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Collaborative Research into
Exascale Software, Tools and
Applications
e EU FP7-funded project
e Runs until Dec. 2014

e Consortium includes
e Cray
e EU HPC centres
e Tools developers
e Codesign app. owners

e Codesign approach
e GROMACS, IFS,
e Nek5000, HemelB,
e OpenFOAM, Elmfire
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Reducing energy & power usage

e A hot topic in HPC
e energy: reduce "carbon footprint"
e power: balance demand
e rise of the Green500 list

e Importance will grow in the future
e US DOE: exascale system for 20MW

e How can we get there?
e Hardware design will help
e But software engineering will also be needed
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Visibility of energy/power consumption oA

e Feedback is needed to inform these decisions \

e fine-grained information about how energy is consumed
e fine-grained spatially (across components)

e fine-grained temporally (across application execution phases)

e Non-privileged, real-time access is needed

e Wwhere possible, information should be visible to users
e NOt just to system administrators (e.g. on the SMW)

e information should be accessible as the application executes
e NOt just in post-processed log files
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Cray XC30 o

e The Cray XC30 offers a range of power-monitoring A
e system-side:
e via the PMDB power-monitoring database (on the SMW)

e also user-side:
e node-level

e In this talk, we investigate the user-side options




The hardware we studied

e "Marble", pure CPU:
e e.g. Archer, ECMWF systems in the UK

e dual 12-core "lvybridge" CPUs
e Intel Xeon E5-2697, 2.7GHz

e e.g. Piz Daint system at CSCS

e single 8-core "Sandybridge" CPU
e Intel Xeon E5-2670, 2.6GHz
e plus Nvidia Kepler K20x GPU




Node-level power counters RIS

e The user-accessible power counters are node-specific
e One set of counters per node
e Measure the power consumption of the node-specific components
e This includes:
e CPU, memory system, PCI bus, node-level hardware
e Does not include shared components:

e Aries interconnect (shared between 4 nodes on a blade)
e Cabinet-level infrastructure (shared between 192 nodes)

e SO0 we do not get a full picture
e but it is harder to disentangle consumption by shared components




C)RAY
Power counters QO

e The node-level energy/power counters are visible via a set
of files in the /sys filesystem

\
AW\

\

$ 1s /sys/cray/pm_counters
¢ power power
e instantaneous power draw energy
e In Watts freshness
generation
power_cap
® energy startup
e cumulative consumption e
e in Joules

e relative to some time in the past

$ cat /sys/cray/pm_counters/power

e freshness o
e |abel (integer-valued) $ cat /sys/cray/pm_counters/energy

e changes when counters update 2895:4:2‘/‘1 3/ ) rers /frech
e every 100ms ca sys/cray/pm_counters/rresnness

12933225
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Reading the counters

e The counters update "atomically" (at the same time)

e But...

e if you read multiple counters sequentially...
e ... you need to ensure that you have a consistent set of readings
e the freshness counter helps ensure this

e Procedure for reading multiple counters:
1. Read the freshness counter
2. Read the relevant counters (power, energy, ...)
3. Read the freshness counter again
o

If the initial and final freshness values are the same...
e We have a consistent set of readings

e ... Otherwise:
e repeat steps 1to 3
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Reading the power counters (API) RIS

e Can read counters from job script
e but we often want better temporal resolution than job level

e In CRESTA, developed simple pm_lib library
e Reads a user-defined set of counters "consistently"
e User can insert API calls in application
e to instrument particular phases of the application execution
e pm_lib can be called from Fortran or C/C++

I Fortran

use pm_lib

type(pm_counter) :: counters(3)=[ &
PM_COUNTER_FRESHNESS, &
PM_COUNTER_ENERGY, &
PM_COUNTER_ACCEL_ENERGY ]

integer(kind=i64) :: values(3)

call pm_init
nc=pm_get_counters(3,counters,values,1)

// C/C++

#include "pm_lib.h"

pm_counter_e counters[3]={ \
PM_COUNTER_FRESHNESS, \
PM_COUNTER_ENERGY, \
PM_COUNTER_ACCEL_ENERGY };

pm_counter_value values[3];

pm_init();
nc=pm_get_counters(3,counters,values,1);




Changing p-states RIS

e You can change the p-state without rebooting \
e Linux OS (e.g. CLE) provides CPUFreq governor

e Default Cray XC30 setting:
e "performance”, fixed to highest p-state

e Instead can fix frequency to specified value

e Cray ALPS provides way to do this
e at application launch
e aprun --p-state <value>
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Idle power draw

e How much of the power draw Is due to the application?

e \We need a baselin

e Simple to measurt
e EXxecute a sleep co
e Measure energy co
e Calculate the mean

120

S
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Mean idle power draw (W)
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NAS Parallel Benchmarks

e NPB provides a suite of parallel benchmarks
e each replicates single phase of a representative CFD application

e Results reported here use 4 nodes
e CLASS=C is appropriate problem size

e Compilation
e Used Cray Compilation Environment (CCE) version 8.2
e Default optimisation -O2 used, unless otherwise specified
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Questions we seek to answer Y

S \

e |s optimising for energy consumption different to runtime?

\
\

e Is hyperthreading more energy-efficient?
e IS it "green" to optimise your code?

e Is a hybrid MPI/OpenMP code more energy-efficient?

e Do GPUs save energy?



