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Abstract

Best-effort scheduling techniques use "benefit functions" that allow the system designer to

specify the time-dependent benefit to the application of completing a task at a certain time.

Previous best-effort research has focused on the design of algorithms that achieve good aver-

age performance during overloads, but has not provided techniques to help the system

designer achieve a specific overload behavior. This research introduces a method of control-

ling the overload behavior of best-effort schedulers that use benefit density as their load

shedding criterion. The paper introduces the notion of bounded benefit density and describes

an importance setting algorithm that allows the designer to separate task importance levels

into scheduling strata. A scheduling algorithm is presented which ensures that, during over-

load, feasible tasks executing in one scheduling stratum are always selected for execution in

preference to tasks executing in a lower stratum. Extensive simulation results demonstrate

the effectiveness of this algorithm. An extension to the algorithm is proposed that would

facilitate the integration of results from off-line schedulability analysis. The proposal would

allow system designers to guarantee the successful completion of an arbitrary set of tasks

that is known to be schedulable when run without interference. Such a method could be

used to integrate the execution of traditional "high-level" and "low-level" real-time tasks on

a single computer platform.



1 Introduction

Over the past several years, researchers have explored a class of scheduling techniques

known as best-effort scheduling [Jensen 85] [Locke 86] [Clark 90] [Chen 91]. The focus of

past research has been the development of processor scheduling algorithms that have high

average performance under both normal and overload conditions. A major benefit of the

best-effort approach is that application-specified values are used in selecting which tasks

should be executed when overloads occur. The system designer conveys this information to

the system by defining benefit functions I that specify individual task importance and timeli-

ness requirements. When overloads occur, the best-effort scheduler uses this information

along with knowledge about expected resource utilization to shed tasks which either cannot

complete successfully or which will provide relatively little benefit to the application given

the processor time and/or other resources they will consume (i.e., those that have a low bene-

fit density.)

The best-effort approach gives the system designer flexible control over the overload

behavior of the system. However, to exercise this control effectively, the designer must know

how to specify benefit functions that result in a desired behavior. Practical experience using

best-effort schedulers has revealed that, while system designers are comfortable specifying

the shape and relative importance of benefit functions, they find it more difficult to specify

exact importance levels that will cause the system to behave in the desired manner when

overloads occur [Maynard 88] [Trull 88].

1. Benefit functions generalize the notion of time-value functions developed by Jensen

in 1977 and employed in previous best-effort scheduling research [Jensen 91].
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The work reported here addresses this problem by introducing algorithms and tech-

niques that allow the designer to ensure a strict ordering among selected groups of tasks

during overload. Although this is a common trait of other scheduling techniques, the ability

to control overload task precedence directly has been absent in previous best-effort work.

In the work reported here, the concept of bounded benefit density is introduced as a

load shedding criterion. An on-line, best-effort scheduling algorithm that uses this criterion

is then described. The paper introduces the notion of scheduling strata. A scheduling stra-

tum is a collection of importance levels defined in such a way that feasible tasks with impor-

tance levels in one stratum will always be selected for execution over tasks with importance

levels in a lower stratum. An algorithm for setting task importance levels to create schedul-

ing strata is then described. Finally, a technique is presented that exploits the concept of

scheduling strata to incorporate results from off-line schedulability tests into the on-line

environment. The technique can be used to guarantee the successful completion of a set of

"low-level" tasks that do not require the adaptive behavior afforded by best-effort resource

management, but which the designer does wish to execute on the same computer platform.

Extensive simulation studies have been used to compare the behavior and performance

of the newly proposed scheduling techniques to related techniques that have been suggested

previously. The results indicate that the new techniques provide very effective control over

the overload behavior of best-effort schedulers and allow the designer to achieve high aver-

age performance while maintaining the necessary assurances about the completion of criti-

cal tasks.
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