PROVIDING FUNCTIONALITY TO CLIENT SERVICES BY IMPLEMENTING AND BINDING
CONTRACTS BACKGROUND [0001]Typically, developers write software applications to allow for
many degrees of freedom in their configuration. By way of example, these developers are able to
leverage these degrees of freedom by establishing a software application that operates within specific
constraints of a particular platform that is provided to support the software application. Thus, these
freedoms associated with the software application enable the software application to operate in
cooperation with the platform. [0002]In one instance, this configuration of software application may be
employed by application-service providers who develop the software application to operate on a
platform thaRROEHdNly EGtESEINR MBITHE TrdetidENT tRISRNVSERS &3 YhnBVRAFOMAENKBSGtas\iDe
software program in such a way that usebBd Nizi\NKe G OsIRAriijSulate files using the software
application. Accordingly, the platform is adapted to establish underlying elements of the software
application running thereon to accommodate a current load of the remote usage. The degrees of
freedom in the software application allow forggaRgrEONGPWN these underlying elements and for
managing the coordination therebetween. However, because there exists no way to publicize the
functionalifp@itthese undegidaidye dsvmenisrprovitdingftiverakitifyitatidil izt thil fufictionaltyl¢grseftware
programs beyond the subject software application is impractical. Further, even if the other software
programs wfefiealvarenahtihechnigtionadity dycwse ol xampiegthcsxdettyitlgeismenid] dhe levexagts no
means for automatically linking the software applications together or automatically configuring the
underlyingtiésenbrgs ¢o alilbwedonrdmnotelylsaing ssinffwhes fapdiicnmiityhat operates within specific

constraints of a particular platform that is provided to support the software application.
Thus, these freedoms associated with the software application enable the software
application to operate in cooperation with the platform.

[0002] In one instance, this configuration of software application may be employed
by application-service providers who develop the software application to operate on a
platform that is remotely accessible via the Internet. In this instance, the platform executes
the software program in such a way that users may remotely manipulate files using the
software application. Accordingly, the platform is adapted to establish underlying elements
of the software application running thereon to accommodate a current load of the remote
usage. The degrees of freedom in the software application allow for scaling up or down
these underlying elements and for managing the coordination therebetween. However,
because there exists no way to publicize the functionality of these underlying elements,
providing the ability to utilize this functionality to software programs beyond the subject
software application is impractical. Further, even if the other software programs were
aware of the functionality of currently running underlying elements, there exists no means
for automatically linking the software applications together or automatically configuring the

underlying elements to allow for remotely harnessing the functionality.



[0003]Current solutions to configure the underlying elements of the software application rely on
curators of the platform to manually set up the underlying elements. These ad hoc solutions are
labor-intensive, error-prone, and do not encompass linking underlying elements to another software
program. Further, these shortcomings of manual involvement arc exaggerated when the platform is
expansive in size, comprising a multitude of interconnected hardware components, that support the
operation of a multitude of software applications. SUMMARY [0004]This Summary is provided to
introduce concepts in a simplified form that are further described below in the Detailed Description.
This SumH¥i3k not intérdedtosriutiony Key Jentighss dhessuhiinsartlfercatsf afmdt8Eiect
matter, nor is it intended to be used as an aid in_determining the scope of the claimed subject matter.
100051 EnfBBHAEMRs ORI [HEaTE iRbLRTIHAFENERR 1 MtHBIMS SSYBH YRECESMBRETSBige
media having computer-executable instructions embodied thereon that, when executed, perform

methods ir Ae¥orfhHes WHIARB StfmaRes-HUFBSH oY ToRF At gtttk WIS SRAPBPAIA itELaspects

of a target service (e.g., a service application running in a distributed computing environment) to a

client servie¥GiL Poehiens e r B RS AL L EACt FERREr My ShE RkiBaea R petfdithed in

the context of a distributed computing environment configured to underlie operations of Sﬂ{e)@/éi{fe
Gspects

applicatior {80 IV BHH G REMHE TS LEMER RSP AIENIR THERLSE SRt TRBE RS At

expressed thereby satisfy dependencies of the client service. UHJi%Oh aIIocation,f]netho s of the present

invention iy HEREEThipte HERNHE tFEEBRAIGLEwiliin PG itutRRFEIRPUEhg multitude of
software applications.
SUMMARY
[0004] This Summary is provided to introduce concepts in a simplified form that are

further described below in the Detailed Description. This Summary is not intended to
identify key features or essential 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.

[0005] Embodiments of the present invention relate to methods, systems, and
computer-storage media having computer-executable instructions embodied thercon that,
when executed, perform methods in accordance with embodiments hereof, for automating
the expression of functional aspects of a target service (e.g., a service application running in
a distributed computing environment) to a client service via a vehicle referred to herein as a
contract. Generally, the methods are performed in the context of a distributed computing
environment configured to underlie operations of service application(s). In embodiments,
the contract is allocated upon ascertaining that the functional aspects expressed thereby
satisfy dependencies of the client service. Upon allocation, methods of the present

invention may include implementing the contract within the distributed computing



environment and binding the implemented contract to component programs of the service applications.
10006]Generally, the contract defines interfaces and maintains properties that configure the interfaces
during installation. During the implementation of the contract, one of the interfaces is established and
parameterized in accordance with the properties associated therewith During the binding of the
implemented contract, input endpoints of the component programs making up the target service arc
linked via communication channels to the established interface. Accordingly, accessing the functional
aspects of the target service is provided to other service applications that can reach the established

interface. [IOOANRESAELD s B PRsaedicoRigetHe FrERMs LR RNPbpIEEADOInts of

the component programs that comprise the client service to the established interface, and configuring
the target 8BRicHBA%ed on the parameterization of the established interface. In addition, the client
service maﬁbe configured to format calls issued from the output endpoints to certain characteristics of
the target §&H0Rle. Accofdffg! the BAIISHERF the Esrt SURHEESTH ) bMIHBIOVEPRSE ESntEinication
channels to allow for reaching the target program and may be compatible with the configuration of the
target serﬁ%%%ﬂ&b\?fwﬁ%faﬁ‘ewgﬁﬁ;ra%ﬂé%{wfﬁaﬂﬁéhséawé?%ﬁm@wé SHSERALATORSB]In
embodiments, the target service may ascertain the identity of the client service upon receiving the call
e well a8l cfaﬁnlafﬁgéﬁssed%hwawsm RUBRALE T G e e R EHPSBIS Sy HArRICR eacting to
the identity of the client service. As such, upon understanding the identity of the client service, the
target seriC&P R4 &%eﬁﬁgntymﬂ?&%&fﬂ%f eﬁﬁﬁc@@?g}?ﬂgﬁ%ﬁ r%a%frslﬂm%tf‘@ﬁar)g&ﬁ@&s) to

accommodﬁlte the particular client ser\{(ice when replayin to the call. . . L
the component programs making up the 'target service are linked via communication

channels to the established interface. Accordingly, accessing the functional aspects of the
target service is provided to other service applications that can reach the established
interface.

[0007] The process of binding may also include the procedures of linking output
endpoints of the component programs that comprise the client service to the established
interface, and configuring the target service based on the parameterization of the established
interface. In addition, the client service may be configured to format calls issued from the
output endpoints to certain characteristics of the target service. Accordingly, the calls from
the client service may be routed over the communication channels to allow for reaching the
target program and may be compatible with the configuration of the target service to allow
for properly employing the functional aspects of the target service.

[0008] In embodiments, the target service may ascertain the identity of the client
service upon receiving the call as well as a claim appended thereto. The target service is
generally capable of dynamically reacting to the identity of the client service. As such,
upon understanding the identity of the client service, the target service may consequently
adapt its level of service (e.g., manipulate its functional aspects) to accommodate the

particular client service when replying to the call.



[0009]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 or essential 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. BRIEF DESCRIPTION OF THE DRAWINGS
100101Embodiments of the present invention are described in detail below with reference to the
attached drawing figures, wherein: [0011]FIG. | is a block diagram of an exemplary computing
environment suitable . . . ) )
[0009] 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 or essential 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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Embodiments of the present invention are described in detail below with
reference to the attached drawing figures, wherein:
[0011] FIG. 1 is a block diagram of an exemplary computing environment suitable
for use in implementing embodiments of the present invention;
[0012] FIG. 2 is a block diagram illustrating an exemplary distributed computing
environment, suitable for use in implementing embodiments of the present invention, that is
configured to bind an implemented contract to a target service;
[0013] FIG. 3 is a block diagram illustrating an exemplary distributed computing
environment, suitable for use in implementing embodiments of the present invention, that is
configured to bind a contract bound to the target service to a client service;
[0014] FIG. 4 is a graphical representation of an exemplary fabric controller for
utilizing load-balancing (LB) channels to route communications between service
applications, in accordance with an embodiment of the present invention;
[0015] FIG. 5 is a graphical representation of an exemplary fabric controller for
utilizing stateless-switch (SLS) channels to route communications between service

applications, in accordance with an embodiment of the present invention;



for use in implementing embodiments of the present invention; [0012]FIG. 2 is a block diagram
illustrating an exemplary distributed computing environment, suitable for use in implementing
embodiments of the present invention, that is configured to bind an implemented contract to a target
service; 100131FIG. 3 is a block diagram illustrating an exemplary distributed computing environment,
suitable for use in implementing embodiments of the present invention, that is configured to bind a
contract bound to the target service to a client service; [0014]FIG. 4 is a graphical representation of an
exemplary fabric controller for utilizir\;a load-balancing (LB) channels to route communications between

service apflififtlons, in &d&brdaicd i aAiaEHBATHRKINST fe Preretntraibedidir [evirsieic2llis a

graphical representation of an exemplary fabric controller for o
implementing a contract and binding the implemented contract to the target service, in

accordance with an embodiment of the present invention; and
[0017] FIG. 7 is a flow diagram showing an overall method for automatically
allocating the implemented contract based on dependencies of the client service and binding

the allocated contract thereto, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0018] The subject matter of embodiments of the present invention is described with
specificity herein to meet statutory requirements. However, the description itself is not
intended to limit the scope of this patent. Rather, the inventors have contemplated that the
claimed subject matter might also be embodied in other ways, to include different steps or
combinations of steps similar to the ones described in this document, in conjunction with
other present or future technologies.

[0019] Embodiments of the present invention relate to methods, systems, and
computer-storage media having computer-executable instructions embodied thereon that,
when executed, perform methods in accordance with embodiments hereof, for automatically
accommodating client services that are written expecting certain functionalities to be
available to support operation of the client services. These functionalities relied upon by the
client service may be exposed by contracts, that serve as a vehicle for allowing the client
service to reach and employ the functionalities at a target service running within a
distributed computing environment. The appropriate contract may be allocated based on
whether the contract exposes functionalities that satisfy dependencies that the client service

expects to be fulfilled. Then the allocation contract may be implemented (e.g., establishing



utilizing stateless-switch (SLS) channels to route communications between service applications, in
accordance with an embodiment of the present invention; 10016]FIG. 6 is a flow diagram showing an
overall method for automatically implementing a contract and binding the implemented contract to the
target service, in accordance with an embodiment of the present invention; and 100171FIG. 7 is a flow
diagram showing an overall method for automatically allocating the implemented contract based on
dependencies of the client service and binding the allocated contract thereto, in accordance with an
embodiment of the present invention. DETAILED DESCRIPTION 10018]The subject matter of
embodimeﬁsl%tfsfﬁaé;f)rwggﬁ’t icerirgnbratefb coppripE g vironment) and bound to the target and

client services (e.g., linking component programs of the target and client services via the
established interface). As such, the expected functionality required to enable execution of
the client service is automatically discovered and linked to the client service.

[0020] Accordingly, in one aspect, embodiments of the present invention relate to
one or more computer-readable media that have computer-executable instructions embodied
thereon. Upon executing the computer-executable instructions, a method for binding an
implemented contract to a target service within a distributed computing environment is
provided. Initially, the method includes identifying a contract that defines an aggregation of
interfaces and implementing the identified contract to establish an interface of the
aggregation of interfaces within the distributed computing environment. Typically, the
contract maintains a set of properties for installing each of the interfaces and the
implemented contract acts as a vehicle for a client service to reach a portion of the target
service. In addition, the method may include binding the implemented contract to the target
service by parameterizing the established interface with values derived from the set of
properties associated with the established interface. In embodiments, the process of binding
includes automatically linking the established interface and one or more role instances, and
mapping the links via a fabric controller responsible for managing the execution of the
target service. Generally, the role instances embody replications of at least one role that
represents a type of component program that, upon execution, confers functionality to the
target service.

