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Key Debates Around Cloud Formation
A Look at Impact on VMW, RHT, MSFT, ORCL and others

Supply and demand side driving evolution to cloud infrastructure — Economic
and technology forces from both sides are driving enterprise customers to look to
web-scale peers for efficiency and agility in underlying IT infrastructure.
Transparent infrastructure pricing, commodity hardware components, the rise of the
cloud management platform, lines of business driving the IT agenda, and an
increasingly iterative pace of software development cycles are driving a pace of
change in enterprise IT infrastructure not seen in a generation. We expect the
result to be adoption and evolution of cloud architectures, which we label Cloud 1.0
(virtualized), 2.0 (automated) and 3.0 (native resource consumption).

Applications will move the cloud more slowly and less simply than the
consensus view — The demographics of enterprise apps are diverse and not all will
benefit from natively consuming cloud resources. To achieve Cloud 3.0 “nirvana”,
apps will have to be re-written and with enterprise application lifecycles of around
20 years, the shift in architecture will take longer than many investors expect.

Even if all apps ultimately end up in the public cloud, a hybrid architecture is
required for some apps — Several factors may conspire to keep applications from
going quickly to the public cloud, including economic considerations, control /
governance concerns and inability of public cloud to satisfy “long-tail” requirements.
We expect the hybrid scenario will be the on-ramp for enterprise customers to the
public cloud may be a long-term intermediate stage for many workloads.

Open standards may have less impact than “de-facto” standards — Investor
consensus is that the cloud must be “open.” However we believe true openness is
difficult to achieve, something that is already showing up in the rise of OpenStack.
Meanwhile Amazon is rising as the emerging de-facto standard, benefitting from
significant network effects.

Software stock implications — VMware is a winner if enterprise migration to cloud
architectures happens in an evolutionary fashion. So far, early indications around
hybrd cloud services (vCHS) are positive and if the company can capitalize on
storage and network, it is well positioned to capture share in the cloud control plane.
Microsoft has is one of three players with web-scale public cloud service. However,
we believe with a Windows-only focus, it will be difficult for Microsoft to complete
broadly in laaS and instead must be successful reinvigorating its developers around
the Azure platform as a service (PaaS) offerings. Red Hat has firmly made a
commitment to OpenStack and is at the mercy of the timing of maturity of
OpenStack, something that could still be 18-24 months away. We continue to
believe service provider adoption is the harbinger of enterprise demand. Oracle is
behind in public cloud and while its workloads are amongst the stickiest, the
company must close the gap as enterprises become more comfortable with laaS.
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Executive Summary

The content here was first published in a three-part series of “Cloud Formation” reports. We
are republishing all three parts into one report for the sake of convenience. In this report, we
address the key questions surrounding the market evolution of the infrastructure layer of cloud
computing known as Infrastructure as a Service (laaS). For our view on the Software as a
Service (SaaS) market, see our report State of SaaS: A Look at Adoption, Economics and
Valuation Implications. We start with a quick, intermediate-level primer, then go in-depth on
three key debates, and conclude:

Brief Cloud Primer

Debate #1: How Fast Will Apps Move to the Cloud?

Debate #2: Will Public or Private or Hybrid Clouds prevail?

Debate #3: Will the Cloud be proprietary or open?

Overall Stock Conclusions
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Brief Cloud Primer

Cutting through the fluff: What’s different
about Cloud Computing

Variants of cloud-like computing have been around since the mainframe, a platform
where server virtualization technology was introduced in 1972. In the late 1990s,
the computing vendors such as H-P (HPQ.N; US$29.58; 1) and Sun pushed “utility
computing” initiatives, allowing customers to provision virtual private data centers
through a graphical user interface. These later efforts, however, lacked the
complete set of modern cloud attributes such as pooled infrastructure resources or
high-levels automation. While Internet access, server virtualization, server
hardware commoditization, and early efforts to build metering software were
prerequisites for cloud computing, we trace the true launch of cloud computing to
Amazon’s (AMZN.O; US$353.65; 1) introduction of Amazon Web Services (AWS) in
2006.

Evolution in the way computing capacity is
built and consumed

IT architectures are evolving, and so are the applications that are driving computing
demand. New cloud architectures are building to a “scale-out” model instead of the
traditional “scale-up” model, leveraging commodity components and copying
innovations first invented by web companies to provide services at massive scale.
New projects such as OpenStack (see our report Is OpenStack for Real and How
Does It Impact the Software Landscape?) represent a new software layer called the
Cloud Management Platform (CMP), which automates provisioning, configuration,
and management of compute, storage and network fabrics.

Figure 1. The Cloud Management Platform offers new capabilities
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On the demand side, the consumers of IT (mostly lines of business and others
looking to use IT as a competitive differentiator) are demanding that IT be more
responsive to their business needs. Lines of businesses want to move at a faster
pace—for example, building new applications, driving innovations in these
applications more rapidly, and reducing the amount of time it takes to provision new
infrastructure to support these applications. Within the software world, there is a
shift toward “agile” software development, resulting in the creation of a “DevOps”
function (the merger of traditionally siloed development and operations), which
enables shorter release cycles. These new applications are forcing traditional IT
architectures to keep up with the high service levels at external public cloud service
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providers (which many lines of business now often consider as an alternative for
building new applications).

The Supply Side: Computing architectures are
changing

While Amazon popularized cloud computing, modern cloud principles are driving a
new architecture with very different design principles than traditional computing.
Perhaps the best way to think about modern cloud computing is to understand an
enterprise’s treatment of servers. Bill Baker (formerly with Microsoft) and Randy
Bias (CloudScaling) have popularized the analogy of servers being treated as “pets”
in a scale-up model and as “cattle” in a scale-out model.

Figure 2. The pets vs. cattle analogy

r -
Pets Cattle
Server name BigDog.company.com vm5802.company.com
When sick: Nurse Kill & Replace
Architectural model Scale up Scale out
Key software enabler Hypervisor CMP
Primary consumer Sys admin App developer
Fault tolerance resides in: Infrastructure Application

Source: Citi Research, adapted from Bill Baker and Randy Bias

In the pet world, a server is treated with extreme care and given the attention,
resources, and customizations it needs to fulfill its duty. Each server is manually
tuned to run at optimum utilization and management tools are deployed to ensure
maximum uptime of a server. Fault tolerance is embedded in the infrastructure
horizontally, many times with proprietary hardware features. In the cattle world,
servers are largely anonymous and replaceable. For example, Yahoo (YHOO.O;
US$38.31; 1) walks through its data centers every two months to remove dead
physical servers. Virtual servers are “stood up” instantly and are “put down” with
ruthless regularity. In the cattle view of the server world, the emphasis is on
automation of the compute fabric to avoid human intervention. Servers are built to
scale out without human interaction. Implicit in this is “control plane” software (i.e.
the CMP) to make the compute, storage, and network fabrics fully automated and
fully elastic. Concurrently, applications need to be aware of the new control plane—
they are designed with the necessary fault tolerance built-in.
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In all, the “pets” model represents the vast majority of servers that are operating in
data centers today (even encompassing virtualized servers), while the “cattle”
population today primarily consists of servers operated by web 2.0 companies, who
have built applications from the ground up within the last decade. In all, the
virtualized (pets) vs. cloud (cattle) infrastructure worlds are very different. We don’t
believe the market fully understands the implications of this difference and the
speed with which enterprises can make the transition.

Evolutionary steps to cloud nirvana

The cattle scenario sounds appealing—especially in a world where hardware is
moving toward standard commodity parts and data center components are being
instantiated in software. In the web 2.0 world, companies are new and
unencumbered by legacy infrastructure. These companies have been able to adopt
the cloud paradigm more quickly than enterprises. However, our focus is on the
enterprise, which is the primary driver of revenue today for publicly traded tech
infrastructure companies. In the enterprise, many legacy applications and
architectures coexist. For private and hybrid clouds, we see enterprises taking
several intermediate steps on their ascendance into the cloud. In reality, early cloud
architectures deliver some but not all the benefits of cloud computing. In the section
below, we describe a common path that we see enterprises taking toward cloud
nirvana.

First, some distinctions: What makes a cloud a cloud?

The US Government’s National Institute of Standards and Technology (NIST)
defines cloud computing has having five key characteristics (shown in the Figure
below). Previous variants of cloud computing delivered on some but not all of the
elements of cloud computing. Broad network access has been available since the
Internet, and resource pooling was largely enabled by virtualization. Other
elements of cloud computing such as self-provisioning and elastic release of
resources require some additional capabilities of a CMP, where automation and
management are core capabilities. For example, new automation tools such as
Chef and Puppet enable developers to think about “infrastructure as code” —i.e.
abstracting the underlying hardware elements into software recipes that can
automate provisioning and configuration.
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Figure 3. Cloud Computing Definition — Old World vs. New World cloud implementations
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Cloud 1.0: Talks like a cloud but doesn’t walk like a cloud

Adding to the confusion is the choice of the industry to label data center
consolidation using server virtualization technology (synonymous with VMware
(VMW.N; US$95.61; 1)) as “private cloud.” We label these consolidated data
centers as “Cloud 1.0”, even though they largely pre-dated AWS and other modern
clouds and were inferior to modern clouds in the five cloud characteristics above.
Nevertheless, Cloud 1.0 and the data center consolidation it enabled helped drive
savings from reducing physical footprints (hardware, real estate, and power
consumption) as well as improving operational efficiency (shorter or no downtime
and cheaper, software-based disaster recovery). Virtualization alone doesn’t offer
maximum elasticity, since the elasticity is largely limited to the Cloud 1.0 resource
pool of a single server or a limited cluster of servers. Self-service, automated
provisioning and delivering resources “as a service” were not typically part of the
pre-cloud architecture, and Cloud 1.0 adopters largely built their own tools to enable
these other capabilities. This Cloud 1.0 world drove better resource pooling through
higher utilization levels, but it lacked the automation and elasticity that characterizes
modern clouds.
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Figure 4. Evolutionary (or revolutionary?) steps to Cloud 3.0

Cloud 1.0

(modest resource pooling)

Investment required Server virtualization
Economic gain Data center consolidation
Key technologies Server virtualization

Key products vSphere, Hyper-V, KVM

On-demand self
service @

Broad network
access

Resource pooling

Elasticity

Cloud Characteristics

Measured service

CRECRESAN

Source: Citi Research

Key discontinuity; not all
apps will make this leap

Cloud 2.0 Cloud 3.0

Re-platform, modest automation Application re-write, CMP
deployment

More resource pooling Full cloud benefits

(Greater density, more automation) (true elasticity, full automation)

Configuration management, re- Full next-gen CMP
platforming, exposed REST APIs,
backward compatibility

vCloud, BMC CLM, IBM SDM

P ®

AWS, OpenStack, Chef, Puppet

o o 6 O
o 0 00

Cloud 2.0 is about reducing
heterogeneity and increasing
automation.

