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Objectives

Smart algorithms
Develop new smart algorithms using energy-efficient software models.

Profiling and new metrics
Develop an advanced and detailed power consumption monitoring and profiling

for quantitative assessment and analysis of the energy profile of algorithms.

Power-aware scheduling
Smart and power-aware scheduling and hardware adaption technology for HPC.

Proof of concept

4 Summerschool ICT-Energy - Aalborg 2016 — Prof. Dr. Vincent Heuveline QEMCL

- " NHiTs



Fast, accurate and energy-efficient computation of the exponential function

bouquet of bottle of water  glass of water with
red flowers ice and lemon

Applications:

* Neural networks
 Fourier transform

» Statistics, probability
» Radioactive decay

* Population models

dining table
with breakfast
items

plate of fruit

banana
Existing techniques: slices
fork
* Power series a person
. . sitting at a
 I[EEE-754 manipulation able

» Look-up tables
Karpathy, Fei-Fei: Deep Visual-Semantic Alignments for

Generating Image Descriptions. CVPR 2015
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Fast, accurate and energy-efficient computation of the exponential function

Existing techniques: Truncated power series

. 7 .,1.2 ,.I..3
. X 1) x
e’ = —=14z+—+—+..
- n! 2 6
n=>0
N n
Method: T Z £Zr
Compute partial sum © = n!

n=I()

uses arithmetic, can exploit SIMD
flexible accuracy
CON: very slow convergence, too many FLOP for high accuracy
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Fast, accurate and energy-efficient computation of the exponential function

Existing techniques: IEEE-754 manipulation

Schraudolph 1999
T — 2;1.'/1112 — QritTy _ o oLy

int i — 220 (L n 1023) *i
In2

~

x; + 1023 Tf

double

)
(@)
-~J
Qo

i i i i

= (=1)*(1+m)2°7 1% = (1 + &7)2" ~ "

where Zj = 20 most significant digits of Zj + 2-20C
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Fast, accurate and energy-efficient computation of the exponential function

New technique:
Malossi, Ineichen, Bekas, Curioni: Fast Exponential Computation on SIMD
Architectures. WAPCO 2015

Patent application no. CH920140048US1

e = 2vloga(€) — gmitas — 9% . 971 — (14 g5 — C(xy))2%

. Y( — e O

exact correction C (--’ff) =1+ £ f 2%1
polynomial (. 2 "

. . m\Tt) =ao0 + a1+ + a5 + ...,
approximation n f) 0 L= f 2 f n=f

m e - - Y Ti Ay oF
return exp,(z) := (1 +z5 — Cn(zf))2% ~ e
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Fast, accurate and energy-efficient computation of the exponential function
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Malossi, Ineichen, Bekas, Curioni: Fast Exponential Computation on SIMD Architectures. WAPCO 2015
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ArduPower: A new low-cost internal wattmeter

v Objective: Measure internally the power consumption of computers

Problem: internal power meters are expensive and difficult to use (e.g., National Instruments DAS)
v Requirements: Build-up a accurate, small and cheap new wattmeter device

v' Microcontroller: Arduino Mega 2560 with 16 analogue channels ~50 EUR
v Sensors: Allegro Hall-Effect IC sensor ACS series (accuracy +5%) ~2 EUR/chip
v'Solution: A new shield for Arduino Mega with Allegro Hall-Effect sensors!

©,0, Mlegro-

Hall-Effect Current Sensor IC with Overcurrent
Fault Output for Low Voltage Isolation Applications
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ArduPower: A new low-cost internal wattmeter

The prototype: 5cm, " 16 channels

FIIEFS CLII0000 NG | measuring at
2= =iz | - 480 Sa/s

114 \

: LS uh

P RG RS
oS ranl

W

¥ Final prototype of the shield:
v ACS713 up to 20 A (DC) in (+1.5%)

v Total production cost: 100 EUR éJOSr? (SbeJ,icai[[
v PCB circuits available on demand could also
v Integration into PMLib! E’{'ﬁglﬁnvé?)