Performance metrics SO\
o ) \
\
g ®
S00
e Ru ntime performance SUPERCOMPUTER SITES \
Y ﬂOp/S

e Total energy consumed during the calculation
e Joules

e Mean node power draw during calculation
o \Watts

e Performance:power ratio
e flop/s per Watt (or flop/J) EGREEN

50Q



MG on Marble: runtime performance
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MG on M

arble: energy consumption RIS
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MG on Marble: mean power consumption .

Higher p-states consume more power... |

... but take more time to run \ |
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GREEN &CRANY

MG on Marble: performance:power ratio 500
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MG on Marble
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MG on Marble: performance vs. energy
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Other benchmarks SO\

e MG is representative of "computationally heavy" BMs A
e CG and FT behave similarly

e EP and IS show a different pattern of behaviour

e Same patterns seen using CPUs of Graphite nodes



Accelerated nodes

e Previous counters continue to measure entire node
e including the accelerator (Nvidia GPU or Intel Xeon Phi)
e power, energy, freshness

e Two new counters available $ 1s /sys/cray/pm_counters
e measure just the accelerator el Sower
energ;
e accel power j‘:ﬁgiﬁ;::‘:"gy
e Instantaneous power draw (in Watts) | geperation
power_cap
tart
e accel_energy e
e cumulative consumption (in Joules)
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MG on Graphite: runtime performance

GPU, 1 rank per node
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MG on Graphite: per
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GPU and CPU

e We would like to use both GPU and CPU
e both have considerable computational power

e both have a base power consumption

e We would like to do this transparently
e rather than having to recode the application

e Cray ALPS provides a way to do this

Launch multiple binaries on the same node

Some targetting the GPU, some targetting the CPU
Sharing MPI_COMM_WORLD
Using new PMI_NO_FORK environment variable

8.May.2014
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What we do

e Compile the application twice using 32 ranks
e Once to run on the CPU
e Once to run on the GPU, using OpenACC

e Run the application as follows
e 4 ranks (1 per node) will use the GPU
e 28 ranks (7 per node) will use the CPU

e All ranks share the same MPI_ COMM_WORLD

e Each rank computes the same-sized local problem

COMPUTE | STORE | ANALYZE
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CPU/GPU MG: runtime performance

GPU, 1 rank per node
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CPU/GPU MG: energy consumption

GPU, 1 rank per node
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Correcting load balance

e Load balance is the main problem

e Each rank processes the same amount of data
e GPU ranks have a whole accelerator
e CPU ranks have just a single core

e Need to improve computing power/rank on the CPU side

e Introduce OpenMP threading on the CPU
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hybrid MG: runtime performance

GPU, 1 rank per node
CPU, 1 rank/6 threads
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hybrid MG: performance:power ratio %Fg% SR
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Performance Measurement and Visualisation Infrastructure

Score-P

- performance measurement infrastructure

- enables profiling and tracing of parallel applications
- scalable to high core counts

- Interface for new metric plugins
- to record external, generic, hierarchical performance counters

Vampir 6295 830s 831s  832s
: : .lbm"b.lmwb:lb" pCLXTY
- Performance visualizer | “"M

- displays the behaviour of the application over time |

X !

- colour-coded timelines and other special displays

CRESTQ



Adding performance measurement

Score-P

- Built a new PM-Power metric plugin
- records Cray XC30 energy and power counters at application runtime
- Using user-readable counters (/sys/cray/pm_counters)

- Counters collected asynchronously to the application events
- measured at predefined frequency (~100Hz)
- stored as timestamp-value pair

- At the end of the measurement
- Timestamp-value pairs linked with application monitoring information

Vampir

- Modified to display power, energy using colour-coded timelines

CRESTQ
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Energy Measurement — Test Patterns
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Energy Measurement — Test Patterns — zoomed In
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Energy Measurement — HPL CUDA — four nodes
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Energy Measurement — HPL CUDA — first node
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Energy Measurement — Gromacs — four nodes — 4k iterations
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Energy Measurement — Gromacs — 80 iterations zoomed in
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A performance model SOON
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e Reducing the p-state lowers the energy consumption
e Byafactorof E<1 |

e At the cost of an increased runtime
e ByafactorofR >1

e Is this a good thing?
e Thatis, economically viable

e Energy is only one part of the system cost
e Energy costs C per year
e The initial capital costis S
e depreciates over system lifetime T
e Typically, ¢/ =~ 5%
e Would normally run N jobs in this time
e Increased runtime means fewer jobs run
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A performance model

e A simple model captures this:
e Running at the highest p-state, cogt per job:

KO=_+_

e Running at a reduced p-state, cost becomes:
SR CE

K, =
- LTNT TN
e Payback time is when K; becomes less than Kj:
R—1 S
T, , > X —
Pb=1_E"¢C

e For the MG benchmark, R ~ 1.05 and E =~ 0.85

e SO0 T,y = 6.7 years
e much longer than typical system lifetime
e So reducing the p-state is not yet worth it
e but hardware will improve and energy prices may rise
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Conclusions

e Users can now measure energy consumption of their
applications on Cray XC systems
e At least for node-specific components

e Tuning for different metrics is (quasi-) independent
e Runtime; Energy consumption; Power; Performance:power ratio

e Real applications need energy/power tracing
e Score-P/Vampir has been adapted to do this

e Current CPUs don't justify using a slower clockspeed
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Do you have any questions?
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