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Introduction

* Power and energy have become a first-class design
constraint in all areas of computing

Image by Patrick Strandberg
CCBY20 Image by Glenn Batuyong CCBY-SA2.0

Modified from Image by Vernon Chan

CCBY 2.0

* Data movement thought to be a major source of
power consumption

Objective

Measure and understand the nature of data-movement
power on real hardware
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* L2 access power cannot be isolated

Our Approach

Short-path microbenchmark Long-path microbenchmark

Design microbenchmarks based on data-movement
distance as wire distance affects power

Challenges and Solutions

* OpenCL™ Jacks native support to pin threads to
programmer-specified compute units

. _ L at *data,
__global float *output) {
et global id(0);
int wid = ge _group_:i._d.(O);
if (wid >= 0 && wid <= 10) {
f/ Read data froc L2

}

(a) Initial OpenCL code snippet

0 OO0 00 93 00 01 00O B1 0O 00 00 @ 00 0 0 8 nt gid = get global id(0
)0 00 00 42 10 02 00 81 00 00 00 4A 04 32 00 BY int cu id = get cu id(0) ;
02 04 00 8 00 C 02 ( 0 8 F - _ -

(c) Equivalent binary (in hex) (d) Modified binary (in hex) (e) Equivalent OpenCL code

Solution: binary hacking
* Temperature of device during tests will affect the
power consumption
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Solution: Model idle power separately and subtract from measured power

Summary of Results
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* Linear relationship between (i) distance and power
(i) toggle rate and power
* Asymmetrical power consumption for Os and |s
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Up to 14% of dynamic power spent in data movement
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L2-MC (7nm) = L1-L2 (7nm) mReg-L1 (7nm)  L2-MC (28nm) = L1-L2 (28nm) = Reg-L1 (28nm)

Optimization(s)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ll1tol2 = 3.5 units
L2 to MC = 12.0 units

L1 to L2 =17.0 units
.2 to MC = 7.6 units

* On-chip data movement power reduces by 48% for an
L1-L2 distance optimized layout
* More results in the paper
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