Cloud 2.0: Enterprises adopting cloud principles into the
data center

A clear trend within enterprises is an ongoing evolution of their Cloud 1.0
architecture into one with more cloud-like characteristics. What differentiates Cloud
2.0 from Cloud 1.0 is a greater degree of homogeneity in applications, which in turn
enables greater automation and therefore higher compute densities. No longer are
enterprises forklifting legacy apps onto virtualized infrastructure, but instead they
are minimizing heterogeneity and introducing some automation to internal cloud
services. Cloud management platforms (CMPs) or middleware that are backward
compatible with legacy applications such as VMware’s vCloud, BMC Cloud
Lifecycle Manager, or Apprenda form the basis for many of these Cloud 2.0
installations. For example, one large financial institution is re-platforming their Java
applications onto a common middleware stack such that provisioning and
configuration of the middleware down becomes highly automated. At another large
financial institution, their Cloud 2.0 initiative is likely to move forward on a
CloudStack implementation from Citrix (CTXS.0; US$57.48; 2) which has CMP
components to automate provisioning of commodity resources while having
backwards compatibility with VMware infrastructure. This Cloud 2.0 model finds a
common ground between disruptive application re-writes but that common ground
prevents Cloud 2.0 from delivering on the full promise of Cloud 3.0.
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Figure 5. While Cloud 2.0 solves many Cloud 1.0 problems, backward compatibility with legacy
environments and code prevents it from seeing full Cloud 3.0 benefits
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matching infrastructure

Source: Citi Research

Cloud 3.0: Not all apps go to cloud heaven?

Cloud 3.0 goes hand in hand with the new software development model of
“DevOps” (the underlying drivers of which are described below). Here applications
themselves are programmed to directly consume infrastructure resources (compute,
storage, and network) through application program interfaces (APIs) with certain
service level requirements (resiliency, fault tolerance, latency tolerance) as part of
the application code. Fundamental within the design of the app is a cloud
environment where resources, response times, and undocumented behavior are not
guaranteed. The majority of Web 2.0 apps (e.g. Netflix, Twitter, and Zynga) are
virtually all written for Cloud 3.0 architectures. However, there is considerable
debate about whether Cloud 3.0 architectures are the right fit for all applications and
whether a traditional application like an Oracle financial accounting app is ever
destined for the cloud. Our view (which we discuss further in Debate #1 below) is
that this question is partly about the demographics of applications (some apps are
more cloud ready than others) but more importantly it's about the timeline to get to
cloud nirvana. We offer a SaaS analogy for laaS: How long will it take SaaS
financials to displace Oracle or SAP (SAPG.DE; €58.50; 2)? Oracle and SAP
application lifecycles are typically 30+ years and will likely take some time to
displace. Not all applications will make it to the Cloud 3.0 architecture. For some
applications, it will never make economic sense to re-write as this process is too
expensive or the application lacks benefits of moving to the cloud. However, it's
useful to use the framework above to understand how the supply side (cloud
builders) is offering various options to their customers.

The Demand Side: Trends in software
development align with cloud

Increasingly, demand for applications is being driven by line of business (LOB)
owners, who historically relied on their internal IT departments who have often failed
to deliver on software development projects in a timely or satisfactory manner.
These LOB owners were first to latch onto Software as a Service (SaaS). SaaS not
only takes advantage of the ubiquitous web-based client, but is run as a service by
the vendor, enabling customers to immediately have access to new capabilities with
little up-front investment. These benefits, among others, have enabled SaaS as a
category to take share from traditional on-premise software (see our report State of
SaaS: A Look at Adoption, Economics and Valuation Implications). This ability of
SaaS applications to keep up with the requirements of faster-moving LOBs has
parallels to drivers of cloud infrastructure adoption, including agile development and
“DevOps”. ltis indeed LOBs that are increasingly trying to differentiate themselves
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from competition with technology and driving IT to deploy cloud infrastructure (or
going outside of IT by consuming public cloud capacity). As some commentators
have noted, LOB application owners are multiplying: “every company is a software
company” (recent Forbes article) and “software is eating the world” (Marc
Andreeson).

Figure 6. They buyer of compute resources is  Figure 7. New cloud capabilities are putting
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Agile development and DevOps go hand-in-hand with
Cloud Computing

LOB ownership of software development is driving downstream changes in software
development and deployment methodologies. SaaS companies have delivered
more innovation in a shorter period of time than on-premise competitors and
consequently have driven incremental adoption of software. However, SaaS
vendors don’t cover the multiplying range of applications that enterprise customers
are beginning to demand. As a result, demand for Infrastructure as a Service
(laaS), raw cloud-based computing resources used as building blocks of modern
applications, has exploded. This is the focus of our series of cloud reports.

11 citivelocity.com



Key Debates Around Cloud Formation

19 February 2014

Citi Research

Figure 8. Software trends are creating demand for cloud computing
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Debate #1: How Fast Will Applications Move
to the Cloud?

Consensus view: Applications will quickly migrate to “cloud 3.0” architectures such
as OpenStack and AWS

Citi view: Not that fast. Multiple decades.

Implication: If applications move at a relatively measured pace in enterprise, with IT
budgets remaining under pressure, we expect VMware to be the biggest
beneficiary. VMware’s technology enables enterprise customers to continue to
reduce infrastructure CAPEX and operational costs.

m “De-mistifying” cloud computing — In this series of reports on cloud
computing, we look at the potential of the Cloud to reshape the enterprise
computing fabric. Enterprises now have at least two flavors to choose from when
consuming computing infrastructure: vanilla “on prem” and new “as a Service”
alternatives. There are even more flavors when considering hybrid clouds, and
the many variants of laaS being peddled by a hodgepodge of vendors including
software companies, hardware vendors, telcos, and Amazon.com. We cut
through the fluff and focus on what’s really changed: the emergence of the cloud
management platform (CMP) delivering a high degree of automation and the
resulting shift in the software development paradigm to take advantage of this
new architecture.

B The Not-So-Great Migration & The Great Transformation — While it's easy to
imagine millions of workloads migrating across the firewall to reach the Cloud,
the reality is that before any migration to the public or private cloud, applications
need first to transform themselves to take full advantage of the Cloud. This Great
Transformation is wrought with challenges, and we believe the current market
view—that legacy vendors will be quickly displaced by the emergence of Cloud
technologies such as OpenStack and AWS—is unfounded.

B Watching ice melt: the application lifecycle and application demographics —
Current Cloud champions generally fall into two buckets: new companies that
have exclusively developed on the Cloud or companies who consume computing
resources in a way that are uniquely suited to the cloud (ephemeral workloads
like genomic sequencing and “bursty” workloads like back-up). There is a large
demographic of applications that don’t benefit much from the cloud, and this
demo will likely live on given high switching costs in software. In addition, the
application lifecycle of 20+ years promises a slow evolution toward the Cloud,
except for app demos that skew cloud. Instead, we believe the majority of apps
that will be built for the cloud are new apps, much the way that mainframe apps
largely didn’t migrate to new architectures but new apps written went to new
platforms.

m Software stock implications — Two of our names most exposed to The Great
Migration are VMware and Red Hat (RHT.N; US$58.08; 2). As highlighted in our
recent upgrade of VMware, the anxiety over the cloud threat may have peaked,
and VMW should benefit from the market adopting the long view on the Cloud
migration. Red Hat has invested wisely in Cloud 3.0 technology (OpenStack),
but a slower migration relative to the consensus view would be less favorable for
RHT. Microsoft provides a leading public/hybrid cloud, but its significant share in
on-prem infrastructure could also be at risk. SaaS players with a Platform-as-a-
Service like CRM (CRM.N; US$63.73; 1) and NOW (NOW.N; US$67.52; 1) could
benefit from a slow migration as their PaaS could be an alternative to laaS.
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Options for migrating to the cloud

Enterprises face several options in dealing with their current set of applications,
which today likely reside in a private data center in a Cloud 1.0-like environment
(i.e. virtualized). We outlined the options that an enterprise faces for their existing
applications in our OpenStack report, Is OpenStack for Real and How Does It
Impact the Software Landscape?. We summarize these options below.

Figure 9. Deployment options for new and existing apps

Deployment options Future agility = Ongoing cost Deployment cost  Migration flexibility
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Source: Citi Research

Catalog of applications is diverse

Perhaps the more relevant question is not “how fast” but rather “which” applications
will move to the cloud. The cloud has characteristics that are optimized for certain
types of applications, such as “bursty” apps (e-commerce applications at Christmas
peaks and other examples noted below). Some systems integrators perform a
cloud diagnostic service for enterprises that buckets/triages their applications into
varying degrees of cloud suitability. From there, enterprises might consider moving
a small fraction of applications to the cloud.

Figure 10. Categories of Cloud-Friendly Apps

Application
characteristics

Examples Cloud advantage

E-commerce (1-800-Flowers) = Pay variable cost instead of

Bursty TurboTax.com capex for peak capacity

Ephemeral Test chker. prowsmmng, cheap

Development de-provisioning
i Neftflix - .
Distributed access Photo sharing Existing cloud footprint

Video transcoding No advantage. Cloud

Stateless . .
Hadoop requirement in some cases.

Source: Citi Research
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Costs of moving to the cloud are high

Traditional applications with none of these characteristics might ultimately never
move to the cloud since the cost / benefit economics are less compelling. The cost
of re-writing applications for anything other than Cloud 1.0 (which requires minimal if
any work) can be very high and traditional enterprises have fewer resources trained
to write applications on cloud platforms that are resilient and optimized for the
environment of cattle-like servers. This developer expertise is scarce and mostly
resides at web 2.0 companies that are using cloud 3.0 technology to build cutting-
edge consumer apps (which require these capabilities). Some applications such as
an ERP application might never move to the cloud in its current form, as the
economics will not make sense.

In fact, further evidence of this is the fact that many SaaS companies remain in a
Cloud 1.0 environment. Many of these early SaaS companies began their
businesses with a hosting model first or before public cloud resources become
commonly available. Products such as Taleo Enterprise Edition, ServiceNow,
SAP’s SuccessFactors, and many other SaaS companies were built in a Cloud 1.0
model utilizing traditional virtualization models, traditional relational databases, etc.
The fact that these SaaS companies have not re-written for a next-generation cloud
model underscores the difficulty of adopting a next-generation infrastructure.

Application lifecycles imply a 20-year migration cycle

If the cost of re-writing is greater than the benefit from cloud properties, then these
applications are likely to remain on their existing Cloud 1.0 platforms, whether in a
private cloud or hybrid cloud. However, there is a natural rate at which applications
are replaced, and over time, we would expect that many of these applications will
default into a new cloud-like environment as they are replaced, either with SaaS
applications, applications built on PaaS, or (most likely) applications deployed on a
cloud management platform like OpenStack. Ultimately some apps will never
move, just as many enterprises rely on mainframe and Unix computing today.

