &9 Zold A3 e o He)E AT 5 e FYURIS LA EA9 EREE
7N A A2 7o) x7] o2 d &so AL fidstr] A8 Yu et al.(2012)9] A7ollA = 7Hr]
ﬁ#@ﬂ(ant colony optimization) ™| EtF2] 2Bl (meta-heuristic) 7]'H-& ©|&3tth sl AFolA=
2 T ARl i ke dEFo =N AR AL Wl ddte LR o]Fd F UEH 0]’9\9\3}.
Kim et al.(2019)¢] AFelA= =AM Lo = AES I 12 HHSE P8t

l

lN m =

l>F-H

V2V AAE o] v Ao o m 74 AFo] AZHE AA= dHAHAGVA AN A (tandem
automated guided vehicle system layout)oll = WEFAT}E Bozer & Srinivasan(1991)2] 7oA A5 4 9]
g BAE 4 999 AGHS HAasste A4S FRE A IS FAHOE AAHE v G
go gz FBIr} o]oA = AT (Bozer & Srinivasan, 1992)0l A= F2E 0] ¢ (brute force) WHES A Al
3t 21, ElMekkawy & Liu(2009)& fdgaglEol 423 v v 8 (memetic)Fe]F aH-S AAISHA
=

V2V 3t g i EAAE v A Y] A2 HA ST T oA B (multiple) @] FHA ZA] B A
BEZA L AdEH. AR AEA = AFe EFAGS AAY ALFBEZEAE & 5 JoM(Taha &
Benadada, 2014), 7 A= 27 @Y IAA AN A ST o] WEAE AA IAAH R HA sk
=3 4ol FE& HAFsr] Y% HEE =E3TE Carlos et al.(2013)9] AFolA = BF3 A A
(multi-depot)°] FAHE W HA AZE AASAT V2V I3 2 wjEAA = 29, AY, wiE 30
Az FEHIL, 24 DAl £3 AF2 g Ao A AdshA et Aol A 287 (two-echelon)
2} 73 28 A (Crainic et al, 2009)2} FAFSTE sl EAlol s A WA DA 9 2eFo] =4 kol 93}
AR (satellite)7HA] 3HE-& &RbetH, o] & FIMAZ A DALNAAA = F A @A o ApgFo] f
%+ 2T} Belgin et al.(2018)¢] ATFolA= F3H(pickup) et Bl F(delivery)S Al 127 29A 2HEF
Z2EA S A A

23 AEH 3 A7 714

oX. ofy Fl[‘

YutH oz o] g We| Hrhsto] YL BE EYAZY TAARA Y 2] B AT A A G B
o7} e w8 A A (CTLRP)E «8wile] A2do] Hass T 30, 21z oz Feiae «
ol HARAE 7 FFe] wHS £EE(oyclic) FUZ T Al kAThE Fhol 7} itk W HAGVAA
WA EA EF eBEAS ANFAT A T olES A T ol MAE WEo] AHE o] 43
of W, 3 §%, 858 A2} vl AAH] 2% 9 =2 Aol AFE o] ATy T B
ATl A AAGE BANAE AY 7o) AAo] T wsde] mAPAN A o] 2ojAn BE Aol
£ 2 9F GEL T 5 ATk U BUEA, ALAZEA, FFHAANHEA A E BY BEE O F
a2 do] mel A4 AT AL N AHEANAE o FAAHo|PE B P2
e 5 Q. ER FAAE e AAEANAE 7 Ao Y £RASFE 54 gholAow B
Fotr) 8l wfed ZolE Altd Bast ok vav Ask 2 wEAAE B, A, vEo) 3T 2
TR Qou}, B A AT e Al JRAEA T= AFHZEA 0
WMES Bd A28 4 ok ned BT LB AYRAE 20 FFHEEAS Do) B4 =
Ae 77 B oo wAH Ao oF BATNS OBk B Q704 Figure 39 8¢l whe} ko] &
ATEI T Fuo EAZS AEA A, o9t BHF EHALAYY Fwd e AN BT



O
L]

Node

Depot

Node

A Satellite

(a) An example of TRNDP (b) An example tandem AGYV layout planning
(:) Node (:) Node
[:] Depot [:] Depot
A Satellite A Satellite

