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Abstract—Gaining visibility into their retail supply chain has
become a top priority for the Consumer Product (CP)
industry. However, taking a “do-it-yourself” approach to the
problem is proving to be both expensive and complex. Cloud
Computing, with its on-demand provisioning capability on
shared resources, has emerged as a new paradigm to address
the challenges of the CP industry. In this paper, we describe a
framework for deployment of business analytic solutions on a
Cloud platform. We illustrate the benefits of the approach in
context of the Demand Driven Business Analytic solution that
provides demand signals to CP manufacturers.

Keywords-Cloud; Demand Signal Repository;Supply Chain;
Analytics; Composite Appliance.

L

The phrase “Cloud Computing” [1-3] has become
synonymous with containing and managing IT costs for
enterprises. Cloud Computing is an IT delivery paradigm
where compute capacity is made available to users in an on-
demand fashion through a shared physical infrastructure. The
expectation is that sharing hardware, software, network
resources, and management personnel would reduce per unit
compute cost for enterprises. Several vendors such as
Amazon EC2, Google, and Rackspace have been offering
commercial Cloud offerings. Though perhaps not enterprise
grade level yet [13], Cloud Computing has gained the
interest of several large enterprises, which have started
deploying and experimenting with the technology for their
test and development environments.

Current economic conditions and the need to lower costs
have forced the Consumer Products (CP) industry to
consider the cost advantages of Cloud Computing.
According to a 2008 study of CIOs, the IT spend in most CP
organizations is declining which demands a balance between
controlling cost and providing business value. The industry
typically loses 3.5% of sales ($40 Billion) annually due to
supply chain inefficiencies. In distributed computing
environments 85% of computing capacity is idle and 70% of
the IT budget is spent on maintaining current infrastructure.
Demand Driven Business Analytics (DDBA), one of the
leading solutions that is gaining traction in the industry,
focuses on a Demand Signal Repository (DSR) as a central
information nucleus within the organization driving
improvements across several business processes. The
repository is characterized by the integration of demand data
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from retail partners, syndicated providers harmonized with
internal CP supply chain information that drive analytics and
optimization for intelligent decisions and insightful
collaborations with trading partners. Due to the sheer volume
of data, processing and integration expertise needed, an
efficient implementation of a DDBA solution can easily
exceed the budget for a CP organization. Additionally the
workloads on the infrastructure driven by the data
integration, analytic and end user routines are highly variable
in nature leading to inefficiencies in infrastructure utilization.
The emergence of Cloud Computing has opened up an
opportunity to improve the cost structure, flexibility and
efficiency in delivering a DDBA solution across multiple CP
organizations.

In this paper, we present our experience in building a
DDBA solution based on a Cloud computing platform, the
benefits of which can be applied to both the CP organization
as well as its retail customers. We first present a short
overview of the DDBA solution along with challenges and
requirements for a cloud-based solution. We then present the
architecture and implementation of the solution, and discuss
some issues that arise in applying a Cloud to DDBA.

IL.

Out-of-stocks on the shelf continue to run at 8%-10% for
turn merchandise and 15-20% for promotions, resulting in
loss of short-term sales and erosion of long term brand
power and loyalty. Further, the uncertainty and variability
caused by a lack of true demand information leads
manufactures to stockpile extra inventory, thereby reducing
the overall efficiency of a supply chain. There is a surge in
the volumes of information available today and most
organizations are drowning, struggling to understand what
to do with the data they receive. The last mile blind spot i.e.
visibility to retail point of sale data is rapidly being made
available enabling consumer product manufacturers to
manage their processes “outside-in” coordinated with their
customer’s demand requirements. The Demand Driven
Business Analytics solution provides services managing
information from shelf back to supplier. At the core of the
solution is a DSR that is a robust, centralized database that
stores, harmonizes and normalizes large volumes of demand
data, including point-of-sale data, wholesale distribution
information, inventory movement, promotional
demographics, market demographics, third-party market
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content and customer loyalty data, to support better decisions
in the areas of category management, joint value creation,
VMI, trade promotion management, supply chain
management and promotion management [11]. This is a
leading edge solution quickly gaining traction within both
the Retail and CP industries. With IT budgets razor thin and
the perception for most organizations to focus on core
business processes, creating and managing large volumes of
information and investing in dedicated hardware is a thing
of the past.
To address these problems we designed and implemented

a cloud-based DDBA solution. During the design, we
identified several requirements that had to be met by the
design. These requirements are listed below

a) Reduce costs through multi-tenancy

b) Process and manage large volumes of data

c) Security of data and information

d) Rapid on-boarding of new retailers and CPs

e) Ability to plug different analytic providers

f) Custom reporting and ETL jobs.

