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Abstract. At the moment the service market is experiencing a con-
tinuous growth, as services allow easy and quick enhancing of new and
existing applications. However, hosting services according to a common
on-premise model is not sufficient for dealing with erratic, spike-prone
service loads. A new more promising approach is hosting services in the
cloud (utility computing), which enables dynamic resource allocation.
The last provides an opportunity to meet average response time require-
ments even in case of long-term fluctuating loads. Unfortunately, in the
presence of short term fluctuations the resources utilization has to stay
under 50% in order to achieve response time of the same order as job
sizes.

In this work we suggest to compensate the problem of underutiliza-
tion caused by hosting low-latency services by means of allocating the
remaining resources to time insensitive service requests. This solution
uses load balancing combined with admission control and scheduling ap-
plication server threads. The proposed approach is evaluated by means
of experiments with the prototype conducted with Amazon’s EC2. The
experimental results show that the servers utilization can be increased
without penalizing low-latency requests.

1 Introduction

After being introduced in 2000, Web Service technology [12] started penetrating
the world of the distributed computing. Web Services excelled in compare to the
other competitors mostly due to using platform independent XML based tech-
nologies. Simple Object Access Protocol (SOAP) [22] is employed as a message
encoding protocol and Web Service Description Language WSDL [13] is used as a
language for specifying the protocol of interacting with services. XML based pro-
tocols enable implementing large platform and language independent distributed
systems. Moreover, Web Services as opposed to Common Object Request Broker
Architecture (CORBA) middleware offer loser coupling and use simpler message
encoding protocol, which is supported a larger number of programming lan-
guages. Even though Web Services may seem a superior approach to CORBA,
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the heterogeneity of Web Service brought by XML adversely impacts their per-
formance. And thus CORBA is still often favored for implementing low-latency
and/or real-time applications [14].

At the moment the service market is experiencing a continuous growth, as ser-
vices allow easy and quick enhancing new and existing applications. Among the
offered services, a substantial percentage is constituted by low-latency data ser-
vices1. Some of these services have real-time properties implying that a response
from a service will contain information which is valid for a predefined amount
of time (i.e. a stock quote service). Thus, it is crucial for real-time data services
to ensure that a request is being processed within a given time constraint and
the response from a service will be delivered in a timely manner.

In this paper we address the issue of resource underutilization for low-latency
data services hosted in the utility computing cloud. Low-latency service can
be defined a service whose response time closely approaches request execution
time, where request execution time is the amount of time for processing a single
request.

Request arrival rate has a strong impact on services response time, the higher
is the request rate the higher is the response time. In order to keep the average
response time under a certain threshold the arrival rate has to be limited as well.
Unfortunately, in order to achieve low-latency response time the utilization of a
server hosting a service should stay markedly lesser than 50% [fig. 2, 3].

In this work we suggest eliminating the problem of underutilization caused by
hosting low-latency services by means of allocating remaining resources to time
insensitive service requests. Time insensitive requests can represent a service with
no response time guarantees, for instance low-priced services, services used for
free public consumption, offered without Service Level Agreements(SLA), etc.
The solution consists of three layers: load balancing, admission control/request
scheduling and thread scheduling. A load-balancing component distributes in-
coming requests among servers in a server pool. After that the admission control
component decides if a service request can be accepted into the service, otherwise
it will be put into a waiting queue, where time critical requests (low-latency)
are preceding the time insensitive (regular) requests. As for the last step the
priority of a thread assigned to handling an accepted request is being altered.
In this work we present experimental results conducted with Amazon’s EC2[1]
and compare them with reference results obtained from the queuing theory.

The paper is structured as follows. In the second section we discuss three
mainstream approaches for hosting services which are exposed for massive pub-
lic consumption. The underutilization problem emerging while attempting to
guarantee low-latency response times is presented in section three. An approach
for tackling the problem of underutilization as well as its implementation details
can be found in section four. Results of the experiments are located in section
five. The last three sections contain a conclusion as well as an outlook on the
related and future work.

1 Companies like Strike Iron (http://www.strikeiron.com/) provide a number of ser-
vices for accessing geographical, financial data, etc.
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2 Hosting Services

At current, three main approaches can be distinguished for hosting services.