While we don’t have comprehensive data here, we think that the move to the cloud
is a 20-year exercise for enterprise applications. First, we think the move is similar
to prior computing paradigm shifts (e.g. mainframe to client server). Second, in our
research, we sampled some data from enterprises that shared their application
inventories with us. Taking one example, a multinational company is retiring or
replacing roughly 10% of its applications (both in-house and commercial) while
adding 5% to its base for a net attrition of 5% per year as it rationalizes its
application portfolio. We conclude that the natural replacement rate is somewhere
in between 5-10% since in this example the attrition rate is not sustainable. Third,
we note that on average, renewal rates of commercial enterprise applications
(maintenance or subscription) are roughly 95% in the enterprise space. This
implies an average customer lifecycle of 20 years (the inverse of the churn rate).
However, there are some distortions, including reasons for churning that are
unrelated to the lifespan of the application (e.g. bankruptcy) and the fact that the
renewal rates are for commercial applications (excluding in-house apps).

If some apps don’t move quickly to the cloud, who
benefits?

We believe we have a non-consensus view on the lifecycle of applications. We
believe the application replacement cycle is much longer. With the growth of AWS
and the hype surrounding new cloud startups, cloud vendors are ready to give
eulogies for Cloud 1.0 applications. We covered what the impact could be on the
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software sector if Amazon ends up with a sizeable share of the enterprise
infrastructure market (see Software Sector Takeaways from AWS Re:invent -
Headwinds for the Infrastructure Stocks). While there are a category of applications
that are moving quickly to the cloud (e.g. stateless/bursty apps such as media
transcoding), we believe most applications within an enterprise will likely remain in
Cloud 1.0 or Cloud 2.0 architecture.

Figure 11. Summary of the impact of app migration velocity on our coverage universe

ADBE - Little direct exposure, currently uses AWS as infrastructure

CA - Likely new set of tools to manage Cloud 3.0 apps

CHKP — More concentrated cloud infrastructure could consolidate demand

CRM - Paa$ (Force.com) could be alternative to laaS

CTXS - Infrastructure business is smalll

FTNT - More concentrated cloud infrastructure could consolidate demand

INTU - No significant enterprise exposure

JIVE - Could benefit from increased utility if all apps are cloud-based

GWRE - Target market is displacement of enterprise apps, but no cloud product

Winners in
quick enterprise

Losers in
quick enterprise
app migration to

Cloud

Neutral impact

High

impact RHT MSFT — Azure would benefit, possibly at expense of legacy Server & Tools
NOW - PaasS could be alternative to laaS
ORCL - Significant database and middleware attached to legacy apps
CA PANW - More concentrated cloud infrastructure could consolidate demand
Modest ORCL MSFT CRM QLIK — Application can interact with data from cloud and non-cloud environments
impact SAP Now RHT - Leading contender to monetize OpenStack
SAP - Signficant amount of legacy apps on Netweaver, SaaS assets n/a to laaS
ADBE QLIK SYMC - More concentrated cloud infrastructure could consolidate demand
Low impact CHKP SYMC CTXS VRSN VMW — Slow migration offers more time to “cloudify” existing management assets
FTNT GWRE WDAY JIVE VRSN - No significant enterprise exposure
PANW INTU WWWW WDAY - No significant infrastructure exposure

WWWW - No significant enterprise exposure

Source: Citi Research

® VMware benefits from a long migration — The friction for moving apps to the
cloud is a benefit to VMware, which is building a toolset that allows enterprises to
maintain Cloud 1.0 environments and evolve to Cloud 2.0 environments. Over
the long-term, VMware will likely expose more of the raw infrastructure elements
that are managed by vSphere, bring its own APIs and a hybrid private and public
cloud deployment option to applications that are built in the Cloud 3.0 style. Key
to a bullish view is 1) application migration to the cloud happening at a measured
pace; 2) VMware is able to continue to add value to Cloud 1.0 application
infrastructure and evolve to cloud 2.0 and 3) continue to develop a robust hybrid
service (vCloud Hybrid Service — vCHS) which would enable customers to have
seamless execution of applications, no matter where those applications “live”
(even if this includes non-VMware infrastructure). We expect the company to
continue to build out its vCloud suites and value around management and over
the medium-term bring storage and networking virtualization to these applications
in order to evolve to cloud 2.0. This combined infrastructure solution, which
VMW has labeled the software defined data center, needs to remain the standard
for legacy applications, hosting these apps as they remain on-prem in cloud 1.0
longer than some are expecting.

B Red Hat cuts both ways — While Red Hat stands to gain from its efforts to
control and monetize OpenStack, most of its current business is tied to enterprise
Linux running in Cloud 1.0 environments. Unlike VMware, the company hasn’t
had as much success adding additional value to its installed base. For example,
we’ve seen minimal uptake of its RHEV virtualization tools (despite the fact KVM
is doing well in early cloud deployments). As a result, Red Hat'’s ability to
monetize RHEV with its RHEV-M management tools has been lackluster.
Similarly, JBoss and storage haven’t reached an inflection point in the way
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VMware appears to be seeing with its vCloud Suites (although we do hear of
improved recent JBoss traction). Similar to VMware though, if applications
migrate relatively slowly to the cloud, the current Linux-based franchise is likely
to have a long duration. If applications do migrate more quickly to the cloud, they
might run on alternative distributions in public cloud providers (e.g. Amazon
Linux) where Red Hat doesn’t derive any support revenue

Saa$S vendors with PaaS (CRM and NOW) — Software-as-a-Service (SaaS)
vendors with a Platform-as-a-Service (PaaS) offering such as
salesforce.com(CRM.N; US$63.73; 1) and ServiceNow would likely benefit from
a quick evolution to Cloud 3.0. Specifically, they might benefit from 1) recognition
by enterprises that building Cloud 3.0 is difficult, which might accelerate PaaS
adoption over laaS adoption as a way to minimize the effort in re-writing code, 2)
broader uptake of cloud applications at large that would be complementary (and
possibly integrated with) PaaS applications.

MSFT leading in enterprise public cloud, but with a lot to lose if not
successful —Microsoft (MSFT.O; US$37.42; 2) was among the first to market
with a set of enterprise cloud services (under Azure brand) built on Cloud 2.0
technology and has a degree of architectural symmetry with its on-prem family of
Windows Server products and Hyper-V virtualization platform. Azure is both
infrastructure as a service and platform as a service with early adoption being
mostly laaS based on our inputs. On one hand, this positions Microsoft well for
the evolution towards the cloud and specifically, Microsoft's approach of enabling
some cloud efficiencies (cloud 2.0-like) with minimal re-write of apps of change in
developer technique is differentiated. This would mostly leverage the PaaS
flavor of Azure. On the other hand, the majority of Microsoft’s business today
comes from on-prem infrastructure and over the last 10 years, VMware has
replaced Microsoft as the hardware control plan under these applications. If
customer look to consume laaS, Azure is much less differentiated and likely has
to contend with competition from AMZN and others who long-term will seek to
become the platform on which developers build Cloud 2.0 / 3.0 application. We
believe, like VMware, Microsoft benefits in a slow, evolutionary migration to the
cloud, not a rapid one as much of the consensus view embeds. Under this
evolutionary approach, Microsoft has time to complete architectural symmetry
between the public cloud and on-prem, giving its customers a strong hybrid
option.
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Debate #2: Public vs. Private Cloud
Prizefight

Consensus view: Public cloud and specifically AWS are huge winners

Citi view: No dominance in the medium term as enterprises experiment with Public
and Hybrid clouds, but after some period where Hybrid Clouds bridge the transition,
Public clouds win majority in the terminal state.

Stock impact: In software, VMW, RHT, and MSFT are most exposed with VMW a
winner in the Private and Hybrid scenarios, MSFT well hedged, and RHT tied to the
Private Cloud unless OpenStack is successful in the Public Cloud.
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The Public vs. Private Cloud debate — In Debate #1, we look at the debate
about whether Public, Private, or Hybrid clouds will capture the majority of future
cloud deployments. In one corner, we have the Public Cloud, most notably
represented by current heavyweight champion of the skies, Amazon.com. In the
other corner, we have traditional infrastructure companies such as VMware,
which are rushing to cloudify their legacy solutions to create Private Clouds that
pack the economic punch of Cloud 3.0. The Hybrid Cloud is singing kumbaya in
front of the arena, asking why we can't all get along.

Give the fans what they want: Cloud 3.0 economics — We look at Public vs.
Private Cloud economics and conclude that for all of the scale that the Public
Cloud enjoys, the economics are not always clear cut for the end customer.
Clouding the cost equation are factors such as the margin earned by service
providers, the mismatch between specialty workloads and commodity hardware,
and forgotten costs such as bandwidth, which is independent of build economics.
Some former public cloud sponsors such as Zynga are now favoring the Private
Cloud.

Hybrid Cloud takes the early lead, Public Cloud goes the distance — We
expect this fight to go the distance in a drawn-out fight between the Public and
Private Cloud. In early rounds, the Private Cloud has an advantage given
application compatibility with all workloads. In middle rounds (10-year
timeframe), the Hybrid Cloud will play an important role in bridging Cloud 2.0
workloads with the Public Cloud. In the end state, we expect the Public Cloud to
take majority share given the benefits of scale, once the application lifecycle has
run its course to take advantage of Cloud 3.0 architectures. Private Cloud will
always have a place among customers, especially those who pay a premium for
control over their infrastructure, but we believe the Public Cloud’s cost and
innovation edge will ultimately prevail.

Stock implications — VMware, Red Hat, and Microsoft are the vendors most
impacted by the public vs. private debate. The winners and losers here to some
extent mirror the conclusions of Debate #1 (how fast do apps move to the cloud),
as Private Cloud vendors are focused on bridging the gap between legacy
applications and a fully evolved Cloud 3.0. VMware should benefit from the
short-term focus on Private Cloud evolution, which we expect to evolve into a
Hybrid Cloud, where VMware is again well positioned. Microsoft is well hedged,
since it’s built a cloud solution that is largely agnostic to the question of public vs.
private. Red Hat’s Linux business is at risk in the Public Cloud (as most public
cloud providers don’t use RHEL by default), so its future rests with OpenStack,
which would help to drive enterprise OS demand if Public Cloud service
providers are successful with OpenStack as the basis for their services.

citivelocity.com



Key Debates Around Cloud Formation .
19 February 2014 Citi Research

Does cost matter?

As noted in Debate #1, the key driver of cloud adoption is agility, but a secondary
driver is cost. We believe public clouds will likely always maintain an advantage on
agility. With private clouds, agility is largely limited by the ability of the internal IT
department to innovate, although it might benefit from outside innovation through
the use of open-source technologies such as OpenStack. Public clouds have been
pushed to innovate and have greater resources to innovate. Ultimately, we believe
private clouds are subscale and will have difficulty replicating the economics of the
public cloud.

Amazon is cheaper but more expensive

Most private clouds are subscale. There is some minimum efficient scale (MES) in

Figure 12. AWS is an order of magnitude data centers as noted in the cost curve of data centers in the figure below. Costs
larger than the field of laaS competitors continue to drop even after a data center has reached 100,000 nodes, suggesting
(2012 Cloud Revenue) that MES is very large and within the reach of webscale companies only such as
@ Amazon.com. For example, Google (GOOG.O; US$1,210.88; 1) — likely the largest
data center operator — has approximately 1 million servers. The implications of the
>§28 cost curve suggest that private clouds can never reach the scale of public clouds.

