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Applications exhibit dynamic behaviour
* Changing resource requirements
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* Changing load on processors over time
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READEX creates a tools-aided methodology for automatic tuning of parallel applications

= dynamically adjust system parameters to actual resource requirements
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Parameters tuning

* Hardware parameters - CPU core frequency, uncore frequency

System software parameters - number of OpenMP threads, thread placement
* Application-level parameters - depends on the specific application

 Static tuning, Inter-phase dynamic tuning, Intra-phase dynamic tuning

Energy measurement

* Running Average Power Limit (RAPL) interface

GPIO

* High Definition Energy Efficiency Monitoring (HDEEM) system
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Tuning tools

* Score-P MERIC instrumentation:
. . MPIL_Init(&argc, &argv);
e Periscope Tuning Framework MERIC_Init();
¢ R EA D EX R u nt| me L| b ra ry MERIC_MeasureStart("RegionA");
MERIC_MeasureStop();
 MERIC libra ry MERIC_Close();
MPI_Finalize();
* RADAR generator \
¢ |[dentification of significant regions
Score-P :
Periscope Tuning READEX Runtime * Insertion of MERIC probes |
Framework - o] £ Library .
N [I "“""“ " | * Compilation of MERIC and a user code |
Sabstrste .
Plugin > .
irterface i X |° Setting MERIC parameters
J
! )
Parameter 1.| * Running complete energy measurement
Control Plagin 5 )
Energy
Measurements h
(HOEEM) * Processing the results
J
Application o . A
o]  Tuning Mode! ¢ Dynamic tuning
g™ o
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Example results - ESPRESO

static

dynamic

total

ESPRESO: 12.3% + 9.1% = 20.3%

* Structural mechanics code

* Finite element + sparse FETI solver

Region % of 1 phase Best statl.c Value Best dynarinlc Value Dyn;.imlc
configuration configuration savings
18 threads, 20 threads,

i:gﬂj}j;imat 14.32 1.8CHz UCF, 73373J 2.0GHzUCF, 731.22] ?65; 4%) ]
2.5 GHz CF 2.5GHz CF R
18 threads, 2 threads,

Assembler- 2.23 1.8GHz UCF, 114.30J 22GHzUCF, 04.15] 20.15 J

Assemble-B1 (17.63%)
2.5 GHz CF 2.5GHz CF

Cluster— 18 threads, 6 threads, 180 I

CreateF0- 0.17 1.8GHz UCF, 8.711] 1.6 GHz UCF, 6.901] (20 73%)

FactF0 2.5 GHz CF 2.5GHz CF e
18 threads, 2 threads,

gsseﬁnble’; 3.10 1.8GHz UCF, 15881J  12GHzUCF, 147.66 ] 171'33% J

averiesuits 2.5GHz CF 2.5GHz CF (7.03%)

Cluster— 18 threads, 8 threads, 156 ]

CreateSa- 0.17 1.8GHz UCF, 8.5917] 2.0GHzUCF, 7.031] (18 15%)

SaReg 2.5GHz CF 2.5 GHz CF e

Total wvalue for static
tuning for significant re-
gions

733.73 + 114.30 + 8.71 + 158.81 + 278.39 + 113.87 +
14.23 + 658.07 + 325.69 + 99.93 + 74.70 + 641.88 +
1578.06 + 13.28 4 24.20 4 278.22 + 8.59 = 5124.66 ]

Total savings for dy-
namic tuning for signif-
icant regions

2.51 + 20.15 + 1.80 + 11.16 + 47.01 + 16.41 + 5.31 +
28.45 4 29.03 4+ 19.08 4+ 0.16 4 2.49 4 288.21 + 0.77 +
1.88 + 23.24 + 1.56 = 499.22J of 5124.66 J (9.74 %)

Dynamic savings for ap-
plication runtime

499.22 J of 5493.55J (9.09 %)

Total value after savings
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4994.33J (79.72% of 6265.18.J)

Ondrej Vysocky, IHPCSS 2017

ASM
Solver init

init

Linear solver

T

are other
significant

in them

white regions
are ignored
because there

orange regions are called
just once per iteration and
therefore are used only for

intra-phase dynamism

evaluation

HFETI
preconditioner

Create Sa

regions nested

Iteration solver
make solution

l

solve

Linear solver

regions with names
highlighted in bold are
called only if Hybrid
Total FETI method is
used

green regions
denotes
iterative solver
(conjugate
gradient (CG))
and provides
opportunity for

inter-phase
dynamism
Default Default Best static Static Dynamic
settings values configuration Savings Savings
Energy consumption 24 threads, 18 threads, 771,633 499.2J of
4], 3.0GHz UCF, 6265.18 ] 1.8GHz UCF, (12 '32%) 5493.6 J
Blade summary 2.5GHz CF 2.5GHz CF : (9.00 %)
Runtime of function 24 threads, 22 threads, 0.01s 0.82s of
[s], 3.0GHz UCF, 29.55 s 3.0GHz UCF, (0 04%) 29.54s
Job info - hdeem 2.5GHz CF 2.5GHz CF ’ (2.76 %)
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Example results - OpenFOAM

static

OpenFOAM: 15.9% + 1.8% = 17.4% energy savings ‘
 Computational fluid dynamics

* Finite volume + multigrid solver

dynamic total

‘ ‘ simple-loop

continuity errs

Ladl)

