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Abstract: Public bus accounting system employs basic accounting methods and financial accounting principles
of double-entry bookkeeping. It uses real-time data provided by passenger daily system, real-time billing
system, supplies system and human resources system. And it takes the single commercial vehicles and line as
the accounting umt to collect revenue, costs. Ultimately, it implements the reflection of bus, lines, fleet and
company’s operation financial condition accurately. Nevertheless, the number of the data of the accounting
process is huge. The problem that accounting process is relatively long and real-time is relatively bad exists
as well. The arise of MapReduce framework solves the problem, it provides simple programming interface, hides
bottom details, sets programmers free from traditional parallel programming mode. At the same time, its lack of
sunplicity exists as well, for example, mternal expression capability 1s weak, as for some complex algorithms, it
must be separated by programmers into umts that can be individually run in MapReduce framework. This study
analyses emphatically the problem of long accounting process and bad real-time that using MapReduce

programming framework to solve the problem.
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INTRODUCTION

With the development of society, the relationship
between each mdividual i1s more and more complex,
therefore 1t brings challenges to traditional methed of
social network analysis. Because it 1s impossible that
storing the network to intermnal storage, even external
storage, although paid dearly for it. A spontaneous idea
is to introduce distributed processing.

In the distributed system, it has many general
physical and logical resources and can dynamically
allocate tasks, allocated physical and logical resowrces as
well as implement information interchange by computer
network. The open-sowrce distributed framework Hadoop
(Wang et al, 2009) which 1s developed according to
Google cloud computing has been able to fiush the task
that users submit by so-called MapReduce Job, each Job
individually run in a computer node, theoretically as long
as mcrease the amount of machine to increase the amount
of Job, 1t can fimsh more client task (Dean and
Ghemawat, 2010).

MAPREDUCE FRAMEWORK

MapReduce framework description: This framework
mainly implements automatic parallelization and big-scale

distributed computing by simple and powerful interface,
combined with implementation of this interface to
implement high-performance computing in a large number
of common PCs.

When computing, it uses input Key/Value matching
set to produce output Key/Value matching set. Users of
MapReduce framework use two functions to express this
computation: Map and Reduce. Customized mapper
receives input matching set then produces an intermediate
Key/Value matching set. MapReduce
aggregates all the intermediate Value that includes the
same intermediate Key to transfer them to reducer, to form
a small Value set. Generally, every time it calls Reduce it
only produces 0 or 1 output Value (Cohen, 2009).

It can be expressed by two simple formulas:

framework

»  Map (kl,vl) ->list (k2,v2)
*  Reduce (k2 list(v2)) -=list (v2)

Calling Map automatically splits input data into M
pieces that are distributed to several machines, each piece
can be parallel processed in different machines
(Dean and Ghemawat, 2004). MapReduce framework splits
intermediate Key by calling split function that is
customized by users to form R pieces, they are distributed
to several machines{Venner, 2003).
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PUBLIC BUS ACCOUNTING SYSTEM AND ITS
SERIAL ALGORITHM

The current state of the research of Public bus
accounting system: Before Spread of information
technology in the enterprise, the concept of Bus
accounting has been produced. At that time the Bus
accounting 1s mainly based on the most traditional
accounting method (Song, 2010), which are carrying on in
the study. During that the project involved is extremely
various, the amount of data i3 giant as well. Hangzhou
Public Transport Group Co., Ltd.,, for example, includes 7
subsidiaries, and every subsidiary divided into teams, and
route lines. The scale of the company now is very large,
mvolving the wider lines, which includes more then 10,000
buses involved m daily operations among the whole
company. In order to monitor the Group's income and
expenditure, the company is bound to count the income
and expenditure.

The accounting subject mvolved a large scale,
includes main business revenue, main business cost and
etc., There are ten or so more top items. Furthermore, top
items large items 1s divided into many subsidiary projects.
The number of items 1s more two hundred. Combiung
these large number vehicles and so many accounting
subject together, the financial accounting becomes a very
hard work. Moreover, the requirements for accuracy, but
also mereased the burden on staff.

Hangzhou Public Transport Group Co., Ltd Given
have implemented MIS in relevant departments. These
systems that has been rnunming online includes passenger
transport daily system, real-time billing system, supplies
system and human resources system. Public bus
accounting system uses real-time data provided by
passenger daily system, real-time billing system, supplies
system and human resources system. It can reduce the
burden of accounting staffs, and provide group,
company, team, circuit, cost of bus and profit statistics
more timely and accurately. It offers the leadership making
decision faster and more accurate.

