AST White Paper

I Introduction
There are an increasing number of large-scale, globally distributed applications that require more sophisticated network services than what the traditional best effort network infrastructure can provide.  The characteristics of the network service requirements for these applications are as followed:
· Dedicated network resources: an application doesn’t need to worry about its impact on other network users, or vice versa.
· Deterministic performance: the network service is repeatable and predictable.
· Very high performance: the network service can have multi-Gbs flows with no latency or loss of packets, minimal jitters and globally reachable.

· Reservation and Scheduling in Advance: the application can reserve and schedule its usage of the network and non-network resources 
· Flexible and Dynamic: the user can acquire these dedicated network resources on a short notice from many potential service or resource providers.
· Application Specific: The user’s perspective of the “network” is a customized and integrated set of resources that address the needs of the particular application community instead of a first-come first-served one-size fits all shared environment.
To accommodate the needs of these high performance application users, developments in the networking technologies, such as the continued evolution of optical network technologies combined with dynamic provisioning mechanisms such as Generalized Multi-protocol label Switching (GMPLS), can fulfill the needs.  And the emergence of hybrid networks, networks that incorporates both packet and circuit technologies, also enables the network capability to serve these high-end users.  Nevertheless, from the application perspectives, the understanding of the underlying networking technologies is irrelevant; the focus is on the delivery of the services the applications need.  
Application Specific Topology Description Language (ASTDL) is the tool developed to define, instantiate and manage those application specific networks.  Indeed, ASTDL provides the ability to describe all the resources to be incorporated into an application – include those resources that reside on end systems (not particularly network resources).   The entire distributed application topology can thereby be formally and completely specified and captured in an XML text file that can be processed by web services agents or other tools.  The Application Specific Topology Builder (ASTB) is a tool that locates reserves, and instantiates and manages the entire specified topology.  

Resource is the central theme in ASTB.  ASTB is designed to easily adapt to different network provisioning systems and resource allocation agents.  While the current testing is mainly over DRAGON-based network, ASTB can be extended to other network as evolved.
II Architecture Framework in ASTB
Here are some architectural objectives in ASTB:

· The infrastructure should accept on-the-fly or schedule-ahead requests from users.  The users can uses ASTB as a “network service”, and the response should be deterministic and well understood by the users.  The desirable response time can be set by user per request.

· The infrastructure should allow ASTB to extend to various resource allocation management mechanisms, such as Grid resource allocation agencies, and different network provisioning system so that users can adapt ASTB to their infrastructure easily.
· Because of the inter-dependent nature of different resources in a topology request, the tasks on identification and allocation on each individual resource are not independent tasks.   One goal of the ASTB project is the development of an effective algorithm to identify and allocate the resources in the topology requests.
· Users who have access to the ASTB facility should be governed by user policies so that Authentication, Authorization, Accounting (AAA) of the resource can be facilitated.
· The format of the requests from the user should be flexible and extensible to include atomic and composite resources as well.  However, the format should be easily understood by users who may process limited knowledge in networking technologies and resources attributes.
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Figure 1 
AST Architecture
AST_master.  To coordinate tasks to provision a topology and manage resources within that topology, AST_master plays the most important role.  Simply speaking, AST_master is the “brain” or server for ASTB implementation.  It is the agent that interfaces with individual users and applications.  It queries resource brokers to search for a physical resource that satisfies the description that the user provides in the incoming topology setup request.  It also bears the responsibility to distribute tasks to resource instantiation agents to provision the resource as specified in that topology.  It also facilitates advanced operations on AST, such as dynamic AST and composite AST.  AST_master processes resource descriptors to “extend” its knowledge on resources so that AST_master can service new resources effortlessly.   It also provides mechanisms for users to manage the active AST.  
Components in AST_master include:

Mapper Module.  When AST_master receives a setup request from clients, this request might not dictate the exact instances of the resources; this type of request is a logical AST, containing the virtual framework of the AST, but not the actual instantiation of the AST, physical AST.  A logical AST can be mapped to several physical AST depending on the availabilities of resources; the Mapper Module in AST_master contacts resource brokers to reserve resources and construct a viable overall topology plan.  The interaction between resource broker and manager module follows the model described in Topology Instantiation Protocol (TIP), which will be illustrated in later session.  Once the AST_master determines the physical AST, the manager module in AST_master takes the physical AST and instantiate it.  Often times, if the application users don’t want to expose the resource brokers for the resources to AST_masters, users can always submitted a physical AST to AST_masters.  Besides, users can also write their own mapper function to translate the logical AST to physical AST before submitting the AST to AST_master.
Manager Module.  The manager module takes the incoming requests and processes the requests accordingly.  Manager module possesses knowledge on where to locate and how to contact resource instantiation agents, the components located locally on the resources that take care of all the AST related operation.  The manager module is also responsible on processing the responses from resource instantiation agents to determine the status of that particular AST.  The interaction between minions and manager module also follows the TIP. 
Application Specific Topology Database (ASTDB).  AST_master maintains a database of all ASTs that it has processed, regardless whether the AST is still active or not.  AST_master updates this database whenever it receives any “news” about an AST.  The AST will be stored in the XML format.  ASTDB plays an important role in restoring AST_master to its operating status after disaster.
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Figure 2