[0021] In another aspect, embodiments of the present invention relate to a
computerized method for binding an implemented contract that is previously bound to a

target service to a client service within a distributed computing environment. In



specificity herein to meet statutory requirements. However, the description itself is not intended to limit
the scope of this patent. Rather, the inventors have contemplated that the claimed subject matter
might also be embodied in other ways, to include different steps or combinations of steps similar to the
ones described in this document, in conjunction with other present or future technologies.
[0019]Embodiments of the present invention relate to methods, systems, and computer-storage media
having computer-executable instructions embodied thereon that, when executed, perform methods in
accordance with embodiments hereof, for automatically accommodating client services that are written
expecting EERAHMRSAECHAMEEE HRITATHTABRS Tt goihom Jpserhtpisonine dhdrisation & fiifidse
functionalities relied upon by the client service may be exposed by caontracts, that serve as a vehicle
for allowing fBRSeALLEhsrETBNL ALACAHBEH RO ReRoNSTF B S YR eHRTer St ARG iniARg within
a distributed computing environment. The appropriate contract may he allocated based on whether the
contract eXPYSBSHINEE OIS HEC ISP AR 5P aRSBERGEE AR PHHBCHETRSSRYIEE: eXpBicd b B fulfilled.
Then the allocation contract may be implemented (e.g., establishing an interface within the distributed

computing 8RTAEN KD At B oI HE A darg Et Bt AEHE BB IACEQTPR G M RN Y LBRTAbABA Brograms
of the target and client services via the established interface). As such, the expected functionality
required t*BHAbIE &XFETT S IEHTSE RHEES HISINBRIL Ny The SOV RS G HHREE S WRS client
service. 10020]Accordingly, in one aspect, embodiments of the present inventjon relate o one or more
computer-FEREABIE st tRACAEVES BULRR SREELBI TSR ictidha% 56 P26 5850

executing the computer-executable instructions, a method for binding an implemented contract to a
target senAERIRHHn EVRLY b AL BHSAL A LR O ol G brBYNE A RN (RECHHEERD dindlldes
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component that operates in conjunction with other roles of the service application to realize
distributed functionality thereof. By way of example, the indication arises from an event
comprising at least one of a change in a remote-usage workload of the service application or
one or more nodes of the data center falling offline. Accordingly, these events, and other
events contemplated by the invention, may drive the desirability of installing additional
roles of the service application within the distributed data center.

[0022] In yet another aspect, embodiments of the present invention relate to a
computer system capable of automatically linking a client service to a target service by way
of implementing and binding a contract made available by a distributed computing
environment. Generally, the data center includes distributed computing devices. The

computer system may include a computer storage medium that has a plurality of computer



computerized method for binding an impkmented contract that is previously bound to a target service
to a client service within a distributed computing environment. In embodiments, the method comprises
receiving from the client service an indication to fulfill a dependency thereof and allocating a contract
that exposes an abstraction of a functionality which satisfies the dependency of component programs
of the client service. Typically, the contract is previously implemented within the distributed computing
environment and is bound to a target service that carries out the functionality. The method may further
include deplaying the client service to initiate operation thereof In an exemplary embodiment,
deploying MVOTPES SORPAAERLIFHRRAGHNEGRYor HEHE!EoNTBE RATRRIHSE ranieYey arf MeRa defined
by the allocated bound contract, wherein the interface s established within the distributed computing
environmeRCHEEFRPErABRESEEATST (h8-aflotitBUSHUIRE &ihit et 2ah ity 4 RSBt the links
to a fabric controller responsible for managing the execution of the target service. In embodiments, the
method inittNFirkABdRLH a5 ﬁﬁafﬁﬁ#@&%e,%%d@ﬂnﬁgﬁa%&?égﬁm FRIFPALE $h ETYLHOMBF Y
instances of a role of service application, As mentioned above, the role represents a particular class of
componentiSFBPer e S oo WA AR CFoRY BIHBROAAL 8 QBRSNS f88IiZ¥ #btributed
functionality thereof. By way of example, the indication arises from an event comprising at least one of
a change iwamﬁg&w%mﬂﬁ@ f tRERTCY HPpIBaRBIT BSOS AT B Hata

center falling offline. Accordingly, these events, and other events contemplated by the invention, may
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e OB, S EToAC SaRS o MSCIUBBE DD P or e BLRER At Froaing Ao orget
service includes one or re role jnstances, ereé#}e roletjnstances embodg/ reﬁllgagﬁgs of at least
one role tHAIFApTEsaHIE Ry 5e O EBHTb N SR BRSSP HAT B BB HORORE IV RGNS Mty t0 the
target service. In operation, the client aeryicet iglc%nfi red t%) bmit an ingictatg)orgt fulfill a
dependen] Sret FriCcBARSHI 8 Sk SuaBL RS IS B SRR TS e RS ervice,
which satisf'g:t%the dePen ency.of the component rnqéz{ﬁms of the client service. The Q%ntt‘ga%ﬁt is
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establishing and managing mstances of a target service within the distributed computing environment
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center. Th%%ﬁ%réh? reters o rglcl)}(lj ecloﬁlerﬁ{lensl’c% 10%ntﬁlaw(1;1lljé%|(?er§ (ijrgformation pertaining to establishing

and managing instances of a target service within the distributed computing environment.
In one instance, the service model includes a description of which roles of the target service
are to be established, or how the instances of each of the roles are to be installed and

activated within the data center. That is, the service model serves as an articulation of



which roles should be running for the target service and conditions for where instances of the roles
should be installed. [0024]In addition, the service model may allocate one or more node (e.g., nodes |
221, 11, 222, 1ll, 223, 1V, 224, and V 225 of FIGS. 2 and 3) within the distributed computing center (see
reference numeral 200 of FIGS. 2 and 3) for supporting the instances of the roles. This may be
performed by the fabric controller. Accordingly, the service model acts as an interface blueprint that
provides instructions for managing component programs, such as the role instances, of the target
service as well as the client service, in particular embodiments That is, the service model helps guide

the fabric catfoNalshbsutdiRatHERERICD S LesL setice Shth SARAITIBRS R eisol B Rployed

to distributed locations throughout the distributed computing environment. These locations are typically
described B 2lspithe Geiffdation within the service model. In general, the phrase "deployment
specification” is meant to be Iimitin%h%:\d is utilized to refer to a mechanism that manages the

instantiatidd®he role il fhhachhae seAsh TARNARESAMAYS QorMPISHICAdS - 8hditdetstio utilize

as communication paths between the role instances, and/or that provides information describing a
particular way llﬂezé%g'é{’szér%ﬂégv%ﬂ%é‘%&gc%&é&f TTREG TN AHBE S B TRE e G BURARe (e.g.,

role A 261 and role B 262 of the target service 205 of FIG. 2) generally refer to replicas of at least one
role. In gefiEtAr AEBHRISEHSSHMEAE redth Qfo]féGﬁro%\&Bfirée)) eHRPAHY A4S H%Séﬂ?ﬁ%ﬂéaﬁlfg that
expocted ABBAmcAH BT HERTLNCLSHRAN GOSB  GHEth 1AEGRE Bl ETURE (PHEL Sivice, anc
the functional aspects iereof, he sefvice ofel in conjupction with the deployment specifcgion

as the role instances, of the target service as well as the client service, in particular

embodiments. That is, the service model helps guide the fabric controller in coordinating

activities between the component programs upon being deployed to distributed locations

throughout the distributed computing environment. These locations are typically described

by a deployment specification within the service model. In general, the phrase “deployment

specification” is meant to be limiting and is utilized to refer to a mechanism that manages

the instantiation of the role instances on the nodes, that identifies which communication

channels to utilize as communication paths between the role instances, and/or that provides

information describing a particular way the target service will be executed.

[0025] The role instances of the target service (e.g., role A 261 and role B 262 of the

target service 205 of FIG. 2) generally refer to replicas of at least one role. In general, as

utilized herein, the term “role” broadly represents any class of components that operate in

conjunction with other roles of the target service to realize the functionality that satisfies an

expected dependency of the client service.

[0026] In order to initiate operation of the target service, and the functional aspects

thereof, the service model in conjunction with the deployment specification instantiates the

role instances onto nodes of the distributed computing environment. Instantiation initially



role instances onto nodes of the distributed computing environment. Instantiation initially includes
allocating nodes that arc ascertained to be available for hosting a role instance, placing the role
instance on the allocated nodes, configuring the placed role instances, and constructing
interconnections between input endpoints and output endpoints disposed on the role instances. As
discussed more fully below, upon implementing a contract, an interface may be linked to the input
endpoints of the role instances to promote access to a portion of the functionality of the target service.
10027]Generally, nodes within the distributed computing environment arc utilized to accommodate the
operation StHETHRIpRAEREEOISS thebdieteshriaiecte it bhdyalablaomBaAtING BMhIINESE to
encompass all forms of computing devices, such as, for example, a personal computer, a desktop
computer,%la}a%Hl&&ﬁlﬁd?ér%%gﬁ&h8|al@é%e%,né?fiﬁ%mﬁ&m%tt,heoﬂea?ﬂépaé&%ﬁ?@%éw&e, and
the like. In one aspect, the node represents a computing device of a plurality of distributed computing
devices infRIRHERMFEINEIONR RIOYASTHBRRY ST PRIRSRItHR et EBMRS HHYP BRI QS thge
capable of hosting a plurality of instances of varjous roles of the service application. By way of
example, APariHAT Rodes G BaCaPad UhaLeBWmBeRTRPHTE O Riofe RBLHy Bhiffetifsents that
each support r%Ié]e ii?gsitancegi).,These role instances may run on the node in complete isolation, (i.e.,

imposing A% S QD IBPBhTHEPRBHSICL B SR R AT BEP WS AR RTRSa 1ok RAHOBRE Y roles,

orin an intﬁrart%ive, state v;/%u one or more other roles of the service application. 10028]Once
operationalt nr‘iﬂ%ﬁtéqf BEdarsRiaThAS be bound to a client service to fulfill an expected

_depen_den X itten to the client service. Contracts are.typically the vehicles employed by.the present
invention (9 0A0ance tha SIBALL PLRIHAL T R BB E R EST R ERehce A ishract
definition of what is eﬁo?CEﬁd of %artllJr}Ini I}agr ?t 1sne%ilce (|% the Li{]%tiglnt”tytorfntlh% t rgeit snertvice). In
anotherer}‘ﬁoﬁ%ﬁ%ﬂq flg the operation of'the role instances. As used herein, the'te ode™ 18 no
meant to be limiting, but to encompass all forms of computing devices, such as, for
example, a personal computer, a desktop computer, a laptop computer, a handheld device, a
mobile handset, consumer electronic device, and the like. In one aspect, the node represents
a computing device of a plurality of distributed computing devices interconnected via a
network cloud. Generally, these distributed computing devices are capable of hosting a
plurality of instances of various roles of the service application. By way of example, a
particular node may be capable of accommodating two or more hosting environments that
cach support role instance(s). These role instances may run on the node in complete
isolation (i.e., imposing a high level of security on the service application), in partial
communication with other roles, or in an interactive state with one or more other roles of the
service application.
[0028] Once operational, the running target service may be bound to a client service
to fulfill an expected dependency written to the client service. Contracts are typically the
vehicles employed by the present invention to advance the process of binding. In one

embodiment, the contracts expose an abstract definition of what is expected of a running

target service (i.c., the functionality of the target service). In another embodiment, the

10



contracts define an aggregation of interfaces and maintain a set of properties associated with each of
the interfaces. Generally, the interfaces are related in one or more aspects. In embodiments, the
properties arc utilized to tailor, or parameterize, an interface upon installation to the distributed
computing environment By way of example, the properties may be dependent, in part, on a protocol of
the nodes. Those properties arc filled when creating the target service with appropriate information so
that the fabric controller can find the target service and can configure the component programs of the
client service to successfully reach to the target service. [0029]As discussed below, the contract may
be implem&tEacts SIBSAHISRIRGHAR Of THE HIGrT DA BRI ANELIREPREEHS) AHABHEAY il the
target service. The fabric controller may elect to bind the target service to one or more target services
based, in S4F0 & the foisEhsHain oM Rardis SURITRERS) RKHAR IRy, Whe LomPIEITRG Be Bbund to
more than one service application. However, the interface that is established durintg implementation of

the contraCPHAYBE N HYURGRATHETE RIS e dankE Wit EHETABEIsE Es BRHRITTGME, Hien
instances of the elected target service, and the like.. 100301 Having briefly described an overview of
embodime LR ﬁpe%%ﬁﬁv@mﬁ%%@&% SRHIPRratinGE A AMERIRItabIE RIPRIBEMenting
embodiments of the present invention is described gelow. [OOSliReferring to.the drﬁvin S in general,
and initiall88 PG ISP HEHict a2 nC8 B AEASPO S B8 VirOAMSE RTRRCIN i citte ﬂﬁ@g Sifbdiments

of the present invention is shown and designated generally as computing device 100. Computing
device 106TE¥RIAR té%iﬂ’évifﬁawéﬁh%R%OB&ﬁ%&i#&%ﬁ%ﬁibWBﬁ{) ATt R ﬁaégest any
limitation as to the scope of use or functipnality of embodiments of the present invention.. Neither
should the BB Etmg GRS oHer R S8 EItor et RSV RGP &Fy e BlriBEryPBr FEERrient

relating to any one or corrlPinaﬁion of components illustrated.
successtully reach to the target service.

