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                    Abstract
Although the earliest-deadline-first (EDF) policy is known to be optimal for preemptive real-time task scheduling in uniprocessor systems, the schedulability analysis problem has recently been shown to be \(\mathit{co}\mathcal{NP}\)-hard. Therefore, approximation algorithms, and in particular, approximations based on resource augmentation have attracted a lot of attention for both uniprocessor and multiprocessor systems. Resource augmentation based approximations assume a certain speedup of the processor(s). Using the notion of approximate demand bound function (dbf), in this paper we show that for uniprocessor systems the resource augmentation factor is at most \(\frac{2e-1}{e} \approx1.6322\), where e is the Euler number. We approximate the dbf using a linear approximation when the analysis interval length of interest is larger than the relative deadline of the task. For identical multiprocessor systems with M processors and constrained-deadline task sets, we show that the deadline-monotonic partitioning (that has been proposed by Baruah and Fisher) with the approximate dbf leads to an approximation factor of \(\frac{3e-1}{e}-\frac{1}{M} \approx 2.6322-\frac{1}{M}\) with respect to resource augmentation. We also show that the corresponding factor is \(3-\frac{1}{M}\) for arbitrary-deadline task sets. The best known results so far were \(3-\frac{1}{M}\) for constrained-deadline tasks and \(4-\frac {2}{M}\) for arbitrary-deadline ones. Our tighter analysis exploits the structure of the approximate dbf directly and uses the processor utilization violations (which were ignored in all previous analysis) for analyzing resource augmentation factors. We also provide concrete input instances to show that the lower bound on the resource augmentation factor for uniprocessor systems—using the above approximate dbf—is 1.5, and the corresponding bound is 2.5 for identical multiprocessor systems with an arbitrary order of fitting and a large number of processors. Further, we also provide a polynomial-time approximation scheme (PTAS) to derive near-optimal solutions under the assumption that the ratio of the maximum relative deadline to the minimum relative deadline of tasks is a constant, which is a more relaxed assumption compared to the assumptions required for deriving such a PTAS in the past.
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Appendix
Appendix

                  Proof of Inequality >∗ in (33)

                  If \(\frac{1}{\beta}+\frac{1}{|\mathbf{M}_{1}|}-1 < 0\), then we know that 



                  
                  For the rest, we consider \(\frac{1}{\beta}+\frac{1}{|\mathbf{M}_{1}|}-1 \geq0\). The infimum for 
$$\max_{0 \leq k < 1,x\geq \frac{1}{\beta}+\frac{1}{|\mathbf{M}_1|}-1} \biggl\{\frac{\beta}{1+k+\beta}, \frac{\frac{k}{1+k+\beta}+x}{1+2x} \biggr\} $$

 happens when k is equal to \(\beta-1+\frac{1}{1+x}\). Therefore, 



                  
                  When k equals to \(\frac{(1+\frac{\beta}{|\mathbf{M}_{1}|})(2x+1)-(x^{2}+x)(1+\beta)}{(1+x)^{2}}\), the infimum for 
$$\max_{0 \leq k < 1,x< \frac{1}{\beta}+\frac{1}{|\mathbf{M}_1|}-1} \biggl\{\frac{1+\frac{\beta}{|\mathbf{M}_1|}}{(1+x)(1+k+\beta)}, \frac{\frac{k}{1+k+\beta}+x}{1+2x} \biggr\} $$

 happens. Therefore, we have 
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