Logical architecture of the DDBA solution
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Figure 1 Logical architecture

Figure 1 shows a high level architecture of the DDBA
solution. The solution aims to provide a collaborative
platform for CP manufacturers and their associated Retail
customers. The collaboration is initiated by Retailers and/or
syndicated data providers securely uploading their daily
Store / SKU level point-of-sale data to the solution. The
uploaded data is cleansed, normalized and harmonized with
internal CP master data attributes and persisted in the DSR.
Based on the business objectives and challenges faced by
the manufacturer, the solution allows for plugging in higher
order analytics to improve and optimize business processes
such as demand forecasting, new product introduction, on
shelf availability, and order to cash [12]. The analytic results
and corresponding key performance indicators and alerts are
available via a role based enterprise dashboard for easy
viewing and navigation. Figure 2 shows the sample output
of a report from the solution.
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Figure 2 Sample report output from the DDBA solution

The DDBA solution is a perfect candidate to be hosted
on a Cloud platform as it exhibits several of the key
workload attributes suitable for the Cloud bursty workload,
compute intensive analytics, and the need to process large
volumes of data.

I1I.

Cloud Computing promises lower costs due to better
economies of scale. To achieve low cost, it is critical to
eliminate manual processes associated with systems
management and provisioning. In this section we briefly
describe a high level architecture of a Cloud Computing
model and discuss the role of images in the paradigm.

CLoUD COMPUTING AND IMAGES

A.  Cloud Computing

Cloud Computing provides a self-service environment
for requesting compute resources. Figure 3 shows the logical
architecture of a Cloud Computing deployment. Typically,
service providers create a pool of networked hardware
resources. Each hardware resource runs virtualization
software such as VMWare, Xen, or KVM. Virtualization
enables each hardware resource to host and run multiple
virtual machines. The Cloud resources are made available to
users through a User Portal or Web Services APIs. User
requests are forwarded to a Provisioning Component that
performs the following tasks:

1) Refers to a Resource Manager to locate a hardware
resource that has available capacity to run the virtual
machine that the user requested.

2) Copies the image for the virtual machine from the
Image Library to the target hardware resource.

3) Creates the configuration for the virtual machine on
the target hardware resource and creates the virtual machine.

4) Notifies the user after the virtual machine has been
successfully created.
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Figure 3 Logical Architecture of Cloud Computing

B.  Images

An image is simply the disk representation of a virtual
machine pre-installed with an operating system. A virtual
machine image preloaded with application software is further
referred to as an appliance. An image or an appliance
consists of two files: the configuration file, and the actual
disk image. The configuration file represents the metadata
about location of the disk image file, display name, attached
network and peripheral devices.

Cloud Computing uses images as the building blocks for
provisioning. When a user requests a compute resource, the
Provisioning Component locates and retrieves the
appropriate image from the Image Library, and uses the
image to create the new virtual machine. The capabilities
provided by the Cloud are abstracted in the Infrastructure-as-
a-Service layer.

Iv.

We architected the cloud-based solution to provide an
affordable DDBA solution for CPs. The main areas of focus
were multi-tenancy, service automation, and security. For
version 1 of the solution, we chose to use platform-level
multi-tenancy in which a dedicated instance of the solution
was created for each customer, and the solution instance
shared the underlying middleware among multiple CPs. To
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eliminate labor costs, we extensively used automation script
to automate the customer on-boarding processes. In addition
to traditional VLAN-based security, we designed the
solution to securely isolate data, reports, ETL jobs, and
DSRs for different tenants.

We discuss the architecture of the cloud-based DDBA
solution in two parts. First, the Service Manager is
responsible for the provisioning of the DDBA solution
instance, adding/removing tenants and retailers, and
performing change management operations on the IT
infrastructure. Second, a set of Common Services, which
are shared across multiple instances of the solution. These
services include the Data Service that facilitates receipt of
data from the retailers, and transferring it to the correct
location for processing; the Authorization Service that
manages userid information about different tenants; and the
Analytics Service that selects a specific analytic component
for use by the solution.

