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I Work stealing has good performance, space requirements, and
communication overheads in both theory and practice

I Supported in many popular concurrency plaforms including:
Intel’s Cilk Plus, Intel’s C++ TBB, Microsoft’s .NET Task Parallel
Library, Java’s Fork/Join Framework, and OpenMP
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Static Asymmetry: Heterogeneous Multicore Systems
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Dynamic Asymmetry: Voltage/Frequency Scaling
C

or
e 

En
er

gy
 C

on
su

m
pt

io
n

Performance

Fmin @ Vmin

Fmax @ Vmax

Fnom @ Vnom

VLLC

Graphics
Engine

R
in

g 
In

te
rc

on
ne

ct

System
Agent

+
PCIe

+
DMI

V
DRAM Cntl

VCCIN

FI
V

R

CPUs
+

Cache

VCPU0

VRING

VGPU

VSA

VIOA

VCPU1…
…

Intel Haswell integrates the
voltage control loop circuitry on-die

with inductors in-package.

Cornell University Christopher Batten 5 / 18



• Motivation • First-Order Modeling Asymmetry-Aware Work-Stealing Runtimes Evaluation

Work-Stealing
Runtimes

Dynamic
Asymmetry

Static
Asymmetry

Bender et al.
"Online Scheduling

of Parallel Programs on
Heterogeneous Sys ..."

SPAA 2002

Ribic et al.
"Energy-Efficient

Work-Stealing
Language Runtimes"

ASPLOS 2014

Azizi et al.
"Energy-performance Tradeoffs in Processor Architecture and Circuit Design:

A Marginal Cost Analysis" ISCA 2010

How can we use asymmetry awareness to improve the
performance and energy efficiency of a work-stealing runtime?
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Opportunity #3

Move work from slow little cores
to fast big cores

4B4L system with either one active big core OR one active little core
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Evaluation Methodology: Modeling

Work-Stealing Runtime
I State-of-the-art Intel TBB-inspired work-stealing scheduler
I Chase-Lev task queues with occupancy-based victim selection
I Automatic recursive decomposition of parallel loop task chunking
I Instrumented with activity hints

Cycle-Level Modeling
I Heterogeneous system modeled in gem5 cycle-approximate simulator
I Support for scaling per-core frequencies + central DVFS Controller
I Accounting for intercore interrupt latency during mugging

Energy Modeling
I Event-based energy modeling based on McPAT models and detailed

RTL/gate-level sims (Synopsys ASIC toolflow, TSMC LP, 65 nm 1.0 V)
I Per-inst energy benchmarks to isolate event energy (e.g., rfile reads)
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Energy-Efficiency and Performance Results
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Radix Sort
Speedup 1.26x
Energy Efficiency 1.53x

Convex Hull
Speedup 1.41x
Energy Efficiency 1.24x
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Take-Away Point

Holistically combining

• work-stealing runtimes
• static asymmetry
• dynamic asymmetry

through the use of

• work-pacing
• work-sprinting
• work-mugging

can improve both performance and
energy efficiency in future multicore
systems
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