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ABSTRACT

Large mission critical real-time legacy OLTP systems
supporting the service sectors like banking, telecom, and
financial services are monolithic in nature and thereby not
flexible to enable business transformation which is the need of
the hour due to emerging dynamic changes to business
ecosystem. Broadly speaking, these large mission critical
applications can be classified into three stages of activities:
pre-processing, core business processing and post processing
activities.

This paper focuses on making the Business processing
activities tier lean and efficient. By leveraging recent
advances in technologies, a methodology is described by
which the OLTP applications can be successfully transformed
into agile systems. The methodology enables a view of the
Business Tier in five dimensions. The first dimension is
identifying the business’s core critical path and how to make it
lean. The second dimension is how to enhance concurrency of
the activities in the critical path. The third dimension is to
improve the parallelism in execution of concurrency. The
fourth is to separate 1/0 operations off the critical path. The
fifth being how to minimize contentions for shared resources
to ensure higher efficiencies. The paper also presents, the
results of the experiments carried out by applying the above
recommendation and the performance improvements to decide
the optimal setup for an environment for given workload.

Addressing the five dimensions of Business Tier, this paper
demonstrates the transformation that can be achieved which
will enable the business to be agile and respond to market
ecosystem demands in a very efficient and effective manner.
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1. INTRODUCTION

Traditionally, large enterprise applications were running on
monolithic main frame based systems. These systems were
designed for automating initial business process requirements.
As the business expanded and witnessed growth [1][2], these
systems were modified to meet the growing needs without
changing the underlying architecture. Modifications thus
made, unwittingly combined client access, presentation
interface, the business processing and database activities into
one large monolithic piece. Though the model was simple, it
was not scalable and had limitations in flexibility and security.
The only way to scale was to adopt distributed computing
having multiple installations of an application running at
geographically different or same location(s) (Fig. 1),
depending on the user distribution. This approach adversely
increased the cost and manageability issues.
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Figl: Tightly Coupled Distributed System

The next phase of evolution was driven by the advent of
Client Server architecture. This enabled applications to be
scaled for performance. The clients were thick, combining the
presentation and the business logic; and the database was on
the central server. The server had higher capacity to support
multiple clients. This architecture brought in scalability to
some extent and ensured security of the core data; but, was not
successful on clients over slower network connections and
lacked flexibility to support different types of clients.

The e-commerce growth had paved the way for various types
of customers to have direct access to the enterprise systems,
customers, business partners, other stake holders and
information agencies to have faster access. Each of these users
accesses the system through different connectivity
mechanisms and IT infrastructure at their end. Any change
either functional or technical, had a direct impact on the client
software as well as the server software, which increased the
time of the release process and therefore time to market. In a
two-tier model, managing the access controls and managing
the front-end for varying needs with thick clients were
becoming serious constraints. With the exponential increase in
usage of internets and WANSs, e-commerce business
applications expanded at a fast pace that demanded the
applications to ensure all of the following non-functional
requirements as essential to support the business:
(i)Scalability (ii) Flexibility (iii) Security (iv) Availability (v)
Cost [3].

This resulted in the evolution of multi-tier architecture (Fig.
2). It operates by splitting the application into distinct tiers
that could be run on different physical machines. This exploits
the right hardware, software platforms for that particular tier.
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The 3-tier architecture consisting of presentation tier, business
tier and database tier is the most common architecture with a
thin client connecting to the enterprise application.
Presentation tier is the face to the outside world mainly
dealing with stateless data. The other two tiers are responsible
for business processing, reliability, recovery and storage of
business data [4][5][6].

This paper is focused on improving the scalability and
performance of the business tier of such mission critical
real- time systems with many connected channels and users
transacting online. The key design guidelines and
implementation details examined for making the critical path
lean and efficient are: Separation of processes, taking 1/0 off
the critical path and thread management for parallelization. In
addition, the deployment using CPU affinity and process
priorities on multi core hardware are studied and validated
with experiments for further scaling.

In summary, our contributions are: (i) Transformation
techniques to make critical path lean, (ii) CPU affinity
introduction for effective parallelization by minimizing
switching overheads (iii) Spinning on shared resources to
maximize resource utilization, (iv) Application controlling the
1/0 by taking 1/O off the critical path, and (v) Methodology to
derive optimal number of tasks for maximum parallelization
gains.

The remainder of the paper proceeds as follows. The next
section describes the motivation of our work. Section 3
describes design techniques and methodology, recommended
in our proposal. Section 4 describes our experimental
methodology and workloads. Section 5 details the scope of
experiments conducted to validate the methods proposed in
section 3. Section 6 presents its evaluation. Finally, Section 7
presents our conclusions and future work.

