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This paper briefly describes the design a system that ad-
dresses the challenge of scheduling distributed data-analytics
workloads on heterogeneous processing fabrics (which in-
clude CPUs, GPUs, FPGAs and ASICs) in cloud-based, dy-
namic, multi-tenant environments. To demonstrate the ca-
pabilities of the proposed system, we use a computational
genomics workflow that addresses the growing need for
rapid genomic analyses in hospital environments [6].

Accelerators such as GPUs, FPGAs and other ASICs have
become an integral component of modern datacenters [5].
However, several key issues remain for extensive user adop-
tion of these technologies: (1) identifying acceleration tar-
gets and designing accelerators for distributed applications;
(2) composing these accelerators using data-flow graphs
(DFGs) to build applications; and (3) optimally orchestrat-
ing, deploying and executing these DFGs in a dynamically
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changing environment in order to maximize hardware per-
formance. While identifying and designing accelerators is an
application/domain specific problem, we present a system
that allows users to deploy large DFG based applications on
heterogeneous processing fabrics by designing a scheduler
that can operate these accelerators in a dynamically chang-
ing environment. The system is able to extract the maximum
possible performance from the heterogeneous system, while
maintaining the DFG-based high-level user abstraction of
modern data-analytics frameworks. To understand the value
of Symphony, it is important to understand the value of
accelerators in datacenters.

Accelerators are typically custom designed to support tar-
geted applications. Our previous work has addressed these
design points for computational genomics applications, where
we have identified a small number of computationally in-
tensive kernels that are reused across different genomics
analyses [1], and have built CPU- and GPU-optimized im-
plementations of these kernels as well as custom hardware
accelerators on FPGAs [1–4]. These provide significant im-
provements in runtime and further savings in the energy effi-
ciency of the applications (directly related to the operational
costs of running the application). In addition to scheduling
tasks to these accelerators, the proposed system provides
support to multiplex many accelerators on the same FPGA
by managing the common IO- and board-specific-services,
as well as reconfiguring the FPGA when an accelerator is no
longer reacquired.
At its core, the proposed system uses a data-driven strat-

egy of integrating real-time measurements of performance
counter events, prior knowledge about workloads, and infor-
mation about system architecture and interconnect topology
to infer system state (i.e., resource utilization) information
to schedule tasks to processors. The scheduling algorithm
is a fusion of two machine learning (ML) techniques. First,
real-time performance counter measurements are used to
infer hidden system resource utilization (i.e., utilizations that
cannot be directly measured) using Bayesian statistics on Fac-
tor Graphs (FGs). A FG is the most general Bayesian model
that integrates probabilistic (i.e., data-driven insights from
profiling) and algebraic (i.e., prior knowledge about system
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architecture) relationships between the hidden and observed
variables. Second, the inferred system state along with user
DFG encoding are fed into a deep reinforcement learning
(DRL) model to make intelligent scheduling decisions to op-
timize an utility function corresponding to runtime or the
operational costs of executing a DFG. The compelling value
of this method (and its two constituent ML models) is that
it allows for the deployment of accelerator-centric DFG in
dynamically changing timeshared environments. Incorpo-
rating these ML models allows us to (1) produce scheduling
policies that are specific to system-architecture and dynamic
workload characteristic; and (2) bootstrap the DRL based
scheduling policy using samples generated from the genera-
tive FG model. The technique improves overall performance,
resource utilization, enables fine-grained resource sharing
and reconfiguration.
We demonstrate the efficacy of the proposed system for

the variant calling and genotyping analysis [7] on human
genome datasets appropriate for clinical use. This represents
a complex analysis where the aforementioned kernels are
composed into several applications, and the applications are
composed into a workflow. The proposed system reduces the
total time required to complete the benchmark from 73 hours
(CPU baseline) to under 1.2 hours (61×) using our FPGA-
based accelerators, using NVIDIA K80 GPUs further reduces
the runtime to under 40 minutes (109×). This corresponds
to a 210× reduction in performance per unit energy terms.
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