Using Lotos for Modelling and Analysing an Online Feature Manager: A Study

Stephan Reiff-Marganiec

sreiff@dcs.gla.ac.uk,

University of Glasgow, Department of Computer Science, Glasgow, G12 8QQ, Scotland

June 11, 2001

1 Introduction

We consider the suitability of Lotos for modelling and analysing an online feature manager. The work forms part of a larger project on hybrid methods for feature interaction detection and resolution.

In modern telecommunications networks features such as “Call Waiting” (a subscriber is informed when a call attempt is made to an busy line) or “Group Ringing” (where a number of telephones reacts to an incoming call attempt and the call can be answered at any phone) are common. The number of features is steadily increasing. Further, a general move towards an open market leads to more suppliers of features.

Features are added functionality, they are developed independent of each other and are tested. However, making features available together introduces the potential for interaction between them: two features might react to the same trigger (for example a call attempt to a busy line) and offer different ways of handling this. This problem is known as the feature interaction problem.

We advocate a solution to the problem in form of an online feature manager that detects and resolves interactions. The feature manager applies rules for resolution to resolve interactions at runtime. The rules are found during a formal analysis phase, the interactions are detected at runtime.

The formal analysis phase requires a sound understanding of the system which is best provided by a model of the system. As the resolution mechanism must be added to the system, we aim to develop a model that is operationally close to a real implementation of the system, thus facilitating an easy transfer of the results.

In this report we analyse the suitability of the Lotos description technique and the available tool support w.r.t. the given problem.

1.1 Overview

We introduce the idea of an online feature manager and describe the basic functionality of the feature manager. An analysis of properties required in a modelling notation to describe the feature manager and allow to work on extended capabilities justifies why Lotos seems a good choice. We then develop the model for interaction detection and show some experimental results. We present initial ideas for automatic resolution of detected interactions – the modelling of which leads to a reconsideration of the chosen modelling notation. The appendices contain source code of the Lotos prototype model, the Perl script for customisation of the prototype model and instruction show to build an executable prototype.

2 An Online Feature Manager

The aim of this section is to provide an overview of the online feature manager. The basic idea and the detection method is due to Marples and Magill ([MM98, Mar00] for full details).

The role of the on-line feature manager is to mediate between new features, the legacy system, and the other components of the system (e.g. terminal devices). Specifically, the feature manager passes incoming messages from the switching hardware to the legacy software and all additional features; for simplicity we assume that this happens in parallel. The legacy software and the features are embedded within a cocoon that offers a consistent interface. For the remainder of this section we use the term feature to denote both the new features as well as the basic call software. (We expect the latter to be included in the legacy software.)

When a message is processed by a feature, two possible behaviours can occur: the message triggers a response (one or more messages) or it does not. All triggered responses are sent back to the feature manager, concluding with a transaction finished message. The latter is also sent by features not responding with a proper message^1.

The responses are collected by the feature manager and then evaluated. There are three possible outcomes:

1. no proper messages were received,

2. exactly one proper message were received,

3. multiple proper messages were received.

In the first two cases, the feature manager’s role is straightforward: the basic call progresses (the former case) or the feature takes control of the call (the latter case). It is the third case which is interesting: the possibility that more than one feature might reply and the consequent potential for an interaction is indeed the motivation for the feature manager. Rather than resolve an interaction at this point, we explore the space of possible resolutions in the following way.

The feature manager stores the current state and initiates copies of the feature processes. The current state includes the list of events and other local information; it describes a snapshot

1Any message apart from the transaction finished message.

of the system from the viewpoint of the feature manager. Assuming that at least one message has been received, the first one is fed to the copies of the features, the responses are gathered and processed. Part of this processing may involve sending and receiving further messages to and from the (copies of the) features.

This process terminates when there are no further responses; at this point, we have a sequence of messages and responses, which we consider as a branch in a behaviour tree. To construct the rest of the tree, we restore the initial state, farm out the next event, generate a new branch, and so on. Once all events are processed we have defined a full behaviour tree. It remains to select the most promising path in that tree. Which path is to be chosen? is the key question our research project will answer, by providing a theory of features and events that ultimately guides the choice. The theory will also provide mechanisms to detect unsuitable paths early in their construction process. Due to the close connection between the underlying theory and the transactional online feature manager we refer to the proposed approach as hybrid, for further details we refer to [CR00, Rei00].

When the path is selected, it is committed by sending out the appropriate messages to the switching hardware. In detail, this means that all those messages produced by the features in response to the trigger event that are part of the selected branch need to be replayed and this time send out to the user or trunk. This playback is no longer piped through the feature manager’s detection and resolution mechanism.

The approach depends on certain assumptions about the system, namely that we can create copies of all the associated processes. In a legacy system, one might emulate process copies if the system provides the functionality to reset a process to a certain state. In this case, to emulate multiple copies we maintain stacks of all messages, reset the control process and replay messages from the stack to obtain a process in the desired state. This is very much like failure recovery in database systems employing a rollback-commit strategy. For further details of the construction of the behaviour trees, see [CMM99].

The approach originally described by Marples and Magill only considers the reaction of features as described by the initial event and direct responses (i.e. feature behaviour that can be described as trigger-response(s) pair), whereas we will also consider hypothetical events to obtain a more complete picture of the solution space. This extension allows us to deal with features that require further input (e.g. from a user) and improves the quality of the solutions found, by considering the influence of a decision over a longer timescale. To motivate our concern with the longer term effects of a decision consider the following scenario: a user subscribes to three way calling and two features (A and B), both requiring a PIN. During a call both A and B request a PIN, triggered by the same event; the requests do not clash, hence an “ask for PIN” is committed to the user. The user enters a PIN, which is correct for one feature only (say A), so we have to resolve an interaction between “continue call” and “end call”, as required by the features. We decide to continue the call, hence B is reset to the last stable state (awaiting a PIN) and the call continues. The user now flashes to initiate a three way call, and on the request to dial he dials a wrong number which coincidently is the correct PIN for feature B. The feature B now triggers its actions, whereas the user would have expected a message informing him/her that the telephone number was not recognised.

Figure 1: An Online Feature Manager – Systems Architecture

3 Notation

The feature manager developed by Marples and Magill provides a very good runtime detection method, however the resolution mechanism is very crude. In order to enhance the resolution a sound understanding of the approach is required and it was felt helpful to have a model of the system for experimental purposes.

A number of key concepts required in the modelling notation can be derived from an analysis of the detailed specification [Rei00]. We have presented an overview in section 2 and will not go into any specification details here, but rather summarise the elemental details. Features are black boxes communicating via message exchange with their environment. Some features might have internal loops, e.g. three way calling allows the user to toggle potentially infinitely often between the two calls. The feature manager gatheres the responses and generates the behaviour tree as described in the previous section. As the behaviour tree contains all possible solutions (that is all potential interleavings of executions of features), we have to commit to one of the given behaviours, we refer to the behaviour tree as solution space. Thus, any notation suitable for modelling should provide:

• a natural way of expressing events (or messages) as a basic concept

• a way of expressing looping behaviour of features

• tree data types (to handle the solution space)

In addition it would be preferable to have some of the following:

• a recognised notation (maybe even standardised)

• tool support for the notation (for simulation and verification)

After investigating various notations, process algebras seem a natural choice. The basic terms in process algebras are actions which are combined by sequencing and choice operators. Sending or receiving a message can be treated as events. Parallelism operators seem useful to describe interleavings. The requirement for complex data types suggests Lotos [ISO89]. Lotos combines process algebra with an algebraic data type definition language (Act One). Furthermore, Lotos is standardised by ISO and well known in the telecommunications area. Extensive tool-sets for verification and simulation are available in the form of Caesar/Aldebaran [CAD] and Topo/Lola [LOL, ?].

4 Constructing the Solution Space

Having decided on Lotos as notation we can attempt to implement a model representing the specification of the system. A further requirement for this model is that it should follow the operational description provided by Marples, in particular the internal behaviour of features should be hidden from the feature manager.

The Lotos model makes use of processes and abstract data types, where those processes representing parts of the system (like the feature manager) communicate via messages. In the model we define a data type for messages, which contains the IO aspect, event and argument. The IO aspect is either rcv or snd denoting the direction of a message from the viewpoint of a feature. The data type also includes tests for equality.

4.1 Overview of the Model

We model a telecommunications switch with feature manager, hence our main components are the feature manager and the features. We add a component, trigger generator, to close the system. Figure 2 shows the overall structure of the model. The trigger generator produces a trigger event (which in an operational system would be received from a terminal device or remote switch) and consumes the responses (which would be consumed by a remote switch or terminal device).

The feature process is discussed in detail in section 4.3; the feature manager process in section 4.4. Here we give an overview of the whole system.

A generated message is received by the feature manager which passes it on to the features in parallel. Each feature responds and the responses are collected in independent queues. A feedback process is used to reflect the responses back to all features and thus explore whether further responses are triggered; the process terminates once all queues are empty and no further responses are received from any feature. This process allows to explore all possible responses to a trigger message. The result is the solution space, stored in a tree data structure. This construction process is controlled by the feature manager.

In addition the feature manager controls the creation of copies of the features so that a rollback strategy can be applied. The idea is that a copy is created, then all further messages are sent to the copy until a rollback is required. Upon rollback, the copy is killed and the original feature, whose state remained unchanged provides the previous state of the system.

The solution space is passed to a pruning and extraction process which produce a single solution which then is committed to the environment.

Figure 2: Overview of the Model

A special aspect of the model is that we can deploy as many features as we require. It is assumed that we have at least 2 features as otherwise no interaction can occur; such a model is of no interest to us. However, this requires data types and process parameters which depend on the number of actually deployed features. For example, a model with n features only requires n response queues in the feature manager and n channels for communication between the features and the feature manager. These numbers obviously change if we deploy fewer or more features.

In Lotos the structure of processes is fixed, i.e. the number and structure of channels is clearly defined (note that E-Lotos extends on this by allowing channel splitting, i.e. the structure of a channel can be adapted). When a process is declared it is given an interface of the form procname [list of channels]. The list of channels is of finite length and channel is named. Furthermore, synchronisation of processes is achieved by binding channels to each other: for example proc1 [in] |[in]| proc2[in] means that the two processes synchronise on channel in.

In order to create models with certain numbers of features a Perl script has been developed to overcome the above restrictions. The script asks for the number of features and the actual features that shall be provided in the model, then reads a prototype model with place holders for the differing parts and constructs the correct model. The place holders are substituted with the correct customised Lotos code for the requested model.

Example 1 This extract from the prototype model

hide Out, (*# GATES *), EnvIn, EnvOut in
  TriggerGen [EnvIn, EnvOut]

    |[EnvIn, EnvOut]|
    FM [EnvOut, EnvIn, Out, (*# GATES *)]
    |[Out, (*# GATES *)]|
    (
(*# BEHAVECOCOON *)
    )

is converted into the following Lotos, when the script is run to generate a model for 3 features (here 1 to 3):

hide Out, In1, In2, In3, EnvIn, EnvOut in
  TriggerGen [EnvIn, EnvOut]
  |[EnvIn, EnvOut]|
  FM [EnvOut, EnvIn, Out, In1, In2, In3]
  |[Out, In1, In2, In3]|
  (
    Cocoon [In1, Out] (0, emptystack, 1, 1)
    |[Out]|
    Cocoon [In2, Out] (0, emptystack, 2, 2)
    |[Out]|
    Cocoon [In3, Out] (0, emptystack, 3, 3)
  )

4.2 Processes and Data Types

Lotos is very powerful by combining a process algebra with abstract data types. It furthermore allows the use of processes in a more procedural way by providing a mechanism to initialise and return values on process creation and termination, thus not strictly requiring channels for the interprocess communication. We make use of all these possibilities, and the question why one way has been favoured over another arises. We explain some of our motivation below.

The chosen balance between processes and data types influences the final model significantly. Gotzheim [Got87] analyses different implementations of a stack, ranging from only ADTs to only processes.

From Gotzheim’s implementation it can be seen that an implementation using exclusively processes requires separate channels for each operation of the datatype. This is tractable if the datatype only provides a small number of operations, but increases the complexity of synchronisation in the specification significantly when a large number of operations is required. On the other hand, choosing processes allows for a reduction of value errors by disabling operations currently unavailable (.e.g. popping from an empty stack).

An implementation using only ADTs requires to provide ways of handling value errors – i.e. the ADT must provide test functions (e.g. is empty stackS) and whenever critical operations are used they must be guarded by respective tests. However, this comes at the advantage of reducing synchronisation and channels in the overall model.

4.2.1 Design Decisions

In the model we have decided that the fundamental parts of the system, feature manager, features and the trigger generator are non-terminating processes that communicate via message passing.

Each of these processes is split into several sub-processes which terminate and thus return control to their respective initialising process. Depending on the functionality of the subprocesses, a mixture of message passing via channels (if they are required to request further information from another system component) and value passing (e.g. the solution space is passed around as value) has been chosen.

Considering the issue as to when we have chosen a data type and when a process, we will consider two examples here: the feature behaviour has been implemented as a process, the solution space as a datatype.

The feature behaviour implements a feature (i.e. a state machine). It is essentially a choice between a number of state/message pairs. The process is instantiated by the cocoon and terminates returning a (possibly empty) sequence of messages (the feature response) and a new state. This process does not use any inter-process communication via channels.

The same could have been achieved using a lookup-table data type, but it was decided that this introduces too much additional machinery and therefor hides the resemblance with the state machine description of the feature.

On the other hand, the solution space has been implemented as data type. The major reason for this decision is the envisioned large number of operations required: we need to insert messages, traverse the solution space and furthermore need to remove bad solutions (i.e. those leading to unacceptable behaviour of the system) and finally extract one resolution.

There are several processes involved in the construction of the solution space, all of which communicate via channels with other system components. Adding the extra channels required for the process implementation of the solution space would lead to a less legible model.

Furthermore, the current implementation allows for the solution space to be regarded as first class object which can be passed through the stages of the detection and resolution process.

4.3 Cocoon and Feature Behaviour

A feature is hidden inside a transactional cocoon, in line with Marples approach. In our model there are two processes: the cocoon and the feature behaviour. We will discuss both here.

The cocoon is the process communicating with the feature manager. It provides transactional capabilities and hides the actual feature. All cocoons receive messages that are farmed out by the feature manager in parallel. Depending on the message received, several decisions have to be made. First, is the message destined for the particular cocoon, if so we process it, otherwise we ignore it. Transaction control messages can be aimed at particular cocoons (identified by their “connection number”; not their behaviour). After a commit only particular features shall be put in a new state hence the events are played back to those only. Second, once the relevance of the message is clear, it must be decided whether it is a transaction control message or a message aimed at the feature (i.e. normal call control).

In order to allow for transactional capabilities, Marples uses process forking as provided by the UNIX operating system. Unfortunately, we have to model this. Forking allows Marples to return to a previous state of a feature. To be faithful, we include this in our model by having an explicit stack of previous feature states and a current feature state as local values in the cocoon. Note that this implies that the cocoon is aware of the internal state of the feature, but this does not concern us as it is hidden from the feature manager. Transaction control changes these values depending on the control message:

start transaction The current feature state remains unchanged but is saved onto the stack.

In other words we have created a “copy” of the feature. “Killing” the copy of the feature is achieved by popping the saved state.

abort transaction We wish to return to the feature as it was before receiving the first start transaction command, this can be achieved by setting the feature state to the bottom value from the stack and clearing the stack.

commit transaction Committing is the same as aborting, but we must now play back all messages to the chosen features. The feature manager places the cocoon in a special mode were it does not relay responses back to the feature manager and hence triggers no new/further solution space construction.

rollback transaction Rollback allows to return to the previous feature state by popping the topmost value of the stack and using it as new current state of the feature.

Call control messages (non-transaction control messages) lead to the creation of a feature behaviour process. This process is initialised with the current state of the feature (as known by the cocoon) and the trigger event as received from the feature manager. The feature behaviour process terminates returning a possibly empty sequence of responses of the feature.

Once the cocoon has regained control, the sequence of responses is split into individual messages which are sent to the feature manager along a dedicated channel for further processing. The cocoon is now ready to receive a new trigger event.

4.4 Feature Manager

The feature manager receives a message from the environment, then initiates a sequence of other processes, and upon their termination re-instantiates itself.

The received message is passed to a process which constructs the solution space. The resulting tree is passed to the pruning process. The pruning process is conceptually simple: it applies a pruning function which is provided by the tree datatype and returns a message sequence to be committed. Note that though here the difficulty of pruning is hidden, as the data type operations are non-trivial. We come back to this later. Commit finally uses the provided message sequence and farms out the responses to the environment. It also re-instantiates the features to the required states by playing back the messages to them.

Construct sends a start transaction message to the features and then farms out the trigger event. The initial responses are collected and placed in queues. Now all possible combinations of message orders have to be explored, a task carried out by the feedback process. Feedback is the process for the construction of the solution space, we consider it in detail next.

4.4.1 Feedback

The idea behind feedback is to see whether a feature in the system wishes to respond to a message sent out by another feature.

Feedback is required to detect sequential action interactions, which are interactions where the response of a feature triggers another – obviously this can happen many times. Furthermore any combination of shared trigger and sequential action interactions can occur, assuming a number of features react to a fed back message.

For example, a call forwarding feature might have responded with alert Z. This message might trigger a call screening feature, with the purpose of disallowing alert messages being send to Z.

Recall that the complete solution space has subtrees containing the responses if only one feature is activated, those where 2 features are activated and so on. In order to model this, a control process calls feedback as often as required with the respective number of features enabled. This also ensures that all possible combinations of features are indeed explored.

Example 2 A sample control process for the feedback with three features involved:

process FeedBackControl[Out, In1, In2, In3](q1, q2, q3: t_msgseq, origt: t_tree): exit (t_tree) :=
(
  FeedBack[Out, In1, In2, In3](q1, q2, q3, emptyststack, origt, 0, true, true, true)
  >> accept t: t_tree in
  FeedBack[Out, In1, In2, In3](q1, q2, emptyseq, emptyststack, t, 0, true, true, false)
  >> accept t: t_tree in
  FeedBack[Out, In1, In2, In3](q1, emptyseq, q3, emptyststack, t, 0, true, false, true)
  >> accept t: t_tree in
  FeedBack[Out, In1, In2, In3](q1, emptyseq, emptyseq, emptyststack, t, 0, true, false, false)
  >> accept t: t_tree in
  FeedBack[Out, In1, In2, In3](emptyseq, q2, q3, emptyststack, t, 0, false, true, true)
  >> accept t: t_tree in
  FeedBack[Out, In1, In2, In3](emptyseq, q2, emptyseq, emptyststack, t, 0, false, true, false)
  >> accept t: t_tree in
  FeedBack[Out, In1, In2, In3](emptyseq, emptyseq, q3, emptyststack, t, 0, false, false, true)
  >> accept t: t_tree in
  exit(t)
)
endproc (* FeedBackControl *)

The control process triggers individual feedback processes, which are more interesting. Such a feedback process is initialised with:

• the current response queues, containing the responses to the initial trigger event. Note that those of features that we are not interested in are empty,

• an empty rollback stack,

• the solution space constructed so far,

• the number of already attempted message orderings – here 0 and

• a set of flags indicating which features are currently activated.

There are 2 main cases: all the response queues are empty, i.e. their accumulated length is 0, or at least one is not empty (the accumulated length > 0). If all queues passed to feedback are empty, we did not have any responses to the last stimulus and all previously received responses have been fed back. The consequence is that we have reached the end of a branch in the tree – a possible solution is complete. There are 2 possible continuations, depending on the rollback stack: the stack is empty, meaning that we have finished as all possibilities have been explored. Or, the stack is not empty, indicating that there might be more choices earlier in the tree – which we explore by rolling back one level and recursing on the feedback process. The parameters are now:

• the response queues, as they were saved last on the stack,

• the rollback stack with the topmost element popped,

• the solution space constructed so far with the insertion point moved (we need to start a new branch),

• the number of previously tried message orderings (popped from stack) – the parameter chosen, • the flags as before.

In the case that at least one queue is not empty, it has to be determined whether all possible orders have been attempted – a comparison of the number of non-empty queues and the parameter chosen. The two cases are: 1) chosen is equal to the number of non-empty queues or 2) chosen is less than the number of non-empty queues.

In the first case we have tried all choices at this level and can simply rollback one level, as done previously for empty queues and a non-empty stack. The second case is more interesting as here messages are actually fed back to the features and further responses are collected.

