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Abstract Small and medium manufacturing enterprises (SMMEs) face many
difficulties when introducing their manufacturing information systems because of
realistic limitations such as the large initial investment needed to buy the system,
the burden of maintaining staff to operate it, and continuous payment of mainte-
nance costs, etc. However, most systems are not used properly due to the char-
acteristic difference between SMMEs’ shop-floors and their functions, the lack of
understanding concerning their many complex functions, and so on. To overcome
the situation, we propose an infrastructure to support the construction of the
individualized manufacturing information systems for SMMEs. The infrastructure
consists of a Manufacturing Application (MfgApp), Plug-and-Play (PnP) Platform,
and a Manufacturing Application Store (MfgAppStore) such as Apple’s business
model. The MfgApp is a small-sized application software to treat specific manu-
facturing tasks and is performed only on a PnP Platform. The PnP Platform
includes a PnP Developer which provides developers of MfgApps with a devel-
opment toolkit containing a common database, user interface, and so on, and a PnP
Browser which manages and executes MfgApps. The MfgAppStore is the online
marketplace on the Internet to register new MfgApps that have passed the peer
review process and are made available to purchase by users of SMMEs. Each
SMME is able to construct its own manufacturing information system using a PnP
Browser with MfgApps selectively downloaded from the MfgAppStore. We are
applying the prototype infrastructure to some SMMEs of the mold industry to
validate the proposed concept.
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1 Introduction

Small and medium manufacturing enterprises (SMMEs) in Korea, which include
most domestic manufacturing enterprises, are supporting the substructure of value
chains. Therefore, the growth of SMMEs should be accompanied for the sus-
tainable growth of the manufacturing industry. However, until now, the manu-
facturing business in Korea has been developed centered mainly on large
manufacturing enterprises. Due to that, SMMEs are relatively weak in techno-
logical power and productivity compared to larger manufacturing enterprises.
Recently, in Korea, with employment and shared growth becoming the leading
topic of conversation, universities, research institutes, and governments are
attempting to improve the productivity and technological competitiveness of
SMMEs. One of these attempts is to support SMMEs utilizing Korea’s outstanding
information technology (IT) [1].

Since utilization of the IT is closely related to national economic development,
major countries of the world are promoting industrial innovation as a core policy
task. That is, OECD countries are emphasizing the utilization of IT as one of four
main propelling engines to improve the productivity of manufacturing enterprises,
and the United States Department of Commerce recognizes the IT industry as a
prime mover of the new economy (High Growth, Low Unemployment, and Low
Price). As such, despite efforts for the reinforcement of IT related infrastructure at
the national level, most SMMEs are still utilizing IT at an elementary level such as
documentation or simple tasks, and most CEOs are still skeptical concerning the
productivity improvements by utilizing IT. This is because when SMMEs intro-
duce IT, they should consider various burdensome factors that inevitably follow,
such as securing fully responsible personnel, the cost of continuous maintenance,
and the adaptation to new IT systems. In particular, even though SMMEs introduce
a high-priced and package-typed IT solution, they restrictively utilize only a part
of the functions of the introduced system [2, 3].

As a method to overcome such realistic limits, this study proposes an infor-
mation infrastructure with which SMMEs are able to establish an individualized
information system (IIS) by selectively combining desired IT functions. With the
infrastructure, SMMEs are able to establish the IIS by purchasing the functions
required to perform actual work without purchasing a high-priced and package-
typed IT solution.

This paper is composed as follows: Section 2 presents the definition and con-
figuration elements of the infrastructure for constructing the individualized cus-
tomized information system (ICIIS), and the model to be applied to SMMEs,
which are dealt with in this study. Sections 3 and 4 describe the Plug-and-Play
(PnP) Platform and Manufacturing Application (MfgApp), which are configuration
elements of the ICIIS for SMMEs. Lastly, Sect. 5 presents the significance and
effects of the result of this study.
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2 Infrastructure for Constructing Individualized
Information System

2.1 Components of ICCIS

The Infrastructure for Constructing Individualized Information System (ICIIS)
proposed by this study signifies a hardware and software base required for indi-
viduals or enterprises to realize an IIS shown in Fig. 1. That is, the information
infrastructure consists of: (1) IT devices, (2) application software as IT content; (3)
operation platform which manages and operates the application software, (4)
development tool of application software for developers, and (5) a business model
as an intermediary connecting the user and the developer.

