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PUKnagHbie nporpaMmmbl U KOMIMNbHOTEPHaA TEXHOJ10InNA

[Mpon3BOANTENBHOCTb [MpuknagHble TexHonorug
CUCTEM nporpamMmmbl
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PocT ckopocTu BbIMUCIIEHUN U pelleHne 3apa4

MUNPOBOIoO KiinMmaTa

1 3etacpnon «__

100 Ok3adrion «——__

/

1 Ok3adhnon +——

/'
10 MNeTadnon \

100 Tepacbnon<

e

10 N'vradonon «—

3agava MacwTtabupoBaHue
AHcambnu, cueHapumn 10x [MocTbligHO
napannenbHoe
[MpoOomKNTENBLHOCTb bornbliee Bpems
100x obcyeTa

Bonee cnoxHble
donanyeckmne 3agaudn

HoBble napameTpusaunm
100x

bornee cnoxHbie
donsnyeckume 3agadm

[lonHOTa Moaenu
100x

MpocTpaHCT. paspelueHne
104x (103x-105x)

Pa3spelueHne

icnonb3ayemble knacTtepbl

(100 yanoB, agpeKkTUBHOCTb 5%)

Ref. “High-End Computing in Climate Modeling,” Robert C. Malone, LANL, John B.
Drake, ORNL, Philip W. Jones, LANL, and Douglas A. Rotman, LLNL (2004)
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i FLOPS Increases for Global Climate

1 Zettaflops «__

100 Exaflops <

/
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10 Petaflops \

100 Teraflops <

1 Exaflops

10 Gigaflops +—

Issue Scaling

Ensembles, scenarios Embarrassingly

10x Parallel
Run length Longer Running
100x Time
New parameterizations More Complex
100x Physics
Model Completeness More Complex
100x Physics
Spatial Resolution Resolution

10%x (103x-10°x)

Clusters Now In Use

(100 nodes, 5% efficient)

Ref. “High-End Computing in Climate Modeling,” Robert C. Malone, LANL, John B.
Drake, ORNL, Philip W. Jones, LANL, and Douglas A. Rotman, LLNL (2004)
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[Npepen TennoBoro wyma

7 3rta noruueckas Heo6paTumocThb \
cBA3aHa ¢ (puanueckom

Heo6GpaTumocTbio U Tpebyer _——
MMHMMAarNbHOM reHepauum Tenna Ha
MaLWMWHHbIX UMK, 06bluHO nopapaka kT
Ha Kaxayro Heobparumyro cbyHKLMUIO.

\_ P- llaynpep, 1961 r. -

SCALING OF MOS TECHNOLOGY 97 B
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el Touku HabGniogarens,
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4 - - Kapsep Mup,
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Thermal Noise Limit

qis logical irreversibility is associatk e

with physical irreversibility and />:—_f___f
requires a minimal heat generation, per —
machine cycle, typically of the order of ==
kT for each irreversible function.

- R. Landauer 1961
N -

SCALING OF MOS TECHNOLOGY 07 e T

P G “helper line,” drawn OD
P of the reader’s focus

5 because it wasn’t

/.// important at the time of

5 ; - writing
- Carver Mead, Scaling of
v{ MOS Technology, 1994
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Semiconductor Roadmap
KapTa pa3Butusa nonynpoBoAHUKOB

TEAR OF PRODUCTION 2050 2013 201a
DRAM 12 PITCH fnm) 45 32 23
WSPLT 7 ASTC 2 PITCH (nm) i0 33 25
WPLU FUNIED GATE LENGTH fnm) 23 18 13
MPI] PHVEICAT (vATE T ENGTH fnm) 18 i3 2
Physical gate length high-performance (HF) (nm) [1] 18 13 9
Eguivalent physical oxide thickness for high-performance Toy (EOT)( nm) [2] 0508 0406 0405 |

Grate depletion and gquantum gffects slectrical thiclmess adiustment factor (am) [3]

Nominal power supply voltage (Vag) (V) [3]

"]
]

- s

[e]

bV PRI I T N TSR 1 . 1 Py ¥ S, I S M, O [ S A WL DV Saad fano i FET
AW CIRFEIFRGL .".'T‘EI".'—_'L-'EFJ'L'E PRI RLE INIE LA SELY TRIFES FTO LG Lid i e L-__.l' !,J.h.-.ldl"l"” _|'_L‘_II' -

