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(57) Abstract: Pieces of hardware on which pieces of software are executed are configured to organize computing resources from
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different computing resource providers so as to facilitate their discovery. A catalog, which stores instances of cloud computing re -
sources and their providers, and a knowledge base, which stores types of computing resources including rules which reveal their dis -
covery, are formed by the software. A curating method is performed to enable semantic search including searching for cloud comput -
ing resources that in combination cooperate to satisfy a workload or a task in addition to having a simple computational function. Se-
mantic indexing is performed to facilitate the semantic search.
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DYNAMICALLY ORGANIZING CLOUD COMPUTING RESOURCES TO
FACILITATE DISCOVERY

CROSS-REFERENCE TO RELATED APPLICATION

The application claims the benefit of Provisional Application No. 61/436905, filed

January 27, 2011, which is incorporated herein by reference.
TECHNICAL FIELD

The present subject matter generally relates to software, and more particularly, it
relates to cloud computing.

BACKGROUND

Modernity requires computing resources to perform varying computational
functions whenever and wherever there are computational requirements. Software
developers and enterprises are increasingly using on-demand computing environments
couched as cloud computing to satisfy such computational demands. Because different
computational functions require different computing resources whose availability is
dependent on location, time, or both, as well as others, identifying them can be difficult
especially when computational requirements cannot be satisfied by a pre-selected
computing resource provider or a set of computing resource providers.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not
intended to identify key features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject matter.

One aspect of the subject matter includes a method form in which a method for
organizing cloud computing resources so as to discover them is recited. The method
creates a catalog of different computing resource providers and their computing resources
that are available on-demand over the Internet. The method also creates a knowledge
base of types of computing resources storing semantic descriptors of the types, their
attributes including relations among computing resources, taxonomy of their values, and
actions that are configured to be performed based on the types and the capabilities of the
computing resource providers of the computing resources. The method further
dynamically updates the catalog and the knowledge base to refresh pieces of information

pertaining to the different computing resource providers, semantic descriptors of
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computing resources, types, their attributes, and the taxonomy of their values so as to
inventory computing resources that are available on-demand over the Internet.

Another aspect of the subject matter includes a system form in which a system for
organizing cloud computing resources so as to discover them is recited. The system
comprises resource cataloging hardware on which a catalog of different computing
resource providers and their computing resources is stored. The system also comprises a
knowledge base of types of computing resources storing semantic descriptors of the
types, their attributes including relations among computing resources, taxonomy of their
values, and actions that are configured to be performed based on the types and the
capabilities of the computing resource providers of the computing resources. The system
further comprises user tools and backend hardware configured to dynamically update the
catalog and the knowledge base to refresh pieces of information pertaining to the
different computing resource providers, semantic descriptors of computing resources,
types, their attributes, and the taxonomy of their values so as to inventory computing
resources that are available on-demand over the Internet.

A further aspect of the present subject matter includes a computer-readable
medium form which recites a computer-readable medium on which computer-executable
instructions are stored to implement a method for organizing cloud computing resources
so as to discover them. The method comprises creating a catalog of different computing
resource providers and their computing resources that are available on-demand over the
Internet. The method additionally comprises creating a knowledge base of types of
computing resources storing semantic descriptors of the types, their attributes including
relations among computing resources, taxonomy of their values, and actions that are
configured to be performed based on the types and the capabilities of the computing
resource providers of the computing resources. The method further comprises
dynamically updating the catalog and the knowledge base to refresh pieces of information
pertaining to the different computing resource providers, semantic descriptors of
computing resources, types, their attributes, and the taxonomy of their values so as to
inventory computing resources that are available on-demand over the Internet.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing aspects and many of the attendant advantages of this invention will

become more readily appreciated as the same become better understood by reference to
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the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1 is a block diagram illustrating various pieces of archetypical system
configured to service on-demand computing queries via computing resources in
accordance with various embodiments of the present subject matter;

FIGURE 2 is a block diagram illustrating various pieces of archetypical
networked subsystems configured to organize computing resources in accordance with
various embodiments of the present subject matter; and

FIGURES 3A-3T are process diagrams illustrating an archetypical software
method for organizing and servicing on-demand computing queries via pieces of
networked hardware in accordance with various embodiments of the present subject
matter.

DETAILED DESCRIPTION

FIGURE 1 illustrates pieces of hardware on which pieces of software are executed
to implement a system 100 for organizing computing resources vis-a-vis computing
resources in on-demand computing environments so as to facilitate software
developers 104a, users 104b, and enterprises 104c, as well as others, to find and obtain
one or more computational offers, and select a computational offer comprising one
computing resource or a combination of computing resources that perform required
computational functions, tasks, or workloads, which may be defined at different levels of
granularity. Software developers 104a, users 104b, and enterprises 104c may present
queries to cloud organizing system 102 via a network, such as the Internet 106a, 106b.
The cloud organizing system 102 organizes computing resources of various computing
resource providers 108a-108c, so as to assist in the finding and presentation of
computational offers. The term system means the inclusion of commercial computing
hardware, which can be dedicated on or in the cloud, and software applications running
the various pieces of software, such as those that organize computing resources.

The system 100 thus is directed to cloud computing, which in various
embodiments, the system 100 captures, represents, understands, and enables the usage of
computing resources as well as usage of data obtained from observations of usage of
computing resources, in federated on-demand computing environments. In another
embodiment, the system 100 facilitates commercial computing resource exchange and

rental between computing resource consumers and computing resource providers. In
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other embodiments, the system 100 facilitates computing resource utilization
mechanisms, such as Infrastructure-as-a-Service (IaaS), Platform-as-a-Service (PaaS),
Software-as-a-Service (SaaS) and Database-as-a-Service (DaaS).

Various embodiments of the present subject matter provide hardware/software
mechanisms to automatically find these computing resource providers and their offerings;
hardware/software mechanisms to dynamically select, allocate, and use resources across
different providers to perform a workload or task; and hardware/software capabilities to
selectively de-allocate utilized resources based on task performance and usage. Various
embodiments of the present subject matter case the finding of the increasing list of
on-demand computing resource providers, and the capturing of different types of
computing resources with their descriptions and metadata including prices that may vary
over time. Additionally, usage data taken from observations of the usage of computing
resources is made available, by various embodiments, for computing resource providers
to appreciate their customers and the needs of their customers in terms of desired
computing resources so as to better model their configurations and setups.

Various embodiments of the present subject matter appreciate the dynamic nature
of computing requirements of software developers and enterprises. Using various
embodiments, hosting computing resource providers can provide contract-based, planned
allocation of computing resources to transactions, as well as on demand procurement and
provisioning of computing resources. In this context, for example, computing resources
can be defined by the specification of, among other attributes, processing speed, memory,
storage and operating system features of physical or virtual machines, as well as
including relations among computing resources. On-demand computing requires that
data centers may use various embodiments to provision computing resources through web
services and bill on a transaction basis. Using various embodiments, users are no longer
restricted by the type of resources available in public data centers and computing resource
providers. Users have capability and choice in locating the most appropriate computing
resources for their computing needs. Various embodiments facilitate the discovery of the
existence of, and subsequently procure and use resources from, other computing resource
providers that may have resources appropriate for the task at hand. A few embodiments
provide mechanisms for users and their automated software agents to query a computing

resource catalog or knowledge base to match the needs of their workloads with different
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types of computing resources, possibly from different computing resource providers that
are appropriate for the required workloads.

In some embodiments of the present subject matter, methods and mechanisms are
available to facilitate discovery and matching of computing resources that not only enable
computing resource providers to find avenues to publish their computing resources in a
catalog but also enable computing resource consumers to discover and utilize
appropriately matched computing resources. Various embodiments facilitate the
monitoring and management of resource utilization in the federated on-demand
computing environment of the system 100, thereby providing access to appropriate
computing resources for consumers and metrics for predictable capacity planning and
management of data centers for computing resource providers.

FIGURE 2 illustrates pieces of the cloud organizing system 102. Generally, these
pieces of cloud organizing system 102 execute pieces of software that are configured to
provide various computational services: cataloging (through a catalog) of computing
resources that are dynamically updated and/or refreshed so as to capture past, present, and
future computing resources; learning to capture and/or normalize descriptions and
attributes of computing resources from different computing resource providers (including
relations among computing resources from the same computing resource provider or
different computing resource providers); learning to capture and/or understanding
functions, tasks, or workloads tendered (or queried) by software developers 104a,
users 104b, and enterprises 104c; learning to match and/or rank to generate computational
offers responsive to queries; sets of tools assisting software developers 104a, users 104b,
and enterprises 104c to query; and a backend system. In some embodiments, a set of
application programming interfaces that allow cooperation among these functions is
provided to allow software agents to expand the computational services of the cloud
organizing system 102.

More specifically, various embodiments crawl or receive voluntary information
from experts or computing resource providers regarding computing resources that are
managed in a computing resource catalog. Different metadata, as part of the crawled or
received information, include specifications, licenses, price, location, and availability.
The metadata that are captured are used for classifying and organizing the catalog. As
mentioned, such metadata can be provided directly by the computing resource providers

or can be crawled from variety of sources including but not limited to web pages,
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published APIs, and cloud platforms. The veracity of the catalog along with the latest
information on inventory and availability is maintained using methods and models for
dynamic monitoring and updates of cloud platforms and computing resource providers in
accordance with various embodiments. Learned models enable the mapping and
normalization of metadata derived from sources in the catalog. In addition to the
normalized view of computing resources, different classifications of the catalog facilitate
the discovery of new resource types and matching of user computing resource
requirements to computational offers. Unlike conventional on-demand computing
environments, which enable users to select from a pre-defined list of resources and use
them, various embodiments present suitable offers of computing resources and their
combinations which are not necessarily pre-defined. In addition, learning models, in
accordance with various embodiments, facilitate capturing and understanding user tasks
and workloads, resulting in the suitable representation of user requirements at a higher
level (instead of as merely single resource queries), which enables procurement,
monitoring, and accomplishing required tasks (although single queries are also supported
by various embodiments). The catalog of computing resources represents offerings of
resource providers, their metadata, and inferred categories and knowledge of the
computing resources, including usage information, realized through the finding and the
utilization of these computing resources for particular user tasks and workloads, and
information and knowledge derived and maintained about these computing resources and
their computing resource providers. Different learning models are provided by various
embodiments including those that identify, normalize, and organize computing resources,
and facilitate their discovery and use so as to contribute to the management of the life
cycle of the computing resource catalog.

