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AN INTRODUCTION
The trend-setting cloud paradigm actually represents the cool
conglomeration of a number of proven and promising Web and enterprise
technologies. Cloud Infrastructure providers are establishing cloud centers
to host a variety of ICT services and platforms of worldwide individuals,
innovators, and institutions. Cloud service providers (CSPs) are very
aggressive in experimenting and embracing the cool cloud ideas and today
every business and technical services are being hosted in clouds to be
delivered to global customers, clients and consumers over the Internet
communication infrastructure. For example, security as a service (SaaS) is
a prominent cloud-hosted security service that can be subscribed by a
spectrum of users of any connected device and the users just pay for the
exact amount or time of usage. In a nutshell, on-premise and local
applications are becoming online, remote, hosted, on-demand and
offpremise applications.
Business-to-business (B2B). It is logical to take the integration
middleware to clouds to simplify and streamline the enterprise-toenterprise
(E2E), enterprise-to-cloud (E2C) and cloud-to-cloud (C2C) integration.
THE EVOLUTION OF SaaS

SaaS paradigm is on fast track due to its innate powers and potentials.
Executives, entrepreneurs, and end-users are ecstatic about the tactic as
well as strategic success of the emerging and evolving SaaS paradigm.
A number of positive and progressive developments started to grip this
model. Newer resources and activities are being consistently readied
to be delivered as a service. Experts and evangelists are in unison
that cloud is to rock the total IT community as the best possible
infrastructural solution for effective service delivery.
IT as a Service (ITaaS) is the most recent and efficient delivery
method in the decisive IT landscape. With the meteoric and
mesmerizing rise of the service orientation principles, every single IT
resource, activity and infrastructure is being viewed and visualized as a
service that sets the tone for the grand unfolding of the dreamt service
era. Integration as a service (IaaS) is the budding and distinctive
capability of clouds in fulfilling the business integration requirements.
Increasingly business applications are deployed in clouds to reap the
business and technical benefits. On the other hand, there are still
innumerable applications and data sources locally stationed and
sustained primarily due to the security reason.
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B2B systems are capable of driving this new on-demand integration
model because they are traditionally employed to automate business
processes between manufacturers and their trading partners. That
means they provide application-to-application connectivity along with
the functionality that is very crucial for linking internal and external
software securely.
The use of hub & spoke (H&S) architecture further simplifies the
implementation and avoids placing an excessive processing burden on
the customer sides. The hub is installed at the SaaS provider’s cloud
center to do the heavy lifting such as reformatting files. The Web is the
largest digital information superhighway
1. The Web is the largest repository of all kinds of resources such as

web pages, applications comprising enterprise components, business
services, beans, POJOs, blogs, corporate data, etc.
2. The Web is turning out to be the open, cost-effective and generic
business execution platform (E-commerce, business, auction, etc.
happen in the web for global users) comprising a wider variety of
containers, adaptors, drivers, connectors, etc.
3. The Web is the global-scale communication infrastructure (VoIP,
Video conferencing, IP TV etc,)
4. The Web is the next-generation discovery, Connectivity, and
integration middleware
Thus the unprecedented absorption and adoption of the Internet is the
key driver for the continued success of the cloud computing.
THE CHALLENGES OF SaaS PARADIGM
As with any new technology, SaaS and cloud concepts too suffer a
number of limitations. These technologies are being diligently examined
for specific situations and scenarios. The prickling and tricky issues in
different layers and levels are being looked into. The overall views are
listed out below. Loss or lack of the following features deters the
massive adoption of clouds
1.
2.
3.
4.
5.
6.

Controllability
Visibility & flexibility
Security and Privacy
High Performance and Availability
Integration and Composition
Standards

A number of approaches are being investigated for resolving the
identified issues and flaws. Private cloud, hybrid and the latest
jntuworldupdates.org
Specworld.in

Smartzworld.com

Smartworld.asia

community cloud are being prescribed as the solution for most of these
inefficiencies and deficiencies. As rightly pointed out by someone in his
weblogs, still there are miles to go. There are several companies
focusing on this issue. Boomi (http://www.dell.com/) is one among
them. This company has published several well-written white papers
elaborating the issues confronting those enterprises thinking and trying
to embrace the third-party public clouds for hosting their services
and applications.
Integration Conundrum. While SaaS applications offer outstanding
value in terms of features and functionalities relative to cost, they have
introduced several challenges specific to integration.
APIs are Insufficient. Many SaaS providers have responded to the
integration challenge by developing application programming interfaces
(APIs). Unfortunately, accessing and managing data via an API requires
a significant amount of coding as well as maintenance due to frequent
API modifications and updates.
Data Transmission Security. SaaS providers go to great length to
ensure that customer data is secure within the hosted environment.
However, the need to transfer data from on-premise systems or
applications behind the firewall with SaaS applications.
For any relocated application to provide the promised value for
businesses and users, the minimum requirement is the interoperability
between SaaS applications and on-premise enterprise packages.
The Impacts of Clouds. On the infrastructural front, in the recent past,
the clouds have arrived onto the scene powerfully and have extended
the horizon and the boundary of business applications, events and data.
Thus there is a clarion call for adaptive integration engines that
seamlessly and spontaneously connect enterprise applications with
cloud applications. Integration is being stretched further to the level of
the expanding Internet and this is really a litmus test for system
architects and integrators.
The perpetual integration puzzle has to be solved meticulously for the
originally visualised success of SaaS style.

APPROACHING THE SaaS INTEGRATION ENIGMA
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Integration as a Service (IaaS) is all about the migration of the
functionality of a typical enterprise application integration (EAI) hub /
enterprise service bus (ESB) into the cloud for providing for smooth
data transport between any enterprise and SaaS applications. Users
subscribe to IaaS as they would do for any other SaaS application.
Cloud middleware is the next logical evolution of traditional
middleware solutions.
Service orchestration and choreography enables process integration.
Service interaction through ESB integrates loosely coupled systems
whereas CEP connects decoupled systems.
With the unprecedented rise in cloud usage, all these integration
software are bound to move to clouds. SQS also doesn’t promise inorder and exactly-once delivery. These simplifications let Amazon
make SQS more scalable, but they also mean that developers must use
SQS differently from an on-premise message queuing technology.
As per one of the David Linthicum’s white papers, approaching
SaaS-toenterprise integration is really a matter of making informed and
intelligent choices.The need for integration between remote cloud
platforms with on-premise enterprise platforms.
Why SaaS Integration is hard?. As indicated in the white paper, there is
a mid-sized paper company that recently became a Salesforce.com
CRM customer. The company currently leverages an on-premise
custom system that uses an Oracle database to track inventory and sales.
The use of the Salesforce.com system provides the company with a
significant value in terms of customer and sales management.
Having understood and defined the “to be” state, data
synchronization technology is proposed as the best fit between the
source, meaning Salesforce. com, and the target, meaning the existing
legacy system that leverages Oracle. First of all, we need to gain the
insights about the special traits and tenets of SaaS applications in order
to arrive at a suitable integration route. The constraining attributes of
SaaS applications are
● Dynamic nature of the SaaS interfaces that constantly change
● Dynamic nature of the metadata native to a SaaS provider such as

Salesforce.com
● Managing assets that exist outside of the firewall
● Massive amounts of information that need to move

between
SaaS and on-premise systems daily and the need to maintain data
quality and integrity.

