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Why benchmarking? — 1

Is there any sense in benchmarking?

Because:

— “One of the top capability machines in the world”. (IBM, BG/P)

— “HP BladeSystem Servers lead with 35% of systems in the TOP500”. (HP)

— “Appro is uniquely positioned to support High-Performance Computing
markets”. (Appro)

— “The Cray XT5™ gystem combines unprecedented sustained application
performance...”. (Cray)

They are ALL the best you can get. So why worry?
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Why benchmarking? — 2

Well, maybe a little benchmarking ...

NEC SX-8 Intel Clovertown

Operation Length (Mflop/s) (Mflop/s)
X=X+ By 1,000 3644 5102
10,000 6976 2439
10,000,000 7767 379
X=Y+X_ 1,000 2951 880
10,000 246 885
10,000,000 253 148

It seems that some computers are sometimes more best
than others.
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The ideal benchmark

The Holy Grail in benchmarking would include properties like:
— Uncovering all relevant machine behaviour

— Easy and fast to run

— Giving one figure of merit

The last property would be great for ranking machines.
However ...
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Reasons for benchmarking — 1

There appear to be three main reasons for benchmarking:
1. Benchmarking for selling systems

2. Benchmarking for buying systems

3. Benchmarking for knowledge

The latter two reasons do not exclude each other.
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Reasons for benchmarking — 2

Characteristics of benchmarking for selling systems:

— Tries to adhere to “standards”
— Event-driven

Advantages:
— “Standard” benchmarks can be easily compared with competition
— Benchmarking effort can be minimised (but see later)

Disadvantages:
— “Standard” benchmarks are often not very informative

— Much benchmarking has to be repeated again and again because
projects are unrelated.
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Characteristics of benchmarking for buying systems:

— Often occurs on an ad-hoc basis
— Event-driven

Advantages:
— Closely matches needs of the buyer (hopefully)
— Benchmarking effort can be minimised (but see later)

Disadvantages:
— Benchmark is often moving target
— Results often difficult to compare/interpret
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Reasons for benchmarking —4

Characteristics of benchmarking for knowledge:
— Tries to relate system properties and benchmark results
— Tries to interrelate benchmark performance results

— Tries to interrelate benchmark performance and performance of
applications

Advantages:

— Systems can be compared with some justification
— Might be basis for performance predictions

— Generates knowledge about the system

Disadvantages:
— Gives no exact answers for specific applications
— Will always be in development

#1'"C Research
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Benchmarking for knowledge — 1

Benchmarking for knowledge can minimise/rationalise
the benchmark efforts of the buyer (and consequently, the
vendor).

Over the years many attempts are made to devise a good
synthetic benchmark that uncovers all or most important
system properties.

Recent/current examples:

— EuroBen

— HPCC

— NAS Parallel Benchmarks (NPB)
— SPEC
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Benchmarking for knowledge —2

A good synthetic benchmark should adhere to the following
properties:

— Programs should not be too low-level (e.g., measure cache latencies)

— Programs should not be too complicated (interpretation of results becomes
Impossible)

— Programs should yield results for fundamental operations

— Programs should span important basic algorithms (based on fundamental
operations)

— There should be a certain amount of redundancy (because of operation
context)

— Basic algorithms should span most of the important application areas

So a certain amount of hierarchy is involved.

#1'"C Research
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An (incomplete) characterisation of application areas with
respect to algorithms was already given in 1987 by the NSF:
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1. Sparse linear solvers

2. Linear Least Squares (direct & iterative)
3. Non-linear Algebraic solvers

4. Sparse Eigensolvers (normal & generalised)

5. Fast Fourier Transforms

6
/
8

. Fast Elliptic solvers

. Multigrid algorithms

. Stiff ODE solvers

9. Monte Carlo algorithms
10. Integral Transforms
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Benchmarking for knowledge —4

In how far do the synthetic benchmarks mentioned have the
properties we need?

Euroben:

Pro:

— Simple to run; short duration
— Internal correctness check

— Measures basic operations and algorithms. Possesses the
desired hierarchy
— Has implementations with OpenMP and MPI

Con:

— Lots of output; result is not one figure of merit

— Lacks good I/O operation measurements

— Lacks basic algorithms for Molecular Dynamics and Bio-Informatics
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HPCC:
Pro:

— Finds useful lower/upperbounds of some system metrics
— Simple to run; short duration
— Internal correctness check

Con:
— Not easy to relate all metrics to actual performance

— Result is not one figure of merit
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Benchmarking for knowledge —6

The NAS Parallel benchmark (NPB)

Pro:

— Reasonably easy to run

— Addresses the CFD area well

— MPI1 and hybrid implementation available

Con:

— Codes, even the kernels, are too complicated to interprete results
— Too much geared to one application area

— No single figure of merit
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The SPEC benchmark (but which?)

