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OPTIMISING YARD OPERATIONS

IN PORT CONTAINER TERMINALS

Louise K TRANBERG∗

Abstract. This paper deals with the problem of positioning containers in a yard

block of a port container terminal. The objective of the container positioning

problem (CPP) is to minimise the total handling time in the block, i.e. the time

required for storage and reshuffling of containers. One of the constraint types, con-

cerning the last-in first-out (LIFO) principle, implies major modelling challenges.

A mixed-integer linear programming model for the general CPP is formulated,

implemented in the modelling tool Mosel, and validated by the solution of a test

case using the Xpress-MP solver.

1. Introduction

As a result of globalisation and economic growth, the need for container transportation has

become very significant, and consequently so has the competition between ports. Thus,

the importance of efficient handling in container terminals is constantly increasing. A very

important issue when optimising port efficiency concerns storage and movement in the yard.

The operations in yard storage blocks offer many different problem aspects and considerable

challenges concerning modelling and solution approaches.

The purpose of this paper is to contribute to the handling of yard operation problems. No

operations research approaches to the container positioning problem (CPP) have been found

in the literature. Therefore, the main contribution of this paper will be the introduction of

a mathematical formulation of the CPP.

The CPP occurs in all port container terminals. However, the parameters - especially

the dimensions and the equipment - vary. For information about the different types of port

design and equipment, see [2]. In Figure 1 an example of a port layout, characteristic for

an automated terminal, is shown.

In general, three types of operations are carried out in port container terminals: 1) quay-

side, 2) yard, and 3) landside operations. For import containers, the following equipment

types and operations can be identified (the sequence of operations is reversed for export

containers).
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Figure 1. Principal layout of an automated port container terminal (not true to size),

inspired by [2].

After a vessel is assigned to a berth, Quay Cranes (QCs) unload the containers and

Automated Guided Vehicles (AGVs) transport each container to one of the pick-up points

(PPs) by the storage blocks. Due to the lack of accurate data before the arrival of vessels

in the port, the planning of the container positions in the yard cannot begin before the

unloading starts [2].

At the PP, containers are picked up by Rail Mounted Gantry Cranes (RMGs) and stored

at some predetermined position. Each container might be reshuffled a number of times

before being moved to the drop-off point (DP).

At the DP, containers are loaded onto trucks or chassis by which they are transported

into the hinterland either by road or by rail.

2. Formulating and modelling the CPP

The focus of this paper is to formulate and solve the problem concerning yard operations at

one storage block, the CPP. The objective of the CPP is to determine the optimal positions

of containers c in one block by minimising the total number of reshuffles. A storage block

consists of a number of positions p = (1, ..., |P|) in the horizontal plane where p = 1

corresponds to the PP and p = |P| corresponds to the DP. Figure 2 provides an overview

of the principal structure of a storage block inclusive PP and DP and how the positions

are numbered. In the CPP model, the binary variable xcpn is equal to 1 if container c

is placed at position p after n reshuffles, and 0 otherwise. At each position, a number

of containers can be stacked on top of each other, the maximum level depending on the

stacking equipment. When moving a container placed underneath other container(s) at a

position, this or these must be removed first. This last-in first-out (LIFO) principle restricts

the arrival, storage, and movement times, indicated by the continuous decision variables

ta
cpn, ts

cpn, and tm
cpn. Figure 3 shows the LIFO principle for two containers, c and c̃, at

position p. The following must be assured: if container c and c̃ both arrive at position p,

and if container c arrives before container c̃ and departs from the position after the arrival
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Figure 2. Principal structure of a storage block consisting of a number of positions

p in the horizontal plane. At each position, a number of containers c can be stacked.