[0029] As discussed below, the contract may be implemented (e.g., establishing one
of the aggregation of defined interfaces) and bound to the target service. The fabric
controller may elect to bind the target service to one or more target services based, in part,
on the functionality of the target service(s). Accordingly, the contract may be bound to
more than one service application. However, the interface that is established during
implementation of the contract may be configured differently in accordance with
characteristics of the node, role instances of the elected target service, and the like.

[0030] Having briefly described an overview of embodiments of the present
invention, an exemplary operating environment suitable for implementing embodiments of
the present invention is described below.

[0031] Referring to the drawings in general, and initially to FIG. 1 in particular, an
exemplary operating environment for implementing embodiments of the present invention
1s shown and designated generally as computing device 100. Computing device 100 is but
one example of a suitable computing environment and is not intended to suggest any

limitation as to the scope of use or functionality of embodiments of the present invention.
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[0032]Embodiments of the present invention may be described in the general context of computer
code or machine-usable instructions, including computer-executable instructions such as component
programs, being executed by a computer or other machine, such as a personal data assistant or other
handheld device. Generally, component programs including routines, programs, objects, components,
data structures, and the like refer to code that performs particular tasks, or implements particular
abstract data types. Embodiments of the present invention may be practiced in a variety of system
configurations, including handheld devices, consumer electronics, general-purpose computers,
specialty PRG0N IFECOEUE RSN RSB B kAR heviskriBreiefhgsaiaying pracipendengistibuted
computing environments where tasks are performed by remote-processing devices that are linked
through a ESHFARABRERIALNGRBIK OO JOUHMN s e reRaRsAte Hystiiatech | computing device 100
includes a bus 110 that directly or indirectly couples the following devices: memory 112, one or more
processor$0P82] one or FBROGFELRISt A RFRSSRE AR N NPAY deRpHesEed oisthe sganeral
components 120, and an illustrative power supply 122. Bus 110 represents what may be one or more
busses (sFORBXIHT L9014 HERUR A 'HAGIHE CSARKNEEEHEHRIS o CHIEHY SRR GEnfs B EIBKKS of
FIG. 1 are shown with lines for the sake of clarity, in reality, delineating various components is not so
clear, and RREAFHINFCHIRN B5CAMPONGBLIRI BB A LEINA X BEeHrBY AREMPEY RoPBRAMBIEIMhe may
consider a presentation component such as a display device to be an I/O component. Also, processors
have memdi§! §h@ %@%@W@@ﬁm@rﬁmmgﬁm ideieen JASR S h CARRINE HREIS P at the
diagram of FIG. 1 is merely illustrative of an exemplary computing device that can be used in
connectiod U B SR IRRS P EINEHRIBHEIHOTBRNESEH AT L Bs AL HBR &St AR 46988 tween
such categories as "workstation," "server," "laptop, "handheld device, etc., as all arc contemplated
within the S REEPENE PAHAHFEIRSKR BRSNS PRSHEYR ARG delAte by peD3 HBBAMTEAE device
100 typically includes a variety of computer-readable media By way of example, and not limjtation,
computer- éH%@@?ﬁ@dﬁ%"ﬁiﬁPEdﬁ?ﬁrg@ REaGTHRSH IR G ¥ad el X GRA R TIBLERT O RAABIY (ROM);
Electronically Erasable Programmable Read Only Memory (EEPROM); flash memory or other memory
technologiBEBEIR ARYIGHEiCRVRIBAEEB!GHLIRIIGHV ISP & AHEPSHECTIRIHASI G FRERY G gnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any other

medium tHRASE B s BOUREHR A d0f SV RTIERM BAAPB REHSEL AR Hi5TEOHIBY FAE P 100.

environments where tasks are performed by remote-processing devices that are linked
through a communications network.

[0033] With continued reference to FIG. 1, computing device 100 includes a bus
110 that directly or indirectly couples the following devices: memory 112, one or more
processors 114, one or more presentation components 116, input/output (1/0O) ports 118, 1/0
components 120, and an illustrative power supply 122. Bus 110 represents what may be
one or more busses (such as an address bus, data bus, or combination thereof). Although
the various blocks of FIG. 1 are shown with lines for the sake of clarity, in reality,
delineating various components is not so clear, and metaphorically, the lines would more
accurately be grey and fuzzy. For example, one may consider a presentation component
such as a display device to be an 1/0O component. Also, processors have memory. The
inventors hereof recognize that such is the nature of the art and reiterate that the diagram of

FIG. 1 is merely illustrative of an exemplary computing device that can be used in
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[0035]Memory 112 includes computer storage media in the form of volatile and/or nonvolatile memory.
The memory may be removable, nonremovable, or a combination thereof. Exemplary hardware
devices include solid-state memory, hard drives, optical-disc drives, etc. Computing device 100
includes one or more processors that read data from various entities such as memory 112 or I/O
components 120. Presentation component(s) 116 present data indications to a user or other device.
Exemplary presentation components include a display device, speaker, printing component, vibrating
component, etc. FO ports 118 allow computing device 100 to be logically coupled to other devices
including YRPE6RYIBIEIRCRS O B SRYAFERFRIE) HELRARSHTL MRYSHARVe RERTIES ALY a
microphone, joystick, game pad, satellite dish, scanner, printer, wireless device, etc, 100361 Turning
now to FIG Y BINIE GGRRFIS U SPEKSH EOWING 4 HistriBRIY cIHpfg Endfoniien?sad,
suitable for use in implementing embodiments of the present invention. Generally, the distributed
computing®EnRBIMERTSbE e iy areRtE bintar iMBISHIEIRSS EOnGARPIES 105 tgEtLBRice 205
and to bind a contract bound to the target service 205 to a client service, as demonstrated in FIG. 3.
The distribqﬁ@’(?%omputing environment 200 includes a data center 210 configured to accommodate
and support operation of component programs, or.instances of roles A 261 and B 262, of the target
service 208/%tbrding S LR e) OB PO R St dA TSR0 2 (TR B B of
ordinary skill in the art that the data center 210 shown in FIG. 2 is merely an example of one suitable

for accomMEa&tinGBrigadr th S ORIGi N g ARBIE 98, LTRSS LS dB S5 PR IR M Shtended
to suggest any limitation as {o the s f use or functjonality of embodiments of the present
o RRARLD SR AR oo Ry B oo IS ety el
requirement related tp any single nod ,combinz@% fnodes (e,g., nodes | 221, I, 222, and Ill 223),
rosourees (TRTBIN Gr Rt REM (VEORTe M RON bea ik REMAY F ok QP B he

ious bl FIG. 2 hown.with lines for t larity, i lity, delineati '
componertE e RSELD o BN LA ORI 196 D NI Sty e Y Ay
100371The d(?ta center 210 includes various nodes %gé ng%qﬁes 1221, 11t 22, and IItI. 223), an
operating SYt¥mPIRATHG SH° e SPHRRNSIEE HE RO RSN B R 281 ARG 828 Hitelss (e.g.,

interface 220), and often a fabric caontroller 215 that may, include fabrijc agents (not shown) Iqcally
installod ofl NS RodEs TEATR 5B30M 155G TEHc bR et B S TR Bp (e
controller 215 an(a %ﬂ{nction ip co(gé)erat'@%to install and manage the target service 205, among other
things. In 34N, e POIRYREENCEE A 261 and B 262 may be interconnected to each other via input

endpoints 5 qe Mput engpOnt 295), figmuhien cals aje esued,and quiptt endooiis, at which the
calls are received. In one mstance, one or more ese Ilmerconnecuons may ne esia lished via a

network cloud . L
nonvolatile memory. The memory may be removable, nonremovable, or a combination

thereof. Exemplary hardware devices include solid-state memory, hard drives, optical-disc
drives, etc. Computing device 100 includes one or more processors that read data from
various entities such as memory 112 or I/O components 120. Presentation component(s)
116 present data indications to a user or other device. Exemplary presentation components
include a display device, speaker, printing component, vibrating component, etc. 1/O ports
118 allow computing device 100 to be logically coupled to other devices including I/O
components 120, some of which may be built-in. Illustrative components include a
microphone, joystick, game pad, satellite dish, scanner, printer, wireless device, etc.

[0036] Turning now to FIG. 2, a block diagram is illustrated showing a distributed

computing environment 200, suitable for use in implementing embodiments of the present
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(not shown). The network cloud interconnects the entities listed above such that the role instances A
261 and B 262 and the interface 220, which may be distributably placed across various physical
resources, may recognize a location of each other in order to establish communication therebetween.
In addition, the network cloud facilitates this communication over communication channels 290
operably coupling the interface 220 to the input endpoint 255 of the instance 261 of role A. By way of
example, the network cloud may include, without limitation, one or more local area networks (LANS)
and/or wide area networks (WANS). Such networking environments are commonplace in offices,

enterprise VAR SIRBF AV IR Sl Eds comBURe AR TFRAMKBE SRRy SO g HEtWB R 8t further
described herein. [0038]Further, it should be noted that embodiments of the present invention are not
limited to iFREMERtSH SR Such ﬁﬂ?s?é%ﬁ%%%@ﬁ&aﬁi&%lnﬁﬂl@%{%{%mﬂg IR REAENted on
any of a variety of different types of computing devices, equipment, and compgnent programs within
the scope S&HibAdmmidhts HERLPNIGEnEs WERRISHAM atBd Gde's | 259, Jisopuied FAPHEENS the
data center 210 depict an exemplary configuration only that is intended for discussion purposes only;
accordingl§ SRS StL Y SayBEH8h Sadataa EntaTe T A0S SYE dIRgAFRIRBI RifoRAG SR W mputing
industry may be used and is contemplated by the present invention.Q[OOSQ]These exemplary nodes |
221, Il 22 PPN 23 QP PBR REAHEIS ATS 6 1SKHEH 965Ut dta ¥ehidr o QbR B Ffroduce

the concept of implementing a service contract and hinding the implemented contract 235 to the target
service 205 WARA NG wga?sé?sgw%m%} F¥enitd bhﬁé@@&fw&sﬂm@m%ﬁéﬁi%nce, the

contract is jdentified for expasing an abstraction of the functiopality 260 of an jinstance 261 of a role A
that ulils G B Yo ooy uton it B SERTE b RN ah AR 5GP G, 2
The identified contr t%/#)ical%fef'nes ag{%;l%rﬂgjgation of interfaces and mair]tains a set of properties
240 that afé €8k th dHe6F e 2 PARENS BT At ISR 5F Bropities 240

are helpful for installin tailoring a configuration of each of the interfaces
P target serv1ceg f(% and? 18 not 1nten(Pelé fo suggest any limifation as to the scope of use or

functionality of embodiments of the present invention. Neither should the data center 210
be interpreted as having any dependency or requirement related to any single node,
combination of nodes (¢.g., nodes I 221, II, 222, and III 223), resources (not shown), or set
of APIs to access the resources (not shown). Further, although the various blocks of FIG. 2
are shown with lines for the sake of clarity, in reality, delineating various components is not
so clear, and metaphorically, the lines would more accurately be grey and fuzzy.