2. MOTIVATION

High throughput and low response time expectations of
the new business models: High volume mission critical
systems are characterized by thousands of users connected
simultaneously and generating millions of transactions every
second. All of the transactions validated for hygiene and
business rules will be forwarded to the Business Tier for
actual business processing. The business processing is
supposed to deliver high throughput, fast response time along
with accuracy, consistency and reliability. The challenge is
that the business tier needs to cope up with high degree of
concurrency issues arising out of handling state-full data as
against the other tiers where majority of the handled data is
stateless and naturally paves way for high level of
concurrency and parallelism  otherwise termed as
Embarrassingly Parallel [7].

Scalability and Flexibility demands in changing Business
environment: In this era of connected internet world, self-
servicing models with thousands of users operating “Anytime
Anywhere” concurrently and generating millions of
transactions have increased the performance requirements of
business critical real-time systems multi-fold. Large, real-time
OLTP systems supporting the retail service sectors like
financial, banking, telecom and aviation industries are
monolithic and are not flexible for business transformations
and changes. These systems are mission critical in nature and
have been main drivers of business. These systems have
evolved over decades and have become a bottleneck for the
business in terms of capability to be agile and support market
asks. This has resulted in, increasing the risk factor rather than
being a business enabler. These organizations are embarked in
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transforming these OLTP systems into more agile systems
using data stream processing and event processing models to
address the scalability, throughput, latency and reliability
demands of the emerging business ecosystem.

The following is the summary of non-functional architectural
considerations of the emerging business environment:

Scalability: In a multi-tier architecture, as the tiers can be
hosted on the different machines it naturally brings
performance gains. However, the performance of the tier itself
can be maximized by choosing the platform that is best suited
for a specific tier. Horizontal or vertical scaling can be used
depending on the design and nature of data handled,;
additionally, by fine tuning the coding and deployment of
components of the tier. This is further discussed below.

Flexibility: Any change in technology or function local to the
tier will not affect other parts of the application. For example,
a hardware change for the database can be done without
affecting the other parts. Normally, presentation undergoes
frequent changes which will be local in this architecture.

Security: The tier-based architecture helps in applying the
security rules appropriately. The database which has all the
business data should not be exposed to the outside world
whereas the presentation tier is the one that connects to the
outside world and acts as a first barrier to identify Denial Of
Service attacks. This tier therefore does not contain any
business logic and is placed in the De Militarized Zone
(DMZ). The security policies can hence be applied as per the
tier.

Availability: The most common way to ensure high
availability and eliminate single point of failure is by
redundancy. Multiple instances of a tier can be run to provide
high availability in addition to load balancing [8].

3. PROPOSED DESIGNS FOR HIGH
PERFORMANCE IN BUSINESS TIER

We now look at the five dimensions individually and apply
techniques that will improve leanness and efficiency of the
business tier to handle growth. The growth could just be a
volume increase in terms of users and transactions or could be
a new type of business introducing new type of transactions.
The former one requires the system to be scalable and the
latter requires the system to be adaptable and flexible to
changes without compromising on performance [9].

3.1 Making Critical Path Lean

The critical path decides the least possible time in which the
core business transaction in the system can be completed [10].
The key goal of identifying and making the critical path lean
is to ensure minimum response time and maximum
throughput with reliability. To enable us to do so, we set
ourselves two key objectives. (i) Split and group functionally
and technically related modules with the aim of being able to
deploy them on multiple machines to enhance parallelism and
concurrency. (ii) Separate ancillary processing from these to
make critical path for core business transactions lean.

Broadly speaking, core Business Tier activities comprises of
four major activities: Pre-Processing, Real time Master File
updates, External Events processing, and Response
processing. Pre-processing performs just-in-time real-time
validations, enrichment, filtering of information before
handing over to Core Business process. Core Business process
performs the actual business transactions on validated data
received from pre-processing step. At the time of actual
business transactions being performed any external event
having a bearing on the business transaction has to be
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considered as the impact could either accelerate or negate the
process step. While the above three activities are being
performed, responses to various other systems have to be
provided to ensure that all information required for various
stakeholders are communicated in a timely manner.

To enable us to make the critical path lean this paper proposes

(i) Separation of Pre-processing

(ii) Separation of Real Time Master Files Updates
(iii) Separation of External Events Processing

(iv) Separation of Response Processing

as described below:

(i) Separation of Pre-processing: The pre-processing task
handles receiving of inputs from the preceding tier and
performs just-in-time real-time validations, enrichment,
filtering, etc., and passes on the incoming data to the next
task, the Core Business Process. This is a possible candidate
to be separated and can be made concurrent and parallel. This
separation helps to validate/pre-process the input and handles
the rejections independently; while the business transaction is
executed by another process to increase the throughput. With
this separation, the Core Business Process performs the actual
business transaction only on the validated data received from
the earlier process/task.

