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1. Introduction
This document describes the Detail Design of the Sip Connector component as part of the CSN Release 3.0 platform. It is based on Sip Connector High Level Design Document V0.3 

Section 2 of this document goes in details of the design model focusing on event processing, state machine handling, service implementation and model class description.  Event processing section shows the metamorphosis of the primary event into call events and the event processing flow with all the interactions with the infrastructure elements. State machine model section shows on how call states are handled with details on state transitions and actions triggered by the call events. Also it shows on how to handle multiple state machines during a service implementation. Parallel, Serial, Delegate state machine models are shown as patterns used in implementation of various services. Service implementation section provides details of implementation for the main services such as: routeCall, joinCall, transferCall.

The Component view section provides detailed design solutions of the component infrastructure, showing packages, abstractions and theirs relationships. Also it provides behavioral details through a rich set of method description.
2. Detail Design Model
2.1 Call Management

2.1.1 Object associations

2.1.1.1 Direct association

Two objects living in the same process are considered in direct association when they exchange type identity references ( fig. 2a). This kind of association works in–process model. It relies on uniqueness and validity of references. It is fast and is used in in-process environment.
2.1.1.2 Opaque Association

Two objects living in the same or different processes are considered in opaque association when they exchange opaque identity identifiers (ex. fig 2b, 2c). Opaque identity identifiers do not reveal the real identity, but they provide a way of discovering it. 

Based on how the association is established the opaque association can be:

· static when they both exchange identifiers at the creation time. The identifiers do not change during their lifetime.

· dynamic when exchange identifiers at any time .
· ad-hoc when two objects are in association for a predefined time.
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2.1.2 Call Mapping

Call objects in opaque association exchange call ID rather than type references. Static call association is considered in SipConnector between call objects residing on different layers( ex. sipStack, networkCall, CSE) and exchanging identity identifiers at the creation time.  Any event coming from a source call object in association to a destination call object will carry the destination( target) identifier.

Ad-hoc association is considered for activity synchronization between network calls. 

It is important to mention the usefulness of the static association between SipCall objects and userAgentCall objects, even the temptation is high to use the dynamic one. UserAgentCall might move from one NetworkCall to another. Also UserAgentCalls might move from one location to another( see details in section 2.4.3 )  within a network call context. A short explanation reveals the fact that the messages exchanged between the two calls are traversing a queue which in fact is a communication buffer with decoupling capabilities. Also, messages from SipCall are intempestive in occurrence.  It is very hard to synchronize the association change with the pending messages buffered in the queue that are carrying an obsolete target. 

CallManager( fig. 2) manages call creation and destruction. Also, it provides mapping between call_id to call_object as generically shown in fig. 2b. It generates unique id’s for every created call and maps it to the instance. There are two mappings: one for NetworkCall and the second one for the UserAgentCall. The event dispatching is using this mapping facility to identify the call object.
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2.2 Event processing

2.2.1 Event flow

Definitions:

· event: is associated with an intempestive message generated by an event source. Events can be requests, responses etc. Within an inter-process communication environment a request can be associated to a remote procedure call.

· Marshaling: is considered as packing/ unpacking operation to transmit request over process boundaries (remote procedure calls). With in-process event sources marshaling is reduced to a direct procedure call. Packing/Unpacking operations are fulfilled by proxy/stub objects acting in pairs on client/server sides.
· Normalizing: is the operation of bringing different native event formats to a standard form;
· Decoupling: separates the event processor from the event sources. It is used to accommodate the incoming event traffic to a given processing speed. Also, adapts different threading models used by the event sources and event processor.
· Processing: changing states and behavior on target objects based on incoming normalized events.
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Flow description:

Fig. 3 shows a generic event flow between objects sitting on different processes. The remote event sources generate events which will be marshaled between process boundaries and then brought to a standard form in order to be processed by the event processor.   When event sources are local, the event marshaling facility is reduced to in-process function calls. To simplify the diagram the Marshaling operation is considered containing also the transport of the event between process boundaries.