Figure 4 shows the architecture of the cloud-based
solution. The Service Manager is used by a System
Administrator. The three Common Shared Services are also
underlined. The solution assets comprise of an Information
Server, a Reporting Server, and a Database Server. All the
servers are deployed on a Cloud provided by a standard
Infrastructure-as-a-Service (IaaS) platform such as Amazon
EC2 [5] or the IBM Developer Cloud [6]. IaaS provides
REST APIs to create and delete virtual servers from images
that were created specifically to support the solution. In this
section, we discuss the three functional components of the
architecture.
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Figure 4 Architecture of the cloud-based solution

A.  Service Manager

The Service Manager provides a service management
abstraction layer on top of the infrastructure services in the
Cloud. In our current implementation, the Service Manager
has four main sub-components:

a service catalog that provides a browseable view of
solutions that are available for deployment

a service template framework that allows administrators
to create service definitions, that serve as business-level
interfaces to present to Cloud users, and service
mappings which specify how business level inputs are
used to provision and configure services

a mapping engine that converts user requests into
workflows which set applicable parameters and invoke
the appropriate provisioning APIs, Cloud services, or
automations

a service portal that renders the service definitions and
allows users to select and deploy solutions from the
service catalog
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Figure 5 shows the components and logical architecture
of the Service Manager. The service catalog database
contains the structure and contents of the solution catalog
which is displayed in the service portal. In addition, the
database contains service templates for available solutions,
each consisting of the corresponding service definition and
service mapping. Both of the service template elements are
created by the service provider, who is expected to know
how the service should be represented to users, and also
how inputs should be used in deploying the service. The
Service Manager provides a framework for expressing these
in a structured and standardized way.

1) Solution Deployment
The service template-definition consists of service mappings
that point to the deployment topologies used to instantiate a
solution.



The framework enables system administrators to specify a
solution’s requirements and deployment topology using an
XML file (We are in the process of converting the XML to
an OVF compatible format). The deployment topologies are
represented as Composite Appliances. A Composite
Appliance is a collection of individual appliance images that
are preconfigured to work together. Though the detailed
knowledge of configuration points in a Composite Appliance
for a given solution is required, the requirement analysis and
the determination of configuration points are beyond the
scope of this paper.

A Composite Appliance is specified using an XML file.
Figure 6 shows the UML diagram for specifying a solution
requirements and topology of a Composite Appliance. The
top-level class for the specification is an Appliance section.
Each Appliance section consists of one or more Node
sections. Further, each Node section consists of an Image
Requirement section and an Image Specification section. The
Node section corresponds to one logical node of the solution.
The Image Requirement section specifies the memory, CPU,
disk and network requirements of the image associated with
the solution. This approach allows a system administrator to
quickly configure and deploy different sized solution by
merely changing the values in the specification.

The Image Specification section contains information
about the image that is part of the solution. The information
is used by the Provisioning Component at the time of
deployment of the solution. As mentioned in Section III.B,
each image may contain a preconfigured software stack. The
values correspond to the following attributes

e OSType — Descriptive name of the Operating

System name and version installed on the image
o Imageld — Identifier of the image in the image

library
Filename — File name for the image
VirtualizationType - Type of virtualization

technology needed for this image
e  RunOnceScript — A semi-colon (;) separated string
of commands that are executed when the newly-

@ered catalog of available DSR ser\A
s

rendered service definition
for DSR retailer service

created virtual machine from the image is first
started. We discuss this attribute in the following
sections.
e  Userid — Specifies the “Userid” with root privileges
for the new virtual machine
e Password — Specifies the password that needs to be
set for the “Userid” with root privileges
Each Image Specification section also contains multiple
Software Attributes. The Software Attributes contain the
name-value pairs describing the attributes associated with the
software stack that is configured on the specific image. For
example, in an image that has the DB2 Server software
installed, the Software Attributes section would contain the
db2port, db2InstallationPath, db2Userld, and db2Password
information. Since an image may be authored by another
person, this information provides system administrators with
information about the image so that they can write scripts to
change the configuration as needed. Additional details can be
found in [4].
2) Service configuration and data onboarding
The Service Manager provides capabilities to request DSR-
related services from the Cloud, including requesting a new
instance of the DSR solution for a new CP tenant, adding
and removing retailers associated with a specific CP
instance, and performing change operations on an instance
of the solution. As mentioned earlier, each of the available
DSR services has a corresponding service template that
allows the service creator to define how users interact with a
service (service definition), and the set of actions to deploy,
configure, and populate the service (service mapping).
When a user selects the “Add New Retail Data Source”
service from the catalog, for example, the Service Manager
decodes its service definition specification and renders it as a
dialog in the service portal. The service definition enables
service creators to easily create flexible dialogs for collecting
user inputs at the desired level of abstraction. This is in
contrast to existing infrastructure Cloud offerings in which
the user is forced to describe his needs in terms of number of

service template

)
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* provisioning
* common svcs
+ onboarding

mapping engine

service definition

service portal

Figure 5

user-supplied inputs

Components of the Service Manager
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virtual CPUs, amount of memory or disk, software image,
etc.