On-demand computing queries 202 coming from various sources, such as
software developers 104a, users 104b, and enterprises 104¢, are presented to the cloud
organizing system 102. Computing resources 208a-208¢ of various computing resource
providers 108a-108c yield pieces of metadata, among other pieces of information, which
are gathered by various pieces of software executing on pieces of cloud organizing
system 102. After these pieces of information are gathered, a resource capture and
normalization subsystem 212 executes suitable pieces of software on them. Resource
cataloging subsystem 210 stores away classified computing resources 208a-208¢ that are

connected with computing resource providers 108a-108c. User tools and backend
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subsystem 214 work together with a semantic database 216 to produce a knowledge
base 220 that stores rules and metrics for allowing queries to be performed. Responsive
to the on-demand computing queries 202, resource matching and ranking subsystem 222
searches a catalog maintained by the resource cataloging subsystem 210 to discover
computing resources 208a-208¢ that satisfy the on-demand computing queries 202.

The wuser tools and backend subsystem 214 cooperates with the semantic
database 216 that curates the knowledge base of computing resources along with the
catalog of computing resources. A graph-based representation is envisaged that enables
efficient indexing and enrichments of the resources, their descriptions, and templates over
time. Different sources provide information about the resources and their providers, and
represent them in the catalog. The veracity of the catalog and the freshness of its
contents, especially the inventory information, are maintained by the user tools and
backend subsystem 214.  Resource capture, curation, and access capabilities of
computing resource catalog, resource knowledge base, and search and provisioning
solutions are exposed as application programming interfaces (APIs) that can be accessed
through different mechanisms. User tools facilitate the capture, annotation, validation,
and enrichment of the catalog and knowledge base for the purpose of managing the
lifecycle of the computing resource catalog. User tools include user interfaces to expose
search capability as well as present augmented information about resources, workloads,
and tasks.

The catalog refers to a catalog of computing resources storable on a computer-
readable medium in a form of computer-executable or computer-accessible instructions
and data, which is indexed to enable search and discovery of computing resources. An
abstraction of the catalog is the knowledge base220 which stores semantic
representations of the computing resource types, their attributes, taxonomy of their
values, and other categorical information about the computing resources, such as actions
that are configured to be performed based on the types and the capabilities of the
computing resource providers of the computing resources. The knowledge base 220 may
be used to refer to the catalog, the knowledge base, or both as suitable. The catalog
typically holds particular computing resource (instance) information while the knowledge
base maintains the information to interpret the same, such as concepts, interpretations,
and rules that govern the instances of computing resources. Additionally, the use of the

catalog in the singular does not limit it to the singular because there can be multiple
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catalogs, each being maintained to provide different federation services, and all can be
commanded to yield computational offers across time and geographic boundaries.

To recap, on-demand (cloud) computing environments, both public and private,
proffer a fixed set of resource types available from a computing resource provider, and
applications have to be customized to use computing resources from every additional
resource provider. In contrast, various embodiments include methods for discovering
computing resources, which vary, and their descriptions from different computing
resource providers and mechanisms for publishing and accessing a dynamic inventory of
resource types available from different types of resource providers. Current on-demand
computing environments are exposed as web services or through web pages for users to
access these resources. Consumers of these computing resources use manual methods to
discover one or more of these computing resource providers. Various embodiments, in
contrast, provide automated methods to facilitate discovery of these computing resources,
their providers, and their computing environments. The computing resource catalog of
various embodiments enables the consumers to consult its search services to find/discover
appropriate computing resources, select, and utilize such resources through computation
offers. One or more computational offers are generated by the resource offer generation
subsystem 204 to an entity that originates the on-demand computing queries 202, such as
software developers 104a, users 104b, or enterprises 104c. User workload analytics
subsystem 206 observes the queries, and responses to queries for refining pieces of
software executing on the cloud organizing system 102.

FIGURES 3A-3T illustrate a software method 3000 for organizing and servicing
on-demand computing queries via pieces of networked hardware, such as those connected
with the cloud organizing system 102. Specifically, the software method 3000 details
building, maintaining, and using a web of computing resources through, among other
methods, searching and discovering appropriately matched computing resources for a
consumer's computing needs. From the start block, the method 3000 proceeds to a set of
method steps 3002, defined between a continuation terminal ("Terminal A") and an exit
terminal ("Terminal B"). The set of method steps 3002 describes organizing cloud
computing resources into a catalog and/or knowledge base by discovering them and
processing them. More specifically, the set of method steps 3002 gathers computing
resource related information from different data sources to build, maintain, and refresh a

catalog and/or knowledge base by: crawling one or more data sources; identifying
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computer resource providers and information related to enumerating and accessing their
computing resources in on-demand compute environments; identifying computing
resource descriptions and access information within the data sources; identifying the
different types of workloads and tasks that can be performed using one or more of the
data sources; learning dependencies between computing resources and workload
templates from one or more data sources; mapping and/or formatting resource
information produced by previous steps into a structured knowledge base of computing
resources; mapping and/or linking of two or more computing resource catalogs and
knowledge bases; storing and/or indexing the catalog and knowledge base to enable
secarch and discovery of resources and subsequently publishing the catalog through
application programming interfaces; and dynamically updating the resource description
and provider information to refresh the inventory of computing resources.

From Terminal A (FIGURE 3B), the method proceeds to block 3008 where the
method uses web search engines or direct queries to identify a list of computing resource
providers (in the form of websites, APIs, and cloud platforms) that provide on-demand
computing services. The method then continues to another continuation terminal
("Terminal A1"). From Terminal A1 (FIGURE 3B), the method 3000 proceeds to
block 3010 where an identified provider, its web pages, APIs, or platforms are processed
to inventory the on-demand computing services including accessibility, attributes,
properties, and pricing. At block 3012, the method identifies the on-demand computing
environment by noting computing platforms, regional operation, country operation, and
so on. At block 3014, the method receives additional information about the types of
computing resources that are available in those environments from the computing
resource provider. At block 3016, the method receives service interfaces to enlist
computing resources, inventory information, provisioning, and use of these computing
resources. At block 3018, the method receives metadata regarding computing resources,
such as specifications, licenses, price, location, availability, physical hardware, virtual
machine, computing platform, and interfaces. At block 3020, the method receives
metadata regarding the computing resources, such as operating systems, software
components, applications and application stacks, as well as development stacks. The
method may receive other pieces of information for curation, such as hyperlinks to the
different on-demand environments that a computing resource provider offers. If this

hyperlink is a web service that includes methods to enlist resources, then the web services
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are used to ingest resource offerings to the catalog as well as to use them to monitor and
maintain the inventory of resource offerings. The method may yet receive other pieces of
information, such as hyperlinks to the website of the computing resource provider. These
are processed along with other such websites that are crawled automatically to discover
other computing resource providers. The method then continues to another continuation
terminal ("Terminal A2").

From Terminal A2 (FIGURE 3C), the method proceeds to decision block 3022
where a test is performed to determine whether there is another identified provider. If the
answer to the test at decision block 3022 is YES, the method 3000 proceeds to
Terminal A1 and skips back to block 3010 where the above-identified processing steps
are repeated. Otherwise, if the answer to the test at decision block 3022 is NO, then the
method proceeds to block 3024 where the method receives search logs, if any, that
capture the task descriptions submitted by users' subsequent selections of computing
resources. At block 3026, the method receives optimal configuration, if any, of
information and dependencies to install and operate computing resources. At block 3028,
the method receives subject matter experts' description of prior knowledge on tasks and
workloads. At block 3030, the method forms/updates the catalog by classifying
computing resources under various categories, while those computing resources with
suitable attributes are collectively named. At block 3032, the method obtains a listing of
categories and names used to identify attributes of the computing resources and metadata,
which are indexed to support queries. The method then continues to another continuation
terminal ("Terminal A3").

Digressing, the catalog is a repository of information and knowledge about
computing resources that includes, but is not limited to, real and virtual machines,
storage, operating system, application, and development stacks. The life cycle of portions
of the catalog is suitably aligned with the life cycle of the computing resources it
manages. Individual cloud platforms and providers maintain an inventory of the
computing resources they offer through their on-demand computing platforms. The
catalog is also a collection and organization of the inventories from different computing
resource providers for the purpose of finding, discovering, and using these resources
across cloud platforms and computing resource providers. Different types of resources
are curated and organized in the catalog. The resources are associated with metadata that

enables its organization as well as provides the features for search and matching of
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resources to consumers' tasks and workloads. The catalog also curates templates for tasks
and workloads with the models capturing the characteristics of typical computing
resources that are appropriate for the tasks and workloads.

From Terminal A3 (FIGURE 3D), the method prepares to record and/or predict
computing resource inventory levels of computing resource providers. See block 3034.
The method then continues to another continuation terminal "(Terminal A4"). One piece
of information pertaining to a computing resource description is the availability of the
computing resources of a particular type that can be provisioned successfully to
consumers by a computing resource provider.  While on-demand computing
environments wish to become elastic or achieve the ability to provide any number of
resources requested by the consumer, the reality of computational environments limits the
physical infrastructure of the computing resource provider. Current and relevant
information on inventory levels is revealed by the search and discovery steps to provide
suitable results for resource queries. For example, the number of virtual machines that
can be provisioned by a computing resource provider is limited by the number of physical
machines the provider has. As another example, the number of software licenses they can
offer on-demand depends on the available set of unused licenses. Various embodiments
include software steps for capturing and predicting inventory levels for a given provider
based on different resource information maintained in the computing environment or
exposed by their Web services.

