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Abstract The paper describes a methodology for creating a simple modular warehouse system involving novel struc-
tures and modifications of existing mobile frameworks. The novelty of the presented approach is the platform indepen-
dence and simplicity of the architecture, simple prototype of a GUI and platform independent layer communication model.
The proposed methodology is illustrated on the example of a real model application which was designed for a private com-
pany. The system described and created is intended for use over Dynamics Navision ERP system. A lot of these topics may
be considered challenging in the future research of business application development in general, either for desktop, web or
mobile platforms. Since prospects in the field of mobile applications and mobile business solutions (m-business) are really
promising for all leading PDA/tablet platforms, there is an expectation of a rising demand in the next years.
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1. Introduction

The latest information research concentrates on the per-
formance of designed software applications. The perfor-
mance of an application heavily depends on its software
structure and capabilities of hardware platform. Every
structure has its specificity and is suited for different oper-
ating systems or hardware configurations. This fact can be
clearly seen in large information systems. For example, the
possibility of creating applications for ERP systems using
efficient software structures is fairly low because ERP sys-
tems are usually built for a particular system configuration.
However, the ERP systems are considered essential for the
information effectiveness in a company[5-7]. Enhanced
access to relevant information can improve the company’s
processes.

Nowadays, mobile solutions are becoming popular and
can deliver required information at any place and any
time[12]. However, developers never gave much attention
to the mobile application development for ERP systems.
Only few mobile frameworks for ERP systems were offi-
cially released. Moreover, these frameworks are not plat-
form independent.

We need to mention that only few simple and ERP sys
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tem specific applications have been created so far. There is
already an application “@NAV - Mobile Warehouse by
bartolome roder AG” but this application does not consider
the structural software aspect. Therefore it is not optimized
for particular load requirements[11]. Moreover, it is difficult
to carry out possible platform changes. The purpose of this
application is rather general. Our novel approach also uses
available frameworks but we have considered the structural
aspect and proposed efficient software structures suitable
for different load levels and customer requirements. The
latest importance of examined topics are discussed in vari-
ous publications[13-16].

For better information representation, a specific made-to-
measure GUI was also created. We consider the further
development of mobile solutions for ERP systems essential
and also very promising. Since the mobile business applica-
tions market is not yet saturated, there is also a considerable
space for new research and enhancements, whether in case
of simple solutions for specific conditions or wide ranged
universal solutions suitable for various systems[6].

2. Architecture and Background

2.1. Simple Model Possibility

The foundation of the proposed and created solution is
mainly framework driven. It relies on the classic windows
mobile framework .NET Compact Framework in 3.5 ver-
sion and Microsoft Dynamics Mobile 1.5 (MDM) supple-
mentary framework. This framework is used mainly for
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designing because of its natural inclination to the simple
graphical business processes management. These frame-
works had been chosen for the best compatibility with ERP
system for Windows. The MDM supports a wide range of
integration schemes for particular customer demands, the
size of the company, the number of warehouses operating
within the company and a lot more. It also includes graphi-
cal components suitable for creating the entire visual appli-
cation environment.

The main advantage of this framework is modification
variability in accordance with requirements. When needed,
the framework can be slimmed up to several essential com-
ponents. This backbone components configuration is suita-
ble for small scale systems or small companies with only
few requests pending at a time. If a customer needs a po-
werful system with possibility of handling large numbers of
requests, then the full architecture should be used. The
framework modifications should be taken care of in the
phase of implementation. The complete unchanged archi-
tecture provided by MDM is depicted in Fig. 1.
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Figure 1. Basic, non-modified MDM structure[11]

This architecture configuration provides extended data
handling, which enables large amounts of data with a low
latency to be transferred. It is important to note that every
group of elements may, but does not have to be, physically
separated. When using separate physical servers for each
group, one can achieve great horizontal scalability with a
load balancing function involved. Moreover, when operat-
ing with many users, web services may be used for separat-
ing communication handling. The separation is represented
by mobile integration components on the application server
side and by mobile connector on the web services side. It is
not possible to separate the request and the response in
terms of the communication only but also the data flow
between databases[8].

Complexity of the resource database (the native ERP
system database) may be reduced using a staging database
with integration services and the replication web service on
the database server side. This fact decreases amount of data
needed for the application to work offline with synchro-
nized data. However, when small amounts of data are ex-
pected, the staging database is usually omitted. Finally, all
essential data are replicated to the reference database, lo-

cated in the target mobile device. With Microsoft SQL
Server, only the merge replication is allowed for the mobile
database. It is handled by the Microsoft SQL Server CE
database server. The replication process consists of[9]:

.creation of data publications on the server side,

.creation of data subscriptions on the client side,

«data synchronization.