So it is an open-and-shut case that public clouds will win both the agility and cost
arguments. Or is it?

$0.3B

Figure 13. There are significant economies of scale in data center costs, and the shape of this

Rackspace AWS . .
curve is key to this debate

Source: Company Reports and Citi Research
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Source: Microsoft presentation

The public cloud has better economics

There is a persistent debate about the cost of public cloud services relative to
internal IT. On the one hand, there are numerous examples of companies moving
Amazon Web Services (AWS) workloads in-house once they reach scale, all under
the banner of cost reduction. Zynga is a prominent example here. On the other
hand, Amazon has enormous cost advantages ranging from sourcing servers and
storage nodes directly from Taiwanese ODMs (bypassing Dell and others) and
cheap power supply from nearby hydroelectric sources. In networking, AWS uses
custom routers, custom protocol stacks, and custom switch firmware.
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Figure 14. Sources of public clouds’ cost advantages

Public Cloud

Cost Description
ADVANTAGE

Direct procurement of servers via ODMs. Buying power

Procurement for power, networking, and other equipment.

Smooth demand over a broader pool of applications (i.e.
Resource pooling ~ smooth over multiple peaks instead of separate peaks
for Tax Day, Christmas, Valentine’s Day).
Amortize fixed costs (e.g. custom networking protocol

Other economies stacks, billing system, finance overhead, etc) over bigger
of scale

revenue base.
Variable cost Capacity build at web scale looks more like variable
economics pricing than step-function costs.

Source: Citi Research

Public cloud providers such as Google and Amazon have been on the cutting edge
of data center innovation. Mid-sized enterprises would appear hard-pressed to
match the innovation and costs of these webscale datacenters. For example, AWS
allows customers to sell their idle compute capacity in the spot market to further
increase utilization. With public cloud vendors investing heavily in R&D, we
presume they are seeing positive ROl and are getting further cost advantages
beyond procurement. In the Figure below, we outline back-of-envelope math on the
cost advantages enjoyed by a webscale public cloud. Layering in several basic cost
advantages (primarily procurement), we come to the conclusion that public clouds
enjoy a convincing cost advantage in economics — build economics, anyway.

Figure 15. Back-of-envelope math: Private clouds (even at scale) conservatively need to make
up at least a 45% cost disadvantage vs. public clouds

Il Other Infrastructure

] Networking Equipment

[ Power

[ Power Distribution & Cooling
[ servers

Public Server OEM Networking and Power Smoother peaks

cloud margin HVAC procurement (assume 15%

@ 10% procurement @ 33% less capacity)

@ 8% advantage advantage
\ (e.g. dams) o\ J
Y Y
Procurement advantage Broader resource
pooling

Source: James Hamilton, VP at Amazon Web Services (mvdirona.com for Public cloud starting point), Citi
Research analysis

Bridging the cost gap: Cost is not the same as price, and
the price printed is not always the price you pay

On the face of it, public clouds should be cheaper, yet we find some public cloud
customers are migrating to private or hybrid solutions in the name of cost or
performance. Performance and cost are generally but not always the same thing in
cloud computing. In the Figure below, we note several examples of customers
migrating away from public cloud computing environments.
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Figure 16. Examples of customers migrating workloads off the public cloud

Customer From To ;raltri':) aanIe Comment
. AWS cost advantage diminished as demand became more predictable.

Zynga AWS Hybrid Cloud | Cost & $63M annual spend, moved 80%. Still on AWS for burst capacity. Says

(zCloud) Performance . - . .

zCloud is 3x more efficient as zCloud is tuned to gaming workload.

Private SaaS AWS Fé::gc;z:d Performance & ~ Zombie servers had a negative impact on performance and monthly
company P Cost bills.

OpenStack)

Private Cloud = Performance & I . . .
MixPanel RackSpace (Softayer) Cost Highly variable performance difficult to design around.

Public Cloud
Sony AWS (RackSpace Control Wanted to reduce dependency on a single cloud provider.

OpenStack)

Private Cloud  Control & Wanted control over downtime. Still using AWS for S3, DynamoDB,
Limelight AWS SimpleDB, Elastic Map Reduce, and EC2 for burst capacity.

(Softlayer) Performance

Multitenancy of AWS had negative impact on performance.

Source: Citi Research

The public cloud’s cost advantages are relatively easy to understand (see left-hand
side of the Figure below), but there other factors that favor the private cloud that can

have an equalizing impact on cloud economics (see right-hand side of the Figure
below). These offsetting cost disadvantages are the reason why the answer as to
which is cheaper is not clear cut. If AWS cuts prices to achieve margins similar to
its retail business, it’'s possible that the public cloud could be cheaper than almost
any circumstance, except for the few application workloads that skew heavily
toward a public cloud infrastructure (e.g. an irregular Hadoop job, test/dev
workloads). However, Amazon does earn a margin, and for an enterprise with
empty data centers and workloads with level compute characteristics (e.g. back-
office transaction processing running 23 hours per day), public clouds could very
well be more expensive.

Figure 17. Public clouds also have cost disadvantages

Public Cloud
Cost
DISADVANTAGE

Margin
requirement

Description

Citi estimates AWS gross margins are in the 70% range.
Fully burdened operating margins might be closer to 20-
30%.

For a workload with steady demand, there will be a

Peak _capacnty public cloud premium for peak demand. This is mitigated
charging ! .
by reserved instance pricing.
Enterprises with underutilized data centers have sunk,
Sunk cost o
) step-function fixed costs and could have lower
accounting ) ) Y .
incremental costs to build capacity in small quantity.
Lowest common Instances have generic performance characteristics that
denominator are not optimized for specialty workloads.
Variable Since resources are opaque, customer can experience
performance variable performance characteristics

Forgotten costs

Source: Citi Research

While build costs might be similar when including the
mark-up on services, bandwidth costs can be
incremental in the public cloud

The first three public cloud cost disadvantages are relatively easy to understand.
Amazon needs to earn a margin, which could alone offset any procurement
advantage. Our Internet analyst Mark May believes Amazon AWS’s gross margins
are well in excess of 70% while internal IT’s transfer pricing likely embeds a slimmer
margin if not zero margin. The next two factors are shaped by the utility nature of
cloud computing and the public cloud’s ability to best achieve cloud economics
given the massive scale.
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The last three factors likely require some more explanation:

B Lowest common denominator and diversity in enterprise workloads — As we

noted in Debate #1, there is considerable diversity in enterprise workloads, and
only a subset of applications are primed for the Cloud. Yet within this
demographic, there is significant diversity. Many enterprises run on non-standard
infrastructure configurations, including compute, storage, and network as well as
custom software stacks. While companies have been pursuing a move toward
Cloud 2.0, where they attempt to reduce diversity, few companies have fully
made the transition. In the meantime, cloud vendors are broadening their SKUs
to address this diversity in workloads. For example, AWS has introduced more
specialized EC2 instances such as GPU instances. However, public cloud
adoption will always be limited by this “long tail” requirement within the
enterprise, and this “long tail” might be underestimated in terms of size. As we
wrote in Debate #1, the refresh cycle is underway, and the “long tail” could
migrate to the cloud, but this requires application re-write many times and with
application lifecycles long (can be 10 years +), this “long tail” will take a long time
to disappear.

Variable performance and shadow servers — One of the key reasons is that
public cloud performance can be variable. Cloud resources are always shared,
and if you are sharing servers with a resource-intensive customer (i.e. the noisy
neighbor problem), your performance will degrade. Sometimes. For example,
heavy users know that instances provisioned in some data centers have better
performance than those in other data centers. The end result is that customers
might have to overprovision servers to get a minimum level of reliable
performance and see some of the public cloud cost advantage negated by
variable performance. Ultimately we think that the problem of variable
performance is solvable. AWS has introduced Amazon EC2 Dedicated
Instances, where hardware is dedicated to a single customer. Private clouds will
face similar variable performance issues between internal “customers” when
running at multitenant scale. We've heard from some service providers that
VMware’s server virtualization technology continues to hold strong performance
advantages, and it could be that some of Amazon’s performance disadvantage
(equal to a cost disadvantage) is due to its use of the open source Xen
hypervisor.

Forgotten costs such as bandwidth — While costs to store a gigabyte might be
lower in the public cloud, if the data is accessed frequently, bandwidth costs for
transport of data to and from that public storage might eat up any public cloud
cost savings. One infrastructure presents such data in the right-hand side of the
Figure below and asserts that on-prem storage is cheaper than cloud storage,
although clearly this non-whitebox vendor has a bias for showing on-prem to be
cheaper. The hidden bandwidth costs especially matter in a hybrid cloud
environment where an application transfers data across the firewall.
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Figure 18. Network costs can eat up storage costs
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Source: Infrastructure vendor presentation

It’'s a Control Thing

While we think that agility and cost are the two most important factors in
infrastructure selection, some organizations value control most of all. For example,
some industries such as financial services have a strong desire to control their
infrastructure, whether to preserve competitive advantage (e.g. electronic trading) or
to comply with regulatory requirements. In the section above, we listed several
examples of customers who have moved off of the public cloud. While some moved
off because of the variable performance issues discussed above, other such as
Sony and Limelight moved off AWS to get greater control over their infrastructure.
When service outages happen (a relatively frequent occurrence), IT departments
are often powerless until service is restored. It is likely that AWS has better uptime
than most enterprise data centers and this AWS downtime can be further minimized
by optimally deploying workloads on AWS. However, during downtime, customers
may feel like having more visibility into issues when workloads are in their own data
center, rather than being without visibility and having to rely on a third-party to
restore service. Amazon does sell premium support services at the price of 20% of
your AWS bill, but even with that premium support, companies are still often at the
mercy of Amazon fixing its own problems.

Is the Hybrid Cloud the answer, especially in
the short run?

With all the pluses and minuses to public and private clouds, it seems logical to
conclude that the hybrid cloud is the answer to the debate. After all, as we pointed
out in Debate #1, there is significant diversity in applications, and some applications
will likely stay in the private cloud until their demise. Hybrid clouds appear to bridge
this gap, allowing enterprises to maintain applications in both worlds and maximize
the benefit to their respective application demographics. In addition, the burst use
case or the redundancy use case requires a hybrid cloud.

True Hybrid Clouds can be hard to build

While it's likely that in the short run as applications begin their Great Migration to the
cloud, companies utilize both public and private clouds. But using both public and
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private doesn’t mean that the enterprise is utilizing a hybrid cloud. A hybrid cloud
has one of two technical features:

® Symmetry: For a workload to move seamlessly back and forth from public and
private clouds there needs to be some form of symmetry — whether it is identical
code or just application programming interface (API) compatibility. Microsoft
promises this with its Windows Server / Azure combination and so does VMware
with vSphere / vCHS. Also Eucalyptus brings Amazon APIs on prem. All of
these efforts are early. We will discuss the issue of open APIs in Debate #3.