Continuing from Terminal A4, the method 3000 proceeds to decision block 3036
where a test is performed to determine whether there are interfaces accessible to
inventory a provider. If the answer to the test at decision block 3036 is YES, the method
proceeds to block 3038 where the interfaces are invoked and the inventory levels of the
provider are recorded, such as the number of virtual machines, software licenses, and so
on. The method then continues on to another continuation terminal ("Terminal A6").
Otherwise, the answer to the test at decision block 3036 is NO, and the method 3000
proceeds to block 3040 where the method executes a probabilistic process to compute
inventory levels of various computing resources of the provider. At block 3042,
specifically, the method executes a probabilistic process to compute inventory levels of
virtual machines of the provider.

Digressing, the following steps predict virtual machine inventory based on

capacity information on physical infrastructure available in an on-demand computing
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environment. However, it would be appreciated by one skilled in the art that these steps
are extensible to predicting the inventory of other types of resources based on their
license and/or capacity information. The inventory is dynamically updated in the catalog
and different parameters contribute to the prediction of resource types at a provider
including, but not limited to, the variety of resources available at the provider, their
carlier utilization rate in a federation as well as outside channels, the resource provider's
location and the consumer's demand at that location, time and date of request fulfillment
and duration of usage. At block 3044, the method receives current usage of physical
resources (e.g., physical computing machines) and capacity of the provider at a given
service location identified by service end point. The method then continues to another
continuation terminal ("Terminal A5").

From Terminal A5 (FIGURE 3E), the method proceeds to block 3046 where,
specifically, the method receives the number of virtual machines of different types which
are provisioned to different users (current usage). At block 3048, the method further
receives CPU speed, memory, and disk storage for various physical resources at the
provider end point. At block 3050, the method then calculates a minimum value of an
allocation function to ascertain the number of virtual machines of a particular type that
can be provided by a physical machine. At block 3052, the method repeats the
calculation for combinations of virtual/physical machines to determine an upper limit of
virtual machines of a particular type that can be allocated by the provider. At block 3054,
each upper limit is a metric that can be weighted by factors to generate a probabilistic
model of inventory levels of the provider.

Digressing mathematically, Let ﬁhi} be different types of virtual
machines supported by the providers with ¥: belng the number of virtual machines of
type ¥ that are currently utilized. Let i &.¥s} be the different types of physical
resources available at the provider with af being the number of physical resources of
type ¢ that are available at the provider. Each virtual machine is described by a set of
attribute values. Let 52w %53 be the subset of virtual machine attributes with their
equivalent attributes of the physical resource. For example, these attributes can

correspond to CPU speed, memory, and dlsk space Each virtual machine, ¥, has its own

values for these attributes given by i . Similarly, each physical resource,

‘h(

J Each attribute has a

0
o Ry

, has its own values for these attributes glven by {

corresponding allocation function % ( ¥y ) that determines the number of allocations of
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a particular virtual machine attribute value that can be mapped to a physical attribute
value. In the simple case, all of the mandatory attributes—as identified by
fi¥ g, tige o @m¥—have to be satisfied by the resources. Thus, the minimum value of the
allocation function provides the number of virtual machines of a particular type that can
provided by a physical machine. This computation is performed for combinations of
virtual machine types and physical machines of a provider to determine inventory levels.
The metric thus computed provides an upper limit on the number of virtual machines of a
particular type that can be allocated by the provider. These metrics can be weighted by
other factors identified above to generate a probabilistic model for the inventory of a
provider. For example, while a provider may offer five different types of virtual
machines, the distribution of virtual machine types that are typically used by the
provider's consumers plays a part in determining the likelihood of assigning and
allocating virtual machines of a particular type. Most sought after virtual machine types
are likely to be utilized more at a particular provider and hence the allocation score
computed above is suitably weighted to reflect true inventory. The above digression
provides an approach for estimating and providing a probabilistic score for the prediction
of inventory for a given provider. Additional attributes may contribute to the correct
determination of the inventory and these features can be used to obtain an improved
probabilistic inventory model.

Returning, at block 3056, the method executes other probabilistic processes to
compute inventory levels of other computing resources of the provider, such as physical
hardware, computing platform, and its interfaces. At block 3058, the method executes
further probabilistic processes to compute inventory levels of other computing resources,
such as operating systems, software components, applications, and application stacks, as
well as development stacks. The method then continues to Terminal A6.

From Terminal A6 (FIGURE 3F), the method proceeds to decision block 3060
where a test is performed to determine whether there is another provider. If the answer to
the test at decision block 3060 is YES, the method skips back to decision block 3036
where the above-identified processing steps are repeated. Otherwise, the answer to the
test at decision block 3060 is NO, and the method proceeds to Terminal B.

From Terminal B (FIGURE 3A), the method 3000 proceeds to a set of method
steps 3004, defined between a continuation terminal ("Terminal C") and an exit terminal

("Terminal D"). The set of method steps 3004 curates the catalog and/or knowledge base
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by enriching it and enabling semantic searching of the catalog. More specifically, the set
of method steps 3004 facilitates curating a knowledge base of resource description,
workload and task templates so as to enrich a computing resource catalog and enable
semantic searching of computing resources through annotating, by consumers and
experts, of their knowledge on resource types, properties and their values, relationships
and dependencies, workload and task descriptions; crawling one or more data sources;
identifying resource descriptions and extracting their attributes, typical tasks and
workloads; learning dependencies among resources and typical configuration that
constitute workload and task descriptions; learning to detect and derive rules for matching
resources against queries; rating and/or associating different statistics for resource
attributes and properties from usage (search) logs; and storing and/or curating knowledge
base of resources, workloads and tasks.

From Terminal C (FIGURE 3F), the method proceeds to block 3062 where the
method prepares to curate information objects, such as computing resources, rules,
criteria, and models for matching queries to available computing resources. On-demand
computing environments are classified by the curation steps based on the level at which
computing service interfaces are accessible by consumers. Infrastructure-as-a-Service
provides the abstraction of resources at the physical or virtual machine level with the
optional capability to select and use different operating systems. Platform-as-a-Service
defines this level of abstraction at the platform level and masks the complexity of where
the application capabilities are realized and executed. Software-as-a-Service takes this to
the next level of abstraction where the service abstraction is at the application level.
Various embodiments include mechanisms for modeling and providing a unified view of
computing resources independent of the abstraction level of the underlying service
providers and their consumers.

A computing resource is defined as the inclusion of a unit of computing capability
that takes certain types of input and generates certain types of output during the duration
of their usage. These computing resources can be of different types and take different
sets of attributes that describe their characteristics. The different types of computing
resources include, but are not limited to, the physical hardware, the virtual machine, the
computing platform and its interfaces, operating systems, software components,
applications, and application stacks. The unit of computing can be a software application

or library in a single machine accessible as a service (for example, a file format
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translation service in a machine) to an application stack involving hundreds of
components realized and executed in a number of machines. For example, one
computing resource provider can support virtual machines of three different
configurations with increasing memory size whereas another computing resource
provider can provide virtual machines of five different configurations with varying
combinations of memory size and processing speed. Even with the same virtual machine
configurations, different computing resource providers can provide different operating
systems, their versions, and applications.

At block 3064, access to computing resources is prepared for curation (such as
interfaces and services), which leads to a ranked list of suitable computing resources
responsive to a query. At block 3066, the method is further prepared to curate and
provides a unified view of computing resources independent from their providers'
specified abstraction of underlying surfaces. The method then continues to another
continuation terminal ("Terminal C1").

From Terminal C1 (FIGURE 3G), the method proceeds to block 3068 where the
method builds a knowledge base (as a self-learning system) to align computing resources
from different computing resource providers. At block 3070, the build is seated initially
from a select set of computing resource providers and domain expert understanding of the
computing resources provided by these providers. At block 3072, web semantic
languages (such as XML or RDF) are used to describe the types of computing resources,
attributes, and properties (such as semantic descriptors). At block 3074, said semantic
descriptors are also used to describe the computing resources classified in the catalog,
metadata, and features which can be called out in search expressions of queries. At
block 3076, the method categorizes computing resources into types and associates each
computing resource with one or more attributes. Progressing to block 3078, the method
categorizes types under different hierarchies so as to facilitate computing resource
matching, ranking, and discovery. Next, at block 3080, attributes may include CPU,
clock, memory, access time, network, storage, and other dependencies that are
computationally desired to load and use a computing resource. At block 3082, these
attributes are discovered by the method, whose importance to a type is determined, and
the similarity of attributes from different providers is identified. The method then

continues to another continuation terminal ("Terminal C2").
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From Terminal C2 (FIGURE 3H), the method curates models for attributes to
facilitate evaluating and finding similar resource types in the catalog at block 3084. Next,
at block 3086, the method associates semantic descriptors with numeric weights or
qualitative rankings to assist in the detection and scoring of similar computing resource
types. The method progresses to block 3088 where the method further curates
information about templates for workloads and computational tasks. At block 3090, the
method curates template information for workloads from optional dependencies described
between cooperation of computing resources. At block 3092, the method curates task
information based on the description of computing that a provider provides or from a
consumer's query for performing a computation. Next at block 3094, the method may
break a task down to a number of workloads which may or may not have dependencies
between computing resources. At block 3096, the method may gather such template
information from expert users, search logs of queries, and a search selection of computing
resources as well as provider's description. At block 3098, as the method curates, it
places the information into the catalog and/or knowledge base. The method then
continues to another continuation terminal ("Terminal C3").

