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Overview (O630p)

* It is important to know how
well supercomputer codes
will work

» Software lifetimes could be
20+ years, but how well
will a future computer run
today’s software?

 How do we know the
supercomputer we are
thinking of buying will run
our codes until we actually
build and pay for it?

 BaXXHO NOHMMAaTb, HACKOJILKO

Xopowo 6yayT pabotatb
CYyNnepKoOMNbITEPHbIEe
nporpamMmmbil

Cpok cnyx0bl nporpaMMHOro
obecneyeHUs1 MOXeT AOoCTUraThb
20 + neT - HacKoONbKoO
yAoBneTBOpUTEribHO byaeT
paboTtaTb KOMNbIOTEP OyAayLlero
C CEerogHsILUHNM NpPorpaMmmMHbIM
obecneyeHuem?

OTKyAa Mbl 3Haem, 4YTo
CynepKoMnbrTep, KOTOPbIA Mb
cobupaemcs npuobpectun, obyaer
BbIMOJIHATb HALIU NPOrpaMmmbl K
TOMY BpPEeMEeHMU, KaK Mbl ero
AEeNCTBUTESNIbBHO NOCTPOUM U
BbINMaTUM €ero CTOMMOCTb?
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Example (Mpumep)

Project to build a 65536
processor supercomputer

Build first 512 processors
Project full size with math
Finally commit to full size

lNMpoekT nocTpoeHusn
cynepkomMmnbroTepa ¢ 65536
npoweccopamu
NMocTpoeHune nepBbIXx 512
npoLeccopoB

lNnaH nocTpoeHuns NosHOro

cynepkoMnbioTepa ¢
MaTeMaTuyeckum obecrneyeHmem

OKoH4aTenbHoOe pelueHue no
NOCTPOEHMIO CynepKoMMnbioTepa

Bpems ogHoro uukna (cek)

Time for 1 cycle (s)
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Figure 22. SAGE Performance (timing h) on BG/L
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Applications ([puknagHble 3agayn)

* First pick representative * NMepBoHa4anbHbIN BLIGOP
applications: penpe3eHTaTUBHbLIX TUNOBLIX

—_ Heavy ohe-node NPUKNagHbIX 3agad
floating point, perhaps - 3arpyxeHHasi ogHoy3noBas
Monte Carlo nnasatroLlas 3anaTas,

— Heavy memory Hanpumep, MoHTe Kapno
bandwidth, perhaps - 3arpyXeHHbI1 AnanasoH
radiation transport 4yacTOT NaMsATU, HaNnpumep,

— Heavy long distance nepeHoc paanauun
communications, - 3arpyeHHasi AMCTaHLUMOHHas
perhaps FFT or image NIMHUSA CBA3N, Hanpumenp,
processing... BN®, unu obpaboTKa

n3obpaxeHus...
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Develop Model (Pa3paboTtka monenwu)

» Simple case: finite * MpocTon cnyyvan: KOHe4YHoe
difference equation AnddepeHumnanbHoe
ypaBHeHue

« Each node holds nxnxn

grid points « Kaxabiv y3en coaepxuT

NnxXNxNn TO4YeK MaTpulbl

Totep = 6 n? Choytes Thyte ¥ n3 Fgnind/floprate

Face-to-face

n Volume N2 cells
n3 points
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~
| ' Realistic Factors (IpakTnyeckue pakTopbl)

 Parameterize problem - Onpepenute napameTpbl
— Size of problem 3aaatin
. . - Pa3mep 3apgaum
— Size of machine P 3aA

- Pasamep maluHbI
* Model message

transmission as packets * MopennpywnTe nakeTHyto
y nepepayvyy coooueHus ¢

with a startup time and BpeMeHeM nycKa U
time per byte CKOpPOCTbIO Nepenaum 6anTa
* Model time to copy data to - MogenupyiTte Bpems
message buffers KOnMpoBaHUs AaHHbIX B
- Model network topology, Oydbep coobuiehus
but only if matters * B cnyyae HeobxoaumocTw,
MoAenupymnTe TONosiormro
cetn

i
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Model Load Balance
(Mogenb 6anaHca Harpyskm)

* Assume F_; ;) has a mean (
and standard deviation

* Tgo, Will be time until slowest
nocre finishes

* Inverse cumulative normal N <
distribution ®1? nodes

* MpeAanonoxum, yto F ;)
umeeT cpeaHee U
cTaHAapTHOE OTKINOHeHue

* Tqep OYAET BpEMEHEM \
OKOH4YaHUsA camMoro (& J
MeANneHHOoro y3na Y

* O6paTtHas dyHKUms Actual T,
HOpPMarnbHOro

pacnpegeneHus @17 (PakTuyeckoe) Tstep

Sandia
National
Laboratories

y3noB




4,.