– On-premise (or in-house) hosting
– Utility computing
– Platform-as-a-Service hosting

On-premise hosting implies that a service provider is responsible for pur-
chasing physical equipment, like servers, network bandwidth in order to host a
service. This model has a set of advantages as a service provider has the flexi-
bility of choosing the most suitable network topology and appropriate hardware
configurations as well as an operating system. However, one of the key providers
responsibilities is to perform an analysis of possible service loads and allocate an
appropriate number of servers. The drawbacks of this methodology consists in
the fact that often capacity planning is performed on the base of the worst case
analysis. The last suggest allocating resources with regard to the maximum load.
And as a result most of the time servers can be highly underutilized, what in its
turn negatively reflects on the running costs. Moreover, on-premise infrastructure
is vulnerable to erratic workloads which can be characterized by the presence
of spikes in request arrival rates. The spike arrivals often yield to a significant
response time increase or even denying services for some requests. Besides that,
in case clients are distributed over a large space area on-promise computing
requires significant investments for implementing low-latency services. The com-
munication with services happens over the Internet and the time for delivering
a request to services itself has a strong correlation with the percentage of lost
packets, packet latency and network throughput itself. All the aforementioned
factors depend on the physical distance from a service to a client. Thus, the
larger the distance is the more packets are being lost, more hops have to be
made and lesser is the throughput. Consequently, a service provider is behooved
to place servers in different parts of a continent or even on different continents.

Utility computing in contrast to on-promise hosting provides the ability of
“renting’ servers in the cloud instead of purchasing physical machines. Thus, util-
ity computing is often seen as an affordable alternative to the expensive on-premise
approach. With utility computing it became possible to increase/decrease server
pools dynamically with regard to service load (request arrival rate). Utility com-
puting also looks more attractive for implementing low-latency services, as service
provider can decide on the geographical location of server pools and host a service
closer to clients. For instance, with Amazon’s EC2 [1] the resources can be allo-
cated in any of the four availability zones: three regions in North America and one
in Europe. However, it is important to realize that service provider is fully respon-
sible for implementing load balancing as well as fault-tolerance mechanisms.

Utility computing services may differ in terms of supported platforms as well
as in term of the resources offered. But usually the choice of servers configu-
ration is limited to a number of the predefined ones. The situation is similar
in terms of the supported operating systems. Utility computing is viewed as a
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commodity and thus the price for its uasage is based on the server hours, amount
of incoming/outgoing traffic, volume of persistent storage, etc.

Platform-as-a-Service (PaaS) is the latest technology in comparison to the
other two. PaaS providers usually take responsibility for maintaining underlying
operating system, allocating sufficient amount of resources as well as implement-
ing load balancing. However, there is a number of constraints imposed on hosted
services. Those constraints emerge mostly due to security precautions, ensuring
proper isolation when several services are sharing a host, as well as correct oper-
ating of services and enabling their management. For example, Google-App [4]
engine allows hosting applications written in Python with no access to file I/O,
the running time of each request is limited to one second and the proprietary
storage (BigTable[4]) has to be used as a means for storing persistent data. The
costs for hosting a service in such environment can be based on the number of
requests served, consumed CPU time, amount of storage used, etc.

The last two methods for hosting services are often referred as hosting service
in the Cloud. We believe that due to numerous limitation imposed by PaaS
providers service providers will favor utility computing.

3 Resource Utilization in the Cloud

Works [25,26] have shown that loads on the Internet systems are highly irreg-
ular, low request arrival rates frequently intermittented by high request rates.
The irregularity introduced by load adversely reflects on the response time, caus-
ing abnormally high service response time during the peak load and resource
underutilization during the low loads. The abnormally high response time can
negatively affect the reputation of a service or even cause waiting timeouts on a
client side, what in its turn will decrease perceived reliability of the service.

Utility computing made it possible to adjust systems capacities dynamically to
load fluctuations and thus to avoid the aforementioned problem. However, there
is a latency associated with allocating new servers, and thus this approach allows
compensating loads fluctuations only within 10-20 minutes range. Therefore, it
would be a natural solution to allocate more resources, just enough to sustain
the load, while the new servers are being added.

The number of request arrivals to an Internet system can be represented by
means of a Poisson process[20]. A Poisson process sufficiently describes short-
term arrival rate fluctuations and therefore we employ it for describing the num-
ber of request arrivals per time unit.