(ii) Separation of Real Time Master Files Updates: The Core
Business Process would have to access the masters for any
updates/ validations in the course of the transaction
processing. This operation is computation intensive and also
involves 1/0. It is therefore recommended to handle these
updates through a separate process. The same can operate in
concurrent and parallel mode. The Core Business Process then
can only refer to the updated data and has no overhead of
updating/validating these master changes.

(iii) Separation of External Events Processing: In real-time
systems, the occurrence of external events has an impact on
the Core Business Process. These events will have to be
handled by another concurrent process and the results of the
events are to be considered while processing the business
transaction. In the legacy systems, this event handling is also
built in the path of the business transaction processing. In the
newer design, it is suggested to separate the external events
processing from Core Business Process to be executed
concurrently. The Core Business Process will only refer to the
results of the external events processed.

(iv) Separation of Response Processing: Mission critical
real-time systems are always interfaced with many other
modules/ancillary systems for post transaction activities. In
the earlier generation systems, even sending the response to
the interface systems and end consumer were part of the
business transaction processing. In the new design, the
processed information can be sent to another process through
suitable IPC for further processing. This new process is to
pass on the responses to a despatching module independently.
The despatching module can then transform and distribute the
data to the end consumer modules and interfaces, as well as
operate concurrently. In some of the critical systems, there is a
need to send intermediate processed data to the interfaces on a
real-time basis. The above methodology helps Core Business
Process in sending the data to the distributor and to continue
with the next transaction processing.
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3.2 Enhancing concurrency of the critical

path activities

Client Server applications typically use the concept of threads
as basic design elements. Threads provided by operating
systems help to bring in concurrency and ultimately
parallelism on multi-processor systems. Mission critical high
volume applications are all based on concurrent algorithms
implemented using threads. This means that the application
has two or three threads that are being swapped in and out by
the operating system on a processor. These threads will be
'in-progress' each in the middle of its execution at the same
time. When there are multiple cores available, each thread can
be assigned to a different core and can execute
simultaneously. Hence execution in 'Parallel' is a subset of
'‘Concurrency'. There are various design models available for
implementation of concurrency. The pipeline and master-slave
are the most commonly used models in high volume
commercial applications [11]. The true simultaneous
execution on multi-core platform poses new challenges. Some
of the new challenges that may have to be addressed while
designing concurrent algorithms for efficient execution on
multi-core platforms are: (i) Contentions and concurrency
bugs that were encountered on a multiple CPU, (ii) Effect of
priorities associated with threads executing on different CPUs,
(iii) overheads associated with the OS migrating the threads to
less idle processors [12].

(i) Contentions Due to Threads: With the increase in number
of threads that execute simultaneously, contention for shared
resources correspondingly increases. Increase in contention
for shared resources results in degradation of performance due
to wait time. To have bounded contention and reduce
overheads due to creation and retiring of the threads, it is
recommended to maintain a thread pool catering to the
functions rather than having each thread for a user/connection.
The design of the thread pool and allocating a thread for
incoming requests requires careful analysis as the business tier
deals with state-full data and ""ordering"" of transactions in
some cases would have to be maintained [13][14].

(ii) Effects of Priority across Cores: The thread priorities can
behave differently on multi-core. In a single core machine, the
developer can assume and optimize for performance that the
thread of lower priority will not be scheduled on the processor
when a higher priority thread is ready and the higher priority
thread will not be interrupted. But in multi-core when the two
threads run on two different cores both could run
simultaneously. Therefore such an assumption cannot be made
while programming or migrating to multi core [12].

(iii) Migration of Threads across Cores: In multi core
systems, OS scheduler executes the task of assigning the
processes/threads to the CPU core and migrates the same in
case of imbalances created due to some CPUs being lesser
used. In the process of doing so, the scheduler maintains ‘soft
affinity’ so that threads that share resources are not scheduled
on different cores. Every migration has switching overheads
and therefore critical processes should be running on the same
core for high performance [15]. Towards retaining critical
processes in the same core, OS provides facility for CPU
affinity by which developer can specify the processor to
which a critical thread or process can be bound. The CPU
binding requirements need to be analysed by the designer
carefully for high performance of critical threads [16].
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3.3 Enhancing Parallelism

Once the tiers are decomposed and concurrency introduced to
enhance the performance, the same can be further improved
by introduction of parallelism by deploying these separated
processes in dedicated cores of a multi core multi CPU
machine. The optimal deployment and parallelization gains
are further demonstrated in our experiment and results
evaluation.

Deployment of Transformed Business Tier (Fig. 4) with CPU
Affinity: The communication between cores on the same
CPU has less latency because the cores communicate more
quickly as they are all on the same chip. The proximity of
multiple CPU cores on the same socket allows the cache
coherency circuitry to operate at a much higher clock rate than
is possible if the signals have to travel off-chip [17].