B Abstraction layer: Some tools such as RightScale and VMware’s vCAC adds an
abstraction layer beneath the workload to abstract the laaS from the application.
This allows the workload to move more easily to another cloud, whether private
or public.

We believe few enterprises are operating true hybrid clouds today, as evidenced by
1) the lack of revenue for OpenStack-based service providers, 2) the majority of
OpenStack customers using “native” APIs instead of Amazon APIs, and 3) Only
fledgling demand for the public side of hybrid architectures from VMware (vVCHS)
and Microsoft (Azure). Over time, we expect hybrid adoption to accelerate as
private clouds mature, abstraction layers mature, and, as we will discuss in Debate
#3, APl standards converge. To some degree, this will be helped by the maturation
of public cloud services from Microsoft and VMware.

Figure 19. Citi view on Cloud evolution

Pre-Cloud Today In 10 years End State (30 years)

Cloud 2.0 and API
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Hybrid Cloud )
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Private Cloud
Private Cloud

The Long March to the Public Cloud

Similar to our answer to Debate #1, we believe that the secular trend suggest
workloads will migrate to the public cloud over time with hybrid clouds eventually
occupying an important intermediate step. However, there are workloads and
customers that will not move to public or hybrid clouds in the short run. The
segment of customers/apps that will not move to the public cloud include:

[ELERUENELE]
center)

Private Cloud

Source: Citi Research

m Customers who require control. For regulatory, strategic, or peace of mind
reasons, some customers will prefer the higher degree of control afforded by the
private cloud.
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m Workloads not suited for one size fits all. Public utilities cater to the lowest
common denominator in order to minimize SKUs and reduce complexity. Some
customers (e.g. Zynga) will see benefits to moving workloads in-house. As
enterprise reengineer their applications for Cloud 2.0, some of this diversity will
go away over time.

® Workloads that don’t benefit from cloud economics. As we discussed in
Debate #1, some workloads benefit from cloud more than others. Workloads
with predictable demand, especially those that are relatively mature, might never
benefit from migration to the cloud.

The move to the public cloud mirrors the secular shift from Cloud 1.0 to Cloud 2.0
and eventually Cloud 3.0. While private clouds will likely get more advanced as
projects such as OpenStack mature, we believe it is likely the enterprise market
ends up with a healthy mix of public and private cloud deployments, with a secular
movement toward public clouds due to their economic advantages and rapid speed
of innovation.

Stock implications

Companies most impacted by the transition from private to hybrid to public cloud
are Microsoft, Red Hat, and VMware. Additionally, over time, we believe companies
providing lower-level on-premise infrastructure elements such as security, back-up
and certain IT management functions are likely to see some impact.

B Microsoft — In our view, Microsoft was the first large IT company to recognize the
importance of having an architecture that had architectural symmetry between
private and public deployment models. As a result, with the release of Windows
Azure (Feb 2010), the company was early to market. The strategy has evolved
significantly, but even four years later, the solution is still immature, especially in
its key hybrid characteristic. Due to its early recognition of the hybrid scenario as
important and its aggressive product roadmap here, we expect Microsoft to
remain best positioned of the large IT vendors as it relates to “future proofing” its
product line for the evolution from private to public cloud. Long-term, key for
Microsoft is keeping developers committed to its various languages and overall
framework. We will discuss this further in Debate #3. From an overall stock
perspective, as we noted in our recent downgrade of MSFT shares from Buy to
Neutral (see Microsoft Corp. (MSFT) - The Decisions Ahead are Bigger than the
Man; Downgrading to Neutral on High Expectations and Slow Expected Rate of
Change), we are concerned that a new CEO of Microsoft will continue to split
investment between aggressively chasing the consumer devices market (where
“success” has lower probability) and the enterprise cloud market (where
“success” is more likely). By splitting investment and remaining un-focused,
there is a greater chance that other players catch up with Microsoft in its early
lead in enterprise public cloud.

B Red Hat — Red Hat’s own public cloud initiatives are weak compared to others
(Microsoft, even VMware). Red Hat’s business is probably best-served long-term
if enterprise workloads stay on-prem. Red Hat's public cloud strategy revolves
around helping to establish OpenStack as the open standard for private and
public clouds and then ride the wave of deployments (and especially the need for
interoperability and support) by enterprise customers. As we noted in our report
last year on OpenStack (Is OpenStack for Real and How Does It Impact the
Software Landscape?), we continue to expect early traction will come from public
cloud providers (Rackspace, HP’s HP Cloud, telcos, etc.) as well as web
companies (Yahoo, PayPal, Apple, etc.). These entities are less likely to pay Red
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Hat for support for OpenStack, but if their adoption helps to add credibility to the
initiative and bring interest from real enterprise customers (that are the mainstay
of Red Hat’s customer base), then this is progress for Red Hat. We expect these
data points to build, but progress appears slower than a year ago. Meanwhile,
Red Hat shares have recently appreciated significantly (up 2% YTD), with part of
the thesis being that OpenStack (and other newer initiatives) will drive revenue
re-acceleration at Red Hat in 2014. We believe the jury is still out on this. We’'d
rather play VMware instead on revenue re-acceleration from new products.

VMware — VMware went from being the darling cloud play in 2011-2012 to a
company investors worried significantly about secular position vis-a-vis public
cloud in 2013. We believe the truth is somewhere between but over time, we
believe VMware’s public cloud position will improve and the company has the
potential to become a very relevant players here. VMware’s strategy looks very
much like Microsoft’s, except it was started later (vCHS was announced in 2013
vs. Azure in 2010) and also VMware targets lower-level cloud services (it is
mainly laaS — although that may evolve) while Windows Azure started off as
Platform as a service (PaaS) and only released laaS in the last 12-18 months.
We believe vCHS will evolve rapidly over the next 12 months, as VMware has
done a significant amount of hiring here and has an aggressive roadmap for new
services. VMware’s infrastructure is expensive relative to Windows and open
source technology, and as a result, we believe the focus will need to be on
driving efficiencies out of expensive, proprietary infrastructure (as happened with
compute and is likely in storage and network). Similarly in cloud, we expect
VMware to focus on more mission-critical workloads. This means VMware is less
likely to have success with “born in the cloud” (i.e. “Cloud 3.0”) applications and
instead applications that can benefit from Cloud 1.0 and 2.0 architectures. If
VMware finds itself competing against Amazon’s AWS, it is likely going to find
itself at a significant disadvantage. However, it is likely VMware can successfully
provide a cloud service offering to rival that of IBM (IBM.N; US$183.19; 1),
Oracle (ORCL.K; US$37.97; 1), HP and others that have traditionally focused on
managed hosting and/or expensive, proprietary on-premise offerings whose
value VMware can undercut with a software and automation-based solution.
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Figure 20. Summary of the impact of public vs. private share on our coverage universe
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ADBE - No significant infrastructure exposure

CA - More concentrated cloud infrastructure could consolidate demand
CHKP - More concentrated cloud infrastructure could consolidate demand
CRM - PaaS$ (Force.com) could be complementary

CTXS - CloudStack could play in either environment

FTNT - More concentrated cloud infrastructure could consolidate demand
INTU - No significant enterprise exposure

JIVE - Could benefit from increased utility if all apps are cloud-based
GWRE - No supported public cloud option

MSFT - Azure could benefit, possibly at expense of legacy Server & Tools
NOW - PaaS could be complementary

ORCL - More concentrated cloud infrastructure could consolidate demand
PANW - More concentrated cloud infrastructure could consolidate demand
QLIK — No supported public cloud option

RHT - Benefit if Public Cloud vendors are OpenStack-based

SAP - Few supported public cloud option for core apps

SYMC - More concentrated cloud infrastructure could consolidate demand
VMW - Low adoption in Public Cloud; vCHS, vCAC, vCloud bridge Hybrid
VRSN - No significant enterprise exposure

WDAY - No significant infrastructure exposure

WWWW - No significant enterprise exposure
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Debate #3: Will the Cloud be Proprietary or
Open?

Consensus view: The Cloud will be based on open technologies as the technology
industry coalesces around OpenStack and those not embracing open source
technology will be disadvantaged.

Citi view: “Open-core” solutions might drive short-term innovation, but the
mainstream CMP will be led by Amazon'’s reference model and pace of innovation.
The gating item to AWS will be ability to embrace hybrid architecture as well as how
quickly alternatives can emerge to eliminate AWS lock-in. We cover stock
implications later on in this report.

B The Open vs. Proprietary debate — In Debate #3, we look at whether
tomorrow’s Cloud will be built on open or proprietary technology. This is
seemingly important as the OpenStack community is using lack of vendor lock-in
as a key selling point. The reality is, key elements of the open source value prop
are difficult to make happen and in the meantime, proprietary solutions like
Amazon Web Services are building scale and driving network effects. Microsoft
and Google are also following Amazon’s lead. Given powerful commercial
interests seeking to influence and potentially fracture open-source projects into
open-core offspring (a Tower of Babel, so to speak), open source may become
more about marketing. Inter-cloud compatibility among hardware, source code
and APlIs is difficult to achieve, making the open vs. proprietary debate less
relevant in our view.

B Amazon is creating a proprietary chokepoint and benefitting from network
effects, can it be challenged? — Computing architecture shifts have had
extremely valuable proprietary chokepoints (operating system, hypervisor, etc),
and in Cloud, we see a similar potential for a chokepoint in the form of a
“reference model” — a particular software configuration and behavior embedded
in a cloud fabric. Given early lead in public cloud, we see AWS as the leading
contender to have its reference model adopted as a de-facto standard. We are
already seeing some start to emulate this model (OpenStack for example),
reinforcing AWS’ position. Challengers will likely exploit the following drivers: 1)
AWS lacks a private cloud solution to complete hybrid scenario, 2) others are
building critical mass, although significantly lag that of AWS, 3) AWS reference
model appears able to be emulated, 4) there are migration and abstraction layers
that enable some cloud portability.

As we noted in the introduction to Debate #1, one of the main selling points of new
cloud technologies is that enterprises can rid themselves of expensive, proprietary
hardware. Cloud 3.0 technologies are built for the “cattle” model of computing,
where it's assumed that inexpensive commodity components will fail and the cloud
management platform (CMP) contains all the intelligence to keep applications
humming. So it might be natural to assume that the Cloud will be based on open
technologies and that proprietary platforms will face extinction.

While that might be true of hardware, there is intense debate about whether the
CMP will be proprietary or open. There are multiple dimensions to this question,
making this a complex question to answer. Formerly proprietary CMPs such as
Citrix’s CloudStack have gone open source (at least a token open core) in an effort
to accelerate development and adoption. The OpenStack community is debating
whether to more broadly adopt Amazon APIs and the Amazon reference model. We
break down the dimensions of this question in the report below.
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Why open vs. proprietary matters

Control points shifting up the stack, In previous generations of enterprise computing, massive fortunes were created by
layers below commoditizing and opening owning a proprietary control point — whether it was Microsoft in server operating
up. systems or VMware in Cloud 1.0 (i.e. server virtualization). Investors looking at the

paradigm shift in enterprise computing are hoping to own a similar control point in
the Cloud and to reap gains from proprietary software (see Figure 21). Similar
battles in consumer tech have been fought (Mac vs. PC) and are being fought today
(Android vs. iOS), and a common analogy is that Amazon Web Services is Apple,
and OpenStack is Android/PCs.

