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Motivation

You want to run your application on a new or modified system
Questions you will ask yourself: How is my code going to perform?
What should I change?
Energy is expensive; how much does my application consume?
Programmers will need access to that machine to optimize your
application; this is expensive and a waste of resources

Franz Christian Heinrich Introduction 2 / 23



Evaluate the system

Our approach allows you to evaluate the performance (and energy
consumption) of an MPI-based application using only a single
node.

Quick overview:
1 Obtain a platform model

How does MPI perform on this platform?
2 Run the application on one node, all cores

We’re interested in the interference of MPI processes (memory
contention; contention on L1-L3 caches)
Measure the energy consumption

3 Run the application on one node, one core
Measure the energy consumption

4 Feed measurements / platform model into simulator
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Simulation with SimGrid

Timed Trace
[0.001000] 0 compute 1e6 0.01000
[0.010028] 0 send 1 1e6 0.009028
[0.040113] 0 recv 3 1e6 0.030085

[0.010028] 1 recv 0 1e6 0.010028
...

time slice

Visualization

Paje

TRIVA

<?xml version=1.0?>
<!DOCTYPE platform SYSTEM "simgrid.dtd">
<platform version="3">
<cluster id="griffon" prefix="griffon-"
               suffix=".grid5000.fr" radical="1-144"
               power="286.087kf" bw="125MBps" lat="24us"
               bb_bw="1.25GBps" bb_lat="0" sharing_policy="FULLDUPLEX" />

Platform Description
DownUp DownUp DownUp DownUp

10G
1G

1−39 40−74 105−14475−104

13G

10G

Limiter

... ...... ...
1.5G
1G

Limiter

DownUp

Simulated Execution Time
43.232 seconds

Model the machine 
of your dreams

mpirun 
tau, PAPI 

Trace once on a

simple cluster

SMPI
Simulated or Emulated 

Computations

Simulated 
Communications

Time Independent
Trace

0 compute 1e6
0 send 1 1e6
0 recv 3 1e6

1 recv 0 1e6
1 compute 1e6
1 send 2 1e6

2 recv 1 1e6
2 compute 1e6
2 send 3 1e6

3 recv 2 1e6
3 compute 1e6
3 send 0 1e6

Replay the trace
as many times as

you want

MPI Application

On-line: simulate/emulate unmodified 
complex applications

- Possible memory folding and shadow execution
- Handles non-deterministic applications

Off-line: trace replay

SimGrid: an open source framework for building simulators.
Key features: Hybrid LogGP / fluid network models; accounts for
contention and (possibly complex) topologies!
Offline / online simulation of real (unmodified) applications
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Offline / Online
Off-Line

    - P5: MPI_Recv at t=0.872s
    - P3: MPI_Wait at t=0.881s
    - P7: MPI_Send at t=1.287s
    - P5: MPI_Recv at t=1.568s
    - P7: MPI_Send at t=2.221s
    - P0: MPI_Recv at t=2.559s
    - P3: MPI_Wait at t=2.602s
    - P0: MPI_Send at t=3.520s
    - P1: MPI_Recv at t=4.257s
    - P2: MPI_Recv at t=4.514s
    - P6: MPI_Send at t=5.017s
    - P7: MPI_Recv at t=5.989s
    - P6: MPI_Recv at t=5.997s
    - P4: MPI_Send at t=6.107s
    - P6: MPI_Recv at t=6.534s
    - P2: MPI_Send at t=7.152s
    - P4: MPI_Recv at t=7.754s
    [...]

t

On-Line

P0 P1 P2 P3 P4 P5 P6 P7

t
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Past results

MPI :
Validation at small scale (multi-node,
single-core), also with
real applications (BigDFT,
Ondes3D, . . . )
Scalability demo with toy
benchmarks
Accounting for the network topology
and contention
Different software stacks such as
OpenMPI, MPICH, . . . supported

StarPU :
Hybrid node (Multi-GPU+multi-core)
dense matrices
Small multi-core sparse matrices

Topology: ● ●star torus Kernel sampling and memory folding: ● No Yes
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Contribution 1: Problem

Problem: No energy model. It should be application-dependent.
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Contribution 1: Solution (1/2)

Our solution allows users to account for different frequencies,
hosts and applications

Average idle consumption (Pidle)
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Pi,f ,w (u) = Pstatic
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i,f ,w × u

Franz Christian Heinrich Our contribution 8 / 23



Contribution 1: Solution (2/2)

Very simple (but effective) energy model on per-host basis.
<host id="taurus-1.lyon.grid5000.fr" speed="20000"

core="12">
<prop id="watt_per_state"

value="94.53:120.75:214.75,94.62:119.38:207,
..."/>

<prop id="watt_off" value="10" />
</host>
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Contribution 1: Outcome

NAS−EP ● Reality Simulation
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Contribution 2: Problem

Previous benchmark (NAS-EP) uses almost no communication.
What about more complicated applications?
NAS-LU uses collective communications and is memory bound
Applications often contend e.g., on L1 or L3 cache

NAS−LU ● Reality Simulation (uncorrected)
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Contribution 2: Solution

We unbias by computing speedup factors through trace alignment
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Contribution 2: Outcome

NAS−LU ● Reality Simulation (corrected) Simulation (uncorrected)
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Contribution 3: Problem

HPL is more complicated than this. Two main issues:

1 HPL sends many large messages from rank to rank.
 faster intra-node communications should be accounted for

HPL ● Reality Simulation (loopback same as ethernet)
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Contribution 3: Problem (2/2)

2 Makes heavy use of MPI_Iprobe in order to run computations
while waiting for data.

But Iprobes do consume significant amounts of energy!
We hence cannot ignore Iprobes!
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Contribution 3: Solution

1 Calibrate loopback usage by sending local messages

Loopback model

(10GB Ethernet model)
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2 Iprobe issue is simple: Scale CPU usage while iprobeing via
parameter --cfg=smpi/iprobe-cpu-usage (for us: 0.61)
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Contribution 3: Outcome

HPL ● Reality Simulation (calibrated) Simulation (loopback same as ethernet)
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Validation
NAS−EP ● Reality Simulation
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Limitations

Only regular MPI applications; no OpenMPI!
Only one model for the whole app - we need to find out if app has
phases with significantly different power consumption, collect this
data and inject it into the simulator
The unbiasing (as used for NAS-LU) is a bit of a hack: For
applications that wrap these MPI-calls, one needs to inspect the
whole call-stack
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Scalability results

Emulation is very slow; with 144 processes and input size
20,000, HPL takes hours but real execution takes 20 seconds
Solution (for regular apps):

1 Exploit regularity by sampling kernels (automatic / on-the-fly) or
manually modeling computation kernels;

2 Tweak memory allocations (especially for large-scale simulations)
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Scalability results (2/2)

HPL Reality Simulation

Matrix Size: 20,000
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Future work

Further validate and strengthen this approach by investigating
other apps
Try to re-obtain some of the results from the Top500 / Green500!
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Thank You!

Thank you for your attention!1

Contact: franz-christian.heinrich@inria.fr

1If you’re interested: Our experiments, scripts, notes, figure generation code, ... is
available online at https://gitlab.inria.fr/fheinric/paper-simgrid-energy
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