Fig 3: Transformed Business Tier Deployment with CPU
Affinity

Considering the above aspect the processes that are in the
critical path of the transformed business Tier in Fig. 4, are
recommended for deployment on the cores of the same CPU
to have minimum communication lag towards faster response
time for transactions. Other non-critical ancillary processes
that could be large in number are deployed on the cores of the
second CPU For example, the transformed business tier
shown in Fig. 4can be deployed in 2-CPU, 8 core each, as
show in the Fig. 3.

3.4 Maximizing Parallelization

Traditionally, computer software has been written for
sequential processing using procedural languages, oriented
towards single CPU. However, with advent of
multi-processor/multi-core  platforms parallel execution
became a reality and the applications need to be
re-architected. Parallelization is an optimization technique
with a goal to reduce time executing on multiple processors or
cores. The computation is such that a large problem is divided
into smaller ones using models such as pipelining and master-
slave, that can execute concurrently and the order of their
execution is not important. But there would be some activities
that are un-parallelizable forming the serial component of
workload, resulting in sequential processing.

To address resources contention, it is pertinent to minimize
serial components and maximize parallelization of different
processes in the critical path to improve the performance of
the system.

(i) Optimal Length for Critical Sections: Length of the
critical section determines the predictability of response time.
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Too many short critical sections introduce context switching
overheads and too long critical sections result in increased
serial processing affecting the performance [18][19]. The code
should be written in native language for best performance and
not a wrapped up piece that introduces execution overheads
[20].

(ii) Minimisation of Contention with IPC : Across concurrent
processes the interaction models that are commonly used are
shared memory and point-to-point queues. To avoid
contention it is recommended to use queues over shared
memory [21][22]. In a high volume system, shared memory
results in contention and therefore inhibits scaling. Whereas,
queue implementations have the advantage of locality of
reference and there is no contention between readers and
writers as they can work on different areas of a queue
implementation. To achieve best results, it is suggested to
design with a single writer to a queue.

(iif) Minimization of Contention for Shared Resources:
Contentions increase the length of the time spent in critical
path as they serialize the activities. Shared resources are
commonly used in all real-time high volume applications.
With the new hardware platforms that support multi-
processing capabilities the new challenge posed is the
increased contention for shared resources. Minimizing
contention is a crucial factor towards reaping the benefits of
high performance multi-core hardware.

To manage the shared resources for consistency, the mutually
exclusive locks are used. The performance of mutually
exclusive locks in parallel applications degrades significantly
on time-slicing multitasking systems due to the pre-emption
of processes holding locks. Other processes busy-waiting on
the lock are then unable to perform useful work until the
pre-empted process is rescheduled and subsequently releases
the lock [23]. The mutual exclusion methodology therefore,
needs to be properly chosen. Though blocking ensures
robustness, there is a cost to it and results in very bad outliers
[24]. In a multi-core platform, where a CPU can be dedicated
to a process to avoid context switching overheads,
non-blocking methods such as atomic spinning for a flag is
recommended as there is no idle time as soon as the shared
resource becomes available [25]. When a CPU is dedicated for
a process the condition of non-blocking resulting in indirect
priority inversion due to CPU starvation for other processes
does not arise.

(iv) Data Management for High Throughput and Fast
Response: Complex applications require the use of data
storage in a relational database for data processing. The
traditional database management systems are disk oriented
and designed with a view to optimize disk operations. In the
3-tier architecture the business tier does the transaction
processing and queries/updates to database. The enterprise
database is not ideally suited for such high volume mission
critical real-time applications [26]. The slowest operation in
the whole processing chain is the writing and reading from the
database which becomes a serious bottleneck for the
performance of the business tier as the number of
users/transactions increase.

High volume mission critical systems, therefore adopt
embedded in-memory database that offers high throughput,
faster response by bringing the data close to the application,
small footprint to reside in memory and provide a bridge
between the business tier and database tier. Depending on the
performance requirements the in-memory DB could be
custom database or standard products like Times Ten [26]. At
run time for faster throughput the database, all of user data,
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indexes and system catalogues, would reside completely
in-memory and is persisted to disk for the ability to recover
and restart.

3.5 Taking I/O off the Critical Path

The critical path normally includes journaling of certain
transactions data for recovery and future references and
logging for the purpose of audit/errors. The 1/O activity in the
critical path, significantly delays the processing. In high
volume systems, delay in processing of a single data set not
only affects that transaction, it also delays all the further
incoming transactions. In mission critical systems as the fast
recovery of the logged information is crucial, the critical
logging cannot be avoided left only to be basic core
transaction and some of the intermediate processed data is
also important. Therefore, the methods suggested are (i)
asynchronous commit or (ii) having a separate daemon
process that handles all the 1/O requests from the business
processes independently [27].