[0037] The data center 210 includes various nodes (e.g., nodes I 221, II 222, and III
223), an operating system running on each of the nodes, the role instances A 261 and B 262,
interfaces (e.g., interface 220), and often a fabric controller 215 that may include fabric
agents (not shown) locally installed on the nodes I 221, 1T 222, and III 223. The fabric
agents act as extensions of the fabric controller 215 and function in cooperation to install
and manage the target service 205, among other things. In addition, the role instances A
261 and B 262 may be interconnected to each other via input endpoints (e.g., input endpoint
255), from which calls are issued, and output endpoints, at which the calls are received. In

one instance, one or more of these interconnections may be established via a network cloud
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[0040]The identified service contract may be implemented to establish the interface 220 of the
aggregation of interfaces within a computing device (e.g., node 1 221) of the distributed computing
environment 200. As discussed more fully above, the implemented contract acts as a vehicle for a
client service to reach the functionality 260 of the target service 205. The process of implementing may
include parameterizing the established interface 220 with values 230 derived from the set of properties
240 associated with the established interface 220. In one instance, parameterizing may include
administering the values 230 to parameters 270 that are implicit within the interface 200. [0041]The

process of RpRAMERlng MeArarask Rk Hetammg o tit st disterinbarterishd BB dheninkly, the

set of properties 240 associated with the interface 220 may specify the constraints 295 that partially
govern op&tEiBReSH i babRsRBY kRSBt TRCHErth Y Nish R R JING Bt Bot AHERFTRESrace

220 with the values 230 derived from the set of properties, 240 enforces the constraints 295 within the
distributed"EHBUBRYERYIFETRIETE 2818Y AS QR OSALRAIRs 8 StiReBCHREdRnRaR)ish

determining how the interface 220 is hooked .up (e.g., defining which external ports of a server may
receive a CRIPPEBHER NEHORVGED- SErIer 4P EBAY AR CIRYSEICHGHHthE ™ EOUBR S
configured. By way of example, when the properties 240 specify particular constraints 295, such as
specific powmmgmﬁ@%ﬂ&aeaﬁﬁ&?&%saal%eawé%ﬁé%ﬁ It R ohis ﬁ@ﬁ@%f@%ﬂ&tsets
them up to_be targeted when the call 225 is issued. Accordingly, the interf ceéZé% is restricted to
using thesé>ali8 de%%?dee?f He attéptivg % SR ﬂ&‘%ﬂﬂﬁﬁ} BrHEGEYet service
210. [0042]The copstraints 295 may assist in configuring the jnterface 220. In.one example, the
constraintd SO hIATHEIR T HoFAES B30 3 o IO st g -G e RetGHEy 260,
thereby rew' ing a flow of traffic into the target service 205. In gnother example, the constraints 295
may induck VRS kerUEr 36 NP8 ENEHPRERAER S SO QRS B 65 m FARUF iy
authority to reach the func ionali%%]%o. in gyﬁ another ex%n‘?ﬁle th co&?traints %95 maty induce the
interface 250 BRI Se HIIER S5 U4 18 iMiEHisle 220! 1S itRlYe WSHRTRIRs R0 e onality

260 after & Srgrclitt)aefl({wﬁgr ethrge frame expires, thereby preventing stolen processing.

[0038] Further, it should be noted that embodiments of the present invention are not
limited to implementation on such physical resources illustrated in FIG. 2, but may be
implemented on any of a variety of different types of computing devices, equipment, and
component programs within the scope of embodiments hereof. In other words, illustrated
nodes I 221, 1T 222, and III 223 of the data center 210 depict an exemplary configuration
only that is intended for discussion purposes only; accordingly, any suitable layout of
nodes, and role instances residing thereon, known in the computing industry may be used
and is contemplated by the present invention.

[0039] These exemplary nodes I 221, 1T 222, and IIT 223 and role instances A 261
and B 262 of the data center 210 serve to introduce the concept of implementing a service
contract and binding the implemented contract 235 to the target service 205, which will now
be discussed. Initially, a service contract is identifying. In one instance, the contract is
identified for exposing an abstraction of the functionality 260 of an instance 261 of a role A

that fulfills an expected dependency written to a client service (see reference numeral 305 of
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[0043]Upon implementation, the implemented contract 235 may be bound to a target service 205 via
the fabric controller 215. The process of binding the implemented contract 235 to the target service
205 may include automatically linking the established interface 220 and the instances 261 of the role A
via communication channels 290. As discussed more fully below with reference to FIGS. 4 and 5, the
communication channel 290 may take on any one of a variety of forms. Typically, the communication
channels 290 operably couple the interface 220 to the functionality 260 of the target service 205 via
the input endpoint 255. The input endpoints 255 and/or the communication channels 290 may be
mapped forftitdve rEterdRBRNRY, GRALASH BXRiRtHe IRt T8 AR &BEvIRR Of BieHiL pR Aus BERIHIS for
allocating appropriate communication channels 290 in the data store 210 for use by the interface 220.

[0044]In efBedftherRetissmakdbat 250 @b trrfieiig tnphensriicohthe dD%s6%he Brget

service 205, is linked to the input endpqints 255 of the instances 261 of the role A. Linking promotes
access to RTINS She ioreRs tirg et Serndis DB {RENriUREL G M tH SRR BB I Rher

words, the interface 220 generates an awareness of all related instances 261 of the role A that
provides tHeUeifp IR Onality 260. 10045.1The process of binding further comprises

automaticall}g configurin%the i . . . )
[0040] he 1dentified service contract may be implemented to establish the interface

220 of the aggregation of interfaces within a computing device (e.g., node 1 221) of the
distributed computing environment 200. As discussed more fully above, the implemented
contract acts as a vehicle for a client service to reach the functionality 260 of the target
service 205. The process of implementing may include parameterizing the established
interface 220 with values 230 derived from the set of properties 240 associated with the
established interface 220. In one instance, parameterizing may include administering the
values 230 to parameters 270 that are implicit within the interface 200.

[0041] The process of implementing may also include installing constraints 295 to
the interface 220. Initially, the set of properties 240 associated with the interface 220 may
specify the constraints 295 that partially govern operation of the established interface 220.
Further, parameterizing the established interface 220 with the values 230 derived from the
set of properties 240 enforces the constraints 295 within the distributed computing
environment 200. As such, the constraints 295 serve as guidelines for determining how the
interface 220 is hooked up (e.g., defining which external ports of a server may receive a call
225 from a remote web-server application) and, in part, how the interface 220 is configured.
By way of example, when the properties 240 specify particular constraints 295, such as
specific port numbers, the fabric controller 215 allocates them within the data center 210,

and sets them up to be targeted when the call 225 is issued. Accordingly, the interface 220
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instances 261 of the role A based on the specified constraints 295 that are enforced by the established
interface 220. The process of configuring is illustrated by reference numeral 275. In embodiments, the
constraints 295 embodied at the interface 220 instruct the fabric controller 215 on how to set up
restrictions within the target service 205. In one example, the constraints 295 may instruct that there
be a restriction on who can access the instances 261 of the role A, such as only client services located
in North America. In another example, the constraints 295 that configure the interface 220 to be a
security-enabled interface may in turn configure the target service 205 to review incoming calls 225 for

certificate(®)'6FEGtRS MRittnesieAto e LRI cemRsdR NS RLtBrRAgEdRAC G P FERIAFY the

constraints 295 in order to pro,perl){ configure input endpoints 255 on new role instances when scaling
up the numBErbthRLMERIS B RS tdrget service 205 within the data center 210. 100461 The process of
binding still further includes identifying and linking tqQ appropriate input endpoints 255 of the instances

261 of rold W#ht accomhbEARstREM ATy Akt B81! Bereragy g theeHipSHE rder BreMy to a
port that the role A expects the call 225 to enter, thereby allowing other_entities to contact the role A. In
addition, tEOM AP L BEENTS redh Rt td"44eg a%%tﬂémé@&d%%Ommtﬁ{ethaiﬁz%fﬁmge@ponse,
or "reply,” may be sent back to the client service providing the request for functionality 260 over the
same comPitimTtAtoHBAY Fﬁ&éosgk?éﬂ%rﬂ%g’ﬁ}ﬁ%ﬁsff?\‘%c%f AT TR R ey
configured to be compatible during negotiations (e.g., applying the constraints 295 from the
implementit ESHICE4BP! thdtear PP &Rl r%% i RS e B %i%ﬂ)aﬂﬁ?&o%%%r

language) by both the target service 205 and the client service. [0047]Further, upon linking to the input
enapoints S8 RIIEUL 568 (2 3 MEBAS B8 A BARGETAlL D63 MR HAD data

center 210 may.be propagated to the fabric controll 15 for lpcating the instapces 261 of role A that
e Ik D R Bl e e A oS T e R e Braat 8t 416 IiBbomality
260 exposed hy the implemented contract 235 and enable client services dependent on the
et B (SRl S Ao COPPES S Al SR TARBrLORD tHEShawork
addresses 26(??%[% entitifs outside the data center 210 with contacting the interface 220. In general,
the fabric CORTFOIRSISTRG ITRIL, YRS AT SRYBhTNEPERE HARRTORS W ranifest of the network

e g = T TR R Apon e e 20 erlo U By
target service 205 via the fabric controller 215. The process of binding the implemented
contract 235 to the target service 205 may include automatically linking the established
interface 220 and the instances 261 of the role A via communication channels 290. As
discussed more fully below with reference to FIGS. 4 and 5, the communication channel
290 may take on any one of a variety of forms. Typically, the communication channels 290
operably couple the interface 220 to the functionality 260 of the target service 205 via the
input endpoint 255. The input endpoints 255 and/or the communication channels 290 may
be mapped for future reference. By way of example, the fabric controller 215 may be
responsible for allocating appropriate communication channels 290 in the data store 210 for
use by the interface 220.

