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Abstract

In this paper, we design and implement a three-tier salary management system for
higher vocational colleges. At the beginning, we conduct an overview of the entire present
situation of the salary management mechanism for the higher vocational colleges, and
propose to improve the financial work efficiency of the higher vocational colleges by
using ASP.NET based information management system. Then, we analyze the primary
system requirements and divide the system into four functional modules, which are the
salary management module, the system management module, the login module, and the
guery as well as report module. Next, for the system design, we present details about the
use case design, the data process design, the business process design, the database
design, and the design of architecture as well as modules. Last, we implement the system
based on a three-tier architecture, which are the user presentation tier, the business logic
tier and the data access tier.

Keywords: three-tier architecture, salary management system, higher vocational
colleges

1. Introduction

With the development of science and technology, information systems play a more and
more important role in our daily lives. The ability to introduce effectively these
information systems into daily managements is crucial to both the operation and the
development of one department or one organization. As one kind of information systems,
the salary management system has become one of the most important components for
higher vocational colleges. Traditionally, several financial staffs are required to manage
manually a huge number of payroll records. The substitution of information systems for
financial staffs in the salary management could bring many advantages, such as an
efficient output of the salary report and an accurate payroll accounting, requesting eagerly
efficient salary management systems.

At present, the salary mechanism, which mixes the state salary and the campus subsidy
into the final payroll record, is carried out extensively by most of higher vocational
colleges in China. Research reported that the mechanism has several severe defects, which
are the serious equalitarianism liability in income allocation, the tendency of economic
rewards and low levels of income. Besides, although there are various salary management
systems available in the Chinese market, such as TalentBaseTM, UFSOFT HR,
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YKHRMIS and K3eHR, they are not designed originally and suitable for higher
vocational colleges.

Therefore, a more effective salary management is imperative for higher vocational
colleges. In this paper, we developed an asp.net based salary management system for
higher vocational colleges. The system is based three-tier B/S architecture and four
functional modules. We also illustrate our system from three aspects, which are the
requirement analysis, the system design and the system implementation.

2. Requirement Analysis

As first step the software lifecycle, the requirement analysis could bridge the gap
between project problems and their solutions to establish proper models. In software
engineering, the requirement analysis involves those tasks that analyze the needs for a
new product, consider possibly conflicting requirements from various stakeholders,
document, validate and manage system requirements [1]. Functional requirement, one of
the most important parts of the requirement analysis, defines necessary functions of a
system to meet requirements of system users, which are described as a set of inputs,
behaviors and outputs.

The primary functions of the required salary management system are to support
convenient maintenances of payroll records of the faculty and effective reductions of the
management cost. Accordingly, we divide the required salary management system into
four functional modules, which are the salary management module, the system
management module, the login module, and the query as well as report module, as
follows.

(1) The salary management module. The financial department could use this module to
maintain conveniently payroll records of the faculty, from five aspects, which are basic
settings, payroll input, payroll audit, payment of salaries, and treatment at the end of a
month. For basic settings, this module should provide functions of parameters
modification, such as the income tax rate, and items modification, such as public reserve
funds in gross wages, to the financial department, in the calculation formula of wages. For
payroll input, this module should offer functions of Excel files uploading, batch
operations, and manual inputs to the financial department. For payroll audit and payment
of salaries, this module should supply specific users with corresponding operating
permissions. For treatment at the end of a month, this module should consider how to
conduct efficient and effective financial statements.

(2) The system management module. This module should provide its main users, which
are the system administrators and the personnel department, with permission
management, archive management and database management. For the permission
management, the functional requirements include role management, permission
assignment and permission adjustment. For the archive management, the system should
provide users with an easy maintenance of basic information, title information and salary
information for the faculty. For the database management, both the database backup and
the database restore are required.

(3) The login module. Major functions of this module are selecting of access control
methods, such as the role based access control (RBAC), considering whether adopt the IP
login restrictions, identifying the verification code, and exiting the system dynamically.
For example, if there is no response from the logged user over five minutes, the user
logouts automatically from the current session.