Pro:

— Very rigorous run rules

— Wide variety of programs
— Results widely distributed

Con:

— Very rigorous run rules

— Wide variety of programs

— Codes much too complicated to interprete results
— HAS one figure of merit
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Work in progress ... —1

In PRACE, Workpackage 6 is involved in the software aspects
of Petascale systems — including benchmarking.

This entails:

— Selection of “example codes” from different application areas

— Porting, optimising, benchmarking these codes for prototype systems
— Devising a synthetic benchmark to complement these example codes

So, are we now in the same situation as with SPEC and the
NPB?

Not entirely. But still much to do.
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Work In progress ... =2

So what are we to do? EuroBen Sparse Solver codes

POWERS, 32 cores; BG/P 128 cores; SX-8, 1 processor

Synthetic benchmarks s

seem to have their use:
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Mflop/s
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Work in progress ... — 3
Clearly we can confirm/ EuroBen 1-D FFT
discover SyStem Cray X2 & IBM P6 with cache, NEC SX-8 without cache
behaViourforbaSiC R R IR R
algorithms: 6000

— Vector cache of Cray X2
runs out for > 2'° elements
—ForN>2"°IBMrunsout  §
of L3 cache =

— Array copies noticeable
on IBM (and Cray) 2000

| —— NEC SX-8, 2.0 GHz
Crary X2, 1.6 GHz P
—— IBMPOWERS6,4.7GHz | | i N
10° 10* 10° 10

Vector Length
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Work in progress ... — 4

Wish/work list for PRACE WP6 (and beyond):

— Continuously adapt synthetic and application benchmarks
(synthetic benchmark starts on basis of EuroBen benchmark, SkaMPI
benchmark, and IOR benchmark)

— Extend the amount of platforms to port them to (e.g.,
computational accelerators, many-core processors)

Above all:
We need a tool to model application performance on the basis
of the results from the synthetic PRACE benchmark.
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Work in progress ... =5

Such a tool will enable us to do more general performance
predictions:

FFT Synthetic BM
- results
system A

Analysis EigenSolver

HW Independent

Application

MPI_Sendrecv

MPI_Barrier
MPI_AllReduce

Miscelaneous

Y

Performance
model on A

It will also enable us to pose “what if” questions.
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Work in progress — 7

The idea is far from new:

G. Kempf, A.J. van der Steen, C. Caremoli, Wei-Ying Thang,
Simulation of scientific programs on parallel architectures,
Proc. HPCN '96 Conference,Brussels,

Lecture Notes in Computer Science 1067,

Springer Verlag, Berlin, April 1996, 536—546.

This work was done with Electricité de France on a five of
their applications written in Fortran 77/PVM.

Simulation and run time differred by < 12% on three
parallel platforms.
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Developments, obstacles — 1
What abQUt axpy Operation
computational 200.0 1 VearSpeed processor, SDK Rel. 224
accelerators?
We have systems with. LRSI
1500 i
o
— ClearSpeed _
—_ GPU E‘ 100.0 .............................................................................
— FPGA © I IR
accelerators. 500 A
00 - 3 5 6
10 10 10 10 10

Vector length



2 ]

NCF PRACE #1'"C Research

Developments, obstacles —2

However, data has to be shipped to/from accelerator.
Optimal transfer schemes will vary with speed on accelerator!
DGEMM on 1 ClearSpeed processor

0 1 )
i)
55 = S—— 55
'{'r' Data resident on accelerator
S0 50
45 45
Modeled performance for hypothetical
double-speed host transfers
1] 4
a5 35
o
B
Q 30 30
E Data transfored over
25 PLI-X bus from host 28
20 20
16 15
10 8 11 ]
5 5
0
1 Fl 3

seconds
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Developments, obstacles —3

How do we deal with
multi-core processors?

It turns out that system
interrupts are handled
primarily by one

core (of 4), resulting in a
loss of 10—15% In
performance.

(T. Scogland, Proc. SCO08,
Austin, 2008.)

Sparse Matrix—vector multiply (CRS format)

AMD Barcelona,; 2.3 GHz; HyperTransport 1.1

2000

1500 |

Mflop/s

500 [

1000 |-

1 core/proc.
4 cores/proc.

100

1000
Matrix order
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Benchmark practice — 1

How would a full benchmark procedure look like with the
iIssues we just discussed?

It could perhaps have the following structure:

1. Analyze a significant subset of applications in terms of
contributing algorithms (set A )

2. Look at absolute speed and efficiency for these contributing
basic algorithms (synthetic benchmark!)
3. Possibly adjust the application set (set A)

. Run each member of the set separately
5. Run a predefined schedule of members of A, in throughput mode

TN
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“T1

Result of a throughput benchmark to assess delays and
iInfluence on individual program run times:

Bull/256p - Actual Throughput

M Run
W Wait
I/ Submit

Job

0 3600 7200 10800 14400

Time in seconds



2 ]

L
=

PRACE 131" Research

The End
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Thank you for your attention
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