In this case, the service definition specifies information
about the retailer (e.g., name, id), the CP tenant to which it
wishes to make its data available, and information about the
format of the data that will be uploaded (e.g., file type, the
frequency of data upload, the number of product SKUs
expected to be in each file, etc.). The service definition
XML schema supports a number of ways to collect input
from the Cloud user, and we have used it to create a variety
of Cloud services, including analytics services such as the
DSR, business-oriented services such as enterprise business
process applications and virtual enterprise desktops, and
infrastructure services such as configurable application
development platforms.

The service mapping specifies how input parameters
should be used in deploying the service. In general, the
mapping may be as simple as a pass-through of an input
parameter to a configuration script in a virtual machine
instance, or a more complex transformation that considers a
workload parameter (e.g., expected number of stores per
retailer, or number of analytics report users), and sizes and
configures a software component appropriately. For the
retailer onboarding service, the information about the
uploaded data is used to invoke the common Data Service in
the Cloud (see Section IV.B.1) to establish an appropriately
sized inbox for the retailer with the right set of
authorizations.

The mapping engine combines the user-supplied inputs
with the service mapping to execute the service deployment
actions. When deploying a new solution instance on behalf
of a CP tenant, the mapping engine requests the
provisioning of a Composite Appliance as described in
Section IV.A.1. For retailer onboarding, there is no virtual
image provisioning required — instead, the mapping engine
invokes the Data Service as described above, and also
executes additional automation to set up ETL jobs in the
Information Server to perform the required data
transformation for the new retail data source. Similarly, if
the CP tenant wishes to add new reports to its analytics (or
remove a report), the Service Manager collects the report
selection and any associated parameters, and then uses
automation scripts to reconfigure the Reporting Server in
the tenant’s existing DSR solution.
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Figure 6 UML Schema of a Composite Appliance

B. Common Shared Services

1) Data Service
DDBA is a data-centric solution as it requires data to be
uploaded to the solution on a periodic basis. As part of the
solution, retailers need to upload their daily point-of-sale
data. Based on the number of SKUs being processed, the
datasets can range from 30 MB to 8 GB sized files. The role
of the Data Service is to provide a bulk data transfer
capability to receive data from each of the retailers and
transfer the contents to the appropriate inbox. Even though
bulk data transfers are best suited using FTP servers, we did
not choose this option due to two reasons. First, it is
difficult to validate whether the data file has been correctly
uploaded. Second, there is no mechanism available as part
of the FTP Server processing to trigger action upon
successful transfer of the file.

The Data service provides a set of REST APIs that allow
a system administrator to define users authorized to use the
service and associate a valid inbox location (e.g., server
name and folder, or an NFS mount point) to where the file
should be transferred. The Data Service uses another shared
service called the Authorization Service to authenticate
users. When the Service Manager adds a new retailer to a
solution as part of the retail on-boarding scenario, it
configures the Data Service with a new user id and specifies



the location of the inbox to where files uploaded by this
retailer should be transferred to.
2)  Authorization Service
The Authorization Service provides a common service for
managing userid information about different customers in
the Cloud. At the time of customer on-boarding, the Service
Manager defines new userids and roles in the Authorization
Service. The information and roles are also used by the
solution instance to control access to the reports available to
customers. The Data Service uses the Authorization Service
to validate and control access for retailers to upload point-
of-sale data.
3) Analytics Service

A design principle for the DDBA solution was to enable a
CP manufacturer to leverage existing IT investments, i.e.
vendor solutions or the ability to utilize pre-packaged
analytics included in the DDBA solution. The choice of the
analytics is largely driven by needs of the internal business
process, prior experience with the vendor, or information
availability. For a cloud-based solution, we developed a
framework where a customer would specify their choice of
analytics, choose from a set of pre-defined providers and
provide integration parameters for interfacing the analytics
with the DSR. The Service Manager notes the customer
selection and configures the Data Service appropriately. As
the retailer data is uploaded to the Cloud, the Data Service
transfers the transformed data to the inbox of the selected
analytic provider. After the analysis is complete, the results
are moved back to the DSR and analysis made available via
reports on the Reporting Server.

