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a b s t r a c t

A shipyard is an Engineer To Order (ETO) company that designs and manufactures new products
when orders are placed. Various tasks are concurrently performed, thereby making process
management considerably important. It is particularly important to plan and control production
activities because production constitutes the largest part of the overall process. Therefore, this study
focuses on the development of a production planning system based on an Advanced Planning System
(APS). An APS is an integrated planning system that targets supply chain processes in accordance with
the principles of hierarchical planning. In this study, a Supply Chain Planning Matrix (SCP-Matrix),
which is used as a guideline for APS development, is designed through analysis of shipyard cases. Then,
we define the process in detail, starting from long-term production plan as the initial application, and
design and implement a long-term production planning system using a component-based
development.
© 2017 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

A shipyard, whose primary products are ships, is an Engineer
To Order (ETO) company that designs and produces products
when shipowners place orders. Thus, planning and controlling
processes in this project-oriented industry are important, where
various tasks ranging from order to design, purchase, procure-
ment, and production are concurrently performed. Planning and
systematic management is particularly important for production,
which is the longest part of the project period.

Korea is a leader in the merchant ship market, and system
development to establish and manage production schedules
for shipyard environments in Korea had been conducted in
the 1990s, centering on large shipyards (Lee et al., 1995). In
recent years, new information technologies, Product Lifecycle
Management (PLM), Modeling and Simulation (M&S), and other
production management paradigms have been introduced.

However, most shipbuilding production planning and manage-
ment systems are developed using a bottomeup approach
without designing the overall system architecture, which makes it
difficult to modify and supplement these systems flexibly when
requirements and environmental factors change (Woo and Song,
2014). Furthermore, linkage and integrated management be-
tween planning processes in small- and medium-sized shipyards
are poorly executed because of the lack of technology and
manpower. In particular, systematically establishing a ship-
building production plan is critical because it determines the
vision and strategy of a company in addition to the manpower and
resources required for production. However, the existing research
on shipbuilding plans lacked the study to define the framework
of the whole production planning system. Consequently, each
shipbuilding company has different planning terminologies and
methods, which delayed the introduction and application of new
technologies for production management as compared to other
industries.

This study applies an Advanced Planning System (APS) to
a shipyard to define a production planning structure and designs
and develops a production planning system. An APS is used to
optimize materials and human resources to manage production
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planning and scheduling within a company or between com-
panies. The APS development is critical in shipyards, where
synchronizing the occurring processes is necessary because of
the complicated manufacturing and assembly processes
(Vlachakis et al., 2016). The design process of an APS-based
production planning system for shipyards in this research is
presented as follows: first, a supply chain planning matrix (SCP-
matrix) for shipyards is proposed through shipyard cases analysis,
which is defined through a supply chain analysis, in Chapter 3.
Secondly, in order to design a production planning system based
on SCP-matrix, which identifies material and information flow in-
between different phases for ship production, long-term
production planning is selected as the initial application. So, the
detailed processes of long-term production planning are analyzed
and defined in chapter 4. Finally, long-term production planning
system is designed and developed using Component-Based
Design (CBD) methodology which has the advantages of adding
or replacing modules by communicating through well-defined
interfaces (Sommerville, 2010), and main modules of proposed
system are implemented in chapter 5.

2. Previous studies

2.1. Shipbuilding production plan

Production planning and management in the shipbuilding in-
dustry initially centered on a Work Breakdown Structure (WBS).
Systematically managing engineering information has become a
subject of interest since the shipbuilding industry introduced the
concept of a WBS, which treats each ship as a project and defines
the scope of the project. In the 1970s, the US Navy introduced the
ShipWork Breakdown Structure (SWBS) to collect andmanage data
during the acquisition of warships. The SWBS categorized ships
according to their functions and managed their hull structures,
propulsion, electric plant, outfitting, etc. However, such a function-
oriented work classification was not effective because the units
were considerably large to manage materials, manpower, and
schedules in detail. Thus, shipyards became interested in classifying
work based on materials and assemblies. In the 1980s, the
Ishikawajima-Harima Heavy Industries in Japan developed the
Product Work Breakdown Structure (PWBS) (Okayama and Chirillo,
1980) and established the WBS concept for commercial ship-
building. Subsequently, research was performed to apply and
extend the PWBS concept. Examples include a Generic Product-
Oriented Work Breakdown Structure (GPWBS) that combines the
stage and work type based on a product to establish a WBS (Koenig
et al., 1997) and the estimation of the building cost through a WBS
(Ennis et al., 1998).

Since the 1990s, case studies have been conducted on produc-
tion plans of Korean shipyards because they increased competi-
tiveness in the global market owing to cost advantages and facility
expansion. Several studies particularly focused on erection,
assembling, and fabrication, which are processes for the blocks
constituting a ship. Examples include the development of a pro-
duction planning system for erection and assembling processes
using expert knowledge (Lee et al., 1995), development of a pro-
totype system for integrating block processes in a shipyard using a
multiple-intelligent agent system (Choi and Park, 1997), and
development of an integrated process planning and scheduling
system that considers load in an assembly process (Cho et al., 1998).
A study on the development of a planning system for placing blocks
in a bay, where the blocks were assembled, was also conducted
(Park et al., 1996).

In the 2000s, studies using simulation techniques were per-
formed to improve the production planning accuracy. Initially,

researchers focused on methods for applying simulation tech-
nology to the shipbuilding process. These studies included the
construction of a process-modeling database to simulate the
initial steel cutting process during shipbuilding (Fast, 2000),
methods to apply simulation techniques to shipbuilding (Kim
et al., 2002), modeling and simulation of assembly lines (Shin
et al., 2004). Thereafter, there were studies to propose material
procurement, production and process planning methods using
simulation technology (Song et al., 2009), development of a
simulation-based logistics support system (Woo et al., 2010), and
to define data models for production simulationmodel generation
(Back et al., 2016).