4, TRANSFORMED ARCHITECTURE
The transformed Business Tier after applying the above
principles is shown in (Fig. 4) along with lean critical path.
On the left hand side of Fig. 4. is the monolithic system with
all the functional components in a single process. Post
transformation the connection manager of the earlier system is
mapped to connection tier of transformed architecture;
concurrency and parallelism is introduced in this tier to
manage the various sources of incoming data streams. This is
possible as the incoming data is stateless at this point.

Circled portion is the transformed critical path of the business
tier and the same is mapped with the hygiene validation and
business processing. It is to be noted that the business tier is
broken into Pre-Process, Core Business Process and Post
Process layers. In pre-process the enriching, housekeeping and
external event based interventions are taken off the critical
path and put in parallel to the critical path. In the core
business process in-memory database is used to make it lean
and efficient.

1/0 is taken off the critical path in asynchronous mode in a
separate process ‘Safe Store Writer’. On the outbound,
response sender uses multiple threads and publisher in
concurrent mode to send the packets on the network to the N
end consumers.
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Fig 4: Transformed Business Tier

5. PERFORMANCE EXPERIMENTS

The experiments are carried out for the “critical path” post the
separation of tiers to examine the possible improvements by
adopting the key improvement suggestions discussed in
section 3. The following three techniques are used in the
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experiments to demonstrate the performance impact in
developing a lean and efficient “Business Tier” in a data
stream application; (1) Study of CPU affinity and spinning on
the queues in the modern multi core hardware, (2) Study of
concurrency and parallelism in the tasks along with CPU
affinity and spinning and (3) Study of application controlling
the 1/0O operation by taking 1/O off the critical path to avoid
jitter and improve performance. The subsections describe the
experimental setup and the details of the experiment runs for
measuring the impact of the above 3 techniques for scaling the
performance.

5.1 Experimental Setup

Functional Setup: The experimental setup of the “critical
path” taken up for analysis is as shown in Fig. 4. A typical
transaction flow is used for the study i.e., Pre-Process is
taking care of routine housekeeping, filtering, enrichment,
master updates and last minute dynamic validation if any;
besides these, the possible parallel static stateless validations
that may be carried out before reaching the business tier. Core
Business Process does the actual business transaction
processing taking into account the effect of the external
events, update/processing of the incoming transactions and
essential 1/0 that may be needed for recovery in a real-time
mission critical applications. Response Sender is the process
responsible for sending the output to multiple receivers and
interfaces over network. The same can be parallelized for
performance using multiple senders as this stage is normally
stateless. This flow involves CPU bound activities, memory
bound activities and 1/0 bound activities.

Hardware Setup: The study runs were executed with a 2
CPU Xeon Intel processor with 8 Core each running linux6.x
operating system. The CPU 0 was used for the critical path
services and the CPU 1 was used for all other ancillary
services. Within CPU 0, Core 0 was assigned to OS; Cores 1-
3 were used for “Receiver” and “Business Processor” and 4-7
were used for “R-Service” components.

5.2 Methodology used for analysis

In this subsection we define the metric and laws we use to
measure the performance of the resultant architecture in the
experiment setup post applying the techniques defined in
section 3. We then describe in subsection C the 3 different
techniques we study in the experimental setup. Amdahl and
Gustafson's law is used to understand the speed up behavior in
a multi-core environment setup [28]. This will give a measure
to optimize the critical path further by minimizing serial
components and maximizing parallelization and arrive at an
optimal deployment setup for high performance.

5.3 Scenarios for Experimental studies

(i) CPU Affinity and Spinning on the Queues

In this experiment, we measure the performance improvement
with CPU affinity and impact of spinning on IPC queues in
the “critical path”. The first run is done without any CPU
affinity and using event notification on the IPC queues. In the
subsequent runs the critical path processes are assigned
individual core within a CPU socket and all the other ancillary
processes assigned in a different CPU socket and cores as in
Fig. 4. This is to take advantage of multi CPU and multi core
new generation hardware to demonstrate the throughput
improvement along with latency reduction. In addition,
spinning on the queue is introduced instead of event
notification at process level as dedicated cores are allocated to
the processes in the “critical path”.

(ii) Taking 1/O off the Critical Path and Optimization
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In this experiment, we measure the improvement of
performance by the application controlling the 1/0 operation
by taking /O off the critical path. The first run is carried out
with 1/0 in the transaction path. The throughput and latency is
recorded. These readings are compared with the subsequent
runs in which 1/0O operation of logging various activities is
taken off the critical path. Also, optimizations such as
functional in lining, context localization and contention
minimization are introduced to make the critical path efficient.