Figure 21. Previous computing paradigms have had proprietary chokepoints

Pre-Cloud Cloud 1.0 Cloud 3.0

Which
‘ nla nla is the
critical
nla nla control
point?
‘ nla Mostly open
‘ Mostly proprietary Mostly open
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Critical control
points

Source: Citi Research

What makes Cloud 3.0 an interesting puzzle is 1) the variety of players (web 2.0
companies, tech vendors, telcos, and software vendors), 2) the extent to which
incumbent players have recognized the threat from Cloud 3.0 and responded (e.g.
even “legacy” HP is building an OpenStack-based cloud), and 3) the uncertainty
regarding where the critical control points reside. But whether we will see the next
Microsoft or the next VMware, which have both established well defended “choke-
points” in modern IT architectures, is less certain.

The multiple meanings of “open”

“Open” in software typically means “open source” software — all the underlying
source code (which in software is all the intellectual property) is freely available for
download to anyone for any use. Linux is the prototypical example in computer
operating systems. Customers benefit from less vendor lock-in (they can modify the
code themselves), while vendors benefit from potentially faster and less costly
development if the open source project has sufficient momentum in the community.
OpenStack (if you can't tell by its name) is a CMP that hopes to follow this open-
source model and has attracted significant critical mass.
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Figure 22. The various meanings of “open” in the CMP
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Source: Citi Research

Open core has largely superseded open source and is
creating a Tower of Babel

In reality, however, open-source software rarely remains the altruistic movement
that it started as. Once commercial interests recognize the value of open source,
the model usually evolves into “open core.” While Linux was once a completely
open-source project, commercial vendors such as Red Hat have perfected the
“open core” model, where a vendor develops proprietary code on top of a “core” of
open-source code. True open-source models have become scarce (with some
notable exceptions such as Apache), but there are examples of open source in the
CMP layer — OpenNebula is the primary example, and Eucalyptus started as open
source, went to open core, and is now reverting to open source. Citrix’s CloudStack
has a token open-source core. But these rival cloud CMPs lack the momentum of
OpenStack, where vendors with commercial interests are investing millions in
developing the open-source core (plus proprietary extensions) in an attack that is
trumping the ability of others to keep pace.

The myriad open-core OpenStack packages are creating a “Tower of Babel’-like
environment, where even though these distributions share the same core, they are
largely incompatible with one another. While a single-node application with basic
storage and networking requirements might easily bridge this compatibility divide, a
web 2.0 application running on an OpenStack would likely tap many proprietary
extensions so as to render it incompatible with another OpenStack cloud.

While over the long run, open source might eventually subsume proprietary
components built on an immature open core, the key debate is not over open
source vs. open core but really whether open source (core or in full) really matters if
the infrastructure runs “as a service” and the underlying guts are less important than
how workloads are managed once up and running. While open source promises
customers won'’t get locked in, the reality is that as long as clouds have open and
compatible interfaces (for example, conforming to Amazon APIs), in many instances
the underlying code bases don’t need to have symmetry. The question then
becomes whether open core/source still matters if they all support the same open
interfaces (APIs) and therefore are compatible with all the major platforms anyway.
Could it be that APl compatibility is the lingua franca that essentially makes the
underlying code irrelevant as applications embed a standard API?

Open source code is a red herring, but could APIs be the
answer?

We conclude that the open source and open core questions are increasingly
irrelevant in the cloud, and we focus on the interface layer. For enterprise use
cases, we believe key ways to add value to the open stack (lower case) will rest in
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1) the ability to bridge the public-private clouds, 2) the ability to help with Cloud 1.0
to Cloud 3.0 migrations, and 3) ability to achieve a minimum efficient scale to gain
significant cost efficiencies.

Figure 23. Enterprises want Multi-Cloud/Hybrid Cloud
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Source: RightScale, State of the Cloud Report 2013

In Debate #2, we asserted that hybrid clouds will be an important driver in the
transition to the public cloud. Given that CMPs are generally going open core, then
compatibility is what matters. In a hybrid cloud environment, workloads can migrate
between public and private clouds either because of symmetry (same code on both
sides) or an abstraction layer (code that abstracts the application from differences in
code or behavior, such as tools from RightScale). APIs are one kind of abstraction
layer, where symmetry can happen. But there are other layers to target for
symmetry, in increasing order of abstraction:

Figure 24. Potential areas for symmetry in the cloud stack
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® Hardware symmetry — Hardware specifications can drive operating
characteristics, and initiatives like the Open Compute Project attempt to
standardize reference designs to enable cloud-like commodity parts. While we
acknowledge that symmetry here can drive efficiencies, we believe software can
easily abstract many of the differences.

B Source code symmetry — The same exact source code exists in multiple clouds,
and therefore all behavior is the same. This is the illusion that many OpenStack
vendors are attempting perpetuate, but the reality is that nearly everyone is
building an open core model and will do everything they can to avoid total
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commoditization of the CMP layer. We note that even if it were possible to get to
source code symmetry, hardware asymmetry could cloud compatibility.

® APl symmetry — Symmetry of APIs is a necessary but not sufficient component
to guarantee compatibility. While APIs are a higher level of abstraction that can
potentially moot the open source, there are additional behaviors of a cloud
environment (discussed below) that can break compatibility even if there is API
symmetry.

m Reference model symmetry — In a higher level of abstraction, a reference
model takes into account additional compatibility requirements that go beyond
APIs including engineering specs and behavior (e.g. what happens when a
hypervisor fails, how long should an app wait for an answer) that is
undocumented in the API set.

API compatibility is also a red herring

API compatibility is necessary but not sufficient for compatibility. As mentioned
before, an example of a Cloud 1.0 app such as, say, vanilla Wordpress running for a
single tenant on a single node with very low traffic can likely survive migrations
across API-compatible clouds in most cases. But for more complex requirements,
this sort of compatibility breaks. In an anecdotal parallel to the hypervisor layer, a
large enterprise that we spoke to would like to expand its use of KVM finds that it
breaks many of its VMware workloads. Similarly APIs capture some but not all of
the interoperability. Some vendors recognize the importance of compatibility and
the insufficiency of APIs to get to compatibility. For example, Eucalyptus, a private
CMP vendor, licensed Amazon’s APls to ensure better compatibility with
Eucalyptus. Eucalyptus gets access to additional engineering specifications behind
the API, which should in theory make Eucalyptus clouds work more seamlessly with
AWS in a hybrid environment. Cloudscaling, an OpenStack integrator and
packager of an open-core distribution, argues that this broader set of behaviors or
“reference model” is a higher level of compatibility beyond the APIs. Their
OpenStack-based technology is compatible with AWS at this level.

32 citivelocity.com



Key Debates Around Cloud Formation .
19 February 2014 Citi Research

Figure 25. The Reference Model is the likely symmetry point to offer cloud compatibility
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Implications of a de facto standard

As we noted in Debate #1, applications will need to undergo significant
transformation before they migrate to a Cloud 3.0-like environment, and we believe
this transformation will take decades. In the meantime, customers are likely to
adopt a variety of CMPs, consumed in a variety of delivery models (public, private,
and hybrid). In this Tower of Babel of cloud deployments, it's unclear iffwhen/how
these islands of clouds will come back together.

Amazon AWS has established itself as the largest provider of cloud services, with
everyone from ISVs to web 2.0 companies to enterprises building on Amazon’s
infrastructure (although we are very early in enterprise adoption). AWS is becoming
the de facto standard in the Cloud, and some rival CMPs are replicating the AWS
APIs and reference model in an effort to facilitate hybrid cloud deployments.
OpenStack, which has its own native APIs is enmeshed in an existential debate
within its community about whether to fully adopt Amazon APls, and even which API
set — either the current Nova API developed by Rackspace (RAX.N; US$34.97; Not
Rated) or a new API set that is controlled by the community — to adopt as the
“native” API for Nova, the compute fabric in OpenStack. Currently one-third of
OpenStack deployments use Amazon’s EC2 APIs.

There are rivals to AWS, including Google Compute Engine and Microsoft Azure,
both of which take advantage of their webscale/hyperscale consumer services —
following AWS’s path. Additionally, like Microsoft, recent entrants including VMware
(vCloud Hybrid Service) and IBM bring significant enterprise scale and a large
customer base to bear on the cloud services market. While these rivals to AWS
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matter because of their webscale consumer base, we believe there are two relevant
questions that determine whether AWS will become the de-facto standard in public
cloud services.

1) Is AWS lead is so significant in the market that strong network effects
make it difficult for any competition to rival the de-facto standard position
that its APIs and reference model have become? An affirmative answer
here is most likely to drive AWS technology as the defacto open standard.

2) Do the public cloud needs of the enterprise customer evolve in a different
way than have the requirements of customers for public cloud services
have so far? Harkening back to Debate #1 and #2 of this report, if apps
enterprise apps move more slowly to Cloud 3.0 architectures and the long-
term intermediate state is more hybrid than public (even if eventually
public), then some of the proprietary control points of some of today’s on-
prem architectures remain highly relevant and could give time for other
reference models to catch up to AWS and displace it. However Cloud 3.0
apps are tied tightly to their underlying reference models, so we expect the
reference model to become increasingly important and dominant.

Network effects = winner take all if the tracks are laid fresh

In addressing the first question, it is clear there are some network effects at play in
the open interfaces. A common example of demand-side network effects is railroad
gauges, where gauges became standardized in certain geographies to maximize
the utility of rail cars on all rail networks. Rail cars could travel across previously
incompatible networks, enabling transcontinental travel. The analogue in the cloud
is that the application (rail car) is designed for a reference model (gauge). If the
reference model is common among various clouds (rail networks), then the
application can move seamlessly across clouds, and more companies will build
more applications that conform to the most widely adopted reference model.
Furthering the analogy, those clouds that don’t conform to the Amazon reference
model will be incompatible islands of computing. There are other benefits to
Amazon’s current scale — for example, there are increasingly pervasive software
libraries that make it easy to store objects on S3, drawing incremental development.

What keeps AWS from becoming the next Wintel? (i.e. the
de-facto standard)

As we note above, AWS has the early lead in cloud 3.0 architecture and is already
being emulated by challenges that have yet to achieve this standard status. This
lead, reinforced by network effects suggests that the Amazon reference model may
have the run-away lead in a market the we have already concluded will inevitably
move to public clouds for new applications. However, before we can conclude that
the AWS reference model will the Cloud proprietary control point, we need to
believe the following:

1. The AWS reference model must work in a private deployment. For many
use cases symmetry between public and private clouds will be critical. This will
be necessary for workloads that “burst” as well as for many enterprise
workloads that will likely exist in a permanent state of transition between private
cloud and public cloud. We argue in Debate #2, the hybrid cloud is an
important bridge for enterprises to get some cloud economics while they rewrite
for Cloud 3.0. The AWS reference architecture assumes only public cloud
infrastructure and many inherent properties of this architecture. Therefore, we
believe the market (or Amazon) must prove the adaptability of the AWS
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reference architecture for private clouds. The early steps here have begun with
AWS partner Eucalyptus, and AWS continues to build some momentum. We
note that Microsoft is pushing the state of the art on deployment symmetry
between public and private with Azure and Windows Server 2013 and VMware
is earlier but attempting the same thing between vSphere and vCHS.