However, the existing production planning studies were either
performed mainly on some processes, such as the block process, or
focused on planning and scheduling based on specific problems.
There have also been insufficient studies to configure the archi-
tecture of the whole production planning system and express the
information flow. Therefore, this study analyzes the shipbuilding
processes in a shipyard to focus on the hierarchy and system
development for production planning.

2.2. Shipbuilding industry supply chain

A supply chain refers to the flow of materials, information, and
capital among various organizations, whose processes are linked
for delivering products to final consumers. The supply chain of the
shipbuilding industry is a complex process because it requires
considerable time to complete a finished product (Sarder et al.,
2010). In recent years, the construction of offshore plants with
tens of thousands to hundreds of thousands outfitting items has
increased the requirement for establishing a collaborative system
with suppliers for production, design, logistics, outsourcing, pur-
chasing, and procurement. As a result, Supply Chain Management
(SCM), which integrates the system from the general perspectives
of information and logistic flows, became important, and several
studies related to SCM were conducted.

The best practices in the SCM of overseas shipyards and
other related industries, such as the automobile and aviation
industries, were studied to improve the SCM of the US
shipbuilding industry (Fleischer et al., 1999). The issues and
hindrances in the application of the SCM in the shipbuilding
industry were analyzed (Mello and Strandhagen, 2011). In
addition, the shipyard supply chain analysis and methods related
to the supplier selection were studied (Vlachakis et al., 2016). The
industrial characteristics of the ETO industry for SCM application
were analyzed because the shipbuilding industry is a typical ETO
industry (Hicks et al., 2000; Gosling and Naim, 2009). The
strategies for selecting a supply chain in a one-time project
environment, such as the shipbuilding industry, were also inves-
tigated (Sanderson and Cox, 2008).

2.3. Advanced planning system

Before the SCM concept, companies linked various processes,
such as production, logistics, finance, and accounting, and shared
information and resources through an Enterprise Resource Plan-
ning (ERP) system. However, the importance of the SCM increased
as various companies participated in product development. Thus, a
new system to manage the planning process became necessary
because of the following limitations of the ERP from the production
planning and scheduling perspectives: 1) the ERP could not account
for the resource capacity and 2) the lead time was fixed. Hence, an
APS was introduced with the characteristics of a hierarchical
planning system that considers an integration plan for an entire
supply chain, which is a solution to the multiple planning problems
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and optimization considering goals and constraints (Stadtler and
Kilger, 2008).

Fleischmann and Meyr (2003) conducted a study to define APS
structures and modules by analyzing the supply chains. Zoryk-
Schalla et al. (2004) defined the modeling of the planning
process in an APS through specific case studies. Meanwhile,
Rudberg and Thulin (2009) presented a case study of a Swedish
company involving the manner in which the APS supports a
tactical supply chain planning. The development of a decision
support system for crude oil procurement based on the APS
concept in the refining industry was also studied (Kallestrup et al.,
2014). Staeblein and Aoki (2015) proposed a framework for
planning and scheduling for the automotive industry. Further-
more, a characterization of the APS from a systemic point of view
was presented using standardized software engineering concepts
(Vidoni and Vecchietti, 2015).

3. Definition of shipyard SCP-matrix for APS design

Manufacturing can generally be divided into Make To Stock
(MTS), Assemble To Order (ATO), Make To Order (MTO), and ETO
based on the Customer Order Decoupling Point (CODP) that con-
nects a customer's order and a product within a value chain. These
categories are for selling only customized or various products. As
shown in Fig. 1, the CODP divides the flow of logistics into 'fore-
cast-driven' and 'customer order-driven' (Olhager, 2010). The
CODP is important from the supply chain perspective because it
determines the manufacturing strategies and whether to focus
on the reduction of the inventory level or the reduction of the
time required to deliver the goods to a customer (Mello and
Strandhagen, 2011).

A shipyard is an ETO company; hence, when it receives an order
from a shipowner, it designs a product, purchases materials and
parts, and produces the product based on the order. According to
Rahman Abdul Rahim and Shariff Nabi Baksh (2003), ETO com-
panies that only perform customization require a customized
framework to handle all the processes of product development
because of the nature of operation as they have to design a new
product whenever a customer places an order. As a result, a strong
interest is placed in ETO companies that can effectively plan and
manage internal processes (Sriram et al., 2012; Gosling et al., 2015;
Adrodegari et al., 2015). However, the existing studies do not
classify the tasks to be planned based on the planning period
considering the time of the development process. Therefore, the
present study aims to apply an APS to a shipyard to effectively
design the product development process based on the planning
period. In this section, we describe the design of an SCP-matrix that
identifies the supply chain process of an enterprise and defines the
planning tasks for the APS design.

3.1. Relationship between the SCP-matrix and the APS

The entire supply chain network for a single product can be
divided into internal supply chains for all partners in the network.
Each supply chain consists of key supply chain processes that
involve substantially different planning tasks. An SCP-matrix is a
supply chain planning method that shows the flow of planning
tasks and information in each area of the horizontal and vertical
axes that represent the flow and planning period of the supply
chain in a company (Fleischmann et al., 2008).

