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This paper proposes a method for resolving the service interaction problem in the
Advanced Intelligent Network [1] [5]. Since this method is based on the protocol synthesis
technique, the service interaction problem is resolved in the protocol specification rather
than in the service specification. As a result, invalid interactions between communication
services can be dynamically avoided.

1. Service Interactions and Specifications

1.1. Service Rules

Since a communication system consists of multiple users, a state of the communication
system can be composed by a set of states of such users in the system. In the STR
description method [2], a state of each user is represented by a collection of predicates.
A service specification is described by service rules, each of which consists of (1) current
states of users, (2) an event triggered by a user, and (3) next states of users. Two examples
of service rules are shown in Figure 1.

1.2. Service Interactions

For a given state of a communication system (simply, system state) and service rules,
if all predicates in current states of users are satisfied by the system state, then the event
is said to be executable in the system state. If there exist two service rules including the
same executable event in the given system state, then it is said that a service interaction
occurs for these two service rules in the system state. If the next states in two service
rules for which the service interaction occurs contradict with each other, then the service
interaction is invalid and one of them should be chosen.

path(A,B), out-dialtone(C), m-cw(A) .-+ current state

dial(C,A): .-+ event

out-ringback(C,A), cw-ringing(A,C), path(A,B), m-cw(A) .-+ next state
(a) Call Waiting (CW) Service Rule

out-dialtone(C), path(A,B), idle(D), m-cfv(A,D) --- current state

dial(C,A): -+ event

out-ringing(D,C), out-ringback(C,D), path(A,B), m-cfv(A,D) -+ - next state

(b) Call Forwarding (CFV) Service Rule
Figure 1. Examples of Service Rules
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Suppose that seven predicates m-cw(A), m-cfv(A,D), path(A,B), path (B,A), out-
dialtone(C), idle(D) are satisfied by a certain system state. Then, a service interaction
occurs for the CW and CFV service rules in Figure 1 because these two rules include
the same event dial(C,A) that is executable in the system state. Since out-ringback(C,A)
in the next state of the CW service rule and out-ringback(C,D) in the next state of the
CFV service rule contradict each other with single path connection, one of two dial(C,A)s

should be chosen.
1.3. Protocol Specification

Service primitives, shortly primitives, are transmitted and received between users in
an upper layer and processes in a lower layer through an interface called Service Access
Point(SAP). The confirmation, indication, request and response (which are abbreviated
as conf, ind, req and resp, respectively) are examples of primitives. A typical example of
primitive sequence is req, ind, resp and conf. Messages for synchronization are transmit-
ted and received between processes. A protocol specification is modeled by finite state
machines(FSMs), which include sequences of primitives and messages.

2. Resolution of Service Interactions

In this paper, the service interaction problem is defined as follows:

Input --- A service specification described by STR description method.

Output --- A protocol specification with such capabilities that resolve the service in-
teraction. For ease of understanding, the protocol specification is represented by sequence
charts, which are equivalent to the FSMs.

The proposed method for resolution of the service interaction problem is as follows.
First, for each communication service in a given service specification, a sequence of prim-
itives is generated from the service rule. Next, a protocol specification that may include
service interactions is derived from all the generated sequences of primitives. This deriva-
tion is done by the protocol synthesis technique [4] [6]. Finally, the service interaction is
resolved by inserting conditional branch functions to the protocol specification.

As explained in Section 1, the service interaction can be interpreted as a non-deterministic
behavior of executable events in the service specification. Since each event in the service
specification is translated into a sequence of primitives in the protocol specification, the
service interaction is regarded as a non-deterministic execution of primitive sequences.
The first half of one primitive sequence includes that of the other, but the latter half is
different with each other. Thus the service interaction problem can be basically resolved
by inserting, to the protocol specification, conditional branch functions for determining
which primitive sequences are selected. The details of this resolution method are shown
in [3].

Figure 2 shows a sequence chart representing the protocol specification derived from
CW and CFV services which cause service interaction. In this figure, black thick lines
represent the sequence in the case that CW service is chosen, and gray thick lines represent
the sequence in the case of CFV service.

3. Conclusion

This paper has proposed a method for resolution of the invalid service interaction prob-
lem, which is based on the protocol synthesis technique. In this method, non-deterministic
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Figure 2. Sequence Chart Representing Protocol Specification Generated by Protocol
Synthesis

events in service specification are transformed into deterministic sequences of service prim-
itives with conditional branch functions in the protocol specification. In case of valid
service interactions, multiple non-deterministic events only have to be executed simulta-
neously.
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