Calibrate Values (Kannbpyurte 3HauyeHus)

* Pick a representative data
set

— Example: Two gasses
colliding at centerline of
unit cube

« Adjust parameters in
model to match observed
data

— Example F;., mean and
standard deviation

* Bbibepute Habop TMNOBbIX
AaHHbIX
— Mpumep: lBa rasa
coynapsitoTCs Ha ocu
eANHNYHOro Kyba

* YcTaHOBUTE NapameTpbl
Moaenu,
COOTBETCTBYHOLLME
AaHHbIM HabnaeHUn

— [pumep F ;4 cPenHee 1
CTaHpapTHoe
OTKITOHEeHue
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Calibration Example (IMpumep kanubpoBKU)

= ~ ~

= Measured on

§ 8 ASCI Red

5 N3m HUS L.

g : ( ZS%F?GR Adjusting
< Ha ed) / mean F
g controls
0'8)' 4 Adjusting Fgon vertical

\; 4, variance controls position

O slope K 6

S 2 Kanubpoeka an: poBka
‘S, pacxoxaeHus grind

= Fgrind — KOHTponupyeT
L:|)J 0| kKoHTponupyeT il K 10K BepTukarnbHoe
0 yros HakroHa norioxeHue
@) Number of Processors (Mvcno npoueccopos)

Sandia
National
Laboratories



Measurement Tools
(UsmeputenbHble UHCTPYMEHTbI)

- Measurements may be e E— VT ' '
impacted by system stability N = '
or timing noise '

* It may be necessary to
measure and compensate for
timing stability

 Ha namepeHus moxer
NOBJIUATbL CTaOUNBLHOCTb
CUCTEeMbl UITN NOMEXU
CUHXPOHU3aLUN .

 BO3MOXHO, npuaeTca 0 100 200 300 400 500
U3MepsAaTb U Nodes
KOMMEeHCcUpoBaThb
CTaOUNBLHOCTbL
CUHXPOHM3aLUU

0.1

Slowdown (percentage)

Figure 2. Slowdown due to computational noise on a per node basis.
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New Situations (HoBble cutyauumn)

BN

N Hypothetical 1

(MTnnoteTnyeckuin 1)
GM

)

Red Storm

ali
M
i Hypothetical 2

(MnMnoteTnyeckuin 2)

=

T - o i1 K 10K

Number of Processors (Hncno npoueccopos)

=

Realized GFLOPS (BbinosniHeHHbIn GFLOPS)
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History (UcTopus Bonpoca)

« 2003 Conference on
Supercomputations at
VNIIEF

— Project to develop open
source measurement
tools

— Project to enhance code
libraries of general
interest

— Project to develop
modeling technology

* KoHdepeHuusa 2003 roaa,

Bo BHNAN3®e no
CYynepKoOMNbLTEPHbIM
BbIYUCITIEHUAM

- MpoeKkT pa3paboTku
U3MepUTeribHbIX
MWHCTPYMEHTOB OTKPbITOMN
nnatdopmbli

- MpoeKkT MmogepHU3aLuu
OnobnuoTek nporpamm
obwero npocpuns

- MpoeKkT pa3paboTku
MoaenmpyroLwmnx
TeXHosormm
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History (UcTopus Bonpoca)