As SaaS are being deposited in cloud infrastructures vigorously, we
need to ponder about the obstructions being imposed by clouds and
prescribe proven solutions. If we face difficulty with local integration,
then the cloud integration is bound to be more complicated. The most
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probable reasons are
●
●
●
●

New integration scenarios
Access to the cloud may be limited
Dynamic resources
Performance

Limited Access. Access to cloud resources (SaaS, PaaS, and the
infrastructures) is more limited than local applications. Accessing local
applications is quite simple and faster. Imbedding integration points in
local as well as custom applications is easier.
Dynamic Resources. Cloud resources are virtualized and serviceoriented. That is, everything is expressed and exposed as a service. Due
to the dynamism factor that is sweeping the whole could ecosystem,
application versioning and infrastructural changes are liable for
dynamic changes.
Performance. Clouds support application scalability and resource
elasticity. However the network distances between elements in the
cloud are no longer under our control.
NEW INTEGRATION SCENARIOS
Before the cloud model, we had to stitch and tie local systems together.
With the shift to a cloud model is on the anvil, we now have to connect
local applications to the cloud, and we also have to connect cloud
applications to each other, which add new permutations to the complex
integration channel matrix.All of this means integration must criss-cross
firewalls somewhere.
Cloud Integration Scenarios. We have identified three major integration
scenarios as discussed below.
Within a Public Cloud (figure 3.1). Two different applications are
hosted in a cloud. The role of the cloud integration middleware (say
cloud-based ESB or internet service bus (ISB)) is to seamlessly enable
these applications to talk to each other. The possible sub-scenarios
include these applications can be owned
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FIGURE 3.1.
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Cloud 1

FIGURE 3.2.

ISB

Cloud 2

Across Homogeneous Clouds.

Public Cloud

ISB

Private Cloud

FIGURE 3.3.

Across Heterogeneous Clouds.

by two different companies. They may live in a single physical server
but run on different virtual machines.
Homogeneous Clouds (figure 3.2). The applications to be integrated are
posited in two geographically separated cloud infrastructures. The
integration middleware can be in cloud 1 or 2 or in a separate cloud.
There is a need for data and protocol transformation and they get
done by the ISB. The approach is more or less compatible to
enterprise application integration procedure.
Heterogeneous Clouds (figure 3.3). One application is in public cloud
and the other application is private cloud.
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THE INTEGRATION METHODOLOGIES
Excluding the custom integration through hand-coding, there are three
types for cloud integration
1. Traditional Enterprise Integration Tools can be empowered with

special connectors to access Cloud-located Applications—This is
the most likely approach for IT organizations, which have already
invested a lot in integration suite for their application integration
needs.
2. Traditional Enterprise Integration Tools are hosted in the
Cloud—This approach is similar to the first option except that
the integration software suite is now hosted in any third-party
cloud infrastructures so that the enterprise does not worry
about procuring and managing the hardware or installing the
integration software.
3. Integration-as-a-Service (IaaS) or On-Demand Integration
Offerings— These are SaaS applications that are designed to
deliver the integration service securely over the Internet and
are able to integrate cloud applications with the on-premise
systems, cloud-to-cloud applications.
In a nutshell, the integration requirements can be realised using
any one of the following methods and middleware products.
1. Hosted and extended ESB (Internet service bus / cloud integration
2.
3.
4.
5.

bus)
Online Message Queues, Brokers and Hubs
Wizard and configuration-based integration platforms (Niche
integration solutions)
Integration Service Portfolio Approach
Appliance-based Integration (Standalone or Hosted)

With the emergence of the cloud space, the integration scope grows
further and hence people are looking out for robust and resilient
solutions and services that would speed up and simplify the whole
process of integration.
Characteristics of Integration Solutions and Products. The key
attributes of integration platforms and backbones gleaned and gained
from integration projects experience are connectivity, semantic
mediation, Data mediation, integrity, security, governance etc
● Connectivity refers to the ability of the integration engine to engage
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with both the source and target systems using available native
interfaces.
● Semantic Mediation refers to the ability to account for the
differences between application semantics between two or more
systems.
● Data Mediation converts data from a source data format into
destination data format.
● Data Migration is the process of transferring data between storage
types, formats, or systems.
● Data Security means the ability to insure that information extracted
from the source systems has to securely be placed into target
systems.
● Data Integrity means data is complete and consistent. Thus, integrity
has to be guaranteed when data is getting mapped and maintained
during integration operations, such as data synchronization between
on-premise and SaaS-based systems.
● Governance refers to the processes and technologies that surround a
system or systems, which control how those systems are accessed
and leveraged.
These are the prominent qualities carefully and critically analyzed for
when deciding the cloud / SaaS integration providers.
Data Integration Engineering Lifecycle. As business data are still
stored and sustained in local and on-premise server and storage
machines, it is imperative for a lean data integration lifecycle. The
pivotal phases, as per Mr. David Linthicum, a world-renowned
integration
expert,
are
understanding,
definition,
design,
implementation, and testing.
1. Understanding the existing problem domain means defining the

metadata that is native within the source system (say
Salesforce.com) and the target system.
2. Definition refers to the process of taking the information culled
during the previous step and defining it at a high level including
what the information represents, ownership, and physical
attributes.
3. Design the integration solution around the movement of data from
one point to another accounting for the differences in the
semantics using
the underlying data transformation and
mediation layer by mapping one schema from the source to the
schema of the target.
4. Implementation refers to actually implementing the data
integration solution within the selected technology.
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5. Testing refers to assuring that the

integration
designed and implemented and that the data
properly between the involved systems.

is properly
synchronizes

SaaS INTEGRATION PRODUCTS AND PLATFORMS
Cloud-centric integration solutions are being developed and
demonstrated for showcasing their capabilities for integrating enterprise
and cloud applications. The integration puzzle has been the toughest
assignment for long due to heterogeneity and multiplicity-induced
complexity.
Jitterbit
Force.com is a Platform as a Service (PaaS), enabling developers to
create and deliver any kind of on-demand business application.