The cocoons must be informed that the local states need to be backed up, i.e. a further exploration shall take place but we require the option to revert back to the current state. This is achieved by farming out the start transaction message. More than one queue might contain a message and hence we have to select one to be farmed out. There are two complications: which queue do we chose the message from, as finally all possible orders must be explored and what happens when 2 queues have the same message at their front. The parameter chosen can be used to identify the queue we select the message from systematically. Note that chosen ranges from 0 to no of non − empty queues − 1, hence the chosen + 1 non-empty queue is the candidate. Once a message queue is identified, the first message is removed and stored. The other queues are analysed to see whether they contain the same message at their front – if so the message is also stripped from them. This is justified by the fact that we do not want the user to receive a message twice, as was explained when the overlap was introduced in the initial model.

Finally, the selected message is farmed out to the features and the responses are collected. It is now necessary to empty all queues of features that we are currently not interested in (e.g. we might be constructing a branch with just 2 out of 5 features active). We now recurse on feedback with:

• the gathered responses appended to the possibly changed previous response queues,

• the initial state (queues and chosen) saved onto the rollback stack,

• the selected message inserted into the solution space,

• as we start a new level, chosen is reinitialised to 0 – we have not tried any possibilities yet, and

• the flags as before.

In this way, once all feedback processes have terminated, a tree containing the complete solution space has been generated. Note that this tree might contain several duplicate branches: assume 3 features (F_1, F_2, F_3) 2 of which (F_1, F_2) respond to a trigger. It is to be expected that a branch with all three features active is identical to one with feature F_3 disabled.

4.4.2 Storing the Solution Space: A Tree

The solution space has been modelled as a tree datatype. The nodes contain a message and a source of the message. The source is required for commit and some pruning techniques. A message with source 0 has been received from the environment, one with a value greater than 0 from a feature. The strictly positive value identifies the feature, where for example 3 means the feature responding on channel In3 and whose messages have been stored in queue 3 by the feature manager. The root node contains the initial trigger event, which always has source 0. Further each node is associated a list of children, the number of which we do not know in advance as it depends on the number of responding features.

mktree is the constructor for trees, it takes a node and a list of trees and returns a tree. Usually we wish to hide this constructor behind a simple insert function, just requiring a tree and the data to be inserted. In case of a binary search tree this usually searches the correct insertion point based on some ordering criteria (e.g. alphabetical). We want a similar solution, but we cannot provide such an order criteria.

When inserting a new message we usually wish to insert it after the last inserted message, or in case that we have performed a roll back we are required to insert the message as new branch of the parent of the last inserted message. Have we rolled back several levels, we have to insert a new branch at a respective ancestor node.

In an imperative solution this would be relatively easy to handle: we keep a pointer pointing to the root of the tree and have a further insertion pointer. Upon a new insertion this is moved to become a child of the inserted node, upon roll back it is moved up the tree. However, in Act One we do not have pointers and thus must find an alternative solution. There are three candidates: keeping track of the path to the next insertion point and storing this path along with the tree, identifying an enumeration of nodes that clearly identifies a location, and using a marker for the insertion point.

Keeping track of the path to an insertion point allows for quick retrieval of the point, but requires a separate structure to be kept alongside the tree and thus is not very space efficient. Enumeration of locations is better as it will only require a single number to be kept in addition to the tree, however no simple enumeration system could be identified. Our chosen solution is the last one and a dedicated node called “marker” was introduced. This node always occurs as leaf and furthermore will always be the rightmost leaf.

Let us consider this approach in more detail: suppose a new node is inserted into a tree then it does not have any children, as we have not yet explored the solution further. The next message in the same solution will be a child of the current node, here the only one and thus the left and rightmost one. Have we reached the end of a solution we rollback one level and want to insert a new subtree with the same parent as the last inserted node. This leads to the addition of a new tree in the treelist of the parent, and the implementation of the treelist always adds new trees to the right, hence the marker should now form this rightmost tree in the list. If we move further up the tree we can ever only add branches to the right.

Following this, insert has to search for the marker and insert the new node instead of the marker. The new insertion point is a child of the just inserted node. There are three cases:

• an empty tree: we just insert the node as root node, the marker is a child of this node,

• a non-empty tree with the rightmost subtree of the root node being the marker: we insert the node replacing the marker, the new marker is a child of this node,

• a non-empty tree with the rightmost subtree of the root node not being the marker: we recursively insert the node into the rightmost subtree.

When we apply rollback in our algorithm, no new node is inserted into the tree, but it is required to shift the insertion point. An operation movemarker is provided by the datatype. The current position of the marker is identified and it is moved to become the rightmost child of its current grandparent. We distinguish the following cases:

• an empty tree: there is no marker to move,

• a tree containing just one node (marker not counted): there is no grandparent, so we cannot move the marker,

• a tree containing two nodes (marker not counted): the marker is moved to become a new subtree of the root node,

• a tree containing more than two nodes: move the marker recursively within the rightmost subtree.

The two operations and the constructor is all that is required to construct the solution space (the datatype makes use of some query functions to determine whether a tree is empty or a node is the marker internally). We will add further operations to the tree later, when we consider pruning of the solution space.

5 Experimental Results

In the previous sections we have explained the construction of the solution space. A number of experiments has been conducted and we show the resulting solution spaces for a number of examples in Fig. 3. The features for the examples are implementations of those features presented for the 2nd Feature Interaction detection Contest [KMMR00].

(a) (b)

(c) (d)

Figure 3: Solution Space and Resolutions for Enhanced Features

Example 3 (2 Features – No Interaction) The Call Forwarding on Busy and Reverse Charging features are presented with a dial trigger event. Both features are in their initial state. Only Reverse Charging Reacts to this event. Upon feedback no further reaction is triggered, hence the two feature do not interact.

Example 4 (3 Features – Interaction) The Teenline, Reverse Charging and Split Billing features are presented with a dial trigger event. All three features react to the trigger (Teenline was in state 1, the other two were in their initial states), thus an interaction is detected and a number of possible interleavings are explored.

Example 5 (4 Features – Interaction) The Teenline, Reverse Charging and Split Billing features as before are combined with Call Forwarding on Busy. The system is presented with a dial trigger event. Three features react (again Teenline was in state 1, the other features were in their initial states), thus an interaction is detected and a number of possible interleavings are explored. The solution space offers the same solutions as in Example 4, however the slightly different appearance is caused by a different order of the features.

Example 6 (8 Features – Interaction) 8 Features – Teenline, Call Forwarding on Busy, Terminating Call Screening, Reverse Charging, Split Billing, Basic Call, Calling Number Deliver and Call Transfer are present in the system. The trigger event is i alert. All features apart from Teenline are in their initial states, Teenline is in state 1. The resulting solution space indicates a number of shared trigger and sequential action interactions.

The solution spaces have been presented graphically, the output from Lotos is less immediate. For example 1 the output is as follows:

TGen ! message(rcv, dial, 0, 0, nil)
full tree: ! mktree(mknode(message(rcv, dial, 0, 0, nil), 0),
           insl(insl(emptylist, emptytree),
           mktree(mknode(message(snd, billing_reverse, 0, 0, nil),
           succ(succ(0))), emptylist)))

Comparing the runtime^2 behaviour and the size of the model for the above examples, we can see that both increase with the an increasing number of features. The following table shows the figures for the above examples:

Source Code in Lines Runtime Example 3 2577 < 1 sec Example 4 2614 7 secs Example 5 2667 9 secs Example 6 3712 43 min, 14 secs

The experiments show, that it is not practical to run a large number of experiments. It was expected that the construction of an individual solution space is time consuming. The figures obtained here are very unlikely to support that this approach can indeed be used at runtime^3. However, results are the expected ones, thus providing some evidence that the implementation is correct.

6 Thoughts on Resolution

The previous sections provide a background on which a theory of resolutions can be developed. Obviously the elimination of bad solutions and choice of the best resolution is required.

Two approaches can be envisioned to achieve this. The first is straight forward: the whole solution space is constructed, then the rules are applied and the solution space is reduced until only one resolution is left. This approach is referred to as “Construct-Prune” and was described in sections 5.7 and 5.8. This is highly complex in both space and time requirements, as it requires the construction of a large number of branches that will be thrown away. Due to the fact that the approach is runtime, complexity is an important issue.

The second approach overcomes this problem by using an “on-the-fly” idea, were the solution space is pruned while it is being constructed.

Basically, on-the-fly resolution will work by trying to identify bad solutions while constructing a solution. As soon as a solution can be seen to be bad (independent of potential further behaviour), the construction will be aborted, the already constructed part removed and

2Measured on SPARCstation 20 running SunOS 5.5.1 3Runtime results obtained using a Haskell model and also using the Desk [MTMS95] testbed are much better

construction of another resolution will be attempted. This will largely reduce the complexity if many features are involved and bad resolutions can be identified early in the construction.

For both approaches a method of describing bad solutions is required. We have decided to describe the behaviour using rules rules, where a rule describes a sequence of messages that should never occur. Thus the problem of resolving detected interactions is tranformed to the problem of identifying suitable rules – the application of which is fairly trivial. Rules can take on different forms and here only an overview is given. Three classes of rules can be distinguished: message dependent rules, message independent rules and examples. Examples describe concrete good or bad behaviour and are considered as a last resort.

Message independent rules can include concepts such as priorities of features and the satisfaction of the maximal number of features. A feature is considered to be satisfied when its intended behaviour can be exhibited, and clearly it is best to chose a resolution that satisfies the largest number of features. These rules will be useful for extracting one resolution.

Message dependent rules can be seen to be the most powerful, but also those requiring the most information. In order for message dependent rules to be useful, a semantics of the messages is required. This allows to develop relations on messages, such as a class of treatments, or a class of billing messages. This understanding provides us with the required knowledge to build grammars describing good or bad behaviour, for example “a treatment following an onhook message is not useful unless there was an offhook in between”.

Three message independent rules have been implemented, they are all functions on the tree data type of the form f : t tree → t tree. The functions are extract remduplicates, rem shortest and rem least. extract remduplicates removes duplicate branches (the reason for their occurrence had been discussed earlier at the end of section 4.6.1). rem shortest returns only the longest branch in the tree, in case there is a choice of a number of equally long branches the left most one is returned. rem least returns the left most branch satisfying the largest number of features.

The implementation of these functions is non-trivial due to the complexity of the tree data type, so we will not go into detail here.

Considering the implementation of message dependent rules leads to a rather different picture. The rules describing unacceptable behaviour are of the form “onhook followed by onhook with no offhook occurring in between is bad”. We can express all those rules using regular expression over an alphabet of messages. However, a complete mechanism for describing regular expressions and implementation of respective matching algorithms (usually involving either nondeterministic or deterministic finite state automata) is required. The algorithms for matching regular expressions should be called from a pruning function on the tree data type, thus they should be implemented in ActOne – a major effort that introduces doubts as to whether Lotos is the right formalism.

7 LOTOS – The Right Choice?

Due to the complex nature of several of the data types and the extensive use of data types we begin to question whether Lotos is the best choice. We will analyse the pro’s and con’s in more detail.

Describing the process structure in Lotos is very natural. Implementing data types does not cause major problems. However, more complex data types with relatively complex operations are very tedious to build. The solution space clearly is such a datatype. Further, enumeration data types (i.e. those that cannot be implemented recursively, like events) are not easily available. Nevertheless, as it is possible to implement the complex data types at a trade off of simplicity of the specification we need to consider what we want to achieve with the model.

Lotos has strong tool support, so it could be assumed that the extra effort in developing the model can be justified by having these tools available. The tools cover different areas, here simulation and verification are of most interest.

Indeed, very good experience was gained using LoLa for simulation of the model. Many bugs could be detected and resolved. A very nice feature is the rewrite mechanism for operations on abstract data types, allowing to debug and gain a better intuition. However, the complexity of the underlying data types and algorithms make step wise simulation impractical when considering more realistic examples.

Topo allows one to generate prototypes that can then simply be compiled using a C compiler and executed. Special statements allow for data to be printed. This facility has been used to gather the experimental data. The trigger generator prints the sent message, the feature manager outputs the respective generated solution space. The output of the solution space is simply the tree constructors applied to the provided data, e.g. “mktree(n, emptytreelist)” would be valid output.

Testing and simulation form only a part of the possibilities a formal model provides. An attempt was made to use Cadp to check for deadlock. However, the process of generating the state space was extremely slow and finally failed on the size of the model. At this point it was concluded that we need to simplify the model. A simplification of the model is not acceptable, as we would lose too many interesting properties in the abstraction. So we can conclude that Cadp is not suitable for the current task.

Lola allows for tester processes to be synchronised with the model and for weak bisimilarity to be observed. A tester process could be a model generating the solution space not using feedback, but rather hard coded interleavings. However, the advantage of this approach over simulation is not clear in our case, as the solution space depends on the currently activated features and the trigger message.

What do we want to prove? became a very important question. It turns out that we wish to reason about the solution space and the resolutions, i.e. data. Properties include that the solution space should contain all possible traces that can be obtained from the features being executed concurrently. Any trace in the solution space should be able to be simulated by movements of the feature automata. As for resolutions, a resolution should be a solution that does not violate any resolution rules.

The Lotos tools, being process algebra tools, mainly allow reasoning about processes. Data is often secondary in this context. In our approach however, data is essential and we require reasoning over data.

We conclude that Lotos seemed a natural choice for modelling our processes. Lotos proved useful for gaining a better understanding of the system during simulation. However, the data intensity of our model strongly suggests to abandon Lotos and find a more suitable formalism to deal with data.

7.1 LOLA and TOPO under Linux

Note that LoLa and Topo are not available for Linux, however the source code requires only a few changes and then a version suitable for Linux can be compiled. Interestingly, the generated prototypes can be compiled on Linux, but cannot be executed (they simply crash). However they can be compiled and run successfully on Solaris. The cause is not obvious and has not been investigated further.

8 Summary and Further Work

The ideas underpinning the online feature manager have been presented and a Lotos model of the feature manager was developed. A number of shortcomings with respect to Lotos and our approach have been identified, notably that Lotos, despite providing a abstract data type definition language, is not very suitable for complex data types. However, the simulation tools available helped to gain a better understanding of the model.

Further work includes attempting to use a different formalism for the model, in particular a functional programming language. The language Haskell was chosen and the Lotos model has been converted and extended with a pruning mechanism. The data type definitions are far simpler than their Lotos equivalent, however it should be noted that the understanding gained from developing the Lotos model was essential in developing the functional language equivalent of the process part.

It still remains to be shown that the construction is indeed correct. Furthermore a more complete set of pruning rules has to be identified from case studies.

Acknowledgments

I would like to thank Muffy Calder for guidance while using Lotos and also for advising on style, contents and language during the writing of this report.

References

[CAD] CADP. (caesar/aledebaran development package).

[CM00] M. Calder and E. Magill, editors. Feature Interactions in Telecommunications and Software Systems VI. IOS Press (Amsterdam), May 2000.

[CMM99] M. Calder, E. Magill, and D. Marples. A hybrid approach to software interworking problems: Managing interactions between legacy and evolving telecommunications software. IEE Proceedings - Software, 146(3):167–180, June 1999.

[CO95] K. E. Cheng and T. Ohta, editors. Feature Interactions in Telecommunications Systems III. IOS Press (Amsterdam), October 1995.

[CR00] M. Calder and S. Reiff. Modelling legacy telecommunications switching systems for interaction analysis. In Peter Henderson, editor, Systems Engineering Business Process Change, pages 182–195. Springer Verlag, London, May 2000.

[Got87] R. Gotzheim. Specifying abstract data types with lotos. Protocol Specification, Testing and Verification, VI:15–26, 1987.

[ISO89] ISO. ISO standard 8807: Lotos – A formal description technique based on the temporal ordering of observational behaviour. ISO/IEC, 1989.

[KB98] K. Kimbler and L. G. Bouma, editors. Feature Interactions in Telecommunications and Software Systems V. IOS Press (Amsterdam), September 1998.

[KMMR00] M. Kolberg, E. H. Magill, D. Marples, and S. Reiff. Second feature interaction contest. In [CM00], pages 293–310, May 2000.

[LOL] LOLA. (LOtos LAboratory),

http://yeti.dit.upm.es/ lotos/tools/lola.html.

[Mar00] D. Marples. Detection and Resolution in of Feature Interactions in Telecommunications Systems at Runtime. PhD Thesis, Communications Division, Department of Electrical and Electronic Engineering, University of Strathclyde, 2000.

[MM98] D. Marples and E. H. Magill. The use of rollback to prevent incorrect operation of features in intelligent network based systems. In [KB98], pages 115–134, September 1998.

[MTMS95] D. Marples, S. Tsang, E. H. Magill, and D. G. Smith. A platform for modelling feature interaction detection and resolution techniques. In [CO95], pages 185– 199, October 1995.

[Rei00] S. Reiff. Identifying resolution choices for an online feature manager. In [CM00], pages 113–128, May 2000.

A LOTOS Prototype 1 ∗(∗ 2 #TEMPLATE 3 #TEMPLATE Version 1.3 of the telephone switch with feature manager 4 #TEMPLATE Stephan Reiff 5 #TEMPLATE Started: 17−07−2000 6 #TEMPLATE Last Change: 06−10−2000 7 #TEMPLATE 8 #TEMPLATE This is a template.

9 #TEMPLATE To obtain Lotos Code, run fillgaps.pl 10 #TEMPLATE 11 #TEMPLATE Changes over previous version:

12 #TEMPLATE ∗ Feedback is completed to work on n features (new recursive definition ) 13 #TEMPLATE ∗ Tree is implemented 14 #TEMPLATE 15 #TEMPLATE currently dest field of messages is abused for control: 0: broadcasted msg, n > 0: feat id 16 #TEMPLATE src field is unused 17 #TEMPLATE so we really use the event , ioasp and arguments of the messages 18 #TEMPLATE Change 06−10−2000: BCS added as Feature 8 19 #TEMPLATE GetChosenMsg: Call to RemFromAllQueues 20 #TEMPLATE Change 25−01−2001: all features adapted to new state machines in thesis 21 #TEMPLATE complete set of features implemented 22 #TEMPLATE 23 ∗) 24 25 specification System [EnvOut]: noexit 26 27 (∗ 28 boolean and natural Number types are pasted from bool nat.lot library 29 Constants 1 − 10 in nat have been added 21−08−2000 30 subtraction operator for nat added 06−09−2000 31 division operator for nat added 16−10−2000 32 ∗) 33 type boolean is 34 sorts 35 bool x iff y = x implies y and (y implies x); 36 x eq y = x iff y ; x ne y = x xor y; 37 true and x = x; false and x = false; 38 true or x = true; false or x = x; 39 opns 40 true (∗! constructor ∗) : −> bool 41 false (∗! constructor ∗) : −> bool 42 not : bool −> bool 43 and , or , xor , 44 implies , iff , eq , ne : bool, bool −> bool 45 eqns 46 forall x , y : bool 47 ofsort bool 48 not(true) = false ; not( false ) = true ; x implies y = y or not(x); 49 x and true = x; x and false = false ; x iff y = x implies y and (y implies x); 50 x or true = true; x or false = x; x eq y = x iff y ; x ne y = x xor y; 51 x xor y = x and not(y) or (y and not(x)); true and x = x; false and x = false; 52 endtype 53 54 type basicnaturalnumber is 55 sorts 56 nat 57 opns 58 0 (∗! constructor ∗) : −> nat 59 succ (∗! constructor ∗) : nat −> nat 60 + , ∗ , ∗∗ : nat , nat −> nat 61 eqns 62 forall m, n: nat 63 ofsort nat 64 m + 0 = m; m + succ(n) = succ(m) + n; 65 m ∗ 0 = 0; m ∗ succ(n) = m + (m ∗ n); 66 m ∗∗ 0 = succ(0); m ∗∗ succ(n) = m ∗ (m ∗∗ n); 67 endtype 68 69 type naturalnumber is 70 basicnaturalnumber,boolean 71 opns 72 eq , ne , lt , le , ge , gt : nat, nat −> bool 73 − , / : nat, nat −> nat 74 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 75 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 76 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 : −> nat 77 eqns 78 forall m, n: nat 79 ofsort bool 80 0 eq 0 = true; 0 eq succ(m) = false; 81 succ(m) eq 0 = false ; succ(m) eq succ(n) = m eq n; 82 m ne n = not(m eq n);

83 0 lt 0 = false ; 0 lt succ(n) = true; 84 succ(n) lt 0 = false ; succ(m) lt succ(n) = m lt n; 85 m le n = m lt n or (m eq n);

86 m ge n = not(m lt n); m gt n = not(m le n); 87 ofsort nat 88 1 = succ(0); 11 = succ(10); 21 = succ(20); 89 2 = succ(1); 12 = succ(11); 22 = succ(21); 90 3 = succ(2); 13 = succ(12); 23 = succ(22); 91 4 = succ(3); 14 = succ(13); 24 = succ(23);

