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Abstract
Aiming at the problem that the job scheduling algorithm based on the classical model of cloud 
computing in Hadoop is not high, the new job scheduling algorithm based on PageRank algorithm 
is proposed, Under the premise of ensuring the user experience, we propose a new job scheduling 
algorithm named ValidRank, which is based on the combination of hierarchical weight and waiting 
time. Then for the typical K Top problem and the PI problem of N, compared with the traditional 
job scheduling algorithm of Fair scheduler Fair and Capacity scheduler. Experimental results show 
that the improved ValidRank scheduling algorithm can improve the performance of the algorithm in 
multi-layer iterative environment.
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1. Introduction
With the rapid development of Internet companies 

such as Google, Amazon and Alibaba, cloud compu- 
ting and big data have turned into two hot research 
fields. Since Google's distributed computing system 
was implemented by Apache foundation, Hadoop 
has gradually developed into a data management and 
processing system completely, however the core of 
this system is still the MapReduce system. Although 
the model of MapReduce distributed model is not 
complicated, there are still many problems need to 
be solved, so the optimization and improvement of 
MapReduce model for Hadoop is a hot research topic 
in recent years. 

In order to improve operating efficiency, many 
scholars have done a lot of research on task schedul-
ing in Hadoop,put forward many effective algorithms 
and application of measures to adapt to different               
environments. Such as in order to improve the per-
formance of Hadoop scheduler, a possible approach 
to a research evaluation by calculating the renown 
of authors of scientific papers is proposed[1]. Some 
scho- lars have presented a fast random walk-based 
distributed algorithm for computing PageRank[2]. 
The innovation of joint consideration of MapReduce

jobs and the results is also proposed to improve re-                                                                                                     
liability[3].A resource prefetching method was pro-
posed to improve the performance of scheduling 
jobs[4]. To save the time of executing jobs, a new par-
allel method of PageRank in Hadoop is proposed[5]. 
But for the type of job that has a dependency relation-
ship, Such as DAG (Acyclic Graph Directed) itera-
tive calculation, In mathematics, the optimal solution 
is obtained by the results of the obtained results.The 
optimization and improvement of the job scheduling 
algorithm above are not necessarily applicable, More-
over, the traditional job scheduling algorithm based 
on Hadoop is not very efficient in scheduling the job 
with a dependency relationship, So we need to further                        
optimize the scheduling algorithm of Hadoop, so that 
it can maintain a high efficiency of scheduling.

In this paper, we propose a ValidRank algorithm. 
Firstly, the resource is pre-processed based on Pag-
eRank algorithm, Then we propose the hierarchical 
weights based on dependency relation which is sim-
ilar to a child node in a tree. At last, the waiting time 
weight is calculated based on the waiting time. The 
VR algorithm based on PageRank not only considers 
the hierarchical weights of the tasks that have a de-
pendency relationship, but also considers the waiting
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time weights for the job with independent operations.

2. Job scheduling in Hadoop
In simple terms, Hadoop is composed of HDFS 

(Hadoop Distributed File System) to store data and 
MapReduce to process data, It is capable of batch 
processing of large amounts of data offline. There is a 
pluggable component called the scheduler in Hadoop, 
its function is to allocate the resources in the system 
according to a certain way to work. Before scheduling 
job, first of all, we should initialize the submitted job, 
encapsulating the information of tasks and records of 
the job waiting to be scheduled, it is used to monitor 
status of tasks in a job. Job scheduler first obtain task 
fragmentations which has been divided into splits from 
the Shared file system and create a task list, then assign 
each task an idle Map slot to run the task, setting the 
number of reduce’s tasks by setNumReduceTasks(). 
   The job scheduling of Hadoop is dynamic, and it 
will bring some cost when scheduling a task. So the 
users can design and implement the scheduler of their 
own needs by inheriting JobControl class.There are 
three classic schedulers: 

(1) FIFO Scheduler
It is Hadoop default startup scheduler,  The sche- 

duler first sorted according to according to the priori-
ty of job waiting to be executed. And then according 
to the job to arrive at the time of the order to decide 
which job to perform.

(2) Capacity Scheduler 
The scheduler first allocating resources to multi-

ple queues, the FIFO scheduling method is then used 
to schedule the queue. At the same time in order to 
avoid the high priority users to submit the job to mo-
nopolize cluster resources, it will limit the amount of 
resources per user.

