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This document is related to:
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This document provides an introduction to thepology and Orchestration Specification
for Cloud ApplicationfTOSCA).
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Cloud computing offers a compelling cadfective model for businesses that wish to host their
applications and services in an environment where it can scale to meet their customer demands
while reducing their need in maintaining the overhead of large datacenters and their operations.

However, these same customers, until TOSCA, lacked a standard toekassribe the topology
of their applications along with their dependent environments, services and artifacts inside a
single service template which would enable them to deploy and manage them against the
capabilities offered by any cloud provider, reglass of their infrastructure or service model.

This document seeks to provide a practical introduction to the TOSCAmuatal as defined

within the TOSCA version 1.0 draft specificatitins intended to guide gpication architects

and developers, as well as cloud providers and tool vendors, through the process of modeling
and representing some basic applications as TOSCA service templates. Its purpose is to make
you, regardless of your role, productive using TA%s soon as possible.

Each scenario is authored in a way to highlight the considerations and activities each role
involved in the process of creating a clebigised application would approach their task using
different aspects and concepts from TOSCA.

The authors of this primer realize that many of the sample applications presented in this first
GSNBRAZ2Y 2F (GKS LINAYSNI FNB [[dZA (S &aAYLX S O2YLJI NBR
readers may be concerned with. It may seem even seem that usirgglaling language like

¢h{/! YAIKG aSSY tA1S G20SNJAff ¢ BgedlicadzOK OF asSa
alternatives that are available. However, it is our hope, that through careful explanation of the

thinking behind TOSCA modeling (even usingothed A O a KSt t 2 g2 NX Ré SEI YL} Sz
readers will come to appreciate the power, flexibility and benefits of TOSCA to handle more

complex cases over other, more narrovelyoped alternatives.

The aim of this document is to priole a quick start for cloud service developers to describe
operational procedures using TOSCA. The following of this document is written primarily for
cloud service developers and touches upon the view of other roles only. It is not meant to be a
referenceg it provides an answer for the most urgent questions to get familiar and leverage
TOSCA from the chosen role.

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Paged of 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

[DMTF-CIMI]

Cloud Infrastructure Management Interface (CIMI) Model and REST Interface over HTTP
Specificabn, Version 1.0, a Distributed Management Task Force (DMTF) Standard (DSP0263), 30
October 201 2http://dmtf.org/sites/default/files/standards/documents/DSP0263 11 (odf

[TOSCA-CSD-1.0]

OASISopology and Orchestration Specification for Clapglicationg TOSCA)/ersion 1.0
Committee Specification Draf€SDP6 / Public Review Draft 01, 29 November 2012
http://docs.oasisopen.org/tosca/TOSCA/V1.0/csprd01/TOSAA0-csprd0l.pdf

[Amazon-EC2]
Amazon Elastic Compute Cloud (ERR);//aws.amazon.com/ec2/

[Apache-HTTP-Server]
Apache HTTP Server Projéattp://httpd.apache.org/.

[MySQL-DB]
MySQL Community Servittp://dev.mysgl.com/downloads/mysql/5.1.html

[OpenStack]
OpensStack Open Source Cloud Computing Softwhte://www.openstack.org/

[SugarCRM-CE]
SugarCRM Community Editi®E) http://www.sugarforgeorg/projects/sugarcrm/
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TOSCA formalizes a significant amount of interactions between somebody who develops IT

delivered services and the one who actually operates them. In this chapter, weeodw

TOSCA roles map to rembrld IT business actors and what value it brings for each individual

actor.However, it should be noted, théhe majority of thisdocument igargetedfor people or
2NBIFYyATFGA2ya OGAYy3a Ay | a/f2dzR { SNBAOS 5S3St 21

TOSCA is a specification which adds value to the relationships between users, providers and
developers of IT provided services. The roles are oriented on a model where a cloud service
developer provides seizes which they distribute via further channels, primarily cloud service
providers and which are eventually offered to service consumers.

The roles that we will reference in this document are briefly defined here:

1 CloudService ConsumeA service consumdeverages IT provided services to their
businessThese personbenefit from TOSCAut not from direct contactwith the
specification.

1 Cloud Service DevelopeFhe main business of a cloud service developer is developing
cloud serviceshat will rely uponthe operatioral and support services of fromCloud
Service Providesffers. The cloud service developeses TOSCA &xpress how to
instantiate and operate the servicéisey developed

1 Cloud Service Providelhe main business of a cloud servicevider is operating
services developed by cloud service developessons in this rolase TOSCA to map
request of a new service consumertteir infrastructure

Of course, roles typically apply to separate market actors but one actor may alsdrserve
multiple roles.

TOSCA provides a compelling value statement for each role and its corresponding actor. In this
section, we would like to highlight the reason why it makes sense to use the TOSCA specification
for those who developloud services and those who deploy and operate them. Furthermore,

there is an incentive for service consumers to choose services deployed and operated using
TOSCA.

Although the majority othis documenwill be from the view of th& OSCA rolef a Cloud
Service Developer, the following table shows the benefits of TOSCA for each service role:

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Pagellof 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

TABLEL - TOSC/MENEFITS BSERVICIROLE

TOSCA Service Resle

Cloud Service
Consumer

CloudService Developer

Cloud Service Provider

Cloud Serice Consumers
benefit indirectly from the
standardization which
TOSCA brings to the Clou
Service Developer and
Cloud Service Provider.
These benefits include:

{ More choices and
flexibility in Cloud
Provider.

 Lower setup and
operational costs from
TOSCAuwomation.

A Cloud Service Developer useg

TOSCA as the standard to get

their developed services at Clou
Service Providers in place. Thes

persons:

1 Leverage the operational
expertise of Cloud Service
Providers

1 May further leverage the
business/distributio network
of Cloud Service Providers

9 Are able to choose from a
wider range of cloud service
providers.

9 Can work with multiple Cloud

Service Providers in different

A Cloud Service Provider
uses TOSCA to rapidlyfef
and deploy cloud services
developed by Cloud Service
Developers for Cloud Servic|
Consumers. Provides:

1 Act as resellers for
services developed by
cloud service developer.

9 Can extend service
offerings and revenue
chances.

9 Optimize deployment and
operational procedures
and expenses.

9 Optimize the time to

legal environments with
reasonable effort.

market for services

A TOSCA environment, operated by a Cloud Service Provider, might include various features that
would be used to process TOSCA definitions accordingeteghcification. These features may

in turn be grouped into and provided as components that can be described as parts of cloud
architectures. Many different ways of grouping these features into components and arranging
these components into architecture isk In addition, each vendor may decide which set of

features to support and how they would be provided within their specific architecture. The

figure below shows an example of a complete TOSCA environment in order to better help the
reader comprehend theonceptual modeling and processing steps behind the TOSCA
specification (se€&igurel).

toscaprimer-v1.0-cndQL
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HGUREL - SAMPLEARCHITECTURE OF @ SCANVIRONMENT

Cloud applications are typically packaged OSCA usir@oud Service Archige2 NJ a/ { ! wé 0
While the format of a CSAR file is defined by TOSCA, the way in which such files are created is
out of scope of the specification. These archives could be created manually, but the TOSCA
environment sggests that (graphicallOSCModeling Toolsvould be offeredo Cloud Service
Developerso ease the creation of CSAR files. Neverthelessvithdeling Tools optional in a
TOSCA environment, which is indicated by rendering it via a dashed box. SithiédPiyocess
Engineand theModel Interpreterare optional components as well, which is why they are also
depicted by dashed boxes. However, when processing a CSAR in an imperative manner (see
Section2.2.3.1), aProcess Enginie a mandatory component, but thdodel Interpreteiis still
optional. Conversely, when processing a CSAR in a declarative manner (seeZS2&ifrihe

Model Interpretelis mandatoryand the Process Enginaay be omitted.

During normal processing, CSAR files would be passed TcaB€ Lontainewithin the
environment: theTOSCAbntainer(or simplycontainerfor short) understands all the steps
necessary to deploy, manage and decommissii@ncloud application over its lifecycle
according to its definition.

As its first action, the container forwards a CSAR tddB8AR Processmshichis the component
in charge of processing the CSAR file in such a way that it can be initially deptepedi(s
Figure?). For this purpose, thESAR Processoay interact with aModelinterpreter
component (step 2 ifrigure?). Such an interaction may be necessary in taseloud
application packaged into the CSAR is processed declaratively.

TheCSAR Processaill extract the definitions from the CSAR and pass them td&#nition
Manager(step 3 inFigure?). TheDefinitionsManageris in charge of storing the definitions into
the Model Repositorguch that all the definitions are available later on (step Bigure2).

31 January013
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Furthermore, theCSAR Processsould also extract all implementiain artifacts and

deployment artifacts from the CSAR and passes them té\thifact Manager(step 5 inFigure

2). TheArtifact Managercomponent stores the artifacts in appropriate artifact stores (step 6 in
Figure?2). This may include storing virtual images into image libraries available in the
environment, storing scripts in subdirectories, etc. Next, BeployManageris in charge to
deploy all implementation artifactito the environment (step 7 ifigure2). Once this is done,
the executables of all operations of node types and relationship types used in the topology
template of the cloud application are available in the eonment and ready for use.

]
H i
i ToscA
1 Modeling Tool | P — -
H i i H
________________ i Process E
H Engine i
CSAR : '
[ |
_:-"'-'_'_._._-_-_‘_‘-‘_‘-\_
TOSCA Container "“*n
7= ---———————- =
I A ,C5AR Processar i Model Interpreter E
I:'eﬁnirll:ln Artifact eploy vasn Instance
|Manager lManager Manager Manager
Model Artifact -
Inst DB
Repository Store ki
""--.____-r'" IL“'---__---""'I

FAGURE2 - SAMPLE'DECLARATIVEPROCESSIN&EQUENCHVHENIMPORTING LSAR

In an alternative processing flowigure3), the TOSCA Modeling Tdetep 1 inFigure3),

instead of thecontainer, may interact with aModel Interpretercomponent (step 2 ifrigure3)

to transform a declarative model specified byapplication architecinto a completely
imperatively processable model (step 3Higure3) before it is packaged into a CSAR. In that
case, the CSAR will always contain definitions that can be imperatively processed freeing the
contaner from dealing with the declarative procé&sg model at all
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FHGURE3 - SAMPLEEXTENSION OFGSAROR"IMPERATIVEPROCESSING

In the case where the TOSCA service template contains plans, the TOSCA container would
perform addiional imperative processing steps that continue from those showkidare2 for

the declarative case. TH2eploy Manageof the container will deploy each plan into tReocess
Engine(step 7 inkFigured). Deploying a plan into therocess Engiriacludes binding the tasks of
the plans to the formerly deployed implementation artifacts: a task in a plan may refer to the
operations of node types and relationship types, and itmplementation artifacts of these
operations are now known because they have been deployed at concrete endpoints in the
environment before.
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After these seps, theenvironmentis set up for managing the cloud application represented by
the CSAR and instances of the cloud application can be created. Creation of an instance of the
cloud application is performed by tHestanceManager(step A infFigure4). An instance of a

cloud application is created by either invoking the build plan of the cloud application (i.e.
imperative processing as shown in step Binured) that is executed by theéProcess Enginer

by interacting with theModel Interpreted A ®S® RS Of I N} 6A S LINRPOSaaAiy3
Figured). Once a cloud application has been created it can be managed by invokinifp¢ine

plans defined in the service template of the cloud application; these plans are executed by the
process engine (step Chigure4). Finally, when the cloud application is no longer needed, it is
decommissiaed (by means of a plgrerformed by theProcess Enginer via theModel

Interprete).

Note: The Process Engine is shown above as an optional component of the
environment. In the case where a cloud application will be processed in a
declarative way, i.e. without any plans, a process engine is not needed.

2.2 Roles Involved in Modeling a Cloud Application

In this document, we attempt to author sections that are targeted to the possible roles that may
be involved with developing or interacting with cloud apations modeled using TOSCA:

The technical roles this document primarily addresses includéyttes architect the artifact
developerandthe application architecand are profiled in this section. Each of these roles is a
specialization of the generic mtloud applicatiorservicedeveloper Depending on your
company, the same person may fulfill more than one of these specialized roles. Concerted
actions of these three roles are required to create a TOSCA service template and a
corresponding TOSCA Clowh&ce Archive (CSAR).
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There are two other roles that may be concerned with TOSCA modeled cloud applications: the
cloudserviceconsumeiand thecloudserviceprovider The cloud service consumer makes use of

a modeled cloud application service, e.g. b§ofving the selservice paradigm, browsing a

cloud service catalogue and deciding to subscribe to a particular cloud service. The cloud service
provider offers an environment (which will typically encompass a TOSCA container) in which
cloud services calpe run, especially provisioned, managed, and decommissioned.

Both these last two roles are typically not involved in the details of creating a service template,
its types, artifacts, or the CSAR packaging of a cloud service. However, if yolclocksrvice
providerrole and want to understand more about deploying TOSCA service templates, please
read Sectiorb.

Note: In the subsequent sections, we use the notion of cloud services and cloud
applications synonymously.

Thetype architectis an expert for the types of components required by applications as well as
the various types of connections between these components. This especially includes
knowledge of the local management behavior o€ls components and connections, which is
defined as the operations of these components and connections. Types of components are
defined asTOSCAlode Types and types of connections are definedl@3SCAelationship

Types

For example, web applicationsd®d on the Java programming language may consist of

GaASNIDt SGaég 62NIJ ANI ydzZ F NI ASNBAOSaA0 GKFG NXzy Ay |
Database Management System (DBMS) for managing persistent data. A type architect will then
RSTFAY@IISGE{ ¥RIRS (GeLIS> 2SS0 {SNUSNE y2RS GeLIS:

Since servlets are deployed on web servers, the type architect might define a relationship type

a1 2aG06SRhyé¢ GKIFG Oy 0SS dzaSR (2 SELINBaiand 6 KS O2 NNEX
AGAd 6S0 ASNIISNY {AYATIFINI @I | NBfFTGA2YAKALI &/ 2y Yy ¢
ASNDt SGQa NBIJdZANBYSYyd F2N FOOSaaAy3a | 5. a{d ¢KS
includes operations for starting and stopping the database sysfkeniackup and recovery of

particular database content and other tasks.

Often, type architects are employees of vendors offering components or the ability to connect
such components for use by application architects to define their cloud applications. Fo
example, the vendor of a specific relational database system may define a node type that
defines thepropertiesof that relational database system as well as its local management
OSKIF@A2NI C2NJ GKAA& LIzN1I2 &Sz (KSnodedqypdS | NOKAGSOG
mentioned above; this new, derived node type may define additipngpertiesand include

local management behavior (as additionglerationg that is common for all relational database
systems, independent of the specific product of a particundor. Such produahdependent

node types (as well as relationship types) may be defined by vendor consortia, for example, to
ease the definition of produespecific types and to ensure within a cloud application the
exploitation of different productsn different environments.
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Note: The entire cloud application itself (i.e. its own service template) may be
treated as a single set of services and defined as another TOSCA Node Type.

For example, a cloud application representing a clustered application server

(perhaps consisting of an HTTP server, a cluster manager, several cluster

members, etc.) may be grouped together and defined as a new node type called

iScal abl eAppServero. This can be achieved by expo
operations oftheenc | osed node templates and relationship t
boundaryodo of the servi cBoundayDefihton e ( by means of th
el ement ) . I n such a way, node types can be dAi mple
language provided by TOSCA itself, supporting a recursive model of specifying

increasingly complex cloud applications.

If you hold the role of &ype architect we recommend reading the contents of Sectin

While thetype architectis a sgcialist on the enablement of the management behavior of cloud
applications as well as providing components of cloud applications and their connections, the
artifact developeis an expert in code artifacts. They are in charge of providing and describing
the installables and executables required to instantiate and manage a cloud application. For this
purpose, the artifact developer defines the corresponding TOS@zik Type Implementations
andRelationship Type Implementations

TOSCA supports two kinds ath code artifacts, namelynplementationArtifacts and
DeploymentArtifacts. Implementation artifactsare the executables implementing the

operations of the interfaces of node types and relationship typeployment artifactare the
installables of the&eomponents that make up a cloud application; these components are defined
by means of node types.

Each artifact has BOSCArtifact Type An artifact type defines the kind of an artifact (e.g. a

WE @ | NOKAGS 2NJ aW! wé T hé khd & iNbbrinafionvequaed tdl O F 3S0 X |
O2NNBOGf e LINPOSaa GKS O2NNBaLRYyRAY3I FINIAFIF OGP C:
specify that a JAR file has a file name and a version number.

A TOSCArtifact Templateaepresents a reusable artifact (eayparticular RPM package, or a

particular JAR file) and provides the actual information required to cope with the artifact. An

example would be a JAR file, which provides a service for registering customers, and has the file
YIEYS awS3IAalSNI daKS YBINER A 2/yR Kudn € d L'y FNIAFIEFOG
code it represents, for example by pointing to a CSAR or to an FTP address.

All implementation artifacts and deployment artifacts required to install, run, and manage an
instance of a node pe or a relationship type is defined ag@SCAode Type Implementation

or TOSCARelationship Type Implementatiorespectively. A node type implementation or a
relationship type implementation refers to the artifact templates needed in order to bundle
appropriate implementation artifacts and deployment artifacts. An implementation artifact or a
deployment artifact may add further information about the artifact used, which is dependent on
its usage context; for example, authentication information mightdguired to process an RPM
package.
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In order to provide components that are useful in different kinds of cloud applications, the
corresponding node types and associated node type implementations must be defined. The
same is true for connections betweenmponents of cloud applications: they are defined by
relationship typesndrelationship type implementationd hus type architectprovide the type
definitions thatartifact developersake as basis for creating their implementations.

