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Scheduling Inbound Trucks for Workload Balancing of
Outbound Docks in Cross-docking Systems
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Last-mile delivery companies are facing significant challenges in increasing productivity due to the
growth of e-commerce markets, coupled with the development of information communication
technologies. It is important to maximize the operational efficiency of existing facilities because
investment in facilities and equipment requires long-term planning. To tackle this issue, this study
proposes a mathematical model for inbound truck scheduling to balance the workload across
multiple temporary inventory storages located in each outbound chute, while minimizing the waiting
time for inbound trucks. The proposed model strategically allocates inbound trucks to inbound docks
with a dynamic scheduling and reschedule the plan whenever the terminal situation is updated. To
evaluate its effectiveness, numerical experiments were conducted based on real-life data. It has been
verified that the proposed methodology yields superior results compared to existing strategy. Based

on this study, the efficiency of the parcel distribution center can be enhanced.
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Figure 1. Typical lavout of a cross-docking terminal
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Table 1. Operational logic for the current practice

Step Content

Step 1 Unloading priority for priority.

Step 2 Priority unloading if there are fresh products in the loaded goods within the vehicle.

Priority unloading for compound trucks after unloading. (subject to priority unloading

if the temporary inventory storage at the loading area is insufficient)

Step 4 Priority unloading for special distribution vehicles.

Step 5 | Priority unloading for specific regions (destinations) with a deadline for departure time.
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Table 2. Assumptions of ‘Y3 E&’ allocation

Case Content

Case 1 queue length = 0 : the state of the inbound dock is changed to idle.

Case 2 queue length = 1 : the corresponding truck docks immediately.

Case 3 queue length =< total number of inbound docks : all trucks are considered as solution
ase
candidates.

queue length > total number of inbound docks : only the selected trucks based on
Case 4 waiting time, up to the number of inbound docks, are considered as solution

candidates.
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Table 3. Assumptions of temporary inventory storage

Section Assumptions

At the current point in time (the allocation decision point), all the logistics information
1 for items that have been offloaded, as well as information on the temporary inventory

storage situation.

When an outbound truck exists at the outbound dock, assume that the truck is waiting

2
@ at the outbound dock first.

Up to the point where the arriving truck has completed unloading, calculate the total
o) expected volume of pacels going to each destination for all trucks that have docked.

Estimate the inventory situation, considering it balanced. If it's balanced, it’s considered

a good temporary inventory storage situation

At a certain point, when calculating the temporary inventory storage of the outbound
chutes, we consider the following buffer (cs(Y,)) (However, C; is temporary inventory
4) storage capacity.)

¢,(Y;) = C, + (Number of compound trucks that have completed unloading) x
(Load of a single outbound truck)

At a certain point in time, when outbound trucks are waiting, we consider the
following buffer(c, ( Y; ))
cS(Y-

3

®)

) = C, + {(Number of outbound trucks) + (Number of compound trucks that

have completed unloading)} x (Load capacity for one additional outbound truck)

! te =36 HHE BE =S Ut 2 FAAR b e

& e 4B Fustel Ra Batol Hojgless £ ugy 3o 7FATh 54 A
ol #Eo) W AL A @) $4E e we 1 Agd Za 28] thrlew A A$lE (5)
2e e
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1) Notation
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Ty dst 28 7} 48t =2 kol dAsid 1 ofUw 0

b, 3k 28 9] H(eI A

d, g3t 28 9 (dd) A @ Az
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2) o4 =d

Minimize Y, [ (max(c,(Y;) — r,(¥;)) — min(c, (V;) — 7, (¥}))) + B(b, — a;)] (1)
€7 s s

Subject to

diag=1, Vil 2
kEK

Mz, <1, VEkEK ©)
ISy

b= Y (e;xaxy), Viel 4)

keE K
d,="b+h;, Vil (5)
cS(Yi) =c, + Z zig, ViEL VsES
iEIUJ (6)
dy > d;
dy — d,
r (V) =r, o+ Y, np+ Y, [(1— )Xy ], ViEL VsES @)
{EIUJ ieE1UJ hi
dy < d; dy > d;

b;=0,ViEl (8)
d;=0,viel )

e, (V) =0,Vi€El, VsES (10)
r, (V) =0,Vi€EL, VsES 11)
,€10,1}, Vi€, VEKEK (12)

22424 (1) F3 =3 7ot 243 HAAAES HLsst= Zolth olnf o) B 42 viegd AF &
3 7N A E e dth B AL AL fRE Iy Wl ved o i IR ]
Azrell B & 7tEAE Fos] 42 09, 012 AR ATt A 2)v BE Y EFY S HIEA
g 7hel Qdst =2 ddE S orlsiH, Ak 3) 1] sk =200 /e EfT Hkde v
ok Ak (4)= Ak EF Y (Al AR el tet = Ao 2ol B Fo v EYo] et 8t
A & ovstar, Aok (5= dst EF ] (A GEAIES HR(AAER ()Fd £2aM3
o] Fd& ougth Ak (6) Ut EY i7F 2L W] E3} FE s vt AAT sof vpeF
I EY Bt Y-S WA B EY F G FEZ /M= AL EYY A FF] FYS n3in
ojmf Hae E”O] AR EFL ol FE S AR FUEs EYold EYY A, 1HA ¥
A 002 Aot Ak (7)) dsk EFY i7F 2EE w7hA] FE sE o]Fd =FS A FE 59
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Journal of Logistics Science & Technology Volume 5, No.1, pp. 59-75 (March 2024) 67