(c) An example of mTSP/VRP

(d) An example of multi-depot TSP/VRP

(:) Node (:) Node
[:] Depot [:] Depot
A Satellite A Satellite

(e) An example of two-echelon VRP (f) An example of CTLRP

Figure 3. Comparison of different problems: TRNDP, tandem AGV layout planning, mTSP/VRP,
multi-depot TSP/VRP, two-echelon VRP, and CTLRP

3. BYAHF 3 AR EA(CTLRP)Y =33}

2 AFodME FAAF cded AAEAE EFHFAIH R TSN " A VI =2
Vv

A, A={G. /)i, je V}7t 3o JAFL onjste TAZ 6= (V. 4) BollA Fhnt T == (,5) A
ol9]  olFHI LY ;= AF]  olF A2QAM(EE  olTAZ)E duITh == AP
V=V,uV,={1,..,n}9 o2 PP, 7 It dH(originn=E V,= (1}, 2837 dH==E A
23tk EX47(](dest1r1a’c10r1) VvV, =22 B9 F Ut VE wfe RE F Jo)z AY3ts )
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wo] o, ojil wE7} delFtets V,7F V,E AT BRE REF RstE s FAIHH &4 H
A etk V,ok V7 FEREE olfv AAZA I Z(strongly connected graph)E T3] H&olt
A zE 7 LEEREH EE RER Jd2E F e ﬁi(path)ﬂ' EAEtE 1= E

(Khuller et al.,, 1996). V, = E22REH ZE V, 2o 2% £ &= A2 EAT F AEF A sty

Ao BE V, REERE V, = 22T F v A2V} EASIEE Aodod AAadag =z T
Z T =
4

Mg FEl R AAMTES 2,5, fip vy Al 7FAZE ATk =5 (oA j2E ols& A nt TS
1019, 282 4o ™ 09 @& 7T 1,9 v, ' QAT AkEd F8E 9

3 AHERET [T & (G,)E Tl kol E2F F dod 1, 2%8A @od 09 #¢e vtk o kol

A8kl A8l i & vl BESIAY, AAREE ARsloF IotH W EA] 09 s ZEeth oldel & W

AHEE e o Aol & 4 gloh Figure 4(a) & dAIZ EW £, ©] g0l AAEEHT UH £, 2 W=

Al 09 @& Zteth PRZEAIRZ Figure 4(b) A= 75, 7F WA AAEROBR o0 o e BF Q0

th ol &A1 FHE BAS] fFelth yv 5o ko] oA ;i 1, I¥A oW 09 @S Jhxith

=
=
=

=
=

i)

B e AR YR dANsel A RMS, ZAS B AkEd e o9}

Index Definition
i index for nodes
j index for nodes
% index for nodes
h index for vehicles
Set Definition
174 set of all nodes, V,U V,
vV, set of original node
V, set of destination nodes
H set of all vehicles
Parameter Definition
Cij distance (time) of traveling from node 7 to j
7, lower bound for total travel distance (time) of each vehicle
T, upper bound for total travel distance (time) of each vehicle
Decision Variable Definition
Zijn 1 if vehicle % travels from ¢ to j, 0 otherwise
Liir 1 if % can be reached by A(,7)
Yij 1if 7 and ; are connected and direction is 7 to j, 0 otherwise
minimize < Z Z Zcij X Zijp 1)
ievjevheH
subject to Z quh =1, vjeVv )
eVi#zjheH
Y. Dy <|HIL vieV 3)
ieVi#jheH
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Z inthL vielV 4)

JjEVi#jheH

Z quhi|H| vieV ©)
jeVizjheH

Yo zy= Yz VIEV.REH ©)
ieVi#j ieVi#j
Z<fijk_fjik): —1, VRE TV, /€T, @)
eV
Y fu— ) =1, VEET, 8)
eV
S fp—fa) =0, VEEV,j &V, j=k )
eV
fin S ¥y» VEE Vi€V jETV (10)
fin <y VEE Vi€V, jETV (11)
yi]'+y]z Zx11h+ Z‘r]zh’ VZE V]E |4 (12)

heH

Z Zfzﬂe — Z‘rz;h’ VhEHJE I/a’ (13)
eV, kev,
ZEV]EV
ZZC X.l‘ < Tu’ vhe H (15)
evjev

FA M) vERd FElmge] B eE 7 saA R AN FAE HasS A ok Aok

2 2% B)oll st RE == thal] Ha g W, Ho) Ao et # Y (inflow)o] EA 3l of &

(4)9} G)oll o5t Ha 7 ¥, HAd AAFe] gge %%(outﬂow)Ol 9}010 FdHlH = AT HE
M &, 2] o5 vERd). Az (6)2 4 =&