Related type defitions and implementations might then be packaged by vendors into CSARs.
These packages may then be usedpplication architectso import the corresponding types

and implementations allowing them to reuse the types and implementation in building their
own cloud applications.

If you hold the role oértifact developerwe recommend reading the contents of Sectibn

Theapplication architects an expert in both, the overall structuoé a cloud application, its
composite types and artifacts, as well as its global management behavior covering its complete
lifecycle. The structure of a cloud application is specified by meantpbibgy template Thus,

the application architect iderfies and defines the node templates making up a cloud

application as well as the relationship templates wiring the collection of node templates into the
topology of the cloud application. For this purpose, the application architect relies on node
types andrelationship types available at their disposal, and that have already been defined by a
type architectpreviously. However, some application architects may also need to define their
own node and artifact types when reattyade types have not been made dahie to them by

some type architect. In these cases, #pplication architectvould need to understand the
functions described for theype achitectand atifact developeroles already discussed in this
chapter.

The global management behavior coverthg complete lifecycle of a cloud application is
defined by means gflans Aplanis a workflow that specifies the sequencing in which individual
management operations offered by the node templates and relationship templates making up
the cloud applicatin have to be executed. The management operations available for the node
templates and relationship templates are exactly the operations defined by the type architect
when specifying the node types and relationship types of the corresponding templates.
Futthermore, a plan may include any other task required to define overall management
behavior. For example, acquiring a license for a cloud application might be realized by a plan.
This plan may use operations for acquiring licenses of each individual contpribe cloud
application. Corresponding operations may have been defined by the type architect of the node
types and relationship types of the affected templates.

A topology template and its corresponding plans are referred to collectivelpas/ee

template. A service template is the definition of the types of components that make up a cloud
application. The executables required to actually instantiate, run and manage the cloud
application are packaged with the service template int0@ARi.e. aloud Service ARchive
Typically, a CSAR is aelfitained and portable representation of a cloud application that can
be deployed and managed in an environment that supports TOSCA.
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If you hold the role of ampplication architegtwe recommend readinthe contents of Section
6.

TOSCAupports processing of service templates in two different flavors. The first, referred to as
imperative processingf a service template, requires the complete topology of a cloud

application to be explicitly defined, as well as all of its management behavior by means of plans.
The second flavor, referred to declarativeprocessingf a service templte, is based on the
assumption that it is possible to infer the management behavior of the corresponding cloud
application (e.g. how to deploy the application); this typically requires the precise definition of
the semantics of node types and relationshypes and their correct interpretation within a
TOSCanvironment

In other words: themperative processinflavor specifies preciselyow a cloud application is
structured and managed, while thieeclarative processinftavor specifiesvhat structural

elements of a cloud application are needed and what management behavior is to be realized.
While the TOSCA specification already provides hooks (such as plasC#r defining models
that encompass imperative processing of service templates, its cuigens in the first version

of the specification is on declarative processing.

As an example, you want to model a cloud application that consists of a customer database that

is managed by a relational database system that makes use of block storagepdlogyoof the

corresponding cloud application consists of three nodes Bgere56 St 2 6 0 Y (KS a/ dzad2 Y.
Yy2RSZ (KS dadé5.a{é¢ y2RS>Z IyR (GKS daée.f201{02N5¢

These three nodes are connected by two relationgaiY G KS &/ dzai2 YSNB. g2y pads.
NBflFGA2yaKALI O2yySOita GKS a4/ dzaG2YSNB. ¢ y2RS | yR
Gad.t201{02NBYF2Npads5. a{é¢ NBtlIGAZYAKALl O2yys0ia
Gae. f201{02NB¢ y2RS® CdzNIi KSNX) 2 NEB I nodes &nd ek 3 dzZNB | 2

relationships that are offered to manage the overall cloud application. In this example, the
Gae5.a{¢ Yy2RS 2FFSNA (GKS aLyadlrffoneg 2LISNIGAZ2Y
system in the environment. This explicitly defines thediogy of your cloud application.
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HGURES - TOPOLOGY OFAMPLECLOUDAPPLICATION

Note: In order to ease comprehension of the basic mechanisms behind TOSCA
we are bit lax in this section when using TOSCA terminology. For example, we
do not distinguish between node types and node templates, or relationship types
and relationship templates, respectively, but we just speak about nodes and
relationships. In the other sections of this primer, we use the precise language
established by TOSCA.

For exampl e, the pr ecite€ustoreerDR hadeotémplgty woul d be
refers tothe DBMS nodetyped et c. We will expl a
and templates in the following sections.

In case you focus on deployment and decommissighad 2 ¥ & 2 dzNJ
have to provide additional plans to the topology. This is becaus#tigel Interpreter(see

Section2.1.3 of your TOSCA container can infer how to initially deployfiaiadly

decommission the cloud application. The model as depictédguare? is sufficient for

declarative processing of the sample cloud application. For exampl&/dkel Interpretercan

(inanutshel) simply @A 3+ GS GKS (G2L1Rft238 aFNRY GKS Sl 0S4
reached it will invoke the operation distinguished as the one to use for creating an instance of

the node, and similar for the relationships.

in the differenc

Of 2dzR | LILIX A OF G

For this purpose, each node and relationshipstnsupport basic lifecycle operations such as an
operation to create and delete instances, starting and stopping instances and so on. When
initially provisioning a new instance of a cloud application,Nfuelel Interpretemwill determine

the correspondingperation of each node (or relationship, respectively, if necessary). Also, the
order in which relations have to be considered must be clear. For example, when provisioning
Ly AyadlyoS 2F (GKS alyLwt S Of 2dzR |
Gad2dl{G2Nr ISYC2NWpaes5. a{é¢ Oly 2yfe
Ad tf20GSR yR (KS Gaé&s5.a{é¢ Aa
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FHGURES - SEERVICHEMPLATE OF 3AMPLEAPPLICATIOMCLUDING BUILDPLAN

In contrast to declarativerocessing that relies onModel Interpreteravailable in the

environment, imperative processing of the cloud application extends the topology by explicitly

modeled plans that specify how to manage the cloud application. For exaRigiee6 shows

the plan that ensures the initial deployment of the cloud applicatiauch kind of plan is called

abuildplasd ¢ KAa LI Iy @gAff FANBRG LISNF2NY (GKS DSG {d2N
2LISNI GA2y 2207 {({(iRrRNBéa g/ 2(RSd bSEGlST GKS aLyaidlftf 5. a
2LISNF A2y 2F (KS @aéb5.a{é¢ y2RSI GKS a!ddlr oK {d21
2LISNF A2y 2F (GKS dqaeée.ft201{02NByC2Nlpaes5. a{é NBfI
howt2 &S dzlJ 0KS SY@ANRBYYSyYy(d F2NJ &82dzNJ G/ dzad 2 YSNEB .
Section2.1.3), that the implementation artifacts of these operations will be deployed before by

the Deployment Manager dhe TOSCA container, i.e. they are available in your environment

and can be bound to the tasks of the plan during deployment of the plan itself.

Typically, the topology will be same whether it is procedegukratively or declaratively. But

the flavor of declarative processing of a service template may get more advanced making

modeling of cloud applications even easier. As describe before, declarative processing infers

plans for provisioning and decommissing of instances of the specified topologies. More

advanced declarative processing may be based on nodes of the topology that simply declare

NEBIljdZA NSYSyia 2y GKSANI aR2gyaidNBFYe (2LRt238d LY
been made available tha&pecify their capabilities, allowing the Model Interpreter of the

environment to match requirements and capabilities. As a result, topology models including

NEBIljdZA NSYSyida FyR OO2XIMASASRSE gAft 0SS al dzi2
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For example, the modified topology ofyocloud application may specify just two nodes (see

Figure7> f ST &AARS0OY (GKS a/ dzad2YSNB. ¢ y2RS |yR GKS
figure. The environment may be aware of a node that explicitly declares a matzpadility.

Ay GKS FTAIANB (GKS a.t201{02NBé¢ y2RS Aa aKz2¢ 0GKI
(and that has been defined to correspondicK S ¢ . £t 201 { 12 NI ASYbSSRSRé NBIj
Model Interpreterof a TOSCA environment will then match the requirement and the capability.

Thus, it will automatically extend the specified topology accordingly: the topology on the right

side ofFigure? results. Furthermore, it will infer the corresponding build and decommissioning

plans as sketched before.
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HGUREY - SERVICHEMPLATE THAVIAKESJSE OFREQUIREMENTS ANEAPABILITIES

Declaratve processing of service templates that supports derivation and the addition of plans

requires a very crisp and precise specification of node types and relationship types by type

architects. Also, type architects must follow certain conventions. For examptle types must

provide a lifecycle interface that encompasses operations for starting, stopping, etc. instances of

the node type. Relationship types must define the order in which their sources and targets must

be manipulated. The orderinwhichrety a KA LJ G LJS&a KI @S (G2 06S 02y aARS
I LXFy Ydzad 68 RSTFAYSRT T2NJ SEFYLX ST GKS NBfFGAz
2T G0KS NBfFdA2yaKALI Ge LIS a/ 2opyphidnfaatutesfdr Ly 2 NRSNJ
topologies the typearchitect must specify requirements and capabilities as well as their

matching.

The declarative approach puts much more burden on the type architect, while the imperative
approach puts much more burden on the application architect. In practice, morelegroloud
applications will be modeled by a combination of both modeling approaches. For example, while
the behavior for initial deployment and decommissioning may be inferred in many cases from
the topology of a cloud application, plans for granting asaéghts and establishing security

policies can typically not be inferred, i.e. they have to be modeled explicitly. Similarly, defining
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precedence rules for relationship types might get complex when the number of such types
increase, and a TOS€Avironmenm (Section2.1.3 may not automatically support all such
predefined relationship types and the preference rules. In any case, the imperative approach
will work because the application architect precisely indsube TOSCénvironmenthow to
manage a cloud application (including initial deployment and decommissionafgourse,
interoperability can only be achieved if the plans specified by the application architect only
make ug of operations defined as paf the associated topology, and no operations are used
that are proprietary to a specific environment.
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Thetype architects an expert for the types of components required by applications as well as
the variots types of connections between these components. By defining such components (i.e.
TOSCAlode Typesand connections (i.e. TOSR@lationship Typégshe type architect enables

an application architect to specify the topology of a cloud application.

Furthermore, thetype architectspecifies types of requirements and capabilities. Such
requirement types and capability types are the basis for defining requirements and capabilities
of individual node types. In turn, requirements and capabilities of node tgpsess the correct
specification of cloud applications, thus, supporting application architects: for example,
graphical modeling tools may check the validity of relationship types used to connect two node
templates; or a tool may suggest node types thatrba connected to an already chosen node
type; or an environment may bind node types to a node of a topology the requirements of
which have not been fulfilled yet.

Finally, thetype architectdefines the interfaces of a node type, as well as the sountegfaces

and target interfaces of relationship types. This is a perquisite for defining all management
behavior by application architects: the declarative flavor of processing service templates
depends on the existence of certain lifecycle operationgforisioning and decommissioning,
and the imperative flavor depends on proper interfaces by binding tasks of management plans
to the operations of these interfaces.

A vendor of components thahould become the basis for cloud applications will typically

render these components as TOSU#e Types-or example, a vendor that wants to offer their

database management system and web server as components to be used by their customers to
buildcloudr LILX A Ol GA2ya sAff RSTAYS O2NNBaLRyRAy3d y2RS
Gae2So{ SNIOSNE y2RS (eLlSs NBaLISOUGAGBSt&ud CdzNI KS N
corresponding relationship type representing the ability to connect their database mareage

4830GSY FYR GKSANI 656 aSNUSN® C2NJ SEIF YL S GKS «a
relationship type supports enables the construction of a connection between the DBMS and the

web server of the vendor, as well as later destroying an existing connectd®tammissioning

time.

0y

hFiSy>S RAFTFSNBYy(G OSYR2NB 2FFSNI LINPRdzOG&a 2F (GKS 2
GOSYR2NI ¢ YIe 2FFSNII 6S06 aSNBSNX . 20K LINRRdAzOU 2
specific operations or properties; thus, twiifferent vendor specific node types will result (e.g.

0KS a-2So0{SNBSNE YR (KS a,2So0{SNIUBSNE¥ y2RS (&L)S:

GeLmAOorftte KIF@S | f20 2 ‘FSeMNﬁM@WFMdrM(ﬁﬁ]e t A S LINE LX
lifecycle interface;K dza = | O02YY2y y2RS (el a2So{SNBSNE Oly
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commonalities of all web servers of the different vendors. The vendor specific node types
G-2SO0{SNBSNE YR d,2So{SNBSNE gAftf GKSYy AYyKSNAI
whichwilloi @8 RSTAYS @SYyR2NJ alLISOATAOA 2y (2L 2F GKS «a

The followingNodeType element defines th&ApacheWebServémnode type. 1 inherits from
the WebServed node type as specified in the nestBdrivedFrom element. The Apache
specift properties are defined in theropertiesDefinition element; these properties will
typically add new properties compared to the inherid¥ebServet properties but it may also
override definitions specified for thdVebServed node type. Th@éApacheWebSwere defines
two capabilities defined by separa@apabilityDefinition elements. The first capability
specifies that aiApacheWebServémodemay contain any number of Welpplicationnodes
(@asA YRAOI GSR 0@ (oiesBoudd atulihite and K S2 & dzf & Sdzy RSR¢ @I t dzS
upperBound attribute of the correspondin@apabilityDefinition element). Similarly, the
second capability specifies that @ApacheWebServemay contain any number of modules.
Finally, thedApacheWebServédefines a single ietface, which is the lifecycle interface (see
below).

<NodeType name=" ApacheWebServer ">
<documentation>Apache Web Server</documentation>
<DerivedFrom typeRef="ns1:WebServer"/>
<PropertiesDefinition element="tns:ApacheWebServerProperties"/>
<CapabilityDefinitions>
<CapabilityDefinition
capabilityType="tns:ApacheWebApplicationContainerCapability"
<CapabilityDefinition
capabilityType="tns:ApacheModuleC ontainerCapability"
lowerBound="0" name="modules" upperBound="unbounded"/>
</CapabilityDefinitions>
<Interfaces>
<Interface name="http:// www.example.com/ interfaces/lifecycle">
<Operation name="install"/>
<Operation na  me="configure"/>
<Operation name="start"/>
<Operation name="stop"/>
<Operation name="uninstall"/>
</Interface>
</Interfaces>
</NodeType>

The lifecycle interface is defined by the followingrfa ce element. Note, that this definition

is nonnormative. The lifecycle interface defines five operations:dhstalk operation will be
invoked to install (and, thus, instantiate) an instance of the node type containing this interface.
Configuration ofhe instance is achieved by invoking tieenfiguret operation. Starting and
stopping an instance is done by means of ébirt and éstopé operatiors. Decommissioning is
achieved by invoking th@ninstalE operation.

<Interface name="http:// www.example. com/ interfaces/lifecycle">
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<Operation name="install"/>
<Operation name="configure"/>
<Operation name="start"/>
<Operation name="stop"/>
<Operation name="uninstall"/>

</Interface>

Note: These lifecycle operations are defined without any input or output

parameters. This means that each | ifecycle operat

that can be achieved by it, i.e. the name of a lifecycle operation indicates its

semantics. It is expected that every implementation of a lifecycle operation of a

particular name understands this semantics and faithfully realizes it. For
example, an implementation of the start operation of a web server will start the
web server (and not stop it).

Different implementations of an operation of a particular name mayeekglifferent input
parameters and may produce different output parameters. For example, the configure
2LISNI GA2y dzaSR o6& | 5.a{ y2RS {(eLJS ogAff
operation of a web server. It is expected that the user of acoete implementation of a given
operation understands which parameters are to be exchanged. The knowledge of the actual
parameters exchanged may come from various sources, e.g. via documentation that comes with

the implementation.

The actual implementédns of the operations of BodeType are specified by a node type

implementation (i.e.

by alodeTypelmplementation element) provided for each node type.

The concrete executable of an operation of a node type is defined by a corresponding

ImplementationArti

fact element of the node type implementation, which in turn

references arArtifactTemplate element. This artifact template points to the executable
implementing the operation for the node type. More details about these relations are given in
Sectiord; for a quick overview on these relations degure8.

Implementation

Definition of
Executable

<NodeType name="ApacheWebServer">

<Interface name=".../lifecycle">
<Operation name=

<NodeTypelmplementation name="ApacheWebServerimplementation”
<ImplemenationArtifact/

Information artifactRef="42"

operationName="install">

<ArtifactTemplate id="42" ...>

"install"/>

7

0

<ArtifactReference ... points to executable >

HGUREB ¢ DEFININANTERFACES ANBIEIRIMPLEMENTATIONSRPARTICULARIODETYPES

Note: Node Types may define additional interfaces that provide operations that
go beyond lifecycle capabilities. For example, a DBMS node type may define an

toscaprimer-v1.0-cndQL
Non-Standards Track

31 January013
Copyright © OASISpen2013. All Rights Reserved. Page27 of 84

NEB |j dzA NB



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

interface that supports the management of data stored by the DBMS; such an
interface may include operations for backup and restore tables, creating and
dropping indexes and so on.