92 5 = succ(4); 15 = succ(14); 25 = succ(24); 93 6 = succ(5); 16 = succ(15); 26 = succ(25); 94 7 = succ(6); 17 = succ(16); 27 = succ(26); 95 8 = succ(7); 18 = succ(17); 28 = succ(27); 96 9 = succ(8); 19 = succ(18); 29 = succ(28); 97 10 = succ(9); 20 = succ(19); 30 = succ(29); 98 0 − m = 0; (∗ dodgy but avoids undefined ∗) m − 0 = m; 99 succ(m) − succ(n) = m − n;

100 m / 0 = 0; (∗ dodgy but avoids undefined ∗) 0 / m = 0; 101 m gt n => m / n = 1 + ((m − n) / n); m eq n => m / n = 1; 102 m lt n => m / n = 0; 103 endtype 104 105 (∗ 106 t event defines : − constants for all events in the system 107 − eq and neq to compare events 108 there is always a finite number of events (application domain restrcition) 109 ∗) 110 type t event is 111 boolean 112 sorts 113 t event 114 opns 115 (∗ call control ∗) 116 onhook (∗! constructor ∗) : −> t event dial (∗! constructor ∗) : −> t event 117 offhook (∗! constructor ∗) : −> t event flash (∗! constructor ∗) : −> t event 118 119 announce (∗! constructor ∗) : −> t event connect (∗! constructor ∗) : −> t event 120 display (∗! constructor ∗) : −> t event stopalert (∗! constructor ∗) : −> t event 121 ringtone (∗! constructor ∗) : −> t event alert (∗! constructor ∗) : −> t event 122 busytone (∗! constructor ∗) : −> t event cwtone (∗! constructor ∗) : −> t event 123 dialtone (∗! constructor ∗) : −> t event storemsg (∗! constructor ∗) : −> t event 124 timeouttone (∗! constructor ∗) : −> t event storeread (∗! constructor ∗) : −> t event 125 disconnecttone (∗! constructor ∗) : −> t event storeclear (∗! constructor ∗) : −> t event 126 127 o notify (∗! constructor ∗) : −> t event o connect (∗! constructor ∗) : −> t event 128 i notify (∗! constructor ∗) : −> t event i connect (∗! constructor ∗) : −> t event 129 o inform (∗! constructor ∗) : −> t event o disconnect (∗! constructor ∗) : −> t event 130 i inform (∗! constructor ∗) : −> t event i disconnect (∗! constructor ∗) : −> t event 131 o alert (∗! constructor ∗) : −> t event o timeout (∗! constructor ∗) : −> t event 132 i alert (∗! constructor ∗) : −> t event i timeout (∗! constructor ∗) : −> t event 133 o free (∗! constructor ∗) : −> t event o msg (∗! constructor ∗) : −> t event 134 i free (∗! constructor ∗) : −> t event i msg (∗! constructor ∗) : −> t event 135 o busy (∗! constructor ∗) : −> t event o request (∗! constructor ∗) : −> t event 136 i busy (∗! constructor ∗) : −> t event i request (∗! constructor ∗) : −> t event 137 o stopalert (∗! constructor ∗) : −> t event 138 i stopalert (∗! constructor ∗) : −> t event 139 140 (∗ billing control ∗) 141 billing offhook (∗! constructor ∗) : −> t event billing split (∗! constructor ∗) : −> t event 142 billing onhook (∗! constructor ∗) : −> t event billing start (∗! constructor ∗) : −> t event 143 billing forwarded (∗! constructor ∗) : −> t event billing stop (∗! constructor ∗) : −> t event 144 billing reverse (∗! constructor ∗) : −> t event 145 146 (∗ transaction control ∗) 147 rollback transaction (∗! constructor ∗) : −> t event 148 commit transaction (∗! constructor ∗) : −> t event 149 abort transaction (∗! constructor ∗) : −> t event 150 start transaction (∗! constructor ∗) : −> t event 151 respcomplete (∗! constructor ∗) : −> t event 152 (∗ equality tests for events ∗) 153 eq , neq : t event , t event −> bool 154 eqns 155 forall a , b: t event 156 ofsort bool 157 onhook eq onhook = true; onhook eq a = false; 158 offhook eq offhook = true; offhook eq a = false ; 159 dial eq dial = true; dial eq a = false ; 160 flash eq flash = true; flash eq a = false ; 161 162 dialtone eq dialtone = true; dialtone eq a = false ; 163 ringtone eq ringtone = true; ringtone eq a = false ; 164 busytone eq busytone = true; busytone eq a = false; 165 timeouttone eq timeouttone = true timeouttone eq a = false; 166 disconnecttone eq disconnecttone = true; disconnecttone eq a = false ; 167 connect eq connect = true; connect eq a = false ; 168 stopalert eq stopalert = true; stopalert eq a = false ; 169 alert eq alert = true; alert eq a = false ; 170 announce eq announce = true; announce eq a = false; 171 display eq display = true ; display eq a = false ; 172 cwtone eq cwtone = true; cwtone eq a = false; 173 storemsg eq storemsg = true; storemsg eq a = false ; 174 storeread eq storeread = true; storeread eq a = false ; 175 storeclear eq storeclear = true ; storeclear eq a = false ; 176 177 o notify eq o notify = true; o notify eq a = false ; 178 i notify eq i notify = true; i notify eq a = false ; 179 o inform eq o inform = true; o inform eq a = false ; 180 i inform eq i inform = true; i inform eq a = false ; 181 o alert eq o alert = true ; o alert eq a = false ; 182 i alert eq i alert = true ; i alert eq a = false ; 183 o stopalert eq o stopalert = true ; o stopalert eq a = false ; 184 i stopalert eq i stopalert = true ; i stopalert eq a = false ; 185 o free eq o free = true ; o free eq a = false ;

186 i free eq i free = true ; i free eq a = false ; 187 o busy eq o busy = true; o busy eq a = false ; 188 i busy eq i busy = true ; i busy eq a = false ; 189 o connect eq o connect = true; o connect eq a = false ; 190 i connect eq i connect = true; i connect eq a = false ; 191 o disconnect eq o disconnect = true; o disconnect eq a = false ; 192 i disconnect eq i disconnect = true ; i disconnect eq a = false ; 193 o timeout eq o timeout = true; o timeout eq a = false ; 194 i timeout eq i timeout = true; i timeout eq a = false ; 195 o msg eq o msg = true; o msg eq a = false; 196 i msg eq i msg = true; i msg eq a = false ; 197 o request eq o request = true; o request eq a = false ; 198 i request eq i request = true; i request eq a = false ; 199 200 billing offhook eq billing offhook = true ; billing offhook eq a = false ; 201 billing onhook eq billing onhook = true; billing onhook eq a = false ; 202 billing forwarded eq billing forwarded = true; billing forwarded eq a = false ; 203 billing reverse eq billing reverse = true; billing reverse eq a = false ; 204 billing split eq billing split = true; billing split eq a = false ; 205 billing start eq billing start = true; billing start eq a = false ; 206 billing stop eq billing stop = true ; billing stop eq a = false ; 207 208 rollback transaction eq rollback transaction = true ; rollback transaction eq a = false ; 209 commit transaction eq commit transaction = true; commit transaction eq a = false; 210 abort transaction eq abort transaction = true ; abort transaction eq a = false ; 211 start transaction eq start transaction = true ; start transaction eq a = false ; 212 213 respcomplete eq respcomplete = true; respcomplete eq a = false; 214 215 a neq b = not(a eq b) 216 endtype 217 218 (∗ 219 t arg defines arguments for messages as constants 220 ∗) 221 type t arg is 222 boolean 223 sorts 224 t arg 225 opns 226 nil (∗! constructor ∗) : −> t arg nomsg (∗! constructor ∗) : −> t arg 227 askpin (∗! constructor ∗) : −> t arg msgtext (∗! constructor ∗) : −> t arg 228 wrongpin (∗! constructor ∗) : −> t arg callminder (∗! constructor ∗) : −> t arg 229 time (∗! constructor ∗) : −> t arg id (∗! constructor ∗) : −> t arg 230 screened (∗! constructor ∗) : −> t arg ringback (∗! constructor ∗) : −> t arg 231 splitfactor (∗! constructor ∗) : −> t arg fastalert (∗! constructor ∗) : −> t arg 232 callerid (∗! constructor ∗) : −> t arg cwhold (∗! constructor ∗) : −> t arg 233 barred (∗! constructor ∗) : −> t arg originator (∗! constructor ∗) : −> t arg 234 eq : t arg , t arg −> bool 235 eqns 236 forall a : t arg 237 ofsort bool 238 nil eq nil = true; nil eq a = false ; 239 askpin eq askpin = true; askpin eq a = false ; 240 wrongpin eq wrongpin = true; wrongpin eq a = false; 241 time eq time = true; time eq a = false ; 242 screened eq screened = true; screened eq a = false ; 243 splitfactor eq splitfactor = true ; splitfactor eq a = false ; 244 callerid eq callerid = true; callerid eq a = false ; 245 barred eq barred = true; barred eq a = false ; 246 nomsg eq nomsg = true; nomsg eq a = false; 247 msgtext eq msgtext = true; msgtext eq a = false; 248 callminder eq callminder = true; callminder eq a = false ; 249 id eq id = true ; id eq a = false ; 250 callerid eq callerid = true; callerid eq a = false ; 251 ringback eq ringback = true; ringback eq a = false ; 252 fastalert eq fastalert = true; fastalert eq a = false ; 253 cwhold eq cwhold = true; cwhold eq a = false; 254 originator eq originator = true ; originator eq a = false ; 255 endtype 256 257 (∗ 258 t io defines the possible values for ioaspects and comparision functions 259 − input: rcv 260 − output: snd 261 − eq, neq 262 ∗) 263 type t io is 264 boolean 265 sorts 266 t io 267 opns 268 rcv (∗! constructor ∗) : −> t io 269 snd (∗! constructor ∗) : −> t io 270 eq , neq : t io , t io −> bool 271 eqns 272 forall a , b: t io 273 ofsort bool 274 rcv eq rcv = true; rcv eq snd = false ; 275 snd eq rcv = false ; snd eq snd = true; 276 a neq b = not(a eq b) 277 endtype 278 279 (∗

280 t msg is the data type for messages: messages are basically Quintuples. 281 the data type provides 282 − a constructor function (message) 283 − a constant respcomplete 284 − projection functions for extracting the parts of the quintuple 285 − partitioning functions (Control messages and Feature messages) 286 − equalities : equal , event equal and inverse 287 ∗) 288 type t msg is 289 boolean,t event ,naturalnumber,t arg,t io 290 sorts 291 t msg 292 opns 293 message (∗! constructor ∗) : t io , t event , nat , nat , t arg −> t msg 294 p ioasp : t msg −> t io 295 p event : t msg −> t event 296 p source , p dest : t msg −> nat 297 p argument : t msg −> t arg 298 is fmsg , is tcmsg , is rcomp : t msg −> bool 299 are eventequal , are equal , 300 are inverse : t msg, t msg −> bool 301 eqns 302 forall e : t event , 303 s , d: nat, 304 io : t io , 305 a : t arg , 306 ms, ms1: t msg 307 ofsort t event 308 p event(message(io, e , s , d, a)) = e; 309 ofsort nat 310 p source(message(io, e , s , d, a)) = s; 311 p dest(message(io, e , s , d, a)) = d; 312 ofsort t io 313 p ioasp (message(io, e , s , d, a)) = io ; 314 ofsort t arg 315 p argument(message(io, e, s, d, a)) = a; 316 ofsort bool 317 is fmsg(ms) = not(is tcmsg(ms));

318 is tcmsg(ms) = ((p event(ms) eq rollback transaction) or 319 (p event(ms) eq start transaction ) or 320 (p event(ms) eq commit transaction) or 321 (p event(ms) eq abort transaction)); 322 are eventequal(ms1, ms) = (p event(ms) eq p event(ms1));

323 are equal(ms1, ms) = ((p event(ms) eq p event(ms1)) and (p ioasp(ms) eq p ioasp(ms1))); 324 are inverse (ms1, ms) = ((p event(ms) eq p event(ms1)) and (not(p ioasp(ms) eq p ioasp(ms1)))); 325 (p event(ms) eq respcomplete) => is rcomp(ms) = true; 326 not(p event(ms) eq respcomplete) => is rcomp(ms) = false; 327 endtype 328 329 (∗ 330 t msgseq defines a sequence of messages 331 ∗) 332 type t msgseq is 333 boolean,t msg, naturalnumber 334 sorts 335 t msgseq 336 opns 337 emptyseq (∗! constructor ∗) : −> t msgseq 338 is empty : t msgseq −> bool 339 first : t msgseq −> t msg 340 remove : t msgseq −> t msgseq 341 add (∗! constructor ∗) : t msgseq, t msg −> t msgseq 342 length : t msgseq −> nat 343 concat : t msgseq, t msgseq −> t msgseq 344 possiblechoices : t msgseq, nat −> nat 345 eqns 346 forall m: t msg, 347 ms, ms1: t msgseq, 348 n: nat 349 ofsort bool 350 is empty(emptyseq) = true; 351 is empty(add(ms, m)) = false; 352 ofsort t msg 353 first (add(emptyseq, m)) = m;

354 not(is empty(ms)) => first (add(ms, m)) = first(ms); 355 ofsort t msgseq 356 remove(add(emptyseq, m)) = emptyseq;

357 not(is empty(ms)) => remove(add(ms, m))= add(remove(ms), m); 358 ofsort nat 359 length(emptyseq) = 0;

360 length(add(ms, m)) = succ(length(ms)); 361 possiblechoices (emptyseq, n) = n;

362 not(is empty(ms1)) => possiblechoices(ms1, n) = succ(n); 363 ofsort t msgseq 364 concat(ms, emptyseq) = ms;

365 not(is empty(ms1)) => concat(ms, ms1) = concat(add(ms, first(ms1)), remove(ms1)); 366 endtype 367 368 type t qlist is 369 boolean,t msgseq 370 sorts 371 t qlist 372 opns 373 emptyqlist (∗! constructor ∗) : −> t qlist

374 is empty : t qlist −> bool 375 getfirst : t qlist −> t msgseq 376 remfirst : t qlist −> t qlist 377 add (∗! constructor ∗) : t qlist , t msgseq −> t qlist 378 eqns 379 forall ms, ms1: t msgseq, 380 ql : t qlist 381 ofsort bool 382 is empty(emptyqlist) = true; 383 is empty(add(ql, ms)) = false; 384 ofsort t msgseq 385 getfirst (add(emptyqlist, ms)) = ms;

386 not(is empty(ql)) => getfirst (add(ql, ms)) = getfirst (ql ); 387 ofsort t qlist 388 remfirst (add(emptyqlist, ms)) = emptyqlist;

389 not(is empty(ql)) => remfirst(add(ql, ms))= add(remfirst(ql), ms); 390 endtype 391 392 393 type t natset is 394 naturalnumber, boolean 395 sorts 396 t natset 397 opns 398 emptyset (∗! constructor ∗) : −> t natset 399 is inset : t natset , nat −> bool 400 is emptyset : t natset −> bool 401 insert (∗! constructor ∗) : t natset , nat −> t natset 402 insertelem : t natset , nat −> t natset 403 union : t natset , t natset −> t natset 404 length : t natset −> nat 405 eqns 406 forall n, m: nat, 407 ns , ns1 : t natset 408 ofsort bool 409 is emptyset(emptyset) = true; 410 is emptyset( insert (emptyset, n)) = false ; 411 is inset (emptyset, n) = false ; 412 is inset ( insert (emptyset, n), n) = true; 413 (n eq m) => is inset(insert(ns , n ), m) = true; 414 (n ne m) => is inset(insert(ns , n ), m) = is inset(ns , m); 415 ofsort t natset 416 insertelem(emptyset, n) = insert(emptyset, n); 417 not( is inset (ns , n)) => 418 insertelem(ns , n) = insert(ns , n); 419 is inset (ns , n) => 420 insertelem(ns , n) = ns; 421 union(ns, emptyset) = ns; 422 not( is inset (ns , n)) => 423 union(ns, insert (ns1 , n)) = insert (union(ns, ns1 ), n); 424 is inset (ns , n) => 425 union(ns, insert (ns1 , n)) = union(ns, ns1); 426 ofsort nat 427 length(emptyset) = 0;

428 length( insert (ns , n)) = length(ns) + 1; 429 endtype 430 431 type t msgseqfid is 432 t msgseq, t natset , boolean 433 sorts 434 t msgseqfid 435 opns 436 emptyseqfid : −> t msgseqfid 437 seqfid (∗! constructor ∗) : t msgseq, t natset −> t msgseqfid 438 p msgseq : t msgseqfid −> t msgseq 439 p fset : t msgseqfid −> t natset 440 eqns 441 forall ns : t natset , 442 ms: t msgseq 443 ofsort t msgseq 444 p msgseq(seqfid(ms, ns)) = ms; 445 ofsort t natset 446 p fset ( seqfid (ms, ns)) = ns; 447 ofsort t msgseqfid 448 emptyseqfid = seqfid(emptyseq, emptyset); 449 endtype 450 451 (∗ 452 t tree is the resolution tree 453 insertion takes place at the marker (if the tree is not empty) 454 movemarker allows to shift the marker one level up and to the right 455 if the marker is not moved, it is a child of the last inserted node 456 ∗) 457 type t tree is 458 boolean, naturalnumber, t msg, t msgseqfid, t natset , t msgseq 459 sorts 460 t tree , t list , t node 461 opns 462 emptytree (∗! constructor ∗) : −> t tree 463 marker (∗! constructor ∗) : −>t tree 464 mktree (∗! constructor ∗) : t node, t list −> t tree 465 is empty : t tree −> bool 466 is marker : t tree −> bool 467 insert : t tree , t node −> t tree

468 preorder : t tree −> t msgseqfid 469 tree prune : t tree −> t tree 470 movemarker : t tree −> t tree 471 eqtree : t tree , t tree −> bool 472 extract remduplicates : t tree −> t tree 473 rem shortest : t tree −> t tree 474 maxdepth : t tree −> nat 475 rem least : t tree −> t tree 476 maxfeat : t tree −> t natset 477 478 emptylist (∗! constructor ∗) : −> t list 479 is emptyl : t list −> bool 480 insl (∗! constructor ∗) : t list , t tree −> t list 481 preorderlist : t list −> t msgseqfid 482 eqlist : t list , t list −> bool 483 length : t list −> nat 484 getnth : t list , nat −> t tree 485 remlast : t list −> t list 486 getlast : t list −> t tree 487 firsthalf : t list −> t list 488 secondhalf : t list −> t list 489 firsthalf2 : t list , nat, t list −> t list 490 secondhalf2 : t list , nat, t list −> t list 491 listremduplicates : t list −> t list 492 noduplmerge : t list , t list −> t list 493 insnodupl : t list , t tree −> t list 494 rem shortfromlist : t list −> t list 495 maxdepthl : t list −> nat 496 rem leastfromlist : t list −> t list 497 maxfeatl : t list −> t natset 498 499 mknode (∗! constructor ∗) : t msg, nat −> t node 500 p nmsg : t node −> t msg 501 p nfid : t node −> nat 502 eqnode : t node, t node −> bool 503 eqns 504 forall t1 , t2 , t3 : t tree , 505 n, n1, n2 : t node, 506 s1 , s2 : t msgseqfid, 507 l1 , l2 : t list , 508 f : nat, 509 m: t msg 510 ofsort bool 511 is empty(emptytree) = true; is empty(mktree(n,l1)) = false ; 512 is marker(marker) = true; is marker(t1) = false ; 513 is emptyl(emptylist) = true ; is emptyl( insl ( l1 , t1)) = false ; 514 (∗ 2 nodes are equal if both their fid and msg are equal ∗) 515 eqnode(n1, n2) = are equal(p nmsg(n1), p nmsg(n2)) and (p nfid(n1) eq p nfid(n2)); 516 (∗ 2 trees are equal if : − they are both empty ∗) 517 (∗ − their roots are eual and their treelist are equal ∗) 518 eqtree(emptytree, emptytree) = true; 519 not(is empty(t1)) => 520 eqtree(t1 , emptytree) = false; 521 not(is empty(t1)) => 522 eqtree(emptytree, t1) = false ; 523 not(is marker(t1)) => 524 eqtree(t1 , marker) = false; 525 not(is marker(t1)) => 526 eqtree(marker, t1) = false ;

527 eqtree(mktree(n1, l1 ), mktree(n2, l2)) = eqnode(n1, n2) and eqlist(l1 , l2 ); 528 (∗ 2 tree lists are eual if : − they are both empty ∗) 529 (∗ − all elements at the same position are equal ∗) 530 eqlist (emptylist , emptylist) = true; 531 not(is emptyl(l1)) => 532 eqlist (emptylist , l1) = false ; 533 not(is emptyl(l1)) => 534 eqlist (l1 , emptylist) = false ;