[0044] In embodiments, the interface 220, upon binding the implemented contract
235 to the target service 205, is linked to the input endpoints 255 of the instances 261 of the

role A. Linking promotes access to multiple locations of the target service 205 that
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service. Accordingly, the fabric controller 215 automatically establishes a static pathway that routes the
calls 225 from the service application to the appropriate input endpoint 255. In another instance, this
network address 265 may be visible to the client service. In this instance, the client service may be a
legacy application that requires knowledge of a contact address in order to send the call 225.
Accordingly, the fabric controller 215 may publish the network address 265 to the client service. In yet
another instance, this network address 265 may be accessible to the client service Accordingly, the
client service may retrieve the network address 265 to access the input endpoint upon the

communicBERRIH RN 1o pibg Whahiethsy tisadietheintsatite pof PeReivimtithavealifss of the

target service 205, the identity of the client service providing the call 225 may be requested to verify
the authertiti§aFtHaY o950 |Pidhe istante! iMavisity detHaRlrdHRS&DrEN S orded by the
fabric controller 215. Recordation may occur upon deploying the client service, upon binding the client

service to H&4Mplementdtf BITSRY 955018 RSy itk SPEARIEICUBYRTRALSAMTY tHeN8tREc 25 to

the instances 261 of role A, a claim 281 may be appended to the issued call 225. The claim 281 may
be generatBI By Scielahherlachi et e RReRCCHITLERATRR AR RE L6 YR PrdlFams of

the client servjce issued the call 225, and integrating the determined identity, and other characteristics
of the clierfPSENBES iHHSHRE Tttt 281 PEREHT IR thRS e/ TR B H ROt BN e T 8N6E SHHREH
vouches for_the origin of the call 225 and providesﬁhﬁ,ngcat@l\ on behalf of the client service. As

such, the clim TBTHIHRHE G ELREHHEE 201 1 CRIBY CHieby L HSHHAY B dRKUlar level
of security at the ta?ﬁéserﬁ%ce 205. In embadiments, veri%/t‘i?n may includgoins ecting the clfa\im 281 to
ascertain WHEHIRLET S 08 1RN RSS! SPHhes Tigi19ns Wik 'n%rﬁ%ﬁﬁ%lﬁfd Chetkity 518 Eontent of
the claim 2 1%}2\%., pro z%es and/or cap bilé{]:gs f the client service). The level of detail of the
content is ge&n f{ﬁb‘gé) SREHAHR Gy BF (R ECEILI B HBYEE BFEISIPSARVRRSEnding
the call 222 n%/o the praotocol su %%{d y the output endpojnt oj\]the client service. [0051]In one
embodiment HoNERE b e Sl saPcE Tt BT G e Amerca. T o
example, the constraints 295 that configure the interface 220 to be a security-enabled
interface may in turn configure the target service 205 to review incoming calls 225 for
certificate(s) of authenticity. Typically, the service model 250 is provided with, or may
refer to, the constraints 295 in order to properly configure input endpoints 255 on new role
instances when scaling up the number of instances of the target service 205 within the data
center 210.
[0046] The process of binding still further includes identifying and linking to
appropriate input endpoints 255 of the instances 261 of role A that accommodate the
functionality 260. Generally, “input endpoints” refer broadly to a port that the role A
expects the call 225 to enter, thereby allowing other entities to contact the role A. In
addition, the port may be used to respond to a request embedded within the call 225. This
response, or “reply,” may be sent back to the client service providing the request for
functionality 260 over the same communication channel 295. Because the target service

205 and the client service are configured to be compatible during negotiations (e.g.,

applying the constraints 295 from the implemented contract 235), the call 225 and reply are
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include any information the fabric controller 215 can extrapolate about the client device. In one
instance, the geo-location of the client service may be provided in the content of the claim 281. In
response, the target service 205 may honor or redirect the call 225 to a more proximate node. Or, the
target service 205 may modulate the reply to the call 225 based on the geo-location. For instance, if
the geo-location indicates the call 225 originated from France, the target service 205 may prepare the
reply in French. In another instance, a listing of rights to the functionality 260 may be incorporated in
the content of the claim 281. In_response, the target service 205 may restrict access of the client

service to HREFEERkRS fecontiEidlas BIBFAhREdAREMRESE Ryhetb ety e tifent Lemneethpo52]in

another embodiment, the target service 205 may verify the identity and rights of the client service by
querying a“VERiRENYS-application programming interface (API) 201. The verification API 201 may
provide data about the call 225 that was received, because the fabric controller 215 knows the source
of the call P84 7Accordinglife 1RPIHHERRLR BO5TRL PIBAEI SR dBRTRINE RIEHHE AR A9k the call
225 (e.g., provide the functionality 260) if the claim 281 is incomplete or unavailable. [0053]Turning
now to FIGF $945RSeRIRG ARSIRTSPRIHY 2tr eXERpIRS WU LBy ARSIt D80,
suitable for use in implementing embaodiments of the present inventjon, that is configured tq bind a
contract béa%wtsoméo@%rg%{%é%ima% ErREaR RS R SHoWIF Mahﬁﬁﬁ%?eﬁﬂﬁtsan&ﬁ%ﬁating

environment 200 includes a cIiegt service 305, as discussed aboq\4e, for accessing the target service.

The client Sefvicd S0 RN e PELERERNY SSRGS HpbIRSAHOR Hlalf'fs WBAHGUEH oILFRANR te data
Cata contel S0P AR LIAT e N3 A B B REACFOGPANE (5 S RO Eht ograme
A 361 and B 362) that may be distributed on separate nodes (e,g., hedes IV 224 and V 225) of the
(it conteP A6 i ATSUAGHE TERAE TS EHD AR E 2405 18 ACKEATniotch BY AL Gensbonter
362, i TgraLor 5 EeP AR G REAMGR AT ANCA S 00 SEH e AGHeT b Sa 1 Ridbing
S e S S e o e e S,
B A e e A e I L AR i TS

during binding.

[0048] In one instance, this network address 265 may be hidden from the client

service. Accordingly, the fabric controller 215 automatically establishes a static pathway

that routes the calls 225 from the service application to the appropriate input endpoint 255.

In another instance, this network address 265 may be visible to the client service. In this

instance, the client service may be a legacy application that requires knowledge of a contact

address in order to send the call 225. Accordingly, the fabric controller 215 may publish the

network address 265 to the client service. In yet another instance, this network address 265

may be accessible to the client service. Accordingly, the client service may retrieve the

network address 265 to access the input endpoint upon the communication channel 290

being dynamically updated.

[0049] Upon receiving the call 255 at the target service 205, the identity of the client

service providing the call 225 may be requested to verify the authenticity of the call 225. In
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appropriate functionality (e.g., the functionality 260 of the target service 205 of FIG. 2). In operation,
the client service 305 may propagate an indication to fulfill the dependency 360 thereof. In response,
the fabric controller 215 may inspect the dependency 360 and allocate a contract that exposes an
abstraction of a functionality which satisfies the dependency 360. As discussed above, the contract
that satisfies the dependency 360 may be previously implemented within the distributed computing
environment 200. In addition, the implemented contract may be previously bound to a target service
that carries out the functionality exposed by the contract. [0055]Upon allocating the satisfying contract,
the fabric C8RtOENSA5ASaif B HNE DoCHERY STIrelidaen SuRt Eh5nAE 388 MBoMR it service
305. In embodiments, the process of binding the client service 305 may occur during the initial

deploymertSPIHBUSKBNRT B AR RYIBE RS HeF B tRe PR IBE R 365 iiiAts Kperation
thereof Generally, the deployment process includes automatically linking the component programs A
361 and BBEMBIHRCTH fa)@ér%éo?oé%fmfeﬂlwlms UhrBeREH DO TEHRIE TSGR 2 BBund
contract 335 is configures the interface, 220 with the constraints 295 derived from the set of properties

240. In ondEMMSBEHEAL 1AL TRk AadesH ROLIIRRARRRRERA EhaiLiHsed comp i éiWronment

200 upon implementation of the allocated bound contract 335. In addition, a description of the links
may be w5 PELRREEH DN %f@?%ﬂ%rwgn\%@t}m@ﬁﬁ § MM B ROt FEH tBFh S Farily, at
any data store(s) that are accessible to the fapric coné’roller ﬁlS for future referenﬁf. 00561In an
exemplary@RBYHIEHP R AIBES BU SRISHLHT iHIG TG e S SHERRAN RIS A3 8AAnd B

362 to the interface 220 may include identifying output endpoints 375 disposed on the component
orogram BB RECTHE BB o1 BbT A SR AL Be BB dBhey 360, In general the

[ 7
output end[%%lgﬁtf 375, m[%%ﬁ?sp \l)’v%%?ﬂtleafabric controller 215 essentially vouches for the origin of the

call 225 and provides authentication on behalf of the client service. As such, the claim 281
allows the target service 205 to verify the caller, thereby ensuring a particular level of
security at the target service 205. In embodiments, verifying may include inspecting the
claim 281 to ascertain whether to honor requests of the call 225. Inspecting may include
checking for the content of the claim 281 (e.g., properties and/or capabilities of the client
service). The level of detail of the content is generally dependent on the granularity of the
claim 281, the type of client service sending the call 225, and/or the protocol supported by
the output endpoint of the client service.

[0051] In one embodiment, properties of the client service within the claim 281 may
include any information the fabric controller 215 can extrapolate about the client device. In
one instance, the geo-location of the client service may be provided in the content of the
claim 281. In response, the target service 205 may honor or redirect the call 225 to a more
proximate node. Or, the target service 205 may modulate the reply to the call 225 based on
the geo-location. For instance, if the geo-location indicates the call 225 originated from
France, the target service 205 may prepare the reply in French. In another instance, a listing

of rights to the functionality 260 may be incorporated in the content of the claim 281. In
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port that the component program B 362 uses to initiate requests for things from others. The process of
automatically linking may continue with allocating communication channels 390 within the distributed
computing environment 200 to operably couple the established interface 220 to the output endpoints
375. The communication channels 390 typically serve to convey the call 225 issued from the output
endpoints 375 of the client service 305. Typically, the call 225 includes a request by the component
program B 362 to fulfill the dependency 360 written thereto. In embodiments, the dependency 360 may
include an external processing or retrieval of data that is not performed at the client service 305 but is
accomplisHel Byt FulEEEnamy Ak PBdgHTRRAE DO 6 IO TTICH ih B HSRIRES tHe
process of binding, the bound contract 335 is bound to both the client service 305 and a
complimerfei L Jrresaidencanvdhisdisinevisd bidhe SORREEBHS can query the constraint 295 of
the interface 220 to make a determination whether the interface 220 can accommodate the functional
aspects spQ8RHd by the'SERALRHTABPSBRCBE tH dHEFR! SSFYICE 385 Mot tHY ErHSviticE 05 may
be rebound by the_ fabric controller 215 to another contract that substitutes a bound interface and
target servitée LR pHRSEHAY HERIACHO Y har RIS TAECdeHRNIEHE) DEOSREBHANG ik also
occur when aﬁound target service falls offline. 10058]For the purpases of associating the target
service to the Hepend y%@’m}r%é@ﬂ&%@@ﬂx@é@sfe@? thtte 5@%@ %@&ﬁé@@f Wipes St ¥htracts
employed. In one em&gdiment, S f-boun%}%ontr cts arc u%i%ized. I nerglf,é?)el ,-bounngcrontracts are

bound aut8ftAHINF b&l&ﬁ@@fﬁﬂf‘é&%n VB RGERETSS thehe6h %% BEIXCUbH R, the

fabric controller 2 elects the target service, or pseudo-seryice, which will attend the calls 225 made
il oS i et s A ety o e

Sipplod o R b R b otah BTk A ARG AR vty of he assbeiaton of (e
corvice dU08 Iplome HE HIEHON diSiract She A ARVE TA S G Ak R dss 266
cutput oncBOR47E BPAFORER SN RAGS S0 T UL oSt I dHA EeT P 10,

faric conl 1B S1s Hhi B S bEIEAAch A S AT R G e 95 Xk SOy e rabric

controller 215, configyres the output endpoints 375 of the compon rogram B 362 linked to the
iertace 290 SV L HCARBPHIED G2 AR Thr R 0o Lo e BRI et 33

[ rform . . . : :
s perto %85, as discussed above, for accessing the target service. The client service 305 may

represent any service application that is configured to run within the data center 210, run
outside the data center 210 with a remote connection thereto, or reside partially on the data
center 210. The client service 305 may include component programs (e.g., component
programs A 361 and B 362) that may be distributed on separate nodes (e.g., nodes IV 224
and V 225) of the data center 210. In embodiments, where the client service 305 is
accommodated by the data center 210, the fabric controller 215 may be responsible for
deploying the component programs A 361 and B 362, in light of a deployment specification
maintained at the service model 350 and for managing execution of the client service 305.