The following relationship type defines the ability to establish a connection to a SQL database.
This relationship type inherits from tl€onnectsTérelationshp type as specified in the

nested DerivedFrom element. The database connection can be established between any node
type that requires a connection to a SQL database and any node type that provides the
capability of being an SQL database: WaéidSource  element defines possible source node
types (by means of a corresponding requirement type) andvidielTarget  element defines

the potential target node types (by means of a correspondiagabilit  yDefinition type).
ThedMlySQLDatabaseConnectéomelationshiptype also defines operations that can be used to
act on the source of the relationship: ti8®urcelnterface element specifies the

GXk/ 2yySOGacz2é donhacSaldpdradd®. o A G K (KS

<RelationshipType name=" MySQLDatabaseConnection ">
<documentati on>Connects on</documentation>
<DerivedFrom typeRef="ns1:ConnectsTo"/>
<Sourcelnterfaces>
<Interface name="http:// www.example.com/ ToscaBaseTypes/ConnectsTo">
<Operation name="connectTo"/>
</Interface>
</Sourcelnterfaces>
<ValidSource typeRef="tns:MySQLDatabaseEndpointRequirement"/>
<ValidTarget typeRef="tns:MySQLDatabaseEndpointCapability"/>
</RelationshipType>

The use of inheritance is walktablished and proven as very useful. To support indieci in
TOSCA, each language element that allows defining types (i.e. node types, relationship types,
artifact types, requirement types, and capability types) has a nestededFrom element

that allows supporting super types. In a Rparmative manner, kerarchies for all these types
have been defined in order to achieve interoperability between TOSCA environrRénis=9
(below) sketches these hierarchies.

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Page28of 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

Root Node Type

Tier
/ \ | Relationship Type Hierarchy

Root Relationship Type

Hosted On Connects To
Single Node Tier Scalable Tier { e )
: Root Root Capability Type ;

Node Type Hierarchy ! Requirement Type |

" i Container ! Container Capability :
: Root Artifact Type | Requirement
| Requirement Operating System
i Script Artifact OS Package Artifact | Type Hierarchy : Container Capability
Artifact Type Hierarchy e 1 Capability Type Hierarchy

FIGURED ¢ NODE ARTIFACTRELATIONSH|ARREQUIREMENTS ANEAPABILITIESYPEHIERARCHIES

CKS F2ft26Ay3 a! LI OKS2 So{ SNUSNE y2RS (&L AYKSNI
defined by means of BerivedFrom St SYSy i A GK GKS @Ffdz2S a2 So{ SNBS
typeRef attribute.

<NodeType name="ApacheWebServer">
<DerivedFrom typeRef="ns1:WebServer"/>

:/NodeType>

¢KS d2So0{SNBSNE y2RS GelL)lS Ay (Gd2NYy AYyKSNARAGa FNRY
G! LI OKS2 So{ SNIISNE y2RS (el AyKSNARAGa FTNRBY {(KS a:
GIHLOKS2 S6{ SNIBSNE y2RS (eL)S KIa 020Kz | a{2Fis6l NB
G2So0! LI AOFGA2Y/ 2y il AYSNI LI oAfAGEE 06SOFdzasS GKA
RSTAYSR 6AGK GKS &2 So6{ SNIS NReqyrénBnDefifiten,)S o6& O2 NNB
and CapabilityDefinition elements.

Ay O\

<NodeType name="WebServer">
<documentation>Web Server</documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>
<RequirementDefinitions>
<RequirementDefinition lowerBound="1" name="container"
requirementType="tns:SoftwareContainerRequirement" upperBound="1"/>
</RequirementDefinitions>
<CapabilityDefinitions>
<CapabilityDefinition
capabilityType="tns:WebApplicationContainerCapability"
lowerBound="0" name="webapps" u pperBound="unbounded"/>
</CapabilityDefinitions>
</NodeType>

The next two code snippets show inheritance between relationship types (via the
RelationshipType St SYSy o ®d ¢KS dae{v[5FGFolFaS/2yySOiGA2ys
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FNRY GKS a&/laiofship Ppeavbiehdn tuNinherits from the
Gw22iwStFiA2yaKALIC@LISE NBfFGA2YyaKAL (&8L)sSo

<RelationshipType name="MySQLDatabaseConnection">
<DerivedFrom typeRef="ns1:ConnectsTo"/>

!/RelationshipType>

| SNB Aa (KS RSTAW2A&0 ANB/T 20FA 20yK3SK AGLO 20y&y133Mi &

<RelationshipType name="ConnectsTo">
<documentation>ConnectsTo</documentation>
<DerivedFrom typeRef="tns:RootRelationshipType"/>
<ValidSource typeRef="tns:EndpointRequirement"/>
<ValidTarget typeRef="tns:EndpointC apability"/>
</RelationshipType>

The next section will show examples of the use of inheritance for both, requirement types and
capability types. Sectiof.1 gives examples of inheritance between artifact types

In TOSCA, requirements and capabilities allow to define dependencies between node types. For
SEFYLX S GKS F2tt26Ay3 &! LI OKS2So0! LILX AOFGA2Yy/ 2y
express the capabii of a node type to serve as a runtime container for an Apache web
application; note, that the capability type inherits from the

G2So! LI AOFGA2Y/ 2y Gl AYSNI FLIOoAfAGERED 9 OK y2RS |
CapabilityDefinition 2F (GKA& GeLlsS ol a¢ 1KBR I ! RS KBS 7
warrants that it can serve as a container for Apache web applications.

<CapabilityType name="  ApacheWebApplicationContainerCapability ">
<documentation>Apache Web Application
Container Capability</documentati on>

<DerivedFrom typeRef="ns1:WebApplicationContainerCapability"/>
</CapabilityType>

Ly OFasS 2F (KS a! L) OKS2So{ SNOWSNE y2RS (&L YSyir
GKS 3ISYSNRO G2S06! LI AOF(A2Yy/ 2YyidATENENIDE BB & & ¢
ALISOATeAYyd GKS &ALISOAFTATSR a! LI OKS2So! LILX AOI GA 2y
container capabilities to Apache web applications only, meaning that general web applications

may not necessarily run on instances of the nodeety

<NodeType name=" ApacheWebServer ">
<DerivedFrom typeRef="ns1:WebServer"/>

<CapabilityDefinitions>
<CapabilityDefinition
capabilityType="tns:ApacheWebApplicationContainerCapability"
lowerBound="0" name="  webapps" up perBound="unbounded"/>

<ICapabilityDefinitions>
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</|\'l-c.)deType>

¢CKS - a[ ayALIWISid Fro020S aKz2ga 0GKS NBFAYSYSyd 27F (¢
G2 So0{SNIISNE y2RS G(GeLlSeod ¢KS OFLIoAfAGE GeLlsS Aa NI
G! LI OKISRISKE AOF GA2Yy/ 2y GFAYSNI LI oAftAGEE (eLIS GKAOK
OF LI oAfAGe (eSS a2S8So6! LI AOFGA2Y/ 2y Gl AYSNI I LI 60Af )

When associating a node type with other node types (i.e. establishing relationship between
them) eachrequirementof the soure of these associations should be matched logjpabilityof

one target of one of the associations. This way, requirements and capabilities support fulfillment
of dependencies and help to ensure correctness of the topology of cloud applications. Note, that
requirements and capabilities are not intended to express qualityervices (like availability
classes, etc.). Such nfumctional properties should be expressed by means of policies (which

are currently beyond the scope of this document).

¢tKS yBEU[GBRGIOI aSOYRLRAY(GIWSIjdANBYSYy(ié NBIdA NBYS)
certain node type requires a database endpoint that provides features of an SQL database

system. It inherits from the general requirement for database features. Note, that the

requirement type explicitly specifies by which capability type it can be satisfied by means of the
requiredCapability Type attribute: this attribute refers to the satisfyinQapabilityType

<RequirementType name=" MySQLDatabaseEndpointRequirement
requiredCapability Type="tns:MySQLDatabaseEndpointCapability">
<documentation>MySQL Database Endpoint Requirement</documentation>
<DerivedFrom typeRef="ns1:DatabaseEndpointRequirement"/>
</RequirementType>

The followingCapability Type definition satisfies the formeRequirementType

<CapabilityType name=" MySQLDatabaseEndpointCapability ">
<documentation>MySQL Database Endpoint Capability</documentation>
<DerivedFrom typeRef="ns1:DatabaseEndpointCapability"/>

</CapabilityType>

Remark: The semantics of requirement types and capability types are
documented together with their formal XML definition. It is assumed that type
architects understand this semantics when claiming capabilities of the node types
they define; similarly, artifact developers will have to choose appropriate
implementations to ensure the warrants made by a type architect about the node
type they implement.

Typically, requirement types and capability types are very generic in nature. Thus, it is expected
that only fewtype architects will have to define their own requirement types and capability

types but that independent groups like vendor consortia or standardization bodies will define
these types.
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It is assumed that for popular applicationrdains all types necessary to define cloud
applications in such a domain will be defined by interest groups, consortia, or standardization
bodies, for example. Thus, it will often be the case that the types you need will have already
been defined and you cause them immediately.

In other cases, you will have to define the necessary types. For example, if you are a vendor of
complex applications it is likely that not all types you need to model your application are already
defined by others. Or if you wait build cloud applications based on rarely used components,
the types required for these components (i.e. node types, requirement types, or capability
types) as well the relationship types used to connect your newly defined node types with other
node types must be defined by yourself.

The TOSCBefinitions element has aargetNamespace attribute. As usual, this allows to
scope names of definitions for two main purposes:

1. Avoiding name clashes, and
2. Reusing existing dimitions by referring to them by name in their namespace.

In order to define new elements in a particular namespace you creBefiaitionsdocument,

set the value of itsargetNamespace  attribute to this particular value and, then, you specify
the newelements in thiDefinitions element. For example, iRigurel0- MakingUse of
Import€ = G KS &aSNWAOS (DsfiviiidghstodusienRsBotva iy itntokhyg G K S
namespace set by theefinitions element.

Note: that selective TOSCA language elements like service templates, node
type, and others, have their own targetNamespace attribute to support local
specification of namespaces for the names of these elements, but this is an
advanced usage that we will not discuss in this document.

TheDefinitionsdocument is then stored somewhere. Typically, it will be made available via a
dereferencable URI. This URI is then used as value afctiton  attribute of animport
element. A TOSQ#ocessowill then make althe definitions of the imported document
available in scope of the importiriefinitionsdocument. This way, the TOS@#ort element
supports reuse of definitions.

Note: Not only can TOSCA Definitions documents be imported in this manner,
but also any other types of definitions can be imported via the same mechanism.
To ease processing of imported documents, the Import element has an
importType attribute the value of which indicates the kind of information
imported (e.g. an XML schema document, a BPMN document, along with a
TOSCA Definitions document).
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<Definitions name="myTemplate” T
targetNamespace="myNamespace”>

Your Own Types

<Import ... Iocat'ion=.../>0———‘/

<Import ... Iocation=.../\

<Import ... location=.../

<Import ... Iocation=.../>\

<ServiceTemplate...>

</Definition> 7

HGURELO - MAKINGUSE ORMPORTS

Domain-Specific
Types

Domain-Independent
Types

In FigurelO, the Definitionsdocument imports types that have been already defined in the own
namespace of theDefinitionsdocument. This way, TOSCA supports a modular approach to
define service templates: different kinds of types may be specified in diff@efibitions
documents. For example, node types of your application will be defined in a diffégoeument
than the capability types of your application. This allows type architects with different focus to
define their ownDefinitiondocuments and make them available for import into other
Definitionsdocument. The figure also indicates that all ebts newly defined in th®efinitions
document shown will be in the same namespace that contains the own type definitions.

Similarly, the document imports two documents that contain definitions that are domain
specific (for example, node types and redaiship types that are useful for web applications) as

well as definitions thatare domaih Y RS LISY RSy i 6 F2NJ SEIF YLX ST + &a{ SND

(OperatingSystegn Yy 2 RS (i & LIS 0 dspecHididefibitionskaril thR @oidink v
independent definitions havbeen defined by other groups like interest groups, industry
consortia, standrdization bodies, or vendors.

Finally, not only types can be defined in particular namespaces and be made available in

separate files but also node type implementations andtreteship implementations. This allows

a vendor to make use of types defined elsewhere to provide the implementations of these types
oldaSR 2y GKSANI LINPRdzOGad C2NJ SEFYLX S5 a@SyR2NJ
RSTFAYAGAZ2Y A RBO\EYSEY V 2RENJGEBHE A YR SYSyll GdA2y o8
O2ydFAyAy3a (GKS a5.a{é¢ y2RS (el FyR FRRAYy3 G(GKS
corresponding node type implementation.

Remark: This section describes an advanced feature of TOSCA; thus, you may
choose to skip this section at a first pass through the document. When you need
to express more complex applications using TOSCA as composable service
templates, you may want to return here to understand this concept.
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Often, not only individual types can be reused but complete topologies are meaningful in many

situations. For example, in most cases a Web server requires persistency by means of an SQL

Daabase system; the connection between the corresponding two node types is achieved via an
appropriate relationship type. TOSCA supports to model a corresponding service template and

turn this service template into a substitutable for a node type. Thishgesed by means of the
BoundaryDefinitions element: This element contains nested elements that can refer to the
O2yaidiAaiddsSyOrsSa o60ftA1S y2RS GSYLX I GidSa SGO0d0 2F (K
RSTAYAGAZ2Ya G2 (GKS osFEPRICKBE DT eEK S KES MIBNDI OBS Y
I y2RS (G28L)S¢ FtyR OFly 06S dzaSR | a &adzOK Ay | y2idKSNJ
In the following code snippet, thBoundaryDefinitions element defines the properties of

the service template rendered as a node type: eatthese properties is defined by a mapping

prescription of properties of node templates or relationship templates of making up the

topology of the service template. Similarly, individual operations of nodes can be referenced to

be visible as operations ttie service template rendered as node type.

<ServiceTemplate  name="\WebApplnfrastructure ">

<BoundaryDefinitions>
<Properties>
<PropertyMappings>
<PropertyMapping .../>
</Properties>

<Interfaces>
<Interface name=...>
<Operation name=...>
<NodeOperation nodeRef=...
interfaceName-=...
operationName=.../>
</Operation>
</Interface>
</Interfaces>
</Bou ndaryDefinitions>

</ServiceTemplate>

AnodeypesY @8 6S RSTAYSR | a | 06&ad N Quibtra@ & attdib8ta. AA y3 (G KS
node template that is defined based on an abstract node type cannot be instantiated. Thus, in
order to be able to instantiate a node template, its node type must be concrete.

One way to turn an abstract node type into a node type that can be used as the basis for an
instantiatable node template is to define another node type that is derived ttomabstract

node type and that is not an abstract node type. This way, abstract node types define common
knowledge or best practices about the component services that make up cloud applications and
that would need to be refined by more concrete definitg

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Page34of 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

One way abstract node types can be made concrete is by substituting them by a service
template that has been defined as being a substitute for another node type by proper boundary
definitions.

A node type can be substituted by a service template. For this purpose, a service template must

be turned into a substituting (or composable) service template by defining a

BoundaryDefinitions element for it (see sectiofd.6.1). Figurell depicts a service template

a{¢é¢ GKIFG SELIRaSa aStSOGADBS LINBLISNIASAES 2LISNI (A:
ingredients to the outside. This is done by correspondingibany definitions like

PropertyMappings  for defining the properties visible at the boundary of the service template

a { ¢ éNadeGpdxalion elements for exposing operations of interfaces available at the

02dzy RI NB 2F a{¢é¢d

Pre

—

~

HGUREL1 - SERVICHEMPLATEUBSTITUTING WODETYPE

{ SNBAOS GSYLX I GS a{¢é YIe& adzadAaiddziS y2RS GeL)S ¢
RSTFAYAYy3 StSYSyda 2F abéy Fff LINRPLISNIASES 2LISNI |
SEFIOlfebédaw2882P YTl &A & LISNELISOGADGSS abé yR a{c¢é |
GSYLX FGS a{¢cé¢ YIe& &adoadAiddziS y2RS (8L dabéd 93&LX

substituted by a service template that matches all the characteristics of the abstractyele
To ease the matchmaking of a service template and a node typgdiviceTemplate

element may explicitly set itsubstitutableNodeType attribute to the name of the node
type it can substitute.
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As dscussed before, thartifact developeis an expert in code artifacts: he is in charge of

providing the installables and executables required to instantiate and manage a cloud

application. The upper half éfigurel2 depicts the definitions aartifact developehas to

LIN2E BARS AY 2NRSNJ) (2 RSEAGSNI Y AYLESYSyiGlidAazy 213
also shows how these definitions relate to each other.

<element name="ScriptArtifactProperties"> /TOSCA-Metadata
/Definitions
PropertiesDefinition
/Types  CSAR
<ArtifactType name="ScriptArtifact"> > /Scripts
/Files
IsOfType ReferencesScript
<ArtifactTemplate id="...“ type="ScriptArtifact"> :- _Ar_ti;a:t_ :
1 | Developer !

OperationimplementedBy

<NodeTypelmplementation name="ApacheWebServerimplementation”
... ImplemenationArtifact/@operationName="configure">

ProvidesExecutablesFor

<NodeType name="ApacheWebServer"> Type |

Architect !
IsDerivedFN ey 1

<NodeType name="WebServer"> <Interface name="...lifecycle">

HGUREL2 - KEYDEFINITONS FOR OSCAARTIFACTS AND THIRBLATIONSHIPS

ATOSCArtifact Typerepresents the kind of an installable or the kind of an executable. For
example, whether the installable is an image or zip file, or the executable is a saipE&kE
component.