(3) Fair Scheduler
Being similar to capacity scheduler,It can not only 

have a number of queues, but also be able to allocate 
idle resources to each queue, and each queue in the 
job can be fair share of the queue of all resources.

In addition to above three common schedulers in 
Hadoop, in recent years many Hadoop schedulers for 
special scenarios have emerged. Such as the sched-
uler of Longest Approximate Time to End, based 
on the existing problem of detecting the presence of 
Hadoop in the homogeneous clusters, the efficien-
cy is not high, a heterogeneous cluster scheduler is 
proposed[6]. The Deadline Scheduler can improve 
the real-time Hadoop operations is not high, as well 
as the the Constraint-based Schedule for the hard                  
real-time requirements, this scheduler is used to op-
timize scheduler with complete time constraints[7], 

such as to finish the job in a given deadline. Accor- 
ding to the research of the Hadoop default schedul-
er and the predecessor of the scheduler algorithm,in 
the following paper, we hope to further research on 
the problem of the low efficiency of the scheduling 
problem with the improvement of the job scheduling 
algorithm.

3. Job scheduling algorithm based on Page-
Rank

3.1. Resources preprocessing based on Page-
Rank

PageRank (PR) is a kind of effective grade score 
algorithm. It is the application of Google in search 
engine and calculates the value of web pages, which 
is irrelevant to subject. The PageRank value in the 
algorithm is is on behalf of the importance of a                      
web ,which is only related to the link structure of net-
work[8]. The center of the algorithm is according to 
the number of positive links in the PageRank algo-
rithm to determine the weight of a web page, first of 
all, pre-processing the cluster resource.In the process 
of submitting the job, different users may submit the 
same job, and different users or users of the job may 
be dependent, as shown in Figure 1, user A and user 
B both submit job2, While the implementation of the 
job 2 and job3 requires the results of job1Job 4,5,6 
also depends on the results of 2 jobs, it is similar to 
a DAG data structure, which constitutes a non return 
directed graph.At this point, there is a direct depen-                                                                                                 
dence between job2,job3 and job1,job 4,job5,job6 and 
job 1 have an indirect dependence.Usually the case,in 
the process of multi-user shared cluster resources, 
When the scale of the individual user submits a job 
is not very large, users exclusive cluster resources or 
user average share of cluster resources may affect the 
execution efficiency of other users to submit jobs,-
so the size of the user's weight is determined by the 
dependence of the user's job. To the users who are 
strong relied on by others give a greater weight, we 
priority to allocate more of the cluster resources, so as 
to help the rational use of cluster resources.

Figure1. The dependency relationship between different 
usersa
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According to the idea of PageRank algo-

rithm,through the idea of "The more users who are 
dependent on the job of other users, the more impo- 
rtant users must be" to judge the importance of the 
user.An iterative calculation of the weight of the user 
A is shown in the formula (1):

n

i 1

( ) ( )( ) ( ) ( ( )) ( )
( ) ( )=

= + −∑ PR mi PR APR A PR A d D mi D A
C mi C A

 
   
PR in formula is on behalf of the weight of user A, 

initial value is 1, m1 ~ mn represent n users all rely 
on the results of user A’s jobs, C represents the total 
number of jobs submitted by a user mi in a certain 
period of time, the PR with the ratio of C is the weight 
of a job of user mi, D indicates that the number of 
jobs that need to be dependent on the results of the 
user A.In the process of scheduling operations, the 
user's weight may change with the increase of new 
users, d is a probability value that will not generate 
random scheduling with the increase of the job, it 
usually takes 0.85. The second part of formula(1) cal-
culate the weight of user A  which is dependent on by 
other users, that is, if the user A in the job is more de-
pendent on other users, then the weight PR is greater, 
the last part of formula(1) represents the user A rely 
on the weight of the other users,that is,if the jobs of 
user A rely more on other users, the less weight of PR. 
User weights are dynamically changed along with the 
user's submitted job. When the available computing 
resources in the cluster are insufficient, the user's 
weight in the formula (1) will converge to PR (A).