Salesforce
Google

Microsoft
THE CLOUD

Zoho

Amazon
Yahoo

FIGURE 3.4.
Open Clouds.

The Smooth and Spontaneous Cloud Interaction via

Until now, integrating force.com applications with other on-demand
applications and systems within an enterprise has seemed like a
daunting and doughty task that required too much time, money, and
expertise.
Jitterbit is a fully graphical integration solution that provides users a
versatile platform and a suite of productivity tools to reduce
the
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integration efforts sharply. Jitterbit
components:

is comprised

of two major

● Jitterbit Integration Environment An intuitive point-and-click

graphical UI that enables to quickly configure, test, deploy and
manage integration projects on the Jitterbit server.
● Jitterbit Integration Server A powerful and scalable run-time engine
that processes all the integration operations, fully configurable and
manageable from the Jitterbit application.
Jitterbit is making integration easier, faster, and more affordable
than ever before. Using Jitterbit, one can connect force.com with a
wide variety

PROBLEM
Manufacturing
Sales

R&D

FIGURE 3.5.
Applications.

SOLUTION
Manufacturing
Sales

Consumer

Marketing

R&D

Consumer

Marketing

Linkage of On-Premise with Online and On-Demand

of on-premise systems including ERP, databases, flat files and
custom applications. The figure 3.5 vividly illustrates how Jitterbit
links a number of functional and vertical enterprise systems with
on-demand applications

Boomi Software
Boomi AtomSphere is an integration service that is completely ondemand and connects any combination of SaaS, PaaS, cloud, and onpremise applications without the burden of installing and maintaining
software packages or appliances. Anyone can securely build, deploy
and manage simple to complex integration processes using only a web
browser. Whether connecting SaaS applications found in various lines
of business or integrating across geographic boundaries,
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Bungee Connect
For professional developers, Bungee Connect enables cloud computing
by offering an application development and deployment platform
that enables highly interactive applications integrating multiple data
sources and facilitating instant deployment.
OpSource Connect
Expands on the OpSource Services Bus (OSB) by providing the
infrastructure for two-way web services interactions, allowing
customers to consume and publish applications across a common web
services infrastructure.

The Platform Architecture. OpSource Connect is made up of key
features including
●
●
●
●
●

OpSource Services Bus
OpSource Service Connectors
OpSource Connect Certified Integrator Program
OpSource Connect ServiceXchange
OpSource Web Services Enablement Program

The OpSource Services Bus (OSB) is the foundation for OpSource’s
turnkey development and delivery environment for SaaS and web
companies.
SnapLogic
SnapLogic is a capable, clean, and uncluttered solution
integration that can be deployed in enterprise as well as
landscapes. The free community edition can be used for
common point-to-point data integration tasks, giving
productivity boost beyond custom code.

for data
in cloud
the most
a huge

● Changing data sources. SaaS and on-premise applications, Web

APIs, and RSS feeds
● Changing deployment options. On-premise, hosted, private and

public cloud platforms
● Changing delivery needs. Databases, files, and data services

Transformation Engine and Repository. SnapLogic is a single data
integration platform designed to meet data integration needs. The
SnapLogic server is built on a core of connectivity and transformation
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components, which can be used to solve even the most complex data
integration scenarios.
The SnapLogic designer provides an initial hint of the web principles
at work behind the scenes. The SnapLogic server is based on the web
architecture and exposes all its capabilities through web interfaces to
outside world.

The Pervasive DataCloud
Platform (figure 3.6) is unique multi-tenant platform. It provides
dynamic “compute capacity in the sky” for deploying on-demand
integration and other
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Customer
Pervasive Integrator Connects Different

data-centric applications. Pervasive DataCloud is the first multi-tenant
platform for delivering the following.
1. Integration as a Service (IaaS) for both hosted and on-premises

applications and data sources
2. Packaged turnkey integration
3. Integration that supports every integration scenario
4. Connectivity to hundreds of different applications and data
sources
Pervasive DataCloud hosts Pervasive and its partners’ data-centric
applications. Pervasive uses Pervasive DataCloud as a platform for
deploying on-demand integration via
● The Pervasive DataSynch family of packaged integrations. These

are highly affordable, subscription-based, and packaged integration
solutions.
● Pervasive Data Integrator. This runs on the Cloud or on-premises
and is a design-once and deploy anywhere solution to support
every integration scenario
● Data migration, consolidation and conversion
● ETL / Data warehouse
● B2B / EDI integration
● Application integration (EAI)
● SaaS /Cloud integration
● SOA / ESB / Web Services
● Data Quality/Governance
● Hubs
Pervasive DataCloud provides multi-tenant, multi-application and
multicustomer deployment. Pervasive DataCloud is a platform to deploy
applications that are
● Scalable—Its multi-tenant architecture can support multiple users

and applications for delivery of diverse data-centric solutions
such as data integration. The applications themselves scale to
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handle fluctuating data volumes.
● Flexible—Pervasive DataCloud supports SaaS-to-SaaS, SaaS-to-on

premise or on-premise to on-premise integration.
● Easy to Access and Configure—Customers can access, configure

and run Pervasive DataCloud-based integration solutions via a
browser.
● Robust—Provides automatic delivery of updates as well as
monitoring activity by account, application or user, allowing
effortless result tracking.
● Secure—Uses the best technologies in the market coupled with the
best data centers and hosting services to ensure that the service
remains secure and available.
● Affordable—The platform enables delivery of packaged solutions
in a SaaS-friendly pay-as-you-go model.