From Terminal C3 (FIGURE 31), the method 3000 proceeds to block 3100 where
the method prepares to align (or map) resource types and computing resources across
different computing resource providers to facilitate matching, searching, and discovery of
resources. The method receives a new inventory (computing resource(s)) of a computing
resource provider. The method then continues to another continuation terminal
("Terminal C9").  From Terminal C9 (FIGURE 3I), the method 3000 proceeds to
block 3104 where the method identifies capabilities of the new inventory. At block 3106,
the method identifies equivalent capabilities, if any, of one or more resource types in the
knowledge base. The method 3000 then continues to another continuation terminal
("Terminal C4").

From Terminal C5 (FIGURE 3I), the method 3000 proceeds to decision
block 3108 where a test is performed to determine whether the new computing resource is
matched to an existing resource type. If the answer to the test at decision block 3108 is
YES, the method proceeds to another continuation terminal ("Terminal C6"). Otherwise,
the answer to the test at decision block 3108 is NO, and the method proceeds to another

continuation terminal ("Terminal C7").
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From Terminal C4 (FIGURE 3J), the method 3000 proceeds to block 3110 where
the method prepares to map the description of the new computing resource to the
knowledge base using an aligning process. At block 3112, the method receives an index
of labels associated with resource types, the attributes, and corresponding values. At
block 3114, ecach attribute is assigned a weight based either on experts' specified
relevancy of the attribute to the resource type or statistically derived from the catalog
(federation). At block 3116, given a computing resource, the method looks up its
attribute/values in the index to generate a candidate set of resource types that match. At
block 3118, each resource in a candidate set is compared to find the nearest match to
determine whether there is an exact match or similar match. The method then continues
to Terminal 5 and skips back to decision block 3108 where the above-identified
processing steps are repeated.

From Terminal C6 (FIGURE 3J), the method 3000 proceeds to block 3120 where
the method adds the new inventory and the corresponding discovered computing resource
provider to the catalog (federation). The method then continues to another continuation
terminal ("Terminal C8").

From Terminal C7 (FIGURE 3K), the method 3000 proceeds to decision
block 3122 where a test is performed to determine whether the new computing resource is
similar to an existing resource type. If the answer to the test at decision block 3122 is
YES, the method 3000 proceeds to Terminal C6 and skips back to block 3120 where the
above-identified processing steps are repeated. Otherwise, the answer to the test at
decision block 3122 is NO, and the method proceeds to another decision block 3124
where a test is performed to determine whether the new computing resource differs from
all resource types. If the answer to the test at decision block 3124 is NO, the method
proceeds to Terminal C8. Otherwise, if the answer to the test at decision block 3124 is
YES, then the method 3000 proceeds to decision block 3126 where the method considers
the resource type as a new resource type and adds it to the knowledge base and/or catalog
under new or suitable categories. The method then continues to Terminal CS.

Digressing, when computing resources do not match to existing models, they are
identified as candidates to be added into the knowledge base of computing resources.
Rules and probabilistic models are used to determine whether the candidates are a new
type of resource or a variation of existing resource types and to identify the categories

under which to include and curate in the catalog. For example, a virtual machine
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resource that is offered with an attribute of startup time is curated as an extension of a
virtual machine resource type with an additional attribute of startup time. The alignment
is performed between the knowledge base and the representation of resources of a
computing resource provider to categorize the resource types to appropriate resource type
categories. Each category of resource is described by a set of labels as well as metadata
that describes the utility of the resource. For example, a particular virtual machine
offering will have fixed values for the attributes of CPU speed, memory, and disk space.
Resources in the knowledge base are organized in different hierarchies based on their
types and categories assigned to them. Such categorization helps in the alignment of
resources. (Given a resource, the alignment process determines whether the resource is a
previously unknown resource type, or is a known resource type with similar attribute-
values as an existing resource. Given that the knowledge base includes different types of
resources, the alignment also assigns appropriate categories for the resource and
determines its position in the hierarchy of resource types. The knowledge base also
maintains different labels associated with the resources. These labels are indexed to
enable keyword search. Given a new resource, the labels for the resource are matched
against the index to identify a candidate set of resource types to match.

From Terminal C8 (FIGURE 3L), the method 3000 proceeds to block 3128 where
the method maintains different labels in the knowledge base associated with the
computing resources. At block 3130, the method indexes the labels to facilitate a
keyword search. The method then proceeds to decision block 3132 where a test is
performed to determine whether there is another computing resource within the new
inventory. If the answer to the test at decision block 3132 is YES, the method proceeds
to Terminal C9 and skips back to block 3104 where the above-identified processing steps
are repeated. Otherwise, the answer to the test at decision block 3132 is NO, and the
method proceeds to another decision block 3134 where another test is performed to
determine whether there is another provider with new inventory. If the answer to the test
at decision block 3134 is YES, the method 3000 proceeds to Terminal C3 and skips back
to block 3100 where the above-identified processing steps are repeated. Otherwise, the
answer to the test at decision block 3134 is NO, and the method proceeds to Terminal D.

From Terminal D (FIGURE 3A), the method 3000 proceeds to a set of method
steps 3006, defined between a continuation terminal ("Terminal E") and an exit terminal

("Terminal F"). The set of method steps 3006 receives on-demand computing queries
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and services them. More specifically, the set of method steps 3006 facilitates capturing
consumers' queries, understanding them as a request for a computing resource, workload,
or task, and providing appropriately matched resources for the query by processing and/or
understanding textual queries; capturing structural inputs and forms to facilitate
apprehension of advanced user queries for resources, workloads, and tasks; interfacing
and/or representing using semantic web languages (e.g., XML, RDF, OWL, and so on)
for computing resource, workload, and task requests; semantic indexing of computing
resource catalog and knowledge base; matching and/or ranking of resources against
consumer queries; presenting navigation and/or augmenting search results using
computing resource and provider specific metrics; selecting and/or semi-automation the
provisioning of computing resources; and logging of usage and/or deriving of metrics on
resources, providers, consumers, and search system for the purpose, among many
purposes, of learning compute resource utilization, create new workloads or update
existing workloads and monitoring resource utilization.

From Terminal E (FIGURE 3M), the method proceeds to block 3136 where the
method receives a query describing the computing resources desired and whose attributes
would, if found, satisfied computation needs. At block 3138, the query is either
expressed textually or structurally (e.g., XML or JSON) using the vocabulary of the
knowledge base pertaining to resource types, attributes, and values. At block 3140, the
method converts textually expressed queries structurally using vocabulary, labels,
attributes, and values of the knowledge base. Progressing to block 3142, the method
determines whether the query is requesting a computation task, a single computing
resource, or a workload requiring cooperation of multiple computing resources.

Digressing, workload queries are responded to by the method 3000 by returning
appropriate matched resources. Task responses by the method 3000 can be quotations
returned by one or more computing resource providers that are dynamically and
collaboratively put together by different stakeholders. The knowledge base has templates
that represent workloads and tasks along with their descriptions, metadata, and labels.

Returning, at block 3144, the method prepares to model the query using semantic
descriptors, attributes, and relationships in the knowledge base to facilitate matching and
ranking of resources through the query. At block 3146, the method builds an index using
the contents of the catalog and the knowledge base to facilitate searching and discovery

of computing resources. At block 3148, suitably the method builds a semantic index so
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as to extract statistics and feature information to facilitate matching and ranking. The
method then continues to another continuation terminal ("Terminal E1").

Digressing, consumers in current on-demand computing environments have
limited choice in selecting the resource providers and the type of resources they can use
for their computing needs. Conventional manual methods are available for selecting
resource providers and limited options are available for selecting appropriate resources
for their compute workload. Various embodiments facilitate the use of computing
resources from different resource providers and exploiting the elastic behavior of on-
demand computing environments. Various embodiments facilitate modeling and
indexing the automatically generated computing resources catalog, understanding and
modeling consumer computing needs based on their queries, dynamically matching
available computing resources in the federated on-demand computing environment to
satisfy a consumer query, and automatically suggesting related resources that
complement consumers' computing needs. In one embodiment, the use of the search
interfaces facilitates a marketplace for different resource providers to bid for and
advertise their computing resources against consumers' computing needs. In another
embodiment, the method 3000 facilitates services and derives information from usage
that enables external tools and services to use a common translation and resource
modeling services to enable customers to design, model, deploy, and manage workloads
and resource utilization lifecycle.

From Terminal E1 (FIGURE 3N), the method proceeds to block 3150 where the
method uses the indexing process to extract metadata, features (from semantic
descriptors) associated with a computing resource, and different types of models of the
features. At block 3152, the method models certain features as categorical features,
whose members are resources belonging to one or more categories. At block 3154, the
method models other features as Boolean. At block 3156, the method models further
features with weights to reflect the relative importance of features. At block 3158, the
method additionally models semantic features identifying different potential applications
of a computing resource, such as geographic and temporal features. At block 3160, the
method also forms features from knowledge base, workload, and task templates, prior
user information, rating and ranking of providers and consumers, and utilization metrics.
At block 3162, the method prepares to publish the index as interfaces or access

mechanisms to search for computing resources based on queries and facilitate browsing
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and discovery of related or similar providers. The method then continues to another
continuation terminal ("Terminal E2").

From Terminal E2 (FIGURE 30), the method proceeds to block 3164 where the
query may express on-demand computing environments through explicit selection of a set
of attributes describing desired computing resources. At block 3168, workloads are
specified in the query, and they are managed by templates that identify specific providers
and rules to allocate on-demand computing resources. At block 3170, the method
receives computing resource needs expressed in various interfaces (and/or modalities) to
facilitate interpretation of a query against a unified representation of resource types and
attributes. At block 3172, the method normalizes such a query using semantic descriptors
facilitating selection of rules and criteria to match and rank available computing
resources. At block 3174, the method interprets the query to determine the type of
computing resource desired, and optionally, the locality and other desired attributes of the
computing resource. At block 3176, the query may be expressed textually using an
explicit set of resource attributes and values, using the vocabulary of the providers, or
using the vocabulary of the unified representation provided by the catalog and/or
knowledge base. At block 3178, the query may be expressed using customizable
tag-based language to describe architecture, deployment requests, and management
models. The method then continues to another continuation terminal ("Terminal E3").