C. Solution Assets

The solution assets provide the core business analytics
functions for the DDBA solution. The assets consist of an
IBM Information Server, a Cognos Business Intelligence
Reporting Server, and a DB2 Database Server on separate
appliance images. These server images are configured and
networked together to provide a set of integrated services.
The Information Server is responsible in converting and
aggregating the input data from different retailers into a
staging database, and in executing ETL jobs to generate a
DSR data warehouse in the Database Server. The Cognos
Business Intelligence Reporting Server is used to perform
OLAP on the DSR data warehouse and to generate reports
for an enterprise mash-up dashboard to be accessed by CP
tenants.

V.

Deploying any solution on a Cloud platform is in itself
not very interesting because Cloud provides resources
similar to physical machines albeit at a cheaper price. The
key innovation lies in the solution exploiting the dynamic
elasticity capabilities of the Cloud platform. In this section,
we discuss how our framework enables the solution to
exploit the Cloud capabilities.

EXPLOITING THE CLOUD
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A.  One-size deployment topology does not fit all

Not all CP customers have same requirements. The main
differences lie in the number of retailers that participate in
demand signal generation process, number of product SKUs
in each data file, and number of reports that a customer
signs up for. As a result, we designed the solution to gather
CP requirements at the time of on-boarding. The business
requirements are mapped by the Service Manager to
deployment topologies with specific configuration
parameters. The configuration parameters reflect the CPU,
memory, and disk sizes allocated to each of the virtual
machines that are part of the solution. The underlying Cloud
environment then creates the solution instances based on the
specified configuration. The framework eliminates the need
to over-allocate resources to the solution when the resources
are not required.

B.  Managing data

As we mentioned earlier, DDBA is a data-intensive
solution. In steady state, the size of the DSR repository can
grow up to 15 TB. Further, each participating retailer
uploads point-of-sale data on a regular (hourly or daily)
basis. The size of the data files can vary from 30MB to
8GB. These files are received by the Data Service
component and moved to the inbox of the solution instance.
To prevent out-of-space situations from occurring either on
the inbox file-system or in the database server, the
framework provides a mechanism where the Service
Manager can set thresholds and subscribes to alerts from the
appropriate virtual machines. These alerts are linked to
specific corrective actions that the Service Manager initiates
to remedy the situation. At present, we are only monitoring
situations that could adversely impact the operations of the
DDBA solution.

C. Managing growth

After signing up for the DDBA solution, we expect the
needs of the solution to grow as enterprises increase their
market reach and products that they manufacture. To
accommodate growth, the Service Manager provides a
change request mechanism. The mechanism allows a system
administrator to add and remove retailers, and change cpu,
memory resource allocation to active instances of the
solution. The mapping engine of the Service Manager also
automatically determines if on-boarding additional retailers
would result in generation of additional workload that
cannot be handled by merely adding more resources to the
deployed instances. In this case, the Service Manager is
designed to trigger horizontal scalability of the solution
middleware (e.g. adding more application servers).

VI

Current work in Cloud Computing has been centered on
providing single VM Compute resources to the end users.
Both, Amazon EC2 [5] and IBM Developer Cloud [6]
provide the ability for users to provision single images in the
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Cloud. Dynamic scalability of web applications deployed
through appliances in a Cloud has also been addressed in [7].
No support is available to define and request multi-server
solutions, or provide a set of common services for use by
different solutions. Other vendors are focusing more on
providing application runtimes (Google App Engine[8]), or
delivery of specific business function via the software-as-a-
service delivery model (Salesforce [9], GoogleDocs[10]).

VIL

We have presented a framework for deploying business
analytics solutions on Cloud platform. The solutions are
characterized by a need to process and manage large
volumes of data, rapid on-boarding of new retailers and
CPs, and an ability to plug-in different analytic providers.
The framework provides a standardized mechanism to
deploy solutions in the Cloud. Our work has demonstrated
the advantages of using a shared services based approach to
manage costs and complexity of solution deployment for
our customers. As part of future work, we plan to extend
the work to enable system administrators to specify
operational characteristics of the solution such as
deployment zones, and availability requirements.

CONCLUSION
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