Publications are represented by sets of permissions that
allow the replication for subscribed users in some extent,
but only if required conditions are met. The subscription in
the client database has to be linked with a matching publi-
cation. Subscriptions can be either permanent, or they may
have an expiration time. When it expires, a new one has to
be created, or the following synchronizations fail and throw
an exception[9].

The client side is independent and is not affected by the
used architecture. The structure of the application is
represented by a rolepad project, which executes every
module created as a tasklet project. A tasklet defines one
particular screen. These screens are usually logically at-
tached to each other with input and output variables or ob-
jects defined in the UserRole.xml file. It is also possible to
orchestrate tasklets and create an application according to
existing workflows. There are two basic types of orchestra-
tions[10]:

«hierarchical orchestration (Fig. 2),
«wizard orchestration (Fig. 3).

Figure 2. Hierarchical orchestration depiction

SRR

Figure 3. Wizard orchestration depiction

In the hierarchical type, tasklets in lower hierarchical
level are accessed from those in the level above. The wizard
type is typical for situations that require usage of several
steps to complete the workflow. This means that tasklets are
orchestrated in a particular order one after the other.

Special tasklets like the menu tasklet, are created to sim-
plify development. These tasklets are not designed through
the designer, they just use specific tags and their properties
in previously mentioned UserRole.xml file. All other con-
figurations, settings, service references, web service refer-
ences and other connection strings are defined in a separate
file, app.config.
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2.2. Layered Model Possibility

In the previous chapter, we considered a simple model
that only involved the framework elements. These were
made by the same company (Microsoft). This fact should
eliminate any incompatibilities.

When considering a layered model of the framework, we
may divide the vertical dimension into (see. Fig. 4):

1. Client layer

2. Web services layer

3. Application layer

4. Database layer

1. Client layer

Mabile
operating system

Framework

ERP integration
components
f ERP system
N [ 4_‘. Services

Figure 4. Layered model of the ERP system communication possibilities

The first layer serves as a presentation layer (front-end).
It is obvious that this layer of the framework may be mod-
ified or ported to any other mobile operating system i.e.
Android, Windows Phone 7. With the use of proper con-
nector tools for databases (i.e. ODBC) and web services,
which are considered a separate layer, the programmers are
able to integrate any type of frontend framework into exist-
ing MDM structure.

The web service layer exchanges data, requests and res-
ponses in form of XML documents (via SOAP messages).
This fact creates the opportunity to use the existing web
services, when implementing different front-ends. Although
web services themselves are suited for deployment on a
windows based server system, the web service target oper-
ating system does not influence the rest of the framework
(Fig. 4 — green path).

The application server layer is platform dependent and is
only suitable for the particular ERP system (in our case the
Dynamics Navision). However, there is a possibility of
creating a scheme for each required ERP system database
and consider direct access to the data without using layers 2
and 3. Depending on the detected or chosen ERP system

database scheme, the front-end behavior would change.

The database layer is mainly related to connector tools
that we have already mentioned. The best solution is to use
front-end that supports direct connection with the database
through supported connectors (Fig. 4 — red path). Some
unexpected issues may occur when trying to pair unsup-
ported database with the chosen front-end. Moreover, many
ERP systems (including Dynamics Navision) have a native
type of database that may complicate the solution. The best
compatibility is ensured when using widely used database
engines with large support, i.e. mySQL, MS SQOL, post-
greSQL, Oracle, etc.

3. Analysis and Environment Descrip-
tion

The company has already have an existing computer
network structure within its company network. It uses Mi-
crosoft Dynamics Navision 5.0 SP1 as its ERP system. The
actual warehouse implementation in the ERP system does
not differ from the demo company CRONUS - SLO-
VENSKO s.r.o. Processes for warehouse activities control
are slow, and unnecessary preliminary paperwork is re-
quired. Warehouse processes have the following structure:

3.1. Goods Expenditure

. The warehouse worker prepares goods for the expendi-
ture in the required place based on preliminary expenditure
paper.

. The operator, based on an expenditure receipt, confirms
the expenditure paper, which counts off the item from the
warehouse.

« The warehouse worker hands over goods to the shipper,
based on the confirmed expenditure paper.

3.2. Goods Intake

. The warehouse worker checks the physical amount of
goods that will be positioned in the warehouse and notes it
to preliminary intake paper.

. The warehouse operator confirms the intake and registers
the intake paper.

