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Abstract: In this paper, /0 characteristics of data-intensive aggions running on virtualized environments are exploteds
observed that virtual machines have a tendency to req@sin/a bursty manner. Also, 1/0s are triggered by severaialimachines
at the same time. These concurrent and bursty I/0s causeténference among virtual machines such as frequent dswétches and
long seek distances, which eventually deteriorates I/@pmance significantly. To overcome this problem, a novebboess-aware
I/O scheduler is proposed, which consists of three comgsnenrstiness detector, coarse-grained dispatcher anghbn handler.
The key idea of the proposed scheduler is detecting burgtyatimachines on-line and allowing a detected machine nswme most
of disk bandwidth exclusively for a given time quantum toueel the interference. In addition, it provides long-terinnass while
avoiding starvation. Performance evaluation based onemehtation shows that the proposed scheduler can imprevexttution
time and 1/0O throughput of the three real workloads by desiregthe number of context switches and seek distances.

Keywords: Virtualization, Interference, Big data, Burstiness-asyafO Scheduler, Implementation

1 Introduction and IDD (Isolated Device Domainy] and VMM-bypass

. L ) . [12] for I/O virtualization.
This study is inspired by two technologies, big data

processing and virtualization. Big data processing drives  Traditionally, the MapReduce framework works on a
nearly every aspect of our society, including mobile, Jarge physical cluster that is composed of physical
financial, manufacturing and Internet servicds. [For machines such as commodity PCs and servélis [
efficient big data processing, several frameworks such aRecently, as the virtualization technology becomes
MapReduce 7] and Dryad B] have been developed. prevalent, the framework also makes use of a virtual
MapReduce is a simple, however, it is a powerful cluster consisting of virtual machines, 13,14,15]. For
programming model for data-intensive applications whereinstance, we can rent large numbers of virtual machines
big data is distributed into multiple chunks and processedrom Amazon’s EC2 (Elastic Compute Cloud) at low cost
in parallel by a large number of tasks, called map and(around $0.10 per CPU hourl4]) and use them to
reduce tasks. It also has a popular open-sourc@xecute the map and reduce tasks. Furthermore, we can

implementation, Hadoop4], which is actively used by scale up and down flexibly by considering the workloads.
Yahoo, Facebook and Amazads |

Virtualization is a technology that abstracts physical ~ However, integrating big data processing with
resources into multiple logical ones so that multiple virtualization raises a new issue since virtual machines
virtual machines can run at the same time on a singleactually share the same physical resources including CPU
physical machined]. It introduces a new software layer and disks 16,17]. Shafer showed that, in virtualized
called hypervisor ,also known as VMM (Virtual Machine environments, storage bandwidth is reduced to 51% and
Monitor), that governs the behavior of virtual machines 77% of a non-virtualized disk for reads and writes,
[7,8]. The hypervisor supports various virtualization respectively 18. We have also observed the similar
techniques such as proportional-share algorit®nahd  phenomena; the 1/0 performance is degraded
credit scheduler1Q] for CPU virtualization, ballooning approximately 31% as we run data-intensive applications
[8] and difference enginelfl] for memory virtualization, on multiple virtual machines concurrently. This
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degradation gives a negative impact on big data !

processing using virtual machines. Lo e e
To overcome this problem, we propose a new I/O J"j;,;'*. e T N
scheduler that is motivated by our observation about the i Tracker | \MAM I IMAR I {MAR(MAM
I/Q characteri§tics of data-intensive application§ in i Data Dita Data Data
virtualized environments. We observed that each virtual Node Nodet Node2 Nodes Noded
machine has a tendency to issue 1/Os in a bursty manner Control Virtual virtual virtual Virtual

Domain Machinel Machine2 Machine3 Machine4

and several virtual machines trigger the bursty 1/Os

concurrently. Note that since virtual machines actually  |[skeaac * = | ([ 22 {((Epe P20 f[(Eeme E210

share the same physical resources, these concurrent and

Front | = !
end "=,

bursty I/Os incur the performance interference, resultin i —
in cgnsiderable amopunt of context switch overhea(%il [@ e 4 Q
among virtual machines and long seek distances in a disk. e e