(4) The query and report module. Four functions, which are queries under configurable
conditions, queries of payment records, queries of users and printing management, are
achieved in the system. For queries under configurable conditions, the system is required
to provide users with single key word based queries, multiple key words based queries
and fuzzy queries. For queries of payment records, the system is required to provide users
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with queries of payroll records and queries of aggregate payment records. For queries of
users, the system provides both employee number based and department based queries.
For printing managements, we would like to obtain the following services, which are
setting of printer, printing of payroll records, and printing of user information.

3. System Design

3.1. Architecture and Modules

Architecture design is needed once we complete the requirement analysis. In this
paper, we combine C#, Asp.net, SQL Server and IIS in .NET based three-tier B/S
architecture, which are the user presentation tier, the business logic tier, and the data
access tier, where upper tiers rely on lower tiers, as shown in Figure 1.

User Presentation Tier —¢
I Business Logic Tier 3

\— Data Access Tier

I

Figure 1. Three-tier B/S Architecture

We can then proceed to design function modules once we choose the appropriate
architecture. According to the requirement analysis, our system consists of four major
functional modules, which are the salary management module, the system management
module, the login module, and the query as well as report module. Furthermore, we
subdivide each of the four modules into several small modules, as shown in Figure 2.
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Figure 2. Functional modules

3.2. Database Design

In this paper, we adopt the entity-relationship (ER) model based relational database,
which shows many advantages, such as high structured data, minimum redundancy,
independence of procedures from data and easy expandability. The ER model provides
methods of entity types, properties and relationships to describe the real world based on
the conceptual model, which is the initial stage of the database design.

According to the requirement analysis, we design an ER diagram, as shown in Figure
3, by using Powerdesigner 15, which is one kind of database tools. It can be seen from
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this figure that there are three entities, which are the user information table
SMS4HVC_USER, the faculty information table SMS4HVC _STAFF and the wage
information table SMS4HVC_WAGE.

SMS4HVC_USER SMS4HVC_WAGE
USER_ID <{pi> Integer <M> —O—HSRR STAFF WAGE_1D <{pi> Integer <M>
USER_NAME Characters (30) <M> 1 WAGE_DATE Date & Time
PASS WORD Characters (30) <> O STAFF 1D <pi> Integer M
ROLE Integer M BASE WAGE Float (20)
P - STAFF| WAGE | POSITION WAGE Float (20)
Identifier 1 <pi> —
e IO TOTAL AWARDS Float (20)
- TOTAL_DEDUCS Float (20)
SMS4HVC_STAFF LATE TIMES Float (20)
STAFF 1D <pi> Integer > O LATE DED Float (20)
USER_ID <pi> Integer > [O LEAVING_TIMES Float (20)
STAFF_NAME Characters (30) <M> LEAVING DED Float (20)
SEX Boolean SICK DAYS Float (20)
BIRTH_DAY Date & Time SICK_DED Float (20)
BIRTH_PLACE Characters (30) PERSL_DAYS Float (20)
BE RACE Characters (30) PERSL_DED Float (20)
EDU_LEVEL Characters (30) WAGE_BE4TAX Float (20)
SCHOOL_ID Integer TAX_R8 Float (20)
DEPART 1D Integer WAGE_AFT TAX Float (20)
POSITION Characters (30) e -
COMING DATE Date & Time Ldent L o
Identifier 2 <pi>

Figure 3. Entity-relationship (ER) Model

3.3. Business Process

The business process design is adopted to determine relationships among basic
elements and other elements of the business process, such as participants, business targets
and business strategies. The purpose of the business process design is to generate a more
reasonable new business process by analyzing detailed requirements from business aspect
and technology aspect. The transaction flow diagram (TFD), as a result of the business
process design, is a water book for denoting specific business processes by specified
symbols and line and representing business relationships among different entities. In order
to develop a practical salary management system, we investigate several higher vocational
colleges in Guangzhou city for their business processes. Besides, we conclude the
investigation results in a TFD, as shown in the Figure 4.