Let’s define job size S or service time the amount of time required for process-
ing a specific request(job) on an idle resource. For a CPU bound service this can
represent the amount of the CPU time required for processing a request. Service
response time T will be used as the time required for processing a request in
the presence of other requests, response time T encompasses the sum of waiting
time W and service time S: T = W + S.

Figure 1 contains a chart showing the analytical results for modeling the
response time of a service running on a single core machine with an average
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Fig. 1. Response Time (M/M/1), s=400msec

service time of 400 msec. The results are obtained according to the following
formula T = S/(1 − λS) [11], where λ is the average request arrival rate and T
is the mean response time2.

A chart on figure 2 shows the dependence of a service response time from
its request arrival rate. As one can see on both charts [fig. 1 and 2] response
time rapidly increases as the load approaches the capacity limit (2.5 req/sec).
The utilization of the CPU by the service and analytical utilization can be seen
on charts [fig. 1 and 3]. Therefore, for service providers it becomes of a great
importance to keep the arrival rate so that utilization will not exceed 70%. Thus,
on average 30% of the resource will have to idle. The situation gets worse if the
service provider intends to provide low-latency services. In this case the arrival
rate most likely will have to be limited to 20%-30% of the service’s capacity.
In this paper we propose allocating the remaining percent of the resource to
the time insensitive requests and thus increase the utilization of service hosts
without affecting the critical requests.

One can distinguish two different approaches for prioritizing critical requests,
preemptive and non-preemptive [11]. In the preemptive case service suspends
processing non-critical requests as soon as a critical request arrives. In the non-
preemptive case the requests are placed in a waiting queue and the critical
requests are being served first. The obvious advantage of the first approach is
that the critical job does not have to wait for a service to become free.

An impact of the waiting time can be seen on figure 4. The chart shows
how preemption affects a service with a mean service time of 400 msec. Critical
requests are arriving at the average rate of 0.5 req/sec, the non-critical requests
arrive at the rate increasing from 0 to 2.0 req/sec, the x axis shows the total
arrival rate. As it can be seen in non-preemptive case critical requests response
time increases with the growth of the regular requests arrival rate, while in
the preemptive case the arrival rate of the regular requests does not affect the
2 In spite the fact that this formula is derived for M/M/1/FCFS queuing system it is

also valid for M/M/1/PS, which more accurately models processor sharing systems
[11].
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response time of the critical ones. Therefore, this work is based on preemptive
priority scheduling.

4 Solution Architecture

In order to implement a scalable service hosted in the Cloud usually a two-tier
architecture is employed. The first tier consists of a load-balancing reverse proxy.
The second tier is constituted of a set of servers forming a server pool [fig. 5].
The key proxy roles is to hide servers from a direct client access and to distribute
load among servers. The proxy is governed by a load balancing policy. The most
common load balancing policies include but are not limited to Weighted Round
Robin [17], Least Connections, Sticky Sessions, etc.

In this work we employ the Round Robin policy due its wide popularity and
low overhead. Round Robin operates by equally distributing the load by forward
incoming requests to servers in turns. Thus after a request has arrived at the
load balancer it will be forwarded to a server.

Fig. 5. Architecture for services running in the cloud

In case a request can not be accepted into service immediately it will be placed
into a waiting queue. The acceptance decision is made by an admission control
mechanism which is used as a means for preventing thrashing effect [15]. Thrash-
ing can emerge in systems where requests are handled concurrently in threads
[16]. Requests residing in the queue are ordered according to their priorities.
After the request has been admitted in service, the priority of a handling thread
is altered.

Each request has priority p and weight w associated with it. The last two
parameters are extracted from the SOAP header [fig. 7] which is mandatory for
every service request. The maximum priority is denoted as p̂ and is used to mark
the most critical requests, which do not have to wait for an admission.

Weight is a parameter which can be used for managing admission control on
a fly, for instance for implementing adaptive admission control [16]. In this work
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Fig. 6. Architecture of a hosting server

all the requests have equal weight wc thus the maximum number of requests
which can be processed in parallel is R0/wc, where is R0 is a constant describ-
ing server’s capacity. If to note R as the amount remaining resources then the
algorithm for implementing scheduling and admission control is the following:

if there is a request i in the waiting queue, such that pi = p̂ then
R = R − wi

start processing request i and set the priority of a processing thread to pi

else
i = request with the highest priority in the waiting queue
if wi ≤ R then

R = R − wi

start processing request i and change the priority of a processing thread
to pi

end if
end if

After request x has been processed the amount of the remaining resources is
updated: R = R + wx. The admission control and scheduling is invoked every
time a new request arrives or a request leaves the service.

