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Single- to dual-core comparison

Jaguar
Code Problem -SN -VN -SN/-VN,
AORSA 4096 procs; | 82 .08 min | 87.66 min 03.6
350x350 grid
LAMMPS | 4096 procs; 5756.5 5834.4 08.7
oKatoms | nsec/day | psec/day
GTC Benchmark; | 30,60 min | 32.08 min 05.4
4800 procs
POP 614dpes 13.83 secs | 16.87 secs 82.0
eg
CAM S0 PSS 3.68 3.29 89.4*
simyrs/real day | simyrs/real day
HYCOM Benchmark; | 2188.2 sec | 2709.6 sec 80.8
385 procs
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Evolution of the multi-core processor
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Evolution of the multi-core processor
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Evolution of the multi-core processor
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Evolution of the multi-core processor

To network

P

Cache Cache

Memory

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE
8




Evoluton of the |-core
& CPU CPU
& Cache Cache

l CPUJ PU
g 5 \Cache | | Cache .

eSSOL

CPU

&y

(Caoney

=

CPU

‘ Cache

Cache / i %

Wesag U

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

UT—BA'I_I'ELLE
9




Getting the most out of
multi-core processors

“Expose more parallelism.”

Any questions?
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Getting the most out of
multi-core processors

“Pass the buck.”
- R Barrett
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Looking forward:

e Compute Node Linux (CNL )

e Hybrid programming.

— Intra-processor MPI within node.

e Process placement controls.
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In the meantime...

e Any optimization efforts same as for any other
machine.

— Write cache-aware code, with lots of re-use.
— Aggregate inter-process communication by a process.

— See Mark Fahey’s SC06 poster.

e http://nccs.gov/news/workshops/fy0O6éuser
smeeting/pdf/xt3-tutorial.pdf
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What should your code look like?

NetCDF

WVia

Funte Element for ﬂectmy
e SLAC support

/

Crega3P
vila

IeshFonmat
ParMETE
r//——f_* Vil
Disthesh ———— o Zadltan
V13
superLlT DI T
[ P & PARPACT/ARPACE
¥ \; BLAS/BM E55L
Wastom 5 pame Matnx Package
WML
V197
BLACS
Ravaguids MUMPS Sl
V432 = T ————* ICALAPACKE
Itemtve Termplake Libiary LAPACTE
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Why should your code look like that?

« Built in flexibility: Metis, Zoltan, etc:
* Multi-level partitions: by PE, then by cores.

* Let someone else deal with the complexity
¢ Multi-core aware?

* Reduced precision:
 ScaLAPACK, MUMPS, ...
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Omega3P
Reduced precision in MUMPS

Problem Number of  Factorization  Triangular Solver EigenSolver Memory
Size eigen-pairs (second) (Multiple Calls)(s) (second) (GB)
614636 9 43.6 20 90.2 9.3
40.6 117.4 185.9 4.8

1408976 11 127.5 61.9 236.8 57.3
124.9 349.1 512.8 29.7

2364056 1 118.4 9.6 129.3 75.5
113.4 521.5 170.6 41.2

3095880 9 244.2 Sl 293.8 155.3
235.9 201.9 450.1 82.3

17283488 8 —- — - -
1907.3 14091.9 16257.5 342

Reduced precision; regular dp.
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Use tools to understand issues

 Memory and network contention views?

» Tools are process (thread) aware.

 Cause and effect view

Tool developers need hooks to information.

e MPI profiling layer, OPARI
e HPCS languages?

* Need OS support.
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Case study: AORSA

Metric: GET_TIME_OF_DAY [ /Users/rharrett/Desktop /tau/AORSA/350x350 jaguar iter.350x350.4096pes.sn.Joops.ppk - Mean
Value: Exclusive B /Users/rharrett/Desktop/tau/AORSA/350x350 jaguar iter.350x350.2048pes.dc.loops.ppk - Mean
Units: seconds

15303 s
g ——————— b

l 4133 ; 01 9= Loop: OL_MYRA_MOD::QL_MYRA_WRITE [|/spin/home, rbarrett/AQRSA_PROJ /WORK /ACRSAZD)/src/qlmyra.f} {354,7}-1696,

9711
05 —

164.46 i
715 B MPIAllreduce()

88.068 O

8511 B Loop: AORSAZD_STIX2 [{/spin/hame /rbarrett/AORSA_PRO)/WORK /AQRSAZD src/aorsa2dMain.f} (4155 ,2)-{4879,7}]
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Case study: AORSA