Description of serial algorithm for public bus accounting
Accounting elements:

The needs of public bus accounting system of the
business logic is very clear, witch is with the aid of basic
double entry accounting methods
accounting principles, using real-time data of passenger
daily, real-time billing, supplies, human resources
systems. Tt takes the single commercial vehicle as the
accounting unit to collect revenue, costs and expenses.
Then complete comprehensive statistics of the single
vehicle, the line, the fleet, the operating compames, the

and financial

6402 Operating costs »

01 salary

02 administrative
expenses

01 annual
inspection

02 Season
inspection

03 licence fee

04 Bridge and
road fee

03 general vehicle
expense

Fig. 1: Sub-project level accounting design

company's cost accounting and profit. Ultimately, it
provides accurate reflection of Bus lines, the fleet of the
company's operation

Accounting elements includes: (1) Information elements:
vehicle number, line number, worker number, mile,; (2)
accounting elements includes: income, costs, expenses,
profits, (3) the accounting equation 1s: income - costs -
expenses = profit.

Accounting Subject in the accounting system is the
basic unit of accounting. Accounting Subject involved in
the system includes: Main business revenue, main
business cost, operating overhead, support operating
expenses, taxes and surcharges, management fees, finance
charges, profit, etc. These projects will maintain by the
tree structure, each accounting project has a set of
properties to define its distribution and formulas. The
accounting subjects and basic financial subjects are same,
but according to the company's management requirements
will be more refined. Accounting Subject has been
classified management, and it has been designed for the
non-class limits. Tt can be infinitely set lower subjects.
Numerical code at all levels of the Accounting Subject is
recommended to set the format as shown m Fig. 1:

A subject with 4-digit (with the same accounts),
subjects with lower 2-digit, level between the use of "."
Separated, such as: license fee item number is 6402.03.03

Accounting method: In this study, it uses the cost
position of accounting methods (Shen, 2007). In this
method, the cost accounting of the accounting methods
are usually divided into three categories to answer three
questions: (1) What costs happen-cost category
accounting, (2) Where these costs take place-the location
of cost accounting, (3) For whom these costs occur-costs
undertaker accounting. Bus accounting 1s based on
financial accounting, for the revenue cost that cannot be
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directly included in buses, and they are shared according
to standard operating miles law. Statutory costs is
accounted according to required calculation basis and
proportion. A brief description about major subjects of
the cost accounting method as follows:

*  The mam business revenue accounting 1s the actual
operating income during a certain accounting period
of the single-bus. Tt is subdivided according to
income category on specifics; (2) Tax of main
business and surcharges is actual tax accounting
during a certain accounting period of the single-bus;
(3) The main business cost accounting 1s the actual
cost during a certain accounting period, as well as
the cost allocation occwrred by this. It 1s subdivided
according to cost category on specifics, (4)
Accounting for the indirect costs 1s the expenses that
occurred during the operation of production of

that  station

management mncuwrred. The fee which can be charged

directly Tt should be accounted according to bus, (5)

teams, including expenditures

The statutory costs are shared according to required
basis for the calculation and proportion; (taxes, three
funds, five msurance payments a fee)

Cost-sharing method: As for the cost that need to share,
the main busmess costs and operating overhead costs in
the previous section, which algorithm to use has been
controversial. The original share point is used in the
standard model (Chen, 2008), that is, according to the time
scale for bus cost-sharing. But in this way it 18 more
difficult for data statistics and obtainment. This study
mtroduces a kind of bus cost-sharing methed by the scale
of standard operating miles . The following is an example
of personnel salary costs per kilometer to illustrate the
cost allocation method. The bus compames are generally
divided into management levels, they are generally
divided into compamies and fleet-level management
personmnel.

The company management salaries, for example, the
name of accounting project: Indirect operating costs
(4105)-management staff salaries (01); item code is
4105.01.

Suppose there are n umts in a company operating
the bus (n = 1, 2, 3 ...), i-th vehicle to share the cost
of 4105.01 1s cost, Operation of the car mileage for the
month is rang;. The company has m management
employees (m =1,2,3 ...), j-th of management salaries 1s
salags;. The cost 4105.01 that I-th bus allocated is cost, |
that is:

i salags,

j=1
cost, =-
u

> rang,
i=1

*rang,

Similarly, staff sharing algorithm for the team
management:

> salacd,
cost, =-I

> ranged,

i=l

*rang,

Among this:

iraﬂgcd1

i=1

1s the total mileage of fleet of all the operation for the
vehicle:

g

salacd]
1

is the wages of the general managers of this fleet. Other
methods of cost allocation is similar and will not repeat

thermn.

Line cost-sharing method: Tn actual situation, there is no
fixed management for line and vehicle management. For
example, the temporary transfer of the vehicle and the
changes in vehicle affiliation will cause the adjustment of
vehicle line relations. However, due to the introduction of
standard operating miles for the accounting, cost
accounting methods may rely on the data of the vehicle
line's daily report, which 1s attached to the velicle mileage
of the line of this day to solve the line costing.