iteration
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Reeion % of 1 phase Best static Value Best dynamic Value Dynamic
& p configuration configuration savings
init- 2.0 GHz UCF, 1.4 GHz UCF, 071 J
createTime 0.03 16GHzCF > j4cHscr 264 (21.06%) ‘
nit- 28 20GH, UCF, " 24GH,;UCF, " 3201 PBICGsolver GAMG solver
createFields ’ 1.6 GHz CF ' 2.0GHz CF ' (6.33%)
init- 2.0 GHz UCF, 1.4 GHz UCF, 7296 J
createMesh 2.26 16GHz cF 20733 qugHicr BT (97909
2.0 GHz UCF, 2.2 GHz UCF, 1080 J create Fy options _,,
UEqn 40.71 1.6 GHy CF 4820.82 ] 1.6 GHyz CF 4810.03 J (0.22%)
pEqn 10.15 20 ggz ggF 2268101 20 SEZ ggF 2268103 00 Unorefrea O g 14 16 18 20 22 24 26 28 30
1.6GHz 1.6GHz (0.00%) 1.2 13,200.02 ~ 12,717.1 12,774.16 13,1086 | 13,6042 [IH040:87
:)lj‘rlil;ind- 25.70 20GHzUCE, o) 9 gy g 20GH2UCE, g 991y 000 ¥ 12205 | 1264010 1257928 1312644 1387024
: 1.6 GHz CF ’ 1.6 GHz CF : (0.00%) 1.8 13,082.66 12,700.92 12,831.82 13,081.62 13,206.04
Turbulence 2 12,902.62 12,680.32 13,038.86 13207.38 13,4748
. 2.0GHz UCF 1.2GHz UCF 90.97 J 2.2 13,240.14 12,851  12,760.98 12,802.24 12,993.44 13260.38 13,4976
write 7.88 L6CH, CF | 32590 en, op | 841620 (9.75%) 2.4 1356868 13417.18 1207338 132386 133327 133887
: i : z : z (970 25 13553.84 13.30024 13,354.46 13.472.36
Total value for static 3.35 + 506.91 + 267.33 + 4820.82 + 2268.10 + 3042.91
tuning for significant re- 493250 — 11842.12 Default Default Best static Static Dynamic
gions ’ ’ settings values configuration Savings Savings
Total savings for dy- : 207.54J
namic tuning for signit. 0.71 + 32.11 + 72.96 + 10.80 + 0.00 + 0.00 + 90.97 = E?ergy consumption ooy UGR. 1423130 2.0GH, UCF, 2264941 of
icant regions 207.54.1 of 11842.12.J (1.75 %) Blade summary 2.5GHz CF J 1.6 GHz CF (15.02%) 11966.36J
(1.73%)
Dynamic savings for ap- - :
p]si(cation runtirie ’ 20754 of 11966.36.J (1.73 %) E-]llﬂtlme e meton 5061 UCE, 56.45 s 2.6 GHz UCF, 0375 g?g;s .
! 2.5 GHz CF ’ 2.4GHz CF 0.66 '
Total value after savings 11758.82J (82.63 % of 14231.30J) Job info - hdeem ’ ‘ (0-66%) (4.20%)
-
READEX:
Horizon 2020
Ond rej Vysocky, IHPCSS 2017 4 ﬂ European European Union funding

for Energy-efficient eXascale computing

Commission

for Research & Innovation



Other results

Application Static savings [%] Dynam. savings [%] Total Savings [%]

* Evaluation of HPC codes ranging  Paralicl Opendi 1/0 56 - 5
. Dense BLAS - DGEMV - without NUMA 5.6 5.6

from basic kernels to ve ry Dense BLAS - DGEMM - without NUMA 10.4 10.4
I I . t- Compute only kernel 12.8 — 12.8

com p €Xa p p ICalions Sparse BLAS Routines - without NUMA 3.1-12.3 — 3.1 -123
Sparse BLAS Routines - with NUMA 4.2-66.2 4.2 - 66.2

* Key results ProxyApps 1 - AMG2013, configuration 1 6.53 2.89 9.23
. hl ] . d I ; ProxyApps 1 - AMG2013, configuration 2 25.66 2.80 27.74

* ng y Optlmlze app ICatlonS ProxyApps 2 - Kripke, configuration 1 28.16 1.56 29.28
tend 1(0) prOV|de h|gher static ProxyApps 2 - Kripke, configuration 2 12.63 7.04 18.78

I 1 ProxyApps 3 - LULESH, configuration 1 28.58 (.55 28.88

and |Ower dynamlc SaVIngS ProxyApps 3 - LULESH, configuration 2 25.81 1.23 26.72

. Comp|ex app|icati0n5, such ProxyApps 4 - MCB, configuration 1 4.13 1.42 5.51

as ESPRESO Wthh ProxyApps 4 - MCDB, configuration 2 3.40 4.18 744

R s ESPRESO - configuration 0 5.6 8.7 14.3

contains variation on ESPRESO - configuration 1 12.3 9.1 21.4

ESPRESQO - configuration 2 7.8 4.7 12.5

workload (not only compute) ESPRESO - configuration 3 78 5.4 13.1
shows opportunity for OpenFOAM (Motorbike benchmark) 15.9 1.8 17.7
dynam|c tu r"ng Indeed 17.6 to be evaluated 17.6

MiniMD 21.92 0.00 21.92
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