2.2.2 Event sources
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Fig. 4 shows the main interfaces (in Sip Connector) that present events in normal form from particular sources as follows:
· sipStack generates and presents events at ISipListener interface. Events coming from sip stack are far end point requests or responses. Marshaling and Normalization are provided by the sipStack component. 
· CSE generates and presents events through ISiccListener interface. Events coming from CSE act as remote service requests. Marshaling and Normalization are provided by the Sicc component.
· InternalCallObjects generate events through IExecutiveListener interface. They are internally generated events by the call objects (state machines). They are used to synchronize parallel state machines or concatenate state machine during a service lifetime. No marshaling is involved. State machines generate events in normal form.
The EventConnectionPoint connects fully decoupled packages (see details in section xx – couplers). In this particular case EventConnectionPoint connects event sources to a queuing facility acting as a Decoupler( see details in next section).
2.2.3 Event decoupling
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Events coming through a EventConnectionPoint object are submitted to a queuing facility ( EventQueue). The EventQueue is acting  as a decoupler ( fig. 5) between the event source and the event processor. The event submission operation is executed within event source thread whereas the retrieve event operation runs on EventListener thread. As a result the EventQueue has to be threading safe. Multiple event sources are concurrent on submission operation. Submit and retrieve are concurrent on the queue object. Synchronization access mechanism is required. Also, the EventQueue provides dynamic event object allocation and destruction. The EventListener listens for new incoming events from the queue. 
2.2.4 Event processing
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In the current release( 3.0.0 ) the EventListener (fig. 6) listens for events coming from the EventQueue in a single thread. Future releases might consider the EventListener as being served by a pool of threads. Events in normal form coming from the EventQueue are dispatched to the appropriate target call object by the EventDispatcher. Dispatching is based on mapping the opaque handle carried by the event to a call instance responsible for handling it. The opaque handler is exhibited as a call ID. The CallManager keeps and manages the mapping between callID to the reference of the call instance.
The target call objects related to specific event sources are presented below:

- Every SipServerDialog( a wrapper of a SipCallLeg ) lives in association with a UserAgentCall. Every message (as event) coming from SipServerDialog will carry the UserAgentCall ID and every request made from UserAgentCall to the sipStack will carry the identification (handle) of the SipServerDialog. The association is created during the call object creation/ initialization process.
- Every CSE session identified by an opaque handle (id) is associated with a network call identified by a ID.  Same here, every request/response will carry the target object handler.

- Executive events will establish an ad-hoc association by carrying the source objectID as well as the destination object ID. The source generates an event with a defined target. The ad-hoc association acts for a defined processing time like the execution of a state diagram rather than for the lifetime of the call. 

Events coming from sipStack within a SipServerDialog context are associated with a UserAgentCall object. The dispatching mechanism will identify the target and will direct the events to be processed within the target context. A UserAgentCall is linked to a NetworkCall as a child sitting on a predefined location( origination, destination ).  As a result, the NetworkCall acts on events coming from a well defined location.  The UserAgentCall needs to translate events coming from the stack (location independent) to location dependent events. For example event like onOffering() coming from a SipCall object is translated by the UserAgentCall into onDestOffering() or OnOrigOffering() event based on call location.
Events coming from sicc are associated with a network call object. The dispatching mechanism identifies the network call instance responsible with event processing.

Event generated internally are targeting network call objects. They are used to synchronize activities that are spanning multiple network calls each one running a particular state machine. 

State machines:
No matter the target call object is, the final event processing takes place in a network call context. Event processing within a network call context is delegated to a specialized call event handler instance which runs a state machine. Delegation to one call event handler or another is dynamically changed and synchronized through usage of the executive events.

There is a StateMachineFactory responsible with creation of a state machine instance to be associated with a particular network call. StateMachineFactory decouples the client from the type complexity and diversity of state machine pool.

All classes derived from ICallEventHandler are state machines which serve a well defined role and responsibility.

