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1. Introduction - Simon BLOCH

A transition cannot fire, and hence no output or internal state change can occur, if the time values or expressions that restrict the transition are not met. Obviously ... 
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Abstract The new field of testing of timed-IUT (Implementation Under Test with time constraints) is rapidly evolving, with new and extended test generation methods using timed automata. In all methods, however, it is assumed that the test is conducted locally, with the assumption that there are instant communication times for the transferring of data between the tester and the timed-IUT. In this paper we wish to extend the testing methods to function from remote locations as well; such that we will not assume instant data transfers. We propose a method, which allows the tester to send a testing agent to be added to the timed-IUT, using any underlying communication network, although its’ transfer time is unknown. We propose a remote testing architecture with a general algorithm for the testing agent, such that receiving of output by the tester prior to the sending of the next input in the testing sequence is not restricted. An example is given to show the relevance of this method in critical time context. Keywords: timed automata, testing, remote testing, network environment.



Due to the wide use of finite state machines (FSM) as the modeling technique for the systems under test, its inherent flaw was automatically projected into the field of conformance testing. Standard FSMs do not take into account the temporal constraints that may be applicable within the system; and as such, most methods developed for conformance testing were not applicable to real-time systems. With the proposal of Allur and Dill's 'Timed automata' [2] in 1994, the entire new field of conformance testing for real-time (reactive) systems emerged. A number of papers were published on the topic ([3],[19],[16], and others). It is easily noticeable, that conformance testing in a remote environment is a non-topic when sequential, un-timed systems are in question. The generated test sequence (by any method) must only be transferred to the implementation unit under test (IUT) by some medium



1. Introduction Motivated mainly by automata theory, the field of program testing was heavily studied many years ago. Kohavi’s book gives a good exposition of the major results [13]. During the 80’s the topic mostly died down, only to come up again due to its application in the field of communication protocol testing. The abundant and diverse research in the area motivated many algorithms and methods that attempted to optimize the testing procedure (status messages [5], separating family of sequences, distinguishing sequences [7], UIO sequences [18,1], characterizing sequences [6,15,13], and identifying sequences [13]). A survey of the main methods can be found in [14] and in [4]. The International Standards Organization (ISO) quickly realized the need for standardization of conformance testing, and the idea was realized in [9].
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בס"ד (internet, Ethernet, etc.), and the output sent back to the tester. Under such circumstances, it does not really matter if the IUT is local or remote. The transfer time of the sequence is of no importance. Delays by the transferring medium do not influence the test results, and only loss of information can have an impact. With the advancement of network technology, that too is becoming scarce. Such is not the case when we deal with time constraints and time dependence. If the test sequence does not reach the timed-IUT (t-IUT) within the timing constraints required, or if the results are delayed and are not received by the tester within some pre-required time, the t-IUT might be deemed as faulty even though that is not the case (and visa-versa). We wish to propose a method for remote conformance testing of timed-IUT that will overcome the problems that arise due to the use of a remote environment for the test. This paper is organized as follows: In section 2, we introduce all the preliminary knowledge and concepts that pertain to the current discussion. We describe the type of timed automata used, and the testing environment. In section 3, we discuss the main testing methods proposed in the literature. In section 4, we propose a solution to the problem of remote testing and we discuss the advantages and trade-offs of our contribution. Then we point out the further work that is relevant to perform in the field. In section 5, we give an example to show the relevance and importance of our contribution.



2. Preliminaries 2.1 Timed I/O Automata Most conformance testing and test generation techniques that have been previously proposed in the literature were based on a variant FSM: the famous Mealy machine [8]. This fact is based upon the ability of the Mealy machine to exchange messages with its environment. A deterministic transition is stimulated by input from the environment, and as a consequence the machine can return an output message back to the environment (a reactive machine). Formally: A Mealy machine M is a 6tuple S , s 0 , I , O, λ , δ , where: S is a finite set of states. s 0 ∈ S is the initial state of the system. I is a finite set of input events ( I = {ι1 ,ι 2 ,...,ι p }). O is a finite set of output events ( O = {ο1 , ο 2 ,..., ο j }).



λ is the state transferfunction (λ: S×I → S). δ is the output function (δ: S×I → O). A timed automaton is a Mealy machine with the addition of temporal constraints on the transition function λ. A transition cannot fire, and hence no output or internal state change can occur, if the time values or expressions that restrict the transition are not met. Obviously, a clock or set of clocks must be included within the system to allow for the definition of time. Let a clock constraint ∆ over a set C of clocks be defined as a Boolean expression of the form x op z, where 2



בס"ד x ∈ C , op is a classical relational operator (=,≤,≥,>, 
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