3.3. Goods Transfer

« The warechouse worker checks the physical amount of
goods in the warehouse and notes it to a transfer record.

. The warehouse operator confirms the transfer and regis-
ters the transfer record.

3.4. Physical Inventory

. An inventory template, in which the physical status of
goods is being written, is printed continuously or regularly.

.If any differences are discovered, they are registered in
the ERP system and compensated with the real status of
goods.
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The existing data flow in the company's warehouses
network lacks wireless elements. This means that the net-
work structure will need to be slightly modified during the
implementation process to enable wireless connection for
PDA devices.

As a default user, we consider any employee in any
company warehouse and other terrain employees perform-
ing warehouse or inventory activities. The company re-
quires an increase in employees’ flexibility, a better view on
warehouse items and a simplification of all previously men-
tioned warehouse processes.

4. Possible Simple Solutions

According to company's information system, different
approaches to solve the problem are possible. Each of the
possibilities is specific and requires the same data but dif-
ferent components and frameworks. They also have differ-
ent advantages and disadvantages. In the following chapters
we compare possible solutions only on one module (the
warehouse items filter module).

4.1. SharePoint Services 3.0 Modules

Integrating the application into the SharePoint portal, or in
case of the analyzed company the intranet, is a promising
possibility from a basic point of view. The main advantages
of this solution are:

.more filter settings can be displayed,

. web site is platform independent from the client side and
no requirements except for a basic internet browser are re-
quired for the web site to work.
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Figure 6. View of the module integrated in the SharePoint portal[11]

However, the usage on mobile devices is rather ques-
tionable. PDA devices usually do not display the content of
web pages that are optimized for desktop personal computers
correctly. Since the SharePoint portal is optimized for higher
resolutions and for desktop web browsers, the displayed
content will be corrupted. Another possibility is to use a
personal computer. The disadvantage in this case is the lack
of mobility. When using a laptop, it is the size of a device
that the warehouse worker has to carry in the warehouse. The
possible design of this solution is depicted in Fig. 5 and Fig.
6.

4.2. ERP System Client Application Modules

The second possible solution is using the internal pro-
gramming capabilities of the ERP system client to create a
specific required module. For example in case of SAP we
may use the ABAP programming language and in case of
Dynamics Navision we may use the C/SIDE language.

The biggest disadvantage of such a solution is that the
client application has to be physically installed on the host
computer. This possibility is not supported by PDA devices
at all. Moreover when connecting from remote locations, the
user will have to use the VPN (requires high bandwidth
internet connection) to connect to the internal company
network at first.

The most considerable advantage is the compatibility and
data integrity without any need of afterward checking. Basic
validation functions and stored procedures take care of the
data integrity after entering any new record or accepted
warehouse operation. The design of this solution possibility
integrated in Dynamics Navision 5.0 using C/SIDE is de-
picted in Fig. 7.

The last chosen possibility is described in detail in chapter
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Figure 7. Items filter design as the Navision client module
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5. Solution Proposal

Using PDAs, we can achieve company’s requirements for
the application. There would be no more need for the pre-
liminary paperwork, the flexibility will increase with en-
hanced warehouse workers mobility. Also, using barcode
scanners may improve intake, transfer, expenditure and
physical inventory processes. The usage of the layered
model will allow the scalability of the created application.

5.1. Network Modifications

It is necessary to add several wireless access points to the
network structure of every warehouse to cover up the most
of the working area. Even though minimum interference
expected, it is possible that stored goods made of metal or
ferro-concrete may cause some signal obstructions. This is
why the final application has to be connection independent
and able to work offline in case the connection to the access
point is lost. Therefore, the local database with manually
synchronized data directly from the ERP system is neces-
sary. The proposed network topology is depicted in Fig. 8.

NAV + DB + WEB server

Client laptop
Client desktop

Client PDA Client desktop
Warehouse

Company
Figure 8. Proposed network topology[11]
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Figure 9. MDM modified architecture[11]

5.2. Framework Architecture Modifications

The MDM framework also had to be modified to simpli-
fy and speed up the data exchange (see Fig. 9). Using this
particular architecture, only one-way server-to-device syn-
chronization is utilized. The other way is presented by di-
rect access to the resource database. This approach enables
user's control over the data exchange at any time. While
there is no need to exchange large amounts of data, the mo-
bile staging database with integration services and also web
services that handle requests and responses had been omit-
ted.

For each of these omitted services we found a compensa-
tion solution.