The main objective of our proposed scheduler is to phA hysical W Q
alleviate such interference. In other words, it identifies —

bursty virtual machines on-line and then schedules them (M) Map (R} Reduce

in a round-robin fashion with relatively large time

quantum. During the time quantum, a scheduled virtualFig. 1: MapReduce framework based on virtual

machine can utilize most of disk bandwidth in an isolatedenvironments.

manner, resulting in less interference. Moreover, in order ) .

to avoid starvation, we reserve the minimum amount of ~ On top of the physical hardware, we install the Xen

/0 bandwidth for the non-bursty virtual machines. hypervisor version 4.1.4 that abstracts physical ressurce
We have implemented the proposed scheduler in thdnto multiple virtual resources. On these virtual resoayce

Xen hypervisor using the Contr0| group mechanigﬁ]_[ we Cl’eaf{e one Contr9| maCh|ne and four V|rtua| maCh|neS.

For performance evaluation, we considered thre€Each virtual machine executes a GuestOS such as

/O-intensive applications: Terasorg][ Fio [21] and  Microsoft windows or Linux, acting as an independent

|Ozone 2. Experimental results have shown that the computing platform. The control domain takes a special

proposed scheduler can improve the overall executiod©le in Xen, managing virtual machines and I/O devices.

time of the Terasort application from 192 to 165 secondst lso performs I/O requests on behalf of GuestOSgs [

while enhancing the throughput of the FIO and I10zone  On these virtual machines, we install the Hadoop

benchmark up to 24% and 22%, respectively. These/€rsion 1.1 Hadoop consists of a name node and several

improvements are obtained by reducing the number ofata nodes. When a MapReduce application is delivered

context switches among virtual machines and seeko the name node, it creates map and reduce tasks, and

distances in a disk. assigns them into the data nodes. Each data node executes
The rest of this paper is organized as follows. In its assigned map and reduce taskg. In our experimental

Section 2, we describe the motivation of our work. Then,System, we use the control domain as the name node

the burstiness-aware /0 scheduler is discussed in Sectiofyhile using virtual machines as data nodes.

3. In Section 4, we present the performance evaluation

results. Related work is discussed in Section 5. Finally,

conclusion and future work are summarized in Section 6. 2.2 Observations

Now let us discuss the 1/0O behavior of Hadoop in
virtualized environments. The input data of a MapReduce
application is divided into multiple chucks, whose size is
: . : L typically 128MB or 256MB. Each map task reads its
In this section, we describe the motivation of our Work.cghuck’ performs the map operation, and writes

2 Motivation

We first explain our experimental setup. Then, we presen ntermediate files using the spill and merge operations

our observations and discuss the reasons for the I/ 19). Each reduce task performs the shuffle, merge and
performance degradation. reduce operations in sequence, and finally generates

output files.
) Note that the spill and merge operations make use of
2.1 Experimental Platform the buffer mechanism. They keep data in the DRAM

buffer and flush out all data when the buffer is almost full
Figure 1 shows our experimental platform, consisting of (specifically, when the size of the buffered data becomes
the MapReduce framework based on virtual machines. Outarger than a threshold calletb.sort.spill.percent in
system is composed of AMD Phenom 8 cores, 8GB DDR3Hadoop [L9]). Considering the buffering effect of the
DRAM, and 500GB SATA disk as shown at the bottom of large intermediate and output files, I/Os triggered by a
the figure. virtual machine tend to be bursty. This tendency has also
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Fig. 2: Performance comparison between a single virtual Fig. 3: 1/0O interference among multiple virtual machines
machine and multiple virtual machines

been observed in2B]. In addition, the name node Besides, since each virtual machine commonly uses a
dispatches and schedules the map tasks on virtuadeparated disk partition, the 1/O interference causes long
machines at the same time. It implies that the bursty I/Osseek distances in a disk. These two overheads result in the
are triggered by multiple virtual machines simultaneously performance degradation observed in Fig2ire