The company management salaries, for example, the
data which 1s read from the system daily passenger can
draw the bus operation rang (1, J) that the 1-th (1=1,2,3 ...}
bus in the j-th (=1, 2, 3 ...) line in the single month, the
line of total operating mileage of place rang,, then the i-th
vehicle to 4105.01 of the subject company management
pay costs to the j-line following the costxl ;. so:

rang,,
cos tx] — 2l *eogt,

1.5 ran: .

J-th line of 4105.01 of the company management wage
costs costxl, 1s:
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Business process of common bus accounting diagrams

NC financial (budget) System
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Fig. 2: Accounting business processes

n
costxl, = 21: costxl, .
<

Other subjects are similar.

System construction: Here’s an example of Hangzhou
Public Transport Group's Public Bus accounting system
to describe the system's business processes, where the
budget of the UF system using the NC system software
presented n Fig. 2. System consists of three components:
(1) The first part 15 the bus accounting of the budget
stage: All kinds of basic file which are synchromized with
NC budget system, mainly includes: departmental files,
personnel files, budget items, NC budget items will be
introducing the budget targets and import tables to a
revenue budget line accounting system to produce
budget bus stage of the line budget costs; (2) The second
part is the bus accounting of the accounting stage: at
first, the branch does financial accounting in the NC
systemn to form the subjects aggregate results as a Bus
cost accounting basis; at the same time import or read
data that the passenger Daily, real-time billing, supplies,
human resources systems offer; then after bus accounting
system and the line cost accounting; finally, account
resulting from bus (line) accounting tables; (3) The third
part is the analysis stage of the bus accounting: Do

budget analysis of the line costs in the budget stage and
the cost accounting stage to offer decision support data;
the figure shows a business flow chart.

Bus cost accounting is an approach of integrated
program, that is, completing the audit, accounting, billing
1n the same user interface. Specific process 1s: Firstly, do
the accounting of each vehicle revenue, cost and profit
according to the raw data, and then to allocate vehicles
revenues and costs through the relationship between the
vehicle and the line. After forming revenues, costs and
profits of line, the team's accounting information is
summarized according to the lines. At last, it summarizes
the accounting mformation of branches and Group
according to fleets (Fig. 3).

IMPLEMENTATION OF PARRELL ALGORITHM

Pseudo code description of MapReduce algorithm: This
study uses scoop tool that apache offered to migrate the
data from oracle database to Hadoop, and then implement
the parallel algorithms of bus accounting by rewriting the
Mapper and Reducer (Fig. 4).

When the program calls each MapReduce program,
it will lead to the following operations:

Data partitioning: In the MapReduce model, the data will
be divided into a plurality of data corresponding to the
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| Program begin |

1 Exit the program |

v

| Clear raw data |

| Program end |

I

i

Insert empty bus report]
that includes the item

in local department

Process the mileage
data of buses in each
conductor job number]

A

T

Process the mileage
data of buses in

Process the mileage
data of buses in each

each company job number
L Add the shared salary|
Check interrupt flag that according to
mileage document
v )

Process the mileage
data of buses in
each fleet

Process the mileage
data of buses in
each route

A 4

Fig. 3: Process flow diagram of bus accounting

Split date into slices and process the mileage data of vehicles in cach
company, fleet, line, vehicle, job number and other merge projects
that refer to accounting projects.

Table name: date table
which accounting needs
Date: raw data which

accounting needs
4—| | <table-name , data> | Item: accounting subject

v V1-V6: company, fleet,

line, bus number, worker
Maper|

number and miles data
<_H<company, bus, fleet, item>,
<vl,v2.v3v4v5 ve>>

Data split

Reducerl

|<<company , bus, fleet, item>,
vI+tv2+v3+v 4+v 5+v6,>

Fig. 4: Process flow diagram of MapReduce

size of the slice (slice data MapReduce model 1s the basic
unit of data parallelism) according to actual needs. Then
start on different machines in the cluster to copy slices in
the copy program. For example, the data in the figure 1s a
small slice which 15 divided out. Although other steps
don’t mark out data partitioning process, the data divide
program will be called to do data partitioning before the
mapping operation.

Tasks assign: All the programs in the MapReduce model
have a master program (master), and others are
workstation program (worker), which 15 referred
workstation. Task performing of workstation 1s assigned

by the master program. Master program master divides the
task into M Map tasks and R Reduce tasks and select an
1dle workstation program of the cluster to perform various
tasks. In the process of MapReduce parallel algorithms
costing, there will be a master program to assign tasks to
the workstation.