<soapenv:Header>

<tns:weight xmlns:tns="http://jobid.usask.ca"> 10 </tns:weight>

<tns:priority xmlns:tns="http://jobid.usask.ca"> 90 </tns:priority>

...

</soapenv:Header>

Fig. 7. SOAP header

5 Experiments

We have built a prototype in order to test if the proposed approach allows better
utilization of service servers without impacting response time for low-latency
requests.
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5.1 Prototype Implementation

The prototype was implemented in Java and C. We used Apache Tomcat 5.5 [3]
as a servlet container, Apache Axis2 as a Web Services middleware, HAProxy
1.3.12 [5] as a load balancer, and Linux (kernel 2.6.21.7-2.fc8xen) as an operating
system. Sun’s JRE 1.6 [6] was chosen as a Java runtime.

HAProxy is a high performance solution for implementing load balancing
while supporting high-availability and proxying. HAproxy can operate on TCP
as well as on HTTP levels. In this work we assume that services are stateless
and therefore incoming service requests can be forwarded to any of the servers
hosting a service and thus use regular HTTP load balancing.

Admission control and waiting queue scheduling mechanisms were imple-
mented in Java and deployed as an Axis2 module, which can be used with an
arbitrary Axis2 Web Service.

It is important to note that in modern Java runtimes user threads are mapped
one-to-one to kernel threads. Consequently, user thread priorities are directly
translated into the kernel thread priorities. Unfortunately, Sun’s JRE Linux
provides very limited abilities for modifying priorities of user threads within Java
environment itself. It is not possible to set threads priorities to real-time nor alter
the thread scheduling policy. Therefore, we had to develop our own Linux native
library in C for setting arbitrary kernel thread priorities. The library interacts
with scheduling and admission control module through Java Native Interface.

As it was mentioned before, after a job has been accepted it will be pro-
cessed in a thread. During preliminary experiments we discovered that chang-
ing threads priorities at runtime results in additional delay and creates extra
overhead. Therefore, the default configuration of Tomcat server was altered to
contain two connectors and consequently two thread pools. One connector was
responsible for serving regular requests and the other was accepting low-latency
ones. The priorities in the thread pools were set immediately after the server
has booted up and were not altered during the runtime.

One of the key goals in implementing the proposed idea was to decouple
the described tools from a specific application server. At current the module
was tested with Tomcat 5.5 which employs leader-follower model for handling
incoming connections. But the developed scheduling module can be adapted for
integrating with master-slave connectors without extensive modifications.

5.2 Prototype Evaluation

The proposed solution was tested with a Web Service running on Axis2+Tomcat
platform. The services business logic consisted of recursive Fibonacci numbers
calculations. Calculating Fibonacci numbers is a stack intensive operation which
mimics method invocations typical for most services. The service contained a sin-
gle method which required 400msec of CPU time. In order to eliminate the noise
created by various jobs size and focus on the impact of arrivals and scheduling
the jobs sized were set to constant size.
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Table 1. Loads created by critical and regular requests

One Server Two Servers Four Servers

λcritical 0.5 1.0 2.0
λregular 0.5..2.0 0.5..4.0 0.5..8.0
λtotal 1.0..2.5 1.5..5 1.5..8.0

Table 2. Response time statistics (low-latency requests)

One Server Two Servers Four Servers

Mean 443.4 405.2 402.5
95% 648.15 484.50 434.04
Max. 1105.1 627.0 594.6

Load balancer as well servers were running on Amazon’s EC2 [1] single-core
machines with 1.7 GB of RAM (m1.small). The service infrastructure encom-
passed a load balancer and a server pool. The load balancer was governed by the
Round Robin scheduling policy. Three different cases analyzed when the service
server pool consisted of one, two and four servers.

Requests were arriving according to a Poisson process. In each experiment the
service was exposed to an increasing load created by regular requests [tbl. 1],
while the low-latency requests were arriving the same rate. Moreover, low-latency
requests were allocated 20% of the resources. while the rest was available for
handling time insensitive requests. Such a load pattern was deliberately chosen
to reflect the situation when the servers pool size is determined by the low-
latency request rate. Thus, the load imposed by the regular request plays the
second role and may fluctuate.