[0054] In an exemplary embodiment, one or more of the component programs A
361 and B 362 are written by a developer with a dependency 360. Generally, the proper

execution of the client service 305 relies on fulfilling the dependency 360 with an
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100601In yet another exemplary embodiment, external contracts are utilized, typically when the client
service 305 resides external to the data center 210. In general, the external contracts include a
low-level abstraction, which allow the client service 305 to contact any public IP address within the
bounds set out by the deployment of the client service 305. No binding is actually performed, and the
client service 305 is assumed to provide the network address 265 of the target service to access the
functionality thereof As such, the network address 265 of the linked input endpoint is used to configure
and route the communication channels 390. 10061]As discussed above, the bound contract 335 may
maintain tHEREPBRISRsHRRbA0 &gsobaienNRRAHy 6plidietinterrivico 3879 bbKiation Hhe
constraints 295 may be applied tg the established interface 220 by parameterizing the established
interface 20 WHANANfeS GBI HORD the s BERRARS <&t Bripeiided Wal. thrckeadsney (Bhstraints
295 may be published to the client service 305 for configuring the component programs A 361 and B

362. The phsteds df Commsfng tHRbE R S5y iitutrstdhosr Bradeneret ftbanthnostsss. In

general, the process, of configuring 388 component programs A 361 and_.B 362, along with the output
endpoints 378 ETh PR EX R AN THARRALHBM BB Atshows siissiiea dorAdterded 220,

These instructions may he used for any number of. c nfiggera ions to aspects of the client service 305,
as well as COnTHEMTREGRS YroliA e IGRbYAE 5Py > (PRSI Y bREURTIRERURY

formatting the call 225 issued from qutput endpoints 375. By utilizing the instructions tq configure the
format of tHBRIEMIYEd apHERG o}?ﬁ%r %Hg%{tﬂqe QAR B BSOS BEIE withs ﬂf%f&f?Bt underlying

the role instances of the target progr mthat,iméilement the desired functionalllit¥. 00.62]Onc%1
configured TRE BIRHS L SRAEES 0B 3P idLGHIMHE L3S (héndpest service that carrics out the

functionality exposed by the contract.

[0055] Upon allocating the satisfying contract, the fabric controller 215 may bind
this allocated and previously bound contract 335 to the client service 305. In embodiments,
the process of binding the client service 305 may occur during the initial deployment of the
component programs A 361 and B 362 of the client service 305 to initiate operation thereof.
Generally, the deployment process includes automatically linking the component programs
A 361 and B 362 to the interface 220 defined by the allocated bound contract 335. Where
the bound contract 335 is configures the interface 220 with the constraints 295 derived from
the set of properties 240. In one embodiment, the interface 220 is established within the
distributed computing environment 200 upon implementation of the allocated bound
contract 335. In addition, a description of the links may be written to a fabric controller
215. Alternatively, the links may be stored, at least temporarily, at any data store(s) that are
accessible to the fabric controller 215 for future reference.

[0056] In an exemplary embodiment, the process of automatically linking the
component programs A 361 and B 362 to the interface 220 may include identifying output
endpoints 375 disposed on the component program B 362, where the component program B

362 exhibits the dependency 360. In general, the output endpoints 375, may represent a
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dependency 360 is to be fulfilled. In embodiments, the call 225 may be issued from the output
endpoints 375 of the component program B 362 that realizes the dependency 360. The call 225 is then
routed over the allocated communication channels 390 of the distributed computing environment 200
to the established interface 220. As discussed more fully above, the established interface 220 may be
parameterized to relay the issued call 225 to the target service or to filter out the issued call 225. This
decision of the interface 220 may be based on the constraints 295 applied thereto in conjunction with
an identity of the client service 305. [0063]This exemplary distributed computing environment 220 is
but one exeRFFALIS SOROREBRDIRSHRTR At HRAt Ry DEHISTTRITHER Ry EiRsSJIRAPBELS oftRe
present invention, and is not intended to suggest any limitation as to the scope_ of use or functionality
of the invePRSASNRSitHEP BALEAY XHETINSPARS FOXERHP AP e M AMUBRIHE BTam ShasbLted
computing environment 220 be interpreted as having any dependency or requirement relating to any
one or conBiREtidASoFNERYhSREHE L5 CHvEowTIL 3803155 OPSE DS ONEIS 4B DA hs
illustrated..In some embodiments, one or more of the components 215, 220, 221, 224, 225, 305, 335,

350, 360, ST TAFZIEINIAY BURHISRIREINS S 43 sTANFAIRERAHeBS MR BRber ShbGH IR One or
more of the components 215, 220, 221, 225, 305, 335, 350, 360, 361, and 362 may be. integrated
directly intiPti8™45% Rental 240 oPtREdrAER ﬁaw&fm’fﬁéipﬁm B&uRbRStsHaySRESE 3%6rdinary

skill in the art that the companents 215, 220, 221, 225, 305, 335, 350, 360, 361, and 362.illustrated in
FIG. 3 are SRfPMr{ %T&?awa%ﬁm?nbﬁ‘&ugﬁd’%h@m&m%%naﬁﬁ%@Mﬁ%ﬁﬂgﬁu@% B

Accordingly, any number of components may be employed to achieve the desired functionality within
vt R o RtetS  a R Ee Ms e
shown with lines for the sake of clarity, in_reality, delineating. various components is n clear, and
motapnoriEA T PTHES MG POt e 5 B 10535 it STl SO ooments

ot 10 be SRS Th RGO R DR SHE et CETRE A0S 1 shown, many more may be

communicpyely couplera e Inerace, 2201 I00SSITHING 1Y% &3 Bhund
both the client service 305 and a complimentary target service. In embodiments, the client
service 305 can query the constraint 295 of the interface 220 to make a determination
whether the interface 220 can accommodate the functional aspects specified by the service
model 350 of the client service 305. If not, the client service 305 may be rebound by the
fabric controller 215 to another contract that substitutes a bound interface and target service
but preserves the functionality that fulfills the dependency 360. Rebinding may also occur
when a bound target service falls offline.
[0058] For the purposes of associating the target service to the dependency 360 of
the client service 305, there may by a variety of types of contracts employed. In one
embodiment, self-bound contracts are utilized. In general, self-bound contracts are bound
automatically by a plug-in mechanism operable by the fabric controller 215. Accordingly,

the fabric controller 215 selects the target service, or pseudo-service, which will attend the

calls 225 made via the interface 220.
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controller 215 for utilizing load-balancing (LB) channels 410 to route communications (e.g., calls 225
and replies) between service applications (e.g., client service 305 and target service 205) is shown, in
accordance with an embodiment of the present invention. Initially, connection definitions 450 are
provided that may be accessed by the fabric controller 215. These connection definitions 450 assist in
instructing an LB mechanism 420 to route the communication to a selected one of a number of role
instances 411, 412, and 413 of the target service 205. The role instance selected for receiving the call
may be selected based on any number of factors including comparability with a role (le. ., roles 421,
422, and 49852k the clidf @@X%%@@%&ﬁ% tadard so8 ARt Hiade M@?@?&,’rglaé@@fﬁl, 422,
and 423), availability, and the like. 1006610nce selected, the call is transmitted to the selected role of
the target SERREOSX/RE BANDEAANY (BT cHatmels MrortharimRIanS WaalsRShAd #iteade250 to the
input endpoints, of the roles (e.g., roles 411, 412, and 413) of the target service 205, In one instance,
transmittind ARAY ESnBHeRer 8a8ISing e 'R oS8RI e iRt dhsie s dbth¥absitnirdhEe
interface 220, and invaicing the LB mechanism 420 to distribute the call 225 to an available
communicAHOR R 98I BF tRPBSERAFn4ats! KiS Jtiast STy Ghe HERSH PRSI S BRSviBd to
client service 305 for sending calls 225 thereto. The fabric controller 215 is responsible for
implementifg & BadBAE g SE A, S CBIIEREBR dRTinALhS 48y hittrendlies
distribution of the calls 225 to the interface 220 are distributed amang the roles (e.g., roles 411, 412,
and 413) S Ao o e ptan %aﬁwg}ﬁsi A R ACBHBRTS 8L al 1P o

the interface 220 and/or LB mechanism 420. The LB mechanism 420 may. th rapslate the virtual IP
it oo, GBS G TR A et T TSI (0t AR Po o S8
graphical representation of an exemplary fabric contrqller for utilizing stateless-switch (SLS) channels
O et AL S0, 165 103 e e AT AL o o D3 8 35D SR tho

205) Im 2cLBTAATHEG S S B HE O P pPACE VT G ABrdr s DG

girf’";‘r‘lgic?ﬂ% S A R S R A R Wt S S
215 configures the output endpoints 375 of the component program B 362 linked to the
interface 220. However, no verification that the named target service satisfies the bound
contract 335 is performed.
[0060] In yet another exemplary embodiment, external contracts are utilized,
typically when the client service 305 resides external to the data center 210. In general, the
external contracts include a low-level abstraction, which allow the client service 305 to
contact any public IP address within the bounds set out by the deployment of the client
service 305. No binding is actually performed, and the client service 305 is assumed to
provide the network address 265 of the target service to access the functionality thercof. As
such, the network address 265 of the linked input endpoint is used to configure and route the
communication channels 390.
[0061] As discussed above, the bound contract 335 may maintain the set of

properties 240 associated with the established interface 220. In operation, the constraints

295 may be applied to the established interface 220 by parameterizing the established
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512 that link the established interface 220 to the input endpoints of the roles (e.g., roles 411, 412, and
413) of the target service 205. These SLS channels 510, 511, and 512 may be stored by the
connection definitions 450 and maintained by the fabric controller 215. 100681 In operation, upon
receiving the call (e.g., calls 521, 522, and 523), the fabric controller 215 identifies a network address
associated with the call. The network address may be provided by the role (e.g., roles 421) of the
client service 305 providing the call (e.g., call 521), or supplied by the connection definitions 450 based
on an origin of the call. Based on the network address, the call 225 is routed over a communication
channel (ejy<r816) 280 thalsyauenssrard Hosgtharaeresinind i apapnsKiss nitrtdde eprditde input
endpoint of the appropriate role instance (e.g., role 411) of the target service 205. Accordingly, the
fabric contfBieF¥aEs «%éﬁ@é’th%ﬁﬂ%@%ﬁié%éhﬁﬁhmléﬁlé%( FrieR 4 E RS S ROMRRRGAdpoints
as component programs, or roles, of the client service linked to the interface 220. In this way, each
outpoint eREPBHEEAHEhaRtS % silgfenrsiteAbpertE ety &Egrﬁﬁafmgeégmé@ﬁ%aé‘ﬁanna
and single network address for routing the call. 100691With reference tq FIG. 6, a flow diagram is
illustrated tat¥hSHETSEVRIAIFIREHEH 650 RSP SiHorHSiEASFINOE FEHY B JAtta @RS Hding the
implemented contract to the target service, in accordance with an embodiment of the present
invention. RBREBVE aRbUGH thetermy Q8pY SRdMS MibLk B BEuSEY BRI oM different
elements of methods employed, the terms should not be interpreted as implying any particular order
among or B&M@&?U%{F}&Hg SpapE B didR E“éﬂtﬁ SRRt G I BHEI B iRl

steps is explicjtly described, Initially, as depicted at block 605, a coptract that defines an aggregation
of nterfactS8 bro ARGy 58 el AR dSoC BF B SBBAREs 1 i lgisach of

the interfaces. As depicted at block 6§10, the identified contract.is implemented tp establish an
torace SHEABL o BF I BNt AT B BB e Aot A5 . the
implemented contract intr s.a vehicle for a client servic reach a portion of the target service.
Pt o S e e e S s 2 Pt i
the established interface with valyes deri from the set qf. properties ciated with the established
oo, (VS BOIG PO el or ia AR 5 TR R g Rty MY Beiabirahod
interface and.one or more role instances thereof (see blpck 620), and mapping the links via a fabric
Contraiier 1R oh TR A e ke OHSE o st i P (B oS o, o
clarification, the c{(Ple instarllcf‘es embody replications of at least one role that represents a type of
componen@%%&%ra%%%%%%n execution, confers functionality to the target service. 100701 Turning

now to Ficafef ow diagiam s lustjed i shons an aypramethod 100 o autematcaly

. C
allocating plemen edon endenciéso ient service and B’ln(ﬂng the

allocated contragt therelg. naccordanee, with an embodimet of e peesent fnvention initally, as

. 0O DE ¥
depicted at BIoC , an indication to talfill a dependency is received from-the Service.

discussed ahove, (e Sent STvice CONRIISES One oL moie ampanent programs, Aa depicleg! at block
ra o) I isfies'the ™