(iif) Non-blocking, Concurrency and Parallelism

In the second set of experiments, we measure the performance
improvement of multiple publishers deployed on multiple
cores (2-6 publishers) as against single publisher in the
“Response Sender” process in the outbound. This is to study
the impact of introducing concurrency and parallelism for
maximizing the CPU cores usage. Non-blocking on multi-core
platforms is tested for further improvement. The results are
tabulated and interpretations are discussed in the next section
of this paper to demonstrate the performance improvement.

(iv) Workload Variations

The above experiments are repeated for varied workloads of
incoming arrival of packets at 20K/sec, 40K/sec and 60K/sec.
This is done to verify the impact of increasing workload on
effective parallelization in the experimental setup.

6. EVALUATION

6.1 Lean Critical Path with CPU Affinity
and Varying Workloads

The experiments are performed using the experimental setup
and workloads outlined in section 5. Augmentation of
hardware and software resources is normally adopted to
improve the performance, with the assumption that the critical
path is independent of the workload. However, in systems
with parallel operating components, this assumption leads to
incorrect results as the behavior of the critical path varies
under different workloads due to serial and parallelization
impact and parallelization overheads. This establishes the fact
that simple extrapolation of performance under scaled down
loads will not work for expected load.

The details of the performance experiments carried out to
understand the impact of introducing CPU affinity in any
typical data stream processing application is discussed in this
subsection. First, Fig. 5(a) shows the response time measured
for processes in the “critical path” with no CPU affinity and
with CPU affinity for 93% and 95% of packets processed.

Impact of CPU Affinity

% of Data Packets 93% ‘ 95% ‘ 99% ‘ 100%
Response Time in ps

With No CPU Affinity 100 | 150 | 8650 | 413200

With CPU Affinity 48 49 | 180 237
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Fig 5(a): CPU Affinity

Fig. 5(a) shows that introduction of CPU affinity for processes
in the “critical path” using multi core hardware, improves the
response time. In this case, the response time improvement is
52us and 101ps for 93% and 95% of the packets processed. A
significant improvement of 52% - 67% is observed in
response time. At 99-100% the recorded data shows multifold
improvement in latency and reduction in the outlier packets.

6.2 Enhancing Parallelization of critical
path
Impact of CPU Affinity with Variation in Load
% of Data Packets 93% ‘ 95% ‘ 99% ‘ 100%

Variation Load Response Time in ps

@20K 48 49 | 180 237
@40K 63 70 | 314 290
@60K 78 90 | 333 538
Without CPU Affinity 100 | 150 | 8650 | 413200

Response time for varying
loads
600
400

' I | B @20K
200 -
o | mull l.,l I @40K

93% 95% 99% 100% ™ @60K
Varying loads

Response time in ps

Fig 5(b): Variation in Arrival Rate

Fig. 5(b) shows the impact of varying workloads on the same
setup. Clearly, as the input rate is increased to 40K messages
(problem size is bigger), performance gains start reducing.
The data shows a reduction in the response time gain by 15pus
and 31ps respectively for the 93% and 95% of packets
processed as against the earlier response gains of 52us and
101ps. At 60K throughput, a further reduction in performance
gain is observed. Due to increase in parallelization overheads
with the increase in arrival rate, parallelization gains show a
reduction.

In summary, the introduction of CPU affinity recommended in
the study results in considerable performance gains because of
the parallelization benefits. However, when the workload

36



increases, the gains would reduce as seen in the experiments.
To enhance parallelization, it is necessary to analyze the
hardware and software setup for the deployment, keeping in
mind the anticipated production workloads to establish
predictable performance.

6.3 Maximization of Parallelization

Further experiment runs were conducted to analyse the effect
of number of parallel and serial tasks on the performance in a
multi core machine. With CPU binding the number of parallel
publisher process threads in the sender process was varied to
verify the effect of parallelization and parallelization
overheads on performance. The objective is to determine the
optimal number of parallel publisher process threads that
would improve the performance.

The performance experiment runs were carried out for 1 - 6
publisher process threads with 3 cores dedicated for the
publisher process threads. In addition, the 6 publisher thread
run was repeated with 6 CPU cores dedicated for the publisher
threads. Table 1 gives the details of the response time for
90%, 96% and 99% of packets processed for the different
runs. The arrival rate is randomized and kept bursty in nature
to reflect the real life scenario. Using the 99% data in Table 1,
the results tabulated in Table 2 are derived to study the impact
of serial and parallel components.

Table 1.Results of Variation of Number of Publishers
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the data stream processing setup given in Fig. 4 is derived. It
is observed that the speedup improvement is based on the
proportion of serial and parallelization effect in the process
path. It is observed from the data in Table 2, by increasing
number of publishers the parallel effect improves up to 4
publishers. After this, due to increasing parallelization
overheads and contentions, the speedup reduces.

