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Abstract

Value of a recommendation grows multifold if it reaches the customer at real
time, just when the information is most needed. However, there are practical
problems with running real time analytics. The ability to view and process the
real time data, and make the recommendations at real time is the most crucial of
them. Machine learning algorithms that are used to learn preferences from data
and to make personalized recommendations take a long processing time owing
to their computation complexity and also because of the need to process large
amount data. Recent studies suggest that parallel architecture of graphics
processors (GPU) can be exploited to enhance the performance of machine
learning algorithms. A GPU/ CPU cluster based methodology to address real
time analytics needs is presented in this paper.
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Now or Never - Instant Recommendation is the key

Situations demand that the right recommendations are made quickly while the opportunity lasts. Most real time
recommendation opportunities are of this nature. Such situations require that the incoming stream of data is analyzed at real
time, results of which are combined with the analysis of past and current behavior of the particular customer, his
demographic information, and general user behavior trends to arrive at appropriate personalized recommendations.
However, dissemination of such recommendation at a later time / date may not make much sense.

A good example would be an online retail context; where thousands of users logged on to the website. The retailer wants to
make personalized recommendations to the most prospective buyers. In this scenario, the situation is dynamic; customers
keep entering and leaving site. The selection of personalized recommendation has to be carried out online and sent out as a
display of a personalized offer / a personalized advertisement or it may be even a live chat invitation to prospective buyers.
Display of personalized advertisement is found to have very high eCPM (effective cost per Mille impressions) value for the
publisher and is one of the applications in highest demand today. The most difficult part of such tasks is that they must be
accomplished before the user leaves the site.

Long processing requirements, server delays, large amount of real time data (heavy online traffic) and limited number of
resources (in case of chat invitations) are the other problems adding to the vow. There are a few applications that handle
similar scenarios; however the real time decision (generativ eand discriminative model)

Parallel Machine Learning on GPUs

A common grouse about the machine learning / data mining / text mining application is that they are computationally
intesive and as a result, tend to be slow with increasing volume of data. So, typical data mining applications depend on
offline processing (typically, model building is considered as an offline task) which has obvious limitations in the real time
scenarios. Amount of data that has to be handled can still make things slow. Data and task parallelism paradigms are often
applied to machine learning / data mining contexts to reduce computation time. The parallel architecture of GPUs makes
them an attractive candidate for running machine learning tasks and in fact, now machine learning has been recognized as
one of the most popular general purpose applications of GPGPUs

Map reduce framework is viewed as yet another boon for handling large amount data effortlessly to give performance lifts. In
a distributed environment, the map reduce framework provides two functionalities; ‘map’ and ‘reduce’. While the map
functionality is helpful in distributing the work across processors / nodes, the reduce functionality combines the individual
results and process them together to produce the final output. In the recent years the map-reduce technique has been one of
the most sought after technology trends that has been instrumental in building scalable, effective applications in a distributed
environment.

While research on parallel approximation of machine learning algorithm is much older than a decade, the attempts to
improve performance by employing graphics processors are still in infancy. However, initial attempts have been successful
attaining as much as 80% increase in speed in particular cases. GPU architectures provide an excellent opportunity to employ
data parallelism in order to reduce the time required to process voluminous data. Using the map reduce framework to
reduce the computation time in distributed environment consisting of GPU nodes is one of the most recent offshoot of
research. The Hadoop framework can be utilized to realize a cluster of GPU nodes. This architecture gives the double benefit
of processing large data across a network of distributed nodes and within each node the computation/ processing speed is
further enhanced by effective use of multi-core processors of GPUs. In a real time environment, where instant response is the
key, the capability of a GPU cluster can be effectively leveraged to improve performance.

Typical Concerns and Solution approach based on GPU / CPU cluster on Hadoop
Framework

In a true online decision making scenario machine learning models are built offline and classification is done in real time,
which saves a lot of time by avoiding high computation time required for model building. It is possible that the amount of
real time data coming in is so high that one has to save the models in multiple servers and run the classification
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independently on different servers. It is observed that in a typical practice, one machine learning model is used for making
decision. Usually the chosen model is a discriminative model that makes the real time computation for classification easy and
time required for the same is not really high. However, using one model across global population is not the right practice as
user behavior differs across products, verticals and demographic variations. This calls for building and using multiple
machine learning models to make better predictions. Besides, the current practice almost disallows the use of generative
models in classification as they use a lot of computation time. However the generative models might work much better in
certain contexts and it is good to for them for better prediction accuracy.

A map reduce framework based on Hadoop that uses a GPU / CPU cluster has been proposed to facilitate multiple machine
learning models with necessary support for running generative machine learning models.