Q ]
710, a contratt'is aftbeatad tha exposes an abs ion ot a rfunctonality which's es

dependen ofthﬁ ponent programs of the client seryice. Typically, the contract js,implemented
it the S iB0eq Zora iy SO e eht i T8 o e Ca B e

functionaliy, & ndicated a1 block 75, e slent servica i depiaved o nlats operation thgreot. n
embodiments, eploying'invotves automatically linking the component programs to an interface

defined byf{qu %U)%%"é‘t‘?ﬁebe]%%‘afrt‘fliis‘h%'&”i%%r a%eﬁezl}'{?%‘a%@ paRhWIngAdeaGIRHOR Al e ks do &
fabric controller responsible for managing the
to the target service or to filter out the issued call 225. This decision of the interface 220
may be based on the constraints 295 applied thereto in conjunction with an identity of the
client service 305.
[0063] This exemplary distributed computing environment 220 is but one example

of a suitable environment that may be implemented to carry out aspects of the present

invention, and is not intended to suggest any limitation as to the scope of use or
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execution of the target service (see block 725). In general, the interface is established within the
distributed computing environment upon implementation of the allocated bound contract. 1007110ne
of ordinary skill in the art will realize that any number of steps may be employed to achieve the desired
functionality within the scope of embodiments illustrated in FIGS. 6 and 7. Further,although the various
steps of FIGS. 6 and 7 are shown with lines for the sake of clarity, in reality, delineating various
components is not so clear, and metaphorically, the lines would more accurately be grey or fuzzy.
Further yet, although some steps of FIGS, 6 and 7 are depicted as single processes, the depictions
arc exemplHRFHATHAYE AR IAYITOHRBer Ahare et iHMeH el S eniing Yoo 2Eitiedtifents of
the present invention have been described in relation to particular embodiments, which are intended in
all respectShE B LA SRR S ERRRERIe2 AN BrAIRETS b A%RIEHES (N HEREHAENSHMrent to
those of ordinary skill in the art to which embodiments of the present invention pertain without
departing fISHITESEbEE2 {678 4ER0ATSHRY RYBEBIRGH WilE S XRBANTE thig-ivdntioh 2ond el
adapted to_attain_all the ends and objects set forth above, together with other advantages which arc
obvious ar%&?nr%ér%rmtﬁé%y@%erﬁ%daénélﬁsa%t&%nF%é%ﬂaeq@twa@ﬁa{scmsiﬁrréaaﬁ?egféha

sub-combinations arc of utilitﬁ and may be em@ged without reference to other features and
t P

sub-combitMBRESHHE!R caftemblatd 4y antis within dPdedpl BREOSITIRYS TR RS ted

as stand-alone devices. In other embodiments, one or more of the components 215, 220,
221, 225, 305, 335, 350, 360, 361, and 362 may be integrated directly into the data center
210 or the fabric controller 215. It will be understood by those of ordinary skill in the art
that the components 215, 220, 221, 225, 305, 335, 350, 360, 361, and 362 illustrated in
FIG. 3 are exemplary in nature and in number and should not be construed as limiting.
[0064] Accordingly, any number of components may be employed to achieve the
desired functionality within the scope of embodiments of the present invention. Although
the various components of FIG. 3 are shown with lines for the sake of clarity, in reality,
delineating various components is not so clear, and metaphorically, the lines would more
accurately be grey or fuzzy. Further, although some components of FIG. 3 are depicted as
single blocks, the depictions are exemplary in nature and in number and are not to be
construed as limiting (e.g., although only one client service 305 is shown, many more may
be communicatively coupled to the interface 220).

[0065] Turning now to FIG. 4, a graphical representation of an exemplary fabric
controller 215 for utilizing load-balancing (LB) channels 410 to route communications (e.g.,
calls 225 and replies) between service applications (e.g., client service 305 and target
service 205) is shown, in accordance with an embodiment of the present invention.
Initially, connection definitions 450 are provided that may be accessed by the fabric

controller 215. These connection definitions 450 assist in instructing an LB mechanism 420
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What is claimed is: 1.0ne or more computer-readable storage devices having computer- executable
instructions embodied thereon that, when executed, perform a method for binding an implemented
contract to a target service within a distributed computing environment, the method comprising:
receiving an indication to fulfill functional aspects upon which a client service depends;

identifying a contract that satisfies the functional-aspects dependency of the client application, wherein
the identified contract defines one or more interfaces, and maintains a set of properties that specify
constraints for governing, in part, operation of the one or more interfaces; irrﬂglementin the

identified dBrQHE IBeREBNERISHIPEalR A thRlSSHRY QnmBle iRt WikciisssIdhkrititg 836 contract

comprises: (a) establishing the one or more interfaces within the distributed computing
environmeht3aidthe targepsiceriigifitng e éstadnsiiaacordesiahdrs metsirdegsy sthimaidiing

values derived from the set of properties theretq, thereby enabling the client service to reach a portion
of the targ&tSEIARAY PR BHABPAbAL TAESS RS MR I BHEYOM b id F8edS ot -

configuration, enforce the constraints specified by the contract when managing communicatjons from
the client $ETvid84d the ‘féﬁﬁ&cgémié%‘]véﬁ?&%éﬁ%ﬂﬁl%ec%é&%ﬁa@r%fgf&%%a BECdRof YeStricting

access to the target service, authentjcating the client service, opening or closin
421,42%, and 423), avatilablhty, and the l(i"ke. P g g

[0066] Once selected, the call is transmitted to the selected role of the target service
205 via load-bearing (LB) channels 410 that link the established interface 220 to the input
endpoints of the roles (e.g., roles 411, 412, and 413) of the target service 205. In one
instance, transmitting may comprise receiving the call 225 from the client service 305 at the
established interface 220, and invoking the LB mechanism 420 to distribute the call 225 to
an available communication channel of the LB channels 410. As such, only one network
address is provided to client service 305 for sending calls 225 thereto. The fabric controller
215 is responsible for implementing a load-balancing scheme, in light of the connection
definitions 450, which ensures distribution of the calls 225 to the interface 220 are
distributed among the roles (e.g., roles 411, 412, and 413) of the target service 205. In an
exemplary embodiment, the network address is a virtual IP to the interface 220 and/or LB
mechanism 420. The LB mechanism 420 may then translate the virtual IP into concrete IPs
that are each associated with a different role.

[0067] With reference to FIG. 5, a graphical representation of an exemplary fabric
controller for utilizing stateless-switch (SLS) channels (e.g., channels 510, 511, and 512) to
route communications (e.g., calls 521, 522, and 523, and the replies in response thereto)
between service applications (e.g., client service 305 and target service 205) in accordance
with an embodiment of the present invention. In general, the allocated communication

channels (see reference numeral 290 of FIG. 2) may comprise SLS channels 510, 511, and
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connections to the target service, filtering a flow of traffic to the target service, or defining which ports
are used for receiving a call; binding the implemented contract to the target service, wherein
the process of binding comprises: (a) automatically linking the one or more established and
configured interfaces to one or more role instances, wherein the one or more role instances embody
replications of at least one role that represents a type of component program that, upon execution,
confers functionality to the target service; and (b) mapping the links via a fabric controller
responsible for managing the execution of the target service. . 2. The computer-readable
storage deviceBHKIMCIESHRERRT A HReth GA0CEHiS LRY ISTURIIRG & SR FodehSeiet TGS hhlntains a
specification for deploying the one or more role instances of the target service onto nodes within the
dismbuted4é&Miﬁ@%rﬂ%r@ﬁrﬁ%rﬁﬁtwwﬂ@ﬁ&% d&PrSgmbnt ShEtIftatith cdhsilitts intBitbMeections
between input endpoints and output endpoints disposed on the one or more role instances. 3.
The compitiefeiinstersiRndisiiagiops dpfline, iHBRERPtHY dhe 'aPHiceEoligished interfaces,
upon bindin(ﬁ’the implemented contract, are linked to the input endpoints of the one or mare role
instances. 0908 4, Thé"RRAFAIR. ARRILIS e SIS GRVites oficiama 3 et mikingeterc
established interface and one or more role instances comprises@él} cating communication channels
n

traversing TABTRYFibt e dAomichiAd EMArS S torsinetatsy BatibtactsalbnEsrirsrek additshed

interfaces to the linked inpyt endpoints.
may be proxgltiegqt)y t eprope (e.g., roles 421) of the client service 305 providing the call

(e.g., call 521), or supplied by the connection definitions 450 based on an origin of the call.
Based on the network address, the call 225 is routed over a communication channel (e.g.,
510), of the SLS channels, designated to link the established interface 220 to the input
endpoint of the appropriate role instance (e.g., role 411) of the target service 205.
Accordingly, the fabric controller 215 ensures that there are as many reachable externally
addressable input endpoints as component programs, or roles, of the client service linked to
the interface 220. In this way, each outpoint endpoint corresponds to a single input
endpoint, thereby designating a single SLS channel and single network address for routing
the call.

[0069] With reference to FIG. 6, a flow diagram is illustrated that shows an overall
method 600 for automatically implementing a contract and binding the implemented
contract to the target service, in accordance with an embodiment of the present invention.
Moreover, although the terms “step” and/or “block” may be used herein to connote different
elements of methods employed, the terms should not be interpreted as implying any
particular order among or between various steps herein disclosed unless and except when
the order of individual steps is explicitly described. Initially, as depicted at block 605, a
contract that defines an aggregation of interfaces is identified. Additionally, the contract

maintains a set of properties for installing each of the interfaces. As depicted at block 610,
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32 5. The computer-readable storage devices of claim 4, wherein the allocated communication
channels comprise load-bearing (LB) channels that link the one or more established interfaces to the
input endpoints of the one or more roles, and wherein the method further comprises: receiving a call
from the client service at the one or more established interfaces; and invoking an LB
mechanism to distribute the call to an available communication channel of the LB channels. 6.
The computer-readable storage devices of claim 4, wherein the method further comprises identifying
network addresses for locating the input endpoints of the one or more role instances linked to the one
or more estéblidrRifierRRiECt is 1mpl?.rrm§:€omp?ﬁéhlﬂé%o%@lgqla‘?aaeOée%e%ggma’inla%herein
the method further comprises makirg\‘}‘he network addresses visible to the client service, and wherein

componentiaramy BhimeMictiteivied SPEpUHngurBiitBIGH a daiPterihe dhe SrigRsHagd

instances utilizing the network addresses. , _ :
contract introduces a vehicle for a client service to reach a portion of the target service. As

depicted at block 615, the implemented contract is bound to the target service by
parameterizing the established interface with values derived from the set of properties
associated with the established interface. In embodiments, the process of parameterizing
includes automatically linking the established interface and one or more role instances
thereof (see block 620), and mapping the links via a fabric controller responsible for
managing the execution of the target service (see block 625). By way of clarification, the
role instances embody replications of at least one role that represents a type of component
program that, upon execution, confers functionality to the target service.

[0070] Turning now to FIG. 7, a flow diagram is illustrated that shows an overall
method 700 for automatically allocating the implemented contract based on dependencies of
the client service and binding the allocated contract thereto, in accordance with an
embodiment of the present invention. Initially, as depicted at block 705, an indication to
fulfill a dependency is received from the client service. As discussed above, the client
service comprises one or more component programs. As depicted at block 710, a contract is
allocated that exposes an abstraction of a functionality which satisfies the dependency of the
component programs of the client service. Typically, the contract is implemented within the
distributed computing environment and is bound to a target service that carries out the
functionality. As indicated at block 715, the client service is deployed to initiate operation
thereof. In embodiments, deploying involves automatically linking the component
programs to an interface defined by the allocated bound contract (see block 720), and

writing a description of the links to a fabric controller responsible for managing the
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8. The computer-readable storage devices of claim 7, wherein the allocated communication channels
comprise stateless switch (SLS) channels that link the one or more established interfaces to the input
endpoints of the one or more roles, wherein the method further comprises: receiving the call
and the selected network address from the client service at the one or more established interfaces;
and routing the call over a communication channel, of the SLS channels, designated to link the one or
more established interfaces to the input endpoint. 9. The computer-readable storage devices
of claim 1, wherein the process of binding further comprises automatically reconfiguring the one or
more role FRSEHIYS ¥a taﬁsﬂ%é%&&fé&%%ﬁfﬂgth%a&@@%@&d189%{??@%% orhtraed
established interfaces. 0. A computerized method for binding a bound contract to a client

service W|tWFFP&l&E‘%r%ﬁFéIEPE%MBH}%“é%\?ﬂ&ﬁﬂﬁ’éﬁ*&niﬁ’é??ﬁe‘ml%l?‘@&ﬂ‘iﬁ‘@?n@;f the allocgieddhgitflirom the

client service an indication to fulfill a dependency thereof, wherein the client service comprises one or
more comfBR&#Hitprograms;

[0071] One of ordinary skill in the art will realize that any number of steps may be
employed to achieve the desired functionality within the scope of embodiments illustrated
in FIGS. 6 and 7. Further, although the various steps of FIGS. 6 and 7 are shown with lines
for the sake of clarity, in reality, delineating various components is not so clear, and
metaphorically, the lines would more accurately be grey or fuzzy. Further yet, although
some steps of FIGS. 6 and 7 are depicted as single processes, the depictions are exemplary
in nature and in number and are not to be construed as limiting.

