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Exascale Energy Wall

# Site System Cores Rmax Rpeak Power Exascale Exascal
(M) (PFlop/s) (PFlop/s) (MW) (Factor) e (MW)
1 National Sunway Taihulight - 10.6 93.0 125.4 15.4 8 123

Supercomputing Sunway 1.45GHz,
Center, Wuxi, China Sunway, NRCPC

2 National Super Tianhe-2 (MilkyWay-2), 3.1 339 549 17.8 18 324
Computer Center in Intel Xeon E5-2.2GHz,
Guangzhou, China Intel Xeon Phi 31S1P,

NUDT
3 DOE/SC/Oak Ridge Titan - Cray XK7, 0.5 17.6 27.1 8,2 37 303
National Laboratory, Opteron 2.2GHz,
United States NVIDIA K20x, Cray Inc.
4 DOE/NNSA/LLNL, Sequoia - BlueGene/Q, 1.6 17.2 20.1 7,9 50 392
United States Power BQC 1.60 GHz,
IBM
5 DOE/SC/LBNL/ Cori - Cray XC40, Intel 0.6 14.0 27.9 3,9 36 141
NERSC, United Xeon Phi 7250 68C
States 1.4GHz, Cray Inc.
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Semi-automatic and Automatic Energy Tuning

READEX=

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

Funded by the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No.
671657.

European | Horizon 2020 G A %

- European Union funding
Commission

for Research & Innova tion GaUB'A”ianz




READEX Project partners

= TU Dresden (Coordinator), Germany
= NTNU, Norway Y
* |T4l, Czech Republic

= TUM, Germany

* Intel Exascale Lab, France

= GNS Braunschweig, Germany
= |CHEC, Ireland
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Score-E: Energy Monitoring with Score-P

Metric Plugins: et
* Energy: Intel RAPL, AMD 17 1 I

I:1>I

Event traces (OTF2) Call-path profiles

APM, HDEEM % (C”B“‘”)
" Te m pe ratu re Score-P measurement infrastructure
" C-/P-States MPI POMP2 CUDA Compiler TAU User
. . Application (MPI1xOpenMPxCUDA)
Synchronization Adapter S LTI
" S hared resources OPARI 2 CUDA Compiler PDT User

Instrumentation wrapper

: Time Series
Dataheap Client
Power Data Dataheap
Time Energy Data Energy Data| Power Data
Local time
| : Score-r
NTP-time |~ Data Applications, e
Power e.g., SLURM Accounting GA %
. Data )
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Manual Analysis of Energy Usage with Vampir

o Trace View - localhost:/scratch/rschoene/NPB3.3-MPI/scorep-20141128_1327_2940006823340009/traces.otf2 * - Vampir
File Edit Chart Filter Window Help

MPI parallel program
Tracing information on function level

Power consumption information for nodes
Processors
DRAM

Effective processor frequency

NAS Parallel Benchmarks (MG)
GauB-Allianz




Manual Analysis with Cube on JURECA

Restore Setting ~ Save Settings

Absolute : |Absolute | | Absolute =
B Metric tree B calitree | [E] Flat view BB systemtree | [l BoxPlot
W 6.00480e4 Visits (occ) ~ [ oMPIInit - ~[J - machine Linux
[ 55.25508 Time (sec) [] o MPI_Comm_rank *[J - node jrc0739
[J 0.00000 Minimum Inclusive Time (sec) (] 0 MPI_Comm_size [l 4.88044e11 MPI Rank 0
M 0.09982 Maximum Inclusive Time (sec) [] 0 MPI_Bcast [ 4.87906e11 MPI Rank 1
[] o bytes_put (bytes) L] 0 MPI_Irecv ] o MPIRank 2
[] o bytes_get (bytes) L] o MPI_lsend [J o MPIRank 3
[] 0 ALLOCATION_SIZE (bytes) [J 0 MPI_Waitall *[J -node jrc0811
[] 0 DEALLOCATION_SIZE (bytes) *[] 0 Compute loo O 4.22307e11 MPI Rank 4
[] 0 bytes_leaked (bytes) [ 4.22319e11 MPI Rank 5
[] 0.00000 maximum_heap_memory_allocated (by [] o MPI_Allreduce [J o MPIRank 6
[ 3.26306e11 PAPI_TOT_INS (#) > [l 1.82057e12 Compute loop_synced [J o MmPIRank 7
M 1.74957e11 PAPI_TOT_CYC (#) [] 0 MPI_Reduce
[ 2.24512e8 bytes_sent (bytes) [] 0 MPI_Finalize