An SCP-matrix can generally be obtained (Fig. 2) by classifying
the supply chain processes according to long-, mid-, and short-
term planning periods. These processes consist of procurement,
production, distribution, and sales. The area divided by the hori-
zontal supply chain processes and the vertical planning periods
represents the task and plan to be performed in each process. The
flow of information between the planning tasks is indicated by
arrow. So, an SCP-matrix can be used to effectively analyze the
goals, functions, and other tasks affected by the planning tasks
through dividing the supply chain processes in an enterprise into
planning stages. The form of an SCP-matrix is not necessarily
the same as that shown in Fig. 2, and a few planning areas
may be emphasized or removed depending on the supply chain
characteristics of the company to be analyzed. Therefore, an ac-
curate SCP-matrix design through an in-house process analysis is
considerably important.

In addition, an SCP-matrix is important for the APS develop-
ment because the modules for the APS development are deter-
mined through the contents defined in the SCP-matrix. Fig. 3
shows an example of the APS modules, whose name can vary
based on the company developing the APS, derived from Fig. 2 and
the definition of each APS module was described in the para-
graphs that follow (Fleischmann and Meyr, 2003; Meyr et al.,
2008).

� Strategic network design includes the quantitative part of stra-
tegic planning and aspects of network design, such as plant
location, dimension of stocking, or production capacities.

� Demand planning involves forecasting the future demand on
mid-term aggregate and short-term detailed bases.

� Master planning coordinates procurement, production, and
distribution on the mid-term planning level and supports
master production scheduling.

� Production planning and scheduling modules address lot sizing,
machine assignment, scheduling, and shop floor control.

� Distribution planning is related to mid-term tactical constrains
within a distribution system, such as regular transport links,
delivery areas of warehouses, and allocation of customers to
sources.

Fig. 1. Different customer order decoupling points (Olhager, 2010).

S. Nam et al. / International Journal of Naval Architecture and Ocean Engineering 10 (2018) 741e761 743



Fig. 2. Typical example of the supply chain planning matrix (Fleischmann et al., 2008).

Fig. 3. Example of APS modules covering the SCP-Matrix (Meyr et al., 2008).

Table 1
Main information on the three shipyards.

Shipyard Sales volume Number of direct employees Major products

A shipbuilding & Marine
Engineering Co., Ltd.

About $1000 million 1820 � Bulk carrier (Size: 82K, 92K, 151K, 170K, 180K)
� Product carrier (Size: 50K, 52K, 75K, 113K, 115K)
� Crude oil tanker (Size: 115K, 158K)
� Container (Size: 3600TEU, 6500TEU, 8800TEU)

B Shipbuilding Co., Ltd. About $1000 million 883 � Bulk carrier (Size: 35K, 59K, 76.5K, 81K, 82K)
� Product carrier (Size: 50K, 52K, 74K, 113K)
� Crude oil tanker (Size: 113K)
� Container (Size: 1700TEU)

C Shipbuilding Co., Ltd. About $400 million 618 � Bulk carrier (Size: 82K, 170K, 180K, 207K)
� Product carrier (Size: 114K, 115K)
� Crude oil tanker (Size: 115K)
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� Transport planning addresses short-term dispatching of ship-
ments on the distribution and procurement side.

� Purchasing and material requirements planning module mainly
handles bill of materials explosion and ordering of materials,
however this planning task is often left to ERP system.

� Demand fulfillment and Available To Promise (ATP) module
handles the arrival of customer orders and comprises tasks of
promising orders, determining availability of materials, and
setting due dates.

3.2. Definition of the SCP-matrix for a shipyard through a case study

Starting from sales activities to receiving orders from customers,
a shipyard is engaged in a variety of tasks, including design,
purchasing, and production over a long period (e.g., >2 years). In
this study, we defined a shipyard SCP-matrix based on the data of
three medium to large shipyards in Korea. Table 1 shows the sales,
number of direct employees, and major products of the three

Fig. 4. Shipyard supply chain process.

Fig. 5. SCP-Matrix for a shipyard.

Table 2
Definition of the shipyard production plan by planning period.

Planning
period

Plan name Planning subject Planning goal

Long-term Product
mix plan

Ship Determine the
production schedule
of ordered ships to
meet the management
goals of the shipyard

Major
work type
capacity plan

Major work
type of
Shipbuilding

Determine quantity
and man-hour by major
work type of ship
within available
capacity

Mid-term Work plan for
block and zone

Work related to
shipbuilding
processes

Determine
standard plan for
all work related to
shipbuilding processes

Short-term Execution Plan Detailed work of
shipbuilding
processes

Determine detailed
schedule of work
related to shipbuilding
processes
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shipyards. Even though the ship sizes for shipyards A, B, and C are
different, their major products, including bulk carriers, product
carriers, and tankers, are considerably similar. Therefore, the three
shipyards can be considered as appropriate cases to analyze the
primary processes of a shipyard supply chain and be utilized for
defining a shipyard SCP-matrix.

Fig. 4 shows a simplified representation of the primary
processes of the shipyard supply chain derived from the analysis of
the target shipyards. This representation consists of four stages:
sales, design, purchase and procurement, and production. The or-
ders and requirements of the shipowner are generally determined
during the sales stage. A ship is designed in the design stage, and
drawings are generated for production based on the shipowner's
requirements. Then, the materials required for building the ship are
purchased and to be supplied for production in a timely manner
during the purchasing and procurement stage. Finally, the mate-
rials are assembled and the product is completed before the
delivery deadline in the production stage. The shipyard SCP-matrix
is defined according to long-, mid-, and short-term planning
periods (Fig. 5). The detailed explanation for each period is shown
in the following sections.

3.2.1. Long-term planning tasks

3.2.1.1. Sales: sales planning. A shipbuilding process begins with a
sales plan to receive orders from shipowners. An ETO company,
such as a shipyard, conducts a marketing research to identify the
potential clients for the company and its products, participate in
bidding, and confirm customer requirements (Hicks et al., 2000).
Therefore, the shipbuilding sales planning department participates
in bidding and checks with the production planning department to
determine whether it is feasible to build the ship until the delivery
date specified by the customer (e.g., checking the schedule of the

Table 3
Input, process, and output information of a product mix plan.