In order to define the installables and executables required to provision and manage a cloud
application, the artifact developer needs to define (or make use of already existing) artifact
types. Artifact types are independent of any fiaular application domain and define the kind of
artifacts, e.g. that a particular artifact is a script or is an EJB. Artifact types also define the
properties of artifact types. These properties are assumed to be invariant, i.e. an artifact
implementatian that is based on an artifact type specifies values for the properties that are
independent from the concrete use of the artifact implementation. When an artifact
implementation is actually used in an implementation artifact or a deployment artifact,
addtional individual variant information can be added to the invariant data in the artifact
specific content field of the corresponding implementation artifact or deployment artifact.
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The following(non-normative)ScriptArtifactProperties element describeshe invariant
metadata of an implementation artifacts or a deployment artifact that is a script: a script
(according to theScriptArtifactProperties elemenf) always hasi ripttanguage and a
G timaryripte St SYSy i a

<xs:element name="  ScriptArtifactPrope rties >
<xs:complexType>
<xs:complexContent>
<xs:extension base="tScriptArtifactProperties"/>
</xs:complexContent>
</xs:complexType>
</xs:element>

<xs:complexType name=" tScriptArtifactProperties ">
<xs:complexContent>
<xs:extension bas e="tExtensibleElements">
<xs:.sequence>
<xs:element name="ScriptLanguage" type="xs:anyURI"/>
<xs:element name="PrimaryScript" type="xs:string"/>
</xs:sequence>
<Ixs:extension>
<Ixs:complexContent>
</xs:complexType>

TheScriptArtifac tProperties element isreferenced withinthe followingdScriptArtifacé
ArtifactType as part of thePropertiesDefinition elemenQe&lement attribute. This
artifact type is derived from théRootArtifactTypé representing the common definitional items
of al artifact types in our sample domain.

<ArtifactType name=" ScriptArtifact ">
<documentation>Script Artifact</documentation>
<DerivedFrom typeRef="RootArtifactType"/>
<PropertiesDefinition element="ScriptArtifactProperties"/>
</ArtifactType>

ATOSCArtifact Templataepresents a concrete executable or installable. It provides actual
properties of the installable or executable (like the language of a script) and a reference where
to find the executable or the inallable (like a link into a CSAR).

An ArtifactTemplate is based (by means of ifge attribute) on an artifact type from

which it gets the kind of properties the values of which have to be specified for the concrete
executable or installable in irope rties element. The concrete executable or installable
itself is referenced in itartifactReference element: typically, the reference will be to an
object of the CSAR containing theifact template itself, or via a dereferencable URL pointing
to the locdion where the artifact can be downloaded.

The followingArtifactTemplate specifies the information about théconfigure.sk§ script.
The properties of this script say that it is a shell script (vid#h@alue of the
ScriptLanguage  element), and thatts primary script is
oscripts/ApacheWebServer/configuressfvia thePrimaryScript ~ element). Theeference
attribute of the ArtifactReference element points to thescripts/ApacheWebServer
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directory of the CSAR including the artifact template; path exgioes are always interpreted as
starting from the CSAR as the root of the directory tree. [Tfwtude element nested in the
ArtifactReference element,specifies that the artifact template consists of exgatile
aconfigure.sk script of that directory.

<ArtifactTemplate id=" 314+
type="ns1:ScriptArtifact">
<Properties>
<nsl:ScriptArtifactProperties
xmlIns:ns1="http://www.example.com/ToscaBaseTypes"
xmIns="http://www.example.com/ToscaBaseTypes">
<Scrip tLanguage> sh</ScriptLanguage>
<PrimaryScript>  scripts/ApacheWebServer/configure.sh </PrimaryScript>
</nsl:ScriptArtifactProperties>
</Properties>
<ArtifactReferences>
<ArtifactReference reference="scripts/ApacheWebServer">
<Include pattern=" configure.sh ">
</ArtifactReference>
</ArtifactReferences>
</ArtifactTemplate>

Let us take a look at the pseudode for a different TOSQxtifact Templatelisted below). It is
an artifact template that consists oftwo dcLJi &8> G KS aO02yy SOi¢25F Gl ol aSaa

GNHzy { Af SydLyadltt 0akeé AONALII® .20K aONRLIGA F NB
Scripttanguage St SYSY G0 IyR GKS a02yySOic¢25FGFo6lFaSpaKé
(specified in thePrimaryScript  eleY Sy 4o T FyR G4KS daNHzy{ Af SyidGLy&adaGlhtft
G$O02yyS80G¢25F0ForaSoak AONARLIGE dzy RSNI OSNIF Ay O2yF§

of the corresponding script to understand those conditions). AtiéactReference
elementpoints2 (G KS GaONRLIidkaé{v[5FiGlolasS/2yySOiArzyé¢ R
itsreference | GGNAROdzi S0 FyR aStSoOta (GKS aO2yySoic :
GNHzy { Af SydLyadlrff oakKé &ONRLIG McNd Yeldmirts)i RA N

<Art ifactTemplate id=" 271"
type="ns1:ScriptArtifact">
<Properties>
<nsl:ScriptArtifactProperties
xmlns:ns1="http://www.exemple.com/ToscaBaseTypes"
xmlns="http://www.example.com/ToscaBaseTypes">
<ScriptLangua ge>sh</ScriptLanguage>
<PrimaryScript>scripts/MySQLDatabaseConnection/connectToDatabase.sh
</PrimaryScript>
</ns1:ScriptArtifactProperties>
</Properties>
<ArtifactReferences>
<ArtifactReference reference="scripts/MySQLDataba seConnection">

<Include pattern=" connectToDatabase.sh ">
<Include pattern=" runSilentinstall.sh ">
</ArtifactReference>

</ArtifactReferences>
</ArtifactTemplate>
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ATOSCAode Type Implementatianr Relatonship Type Implementatiqrovided the

executables of the operations of the interfaces of the corresponding node or relationshig type
respectively, as well as the required installables. The executables of the operations are defined
aslmplementation Atifacts, and the installables are defined Bgployment Artifactsa node

type implementation (or relationship type implementation) bundles these artifacts into a single
unit.

The followingNodeTypelmplementation bundles thelmplementationArtifacts for all

the operations of tha¥ApacheWebServénode type(as referenced by itsodeType attribute)
andalsoprovidesareference to arinstallable Ay G KA & O aspartlofts ah{t I O1 F 3S¢
DeploymentArtifact . For eachoperation that appears in the referencesbdeType Q &

Interface  element, the correspondinyodeTypelmplementation must povidea matching
ImplementationArtifact element.{ LISOA FA Ol f f & DperatibnO KasyhanieS (& LISQa
FGGNROdziS YR GKAA GONROdzGESQa O f dzS KSf LA dza f z
Implem entationArtifact which will have amperationName attribute with the same

value. Once we locate the matchiigplementationArtifact via this method, we can use

I NJi A aftifadiR2fQ & andartifactType attributes to locate the actual executables.

In the sanple codebelow, eachimplementationArtifact provides executablefor the

lifecycle interface of théApacheWebServénode typeé S®3d Ay adGl ft ¢ aO2y FTAAc
Gad2Lyx | yR BYMWR GH T fLEVLIE S Y Sogrifiguné opgesation@isA FI OG0  F 2 NJ
indicated by itoperationName  attribute), we see that itsecutableis identified ty the

artifactRef ~ attributeQ & t @zS¢é a o khk OK Y lAfifet&Snglated 2 Ydefined

elsewhere)that has arid attribute £ 22 ¢ A (G K {0 KnBArti@dtTe dz&plateo mn € ®

referencedby itsid , in this case, would providée details about dconfigure.sk shell script
whichimplementthe éconfigure operation

Note: Although the values for the artifactRef of the
NodeTypelmplemention  and the id of the ArtifactTemplate are simple
numbers in our examples, in actual practice these would be UUIDs to prevent
collisions of artifact references when composing and publishing service
templates for real world consumption.

Finally, theDeploymentArtifact element of the node typenplementation refers to the
FNOATFEFEOG GSYLIXFGS 6AGK ARSYUGATFTASNI GHOoOE d® ¢KS NBF
as indicated by the value of itgtifactType attribute.

<NodeTypelmplementation name="  ApacheWebServerimplementation
nodeType="tns:ApacheWebServer">
<ImplementationArtifacts>
<ImplementationArtifact
artifactRef="11"
artifactType="ns1:ScriptArtifact"
interfaceName="http://www.example.com/interfaces/lifecycle"
operationName="install ">
<ImplementationArtifact
artifactRef="314"
artifactType="ns1:ScriptArtifact"
interfaceName="http://www.example.com/interfaces/lifecycle"
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operationName=" configure ">
<ImplementationArtifact
artifactRef="13"
artifactType="ns1:ScriptArtifact"
interfaceName="http://www.example.com/interfaces/lifecycle"
operationName=" Start "
<ImplementationArtifact
artifactRef="17"
artifactType="ns1:ScriptA rtifact”
interfaceName="http://www.example.com/interfaces/lifecycle"
operationName=" Stop "/>
<ImplementationArtifact
artifactRef="19"
artifactType="ns1:ScriptArtifact"
interfaceName="http://www.example.com/inte rfaces/lifecycle"
operationName="uninstall ">
</ImplementationArtifacts>
<DeploymentArtifacts>
<DeploymentArtifact
artifactRef=" 23"

artifactType="ns1: OsPackageArtifact
name="http - packages"/>
</Deployment Artifacts>
</NodeTypelmplementation>

Relationship types may have interfaces defined too: namely interfaces that can act on the
source of the relationship or on the target of the relationship. Thus, relationship types with
interfaces must be realized lmprrespondingRelationShipType  elements.

The followingRelationshipTypelmplementation elementprovides the implementation

artifact for thedconnectTa@ operation of thedConnectsTéinterface of the
oMySQLDatabaseConnectiomelationship type. The correspding

ImplementationArtifact element refers to the artifact template with referencedentifier

(i.e. theartifactRef ~ attribute)ofd H T Mé @ ¢ KA & F NOUAFI OGO GSYLX FGS 0 dzy
implementing the ability to connect to a particular database (see before)

<RelationshipTypelmplementation
name="MySQLDatabaseConnectionImplementation
relationshipType="tns:MySQLDatabaseConnection">
<ImplementationArtifacts>
<ImplementationArtifact
artifactRef="271"
artifactType= "ns1:ScriptArtifact”
interfaceName="http://www.example.com/ToscaBaseTypes/ConnectsTo"
operationName="connectTo"/>
</ImplementationArtifacts>
</RelationshipTypelmplementation>

Implementtion artifacts or deployment artifacts may depend on specific features they assume
to be available in an environment they are deployed in. For example, the executable of an
implementation artifact may make use of specific APIs in order to realize thatopert is
associated with. Such dependencies can be expressed by a set of

RequiredContainerFeature elements. Each such element denotes an individual
requirement by means of a URI. An environment that processes a service template uses these

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Page40o0f 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

features to deermine the node type implementation of a certain node type that is most
appropriate for the environment.

<NodeTypelmplementation
name="ApacheWebServerSpeciallmplementation "
nodeType="tns:ApacheWebServer">
<RequiredContaine  rFeatures>
<RequiredContainerFeature
feature="http://www.example.com/RequiredFeatures/MylmageLibrary"/>
</RequiredContainerFeatures>
<ImplementationArtifacts>

</ImplementationArtifacts>
<DeploymentArtifacts>

</DeploymentArtifacts>
</NodeTypelmplementation>
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2KAES ¢h{/!'Qa 3J2+f Aad 0GKS RSTFAYAUGA2Yy 20F Of 2dzR
the particular building blocks used in the actual cloud environment of a provider implementing a
TOSCA compliant cloud, there is a gap to bridge between the service definition itself and the
concrete infrastructure components to be used to run the inses of the cloud service. The

closer the elements of the service definition are related to the infrastructure, the harder it is to

keep them described in a portable way. The approach of TOSCA is to use appropriate and well
defined abstractions to allow ptable definitions. Examples of such abstractions are J2EE

application servers, whichwith different implementations; provide standardized abstractions

to be used by compliant applications, allowing them to ignore potentially significantly differing

aspects in the underlying operating system.

While this example shows, that these abstractions are typically used in hierarchical layers (with
the application being a layer on top of the application server, itself being a layer on top of the
operating systemwhich itself is an abstraction layer on top of the hardware), it also gets clear
this abstraction is more difficult to achieve as you get closer to particular hardware or
infrastructure, because the abstractions and associated standards are not so weii nd
common, or despite of a wetlefined, common standard, the actually used implementation
might vary significantly.

To solve this issue, some aspects or elements of a TOSCA cloud service definition need to be
mapped to the concrete elements used iretHeployment of a service provider. TOSCA foresees
a few ways to achieve this mapping:

In order to allow a service definition to accommodate for different elements in the
environment, the CSARIight contain secalled implementation artifacts or deployment
artifacts.

Deployment artifacts essentially contain (software) elements, which are needed to implement
the cloud service, for example they may contain the necessary J2EE modules for atiapplica

or a particular software application. These software elements might be dependent on the
actually available underlying abstractions, therefore the CSAR may contain multiple variations of
the artifact to match the actually used abstractions, if neettda particular CSP. For example,

a CSAR might contain as a deployment artifact multiple different images (or references to those)

f M

F2NJ 0KS RAFFSNByYy(d GFNBSG Ot 2dzZR LINPJARSNI SYyJANRY)

(e.g. Apache).

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Page42of 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

TOSCAnplementaton Artifactsare routines which are needed for executing activities in the

O2dz2NES 2F YIyl3aay3a GKS Of2dzR aSNBAOST F2NJ SEI YLIX
adapting it to the used environment. Again, one CSAR may contain multiple vagiafian

implementation artifact to address different infrastructure elements or services available in the

concrete deployment environment. As an example, the provisioning of additional storage

capacity independent of the VM image might use different vasta of an implementation

artifact, e.g. one usin@penStackompliant interfaces, another usifgnazon ECeompliant

interfaces (as different abstractions) depending on the underlying prowundiestructure.

More information about deployment artifacts and implementation artifacts is available in
Sectiord.

toscaprimer-v1.0-cndQL 31 Januar013
NonStandards Track Copyright © OASISpen2013. All Rights Reserved. Page43of 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

This chapter introduces doud applicatiorthat willseS |a (KS aKStf2 g2NI Ré S
incrementally describing some essential TOSCA concepts against a practicedsieal

application and expressing them using the TOSCA stantlaislexample may, at first glance

appear simple; however, it allows us tdroduce some powerful capabilities that TOSCA

enables for the application architect. We will emphasize the declarative approach in defining

the application throughout this example in order to highlight the interoperability and reusability

possibilities ®modeling using TOSCA.

First, we will show how TOSCA modeling can describe the logical groupings (parts) of an

FLILJX AOF A2y GKIFIG akKz2dZ R 0S RSLX 28SR> O2y FTA3IdzNBR
grouping concept can also be used to communicatesttading policies that apply to each tier so

that they can be independently scaled by cloud service providers to accommodate variations in

consumer demand.

Specifically, the cloud application in this example will consist of two tiers. One tier willlaeacri
GBLIAOIE [/ dzZAG2YSNI wSt I GA2yaKAL) alyl3aSYSyid 6/ wa
FLILX AOFGA2Y GASNE® ¢KS 20KSNJ GASNI gAff RS&ONXR
the actual customer relational data the CRM application witinet to and use.

VI
S

(@]

2SS gAftf FTANROGD aK2g K2¢g GKS aRFdGFolrasS GASNE OFy ¢
components, or TOSCA nodes, each declaring the hosting capabilities they offer which can be

matched to the requirements of other layers byetprovider. We then take the cloud developer
OKNRdzZAK ONBIFGAY3I (GKS 3ANI ydz I NJ RSAONRLIIAZ2Y 2F (K¢
that permits them to be portable across different cloud service providers (even those that may

offer different undelying service models).

CAYylLtfes ¢S aK2¢g K2g¢g (2 O2yySOuG GUKS dao6So | LILX AO!
GRIEGFOFAS GASNE dzaAy3a | a/ 2yySOdac-aeécililNBt | G§A2YyaK)
requirements and capabilities for matching node tdatps and which itself can also carry a set

of configurable connection properties.

Most every web application interacts with a Database Management System (DMBS) that serves

as the service layer atop of a database that holds the domaspecific data the application is
O2yOSNYySR gAUGK Ay Ada aRFe (G2 RI@¢é 2LISNIridAz2yad ¢
used to model this common application dependency, specifically uditgS®ldatabase, so

that it can be interoperably deployed and referenced on clouds that support TOSCA. We then

aK2g K2g 6S OFy OdzaAdG2YAT S GKA&A 3ASYSNItAT SR aRFGl
SE I Y LStug8rQRIMVeb Applicatioriier (see Sectiol.2) can eventually reference from its

own TOSCA types, templates and artifacts.
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When modeling using TOSCA, one of the first thymuwould need to do is to identify the
logicalset of component services thte application is both composed of as well as those
services that the application relies upon for deployment, installation, execution and other
lifecycle operations. Each tifese components would be represented as a TOSCAtgpde
each exporting a associatedgonfigurable set of propertie@®r setting9 as wel as their
invoable operations.

Of course, the node types used to describe these components and their depeesiemay be

fully defined within a single TOSCA service template itself; however, TOSCA permits node types
in one service template to reference nodes types defined externally by some other party. These
external types could be developed and published byastfucture, platform, middleware and
software service providers so they are made widely available to cloud application architects.
This is done through the importing Definitionsdocuments as described Bection3.5

¢Modular Design of Service Template$

The first step a cloud developer should take when modeling their cloud application is to identify
the basic set of components seares their application is comprised of. Most web applications
require some form of database along with the necessary components to deploy, host and
manage it over its lifecycle. The cloud application developer would then need to describe these
basic compaents, their interfaces and properties as TOSAe Types

CKS F2tf2gAy3 GFLoftS RSaAaONROSaA
aa

GeLAOIt RIGlLol&asS O2YLRYySyGa IO ¢

TABLE2 ¢ SNGLETIERMYSQLDATABASEEXAMPLES BASENODETYPES

Base Node Type Name Description

Database Represents an abstrabBtatabasealong with basic structure
(schema), properties and operations.