3.4. Data Process Design

The data process design is used to abstract non-physical components, such as the data
flow, the data transformation, and the data storage, from the desired system in the data
flow aspect. The purpose of the data process design is to discover and solve issues in the
data flow, such as unsmoothed flows, unmatched data and unreasonable data process. As
a result of the data process design, the Data Flow Diagram (DFD) is a main tool for
describing the system logical model, and a graphic representation method for the
structural system design, by several specified symbols.

Basic components of the DFD are external entities, processing procedures, the data
storage and the data flow. Multitier architecture is applied to analyze the complex data
flows: (1) The top tier. This tier determines boundaries, i.e. inputs and outputs, of the
system. (2) The middle tier. This tier is a decomposition result of its upper tier and an
abstract of its lower tier. (3) The bottom tier, which consists of indecomposable data flow.
For convenience, we illustrate how we design the first two tiers in this paper. Firstly, the
top tier of the DFD is shown in Figure 5.
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Figure 4. Transaction Flow Diagram for Salary Management of Higher
Vocational Colleges
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Figure 5. Top Tier of the Data Flow Diagram

Then, the second tier of the DFD can be obtained by refining on the top tier, as shown
in Figure 6, where F1 is the form for room rates and utilities, F2 is the form for ratings of
the faculty, F3 is the form for personnel changes, F4 is the form for living expenses, F5 is
the form for nursery fees and travel allowances, F6 is the form for other detailed
payments and deductions, F7 is the form for personal information, F8 is the form for
payroll records, F9 is the form for basic information of the faculty and F10 is the form for
payroll statements.
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Figure 6. Second Tier of the Data Flow Diagram

3.5. Use Case Design

A use case diagram is a dynamic representation of system functions, which involves
the actor, the use case, and the relationship between the actor and the use case. From the
use case diagram, we can understand external functions of the system without
implementation details based on actors, use cases and their relationships. The actor, which
could play roles of a person, a thing, or a system, is an entity outside the system and
participates in the process of several user cases.

There are three roles for the salary management system, which are the system
administrator, the financial department, and the faculty. In order to describe intuitively
functional requirements, Figure 7 shows three use case diagrams, with each for one role.

4. System Implementation

4.1. Implementation Environment

To implement the salary management system, we should configure two kinds of
environments, which are the runtime environment and the development environment.
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Figure 7. Use Case Diagrams for the Faculty, System Administrator and
Financial department

We adopt the Microsoft SQL Server 2005 [2] as the relational database management
system (DBMS), which together with Oracle and Sybase are the most popular DBMS. For
convenient database modeling and design, we use the PowerDesigner 15 software [4],
which is a very good database designer tool for data flow diagram, conceptual data model,
and physical data model. For the web server, we take the IIS 6 (Internet Information
Services) [6], which is a Windows based web component by the Microsoft. Although
many versions of Microsoft Windows have already contained 1IS, the 1IS service is not
started by default. Take the Windows 7 operating system as an example, we explain how
to start such a service through steps of: (1) Click successively: control panel->programs-
>programs and features->turn windows features on or off. (2) In the opened windows
features dialog, check successively three sub-items of the Internet information service,
which are the 1IS management console, the 11S management scripts and tools, and the 1IS
management service. For the integrated development environment of the ASP.NET, we
consider the Microsoft Visual Studio 2005 (VS 2005), which is a perfect development
toolkit for desktop applications, web applications, web services, applications for
intelligent devices, and office plug-ins.

4.2. The Salary Management Module

We implement the salary management module from five aspects, which are basic
settings, payroll input, payroll audit, payment of salaries, and treatment at the end of a
month. Specifically, we achieve the function of the basic settings from four aspects,
which are parameter setting for the income tax formula, item setting for floating wages,
item setting for gross wages, and item setting for deductable wages, as shown in Figure 8.

Salary Management
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Floating Wages Gross Wages

Figure 8. Implemented Functions for the Salary Management Module
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Accordingly, we show the web page for the salary management module in Figure 9,
where we could set many parameters, change many items, and consider only basic wages
as well as position wages for gross wages.