Input Sales Ordered ship information e Ship type, Ship size,
Owner, Nationality, Classification society name,
Contract date, Delivery date, Ship price, Delivery
delay penalty etc.

Design Ordered ship information e Length, Breadth, Depth,
Draft, Engine

Production Shipyard information e Dock/Building berth, Quay,
Production working days

Planning
process

1. Batch plan
2. Product mix plan
3. Spatial arrangement plan for a dock or building berth
4. Spatial arrangement plan for quays

Output 1. Production schedule of ordered ship
2. Utilization of space by dock or building berth
3. Utilization of space by quay

Table 4
Input, process, and output information of a major work type capacity plan.

Input Production Product mix plan information
Work type information e Standard work type
information by ship type and size, Schedule,
progress rate, quantity, and man-hour by work
type on previously constructed ships

Planning
process

1. Schedule, progress rate, quantity and man-hours of
the ship according to work type
2. Capacity plan of available quantity and man-hours according
to work type
3. Determine workload of quantity and man-hours according
to work type

Output 1. Schedule, quantity, progress rate, and man-hours by work
type of ships
2. Quantity workload information of work type according
to period
3. Man-hour workload information of work type according
to period

Fig. 6. Flow chart of a long-term production plan.

S. Nam et al. / International Journal of Naval Architecture and Ocean Engineering 10 (2018) 741e761746



dock or building berth where ships are built). The shipowner's re-
quirements are defined to determine the product specifications
when the feasibility of shipbuilding is confirmed.

3.2.1.2. Design: preliminary design. During the preliminary design,
the most similar ship designed in the past is selected based on the
data of the ordered ship received from the sales plan. The lines of
the ship and an approximate general arrangement of its major

Table 5
Main key events of a ship.

Key event Definition

Steel
Cutting (S/C)

Defined as the date of starting actual shipbuilding after
the contract and timing of steel cutting, which a
milestone standing for the beginning of shipbuilding.

Keel
Laying (K/L)

Defined as the starting date of the process that takes
place in the dock or building berth and the timing of the
erection of the first block.

Launching
(L/C)

Defined as the completion date of the work in the dock
or building berth and the timing when the completed
ship is launched in the dock.

Delivery
(D/L)

Defined as the date when the completed ship is
delivered to shipowner.

Table 6
Example of an ordered ship information.

Ship
number

Ship
size/type

Contract
date

Key event CGT

Steel
Cutting

Keel
Laying

Launching Delivery

S1071 92K Bulk
carrier

2008-
11-11

2010-
03-18

2010-
08-20

2010-
12-11

2011-
01-20

21,400

Table 7
Example of a work type information.

Work type name Work area classification Quantity unit by work type

Steel cutting Indoor Weight, length
Forming Weight
Unit assembly Weight, length
Sub assembly Weight
Grand assembly Weight
Outfitting work Pipe pieces, Weight
Block outfitting Pipe pieces, Weight
Block painting Painting area
Pre-erection Outdoor Weight
Erection Weight
On board outfitting Pipe pieces, Weight
On board painting Painting area

Fig. 7. Example of batch plan results for No. 1 dock.

Fig. 8. Example of a product mix plan results for No. 1 dock.
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compartments are then created based on the existing data. In
addition, the engine and major equipment that can provide the
ship's speed required by the owner are selected. The basic stability
that should be satisfied by the ship is also confirmed. The pre-
liminary design is confirmed for the final time after a meeting with
the shipowner. Full-scale design work is then performed in the
mid-term basic design and detailed design after the final confir-
mation and the signing of contract.

3.2.1.3. Purchasing and procurement: supplier selection and long-
term material purchase planning. The companies that supply the
raw materials and equipment for the ship are selected. A plan for
the long-term purchase of materials is then established. After the
purchase plans are established, orders are placed for major raw
materials, such as steel, which has considerable lead time, and for
major equipment, such as engines and propellers, which have been

determined through a preliminary design.

3.2.1.4. Production: product mix planning and major work type ca-
pacity planning. In general, multiple ships are built simultaneously
in a dock or building berth, rather than one at a time. Therefore, in

Fig. 9. Example of a spatial arrangement plan for No. 1 dock.

Fig. 10. Example of a spatial arrangement plan for quays.

Table 8
Example of standard schedule and quantity according to work type.

Work type Standard schedule Standard
quantity

Quantity
unit

Start date End date

Steel cutting S/C K/L þ 6 days 8123 ton weight
Forming S/C K/L þ 6 days 8123 ton weight
Unit assembly S/C K/L þ12 days 7640 ton weight
Sub assembly S/C þ6 days K/L þ12 days 4300 ton weight
Grand assembly S/C þ6 days K/L þ12 days 4223 ton weight
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Fig. 11. Example of cumulative progress rate of steel cutting.

Table 9
Example of an available man-hour of assembly work type based on working days.

Year 2015
Month 1 2 3 4 5 6 7 8 9 10 11 12
Calendar date 31 28 31 30 31 30 31 31 30 31 30 31
Working days Non-working days 12 11.5 9 8 13 8 14 10 11.5 9 9 9

Actual working days 19 16.5 22 22 18 22 17 21 18.5 22 21 22
Monthly available work hours per person

(based on an 8 h)
152 132 176 176 144 176 136 168 148 176 168 176

Number of assembly workers 180 170 180 200 175 165 170 185 190 195 185 175
Total monthly available man-hour 27,360 22,440 31,680 35,200 25,200 29,040 23,120 31,080 28,120 34,320 31,080 30,800

Fig. 12. Example of an annual available quantity.