2. A more pure “open” cloud architecture do not rival scale of AWS in
medium-term. Amazon has an early lead and if this lead is not challenged by
a rival “open” architecture, Amazon will be able to undercut its competition on
price and also disproportionate mindshare with developers. OpenStack is the
clearest challenger but does not have reference models and there is no single
OpenStack player that has the scale to build critical mass for one today, but this
could change very quickly. In theory, if an alternative to AWS emerged that was
“more open” (i.e. a “unicorn” from Figure 25), multiple constituents in the cloud
ecosystem, including developers and enterprise customers would likely prefer
this to AWS'’s de-facto standard position (and proprietary control point).

3. Other vendors cannot replicate the AWS reference model. While
OpenStack’s original APls were the same as Amazon’s EC2 and numerous
CMPs support AWS APIs, APIs are necessary but not sufficient for
compatibility. AWS APIs are publicly documented, but the engineering specs
are not all documented and even the ones that are undocumented and known
(e.g. the number of network interface cards per VM) are not uniform across
OpenStack implementations.

4. Abstraction layers can’t bridge the interoperability gap. Products such as
RightScale and VMware’s vCAC (formerly DynamicOps) can abstract some
differences in reference models, especially Cloud 1.0 apps where the apps are
not tied as much to the cloud environment, albeit at some cost to performance.
Webscale companies are unlikely to take this performance hit, but enterprises
who are more interested in price and negotiating leverage might find it worth
their while. Also, there are migration platforms such as Rivermeadow that
enable some portability between cloud architectures, although at a very basic
level today. If differences in APls and reference models can be abstracted away
or applications easily moved, then there is no proprietary control point. At the
same time, this lack of proprietary control point would then apply to others
looking for a control point (like Microsoft and VMware).

Stock implications

In each of the first two debates, we outlined implications from a stock perspective
from the dynamics discussed in the report. In this debate, we are doing the same,
based on how “open” cloud architecture evolves to be. While each vendor has
multiple points of exposure to cloud symmetry, we note that essentially the key
battle is between AWS, OpenStack, and VMware. Red Hat and VMware are the
two key vendors in software, each having considerable control over a number open
and proprietary control points. In the reference model area, there is AWS and a
plethora of vendors hoping to either mimic AWS or make difference irrelevant by
abstraction or targeting workloads that might not be reliant on reference models
(particularly Cloud 1.0 and Cloud 2.0 workloads).
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Figure 26. Winners in the Open vs. Proprietary points of symmetry
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Overall Cloud Formation Stock Conclusions

® Grand finale stock implications — Following the three debate sections, we take
the following view on Infrastructure as a Service (laaS) impact on stocks in our
universe. VMware is a winner if enterprise migration to cloud architectures
happens in an evolutionary fashion, with VMware increasingly becoming the data
center control plane for mission critical applications. So far, early indications
around public cloud services (vVCHS) are positive and if the company can
capitalize on storage and network, it is in a strong position into the cloud
transition. Microsoft has is one of three players with web-scale public cloud
service. However, we believe with a Windows-only focus, it will be difficult for
Microsoft to complete broadly in laaS and instead must be successful
reinvigorating its developers around the Azure platform as a service (PaaS)
offerings. Red Hat has firmly made a commitment to OpenStack (OS) and is at
the mercy of the timing of maturity of OS, something that could still be 18-24
months away. We continue to believe service provider adoption is the harbinger
of enterprise demand. Oracle is behind in public cloud and while its workloads
are amongst the stickiest, the company must close the gap as enterprises
become more comfortable with laaS.

What you have to believe for each to be a
winner

We believe the move to cloud architectures is a more complex change than most
investors believe. Where we don’t disagree is that this move will have a profound
impact on the software landscape and on the stocks of companies involved. The
fact that so many questions around the move to the cloud are unanswered at this
early stage in the market transition makes it difficult to make sweeping and certain
stock conclusions. As a result, we have outlined where each company participates
in the Cloud and where each company is aligned vis a vis the 3 key questions
posed in these Cloud Formation reports.

Figure 27. Software universe exposure to laaS
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VMware — Control of Mission Critical Workloads and a
differentiated laaS offering are key

VMware’s entry into public cloud is early and behind on AWS
definition of market

VMware is behind in the hybrid/public cloud market, having debated a strategy
internally for years based on our research, but only releasing its vCloud Hybrid
Service in May 2013. We understand that in the last 6 months, vCHS has seen an
up-tick in traction, although customer counts are still low (one of the more
successful vCHS channel partners has “dozens” of customers). We believe traction
so far is in test/dev and disaster recovery.

The promise of vVCHS is architectural symmetry with on-prem vSphere deployments
and based on what we hear from early deployments, the simple ability to use
vCenter and other management tools to control vCHS in the same way is driving the
early success. We expect this symmetry will continue to expand in value if VMware
is successful in expanding its footprint beyond compute and into network and
storage with the broader “software defined data center” strategy. We don’t expect
that vCHS will ever be the cheapest or most open laa$S offering on the market.

At the same time, with the majority of cloud adoption being from web 2.0 and similar
companies, we believe VMware will appear to be behind for some time in this
market based on revenue scale. We expect VMware will be tempted to release
AWS-copycat features such as hourly billing and self-service access, although
these are not likely to be the features that its enterprise customers value. Instead,
we believe that success for VMware will be to bring a hybrid cloud solution to high-
value on-premise workloads. In bridging to public, VMware needs to initially bring
the best “pets” (from our earlier “pets vs. cattle” analogy) architecture, something
that Amazon doesn’t do, even though the long-term future of the cloud will be a
“cattle” model.

VMware is in a tough spot if enterprise moves quickly to cloud

If enterprise customers re-architect their applications quickly to Cloud 3.0
architecture (i.e. “cattle”), VMware’s window of opportunity will be minimized as the
world will move through from private to hybrid and into public quickly. In this
scenario, the customer would not need the value provided by VMware’s
management of underlying hardware resources and the benefits of architectural
symmetry between private and public.

More likely case is slow migration to cloud, which favors VMware
approach

In our mind, the more likely case is that there are going to be enterprise workloads
that stay in the current architecture (Cloud 1.0 — server virtualization) for some time
and will need optimization of the entire infrastructure stack to lower costs as they
transition to Cloud 2.0 (automated infrastructure). What VMware is doing around
virtualization of compute, storage and network is ahead of the competition, in some
cases by a substantial margin. This should continue to drive share gains in mission
critical workloads onto vSphere (VMware compute platform) and vCloud (VMware
automation platform). With a slower migration to cloud, VMware can expose APIs
that are enable data center operators to have a greater degree of control over
underlying infrastructure elements. Ultimately these APIs will me much like what
Amazon exposes, but done in a way with continuous backward compatibility to prior
enterprise process and governance.
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Pay attention to mission-critical workloads and success with network
and storage as harbingers of cloud success

We believe what is important to watch for VMware is whether vSphere continues to
onboard mission critical x86 workloads (IBM Websphere / Oracle WebLogic),
Oracle database, SAP applications for example) and how VMware is able to impact
the way storage and networks are managed. We believe VMware has a stronger
presence than most investors believe in mission critical workloads already (we’ve
seen some stats suggesting well over half of middleware instance run on VMware).
If VMware hosts mission critical x86 workloads (where much of the IT budget is)
and becomes the control plan for storage and network within this infrastructure, then
the company is in a strong position going forward, almost no matter what the pace
is of adoption of public cloud (where VMware is behind).

Success may never be in PaaS and new custom app building

Before the Pivotal spinout, VMware was assembling an entire stack, much like what
Microsoft has built to enable developers to build natively on the platform and then
run on infrastructure optimized for this native development. While this vision was
elegant, it defocused VMware from focus on core infrastructure and arguable set
VMware back competitively during 2010 and 2011. With the Pivotal assets no
longer tightly integrated with VMware, we expect VMware’s success in cloud is
likely to come more at the infrastructure level (laaS) and in this vein, with a
differentiate infrastructure (distinct from AWS commodity infrastructure). We
wouldn’t expect VMware to come to market with a generic PaaS or generally
application level services (open source database for example). Instead, we expect
to see VMware work on building the broadest cloud 2.0 platform for hosting
common, mission critical workloads. We expect there might be a flavor of the
service that optimized for middleware and can host Websphere (IBM) and
WebLogic (ORCL) on VMware, both on premise with vSphere and in the cloud with
vCHS. Thus we look for the roll-out of these types of services in 2H14.

What about VMware and OpenStack?

We noted in our report on OpenStack about a year ago that OpenStack’s success
was VMware’s loss. We still believe this in a pure sense (a built from scratch “new
cloud” that is 100% OpenStack may be no place for VMware), but over the last year,
it is clear to us that OpenStack is likely to be a looser “standard” the original
envisioned and there is likely to be a significant amount of mix and match with
componentry (as always is the case in enterprise IT). For enterprise customers that
are already very comfortable with vSphere as the underlying compute in the data
center, it is possible that the OpenStack (or CloudStack) cloud management
platform (CMP) could spin up, spin-down, schedule and control computing.
VMware continues to have a level of maturity in its hypervisor that brings better
performance, broader hardware and tooling support and more institutional
knowledge within customers on how to manage it. The more fragmented and
bogged down OpenStack becomes, the more likely it is something that plays a
looser role within enterprise IT and the more strategic the position of VMware in
these accounts.

Stock view — We believe investors are too negative around VMware
cloud position

A driver of multiple contraction for VMware in 2013 was the notion that AWS and
OpenStack would quickly emerge as significant competitive threats to VMware. We
believe this threat is less imminent than the consensus view. Furthermore, with a
VMware focused around infrastructure, we believe the company is in a good
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position to leave the transition from cloud 1.0 to 2.0 with on-prem infrastructure and
provide a hybrid alternative with vCHS. We believe the 1.0 to 2.0 transition, where
VMware will sell vCloud management tools as well as infrastructure software
around networking and storage will drive 15%+ revenue growth through FY16. This
is ahead of the street and we believe will result in multiple expansion, driving upside
to shares.