3.2. The implementation of the ValidRank job 
scheduling algorithm

Suppose we have a number of users in the cluster, 
each user has a number of jobs. If the user's PageRank 
weight is assigned to an average of the respective job 
is clearly unwise and if only depend on the PR value 
calculated the weight of a single job is not complete.
Although a job may be linked to a lot of jobs, but 
the weight is not necessarily the highest, because it 
may rely on the results of other jobs to be scheduled.
The pre-optimization algorithm based on PageRank, 
higher weights are assigned to users who are linked to 
more users, but the calculation of the user's job weight 
also need to take into account the level of the job in 
the indirect dependency relationship, that is, the pri-
ority of the job execution.Such as the calculation of 
N after Pi need to calculate the values of the N-M 
(N>M),If the request for the first N is in the job ahead 
of the first N-M, if the calculation period is too long, 
you can first calculate the job of the first N-M bit and 
recursively compute the job on the basis of the results 
of the N. Because the two users through the for-

(1)

mula (1) calculated the weights may be the same, so 
the job scheduling in addition to considering the effi-
ciency of the implementation, but also related to if a 
user's job for a long time is not scheduled, the user ex-
perience problems. So the algorithm based on PageR-
ank algorithm is improved, and the VR (Va- lidRank) 
algorithm is proposed. That in the process of sched-
uling job, in addition to rely on the user's PR value to 
calculate weight, we also rely on the hierarchy and 
waiting time of independent job.

 (1) The establishment of the scheduling model 
under Hadoop

The improved job scheduling model is shown in Fig-
ure 2. Firstly, according to the idea of PageRank algo-
rithm, the weight of the user is determined, that is, a user 
is selected, then the job is selected according to the VR 
algorithm, and the resource is allocated to the job[9]. 

Figure 2. The job scheduling mode of improvement

(2) The calculating of the weight of the users’ job
 Firstly, the weight of the user PR (A) is calculated 

according to the formula (1), then according to the 
level of the user's job, the job i is calculated from the 
position of the network. The location of job is simi-
lar to the hierarchy of the nodes in the tree structure. 
Which directly depends on the relationship between 
the job is the father and son,indirect dependency                  
assignment is the relationship between grandpa- 
rents and grandchildren.The hierarchy of job i can be                                                                                              
approximated by using the method of computing 
nodes in the tree and and taking the reciprocal as the 
HR (I), the initial value is 1. As shown in the formula 
(2), m is the maximum number of jobs in the reliant 
network which have directly reliant relationship, it is 
similar to the degree of the nodes in the tree, N is 
the total number of jobs that are dependent on other 
jobs[10].

1( )
log 1

=
+  m

HR i
N

  
                                                                                  (2)
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For the job without reliance, that is, If a user's job 

is independent of other jobs, the weight is improved 
as the job waiting time is extended. As shown in the 
formula (3), the initial weight is 0, WR is the weight 
of the job, and the Run-Percent is the percentage of 
the task completed in the job.he number of completed 
tasks can be counted by the task of the heartbeat in-
formation statistics.Wait-Time is a time when a inde-
pendence job has already waited. That the lower the 
completion of a job, the longer the waiting time, the 
higher the weight.[11].

1( ) * (i)
(i)

=WR i WaitTime
RunPercent

Therefore, the improved job scheduling algo-
rithm ValidRank is shown in the formula (4), VR is 
the abbreviation of it in rest of paper.In view of the 
traditional job scheduling algorithm, VR algorithm 
redefined the weight of the job that has a depen-                                        
dency relationship,When scheduling jobs in a mul-
ti-user environment, Firstly, based on PageRank, the 
user with high priority is selected, and then the user 
with high priority is given to scheduling, which not 
only takes into account the user's overall weight, but 
also takes into account the jobs’ hierarchy weights of 
a user[12].

( ) ( ) ( ) ( )= + +VR i PR A HR i WR i                                    (4)

(3)

4. Experimental verification and conclusion
The job that has a dependency relationship is more 

common in mathematics, as in the geometric proof 
of the problem often encountered in the following. 
In solving the three-dimensional geometry problems 
due to the different needs, Some jobs require volume, 
and some jobs require for the area, and some other 
jobs need to find the circumference or based on the 
weight of the capital cost,but they may depend on the 
job of demanding side[13]. The dependency relation-
ship among the users is the most obvious in the job 
with the iterative property, because the back of the re-
sults need to rely on the previous value,so by directly 
using the results in front of the results can improve 
the operation speed of the back jobs. Such as the cal-
culation of the N after PI, we can directly calculate 
the rest N-M by other users may have been calculated 
to complete the calculation of the M (M<=N). In this 
experiment, we use the existing four idle computers 
to configure the Hadoop cluster to simulate the server 
cluster, one high performance computer as the Mas-
ter node, configured as CPU clocked at 3.1GHz, me-                                                                                                      
mory 8GB, solid state hard drive 256GB. Three ordi-
nary computers as Slave nodes, configured as 2.3GHz 
CPU, memory 2GB, Mechanical hard disk 320GB. 
Node names are Master, Node1, Node3, Node2. Each