In case of layered model, proposed in chapter 2.2, we
consider using only layers 1 and 4. Since the target compa-
ny is small, it is necessary to simplify the solution, optimize
it for a small company and a small expected number of re-
quests. This solution will lower the overhead in de-
vice-to-device communication, where the principal "lower
the number of entities in communication, lower the com-
munication latency" is held.

5.2.1. Document Service

When a direct access approach to the database is used,
there is no need to use web services to handle the data writ-
ing to the database. All records are inserted directly by
created SQL statements. This principle assures that the data
will be inserted in a correct form with every necessary
attribute and a correct date.

5.2.2. Logging Service

Since the logging service is primarily used with the
document service, we consider the native SQL database
logging file (*.1df) associated with every Microsoft SQL
Server database sufficient.

5.2.3. Deployment Service

The deployment service is not necessary, because there
are not large numbers of devices used. The created applica-
tion may be copied manually to each PDA device.

5.3. User Interface

= Synchronization
A | -

e _1
!

-~ New intake

Splash screen

Main menu - -

Figure 10. User interface modules diagram[11]

The user interface is divided into orchestrations. Every
orchestration is depicted with a different color in Fig. 10.
Arrow directions show possible transitions between orches-
trations or tasklets. The application will start with a loading
screen (splash screen). After the application is fully loaded,
the login and the registration screen will appear. If login is
successful, the user will be permitted to access the applica-
tion's main menu. After logging in, the user will not be able
to log in with different credentials, unless he shuts the ap-
plication down. Every module will be accessible from the
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main menu or a submenu of each warehouse activity. Using
such a division of a user interface enables a good overview
and a certain degree of elasticity when working with dif-
ferent warehouse activities.

5.4. Data Analysis

There are two main data storage places. Firstly, there is a
resource database which contains data necessary for reading
information about existing items, warehouses. All of these
data are a subject of the replication, so that the mobile ap-
plication is able to work offline. These tables are listed in
Table 1.

Table 1. Database tables chosen for replication
NAV Table name Description
number
27 Item Items table
32 Item Ledger Entry Items movements table
14 Location Warehouse properties

Different product groups and

5723 Product Group . .
their properties

5720 Jtem Category Different 1.tem categorles and
their properties

5717 Item Cross Refer- Barcode - Item number

ence references table

There are also tables which are needed for writing, and
which contain information about created intakes, expendi-
tures, transfers and inventory differences. The communica-
tion with these tables (i.e. Item Journal Line, Item Batch
Line) will be directly implemented in SQL statements in the
application's source code.

Then it is the reference database which contains informa-
tion about all intakes, expenditures, transfers and inventory
status created with the particular PDA device. It also stores
login names and password hashes of registered users. We
propose using the MD5 as the default hashing algorithm but
it can be changed to any other hashing algorithm provided
by the .NET Compact Framework 3.5. For security reasons,
only hashes of passwords will be stored, so that passwords
cannot be retrieved or changed. Access to the database will
be granted through login credentials of the mobile applica-
tion, since when a user tries to register, entered information
is tested as login credentials to the SQL Server itself. Users
are granted basic rights for reading, writing and updating
particular tables in the ERP system. Users are not allowed
to delete data from tables or drop these tables.

6. Created Application and its Proper-
ties

The created application consists of 16 projects, 14 of
which are tasklet projects, one is a rolepad project and the
other one is a class library project. The class library project
stores global application settings, for example connection
strings for databases, the company name, etc. Following
figures are screenshots from the actual application that the

customer received after the end of application development.
The application has been running on a high-end HTC HD 2
Leo PDA device.

6.1. Visual Functional Application Modules Description

In terms of the application flow (Fig. 10), the first screen
user sees is the splash screen. It shows the status of the ap-
plication loading, presented by the red status bar and a sta-
tus text (see Fig. 11. - left). Next, there is the login and the
registration form. To log in, the user has to fill in creden-
tials and choose the warehouse he is currently working in
(see Fig. 11. - right). There is also a possibility to omit the
warehouse selection and work within all company's ware-
houses.
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Figure 11. Splash screen and the login /registration form[11]
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Figure 12. Main menu and synchronization screens[11]

The main menu is organized automatically using the de-
fault menu tasklet (see Fig. 12 - left). Every menu “action”
tag with its “open” and “icon” properties, represents one
menu icon. These action attributes are created and managed
in the UserRole.xml file.

The last visual functional module is the synchronization.
As it was previously stated, the synchronization consists of
publications, subscriptions and the data synchronization
process. When trying to synchronize, the PDA device has to
create subscriptions for existing publications to the refer-
ence database. This process is shown on the screen of the
PDA device. If subscriptions already exist, the synchroniza-
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tion process is started. If any of required subscriptions do
not exist, they are instantly created. After every required
subscription has been added, the synchronization process
starts. The competition and the actual synchronization state
are shown on the PDA screen (see Fig. 12 - right).