Dolz, Heidari, Kuhn, Ludwig, Fabregat: ArduPower: A Low-cost Wattmeter to improve Energy
Efficiency of HPC Applications. 6™ Int. Conf. Green & Sustainable Computing, 2015

o e oy |
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ArduPower: A new low-cost internal wattmeter

v An example using a PDE SOlver: (partial differential equation solver for Gauss-Seidel and Jacobi Method)

partdiff external vs internal power profiles

350

' ' ! ! External total power ———

Internal total power
Motherboard 3.3V ——
Motherboard 5V ———
Motherboard 12V
HDD 5V
HDD 12V
CPUO 12V
CPUI 12V

Power (W)

BCRUD 12V (37T%)
s CPU1T 12V (20%)
Motherboard 12V (21%)

0 ¥ T Y s ® Motherboard 5V (6%)
v ‘ 12 31 34 31' @ Motherboard 3.3V (5%)

. MDD 12V (2%)
Time (s) " HDD 5V (1%)

Courtesy of M.R. Heidari, Hamburg University ——r
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R
Splitting Method

matrix splitting A=L+D+U =

linear equation system
(L+D+U)x=0b
Dx=b—(L+U)x
t=D1-DYL+U)x
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Jacobi Iteration

r=D"'%-DYL+U)x

1
iteration matrix B
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Asynchronous Iteration

1 .
k+1
Jacobi method ;" =_.'(b"—zaij‘”§) :fi?ta:lej:st?gﬂon
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Block-asynchronous Iteration

. . . “ 1 E —_—
divide matrix I '4(li:1g£ 4()ﬂdiag plocal
into blocks o I : ™

q1offdiag E sdiag § r0ffdiag >
Ip A ; iag , Apm;, : goffdiag .l‘})mdl
Jn : A
A &

bIOCk update I};)(‘a] — D [[);;)Cal - A;ilag:l;;;‘)cal A()ﬂ(lmg I;:()n lu(‘al]

-_‘ - Q//Q
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Block-asynchronous Iteration on GPU

SMX = streaming cores per max. thread blocks per |max. threads per
multiprocessor SMX SMX thread block
Tesla K40 1024
* matrix bIocks correspond to thread blocks

e synchronous Jacobi iteration within the thread block
e asynchronous iteration with other thread blocks

A}"““é A";"‘““g thread block

A;fﬁliag ; Agiag ;A;:ffdiag < > .......

: ' HEEEEEER
HEEEEEN
HEEEEEN
HEEEEEN
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Related Works

19

Rosenfeld 1969:

experiments on ,chaotic relaxation” for use on , parallel-
processor computing systems”, simulation of current
distribution in electric networks

Chazan & Miranker 1969:
first rigorous analysis of ,,chaotic relaxation® convergence
theory, examples of divergence

Overviews of ,,asynchronous iteration®:
e.g. Bertsekas & Tsitsiklis 1989, Frommer & Szyld 2005

Anzt et al. 2011, 2013:
block-asynchronous iteration on GPU-accelerated systems
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Experimental setup

* energy measurement
Zimmer Electronics Systems LMG450
pmlib — power measurement library

power tracing server compute node
external
measurement power
data meter
l power
source : mainboard
pmlib server: —_ o ey CPU
collect measurement ~ supply accelerator
data Sensor unit memory
| I elc.
A
pmlib client:
start / stop measurement

send pmiib commands over network
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Energy-to-solution & savings

500,000.0 100.0

¥ MPIR async-(20) CPU ® MPIR async-(20) GPU vs. dp IR async-(2) GPU
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* large energy savings of more than 50 % for GPU usage on small host
systems, i.e.cases 1 x8and 2 x 8

* moderate saving of 20 % - 40 % for GPU usage in cases 4 x 8 to 16 x 2

* strong host systems can outperform GPU w.r.t. runtime and energy, see
case 32 x1
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Thank you
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