[ 2.24512e8 bytes_received (bytes)

[ 0.19404 SYNCHRONIZATION_OVERHEAD (s)
B 1.54055e12 PACKAGE_ENERGY:PACKAGEO (nJ)
[l 1.41812e12 PACKAGE_ENERGY:PACKAGE1 (nJ)
W 3.39660e11 DRAM_ENERGY:PACKAGEO (nJ)

[ 3.42819e11 DRAM_ENERGY:PACKAGE1 (nJ)

All (8 elements)

0 3.64115e12 (236.35425%) 1.54055e12 [0 1.82057e12 (100.00000%) 1.82057e1 Z‘ 0 1.82057e12
Deselected "Compute loop_synced” ®
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Energy Consumption Projection

Goal: Prediction of energy consumption on larger systems

= Based on Extra-P (GRS, TU Darmstadt, ETH Zurich,

LLNL, FZ Julich)
* Analytical model deduced from application profiles
* Visualization of predicted energy consumption in Cube

MILC: QCD code
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Resource-Aware Visualization

pv_app
Severity Self Performance Metric | System Tapology  EREMURY)
4.96e+04 -3.08e-11 sec Time
6.07e+08 6.07e+08 occ Visits Dataset: 0..112712 (1127.12) max
0 0 occ Synchronizations Colormap: 0..112712 (1127.12)
0 0 occ Communications
8.27e+10 0 bytes Bytes transferred
0 0 occ MPI file operations
0 0 sec Computational imbalance
0 0 sec Minimum Inclusive Time
4.03e+04 4.03e+04 sec Maximum Inclusive Time
0 0 bytes bytes_put
0 0 bytes bytes_get

erarchy | Treemap

Severity v Self Code Region
] 4.96e+04 11 sec MAIN__
B 4.94e+04  0.0887 sec driver_
B 4.81e+04 0.737 sec cps02_
] 3.74e+04 1.1 sec loeser_
B 373e+04 0.242 sec lindir_
Il 373e+04 23 sec lindik_
Bl 29%e+04 0.0911 sec feti_solve_
B 297e+04 197 sec level1_feti_
1.11e+04 20.8 sec interfac...
7.47e+03 7.21e+03 sec fwbw._tri...
5.72e+03 5.49e+03 sec fwbw_tri... 0
2.96e+03 12.5 sec interfac... T
650 2565 sec sparse._... Node o
416 19.8 sec globalsu...
233 767 sec half_exp... MGk

145 9.9 sec interfac...
393 39.3 sec mtxv_ Thread :‘

nAnn ~a




Geometry-Aware Visualization

pv_app

Severity Self Performance Metric System Topology Rl
4.96e+04 -3.08e-11 sec Time
6.07e+08 6.07e+08 occ Visits

0 0 occ Synchronizations

0 0 occ Communications
8.27e+10 0 bytes Bytes transferred

0 0 occ MPI file operations

0 0 sec Computational imbalance

0 0 sec Minimum Inclusive Time
4.03e+04 4.03e+04 sec Maximum Inclusive Time

0 0 bytes bytes_put

0 0 bytes bytes_get

- . Treemap

Severity v Self Code Region
] 4.96e+04 1.1 sec MAIN__
[ | 4.94e+04 0.0887 sec driver_
I 4.81e+04 0.737 sec cps02_
[ | 3.74e+04 111 sec loeser_
Bl 373e+04 0.242 sec lindir_
B 373e+04 23 sec lindik_
B 29%e+04  0.0911 sec feti_solve_
B 291e+04 197 sec level_feti_
1.11e+04 20.8 sec

5.72e+03 5.49e+03 sec tri...
2.96e+03 12.5 sec interfac...

650 2.55 sec sparse._...
416 19.8 sec globalsu...
233 7.67 sec half_exp...
145 9.9 sec interfac...