Database Management Represents an abstrabtatabase Management Service
Service (DBMS) (DBMShnd its basic operations.
Operating System (OS) Represents an abstract notion of @perating System

service (oPlatform Service

Server WSLINBaSyida Fy FoadNr Ol y2
with its properties and operations. For exampleis could
be further developed to describe a Virtual Machine (VM),
Virtual Processing Unit (VPU) or an actual CPU when
describing the TOSCA cloud application to a cloud servic
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provider.

Tier Represents an abstract grouping concept for other node
types, typically used to describe a stack of software (nod
GKIFIG aK2dzZ R 0SS YI yI 3SRTidgyd

tKSasS aolasSé¢ y2RS GeLlSa RSNAGS FNBY GKS ¢h{/! ac
represented in pseudXML as follows:

<NodeType name=" Database ">
<documentation>A basic Database</documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>

</N6deType>

<NodeType name=" DBMS
<documentation> A basic Database Management System </documentation>
<DerivedFrom typeRef="tn s:RootNodeType"/>

</N6deType>

<NodeType name=" OperatingSystem ">
<documentation> A basic operating system/platform </documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>

</N6deType>

<NodeType name=" Server ">
<documentation> A basic cloud compute resource</documentation>

<DerivedFrom typeRef="tns:RootNodeType"/>

</NodeType>

<NodeType name=" Tier ">
<documentation>Tier</documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>

</l\.l-c-)deType>

Again, here we simply show the basic type definitions; other required elements of the TOSCA
NodeType St SYSy 1 Qa RSTFAYAGA2Y | NB RA&OdzaaSR Ay fIFdSN

As you can see, many of these base node types which will serve the basic building blocks for our

ed YL SQa RIGFrolraS GASNI YAIKG faz2 0SS dzaSR gKSy Y
the following section (sectiof.20 @gAf f &aK2g K2g GKS GaCASNEXZ a{SNBS
base node typesare iIWISR NBFSNBYOSR F3FAYy Fa GKS aodzif RAy3
FLILJX AOF A2y O2YLRYySydGa F2NI I a6So LW AOFGA2Y G

' RRAGAZ2yLFffes GKSaS aolaSé y2RS (eLlSa tft2g dza
service models into basic, welhderstoodabstract node types cloud service providers might

accept and understand when deploying interoperable TOSCA applications. This concept would

Fff26 RSOSE2LISNAR (2 F20dza 2y Y2RStAy3 GKSANI I LILIX
and other details (in declarative way) while not immediately concerning themselves with all
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the possible implementations cloud service providers may choose to employ when orchestrating
their application.

In the next sections, we will show how the application architect cailyease these base types
to derive more specific (and even customized) node types that further describe the granular
details for their actual database components and supporting services.

l'a GKS ¢h{/! aidlyRINR S@2ft @S a&ouldidekly bedDffeceddsd S¢ | LILIX
commonly defined TOSCA types (within a TAO3&ikitionsdocument) and their orchestration

would be weHunderstood by multiple cloud service providers that encounter them. These node

types could include additional normativefammation including basic properties, capabilities and

operations common to services of that type. For example, any derivation &BMJase

node type might include some standardized set of properties, interfaces and policy

requirements common to mostadabase management services, as well as exporting a typical
RFEGlIoraS aSNWAOS O2yidlAySNDa K2adAy3a OFLIOAT AGAS

b2¢g GKIG 6S KIFI@S ARSYGAFTASR GKS aolasS¢ y2RS (&L
for the de\eloper would be to extend these types to more clearly represent the specific

middleware (and other software) our application actually uses. These new types would derive
RANBOGt& FNRY GKS GolaSe GelLlSa ¢S RBFAYSR 0208
ALISOAFEATS GKSY F2NJ aalISOATAO:E a2Fiol NBd ¢2 SEK)
O2YLI yeQa ¢So | LILX AOI G A 2MySQLithEage which ne&ds @ beO dza (1 2 Y S NJ
RSAONAOSRSQMANGEE Iy 202RII G LIS GKFdG o0dzZAf Ra dz2lRry GKS

The following table describes the specific node types that would be needed to support a MySQL
database example along with the base types they extend from:

TABLE3 ¢ SNGLETIERMYSQLDATABASEXAMPLIS SPECIFIBIODETYPES

Specific Node Type | Extends Node Typg Description
Name
MySQL (DBMS) Database Represents a specialized MySQL Database
Management al yFr3asySyid {SNBAOS o
Service (DBMS) node type).
MySQL Database Database wSLINSaSyida I y2RS (e
specialized for MySQL.

The pseudeXML code sample below shows how these special node types for the MySQL
RFEGFrolasS aSNBAOS FyR ag{v|[ RIGlIoras O2YLRySyda ¢
Gad{vfibollaS¢ y2RS G(GelLlSa NBaLISOGAGSteo YAIKG 0SS F
the base node types we introduced in the previous section (usingyflaRef attribute where
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Gy amé NI LINBoudifiediaigetiarfeSpacd dF 2 R) (K24 S doanditiee y2RS (el
Definitionsdocument):

<NodeType name=" MySQLDBMS
<documentation>MySQL</documentation>
<DerivedFrom typeRef="ns1: DBMS>
<PropertiesDefinition element="tns:MySQLProperties"/>
<Interfaces>
<Interface name="http:// www.example.com / interfaces/ lifecycle">
<Operation name="install"/>
<Operation name="configure"/>
<Operation name="start"/>
<Operation name="stop"/>
<Operation name="uninstall"/>
</Interface>
</Interfaces>
</NodeT ype>

<NodeType name=" MySQLDatabase ">
<documentation>MySQL Database</documentation>
<DerivedFrom typeRef="ns1: Database ">
</NodeType>

It is envisioned, that as TOSCA gains adoption, middleware and cloud service providers would

develop, publish YR YF Ay GF Ay y2N)YI (A DednitionsdadGnientd tiak T SR y 2 RS
describe their component services using TOSCA. Additionally, their types would be derived from
alrFryRFNRAT SR ¢h{/! aolasSé¢ y2RS (GelLlSaTacA RSaONR«
type ecosystem in this manner would further enable cloud application developers to more easily

model and compose simple, interoperable cloud applications as TOSCA service templates.

¢tKSaS GellSas aalLISOATAOE G2 aeédvailpbleBrid hainainedSa >z O2 dz
within a TOSCRBefinitionsdocument that is offered by the entity that governs MySQL software
components and services.

¢tKS Of2dzR RS@OSE2LISNE KIGAy3a GKSAPEOFARONEEAISE RT
F2NJ I RIGFoFrasS GASNE A& y26 oftS (2 FTdzNIKSNI SEG
RSGIFIAfTAa YySSRSR FT2NJ GKSANI FLILX AOF(GA2yd ¢KSasS aOdz
properties, interfaces and other details neededniake it suitable for use by their actual

FLILX AOFGA2Yy® Ly 2dz2NJ SEIF YLX S GKS O02YLI yéQa |+ LI 7
Customer Relationship Management (CRM) solution, su&ugarCRMwvhich may need a

suitablyOdza i 2 YA T SR dGad{v[ S5FalolFlasSé¢ y2RS (&L F2NJ LJ

¢CKS F2tft2Ay3I (Gl

of S
Ayili2 2yS a0daAaiG2YAT S F2NJ | dZaAI NI wa RI G0l &Sy

RSaONKRo6Sa (KS OdAadGz2YATIIGAZ2Y
R ¢ {

TABLEA ¢ SNGLETIERM YSQLDATABASEEXAMPLES QUSTOMNODETYPES

Custom Node Type Extends Specific Node| Description
Name Type
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SugarCRM Database | MySQL Database Represents the database that is designe
G2 62N)] 6AGK GKS O
application which is a custom derivation
2 T WySQlDatabase type.

¢ KS - a[ T2 NNodekypeadefinitddzaighRlosk something like:

<NodeType name=" SugarCRMDatabase ">
<documentation>SugarCRM Database</documentation>
<DerivedFrom typeRef="ns1: MySQLDatabase ">

<PropertiesDefinition element="tns:SugarCRMDatabaseProperties"/>
<Interfaces>
<Interface name=" http://  www.example.com / interfaces/ lifecycle ">

<Operation name="install"/>
<Operation name="start"/>
<Operation name="uninstall"/>
</Interfac  e>
</Interfaces>
</NodeType>

If we were to look at the node type inheritance hierarchy for the base, specific and custom node
GeLlSa ARSYUAFTASR 1020S T2NJ GKS dsRlows: 6 &S (ASNE

Base e )
- (®) ¢ g
Tier Server Operating System DBM‘S Database

A A
| 1
S i | I
ecific
P % Niugit
i { J
MySQL DBMS MySQL Database
A
|
|
I
|
I
I
Custom

LS

SugarCRM Database

HGUREL3 - NODETYPEINHERITANCE FORSAGAFCRMDATABASHIER

Node types, by themselves simply describe the properties, operations, requirements and
capabilities representativef that class of services or software. They are not composable as
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TOSCA models; instead TOSIDAe Templateare used to turn TOSOQ¥ode Typesito

modelable entities that can be instantiated with specific properties, etc. and related to other
node templdes to describe, in our current example, the overall SugarCRM MySQL database
GASNRa G2LRf23e0

Thepseude a[ F2NJ GKS y2RS GSYLIX I GdSa F2NJ GKS RFEGFOl &

something like this:

<! & namespace s for the external node type definitions d escribed above - >
<! 8 Namespaces for imported TOSCA NodeType Definitions documents - >
xmlins:ns1="http:// www.example.com / Tosca Base Types "
xmins:ns2="http:/ www.example.com / Tosca Specific  Types "
xmins:ns3="http:// www.example.com / SugarCRMCustom Type s”
<l-- Define the node templates for ke fADatabase Tiero
<NodeTemplate id=" DatabaseTier " name="Database Tier" type="ns1: Tier ">
</NodeTemplate>
<NodeTemplate id="  VMMySql' name="VM for MySQL" type="ns1: Server >
<Properties>

<nsl:ServerProperties>
<NumCpus>1</NumCpus>
<Memory>1024</Memory>
<Disk>10</Disk>
</nsl:ServerProperties>
</Properties>
</NodeTemplate>

<NodeTemplate id=" OSMySQF name="0S for MySQL"
type="ns1: OperatingSystem ">
</Nod eTemplate>

<NodeTemplate id="  MySql " name="MySQL" type="ns2: MySQlL:>
<Properties>
<ns2:MySQLProperties>
<RootPassword>password</RootPassword>
</ns2:MySQLProperties>
</Properties>
</NodeTemplate>

<NodeTemplate id="  SugarCrmbD b" name="SugarCRM DB"

type="ns3: SugarCRMDatabase ">
<Properties>
<ns3:SugarCRMDatabaseProperties>
<DBName>sugardb</DBName>
<DBUser>sugaradmin</DBUser>
<DBPassword>sugaradmin</DBPassword>
<mySqlPort>3306</mySqlPort>
</ns3:SugarCRMDatabaseProperties>
</Properties>
</NodeTemplate>

l'a @2dz OFy &SS> f 2271 A WaleTeniplateli £ § ¢S dra tt NHz@ b NRNX 5 0 E &
Ad ol aSR dz2l2y { K SNodéTypazaetalet eadics, weé dedthattii demplate

includes specific property settings that the application developer has provided that describes

settings to be applied to that server when orchestrated by the TOSCA processing environment:
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<NodeTemplate id="  SugarCrmDDb " name="SugarCRM DB"

type="ns3: SugarCRMDatabase ">
<Properties>
<ns3:SugarCRMDatabaseProperties>

<DBName>sugardb</DBName>

<DBUser>sugaradmin</DBUser>

<DBPassword>sugaradmin</DBPassword>

<mySqlPort>3306</mySqlPort>
</ns3:SugarCRMD atabaseProperties>

</Properties>
</NodeTemplate>

¢t KSaS LINPLISNIASE NB O2y@SeSR (2 GKS Of 2dzZR LINE @)
software such that the application developer need not understand the implementation details
of any particulalJNE @A RSNRA RIFGFo6lasS O2yidl Ay SN®

h¥ O2dzNES>: ¢S Ffaz2z ySSR (G2 ONBIFGS y2RS GSYLX | (S
application each with their own custom property settings:

<NodeTemplate id="  SugarCrmApp " name="SugarCRM App"
type="n s3: SugarCRMApplication >

<Properties>
<ns3:SugarCRMApplicationProperties>
<SugarCRMKey>somekey</SugarCRMKey>
<AdminUser>admin</AdminUser>
<AdminPassword>admin</AdminPassword>
<DBexists>false</DBexists>
</ns3:SugarCRMApplicationProperties>
</Properties>

</NodeTemplate>

<NodeTemplate id="  SugarCrmDDb " name="SugarCRM DB"

type="ns3: SugarCRMDatabase ">
<Properties>
<ns3:SugarCRMDatabaseProperties>
<DBName>sugardb</DBName>
<DBUser>sugaradmin</DBUser>
<DBPassword>sugaradmin</DBPassword>
<mySqlPort>3306</mySqlPort>
</ns3:SugarCRMDatabaseProperties>
</Properties>

</NodeTemplate>

In order to actu#ly deploy and install a cloud application using a TOSCA service template, the
application architect would also need to describe the actual scripts, files, software packages and
other types of artifacts that would be used during these first stages of phcagion lifecycle.

¢CKS F2tft29gAy3 GFLoftS tAada oKIFIG Aada GASGESR a4 a2y
necessary for fully describing our SugarCRM application that could be understood by multiple
service poviders:
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TABLES ¢ SNGLETIERM YSQLDATABASEEXAMPLES BASEARTIFACTYPES

Base Artifact Type Name

Description

File Artifact

Represents artifacts that contain generalized data or
metadata that is somehow used or required during an
F LILX AOF GA2yQa fAFSO_OES Iy

Script Artifact

Represents artifacts are typically files that encapsulate
commands, macros and other instructions that are execu
(or interpreted) to perform some operation. These files a
often authored using various script programming languag
designed for these purposes.

Archive Artifact

Represents artifacts that contain a collection of files that ¢
packaged together for storage or transport between

(deployment) locations. Archivetdacts usually contain
additional metadata about the files it contains such as a fi
manifest, filesystem layout and access control informatior

Package Artifact

Represents artifacts that contain a collection of files that
comprise a complete softwarepglication or service which
are packaged together for convenient distribution,
deployment and/or installation.

These types would look something like this in pseddiél using the TOSCA standard:

<ArtifactType name=" FileArtifact ">

<documentation>File

Artifact</documentation>

<DerivedFrom typeRef="tns:RootArtifactType"/>

</ArtifactType>

<ArtifactType name=" ScriptArtifact ">
<documentation>Script Artifact</documentation>
<DerivedFrom typeRef="tns:RootArtifactType"/>

<PropertiesDefinit ion element="tns:ScriptArtifactProperties"/>
</ArtifactType>
<ArtifactType name=" ArchiveArtifact ">

<documentation>Archive Artifact</documentation>
<DerivedFrom typeRef="tns:RootArtifactType"/>

<PropertiesDefinition element="tns:ArchiveArti factProperties"/>
</ArtifactType>
<ArtifactType name=" PackageAtrtifact ">

<documentation> Package Artifact</documentation>
<DerivedFrom typeRef="tns:RootArtifactType"/>
<Prop ertiesDefinition element="tns: PackageAtrtifactProperties"/>

</Artif  actType>

adzOK tA1S aolasSé y2RS (eéLlSasr GKSaS aol asSe

RootArtifactType and they themselves could also be extended to create specialized or
custom artifact types. These four base artifact types defined above are suitalderfoeivably

describing most kinds of softwarelated artifacts (not just for our current database tier). For

example, aVWeb Application Archivier WAR file) could be defined as a specialized
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GArchivé NJi A t¥pk Whiclt in turn could be used to createstom application types by web
application developers and vendors.

In order to model artifacts in TOSCA, we have to create T@SBita&t Templatesrom the
Artifact Typesve have defined above. The followiegample code shows how an installation
script used to install the MySQL database would be represented as an artifact template:

<ArtifactTemplate id="uid:at - example1234"

type="ns1: ScriptArtifact ">
<Properties>
<ns1: ScriptArt  ifactProperties
xmlins:ns1="http://www.example.com/ToscaBaseTypes">
<ScriptLanguage> sh </ScriptLanguage>

<PrimaryScript>  Scripts/MySQL/install.sh </PrimaryScript>
</ns1:ScriptArtifactProperties>
</Properties>
<ArtifactRefe rences>
<ArtifactReference reference=" scripts/MySQL ">
<Include pattern=" install.sh ">
</ArtifactReference>
</ArtifactReferences>
</ArtifactTemplate>
As you can see, this template provides the values foiSthitArtifactProperti es and
ArtifactReference elements that are customized to describe theriptLanguage | a & a Kée
6Ly I 0ONBOALFGAZ2Y T2NJ 6KS aaKkStté aONRLIG FyR | as
AONRLIIQa FAES YR NBEFGADS t20FGA2y 6AGKAY GKS

Having identified the set of nodes and artifacts required to express our database tier, we now

must be able to describe how these TOSCA modelable components would relate to each other

in a cloud deployment. For this purpose, TOS@Aduces the notion oRelationship Types

GKAOK RSTAYS (KS aSR3ISa¢ 2F | ¢ WRélatidnship 2 LI2f 238 GKI
Templatesare able to describe the logical relationships and other dependencies between the

FLILX AOF A2y Qa y2RS GSYLX | (iSao

The database components from our SugarCRM example require just a single base relationship

type that provides us the means to express their relationships to one another conceptually in a

cloud deployment. This fundamental retatiship we need to describe expresses the notion of

GO2y Gl AYyYSyiléd LYy 20KSNJ g2NRa>x Al RSAZONROSE K24
its necessary services to manage and host nodes of its type during their lifecycle. This
relationshiptypewe vii f AAYLX & OFftf &l 2aGSRhy ¢ GugarCRMS OA FA OI f
Databaséy 2 RS ¢2dZ R 6S al 2aiSRhy¢ (GKS aqaeéd{v[ 5.a{¢ Y
h LISNI A ymbdel @ 3GSY¢
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The table below highlights the base relationship type we need to desthie fundamental
O2yOSLIi 2F aO02ylGlAYyYSyilé¢ 6KSYy Y2RStAy3d 6AGK

TABLEG ¢ SNGLETIERM YSQLDATABASEEXAMPLES BASERELATIONSHIPYPES

Base Relationship Type Nam( Description

HostedOn Represents a hosting relationship betweo nodes in a
service template.