The positions are numbered from 1 to |P|: p = 1 corresponds to the pick-up point PP,

p = 2, ..., |P| − 1 corresponds to positions in the block, and p = |P| corresponds to the

drop-off point DP.
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Figure 3. The LIFO principle: if container c arrives before and departs after container

c̃ arrives at position p, then c must also depart after c̃ leaves p.

of container c̃ (i.e. there is a time overlap between the storage times for the two containers

at the position), then container c must depart after container c̃ leaves position p. This can

be formulated as follows (where n ∈ N):

∑

n xcpn =
∑

n xc̃pn = 1
∑

n ta
cpn + µ ≤

∑

n ta
c̃pn

∑

n ta
cpn +

∑

n ts
cpn + µ ≥

∑

n ta
c̃pn

}

⇒
∑

n

ta
cpn +

∑

n

ts
cpn ≥

∑

n

ta
c̃pn +

∑

n

ts
c̃pn + µ

These relations are linearised in the formulation of the CPP by the introduction of two sets

of binary variables, αcc̃p and δcc̃p, ensuring the LIFO conditions.

Parameters in the problem are the pick-up and drop-off times for a container c, PTc

and DTc, the time required to move a container between two positions, p and p̃, denoted

by TTpp̃, the length of the planning period τ, a small time interval µ, and a small number

ǫ ≪ 1.

Figure 4, showing a sequence of positions for a container c, provides an overview of

the structure of the CPP presented.



Optimising yard operations in port container terminals 389

cPP1x

cp22tacPP1
at cpnnta cp 1+nn+1

ta cDP 2+nta

tmcPP1 tscp22 tscpnn tmcpnn tscp 1+nn+1
tmcp 1+nn+1

p2

cp22x
cpnnx

xcp nn+1 +1

cDP 2+nx

pn

pn +1

Container c

PP

DP

Position

Time

Figure 4. The CPP structure: overview of a sequence of positions for one container c.

2.1. Notation

The notation for the CPP model is as follows. C = {1, ..., |C|} is the set of containers.

The set of positions P = {1, ..., |P|} includes the PP and DP. N = {1, ..., |N|} is the set of

numbers of reshuffles where n = 1 corresponds to the PP (p = 1) and n ≥ 2 corresponds

to actual positions in the block. However, for the DP (p = |P|), n ≥ 3, since there is

at least one actual position in the block. The set Z = C × P × N is introduced, where

z = (c, p, n) ∈ Z. Furthermore, let q = (π, φ) = (qπ, qφ) ∈ Q = Π × Φ, then x(Q) =
∑

q∈Q xq

and Qπ = {q = (π′, φ) ∈ Q | π′ = π}, i.e. x(Qπ) =
∑

φ∈Φ x(π,φ),∀π. Likewise, the macros

ta(Q), ts(Q) and tm(Q) are used. Table 1 provides an overview of the notation for the CPP

model.

Sets

C Containers

P Positions including pick-up and drop-off points (PP and DP)

N Numbers of reshuffles

Parameters

PTc Pick-up times for container c

DTc Drop-off time for container c

TTpp̃ Transportation time between position p and position p̃

τ Time horizon

µ Small time interval

ǫ Small number (≪ 1)

Decision variables

xz ∈ B
|Z| Equals 1 iff container c is placed at position p after n reshuffles

ta
z ∈ R

|Z|
+ Arrival time for container c at position p after n reshuffles

ts
z ∈ R

|Z|
+ Storage time for container c at position p after n reshuffles

tm
z ∈ R

|Z|
+ Movement time for container c after position p and n reshuffles

αcc̃p ∈ B
|C|2×|P| Equals 1 iff container c arrives before container c̃ at position p

δcc̃p ∈ B
|C|2×|P| Equals 1 iff container c leaves before container c̃ arrives at position p

Table 1. Overview of the notation for the CPP model
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2.2. The CPP model

The objective of the CPP is to minimise the total number of reshuffles in the storage block,

subject to constraints of the following three types: (1) time and flow restrictions, (2) LIFO

constraints, and (3) logical connections between decision variables and parameters. The

CPP model can be stated as follows:

min x(Z) (1)

s.t. ta
c11 = PTc, ∀c ∈ C (2)

x(Zcp | p = |P|, n ≥ 3) = DTc, ∀c ∈ C (3)

x(Zcn) ≤ x(Zcn−1), ∀c, n ∈ C × N\{1} (4)

tm
cpn ≥ TTpp̃(xcpn + xcp̃n+1 − 1), ∀c, p, p̃, n ∈ C × P × P ×N\{|N|} (5)

tm
cpn ≤ TTpp̃(xcpn + xcp̃n+1 − 1) + τ(2 − xcpn − xcp̃n+1),

∀c, p, p̃, n ∈ C × P × P ×N\{|N|} (6)

ta
cpn + ts

cpn + tm
cpn ≤ ta

cp̃n+1 + τ(2 − xcpn − xcp̃n+1),

∀c, p, p̃, n ∈ C × P × P ×N\{|N|} (7)

ta
cpn + ts

cpn + tm
cpn ≥ ta

cp̃n+1 − τ(2 − xcpn − xcp̃n+1),

∀c, p, p̃, n ∈ C × P × P ×N\{|N|} (8)

ta
cp2 = PTc + tm

c11, ∀c ∈ C (9)