Workstations perform the mapper (Map): The
workstation assigned to perform the mapper reads the
corresponding data block, after the data block is
processed, the comresponding key / value pairs are
resolved from the raw data. Workstations perform the
mapping function, then intermediate results of key / value
pairs stored into the memory buffer. From the figure we
can see the process of MapReduce input and output
mapping function key / value pairs. For example, mapper
of the input and output of key value pairs are <table-
name,data> and << company, bus, fleet, item>,
<V1,V2,V3,V4,V5VE=>=,

Processing intermediate results: The intermediate results
stored into the buffer are regularly written to the local
disk, partition function divides these data into R zones.
These intermediate key / value pair results of the program
send the location information on the local disk to the
master program master, master program master is
responsible for sending the location mformation of the
intermediate results to the workstations that execute
Reduce function.

The workstation that executes statute functions read
intermediate data: The workstation assigned to execute
the statute function knows the location that stores
intermediate results from the master node and reads
intermediate data from local disk on the workstation that
executes the mapping function through remotely calling.
After the workstation that executes the statute function
finishing reading the intermediate data which is to be
processed, the mtermediate results of the key (key) are
used as the key to sort the intermediate results. The key
with the same key/value pairs are put into a class. Sorting
operation is necessary, because in general, there will be
many different key/value pairs sent to the same protocol
(Reduce) task, if the same key/value pairs together you
can simplify the operation of the Statute.

Workstations perform protocol (Reduce) function: The
workstation assigned to execute the statute function
traverse all the intermediate results according to each one
unique key (key)after sorting, and transmit the
intermediate result set to the user-defined statute function
for processing. The output of statute function will add to
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Table 1: Comparing between the serial and the parallel algorithm

Configuration

Configuration

8000 7
7000
6000 1
5000 1
4000

3000 1

O Parallel algorithm
O Serial algorithm

(Master) (Slave) Algorithm Time (sec)
1 Master entity Serial algorithm 6673.67
1 Master entity 2 Slaves nodes, Parallel algorithm 6873.88
1 entity machine
1 Master entity 4 Slaves nodes, Parallel algorithm 5353.65
2 entity machine
1 Master entity 6 Slaves nodes, Parallel algorithm 2943.61
3 entity machine
1 Master entity 8 Slaves nodes, Parallel algorithm 1387.76
4 entity machine
80007 o Time (sec)
7000 667367 687388
60007 5353.65
5000 A
4000
30001 2943.61
20007 1387.76
1000
0 T T T T 1
1 2 3 6 8
Nod no.

Fig. 5: Performance under different nodes number

the final output file. From the figure we can see the
key/value pairs in the Statute of MapReduce process
mput and output functions, such as: Reduce mput and
output function key, value pairs were:

s <<company, bus, fleet, itern>, <V1, V2 V3, V4, V5 VE=>
¢ << company, bus, fleet, item>, V1 + V2 +V3+V4+ V5
+ V6=

Activate user program: When all of the mapping tasks
and statute tasks are completed, the master program
master activates the wuser program. When they
successfully completed, MapReduce result data stored in
R output files. Users can combine these R output files into
one file and then migrated back with scoop tool to oracle
database as a mean of persistence.

Experimental results: Compare to Hadoop system that
spend the dozens or even hundreds of machines, virtual
technology is employed to establish a flexible and
powerful mim cluster to do real-ime Public bus
accounting analysis in Hangzhou Public Transport Group
Co., Ltd. 10 g data is tested, the results are shown in
Table 1, Fig. 5 and 6.

Every slave node configuration is virtual 4 cores, 4g
memaory, and one master machine Configuration is 8 cores,
8 g memory.

2000 1

1000 1

0 T T T 1

[§5]
o«°

Nod no.

Fig. 6: Performance comparing

According to test results, in the environment of 10g
data analysis, parallel algorithm based on MapReduce
framework has no brilliant performance than the senal
algorithm when the slave nodes is less than four.
However, when the slave nodes is more than four, parallel
algorithm based on MapReduce framework has showed
better performance than the serial algorithm sharply. Yet
due to limit of experimental environment, it can’t obtain
larger data to do experiment. However, when the level of
test of data analysis increased, from 10G to 100G even T
level, it can be predicted that parallel algorithm based on
MapReduce framework will also show better performance
than the serial algorithm.
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CONCLUSION

This study mntroduces MapReduce to the field of
public bus accounting and gives detailed design and
implementation of the algorithm, as well as introduces the
framework of MapReduce to the implementation of public
bus accounting. Tt is proved by experiment that this
system can do huge calculating analysis efficiently. When
data storage and calculating meets bottle-neck, the
distributed technique has great advantages for flexibility
and costs relative to traditional upward extension
technique. The arise of open-source programming
framework MapReduce can help us use distributed
technique more easily. In fact, application space of
MapReduce 13 highly large, these are to be proven by
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further experiments. As the system is put into use, the
larger data cluster will be tested in the future work.
Optimization of the algorithm will be in progress as well to
expend the function
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