535 eqlist ( insl (l1 , t1 ), insl (l2 , t2)) = ( eqlist (l1 , l2 )) and (eqtree(t1 , t2 )); 536 ofsort t tree 537 insert (emptytree, n) = mktree(n, insl(emptylist , marker)); 538 insert (mktree(n1, insl(l1 , marker)), n) 539 = mktree(n1, insl(l1 , mktree(n, insl(emptylist , marker)))); 540 not(is marker(t1)) => 541 insert (mktree(n1, insl(l1 , t1 )), n) = mktree(n1, insl(l1 , insert (t1 , n ))); 542 movemarker(emptytree) = emptytree;

543 movemarker(mktree(n1, insl(l1, marker))) = mktree(n1, insl(l1, marker)); 544 movemarker(mktree(n1, insl(l1, mktree(n2, insl(l2 , marker))))) 545 = mktree(n1, insl( insl (l1 , mktree(n2, l2 )), marker)); 546 not(is marker(t1 )) and not(is empty(t1)) => 547 movemarker(mktree(n1, insl(l1, mktree(n2, insl(l2 , t1 ))))) 548 = mktree(n1, (insl(l1 , movemarker(mktree(n2, insl(l2, t1 )))))); 549 getnth(emptylist, f) = emptytree; 550 (f gt length(l1)) => 551 getnth(l1 , f) = emptytree; 552 (f eq length(l1)) => 553 getnth(l1 , f) = getlast (l1 ); 554 (f lt length(l1)) => 555 getnth(l1 , f) = getnth(remlast(l1 ), f ); 556 getlast (emptylist) = emptytree; 557 getlast ( insl (l1 , t1)) = t1;

558 extract remduplicates(emptytree) = emptytree; 559 extract remduplicates(marker) = emptytree;

560 extract remduplicates(mktree(n1, l1)) = mktree(n1, listremduplicates(l1 )); 561 (∗ keep longest branch ∗)

562 rem shortest(marker) = emptytree; 563 rem shortest(emptytree) = emptytree;

564 rem shortest(mktree(n1, emptylist)) = mktree(n1, emptylist); 565 not(is emptyl(l1)) => 566 rem shortest(mktree(n1, l1)) = mktree(n1, rem shortfromlist(l1 )); 567 (∗ keep most features branch ∗) 568 rem least(marker) = emptytree; 569 rem least(emptytree) = emptytree;

570 rem least(mktree(n1, emptylist)) = mktree(n1, emptylist); 571 not(is emptyl(l1)) => 572 rem least(mktree(n1, l1)) = mktree(n1, rem leastfromlist(l1 )); 573 (∗ Remove duplicates, then rem least feature branches ∗) 574 tree prune(t1) = rem least(extract remduplicates(t1 )); 575 ofsort t msgseqfid 576 preorder(emptytree) = emptyseqfid; 577 preorder(marker) = emptyseqfid;

578 preorder(mktree(n, l1)) = seqfid (concat(add(emptyseq, p nmsg(n)), p msgseq(preorderlist(l1))), 579 union(insertelem(emptyset, p nfid(n )), p fset ( preorderlist (l1 )))); 580 581 preorderlist (emptylist) = emptyseqfid;

582 preorderlist ( insl (l1 , t1)) = seqfid (concat(p msgseq(preorderlist(l1 )), p msgseq(preorder(t1))), 583 union(p fset ( preorderlist (l1 )), p fset (preorder(t1 )))); 584 ofsort t msg 585 p nmsg(mknode(m, f)) = m; 586 ofsort nat 587 p nfid(mknode(m, f)) = f; 588 length(emptylist) = 0;

589 length( insl (l1 , t1)) = length(l1 ) + 1; 590 maxdepth(emptytree) = 0; 591 maxdepth(marker) = 0;

592 maxdepth(mktree(n, emptylist)) = 1; 593 not(is emptyl(l1)) => 594 maxdepth(mktree(n, l1)) = maxdepthl(l1) + 1; 595 maxdepthl(emptylist) = 0;

596 maxdepthl(insl(emptylist, t1)) = maxdepth(t1); 597 maxdepth(t1) gt maxdepthl(l1) => 598 maxdepthl(insl(l1, t1)) = maxdepth(t1); 599 maxdepth(t1) le maxdepthl(l1) => 600 maxdepthl(insl(l1, t1)) = maxdepthl(l1); 601 ofsort t natset 602 maxfeat(emptytree) = emptyset; 603 maxfeat(marker) = emptyset;

604 maxfeat(mktree(n, emptylist)) = insertelem(emptyset, p nfid(n)); 605 not(is emptyl(l1)) => 606 maxfeat(mktree(n, l1)) = insertelem(maxfeatl(l1), p nfid(n)); 607 608 maxfeatl(emptylist) = emptyset; 609 maxfeatl(insl(emptylist , t1)) = maxfeat(t1); 610 length(maxfeat(t1)) gt length(maxfeatl(l1)) => 611 maxfeatl(insl(l1 , t1)) = maxfeat(t1); 612 length(maxfeat(t1)) le length(maxfeatl(l1)) => 613 maxfeatl(insl(l1 , t1)) = maxfeatl(l1 ); 614 ofsort t list 615 remlast(emptylist) = emptylist; 616 remlast( insl (l1 , t1)) = l1 ;

617 length(l1 ) eq 0 => firsthalf (l1) = emptylist; 618 length(l1 ) eq 0 => secondhalf(l1) = emptylist; 619 length(l1 ) eq 1 => firsthalf (l1) = l1 ; 620 length(l1 ) eq 1 => secondhalf(l1) = emptylist; 621 length(l1 ) eq 2 => firsthalf (l1) = insl (emptylist , getnth(l1 , 1)); 622 length(l1 ) eq 2 => secondhalf(l1) = insl(emptylist, getnth(l1 , 2)); 623 length(l1 ) gt 2 => firsthalf (l1) = firsthalf2 ( l1 , length(l1 ) / 2, emptylist); 624 length(l1 ) gt 2 => secondhalf(l1) = secondhalf2(l1, length(l1 ) / 2, emptylist); 625 f eq 0 => firsthalf2 (l1 , f , l2) = l2 ;

626 f gt 0 => firsthalf2 (l1 , f , l2) = firsthalf2 (l1 , f − 1, insl (l2 , getnth(l1 , f ))); 627 f eq length(l1) => secondhalf2(l1, f , l2) = l2 ;

628 f lt length(l1) => secondhalf2(l1, f , l2) = secondhalf2(l1 , f + 1, insl (l2 , getnth(l1 , f + 1))); 629 length(l1 ) eq 0 => listremduplicates(l1) = emptylist; 630 length(l1 ) eq 1 => 631 listremduplicates (l1) = insl (emptylist , extract remduplicates(getlast (l1 ))); 632 (length(l1 ) eq 2) and not (eqtree(getnth(l1 , 1), getnth(l1, 2))) => 633 listremduplicates (l1) = insl ( insl (emptylist , extract remduplicates(getnth(l1 , 1))), 634 extract remduplicates(getnth(l1 , 2))); 635 (length(l1 ) eq 2) and eqtree(getnth(l1 , 1), getnth(l1, 2)) => 636 listremduplicates (l1) = insl (emptylist , extract remduplicates(getnth(l1 , 1))); 637 (length(l1 ) gt 2) => 638 listremduplicates (l1) = noduplmerge(listremduplicates( firsthalf (l1 )), 639 listremduplicates (secondhalf(l1 ))); 640 noduplmerge(l1, emptylist) = l1;

641 noduplmerge(l1, l2) = noduplmerge(insnodupl(l1, getlast(l2 )), remlast(l2 )); 642 insnodupl(emptylist, t1) = insl (emptylist , t1 ); 643 eqtree(t1 , t2) => insnodupl(insl(l1, t1 ), t2) = insl (l1 , t1 ); 644 not(eqtree(t1 , t2)) => insnodupl(insl(l1 , t1 ), t2) = insl (insnodupl(l1 , t2 ), t1 ); 645 (∗ keeps longest branch // leftmost if in doubt ∗) 646 rem shortfromlist(emptylist) = emptylist;

647 rem shortfromlist( insl (emptylist , t1)) = insl (emptylist , rem shortest(t1 )); 648 not(is emptyl(l1 )) and (maxdepth(t1) gt maxdepthl(l1)) => 649 rem shortfromlist( insl (l1 , t1)) = insl (emptylist , rem shortest(t1 )); 650 not(is emptyl(l1 )) and (maxdepth(t1) le maxdepthl(l1)) => 651 rem shortfromlist( insl (l1 , t1)) = rem shortfromlist(l1 ); 652 (∗ keeps branch with max features // leftmost if in doubt ∗) 653 rem leastfromlist (emptylist) = emptylist;

654 rem leastfromlist ( insl (emptylist , t1)) = insl (emptylist , rem least(t1 )); 655 not(is emptyl(l1 )) and (length(maxfeat(t1)) gt length(maxfeatl(l1))) =>

656 rem leastfromlist ( insl (l1 , t1)) = insl (emptylist , rem least(t1 )); 657 not(is emptyl(l1 )) and (length(maxfeat(t1)) le length(maxfeatl(l1))) => 658 rem leastfromlist ( insl (l1 , t1)) = rem leastfromlist (l1 ); 659 endtype 660 661 (∗ 662 t natstack is a data type for a stack of natural numbers 663 ∗) 664 type t natstack is 665 boolean,naturalnumber 666 sorts 667 t natstack 668 opns 669 emptystack (∗! constructor ∗) : −> t natstack 670 is empty : t natstack −> bool 671 top : t natstack −> nat 672 pop : t natstack −> t natstack 673 push (∗! constructor ∗) : t natstack , nat −> t natstack 674 bottom : t natstack −> nat 675 eqns 676 forall n: nat, 677 ns : t natstack 678 ofsort bool 679 is empty(emptystack) = true; is empty(push(ns, n)) = false ; 680 ofsort nat 681 top (push(emptystack, n)) = n; 682 not(is empty(ns)) => top(push(ns, n)) = n; 683 bottom(emptystack) = 0; (∗ to avoid undefined case ∗) 684 bottom(push(emptystack, n)) = n;

685 not(is empty(ns)) => bottom(push(ns, n)) = bottom(ns); 686 ofsort t natstack 687 pop(push(emptystack, n)) = emptystack; 688 not(is empty(ns)) => pop(push(ns, n)) = ns; 689 endtype 690 691 (∗ 692 t state is the datatype for states of the FM, basically a tuple 693 ∗) 694 type t state is 695 t msgseq 696 sorts 697 t state 698 699 opns 700 state (∗! constructor ∗) : (∗# TMSGSEQ ∗), nat −> t state 701 (∗ take n queues and the number of choices left and make a state ∗) 702 (∗# TSTATEOPNS ∗) 703 p chosen : t state −> nat 704 eqns 705 forall (∗# QUEUES ∗): t msgseq, 706 c : nat 707 ofsort t msgseq 708 (∗# TSTATEEQNS ∗) 709 ofsort nat 710 p chosen(state((∗# QUEUES ∗), c)) = c; 711 endtype 712 713 (∗ 714 t statestack is a data type for a stack of states 715 ∗) 716 type t statestack is 717 boolean,naturalnumber,t state 718 sorts 719 t statestack 720 opns 721 emptyststack (∗! constructor ∗) : −> t statestack 722 is empty (∗! : t statestack −> bool 723 top (∗! : t statestack −> t state 724 pop (∗! : t statestack −> t statestack 725 push (∗! constructor ∗) : t statestack , t state −> t statestack 726 eqns 727 forall st : t state , 728 sts : t statestack 729 ofsort bool 730 is empty(emptyststack) = true; 731 is empty(push(sts, st)) = false ; 732 ofsort t state 733 top(push(emptyststack, st)) = st; 734 not(is empty(sts)) => top(push(sts, st)) = st ; 735 ofsort t statestack 736 pop(push(emptyststack, st)) = emptyststack; 737 not(is empty(sts)) => pop (push (sts, st)) = sts ; 738 endtype 739 740 (∗ =========================================================================== ∗) 741 (∗ =========================================================================== ∗) 742 (∗ =========================================================================== ∗) 743 744 (∗ 745 The system behaviour: three features in paralell with the FM and the triggergenerator 746 The cocoons and the FM synchronise on Out, the channel used for broadcasting trigger 747 events and feedback 748 ∗) 749 behaviour

750 751 (∗ 752 Process Gate Parameters are in the order Out, In (the FM has EnvOut, EnvIn, out, in’s) 753 The gates are always named from a viewpoint of the process 754 In the spec it is neccessary to connect them corrctly! 755 For clarity consult the Process Diagram in mr0800 756 ∗) 757 hide Out, (∗# GATES ∗), EnvIn, EnvOut in 758 TriggerGen [EnvIn, EnvOut] 759 |[ EnvIn, EnvOut]| 760 FM [EnvOut, EnvIn, Out, (∗# GATES ∗)] 761 |[ Out, (∗# GATES ∗)]| 762 ( 763 (∗# BEHAVECOCOON ∗) 764 ) 765 766 where 767 768 (∗ 769 FM: The feature manager Construct−Prune implementation 770 The feature manager − reads a msg from EnvIn, 771 − passes the msg on to Construct 772 (which deals with the tree construction 773 and feedback mechanism and then 774 returns a solution tree) 775 − the solution tree is passed to Prune 776 (which prunes the tree and returns a sequence) 777 − the sequence is then passed to Commit 778 (which deals with setting the features in the 779 appropriate states and sending the commited 780 behaviour to the environment) 781 − and finally the control is returned to the FM process. 782 ∗) 783 process FM[EnvOut, EnvIn, Out, (∗# GATES ∗)]: noexit := 784 ( 785 EnvIn ? msg: t msg;

786 Construct[Out, (∗# GATES ∗)](msg, emptytree) 787 >>accept t1: t tree in 788 ( 789 Prune[EnvOut](t1) 790 >>accept ms: t msgseqfid in 791 ( 792 Commit[EnvOut, Out](ms) 793 >> 794 FM[EnvOut, EnvIn, Out, (∗# GATES ∗)] 795 ) 796 ) 797 ) 798 endproc (∗ FM ∗) 799 800 (∗ 801 Construct 802 this process deals with constructing the tree . In order to do so, 803 it farms out msg, awaits responses and deals with them. 804 upon termination it returns the solution tree . 805 ∗) 806 process Construct[Out, (∗# GATES ∗)](msg: t msg, t: t tree): exit (t tree) := 807 ( 808 (∗ send START to all features and broadcast message ∗) 809 Out ! message(rcv, start transaction , 0, 0, nil ); 810 Out ! msg;

811 (∗ Collect Responses ∗) 812 CollectResp[(∗# GATES ∗)]((∗# EMPTYSEQ ∗), (∗# FALSE ∗)) 813 >>accept (∗# QUEUES ∗): t msgseq in 814 ( 815 FeedBackControl[Out, (∗# GATES ∗)]((∗# QUEUES ∗), insert(t, mknode(msg, 0))) 816 (∗ tree already contains orig msg ∗) 817 >>accept t: t tree in 818 exit(t) 819 ) 820 ) 821 822 where 823 824 (∗ Gather collected responses from all features ∗) 825 process CollectResp [(∗# GATES ∗)]((∗# QUEUES ∗): t msgseq, (∗# COLLECT ∗): bool): exit 826 ((∗# TMSGSEQ ∗)) := 827 ( 828 (∗# COLLECTBLOCK ∗) 829 [] 830 [(∗# CONDITION ∗)] −> (∗ all finished, exit with queues ∗) 831 exit((∗# QUEUES ∗)) 832 ) 833 endproc (∗ CollectResp ∗) 834 835 process FeedBackControl[Out, (∗# GATES ∗)]((∗# QUEUES ∗): t msgseq, origt: t tree): exit (t tree) := 836 ( 837 (∗# FEEDBACKCONTROL ∗) 838 exit(t) 839 ) 840 endproc (∗ FeedBackControl ∗) 841 842 process FeedBack[Out, (∗# GATES ∗)]((∗# QUEUES ∗): t msgseq, stk: t statestack, 843 t : t tree , chosen: nat, (∗# FEATURES ∗): bool): exit (t tree) :=

844 ( 845 [(∗# LENGTH ∗) eq 0] −> 846 (∗ there were no responses, all queues length 0 ∗) 847 ( 848 [is empty(stk)] −> 849 ( 850 exit(t ) (∗ finished , all possibilities have been explored ∗) 851 ) 852 [] 853 [not(is empty(stk))] −> (∗ maybe there are more choices earlier in the tree ? ∗) 854 ( 855 Out ! message(rcv, rollback transaction , 0, 0, nil ); 856 FeedBack[Out, (∗# GATES ∗)]((∗# TOP ∗), 857 pop(stk), movemarker(t), p chosen(top(stk)), (∗# FEATURES ∗)) 858 (∗ new branch is to be started , move insert marker of tree to right place ∗) 859 ) 860 ) 861 [] 862 [(∗# LENGTH ∗) gt 0] −> 863 (∗ there was at least 1 response, feed responses back ∗) 864 ( 865 [chosen lt (∗# POSSCHOICES ∗)] −> 866 ( 867 Out ! message(rcv, start transaction , 0, 0, nil ); 868 GetMsgFromQ((∗# QUEUES ∗), chosen) 869 >> accept msg: t msg, qno: nat, (∗# NQUEUES ∗): t msgseq, newchosen: nat in 870 ( 871 Out ! msg;

872 CollectResp [(∗# GATES ∗)]((∗# EMPTYSEQ ∗), (∗# FALSE ∗)) 873 >>accept (∗# TMPQUEUES ∗): t msgseq in 874 ( 875 IgnoreRespFromFeat((∗# TMPQUEUES ∗), (∗# FEATURES ∗)) 876 >>accept (∗# TEMPQUEUES ∗): t msgseq in 877 FeedBack[Out, (∗# GATES ∗)]((∗# CONCAT ∗), 878 push(stk, state((∗# QUEUES ∗), newchosen)), 879 insert (t , mknode(msg, qno)), 0, (∗# FEATURES ∗)) 880 (∗ 0 choices taken as new level has been started , but backup current value ∗) 881 ) 882 ) 883 ) 884 [] 885 [chosen eq (∗# POSSCHOICES ∗)] −> 886 FeedBack[Out, (∗# GATES ∗)]((∗# EMPTYSEQ ∗), stk, t, 0, (∗# FEATURES ∗)) 887 (∗ we have tried all choices on this level , just rollback ∗) 888 ) 889 ) 890 891 where 892 893 (∗ if we deal with less than n features we want to ignore responses ∗) 894 process IgnoreRespFromFeat((∗# QUEUES ∗): t msgseq, (∗# FEATURES ∗): bool): exit 895 ((∗# TMSGSEQ ∗)) := 896 ( 897 (∗# IGNORERESP ∗) 898 ) 899 endproc (∗ IgnoreRespFromFeat ∗) 900 901 (∗ get a message from one queue, ensuring they all will betaken eventually ∗) 902 process GetMsgFromQ((∗# QUEUES ∗): t msgseq, chosen: nat): exit 903 (t msg, nat, (∗# TMSGSEQ ∗), nat) := 904 ( 905 GetChosenMsg((∗# MAKEQLIST ∗), (∗# QUEUES ∗), chosen, 0) 906 >> accept m: t msg, qno: nat, (∗# NQUEUES ∗): t msgseq in 907 exit(m, qno, (∗# NQUEUES ∗), chosen + 1) 908 ) 909 910 where 911 912 process GetChosenMsg(qlist: t qlist, (∗# QUEUES ∗): t msgseq, chosen, tested: nat) : exit 913 (t msg, nat, (∗# TMSGSEQ ∗)) := 914 ( 915 [( chosen + 1) eq 1] −> 916 ( 917 [not(is empty( getfirst ( qlist )))] −> 918 ( 919 RemFromAllQueues((∗# MAKEQLIST ∗), emptyqlist, first(getfirst(qlist))) 920 >> accept (∗# NQUEUES ∗): t msgseq in 921 exit( first ( getfirst ( qlist )), tested + 1, (∗# NQUEUES ∗)) 922 ) 923 [] 924 [is empty( getfirst ( qlist ))] −> 925 GetChosenMsg(remfirst(qlist), (∗# QUEUES ∗), chosen, tested + 1) 926 ) 927 [] 928 [( chosen + 1) gt 1] −> 929 ( 930 [not(is empty( getfirst ( qlist )))] −> 931 GetChosenMsg(remfirst(qlist), (∗# QUEUES ∗), chosen − 1, tested + 1) 932 [] 933 [is empty( getfirst ( qlist ))] −> 934 GetChosenMsg(remfirst(qlist), (∗# QUEUES ∗), chosen, tested + 1) 935 ) 936 ) 937 endproc (∗ GetChosenMsg ∗)