node uses the ubuntu-14.04 system, the cloud compu- 
ting platform uses the open source Hadoop-1.0.0[14], 
the Java operating environment is jdk1.6.0_27, the 
experiment data uses FactoryData5.5 (data factory) to 
generate. For a job with a dependency, experiments 
are carried out to verify the multi-layer iterative mo- 
del respectively using Top K model with with two 
layer iterative relations and compute N after after PI 
with a multi iteration model.Aiming at the problem of 
top k, because it can be split into two MapReduce job, 
first of all, user A submit a job to count the number 
of words.

Then user B submit the job to the to find the hig- 
hest frequency words before K, so the split of the two 
jobs have a certain dependence, namely the execu-
tion of the second tasks need to rely on the results 
of the first job[15]. Finally, user B submit the job to 
count the number of letters of the highest frequency 
K words.That is, the number of letters of the alphabet 
is required to rely on the results of the previous two 
jobs. For the problem of after N PI, experiments were 
conducted by different users with different values less 
than N.Contrast improved VR scheduling algorithm 
and improved VR scheduling algorithm’s job pro-
cessing time[16], as shown in Figure 3, 4.

Figure3. The processing time of Top K

As can be seen from Figure 3, for the Top K prob-
lem,in a time when the relationship is not deep,with 
the increase of data processing, the advantages of VR 
algorithm are not obvious.Job execution efficiency is 
similar to the fair scheduling algorithm. And for the 
sort of problem, Capacity algorithm consumes more 
time.
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Figure4. The processing time of calculate the N after PI

For a job with a multi dependency relationship,-
from Figure 4, we can see that with the deepening 
of the level, the results of the completed jobs can be 
used to improve the performance of the behind jobs, 
the calculation time is greatly saved. The improved 
VR algorithm has obvious advantages, compared 
with the traditional scheduling algorithm, it can sig-
nificantly improve the performance of the iterative 
type jobs with multi-layer dependency relations.

5. Conclusions
Through the research of PageRank algorithm and 

MapReduce, the experimental results show that com-
pared with other algorithms, the improved VR algo-
rithm not only takes into account the short job priority 
and high load job priority, but also compared to the 
traditional job scheduling algorithm, the overall per-
formance gap is not big.However, it is high to perform 
the efficiency of the iterative job with dependency re-
lationship, it can effectively improve the efficiency 
of the operation of the Hadoop cluster. The next step 
we will carry out further research on the scheduling 
algorithm of the JobTracker node model in the hete- 
rogeneous environment.
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Abstract
WIA-PA is a kind of wireless network for industrial process automation, which has a high 
requirement for the real-time and reliability of the data transmission. Based on the deficiency of 
the existing routing protocols, this paper puts forward a new kind of WIA-PA routing protocol - 
MWD. The protocol chooses the stablest link in the routing table as the optimal route, and then 
based on the node disjoint strategy, determines a route as the backup route, which disjoints with the 
optimal routing node. When the node needs to transmit data, it can search the local routing table and 
choose the optimal route to transmit data. If the optimal route fails sometime, it can transmit data 
through backup route. The simulation results show that MWD protocol can enhance the real-time 
and reliability of the WIA-PA significantly.
Key words: WIA-PA network, multi-path routing protocol, high reliability, 
hard real-time

1. Introduction
Industrial wireless network technology is a new 

emerging kind of special wireless sensor network 
technology which is facing the information interac-
tion between devices, and is suitable for harsh in-
dustrial field, and has a strong anti-interference, low                                                                                                         
power consumption, high real-time performance and 
high reliability. WIA-PA (Wireless Networks for                            
Industrial Automation-Process Automation), which is 
used for the industrial automation process, is the spe- 
cification for industrial wireless networks researched

and developed independently by China and became 
the IEC international standard in October 2008. It 
adopts the two layers of network topology combined 
with star and MESH [1]. The network routing pro-
tocol is the important support and guarantee for the 
high quality node network communication. However, 
up to now, this kind of network doesn’t have an effi-
cient, stable and mature routing protocol. 

There are a lot of routing protocols concerning 
wireless networks. However different specific appli-
cations have different requirements. For the WIA - PA