The definition for this base relationship types would look something like this:

<RelationshipType name=" HostedOn ">
<documentation>Hosted on</documentation>
<DerivedFrom typeRef="tns:RootRelationshipType"/>
<ValidSource typeRef="tns:ContainerRequirement"/>
<ValidTarget typeRef="tns:ContainerCapability"/>
</RelationshipType>

Of course, the base relationship type show above can also be extended (as we showed for node
and artifact types above) to create middleware and application (vendor) specific types. Again,
these extensions would include additional properties needed to relate components for those

¢hi{/

NEBALISOGADS a2F0s6F NB 2FFSNAYIRGISIRR yESNIBABS Db yCHNE
SEGSYRSR G2 ONBIFGS I &LISOA TRelédonshinTepe v [tbbetterr 6 | & S1 2 & (

describe the requirements and property settings needed to realize a containment relationship

0SG6SSy aqaeé{v[5.a{é¢ | yR daa & {sugsanie dthedrhiduléwarey 2 RS

LINE A RSNR& RIGFOlI &aSo

<RelationshipType name=" MySQLDatabaseHostedOnMySQL ">

<documentation>Hosted on</documentation>

<DerivedFrom typeRef="ns1: HostedOn />
<Sourcelnterfaces>
<Interface name="http://www.example.c om/ToscaBaseTypes/HostedOn">

<Operation name="hostOn"/>
</Interface>
</Sourcelnterfaces>
<ValidSource typeRef="tns:MySQLDatabaseContainerRequirement"/>
<ValidTarget typeRef="tns:MySQLDatabaseContainerCapability"/>
</Relationship Type>

As we discussed for TOSE@de Typeswhich are turned into TOSG#de Templateso that

they can be modeled, TOSRAlationship Typesso must be turned into TOS®A&lationship
Templatesn order to use them in a TOSCA service mo&alationship Templasrepresents

GKS GSR3ISa¢ 2F | ¢h{/! Y2RSt IyR NBLNBaSyida
as part of its definition along with specific property values used during orchestraf the

template.
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A relationship template, besides being based upon a relationship type, also describes the valid
node source and targéfode Templatethese relationships are designed to connect (i.e. via the
SourceElement andTargetElement elements).

For example, th®elationshipTemplate aK2¢y 0St26 Aa RSaA3aIySR (2 NB
G{ dzA I NJ wa Nb&deTéniplatd & 8 ¢ 2 dzNJ & a ddeTemplata . Jpécifically, this

NEfl GA2YyAKAL) GSYLIX I GS 62dzZ R 0SS I o6f Sesii2 O2yySoOd |
NBIljdZANBE&  a{dAIINI NY506pO02y il AYSNE (2 Fy2GKSNJ y2F
O2yiGlAyAy3 Gae{ljt yRFGlIoFasaéy

<RelationshipTemplate id=" SugarCrmDb_HostedOn_MySq|l
name="hosted on" type="ns2:MySQLDatabaseHostedOnMySQL">
<Sourc eElement ref="SugarCrmDb_container"/>
<TargetElement ref="MySql_databases"/>

</RelationshipTemplate>

As we can see thiodeTemplate T2 NJ G KS & { dz3 | NJ N&efudetents odat R RS Of | NJ
Gae{v[5FGlIolasS/2yidFrAySNWSI|jdANEYSYO2YGRBAKBESNRSY d K
referenced in theSourceElement  of the RelationshipTemplate shown above):

<NodeTemplate id="  SugarCrmDDb " name="SugarCRM DB"
type="ns3:SugarCRMDatabase">
<Properties>

</Properties>
<Requirem ents>
<Requirementid="  SugarCrm Db_container " name="container"
type="ns2:MySQLDatabaseContainerRequirement"/>
</Requirements>
<Capabilities>

</Capabilities>
</NodeTemplate>

'YR (KS O2 NNB iNbdT¢nplaty” vould hadd avapability  element that
AYRSSR SELRNIA + dad{v[5FdFroFasS/ 2ydrAySNI I LI 6Af A
Gae{ljf yRF-iGlFo6lFlasSaé¢ O0APSP ad{v][] GeLS RIFIGFolFIasS y2R¢
<NodeTemplate id=" MySqI " name="MySQL" type="ns2:MySQL">
<Properties>
<ns2:MySQLProperties>
</ri§2:MySQLProperties>
</Properties>
<Requirements>
</R"équirements>
<Capabilities>
<Capability id=" MySql_databases " name="databases"
type="ns2:MySQLDatabaseCo ntainerCapability"/>
</Capabilities>
</NodeTemplate>
Note: The TOSCA specification enables application architects the means to
design their service template to permit providers the ability to either select from a
set of similar nodes types that provide the same functionality. For example, the
toscaprimer-v1.0-cndQL 31 Januar013
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database tier could include two types of ADBMSO n
to choose the best match for their infrastructure.

This section will describe how a ctbapplication developer would model a basic, ttier web

application using TOSCA. We will describe how to define the types and templates for the nodes,
FNOGATFFEOGA YR NBflFIGA2YAaKALIA YySSRSR (2 RSAONROGS |
wewt f LINPPARS | YSlya (42 02yySOi GKS &a¢So LI AO
fully developed in previous section (i.e. Sectfot® Intdoductioré 0 | y'd¥ culstbriikBdl-for

our SugarCRM web application. Finally, we will show how to package all these into a TOSCA

CSAR file ready for deployment and installation.

This section will parallel the same activities that we described when devgltipénrequired
node types for our database tier (see Sectfoh.]). However, we will attempt to feature only
GKS ySg (eLlSas FINIAFIOGazr NBflIGA2YaAaKALA | yR 02y

applicah 2y GASNE TF2NJ 2dzNJ SEF YLX S | LILIX AOF GA2Yy ®

¢t KS Of 2dzR RS@Sf2LISNRa ¢2dzZ R F3AFAY ARSYGATEe (GKS ¢
describe the significant parts of the web application stack (as we did in Séctidnifor the

RIFGFrolraS GASNR&A aol aS¢ y2RS G(GeLlSave 2SS g2dAd R y ¢
TOSCAlode Typem order to have the types needed to eventually model a basic web

application tier:

TABLE7 ¢ SUGAFCRMWEBAPPLICATIORXAMPLES BASENODETYPES

Base Node Type Name Description

Web Application Represents an abstract web application along with basic
properties and operations.

Web Server Represents an abstract service thatépable of hosting ang
providing management operations for one or more web
applications.

Operating System (OS) ¢tKAa Aa (GKS alyYS aol a&el.li

Server CKAA A& (KS a& deycBbedinSedti@ik 1.10
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Tier CKA&d A& GUKS alyYS aGol a&rl.ld

Once again, these base node types would derive from the TOSE/ASsY | Q& G NRB2G y2RSé |
represented in pseudXML as follows:

<NodeType name=" WebApplication ">
<documentation> A basic Web Application </documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>
é

</NodeType>

<NodeType name=" \WebServer ">
<documentation> A basic Web Server </documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>
é

</NodeType>

<NodeType name=" OperatingSystem ">
<documentation> A basic operating system/platform </documentation>
<DerivedFrom typeRef ="tns:RootNodeType"/>
é

</NodeType>

<NodeType name=" Server ">
<documentation> A basic cloud compute resource</documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>
é

</NodeType>

The other elements of the node type are discusseldtier sections.

Remark: Ideally, as mentioned above in Section 6.1.1.1, the definitions and

treat ment for these fibased node types would ideal
upon by multiple cloud service providers so that cloud application developers,

using the TOSCA standard, could truly compose interoperable TOSCA service

templates without worrying about underlying provider implementations of these

base services.

For exampl e, anySededbase rodeitypenwouwddfbe éxpeeted fo
have some common properties and definitions of its own service requirements
and hosting capabilities by any CSP.

Ly GKS T2ttt 2¢Ay 3 SénetN6dellyds Fefeeringgak extérnallykd&ined set
of standardized pperties, declaring that it requires a service provider to have a valid

G022yl AYSNE (2 aK2até AGa O02YLRYSYy(d 6A®Sd | &l 22
GKS OF LI oAtAGE G2 aK2adée +y 2L8NIGAy3a agadsSy 02,

<NodeType name=" Server ">
<documentation> A basic cloud compute/execution resource</documentation>
<DerivedFrom typeRef="tns:RootNodeType"/>
<PropertiesDefinition element="tns:ServerProperties"/>
<RequirementDefinitions>
<RequirementDefinition low erBound="0" nhame="container"
requirementType="tns: ServerContainerRequirement
upperBound="1"/>

toscaprimer-v1.0-cndQL 31 Januar013
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é

</RequirementDefinitions>

<CapabilityDefinitions>

<CapabilityDefinition
capability Type="tns: OperatingSystemCont  ainerCapability
lowerBound="0" name="0s" upperBound="1"/>

é
</CapabilityDefinitions>
é
</NodeType>

2 KSNB (KS SEI SewgrProperieschiniiexyp&vid be defined as follows:

<xs:complexType name="  ServerPropert ies ">
<xs:.sequence>
<xs:element default="1" name=" NumCpus>
<xs:annotation>
<xs:documentation xml:lang="en">Number of CPUs</xs:documentation>
</xs:annotation>
<xs:simpleType>
<xs:restriction base="xs:in t'>
<xs:enumeration value="1"/>
<xs:enumeration value="2"/>
<xs:enumeration value="4"/>
<Ixs:restriction>
<Ixs:simpleType>
<I/xs:element>
<xs:element name="  Memory" type="xs:int">
<Xs: annotation>
<xs:documentation xml:lang="en">Memory size (in MB)</xs:documentation>
</xs:annotation>
<I/xs:element>

<xs:element name=" Disk " type="xs:int">
<xs:annotation>
<xs:documentation xml:lang="en">Disk si ze (in GB)</xs:documentation>

</xs:annotation>
</xs:element>
</xs:sequence>
</xs:complexType>

[ SGQa FdzNIKSNJ I aadzySs F2NJ 2dzNJ SEI YLIX S5 GKIF
sour@ Customer Relationship Management (CRM) solution, suSlugsrCRMvhich is hosted

by anApacheweb server (perhaps running on a Linux operating system distribution of some

kind). Ths SugarCRM web application would persist its customer datd/liySldatabase

much like the one we described earlier in this chapter. Readers will recognize these software
components as a typical opeourcebased, middleware stack used to host many web

F LILX AOFGA2Y G2RIFE Ay GKS® 28 IARSGK KR lay R&
component software (Linux, Apache, MySQL and an Apache PHP module) to support the web
application.

The following thle shows these specific node types needed to describe our web application
stack along with the base types they extend:
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TABLES ¢ SUGAFCRMWEBAPPLICATIORXAMPLIS SPECIFIBNIODETYPES

Specific Node Type
Name

Extends Node Typs

Desciption

Apache Web Server

Web Server

Represents an Apache specialization of the
0 | AWeb Saivernode type including any
additional properties, operations and
capabilities specific to Apache.

Apache Web
Application

Web Application

Represents an Apachpexcialization of the
0 | aWeb Applicatiod node type including
any additional properties, operations and
capabilities specific to Apache.

Apache Module

TOSCA Root

In this case, the middleware service itself is
composed of optional functional components
that can be represented as their own node

types.

Specifically this node represents an Apache
specific node type that describes software

modules which are understood and manageq
by Apache web servers.

Apache PHP Module

Apache Module

w S LINB & SAgatheMobus néde type
that specializes in providing PHP Hypertext
t N2 OSaaz2 N Tdapachédver2 v I f
Applicatior Yy 2 RS & @

St2¢ 6S aK2g KNde Typedrt SunarCRSKDAcReAnDMYSQlservice

related components would appear as psetdbiL:

<NodeType name=" ApacheWebServer ">
<documentation>Apache Web Server</documentation>

<DerivedFrom typeRef="ns1: WebServer ">
<PropertiesDefinition element="tns:ApacheWeb ServerProperties"/>
<Interfaces>

<Interface name="http:// www.example.com /lifecycle">

<Operation name="install"/>
<Operation name="configure"/>
<Operation name="start"/>
<Operation name="stop"/>
<Operation name="uninstall"/>
</Interface>
</Interfaces>
</NodeType>

<NodeType name=" ApacheWebApplication ">
<documentation>Apache Web Application</documentation>
<DerivedFrom typeRef="ns1: WebApplicatio n">
</NodeType>

<NodeType name=" ApacheModule ">
<documentation>Apache Module</documentation>
<DerivedFrom typeRef="ns1: RootNodeType />
</NodeType>

toscaprimer-v1.0-cndQL

NonStandards Track Copyright © OASISpen2013. All Rights Reserved.

31 January013
Pageb9 of 84



This isa NonStandards Track Work Product.
The patent provisions of the OASIS IPR Policy do not.apply

<NodeType name=" ApachePHPModule ">
<documentation>Apache PHP Module</documentation>

<DerivedFrom typeRef="tns: ApacheModule ">
<Interfaces>
<Interface name="http:// www.example.com /lifecycle 2">

<Operation name="start"/>
<Operation name="uninstall"/>
</Interface>
</Interfaces>
</NodeType>

As you can seeave also introduced a new node type that derives from the TOSCA root node

GeLIS F2NJ a! LI OKS a2RdzZ S¢ o ¢h{/! Y2RSfta LISN¥YAG )
to describe the components of their own specific software as TOSCA models themselves; this

enabling even better granular orchestration of these constituent components by CSPs using the

TOSCA standard.

¢tKS Of 2dzZR RS@St2LISNE KIFI@Ay3a (KS ySOSaalNB asSa 27
foratypicd ©6So6 I LI AOFGA2y &adlF 013 A& y2¢ o6fS G2 ary
GellSa G2 RSaAONARO6S GKS Odzad2YAlT lFLdGAz2ya ySSRSR (2 ¢
application:

TABLES ¢ SUGAFCRMWEBAPPLICATIORXAMPLES QUSTOMNODETYPES

Custom Node Type Extends Specific Node| Description

Name Type

SugarCRM Application| Apache Web wSLINBaSyia GKS 02

Application SugarCRM application service which is

Odza G 2 Y RS NRAApackieA\Rly
Applicatiorg node type

SugarCRM Database | MySQL Database Represents the database that is designe
G2 62N)] 6AGK GKS G
application which is a custom derivation
2 T WySBlDatabase type.

The pseudeXML for these custorNodeTypes would be something like this

<NodeType name=" SugarCRMApplication ">
<documentation>SugarCRM Application</documentation>
<DerivedFrom typeRef="ns1: ApacheWebApplication ">
<PropertiesDefinition element="tns:SugarCRMApplicationProperties"/>
<Interfaces>
<Interfac e name=" http://www.example.com/lifecycle3 ">
<Operation name="install"/>
<Operation name="configure"/>
<Operation nhame="start"/>
<Operation name="uninstall"/>
</Interfa  ce>
</Interfaces>
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</NodeType>

<NodeType name=" SugarCRMDatabase ">
<documentation>SugarCRM Database</documentation>

<DerivedFrom typeRef="ns1: MySQLDatabase ">
<PropertiesDefinition element="tns:SugarCRMDatabaseProperties"/>
<Interfac  es>
<Interface name=" http://  www.example.com/ lifecycle  4">
<Operation name="install"/>
<Operation name="start"/>
<Operation name="uninstall"/>
</Interface>
</Interfaces>
</NodeType>

6.2.1.4Node Type Inheritance (Base, Sp#ic, Custom)

If we were to look at the node type inheritance hierarchy for the base, specific and custom node
GellSa ARSYUGATASR 020S FT2NJ GKS a6So FLIWIX AOFGAzZY

Base ‘ : ' (o) ‘
= 3 (® @ G
Tier Server Operating System Web Server Web Application

A A
I |
| |
Specific i :
€- W8 J.i
Apache Module Apache\w;; ServonJ . Apache\\h:b App J
| A

\4

®

Apache PHP Module

Custom
L)

SugarCRM App

HGUREL4 - NODETYPEINHERITANCE FORSAGAFCRMWEBAPPLICATIONIER

6.2.2Turning Node Types into Node Templates

Node types, by themselves simply describe the properties, operations, requirements and

capabilities representative of that class of services or software. They arempbsable and

cannot be modeled; instead TOSCA Node Templates are used to turn Node Types into

component entities that can be instantiated with specific properties, etc. and related to other

b2RS ¢SYLX IGSa (2 RSAONROS lagkS 2@SNI € | LI AOF G2
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Thepseudo a| F2NJ GKS y2RS GSYLXFGiSa TFT2NJ aaLISOATAOE

this:
<! 8 Namespaces for imported TOSCA NodeType Definitions documents - >
xmlins:ns1="http:// www.example.com / Tosca Base Types "
xmins:ns2="http:/ www.example.com / Tosca Specific  Types "
xmlns:ns3="http:// www.example.com / SugarCRMCustom Types "
<l-- Define the node templates fer the fAWeb Tiero

<NodeTemplate id="  \WebTIier " name="Web Tier"

type="nsl: Tier ">
</NodeTemplate>

<NodeTemplat eid=" VMApache name="vM for Apache Web Server"

type="nsl: Server ">
<Properties>
<nsl:ServerProperties>
<NumCpus>1</NumCpus>
<Memory>1024</Memory>
<Disk>10</Disk>
</nsl:ServerProperties>
</Properties >
</NodeTemplate>

<NodeTemplate id=" OsApache " name="0S for Apache"
type="ns1: OperatingSystem ">
</NodeTemplate>

<NodeTemplate id=" ApacheWebServer "name="Apache Web Server"

type="ns2: ApacheWebServer ">
<Properties>
<ns2:Ap acheWebServerProperties>
<httpdport>80</httpdport>
</ns2:ApacheWebServerProperties>
</Properties>
</NodeTemplate>

<NodeTemplate id="  SugarCrmApp " name="SugarCRM App"
type="ns3: SugarCRMApplication ">

<Properties>
<ns3:SugarCRMApplicationProperties>
<SugarCRMKey>dummy</SugarCRMKey>
<AdminUser>admin</AdminUser>
<AdminPassword>admin</AdminPassword>
</ns3:SugarCRMApplicationProperties>
</Properties>
</NodeTemplate>

<NodeTempla te id=" PhpModule " name="PHP Module"
type="ns2: ApachePHPModule ">

</NodeTemplate>

As you can see, looking at the wedngrQ BodeTemplate 6 A @S d G+ Y! LI OKSE 0
dzL32 y (i K SNodeTyds dZiSshidbed in the previous section, see that the template
includes specific property settings that the application developer has provided that describes
settings to be applied to an actual server at a CSP when orchestrated:
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<NodeTemplate id=" VMApache' name="vM for Apache Web Server"

typ e="nsl: Server ">
<Properties>
<nsl:ServerProperties>

<NumCpus>1</NumCpus>
<Memory>1024</Memory>
<Disk>10</Disk>

</nsl:ServerProperties>
</Properties>

</l\'l'(.)deTempIate>

These properties are conveyed to thedd® LINE JA RSNRA dzy RSNI &@Ay3 AYLX SY
software such that the application developer need not understand the implementation details
of any particular provider which supports interoperability.