Architecture

Matrix manipulation, computation complexity,
and need for processing of huge data makes
analytics applications that employ typical machine

GPU 1-Gen. Model 1 GPU N—Gen. Model N CPU 1- Disc. Model 1 CPU 2-Disc. Model M

learning algorithms an ideal case for introducing
parallelism into the process. The proposed —
architecture uses a combination of GPU and CPU RS Jade
nodes in a Hadoop cluster, each of them devoted
for running one machine learning (ML) model.
While GPUs are found to be helpful in
introducing parallelism in generative machine

learning procedures and thus reducing time glzl:t/;'::‘
required for classification, CPU nodes can be Hadoop

employed for using discriminative models. Against
the typical procedure where copy of the same
model is saved on many servers and the models
use data on the respective servers, the proposed
architecture will have one server is reserved for a model which makes uses data across the servers leveraging the Hadoop's
map reduce framework. A 1000 node cluster will be able to support 1000 models. In this scheme it is possible to include
generative models too; as it generative algorithms can be run on GPU nodes making the best use its of parallel processing
capabilities.

In this set up, NVIDIA's GPGPU nodes can be employed along with regular / multicore Intel machines. From algorithm
point of view, it requires that the parts of the procedure that can proceed in parallel and those that will have to be run in a
sequential manner are identified. This in turn helps in making suitable approximation and modifications to algorithms. Real
time data that needs to be processed is partitioned across different nodes.

Periodic off line analysis of data must reveal which model is suitable for what kind of data and the result of analysis may be
crafted as rules to identify the right model for the specific data. A software module will be responsible for identifying the
portion of the data in the node suitable for classification by a specific ML model and making it available for it. Generative
models that require longer time run on GPUs make use of the parallel architecture of GPUs and discriminative models that
requires relatively less time run on CPUs in a sequential manner. The master node architecture should ideally be GPU or
even better a most advanced CUDA architecture, NVIDIA Fermi architecture where, multiple processes can proceed at a time.

This architecture is built to support real time analytics applications and is a classic example of high performance computing
being put to use.

Application Contexts

Although much has been spoken about real time analytics, accomplishing such tasks at real time remains a challenge. The
current developments in internet and mobile technology have enhanced the possibilities of accomplishing such tasks to as
they provide access to real time data. The need for processing large amount of real time data to run some analytics or to make
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recommendations has triggered this research. Some example from the real time retail and mobile analytics scenarios are
presented below and of course, there could be applications of mobile analytics in retail context.

Real Time Mobile Analytics:

Real time mobile data can used provide quick and useful services and personalized recommendations to customers. Analysis
of mobile tracking data collected at various mobile towers can reveal the routes of regular use, most preferred routes,
preferred locations of hangout during the weekend etc. This information can be used for building personal profiles of users,
which in turn is helpful in making personalized recommendations based on the current location of the phone.

Sending traffic jam reports while the customer is still on road well before entering the area of traffic jam, news about the
events happening around local hang outs when the customer is much around the area, offering assistance on finding taxis,
hotels while away from home or on frequent trips etc., are some of the useful services that can be realized with real time
mobile data analytics.

Real Time Retail Analytics:

In retail sector customer interaction points are the data pools on which real time analytics is run for providing services such
as personalized recommendations. Be it online retail or the brick and mortar, retail industry is much customer focused and
much aligned to customer analytics needs. Growing popularity of online retailing has been instrumental in driving online
support for many supporting businesses such as delivery, packing, servicing industries etc. In fact, all these businesses also
got channelized to work via the internet. Along with the retail industry, these supporting businesses also do get to benefit
from real time retail analytics.

Typical examples of real time analytics solutions for the retail industry:

Live chat support for online retail sales and service: While the history of footprints of customers is helpful in customer
behavior analytics, funnel analysis helps in understanding the customer drop off. With thousands of customer logged on to
the retail web site; many of them entering and leaving the website simultaneously, it is important that the right customers
who is most likely to be a buyer is identified and offered an invitation to chat. Given that it is important to establish
connection before the customer leaves the site, a real time analytics and instant recommendation capability has a role to play
here.

Real time recommendations: Online identification of customers and sending instant, personalized recommendations to them
based on their past and current status is yet another application that uses the real time recommendation capability. The
recommendations may be in the form of advertisements, personalized offer / discounts that act as motivators for customer
retention. Even in a brick and mortar scenario, real time recommendations can play a great role. Depending on the position
of the cart, the details of the customer and his past behavior, recommendations on the best offers available may be sent to his
mobile. Although the number of customers to whom the recommendations are being sent may not be huge as in case of
online retails, it is equally crucial to send the recommendations in real time. The processing capability is depends on the size
of the stores and degree of personalization proposed.

Summary

Real time analytics is a subject that has gathered a lot of attention in recent times. Raised as an offshoot of real time BI, it has
played important role in near real time applications such as capacity utilization, demand forecast etc. Multi core platforms
that process large amount of data and run complex computations such as matrix manipulations quickly can be effectively
used to run true real time applications. A cluster of CPUs nodes in a hadoop framework with map reduce capability is being
proposed to counter performance issues. Machine learning algorithms are modified or approximated to reap the benefits of
data and task parallelisms. Voluminous data processing and real time recommendation situations as the retail and mobile
analytics examples illustrated here would stand to gain from the processing capabilities of the GPUs and hadoop’s map
reduce framework
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