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ABSTRACT
Performance prediction of an application before migrating
from a source system and deploying on the target system is
a challenging but important task.

In this paper, we present a method for predicting the per-
formance of an IO intensive multithreaded enterprise ap-
plication workload on target systems connected to advanced
storage devices. Our approach is an extension of well-known
trace and replay method. We extract traces of IO intensive
enterprise workloads representing temporal and spatial char-
acteristics (e.g. read and write requests) on the source sys-
tem where application is currently deployed. These traces
are replayed on the system of interest called target system.
The experimental results presented demonstrate the effec-
tiveness and accuracy of this method.
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1. INTRODUCTION
Many organizations are showing interest in migrating their

applications from the existing low-end hard disk based sys-
tems to a high-end hard disk or a local flash memory based
Solid State Device (SSD) systems for a dual purpose of
saving energy and enhancing the performance of database
servers. Migrating the application to a new system and test-
ing the performance is a non-trivial and daunting task. It
requires lots of efforts to set it up and subsequently fine tune.
One solution is running the synthetic workloads generated
by the IO subsystem and characterization tools. The syn-
thetic workloads have access pattern very similar to that of
real application. Though this approach is relatively easier
to implement but may not reproduce the characteristics of
the application or the workload accurately.

IO trace replay is another popular technique that can be
used for reproducing the application characteristics on a tar-
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get platform. Trace replay is a commonly used technique for
debugging and benchmarking I/O systems.

Traces are portable such that the trace generated under
one environment can be run on the other with minimal ef-
forts without changes in the code. Trace replay can mimic
the behavior of the application with very high accuracy by
capturing its characteristics without revealing the sensitive
information. Moreover, trace and replay is a preferred tech-
nique for migration studies since it does not require copying
the actual data on the target system because data access
pattern is important than the actual data itself. Traces are
deterministic and prove to be better than other methods like
modeling techniques in some situations.

Unfortunately, trace capturing tools like strace and blk-
trace slowdown the execution of the application and cause
software overhead at larger workloads. Hence capturing
trace for a large workload at the source system results in
time dilation and replaying the same on the target systems
might not provide the correct performance estimation. One
solution is to capture the traces at low concurrency levels
and replay on the target system and then extrapolate the
results.

Using a performance prediction method before actually
migrating an IO intensive application to an advanced hard
disk drive (HDD) or SSD would be helpful in capacity plan-
ning. We used trace and replay technique for predicting the
performance of enterprise applications on a target system
with storage systems like high-end HDD and SSD. Our ap-
proach consists of the following steps:
1) Systematically generating the IO traces of the applica-
tion on the database server of the source system for varying
concurrencies (no. of users).
2) Replaying the traces on the database layer of the target
system and collecting the performance statistics like utiliza-
tion, throughput and response time.
3) Extrapolating the data collected on the target system
using an extrapolation tool.

Eventually, we should be able to answer the questions like
“What is the maximum number of users that we can serve
if we upgrade to a new system with an advanced storage
device ?” or “What would be the performance of my appli-
cation with a new storage system under different workloads
?”. Also these queries shall be answered without actually go-
ing through the painful process of deploying the application
on target systems with different types of storage devices.

This short paper introduces a trace and replay procedure
for predicting the performance of an enterprise application
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in a new environment where it is to be migrated. Our contri-
bution is a method that can be followed for pre-deployment
performance estimation of mutlithreaded IO intensive ap-
plications on different target systems with advanced storage
devices. We also present efficacy of this methods by testing
on multiple target systems with different storage devices.

The rest of this paper is structured as follows: Section
2 describes the related work. In section 3 we discuss our
approach to implement our methodology. Experimental set
up is discussed in section 4. Section 5 provides the analysis of
experimental results to evaluate the efficiency of our method.
Conclusion and future scope is discussed in section 6.

2. RELATED WORK
The use of IO traces for application profiling has been

there for many years now but its usage has found trac-
tion in recent years for predicting the performance in the
cloud environment. Recently Tak et. al. developed a tech-
nique called PseudoApp[10]. Contrary to the approach fol-
lowed in PseudoApp which builds an artificial workload ,
we run the actual trace on the target system. The former
approach does not require replicating the database on tar-
get architecture but replaying the artificial workload is a
complex process. Another similar work in this area is devel-
opment of ROOT[12]. We have further extended the work of
PseudoApp and ROOT to predict the performance of mul-
tithreaded applications for higher concurrency using our ex-
trapolation tool called PerfExt [4].

There is a large body of work for IO trace replay mecha-
nisms particularly for storage system evaluations for differ-
ent purposes [2][3][7]. //Trace is another popular approach
for parallel application. Yet another interesting research
work for predicting the performance of web application on
cloud is CloudProphet [9]. Though CloudProphet is capa-
ble of predicting the end-to-end performance of multiple re-
sources with high accuracy but it is based on simple scaling
which may not hold good for high concurrency.