Metric: PAPI_FP_OPS | GET_TIME_OF_DAY O Users/rbarrett/Desktop /tau/AORSA/350x350 /jaguar/iter.350x350.4096pes.sn.loops.ppk - Mean
Value: Exclusive [ | fUsers/rbarrett/Desktop/tau/AORSA/350x350 jaguarfiter.350x350.2048pes.dc.loops.ppk - Mean
Units: Derived metric shown in

microseconds format

35783 | |
3515.7

ADRSAZD_STIXZ

11113[112 |ﬁl Loop: SIGMAD_CQL3D [{/spin/home /rbarrett/AORSA_PROJ /WORK /AORSAZD/src/sigma.f} {256,10}-{291,15}]

}gg;; % Loop: AORSAZD_STIX2 [{/spin/home /rbarrett/AORSA_PROJ/WORK /AORSAZD/src/aorsa2dMain.f {3712,7}-{3717,12}]

3 T E— : :
807.63 Loop: AORSAZD_STIX2 [{/spinfhome /rbarrett/AORSA_PRO)/WORK/AORSAZ2D/src/aorsa2dMain.f} {3719,7}-{3724,12}]

792.1 ] | . :
78625 Loop: AQRSAZD_STIXZ [{/spin/home rbarrett/AORSA_PRO)/WORK /AORSAZD /src/aorsa2dMain.f} {3102,7}-[3267,12}]

70254 ] | . .
658.15 Loop: AORSAZD_STIXZ [{/spinfhome rbarrett/AORSA_PRO)/WORK/AORSAZD/src/aorsaZzdMain.f} {5572,7}-{5583,12}]

664.88 [ . |
663.04 Loop: AORSAZD_STIXZ [{/spin/home rbarrett/AORSA_PRO)/WORK /AQORSAZD /src/aorsa2dMain.f} {2970,7}-[2975,12}]

660.73 o | . .
659.62 S Loop: AORSAZD_STIXZ [{/spin/home rbarrett/AORSA_PRO)/WORK /AORSAZD/src/aorsaZzdMain.f} {3008,7}-{3013,12}]

644.14 [l | : :
615.33 Loop: QL_MYRA_MOD::QL_MYRA_WRITE [{,/spin/home /rbarrett/ AORSA_PRO)/WORK /AORSAZD/src/ql_myra.f} {354,7]-{696
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Case study: HYCOM

Metric: GET_TIME_OF_DAY = JUsers/rbarrett/Desktop/tau/hycom /jaguar/hycom.5SN.ppk - Mean
Value: Exclusive . JUsers /rbarrett/Desktop/tau/hycom /jaguar/hycom_3 85 SAMEER.ppk - Mean
Units: seconds

579.69

703.54 MOMTUM

. e — | ;
538.14 MP1_Waitall{)

659.8

3459 )
35448 e ————

235.77 sl
24.176 =

198.12 |l
255,56 — VT

193.99 bl )
2036 Dmm—— MOD_ADVEM::ADVEM_FCT2

173.06 [l
173.55 — OO

92.034 (e

MXKPRFA)

272.4 MPI_Barrier{)

69.153 [ i
88.976 [ "OD-XC:XCTILR

63.084 4 )
106.63 (mmmmm MOD-ZA::ZAIORDD

62.817 ]
79.073 o MFI_Allreduce()
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Case study: HYCOM
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Sotfware

e Languages:
— UPC, CAF
— HPCS
e Tool developers need hooks to information.
— E.g. MPI profiling layer, OPARI
e Message passing pre-processing:

— Anthony Danalis, Ki-Yong Kim, Lori Pollock, and Martin
Swany, "Transformations to Parallel Codes for
Communication-Computation Overlap", Proceedings of
IEEE/ACM Conference on High Performance Computing,
Networking, Storage and Analysis (SC05), November, 2005.

e Compiler responsibilities?
— Scheduling memory access, inter-process communication
— Hyperthreading
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What do we need for multi-core?

e Software with single processor performance.
e Libraries with single processor performance.

e Tools that scale.

e Tools that show us what’s happening, and
effects of our efforts.
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Conclusion

"You can optimize some of the codes all

of t
of t
of t

ne time, and all of the codes some
ne time, but you can not optimize all

ne codes all of the time."

Requires understanding app goals,
algorithms, code, architecture,
languages, libraries, compilers... try
things.
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