Table 10
Example of an annual steel cutting workload of quantity.

Ship No. Workload (ton) 2015

1 2 3 4 5 6 7 8 9 10 11 12

S2001 8633 240 3041 3366 1503 264
S1188 8200 499 3203 2959 1224 315
S1190 8123 406 3737 2762 843 375
S1209 8415 1286 4352 2167 610
S2008 8404 532 4186 2691 921 74
S2024 5395 45 2296 2352 593 109
S1198 11,499 2021 6105 2712 661
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the product mix plan, the schedule for the ships to be built in a dock
or building berth and the product mix for the ships to be built
concurrently are determined for the ships that were ordered in the
sales plan.

The work schedule for ships, for which a product mix plan has
been determined, is obtained according to the major work type in
the shipbuilding process. The man-hour and quantity information
according to the work type is then planned and referred to as the
major work type capacity plan. Most shipbuilders have generally
standardized their shipbuilding experience derived from previous
constructed ships and their work type capacity information for
each ship type and size, which is used for planning.

3.2.2. Mid-term planning tasks
3.2.2.1. Design: basic design and detailed design. The basic design
is performed based on the items determined in the long-term
preliminary design. The basic design determines the general
arrangement of the ship and performs the basic ship calculations,

such as the estimation of the weight and cargo capacity of the
ship, and the stability calculations related to the ship stability.
In addition, a pipe and instrument diagram is designed for the
primary outfitting. Through the basic design, the ship is sub-
divided into blocks that constitute the ship and managed using
these blocks.

Based on basic design, the construction drawing for the actual
ship is created, which is referred to as detailed design. In detailed
design, the hull structure and outfitting are primarily designed. In
hull structure design, structural layout is determined and structural
analysis is performed. In hull outfitting design, arrangement
drawings are determined based on the diagram drawn in basic
design.

3.2.2.2. Purchasing and procurement: purchase and delivery plans for
structural steel and outfitting materials. The plans for purchasing
structural steel and its delivery schedule are established based on
long-termmaterial purchase planning and the Block bill OfMaterial

Fig. 13. Long-term production planning system design process.

Table 11
Requirements of the long-term production planning system.

ID Name Description

R001 ERP data import Import information such as major work types, ship, working days from ERP system of
shipyard to APS

R002 Ship information management Manage ship information in long-term production plan
R003 Case management Create several alternatives for establishing production plan
R004 Working days management Manage working days information in long-term production plan
R005 Batch planning Create, edit or delete batch schedule by dock or building berth
R006 Product mix planning Allocate product mix to each dock or building berth according to batch schedule
R007 Spatial arrangement planning for dock/building berth Create spatial arrangement plan for product mix plan.
R008 Spatial arrangement planning for quays Create spatial arrangement plan for ships in quay according to ship production schedule.
R009 Available capacity management by work type Manage available quantity and man-hour by work type.
R010 Standard ship information management Manage standard ship information for each ship type and size.
R011 Schedule, progress rate, quantity and

man-hour planning of ship by work type
Input or adjust schedule, progress rate, quantity and man-hour by work type for each ship.

R012 Quantity and man-hour workload analysis by work type Check quantity and man-hour workload by work type.

S. Nam et al. / International Journal of Naval Architecture and Ocean Engineering 10 (2018) 741e761750



(BOM) derived from the mid-term basic design. The plans for
purchasing outfitting items and their delivery schedule are also
established based on the outfitting BOM obtained from the mid-
term detailed design.

3.2.2.3. Production: work planning for block and zone. The work
plan for the block and the zone is related to shipbuilding processes,
such as block assembling, block outfitting, and others performed by
the zones of the ship after the blocks are erected. This work is
planned based on the ship's block division information in the
design, product mix plan and capacity of the major work types
established during the long-term planning. Thework plan schedule
is specified considering the workload leveling based on the quan-
tity and the man-hour information to perform the work according
to the blocks and zones.

3.2.3. Short-term planning tasks
3.2.3.1. Design: production design. The part and assembly drawings
are prepared based on the detailed design for generating the plans

of the detailed work related to the materials constituting the hull
and outfitting. The shop drawing, cutting plan, and manufacturing
BOM are the final results in the production design.

3.2.3.2. Purchasing and procurement: material inventory and in-
bound/outbound management. The inventory of the materials
determined in mid-term planning is managed. In addition, the in-
bound/outbound and routing of materials, which are synchronized
with the production plan, are managed.

3.2.3.3. Production: execution planning. In the execution plan, a
schedule is set for a detailed work that can aggregate the per-
formance data based on the standard work schedule for the blocks
and zones determined in mid-term planning. The schedule, man-
hour, quantity, and cost of detailed works, which are not specified
in the mid-term planning, are determined during the execution
plan.

Fig. 14. Sequence diagram for generating a product mix plan.
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4. Shipyard long-term production planning: process
definition

In this section, the shipyard long-term production planning
process, which is the initial application of this study, is explained
in detail based on the shipyard SCP-matrix defined in section 3.
Table 2 shows the detailed definitions of the plan subject
and goal of the production process in the shipyard SCP-matrix
shown in Fig. 5 according to each planning period. The ship-
yard's long-term production plan, which consists of a
product mix plan and a major work type capacity plan, de-
termines the schedule of the ship production and plans
the quantity and man-hours by work type based on the perfor-
mance data of previously constructed ships. The detailed

process is defined through the SCP-matrix information flow
and the process analysis of the product mix plan and major
work type capacity plan to define the actual system module
being developed. Table 3 and Table 4 define the input informa-
tion, process, and output information with reference to the
production planning process of the target shipyards. Table 3
shows that the product mix plan comprises four detailed plan-
ning processes, while Table 4 presents that the major work type
capacity planning involves three detailed planning processes. A
flow chart of a long-term production plan is shown in Fig. 6 ac-
cording to the planning processes in Tables 3 and 4. The
process of establishing the actual long-term production plan
according to the flow chart is defined in detail in the paragraphs
that follow.