From Terminal E3 (FIGURE 3P), the method 3000 proceeds to block 3180 where
the method models computing resources by their attributes and properties. Attributes can
be assigned values from a taxonomy identified by the knowledge base. See block 3182.
At block 3184, the knowledge base provides rules for comparing computing resources
(e.g., using attributes/values as specified in the query and attributes/values in the
knowledge base). Digressing, for example, the memory property of a virtual machine
takes values from the taxonomy of values identified in the knowledge base (e.g., 1GB,
2GB, 4GB, 8GB, 16GB, and so on) and the rules to compare the property of an available
resource with the desired resource property (e.g., 1.5GB). A simple rule can be to select
the resource with a minimum non-zero difference of the values between that identified in
the query and candidate resources. As another example, a resource query of 1 GHz CPU
Speed, 1GB memory, and 20GB hard disk space running the Windows Server operating
system can have multiple matches to virtual machines from different providers. Certain

providers may provide the same configuration, while others can provide a resource with
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the same configuration except with 2GB memory. These resources are aligned and
mapped to provide similar capabilities and are ranked for the purpose of searching and
recommendations against user queries.

Computing resource queries to an on-demand computing environment are
expressed suitably through identification of the resource type and selected set of resource
attributes. These requests are satisfied by matching the desired attributes with existing
resources available from current providers. The resource matching is based on the
underlying meaning and descriptor of the available resources and their match to the
requested resources. The resources matched for a given query can come from multiple
providers and from multiple regions. Computing resources are used to perform certain
workloads or tasks. Certain workloads require and/or are configured to operate correctly
on certain types of computing resources. In addition, certain workloads require certain
types of computing resources to be available at the desired time and in the desired
configuration for the workload to complete correctly. An e-commerce portal requires the
correct application stack and connectors to be configured and operational before a
consumer transaction involving credit-card validation and verification can be performed.
Resource dependencies captured in workload and task templates in the knowledge base
are eligible for use by the method 3000 in matching and ranking of resources against
workloads and tasks.

Returning, at block 3186, the method selects different matching and ranking
processes depending on the desired computing resource type and the type of query (single
computing resource, task, workload, and so on). At decision block 3188, a test is
performed to determine whether the query is specifying a single computing resource. If
the answer to the test at decision block 3188 is YES, the method continues to another
continuation terminal ("Terminal E4"). If the answer to the test at decision block 3188 is
NO, the method proceeds to another continuation terminal ("Terminal E5").

From Terminal E4 (FIGURE 3Q), the method proceeds to block 3190 where the
various ranking processes model the query as a weighted set of attributes/values with
certain attributes that identify resource types while others characterize the provider. At
block 3192, similar weighted models in the knowledge base point to candidate computing
resources offered by various providers. At block 3194, cach attribute is weighted to
symbolize factors such as the attribute's importance, and the provider's effectiveness in

supporting or provisioning resources characterized by such attributes/values. At
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block 3196, the method models each computing resource as a weighted vector of features
(attributes/values). The method then continues to another continuation terminal
("Terminal E7").

Digressing, one suitable weighting process includes the term frequency inverse
document frequency. This process views each resource offer or resource query to be
represented by a set of weighted features. Each feature is assigned a weight representing
the importance or count of the feature of that resource (term frequency) and a weight
representing how widespread that feature is across different resources in the computing
resource catalog. These measures provide suitable performance to determine appropriate
resource matches for computing resource requests. The feature set also includes
attributes that describe resource providers. Thus, resources from different providers get
different weights based on their appropriateness for consumers' needs.

Returning, from Terminal ES (FIGURE 3Q), the method 3000 proceeds to
decision block 3198 where the method performs a test to determine whether the query is
specifying a task or workload. If the answer to the test at decision block 3198 is YES, the
method continues to another continuation terminal ("Terminal E6"). Otherwise, the
answer to the test at decision block 3198 is NO, and the method continues to Terminal E
and skips back to block 3136 where the above-identified processing steps are repeated.

From Terminal E6 (FIGURE 3R), the method 3000 proceeds to block 3200 where
the method models a task or a workload as a graph of computing resources that depicts
the order of resource provisioning and dependencies. At block 3202, the method uses a
graph-matching process which in turn uses a feature-matching process (attribute
matching) to select a set of computing resources for each node in a graph. Progressing to
block 3204, the method uses graph dependency to filter computing resources through
logical Boolean operators. At block 3206, the filtering results in different sets of matched
resource collections, which are ranked by the method using the graph-matching process.
At block 3208, the method further weights each node, match, and graph edge
(dependency) match using various factors. At block 3210, the method additionally
weights each set of matched resource collection using global factors (such as resources
within the same geographic location and so on). At block 3212, the ranking is dependent
on analytics obtained from a search log which records queries, navigation through offers,
selection of resources, and provisioning of resources. The method then continues to

Terminal E7.
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From Terminal E7 (FIGURE 385), the method 3000 proceeds to block 3214 where
the method prepares to learn and refines its matching and ranking process of computing
resources and their capabilities against queries. At block 3216, the matching and ranking
process is selected from a group consisting of deterministic, statistical, semantic, and
accommodation of the above. Progressing to block 3218, the method assigns a higher
score to exact matches by the deterministic process and a lower score to equivalent
matches of computing resources. At block 3220, the rules of matching and ranking are
defined on the semantic representation of the resource types. Next at block 3222, the
rules are refined by experts' input and/or by usage data provided by the search log. The
method then continues to another continuation terminal ("Terminal ES").

From Terminal E8 (FIGURE 3T), the method 3000 proceeds to block 3224 where
the method prepares to return a ranked list of matched computing resources against the
query. At block 3226, the method also prepares to present attributes of matched
computing resources in addition to the presentation of the ranked list. At block 3228, the
method further provides pieces of augmented information depending on the resource type
and associated metadata. Progressing to block 3230, pieces of information include an
explanation for recommending a computing resource, prior performance, metrics of the
resource and its providers, and rating of the resource and provider. Next, at block 3232,
the method further attaches location and/or temporal information of the matched
resources and their providers for presentation. The method then continues to Terminal F
and terminates execution.

Digressing, one suitable metric that represents the effectiveness of a provider is
the time the provider takes to provision the resources for a given request. The duration
starting from the time the consumer selects a computation offer to procure a resource or
resources for their tasks and workloads to the time such resources are provisioned and put
into operation by the consumer is an indicator of the effectiveness of the provider.
Regarding discovery in a few embodiments, search result presentation includes location
and temporal information of the resources and its providers. Separately or combined
presentation of such information enables consumers to visualize the provisioning and
execution of their workloads and tasks. Among other methods, location-based browsing
of search results enables consumers to visualize the results in the map. In addition,

temporal information is presented on top of location-based presentation to visualize the
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order of resource provisioning as well as a timeline of events that were performed on
behalf of the consumer.

While illustrative embodiments have been illustrated and described, it will be
appreciated that various changes can be made therein without departing from the spirit

and scope of the invention.
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for organizing cloud computing resources so as to semantically
search and discover them, comprising:

creating a catalog of different computing resource providers and their computing
resources that are available on-demand over the Internet;

creating a knowledge base of types of computing resources storing semantic
descriptors of the types, their attributes including relations among computing resources, a
taxonomy of their values, and actions that are configured to be performed based on the
types and the capabilities of the computing resource providers of the computing
resources; and

dynamically updating the catalog and the knowledge base to refresh pieces of
information pertaining to the different computing resource providers, semantic
descriptors of computing resources, types, their attributes, and the taxonomy of their
values so as to inventory computing resources that are available on-demand over the

Internet.

2. The method of Claim 1, further comprising learning dependencies of
computing resources in accordance to workload templates among different resource

providers.

3. The method of Claim 2, further mapping to the catalog and the knowledge
base the pieces of information which identify the different computing resource providers,
identify computing resources and their access, and identify different types of workloads

and tasks that can be performed using different computing resource providers.

4. The method of Claim 1, further curating the knowledge base by learning
dependencies among computing resources and configurations that constitute workload

descriptors or task descriptors.

5. The method of Claim 4, wherein curating includes learning to detect and

derive rules for matching computing resources to queries for computing resources.
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6. The method of Claim 5, further capturing descriptors of types of
computing resources, their attributes, and their taxonomy of values, dependencies among

computing resources, workloads, and tasks.

7. The method of Claim 1, further comprising semantic indexing of the

catalog and the knowledge base.

8. The method of Claim 7, further comprising matching and ranking of

computing resources against textual and semi-structured queries.

9. The method of Claim 8, further comprising logging of usage and deriving
metrics of computing resources, computing resource providers, consumers of computing

resources, and their usage of the method claimed above.

10. A system for organizing computing resources so as to discover them
comprising:

resource cataloging hardware on which a catalog of different computing resource
providers and their computing resources is stored;

a knowledge base of types of computing resources storing semantic descriptors of
the types, their attributes including relations among computing resources, taxonomy of
their values, and actions that are configured to be performed based on the types and the
capabilities of the computing resource providers of the computing resources; and

user tools and backend hardware configured to dynamically update the catalog
and the knowledge base to refresh pieces of information pertaining to the different
computing resource providers, semantic descriptors of computing resources, types, their
attributes, and the taxonomy of their values so as to inventory computing resources that

are available on-demand over the Internet.

11.  The system of Claim 10, further comprising resource matching and
ranking hardware for processing a query to match it to one or more computing resources,

which are ranked.