€ C  ® localhost:4600/HigVocColl_SalManSys/managerWage.aspx PR %

Salary Manmnagerrnmaent Systernm

Ferr FZizszrleoecr Foorccedicrrzcel < o lles=cs

Date: [2014-09-28 ] [Search]

StaffID: 10000002

8500

Total Deductions: |630

Total Awards: 2200

Late Times: 2

Each For: |50
Leaving Times: 1 EachFor: [100

SickDays: 1 EachFor: 100
Personal Days: 0 Each For: |200
Total: 300 Yuan

Before Tax: 11370

Income TaxRate: |7

Afeter Tax: |10574.1

i 3
10:02

A s 4 3 o) ! e DT . @ %

2014/9/28

Figure 9. The Web Page for the Salary Management module

4.3. The System Management Module

From the requirement analysis, we can observe that the system management module
involves three major functions, which are the permission management, the archive
management and the database management. In this section, we implement each of these
functions by several sub-modules. Specifically, we firstly consider the role management,
the permission assignment and the permission adjustment for the permission management.
Then, we take into account the user addition, the user deletion and the user modification
for the archive management. Last, we implement the database management module from
aspects of the database backup and the database restore. Figure 10 shows some details
about the sub-modules we implement for the system management module.
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Figure 10. Implemented Functions for the System Management Module
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Next, we show the web page for the system management module in Figure 11, where
we could achieve four basic database operations, which are create, read, update and delete
(CRUD), for all system roles.

‘= C  ® localhost:4600/HigVocColl_SalManSys/UserMain.aspx v A

Salary Manmnagerrnmaent Systernm

Ferr~ FIizzr2ecr EForccezicrrzeal < o lles=cS

QueryType: |UserD  [+]

Query Term: (6o
User ID User Name Modify | Delete
100000 admin Wodity | Delete
100001 | sys_admin Wodi Delete

100007 | aca_aff_office Modi Delete
100008 per, o Delet
gen_aff_office

o
log_office o
fin, o Del
0
o
o

oth,
| faculty_a
100019 faculty_b "

m \
P 9:59
2014/9/28

- B e R o N
” 'g s B CHem 20 o @ %

Figure 11. The Web Page for the System Management Module

4.4. The Login Module

Users could enter their web pages through the login module in the main web page of
the salary management system. As described in the use case design section, there are three
roles for the salary management system, which are the system administrator, the financial
department, and the faculty. The main function of the login module is to identify the role
of the possible user by the input information and assign accordingly their web pages.
Figure 12 shows the flowchart of the login module.

Login
Web Page

v
Page for Page for
Paggcf'j)lghe Financial System
Users Administrator

Finish
Loginning

Figure 12.The Flowchart of the Login Module

Figure 13 shows the web page for the login module, where the user name, the password
and the verification code are required to identify further the role and the main web page of
the current user.
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Figure 13.The Web Page for the Login Module

4.5. The Query and Report Module

For the query and report module, we implement four functions, which are queries of
payment records, queries under configurable conditions, queries of users and printing
managements, as denoted in the requirement analysis section. Furthermore, we firstly
realize the queries of payment records by queries of payroll records, queries of changeable
payment items and queries of aggregate payment records. Then, we realize the printing
managements by the setting of printer, the printing of payroll records, and the printing of
user information. Figure 14 shows which functions we implement for the query and report
module.

Query and Report
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Figure 14. Implemented Functions for the Query and Report Module
Figure 15 shows the web page for the query and report module. It can be seen that

system users could query and report accordingly records through many combinations,
such as the payroll date, the faculty name, and the faculty identifier.
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Figure 15. The Web Page for the Query and Report Module

5. Conclusion

In this paper, we developed a three-tier salary management system for higher
vocational colleges, which aims at providing financial staffs as well as the faculty of all
departments with efficient salary management services, and the personnel department
with salary related convenient sharing data. However, the salary management of higher
vocational colleges is a complex social issue, which can’t be solved from only the
technical aspect. The challenging employment circumstances require us to make
accordingly major adjustments to our thinking as we offer guidance on the salary
management for higher vocational colleges through developing new information systems.
We achieved our predetermined target by the developed system. In the future, we want to
substitute the nHibernate based framework for the current used DAO framework in order
for more complex salary management related businesses, and add more data tables to the
database, where there are only three data tables used in this paper.
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