3. OUR APPROACH
Our systems is a multi-tier system consisting of the load

generator, application layer an the database layer. The http
scripts of the application of interest are captured using the
TCPProxy[1] plug-in. We perform randomization and pa-
rameterization of http scripts to simulate the random access
pattern of the web application by different users. These test
scripts are replayed with Grinder http plug-in [8] for arbi-
trary number of users and thinktime. Since the primary
focus of this research is to study IO intensive applications,
we captured and replayed traces only on the database layer.
Detailed discussion on our approach is provided in our pre-
vious work [11].

3.1 IO trace recording
There are numerous methods and tools to trace the IO

calls of an applications depending upon the layer they oper-
ate on e.g. kernel, user space or a combination of both. The
layer at which these tools and methods execute also defines
the performance overhead and the complexity involved. We
preferred user mode contrary to the perception that kernel
mode reduces error. The user mode requires no modification
in the application or the kernel and profiling information can
be captured easily. The I/O profile trace of application of

interest is captured using the strace utility in the linux sys-
tem. To reduce strace overhead and the size of trace file,
we captured only IO related system calls: read(), write(),
pread(), pwrite(), lseek(), fsync(), open(), close(). Each
row in the captured trace consists of process ID, timestamp
value, offset and the IO system call. To capture the trace,
we first find all the thread IDs that are spawned by the
MySQL and then strace is attached to each of these thread
IDs. Thus multiple trace output files are generated. In order
to maintain the same order of the execution on the target
system, we merge all these files in to a single file and then
sort system calls according to their timestamp value.

3.2 Trace replay
As a next step, the database files of the application are

copied to a temporary directory on the target system. Any
access to the database file in the trace is replaced by a path
to the temporary directory. We used ioreplay [6] to replay
the I/O trace captured on the test system. The replay tool
executes the IO operations as recorded in the trace file. The
ioreplay studies have shown that the it scales within a dif-
ference of few percent when compared with the original ap-
plication [5]. One of the drawback with ioreplay is that it is
single threaded. Hence replaying the trace for high concur-
rency is a challenge. We modified the ioreplay to support
multlithreading.

One of the challenges associated with the trace-replay
method is maintaining the realism of the workload when
load-profile is replayed on a target system. We capture the
IO system calls along with its timestamp. When the trace
is replayed on the target system we ensure that IO calls are
executed at the same time interval as in the original system
so that workload is replicated correctly.

3.3 Extrapolation
To extrapolate the performance data of an application

from a small number to a large number of users on the tar-
get system, we used PerfExt. PerfExt is a tool developed in
our lab. The tool takes load testing results as input from
for a small number of users in terms of throughput and re-
source utilization. To extrapolate throughput, PerfExt first
estimates the maximum throughput based on the resource
utilization information. Linear regression is used to predict
the performance until throughput reaches the half of the
maximum throughput and beyond that point sigmoid curve
is fit in till the throughput reaches 90% of the maximum
value. It uses a combination of linear regression and an-
other statistical technique called sigmoid curve (or S curve)
to predict the performance until the application encounters
the first bottleneck. PerfExt has been tested successfully
with a number of sample multi-tier applications and is able
to provide accuracy of about 90% in the throughput and
utilization metrics. However, it makes an assumptions that
there in no software bottleneck in the application of interest.

For extrapolation using PerfExt, user performance data
obtained by running traces for two concurrency levels on the
target system is sufficient. The resource utilization for these
multiple concurrencies is used in the PerfExt as input and
extrapolated for higher concurrencies to obtain performance
metrics like resource utilization, throughput and response
time.

4. EXPERIMENTAL SETUP
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Storage device Disk Model RPM No. of Disks IO Schedular File System Interface System Config Linux Kernel
Low-end HDD Caviar SE Serial ATA drive 7200 1 CFQ ext4 300 Mb/s Serial ATA 2.0 8 Core Xeon CPU @ 2.6 GHz

”
6MB L2 cache CentOS 6.5,2.6.32

High-end HDD HP-GEN7 10000 1 CGQ ext4 Dual Port,SAS 6GB/s 16 Core Xeon CPU @ 2.4 GHz,12MB L2 cache CentOS 6.6,2.6.32
High-end HDD (VM) HP-GEN9 10000 1 CGQ ext4 Dual Port,SAS 6GB/s 16 Core Xeon CPU @ 2.4 GHz,12MB L2 cache CentOS 6.6,2.6.32

SSD
Virident Systems Inc.