The IT device signifies the hardware in which the application software is
installed and utilized, and the application software refers to a small scaled software
function used by individuals or users in various enterprises. The operation platform
is a supporting tool which comprehensively operates and manages the installation,
modification history, interconnection, etc., of the application software. The
development tool refers to the software development kit (SDK) which allows
the application software to be operated at the operation platform consistently in the
aspects of forms and functions. Lastly, the business model is an online market
where the application software is able to be purchased and sold, where users are
able to buy the necessary application software, and where developers are able to
sell application software as a product.

2.2 ICIIS for SMMEs

The ICIIS for SMMES proposed in this study has been constructed based on the
infrastructure shown in Fig. 1. The category and name of each configuration
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Fig. 1 The infrastructure for constructing individualized information system (ICIIS)
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element are as follows. The IT device is a general PC owned by most SMMEs. The
Application Software is referred to as the Manufacturing Application (MfgApp)
taking into account the characteristics of the manufacturing enterprise which
serves as a customer. The range of the MfgApp is the collection of functions
necessary for executing specific tasks inside an enterprise. As such, SMMEs are
able to select only those MfgApps that are necessary according to the task exe-
cution range and utilize them as customized functions. The Plug-and-Play (PnP)
Browser performing the role of the operation platform stores their history such as
installation and upgrade, operates them in a consistent environment, and manages
data related to them. The Plug-and-Play (PnP) Developer, a development tool for
developers, allows the MfgApp to be developed easily and consistently. The
aforementioned PnP Browser and PnP Developer are commonly called the PnP
Platform, which will be described in greater detail separately in Sect. 3 since it is
an important item in this study. The last element, the Business Model, is referred to
as the Manufacturing Application Store (MfgAppStore), which is an online open
market where the MfgApp is able to be purchased and sold. The MfgAppStore
helps developers verify and register the MfgApp, and provides the functions by
which SMMEs are able to easily search or purchase an MfgApp [4, 5].

As shown in Fig. 2, the basic flow of the ICIIS for SMMEs is as follows:
A developer registers the MfgApp developed using a tool called PnP Developer to
the MfgAppStore, and SMMEs run the MfgApp purchased from the MfgAppStore
on the PnP Browser. In addition, the developer signs up to be a member of the
MfgAppStore. Then, the feasibility and effectiveness of the MfgApp developed by
the developer are evaluated. If the MfgApp passes evaluation, it is registered to the
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Fig. 2 The infrastructure for constructing individualized information system (ICIIS) for small
and medium manufacturing enterprises (SMMEs)
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MfgAppStore. On the other hand, SMMEs sign up to be the member of the
MfgAppStore and use the MfgAppStore and PnP Browser with the account pro-
vided from the MfgAppStore. SMMEs perform login to the MfgAppStore to buy
the desired MfgApps and login to the PnP Brower to utilize the purchased
MfgApps freely.

2.3 Difference of Information Infrastructures Between
the Individual and the Enterprise

In the case of the information infrastructure described in the previous section, the
details of the configuration elements differ depending on the object, even though
the overall concepts are the same. The representative infrastructure for individuals
is a mobile-based platform, which corresponds to Apple’s App Store and Google’s
Android Market model. The common point of the two cases is that an infra-
structure is constructed which allows an individual to buy and download the
desired application software from an online market.

Table 1 shows the comparison and description of the aforementioned infor-
mation system construction environment for individual users and SMMEs in the
aspects of five configuration elements. As shown in Table 1, the two infrastruc-
tures exhibit difference in three aspects. Firstly, the configuration and character-
istics of the application software vary due to the fact that the users to be applied
are different. That is, in the case of the application software for an individual, its
contents are configured according to the preference and personality of a target
individual customer, while in the case of the application software for an enterprise,
its contents are configured taking into account the tasks and production site
characteristics of a manufacturing enterprise. Secondly, the IT devices used by
users are different. The information infrastructure for an individual is constructed
based on the mobile device owned by an individual while the application software
for an enterprise is constructed based on a PC used most commonly by SMMEs.