12. A computer-readable medium on which computer-executable instructions
are stored to implement a method for organizing computing resources so as to discover

them comprising;:
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creating a catalog of different computing resource providers and their computing
resources that are available on-demand over the Internet;

creating a knowledge base of types of computing resources storing semantic
descriptors of the types, their attributes including relations among computing resources, a
taxonomy of their values, and actions that are configured to be performed based on the
types and the capabilities of the computing resource providers of the computing
resources; and

dynamically updating the catalog and the knowledge base to refresh pieces of
information pertaining to the different computing resource providers, semantic
descriptors of computing resources, types, their attributes, and the taxonomy of their
values so as to inventory computing resources that are available on-demand over the

Internet.

13.  The computer-readable medium of Claim 12, further comprising learning
dependencies of computing resources in accordance to workload templates among

different resource providers.

14.  The computer-readable medium of Claim 13, further mapping to the
catalog and the knowledge base the pieces of information which identify the different
computing resource providers, identify computing resources and their access, and identify
different types of workloads and tasks that can be performed using different computing

resource providers.

15.  The method of Claim 12, further curating the knowledge base by learning
dependencies among computing resources and configurations that constitute workload

descriptors or task descriptors.

16.  The computer-readable medium of Claim 15, wherein curating includes
learning to detect and derive rules for matching computing resources to queries for

computing resources.

17. The computer-readable medium of Claim 16, further capturing descriptors
of types of computing resources, their attributes, and their taxonomy of wvalues,

dependencies among computing resources, workloads, and tasks.
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18.  The computer-readable medium of Claim 12, further comprising semantic

indexing of the catalog and the knowledge base.

19.  The computer-readable medium of Claim 18, further comprising matching

and ranking of computing resources against textual and semi-structured queries.

20.  The computer-readable medium of Claim 19, further comprising logging
of usage and deriving metrics of computing resources, computing resource providers,
consumers of computing resources, and their usage of the computer-readable medium

claimed above.
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START A METHOD FOR
ORGANIZING AND SERVICING ON-DEMAND
COMPUTING QUERIES VIA PIECES OF NETWORKED
HARDWARE

THE METHOD ORGANIZES CLOUD COMPUTING |
RESOURCES INTO A CATALOG AND/OR |

KNOWLEDGE BASE BY DISCOVERING THEM AND| | 399>
PROCESSING THEM (FIGS. 3B-3E) |

THE METHOD CURATES THE CATALOG/ |

KNOWLEDGE BASE BY ENRICHING THEM AND |
ENABLING SEMANTIC SEARCH OF THE || 3994

I

|
|
|
|
: CATALOG/ KNOWLEDGE BASE (FIGS. 3F-3L)
I
I

THE METHOD RECEIVES ON-DEMAND

| I

| I
| I
| COMPUTING QUERIES AND SERVICING THEM -
| | 3006
|

|

|

(FIGS. 3M-3T)
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f3008

THE METHOD USES WEB SEARCH ENGINES OR DIRECT QUERIES TO IDENTIFY A
LIST OF COMPUTING RESOURCE PROVIDERS (IN THE FORM OF WEB SITES, APIS
AND CLOUD PLATFORMS) THAT PROVIDE ON-DEMAND COMPUTING SERVICES

f3010

FOR AN IDENTIFIED PROVIDER, ITS WEB PAGES, APIS OR PLATFORMS
ARE PROCESSED TO INVENTORY THE ON-DEMAND COMPUTING SERVICES
INCLUDING ACCESSIBILITY, ATTRIBUTES, PROPERTIES, AND PRICING

A

THE METHOD IDENTIFIES THE ON-DEMAND COMPUTING f 3012
ENVIRONMENTS BY NOTING COMPUTING PLATFORMS, REGIONAL
OPERATION, COUNTRY OPERATION, AND SO ON

A

THE METHOD RECEIVES ADDITIONAL INFORMATION ABOUT THE {39714
TYPES OF COMPUTING RESOURCES THAT ARE AVAILABLE IN THOSE
ENVIRONMENTS FROM THE COMPUTING RESOURCE PROVIDER

:

THE METHOD RECEIVES SERVICE INTERFACES TO ENLIST T3016
COMPUTING RESOURCES, INVENTORY INFORMATION,
PROVISIONING, AND USE OF THESE COMPUTING RESOURCES

v (3018

THE METHOD RECEIVES METADATA, SUCH AS SPECIFICATIONS,
LICENSES, PRICE, LOCATION, AVAILABILITY, PHYSICAL HARDWARE,
VIRTUAL MACHINE, COMPUTING PLATFORM AND INTERFACES

!

THE METHOD RECEIVES METADATA REGARDING THE COMPUTER f3020
RESOURCES, SUCH AS OPERATING SYSTEMS, SOFTWARE
COMPONENTS, APPLICATIONS AND APPLICATION STACKS

Fig.3B.
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IS THERE ANOTHER
IDENTIFIED PROVIDER? ,;x*’";f

'YES

NO

h 4

THE METHOD RECEIVES SEARCH LOGS, IF ANY, THAT
CAPTURE THE TASK DESCRIPTIONS SUBMITTED BY USERS, [
SUBSEQUENT SELECTION OF COMPUTING RESOURCES

[ 3024

THE METHOD RECEIVES OPTIMAL CONFIGURATION,
IF ANY, INFORMATION AND DEPENDENCIES TO -
INSTALL AND OPERATE COMPUTING RESOURCES

I

THE METHOD RECEIVES SUBJECT MATTER f3028
EXPERTS’ DESCRIPTION OF PRIOR
KNOWLEDGE ON TASKS AND WORKLOADS

[ 3026

[ 3030

THE METHOD FORMS/UPDATES THE CATALOG BY CLASSIFYING COMPUTING
RESOURCES UNDER VARIOUS CATEGORIES WHILE FOR THOSE COMPUTING
RESOURCES WITH SUITABLE ATTRIBUTES ARE COLLECTIVELY NAMED

THE METHOD OBTAINS A LISTING OF CATEGORIES AND NAMES
USED TO IDENTIFY ATTRIBUTES OF THE COMPUTING RESOURCES
AND METADATA, WHICH ARE INDEXED TO SUPPORT QUERIES

[ 3032
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THE METHOD PREPARES TO RECORD AND/OR
PREDICT COMPUTING RESOURCE INVENTORY §
LEVELS OF COMPUTING RESOURCE PROVIDERS

[ 3034

ARE THERE
INTERFACES
ACCESSIBLE TO
INVENTORY A
PROVIDER?

| vEC
YES J, fs 038
THE INTERFACES ARE INVOKED AND THE INVENTORY LEVELS
OF THE PROVIDER ARE RECORDED, SUCH AS THE NUMBER OF
VIRTUAL MACHINES, SOFTWARE LICENSES, AND SO ON

v

THE METHOD EXECUTES A PROBABILISTIC PROCESS
TO COMPUTE INVENTORY LEVELS OF VARIOUS  V 3040
COMPUTING RESOURCES OF THE PROVIDER

v

SPECIFICALLY, THE METHOD EXECUTES A
PROBABILISTIC PROCESS TO COMPUTE INVENTORY
LEVELS OF VIRTUAL MACHINES OF THE PROVIDER

3 f 3044

THE METHOD RECEIVES CURRENT USAGE OF PHYSICAL RESOURCES (E.G.
PHYSICAL COMPUTING MACHINES) AND CAPACITY OF THE PROVIDER AT A
GIVEN SERVICE LOCATION IDENTIFIED BY SERVICE END POINT

| 3042

Fig.3D.
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SPECIFICALLY, THE METHOD RECEIVES THE NUMBER OF f3046
VIRTUAL MACHINES OF DIFFERENT TYPES WHICH ARE
PROVISIONED TO DIFFERENT USERS (CURRENT USAGE)

v

THE METHOD FURTHER RECEIVES CPU SPEED, f3048
MEMORY, AND DISK STORAGE FOR VARIOUS
PHYSICAL RESOURCES AT THE PROVIDER END POINT

v [ 3050

THE METHOD THEN CALCULATES A MINIMUM VALUE OF AN ALLOCATION
FUNCTION TO ASCERTAIN THE NUMBER OF VIRTUAL MACHINES OF A
PARTICULAR TYPE THAT CAN BE PROVIDED BY A PHYSICAL MACHINE

v | 3052

THE METHOD REPEATS THE CALCULATION FOR COMBINATIONS OF VIRTUAL/
PHYSICAL MACHINES TO DETERMINE AN UPPER LIMIT OF VIRTUAL MACHINES
OF A PARTICULAR TYPE THAT CAN BE ALLOCATED BY THE PROVIDER

I

EACH UPPER LIMIT IS A METRIC THAT CAN BE f3054
WEIGHTED BY FACTORS TO GENERATE A PROBABILISTIC
MODEL OF INVENTORY LEVELS OF THE PROVIDER

! (3056

THE METHOD EXECUTES OTHER PROBABILISTIC PROCESSES TO COMPUTE
INVENTORY LEVELS OF OTHER COMPUTING RESOURCES OF THE PROVIDER,
SUCH AS PHYSICAL HARDWARE, COMPUTING PLATFORM AND ITS INTERFACES

l | 3058

THE METHOD EXECUTES FURTHER PROBABILISTIC PROCESSES TO COMPUTE
INVENTORY LEVELS OF OTHER COMPUTING RESOURCES, SUCH AS OPERATING
SYSTEMS, SOFTWARE COMPONENTS, APPLICATIONS AND APPLICATION STACKS

Fig.3E.
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IS THERE ANOTHER
PROVIDER?