Microsoft — Symmetry for Windows and web-scale public
cloud offering is the Hope

Microsoft is locked into Windows for hybrid value prop

We noted above that VMware is likely to being symmetry at the infrastructure level
while providing infrastructure to run mission critical applications (whether they be
Windows or Linux apps). We expect Microsoft will provide infrastructure that has
symmetry of deployment between on prem (Windows Server) and the public cloud
(Azure). We expect this to be limited to Windows applications as there is no reason
enterprise customers will run Linux workloads on top of Windows servers. This
limitation to Windows is likely to be an advantage and disadvantage. Amazon
currently offers Windows instances on AWS and VMware is likely to do the same.
We expect Microsoft to be the only one that will offer native Windows APls on the
public cloud (Cloud 3.0-like), in contrast to VMware and AWS offering Windows
virtual machines (Cloud 1.0 and 2.0). Developers that design for Windows on Azure
will likely be able to benefit from Windows properties in Azure that don’t exist in
Windows on AWS and VMware vCHS as Microsoft's capabilities will be embedded
in developer tools (Visual Studio) that these other vendors don’t have. Microsoft's
hybrid capabilities will be superior to any one else for the Windows environment and
since the 5-6M Windows developers aren’t going anywhere, any time soon, this will
be a good business for some time to come.

Microsoft needs to re-invigorate the developer base around cloud

We believe the 5-6M developers that Microsoft has are a significant asset, in fact
after the hundreds of millions of information worker using Office products, this is
Microsoft’s biggest asset. These developers grew up building Windows apps,
based on the windows common language runtime (CLR) which is common across
both the client and server operating systems. Arguably, this is the largest, most
loyal base of developers and one that has evolved over time with changes in
Microsoft development frameworks. As a result, this developer base should carry
Microsoft into the cloud era, with these developers picking up the skill set to build
natively on Azure. This rich set of developer tools and developer loyalty, combined
with the above-noted limitations to Microsoft infrastructure make Microsoft’'s most
likely differentiated play as the Azure Platform as a Service (Windows Azure, SQL
Azure, etc.). We expect here, Microsoft will effectively transition its existing
developer base.

The long-term question will be whether or not Microsoft can attract new developers
to the platform for “starting from scratch” apps. Here, developers will compare the
merits of the Windows APls vs. other cloud frameworks. If these apps are at all
hybrid (communicating with on-prem Microsoft apps) or leverage Microsoft services
such as Skype, Skydrive, Bing search, etc, Microsoft will have a leg up. If not,
Microsoft will have to compete on equal footing with AWS.
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Azure will play to non-Windows developers, but that sounds like a
tough battle to win as long as Windows is the strategic focus

If native Windows coding is not part of the spec, Microsoft's Azure offering will have
to compete on an even playing field with AWS and other laaS. Also, AWS has built
early forms of PaaS such as Elastic Beanstalk and RDS. AWS and Azure will
overlap in both laaS as well as PaaS around non-Microsoft languages and
frameworks. A good example is Node.js (server-side Javascript), which both
support natively. We believe here, AWS has the scale and the lead with developers,
something that Microsoft will have to work hard to rival. We therefore believe that
Microsoft is most likely to win where it can leverage native Windows development
technologies and in customers that are looking for symmetry of development and
deployment of these Windows apps.

Stock view — Best positioned mega cap for cloud, still with Windows
baggage

With a new CEO at Microsoft and investors awaiting an understanding of how Satya
Nadella may approach running the company differently than Steve Ballmer, we
believe the ins and outs of Azure don’t matter that much right now to the stock.
Long-term, Microsoft is the best mega cap in terms of positioning for trends towards
cloud computing. However, we believe that Microsoft’s split personality, between
wanting to continue to compete for market share in all relevant device categories
and also provide applications and services across all devices is conflicts. We don'’t
believe Microsoft can maximize success while trying to do both. As a result, we
believe investors stand to be disappointed when the go-forward plan at Microsoft
looks very similar to the current plan. We expect cloud to continue to get airtime
amongst investors but at the same time, we believe there will be bigger investment
debates around Microsoft shares in 2014.

Red Hat — Is OpenStack the answer to RHEL cannibalization by the
public cloud?

Big investment in OpenStack

Red Hat has decided to invest heavily in OpenStack in a bid to take a similar
position in OpenStack as it has with Linux — becoming the vendor of choice for
enterprises or service providers wanting commercial support. While we believe this
is a timely and strategically savvy bet, success for Red Hat in the CMP depends on
OpenStack’s success and there is also the question of timing. As we highlight in
Debate #3, source code is unlikely to become the point of symmetry and on paper,
this creates less potential for value creation for Red Hat. However, Red Hat has
earned a position of trust with its enterprise customers and the packaging up and
supporting of OpenStack (even if source code symmetry is not critical) can be a
significant business. Also, with so many service providers and vendors adopting
OpenStack, there is some likelihood that one of the winners (be it HP Cloud,
RackSpace, Telefonica, etc.) will run OpenStack and pay Red Hat for support and
proprietary extensions. We therefore see Red Hat has having covered its bases
and putting itself in a position to succeed in public, hybrid, and private clouds
(assuming OpenStack is successful) and in Cloud 2.0 and 3.0 environments.

Can RHEL make the transition?

While most of our discussion relates to the CMP layer and who can grab the lead
there, trends in laaS can have a significant impact on Red Hat's current core
business, Red Hat Enterprise Linux (RHEL). RHEL wasn’t widely available in the
public cloud a couple of years ago due to licensing practices, but now public cloud
vendors do offer RHEL although at a premium price that has dissuaded early
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adopter customers such as Web 2.0 start-ups from deploying their applications on
RHEL. Meanwhile, Red Hat’s KVM virtualization is being adopted quite broadly by
public and hybrid cloud vendors primarily due to zero licensing costs and KVM’s
efficient architecture. We are uncertain whether Red Hat can monetize either of its
OS or virtualization assets in a Cloud 3.0 environment, given the price pressures
involved with commodity hardware and the fact that the Linux operating system has
less value that underlying cloud APIs. To the extent enterprises embrace a hybrid
cloud and/or a slow move to Cloud 3.0, we expect Red Hat to be cushioned from an
immediate impact to the core business.

Stock view — Best way to play OpenStack but unlikely to be the
medium-term growth driver

Red Hat has been seeking new growth businesses to drive the next phase of
growth after the tapering of RHEL following past catalysts such as accelerated Unix
migrations. While on its most recent earnings call, Red Hat announced some six-
figure deals for OpenStack, we believe it is still early days for RHT to drive
meaningful growth from supporting OpenStack. We have not found significant
traction for enterprise or service provider deployments in any of our conversations
with cloud vendors outside of a handful of early adopters. In addition, given our
longer-term view that the core OpenStack project could struggle with competing
reference platforms and the splintering that follows an open core model, we suspect
that OpenStack is not the catalyst that Red Hat needs to reinvigorate growth in the
next 2 years.

Oracle — Secular loser in cloud unless pace of innovation
picks up

No significant exposure to laaS infrastructure software

Historically, the bulk of Oracle’s infrastructure software resides above the CMP layer
in the form of application middleware and databases. There are some small
exceptions — with the acquisition of Sun, Oracle added the Solaris operating system
and added to its server virtualization capabilities. In addition, Oracle has identity
management software and management software (Oracle Enterprise Manager).
The small size and low (or lack of) growth of these assets suggest de minimis
impact from the shift to cloud.

Application middleware and database in theory under threat from
Cloud 2.0 / Cloud 3.0, but these may be sticky for some time

Oracle database and middleware are, in theory, at risk from a move to Cloud 2.0
and especially Cloud 3.0 architectures. In Cloud 3.0, applications are re-written to
natively take advantage of properties inherent in the application architecture. Many
or even most applications running on an Oracle infrastructure are platformed there
to take advantage of scale up resiliency and properties. While these applications
could ultimately be re-platformed, this process may take some time. There is
significant debate around what percentage of the apps running on Oracle
infrastructure are “stuck” there, with replatforming very difficult and how many can /
will move. Oracle also has strict licensing practices that are high barriers for
customers looking to move to the Cloud. Oracle requires that customers pay Oracle
based on the number of processors — whether physical or virtual — a licensing
practice that could offset savings from a cloud migration. While licensing increases
migration costs and helps to keep customers loyal, at the same time it increases the
incentives for customers to replatform to non-Oracle infrastructure or alternatively
just bypass Oracle to adopt new SaaS applications or build their own Cloud 3.0-
style applications.
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Primary cloud strategy is a focus on appliances

Oracle is laser-focused on selling Exadata and other appliances to cloud vendors.
While this strategy is largely in contrast to the embrace of commodity hardware by
virtually every CMP, we believe Oracle can carve out a significant niche for itself in
its large base of legacy applications written on Java, Solaris, and WebLogic
technologies. We have no doubt that enterprises can achieve high consolidation
ratios with Oracle iron and there drive strong efficiencies with what are effectively
Cloud 1.0 technologies.

Dark horse in Nimbula/OpenStack, which opens up Oracle appliances

In March 2013, Oracle acquired start-up Nimbula, whose flagship product Nimbula
Director was a CMP designed for the hybrid cloud. Nimbula’s founders boast the
best pedigree — they created Amazon Web Services. Nimbula started as a
proprietary CMP that was building OpenStack compatibility. In September 2013,
Oracle revealed the role of Nimbula, which will be a software layer on top of
Exalogic that supports OpenStack APIs to create an OpenStack cloud in a box. In
December 2013, Oracle joined OpenStack and announced that Solaris 11.2 will be
compatible with OpenStack, which it now views as very strategic. While we believe
the Nimbula/OpenStack solution is unlikely to present any cost savings in
comparison to open solutions and therefore unlikely to capture new workloads,
there might be a niche for customers seeking high-performance OLTP applications
in an elastic cloud environment (e.g. test/dev for Oracle applications).

Stock view — Mostly negative implications from Cloud with a dark
horse

As with SaaS, implications for Oracle are largely negative. Oracle has benefitted
from selling expensive proprietary solutions, and the cloud is the antithesis of that.
Oracle’s large base of legacy applications is exposed to the multiple threats of
SaaS, Cloud 2.0 replatforming, and Cloud 3.0 rewriting. The debate will be around
time and if this timeframe for disruption from Cloud 3.0 is beyond that of SaaS
(which it likely is), we expect SaaS threat to remain the focus. While Oracle is
creating an laaS and PaaS strategy with Exadata/Exalogic/Nimbula/OpenStack, we
do not believe that these solutions cater to the core cloud audience, which is looking
to drive significant cost savings.

Citrix

Cloud is a relatively small part of Citrix business, with its CloudStack based offering
a business that we estimate in the range of 1% of total revenue. This is primarily
from service provider partners (like Korea Telecom) and to a lesser degree
enterprise customers, which are using this as the basis for Cloud 2.0 deployments.

We expect the greater impact on Citrix revenue from cloud is likely to be the web-
scale cloud companies such as Microsoft, Google and Amazon buying Netscaler
appliances (20-25% of revenue) to accelerate and optimize the delivery of web-
based services. We model Netscaler continued growth in the 15% range, a level
that is below the growth rate over the last two years.

We expect that Netscaler and CloudPlatform businesses will help raise Citrix overall
growth, however we don’t expect that these business will drive a re-rating in the
stock. This can only happen with acceleration in the growth rate of the desktop
business.
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