In the experiments with 6 publishers, the first experiment is
with 3 cores assigned for the publishers and the second
experiment is with 6 cores assigned. This is done to verify the
benefit of further parallelization with additional CPU cores
introduced. From the results it is observed, though there is an
improvement over the first experiment, it is not linearly giving
increased performance because of parallelization overheads.
This is experiment is clearly demonstrating the impact of the
parallelization overheads.

Table 3.Analysis of 96% Data

Analysis of 96% level Data for Parallelisation Impact

Bursty Input--1 million - with Number of Publishers Variation
Messages 1Pub 2 Pubs 3 Pubs 4 Pubs 5 Pubs 6 Pubs - 3C 6 Pubs-6C
90% 37.7867 | 36.7530 | 343507 | 36.3660 | 45.4211 40.6145
96% 67.6631 | 46.5872 | 454589 | 40.9507 | 417257 | 56.7850 49.4165
99% 97.5813 | 61.2239 | 595325 | 56.4405 | 56.9371 | 72.3974 64.0004

Publishe | Respon | Speed | Amdah Serial Parallel

rs se Time Up I's effect effect
in ps

1 67.6631 1

2 46.5872 | 1.4524 | 1.4535 | 53.20% 46.80%

3 454589 | 1.4884 | 1.4897 | 50.69% | 49.31%

4 40.9507 | 1.6523 | 1.6536 | 40.71% | 59.29%

5 41.7257 | 1.6216 | 1.6246 | 42.33% 57.67%

6 56.7850 | 1.1916 | 1.1957 | 75.45% 24.55%

6 49.4165 | 1.3692 | 1.3714 | 67.50% | 32.50%

Table 2.Analysis of 99% Data

Table 4.Analysis of 96% Data

Analysis of 99% level Data for Parallelisation Impact

Analysis of 90% level Data for Parallelisation

Publish | Respo | Spe | Amda Serial Parallel

ers nse ed hl's effect effect
Time Up
in ps Speed

up

97.581

1 3 1
61.223 | 1.59

2 9 38 | 1.5957 | 44.00% 56.00%
59.532 | 1.63

3 5 91 | 1.6411 | 41.40% 58.60%
56.440 | 1.72

4 5 89 | 1.7309 | 36.66% 63.34%
56.937 | 1.71

5 1 38 | 1.7176 | 37.33% 62.67%
72.397 | 1.34

6 4 79 | 1.3538 | 60.80% 39.20%
64.000 | 1.52

6 4 47 | 1.5267 | 58.60% 41.40%

In Table 2, the actual speedup is computed by dividing the
response time data of single (1) publisher for 99% by the data
of 2, 3, 4, 5, 6 publishers using data in Table 1. By
substituting in Amdahl’s Law, the value of actual speedup, the
% of serial and parallel processing on an incoming packet in

Impact
Respo
Publish | nse Speed | Amd | Serial ePIa rall
ers Tlme Up ahl's | effect effect
mn ps
45.563
1 1 1
5 37.786 | 1.205 | 1.20 | 74.35 | 25.65
7 8 63 % %
3 36.753 | 1.239 | 1.24 | 70.95 | 29.05
0 7 02 % %
4 34350 | 1.326 | 1.32 | 63.04 | 36.96
7 4 70 % %
5 36.366 | 1.252 | 1.25 | 69.55 | 30.45
0 9 47 % %
6 45421 | 1.003 | 1.00 | 99.05 | 0.95
1 1 64 % %
6 40.614 | 1.121 | 1.12 | 86.70 | 13.30
5 8 46 % %

In Table 3 and Table 4 the actual speedup is calculated for the
96% and 90% using the experimental data in Table 1, the
serial and parallelization quantum is computed as in Table 2
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using Amdahl’s law. The data indicates that at 96% and 90%
levels, the serial effect is more and parallelization effect is
lesser. This is on account of the velocity of the incoming
packets at 96% and 90% level being less compared to the
99%. As the velocity reduces, use of parallelism reduces as
the data gets processed before the arrival of the next packet
due to sufficient inter-packet delay. At 96% and 99% there is
a relative improvement in the use of parallelism and increased
parallelization effect is seen. This is due to the fact as the
problem size increases, effect of the serial portion is getting
diminished and the parallelization with its overheads
increases, as defined by Gustafson’s law.