Table 1 Difference in configuration elements for the customized informatization

Customized informatization for individual users Customized informatization
for SMMEs

Apple Google

(1) IT device Smart device
(iPhone, iPAD)

Smart device (Android
Phone, Tab)

PC

(2) Application
software

Application Application Manufacturing applications

(3) Operation
platform

iOS Android Plug-and-play browser

(4) Development
tool

iPhone SDK Android SDK Plug-and-play developer

(5) Business
model

AppStore Google Play Manufacturing application
store
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Thirdly, there is a problem with information links between application software. In
the case of the information infrastructure for an individual, since there are not
many links between application software in the mobile device, most application
software is independent, while in the application software for an enterprise, the
link between applications should be considered importantly due to the close
relation between the internal tasks of individual enterprises [6, 7].

3 PnP Platform

As mentioned in the previous section, the PnP Platform is divided into the PnP
Developer, which is a platform for MfgApp developers, and the PnP Browser,
which is a platform for MfgApp users and SMMEs. Figure 3 shows the image
screens of the PnP Developer and PnP Browser implemented as an example by this
study. This section provides a rough description of the PnP Developer and PnP
Browser.

3.1 PnP Developer

The PnP Developer is a development tool kit providing a development library and
function to allow the MfgApp to be developed consistently. Table 2 shows four
major modules provided by the PnP Developer. The UI development module is
used when designing the user interface (UI) of the MfgApp. Through that module,
the source code of the program is automatically created according to the basic
screen design. In other words, if a developer defines the major information of the
MfgApp and designs the UI, the UI development module automatically creates the
source code by binding the major defined information and UI information. In
addition, since it is possible to process database input/output using that module, a
developer is able to easily implement the initial screen of the target MfgApp. The

(b)(a)

Fig. 3 PnP platform: a PnP developer, b PnP browser
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common Application Programming Interface (API) module provides a set of the
functions of the MfgApps frequently used or complicated to improve the software
development efficiency. The PnP Developer provides approximately 100 common
APIs including MS Excel interlocking method, data format method, etc. The
Screen Template Management Module is a function which provides MfgApp
screens by patternizing some of them. It improves the development standardization
and productivity, and provides a consistent program user environment. Lastly, the
Integrated Management Module inputs the MfgApp development process of
‘Analysis ? Design ? Development ? Distribution ? Post Management’ in a
database for its systematic management. It is usefully utilized for the development
and post management of the MfgApp.

3.2 PnP Browser

The PnP Browser is a tool which performs integrated operation and management
of the selected MfgApps. All MfgApps are run by the PnP Browser. The PnP
Browser has three major functions: (1) MfgApp Operation Management, (2)
MfgApp Version Management, and (3) Basic MfgApp Management. The MfgApp
Operation Management Function allows all MfgApps purchased from the
MfgAppStore to be used under the same environment. If the MfgApp purchased by
a customer is updated, the MfgApp Version Management Function automatically
connects the MfgApp to the MfgAppStore to update it to the latest version.
Therefore, it is not necessary for a user to check version information one by one in
order to update the MfgApp purchased. Lastly, the PnP Browser provides
embedded MfgApps necessary for SMMEs to perform basic work. Currently, it
provides 10 types of basic MfgApps. Those basic MfgApps were developed to
prevent duplication of a basic function and to perform integrated management of
master data for common use. Table 3 shows the list of basic MfgApps supported
by the PnP Browser.

Table 2 Major functions of the PnP developer

Major module Detail function

UI development module Creates internal screen information of the MfgApp
Screen UI design
UI information binding
Creates the program source code automatically

Common API module MS Excel interlocking method
Data format processing method

Screen template management module Provides the basic screen template
Connects the UI development module

Integrated development management
module

Manages development environment
Manages terminology for work
Manages database objects
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4 Interaction Between MfgApps

4.1 MfgApp and Database

Since various works performed inside an enterprise interact with each other
according to a specific process, the information interaction between MfgApps is
very important to construct a customized information system for SMMEs. That is,
MfgApps need the process to share and reprocess some pieces of information in
order to perform work inside an enterprise. The interaction between material
procurement management and stock management works is an example of the
information interaction between MfgApps. In general, after purchasing materials,
the person in charge of procurement management hands over the information
including the name, purchase quantity, purchase date, warehoused date, etc. The
person in charge of Stock Management checks for the storage, release, and return
of the materials with the information, and performs inquiry about materials in
shortage.