938 939 process RemFromAllQueues(ql1, ql2: t qlist, m: t msg) : exit 940 ((∗# TMSGSEQ ∗)) := 941 ( 942 [is empty(ql1)] −> (∗ exit ∗) 943 exit((∗# DEQUEUELIST ∗)) 944 [] 945 [not(is empty(ql1))] −> 946 ( 947 [ are equal( first ( getfirst (ql1 )), m)] −> 948 RemFromAllQueues(remfirst(ql1), add(ql2, remove(getfirst(ql1))), m) 949 [] 950 [not(are equal( first ( getfirst (ql1 )), m))] −> 951 RemFromAllQueues(remfirst(ql1), add(ql2, getfirst(ql1 )), m) 952 ) 953 ) 954 endproc (∗ RemFromAllQueues ∗) 955 956 endproc (∗ GetMsgFromQ ∗) 957 958 endproc (∗ FeedBack ∗) 959 960 endproc (∗ Construct ∗) 961 962 (∗ 963 Prune: the prune process is straigth forward, 964 the pruning is implemented in the tree data type 965 on termination a message sequence is returned −− the behaviour to be committed 966 ∗) 967 process Prune[EnvOut](t: t tree): exit (t msgseqfid) := 968 ( 969 EnvOut!extract remduplicates(t)(∗| C printf (” full tree : ! % s \n”, kd draw ($ !1)); |∗); 970 PruneSub(t) 971 >> accept nt: t tree in 972 ( 973 exit(preorder(nt)) 974 ) 975 ) 976 977 where 978 979 process PruneSub(t: t tree): exit ( t tree ) := 980 ( 981 exit(tree prune(t)) 982 ) 983 endproc (∗ PruneSub ∗) 984 985 endproc (∗ Prune ∗) 986 987 (∗ 988 Commit process 989 ∗) 990 process Commit[EnvOut, Out](msf: t msgseqfid): exit := 991 ( 992 [not(is empty(p msgseq(msf)))] −> 993 ( 994 SetFeatures[Out](p msgseq(msf), p fset(msf), 0, (∗# NOOFFEAT ∗)) (∗ set all features to the right states ∗) 995 (∗ been at 0 feat , have to do 3 ∗) 996 >> 997 CommitUser[EnvOut](p msgseq(msf)) (∗ send responses to user ∗) 998 ) 999 [] 1000 [is empty(p msgseq(msf))] −> 1001 exit 1002 ) 1003 1004 where 1005 1006 (∗ commit responses to user ∗) 1007 process CommitUser[EnvOut](ms: t msgseq): exit := 1008 ( 1009 [not(is empty(ms))] −> 1010 ( 1011 [p ioasp( first (ms)) eq snd] −> (∗ this was a response ∗) 1012 ( 1013 EnvOut ! first (ms); (∗ send it to the user ∗) 1014 CommitUser[EnvOut](remove(ms)) 1015 ) 1016 [] 1017 [p ioasp( first (ms)) eq rcv] −> (∗ this was an input ∗) 1018 ( 1019 CommitUser[EnvOut](remove(ms)) 1020 ) 1021 ) 1022 [] 1023 [( is empty(ms))] −> 1024 exit 1025 ) 1026 endproc (∗ CommitUser ∗) 1027 1028 (∗ establish correct state of features ∗) 1029 process SetFeatures[Out](ms: t msgseq, ns: t natset, beenat, haveto: nat ): exit := 1030 ( 1031 [beenat eq haveto] −> (∗ have we dealt with all features? ∗)

1032 exit 1033 [] 1034 [beenat lt haveto] −> (∗ there are more features to be set ∗) 1035 ( 1036 [ is inset (ns , beenat + 1)] −> (∗ we want to keep this feature ∗) 1037 ( 1038 Out ! message(snd, commit transaction, 0, beenat + 1, nil ); (∗ go into playback phase ∗) 1039 CommitFeat[Out](ms, beenat + 1) (∗ then playback msgs ∗) 1040 >> 1041 SetFeatures[Out](ms, ns, beenat + 1, haveto) 1042 (∗ continue with next feature ∗) 1043 ) 1044 [] 1045 [not( is inset (ns , beenat + 1))] −> (∗ we do not want to keep this feature ∗) 1046 ( 1047 Out ! message(snd, abort transaction , 0, beenat + 1, nil ); 1048 (∗ tell this feature to abort ∗) 1049 SetFeatures[Out](ms, ns, beenat + 1, haveto) 1050 (∗ continue with next feature ∗) 1051 ) 1052 ) 1053 ) 1054 where 1055 1056 (∗ playbeack messages to features ∗) 1057 process CommitFeat[Out](ms: t msgseq, fid: nat): exit := 1058 ( 1059 [not(is empty(ms))] −> 1060 ( 1061 Out ! message(p ioasp( first (ms)), p event( first (ms)), p source( first (ms)), 1062 fid , p argument(first(ms))); 1063 (∗ make sure that dest is not 0 but a feature number ∗) 1064 CommitFeat[Out](remove(ms), fid) 1065 ) 1066 [] 1067 [( is empty(ms))] −> 1068 ( 1069 Out ! message(snd, commit transaction, 0, fid , nil ); 1070 (∗ end playback phase ∗) 1071 exit 1072 ) 1073 ) 1074 endproc (∗ CommitFeat ∗) 1075 1076 endproc (∗ SetFeatures ∗) 1077 1078 endproc (∗ Commit ∗) 1079 1080 (∗ 1081 The Cocoon (or Feature Controller) 1082 ∗) 1083 process Cocoon [Out, In0] (cstate: nat,rbstk : t natstack , fid , whichfeat: nat ): noexit := 1084 ( 1085 In0 ? msg: t msg; 1086 ( 1087 (∗ broadcasted or dedicated control message ∗) 1088 [is tcmsg(msg) and ((p dest(msg) eq fid) or (p dest(msg) eq 0))] −> 1089 ( 1090 TransControl(cstate, rbstk , msg) 1091 >>accept newstack: t natstack, newstate: nat, playback: bool in 1092 ( 1093 [playback] −> (∗ we are comitting, so just set feature to the requested state ∗) 1094 ( 1095 PlayBackCocoon[In0](newstate, newstack, fid, whichfeat) 1096 >> accept newstate2: nat in 1097 Cocoon[Out, In0](newstate2, emptystack, fid, whichfeat) 1098 (∗ after playback we do not need the stack anymore, we start fresh ∗) 1099 ) 1100 [] 1101 [not(playback)] −> (∗ we are not in a playback phase, so we still construct ∗) 1102 Cocoon[Out, In0](newstate, newstack, fid, whichfeat) 1103 ) 1104 ) 1105 [] 1106 (∗ control message for another feature ∗) 1107 [is tcmsg(msg) and (p dest(msg) ne fid) and (p dest(msg) ne 0)] −> 1108 Cocoon[Out, In0](cstate, rbstk , fid , whichfeat) 1109 [] 1110 (∗ broadcasted or dedicated feature message ∗) 1111 [ is fmsg(msg) and ((p dest(msg) eq fid) or (p dest(msg) eq 0))] −> 1112 ( 1113 FeatBehave(cstate, msg, whichfeat) 1114 >>accept newstate: nat, response: t msgseq in 1115 ( 1116 Send [Out](response, newstate) 1117 >>accept newstate2: nat in 1118 Cocoon[Out, In0](newstate2, rbstk, fid , whichfeat) 1119 ) 1120 ) 1121 [] 1122 (∗ feature message for another feature ∗) 1123 [ is fmsg(msg) and ((p dest(msg) ne fid) and (p dest(msg) ne 0))] −> 1124 Cocoon[Out, In0](cstate, rbstk , fid , whichfeat) 1125 )

1126 ) 1127 1128 where 1129 1130 (∗ unfold message sequence into individual messages ∗) 1131 process Send[Out](resp: t msgseq, newstate: nat): exit (nat) := 1132 ( 1133 [is empty(resp)] −> 1134 ( 1135 Out ! message(snd, respcomplete , 0, 0, nil ); 1136 exit(newstate) 1137 ) 1138 [] 1139 [not(is empty (resp))] −> 1140 ( 1141 Out ! first (resp );

1142 Send[Out](remove (resp), newstate) 1143 ) 1144 ) 1145 endproc (∗ Send ∗) 1146 1147 (∗ this is a playback of messages, just send to feature and accept responses ∗) 1148 process PlayBackCocoon[In0](cstate: nat, rbstk: t natstack, fid , whichfeat: nat ) : exit (nat) := 1149 ( 1150 In0 ? msg: t msg; 1151 ( 1152 [ is fmsg(msg) and ((p dest(msg) eq fid) or (p dest(msg) eq 0))] −> 1153 (∗ there is a message for the feature ... ∗) 1154 (∗ just send the message out, discard the responses but change the state ! ∗) 1155 ( 1156 FeatBehave(cstate, msg, whichfeat) 1157 >>accept newstate: nat, response: t msgseq in 1158 PlayBackCocoon[In0](newstate, rbstk, fid, whichfeat) 1159 ) 1160 [] 1161 [( p event(msg) eq commit transaction) and ((p dest(msg) eq fid) or (p dest(msg) eq 0))] −> 1162 (∗ playback has finished , just be a normal cocoon in the new state ∗) 1163 exit(cstate ) 1164 ) 1165 ) 1166 endproc (∗ PlayBackCocoon ∗) 1167 1168 endproc (∗ Cocoon ∗) 1169 1170 (∗ 1171 Feature behaviour (or in DM terms feature proper). 1172 The Fidentifier parameter selects which feature is used 1173 1: Teenline 1174 2: CFB 1175 3: CFB Everyone 1176 4: TCS 1177 5: TCS Everyone1 1178 6: TCS Everyone2 1179 7: Reverse Charging 1180 8: Split Billing 1181 9: Basic Call 1182 10: CND 1183 11: CND Everyone 1184 12: CNDB 1185 13: Call Transfer 1186 14: Call Transfer Everyone 1187 15: Call Waiting 1188 16: Call Waiting Everyone 1189 17: Group Ringing 1190 18: Group Ringing Everyone 1191 19: Ringback 1192 20: Ringback Everyone1 1193 21: Ringback Everyone2 1194 22: Three Way Calling 1195 23: Voice Mail − record 1196 24: Voice Mail Everyone 1197 25: Voice Mail − playback 1198 ∗) 1199 process FeatBehave (s: nat, msg: t msg, fid : nat ): exit (nat , t msgseq) := 1200 ( 1201 [ fid eq 1] −> (∗ the teenline feature ∗) 1202 ( 1203 [( s eq 0) and (p event(msg) eq offhook)] −> (∗ teentime ∗) 1204 exit (1, add(emptyseq, message(snd, announce, 0, 0, askpin))) 1205 (∗ []∗) 1206 (∗ [( s eq 0) and (p event(msg) eq offhook)] −>∗) (∗ not teentime, the tau ∗) 1207 (∗ exit (1, add(emptyseq, message(snd, billing offhook , 0, 0, time)))∗) 1208 [] 1209 [( s eq 0) and (p event(msg) neq offhook)] −> 1210 exit (0, emptyseq) 1211 [] 1212 [( s eq 1) and (p event(msg) eq onhook)] −> 1213 exit (0, emptyseq) 1214 [] 1215 [( s eq 1) and (p event(msg) eq dial)] −> (∗ wrong pin ∗) 1216 exit (2, add(emptyseq, message(snd, announce, 0, 0, wrongpin))) 1217 (∗ []∗) 1218 (∗ [( s eq 1) and (p event(msg) eq dial)] −>∗) (∗ right pin , the tau ∗) 1219 (∗ exit (0, emptyseq)∗)

1220 [] 1221 [( s eq 1) and (p event(msg) eq i alert )] −> 1222 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1223 [] 1224 [( s eq 1) and ((p event(msg) neq onhook) or (p event(msg) neq dial) or 1225 (p event(msg) neq i alert ))] −> 1226 exit (1, emptyseq) 1227 [] 1228 [( s eq 2) and (p event(msg) eq onhook)] −> 1229 exit (0, emptyseq) 1230 [] 1231 [( s eq 2) and (p event(msg) eq i alert )] −> 1232 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1233 [] 1234 [( s eq 2) and ((p event(msg) neq onhook) or (p event(msg) neq i alert))] −> 1235 exit (2, emptyseq) 1236 ) 1237 [] 1238 [ fid eq 2] −> (∗ call forwarding busy ∗) 1239 (∗ Change wrt Contest: trigger is not incoming call but 1240 feedback of busy announcement ... we do not have state info ∗) 1241 (∗ Alterantive would be non determinism, but that’s not neccessary ∗) 1242 ( 1243 [( s eq 0) and (p event(msg) eq o busy)] −> 1244 exit (0, add(add(add(emptyseq, message(snd, o alert, 0, 0, nil )), 1245 message(snd, billing forwarded , 0, 0, nil )), 1246 message(snd, o notify , 0, 0, nil ))) 1247 [] 1248 [( s eq 0) and (p event(msg) neq o busy)] −> 1249 exit (0, emptyseq) 1250 ) 1251 [] 1252 [ fid eq 3] −> (∗ call forwarding busy everyone ∗) 1253 ( 1254 [( s eq 0) and (p event(msg) eq i notify)] −> 1255 exit (1, emptyseq) 1256 [] 1257 [( s eq 0) and (p event(msg) neq i notify)] −> 1258 exit (0, emptyseq) 1259 [] 1260 [( s eq 1) and (p event(msg) eq i alert )] −> 1261 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1262 [] 1263 [( s eq 1) and (p event(msg) eq i free )] −> 1264 exit (0, emptyseq) 1265 [] 1266 [( s eq 1) and (p event(msg) eq i busy)] −> 1267 exit (0, emptyseq) 1268 [] 1269 [( s eq 1) and (p event(msg) eq onhook)] −> 1270 exit (0, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1271 [] 1272 [( s eq 1) and ((p event(msg) neq i free ) or (p event(msg) neq i alert ) or 1273 (p event(msg) neq i busy) or (p event(msg) neq onhook)) ] −> 1274 exit (1, emptyseq) 1275 ) 1276 [] 1277 [ fid eq 4] −> (∗ terminating call screening ∗) 1278 ( 1279 [( s eq 0) and (p event(msg) eq i alert )] −> (∗ the screened transition ∗) 1280 exit (1, add(emptyseq, message(snd, o request, 0, 0, callerid ))) 1281 [] 1282 [( s eq 0) and (p event(msg) neq i alert)] −> 1283 exit (0, emptyseq) 1284 [] 1285 (∗ [( s eq 1) and (p event(msg) eq i inform)] −> ∗) (∗ not barred, the tau ∗) 1286 (∗ exit (0, emptyseq) ∗) 1287 [( s eq 1) and (p event(msg) eq i inform)] −> 1288 exit (0, add(emptyseq, message(snd, announce, 0, 0, screened))) 1289 [] 1290 [( s eq 1) and (p event(msg) eq i alert )] −> 1291 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1292 [] 1293 [( s eq 1) and ((p event(msg) neq i inform) or (p event(msg) neq i alert ))] −> 1294 exit (0, emptyseq) 1295 ) 1296 [] 1297 [ fid eq 5] −> (∗ terminating call screening everyone 1 ∗) 1298 ( 1299 [( s eq 0) and (p event(msg) eq i inform)] −> 1300 exit (0, add(emptyseq, message(snd, announce, 0, 0, screened))) 1301 [] 1302 [( s eq 0) and (p event(msg) neq i inform)] −> 1303 exit (0, emptyseq) 1304 ) 1305 [] 1306 [ fid eq 6] −> (∗ terminating call screening everyone 2 ∗) 1307 ( 1308 [( s eq 0) and (p event(msg) eq i request)] −> 1309 exit (0, add(emptyseq, message(snd, o inform, 0, 0, barred))) 1310 [] 1311 [( s eq 0) and (p event(msg) neq i request)] −> 1312 exit (0, emptyseq) 1313 )

1314 [] 1315 [ fid eq 7] −> (∗ reverse charging ∗) 1316 ( 1317 (∗ [( s eq 0) and (p event(msg) eq dial)] −> ∗) (∗ the tau transition ∗) 1318 (∗ exit (0, emptyseq)∗) 1319 (∗ []∗) 1320 [( s eq 0) and (p event(msg) eq dial)] −> (∗ the reverse transition ∗) 1321 exit (0, add(emptyseq, message(snd, billing reverse , 0, 0, nil ))) 1322 [] 1323 [( s eq 0) and (p event(msg) neq dial)] −> 1324 exit (0, emptyseq) 1325 ) 1326 [] 1327 [ fid eq 8] −> (∗ split billing ∗) 1328 ( 1329 (∗ [( s eq 0) and (p event(msg) eq dial)] −> ∗) (∗ the tau transition ∗) 1330 (∗ exit (0, emptyseq)∗) 1331 (∗ []∗) 1332 [( s eq 0) and (p event(msg) eq dial)] −> (∗ the split transition ∗) 1333 exit (0, add(emptyseq, message(snd, billing split , 0, 0, splitfactor ))) 1334 [] 1335 [( s eq 0) and (p event(msg) neq dial)] −> 1336 exit (0, emptyseq) 1337 ) 1338 [] 1339 [ fid eq 9] −> (∗ basic call ∗) 1340 ( 1341 [( s eq 0) and (p event(msg) eq offhook)] −> 1342 exit (1, add(add(emptyseq, message(snd, billing offhook , 0, 0, time)), 1343 message(snd, dialtone , 0, 0, nil ))) 1344 [] 1345 [( s eq 0) and (p event(msg) eq i alert )] −> 1346 exit (6, add(add(emptyseq, message(snd, o free, 0, 0, nil )), 1347 message(snd, alert , 0, 0, nil ))) 1348 (∗ []∗) 1349 (∗ [( s eq 0) and (p event(msg) eq i alert )] −>∗) 1350 (∗ exit (0, add(add(add(add(emptyseq, message(snd, o free, 0, 0, nil )),∗) 1351 (∗ message(snd, alert , 0, 0, nil )),∗) 1352 (∗ message(snd, o timeout , 0, 0, nil )),∗) 1353 (∗ message(snd, stopalert , 0, 0, nil )))∗) 1354 [] 1355 [( s eq 0) and ((p event(msg) neq i alert ) or (p event(msg) neq offhook))] −> 1356 exit (0, emptyseq) 1357 [] 1358 [( s eq 1) and (p event(msg) eq dial)] −> 1359 exit (2, add(emptyseq, message(snd, o alert , 0, 0, nil ))) 1360 [] 1361 [( s eq 1) and (p event(msg) eq onhook)] −> 1362 exit (0, add(emptyseq, message(snd, billing onhook, 0, 0, time))) 1363 [] 1364 [( s eq 1) and (p event(msg) eq i alert )] −> 1365 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1366 [] 1367 [( s eq 1) and ((p event(msg) neq dial) or (p event(msg) neq onhook) or 1368 (p event(msg) neq i alert ))] −> 1369 exit (1, emptyseq) 1370 [] 1371 [( s eq 2) and (p event(msg) eq onhook)] −> 1372 exit (0, add(add(emptyseq, message(snd, billing onhook, 0, 0, time)), 1373 message(snd, o stopalert , 0, 0, nil ))) 1374 [] 1375 [( s eq 2) and (p event(msg) eq i busy)] −> 1376 exit (5, add(emptyseq, message(snd, busytone, 0, 0, nil))) 1377 [] 1378 [( s eq 2) and (p event(msg) eq i free )] −> 1379 exit (3, add(emptyseq, message(snd, ringtone, 0, 0, nil ))) 1380 [] 1381 [( s eq 2) and (p event(msg) eq i alert )] −> 1382 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1383 [] 1384 [( s eq 2) and ((p event(msg) neq onhook) or (p event(msg) neq i free) or 1385 (p event(msg) neq i busy) or (p event(msg) neq i alert))] −> 1386 exit (2, emptyseq) 1387 [] 1388 [( s eq 3) and (p event(msg) eq onhook)] −> 1389 exit (0, add(add(emptyseq, message(snd, billing onhook, 0, 0, time)), 1390 message(snd, o stopalert , 0, 0, nil ))) 1391 [] 1392 [( s eq 3) and (p event(msg) eq i timeout)] −> 1393 exit (5, add(emptyseq, message(snd, timeouttone, 0, 0, nil))) 1394 [] 1395 [( s eq 3) and (p event(msg) eq i connect)] −> 1396 exit (4, add(add(emptyseq, message(snd, billing start , 0, 0, time)), 1397 message(snd, connect , 0, 0, nil ))) 1398 [] 1399 [( s eq 3) and (p event(msg) eq i alert )] −> 1400 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1401 [] 1402 [( s eq 3) and ((p event(msg) neq onhook) or (p event(msg) neq i timeout) or 1403 (p event(msg) neq i connect) or (p event(msg) neq i alert ))] −> 1404 exit (3, emptyseq) 1405 [] 1406 [( s eq 4) and (p event(msg) eq onhook)] −> 1407 exit (0, add(add(add(emptyseq, message(snd, billing stop, 0, 0, time)),