FlashMAX Drive Micron-slc-32
- 1PCIe Default ext3 - 16 Core Xeon CPU @ 2.4 GHz

”
12MB L2 cache CentOS 6.6,2.6.32

Table 1: Storage systems used in our study
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Figure 1: Disk utilization predictions for high-end HDD for (a)JPetStore (b) equiz(c) TPC-C
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Figure 2: Throughput and response time prediction for high-end HDD for (a) JPetStore (b) equiz (c) TPC-C

We have validated our methodology using industrial bench-
mark TPC-C and two web based applications. TPC-C is an
online transaction processing (OLTP) benchmark . TPC-
C is considered a popular benchmark for comparing per-
formance across different softwares and hardware configura-
tions. Being an IO intensive benchmark, it is an appropriate
test case for us.

Other two applications used in this study are equiz and
JPetStore. The equiz application is implemented with java
servlets, stored procedures and includes an automatic code
evaluation (ACE) framework. JPetStore is an eCommerce
J2EE application benchmark which allows users to browse
and search for different types of pets in five top level cate-
gories.

TPC-C is executed from the command prompt while JPet-
Store and equiz are deployed on apache tomcat server. MySQL
5.6 is used as backend for all the applications. The think
time between the application pages is fixed at 5 sec. All the
performance data metrics are mesured in the steady state of
the run.

The storage system configurations that we used in our
studies are are given in table 1. We used low-end HDD
with source system and high-end HDD or SSD with target
system. The virtual machine used in the experiment had 48
Core Xeon CPU (2.5 GHz),30MB L2 cache and CentOS 6.4.

5. RESULTS
We predicted the performance of these applications on a

high end HDD and SSD storage systems using the trace
generated on low-end HDD.

5.1 Low-end HDD to High-end HDD migra-
tion

Trace files were generated on the source system by run-
ning JPetStore, equiz application and TPC-C benchmark on
the test system for varying workloads. JPetStore application
was run on the source system with low-end HDD for 50, 100,
200, 300 users, equiz for 50,100 and 150 users and TPC-C
for 10, 15, 20 users. All these trace files were replayed on
the target system and performance metrics were observed.
Performance data was extrapolated for higher concurren-
cies using PerfExt as shown in the Figure 1 and Figure 2.
Extrapolation tool is modeled to predict until any of the re-
sources (CPU, disk or memory) is 90% utilized while the ap-
plication is run till average disk utilization is 98% and hence
actual data trend lines are extended for larger concurrencies
as compared to the extrapolated. Disk utilization (Figure
1), throughput and response time (Figure 2) are predicted
accurately until 90% of the resource utilization ( CPU or
disk) on the database server when compared with the ac-
tual performance data. Some inaccuracy is observed in the
response time prediction particularly for TPC-C at higher
concurrencies. We observed that for TPC-C disk attains
90% utilization around 120 user workload but throughput
and response time increases until utilization is 98% for 200
users beyond which throughput starts falling gradually.

TPC-C performance prediction was also done for VM with
high-end HDD (figure 3) and results similar to physical ma-
chine are obtained upto 90% of disk utilization.

5.2 Low-end HDD to SSD migration
IO traces of JPetStore and equiz from the source system

were also tested on target systems with SSD. As shown in the

4. EXPERIMENTAL SETUP
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Figure 3: TPC-C throughput and response time pre-
diction for VM with high-end HDD (a) Disk utiliza-
tion (b) Throughput and response time
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Figure 4: JPetStore application predictions for SSD
(a) Device utilization (b)throughput and response
time
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Figure 5: Equiz application prediction for SSD
(a) Device utilization (b) Throughput and response
time

figure 4 and figure 5, maximum device utilization for JPet-
Store and equiz is 25% for 15000 and 45% for 2500 users re-
spectively. Beyond this workload, CPU at application server
becomes a bottleneck. SSD utilization, throughput and re-
sponse time predictions are close to actual performance data
for JPetStore (Figure 4). Utilization and throughput are
predicted correctly for equiz as well (Figure 5). The incor-
rect response time prediction for equiz beyond 1200 users
is due to our extrapolation tool considering only disk ser-
vice demand for predictions while CPU service demand is
dominant in this case.

6. CONCLUSION
The primary objective of our research is cross platform ap-

plication performance prediction when it is migrated from
one storage system to another. We predicted the perfor-
mance with a high accuracy when application database is
migrated from a low-end HDD to a high-end HDD (VM and
physical systems) and SSD. The experimental results show
that the prediction accuracy is within 10% error bound until
90% of the storage device utilization is reached.

Our future work aims to evaluate the performance predic-
tions for CPU intensive applications using IO, network and
memory traces. We also plan to conduct extensive tests for
performance estimation of virtual machines running within
cloud data centers.
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