Bluewolf
Has announced its expanded “Integration-as-a-Service” solution, the
first to offer ongoing support of integration projects guaranteeing
successful integration between diverse SaaS solutions, such as
salesforce.com, BigMachines, eAutomate, OpenAir and back office
systems (e.g. Oracle, SAP, Great Plains, SQL Service and MySQL).
Called the Integrator, the solution is the only one to include proactive
monitoring and consulting services to ensure integration success. With
remote monitoring of integration jobs via a dashboard included as part
of the Integrator solution, Bluewolf proactively alerts its customers of
any issues with integration and helps to solves them quickly.
Online MQ
Online MQ is an Internet-based queuing system. It is a complete and
secure online messaging solution for sending and receiving messages
over any network. It is a cloud messaging queuing service.
● Ease of Use. It is an easy way for programs that may each be

running on different platforms, in different systems and different
networks, to communicate with each other without having to write
any low-level communication code.
● No Maintenance. No need to install any queuing software/server
and no need to be concerned with MQ server uptime, upgrades and
maintenance.
● Load Balancing and High Availability. Load balancing can be
achieved on a busy system by arranging for more than one program
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instance to service a queue. The performance and availability
features are being met through clustering. That is, if one system
fails, then the second system can take care of users’ requests
without any delay.
● Easy Integration. Online MQ can be used as a web-service (SOAP)
and as a REST service. It is fully JMS-compatible and can hence
integrate easily with any Java EE application servers. Online MQ is
not limited to any specific platform, programming language or
communication protocol.
CloudMQ
This leverages the power of Amazon Cloud to provide enterprise-grade
message queuing capabilities on demand. Messaging allows us to
reliably break up a single process into several parts which can then be
executed asynchronously.
Linxter
Linxter is a cloud messaging framework for connecting all kinds of
applications, devices, and systems. Linxter is a behind-the-scenes,
messageoriented and cloud-based middleware technology and smoothly
automates the complex tasks that developers face when creating
communication-based products and services.
Online MQ, CloudMQ and Linxter are all accomplishing messagebased application and service integration. As these suites are being
hosted in clouds, messaging is being provided as a service to hundreds
of distributed and enterprise applications using the much-maligned
multi-tenancy property. “Messaging middleware as a service (MMaaS)”
is the grand derivative of the SaaS paradigm.

SaaS INTEGRATION SERVICES
We have seen the state-of-the-art cloud-based data
integration
platforms for real-time data sharing among enterprise information
systems and cloud applications.
There are fresh endeavours in order to achieve service composition in
cloud ecosystem. Existing frameworks such as service component
architecture (SCA) are being revitalised for making it fit for cloud
environments. Composite applications, services, data, views and
processes will be become cloud-centric and hosted in order to support
spatially separated and heterogeneous systems.
Informatica On-Demand
Informatica offers a set of innovative on-demand data
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solutions called Informatica On-Demand Services. This is a cluster of
easy-to-use SaaS offerings, which facilitate integrating data in SaaS
applications, seamlessly and securely across the Internet with data in
on-premise applications. There are a few key benefits to leveraging this
maturing technology.
● Rapid development and deployment with zero maintenance of the

integration technology.
● Automatically upgraded and continuously enhanced by vendor.
● Proven SaaS integration solutions, such as integration with

Salesforce
.com, meaning that the connections and the metadata
understanding are provided.
● Proven data transfer and translation technology, meaning that
core integration services such as connectivity and semantic
mediation are built into the technology.
Informatica On-Demand has taken the unique approach of moving
its industry leading PowerCenter Data Integration Platform to the
hosted model and then configuring it to be a true multi-tenant
solution.
Microsoft Internet Service Bus (ISB)
Azure is an upcoming cloud operating system from Microsoft. This
makes development, depositing and delivering Web and Windows
application on cloud centers easier and cost-effective.
Microsoft .NET Services. is a set of Microsoft-built and hosted cloud
infrastructure services for building Internet-enabled applications and the
ISB acts as the cloud middleware providing diverse applications with a
common infrastructure to name, discover, expose, secure and
orchestrate web services. The following are the three broad areas.
.NET Service Bus. The .NET Service Bus (figure 3.7) provides a hosted,
secure, and broadly accessible infrastructure for pervasive
communication,

Console Application Exposing Web Services
via Service Bus
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large-scale event distribution, naming, and service publishing. Services
can be exposed through the Service Bus Relay, providing connectivity
options for service endpoints that would otherwise be difficult or
impossible to reach.
.NET Access Control Service. The .NET Access Control Service is a
hosted, secure, standards-based infrastructure for multiparty, federated
authentication, rules-driven, and claims-based authorization.
.NET Workflow Service. The .NET Workflow Service provide a hosted
environment for service orchestration based on the familiar Windows
Workflow Foundation (WWF) development experience.
The most important part of the Azure is actually the service bus
represented as a WCF architecture. The key capabilities of the Service
Bus are
● A federated namespace model that provides a shared, hierarchical

namespace into which services can be mapped.
● A service registry service that provides an opt-in model for

publishing service endpoints into a lightweight, hierarchical, and
RSS-based discovery mechanism.
● A lightweight and scalable publish/subscribe event bus.
● A relay and connectivity service with advanced NAT traversal and
pullmode message delivery capabilities acting as a “perimeter
network (also known as DMZ, demilitarized zone, and screened
subnet) in the sky”
Relay Services. Often when we connect a service, it is located behind
the firewall and behind the load balancer. Its address is dynamic
and can be

Relay Service

Client
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FIGURE 3.8.

The .NET Relay Service.

