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Abstract—Artificial Intelligence(AI) is an area which grows very fast along with the development of hardware and
software technology. AI methods are moving towards more realistic domains requiring real-time responses and real
real-time systems are moving towards more complex applications requiring intelligent behaviour. Before few years of
era, it was believed that AI cannot be used for real-time systems. But now, it has been tried to identify the various
goals of real-time system that can be achieved using vast AI techniques. In this paper, it has been discussed this
complex problem and tried to identify promising areas for future research in AI techniques to target real-time
challenges.
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I. INTRODUCTION
Background of real-time systems and AI should be discussed first. Thereafter, application of AI for real-time systems
has been discussed.
(A) Real-Time Systems
Real-time systems are defined as those systems in which the correctness of the system depends not only on the logical
results of computations but also on the time at which the results are produced [1]. Real-time system is a processing
system that is designed to handle workloads whose tasks have completion deadlines. The objective of the real-time
system is to meet these deadlines; that is, to process tasks before their deadlines expire. Therefore, in contrast to
conventional computer systems where the goal usually is to minimize task response times, the emphasis here is on
satisfying the timing constraints of tasks.
Main characteristics of real-time systems are:
 Multi tasking
 Priority scheduling
 Programmer defined interrupts
 Support of real-time clock
 Special alarms and timeouts
Real-time systems play a vital role in our society and the spectrum of complexity of such systems vary widely from
the very simple to the extremely complex systems e.g. patient monitoring system in an ICU, flight control system,
nuclear power plants, space shuttle, multimedia, robot control in automated factory, weather warning system, etc.
They can be categorized in two basic types: Hard and Soft.
(a) Hard Real-Time Systems are having very hard deadline i.e. absolute deadlines must be met otherwise catastrophic
situation may arise. Nuclear power plant and flight control system are example of hard real-time systems.
(b) Soft Real-Time Systems are with soft deadline. It requires that critical tasks get priority over less prior task. In this
system, missing an occasional deadline is undesirable but nevertheless tolerable. Multimedia is an example of soft
real-time systems.
For hard real-time systems as catastrophic failure may occur if deadlines are missed, control systems for real-time
environments must take appropriate actions at appropriate times only. Research in real-time systems addresses precisely
this issue, by developing methods for guaranteeing that the reaction rate of a control system matches the rate of change
in the environment. Therefore, these systems are required to be predictable.
For soft real-time systems timing constraints don’t lead to catastrophic conditions and it gives a minor flexibility to
increase the speed at the cost of predictability.
The objective of real-time task scheduler is to guarantee the deadline of tasks in the system as much as possible when
we consider soft real-time system. To achieve this goal, vast researches on real-time task scheduling have been
conducted. Mostly all the real-time systems in existence use preemption and multitasking. Real-time scheduling
techniques can be broadly divided into two categories: Static and Dynamic.
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Static algorithm assigns all priorities at design time, and it remains constant for the lifetime of a task. Dynamic
algorithm assigns priority at runtime, based on execution parameters of tasks. Dynamic scheduling can be either with
static priority or dynamic priority. RM (Rate Monotonic) and DM (Deadline Monotonic) are examples of dynamic
scheduling with static priority [2]. EDF (Earliest Deadline First) and LST (Least Slack Time First) are examples of
dynamic scheduling with dynamic priority. EDF and LST algorithms are optimal under the condition that the tasks are
preemptive, there is only one processor and the processor is not overloaded ([5],[6]). In fact, it has been experimentally
demonstrated that these algorithms perform quite poorly when the system is overloaded ([3],[4]).
(B) Artificial Intelligence
AI research attempts to computationally model the various intelligent capabilities of humans as well as nature and,
adapting to dynamic and uncertain techniques viewed as search. Traditional AI techniques are now enriched with
development of various soft computing techniques and swarm intelligence. Genetic algorithm, fuzzy logic etc soft
computing techniques have grown up as along with the technology.
Swarm Intelligence (SI) is computational and behavioural metaphor for the problem solving that originally took its
inspiration from the Nature's examples of collective behaviours. SI provides a basis, which makes it possible to explore
collective (or distributed) problem solving methodology without centralized control or the provision of a global model
[7]. SI makes System-level behaviour appear to transcend the behavioural repertoire of single (minimalist) agent. ACO is
the branch of SI. The ACO algorithms are computational models inspired by the collective foraging behaviour of ants [8].
In Ant Colony System algorithm, pheromone is added only to arcs belonging to the global-best solution [9]. Advantages
of such systems are inherent parallelism and can exhibit high level of robustness, scalability, fault tolerance and
effectiveness on unquantified data along with simplicity of individual agent ([10],[11]).
II. APPLICATION OF AI TECHNIQUES IN REAL-TIME SYSTEMS
AI techniques are required to work continuously, deal with uncertain data, and handle both synchronous and
asynchronous events in a predictable fashion with guaranteed response time when applied to real-time systems. It
becomes critical when it is applied to operating system of the real-time system. For hard real-time systems it may not be
advisable to use AI technique but definitely it can be used for soft-real time systems.
Fuzzy logic has been applied for scheduling of soft real-time systems [12]. It has been observed that deadline miss
ratio has been decreased and overall throughput of the system has been increased.
Evolutionary approaches are not usually considered for real-time scheduling problems due to long computation times
and uncertainty about the length of computation time. But because of inherent parallelism of genetic algorithm, it has
been applied for scheduling of aircraft landing at Sydney airport on business day of the year [13]. The results show that
high quality solutions can be computed in the time window between aircraft landings.
Soft real-time scheduling for general purpose client server systems also has been applied [14]. It has been taken care
for the servers aware of their clients’ quality of service without major restructuring. The ideas have been implemented in
a system called Linux-SRT.
Soft real-time scheduling system with the aim to provide performance guarantee has been developed [15]. It is
observed that predictive control scheduling can regulate the utilization and the deadline miss of real-time scheduling
systems and show robustness when the actual execution time of tasks deviate from design value at run time.
ACO based scheduling algorithm for real-time operating systems has been proposed to achieve overall higher system
performance and better throughput [16]. It has been discussed in more detail in the next section.
III. APPLICATION OF ACO FOR REAL-TIME SYSTEMS
A reasonable way to measure the performance of a scheduling algorithm during an overload is by the amount of work
the scheduler can feasibly schedule according to the algorithm. The larger this amount the better the algorithm. In realtime systems, deadline meeting is most important and we are interested in finding whether the task is meeting the
deadline. Therefore the most appropriate performance metric is the Success Ratio and defined as [17]. During simulation,
results are obtained with periodic tasks, measured in terms of Success Ratio and compared with Earliest Deadline First
(EDF) algorithm in the same environment. It has been observed that the ACO based algorithm is equally optimal during
underloaded conditions and it performs better during overloaded conditions. The results are shown in Fig. 1.
ACO based algorithm is good in all the conditions but it takes more time for execution as shown in Fig. 2. Scheduling
time increase considerably in case of application of ACO based algorithm.

.
Fig.1. Comparison of Success Ration (SR %)
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Fig.2 Comparison of Time taken for execution
IV. CONCLUSIONS
AI techniques cannot produce predictable results with guarantee. Real-time systems require predictable results that are
why AI techniques were not suggested for them. But for soft real-time systems when the timing constraints are not
stringent, AI techniques have been applied successfully. Different approaches with AI can improve the performance of
the systems considerably and recommended for soft real-time systems.
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