Since virtual machines share the same physical
resources, the bursty and concurrent I/Os generated by
multiple virtual machines can cause the 1/0 performance .
degradation. To estimate this impact quantitatively, We3 Burstiness-aware |/O Scheduler
measure the 1/0O bandwidth for two different cases. In the
first case, a single virtual machine issues bursty 1/OsTo alleviate the performance degradation due to the 1/O
alone. However, in the second case, four virtual machinesnterference among virtual machines, we propose a new
issue bursty 1/Os concurrently. To emulate bursty I/Os, weburstiness-aware 1/0 scheduler. The key ideas of our
run the UNIX ‘DD’ command on each virtual machine proposed scheduler are as follows; 1) allows a bursty
that accesses a file with 1GB. virtual machine to consume most of disk bandwidth for a

Figure 2 presents the measurement results. In thegiven period exclusively to reduce the I/O interference, 2)
single virtual machine case, the 1/0 bandwidth is reportedwhen there are several bursty virtual machines, schedules
as 140MB/s, which is close to the upper bound supportedhem in a round-robin fashion to support fairness from the
by our experimental disk. On the contrary, in the four long-term viewpoint, and 3) reserves minimal disk
virtual machines case, the 1/0 bandwidth drops to thebandwidth for non-bursty virtual machines to avoid
96.7MB/s, which is the 31% reduction compared with the starvation.

single virtual machine case. Figure 4 illustrates the overall structure of our
To analyze the reasons for the performanceproposed scheduler. It consists of three components:
degradation, we examine the I/O bandwidth of eachBurstiness Detector, Coarse-Grained Dispatcher, and

virtual machine individually, as depicted in Figu8  garvation Handler. Also, it has three control parameters:
Each virtual machine achieves similar 1/0 bandwidth B_threshold, S.quantum, andM_reserved.

around 26-25MBps, whose sum is 96.7MBps, which is
quite smaller than that measured in the single virtual
machine case. Virtual Control Domain
Our sensitivity analysis shows that the performance M"‘Cshme
degradation is due to the I/O interference among virtual | [ vm1 |
machines. The control domain in XEN uses the CFQ
(Complete Fairness Queuing) /O scheduler for | [vm2 |
supporting fair 1/0 services to virtual machine&]. It
schedules 1/Os in an interleaved manner among virtual| [ vm3 }

Burstiness—Aware
Scheduler

Burstiness Detector

Coarse—Grained
N Dispatcher
(I/0 burst : Blkback2-1-3)

machines, handling an 1/0 request from one virtual | || —TTTTTTTC ‘ Starvation Handler ‘
machine and the next one from the other virtual machine.| [ vms | [ Bikbacka (Plbach®)
In other words, 1/Os triggered by a virtual machine is
interfered by other 1/Os triggered by different virtual
machines.

In the control domain, I/Os triggered by a virtual <— VOFow e
machine are managed by the corresponding task, called<="" Scheduler flow
Blkback, which will be discussed later in Figuré. C-==i /O burst VM

Therefore, the 1/O interference among virtual machines )
incur frequent context switches among the Blkback tasks. F19-4: Structure of the burstiness-aware I/O scheduler
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Table 1: Experimental Environment

When a virtual machine requests I/Os, it delivers them

to the corresponding Blkback task in the control domain. Virtualzation software XEN-4.1.4
The Blkback task is a kind of daemon process, actually GuestOS Linux-3.5.5
performs 1/Os on a disk on behalf of the related virtual 5 ” 4
machine. It sends the requested 1/0s to the Block /O | MapReduce framewor Hadoop-1.0.0
layer that consists of the CFQ 1/O scheduler and native Workload Terasort, Fio, IOzone
device drivers. Our proposed scheduler is located between . CPU AMD Phenom Processo
the Blkback tasks and the Block I/O layer, orchestrating | Physical
the I/0 flows between them. resource | Memory 8GB