-YES

THE METHOD PREPARES TO CURATE INFORMATION OBJECTS, |
SUCH AS COMPUTING RESOURCES, RULES, CRITERIA AND MODELS
FOR MATCHING QUERIES TO AVAILABLE COMPUTING RESOURCES

v 3064

ACCESS TO COMPUTING RESOURCES IS PREPARED FOR CURATION (SUCH
AS INTERFACES AND SERVICES) WHICH SEARCH LEADS TO A RANKED
LIST OF SUITABLE COMPUTING RESOURCES RESPONSIVE TO A QUERY

l [ 3066

THE METHOD IS FURTHER PREPARED TO CURATE AND PROVIDES A
UNIFIED VIEW OF COMPUTING RESOURCES INDEPENDENT FROM THEIR
PROVIDERS’ SPECIFIED ABSTRACTION OF UNDERLYING SERVICES

Fig.3F.
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THE METHOD BUILDS A KNOWLEDGE BASE (AS A SELF-
LEARNING SYSTEM) TO ALIGN COMPUTING RESOURCES |
FROM DIFFERENT COMPUTING RESOURCE PROVIDERS

I (73070

THE BUILD IS SEEDED INITIALLY FROM A SELECT SET OF COMPUTING
RESOURCE PROVIDERS AND DOMAIN EXPERT UNDERSTANDING OF THE
COMPUTING RESOURCES PROVIDED BY THESE PROVIDERS

I

WEB SEMANTIC LANGUAGES (SUCH AS XML OR RDF) ARE
USED TO DESCRIBE THE TYPES OF COMPUTING RESOURCES,
ATTRIBUTES, AND PROPERTIES (AS SEMANTIC DESCRIPTORS)

v (3074

SUCH SEMANTIC DESCRIPTORS ARE ALSO USED TO DESCRIBE THE
COMPUTING RESOURCES CLASSIFIED IN THE CATALOG, METADATA,
AND FEATURES CALLED OUT IN A SEARCH EXPRESSIONS OF QUERIES

v

THE METHOD CATEGORIZES COMPUTING RESOURCES f3076
INTO TYPES AND ASSOCIATES EACH COMPUTING
RESOURCES WITH ONE OR MORE ATTRIBUTES

I

THE METHOD CATEGORIZES TYPES UNDER DIFFERENT
HIERARCHIES SO AS TO FACILITATE COMPUTING
RESOURCE MATCHING, RANKING, AND DISCOVERY

v (3080

[ 3068

[ 3072

| 3078

ATTRIBUTES MAY INCLUDE CPU, CLOCK, MEMORY, ACCESS TIME,
NETWORK, STORAGE, AND OTHER DEPENDENCIES THAT ARE
COMPUTATIONALLY DESIRED TO LOAD AND USE A COMPUTING RESOURCE

v

THESE ATTRIBUTES ARE DISCOVERED BY THE METHOD, WHICH f3082
IMPORTANCE TO A TYPE IS DETERMINED, AND SIMILARITY OF
ATTRIBUTES FROM DIFFERENT PROVIDERS ARE IDENTIFIED
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THE METHOD CURATES MODELS FOR ATTRIBUTES
TO FACILITATE EVALUATING AND FINDING
SIMILAR RESOURCE TYPES IN THE CATALOG

[ 3084

v

[ 3086

THE METHOD ASSOCIATES SEMANTIC DESCRIPTORS WITH NUMERIC
WEIGHTS OR QUALITATIVE RANKINGS TO ASSIST IN THE DETECTION
AND SCORING OF SIMILARITY OF COMPUTING RESOURCE TYPES

I

INFORMATION ABOUT TEMPLATES FOR
WORKLOADS AND COMPUTATIONAL TASKS

I

THE METHOD FURTHER CURATES f3088

THE METHOD CURATES TEMPLATE INFORMATION
FOR WORKLOADS FROM OPTIONAL DEPENDENCIES
DESCRIBED BETWEEN COMPUTING RESOURCES

j\3090

v

THE METHOD CURATES TASK INFORMATION BASED ON f3092
DESCRIPTION OF COMPUTING THAT A PROVIDER PROVIDES OR
A CONSUMER’S QUERY FOR PERFORMING A COMPUTATION

I

THE METHOD MAY BREAK A TASK DOWN TO A NUMBER
WORKLOADS WHICH MAY OR MAY NOT HAVE
DEPENDENCIES BETWEEN COMPUTING RESOURCES

OF 1" 3094

;

THE METHOD MAY GATHER SUCH TEMPLATE INFORMATION FROM
EXPERT USERS, SEARCH LOGS OF QUERIES AND SELECTION OF /\3 096
COMPUTING RESOURCES AS WELL AS PROVIDER’S DESCRIPTION

v

AS THE METHOD CURATES, IT PLACES
THE INFORMATION INTO THE f\3098
CATALOG AND/OR KNOWLEDGE BASE
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THE METHOD PREPARES TO ALIGN (OR MAP) RESOURCE TYPES AND
COMPUTING RESOURCES ACROSS DIFFERENT PROVIDERS TO
FACILITATE MATCHING, SEARCHING, AND DISCOVERY OF RESOURCES

v

THE METHOD RECEIVES A NEW
INVENTORY (COMPUTING RESOURCE(S)) } 3102
OF A COMPUTING RESOURCE PROVIDER

THE METHOD IDENTIFIES
CAPABILITIES OF THE NEW /\31 04
INVENTORY

v
THE METHOD IDENTIFIES EQUIVALENT
CAPABILITIES, IF ANY, OF ONE OR MORE /\31 06
RESOURCE TYPES IN THE CATALOG

IS THE NEW
COMPUTING
RESOURCE(S) MATCHED
TO AN EXISTING ¢°
RESOURCE TYPEY”

-YES

Fig.31.
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THE METHOD PREPARES TO MAP THE DESCRIPTION

KNOWLEDGE BASE USING AN ALIGNING PROCESS

A
THE METHOD RECEIVES AN INDEX OF LABELS

ATTRIBUTES AND CORRESPONDING VALUES

}

OF THE NEW COMPUTING RESOURCE(S) TO THE /\3110

ASSOCIATED WITH RESOURCE TYPES, THEIR /\3112

r3114

EACH ATTRIBUTE IS ASSIGNED A WEIGHT BASED EITHER ON EXPERTS’
SPECIFIED RELEVANT OF THE ATTRIBUTE TO THE RESOURCE TYPE OR
STATISTICALLY DERIVED FROM THE CATALOG (FEDERATION)

A

ITS ATTRIBUTES/VALUES IN THE INDEX TO GENERATE A
CANDIDATE SET OF RESOURCE TYPES THAT MATCH

GIVEN A COMPUTING RESOURCE, THE METHOD LOOKS UP f3116

I

EACH RESOURCE IN THE CANDIDATE SET IS COMPARED
TO FIND THE NEAREST MATCH TO DETERMINE IF
THERE IS AN EXACT MATCH OR A SIMILAR MATCH

f3118

THE METHOD ADDS THE NEW INVENTORY AND THE
CORRESPONDING DISCOVERED COMPUTING
RESOURCE PROVIDER TO THE CATALOG (FEDERATION)

/\3120

Fig.3J.
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IS THE NEW
COMPUTING

PCT/US2012/020975

RESOURCE(S) SIMILAR 3
TO AN EXISTING
RESOURCE' T Vz?v,;;:f

-YES

r3124

IS THE NEW
COMPUTING

RESOURCE(S) DIFFERED

FROM ALL RESOURCE #*

YES

v

THE METHOD CONSIDERS THE RESOURCE TYPE AS A NEW
RESOURCE TYPE AND ADDS IT TO THE KNOWLEDGE BASE AND ﬁ3126
CATALOG (FEDERATION) UNDER NEW OR SUITABLE CATEGORIES

Fig.3K.
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THE METHOD MAINTAINS DIFFERENT LABELS f 3128
IN THE KNOWLEDGE BASE ASSOCIATED WITH
THE COMPUTING RESOURCES

A

THE METHOD INDEXES THE (3130
LABELS TO FACILITATE
KEYWORD SEARCH

1S THERE
ANOTHER
COMPUTING RESOURCE >
WITHIN THE NEW 4
INVENTORY? *

~YES
NO
|
IS THERE
ANOTHER
PROVIDER WITH NEW
INVENTORY?
-YES
NO

Fig.3L.
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THE METHOD RECEIVES A QUERY DESCRIBING THE §-3136
COMPUTING RESOURCES DESIRED AND WHOSE
ATTRIBUTES SATISFIED COMPUTATION NEEDS

A

THE QUERY IS EITHER EXPRESSED TEXTUALLY OR STRUCTURALLY
(E.G. XML OR JSON) USING THE VOCABULARY OF THE KNOWLEDGE
BASE PERTAINING TO RESOURCE TYPES, ATTRIBUTES AND VALUES

f3138

A

STRUCTURALLY USING THE VOCABULARY, LABELS,
ATTRIBUTES AND VALUES OF THE KNOWLEDGE BASE

THE METHOD CONVERTS TEXTUALLY EXPRESSED QUERY f3140

l (3142

THE METHOD DETERMINES WHETHER THE QUERY IS REQUESTING A

REQUIRING COOPERATION OF MULTIPLE COMPUTING RESOURCES

COMPUTATION TASK, A SINGLE COMPUTING RESOURCE OR A WORKLOAD

v

r3144

THE METHOD PREPARES TO MODEL THE QUERY USING SEMANTIC

DESCRIPTORS, ATTRIBUTES, AND RELATIONSHIPS IN THE KNOWLEDGE BASE
TO FACILITATE MATCHING AND RANKING OF RESOURCES TO THE QUERY

v

THE CATALOG AND THE KNOWLEDGE BASE TO FACILITATE
SEARCHING AND DISCOVERY OF COMPUTING RESOURCES

'

AS TO EXTRACT STATISTICS AND FEATURE
INFORMATION TO FACILITATE MATCHING AND RANKING

Fig.3M.