Details on state machine models are shown in section 2.3
2.3 State Machine Models
2.3.1 Assupmtions:

· A network call runs only one state machine at one moment in time;
· A service may run multiple specialized state machines on one network call only in serial manner;

· A service may run multiple specialized state machines in parallel manner only when each one runs on a different network call context;

· Network calls are responsible for managing (loading, unloading, connecting) the state machines used by a service.

· Connecting two state machines (in serial manner) part of a service implementation requires a decoupled connectivity mechanism.

· A decoupled connectivity mechanism may be based on existing event queue facility carrying executive events from one dying state machine to a new born one. Executive events must take precedence to any other events existent in the queue.

· Services running multiple state machines in parallel manner require a synchronization mechanism between them.

· A synchronization mechanism may be based on executive events carrying progress information between state machines.
2.3.2 Executive events

Executive events are internally generated events with the following purpose:
· to connect two state machines in serial manner (see 2.3.4) running on the same network call;

· to start parallel state machines running on distinctive network calls( see 2.3.3);

· to synchronize state machines each running on a distinctive network call( see 2.3.3);
· to synchronize state machines running in delegate manner( see 2.3.5).
2.3.3 Parallel state machines
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Fig. 7 shows a parallel state machine model. A request event coming from Sicc is targeting networkCall_A and is executed within stateMachine_A. During event processing an operation on a different network call( networkCall_B) is required( ex. terminate donor call in join operation ). An executive event gets generated, queued and processed within stateMachine_B. The stateMachine_A may wait for stateMachine_B to finish in order to progress to another state. A notification from stateMachine_B is required. It might be generated using an executive event carrying the notification.
Typical example: joinCall service implementation.
2.3.4 Serial state machines
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Fig. 8 shows a serial state machine model. It shows on how the requestEvent execution is performed by concatenating stateMachine_A with stateMachine_B using an executive event. A requestEvent coming from Sicc is processed within networkCall/ stateMachine_A context. Network call intercepts a service request( which triggers a state machine change), determines the appropriate state machine to load( stateMachine_A ) and does some specific processing( ex. standard join transformations ). At some point it requires a specialized state machine( stateMachine_B ) to run based on a specific network call content( ex. one of connectCall state machines involved in joinCall scenario). To leave stateMachine_A and start using stateMachine_B it requires a decoupling mechanism. It is achived by generating an executiveEvent which captured by network call will trigger releasing stateMachine_A and  loading stateMachine_B. All subsequent events will be processed by stateMachine_B.
Typical example: joinCall service implementation.
2.3.5 Delegated state machines
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Fig. 9 shows a delegate state machine model. It appears very similar with a parallel state machine model. The difference is that the stateMachine_B can run inside stateMachine_A by processing the events coming from userAgentCall to the destination( networkCall ). This is a typical example when a terminateCallLeg is requested. Instead of o processing all messages related to the termination of the call leg at the level of the network call it is possible to delegate that operation to stateMachine_B linked to userAgentCall. Syncronization between stateMachine_A and stateMachine_B is done through executive events like delegateRequest and handbackRequest as shown above.
2.3.6 State Machine Factory

The state machine factory (fig. 10) creates on demand state machine objects, keeping that complexity away from the client. [image: image11.png]StateMachineFactory
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2.3.7 State Machine Manager
The network call is the state machine manager. It intercepts known events that trigger new state machine and calls an appropriate method on state factory to get the state diagram instance to be used as a current one. Events that trigger new state machines are most of the CSE service requests, new incoming calls from sipStack as well as the executive events. The network call is the owner of the state machine object.

2.4 Service design
2.4.1 Call state naming conventions

Fig. 11 below shows the states of a simple call. The originator(client) call has INVITING->PROCEEDING->CONNECTED state transitions whereas the destination call( server) has OFFERING->ACCEPTED->CONNECTED state transitions.
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Using the simple call states, fig 12 below shows the notation convention when a network call is involved. The network call as an aggregate of two call legs,  will capture the transitions for each call leg. The OrigUA acts as a server call whereas the DestUa acts as a client call.