As before, we also need to create node templatesfo& a Odzai2Yé y2RS (GeLlSa 27F
application each with their own custom property settings:

<NodeTemplate id=" SugarCrmApp " name="SugarCRM App"
type="ns3: SugarCRMApplication ">

<Properties>
<ns3:SugarCRMApplicationProperties>
<SugarCRMKey>somekey</SugarCRMKey>
<AdminUser>admin</AdminUser>
<AdminPassword>admin</AdminPassword>
<DBexists>false</DBexists>
</ns3:SugarCRMApplicationProperties>
</Properties>

</NodeTemplate>

<NodeTemplate id="  Sugar CrmD’ name="SugarCRM DB"

type="ns3: SugarCRMDatabase ">
<Properties>
<ns3:SugarCRMDatabaseProperties>
<DBName>sugardb</DBName>
<DBUser>sugaradmin</DBUser>
<DBPassword>sugaradmin</DBPassword>
<mySqlPort>3306</myS qlPort>
</ns3:SugarCRMDatabaseProperties>
</Properties>

</NodeTemplate>

In order to actually deploy and install the web application using a TOSCA service template, the
application architect would also need to detbe the actual scripts, files, software packages and
other types of artifacts that would be used to deploy, install the actual software components for
our web application stack.
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The same set of base artifact typesthve listed and described in Sectiéri.3.1when we

gt 1SR GKNRdzZZK | NOKAGSOGAY3 | ac®FiewrdfifackRIF Gl oFasS 7
éScript Artifacé JArcliive Artifact | BaBkagé Artifact Ore the same ones we will use for

architecting for deriving the necessary set of artifacts for our web application tier.

The service template for our SugarCRM web application (tier) example would include many

different kinds of artifacts that would be needed to not only deploy and install the component

software (such as packages, archives, configuration files and policy documents), but also files

dzZASR |G @GFNR2dza adlk3a3sSa 2F Gakdcan®spdhading bierdtdns i & Q NB a |
64dzOK & AONARLIiave .St2g 6S akKz2¢ +y SEFYLXES 27F |
GAyadldltte 2LISNIGAZ2Y F2NJ GKS a! LI OKS2 S6{ SNIBSNE Y+

<ArtifactTemplate id="uid:install -xxx"type="nsl:  ScriptArtifact ">
<Prope rties>
<nsl:ScriptArtifactProperties>
<ScriptLanguage>sh</ScriptLanguage>
<PrimaryScript>scripts/ApacheWebServer/install.sh</PrimaryScript>
</ns1:ScriptArtifactProperties>
</Properties>
<ArtifactReferences>
<Artifa ctReference reference="scripts/ApacheWebServer">
<Include pattern=" install.sh ">
</ArtifactReference>
</ArtifactReferences>
</ArtifactTemplate>

In Sectiorg.1.5.16Requied Base Relationship Tygeg ¢S Sadl of AaKSR I 01 &S N
GKFd RSaAONARO6Sa aO02yililAYyYSyGé 6KAOK gl a ylFYSR al z
describing the essentialdsting relationships between the component nodes of our web

application stack. However, o8ugarCRM example application introduces the need for two
FRRAGAZ2YIFE o0FaAO0 NBflFdA2yaKALA (2 FdzZ fe& RSAONROGS

The firstrelationship type we need to add to our set of required base types would describe a

ASNDAOS GKFG A& FTGFAflIofS GKNRdAAK | ySig2N)] SyRL
NBIljdZA NSR RdzNAYy 3 a2YS adr3asS 27T |¢& 2NBKISINIG ASyWNax A0S QG2
either represent a continuous or periodic network connection IP based (typically using an

HTTP(s) protocol). From our example, BugarCRMVebApplicationg 2 dzf R &/ 2yy SOG ac¢ 2 ¢
SugarCRM Databageur custom MySQL database) over aflR connectian

The second type we introduce here is a relationship that describes a more generalized
RSLISYyRSyOe 0SG¢SSy y2RSa GKIFd ¢S gAatft AAYLES yI
exhibited by theSugarCRM Web Applicatigh2 RS ¢ KA OK & R\RachisPHRVibduR y ¢ G K S

in order to execute.
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¢tKS (GlofS 060St2¢ KAIKfAIKGA GKS ylIYSa | yR
relationship types for convenience:

TABLELO ¢ SUGARCRMWEBAPPLICATIORXAMPLES BASERELATIONSHIPYPES

Base Relationship Type Nam( Description

ConnectsTo Represents a network connection between two nodes in
service template.

DependsOn Represents a general dependency relationship between
nodes in a service template.

The definitions for these ls& relationship types would look something like this:

<RelationshipType name=" ConnectsTo ">
<documentation>ConnectsTo</documentation>
<DerivedFrom typeRef="tns:RootRelationshipType"/>
<ValidSource typeRef="tns:EndpointRequirement"/>
<Valid Target typeRef="tns:EndpointCapability"/>
</RelationshipType>

<RelationshipType name=" DependsOn>
<documentation>Depends on</documentation>
<DerivedFrom typeRef="tns:RootRelationshipType"/>
<ValidSource typeRef="tns:FeatureRequirement"/>
<ValidTarget typeRef="tns:FeatureCapability"/>
</RelationshipType>

Of course, the base relationship types shown abovEainlel0 can also be extended to create

¢

middlewae and application (vendor) specific types that have additional properties available for

those respective software offerings and services. As was shown in SédtiérPwhen the base

(V)]
QX

O

Gl 25GSRhy# NBvasudell ® gledivis A dpkcif®L0 v [ 5+ G o 481 230 8Rhyad
relationshiptype, wecaRSTAY S aAAYAf I NI a1l 230SRhyé¢ NBfIFIGA2YAKA
O2y il AyYSyila 0SioSSy y2RS GSYLIX I GSa F2NJ 2dz2NJ S0

PHPModti S¢ ¢g2dA R 0SS t23A0Fffe K2adSR o0& (KS

<RelationshipTemplate id=" PhpModule_HostedOn_Apache
name="hosted on" type="ns2:ApacheModuleHostedOnApache">
<SourceElement ref="PhpModule_container"/>
<TargetElement r ef="ApacheWebServer_modules"/>
</RelationshipTemplate>

7

¢tKS o0lFasS a/2yySoOitacz2é NBtFIA2yaKALl (&LIS
Gad{v[5FGlo0lad/2yys0irayé (2 0S8SGGISNI RS540
to realize a connectiontoourdeA NEBR daé{v[ 5lFGlol&asSé¢ y2RS
of database.
<RelationshipType name=" MySQLDatabaseConnection ">
<documentation>Connects on</documentation>
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<DerivedFrom typeRef="ns1: ConnectsTo ">
<Sourcelnterfaces>
<Interface name="http://www.example.com/ToscaBaseTypes/ConnectsTo">
<Operation name="connectTo"/>
</Interface>
</Sourcelnterfaces>
<ValidSource typeRef="tns:MySQLDatabaseEndpointRequirement"/>
<ValidTarget typeRef="tns:MySQLDatabaseEndpointC apability"/>
</RelationshipType>

As we discussed for TOSCA Node Types, which are turned into TOSCA Node Templates so that

they can be modeled, TOSCA Relationship Types also must be turned intoR&XgICAship

Templates in order to use them in a TOSCA service model. The Relationship Template
NBLINS&aSyGa GKS aSR3ISa¢ 2F | ¢h{/! Y2RSftf | yR NBLM
references as part of its definition along with specific prapealues used during orchestration

of the template.

A relationship template, besides being based upon a relationship type, also describes the valid
node source and target Node Templates these relationships are designed to connect (i.e. via the
SourceElemat and TargetElement elements).

For example, th&®elationstpTemplatei K2 6y 0Sf 26 Aa RSaA3aySR (2 02yy!
SugarCRM databasdodeTemplatéo our SugarCRM applicatibdode TemplateSpecifically, it

Oy O02yySOG da&az2dz2NOS are ey r@ireln®amedf | 6§ S& G KI & RSOf
G{dAIFNJ NY! LILWRFGF ol aS¢ O02yySOlAzy (2 aidl NBSGé y:
2T | OOSLIiAYy3a a{dzalI NI N¥50pOf ASyilaéy

<RelationshipTemplate id=" SugarCrmApp_ConnectsTo_SugarCrmDb
name="connects to" type="ns2:MySQLDat abaseConnection">
<SourceElement ref="SugarCrmApp_database"/>
<TargetElement ref="SugarCrmDb_clients"/>

</RelationshipTemplate>

'a S Oy aS8SS GKS b2RS¢SYLX I (S RegaArdidentdtd & { dz3+F NJ N
Ga@{v[5I0l o0l aSOYRER NBILBSINRENEXFASR & a{daAl NJ NY
referenced in theSourceElemertf the RelationshipTemplatshown above):

<NodeTemplate id="  SugarCrmApp " name="SugarCRM App"
type="ns3:SugarCRMApplication">

<Requirements>
<Requirement id="SugarCrmApp_phpRuntime" name="phpRuntime"
type="ns2:PHPRuntimeRequirement"/>
<Requirementid="  SugarCrmApp_database " name="database"
type="ns2:MySQLDatabaseEndpointRequirement"/>
<Requirement id="SugarCrmApp_container" name="container"
type="ns2:ApacheWebApplicationContainerRequirement"/>
</Requirements>
</NodeTemplate>
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l'YR GKS O2NNBALRYRAY3I a{ dz3I NJapadilbyd@emenbtBaRS ¢ SY LI | G S
AYRSSR SELRNODA AISO¢RERWYSV GILI oAt AGEE AYRAOIGAY3I |
G{daAlI NI N¥50¢pOf ASyiGasy

<NodeTemplate id="  SugarCrmDDb " name="SugarcRM DB"
type="ns3:SugarCRMDatabase">

<Requirements>
<Requirement id=" SugarCrmDb_container" name="container"

type="ns2:MySQLDatabaseContainerRequirement"/>

</Requirements>

<Capabilities>

<Capability id=" SugarCrmDb_clients " name="clients"
type="ns2:MySQLDatabaseEndpointCapability"/>

</Capabilities>

</NodeTemplate>

In addition, we can describe2hg 2 dzNJ & { dza3I NI wa 2 So6 ! LILX AOF A2y ¢ VY
G5SLISyRahyé¢ Iy 'Ll OKS tlt a2z2RdzZ S Ay 2NRSNI (2 LINEZ

<RelationshipTemplate id=" SugarCrmApp_DependsOn_PhpModule
name="depends on" type="ns1:DependsOn">
<SourceElement ref="SugarCrmApp_phpRuntime"/>
<TargetElement ref="PhpModule_phpApps"/>

</RelationshipTemplate>

Describing exhaustively the numerous types, templates for the nodes, relationshiatiacts

that would be defined and connected to one another to realize a complete TOSCA service

GSYLIX TGS Ay I at NAYSNE ¢g2dAZ R 06S O2dzy i SNLINRE RdzO{ A ¢
file would be structured given the expectation for such a setle$ fand artifacts.

h dzNJ S E | Y LISeBvieai Terdphag@vhith contains the complete twier model of our

SugarCRM application) would have many XML schemalidisjtionsdocuments, and artifacts

(files) that would be packaged togethiercreate a CSRfileb ¢ KS / { ! w -MySQKS a{ dz3 | NJ
ExampleCSAR o0y Il YSR (2 Y lIwudkhavahezialositgdirgctdfy Sricture

along with samples of files that contain the types and definitions we described throughout

SectionG:

SugarCRM- MySQL=- Example .CSAR
ITOSCA- Metadata
/TOSCA.meta
ltypes
/Artifacts.xsd
/ToscaBaseTypes.xsd
IToscaSpecificTypes.xsd
/SugarCRMCustomTypes.xsd
/Definitions
| ToscaBaseTypes - Definiti  ons.xml
IToscaSpecificTypes - Definitions.xml
/SugarCRMCustomTypes - Definitions.xml
/SugarCRM - Definitions.xml
[files
(subdirectories would include various software packages/archives )
Iscripts
/ApacheModuleHostedOnApac he
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/ApachePHPModule
/ApacheWebServer

/MySQL
/MySQLDatabaseHostedOnMySQL
/SugarCRMApplication
/SugarCRMDatabase

I YR (i KISSCA.mé&Sontdins:

TOSCA Meta - File - Version: 1.0
CSAR Version: 1.0
Created - By: OASIS TO SCA Interop SC

Name: Definitions/TOSCABaseTypes - Definitions.xml
Content - Type: application/vnd.oasis.tosca.definitions

Name: Definitions/TOSCASpecificTypes - Definitions.xml
Content - Type: application/vnd.oasis.tosca.definitions

Name: Definition s/SugarCRMCustomTypes - Definitions.xml
Content - Type: application/vnd.oasis.tosca.definitions

Name: Definitions/SugarCRM - Definitions.xml
Content - Type: application/vnd.oasis.tosca.definitions
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Adeveloper's fist experience with hosting an algation in the Cloud may b&mply packaging
up an existing application and moving it teigtual machine(VM) that's hosted remotely (either
within their enterprise or on a public Cloud)ypically, the easiest way to ¢his is to create an
image (e.g. an ISO image) of an entire machine and then unpackaging it onto d&na3ted
virtual machine.

This section describes hovirtual machinesan bedeployedvia TOSCA.

In this scenaripthe deployment artifact being described by a TOSCA CSAR file will be a virtual
machine image. The container into which it will be deployed will be a Machine (as defined by
CIM).

This scenario redres the cloud service provider (CSP) to define RogeType that will be
supported by its TOSCA implementation. ThigeType> Ol f ft SR | dal OKAY
hardware characteristics of the new virtual machiieK S | Ol dzI £ LINR LIENI A
will be in a complex type called "MachineTemplate". Below is an example of what a cloud
service provider might advertise:

S¢
Sa

<NodeType name=" Machine ">
<documentation> A new virtual machine as defined by CIMI </documention>
<DerivedFrom typeRef="t ns:RootNodeType"/>
<PropertiesDefinition element="tns:MachineTemplate"/>

</NodeType>

Where "MachineTemplate" is defined as follows:

<Definitions id=" CSPTypeS" targetNamespace="http://mycsp.com/toscaTypes"
xmlns="http://docs.oasis - open.org/tosca  /ns/2011/12
xmins:tbase="  http://  example.com/ToscaBaseTypes"

xmlns:tns="http://mycsp.com/toscaTypes">

<Types>

<xs:complexType name=" MachineTemplate >
<xs:sequence>
<xs:element name="name" type="xs:string"/>
<xs:element name="description" type="xs:string"/>
<xs:complexType name="MachineConfiguration">
<xs:sequence>
<xs:element name="cpu" type="xs:integer"/>
<xs:element name="memory" type="xs:integer"/>
<xs:complexType name="disk" minOccurs="0" maxOccurs="unbounded">
<xs:sequence>
<xs:element nhame="capacity" type="xs:integer"/>
<xs:element name="format" type="xs:string"/>
<xs:element name=  "initialLocation" type="xs:string"/>
</xs:sequence>
</xs:complextType>
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<xs:element name="cpuArch" type="xs:string" minOccurs="0"/>
<xs:element name="cpuSpeed" type="xs:integer" minOccurs="0"/>
</xs:sequence>
<I/xs:complexType>
</xs:sequence>
</xs:complexType>

<[Types>

<NodeType name="Machine">
<documentation> A new virtual machine as defined by CIMI </documention>
<DerivedFrom typeRef="t base :Root NodeType"/>
<PropertiesDefinition element="tns:MachineTemplate"/>

</NodeType>

</Definitions>

Given the abov@&lodeType, a service templatXMLfile, calledéMachine.xmd, canthen be
createdby the appliciion developer filling in all of the properties of the new machine as well
as including a reference to the I8@agefile containing the application:

<Definitions xmlns=" http://docs.oasis - open.org/tosca/ns/2011/12
xmlns:csp="http://mycsp.com/tos caTypes"
xmins:tns="http://example.com/myApp"
targetNamespace="http://example.com/myApp" >

<Import importType="http://docs.0asis - open.org/tosca/ns/2011/12"
namespace="http://mycsp.com/tosca/toscaTypes" />

<ArtifactTemplat e id="mylmage" type="csp:ISOImageArtifact">
<ArtifactReferences>
<ArtifactReference reference="http://example.com/mylSOs/machinel.1SO"/>
</ArtifactReferences>
</ArtifactTemplate>

<ServiceTemplate name="MyFirstMachine">
<TopologyTemplate>

<NodeTemplate type="  csp: Machine ">
<Properties>
<csp:MachineTemplate xmIns="http://mycsp.com/toscaTypes">
<name> MyMachine </name>
<description> My First Machine </descri ption>
<MachineConfiguration>
<cpu>4</cpu>
<memory>64000</memory>
<disk>
<capacity>512000</capacity>
<format>NTFS</format>
<initialLocation> C:</initialLocation>
</disk>

</MachineConfiguration>
</csp:MachineTemplate>
</Properties>
<DeploymentArtifact
artifactRef="tns:mylmage"
artifactType="csp:ISOImageArtifa ct" />
</NodeTemplate>

</TopologyTemplate>
</ServiceTemplate>
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</Definitions>

In this XML file there are a couple of things being defined:

1 Inthe Import statement there is noocation  attribute specified. In this case the
location of the importedefinitions(document) will be inherently known by the Cloud
Service Provider.