1408 message(snd, billing onhook , 0, 0, time)), 1409 message(snd, o disconnect , 0, 0, nil ))) 1410 [] 1411 [( s eq 4) and (p event(msg) eq i disconnect)] −> 1412 exit (5, add(emptyseq, message(snd, disconnecttone, 0, 0, nil ))) 1413 [] 1414 [( s eq 4) and (p event(msg) eq i alert )] −> 1415 exit (4, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1416 [] 1417 [( s eq 4) and ((p event(msg) neq onhook) or (p event(msg) neq i disconnect) 1418 or (p event(msg) neq i alert ))] −> 1419 exit (4, emptyseq) 1420 [] 1421 [( s eq 5) and (p event(msg) eq onhook)] −> 1422 exit (0, add(emptyseq, message(snd, billing onhook, 0, 0, time))) 1423 [] 1424 [( s eq 5) and (p event(msg) eq i alert )] −> 1425 exit (5, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1426 [] 1427 [( s eq 5) and ((p event(msg) neq onhook) or (p event(msg) neq i alert))] −> 1428 exit (5, emptyseq) 1429 [] 1430 [( s eq 6) and (p event(msg) eq i stopalert)] −> 1431 exit (0, add(emptyseq, message(snd, stopalert , 0, 0, nil ))) 1432 [] 1433 [( s eq 6) and (p event(msg) eq offhook)] −> 1434 exit (7, add(add(emptyseq, message(snd, billing offhook , 0, 0, time)), 1435 message(snd, o connect , 0, 0, nil ))) 1436 [] 1437 [( s eq 6) and (p event(msg) eq i alert )] −> 1438 exit (6, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1439 [] 1440 [( s eq 6) and ((p event(msg) neq i stopalert ) or (p event(msg) neq offhook) 1441 or (p event(msg) neq i alert ))] −> 1442 exit (6, emptyseq) 1443 [] 1444 [( s eq 7) and (p event(msg) eq onhook)] −> 1445 exit (0, add(add(add(emptyseq, message(snd, billing stop, 0, 0, time)), 1446 message(snd, billing onhook , 0, 0, time)), 1447 message(snd, o disconnect , 0, 0, nil ))) 1448 [] 1449 [( s eq 7) and (p event(msg) eq i disconnect)] −> 1450 exit (8, add(emptyseq, message(snd, disconnecttone, 0, 0, nil ))) 1451 [] 1452 [( s eq 7) and (p event(msg) eq i alert )] −> 1453 exit (7, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1454 [] 1455 [( s eq 7) and ((p event(msg) neq onhook) or (p event(msg) neq i disconnect) 1456 or (p event(msg) neq i alert ))] −> 1457 exit (7, emptyseq) 1458 [] 1459 [( s eq 8) and (p event(msg) eq onhook)] −> 1460 exit (0, add(emptyseq, message(snd, billing onhook, 0, 0, time))) 1461 [] 1462 [( s eq 8) and (p event(msg) eq i alert )] −> 1463 exit (8, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1464 [] 1465 [( s eq 8) and ((p event(msg) neq onhook) or (p event(msg) neq i alert))] −> 1466 exit (8, emptyseq) 1467 ) 1468 [] 1469 [ fid eq 10] −> (∗ Calling Number Display ∗) 1470 ( 1471 [( s eq 0) and (p event(msg) eq i alert )] −> 1472 exit (1, add(emptyseq, message(snd, o request, 0, 0, callerid ))) 1473 [] 1474 [( s eq 0) and (p event(msg) neq i alert)] −> 1475 exit (0, emptyseq) 1476 [] 1477 [( s eq 1) and (p event(msg) eq i alert )] −> 1478 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1479 [] 1480 [( s eq 1) and (p event(msg) eq i inform)] −> 1481 exit (0, add(emptyseq, message(snd, display, 0, 0, id ))) 1482 [] 1483 [( s eq 1) and ((p event(msg) neq i inform) or (p event(msg) neq i alert ))] −> 1484 exit (1, emptyseq) 1485 ) 1486 [] 1487 [ fid eq 11] −> (∗ Calling Number Display Everyone ∗) 1488 ( 1489 [( s eq 0) and (p event(msg) eq i request)] −> 1490 exit (0, add(emptyseq, message(snd, o inform, 0, 0, id ))) 1491 [] 1492 [( s eq 0) and (p event(msg) neq i request)] −> 1493 exit (0, emptyseq) 1494 ) 1495 [] 1496 [ fid eq 12] −> (∗ Calling Number Delivery Blocking ∗) 1497 ( 1498 [( s eq 0) and (p event(msg) eq i request)] −> 1499 exit (0, add(emptyseq, message(snd, o inform, 0, 0, barred))) 1500 [] 1501 [( s eq 0) and (p event(msg) neq i request)] −>

1502 exit (0, emptyseq) 1503 ) 1504 [] 1505 [ fid eq 13] −> (∗ Call Transfer ∗) 1506 ( 1507 [( s eq 0) and (p event(msg) eq i connect)] −> 1508 exit (1, emptyseq) 1509 [] 1510 [( s eq 0) and (p event(msg) eq o connect)] −> 1511 exit (2, emptyseq) 1512 [] 1513 [( s eq 0) and ((p event(msg) neq o connect) or (p event(msg) neq i connect))] −> 1514 exit (0, emptyseq) 1515 [] 1516 [( s eq 1) and (p event(msg) eq i disconnect)] −> 1517 exit (0, emptyseq) 1518 [] 1519 [( s eq 1) and (p event(msg) eq onhook)] −> 1520 exit (0, emptyseq) 1521 [] 1522 [( s eq 1) and (p event(msg) eq i alert )] −> 1523 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1524 [] 1525 [( s eq 1) and (p event(msg) eq flash)] −> 1526 exit (2, add(emptyseq, message(snd, dialtone, 0, 0, nil ))) 1527 [] 1528 [( s eq 1) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1529 or (p event(msg) neq onhook) or (p event(msg) neq flash))] −> 1530 exit (1, emptyseq) 1531 [] 1532 [( s eq 2) and (p event(msg) eq flash)] −> 1533 exit (1, emptyseq) 1534 [] 1535 [( s eq 2) and (p event(msg) eq i disconnect)] −> 1536 exit (2, emptyseq) 1537 [] 1538 [( s eq 2) and (p event(msg) eq i alert )] −> 1539 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1540 [] 1541 [( s eq 2) and (p event(msg) eq dial)] −> 1542 exit (3, add(emptyseq, message(snd, o alert , 0, 0, nil ))) 1543 [] 1544 [( s eq 2) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1545 or (p event(msg) neq flash) or (p event(msg) neq dial))] −> 1546 exit (2, emptyseq) 1547 [] 1548 [( s eq 3) and (p event(msg) eq flash)] −> 1549 exit (1, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1550 [] 1551 [( s eq 3) and (p event(msg) eq i disconnect)] −> 1552 exit (3, emptyseq) 1553 [] 1554 [( s eq 3) and (p event(msg) eq i alert )] −> 1555 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1556 [] 1557 [( s eq 3) and (p event(msg) eq i free )] −> 1558 exit (5, add(emptyseq, message(snd, ringtone, 0, 0, nil ))) 1559 [] 1560 [( s eq 3) and (p event(msg) eq i busy)] −> 1561 exit (4, add(emptyseq, message(snd, busytone, 0, 0, nil))) 1562 [] 1563 [( s eq 3) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1564 or (p event(msg) neq flash) or (p event(msg) neq i free ) 1565 or (p event(msg) neq i busy))] −> 1566 exit (3, emptyseq) 1567 [] 1568 [( s eq 4) and (p event(msg) eq flash)] −> 1569 exit (1, emptyseq) 1570 [] 1571 [( s eq 4) and (p event(msg) eq i disconnect)] −> 1572 exit (0, emptyseq) 1573 [] 1574 [( s eq 4) and (p event(msg) eq onhook)] −> 1575 exit (0, emptyseq) 1576 [] 1577 [( s eq 4) and (p event(msg) eq i alert )] −> 1578 exit (4, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1579 [] 1580 [( s eq 4) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 1581 or (p event(msg) neq flash) or (p event(msg) neq i disconnect))] −> 1582 exit (4, emptyseq) 1583 [] 1584 [( s eq 5) and (p event(msg) eq flash)] −> 1585 exit (1, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1586 [] 1587 [( s eq 5) and (p event(msg) eq i disconnect)] −> 1588 exit (5, emptyseq) 1589 [] 1590 [( s eq 5) and (p event(msg) eq onhook)] −> 1591 exit (0, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1592 [] 1593 [( s eq 5) and (p event(msg) eq i alert )] −> 1594 exit (5, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1595 []

1596 [( s eq 5) and (p event(msg) eq i connect)] −> 1597 exit (6, add(add(emptyseq, message(snd, billing start , 0, 0, time)), 1598 message(snd, connect , 0, 0, nil ))) 1599 [] 1600 [( s eq 5) and (p event(msg) eq i timeout)] −> 1601 exit (4, add(emptyseq, message(snd, timeouttone, 0, 0, nil))) 1602 [] 1603 [( s eq 5) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 1604 or (p event(msg) neq flash) or (p event(msg) neq i disconnect) 1605 or (p event(msg) neq i connect) or (p event(msg) neq i timeout))] −> 1606 exit (5, emptyseq) 1607 [] 1608 [( s eq 6) and (p event(msg) eq i disconnect)] −> 1609 exit (6, emptyseq) 1610 [] 1611 [( s eq 6) and (p event(msg) eq onhook)] −> 1612 exit (0, add(add(add(emptyseq, message(snd, o inform, 0, 0, originator)), 1613 message(snd, o notify , 0, 0, nil )), 1614 message(snd, o notify , 0, 0, nil ))) 1615 [] 1616 [( s eq 6) and (p event(msg) eq i alert )] −> 1617 exit (6, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1618 [] 1619 [( s eq 6) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 1620 or (p event(msg) neq i disconnect))] −> 1621 exit (6, emptyseq) 1622 [] 1623 [( s eq 7) and (p event(msg) eq i disconnect)] −> 1624 exit (0, emptyseq) 1625 [] 1626 [( s eq 7) and (p event(msg) eq onhook)] −> 1627 exit (0, emptyseq) 1628 [] 1629 [( s eq 7) and (p event(msg) eq i alert )] −> 1630 exit (7, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1631 [] 1632 [( s eq 7) and (p event(msg) eq flash)] −> 1633 exit (8, add(emptyseq, message(snd, dialtone, 0, 0, nil ))) 1634 [] 1635 [( s eq 7) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1636 or (p event(msg) neq onhook) or (p event(msg) neq flash))] −> 1637 exit (7, emptyseq) 1638 [] 1639 [( s eq 8) and (p event(msg) eq flash)] −> 1640 exit (7, emptyseq) 1641 [] 1642 [( s eq 8) and (p event(msg) eq i disconnect)] −> 1643 exit (8, emptyseq) 1644 [] 1645 [( s eq 8) and (p event(msg) eq i alert )] −> 1646 exit (8, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1647 [] 1648 [( s eq 8) and (p event(msg) eq dial)] −> 1649 exit (9, add(emptyseq, message(snd, o alert , 0, 0, nil ))) 1650 [] 1651 [( s eq 8) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1652 or (p event(msg) neq flash) or (p event(msg) neq dial))] −> 1653 exit (8, emptyseq) 1654 [] 1655 [( s eq 9) and (p event(msg) eq flash)] −> 1656 exit (7, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1657 [] 1658 [( s eq 9) and (p event(msg) eq i disconnect)] −> 1659 exit (9, emptyseq) 1660 [] 1661 [( s eq 9) and (p event(msg) eq i alert )] −> 1662 exit (9, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1663 [] 1664 [( s eq 9) and (p event(msg) eq i free )] −> 1665 exit (11, add(emptyseq, message(snd, ringtone, 0, 0, nil ))) 1666 [] 1667 [( s eq 9) and (p event(msg) eq i busy)] −> 1668 exit (10, add(emptyseq, message(snd, busytone, 0, 0, nil))) 1669 [] 1670 [( s eq 9) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1671 or (p event(msg) neq flash) or (p event(msg) neq i free ) 1672 or (p event(msg) neq i busy))] −> 1673 exit (9, emptyseq) 1674 [] 1675 [( s eq 10) and (p event(msg) eq flash)] −> 1676 exit (7, emptyseq) 1677 [] 1678 [( s eq 10) and (p event(msg) eq i disconnect)] −> 1679 exit (0, emptyseq) 1680 [] 1681 [( s eq 10) and (p event(msg) eq onhook)] −> 1682 exit (0, emptyseq) 1683 [] 1684 [( s eq 10) and (p event(msg) eq i alert )] −> 1685 exit (10, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1686 [] 1687 [( s eq 10) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 1688 or (p event(msg) neq flash) or (p event(msg) neq i disconnect))] −> 1689 exit (10, emptyseq)

1690 [] 1691 [( s eq 11) and (p event(msg) eq flash)] −> 1692 exit (7, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1693 [] 1694 [( s eq 11) and (p event(msg) eq i disconnect)] −> 1695 exit (11, emptyseq) 1696 [] 1697 [( s eq 11) and (p event(msg) eq onhook)] −> 1698 exit (0, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1699 [] 1700 [( s eq 11) and (p event(msg) eq i alert )] −> 1701 exit (11, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1702 [] 1703 [( s eq 11) and (p event(msg) eq i connect)] −> 1704 exit (12, add(add(emptyseq, message(snd, billing start , 0, 0, time)), 1705 message(snd, connect , 0, 0, nil ))) 1706 [] 1707 [( s eq 11) and (p event(msg) eq i timeout)] −> 1708 exit (10, add(emptyseq, message(snd, timeouttone, 0, 0, nil))) 1709 [] 1710 [( s eq 11) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 1711 or (p event(msg) neq flash) or (p event(msg) neq i disconnect) 1712 or (p event(msg) neq i connect) or (p event(msg) neq i timeout))] −> 1713 exit (11, emptyseq) 1714 [] 1715 [( s eq 12) and (p event(msg) eq i disconnect)] −> 1716 exit (12, emptyseq) 1717 [] 1718 [( s eq 12) and (p event(msg) eq onhook)] −> 1719 exit (0, add(add(emptyseq, message(snd, o notify, 0, 0, nil )), 1720 message(snd, o notify , 0, 0, nil ))) 1721 [] 1722 [( s eq 12) and (p event(msg) eq i alert )] −> 1723 exit (12, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1724 [] 1725 [( s eq 12) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 1726 or (p event(msg) neq i disconnect))] −> 1727 exit (12, emptyseq) 1728 ) 1729 [] 1730 [ fid eq 14] −> (∗ Call Transfer Everyone ∗) 1731 ( 1732 [( s eq 0) and (p event(msg) eq i connect)] −> 1733 exit (2, emptyseq) 1734 [] 1735 [( s eq 0) and (p event(msg) eq o connect)] −> 1736 exit (1, emptyseq) 1737 [] 1738 [( s eq 0) and ((p event(msg) neq o connect) or (p event(msg) neq i connect))] −> 1739 exit (0, emptyseq) 1740 [] 1741 [( s eq 1) and (p event(msg) eq i disconnect)] −> 1742 exit (0, emptyseq) 1743 [] 1744 [( s eq 1) and (p event(msg) eq onhook)] −> 1745 exit (0, emptyseq) 1746 [] 1747 [( s eq 1) and (p event(msg) eq i alert )] −> 1748 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1749 [] 1750 [( s eq 1) and (p event(msg) eq i inform)] −> 1751 exit (2, emptyseq) 1752 [] 1753 [( s eq 1) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1754 or (p event(msg) neq onhook) or (p event(msg) neq i inform))] −> 1755 exit (1, emptyseq) 1756 [] 1757 [( s eq 2) and (p event(msg) eq i disconnect)] −> 1758 exit (0, emptyseq) 1759 [] 1760 [( s eq 2) and (p event(msg) eq onhook)] −> 1761 exit (0, emptyseq) 1762 [] 1763 [( s eq 2) and (p event(msg) eq i alert )] −> 1764 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1765 [] 1766 [( s eq 1) and (p event(msg) eq i notify)] −> 1767 exit (4, emptyseq) 1768 [] 1769 [( s eq 2) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1770 or (p event(msg) neq onhook) or (p event(msg) neq i notify))] −> 1771 exit (2, emptyseq) 1772 [] 1773 [( s eq 3) and (p event(msg) eq i alert )] −> 1774 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1775 [] 1776 [( s eq 3) and (p event(msg) eq i notify)] −> 1777 exit (4, emptyseq) 1778 [] 1779 [( s eq 3) and ((p event(msg) neq i alert ) or (p event(msg) neq i notify))] −> 1780 exit (3, emptyseq) 1781 [] 1782 [( s eq 4) and (p event(msg) eq i disconnect)] −> 1783 exit (0, emptyseq)

1784 [] 1785 [( s eq 4) and (p event(msg) eq onhook)] −> 1786 exit (0, emptyseq) 1787 [] 1788 [( s eq 4) and (p event(msg) eq i alert )] −> 1789 exit (4, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1790 [] 1791 [( s eq 4) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1792 or (p event(msg) neq onhook))] −> 1793 exit (4, emptyseq) 1794 ) 1795 [] 1796 [ fid eq 15] −> (∗ Call Waiting ∗) 1797 ( 1798 [( s eq 0) and (p event(msg) eq i connect)] −> 1799 exit (1, emptyseq) 1800 [] 1801 [( s eq 0) and (p event(msg) eq o connect)] −> 1802 exit (1, emptyseq) 1803 [] 1804 [( s eq 0) and ((p event(msg) neq o connect) or (p event(msg) neq i connect))] −> 1805 exit (0, emptyseq) 1806 [] 1807 [( s eq 1) and (p event(msg) eq i disconnect)] −> 1808 exit (0, emptyseq) 1809 [] 1810 [( s eq 1) and (p event(msg) eq onhook)] −> 1811 exit (0, emptyseq) 1812 [] 1813 (∗ [( s eq 1) and (p event(msg) eq i alert )] −> ∗) 1814 (∗ exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) ∗) 1815 (∗ [] ∗) 1816 [( s eq 1) and (p event(msg) eq i alert )] −> 1817 exit (2, add(emptyseq, message(snd, o inform, 0, 0, cwhold))) 1818 [] 1819 [( s eq 1) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1820 or (p event(msg) neq onhook))] −> 1821 exit (1, emptyseq) 1822 [] 1823 [( s eq 2) and (p event(msg) eq i alert )] −> 1824 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1825 [] 1826 [( s eq 2) and (p event(msg) eq flash)] −> 1827 exit (3, add(add(add(add(emptyseq, message(snd, billing stop, 0, 0, time)), 1828 message(snd, o inform , 0, 0, cwhold)), 1829 message(snd, billing start , 0, 0, time)), 1830 message(snd, o connect , 0, 0, nil ))) 1831 [] 1832 [( s eq 2) and (p event(msg) eq i disconnect)] −> 1833 exit (0, emptyseq) 1834 [] 1835 [( s eq 2) and (p event(msg) eq onhook)] −> 1836 exit (0, add(emptyseq, message(snd, o disconnect, 0, 0, nil ))) 1837 [] 1838 [( s eq 2) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1839 or (p event(msg) neq onhook) or (p event(msg) neq flash))] −> 1840 exit (2, emptyseq) 1841 [] 1842 [( s eq 3) and (p event(msg) eq i alert )] −> 1843 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1844 [] 1845 [( s eq 3) and (p event(msg) eq flash)] −> 1846 exit (2, add(add(add(add(emptyseq, message(snd, billing stop, 0, 0, time)), 1847 message(snd, o inform , 0, 0, cwhold)), 1848 message(snd, billing start , 0, 0, time)), 1849 message(snd, o connect , 0, 0, nil ))) 1850 [] 1851 [( s eq 3) and (p event(msg) eq i disconnect)] −> 1852 exit (0, emptyseq) 1853 [] 1854 [( s eq 3) and (p event(msg) eq onhook)] −> 1855 exit (0, add(emptyseq, message(snd, o disconnect, 0, 0, nil ))) 1856 [] 1857 [( s eq 3) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1858 or (p event(msg) neq onhook) or (p event(msg) neq flash))] −> 1859 exit (3, emptyseq) 1860 1861 ) 1862 [] 1863 [ fid eq 16] −> (∗ Call Waiting Everyone ∗) 1864 ( 1865 [( s eq 0) and (p event(msg) eq i inform)] −> 1866 exit (1, add(emptyseq, message(snd, cwtone, 0, 0, nil))) 1867 [] 1868 [( s eq 0) and (p event(msg) neq i inform)] −> 1869 exit (0, emptyseq) 1870 [] 1871 [( s eq 1) and (p event(msg) eq i alert )] −> 1872 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1873 [] 1874 [( s eq 1) and (p event(msg) eq i connect)] −> 1875 exit (1, add(emptyseq, message(snd, connect, 0, 0, nil ))) 1876 [] 1877 [( s eq 1) and (p event(msg) eq onhook)] −>