Fig. 15. System architecture model for a long-term production plan.
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4.1. Input long-term production plan information

The information on the long-term production plan can be
divided into ordered ship information, work type information of
the ship, major resource information, and working days informa-
tion. Table 6 shows an example of the ordered ship information,
which includes the number, size, and type of the ship, contract date,
main key event schedule (see Table 5 for the main key event

schedule of the ship), and Compensated Gross Tonnage (CGT) in-
formation indicating the weight of the ship. The work type infor-
mation refers to the information on all the major work types of the
shipbuilding processes (Table 7). The major work types of the
shipbuilding processes occurring indoor and outdoor are indicated
together with the unit of quantity. The work types from steel cut-
ting to block painting are processes related to forming blocks,
which all occur at an indoor workshop. And the remaining work

Fig. 16. Business component model of a long-term production plan.

Table 12
Structure of the long-term production planning business component.

Layer Business Component Classification

Name Explanation

Business Facade Layer LpScheduleFacade Long-term production plan façade Business facade component
Business Layer AvailableCapaMgr Available quantity and man-hour calculation manager Business component

BatchMgr Batch plan manager
DockArrangementMgr Spatial arrangement plan for a dock or building berth
LpCaseMgr Case manager
LpScheduleMgr Product mix plan manager
ProgressAndWeightMgr Progress rate and weighted value manager by work type
QuayArrangementMgr Spatial arrangement plan for quays
StandardShipMgr Standard ship type and size manager

Data Layer AvailableCapaInfo Available quantity and man-hour calculation information Data access component
ArrangementInfo Arrangement information
BatchInfo Batch information
LpCaseInfo Case information
LpProjectInfo Ship information
ProjectWorkProcessInfo Progress rate information by work type of ship
ProjectWorkWeightInfo Weighted value information by work type of ship
StandardShipInfo Standard ship type and size information
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types from pre-erection to after-launch outfitting are processes for
manufacturing the final product ship, which all occur outdoor. The
major resource information includes docks or building berths,
where a ship is constructed, and quays, where a ship is moored
until it is delivered to the customer, and where the remaining work
is performed. The working days information represents the actual
production schedule of the shipyard for each year and is used to
manage the production dates, except holidays.

4.2. Batch plan

The number of ships built in a year at a dock or building berth,
where blocks are erected in the form of ships, is critical for
shipyard managers because this number represents the key
performance indicator representing the long-term sales of the
shipyard. Therefore, the annual schedule for a ship to be built at a
dock or building berth is set in advance based on the existing
shipbuilding experience. The ship is then built accordingly. This is
frequently referred to as a batch plan since the target ships in the
dock or building berth change according to each batch. For every
two batches, one ship is built in a dock thenmoved to a quay. Fig. 7
shows the schedule of dock No. 1 from 2010 to 2011, which was
obtained through the batch plan. This schedule illustrates that
three ships were built in dock No. 1 in 2010, and five ships were
built in 2011.

4.3. Product mix plan

The dock or building berth, where an ordered ship will be built,
is determined after batch planning based on shipbuilding experi-
ence and incidental facilities, in addition to the combination of
ships to be built in accordance with the abovementioned batch
plan. Typically, two or more ships are built in one batch. Thus, an
optimal product mix should be determined considering the ship
production schedule, preferred dock or building berth, and cranes
in the dock or building berth. As mentioned earlier, in a batch plan,
a ship is generally built in a dock or building berth in two batches.
Fig. 8 shows the productmix plan determined based on the result of
the batch plan and expressed in the form of a Gantt chart for No. 1
dock. The building schedules of ships S1120 and S1123 in No.1 dock
based on this product mix planwere determined as batches 1501 to
1502 and batches 1502 to 1503, respectively. Hence, ships S1120
and S1123 were simultaneously constructed in batch 1502.

4.4. Spatial arrangement plan for a dock or building berth

The spatial arrangement plan for a dock or building berth is
used to confirm whether the combination of ships being built in
the same batch determined in the product mix plan is actually
physically deployable. Even though shipyards have different spatial
arrangements logic, ships are typically arranged with a sufficient

Fig. 17. Physical data model of a long-term production plan.
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margin in a dock or building berth based on the size of the ship
under construction and the tandem size of the subsequent ship. The
tandem size is the size of the largest ship that can be erected in a
dock or building berth during its first batch. Fig. 9 shows an
example of a spatial arrangement plan that can verify that S1120
(first ship under construction) and a part of S1123 (subsequent
ship) can be physically deployed in batch 1502 in dock No. 1. The
procedure must return to the stage of changing the tandem size of
the subsequent ship or rebuilding product mix plan if a ship cannot
be allocated to a dock or building berth during a spatial
arrangement.

4.5. Spatial arrangement plan for quays

The ships launched from a dock or building berth are tugged to
quays to perform additional work, such as on-board outfitting, on-
board painting, and after launch outfitting (Table 7). The spatial
arrangement plan for a quay is used to determine the quay, where a
ship is to be moored after it is launched from a dock or building
berth, until it is delivered to the shipowner. In addition, the
launched ship does not stay on a single quay, but goes out to sea for
work and returns to the previous quay or other available quays.
Therefore, it is necessary to determine the mooring location for

each ship, considering the ship type and size constraint, and
whether placing a ship in a quay according to the schedule is
possible. The plan approximately estimates the load of a ship
against a quay. Since quay schedule is more flexible than the one of
a dock or building berth, there is no need to return to the process of
establishing the product mix plan even if it is found that the spatial
arrangement for quays is impossible. The spatial arrangement logic
for quays may be different for each shipyard, such as that for a dock
or building berth. Fig. 10 shows the mooring condition in early July
2015 determined using the spatial arrangement plan for quays.
Ships S1120, S1123, and S1138 are moored in different quays before
being delivered.