Nominal high-performance NMOS saturation drive curvent, Lug (at Vag at 23°C) (ud/jm) [7]

Required percent curvent-drive "mobility/transconductance improvament” [8] T0% 100%
Parasitic source/drain resistance (Rsd) (ol jmemmiie 110 90 a0

25% 0% 35%
Parasific capacitance percent of ideal gml 1 OOO kBT/TpaH3MCTOp
Hfgii-.;;'e'rfarr:mwe NMOS device T (Cgae m;ﬂ EES] 0.39 0.22 0.15 !
Relative device performance [13] - - 72 10.7
Energy par (WLgae=3) device switching transition (Cgae™3 *Igum,'r*f"zj (F7Device) [14] 0.007 0.002
Static power dissipation per (W/lgate=3) device (Watts/Device) [13] 9.7E08 | 1.4E-07 | 1.1E-07

Parasitic souree/drain vesistance FR_'.'dj_.'::'EI

White—Manufacturable Solutions Exist, and Are Being Optfimized

Yellow—Manufacturable Soluticns are Known

Red—Manufacturabls Solufions are NOT Known _| @
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Mpepenbl HAy4YHbIX CYNEePKOMMNbIOTEPOB

Noruka nyywero ApxuTekTypa
cnyyaas  MuKpornpoueccopa

NcTOoYHUK
aBTopuTeTa

dusnyeckum
c¢akTop

d
N

2x1024 norny. on/

MNpenen HageXxHocTn
750KW/(80kgT)

BeayLwwine pusnkn
(T=60°C TemnepaTtypa CcTbika)

/

-

100 Ok3adhnon 800 lMNeTtadnon

MueHue

CHux. 20,000 npeobp. TexHuKa c nnae. 3ansToun
norny. on. B Nnae. 3ansr. (Nnpeumnsuns 64 6uT)

3KCMNepToB

< 125611 >

CHMX. Ha nNpounss. OueHka

aonyck (4x)

OueHka 25 3k3adnon 200 MeTtadonon

HeonpepgeneHHocTb (6x) PaspbiB B Agnarpamme

4 Ok3adonon

32 NMeTadnon

YnyJleHHble ycTp-Ba (4x) OueHka

1 Sk3adorion 8 lNeTtadprion

[NonoxeHune:
80 Tepadpnion

[Mnanunp. YnedweHne
ITRS Ha 22 Hm (100x)

KomuteT akcneptoB ITRS

CynepKOMMNbLITEP pasMmepom
N ueHon «Pen ctopmy:

CHmXeHne Hanpsxe-
HUA NUTaHUS (2x)

KomuteT akcneptoB ITRS

6roaxetT US$100M; aHeprus
cetn 2 MBT; 750 kBT Ha

AVAVAVAVAV.

40 Tepadpnon

«Red Storm» KoHTpakT

AKTTUBHbI€ KOMIMOHEHTbDI
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Benchmarks
OdocTnxeHus

ASCI Red efficiencies for major codes
AdbdbexktuBHOCTb ASCI Red AN OCHOBHbIX NMporpamMmmMm

=
o
o

p

-\ —e— QS-Particles
- —=— QS-Fields-Only
80 —4&— QS-1B Cells
—®— Rad x-port-1B Cells
- \ —a—Rad x-port - 17M
60 —e— Rad x-port - 80M
\'\-\A\- Rad x-port - 168M
i —=— Rad x-port - 532M
40 —+— Finite Element
—&— Zapotec
—m— Reactive Fluid Flow

20 —*—Salinas
—=&—CTH

Scaled parallel efficiency (%)
Macuwr. Maparun. 3ddpekmBHOCTL (%0

0 S S— \
1 10 100 1000 10000

Processors Sandia
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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 namepeHusa moxer
NOBIUATb CTaOUNBLHOCTb
CUCTEMbI U NOMEXU
CUHXPOHU3aLUn o1

 Bo3aMoOXHO, npuaeTcs 0 100 200 300 400 500
U3MEepATb U Nodes
KOMMEHCUpPOoBaTb
CTaOUNBLHOCTb
CUHXPOHU3aUUU

0.1

Slowdown (percentage)

Figure 2. Slowdown due to computational noise on a per node basis.
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i Develop Model - Pazpabotka moaenu

» Simple case: finite  MpocTou cny4yan: KOHe4YHoe
difference equation AnddepeHumnansHoe
ypaBHeHue