resolved only on local network. When we are having the service callbacks to the client, the connectivity challenges lead to scalability,
availability and security issues. The solution to Internet connectivity
challenges is instead of connecting client directly to the service we can
use a relay service as pictorially represented in the relay service figure
3.8.
BUSINESSES-TO-BUSINESS INTEGRATION (B2Bi) SERVICES
B2Bi has been a mainstream activity for connecting geographically
distributed businesses for purposeful and beneficial cooperation.
Products vendors have come out with competent B2B hubs and suites
for enabling smooth data sharing in standards-compliant manner among
the participating enterprises.
Just as these abilities ensure smooth communication between
manufacturers and their external suppliers or customers, they also
enable reliable interchange between hosted and installed applications.
The IaaS model also leverages the adapter libraries developed by
B2Bi vendors to provide rapid integration with various business
systems.
Cloudbased Enterprise Mashup Integration Services for B2B Scenarios
. There is a vast need for infrequent, situational and ad-hoc B2B
applications desired by the mass of business end-users..
Especially in the area of applications to support B2B collaborations,
current offerings are characterized by a high richness but low reach,
like B2B hubs that focus on many features enabling electronic
collaboration, but lack availability for especially small organizations
or even individuals.
Enterprise Mashups, a kind of new-generation Web-based
applications, seem to adequately fulfill the
individual
and
heterogeneous requirements of end-users and foster End User
Development (EUD).
Another challenge in B2B integration is the ownership of and
responsibility for processes. In many inter-organizational settings,
business processes are only sparsely structured and formalized, rather
loosely coupled and/or based on ad-hoc cooperation. Interorganizational collaborations tend to involve more and
more
participants and the growing number of participants also draws a huge
amount of differing requirements.
Now, in supporting supplier and partner co-innovation and customer
cocreation, the focus is shifting to collaboration which has to embrace
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the participants, who are influenced yet restricted by multiple domains
of control and disparate processes and practices.
Both Electronic data interchange translators (EDI) and Managed file
transfer (MFT) have a longer history, while B2B gateways only have
emerged during the last decade.
Enterprise Mashup Platforms and Tools.
Mashups are the adept combination of different and distributed
resources including content, data or application functionality. Resources
represent the core building blocks for mashups. Resources can be
accessed through APIs, which encapsulate the resources and describe
the interface through which they are made available. Widgets or gadgets
primarily put a face on the underlying resources by providing a
graphical representation for them and piping the data received from the
resources. Piping can include operators like aggregation, merging or
filtering. Mashup platform is a Web based tool that allows the creation
of Mashups by piping resources into Gadgets and wiring Gadgets
together.
The Mashup integration services are being implemented as a
prototype in the FAST project. The layers of the prototype are
illustrated in figure 3.9 illustrating the architecture, which describes
how these services work together. The authors of this framework have
given an outlook on the technical realization of the services using cloud
infrastructures
and
services.
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Architecture.
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To simplify this, a Gadget could be provided for the end-user. The
routing engine is also connected to a message queue via an API. Thus,
different message queue engines are attachable. The message queue is
responsible for storing and forwarding the messages controlled by the
routing engine. Beneath the message queue, a persistent storage, also
connected via an API to allow exchangeability, is available to store
large data. The error handling and monitoring service allows tracking
the message-flow to detect errors and to collect statistical data. The
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Mashup integration service is hosted as a cloud-based service. Also,
there are cloud-based services available which provide the functionality
required by the integration service. In this way, the Mashup integration
service can reuse and leverage the existing cloud services to speed up
the implementation.
Message Queue. The message queue could be realized by using
Amazon’s Simple Queue Service (SQS). SQS is a web-service which
provides a queue for messages and stores them until they can be
processed. The Mashup integration services, especially the routing
engine, can put messages into the queue and recall them when they are
needed.
Persistent Storage. Amazon Simple Storage Service5 (S3) is also a
webservice. The routing engine can use this service to store large files.
Translation Engine. This is primarily focused on translating between
different protocols which the Mashup platforms it connects can
understand, e.g. REST or SOAP web services. However, if the need of
translation of the objects transferred arises, this could be attached to the
translation engine.
Interaction between the Services. The diagram describes the process of
a message being delivered and handled by the Mashup Integration
Services Platform. The precondition for this process is that a user
already established a route to a recipient.

A FRAMEWORK OF SENSOR—CLOUD INTEGRATION
In the past few years, wireless sensor networks (WSNs) have been
gaining significant attention because of their potentials of enabling of
novel and attractive solutions in areas such as industrial automation,
environmental monitoring, transportation business, health-care etc.
With the faster adoption of micro and nano technologies, everyday
things are destined to become digitally empowered and smart in their
operations and offerings. Thus the goal is to link smart materials,
appliances, devices, federated messaging middleware, enterprise
information systems and packages, ubiquitous services, handhelds, and
sensors with one another smartly to build and sustain cool, charismatic
and catalytic situation-aware applications.
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Avirtualcommunity consistingofteam of researchers havecome togetherto
solve a complex problem and they need data storage, compute capability,
security; and they need it all provided now. For example, this team is
working on an outbreak of a new virus strain moving through a population.
This requires more than a Wiki or other social organization tool. They
deploy bio-sensors on patient body to monitor patient condition
continuously and to use this data for large and multi-scale simulations to
track the spread of infection as well as the virus mutation and possible cures.
This may require computational resources and a platform for sharing data
and results that are not immediately available to the team.

Traditional HPC approach like Sensor-Grid model can be used in this
case, but setting up the infrastructure to deploy it so that it can scale out
quickly is not easy in this environment. However, the cloud paradigm is
an excellent move.
Here, the researchers need to register their interests to get various
patients’ state (blood pressure, temperature, pulse rate etc.) from biosensors for largescale parallel analysis and to share this information
with each other to find useful solution for the problem. So the sensor
data needs to be aggregated, processed and disseminated based on
subscriptions.
To integrate sensor networks to cloud, the authors have proposed a
contentbased pub-sub model. In this framework, like MQTT-S, all of
the system complexities reside on the broker’s side but it differs from
MQTT-S in that it uses content-based pubsub broker rather than topicbased which is suitable for the application scenarios considered.
To deliver published sensor data or events to subscribers, an efficient
and scalable event matching algorithm is required by the pub-sub
broker.
Moreover, several SaaS applications may have an interest in the same
sensor data but for different purposes. In this case, the SA nodes would
need to manage and maintain communication means with multiple
applications in parallel. This might exceed the limited capabilities of the
simple and low-cost SA devices. So pub-sub broker is needed and it is
located in the cloud side because of its higher performance in terms of
bandwidth and capabilities. It has four components describes as
follows:
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Stream monitoring and processing component (SMPC). The sensor
stream comes in many different forms. In some cases, it is raw data that
must be captured, filtered and analyzed on the fly and in other cases, it is
stored or cached. The style of computation required depends on the
nature of
the streams. So the SMPC component running on the
cloud monitors the event streams and invokes correct analysis method.
Depending on the data rates and the amount of processing that is
required, SMP manages parallel execution framework on cloud.
Registry component (RC). Different SaaS applications register to pub-sub
broker for various sensor data required by the community user.
Analyzer component (AC). When sensor data or events come to the pubsub broker, analyzer component determines which applications they are
belongs to and whether they need periodic or emergency deliver.
Disseminator component (DC). For each SaaS application, it disseminates
sensor data or events to subscribed users using the event matching
algorithm. It can utilize cloud’s parallel execution framework for fast event
delivery. The pub-sub components workflow in the framework is as
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follows:
Users register their information and subscriptions to various SaaS
applications which then transfer all this information to pub/sub broker
registry. When sensor data reaches to the system from gateways,
event/stream monitoring and processing component (SMPC) in the pub/sub
broker determines whether it needs processing or just store for periodic
send or for immediate delivery.
Mediator. The (resource) mediator is a policy-driven entity within a VO to
ensure that the participating entities are able to adapt to changing
circumstances and are able to achieve their objectives in a dynamic and
uncertain environment.
Policy Repository (PR). The PR virtualizes all of the policies within the
VO. It includes the mediator policies, VO creation policies along with any
policies for resources delegated to the VO as a result of a collaborating
arrangement.
Collaborating Agent (CA). The CA is a policy-driven resource discovery
module for VO creation and is used as a conduit by the mediator to
exchange policy and resource information with other CLPs.
SaaS INTEGRATION APPLIANCES
Appliances are a good fit for high-performance requirements. Clouds too
have gone in the same path and today there are cloud appliances (also
termed as “cloud in a box”). In this section, we are to see an
integration appliance.
Cast Iron Systems . This is quite different from the above-mentioned
schemes. Appliances with relevant software etched inside are being
established as a high-performance and hardware-centric solution for several
IT needs.
Cast Iron Systems (www.ibm.com) provides pre-configured solutions for
each of today’s leading enterprise and On-Demand applications. These
solutions, built using the Cast Iron product offerings offer out-of-the-box
connectivity to specific applications, and template integration processes
(TIPs) for the most common integration scenarios.
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THE ENTERPRISE CLOUD COMPUTING
PARADIGM