4.6. Schedule, progress rate, quantity, and man-hours of the ship
according to work type

The capacity planning for the major work type is performed
when the product mix planning is completed. The schedule,
progress rate, quantity, and man-hours of the ship according to
the work type are supposed to be planned based on the past
performance data. From a long-term perspective, the plan de-
termines theworkload for each work type of ships. The schedule is
based on key events (Table 5). The progress rate of the work types

Fig. 18. Import and upload necessary data for production planning.
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according to the schedule is then determined based on the per-
formance of the progress rate according to the key event schedule.
The quantity and the man-hours are determined based on the
performance data of the previously constructed ships. And if
sufficient performance data are collected according to ship type
and size, the data will be used as the standard information for
schedule, progress rate, quantity, and man-hours. Table 8 shows a
few values of the standard schedule and quantity of major work
types for a specific ship. Fig. 11 presents the cumulative progress
rate of steel cutting according to the key event schedule shown in
Table 8.

4.7. Capacity plan for available quantity and man-hours according
to work type

The capacity planning for quantity and man-hour according to
the work type is used to determine the quantity and man-hours
available for shipbuilding according to work type. Available man-
hours are generally determined based on the monthly available
manpower and available man-hours per person. For determining
the quantity, plans are based on the existing performance data
according to the work type. The method of determining the avail-
able man-hours and quantity may vary for each shipyard, but
is typically based on performance. Table 9 shows the monthly
available work hours based on the actual working days, excluding
holidays, and the available work hours per person, which is an
example calculated under the assumption that the available work
hours per person is 8 h/day. Fig. 12 shows an example of the annual
capacities of major work types based on the performance data ac-
cording to the work type.

4.8. Determine workload of quantity and man-hours according to
work type and confirmation of long-term production plan

The final steps are to determine the workload of quantity and
the man-hour according to the work type and confirm a long-term
production plan. Whether the quantity and man-hours of the
planned ships according to thework type can be realizedwithin the
available capacity is also determined. A planner generally creates
and compares various plans, which include different workload al-
ternatives, then selects one with an appropriately distributed
workload from those plans. However, the process returns to the
stage inwhich the schedule, progress rate, quantity, andman-hours
of the ship are planned for each work type if the quantity and man-
hours of the planned ships according to the work type cannot be
realized within the available capacity. Table 10 shows the monthly
steel cutting workload of quantity obtained using the plan for a part
of the ships planned for 2015.

5. APS-based long-term production planning system for
shipbuilding: design and implementation

The developed APS-based production planning system is
described in detail in this section, in which the long-term pro-
duction planning process is implemented for a shipyard defined in
Section 4. Section 5.1 describes the requirements and architecture
in accordance with the system development method. Section 5.2
describes the modules actually implemented in accordance with
the system architecture.

5.1. System requirements and architecture definitions

In general, a particle, which is the reference unit provided by a
software interface, is determined when developing a system. The

Fig. 19. Procedures of generating a case and allocating ships by plan.
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particle size should be determined in terms of flexibility and cost
efficiency according to the purpose and characteristics of a system,
which can be appropriately satisfied if the system is developed
based on a component (Whitehead, 2002). Furthermore, by
developing a software system based on components, it is possible
to rapidly and flexibly deal with continuous changes in customer
needs. Therefore, this study developed the system using
Component-Based Development (CBD). As shown in Fig. 13, the
development process through the CBD is largely divided into five
steps. The content of each step is described below in detail.

5.1.1. Identify the requirements
The definition of requirements derives the functional items to be

performed by the system from a user's point of viewand defines the
relationship between the user and the system based on the func-
tional items. Therefore, the necessary information in the function
should be described in detail. Table 11 summarizes the twelve re-
quirements of the system to implement the APS-based long-term
production planning defined in Section 4.

5.1.2. Design use case
The use case is defined as a sequence of actions performed

by the system to produce notable results that are valuable to a
specific actor. The use case design identifies the actors and use
cases for the system and defines the flow of use case events. Three
actors are present in the long-term production planning system of

a shipyard, namely, users who use the system, managers who
manage the system, and a shipyard ERP system that provides
legacy information about a shipyard as an external system. We
then create a sequence diagram by deriving a list of use cases that
satisfy and manage the abovementioned requirements. Fig. 14
shows a sequence diagram between an actor and a system as a
use case for 'generating product mix plan for a dock or building
berth' reflecting the requirement of R006 described in Table 11. In
the creation of a sequence diagram, describing the act between
the actor and the system in detail is a principle. Any alternate or
exception flow should also be indicated. The basic flow in the
product mix plan is to automatically generate the initial product
mix plan according to the batch information and save the long-
term production plan.

5.1.3. Define architecture model
Architectural modeling is the step of defining the physical tiers

and the logical layers for system implementation. More specif-
ically, tiers are used to divide a system into several physical hi-
erarchies, and layers are used for dividing a system logically.
Fig. 15 shows the architecture model of the present system in a
clienteserver style. Configuring an enterprise system in a cli-
enteserver style is desirable because the users access the system
through the client, and the server can handle the planning-related
processes internally. We specifically defined the system as three
physical tiers (i.e., client tier, application server tier, and data tier)

Fig. 20. Procedures for generating a batch schedule.
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and four logical layers (i.e., presentation layer, business facade
layer, business layer, and data layer). A user accesses the system
functions through the client tier. The application server tier is
composed of the business facade, business, and data layers to
handle business logic and processes. Finally, the data tier is where
the actual database is constructed.