Firstly, the Burstiness Detector examines I/Os Disk 500 GB
managed by each Blkback task and determines whether CPU Credit scheduler
the 1/Os are bursty or not. In order to check the burstiness, | virtual Mermor 1GB
we introduce the control parameter,tBreshold. When resource : y
the total bandwidth required by a Blkback task is larger Disk 100 GB
than the Bthreshold, the task is treated as bursty. Type Full-Virtualization

When there are several bursty Blkback tasks, the

. . ! B_threshold 4 MB/s

Coarse-Grained Dispatcher schedules them in a | Control
round-robin fashion. The scheduled task is allowed to | Parameters S-quantum 1 second
consume most of disk bandwidth during a given time M_reserved 4 MB/s

guantum, namely Sjuantum, which is our second control
parameter. In Figurd, we assume that the Blkback 1, 2
and 3 are determined as bursty and scheduled by the Figure5 presents the performance evaluation results
Coarse-Grained Dispatcher, as denoted the schedulinfpr the Terasort application3] under the original and
flow in the figure. proposed burstiness-aware scheduler. The overall
Finally, the Starvation Handler monitors the execution time is reduced from 192 to 165 seconds. This
non-bursty tasks and handles their 1/Os if they are readmprovement is due to the reduction of the seek distance
requests. But, the total I/Os that can be handled here ar a disk, as shown in Figurg(b).
restricted to be under the Meserved, minimal reserved Figure5(c) reveals an interesting point. Our proposal
bandwidth, to decrease the I/O interference caused bgives more opportunities to a bursty virtual machine for
non-bursty tasks. This mechanism is devised to avoid thgerforming I/Os, which enables map tasks on the machine
starvation situation of the non-bursty tasks. Note that ato be finished earlier. The earlier completion of map tasks
task may suffer from delayed services due to thetriggers the beginning of reduce tasks earlier, which
restriction. However, the delayed requests enlarge theventually shortens the execution time of the reduce
required disk bandwidth, which eventually leads the taskphase. On the contrary, some map tasks on a
to be determined as bursty and managed by the
Coarse-Grained Dispatcher. If there is no bursty task, all

I/Os are processed in the similar way as the original I/O 20 S

scheduler does. oW g
3 150 & 3+11
£
— 100 §2E+11
. 2 2
4 Experiments €50 1Bl
. . Original Proposed 0 Original Proposed
We have implemented the burstiness-aware I/O scheduler oroalTme 192 165 BSeck  44085E+11 31978+l
in our experimental system depicted in FigdreNe use (a) Overall execution time (b) Total seek distance

the XEN hypervisor 4.1.4 as the virtualization software,
Linux kernel 3.5.5 as GuestOS for both control domain
and virtual machines. The Hadoop 1.1 is used as the ©riginal 1 | [

MapReduce framework. Our proposed scheduler is = Setup

implemented in the control domain, using the blkio B
. Proposed I | | | BReduce
subsystem supported by the control group mechanism BCleanup

[20]. This mechanism allows us to configure tasks as
several groups and allocates 1/0 bandwidth to each group
independently.

Physical resources and virtual resources per each
virtual machine are summarized in Takle This table

also shows how we set the control parameters of thé:_ig- 5: Terasort results.: Overall execution time, seek
proposed scheduler in this experiment. distance and execution time of each phases

0 50 100 150 200 250
Time (sec)

(c) Execution time of each phase
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Fig. 6: Total I/O bandwidth Fig. 8: Revisit the Figure under the burstiness-aware 1/0

scheduler

non-scheduled machine become straggled, which  Figure 6 shows the total I/O bandwidth for the two
increases the execution time of the map phase shown iBenchmarks. For Fio, we change the write ratio from 100
the Figure5(c). Note that the execution of map and to 0 and measure the 1/0 bandwidth with and without the
reduce phases are overlapped, hence the sum of t"[@(oposed burstiness-aware 1/0 scheduler. The results
execution time of the phases is larger than the overalfeyeal that our proposal improves performance up to 24%
execution time. with an average of 12%. The IOzone supports various