Cloud computing is still in its early stages and constantly undergoing
changes as new vendors, offers, services appear in the cloud market.
Enterprises will place stringent requirements on cloud providers to pave
the way for more widespread adoption of cloud computing, leading
to what is known as the enterprise cloud paradigm computing.
Enterprise cloud computing is the alignment of a cloud computing
model with an organization’s business objectives (profit, return on
investment, reduction of operations costs) and processes. This chapter
explores this paradigm with respect to its motivations, objectives,
strategies and methods.
Section 4.2 describes a selection of deployment models and strategies
for enterprise cloud computing, while Section 4.3 discusses the issues of
moving [traditional] enterprise applications to the cloud. Section 4.4
describes the technical and market evolution for enterprise cloud
computing, describing some potential opportunities for multiple
stakeholders in the provision of enterprise cloud computing.
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BACKGROUND
According to NIST [1], cloud computing is composed of five essential
characteristics: on-demand self-service, broad network access, resource
pooling, rapid elasticity, and measured service. The ways in which these
characteristics are manifested in an enterprise context vary according to the
deployment model employed.
Relevant Deployment Models for Enterprise Cloud Computing
There are some general cloud deployment models that are accepted by the
majority of cloud stakeholders today, as suggested by the references [1] and
and discussed in the following:
● Public clouds are provided by a designated service provider for general
public under a utility based pay-per-use consumption model.
● Private clouds are built, operated, and managed by an organization for its
internal use only to support its business operations exclusively.
● Virtual private clouds are a derivative of the private cloud deployment
model but are further characterized by an isolated and secure segment
of resources, created as an overlay on top of public cloud infrastructure
using advanced network virtualization capabilities..
● Community clouds are shared by several organizations and support a
specific community that has shared concerns (e.g., mission, security
requirements, policy, and compliance considerations).
● Managed clouds arise when the physical infrastructure is owned by and/or
physically located in the organization’s data centers with an extension of
management and security control plane controlled by the managed service
provider .
● Hybrid clouds are a composition of two or more clouds (private,
community, or public) that remain unique entities but are bound
together by standardized or proprietary technology that enables data
and application portability (e.g., cloud bursting for load-balancing

between clouds).
Adoption and Consumption Strategies
The selection of strategies for enterprise cloud computing is critical for IT
capability as well as for the earnings and costs the organization experiences,
motivating efforts toward convergence of business strategies and IT. Some
critical questions toward this convergence in the enterprise cloud paradigm are
asfollows:
● Will an enterprise cloud strategy increase overall business value?
● Are the effort and risks associated with transitioning to an enterprise
cloud strategy worth it?
● Which areas of business and IT capability should be considered for the
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enterprise cloud?
● Which cloud offerings are relevant for the purposes of an organization?
● How can the process of transitioning to an enterprise cloud strategy be
piloted and systematically executed?
These questions are addressed from two strategic perspectives: (1) adoption
and (2) consumption. Figure 4.1 illustrates a framework for enterprise cloud
adoption strategies, where an organization makes a decision to adopt a
cloud computing model based on fundamental drivers for cloud computing—
scalability, availability, cost and convenience. The notion of a Cloud Data
Center (CDC) is used, where the CDC could be an external, internal or
federated provider of infrastructure, platform or software services.
An optimal adoption decision cannot be established for all cases because the
types of resources (infrastructure, storage, software) obtained from a CDC
depend on the size of the organisation understanding of IT impact on business,
predictability of workloads, flexibility of existing IT landscape and available
budget/resources for testing and piloting. The strategic decisions using these
four basic drivers are described in following, stating objectives, conditions and
actions.
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Cloud Data Center(s)
(CDC)

Scalability-driven: Use of cloud
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there is no need to
maintain local
resources.

FIGURE 4.1. Enterprise cloud adoption strategies using fundamental cloud

drivers.

1. Scalability-Driven Strategy. The objective is to support increasing
workloads of the organization without investment and expenses
exceeding returns.
2. Availability-Driven Strategy. Availability has close relations to scalability
but is more concerned with the assurance that IT capabilities and functions
are accessible, usable and acceptable by the standards of users.
3. Market-Driven Strategy. This strategy is more attractive and viable for
small, agile organizations that do not have (or wish to have) massive
investments
in
their
IT
infrastructure.
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(1) Software Provision: Cloud provides instances
of software but data is maintained within user’s
data center

(2) Storage Provision: Cloud provides data
management and software accesses data
remotely from user’s data center

(3) Solution Provision: Software and storage
are maintained in cloud and the user does not
maintain a data center

(4) Redundancy Services: Cloud is used as an
alternative or extension of user’s data center
for software and storage
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FIGURE 4.2. Enterprise cloud consumption strategies.