1878 exit (0, emptyseq) 1879 [] 1880 [( s eq 1) and (p event(msg) eq i disconnect)] −> 1881 exit (0, emptyseq) 1882 [] 1883 [( s eq 1) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 1884 or (p event(msg) neq onhook) or (p event(msg) neq i connect))] −> 1885 exit (1, emptyseq) 1886 ) 1887 [] 1888 [ fid eq 19] −> (∗ Group Ringing ∗) 1889 ( 1890 [( s eq 0) and (p event(msg) eq i alert )] −> 1891 exit (1, add(add(emptyseq, message(snd, o alert , 0, 0, nil )), 1892 message(snd, o alert , 0, 0, nil ))) 1893 [] 1894 [( s eq 0) and (p event(msg) neq i alert)] −> 1895 exit (0, emptyseq) 1896 [] 1897 [( s eq 1) and (p event(msg) eq i stopalert)] −> 1898 exit (0, add(add(emptyseq, message(snd, o stopalert, 0, 0, nil )), 1899 message(snd, o stopalert , 0, 0, nil ))) 1900 [] 1901 [( s eq 1) and (p event(msg) eq i alert )] −> 1902 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1903 [] 1904 [( s eq 1) and (p event(msg) eq i busy)] −> 1905 exit (2, emptyseq) 1906 [] 1907 [( s eq 1) and (p event(msg) eq i free )] −> 1908 exit (3, emptyseq) 1909 [] 1910 [( s eq 1) and ((p event(msg) neq i alert ) or (p event(msg) neq i stopalert ) 1911 or (p event(msg) neq i busy) or (p event(msg) neq i free ))] −> 1912 exit (1, emptyseq) 1913 [] 1914 [( s eq 2) and (p event(msg) eq i alert )] −> 1915 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1916 [] 1917 [( s eq 2) and (p event(msg) eq i busy)] −> 1918 exit (0, emptyseq) 1919 [] 1920 [( s eq 2) and (p event(msg) eq i free )] −> 1921 exit (3, emptyseq) 1922 [] 1923 [( s eq 2) and (p event(msg) eq i stopalert)] −> 1924 exit (0, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1925 [] 1926 [( s eq 2) and ((p event(msg) neq i alert ) or (p event(msg) neq i stopalert ) 1927 or (p event(msg) neq i busy) or (p event(msg) neq i free ))] −> 1928 exit (2, emptyseq) 1929 [] 1930 [( s eq 3) and (p event(msg) eq i alert )] −> 1931 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1932 [] 1933 [( s eq 3) and (p event(msg) eq i free )] −> 1934 exit (3, emptyseq) 1935 [] 1936 [( s eq 3) and (p event(msg) eq i stopalert)] −> 1937 exit (0, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 1938 [] 1939 [( s eq 3) and (p event(msg) eq i connect)] −> 1940 exit (0, add(add(add(add(add(add(add(emptyseq, message(snd, o stopalert, 0, 0, nil)), 1941 message(snd, stopalert , 0, 0, nil )), 1942 message(snd, billing forwarded , 0, 0, nil )), 1943 message(snd, o free , 0, 0, nil )), 1944 message(snd, o notify , 0, 0, nil )), 1945 message(snd, o notify , 0, 0, nil )), 1946 message(snd, o connect , 0, 0, nil ))) 1947 [] 1948 [( s eq 3) and ((p event(msg) neq i alert ) or (p event(msg) neq i stopalert ) 1949 or (p event(msg) neq i connect) or (p event(msg) neq i free))] −> 1950 exit (3, emptyseq) 1951 ) 1952 [] 1953 [ fid eq 18] −> (∗ Group Ringing Everyone ∗) 1954 ( 1955 [( s eq 0) and (p event(msg) eq o connect)] −> 1956 exit (1, emptyseq) 1957 [] 1958 [( s eq 0) and (p event(msg) eq i connect)] −> 1959 exit (2, emptyseq) 1960 [] 1961 [( s eq 0) and ((p event(msg) neq o connect) or (p event(msg) neq i connect))] −> 1962 exit (0, emptyseq) 1963 [] 1964 [( s eq 1) and (p event(msg) eq onhook)] −> 1965 exit (0, emptyseq) 1966 [] 1967 [( s eq 1) and (p event(msg) eq i disconnect)] −> 1968 exit (0, emptyseq) 1969 [] 1970 [( s eq 1) and (p event(msg) eq i alert )] −> 1971 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil )))

1972 [] 1973 [( s eq 1) and (p event(msg) eq i notify)] −> 1974 exit (3, emptyseq) 1975 [] 1976 [( s eq 1) and ((p event(msg) neq onhook) or (p event(msg) neq i disconnect) 1977 or (p event(msg) neq i notify ) or (p event(msg) neq i alert))] −> 1978 exit (1, emptyseq) 1979 [] 1980 [( s eq 2) and (p event(msg) eq onhook)] −> 1981 exit (0, emptyseq) 1982 [] 1983 [( s eq 2) and (p event(msg) eq i disconnect)] −> 1984 exit (0, emptyseq) 1985 [] 1986 [( s eq 2) and (p event(msg) eq i alert )] −> 1987 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 1988 [] 1989 [( s eq 2) and (p event(msg) eq i notify)] −> 1990 exit (4, emptyseq) 1991 [] 1992 [( s eq 2) and ((p event(msg) neq onhook) or (p event(msg) neq i disconnect) 1993 or (p event(msg) neq i notify ) or (p event(msg) neq i alert))] −> 1994 exit (2, emptyseq) 1995 [] 1996 [( s eq 3) and (p event(msg) eq onhook)] −> 1997 exit (0, add(emptyseq, message(snd, o disconnect, 0, 0, nil ))) 1998 [] 1999 [( s eq 3) and (p event(msg) eq i disconnect)] −> 2000 exit (0, emptyseq) 2001 [] 2002 [( s eq 3) and (p event(msg) eq i alert )] −> 2003 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2004 [] 2005 [( s eq 3) and ((p event(msg) neq onhook) or (p event(msg) neq i disconnect) 2006 or (p event(msg) neq i alert ))] −> 2007 exit (3, emptyseq) 2008 [] 2009 [( s eq 4) and (p event(msg) eq onhook)] −> 2010 exit (0, add(emptyseq, message(snd, o disconnect, 0, 0, nil ))) 2011 [] 2012 [( s eq 4) and (p event(msg) eq i connect)] −> 2013 exit (0, emptyseq) 2014 [] 2015 [( s eq 4) and (p event(msg) eq i alert )] −> 2016 exit (4, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2017 [] 2018 [( s eq 4) and (p event(msg) eq i timeout)] −> 2019 exit (0, emptyseq) 2020 [] 2021 [( s eq 4) and ((p event(msg) neq onhook) or (p event(msg) neq i disconnect) 2022 or (p event(msg) neq i alert ) or (p event(msg) neq i timeout))] −> 2023 exit (4, emptyseq) 2024 ) 2025 [] 2026 [ fid eq 19] −> (∗ Ringback ∗) 2027 ( 2028 [( s eq 0) and (p event(msg) eq offhook)] −> 2029 exit (1, emptyseq) 2030 [] 2031 [( s eq 0) and (p event(msg) neq offhook)] −> 2032 exit (0, emptyseq) 2033 [] 2034 (∗ [( s eq 1) and (p event(msg) eq onhook)] −> ∗) (∗ cases for no message stored ∗) 2035 (∗ exit (0, emptyseq) ∗) 2036 (∗ [] ∗) 2037 (∗ [( s eq 1) and (p event(msg) eq i stopalert )] −> 2038 (∗ exit (0, emptyseq) ∗) 2039 (∗ [] ∗) 2040 (∗ [( s eq 1) and (p event(msg) eq o timeout)] −> 2041 (∗ exit (0, emptyseq) ∗) 2042 (∗ [] ∗) 2043 [( s eq 1) and (p event(msg) eq i alert )] −> 2044 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2045 [] 2046 [( s eq 1) and (p event(msg) eq i stopalert)] −> 2047 exit (2, add(emptyseq, message(snd, alert , 0, 0, fastalert ))) 2048 [] 2049 2050 [( s eq 1) and (p event(msg) eq onhook)] −> 2051 exit (2, add(emptyseq, message(snd, alert , 0, 0, fastalert ))) 2052 [] 2053 [( s eq 1) and (p event(msg) eq o timeout)] −> 2054 exit (2, add(emptyseq, message(snd, alert , 0, 0, fastalert ))) 2055 [] 2056 [( s eq 1) and ((p event(msg) neq o timeout) or (p event(msg) neq i stopalert) 2057 or (p event(msg) neq onhook))] −> 2058 exit (1, emptyseq) 2059 [] 2060 [( s eq 2) and (p event(msg) eq offhook)] −> 2061 exit (0, add(emptyseq, message(snd, o alert , 0, 0, nil ))) 2062 [] 2063 [( s eq 2) and (p event(msg) eq i alert )] −> 2064 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2065 []

2066 [( s eq 2) and ((p event(msg) neq offhook) or (p event(msg) neq i alert)] −> 2067 exit (2, emptyseq) 2068 ) 2069 [] 2070 [ fid eq 20] −> (∗ Ringback Everyone 1 ∗) 2071 ( 2072 [( s eq 0) and (p event(msg) eq i inform)] −> 2073 exit (0, add(emptyseq, message(snd, announce, 0, 0, ringback))) 2074 [] 2075 [( s eq 0) and (p event(msg) neq i inform)] −> 2076 exit (0, emptyseq) 2077 ) 2078 [] 2079 [ fid eq 21] −> (∗ Ringback Everyone 2 ∗) 2080 ( 2081 [( s eq 0) and (p event(msg) eq i alert )] −> 2082 exit (0, add(emptyseq, message(snd, o inform, 0, 0, ringback))) 2083 [] 2084 [( s eq 0) and (p event(msg) neq i alert)] −> 2085 exit (0, emptyseq) 2086 ) 2087 [] 2088 [ fid eq 22] −> (∗ Three Way Calling ∗) 2089 ( 2090 [( s eq 0) and (p event(msg) eq i connect)] −> 2091 exit (1, emptyseq) 2092 [] 2093 [( s eq 0) and (p event(msg) eq o connect)] −> 2094 exit (1, emptyseq) 2095 [] 2096 [( s eq 0) and ((p event(msg) neq o connect) or (p event(msg) neq i connect))] −> 2097 exit (0, emptyseq) 2098 [] 2099 [( s eq 1) and (p event(msg) eq i disconnect)] −> 2100 exit (0, emptyseq) 2101 [] 2102 [( s eq 1) and (p event(msg) eq onhook)] −> 2103 exit (0, emptyseq) 2104 [] 2105 [( s eq 1) and (p event(msg) eq i alert )] −> 2106 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2107 [] 2108 [( s eq 1) and (p event(msg) eq flash)] −> 2109 exit (2, add(emptyseq, message(snd, dialtone, 0, 0, nil ))) 2110 [] 2111 [( s eq 1) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 2112 or (p event(msg) neq onhook) or (p event(msg) neq flash))] −> 2113 exit (1, emptyseq) 2114 [] 2115 [( s eq 2) and (p event(msg) eq flash)] −> 2116 exit (1, emptyseq) 2117 [] 2118 [( s eq 2) and (p event(msg) eq i disconnect)] −> 2119 exit (2, emptyseq) 2120 [] 2121 [( s eq 2) and (p event(msg) eq i alert )] −> 2122 exit (2, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2123 [] 2124 [( s eq 2) and (p event(msg) eq dial)] −> 2125 exit (3, add(emptyseq, message(snd, o alert , 0, 0, nil ))) 2126 [] 2127 [( s eq 2) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 2128 or (p event(msg) neq flash) or (p event(msg) neq dial))] −> 2129 exit (2, emptyseq) 2130 [] 2131 [( s eq 3) and (p event(msg) eq flash)] −> 2132 exit (1, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 2133 [] 2134 [( s eq 3) and (p event(msg) eq i disconnect)] −> 2135 exit (3, emptyseq) 2136 [] 2137 [( s eq 3) and (p event(msg) eq i alert )] −> 2138 exit (3, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2139 [] 2140 [( s eq 3) and (p event(msg) eq i free )] −> 2141 exit (5, add(emptyseq, message(snd, ringtone, 0, 0, nil ))) 2142 [] 2143 [( s eq 3) and (p event(msg) eq i busy)] −> 2144 exit (4, add(emptyseq, message(snd, busytone, 0, 0, nil))) 2145 [] 2146 [( s eq 3) and ((p event(msg) neq i alert ) or (p event(msg) neq i disconnect) 2147 or (p event(msg) neq flash) or (p event(msg) neq i free ) 2148 or (p event(msg) neq i busy))] −> 2149 exit (3, emptyseq) 2150 [] 2151 [( s eq 4) and (p event(msg) eq flash)] −> 2152 exit (1, emptyseq) 2153 [] 2154 [( s eq 4) and (p event(msg) eq i disconnect)] −> 2155 exit (0, emptyseq) 2156 [] 2157 [( s eq 4) and (p event(msg) eq onhook)] −> 2158 exit (0, emptyseq) 2159 []

2160 [( s eq 4) and (p event(msg) eq i alert )] −> 2161 exit (4, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2162 [] 2163 [( s eq 4) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 2164 or (p event(msg) neq flash) or (p event(msg) neq i disconnect))] −> 2165 exit (4, emptyseq) 2166 [] 2167 [( s eq 5) and (p event(msg) eq flash)] −> 2168 exit (1, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 2169 [] 2170 [( s eq 5) and (p event(msg) eq i disconnect)] −> 2171 exit (5, emptyseq) 2172 [] 2173 [( s eq 5) and (p event(msg) eq onhook)] −> 2174 exit (0, add(emptyseq, message(snd, o stopalert , 0, 0, nil ))) 2175 [] 2176 [( s eq 5) and (p event(msg) eq i alert )] −> 2177 exit (5, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2178 [] 2179 [( s eq 5) and (p event(msg) eq i connect)] −> 2180 exit (6, add(add(emptyseq, message(snd, billing start , 0, 0, time)), 2181 message(snd, connect , 0, 0, nil ))) 2182 [] 2183 [( s eq 5) and (p event(msg) eq i timeout)] −> 2184 exit (4, add(emptyseq, message(snd, timeouttone, 0, 0, nil))) 2185 [] 2186 [( s eq 5) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 2187 or (p event(msg) neq flash) or (p event(msg) neq i disconnect) 2188 or (p event(msg) neq i connect) or (p event(msg) neq i timeout))] −> 2189 exit (5, emptyseq) 2190 [] 2191 [( s eq 6) and (p event(msg) eq i disconnect)] −> 2192 exit (0, emptyseq) 2193 [] 2194 [( s eq 6) and (p event(msg) eq onhook)] −> 2195 exit (0, add(emptyseq, message(snd, o disconnect, 0, 0, nil ))) 2196 [] 2197 [( s eq 6) and (p event(msg) eq i alert )] −> 2198 exit (6, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2199 [] 2200 [( s eq 6) and (p event(msg) eq flash)] −> 2201 exit (7, emptyseq) 2202 [] 2203 [( s eq 6) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 2204 or (p event(msg) neq flash) or (p event(msg) neq i disconnect))] −> 2205 exit (6, emptyseq) 2206 [( s eq 7) and (p event(msg) eq i disconnect)] −> 2207 exit (0, emptyseq) 2208 [] 2209 [( s eq 7) and (p event(msg) eq onhook)] −> 2210 exit (0, add(emptyseq, message(snd, o disconnect, 0, 0, nil ))) 2211 [] 2212 [( s eq 7) and (p event(msg) eq i alert )] −> 2213 exit (7, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2214 [] 2215 [( s eq 7) and ((p event(msg) neq i alert ) or (p event(msg) neq onhook) 2216 or (p event(msg) neq i disconnect))] −> 2217 exit (7, emptyseq) 2218 ) 2219 [] 2220 [ fid eq 23] −> (∗ Voicemail Recording ∗) 2221 ( 2222 [( s eq 0) and (p event(msg) eq o timeout)] −> ∗) (∗ no msg ∗) 2223 exit (1, add(emptyseq, message(snd, o inform, 0, 0, callminder))) 2224 [] 2225 [( s eq 0) and (p event(msg) neq o timeout)] −> 2226 exit (0, emptyseq) 2227 [] 2228 [( s eq 1) and (p event(msg) eq i alert )] −> 2229 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2230 [] 2231 [( s eq 1) and (p event(msg) eq i disconnect)] −> 2232 exit (0, emptyseq) 2233 [] 2234 [( s eq 1) and (p event(msg) eq i msg)] −> 2235 exit (0, add(emptyseq, message(snd, storemsg, 0, 0, nil ))) 2236 [] 2237 [( s eq 1) and ((p event(msg) neq onhook) or (p event(msg) neq i alert) 2238 or (p event(msg) neq i msg))] −> 2239 exit (1, emptyseq) 2240 ) 2241 [] 2242 [ fid eq 24] −> (∗ Voicemail Everyone ∗) 2243 ( 2244 [( s eq 0) and (p event(msg) eq i inform)] −> ∗) (∗ no msg ∗) 2245 exit (1, add(emptyseq, message(snd, announce, 0, 0, callminder))) 2246 [] 2247 [( s eq 0) and (p event(msg) neq i inform)] −> 2248 exit (0, emptyseq) 2249 [] 2250 [( s eq 1) and (p event(msg) eq i alert )] −> 2251 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2252 [] 2253 [( s eq 1) and (p event(msg) eq onhook)] −>

2254 exit (0, emptyseq) 2255 [] 2256 [( s eq 1) and ((p event(msg) neq onhook) or (p event(msg) neq i alert))] −> 2257 exit (1, emptyseq) 2258 ) 2259 [] 2260 [ fid eq 25] −> (∗ Voicemail Playback ∗) 2261 ( 2262 (∗ [( s eq 0) and (p event(msg) eq dial)] −> ∗) (∗ no msg ∗) 2263 (∗ exit (1, add(emptyseq, message(snd, announce, 0, 0, nomsg))) 2264 (∗ []∗) 2265 [( s eq 0) and (p event(msg) eq dial)] −> ∗) (∗ no msg ∗) 2266 exit (1, add(add(add(emptyseq, message(snd, storeread, 0, 0, msgtext)), 2267 message(snd, announce, 0, 0, msgtext)), 2268 message(snd, storeclear , 0, 0, nil ))) 2269 [] 2270 [( s eq 0) and (p event(msg) neq dial)] −> 2271 exit (0, emptyseq) 2272 [] 2273 [( s eq 1) and (p event(msg) eq i alert )] −> 2274 exit (1, add(emptyseq, message(snd, o busy, 0, 0, nil ))) 2275 [] 2276 [( s eq 1) and (p event(msg) eq onhook)] −> 2277 exit (0, emptyseq) 2278 [] 2279 [( s eq 1) and ((p event(msg) neq onhook) or (p event(msg) neq i alert))] −> 2280 exit (1, emptyseq) 2281 ) 2282 ) 2283 endproc (∗ FeatBehave ∗) 2284 2285 (∗ 2286 Transaction Control 2287 ∗) 2288 process TransControl (s: nat, rbstack: t natstack , msg: t msg): exit (t natstack , nat, bool) := 2289 ( 2290 [( p event(msg) eq abort transaction)] −> 2291 exit (emptystack, bottom (rbstack), false) 2292 (∗ clear the stack , return the bootom element as new state ∗) 2293 [] 2294 [( p event(msg) eq commit transaction)] −> 2295 exit (emptystack, bottom (rbstack), true) 2296 (∗ same as abort, get back to state before transaction because msgs are played back ∗) 2297 [] 2298 [( p event(msg) eq rollback transaction)] −> 2299 exit (pop (rbstack ), top (rbstack ), false ) 2300 (∗ pop the topmost state, this is the new state ∗) 2301 [] 2302 [( p event(msg) eq start transaction)] −> 2303 exit (push (rbstack, s ), s , false ) 2304 (∗ we need to save the current state onto the stack ∗) 2305 ) 2306 endproc (∗ TransControl ∗) 2307 2308 (∗ 2309 Prelimary Trigger Generator 2310 ∗) 2311 process TriggerGen[Out, In0]: noexit := 2312 ( 2313 (∗ Triggers from user ∗) 2314 Out ! message(rcv, dial , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2315 TriggerGen[Out, In0] 2316 [] 2317 Out ! message(rcv, offhook , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2318 TriggerGen[Out, In0] 2319 [] 2320 Out ! message(rcv, onhook , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2321 TriggerGen[Out, In0] 2322 [] 2323 Out ! message(rcv, flash , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2324 TriggerGen[Out, In0] 2325 [] 2326 (∗ Triggers from remote end of call ∗) 2327 Out ! message(rcv, i notify , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2328 TriggerGen[Out, In0] 2329 [] 2330 Out ! message(rcv, i inform , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2331 TriggerGen[Out, In0] 2332 [] 2333 Out ! message(rcv, i alert , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2334 TriggerGen[Out, In0] 2335 [] 2336 Out ! message(rcv, i free , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2337 TriggerGen[Out, In0] 2338 [] 2339 Out ! message(rcv, i busy , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2340 TriggerGen[Out, In0] 2341 [] 2342 Out ! message(rcv, i stopalert , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2343 TriggerGen[Out, In0] 2344 [] 2345 Out ! message(rcv, i timeout , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2346 TriggerGen[Out, In0] 2347 []

2348 Out ! message(rcv, i disconnect , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2349 TriggerGen[Out, In0] 2350 [] 2351 Out ! message(rcv, i connect , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2352 TriggerGen[Out, In0] 2353 [] 2354 Out ! message(rcv, i msg , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2355 TriggerGen[Out, In0] 2356 [] (∗ to create closed system ∗) 2357 Out ! message(rcv, i request , 0, 0, nil ) (∗| C printf (”TGen ! %s \n”, kd draw ($!1)); |∗); 2358 TriggerGen[Out, In0] 2359 [] (∗ to create closed system ∗) 2360 In0 ? m: t msg; 2361 TriggerGen[Out, In0] 2362 [] (∗ to create closed system ∗) 2363 In0 ? m: t tree ; 2364 TriggerGen[Out, In0] 2365 ) 2366 endproc (∗ TriggerGen ∗) 2367 2368 endspec

B Perl Code Customiser

1 #!/usr/bin/perl 2 3 $fname start = ”fm impl”; 4 $fname end = ”feat. lot”; 5 6 # How many features will there be? No checking of input correctness ... 7 $ok = 0;

8 while ($ok != 1) { 9 print STDOUT ”Enter the number of features (2..8): ”; 10 chop($nooffeat = <STDIN>); # need to remove the trailing nl 11 if (( $nooffeat > 1) && ($nooffeat < 26)) { 12 $ok = 1; 13 } 14 } 15 $fname = $fname start . $nooffeat . $fname end; 16 print $fname; 17 18 19 # for 1 .. nooffeat ask which one?

