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Abstract

We study an online unit-job scheduling problem arising in buffer management. Each job is spec-
ified by its release time, deadline, and a nonnegative weight. Due to overloading conditions, some
jobs have to be dropped. The goal is to maximize the total weight of scheduled jobs. We present
several competitive online algorithms for various versions of unit-job scheduling, as well as some
lower bounds on the competitive ratios.

We first give a randomized algorithm RMIX with competitive ratio of e/(e − 1) ≈ 1.582. This is
the first algorithm for this problem with competitive ratio smaller than 2.

Then we consider s-bounded instances, where the span of each job (deadline minus release time)
is at most s. We give a 1.25-competitive randomized algorithm for 2-bounded instances, matching
the known lower bound. We also give a deterministic algorithm EDFα , whose competitive ratio on
s-bounded instances is 2 − 2/s + o(1/s). For 3-bounded instances its ratio is φ ≈ 1.618, matching
the known lower bound.
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In s-uniform instances, the span of each job is exactly s. We show that no randomized algorithm
can be better than 1.25-competitive on s-uniform instances, if the span s is unbounded. For s = 2,
our proof gives a lower bound of 4 − 2

√
2 ≈ 1.172. Also, in the 2-uniform case, we prove a lower

bound of
√

2 ≈ 1.414 for deterministic memoryless algorithms, matching a known upper bound.
Finally, we investigate the multiprocessor case and give a 1/(1 − ( m

m+1 )m)-competitive algorithm
for m processors. We also show improved lower bounds for the general and s-uniform cases.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The online bounded delay buffer problem has been recently introduced [2,14,15] to
model the trade-offs arising in managing buffers for storing packets in QoS networks. In
this formulation, packets arrive and are buffered at network switches. At each integer time
step, only one packet can be sent along the link. Each packet is characterized by its QoS
value, which can be thought of as a benefit gained by forwarding the packet. Network
switches can use this QoS value to prioritize the packets. In order to control the end-to-
end delay, each packet has also a deadline that specifies the latest time when the packet
can be sent. In overload conditions, some packets will not be sent by their deadline. Such
packets do not contribute to the benefit value, and can as well be dropped. The objective is
to maximize the total value of the forwarded packets, that is the weighted throughput.

It is easy to see that this buffer management problem is equivalent to the following unit-
job scheduling problem. We are given a set of n unit-length jobs, with each job j specified
by a triple (rj , dj ,wj ) where rj and dj are integral release times and deadlines, and wj

is a non-negative real weight. We have a single machine, i.e., one job can be processed at
each integer time. We use the term weighted throughput or gain for the total weight of the
jobs completed by their deadline. The goal is to compute a schedule for the given set of
jobs that maximizes the weighted throughput. In Graham’s notation, this problem can be
described as 1|pj = 1, rj |∑j wjUj .

In this paper we focus on the online version of unit-job scheduling, where each job
arrives at its release time. At each time step, an online algorithm needs to schedule one of
the pending jobs, without the knowledge of the jobs that will be released later in the future.
An online algorithm A is called R-competitive if its gain on any instance is at least 1/R

times the optimum (offline) gain on this instance. The smallest such value R is called the
competitive ratio of A. The competitive ratio is commonly used as a performance measure
for online algorithms, and we adopt this measure in this paper.

For unit jobs, some restrictions on instances have been proposed in the literature [2,9,
14,15]. In s-bounded instances, the span of the jobs (defined as the difference between the
deadline and the release time) is at most s, and in s-uniform instances the span of each
job is exactly s. In the context of QoS buffer management, these cases would correspond
to models where, in order to reduce the end-to-end delay, only a small amount of delay is
allowed at each node [14].
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