To achieve information interaction between MfgApps, it is necessary to share
information at the database level. To do so, the database should be first established.
However, it is significantly burdensome for SMMEs to establish a database
independently. For these SMMEs, this study proposes a cloud service structure
that can provide such a database server online. As a matter of fact, it may be
required for enterprises to maintain an independent server for reasons of security.

Table 3 List of basic MfgApps

No. Name Description

1 Application management Performs integrated management of MfgApps purchased from
the MfgAppStore

2 User management Manages the information of logged in users who utilize the PnP
Browser

3 Common code
management

Performs integrated management of the common code
information used by the MfgApp

4 Corporation/ workplace
management

Manages information on corporations and reported workplaces

5 Department information
management

Manages department information including department name,
department manager, etc

6 Employee management Manages basic information including the name, address,
position, etc., of officers and staff

7 Customer information
management

Manages the basic information including the company name,
contact point, address, etc. of customers

8 Item information
management

Manages item information including the item name, model, unit,
size, etc

9 Project management Manages basic information including the project name, period,
PM, etc

10 Warehouse management Manages warehouse information including warehouse name, as
well as information as to whether it is used or not
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Therefore, this study designs a cloud service so that a database server is able to be
separately installed inside an enterprise. Table 4 shows the types of databases
designed under such a structure. The databases including MfgApp information are
divided into three types: The Core Database stores information necessary for
classifying the MfgApp purchased by specific users among MfgApps. Therefore,
user account and MfgApp table purchased by the user, etc., are located in the
database. Here, in order for the MfgApp to be run on the PnP Browser, these tables
should be referred to. The Basic Database includes master data which is able to be
used in duplication in multiple MfgApps, where tables of departments, employees,
items, etc., are located. Lastly, the Extended Database stores characteristic
information needed by the MfgApp in addition to the master data included in the
Basic Database. Accordingly, in the Extended Database, when a new MfgApp is
registered, a new table is created additionally, or some of existing tables are
updated. The newly created table is named by the developer according to the
Naming Rule guideline.

Table 5 shows the way the internal table of each database type is referred to the
MfgApp. The types of the MfgApps shown in Table 5 are divided into two:
Firstly, the Basic MfgApp is, as described in Sect. 3.2, the MfgApp built in the PnP
Brower, which does not need to be purchased from the MfgAppStore. On the
contrary, the Selective MfgApp is the MfgApp purchased from the MfgAppStore
by SMMEs. Those two types of MfgApps refer to all tables of the Core Database
in order to identify specific MfgApps. In the case of the Basic Database, the two
types of MfgApps refer only to some of the tables needed to run them. The
Selective MfgApp refers only to the tables of the Extended Database created
together when it is developed. The MfgApp has more than two tables which are
able to be managed directly. In the case of such tables which are able to be directly
managed, a user is able to read and write data in the corresponding tables through
specific MfgApps. In addition, even in the case of tables which are not to be
managed directly by the MfgApp, it is possible to read the corresponding data

Table 4 Database type

Database name Name of internal table

Core database MfgApp information, customers, user accounts, etc
Basic database Departments, employees, customers, items, etc
Extended database (Added and named by a user as necessary)

Table 5 Tables referred to for each MfgApp

Basic MfgApp Selective MfgApp

Internal table of core
database

Refer to all tables (possible to
read data)

Refer to all tables (possible to
read data)

Internal table of basic
database

Refer to some tables (possible to
read and write data)

Refer to some tables (possible to
read data)

Internal table of
extended database

Refer to some tables (possible to
read and write data)
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through the API opened within the allowable range so that the aforementioned
information interlocking between MfgApps is able to be achieved. The Basic and
Selective MfgApps directly manage the designated tables in the Core and
Extended Databases, respectively.