 E-Mail Contact

— Several questions,
answers, and counter
proposals

« Status

— Modeling technology has
greatest mutual interest

— Measurement tools may
become a task of third
item

* KOHTaKTbI N0 35IEKTPOHHOM
noyrte

— HeckonbKo BOnNpocoB,
OTBETbI U
KOHTpNpeanoxeHus

« CocTOosiHUe Ha cerogHsALWHUMN
neHb

— MNMoBbICcUNCHA B3aUMHbIU
UHTepecC K
MoaenupyroLwmum
TeXHONOoMrmam

— UsmepuTenbHbIie
MHCTPYMEHTbI MOTyT CTaTb
3apadeun TpeTbero nyHKTa

i

Sandia
National
Laboratories



Agenda Iltems ([TyHKTbI NOBeCTKU OHA)

 Have agreed in principle to
study interconnect topology;
discuss details

« Have agreed in principle to
study “global
communications”; discuss
other types of
communications

» Sergey Stepanenko
apparently wrote a paper in
2002 regarding some existing
Russian work; discuss paper

 EcTb npuHunnunanbHoe

cornacuve n3y4vyeHus
TOMOJIOrMU COeAUHEHUN;
obcyxaeHve aetaneu

EcTb npuHUMnunanbHoe
cornacuve n3y4vyeHus
«rrnod6anbHON CBA3UY;
obcyxaeHune apyrmx TMnos
CBSAI3U

Cepren CtenaHeHko B 2002
rogy Hanucan ctatbio No
cywecTByrowmMm Poccumnckum
paboTam; obcyxneHue
cTaTbM
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Agenda Iltems ([TyHKTbI NOBeCTKU OHA)

* Open question about types of

algorithms to study

— Need a representative set of
algorithms to span the space

of likely applications

— Applications must be non-
sensitive and/or publicly

available

— To be discussed with Yuri

Bartenev in Vienna

* OTKpbITbIX BOMPOC O TOM, Kakue
TUNbI anNropMTMoB He06xoanmMo
u3lyvaTb

— HyXeH penpe3eHTaTUBHbIN

Habop anropuTmos,
OXBaTbIBakOLLMN LLMPOKUN
Anana3oH BO3MOXHbIX
npuKNagHbIX 3apav

NMpuknagHble 3agaym He
OOJKHbI coaepXaTb
KOH(pmaeHUManHOMn
nHcdopmaumm N/vnunm [ONMKHbI
ObITb OOLWECTBEHHO
AOCTYMHbLIMU

Bonpoc Heobxoanmo
obcyautb B BeHe ¢ FOpuem

BapTeHeBbIM
Sandia
National
Laboratories



X

genda ltems ([TyHKTbI NOBeCTKN OHA)

« US Labs (LANL) has  AMepuKaHcKune
written and released to na6oparopun (J1IAHI)
Web an additional paper Hanucanuv v BbICTaBUJIN Ha
on similar material; Web pononHuTtenbHbIe
discuss with Yuri Bartenev CTpaH1UbI NO

aHanorn4yHbIM
MaTtepuanam; oocyauTtb C
IOpuem bapTeHeBbIM
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?‘ pecifications From S. Stepanenko

(TexHn4yeckue ycnosusa ot C. CtenaHeHKoO)

« Examine and measure * [lpoBepuTb N NpoBECTU
architectures with U3MepeHUss apXUTeKTypbl C
communications TOMOJNIOrMAMU CBA3M,
topologies including 1D, Bknro4vasa 1D, 2D, 3D Torus,
2D, 3D Torus, hypercube, rmnepkyo, «crossbar» n
crossbar, and fat tree «fat tree»

« Examine global * [lpoBepuUTL WABMOHBI,
communications patterns, rnodanbHOM CBA3U, TaKUX
such as KakK

— All-to-all, all-to one, — O6Lwan cBA3b,
broadcast LUIMpOoKOoBeLlaHue,
LeHTpanM3oBaHHas
CBfi3b
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*‘ pecifications From S. Stepanenko

(TexHn4yeckue ycnosusa ot C. CtenaHeHKoO)

* Models of Applications

— Choose a
representative set of
applications, such as
non-sensitive
SWEEP3D

— Calibrate model with
measurements

 MogenupoBaHue
NpPUKNagHbIX 3apad

— BbIOOp
penpe3eHTaTUBHOIo
Habopa npukKknagHbIxX
3a4av, Takux,
HanpumMmep, KakK He
KOHpnaeHUnanbHbIN
npoekt SWEEP3D

— KanubpoBka moaenu
U3MepeHnamMu
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