20 for ($count = 0; $count < $nooffeat; $count++) { 21 print STDOUT ”Please chose which feature you want <number>: \n”; 22 print STDOUT ”1. TL\n”; 23 print STDOUT ”2. CFB\n”; 24 print STDOUT ”3. CFB E\n”; 25 print STDOUT ”4. TCS\n”; 26 print STDOUT ”5. TCS E1\n”; 27 print STDOUT ”6. TCS E2\n”; 28 print STDOUT ”7. RC\n”; 29 print STDOUT ”8. SB\n”; 30 print STDOUT ”9. BCS\n”; 31 print STDOUT ”10: CND\n”; 32 print STDOUT ”11: CND Everyone\n”; 33 print STDOUT ”12: CNDB\n”; 34 print STDOUT ”13: Call Transfer\n”; 35 print STDOUT ”14: Call Transfer Everyone\n”; 36 print STDOUT ”15: Call Waiting\n”; 37 print STDOUT ”16: Call Waiting Everyone\n”; 38 print STDOUT ”17: Group Ringing\n”; 39 print STDOUT ”18: Group Ringing Everyone\n”; 40 print STDOUT ”19: Ringback\n”; 41 print STDOUT ”20: Ringback Everyone1\n”; 42 print STDOUT ”21: Ringback Everyone2\n”; 43 print STDOUT ”22: Three Way Calling\n”; 44 print STDOUT ”23: Voice Mail − record\n”; 45 print STDOUT ”24: Voice Mail Everyone\n”; 46 print STDOUT ”25: Voice Mail − playback\n”; 47 chop($tempfid = <STDIN>); 48 @fid{$count} = $tempfid; 49 } 50 51 # open files for template and destination 52 open(TEMPLATE, ”fm template.lot”); 53 $fname = $fname start . $nooffeat . $fname end; 54 open(MODEL, ”>$fname”); 55 56 # print header 57 print MODEL ”(∗ \n” .

58 ” Version 1.3 of the telephone switch with feature manager \n”. 59 ” GENERATED FROM TEMPLATE \n” . 60 ” Stephan Reiff\n” . 61 ” Started: 17−07−2000\n” .

62 ” Last Change: 06−10−2000 (to template)\n\n” . 63 ” MODEL WITH $nooffeat FEATURES \n \n”; 64 print MODEL ” The features are:\n”; 65 for ($count = 0; $count < $nooffeat; $count++) { 66 print MODEL ” ∗ @fid{$count}”; 67 switch: {

68 if (@fid{$count} == 1) {print MODEL ” Teenline\n”; last switch;} 69 if (@fid{$count} == 2) {print MODEL ” Call Forwarding Busy\n”; last switch;} 70 if (@fid{$count} == 3) {print MODEL ” Call Forwarding Busy Everyone\n”; last switch;} 71 if (@fid{$count} == 4) {print MODEL ” Terminating Call Screening\n”; last switch;} 72 if (@fid{$count} == 5) {print MODEL ” Terminating Call Screening Everyone\n”; last switch;} 73 if (@fid{$count} == 6) {print MODEL ” TCS E2\n”; last switch;} 74 if (@fid{$count} == 7) {print MODEL ” RC\n”; last switch;} 75 if (@fid{$count} == 8) {print MODEL ” SB\n”; last switch;} 76 if (@fid{$count} == 9) {print MODEL ” BCS\n”; last switch;} 77 if (@fid{$count} == 10) {print MODEL ” CND\n”; last switch;} 78 if (@fid{$count} == 11) {print MODEL ” CND Everyone\n”; last switch;} 79 if (@fid{$count} == 12) {print MODEL ” CNDB\n”; last switch;} 80 if (@fid{$count} == 13) {print MODEL ” Call Transfer\n”; last switch;} 81 if (@fid{$count} == 14) {print MODEL ” Call Transfer Everyone\n”; last switch;} 82 if (@fid{$count} == 15) {print MODEL ” Call Waiting\n”; last switch;} 83 if (@fid{$count} == 16) {print MODEL ” Call Waiting Everyone\n”; last switch;} 84 if (@fid{$count} == 17) {print MODEL ” Group Ringing\n”; last switch;} 85 if (@fid{$count} == 18) {print MODEL ” Group Ringing Everyone\n”; last switch;} 86 if (@fid{$count} == 19) {print MODEL ” Ringback\n”; last switch;} 87 if (@fid{$count} == 20) {print MODEL ” Ringback Everyone1\n”; last switch;} 88 if (@fid{$count} == 21) {print MODEL ” Ringback Everyone2\n”; last switch;} 89 if (@fid{$count} == 22) {print MODEL ” Three Way Calling\n”; last switch;} 90 if (@fid{$count} == 23) {print MODEL ” Voice Mail − record\n”; last switch;} 91 if (@fid{$count} == 24) {print MODEL ” Voice Mail Everyone\n”; last switch;} 92 if (@fid{$count} == 25) {print MODEL ” Voice Mail − playback\n”; last switch;} 93 $nothing = 1; 94 } 95 } 96 print MODEL ”∗)\n”; 97 98 $isfirst = 0;

99 for ($count = 0; $count < $nooffeat; $count++) { 100 $temp = $count + 1;

101 if ( $isfirst == 0){ # insert the first term ... 102 $gatesline = ”In” . $temp; 103 $queuesline = ”q” . $temp; 104 $collectline = ”c” . $temp; 105 $tmsgseqline = ”t msgseq”; 106 $falseline = ”false ”; 107 $emptyseqline = ”emptyseq”;

108 $tstateopns = ” p q” . $temp . ” (∗! implementedby ADT STATE PQ” . $temp . 109 ” ∗) : t state −> t msgseq”;

110 $behavecocoon = ” Cocoon [In” . $temp . ”, Out] (0, emptystack, ” . $temp . ”, ” . @fid{$count} . ”)”; 111 $condition = ”c” . $temp; 112 $featuresline = ”f” . $temp; 113 $nqueuesline = ”nq” . $temp; 114 $tmpqueuesline = ”tmpq” . $temp; 115 $tempqueuesline = ”tempq” . $temp; 116 $lengthline = ”length(q” . $temp . ”)”; 117 $topline = ”p q” . $temp . ”(top(stk))”; 118 $posschoicesline = ”possiblechoices(q” . $temp . ”, 0)”; 119 $concatline = ”concat(nq” . $temp . ”, tempq” . $temp . ”)”; 120 $makeqlist = ”add(emptyqlist, q” . $temp . ”)”; 121 $helpdq1 = ”ql2”;

122 $dequeuelist = ” getfirst (” . $helpdq1 . ”)”; 123 $isfirst = 1; 124 } 125 else { 126 $gatesline = $gatesline . ”, ” . ”In” . $temp; 127 $queuesline = $queuesline . ”, ” . ”q” . $temp; 128 $collectline = $collectline . ”, ” . ”c” . $temp; 129 $tmsgseqline = $tmsgseqline . ”, ” . ”t msgseq”; 130 $falseline = $falseline . ”, false ”; 131 $emptyseqline = $emptyseqline . ”, emptyseq”;

132 $tstateopns = $tstateopns . ”\n p q” . $temp . ” (∗! implementedby ADT STATE PQ” . $temp . 133 ” ∗) : t state −> t msgseq”;

134 $behavecocoon = $behavecocoon . ”\n |[Out]|\n Cocoon [In” . $temp . ”, Out] (0, emptystack, ” . 135 $temp . ”, ” . @fid{$count} . ”)”; 136 $condition = ”(” . $condition . ” and c” . $temp . ”)”; 137 $featuresline = $featuresline . ”, ” . ”f” . $temp; 138 $nqueuesline = $nqueuesline . ”, ” . ”nq” . $temp; 139 $tmpqueuesline = $tmpqueuesline . ”, ” . ”tmpq” . $temp; 140 $tempqueuesline = $tempqueuesline . ”, ” . ”tempq” . $temp; 141 $lengthline = ”(” . $lengthline . ”+ length(q” . $temp . ”))”; 142 $topline = $topline . ”, ” . ”p q” . $temp . ”(top(stk))”; 143 $posschoicesline = ”possiblechoices(q” . $temp . ”, ” . $posschoicesline . ”)”; 144 $concatline = $concatline . ”, ” . ”concat(nq” . $temp . ”, tempq” . $temp . ”)”; 145 $makeqlist = ”add(” . $makeqlist . ”, q” . $temp . ”)”; 146 $helpdq1 = ”remfirst(” . $helpdq1 . ”)”;

147 $dequeuelist = $dequeuelist . ”, getfirst (” . $helpdq1 . ”)”; 148 } 149 } 150 151 # now the ones that use previous lines as subparts 152 $isfirst = 0;

153 for ($count = 0; $count < $nooffeat; $count++) { 154 $temp = $count + 1; 155 # need some bits for collect 156 $tempc = ””; 157 $tempq = ””;

158 for ($tcount = 0; $tcount < $nooffeat; $tcount++) { 159 $temp2 = $tcount + 1; 160 if ($temp2 == $temp){ 161 $tempc = $tempc . ”, not(c” . $temp2 . ”)”;

162 $tempq = $tempq . ”add(q” . $temp2 . ”, m), ”; 163 } 164 else{ 165 $tempc = $tempc . ”, c” . $temp2; 166 $tempq = $tempq . ”q” . $temp2 . ”, ”; 167 } 168 } 169 # now do the proper source lines 170 if ( $isfirst == 0){ # insert the first term ...

171 $collect = ” [not(c” . $temp . ”)] −> (∗ f” . $temp . ” has not yet finished ∗)\n” . 172 ” (\n” .

173 ” In” . $temp . ”?m: t msg; (∗ can read from f” . $temp . ” ∗)\n” . 174 ” (\n” .

175 ” [is rcomp(m)] −> (∗ finished? set flag ” . $temp . ” ∗)\n” . 176 ” (\n” .

177 ” CollectResp[” . $gatesline . ”](” . $queuesline . $tempc . ”)\n” . 178 ” )\n” . 179 ” []\n” .

180 ” [not(is rcomp(m))] −> (∗ more actions required, add to queue ” . $temp . ” ∗)\n” . 181 ” (\n” .

182 ” CollectResp[” . $gatesline . ”](” . $tempq . $collectline . ”)\n” . 183 ” )\n” . 184 ” )\n” .

185 ” ) (∗ not c” . $temp . ” ∗)”;

186 $tstateeqns = ” p q” . $temp . ”(state(” . $queuesline . ”, c)) = q” . $temp . ”;”; 187 $isfirst = 1; 188 } 189 else { 190 $collect = $collect . ”\n” . 191 ” []\n” .

192 ” [not(c” . $temp . ”)] −> (∗ f” . $temp . ” has not yet finished ∗)\n” . 193 ” (\n” .

194 ” In” . $temp . ”?m: t msg; (∗ can read from f” . $temp . ” ∗)\n” . 195 ” (\n” .

196 ” [is rcomp(m)] −> (∗ finished? set flag ” . $temp . ” ∗)\n” . 197 ” (\n” .

198 ” CollectResp[” . $gatesline . ”](” . $queuesline . $tempc . ”)\n” . 199 ” )\n” . 200 ” []\n” .

201 ” [not(is rcomp(m))] −> (∗ more actions required, add to queue ” . $temp . ” ∗)\n” . 202 ” (\n” .

203 ” CollectResp[” . $gatesline . ”](” . $tempq . $collectline . ”)\n” . 204 ” )\n” . 205 ” )\n” .

206 ” ) (∗ not c” . $temp . ” ∗)”;

207 $tstateeqns = $tstateeqns . ”\n p q” . $temp . ”(state(” . $queuesline . ”, c)) = q” . $temp . ”;”; 208 } 209 } 210 211 # and finally there are some nasty ones for the feedback process ... 212 $isfrst = 0; 213 $isfirst = 0;

214 for ($count = 0; $count < 2∗∗$nooffeat − 1; $count++) { 215 $isfrst2 = 0;

216 # need to do some prep for each case 217 if ( $isfrst == 0){ 218 #nbit bin no ... all features set to true 219 for($i = 0; $i < $nooffeat ; $i++){ 220 @bitarray[$i ] = 1; 221 } 222 $isfrst = 1; 223 } 224 else { 225 #dec bin number ... some features must be set to false now 226 for($i = $nooffeat − 1; $i >=0; $i−−){ 227 if (@bitarray[$i] == 1) { 228 @bitarray[$i ] = 0; 229 $i = −1; 230 } 231 else { 232 @bitarray[$i ] = 1; 233 } 234 } 235 } 236 for ($count2 = 0; $count2 < $nooffeat; $count2++) { 237 $temp = $count2 + 1; 238 if ( $isfrst2 == 0){ 239 if (@bitarray[$count2] == 1){ # this feature is ”on” 240 $part1 = ”q” . $temp; 241 $part2 = ”true”; 242 $part3 = ”f” . $temp; 243 } 244 else { 245 $part1 = ”emptyseq”; 246 $part2 = ”false”;

247 $part3 = ”not(f” . $temp . ”)”; 248 } 249 $isfrst2 = 1; 250 } 251 else { 252 if (@bitarray[$count2] == 1){ # this feature is ”on” 253 $part1 = $part1 . ”, q” . $temp; 254 $part2 = $part2 . ”, true”; 255 $part3 = $part3 . ” and f” . $temp;

256 } 257 else { 258 $part1 = $part1 . ”, emptyseq”; 259 $part2 = $part2 . ”, false ”;

260 $part3 = $part3 . ” and not(f” . $temp . ”)”; 261 } 262 263 } 264 } 265 # now create the code ...

266 if ( $isfirst == 0){ # insert the first term ...

267 $fbcontrol = ” FeedBack[Out, ” . $gatesline . ”](” . $part1 . ”, emptyststack, origt, 0, ” . $part2 . ”)\n” . 268 ” >> accept t: t tree in”;

269 $ignoreresp = ” [” . $part3 . ”] −> exit(” . $part1 . ”)”; 270 $isfirst = 1; 271 } 272 else { 273 $fbcontrol = $fbcontrol . ”\n” .

274 ” FeedBack[Out, ” . $gatesline . ”](” . $part1 . ”, emptyststack, t, 0, ” . $part2 . ”)\n” . 275 ” >> accept t: t tree in”; 276 $ignoreresp = $ignoreresp . ”\n” . 277 ” []\n” .

278 ” [” . $part3 . ”] −> exit(” . $part1 . ”)”; 279 } 280 } 281 282 while ($line = <TEMPLATE>){ 283 if ( $line =~ s/\(\∗\# GATES \∗\)/$gatesline/){} 284 if ( $line =~ s/\(\∗\# QUEUES \∗\)/$queuesline/){} 285 if ( $line =~ s/\(\∗\# COLLECT \∗\)/$collectline/){} 286 if ( $line =~ s/\(\∗\# TMSGSEQ \∗\)/$tmsgseqline/){} 287 if ( $line =~ s/\(\∗\# FALSE \∗\)/$falseline/){} 288 if ( $line =~ s/\(\∗\# EMPTYSEQ \∗\)/$emptyseqline/){} 289 if ( $line =~ s/\(\∗\# TSTATEOPNS \∗\)/$tstateopns/){} 290 if ( $line =~ s/\(\∗\# TSTATEEQNS \∗\)/$tstateeqns/){} 291 if ( $line =~ s/\(\∗\# BEHAVECOCOON \∗\)/$behavecocoon/){} 292 if ( $line =~ s/\(\∗\# COLLECTBLOCK \∗\)/$collect/){} 293 if ( $line =~ s/\(\∗\# CONDITION \∗\)/$condition/){} 294 if ( $line =~ s/\(\∗\# FEATURES \∗\)/$featuresline/){} 295 if ( $line =~ s/\(\∗\# NQUEUES \∗\)/$nqueuesline/){} 296 if ( $line =~ s/\(\∗\# TMPQUEUES \∗\)/$tmpqueuesline/){} 297 if ( $line =~ s/\(\∗\# TEMPQUEUES \∗\)/$tempqueuesline/){} 298 if ( $line =~ s/\(\∗\# LENGTH \∗\)/$lengthline/){} 299 if ( $line =~ s/\(\∗\# TOP \∗\)/$topline/){} 300 if ( $line =~ s/\(\∗\# POSSCHOICES \∗\)/$posschoicesline/){} 301 if ( $line =~ s/\(\∗\# CONCAT \∗\)/$concatline/){} 302 if ( $line =~ s/\(\∗\# FEEDBACKCONTROL \∗\)/$fbcontrol/){} 303 if ( $line =~ s/\(\∗\# IGNORERESP \∗\)/$ignoreresp/){} 304 if ( $line =~ s/\(\∗\# MAKEQLIST \∗\)/$makeqlist/){} 305 if ( $line =~ s/\(\∗\# DEQUEUELIST \∗\)/$dequeuelist/){} 306 if ( $line =~ s/\(\∗\# NOOFFEAT \∗\)/$nooffeat/){} 307 if ( $line =~ s/\#TEMPLATE.∗\n//){} 308 print MODEL $line 309 310 } 311 312 # close the files ... 313 close(TEMPLATE); 314 close(MODEL);

C Compiling Prototypes

A main C file is required, for the current example the file is as follows:

1 #include <stdio.h> 2 #include ”lotos.hh” 3 4 main (argc, argv) 5 int argc; 6 char∗ argv[]; 7 { 8 int count; 9 void ∗∗param; 10 11 long random();

12 konfig .random= random; 13 srandom (getpid()); 14 // kaos.debug = 1; 15 16 // konfig . trace= 1; 17 ldcinit ();

18 cmd2lbc (argc, argv, &count, &param); 19 lbcinit (count, param); 20 exit (sch ()); 21 }

Topo extracts two further C files from the Lotos code, ldc.c and lbc.c for the data part and the behavioural part of the specification respectively. In addition two topo libraries are required (lotos and kaos), but they are part of the default Topo installation.

The executable prototype is generated in the following steps:

topo model.lot -data
topo model.lot -behaviour
gcc -I/somepath/topolib -c ldc.c
gcc -I/somepath/topolib -c lbc.c
gcc -I/somepath/topolib -c topomain.c
gcc -I/somepath/topolib -o prototype lbc.o ldc.o topomain.o \\
                       -L/somepath/topolib -lotos -lkaos