αcc̃p ≥ x(Zcp) + x(Zc̃p) + ǫ(t
a(Zc̃p)

−(ta(Zcp) + µ)) − 2, ∀c, c̃, p ∈ C × P (10)

δcc̃p ≥ x(Zcp) + x(Zc̃p) + ǫ(t
a(Zcp) + ts(Zcp) + µ

−ta(Zc̃p)) − 2, ∀c, c̃, p ∈ C × P (11)

ta(Zcp) + ts(Zcp) ≥ ta(Zc̃p) + ts(Zc̃p) + µ

−τ(2 − αcc̃p − δcc̃p), ∀c, c̃, p ∈ C × P (12)

ta
z + ts

z + tm
z ≤ 3τxz, ∀z ∈ Z (13)

x(Zcn) ≤ 1, ∀c, n ∈ C × N (14)

x(Zcp) ≤ 1, ∀c, p ∈ C × P (15)

xz ∈ B
|Z|, ta

z , t
s
z , t

m
z ∈ R

|Z|
+ , αcc̃p, δcc̃p ∈ B

|C|2×|P| (16)

The objective function (1) minimises the total number of reshuffles in the block. Al-

ternatively, the total movement time tm(Z) could be minimised or several terms could be

weighted according to importance in a multi-objective function.

The constraints (2) - (9) concern the time and flow restrictions. Equations (2) set the first

arrival time equal to the pick-up time for every container c. Correspondingly, equations (3)
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impose that the drop-off times are met by setting the arrival time at the DP. The inequalities

(4) ensure the continuity of a sequence of positions by forcing x(Zcn−1) = 1 if x(Zcn) = 1.

The movement times between actual pairs of positions are determined by (5) and (6),

setting the lower and the upper bound on tm
cpn, respectively. The same technique is used in

inequalities (7) and (8), ensuring the balance between the arrival, storage and movement

times. As for the constraint pair (5) and (6), either both inequalities (7) and (8) are binding

(i.e. xcpn = xcp̃n+1 = 1) or both are non-binding. In equations (9) the storage time at the PP

is set equal to 0 for all containers.

The constraints (10) - (12) concern the LIFO restrictions. Inequalities (10) set αcc̃p = 1

if container c arrives at position p before container c̃. Inequalities (11) set δcc̃p = 1 if

container c departs from position p after container c̃ arrives at p. The inequalities (12)

connect the two above constraints by ensuring that container c departs from position p after

container c̃ if both αcc̃p and δcc̃p equal 1.

The constraints (13) - (16) represent logical restrictions and variable domains for the

CPP. In (13) the connection between the binary xz and the continuous ta
z , ts

z and tm
z is

formulated, inequalities (14) ensure that container c is placed at maximum one position

p at a time (i.e. per number n), and the inequalities (15) imply that container c cannot

be placed at position p more than once. The latter constraints are included for modelling

reasons. Finally, the decision variables’ domains are stated in (16).

3. Computational results and perspectives

The model is implemented in the modelling tool Mosel and validated by the solution of a

small test case using the Xpress-MP solver [1]. The optimal solution for the test case was

found within two minutes using a Pentium 2.00 GHz 1.00 GB RAM. Future work with

the CPP will include solution of larger test cases in order to evaluate the model’s potential

relevance to real-live problem instances.

The proposed mixed-integer linear model presents a comprehensive formulation of the

CPP, providing an overview of the complexity of the problem. Further work within the

development of alternative solution approaches, such as heuristics, decomposition, etc.,

for solving larger problem instances will be an important contribution to the handling of

container storage problems in marine terminals.
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