on their profiles and requests service requirements .
4. Convenience-Driven Strategy. The objective is to reduce the load and
need for dedicated system administrators and to make access to IT
capabilities by users easier, regardless of their location and connectivity
(e.g. over the Internet).
There are four consumptions strategies identified, where the differences in
objectives, conditions and actions reflect the decision of an organization to
trade-off hosting costs, controllability and resource elasticity of IT resources
for software and data. These are discussed in the following.
1. Software Provision. This strategy is relevant when the elasticity
requirement is high for software and low for data, the controllability
concerns are low for software and high for data, and the cost reduction
concerns for software are high, while cost reduction is not a priority for
data, given the high controllability concerns for data, that is, data are
highly sensitive.
2. Storage Provision. This strategy is relevant when the elasticity
requirements is high for data and low for software, while the
controllability of software is more critical than for data. This can be the
case for data intensive applications, where the results from processing in
the application are more critical and sensitive than the data itself.
3. Solution Provision. This strategy is relevant when the elasticity and cost
reduction requirements are high for software and data, but the
controllability requirements can be entrusted to the CDC.
4. Redundancy Services. This strategy can be considered as a hybrid
enterprise cloud strategy, where the organization switches between
traditional, software, storage or solution management based on changes
in its operational conditions and business demands.
Even though an organization may find a strategy that appears to provide it
significant benefits, this does not mean that immediate adoption of the strategy
is advised or that the returns on investment will be observed immediately.
ISSUES FOR ENTERPRISE APPLICATIONS ON THE CLOUD
Enterprise Resource Planning (ERP) is the most comprehensive definition of
enterprise application today. For these reasons, ERP solutions have emerged as
the core of successful information management and the enterprise
backbone of nearly any organization . Organizations that have successfully
implemented the ERP systems are reaping the benefits of having integrating
working environment, standardized process and operational benefits to the
organization .
One of the first issues is that of infrastructure availability. Al-Mashari and
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Yasser argued that adequate IT infrastructure, hardware and networking are
crucial for an ERP system’s success.
One of the ongoing discussions concerning future scenarios considers varying
infrastructure requirements and constraints given different workloads and
development phases. Recent surveys among companies in North America
and Europe with enterprise-wide IT systems showed that nearly all kinds of
workloads are seen to be suitable to be transferred to IaaS offerings.
Considering Transactional and Analytical Capabilities
Transactional type of applications or so-called OLTP (On-line Transaction
Processing) applications, refer to a class of systems that manage
transactionoriented applications, typically using relational databases. These
applications rely on strong ACID (atomicity, consistency, isolation,
durability) properties and are relatively write/update-intensive. Typical OLTPtype ERP components are sales and distributions (SD), banking and financials,
customer relationship management (CRM) and supply chain management
(SCM).
One can conclude that analytical applications will benefit more than their
transactional counterparts from the opportunities created by cloud computing,
especially on compute elasticity and efficiency.

TRANSITION CHALLENGES
The very concept of cloud represents a leap from traditional approach for IT to
deliver mission critical services. With any leap comes the gap of risk and
challenges to overcome. These challenges can be classified in five different
categories, which are the five aspects of the enterprise cloud stages: build,
develop, migrate, run, and consume (Figure 4.3).
The requirement for a company-wide cloud approach should then become
the number one priority of the CIO, especially when it comes to having a
coherent and cost effective development and migration of services on this
architecture.

Develop

Build

Run

Consume

Migrate
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FIGURE 4.3. Five stages of the cloud.

A second challenge is migration of existing or “legacy” applications to “the
cloud.” The expected average lifetime of ERP product is B15 years, which
means that companies will need to face this aspect sooner than later as they try
to evolve toward the new IT paradigm.
The ownership of enterprise data conjugated with the integration with others
applications integration in and from outside the cloud is one of the key
challenges. Future enterprise application development frameworks will need to
enable the separation of data management from ownership. From this, it can
be extrapolated that SOA, as a style, underlies the architecture and, moreover,
the operation of the enterprise cloud.
One of these has been notoriously hard to upgrade: the human factor;
bringing staff up to speed on the requirements of cloud computing with respect
to architecture, implementation, and operation has always been a tedious task.
Once the IT organization has either been upgraded to provide cloud or is
able to tap into cloud resource, they face the difficulty of maintaining the
services in the cloud. The first one will be to maintain interoperability between
in-house infrastructure and service and the CDC (Cloud Data Center).
Before leveraging such features, much more basic functionalities are
problematic: monitoring, troubleshooting, and comprehensive capacity
planning are actually missing in most offers. Without such features it becomes
very hard to gain visibility into the return on investment and the consumption
of cloud services.
Today there are two major cloud pricing models: Allocation based and
Usage based . The first one is provided by the poster child of cloud computing,
namely, Amazon. The principle relies on allocation of resource for a fixed
amount of time. As companies need to evaluate the offers they need to also
include the hidden costs such as lost IP, risk, migration, delays and provider
overheads. This combination can be compared to trying to choose a new mobile
with carrier plan.The market dynamics will hence evolve alongside the
technology for the enterprise cloud computing paradigm.

ENTERPRISE CLOUD TECHNOLOGY AND MARKET EVOLUTION
This section discusses the potential factors which will influence this evolution of
cloud computing and today’s enterprise landscapes to the enterprise computing
paradigm, featuring the convergence of business and IT and an open, service
oriented marketplace.
Technology Drivers for Enterprise Cloud Computing Evolution
This will put pressure on cloud providers to build their offering on open
interoperable standards to be considered as a candidate by enterprises. There
have been a number initiatives emerging in this space. Amazon, Google, and
Microsoft, who currently do not actively participate in these efforts. True
interoperabilityacross
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the board in the near future seems unlikely. However, if achieved, it could lead
to facilitation of advanced scenarios and thus drive the mainstream adoption of
the enterprise cloud computing paradigm.
Part of preserving investments is maintaining the assurance that cloud
resources and services powering the business operations perform according
to the business requirements. Underperforming resources or service disruptions
lead to business and financial loss, reduced business credibility, reputation,
and marginalized user productivity. Another important factor in this regard is
lack of insights into the performance and health of the resources and service
deployed on the cloud, such that this is another area of technology evolution
that will be pushed.
This would prove to be a critical capability empowering third-party
organizations to act as independent auditors especially with respect to SLA
compliance auditing and for mediating the SLA penalty related issues.
Emerging trend in the cloud application space is the divergence from the
traditional RDBMS based data store backend. Cloud computing has given rise
to alternative data storage technologies (Amazon Dynamo, Facebook
Cassandra, Google BigTable, etc.) based on key-type storage models as
compared to the relational model, which has been the mainstream choice for
data storage for enterprise applications.
As these technologies evolve into maturity, the PaaS market will consolidate
into a smaller number of service providers. Moreover, big traditional software
vendors will also join this market which will potentially trigger this
consolidation through acquisitions and mergers. These views are along the
lines of the research published by Gartner. Gartner predicts that from 2011 to
2015 market competition and maturing developer practises will drive
consolidation around a small group of industry-dominant cloud technology
providers.
A recent report published by Gartner presents an interesting perspective on
cloud evolution. The report argues that as cloud services proliferate, services
would become complex to be handled directly by the consumers. To cope
with these scenarios, meta-services or cloud brokerage services will emerge.
These brokerages will use several types of brokers and platforms to enhance
service delivery and, ultimately service value. According to Gartner, before
these scenarios can be enabled, there is a need for brokerage business to use
these brokers and platforms. According to Gartner, the following types of cloud
service brokerages (CSB) are foreseen:
● Cloud Service Intermediation. An intermediation broker providers a
service that directly enhances a given service delivered one or more service
consumers, essentially on top of a given service to enhance a specific
capability.
● Aggregation. An aggregation brokerage service combines multiple
services into one or more new services.
● Cloud Service Arbitrage. These services will provide flexibility and
opportunistic choices for the service aggregator.
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The above shows that there is potential for various large, medium, and
small organizations to become players in the enterprise cloud marketplace.
The dynamics of such a marketplace are still to be explored as the enabling
technologies and standards continue to mature.
BUSINESS DRIVERS TOWARD A MARKETPLACE FOR
ENTERPRISE CLOUD COMPUTING
In order to create an overview of offerings and consuming players on the
market, it is important to understand the forces on the market and motivations
of each player.
The Porter model consists of five influencing factors/views (forces) on the
market (Figure 4.4). The intensity of rivalry on the market is traditionally
influenced by industry-specific characteristics :
● Rivalry: The amount of companies dealing with cloud and virtualization
technology is quite high at the moment; this might be a sign for high