& 7 sl FAFEHR FEFol LAGES Fo
Zﬂ‘-’—F}—ﬁ (7)~(12)= Hua(2018)%] Aol o3 AAld ZaAd 1= —71:?1% 283 Aot sl Ak
<V, RERZRE BE V, =B 22T F Ae ARV EAY F JAEF, A EE S ER R
V, =B 228 F de ARV EAEES Aot AR (13)2 AEEFE °1(subtour)e A A gt
AFAEA T A FH EA E A Danzig Fulkerson Johnson(DFJ), Miller Tucker Zemlin(MTZ) 52|
HE Bl ABERAE AAT & don, Agxd (7)~13)e & HMEBRFA AAE =FS5FTH
(commodity flow formulation)el]l 2J3 W 29| 8= & 4 lTH(Bazrafshan et al., 2021; Oncan et
al,, 2009). A ekx=x (14)¢F (15)= &4 2AFe] = H =] Ao|(M)7F AR E dolof e W= TFHHES
Al of g,
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4. 3¢

EFH =25 918 CPLEX Optimization StudioE &-&3t% oM,
Intel(R) Core(TM) i9-7900X @3.30GHz ¢ *2]%=|(CPU)$}t 32GB2] w &2|(RAM) st=doj7} &85
o WA, 7P AR (grid) ol EAEtE ] MFE SN AP S JPSA o, o] F AA| o]
B 7|Wke] AtEld T AP S PSR Figure 49 Aol e 713 AR A& 5002 HA st o
2x2 AR 47 =5, 3x3 A& ) =&, 4x4 AA 1670 =&, 18Il 5x5 AR 257) =0
s A@stAnt A 7FEAF] g he 5, B AR Zo|(AMRY) AE# T,E 0, AUF T,& 40002
AAsRAT. BA 2717t Sl wel BEFErt SU1e, o= Qs HA &) g Aol Sk &)
T T ¥ o] Figure 4(c) 167) == thdt ZA7MA = &3 F218<d AZH10E) Hell HA =
=3t 207 ==of gk EAIZEA = 12413F o]ujel i 713l o, Figure 4(d)9) 2570 ==9] 4
1242 ool HAAHE kS = glolem, HH A4 (optimality gap) T2= 9.84% = YEFRT

2 ATelA AARE e RF el gk &7

off

ot

4
/
80
% 3
30 60 /

40

0 1 4 1

-10 0 10 20 30 40 50 60 0 20 40 60 80 100

(a) Example solution on 2x2 grid (b) Example solution on 3x3 grid

200 lhe 1} bt G

140
175
120

150 4 1 1* 1

100 9 3 k
125

100 3 3

»

. S

e

0 > 5. 0d1 4 k 3 »2b

0 20 40 60 80 100 120 140 0 25 50 5 100 125 150 175 200

(c) Example solution on 4x4 grid (d) Example solution on 5x5 grid
Figure 4. Example solutions on problems of different sizes

(5x5 grid instance was run for 12 hours and the optimality gap resulted in 9.84%)

41. HBS AA Ackzz

Ak (13)e ABFAE AAsH7] f8l A &std e, A &f5ol wE HHMN7 A= g=A ve
1S & & Ath(Figure 5). A BT AA Afzzio]l A EHA &-& Figure 5@@)l s &
=& 3te] 50| 7hestANl, §A A (blue)d] HEIF A BFE ZeEo] HdAEIET &

Atk WA A B RO AA AFzHE A &3 Figure 5(b)ellAl= o2l &AI7F YEbt

Jafl FAgkol 7 Ae &AT & Aot wEkA 71E BB Z Aol A
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Figure 5. Example solutions with and without subtour elimination constraints

42. =BAE Ao|(AZ) A=A

Aekx (148 (15)= 24 Ao A= Ao|(ARh)7E 54 WSl ol E FAHEE 3tH, Aoj(Al
7P) Agre) Hadk 7, = AW T, ﬁo] HITH HAs) 7 24 AAZE 5 Aok Figure 6(a)= 7,
£ 25022 A3 AFE, Figure 6(b)= ETF £ £ 30002 A|gg AHRE A A At s =