Each experiment consisted of nine phases corresponding to different arrival
rates and lasted for one hour. The x axis on all charts depicts the arrival rates
of regular requests. In each experiment the total load approached the services
capacity and thus at the last phase the service was operating under 90% CPU
utilization.

Tsung 1.3 [8] was used as a load generator. Each data sample on charts cor-
responds to an average value collected over a ten second time interval. Clients
behavior followed an open model, which means that response time from a server
did not affect arrivals of the next requests. CPU utilization was measured using
standard ps tool available in any Linux distribution.

Single Server Case: As expected, the response time for regular requests started
rapidly increasing as the total arrival rate began reaching the maximum request
rate (2.0 req/sec for regular or 2.5 req/sec in total) [fig. 9]. However, the process-
ing of the low-latency requests has not been disrupted and the service processed
those requests on average in 443.4 msec [fig. 8, tbl. 2]. It is important to note,
that according to the queuing theory in the preemptive case the higher priority
jobs are not affected by lower priority ones. In reality, hoisting Linux threads pri-
orities to real-time does not guarantee full preemption, unless a real-time Linux
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Fig. 13. CPU utilization. Two servers case.

kernel is used. Unfortunately, running Linux with a real-time kernel in the Ama-
zon’s EC2[1] at the moment is technically impossible, as the only allowed kernels
are the ones provided by Amazon[1]. However, the results show that the mean
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response time for the the low-latency requests was 443 msec what is only 10.1%
larger than its average size obtained using a queuing model [fig. 4] of 400.4 msec.
Besides that 95% of critical requests were served in lesser than 648 msec [tbl. 2].
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At same time response time of the regular requests increased from 400 msec to
14000 msec [fig. 9] or approximately 35 times.

As expected CPU utilization has increased from the initial 20% to 90% [fig.
10]. The X axis reflects the arrival rate of the non-critical requests. As it can be
seen the fluctuations in the request arrivals resulted in the irregularities in the
CPU utilization. Even when the total CPU utilization has reached 90%, when
the time insensitive service invocations were occurring at the highest rate the
response time for time sensitive service invocations remained unchanged [fig.
8]. As a result we can conclude that the suggested mechanism can be used for
isolating the CPU bound critical load from the non-critical one.

Two Servers : In this case the server pool contained two servers. As it can be seen
from the charts on figures 11 and 12 the service was processing all low-latency
requests by 627 msec, moreover 95% of the request were served in lesser than
484.50 msec. It is important to note that with the increase of the server pool
the difference between the mean response time in the reference result (400 msec)
and actual result has shrunk. Since there were two servers load balancing helped
to mitigate the fluctuations emerging in the Poisson arrivals.

The similar behavior is exhibited by regular requests. Their response time
is still rapidly increasing as the load approaches 90% [fig. 12], nevertheless the
growth rate is lesser than in the first case. The graph on figure 13 shows CPU
utilization on one of the servers from the pool. The other servers experienced
the same load and therefore the behavior of their CPU utilization is practically
the same.

Four Servers : After scaling the load twice and doubling the resource pool the
behavior exposed by critical and regular requests remains the same [fig. 12,13].
Besides that the 95% percentile of the response time for low-latency requests has
got smaller as opposed to the single and two server cases. The CPU utilization
has showed the same behavior as in the previous two cases [fig. 16].

6 Related Work

In work [27] Urgaonkar et al. presented an analytical model based on results
from the queuing network. The model allows precise approximation of the mean
response time from multi-tier systems and can be employed for performing dy-
namic capacity provisioning. The general principles which can be employed for
performing service environment provisioning in order to meet response time guar-
antees were outlined by Ludwig in [21].

Another branch of works [24] focused on providing differentiated response
time of a service running on a single server. In this work Siddaharta et al. im-
plemented a proxy (Smartware) which intercepts the incoming requests, parses
and classifies them according to user and client (device) type. In contrast to our
work Smartware operates is a non-preemptive scheduler which is governed by a
a randomized probabilistic scheduling policy derived from the lottery schedul-
ing [28]. The experiment showed that the proposed approach outperforms the
classical non-preemptive priority scheduling [11].
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Real-time Java [7] provides tools for building real-time applications in Java.
The environment provides a full spectrum of necessary tools, i.e. creating
preemptive threads, priority inheritance protocol [23]. Unfortunately, besides
the fact that this is a not a free product, it can be used only with Solaris or
real-time Linux operating systems. The latter requires a special kernel, which is
not supported by Amazon’s EC2.