[0072] Embodiments of the present invention have been described in relation to
particular embodiments, which are intended in all respects to be illustrative rather than
restrictive. Alternative embodiments will become apparent to those of ordinary skill in the
art to which embodiments of the present invention pertain without departing from its scope.
[0073] From the foregoing, it will be seen that this invention is one well adapted to
attain all the ends and objects set forth above, together with other advantages which are
obvious and inherent to the system and method. It will be understood that certain features
and sub-combinations are of utility and may be employed without reference to other
features and sub-combinations. This is contemplated by and is within the scope of the

claims.
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allocating a contract that exposes an abstraction of a functionality which satisfies the dependency of
the one or more component programs of the client service, wherein the contract is implemented within
the distributed computing environment and is bound to a target service that carries out the
functionality; deploying the client service to initiate operation thereof, wherein deploying
comprises: (a) automatically linking the one or more component programs to an interface
defined by the allocated bound contract, wherein the interface is established within the distributed
computing environment upon implementation of the allocated bound contract, and wherein the bound
contract maintains a set of properties associated with thé-MMeace; (b) writing a description of
the links to a fabric cont% r res onsiple for managing the execution of the target service; (c)
applying constraints to t éE{Sclﬁ BAEY Iiterface by administering values thereto that are derived from
the set of properties, wherein the constraints govern, in part, operation of the established interface;

and 34 (d) pyblishing & ApRied G HEHER SRR TR SBEVIEES MaGRIY B e one or

more component programs.
executable instructions embodied thereon that, when executed, perform a method for

binding an implemented contract to a target service within a distributed computing
environment, the method comprising:
receiving an indication to fulfill functional aspects upon which a
client service depends;
identifying a contract that satisfies the functional-aspects dependency
of the client application, wherein the identified contract defines one or more
interfaces, and maintains a set of properties that specify constraints for governing, in
part, operation of the one or more interfaces;
implementing the identified contract to establish and tailor the one or
more interfaces, wherein implementing the contract comprises:
(a) establishing the one or more interfaces within the distributed
computing environment; and
(b) configuring the established one or more interfaces by
administering values derived from the set of properties thereto, thereby enabling the
client service to reach a portion of the target service via the one or more interfaces,
wherein the one or more interfaces, upon configuration, enforce the constraints
specified by the contract when managing communications from the client service to
the target service, and wherein the constraints relate to at least one of restricting

access to the target service, authenticating the client service, opening or closing
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11. The computerized method of claim 10, wherein automatically linking the one or more component
programs to an interface comprises: identifying output endpoints disposed on the one or more
component programs, respectively; and allocating communication channels within the distributed
computing environment to operably couple the established interface to the output endpoints.

12. The computerized method of claim 11, wherein the target service comprises one or more instances
of at least one role, and wherein the at least one role represents a particular class of components that
operate in conjunction with other roles of the target service to realize the functionality that satisfies the
dependency of tHOBNEHIYtsifcine target saryicendl keingaehowPimahtie 6 BaifArast senaesiPr
configuring the one or more component programs comprises extracting instructions from the applied
constraints for fofRHERIRg Whiah PsiF g 6wt saeIMISAH@ lof the one or more component programs
such that the call is compatible with a protocol underlying the one or more role instances. 14.
The computerized method of cRIRAING, i ERGIE MRS T8EIIGRRYRE fbMtHarBeksandeRIpuiieisiar the one or
more component programs is routed over the allocated communication channels of the distributed
computing enviroPfipeist &f tHaReAABREsERterface.

(a) automatically linking the one or more established and
configured interfaces to one or more role instances, wherein the one or more
role instances embody replications of at least one role that represents a type
of component program that, upon execution, confers functionality to the
target service; and

(b) mapping the links via a fabric controller responsible for

managing the execution of the target service.

2. The computer-readable storage devices of claim 1, wherein the
method comprises providing a service model that maintains a specification for deploying
the one or more role instances of the target service onto nodes within the distributed
computing environment, wherein the deployment specification constructs interconnections

between input endpoints and output endpoints disposed on the one or more role instances.

3. The computer-readable storage devices of claim 2, wherein the one
or more established interfaces, upon binding the implemented contract, are linked to the

input endpoints of the one or more role instances.

4, The computer-readable storage devices of claim 3, wherein linking
the established interface and one or more role instances comprises allocating
communication channels traversing the distributed computing environment to operably
couple the one or more established interfaces to the linked input endpoints.
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15. The computerized method of claim 13, wherein the established interface is configured, upon
applying the constraints thereto, to relay the issued call to the one or more role instances or to filter out
the issued call based on the applied constraints in conjunction with an identity of the client service.

16. The computerized method of claim 15, wherein the identity of the client service is recorded by the
fabric controller, and wherein, upon relaying the issued call to the one or more role instances, a claim
appended to the issued call is inspected to ascertain whether to honor requests of the call. 17.
The computerized method of claim 16, wherein appending the claim to the issued call comprises:
accessing the identity oPthe cliERe sePUIeEiEs-(RAGRPIA S IHAMSN Ay GRbraf celmifbrbnt\IRIgHANRE ssued
the call; and integrating the determined identity and other characteristics of the client service
into the clANCHRISBPERLUCHIPR hane’lraeqBRsiSsrloadhearing tEhehanralpibat link the ongop
computer system for performing a method that automatically links a client service to a target service by
way of impTatfepiinR] IBPRABIHENRSes EoHIPIRPHI RN RAIAIRBIdNS PRI 88 nPatMEEERDI BRI ment,
the computer system comprising a computer storage device having a plurality of computer software
componenReHIAH S8 RIS e computer software components comprising: a client

service that submits an indication to fulfill a dependency thereof, wherein the client service comprises
one or more component progrdf$§iving a call from the client service at the one or more established

interfaces; and
invoking an LB mechanism to distribute the call to an available

communication channel of the LB channels.

6. The computer-readable storage devices of claim 4, wherein the
method further comprises identifying network addresses for locating the input endpoints of

the one or more role instances linked to the one or more established interfaces.

7. The computer-readable storage devices of claim 6, wherein the
method further comprises making the network addresses visible to the client service, and
wherein component programs of the client service are configured to route a call to the one

or more role instances utilizing the network addresses.

8. The computer-readable storage devices of claim 7, wherein the
allocated communication channels comprise stateless switch (SLS) channels that link the
one or more established interfaces to the input endpoints of the one or more roles, wherein
the method further comprises:

receiving the call and the selected network address from the client
service at the one or more established interfaces; and

routing the call over a communication channel, of the SLS channels,
designated to link the one or more established interfaces to the input endpoint.
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a target service that includes one or more role instances, wherein the one or more role instances
embody replications of at least one role that represents a type of component program that, upon
execution, confers functionality to the target service; a contract that exposes an abstraction of
the functionality of the target service, which satisfies the dependency of the one or more component
programs of the client service, that defines at least one interface and specifies constraints enforced by
the at least one interface; and a fabric controller for binding the contract to the target service
and to the client service, wherein the process of binding comprises: (a) establishing the at
least one interface on the distrib0fe §¥BRYRItIEgIRIGoFRMBYEntisNIREEnBH A dntiaBEraing the

(b) configuring the at least one established interface by administering values derived from the contract
thereto, thBFeERPERALNRE HKE (ITEHY serUieE tes radimatiaioiesPitot o ttBe roRe HameeeatWast one
interface, wherein the at least one interface, upon configuration, enforces the constraints specified by

the contralISiARERSHAAIAdEoTRRALIRE £0pRS AT BRIAREIREAE BN ABR AfIHBRER GERRERRE;

the fabric controller further configured for automatically linking the one or more program components
of the cliet'6ER6G88 to the one or more role instances of the target service via the established
interface.

10. A computerized method for binding a bound contract to a client
service within a distributed computing environment, the method comprising:

receiving from the client service an indication to fulfill a dependency
thereof, wherein the client service comprises one or more component programs;

allocating a contract that exposes an abstraction of a functionality
which satisfies the dependency of the one or more component programs of the client
service, wherein the contract is implemented within the distributed computing
environment and is bound to a target service that carries out the functionality;

deploying the client service to initiate operation thereof, wherein
deploying comprises:

(a) automatically linking the one or more component programs
to an interface defined by the allocated bound contract, wherein the interface is
established within the distributed computing environment upon implementation
of the allocated bound contract, and wherein the bound contract maintains a set
of properties associated with the interface;

(b) writing a description of the links to a fabric controller
responsible for managing the execution of the target service;

(c) applying constraints to the established interface by
administering values thereto that are derived from the set of properties, wherein

the constraints govern, in part, operation of the established interface; and
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(d) publishing the applied constraints to the client service for

configuring the one or more component programs.

11. The computerized method of claim 10, wherein automatically linking
the one or more component programs to an interface comprises:
identifying output endpoints disposed on the one or more component
programs, respectively; and
allocating communication channels within the distributed computing

environment to operably couple the established interface to the output endpoints.

12. The computerized method of claim 11, wherein the target service
comprises one or more instances of at least one role, and wherein the at least one role
represents a particular class of components that operate in conjunction with other roles of
the target service to realize the functionality that satisfies the dependency of the client

service.

13.  The computerized method of claim 12, wherein configuring the one
or more component programs comprises extracting instructions from the applied constraints
for formatting a call issued from output endpoints of the one or more component programs

such that the call is compatible with a protocol underlying the one or more role instances.

14.  The computerized method of claim 13, wherein the call issued from
the output endpoints of the one or more component programs is routed over the allocated
communication channels of the distributed computing environment to the established

interface.
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15. The computerized method of claim 13, wherein the established
interface is configured, upon applying the constraints thereto, to relay the issued call to the
one or more role instances or to filter out the issued call based on the applied constraints in

conjunction with an identity of the client service.

16. The computerized method of claim 15, wherein the identity of the
client service is recorded by the fabric controller, and wherein, upon relaying the issued call
to the one or more role instances, a claim appended to the issued call is inspected to

ascertain whether to honor requests of the call.

17. The computerized method of claim 16, wherein appending the claim
to the issued call comprises:
accessing the identity of the client service to verify that the one or
more component programs issued the call; and
integrating the determined identity and other characteristics of the
client service into the claim, thereby ensuring a particular level of security at the target

service.

18. A computer system for performing a method that automatically links

a client service to a target service by way of implementing and binding a contract made

available by a distributed computing environment, the computer system comprising a

computer storage device having a plurality of computer software components embodied
thereon, the computer software components comprising:

a client service that submits an indication to fulfill a dependency

thereof, wherein the client service comprises one or more component programs;
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a target service that includes one or more role instances, wherein the
one or more role instances embody replications of at least one role that represents a
type of component program that, upon execution, confers functionality to the target
service;

a contract that exposes an abstraction of the functionality of the target
service, which satisfies the dependency of the one or more component programs of the
client service, that defines at least one interface and specifies constraints enforced by
the at least one interface; and

a fabric controller for binding the contract to the target service and to
the client service, wherein the process of binding comprises:

(a) establishing the at least one interface on the distributed
computing platform by implementing the contract; and

(b) configuring the at least one established interface by
administering values derived from the contract thereto, thereby enabling the
client service to reach a portion of the target service via the at least one
interface, wherein the at least one interface, upon configuration, enforces the
constraints specified by the contract when managing communications between
the client service and the target service;

the fabric controller further configured for automatically linking the
one or more program components of the client service to the one or more role

instances of the target service via the established interface.
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