4.2 Plan for Interaction Between MfgApps

As shown in Fig. 4, the interaction between MfgApps is divided into two. The a
and s in Fig. 4 show the tables of the MfgApp and Database, respectively. In the
case of the plan for the Type 1 Interaction, the Selective MfgApp refers to the
tables of the Basic Database managed by the Basic MfgApp. That is, if the basic
information on departments, employees, customers, items, etc., is stored in the
corresponding tables through the Basic MfgApp, the Selective MfgApp refers to
the information. Developers refer to the desired basic information through the
open APIs of the PnP Developer. In the case of the plan for the Type 2 Interaction,
one of the two Selective MfgApps developed by the same company refers to the
other MfgApp. This means that a developer internally uses the APIs through which
the information of a specific table can be referred to, without opening it externally.
That is, a developer can sell several MfgApps together by emphasizing that

Database 
Area

MfgApp
Area

Basic
Database

Extended
Database

Company 1 Company 2

MfgApp:

Table: 

Basic
MfgApp

Selective
MfgApp

Fig. 4 Three plans for information interaction between MfgApps
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multiple MfgApps it developed can be interlocked. In the case of the plan for the
Type 3 Interaction, a specific Selective MfgApps refers to an MfgApp developed
by other companies. Since the plan has problems of security and disclosure of
development know-how, it requires effort to solve these problems as well as the
strategic tie-up between developers. These three plans for the interaction between
these MfgApps have many problems to be solved technically and strategically as
the interaction plan moves from Type 1 to Type 3.

4.3 Scenario Using MfgApps

Figure 5 shows a virtual scenario where a manufacturing enterprise utilizes the
MfgApp for product development. In the virtual scenario, the product development
work is divided into: (1) Establishment of Product Development Plan; (2) Exe-
cution of Planned Work; and (3) Work Execution Process Monitoring. The project
manager (PM) and responsible personnel can utilize the MfgApps for each of their
tasks divided into three types. First, the project manager establishes a product
development plan including establishment of development period, selection of
responsible personnel, a plan for work to be implemented, etc., with the Project
Management, a Basic MfgApp. If the project manager establishes a product
development plan, detail tasks are implemented according to the established plan.
At that time, the person responsible for each task checks the tasks to be performed
today and later with SmartACE Tasks, a Selective MfgApp and inputs the task

[Selective MfgApp]
SmartACE Gantt

[Selective MfgApp]
SmartACE Tasks

[Basic MfgApp]
Project Management

Type 1 Interaction

Type 2 Interaction

1. Establishes Product Development Plan
- Establishes Development Period
- Selects responsible personnel
- Establish plant for work to be performed

2. Implements Planned Work
- Checks for works to be implemented today
- Check for works to be implemented later
- Report the work implementation result

3. Monitors Work Implementation Process
- Manages work progress
- Check for delayed works

Project Manager

Responsible Personnel

Project Manager

User MfgApp Product Development Work

Fig. 5 MfgApp utilization scenario at the time of product development
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implementation results to report it to the project manager. The project manager
checks the task implementation process of each responsible person and its result
with SmartACE Gantt, a Selective MfgApp. With that, the project manager checks
the progress and delay of tasks and performs project management so that product
development work can be implemented smoothly. As such, the information
interlocking between MfgApps is necessary in order for work at the time of
product development to be implemented successively. The Type 1 Interaction was
made between the MfgApps, Project Management, and SmartACE Tasks and the
Type 2 Interaction was made between the SmartACE Tasks and SmartACE Gantt.

5 Conclusions

This paper proposed an ICIIS as a method to improve the productivity of SMMEs.
The proposed infrastructure consists of five elements: General PC, MfgApp, PnP
Browser, PnP Developer, and MfgAppStore. In addition, unlike the information
infrastructure based on existing mobile systems, in the case of the proposed
infrastructure, information interlocking between MfgApps was dealt with as an
important issue. As such, this study presented the structure and three information
interlocking plans by which work data between the MfgApps is able to be shared at
the database level.

Since SMMEs are able to construct an IIS by selecting only the necessary IT
functions through these infrastructures, the investment cost is relatively low and
little time is required compared to existing package based IT solutions. The result
of this study will have a direct influence on SMMEs and a positive influence on the
IT industry due to the expansion of the pool of designers and developers who
develop MfgApps. As a result, this study has a great significance in that both
SMMEs using MfgApps and developers developing MfgApps are able to create a
new form of informatization ecosystem to be profitable.
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