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The Digraph Real-Time Task Model with Timing Constraints.
Schedulability Analysis Revisited
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(School of Information Science and Engineering s Northeastern University, Shenyang 110819)

Abstract  The digraph real-time task with timing constraints ( TCDRT) is one of the most
expressiveness models in real-time community, but its corresponding schedulability analysis (SA)
is strongly NP-hard problem. Present researchers focus on a tractable TCDRT model where the
number of constraints is bounded by a constant K, and the only known method for the TCDRT
model uses a transformation into an equivalent DRT model, which leads to a high complexity that
is exponential in the width of the constraints. This work analyzes the schedulability of the
TCDRT model directly in order to achieve a much lower complexity. First, we propose a dynamic
program to deal with the demand bound computation problem for the K-bounded TCDRT case
and refine the complexity result to a better bound that has no relation with the width of
constraints. Second, we prove that the schedulability of bound T can be computed within a pseudo-
polynomial time, and the corresponding computation complexity is drastically linear in K instead
of being exponential. Furthermore, our approach also indicates another tractable TCDRT model

that is not necessary to postulate the K-bounded constraints.

Keywords timing constraints; digraph real-time tasks; schedulability analysis; demand bound

function; dynamic programming
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15. Crmax *= MAX{ oy s €p(o) (V; v, s k— p(uy s

;) —d(v,)+d(v))+e(u) s
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HRAE DA B S, % F B D A AT B A 5 4 o, A
v LA SO ] B A BE o, A 1) MPD 254 ep, (o, s
v O AT HT ) TR
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t—t" —pCoy o)) IR TR ZEEK D o, 1Y
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Nowadays real-time embedded systems are designed for
specific control functions in more and more domains ranging
from portable devices such as smartphones, to large stationary
installations like traffic lights, to systems controlling nuclear
power plants. Especially, we witness the rapid development
and deployment of cyber-physical system (CPS) such as
autonomous vehicle and smart power grid, which dramatically
propels this growth, and the demand for embedded systems
will expand rapidly in the very near future. Contrary to non-
timed systems, the real-time systems are time constrained
and often safety critical. Indeed. the execution of such a
system must produce the output not only correctly but also
on time.

In order to ensure systems’ high credibility, many
formal models have been proposed, and with these formal
descriptions, real-time systems may be successfully designed
and analyzed. Almost all of the researches have been
published in the well-known conferences and journals, such
as RTSS, RTAS, ECRTS and Real-time systems, etc. In
the very beginning, many classical results were exhibited for
several simple linear task models. Most recently, the scholars
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time task model with timing constraints ( TCDRT) is the
most expressiveness model conrrently known in real-time
community, but its corresponding schedulability analysis is
strongly NP-hard problem, which precludes the existence of
any pseudo-polynomial algorithms. Present researches only
focus on a special instance of TCDRT model, where the
number of constaints is a constant K, and the only known
analysis method transforms the TCDRT model into a corre-
sponding DRT model. which leads to a high complexity that
is exponential in the width of the constaints.

This work analyzes the schedulability of the TCDRT
model directly in order to achieve a much lower complexity.
The computation complexity result is refined to a better
bound that has no relation with the width of constraints.
Furthermore, our approach also indicates another tractable
TCDRT model that is not necessary to postulate the K-
bounded constraints.
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