« Each node holds nxnxn

grid points « Kaxabin y3en coaepxur

nxXnxn TO4YeK MmaTpulbl

byte

Face-to-face

n Volume N2 cells
n3 points

Sandia

National
n @ Laboratories



A

CynepKkoMnbloTEepHast IKCNepTHasA cuctema

[Mporpamma/anroputm
Mopernb nporoHa, Kak B

moaenuposanmn [l

QKCrnepTHas cuctema u Pesynbrarh
Jlormka n namaTtb ONTAMU3ATO 1. Bniok-cxema
- onTtmMmn3aTop i
[MpaBuna npoekTnpoBaHUa n onTUManbHOM

(ny4ywe Bcero - 3D
ceTKa reHepasnm3oBaHHbIX
cBA3aHHbIX yc3nos MPI

uP un ap.)

cuctembl (Mogenm)
2. OTyeT 0 uncne
®JIOM kak hyHKUMN

net B byaoyuwem 7

ornepauuoHHbIe NapameTpbl
Ans1 pasHbIX TEXHOMOMN
(KMOI, kBaHTOBbIE TOYKM,
C HaHO-TpYy6KM ...)

B3anmocBsa3b
CKOPOCTb, MOLLHOCTb,
YMCIO LUTBLIPLKOB, U T.A.

TeHgeHUnA
®un3. dhakTopb! JInTorpadoma kak
Oxnaxaexue, doyHKUMA neT B OyayLem

ynakoBKa, U T. A. Sandia
National
Laboratories
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Supercomputer Expert System

Application/Algorithm
run time model as in

applications modeling Results

Expert System & 1. Block diagram
Optimizer picture of optimal
(looks for best 3D system (model)
mesh of 2. Report of
generalized MPI FLOPS count as
connected nodes, a function of
wP and other) years into the

Interconnect future V

Speed, power,
pin count, etc.

Logic & Memory Technology

design rules and performance
parameters for various
technologies
(CMOS, Quantum Dots,

C Nano-tubes ...)

Time Trend
Physical Lithography as a
Cooling, packaging, function of years
etc. into the future @ S,

Laboratories




JKcnepTHasa cuctema ansa oyaywmx
CynepKoMnbLITEepPOB

 MogenupoBaHue nporpamm

— lMpoxon
T, = fi(n, npoekT)

 TexHOonorn4yeckas Kapra
— CkopocTb = f,(roa),
— MnoTHocTb uuna = f;(ron),
— cost = $(n, npoekT), ...

 MacwTtabupoBaHue
00 BbEeKTUBHOU (PYHKLIUU

— A umeto $C, n Mory xpaTb
T,,,=C, cekyHa. KakoBo
Hanmbonbluee n KOTopoe A

cMmory pewutb Brog Y?

* Ucnonb3oBaHue “3KcnepTHOM
cUcTeMbl” Ans peLueHus:

Max n:$<C,, T ,,<C,
All designs

e OTver:

Onepauunu ¢ nn. 3ansiToun

T,,,(n, NpoekT.)

U nnnrctpauma “npoekra’”

Sandia
National
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X
Expert System for Future Supercomputers

« Applications Modeling » Use “Expert System” To

— Runtime Calculate:
T, = fi(n, design)

« Technology Roadmap A"“:;)i(gns n: $<C1, Trun<Cy
— Gate speed = f,(year),
— chip density = f,(year),
— cost = $(n, desi;n), * Report:
» Scaling Objective Function Floating operations
— | have $C1 & can wait Trun(n’ design)
T,,,=C, seconds. What
is the biggest n | can and illustrate “design”

solve in year Y?

Sandia
National
Laboratories
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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

lNMpoeKkT nocTpoeHun
cynepkomnbioTepa ¢ 65536
npoueccopamm
NMocTtpoeHue nepBbIX 512
npoueccopoB

MnaH nocTpoeHus NONHOro
cynepKomMnbioTepa c
MaTeMaTuyeCcKum obecnevyeHmem

OKoH4aTenbHoOe peLueHue no
NOCTPOEHUIO cyrepKoMnbioTepa

Bpems ogHoro umkna (cek)

Time for 1 cycle (s)

)
h
o

)
o
o

15.0

10.0

3.0

0.0

//;_.4

_,,r‘/. MporHos
- MUsmepeHus
-
—e— Prediction
—=— Measurement| |
10 100 1000 10000 100000