Table 5.Analysis of Data for Parallelization Impact @40K
Rate
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Table 6 (a) application controlling the 1/O operation

Process Wise Improvement with 1/0 OFF

Latency in ps
Processes Before After
Pre-Process 3 1.8
Core Transaction 30 18
R-Process 23 11.9
R-Sender 13 8.5
R-Publisher 17 13.7

Analysis of Data for Parallelisation Impact @40K Rate

Publishe | Respon Speed | Amda Serial Parallel
rs se Time Up hl's effect effect
in ps
1 131.894 | 1.000 | 1.000
2 69.978 1.885 | 1.884 29.60% 70.40%
3 50.146 2.630 | 2.632 7.00% 93.00%
6 68.579 1.923 | 1.923 28.00% 72.00%

Table 6.Analysis of Data for Parallelization Impact
@Bursty Rate

Analysis of Data for Parallelisation Impact @Bursty Rate

Latency without /O Off

Latency In ps

—  mpefore

[N}
' |

After

Critical Path Processes

Fig 6(b) application controlling the I/O operation
Table 6 (b) application controlling the 1/0O operation

Process Wise Improvement with With 1/0 OFF

Publish | Respon | Speed | Amda Serial Parallel
ers se Up hl's effect effect
Time
in ps
1 97.6631 | 1.0000 | 1
2 56.5872 | 1.7259 | 1.7261 | 36.90% | 63.10%
3 45.4589 | 2.1484 | 2.1493 19.79% 80.21%
6 70.6665 | 1.3820 | 1.3825 | 58.50% | 41.50%

Table 5 and Table 6 give the results of experiments carried out
for 40K/sec arrival rate and bursty random arrival rates. The
results show that at the higher arrival rate of 40K/sec the
serialization effect is seen reduced and parallelization is seen
increased. In the bursty random rate as the arrival rate is less
compared to that of 40K/sec the packets get processed before
the arrival of the next packet and hence the serial portion is
seen higher and parallelization effect is seen less. This
confirms the behavior of the same in line with the earlier
experiment.

In summary, in a multicore implementation it is essential the
designer looks for opportunities for parallelization in the
critical path. The quantum of serial portion and parallelization
will determine the amount of Speedup. Also, at a higher
velocity of arrival the serial portion diminishes and increases
the parallelization resulting in better speedup at these levels.

6.4 Controlling the 1/O by application and
Optimizations

In addition to the recommendations in the previous section,

1/0 is taken off the critical path and other optimizations. The

improvement in response time and throughput are shown in
Table and Fig. 6(a) and 6(b).

Throughput K/Sec

Processes Before After
Pre-proc 333 556
Core Transaction 33 56
R-Process 43 84
R-Sender 77 118
R-Publisher 59 73

Throughputwith I/O Off

§ 500
& 400
% 300
@
g 200
= 100 Before
e m AT
. o & o e&‘ q;é’f After
= = = o 5
P d q_g*" = Q§
<5 a

Critical Path Processes

Fig 6(b) application controlling the 1/O operation

The experimental results show the improvement of
performance by the application controlling the 1/O operation
by taking 1/0 off the critical path. The impact of reduced
latency and increased throughput is clearly seen in all these
processes of the critical path from the Fig. 6(a) and 6(b). In
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the core transaction process the latency has improved from
33us to 18us and the throughput improved from 33K to 56K
messages per second. There is a 40% improvement in latency
and 41% improvement in throughput. Similar improvement is
observed in all other processes.

In summary, the recommendation of application controlling
the 1/O operation helps in controlling the jitters and the
outliers impacting the latency and throughput heavily.

7. CONCLUSION

In this paper we have defined the methodology to be used to
transform OLTP legacy applications to agile applications by
introduction of a three tiered architecture of Pre-processing
Tier, Business Tier, Post processing tier. We have further
demonstrated the key factors to be considered to enable the
critical path of the Business Tier lean and efficient. Making
the critical path lean and efficient, thereby enabling high
throughput and low latency, using the following:
(i) Separation of the processes within a tier and introduction of
CPU affinity in a multi core hardware; a significant
improvement of 52% - 67% is observed in response time and
at 99-100% the recorded data shows an exponential
improvement in latency and reduction in the outlier packets
observed in the experimental evaluations. (ii) Introduction of
optimal concurrency and then enhancing and further
maximizing parallelization of tasks for the best possible
performance gains is to use up to 4 publishers. Beyond 4
publishers, due to increasing parallelization overheads and
contentions, the speedup reduces (iii) making the Application
control the 1/O operations by taking them off the critical path
to reduce jitter and minimize the outliers; there is a 40%
improvement in latency and 41% improvement in throughput
in the core transaction processing. Similar improvement is
observed in all other processes.

We recommend that this kind of architectural analysis and
approach is required for achieving extremely high
performance, and such experiments need to be carried out for
identifying the optimal levels of parallelization within a
critical path considering the workload for the best possible
speedup in mission critical real time application
transformations.

In this paper, we have focused on optimizing the “Business
Process Layer” in a typical “Data Stream Processing”
application. The principles examined in this paper can be
applied more generally to further enhance the performance of
any component of a “Data Stream Processing” application in
transforming mission critical real time applications for high
performance. The other layers such as (i) Pre-Process, (ii) 1/0
in the Critical Path, (iii) Response Delivery and (iv) in-
memory database also require similar kind of analysis using
the five dimensions used in this study, and the same can be
taken up as future work items.
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