5.1.4. Design business component
A business component is a software implementation of a busi-

ness process. Therefore, architecturally important elements must
be identified through use case analysis to define the business
components. The business component model that constitutes the
above application server tier is composed as follows. Fig. 16 shows
the model of a business component of a long-term production plan
that includes a product mix plan and a capacity plan of major work
types. Table 12 presents a detailed description of each layer shown
in Fig. 16.

5.1.5. Design database
A database design defines the attributes of the tables and data

tables necessary for the system and creates the relationships be-
tween the tables. Fig. 17 shows part of the physical data model
defined in relation to the long-term production plan. The key data
tables related to the long-term plan, such as case (LPM_CASE), ship
(LPM_PROJECT), and work type (LPM_PROJECTWORK), can be
identified in Fig. 17. In addition, the LPM_CASE data table contains

data related to generate or confirm the long-term production plan
case, while the LPM_PROJECT data table includes information
related to ordered ships. LPM_PROJECTWORK stores data associ-
ated with the work type information of the ships.

5.2. System implementation

This section describes the implementation of themajor modules
in the long-term production planning system based on the archi-
tecture described in Section 5.1.

5.2.1. Production planning information input module
Thismodule imports the necessary information, which is related

to the long-term production plan, from the legacy system of a
shipyard (i.e., the ERP system). Specifically, this module is config-
ured to import data from the ERP system to the APS and upload it
according to the data table in the APS database. Thus, data such as
major resources necessary for shipbuilding (e.g., dock, building
berth, crane, and quay) as well as information of ships provided by
design and sales, work type, and working days, can be imported to
the APS from the ERP system. Conversely, data generated within
APS can be exported to Excel files and those Excel files can be
provided to the ERP system. Fig. 18 shows the process of uploading
the necessary planning information by linking with the database. A
database table of the APS is selected, and the data are uploaded
according to the entry in the database table.

Fig. 21. Product mix plan of S1 dock.
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Fig. 22. Quantity and man-hour plan of ship S1097.

Fig. 23. Monthly man-hour workload of a sub-assembly.
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5.2.2. Production plan case generation module
This module generates the case of alternatives to establish

various production plans. It also can manage the main information
of the long-term production plan and the generated case is used as
a reference plan to be connected in the mid- and short-term
planning. Fig. 19 shows a case generation process. The purpose of
the plan, working days information, and information of major work
types are first selected when generating a case. Because informa-
tion of working days as well as major work types are used as base
information for plan, theymust be selectedwhen generating a case.
The production plan case generation module is then configured to
show that the ships subject to plan in the case are allocated, and the
information for each ship can be checked.

5.2.3. Batch plan
This module plans the batch schedules for each dock or building

berth based on a case. A planner defines the number of batches
according to the planning period, or creates a batch by specifying
the start and end dates. Fig. 20 shows that a planner can select a
dock or building berth and check the batch schedule for it.

5.2.4. Product mix plan
The product mix, which is a combination of the ships built in the

same batch, is determined and expressed in the form of a Gantt
chart based on the batch schedule of a dock or building berth.
Fig. 21 represents the product mix of the ordered ships determined
using the batch schedule shown in Fig. 20. A planner can check and
adjust key events and information of assigned batch for each ship.
In addition, an additional function to view the Gantt chart by
sorting the key event date was configured.

5.2.5. Information plan for work type of the ship
An information plan is created to establish the quantity and

man-hours for the major work types of the ship based on standard
ship information. Fig. 22 shows that a planner determines the
schedule, progress rate, quantity, and man-hours for the major
work types of the ship to be planned.

5.2.6. Workload planning by work type
This module confirms the planned capacity for each work type

when quantity and man-hour plans are completed for all ships in a
case. The available quantity and man-hours are compared with
those in established workload plans to determine whether the
determined quantity and man-hours of the ship can be realized. In
the workload planning module, a user can change options to
alternately check the quantity or the man-hours. Fig. 23 shows the
man-hour workload of the ships in a case according to the schedule
for a sub-assembly per month. This load information is considered
as a constraint when updates the product mix plan. For example,
shipyard have some newly ordered ships just during same planning
period. In addition, if it is considered as a feasible plan, the long-
term production plan will be confirmed.

6. Conclusion

This study investigated an APS-based production planning sys-
tem focusing on the production plan of a shipyard, which is an ETO
company. Based on the characteristics of the APS that targets a
supply chain, we analyzed the supply chains of medium to large
shipyards in Korea. After analysis, shipyard supply chain was
defined and information flow between each supply chain was
described in detail. We then proposed the SCP-matrix, which is the
basis of the APS design, for the shipyard. Based on the SCP-Matrix
for a shipyard, it is possible to see how each period plans are car-
ried out in the shipyard at a glance, and the hierarchy for the

shipbuilding production planning was defined in detail within the
SCP-Matrix as well.

As a first step, we selected a long-term production plan as the
initial application. So, a long-term production planning process was
analyzed in detail and flow chart of a long-term production plan-
ning was derived. Finally, we defined the requirements and archi-
tecture of the long-term production planning system and
demonstrated the major developed modules in practice using CBD,
which is a software development methodology. We will further
develop the remaining mid- and short-term production plans by
conducting a process analysis. Ultimately, a system that can
perform an integrated production planning will be developed by
systematically linking the production plans according to the plan-
ning period.
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