39.3 39.3 sec mtxv_
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Geometry-Aware Visualization

pv_app
Severity Self Performance Metric System Topology | ‘Geometry |
4.96e+04 -3.08e-11 sec Time
6.07e+08 6.07e+08 occ Visits
0 0 occ Synchronizations
0 0 occ Communications
8.27e+10 0 bytes Bytes transferred
0 0 occ MPI file operations
0 0 sec Computational imbalance
0 0 sec Minimum Inclusive Time
4.03e+04 4.03e+04 sec Maximum Inclusive Time
0 0 bytes bytes_put
0 0 bytes bytes_get
1 0 1 1 1
S —
Lalbaeysy Treemap /
Severity v Self Code Region g;
B 496e+04 11 sec v MAIN_ P [ ————]
[ | 4.94e+04 0.0887 sec driver_
B 4.81e+04 0.737 sec cps02_
] 3.74e+04 11.1 sec loeser_
B 373e+04 0.242 sec lindir_ ) 1 0 0 0
Bl 373e+04 23 sec lindik_
Bl 297e+04 0.0811 sec feti_solve_ Severity Severity / Element Severity / Area Num. Elements Area
Bl 291e+04 197 sec level1_feti_
1.11e+04 20.8 sec interfac... Name Severity Severity/Elements Severity/Area Elements Area
Helalil e 02 MPI Rank 5 917.984985 0.100458 0.013425 9138 68378.750000
5.72e+03 5.49e+03 sec fwbw_tri...
2.96e+03 12.56 sec interfac... MPI Rank 6 1002.205933 0.103448 0.014571 9688 68782.429688
650 255 sec sparse_...
NOMIWNNN \eivank?  [ea23ieose  |oosress [oooeser  [esse  |e7oooazers
233 7.67 sec half_exp

. MPI Rank 8 579.348755 0.078206 0.009007 7408 64322.882812
145 9.9 sec interfac...

39.3 39.3 sec mtxv_ MPI Rank 9 434.671295 0.117479 0.007025 3700 61873.691406
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Energy Tuning with Periscope Tuning Framework

PTF Frontend

Automatic application analysis & tuning
* Tune performance and energy (statically) Aoorthms | Prosram [ PR
= Plug-in-based architecture SEEICEST
= Evaluate alternatives online Agent Network

= Scalable and distributed framework

Support variety of parallel paradigms
= MPI, OpenMP, OpenCL, Parallel pattern

Developed in the AutoTune EU-FP7 project S—
= Integrated with Score-P in Score-E oee

Application

GA :iiiit
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Tuning Plugins for Static Energy Tuning

= PCAP: Optimization of the thread

number
* Exploits scalability limitations
* Reduces static and dynamic energy

* Supports tuning of individual parallel N
* regions 16
= MPICAP: Optimizes the number of
MPI tasks
* In addition: reduces communication energy
* DVFS: Computes the optimal core frequency
* Exploits wait cycles (10-/Memory Bound)
* Reduces dynamic energy

* Taurus-Energy: Combined tuning (3D)

Frequency [GHZ]
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READEX: Beyond Static Tuning

HPC Embedded

* Automatic * System
Tuning Scenarios

GA it
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Develop
ggdlctlon\

mechanl

Applications

Design-time

Platform

/Develop / Develop N

switching calibration
mechanlsm/ \ mechamsm

OptimiEe

scenario
exploitatioy

Systems Scenario based Methodology

Run-time
C(ist
Without
@ scenarios
System @ 2 9
integration
1
'::> 2l @6
@ With al 2
scenarios
-
Time

@ Exploitation and prediction
@Switching
3)Calibration
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Exploit Intra- and Inter-Phase Dynamism

ST AT TR T T T T
I TN

int main(voi.d) { L lIIHIXHIhIII L ”\III,I"I‘III

8 ‘ il Il H “II III Jﬂl\ | l\l IIIIIIIIHJI |

6 || H J I | ‘ L

// Initialize application
// Initialize experiment variables

. . . . H.n Il i O
nt num_lteratlons = 23 o4 | | "”ﬁ"w :m \| ‘ b s
I_II\-lll-Hll\ll-ll|||||| I I

for (int iter = 1; iter <= num_ite & I 'lill...'”'w e [
// Start phase region = 32 ||\ v it
// Read PhaseCharct = d"FW L
laplace3Dn(); // significant regi 40 | WH"“”' | B
residue = reduction(); // insign mﬂwkﬂmll | | | VI
fftw_execute(); // significant r 48 i B I Iy 0.2
// End phase region L1010 | i |

} 56 | I \lll‘" |!| “\I . ---q-\-lllllllll T |\

/] Post-processing:

'l ” i o

R . . ||| I |\ ‘ | ! ! i ! | |

ﬁ '_'r‘”'t? n:tse ”i?”i?s to disk fo 200 400 600 800 1000 1200 1400 1600 1800 2000
ermunate appLication

Iteration number

MPI_Finalize();

} return 0; GA%
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Scenario-Based Tuning

Design Time Analysis Periscope Tuning Framework (PTF)
Tuning Model
Runtime Tuning READEX Runtime Library (RRL)
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individual, 3 cores/task

CalcCourantConstraintForE
CalcKinematicsForElems
CalcMonotonicQGradients
CalcMonotonicQRegionFor
CalcVolumeForceForElems
EvalEOSForElems

SUM

Worst

16; 1,2
6075
11170
4977
11714
56821
28335
119092

Energy for phase

163891

Static Tuning
8; 2,4

5375
8260
3920
12470
48111
18311
96447
19,0%
138508
15,5%

Lulesh: Individual, 3 cores per task

READEX

5232
8250
3370
11714
47804
17082
93452
3,1%

H#Threads Freq

10
9
6

16
9
4

GA :iiiit
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Score-E Application Example: Analysis of Indeed

* Finite Element code for sheet metal forming simulation
= SMP version (OpenMP) & DMP version (hybrid: OpenMP +
MPI) available
= Two different application scenarios:
* Classical use case: direct simulation of forming process
* Recent variation: determination of optimal process
parameters (in particular, tool geometry)
* Fundamental difference: mesh size for discretization of tools
= Consequences:
* Significance of contact search algorithms changes
drastically
* Classification changes between

“compute bound” and “memory bound” GA%
Gaul3-Allianz



Score-E Application Example: Analysis of Indeed

= Potential tuning parameters:
* CPU frequency
* Number of OpenMP threads
* Number of MPI processes
* Code path switching

GA :iiiit
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Score-E Application Example: Analysis of Indeed

= Potential tuning parameters:

CPU frequency
Number of OpenMP threads

Number of MPI processes  Undesired by customers
Code path switching

Accepted by customers

GA :iiiit
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Measurement Results for Indeed

Relative values w. r. t. default clock frequency (Sandy Bridge, classical example)

3.0
| _ — energy
. |— runtime
p J ) SR P——— Y- e ————————————
— EDP 2
—— cost according to TCO model

033 15 18 21 24 27 GA %
[GHz]

CPU frequency GaulR-Allianz



1.6

1.4

1.2

1.0

ﬂ.q

Measurement Results for Indeed

Relative values w. r. t. default clock frequency (Haswell, classical example)

...............................................................................................

—— energy
— run time
—— EDP 2

—— cost according to TCO model

2 14 1.6 1.8

2.0 2.2 2.4 26 GA %
CPU frequency [GHZz]

GauR-Allianz



Measurement Results for Indeed

Relative values w. r. t. default clock frequency (Haswell, nonclassical example)

3.5

; ; ~ |— energy
i 7 1 ] S — ............................. ...... —runtime 000 e
| | . |—EDP2

) . |—— cost according to TCO model

032 13 16 13 50 53 54 26 GA %

CPU frequency [GHZz] GauR-Allianz



Conclusions for Indeed

= Choose high clock frequency

= Exact optimal value depends on
* Processor architecture
* Characteristics of input deck
* Concrete choice of objective function
« Static tuning very attractive on Sandy Bridge;

= further improvements possible with dynamic tuning

* Optimization on Haswell requires further methods and
tools
(automatic dynamic tuning at runtime — READEX)

= Viability of platform-dependent approach
from commercial point of view?

GA 3338
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Future Work in READEX and Expected Outcome

= Use tools based on PTF for design-time analysis

(search for significant regions, dynamism detection, ...)

* Runtime application tuning based on READEX Runtime
Library (RRL)

= Alpha version for full READEX tool suite scheduled for
spring 2017

= Later step:
Programming paradigm for expressing application
dynamism
— further improve automatic dynamic energy tuning

= Significant increase in energy efficiency without

prohibitively high effort for software developers

GA :iiiit
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Further information
® WWW.Vi-hps.org/projects/score-e
e www.readex.eu

GA :iiiit

GaulR-Allianz


file:///C:/Users/diethelm/Desktop/www.vi-hps.org/projects/score-e
file:///C:/Users/diethelm/Desktop/www.readex.eu

	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29