Levy et al. in [18] presented an approach for performance management of
cluster-based Web Services. The authors addressed an problem of meeting
response time guarantees for critical requests in cluster environments. The pro-
posed solution employs non-preemptive Weighted Round Robin [17] load balanc-
ing schema in which weights are adjusted dynamically with respect to changes
in the request arrivals rates.

Abdelhazer et al. in [10,9] proposed using control theory in order to meet pre-
defined QoS requirements. The authors considered the problem of ensuring QoS
in the environment with the fixed amount of resources. Content adaptation com-
bined with admission control were used as a means for protecting servers from
overloads. The conducted experiments showed that admission control which im-
plements non-preemptive priority scheduling can be used as sufficient means for
providing differentiated throughput.Moreover, this work is closely related to ours
as it allows allocating underutilized resources to requests without performance
guarantees. However, the authors focused on the throughput. It was demon-
strated that their approach allows preserving the throughput of time-sensitive
(premium) requests while allocating unused resources to processing time insen-
sitive requests. The authors have enforced prioritization only at the admission
control phase and thus implemented non-preemptive priority scheduling policy.
Our approach differs by extending admission control with altering priorities of
the threads handling incoming requests. Therefore, we implemented preemptive
scheduling. In the preemptive case high priority requests have smaller waiting
time as in case the resource is busy they do not have to wait. As a result, preemp-
tive approach allows even better isolation of the high priority requests [sec. 2].

In [19] Lin and Dinda addressed the problem of underutilization by co-allocating
virtual machines on the same physical host. The proposed idea is implemented
as a user level scheduler VSched. VSched allows hosting virtual machines which
are running applications with stringent time constraints together with virtual ma-
chines time insensitive batch processes. This implements preemptive scheduling
with the isolation of time sensitive applications on the operating system level.

7 Future Work

In the future experiments we would like to replace the existing HAProxy load
balancer with our own implemented in Erlang. HAProxy is a highly efficient
and scalable load balancer. However, it was primarily designed for handling
HTTP traffic. We plan to reimplement the basic functionality of HAProxy and to
extend it in order to address specific needs of Web Services and cloud computing.
Using Erlang would allow minimizing the overhead caused by load balancing and
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scheduling, while having our own component would give freedom for realizing
more complex load balancing/scheduling policies.

In this paper we have addressed the issue of underutilization emerging in CPU
bound services. In the future we would like to overcome this limitation and to
consider services which may have other bottlenecks affecting service’s capacity,
such as memory, disk I/O, etc.

In this work we have considered the case where critical requests were guar-
anteed to be allocated sufficient amounts of resources in order to maintain their
mean response time at the desired level. We would like to augment this approach
by considering cases when there could be multiple classes of service with different
Quality of Service objectives.

8 Conclusion

Hosting services in the utility computing cloud allows dynamically scaling a
server pool running a service. As a result, it is possible to allocate a sufficient
amount of resources to accommodate oscillating load [20]. Unfortunately, ad-
justing the pool size allows compensating only long-term fluctuations while the
short term ones can be compensated only by allocating additional resources.
Consequently, service providers must keep service utilization under 50% to pro-
vide services whose response time approaches CPU time required for processing
the request. Which means that 50% of the time resources are idling. In order to
compensate this loss we suggest to assign the remaining resources to processing
time insensitive requests. i.e. service offered without Service Level Agreements.

The suggested idea was implemented in the form of a two-tier scheduling sys-
tem integrated with load-balancing. The proposed system transparently sched-
ules processing order of the incoming requests, while avoiding thrashing using
admission control mechanisms. Moreover, the arrived requests are handled in
threads running at different priorities. By altering thread priorities and per-
forming special admission control it became possible to achieve higher server
utilization without affecting the response time for low-latency requests.

A prototype of the proposed approach was implemented as an Axis2[2] module
and thus can be easily integrated with an arbitrary Axis2 Web Service. The
prototype was evaluated by means of experiments conducted over a scalable
CPU bound service hosted in Amazon’s EC2[1]. The service experienced short
term load fluctuations which were modeled using a Poisson process. The load
created by low-latency was fixed at 20%, while the time insensitive requests were
using from 10% to 70%. The experimental results showed the response time of
low-latency requests was unaffected even when the total load exceeded 90%.
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