Processor Count

CyeT npoueccopa

Figure 22. SAGE Performance (timing h) on BG/L
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National
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New Situations - HoBble cutyauum

B

= Hypothetical 1

(MTnnotetnyeckuin 1)
&N

o

Red Storm

gl
I
3 Hypothetical 2

(MTnnoTteTnyeckuin 2)

=

- - - K 10K

=

Realized GFLOPS (BbinosnHeHHbin GFLOPS)

Number of Processors (Hucno npoueccopos)
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Future portfolio combined efficiency

CoBmecTHas acdpdeKTMBHOCTbL Oyayulero nakera

6.00
5.00
4.00
3.00
2.00
1.00
0.00

— u— i
[ [
— N < 0 © Y < 0 © N <
— 2o} © N ! — o]
~— N O o
—
Processors
Mpoueccopbl

—g— Eff. Ratio —H8—— Extrapolation

2048

4096

i
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P = Processor,

32 KB SRAV, | 32 KB SRAM,

Cyclops: Advanced Cellular Architecture
Linknon: ycoBepLeHCTBOBaHHasA A4YeNKOBas apXuTeKTypa

Thread Unit0 | Thread Unit1

Floating-Point/MAC

Shared Port to Crossbar

IC = I-Cache (32 KB SRAM)

P Pplclp Pl PYPVP|P]|iC|P P
Plo/l PlIC|P|P|P P| P |IC| P |ol P
P|| PliclP|P|P|P|P|P]lIC|]P|T|P
P PliclP|P|P|P|P]|]P]IC|]P P
Pipelined Crossbar Switch
P Plic|lpP|P|P|P|P|P]JIC|]P P
PlofPlIC/lP|P|P|P|P|PIJIC|IP]|oP
P||l PliIclP|P|P|P|P|P]|IC|]P|T|P
P PliclpP|l Pl P|lP|lP|lP]JIC|P P
A-Switch Four DDR2 Memory
(Message Passing) Controllers VO Port

0123435

I/O PortsTo/From
Adjacent PC cards

External Memory
(Four Banks)

Utility
(Disk, Ethernet)

* Chip Architecture on Left

— 80 floating point units
per CPU

* Full system is 24x24x24 3D
mesh

* ApxuTeKkTypa MukKpoumna
crneBa

— 80 y3noB nnaBawoLieu
3ansatou Ha LMY

* [lonHaa cuctema: 3x-
MepHas ceTkKa 24x24x24

Sandia
National
Laboratories



Beyond Transistors: Quantum Dot Logic
[Tocne TPaH3UCTOPOB: JIOrMKa KBaHOTOBbLIX TOYEK

» Pairs of molecules create a memory cell or a
logic gate

* [Mapbl MoneKkyn co3aarT A4eruKy NnamMAaTu Unu
NornyecKumn nepeknyartenb

llll'l

IlOll

"Null"

ndi
Ref. “Clocked Molecular Quantum-Dot Cellular Automata,” Craig S. Lent and Beth Isakse@ ﬁgﬁo':m
IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 50, NO. 9, SEPTEMBER 2003 Laboratories



CTH at a Zettaflops
CTH Ha ypoBHe 3eTadhnon

Supercomputer is 211K chips, each g e = ety SRy B T e = Eh o = : =
with 70.7K nodes of 5.77K cells of -

240 bytes; solves 86T=44.1Kx44.1Kx
441K cell problem. PR

System dissipates 332KW from the ~

faces of a cube 1.53m on a side,
for a power density of
47.3KW/m2. Power: 332KW active
components; 1.33MW
refrigeration; 3.32MW wall
power; 6.65MW from power
company.

System has been inflated

by 2.57 over minimum
size to provide enough
surface area to avoid
overheating.

Chips are at 99.22% full,
comprised of 7.07G
logic, 101M memory
decoder, and 6.44T
memory transistors.
Gate cell edge is
34.4nm (logic)
34.4nm (decoder);
memory cell edge
is 4.5nm
(memory).
Compute
power is 768
EFLOPS,
completing
an iteration
in 224us
and a
run

in 9.88s.

o r—
—— ———
——————

Chio Dioaran
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Supercomputer Expert System
CynepkoMnbIlOTepHasa 3KcnepTHaA cuctema
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Reversible
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Conclusions
BbiBOObI
» Faster computers enable more * [loBbIWeHMe CKOPOCTU KOMMNbIOTEPOB
science No3BOJISIEeT pellaTb 6onee CroXxHble
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