New Market Entrants
• Geographical factors
• Entrant strategy
• Routes to market

Suppliers
• Level of quality
• Supplier’s size
• Bidding processes/
capabilities

Buyers (Consumers)

Cloud Market
•
•
•
•

Cost structure
Product/service ranges
Differentiation, strategy
Number/size of players

•
•
•
•

Buyer size
Buyers number
Product/service
Requirements

Technology Development
• Substitutes
• Trends
• Legislative effects

FIGURE 4.4. Porter’s five forces market model (adjusted for the cloud market) .
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BUSINESS DRIVERS TOWARD A MARKETPLACE FOR ENTERPRISE

rivalry. But also the products and offers are quite various, so many niche
products tend to become established.
● Obviously, the cloud-virtualization market is presently booming and will
keep growing during the next years. Therefore the fight for customers and
struggle for market share will begin once the market becomes saturated
and companies start offering comparable products.
● The initial costs for huge data centers are enormous. By building up
federations of computing and storing utilities, smaller companies can try
to make use of this scale effect as well.
● Low switching costs or high exit barriers influence rivalry. When a
customer can freely switch from one product to another, there is a greater
struggle to capture customers. From the opposite point of view high exit
barriers discourage customers to buy into a new technology. The trends
towards standardization of formats and architectures try to face this
problem and tackle it. Most current cloud providers are only paying
attention to standards related to the interaction with the end user.
However, standards for clouds interoperability are still to be developed .

Market

Regulations

Business Model

Hype
Cycle Phase

Market

Technology

FIGURE 4.5. Dynamic business models (based on [49] extend by
influence factors identified by[50]).
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.
THE CLOUD SUPPLY CHAIN
One indicator of what such a business model would look like is in the complexity
of deploying, securing, interconnecting and maintaining enterprise landscapes
and solutions such as ERP, as discussed in Section 4.3. The concept of a Cloud
Supply Chain (C-SC) and hence Cloud Supply Chain Management (C-SCM)
appear to be viable future business models for the enterprise cloud computing
paradigm. The idea of C-SCM represents the management of a network of
interconnected businesses involved in the end-to-end provision of product and
service packages required by customers. The established understanding of a
supply chain is two or more parties linked by a flow of goods, information,
and funds [55], [56] A specific definition for a C-SC is hence: “two or more
parties linked by the provision of cloud services, related information
and funds.” Figure 4.6 represents a concept for the C-SC, showing the flow
of products along different organizations such as hardware suppliers, software
component suppliers, data center operators, distributors and the end customer.
Figure 4.6 also makes a distinction between innovative and functional
products in the C-SC. Fisher classifies products primarily on the basis of their
demand patterns into two categories: primarily functional or primarily
innovative [57]. Due to their stability, functional products favor competition,
which leads to low profit margins and, as a consequence of their properties, to
low inventory costs, low product variety, low stockout costs, and low
obsolescence [58], [57]. Innovative products are characterized by additional
(other) reasons for a customer in addition to basic needs that lead to purchase,
unpredictable demand (that is high uncertainties, difficult to forecast and
variable demand), and short product life cycles (typically 3 months to 1
year). Cloud services

Cloud services, information, funds

Data center
Distributor

operator

Fuctional
Product

Innovative

Cloud supply chain

Hardware
supplier

End
customer

Component
supplier

Potential Closed Loop Cooperation

FIGURE 4.6. Cloud supply chain (C-SC).
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should fulfill basic needs of customers and favor competition due to their
reproducibility. Table 4.1 presents a comparison of Traditional

TABLE 4.1. Comparison of Traditional and Emerging ICT Supply Chains a
Traditional Supply Chain Concepts

Emerging ICT
Concepts

Efficient SC
Supply demand at
the lowest level of
cost

Responsive SC

Cloud SC

Respond quickly
to demand
(changes)

Supply demand at the
lowest level of costs
and respond quickly
to demand

Product design
strategy

Maximize
performance at the
minimum product
cost

Create modularity
to allow
postponement
of product
differentiation

Create modularity to
allow individual
setting while
maximizing the
performance of
services

Pricing strategy

Lower margins
because price is a
prime customer
driver

Higher margins,
because price is
not a prime
customer driver

Lower margins, as
high competition and
comparable products

Manufacturing
strategy

Lower costs
through high
utilization

Maintain capacity
flexibility to meet
unexpected
demand

High utilization while
flexible reaction on
demand

Inventory
strategy

Minimize
inventory to
lower cost

Maintain buffer
inventory to meet
unexpected
demand

Optimize of buffer for
unpredicted demand,
and best utilization

Lead time
strategy

Reduce but not
at the expense of
costs

Aggressively
reduce even if the
costs are
significant

Strong service-level
agreements (SLA) for
ad hoc provision

Supplier
strategy

Select based on
cost and quality

Select based on
speed, flexibility,
and quantity

Select on complex
optimum of speed,
cost, and flexibility

Transportation
strategy

Greater reliance
on low cost modes

Greater reliance
on responsive
modes

Implement highly
responsive and low
cost modes

Primary goal

a

Based on references 54 and 57.
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