In addition, we observe the 1/O behavior and operations such as write, rewrite, read, and reread. For
performance results vary noticeably each time we executgénhese operations, our proposal enhances performance on
the Terasort application. This is because the executiomverage 15% and at maximum 22%.
time of the Terasort application depends not only on the  Figure 7 presents the number of context switches
I/0 scheduler but also on Hadoop runtime decisions sucl’among Blkback tasks and the seek distances during the
as task allocation and schedulirif]. execution of each benchmark on four virtual machines.

To focus on the effect of I/O scheduling, we From the results, we find out that the performance
experiment with another two I/O-intensive benchmarks,improvement of the proposed scheduler is due to two
namely Fio P1] and 10zone 22]. Specifically, we run  sources: one is reducing the context switch overhead and
each benchmark on the four virtual machines at the samene other is decreasing the seek distances in a disk.
time and measure the aggregate I/O bandwidth under the  Figure 8 shows the 1/0 behavior under the proposed
two conditions. One is based on the original I/O schedulemyrstiness-aware 1/0 scheduler when we execute the same
(denoted as 4VMs in the figure) and the other is based ofyorkloads observed in Figur@. In comparing two
our proposed burstiness-aware I/O scheduler (denoted dgyures, we notice that the proposed scheduler indeed
4VMs-BA). allows a virtual machine to utilize most of the disk

bandwidth exclusively during a given time quantum. This
burstiness based coarse-grained allocation results in the
spryy |l Seck Distance Al Context Switch reduction of I/O interference among virtual machines.
: Figure9 illustrates the amount of I/O bandwidth each
l |H

TE+0 5000
o, 6E+10 =
2 5E+10 £

Z 48410
§ 310 2000
2E+10
LE+10 1000 M |_| |_|
0.E+00 0
100

7 50 25 0 100 75 50
Ratio of "WRITE' request(%) Ratio of "WRITE' request(%)

it
N
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5

virtual machine obtains. This figure shows that four
virtual machines achieve similar 1/O bandwidth. It implies
that, even though our scheduler allows a virtual machine
to monopolize most of the disk bandwidth during a given
time quantum, it provides fairness at a long-term scale.

Context Swi
w
g
8
5

@4VMs O4VMs-BA @4VMs O4VMs-BA

(a) FIO benchmark

Total Seek Distance Total Context Switch .
LE+11 10000 Total /0 Bandwidth
800 17.4MB/s
2 600 a 4vMs I d 96.7MB/s
i H © avMs-BA  — SN 114.1MB/s
i o 20.6MB/;
o0 : [ I ] AVMs - R« > 90.1MB/s
WRITE/RE-WRITE READ/RE-READ WRITE/RE-WRITE READ/RE-READ O :
1/0 Test Type 1/0 Test Type o
4VMs-BA I TR 110.7MB/s
B4VMs O4VMs-BA B4VMs B4VMs-BA
(b) 10zone benchmark 0 20 40 60 80 100 120 140
m VM1 VM2 mVM3 mVM4
Fig. 7: 1/0 interference: number of context switch and seek
distance Fig. 9: Fairness under the burstiness-aware 1/0 scheduler
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As a result, the proposed burstiness-aware scheduler caPark et al. examined the dynamic virtual machine

enhance both performance and fairness. reconfiguration technique for data-intensive computing on
clouds fL4].