How AST_master process request
Resource Brokers.  The availability of a resource in a particular period of time can be limited in many cases.   The “schedule” of individual resources is stored in resource brokers.  Besides, AST always composes of resources that require authentication from users.  The reservation, management and authentication of resources are beyond the scope of AST_master.  After preliminary processing of each resource, Resource Brokers are the agents that AST_master contacts to identify and reserve resources prior to the actual instantiation of the AST.  A reservation id will be given back to the ast_master if the resources are successfully located.  As many other communications within ASTB, Resource Brokers use the TIP to interact with AST_master.
The development of resource brokers is out of the scope of ASTB implementation.  Possible collaboration on resources and its associated brokers can be found in the GRID computing communities, e-science projects etc.
Resource Instantiation Agents.  Resource instantiation agents and minions are interchangeable names in ASTB.  Minions are agents that run locally on the resource or remotely as a proxy for the resource.  Its major functionality is to take requests from AST_master and compose the appropriate response to AST_master.  It’s up to the developers of the minions to decide how to process the request.  For example, minions can further delegate that task to local daemon, or the users can implement that functionality within the minion.  In addition, there is no fundamental difference between processing the node or link resources; a generic minion is provided in the ASTB deployment.  Minions also use the TIP to interact with AST_master.  And how to contact the minions is documented in the resource descriptor.
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Figure 3

Practical AST example
Figure 2 shows a practical example of AST.  Minion_A has been modified from the generic minion to provision the link in the Europe control plan while Minion_D has been modified to adapt to the control plan environment in the US.  Both AST_master and the user do not know the details of the provisioning system, such as the request formats and responses expected.  When it comes to provisioning a dynamic link between an end system in the US and an end system in Europe, AST_master will contact the right minions by reading in the file descriptors and let the minions representing the resources to process the request.  
III User XML schema file

Resource is the major components in describing topologies.  The AST files are written in ASTDL, the language that let users define the topology in terms of resources.  ASTB provides a systematic way to have a generic mechanism to deal with all kinds resources.  The mapper module is responsible for identifying and reserving the resource while the manager module is responsible for setting up, monitoring and tearing down the resource.

In genera, a resource in AST is either node or link.  Here, “node” refers to resource elements that generate, consume, process or switch information in some fashion while “link” refers to resource elements that transport information.  In advanced AST, a resource can be an aggregate resource comprised of multiple other resource elements.

Each node resource should have 
· subtype: indicate the type of resource.  This subtype should indicate a resource types that AST_master learns from resource descriptors.  Details of resource descriptors will be in later sessions.  By subtype, AST_master will know learn about the resource brokers, resource instantiation agents and the schema of that recourse type.
· name: name is the unique ID of that resource within the scope of the current AST.  Users can use the name to refer to other resources within one resource block.
· ip: currently, IP is assumed to be the way to locate the resource.  If the incoming XML file doesn’t have IP for some of its resources, there some two possible reasons:

a. AST_master will rely on its knowledge to that type of resources to figure out the location of that resource.
b. that resource is a physical resource and AST_master should contact its resource brokers to locate a matching and available resources.
· res_details: the syntax within the res_details block is defined by the schema associated with the subtype.  The extensibility of the AST comes from the fact that difference resource types can define their own resource specific attributes within the res_details block.

Each link resource should have
· name: the unique ID of the resource within the scope of the current AST.

· endpoint1, endpoint2: indicate the endpoints for the link; this will be set up as a point to point link
· Other optional link requirement details: common link properties such as bandwidth.

In fact, link also has “subtype”.  However, in general, what type of link connecting both end points is not something that the user knows.  When AST_master receives a set up request, it will contact resource broker for each node for the type(s) of interfaces available, and it will figure out the link type by then.  More details will come in later section in this paper.

IV Resource Descriptor

In order for AST_master to process resources described in the ASTDL, it has to “acquire” the information on how to deal with the resources according to the resource types.  AST_master learns about the resources through resource descriptors.  
Resource descriptor is an XML-based file containing the following information about a resource type:

· res_type: indicate whether it’s a “node” or “link”

· subtype: each resource defined in the AST should be one of the resource types that AST_master learns from resource descriptor

· broker: a resource type can have more than one broker.
· schema: written in Relax NG format to define what AST_master should expect under <res_details> for that resource types.  This can be a local file or a file on the web.
· default_values: an XML file indicates default values for the attributes for this resource type.

· agent: information on how to contact the minions for that resource type.

User should indicate the location of this resource descriptor file in the configuration file.  After AST_master has started, the AST_master command line interface (CLI) will provide a way to let AST_master read additional resource descriptors to expand its knowledge on resources.