AL A ol fi= AT Aolol wet Art DA mE AAG e APk F2 1ol7] $I3pelrh

1003 & /5,4 1001 9
60 60
2] 8, 2, 5] 8,

40 40

041 b 041 4, 3

@) 7,=0, T, =250, 0FV=612 (b) 7,=0, T, =300, OFV = 541

Figure 6. Example solutions with different 7, values
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43. AHAT 2 B

B AFolA AAT FAAF =BF 2 AAEAS 7S] AT obd AAl A Bl 7IRkste] 37}

10 A4S JPstAt digulsoA A7 7B B2 37 BA(AE, F4F, ) E dide s AAEA

o, 2 A ST WY A (A= 2570, T4t 1670, 13 107H) S4) & (centroid) & B A H o] 91X
h

2Az

b jo

ARG 7 = 2be] ol BN SN ¢ ©EAL2 A E(OpenStreetMap, 2015) B 2 EL2 3

2 (GraphHopper, 2022)& ©| 48] =&tk £U7bs A% 1 5, @A 2 o|(N) A% Tie
117, ARg 7,5 3A70E ARGt AA APY Rl A dPel A% A9 2717k Z7Hgel
g H7a) BNl SrlaoH, 257) wES EFET A ALel A A7 ool HAaS
=2 ¢ YATHALYNE 9.64%).
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(a) Incheon with 10 nodes (b) Busan with 16 nodes (c) Seoul with 25 nodes

Figure 7. Example solutions on case studied regions

(Seoul instance was run for 24 hours and the optimality gap resulted in 9.64%)
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Table 1. Post-analysis on obtained solutions for case studied regions

i total PP
Vetide rowe length o ppp VBV travel tox Evbjtfcclt:d Averape VOV _)ﬁvjzmel
w o h g 2 nbor travel howr for 1O Path i ) travel hour per me
ph i @ ————— IR @ i
1—>
avg mn mex ! ag @ mx (@ @=O®x 1) 14@D100%]
Incheon 10 5 3 201 101 271 0.612 1.090 1.955 5.865 0.059 90.42%
Busan 16 5 3 172 121 251 0.454 0.869  2.440 7.320 0.029 93.70%
Seoul 25 5 5 124 101 166 0.448 0.910 2061  10.307 0.016 96.32%

Table 10 AAE AL EF] AgH olsAE FaB I &S ZlojH, V2V A A A g4
SsAAANA EFol 13t= Hrgstr] M= 4 =%

A zpFe] et 74 AFe =
BEge 12 HRHRoY, e
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L
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2 AFdAE S-S 18 B9 &3] AA EA (cyclic trunk line routing problem, CTLRP)E
Aefstal o] & ERAE AN =z RSt T AN 4 AL =dsts FHE THA ok
5tm, 13] =8 a3 Ha e HAREo] Alofd v BEE =& | =8 EF5° 942E
Jojof st=dl, BEFTFY 52 AF I F5e AL dEE F Utk BE =2V S5AF 2 F
Jon, deAd FRE A AR FAE Feth BT e A A 2dES WF
st Hddolo e Ale Folhfua . FHEATE Tl FAATF(EFEET HAJEA, dE 4
AGVAIA A, 5] B ZA, AFEZEA, dSIAAAH AFHZZA, 287 AFH22A4)E A

= 45t B A9 S48 SAAEE FAE F AN

Qow, FelAd i A EAste] Aol e

}.

EFAFAYH R FAY FYURFS 4L T2 T8 CPLEXE 283 433 23 167] ==(AH)
3719 A FEAAME 108 oW, 207 =2 A 12413t oo HAH3E =&EsE o=z gl
257 =& Fo Ar|dAE 2443 olulel HAHATA 10% WRte] Ml E AT = AU Al
TE 98 tevs 3u) =AY A A AR Juke AL APsd . eyl o) =EE =%
AL o] &S wet P2P Wi FAAE o] &S Wl A E EFD ol5AYNIHE vlmEg o, 0%
oldel EEF olTAYNZ) AHEAE AT F UATh F&EATNAME P2rete] vl o €]
T FYUE Ao BASE BEEF olF AL (A2 vt 34 AAE Al o o,
FF AFdME B AFAM 18T - lUE AFY T/, 4% E5F, 535 € rAkE S O
ZAANZE 2 2z £33 dA ] Zfolo 9% 7| Az 5& EFF sFElnge] AAE el Jdon, F5
S dlolEo Yzdt FrHEA o] aFHT
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