THE METHOD BUILDS AN INDEX USING THE CONTENTS OF f3146

SUITABLY THE METHOD BUILDS A SEMANTIC INDEX SO r3148
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f3150

THE METHOD USES THE INDEXING PROCESS TO EXTRACT METADATA,
FEATURES (FROM SEMANTIC DESCRIPTORS) ASSOCIATED WITH A
COMPUTING RESOURCE, DIFFERENT TYPES OF MODELS OF THE FEATURES

A

THE METHOD MODELS CERTAIN FEATURES AS f3152
CATEGORICAL FEATURES WHICH MEMBERS ARE
RESOURCES BELONGING TO ONE OR MORE CATEGORIES

A

THE METHOD MODELS (3154
OTHER FEATURES AS
BOOLEAN

!

THE METHOD MODELS FURTHER f3156
FEATURES WITH WEIGHTS TO REFLECT
THE RELATIVE IMPORTANCE OF FEATURES

v

THE METHOD ADDITIONALLY MODELS SEMANTIC FEATURES r3158
IDENTIFYING DIFFERENT POTENTIAL APPLICATIONS OF A
COMPUTING RESOURCE, GEOGRAPHIC AND TEMPORAL FEATURES

¢ r3160

THE METHOD ALSO FORMS FEATURES FROM KNOWLEDGE BASE,
WORKLOAD AND TASK TEMPLATES, PRIOR USAGE INFORMATION, RATING
AND RANKING OF PROVIDERS AND CONSUMERS, AND UTILIZATION METRICS

l r3162

THE METHOD PREPARES TO PUBLISH THE INDEX AS INTERFACES OR
ACCESS MECHANISM TO SEARCH FOR COMPUTING RESOURCES BASED ON
QUERIES AND FACILITATE DISCOVERY OF RELATED OR SIMILAR PROVIDERS

Fig.3N.
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THE QUERY MAY EXPRESS ON-DEMAND COMPUTING J“ 3164
ENVIRONMENTS THROUGH EXPLICIT SELECTION OF A SET OF
ATTRIBUTES DESCRIBING DESIRED COMPUTING RESOURCES

A

IF WORKLOADS ARE SPECIFIED IN THE QUERY, THEY ARE f 3168
MANAGED BY TEMPLATES THAT IDENTIFY SPECIFIC PROVIDERS
AND RULES TO ALLOCATE ON-DEMAND COMPUTING RESOURCES

3170
(

A

THE METHOD RECEIVES COMPUTING RESOURCE NEEDS EXPRESSED IN
VARIOUS INTERFACES TO FACILITATE INTERPRETATION OF A QUERY
AGAINST A UNIFIED REPRESENTATION OF RESOURCE TYPES AND ATTRIBUTES

!

THE METHOD NORMALIZES SUCH A QUERY USING SEMANTIC 3172
DESCRIPTORS FACILITATING SELECTION OF RULES AND CRITERIA
TO MATCH AND RANK AVAILABLE COMPUTING RESOURCES

v

THE METHOD INTERPRETS THE QUERY TO DETERMINE THE TYPE OF 3774
COMPUTING RESOURCE DESIRED AND OPTIONALLY THE LOCALITY
AND OTHER DESIRED ATTRIBUTES OF THE COMPUTING RESOURCE

¢ 3176

THE QUERY MAY BE EXPRESSED TEXTUALLY, USING EXPLICIT SET OF
RESOURCE ATTRIBUTES AND VALUES, USING THE VOCABULARY OF THE
PROVIDERS, USING THE VOCABULARY OF THE UNIFIED REPRESENTATION

'

THE QUERY MAY BE EXPRESSED USING CUSTOMIZABLE Y3 178
TAG-BASED LANGUAGE TO DESCRIBE ARCHITECTURE,
DEPLOYMENT REQUESTS, AND MANAGEMENT MODELS

Fig.30.
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THE METHOD MODELS COMPUTING Y3180
RESOURCES BY THEIR ATTRIBUTES
AND PROPERTIES

A

ATTRIBUTES CAN BE ASSIGNED F3182
VALUES FROM A TAXONOMY
IDENTIFIED BY THE KNOWLEDGE BASE

Y3184

A

THE KNOWLEDGE BASE PROVIDES RULES FOR COMPARING COMPUTING
RESOURCES (E.G. USING ATTRIBUTES/VALUES AS SPECIFIED IN THE
QUERY AND ATTRIBUTES/VALUES IN THE KNOWLEDGE BASE)

l y3186

THE METHOD SELECTS DIFFERENT MATCHING AND RANKING PROCESSES
DEPENDING ON THE DESIRED COMPUTING RESOURCE TYPE AND THE TYPE OF
THE QUERY (SINGLE COMPUTING RESOURCE, TASK, WORKLOAD AND SO ON)

IS THE QUERY
SPECIFYING A SINGLE 3
OMPUTING RESOURCEY”

-YES
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V3190

THE VARIOUS RANKING PROCESSES MODEL THE QUERY AS A WEIGHTED
SET OF ATTRIBUTES/VALUES WITH CERTAIN ATTRIBUTES IDENTIFYING
RESOURCE TYPES WHILE OTHERS CHARACTERIZING THE PROVIDER

A

SIMILAR WEIGHTED MODELS IN THE KNOWLEDGE
BASE POINTED TO CANDIDATE COMPUTING
RESOURCES OFFERED BY VARIOUS PROVIDERS

Y3192

'

§3194

EACH ATTRIBUTE IS WEIGHTED TO SYMBOLIZE FACTORS SUCH AS THE
ATTRIBUTE’S IMPORTANCE, PROVIDER’S EFFECTIVENESS IN SUPPORTING OR
PROVISIONING RESOURCES CHARACTERIZED BY SUCH ATTRIBUTES/VALUES

A

THE METHOD MODELS EACH COMPUTING
RESOURCE AS A WEIGHTED VECTOR OF

IS THE QUERY

-YES

FEATURES (ATTRIBUTES/VALUES) 3196

SPECIFYING A TASKOR
WORKLOAD?

Fig.30.
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THE METHOD MODELS A TASK OR A WORKLOAD AS A Y3200
GRAPH OF COMPUTING RESOURCES THAT DEPICTS THE
ORDER OF RESOURCE PROVISIONING AND DEPENDENCIES

I

V3202

THE METHOD USES A GRAPH MATCHING PROCESS WHICH IN TURN USES
FEATURE MATCHING PROCESS (ATTRIBUTE MATCHING) TO SELECT A
SET OF OF COMPUTING RESOURCES FOR EACH NODE IN THE GRAPH

A

THE METHOD USES GRAPH DEPENDENCIES
TO FILTER COMPUTING RESOURCES
THROUGH LOGICAL BOOLEAN OPERATORS

Y3204

v

THE FILTERING RESULTS IN DIFFERENT SETS OF y3206
MATCHED RESOURCE COLLECTIONS WHICH IS RANKED
BY THE METHOD USING THE GRAPH MATCHING PROCESS

v

THE METHOD FURTHER WEIGHS EACH NODE
MATCH AND GRAPH EDGE (DEPENDENCY)
MATCH USING VARIOUS FACTORS

Y3208

I

V3210

THE METHOD ADDITIONALLY WEIGHS EACH SET OF MATCHED
RESOURCE COLLECTION USING GLOBAL FACTORS (SUCH AS
RESOURCES WITHIN THE SAME GEOGRAPHIC LOCATION AND SO ON)

:

y3212

THE RANKING IS DEPENDENT ON ANALYTICS OBTAINED FROM A SEARCH
LOG WHICH RECORDS QUERIES, NAVIGATION THROUGH OFFERS,
SELECTION OF RESOURCES, AND PROVISIONING OF RESOURCES

Fig.3R.
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MATCHING AND RANKING PROCESS OF COMPUTING
RESOURCES AND THEIR CAPABILITIES AGAINST QUERIES

I

FROM A GROUP CONSISTING OF DETERMINISTIC,
STATISTICAL, SEMANTIC, AND A COMBINATION

A

THE METHOD ASSIGNS A HIGHER SCORE TO EXACT MATCHES
BY THE DETERMINISTIC PROCESS AND LOWER SCORE TO
EQUIVALENT MATCHES OF COMPUTING RESOURCES

THE METHOD PREPARES TO LEARN AND REFINES ITS T_? 214

THE MATCHING AND RANKING PROCESS IS SELECTED r3 216

f 3218

v

THE RULES OF MATCHING AND RANKING ARE F 3220
DEFINED ON THE SEMANTIC
REPRESENTATION OF THE RESOURCE TYPES

v

THE RULES ARE REFINED BY Y3222
EXPERTS’ INPUT AND/OR BY USAGE
DATA PROVIDED BY THE SEARCH LOG

Fig.3S.
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THE METHOD PREPARES TO RETURN A f3224
RANKED LIST OF MATCHED COMPUTING
RESOURCES AGAINST THE QUERY

I

THE METHOD ALSO PREPARES TO PRESENT ATTRIBUTES Ia
OF THE MATCHED COMPUTING RESOURCES IN 3226
ADDITION TO PRESENTATION OF THE RANKED LIST

A

THE METHOD FURTHER PROVIDES PIECES OF AUGMENTED f 3228
INFORMATION DEPENDING ON THE RESOURCE TYPE AND
ASSOCIATED METADATA

l F3230

PIECES OF INFORMATION INCLUDE EXPLANATION FOR RECOMMENDING
A COMPUTING RESOURCE, PRIOR PERFORMANCE, METRICS OF THE
RESOURCE AND ITS PROVIDER, RATING OF THE RESOURCE AND PROVIDER

v

THE METHOD FURTHER ATTACHES LOCATION F3232
AND/OR TEMPORAL INFORMATION OF THE
MATCHED RESOURCES AND THEIR PROVIDERS

Fig.3T.
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