V Topology Instantiation Protocol (TIP)
Topology Instantiation Protocol (TIP) defines the interaction between AST_master, minions and resource brokers.  This model is a generic implementation and should be extensible to any kinds of resources.  When new resource types are defined, its related resource brokers and minions should incorporate TIP so that they can communicate with the AST_master in a scandalized way. 

TIP uses Application Specific Topology Data Language (ASTDL) for communication.  The Extensible Markup Language (XML) is a general-purpose makeup language.  Its extensibility comes from the fact that it allows users to define their own tags, and tools are available to define its schema, parse and validate the XML files.  AST defines its own set of tags in its ASTDL.  In AST, the schema of ASTDL is defined in Relax NG (RNG).  The set of tags defined in ASTDL is also used in the TIP for the interaction between AST_master, minions and resource brokers.  The extensibility in XML also allows AST to include new resources definitions in ASTDL without interrupting the core operation of AST_master.    

Prior to receiving requests from client, AST_master should be started.  It can run in any host that the user have access to.  When AST_master starts, it will read its configuration file and load the resource descriptors.
· pre-setup stage:
· User will send the setup_req to the well-known port that AST_master is listening to.  This is an ordinary socket connection.
· Once AST_master receives the setup_req, it will validate the file by the schemas specified at resources descriptors.  Once validated, AST_master will load the default values to any undefined attributes in the setup_req file.
· reservation_req. Then, AST_master will send reservation_req to its resource brokers.  Resource brokers will identify the resource if this is a logical resource, not a physical one.  It will also bear the responsibility to reserve the resource for this AST.  
· reservation_resp. The resource broker will send resource_resp to AST_master indicating if the reservation is successful or not.  In the case of a success, resource broker will return a reservation_id to AST_master.  
· Once AST_master receives all reservation_resp from all resource brokers, it will return a success or failure to the client.  
· If this is a success case, the client will receives an ast_id, a globally unique topology ID, to identify the AST in subsequent requests.  And the topology will be written to a the ASTDB
· setup stage: 
· setup_req.  When it’s time to provision the AST, AST_master will contact minions by sending the setup_req to them.  
· setup_resp.  The minions will return setup_resp to AST_master to indicate success or failure for the setup_req.  
· If any of the setup_resp is a failure, AST_master will release all reservation of that AST and send release_req to all minions.
· If all setup_resp are successful, AST_master will put the AST to the next stage. 
· active stage:
· ast_complete.  Once all resources are setup according to what the XML file specifies, AST_master will send a ast_complete to all minions.  In this message, AST_master will give the minions the whole AST details instead of only the resources that the minions are responsible for.

· app_complete.  Minions will return app_complete to AST_master when they no longer need the services of that AST.  
· release stage:
· The release stage starts when any one of the following situation is satisfied.

1. The AST failed at the setup stage, AST_master will automatically issue release_req on that AST.
2. The client sends a release_req for the AST.
· release_req. When AST_master receives the release_req on an AST, it will send release_req to all minions.
· release_resp.  Minions will send release_resp to AST_master, indicating whether the request is success or failure.
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Figure 4
State Machine of AST instance
Figure 4 shows how AST status changes during the life time of an AST.  AST_master keep updating the XML file in the ASTDB to reflect the latest status of the AST.  With the ASTDB, AST_master can retrieve the information of all active AST when there is any disastrous event.

VI Advance Topics in AST
A. Dynamic AST
After the setup_req of an AST have been submitted to the AST_master, user may want to modify the AST.  Again, the user should use the ast_id to make the mod_req on the AST.  Within the mod_req, user will send along the delta changes; AST_master will merge the existing AST retrieved from the ast_id and apply the delta changes for a preliminary interdependency checking.  If the delta changes are feasible, AST_master will proceed by contacting resource brokers and distributing tasks to minions.  A mod_resp will be sent back to the users once AST_master can determine the success or failure on the mod_req.
Please note that the potential degree of modification on each resource depends on the implementation of that particular resource.  If a type of link resources doesn’t allow modification on certain parameters after the resource is “in service”, AST_master will also be bounded by the same constraint.

The mod_req file is very similar to the setup_req file except that:

· ast_id: a mandatory field to indicate which topology receives the mod_req.
· action: <resource> has action attributes, possible values of “create”, “delete” and
· “mod”, to denote the changes of a particular resources in the existing AST
i create: the expected format under “create” resource is the same as the format of resource in setup_req.  The mapper module will process this resources by identification and reservation through resource brokers; the manager module will instantiate the resource through minions.

ii delete: name is the only required field in “delete” resource.  

iii mod: the users should indicate the delta changes that they want in the particular resources under <res_details>

B. Hierarchical AST

In times, users may want to link an AST to another AST, such as

· after the user sets up two AST, AST_1 and AST_2, the user may want to combine AST_1 and AST_2 to for a new AST_3;
· after the user sets up AST_1, the user may want to setup AST_2 where AST_1 is one resource in AST_2.  
· the user may want to aggregate a few resources and add that as a single resource to an AST.  

To handle the above situation, user should specify an AST as a resource and define how this AST resource relates to other resources in a new AST file.  
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Hierarchical AST 
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