6.2. Warehouse Functions Modules Description

Every created module is different and provides different
functionalities. However, three modules are basically slight
modifications of each other. Intake, expenditure and trans-
fer of goods modules differ in source warehouse, target
warehouse fields combinations and the target table in which
every created record is stored.

6.2.1. Warehouse Items Filter Module

This module is useful for discovering amounts of goods
in a particular warehouse. It consists of two tasklets. The

first one is the screen with a set of filters (see. Fig. 13 - left).

It enables a user to use any filter combination to find the
exact item and view its properties. The second screen is the
list of filtered items. This list contains several columns,
each of which has been picked by the target company (see.
Fig 13 - right).
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This module uses notifications when the connection sta-
tus changes. The system responds on the ActiveSync and
the WiFi connection status. When the connection is active,
the external database is used and when the connection is
lost, the data source is switched to use the internal database.

6.2.2. Intake, Expenditure and Transfer of Goods Modules

As it was previously mentioned, these modules have only
slight but important differences. Each of these modules
contains a navigational submenu, which a user can access
two basic functionalities from. The first one is for creating
new goods movements (see. Fig. 14).

The second one is a list of already issued and confirmed
movements with a binary flag denoting, whether the
movement has already been synchronized (see Fig. 15 - left).
If considering a small screen size, it is very important that
some functions are shown only in pop-up windows or con-
text menus. Functions for adding, deleting, editing items in
an actual movements list, saving to the database, the bar-
code scanning and the sending to the ERP system are lo-
cated in the context menu (see Fig. 15 - right). A user can
call the context menu by holding a finger on the touch
screen for 1-2 seconds.
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Figure 13. Warehouse items filter[11]
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Figure 15. New warehouse item movements screens[11]

6.2.3. Physical Inventory

Because barcode scanning enabled application was re-
quested, we have created two separate functions for work-
ing with the physical inventory. The first function is a ma-
nual physical inventory (see Fig. 16. - left). Every amount
discovered by manual counting has to be written in the
textbox for the particular item, which is shown on the
screen. After the last amount of the last item is entered and
confirmed, the application prompts a user to finish and send
the inventory to the ERP system. After the inventory is
successfully sent, every record from the “physicallnventory”
table in the local database is removed. The inventory can
only be done for that warehouse which the user is currently
logged in. If the user is not logged in a warehouse, a “%”
sign will appear which means that every existing warehouse
will be used (see Fig. 16. - right).
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Also the physical inventory with the barcode scanning is
possible and speeds up the inventory process. When the
barcode is scanned, the application automatically finds the
corresponding item and shows its properties. The user can
choose whether he wants to add or remove the scanned item
from the inventory count. After the inventory is finished,
the user sends all records to the ERP system with one click
on the diskette icon. If an inventory is not finished due to
call or any other interruption, the user can continue or start
over.

Tae 8 X

Ta T G X| A Mobilng skiad Tz

Fyzicka inventiira s éitatkou

A% Mobilny skiad

Manuélna fyzicka inventira

Stav: 1/ 340 Ciarovy kéd: 8594162400010
Sklad: PMR Stav: 0/ 434
Skladnik: super Sklad: %
1D tovaru: 1200202540 Skladnik: super
Nazov tovaru: Fe jackel KKR hot formed 1D tovaru: 1200103801
Popis tovaru:  5x100x100 Nazov tovaru: Ocelova rura
Mernd jedn.: M Popis tovaru: 127x10
Zisteny stav: Merna jedn.:
Nascitany stav dopos|a| 0
AA AN .
Predodly tovar  Dalsi tovar/Ulozit Prﬂa\amz Odoberanie
Spit’ = Do menu Spit’ 23] Do menu

Figure 16. New warchouse item movements screens[11]

7. Conclusions

In the paper, we proposed a novel approach to mobile
software development for business applications over the

ERP systems. We proposed the platform independent model,

and expressed possibilities and advantages of existing
framework modifications. We also created a simple ware-
house system for MS Dynamics NAV using proposed
structures and framework modifications. The mobile appli-
cation was created with respect to requirements of a private
company. Moreover, we compared the behavior advantages
and disadvantages of possible warehouse implementation in
web and desktop environments. We assume that the appli-
cation usage would bring benefits mainly to companies with
small or medium sized warchouses. Proposed work also
brings up the question of the multiplatform framework and
possibilities of the application scalability.
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