Zaharia et al. noticed that virtual machines, which are

5 Related work used as data nodes in Hadoop on virtualized

environments, are not homogeneous. This heterogeneity

I/O performance in virtualized environments have beengives a negative effect to the speculative execution of
studied intensively in recent decades. Boutcher andstragglers. To overcome this problem, they proposed a
Chandra examined whether the traditional disk /O new Hadoop scheduler, called LATE, that is robust to
scheduling still provides benefit in a layered systemheterogeneityq]. Kang et al. designed a novel Xen CPU
consisting of virtual machines and underlying hypervisorscheduler, called MRG (MapReduce Group) that can
[16]. They found out that using the default Linux reduce the domain switch overhead and support
schedulers does not appear to be the optimal andcalability and fairness in terms of the MapReduce cluster
suggested several research areas of investigation such g&0].
reducing the number of transitions among virtual Ibrahim et al. investigated the impact of disk pair
machines and hypervisor, and cooperative schedulers. schedulers in Hadoofd§. In their study, the term of the

Yang et al. showed that the 1/O performance of apair schedulers means a pair of disk schedulers: one
virtual machine can be affected negatively by co-residentwithin the hypervisor and the other within the virtual
virtual machines 17]. Also, they proposed a framework, machines. They suggested an approach that tunes the pair
called vExplorer that can be used to understand the I/Gschedulers adaptively during the execution of a
scheduling characteristics within a hypervisor. ShaferMapReduce job for improving performance. Blagojevic et
showed that VMs can achieve only 51% and 77% ofal. introduced the priority-based 1/0 scheduling that
non-virtualized performance for storage writes and readsgdeliver priority information from Hadoop to kernel-level
respectively, becoming bottlenecks in cloud computingscheduler for enhancing 1/0 latenc®9. It is a kind of a
[18]. Kesavan et al. examined the VM-level I/O scheduler cooperative scheduler across multiple layers. Fang et al.
and its ability to enforce isolation and fair utilizatioq]. proposed two strategies to accelerate the performance of

Ongaro et al. explored the relationship between virtualMapReduce applications on virtual machind4]] one is
machines scheduling in the XEN hypervisor and 1/O dynamic adjusting the control domains weight and the
performance 25]. They found that the credit scheduler other is selecting a physical machine as the master node.
used as default scheduler in XEN has a significant impact
on /0O performance especially when bandwidth and
latency-intensive applications are introduced. In additi g Conclusion
they suggested several optimization techniques such as
sorting virtual machines based on their remaining credits1

and placing latency-sensitive applications in their own; this paper, we explored the feasibility of the 1/O
virtuzfl macﬁine Y PP intensive applications on virtualized environments. One

- . concern is the 1/0 bottleneck, which is caused by the I/O
Gulati et al. observed that the 1/0 throughputavallableinterference among virtual machines, especially during

L achie o Tuclile Wide) pacec o hehe processing of big dta. To milgate s probem, we
9 roposed a new |/O scheduler that can identify bursty

disks [26). To overcome this fluctuation, they presented virtual machines and give a chance for them to use most
new 1/O scheduler, called mclock that supports three

- . qofthe disk bandwidth without violating fairness.
controls, namely shares, limits, and reservations an

. . . : . ; We are considering two research directions as future
provides predictable I/,O allocation with strong isolation work. 1/0 behavior in virtualized environments depends
Seelam and Teller's study proposed a new scheduler

called VIOS (Virtual /O Scheduler) that provides not only on the 1/0O scheduler but also on CPU scheduler

absolute performance virtualization and erformancefor vitual machines and event delivery mechanism
) . P nd _periol among virtual machines. The first research direction is to
isolation 7]. It controls the coarse-grain allocation of

g . . - . ._extend our proposal so that it can cover the interactions
d.'Sk. time to the d'ﬁefer.“ virtual machines, whlose idea is among these aspects. The second direction is applying our
similar to ours. The difference between theirs and our roposal to different types of storage systems such as
approach is that ours orchestrates the 1/O allocatio P b ge sy

adaptively based on burstiness monitored during thel\lit?\?orlg)smld State Drives) and SAN (Storage Area
execution of virtual machines. '
Running the MapReduce applications on virtual
machines and investigating their performance have been
studied actively. Matsunaga et al. developed theAcknowledgement
CloudBLAST that integrates the MapReduce, virtual
machine and virtual network technologies for the The present research was conducted by the research fund
execution of large-scale bioinformatics applicatioh8]]  of Dankook University in 2014.
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