SLAOrchestrator: Reducing the Cost of Performance SLAs
for Cloud Data Analytics

Abstract
SLAOrchestrator is a new system designed to reduce
the price increases necessary to support performance
SLAs in cloud analytics systems. SLAOrchestrator is
designed for SLAs that guarantee per-query execution
times. Its core architecture consists of a double learning
loop that improves both SLAs and resource management
over time. It further utilizes an efficient combination of
elastic query scheduling and multi-tenant resource provisioning algorithms to reduce the costs of performance
guarantees.
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Introduction

A variety of shared-nothing systems for data analytics
are available as cloud services today, including Amazon
Elastic MapReduce (EMR) [5], Amazon Redshift [4],
Azure’s HDInsight [8], and Azure Data Lake Analytics [46]. When using those systems, users upload their
data to the cloud and issue queries on that data. Queries
can include relational operators and various user-defined
computations. A key challenge with these services, however, is that users must decide on a desired configuration:
how many service instances they want to pay for and how
powerful these instances should be.
The service configuration dramatically impacts
price [2] and performance [53], yet it is known to be
very difficult for users to select correctly [24]. Since
users do not know what configuration to purchase, one
approach is to offer performance-based service level
agreements (SLAs), where the system promises to meet
a given per-query latency or pay a penalty [41, 42].
Previous research has addressed the challenge of selecting and enforcing SLAs in various ways. One line
of work assumes each tenant fits on a single server and
the challenge is to pack tenants on a restricted set of
servers [17, 34, 47], migrating tenants as needed [16], ordering queries for execution [12, 36], controlling admission [56, 42], and dispatching queries to servers [11, 37].
Other approaches assume the workload is known and re-
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Figure 1: A time-changing set of tenants executes
ad-hoc, analytical queries subject to performance
SLAs. Static resource allocation (EMR+SLAs), even
with a buffer (EMR+SLA+Buffer) leads to large cost
increases. Our improving SLAs (EMR+Improving
SLAs), especially with multi-tenancy and other optimizations (SLAOrchestrator), bring costs down.
quire profile runs of queries, possibly restricted to processing samples [53, 25, 18, 23]. Knowledge of the
workload and profile runs are reasonable assumptions in
a transaction-processing system with a fixed set of stored
procedures or in an analytics system that runs predefined
reports, but not for ad-hoc analytical workloads.
Another line of work focuses purely on enforcing
SLAs, assuming that SLAs are pre-defined [12, 11, 56].
SLA runtimes are artificially generated by, for example, offering a performance guarantee 10x the true latency [12], or by setting SLAs to be the performance of
past executions [29]. Without the right SLAs, the best
enforcement does not help: If the cloud provider overprovisions the underlying system, the user has to bear
large costs, making the cloud provider less competitive
and encouraging the user to take her business elsewhere.
If the cloud provider underprovisions the underlying system, the cloud provider has to pay penalties for missed
SLAs and thus loses money in the long term or must raise
prices to compensate.