9 In the Definitions element itself a couple of XML namespaces are defined. The
default namespace is defined as the one from the TOSCA specificatiorthiset]ls us
that most (but not all) of the XML elements are defined by the TOSCA specification. The
"csp" hamespace will be used for XML elementdNaiteTypes , that are defined by the
cloud service provider and will be available for the applications®. The "tns"
namespace are for application owned/defined entitiegich as the name of the service
template.

1 Next is theArtifactTemplate element. This element defines the type of artifact (in
this case an 1SO image) and includes a reference to wherenidige can be retrieved
in this case "http://example.com/mylSO/machinel.ISO". How this ISO file was created
and placed at this URL is out of scope for this document.

1 And finally in theServiceTemplate  element we bind the 1ISO image to a particular
GalXORSéd Ly 2NRSNJ G2 R2 GKAa ¢S ySSR G2 LIS
O2y FAIdzNI GA2Y LI NI YSGSNER 2F (KS yS3hme dal OKAYS.
application is asking for a new virtual machine with 4 CPUs, @abges of memory
and ;e ephemeral diskith 512megabytes formatted with NTFS, available as the "C"
drive). Notice that the XML elements that define the characteristics ofiflachine
are not in the same XML namespace as the rest of the XML document. Since the cloud
service provider, and not the TOSCA specification, defined what a "MackueType
looked like, those elements are in the "csp" namespace.

Second, we need to tell the cloud service provider which ISO file to use when creating
the new machine in other words we need to reference the deployment artifact we
defined at the top of the XML file.

This service template can now be used to create a CSAR file,&ajlEdstMachine.CSARwith
the following structure:

myFirstMachine.CSAR
ITOSCA- Metadata
ITOSCA.meta
/Definitions
/Machine.xml

WheredlT OSCA.meéscontains:
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TOSCAMeta- File - Version: 1.0
CSAR Version: 1.0
Created - By: Joe Smith

This CSAR file can then be given to a TOSCA providerwithitien deploy the application on a
new virtual machine.
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The deployment artifact of a nodee. a TOSCMode Templater aNode Type Implementatipn

in aTOSCAervice Templatean ke represented by an image definition such as an OVF package.
If OVF is used by a node, it means that the node is deployed on a virtual system or a component
(OVR gproductk) running in a virtual system, as defined in the OVF package.

Consider a web application deployment requires an application server. The application server is
implemented by a virtual system installing Linux OS and App Container. The virtual system is
defined in an OVF descriptor filecaan image installing SUSE Linux and Tomcat is included in
the OVF package.

Accordingly, developers define twndeType sin TOSCA for the application server and the Web
application respectively. ThéodeTypelmplementation for the NodeType of the applicatbn
server provides the deployment artifa@ppServer.ovato materialize instance of the
particularNodeTemplate referring theNodeType of the application server. The
NodeTypelmplementation also provides the implementation artifadserverMgt.wag to
implement the interface operations dhe NodeType . The service template topology is shown in

Figurel5.

deployApp
11 Application N
- —O |}
myApp ~ appMagt.
war
war /
deployOn
DeployAppServer
e Application |———® ~
appServer. = pgerver Y. serverivigt.
ova O war /
Deployment Artifacts myService.ste Implementation Artifacts

HGURELS - SAMPLESERVICHOPOLOGY FOBVFUSECASEL

TheNodeType for the applicatio server is definedithin the Definitions element ofa
Definitionsdocumentidentified aséMyNodeTypeswithin the target namespace
GKGGLIYK K 666 ®S E INgdelySadEthasYhy impo¥tingfth® corresponding
namespace into anothddefinitionsdocument,the NodeType is available for use in the other
document.
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<Definitions id =" MyNodeTypes" name="My Node Types"
targetNamespace="http://www. example .com/ Sample NodeTypes ">

<NodeType name="ApplicationServer "

targetNamespace= " http://www.example.com/SampleNodeTypes ">
<Interfaces>
<Interface name= " MyAppServerinterface ">
<Operation name= " DeployAppServer ">

</Interface>
</Interfaces>
</NodeType>
</Definitions>

The following steps shadibe followed in order to take an OVF package as the deployment
artifact for theNodeTemplate of the NodeType GApplicationServe.

Like theNodeType, the ArtifactType isalsodefined in aDefinitionsdocumentwith the id
attribute value d a @ | NIype¥Fd OdiA G KAY (GKS GFNBSG ylIyYSaLl OS
GKOGLIYKK 666 DPSEI Y LITHHSE 20Y k¢{KId2ELTf DIENIAAYTLIZNT A y 3
namespace into anothdpefinitionsdocument, theArtifactType is available for use in the

other document.

iKS O

<Definitions id =" MyArtifactTypes " name="My Artifact Types "
targetNamespace="http://www. example .com/ Sample Artifact  Types "
xmins: mnt="http://www.example.com/BaseArtifactTypes"
xmins:map="http://www.example.com/SampleArtifactProperties >
<Import importType=" http://docs.oasis - open.org/tosca/ns/2011/12

namespace="http:// www.example.com/ToscaBaseTypes  “/>

<Ilmport importType="http://www.w3.0rg/2001/XMLSchema"
namespace="http:// www.example.com/SampleArtifactProperties ">

<Artifact ~ Type name=" OVFPackage">

<DerivedFrom typeRef="ba: VMPackage"/>
<PropertiesDefinition element="map: OVRPackageProperties"/>
</ArtifactType>

</ Definitions >

¢ KS @ h + CarifaéType 3 Sig defined iranother Definitionsdocumentwith the id of

éMyAtrtifactst within the target namespacé K (i LIY Kk Kk 6 6 6 ®SE | Y LI STh@2 Yk { | YLX S
by importing the corresponding namespace into anotBefinitionsdocument, the

Artifact ~ Template is available for use in the other document.

<Definitions id =" MyArtifacts " name="My Artifacts"
targetNamespace="  http://www.example.com/Sample Artifa cts "
xmins:sat= "http://www. example .com/ Sample ArtifactTypes ">
<Import namespace= " http://www.example.com/SampleArtifact Types"
location= " http://www.example.com/
Types/MyArtifactTypes.tosca "
i mportType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
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<ArtifactTemplate id =" MyOVFInstallable
name="My OVF Installable
Type="sat:OVFPackage ">
<ArtifactReferences>
<ArtifactReference refe rence= " files/appServer.ova ">
</ArtifactReferences>
<ArtifactTemplate>

</Definitions>

The following code block definem implementation of theNodeType dApplicationServer.

<Defini tions id=" MyImpIS "name="My Implementations
targetNamespace= " http://www.example.com/Sample Implementation  s"
xmins: snt =" http://www.  example .com/ Sample NodeTypes "
xmins: sat ="http://www. example .com/ Sample Artifact  Types"
xmins:s a=" http://www.examp le.com/SampleArtifacts

xmins:ba= " http://www.example.com/BaseAtrtifactTypes ">
<Ilmport importType=" http://docs.oasis - open.org/tosca/ns/2011/12
namespace="http:// www.example.com/BaseArtifactTypes ">
<Import namespace= " http://  www.example.com/SampleAtrtifact Types"
location= " http://www.example.com/
Types/ MyArtifact  Types.tosca
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<Ilmport namespace= " http://  www.example.com/Sa mpleAtrtifacts
location= " http://www.example.com/
Artifacts/ MyArtifact ~ s.tosca
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<lmport namespace= "http:// www.example.com/Sample NodeTypes"
location= " http://www.example.com/
Types/ MyNodeTypes.tosca
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<NodeTypelmplementation name ="MyAppServer Impl s"
nodeType=" snt : ApplicationServer ">
<ImplementationArtifacts>
<ImplementationArtifact name="My AppServer Management"
interfaceName="  MyAppServerinterface "

artifactType="ba:WARFile">
files/serverMgt.war
</ ImplementationArtifact>
</ImplementationArtifacts>

<DeploymentArtifacts>

<DeploymentArtifact name="My OVFPackage"
artifactType=" sat: OVFRPackage "
artifactRef="sa: MyOVFInstallable ">

</ DeploymentArtifact>
</DeploymentArtifacts>

</NodeTypelmplementation>

</Definitions>
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OVF package may contain multiple VM images whielbaployment Artifactéor multiple Node
Typelmplementatiors or Node Templateshints should be given so that TOSCA container can
map the right VMmage with anodetypeimplementationor template.

Consider a web application deployment requires an Appba server and a DB servé&n, two
VM images are needed, where one image installing Linux O8awheand the other one
installing Linux OS and MySQL. Therefore, in an OVF descriptor file, these two images are
described by twovirtualSystem  elements ad included in one

VirtualSystemCollection element as follows:
<VirtualSystemCollection ovf:id="multi - tier -app">
<Info>A collection of virtual machines</Info>
<NamesMulti - tiered Appliance </Name>
<SomeSection>
<! - Additional secti on content - >

</SomeSection>
<VirtualSystem ovf:id=" appServer ">

<Info>A virtual machine installing Suse Linux and Tomcat</Info>
<Name>Application Server</Name>

<! -- Additional sections - >
</VirtualSystem>
<Vir tualSystem ovfid=" dbServer ">

<Info>A virtual machine installing Suse Linux and MySQL</Info>
<Name>DB Server</Name>
<! -- Additional sections - >
</VirtualSystem>
</VirtualSystemCollection>

Accordingly, developers define tvindeType sin TOSCA for th@\pplicationServer and the
oDatabase Ervere respectively. Th&lodeTypelmplementations for these twoNodeType s
refer the same OVF package as the deployment artifact. The service topology is sHagumén
16.

DeployDBServer

Database - < dbServeriigt.

Server —O war

/ I
-
; ~ | fconnectTo
myService. 3
ova P v
\ \DeployAppServer
b Application -
Server —O ~ g 3PpServerVgt.
war
Deployment Artifacts myService.ste Implementation Artifacts

HGUREL6 - SAMPLESERVICHOPOLOGY FOBVFUSECASE2

TheNodeType sfor the & pplicationServer anddDatabase Servéare defined in definitions
documentdMyNodeTypeswithin the target namespace
ohttp://www. examplecom/SampleNodeTypa £Thus, ly importing the corresponding
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namespace ito anotherDefinitionsdocument the NodeType sare available for use in the other
document

<Definitions id = MyNodeTypes" name="My Node Types"
targetNamespace="ht  tp://www. example .com/ Sample NodeTypes ">

<NodeType name="ApplicationServer
targetNamespace= " http://www.example.com/SampleNodeTypes ">
<Interfaces>
<Interface name= " MyAppServerinterface ">
<Operation name= " DeployA ppServer ">
</Interface>
</Interfaces>
</NodeType>

<NodeType name="DBServer "
targetNamespace= " http://www.example.com/SampleNodeTypes ">
<Interfaces>
<Interface name= " MyDBServerinterface ">
<Oper ation name= " DeployDBServer ">
<Operation name= " AcquireNetworkAddress ">
</Interface>
</Interfaces>
</NodeType>

</Definitions>

Since the deployment artifacts to implement these tiodeType sare packaged in a single OVF
packae, the instances for these two nodes canittantiatedby importing the OVF package
only once. There may be interaction between these twaales For example, the application
server may acquire the network address of the database server in order to cotonie The
TOSCaontainer should know which VM is for the application server and which one is for the
database server after successfully importing the OVF package.

TheArtifactTemplates are defined in definitionsdocumentdMyArtifacts€ within the

target namespacé K (i (i LIY Kk k 6 6 6 PSE | Y LI STh@2byimpottingltie S! NI A F1 OG & ¢
corresponding namespace into anotHeefinitionsdocument, theArtifact  Templates are

available for use in the other document

<Definitions id =" MyArtifacts " name="My Artifacts "
targetNamespace="  http://www.example.com/Sample Artifacts
xmins:sat= "http://www. example .com/ Sample Artifact  Types'">

<lmport namespace= " http://  www.example.com/SampleArtifact Types"
location= " http://www.example.com/
Types/MyAtrtifactTypes.tosca
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<ArtifactTemplate id =" AppServerinstallable

name="Application Server Installable
Type="sat:O VFPackage ">

<ArtifactReferences>
<ArtifactReference reference= " files/myService.ova ">
<Include pattern="appserver.img"/ >
</ArtifactReferences>
<ArtifactTemplate>
<ArtifactTemplate id =" DBServerinstallable

name=" Database Server Installable
Type="sat:OVFPackage ">
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<ArtifactReferences>
<ArtifactReference reference= " files/ myService.ova "/>
<Include pattern="dbserver.img"/ >
</Arti factReferences>
<ArtifactTemplate>
</Definitions>

By specifying the VM image in tAgifactTemplates and referringto them in the
DeploymentArtifacts of NodeTypelmplementations  , the TOSCA container can be aware
of the role of each VM. TheodeTypelm plementations  for NodeTypes can be defined as
follows:

<Definitions id=" MyImpls "name="My Implementations
targetNamespace= " http://www.example.com/Sample Implementation  s"
xmins: snt =" http://www.  example .com/ Sample NodeTypes "
xmins: sat ="http://www . example .com/ Sample Artifact  Types"
xmins:s a=" http://www.example.com/SampleArtifacts "

xmins:ba= " http://www.example.com/BaseArtifactTypes ">
<Import importType=" http://docs.oasis - open.org/tosca/ns/2011/12
namespace="http:// www.example.com/ToscaBaseTypes  "/>
<Ilmport namespace= " http://  www.example.com/SampleAtrtifact Types"
location= " http://www.example.com/Types/MyAtrtifactTypes.tosca
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<Ilmport names pace="http://  www.example.com/SampleAtrtifacts
location= " http://www.example.com/Artifacts/MyAtrtifacts.tosca
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<Import namespace= " http://www.example.com/Sample NodeTypes"
location= " http://www.example.com/Types/MyNodeTypes.tosca "
importType= " http://docs.oasis - open.org/tosca/ ns/ 2011/12 " />
<NodeTypelmplementation name =" MyAppServerimpls
nodeType=" snt : ApplicationServer ">

<DeploymentArtifacts>

<DeploymentArtifact name=" AppServerDA "
artifactType=" sat:OVF Package "
artifactRef="sa: AppServerlinstallable ">

</ DeploymentArtifact>
</Deployme ntArtifacts>

</NodeTypelmplementation>

<NodeTypelmplementation name =" MyDBServerlmpls -
nodeType=" snt : DBServer ">

<DeploymentArtifacts>

<DeploymentArtifact name=" DBServerDA "
artifactType=" sat:OVF Package "
artifactRef="sa: DBServerlnstallable ">

</ DeploymentArtifact>
</DeploymentArtifacts>

</NodeTypelmplementation>

</Definitions>

Based on the aboveefinitionsdocument, theTOSCaontainercandeterminethat the VM
made fromdappserver.imgis the application server and the VM made frodbserver.img is
the database server. When the operatigcquireNetworkAddregdefined in theNodeType
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oDBServaris performed the TOSCgontainer can access the correct IP Address of the VM for
the database server.
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Appendix B. Terminology & Acronyms

B.1 Acronyms

Acronym Phrase

BPMN Business Process Model and Notation

CIMI Cloud Infrastructure Management Interface, a DMTF specification.

CRM Customer Relationship Management

CSAR Cloud Service Archiva TOSCA specified format

DMTF Distributed Management Task Force

EC2 Elastic Compute Cloud, an Amazon Web Service (AWS).

EJB Enterprise JavaBeans

FTP File Transfer Protocol

J2EE Java 2 Platform, Enterprise Edition

JAR JavaARchive

NTFS New Technology File System

OVF Open Virtualization Format

PHP PHP: Hypertext Preprocessor, a recursive acronym

QoS Quiality of Service

RPM RPM Package Manager, a packaging format used on some Linux
distributions.

TAR Unixstyle archiveile format; originally developed for tape archives, bl
has been adopted for additional uses.

UID, UUID | Unique Identifier, and Universally Unique Identifier

VM Virtual Machine
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