Call state transitions for network call are: ORIG_OFFERING->DEST_INVITING->DEST_PROCEEDING->DEST_ACCEPTED->ORIG_ACCEPTING->ORIG_CONNECTED->DEST_CONNECTED->CONNECTED. A simplified version( lower granularity) might consider joining together  DEST_ACCEPTED with ORIG_ACCEPTING to ACCEPTED and ORIG_CONNECTED with DEST_CONNECTED to CONNECTED  
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2.4.2 RouteCall

Fig. 13a,b,c below show transitions from each routing state based on all expected incoming events.  There is only one state diagram involved in call routing- RouteCallStateMachine -. This state machine gets loaded by the network call on receiving onOrigOffering event. In any state, a service request might occur. The service implementation will analyze the current state (each call leg state) to see if the operation is accepted. For example, a joinCall request during the call routing (as a result of an correlated incoming call on different network call), does an call leg status analysis and chooses the appropriate methods to perform the service  
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2.4.3 JoinCall

2.4.3.1 Call layout

The joinCall operation involves two network calls: the recipient call and the donor call. Fig. 14 below shows the possible layout of the involved network calls.
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The all possible layout combinations are as follows:
	RecipentCall
	DonorCall

	Orig
	Dest
	Orig
	Dest

	recipientLeg
	leg/none
	donorLeg
	leg/none

	recipientLeg
	leg/none
	leg/none
	donorLeg

	leg/none
	recipientLeg
	donorLeg
	leg/none

	leg/none
	recipientLeg
	leg/none
	donorLeg


2.4.3.2 Call transformations
joinCall service requires a number of preliminary operation before doing the actual connect call scenario. Fig. 15 below shows the operations required to bring everything to one network call with two call legs in various states. Based on call leg states, specific connect call operations will be applied( see SipConnector HLD ).  After transformation phase the recipientCall will have the following content::
	RecipientCall

	Orig
	Dest

	recipientLeg
	donorLeg


It is important to note that the recipientLeg would be brought always after transformations on orig leg location. 
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Operations involved:

· might invoke terminateCallLeg( embedded in join ) also it might be delegated to userAgent call;

· might require moving recipientLeg from dest to orig. Keep unchanged the association with SipCall;

· attach donorLeg to recipient call as dest. Keep the association between callLeg and sipCallLeg

· terminate donor call

· connectCall using appropriate state machine;

JoinCall service involves three state machines( optional 4 when terminate call leg is delegated to userAgentCall );
 Fig. 16 shows on how the executive events are used to handle multiple call state machines during the join call service implementation. connectCallStateMachine is a generic name. It is instantiated based on the state of the cal legs linked to the recipient call. IncomingIncomingCallStateMachine, ConnectedConnectedStateMachine, ConnectedIncomingStateMachine might be as possible state machine instances.
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Fig. 17 shows the joinCallStateMachine which perform all call transformations. In JOIN_PROCEEDING state the connectCall phase starts.
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2.4.3.3 connect call
As described before, based on the state of the call legs linked to the network call involved in joiningCall process, a specialized connectCall state machine is loaded and executed. State machines for different call scenarios have been described in [1]  also connect scenarios described in [3].
2.4.4 TransferCall

The table below shows the network call layout when transferCall service request occurs. To note that the origination leg is in connected state, whereas the destination leg is either connected or connecting in progress( as a result of a possible another transferCall in progress) or not existent.
	Network call

	Orig
	Dest

	connected
	connected

	connected
	connecting in progress(INVITING,PROCEEDING, DISCONNECTING)

	connected
	none( OrigHeld)


There are two major operations involved in this service implementation:

· disconnect the destination in any state( if existent )

· connect origination call leg to a new outgoing call leg.

A transferCall operation in progress can be interrupted by another transferCall request. This scenario applies to the layout above (connected, connecting in progress. 

There is only one state machine that serves the transferCall. Disconnecting the destination call leg in any state can be performed within transferCall state machine or can be delegated to the call leg. State machine for transferCall has been presented in [1]
2.5 Component View

2.5.1 Event Component View
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2.5.2 Network Call Component View
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2.5.3 SIP Stack Component View
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3. Open items

Detailed state diagrams are added to the document as the implementation progresses.
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