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1 Introduction

Service systems where scarce resources need to be allocated to incoming customers are
everywhere e.g., healthcare facilities, supermarkets, contact centers, online platforms,
etc. In every such system, there is a scheduling question. Usually, service requests that
cannot be processed immediately form a queue, either physical or virtual, and a schedul-
ing policy is implemented to specify the order in which service requests from the queue
should be processed. Given its immense practical relevance, the question of how to
schedule effectively has been studied by queueing theorists, among others, for decades.
Yet, given its complexity, it remains an important topic of study today.

[6]] introduces a modeling paradigm for personalized queueing systems. In this note,
we focus on personalized scheduling in service systems. Personalized scheduling ex-
ploits information about the individual realizations of underlying stochastic processes
in the system, beyond the relevant probability distributions. Specifically, we focus here
on scheduling policies which utilize information about the service time (the length of
time needed to process the service request) of each individual customer.

When service times are perfectly known a priori, it is natural to give priority to
customers with the shorter remaining processing times in order to minimize the mean
sojourn time, i.e., the time from arrival until departure from the system. Indeed, a
large body of literature shows that size-based scheduling policies such as the shortest-
remaining-processing-time (SRPT) and the shortest-job-first (SJF) policies have, in
general, superior performance. The SRPT policy allows preemptions, whereas SJF does
not. At a high level, we are interested here in investigating whether the theoretical
promise of personalized, or size-based, scheduling policies, such as SRPT and SJF,
remains relevant for service systems in practice.
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2 Problem statement

Realistic queueing-model representations of service systems must account for several
features. First, service systems typically have multiple agents that process service re-
quests in parallel, thus it is important to consider multiserver queueing systems. Second,
customers do not wait indefinitely for service, and they abandon the queue if their wait-
ing time exceeds their patience time. Third, service times are typically not perfectly
known before entry to service. Thus, they must be predicted based on previous cus-
tomer data. For example, in the context of a call center, estimates of call durations are
notoriously imprecise because service times are driven by randomly varying work con-
tents of various customer questions and requests, which are difficult to predict ex-ante.

Size-based policies, such as SJF and SRPT, have been extensively studied for over
50 years, yet almost exclusively in single-server queues with infinitely patient jobs and
perfectly known service times. For example, [8] demonstrates optimality properties of
SRPT in the M/G/1 system. There is a notable stream of works, as in [3]], that stud-
ies SRPT under heavy traffic. [10] develops a unified framework to analyze several
age-based scheduling policies. Size-based scheduling with noisy service times is rarely
considered in the literature. A notable exception is [L1] which considers noisy service
times in a single-server setting with infinite patience times. In contrast, there are very
few relevant theoretical results in multiserver queues. With multiple servers, we know
that SRPT is not necessarily optimal; e.g., see [S]]. An important reference is [4)], which
studies the performance of the SRPT policy in the M/G/k queue where jobs are in-
finitely patient; there, the SRPT policy is shown to achieve an asymptotically optimal
mean sojourn time in the conventional heavy traffic regime. In the single-server queue,
Gittins Index scheduling is known to be optimal in a wide array of settings, including
where service times are known fully or partially. [9] shows that Gittins Index scheduling
is optimal in heavy traffic, and near-optimal at all loads, in the M /G /k queue.

Given those gaps in the literature, there is a need to investigate whether the superior
performance of size-based policies, such as SJF and SRPT, continues to hold in multi-
server queues where patience times are finite, and where service times may or may not
be known with certainty. In precise terms, the problem that we would like to draw atten-
tion to in this note is: Can we derive performance results about size-based scheduling
in multiserver queues with abandonment, under noisy estimates of service times?

3 Discussion

In general, analyzing size-based policies is complicated because it requires keeping
track of all the processing times in the system, continuously over time. In single-
server queues, where closed-form expressions for the performance of those policies
are known, the “tagged job approach” is used to analyze busy periods and the steady-
state workload. However, this type of analysis does not readily extend to multiserver
queues (even without abandonment) because these systems are not work conserving.
Moreover, scheduling decisions in systems with abandonment is notoriously difficult
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because the optimal scheduling policy can be complex and dependent on the patience-
time distribution [[7]]. For example, when the system is critically loaded, the optimal
diffusion control may no longer follow a simple fixed priority rule. Finally, very little
is known about the performance of personalized policies when the information about
service times is noisy. Indeed, analyzing the performance of personalized policies with
noisy service times remains an open problem in general [2].

[[L] makes partial progress towards studying the problem above. The authors con-
sider the M /GI/S + GI queue under SRPT, with fully known service times, and demon-
strate a state-space collapse in the many-server overloaded limit. In particular, [[1] proves
that only customers with long service times (above a threshold) wait in the queue,
and eventually abandon, whereas customers with short service times are immediately
served. Importantly, [[1]] proves that, asymptotically, among all scheduling policies,
SRPT maximizes the throughput in the system, minimizes the expected waiting time
conditional on being served, and maximizes the expected waiting time conditional on
abandoning. Performance in the SRPT queue is also shown to be, asymptotically, in-
sensitive to the patience-time distribution beyond its mean. Those results all focus on
steady-state performance measures. [[1] circumvent the difficulty of doing direct anal-
ysis in the multiserver SRPT queue with abandonment by relying on a coupling proof
with a loss queueing model instead. Turning now to noisy service times, coupling
proofs, as above, are difficult to develop. This is because it is difficult to guarantee
a strict ordering of sample paths when the scheduling is done based on noisy service
times, since the noise may lead to violating the size-based scheduling rule in place.
Thus, there remains ample opportunity for theoretical work in that vein.
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