PE-ERIEITR &

(=] . _7l:_

0x

|

Ho

e 2o s2 o5 Bl AL oulBTh Aok (§)~(11) 27t AH WMEE WG A5 §Ho
= Ao Ay 12)= AH WEE o7 fEow Aour

3. Dynamic rescheduling strategy

o
o

B AdFodME dA FHE o ZF S ol &st EFAT FFel ths3t7] 918l inbound trucke] 2

dol g5d wrig Algy A4S dulclEsty, dUlolEd BEE ulg oz Afe ATy
Larsen and Pranzo(2019)¢] Dynamic rescheduling strategys 4 -8-gtt}.
Solver Simulator
(Re)solve Generate Reflect Run
the problem the schedule the schedule the simulation
Controller
Tricoer Check for
8 rescheduling
the solver .
conditions

Figure 2. Conceptual framework for dynamic rescheduling
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o7, wHey A& Efo] tir|AzbE aEEte] dirlddd WA =25 s EYE HeHoRE S
ot gl sjE Hude] A, F3 wES Ut FE HIVF F 3 1R FAHO] o], o] F 1St B
A 8L 717 870, 3/MZ A small-size 742 FEHA T T3 st EFLS 3 A& EYF
AL EZom FEEH AALY Eude] A5, 7 EZL] H7E 3: 10 ©]7] wiEel, ¥ 4% #HL2 2
A 15709 Jst EF 7hd 42 470, 1102 A4S smallsize 34 S 75390 &3 FE wheh
sk ee) &3 EY Y M-S gE2A Aogozn nigdgoe] tE AHE A¥S 1Psun. A
Fo| A ALgEHE mEbu|E o YO E aE 01, fE 092 AAIAT. 2FLE Intel Core i7-7700HQ

2.80GHz, 16.0GB RAM, Window 10 %A A &A0A Lo EFAFAIEANES &7 935
Gurobi 9.1 A& €HE A& P, BE AFA 7} 1% oYW 2 =&F U

42 A¥ HolH

£ ATlAE A4 HEEe) g5 EY EAAT dolEE #8519.00, smallsize 4F& S8 T2
9= AEste] ol gtk st HolElol: HEde] UAl g5 Y 2AZNA A AR sk 2eo]
W EHARE (G9) Y 28 AR AAEF R 24 B =4y BF I, Y5 £39] A9 948

AZrol AHEE AT theS ATolA ARES ¥ dlolE Fhelth

u2Hu E 49 &
a; [0,0,0,0,50,100,150,200,250,300,350,400,450,500,550]
h; [10,50,70,84,106,116,95,115,84,84,105,103,84,119,114]

[[0,0,0,0,0,0,0,0],[0,0,0,100,0,0,0,0],[0,0,0,0,100,0,0,0],[84,0,0,0,0,0,0,0],[0,0,0,0,0,0,0,106],[0,116,0,0
Zis /0/0/0/0]/ [0/0/0/0/0/0/0/0]/[0/0/115/0/0/0/0/0]/[0/0/0/0/0/0/0/0]/[0/0/0/84/0/0/0/0]/[0/0/0/0/0/0/0/0]/ [OIO/O/
0,103,0,0,01,[0,0,0,0,0,84,0,0],[0,0,0,0,0,0,119,0],[0,0,0,0,0,0,0,114]]

[[0,10,0,0,0,0,0,0],[0,25,0,25,0,0,0,0],[20,0,0,20,10,0,0,20],[24,0,20,20,0,0,20,01,[0,0,0,0,0,40,40,261,[
0,16,25,25,25,25,0,0],[25,25,25,0,0,0,0,20],[0,0,15,20,20,20,20,20],[54,10,10,10,0,0,0,0],[0,0,0,0,14,5

o
0,10,10],[45,0,10,10,10,10,10,0],[0,40,10,10,13,10,10,10],[10,10,10,10,10,14,10,10],[15,10,10,15,10,1
0,19,20],[10,10,20,10,10,20,20,14]]

Cs [650,900,600,700,770,650,900,600]

Ty [301,402,283,404,385,356,247,288]
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7] A1 ZF& <Table 4>} 2t}
congested 3 Chute 5 Chute 7 Chute

R A A AAALAAALAALAL

v

time axis
Figure 3. Experimental results for Strategy 1
Table 4. Experimental results for Strategy 1
out Temporary inventory storage situation(c, —7)
Min 97 76 65 55 39 32 59 47 34
out Waiting time(b; — «;)
Average
waiting 146 153 145 155 160 155 161 189 173
time
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Figure 4. Experimental results for Strategy 2
Table 5. Experimental results for Strategy 2
out Temporary inventory storage situation(c, —7,)
Min 97 76 66 55 69 64 61 52 46
out Waiting time(b; — «;)
Average
waiting 136 131 141 133 141 134 124 126 132
time

3) 45 ASE AT ¥l 24

o §31]'% BAE] f1ste] AAEe R et S
S Z

oA AA 9n SE Hrd &7 A&
< 1 (strategy 2)¢] 2% ZAI}E <Table 6>°

st % H(strategy 1) W71 AI1zE
skt

Jﬁ
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